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Ceramic and refra~tory ~roducts e.re classified. 
·~hey are .::ostly based. on the alu:i.o- silicate chemistry. 

rhe composit~on of their 3odies in view of energy 
requirements is discussed from the ?h~rsical-chrcical 
and from the technological aspects. Product aspe~ts 
are analyzed in details fol~owing particular ceramic 
and refractory products witn the ma.in defining factors 
and with the view of body compositions a.!ld their 
corresponding fir.ing temperature. rhe papP.r is c0ncl~ded 
with main guidelines to be kept in elabor~ting cerawic 
technologies in developing and least developed countries. 

~· 
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I. :C.tTRCD'GCTIOli 

Ce=amic ?roducts are those ?rod~ced :roo 
inorganic mat:ers by g=indir..g, she.;>ing, d!"'"JL'"lg and 
hardening, wcich takes place mainly :iuring the 
firi!lg process. Tra.di tione.l ceramic raw ma "':erials 
are: 

clays and kaolins, which enable the easy 
shaping of products 

siliceous rr.aterials, which control the shri!l.ka.ge 
of green blends 

fluxing 11Bteri~, which regulate the firing 
tecperature and influe.nce basicly the p~operties 
of fired bodies. 

rhe task cf any ce~amic technology is to develop 
the manufacturing pr::lcess. which will c!'ea';e, from 
local ~on-metallic raw materials at ~in~wua prod~ction 
costs and energy consu::uptio:r:., a pr1~duct w.L. th tne 
required homogenity and pro~erties, i.e. tha product 
which corresponds International. Standards. 

Ceramic industry is one of the lcadL'"lg consumers 
of thermal energy. Its consucption consits in average 
of 86% production consumption /usually 22;~ fu:?: drying 
and 64% for firing/ a.~d 14% overhead. Practically ~he 
majority of ceramic products is fired one~ or seve!"S.l 
t~mes to be finished. This fact d~monstrates the 
dependence of the ceramic industry on energy sources 
as well as on thE! world energy ter..dencies. This issue 
shows the necessity to realize all possible changes 
and arrangements which may positively ir.i.fluence t.i:le 
energy consumption and which may improve the prospects 
of ceramic industry in the futuze. 

I 

I 
I 



t 

5/ 

The complex an~lysis of the beat cons~cptio~ 
in the cer~oic industry shows the :ollo~i::ig pcssiJi~~:ies 
for energy ccnserv~tivn 

1. Non-investc~~t arrangesents, i.e. energy 
diag~osis of existing therme.l units or of those ~hich 
are newly ?~t in~o the operation, improvecents cf 
heating units, verification of new technologies ~ 
the field of r~w rne.terials a.!ld components, lo~ering 
the firing temperatures, si~plifyir..g the ~~n~facturin6 
process, such as single and do~ble firing precess, 
decore.tio~ on ra.w glazes etc., single layer firi!lg 
and different new d~Jing and firing processes. 

2. rnvestment arra.ngeme~ts. ~he decision for new 
heating equipment has tc be based on a complex anal:r.sis ! 
new eq~iprnen~ bas to satisfy the future tren~s. 

This ?aper deals with a part of non-inves~~ent 
arre.ngeraents wf.ich are possible to conserve the energy 
and which ~re related to the body comnosition cf 
diffe~ent cera~ic and ref::-actor/ products in vie~ of 
local raw :r.a.terials in developing c~untries. Physical
chemical, technological and product aspects are taken 
into the consideration as the bast~ for the proper 
body and glaze cornposi tiocs of di:'::?e::-en t ce!"a::iic and 
refractory prod~cts. 

General principles which ~ust be observerl by 
the technologist while compo~~~ ceramic bocies, 
are co;np:icat;ed hy the wide range o-: product~ 

assortmen~ and differ~nt technological p~ocesses 
applicable in the cere~ic manu=actu~es. 7herefore 
!.)roper combination and aelection of related aspects 
leads t0 the successful and most economical man~f~ctll.!'e. 



Table 1 Ceramic Products Classification 

Porous body :;,·-",...--- · - ;;. Vi tr if iec.l body 
Heavy-clay ceramics ~-,--------·- --------· -- -· · --- -- ---------------------··-·-··--.. ··---··-·-· ................ ·;. Fine cera1nics 

:---------- ---
Brick 
products 
============= 
Single 
iring 

Coarse 
1grained body 

------------jnricks 
j.Roofing tiles 
!Drainage 
I 
!Ceramic 

refabricates 
t.;.Cts 

Refractories 

===========:;:::..:= 
Single 
firing 

Coarse 
grained body 

Silica 
Fire clay 
High alumina 
Refractory 
insulations 
Magnesite 
Dolomite 
Chromium
magne site 

-;:~~~::::-.:-,-------~~:::::~:··---------1--~ti~:~~~-----;:~:=~=~:~---
========··=== ======================··==J=====-·===·=J==··====·-·=== 

-~~~!~~------ __ :~:!~~~~~~:[
1

:~---------- --~~~!~L __ l~!~~t~:~~:~ 
Fine Coarse Fine Fine J Fine 

-~~~:~=~-~~~: -~~~:~=~-~~~: ~:~=~=~-~~~: -~:~:~=~-~~~~--~:~=~~~-~~~-
Wall-tiles 
'l'ableware 
Artistic 
ceramics 
Glazed 
floor-tiles 
Kitchenware 

Sewage pipes Chemical 
Agricultural ~toneware 
stoneware ~looP-tiles 

Chemical 
stoneware 
Artistic 
cero.rnics 
Facade tiles 
Industrial 

1 
tiles 

I Paving tiles 

li'acade tiles 
'l'a'b le ware 
Artistic 
cera1nics 
Glazed 
wall and 
floor-tiles 

Sanitary 
ware 
'.Pablewar-e 
Artistic 
cerurnics 

'.Pableware 
Electro
porceluin 
Chemical 
ware 
Dental 
porcelain 
Artistic 
cerainics 

______________ l _____________ l_i~~;;~=~---- I 
---------------------------~ 

(J"I 
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I 
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II. CEaA:lJC PRODCCTS CLA3SIFICA~ION 

Ceracic products represent a wide range of 
products which ca.u be classified from dif~erent aspects 
with rega.1·:1 to the body pre';)a:::::-a t ion, p::-oduc t L:lB.IlUf9.ct;i::-e 
and properties and to its use. A simplified classification 

of industrial cera:::ics is p::::-esented in Tabla 1. 

The classification of ceramic ~od~es observes !he 
classical terms of heavy-clay an1 fine cera~ics in the 

relationship to the porosity of products. 

Brick 0roducts, s~ch as bricks, roofing tiles, 
drainage pipes, ceramic prefabricats and refractory 
orcductsL such as fireclay, silica products, ::agnesite, 
chrom-me.gnesite, d•Jlornite, etc., belong distinctly under 
the term of heavy-clay ceraCTics. Ther:-ial insulations, 
based upon coar~~ -gre.ined raw ma terie.l processir..g, are 
also the typical representatives of heavy-clay ceramics. 
All these products possess a distL"'lctly porous body ·:;i th 

the absorption capaci~/ of eppr. 5 to 60':1. 

The group of earthenware oroducts re9resents 
the body composition with a non-vitrified porous body, 
however, as fa.r as the fineness of raw materials 
milling is concerned, they belong rather am0ng the fine 
ce::-a:nics - than heavy-clay pr-oducts. ','Tall tiles, double
fired floor tiles, utility and artistic cera~ics with 
a non-vitrified body are included into this group, too$ 

Earthenware prod~cts c~eate, hence, a t!'t\Ilsition 
type of ceramics since they belong among fine ceraoics 
p:oducts with rega~d to their character and fineness of 
milling, however, the physical ?roperties of the body 
classify them with earthenware products. 
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Stoneware product;. for~ another transitting type 

Jetween heavy-c~ay prouucts and fine cera~ics in 
conside=ation of body prep~aticn and s;fu-ucture. 
Coarse-g~ined stcne~are products, such as sewage, 
agricU:tural facade e.nd artistic s~oneTiare products, 
paving and industrial tiles, pertain distin~tly among 
heavy-clay ceramics products. Stone~~re bodies, if 
fine-grained, are counted among fine ceracrics p:::oducts. 
Chemical, utility, facade, artistic stoneware products 
and floor tiles form this grcup of products. Low 
absorption capacity and body vitrification is the 
common mark of all stoneware products -;~hich diferencia tes 
the~ from all earthenware products. 

Yitreous China. is the tert:i used for the products 
·:ri th a typical fine-grained and vitrified bodv '.'ii thou t 
trhllsparency. Products of sanitary, utility and artistic 
ceramics based on the properties of ii~reous China belong 
to this group of products. 

Porcela~n products a=e ty9ical representatives of 
fine ceramics witn a vitrified and translucent oody. 
Utility porcelain, electrooorcelain, chemical and dental 
porcelain and artistic ceramics ~ade of porcelain Jodies 
fit with this type of products. 

Apart from above mentioned basic p~oducts of 
ceramic techn0logy, there are many other new ceramic 
blends based on non-tradi~ional minerals and oxides, 
e.g. eordierite, statite, spinel, wollastonite, alumin~, 

carbides, nitrides, graphite, rutille, ferrites, P.tc. 
~hese are not the subject of this paper. 

-I 



9/ 

rhe presented simplified classification of ce::-a:::.ic 
prodacts snows the large variety of different products 
which are produced pending on ~he market ?Otenciality 
and local raw ms.terials avail~bility. 1his clsssi~icat~cn 
jointly de:nonstra tes that -;:i.e ceraulic tecnnologj is :lot 
an ee.sy or simple one. To comprise the whole field., it 
is necessary to know not only all theoretical laws but 
also to gain ?ractica.l experience in the e.pplicatj.on 
of the theorJ in the manufact~::-ing processes. 
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III. PHY3ICAL-CiiEhlICAL ASPECTS 

In composing ceramic ocd~es, physical 3.nd chemical 
aspects are to be applied in the connection ~ith the 
availability of local non-metallic ra~ materials. ?irst 
of all it is necessary to take into account the chemical 
and mineralogic~l composition of ?roducts e.:id to deter~in 
which of the three basic g!'Oups of minerals will infl~ence 
decisively the production technology and the properties 
of final products. The majority of ceramic products 
belongs to the alumcsilicate chemistry, as the prevealing 
oxides in ceramic blends are silica Si02 and alumina Al2J

3
• 

Depending en locally available raw r.iaterials the following 
three groups of ainerals ca.~ be taken into the consideration 

Tuolinite 

Silica 

Fluxes 

Al2o3.2Si02 • 2 ff:20 

Si02 

Na2o, K2o, Cao, MgO bound in the 
molecules with alumina, silica and 

carbonates 

1. ~efractories 

Considering the first t~o ~inerals, i.e. Kaolinit~ 
and Silica, which occur frequently i~ developi~g countries, 
the characteristic ref~actory oxides are 

Al 2o3 ••••••• alumina. 

Si02 •••••••• silica 

1hP. influence of mutual relations of these ref.:-ac tory 
oxides in the blend with regard to ~he equilliorium state 
between the liquid phase and the solid one, is determined 
by the Si02 - Al2o3 diagram, which, in its clas~ice.l 
form according to N.L. Bowen and J.','!. Greig, is predented 
in the Table 2. 
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This diagram shows tae Eutectic Doint with ~he 

compositior: of 
94,5% Si02 

- -~ \, 0 J,J;·o ."\. ... 2 3 

whic~ is the :eest advantageous for the ::ia.nufactu~e of 

refract~ries based on silica and aluoina oxides. 

'rhe :Sutectic point is an invs.rie.nt point on an 
equilibrium diagram. The eutectic temperature is that 
at which an autectic composition solidifias when cooled 
from the liquid state. The eu:ectic composition has been 
defined as that combination of components of a ~inimum 
system having the lo'.'•est :;iel ting paint of eny r3 tio of 
the compo:"'lents; L"l a binary systec it is the intersection 

of the two solubility cur~es. 

~he silica oroducts,which are based on the 
predominant content of Si02 must contain the Si02 
content higher than that one which corresponds to the 
composition of the Eutected point. Due to the steepness 
of the curve in the direction to 100% of silica, each 
decrease in A12o

3 
and increase in Si02 contents 

influences very ouch the refractory properties of 
silica products. Therefore the best silica products 

cont~in less than 1% of alumina. 

·.'le can conclude th& t in th.:! range of the exis"T;ence 
of silica products aluminillm oxide acts as a strong flu.x 
with higher effect then for example iron and calciwn 
oxides which are added as mineralize:.."'s with the possi ti ve 

in£luence on the product pro9erties. 

rhe opp.:isite direction - increasing the Al2o3 content 
above the composition corresponding to the Eutectic point -
turns out a continuous succession of compositions from 
semisilica and silidous fireclays with the silica content 



lJ/ 

increased compareC. with fireclays, firecle.ys with 
different alumin~ content up to that one whic~ corresponds 
the al~aina content of ~etakaoli~ite, i. e. up to J5,9% 
from total. 2.efractories with a.~? .. ::r:iina. con tent above ~he 
ratio of Al2o3 : Si02 in the CTolecule of kaolinite ~re 
called high s.lllmi~a. refractories a..."1.d tney are classi!ied 
usually according to their alu~ine. contant as sillimanite, 
mullite and corrund~ refractories. The inc~eased content 
of alL1mina ~bove the kaolini tic ratio is than created. 
either by the addition of Al2o3 into che kaolinite blend 
or by the application of high alu~ina n~tural calcin~d 
or fused raw materi~:s such as Kyanites, Sillima.nites, 
Andalusite, Bauxites, Corrundurn and others. ~;iany ti.:nes, 
combination of addition of diffe:-en t high alll::!i.ina ra•:1 

~aterials takes place in the ~anufacturing technologies. 

The high al~~ina raw materials are described as 
follows: 

Kyanite is a mineral having the same composition 
Al2o3 • Si02 as sillimanite and a.ndalusite. but with 
different physical properties. When heated, kya."'lit e ores.ks 
down at about 1Joo0 c into :nullite e.."l.d cristobalite ~·1i th 
an approximate volum9 expansion of 10%. If applied as 
a refractory grog, it is, therefore, calcined before use. 
The chief sollrceK are Virginia, South Carolina in USA 
and India. Kyanites occur also in different developing 
cowitries, such as Suriname, Guyana and Kenya, wh~ch 

start to consider their industrial exploitation. 

Sillimanite is a mineral with the composition Al2o3 • 
• s102 but it differs in its technological prop~rties 
L:om Kye.nites and Andalusites. Sillimanite changes into 
a mixture of mullite and cristobalite ~hen fired at a 
high te~perature of about 1550°c. ihis change occurs 
without any significant alteration in volume, what is 
prefarable compared with Kyanites. The ~.a.in sources 
of Sillimanite are South Africa and India. 

-, 
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Andalusite is a mineral having the sa~e eornposition 
Al

2
o

3 
• Si0

2 
as Kye.nite and Sillimanite, out with different 

physical properties. "Nhen fired it breaks down at 1350°C 

to for:n mullite and cristobalite; the cnange ~akes ?lace 
without significant change in volume. The p~incipal 
sources are from South Africa, California, ~evada and 

New England in USA. 

Bauxite is a sedimentary rock ccnsis~ing of ~ydrated 
Alumina Al/OH/

3 
together with impurities represented in 

different amounts such as clays, iron oxide and titania. 
The chief sources are Ye.I!Bica, Guya.!la, USSR, Surina.me, 

?ran~e, Hungary and Yugoslavia. 

Corrundum is the only form of alu~ina. Al2o3 that 
remains stable when heated above about l000°C. It occurs 
naturally, but impure in South Africa and elsewhere. 
?used corrundum in its relatively pure form is me.de in 
the electric arc fu!'IlB.ce and then crushed, ground and 

screenedo 

Alumina is the aluminium oxide Al2o3 whicn exis:s 
in different forms. It is mostly produced ~ram 3auxites 
and applied directly or after calcina.tion. 

Considering th~t both Si02 and Al2o3 are refractory 
oxide§ and all their blends lie above the refractory 
limit of 1580°c /Seger cone No. 26/, raw ma.te~ials and 
minerals containi3 these oxides are the basis for the 
manufactu=e of refractories such as silica, fireclays 
and high-alumina products. The ad~ixture of fluxes in 
them operates usually negatively, i.e. decreases their 

refractory properties. 

2. Ceramic Prod~cts 

!tefractorine~.; is not the required property of 
ceramic products. rherefore, fluxes can oe applied in 
the blends. Their presence, in addition to kaoljnita and 
silica, causes the creation of the glass phase as early 

l 
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as at low teoperatures. It influences very ?Ositively 
the porosity ~-nd mechanical properties of p~oducts, 
eI.i.ables the lowering of firing tempera.tu.res and the 
applies. t :.on of speedy fi -ring tecnr.ology a.::d. thus ori!lgs 
energy sa.v:.ng.s. 

Generaliy it is helu true that tne lo~er is the i~n 
diameter of the flLL~ing element, tne ~ore ~cti7e it is &s 
a flux. I: means that tae fluxing effect, as far as the 
commonly used r-a.w l!E.terials with alca:ine oxides are 
conc~rned, falls accord~ng to the sequence of the ele~ent 
periodic systeo. The following are elements from the first 
group: 

Li 
Na 

K 

ab 

Cs 

in cheap na. tural re.w r.ia. teria.ls 

Owing to the availability of sodiu~ and potassi~ 
flu.~es in1the wnole re~ge of cheap natural raw materials, 

the choice of fluxes in applied technology is usually 

confined to the oxides of these two elements. ~hP.re a.re 
mainly the following re.w materials 

feldspars K2o • Al2o3 • 6 Sio2 orthoclase 

Na2 o • Al2o3 • 6 Si02 albite 

Cao • Al2o3 • 2 Sio2 anorthite 

Na2o • Al2o3 • 6 Si02 + 

+ Cao • Al203 • 2 Si02 oligoclase 

K2o • Al2o3 • 6 Si02 + 
plagioclase + Na2o • Al2o

3 
• Si02 

phonolites - effusive alkaline rocks 

tuffs, tuffites - volcanic igneous rocks 
nephelines - alumina-sodium silicate 
perJ.tt es - acidic siliceous e:.c'fusi ~re rocks 
basalts - effusive rocks 
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Sodiu~ flu..~es are succes~fu~ly a~?licaole in fast
firing technologies /with the firing cycle und2r 3 ~ou~s/, 
while potassium fluxes in the :ns.nufactu.re of ceraoic 
products of large weight an~ size such as se.::itary cer~~ics 
products. I!l firing taeE!l, tne def0r:ia.';ion in c~e i.n.tervsl 
of boay vitrification could jeopardize t~e success of this 
operation. 

Oxides of elements in the 2nd group of the periodic 
system for~ very interesting eutectica with alumina and 

silica oxides. 
:Se 

Mg in cheap natural raw mete=ia.ls 
Ca 

Sr 
:aa 

Froc the seccnd group of the element period s:rs-:e~:;, 

Cao and MgO are the ;;.ost usec! flu.xes in the cera.::ic 
IIB!lu.facture. ·They occur ab~dan tly ir .. t:-;.e :ca tu.re in the 
form of the following minerals: 

calcite Caco3 •••••••••······ sedimented rocks or s~ells 
dolomite Caco3 • :.rgco3 •••••.•• sedimented rock~ 
magnesite 1Igco3 ••••••••••••••• sedi~ented roe 

rhe foregoing flu:;.:es are applied as fine ground 
additions to the :~.aolinitic blends. However, there is 
a lot of natural clays, which contai~ different fluxir.:.g 
elements already in their co~position. Aside the elements 
from the first a..~d second group of the element periodical 
syste~, other oxides can be represented and they can ~e 
well exploited in the compos:tion of ceramic blendn. Such 
oxides are ciainly iron and titanium old,des, which, being 
finely dispersed in the clay, can act 9ositively by 
lowering the firing temparatures of products tecnnolcgy. 
However, it hes to be ~oted. that products with the 
i~creaaed content of colouring oxides always show after 



'. 

17/ 

firing a dark body and, therefore, they are never e.p?lied 
in the porcelaL~ and Vitreoas China manufacture. On the 
other hand, such clays can be successfully exploited in 
the earthenware menuf~cture, if opaque glazes are ~?plied 
/sQch a~ L~ the we.:l t~les or glazed :loor tiles :nanufacture/, 
or iri the manu.fe.cture of 'Orick p~ducts s.nd stonewa:-e, ·.vnere 
the oody's colour after firing is desirable or the increase 
content of colouring oxides is requestec 1ue to the salt

glazing technology. 

3. Evaluetion of Fluxes 

~~-~2~~E!~~-~f_f~E~~-~~~E~~~~r~~ 
The function of kaolinite and silica in newly 

developed blends is shown in Table J. It is obvious 
that kaolinitic clays and kaolins are ap?lied in the 
majority of ceramic technologies as the b~ding element 
which provides to the blend the for::ia.bility an~ 
refractoriness. However, clays and k?-olins shriu.~ during 

drJing and firing in different limits. To cont=ol the 
shriL.kage of cera:.::iic blends, silica is added as e. grog, 
which expands &.tring firing and which is jointly refractory. 

The most importaut role in energ'J conservation play 
fluxes. 

The ootassium feldspar - Orthoclass has always been 
considered as the ~ost suitable flux.due to its ability 
to create in ceramic blPnds a wide interval be~ween the 
temperature of the vitrification and of the deformation. 
~hen sodium fluxes are applied, physical and str~ctural 

changes in ceramic bodies are speeded durirus the increa~ed 
temperatures ~ue to the smaller diameter of sodium. Cer~~ic 
blends with the pot~agium fluxes always require higher 
firing temperatllr~s compared with sodium fluxes. 



Table 3 Technological Annlication of 
Kaolinite a.nd Silica 
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-----------------------------------------------------------
Ks.olinitc 

characteristic oroperties 
---------------·---------
- binding component 

formability 
- shrinkaga 

refre.c toriness 

wall tiles 
floor tiles 
china wa::-e 
stoneware 
white ware 
~rtistic ceramics 
srw.itariJ ware 
glazes 
f ireclay 
refractory insulation 

-------------------------------------------------------

I 
I 

Silica 

SiO 2 

1 wall tiles • chare.ct.aristic prop@rties 

I. -------~---------------- floor tiles 
china ware 

i - grog stoneware 
I cont:;ol shrinkage white ware 

I - expansion artistic ware 

I - refractoriness sanitary ware 
glazes I 

l-~---~--------~-------------;~~~:!:~~~~;~=-----------~J 
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?luxing effect of elPments from the second group 
of the system is demonstrated or. the calciu.w. oxide. If 
calcit.t:n oxide ~ixed with k~clinite a...~d quartz, cc~plicated 

~ixtures ee.n be ~reated ~ith different welting te~peratures 
a...~d with different 3utectcs, as shc~n in Table 4. ~o 

compcse 3.Il earthenware bciy, ~he ~ria of existence in 

lime-siliceous coCTpositions is in the vicinity of the 
Eutectic point L /see Table 5/, which shows a bal~ced 

melting te~peratu~e of 1J59°C for the following composition 

l0.5% Cao 
19.5% Al2o3 
70.0% Si02 

The composition of this 3u~ectic point L corresponds 
practicaliy to the coCTposition of the li~e siliceous 

earthenware bodies ~ith the oi~que firi.n3 te~per~ture of 
1040 - l06o0 c. 

The nearest lower Eutectic te~perature t of 1165°C 
is in tne direction of incresed Cao content with the 
~allowing composition 

2J.J% cao 
14.7% Al2o3 
62.0% Si02 

The estimated bisque firing temperature of the 
Eutectic cooposition ~a.mounts to 900°C. Successfully 
managed composing of such a body shows the trend of a 
further poasiole development as far as the lowering of 
firing temperatures and energy c~nservation is concerned. 

~~-E!~~~§!~~~-~~~~~!~l 
~he accuracy of dimensions of ceram~c products ca~ 

play a.n important role i~ their application. Especiously 
ceramic wall and floor tiles ca!'lllot differ in their 

dimensions in order to provide the esthetic impression 
after being fixed. ~herefore, the influence of dtfferent 
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Table 5 Existence of Lime-siliceous Earth~nware_ 

Compositions 
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fluxL"'lg oxides on the thermal exus.nsion of ceramic bodies 
must be taken into the co~sideration. 

Table 6 shows the thermal expansion of a..."l. earthen-
ware ~o~; ~hich contains pottassiu~, sociu.m and alcali 
oxide mix. ~he diagram clearly shows that the sodium flu.xes 
act at the lowest temperature, the glass phase in t~e 

earthanwa.re body starts to be created in the te~perature 
bellow 9co0 c when the shrinkage of the body is visible. 
Hov:ever, the shrinking runs very fast during a rel a. ti vely 
short teoperature interval. Such bodies, if dimensions 
accuracy required, must be fired in the uniform te~ture, 
which, in the majority of industral kilns, ca.nno~t be 
obtained. 

The nottassium fluxes start to create in the 
connection with the earthenware body, tne glass phase 
at about one hundert degrees higher temperature s.nd the 
shrinking of the bcdy does not follow so steeply as with 
sodium fluxes. Such bodies, ho~ever, do not provide 
accuracy good enough for the ceramic tiles manufacture. 

For the manufacture of the vitrified bodies, ;•;hi ch 
must not show accurate dimensions, such as sanitary '.'Va.:::-e, 
dinnerware and stoneware, alcali oxides are good enough 
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. 

For the rnanuf~cture of earthenware bodies the 
alcali oxides are not the best ones if accuracy in 
di~ensions is required. Better results are obt~ined with 
the addition of Calcium and/or :Jagnesium carbonites. The 
thermal expansion of such lime-siliceous bodies is 
presented in Table 7. 



Table 6 Thermal Exnansion of Ea!:..1M!lv1e.re Body with 
Alcali Oxides 
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3efore lime-siliceou3 earthenware bodies start to 
shrink in the bigger extend, the thermal exp~nsion shows 
the dwelling wave in ~he temperature in:erva: bet~een 
950°c and ll00°c. Different blend com~ositions I, II and 
II~. snow the same effect. 

-1 

Such bodies keep t~e same dicensions as green pressed 
in the tenperature interval bigger than 1C0°C and, therefore, 
they keep the accurate size during the all manufacturing 
operations after pressing. The selection of the proper 
blend and firing temperature depends on the product 
physical properties requirements, mainly on the porosity 
and mechanical strength ~ the connection with plastic 
raw materials applied. 

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

Aside the dimension accuracy the lime-siliceous 

bodies need the bisque firing temperature of about 
1020 - 1080°c only. Compared with the kaolinitic 
composition ~ith the bisque firing temperature 1280°c, 
considerable energy saving can be achieved. 
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IV. TECrJ~OLOGICA~ ASPECTS 

~hree maL~ technological aspects are to be taken 
into the considerE.tion in com·9osing ceraraic bodies: 

! • ·,'/orke.bili ty 

2. Drying and firing 
J. Properties of final product 

Each ceramic ?reduct is, th~refore, composed of 
two basic components 

a. Binding agent, which is cla3sified as the cerawic, 
chemical or hydraulic one. 

b. Grog, which ca.."1. be the natural or fired ?1.1.e. 

a. The function of a. binder is to enable the :'ormtion 
of products of requred shape and size from natural or 
dressed ra·.·,. materials. The bind.e!' guarantees the 7Jork
abili ty of ceramic bodies as the basic condition for 
hlla.ping. 

Binding agents in cera~::ics are preve.ilingl:y based 
on the mineral 

kaolinite Al2o3 • 2 Si02 • 2 ~o 

~---~---------------------------
The mineral kaolinitP. occurs in the nature in the 

whole range of variants known as different clays and 
kaolins. 

Kaolins and clays occur al~ost in all perts of the 
world, Owing to their genesis, two deposits canno't 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, e3pecially 

.Jl 
I 

I 
' 
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particle grain-size 
- quantity of particles under 2 mi~rons 
- distriJution and size of the crystallographic latticie 
- kind and qua.~tity of other non-kaolinite wa.terials, 

such as montmorilloni tes, illi tes, ferric and ti ta."li:~r:i 

oxiies, pyrites, but also orga.r..ic materials, rer:ainders 
of non-converted ~other rocks, etc. 

Clays and kaolins are, therefore, classified in a 
series of groups according to different standpoints. As 
far as the energy conservation is concerned, it is the 
objective that the lower is the plastic water conte..."lt i..~ 

the clay during shaping, the lower ~mount cf water during 
drying needs to be avaporated and the ~igher energy 
sav~ng is obtained. Therefore, different liquifying 
agents are added to decrease the amount of plastic water 
in the blend. 

Aside from ceramic binders, chemical binders /s~ch 
as water glass, phosphates, e+.c./ and h1d=aulic binders 
/Such as p-cement, aluminious cement, etc./ are ap~lied 
in some cases. 

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

Shrinkage occurs ir. all cera~ic binders during drying 
and firing due to the mutual approach of clay particles 
in the expulsion of the diluted water during drying and 
due to the dehydration and desintegraion of the lattice 
during firing. 

b. ·rhe basic function of the ~ is to control the 
shrinkage of the binding agent in a ceramic body. 
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Silica /Si02/ 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 nc.ture in the 
form of silica sand, quartz vein, lydite, quartzites e.nd 
in many other ~edifications. All n~n-plastic fractions of 
cleys and kaolins pertaL"l, however, a:no!l6 natural grogs 
since they do not give in to dimensional changes dur~!lg 
mixing with water and consequent drying. These are e.g. 
feldspars, pegrna.tites, micas, igneous rocks, different 
fluxing rocks, etc. 

Fired clays, claystones, kaolins and high-al~mlna 
grogs are fired grogs. Fired grogs, being more aner~J 

consuming than na. tU!'al grogs and, therefore, al·;:ays :nore 
expensive, are applied in such cases where the ceramic 
technology requires other properties than those rendered 
by natural grogs. 

·.nth regard to the fact that avail£.ble silica rav1 

materials are applied as natural grogs, the enrichment 
of the body with silica occurs accompanied ~ith the 
relative decrease in aluminu~ oxide content~ This effect 
being welcome usually in the oodies of structural ani 
fine ceramics, is harmful in the 9roduction of fireclay 
and high-alumina refractory products. Therefo~e, fired 
grogs pravail in the refractory production while nati..a-al 
grogs in th~ ~anufacture of fine and structural ce~aaics 
and in brick-ffiaking. The application of natural grogs 
has a principle economi~ significance with some cera~ic 
products. 

The firing operation depends closely on the body 
composition and on properties of final ceramic products. 
Therefore the7 are discussed in the following chapter. 
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V. PRODUCr AS?ECTS 

?rodQct aspects are the most important ones i.z: 

cooposing cera~ic bodies. ~herefora, L~ the fol:owing, 
main p::-oduct aspects are presented in the re:iatioi:saip 
with the possible technology applied. As :ar aa the 
techr..ology is concerned, single or double firing technology 
is discussed with the rele. ted firing temperatures. '.,7ide 
range in firing temperatures, applied for the sa~e product, 
but achieved through different technologies, shows different 
ways for energy conservation in different cera~ic 
technologies. Therefore, practical examples are presented 
in order to orientate the reader to the proper direction 
for energy saving in the manufacturing process. 

1. Tableware 

Ceramic tableware can be produced in a large 
technological ·~ariety from wh i.ch the :nost imp or tan t 
ty~ss are negotiated. 

a. Stoneware Tableware i~ produced with a vit~eous, 
but opaque type of the oody. The blend contains a naturally 
vitrified clays, such as stoneware clays or suitable ball 
clay. Non-plastic constituents to control the shrinkage 
and to regulate the eoeficient of thermal expansion of 
the green body and flux to lower the firing temperature 
and to save energy during firing can be adaed. 

Stoneware tableware can be produced in the single
firing or double-firing technology. The bisque firing 
temperature fluctuatesbet~een 800 - 10C0°c, meanwhile 
the glost firing temperature reaches usually 1250°c. 
By applying fluxes, the glost firing temperature can be 
lowered down to 1180 - 12oo0 c. 
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At present stoneware is produced on ~he commercial 
scale chiefly as cooking ware and some ta~le we.re with 
lowlee.d, glossy or ca.tt glazes, ~hich are ~ostly opaque 
cc loured or re.:!"ely t~slu.cent. :rable·:;a!'e, prod~ced f!'o::: 
stoneware, snows high ~echanical properties, 10·.1 ;icrcsi ty 

and excellent resitence against cz-:::king. 

~able 8 sho~s two types of t~e stoneware ta~lew~re 
possible body compositio~s with cor!'esponding firing 
te:nperatures. 

·rable 8 Stoneware Tableware Bodv Connositions with 
Corresnonaing Firing Temoeratures 

-------T------------------------------------1-----------~ 
Contant % I ""'' . 

T--------r----------------~1--------~ ~iring 
Type Stoneware1 Silica • Feldsoar; ~;~:~e.~s j ':'emperature . 

Clays I · ~ . Talcum ali.a.i 0 c · 
i 

1 .Dolomite 

r::;=~== ==:;;:;~==r=:;===-:=;:~;========:===~=~=;;;~:~;;~== 
~ I . . ' 

~------- ---------~---------------------------~------------: I : I · 
~~:-=~----~~---1-~~----L __ : _____ i_ --=~----·~L ___ ::~~---~ 

The increased content of well vitrifying stoneware 
clays, lower content of silica and higher conten~ of 
fluxes, in whicb aside feldspar other fluxing materials 
are presented, decrease the firi~g ~mperature from 
1250° - 1280°c down to 120o0 c. 
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b. Ea.rthenwere Tablewere is produced with the non
vitreous, opaq~e, off-white or coloured bodies. ~iffe~ent 
types of ~ne body composition canoe applied, i.:l. ~n:.ch 
aside the ·'.:;~in.9. ~le..y, ball cl:::.y, si2.ica al so ?ottassiu..-:i 
or sodium feldspars are the prevailing fl?L~es or l:.~e 

siliceous body composition ce.."1. be developed. :~on-tr::.-ii-::ior::=.2. 
fluxes, such as phonolites can be addeJ to lower the 
firing tdope~ture. 

38.rthenware tableware is always produced in the 
double firing t~chnology. If decoration is applied, three 
or more firings are necessary to obtain the final prodact. 
The bisque firing temperature can flucti..tate in a wide 
interval between 980° to 1280°Ce The glost firi.~g 
tecpere.ture reaches 900 to 112o0 c. 

A.t present earthenw~re table war?. is produced in 
different developing countries which introduce usually 

the dinnerware menUfacture by the earthenware co~position. 
Leadless or leadlow glazes are applied usually as glossy 
opaque glazes to cover the colour of the body. Ta~le~e..re, 
produced from earthenware, must be carefully balanced to 
avoid cracking or peeling of glazes due to a poreous body. 
Earthenware dinnerNare always shm•1s high e.v9.rage weight 
of one piece, being usually above 400 gr. 

Table 9 shows the earthenware tableware body 
compositions with corresponding firing temperatures. 

Table 9 Zarthenv;are ·Tableware Body Comoosi tions -;;i th 
Co;res~onding Firing ~emoerature~ 

------------------------------------------------------------' ype : on tent ~~ I Bisque : Glost 
~odlins :Silica Feldspar Limestone Firing : ?iring 
.......... claysi ·~emper.: T~mper. 

0 c ' ""C 
----~--------~-------r-------- --------- -----------------· • , 50-55 ! 35-45 r 6-12 _ 1280 1 1120 

~~~~~=~~~~~~~I~~=~~~~~~~~~~~l~~~=~~~~I~~~~~I~~~~E~. 
E~=~-~-~::~: ___ 1~:=~~_J __ ~:: ____ l ___ : _____ ~-~~:~ __ 1 __ 1§~Q: __ 

1 
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I:he earthenware tableware type I. re-pres en ts so 
called hard type as showing lower porosity, but its firing 
te~peratures are the ~ighest. The li.I!le-siliceous oody 
composition in type II. results L"l hig.'1.er 9orosi~y. "fhe 
type r:I. is a comprom~se applicable in all cases where 
good plastic clays and kaolins are available in. such 
qualities that they show w~ite or light colo~r after 
firing. 

c. Vitreous Chine Tableware is prod~ced with high 
grade, fully vitrified body. The blend is composed from 
a. mi;'=ture of we.shed kaolins, light - the ~est white -
burning clays and finely ground silica and :1u..~es. 

Vitreous China tableware is produced mos~ly :in the 
single firing technology, but the double-firing is also 
applied. If bisque is produced it is fired 1180 - 1250°c, 
meanwhile glost firing is realized at 1180 - 1280°c. rhe 
single firing manufacture is more rational, however it 
is T-ore sensitive to keep high quality products. 

At present the vitreous China tableware is ~reduced 
on the mP.ss scale specially on the A~erican Continent, 
where it represents a common type of lower priced table
ware and the hotel tableware, as showing thicker body 
and being less fregile than the porcelain, and, t~1erefore, 

being more resistant against breakage. Semiopaque, opaque 
or transparent glazes are applied with the under-glaze 
and on-glaze decoration and/or with different coloured 
glazes. rhe vitreous China ta~leware shows hi~h mechanical 
properties, fillly vitrified but opaque body and good 
resistance against cracking of the glazeo 
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T~ble 10 brings the vi~reous Chine. tabl~ware ~ody 

co;npositions 'nith co:-res9ond.ing :i:-i:'g -:e:npe~3.tti.:'es. 

J'able 10 7i treous China. ra.o le';79.!"e 3otiv Co~~mos !.. t i.~ns ·~i -:n. 
Corresoonding ?iring Te~oera.tU!'es 

r------r-------c~~t;~t-%-----------------:--:~-~--------
1 ~---------~-------~--------------- ~ir.!lg , ~aoli."'ls i S .1 . ..... ; Feldspar and ; Tempera. ture . 
r end cla'=rs '. 1 i. ..... a · Pe£7r'lj2 ti te o . ~ ' o~ C 
. . : : ========================================================= ' i : . 
: I. 50 50 1250 ' . 

--------:----------~-----------------------~------------~ 
II. 55 45 1300 

• ; l 

--------~---------~--------~-----------------------------/ . I ' 

l III. 1 52 I JS I 1) ! 1250 l 

~-----------------~-------------------------------------~ 

3oay types I. and II. are coopose~ from nat~ral 
clays and ~aoli.n.s which contain silica. The difference 
in the firing tem?e!'ature depends on tae type a.~d ~~ot;.nt 

of flux applied. Type III. is composed fro~ pu:-e cooponents 
and, therefore, silica is add~d L~ the f oro o= a siliceous 
sand. 

d, Porcelain Tableware rep=esents the high quality 
ware of purest ·.vhi teness and conside!'e.ble tra.ns98.rency. 
·rhe body is composed from high grade in ave1·age l rem 
washed kaoJ.ins, off-white-burning clays, silica. ar-d 
feldspar. 

Porcelain table;;are is traditionally produced in 
the double firing process. The bisque firing of porcel~in 
differs from that of earthenware i~ these: the first 
firing is at a low temperatur~ 800 - looo 0 c, the body 
and the non-fritted glaze betng subsequently matured 
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together in a second firing at about 1)20 - 1450°C, 
depending on the type of porcelain. The new technolo5ies 
tr-J to develop the single firing technology ·,vhen high 
plastic clays an~ kaolins can ?rovide raecha.nicel properties 
of the green oody high enough for the glazing and for the 
:nanipuJ <:.ti on. 

The porcelain tablew~e is produced mostly L~ the 
European 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 usually be~ow 200 gr, good mechanical strength of 
t~e body, hard scratch resisting glaze, thermal shock 
resistance and resista.~ce age.inst :he crazing of the glaze. 
It represents the most luxury type of the tableware. 

Table 11 shows the porcelain tableware body 
compositions with corresponding firing temperatures. 

Table 11 Porcelain Tableware :Oody Co:noositions t-iith 
Corresponding Firing T~moeratures 

l:::_-e- ----------~;t;~t-3-----------------------------· 

~J~ ~:~f~~:---r-::~:::---r, --::~:::::~- g~~B~r~~~~ 
I and Clays ! 1 

r~:=~ =;~~~===~==;~==~===~===~;:;;====~=~;;~~:;~=== 
r----- ----------r-----------r--------------------------~ 
j II. 4~-66 ! 12-30 ! 18-33 . 1350-1450 ; 

~-----1---------~--------~-r------------~-------------: 
! III. I 40-60 I 20-40 j 20-JO : lJC0-1400 : 

r~;~--1-~=;~----i---;~:;~~~---;;;:~~----1--:::~::~:---
L~: ___ 1_= ~=~~---~--===~~---L---~'.:~~----J__-----------~ 
L~~: __ J __ ::~ ____ J_ __ :~::~ ___ l ___ ~~:~: ____ J __ ::~~:::~~--J 
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I'ypes I and II represent the hard porcelain products 
with ni6hestfiring ";empe::-s.ture. 'l'he hotel porcelai:i I!I. 
is the t::-ansi~ting type between the hard a.~d soft 
porcelain pr~d~cts. As an exam9le the composition of 
the dental porcelain is given.Ali co~positions clearly 
show that the nigher is the content of fel1sp~r in the 
porcelain body coaposi tion, t:ie lower is the glost 
firing teraperature. 
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2. Sanitary Were 

Sanitary wa:=:-e's body can be blended from different 

local r~w :ia.te:-ials and it ce.r: ~e ?roduced i::l different 

tectnologies :rem which the :is.in i~portan: are 9reserrted. 

a, Vit~eous China sanitary ware is produced with 

the hignly vitrified opaque body which sr.o•vs high 

mechanical properties. The blend is cocposed fro~ a 
~ixture of washed kaolins, light.bur:iing clays and 
finely ground silica and fluxes. Some:imes nephelir..e, 

sienite or phonollite is used instead of felds?er. 

Vitreous Chine sanitary ~are is prod~ced in ~he 
single riri.ng technology. After firing st the tem?er~ture 

1200 - 1280°C the body will ~ot, even when unglazed, show 

a mean value of water absorption greater than 0,5% of the 

ware when dry. 

The vitreous Chin::. s&.!1.itary wa::-e is t!:le prevealir--6 

type of sanitary ware produced due to low investment 

cost and single firir.g technology. It is also the 
labour intensive cenufa.cture, being appreciated in 

many developing countries. The vitreous China sanitary 

ware is coated on all ex?osed surfaces with an i~pervious 

non-crazing vitreous glaze giving a white or coloured 

finish. 

The rable 12 shows the vitreous China sanitary 

ware body compositions with corresponding firing 

temperatures. 
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Vit=eous China Sanitary Ware Body Comoositions 
wita Corres~onding Firi.~g Temoe=atures 

Content % 
~ Type ! - Firing 
i .".'la.shed · o~her Te:no_ era tu:-e 

:lfaolins .. ' Silica. ;,· Feldsoe_ r "'· Fluxes o ;and Clays ! C 
F====~==========;========p=========~======================= 
i I. : 40-60 I J0-40 : 10-20 1250-lJOO 
i ' : ' ' 

-----~-----------------------------------------------------; , I i . l II. i 40-60 I 25-35 i - i 15-25 i 1200-1250 
------J-----------------------------L--------~-------------~ 

The traditional composition of vitreous China sanitary 
ware is based on pottassiu~ feldspar as on tne :luxing 
material. If nepheiine syenite, phonolites, talcum .e.nd 
o~her non-traditional fl~xes are ep9lied ~ne firing 
tempe::-ature is dec:r-ee.sed by 50 - l00°c. 

b. Earthenwa~:e sani ta.ry ware is produced with a. 

poreous body and less strength than vitreous China ware 
but more easily mde from different clays, ·.•1ashed or 
raw kaolins, silica and different fluxes such as feldspars, 
pegmatites, limestone, chalk and others. 

Sanitary earthenware is produced in the double 
firing technology. rhe bisque firing te~perature amounts 
to 1060 - 1280°C pending on the body co~?osition, the 
glost firing temperature is between 1020 - 1200°C. Shiny 
fritted or raw opaque glazes are applied. 

Due to the sensitivity for crazing of the glaze and 
due to ~he poreous body the sanitary earthenware is r:ot 
introduced to the cera~ic industry very much as ?roduce~s 
prefer more difficult, but lower cost and higher quality 
vit~eous China. technology. 
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c. Fireclay Sanitary Ware me.nufacture is applied in 

the production of large pieces of sa.n.itary ware, i.e. big 
sinks anC. urine.l ste.lls, ."ii thou t undue wa:ping. As raw 
~ate=ials, plastic or siliceous fi=ecle.ys, kaolins,fired 

grog and s~lica are applied. 

Pireclay sanitary ware can be pr~duced in tne single 

firing or double firing technology. :he bisque fi=ing 

temperaturesflu.ctuate oetween 1200 - l)Oo0 c, meanwhile 

the glost firing temperatures reache 1250 - 1J00°c. 

At "Present the fireclay techaology is not frequently 
established in ~he sanitary ware manufacture, as being 

more complicated and energy intensive compared with the 

vitreous China type. Pireclay sanitary war'} in many cases 
is provided with the engobe before being glazec wit~ shiny 

opaque white or coloured glazes. 

l 
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). Stoneware 

Stoneware products represent a wide 9Ssortmer.t of 
different ceramics, realized by different tech~o:o~ies 
bu.t with a large applice. ::.on in any country. Deve).oping 
countries in wany cases, aovie~1er, do r..ot yet recogrd-ze 
tr.e industrialization pos~ibilities by producing stone
ware and bigger movement in this respect is expected 
in the years to come. 

A large number of ra'!I mete::.·ials can be ap~lied 
in the stoneware manufacture, such as low vitr~=ying clays, 
raw or ~ashed kaolins, silica, feldspar, granite, basalt, 
phonolites, talcum, zirconia, cordierite and others, 
dependir.g on the type and technclogy of stoneware 
produced. 

L"l general all sto!lew9.re products sr1ow a low po:-csi ty 
and the opaque body. It can be p:!'.'Oduced in s. double firing 
technology, howeve~, the majority of products is r:is.nuf~ctured 
in the single firing process. If the bisque is fiYed, tne 
te:nperature of about 900°C i.s '=-?Plied. :'he single firing 
technology shows the firing temperature between 1140 -

l280°c, pending on the body compos~tion. Earthen, raw 

or salt semi glazes are applied on the m.e.j ori ty of stone
ware products. 

As stoneware products, the following cerg,~:i.ics are 
produced: 

Coarse grained body - drainage, ducts, agricultural 
and chemical stone~ere, paving, facade and indistrial 
tiles and different types of garden and a.:-tistic cere.m.ics. 

?ine grained body - che~ical stonewa~e, floor and 
facade tiles, tableware and artistic ceramics. 

~able 13 shows differant stoneware body compositions 
with corresponding firing temperatures. 
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Teble..-ll Stoneware Body Coooositions with Corres~onding 
Firing Teooeratures 

~------i----------------------------------------------------
' 1 Content % 

Type l----------1------------------------- 7itrifying 
1Stoneware ! Temperature 
!Clay~ e.nd J Grog Flux oc 

. 1Kaoli.ns ! : . 
=======~===================================================~ 

I 
i I. I 80 ! 20 1 ; 1280 • 
-------~-----------------------------~-------~-------------~ l::.: ___ J__~~ _____ J ____ ~ ___ j ____ ~~------_l----~~~~----j 

The lower vitrifying te~perature of the stoneware 
oody composition rype II. achieved by the blend with ~~; 

tuff addition. Very positive results are also expected by 

applying phonolites as fluxing me.terials. 
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!· Electropo~celain 

~he demand for cers.1:iics in the electrice.l industry 
ha..;; risen 7ery :iuc!:l both in qu.c...11;;ity a.nd quality dl.4.!"ing 
the period. after the ·Har 2. ~he cor.rpetition from 'the glass 
industry has not depressed tae manufacture of electroporce

lain. Developing countries us~~lly start with the rnan~facture 
of low-tension porcelain, which are used on norr.ial supply 
and telephonelines.High tension po=celain, a?plied for the 
high voltage grid are composed from the same but more pure 
rf'.·li materials and they are fired to a lower porcsi ty. 

Ball celys, •.vashed kaolins, silica and feldspars a.re 
usual basic raw materials. 

Electrooorcelain is oroduced in the single firing 
technology under the temperature of 1150°c for low ter.sion 
insulators U? to 1420°C for high tension ones. Single fire 
broV'in, white transparent, opaqt.le or semi opaque glazes are 
applied. 

Aside the electropc!"celain, different other cera~ics 
are applied in the electrical industry such as cordierite, 
steatite, ;;ita.~ate, zircon and corrundwn, whic~ are, 
however, more specialized types and, therefore, not yet 
so much developed in developing countries. 

I1able 14 shows electroporcelain body compositions 
~ith corresponding firing temperatures. 

!able 14 Electroporcelain 3ody Comoositions ~ith 
Corresnonding Firing ~emperatures 

r
-----1-----------c~~t;~t-3---------------i--:-----------1 
Type !---------- -----------r------------ ~iring 1 

·;;ashed Temoere. ture I 
1 ~aolins Silica I Feld S!"ar oc I 
l jS-lld Clays ! 
f ==== ==r=========· ===========1r= ==== ====~ .. = =1== ==== ========: 
I I. I 35-40 35-45 15-25 1380-1410 ! 

l::.:.. __ L~::~~---- ___ :~::~--- ____ :~::~------==~~=~~~~--J 

l 
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The electroporcelain body composition type I 
represents high tension insulators composition. In 
order to keep the content of the glass fase in tne 
product as low as ?Ossi~le, the araou...~t of felis?ar 
in the blend is li~ited and, therefore, the firir:g 
temperatures are al.ways· relatively hig!l. The low 
te~sion porcel~in bcdy composition Type II ca.n be 
blended with the increased amount of fluxes and. ·::i tn 

the lowered firing temperatures. 
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5. ·::all Tiles 

Wall tiles are mass-produced tnin ceramic +- • , 
.. i ..... es 

'basicly glazed. ·~hey occur in 2 ce. "':egori.es, a.ppl ied i!l 
interiers with a poreous body 

- exteriers with e. vitrified body, being usually-

frostprove. 

The difference between glazed wall and floor tiles 
iz of less importance, as wall and ~loor tiles are l.lSed 

interchangably. 

a. Gle.zes wall tiles with a ooreous body are produced 
as the earthenware technology •,;ith white, off-w~"i:e or 
coloured body. As the opaque glazes are appl~ed, the 
colour of the body is less important thaz:. earlier when 
transparent glazes were used. Different types of oody 
composition can be applied depending on the availibility 
of local raw tIE.terials, such as clays, kaolins, 3ilica, 

feldspar 1 limestone and shells. 

Glazes wall tiles with a porecus body are produced 
usually in the double firing technology with tr.e bisque 
firing temperature from 1060 to 1J00°C and t~e gloat 
firing teoperature from 960 to 1120°c. ~he single firing 
technology is more sensiti7e ~gaL~st the top quality. 

The opaque shiny or me.tt glazes are decorated with 
different techniques, mostly based on the screen print. 
The glazed wall tiles with the poreous body must be 
accurate in dimensions, high esthetic su~ace of the 
<-::laze can be obtained. -rheir resistance agaL~st glaze 
ere.zing and moisture expansion mu.st be carefully examined. 

Table 15 shows selected types of wall tiles body 
compositions with cor::-esponding firing temperatures. 
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Table 15 Selected Types of Wall Tiles Body Compositions with Corresponding Firing Tempera~urefi, 

1-------------
Rational 
composition, ,, J:!._ __ 

Kaolinite 
Quartz 
Feld a par 
Lime atone 

1 ·ro1· '• • ;. . 1 '"' 

totnl 
fired cruc 

ltnin 
cornponcnt.o 

Fir inc 
tcr.1peruture 1 oc 
bioque 
1·lo:-1t 

-~~~!!~!~!£ _____ e~~!=~~~!!~!E!£ _____ f~!~~E~~!£ _____ ~!~~~-----!!fil~:~!!!££2~~--

80 
15 

5 

60 
4G 

ball claya, 
otonownrc 
clayn, 
\'/Uahcd 
lmolinn, 
fired cror;, 
f:irod 
reject 

65 
27 

0 

60 
JO 

55 
J5 
10 

50 
5-10 

ball clnyn, ball clayE, 
.oiliccotrn and ailiccous 
ntoncwarc clayo, and otonc
kaolins, pccmntite,ware cluyn, 
fired i~ro~. knolina, 
firod reject po~nutiteo, 

quartz .onnda, 
feld.opur, 
f J.rcd 
zjcct 

50 
40 

) 
7 

55 
5-10 

48 
37 

15 

55 
5-10 

ball clnyo, ball claya, 
siliceoua ailiceoua and 
and atone- stoneware clo.ya 
ware cln10 1 marlfl, 
raw kaolina, V1olla.atonitc, 
marls, chalk, 
quartz aando,dolomito, 
chalk, limootono, 
dolomite, rm·1 lcaolino, 
fcldapars, fired reject 
peemutitea, 
limestone, 
quartz, 
phonolite, 
nephclinc, 1 
t:l.red i•c jcct \I' 

' 

1280-1)00 1230-1250 1200-1230 1140-1160 1040-1060 
ll~0-1110 JOf\0-1100 1060-1080 1000-1040 9GO-lOOO __ __. 

I • 

of
~ 

....... 

_j 
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rhe foregoing ~able 15 clearly demostrates the la~ge 
variety of ma.in oody components ~hich c~~ be applied in 
order tc ccmpose the ,,,a:.:. tiles with a ?Oreot.:.s body. 

~ecnnology with lowest ?Ossi~le firing ~e~?er~tures is tc 

:,e choosen. 

b. Glazed wall tiles with vitrified ~ody are ?reduced 
in the stoneware technology. Usually they are ~sed for 
exteriers, mostly being frostprove. Opaque glazes in 
different colours ~ith different screen pril:.t decoration 
are applied. As raw materi~ls, low vitr.ifyi~g clays, 
kaolins, silica and different types of !luxes are applied. 

Glazed wall tiles with the vitrified body are 
produced in the si.!l.g:e firing technology with tae firing 
te~peratures between 1080 and 1250°c depending on the 

body composition. 

The me.nufacture of glazed wall tiles with the 
vitrified body does not dif~er from that one ap?lied 
for the ma.nufacture of vitrified glazed floor tiles, as 
both products show similar properties and applications. 
For th~se developing countries which ?Osses nice, warm 
weather without frosts, the frostproof glazed well tiles 
with the vitrified body a.re not needed to be produced. 
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6. Floor Tiles 

Ceracric fleer tiles are thin. tiles applied for 
floorL~g. They are produced in two basic types 

1 d . ~,, ...... ~·d , _, .. ung aze , a.ense, ::: U...L .... J vi i.rl.I ie co..Lcu.rei:; o:- ;nu. te 
tiles 

gl~zed, vitrified or poreous, applied ~ith opa~~e 
glazes. 

a. Ceramic unglazed f ioor tiles are th;n, dense tiles 
with fully vitrified colou~ed bodies, frequently the colotlr 
of natu....-al clays but also in various colours flD.d textures 
achieved by additions. They are produced with the s=octh 
surface, others ere made "non-slip" by addition of abrasive 
grains or by a corrugated surface. 

Ceramic unglazed floor tiles ~re produced ~ith a 
stoneware fine-grained technology. Their firing ter::perature 
fluctuate bet~een 1140 to 12S0°c depending on availacle 
raw materials and on the type of kiln. 

Ceramic unglazed floor tiles show high mechanical 
properties, high resistance to abrasion, to weather, stams 

and acids. 

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

Table 16 Floor ~iles Bod7 Co~positions with Corres~cnding 
Vitrifying ~emoeretures 

[--- --------------------------------------------------------'!'· e Content % I Vitrifying 
-JP Washed I Raw ! ~eCJ.pere. ture; 

Kaolins i Kaolins Feldspar Phonoli te1 oc . 
and Cleys' and Clays• . : 

• f ===_J======•===•==========~==========~===~======~~~z========= I l . I ' 
I. I 70 - '. 30 i : 1250-1280 

t----~--------~-~-~-----------------~----------~------------· I ' I : . 

~::_J _____ : ____ i _____ ~~ ___ J ______ : ___ J ____ ~~----L_:::~:~~~--· 
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~he floor tiles body coCTpos~~ion !ype I. represents 
the traditional composition of unglazed, fully vitrified 
cera:n.ic floor tiles ·.·;i th the firing tet.'lpera.-::..ire, •:it:.ch, i!! 

3ener~l, corres9onds to firing teCTperat~res of the s::.ne
we.!'e. ?he a;>9lication. cf aore actiYe :J...u.xes tha:: the 
;>ottasiu:n feldspar, such as phono~itas, lo~ers the 
vitrifying tewperatures by 100 to i50°c. 

b, Ceramic Glazed Floor Tiles are produced Tiith a 
vitrified, semiporeous or poreous body. Therefore, they 
are realized ei tber on the ~none·.·Ja!'.'e or earthen·:1are 
technology with the single or double firing m~ufacturing 
process under the similar firing ~emper~tures. 

Ceramic glazed floor tiles are used interche.ngable 
with ceraoic glazed ~ail tiles and they can be produced 
on the same manufacturing equipment. 
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7. 3rick Products 

3rick ;>rcducts .~e pa::-t of ceramic building ~ tarials 
~ith a poreous body, They are raanufact~ed in diffe~ent 

assortments 

a, Common Bricks are mass-produced bricks in which no 
special care is taken in the r:ia.nufacture to avoii surface 
blemishes. 

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

c. Hollow and Perforated 3ricks are bricks or blocks 
with large regl.4ler air spaces surrou.a.ded and sep~ra:ed by 
rel~tively thL~ walls. In recent years there has been much 
development of these bricks in order to produce more 
economical building methods, better insulation and to 
meet the co~petition from concrete blocks, 

d, Roofing Tiles are thin pieces shaped to overle.p 
and/or interlock on slopir.g surfaces, mainly on roofs, 

All brick products are produced in t~1e sin.~le firing 
technology. Depending on available raw materials and on the 
porosity of finished products, their firing temperatu~e 
fluctt:e.te between 900 - 116o0 c. Some of very dense bricks 
called engineeri?l€'. bricks, can be fired up to 1250°c. But 
they belong to the stonewarP. technology more than to brick 
products. 

The firing temperature of brick products are usually 
predetermined by the behaviour of ra;·J materials du.ring 
the firing process. Such raw materials which indicate 
a high fraction of kaolinite ''Ji th finely dispersed lime
stone mari and iron oxides, having minimum content of 
illites, montmortllonites and no conteat of big grained 
calcites or other indesirable inclusions, at which no cr~cks 
occur··. during drying end firing, are usually good clays for 
the brick products manufacture, as their firing temperature 
is usually lower than looo 0 c. 

l 
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8. Pireclay Refractories 

Fireclay refractories are the most common refractories, 
suitable for many various purposes. ~heir :nanufacture is 
usu.ally the first one frc::i refra.ctcries being ree.lized i:::i 

develcping_countries as they can be produced i!l a sirail~r 

equipment as stoneware or even brick products. 

Different types of refractory a.~d/or siliceous cl~ys 
/refractoriness equals or is higher than 26 

are d.ppJ iGCC 
kaolins and siliceous sands?'For high grade 
grog is blended into the body composition. 

Seger Cones/, 
f irecle.ys fired 

The fireclay products are usually fired bet·:1een lJOO -
1450°c but siliceous, lo~ grade fireclays can even be fired 
bellow 1J00°c. 

Fireclays show relatively good spalling resistance and 
t~ermal insulation. Fair resistance to acid slags and fluxes, 
lower resistance to basic sl~gs and fluxes. 

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

Table 17 brings a review of different alumosilica~es 
refractories with corresponding firing temperatures. 

Table 17 Selected Alumosilicate Refractories with 
Qorresoonding ~iring Temoeratur~ 

l~~~:----------------------1-------;~~::~-;::;::.:~=~=:-~~-i 
r:~~~::====================1==========~;~~===~~~~========: 

Seci-silica \ lJOO 1350 ~ 
Siliceous fireclays 1 1250 - 1380 
Fireclays 1350 - 1410 

1 
Fireclays High Duty 1J8C 1450 

i Sillimani te i 1410 - 1560 ~ 

L:~::~~~-----------------j----------~~~~-=-:~~~--------~ 
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The different firing temperatures applied in the 
~=..nufacture of different alumosilicate refractories 
show that the lowest temperatures can be applied in 

the -::nanufacture of siliceous fireclays, the highest 
ones in the ma.nufactu=e of speci~l corrwidum products. 
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Silica refractories are acid !'ef!'ac~ories with a 
rele . .-:ively hig!l refractoriness and. refrs.ctori!less !.lnd.er 

load. :'.hey e.re free of s~in~e.ge. 

!hey are produced fro~ qua.rtzites with a ?Ossi~le 

addition of siliceous sands, hydrated li~e and other 
rn.ineralizers. The 101:1er is the a.lU!Iline. co~tent in 
quartzites, the higher quality of silica can be ?reduced. 

The silica refractories are produced L~ t~o basic 

qu.ali ;ies 

- for the coke and. glass kilns industry .,·:i th smaller 

additional volume changes 

- for the steel industry with bigger additional 

volume changes. 

Pending on the type of quarzzites used and on the 
type o:t' silica manufactu.:-ec:, the firing ~ewpe:-s. tu.re 

fluctuates between 1350 to 1500°c. 

·~he only serious li:ni ta ti on of silica ref rs. tories 
is their sensitivity to thermal s~ock below 60C to 700°c. 
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10, Ceramic Glazes 

Ceramic glazes oelono to industrial activities 
in which a suitable ch~ice of tecbnoloe;y may 
substantially infl~ence firing temperatures and 
energy consumption. 

~he ceramic slaze is a special type of ~lass 
~hich covers a ceramic product of var!ous porosit~ 
and thermal e:pansion. It is vital to always 
maintain a correct relation betneen the propertie~ 
of ceramic bodies and cera::iic Glazes. 

Modern glazes are compounded in ordar to 
produce a ~over~ for ceracic bodies tthich shall 
be inter alia.: 

l. In.soluble in \"ru.ter a.r.d usual acids and alkalis 
likel1 to be met in uae, 

2. resistant to scratchin;, 
J. as far as possiJle itlpervious, 
4• suitable for producin~ certain decorative ef:ects, 

such as colour, cA.""yotal ~evelopoe~t, carrier for 
transfers, etc., 

S. resistant to erazin~, peelin~ a..~d sioilar faults, 
6. !uaible at p~edeterr:iined tec~erature ranges. 

Glazes can be classified tram different DOints 
ot view, such as 

l. Content of lead oxide£ 

a) lead containing 
b) leadless 

- ... , -r-



53/ 

2. Effect nroduceu on the fi..~isned a.rticl§_ 

a) shiny glaze, ;"Thi te or coloured 

b) crystalline glaze 

c) satin glaze 
d) satin-matt 3la.ze 

e) matt glaze 

f) translucent glaze 

g) opaque glaze 

J. Content of fritt 
. 

a) ra..-r i:;laze 
b) fritted Gla=e 
c) earthen Gl~~e 
d) salt glaze 

4. 1!aturinr: or fi!'i~? ter:merature:J 

a) lo~ temperatu=e cle~es, 900 - l000°C 
b) earthen;-re.re clazes, 1000 - llh0°C 
c) sanitar1 ~arc bla=cs, 1160 - 1250°C 
d) stone~a.re 3la=c:J, 1140 - 12B0°C 
e) porcelain claze3, 1)00 - l4S0°C 

is not only melted bl!t that it !la::J :'lot7ed z;.-.oo::::.l:r 
over the surface o: the cera.r.iic product. All buobles 
and pinholes have disap?ee.red lea,tin::; a. fl3.wless 

surface. 

In order to save e:::ier:;:r, Gl::i.zes wit~ lowe::: 

firing (maturinc) tempere.tures are to be preferred. 
The firinG Coa.tu:-i:ie) ter.1'9eratures of ce ·a.oic ~lazes 
~ ... re deeply influenced '-Jy their composi -:ion •. mile 





-~; _..., 
--

VI. CCl~CLuSIO.i:~S 

1. There are no two de9osits of se~i~ented cera~ic raw 
materials i:: the ·:;orld wn:.cw. wou.ld be ider..tic i!l 
qu.a.lity fs.ctors 

2. Ceramic and refractory ~roducts are, therefa=e, prod~ced 

from differen: raw materials by a?plying different 
tecbnolag:f.es but the finished product must always 
correspond to the international Ste.ndard 

J. Ta.king into consideration all aspects of the co~position 
of cer~oics and refractories, large variety of technolo
gical possibilities exis:s in each countr/ for the 
development of ceramic and refractory industries 
following locally available raw materials. ~ifferent 
non-traditional technologies are applied with non
traditional raw ma.terials in order to decrease the 
energy consumption. 

4. The majority of cerar.iic a.."'l.d refractory body re::1 ma. terie.ls 
is to be available in the country. 

5. High alumina additives, fritts, glazes, stains, colouring 
sx±des, pastes, reactive glazes, might be i~ported as 
tteir amount necessary for the manufacture is relatively 
low. 

6. Low energy consumption technologies are to be prefered 
in the connection with locally available re.w materials. 

1. Closed co-operation between geologists, technologists 
and industrial economists is to be maintained durir.g 
the fase of developing or expanding ceratnic and 
refractory industries. 

-~ 
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