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Ceramic and refraztory products ere clessified.
They are =zostly based on the alumo-silicate chemistry.
The composition of their dodies in view of energy
requirements is discussed from tne ohrsical-chraicel
and from ithe technological aspects. Product aspeats
are analyzed in details folliowing partvicular ceramic
end refractory droducts with the main defining factors
and with the view of body compositions and their
corresponding firing temperature. The veper is concluded
with main guidelines to be kept in elaborsting ceramic
technologies in develoving and least develoved countries.
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I.

STXCDUCTICN

Ceramic jroducts zre tnose produceé “rom

"

é
inorganic maters by srinding, snaping, ¢rrying and
nardening, wcich takes vlace meinly during the

firing process. Traditionel cersmic rew me:erials

are:

g¢lays end kaoling, whicn enabie the easy
shaping of products

siliceous materials, which control the sanrinksge
of green blends

fluxing materiais, which regulste the firing
temperature and influence basicly the properties
of fired bodies.

The task of any ceranmic technology is to developd
the manufacturing orocess. whica will create, from
local aon-metallic raw meteriazls et miniaum production
costs and energy consumptior, a preoduct with tne
required homogenity and properties, i.e. tha product
which corresponds International 3tandards.,

Ceramic industry is one of the leading consumers
of thermal energy. Its consuaption consits in average
of 86% production consumption /usually 22% for drying
and 54% for firing/ and 14% overhead. Practically che
mejority of ceramic products is fired once or several
times to be finished. This fact demonstrates the
dependence of the ceramic industry on energy sources
as well as on the world energy terndencies. This issue
shows the necessity to realize all pogsible changes
and errangements which way positively influence tne
energy consumption and which may imorove the progpects
of ceramic industry in the future.




The complex anelysis of the aeat consumptio

(3]

in the ceramic industry shows the fcllowing pcssidilities
Zor energy ccnservation -

1. Jon-jnvestment srrangenerss, i.e. energy
diagnosis of existing thermel units or of those which
are newly dut inso the overation, improvemenis cf
heating units, verification of pew technologies in
the field of raw meterieis and components, lowering
the firing temperstures, simplifying the mernufacturing
process, such as singie and doudle firing prcocess,
decoration on rew glazes etc,, single layer firing
end different new drying and {iring processes.

vesiment arrengementsg. The decision for new
heatiing equipment has tc be based on a complex analrsis,
new eqlioment has to satisfy the future trends.

Thig paper deals with a »a2rt of non-invesiment
arrengenents which are possible to conserve the energy
and which ere related to the body comnogition cf
diffevent ceranic and refractory ovroducts in view of
local raw materials in developing countries. Physicel-
chenical, technological anrd product aspects are tzaxen
into the congideration ag the basic for the proper
bocdy and glaze compositiors of different ceramic and
refractory products.

General principles which must be observed oy
the technologist while composing ceramic bodies,
are comp.icated hy the wide renge ol producty
egsortment and different technological processes
applicaple in the cerexic manufactures, Therefore
droper combination and selection of releted aspecis
leads to %the gsuccessful and most economical manufzacture,




Teble 1

Ceramic Products Clagsification
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II. CERALTC PRODUCTS CLASSIFICATION

Cerzmic products reoresent & wide range of
nroducts which cer be classified from different aspects
with regzd to the body preveration, producst manura2cture
and properties and to its use. A simplified clessificaiion
of industrisl cers:zics is presented in Table 1.

The classificaiion of ceresmic bodies observes tThe
classical terms of heavy-clay andi fire ceramics in the
relationship to the porosity of products.

Brick preoducisg, such as bricks, roofing tiles,
dreainage pipes, ceraaic orefabricats and refractory
nroducts, such as firecley, gilica products, zzgnesite,
carom-megnesite, dolomite, etc., belong distinctily under
the term of heavy-clay ceramics. Thermal insulaticns,
based upon coerse-greined raw materiel processing, 2are
also the typicel representatives of heavy~-cley ceramics.
111 these products vossess & distinctly vorous body with
the absorption capacity of eppr. 5 to 60%.

The zroup of earthenware oroductg represents
the body composition with a non-vitrified porous body,
however, as far as the fineness of raw meterials
milling is concerned, they belong ratner among the fine
ceramics - than heavy-clay products. Wall tiles, double-
fired floor tiles, utility =nd artistic ceramics with
a non-vitrified body are included into this group, 700,

Earthenwere products create, hence, a transition
type of ceramics since they belong among fine ceranics
products with regerd to their character and fineress of
milling, however, the physical properties of the bhody
classify them with earthenware oroducts.




Stoneware products form enother transitting tyvos
setween heavy-clzy products end fine ceramics in
consideration of body preparaticn and siructure.
Coarse-grained sticneware precducts, such as sewege,
agriculturel fecade and ertistic stoneware products,
paving and industrial tiles, pertain distinstly emong
heavy-claey ceramics products. Stoneware vodies, if
fine-grained, 2re counted among fine ceramics products.
Chemicei, utility, facade, artistic stoneware products
and floor tiles form this grcoup of products. Low
absorption capacity and body viirification is the
common merk of sll stonewere orocducts whicn diferenciates
them from all earthenware products,

Vitreous China is the term used for %he bproducts
with a typicel fine-grained and vitrified vodv without
trensparency. Products of sanitary, utility and ertistic
ceranics based on the properties of Viireous China belong
vo this grouv of »roducts.

Porcelain products are tycicel repregentatives of
fine ceramics with a vitrified and translucent zody.
Utility porcelzir, electrooorcelain, chemical and dental
vorcelain and artistic ceramics made of porcelzin bcdies
fit with this type of products.

Apart from ebove mentioned basic procucts of
ceramic technology, there eare many otihner new ceranic
blends based on non-traditionzl minerzls and oxides,
e.g. fordierite, statite, spinel, wollastonite, aluminz,
carbides, nitrides, graphite, rutille, ferrites, etc.
Thege are not tne subject of this paper.
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The presented simplified classification of ceramizc
products shows the large veriety of different products
which are produced pending on the merket Dotenciality
and lccel rew meterials aveilapility. Zhis clzssificaticn
jointly demonstrates that She ceramic tecnnology is not
an eesy or simple one. To comprise the whole field, it
is necessery to know not only all theoretical laws sut
slso to gein practicel experience in the application
of the theory in the manufacturing processes.
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PHY3ICAL-CHELICAL ASPECTS

In couwposing ceramic bcdies, physical znd chemical
aspects are to be apdliied in the connection with tae
availability of local non-metallic raw materizls. First
of 211 it is necessary to take into account the chemical
and mineralogical ccmposition of products 2idd to determin
which of the three basic groups of minerzls will influence
decisively the production tecanology snd the proveriies
of final products. The majority of ceramic precducts
belongs to the aiumcsilicate chemistry, as the prevealing
oxides in ceramic blends are silice 5102 and alumina A1203.
Depending cn locally available raw materisls the following

three groups of ninerzls can be tzken into the consideration

Taolinite A1203.28102. 2 HZO
Silica 510

2
Fluxes NazO, K2O, Cg80, g0 bound in the
molecules with alumine, silica and
carbonates

1., Refractories

Considering the first two minerals, i.e. Keolinite
and Silica, waich occur frequently in developiag countries,
the characteristic refractery oxides are

A1203 essssee a8lumina
3102 eseeesee Silica

The infiuence of mutual relations of these refractory
oxides in the blend with regard to the equillibrium state
between the liquid phase and the solid one, is determined
by the 8102 - Algo3 diagram, which, in its clagsicel
form according to N.L. Bowen and J.¥. Grelg, is presented
in the Table 2.
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This diegram shows tae Eutectic point with the
composition of
94, 5% 5102
54 5% A1203
whica is the .eest advantageous for the menuriacture of

refractories based on silica and alunins oxides.

The Zutectic point is an invariant point on an
equiliorium diagram. The eutectic temperature is that
st wnich an autectic composition solidifies when cooled
from the liguid state. Tae eusectic comrosition aas been
defined es that comvination of components of = ninimun
system having the lowess melting point of zny ratio of
the components; in a binery system it is the intersection
of the two solubility curves.

The silica products.which are based on the
predominan’ content of 5i0, must contair the S5i0,
content nigner then that one which corresvonds %o the
composition of the Eutected point. Due tc tne steevness
of the curve in the direction %o 100% of silica, each
decrease in A1203 and increase in 8102 contents
influences very nuch the refractory properties of
gilica products. Therefore the best silica nroducts
contain less than 1% of alumina.

e can conclude that in the renge of the existence
of silica products aluminium oxide acts as a strong flux
with higher effect than for example iron and calcium
oxides which are added as mineralizers with tne possitive
inrluence on the product proverties.

The opposite direction - increasing the Alzo content
above tae composition corresponding to the Eutectic point -

turns out a continuous succession of compositions from
gemisgsilica and silidous fireclays with the silica content
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increased comparec with fireclays, firecleys with
different salumina content up to that one which corresoonds
the alumina content of letakaolizite, i. e. uv %o 43,9%
from total. Refractories with alumira content z2bove tThe

usuelly according to their slumine contant as sillimeanite,
mullite and corrundum refractories. The increased content
of alumina zbove the kzolinitic ratio is tnan created
either by the addition of A1203 into che kaolinite o2lenrd
or by the apvlication of high alumina natural calcined

or fused raw materials such as XKyanites, Sillimanites,
Andalusite, Rauxites, Corrundum and others. lieny times,
comoination of addition of different high alumina raw
materiels tekes place in the manufzcturing tecnnologies.

The high alurine raw materiels are described as
folloms: '

Kyanite 1is & minersl having the seme composition
A1203 . 5102 as sillimanite end andalusite. but with
different physicel properties. When heated, kyanite breaks
down at about 1300°C into mullite end cristobaelite with
an approximate volume expansion of 1{%. If applied as
a refractory grog, it is, therefore, calcined before use.
The chief sourcex are Virginia, South Caroiina in USA
and India., Kyanites occur s2lso in different developing
countries, such as Suriname, Guyana and Kenya, which
start to consider their industrial exploitation.

Sillimenite is e mineral with the composition A1203 .
N 8102 but i$ differs in its technological properties
i.om Kysnites and Andalusites. Sillimanite changes into
a mixture of mullite and cristobalite when fired &at a
high temperature of about 1550°C. This change occurs
without any significant elteration in volume, what is
prefarable compared with Kyanites. The main sources
of Sillimanite are South Africa and India.
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Andalusite is a mirersal having the same eomposition
A1203 . SiO2 as Kysnite and Sillimanite, out with different
ohysical properties. ‘When fired it breeks down at 135000
to form mullite and cristobalite; the cnenge vakes place
without significant change in volume. The principel
sources are from South Africe, Californis, Xevada and
New England in USA.

RBauxite is a sedimentary rock consisving of hydrated
Alumins Al/OH/3 together with impurities represented in
different amounts such as clays, iron oxide and titanie.
The chief sources are Yamaica, Guyana, U33R, Suriname,
Franze, Hungery and Yugoslevia.

Corrundum is the only form of alumina A1203 that
remains stable when heated above sbout 1000°C. It occurs
naturally, but impure in South Africa and elsewhere.
Pused corrundum in its relatively pure form is mede in
ihe electric arc furnace and then crushed, ground and
screened.

Alumire is the 2luminium oxide Alzo3 wnicn exists
in different forms. It is mostly produced Zrom Sauxites
and zpplied directly or after calcination.

Considering thit both SiO2 and A1203 are refraectory
oxides and all their blends lie above the refrectory
limit of 1580°C /3eger cone No. 26/, raw materials and
minerels containiz these oxides are the basis for the
manufacture of refractories such as silica, fireclays
and high-alumine products. The admixture of fluxes in
them operates usually negatively, i.e. decreases their
refractory properties.

2, Ceramic Productg

Refractorines.. i3 not the required property of
ceramic products. Therefore, fluxes can oe applied in
the blends. Their presence, in addition to keolinitz and
silica, causes the creation of the glags Shase as early
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as at low temperatures. It influences very nositively
the porosity and mechenical vroperties of products,
enables the iowering of firing temperaztures and the
application of speedy firing tecarology aznd thus drings
energy savings.

Generally i is held %true thet the lower is the isn
diameter of the fluxing element, tine more aciive it is as
a flux. I: means that tne fluxing effect, as far as the
commonly usecd raw meterials with slealine oxides are
concerned, falls according to the seguence of the element
periodic system. The following are elements from the first
group:

Li

Ne

Owing to the availability of sodium and dotassium
fluxes intthe whole range of cheap natural raw materizls,
the choice of 2luxes in applied technology is usually
confined to the oxides of these two elements. There are
mainly the following rew materialg

feldspars K50 . A1203 . 6 8102 orthoclase
Na,0 . A1203 . 6 S10, elbite
Cs0 . A1203 . 2 5102 anorthite
Nazo . A1203 . 6 SiO2 +
+ Cal . A1203 . 2 8102 oligocleage
KQO . A1203 . 6 5102 +

. plagioclase

+ Na20 . A1203 . SlO2

phonolites - effusive alkaline rocks
tuffs, tuffites - volcanic igneous rocks
nephelines - alumina-sodium sgilicate
perlites - acidic siliceous erfusive rocks
basalts - effusive rocks
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Sodium fluxes are successfully adslicavle in fast-
firing technologies /with the firing cycle under 3 aours/,
while potassium fluxes in the manufacture o ceranmic
products of large weight ani size such as senitary cerzaics
sroducts. In firing taem, the deformetion in the interval
of body vitrification could jeoperdize :tae success of tkis
overation.

Oxides of eiements in the 2né gZroup oi the periodic

system forn very interesting eutectica wiih elumina and
silica oxides.
e

Hg in cheap nestural raw meterizls
Ca

-~

Sr
3a

From the second group of the elément period systen,
Ca0 and kg0 are the wost used fluxes in the cerazmic
maaufacture. They cccur abundantly irn tze pature in he
form of the following minersls:
celcite CaCO3 eeesscscec-ese.e 3edimented rocks or sneils
dolomite CaCO3 . EﬂgCO3 seece.ss sedimented rocks
magnesite I'.IgCO3 tecsssscscessss Sedimented roc

The foregoing fluxzes are applied as fine ground
additions to the "=olinitic blends. However, there is
a lot of neturel clays, which contaia different fluxing
elements elready in their composition. Aside the elements
from the first and second group o the element periodical
system, other oxides can be repregented and vhey can e
well exploited in the composition of ceramic blends. Such
oxides are mainly iron and titapnium oxjdeg, which, oeing
finely dispersed in the clay, can act pogsitively by
lowering the firing temperatures of products tecnnolegy.
However, it hes to be noted. that products with the
increased content of colouring oxides always show after
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firing =2 derk body and, therefore, they are never apalied

in the porcelain and Vitreous China mznufacture. On the
other hand, such clays cen be successfully exploited in

e earthenware menurzcture, if opague glazes zare apslied
/such a3 in the well tiles or glazed floor tiles menufacture
or ip the mznufescture of srick producis and stoneware, wnere
the oody's colour after firing is desirable or the increase
content of colouring oxides is requested due to the salt-
zlazing technology.

3. Evalustion of Fluxes

a._Lowering of firing temperstures

The function of kzolinite and silica in newly
developed blends is snown in Teable 3. It is otvious
that kaolinitic cleys and keolins are acnlied in the
najority of ceramic technologies as the binding element
which provides to the blend the formebility and
refractoriness. However, clays and xzolirs snriank during
drying end firing in different 1imits. To control the
shrinkage of cerazmic blends, silica is added as & grog,
which expands during firing and which is jointly refractory.

The most impcortaant role in energy conservation play
fluxes.

The potagsium feldgpar - Orthoclags has always been
considered as the mnost suitable flux.due to its ability

v0 create in ceramic blends a wide interval between thne
temperature of the vitrification and of the deformetion.
“hen godium fluxeg are apvlied, ovhysical and structural
changes in ceramic bodies are speeded durinyg the incresged
temperatures due to the smeller diameter of sodium. Ceranic
blends with the pottasium fluxes always require higher
firing temperatures compared with sodium fluxes.
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Teble 3 Tecnnologicel Annlicetion of

Keolinite =2nd Silica

- - - - P = =

Kzoliinite

A1203 . 2 Si02 . 2 HZO

characteristic properties

- binding component
- formability

- shrinkage

- refractoriness

cherecteristic properties

= 8rog

- control shrinkage
~ expansion

- refractoriness

D > D s 0 > D D e . > D . W = —— > W —

fechnoiozicel application

- ----—:

wall tiles

floor tiles

chinz ware

stoneware

white ware

artistiec ceramics
sanitary ware

glazes

fireclay

refrectory insulztion

fechnological epplicetion
wall tiles
floor tiles
china ware
stoneware
white ware
artistic ware
sanitary ware
glazes

silica bricks
acid fireclays

......... e
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fluxing effect of elements from the second group

of the system is demonstrated on the calcium oxidee I

calcium oxide mixed wi

aixtures ean be csreeted with different meit

and with different Zutectcs, as snown
compcse an earfthnenware bciyv, the sri

lime-siijiceous compositions is in the
/see Table 5/, which

melting temperature of 1359°C for the
lo 57'n
19.5% A1203
70.0% SiO2

Butectic point L

The composition of thnis Zuctectic

practicaliy to the composition of ihe

vh xeclinite and quartz, ccmpl

icated

i
in Table 4,
of existence in
vicinity of <he
shows a balarced
following composition

point L corresponds

lime siliceou

earihenware codies with tane disqgue Ziring temperature of

1040 - 1060°¢C.

The rearest lower Zutectic temperature £ of 1155°C
is in tae direction of incresed Ca0 content with the

Tollowing comvosition
23.3% Cal
ol
14.7% A1203
62.0% 3102

The estimeted bisque firing temperature of tine

Eutectic composition £ amounts to 900°

C. Successfully

managed composing of suchn = vody shows the trend of a
further possible development as far as the lowering of

firing temperatures and energy conservat

B Dimensgions accuracy

ion is concerned.

The accuracy of dimensions of ceramic productg cexn

plaey en important role ir their applicetion. Zspeciously
ceramic wall and floor tiles cannot differ in their
dimensions in order to provide the esthetic impression

after being fixed. Therefore,

the influence of different




20/ -

Taodle 4 Ternary Diagram CaO-AJ.203-Si02

I
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Table 9§ mxistence of Lime-giliceoug farthenwa
Compogitiong

Ca0 10 20 30 4O 50 60 70 80 90 A1203
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fluxing oxides on tne thermal ezpansion of cerszmic bodies
must be taken into the consideration.

Teble 6 shows the thermal expansion of an earthen- )
ware bod; which contains pottaszium, sodium and 2lcali
oxide mix. The disgram clearly shows thet the sodium fiuxes
act at the lowest temperzture, the glass vhase in the
earthenware body starts to be created in the temperature
bellow 9C0°C when the shrinkage of the body is visible.
However, tie shrinking runs very fast during a relatively
short teaperzture interval. Such bodies, if dimensions
accurscy required, must be fired in the uniform tem€regpture,
which, in the mgjority of industral kilns, cannopgt be
obtained.,

The pottagsium fluxes start to create in the

connection with the earthenware body, tae glass phase

at about one hundert degrees higher temperature and the
shrinking of the bcdy does not follow so steevly as with
godium fluxesg, Such bodies, however, do rnot orovide
accuracy good enough for tne ceramic tiles manufacture.

For the manufacture of the vitrified bodieg, which
must not show accurate dimensions, such as sanitery ware,
dirnerware and stoneware, alcali oxides are good encugh
to reach the required properties of finished products.

If sodium fluxes are applied the vitrification point is
obtained at the lower temperature compared with pottassium
fluxes.

Por the menufacture of garthenware bodieg the
alcall oxides are not the best ones if accuracy in
dimensions is required. Better results are obtained with
the addition of Calcium d/or Megnegium carbonites. The
thermal expansion of such lime-siliceous bodies is
presented in Table 7.




Table 6 Thermal Exvansion of Earthenvere Body with
Alcali Oxideg

-——*“ﬁjiT T 4 | 4 ! 4

- 100 200 300 400 500 | 600 700 800 900 1004 118\ 1200
| \

\

! \ \I
] \

\ \

Ve

\ II

I, Pottassium fluxes .
II. Sodium-pottassium fluxes \III
III, Sodium fiuxesv ’ .

/€2




TABLE 7

Thermal Ixpnension of Eerthenware Body with

.
: - p
! & 3 3 L\ - —
i PUNE ¥ ; 3 [u— 4 N ’l_-—,_.f_\_

Calcium Oxide

100 200 300 400 500 | 600 700 800 906 1000, 1j106\ X0

! \ \

! i
Lo \ ,
| o ' \
r"'/"/. \ I
Lppliceble
range
\ II
III

/ve




25/

Before lime-siliceous earthenware bodies start to
shrinic in the bigger extend, the thermal exparsion shows
the dwelling weve in She temperature inserval between
550°C and 1100°C, Different blend comgositions I, II and
ITL. snow the same effect.

Such bodies keep tae same dimensions es green pressed
in the temperature interval bigger than 1c0°¢ and, therefore,
they keep the accurate size during the all manulacturing.
operations after pressing. The selection o tne proper
blend a2nd firing temperasture depends on the product
physical proverties requirements, meinly on the porosity
and mechanical strength in the connectior with plastic
raw meterials apvolied.

On the other hend lime-siliceous bodies can never
be fired to their vitrification, as thne advantage of
their thermal expansion is overcome during nigher
temperature. Therefore, lime-giliceous bodies are
recommended for the earthenware composition.

Aside the dimension accuracy the lime-siliceous
bodies need the bisque firing temperature of zbout
1020 - 1080°C only. Compared with the kaolinitic
composition with the bisque firing temperature 128000,
congiderable energy saving can be achieved,




TECHNOLOGICAL ASPECTS

Three mein technological aspects are to be taken
into the considerztion in comvosing ceramic btodies: i

To Workebility
2. Drying and firing
3, Properties of final prcduct

Bach ceramic product is, therefore, composed of
two basic components

a. Binding agent, wanich is classified as the cerazic,
chemical or aydrzulic one.

b. Grog, which can be the natural or fired oue.

a, The function of a binder is to enable the form=tion

of products of requred shape and size from natural or
dressed raw materials. The binder guarantees the work-
ability of cersmic bodies as the basic ccndition for
Bhaping.

Binding agents in cerznics are preveilingly based
on the mineral

saollnite 41505 - 2510 - 2 50

The mineral kaolinite occurs in the neture in the
whole range of variants known ag different clays and
kaolins.

Kaolins and clays occur 2lmost in all parts of the
#orld, Owing %o their genesis, two deposits cannogt exist
in different places of the world containing clays and
kaolins of coincident properties. The diversity of
properties is conditioned by a series of factors, esgpecially
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- particle grein-.size

- quantity of particles under 2 mikrons

- distrisution and size of the cr7ystallographic lattice

- kind and guantity of other non-xaolinitc materials,
such as montmorillonives, iilites, ferric and titaninm
oxides, pyrites, out also orgenic materials, remainders
of non-converted mother rocks, etc.

Clays and kaolins are, therefore, classified in a
series of groups according to cdifferent standpoints. Aas
far as the energy conservation is concerned, it is the
objective that the lower is the plastic weter content in
the clay during shaping, the lower amcunt cf water during
drying needs to be avaporated and the higher energy
saving is obtained. Therefore, different liquifying
agents are added to decrease the amount of plastic water
in the blend.

Agside from ceramic binders, chemical binders /such
as weter glass, phosphates, etc./ and hydrsulic binders
/Such &g p-cement, aluminious cement, etc./ are apclied
in some cases.,

However, ceramic binders are prevailing in ceramic
technologies since they form a plagtic body or cesting
slip.

Shrinkage occurs in all ceramic binders during drying
and firing due to the mutuel aporoach of clay particles
in the expulsion of the diluted water during drying and
due to the dehydration and desintegraion of the lattice
during firing.

o. The basic function of the grog is to control the
shrinkage of the binding agent in a ceramic body.
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Silica /Sioz/ is the main representative of natural
grogs. It is present mostly in clays and raw kaolins in
larger or smaller amounts. It occurs in the nzture in the
form of silica sand, guartz vein, lydite, quartzites and
in many other mcdifications. All non-plastic fractions of
cleys and keolins pertain, however, among natural grozs
since they do not give in to dimensional changes during
mizing with water and consequent drying. These are e,.g.
feldspars, pegmatites, micas, igneous rocks, different
fluxing rocks, etc.

Fired clays, claystones, kaolins and high-alumina
grogs ere rired grogs. Fired grogs, being more anergy
consuming then natural grogs and, therefore, always more
expensive, ere apvlied in such cases where the ceramic
technology requires other vroverties than those rendered
by naturel grogs.

dith regard to the fact that availzble silicz raw
materials are aprlied as naturel grogs, the enrichment
oY the body with silica occurs accompenied withn the
relative decrease in eluminum oxide content. Tais effecst
veing welcome usually in the bodies of structursl and
fine ceramics, is hermful in the ovroduction of fireclay
end highealumine refractory products. Therefore, fired
grogs prevail in the refractory vroduction while natursel
8rogs in the manufacture of fine and structural cersmics
and in brick-meking. The application of netursl grogs
hes a principle economic significance with some ceramic
products.

The firing operation depends closely on the body
composition and on properties of final ceranmic products.
Thnerefore +they are discussed in the following chapter.
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?roduct aspects are tae most important ones in
convosing ceramic bodies. Therefors, in %the following,
main product aspectis are presented in the reizationsnip
with the possible technology zpolied. As Jar as tne
tecnnology is concerned, single or double firing technoliogy
is discussed with the related firing temperaztures. Wide
range in firing temperatures, applied for the same product,
but achieved through different technologies, shows different
ways for energy conservation in different ceranic
technologies. Therefore, practical examvles eare vresented
in order to orientate the reader to the proper direction
for energy saving in the menufacturing process.

l. Tapleware

Ceramic tableware can be droduced in & lzarge
technological veriety from which tae most important
tyres are negotiated.

a, Stoneware Tableware is produced with a vitreous,
out opaque type of the oody. The blend contains & naturally
vitrified clays, such as stoneware clays or suitable ball
clay. Non-plastic constituents to control the shrinkage
and to regulate the eoceficient of thermal expansion of
the green body and flux to lower the firing temperszture
and to save emergy during firing can be adied.

Stoneware tavleware can be produced in the single-
firing or double-firing technology. The bisque firing
temperature fluctuateg between 800 - lOCOOC, meanwhile
the glost firing temperature reaches usually 1250°¢.

By avplying fluxes, tne zlost firing temperature can be
lowered down to 1180 - 1200°C.
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At present stoneware is vroduced on ‘he commercial
gcele chiefly as cooking ware and some table were with
lowlead, glossy cr mett zlazes, which are nostly ovacgue
ccloured or rerely translucent. Tableware, produced from '
stoneware, sunows nigh mechanical oroverties, low seresity
and excellent resitence against craking.
Table 8 shows two tyves of tze stoneware ablevwcre
pDossidble body compositiors with corresnonding firing
texperatures.

Table 8 Stoneware Tableware Body Comrogitiong with
Corresnoncding Firing Temperatures .

r- -"'"--'[“'--- Dttt atabated  indaindaded B et e
rmmmmme—epaoontant % - | Firing
Type Stoneware| ... - - T13X@s574S | memperature
- Cle fSlllca . Feldspar: Feldsvar, ! o
ys ; ; -Talcum and C
i ? .Dolomite !
Body I 40-50 | 45 | 5-15 - > 1250-1280
| — - e - e e
ody II 60 15 L - .25 L 1200

The increasged content of well vitrifying stoneware
clays, lower content of silica and hizher content of
fluxes, in which asgide feldspar other fiuxing materials
are presented, decrease the firirg temperature from
1250° - 1280°C down o 1200°C.




with the non-

b, Earthenwere Tableware is produced
Lo vaenvere .ableware

vitreous, opaque, off-white or colcured bodies. Different
iypes of She bcdy composition can se apolied, in waich
aside the Chine ¢lay, ball clzy, silica also notiassium

or sodium feldspars are thne prevailing fluzes or lime
siliceous body composition cen pe develoved. Ion-traditionz:
fluxes, such as phonolites can oe added to lower the

Tiring temper=ture.

darthenviere tableware ig always produced in the
double firing technology. I decoration ig apolied,
or more firings are necessary to obtain the finel product.

three
The bisque firing temperature can fluctuate in g wide
interval between 980° to 1280°C. The glost firing
temperature reaches 900 to 1120°¢.

at present earthenware table ware is prcduced in

different developing countries which introduce usually
the dinnervare menufecture by the earthenware composition,
Leadless or leadlow glezes are arvlied usually as glossy
opague glazes to cover the colour of the body. Tablewsre,
brcduced from earthenware, must be carefully baslanced to
avoid crecking or peeling of zlazes due to a porecus body.
Earthenware dinnerware always shows nign svarage weight

of one piece, being usually above 400 gTr.

Table 9 shows the earthenware tableware body

compositions with corresponding firing temperatures,

lable 9 Zarthenware Iableware Body Compositions
Qo;regoondigg sirinz Tgmnegatureg

Type %E—TT-——i¥¥l£§££,% ' Bisque : Glost
Kaoling T Firing ' Piring
and Cl&ys’;Silic&a. Feldspar|Limestone Tgmper. Tgmpe;.

! c c

T.  50-55 135-45 | 6-12 - 1280 | 1120

P-- --—"‘ - | ----d---lﬂ-----------------+--------—

II. | 50-55 | 35-45 - 5-10 1080 | 980

TN N S N mmtemmem—l.21C20

[II. : 75-85 [15-20 | 0-5 - | 1160 | 960~

S S S N B L1020 __

1
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The earthenware tezbleware type I. reoresentis so
celled hard type as showing lower porosity, but its firirg
tezperatures ere the aighest. The lime-siliceous bdody
comvosition irn type II. results in higner vdorosisy. The
tyve III. is a compromise applicable in all cases where
good plestic clays and kaolins are availaple in such

>
Y

quelities that they show white or light colour after

iring.

=,

¢c. Vitreoug Chine Tableware is produced with high
grede, fully vitrified body. The blend is composed from
2 mixture of weshed kaolins, light - the %est white -
burning cleys and finely grournd silica end fiuxes.

Vitreous Chine tableware is produced mostly in thne
single firing technology, but the double-ifiring is also
applied. If bisque i3 produced it is fired 1180 - 12SO°C,
meanwhile glost firing is realized at 1180 - 1280°C. The
single firing manufacture is more rational, however it
is more sensitive to keep 2igh quality products.

At present the vitreous Chine tableware is »roduced
on the m2ss scale specially on the American Continent,
where iV represents a common type of lower vriced table-
ware and the hotel tableware, as showing thicker body
and being less fregile then the vorcelain, and, tilerefore,
being more resistent szainst breakage. Semiopaque, cpague
or transpvarent glazes are applied with the under-glaze
end on-zlaze decoretion and/or with different coloured
glazes. The vitreous China ta:leware saows hizh mechenical
properties, fully vitrified but opaque body and good
resistance against cracking of the glaze.
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Table 10 orings the vitreous Chine tablaware 2o0dy

compositions with correstonding firing temderaitures.

Content %

r I AR

! kaolins ; Sil’haé Peldspar and | Temperziure

! end cleys : 1°8 - pegmatite oa

'I. . so - 50 1250 |
II. | ss . - 45 1300 5

R S S

(IIT. | 52 |35 13 {1250 ;

J 5 . - - o D o T D e e P s D e W e S e T S D . T D N e D 2 e P e o D s}

Body types I. and II, are compecsed from natural
clays and zeolins which contain silica., The difference
in the firing temperature depends on tne type and zmoun?t
of flux applied. Type III. is composed from pure components
and, therefore, silica 1is added in the form o 2 siliceous
sand.

ds Porcelein Tableware represents the hizh quality
were of purest whiteness and considersble transvarency.
The body is composed from hizn grade in average irom
washed kxaolinsg, off-white-burning clays, silice ard
feldscar.

Porcelain tableware is traditionally produced in
the double firing process. The bisque firing of porcelzin
differs from that of earthenware in these: the first
firing is at a low temperature 8CO - lOOOOC, the body
and the non-fritted glaze being subsequently matured
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together in a second firing at about 132C - 1450°C,
depending on the type of porcelain. The new %technolesies
try Yo develop the single firing technology when nigh
plastic cleys ani kzolins can provide mechanicel properiiss
of the green body nigh enough for the glazing and for the
manipulztion.

The porcelain itableware is produced mostly in the
Zuropean countries. It is provided by the glossy transparent
or rarely by the semi-opaque glaze, being decorated with
all possible decorating techniques. Tableware produced
from porcelain shows low average weight of one piece,
being usuelly be.ow 200 gr, good mechanical strength of
tae body, hard scratch resisting glaze, therm=l shock
resistance and resistance ageinst the crazing of the glaze.
It represents the most luxury type of the tableware.

Table 11 shows the porcelain tableware body

compositions with corresoonding firing temperatures.

Zable 11 Porcelein Tebleoware 3ody Compositions with
orresponding Firing Temverstures

Type |mmmmm—-----SOBEERE 2 Glost Firlng
Weshed r ? emgerature;
Raolins Silica l Feldspar :
and Cleys j :

I. 35-60 20-40 |  15-25 . 13501450

IT. | 42-66 12-30 { 18-33  1350-1450

| III. | 40-60 20-40 20-20 i 13€0-1400

b - - T - - - - - P - > D U - - P = s | D e e o W e D D S S i -y
R

IV, | 25-35 20-45 30-40 1250-1350 |
V. 25-34 11-45 | 30-55 !
;— ----- - D - D D T TP " = ey = D = D G B D T > - D B D, P D D> W i D W D ﬂ
| VI, 2-5 15-25 75-81 1100-1200

L- D e g = gl VD D D ™ - -4--—--------“ ----- -‘----O-J---— D e D D R D S -
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Typves I and II represent the hard porcelazin products
with highest firing temperature. The hotel porcelasin ITI.
is the transitting type between the hard and soft
porcelain products. As an example the composition of
the dental vorcelain is given.All compositions clesrly
show that the nigher is tue ccntent of feldsper in the
porcelain body composition, the lower is the glost
firing temperature,




2. Sanitary Vere

g

Senitary ware s body cen be blended from different

local rew meterizls and it czn be oroduced in different
+

sectnologies Trom which the msin izporiant are cresen

g, Vitreous China senitery ware 1s oroducec with

the hignly vitrified opeque body whica saows nigh
mechanical proverties. The blend is conposed frecn a
mixture of wasaed kaolins, lighteburaing clays and
finely ground silice and fluxes. Some times nepnelirg,
sienite or phonollite is used instead of feldspoer.

Vitreous Chine senitery ware is produced in the
single firing technology. After firing st tne temverature
1200 - 1280°C the body will not, even when unglazed, snow
a mean value of water absorption grester than 0,5% of the
ware when dry.

The viireous Chinz sanitary ware is the prevealing
type of sanitary ware produced due to low investment
cost and single firing technology. It is also the
labour intensive menufacture, veing appreciated in
rany developing countries. The vitreous Chine sanitary
ware is coated on 2ll exposed surfaces with an impervious
non-crazing vitreous gleze giving & white or coloured
finish,

mhe Tabie 12 shows the vitreous China sanitary
ware body compositions with correspondéing firing

temperetures.,
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Taple 12 Vitreoug China Senitary Ware Body Compositions
witn Corregoonding Firing Temperatures

D D - D D D — D D T S D D D TP D e T iy D ) D D e D D D T > D S D D D D el T D D D GV AP

: Content % _— s

E Type Lizashed v! : ; th ) f‘f\lrl PR

? Kzolins . Silica ; Feldsper . 8£h§§s f ;emger,,a-e
| iand Clays | | : c

' I. [ 40-60 | 30-4C: 10-20 - 1250-1300

b e 0w et AP e = P s D - > - > o e e e P e e o D o e S P > o D D A e e e
a : l ; -:

| II. | 40-60 25-35; - : 15-25 | 120C-1250
—— P O D s WD D D s WP D S ap D D D WD D D i D - — D - L ———————— —‘ ————————————— -

The traditionel composition of vitreous China sanitery
ware i1s bdagsed on pottagsium feidspar as on the fluxing
materizl. If nepheline syenite, phonolites, talcum end
other non-traditional fluxes are epolied c¢he firing
temperature is decreased by 50 - 100°%.

b. Zarthenware genitary ware is produced with a
poreous body and less strength than vitreous Chine ware
but more easily made from different cleys, washed or
raw Keolinsg, silica and different fluxes such as feldspars,
pegmetites, limestone, chelk and others.

Sanitary earthenware is produced in the double
firing technolcgy. The bisque firing temperature amounts
to 1060 - 1280°C pending on the body composition, the
glost firing temperature is between 1020 - 1200°¢. Shiny
fritted or raw opaque glazes are appiied.,

Due to tne gensitivity for crazing of the glaze and
due to tne poreous body the sanitary eartnenware is rot
introduced to the ceramic industry very much as producers
prefer more difficult, out lower cost and higher guality
vitreous China technology.




38/

ce Fireclay Sanitary Ware menufscture is applisd in
the production of large pieces of sanitary ware, i.,e, vig
sinks anc urinal stalls, #ithout undue warping. as reaw
materials, pdlagtic or siliceous fireclaye, kaolins,fired
grog and silica are aprlied.

Firecley senitary ware can be produced in tne single
firing or double {iring technology. The bisque firing
temperaturesfluctuate vetween 1200 - 130000, meanwnile
the glost firing temperatures reache 1250 - 1300°c,

At trésent the fireclay technology is not frequently
established in the sanitary ware manufacture, as being
more complicated and energy intensive compared with the
vitreous Chirna type. Fireclay sanitary ware in many cases
is provided with the engobe before being gzlazed with shiny
opaque white or coloured glazes.
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3. Stoneware

Stoneware products rerresert a wide gssortment of
differenv ceramics, reslized by different technoiozies
out with a large application ir any country. Developing

countries in many cases, nowever, do not ye’ recognize

ware and bigger movement in this respect is expecied
in the years to cone.

A large number of rew meterials can ve apilied
in the stoneware manufacture, such e&s low vitrifying cleys,
raw or washed kaolins, silica, feldsper, granite, basalt,
phonclites, talcum, zirconia, cordierite and others,
depending on the type and technclogy of stoneware
produced.

In general all stoneware products guow & low porcsity
ancé the opaque body. It can ve produced in s double firing
technology, howeve=, the majority of products is menufactured
in the single firing process. If the oisque is fired, tae
temperature of azout 90G°C is =zpplied. The single firing
tecnnology shows the firing temperature between 1140 -
128000, pending on the body composition. Earthen, raw
or salt semi zlazes are aonplied on the mejority of stone-
ware products.

As gtoneware products, the follovwing ceramics are
produced:

Coarse grained body - drainage, ducts, agricultural
and chemical stonewere, veving, facade and indistriel
tiles and different types of gzarden and artistic ceremics.

rfine grained body - cnemical stoneware, floor and

facade tiles, tableware and srtistic ceramics,

Table 13 shows differmsnt stoneware oody compositions
with corresvonding firing temperatures.
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Piring Temperatures

oody composition Type II. achieved by tae blen
tuff addition. Very positive results are zlso
applying ohonolites as fluxing meterials.

d with (a2
expected ©y

T T imtent £ T T
YR e o= Titrifying
| iStoneware | ; - Temperature
E iClays and | Grog ! Piux . on :
i ‘Kaolins ! ; v 3
, i | e .
i I. i 80 I 20 - ' 1280 :
———— - ——— e m e —————— ——————— —————— ..i_ ............. -
: i ! i
II. [ 66 6 28 1140 1
T NN L L2 Lo i
The lower vitrifying temverature of the stoneware
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4. Electropozcelain

The demand for cer=zmics in the electricel incdustry

has risen very zuch both in quentity end gquailiy during

cr ¢

£
e

W

the period er the War 2. The competition from the gi=ss
industry has not depressed tne maznufacture of electiroporce-
lain. Develoving countries usuelly start with the m=nufacture
of low-tension porcelein, which 2re used on ncrmel supply

and telephnonelines.High tension porcelzin, anplied for the
high voltage grid are composed {rom the same but more pure
res materials and they are fired to a lower vorcsity.

Ball celys, washed keolins, silice and feldspesrs =re
usuel basic raw materials,

Electroporcelain is oroduced in the singls firing
technology under the temperature of llSOOC for low ten

sion
. (o] I . . - .
insulators up to 1420°C for nigh tension ones. Single fire
brown, white transparent, ovague or semiopague gzlazes zare

aprlied.

Asilde the electropcrcelain, different other ceramics
are apolied in the electrical industry sucn as cordierite,
steatite, vitanate, zircon and corrundum, which are,
however, more svecialized types and, therefore, not yet
so much developed in developing countries.

Table 14 shows electroporcelain body compositions
with corresponding firing temveratures.

Table 14 Zlectroporceiain Zody Compositiong with
Corresnonding Firing Temperetures

F== 7 A
Type |mmmmmmmmeaoCOBEERE P ] Piring !
~ashed Tempereture |
| Kaolins Silica Feldsgnar q l
: gnd Clays !
S -+ 3 - T F] :=========‘.’-==ﬁ== ============'
|
I. 35-40 35-45 15-25 1380-1410 |
II, 40=-60 20-30 20-35 1280-~1350 J
sy o s T s = O > D s . D o D i D e . D > > D A2 D e D 2 A Y B O D D etk e e T e s A e e t D e
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The electroporcelain body composiftion type I
represents hizh tensicn insulators composition. In
order to keep the content of tne glase fese in tre
product as low &s Dossibls, the amount of Telaspar
in the blend is limited and, therelore, thne firirg
temperatures are always'relatively high. The low
tension porcelzin body composition Type II can be
blended with the increased amount of fluxes and witn

the lowered firing temperatures.
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9. Wall Tiles

Wall tiles are mess-produced %tain ceramic
nasicly glazed. They occur in 2 cae“egories, apslied in

- interiers with 2 poreous oody

- exteriers with e vitrified 2ody, being usually

frostprove.

£7

The difference between glazed wall and floor tiles
iz of less importance, as wall and [leoor tiles are used

interchangebly.

a. Glazes wall tiles with & poreous body ere produced
as the earthenware technology witan white, off-wuzite or
coloured body. As the opague glazes are apolied, the
colour of the body is less importent than eerlier when

trensparent glazes were used. Different types of oody
composition can be applied depending on tne aveiliopilisy
of local raw meterials, such as clays, xaolins, silica,
feldsper, limestone end shells.

Glazes wall tiles with e porecus body are produced
usuelly in the double firing technology with the bisgue
firing temperature from 1060 to 1300°C and tae gloat
firing temperature from 960 to 1120°C. The single Ziring
tecanology is more sensitive against the top quality.

The opaque shiny or mett glazes are decorated with
different technigues, mostly based on the screen print.
The glezed well tiles with the voreous dody must be
accurate in dimensions, high esthetic surface of the
zlaze can be obtained. Their resistance against gleze
crazing and moigture expansion wmust be carefully examined.

Table 15 shows selected types of wail tiles body
compositions with corresgponding firing temperatures.
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Table 15 selected Types of Wall Tiles Body Compogitions with Corresponding Piring Temperaturesg
I kaolinitic ____semizkaolinitic_ ___ feldepatic____ mixed ____lime-siliceous _
Rational
composition,
65
Kaolinite 80 65 55 50 48
Quartz 15 27 35 40 37
Feldapar 5 1} - 10 3 -
Limestone - - - 7 15
l.-ror (."
total 60 60 50 55 55
fired crog 46 30 5-10 5-10 5-10
lain ball clays,  ball clays, Lall clays, bell clays, ball clays,
componenta atoncware gsiliceoua and ailiccous siliceous giliceous and
claya, stoncware clays, and stonc- ?nd stone- stoneware clays
washcd kaolins, pegmatite,ware cluys, “ore clays, marls,
kaolins, fired rrog, kKaolins, raw kaoling, wollastonitec,
rired 1oz, fired reject pcomatites, marls, chalk,
reject feldspar chalk, limestone,
fired ! dolomite, rav kaolina,
wject feldspara, fired reject
pecmatites,
limestone,
quartz,
phonolite,
nepheline, |
fired rcject \
Riring '
tenperature,
g -
bisque 1280-1300 1230-1250 1200-1230 1140-1160 1040-1060 ~
“loal 1080-1100 1060-1080 1000-1040 960-10N0 -

1120-1140
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The foregoing Table 15 cleerly demostrates the large
veriety of mein sody components wnich can be apolied in
order tc ccmpose the wall tiles with & poreocus dody.
According tc the aveilabls locel raw msieri
tecnnology with lowest possible firing temperalures i
be choosen.

b. Glszed well tiles with vitrified body are produced
in the stoneware technology. Ususlly they are used for
exteriers, mostly being frostprove. Ovaque glazes in
different colours with different screen print decoration
are apvlied. As raw materials, low vitrifyingz cleys,
kaolins, silice ané different types of fluxes are applied.

Glezed wall tiles with the vitrified bocy are
produced in the single firing technology with tae firing
temperatures between 1080 end 125000 depending on the
bocy composition.

The menufacture of glazed wall tiles with the
vitrified body does not differ from that one aptlied
for thne msznufacture of vitrified glazed floor tiles, as
both products show similar properties and applicetions.
For tnnse developning countries which posses nice, warm
wmeather without frosts, the frostoroof glazed well tiles
with the vitrified body 2re not needed to be produced.
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loor Tile

Cerasaic flcor tileg zre thir tiles apvliecd for
flooring. They are produced in two basic types

- unglazed, dense, fully vitrified colcured or waite
tiles

- glazed, vitrified or voreous, applied with opeague
glazes.

2, Ceramic unglazed figor tiles are thin, dense tiles
with fully vitrified coloured oodies, frequently the colour
of natural cleys but also in various colours and textures
achieved by additions. They are vroduced with the smocth
surface, others are made '"non-slip" by adcéition of abrasgive -
grains or by a corrugeted surface.

Ceremic unglazed floor tiles are produced with a
stoneware fine-grained technology. Their firing temperature
fluctuate between 1140 to 1280°C depvending on avail=z=tle
raw meterials and on the type of kiln.

Ceramic unglazed floor tiles show hizh mechanical
proverties, high resistance to abrazsion, to weather, stams
and acids.

Table 16 shows floor tiles bedy compositions with
corresponding vitrifying temperatures.

Table 16 Ploor Tike dv Compogitions with Corresscndin
Vit vinz Tempereture

P—----T--G---- - - - e D P 0 Wy D D D > - s -

Trpe Content % b Titrifying
*/P® “Washed | Raw . Temperature
Kaoling ; Xaolins Feldspar | Phonolifes ¢

and Cleys: and Clays . %
4+ & — 883:::8:::’:8:3:3::::::‘::========= ===ﬂ=8====’=‘.;_‘.========='
I. 70 - 30 | 1250-1280
: ! i ;
II. - ] 0 | - 30 | 1120-1160
h -— —— - a» =y D o G . S D . Lk X r r r X X I X 1 I
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The floor tiles body conposition Type I. represents
ihe traditional composition of ungiezed, fully vitrified
cerzaic floor tiles with the firing tempersiure, whica, in
zenerzl, corresovorcés to firing temperatures of the sime-
were. The adplication of more active Tluxes then the
sottasiua feldsper, such as phonolites, lowers c<he
vitrifying temperatures by 100 tc 150°¢.

b eranic Glazed Floor Tileg are produced with a
vitrified, semivoreous or poreous body. Therefcre, they
are realized either on the stoneware or eartaenwere
technology with the single or double firing manufscturing
process under the similar Firing Jemperztures,

Ceramic glazed floor tiles are used interchangable
with ceramic glezed wall tiles and they cexn be produced
cn the same menufecturing equipment.
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Brich Product

Brick products are pvart of ceramic building materials
with a poreous ovody. They are manufactured ir dirfferent
assortments

a, Common 3Brigks are mass-produced oricks in which no
special care is taken in the manufacture to avoii surface
blemishes.

b. Fecing Bricks are bricks with a view to the
appearance, dimensions as well as structural use.

¢. Hollow 2nd Perforeted 3ricks are bricks or blocks
with large regulzsr air spaces surrouaded and separated by
relatively thin wells. In recent years there has been much
develooment of these bricxs in order %o produce more
economical building methods, better insulation and fo
meet the competition from concrete blocks.

d., Roofing Tileg are thin dieces shaped to overlep
and/or interlock on slopirg surfaces, mainly on roofs.

All brick products are produced in tuze single firing
technology. Depending on available raw meterisls and on the
porosity of finished products, thaeir firing temperatu-e
fluct ete between 900 - 1150°C. Some of very dense bricks
called engineering bricks, can be fired up to 1250°C. But

they belong to the stoneware technology more then to brick
products.

The firing temperature of brick products are usually
predetermined by the behaviour of raw materials during
the firing process. Such raw meteriels which indicete
a high fraction of keolinite with finely dispersed lime-
stone mari and iron oxides, having minimdum content of
illites, montmorillonites and no conteat of biz grzined
calcites or other indesirmble inclusions, at which no cracks
occur”. during drying end firing, are usually good clays for
the brick products menufacture, as their firing temperature
is usually lower than 1000°C,
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8. Fireclay Refractories

Pireclay refractories are the most common refractories,
suitable for many verious purposes. Their mznufacture is
usvally the first one from refractcries veing realized in
develcping’countries as they can be produced in = similar
equipment es stonewere or even orick products.

Different types of refractory and/or siliceous clays
/refractoriness equals or is higher then 26 Seger Cones/,

. 9 arg applicd- . . C -
keolins and siliceous sands¢ For high zrade firecleys fired

grog is blended into the body composition.

The fireclay products are usually fired betweern 1300 -
1450°C but siliceous, low grade fireclays can even be fired
vellow 1300°C,

Firecleys show relatively good spelling resistence and
thermal insulstion. Feir resistance to acid slags and fluxes,
lower resistance to basic slzgs and fluxes,

Compared with silica bricks, firecleys show lower
refractoriness and lower refractoriness under load.

Table 17 brings & review of different alumosiliceces
refractories with corresvonding firing temperatures.

Table 17 Selected Aiumogilicate Refractories with

orregpondi M ring Temperature

Type Filring Temperatures OC?
F=a===ss=sssasssassssssssssjasssssssssssssssss=sssssssasss
. silica 1350 - 1500 ;
| Semi-silica 1300 - 1350 ?
| siliceous fireclays 1250 - 1380
| Pireclays | 1350 - 1410
| Fireclays High Duty i 138C - 1450
iSillimanite i 1410 - 1560 ,

Corrundum : 1380 - 1700

- - -—-d O ———
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The different firing temperatures epplied in the
manufecture of different alumosilicate refractories
show that the lowest temperatures can be applied in
the manuiacture of silicecus firecleys, tne nignest
ones in the menufacture of specizl corrundunm products.




toriness 2nd refractoriness under

They are produced from quartzites with = nossinle
addition of siliceous sands, aydrated lize and otaer
minerslizers. The lower is the alumine corntent in
quartzites, the higher quality of silica can be oroduced.,

The silice refractories are produced in two basic

- for the coke and glass kilns industry with smaliler

additional volume changes

- for the steel industry with bilgger additional l
volume changes.

Pending on the type of quarzzites used and on the
tyve of silica manufacturec, the firing tempersture
fluctuates between 1350 tTo 15c0°¢.

The only serious limitation of silica refratories

is their sensitivity to thermal sznock below 60C to 700°C.
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10 eramic Glezes

Ceramic glazes belong to industrial activities
in which a suitable chkoice of technology may
substantially influence firinz temperatures and
ehexrgy consumption.

The ceramic glaze is a special type of zlass
which covers a ceramic product of various porosiiy
end thermal expansion. It is vital to elways
maintain a correct relation between the properties
of ceramic bodies and ceramic zlazes.

Llodern glazes are compounded in ord:ar to
produce a covering for ceramic vodies which shall
be inter alia:

l. Insoluble in wuter and usual acids and alkalis
likely to be met in uge,

2. regsistant to scratching,

3. as Zar asg possible inmpervious,

4. suitable for producing certain decorative eflects,
such as colour, crystal development, carrier Zor
transfers, etc.,

5. resistant to crazing, peeling and similar faulis,

6. fusivle at predetermined temperature ranges.

Glazes can be clasailied Irom different points
o? view, sucn asg

1, Content cof lead oxideg

a) lead containing
b) leadless




2, E2fect nroduced on the finished article

a) sainy glaze, white or coloured
b) crystalline glaze

¢c) satin glaze

d) satin-matt zlaze

e) natt glaze

f) translucent glaze

g) opaque glaze

3, Content of fritt

a) raw glaze

b) fritted glaze
c) earthern glaze
d) salt slaze

4, Maturing or Ziring taemperatures

a) low temperature glazes, S00 - 1000°¢C
v) earthenware slazes, 1000 - 1160°¢
¢) sanitary were glazes, 1160 - 1250°C
d) stoneware zlazes, 1140 - 1220°¢
¢) porcelain slazes, 1300 - 1450°C

. ' 4 T P L -~
e imolies that the slaze

t

The meturing of 2 zla
is not only melted but taat it nas Ilowed cmoozaly
over the surfece o the ceramic product. all buvdbles
and pinholes aave disappeared leaving a flawless

surface.

In order to save enerzy, slazes witz lower
firing (maturing) temperatures are %o be preferred.
The firing (maturing) temperatures of ce-amic Jlazes
are deeply influenced dy tneir composition. Jnile

"
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VI. COLCLUSIONS

l. There are no two deposits of sedimented cerzmic raw
materizls iz the world whicn would be idernitic in
quality factors

2. Ceramic and refractory o»roducts are, therefore, croduced
from different raw materiesls by a»nplying diff
technologies but the finished product must 2lways
corresnpond to the international Stzndard

3. Taeking into consideration =211 aspects of tne composition
of ceramics and refractories, large variety oi technolo-
gical vossibilities exists in each country for the '
development of ceramic and refractory industries
following locaily aveileble raw materiels. Different
non-traditional technologies are applied with non-
traditional raw materiasls in order to decrease the

energy consumption.

4. The majority of ceramic and refrectory body raw meteriels
is to be available in the country.

5. High alumine additives, fritts, glazes, stainsg, colouring
extdes, vastes, reactive glezes, might be imported as
theilr amount necessary for the manufacture is relatively
low. -

6. Low energy consumption technologies are to be prefered
in the connection with locally available raw materizls,

7. Closed co-operation between geologists, technologists
and industrial economists is to be maintained during
the fasze of developing or expanding ceraaic and
refractory industries.
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