CHAPTER i

LITERATURE REVIEW

2.1 Terra-cotta

The name “terra-cotta” (19) comes from Italian word, means clay firing.

It is an earthenware fired at low temperature about 900-1000°C. The majority of terra-

cotta includes 10-15% porosity. This ymatefial has a large size and is made from clay

and grog. The clay body is prepa ed fron or red clay, which is easy to form
and contains high percentage of ferric tdwa has a number of attractive

features, such as a large

-and textures. After firing, color of clay
%

body becomes orange 8F reg#brow; s §A .
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ery shown in Fig. 2.1.
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2.2 Fluxes
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temperature. In ceramlcs particularly¥in pottery industry, fluxes aresincorporated in the
body in d t:)-]oa \%ﬂlﬁ miij be]pq“mﬂqrha\g formation that
facnlltates the densification during firing. The liquid phase surrounds the solid particles
and by surface tension attracts the particles and closes the porosity. This liquid forms a
glass when it is cooled and binds the grains of the body together. As a result the
strength of the fired body increases and water absorption decreases. It is not desirable
to lower the softening point further, since the higher proportion of liquid formed would

cause the deformation of shape after firing.



For siliceous materials the most effective fluxes are alkali oxides such as
Na,0, K,0 and Li,O. Calcium and magnesium oxides also act as fluxes, normally in
combined form. (20-21) They may be present as impurity in raw materials or more
frequently may be deliberately added to the body. The most widely use fluxes are
feldspars, wollastonite (CaSiO,), nepheline [Na(AlSi)O,], and bone ash (used in bone

china bodies). Some kind of clay contains enough natural flux to allow them to be used

for their purpose without addition @ S, e.g. stoneware clays contain natural
fluxes such as mica, feldspa ind can be fired at 1200-1300°C to
give a vitreous body withoUt additic wilarly building bricks are made
from clay containing enoug R /e stiength to the brick when fired at
about 1100°C. Howeve \ \-. n factors that influence the

brick, block, or pipe. y{—
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labeled. The mlxture is fed into the top where it is kneaded by the blades of the central
shaft aﬂ W ’Qaa \&ﬂémoa %qa’}fw&y}ﬁ &llo the vacuum
chamber. lt is picked up by another auger shaft and forced through the die, which is
often heated and lubricated to reduce friction. The column from the die is carried on a
moving belt or carriage and cut into the desired length, often by one or more stretched

wires.



REVOLVING BI.ADESW SCREW - SHREDDER
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Inserts are plac produce hollow columns such as

drain tile or perforated bric productlon machine turning out

ractories and electronic
bodies. The body may % placed ir 2 ‘ref%wed slug and forced through

the die at pressures up tg 5000 psi. Anothe ethod adds the shredded body with a

wax binder to nﬂ;%ﬂ {3 %ﬁ]w@wmﬂh‘%‘m@ through the die.
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an annular die into a fixture to form the bell, after which a length of pipe is extruded and

cut off with a wire.



2.4 Fired color

Iron oxide is the most important and variable colorant in all structure clay
products. It is present in most clay from 1% to 8%. In some cases extra iron oxide may
be added to intensify its coloring effect. The hematite (Fe,O,) is red in color and is
responsible for the various shades of the red colors. (22) When it is reduced by carbon

monoxide, the form of iron oxide can ba gither magnetite (Fe,0,) or ferrous oxide (FeO)

both of which are black in color at all temp Es show in reaction (1). Reduction of

esult if carbon monoxide is present in
—

the kiln atmosphere. Ca ere is insufficient oxygen for the

complete combustion

h + CO, (@) (1)

to purple, depending-en th perature 1 \ ed (iighter colors are produced

P

at the lower temperaflres). | ? JT domains of the various
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phases in Fe-O system.m
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Fig. 2.3. The stability domains of the various phases in Fe-O system. (23)



In the highest oxidation state, hematite is produced, and its color is
temperature dependent. The color of hematite derives from a defect crystal structure,
and the number of defects per unit of volume increases with temperature. (24) The
development of defects is a reversible reaction, but the rate of removing defects is very
slow in air than the production of defects on heating. At low temperature, Fe,O, is
orange in color and, as the temperature increases, it changes to darker reds and finally
the color becomes black at 2 ‘ '# ). Reduction of iron oxide at high
temperature is often used toproduc ,&nd black products from red-firing

—
materials. —

Fired CM ade i d light red colors. It can be
explained on the basi§ o ' _::' ions er the mullite crystals by

substitutional solid sol mullite to a limited extent.

accommodate all theriron-cxide-present-thereby-chmmnaung ifs characteristic red color.

(25-28)
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2.5 Water-ice bﬁvior ¢
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Seventy-one percent of the earth’'s surface is covered with water. It
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molecule gs formed when two atoms of hydrogen bond covalently with an atom of

oxygen. In a covalent bond electrons are shared between atoms. In water the sharing is
not equal. The oxygen atom attracts the electrons more strongly than the hydrogen. This
gives water an asymmetrical distribution of charge. Molecules that have ends with
partial negative and positive charges are known as polar molecules. It is this polar
property that allows water to separate polar solute molecules and explains why water

can dissolve so many substances.



The normal pattern for most compounds is that as the temperature of the
liquid increases, the density decreases as the molecules spread out from each other. As
the temperature decreases, the density increases as the molecules become more
closely packed. This pattern does not hold true for ice as the exact opposite occurs. In
liquid water each molecule is hydrogen bonded to approximately 4.4 other water
molecules. In ice each molecule is hydrogen bonded to 4 other molecules. As water

freezes, its molecules form a Iatt ework ¢ agons that contain empty space. The

empty spaces within the ice stfucture, as's tes to a more open or expanded
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water is cooled down to 0°C (273K, 32°F) at standard atmospheric pressure. Ice, water
and water vapor can coexist at the triple point, which for this system is 273.16K at a
pressure of 611.73 Pa as show in phase diagram of water in Fig. 2.5. (30) When ‘X’ point

is a typical room temperature and pressure.



Pressure (Pa)

hexagonal ice (density is 0. CCe ding to Fig. 2.6. (31) Note that

the hexagonal prism can b Jg o n:like", depending on which facet
i (| ’3

surfaces grow most quickly. lce ¢ roughly a dozen different phases. (30) Only

a little less stable (metaste urgrice (ice Ic, density is 0.92

dlige structure, ordering and

and on orho@ic crystal.

glem’). The types of\.[Ge are diff

density such as ice XI, dénsity is 0.9
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Fig. 2.6. Ice hexagonal crystal. (31)
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2.6 Frost heaving

Frost damage is the result of tensile stresses caused by the freezing of
water in the pores of the matrix. The saturation state and water distribution are functions
of the porous media geometry. (32) Under natural conditions, the water content is the
result of a capillary imbibitions or a sorption from total immersion. (33) This saturation

state influences the degree of frost damage,

Water in the porous system&/bésgd on its interactions with the pore
t water, bound water (adsorbed
\present In-macro pores are usually leaks out

due to the force of gravi space for ice expansion ( AV =

9%). It has connection wiifi" balin® Ater-in M pore nd capillary pores live in the
micro pores. The water trafspory pr ag,k -‘i‘ e\ C \ ed by the permeability of the
material. The water sorptionfof jp o4 S \ \ ' ral conditions is caused by
either capillary imbibition ©r s@rpticnffon ersion as Poiseuille’s law according

to equation (1).

Where ﬂs the distance from the free surf;ﬂe o is the surface tension of

the water-air i pillary; u is the fluid
viscosity. This ﬂuﬁ 1?!?11[? ﬁﬂaln on of the capillary size.
(34) W tic é“ apillary forces,
or du qﬁﬁﬂiﬁ\m ;rﬁw)lﬁ ﬂﬂj %]rease with the

decrease of pores radius (35) as illustrated in Fig. 2.7. (36)
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Fig. 2.7. Chemical of freezing of water. (36)

he c@ential of the ice increases with
il crease in pressure in the ice

S

At constant
its state of dispersion; t

phase according to eq

Fl

_rtial-m 8} Ui is the chemical potential
of ice. Fig 2.6 shows a moj i ) y connected to a water source
by a fine capillary. Equation the chemical potential of the ice with

increasing dispersion: g _,_;' Thus, capillary ice cannot form at

0°C, and a supercooling =T isrequired fort formation o y e in the capillary. On the
other hand the water inr Deft e the water held in smaller
pores. Therefore, refreezm‘g of entrapped water in cap:llary pores, resulting from the ice

phase in mlcrcﬂ tﬁ Ejv?%ﬁrw?dw mﬂﬁa) that cause of frost

damage. (38)
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Where Pis a tensile stress; @ is latent heat of fusion of ice; V,, ,V; is

specific volume of water and ice; AT is supercooling.

During the freeze-thaw procedure, ceramic material is exposed to a
loading cycle created by the tensile stresses developed by the action of ice. In the case

of calcareous matrix, damage can appear at the junction between micro pores and
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capillaries, if the pressure rises beyond the local pore wall strength. The pressure
increase is higher for thinner capillaries. Consequently, the damage is potentially greater
during the passing of an ice front through such small capillaries. The water flow, pushed
back by the freezing front into the capillary, can induce hydraulic pressures and the
development of secondary stresses. (39) Therefore, the coarse pores (in the micrometer

range) are considered favorable to frost resistance and finer pores dangerous. (40)

In most cases, the mate ’,/ saturated under natural conditions.
ﬁﬁd to the outside. If the water-air
“—

ssure in the capillary network

Air is trapped in the large pore

interface is located at the

is dissipated by comprés: ; ! 8 D he nce of trapped air in large
pores protects the mai Tof 14 : nage, due ecrease of pressure in the
ice and to the scatteringd® €S ' npre ) Frost resistance is thought

to be determined by & inati fi.of riab S, N@\single parameter seems to

In 1972, G¢G,, Litvan (42) detgrmined the dimensional changes and the

e 1) R 5 PRI e e 0 e

0.33°C/min). Freezmg processes at $8°C and -40& and melting processes at -11 e
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and at the lower temperature, it occurs in the pores after redistribution of the water.

In 1974, Blanchere and Young (36) pointed out that the freezing of water

in a clay body has been observed to occur in two stages, and introduced the role of
capillary-shaped pores. First, water freezes in large pores at about 0°C. Second, water

freezes in the capillaries when the temperature is between about 2°C and -8°C.

Generally, more expansion takes place during capillary water freezing than by the
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freezing of water in large pores. They concluded that higher resistance brick has a lower

pore volume, a narrower pore size distribution and large average pore diameter.

In 1976, Brownell (23) indicated that frost resistant brick have an average
pore diameter of 1.6 um, whereas the low frost resistant brick have an average pore

diameter of 0.24 um.

personal computer. T R ' nar eracks appeared perpendicularly to
’ -f .

the cooling surface, b

expansion by water entra

In 2001, Mikulas Svée

test in brick. These rp@gé"s; an be

and indirect methods..he di

after which the changeg some param e disadvamage of the direct methods is

expensive and ﬁg duratfonsaf the test. Ther&fore, there is the tendency to use indirect
C

methods which rueﬂvadmtﬂm ;v .Heqrﬁlgjip evaluates the frost

U

resistance according to the criteria ©f water abserption and the percentage of pore
votume @ Jerlob b bbbt dthd hocbrd Hks LN to the pore
cumulativg lines or the line of pore size distribution. The third group is according to
mathematical formulas. The most important parameters are usually pore volume and
percentage of pore volume at particular pore diameters. His results are as follows, (1)
Frost resistance is substantially affected by the mineral composition of the brick clay. (2)

Modification of pore volume alone does not influence frost resistance. (3) Frost
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resistance is greatly affected by the pore radius median that increases with an increase

of the pore radius median at constant volume.
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