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Accelerated Curing
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1 — Introduction :

Accelerated Curing is any method by which high early age
strength is achieved in concrete . These techniques are especially
useful in the prefabrication industry, where in high early age strength
enables the removal of the formwork within 24 hours, there by
reducing the cycle time, resulting in cost-saving benefits . The most
commonly adopted curing techniques are steam curing at atmospheric
pressure, warm water curing, boiling water curing and autoclaving.

A typical curing cycle involves a preheating stage, known as the
"delay period" ranging from 2 to 5 hours; heating at the rate of 22 °C/
hour or 44 °C / hour until a maximum temperature of 50 — 82 °C has
been achieved; then maintaining at the maximum temperature, and
finally the cooling period. The whole cycle should preferably not
exceed 18 hours.

2 - Mechanism :

At heightened temperatures, the hydration process moves more
rapidly and the formation of the Calcium Silicate Hydrate crystals is
more rapid. The formation of the gel and colloid is more rapid and the
rate of diffusion of the gel is also higher. However, the reaction being
more rapid leaves lesser time for the hydration products to arrange
suitably, hence the later age strength or the final compressive strength
attained is lower in comparison to normally cured concrete. This has
been termed as the crossover effect.
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The optimum temperature has been found to be between 65 and
70 °C, beyond which the losses in later age strength have been found
to be considerably higher.

3 - Delay period:

Accelerated curing techniques invariably involve high
temperatures. This may induce thermal stresses in the concrete.
Further, the water in the pores starts to exert pressure at higher
temperatures. The combined effect of the pore pressure and thermal
stresses causes a tensile stress within the body of the concrete. If the
accelerated curing process is begun immediately after the concrete has
been poured, then the concrete will not be able to withstand the tensile
stresses as it requires time to gain some strength. Moreover, these
microcracks formed may then lead to the delayed formation of
ettringite, which is formed by the transformation of meta stable mono
sulfate. Delayed ettringite formation (DEF) induces expansion in the
concrete thereby weakening it. DEF is promoted by the formation of
the cracks which enables the easy entry of water. Therefore, a delay
period is allowed to elapse before the commencement of the curing
process to allow the concrete to gain a certain minimum tensile
strength. The setting time of the concrete is an important criterion to
determine the delay period. Generally, the delay period is equal to the
initial setting time which has been found to give satisfactory results.
Lesser delay periods result in compressive strength losses.

4 - Excessive temperatures :

As described earlier, excessive temperatures cause a drop in the
Compressive strength due to the ‘“crossover" effect. Higher
temperatures would reduce the cycle time and therefore improve the
economy of the manufacturing process, however, the compressive
strength obtained would also be lower. Therefore, it is a trade-off
between cost saving benefits and the loss in compressive strength.
Depending on the type of project and economic considerations, either
the cycle time is designed to suit the concrete mix or vice versa.
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5 - Role of pozzolanic material :

Pozzolona increases the later age strength of concrete as it reacts
with calcium hydroxide and turns it into calcium — silicate - hydrates
(C-S-H). How ever portland pozzolona cements have higher
activation energy and therefore, their rate of hydration is lower as
compared to ordinary portland cement (OPC). This results in lower
early age strength as compared to OPC. Accelerated curing
techniques radically help to increase the rate of strength gain. Halit et
al showed that steam curing improved the 1 day compressive strength
values of high volume fly ash concrete mixtures ( 40 %, 50 % and 60
% fly ash by replacement ) from 10 MPa to about 20MPa which is
sufficient to enable the removal of formwork and greatly aids the
precast concrete industry.



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

Autoclaved Aerated Concrete
Ooed) A Aol Al

=

Stacked blocks of AAC ( wrapped in foil )
Contents

. 1 Introduction
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1 — Introduction :

Autoclaved aerated concrete ( AAC ) , also known as
autoclaved cellular concrete ( ACC ) or autoclaved light weight
concrete ( ALC ), was invented in the mid-1920s by the Swedish
architect and inventor Johan Axel Eriksson . It is a light weight,
precast building material that simultaneously provides structure ,
insulation, and fire and mold resistance. AAC products include
blocks, wall panels, floor and roof panels, and lintels.

It has been refined into a highly thermally insulating concrete -
based material used for both internal and external construction.
Besides AAC's insulating capability, one of its advantages in
construction is its quick and easy installation , for the material can be
routed , sanded , and cut to size on site using standard carbon steel
band saws , hand saws , and drills .

Even though regular cement mortar can be used, 98% of the
buildings erected with AAC materials use thin bed mortar, which

6
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comes to deployment in a thickness of & inch. This varies according
to national building codes and creates solid and compact building
members. AAC material can be coated with a stucco compound or
plaster against the elements. Siding materials such as brick or vinyl
siding can also be used to cover the outside of AAC materials.

AAC has been produced for more than 70 years , and it offers
advantages over other cementitious construction materials, one of the
most important being its lower environmental impact.

. AAC’s 1mproved thermal efficiency reduces the
heating and cooling load in buildings.
. AAC’s work ability allows accurate cutting , which

minimizes the generation of solid waste during use.

. AAC’s resource efficiency gives it lower
environmental impact in all phases of its life cycle, from
processing of raw materials to the disposal of AAC waste.

. AAC’s light weight also saves cost & energy in
transportation.

. AAC's light weight saves labour

2 - Raw materials :

Unlike most other concrete applications, AAC is produced using
no aggregate larger than sand. Quartz sand, lime, and / or cement and
water are used as a binding agent . Aluminum powder is used at a rate
of 0.05 % — 0.08 % by volume ( depending on the pre - specified
density ) . When AAC is mixed and cast in forms , several chemical
reactions take place that give AAC its light weight ( 20 % of the
weight of concrete ) and thermal properties . Aluminum powder reacts
with calcium hydroxide and water to form hydrogen. The hydrogen
gas foams and doubles the volume of the raw mix ( creating gas
bubbles up to 3 mm in diameter ) . At the end of the foaming process,
the hydrogen escapes into the atmosphere and is replaced by air.

When the forms are removed from the material, it is solid but
still soft . It is then cut into either blocks or panels , and placed in an
autoclave chamber for 12 hours . During this steam pressure
hardening process , when the temperature reaches 190° and the

7
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pressure reaches 8 to 12 bars , quartz sand reacts with calcium
hydroxide to form calcium silica hydrate, which accounts for AAC's
high strength and other unique properties. After the autoclaving
process, the material is ready for immediate use on the construction
site. Depending on its density, up to 80 % of the volume of an AAC
block is air. AAC's low density also accounts for its low structural
compression strength. It can carry loads of up to 8 MPa ( 1,160 PSI) ,
approximately 50 % of the compressive strength of regular concrete.

Since 1980, there has been a world wide increase in the use of
AAC materials. New production plants are being built in the USA,
Eastern Europe , China , Bahrain , India , and Australia . AAC is
increasingly used by developers, architects, and home builders.

3 - History:

The material was perfected in the mid - 1920s by Dr. Johan
Axel Eriksson, an architect working with Professor Henrik Kreliger at
the Royal Institute of Technology . It went into production in Sweden
in 1929 in a factory in Héllabrottet and became very popular. In the
1940s, the trade mark Ytong was introduced, but it was often referred
to as "blue concrete" in Sweden due to its bluefish tinge . This version
of Ytong was produced from alum slate , whose combustible carbon
content made it beneficial to use in the production process. The
competing concrete brand Siporex used other raw materials. How
ever, the slate deposits used for Ytong also contain uranium, which
makes the material give off small amounts of radio active radon gas to
the surrounding air. In 1972, the Swedish Radiation Safety Authority
pointed out the unsuitability of a radon - emitting construction
material, and the use of alum slate in the production of Ytong ceased
in 1975. Ytong produced after 1975 has used raw materials without
the uranium content.
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AFm phase

An AFm phase is an "alumina, ferric oxide, mono sulfate"
phase. AFm phases are important in the hydration of hydraulic
cements.

They are crystalline hydrates with general, simplified formula :

3Ca0O:-(Al,Fe),03-CaS0O;-nH,O.

They form inter alia when tri calcium aluminate reacts with
dissolved calcium sulfate.
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Aggregate Composite

Grinding concrete exposes aggregate stones.
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1 — Introduction :

Aggregate is the component of a composite materials that
resists compressive stress and provides bulk to the composite
material. For efficient filling, aggregate should be much smaller than
the finished item, but have a wide variety of sizes. For example, the
particles of stone used to make concrete typically include both sand
and gravel.

2 - Comparison to fiber composites :

Aggregate composites tend to be much easier to fabricate, and
much more predictable in their finished properties, than fiber
composites. This is because fiber orientation and continuity can have

10
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an overwhelming effect, but can be difficult to control and assess.
Fabrication aside, aggregate materials themselves also tend to be less
expensive; the most common aggregates ( mentioned above ) are
found in nature and can often be used with only minimal processing.

Not all composite materials include aggregate in their design.
This is because aggregate particles tend to have about the same
dimensions in every direction (that is, an aspect ratio of about one), so
that aggregate composites do not display the level of synergy that
fiber composites often do. A strong aggregate held together by a weak
matrix will be weak in tension, whereas fibers can be less sensitive to
matrix properties, especially if they are properly oriented and run the
entire length of the part (i.e., a continuous filament).

Most composites are filled with particles whose aspect ratio lies
somewhere between oriented filaments and spherical aggregates. A
good compromise is chopped fiber, where the performance of
filament or cloth is traded off in favor of more aggregate-like
processing techniques. Ellipsoid and plate-shaped aggregates are also
used.

3 - Aggregate properties :

In most cases, the ideal finished piece would be 100 %
aggregate. A given application's most desirable quality ( be it high
strength, low cost, high dielectric constant, or low density ) is usually
most prominent in the aggregate itself; all the aggregate lacks is the
ability to flow on a small scale, and form attachments between
particles. The matrix is specifically chosen to serve this role, but its
abilities should not be abused.

4 - Aggregate size :

Experiments and mathematical models show that more of a
given volume can be filled with hard spheres if it is first filled with
large spheres, then the spaces between (interstices) are filled with
smaller spheres, and the new interstices filled with still smaller
spheres as many times as possible. For this reason, control of particle
size distribution can be quite important in the choice of aggregate;

11



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

appropriate simulations or experiments are necessary to determine the
optimal proportions of different-sized particles.

The upper limit to particle size depends on the amount of flow
required before the composite sets ( the gravel in paving concrete can
be fairly coarse, but fine sand must be used for tile mortar ) , whereas
the lower limit is due to the thickness of matrix material at which its
properties change (clay is not included in concrete because it would
"absorb" the matrix, preventing a strong bond to other aggregate
particles). Particle size distribution is also the subject of much study
in the fields of ceramics and powder metallurgy.

Some exceptions to this rule include :

4 -1 - Toughened composites :

Toughness is a compromise between the (often contradictory)
requirements of strength and plasticity. In many cases, the aggregate
will have one of these properties, and will benefit if the matrix can
add what it lacks. Perhaps the most accessible examples of this are
composites with an organic matrix and ceramic aggregate, such as
asphalt concrete ("tarmac") and filled plastic (i.e., Nylon mixed with
powdered glass), although most metal matrix composites also benefit
from this effect. In this case, the correct balance of hard and soft
components is necessary or the material will become either too weak
or too brittle.

4 - 2 - Nano composites :

Many materials properties change radically at small length
scales . In the case where this change is desirable, a certain range of
aggregate size is necessary to ensure good performance. This
naturally sets a lower limit to the amount of matrix material used.

Unless some practical method is implemented to orient the
particles in micro- or nano-composites, their small size and (usually)
high strength relative to the particle-matrix bond allows any
macroscopic object made from them to be treated as an aggregate
composite in many respects.

12
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While bulk synthesis of such nano particles as carbon nano
tubes is currently too expensive for widespread use, some less
extreme nano structured materials can be synthesized by traditional
methods, including electro spinning and spray pyrolysis . One
Important aggregate made by spray pyrolysis is glass microspheres.
Often called micro balloons , they consist of a hollow shell several
tens of nanometers thick and approximately one micrometer in
diameter. Casting them in a polymer matrix yields syntactic foam,
with extremely high compressive strength for its low density.

Many traditional nano composites escape the problem of
aggregate synthesis in one of two ways:

4 - 3 - Natural aggregates :

By far the most widely-used aggregates for nano - composites
are naturally occurring. Usually these are ceramic materials whose
crystalline structure is extremely directional, allowing it to be easily
separated into flakes or fibers. The nanotechnology touted by General
Motors for automotive use is in the former category: a fine-grained
clay with a laminar structure suspended in a thermoplastic olefin (a
class which includes many common plastics like polyethylene and
polypropylene). The latter category includes fibrous asbestos
composites (popular in the mid-20th century), often with matrix
materials such as linoleum and Portland cement.

4 - 4 - In - situ aggregate formation :

Many micro-composites form their aggregate particles by a
process of self-assembly. For example, in high impact polystyrene,
two immiscible phases of polymer ( including brittle polystyrene and
rubbery poly butadiene ) are mixed together. Special molecules ( graft
copolymers ) include separate portions which are soluble in each
phase, and so are only stable at the interface between them, in the
manner of a detergent. Since the number of this type of molecule
determines the interfacial area, and since spheres naturally form to
minimize surface tension, synthetic chemists can control the size of
poly butediene droplets in the molten mix, which harden to form
rubbery aggregates in a hard matrix. Dispersion strengthening is a

13
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similar example from the field of metallurgy. In glass-ceramics, the
aggregate is often chosen to have a negative coefficient of thermal
expansion, and the proportion of aggregate to matrix adjusted so that
the overall expansion is very near zero. Aggregate size can be reduced
so that the material is transparent to infrared light.

14
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Air Entrainment
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1 — Introduction :

Air entrainment is the intentional creation of tiny air bubbles in
concrete. The bubbles are introduced into the concrete by the addition
to the mix of an air entraining agent, a surfactant (surface-active
substance, a type of chemical that includes detergents). The air
bubbles are created during mixing of the plastic ( flow able , not
hardened ) concrete, and most of them survive to be part of the
hardened concrete. The primary purpose of air entrainment is to
increase the durability of the hardened concrete, especially in climates
subject to freeze-thaw; the secondary purpose is to increase
workability of the concrete while in a plastic state.

While hardened concrete appears solid, it is porous, having
small capillaries resulting from the evaporation of water beyond that
required for the hydration reaction . A water : cement ratio (w /¢ ) of
approximately 0.25 ( this means 25 parts water for every 100 parts
cement ) is required for all the cement particles to hydrate. Water
beyond that is surplus and is used to make the plastic concrete more
workable or flow able. Most concrete has a w/c of 0.45 to 0.60, which
means there is substantial excess water that will not react with
cement. Eventually the excess water evaporates, leaving little pores in
its place. Environmental water can later fill these voids. During
freeze-thaw cycles, the water occupying those pores expands and
creates stresses which lead to tiny cracks. These cracks allow more
water into the concrete and the cracks enlarge. Eventually the
concrete spalls - chunks break off. The failure of reinforced concrete
IS most often due to this cycle, which is accelerated by moisture
reaching the reinforcing steel. Steel expands when it rusts, and these
forces create even more cracks, letting in more water.

15
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The air bubbles are typically 10 to 500 micro meters in diameter
( 0.0004 to 0.02 in ) and are closely spaced. The air bubble can be
compressed a little, and so the bubbles act to reduce or absorb stresses
from freezing. Air entraining was introduced in the 1930s and most
modern concrete, especially if subjected to freezing temperatures, is
air-entrained. The bubbles contribute to workability by acting as a sort
of lubricant for all the aggregates and large particles in a concrete
mix.

In addition to entrained air, hardened concrete also contains
entrapped air. These are larger bubbles, and are typically less evenly
distributed than entrained air. Entrapped air is considered to not make
a positive contribution to durability and is undesirable though not
entirely avoidable.

2 - Air entrainment in hydraulic structures :

In hydraulic engineering, air bubble entrainment is defined as
the entrapment of air bubbles and pockets that are advected within the
turbulent flow . The entrainment of air packets can be localised or
continuous along the air — water interface. Examples of localized
aeration include air entrainment by plunging water jet and at
hydraulic jump. Bubbles are entrained locally at the intersection of the
impinging jet with the surrounding waters. The intersecting perimeter
Is a singularity in terms of both air entrainment and momentum
exchange, and the air is entrapped at the discontinuity between the
impinging jet flow and the receiving pool of water. Interfacial
aeration is defined as the air entrainment process along an air—water
interface, usually parallel to the flow direction.

In hydraulic structures , free - surface aeration is commonly
observed: i.e., the white waters. The air bubble entrainment may be
localised or continuous along an interface (water jets, spillway
chutes). Despite recent advances, there are some basic concerns about
the extrapolation of laboratory results to large size prototype
structures.!?!

16
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Alabaster

Alabaster vase from the | An up lighter lamp made from ltalian
tomb of Tutankhamun alabaster of white and brown types ;
the base is 5 inches in diameter
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1 — Introduction ;

Alabaster is a name applied to varieties of two distinct
minerals, when used as a material : gypsum ( a hydrous sulfate of
calcium ) and calcite ( a carbonate of calcium ) . The latter is the
alabaster of the present day; generally, the former is the alabaster of
the ancients. Both are easy to work, with an attractive appearance, and
have been used for making a variety of artworks and objects,
especially small carvings.
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The two kinds are distinguished from one another readily,
because of differences in their relative hardness. The gypsum kind is
so soft as to be readily scratched with a fingernail ( Mohs hardness
1.5 to 2 ) , while the calcite kind is too hard to be scratched in this
way ( Mohs hardness 3 ) , although it does yield readily to a knife.
Moreover, the calcite alabaster, being a carbonate, effervesces upon
being touched with hydrochloric acid, whereas the gypsum alabaster,
when thus treated, remains practically unaffected.

Due to the characteristic color of white alabaster, the term has
entered the vernacular as a metonym for white things, particularly
"alabaster skin", which means very light and quite transparent, and
possibly derives from the use of alabaster for tomb effigies.

2 — Etymology :

The origin of the word alabaster is in Middle English, through
Old French alabastre, in turn derived from the Latin alabaster and
that from Greek alabastros or alabastos . The latter was a term
used to identify a vase made of alabaster.

This name may derive further from the Ancient Egyptian word
a-labaste, which refers to vessels of the Egyptian goddess Bast. She
was represented as a lioness and frequently depicted as such in figures
placed atop these alabaster vessels . Other suggestions include
derivation from the town of Alabastron in Egypt .

3—Types:

3 —1- Calcite alabaster :

This substance, the "alabaster" of the Ancient Egyptians and
Bible, often is termed Oriental alabaster, since the early examples
came from the Far East. The Greek name alabastrites is said to be
derived from the town of Alabastron , in Egypt , where the stone was
quarried. The locality probably owed its name to the mineral; the
origin of the mineral name is obscure.
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The "Oriental™ alabaster was highly esteemed for making small
perfume bottles or ointment vases called alabastra , the vessel name
has been suggested as a possible source of the mineral name. In Egypt
craftsmen used alabaster for canopic jars and various other sacred and
sepulchral objects. A sarcophagus, sculptured in a single block of
translucent calcite alabaster from Alabastron, is in the Sir John
Soane's Museum, London. This was discovered by Giovanni Belzoni
in 1817 in the tomb of Seti | near Thebes. It was purchased by Sir
John Soane.

When cut in thin sheets, alabaster is translucent enough to be
used for small windows. It was used for this purpose in medieval
churches, especially in Italy. Large alabaster sheets are used
extensively in the contemporary Cathedral of Our Lady of the Angels,
which was dedicated in 2002 by the Los Angeles, California
Archdiocese. The cathedral incorporates special cooling to prevent the
panes from overheating and turning opaque.

Calcite alabaster is found as either a stalagmitic deposit, from
the floor and walls of limestone caverns, or as a kind of travertine,
similarly deposited in springs of calcareous water. Its deposition in
successive layers gives rise to the banded appearance that the marble
often shows on cross-section, whence it is known as onyx-marble or
alabaster-onyx, or sometimes simply as onyx. The latter term should
be restricted to siliceous minerals, however.

Egyptian alabaster has been worked extensively near Suez and
Assiut. Many ancient quarries are found in the hills overlooking the
plain of Tell el Amarna.

Algerian onyx - marble has been quarried largely in the province
of Oran. In Mexico, there are famous deposits of a delicate green
variety at La Pedrara, in the district of Tecali, near Puebla. Onyx-
marble occurs also in the district of Tehuacan and at several localities
in California, Arizona, Utah, Colorado, and Virginia.
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3-2- Gypsum alabaster :

When the term “alabaster" is used with out any qualification, it
invariably means a fine-grained variety of gypsum. This mineral, or
alabaster proper, occurs in England. The early use of alabaster for
vessels dedicated for use in the cult of the deity Bast in the culture of
the Ancient Egyptians is well documented, however, thousands of
gypsum alabaster artifacts dating to the late 4th millennium BC also
have been found in Tell Brak ( present day Nagar ), in Syria. In
Mesopotamia, a gypsum alabaster sculpture, believed to represent the
deity, Abu, dates to the first half of the 3rd millennium BC.

Gypsum alabaster is a common mineral, which occurs in
England in the Keuper marls of the Midlands, especially at Chellaston
in Derbyshire, at Fauld in Staffordshire, and near Newark in
Nottinghamshire. Deposits at all of these localities have been worked
extensively. In the fifteenth century its carving into small statues and
sets of relief panels for altarpieces was a valuable local industry in
Nottingham, as well as a major English export. These were usually
painted, or partly painted. It was also used for the effigies, often life
size, on tomb monuments, as the typical recumbent position suited the
material's lack of strength, and it was cheaper and easier to work than
good marble. Beside examples of these carvings still in Britain
(especially at the Nottingham Castle Museum, British Museum, and
Victoria and Albert Museum), trade in mineral alabaster (rather than
just the antiques trade) has scattered examples in the material that
may be found as far afield as the Musee de Cluny, Spain, and
Scandinavia.

Alabaster also is found, although in smaller quantity, at Watchet
in Somerset, near Penarth in Glamorganshire, and elsewhere. In
Cumbria it occurs largely in the New Red rocks, but at a lower
geological horizon. The alabaster of Nottinghamshire and Derbyshire
is found in thick nodular beds or "floors" in spheroidal masses known
as "balls" or "bowls™ and in smaller lenticular masses termed "cakes."
At Chellaston, where the local alabaster is known as "Patrick," it has
been worked into ornaments under the name of "Derbyshire spar"—a
term more properly applied to fluorspar.
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In Europe, the centre of the alabaster trade today is Florence,
Italy. Tuscan alabaster occurs in nodular masses embedded in
limestone, interstratified with marls of Miocene and Pliocene age. The
mineral is worked largely by means of underground galleries, in the
district of VVolterra. Several varieties are recognized—veined, spotted,
clouded, agatiform, and others. The finest kind, obtained principally
from Castellina, is sent to Florence for figure-sculpture, while the
common kinds are carved locally, into vases, lights, and various
ornamental objects. These items are objects of extensive trade,
especially in Florence, Pisa, and Livorno. Spain and many other
countries have deposits which have been worked.

3 -3 - Black alabaster :

Photograph of an alabaster cosmetic jar topped with a lioness,
representing the goddess Bast, a burial artifact from the tomb of
Tutankhamun circa 1323 B.C.— Cairo Museum

Black alabaster is a rare form of the gypsum-based mineral.
This black form is only found in three veins in the world, one each in
Oklahoma, Italy, and China.

Alabaster Caverns State Park, near Freedom, Oklahoma is home
to a natural gypsum cave in which much of the gypsum is in the form
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of alabaster. There are several types of alabaster found at the site,
including pink, white, and the rare black alabaster.

4 - Uses:

The finer kinds of alabaster are employed largely as an
ornamental stone, especially for ecclesiastical decoration and for the
rails of staircases and halls. Its softness enables it to be carved readily
into elaborate forms, but its solubility in water renders it unsuitable
for outdoor work. If alabaster with a smooth, polished surface is
washed with washing-up liquid (dishwashing liquid), it will become
rough, dull and whiter, losing most of its translucency and lustre.

The purest alabaster is a snow-white material of fine tiniforni
grain, but it often is associated with an oxide of iron, which produces
brown clouding and veining in the stone. The coarser varieties of
alabaster are converted by calcination into plaster of Paris, whence
they sometimes are known as "plaster stone."

In order to diminish the translucency of the alabaster and to
produce an opacity suggestive of true marble, the statues are
immersed in a bath of water and heated gradually—nearly to the
boiling-point—an operation requiring great care, for if the
temperature is not regulated carefully, the stone acquires a dead-
white, chalky appearance. The effect of heating appears to be a partial
dehydration of the gypsum. If properly treated, it very closely
resembles true marble and is known as marmo di Castellina.

Sulphate of lime ( gypsum ) also was used by the ancients. It
was employed, for instance, in Assyrian sculpture. So some of the
ancient alabaster is identical to the modern stone.

Alabaster may be stained to disguise it, by being heated in
various pigmentary solutions. In this way a very misleading imitation
of coral that is called alabaster coral is produced.
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Alite
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1 - Introduction:

Alite is a name for tri calcium silicate , Ca3SiOs, some times
formulated as 3CaO - SiO, ( C3S in cement chemist notation, CCN ) .
It is the major, and characteristic, mineral phase in Portland cement.
The name was given by Torneborn in 1897 to a crystal identified in
microscopic investigation of Portland cement . Alite is a name in
common use in the cement industry, although it is not a recognised
mineral name.

2 - Composition and Structure :

The alite found in Portland cement differs in composition from
simple tri calcium silicate. It is a solid solution and contains minor
amounts of other oxides besides Ca O and SiO, . A typical
composition is:

Oxide Mass %
CaO 71.6
Si O, 25.2
Al, O 1.0
Fe, O3 0.7
Mg O 1.1
Na, O 0.1
K, O 0.1
P, Os 0.2
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Based on this , the formula can be expressed as Cagg
Mg0,06Na0_01 Feo.os A|0.04 Sio_95 Poo1 Os . In practice, the CompOSition
varies with the bulk composition of the clinker, subject to certain
limits. Substitution of calcium ions or ortho silicate ions requires that
electric charges be kept in balance. For instance, a limited number of
ortho silicate ( SiO,"" ) ions can be replaced with sulfate ( SO,*) ions,
provided that for each sulfate ion, two aluminate ( AIO,” ) ions are
also substituted.

3 - Poly morphs :

Tri calcium silicate is thermo dynamically unstable below
1250 °C, but can be preserved in a meta stable state at room
temperature by fast cooling: on slow cooling it tends to revert to belite
(Ca,Si0,4) and CaO.

As the temperature changes, it passes through several poly
morphic states:

Temp® Name Crystal

> 1070 R Rhombohedral
1060 - 1070 M3 Monoclinic
990 -1060 M, Monoclinic
980-990 M, Monoclinic
920-980 T;3 Triclinic
620-920 T, Triclinic
<620 T, Triclinic

The polymorphs differ structurally by minor deformations from the
basic hexagonal structure.

4 — Hydration :

Alite is the mineral in Portland cement responsible for setting
and development of "early" strength. The other silicate , belite
contributes "late" strength, due to its lower reactivity. Alite is more
reactive because of its higher Ca content, and the presence of an oxide
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ion in the lattice. It reacts with water (roughly) according to the
reaction :

2Ca3Si Os +6 H, O — 3Ca0 - 2 Si O, - 3H,0 + 3Ca (OH) ,
Which can also be written in the cement chemist notation (CCN) as :
2C3S+6H — C3SH;+3 CH
2 alite+ 6 H,O — C- S - H + 3 portlandite

The hydrate is referred to as the calcium silicate hydrate — "C-S-
H" — phase. It grows as a mass of inter locking needles that provide
the strength of the hydrated cement system. High alite reactivity is
desirable in Portland cement manufacture, and this is achieved by
retaining, as far as possible, high temperature polymorphs, in crystals
that are small, distorted and highly defective. Defects provide sites for
initial water attack.

5 - Alite as precursor of silicate phases found in medieval
lime mortar :

The composition of alite rich in Ca O ( 71.6wt .% ) and
relatively poor in Si O, ( 25.2 wt. % ) may help to understand why in
particular conditions, if a sufficiently high temperature is reached in a
lime kiln during enough time, alite can also be directly formed by
pyrolizing only siliceous limestone ( containing amorphous SiO,
impurities up to 25— 30 wt. %). Hydraulic mortar or pre-Portland
cement may have been occasionally produced on a small scale in this
way during the medieval epoch in locations where limestone was
cemented by amorphous silica or contained chert nodules or a lot of
clay impurities.

This is likely the reason why some old medieval lime mortars
used to build the Tournai cathedral ( Belgium ) exhibit an unexpected
hydraulic character as revealed by a mineralogical study made by
Mertens et al. (2006) who evidenced the presence of wollastonite and
rankinite along with CSH phases in lime mortars. The only
explanation for the discovery of these silicate phases not normally
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expected in lime mortar is that they have been formed by the
hydration of calcium silicate such as CasSiOs (C3S) or Ca,SiO4 (C,S)
formed at high temperature along calcium oxide in the lime kiln.
Indeed, in the area of Tournai (Belgium), the Tournaisian lime stones
are particularly rich in amorphous silica and exploited as building
stone and for making lime mortar since very ancient ages. It is
presently unknown if the cathedral builders of this area were aware of
the hydraulic properties of their lime mortar or intentionally
developed its use after their fortuitous finding.
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Alkali — Aggregate Reaction

1 — Introduction :

Alkali — aggregate reaction is a term mainly referring to a
reaction which occurs over time in concrete between the highly
alkaline cement paste and non - crystalline silicon dioxide , which is
found in many common aggregates. This reaction can cause
expansion of the altered aggregate, leading to spelling and loss of
strength of the concrete.

2 - More accurate terminology :

The alkali — aggregate reaction is a general, but relatively vague ,
expression which can lead to confusion. Actually, it is recommended
to refer to a more precise definition such as one of the following :

1.  Alkali —silicareaction ( ASR, main article to read first) ;
2. Alkali — silicate reaction , and ;
3.  Alkali — carbonate reaction.

The alkali — silica reaction is the most common form of alkali—
aggregate reaction .

Two other types are :

. the alkali-silicate reaction , in which layer silicate
minerals ( clay minerals ) , some times present as impurities ,
are attacked, and ;

. the alkali — carbonate reaction , which is an uncommon
attack on certain argillaceous dolomitic lime stones, likely
involving the expansion of the mineral Brucite ( Mg (OH),

The Pozzolanic reaction which occurs in the setting of the
mixture of slaked lime and pozzolanic materials has also features
similar to the alkali — silica reaction , mainly the formation of calcium
silicate hydrate (CSH ) .
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Alkali — Carbonate Reaction

The alkali — carbonate reaction is a process suspected for the
degradation of concrete containing dolomite aggregate.

Alkali from the cement might react with the dolomite crystals
present in the aggregate inducing the production of brucite (Mg OH) ,
and calcite ( CaCOs3 ) . This mechanism was tentatively proposed by
Swenson and Gillott (1950) and may be written as follows :

Ca Mg (CO3)2 + 2 NaOH —> CaCO; + Na,CO3 + Mg(OH)Z
Brucite ( Mg (OH),) , could be responsible for the volumetric

expansion after de - dolomotisation of the aggregate , due to
absorption of water.
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Alkali — Silica Reaction ( ASR)

Characteristic crack pattern associated with the alkali—silica reaction
affecting a concrete step barrier on an US motor way .

Contents
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1 — Introduction :

The alkali — silica reaction ( ASR ) is a reaction which occurs
over time in concrete between the highly alkaline cement paste and
reactive non - crystalline ( amorphous ) silica , which is found in
many common aggregates .

The ASR reaction is the same as the Pozzolanic reaction which
Is a simple acid - base reaction between calcium hydroxide, also
known as Portlandite , or Ca (OH), , and silicic acid H;SiO4, or
Si(OH), . For the sake of simplicity, this reaction can be
schematically represented as following :

Ca(OH), + H4Si0, — Ca*" + H,Si0,* + 2 H,0 — CaH,SiO, - 2 H,0

This reaction causes the expansion of the altered aggregate by
the formation of a swelling gel of Calcium Silicate Hydrate ( CSH ) .
This gel increases in volume with water and exerts an expansive
pressure inside the material, causing spelling and loss of strength of
the concrete, finally leading to its failure.
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So, ASR can cause serious expansion and cracking in concrete,
resulting in critical structural problems that can even force the
demolition of a particular structure.

The mechanism of ASR causing the deterioration of concrete
can be described in four steps as follows:

1.  The alkaline solution attacks the siliceous aggregate
to convert it to viscous alkali silicate gel.

2. Consumption of alkali by the reaction induces the
dissolution of Ca®* ions into the cement pore water. Calcium
ions then react with the gel to convert it to hard calcium silicate
hydrate.

3. The penetrated alkaline solution converts the
remaining siliceous minerals into bulky alkali silicate gel. The
resultant expansive pressure is stored in the aggregate.

4.  The accumulated pressure cracks the aggregate and
the surrounding cement paste when the pressure exceeds the
tolerance of the aggregate .

2 - Mitigation :

ASR can be mitigated in concrete by three complementary
approaches :

1. Limit the alkali metal content of the cement.
Many standards impose limits on the "Equivalent Na,O" content
of cement.

2. Limit the reactive silica content of the aggregate.
Certain volcanic rocks are particularly susceptible to ASR
because they contain volcanic glass (obsidian) and should not be
used as aggregate. The use of calcium carbonate aggregates is
sometimes envisaged as an ultimate solution to avoid any
problem. However, while it may be considered as a necessary
condition, it is not a sufficient one. In principle, limestone
(CaCO3) is not expected to contain high level of silica, but it
actually depends on its purity. Indeed, some siliceous lime
stones (a.o., Kieselkalk found in Switzerland ) may be cemented
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by amorphous or poorly crystalline silica and can be very
sensitive to the ASR reaction as observed with some siliceous
lime stones exploited in quarries in the area of Tournai in
Belgium . So, the use of limestone as aggregate is not a
guarantee against ASR in itself. The silica content of the
limestone and its reactivity must remain below a threshold value
that has to be carefully experimentally assessed by the aggregate
producer.

3. Add very fine siliceous materials to neutralize the
excessive alkalinity of cement with silicic acid by voluntary
provoking a controlled pozzolanic reaction at the early stage of
the cement setting. Convenient pozzolanic materials to add to
the mix may be, e.g., pozzolan , silica fume , fly ashs , or meta
kaolin . These react preferentially with the cement alkalis
without formation of an expansive pressure, because siliceous
minerals in fine particles convert to alkali silicate and then to
calcium silicate without formation of semi permeable reaction
rims.

In other words, as it is sometimes possible to fight the fire by the
fire, it is also feasible to combat the ASR reaction by itself. A prompt
reaction initiated at the early stage of concrete hardening on very fine
silica particles will help to suppress a slow and delayed reaction with
large siliceous aggregates on the long term. Following the same
principle, the fabrication of low - pH cement also implies the addition
of finely divided pozzolanic materials rich in silicic acid to the
concrete mix to decrease its alkalinity.
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Anhydrite

Anhydrite, Chihuahua, Mexico
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1 - Introduction:

Anhydrite is a mineral — anhydrous calcium sulfate, CaSO,. It
Is in the orthorhombic crystal system, with three directions of perfect
cleavage parallel to the three planes of symmetry. It is not iso
morphous with the orthorhombic barium (baryte) and strontium
(celestine) sulfates, as might be expected from the chemical formulas.
Distinctly developed crystals are somewhat rare, the mineral usually
presenting the form of cleavage masses. The hardness is 3.5 and the
specific gravity 2.9. The color is white, sometimes greyish, bluish or
purple. On the best developed of the three cleavages the lustre is
pearly, on other surfaces it is vitreous. When exposed to water,
anhydrite readily transforms to the more commonly occurring
gypsum, ( CaSO,; -2H,O ) by the absorption of water. This
transformation is reversible, with gypsum or calcium sulfate hemi
hydrate forming anhydrite by heating to ~200°C under normal
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atmospheric conditions . Anhydrite is commonly associated with
calcite, halite, and sulfides such as galena , chalcopyrite , molybdenite
and pyrite in vein deposits.

Category Sulfate mineral
Chemical Formula Anhydrous calcium sulfate : CaSO,
Unit cell a=6.245 A,
b=6.995 A,
c=6.993 A;
Z=14
Color Colorless to pale blue or violet if

transparent ; white, mauve, rose, pale
brown or gray from included impurities

Crystal system

Orthorhombic — dipyramidal

Mohs scale hardness | 3.5

Streak White

Diaphaneity Transparent to translucent
Specific gravity 2.97

Optical properties Biaxial (+)

Refractive index

n,= 1.567 — 1574
ng= 1.574 — 1579
n, = 1.609 — 1.618

Pleochroism

For violet varieties

X = colorless to pale yellow or rose
Y = pale violet or rose

Z = violet.

2 - Occurrence :

Anhydrite is most frequently found in evaporite deposits with
gypsum ; it was , for instance, first discovered, in 1794, in a salt mine
near Hall in Tirol. In this occurrence depth is critical since nearer the
surface anhydrite has been altered to gypsum Dby absorption of
circulating ground water.

From an aqueous solution calcium sulfate is deposited as
crystals of gypsum, but when the solution contains an excess of
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sodium or potassium chloride anhydrite is deposited if temperature is
above 40 °C. This is one of the several methods by which the mineral
has been prepared artificially, and is identical with its mode of origin
in nature, the mineral is common in salt basins.

2 -1 - Tidal flat nodules :

Anhydrite occurs in a tidal flat environment in the Persian Gulf
sabkhas as massive diagenetic replacement nodules. Cross sections of
these nodular masses have a netted appearance and have been referred
to as chicken wire anhydrite. Nodular anhydrite occurs as replacement
of gypsum in a variety of sedimentary depositional environments. !

2 — 2 - Salt dome cap rocks :

Massive amounts of anhydrite occur when salt domes form a
caprock. Anhydrite is 1-3 % of the salt in salt domes and is generally
left as a cap at the top of the salt when the halite is removed by pore
waters. The typical cap rock is a salt, topped by a layer of anhydrite,
topped by patches of gypsum, topped by a layer of calcite.”
Interaction with oil can reduce SO, creating calcite, water, and
hydrogen sulfide ( H,S) .

3 - Naming history :

The name anhydrite was given by A. G. Werner in 1804,
because of the absence of water of crystallization, as contrasted with
the presence of water in gypsum. Some obsolete names for the species
are muriacite and karstenite ; the former, an earlier name, being given
under the impression that the substance was a chloride ( muriate). A
peculiar variety occurring as contorted concretionary masses is known
as tripe-stone, and a scaly granular variety, from Volpino, near
Bergamo, in Lombardy , as vulpinite ; the latter is cut and polished for
ornamental purposes.
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Asbestos

Blue asbestos (crocidolite) from Asbestos
Wittenoom , Western Australia.
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1 — Introduction :

Asbestos is a set of six naturally-occurring silicate minerals
used commercially for their desirable physical properties . They all
have in common their eponymous, asbestiform habit: long (ca. 1:20
aspect ratio), thin fibrous crystals. The prolonged inhalation of
asbestos fibers can cause serious illnesses, including malignant lung
cancer, mesothelioma (a formerly-rare cancer strongly associated with
exposure to amphibole asbestos), and asbestosis (a type of
pneumoconiosis). Long exposure to high concentrations of asbestos
fibers will cause health problems. This is most common among the
miners of asbestos, since they have the longest exposure to it. The
European Union has banned all use of asbestos and extraction,
manufacture and processing of asbestos products.

Asbestos became increasingly popular among manufacturers
and builders in the late 19th century because of its sound absorption,
average tensile strength, its resistance to fire, heat, electrical and
chemical damage, and affordability. It was used in such applications
as electrical insulation for hotplate wiring and in building insulation.
When asbestos is used for its resistance to fire or heat, the fibers are
often mixed with cement (resulting in fiber cement) or woven into
fabric or mats.

Asbestos mining began more than 4,000 years ago, but didn't
start large scale until the end of the 19th century. The world's asbestos
mining peaked around 1975, when asbestos was being mined in some
25 countries, but is today less than half of what it was in the mid
1970s. For a long time, the world's largest asbestos mine was the
Jeffrey mine in the town of Asbestos, Quebec.

2 - Types and associated fibers :

Six minerals are defined by the United States Environmental
Protection Agency as "asbestos" including those belonging to the
serpentine class chrysotile and those belonging to the amphibole class
amosite, crocidolite, tremolite, anthophyllite and actinolite. There is
an important distinction to be made between serpentine and
amphibole asbestos due to differences in their chemical composition
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and their degree of potency as a health hazard when inhaled. However
asbestos and all commercial forms of asbestos (including chrysotile
asbestos) are known to be human carcinogens.

2 —1 - Serpentine :
2—-1-1-White :

Chrysotile, CAS No. 12001-29-5, is obtained from serpentinite
rocks which are common throughout the world. Its idealized chemical
formula is Mgz(Si»Os5)(OH),. Chrysotile fibers are curly as opposed to
fibers from amosite, crocidolite, tremolite, actinolite, and
anthophyllite which are needlelike. Chrysotile, along with other types
of asbestos, has been banned in dozens of countries and is only
allowed in the United States and Europe in very limited
circumstances. Chrysotile has been used more than any other type and
accounts for about 95 % of the asbestos found in buildings in
America.’® Applications where chrysotile might be used include the
use of joint compound. It is more flexible than amphibole types of
asbestos; it can be spun and woven into fabric. The most common use
Is within corrugated asbestos cement roof sheets typically used for
outbuildings, warehouses and garages. It is also found as flat sheets
used for ceilings and sometimes for walls and floors. Numerous other
items have been made containing chrysotile including brake linings,
cloth behind fuses (for fire protection), pipe insulation, floor tiles, and
rope seals for boilers .

2 — 2 — Amphibole :
2-2-1-Brown:

Amosite, CAS No. 12172-73-5, is a trade name for the
amphiboles belonging to the cummingtonite - grunerite solid solution
series, commonly from South Africa, named as an acronym from
Asbestos Mines of South Africa. One formula given for amosite is
Fe;SigO2(OH),. It is found most frequently as a fire retardant in
thermal insulation products and ceiling tiles.
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2—-2-2-Blue:

Crocidolite, CAS No. 12001-28-4 is an amphibole found
primarily in southern Africa, but also in Australia. It is the fibrous
form of the amphibole riebeckite. One formula given for crocidolite is
N32F62+3Fe3+25i8022(0H)g.

Crocidolite commonly occurs as soft friable fibers. Asbestiform
amphibole may also occur as soft friable fibers but some varieties
such as amosite are commonly straighter. All forms of asbestos are
fibrillar in that they are composed of fibers with breadths less than 1
micrometer that occur in bundles and have very great widths.
Asbestos with particularly fine fibers is also referred to as
"amianthus”. Amphiboles such as tremolite have a crystal structure
containing strongly bonded ribbonlike silicate anion polymers that
extend the width of the crystal. Serpentine (chrysotile) has a sheetlike
silicate anion which is bowed and which rolls up like a carpet to form
the fiber.

2 —2 — 3 —0Other materials :

Other regulated asbestos minerals, such as tremolite asbestos,
CAS No. 77536-68-6 , Ca,MgsSigO,,2(OH), ; actinolite asbestos, CAS
No. 77536-66-4, Ca(Mg, Fe)s(SigO»)(OH),; and anthophyllite
asbestos, CAS No. 77536-67-5, (Mg, Fe);SigO»(0OH),; are less
commonly used industrially but can still be found in a variety of
construction materials and insulation materials and have been
reported in the past to occur in a few consumer products.

Other natural and not currently regulated asbestiform minerals,
such as richterite, Na(CaNa)(Mg, Fe™)s(SigO22)(OH),, and winchite,
(CaNa)Mg.(Al, Fe**)(Sig0,2) (OH),, may be found as a contaminant in
products such as the vermiculite containing zonolite insulation
manufactured by W.R. Grace and Company. These minerals are
thought by some to be no less harmful than tremolite, amosite, or
crocidolite . They are referred to as "asbestiform" rather than
asbestos. Although the U.S. OSHA has not included them in the
asbestos standard, NIOSH and the American Thoracic Society have

39



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

recommended that they be included as regulated materials. As such,
they may still be related to diseases and hazardous.

3 - Producing nations :

Asbestos output in 2005

In 2009, 2 million tones of asbestos were mined worldwide.
Russia was the largest producer with about 50 % world share
followed by China (14%), Brazil (12.5 %), Kazakhstan (10.5 %) and
Canada (9 %).

4 — History :
4 -1 -Early uses:

Asbestos use in human culture dates back at least 4,500 years,
when evidence shows that inhabitants of the Lake Juojarvi region in
East Finland strengthened earthenware pots and cooking utensils with
the asbestos mineral anthophyllite . The word asbestos comes from
the ancient Greek dQ@oPfectog, meaning "unquenchable" or
"inextinguishable”. One of the first careful descriptions of the
material is attributed to Theophrastus in his text On Stones, around
300 BC, although the naming of minerals was not very consistent at
that time (the more consistent name of this material in both modern
and ancient Greek is amiantos (undefiled, pure) whence the names of
it in other languages like French amiante; the modern Greek word
a oPeotoc or acPéotc stands consistently and solely for lime, not for
the material known as asbestos in English). The term asbestos is
traceable to Roman naturalist Pliny the Elder's manuscript Natural
History, and his use of the term asbestinon, meaning "unquenchable".
While Pliny is popularly attributed with recognising the detrimental
effects of asbestos on slaves, examination of primary sources shows
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that this is not so . Charlemagne, the first Holy Roman Emperor
(800-814), is said to have had a tablecloth made of asbestos .

According to Tabari, one of the curious items belonging to
Khosrow Il Parviz, the great Sassanian king ( r. 531 — 579 ), was a
napkin that he cleaned by simply throwing it into fire. This is believed
to be made of asbestos. (This is also mentioned in The New
Encyclopadia Britannica, vol. 6, 2003, page 843). Wealthy Persians,
who bought asbestos imported over the Hindu Kush, amazed guests
by cleaning the cloth by simply exposing it to fire. According to
Biruni in his book of Gems, any cloths made of asbestos (Persian:
Gl N gzarshost) were called (Persian: 4<iws) shostakeh . Some of
the Persians believed the fiber was fur from an animal (named
samandar, Persian: _xw) that lived in fire and died when exposed to
water, hence the old mistaken myth that the salamander tolerated fire.

While traveling to Siberia, Marco Polo described being offered
garments that could not burn. He was told that the wool was from the
salamander, but did not accept this explanation. At last he was told
that these garments were made from a mineral from the mountains,
which contained threads just like wool.

Some archeologists believe that ancients made shrouds of
asbestos, wherein they burned the bodies of their kings, in order to
preserve only their ashes, and prevent their being mixed with those of
wood or other combustible materials commonly used in funeral pyres.
Others assert that the ancients used asbestos to make perpetual wicks
for sepulchral or other lamps. In more recent centuries, asbestos was
indeed used for this purpose. Although asbestos causes skin to itch
upon contact, ancient literature indicates that it was prescribed for
diseases of the skin, and particularly for the itch. It is possible that
they used the term asbestos for soapstone, because the two terms have
often been confused throughout history.

4 — 2 - Industrial era :

Asbestos use in England was brought back in the 1700s, but did
not become popular until the Industrial Revolution during the late
1800s .
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The Industrial Revolution represented a huge boom for the
asbestos industry. Factories were opening everywhere and new uses
for the miracle mineral were being devised on a regular basis.
Commercial asbestos mines sprung up in the late 1800s and
entrepreneurs recognised that asbestos could perhaps make them rich.
The U.S. asbestos industry began in 1858 when fibrous anthophyllite
was mined for use as asbestos insulation by the Johns Company, a
predecessor to the current Johns Manville at a quarry at Ward's Hill
on Staten Island, New York . Asbestos became more widespread
during the industrial revolution; in 1866 it was used as insulation in
the U.S. and Canada. Development of the first commercial asbestos
mine began in 1874 in the Appalachian foothills of Quebec . By the
mid 20th century uses included fire retardant coatings, concrete,
bricks, pipes and fireplace cement, heat, fire, and acid resistant
gaskets, pipe insulation, ceiling insulation, fireproof drywall, flooring,
roofing, lawn furniture, and drywall joint compound.

Asbestos fibers were once used in automobile brake pads, shoes,
and clutch discs. Since the mid-1990s, a majority of brake pads, new
or replacement, have been manufactured instead with linings made of
ceramic, carbon, metallic and aramid fiber (Twaron or Kevlar—the
same material used in bulletproof vests).

Kent's filtered cigarette used crocidolite asbestos in its
"Micronite" filter from 1952 to 1956.

Artificial Christmas snow, known as flocking, was previously
made with asbestos.

In Japan, particularly after World War 11, asbestos was used in
the manufacture of ammonium sulfate for purposes of rice production,
sprayed upon the ceilings, iron skeletons, and walls of railroad cars
and buildings (during the 1960s), and used for energy efficiency
reasons as well. Production of asbestos in Japan peaked in 1974 and
went through ups and downs until about 1990, when production began
to drop severely.
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4 — 3 - Discovery of toxicity :

The first documented death related to asbestos was in 1906. In
the early 1900s researchers began to notice a large number of early
deaths and lung problems in asbestos mining towns. The first
diagnosis of asbestosis was made in the UK in 1924. By the 1930s,
the UK regulated ventilation and made asbestosis an excusable work-
related disease, followed by the U.S about ten years later . The term
mesothelioma was first used in medical literature in 1931; its
association with asbestos was first noted sometime in the 1940s.

Approximately 100,000 people in the United States have died,
or will die, from asbestos exposure related to ship building. In the
Hampton Roads area, a shipbuilding center, mesothelioma occurrence
IS seven times the national rate . Thousands of tons of asbestos were
used in World War Il ships to wrap the pipes, line the boilers, and
cover engine and turbine parts. There were approximately 4.3 million
shipyard workers in the United States during WWII; for every
thousand workers about fourteen died of mesothelioma and an
unknown number died from asbestosis.

The United States government and asbestos industry have been
criticized for not acting quickly enough to inform the public of
dangers, and to reduce public exposure. In the late 1970s court
documents proved that asbestos industry officials knew of asbestos
dangers since the 1930s and had concealed them from the public. A
similar situation had arisen in the 1920s with the careless handling of
radium and the ensuing scandal of the Radium Girls.

In Australia, asbestos was widely used in construction and other
industries between 1945 and 1980. From the 1970s there was
increasing concern about the dangers of asbestos and its use was
phased out. Mining ceased in 1983. The use of asbestos was phased
out in 1989 and banned entirely in Dec 2003. The dangers of asbestos
are now well known in Australia and there is help and support for
sufferers from asbestosis or mesothelioma.
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5 - Specific products :

5-—1 - Serpentine group :

Serpentine minerals have a sheet or layered structure. Chrysotile
Is the only asbestos mineral in the serpentine group. In the United
States, chrysotile has been the most commonly used type of asbestos.
According to the U.S. EPA Asbestos Building Inspectors Manual,
chrysotile accounts for approximately 95% of asbestos found in
buildings in the United States. Chrysotile is often present in a wide
variety of products and materials, including:

Drywall and joint compound

Plaster

Gas mask filters pre 1960s

Mud and texture coats

Vinyl floor tiles, sheeting, adhesives

Roofing tars, felts, siding, and shingles
"Transite" panels, siding, countertops, and pipes
Popcorn ceilings, also known as acoustic ceilings
Fireproofing

Caulk

Gaskets

Packing, a system for sealing a rotating shaft
Brake pads and shoes

Clutch plates

Stage curtains

Fire blankets

Interior fire doors

Fireproof clothing for firefighters

Thermal pipe insulation

Filters for removing fine particulates from chemicals,

liquids and wine

Dental cast linings
HVAC flexible duct connectors
Drilling fluid additives
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In the European Union and Australia it has recently been banned
as a potential health hazard and is not used at all. Japan is moving in
the same direction, but more slowly. Revelations that hundreds of
workers had died in Japan over the previous few decades from
diseases related to asbestos sparked a scandal in mid-2005. Tokyo
had, in 1971, ordered companies handling asbestos to install
ventilators and check health on a regular basis; however, the Japanese
government did not ban crocidolite and amosite until 1995, and a full-
fledged ban on asbestos was implemented in October 2004.

5-2 - Amphibole group :

Five types of asbestos are found in the amphibole group:
amosite, crocidolite, anthophyllite, tremolite, and actinolite. Amosite,
the second most likely type to be found in buildings, according to the
U.S. EPA Asbestos Building Inspectors Guide, is the "brown"
asbestos.

Amosite and crocidolite were formerly used in many products
until the early 1980s. The use of all types of asbestos in the amphibole
group was banned in much of the Western world by the mid-1980s,
and by Japan in 1995. These products were mainly

. Low density insulating board (often referred to as
AIB or asbestos insulating board) and ceiling tiles;

. Asbestos - cement sheets and pipes for construction,
casing for water and electrical/telecommunication services;

. Thermal and chemical insulation (e.g., fire rated
doors, limpet spray, lagging and gaskets).

6 n- Health problems :

All types of asbestos fibers are known to cause serious health
hazards in humans . While it is agreed that amosite and crocidolite
are the most hazardous asbestos fiber types, chrysotile asbestos has
produced tumors in animals and is a recognized cause of asbestosis
and malignant mesothelioma in humans .
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Mesotheliomas have been observed in people who were
occupationally exposed to chrysotile, family members of the
occupationally exposed, and residents who lived close to asbestos
factories and mines. According to the NCI, "A history of asbestos
exposure at work is reported in about 70 percent to 80 percent of all
cases. However, mesothelioma has been reported in some individuals
without any known exposure to asbestos " = The most common
diseases associated with chronic exposure to asbestos include:
asbestosis and pleural abnormalities (mesothelioma, lung cancer).
Asbestosis has been reported primarily in asbestos workers, and
appears to require long-term exposure, high concentration for the
development of the clinical disease. There is also a long latency
period (incubation period of an infectious disease, before symptoms
appear) of about 12 to 20 years.

Studies have shown an increased risk of lung cancer among
smokers who are exposed to asbestos compared to nonsmokers.

Asbestos exposure becomes a health concern when high
concentrations of asbestos fibers are inhaled over a long time
period.* People who become ill from inhaling asbestos are often
those who are exposed on a day-to-day basis in a job where they
worked directly with the material. As a person's exposure to fibers
increases, because of being exposed to higher concentrations of fibers
and/or by being exposed for a longer time, then that person's risk of
disease also increases. Disease is very unlikely to result from a single,
high - level exposure, or from a short period of exposure to lower
levels.

6 — 1 - Mechanisms which might be triggering cancer
development :

Stanton and Layard hypothesized in 1977-78 that toxicity of
fibrous materials is not initiated by chemical effects, that is any
trigger-effects of asbestos must presumably be physical, such as (A)
mechanical damage or (B) unwanted signal channels (a plausible
property for slender transparent fibres) which might disrupt normal
cell activity — especially mitosis.
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(A) Mechanical Damage. There is experimental evidence that
very slim fibers (< 60nm , < 0.06 um in breadth) do tangle
destructively with chromosomes (being of comparable size) . This is
likely to cause the sort of mitosis disruption expected in cancer.

(B) Unwanted Signal channels. This has recently been explored
theoretically, but not yet experimentally. The theory argues that this
effect would only be feasible for asbestos fibers >100 nm in breadth
(>150 nm in the case of chrysotile), which suggests that we should be
on the look-out for a possible mixture of different mechanisms for the
different fiber-diameter-ranges .

One popular idea of the causal chain is (1) Asbestos fiber — (3)
inflammation — (4) other pathology. While that may be true, it does
not explain "(2), the actual trigger":

"What is the physical property of asbestos which initiates
any such inflammation?" (After all, inflammation is usually seen
as caused by chemical-based processes: immunological &/or
bacterial). So inflammation (&/or oxidation etc.) may well be
part of the causal chain, but not the crucial first step.

6 — 2 - Other asbestos - related diseases :

. It is important to consult a doctor, particularly if the
follow symptoms develop: shortness of breath, wheezing, or
hoarseness, persistent cough that worsens over time, blood in
fluid coughed up, pain or tightening in chest, difficulty
swallowing, swelling of neck or face, decreased appetite, weight
loss, fatigue or anemia.

. Asbestosis: Progressive fibrosis of the lungs of
varying severity, progressing to bilateral fibrosis, honeycombing
of the lungs on radiological view with symptoms including rales
and wheezing. Individuals who have been exposed to asbestos
via home, environment, work should notify their doctors about
exposure history.
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. Asbestos warts : caused when the sharp fibers lodge
in the skin and are overgrown causing benign callus-like
growths.

. Pleural plaques : discrete fibrous or partially
calcified thickened area which can be seen on X-rays of
individuals exposed to asbestos. Although pleural plagques are
themselves asymptomatic, in some patients this develops into
pleural thickening.

. Diffuse pleural thickening : similar to above and
can sometimes be associated with asbestosis. Usually no
symptoms shown but if exposure is extensive, it can cause lung
impairment.

. Pneumothorax : Some reports have also linked the
condition of pneumothorax to asbestos related diseases.

6 — 3 - Asbhestos as a contaminant :

Most respire able asbestos fibers are invisible to the unaided
human eye because their size is about 3—20 um wide and can be as
slim as 0.01 um. Human hair ranges in size from 17 to 181 um in
breadth . Fibers ultimately form because when these minerals
originally cooled and crystallized, they formed by the polymeric
molecules lining up parallel with each other and forming oriented
crystal lattices. These crystals thus have three cleavage planes, and in
this case, there are two cleavage planes which are much weaker than
the third. When sufficient force is applied, they tend to break along
their weakest directions, resulting in a linear fragmentation pattern
and hence a fibrous form. This fracture process can keep occurring
and one larger asbestos fiber can ultimately become the source of
hundreds of much thinner and smaller fibers.

As asbestos fibers get smaller and lighter, they more easily
become airborne and human respiratory exposures can result. Fibers
will eventually settle but may be re-suspended by air currents or other
movement. When fibers or asbestos structures from asbestos
containing materials(ACM) become airborne, the process is called
primary release. Primary release mechanisms include abrasion,
Impaction, fallout, air erosion, vibration, and fire damage. Secondary
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release occurs when settled asbestos fibers and structures are
resuspended as a result of human activities. In unoccupied buildings
or during unoccupied periods, fiber release typically occurs by fallout
or is induced by vibration or air erosion .

Friability of a product containing asbestos means that it is so
soft and weak in structure that it can be broken with simple finger
crushing pressure. Friable materials are of the most initial concern
because of their ease of damage. The forces or conditions of usage
that come into intimate contact with most non-friable materials
containing asbestos are substantially higher than finger pressure.

It is important to note that asbestos containing building
materials were not as widely used in residences as it was in larger
institutional and commercial buildings. Most products manufactured
today do not contain asbestos, but until the 1970s many building
materials used in homes contained asbestos. Asbestos containing
building materials in residences includes a variety of products like
thermal system insulation (TSI) around hot or cold water lines,
asbestos paper wrap around heating ducts, cement board around
furnaces/wood-burning appliances, cement board roofing materials
and so on. Other sources of asbestos containing materials include
deteriorating, damaged, or disturbed insulation, fire proofing,
acoustical materials, and floor tiles.

Asbestos Exposure: Various individuals may be exposed to
airborne asbestos fibers. Among these people are general building
occupants such as teachers, students, office workers, and visitors;
housekeeping/custodial employees who may come in contact with or
disturb asbestos containing building materials (ACBM) or
contaminated settled dust during their work activities, and
maintenance/construction workers who may disturb ACBM during
repair or installation activities. Asbestos abatement/remediation
workers and emergency personnel such as firefighters may also
become exposed .
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6 — 4 - Environmental asbestos :

Asbestos can be found naturally in the air outdoors and in some
drinkable water, including water from natural sources . Studies have
shown that members of the general (non-occupationally exposed)
population have tens of thousands to hundreds of thousands of
asbestos fibers in each gram of dry lung tissue, which translates into
millions of fibers and tens of thousands of asbestos bodies in every
person's lungs.

Asbestos from natural geologic deposits is known as "naturally
occurring asbestos” (NOA). Health risks associated with exposure to
NOA are not yet fully understood, and current US federal regulations
do not address exposure from NOA. Many populated areas are in
proximity to shallow, natural deposits which occur in 50 of 58
California counties and in 19 other U.S. states. In one study, data was
collected from 3,000 mesothelioma patients in California and 890
men with prostate cancer, a malignancy not known to be related to
asbestos. The study found a correlation between the incidence of
mesotheliomas and the distance a patient lived from known deposits
of rock likely to include asbestos; the correlation was not present
when the incidence of prostate cancer was compared with the same
distances. According to the study, risk of mesothelioma declined by
6% for every 10 km that an individual had lived away from a likely
asbestos source.

Portions of El Dorado County, California are known to contain
natural amphibole asbestos formations at the surface . The USGS
studied amphiboles in rock and soil in the area in response to an EPA
sampling study and subsequent criticism of the EPA study. The EPA
study was refuted by its own peer reviewers and never completed or
published. The study found that many amphibole particles in the area
meet the counting rule criteria used by the EPA for chemical and
morphological limits, but do not meet morphological requirements for
commercial - grade - asbestos. The executive summary pointed out
that even particles that do not meet requirements for commercial —
grade -asbestos may be a health threat and suggested a collaborative
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research effort to assess health risks associated with "Naturally
Occurring Asbestos."

However, the main criticism pointed at EPA was that their
testing was conducted in small isolated areas of El Dorado where
there were no amphibole asbestos deposits, thus the language
regarding amphibole, non fibrous “particles". Actual surface
amphibole deposits in residential areas were ignored for testing
purposes. Thus no final findings were published by ATSDR since the
criticism was correct and the effort of combined EPA /ATSDR teams
were wasted time and money.

Great deals of Fairfax County, Virginia were also found to be
underlain with tremolite. The county monitored air quality at
construction sites, controlled soil taken from affected areas, and
required freshly developed sites to lay 6 inches (150 mm) of clean,
stable material over the ground .

Globally, collected samples from Antarctic ice indicate
chrysotile asbestos has been a ubiquitous contaminant of the
environment for at least 10,000 years. Snow samples in Japan have
shown ambient background levels are one to two orders of magnitude
higher in urban than in rural areas. Higher concentrations of airborne
asbestos fibers are reported in urban areas where there is more ACM
(asbestos containing materials) and mechanisms of release (vehicles
braking and weathering of asbestos cement materials); concentrations
in the range of 1-20 ng/m"3 have been reported. Fibers longer than
Sum are rarely found in rural areas. Ambient concentrations using
TEM analysis have been based on mass measurements .

For environmental samples, one must normally resort to electron
microscopy for positive identification . Today, gravimetric and PCM/
PLM techniques are employed. However, the latter techniques cannot
readily identify the smallest, most hazardous, fibers, because they are
limited to PM10 particulate size evaluation, which completely ignores
ultrafine particles (UFPs).

A combination of methods such as light microscopy, electron
microscopy, and energy dispersive X- ray analysis are used to offer
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the most accurate approach to identify asbestos and to estimate
concentrations that may become airborne upon disturbance. For the
purposes of counting asbestos fibers in these samples, regulatory
agencies commonly count as fibers those particles of asbestos
minerals at least 5 micrometers in length and with length : width
ratios of 3:1 . For detecting fibers in bulk building materials, asbestos
particles with length : width ratios of 5:1 are counted. Air
concentrations of asbestos fibers in ambient (typical) air are 0.00001
to 0.0001 fibers per milliliter (fiber/mL). The recently established
exposure limit for U.S. workplaces is 0.1 fiber / mL .

7 - History of health concerns and regulation :
7—1-Until 1900 :

By the first century AD, Greeks and Romans are claimed to
have observed that slaves involved in the weaving of asbestos cloth
were afflicted with a sickness of the lungs , although this is not
confirmed by examination of primary sources.

Early concern in the modern era on the health effects of asbestos
exposure can be found in several sources. Among the earliest were
reports in Britain. The annual reports of the Chief Inspector of
Factories reported as early as 1898 that asbestos had "easily
demonstrated" health risks.

At about the same time, what was probably the first study of
mortality among asbestos workers was reported in France . While the
study describes the cause of death as chalicosis, a generalized
pneumoconiosis, the circumstances of the employment of the fifty
workers whose death prompted the study suggest that the root cause
was asbestos or mixed asbestos-cotton dust exposure.

7—2-1900s-1910s:

Further awareness of asbestos - related diseases can be found in
the early 1900s, when London doctor H. Montague Murray conducted
a post mortem exam on a young asbestos factory worker who died in
1899. Dr. Murray gave testimony on this death in connection with an
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industrial disease compensation hearing. The post-mortem confirmed
the presence of asbestos in the lung tissue, prompting Dr. Murray to
express as an expert opinion his belief that the inhalation of asbestos
dust had at least contributed to, if not actually caused, the death of the
worker.

The record in the United States was similar. Early observations
were largely anecdotal in nature and did not definitively link the
occupation with the disease, followed by more compelling and larger
studies that strengthened the association. One such study, published in
1918, noted :

All of these processes unquestionably involve a
considerable dust hazard, but the hygienic aspects of the
industry have not been reported upon. It may be said, in
conclusion, that in the practice of American and Canadian life
insurance companies, asbestos workers are generally declined
on account of the assumed health-injurious conditions of the
industry.

7—-3-1920s-1930s:

Widespread recognition of the occupational risks of asbestos in
Britain was reported in 1924 by a Dr. Cooke, a pathologist, who
introduced a case description of a 33-year-old female asbestos
worker, Nellie Kershaw, with the following: "Medical men in areas
where asbestos is manufactured have long suspected the dust to be the
cause of chronic bronchitis and fibrosis..." Dr. Cooke then went on to
report on a case in 1927 involving a 33-year-old male worker who
was the only survivor out of ten workers in an asbestos carding room.
In the report he named the disease "asbestosis".

Dr. Cooke's second case report was followed, in the late 1920s,
by a large public health investigation (now known as the Merewether
report after one of its two authors) that examined some 360 asbestos-
textile workers (reported to be about 15 % of the total comparable
employment in Britain at the time) and found that about a quarter of
them suffered from pulmonary fibrosis . This investigation resulted in
improved regulation of the manufacturing of asbestos-containing
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products in the early 1930s. Regulations included industrial hygiene
standards, medical examinations, and inclusion of the asbestos
industry into the British Workers' Compensation Act .

The first known U.S. workers' compensation claim for asbestos
disease was in 1927 . In 1930, the first reported autopsy of an
asbestosis sufferer was conducted in the United states and later
presented by a doctor at the Mayo Clinic, although in this case the
exposure involved mining activities somewhere in South America .

In 1930, the major asbestos company Johns - Manville produced
a report, for internal company use only, about medical reports of
asbestos worker fatalities . In 1932, a letter from U.S. Bureau of
Mines to asbestos manufacturer Eagle-Picher stated, in relevant part,
"It is now known that asbestos dust is one of the most dangerous dusts
to which man is exposed ".

In 1933, Metropolitan Life Insurance Co. doctors found that
29% of workers in a Johns-Manville plant had asbestosis.!”
Likewise, in 1933, Johns-Manville officials settled lawsuits by 11
employees with asbestosis on the condition that the employees' lawyer
agree to never again "directly or indirectly participate in the bringing
of new actions against the Corporation " = In 1934, officials of two
large asbestos companies, Johns-Manville and Raybestos -
Manhattan, edited an article about the diseases of asbestos workers
written by a Metropolitan Life Insurance Company doctor. The
changes downplayed the danger of asbestos dust. In 1935, officials of
Johns - Manville and Raybestos-Manhattan instructed the editor of
Asbestos magazine to publish nothing about asbestosis. In 1936, a
group of asbestos companies agreed to sponsor research on the health
effects of asbestos dust, but required that the companies maintain
complete control over the disclosure of the results.

7—4-1940s:

In 1942, an internal Owens - Corning corporate memo referred
to "medical literature on asbestosis... scores of publications in which
the lung and skin hazards of asbestos are discussed " .Testimony
given in a federal court in 1984 by Charles H. Roemer, formerly an
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employee of Unarco, described a meeting in the early 1940s between
Unarco officials, J-M President Lewis H. Brown and J-M attorney
Vandiver Brown. Roemer stated, "I’ll never forget, I turned to Mr.
Brown, one of the Browns made this crack (that Unarco managers
were a bunch of fools for notifying employees who had asbestosis),
and I said, ‘Mr. Brown, do you mean to tell me you would let them
work until they dropped dead?’ He said, ‘Yes. We save a lot of money
that way.'"" In 1944, a Metropolitan Life Insurance Company report
found 42 cases of asbestosis among 195 asbestos miners .

7—-5-1950s:

In 1951, asbestos companies removed all references to cancer
before allowing publication of research they sponsored.”® In 1952,
Dr. Kenneth Smith, Johns-Manville medical director, recommended
(unsuccessfully) that warning labels be attached to products
containing asbestos. Later, Smith testified: "It was a business decision
as far as I could understand... the corporation is in business to
provide jobs for people and make money for stockholders and they
had to take into consideration the effects of everything they did and if
the application of a caution label identifying a product as hazardous
would cut into sales, there would be serious financial implications."t”

In 1953, National Gypsum's safety director wrote to the Indiana
Division of Industrial Hygiene, recommending that acoustic plaster
mixers wear respirators "because of the asbestos used in the product."
Another company official noted that the letter was "full of dynamite"
and urged that it be retrieved before reaching its destination. A memo
in the files noted that the company "succeeded in stopping" the letter,
which "will be modified ".

7/ —6-1960s—-1980s

Through the 1970s, asbestos was used to fireproof roofing and
flooring, for heat insulation, and for a variety of other purposes. The
material was used in fire - check partitioning and doors on North Sea
Oil Production Platforms and Rigs.
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During mid - to late 1980s, public health concern focused on
potential asbestos fiber exposures of building occupants and workers
in buildings containing asbestos containing building materials
(ACBM) and their risks of developing lung cancer or mesothelioma.
As a consequence, the Health Effects Institute (Cambridge, MA)
convened a panel to evaluate the lifetime cancer risk of general
building occupants as well as service workers.

7 —7 - Modern regulation (Asbestos and the law) :
7—7—-1-United States :

In 1981, the United States Environmental Protection Agency
(EPA) requested information from American companies regarding the
asbestos content of their products .

In 1989 the EPA issued the Asbestos Ban and Phase Out Rule
which was subsequently overturned in the case of Corrosion Proof
Fittings v. EPA, 947 F.2d 1201 (5th Cir. 1991). This ruling leaves
many consumer products that can still legally contain trace amounts
of asbestos. For a clarification of products which legally contain
asbestos, read the EPA's clarification statement. In 2010, Washington
State banned asbestos in automotive brakes starting in 2014.

The EPA has proposed a concentration limit of seven million
fibers per liter of drinking water for long fibers (lengths greater than
or equal to 5pum). The Occupational Safety and Health
Administration (OSHA), has set limits of 100,000 fibers with lengths
greater than or equal to 5 um per cubic meter of workplace air for
eight-hour shifts and 40-hour work weeks .

OSHA regulations regarding asbestos are covered in 29 C.F.R.
1926.1101. Such work is divided into four categories.

Class | ashbestos work means activities involving the removal of
TSI and surfacing ACM and PACM.

Class Il ashbestos work means activities involving the removal of
ACM which is not thermal system insulation or surfacing material.
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This includes, but is not limited to, the removal of asbestos -
containing wallboard, floor tile and sheeting, roofing and siding
shingles, and construction mastics.

Class Il asbestos work means repair and maintenance
operations, where "ACM", including TSI and surfacing ACM and
PACM, is likely to be disturbed.

Class IV asbestos work means maintenance and custodial
activities during which employees contact but do not disturb ACM or
PACM and activities to clean up dust, waste and debris resulting from
Class I, II, and Il activities .

7—7-2-GreatBritain :

In Great Britain, blue and brown asbestos materials were banned
outright in 1985 while the import, sale and second hand reuse of white
asbestos was outlawed in 1999. New 2006 regulations (effective from
13th November 2006) introduced additional liabilites, including a
duty placed on non - domestic building owners, e.g. factories, offices
etc. to manage asbestos on its premises by making themselves aware
of its presence and ensuring the material does not deteriorate,
removing it if necessary. Employers e.g. construction companies
whose operatives may come into contact with asbestos must also
provide biannual asbestos training to its workers.

7—7—-3-New Zealand :

In 1984, the import of raw amphibole (blue and brown) asbestos
into New Zealand was banned. In 2002 the import of chrysotile
(white) asbestos was banned .

7—-7—-4— Australia :

A complete ban on asbestos-containing material in Australia
was introduced in 1991 although some building materials in storage
were still being used in the years that followed. Queensland began
regulation of asbestos removal and disposal in 2005. Handlers of
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ashestos materials must have a B-Class license for bonded asbestos
and an A - Class license for friable asbestos.

The town of Wittenoom, in Western Australia was built around
a (blue) asbestos mine. The entire town continues to be contaminated,
and has been disincorporated , allowing local authorities to remove
references to Wittenoom from maps and roadsigns.

8 - Contamination of other products
8 — 1 - Asbestos and vermiculite :

Vermiculite is a hydrated laminar magnesium-aluminum-iron
silicate which resembles mica. It can be used for many industrial
applications and has been used as a replacement for asbestos. Some
ore bodies of vermiculite have been found to contain small amounts
of asbestos. One vermiculite mine operated by W. R. Grace and
Company in Libby, Montana exposed workers and community
residents to danger by mining contaminated vermiculite. In 1999 the
EPA began cleanup efforts and now the area is a Superfund cleanup
area. The EPA has determined that harmful asbestos is released from
the mine as well as through other activities that disturb soil in the
area.

8 — 2 - Asbestos and talc :

Talc is sometimes contaminated with asbestos . In 2000, tests in
a certified asbestos-testing laboratory found the tremolite form of
amphibole asbestos in three out of eight bigger brands of children's
crayons that are made partly from talc: Crayola, Prang, and RoseArt .
In Crayola crayons, the tests found asbestos levels from 0.05% in
Carnation Pink to 2.86 % in Orchid; in Prang crayons, the range was
from 0.3 % in Periwinkle to 0.54 % in Yellow; in Rose Art crayons, it
was from 0.03 % in Brown to 1.20 % in Orange. Overall, 32 different
types of crayons from these brands contained more than trace
amounts of asbestos, and eight others contained trace amounts. The
Art and Creative Materials Institute, a trade association which tests
the safety of crayons on behalf of the makers, initially insisted the test
results must be incorrect, although they later said they do not test for
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asbestos . In May 2000, Crayola said tests by a materials analyst,
Richard Lee, whose testimony has been accepted in lawsuits over 250
times on behalf of the asbestos industry, showed two of its crayons
were negative for asbestos . In June 2000, Binney & Smith, the maker
of Crayola, and the other makers agreed to stop using talc in their
products, and changed their product formulations in the United States.
The mining company, R T Vanderbilt Co of Gouverneur, New York,
which supplied the talc to the crayon makers, insists there is no
asbestos in its talc "to the best of our knowledge and belief",'*® but a
news article claimed that the United States Mine Safety and Health
Administration (MSHA) did find asbestos in four talc samples that it
tested in 2000 . At the time, however, the Assistant Secretary for
Mine Safety and Health informed the news reporter that his article
was in error and that the reporter had misquoted him stating that “In
fact, the abbreviation ND (non detect) in the laboratory report —
indicates no asbestos fibers actually were found in the samples ” .
Further supporting the claim of Vanderbilt that asbestos is not found
in this industrial grade talc (composed of a very complex mineral
mixture) is a decades old record of analytical work that does not find
asbestos in this talc by mineral scientists in academia, government
and contract laboratories .

Human, animal and cell health studies conducted on
Vanderbilt’s controversial talc also lend no support for the presence
of asbestos in this talc . Several non fully peer - reviewed health
reports concerning Vanderbilt talc do exist and suggest a "same as"
asbestos risk, some of which were referenced in the previously cited
news articles .

9 — Asbestos in construction :
9 — 1 - Asbestos construction in developed countries :

The use of asbestos in new construction projects has been
banned for health and safety reasons in many developed countries or
regions, including the European Union, Australia, Hong Kong, Japan,
and New Zealand. A notable exception is the United States, where
asbestos continues to be used in construction such as cement asbestos
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pipes. The 5th Circuit Court prevented the EPA from banning
asbestos in 1991 because although EPA research showed it would
cost between $450 and 800 million and save around 200 lives ina 13-
year length, the EPA did not provide adequate evidence for the safety
of alternative products . Until the mid-1980s, small amounts of white
asbestos were used in the manufacture of Artex, a decorative stipple
finish , however, some of the lesser - known suppliers of Artex were
still adding white asbestos until 1999 . Removing or disturbing Artex
IS not recommended, as it may contain white asbestos.

Prior to the ban, asbestos was widely used in the construction
industry in thousands of materials, some are judged to be more
dangerous than others due to the amount of asbestos and a materials
friable nature. Sprayed coatings, pipe insulation and Asbestos
Insulating Board (AIB) are thought to be the most dangerous due to
their high content of asbestos and friable nature. Many older buildings
built before the late 1990s contain asbestos. In the United States, there
Is @ minimum standard for asbestos surveys as described by ASTM
Standard E 2356-04. The U.S. Environmental Protection Agency
includes some but not all asbestos-contaminated facilities on the
Superfund National Priorities list (NPL). Renovation and demolition
of asbestos contaminated buildings is subject to EPA NESHAP and
OSHA Regulations. There was a procedure started in Gracedale,
Northampton , US in several households as the amount of asbestos
was more than the allowed . Asbestos is not a material covered under
CERCLA's innocent purchaser defense. In the UK, the removal and
disposal of asbestos and of substances containing it are covered by the
Control of Asbestos Regulations 2006 .

In older buildings (e.g. those built prior to 1999 in the UK,
before white asbestos was finally banned), asbestos may still be
present in some areas e.g. old bath panels, concrete water tanks and
many other places. Being aware of asbestos locations reduces the risk
of disturbing asbestos . Removal of asbestos building components can
also remove the fire protection they provide, therefore fire protection
substitutes are required for proper fire protection that the asbestos
originally provided.
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9 — 2 - Asbestos construction in developing countries :

Some countries, such as India, China, Russia and Brazil have
continued widespread use of asbestos. The most common is
corrugated asbestos-cement sheets or "A / C Sheets" for roofing and
for side walls. Millions of homes, factories, schools or sheds and
shelters continue to use ashestos. Cutting these sheets to size and
drilling holes to receive 'J' bolts to help secure the sheets to roof
framing is done on - site. There has been no significant change in
production and use of A / C Sheets in developing countries following
the widespread restrictions in developed nations

9 -3 -Asbestosand9/11:

As the towers collapsed , Lower Manhattan was blanketed in a
mixture of building debris and combustible materials. This complex
mixture gave rise to the concern that thousands of residents and
workers in the area would be exposed to known hazards in the air and
in the dust, such as asbestos, lead, glass fibers, and pulverized
concrete . More than 1,000 tons of asbestos are thought to have been
released into the air during the destruction of the World Trade Center
in New Yorkon 9/ 11. Inhalation of a mixture of asbestos and other
toxicants is thought to be linked to the unusually high death rate of
emergency service workers from cancer since the disaster . Many
thousands more are now thought to be at risk of developing cancer
due to this exposure with those who have died so far being only the
'tip of the iceberg'. Some commentators have criticized authorities for
using asbestos in the Towers' construction (see 'Other criticism'
below).

In May 2002, after numerous cleanup, dust collection, and air
monitoring activities were conducted outdoors by EPA , other federal
agencies, New York City and New York State, New York City
formally requested federal assistance to clean and/or test residences in
the vicinity of the WTC site for airborne asbestos.
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10 — Litigation :

Asbestos litigation is the longest, most expensive mass tort in
U.S. history, involving more than 8,400 defendants and 730,000
claimants as of 2002 according to the RAND Corporation, and at
least one defendant reported claim counts in excess of $ 800,000 in
2006 .

Current trends indicate that the worldwide rate at which people
are diagnosed with asbestos - related diseases will likely increase
through the next decade . Analysts have estimated that the total costs
of asbestos litigation in the USA alone is over $250 billion .

The federal legal system in the United States has dealt with
numerous counts of asbestos related suits, which often included
multiple plaintiffs with similar symptoms. In 1999 there were 200,000
related cases pending in the federal court system of the United States.
Further , it is estimated that within the next 40 years, the number of
cases may increase to 700,000. These numbers help explain how there
are thousands of current pending cases.

Litigation of asbestos materials has been slow. Companies
sometimes counter saying that health issues do not currently appear in
their worker or workers, or sometimes are settled out of court . The
Research and Development (RAND) think tank has appropriated
certain legal information which is readily available for proclaimed
victims of natural resource accidents. This information has helped
many workers, regardless of health condition, earn compensation
through companies. RAND, along with the Institute for Civil Justice
(ICJ) have been proponents of the organization of past cases in order
to determine one aspect of fair compensation for workers.

1999 saw the introduction of the Fairness in Asbestos
Compensation Act . Ultimately many asbestos companies were
forced to file for bankruptcy. While companies filed for bankruptcy,
this limited payouts to those who were actually affected by the
material. Christopher Edley said what the 1999 Act ultimately did was
"limit punitive damages that seek retribution for the decisions of long-

62



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

dead executives for conduct that took place decades ago (Professor
Christopher Edley, Jr.).”

Litigation exists outside the United States in England, Scotland,
Ireland, the Netherlands, France, Australia, and Japan among other
nations. See the companion article for further information.

The wvolume of the asbestos liability has concerned
manufacturers and insurers and reinsurers.*® The amounts and
method of allocating compensation have been the source of many
court cases, and government attempts at resolution of existing and
future cases.

11 - Critics of safety regulations :
11 -1-1990 s : Canadian - French GATT dispute :

In May 1998, Canada requested consultations before the WTO
and the European Commission concerning France's 1996 prohibition
of the importation and sale of all forms of asbestos. Canada said that
the French measures contravened provisions of the Agreements on
Sanitary and Phytosanitary Measures and on Technical Barriers to
Trade, and the GATT 1994. The EC claimed that safter substitute
materials existed to take the place of asbestos. It stressed that the
French measures were not discriminatory under the terms of
international trade treaties, and were fully justified for public health
reasons. The EC further claimed that in the July consultations, it had
tried to convince Canada that the measures were justified, and that
just as Canada broke off consultations, it (the EC) was in the process
of submitting substantial scientific data in favour of the asbestos ban.

11 — 2 - 2000 s : Canadian exports face mounting global
criticism :

In the late 1990s and early 2000s, the Canadian federal
government continued to claim that chrysotile was much less
dangerous than other types of asbestos. Chrysotile continued to be
used in new construction across Canada, in ways that are very similar
to those for which chrysotile was exported . Similarly, Natural
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Resources Canada once stated that chrysotile, one of the fibres that
make up asbestos, was not as dangerous as once thought. According a
fact sheet from 2003, "current knowledge and modern technology can
successfully control the potential for health and environmental harm
posed by chrysotile”. The Chrysotile Institute, an association partially
funded by the Canadian government, also prominently asserted that
the use of chrysotile did not pose an environmental problem and the
inherent risks in its use were limited to the workplace .

However, under increasing criticism by environmental groups,
in May, 2012 , the Canadian government stopped funding the
Chrysotile Institute. As a result, the Chrysotile Institute has now
closed.

The Canadian government continues to draw both domestic and
international criticism for its stance on chrysotile, most recently in
international meetings on the Rotterdam Convention hearings
regarding chrysotile. The CFMEU pointed out that most exports go to
developing countries. Canada has pressured countries, including
Chile, and other UN member states to avoid chrysotile bans . In
November, 2011, the Australian Upper House passed a motion to
pressure the Canadian government to end policies supporting asbestos
exports. The current state of Canadian policy is uncertain .

11 — 3 - Other criticism :

Asbestos regulation critics include the asbestos industry™*% and
Fox News columnist Steven Milloy. Critics sometimes argue that
increased government regulation does more harm than good and that
replacements to asbestos are inferior. An example is the suggestion by
Dixy Lee Ray and others that the shuttle Challenger disintegrated
because the maker of O - ring putty was pressured by the EPA into
ceasing production of asbestos-laden putty . However, the putty used
in Challenger's final flight did contain asbestos, and failures in the
putty were not responsible for the failure of the O-ring that led to loss
of the shuttle.

Asbestos was used in the first forty floors of the World Trade
Center north tower causing an airborne contamination among lower
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Manhattan after the towers collapsed in the attacks on September
11th, 2001 . Steven Milloy suggests that the World Trade Center
towers could still be standing or at least would have stood longer had
a 1971 ban not stopped the completion of the asbestos coating above
the 64th floor . This was not considered in the National Institute of
Standards and Technology's report on the towers' collapse. All
fireproofing materials, regardless of what they are made of, are
required to obtain a fire-resistance rating prior to installation. All
fiber-based lightweight commercial spray fireproofing materials are
vulnerable to kinetic energy impacts that are outside of the fire testing
upon which their ratings are based, including asbestos - based
materials, and may have been removed in large areas by the impact of
the planes .

12 - Substitutes for asbestos in construction :

Fiberglass insulation was invented in 1938 and is now the most
commonly used type of insulation material. The safety of this material
is also being called into question due to similarities in material
structure . However, the International Agency for Research on Cancer
removed fiberglass from its list of possible human carcinogens in
2001.

In 1978, a highly texturized fiber glass fabric was invented by
Bal Dixit, called Zetex. This fabric is lighter than asbestos, but offers
the same bulk, thickness, hand, feel, and abrasion resistance as
asbestos. The fiberglass was texturized to eliminate some of the
problems that arise with fiberglass, such as poor abrasion resistance
and poor seam strength . In Europe stone - and glass wool are the
main insulators in houses.

Many companies that produced asbestos-cement products that
were reinforced with asbestos fibers have developed products
incorporating organic fibers. One such product was known as Eternit
and another "Everite" now use "Nutec" fibers which consist of
organic fibers, portland cement and silica. Cement-bonded wood fiber
Is another substitute. Stone fibers are used in gaskets and friction
materials.
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Another potential fiber is poly benzimidazole or PBI fiber. Poly
benzimidazole fiber is a synthetic fiber with high melting point of
760 °C that also does not ignite. Because of its exceptional thermal
and chemical stability, it is often used by fire departments and space
agencies.

Asbestos alternatives for industrial use include sleeves, rope,
tape, fabric, textiles and insulation batt materials made from fiberglass
and silica.

13 - Recycling and disposal :

In most developed countries, asbestos is typically disposed of as
hazardous waste in landfill sites.

Asbestos can also be recycled by transforming it into harmless
silicate glass. A process of thermal decomposition at 1000-1250 °C
produces a mixture of non-hazardous silicate phases, and at
temperatures above 1250 °C it produces silicate glass.™ Microwave
thermal treatment can be used in an industrial manufacturing process
to transform asbestos and asbestos-containing waste into porcelain
stoneware tiles, porous single-fired wall tiles, and ceramic bricks.
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Asphalt concrete

A layer of asphalt concrete. In road construction, a base layer of
crushed rock is usually laid down first to increase durability

Machine laying asphalt concrete, fed from a dump truck.
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1 - Introduction :

Asphalt concrete is a composite material commonly used in
construction projects such as road surfaces , airports and parking lots.
It consists of asphalt ( used as a binder ) and mineral aggregate mixed
together, then laid down in layers and compacted. It is also
increasingly used as the core for embankment dams.

The terms "asphalt (or asphaltic) concrete”, "bituminous asphalt
concrete” and the abbreviation "AC" are typically used only in
engineering and construction documents and literature. Asphalt
concrete pavements are often called just "asphalt™ by laypersons who
tend to associate the term concrete with Portland cement concrete
only. The engineering definition of concrete is any composite material
composed of mineral aggregate glued together with a binder, whether
that binder is Portland cement, asphalt or even epoxy. Informally,
asphalt concrete is also referred to as "blacktop”, particularly in North
America.

2 - Mixture formulations :

Mixing of asphalt and aggregate is accomplished in one of
several ways :

. Hot mix asphalt concrete ( commonly abbreviated
as HMAC or HMA ) is produced by heating the asphalt binder
to decrease its viscosity, and drying the aggregate to remove
moisture from it prior to mixing . Mixing is generally performed
with the aggregate at about 150 °C for virgin asphalt and 166
°C ) for polymer modified asphalt , and the asphalt cement at
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95 °C . Paving and compaction must be performed while the
asphalt is sufficiently hot. In many countries paving is restricted
to summer months because in winter the compacted base will
cool the asphalt too much before it is packed to the optimal air
content. HMAC is the form of asphalt concrete most commonly
used on highly trafficked pavements such as those on major
highways, racetracks and airfields.

Super pave , short for “superior performing asphalt
pavement,” is a pavement system designed to provide longer
lasting roadways. Key components of the system are careful
selection of binders and aggregates, volumetric proportioning of
ingredients, and evaluation of the finished product.

. Warm mix asphalt concrete ( commonly
abbreviated as WMA ) is produced by adding either zeolites,
waxes , or asphalt emulsions to the mix . This allows
significantly lower mixing and laying temperatures and results
in lower consumption of fossil fuels , thus releasing less carbon
dioxide , aerosols and vapors . Not only are working conditions
improved, but the lower laying-temperature also leads to more
rapid availability of the surface for use, which is important for
construction sites with critical time schedules. The usage of
these additives in hot mixed asphalt (above) may afford easier
compaction and allow cold weather paving or longer hauls.

. Cold mix asphalt concrete is produced by
emulsifying the asphalt in water with ( essentially ) soap prior to
mixing with the aggregate. While in its emulsified state the
asphalt is less viscous and the mixture is easy to work and
compact. The emulsion will break after enough water evaporates
and the cold mix will, ideally, take on the properties of cold
HMAC. Cold mix is commonly used as a patching material and
on lesser trafficked service roads.

. Cut - back asphalt concrete is produced by
dissolving the binder in kerosene or another lighter fraction of
petroleum prior to mixing with the aggregate. While in its
dissolved state the asphalt is less viscous and the mix is easy to
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work and compact. After the mix is laid down the lighter
fraction evaporates. Because of concerns with pollution from the
volatile organic compounds in the lighter fraction , cut - back
asphalt has been largely replaced by asphalt emulsion .

. Mastic asphalt concrete or sheet asphalt is
produced by heating hard grade blown bitumen (oxidation) in a
green cooker (mixer) until it has become a viscous liquid after
which the aggregate mix is then added.

The bitumen aggregate mixture is cooked (matured) for
around 6-8 hours and once it is ready the mastic asphalt mixer is
transported to the work site where experienced layers empty the
mixer and either machine or hand lay the mastic asphalt contents
on to the road. Mastic asphalt concrete is generally laid to a
thickness of around 20 - 30 mm for footpath and road
applications and around 10 mm  for flooring or roof
applications.

In addition to the asphalt and aggregate , additives, such as
polymers, and anti stripping agents may be added to improve the
properties of the final product.

. Natural asphalt concrete can be produced from
bituminous rock, found in some parts of the world, where
porous sedimentary rock near the surface has been impregnated
with upwelling bitumen.

Asphalt concrete pavements — especially those at airfields —
are sometimes called tarmac for historical reasons, although they do
not contain tar and are not constructed using the macadam process.

3 - Performance characteristics :

Asphalt concrete has different performance characteristics in
terms of surface durability, tire wear, braking efficiency and road way
noise. The appropriate asphalt performance characteristic is obtained
by the traffic level amount in categories AB,C,D,E, and friction
coarse (FC-5). Asphalt concrete generates less roadway noise than
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Portland cement concrete surfacing, and is typically less noisy than
chip seal surfaces. Tire noise effects are amplified at higher operating
speeds. Noise is generated through the conversion of kinetic energy to
sound waves. The idea that highway design could be influenced by
acoustical engineering considerations including selection of surface
paving types arose in the very early 1970s.

Asphalt damaged by frost heave, or freezing of groundwater.

4 - Asphalt concrete degradation and restoration :

Asphalt deterioration can include crocodile cracking , potholes,
upheaval, raveling, rutting, shoving, stripping, and grade depressions.
In cold climates, freezing of the groundwater underneath can crack
asphalt even in one winter ( by frost heaving ) . Filling the cracks with
bitumen can temporarily fix the cracks, but only proper construction,
I.e. allowing water to drain away from under the road, can slow this
process.

Factors that cause asphalt concrete to deteriorate over time
mostly fall into one of two categories: Environmental factors and
traffic loads. Often, damage results from combinations of factors in
both categories.

Environmental factors include heat and cold, the presence of
water in the sub base or sub grade soil under lying the pavement, and
frost heaves.

High temperatures soften the asphalt binder, allowing heavy tire
loads to deform the pavement into ruts. Paradoxically, high heat and
strong sunlight also causes the asphalt to oxidize, becoming stiffer,
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less resilient and cracking. Cold temperatures can cause cracks as the
asphalt contracts. Cold asphalt is also less resilient and more
vulnerable to cracking.

Water trapped under the pavement softens the sub base and sub
grade, making the road more vulnerable to traffic loads. Water under
the road freezes and expand in cold weather, causing and enlarging
cracks to form. In spring thaw, the ground thaws from the top down,
so water is trapped between the pavement above and the still-frozen
soil underneath. This layer of saturated soil provides little support for
the road above, leading to the formation of potholes. This is more of a
problem for silty or clay soils than sandy or gravelly soils. Some
jurisdictions pass frost laws to reduce the allowable weight of trucks
during the spring thaw season and protect their roads.

Traffic damage mostly results from trucks and buses. The
damage a vehicle causes is proportional to the axle load raised to the
fourth power , so doubling the weight an axle carries actually causes
16 times as much damage. Wheels cause the road to flex slightly,
resulting in fatigue cracking, which often leads to crocodile cracking.
Vehicle speed also plays a role. Slowly moving vehicles stress the
road over a longer period of time, increasing ruts, cracking, and
corrugations in the asphalt pavement.

Other causes of damage include heat damage from vehicle fires,
or solvent action from chemical spills.

4 —1 - Prevention and repair of degradation :

The life of a road can be prolonged through good design,
construction and maintenance practices. During design, engineers
measure the traffic on a road, paying special attention to the number
and types of trucks. They also evaluate the subsoil to see how much
load it can withstand. The pavement and sub base thicknesses are
designed to withstand the wheel loads. Sometimes, geogrids are used
to reinforce the sub base and further strengthen the roads. Drainage,
including ditches , storm drains and under drains are used to remove
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water from the roadbed, preventing it from weakening the sub base
and subsoil.

Good maintenance practices center on keeping water out of the
pavement, sub base and subsoil. Maintaining and cleaning ditches and
storm drains will extend the life of the road at low cost. Sealing small
cracks with bituminous crack sealer prevents water from enlarging
cracks through frost weathering, or percolating down to the sub base
and softening it. For somewhat more distressed roads, a chip seal or
similar surface treatment may be applied. As the number, width and
length of cracks increases, more intensive repairs are needed. In order
of generally increasing expense, these include thin asphalt overlays,
multicourse overlays, grinding off the top course and overlaying, in-
place recycling, or full - depth reconstruction of the roadway.

It is far less expensive to keep a road in good condition than it is
to repair it once it has deteriorated. This is why some agencies place
the priority on preventive maintenance of roads in good condition,
rather than reconstructing roads in poor condition. Poor roads are
upgraded as resources and budget allow. In terms of lifetime cost and
long term pavement conditions, this will result in better system
performance. Agencies that concentrate on restoring their bad roads
often find that by the time they've repaired them all, the roads that
were in good condition have deteriorated.

Some agencies use a pavement management system to help
prioritize maintenance and repairs.

5 - Recycling :

Asphalt concrete is often touted as being 100 % recyclable.
Very little asphalt concrete is actually disposed of in landfills.

Several in - place recycling techniques have been developed to
rejuvenate oxidized binders and remove cracking, although the
recycled material is generally not very water-tight or smooth and
should be overlaid with a new layer of asphalt concrete. Cold in-place
recycling mills off the top layers of asphalt concrete and mixes the
resulting loose millings with asphalt emulsion. The mixture is then
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placed back down on the roadway and compacted. The water in the
emulsion is allowed to evaporate for a week or so, and new hot-mix
asphalt is laid on top.

Asphalt concrete that is removed from a pavement is usually
stockpiled for later use as aggregate for new hot mix asphalt. This
reclaimed material, commonly known by the acronym 'RAP' for
recycled or reclaimed asphalt pavement, is crushed to a consistent
gradation and added to the HMA mixing process. Sometimes waste
materials, such as asphalt roofing shingles, crushed glass, or rubber
from old tires, are added to asphalt concrete as is the case with
rubberized asphalt, but there is a concern that the hybrid material may
not be recyclable.
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Barrier Cable

A cable barrier separating laneson a 2 + 1 road in Sweden.
Contents
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1 - Introduction :

Cable barrier, some times referred to as guard cable, is a type
of road side or median barrier. It consists of steel wire ropes mounted
on weak posts. As is the case with any roadside barrier, its primary
purpose is to prevent a vehicle from leaving the traveled way and
striking a fixed object or terrain feature that is less forgiving than
itself . Also similar to most roadside barriers, cable barriers function
by capturing and/or redirecting the errant vehicle.
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Because these barriers are relatively inexpensive to install and
very effective at capturing vehicles, their use is becoming
increasingly prevalent worldwide. By far, the most popular use of the
cable barrier system occurs in the medians of divided high ways.

Given the opposing directions of traffic on divided highways,
cross median crashes are particularly severe. While median width
plays a large role in the occurrence of these crashes, increased width
alone does not eliminate them and quite often, the median must be
shielded with a barrier. Cable barriers provide a cost-effective
solution to the shielding issue.

The system is more forgiving than traditional concrete (Jersey)
barriers or steel barriers used today and remains effective when
installed on sloping terrain. The flexibility of the system absorbs
Impact energy and dissipates it laterally, which reduces the forces
transmitted to the vehicle occupants .

Although cable barriers have been used since the 1960s it wasn’t
until the mid 1990s that many departments of transportation began to
deploy them with any regularity.

In many countries of the European Union these cable barriers
are not allowed to be used along highways since the have been shown
to be especially hazardous for motorcyclists.

2—Types:

There are two types of cable barrier systems in use today, low-
tension and high - tension. Each system has its advantages and
disadvantages, but in general, a high-tension system has a higher
initial cost with lower long-term maintenance costs and concerns.

2—-1-Low-tension :

During the expansion of cable barrier use throughout the 1980s
and 1990s, the low - tension system was specified almost exclusively.
This system is also called the “generic” system, referring to the fact
that it is not exclusively manufactured by any single producer.
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Low tension simply means the cables themselves are tensed
only enough to eliminate sag between posts. Large springs at both
ends of the cable run are compressed ( according to temperature ) to
achieve the low tension in the system.

When a vehicle impacts the low-tension system under normal
conditions, the cable moves as much as 12 ft from its original
location. This movement is known as the dynamic deflection. Given
the lack of tension in the system, individual installations, or “runs”, of
cable are limited to 2,000 ft with an anchor assembly at each end.

Due to the low tension of the system, the cables tend to lie on
the ground in the event that an impact damages multiple posts. As
such, there is no residual safety value within the undamaged
remainder of the 2,000 ft installation and that entire section of barrier
will remain nonfunctional until repaired.

Despite these perceived shortcomings, low-tension cable barrier,
until recently, was arguably the work horse of the industry.
Thousands of miles of the generic system remain in use today in
countries world wide.

2 — 2 - High - tension :

In appearance, high-tension cable is very similar to low —
tension . In most other aspects, the two systems are very different.

High - tension cable consists of three or four pre-stretched
cables supported by weak posts. Currently, all high-tension systems
are proprietary, that is, marketed under exclusive right of a specific
manufacturer.

During installation, the cables are placed on the posts, and then
tightened to a specific tension according to temperature. The tensions
values range between approximately 2,000 and 9,000 Ib. Due to this
tightening, the cable installations can be of indefinite length. In fact,
the lengths of the runs are usually only limited by the presence of
obstacles such as median openings or bridge columns.
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When a vehicle impacts the high-tension system under normal
conditions, the cable deflects as little as 8 ft from its original location.
The inherent tension within the system also allows the cables to
remain strung, even after an impact that removes several posts, thus
allowing the remainder of the run to function normally.

3 - Performance limits :
3—1- Safety testing :

A road side safety hard ware feature must undergo rigorous
safety testing before it can be used on the National High way System
(NHS) in the United States. Most states have adopted the same testing
criteria for high ways that are not on the NHS. The standard by which
all roadside safety features are measured is contained within the
National Cooperative Highway Research Program Report No. 350
(NCHRP 350). NCHRP 350 evaluates safety hardware according to
three general factors :

. Structural Adequacy : the system must contain and
redirect the vehicle with no under riding , over riding , or
penetration.

. Occupant Risk : fragments of the system cannot
penetrate the passenger compartment, the vehicle must remain
upright during and after the collision, and the passenger must
not undergo excessive impact or deceleration.

. Vehicle Trajectory : after the impact, the vehicle
should not intrude into adjacent traffic lanes nor should it exit
the system at an angle greater than 60 % of the entry angle.

3—-2- Test levels:

Within  NCHRP 350 are six separate test levels (TL)
representing different vehicles, impact angles and speeds. Test level
three (TL-3) is probably the most common as it establishes safety
criteria for both small cars and pickups at 60 mph. This category of
traffic accounts for the majority of all vehicle traffic in the United
States.
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At TL - 3, an 1800 Ib car is crashed at 60 mph on an impact
angle of 20°. Also at this level, a 4400 Ib pickup truck impacts at
60 mph and 25°.

TL - 4 includes both these tests but adds a 17,600 Ib single-unit
truck impacting at 50 mph and 25°.

All cable barrier systems available today are approved at either
TL - 3 or TL- 4 . There is a great deal of anecdotal evidence,
however, that many of these systems are performing at a higher level
in the field capturing vehicles as large as semi truck-trailer
combinations.

4 - Environmental limits :
4—-1- Slopes:

Cable barrier, like most roadside safety hardware, is intended
for use on slopes with a 1:6 vertical to horizontal ratio. The 1V:6H
requirement is based in both computer modeling and full-scale crash
testing and represents sound theory. In practice, however, slopes as
flat as 1V:6H are often the exception.

In these cases, there are three TL- 4 systems available that
function as TL-3 on slopes as steepas 1V : 4H .

4 —2 - Clearance :

Rigid barriers such as concrete and semi-rigid barriers such as
steel guardrail, exhibit impact deflections of O to 4 ft, respectively.
Flexible systems such as cable barriers deflect between 8 and 12 ft
upon impact. Given these relatively large deflections, cable barrier
systems are not usually considered appropriate to shield fixed objects
closer than 8 ft offset of the traveled way. Even when the available
clearance exceeds 8 ft, the public seems to have a greater level of
confidence ina more robust barrier.
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5 - Defective Installation and Accidents :

Median Cable Barriers have been studied for safety, and they
are arguably effective deterrents to serious high way accidents. How
ever, a lack of proper installation and testing has led to severe
collisions and even death . In places, such as Arizona, there is
indication that the state government agency in charge of highway
regulation failed to follow proper installation procedures!”.
Apparently there are internal government documents which show that
the Arizona Department of Transportation was aware of cable barrier
problems, and they may have also rushed installation of these barriers
on state high ways .

A major problem alleged, that reduces the effectiveness of cable
barriers, is the installation below grade, especially around slopes or
dips . Without any compensation for a slope in the median, a car can
actually jump the top of a barrier, and therefore be exposed to a
potential cross-over collision . Litigation has arisen in Arizona
regarding the improper installation of cable barriers . One wrongful
death suit resulted in a one million dollar settlement with the state . In
Washington state, numerous letters were submitted to the state
Department of Transportation complaining of cable barrier
installation .

80



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

Basalt

Columnar basalt at Szent

Basalt Rock

Gyorgy Hill, Hungary

Contents

. 1 Introduction
. 2 Etymology
. 3 Uses
. 4 Types
. 5 Petrology
° 5.1 Geochemistry
o 5.2 Morphology and textures
. 5.2.1 Sub aerial eruptions
. 5.2.1.1 Columnar basalt
. 5.2.2 Submarine eruptions
. 5.2.2.1 Pillow basalts
. 6 Life on basaltic rocks
. 7 Distribution
. 8 Lunar and Martian basalt
. 9 Alteration of basalt
o 9.1 Metamorphism
o 9.2 Weathering

1 — Introduction :

Basalt is a common extrusive igneous (volcanic) rock formed
from the rapid cooling of basaltic lava exposed at or very near the
surface of a planet or moon. By definition, basalt must be an aphanitic
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igneous rock with less than 20% quartz and less than 10 %
feldspathoid by volume, and where at least 65% of the feldspar is in
the form of plagioclase. Basalt is usually grey to black in colour, but
rapidly weathers to brown or rust-red due to oxidation of its mafic
(iron-rich) minerals into rust. It almost always has a fine-grained
mineral texture due to the molten rock cooling too quickly for large
mineral crystals to grow, although it can sometimes be porphyritic,
containing the larger crystals formed prior to the extrusion that
brought the lava to the surface, embedded in a finer-grained matrix.
Basalt with a vesicular or frothy texture is called scoria, and forms
when dissolved gases are forced out of solution and form vesicles as
the lava decompresses as it reaches the surface.

On Earth, most basalt magmas have formed by decompression
melting of the mantle. Basalt commonly erupts on lo, and has also
formed on Earth's Moon, Mars, Venus, and even on the asteroid
Vesta. Source rocks for the partial melts probably include both
peridotite and pyroxenite (e.g., Sobolev et al., 2007). The crustal
portions of oceanic tectonic plates are composed predominantly of
basalt, produced from upwelling mantle below ocean ridges.

The term basalt is at times applied to shallow intrusive rocks
with a composition typical of basalt, but rocks of this composition
with a phaneritic (coarse) groundmass are generally referred to as
diabase (also called dolerite) or gabbro.

2 — Etymology :

The word "basalt" is ultimately derived from Late Latin
basaltes, misspelling of L. basanites "very hard stone,” which was
imported from Ancient Greek basani‘ty*s (basanites), from ba'sano*s
(basanos, "touchstone™) and originated in Egyptian bauhun "slate".
The modern petrological term basalt describing a particular
composition of lava-derived rock originates from its use by Georgius
Agricola in 1556 in his famous work of mining and minerology De re
metallica, libri XII. Agricola applied "basalt" to the volcanic black
rock of the Schlossberg (local castle hill) at Stolpen, believing it to be
the same as Pliny the Elder's "very hard stone".
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3 —Uses:

Basalt is used in construction (e.g. as building blocks or in the
groundwork), making cobblestones (from columnar basalt) and in
making statues. Heating and extruding basalt yields stone wool, an
excellent thermal insulator.

5— Types:

. Tholeiitic basalt is relatively rich in silica and poor in
sodium. Included in this category are most basalts of the ocean
floor, most large oceanic islands, and continental flood basalts
such as the Columbia River Plateau.

. MORB (Mid Ocean Ridge Basalt), is
characteristically low in incompatible elements. MORB is
commonly erupted only at ocean ridges. MORB itself has been
subdivided into varieties such as NMORB and EMORB (slightly
more enriched in incompatible elements).

. High alumina basalt may be silica-undersaturated or
-oversaturated (see normative mineralogy). It has greater than
17% alumina (Al,O3) and is intermediate in composition
between tholeiite and alkali basalt; the relatively alumina-rich
composition is based on rocks without phenocrysts of
plagioclase.

. Alkali basalt is relatively poor in silica and rich in
sodium. It is silica-under saturated and may contain
feldspathoids, alkali feldspar and phlogopite.

. Boninite is a high-magnesium form of basalt that is
erupted generally in back-arc basins, distinguished by its low
titanium content and trace element composition.

5 — Petrology :

The mineralogy of basalt is characterized by a preponderance of
calcic plagioclase feldspar and pyroxene. Olivine can also be a
significant constituent. Accessory minerals present in relatively minor
amounts include iron oxides and iron-titanium oxides, such as
magnetite, ulvospinel, and ilmenite. Because of the presence of such
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oxide minerals, basalt can acquire strong magnetic signatures as it
cools, and paleomagnetic studies have made extensive use of basalt.

In tholeiitic basalt, pyroxene (augite and ortho pyroxene or
pigeonite) and calcium-rich plagioclase are common phenocryst
minerals. Olivine may also be a phenocryst, and when present, may
have rims of pigeonite. The groundmass contains interstitial quartz or
tridymite or cristobalite. Olivine tholeiite has augite and ortho
pyroxene or pigeonite with abundant olivine, but olivine may have
rims of pyroxene and is unlikely to be present in the groundmass.

Alkali basalts typically have mineral assemblages that lack
orthopyroxene but contain olivine. Feldspar phenocrysts typically are
labradorite to andesine in composition. Augite is rich in titanium
compared to augite in tholeiitic basalt. Minerals such as alkali
feldspar, leucite, nepheline, sodalite, phlogopite mica, and apatite may
be present in the groundmass.

Basalt has high liquidus and solidus temperatures—uvalues at the
Earth's surface are near or above 1200 °C (liquidus) and near or below
1000 °C (solidus); these values are higher than those of other common
igneous rocks.

The majority of tholeiites are formed at approximately 50—
100 km depth within the mantle. Many alkali basalts may be formed
at greater depths, perhaps as deep as 150-200 km. The origin of high-
alumina basalt continues to be controversial, with interpretations that
it is a primary melt and that instead it is derived from other basalt
types (e.g., Ozerov, 2000).

5-1 - Geochemistry :

Relative to most common igneous rocks, basalt compositions
are rich in MgO and CaO and low in SiO, and the alkali oxides, i.e.,
Na,O + K,0, consistent with the TAS classification.

Basalt generally has a composition of 45-55 wt% SiO,, 2-6 wt%
total alkalis, 0.5-2.0 wt% TiO,, 5-14 wt % Fe O and 14 wt % or more
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Al,Os. Contents of Ca O are commonly near 10 wt%, those of Mg O
commonly in the range 5 to 12 wt%.

High alumina basalts have aluminium contents of 17-19 wt%
Al,O3; boninites have magnesium contents of up to 15% MgO. Rare
feldspathoid-rich mafic rocks, akin to alkali basalts, may have Na,O +
K>O contents of 12% or more.

The abundances of the Lanthanide or rare earth elements (REE)
can be a useful diagnostic tool to help explain the history of mineral
crystallisation as the melt cooled. In particular, the relative abundance
of europium compared to the other REE is often markedly higher or
lower, and called the europium anomaly. It arises because Eu®* can
substitute for Ca®* in plagioclase feldspar, unlike any of the other
Lanthanides, which tend to only form 3+ cations.

MORB basalts and their intrusive equivalents, gabbros, are the
characteristic igneous rocks formed at mid-ocean ridges. They are
tholeiites particularly low in total alkalis and in incompatible trace
elements, and they have relatively flat REE patterns normalized to
mantle or chondrite values. In contrast, alkali basalts have normalized
patterns highly enriched in the light REE, and with greater
abundances of the REE and of other incompatible elements. Because
MORB basalt is considered a key to understanding plate tectonics, its
compositions have been much studied. Although MORB
compositions are distinctive relative to average compositions of
basalts erupted in other environments, they are not uniform. For
instance, compositions change with position along the Mid-Atlantic
ridge, and the compositions also define different ranges in different
ocean basins (Hofmann, 2003).

Isotope ratios of elements such as strontium, neodymium, lead,
hafnium, and osmium in basalts have been much-studied, so as to
learn about evolution of the Earth's mantle. Isotopic ratios of noble
gases, such as *He / *He, are also of great value: for instance, ratios for
basalts range from 6 to 10 for mid-ocean ridge tholeiite (normalized
to atmospheric values), but to 15-24+ for ocean island basalts thought
to be derived from mantle plumes.
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5 -2 - Morphology and textures :

An active basalt lava flow

The shape, structure and texture of a basalt is diagnostic of how
and where it erupted — whether into the sea, in an explosive cinder
eruption or as creeping pahoehoe lava flows, the classic image of
Hawaiian basalt eruptions.

5-2-1- Sub aerial eruptions :

Basalt which erupts under open air (that is, subaerially) forms
three distinct types of lava or volcanic deposits: scoria; ash or cinder
(breccia); and lava flows.

Basalt in the tops of sub aerial lava flows and cinder cones will
often be highly vesiculated, imparting a lightweight "frothy" texture
to the rock. Basaltic cinders are often red, coloured by oxidized iron
from weathered iron-rich minerals such as pyroxene.

"Aa types of blocky, cinder and breccia flows of thick, viscous
basaltic lava are common in Hawaii. Pahoehoe is a highly fluid, hot
form of basalt which tends to form thin aprons of molten lava which
fill up hollows and sometimes forms lava lakes. Lava tubes are
common features of pahoehoe eruptions.

Basaltic tuff or pyroclastic rocks are rare but not unknown.
Usually basalt is too hot and fluid to build up sufficient pressure to
form explosive lava eruptions but occasionally this will happen by
trapping of the lava within the volcanic throat and build up of
volcanic gases. Hawaii's Mauna Loa volcano erupted in this way in
the 19 th century, as did Mount Tarawera, New Zealand in its violent
1886 eruption. Maar volcanoes are typical of small basalt tuffs,
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formed by explosive eruption of basalt through the crust, forming an
apron of mixed basalt and wall rock breccia and a fan of basalt tuff
further out from the volcano . Amygdaloidal structure is common in
relict vesicles and beautifully crystallized species of zeolites, quartz
or calcite are frequently found.

5-2-1-1-Columnar basalt :

Columnar jointed basalt in Turkey

During the cooling of a thick lava flow, contractional joints or
fractures form. If a flow cools relatively rapidly, significant
contraction forces build up. While a flow can shrink in the vertical
dimension without fracturing, it can't easily accommodate shrinking
in the horizontal direction unless cracks form; the extensive fracture
network that develops results in the formation of columns. The
topology of the lateral shapes of these columns can broadly be classed
as a random cellular network. These structures are predominantly
hexagonal in cross-section, but polygons with three to twelve or more
sides can be observed.l! Note that the size of the columns depends
loosely on the rate of cooling; very rapid cooling may result in very
small (<1 cm diameter) columns, while slow cooling is more likely to
produce large columns.

5—2 -2 - Submarine eruptions :
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5-2-2-1-Pillow basalts :

When basalt erupts underwater or flows into the sea, contact
with the water quenches the surface and the lava forms a distinctive
pillow shape, through which the hot lava breaks to form another
pillow. This "pillow" texture is very common in underwater basaltic
flows and is diagnostic of an underwater eruption environment when
found in ancient rocks. Pillows typically consist of a fine-grained core
with a glassy crust and have radial jointing. The size of individual
pillows varies from 10 cm up to several meters.

When pahoehoe lava enters the sea it usually forms pillow
basalts. However when a'a enters the ocean it forms a littoral cone, a
small cone-shaped accumulation of tuffaceous debris formed when
the blocky a'a lava enters the water and explodes from built-up steam.

The island of Surtsey in the Atlantic Ocean is a basalt volcano
which breached the ocean surface in 1963. The initial phase of
Surtsey's eruption was highly explosive, as the magma was quite wet,
causing the rock to be blown apart by the boiling steam to form a tuff
and cinder cone. This has subsequently moved to a typical pahoehoe-
type behaviour.

Volcanic glass may be present, particularly as rinds on rapidly
chilled surfaces of lava flows, and is commonly (but not exclusively)
associated with underwater eruptions.

6 - Life on basaltic rocks :

The common corrosion features of underwater volcanic basalt
suggest that microbial activity may play a significant role in the
chemical exchange between basaltic rocks and seawater. The
significant amounts of reduced iron, Fe (Il), and manganese, Mn(ll),
present in basaltic rocks provide potential energy sources for bacteria.
Recent research has shown that some Fe (Il) - oxidizing bacteria
cultured from iron-sulfide surfaces are also able to grow with basaltic
rock as a source of Fe (Il) . In recent work at Loihi Seamount, Fe-
and Mn - oxidizing bacteria have been cultured from weathered
basalts . The impact of bacteria on altering the chemical composition
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of basaltic glass (and thus, the oceanic crust) and seawater suggest
that these interactions may lead to an application of hydrothermal
vents to the origin of life.

7 - Distribution :

Basalt is one of the most common rock types in the world.
Basalt is the rock most typical of large igneous provinces. The largest
occurrences of basalt are in the ocean floor that is almost completely
made up by basalt. Above sea level basalt is common in hotspot
islands and around volcanic arcs, specially those on thin crust.
However, the largest volumes of basalt on land correspond to
continental flood basalts. Continental flood basalts are known to exist
in the Deccan Traps in India, the Chilcotin Group in British
Columbia, Canada, the Parana Traps in Brazil, the Siberian Traps in
Russia, the Karoo flood basalt province in South Africa, the Columbia
River Plateau of Washington and Oregon.

Many archipelagoes and island nations have an overwhelming
majority of its exposed bedrock made up by basalt due to being above
hotspots, for example, Iceland and Hawaii

Ancient Precambrian basalts are usually only found in fold and
thrust belts, and are often heavily metamorphosed. These are known
as greenstone belts, because low-grade metamorphism of basalt
produces chlorite, actinolite, epidote and other green minerals.

8 - Lunar and Martian basalt :

Lunar olivine basalt collected by Apollo 15.
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The dark areas visible on Earth's moon, the lunar maria, are
plains of flood basaltic lava flows. These rocks were sampled by the
manned American Apollo program, the robotic Russian Luna
program, and are represented among the lunar meteorites.

Lunar basalts differ from their terrestrial counterparts
principally in their high iron contents, which typically range from
about 17 to 22 wt% FeO. They also possess a stunning range of
titanium concentrations (present in the mineral ilmenite), ranging
from less than 1 wt% TiO,, to about 13 wt.%. Traditionally, lunar
basalts have been classified according to their titanium content, with
classes being named high-Ti, low-Ti, and very-low-Ti. Nevertheless,
global geochemical maps of titanium obtained from the Clementine
mission demonstrate that the lunar maria possesses a continuum of
titanium concentrations, and that the highest concentrations are the
least abundant.

Lunar basalts show exotic textures and mineralogy, particularly
shock metamorphism, lack of the oxidation typical of terrestrial
basalts, and a complete lack of hydration. While most of the Moon's
basalts erupted between about 3 and 3.5 billion years ago, the oldest
samples are 4.2 billion years old, and the youngest flows, based on the
age dating method of "crater counting," are estimated to have erupted
only 1.2 billion years ago.

Basalt is also a common rock on the surface of Mars, as
determined by data sent back from the planet's surface and by
Martian meteorites.

9 - Alteration of basalt :

9 — 1 - Metamorphism :

Basalts are important rocks within metamorphic belts, as they
can provide vital information on the conditions of metamorphism
within the belt. Various metamorphic facies are named after the
mineral assemblages and rock types formed by subjecting basalts to
the temperatures and pressures of the metamorphic event. These are :
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. Blueschist facies
. Eclogite facies

. Granulite facies

. Greenschist facies
. Zeolite facies

Metamorphosed basalts are important hosts for a variety of
hydrothermal ore deposits, including gold deposits, copper deposits,
volcanogenic massive sulfide ore deposits and others.

9 — 2 — Weathering :

Compared to other rocks found on Earth's surface, basalts
weather relatively fast. The typically iron-rich minerals oxidise
rapidly in water and air, staining the rock a brown to red colour due to
iron oxide (rust). Chemical weathering also releases readily water-
soluble cations such as calcium, sodium and magnesium, which give
basaltic areas a strong buffer capacity against acidification. Calcium
released by basalts binds up CO, from the atmosphere forming CaCOs;
acting thus as a CO, trap. To this it must be added that the eruption of
basalt itself is often associated with the release of large quantities of
CO;, into the atmosphere from volcanic gases.

Carbon sequestration in basalt has been studied as a means of
removing carbon dioxide, produced by human industrialization, from
the atmosphere. Underwater basalt deposits, scattered in seas around
the globe, have the added benefit of the water serving as a barrier to
the re-release of CO, into the atmosphere.
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Basalt Fiber
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1 — Introduction :

Basalt fiber or fibre is a material made from extremely fine
fibers of basalt, which is composed of the minerals plagioclase,
pyroxene, and olivine. It is similar to carbon fiber and glass fiber,
having better physico mechanical properties than glass fiber, but
being significantly cheaper than carbon fiber. It is used as a fire proof
textile in the aerospace and automotive industries and can also be
used as a composite to produce products such as camera tripods.

2 — Manufacture :

Basalt fiber is made from a single material, crushed basalt, from
a carefully chosen quarry source and unlike other materials such as
glass fiber, essentially no materials are added. The basalt is simply
washed and then sent to be melted down .

The manufacture of basalt fiber requires the melting of the
quarried basalt rock at about 1,400 °C (2,550 °F). The molten rock is
then extruded through small nozzles to produce continuous filaments
of basalt fiber. There are three main manufacturing techniques, which
are centrifugal-blowing, centrifugal - multirole and die - blowing. The
fibers typically have a filament diameter of between 9 and 13 pum
which is far enough above the respiratory limit of 5 um to make
basalt fiber a suitable replacement for asbestos. They also have a high
elastic modulus, resulting in excellent specific tenacity—three times
that of steel.
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3 — Properties :

Property Value
Tensile strength  4.84 GPa
Elastic modulus 89 GPa

Elongation at break 3.15 %

Density 2.7 g/lcms3
Comparison :
Material Density  Tensile strength  Elastic modulus
(g/cm?) (GPa) (GPa)

Steel re-bar 7.85 0.5 210

A-glass 2.46 3.31 69

C-glass 2.46 3.31 69

E-glass 2.60 3.45 76

S-2 glass 2.49 4.83 97

Silicon 2.16 0.206-0.412 -

Quartz 2.2 0.3438 -

Carbon fiber (large) 1.74 3.62 228

Carbon fiber (medium) 1.80 5.10 241

Carbon fiber (small) 1.80 6.21 297

Kevlar K-29 1.44 3.62 41.4

Kevlar K-149 1.47 3.48 -
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Polypropoline 0.91 0.27-0.65 38

Polyacrylonit 1.18 0.50-0.91 75

Basalt fiber 2.65 4.15-4.80 100-110
4 — History :

The first attempts to produce basalt fiber were made in the
United States in 1923. These were further developed after World War
Il by researchers in the USA, Europe and the Soviet Union especially
for military and aerospace applications. Since declassification in 1995
basalt fibers have been used in a wider range of civilian applications.

5—-Uses:

. Heat protection

. Friction materials

. High pressure vessels (e.g. tanks and gas cylinders)

. Load bearing profiles

. Windmill blades

. Lamp posts

. Ship hulls

. Car bodies

. Sports equipment

. Concrete reinforcement (e.g. for bridges and
buildings)
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Belite
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1 — Introduction :

Belite is an industrial mineral important in Portland cement
manufacture, a name for di calcium silicate, Ca,SiO,, sometimes
formulated as 2 Ca O - SiO, ( C,S in cement chemist notation).

The name was given by Torneborn in 1897 to a crystal
identified in microscopic investigation of Portland Cement. Belite is a
name in common use in the cement industry, and is not a recognized
mineral name. Belite occurs naturally as the mineral larnite.

2 - Composition and structure :

The belite found in Portland cement differs in composition from
pure di calcium silicate. It is a solid solution and contains minor
amounts of other oxides besides Ca O and SiO, . A typical
composition :

Oxide Mass %
Ca0 635

Si 0, 315
Al;, O3 2.1

Fe, O30.9
Mg O 0.5
SO; 01

Na, O 0.1
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KO 0.9
TiO, 0.2
P,0Os 0.2

Based on this, the formula can be expressed as
Cay.94M0o.02Nag 01Ko.03F€0.02Al0.07510.90P0.0103.93.  In practice, the
composition varies with the bulk composition of the clinker, subject
to certain limits. Substitution of calcium ions or ortho silicate ions
requires that electric charges be kept in balance. For instance, a
limited number of ortho silicate ( SiO,") ions can be replaced with
sulfate (SO,%) ions, provided that for each sulfate ion , two aluminate
(AlO,™) ions are also substituted.

3 — Polymorphs :

Di calcium silicate is stable, and is readily prepared from
reactive Ca O and SiO; at 300 °C . The low temperature form is y-
belite, or lime olivine. This form does not hydrate, and is avoided in
cement manufacture.

As the temperature rises, it passes through several
polymorphic states :

Temp°C | Name Crystal
>1425 o Hexagonal
1160 - 1425 o'y Ortho rhombic
680-1160 o'\ Ortho rhombic

500-680 P Mono clinic
<500 Y Ortho rhombic
4 - Hydration :

Belite is the mineral in Portland cement responsible for
development of "late" strength. The other silicate, alite contributes
"early" strength, due to its higher reactivity. Belite reacts with water
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(roughly) to form calcium silicate hydrates (C-S-H) and portlandite
(Ca(OH),) according to the reaction:

Belite + water — C-S-H phase + portlandite
2 Ca,Si04 + 4 H,O — 3 CaO - 2 SiO; - 3 H,0 + Ca(OH),

This rapid reaction is "chemically analogue” to the slow natural
hydration of forsterite ( the magnesium end-member of olivine)
leading to the formation of serpentine and brucite in nature, although
the kinetic of hydration of poorly crystallized artificial belite is much
faster than the slow weathering of well crystallized Mg-olivine under
natural conditions.

Forsterite + water — serpentine + brucite
2 MgzsIO4 +3 H,O — Mg38|205(OH)4 + Mg (OH)2

The hydrate phase, [3 Ca O - 2 Si O, - 3 H,0], is referred to as
the "C-S-H" phase. It grows as a mass of interlocking needles that
provide the strength of the hydrated cement system. Relatively high
belite reactivity is desirable in Portland cement manufacture, and the
formation of the un reactive y- form must be rigorously avoided. This
Is achieved by rapid cooling, forming crystals that are small, distorted
and highly defective. Defects provide sites for initial water attack.
Failure to cool the clinker rapidly leads to inversion of belite to the y-
form. The y-form has a substantially different structure and density,
so that inversion leads to degradation of the crystal and its
surrounding matrix, and can also trigger decomposition of the neight
boring alite . This is observed macroscopically as "dusting": the
clinker nodules fall to a fine dust.

5 - Detection :

The minerals in Portland cement clinker may be observed and
quantified by petro graphic microscopy. Clinker nodules are cut and
ground to a flat, polished surface. The exposed minerals are made
visible and identifiable by etching the surface. The surface can then
be observed in reflected light by optical microscopy. In the example, a
clinker nodule has been polished and etched with hydrogen fluoride
vapour. The alite shows as brown, the belite as blue, and the melt
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phases as white. Electron microscopy can also be used, in which case
the minerals may be identified by microprobe analysis. The preferred
method to quantify the minerals accurately is X-ray diffraction on the
powdered clinker, using the Rietveld analysis technique. Belite is
much harder to grind in a cement mill than alite.
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Bentonite

Bentonite
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1 - Introduction :

Bentonite is an absorbent aluminium phyllo silicate,
essentially impure clay consisting mostly of montmorillonite . There
are different types of bentonite, each named after the respective
dominant element, such as potassium (K), sodium (Na), calcium (Ca),
and aluminum (Al). Experts debate a number of nomenclatorial
problems with the classification of bentonite clays. Bentonite usually
forms from weathering of volcanic ash, most often in the presence of
water. However, the term bentonite, as well as a similar clay called
tonstein, has been used for clay beds of uncertain origin. For
industrial purposes, two main classes of bentonite exist: sodium and
calcium bentonite. In stratigraphy and tephrochronology, completely
devitrified ( weathered volcanic glass ) ash - fall beds are commonly
referred to as K-bentonites when the dominant clay species is illite.
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Other common clay species, and sometimes dominant, are
montmorillonite and kaolinite. Kaolinite - dominated clays are
commonly referred to as tonsteins and are typically associated with
coal.

2—Types:
2 — 1 - Sodium bentonite :

Sodium bentonite expands when wet, absorbing as much as
several times its dry mass in water. Because of its excellent colloidal
properties, it is often used in drilling mud for oil and gas wells and
for geotechnical and environmental investigations.

The property of swelling also makes sodium bentonite useful as
a sealant, especially for the sealing of subsurface disposal systems for
spent nuclear fuel and for quarantining metal pollutants of
groundwater. Similar uses include making slurry walls
waterproofing of below-grade walls, and forming other impermeable
barriers, e.g., to seal off the annulus of a water well, to plug old wells,
or to line the base of landfills to prevent migration of leachate. It is
also used to form a barrier around newly planted trees to constrain
root growth so as to prevent damage to nearby pipes, footpaths and
other infrastructure.

Sodium bentonite can also be " sandwiched " between synthetic
materials to create geo - synthetic clay liners ( GCL ) for the
aforementioned purposes. This technique allows for more convenient
transport and installation, and it greatly reduces the volume of sodium
bentonite required . Various surface modifications to sodium
bentonite improve some rheological or sealing performance in
geoenviromental applications, for example, the addition of polymers.

2 — 2 - Calcium bentonite :

Calcium bentonite is a useful adsorbent of ions in solution , as
well as fats and oils, being a main active ingredient of fuller's earth,
probably one of the earliest industrial cleaning agents . Calcium
bentonite may be converted to sodium bentonite (termed sodium
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beneficiation or sodium activation ) to exhibit many of sodium
bentonite's properties by a process known as "ion exchange" (patented
in 1935 by Germans U Hofmann and K Endell ) . In common usage,
this means adding 5-10 % of a soluble sodium salt such as sodium
carbonate to wet bentonite, mixing well, and allowing time for the ion
exchange to take place and water to remove the exchanged calcium .
Some properties, such as viscosity and fluid loss of suspensions, of
sodium - Dbeneficiated calcium bentonite ( or sodium - activated
bentonite ) may not be fully equivalent to those of natural sodium
bentonite . For example, residual calcium carbonates ( formed if
exchanged cations are insufficiently removed) may result in inferior
performance of the bentonite in geo synthetic liners.

2 — 3 - Potassium bentonite :

Also known as potash bentonite or K-bentonite, potassium
bentonite is a potassium - rich illitic clay formed from alteration of
volcanic ash.

3- Uses:

Much of bentonite 's use fullness in the drilling and geotechnical
engineering industry comes from its unique rheological properties.
Relatively small quantities of bentonite suspended in water form a
viscous, shear thinning material. Most often, bentonite suspensions
are also thixotropic , although rare cases of rheopectic behavior have
also been reported. At high enough concentrations (~60 grams of
bentonite per litre of suspension), bentonite suspensions begin to take
on the characteristics of a gel (a fluid with a minimum yield strength
required to make it move). For these reasons it is a common
component of drilling mud used to curtail drilling fluid invasion by its
propensity for aiding in the formation of mud cake.

Bentonite can be used in cement, adhesives, ceramic bodies, and
cat litter. Bentonite is also used as a binding agent in the manufacture
of taconite pellets as used in the steel making industry. Fuller's earth,
an ancient dry-cleaning substance, is finely ground bentonite,
typically used for purifying transformer oil. Bentonite, in small
percentages, is used as an ingredient in commercially designed clay
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bodies and ceramic glazes. Bentonite clay is also used in pyrotechnics
to make end plugs and rocket engine nozzles.

The ionic surface of bentonite has a useful property in making a
sticky coating on sand grains. When a small proportion of finely
ground bentonite clay is added to hard sand and wetted, the clay binds
the sand particles into a moldable aggregate known as green sand
used for making molds in sand casting. Some river deltas naturally
deposit just such a blend of clay silt and sand, creating a natural
source of excellent molding sand that was critical to ancient metal
working technology. Modern chemical processes to modify the ionic
surface of bentonite greatly intensify this stickiness, resulting in
remarkably dough - like yet strong casting sand mixes that stand up to
molten metal temperatures.

The same effluvial deposition of bentonite clay on to beaches
accounts for the variety of plasticity of sand from place to place for
building sand castles. Beach sand consisting of only silica and shell
grains does not mold well compared to grains coated with bentonite
clay. This is why some beaches are much better for building sand
castles than others . The self - stickiness of bentonite allows high -
pressure ramming or pressing of the clay in molds to produce hard,
refractory shapes, such as model rocket nozzles. Indeed, to test
whether a particular brand of cat litter is bentonite, simply ram a
sample with a hammer into a sturdy tube with a close - fitting rod;
bentonite will form a very hard, consolidated plug that is not easily
crumbled. Bentonite also has the interesting property of adsorbing
relatively large amounts of protein molecules from aqueous solutions.
There fore, it is uniquely use ful in the process of wine making, where
it is used to remove excessive amounts of protein from white wines.
Were it not for this use of bentonite, many or most white wines would
precipitate undesirable flocculent clouds or hazes upon exposure to
warmer temperatures, as these proteins denature. It also has the
incidental use of inducing more rapid clarification of both red and
white wines.
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3—-1- Medical :

Bentonite has been prescribed as a bulk laxative, and it is also
used as a base for many dermatologic formulas.

Bentoquatam is a bentonate - based topical medication intended
to act as a shield against exposure to urushiol, the oil found in plants
such as poison ivy or poison oak.

3-2- InThaifarming :

Application of bentonite clay technology made a big
contribution to rejuvenating degraded soils in North east Thailand,
which both improved yields and farmer incomes.

Over the past 40 years, North east Thailand has under gone
significant changes in land use. Farming systems moved from being
subsistence agriculture to being commercial agriculture, typically
characterized by paddy rice production in the low lands and sugar
cane / cassava production in the up Ilands. How ever, the
intensification of these production systems degraded soil chemical
properties in ways that are best described as nutrient / resource mining
operations. As a consequence of these changes, productivity and
production systems declined, as soils became depleted of their
nutrients and water - retaining properties.

The application of clay technology by farmers in Northeast
Thailand, using bentonite clay, has dramatically reversed soil
degradation and resulted in greater economic returns, with higher
yields and higher output prices. Studies carried out by The
International Water Management Institute and partners in 2002—2003
focused on the application of locally sourced bentonite clays to
degraded soils in the region. These applications were carried out in
structured field trials. Results from these studies showed that applying
bentonite clays effectively improved yields of forage sorghum grown
under rain-fed conditions.

Cumulative dry matter production over a two - year period
ranged from 0.22 tons per hectare under control treatment applying
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normal fertilizer only, to 23 tons per hectare using an application of
50 tons per hectare of bentonite. Yields rose to 36 tons per hectare
when a combination of 50 tons per hectare of bentonite and 10 tons
per hectare of leaf litter was applied. These and several other studies
conclusively demonstrated that introducing clay - based materials
such as bentonite and termite mound materials significantly and
persistently improve the productivity of degraded, light — textured
soils.

Three years after the conclusion of this project, a survey was
carried out on 250 farmers, equally split between those farmers that
had adopted clay-based approaches versus those that had not. The
purpose was to assess the economic effects of the project. Using
different methods, an economic assessment was carried out. Although
the responses were, in essence, agronomic effects, they also tended to
cause major changes in farm economies, especially concerning the
type and composition of different agricultural supplies and enhancing
marketability. Variations in the quantity and composition of these
yield-increasing supplies explain differing productivity levels and the
return on investment of farms that used clay applications versus the
farms that did not.

Apart from its role of changing the nature and composition of
farm supplies, bentonite application also influenced the prices that
farmers received for their crops. The average output price for farmers
using clay technologies was 18 % higher than that for non-clay users;
this suggests that either clay-using farmers go for high value crops (as
in vegetable farms) or they receive a higher price for their produce,
due to better quality (e.g., from organic rice and integrated farms).
Production costs are higher, but, due to more production and the
quality of the food, clay farmers could afford to invest and grow more
and better food, compared to non clay-using farmers. For example,
the average per-hectare cost of clay-using farms was 57% higher than
that for non-users, but the per-hectare gross revenue of farms using
bentonite clay technologies was twice that of non-clay-using farms.
Since the net values of the treated and control groups were compared,
clay application led to a net benefit of about 120 %.
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4 - History and natural occurrence :

List of countries by bentonite production :

n
.

Bentonite output in 2005. Click the image for the details.

In 2005, U.S. was the top producer of bentonite with almost
one-third world share followed by China and Greece, reports the
British Geological Survey.

The absorbent clay was given the name bentonite by Wilbur C.
Knight in 1898, after the Cretaceous Benton Shale near Rock River,
Wyoming . Other modern discoveries include montmorillonite
discovered in 1847 in Montmorillon in the Vienne prefecture of
France, in Poitou - Charentes, South of the Loire Valley.

Most high - grade natural sodium bentonite is produced from the
western United States in an area between the Black Hills of South
Dakota and the Bighorn Basin of Wyoming. Mixed sodium/calcium
bentonite is mined in Greece, Australia, India, Russia, and the
Ukraine. In the United States, calcium bentonite is mined primarily in
Mississippi and Alabama. Other major locations producing calcium
bentonite include Germany, Greece, Turkey, India, and China.

It should be noted that, in some countries like the UK and US,
calcium bentonite is known as fuller's earth, a term also used to refer
to attapulgite, in terms of mineralogy, a distinct clay mineral but one
exhibiting similar properties.
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1 — Introduction :

Biorock, also known as Seacrete , is a substance formed by
electro - accumulation of minerals dissolved in sea water. The
building process, popularly called accretion, is not to be confused
with Biorock sewage treatment. The biorock building process grows
cement-like engineering structures and marine ecosystems, often for
mariculture of corals, oysters, clams, lobsters and fish in salt water. It
works by passing a small electrical current through electrodes in the
water. The structure grows more or less without limit as long as
current flows.

Biorock accelerates growth on coral reefs by as much as fivefold
and increases coral survival. Biorock can enable coral growth and
regrowth even in the presence of environmental stress such as thermal
pollution, i.e. increasing water temperatures. When mixed with
construction aggregates, it can build components on the sea floor or
on land. Biorock represents the only known method that can sustain
and grow natural coral species using only basic conducting elements,
typically of acommon metal such as steel.

Biorock samples range in compressive strength from 3720 to
5350 Ibf/inz ( 26 to 37 M Pa ) — for comparison, the concrete typically
used in sidewalks has a strength of about 3500 Ib f/ in2 (24 MPa) .
One of the main component of biorock is magnesium hydroxide,
another is calcium carbonate. This composition is chiefly the result of
the ionic composition of seawater. Over three decades of practical
experience with biorock have shown that one kilowatt hour of
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electricity will result in the accretion of about 0.4 to 1.5 kg ( 0.9 to
3.3 1b ) of biorock, depending on various parameters such as depth,
electrical current, salinity and water temperature .

Biorock is cost-effective, requiring only metal bars or equivalent
and a small amount of electricity. While electricity provided from
fossil fuels generates CO,, biorock projects have often used solar
power, wind power, tidal power, and wave power, which don't
produce CO,. The resulting material is cheaper than concrete blocks
in many places, depending on local electricity and cement transport
costs .

2 - History :

Aragonite in tube

In an attempt to slow the damage done to the world’s coral,
artificial reefs have been built since the 1950s out of materials ranging
from concrete blocks to discarded tires. However, most of these plans
have failed to provide a new coral habitat, most notoriously the
attempt using tires off the shore of Fort Lauderdale has become a
complete environmental disaster. There have been some successes
with artificial reefs, but most remain relatively barren compared with
natural reefs. The one notable exception is the work of
architect/marine scientist Prof. Wolf Hilbertz n(*1938 1 2007 ) and
marine biologist Dr. Thomas J. Goreau (*1950) .

Biorock technology arose from experiments in the 1970s when
Hilbertz was studying how seashells and reefs grow, by passing
electrical currents through salt water. In 1974, he found that as the salt
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water electrolyzes, calcium carbonate ( aragonite ) slowly forms
around the cathode , eventually coating the electrode with a material
as strong as concrete. Later experiments showed that the coatings can
thicken at the rate of 5 cm per year. As long as current flows, the
structure continues to get larger and stronger. It can also heal itself if
damaged, making it particularly useful as a replacement for concrete
in hard - to - access locations.

Hilbertz originally called his invention, on which he had several
patents, underwater mineral accretion or accretion for short. The term
biorock wasn't coined until later. Hilbertz’s original plan was to use
this technology to grow low - cost structures in the ocean for
developing countries. He also envisioned accreting large aqua
dynamic OTEC ocean thermal energy conversion plants, both for
generating power and for producing hydrogen, ammonia, and
magnesium hydroxide . This appeared to result in a building process
largely independent of land - based resources.

His focus shifted to coral reefs after meeting Dr. Thomas
Goreau in the 1980s. They formed a long-standing partnership, with
Goreau continuing work on biorock technologies and coral reef
restoration after Hilbertz' death in 2007. Because the biorock process
uses such simple materials, electrode forms can be constructed in a
variety of shapes to mimic natural reefs. Since the calcium carbonate
coating that forms is so similar to natural reef substrate, corals take to
biorock reefs very readily. Countless projects over the years have
demonstrated that coral thrive on the electrified reef. One prominent
example was in the Maldives during the 1998 warming, during which
fewer than 5 % of the natural reef corals survived. On biorock reefs in
the area, 80 % of corals not only survived, they flourished.!®!

As " Seacrete " the process was substantially publicised in a
book of futurology, The Millennial Project. The author, Marshall
Savage, reiterated Hilbertz' earlier proposal that the conductive metal
magnesium be extracted from ocean water, and that the process use
electricity from ocean thermal energy conversion.
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3 - Process:

Applying a low voltage electrical current ( completely safe for
swimmers and marine life ) to a submerged conductive structure
causes dissolved minerals in seawater to precipitate and adhere to that
structure. The result is a composite of brucite and lime stone with
mechanical strength similar to concrete. Derived from seawater, this
material is similar to the composition of natural coral reefs and
tropical sand beaches.

Biorock structures can be built in any size or shape depending
only on the physical makeup of the sea bottom, wave, current energies
and construction materials. They are well suited for remote, third
world sites where exotic building materials, construction equipment
and highly skilled labor are non - existent.

4 - Constructing a new reef :

To build a biorock reef, a welded, electrically conductive frame,
often made from construction grade rebar or wire mesh, is submerged
and anchored to the sea bottom. A low voltage direct current is
applied using an anode . This initiates an electrolytic reaction causing
mineral crystals naturally found in seawater, mainly calcium
carbonate and magnesium hydroxide, to grow on the structure.

Within days, the structure takes on a whitish hue as it becomes
encrusted with precipitated minerals adding rigidity and strength.
Electrical fields, plus the shade and protection offered by the
metal/limestone frame, attract a wide range of colonizing marine life
including fish, crabs, clams, octopus, lobster, and sea urchins.

Once the reef structure is in place and minerals begin to coat the
surface, the next phase of reef construction begins. Divers transplant
coral fragments from other reefs, attaching them to the ark’s frame.
Immediately, these coral pieces begin to bond to the accreted mineral
substrate and start to grow — typically three to five times faster than
normal. Soon the reef takes on the appearance and utility of a natural
reef ecosystem rather than a man - made one.
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Electrolysis of biorock reefs enhances coral growth,
reproduction and ability to resist environmental stress. Coral species
typically found on healthy reefs gain a major advantage over the
weedy organisms that often overgrow them on reefs stressed by
eutrophication. In tests where the electrical current is interrupted,
mineral accretion stops and weeds begin to cover the corals. But, if
the current is maintained, coral reef habitats can often be restored
even in areas where water quality would prevent their recovery by any
other method.

Biorock reefs grow rapidly and strengthen as they age. They
thus have great potential for many applications, such as making
breakwaters. If waves or colliding ships cause damage, renewed
accretion makes them, to an extent, self - repairing. Unlike some other
types of artificial reefs made from cars or tires, biorock reefs don't
leach harmful pollutants into the sea .

5 - Distribution :

As of 2011, biorock coral reef projects exist in over 20 countries
in the Caribbean, Indian Ocean, Pacific, and Southeast Asia. One
project is located on one of the most remote and unexplored reef areas
of the world, the Saya de Malha Bank in the Indian Ocean. Other
biorock projects are located in Indonesia, Maldives, Mexico, Panama,
Papua New Guinea, Seychelles, and Thailand. The most biorock
projects are currently located in Indonesia, with sites in over half a
dozen islands, including the two largest reef restoration projects in the
world: Pemuteran with the Karang Lestari and the Gili islands with
the Gili Eco Trust. Non - coral biorock projects have been conducted
in other places such as Barataria Bay, Galveston, sea grasses in the
Mediterranean, oyster reefs and salt marshes in New York City, in
Port Aransas, and in St. Croix.
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Bottom Ash

Bottom ash refers to part of the non - combustible residues of
combustion. In an industrial context, it usually refers to coal
combustion and comprises traces of combustibles embedded in
forming clinkers and sticking to hot side walls of a coal - burning
furnace during its operation. The portion of the ash that escapes up the
chimney or stack is, however, referred to as fly ash. The clinkers fall
by themselves into the water or sometimes by poking manually, and
get cooled.

The clinker lumps get crushed to small sizes by clinker grinders
mounted under water and fall down into a trough from where a water
ejector takes them out to a sump. From there it is pumped out by
suitable rotary pumps to dumping yard far away. In another
arrangement a continuous link chain scrapes out the clinkers from
under water and feeds them to clinker grinders outside the bottom ash
hopper.

More modern systems adopt a continuous removal philosophy.
Essentially, a heavy duty chain conveyor (SSC) submerged in a water
trough below the furnace which quenches hot ash as it falls from the
combustion chamber and removes the wet ash continuously up a de-
watering slope before onward discharge into mechanical conveyors or
directly to storage silos.

Alternatively, bottom ash can be conveyed using the dry
technology, the MAC ( Magaldi Ash Cooler ) System , originally
introduced since mid '80s by the Italian company Magaldi Power
S.p.A. and in recent years proposed also by Clyde Bergemann's
DRYCON system and United Conveyor Corporation's VAX
Vibratory Ash Extractor. These systems eliminate water usage in the
cooling and conveying of bottom ash. The system cools ash using
only a small controlled amount of ambient air.
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Bottom ash may be used as an aggregate in road construction
and concrete, where it is known as furnace bottom ash (FBA), to
distinguish it from incinerator bottom ash (IBA), the non-combustible
elements remaining after incineration. It was also used in the making
of the concrete blocks used to construct many high - rise flats in
London in the 1960s.
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Bricked Front Street along the Cane River in historic
Natchitoches, Louisiana
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1 — Introduction :

A brick is a block of ceramic material used in masonry
construction, usually laid using various kinds of mortar . It has been
regarded as one of the longest lasting and strongest building materials
used throughout history.

2 - History :

The Roman Basilica Aula Palatina in Trier, Germany, built in the 4th
century with fired bricks as audience hall for Constantine |

The oldest discovered bricks , originally made from shaped mud
and dating to before 7500 B.C. were found at Tell Aswad then later in
the upper Tigris region and in south east Anatolia close to Diyarbakir

Other more recent findings, dated between 7,000 and 6,395 B.C,,
come from Jericho and Catal HlUyuk. The first sun - dried bricks were
made in Mesopotamia (what is now Iraq), in the ancient city of Ur in
about 4000 BC, although the arch used for drying the bricks was not
actually found.

Other examples of civilizations who used mud brick include the
ancient Egyptians and the Indus Valley Civilization, where it was
used exclusively. In particular, it is evident from the ruins of Buhen,
Mohenjo - daro and Harappa.

The Romans made use of fired bricks, and the Roman legions,
which operated mobile kilns ' introduced bricks to many parts of the
empire. Roman bricks are often stamped with the mark of the legion
that supervised their production. The use of bricks in southern and
western Germany, for example, can be traced back to traditions
already described by the Roman architect Vitruvius.
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The ancient Jetavanaramaya stupa in Anuradhapura, Sri Lanka is
one of the largest brick structures in the world.

The world's highest brick tower of St. Martin's Church in Landshut,
Germany, completed in 1500

Malbork Castle , former Ordensburg of the Teutonic Order - biggest
brick castle in the world
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2-1-China:

In pre - modern China, brick-making was the job of a lowly and
unskilled artisan, but a kiln master was respected as a step above the
former . Early traces of bricks were found in a ruin site in Xi‘an in
2009 dated back about 3800 years ago. Before this discovery, it is
widely believed that bricks appeared about 3000 years ago in the
Western Zhou dynasty since the earliest bricks were found in Western
Zhou ruins . These bricks are the earliest bricks discovered that were
made by a fired process . Early descriptions of the production process
and glazing techniques used for bricks can be found in the Song
Dynasty carpenter's manual Yingzao Fashi, published in 1103 by the
government official Li Jie, who was put in charge of overseeing
public works for the central government's construction agency. The
historian Timothy Brook writes of the production process in Ming
Dynasty China (aided with visual illustrations from the Tiangong
Kaiwu encyclopedic text published in 1637) :

The brickwork of Shebeli Tower in Iran displays 12th century
craftsmanship

...the kilnmaster had to make sure that the temperature inside the
kiln stayed at a level that caused the clay to shimmer with the colour
of molten gold or silver. He also had to know when to quench the kiln
with water so as to produce the surface glaze. To anonymous laborers
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fell the less skilled stages of brick production: mixing clay and water,
driving oxen over the mixture to trample it into a thick paste,
scooping the paste into standardized wooden frames ( to produce a
brick roughly 42 cm long, 20 cm wide, and 10 cm thick ) , smoothing
the surfaces with a wire-strung bow, removing them from the frames,
printing the fronts and backs with stamps that indicated where the
bricks came from and who made them , loading the kilns with fuel
( likelier wood than coal ) , stacking the bricks in the kiln, removing
them to cool while the kilns were still hot, and bundling them into
pallets for transportation. It was hot, filthy work .

The idea of signing the worker's name and birth date on the
brick and the place where it was made was not new to the Ming era
and had little or nothing to do with vanity . As far back as the Qin
Dynasty ( 221 BC- 206 BC ) , the government required black smiths
and weapon-makers to engrave their names onto weapons in order to
trace the weapons back to them, lest their weapons should prove to be
of a lower quality than the standard required by the government.

2-2- Europe:

In the 12th century, bricks from Northern - Western Italy were
re-introduced to Northern Germany, where an independent tradition
evolved. It culminated in the so - called brick Gothic, a reduced style
of Gothic architecture that flourished in Northern Europe, especially
in the regions around the Baltic Sea which are without natural rock
resources. Brick Gothic buildings, which are built almost exclusively
of bricks, are to be found in Denmark , Germany, Poland , and Russia

During the Renaissance and the Baroque, visible brick walls
were unpopular and the brickwork was often covered with plaster. It
was only during the mid-18th century that visible brick walls regained
some degree of popularity, as illustrated by the Dutch Quarter of
Potsdam, for example.

The transport in bulk of building materials such as bricks over
long distances was rare before the age of canals, railways, roads and
heavy goods vehicles. Before this time bricks were generally made
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close to their point of intended use. It has been estimated that in
England in the 18th century carrying bricks by horse and cart for ten
miles ( 16 km ) over the poor roads then existing could more than
double their price .

Chile house in Hamburg, Germany

Bricks were often used for reasons of speed and economy, even
in areas where stone was available. The buildings of the Industrial
Revolution in Britain were largely constructed of brick and timber
due to the demand created. During the building boom of the 19th
century in the eastern seaboard cities of Boston and New York City,
for example, locally made bricks were often used in construction in
preference to the brown stones of New Jersey and Connecticut for
these reasons.

The trend of building upwards for offices that emerged towards
the beginning of the 19th century displaced brick in favor of cast and
wrought iron and later steel and concrete. Some early 'skyscrapers'’
were made in masonry, and demonstrated the limitations of the
material — for example , the Monadnock Building in Chicago (opened
in 1896) is masonry and just 17 stories high; the ground walls are
almost 6 feet ( 1.8 m) thick, clearly building any higher would lead to
excessive loss of internal floor space on the lower floors. Brick was
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revived for high structures in the 1950s following work by the Swiss
Federal Institute of Technology and the Building Research
Establishment in Watford, UK. This method produced 18-story
structures with bearing walls no thicker than a single brick ( 150 —
225 mm ) . This potential has not been fully developed because of the
ease and speed in building with other materials; in the late-20th
century brick was confined to low- or medium-rise structures or as a
thin decorative cladding over concrete-and-steel buildings or for
internal non - load - bearing walls.

In Victorian London the bright red brick was chosen to make
buildings visible in the heavy fog that caused transport problems. 1%

3 - Methods of manufacture :

"Bricks" for building may be made from clay , shale , soft slate,
calcium silicate, concrete, or shaped from quarried stone. How ever,
true bricks are ceramic, and therefore created by the action of heat and
cooling.

Clay is the most common material, with modern clay bricks
formed in one of three processes - soft mud, dry press, or extruded.

Normally, brick contains the following ingredients :

1.  Silica (sand) — 50 % to 60 % by weight

2. Alumina (clay) — 20 % to 30 % by weight

3. Lime-2to5 % byweight

4. lronoxide - 5to 6 % ( not greater than 7 % ) by weight
5 Magnesia - less than 1 % by weight

3_

1 - Mud bricks :

The soft mud method is the most common, as it is the most
economical. It starts with the raw clay, preferably in a mix with 25-
30% sand to reduce shrinkage. The clay is first ground and mixed
with water to the desired consistency. The clay is then pressed into
steel moulds with a hydraulic press . The shaped clay is then fired
("burned" ) at 900 -1000 °C to achieve strength.
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3-1-1-Rail kilns:

Xhosa brickmaker at kiln near Ngcobo
in the former Transkei in 2007.

A traditional brick factory in Iran.

In modern brickworks, this is usually done in a continuously
fired tunnel kiln, in which the bricks move slowly through the kiln on
conveyors, rails, or kiln cars to achieve consistency for all bricks. The
bricks often have added lime, ash, and organic matter to speed the
burning.

3-1-2-Bull'sTrench Kilns :

In India, brick making is typically a manual process. The most
common type of brick kiln in use there are Bull's Trench Kiln (BTK)
based on a design developed by British engineer W. Bull in the late
19th century.

An oval or circular trench, 6 — 9 meters wide , 2 - 2.5 meters
deep, and 100 — 150 meters in circumference, is dug. A tall exhaust
chimney is constructed in the centre. Half or more of the trench is
filled with "green" ( unfired ) bricks which are stacked in an open
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lattice pattern to allow air flow . The lattice is capped with a roofing
layer of finished brick.

In operation, new green bricks, along with roofing bricks, are
stacked at one end of the brick pile; cooled finished bricks are
removed from the other end for transport. In the middle the brick
workers create a firing zone by dropping fuel (coal, wood, oil, debris,
and so on.) through access holes in the roof above the trench.

West face of Roskilde Cathedral in Roskilde, Denmark.

The advantage of the BTK design is a much greater energy
efficiency compared with clamp or scove kilns. Sheet metal or boards
are used to route the airflow through the brick lattice so that fresh air
flows first through the recently burned bricks, heating the air, then
through the active burning zone. The air continues through the green
brick zone (pre-heating and drying them), and finally out the chimney
where the rising gases create suction which pulls air through the
system. The reuse of heated air yields savings in fuel cost.

As with the rail process above, the BTK process is continuous.
A half dozen laborers working around the clock can fire
approximately 15,000 - 25,000 bricks a day. Unlike the rail process,
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in the BTK process the bricks do not move. Instead, the locations at
which the bricks are loaded, fired, and unloaded gradually rotate
through the trench .

3 -2 - Dry pressed bricks :

The dry press method is similar to mud brick but starts with a
much thicker clay mix, so it forms more accurate, sharper-edged
bricks. The greater force in pressing and the longer burn make this
method more expensive.

3 — 3 - Extruded bricks :

For extruded bricks the clay is mixed with 10 - 15 % water
( stiff extrusion ) or 20 - 25 % water ( soft extrusion ) . This is forced
through a die to create a long cable of material of the proper width
and depth. This is then cut into bricks of the desired length by a wall
of wires. Most structural bricks are made by this method, as it
produces hard, dense bricks, and suitable dies can produce holes or
other perforations. The introduction of holes reduces the volume of
clay needed, and hence the cost. Hollow bricks are lighter and easier
to handle, and have thermal properties different from solid bricks. The
cut bricks are hardened by drying for 20 to 40 hours at 50 to 150 °C
before being fired. The heat for drying is often waste heat from the
kiln. European-style extruded bricks or blocks are used in single-wall
construction with finishes applied inside and outside. Their many
voids are a greater proportion of the volume than the solid, thin walls
of fired clay. Such bricks are made in 15, 25, 30, 42 and 50 - cm
widths. Some models have very high thermal insulation performance
suitable for zero-energy buildings.

3 —4 - Calcium silicate bricks :

The raw materials for calcium silicate bricks include lime mixed
with quartz, crushed flint or crushed siliceous rock together with
mineral colourants. The materials are mixed and left until the lime is
completely hydrated; the mixture is then pressed into moulds and
cured in an autoclave for two or three hours to speed the chemical
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hardening. The finished bricks are very accurate and uniform,
although the sharp arrises need careful handling to avoid damage to
brick (and bricklayer). The bricks can be made in a variety of colours,
white is common but pastel shades can be achieved.

Csk bricks are common in Sweden, especially in houses built or
renovated in the 1970s, and are known as " Mexitegel " ( en :
Mexi[can] Bricks ) .

In India these are known as Fly ash bricks, manufactured using
the FaL - G ( fly ash, lime and gypsum ) process.

Calcium silicate bricks are also manufactured in Canada and the
United States, and meet the criteria set forth in ASTM C73 - 10
Standard Specification for Calcium Silicate Brick (Sand-Lime Brick).
It has lower embodied energy than cement based man-made stone and
clay brick"

4 - Influence on fired colour :

Yellow London Stocks at Waterloo

The fired colour of clay bricks is influenced by the chemical and
mineral content of raw materials, the firing temperature and the
atmosphere in the kiln. For example pink coloured bricks are the
result of a high iron content, white or yellow bricks have a higher
lime content. Most bricks burn to various red hues, if the temperature
Is increased the color moves through dark red, purple and then to
brown or grey at around 1,300 °C . Calcium silicate bricks have a
wider range of shades and colours , depending on the colourants used.
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The names of bricks may reflect their origin and colour, such as
London stock brick and Cambridge shire White.

"Bricks" formed from concrete are usually termed blocks, and
are typically pale grey in colour. They are made from a dry, small
aggregate concrete which is formed in steel moulds by vibration and
compaction in either an "egg layer" or static machine. The finished
blocks are cured rather than fired using low - pressure steam.
Concrete blocks are manufactured in a much wider range of shapes
and sizes than clay bricks and are also available with a wider range of
face treatments - a number of which are to simulate the appearance of
clay bricks.

An impervious and ornamental surface may be laid on brick
either by salt glazing, in which salt is added during the burning
process, or by the use of a "slip," which is a glaze material into which
the bricks are dipped. Subsequent reheating in the kiln fuses the slip
into a glazed surface integral with the brick base.

Natural stone bricks are of limited modern utility, due to their
enormous comparative mass, the consequent foundation needs, and
the time - consuming and skilled labour needed in their construction
and laying. They are very durable and considered more handsome
than clay bricks by some. Only a few stones are suitable for bricks.
Common materials are granite, limestone and sandstone. Other stones
may be used ( for example , marble , slate , quartzite , and so on) but
these tend to be limited to a particular locality.

5 - Optimal dimensions , characteristics , and strength :

Loose bricks
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For efficient handling and laying bricks must be small enough
and light enough to be picked up by the bricklayer using one hand
(leaving the other hand free for the trowel). Bricks are usually laid flat
and as a result the effective limit on the width of a brick is set by the
distance which can conveniently be spanned between the thumb and
fingers of one hand, normally about four inches (about 101 mm). In
most cases, the length of a brick is about twice its width, about eight
inches ( about 203 mm) or slightly more. This allows bricks to be laid
bonded in a structure to increase its stability and strength ( for an
example of this, see the illustration of bricks laid in English bond, at
the head of this article ) . The wall is built using alternating courses of
stretchers, bricks laid long ways and headers, bricks laid crossways.
The headers tie the wall together over its width.

A bigger brick makes for a thicker (and thus more insulating)
wall. Historically, this meant that bigger bricks were necessary in
colder climates (see for instance the slightly larger size of the Russian
brick in table below), while a smaller brick was adequate, and more
economical, in warmer regions. A notable illustration of this
correlation is the Green Gate in Gdansk; built in 1571 of imported
Dutch brick, too small for the colder climate of Gdansk, it was
notorious for being a chilly and drafty residence. Nowadays this is no
longer an issue, as modern walls typically incorporate specialized
insulation materials.

The correct brick for a job can be picked from a choice of
colour, surface texture, density, weight, absorption and pore structure,
thermal characteristics, thermal and moisture movement, and fire
resistance.

Face brick ("house brick") sizes , ( alphabetical order )

Standard Metric
Australia 230 x 110 x 76 mm
Denmark 228 x 108 x 54 mm
Germany 240 x 115 x 71 mm
India 228 x 107 x 69 mm
Romania 240 x 115 x 63 mm
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Russia 250 x 120 x 65 mm
South Africa 222 x 106 x 73 mm
Sweden 250 x 120 x 62 mm
United Kingdom 215 % 102.5 x 65 mm
United States 203 x 102 x 57 mm

In England, the length and the width of the common brick has
remained fairly constant over the centuries , but the depth has varied
from about two inches ( about 51 mm ) or smaller in earlier times to
about two and a half inches ( about 64 mm ) more recently. In the
United Kingdom , the usual size of a modern brick is 215 x 102.5 x
65 mm , which, with a nominal 10 mm mortar joint, forms a unit size
of 225 x 112.5 x 75 mm , for a ratio of 6:3:2. In the United States,
modern bricks are usually about 203 x 102 x 57 mm .

Some brick makers create innovative sizes and shapes for bricks
used for plastering ( and therefore not visible ) where their inherent
mechanical properties are more important than the visual ones. These
bricks are usually slightly larger, but not as large as blocks and offer
the following advantages :

a slightly larger brick requires less mortar and
handling (fewer bricks) which reduces cost
ribbed exterior aids plastering
. more complex interior cavities allow improved
insulation, while maintaining strength.

Blocks have a much greater range of sizes. Standard
coordinating sizes in length and height (in mm) include 400x200,
450%150 , 450%200 , 450%225 , 450%x300 , 600x150 , 600x200 , and
600x225 ; depths ( work size, mm ) include 60, 75,90, 100, 115,
140 , 150 , 190, 200 , 225 , and 250 . They are usable across this
range as they are lighter than clay bricks. The density of solid clay
bricks is around 2,000 kg / m?3 : this is reduced by frogging, hollow
bricks, and so on.; but aerated autoclaved concrete, even as a solid
brick, can have densities in the range of 450 — 850 kg / ms.
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Bricks may also be classified as solid ( less than 25 %
perforations by volume, although the brick may be "frogged," having
indentations on one of the longer faces ) , perforated ( containing a
pattern of small holes through the brick removing no more than 25%
of the volume), cellular ( containing a pattern of holes removing more
than 20 % of the volume, but closed on one face ) , or hollow
(containing a pattern of large holes removing more than 25 % of the
brick's volume). Blocks may be solid, cellular or hollow

The term "frog" for the indentation on one bed of the brick is a
word that often excites curiosity as to its origin. The most likely
explanation is that brick makers also call the block that is placed in
the mould to form the indentation a frog. Modern brick makers
usually use plastic frogs but in the past they were made of wood.
When these are wet and have clay on them they resemble the
amphibious kind of frog and this is where they got their name. Over
time this term also came to refer to the indentation left by them.

Brick arch from a vault in Roman Bath - England
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A brick section of the old Dixie Highway, United States

The compressive strength of bricks produced in the United
States ranges from about 1000 Ibf/in? to 15,000 Ib f/ in2 ( 7 to 105 M
Pa or N/ mm?2) , varying according to the use to which the brick are
to be put. In England clay bricks can have strengths of up to 100 M Pa
, although a common house brick is likely to show a range of 20 — 40
M Pa.

6 — Use:

Bricks are used for building , block paving and pavement. In the
USA, brick pavement was found incapable of withstanding heavy
traffic, but it is coming back into use as a method of traffic calming or
as a decorative surface in pedestrian precincts. For example, in the
early 1900s, most of the streets in the city of Grand Rapids, Michigan
were paved with brick. Today, there are only about 20 blocks of brick
paved streets remaining ( totalling less than 0.5 percent of all the
streets in the city limits ) .

Bricks in the metallurgy and glass industries are often used for
lining furnaces, in particular refractory bricks such as silica,
magnesia, chamotte and neutral ( chromo magnesite ) refractory
bricks. This type of brick must have good thermal shock resistance,
refractoriness under load, high melting point, and satisfactory
porosity. There is a large refractory brick industry, especially in the
United Kingdom, Japan, the United States, and the Netherlands.

In the United Kingdom, bricks have been used in construction
for centuries. Until recently, almost all houses were built almost
entirely from bricks. Although many houses in the UK are now built
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using a mixture of concrete blocks and other materials, many houses
are skinned with a layer of bricks on the outside for aesthetic appeal.

Engineering bricks are used where strength, low water porosity
or acid (flue gas) resistance are needed.

In the UK a redbrick university is one founded and built in the
Victorian era, often as a technical college. The term serves to
distinguish these polytechnic colleges from older, more classics-
oriented universities.

Colombian architect Rogelio Salmona was noted for his
extensive use of red brick in his buildings and for using natural shapes
like spirals, radial geometry and curves in his designs.[*! Most
buildings in Colombia are made of brick, given the abundance of clay
in equatorial countries like this one.

7 - Limitations :

Starting in the twentieth century, the use of brickwork declined
in many areas due to earthquakes. The San Francisco earthquake of
1906 revealed the weaknesses of brick buildings in earthquake-prone
areas. Most buildings in San Francisco collapsed during the
earthquake, due to the cement - based mortar used to hold the bricks
together. During seismic events, the mortar cracks and crumbles, and
the bricks are no longer held together.

The San Francisco Earth quake of 1906 shows the limitations of brick
work construction.
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R

A panorama of San Francisco after the earth quake.
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Brucite

Contents
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. 4 Magnesian attack of cement and concrete

1 — Introduction :

Brucite is the mineral form of magnesium hydroxide, with the
chemical formula Mg (OH), . It is a common alteration product of
periclase in marble ; a low - temperature hydrothermal vein mineral in
metamorphosed lime stones and chlorite schists; and formed during
serpentinization of dunites. Brucite is often found in association with
serpentine, calcite, aragonite, dolomite, magnesite, hydromagnesite,
artinite, talc, and chrysotile. Notable locations include Wood's
Chrome Mine, Cedar Hill Quarry, Lancaster County, Pennsylvania,

Category Mineral

Chemical Formula Mg(OH),

Color white, pale green, blue, gray; honey -
yellow to brownish red

Crystal habit platy or foliated masses and rosettes —
fibrous to massive

Crystal system Trigonal ( hexagonal scalenohedral )

Mohs scale hardness |2.5t0 3

Luster vitreous to pearly
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Streak white
Diaphaneity transparent
Specific gravity 2.3910 2.40
Optical properties Uniaxial (+)
Refractive index n, = 1.56-1.59
n, = 1.58-1.60

2 - Discovery :

Nemalite

Brucite was first described in 1824 and named for the
discoverer, American mineralogist, Archibald Bruce (1777-1818). A
fibrous variety of Brucite is called Nemalite. It occurs in fibers or
laths .

3 - Industrial Applications :

Brucite I1s used as a flame retardant and also constitutes a
significant source of magnesium for industry.

4 - Magnesian attack of cement and concrete :

When cement or concrete are exposed to non negligible
concentration of Mg®*, e.g. when these materials are left in prolonged
contact with sea water or brines, Mg (OH), precipitates under the high
pH conditions prevailing in the cement pore water. The neo formation
of brucite, an expansive material, induces mechanical stress in the
hardened cement paste and is responsible for the formation of cracks
and fissures in concrete . The use of dolomite as aggregate in concrete
can also cause the magnesian attack and should be avoided.
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Building Material

Concrete and metal rebar used to build a floor

Contents:

. 1 Introduction

. 2 Fabric

. 3 Mud and clay
. 4 Wood

. 5 Rock

. 6 Thatch

. 7 Brush

. 8 Ice

. 9 Sand

. 10 Concrete
. 11 Metal

. 12 Glass

. 13 Plastic

. 14 Foam

. 15 Cement composites
. 16 Modern industry
. 17 Building products

1 — Introduction :

Building material is any material which is used for a
construction purpose. Many naturally occurring substances, such as
clay, sand, wood and rocks, even twigs and leaves have been used to
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construct buildings. Apart from naturally occurring materials, many
man-made products are in use, some more and some less synthetic.
The manufacture of building materials is an established industry in
many countries and the use of these materials is typically segmented
into specific specialty trades, such as carpentry, plumbing, roofing
and insulation work. They provide the make-up of habitats and
structures including homes.

2 - Fabric :

The tent is the home of choice among nomadic groups all over
the world. Two well known types include the conical teepee and the
circular yurt. It has been revived as a major construction technique
with the development of tensile architecture and synthetic fabrics.
Modern buildings can be made of flexible material such as fabric
membranes, and supported by a system of steel cables, rigid or
internal (air pressure.)

3- Mudandclay :

Sod buildings in Iceland

The amount of each material used leads to different styles of
buildings. The deciding factor is usually connected with the quality of
the soil being used. Larger amounts of clay usually mean using the
cob/adobe style, while low clay soil is usually associated with sod
building. The other main ingredients include more or less sand /
gravel and straw / grasses. Rammed earth is both an old and newer
take on creating walls, once made by compacting clay soils between
planks by hand, now forms and mechanical pneumatic compressors
are used.
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Soil and especially clay is good thermal mass; it is very good at
keeping temperatures at a constant level. Homes built with earth tend
to be naturally cool in the summer heat and warm in cold weather.
Clay holds heat or cold, releasing it over a period of time like stone.
Earthen walls change temperature slowly, so artificially raising or
lowering the temperature can use more resources than in say a wood
built house, but the heat/coolness stays longer.

Peoples building with mostly dirt and clay, such as cob, sod, and
adobe, resulted in homes that have been built for centuries in western
and northern Europe as well as the rest of the world, and continue to
be built, though on a smaller scale. Some of these buildings have
remained habitable for hundreds of years.

4 - Wood :

A natural material for building dwellings for thousands of years,
wood was also used to make Churches in the past. The main problems
with wood structures are fire risk and durability. Wood is an
aesthetically pleasing material that never goes out of trend
completely, though the current popularity of plastic is taking its place
In many construction sites.

5- Rock:

Mont Saint Michel
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Rock structures have existed for as long as history can recall. It
is the longest lasting building material available, and is usually readily
available. There are many types of rock throughout the world all with
differing attributes that make them better or worse for particular uses.
Rock is a very dense material so it gives a lot of protection too, its
main draw - back as a material is its weight and awkwardness. Its
energy density is also considered a big draw — back , as stone is hard
to keep warm without using large amounts of heating resources.

Dry - stone walls have been built for as long as humans have put
one stone on top of another. Eventually different forms of mortar
were used to hold the stones together, cement being the most
commonplace now.

The granite-strewn uplands of Dartmoor National Park, United
Kingdom, for example, provided ample resources for early settlers.
Circular huts were constructed from loose granite rocks throughout
the Neolithic and early Bronze Age, and the remains of an estimated
5,000 can still be seen today. Granite continued to be used throughout
the Medieval period and into modern times. Slate is another stone
type, commonly used as roofing material in the United Kingdom and
other parts of the world where it is found.

Mostly stone buildings can be seen in most major cities, some
civilizations built entirely with stone such as the Pyramids in Egypt,
the Aztec pyramids and the remains of the Inca civilization.

6 - Thatch:

Thatch is one of the oldest of building materials known; grass is
a good insulator and easily harvested. Many African tribes have lived
in homes made completely of grasses year round. In Europe, thatch
roofs on homes were once prevalent but the material fell out of favor
as industrialization and improved transport increased the availability
of other materials. Today, though, the practice is undergoing a
revival. In the Netherlands, for instance, many new buildings have
thatched roofs with special ridge tiles on top
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7 - Brush:

Toda tribe hut

Brush structures are built entirely from plant parts and are
generally found in tropical and sub-tropical areas, such as rainforests,
where very large leaves can be used in the building. Native
Americanes for resting and living in, too. These are built mostly with
branches, twigs and leaves, and bark, similar to a beaver's lodge.
These were variously named wikiups, lean —tos , and so forth.

8- Ice:

Ice was used by the Inuit for igloos, but has also been used for
ice hotels as a tourist attraction in northern areas that might not
otherwise see many winter tourists.

9 - Sand:

Used with cement and some times lime , to make mortar for
masonry work and plaster. Sand is used as a part of the concrete mix.

10 - Concrete :

Concrete is a composite building material made from the
combination of aggregate and a binder such as cement. The most
common form of concrete is Portland cement concrete, which consists
of mineral aggregate ( generally gravel and sand ) , portland cement
and water. After mixing, the cement hydrates and eventually hardens
into a stone-like material. When used in the generic sense, this is the
material referred to by the term concrete.
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Falkirk Wheel

For a concrete construction of any size, as concrete has a rather
low tensile strength, it is generally strengthened using steel rods or
bars ( known as rebars ) . This strengthened concrete is then referred
to as reinforced concrete. In order to minimise any air bubbles, that
would weaken the structure, a vibrator is used to eliminate any air that
has been entrained when the liquid concrete mix is poured around the
ironwork. Concrete has been the predominant building material in this
modern age due to its longevity, formability, and ease of transport.
Recent advancements, such as Insulating concrete forms, combine the
concrete forming and other construction steps (installation of
insulation). All materials must be taken in required proportions as
described in standards.

11 - Metal:

Metal is used as structural framework for larger buildings such
as sky scrapers , or as an external surface covering. There are many
types of metals used for building. Steel is a metal alloy whose major
component is iron, and is the usual choice for metal structural
building materials. It is strong, flexible, and if refined well and/or
treated lasts a long time. Corrosion is metal's prime enemy when it
comes to longevity.

The lower density and better corrosion resistance of aluminium
alloys and tin sometimes overcome their greater cost. Brass was more
common in the past, but is usually restricted to specific uses or
specialty items today.
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Metal figures quite prominently in prefabricated structures such
as the Quonset hut, and can be seen used in most cosmopolitan cities.
It requires a great deal of human labor to produce metal, especially in
the large amounts needed for the building industries.

Other metals used include titanium, chrome, gold, silver.
Titanium can be used for structural purposes, but it is much more
expensive than steel. Chrome, gold, and silver are used as decoration,
because these materials are expensive and lack structural qualities
such as tensile strength or hardness.

12 - Glass :

British Museum Great Court

Glass making is considered an art form as well as an industrial
process or material.

Clear windows have been used since the invention of glass to
cover small openings in a building. They provided humans with the
ability to both let light into rooms while at the same time keeping
inclement weather outside. Glass is generally made from mixtures of
sand and silicates, in a very hot fire stove called a kiln and is very
brittle. Very often additives are added to the mixture when making to
produce glass with shades of colors or various characteristics ( such as
bullet proof glass , or light emittance ) .
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The use of glass in architectural buildings has become very
popular in the modern culture. Glass "curtain walls" can be used to
cover the entire facade of a building, or it can be used to span over a
wide roof structure in a "space frame". These uses though require
some sort of frame to hold sections of glass together, as glass by itself
Is too brittle and would require an overly large kiln to be used to span
such large areas by itself.

13 - Plastic :

Plastic pipes penetrating a concrete floor in a Canadian highrise
apartment building

The term plastics covers a range of synthetic or semi-synthetic
organic condensation or poly merization products that can be molded
or extruded into objects or films or fibers. Their name is derived from
the fact that in their semi-liquid state they are malleable, or have the
property of plasticity. Plastics vary immensely in heat tolerance,
hardness, and resiliency. Combined with this adaptability, the general
uniformity of composition and lightness of plastics ensures their use
in almost all industrial applications today.

14 - Foam:

More recently synthetic poly styrene or poly urethane foam has
been used in combination with structural materials, such as concrete,
It is light weight, easily shaped and an excellent insulator. It is usually
used as part of a structural insulated panel where the foam is
sandwiched between wood or cement or insulating concrete forms,
where concrete is sandwiched between two layers of foam.
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15 - Cement composites :

Cement bonded composites are made of hydrated cement paste
that binds wood or alike particles or fibers to make pre - cast building
components. Various fiberous materials including paper and
fiberglass have been used as binders.

Wood and natural fibres are composed of various soluble
organic compounds like carbohydrates, glycosides and phenolics.
These compounds are known to retard cement setting. There fore ,
before using a wood in making cement boned composites, its
compatibility with cement is assessed.

Wood - cement compatibility is the ratio of a parameter related
to the property of a wood - cement composite to that of a neat cement
paste. The compatibility is often expressed as a percentage value. To
determine wood - cement compatibility, methods based on different
properties are used, such as, hydration characteristics, strength,
interfacial bond and morphology. Various methods are used by
researchers such as the measurement of hydration characteristics of a
cement-aggregate mix ; the comparison of the mechanical properties
of cement-aggregate mixes and the visual assessment of
microstructural properties of the wood-cement mixes . It has been
found that the hydration test by measuring the change in hydration
temperature with time is the most convenient method. Recently,
Karade et al . have reviewed these methods of compatibility
assessment and suggested a method based on the ‘maturity concept’
l.e. taking in consideration both time and temperature of cement
hydration reaction.

16 - Modern industry ;

Modern building is a multi billion dollar industry, and the
production and harvesting of raw materials for building purposes is on
a world wide scale. Often being a primary governmental and trade
keypoint between nations. Environmental concerns are also becoming
a major world topic concerning the availability and sustainability of
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certain materials, and the extraction of such large quantities needed
for the human habitat.

17 - Building products :

In the market place the term building products often refers to the
ready-made particles/sections, made from various materials, that are
fitted in architectural hardware and decorative hardware parts of a
building. The list of building products exclusively exclude the
building materials, which are used to construct the building
architecture and supporting fixtures like windows, doors, cabinets,
etc. Building products do not make any part of a bajingo rather they
support and make them working in a modular fashion.

It also can refer to items used to put such hardware together
such as glues, caulking, paint, and anything else bought for the
purpose of constructing a building
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Calcite

Contents :

. 1 Introduction
. 2 Properties
. 3 Use and applications
. 4 Natural occurrence
o 4.1 Calcite in Earth history

1 — Introduction :

Calcite is a carbonate mineral and the most stable poly morph
of calcium carbonate ( CaCO;z ) . The other polymorphs are the
minerals aragonite and vaterite. Aragonite will change to calcite at
380 -470°C, and vaterite is even less stable .

Category Carbonate mineral
Chemical formula CaCOs;
Unit cell a=4.989% A,
c=17.0610 A;
Z=6
Color Colorless or white , also
gray, yellow, green,
Specific gravity 2.71
Refractive index n, = 1.640 — 1.660
n. =1.486
Birefringence 0=0.154-0.174
Solubility Soluble in dilute acids

Other characteristics  May fluoresce red , blue
yellow, and other colors
under either SW and LW
UV ; phosphorescent

2 - Properties:
Calcite crystals are trigonal - rhombohedral, though actual

calcite rhombohedra are rare as natural crystals. However, they show
a remarkable variety of habits including acute to obtuse rhombohedra,
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tabular forms, prisms, or various scalenohedra. Calcite exhibits
several twinning types adding to the variety of observed forms. It may
occur as fibrous, granular, lamellar, or compact. Cleavage is usually
in three directions parallel to the rhombohedron form. Its fracture is
conchoidal, but difficult to obtain.

It has a defining Mohs hardness of 3, a specific gravity of 2.71,
and its luster is vitreous in crystallized varieties. Color is white or
none, though shades of gray, red, orange, yellow, green, blue, violet,
brown, or even black can occur when the mineral is charged with
impurities.

Calcite is transparent to opaque and may occasionally show
phosphorescence or fluorescence. A transparent variety called Iceland
spar is used for optical purposes. Acute scalenohedral crystals are
sometimes referred to as "dogtooth spar" while the rhombohedral
form is sometimes referred to as "nail head spar".

Single calcite crystals display an optical property called
birefringence ( double refraction ) . This strong birefringence causes
objects viewed through a clear piece of calcite to appear doubled. The
birefringent effect ( using calcite ) was first described by the Danish
scientist Rasmus Bartholin in 1669. At a wavelength of ~590 nm
calcite has ordinary and extraordinary refractive indices of 1.658 and
1.486, respectively . Between 190 and 1700 nm, the ordinary
refractive index varies roughly between 1.6 and 1.4 , while the
extraordinary refractive index varies between1.9and 1.5 .

Calcite, like most carbonates, will dissolve with most forms of
acid. Calcite can be either dissolved by groundwater or precipitated
by groundwater, depending on several factors including the water
temperature , pH , and dissolved ion concentrations. Although calcite
is fairly insoluble in cold water , acidity can cause dissolution of
calcite and release of carbon dioxide gas. Calcite exhibits an unusual
characteristic called retrograde solubility in which it becomes less
soluble in water as the temperature increases. When conditions are
right for precipitation, calcite forms mineral coatings that cement the
existing rock grains together or it can fill fractures. When conditions
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are right for dissolution, the removal of calcite can dramatically
increase the porosity and permeability of the rock, and if it continues
for a long period of time may result in the formation of caves. On a
landscape scale, continued dissolution of calcium carbonate-rich
rocks can lead to the expansion and eventual collapse of cave
systems, resulting in various forms of karst topography.

3 - Use and applications :

High - grade optical calcite was used in World War 11 for gun
sights , specifically in bomb sights and anti — air craft weaponry.

4 - Natural occurrence :

The largest documented single crystals of calcite originated
from Iceland , measured 7x7x2 m and 6x6x3 m and weighed about
250 tons .

Doubly terminated calcite crystal

Calcite is a common constituent of sedimentary rocks , lime
stone in particular , much of which is formed from the shells of dead
marine organisms. Approximately 10 % of sedimentary rock is lime
stone . Calcite is the primary mineral in meta morphic marble . It also
occurs as a vein mineral in deposits from hot springs, and it occurs in
caverns as stalactites and stalagmites.

Calcite may also be found in volcanic or mantle - derived rocks
such as carbonatites , kimberlites, or rarely in peridotites.

Calcite is often the primary constituent of the shells of marine
organisms, e.g., plankton (such as coccoliths and planktic
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foraminifera ) , the hard parts of red algae , some sponges,
brachiopods, echinoderms, most bryozoa , and parts of the shells of
some bivalves ( such as oysters and rudists ) . Calcite is found in
spectacular form in the Snowy River Cave of New Mexico as
mentioned above, where microorganisms are credited with natural
formations. Trilobites, which are now extinct, had unigue compound
eyes. They used clear calcite crystals to form the lenses of their eyes.

4 -1 - Calcite in Earth history :

Calcite seas existed in Earth history when the primary inorganic
precipitate of calcium carbonate in marine waters was low-
magnesium calcite (I m ¢ ) , as opposed to the aragonite and high-
magnesium calcite ( h m ¢ ) precipitated today. Calcite seas alternated
with aragonite seas over the Phanerozoic, being most prominent in the
Ordovician and Jurassic. Lineages evolved to use whichever morph of
calcium carbonate was favourable in the ocean at the time they
became mineralised, and retained this mineralogy for the remainder of
their evolutionary history . Petro graphic evidence for these calcite
sea conditions consists of calcitic ooids , Imc cements, hard grounds ,
and rapid early seafloor aragonite dissolution . The evolution of
marine organisms with calcium carbonate shells may have been
affected by the calcite and aragonite sea cycle .
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Calcium Aluminate Cements
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Phase diagram of calcium aluminates present in the anhydrous
calcium aluminate cement before hydration.
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1 — Introduction :

Calcium aluminates are a range of minerals obtained by
heating calcium oxide and aluminium oxide together at high

temperatures. They are encountered in the manufacture of refractories
and cements.

The stable phases shown in the phase diagram ( formed at
atmospheric pressure under an atmosphere of normal humidity ) are :

. Tri calcium aluminate , 3CaO -Al,O3; ( C3A)

. Do deca calcium hepta - aluminate , 12CaO-7Al,0;3 (
C12A7)
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. Mono calcium aluminate , CaO -Al,O3 ( CA)
. Mono calcium di aluminate , CaO -2Al,03; ( CA2)
. Mono calcium hexa - aluminate, CaO - 6 Al,03 (CA6)

In addition, other phases include :

. Di calcium aluminate, 2Ca0-Al,03 (C2A), which exists
only at pressures above 2500 MPa . The crystal is orthorhombic,
with density 3480 kg-m .

. Penta calcium tri aluminate, 5Ca0-3Al,03 (C5A3), forms
only under an anhydrous and oxygen free atmosphere. The crystal
is orthorhombic, with a density of 3067 kg-m . It reacts rapidly
with water.

. Tetra calcium tri aluminate, 4Ca0-3Al,03; (C4A3), is a
metastable phase formed by dehydrating 4CaO-3Al,05-3H,0
(C4A3H3).

Calcium aluminate cements' are cements consisting
predominantly of hydraulic calcium aluminates. Alternative names
are "aluminous cement”, "high-alumina cement" and "Ciment fondu"
in French. They are used in a number of small — scale , specialized

applications.
2 - History

The method of making cement from lime stone and low - silica
bauxite was patented in France in 1908 by Bied of the Pavin de
Lafarge Company. The initial development was as a result of the
search for a cement offering sulfate resistance . The cement was
called in the French "Ciment fondu". Subsequently, its other special
properties were discovered, and these guaranteed its future in niche
applications.

3 — Composition :

The main active constituent of calcium aluminate cements is
mono calcium aluminate ( CaAl,O4, CaO - Al,O3, or CA in the
cement chemist notation ) . It usually contains other calcium
aluminates as well as a number of less reactive phases deriving from
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impurities in the raw materials. Rather a wide range of compositions
is encountered, depending on the application and the purity of
aluminium source used Constituents of some typical formulations

include :

Oxide / Mineral Sjpsgsg Buff White Refractory
SiO, 4.0 50 27 04
Al,O3 39.4 53.0 624 79.6
Fe 03 16.4 20 04 0
CaOo 38.4 380 340 19.8
MgO 1.0 01 01 0
Na,O 0.1 01 0 0
K,O 0.2 0 0 0
TiO, 1.9 18 04 0.1
Mono calcium aluminate 46 70 70 35
Do deca calcium hepta-aluminate 10 5 0 0
Mono calcium di aluminate 0 0 17 30
Belite 7 5 0 0
Gehlenite 4 14 11 1
Ferrite 24 5 2 0
Pleocroite 1 1 0
Wiistite 7 0 0 0
Corundum 0 0 33

The mineral phases all take the form of solid solutions with
somewhat variable compositions

4 — Manufacture :

The cement is made by fusing together a mixture of a calcium-
bearing material ( normally lime stone ) and an aluminium-bearing
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material (normally bauxite for general purposes, or refined alumina
for white and refractory cements). The liquefied mixture cools to a
basalt-like clinker which is ground alone to produce the finished
product. Because complete melting usually takes place, raw materials
in lump-form can be used. A typical kiln arrangement comprises a
reverberatory furnace provided with a shaft pre heater in which the
hot exhaust gases pass upward as the lump raw material mix passes
downward. The pre heater recuperates most of the heat in the
combustion gases, dehydrates and de- hydroxylates the bauxite and
de-carbonates the lime stone . The calcined material drops into the
"cool end" of the melt bath. The melt overflows the hot end of the
furnace into molds in which it cools and solidifies. The system is fired
with pulverized coal or oil. The cooled clinker ingots are crushed and
ground in a ball - mill. In the case of high-alumina refractory cements,
where the mix only sinters, a rotary kiln can be used .

5 - Reaction with water :

The hydration reactions of calcium aluminate cements are very
complex. The strength - developing phases are mono calcium
aluminate, do deca - calcium hepta - aluminate and belite . Calcium
alumino ferrite , mono calcium dialuminate , gehlenite and
pleochroite contribute little to strength.

The reactive aluminates react with water initially to form a
mixture of :

1 CaO- A|203 10 H,0,
2 CaO - Al,O3 -8 H,0,
3 CaO: Al,O3 -6 H,O, and Al (OH) 3 gel ,

The amounts of each depending upon the curing
temperature. The first two hydrates subsequently decompose to a
mixture of 3 Ca O - Al,O3 - 6 H,O, Al (OH); gel and water, this
process being called “conversion". Because of the loss of water,
conversion causes an increase in porosity, which can be accompanied
by a decrease in strength. This need not be a problem in structural
concrete provided that a sufficiently high cement content and a
sufficiently low water/cement ratio are employed.
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6 — Applications :

Because of their relatively high cost , calcium aluminate
cements are used in a number of restricted applications :

. in construction concretes, rapid strength development is
achieved , even at low temperatures.

. in construction concretes , high chemical resistance is
possible.

. in refractory concretes , strength is maintained at high
temperatures.

. as a component in blended cement formulations, various
properties such as ultra - rapid strength development and
controlled expansion can be obtained.

7 - Problems :

Incorrect use of calcium aluminate cements has led to wide
spread construction problems, especially during the third quarter of
the 20 th century when this type of cement was used because of its
faster hardening properties. After several years some of the buildings
and structures collapsed due to degradation of the cement and many
had to be torn down or reinforced. Heat and humidity accelerate the
degradation process called "conversion™; the roof of a swimming pool
was one of the first structures to collapse in the UK.
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Calcium Aluminates
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Calcium aluminates phase diagram.

Calcium Aluminates are a range of mineralst! obtained by
heating calcium oxide and aluminium oxide together at high

temperatures. They are encountered in the manufacture of refractories
and cements.

The stable phases shown in the phase diagram (formed at
atmospheric pressure under an atmosphere of normal humidity) are:

. Tri calcium aluminate, 3Ca0O-Al,O3 (C3A)
. Dodeca calcium hepta - aluminate, 12Ca0O-7Al,05
(C12A7)
. Mono calcium aluminate, CaO-Al,O; (CA)
. Mono calcium di aluminate, CaO-2Al,05; (CA2)
. Mono calcium hexa - aluminate, CaO-6 Al,03; (CA6)

In addition, other phases include:

. Dicalcium aluminate, 2CaO-Al,0O; (C2A), which
exists only at pressures above 2500 MPal?. The crystal is
orthorhombic, with density 3480 kg-m .

. Penta calcium tri aluminate, 5Ca0-3Al,03; (C5A3),
forms only under an anhydrous and oxygen free atmosphere.
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The crystal is orthorhombic, with a density of 3067 kg:m . It
reacts rapidly with water.
. Tetra calcium tri aluminate, 4Ca0-3Al,03; (C4A3), is

a meta stable phase formed by dehydrating 4Ca0O-3Al,03-3H,0
(C4A3H3).
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Calcium Alumino Ferrite

Photomicrograph (0.11mm) of clinker polished section showing
calcium aluminoferrite (white) and tricalcium aluminate (grey)
occupying interstitial space between alite (blue) and belite (orange)
crystals. These are false (interference) colors.
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. 3 Phases in Portland cement clinker
. 4 Behavior in cements

1 — Introduction :

Calcium alumino ferrite ( Ca, (Al , Fe ), Os) is a dark brown
crystalline phase commonly found in cements. In the cement industry
it is termed ferrite. It also exists in nature as the rare mineral
brownmillerite.

2 - Properties of the pure phase :

In the absence of elements other than calcium , aluminium , iron
and oxygen , calcium alumino ferrite forms a solid solution series of
formula Cay(AlFe;),0s for all values of x in the range 0-0.7M.
Compositions with x > 0.7 do not exist at ordinary pressures (see
dicalcium aluminate). The crystal is orthorhombic, and is normally
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lath-like. Its density varies from 4026kg - m> ( x = 0 ) to
3614 kg:m™ ( x = 0.7 ) . All compositions melt incongruently in the
range 1400 —1450 °C. They are ferromagnetic, progressively more so
as iron content increases. These phases are easily prepared from the
oxides.

3 - Phases in Portland cement clinker :

In Portland cement clinker, calcium aluminoferrite occurs as an
"interstitial phase", crystallizing from the melt. Its presence in clinker
Is solely due to the need to obtain liquid at the peak kiln processing
temperature ( 1400 — 1450 °C ) , facilitating the formation of the
desired silicate phases. Apart from this benefit, its effects on cement
properties are little more than those of a diluent. Its forms an impure
solid solution that deviates markedly in composition from the simple
chemical formula. The calcium alumino ferrite phase acts as a
repository for many of the minor elements in the clinker. Most of the
transitional elements in the cement are found in the ferrite phase,
notably titanium, manganese and zinc. There is also a substantial
amount of magnesium and silicon, and because of this, oxides other
than Ca O , Al,O3 and Fe,O3 often make up 15 % of the mass of the
calcium alumino ferrite. This substitution reduces the melting point to
around 1350 °C.

Typical chemical compositions for various clinker bulk Fe,0;
contents are:

Oxide Mass % Mass % Mass %
Fe,Oz;inClinker 0.29 2.88  4.87
SiO, 4.0 2.6 6.1
Al,O3 20.2 208 17.0
Fe,Os 245 239 27.7
CaO 446 464  40.2
MgO 3.7 3.1 4.9
Na,O 0.1 0.1 0.1
K,O 0.1 0.1 0.1
TiO, 1.9 2.7 1.7
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Mn,0O3 0.1 0.3 1.5
Zn0O 1.1 0.1 0.9

4 - Behavior in cements :

Calcium alumino ferrite has little effect upon the physical
properties of cement. On hydration it forms 4 CaO-Al,03-nH,0 and
hydrated iron oxide gel. In principle, this is a fast and energetic
reaction, but precipitation of an insoluble layer of hydrated iron oxide
upon the calcium alumino ferrite crystal surface forms a barrier to
further reaction. In the case of Portland cement, subsequent slow
reaction with dissolved sulfate forms an AFm phase, which has
negligible strength-giving properties. In the case of calcium aluminate
cementst, the situation is less clear-cut, but there is little contribution
to early strength. Calcium alumino ferrite is also present in
sulfoaluminate cements, and again contributes no strength.
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Calcium Carbonate
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1 — Introduction :

Calcium carbonate is a chemical compound with the formula
CaCOs. It is a common substance found in rocks in all parts of the
world, and is the main component of shells of marine organisms,
snails, coal balls, pearls, and eggshells. Calcium carbonate is the
active ingredient in agricultural lime, and is usually the principal
cause of hard water. It is commonly used medicinally as a calcium
supplement or as an antacid, but excessive consumption can be
hazardous.

IJUPAC name : Calcium carbonate

Other names :
Lime stone ; calcite ; aragonite ; chalk ; marble ; pearl

Molecular Formula CaCO;
Exact Mass 100 g/ mol
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Appearance
Odor

Density

Melting point

Boiling point

Solubility in water
Solubility product, K,
Solubility in dilute acids
Acidity (pKy)

Refractive index (np)
Crystal structure

Flash point

LDso

2 - Chemical properties :

Calcium carbonate shares the typical

carbonates . Notably :
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Fine white powder
odorless

2.711 g/ cm?® (calcite)
2.83 g/ cm?® (aragonite)

825 °C (aragonite)
1339 °C (calcite)

decomposes

0.159/100 mL ( 25°C)
4.8x10°

soluble

9.0

1.59

Trigonal

825 °C

6450 mg/ kg (oral , rat)

properties of other

. it reacts with strong acids, releasing carbon dioxide:

CaCO; )t 2 HCI (aq) — CaCl, (aq) T CO, @ T H»O ()

it releases carbon dioxide on heating ( to above
840 °C in the case of CaCO3; ) , to form calcium oxide,
commonly called quick lime , with reaction enthalpy 178 kJ /

mole :

CaCO3 — Ca O + COy

Calcium carbonate will react with water that is saturated with
carbon dioxide to form the soluble calcium bicarbonate.

CaCO; + CO, + H,0 — Ca (HCO3),
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This reaction is important in the erosion of carbonate rocks,
forming caverns, and leads to hard water in many regions.

3 - Preparation :

The vast majority of calcium carbonate used in industry is
extracted by mining or quarrying. Pure calcium carbonate ( e.g. for
food or pharmaceutical use ) , can be produced from a pure quarried
source (usually marble) .

Alternatively, calcium carbonate is prepared by calcining crude
calcium oxide. Water is added to give calcium hydroxide, and carbon
dioxide is passed through this solution to precipitate the desired
calcium carbonate, referred to in the industry as precipitated calcium
carbonate ( PCC ) :

CaCO; —» Ca O+ COy
Ca 0 + H;0 — Ca (OH),
Ca (OH)Z + CO, — CaCO3 + H,0O

4 - Occurrence :

Calcium carbonate is found naturally as the following minerals
in the form of poly morphs :

. Aragonite
. Calcite
. Vaterite or (n - CaCOs3)

The trigonal crystal structure of calcite is most common.

The calcium carbonate minerals occur in the following rocks :

. Chalk
. Lime stone
. Marble

. Travertine
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Travertine | Marble

5 - Geology

Carbonate is found frequently in geologic settings and constitute
an enormous carbon reservoir. Calcium carbonate occurs as the
polymorphs aragonite and calcite. A polymorph is a mineral with the
same chemical formula but different chemical structure. The
carbonate minerals form the rock types: limestone, chalk, marble,
travertine, tufa, and others. Calcite commonly occurs as sediments in
marine settings. Calcite is typically found around the warm tropic
environments. Calcite precipitates in warmer shallow environments
more than it does under colder environments because warmer
environments do not favor the dissolution of CO,. This is analogous
to CO, being dissolved in soda. When you take the cap off of a soda
bottle, the CO, rushes out. As the soda warms up, carbon dioxide is
released. This same principle can be applied to calcite in the ocean.
Cold - water carbonates do exist at higher latitudes but have a very
slow growth rate.

In tropic settings, the waters are warm and clear. Corals are
more abundant in this environment than towards the poles where the
waters are cold. Calcium carbonate contributors, including plankton
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(such as coccoliths and planktic foraminifera), coralline algae,
sponges, brachiopods, echinoderms, bryozoa and mollusks, are
typically found in shallow water environments where sunlight and
filterable food are more abundant. The calcification processes are
changed by the ocean acidification.

Where the oceanic crust is sub ducted under a continental plate
sediments will be carried down to warmer zones in the astenosphere
and mesosphere where the calcium carbonate is decomposed to
carbon dioxide which will give rise to explosive vulcanic eruptions.

5-1- Carbonate compensation depth :

The carbonate compensation depth ( CCD ) is the point in the
ocean where the rate of precipitation of calcium carbonate is balanced
by the rate of dissolution due to the conditions present. Deep in the
ocean, the temperature drops and pressure increases. Calcium
carbonate is unusual in that its solubility increases with decreasing
temperature. Increasing pressure also increases the solubility of
calcium carbonate. The CCD can range from 4 — 6 km below sea
level.

5-2 - Taphonomy :

Calcium carbonate can preserve fossils through per
mineralization. Most of the vertebrate fossils of the Two Medicine
Formation, known for its duck-billed dinosaur eggs, are preserved by
CaCOg3 per mineralization . This type of preservation preserves high
levels of detail, even down to the microscopic level . How ever , it
also leaves specimens vulnerable to weathering when exposed to the
surface .

6 - Uses:

6 —1 - Industrial applications :

The main use of calcium carbonate is in the construction
industry, either as a building material or limestone aggregate for road
building or as an ingredient of cement or as the starting material for
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the preparation of builder's lime by burning in a kiln. However, due to
weathering mainly caused by acid rain, calcium carbonate ( in
limestone form ) is no longer used for building purposes on its own,
and only as a raw / primary substance for building materials .

Calcium carbonate is also used in the purification of iron from
iron ore in a blast furnace. The carbonate is calcined in situ to give
calcium oxide, which forms a slag with various impurities present,
and separates from the purified iron .

In the oil industry, calcium carbonate is added to drilling fluids
as a formation - bridging and filter cake - sealing agent; it is also a
weighting material which increases the density of drilling fluids to
control the down hole pressure. Calcium carbonate is added to
swimming pools, as a pH corrector for maintaining alkalinity and
offsetting the acidic properties of the disinfectant agent.

Calcium carbonate has traditionally been a major component of
blackboard chalk. However, modern manufactured chalk is mostly
gypsum , hydrated calcium sulfate CaSO, - 2H,0. Calcium carbonate
IS @ main source for growing Seacrete , or Biorock. Precipitated
calcium carbonate ( PCC ) , pre - dispersed in slurry form, is a
common filler material for latex gloves with the aim of achieving
maximum saving in material and production costs .

Fine ground calcium carbonate ( GCC ) is an essential
ingredient in the microporous film used in babies' diapers and some
building films as the pores are nucleated around the calcium
carbonate particles during the manufacture of the film by biaxial
stretching. GCC or PCC is used as a filler in paper because they are
cheaper than wood fiber. Printing and writing paper can contain 10—
20% calcium carbonate. In North America, calcium carbonate has
begun to replace kaolin in the production of glossy paper. Europe has
been practicing this as alkaline papermaking or acid-free papermaking
for some decades. PCC has a very fine and controlled particle size, on
the order of 2 micrometres in diameter, useful in coatings for paper.

Calcium carbonate is widely used as an extender in paints, in
particular matte emulsion paint where typically 30 % by weight of the
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paint is either chalk or marble. It is also a popular filler in plastics .
Some typical examples include around 15 to 20 % loading of chalk in
un plasticized poly vinyl chloride ( uPVC ) drain pipe, 5 to 15 %
loading of stearate coated chalk or marble in uPVC window profile.
PVC cables can use calcium carbonate at loadings of up to 70 phr
( parts per hundred parts of resin ) to improve mechanical properties
( tensile strength and elongation ) and electrical properties ( volume
resistivity ) . Poly propylene compounds are often filled with calcium
carbonate to increase rigidity, a requirement that becomes important
at high use temperatures . It also routinely used as a filler in
thermosetting resins (sheet and bulk molding compounds)® and has
also been mixed with ABS , and other ingredients, to form some types
of compression molded " clay " poker chips. Precipitated calcium
carbonate, made by dropping calcium oxide into water, is used by
itself or with additives as a white paint , known as white washing.

Calcium carbonate is added to a wide range of trade and do it
your self adhesives , sealants, and decorating fillers . Ceramic tile
adhesives typically contain 70 to 80 % lime stone . Decorating crack
fillers contain similar levels of marble or dolomite. It is also mixed
with putty in setting stained glass windows, and as a resist to prevent
glass from sticking to kiln shelves when firing glazes and paints at
high temperature.

In ceramics / glazing applications, calcium carbonate is known
as whiting , and is a common ingredient for many glazes in its white
powdered form. When a glaze containing this material is fired in a
kiln, the whiting acts as a flux material in the glaze. Ground calcium
carbonate is an abrasive ( both as scouring powder and as an
ingredient of household scouring creams ) , in particular in its calcite
form, which has the relatively low hardness level of 3 on the Mohs
scale of mineral hardness, and will therefore not scratch glass and
most other ceramics, enamel, bronze, iron, and steel, and have a
moderate effect on softer metals like aluminium and copper. A paste
made from calcium carbonate and de ionized water can be used to
clean tarnish on silver .

163



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

6 — 2 - Health and dietary applications :

500 - milligram calcium supplements made from calcium carbonate

Calcium carbonate is widely used medicinally as an inexpensive
dietary calcium supplement or gastric antacid . It may be used as a
phosphate binder for the treatment of hyperphosphatemia ( primarily
in patients with chronic renal failure ) . It is also used in the
pharmaceutical industry as an inert filler for tablets and other
pharmaceuticals .

Calcium carbonate is known among IBS sufferers to help reduce
diarrhea. Some individuals report being symptom - free since starting
supplementation. The process in which calcium carbonate reduces
diarrhea is by binding water in the bowel, which creates a stool that is
firmer and better formed. Calcium carbonate supplements are often
combined with magnesium in various proportions. This should be
taken into account as magnesium is known to cause diarrhea.

Calcium carbonate is used in the production of toothpaste and
has seen a resurgence as a food preservative and color retainer, when
used in or with products such as organic apples or food .

Excess calcium from supplements, fortified food and high-
calcium diets , can cause the milk - alkali syndrome, which has
serious toxicity and can be fatal. In 1915, Bertram Sippy introduced
the "Sippy regimen” of hourly ingestion of milk and cream, and the
gradual addition of eggs and cooked cereal, for 10 days, combined
with alkaline powders, which provided symptomatic relief for peptic
ulcer disease. Over the next several decades, the Sippy regimen
resulted in renal failure, alkalosis, and hypercalcemia , mostly in men
with peptic ulcer disease. These adverse effects were reversed when
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the regimen stopped, but it was fatal in some patients with protracted
vomiting. Milk alkali syndrome declined in men after effective
treatments for peptic ulcer disease arose. During the past 15 years, it
has been reported in women taking calcium supplements above the
recommended range of 1.2 to 1.5 g daily, for prevention and treatment
of osteoporosis, and is exacerbated by dehydration. Calcium has been
added to over-the-counter products, which contributes to inadvertent
excessive intake. Excessive calcium intake can lead to hypercalcemia,
complications of which include vomiting , abdominal pain and altered
mental status .

As a food additive it is designated E170 ; INS number 170.
Used as an acidity regulator, anti caking agent, stabilizer or colour it
is approved for usage in the EU , USA and Australia and New
Zealand. It is used in some soy milk products as a source of dietary
calcium; one study suggests that calcium carbonate might be as bio
available as the calcium in cow's milk . Calcium carbonate is also
used as a firming agent in many canned or bottled vegetable products.

6 — 3 - Environmental applications :

In 1989, a researcher, Ken Simmons, introduced CaCOs3 into the
Whet stone Brook in Massachusetts . His hope was that the calcium
carbonate would counter the acid in the stream from acid rain and
save the trout that had ceased to spawn. Although his experiment was
a success, it did increase the amounts of aluminium ions in the area of
the brook that was not treated with the limestone. This shows that
CaCOs3; can be added to neutralize the effects of acid rain in river
ecosystems. Currently calcium carbonate is used to neutralize acidic
conditions in both soil and water . Since the 1970s, such liming has
been practiced on a large scale in Sweden to mitigate acidification and
several thousand lakes and streams are limed repeatedly .

7 - Calcination equilibrium :

Calcination of lime stone using charcoal fires to produce
quicklime has been practiced since antiquity by cultures all over the
world. The temperature at which limestone yields calcium oxide is
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usually given as 825 °C, but stating an absolute threshold is
misleading. Calcium carbonate exists in equilibrium with calcium
oxide and carbon dioxide at any temperature. At each temperature
there is a partial pressure of carbon dioxide that is in equilibrium with
calcium carbonate . At room temperature the equilibrium over
whelmingly favors calcium carbonate, because the equilibrium CO,
pressure is only a tiny fraction of the partial CO, pressure in air,
which is about 0.035 kPa.

At temperatures above 550 °C the equilibrium CO, pressure
begins to exceed the CO, pressure in air. So above 550 °C, calcium
carbonate begins to outgas CO, into air. However, in a charcoal fired
kiln, the concentration of CO, will be much higher than it is in air.
Indeed if all the oxygen in the kiln is consumed in the fire, then the
partial pressure of CO, inthe kiln can be as high as 20 kPa.

The table shows that this equilibrium pressure is not achieved
until the temperature is nearly 800 °C. For the out gassing of CO,
from calcium carbonate to happen at an economically useful rate, the
equilibrium pressure must significantly exceed the ambient pressure
of CO,. And for it to happen rapidly, the equilibrium pressure must
exceed total atmospheric pressure of 101 kPa, which happens at 898
°C.

Equilibrium pressure of CO, over CaCOs; (P) vs. temperature (T).
P (kPa) [0.055/0.13/0.31/1.80 5.9 9.3 14 24 34 |51 [72 |80 |91 [101 /179 901 (3961

T(°C) 550 587 605 680 727 748 777 800 830 852 871881 891 898 937 1082 1241

8 - Solubility :
8 —1- Withvarying CO, pressure :
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Calcium ion solubility as a function of
CO, partial pressure at 25 °C ( Ky, = 4.47x107)

Feo, (atm) pH [Ca®](mol/L)

107+ 120 5.19x10°°
1071 11.3 1.12x10°
10°° 10.7 255x107*
10°° 9.83 1.20x 107"
107 862 3.16x10"
35x107* 8.27 4.70x107*
1073 796 6.62x107"
107% 730 1.42x10°°
10t 6.63 3.05x10°
1 596 6.58x10°
10 530 1.42x10°

Calcium carbonate is poorly soluble in pure water (47 mg/ L at
normal atmospheric CO, partial pressure as shown below ) .

The equilibrium of its solution is given by the equation (with
dissolved calcium carbonate on the right ) :

2 2 Kg=3.7x10"to
CaCO; = Ca™ +COs™ g7 10794t 25 °C

where the solubility product for [ Ca**][COs* ] is given as
anywhere from K, = 3.7x10 to K¢, = 8.7x10 ~ at 25 °C , depending
upon the data source . What the equation means is that the product of
molar concentration of calcium ions ( moles of dissolved Ca*" per
liter of solution ) with the molar concentration of dissolved CO3*
cannot exceed the value of K. This seemingly simple solubility
equation, however, must be taken along with the more complicated
equilibrium of carbon dioxide with water . Some of the CO5*
combines with H" in the solution according to :

HCO; =H"+ CO;* K, =5.61x10 ** at 25 °C
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HCO; is known as the bicarbonate ion. Calcium bicarbonate is
many times more soluble in water than calcium carbonate—indeed it
exists only in solution.

Some of the HCO3;~ combines with H” in solution according to :
H,CO; = H'+HCO; K, =25x10 * at25°C

Some of the H,CO;3 breaks up into water and dissolved carbon
dioxide according to :

H,0 + CO, ( dissolved ) =H,CO; K, =1.70x10°at 25 °C

And dissolved carbon dioxide is in equilibrium with
atmospheric carbon dioxide according to :

Peo where ky = 29.76 atm / ( mol / L) at
9] = kn 25 °C ( Henry constant ) , Pco. being
the CO, partial pressure.

For ambient air, Pcosis around 3.5x10°* atmospheres ( or
equivalently 35 Pa) . The last equation above fixes the concentration
of dissolved CO, as a function of Fco, | independent of the
concentration of dissolved CaCOs. At atmospheric partial pressure of
CO,, dissolved CO, concentration is 1.2x10~> moles/liter. The
equation before that fixes the concentration of H,CO3 as a function of
[CO,]. For [CO,] = 1.2x107°, it results in [H,CO3] = 2.0x10~® moles
per liter. When [H,COs] is known, the remaining three equations
together with

H,O =H" + OH" K=10*at25°C

(which is true for all aqueous solutions), and the fact that the
solution must be electrically neutral,

2[Ca?*] + [H'] = [HCO; ] + 2[CO5*] + [OH]

make it possible to solve simultaneously for the remaining five
unknown concentrations ( note that the above form of the neutrality
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equation is valid only if calcium carbonate has been put in contact
with pure water or with a neutral pH solution; in the case where the
origin water solvent pH is not neutral , the equation is modified ) .

;,,vrf' ;

/ .nll*”.xd 7 |

Travertine calcium carbonate deposits from a hot spring

The table on the right shows the result for [Ca**] and [H*] (in
the form of pH) as a function of ambient partial pressure of CO, (Ksp
= 4.47x10"" has been taken for the calculation).

. At atmospheric levels of ambient CO, the table
indicates the solution will be slightly alkaline with a maximum
CaCOgs solubility of 47 mg/ L.

. As ambient CO, partial pressure is reduced below
atmospheric levels, the solution becomes more and more
alkaline. At extremely low Pco;, dissolved CO,, bicarbonate ion,
and carbonate ion largely evaporate from the solution, leaving a
highly alkaline solution of calcium hydroxide, which is more
soluble than CaCOs. Note that for Pco, = 107 atm, the
[Ca?*][OH]* product is still below the solubility product of
Ca(OH), (8x107°). For still lower CO, pressure , Ca (OH),
precipitation will occur before CaCOg precipitation.

. As ambient CO, partial pressure increases to levels
above atmospheric, pH drops, and much of the carbonate ion is
convezrted to bicarbonate ion , which results in higher solubility
of Ca™

The effect of the latter is especially evident in day-to-day life of
people who have hard water. Water in aquifers underground can be
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exposed to levels of CO, much higher than atmospheric. As such
water percolates through calcium carbonate rock, the CaCOj3 dissolves
according to the second trend. When that same water then emerges
from the tap, in time it comes into equilibrium with CO, levels in the
air by outgassing its excess CO,. The calcium carbonate becomes less
soluble as a result and the excess precipitates as lime scale. This same
process is responsible for the formation of stalactites and stalagmites
in limestone caves.

Two hydrated phases of calcium carbonate, mono hydro calcite ,
CaCOs-H,0 and ikaite, CaCOs - 6H,0, may precipitate from water at
ambient conditions and persist as metastable phases.

8 —2 - Withvarying pH :

Consider the problem of the maximum solubility of calcium
carbonate in normal atmospheric conditions (£co: = 3.5 x 10™* atm)
when the pH of the solution is adjusted. This is for example the case
in a swimming pool where the pH is maintained between 7 and 8 ( by
addition of sodium bisulfate NaHSO, to decrease the pH or of sodium
bicarbonate NaHCO; to increase it ) . From the above equations for
the solubility product, the hydration reaction and the two acid
reactions , the following expression for the maximum [Ca®*] can be
easily deduced :

Koky [H']

Ca*" max —
[ & ] I{hj{alj{aﬂ PCDQ

showing a quadratic dependence in [H'] . The numerical
application with the above values of the constants gives -

pH 70 |72 |74 |76 |7.8 |8.0 8.2 8.27 |84
[Ca™ Tmax
6 180 [71.7|28.5|11.4 (4.52 |1.80 [0.717 |0.519 |0.285
(20 "mol/L)
[Ca™ Tmax
7.21{2.87{1.14|0.455|0.181|0.0721|0.02870.0208|0.0114
(mg/L)
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Comments :

. decreasing the pH from 8 to 7 increases the
maximum Ca’* concentration by a factor 100. Water with a pH
maintained to 7 can dissolve up to 15.9 mg / L of Ca COs;. This
explains the high Ca®* concentration in some mineral waters
with pH close to 7.

. note that the Ca** concentration of the previous table
is recovered for pH = 8.27

. keeping the pH to 7.4 in a swimming pool ( which
gives optimum H Cl O/ ClI O  ratio in the case of "chlorine"
maintenance) results in a maximum Ca®* concentration of
1010 mg / L. This means that successive cycles of water
evaporation and partial renewing may result in a very hard water
before Ca COs precipitates (water with a Ca®* concentration
above 120 mg / L is considered very hard). Addition of a
calcium sequestering agent or complete renewing of the water
will solve the problem .

8 — 3 - Solubility ina strong or weak acid solution :

Solutions of strong (HCI), moderately strong (sulfamic) or weak
(acetic, citric, sorbic, lactic, phosphoric) acids are commercially
available. They are commonly used as descaling agents to remove
limescale deposits. The maximum amount of CaCO; that can be
"dissolved" by one liter of an acid solution can be calculated using the
above equilibrium equations.

. In the case of a strong monoacid with decreasing
acid concentration [A] = [A ], we obtain ( with CaCO3; molar
mass=100¢9):

[A](molL) |1 [10t]107% |10 [10* [10® [|10® |10 |10V
InitialpH ~ |0.00{1.00{2.00 [3.00 [400 [5.00 [6.00 [6.79 |7.00
Final pH 6.75/7.25|7.75 [8.14 [8.25 |[8.26 [8.26 [8.26 [8.27

Dissolved
CaCO; (g per|{50.0/5.00{0.514|0.0849|0.0504{0.047410.0471|0.0470|0.0470
liter of acid)
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where the initial state is the acid solution with no Ca*" (not
taking into account possible CO, dissolution) and the final state is the
solution with saturated Ca**. For strong acid concentrations, all
species have a negligible concentration in the final state with respect
to Ca’* and A” so that the peutrality equation reduces approximately
to 2[Ca*"] = [A7] vielding . ]

When the concentration decreases, [HCO3; ] becomes non-
negligible so that the preceding expression is no longer valid. For
vanishing acid concentrations, one can recover the final pH and the
solubility of CaCOs; in pure water.

. In the case of a weak monoacid (here we take acetic
acid with pKa = 4.76) with decreasing total acid concentration
[A] = [A ]+[AH], we obtain:

[A](molL) |1 [107]107% |10 [10* [10® [|10® |10 |10V
InitialpH ~ |2.38(2.88|3.30 [3.91 [447 [515 [6.02 [6.79 [7.00
Final pH 6.75/7.25|7.75 [8.14 [8.25 |[8.26 [8.26 [8.26 [8.27

Dissolved
CaCO; (g per|{49.5/4.99|0.513|0.0848|0.0504 {0.04740.0471|0.0470{0.0470
liter of acid)

For the same total acid concentration, the initial pH of the weak
acid is less acid than the one of the strong acid; however, the
maximum amount of CaCO3; which can be dissolved is approximately
the same. This is because in the final state, the pH is larger than the
pK, SO that the weak acid is almost completely dissociated, yielding
in the end as many H" ions as the strong acid to "dissolve" the
calcium carbonate.

. The calculation in the case of phosphoric acid
( which is the most widely used for domestic applications) is
more complicated since the concentrations of the four
dissociation states corresponding to this acid must be calculated
together with [HCO3 ], [COs* ], [Ca*], [H'] and [OH]. The
system may be reduced to a seventh degree equation for [H'] the
numerical solution of which gives
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[A](molL) |1 [107]107% |10 [10* [10® [|10® |10 |10V

Initial pH 1.08({1.62|2.25 |3.05 [4.01 |[5.00 |597 |6.74 |7.00
Final pH 6.71/7.17|7.63 [8.06 |8.24 |8.26 |8.26 |8.26 |8.27
Dissolved

CaCO; ( g per|62.0{7.39|0.874|0.123|0.0536|0.0477 | 0.0471|0.0471|0.0470
liter of acid )

where [A] = [HsPO4] + [H,POs ] + [HPO, ] + [PO,] is the
total acid concentration. Thus phosphoric acid is more efficient than a
monoacid since at the final almost neutral pH, the second dissociated
state concentration [HPO,* ] is not negligible (see phosphoric acid).
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Calcium Hydroxide
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1 — Introduction :

Calcium hydroxide, traditionally called slaked lime, is an
inorganic compound with the chemical formula Ca(OH),. It is a
colorless crystal or white powder and is obtained when calcium oxide
(called lime or quicklime) is mixed, or "slaked" with water. It has
many names including hydrated lime, builders lime, slack lime, cal,
or pickling lime. It is of low toxicity. Calcium hydroxide is used in
many applications, including food preparation.

IUPAC name : Calcium hydroxide

Other names :

Slaked lime

Milk of lime

Calcium (11) hydroxide

Pickling lime

Hydrated lime

Molecular Formula Ca(OH),
Molar Mass 74 g/ mol

soft white  powder /

Appearance -
PP colourless liquid
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Odor
Density
Melting point

Solubility in water

Solubility product, K,
Solubility

Acidity (pK,)
Basicity (pKp)
Refractive index (np)
Hazards

MSDS

EU Index

Flash point

LDso

Thermodynamic
data

Spectral data
2 — Properties :
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odorless
2.211 g /cm’, solid
580 °C ( loses water )

0.189 g/ 100 mL (0 °C)
0.173 g/ 100 mL (20 °C)
0.066 g/ 100 mL (100 °C)

4.68x10°°

Soluble in glycerol and acids.
Insoluble in alcohol.

12.4
2.37
1.574

External MSDS
Corrosive (C), Irritant (Xi)
Non - flammable

7340 mg/ kg (oral , rat)
7300 mg/ kg ( mouse )

Phase behaviour
Solid, liquid , gas

UV, IR, NMR, MS

When heated to 512 °C , the partial pressure of water in
equilibrium with calcium hydroxide reaches 101 kPa, which
decomposes calcium hydroxide into calcium oxide and water .

Ca(OH), —» Ca O + H,0

A suspension of fine calcium hydroxide particles in water is
called milk of lime . The solution is called lime water and is a
medium strength base that reacts with acids and attacks many metals.
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Lime water turns milky in the presence of carbon dioxide due to
formation of calcium carbonate:

Ca(OH)z + CO, — CaCO; + H,0O

Calcium hydroxide crystallizes in the same motif as cadmium
iodide. The layers are interconnected by hydrogen bonds.

3 - Preparation and occurrence :

Calcium hydroxide is produced commercially by treating lime
with water :

CaO + H,O — Ca (OH),

In the laboratory it can be prepared by mixing an aqueous
solutions of calcium chloride and sodium hydroxide. The mineral
form, portlandite , is relatively rare but can be found in some
volcanic, plutonic, and metamorphic rocks. It has also been known to
arise in burning coal dumps.

4 — Uses :

One significant application of calcium hydroxide is as a
flocculant, in water and sewage treatment. It forms a fluffy charged
solid that aids in the removal of smaller particles from water, resulting
in a clearer product. This application is enabled by the low cost and
non-toxicity of calcium hydroxide. It is also used in fresh water
treatment for raising the pH of the water so that the pipes will not
corrode where the base water is acidic because it is self - regulating
and does not raise the pH too much.

Another large application is in the paper industry, where it is
used in the production of sodium hydroxide. This conversion is a
component of the Kraft process.
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4 —1-Niche uses :

Because it is produced on a large scale, is easily handled , and is
cheap, myriad niche and even large scale applications have been
described. A partial listing follows :

. In life support systems as a carbon dioxide scrubber,
particularly in closed - circuit diving re - breathers such as the
US Navy LAR V or MK- 16 , where the more caustic Lithium
Hydroxide is deemed too risky due to inhaled dust, combat
handling, or generation of caustic "slurry" in flooding events

. An ingredient in white wash , mortar , and plaster

. To fill the root canal for the first stage of endodontic
therapy ( it is then replaced by rubber) .

. As an additive to sea water to reduce atmospheric
CO, and mitigate the greenhouse effect .

. In the production of metals, lime is injected into the
waste gas stream to neutralize acids, such as fluorides and
chlorides prior to being released to atmosphere.

. An alkali used as a lye substitute in no-lye hair
relaxers

. A chemical depilatory agent found in most hair
removal creams ( for example Nair )

. In Bordeaux mixture to neutralize the solution and
form a long lasting fungicide
. In lime - sulfur it is mixed with sulfur and boiled in

water for an hour. The ratio by weight of Ca (OH) ,: S : water is
about 1: 1.7 : 8.7. Diluted ( 1 : 32 ) lime - sulfur is sprayed as a
fungicide and used as a dip to combat sarcoptic mange.

. In the petroleum refining industry for the
manufacture of additives to oils ( salicatic , sulphatic , fanatic )
. In the chemical industry for manufacture of calcium
stearate
o In  the petrochemical industry  for
manufacturing solid oil of various marks
° In the manufacture of brake pads
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° In manufacturing the trademarked compound
"Polikar", an antifungal and antimicrobial preservative for
vegetables in storage

o For preparation of dry mixes for painting and

decorating
o In manufacturing mixes for pesticides
o In the manufacture of ebonite

° As a calcium supplement and pH/carbonate
buffer (known as Kalkwasser) for the aquaculture of corals
in reef aquaria.

o As a natural "alternative" insecticide. Most
crawling insects are killed by its touch. Including: ticks,
fleas, beetles and grubs.

For making a fungicide or a dip for treating mange it is boiled
with sulfur, then diluted. One recipe for the concentrate is 36 Ib
quicklime, 80 Ib sulfur, and 50 gal water boiled for 1 hour — the
authors suggesting 1 / 3 more lime if slaked lime is used.

4 — 2 - Food industry :

Because of its low toxicity and the mildness of its basic
properties, it is widely used in the food industry and associated
hobbies : Examples:

. The separation of sugar from sugar cane or sugar
beets in the sugar industry ,

. For processing water for alcoholic beverages, soft
drinks.

. Used in the processing of Norwegian lutefisk . Dried
cod fish is soaked in a mixture of slaked lime and soda to
produce a soft - fleshed fish fillet that is steamed or baked and
served with potato lefse.

. Home food preservation in the making of pickles.

. Clearing a brine of carbonates of calcium and
magnesium in the manufacture of salt for food and
pharmacopoeia

. In Chinese cuisine , for making century eggs
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. Used to fortify fruit drinks such as Tropicana
Calcium + Vitamin D orange juice.

. A calcium supplement in mineral fortified infant
formula

. A condiment used mainly in Bengali families,
predominantly the men, when they take areca nuts, calcium
hydroxide and a variety of other seeds wrapped in betel leaves.
They call this "paan™

. Use as alternative ingredient to baking soda (raising
agent) in papadam. (South Indian flatbread)

4 —2—1- Native American uses :

Wl A AN
- r'_,\ "\

Dry untreated maize (left) , and treated maize ( right)
after boiling in water with calcium hydroxide
(1 Tb sp lime for 500 g of corn ) 15 minutes.

In Native American and Mesoamerican cooking , calcium
hydroxide is called "cal". Corn cooked with cal becomes nixtamal
which significantly increases the bio availability of niacin, and is also
considered tastier and easier to digest.

In chewing areca nut or coca leaves , calcium hydroxide is
usually chewed alongside to keep the alkaloid stimulants chemically
available for absorption by the body. Similarly, Native Americans
traditionally chewed tobacco leaves with calcium hydroxide derived
from burnt shells to enhance the effects. It has also been used by some
indigenous American tribes as an ingredient in yopo, a psychedelic
snuff prepared from the beans of some Anadenanthera species.
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4 —2 -2 - Afghan uses

Used in making naswar ( also known as nass or niswar ) is a
type of dipping tobacco, made from fresh tobacco leaves, calcium
hydroxide (Chuna), and wood ash. calcium oxide plays an important
role in making a naswar. It is consumed most in the Pathan diaspora,
Afghanistan , Pakistan , India and also in Sweden , Norway .
Villagers also use calcium hydroxide as a paint on to their mud made
houses all over Afghanistan and Pakistan.

4 — 2 — 3 - Ancient Celtic use :
According to Diodorus Siculus :

The Gauls are tall of body with rippling muscles and white of
skin and their hair is blond, and not only naturally so for they also
make it their practice by artificial means to increase the distinguishing
colour which nature has given it. For they are always washing their
hair in lime water and they pull it back from the forehead to the nape
of the neck, with the result that their appearance is like that of Satyrs
and Pans since the treatment of their hair makes it so heavy and
coarse that it differs in no respect from the mane of horses. —
Diodorus Siculus

5 - Health risks :
Unprotected exposure can pose health risks and exposure should

be limited. It can cause severe skin irritation and chemical burns/
blindness/ lung damage .
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Calcium Silicate Hydrate

Contents

. 1 Introduction
. 2 Preparation
. 3 Properties

1 — Introduction :

Calcium Silicate Hydrate is the main product of the hydration
of Portland cement and is primarily responsible for the strength in
cement based materials.

2 - Preparation :

Calcium silicate hydrate (also shown as C-S-H or CSH) is a
result of the reaction between the silicate phases of Portland cement
and water. This reaction typically is expressed as:

2 C338i05 +7H,0—>3Ca0O-2 S|02 -4 H,0+3 Ca(OH)Z +173.6 kJ

The stoichiometry of C-S-H in cement paste is variable and the
state of chemically and physically bound water in its structure is not
transparent, which is why "-" is used between C, S, and H.

Synthetic C-S-H can be prepared from the reaction of CaO and
SiO, in water or through the double precipitation method using
various salts. These methods provide the flexibility of producing C-S-
H at specific C/S ratios. The C-S-H from cement phases can also be
treated with ammonium nitrate in order to achieve desired C/S ratio.

3 — Properties :

The crystal structure of C-S-H in cement paste has not been
fully resolved yet and there is still ongoing debate over its
nanostructure.

The SEM micrographs of C-S-H does not show any specific
crystalline form. They usually manifest as flakes or dendrites/fibrils.
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Synthetic C-S-H can be divided in two categories separated at
the C/S ratio of about 1.1. There are several indications that the
chemical, physical and mechanical characteristics of C-S-H varies
noticeably between these two categories.
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Calcium Sulfate

Contents

. 1 Introduction

. 2 Commercial production and recovery
. 3 Dehydration reactions

. 4 Fouling deposits

1- Introduction :

Calcium Sulfate (or calcium sulphate) is a common laboratory
and industrial chemical. In the form of y - anhydrite (the nearly
anhydrous form), it is used as a desiccant. It is also used as a
coagulant in products like tofu. In the natural state, unrefined calcium
sulfate is a translucent, crystalline white rock. When sold as a color-
indicating variant under the name Drierite, it appears blue or pink due
to impregnation with Cobalt(ll) chloride, which functions as a
moisture indicator. The hemi hydrate ( CaSO4~0.5H,0 ) is better
known as plaster of Paris, while the di hydrate (CaSO42H,0 ) occurs
naturally as gypsum. The anhydrous form occurs naturally as B -
anhydrite. Depending on the method of calcination of calcium sulfate
di hydrate, specific hemihydrates are sometimes distinguished: alpha-
hemihydrate and beta- hemi hydrate. They appear to differ only in
crystal size. Alpha-hemi hydrate crystals are more prismatic than
beta-hemi hydrate crystals and, when mixed with water, form a much
stronger and harder superstructure.

Other names :
Plaster of Paris

Drierite
Gypsum
Molecular Formula Ca SO,
136 g/ mol (anhydrous)
Molar Mass 145 g/ mol ( hemi hydrate )
172 g/ mol ( di hydrate)
Appearance white solid
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Odor odorless

. 2.96 g/ cm® ( anhydrous)
DIBTENS 2.32 g/ cm® ( di hydrate )
Melting point 1460 °C (anhydrous)

0.21g/100ml at 20 °C ( anhydrous)
0.24 g/ 100ml at 20 °C ( de hydrate )

4.93 x 10 (anhydrous )
3.14 x 10™ (di hydrate )
Solubility in glycerol slightly soluble ( di hydrate )

10.4 (anhydrous )
7.3 (de hydrate )

Solubility in water

Solubility product , K g,

Acidity (p Ky)

Crystal structure Orthorhombic

Std Snthal py of formation 1433 K3 / mol

AfH 208

S;[)andard molar entropy 107 J-mol LK

S"208

Flash Point Non - flammable

Related compounds Plaster of Paris , Gypsum

Structure and properties n, g, etc.

Phase behaviour
Solid, liquid, gas

Spectral data UV, IR, NMR, MS

Thermodynamic data

2 - Commercial production and recovery :

The main sources of calcium sulfate are naturally occurring
gypsum and anhydrite which occur at many locations worldwide as
evaporites. These may be extracted by open-cast quarrying or by deep
mining. World production of natural gypsum is around 127 million
tones per annum.

In addition to natural sources, calcium sulfate is produced as a
by-product ina number of processes:
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. In flue-gas desulfurization, exhaust gases from
fossil-fuel-burning power stations and other processes (e.g.
cement manufacture) are scrubbed to reduce their sulfur oxide
content, by injecting finely ground limestone or lime. This
produces an impure calcium sulfite, which oxidizes on storage
to calcium sulfate.

. In the production of phosphoric acid from phosphate
rock, calcium phosphate is treated with sulfuric acid and
calcium sulfate precipitates.

. In the production of hydrogen fluoride, calcium
fluoride is treated with sulfuric acid, precipitating calcium
sulfate.

. In the refining of zinc, solutions of zinc sulfate are

treated with lime to co-precipitate heavy metals such as barium.
. Calcium sulfate can also be recovered and re-used
from scrap drywall at construction sites.

These precipitation processes tend to concentrate radioactive
elements in the calcium sulfate product. This is particularly the case
with the phosphate by-product, since phosphate rocks naturally
contain actinides.

3 - Dehydration reactions :

Heating gypsum to between 100 °C and 150 °C partially
dehydrates the mineral by driving off approximately 75% of the water
contained in its chemical structure. The temperature and time needed
depend on ambient partial pressure of H,O. Temperatures as high as
170 °C are used in industrial calcinations , but at these temperatures y-
anhydrite begins to form. The reaction for the partial dehydration is:

CaSO, - 2H,0 + heat — Ca SOy - ¥2 H,0 + 1%2 H,0 (steam)

The partially dehydrated mineral is called calcium sulfate hemi
hydrate or calcined gypsum ( commonly known as plaster of Paris )
(CaSO, - nH,O) , where nis inthe range 0.5 to 0.8.

The dehydration ( specifically known as calcination ) begins at
approximately 80 °C , although in dry air, some dehydration will take
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place already at 50 °C. The heat energy delivered to the gypsum at
this time (the heat of hydration) tends to go into driving off water (as
water vapor) rather than increasing the temperature of the mineral,
which rises slowly until the water is gone, then increases more
rapidly.

The endothermic property of this reaction is exploited by
drywall to confer fire resistance to residential and other structures. In
a fire, the structure behind a sheet of drywall will remain relatively
cool as water is lost from the gypsum, thus preventing (or
substantially retarding) damage to the framing (through combustion
of wood members or loss of strength of steel at high temperatures)
and consequent structural collapse.

In contrast to most minerals, which when rehydrated simply
form liquid or semi-liquid pastes, or remain powdery, calcined
gypsum has an unusual property: when mixed with water at normal
(ambient) temperatures, it quickly reverts chemically to the preferred
dihydrate form, while physically "setting” to form a rigid and
relatively strong gypsum crystal lattice:

CaS0O, - ¥2 H,0 + 1%2 H,0O — CaS0Oy, - 2H,0

This reaction is exothermic and is responsible for the ease with
which gypsum can be cast into various shapes including sheets (for
drywall), sticks (for blackboard chalk), and molds (to immobilize
broken bones, or for metal casting). Mixed with polymers, it has been
used as a bone repair cement. Small amounts of calcined gypsum are
added to earth to create strong structures directly from cast earth, an
alternative to adobe (which loses its strength when wet). The
conditions of dehydration can be changed to adjust the porosity of the
hemi hydrate, resulting in the so - called alpha and beta hemi hydrates
(which are more or less chemically identical ) .

On heating to 180 °C, the nearly water-free form, called vy-
anhydrite ( CaSO4 - nH,O where n = 0 to 0.05 ) is produced. y-
Anhydrite reacts slowly with water to return to the dihydrate state, a
property exploited in some commercial desiccants. On heating above
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250 °C, the completely anhydrous form called B-anhydrite or
"natural” anhydrite is formed. Natural anhydrite does not react with
water, even over geological timescales, unless very finely ground.

Solubility of Calcium Sulfate in Pure Wabsar
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Temperature dependence of the solubility of calcium sulfate (3
phases) in pure water.

The variable composition of the hemi hydrate and y-anhydrite,
and their easy inter-conversion, is due to their possessing nearly
identical crystal structures, containing ‘“channels" that can
accommodate variable amounts of water, or other small molecules
such as methanol.

4 - Fouling deposits :

Calcium sulfate is a common component of fouling deposits in
industrial heat exchangers. It is because its solubility decreases with
increasing temperature ( see the figure ) . Note that the solubility of
the calcium sulphate in the figure results about 10 times higher than
that which is calculated with the solubility product of 0.0000493
given in same page.
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Carbon Grid

Contents
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. 3 Applications with Concrete in General
. 4 Applications with Concrete Panels

1 — Introduction :

crete
2 - Technology

Carbon fiber FRP Grids are structural reinforcement materials
that improve the performance of concrete structures such as insulated
wall panels, architectural panels, double tee parking garage tee beams,
concrete countertops and other products. The carbon grids can be used
in place of welded wire mesh in most structures and is imbedded the
same way as a welded wire mesh. Carbon fiber's high strength, high
modulus, resistance to creep and excellent fatigue properties allow the
carbon grid to provide excellent crack and structural reinforcement.
Ideally the carbon tows (yarns) are constructed on top of each other in
a superimposed design those aides with fiber alignment and toughness
of the finished grid.

3 - Applications with Concrete in General :

Concrete is inherently strong in compression and weak in
tension. To address this issue, concrete is often reinforced with steel
in the form of rebar, welded wire mesh or stressing strands ( Pre
stressed or post - tensioned ) . In theory, the concrete has to crack
when loaded in tension for the steel to begin to share the load in the
steel reinforced concrete composite. The concrete helps protect the
steel by providing an alkaline environment ( ph=13 in many cases ) to
retard corrosion of the steel. To properly protect the steel the concrete
needs to cover the steel by a minimum thickness, not have large
cracks and not have it’s chemistry altered by environmental factors
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like chloride attack from deicing salts, carbonation, etc.. ACI and PCI
( American Concrete Institute, Precast / Pre stressed Concrete
Institute ) codes specify minimum cover thicknesses depending on the
application of the structure. In practice, steel often corrodes due to
improper placement of steel reinforcement, moisture drive through
cracks, poor workmanship, environmental effects such as deicing salts
or costal environments and a myriad of other causes. Due to the
inherent properties of steel reinforced concrete, many structures are
expensive, heavy and costly to maintain. The repair of these structures
Is a multi - billion dollar business worldwide according to industry
sources ( ICRI International Concrete Repair Institute ) .

4 - Applications with Concrete Panels :

Multi layer concrete structures (like insulated walls panels) use
a sandwich technology that use insulation layers placed in between
two or more layers of concrete. Often these concrete layers are tied
together by sections of solid concrete, metal tie structures or FRP pin
structures. Often, the design of the wall panel is limited by lack of
effective insulation in the tie areas or poor structural performance of
the tie design or solid section. These limitations cause structures to be
weaker, heavier and more costly both in manufacturing and
ownership.

Benefits: Carbon grids provide a corrosion resistant
reinforcement that has a higher modulus of elasticity than steel that is
imbedded inside concrete (similar to conventional steel mesh). This
allows for designs that don’t require as much concrete cover, so
concrete structures can be lighter and much more durable than before.
For instance, using carbon fiber grid in insulated wall panels can
provide a stronger, lighter, more thermally efficient panel than is
practical with conventional designs. Due to the lighter weight less
energy is required to provide the necessary concrete and ship products
adding an environmental incentive to using this technology.

FRP fabrics that are used as external reinforcements are
impregnated with polymer on the jobsite and have to be bonded to a
surface of a concrete structure. In contrast, carbon grids provide an
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internal reinforcement and have fibers that are impregnated with a
polymer (typically epoxy) in a factory rather than on the job site,
saving time and insuring consistent quality. Also, the open spaces of
the grid provide a mechanical bond to transfer load within the
concrete structure.

Additional benefits of the carbon grid structure are that it is
light, easy to handle, non-magnetic and easier to cut than steel. These
properties allow for use where steel is impractical or cumbersome.

History: Carbon grids have been manufactured by Chomarat
North America (formerly TechFab LLC) since 1998 and have found
commercial uses in concrete countertops, shotcrete, ornamental
concrete, caststone products, precast insulated wall panels, double tee
beams and a myriad of other concrete products. These materials have
also been used in numerous repair projects including the Naumburg
Band shell in New York City cited on the website
www.carbongrid.com. A variety of product strengths and apertures
are offered depending on the application.

Limitations: The main limitation of the carbon grid is the
additional cost of carbon as compared to mild carbon steel (with
rising energy costs this gap has narrowed). In addition, since carbon is
a linear elastic material (without a yield point), reinforced concrete
structures have to be designed to account for this. Carbon fiber grids
can be used in design by following the American Concrete Institute -
ACI 440 methodology similar to FRPrebar. Typically, the structure
will also use steel in an appropriate location or be over designed so
that the structure fails by crushing the concrete in tension providing
ductility.
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Carboxy Methyl Cellulose (CMC)

R=H or CH,CO-H
Contents

1 Introduction
2 Preparation
2 Uses

1 — Introduction :

Carboxy methyl cellulose ( CMC ) or cellulose gum is a
cellulose derivative with carboxy methyl groups (-CH,-COOH) bound
to some of the hydroxyl groups of the gluco pyranose monomers that
make up the cellulose backbone. It is often used as its sodium salt,
sodium carboxy methyl cellulose.

2 — Preparation :

It is synthesized by the alkali - catalyzed reaction of cellulose
with chloro acetic acid. The polar ( organic acid ) carboxyl groups
render the cellulose soluble and chemically reactive.

The functional properties of CMC depend on the degree of
substitution of the cellulose structure (i.e., how many of the hydroxyl
groups have taken part in the substitution reaction), as well as the
chain length of the cellulose backbone structure and the degree of
clustering of the carboxy methyl substituents.
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2 —Uses:

CMC is used in food science as a viscosity modifier or
thickener, and to stabilize emulsions in various products including ice
cream. As a food additive, it has E number E466. It is also a
constituent of many non-food products, such as K-Y Jelly, toothpaste,
laxatives, diet pills, water-based paints, detergents, textile sizing and
various paper products. It is used primarily because it has high
viscosity, is non-toxic, and is non - allergenic. In laundry detergents it
Is used as a soil suspension polymer designed to deposit onto cotton
and other cellulosic fabrics creating a negatively charged barrier to
soils in the wash solution. CMC is used as a lubricant in non - volatile
eye drops (artificial tears). Some times it is methyl cellulose (MC)
which is used, but its non-polar methyl groups (-CH3) do not add any
solubility or chemical reactivity to the base cellulose.

Following the initial reaction the resultant mixture produces
approximately 60 % CMC plus 40 % salts ( sodium chloride and
sodium glycolate ) . This product is the so - called Technical CMC
which is used in detergents. A further purification process is used to
remove these salts to produce pure CMC which is used for food,
pharmaceutical and dentifrice (toothpaste) applications. An
intermediate "semi - purified” grade is also produced, typically used
in paper applications.

CMC is also used in the oil drilling industry as an ingredient of
drilling mud, where it acts as a viscosity modifier and water retention
agent. Poly-anionic cellulose or PAC is derived from CMC and is also
used in oilfield practice.

Insoluble micro granular carboxy methyl cellulose is used as a
cation-exchange resin in ion - exchange chromatography for
purification of proteins . Presumably the level of derivatization is
much lower so that the solubility properties of micro granular
cellulose are retained while adding sufficient negative charged
carboxylate groups to bind positively charged proteins.
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CMC is also used in ice packs to form a eutectic mixture
resulting in a lower freezing point and there fore more cooling
capacity than ice.

Aqgueous solutions CMC have also been used to disperse carbon
nano tubes. It is thought that the long CMC molecules wrap around
the nano tubes, allowing them to be dispersed in water.
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Carboxy Methyl Starch (CMS)

Contents :
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4 Specification Of Carboxy Methyl Starch

1 — Introduction :

Sodium Carboxy Methyl Starch is a starch ether and solution of
this product are alkaline in nature and this can also replace Sodium
Carboxy Methyl Cellulose in fields like Textile sizing & Printing,
Corrugated Paper, Paper sizing, Oil well Drilling, Water Based
Distemper, Oil Bound Distemper, Electrodes, Ceramics, Pesticides,
Foundry, Adhesives etc.

2 — Applications :

Industries Application areas

Textile Industry . Thickener in printing pastes

. Ingredient in various finishes
. High film strength thickener

. Adhesion to fiber, film former

Paint Industry . Viscosity control agent in emulsion
Paints , where it also has a beneficial
influence on brush ability

. In distempers as a binder porous
surfaces like wall board, plaster etc

. Excellent bonding agent for fillers

Soaps & Detergents | « Addition of CMC in detergents,
especially in synthetic detergents,
Improves soil suspending properties

Pesticides . In  manufacturing of pesticides
powders, CMC improves suspensibility
and acts as a “Sticker” where necessary.
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Oil Well Drilling . As a conditioning agent for their
drilling mud

Paper & Corrugated | . In multi wall paper rack manufacture

Board Industry CMC pastes have an advantages of

cleanliness and economy

. In corrugated board, it is used as a
viscosity control agent and stabilizer for
starch pastes

. Also an adhesive agent

Ceramic Industries . Stabilizer and binder for glazes

. Improves green strength of moulded,
thrown or slipeast bodies

. As secondary binder for various
specialty  products, like refractory
trowelling compound

. As an organic pesticide for casting
slips

3 - Technological reasons for use :

. Very small concentrations are required

. Many types are available with especially adapted
Varieties for numerous applications

. Colourless, odourless and tasteless

. Preservation of properties within very narrow limits

. ltiseasilysoluble, evenin cold water

. Binding and thickening

. Suspending and stabilizing

. Emulsifying

. Forming protective film

. Improving rheological properties

.  Preventing growth of crystals

. Preventing synthesis of starch containing products

. Improving structure and texture

.  Freeze- thaw stabilization

. Giving body
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4 — Specification Of Carboxy Methyl Starch :

1. Chemical Name Sodium Carboxy Methyl Starch
2. Colour & Appearance White to Cremish free flow powder.
3. Solubility in Water Soluble in both hot & cold water.
Active Matter content, % 0
4 by mass (On dry basis) 751080%
5. Degree of Substitution 0.25t00.4
0 i o
6. pH of 1% solution (28 C10 012
temp. )
7. Moisture content Less than 10 %
Viscosity of 2 % solution
8. (28°C temp. ) 20 to 30 cps
9. Bulk density 0.7t00.8
10. Ash content 14 -16 %
11. Nacl % by mass 7-8%
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Cast Stone
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1 — Introduction :

Cast stone is defined as “a refined architectural concrete
building unit manufactured to simulate natural cut stone, used in unit
masonry applications”. In the UK and Europe cast stone is defined as
“any material manufactured with aggregate and cementitious binder,
intended to resemble in appearance, and which may be used in a
similar way to, natural stone”. Cast stone is either a masonry product,
used as an architectural feature, trim, ornament or facing for buildings
or other structures, or can be used for garden ornaments . Cast stone
can be made from white and/or grey cements, manufactured or natural
sands, carefully selected crushed stone or well graded natural gravels
and mineral coloring pigments to achieve the desired color and
appearance while maintaining durable physical properties which
exceed most natural cut building stones. Cast stone is an excellent
replacement for natural cut limestone, brownstone, sandstone,
bluestone, granite, slate, coral rock, travertine and other natural
building stones.

2 - History :

The walled city of Carcassonne
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Cast stone has been a prime building material for hundreds of
years. The earliest known use of Cast stone dates about to the year
1138 and was seen at Carcassonne, France, the city which contains
the finest remains of medieval fortification in Europe. Cast stone was
first used extensively in London in the 19th century and gained
widespread acceptance in America in 1920 .

Some researchers have even speculated that the Egyptian
pyramids were formed using a form of cast stone, rather than from cut
blocks .

One of the earliest developments in the industry was Coade
stone, a fired ceramic, but most artificial stone consists of fine cement
concrete placed to set in wooden, rubber lined fiberglass or iron
moulds. It was cheaper and more uniform than natural stone, and
widely used. In engineering projects, it had the advantage that
transporting the bulk materials and casting them near the place of use
was cheaper than transporting very large pieces of stone.

The first recorded commercial production of a cement based
cast stone material in the format we know today, was in the late 1820s
when Felix Austin went into business making artificial stone in New
Road (now Euston Road), London, England. His material was not the
same as the ceramic body used by Mrs. Coade, (although he is known
to have copied old Coade stone designs), but made from 'Portland
cement, broken natural stone, pounded marble and coarse sand' (‘The
Builder', 1868, now Building (magazine)). Around 1840 Austin
entered into partnership with John Seeley. Seeley had trained at the
Royal Academy Schools and also made an artificial stone, which he
called ' artificial limestone ', before entering into partnership with
Austin. In 1841 Austin and Seeley published their first catalogue,
'Collection of Ornaments at Austin & Seeley's Artificial Stone Works
for Gardens, Parks and Pleasure Grounds'. The firm continued in
production until about 1872 .

Another well - known variety was Victoria stone, which is
composed of finely crushed Mount Sorrel ( Leicestershire ) granite
and Portland cement, carefully mixed by machinery in the proportions
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of three to one, and filled into moulds of the required shape. When the
blocks are set hard the moulds are loosened and the blocks placed in a
solution of silicate of soda for about two weeks for the purpose of
indurating and hardening them.

Many manufacturers turn out a material that is practically non-
porous and is able effectually to resist the corroding influence of sea
air or the impure atmosphere of large towns.

3 - Physical properties :

Today, cast stone is a Portland cement-based architectural
precast concrete product manufactured using high quality fine and
coarse aggregate as its primary constituents. The use of a high
percentage of fine aggregate creates a very smooth, consistent texture
for the building elements being cast, resembling natural cut stone.
Other ingredients such as chemical admixtures, pozzolans, and
pigments also may be added.

Cast stone frequently is produced with a low water-to-cement
ratio mixture with a "dry" (or "earth moist") consistency. The mixture
Is consolidated into a mould using an air-driven, or electric, tamping
device or vibration under pressure, which is much like the formation
of natural sedimentary rock. Products manufactured in this manner
are referred to as vibrant-dry-tamped (VDT) cast stone. For cast stone
mixtures produced with a slump able consistency mixture, the
concrete typically is consolidated using internal or external vibration
applied to the production mould, or increasingly by the use of self-
compacting additives.

Over the last decade, new types of admixtures have been
developed for VDT concrete products. These new admixtures do not
normally work with "wet cast" concrete. These new plasticizers are
more efficient than using air-entraining agents to increase compaction
in VDT concrete. Some plasticizers have chemical properties that
react with the cement to increase ultimate strengths of semi-dry
concrete. Another important type of admixture for VDT concrete is
integral waterproofing formulas. Tests have shown that some of these
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integral waterproofing admixtures have improved strength by as much
as 20% while reducing the absorption by 40%. The increased strength
and reduced absorption results in improved freeze/thaw durability.

On recent commercial testing laboratory results the freeze-thaw
for VDT concrete using integral waterproofing admixtures was 0.23%
weight loss after 300 cycles. Air entraining agents have been the
salvation of wet cast concrete as it pertains to its durability. Wet cast
concrete with 4 % to 6 % entrained air normally can withstand
numerous freeze-thaw cycles without failing. Other types of
admixtures such as water-reducers, super plasticizers and the new
self-compacting additives can add to improving the strength and
durability of wet cast concrete products Cast stone products
manufactured by the wet cast method are required to meet the same
standards as VDT cast products.

Today, the Industry Standard for physical properties and raw
materials constituents is ASTM C 1364, the Standard Specification
for Architectural Cast Stone. Membership in ASTM International
(founded in 1898 as the American Chapter of the International
Association for Testing and Materials and most recently known as the
American Society for Testing and Materials) exceeds 30,000 technical
experts from more than 100 countries who comprise a worldwide
standards forum. The ASTM method of developing standards has
been based on consensus of both users and producers of all kinds of
materials. The ASTM process ensures that interested individuals and
organizations representing industry, academia, consumers, and
governments alike, all have an equal vote in determining a standard's
content.

In the UK and Europe it is more normal to use the Standard “BS
1217 Cast stone - Specification” from the BSI Group, and the
European Commission's “Construction Products Regulations”
legislation states that by mid 2013, all cast stone sold in Europe must
be certified to this standard.

200



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

Cellulose Ethers
Contents :

. 1 Introduction
. 2 Uses
. 3 World consumption

1 - Introduction :

Cellulose ethers are high — molecular - weight compounds
produced by replacing the hydrogen atoms of hydroxyl groups in
the an hydro glucose units of cellulose with alkyl or substituted
alkyl groups. The commercially important properties of cellulose
ethers are determined by the molecular weight of the cellulose
used, the chemical structure and distribution of the substituent
groups and the degree of substitution and molar substitution (where
applicable). These properties generally include solubility, viscosity
in solution, surface activity, thermoplastic film characteristics and
stability against biodegradation, heat, hydrolysis and oxidation.
Viscosity in solution varies directly with molecular weight.

Though the cellulose ethers market is global, most of the
production capacity is in Europe, as is most of the consumption.
Most of the major producers have facilities in more than one
region; they move their products among regions in order to balance
production of the various grades and they export to regions in
which they do not have facilities. China is the largest target for new
cellulose ether plant construction and expansions of existing plants;
how ever, Chinese plants tend to have lower capacity utilization
compared with other regions.

2 - Uses:

Cellulose ethers are used in a variety of applications. The
customer base in some of the larger applications (i.e., detergents,
surface coatings, building products and oil field applications) is
fairly concentrated , with high - volume end users. How ever ,
these applications account for less than half of the total market for
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cellulose ethers; the remainder of the market is highly fragmented.
Cellulose ethers typically represent a small fraction of a consumer's
total raw material purchases and there appears to be no desire for
backward integration by end users. The power consumers wield is
the threat of switching to alternative materials that can compete on
a functional basis with cellulose ethers.

3 - world consumption :

The following pie chart shows world consumption of
cellulose ethers :

World Consumption of Cellulose Ethers—2009
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Asia consumes the largest volume of cellulose ethers (35 %),
followed by Europe at 33 % and North America at 14 %. Carboxy
methyl cellulose (CMC ) is the major cellulose ether consumed,
representing nearly 57 % of the total volume consumed.
Methylcellulose ( MC) represents about 25 % by volume, followed
by hydroxy ethyl cellulose (HEC )at 14 % .

An over all average annual growth rate of slightly over 4 % is
expected for all cellulose ether products in 2009 — 2014. In Asia,
the lowest growth is expected in Japan, while China will lead
global growth. The regions with the highest current consumption,
Europe and China, will grow at 3.0 % and 5 % on an average
annual basis , respectively . North America will grow faster ( 3.4
% ) , than Europe and Japan.
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Cement

Lafarge cement plant in Contes, France.
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. 1 Introduction
. 2 History of the origin of cement
° 2.1 Early uses
o 2.2 Modern cement
. 3 Types of modern cement
o 3.1 Portland cement
° 3.2 Portland cement blends
° 3.3 Non - Portland hydraulic cements
. 4 Curing ( Setting)
. 5 Safety issues
. 6 Cement industry in the world
o 6.1 China
o 6.2 Africa
. 7 Environmental impacts
o 7.1 CO, emissions
° 7.2 Heavy metal emissions in the air
° 7.3 Heavy metals present in the clinker
° 7.4 Use of alternative fuels and by-products
materials

1 — Introduction :

In the most general sense of the word , a cement is a binder, a
substance that sets and hardens independently, and can bind other
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materials together. The word "cement" traces to the Romans, who
used the term opus caementicium to describe masonry resembling
modern concrete that was made from crushed rock with burnt lime as
binder. The volcanic ash and pulverized brick additives that were
added to the burnt lime to obtain a hydraulic binder were later
referred to as cementum, cimentum, cament, and cement.

Cement used in construction is characterized as hydraulic or
non-hydraulic. Hydraulic cements (e.g., Portland cement) harden
because of hydration, chemical reactions that occur independently of
the mixture's water content ; they can harden even underwater or
when constantly exposed to wet weather. The chemical reaction that
results when the anhydrous cement powder is mixed with water
produces hydrates that are not water-soluble. Non-hydraulic cements
(e.g. gypsum plaster) must be kept dry in order to retain their strength.

The most important use of cement is the production of mortar
and concrete—the bonding of natural or artificial aggregates to form a
strong building material that is durable in the face of normal
environmental effects.

Concrete should not be confused with cement, because the term
cement refers to the material used to bind the aggregate materials of
concrete. Concrete is a combination of a cement and aggregate.

2 - History of the origin of cement :

2—-1-Early uses:

It is uncertain where it was first discovered that a combination
of hydrated non-hydraulic lime and a pozzolan produces a hydraulic
mixture ( see also : Pozzolanic reaction ) , but concrete made from
such mixtures was first used by the Ancient Macedonians and three
centuries later on a large scale by Roman engineers . They used both
natural pozzolans ( trass or pumice ) and artificial pozzolans ( ground
brick or pottery ) in these concretes. Many excellent examples of
structures made from these concretes are still standing, notably the
huge monolithic dome of the Pantheon in Rome and the massive
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Baths of Caracalla . The vast system of Roman aqueducts also made
extensive use of hydraulic cement .

Although any preservation of this knowledge in literary sources
from the Middle Ages is unknown, medieval masons and some
military engineers maintained an active tradition of using hydraulic
cement in structures such as canals, fortresses, harbors, and
shipbuilding facilities . The technical knowledge of making hydraulic
cement was later formalized by French and British engineers in the
18th century .

2 -2 - Modern cement :

Modern hydraulic cements began to be developed from the start
of the Industrial Revolution ( around 1800 ) , driven by three main
needs :

. Hydraulic cement render ( stucco ) for finishing brick
buildings in wet climates.

. Hydraulic mortars for masonry construction of
harbor works, etc., in contact with sea water.

. Development of strong concretes.

In Britain particularly, good quality building stone became ever
more expensive during a period of rapid growth, and it became a
common practice to construct prestige buildings from the new
industrial bricks, and to finish them with a stucco to imitate stone.
Hydraulic limes were favored for this, but the need for a fast set time
encouraged the development of new cements. Most famous was
Parker's "Roman cement"."®! This was developed by James Parker in
the 1780s, and finally patented in 1796. It was, in fact, nothing like
any material used by the Romans, but was a "Natural cement" made
by burning septaria — nodules that are found in certain clay deposits,
and that contain both clay minerals and calcium carbonate. The burnt
nodules were ground to a fine powder. This product, made into a
mortar with sand, set in 5-15 minutes. The success of "Roman
Cement" led other manufacturers to develop rival products by burning
artificial mixtures of clay and chalk.
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John Smeaton made an important contribution to the
development of cements when he was planning the construction of the
third Eddystone Lighthouse ( 1755 — 9 ) in the English Channel. He
needed a hydraulic mortar that would set and develop some strength
in the twelve hour period between successive high tides. He
performed an exhaustive market research on the available hydraulic
limes, visiting their production sites, and noted that the "hydraulicity"
of the lime was directly related to the clay content of the limestone
from which it was made. Smeaton was a civil engineer by profession,
and took the idea no further. Apparently unaware of Smeaton's work,
the same principle was identified by Louis Vicat in the first decade of
the nineteenth century. Vicat went on to devise a method of
combining chalk and clay into an intimate mixture, and, burning this,
produced an "artificial cement"” in 1817. James Frost , working in
Britain, produced what he called "British cement” in a similar manner
around the same time, but did not obtain a patent until 1822. In 1824,
Joseph Aspdin patented a similar material, which he called Portland
cement, because the render made from it was in color similar to the
prestigious Portland stone.

Setting time and "early strength™ are important characteristics of
cements. Hydraulic limes, "natural” cements, and "artificial" cements
all rely upon their belite content for strength development. Belite
develops strength slowly. Because they were burned at temperatures
below 1250 °C, they contained no alite, which is responsible for early
strength in modern cements. The first cement to consistently contain
alite was made by Joseph Aspdin's son William in the early 1840s.
This was what we call today "modern™ Portland cement. Because of
the air of mystery with which William Aspdin surrounded his product,
others (e.g., Vicat and 1.C. Johnson) have claimed precedence in this
invention, but recent analysis of both his concrete and raw cement
have shown that William Aspdin 's product made at Northfleet, Kent
was a true alite - based cement. However, Aspdin 's methods were
"rule — of - thumb": Vicat is responsible for establishing the chemical
basis of these cements, and Johnson established the importance of
sintering the mix in the kiln.
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William Aspdin 's innovation was counterintuitive for
manufacturers of "artificial cements"”, because they required more
lime in the mix (a problem for his father), a much higher kiln
temperature ( and there fore more fuel ) , and the resulting clinker was
very hard and rapidly wore down the mill stones , which were the
only available grinding technology of the time. Manufacturing costs
were therefore considerably higher, but the product set reasonably
slowly and developed strength quickly, thus opening up a market for
use in concrete. The use of concrete in construction grew rapidly from
1850 onwards, and was soon the dominant use for cements. Thus
Portland cement began its predominant role.

In the US the first large scale use of cement was Rosendale
cement a natural cement mined from a massive deposit of a large dolo
stone rock deposit discovered in the early 19th century near
Rosendale, New York. Rosendale cement was extremely popular for
the foundation of buildings (e.g., Statue of Liberty, Capitol Building,
Brooklyn Bridge) and lining water pipes. But its long curing time of
at least a month made it unpopular after World War One in the
construction of highways and bridges and many states and
construction firms turned to the use of Portland cement. Because of
the switch to Portland cement, by the end of the 1920s of the 15
Rosendale cement companies, only one had survived. But in the early
1930s it was soon discovered that Portland cement while it had a
faster setting time was not as durable, especially for highways, to the
point that some states stopped building highways and roads with
cement. An engineer, Bertrain H. Wait, whose company had worked
on the construction of the New York Cities Catskill Aqueduct, and
was impressed with the durability of Rosendale cement, came up with
a blend of both Rosendale and synthetic cements which has the good
attributes of both: it was highly durable and had a much faster setting
time. Mr. Wait convinced the New York Commissioner of Highways
to construct an experimental section highway near New Paltz, New
York, of one sack of Rosendale to six sacks of synthetic cement, and
it was proved a success and for decades hence the Rosendale-
synthetic cement blend became common use in highway and bridge
construction .
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3 - Types of modern cement :
3-1-Portland cement :

Cement is made by heating lime stone (calcium carbonate) with
small quantities of other materials (such as clay) to 1450 °C in a kiln,
in a process known as calcination, whereby a molecule of carbon
dioxide is liberated from the calcium carbonate to form calcium
oxide, or quicklime, which is then blended with the other materials
that have been included in the mix. The resulting hard substance,
called ‘clinker’, is then ground with a small amount of gypsum into a
powder to make 'Ordinary Portland Cement', the most commonly used
type of cement (often referred to as OPC).

Portland cement is a basic ingredient of concrete, mortar and
most non-specialty grout. The most common use for Portland cement
is in the production of concrete. Concrete is a composite material
consisting of aggregate (gravel and sand), cement, and water. As a
construction material, concrete can be cast in almost any shape
desired, and once hardened, can become a structural (load bearing)
element. Portland cement may be grey or white.

3 -2 - Portland cement blends :

Portland cement blends are often available as inter - ground
mixtures from cement manufacturers, but similar formulations are
often also mixed from the ground components at the concrete mixing
plant .

Portland blast furnace cement contains up to 70 % ground
granulated blast furnace slag, with the rest Portland clinker and a little
gypsum. All compositions produce high ultimate strength, but as slag
content is increased, early strength is reduced, while sulfate resistance
increases and heat evolution diminishes. Used as an economic
alternative to Portland sulfate - resisting and low-heat cements .

Portland fly ash cement contains up to 35 % fly ash. The fly
ash is pozzolanic, so that ultimate strength is maintained. Because fly
ash addition allows a lower concrete water content, early strength can
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also be maintained. Where good quality cheap fly ash is available, this
can be an economic alternative to ordinary Portland cement .

Portland pozzolan cement includes fly ash cement, since fly
ash is a pozzolan, but also includes cements made from other natural
or artificial pozzolans. In countries where volcanic ashes are available
( e.g. ltaly, Chile , Mexico , the Philippines ) these cements are often
the most common form in use.

Portland silica fume cement. Addition of silica fume can yield
exceptionally high strengths, and cements containing 5 — 20 % silica
fume are occasionally produced. How ever, silica fume is more
usually added to Portland cement at the concrete mixer.

Masonry cements are used for preparing bricklaying mortars
and stuccos, and must not be used in concrete. They are usually
complex proprietary formulations containing Portland clinker and a
number of other ingredients that may include limestone, hydrated
lime, air entrainers, retarders, waterproofers and coloring agents.
They are formulated to yield workable mortars that allow rapid and
consistent masonry work. Subtle variations of Masonry cement in the
US are Plastic Cements and Stucco Cements. These are designed to
produce controlled bond with masonry blocks.

Expansive cements contain, in addition to Portland clinker,
expansive clinkers ( usually sulfo aluminate clinkers ) , and are
designed to offset the effects of drying shrinkage that is normally
encountered with hydraulic cements. This allows large floor slabs (up
to 60 m square) to be prepared without contraction joints.

White blended cements may be made using white clinker and
white supplementary materials such as high - purity meta kaolin.

Colored cements are used for decorative purposes. In some
standards, the addition of pigments to produce “colored Portland
cement" is allowed. In other standards (e.g. ASTM), pigments are not
allowed constituents of Portland cement, and colored cements are sold
as "blended hydraulic cements".
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Very finely ground cements are made from mixtures of cement
with sand or with slag or other pozzolan type minerals that are
extremely finely ground together. Such cements can have the same
physical characteristics as normal cement but with 50% less cement
particularly due to their increased surface area for the chemical
reaction. Even with intensive grinding they can use up to 50 % less
energy to fabricate than ordinary Portland cements.

3 —3-Non - Portland hydraulic cements :

Pozzolan - lime cements. Mixtures of ground pozzolan and
lime are the cements used by the Romans, and can be found in Roman
structures still standing (e.g. the Pantheon in Rome). They develop
strength slowly, but their ultimate strength can be very high. The
hydration products that produce strength are essentially the same as
those produced by Portland cement.

Slag - lime cements. Ground granulated blast furnace slag is not
hydraulic on its own, but is "activated" by addition of alkalis, most
economically using lime. They are similar to pozzolan lime cements
in their properties. Only granulated slag (i.e. water-quenched, glassy
slag) is effective as a cement component.

Super sulfated cements . These contain about 80 % ground
granulated blast furnace slag, 15 % gypsum or anhydrite and a little
Portland clinker or lime as an activator. They produce strength by
formation of ettringite, with strength growth similar to a slow
Portland cement. They exhibit good resistance to aggressive agents,
including sulfate.

Calcium aluminate cements are hydraulic cements made
primarily from lime stone and bauxite. The active ingredients are
mono calcium aluminate CaAl,O4 ( Ca O - Al,O3 or CA in Cement
chemist notation, CCN ) and mayenite Ca;pAl14033 (12 CaO - 7
Al,O3, or CypA7 in CCN). Strength forms by hydration to calcium
aluminate hydrates. They are well-adapted for use in refractory (high-
temperature resistant) concretes, e.g. for furnace linings.
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Calcium sulfo aluminate cements are made from clinkers that
include ye'elimite (Cas(AlO,)sSO, or C,A3S in Cement chemist's
notation) as a primary phase. They are used in expansive cements, in
ultra-high early strength cements, and in "low-energy" cements.
Hydration produces ettringite, and specialized physical properties
(such as expansion or rapid reaction) are obtained by adjustment of
the availability of calcium and sulfate ions. Their use as a low-energy
alternative to Portland cement has been pioneered in China, where
several million tones per year are produced . Energy requirements are
lower because of the lower kiln temperatures required for reaction,
and the lower amount of limestone ( which must be endo thermically
de carbonated ) in the mix. In addition, the lower limestone content
and lower fuel consumption leads to a CO, emission around half that
associated with Portland clinker. However, SO, emissions are usually
significantly higher.

"Natural cements correspond to certain cements of the pre-
Portland era, produced by burning argillaceous lime stones at
moderate temperatures. The level of clay components in the limestone
(around 30 — 35 % ) is such that large amounts of belite ( the low -
early strength, high-late strength mineral in Portland cement ) are
formed without the formation of excessive amounts of free lime. As
with any natural material, such cements have highly variable
properties.

Geo polymer cements are made from mixtures of water-soluble
alkali metal silicates and alumino silicate mineral powders such as fly
ash and meta kaolin.

4 - Curing ( Setting ) :

Cement sets or cures when mixed with water which causes a
series of hydration chemical reactions. The constituents slowly
hydrate and crystallize; the interlocking of the crystals gives cement
its strength. Maintaining a high moisture content in cement during
curing increases both the speed of curing, and its final strength.
Gypsum is often added to Portland cement to prevent early hardening
or "flash setting", allowing a longer working time. The time it takes
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for cement to cure varies depending on the mixture and environmental
conditions; initial hardening can occur in as little as twenty minutes,
while full cure can take over a month. Cement typically cures to the
extent that it can be put into service within 24 hours to a week.

5 - Safety issues :

Bags of cement routinely have health and safety warnings
printed on them because not only is cement highly alkaline, but the
setting process is exothermic. As a result, wet cement is strongly
caustic and can easily cause severe skin burns if not promptly washed
off with water. Similarly, dry cement powder in contact with mucous
membranes can cause severe eye or respiratory irritation. Cement
users should wear protective clothing .

6 - Cement industry in the world :

Cement Production 2010

Global Cement Production in 2010

Cement output in 2004
212



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

In 2010 the world production of hydraulic cement was 3,300
million tones. The top three producers were China with 1,800, India
with 220 and USA with 63.5 million tones for a combined total of
over half the world total by the world's three most populated states.

For the world capacity to produce cement in 2010 the situation
was similar with the top three states (China, India and USA)
accounting for just under half the world total capacity.

6-—1- China:

"For the past 18 years, China consistently has produced more
cement than any other country in the world. [...] ( How ever,) China's
cement export peaked in 1994 with 11 million tonnes shipped out and
has been in steady decline ever since. Only 5.18 million tonnes were
exported out of China in 2002. Offered at $34 a ton, Chinese cement
is pricing itself out of the market as Thailand is asking as little as $20
for the same quality ",

In 2006 it was estimated that China manufactured 1.235 billion
tonnes of cement, which was 44 % of the world total cement
production . "Demand for cement in China is expected to advance 5.4
% annually and exceed 1 billion tones in 2008, driven by slowing but
healthy growth in construction expenditures. Cement consumed in
China will amount to 44 % of global demand, and China will remain
the world's largest national consumer of cement by a large margin."

In 2010, 3.3 billion tones of cement was consumed globally. Of
this, China accounted for 1.8 billion tones .

6—2- Africa:
7 - Environmental impacts :

Cement manufacture causes environmental impacts at all stages
of the process. These include emissions of airborne pollution in the
form of dust, gases, noise and vibration when operating machinery
and during blasting in quarries, and damage to countryside from
quarrying. Equipment to reduce dust emissions during quarrying and
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manufacture of cement is widely used, and equipment to trap and
separate exhaust gases are coming into increased use. Environmental
protection also includes the re - integration of quarries into the
countryside after they have been closed down by returning them to
nature or re-cultivating them.

7—-1-CO, Emissions :

Cement manufacturing releases CO, in the atmosphere both
directly when calcium carbonate is heated, producing lime and carbon
dioxide , and also indirectly through the use of energy if its
production involves the emission of CO,. The cement industry
produces about 5 % of global man - made CO, emissions, of which 50
% is from the chemical process, and 40 % from burning fuel . The
amount of CO, emitted by the cement industry is nearly 900 kg of
CO, for every 1000 kg of cement produced . The high proportion of
carbon dioxide produced in the chemical reaction leads to large
decrease in mass in the conversion from limestone to cement. So, to
reduce the transport of heavier raw materials and to mimimize the
associated costs, it is more economical for cement plants to be closer
to the limestone quarries rather than to the consumer centers .

In certain applications, lime mortar , reabsorbs the same amount
of CO, as was released in its manufacture, and has a lower energy
requirement in production than mainstream cement. Newly developed
cement types from Novacem and Eco - cement can absorb carbon
dioxide from ambient air during hardening . Use of the Kalina cycle
during production can also increase energy efficiency.

7 — 2 - Heavy metal emissions in the air :

In some circumstances, mainly depending on the origin and the
composition of the raw materials used , the high - temperature
calcination process of limestone and clay minerals can release in the
atmosphere gases and dust rich in volatile heavy metals, a.o, thallium,
cadmium and mercury are the most toxic. Heavy metals ( Tl, Cd, Hg,
...) are often found as trace elements in common metal sulfides
(pyrite (Fe S;), zinc blende ( Zn S ), galena (Pb S), ...) present as
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secondary minerals in most of the raw materials. Environmental
regulations exist in many countries to limit these emissions. As of
2011 in the United States, cement kilns are "legally allowed to pump
more toxins into the air than are hazardous - waste incinerators " .

7 — 3 - Heavy metals present in the clinker :

The presence of heavy metals in the clinker arises both from the
natural raw materials and from the use of recycled by - products or
alternative fuels. The high pH prevailing in the cement porewater
(12.5 < pH < 13.5) limits the mobility of many heavy metals by
decreasing their solubility and increasing their sorption onto the
cement mineral phases. Nickel , zinc and lead are commonly found in
cement in non - negligible concentrations.

7 —4 - Use of alternative fuels and by - products materials :

A cement plant consumes 3 to 6 GJ of fuel per tonne of clinker
produced, depending on the raw materials and the process used. Most
cement Kilns today use coal and petroleum coke as primary fuels, and
to a lesser extent natural gas and fuel oil. Selected waste and by-
products with recoverable calorific value can be used as fuels in a
cement kiln, replacing a portion of conventional fossil fuels, like coal,
if they meet strict specifications. Selected waste and by - products
containing useful minerals such as calcium, silica, alumina, and iron
can be used as raw materials in the kiln, replacing raw materials such
as clay, shale, and lime stone. Because some materials have both
useful mineral content and recoverable calorific value, the distinction
between alternative fuels and raw materials is not always clear. For
example, sewage sludge has a low but significant calorific value, and
burns to give ash containing minerals useful in the clinker matrix .
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Cement Accelerator

Cement Accelerator is an admixture for the use in concrete,
mortar, rendering or screeds. The addition of Cement Accelerator
speeds the setting time and thus cure time starts earlier . This allows
concrete to be placed in winter without the worry of frost damage

Typical materials used for acceleration are Ca (NOs), and
NaNQO; . CaCl, has been very popular, but due to its reinforcement
corroding behaviour the use is not recommended any more and in
many cases prohibited.
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Cement Board

Cement board is composed of aggregated Portland cement with a
glass-fiber mesh on the surfaces. This 5/16 inch (7.9 mm) thick
cement board is designed as an underlayment for tile floors. These
are 3 by 5 foot (91 by 152 cm) sheets

Contents

. 1 Introduction

. 2 Composition

. 3 Advantages

. 4 Disadvantages

. 5 Installation

o 6 Water resistance

1 — Introduction :

A cement board is a combination of cement and reinforcing
fibers formed into 4 foot by 8 foot sheets (or 3 foot by 5 foot sheets),
1/4 to 1/2 inch thick that are typically used as a tile backing board.
Cement board can be nailed or screwed to wood or steel studs to
create a substrate for vertical tile and attached horizontally to ply
wood for tile floors, kitchen counters and backsplashes. It can be used
on the exterior of buildings as a base for exterior plaster (stucco)
systems and sometimes as the finish system itself.
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Cement board adds impact resistance and strength to the wall
surface as compared to water resistant gypsum boards. Cement board
is also fabricated in thin sheets with polymer modified cements to
allow bending for curved surfaces.

2 - Composition :

Cement boards are mainly cement bonded particle boards and
cement fiber . Cement bonded particle boards have treated wood
flakes as reinforcement, whereas in cement fiber boards have
cellulose fiber , which is a plant extract as reinforcement. Cement acts
as binder in both the cases. The fire resistance properties of cement
bonded blue particle boards and cement fiber boards are the same. In
terms of load - bearing capacity, cement - bonded particle boards have
higher capacity than cement fiber boards. Cement particle boards can
be manufactured from 6 mm to 40 mm thickness making it extremely
suitable for high load bearing applications. These boards are made of
a homogeneous mixture and hence are formed as single layer for any
thickness. Cement fiber boards are more used in decorative
applications and can be manufactured from 3 mm to 20 mm thickness.
Fibre boards are made in layers of very thin thickness, making it
extremely difficult to manufacture high thickness boards. Many
manufacturers use additives like mica , aluminium stearate and
cenospheres in order to achieve certain board qualities. Typical
cement fiber board is made of approximately 40 - 60 % of cement, 20
- 30 % of fillers, 8 - 10 % of cellulose, 10 — 15 % of mica. Other
additives like above mentioned aluminium stearate and PVA are
normally used in quantities less than 1 % . Cenospheres are used only
in low density boards with quantities between 10 — 15 % . The actual
recipe depends on available raw materials and other local factors.

3 — Advantages :

As a tile backing board, cement board has better long-term
performance than paper - faced gypsum core products because it will
not mold, mildew or physically break down in the continued presence
of moisture or leaks. Cement board is not actually waterproof, but it is
highly resistant to absorbing moisture and has excellent drying
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properties. In areas continually exposed to water spray (i.e. showers) a
waterproofing barrier is usually recommended behind the boards or as
a trowel-applied product to the face of the boards behind the finish
system.

4 - Disadvantages :

One major disadvantage of cement board is the weight per
square foot. It is approximately twice that of gypsum board, making
handling by one person difficult. Cutting of cement board must also
be done with carbide-tipped tools and saw blades. Due to its hardness,
pre-drilling of fasteners is often recommended. Finally, cement board
Is initially more expensive than water resistant gypsum board but may
provide better long term value.

5 — Installation :

Cement board is hung with corrosion resistant screws or ring -
shank nails. Cement board has very little movement under thermal
stress, but the boards are usually installed with a slight gap at joints in
shower pans, bathtubs, and each other. These joints are then filled
with silicone sealant or the manufacturer's taping compounds before
applying a finish. The filled joints are taped like conventional gypsum
board, but with fiberglass tapes that provide additional water
resistance. Combined with a water impermeable finish, cement board
Is a stable, durable backing board.

6 - Water resistance :

The category of construction material known as cement board
includes both water resistant and waterproof board. Each has its own
best use.

Typically water resistant cement board is composed of a treated
gypsum core with a non organic fiber reinforced covering, either on
one or both faces. This type of board requires fastidious sealing of all
cut edges and penetrations to maintain the manufacturer's warranty for
wet area installations. Gypsum core "cement"” board panels are ideal
for moist but not truly wet installations of tile and/or stone walls.
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There is a class of cement board strictly constructed of a
Portland cement based core with glass fiber matt reinforcing at both
faces. This type board is truly waterproof. These panels can be
immersed in water without any degradation (excluding freeze thaw
cycles). These panels do not require the sealing of edges and
penetrations to maintain their structural integrity. These Portland
cement based products are smaller in size compared with the gypsum
core based products. Typically they range in size from 30" x 48" to
36" x 60". They are, as one would expect, considerably heavier than
the gypsum core type panels.

Portland cement based panels are ideal for truly wet locations
like shower surrounds and for locations where a Portland cement
based thin-set material is used for bonding tile and stone surfaces to a
substrate. They are also ideal for floor tile and stone installations over
a structural sub floor .
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Category : Cement

A

AFm phase

Afwillite

Alite

Alkali—aggregate reaction
Alkali—carbonate reaction
Alkali—silica reaction
Joseph Aspdin

William Aspdin

B

Belite

Biogenic sulfide corrosion
Edmund Wright Brooks
Brucite

C

Calcium aluminate cements
Calcium aluminates
Calcium alumino ferrite
Calcium silicate hydrate
Cement board

Cement chemist notation
Cement kiln

Cement mill

Cementing equipment
Cenin cement

Clinker (cement)
Concrete degradation
Concrete sulfate attack

D

Dodeca calcium hepta - aluminate

E
Eco-cement
Eternit
Ettringite

F

Faux bois
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Fiber cement

Fly ash

Friedel's salt

James Frost (cement maker)
G

Geopolymer cement
Geopolymer concrete
Geopolymers

Ground granulated blast-furnace slag
Grout

Grouting

H

Hydrogrossular

J

Jennite

K

Klein's Compound

L

Joseph - Louis Lambot
Loss on ignition

M

MagneLine

Magnesian attack
Mayenite

Meta kaolin
Monocalcium aluminate
Mortar (masonry)

N

Non-shrink grout

P

James Parker (cement maker)
Plasticizer

Portland cement
Pozzolan

Pozzolana

Pozzolanic reaction
Pulverised fly ash
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Pulverised fuel ash

R

Raw mill

Rice hulls

Rosendale cement

S

Salt-concrete

Silicate mineral paint
Siliceous limestone
Slag

John Smeaton
Snyder Estate Natural Cement Historic District
Sodium silicate

Sorel cement

Sulfate attack
Superplasticizer

T

Tabby (cement)
Thaumasite

Thick bed mortar
Thinset

Cement tile

Tiocem

Tobermorite
Tricalcium aluminate
V

Vicat needle

Vicat softening point
Louis Vicat

W

Water reducer

Water — cement ratio
Water glass

Weld - On

White Portland cement
White topping
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Cement Chemist Notation

Contents

. 1 Introduction
. 2 Abbreviations of oxides
. 3 Conversion of hydroxides in oxide and free water
. 4 Main phases in Portland cement before and after
hydration
o 4.1 Clinker and non - hydrated Portland cement
o 4.2 Hydrated cement paste
. 5 Use in ceramics , glass , and oxide chemistry
. 6 Possible use of CCN in mineralogy

1 — Introduction :

Cement Chemist Notation ( CCN ) was developed to simplify
the formulas cement chemists use on a daily basis. It is a "short hand"
way of writing the chemical formula of oxides of calcium , silicon ,
and various metals .

2 - Abbreviations of oxides :

The main oxides present in cement (or in glass and ceramics)
are abbreviated in the following way :

CCN Actual Formula Name

C CaO Calcium oxide, or lime

S Si O, Silicon dioxide, or silica

A AlLO; Aluminium oxide , or alumina
F Fe, O Iron oxide , or rust

T Ti O, Titanium dioxide , or titania
M MgO Magnesium oxide , or Periclase
K KO Potassium oxide

N Na, O Sodium oxide

H H>O Water

C CO, Carbon dioxide
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S SO, Sulfur trioxide
P P,Os Phosphorus hemi-pentoxide

3 - Conversion of hydroxides in oxide and free water

For the sake of mass balance calculations, hydroxides present in
hydrated phases found in hardened cement paste such as, in
portlandite , Ca (OH),, must first be converted in oxide and water.

To better understand the conversion process of hydroxide anions
in oxide and water, it is necessary to consider the auto protolysis of
the hydroxyl anions; it implies a proton exchange between two OH",
like in a classical acid - base reaction:

OH + OH — 0™ + H,0
acid 1 + base 2 — base 1 + acid 2
or also,
2 0H — 0” +H,0
For portlandite this gives thus the following mass balance:
Ca(OH), - CaO+H,0
Thus portandite can be written as Ca O « H,O or CH.

4 - Main phases in Portland cement before and after
hydration :

These oxides are used to build more complex compounds. The
main crystalline phases described hereafter are related respectively to
the composition of:

. Clinker and non-hydrated Portland cement, and;
. Hardened cement pastes obtained after hydration and
cement setting.
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4 —1 - Clinker and non-hydrated Portland cement :

Four main phases are present in the clinker and in the non-
hydrated Portland cement.

They are formed at high temperature (1 450 °C) in the cement
kiln and are the following :

CCN Actual Formula Name Mineral Phase
C3sS 3Ca0O-+SiO,  Tricalcium silicate Alite

C,S 2CaO0O-SiO, Di calcium silicate Belite

C3A 3CaO - Al,O; Tricalcium aluminate  Aluminate or Celite

4 CaO » Al,O3 ¢ Tetra calcium alumino

Fe,O; ferrite Ferrite

C,AF

The four compounds referred as CsS, C,S, C;A and C,AF are
known as the main crystalline phases of Portland cement. The phase
composition of a particular cement can be quantified through a
complex set of calculation known as the Bogue Formula.

4 — 2 - Hydrated cement paste :

Hydration products formed in hardened cement pastes (HCP)
are more complicated, because many of these products have nearly
the same formula and some are solid - solutions with overlapping
formula. Some examples are given below:

Name or Mineral

CCN Actual Formula
Phase

CH Ca(OH),or CaO * H,0 Calcium hydroxide

2(Ca0) « Si0; * 0.9-1.25(H,0) , and /

or ; ) -
C-S-H CaO - SiO, + 1.1(H,0) Calcium Silicate

. Hydrate
and/or ;

O8-15(Ca 0O) * Si0; » 10-5(H20)
Calcium Aluminate

C-A-H Thisis even more complex than C-S-H
Hydrate
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Aluminate Ferrite tri
sulfate , or ettringite
Aluminate Ferrite
mono sulfate

C3AHg 3Ca0O -+ Al,O3+6 H,O Hydrogarnet

A Ft Cs AS3H3p.32

AFmM CzASng

The hyphens in C-S-H indicate a calcium silicate hydrate phase
of variable composition, whilst CSH indicates a calcium silicate phase
CaH,SiO,.

5- Use inceramics, glass , and oxide chemistry :

The cement chemist notation is not restricted to cement
applications but is in fact a more general notation of oxide chemistry
applicable to other domains than cement chemistry sensu stricto.

For instance, in ceramics applications, the kaolinite formula can
also be written in terms of oxides , thus the corresponding formula for
kaolinite,

A|QS|205(OH)4 IS A|203 * 25810, « 2H,0
orin CCN : AS;H,.

6 - Possible use of CCN in mineralogy :

Although not a very developed practice in mineralogy, some
chemical reactions involving silicate and oxide in the melt or in
hydrothermal systems, and silicate weathering processes could also be
successfully described by applying the cement chemist notation to
silicate mineralogy.

An example could be the formal comparison of belite hydration
and forsterite serpentinisation dealing both with the hydration of two
structurally similar earth - alkaline silicates , Ca,SiO4 and Mg,SiOy,,
respectively.

Calcium system : belite hydration :

Belite + water — C-S-H phase + portlandite
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2 Ca,Si0O4 + 4 H,O — 3 CaO - 2 SiO; - 3 H,0 + Ca(OH),
2 CZS+ 4H — C3$2H3 + CH

Magnesium system: forsterite serpentinisation:

Forsterite + water — serpentine + brucite
2 Mng|O4 + 3 HZO — Mg38|205(OH)4 + Mg(OH)Z
2 Mzs+ 3H— M3SZH2 + MH

TheratioCa/Si(C/S)and Mg/ Si ( M/ S) decrease from 2
for the di - calcium and di-magnesium silicate reagents to 1.5 for the
hydrated silicate products of the hydration reaction. In other term, the
C-S-H or the serpentine are less rich in Ca and Mg respectively. This
iIs why the reaction leads to the elimination of the excess of
portlandite ( Ca (OH),) and brucite ( Mg (OH),), respectively, out of
the silicate system, giving rise to the crystallization of both
hydroxides as separate phases.

The rapid reaction of belite hydration in the setting of cement is
formally "chemically analogue” to the slow natural hydration of
forsterite (the magnesium end-member of olivine) leading to the
formation of serpentine and brucite in nature. However, the kinetic of
hydration of poorly crystallized artificial belite is much swifter than
the slow conversion/weathering of well crystallized Mg - olivine
under natural conditions.

This comparison suggests that mineralogists could probably also
benefit from the concise formalism of the cement chemist notation in
their works.
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Cement Kiln

A pre heater tower, raw mix Hot end of medium sized modern
silo and exhaust stack. cement kiln, showing tyres, rollers
Bottom left: raw mill. Bottom and drive gear
right: rotary kiln with tertiary
air duct above. The U-shaped
duct leading from the kiln
inlet is an "alkali bleed".

Contents

. 1 Introduction
. 2 The manufacture of cement clinker
. 3 Early history
. 4 The rotary kiln
. 5 The wet process and the dry process
. 6 Pre heaters

° 6.1 Grate pre heaters

° 6.2 Gas - suspension pre heaters
. 7 Pre calciners
. 8 Ancillary equipment

° 8.1 Coolers

o 8.2 Fuel mills

° 8.3 Fans
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° 8.4 Gas cleaning
. 9 Kiln fuels
. 10 Kiln control
. 11 Cement kiln emissions

° 11.1 Carbon dioxide

o 11.2 Dust

° 11.3 Nitrogen oxides ( N Oy)

o 11.4 Sulfur dioxide (SO,)

° 11.5 Carbon monoxide ( CO ) and total carbon

o 11.6 Dioxins and furans (PCDD/F)

o 11.7 Poly chlorinated biphenyls (PCB)

o 11.8 Poly cyclic aromatic hydrocarbons (PAH)
o 11.9 Benzene, toluene, ethyl benzene, xylene
(BTEX)
° 11.10 Gaseous inorganic chlorine compounds (H CI)
° 11.11 Gaseous inorganic fluorine compounds (HF)
o 11.12 Trace elements

1 — Introduction :

Cement kilns are used for the pyro processing stage of
manufacture of Portland and other types of hydraulic cement, in
which calcium carbonate reacts with silica - bearing minerals to form
a mixture of calcium silicates. Over a billion tones of cement are
made per year, and cement kilns are the heart of this production
process: their capacity usually define the capacity of the cement plant.
As the main energy - consuming and greenhouse - gas — emitting
stage of cement manufacture, improvement of kiln efficiency has
been the central concern of cement manufacturing technology.

2 - The manufacture of cement clinker :

A typical process of manufacture consists of three stages:

. grinding a mixture of limestone and clay or shale to
make a fine "raw mix" ( see Raw mill ) ;

. heating the raw mix to sintering temperature ( up to
1450 °C) in a cement kiln;
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. grinding the resulting clinker to make cement ( see
Cement mill).

In the second stage, the raw mix is fed into the kiln and
gradually heated by contact with the hot gases from combustion of the
kiln fuel. Successive chemical reactions take place as the temperature
of the raw mix rises:

. 70 to 110 °C - Free water is evaporated.

. 400 to 600 °C — clay - like minerals are decomposed
into their constituent oxides; principally SiO, and Al,Os.
Dolomite ( Ca Mg ( CO3) , ) decomposes to calcium carbonate,
Mg O and CO,.

. 650 to 900 °C - calcium carbonate reacts with SiO,
to form belite ( Ca,SiO,) .

. 900 to 1050 °C - the remaining calcium carbonate
decomposes to calcium oxide and CO,.

. 1300 to 1450 °C - partial (20-30%) melting takes
place, and belite reacts with calcium oxide to form alite ( CazO -
SiOy4) .

10 cm
Typical clinker nodules

Alite is the characteristic constituent of Portland cement.
Typically , a peak temperature of 1400 —1450 °C is required to
complete the reaction. The partial melting causes the material to
aggregate into lumps or nodules , typically of diameter 1-10 mm .
This is called clinker. The hot clinker next falls into a cooler which
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recovers most of its heat, and cools the clinker to around 100 °C, at
which temperature it can be conveniently conveyed to storage. The
cement kiln system is designed to accomplish these processes .

3 - Early history ;

Portland cement clinker was first made (in 1824) in a modified
form of the traditional static lime kiln . The basic, egg-cup shaped
lime kiln was provided with a conical or beehive shaped extension to
increase draught and thus obtain the higher temperature needed to
make cement clinker. For nearly half a century, this design, and minor
modifications, remained the only method of manufacture. The kiln
was restricted in size by the strength of the chunks of rawmix: if the
charge in the kiln collapsed under its own weight, the kiln would be
extinguished. For this reason, beehive kilns never made more than 30
tonnes of clinker per batch. A batch took one week to turn around: a
day to fill the kiln, three days to burn off, two days to cool, and a day
to unload. Thus, a kiln would produce about 1500 tonnes per year.

A kiln is basically an industrial oven, and although the term is
generic, several quite distinctive designs have been used over the
years. Although perhaps more normally associated with pottery
making, both ‘Bottle’ and their very close relatives ‘Beehive’ kilns,
were also the central feature of any cement works. Early designs
tended to be updraft kilns, which were often built as a straight sided
cone into which the flame was introduced at, or below, floor level.
Reaching heights of up to 70 ft, the dome or bottle shape of the kiln,
known as the ‘hovel’, would be quite a prominent landmark. As well
as protecting the inner kiln or ‘crown’, the opening at the top of the
hovel also acted as a flue, to remove the smoke and exhaust gases that
were produced during the production process. There was a three to
four foot gap between the outer wall of the hovel and inner shell of
the crown. Due to the fact that the 1- foot - thick ( 0.30 m ) crown
wall would expand and contract during firing, it was strengthened
with a number of iron bands, known as ‘bonts’. These were set twelve
inches apart and ran right around the circular oven. The development
of downdraft kilns in the early 20th Century proved to be much more
fuel efficient and were designed to force the heated air to circulate
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more around the kiln. The design incorporated a gentle curve at the
'shoulders' of the kiln, which served to reflect the rising heat from the
fire at the bottom of the kiln, back down again over the material. The
smoke and exhaust was then sucked out through holes at the bottom
of the kiln via a flue, which was connected to a nearby chimney. The
chimney would also serve a number of neighboring kilns as well. The
kiln would be fired for several days to achieve the high temperatures
required to produce cement clinker, and although the above methods
were successful, the problem with any batch kiln was that it was
intermittent and once the product had been produced, the fire had to
be extinguished and the contents allowed to cool. This not only
wasted a lot of the heat, but also added to the expense of the finished
product.

In order to save money on fuel, a kiln was required that could
run almost continuously, whilst the raw material was somehow fed
through it. It was this scenario that lead to the development of the
‘Chamber’ kiln in the late 1850s. This particular kiln comprised a
number of individual chambers, which were arranged so that the hot
flue gases from one chamber, were drawn off and used to pre-heat the
material in the following chambers, before they were drawn up the
chimney. Once the first chamber had been filled with raw material,
coal was added through the roof holes of the chamber and was then
set alight. At the same time, the second chamber was being filled with
raw material. The airflow from the first chamber was then adjusted,
using a number of dampers, to funnel the hot air through to the second
chamber to pre-heat the material. More coal was then poured into the
second chamber and ignited, as the third chamber was being filled and
so on. This process continued along the length of the kiln, so that by
the time the last chamber had been fired, the first chamber had already
been cleared and re-filled with more raw material so that the process
could start again. Although such chamber kilns were still being
installed as late as 1900, the development of the rotary kiln was
already starting to have a major impact. The rotary kiln was a major
advancement for the industry as it provided the continuous production
of a much more uniform product in larger quantities.
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Around 1885, experiments began on design of continuous kilns.
One design was the shaft kiln, similar in design to a blast furnace.
Raw mix in the form of lumps and fuel were continuously added at
the top, and clinker was continually withdrawn at the bottom. Air was
blown through under pressure from the base to combust the fuel. The
shaft kiln had a brief period of use before it was eclipsed by the rotary
Kiln, but it had a limited renaissance from 1970 onward in China and
elsewhere, when it was used for small — scale , low - tech plants in
rural areas away from transport routes. Several thousand such kilns
were constructed in China. A typical shaft kiln produces 100-200
tones per day.

From 1885, trials began on the development of the rotary kiln,
which today accounts for more than 95 % of world production.

4 - The rotary kiln :

. Feed In
Drive Gear
Kiln Hood Flame e | /
Bumer Pipe \' \ '
\ . M
B ) — - Exhaust
. = Gas
l Qut
J Firebrick
Steel Shell ini
Hot Ai Clinker Lining
R to Cooler
from Cooler

General layout of a rotary kiln

The rotary kiln consists of a tube made from steel plate, and
lined with fire brick. The tube slopes slightly (1— 4° ) and slowly
rotates on its axis at between 30 and 250 revolutions per hour.
Rawmix is fed in at the upper end, and the rotation of the kiln causes
it gradually to move downhill to the other end of the kiln. At the other
end fuel, in the form of gas, oil, or pulverized solid fuel, is blown in
through the "burner pipe", producing a large concentric flame in the
lower part of the kiln tube. As material moves under the flame, it
reaches its peak temperature, before dropping out of the kiln tube into
the cooler. Air is drawn first through the cooler and then through the
kiln for combustion of the fuel. In the cooler the air is heated by the
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cooling clinker, so that it may be 400 to 800 °C before it enters the
kiln, thus causing intense and rapid combustion of the fuel.

The earliest successful rotary kilns were developed in
Pennsylvania around 1890, and were about 1.5 m in diameter and 15
m in length. Such a kiln made about 20 tonnes of clinker per day. The
fuel, initially, was oil, which was readily available in Pennsylvania at
the time. It was particularly easy to get a good flame with this fuel.
Within the next 10 years, the technique of firing by blowing in
pulverized coal was developed, allowing the use of the cheapest
available fuel. By 1905, the largest kilns were 2.7 x 60 m in size, and
made 190 tonnes per day. At that date, after only 15 years of
development, rotary kilns accounted for half of world production.
Since then, the capacity of kilns has increased steadily, and the largest
kilns today produce around 10,000 tones per day. In contrast to static
kilns, the material passes through quickly: it takes from 3 hours (in
some old wet process kilns) to as little as 10 minutes (in short
precalciner kilns). Rotary kilns run 24 hours a day, and are typically
stopped only for a few days once or twice a year for essential
maintenance. This is an important discipline, because heating up and
cooling down are long, wasteful and damaging processes.
Uninterrupted runs as long as 18 months have been achieved.

5 - The wet process and the dry process :
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From the earliest times, two different methods of rawmix
preparation were used: the mineral components were either dry-
ground to form a flour-like powder, or were wet-ground with added
water to produce a fine slurry with the consistency of paint, and with
a typical water content of 40 — 45 % .

The wet process suffered the obvious disadvantage that, when
the slurry was introduced into the kiln, a large amount of extra fuel
was used in evaporating the water. Furthermore, a larger kiln was
needed for a given clinker output, because much of the kiln's length
was used up for the drying process. On the other hand, the wet
process had a number of advantages. Wet grinding of hard minerals is
usually much more efficient than dry grinding. When slurryis dried in
the kiln, it forms a granular crumble that is ideal for subsequent
heating in the kiln. In the dry process, it is very difficult to keep the
fine powder rawmix in the kiln, because the fast - flowing combustion
gases tend to blow it back out again. It became a practice to spray
water into dry kilns in order to "damp down" the dry mix, and thus,
for many years there was little difference in efficiency between the
two processes, and the overwhelming majority of kilns used the wet
process. By 1950, a typical large, wet process kiln, fitted with drying-
zone heat exchangers, was 3.3 x 120 m in size, made 680 tonnes per
day, and used about 0.25 — 0.30 tones of coal fuel for every tonne of
clinker produced. Before the energy crisis of the 1970s put an end to
new wet - process installations, kilns as large as 5.8 x 225 m in size
were making 3000 tones per day.
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An interesting footnote on the wet process history is that some
manufacturers have in fact made very old wet process facilities
profitable through the use of waste fuels. Plants that burn waste fuels
enjoy a negative fuel cost ( they are paid by industries needing to
dispose of materials that have energy content and can be safely
disposed of in the cement kiln thanks to its high temperatures and
longer retention times ) . As a result the inefficiency of the wet
process is an advantage — to the manufacturer. By locating waste
burning operations at older wet process locations, higher fuel
consumption actually equates to higher profits for the manufacturer,
although it produces correspondingly greater emission of CO..
Manufacturers who think such emissions should be reduced are
abandoning the use of wet process .

6 - Pre heaters :

In the 1930s, significantly, in Germany, the first attempts were
made to redesign the kiln system to minimize waste of fuel®™. This led
to two significant developments:

. the grate pre heater
. the gas- suspension pre heater.

6 —1- Grate pre heaters:

The grate pre heater consists of a chamber containing a chain-
like high-temperature steel moving grate, attached to the cold end of
the rotary kiln. A dry - powder raw mix is turned into a hard pellets
of 10 — 20 mm diameter in a nodulizing pan , with the addition of 10 -
15 % water. The pellets are loaded onto the moving grate, and the hot
combustion gases from the rear of the kiln are passed through the bed
of pellets from beneath. This dries and partially calcines the rawmix
very efficiently. The pellets then drop into the kiln. Very little
powdery material is blown out of the kiln. Because the rawmix is
damped in order to make pellets, this is referred to as a "semi-dry"
process. The grate pre heater is also applicable to the "semi-wet"
process, in which the raw mix is made as a slurry, which is first de-
watered with a high - pressure filter, and the resulting "filter-cake" is
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extruded into pellets, which are fed to the grate. In this case, the water
content of the pellets is 17 - 20 %. Grate pre heaters were most
popular in the 1950s and 60s, when a typical system would have a
grate 28 m long and 4 m wide, and a rotary kiln of 3.9 x 60 m, making
1050 tones per day, using about 0.11-0.13 tones of coal fuel for every
tone of clinker produced. Systems up to 3000 tones per day were
installed.

6 — 2 - Gas - suspension pre heaters :

Cloan
Gas O

Cutaway view of cyclone showing air path

The key component of the gas-suspension pre heater is the
cyclone. A cyclone is a conical vessel into which a dust-bearing gas-
stream is passed tangentially. This produces a vortex within the
vessel. The gas leaves the vessel through a co-axial "vortex-finder".
The solids are thrown to the outside edge of the vessel by centrifugal
action, and leave through a valve in the vertex of the cone. Cyclones
were originally used to clean up the dust - laden gases leaving simple
dry process kilns. If, instead, the entire feed of raw mix is encouraged
to pass through the cyclone, it is found that a very efficient heat
exchange takes place: the gas is efficiently cooled, hence producing
less waste of heat to the atmosphere, and the raw mix is efficiently
heated. This efficiency is further increased if a number of cyclones
are connected in series .
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4 - Stage pre heater , showing path of feed

The number of cyclones stages used in practice varies from 1 to
6. Energy, in the form of fan - power, is required to draw the gases
through the string of cyclones, and at a string of 6 cyclones, the cost
of the added fan-power needed for an extra cyclone exceeds the
efficiency advantage gained. It is normal to use the warm exhaust gas
to dry the raw materials in the raw mill, and if the raw materials are
wet, hot gas from a less efficient pre heater is desirable. For this
reason, the most commonly encountered suspension preheaters have 4
cyclones. The hot feed that leaves the base of the preheater string is
typically 20% calcined, so the kiln has less subsequent processing to
do, and can therefore achieve a higher specific output. Typical large
systems installed in the early 1970s had cyclones 6 m in diameter, a
rotary kiln of 5 x 75 m, making 2500 tones per day, using about 0.11-
0.12 tones of coal fuel for every tone of clinker produced.

A penalty paid for the efficiency of suspension pre heaters is
their tendency to block up. Salts, such as the sulfate and chloride of
sodium and potassium, tend to evaporate in the burning zone of the
kiln. They are carried back in vapor form, and re-condense when a
sufficiently low temperature is encountered. Because these salts re-
circulate back into the raw mix and re - enter the burning zone, a
recirculation cycle establishes itself. A kiln with 0.1% chloride in the
rawmix and clinker may have 5% chloride in the mid-kiln material.
Condensation usually occurs in the pre heater, and a sticky deposit of
liquid salts glues dusty raw mix into a hard deposit, typically on
surfaces against which the gas-flow is impacting. This can choke the
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pre heater to the point that air - flow can no longer be maintained in
the kiln. It then becomes necessary to manually break the build - up
away. Modern installations often have automatic devices installed at
vulnerable points to knock out build-up regularly. An alternative
approach is to "bleed off" some of the kiln exhaust at the kiln inlet
where the salts are still in the vapor phase, and remove and discard
the solids in this. This is usually termed an "alkali bleed" and it breaks
the recirculation cycle. It can also be of advantage for cement quality
reasons, since it reduces the alkali content of the clinker. However,
hot gas is run to waste so the process is inefficient and increases kiln
fuel consumption.

7 - Pre calciners
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In the 1970s the precalciner was pioneered in Japan, and has
subsequently become the equipment of choice for new large
installations world wide . The precalciner is a development of the
suspension pre heater. The philosophy is this: the amount of fuel that
can be burned in the kiln is directly related to the size of the kiln. If
part of the fuel necessary to burn the raw mix is burned outside the
kiln, the output of the system can be increased for a given kiln size.
Users of suspension pre heaters found that output could be increased
by injecting extra fuel into the base of the pre heater. The logical
development was to install a specially designed combustion chamber
at the base of the pre heater, into which pulverized coal is injected.
This is referred to as an "air-through™ precalciner, because the
combustion air for both the kiln fuel and the calciner fuel all passes
through the kiln. This kind of precalciner can burn up to 30%
(typically 20%) of its fuel in the calciner. If more fuel were injected in
the calciner, the extra amount of air drawn through the kiln would
cool the kiln flame excessively. The feed is 40-60% calcined before it
enters the rotary kiln.

The ultimate development is the "air - separate" precalciner, in
which the hot combustion air for the calciner arrives in a duct directly
from the cooler, bypassing the kiln. Typically , 60 - 75 % of the fuel
Is burned in the precalciner. In these systems, the feed entering the
rotary kiln is 100 % calcined. The kiln has only to raise the feed to
sintering temperature. In theory the maximum efficiency would be
achieved if all the fuel were burned in the preheater, but the sintering
operation involves partial melting and nodulization to make clinker,
and the rolling action of the rotary kiln remains the most efficient way
of doing this. Large modern installations typically have two parallel
strings of 4 or 5 cyclones, with one attached to the kiln and the other
attached to the precalciner chamber. A rotary kiln of 6 x 100 m makes
8,000-10,000 tones per day, using about 0.10-0.11 tonnes of coal fuel
for every tone of clinker produced. The kiln is dwarfed by the massive
pre heater tower and cooler in these installations. Such a kiln
produces 3 million tones of clinker per year, and consumes 300,000
tones of coal. A diameter of 6 m appears to be the limit of size of
rotary kilns, because the flexibility of the steel shell becomes
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unmanageable at or above this size, and the fire brick lining tends to
fail when the kiln flexes.

A particular advantage of the air - separate precalciner is that a
large proportion, or even 100 % , of the alkali - laden kiln exhaust gas
can be taken off as alkali bleed (see above). Because this accounts for
only 40 % of the system heat input, it can be done with lower heat
wastage than in a simple suspension pre heater bleed. Because of this,
air - separate precalciners are now always prescribed when only high-
alkali raw materials are available at a cement plant.

The accompanying figures show the movement towards the use
of the more efficient processes in North America (for which data is
readily available). But the average output per kiln in, for example,
Thailand is twice that in North America.

8 - Ancillary equipment :

Essential equipment in addition to the kiln tube and the pre
heater are:

. Cooler
. Fuel mills
. Fans

. Exhaust gas cleaning equipment.

T,

A pair of kilns with satellite coolers in Ashaka, Nigeria Sysy
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Early systems used rotary coolers, which were rotating cylinders
similar to the kiln, into which the hot clinker dropped ' The
combustion air was drawn up through the cooler as the clinker moved
down, cascading through the air stream. In the 1920s, satellite coolers
became common and remained in use until recently. These consist of
a set (typically 7— 9 ) of tubes attached to the kiln tube. They have the
advantage that they are sealed to the kiln, and require no separate
drive. From about 1930, the grate cooler was developed. This consists
of a perforated grate through which cold air is blown, enclosed in a
rectangular chamber. A bed of clinker up to 0.5 m deep moves along
the grate. These coolers have two main advantages: they cool the
clinker rapidly, which is desirable from a quality point of view (to
avoid that alite , thermodynamically unstable below 1250 °C, revert to
belite and free Ca O on slow cooling), and, because they do not rotate,
hot air can be ducted out of them for use in fuel drying, or for use as
precalciner combustion air. The latter advantage means that they have
become the only type used in modern systems.

8 —2 - Fuel mills :
Fuel systems are divided into two categories :

. Direct firing
. Indirect firing

In direct firing, the fuel is fed at a controlled rate to the fuel mill,
and the fine product is immediately blown into the kiln. The
advantage of this system is that it is not necessary to store the
hazardous ground fuel: it is used as soon as it is made. For this reason
it was the system of choice for older kilns. A disadvantage is that the
fuel mill has to run all the time: if it breaks down, the kiln has to stop
if no backup system is available.

In indirect firing, the fuel is ground by an intermittently run
mill, and the fine product is stored in a silo of sufficient size to supply
the kiln though fuel mill stoppage periods. The fine fuel is metered
out of the silo at a controlled rate and blown into the kiln. This
method is now favoured for precalciner systems, because both the kiln
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and the precalciner can be fed with fuel from the same system.
Special techniques are required to store the fine fuel safely, and coals
with high volatiles are normally milled in an inert atmosphere (e.g.
COy).

8-3-Fans:

A large volume of gases has to be moved through the kiln
system . Particularly in suspension pre heater systems a high degree of
suction has to be developed at the exit of the system to drive this.
Fans are also used to force air through the cooler bed, and to propel
the fuel into the kiln. Fans account for most of the electric power
consumed in the system, typically amounting to 10 — 15k W - h per
tone of clinker.

8 —4 — Gas cleaning :

The exhaust gases from a modern kiln typically amount to 2
tones (or 1500 cubic meters at STP) per tone of clinker made . The
gases carry a large amount of dust — typically 30 grams per cubic
metre. Environmental regulations specific to different countries
require that this be reduced to ( typically ) 0.1 gram per cubic metre,
so dust capture needs to be at least 99.7 % efficient. Methods of
capture include

9 - Kiln fuels

Fuels that have been used for primary firing include coal,
petroleum coke, heavy fuel oil, natural gas, landfill off-gas and oil
refinery flare gas*?. High carbon fuels such as coal are preferred for
kiln firing, because they yield a luminous flame. The clinker is
brought to its peak temperature mainly by radiant heat transfer, and a
bright (i.e. high emissivity) and hot flame is essential for this. In
favorable circumstances, high - rank bituminous coal can produce a
flame at 2050 °C. Natural gas can only produce a flame of, at best
1950 °C, and this is also less luminous, so it tends to result in lower
kiln output.
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Used tires being fed mid - kiln to a pair of long kilns

In addition to these primary fuels, various combustible waste
materials have been fed to kilns, notably used tires, which are very
difficult to dispose of by other means. In theory, cement kilns are an
attractive way of disposing of hazardous materials, because of:

. the temperatures in the kiln, which are much higher
than in other combustion systems ( e.g. incinerators ) ,

. the alkaline conditions in the kiln, afforded by the
high - calcium raw mix, which can absorb acidic combustion

products,
. the ability of the clinker to absorb heavy metals into
its structure.

Whole tires are commonly introduced in the kiln, by rolling
them into the upper end of a pre heater kiln, or by dropping them
through a slot midway along a long wet kiln. In either case, the high
gas temperatures ( 1000 — 1200 °C ) cause almost instantaneous,
complete and smokeless combustion of the tire. Alternatively, tires
are chopped into 5 — 10 mm chips, in which form they can be injected
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into a precalciner combustion chamber. The steel and zinc in the tires
become chemically incorporated into the clinker.

Other wastes have included solvents and clinical wastes. A very
high level of monitoring of both the fuel and its combustion products
IS necessary to maintain safe operation.

For maximum kiln efficiency, high quality conventional fuels
are the best choice. When using waste materials, in order to avoid
prohibited emissions ( e.g. of dioxins ) it is necessary to control the
kiln system in a manner that is non-optimal for efficiency and output,
and coarse combustibles such as tires can cause major product quality
problems.

10 - Kilncontrol :

Online X-ray diffraction with automatic sample feed for free calcium
oxide measurement

The objective of kiln operation is to make clinker with the
required chemical and physical properties, at the maximum rate that
the size of kiln will allow, while meeting environmental standards, at
the lowest possible operating cost . The kiln is very sensitive to
control strategies, and a poorly run kiln can easily double cement
plant operating costs!**.

Formation of the desired clinker minerals involves heating the
rawmix through the temperature stages mentioned above. The
finishing transformation that takes place in the hottest part of the kiln,
under the flame, is the reaction of belite ( Ca,SiO,) with calcium
oxide to form alite (CazO-SiO,):
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Ca,Si0,+ Ca O — C&38i05
Also abbreviated in the cement chemist notation (CCN) as:
Czs +C — C3S

Tri calcium silicate is thermodynamically unstable below
1250 °C, but can be preserved in a meta stable state at room
temperature by fast cooling: on slow cooling it tends to revert to
belite (Ca,Si0,4) and CaO.

If the reaction is incomplete, excessive amounts of free calcium
oxide remain in the clinker. Regular measurement of the free CaO
content is used as a means of tracking the clinker quality. As a
parameter in kiln control, free Ca O data is some what ineffective
because, even with fast automated sampling and analysis, the data,
when it arrives, may be 10 minutes "out of date", and more immediate
data must be used for minute-to-minute control.

Conversion of belite to alite requires partial melting, the
resulting liquid being the solvent in which the reaction takes place.
The amount of liquid, and hence the speed of the finishing reaction, is
related to temperature. To meet the clinker quality objective, the most
obvious control is that the clinker should reach a peak temperature
such that the finishing reaction takes place to the required degree. A
further reason to maintain constant liquid formation in the hot end of
the kiln is that the sintering material forms a dam that prevents the
cooler upstream feed from flooding out of the kiln. The feed in the
calcining zone, because it is a powder evolving carbon dioxide, is
extremely fluid. Cooling of the burning zone, and loss of unburned
material into the cooler, is called "flushing”, and in addition to
causing lost production can cause massive damage.

However, for efficient operation, steady conditions need to be
maintained throughout the whole kiln system. The feed at each stage
must be at a temperature such that it is "ready" for processing in the
next stage. To ensure this, the temperature of both feed and gas must
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be optimized and maintained at every point. The external controls
available to achieve this are few:

. Feed rate: this defines the kiln output

. Rotary kiln speed: this controls the rate at which the
feed moves through the kiln tube

. Fuel injection rate: this controls the rate at which the
"hot end" of the system is heated

. Exhaust fan speed or power: this controls gas flow,
and the rate at which heat is drawn from the "hot end" of the
system to the "cold end"

In the case of precalciner kilns, further controls are available:

. Independent control of fuel to kiln and calciner
. Independent fan controls where there are multiple
pre heater strings.

The independent use of fan speed and fuel rate is constrained by
the fact that there must always be sufficient oxygen available to burn
the fuel, and in particular, to burn carbon to carbon dioxide. If carbon
monoxide is formed, this represents a waste of fuel, and also indicates
reducing conditions within the kiln which must be avoided at all costs
since it causes destruction of the clinker mineral structure. For this
reason, the exhaust gas is continually analyzed for O,, CO, NO and
SO..

The assessment of the clinker peak temperature has always been
problematic. Contact temperature measurement is impossible because
of the chemically aggressive and abrasive nature of the hot clinker,
and optical methods such as infrared pyrometry are difficult because
of the dust and fume-laden atmosphere in the burning zone. The
traditional method of assessment was to view the bed of clinker and
deduce the amount of liquid formation by experience. As more liquid
forms, the clinker becomes stickier, and the bed of material climbs
higher up the rising side of the kiln. It is usually also possible to
assess the length of the zone of liquid formation, beyond which
powdery "fresh” feed can be seen. Cameras, with or without infrared
measurement capability, are mounted on the kiln hood to facilitate
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this. On many kilns, the same information can be inferred from the
kiln motor power drawn, since sticky feed riding high on the kiln wall
increases the eccentric turning load of the kiln. Further information
can be obtained from the exhaust gas analyzers. The formation of NO
from nitrogen and oxygen takes place only at high temperatures, and
so the NO level gives an indication of the combined feed and flame
temperature. SO, is formed by thermal decomposition of calcium
sulfate in the clinker, and so also gives in indication of clinker
temperature. Modern computer control systems usually make a
“calculated" temperature, using contributions from all these
information sources, and then set about controlling it.

As an exercise in process control, kiln control is extremely
challenging, because of multiple inter-related variables, non-linear
responses, and variable process lags. Computer control systems were
first tried in the early 1960s, initially with poor results due mainly to
poor process measurements. Since 1990, complex high level
supervisory control systems have been standard on new installations.
These operate using expert system strategies, that maintain a "just
sufficient” burning zone temperature, below which the kiln's
operating condition will deteriorate catastrophically, thus requiring
rapid-response, "knife-edge" control.

11 - Cement kiln emissions :

Emissions from cement works are determined both by
continuous and discontinuous measuring methods, which are
described in corresponding national guidelines and standards.
Continuous measurement is primarily used for dust , N Oy and SO,,
while the remaining parameters relevant pursuant to ambient pollution
legislation are usually determined discontinuously by individual
measurements.

The following descriptions of emissions refer to modern kiln
plants based on dry process technology.
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11 -1 - Carbon dioxide :

During the clinker burning process CO, is emitted. CO,
accounts for the main share of these gases. CO, emissions are both
raw material-related and energy - related. Raw material-related
emissions are produced during limestone de carbonation (CaCOs3) and
account for about 60 % of total CO, emissions.

11 -2 - Dust :

To manufacture 1 t of Portland cement, about 1.5 to 1.7 t raw
materials, 0.1 t coal and 1 t clinker (besides other cement constituents
and sulfate agents) must be ground to dust fineness during production.
In this process, the steps of raw material processing, fuel preparation,
clinker burning and cement grinding constitute major emission
sources for particulate components. While particulate emissions of up
to 3,000 mg/m® were measured leaving the stack of cement rotary kiln
plants as recently as in the 1950s, legal limits are typically 30 mg/m®
today, and much lower levels are achievable.

11 — 3 - Nitrogenoxides ( N Oy) :

The clinker burning process is a high - temperature process
resulting in the formation of nitrogen oxides ( N Oy ) . The amount
formed is directly related to the main flame temperature ( typically
1850 — 2000 °C ) . Nitrogen monoxide (NO) accounts for about 95 %,
and nitrogen dioxide (NO,) for about 5 % of this compound present in
the exhaust gas of rotary kiln plants. As most of the NO is converted
to NO; in the atmosphere, emissions are given as NO, per cubic metre
exhaust gas . With out reduction measures, process-related NO,
contents in the exhaust gas of rotary kiln plants would in most cases
considerably exceed the specifications of e.g. European legislation for
waste burning plants ( 0.50 g / m* for new plants and 0.80 g/m® for
existing plants ) . Reduction measures are aimed at smoothing and
optimizing plant operation. Technically, staged combustion and
Selective Non - Catalytic NO Reduction (SNCR) are applied to cope
with the emission limit values.
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High process temperatures are required to convert the raw
material mix to Portland cement clinker. Kiln charge temperatures in
the sintering zone of rotary kilns range at around 1450 °C. To reach
these, flame temperatures of about 2000 °C are necessary. For reasons
of clinker quality the burning process takes place under oxidising
conditions, under which the partial oxidation of the molecular
nitrogen in the combustion air resulting in the formation of nitrogen
monoxide (NO) dominates. This reaction is also called thermal NO
formation. At the lower temperatures prevailing in a precalciner,
however, thermal NO formation is negligible: here, the nitrogen
bound in the fuel can result in the formation of what is known as fuel -
related NO. Staged combustion is used to reduce NO: calciner fuel is
added with insufficient combustion air. This causes CO to form.
The CO then reduces the NO into molecular nitrogen:

2CO+2NO —2CO;+ Na.

Hot tertiary air is then added to oxidize the remaining CO.
11 — 4 - Sulfur dioxide (SO, ) :

Sulfur is input into the clinker burning process via raw materials
and fuels. Depending on their origin, the raw materials may contain
sulfur bound as sulfide or sulfate. Higher SO, emissions by rotary kiln
systems in the cement industry are often attributable to the sulfides
contained in the raw material, which become oxidised to form SO, at
the temperatures between 370 °C and 420 °C prevailing in the kiln
preheater. Most of the sulfides are pyrite or marcasite contained in the
raw materials. Given the sulfide concentrations found e.g. in German
raw material deposits, SO, emission concentrations can total up to 1.2
g/m® depending on the site location. In some cases, injected calcium
hydroxide is used to lower SO, emissions.

The sulfur input with the fuels is completely converted to SO,
during combustion in the rotary kiln. In the pre heater and the kiln,
this SO, reacts to form alkali sulfates, which are bound in the clinker,
provided that oxidizing conditions are maintained in the kiln.
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5 - Carbon monoxide (CO) and total carbon :

The exhaust gas concentrations of CO and organically bound
carbon are a yardstick for the burn - out rate of the fuels utilized in
energy conversion plants, such as power stations. By contrast, the
clinker burning process is a material conversion process that must
always be operated with excess air for reasons of clinker quality. In
concert with long residence times in the high - temperature range, this
leads to complete fuel burn - up.

The emissions of CO and organically bound carbon during the
clinker burning process are caused by the small quantities of organic
constituents input via the natural raw materials ( remnants of
organisms and plants incorporated in the rock in the course of
geological history ) . These are converted during kiln feed preheating
and become oxidized to form CO and CO,. In this process, small
portions of organic trace gases ( total organic carbon ) are formed as
well. In case of the clinker burning process, the content of CO and
organic trace gases in the clean gas therefore may not be directly
related to combustion conditions.

11 — 6 - Dioxins and furans (PCDD/F):

Rotary kilns of the cement industry and classic incineration
plants mainly differ in terms of the combustion conditions prevailing
during clinker burning . Kiln feed and rotary kiln exhaust gases are
conveyed in counter - flow and mixed thoroughly. Thus, temperature
distribution and residence time in rotary kilns afford particularly
favour able conditions for organic compounds, introduced either via
fuels or derived from them, to be completely destroyed. For that
reason, only very low concentrations of polychlorinated di benzo — p -
dioxins and di benzo furans ( colloquially " dioxins and furans ") can
be found in the exhaust gas from cement rotary kilns.

11 -7 - Poly chlorinated biphenyls (PCB) :

The emission behaviour of PCB is comparable to that of dioxins
and furans. PCB may be introduced into the process via alternative
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raw materials and fuels. The rotary kiln systems of the cement
industry destroy these trace components virtually completely .

11 — 8 - Polycyclic aromatic hydrocarbons (PAH) :

PAHs ( according to EPA 610 ) in the exhaust gas of rotary
kilns usually appear at a distribution dominated by naphthalene,
which accounts for a share of more than 90 % by mass. The rotary
kiln systems of the cement industry destroy virtually completely the
PAHs input via fuels. Emissions are generated from organic
constituents in the raw material.

11 -9 - Benzene, toluene , ethyl benzene , xylene ( BTEX)

As a rule benzene , toluene , ethyl benzene and xylene are
present in the exhaust gas of rotary kilns in a characteristic ratio.
BTEX is formed during the thermal decomposition of organic raw
material constituents in the pre heater.

11 — 10 - Gaseous inorganic chlorine compounds ( H Cl) :

Chlorides are minor additional constituents contained in the raw
materials and fuels of the clinker burning process. They are released
when the fuels are burnt or the kiln feed is heated, and primarily react
with the alkalis from the kiln feed to form alkali chlorides. These
compounds, which are initially vaporous, condense on the kiln feed or
the kiln dust, at temperatures between 700 °C and 900 °C,
subsequently re-enter the rotary kiln system and evaporate again. This
cycle in the area between the rotary kiln and the pre heater can result
in coating formation. A bypass at the kiln inlet allows effective
reduction of alkali chloride cycles and to diminish coating build-up
problems. During the clinker burning process, gaseous inorganic
chlorine compounds are either not emitted at all or in very small
quantities only.

11— 11 - Gaseous inorganic fluorine compounds ( HF ) :

Of the fluorine present in rotary kilns, 90 to 95 % is bound in
the clinker, and the remainder is bound with dust in the form of

253



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

calcium fluoride stable under the conditions of the burning process.
Ultra-fine dust fractions that pass through the measuring gas filter
may give the impression of low contents of gaseous fluorine
compounds in rotary kiln systems of the cement industry.

11-12 - Trace elements :

The emission behaviour of the individual elements in the clinker
burning process is determined by the input scenario, the behaviour in
the plant and the precipitation efficiency of the dust collection device.
The trace elements introduced into the burning process via the raw
materials and fuels may evaporate completely or partially in the hot
zones of the pre heater and/or rotary kiln depending on their volatility,
react with the constituents present in the gas phase, and condense on
the kiln feed in the cooler sections of the kiln system. Depending on
the volatility and the operating conditions, this may result in the
formation of cycles that are either restricted to the kiln and the
preheater or include the combined drying and grinding plant as well.
Trace elements from the fuels initially enter the combustion gases, but
are emitted to an extremely small extent only owing to the retention
capacity of the kiln and the pre heater.

Under the conditions prevailing in the clinker burning process,
non-volatile elements (e.g. arsenic, vanadium, nickel) are completely
bound in the clinker.

Elements such as lead and cadmium preferentially react with the
excess chlorides and sulfates in the section between the rotary kiln
and the pre heater, forming volatile compounds. Owing to the large
surface area available, these compounds condense on the kiln feed
particles at temperatures between 700 °C and 900 °C. In this way, the
volatile elements accumulated in the kiln - pre heater system are
precipitated again in the cyclone pre heater, remaining almost
completely in the clinker.

Thallium (as the chloride) condenses in the upper zone of the
cyclone pre heater at temperatures between 450 °C and 500 °C. As a
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consequence, a cycle can be formed between preheater, raw material
drying and exhaust gas purification.

Mercury and its compounds are not precipitated in the kiln and
the pre heater. They condense on the exhaust gas route due to the
cooling of the gas and are partially adsorbed by the raw material
particles. This portion is precipitated in the kiln exhaust gas filter.

Owing to trace element behaviour during the clinker burning
process and the high precipitation efficiency of the dust collection
devices trace element emission concentrations are on a low overall
level.
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1 — Introduction :

A cement Mill is the equipment used to grind the hard , nodular
clinker from the cement kiln into the fine grey powder that is cement.
Most cement is currently ground in ball mills.

2 - History :

Early hydraulic cements, such as those of James Parker, James
Frost and Joseph Aspdin were relatively soft and readily ground by
the primitive technology of the day, using flat millstones. The
emergence of Portland cement in the 1840s made grinding
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considerably more difficult, because the clinker produced by the kiln
is often as hard as the millstone material. Because of this, cement
continued to be ground very coarsely (typically 20% over 100 um
particle diameter) until better grinding technology became available.
Besides producing un-reactive cement with slow strength growth, this
exacerbated the problem of unsoundness. This late, disruptive
expansion is caused by hydration of large particles of calcium oxide.
Fine grinding lessens this effect, and early cements had to be stored
for several months to give the calcium oxide time to hydrate before it
was fit for sale. From 1885 onward, the development of specialized
steel led to the development of new forms of grinding equipment, and
from this point onward, the typical fineness of cement began a steady
rise. The progressive reduction in the proportion of larger, un-reactive
cement particles has been partially responsible for the fourfold
increase in the strength of Portland cement during the twentieth
century. The recent history of the technology has been mainly
concerned with reducing the energy consumption of the grinding
process.

3 - Materials ground :

Portland clinker is the main constituent of most cements. In
Portland cement, a little calcium sulfate ( typically 3 - 10 % ) is added
in order to retard the hydration of tri calcium aluminate. The calcium
sulfate may consist of natural gypsum, anhydrite , or synthetic wastes
such as flue-gas desulfurization gypsum. In addition, up to 5%
calcium carbonate and up to 1 % of other minerals may be added. It is
normal to add a certain amount of water, and small quantities of
organic grinding aids and performance enhancers. "Blended cements™
and Masonry cements may include large additions (up to 40%) of
natural pozzolans, fly ash, lime stone , silica fume or meta kaolin.
Blast furnace slag cement may include up to 70 % ground granulated
blast furnace slag . Gypsum and calcium carbonate are relatively soft
minerals, and rapidly grind to ultra - fine particles. Grinding aids are
typically chemicals added at a rate of 0.01 - 0.03 % that coat the
newly formed surfaces of broken mineral particles and prevent re —
agglomeration . They include 1,2-propanediol , acetic acid, tri ethanol
amine and ligno sulfonates.
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4 - Temperature control :

Heat generated in the grinding process causes gypsum
(CaS04.2H,0) to lose water, forming bassanite ( CaS0,4.0.2- 0.7H,0 )
or y-anhydrite ( CaSO,4 . ~ 0.05H,0 ) . The latter minerals are rapidly
soluble , and about 2 % of these in cement is needed to control tri
calcium aluminate hydration. If more than this amount forms,
crystallization of gypsum on their re - hydration causes "false set" - a
sudden thickening of the cement mix a few minutes after mixing,
which thins out on re-mixing. High milling temperature causes this.
On the other hand, if milling temperature is too low, insufficient
rapidly soluble sulfate is available and this causes "flash set" - an
irreversible stiffening of the mix. Obtaining the optimum amount of
rapidly soluble sulfate requires milling with a mill exit temperature
within a few degrees of 115 °C. Where the milling system is too hot,
some manufacturers use 2.5 % gypsum and the remaining calcium
sulfate as natural a-anhydrite ( CaSO,) . Complete dehydration of this
mixture yields the optimum 2 % vy - anhydrite. In the case of some
efficient modern mills, insufficient heat is generated. This is corrected
by re circulating part of the hot exhaust air to the mill inlet.
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Ball Mill Layout

A ball mill is a horizontal cylinder partly filled with steel balls
( or occasionally other shapes ) that rotates on its axis, imparting a
tumbling and cascading action to the balls. Material fed through the
mill is crushed by impact and ground by attrition between the balls.
The grinding media are usually made of high - chromium steel. The
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smaller grades are occasionally cylindrical ( "pebs" ) rather than
spherical. There exists a speed of rotation (the "critical speed"”) at
which the contents of the mill would simply ride over the roof of the
mill due to centrifugal action. The critical speed ( rpm ) is given by :
nc = 42.29 / \d , where d is the internal diameter in meters . Ball mills
are normally operated at around 75% of critical speed, so a mill with
diameter 5 metres will turn at around 14 rpm.

The mill is usually divided into at least two chambers |,
( Depends upon feed input size presently mill installed with Roller
Press are mostly single chambered ) , allowing the use of different
sizes of grinding media. Large balls are used at the inlet, to crush
clinker nodules (which can be over 25 mm in diameter). Ball diameter
here is in the range 60—-80 mm. In a two - chamber mill, the media in
the second chamber are typically in the range 15 — 40 mm , although
media down to 5 mm are sometimes encountered. As a general rule,
the size of media has to match the size of material being ground: large
media can't produce the ultra - fine particles required in the finished
cement, but small media can't break large clinker particles. Mills with
as many as four chambers, allowing a tight segregation of media sizes
, were once used, but this is now becoming rare. Alternatives to multi
- chamber mills are :

. pairs of mills , run in tandem, charged with different
- sized media.

. use of alternative technology ( see Roll - presses
below ) to crush the clinker prior to fine-grinding in a ball mill.

A current of air is passed through the mill. This helps keep the
mill cool, and sweeps out evaporated moisture which would otherwise
cause hydration and disrupt material flow . The dusty exhaust air is
cleaned, usually with bag filters.
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Cement ot

Typical mill / separator circuit
5 -1 - Closed - circuit systems :

The efficiency of the early stages of grinding in a ball mill is
much greater than that for formation of ultra - fine particles , so ball
mills operate most efficiently by making a coarse product, the fine
fractions of this then being separated, and the coarse part being
returned to the mill inlet. The proportion of the mill - exit material
returned to the inlet may vary from 10 - 30 % when ordinary cement
Is being ground, to 85- 95 % for extremely fine cement products. It is
important for system efficiency that the minimum amount of material
of finished-product fineness is returned to the inlet. Modern
separators are capable of making a very precise size "cut" and
contribute significantly to the reduction of energy consumption, and
have the additional advantage that they cool both the product and the
returned material, thus minimizing over heating.

Efficient closed - circuit systems, because of their tight particle
size control, lead to cements with relatively narrow particle size
distributions ( i.e. for a given mean particle size, they have fewer
large and small particles ) . This is of advantage in that it maximizes
the strength-production potential the clinker, because large particles
are inert. As a rule of thumb, only the outer 7 p m "skin" of each
particle hydrates in concrete, so any particle over 14 p m diameter
always leaves an un - reacted core. However, the lack of ultra-fine
particles can be a disadvantage . These particles normally pack the

260



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

spaces between the larger particles in a cement paste, and if absent the
deficit is made up with extra water, leading to lower strength. This
can be remedied by including 5 % calcium carbonate in the cement:
this soft mineral produces adequate ultra - fines on the first pass
through the mill .

Typical mill power consumption for various degrees of fineness.
Actual values vary according to mill system efficiency and clinker
hardness.

5—-2—Clinker hardness :

The hardness of clinker is important for the energy cost of the
grinding process. It depends both on the clinker's mineral composition
and its thermal history. The easiest-ground clinker mineral is alite, so
high-alite clinkers reduce grinding costs, although they are more
expensive to make in the kiln. The toughest mineral is belite, because
it i1s harder, and is somewhat plastic, so that crystals tend to flatten
rather than shatter when impacted in the mill. The mode of burning of
the clinker is also important. Clinker rapidly burned at the minimum
temperature for combination, then rapidly cooled , contains small,
defective crystals that grind easily. These crystals are usually also
optimal for reactivity. On the other hand, long burning at excess
temperature, and slow cooling, lead to large, well - formed crystals
that are hard to grind and un - reactive. The effect of such a clinker
can be to double milling costs.
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6 - Roller mills :

These have been used for many years for the less exacting raw-
milling process, but recently roller mills, in combination with high-
efficiency separators, have been used for cement grinding. The
grinding action employs much greater stress on the material than in a
ball mill, and is therefore more efficient. Energy consumption is
typically half that of a ball mill. How ever, the narrowness of the
particle size distribution of the cement is problematic , and the
process has yet to receive wide acceptance.

7 — High - pressure roll presses :

These consist of a pair of rollers set 8 — 30 mm apart and
counter - rotating with surface speed around 0.9 - 1.8 m.s'. The
bearings of the rollers are designed to deliver a pressure of 50 M Pa or
more. The bed of material drawn between the rollers emerges as a
slab-like agglomeration of highly fractured particles. The energy
efficiency of this process is comparatively high. Systems have been
designed, including a de - agglomerator and separator, that will
deliver material of cement fineness. How ever, particle size
distribution is again a problem, and roll presses are now increasingly
popular as a "pre - grind"” process, with the cement finished in a single
chamber ball mill. This gives good cement performance, and reduces
energy consumption by 20 — 40 % compared with a standard ball mill
system.

8 - Capacity of cement mills :

The cement mills on a cement plant are usually sized for a
clinker consumption considerably greater than the output of the plant's
kilns. This is for two reasons:

. The mills are sized to cope with peaks in market
demand for cement. In temperate countries, the summer demand
for cement is usually much higher than that in winter. Excess
clinker produced in winter goes into storage in readiness for
summer demand peaks. For this reason, plants with highly
seasonal demand usually have very large clinker stores.

262



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

. Cement milling is the largest user of electric power
on a cement plant, and because they can easily be started and
stopped, it often pays to operate cement mills only during "off-
peak" periods when cheaper power is available. This is also
favorable for electricity producers, who can negotiate power
prices with major users in order to balance their generating
capacity over 24 hours. More sophisticated arrangements such
as "power shedding" are often employed. This consists of the
cement manufacturer shutting down the plant at short notice
when the power supplier expects a critical demand peak, in
return for favorable prices. Clearly, plenty of excess cement
milling capacity is needed in order to “"catch up" after such
interruptions.

9 - Control of product quality :

In addition to control of temperature ( mentioned above ) , the
main requirement is to obtain a consistent fineness of the product.
From the earliest times , fineness was measured by sieving the
cement. As cements have become finer, the use of sieves is less
applicable, but the amount retained on a 45 p m sieve is still
measured, usually by air-jet sieving or wet - sieving. The amount
passing this sieve ( typically 95 % in modern general - purpose
cements) is related to the overall strength - development potential of
the cement, because the larger particles are essentially un reactive.

The main measure of fineness today is specific surface. Because
cement particles react with water at their surface, the specific surface
area is directly related to the cement's initial reactivity. By adjusting
the fineness of grind, the manufacture can produce a range of
products from a single clinker. Tight control of fineness is necessary
in order to obtain cement with the desired consistent day - to - day
performance , so round - the - clock measurements are made on the
cement as it is produced, and mill feed - rates and separator settings
are adjusted to maintain constant specific surface .

A more comprehensive picture of fineness is given by particle
size analysis , yielding a measure of the amount of each size range
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present, from sub - micrometer upwards. This used to be mainly a
research tool, but with the advent of cheap, industrialized laser-
diffraction analyzers, its use for routine control is becoming more
frequent. This may take the form of a desk - top analyzer fed with
automatically gathered samples in a robotized laboratory, or,
increasingly commonly, instruments attached directly to the output
ducts of the mill. In either case, the results can be fed directly into the
mill control system, allowing complete automation of fineness
control.

In addition to fineness, added materials in the cement must be
controlled. In the case of gypsum addition, the material used is
frequently of variable quality, and it is normal practice to measure the
sulfate content of the cement regularly, typically by x-ray
fluorescence , using the results to adjust the gypsum feed rate. Again,
this process is often completely automated. Similar measurement and
control protocols are applied to other materials added, such as lime
stone , slag and fly - ash.
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Cement Render
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1 — Introduction :

Cement rendering is the application of a thin premixed surface
of sand , cement and lime plaster to brick , cement , stone or mud
brick . It is often textured, coloured or painted after application. It is
generally used on exterior walls but can be used to feature an interior
wall . Depending on the 'look' required, rendering can be fine or
coarse, textured or smooth, natural or coloured, pigmented or painted.

The cement rendering of brick, concrete and mud houses has
been used for centuries to improve the appearance (and sometimes
weather resistance) of exterior walls. It can be seen in different forms
all over southern Europe. Different countries have their own style and
traditional colours.

2 - Finishes :

Different finishes can be created by using different tools such as
trowels , sponges , or brushes . The art in traditional rendering is ,
( apart from getting the mix right ) , the appearance of the top coat.
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Different tradesmen will have different finishing styles and be able to
produce different textures and decorative effects. Some of these
special finishing effects may need to be created from a thin finishing
'top coat' or from a finishing wash.

3 - Acrylic rendering :

There are also a wide variety of premixed renders for different
situations. Some have a polymer additive to the traditional cement,
lime and sand mix for enhanced water resistance, flexibility and
adhesion.

Acrylic premixed renders have superior water resistance and
strength. They can be used on a wider variety of surfaces, including
concrete, cement blocks, and AAC concrete paneling . With the right
preparation, they can be used on smoother surfaces like cement
sheeting, new high tech polymer exterior cladding such as Uni-Base,
and expanded Polystyrene. A few of these require activation with
cement just prior to application.

Some of these premixed acrylic renders have a smoother
complexion than traditional renders. Others can even be sprayed on.
There are also a wide variety of acrylic bound pigmented 'designer’
finishing coats that can be applied over acrylic render. Depending
upon the product, they can be rolled , trowel led or sponged on. A
limited number can also be spayed on. Various finishes, patterns and
textures are possible such as sand, sandstone, marble, stone, stone
chip, lime wash or clay like finishes. There are stipple, glistening
finishes, and those with enhanced water resistance and anti fungal
properties. Acrylic renders take only 2 days to dry and cure - much
faster than the 28 days for traditional render.

4 - Traditional rendering :

To ensure adhesion, the surface to be rendered is initially hosed
off to ensure it is free of any dirt and loose particles . Old paint or old
render is scraped away . The surface is roughened to improve
adhesion. For large areas vertical battens are fixed to the wall every 1
to 1.5 meters , to keep the render flat and even .
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Cement render consists of 6 parts clean sharp fine sand, 1 part
cement and 1 part lime. The lime makes the render more workable
and reduces cracking when the render dries. Any general purpose
cement can be used. Various additives can be added to the mix for
increasing adhesion. Coarser sand is used as the base layer and
slightly finer sand for the top layer.
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Cement Tile
Contents
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. 5 Special considerations

1 — Introduction :

Cement tiles are hand-made, decorative, colorful tiles used
primarily as floor coverings. Floors or walls covered with these tiles
are noted for their multi-color patterns, durability and sophisticated-
look. These tiles are widely used in Latin America and Europe. Their
popularity spread to the US, primarily in California and Florida
through the 1930s and 40s.

Although sometimes mistakenly called encaustic tile, which
refers to kiln-fired clay tile or commonly used ceramic tiles that have
been placed in a kiln and heated. Cement tiles are not fired and derive
their durability from the combination of finely dehydrated ground
Portland cement layer and a more course layer of sand and Portland
cement. The pigment layer is hydraulically pressed into the surface
and becomes a part of the tile, not a glaze or paint layer on the surface
of the tile.

Depending on the locale, cement tiles are called by many names
including: hydraulic cement tiles, mosaic tiles, encaustic cement tiles,
mosaico hidraulicos , hydraulic tiles , ladrilhos hidraulicos , carreaux
de ciments, Spanish mission tiles, Redondo tile, baldosas hidraulicas |,
hidraulicos antiguos, ladrilho de agua, baldosas decoradas, hidraulicas
de cement .v

The tile’s colorful patterns, durability and versatility have been
attracting the attention of architects and designers for large
commercial projects such as restaurants and hotels. Private
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homebuilders and “do it yourself” home improvement consumers
have driven a growing segment of the cement tile market.

2 — History :

Originally decorative tiles, known as encaustic tiles, were
prepared from a pigmented clay base then heated or fired in a kiln.
Tiles made by this method were very popular and can still be seen
widely in Europe , Latin America and the US .

Following the discovery of Portland cement and development of
hydraulic presses, cement tile, as we know them today is prepared
without the use of clay or heating .

Cement tile appeared in the late 19th century in the south of
France. Several sources say the first tiles were made near the
country's first Portland cement plant. Around the turn of the 20th
century, the tiles were very popular in the United States and were
considered high - end floor covering. It was used in thousands of
landmark public buildings and palaces. Their popularity began to
wane in the U.S. sometime between the 1920s and ’30s and only
started making a comeback in the 1980s and *90s.

3 - Manufacture and quality :

Cement tiles are made by hand, one at a time using a mold,
mineral pigments, Portland cement and fine aggregate with a manual
or electronic hydraulic press. There is no glaze or kiln. Cement tiles
are cured by water and air only — just like ordinary cement.

The metal mold, containing the desired pattern is hand-made
from specific design drawings. The pigment composition is a mixture
of high quality white Portland cement, marble powder , fine sand ,
and natural mineral color pigments.

Hand made cement tiles are each unique and are expected to
have slight imperfections, which give them character and depth.

There are numerous cement tile manufacturers worldwide with
the exception of the US. Presently there are no known cement tile
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manufacturers located in the US however there are several importers
and distributors.

In general, the primary difference between manufacturers is the
hydraulic method used in the production. Many small companies
employ a hand - operated, manual hydraulic press in the process. The
quality of these tiles varies due to inconsistent pressure , which affects
the cement layers and attachment of the pigment layer.

Larger, modern manufacturers use electric - powered hydraulic
presses that produce a consistently higher quality product. The higher
pressure ( 1,500 PSI) permits a thicker pigment layer to be embedded
in the cement layer, which produces a tile with a longer life span. The
pigment layer is recommended to be 3 — 4 mm thick.

Another difference in manufacturers is the content of the
pigments used. High quality producers use mineral-based pigments
only. Non-mineral based pigments fade with age and normal wear.
Another consideration is curing. Improper curing reduces quality. Tile
should be cured for 2— 4 weeks before installation.

4 - Uses and applications :

Cement tiles are widely used around the world in residences and
commercial buildings and they are experiencing a revival in the US,
Architects and interior decorators find cement a versatile product. The
vibrant colors and ornate designs provide elements reminiscent of
Renaissance floors. The durability of cement tiles for use in public
areas is gaining popularity.

Cement tiles can be applied to concrete surfaces, any common
underlayment, magnesium oxide wallboard or any appropriate
surface.

5 - Special considerations :

Installation of cement tiles is different than installing ceramic
tiles.
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. Cement tiles are normally seated with butt joints —
without spacers. A small space between tiles will be visible and
will require a grout mixture (unsanded) applied. Spacers to
produce a larger grout line may be used, if so, sanded grout may
be used.

. Prior to use each tile should be submerged in water
and allow to stand 10 — 15 minutes before placement . It
prevents the tiles from absorbing moisture from the thin - set too
quickly and results in poor adherence to the surface and the tile.

. Sealing cement tile is not required prior to grouting;
however, to prevent any stain from a colored grout sealing the
tile is a good idea.

. Cement tiles are easily cared for wash with mild
detergent and water. Avoid scrubbing with abrasives that can
remove the finish and damage the pigment layer of the tile.
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Cementing Equipment
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. 1 Introduction

. 2 Centralizers , Turbolizers and Scratchers
. 3 Float Shoe

. 4 Float Collar

. 5 Stage Collar

1 — Introduction :

Cementing Equipment includes various items used while
drilling oil / gas / water wells .

Casing will be installed at various depths while drilling. It is
held in place by cement, which also provides zone isolation. Down-
hole equipment such as Centralizers and Turbolizers is used to ensure
obtaining satisfactory zone isolation. Float Shoes and Collars ( float
valves ) prevent backflow after the cement has been pumped into
place.

2 — Centralizers, Turbolizers and Scratchers :

Devices fitted with hinged collars and bow springs help keep the
casing or liner in the center of the wellbore to help ensure efficient
placement of a cement sheath around the casing string. If casing
strings are cemented off - center, there is a high risk that a channel of
drilling fluid or contaminated cement will be left where the casing
contacts the formation, creating an imperfect seal .

Turbolizers have added fins to "stir" up the drilling fluid and
cement to keep the flow turbulent in order to make sure the cement
flows all the way around the casing in order to prevent channeling.

Scratchers use metal wires to scrape mud cake off permeable
zones to help obtain a solid cement column .
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3 - Float Shoe :

A rounded profile float shoe with an integral check valve
attached to the bottom of a casing string prevents reverse flow, or U -
tubing, of cement slurry from the annulus into the casing or flow of
wellbore fluids into the casing string as it is run. The float shoe also
guides the casing toward the center of the hole to minimize hitting
rock ledges or washouts as the casing is run into the wellbore. By
“floating” casing in, hook weight is reduced. With controlled or
partial fill-up as the string is run, the casing string can be floated into
position, precluding the need for the rig to carry the entire weight of
the casing string. The outer portions of the float shoe are made of
steel and generally match the casing size and threads, although not
necessarily the casing grade. The inside ( including the external taper
) is usually made of cement or thermoplastic, since this material must
be drilled out if the well is to be deepened beyond the casing point .

Guide shoes are a variant of a float shoe without a check valve.
4 - Float Collar :

A float collar is installed near the bottom of the casing string.
Cement plugs land on it during the primary cementing operation, thus
retaining inside the casing a small portion of the cement slurry that
may have become contaminated as the top plug scrapes the inside of
the casing. It is similar to a float shoe; often both are used for
redundancy. The internal check valves may be flapper type or spring-
loaded balls.

The check-valve assembly fixed within the float collar prevents
flow back of the cement slurry when pumping is stopped. Without a
float collar or float shoe, the cement slurry placed in the annulus
could U - tube, or reverse flow back into the casing. The greater
density of cement slurries than the displacement mud inside the
casing causes the U - tube effect.
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5 - Stage Collar:

Stage Collars provide a means for cement slurry to be displaced
higher in the annulus immediately following the primary cement job.
A series of differently sized rubber plugs pumped down inside the
casing open and then later close the sliding valves.
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Ceramics of Chinese

Ming covered red jar with dragon and sea design from the Jiajing
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° 3.8 Qingbai wares
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° 7.1 Early wares
o 7.2 Han (202 BC to 220 AD)
° 7.3 Three Kingdoms, Jin, Southern and Northern
Dynasties, Sui ( 220 to 618)
o 7.4 Tang ( 618 to 906 AD )
o 7.5 Song (960 to 1279 AD)
o 7.6 Yuan (1279 to 1368 AD)
o 7.7 Ming (1368 to 1644 AD )
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° 7.9 Republic and People's Republic ( 1912, to date)

1 — Introduction :

Chinese Ceramic Ware shows a continuous development since
the pre-dynastic periods, and is one of the most significant forms of
Chinese art. China is richly endowed with the raw materials needed
for making ceramics. The first types of ceramics were made during
the Paleolithic era . Chinese Ceramics range from construction
materials such as bricks and tiles, to hand - built pottery vessels fired
in bonfires or kilns, to the sophisticated Chinese porcelain wares
made for the imperial court. Porcelain is also occasionally called
"china" in English.
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1-1- Terminology and Categories ;

A gingbai porcelain vase"',mbrowl , and mod%l of a granary with
transparent blue - toned glaze , from the period of the Song Dynasty
(960 - 1279 AD) .

Porcelain "it is a collective term comprising all ceramic ware
that is white and translucent, no matter what ingredients are used to
make it or to what use it is put "™ The Chinese tradition recognizes two
primary categories of ceramics, high - fired and low - fired . The
oldest Chinese dictionaries define porcelain as "fine, compact
pottery". Chinese ceramic wares can also classified as being either
northern or southern. Present-day China comprises two separate and
geologically different land masses, brought together by the action of
continental drift and forming a junction that lies between the Yellow
river and the Yangtze river. The contrasting geology of the north and
south led to differences in the raw materials available for making
ceramics.

The name "china" came from the transliteration of Changnan ,
which was the old name for the porcelain town of today's Jingdezhen
(Jingde Town). During the Tang Dynasty (618-907), people combined
the advantages of celadon from the southern Yue kiln and white
porcelains from the northern Xing kiln with the high-quality earth of
the Gaoling Mountain in Changnan Town to produce a kind of white
& green porcelain. This porcelain was smooth and bright, and hence
earned another name of artificial jade. It became famous both in
China and elsewhere and was exported to Europe in large quantities
since people there did not know how to make porcelain before the
18th century.
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1-2- Materials:

Chinese porcelain is mainly made by a combination of the
following materials:

. Kaolin - essential ingredient composed largely of the
clay mineral kaolinite.

. Pottery stone - are decomposed micaceous or
feldspar rocks, historically also known as petunse.

. Feldspar

. Quartz

A black pottery cooking cauldron from the Hemudu culture (c. 5000
—¢. 3000 BC)

2 - Technical developments

In the context of Chinese ceramics, the term porcelain lacks a
universally accepted definition. This in turn has led to confusion
about when the first Chinese porcelain was made. Claims have been
made for the late Eastern Han period ( 100 to 200 AD ) , the Three
Kingdoms period ( 220 to 280 AD ) , the Six Dynasties period ( 220
to 589 AD ), and the Tang Dynasty (618 to 906 AD ) .

2—-1-Early wares :

The Proceedings of the National Academy of Sciences in 2009
reports that pottery that dates back to 18,000 years ago in the
Yuchanyan Cave in southern China has been found, making it among
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the earliest pottery yet found . Fragments of pottery vessels dating
from around 9000 BC found at the Xianrendong ( Spirit Cave ) site ,
Wannian County, in the province of Jiangxi represent some of the
earliest known Chinese ceramics. The wares were hand-made by
coiling and fired in bon fires . Decorations include impressed cord
marks, and features produced by stamping and by piercing.

The Xianrendong site was occupied from about 9000 BC to
about 4000 BC. During this period two types of pottery were made.
The first consisted of coarse-bodied wares possibly intended for
everyday use. The second being finer, thinner-bodied wares possibly
intended for ritual use or special occasions. There is archaeological
evidence suggesting that both types of wares were produced at the
same time at some point.

Painted pottery pot with raised reliefs of dragons and phoenixes,
Western Han Dynasty (202 BC -9 AD)

2 —2-Han dynasty, 202 BC - 220 AD :

Some experts believe the first true porcelain was made in the
province of Zhejiang during the Eastern Han period. Shards recovered
from archaeological Eastern Han kiln sites estimated firing
temperature ranged from 1260 to 1300 °C . As far back as 1000 BC,
the so - called "Porcelaneous wares" or "proto-porcelain wares" were
made using at least some kaolin fired at high temperatures. The
dividing line between the two and true porcelain wares is not a clear
one. Archaeological finds have pushed the dates to as early as the Han
Dynasty (206 BC — 220 AD ).
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The late Han years saw the early development of the peculiar art
form of hunping, or "soul jar": a funerary jar whose top was decorated
by a sculptural composition. This type vessels became widespread
during the following Jin Dynasty and the Six Dynasties .

2 — 3 - Suiand Tang dynasties, 581 — 907 :

During the Sui and Tang periods ( 81 to 907 ) a wide range of
ceramics, low-fired and high-fired, were produced. These included the
well-known Tang lead-glazed sancai (three-colour) wares, the high-
firing, lime-glazed Yue celadon wares and low-fired wares from
Changsha. In northern China, high-fired, translucent porcelains were
made at kilns in the provinces of Henan and Hebei.

A sancai glazed dish from the late 7th or early 8th century , Tang
Dynasty (618 —907)

One of the first mentions of porcelain by a foreigner was in the
Chain of Chronicles written by the Arabian traveler and merchant
Suleiman in 851 AD during the Tang Dynasty who recorded that :

They have in China a very fine clay with which they make vases
which are as transparent as glass; water is seen through them. The
vases are made of clay.

The Arabs were aware of the materials necessary to create glass
ware, and he was certain that the porcelain that he saw was not the
usual glass material.

2 —4 - Song and Yuan dynasties , 960 - 1368

The city of Jingdezhen ( also Jingde Zhen ) has been a central
place of production since the early Han Dynasty. In 1004, Jingde
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established the city as the main production hub for Imperial porcelain.
During the Song and Yuan dynasties, porcelain made in the city and
other southern China kiln sites used crushed and refined pottery
stones alone.

Goldfish Vase, reign of the Jiajing Emperor (1521- 67 ); Porcelain ;
Paris, Musée Guimet 261101

2 —5- Ming dynasty, 1368 — 1644 :

The Ming Dynasty saw an extraordinary period of innovation in
ceramic manufacture. Kilns investigated new techniques in design and
shapes, showing a predilection for colour and painted design, and an
openness to foreign forms . The Yongle Emperor ( 1402 — 24 ) was
especially curious about other countries (as evidenced by his support
of the eunuch Zheng He's extended exploration of the Indian Ocean),
and enjoyed unusual shapes, many inspired by Islamic metal work ,
During the Xuande reign ( 1425 — 35 ) , a technical refinement was
introduced in the preparation of the cobalt used for underglaze blue
decoration. Prior to this the cobalt had been brilliant in colour, but
with a tendency to bleed in firing; by adding a manganese the colour
was duller, but the line crisper. Xuande porcelain is now considered
among the finest of all Ming output . Enamelled decoration (such as
the one at left ) was perfected under the Chenghua Emperor (1464 —
87 ) , and greatly prized by later collectors . Indeed by the late
sixteenth century, Chenghua and Xuande era works — especially wine
cups — had grown so much in popularity, that their prices nearly
matched genuine antique wares of Song or even older. This esteem
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for relatively recent ceramics excited much scorn on the part of literati
scholars ( such as Wen Zhenheng, Tu Long, and Gao Lian, who is
cited below ) ; these men fancied themselves arbiters of taste and
found the painted aesthetic 'vulgar '.

In addition to these decorative innovations, the late Ming period
underwent a dramatic shift towards a market economy , exporting
porcelain around the world on an unprecedented scale. Thus aside
from supplying porcelain for domestic use, the kilns at Jingdezhen
became the main production centre for large - scale porcelain exports
to Europe starting with the reign of the Wanli Emperor 1572 — 1620 .
By this time, kaolin and pottery stone were mixed in about equal
proportions. Kaolin produced wares of great strength when added to
the paste; it also enhanced the whiteness of the body - a trait that
became a much sought after property, especially when form blue-and-
white wares grew in popularity. Pottery stone could be fired at a lower
temperature (1250 °C) than paste mixed with kaolin, which required
1350 °C. These sorts of variations were important to keep in mind
because the large southern egg-shaped kiln varied greatly in
temperature. Near the firebox it was hottest; near the chimney, at the
opposite end of the kiln, it was cooler.

Yellow - glazed brush - holder , "Chen Guo Zhi" mark; Jingdezhen
Daoguang reign, (1821-50) ; Shanghai Museum

2 —6 - Qing dynasty , 1644 - 1911

Primary source material on Qing Dynasty porcelain is available
from both foreign residents and domestic authors. Two letters written
by Pere Francois Xavier d' Entrecolles , a Jesuit missionary and

282



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

industrial spy who lived and worked in Jingdezhen in the early
eighteenth century, described in detail manufacturing of porcelain in
the city . In his first letter dated 1712, d'Entrecolles described the way
in which pottery stones were crushed, refined and formed into little
white bricks, known in Chinese as petuntse. He then went on to
describe the refining of china clay kaolin along with the
developmental stages of glazing and firing. He explained his motives :

Nothing but my curiosity could ever have prompted me to such
researches, but it appears to me that a minute description of all that
concerns this kind of work might, be useful in Europe.

In 1743, during the reign of the Qianlong Emperor , Tang Ying,
the imperial supervisor in the city produced a memoir entitled
"Twenty illustrations of the manufacture of porcelain.” Unfortunately,
the original illustrations have been lost, but the text of the memoir is
still accessible .

3 - Types of Chinese porcelain wares :

Tang Dynasty (618 — 907 ) sancai horse at the Shanghai Museum
3 —1- Tang Sancai burial wares :

Sancai means three - colours. However, the colours of the
glazes used to decorate the wares of the Tang dynasty were not
limited to three in number. In the West, Tang sancai wares were some
times referred to as egg-and-spinach by dealers for the use of green,
yellow and white. Though the latter of the two colours might be more
properly described as amber and off - white / cream.
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Sancai wares were northern wares made using white and buff-
firing secondary kaolins and fire clays . At kiln sites located at
Tongchuan, Neiqui county in Hebei and Gongxian in Henan , the
clays used for burial wares were similar to those used by Tang potters.
The burial wares were fired at a lower temperature than
contemporaneous white wares . Burial wares, such as the well -
known representations of camels and horses, were cast in sections, in
moulds with the parts luted together using clay slip. In some cases, a
degree of individuality was imparted to the assembled figurines by
hand - carving.

3—-2-Jianteawares:

Jian black wares, mainly comprising tea wares, were made at
kilns located in Jianyang of Fujian province. They reached the peak of
their popularity during the Song dynasty. The wares were made using
locally-won, iron-rich clays and fired in an oxidizing atmosphere at
temperatures in the region of 1300 °C. The glaze was made using clay
similar to that used for forming the body, except fluxed with wood-
ash. At high temperatures the molten glaze separate to produce a
pattern called hare's fur. When Jian wares were set tilted for firing,
drips run down the side, creating evidence of liquid glaze pooling.

Jian tea bowl Song Dynasty, (960 —1279)

The hare's fur Jian tea bowl illustrated in the Metropolitan
Museum of Art in New York was made during the Song dynasty ( 960
to 1279 AD ) and exhibits the typical pooling, or thickening, of the
glaze near the bottom. The hare's fur patterning in the glaze of this
bowl resulted from the random effect of phase separation during early
cooling in the kiln and is unique to this bowl. This phase separation in
the iron - rich glazes of Chinese black wares was also used to produce
the well - known oil-spot, teadust and partridge-feather glaze effects.
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No two bowls have identical patterning. The bowl also has a dark
brown iron-foot which is typical of this style. It would have been
fired, probably with several thousand other pieces, each in its own
stackable saggar, in a single - firing in a large dragon kiln . One such
kiln, built on the side of a steep hill, was almost 150 meters in length,
though most Jian dragon kilns were fewer than 100 metres in length.

An 11th century resident of Fujian wrote :

Tea is of light colour and looks best in black cups. The cups
made at Jianyang are bluish-black in colour, marked like the fur of a
hare. Being of rather thick fabric they retain the heat, so that when
once warmed through they cool very slowly, and they are additionally
valued on this account. None of the cups produced at other places can
rival these. Blue and white cups are not used by those who give tea -
tasting parties.

At the time, tea was prepared by whisking powdered leaves that
had been pressed into dried cakes together with hot water, (somewhat
akin to matcha in Japanese Tea Ceremony). The water added to this
powder produced a white froth that would stand out better against a
dark bowl. Tastes in preparation changed during the Ming dynasty;
the Hongwu Emperor himself preferred leaves to powdered cakes,
and would accept only leaf tea as tribute from tea-producing regions.
Leaf tea, in contrast to powdered tea, was prepared by steeping whole
leaves in boiling water - a process that led to the invention of the
teapot and subsequent popularity of Yixing wares over the dark tea
bowls . Jian tea wares of the Song dynasty were also greatly
appreciated and copied in Japan, where they were known as tenmoku
wares.

White Glazed Ding Ware Bowl with Incised Design Northern Song
Dynasty (11th-12th Century ) ; Porcelain , Musée Guimet 2418
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3-3-Ding ware :

Ding (Wade-Giles: Ting) ware was produced in Ding Xian
(modern Chu-yang), Hebei Province, slightly south - west of Beijing.
Already in production when the Song emperors came to power in 940,
Ding ware was the finest porcelain produced in northern China at the
time, and was the first to enter the palace for official imperial use. Its
paste is white, generally covered with an almost transparent glaze that
dripped and collected in "tears," (though some Ding ware was glazed
a monochrome black or brown, white was the much more common
type). Overall, the Ding aesthetic relied more on its elegant shape than
ostentatious decoration; designs were understated, either incised or
stamped into the clay prior to glazing. Due to the way the dishes were
stacked in the kiln, the edged remained unglazed, and had to be
rimmed in metal such as gold or silver when used as tableware. Some
hundred years later, a Southern Song era writer commented that it was
this defect that led to its demise as favoured imperial ware.!” Since
the Song court lost access to these northern kilns when they fled
south, it has been argued that Qingbai ware (see below) was viewed as
a replacement for Ding .

Although not as highly ranked as Ru ware, the late Ming
connoisseur Gao Lian awards Ding ware a brief mention in his
volume Eight Discourses on the Art of Living. Classified under his
sixth discourse, the section on “pure enjoyment of cultured idleness,”
Master Gao says :

"The best sort has marks on it like tear-stains... Great skill and
ingenuity is displayed in selecting the forms of the vessels..."

Ru Ware Bowl Stand, Chinese, Early 12th Century; Buff stone ware,
with crackled light bluish green glaze, and a copper edge
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3-4-Ruware :

Like Ding ware , Ru ( Wade — Giles : ju ) was produced in
North China for imperial use. The Ru kilns were near the Northern
Song capital at Kaifeng. In similar fashion to Longquan celadons, Ru
pieces have small amounts of iron in their glaze that oxidize and turn
greenish when fired in a reducing atmosphere. Ru wares range in
colour — from nearly white to a deep robin's egg—and often are
covered with reddish - brown crackles. The crackles, or "crazing," are
caused when the glaze cools and contracts faster than the body, thus
having to stretch and ultimately to split, (as seen in the detail at right;
see also ) . The art historian James Watt comments that the Song
dynasty was the first period that viewed crazing as a merit rather than
a defect. Moreover, as time went on, the bodies got thinner and
thinner, while glazes got thicker, until by the end of the Southern
Song the 'green-glaze' was thicker than the body, making it extremely
‘fleshy' rather than 'bony,’ to use the traditional analogy (see section
on Guan ware, below). Too, the glaze tends to drip and pool slightly,
leaving it thinner at the top, where the clay peeps through.

Ru Ware Bowl Stand detall of crazing

As with Ding ware, the Song imperial court lost access to the Ru
kilns after it fled Kaifeng when the Jin invaded, and settled at Lin'an
in Hangzhou, towards the south. There the Emperor Gaozong founded
the Guan yao ( 'official kilns' ) right outside the new capital in order
to produce imitations of Ru ware . How ever , posterity has
remembered Ru ware as some thing unmatched by later attempts;
Master Gao says, "Compared with Guan yao, the above were of finer
substance and more brilliant luster "
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Bulb Bowl with Scalloped Rim, Northern Song Dynasty ( 960 — 1127 )
Stoneware; Asian Art Museum, San Francisco ,

3-5-Junware :

Jun ( Wade - Giles : chiin ) ware was a third style of porcelain
used at the Northern Song court. Characterized by a thicker body than
Ding or Ru ware, Jun is covered with a turquoise and purple glaze, so
thick and viscous looking that it almost seems to be melting off its
substantial golden b- brown body. Not only are Jun vessels more
thickly potted, their shape is much more robust than the fine Jun
pieces, yet both types were appreciated at court of Emperor Huizong.
Jun production was centered at Jun-tai in Yuzhou city, Henan
Province.

3 —-6-Guan ware :

Guan ( Wade - Giles: kuan ) ware , literally means "official"
ware; so certain Ru, Jun, and even Ding could be considered Guan in
the broad sense of being produced for the court. Strictly speaking,
however, the term only applies to that produced by an official,
imperially - run kiln, which did not start until the Southern Song fled
the advancing Jin and settled at Lin‘an. It was during this period that
walls become so thin and glaze so thick that the latter superseded the
former in breadth. As the clay in the foothills around Lin'an, was a
brownish colour, and the glaze so viscus, ‘’Guan’> ware became
known for its "brown mouth" (sometimes translated as "purple"),
indicating the top rim or a vessel where the glaze is thinner and the
body shows through . Guan ceramics have been much admired over
the years, and very subject to copy . Indeed Gao Lain spends the
greatest part of his commentary on describing Guan and its partner Ge
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ware , as though that were the most troublesome, least easily
identified type of pottery.

3-7-Geware:

Ge ( Wade - Giles : ko ) , literally means 'big-brother' ware,
because legend has it that of two brothers working in Longguan, one
made the typical celadon style ceramics, but the elder made ge ware,
produced in his private kiln. Ming commentator, Gao Lian claims that
the ge kiln took its clay from the same site as Guan ware, which is
what accounts for the difficulty in distinguishing one from the other
(though Gao thinks "Ge is distinctly inferior* to Guan) . Over all , Ge
remains some what elusive, but basically comprises two types—one
with a ‘warm rice-yellow glaze and two sets of crackles, a more
prominent set of darker colour interspersed with a finer set of reddish
lines (called chin-ssu t’ieh - hsien or ‘golden floss and iron threads’,
which can just faintly be detected on this bowl : ). The other Ge ware
Is much like Guan ware, with grayish glaze and one set of crackles.
Once thought to have only been manufactured alongside Longquan
celadon, per its legendary founding, Ge is now believed to have also
been produced at Jingdezhen.

While similar to Guan ware , Ge typically has a grayish-blue
glaze that is fully opaque with an almost matte finish (as seen on this
bottle in the Asian Art Museum ) . Its crackle pattern is exaggerated,
often standing out in bold black. Though still shrouded in mystery,
many specialists believe that Ge ware did not develop until the very
late Southern Song or even the Yuan. In any case, enthusiasm for it
persisted throughout the Ming; Wen Zhenheng preferred it to all other
types of porcelain, in particular for brush washers and water droppers
(although he preferred jade brush washers to porcelain, Guan and Ge
were the best ceramic ones, especially if they have scalloped rims).
Differences between later Ming imitations of Song/Yuan Ge include:
Ming versions substitute a white porcelain body; they tend to be
produced in a range of new shapes, for example those for the scholar's
studio; glazes tend to be thinner and more lustrous; and slip is applied
to the rim and base to simulate the "brown mouth and iron foot" of
Guan ware.
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3 -8 - Qingbai wares :

Song Dynasty gingbai bowl

Qingbai wares ( also called 'yingging' ) were made at
Jingdezhen and at many other southern kilns from the time of the
Northern Song Dynasty until they were eclipsed in the 14th century
by under glaze - decorated blue and white wares. Qingbai in Chinese
literally means "clear blue-white". The gingbai glaze is a porcelain
glaze, so-called because it was made using pottery stone. The gingbai
glaze is clear, but contains iron in small amounts. When applied over
a white porcelain body the glaze produces a greenish-blue colour that
gives the glaze its name. Some have incised or moulded decorations.

The Song dynasty gingbai bowl illustrated was likely made at
the Jingdezhen village of Hutian , which was also the site of the
Imperial kilns established in 1004 . The bowl has incised decoration,
possibly representing clouds or the reflection of clouds in the water.
The body is white , translucent and has the texture of very - fine
sugar, indicating that it was made using crushed and refined pottery
stone instead of pottery stone and kaolin. The glaze and the body of
the bowl would have been fired together, in a saggar, possibly in a
large wood - burning dragon - kiln or climbing - kiln, typical of
southern kilns in the period.

Though many Song and Yuan gingbai bowls were fired upside
down in special segmented saggars , a technique first developed at the
Ding kilns in Hebei province. The rims of such wares were left
unglazed but were often bound with bands of silver, copper or lead .
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One remarkable example of gingbai porcelain is the so - called
Fonthill Vase, described in a guide for Fonthill Abbey published in
1823

"...an oriental china bottle, superbly mounted, said to be the
earliest known specimen of porcelain introduced into Europe”

The vase was made at Jingdezhen, probably around 1300 and
was sent as a present to Pope Benedict XII by one of the last Yuan
emperors of China, in 1338. The mounts referred to in the 1823
description were of enameled silver - gilt and were added to the vase
in Europe in 1381. An 18th century water colour of the vase complete
with its mounts exists, but the mounts themselves were removed and
lost in the 19th century. The vase is now in the National Museum of
Ireland. It is often held that gingbai wares were not subject to the
higher standards and regulations of the other porcelain wares, since
they were made for everyday use. They were mass-produced, and
received little attention from scholars and antiquarians. The Fonthill
Vase, given by a Chinese emperor to a pope, might appear to cast at
least some doubt on this view.

3 -9 - Blue and white wares

Kangxi period (1662 to 1722) blue and white porcelain tea caddy

Following in the tradition of earlier gingbai porcelains, blue and
white wares are glazed using a transparent porcelain glaze. The blue
decoration is painted onto the body of the porcelain before glazing,
using very finely ground cobalt oxide mixed with water. After the
decoration has been applied the pieces are glazed and fired.
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It is believed that under glaze blue and white porcelain was first
made in the Tang Dynasty. Only three complete pieces of Tang blue
and white porcelain are known to exist ( in Singapore from
Indonesian Belitung shipwreck ) , but shards dating to the 8th or 9th
century have been unearthed at Yangzhou in the Jiangsu province. It
has been suggested that the shards originated from a kiln in the
province of Henan. In 1957, excavations at the site of a pagoda in the
province Zhejiang uncovered a Northern Song bowl decorated with
under glaze blue and further fragments have since been discovered at
the same site. In 1970, a small fragment of a blue and white bowil,
again dated to the 11th century, was also excavated in the province of
Zhejiang.

In 1975, shards decorated with under glaze blue were excavated
at a kiln site in Jiangxi and, in the same year, an under glaze blue and
white urn was excavated from a tomb dated to 1319, in the province
of Jiangsu. It is of interest to note that a Yuan funerary urn decorated
with underglaze blue and under glaze red and dated 1338 is still in the
Chinese taste, even though by this time the large-scale production of
blue and white porcelain in the Yuan, Mongol taste had started its
influence at Jingdezhen.

Starting early in the 14th century, blue and white porcelain
rapidly became the main product of Jingdezhen, reaching the height
of its technical excellence during the later years of the reign of the
Kangxi Emperor and continuing in present times to be an important
product of the city.

The tea caddy illustrated shows many of the characteristics of
blue and white porcelain produced during the Kangxi period. The
translucent body showing through the clear glaze is of great whiteness
and the cobalt decoration, applied in many layers, has a fine blue hue.
The decoration, a sage in a landscape of lakes and mountains with
blazed rocks is typical of the period. The piece would have been fired
in a saggar ( a lidded ceramic box intended to protect the piece from
kiln debris, smoke and cinders during firing ) in a reducing
atmosphere in a wood - burning egg - shaped kiln, at a temperature
approaching 1350 °C .
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Distinctive blue — and - white porcelain was exported to Japan
where it is known as Tenkei blue-and-white ware or ko sometsukei.
This ware is thought to have been especially ordered by tea masters
for Japanese ceremony.

3-10 - Blanc de Chine :

Blanc de Chine is a type of white porcelain made at Dehua in
the Fujian province. It has been produced from the Ming Dynasty
(1368 — 1644 ) to the present day. Large quantities arrived in Europe
as Chinese Export Porcelain in the early 18th century and it was
copied at Meissen and else where . The area along the Fujian coast
was traditionally one of the main ceramic exporting centers. Over one
- hundred and eighty kiln sites have been identified extending in
historical range from the Song period to present.

Tripod Early 17th century, Nantoyoso Collection, Japan
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From the Ming period porcelain objects were manufactured that
achieved a fusion of glaze and body traditionally referred to as "ivory
white" and "milk white." The special characteristic of Dehua
porcelain is the very small amount of iron oxide in it, allowing it to be
fired in an oxidizing atmosphere to a warm white or pale ivory colour.

The porcelain body is not very plastic but vessel forms have
been made from it. Donnelly, (1969, pp.xi-xii) lists the following
types of product: figures, boxes, vases and jars, cups and bowls,
fishes, lamps, cup-stands, censers and flowerpots, animals, brush
holders, wine and teapots, Buddhist and Taoist figures, secular figures
and puppets. There was a large output of figures, especially religious
figures, e.g. Guanyin, Maitreya, Lohan and Ta-mo figures.

The numerous Dehua porcelain factories today make figures and
tableware in modern styles. During the Cultural Revolution "Dehua
artisans applied their very best skills to produce immaculate statuettes
of the Great Leader and the heroes of the revolution. Portraits of the
stars of the new proletarian opera in their most famous roles were
produced on a truly massive scale " Mao Zedong figures later fell out
of favour but have been revived for foreign collectors.

Notable artists in blanc de Chine, such as the late Ming period
He Chaozong, signed their creations with their seals. Wares include
crisply modeled figures, cups, bowls and joss stick-holders.

Many of the best examples of blanc de Chine are found in Japan
where the white variety was termed hakugorai or "Korean white", a
term often found in tea ceremony circles. The British Museum in
London has a large number of blanc de Chine pieces, having received
as a gift in 1980 the entire collection of P.J.Donnelly .

3 —11 - Classification by colour , Famille :

Commonly used French terms for ‘families’, or palettes of
enamel colours used on Chinese porcelain. Famille jaune , noirev,
rose, verte are terms used to classify Chinese porcelain by its colour
palette.
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3-11-1-Famille verte :

T 2
Saint-Cloud soft porcelain spitting bowl, "Famille verte™, 1730 -1740

Famille verte ( Kangxi wuca i, also , Susancai ) , adopted in
the Kangxi ( 1662 — 1722 ), uses green and iron red with other over
glaze colours. It developed from the Wucai ("Five colors") style.

Wucai plate for
exportation , Kangxi
period, circa 1680

Wucai plate for
exportation, Kangxi
period, circa 1680
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Wucai vase, Shunzhi
period circa

1650 -1660

3-11-2 - Famille jaune :

Famille jaune is a variation using famille verte enamels on a

yellow ground.

3-11-3 - Famille noire :

Famille noire ( Chinese : Modi susancai ) uses a black ground
( although some clobbered wares had the black added in the 19th

century) .
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3-11-4-Famille rose :

Delftware plate , faience , Famille Rose , 1760 - 1780

LR O o

Famille rose (known in Chinese as Fencai or Ruancai |,
simplified ) , meaning 'soft colours' , and later as Yangcai , meaning
‘foreign colours') was introduced during the reign of Kangxi ( 1654 —
1722 ) , possibly around 1720. It used mainly pink or purple and
remained popular throughout the 18th and the 19th centuries.

Famille rose enamel ware allows a greater range of colour and
tone than was previously possible, enabling the depiction of more
complex images, including flowers, figures and insects.

It is made by drawing a sketch on the shaped clay, which is then
covered with 'glassy white' (bo li bai), an opagque white enamel (lead
arsenate), and painted in detail with the mixture of pigment and oil,
before firing.

Saint-Cloud soft paste Jingdezhen soft paste porcelain
porcelain flower holder, flower holder, "Famille Rose",
“Famille Rose”, 1730 -1740 | 1736 — 1796 Qianlong period
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4 - Stone ware :
4 —1-Yixing ware :

Early pots were designed for travel use hence you will see the
simple classical look of the pots produced during the Ming Dynasty.
Most tea drinking enthusiast will have one teapot for travel use, these
tend to be less expensive and compact in design. It was not until
during the mid - Qing Dynasty ( 18 th century ) that tea connoisseurs
started to use the pot at home and the artisan begin to form them into
different shape and sizes. Many exotic forms were conceived. Vessels
were decorated with poetic inscriptions , calligraphy, paintings and
seals were incised onto the surface of the teapots.

The term "yixing clay" is often used as an umbrella term to
describe several distinct types of clay used to make stoneware :

. Zisha or Zini or; literally, "purple sand/clay"” : this
stoneware has a purple-red-brown color

. Zhushaor Zhuni or ; literally, "cinnabar sand/clay" :
reddish brown stoneware with a very high iron content. The
name only refers to the sometimes bright red hue of cinnabar ;
pinyin: zhiisha . Due to the increasing demand for Yixing
stoneware, zhuni is now in very limited quantities. Zhuni clay is
not to be confused with hongni ( literally, "red clay", another red
clay.

. Duanni literally, "fortified clay": stone ware that
was formulated using various stones and minerals in addition to
zini or zhuni clay. This results in various textures and colours,
ranging from beige, blue , and green, to black.

5 - Fakes and reproductions :

Italian pottery of the mid-15th century shows | Kangxi reTg:n mark on
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heavy influences from Chinese ceramics. A a piece of late
Sancai ("Three colors") plate (left), and a nineteenth century
Ming-type blue-and-white vase (right), made blue and white
in Northern Italy, mid-15th century porcelain.

Chinese potters have a long tradition of borrowing design and
decorative features from earlier wares. Whilst ceramics with features
thus borrowed might sometimes pose problems of provenance, they
would not generally be regarded as either reproductions or fakes.
However, fakes and reproductions have also been made at many times
during the long history of Chinese ceramics and continue to be made
today in ever-increasing numbers.

. Reproductions of Song dynasty Longguan celadon
wares were made at Jingdezhen in the early 18th century, but
outright fakes were also made using special clay that were
artificially aged by boiling in meat broth, refiring and storage in
sewers . Pere d' Entrecolles records that by this means the wares
could be passed off as being hundreds of years old .

. In the late 19th century, fakes of Kangxi period
famille noire wares were made that were convincing enough to
deceive the experts of the day. Many such pieces may still be
seen in museums today, as may pieces of genuine Kangxi
porcelain decorated in the late nineteenth century with famille
noire enamels. A body of modern expert opinion holds that
porcelain decorated with famille noire enamels was not made at
all during the Kangxi period, though this view is disputed .

. A fashion for Kangxi period (1662 to 1722 ) blue and
white wares grew to large proportions in Europe during the later
years of the 19th century and triggered the production at
Jingdezhen of large quantities of porcelain wares that strike a
resemblance to ceramics of earlier periods. Such blue and white
wares were not fakes or even convincing reproductions, even
though some pieces carried four- character Kangxi reign - marks
that continue to cause confusion to this day. Kangxi reign -
marks in the form shown in the illustration occur only on wares
made towards the end of the 19th century or later, without
exception.

298



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

6 - Authentication :

The most widely- known test is the thermo luminescence test ,
or TL test, which is used on some types of ceramic to estimate,
roughly , the date of last firing. The TL test is carried out on small
samples of porcelain drilled or cut from the body of a piece, which
can be risky and disfiguring. For this reason, the test is rarely used for
dating finely-potted, high-fired ceramics. TL testing cannot be used at
all on some types of porcelain items, particularly high - fired
porcelain .

7- Gallery:

7-1- Early wares:

Painted jar fthe Majiayao | Water jar from the Neolithic
culture, Late Neolithic period period, Yangshao culture
(3300 - 2200 BC) (ca. 5000 - 3000 BC)

Painted pot of Majiayao Painted pot with frog motifs,
culture (2200 - 2000 BC) Majiayao culture

(2200 - 2000 BC )
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Large grey mug, Henan Black pottery goblet of the
Longshan culture, Late Late Neolithic period from the
Neolithic period (ca . 2500 - | Longshan culture , dated ( ca.
2000 BC) 2500 - 2000 BC)

White pottery pot with White potiery pitcher from the
geometric design , Shang Shandong Longshan culture,

dynasty (1600 - 1100 BC) 2500 — 2000 BC

A pottery bell from the Earthenware vase, Eastern
Warring States Period Zhou, 4th-3rd century BC,
(403 -221 BC) British Museum

.

Soldiers from the Terracotta | A painted pottery dou vessel
Army, interred by 210 BC, | with a dragon design from the

Qin Dynasty (221-206 BC) Warring States Period

(403-221 BC)
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7—-2- Han (202BCto 220 AD):

An earthenware goose pourer Ceramic sculptures with
with lacquerware paint polychrome, from the 2nd
designs, Western Han, late century BC, Han Dynasty.
3rd century BC to early 1st

century AD

=
‘. i -.7‘5~;
A Han celadon pot with A painted earthenware tripod,
mountain-shaped lid and Western Han Dynasty, late 3rd
animal designs century BC to early 1st century

Ceramic tomb statuette of a Two Western Han Dynasty
cavalryman and horse, terracotta vases with acrobats

A Han Dynasottery tomb | A Han Dynasty pottery tomb
model of a palatial residence model of residential towers
joined by a bridge
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A footed Western-Han white A Han pottery face of a
ceramic wine warmer with laughing woman

animal-head figurines

decorating its lid

An Easternan ceramic A Western Han glazed pttery
candle-holder with animal ding with taotie-faced door
figurines knocker designs

7 — 3 - Three Kingdoms , Jin , Southern and Northern
Dynasties, Sui (220 to 618 ) :

A celadon hﬂnping jar with | A celadon ceramic candle holder
sculpted designs of in the shape of a crouched lion,

architecture, from the Jin Three Kingdoms (220 —265),
Dynasty (265 -420) made in Eastern Wu

Afooted earthenware lamp | A black-glazed wine or water jug
with lions, from either the with a rooster - headed spout,

302




Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

Northern dynasties or Sui Jin Dynasty (265-420)
Dynasty, 6th century

Northern Désties lotus Covered footed earthenware
vessel vessel from the Northern Qi
(550 -577)

A ceramic cavalryman with a A Western Wei (536 — 556 )
horn, Northern Wei ( 386 — ceramic figurine of a military

534) officer

7—-4- Tang (618 t0 906 AD) :

A sancai glazed pottery horse | Sancai-horse and figurine, Tang
from the 7th - 8th century Dynasty

A Western on a Bactrian An earthenware jar with green
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Camel, a sancai glazed
figurine from the Tang
Dynasty

and yellow glaze, first half of 8th
century

t ] : :.u - \

A rounded ceramic plate with
"three colors" glaze, 8th
century

A rounded ceramic plate with
"three colors™ glaze and floral

design, 8th-9th century

A ceramic offering plate with
six eaves and "three colors"

A ceramic offering plate with
“three colors" glaze, decorated
with a bird and trees, 8th century

glaze, 8th century

The Statue of Heavenly
Guardian, Polychrome
glazed pottery, Tang

Tang Dynasty sancai grazed
luohan (arhat) figure

Dynasty.
A

ATang sacai - glazed tomb
guardian, 8th century

Tang female musicians on horse
back
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7-5- Song (960to 1279 AD) :

=

A porcelain teapot in Qingbai

Style, from Jingdezhen

Chinese ea bowls made of
stoneware, Song Dynasty, 12th
to 13th century

A Longquan celadon vase
from the Song Dynasty

Funerary vase and cover, green
- glazed stoneware, Northern

Song (960 -1127)

Longquan celadon wares,
13th century

century

Ding Ware Bottle with iron
pigment over transparent
colourless glaze, 11th
century; Freer Gallery,
F1959.6.

A Qingbai ware box with flower
medallions
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Southern Song Dynasty
celadon vase with dish
shaped mouth, Longquan

Northern Song Dynasty white-
glazed baby boy pillow

A Song-era amphora with
dragon handles

A glazed stoneware pillow from
the Song Dynasty

Porcelain pillow Jin Dynasi';;‘(\1115—1234)

7—-6-Yuan (1279 to 1368 AD ) :

Qingbai porcelain vase ,
14th century

A celadon shoulder pot from the
late Yuan Dynasty, displaying
artwork of peaches, lotuses,
peonies, willows, and palms
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Longquan celadon , A Jin or Yuan dynasty stone ware

13" -14th century dish , 13 ™ -14 th century

o

Celadon dish with a flower Longquan celadon bowl with a
design

dragon

A Jun ware bowl A covered jar made of Longquan
celadon, 14th century

7—-7- Ming (1368 to 1644 AD) :

Guanyin (Godess of Mercy) A Ming Dynasty blue — and -
with children, statuette made of white porcelain dish with
Dehua porcelain ware depiction of a dragon
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Ming presentation porcelain, | AMing Dynasty porcelain bowl
Ming Dynasty (1368—1644) with flower designs
Fifteenth century

Porcelain vase from the reign Porcelain plate from 1634,

of the Jiajing Emperor (1521— | during the Chongzhen Emperor
1567) (1627-1644)

‘.ﬁ

|
A
2\

Ming Dynasty Yongle reign A Ming glazed earthenware
monk's cap white pitcher statue of a seated Buddha

Chrysanthemum styled Yongle reign red plate
porcelain vase with three

colours
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Wanli reign covered jar in
green

Jiajing coverd jar with green
dragon and cloud design

7-8- Qing (1644 to 1912

AD) :

Kangxi transitional porcelain,
1644-1680

Kangxi transitional

porcelain, 1644-1680

A porcelain bowl with a scene of

two boys playing in a courtyard,

from the reign of the Yongzheng
Emperor (1722-1735)

Porcelain plate from the
reign of the Kangxi Emperor
(1661-1722)

Copper-red porcelain from the
reign of the Yongzheng Emperor
(1722-1735)

Porcelain vase from the reign
of the Kangxi Emperor

(1661-1722)
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»: B

Porcelain from the reign of the
Qianlong Emperor (1735-1796)

A European man on
horseback, porcelain, first

half of 18th century

AR
AL O

Four ritual porcelain water
vessels with elephant-trunk
spouts, from the reign of the

Porcelain plate from the
reign of the Qianlong
Emperor (1735-1796)

Qianlong per(735—1796)

!\z,f

White porcelain from the reign of
the Qianlong Emperor

(1735 -1796)

An 18th-century Qing
porcelain meiping
(plum vase )

7 -9 - Republic and People's Republic (1912, to date ) :

Decorating porcelain at modern - d
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Chalk ( Calcium Carbonate )

- ek

ot

The Needles, situated on the Isle of Wight, are part of the extensive
Southern England Chalk Formation.

Contents

. 1 Introduction
. 2 Deposits

. 3 Formation

. 4 Composition
. 5 Uses

1 — Introduction :

Chalk is a soft , white , porous sedimentary rock , a form of
lime stone composed of the mineral calcite. Calcite is calcium
carbonate or CaCOs; . It forms under reasonably deep marine
conditions from the gradual accumulation of minute calcite plates
(coccoliths) shed from micro-organisms called coccolithophores. It is
common to find chert or flint nodules embedded in chalk. Chalk can
also refer to other compounds including magnesium silicate and
calcium sulfate.

Chalk has greater resistance to weathering and slumping than
the clays with which it is usually associated, thus forming tall steep
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cliffs where chalk ridges meet the sea. Chalk hills, known as chalk
down land , usually form where bands of chalk reach the surface at an
angle, so forming a scarp slope. Because chalk is porous it can hold a
large volume of ground water, providing a natural reservoir that
releases water slowly through dry seasons.

! e .i_':;-.“: ';-,
"Nitzana Chalk curves" situated at Western Negev, Israel are chalk
deposit formed at the Mesozoic era's Tethys Ocean

2 — Deposits :

The Chalk Group is a European stratigraphic unit deposited
during the late Cretaceous Period. It forms the famous White Cliffs of
Dover in Kent, England, as well as their counterparts of the Cap
Blanc Nez on the other side of the Dover Strait. The Champagne
region of France is mostly underlain by chalk deposits, which contain
artificial caves used for wine storage. Some of the highest chalk cliffs
in the world occur at Mgns Klint in Denmark.

3 - Formation:

Ninety million years ago the chalk down land of Northern
Europe was o0o0ze accumulating at the bottom of a great sea.
Protozoans such as foraminifera lived on the marine debris that
showered down from the upper layers of the ocean. Their shells were
made of calcite extracted from the rich sea-water. As they died a deep
layer gradually built up and eventually, through the weight of
overlying sediments, became consolidated into rock. Later earth
movements related to the formation of the Alps raised these former
sea-floor deposits above sea level.

312



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

4 - Composition :

Chalk is composed mostly of calcium carbonate with minor
amounts of silt and clay. It is normally formed underwater, commonly
on the sea bed, then consolidated and compressed during diagenesis
into the form commonly seen today. During diagenesis silica
accumulates to form chert or flint nodules within the carbonate rock.

5- Uses:

Former under ground chalk quarry in Meudon, France.

Chalk is used to make quicklime and slaked lime, mainly used
as lime mortar in buildings. In southeast England, Deneholes are a
notable example of ancient chalk pits. Such bell pits may also mark
the sites of ancient flint mines, where the prime object was to remove
flint nodules for stone tool manufacture. The surface remains at
Cissbury are one such example, but perhaps the most famous is the
extensive complex at Grimes Graves in Norfolk . The traditional uses
of chalk have in some cases been replaced by other substances,
although the word "chalk" is often still applied to the usual
replacements.

. Blackboard chalk is a substance used for drawing on
rough surfaces, as it readily crumbles leaving particles that stick
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loosely to these surfaces. Although traditionally composed of
natural chalk, modern blackboard chalk is generally made from
the mineral gypsum (calcium sulfate), often supplied in sticks of
compressed powder about 10 cm long.

. Sidewalk chalk is similar to blackboard chalk, except
that it is formed into larger sticks and often colored. It is used to
draw on sidewalks, streets, and driveways, mostly by children,
but also by adult artists.

. In agriculture chalk is used for raising pH in soils
with high acidity. The most common forms are CaCOg (calcium
carbonate) and Ca O (calcium oxide).

. In field sports, including grass tennis courts,
powdered chalk was used to mark the boundary lines of the
playing field or court. This gives the advantage that, if the ball
hits the line, a cloud of chalk or pigment dust can be seen.
Nowadays the substance used is mostly titanium dioxide.

. In gymnastics, rock - climbing, weight - lifting and
tug of war, chalk — now usually magnesium carbonate — is
applied to the hands to remove perspiration and reduce slipping.

. Tailor's chalk is traditionally a hard chalk used to
make temporary markings on cloth, mainly by tailors.
Nowadays it is usually made from talc ( magnesium silicate ) .

. Toothpaste also commonly contains small amounts
of chalk, to serve as a mild abrasive.

. Polishing chalk is chalk prepared with a carefully
controlled grain size, for very fine polishing of metals. '

. Chalk is a source of quicklime by thermal
decomposition, or slaked lime following quenching with water.

. Builder's putty also mainly contains chalk as a filler
in linseed oil.

. Woodworking joints may be fitted by chalking one
of the mating surfaces. A trial fit will leave a chalk mark on the
high spots of the corresponding surface. Chalk transferring to
cover the complete surface indicates a good fit.

. Finger print powder
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Clay

The Gay Head cliffs in Martha's Vineyard
consist almost entirely of clay.

Contents

. 1 Introduction

. 2 Formation

. 3 Definition

. 4 Grouping

. 5 Historical and modern uses
° 5.1 Medical and agricultural uses
° 5.2 Clay as a building material

1 — Introduction :

Clay is a general term including many combinations of one or
more clay minerals with traces of metal oxides and organic matter.!!
Geologic clay deposits are mostly composed of phyllosilicate
minerals containing variable amounts of water trapped in the mineral
structure.

2 - Formation :

Deforestation for clay extraction in Rio de Janeiro city - Brazil. The
picture is of Morro da Covanca - Jacarepagua.
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Clay minerals are typically formed over long periods of time by
the gradual chemical weathering of rocks, usually silicate-bearing, by
low concentrations of carbonic acid and other diluted solvents. These
solvents, usually acidic, migrate through the weathering rock after
leaching through upper weathered layers. In addition to the
weathering process, some clay minerals are formed by hydro thermal
activity. Clay deposits may be formed in place as residual deposits in
soil, but thick deposits usually are formed as the result of a secondary
sedimentary deposition process after they have been eroded and
transported from their original location of formation. Clay deposits
are typically associated with very low energy depositional
environments such as large lakes and marine basins.

Primary clays, also known as kaolins, are located at the site of
formation. Secondary clay deposits have been moved by erosion and
water from their primary location.

3 - Definition :

magnification 23,500

Clays are distinguished from other fine-grained soils by
differences in size and mineralogy. Silts, which are fine-grained soils
that do not include clay minerals, tend to have larger particle sizes
than clays, but there is some overlap in both particle size and other
physical properties, and there are many naturally occurring deposits
which include silts and also clay. The distinction between silt and clay
varies by discipline . Geologists and soil scientists usually consider
the separation to occur at a particle size of 2 um (clays being finer
than silts ) , sedimentologists often use 4 - 5 u m , and colloid
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chemists use 1 u m . Geotechnical engineers distinguish between silts
and clays based on the plasticity properties of the soil, as measured by
the soils' Atterberg Limits. 1SO 14688 grades clay particles as being
smaller than 2 um and silts larger.

Nl s

Quaternary clay in Estonia.

4 - Grouping ;

Depending on the academic source, there are three or four main
groups of clays: kaolinite, montmorillonite-smectite, illite, and
chlorite. Chlorites are not always considered a clay, sometimes being
classified as a separate group within the phyllosilicates. There are
approximately 30 different types of "pure" clays in these categories,
but most "natural” clays are mixtures of these different types, along
with other weathered minerals.

Varve (or varved clay) is clay with visible annual layers, formed
by seasonal differences in erosion and organic content. This type of
deposit is common in former glacial lakes. When glacial lakes are
formed there is very little movement of the water that makes the lake,
and these eroded soils settle on the lake bed. This allows such an even
distribution on the different layers of clay.!”

Quick clay is a unique type of marine clay indigenous to the
glaciated terrains of Norway, Canada, Northern Ireland, and Sweden.
It is a highly sensitive clay, prone to liquefaction, which has been
involved in several deadly landslides.
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5 - Historical and modern uses :

Clay layersin a constructlon S|teDry clay is normally much more
stable than sand with regard to excavations.

Clays exhibit plasticity when mixed with water in certain
proportions. When dry, clay becomes firm and when fired in a kiln,
permanent physical and chemical changes occur. These reactions,
among other changes, cause the clay to be converted into a ceramic
material. Because of these properties, clay is used for making pottery
items, both utilitarian and decorative. Different types of clay, when
used with different minerals and firing conditions, are used to produce
earthenware, stoneware, and porcelain. Prehistoric humans discovered
the useful properties of clay, and one of the earliest artifacts ever
uncovered is a drinking vessel made of sun-dried clay " Depending on
the content of the soil, clay can appear in various colors, from a dull
gray to a deep orange - red.

Clay tablets were used as the first known writing medium,
inscribed with cuneiform script through the use of a blunt reed called
a stylus.

Clays sintered in fire were the first form of ceramic. Bricks,
cooking pots, art objects, dishware, and even musical instruments
such as the ocarina can all be shaped from clay before being fired.
Clay is also used in many industrial processes, such as paper making,
cement production, and chemical filtering. Clay is also often used in
the manufacture of pipes for smoking tobacco. Until the late 20th
century bentonite clay was widely used as a mold binder in the
manufacture of sand castings.
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Clay, being relatively impermeable to water, is also used where
natural seals are needed, such as in the cores of dams, or as a barrier
in landfills against toxic seepage ( lining the landfill, preferably in
combination with geotextiles) .

Recent studies have investigated clay's absorption capacities in
various applications, such as the removal of heavy metals from waste
water and air purification.

5—-1- Medical and Agricultural uses :

Recent research indicates that various animals visit clay licks
periodically to eat from them , apparently because either the clay
contains one or more antidotes for the various poisons in plants and
seeds the animals eat, or because the clay coats the animals' guts to
protect them from those substances .

A traditional use of clay as medicine goes back to prehistoric
times. An example is Armenian bole, which is used to soothe an upset
stomach, similar to the way parrots (and later, humans) in South
America originally used it . Kaolin clay and attapulgite have been
used as anti - diarrheal medicines.

5-2- Clay as a Building material :

Clay is one of the oldest building materials on Earth, among
other ancient, naturally - occurring geologic materials such as stone
and organic materials like wood. Between one-half and two-thirds of
the world's population, in traditional societies as well as developed
countries, still live or work in a building made with clay as an
essential part of its load - bearing structure. Also a primary ingredient
in many natural building techniques, clay is used to create adobe, cob,
cordwood, and rammed earth structures and building elements such as
wattle and daub, clay plaster, clay render case , clay floors and clay
paints.
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Climbing Form Work
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Climbing formwork on a future residential skyscraper in Takapuna,
New Zealand - the whole white upper structure is actually formwork

and associated working facilities.

Contents

. 1 Introduction
. 2 Process
. 3 Types

1 — Introduction :

Climbing formwork is a special type of formwork for vertical
concrete structures that rises with the building process. While
relatively complicated and costly, it can be an effective solution for
buildings that are either very repetitive in form (such as towers or
skyscrapers) or that require a seamless wall structure (using gliding
formwork, a special type of climbing formwork).

Various types of climbing formwork exist, which are either
relocated from time to time, or can even move on their own (usually
on hydraulic jacks , required for self - climbing and gliding
formworks ) .
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2 - Process:

Best known in the construction of towers , sky scrapers and
other tall vertical structures, it allows the reuse of the same formwork
over and over and over for identical ( or very similar ) sections /
stories further up the structure. It can also enable very large concrete
structures to be constructed in one single pour ( which may take days
or weeks as the formwork rises with the process ) , thus creating
seamless structures with enhanced strength and visual appearance, as
well as reducing construction times and material costs ( at the joints
which would otherwise require extra reinforcement / connectors ) .

The climbing formwork structure normally does not only
contain the formwork itself, but also usually provides working space /
scaffolds for construction crews. It may also provide areas for
machinery and screens for weather protection, up to being fully
enclosed while yet staying modular around a changing building
structure .

3- Types:

|

Crane - Climbing formwork : The r'ki'ng platform and the
formwork are a unit

. Climbing formwork ( crane — climbing ) - in this
type of climbing formwork, the formwork around the structure
is displaced upwards with the help of one or more cranes once
the hardening of the concrete has proceeded far enough. This
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may entail lifting the whole section, or be achieved segment
ally.

. Climbing formwork ( self — climbing ) - In this
type of formwork, the structure elevates itself with the help of
mechanic leverage equipment ( usually hydraulic) . To do this,
it is usually fixed to sacrificial cones or rails emplaced in the
previously cast concrete .

. Gliding formwork - This type of formwork is
similar to the self - climbing type above. However, the climbing
process is continuous instead of intermittent, and is usually only
interrupted for a very short time ( for example to fix the
mounting mechanisms to new anchoring points ) . The
advantage is that it will produce seamless structures, but it
requires a continuous, uninterrupted process throughout, with
serious potential quality and stability problems if the pour has to
be stopped.
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Clinker ( Cement)

10 cm
Hot clinker Typical clinker nodules

Contents

. 1 Introduction
. 2 Uses
. 3 Clinker grinding aids

1 — Introduction :

In the manufacture of Portland cement, clinker is lumps or
nodules, usually 3 - 25 mm in diameter, produced by sintering
limestone and alumino - silicate ( clay ) during the cement kiln stage.

2 —Uses:

Clinker is ground (usually with the addition of a little gypsum,
that is, calcium sulfate dehydrate ) to become Portland cement. It may
also be combined with other active ingredients or chemical
admixtures to produce :

. ground granulated blast furnace slag cement
. pozzolana cement
. silica fume cement

Clinker, if stored in dry conditions, can be kept for several
months without appreciable loss of quality. Because of this, and
because it can easily be handled by ordinary mineral handling
equipment, clinker is traded internationally in large quantities.
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Cement manufacturers purchasing clinker grind it as an addition to
their own clinker at their cement plants. Manufacturers also ship
clinker to grinding plants in areas where cement-making raw
materials are not available.

3 - Clinker grinding aids :

Gypsum is added to clinker primarily as an additive preventing
the flash settings of cement, but it is also very effective to facilitate
the grinding of clinker by preventing agglomeration and coating of
the powder at the surface of balls and mill wall.

Organic compounds are also often added as grinding aids to
avoid powder agglomeration. Tri ethanol amine ( TEA ) is commonly
used at 0.1 wt. % and is proved to be very effective. Other additives
are some times used, such as ethylene glycol , oleic acid , dodecyl -
benzene sulfonate, ... .

Portland cement clinker is made by heating in a rotary kiln at
high temperature a homogeneous mixture of raw materials. The
products of the chemical reaction aggregate together as molten
minerals at the sintering temperature. The sintering temperature for
modern cements is about 1450 °C. Aluminium oxide and iron oxide
are present as a flux and contribute little to the cement strength. For
special cements, such as Low Heat (LH) and Sulfate Resistant (SR)
types, it is necessary to limit the amount of tri calcium aluminate
(3 CaO-Al,O;3 ) formed. The major raw material for the clinker-
making is usually lime stone ( CaCO3) mixed with a second material
containing clay as source of alumino - silicate. Normally, an impure
limestone which contains clay or SiO, is used. The CaCO;3; content of
these lime stones can be as low as 80 %. Second raw materials
(materials in the raw mix other than limestone) depend on the purity
of the limestone. Some of the second raw materials used are: clay,
shale, sand, iron ore, bauxite, fly ash and slag.
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1 — Introduction :

Coal is a combustible black or brownish-black sedimentary rock
usually occurring in rock strata in layers or veins called coal beds or
coal seams. The harder forms, such as anthracite coal, can be
regarded as metamorphic rock because of later exposure to elevated
temperature and pressure. Coal is composed primarily of carbon along
with variable quantities of other elements, chiefly hydrogen, sulfur,
oxygen, and nitrogen . Throughout history, coal has been a useful
resource for human consumption. It is primarily burned for the
production of electricity and/or heat, and is also used for industrial
purposes such as refining metals. A fossil fuel, coal forms when dead
plant matter is converted into peat, which in turn is converted into
lignite, then anthracite. This involves biological and geological
processes that take place over a long period of time.

Coal is the largest source of energy for the generation of
electricity worldwide, as well as one of the largest worldwide
anthropogenic sources of carbon dioxide releases. Gross carbon
dioxide emissions from coal usage are slightly more than those from
petroleum and about double the amount from natural gas.”! Coal is
extracted from the ground by mining, either underground by shaft
mining through the seams or in open pits.

Top hard and brown coal producers in 2010 (2009) were (Mt) :

Country 2010 2009
China 3,162 2,971
United States 997 985
India 571 571
Australia 420 399
Indonesia 336 301
Russia 324 297
South Africa 255 247
Poland 134 135
Kazakhstan 111 101
Colombia 74 73
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2 — Formation :

Example chemical structure of coal

About 300 million years ago, the earth had dense forests in low-
lying wetland areas. Due to natural processes such as flooding, these
forests were buried under the soil. As more and more soil deposited
over them, they were compressed. The temperature also rose as they
sank deeper and deeper. For the process to continue, the plant matter
was protected from biodegradation and oxidization, usually by mud or
acidic water. This trapped the carbon in immense peat bogs that are
eventually covered and deeply buried by sediments. Under high
pressure and high temperature dead vegetation were slowly converted
to coal. As coal contains mainly carbon, the conversion of dead
vegetation into coal is called carbonization .

The wide shallow seas of the Carboniferous period provided
ideal conditions for coal formation, although coal is known from most
geological periods. The exception is the coal gap in the Lower
Triassic, where coal is rare: presumably a result of the mass extinction
which prefaced this era. Coal is known from Precambrian strata,
which predate land plants: this coal is presumed to have originated
from algal residues.
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: .

Coastal eip(;_é)u re of the Point Aconi Seam
(bituminous coal; Pennsylvanian ) .

o

Approximate position of continents toward the end of the
Carboniferous Period. The light blue represents shallow seas where
many of today's coal deposits are found, as opposed to deeper waters

which gave rise to oil-bearing rocks derived from marine species.

As geological processes apply pressure to dead biotic material
over time, under suitable conditions it is transformed successively
into :

. Peat , considered to be a precursor of coal, has
industrial importance as a fuel in some regions, for example,
Ireland and Finland. In its dehydrated form, peat is a highly
effective absorbent for fuel and oil spills on land and water. It is
also used as a conditioner for soil to make it more able to retain
and slow release water.

. Lignite or brown coal, is the lowest rank of coal and
used almost exclusively as fuel for electric power generation. Jet
Is a compact form of lignite that is sometimes polished and has
been used as an ornamental stone since the Upper Palaeolithic
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. Sub - bituminous coal , whose properties range from
those of lignite to those of bituminous coal, is used primarily as
fuel for steam-electric power generation and is an important
source of light aromatic hydrocarbons for the chemical synthesis
industry.

. Bituminous coal is dense sedimentary rock, black but
sometimes dark brown often with well-defined bands of bright
and dull material, used primarily as fuel in steam-electric power
generation, with substantial quantities used for heat and power
applications in manufacturing and to make coke

. Steam coal is a grade between bituminous coal and
anthracite, once widely used as a fuel for steam locomotives. In
this specialized use it is sometimes known as sea - coal in the
U.S.1V Small steam coal ( dry small steam nuts or DSSN ) was
used as a fuel for domestic water heating

. Anthracite , the highest rank of coal is a harder,
glossy, black coal used primarily for residential and commercial
space heating. It may be divided further into metamorphic ally
altered bituminous coal and petrified oil, as from the deposits in
Pennsylvania

. Graphite , technically the highest rank is difficult to
ignite and is not commonly used as fuel : it is mostly used in
pencils and, when powdered, as a lubricant .

The classification of coal is generally based on the content of
volatiles. However, the exact classification varies between countries.
According to the German classification, coal is classified as follows :

English . C H @] S Heat content
Designation MOIEtHES S0 Carbon % Hydrogen% Oxygen% Sulfur % kJ / kg

Lignite 45-65 60-75 6.0-5.8 34-17 0.5-3 < 28470
Flame coal 40-45 75-82 6.0-5.8 >0.8 ~1 < 32870
Gas flame coal  35-40 82-85 5.8-5.6 9.8-7.3 ~1 < 33910
Gas coal 28-35 85-87.5 5.6-5.0 7.3-4.5 ~1 < 34960
Fat coal 19-28 87.5-89.5 5.0-45 4.5-3.2 ~1 < 35380
Forge coal 14-19 89.5-90.5 4.5-4.0 3.2-2.8 ~1 < 35380
Non baking coal 10-14 90.5-91.5 4.0-3.75 2.8-3.5 ~1 35380

Anthracite 7-12 >01.5 <3.75 <25 ~1 < 35300
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The middle six grades in the table represent a progressive
transition from the English - language sub-bituminous to bituminous
coal, while the last class is an approximate equivalent to anthracite,
but more inclusive ( the U.S. anthracite has < 6 % volatiles ) .

Cannel coal (sometimes called "candle coal"), is a variety of
fine-grained, high-rank coal with significant hydrogen content. It
consists primarily of “exinite" macerals, now termed "liptinite".

3—-1-Hilt's Law :

Hilt's Law is a geological term that states that, in a small area,
the deeper the coal, the deeper its rank ( grade ) . The law holds true
If the thermal gradient is entirely vertical , but metamorphism may
cause lateral changes of rank, irrespective of depth.

4 - Early uses as fuel :

Further information: History of coal mining

Chinese coal miners in an illustration of the Tiangong Kaiwu
encyclopedia, published in 1637

The earliest reference to the use of coal as fuel is from the
geological treatise On stones (Lap. 16) by the Greek scientist
Theophrastus ( ¢. 371 - 287 BC) :
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Among the materials that are dug because they are useful, those
known as coals are made of earth, and, once set on fire, they burn like
charcoal. They are found in Liguria... and in Elis as one approaches
Olympia by the mountain road; and they are used by those who work
in metals .

Outcrop coal was used in Britain during the Bronze Age ( 3000
— 2000 BC ) , where it has been detected as forming part of the
composition of funeral pyres. In Roman Britain, with the exception
of two modern fields, "the Romans were exploiting coals in all the
major coalfields in England and Wales by the end of the second
century AD" . Evidence of trade in coal (dated to about AD 200) has
been found at the inland port of Heron bridge , near Chester, and in
the Fenlands of East Anglia, where coal from the Midlands was
transported via the Car Dyke for use in drying grain.!**! Coal cinders
have been found in the hearths of villas and military forts, particularly
in Northumberland, dated to around AD 400. In the west of England
contemporary writers described the wonder of a permanent brazier of
coal on the altar of Minerva at Aquae Sulis (modern day Bath)
although in fact easily accessible surface coal from what became the
Somerset coalfield was in common use in quite lowly dwellings
locally.!*®! Evidence of coal's use for iron-working in the city during
the Roman period has been found.™™ In Eschweiler, Rhineland,
deposits of bituminous coal were used by the Romans for the smelting
of iron ore . There is no evidence that the product was of great
importance in Britain before the High Middle Ages, after about AD
1000.* Mineral coal came to be referred to as "seacoal” in the 13th
century; the wharf where the material arrived in London was known
as Seacoal Lane, so identified in a charter of King Henry Il granted
in 1253. Initially the name was given because much coal was found
on the shore, having fallen from the exposed coal seams on cliffs
above or washed out of underwater coal outcrops , but by the time of
Henry VIII it was understood to derive from the way it was carried to
London by sea . In 1257 — 59 , coal from Newcastle was shipped to
London for the smiths and lime - burners building Westminster
Abbey. Seacoal Lane and Newcastle Lane where coal was unloaded
at wharves along the River Fleet, are still in existence .

331



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

These easily accessible sources had largely become exhausted
(or could not meet the growing demand) by the 13th centur%/, when
underground mining from shafts or adits was developed.*Y The
alternative name was "pitcoal ," because it came from mines. It was,
however, the development of the Industrial Revolution that led to the
large-scale use of coal, as the steam engine took over from the water
wheel. In 1700, 5/6 of the world's coal was mined in Britain. Without
coal, Britain would have run out of suitable sites for water mills by
the 1830s . In 1947, there were some 750,000 miners , but by 2004
this had shrunk to some 5,000 miners working in around 20 collieries

In ancient China, coal was used as fuel by the 4th century AD,
but there was little extensive use until the 11th century .

5 - Uses today :

Coal-fired power plants provide 49 % of consumed electricity in the
United States. This is the Castle Gate Plant near Helper, Utah.

Coal rail cars

5—-1- Coal as fuel :

Further information : Electricity generation ,Clean coal
technology, Coal electricity , and Global warming
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Coal is primarily used as a solid fuel to produce electricity and
heat through combustion. World coal consumption was about 6.75
billion short tons in 2006 and is expected to increase 48 % to 9.98
billion short tons by 2030 . China produced 2.38 billion tons in 2006.
India produced about 447.3 million tons in 2006. 68.7 % of China's
electricity comes from coal. The USA consumes about 14 % of the
world total , using 90 % of it for generation of electricity.

When coal is used for electricity generation, it is usually
pulverized and then combusted ( burned ) in a furnace with a
boiler.!”® The furnace heat converts boiler water to steam, which is
then used to spin turbines which turn generators and create electricity.
The thermo dynamic efficiency of this process has been improved
over time. Simple cycle steam turbines have topped out with some of
the most advanced reaching about 35 % thermodynamic efficiency for
the entire process. Increasing the combustion temperature can boost
this efficiency even further . Old coal power plants, especially
"grandfathered" plants, are significantly less efficient and produce
higher levels of waste heat. At least 40 % of the world's electricity
comes from coal , and in 2008 approximately 49% of the United
States' electricity came from coal . The emergence of the super
critical turbine concept envisions running a boiler at extremely high
temperatures and pressures with projected efficiencies of 46 % , with
further theorized increases in temperature and pressure perhaps
resulting in even higher efficiencies.

An experimental way of coal combustion is in a form of coal -
water slurry fuel ( CWS , which was well-developed in Russia (since
the Soviet Union time). CWS significantly reduces emissions saving
the heating value of coal. Other ways to use coal are combined heat
and power cogeneration and an MHD topping cycle.

The total known deposits recoverable by current technologies,
including highly polluting, low energy content types of coal (i.e.,
lignite , bituminous ) , is sufficient for many years . How ever,
consumption is increasing and maximal production could be reached
within decades .
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5 -2 - Coking coal and use of coke :

Coke oven at a smokeless fuel plant in Wales, United Kingdom

Coke is a solid carbonaceous residue derived from low - ash ,
low - sulfur bituminous coal from which the volatile constituents are
driven off by baking in an oven without oxygen at temperatures as
high as 1,000 °C so that the fixed carbon and residual ash are fused
together. Metallurgical coke is used as a fuel and as a reducing agent
in smelting iron ore in a blast furnace . The coking coal should be low
in sulphur and phosphorus so that they do not migrate to the metal.
The product is cast iron and is too rich in dissolved carbon, and so
must be treated further to make steel.

The coke must be strong enough to resist the weight of
overburden in the blast furnace, which is why coking coal is so
important in making steel using the conventional route. How ever, the
alternative route to is direct reduced iron, where any carbonaceous
fuel can be used to make sponge or pelletized iron. Coke from coal is
grey, hard, and porous and has a heating value of 24.8 million Btu/ton
(29.6 MJ / kg ) . Some coke making processes produce valuable by-
products that include coal tar , ammonia , light oils, and "coal gas".

Petroleum coke is the solid residue obtained in oil refining,
which resembles coke but contains too many impurities to be useful in
metallurgical applications.

5 -3 - Gasification :

Main articles : Coal gasification and Underground coal
gasification

334



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

Coal gasification can be used to produce syngas, a mixture of
carbon monoxide (CO) and hydrogen (H,) gas. This syngas can then
be converted into transportation fuels like gasoline and diesel through
the Fischer-Tropsch process. This technology is currently used by the
Sasol chemical company of South Africa to make gasoline from coal
and natural gas. Alternatively, the hydrogen obtained from
gasification can be used for various purposes such as powering a
hydrogen economy, making ammonia, or upgrading fossil fuels.

During gasification, the coal is mixed with oxygen and steam
(water vapor) while also being heated and pressurized. During the
reaction, oxygen and water molecules oxidize the coal into carbon
monoxide (CO) while also releasing hydrogen (H,) gas. This process
has been conducted in both underground coal mines and in coal
refineries.

(COal)+Oz+H20—>H2+CO

If the refiner wants to produce gasoline, the syngas is collected
at this state and routed into a Fischer-Tropsch reaction. If hydrogen is
the desired end-product, however, the syngas is fed into the water gas
shift reaction where more hydrogen is liberated.

CO+ H,O —- CO, + H5

High prices of oil and natural gas are leading to increased
interest in "BTU Conversion" technologies such as gasification,
methanation and liquefaction. The Synthetic Fuels Corporation was a
U.S. government-funded corporation established in 1980 to create a
market for alternatives to imported fossil fuels (such as coal
gasification). The corporation was discontinued in 1985 . In the past,
coal was converted to make coal gas, which was piped to customers to
burn for illumination , heating, and cooking. At present, the safer
natural gas is used instead.

5-4 - Liquefaction :

Coal can also be converted into liquid fuels such as gasoline or
diesel by several different processes. In the direct liquefaction
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processes, the coal is either hydrogenated or carbonized.
Hydrogenation processes are the Bergius process , the SRC- | and
SRC-II (Solvent Refined Coal) processes and the NUS Corporation
hydrogenation process . In the process of low - temperature
carbonization, coal is coked at temperatures between 360 °C and 750
°C . These temperatures optimize the production of coal tars richer in
lighter hydrocarbons than normal coal tar. The coal tar is then further
processed into fuels. Alternatively, coal can be converted into a gas
first, and then into a liquid, by using the Fischer-Tropsch process. An
overview of coal liquefaction and its future potential is available .

Coal liquefaction methods involve carbon dioxide ( CO, )
emissions in the conversion process. If coal liquefaction is done
without employing either carbon capture and storage technologies or
biomass blending, the result is lifecycle greenhouse gas footprints that
are generally greater than those released in the extraction and
refinement of liquid fuel production from crude oil. If CCS
technologies are employed, reductions of 5 - 12 % can be achieved in
CTL plants and up to a 75 % reduction is achievable when co-
gasifying coal with commercially demonstrated levels of biomass ( 30
% biomass by weight ) in CBTL plants . For most future synthetic
fuel projects, Carbon dioxide sequestration is proposed to avoid
releasing it into the atmosphere. Sequestration will, however, add to
the cost of production. Currently, all US and at least one Chinese
synthetic fuel projects , include sequestration in their process designs.

5—-5- Refinedcoal :

Refined coal is the product of a coal-upgrading technology that
removes moisture and certain pollutants from lower-rank coals such
as sub - bituminous and lignite ( brown ) coals. It is one form of
several pre - combustion treatments and processes for coal that alter
coal's characteristics before it is burned. The goals of pre -
combustion coal technologies are to increase efficiency and reduce
emissions when the coal is burned. Depending on the situation, pre -
combustion technology can be used in place of or as a supplement to
post - combustion technologies to control emissions from coal-fueled
boilers.
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5-6 - Industrial processes :

Finely ground bituminous coal, known in this application as sea
coal, is a constituent of foundry sand. While the molten metal is in the
mould the coal burns slowly, releasing reducing gases at pressure and
so preventing the metal from penetrating the pores of the sand. It is
also contained in mould wash, a paste or liquid with the same function
applied to the mould before casting . Sea coal can be mixed with the
clay lining ( the "bod" ) used for the bottom of a cupola furnace.
When heated the coal decomposes and the bod becomes slightly
friable, easing the process of breaking open holes for tapping the
molten metal.

6 - Cultural usage :

Coal is the official state mineral of Kentucky ( even though coal
is not a mineral ) and the official state rock of Utah. Both U.S. states
have a historic link to coal mining.

Some cultures uphold that children who misbehave will receive
only a lump of coal from Santa Claus for Christmas in their stockings
instead of presents.

It is also customary and lucky in Scotland and the North of
England to give coal as a gift on New Year's Day. It happens as part
of First - Footing and represents warmth for the year to come.

7 - Coal as a traded commodity :

In North America, Central Appalachian coal futures contracts
are currently traded on the New York Mercantile Exchange (trading
symbol QL). The trading unit is 1,500 short tons per contract , and is
quoted in U.S. dollars and cents per ton. Since coal is the principal
fuel for generating electricity in the United States, coal futures
contracts provide coal producers and the electric power industry an
important tool for hedging and risk management.

In addition to the NYMEX contract , the Inter continental
Exchange ( ICE ) has European (Rotterdam) and South African
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(Richards Bay) coal futures available for trading. The trading unit for

these contracts is 5,000 tones , and are also quoted in U.S. dollars and
cents per ton .

The price of coal increased from around $30.00 per short ton in
2000 to around $ 150.00 per short ton as of September 2008. As of
October 2008, the price per short ton had declined to $111.50. Prices
further declined to $ 71.25 as of October 2010 .

8 - Environmental effects :

Aeral Tmage Of WGagiton Ash Siide 312/23/08

‘\L o I —— .,.‘._::'.'—z‘..
Aerial photograph of Kingston Fossil Plant coal fly ash slurry spill
site taken the day after the event

There are a number of adverse health and environmental effects
of coal burning especially in power stations , and of coal mining.
These effects include:

. Coal - fired power plants shortened nearly 24,000
lives a year in the United States, including 2,800 from lung
cancer .

. Generation of hundreds of millions of tons of waste
products , including fly ash , bottom ash , flue - gas
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desulfurization sludge, that contain mercury, uranium, thorium,
arsenic, and other heavy metals

. Acid rain from high sulfur coal

. Interference with groundwater and water table levels

. Contamination of land and waterways and
destruction of homes from fly ash spills such as Kingston Fossil
Plant coal fly ash slurry spill

. Impact of water use on flows of rivers and
consequential impact on other land-uses

. Dust nuisance

. Subsidence above tunnels, sometimes damaging
infrastructure

. Uncontrollable underground fires which may burn
for decades or centuries.

. Coal-fired power plants without effective fly ash
capture are one of the largest sources of human-caused
background radiation exposure

. Coal-fired power plants emit mercury, selenium, and
arsenic which are harmful to human health and the environment

. Release of carbon dioxide, a green house gas, which
causes climate change and global warming according to the
IPCC and the EPA. Coal is the largest contributor to the human-
made increase of CO, in the air

9 - Economic aspects :

Coal liquefaction is one of the backstop technologies that could
potentially limit escalation of oil prices and mitigate the effects of
transportation energy shortage that will occur under peak oil. This is
contingent on liquefaction production capacity becoming large
enough to satiate the very large and growing demand for petroleum.
Estimates of the cost of producing liquid fuels from coal suggest that
domestic U.S. production of fuel from coal becomes cost-competitive
with oil priced at around $ 35 per barrel , with the $ 35 being the
break - even cost. With oil prices as low as around $ 40 per barrel in
the U.S. as of December 2008, liquid coal lost some of its economic
allure in the U.S., but will probably be re-vitalized, similar to oil sand
projects, with an oil price around $ 70 per barrel.
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In China, due to an increasing need for liquid energy in the
transportation sector, coal liquefaction projects were given high
priority even during periods of oil prices below $40 per barrel . This
Is probably because China prefers not to be dependent on foreign oil,
instead utilizing its enormous domestic coal reserves. As oil prices
were increasing during the first half of 2009, the coal liquefaction
projects in China were again boosted, and these projects are profitable
with an oil barrel price of $ 40 .

China is by far the largest producer of coal in the world.™ It
has now become the world's largest energy consumer but relies on
coal to supply about 70 % of its energy needs . An estimated 5
million people work in China's coal-mining industry.

Among commercially mature technologies, advantages for
indirect coal liquefaction over direct coal liquefaction are reported by
Williams and Larson ( 2003 ) .

10 - Energy density :

The energy density of coal, i.e. its heating value , is roughly 24
mega joules per kilogram .

The energy density of coal can also be expressed in kilowatt-
hours, the units that electricity is most commonly sold in, per units of
mass to estimate how much coal is required to power electrical
appliances. One kilowatt-hour is 3.6 MJ, so the energy density of coal
Is 6.67 KW- h / kg . The typical thermodynamic efficiency of coal
power plants is about 30 % , so of the 6.67 kW - h of energy per
kilogram of coal, 30 % of that — 2.0 kW - h/ kg — can successfully
be turned into electricity; the rest is waste heat. So coal power plants
obtain approximately 2.0 kW - h per kilogram of burned coal.

As an example, running one 100 - watt light bulb for one year
requires 876 KW - h (100 W x 24 h / day x 365 day / year = 876000
W - h =876 kW -h ). Converting this power usage into physical coal
consumption:
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876 kW - h
2.0 kW - h/kg

= 438 ke of coal = 966 pounds of coal

For a coal power plant with a 40 % efficiency, it takes 325 kg
of coal to power a 100 W light bulb for one year . One should also
take into account transmission and distribution losses caused by
resistance and heating in the power lines, which is in the order of 5 —
10 % , depending on distance from the power station and other
factors.

11 - Carbon intensity :

Commercial coal has a carbon content of at least 70 %. Coal
with a heating value of 6.67 kW h per kilo gram as quoted above has
a carbon content of roughly 80 %, which is

0.8 k 2
& — kmol

12 - kg/kmol _ 30

where 1 mol equals to Na ( Avogadro Number ) atoms.

Carbon combines with oxygen in the atmosphere during
combustion, producing carbon dioxide, with an atomic weight of ( 12
+16 x 2 =44 kg / k mol ). The CO, released to air for each kilogram
of incinerated coal is there fore

2 4dkg 88
30 0 Ymol 30

ke ~ 2.93 ke

This can be used to calculate an emission factor for CO, from
the use of coal power. Since the useful energy output of coal is about
31 % of the 6.67 kWh / kg ( coal ), the burning of 1 kg of coal
produces about 2 kWh of electrical energy. Since 1 kg coal emits
2.93 kg CO,, the direct CO, emissions from coal power are 1.47 kg /
KW h, or about 0.407 kg / MJ.

The U.S. Energy Information Agency's 1999 report on CO,
emissions for energy generation , quotes a lower emission factor of
0.963 kg CO, / kW h for coal power. The same source gives a factor
for oil power in the U.S. of 0.881 kg CO,/ kW h , while natural gas
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has 0.569 kg CO, / kW h . Estimates for specific emission from
nuclear power, hydro, and wind energy vary, but are about 100 times
lower.

12 - Under ground fires :

There are thousands of coal fires burning around the world .
Those burning underground can be difficult to locate and many
cannot be extinguished. Fires can cause the ground above to subside,
their combustion gases are dangerous to life, and breaking out to the
surface can initiate surface wild fires. Coal seams can be set on fire by
spontaneous combustion or contact with a mine fire or surface fire.
Lightning strikes are an important source of ignition, the coal
continues to burn slowly back into the seam until oxygen (air) can no
longer reach the flame front. A grass fire in a coal area can set dozens
of coal seams on fire . Coal fires in China burn an estimated 120
million tons of coal a year, emitting 360 million metric tons of CO,,
amounting to 2 - 3 % of the annual worldwide production of CO,
from fossil fuels . In Centralia, Pennsylvania ( a borough located in
the Coal Region of the United States ) , an exposed vein of coal
ignited in 1962 due to a trash fire in the borough landfill, located in an
abandoned anthracite strip mine pit. Attempts to extinguish the fire
were unsuccessful, and it continues to burn underground to this day.
The Australian Burning Mountain was originally believed to be a
volcano, but the smoke and ash comes from a coal fire that has been
burning for some 6,000 years .

At Kuh i Malik in Yagnob Valley , Tajikistan, coal deposits
have been burning for thousands of years, creating vast underground
labyrinths full of unique minerals, some of them very beautiful. Local
people once used this method to mine ammoniac. This place has been
well-known since the time of Herodotus, but European geographers
misinterpreted the Ancient Greek descriptions as the evidence of
active volcanism in Turkestan ( up to the 19th century, when the
Russian army invaded the area) .

The reddish siltstone rock that caps many ridges and buttes in
the Powder River Basin (Wyoming ) , and in western North Dakota is
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called porcelanite , which also may resemble the coal burning waste
“clinker" or volcanic "scoria" . Clinker is rock that has been fused by
the natural burning of coal. In the Powder River Basin approximately
27 to 54 billion tons of coal burned within the past three million years
. Wild coal fires in the area were reported by the Lewis and Clark
Expedition as well as explorers and settlers in the area .

13 - Production trends :

T |
A coal mine in Wyoming, Coal output in 2005

United States. The United
States has the world's
largest coal reserves.

In 2006, China was the top producer of coal with 38% share
followed by the USA and India, according to the British Geological
Survey.

13 -1 - World coal reserves :

The 930 billion short tons of recoverable coal reserves estimated
by the Energy Information Administration are equal to about 4,116
BBOE ( billion barrels of oil equivalent ) . The amount of coal
burned during 2007 was estimated at 7.075 billion short tons, or
133.179 quadrillion BTU's . This is an average of 18.8 million BTU
per short ton. In terms of heat content, this is about 57,000,000 barrels
(9,100,000 m®) of oil equivalent per day. By comparison in 2007,
natural gas provided 51,000,000 barrels ( 8,100,000 m® ) of oil

equivalent per day, while oil provided 85,800,000 barrels (13,640,000
m) per day.
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BP, in its 2007 report, estimated at 2006 end that there were
several billion tons of proven coal reserves worldwide, or 147 years
reserves — to - production ratio. This figure only includes reserves
classified as "proven"; exploration drilling programs by mining
companies, particularly in under-explored areas, are continually
providing new reserves. In many cases, companies are aware of coal
deposits that have not been sufficiently drilled to qualify as "proven".
However, some nations haven't updated their information and assume
reserves remain at the same levels even with withdrawals. Speculative
projections predict that global peak coal production may occur
sometime around 2025 at 30 percent above current production,
depending on future coal production rates .

g :
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Continental United States coal regions

Of the three fossil fuels, coal has the most widely distributed
reserves; coal is mined in over 100 countries, and on all continents
except Antarctica. The largest reserves are found in the USA, Russia,
China, India and Australia. Note the table below .

Proved recoverable coal reserves at end - 2008

Bituminous Sub o Percentage
Country & BitUmMinous Lignitet  TOTAL of World
Anthracite Total
United States 108,501 98,618 30,176 237,295 22.6
Russia 49,088 97,472 10,450 157,010 14.4
China 62,200 33,700 18,600 114,500 12.6
Australia 37,100 2,100 37,200 76,500 8.9
India 56,100 0 4,500 60,600 7.0
Germany 99 0 40,600 40,699 4.7
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Ukraine 15,351 16,577 1,945 33,873 3.9
Kazakhstan 21,500 0 12,100 33,600 3.9
South Africa 30,156 0 0 30,156 3.5
Serbia 9 361 13,400 13,770 1.6
Colombia 6,366 380 0 6,746 0.8
Canada 3,474 872 2,236 6,528 0.8
Poland 4,338 0 1,371 5,709 0.7
Indonesia 1,520 2,904 1,105 5,529 0.6
Brazil 0 4,559 0 4,559 0.5
Greece 0 0 3,020 3,020 0.4
F'fe"éggofﬂga 484 0 2369 2853 0.3
Mongolia 1,170 0 1,350 2,520 0.3
Bulgaria 2 190 2,174 2,366 0.3
Pakistan 0 166 1,904 2,070 0.3
Turkey 529 0 1,814 2,343 0.3
Uzbekistan 47 0 1,853 1,900 0.2
Hungary 13 439 1,208 1,660 0.2
Thailand 0 0 1,239 1,239 0.1
Mexico 860 300 51 1,211 0.1
Iran 1,203 0 0 1,203 0.1
Czech 192 0 908 1100 0.1
Republic

Kyrgyzstan 0 0 812 812 0.1
Albania 0 0 794 794 0.1
North Korea 300 300 0 600 0.1

571 -

New Zealand 33 205 333 -7,000 15,000 0.1
Spain 200 300 30 530 0.1
Laos 4 0 499 503 0.1
Zimbabwe 502 0 0 502 0.1
Argentina 0 0 500 500 0.1
All others 3,421 1,346 846 5,613 0.7
Total world 404,762 260,789 195,387 860,938 100

345



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

13 - 2 - Major coal producers :

The reserve life is an estimate based only on current production
levels and proved reserves level for the countries shown, and makes
no assumptions of future production or even current production
trends. Countries with annual production higher than 100 million
tonnes are shown. For comparison, data for the European Union is
also shown. Shares are based on data expressed in tonnes oil
equivalent.

Production of Coal by Country and year ( million tones )

Reserve
Country 2003 2004 2005 2006 2007 2008 2009 2010 Share Life

(years)
China 1835 2122 2349 2528 2691 2802.02973.03240 48 % 35
USA 972.3 1008 1026 1054 1040 1063.0975.2 9846 15 % 241
India 375.4 407.7 428.4 449.2 478.4 5159 556.0 5699 58% 106
EU 637.2 627.6 607.4 595.1 592.3 563.6 538.4 535.7 4.2% 105

Australia  350.4 364.3 375.4 382.2 392.7 399.2 413.2 4239 6.3% 180
Russia 276.7 281.7 298.3 309.9 313.5 328.6 301.3 316.9 4.7 % 495
Indonesia  114.3 132.4 152.7 193.8 216.9 240.2 256.2 3059 50% 18

South
Africa

Germany 2049 207.8 202.8 197.1 2019 1924 183.7 1823 1.2% 223
Poland 163.8 162.4 159.5 156.1 1459 144.0 1352 133.2 15% 43
Kazakhstan 849 869 86.6 96.2 978 111.1 1009 1108 15% 303

Total
World

2379 243.4 2444 2448 247.7 252.6 250.6 253.8 3.8% 119

5,301 5,716 6,035 6,342 6,573 6,795 6,880 7,273 100 % 118

13 - 3 - Major coal exporters:

Countries with annual export higher than 10 million tones are
shown .

Exports of Coal by Country and year ( million short tons )
Country 2003 2004 2005 2006 2007 2008 2009 Share %
Australia ~ 238.1 247.6 255.0 255.0 268.5 278.0 288.5 26.5
Indonesia  107.8 131.4 142.0 192.2 2219 228.2 2614 24.0
Russia 41.0 55.7 98.6 1034 112.2 1154 1309 12.0
Colombia 504 56.4 59.2 683 745 747 757 6.9%
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South Africa78.7 749 788 758 726 682 738 6.8%
USA 43.0 48.0 51.7 51.2 60.6 835 604 55%
China 103.4955 93.1 8.6 754 688 384 3.5%
Canada 277 288 312 312 334 365 319 2.9%
Vietnam 69 11.7 198 235 351 213 282 2.6%
Kazakhstan 30.3 27.4 283 30.5 328 476 257 24%
Poland 28.0 275 265 254 201 161 146 1.3%
Total 713.9764.0936.01,000.61,073.41,087.31,090.8 100%

13 - 4 - Major coal importers :

Countries with annual import higher than 30 million tonnes are
shown .

Imports of Coal by Country and year ( million short tons )

Country 2006 2007 2008 2009 Share
Japan 199.7 209.0 206.0 182.1 17.5%
China 42.0 56.2 44.5 151.9 14.5%
South Korea  84.1 94.1 107.1 109.9 10.6%
India 52.7 29.6 70.9 76.7 7.4%
Taiwan 69.1 72.5 70.9 64.6 6.2%
Germany 50.6 56.2 55.7 45.9 4.4%
zﬂgggm 56.8 48.9 49.2 42.2 4.1%

Total 991.8 1,056.5 1,063.2 1,039.8 100%
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Concrete

Outer view of the Roman Pantheon,
still the largest unreinforced solid concrete dome.

7 T — 12 T m—
A e

A modern building: Boston City Hall (completed 1968) is constructed
largely of concrete, both precast and poured in place.

% - 3

Opus caementicium lying bare on a tomb near Rome. In contrast to
modern concrete structures, the concrete walls of Roman buildings
were covered, usually with brick or stone.

Contents

. 1 Introduction
. 2 History
o 2.1 Additives
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. 3 Composition
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o 3.2 Water
o 3.3 Aggregates
o 3.4 Reinforcement
o 3.5 Chemical admixtures
o 3.6 Mineral admixtures and blended cements
. 4 Concrete production
° 4.1 Mixing concrete
o 4.2 Workability
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. 6 Concrete degradation
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. 9 Use of concrete in infrastructure
o 9.1 Mass concrete structures
o 9.2 Pre-stressed concrete structures
o 9.3 Concrete textures
. 10 Building with concrete
° 10.1 Energy efficiency
o 10.2 Pervious concrete
° 10.3 Fire safety
° 10.4 Earthquake safety
. 11 World records

1 — Introduction :

Concrete is a composite construction material composed
primarily of aggregate, cement and water. There are many
formulations that have varied properties. The aggregate is generally a
coarse gravel or crushed rocks such as limestone, or granite, along
with a fine aggregate such as sand. The cement, commonly Portland
cement, and other cementitious materials such as fly ash and slag
cement, serve as a bhinder for the aggregate. Various chemical
admixtures are also added to achieve varied properties. Water is then
mixed with this dry composite which enables it to be shaped
(typically poured) and then solidified and hardened into rock-hard
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strength through a chemical process known as hydration. The water
reacts with the cement which bonds the other components together,
eventually creating a robust stone-like material. Concrete has
relatively high compressive strength, but much lower tensile strength.
For this reason is usually reinforced with materials that are strong in
tension (often steel). Concrete can be damaged by many processes,
such as the freezing of trapped water.

Concrete is widely used for making architectural structures,
foundations, brick/block walls, pavements, bridges / over passes,
motor ways / roads, runways, parking structures, dams, pools /
reservoirs , pipes, footings for gates, fences and poles and even boats.
Famous concrete structures include the Burj Khalifa ( world's tallest
building ) , the Hoover Dam, the Panama Canal and the Roman
Pantheon . Concrete technology was known by the Ancient Romans
and was widely used within the Roman Empire. After the Empire
passed, use of concrete became scarce until the technology was re-
pioneered in the mid-18th century.

The environmental impact of concrete is a complex mixture of
not entirely negative effects; while concrete is a major contributor to
greenhouse gas emissions, recycling of concrete is increasingly
common in structures that have reached the end of their life.
Structures made of concrete can have a long service life. As concrete
has a high thermal mass and very low permeability, it can make for
energy efficient housing.

Burj Khalifa (world's tallest building )
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2 - History :

The word concrete comes from the Latin word “concretus”
( meaning compact or condensed ) , the perfect passive participle of
"concrescere ", from "con -" ( together ) and "crescere" (to grow ) .

Concrete was used for construction in many ancient structures.

During the Roman Empire, Roman concrete ( or opus
caementicium) was made from quicklime, pozzolana and an aggregate
of pumice. Its widespread use in many Roman structures, a key event
in the history of architecture termed the Roman Architectural
Revolution, freed Roman construction from the restrictions of stone
and brick material and allowed for revolutionary new designs in terms
of both structural complexity and dimension.

Hadrian's Pantheon in Rome is an example of Roman concrete
construction.

Concrete, as the Romans knew it , was a new and revolutionary
material. Laid in the shape of arches, vaults and domes, it quickly
hardened into a rigid mass, free from many of the internal thrusts and
strains that troubled the builders of similar structures in stone or brick.

Modern tests show that opus caementicium had as much
compressive strength as modern Portland - cement concrete ( ca.
200 kg / cm?) . However, due to the absence of steel reinforcement,
its tensile strength was far lower and its mode of application was also
different :
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Modern structural concrete differs from Roman concrete in two
important details. First, its mix consistency is fluid and homogeneous,
allowing it to be poured into forms rather than requiring hand-
layering together with the placement of aggregate, which, in Roman
practice, often consisted of rubble. Second, integral reinforcing steel
gives modern concrete assemblies great strength in tension, whereas
Roman concrete could depend only upon the strength of the concrete
bonding to resist tension .

The wide spread use of concrete in many Roman structures has
ensured that many survive to the present day. The Baths of Caracalla
in Rome are just one example. Many Roman aqueducts and bridges
have masonry cladding on a concrete core, as does the dome of the
Pantheon.

Some have stated that the secret of concrete was lost for 13
centuries until 1756, when the British engineer John Smeaton
pioneered the use of hydraulic lime in concrete, using pebbles and
powdered brick as aggregate. However, the Canal du Midi was built
using concrete in 1670. Like wise there are concrete structures in
Finland that date back to the 16th century. Portland cement was first
used in concrete in the early 1840s .

2 —1 - Additives :

Concrete additives have been used since Roman and Egyptian
times, when it was discovered that adding volcanic ash to the mix
allowed it to set under water. Similarly, the Romans knew that adding
horse hair made concrete less liable to crack while it hardened and
adding blood made it more frost - resistant .

In modern times, researchers have experimented with the
addition of other materials to create concrete with improved
properties, such as higher strength or electrical conductivity.

3 - Composition :

There are many types of concrete available, created by varying
the proportions of the main ingredients below. In this way or by
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substitution for the cementitious and aggregate phases, the finished
product can be tailored to its application with varying strength,
density, or chemical and thermal resistance properties.

Recently the use of recycled materials as concrete ingredients
has been gaining popularity because of increasingly stringent
environmental legislation. The most conspicuous of these is fly ash, a
by-product of coal - fired power plants. This use reduces the amount
of quarrying and landfill space required as the ash acts as a cement
replacement thus reducing the amount of cement required.

The mix design depends on the type of structure being built, how
the concrete will be mixed and delivered and how it will be placed to
form this structure.

3—-1- Cement:

Portland cement is the most common type of cement in general
usage. It is a basic ingredient of concrete, mortar and plaster. English
masonry worker Joseph Aspdin patented Portland cement in 1824; it
was named because of its similarity in color to Portland limestone,
quarried from the English Isle of Portland and used extensively in
London architecture. It consists of a mixture of oxides of calcium,
silicon and aluminium. Portland cement and similar materials are
made by heating limestone (a source of calcium) with clay and
grinding this product (called clinker) with a source of sulfate ( most
commonly gypsum) .

In recent years, alternatives have been developed to help replace
cement. Products such as PLC ( Portland Lime stone Cement ) ,
which incorporate limestone into the mix, are being tested. This is due
to cement production being one of the largest producers of global
green house gas emissions.

3-2- Water:

Combining water with a cementitious material forms a cement
paste by the process of hydration. The cement paste glues the
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aggregate together, fills voids within it and allows it to flow more
freely.

Less water in the cement paste will yield a stronger, more
durable concrete; more water will give a freer - flowing concrete with
a higher slump. Impure water used to make concrete can cause
problems when setting or in causing premature failure of the structure.

Hydration involves many different reactions, often occurring at
the same time. As the reactions proceed, the products of the cement
hydration process gradually bond together the individual sand and
gravel particles and other components of the concrete, to form a solid
mass.

Reaction :

Cement chemist notation : C3S+ H — C-S-H + CH
Standard notation : CazSiOs + H,O0 —
(Ca0O) (S10;)-(HO)(gel)+Ca(0OH)>
Balanced : 2Casz Si Os + 7TH,0 —
3(Ca0)2(Si0;) - 4(H,O)(gel)+3Ca(0OH),

3 -3 - Aggregates:

Fine and coarse aggregates make up the bulk of a concrete
mixture. Sand, natural gravel and crushed stone are used mainly for
this purpose. Recycled aggregates ( from construction, demolition and
excavation waste ) are increasingly used as partial replacements of
natural aggregates, while a number of manufactured aggregates,
including air - cooled blast furnace slag and bottom ash are also
permitted.

Decorative stones such as quartzite, small river stones or
crushed glass are sometimes added to the surface of concrete for a
decorative "exposed aggregate" finish, popular among landscape
designers.

The presence of aggregate greatly increases the robustness of
concrete above that of cement, which otherwise is a brittle material
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and thus concrete is a true composite material . Redistribution of
aggregates after compaction often creates in homogeneity due to the
influence of vibration. This can lead to strength gradients.

3 -4 - Reinforcement

U

Installing rebar in a floor slab during a concrete pour.

Concrete is strong in compression, as the aggregate efficiently
carries the compression load. However, it is weak in tension as the
cement holding the aggregate in place can crack, allowing the
structure to fail. Reinforced concrete solves these problems by adding
either steel reinforcing bars, steel fibers, glass fiber, or plastic fiber to
carry tensile loads. Thereafter the concrete is reinforced to withstand
the tensile loads upon it.

3 —-5- Chemical admixtures :

Chemical admixtures are materials in the form of powder or
fluids that are added to the concrete to give it certain characteristics
not obtainable with plain concrete mixes. In normal use, admixture
dosages are less than 5% by mass of cement and are added to the
concrete at the time of batching/mixing . The common types of
admixtures are as follows.

. Accelerators speed up the hydration ( hardening ) of
the concrete. Typical materials used are CaCl,, Ca(NOs), and
NaNO;. How ever, use of chlorides may cause corrosion in steel
reinforcing and is prohibited in some countries, so that nitrates
may be favored.

. Retarders slow the hydration of concrete and are
used in large or difficult pours where partial setting before the
pour is complete is undesirable. Typical polyol retarders are
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sugar, sucrose, sodium gluconate, glucose, citric acid, and
tartaric acid.

. Air entrainments add and entrain tiny air bubbles in
the concrete, which will reduce damage during freeze - thaw
cycles, thereby increasing the concrete's durability. However,
entrained air entails a trade off with strength, as each 1 % of air
may result in 5 % decrease in compressive strength.

. Plasticizers increase the workability of plastic or
“fresh™ concrete, allowing it be placed more easily, with less
consolidating effort. A typical plasticizer is lignosulfonate.
Plasticizers can be used to reduce the water content of a
concrete while maintaining workability and are sometimes
called water-reducers due to this use. Such treatment improves
its strength and durability characteristics. Superplasticizers (also
called high-range water-reducers) are a class of plasticizers that
have fewer deleterious effects and can be used to increase
workability more than is practical with traditional plasticizers.
Compounds used as super plasticizers include sulfonated
naphthalene formaldehyde condensate, sulfonated melamine
formaldehyde condensate, acetone formaldehyde condensate
and poly carboxylate ethers .

. Pigments can be used to change the color of
concrete, for aesthetics.

. Corrosion inhibitors are used to minimize the
corrosion of steel and steel bars in concrete.

. Bonding agents are used to create a bond between
old and new concrete ( typically a type of polymer ) .

. Pumping aids improve pump ability, thicken the
paste and reduce separation and bleeding.

Blocks of concrete iBeIo Horizonte, Brazil.
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3 —6 - Mineral admixtures and blended cements :

There are inorganic materials that also have pozzolanic or latent
hydraulic properties. These very fine - grained materials are added to
the concrete mix to improve the properties of concrete ( mineral
admixtures ) , or as a replacement for Portland cement ( blended
cements) .

. Fly ash : A Dby-product of coal-fired electric
generating plants, it is used to partially replace Portland cement
( by up to 60 % by mass ) . The properties of fly ash depend on
the type of coal burnt. In general, siliceous fly ash is pozzolanic,
while calcareous fly ash has latent hydraulic properties .

. Ground granulated blast furnace slag (GGBFS or
GGBS): A by - product of steel production is used to partially
replace Portland cement ( by up to 80 % by mass ) . It has latent
hydraulic properties .

. Silica fume : A by - product of the production of
silicon and ferrosilicon alloys. Silica fume is similar to fly ash,
but has a particle size 100 times smaller. This results in a higher
surface to volume ratio and a much faster pozzolanic reaction.
Silica fume is used to increase strength and durability of
concrete, but generally requires the use of super plasticizers for
workability.

. High reactivity Meta kaolin ( HRM ): Meta kaolin
produces concrete with strength and durability similar to
concrete made with silica fume. While silica fume is usually
dark gray or black in color, high - reactivity meta kaolin is
usually bright white in color, making it the preferred choice for
architectural concrete where appearance is important.

4 - Concrete production :

Concrete plant facility (backgrund) with concrete delivery trucks.
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The processes used vary dramatically, from hand tools to heavy
industry, but result in the concrete being placed where it cures into a
final form. Wide range of technological factors may occur during
production of concrete elements and their influence to basic
characteristics may vary .

When initially mixed together, Portland cement and water
rapidly form a gel , formed of tangled chains of interlocking crystals.
These continue to react over time, with the initially fluid gel often
aiding in placement by improving workability. As the concrete sets,
the chains of crystals join and form a rigid structure, gluing the
aggregate particles in place. During curing, more of the cement reacts
with the residual water ( hydration) .

This curing process develops physical and chemical properties.
Among these qualities are mechanical strength, low moisture
permeability and chemical and volumetric stability.

4 —1 - Mixing concrete :

Thorough mixing is essential for the production of uniform, high
quality concrete. For this reason equipment and methods should be
capable of effectively mixing concrete materials containing the largest
specified aggregate to produce uniform mixtures of the lowest slump
practical for the work.

Separate paste mixing has shown that the mixing of cement and
water into a paste before combining these materials with aggregates
can increase the compressive strength of the resulting concrete . The
paste is generally mixed in a high - speed, shear - type mixer at a
w/cm (water to cement ratio) of 0.30 to 0.45 by mass. The cement
paste premix may include admixtures such as accelerators or
retarders, super plasticizers, pigments, or silica fume. The premixed
paste is then blended with aggregates and any remaining batch water
and final mixing is completed in conventional concrete mixing
equipment .

High - energy mixed ( HEM ) concrete is produced by means of
high-speed mixing of cement, water and sand with net specific energy
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consumption of at least 5 kilojoules per kilogram of the mix. A
plasticizer or a super plasticizer is then added to the activated mixture,
which can later be mixed with aggregates in a conventional concrete
mixer. In this process, sand provides dissipation of energy and creates
high-shear conditions on the surface of cement particles. This results
in the full volume of water interacting with cement. The liquid
activated mixture can be used by itself or foamed ( expanded ) for
lightweight concrete . HEM concrete hardens in low and subzero
temperature conditions and possesses an increased volume of gel,
which drastically reduces capillarity in solid and porous materials.

4 — 2 - Work ability :

A
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Pouring and smoothing out concrete at Palisades Park in Washington
Work ability is the ability of a fresh ( plastic ) concrete mix to
fill the form/mold properly with the desired work (vibration) and
without reducing the concrete's quality. Work ability depends on
water content, aggregate (shape and size distribution), cementitious
content and age ( level of hydration) and can be modified by adding
chemical admixtures, like super plasticizer. Raising the water content
or adding chemical admixtures will increase concrete workability.
Excessive water will lead to increased bleeding ( surface water )
and/or segregation of aggregates ( when the cement and aggregates
start to separate ) , with the resulting concrete having reduced quality.
The use of an aggregate with an undesirable gradation can result in a
very harsh mix design with a very low slump, which cannot be readily
made more workable by addition of reasonable amounts of water.

Workability can be measured by the concrete slump test, a
simplistic measure of the plasticity of a fresh batch of concrete
following the ASTM C 143 or EN 12350 - 2 test standards. Slump is
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normally measured by filling an " Abrams cone" with a sample from a
fresh batch of concrete. The cone is placed with the wide end down
onto a level, non-absorptive surface. It is then filled in three layers of
equal volume, with each layer being tamped with a steel rod in order
to consolidate the layer. When the cone is carefully lifted off, the
enclosed material will slump a certain amount due to gravity. A
relatively dry sample will slump very little, having a slump value of
one or two inches ( 25 or 50 mm ) . A relatively wet concrete sample
may slump as much as eight inches. Workability can also be
measured by using the flow table test .

Slump can be increased by addition of chemical admixtures
such as plasticizer or super plasticizer without changing the water -
cement ratio . Some other admixtures, especially air - entraining
admixture, can increase the slump of a mix.

High-flow concrete, like self - consolidating concrete , is tested
by other flow-measuring methods. One of these methods includes
placing the cone on the narrow end and observing how the mix flows
through the cone while it is gradually lifted . After mixing , concrete
is a fluid and can be pumped to the location where needed.

4-3- Curing :

A concrete slab pounded while curing.

In all but the least critical applications, care needs to be taken to
properly cure concrete, to achieve best strength and hardness. This
happens after the concrete has been placed. Cement requires a moist,
controlled environment to gain strength and harden fully. The cement
paste hardens over time, initially setting and becoming rigid though
very weak and gaining in strength in the weeks following. In around 4
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weeks, typically over 90% of the final strength is reached, though
strengthening may continue for decades . The conversion of calcium
hydroxide in the concrete into calcium carbonate from absorption of
CO, over several decades further strengthen the concrete and making
it more resilient to damage. However, this reaction, called
carbonation, lowers the pH of the cement pore solution and can cause
the reinforcement bars to corrode.

Hydration and hardening of concrete during the first three days
is critical. Abnormally fast drying and shrinkage due to factors such
as evaporation from wind during placement may lead to increased
tensile stresses at a time when it has not yet gained sufficient strength,
resulting in greater shrinkage cracking. The early strength of the
concrete can be increased if it is kept damp during the curing process.
Minimizing stress prior to curing minimizes cracking. High-early-
strength concrete is designed to hydrate faster, often by increased use
of cement that increases shrinkage and cracking. Strength of concrete
changes ( increases ) up to three years. It depends on cross - section
dimension of elements and conditions of structure exploitation .

During this period concrete needs to be kept under controlled
temperature and humid atmosphere. In practice, this is achieved by
spraying or pounding the concrete surface with water, thereby
protecting the concrete mass from ill effects of ambient conditions.
The pictures to the right show two of many ways to achieve this,
pounding — submerging setting concrete in water and wrapping in
plastic to contain the water in the mix. Additional common curing
methods include wet burlap and/or plastic sheeting covering the fresh
concrete, or by spraying on a water-impermeable temporary curing
membrane.

Properly curing concrete leads to increased strength and lower
permeability and avoids cracking where the surface dries out
prematurely. Care must also be taken to avoid freezing, or
overheating due to the exothermic setting of cement. Improper curing
can cause scaling, reduced strength, poor abrasion resistance and
cracking.
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5- Properties:

Concrete has relatively high compressive strength, but much
lower tensile strength. For this reason is usually reinforced with
materials that are strong in tension ( often steel ) . The elasticity of
concrete is relatively constant at low stress levels but starts decreasing
at higher stress levels as matrix cracking develops. Concrete has a
very low coefficient of thermal expansion and shrinks as it matures.
All concrete structures will crack to some extent, due to shrinkage and
tension. Concrete that is subjected to long-duration forces is prone to
creep . Tests can be made to ensure the properties of concrete
correspond to specifications for the application.

6 - Concrete degradation :

= e
Concrete spelling caused by the corrosion of rebar
Main article: Concrete degradation

Concrete can be damaged by many processes, such as the
expansion of corrosion products of the steel reinforcement bars,
freezing of trapped water, fire or radiant heat, aggregate expansion ,
sea water effects, bacterial corrosion, leaching, erosion by fast -
flowing water, physical damage and chemical damage ( from
carbonation, chlorides, sulfates and distillate water ) .

7 - Environmental and health :

The environmental impact of concrete is a complex mixture of
not entirely negative effects . A major component of concrete is
cement , which has its own environmental and social impacts.
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The cement industry is one of two primary producers of carbon
dioxide, a major greenhouse gas. Concrete is used to create hard
surfaces which contribute to surface runoff, which can cause heavy
soil erosion, water pollution and flooding. Concrete is a primary
contributor to the urban heat island effect, but is less so than asphalt.
Concrete dust released by building demolition and natural disasters
can be a major source of dangerous air pollution. The presence of
some substances in concrete, including useful and unwanted
additives, can cause health concerns due to toxicidity and
radioactivity. Wet concrete is highly alkaline and must be handled
with proper protective equipment.

8 - Concrete recycling :

Recycled crushed concrete bein loaded into a semi-dump truck to be
used as granular fill.

Concrete recycling is an increasingly common method of
disposing of concrete structures. Concrete debris was once routinely
shipped to landfills for disposal, but recycling is increasing due to
improved environmental awareness, governmental laws and economic
benefits.

Concrete, which must be free of trash, wood, paper and other
such materials, is collected from demolition sites and put through a
crushing machine, often along with asphalt, bricks and rocks.

Reinforced concrete contains rebar and other metallic
reinforcements, which are removed with magnets and recycled
elsewhere. The remaining aggregate chunks are sorted by size. Larger
chunks may go through the crusher again. Smaller pieces of concrete
are used as gravel for new construction projects. Aggregate base
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gravel is laid down as the lowest layer in a road, with fresh concrete
or asphalt placed over it. Crushed recycled concrete can sometimes be
used as the dry aggregate for brand new concrete if it is free of
contaminants, though the use of recycled concrete limits strength and
Is not allowed in many jurisdictions. On 3 March 1983, a government
funded research team ( the VIRL research . codep ) approximated that
almost 17 % of worldwide landfill was by-products of concrete based
waste.

9 - Use of concrete in infrastructure :
9 —1 - Mass concrete structures :

These large structures typically include gravity dams, such as
the Hoover Dam, the Itaipu Dam and the Three Gorges Dam, arch
dams, navigation locks and large break waters. Such large structures,
even though individually placed in formed horizontal blocks, generate
excessive heat and associated expansion; to mitigate these effects post
- cooling is commonly provided in the design. An early example at
Hoover Dam, installed a network of pipes between vertical concrete
placements to circulate cooling water during the curing process to
avoid damaging overheating. Similar systems are still used;
depending on volume of the pour, the concrete mix used, and ambient
air temperature, the cooling process may last for many months after
the concrete is placed . Various methods also are used to pre-cool the
concrete mix in mass concrete structures .

Concrete that is poured all at once in one form (so that there are
no weak points where the concrete is "welded" together) is used for
tornado shelters.

9 -2 - Pre - stressed concrete structures :

Pre - stressed concrete is a form of reinforced concrete that
builds in compressive stresses during construction to oppose those
found when in use. This can greatly reduce the weight of beams or
slabs, by better distributing the stresses in the structure to make
optimal use of the reinforcement. For example a horizontal beam will
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tend to sag down. If the reinforcement along the bottom of the beam
IS pre-stressed, it can counteract this.

In pre - tensioned concrete, the pre - stressing is achieved by
using steel or polymer tendons or bars that are subjected to a tensile
force prior to casting, or for post-tensioned concrete, after casting.

9 — 3 - Concrete textures

PNt

40 - foot cacti decorate a soun—d/fefaining wall in Scottsdale, Arizona

When one thinks of concrete, the image of a dull, gray concrete
wall often comes to mind. With the use of form liner, concrete can be
cast and molded into different textures and used for decorative
concrete applications. Sound/retaining walls, bridges, office buildings
and more serve as the optimal canvases for concrete art. For example,
the Pima Free way / Loop 101 retaining and sound walls in Scottsdale
, Arizona , feature desert flora and fauna , a 20 m lizard and 12 m
cacti along the 13 km stretch. The project, titled "The Path Most
Traveled," is one example of how concrete can be shaped using
elastomeric form liner.

10 - Building with concrete :

Concrete is one of the most durable building materials. It
provides superior fire resistance, compared with wooden construction
and can gain strength over time. Structures made of concrete can have
a long service life. Concrete is the most widely used construction
material in the world with annual consumption estimated at between
21 and 31 billion tones..
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Concrete is used more than any other man-made material in the
world . As of 2006, about 7.5 billion cubic meters of concrete are
made each year—more than one cubic meter for every person on
Earth.

Concrete powers a US $ 35 billion industry, employing more
than two million workers in the United States alone . More than
55,000 miles (89,000 km) of highways in the United States are paved
with this material. Reinforced concrete, pre stressed concrete and
precast concrete are the most widely used types of concrete functional
extensions in modern days.

10 -1 - Energy efficiency :

Energy requirements for transportation of concrete are low
because it is produced locally from local resources , typically
manufactured within 100 kilometers of the job site . Similarly,
relatively little energy is used in producing and combining the raw
materials ( although large amounts of CO, are produced by the
chemical reactions in cement manufacture ) . The overall embodied
energy of concrete is therefore lower than for most structural
materials other than wood.

Once in place, concrete offers significant energy efficiency over
the lifetime of a building . Concrete walls leak air far less than those
made of wood — frames * Air leakage accounts for a large percentage
of energy loss from a home. The thermal mass properties of concrete
increase the efficiency of both residential and commercial buildings.
By storing and releasing the energy needed for heating or cooling,
concrete's thermal mass delivers year-round benefits by reducing
temperature swings inside and minimizing heating and cooling costs
While insulation reduces energy loss through the building envelope,
thermal mass uses walls to store and release energy. Modern concrete
wall systems use both external insulation and thermal mass to create
an energy - efficient building. Insulating Concrete Forms ( ICFs ) are
hollow blocks or panels made of either insulating foam or rastra that
are stacked to form the shape of the walls of a building and then filled
with reinforced concrete to create the structure.
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10— 2 - Pervious concrete :

Pervious concrete is a mix of specially graded coarse aggregate,
cement, water and little - to - no fine aggregates . This concrete is also
known as “no - fines” or porous concrete . Mixing the ingredients in a
carefully controlled process creates a paste that coats and bonds the
aggregate particles. The hardened concrete contains interconnected air
voids totaling approximately 15 to 25 percent. Water runs through the
voids in the pavement to the soil underneath. Air entrainment
admixtures are often used in freeze-thaw climates to minimize the
possibility of frost damage.

10 — 3 - Fire safety :

Concrete buildings are more resistant to fire than those
constructed using wood or steel frames , since concrete does not
burn. Concrete reduces the risk of structural collapse and is an
effective fire shield, providing safe means of escape for occupants and
protection for fire fighters.

Options for non - combustible construction include floors,
ceilings and roofs made of cast - in - place and hollow-core precast
concrete. For walls, concrete masonry technology and Insulating
Concrete Forms ( ICFs ) are additional options . ICFs are hollow
blocks or panels made of fire - proof insulating foam that are stacked
to form the shape of the walls of a building and then filled with
reinforced concrete to create the structure.

Concrete also provides the best resistance of any building
material to high winds, hurricanes, tornadoes due to its lateral
stiffness that results in minimal horizontal movement .

10 — 4 - Earth quake safety :

As discussed above, concrete is very strong in compression, but
weak in tension. Larger earthquakes can generate very large shear
loads on structures. These shear loads subject the structure to both
tensional and compression loads . Concrete structures without
reinforcing, like other unreinforced masonry structures, can fail
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during severe earthquake shaking. Unreinforced masonry structures
constitute one of the largest earthquake risks globally . These risks
can be reduced through seismic retrofitting of at - risk buildings, ( e.g.
School buildings in Istanbul , Turkey) .

11 - World records :

The world record for the largest concrete pour in a single project
is the Three Gorges Dam in Hubei Province, China by the Three
Gorges Corporation. The amount of concrete used in the construction
of the dam is estimated at 16 million cubic meters over 17 years . The
previous record was 12.3 million cubic meters held by Itaipu
hydropower station in Brazil .

The world record for concrete pumping was set on 7 August
2009 during the construction of the Parbati Hydroelectric Project,
near the village of Suind, Himachal Pradesh, India, when the concrete
mix was pumped through a vertical height of 715 m .

The world record for largest continuously poured concrete raft
was achieved in August 2007 in Abu Dhabi by contracting firm Al
Habtoor - CCC Joint Venture. The pour (a part of the foundation for
the Abu Dhabi's Landmark Tower) was 16,000 cubic meters of
concrete poured within a two day period . The previous record (close
to 10,500 cubic meters) was held by Dubai Contracting Company and
achieved 23 March 2007."

The world record for largest continuously poured concrete floor
was completed 8 November 1997, in Louisville, Kentucky by design-
build firm EXXCEL Project Management. The monolithic placement
consisted of 20,900 m? of concrete placed within a 30 hour period,
finished to a flatness tolerance of Fg 54.60 and a levelness tolerance
of F_ 43.83. This surpassed the previous record by 50 % in total
volume and 7.5 % in total area .

The record for the largest continuously placed underwater
concrete pour was completed 18 October 2010, in New Orleans,
Louisiana by contractor C. J. Mahan Construction Company, LLC of
Grove City, Ohio. The placement consisted of 10,224 cubic yards of
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concrete placed in a 58 hour period using two concrete pumps and
two dedicated concrete batch plants. Upon curing, this placement will
allow the 4,662 m* cofferdam to be dewatered approximately 26 feet

(7.9 m) below sea level to allow the construction of the IHNC GIWW
Sill & Monolith Project to be completed in the dry.
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Concrete Shell

Oceanog rapi Valencia
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. 6 Modern concrete shell construction

1 — Introduction :

A concrete shell, also commonly called thin shell concrete
structure, is a structure composed of a relatively thin shell of
concrete, usually with no interior columns or exterior buttresses. The
shells are most commonly flat plates and domes, but may also take the
form of ellipsoids or cylindrical sections, or some combination
thereof. The first concrete shell dates back to the 2nd century.

2 —Uses:

Most concrete shell structures are buildings, including storage
facilities, commercial buildings, and residential homes. Concrete shell
construction techniques are well suited for complex curves and are
also used to build boat hulls (called ferroconcrete). Historically, it
was used by the British to create the Mulberry Harbours for the 1944
D - Day invasion of Normandy .
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3 - Advantages :

Like the arch, the curved shapes often used for concrete shells
are naturally strong structures, allowing wide areas to be spanned
without the use of internal supports, giving an open, unobstructed
interior. The use of concrete as a building material reduces both
materials cost and construction costs, as concrete is relatively
inexpensive and easily cast into compound curves. The resulting
structure may be immensely strong and safe; modern monolithic
dome houses, for example, have resisted hurricanes and fires, and are
widely considered to be strong enough to withstand even F5
tornadoes.

4 - Disadvantages :

Since concrete is a porous material, concrete domes often have
issues with sealing. If not treated, rainwater can seep through the roof
and leak into the interior of the building. On the other hand, the
seamless construction of concrete domes prevents air from escaping,
and can lead to buildup of condensation on the inside of the shell.
Shingling or sealants are common solutions to the problem of exterior
moisture, and dehumidifiers or ventilation can address condensation.

5 - Historic concrete shells :

The oldest known concrete shell, the Pantheon in Rome, was
completed about AD 125, and is still standing. It has a massive
concrete dome 43m in diameter, with an oculus at its centre. A
monolithic structure, it appears to have been sculpted in place by
applying thin layers on top of each other in decreasing diameter.
Massively thick at the bottom and thinning (with aerated volcanic
pumice as part of the concrete mix) at the top, the Pantheon is a
remarkable feat of engineering.

6 - Modern concrete shell construction :

Modern thin concrete shells, which began to appear in the
1920s, are made from thin steel reinforced concrete, and in many

371



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

cases lack any ribs or additional reinforcing structures, relying wholly
on the shell structure itself.

Shells may be cast in place, or pre-cast off site and moved into
place and assembled. The strongest form of shell is the monolithic
shell, which is cast as a single unit. The most common monolithic
form is the dome, but ellipsoids and cylinders (resembling concrete
Quonset huts / Nissen huts) are also possible using similar
construction methods.

Geodesic domes may be constructed from concrete sections, or
may be constructed of a lightweight foam with a layer of concrete
applied over the top. The advantage of this method is that each section
of the dome is small and easily handled. The layer of concrete applied
to the outside bonds the dome into a semi-monolithic structure.

Monolithic domes are cast in one piece out of reinforced
concrete and date back to the 1960s. Advocates of these domes
consider them to be cost-effective and durable structures, especially
suitable for areas prone to natural disasters. They also point out the
ease of maintenance of these buildings. Monolithic domes can be built
as homes, office buildings, or for other purposes.

Completed in 1963, the University of Illinois Assembly Hall,
located in Champaign, Illinois was and is the first ever concrete-
domed arena. The design of the new building, by Max Abramovitz,
called for the construction of one of the world’s largest edge-
supported structures. See Construction of Assembly Hall.

The Seattle Kingdome was the world's first (and only) concrete-
domed multi-purpose stadium. It was completed in 1976 and
demolished in 2000. The Kingdome was constructed of triangular
segments of reinforced concrete that were cast in place. Thick ribs
provide additional support.
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Concrete Category

Contents
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. 3 Remarks
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. 5 Counter - examples

. 6 Implicit structure of concrete categories
. 7 Relative concreteness

1 — Introduction :

In mathematics, a concrete category is a category that is
equipped with a faithful functor to the category of sets. This functor
makes it possible to think of the objects of the category as sets with
additional structure, and of its morphisms as structure-preserving
functions. Many important categories have obvious interpretations as
concrete categories, for example the category of topological spaces
and the category of groups, and trivially also the category of sets
itself. On the other hand, the homotopy category of topological spaces
IS not concretizable, i.e. it does not admit a faithful functor to the
category of sets.

A concrete category, when defined without reference to the
notion of a category, consists of a class of objects, each equipped with
an underlying set; and for any two objects A and B a set of functions,
called morphisms, from the underlying set of A to the underlying set
of B. Furthermore, for every object A, the identity function on the
underlying set of A must be a morphism from A to A, and the
composition of a morphism from A to B followed by a morphism
from B to C must be a morphism from Ato C.

2 — Definition ;
A concrete category is a pair ( C, U ) such that :

. C is a category, and
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. U is a faithful functor C — Set ( the category of sets
and functions) .

The functor U is to be thought of as a forgetful functor, which
assigns to every object of C its "underlying set", and to every
morphism in C its "under lying function”.

A category C is concretizable if there exists a concrete category
(C,U); i.e., if there exists a faithful functor U:.C — Set. All small
categories are concretizable: define U so that its object part maps each
object b of C to the set of all morphisms of C whose codomain is b
(i.e. all morphisms of the form f: a — b for any object a of C), and its
morphism part maps each morphism g: b — ¢ of C to the function
U(g): U(b) — U(c) which maps each member f: a — b of U(b) to the
composition gf: a — ¢, a member of U(c). (Item 6 under Further
examples expresses the same U in less elementary language via
presheaves.) The Counter-examples section exhibits two large
categories that are not concretizable.

3 - Remarks:

It is important to note that, contrary to intuition, concreteness is
not a property which a category may or may not satisfy, but rather a
structure with which a category may or may not be equipped. In
particular, a category C may admit several faithful functors into Set.
Hence there may be several concrete categories (C,U) all
corresponding to the same category C.

In practice, however, the choice of faithful functor is often clear
and in this case we simply speak of the "concrete category C". For
example, "the concrete category Set" means the pair (Set,l) where |
denotes the identity functor Set — Set.

The requirement that U be faithful means that it maps different
morphisms between the same objects to different functions. However,
U may map different objects to the same set and, if this occurs, it will
also map different morphisms to the same function.
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For example, if S and T are two different topologies on the same
set X, then (X,S) and (X,T) are distinct objects in the category Top of
topological spaces and continuous maps, but mapped to the same set
X by the forgetful functor Top — Set. Moreover, the identity
morphism (X,S) — (X,S) and the identity morphism (X,T) — (X,T) are
considered distinct morphisms in Top, but they have the same
underlying function, namely the identity function on X.

Similarly, any set with 4 elements can be given two non-
isomorphic group structures: one isomorphic to Z/2Z x Z/2Z: the
other isomorphic to Z/4Z,

4 - Further examples :

1.  Any group G may be regarded as an "abstract"
category with one object, «, and one morphism for each element
of the group. This would not be counted as concrete according
to the intuitive notion described at the top of this article. But
every faithful G-set (equivalently, every representation of G as a
group of permutations) determines a faithful functor G — Set.
Since every group acts faithfully on itself, G can be made into a
concrete category in at least one way.

2. Similarly, any poset P may be regarded as an abstract
category with a unique arrow x — y whenever x <y. This can be
made concrete by defining a functor D : P — Set which maps
each object x to D(z) = {a € P: a < x}tand each arrow x — y to
the inclusion map D(z) < D(y).

3.  The category Rel whose objects are sets and whose
morphisms are relations can be made concrete by taking U to
map each set X to its power set 2* and each relation R C X x Y
to the function p: 2% = 2" defined by
p(A)={y €Y :Jzed . xRy} Noting that power sets are
complete lattices under inclusion, those functions between them
arising from some relation R in this way are exactly the
supremum-preserving maps. Hence Rel is equivalent to a full
subcategory of the category Sup of complete lattices and their
sup-preserving maps. Conversely, starting from this equivalence

375



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

we can recover U as the composite Rel — Sup — Set of the
forgetful functor for Sup with this embedding of Rel in Sup.

4.  The category Set® can be embedded into Rel by
representing each set as itself and each function f: X — Y as the
relation from Y to X formed as the set of pairs (f(x),x) for all x €
X; hence Set™ is concretizable. The forgetful functor which
arises in this way is the contra variant power set functor Set® —
Set.

5. It follows from the previous example that the opposite of
any concretizable category C is again concretizable, since if U is a
faithful functor C — Set then C*®® may be equipped with the
composite C* — Set®® — Set.

6. For technical reasons, the category Ban; of Banach spaces
and linear contractions is often equipped not with the "obvious"
forgetful functor but the functor U, : Ban; — Set which maps a
Banach space to its (closed) unit ball.

5 — Counter —examples :

The category hTop, where the objects are topological spaces
and the morphisms are homotopy classes of continuous functions, is
an example of a category that is not concretizable. While the objects
are sets (with additional structure), the morphisms are not actual
functions between them, but rather classes of functions. The fact that
there does not exist any faithful functor from hTop to Set was first
proven by Peter Freyd. In the same article, Freyd cites an earlier result
that the category of "small categories and natural equivalence -
classes of functors" also fails to be concretizable.

6 - Implicit structure of concrete categories :

Given a concrete category (C,U) and a cardinal number N, let
U™ be the functor C — Set determined by U"(c) = (U(c))". Then a
subfunctor of U“ is called an N-ary predicate and a natural
transformation UN — U an N-ary operation.

The class of all N-ary predicates and N-ary operations of a
concrete category (C,U), with N ranging over the class of all cardinal
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numbers, forms a large signature. The category of models for this
signature then contains a full subcategory which is equivalent to C.

7 - Relative concreteness :

In some parts of category theory, most notably topos theory, it is
common to replace the category Set with a different category X, often
called a base category. For this reason, it makes sense to call a pair
(C,U) where C is a category and U a faithful functor C — X a
concrete category over X. For example, it may be useful to think of
the models of a theory with N sorts as forming a concrete category
over Set".

In this context, a concrete category over Set is some times called
a construct.
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Concrete Cover

Contents

. 1 Introduction

. 2 Purpose of provision of concrete cover
. 3 Guidelines

. 4 Paradox

. 5 Methods of maintaining cover

1 — Introduction :

Concrete cover, in reinforced concrete, is the least distance
between the surface of embedded reinforcement and the outer surface
of the concrete ( ACI 130 ) . The concrete cover depth can be
measured with a cover meter.

2 - Purpose of provision of concrete cover :

The concrete cover must have a minimum thickness for three
main reasons :

. to protect the steel reinforcement bars (rebars) from
environmental effects to prevent their corrosion;

. to protect the reinforcement bars from fire, and,;

. to give reinforcing bars sufficient embedding to
enable them to be stressed without slipping.

The premature failure of corroded steel reinforcements and the
expansion of the iron corrosion products around the rebars are
amongst the main causes of the concrete degradation. The carbon
steel of rebars is protected from oxidation by atmospheric oxygen by
the high pH of concrete interstitial water. Iron bar surface is
passivated as long as the pH value is higher than 10.5. Fresh cement
water has a pH of about 13.5 while evolved cement water pH ~ 12.5 is
controlled by the dissolution of calcium hydroxide (portlandite).
Carbon dioxide present in the air slowly diffuses through the concrete
cover over the rebar and progressively reacts with the alkaline
hydroxides ( K OH, Na OH ) and with calcium hydroxide leading to
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the carbonation of the hydrated cement paste. As a result, the pH of
the cement drops and when its value is below 10.5 — 9.5, steel surface
is no longer passivated and starts to corrode. A sufficient thickness of
concrete cover is thus required in order to slow down the carbonation
process towards the rebar. The minimum concrete cover will depend
on the environmental conditions encountered and must be thicker
when the concrete is also exposed to moisture and chloride (proximity
to the sea, use of de-icing salt for bridges or roads, ...). A high quality
concrete made with a low water-to-cement (w/c) ratio will have a
lower porosity and will be less permeable to water and to the ingress
of corrosive species (dissolved oxygen, chloride, ...). A thicker cover
or a more compact concrete will also reduce the diffusion of CO, in
the concrete, protecting it better from carbonation and maintaining a

higher pH for a longer time period, increasing so the rebar service
life.

3 - Guidelines:

National codes also specify minimum cover requirements based
on their respective local exposure conditions.

Other National Concrete Cover Requirements
Country Concrete Code Range of Concrete Cover

(mm)
UK BS:8110 25-50
EU EN 1992 (EC2) diameter +10 - 55
USA  ACIL318 40-50
Australia AS:3600 15-30
4 - Paradox :

Large cover depths ( 50 — 75 mm ) are required to protect
reinforcement against corrosion in aggressive environments, but thick
cover leads to increased crack widths in flexural reinforced concrete
members. Large crack-widths (greater than 0.3 mm) permit ingress of
moisture and chemical attack to the concrete, resulting in possible
corrosion of reinforcement and deterioration of concrete. Therefore,
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thick covers defeat the very purpose for which it is provided. There is

a need for judicious balance of cover depth and crack width
requirements.

A possible economical solution for this paradox is the placing of
a second layer of corrosion - resistant reinforcement like stainless
steel re bars or meshes or FRP rebars in the concrete cover to
distribute the cracks.

5 - Methods of maintaining cover :

Plastic stri bar chairs Effects of too little cover — poor
supporting heavy rebar on concrete.
suspended slab.

:.T' e |
Plastic under layers.

Metal plastic tipped bar chairs supporting rebar to give correct
cover on a suspended slab with reinforced concrete masonry
walls.
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Concrete Degradation

Contents

. 1 Introduction
. 2 Aggregate expansion
. 3 Corrosion of reinforcement bars
. 4 Chemical damage
o 4.1 Carbonation
o 4.2 Chlorides
o 4.3 Sulfates
o 4.4 Leaching
4.4.1 Decalcification
o 4.5 Sea water
. 5 Bacterial corrosion
. 6 Physical damage
. 7 Thermal damage
. 8 Radiation damages

1 - Introduction :

Concrete degradation may have various causes. Concrete can
be damaged by fire, aggregate expansion, sea water effects, bacterial
corrosion, calcium leaching, physical damage and chemical damage
(from carbonation, chlorides, sulfates and distilled water). This
process adversely affects concrete exposed to these damaging stimuli.

2 - Aggregate expansion :
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Typical crack pattern associated to the alkali-silica reaction affecting
a concrete step barrier on a US motorway (photograph, courtesy of
the Federal Highway Administration (US Department of
Transportation).

Various types of aggregate undergo chemical reactions in
concrete, leading to damaging expansive phenomena. The most
common are those containing reactive silica, that can react (in the
presence of water ) with the alkalis in concrete ( K, O and Na; O,
coming principally from cement ) . Among the more reactive mineral
components of some aggregates are opal , chalcedony, flint and
strained quartz. Following the alkali - silica reaction ( ASR ) , an
expansive gel forms, that creates extensive cracks and damage on
structural members. On the surface of concrete pavements the ASR
can cause pop-outs, i.e. the expulsion of small cones (up to 3 cm
(1 in) about in diameter) in correspondence of aggregate particles.
When some aggregates containing dolomite are used, a
dedolomitization reaction occurs where the magnesium carbonate
compound reacts with hydroxyl ions and yields magnesium hydroxide
and a carbonate ion. The resulting expansion may cause destruction of
the material. Far less common are pop - outs caused by the presence
of pyrite, an iron sulfide that generates expansion by forming iron
oxide and ettringite . Other reactions and re crystallizations, e.g.
hydration of clay minerals in some aggregates, may lead to
destructive expansion as well.

3 - Corrosion of reinforcement bars :

The expansion of the corrosion products (iron oxides) of carbon
steel reinforcement structures may induce mechanical stress that can
cause the formation of cracks and disrupt the concrete structure. If the
rebars have been poorly installed and are located too close to the
concrete surface in contact with the air, spalling can easily occur: flat
fragments of concrete are detached from the concrete mass by the re
bars corrosion and may fall down.
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4 - Chemical damage :

4 — 1 — Carbonation :

Carbonation - initiated deterioration of concrete at
Hippodrome Wellington, Belgium.

Carbon dioxide from air can react with the calcium hydroxide in
concrete to form calcium carbonate. This process is called
carbonation, which is essentially the reversal of the chemical process
of calcination of lime taking place in a cement kiln. Carbonation of
concrete is a slow and continuous process progressing from the outer
surface inward, but slows down with increasing diffusion depth.
Carbonation has two effects: it increases mechanical strength of
concrete, but it also decreases alkalinity, which is essential for
corrosion prevention of the reinforcement steel. Below a pH of 10, the
steel's thin layer of surface passivation dissolves and corrosion is
promoted. For the latter reason, carbonation is an unwanted process in
concrete chemistry. Carbonation can be tested by applying
Phenolphthalein solution, a pH indicator, over a fresh fracture surface,
which indicates non - carbonated and thus alkaline areas with a violet
color.

4 —2 —Chlorides :

Chlorides, particularly calcium chloride, have been used to
shorten the setting time of concrete . How ever, calcium chloride and
( to a lesser extent ) sodium chloride have been shown to leach

383



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

calcium hydroxide and cause chemical changes in Portland cement,
leading to loss of strength , as well as attacking the steel
reinforcement present in most concrete.

4 — 3 - Sulfates :

Sulfates in solution in contact with concrete can cause chemical
changes to the cement, which can cause significant micro structural
effects leading to the weakening of the cement binder . Sulfates and
sulfites are ubiquitous in the natural environment and are present from
many sources, including gypsum ( calcium sulfate ) often present as
an additive in 'blended' cements which include fly ash and other
sources of sulfate. With the notable exception of barium sulfate, most
sulfates are slightly to highly soluble in water. These include acid rain
where sulfur dioxide in the airshed is dissolved in rainfall to produce
sulfurous acid. In lightning storms, the dioxide is oxidised to trioxide
making the residual sulfuric acid in rainfall even more highly acidic.
Local government infrastructure is most commonly corroded by
sulfate arising from the oxidation of sulfide which occurs when
bacteria (for example in sewer mains)reduce the ever present
hydrogen sulfide gas to a film of sulfide (S-) or bi-sulfide (HS-) ions.
This reaction is reversible, both readily oxidizing on exposure to air
or oxygenated storm water, to produce sulfite or sulfate ions and
acidic hydrogen ions in the reaction HS- + H20 + O2 -> 2H+ + SO4-.
The corrosion often present in the crown ( top ) of concrete sewers is
directly attributable to this process - known as crown rot corrosion.

4 —4 — Leaching :

When water flows through cracks present in concrete, water
may dissolve various minerals present in the hardened cement paste
or in the aggregates, if the solution is unsaturated with respect to
them. Dissolved ions, such as calcium (Ca®"), are leached out and
transported in solution on a some distance. If the physico - chemical
conditions prevailing in the seeping water evolve with distance along
the water path and water becomes supersaturated with respect to
certain minerals, they can further precipitate, making deposits or
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efflorescences inside the cracks , or at the concrete outer surface. This
process can cause the self-healing of fractures in particular conditions.

4 — 4 —1 — Decalcification :

Distilled water can wash out calcium content in concrete,
leaving the concrete in brittle condition. A common source of distilled
water can be condensed steam. Distilled water leaches out the calcium
better because un distilled water contains some calcium ions already,
and does not dissolve them.

4 — 5 — Sea water:

Concrete exposed to sea water is susceptible to its corrosive
effects. The effects are more pronounced above the tidal zone than
where the concrete is permanently submerged. In the submerged zone,
magnesium and hydrogen carbonate ions precipitate a layer of brucite,
about 30 micro meters thick, on which a slower deposition of calcium
carbonate as aragonite occurs. These layers some what protect the
concrete from other processes, which include attack by magnesium,
chloride and sulfate ions and carbonation. Above the water surface,
mechanical damage may occur by erosion by waves themselves or
sand and gravel they carry, and by crystallization of salts from water
soaking into the concrete pores and then drying up. Pozzolanic
cements and cements using more than 60 % of slag as aggregate are
more resistant to sea water than pure Portland cement. Sea water
corrosion contains elements of both chloride and sulfate corrosion.

5 - Bacterial corrosion :

Bacteria them selves do not have noticeable effect on concrete.
However, anaerobic bacteria ( Thiobacillus ) in untreated sewage tend
to produce hydrogen sulfide, which is then oxidized by aerobic
bacteria present in bio film on the concrete surface above the water
level to sulfuric acid. The sulfuric acid dissolves the carbonates in the
cured cement and causes strength loss, as well as producing sulfates
which are harmful to concrete. Concrete floors lying on ground that
contains pyrite (iron(ll) sulfide) are also at risk. Using lime stone as
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the aggregate makes the concrete more resistant to acids, and the
sewage may be pretreated by ways increasing pH or oxidizing or
precipitating the sulfides in order to inhibit the activity of sulfide
utilizing bacteria.

6 - Physical damage :

Damage can occur during the casting and de - shuttering
processes. For instance, the corners of beams can be damaged during
the removal of shuttering because they are less effectively compacted
by means of vibration ( improved by using form — vibrators ) . Other
physical damage can be caused by the use of steel shuttering without
base plates. The steel shuttering pinches the top surface of a concrete
slab due to the weight of the next slab being constructed.

7 - Thermal damage :

Due to its low thermal conductivity, a layer of concrete is
frequently used for fireproofing of steel structures. How ever |,
concrete itself may be damaged by fire.

Up to about 300 °C, the concrete undergoes normal thermal
expansion. Above that temperature, shrinkage occurs due to water
loss; however, the aggregate continues expanding, which causes
internal stresses. Up to about 500 °C, the major structural changes are
carbonation and coarsening of pores. At 573 °C, quartz undergoes
rapid expansion due to Phase transition, and at 900 °C calcite starts
shrinking due to decomposition. At 450-550 °C the cement hydrate
decomposes, yielding calcium oxide. Calcium carbonate decomposes
at about 600 °C. Rehydration of the calcium oxide on cooling of the
structure causes expansion, which can cause damage to material
which withstood fire without falling apart. Concrete in buildings that
experienced a fire and were left standing for several years shows
extensive degree of carbonation from carbon dioxide which is
reabsorbed.

Concrete exposed to up to 100 °C is normally considered as
healthy. The parts of a concrete structure that is exposed to
temperatures above approximately 300 °C ( dependent of
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water/cement ratio ) will most likely get a pink color. Over
approximately 600 °C the concrete will turn light grey, and over
approximately 1000 °C it turns yellow - brown. One rule of thumb is
to consider all pink colored concrete as damaged that should be
removed.

Fire will expose the concrete to gases and liquids that can be
harmful to the concrete, among other salts and acids that occur when
gases produced by a fire come into contact with water.

If concrete is exposed to very high temperatures very rapidly,
explosive spalling of the concrete can result. In a very hot, very quick
fire the water inside the concrete will boil before it evaporates. The
steam inside the concrete exerts expansive pressure and can initiate
and forcibly expel a spall .

8 - Radiation damages :

Exposure of concrete structures to neutrons and gamma
radiations in nuclear power plants and high - flux material testing
reactor can induce radiation damages in their concrete structures.
Paramagnetic defects and optical centers are easily formed, but very
high fluxes are necessary to displace a sufficiently high number of
atoms in the crystal lattice of minerals present in concrete before
significant mechanical damages are observed.
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Concrete Densifier
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1 — Introduction :

A concrete densifier is a chemical applied to a concrete surface
in order to fill pores , increasing surface density. Chemical densifiers
are used on polished and non - polished concrete to reduce dusting
and wear; on polished concrete surfaces densifiers help concrete take
a better polish and make the surface less permeable to liquids so the
slab does not require sealing.

2 - Polished concrete :

Concrete polishing uses densifiers to achieve a better shine.
Polishing works by smoothing out peaks and valleys in the surface; if
the concrete is not strong enough, this abrasion will remove micro-
chunks that decrease the surface uniformity and quality of shine.
Concrete surfaces face two major obstacles to polishing: bleed water
and pores.

Excess water in newly placed concrete rises to the surface. This
bleed water carries with it the finest aggregate and laitance, making it
much softer than the slab's core. It also increases the water to cement
ratio, which further weakens the surface. Densifiers address this
problem by binding to available lime in a pozzolanic fashion, creating
additional cementitious material and strengthening the surface.

Concrete is by nature a porous material, with pores formed by
water evaporation during curing. These pores interfere with surface
uniformity, and make the slab more susceptible to staining from
spilled liquids. The additional cementitious material formed by the
densifier and lime tightens these pores for better surface hardness and
durabilty. Most densifiers can react within 1-2 hours with concrete
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surface, however the chemical reaction with the calcium and free lime
in the concrete will continue for up to 2 months after the application
of it to the surface of the concrete.

Densifiers may use various carrying agents to accomplish the
hardening process, potassium, sodium, lithium, or other agents.

3 - Non - polished concrete :

Densifers are used on non - polished concrete mainly to reduce
dusting and improve stain resistance.
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Concrete Float

Hand float for concrete (up side down )

A concrete float is a tool used to finish a concrete surface by
making it smooth. A float is used after the surface has been made
level using a screed. In addition to removing surface imperfections
floating will compact the concrete as preparation for further steps.

A float can be a small hand tool, a larger bull float with a long
handle or a power float ( also called a power trowel ) with an engine,
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Concrete landscape Curbing
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1 — Introduction :

Concrete landscape curbing ( or concrete landscape
bordering) is an alternative to plastic or metal landscape edging
made with concrete . Concrete landscape curbing has become more
popular over the last decade .

Concrete landscape curbing has been installed in every climate
in the United States and throughout the world. It is usually installed
using a specialized landscape curbing machine based on a design that
originated in Australia in the 1970s .

Due to the expensive and laborious installation, concrete
landscape curbing is usually utilized to create a permanent border. It
Is not particularly useful in areas where the landscape is likely to
change, for example around a non-permanent swimming pool, which
won't last forever, or a pine tree, where the border would need to
expand with the tree's growth .

Concrete landscape curbing can be used to highlight and
emphasize a flowerbed or other landscaping area. Various colors and
stamps are available to achieve different looks. A lawn mower wheel
can be run on the curbing, eliminating edging where a curb is
installed. The concrete border is also acts as a root barrier. Because of
its weight, concrete landscape curbing, unlike plastic landscape
edging, does not rise due to frost .

2 - Paving :

Concrete curbing can contain decomposed granite, pavers, brick,
mulch, and other pavement and walking surfaces for paths, walkways,
driveways, and other outdoor circulation.
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Concrete leveling
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1 — Introduction :

In civil engineering, concrete leveling is a procedure that
attempts to correct an uneven concrete surface by altering the
foundation that the surface sits upon. It is a cheaper alternative to
having replacement concrete poured, and commonly performed at
small businesses and private homes. In 1977, the term concrete
leveling was coined by Randall Greene in Cleveland, Ohio . He
created the phrase to convey his company's ability to both raise and
lower concrete to correct the insufficient grade of a slab.

2 - Problem cause :

Side walks , patios and garage floors are most often made of
concrete. When the concrete is a few inches thick and poured on
insufficient foundation and/or without steel reinforcement it may
crack and subside. Some times water runoff from rain or flood can
wash away dirt upon which the concrete slab is resting, leading to
cracking and subsiding. In addition, tree roots and other subsurface
obstructions can make concrete slabs rise, so that they no longer align
to the adjacent slabs.

3 - Slab jacking :

Slab jacking can both raise the old cracked slab back to its
original position and create a new foundation of cement mortar or
sand mix by injecting the mortar under the slab through a hole, under
pressure. The viscosity of the mortar will keep it from flowing back
through the hole until it sets.
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Accounts of raising large concrete slabs through the use of
hydraulic pressure go back almost a century. Mud jacking or slab
jacking has been in common use for about 50 years. Generally a
portable pump is carried to the location of the block to be raised. A
hole of up to 3 inches in diameter is drilled into the block. Varying
combinations of soil, sand, cement, or other materials, are mixed and
then injected under the sunken concrete block, causing it to rise.

Problems associated with slab jacking involve: containment of
the mess caused by excess mud or cementeous material in the area to
be raised; drilling of large holes that can weaken the block, and allow
material to flow too quickly causing cracking of the slabs. HMI is not
conducive to filling large void areas.

Modern methods use smaller holes to avoid weakening the
concrete slab, or raising the blocks too quickly. A highly dense
crushed lime stone is sometimes mixed with moderate amounts of
cement, and can be pumped slowly and safely through hoses that are
connected directly to the pumping truck, with little or no destruction
of land scaping or surrounding structures.

This site shows before and after pictures of slab jacking .

4 - Closed cell polymer foam :

Foam leveling utilizes two part closed cell polymer expanding
foam injected through a hole less than one inch in diameter, typically
5/ 8" . Although the material injected at a higher psi rate than
traditional cementious grouts the pressure is not what causes the
lifting. The expansion of the injected material below the slab surface
performs the actual lifting action . Material injected below a slab to be
lifted will first find weak soils , expanding into them in such a manner
as to consolidate and cause sub-soils to become more dense and fill
any voids below the slab. One inherent property of expanding foams
is that they will follow the path of least resistance , expanding in all
directions. Another inherent property includes reaching a hydro-
insensitive or hydrophobic state when cured with 100 % cure times as
little as 30 minutes . Closed cell polymer foams offer benefits which
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go beyond the goal of leveling hard surfaces. They will not retain
moisture, which in northern climates can cause frost heaving. They
are not subject to erosion once in place. Their fast cure time allows
for immediate use when application is complete. Their light weight, 3
to 8 Ibs. per cubic ft. vs. 100 to 120 Ibs. per cubic ft. for cementious
grout will not cause further settlement. Foams will retain their cured
shape and volume indefinitely reducing the possibility of new voids
forming below grade to nearly zero unless acted upon by some
outside cause. Some closed cell polymer foams have baseline lifting
capabilities of 6,000 Ibs per sq. ft. and leveling procedures have been
performed in which loads as high as 125 tons have been lifted and
stabilized in a surface area of less than 900 sq. ft.
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Concrete Masonry Unit

A stack of rectangular CMUs
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1 — Introduction :

In the United States, a concrete masonry unit ( CMU ) — also
called concrete block, cement block, and foundation block — is a
large rectangular brick used in construction. Concrete blocks are
made from cast concrete, i.e. Portland cement and aggregate, usually
sand and fine gravel for high - density blocks . Lower density blocks
may use industrial wastes as an aggregate . Those that use cinders (
fly ash or bottom ash ) are called cinder blocks in the US, breeze
blocks (breeze is a synonym of ash ) in the UK and are also known as
besser blocks or bricks in Australia. Clinker blocks use clinker as
aggregate. In non-technical usage, the terms cinder block and breeze
block are often generalized to cover all of these varieties. Lightweight
blocks can also be produced using aerated concrete.
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2 - Sizes and structure :

Concrete blocks may be produced with hollow centers to reduce
weight or improve insulation. The use of block work allows structures
to be built in the traditional masonry style with layers (or courses) of
staggered blocks. Blocks come in many sizes. In the US, with an R-
Value of 1.11 the most common nominal size is 16x8%8 in
(410x200%200 mm); the actual size is usually about % in (9.5 mm)
smaller to allow for mortar joints. In Ireland and the UK, blocks are
usually 440x215x%100 mm (17%8.5%3.9 in) excluding mortar joints. In
New Zealand, blocks are usually 390x190x190 mm (15%7.5x7.5 in)
excluding mortar joints.

Block cores are typically tapered so that the top surface of the
block (as laid) has a greater surface on which to spread a mortar bed..
There may be two, three or four cores, although two cores are the
most common configuration. The presence of a core allows steel
reinforcing to be inserted into the assembly, greatly increasing its
strength. Reinforced cores are filled with grout to secure the
reinforcing in proper relationship to the structure, and to bond the
block and reinforcing. The reinforcing is primarily used to impart
greater tensile strength to the assembly, improving its ability to resist
lateral forces such as wind load and seismic forces.

A variety of specialized shapes exist to allow special
construction features. U-shaped blocks or notches allow the
construction of bond beams or lintel assemblies, using horizontal
reinforcing grouted into place in the cavity. Blocks with a channel on
the end, known as "jamb blocks", allow doors to be secured to wall
assemblies. Blocks with grooved ends permit the construction of
control joints, allowing a filler material to be anchored between the
un-mortared block ends. Other features, such as radiused corners
known as "bull noses" may be incorporated. A wide variety of
decorative profiles also exist.

Concrete masonry units may be formulated with special
aggregates to produce specific colors or textures for finish use.
Special textures may be produced by splitting a ribbed or solid two-
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block unit; such factory - produced units are called " split — rib " or
" split — face " blocks . Blocks may be scored by grooves the width of
a mortar joint to simulate different block modules (e.g., an 8" x 16"
block may be scored in the middle to simulate 8" x 8" masonry), with
the grooves filled with mortar and struck to match the true joints .

3- Uses:

Concrete block, when built in tandem with concrete columns
and tie beams and reinforced with rebar, is a very common building
material for the load - bearing walls of buildings, in what is termed
"concrete block structure™ ( CBS ) construction. American suburban
houses typically employ a concrete foundation and slab with a
concrete block wall on the perimeter. Large buildings typically use
copious amounts of concrete block; for even larger buildings,
concrete block supplements steel | - beams. Tilt - wall construction,
however, is replacing CBS for some large structures.

4 - Structural properties :

Concrete masonry can be used as a structural element in
addition to being used as an architectural element. Ungrouted,
partially grouted, and fully grouted walls are the different types of
walls allowed. Reinforcement bars can be used both vertically and
horizontally inside the CMU to strengthen the wall and results in
better structural performance. The cells in which the rebar is placed
must be grouted for the bars to bond to the wall. For this reason, high
seismic zones typically only allow fully grouted walls in their
building codes. The American design code that guides design
engineers in using CMU as a structural system is the Masonry
Standards Joint Committee's Building Code Requirements &
Specification for Masonry Structures (TMS 402/ACI 530/ASCE 5).
The compressive strength of concrete masonry units and masonry
walls varies from approximately 1,000 psi ( 7 M Pa ) to 5,000 psi
( 34 M Pa ) based on the type of concrete used to manufacture the
unit, stacking orientation, the type of mortar used to build the wall,
and other factors .
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5- Gallery:

This gallery shows images of 200 series (190 x 190 x 390 full
blocks) modular concrete block work used in residential construction
in a cyclonic region of Northern Australia. Typically there is a
vertical reinforced (N12 [1/2" or #4 U.S.] or N16 [5/8" or #5 U.S.]
rebar) concrete core at every corner, alongside each opening and at
600 mm (24 in) centers elsewhere. Bond beams (typically 2/N12 [1/2"
or #4 U.S.] rebar ) occur continuously around perimeter and over all
openings and under windows. Core fill concrete is typically 15 M Pa
(2,200 psi) compressive strength. For more photos of similar
construction see hurricane - proof building :

Low (three blocks high)
retaining wall ready for core fill concrete raft slab.
. All cores will be filled

Clean out blocks to flush out Wall under construction,
debris prior to placing core fill. metal door jamb and one
aluminium window in
position at the left. A pallet of
knock out bond beam blocks
on the right.

398



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

A &

HVAC shaft with 2 hour fire-

resistance rating under

construction at DuPont Canada
taﬁo,1986.

, Mississauga, On

8in.x8in.x16in. hoIIo-core
CMUs in a basement wall
prior to burial

Fire stopped cable tréy
through-penetration.

Head - of - Wall building
joint.

Concrete Moisture Meter
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1 — Introduction :

A concrete moisture meter is a type of moisture meter used by
installers of flooring to measure the moisture levels of concrete. These
meters have been used for decades to measure the moisture content in
different materials and substances. Concrete meters have evolved
from the successful wood moisture meter as flooring contractors tried
to use their wood meters to measure the moisture in concrete.

Concrete moisture meters are designed to detect moisture to a
depth of 1” of a concrete slab in order to avoid the rebar
reinforcement below the surface . They are designed to be used as a
relative test. The meters are used to “‘Spot check’ the top surface at
one particular location on the slab .” The results can determine the
best place to put a concrete relative humidity test.

2 - Limitations :

There is no ASTM standard for using a concrete moisture meter
to determine a final moisture content reading.

Concrete moisture meters, either non-pin or pin meters are
affected by what it sees in the concrete. This can be anything from the
density of the concrete and aggregate size to the chemical properties
of the slab.

Uncovered concrete dries from the top down. Concrete moisture
meters measure only the top inch at most and this area is drier than
the concrete further down. Once a floor covering has been installed
the moisture in the slab equilibrates . In order to ensure the
equilibrated moisture will be a safe level for a floor covering, a
relative humidity sensor must be drilled and placed at 40% of the
depth of the slab . This depth has been proven to be the relative
humidity percentage that the slab will equilibrate once the top has
been covered by a floor covering .
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Concrete Pump

Because it is a fluid, concrete can be pumped to where it is needed.
Here, a concrete transport truck is feeding concrete to a concrete
pumper, which is pumping it to where a slab is being poured.

Pumping concrete into aluminum concrete form work in Mexico.
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1 — Introduction :

A concrete pump is a tool used for transferring liquid concrete
by pumping. There are two types of concrete pumps :

The first type of concrete pump is attached to a truck. It is
known as a trailer - mounted boom concrete pump because it uses a
remote - controlled articulating robotic arm ( called a boom ) to place
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concrete with pinpoint accuracy. Boom pumps are used on most of
the larger construction projects as they are capable of pumping at very
high volumes and because of the labour saving nature of the placing
boom. They are a revolutionary alternative to truck - mounted
concrete pumps.

The second main type of concrete pump is either mounted on a
truck and known as a truck-mounted concrete pump or placed on a
trailer, and it is commonly referred to as a line pump or trailer-
mounted concrete pump. This pump requires steel or rubber concrete
placing hoses to be manually attached to the outlet of the machine.
Those hoses are linked together and lead to wherever the concrete
needs to be placed. Line pumps normally pump concrete at lower
volumes than boom pumps and are used for smaller volume concrete
placing applications such as swimming pools , side walks , and single
family home concrete slabs and most ground slabs.

There are also skid mounted and rail mounted concrete pumps,
but these are uncommon and only used on specialized jobsites such as
mines and tunnels.

2 — Mechanism:

These are piston - type pumps. They can deal with hundreds of
atmospheres of head. Such piston-style pumps are suitable to push
cylinders of heterogeneous concrete mixes ( aggregate plus cement) .

3 - World record :

The world record was set at on 7 August 2009 during the
construction of the Parbati Hydroelectric Project, near the village of
Suind , Himachal Pradesh, India, when the concrete mix was pumped
through a vertical height of 715 m using a SCHWING STETTER
concrete pump .

As of 2011, an even larger concrete pump was built and sent to
Japan's post - quake relief effort .

402



Copyright © Tarek Kakhia. All rights reserved. http://tarek.kakhia.org

4 - Gallery :

A Putzmeister concrete pump
in Germany in 1985 pump

Concrete pump folded for
transport

Putzmeister brand positive " Concrete pump
displacement mortar and
plaster pump
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Concrete Recycling
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1 — Introduction :

When structures made of concrete are demolished or renovated,
concrete recycling is an increasingly common method of utilizing the
rubble. Concrete was once routinely trucked to landfills for disposal,
but recycling has a number of benefits that have made it a more
attractive option in this age of greater environmental awareness, more
environmental laws, and the desire to keep construction costs down.!*!

Concrete aggregate collected from demolition sites is put
through a crushing machine. Crushing facilities accept only
uncontaminated concrete, which must be free of trash, wood, paper
and other such materials. Metals such as rebar are accepted, since they
can be removed with magnets and other sorting devices and melted
down for recycling elsewhere . The remaining aggregate chunks are
sorted by size. Larger chunks may go through the crusher again .
After crushing has taken place, other particulates are filtered out
through a variety of methods including hand - picking and water
flotation .

Crushing at the actual construction site using portable crushers
reduces construction costs and the pollution generated when
compared with transporting material to and from a quarry. Large
road-portable plants can crush concrete and asphalt rubble at up to
600 tons per hour or more. These systems normally consist of a rubble
crusher, side discharge conveyor , screening plant, and a return
conveyor from the screen to the crusher inlet for reprocessing
oversize materials . Compact, self - contained mini - crushers are also
available that can handle up to 150 tons per hour and fit into tighter
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areas. With the advent of crusher attachments - those connected to
various construction equipment, such as excavators - the trend
towards recycling on - site with smaller volumes of material is
growing rapidly. These attachments encompass volumes of 100 tons /
hour and less .

2 - Uses of recycled concrete :

Smaller pieces of concrete are used as gravel for new
construction projects. Sub - base gravel is laid down as the lowest
layer in a road, with fresh concrete or asphalt poured over it . The
Federal High way Administration may use techniques such as these to
build new high ways from the materials of old highways . Crushed
recycled concrete can also be used as the dry aggregate for brand new
concrete if it is free of contaminants.

Larger pieces of crushed concrete, such as riprap, can be used
for erosion control .

With proper quality control at the crushing facility , well graded
and aesthetically pleasing materials can be provided as a substitute for
landscaping stone or mulch .

Wire gabions ( cages ) , can be filled with crushed concrete and
stacked together to provide economical retaining walls. Stacked
gabions are also used to build privacy screen walls ( in lieu of
fencing) .

3 — Benefits :

There are a variety of benefits in recycling concrete rather than
dumping it or burying it in a landfill.

. Keeping concrete debris out of landfills saves landfill
space .

. Using recycled material as gravel reduces the need
for gravel mining.

. Recycling one ton of cement could save 1,360
gallons water , 900 kg of CO, .
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. Using recycled concrete as the base material for road
ways reduces the pollution involved in trucking material .

4 - Lead paint contamination :

There have been concerns about the recycling of painted
concrete due to possible lead content. The Army Corps of Engineers'
Construction Engineering Research Laboratory ( CERL ) and others
have conducted studies to see if lead-based paint in crushed concrete
actually poses a hazard. Results concluded that concrete with lead-
based paint would be able to be used as clean fill without impervious
cover but with some type of soil cover .
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Concrete Slab

Suspended slab formwork and rebar in place, ready for concrete
pour. On reinforced concrete block work supporting walls.

Contents

. 1 Introduction

. 2 Thermal performance
. 3 Design

. 4 Construction

1 — Introduction :

A concrete slab is a common structural element of modern
buildings. Horizontal slabs of steel reinforced concrete, typically
between 100 and 500 millimeters thick, are most often used to
construct floors and ceilings, while thinner slabs are also used for
exterior paving.

In many domestic and industrial buildings a thick concrete slab,
supported on foundations or directly on the sub soil , is used to
construct the ground floor of a building. In high rise buildings and sky
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scrapers, thinner , pre - cast concrete slabs are slung between the steel
frames to form the floors and ceilings on each level.

On the technical drawings, reinforced concrete slabs are often
abbreviated to "r.c. slab" or simply "r.c." .

2 - Thermal performance :

There are two main thermal considerations . The first is the
question of insulating a floor slab. In older buildings, concrete slabs
cast directly on the ground can drain heat from a room. In modern
construction, concrete slabs are usually cast above a layer of
insulation such as expanded polystyrene, and the slab may contain
under floor heating pipes. How ever, there are still uses for an un
insulated slab, typically in out buildings which are not heated or
cooled to room temperature. In those cases, casting the slab directly
onto a rocky substrate will maintain the slab at or near the
temperature of the substrate throughout the year, and can prevent both
freezing and over heating.

The second consideration is the high thermal mass, which
applies to walls and floors, or wherever the concrete is used within the
thermal envelope. It is a disadvantage where the rooms are heated
intermittently and require a quick response, as the concrete takes time
to warm up , causing a delay in warming the building. But it is an
advantage in climates with large daily temperature swings , where the
slab acts as a regulator, keeping the building cool by day and warm by
night .

3 - Design :

For a suspended slab, there are a number of designs to improve
the strength — to - weight ratio . In all cases the top surface remains
flat , and the underside is modulated :

. Corrugated , usually where the concrete is poured
into a corrugated steel tray . This improves strength and
prevents the slab bending under its own weight . The
corrugations run across the short dimension, from side to side .
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. A ribbed slab, giving considerable extra strength on
one direction .

. A waffle slab, giving added strength in both
directions .

Reinforcement design

. A one way slab needs moment resisting
reinforcement only in its short-direction. Because, the moment
along long axes is so small that it can be neglected. When the
ratio of the length of long direction to short direction of a slab is
greater than 2 it can be considered as a one way slab .

. A two way slab needs moment resisting
reinforcement in both directions. If the ratio of the lengths of
long and short side is less than one then moment in both
direction should be considered in design .

4 — Construction :

A concrete slab may be prefabricated or in situ. Prefabricated
concrete slabs are built in a factory and transported to the site, ready
to be lowered into place between steel or concrete beams. They may
be pre - stressed ( in the factory ) , post - stressed ( on site ) , or
unstressed. It is vital that the supporting structure is built to the
correct dimensions, or the slabs may not fit.

In situ concrete slabs are built on the building site using form
work - a type of boxing into which the wet concrete is poured. If the
slab is to be reinforced, the re bars are positioned within the formwork
before the concrete is poured in. Plastic tipped metal, or plastic bar
chairs are used to hold the rebar away from the bottom and sides of
the form-work, so that when the concrete sets it completely envelops
the reinforcement. For a ground slab, the form - work may consist
only of sidewalls pushed into the ground. For a suspended slab, the
form-work is shaped like a tray, often supported by a temporary
scaffold until the concrete sets.
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The form work is commonly built from wooden planks and
boards, plastic, or steel. On commercial building sites today, plastic
and steel are more common as they save labour. On low - budget
sites, for instance when laying a concrete garden path, wooden planks
are very common. After the concrete has set the wood may be
removed, or left there permanently.

In some cases formwork is not necessary - for instance, a ground
slab surrounded by brick or block foundation walls, where the walls
act as the sides of the tray and hardcore acts as the base.
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Concrete Slump Test

A tester performing a concrete slump test.
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1 - Introduction :

The concrete slump test is an empirical test that measures the
workability of fresh concrete. More specifically, it measures the
consistency of the concrete in that specific batch. It is also used to
determine consistency between individual batches. The test is popular
due to the simplicity of apparatus used and simple procedure.
Unfortunately, the simplicity of the test often allows a wide variability
in the manner that the test is performed. The slump test is used to
ensure uniformity for different batches of similar concrete under field
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conditions , and to ascertain the effects of plasticizers on their
introduction .

2 — Principle :

The slump test result is a measure of the behaviour of a self-
compacted inverted cone of concrete under the action of gravity. It is
a measure of the concrete's workability or the dampness of concrete.

3 — Apparatus :

Slump cone ( Abrams cone ) , scale for measurement.

4 - Interpretation of results :

The slumped concrete takes various shapes, and according to the
profile of slumped concrete, the slump is termed as true slump, shear
slump or collapse slump. If a shear or collapse slump is achieved, a
fresh sample should be taken and the test repeated. A collapse slump
Is an indication of too wet a mix. Only a true slump is of any use in
the test. A collapse slump will generally mean that the mix is too wet
or that it is a high workability mix, for which slump test is not
appropriate . Very dry mixes; having slump 0 — 25 mm are used in
road making, low workability mixes; having slump 10 — 40 mm are
used for foundations with light reinforcement, medium workability
mixes; 50 - 90 for normal reinforced concrete placed with vibration,
high workability concrete ;> 100 mm.

T
‘.=slump
- |
Collapse Shear True slump
Types of slump
Collapse Shear True
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In acollapse slump In ashear slump the top Inatrue slump the

the concrete portion of the concrete concrete simply sub
collapses completely shears off and slips side sides, keeping more or
ways . less to shape .

4 —1 - European classes of slump :

According to European Standard EN 206 — 1 : 2000 five classes
of slump have been designated, as tabulated below .

Slump Class Slump in mm

S1 10 -40
S2 50-90
S3 80 - 180
S4 160 - 210
S5 > 220

5 - Limitations of the slump test :

The slump test is suitable for slumps of medium to high
workability, slump in the range of 25 — 125 mm, the test fails to
determine the difference in workability in stiff mixes which have zero
slump, or for wet mixes that give a collapse slump. It is limited to
concrete formed of aggregates of less than 38 mm (1 inch) .

6 - Differences in standards :

The slump test is referred to in several testing and building
codes, with minor differences in the details o