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file paper deala briefl.7 with production teelmoloa of 
41tterent ceramic product• aa well aa with thetzi application 
and future teclmological tren4a. 

Raw .. t-eriala uae4 1n ceramio :ln4ustr;y an4 clasa1ticat-
1on of ceramic product• are alao gi•en conciael7 in thill 
Into:rmation Package. :Por other :lnto:rmation and the more cletall
•4 atud7, bibliograplq renecting the 4eaoribed topic• 1a 
brought u well. 
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I. IftRODU:TIOB 

Ceramic pro4uot1oa ltelaap to th• aoet iaportant areas of 
th• h~ -t•rial production tor lmDclrecla ot ~an. It inclu-
4•• a 1'14• •cal• ot product• which are neo•••arJ both tor the 
c1T111so4 hUMD lU• an4 the aot10ll u4 4eYelop.ut ot 41.ftu
et 11l4ustrial branch••• !ecbaoloa ~ acm--tall1ca 1a the 
buia of building •ter1&18 1D4uab7 a4 there :1.a no •iDgl.• 
aoci~t7 whi.oh woul4 be able to enat without oeraica at pre
•mt •. 

!h18 publication wu elaborated u the reapoue to the 
increuillg Jnmber of iaqub'i•• tr• 4eyelopillg couatriea to 
unDO concel'lliDg thia topics. lfhe 111.tomatiOll Package ahoul.4 · 
uaiet coapaiea, inYedo:r11 u ••11 u 1n41ridaal• b7 prori4-
1Dg th• with the concise :ID:tor-.tion cm teclmolea ot non
•tallica. In the tiDal •t-ce, the a1ll •hODl.4 be in eatabliah-
1.Dg a new or enenaion or aoclemisation an enatiDg -ceramic 
tac111'7 1D 4eYelop1Dg mi4 the le..t 4eTelope4 countries. 

!hill package 18 bue4 • ooapilaticm of •ix pi6lication11 
e41te4 b7 the tmIDO-cseohoalOY&kia Joint Prop- 1 tor Inter
national Co-operaticm in tho fte14 ot Ceraioa, Eu1141Dg .. te• 
r1ala a4 •on-...tal.11o IUJlerah Bue4 In4•tri.e• 1D Pil••• 
CseohoalOTatia, in ••Yerel. put 79an • thta aul"i~eot. It 4•
•or1\M tu -... t co-- o--1.o 'teo3moloP,• 1 ot protuetim 
rangillg f Nm til•• aa« 41ml8"U'9 to refl90toZ7 •t•rial.9 

•%J»lo1table •· g. 1D •tallar&7• Dll8 to tbe 9%t.-1Ye charao~er 
et 4iY•n• oenmio teobologies tu ohapter·4•al.11PJ& With ... hi
UZ'J' at equi)lMBt ha4 to be pre•ete4 oa1J 1nton,at1Tel.7. 

!hU 1Df o1"mtim Pubge •heal.4 ••n• u the ~lj•jn•17 
iDf ON&ticm • the teolllloloa d DOD111tallioe. !M 1Dfomat1on 
'l>OlltaiDel ill this paobg• 18 b7 DO --· ennatiY• DOZ' •bcnal4 
it 'be oou14ere4 a nplao-t et teolmolOQ pzotil••· l4q ocm
tributi• fl'Oll oar na4en fer 11p4atSDc •f, •~ :llloluion Sn the 
i-oba• wo'IJ.\, of oomwo. o~ wlc~ .. 

J'er further 1Dte!'mtim pl•u• ocmtaots 

tll1DO 
Jaclu'h'ial Illf omati• SeotioD 
Yferme Iatematieaal O•tn 
1. o. Jez 300 ' 
.& - 1400 'fiau, .&aatria 
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Ion-.etallic raw aateriala 1m4 their utilisation are tlle 
topie of another intormatica paobp where tlle7 are 4ealt 1A 
detail. OriDg to tile tact that tll••• .. teriala atancl ~ut 1A 
the beginning of the technol~ et non-...tallica the7 are 4•
acr11t•4 ltriefl.7 1n thi.8 claapter u wll. 

!here are mDJ' f'matan41Dg acmegrapba a4 papers present
ing a "14• apeotrma of 41.fterent non1ietall1•Which can•• ut1-
lhe4 tor production of ceramica3-5. Within the•• boob the to
pio la 4ealt 1A a •ore or l••• apeoialtse4 WQ •1th reapect to 
geneaia, geoloa, :mineraloa eto. 

Ceramio raw -t•riala belmg to tla• group of non-utallio 
:raw •teriala, thougll acme of th• oan be ue4 ill tlle pro4uot
ion 6f •tala such ~ a1U11inima. Bue4 upan their bell&Yiour at 
20°c, oeraaic raw -teriala ue clasait1•4 into twe -1D groupm: 
plutio .... -t•riala an4 non-plastic raw JBter1ale. 

Plaatic raw -t•rlal •. ne •ost illportant plutic raw ma
terial tor cermio pro4uotion 18 the llineral kaoli111te (.U2o3-
s102-~o). Plaatio NW -teri.ala tom plutio paste 1dlen air
el ritll a proper amount of -t•r. 1roa thill pute, Tarioua aeai
pro4ucta oui be tonaea. De-atering ot plutio raw •teriala 
clurmg clrJSJlg oreatea a oJumge :In Yoluae, oallH ~ •briDk• 
•• at iaereu•• tlle dragtll et aai=pirotucta. Plutio ro 
•t•riW ue pi-one t• oraoking turillg clrJ1ng. Snd.-pro4uet• 
i .... tlutir plutic 4e~omat1an altilit7 u4 hccme tngile. 
!Jae •tnag'tla .t •emi=pirot·aot• 1noreu•• 4ur1Dg firing. ~- tint 
Tel_. incftu•, 4• to thermal ez,.uim, 19 f ell-4 1»7 a .....
lam n4uot1ea, oallet firing •hrillbp. tlae poreeit7 uaal.17 
4eoNue• a4 •alt 4em1t7 tnonu•• with ti.. 1aonu111& ~1r111& 
taperahN. 

'11• plutiO mw •t•riala uael ill o.nm.c• llaT• tlletr •ri
gm in tu JQVo-themal. 4eeompo•it1• ot pare11t reota, •SnlJ 
reU.p&'l'., !he produ1>t• ot 4eO•PCNl1t10D •1thezt 1'9m1.!le« ~t 

tlleir erigiDal place• (pri9arJ' raw •teri&l dopo•it•) er .. " 
-trmu1po*'t•t ad 11ecl1Mnte4 111 •re or l••• 41•tat place• (••-

, 

ocm4arJ nw •terial 1 4epoait•>• fM prlMz7 clepo•it• u-e Jmown 

te " et Jl1cUI' paritJ tba tu ••oon4U7 -•. !U :p%'o4uot• c.t 
1176.ro-tJranml 4eoa.po91t1on, 1. •· quaris an4 kaolinit•• acme• 

•' oontain traoe11' ot the nl rc>cta~ 
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Centaaination ot plastic raw materials occurred durinc the 
moTeaent to aeoondarJ 4epo•1t•. !he leaat oont••1nate4 ola78 
are uae4 fer th• produotien ot ncan..,.itritiecl ligllt-coloure4 
porcelain er aanitar,r ware product•, ~ tor the precluotion ot 
refraotori••· DepemHnc on tJae 4egree of contu1nat1oa, the ao
re oontu1nate4 elaJa a-. uae4 tor the pro4uct1on et_•tonnare, 
ltricta, or tor other ••rami• procluot• tor which oiloar 18 not 
1aportant. In a441t1on to the 4egree of cent .. 1natia, pr1mar;J 

and aecoa4U7 plaatic raw -t•rial.a al.II• 4Uter 1n the sis• et 
clq partiol••· P.r1-r7 raw -teriala are wnaal.17 aore coarse 
an4, t;aerefore, are alee et lcnrw platicit7 an4 l~ .U.ngth 
after cl17iDc anl firing. lfhe7 uaual.17 Titr1t7 at JdPer teape
rature•. 

•OD-plutio raw -teriala. Ion-plastic .raw -t•rial• are 
olaes1tie4 into two main groups accorcting to their behaTiour 
during ::iring: grogs ·aa fluxes. V1x1ng plastic raw .ateriala 
withnon-pluiio ones l•••eu the plaaticif;J', 4r71ng •Jarinkage 

and orao:tiDg 4urillg cl17iDc 11114 tiriDc. 
Grog re4ucea or aometime• el1ainatea ch71ng an4 tiring 

ebriDblge et plutio raw -t•r1al.8. ID aome cuea, it can nen 
cause the expmu1ion •f pro4uota, •· I• 1t quuts 18 1111e4 u 
81'91 due to it•()(• I!> aocl1t1oat1on trauton1&tion. !Jai• effect 
ta iaporiant 1n tu proclueti• ot •ilica. lfh• aon trequentl.J' 
uaH pres ill quarts (8102), grna4 n~eot et tiftt po4uota, 
Tu1.•• tne• or •hal•• 1Jlol1141tna ~. aatmai Jdc1l
alm1.na •t•riala, auoll u •ill1wn1t• (ili'i05), k7111dt• 
(ili'i05) 8Dcl •- apeoial l"Ct nela u oorua4ua ( a--~o3>, 
•ilio• carb14e (8:1.C) ad sinoldlm •ilioate (Z1'02 - 8102). 
A ldgh•r portion et peg 1D a HQ toas the •k•l•t• ot •-1-
pro4uot• llD4 produota llD4 4•1•1"111.D•• the properti••·•t pro4uct• 
t• a eena14era'bl• extent. 

ft11D•, 4uring tirina, tmoti• 1D a bHJ' .. a ares mtil 
tuir tlvrlrc eftect, whioh lowen tile t•parature of aint•r
illg, eet• in. fte7 reduce tile abaeption an4 inereue tu 
st~h of product•. !ra41t1eDal tl11Z1ta are ma1n1;J •rtboclase 
an4 a1oro•11ne (~0-A1203-6 8102), 4olomi.t• (Ca11g)Co3>, 017011-
t• (193.ur6) m4 with•rit• or utural •ar11111 oarbonate (BaC03). 
~· 11oa-tra41i1os.·al tlm•, .aeh u alb:f.t• <•a20u.u2o3-6 ss.o2>, 
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tuffe, tut:tite•, nephelillea (~0-) •~<>-4 n 2o3-a s102), nephe• 
lme-qenit••• pllonolite•, perlit••• 'bualta, oaloittta (caeo3), 
marla, plegieolaae, felctapars an4 :mapea1ua raw -terial.8 are 
aaecl 1Dcreuingl7. In4uatr1al wutea an4 theit concentrates, 
groun4 glu•, •1- an4 llcht ubea, are ala• uecl u nen-tra
ditional tlma. 

Same 4eYelopiJa& countri•• haTe DO re•ezT•• of oereaie raw 
-teriw with nffio1ent pl.utiott7. Organic or inorganto pla
•tic1ser11 are 8Uooes&~ applied together With fine gr1n41lag 

of ame ocmatituenta amt with. new abapSng •thocla. 

III. CBRAMIC PRODUCft 6 

Ceramio proclucta are -d• tr• non .. tallio :raw -ter1ala 
which fora a com14erable part of earth c.rut. ne7 olttain 
their t7pioal properii•• during final the~ treatment - tir
ing. Ceraaic .. terial.8 represent a large aoale of products, 
which are appl1•4 fer bu1141Dg, chemical., ..chill• ant elec~r1-- . 
oal 11lclutriea, •tallurg:J', agriculture, u utilit7 and 4ocora-
tiTe products, :bl pollution oontroll equipaent and 1D 11UQ' 

other fielc18 of human aotiYi t7. DD• to tlleir wide fiel4 et 
application 0•1'8111.c procluota an4 raw 11&terial• are 1D41apenaable 
to r&tcces8hll 4eTelopl8Jlt et natio.aal econ_,- of a count17. 

J1aD7 upecte are b•iJll taken :lato aooemat to olauit7 
cera:l• •t•r.lala, tor ilaatmoe, ta ue4 pn4uot1m tecJmoleo, 
tu tiMl ••mt reapeotin i.947 eeap•at uar.. A •iaplitl•I 
olua1t1oat1• ~ oeraic proctuot• 18 preaetet ill !altl• 1 • 

.. ~•rit~ of oe1'81d.o pro4uota 18 f 01994 'bf aluaino-.ilioa
tea :la the wbele nnge et Nti• ~ both o•peaenta, 1. •· troa 
alao•t 1°°" et •ilioim •zit• (e111oa pro4uot•) to allloet 1<>0J 
et alw1n1• exicle (oeun4\111t Yit:r1t1•4 n 2o3). •11t)aal :ratio· 
et lt.tJa ez:l.t•• 4•f1DM nt:raotoriD••• et oel'8Uo •t•:rial et 
oerre•pon41nc OClllPO•itiea ao••riill& to tJae pbu• 41apm 41203 
- 8102 (Jipn 1) • ft.a T&l141 t7 Of thia 4ie.cr- h l1Jd\.J4 t• 
the pmie raw -t•rial.9 .wttJaout oontmnating iapuritiea, whioll 
uuall.7 lower •ltiJas temperature• beween aolih an4 l1qui4•. 
!h1a effect la exploit•4 te reach d11airabl• pro~rii•• O'f ... 

tneo of pro4uota When fU.4 at lner tnperature, •· I• for 
pnclution et peroelaia, atmenn e4 1ltilit7 oeruio•, witJa 

' 
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tbe exoep'tion ef refrac'tor7 product•. 
A.side aluminoailioatea, apecial ceramic materials are pro

duced based en rttrit1e4 Jig(), Cao, Ilg(), Z1'6104 , Zr02, carbides, 
"oridee, nitr14ea, grap)litea, ferroelectrio -t•rial• (Ba!i03, 
Sr!i03), p1esoeleotr1oal -t•rial.8, aemoon4uotor -teriala 
(Bdi03, ZnO.Bt 2o3, v2o5, SiC), ion coucbaoting -terial.8, trans
lucent :mgue11i1111, gu an4 llUll141 t7 aemon, electrede•, cu'tt1Dc 
tools, 'biooeramioa, 4entocel'Sld.oa, oeraaio •-1 coatinp 
use4 in in4ut~, ll1gh pertor.anoe bear1Dp, etc. !he poaitian 
of apeoial oeraaio• :In cerallic prcacluota olasaificatien 1a ala• 

presented 1n !able 1. 
!he frost reeietance of oeruic •teriale 1a uaua117 not 

ftquired 1n climate con41tiona of the Tut -~orit7 et 4eTelop
iJlg •ountri••· 

AccorcliDg to the purpose of theiz' ue, cel'811ic •t•riala 
can be classified in accerdance with the 1Jnite4 Iatiana Inter
national Stanclard Incluatrial Claaaitioation (DIC) into tllree 
main groupe: 

.. 
- atruotural ol.&7 pnduota 
- potter;r, Ch1Da and eartJaenware 
- other non .... tallio llilleral produet• net clasaiti•I 'be-

tore. 

IJ • DBVBL01!1511T GI !BCDOL09I!S 
2
•' 

Jriop 
!Jae taToLIZ'&~l• pnpert1 .. et cu.no •terial.8 :l.n o..,.n

aon 1'1tll th•• ot other "11141Dg •teriala, apeo1a111 te tM 
o•mtruot10D .t reai4ao••• la&Te helpe4 tile briot ~-b'J t• 
ga!D a 1•e4 poa1t1m in nat1mal eoonm1• et •n•al. ocnatr:l.•• 
8D4 llaT• oontri,ute4 t• tu &Taila,ilit1 et low-o•d Jaeumc 
during pN'Yieu 4eoa4••· DeooatiT• Wion, ue4 treqaent17 tor 
cenatraoting ~eno•• an4 tor 4eooiat1Dg 1&1"4ena, JlaT• al9• 
gamed popularitJ. tu contnpol'U'1 pro4ucii•n of Noting tile• 
1• chancterisecl '1 the dnelopMnt ot nn aupea an4 sla•t 
tile•, reRltill& in w• n4uct1en an4 iaprn•4 uatlaetio qu• 
11t1••· ft• pro4uot10D et haiuge pipe• 1a 4•0NU1Dc at P"
aeat. Plutio pipe•, fti•h are -i•zi t• 1&J &Z'9 proho .. ia 
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onl.J aoae 4eTeloping oountries. fte raw material.a are U8UU.l.J 
heterogeneous, relatiTel7 impure re4-\urn1Dg natural cl~, 
ao•tiMe coa'b:l.Decl witla ean4 or ull. •• 'bUJ'llt greg 18 uae4 ill 
tlle aixture. It neceae&17, •111oeou -.-4-- "9 added. 

!Jae teaei'ble leTel of .. cbanisatien depends .. 1nl7 Oil 

aTailaltle capital, aazket potentialit;r ad lab•ur oosta. Capi
tal ezpen41turee and labour pro4uct1Tit7 grow ailmlt-aneoua17 
witll the leT•l et meohanisation. Cllarooal heape, 4own-clraught 
ot chaaber kilu are uae4 '7 cottage and aall-.cale 1nc11111tti
•• tor tiring 'br1cta, 1dail• produotim plant• ot Jdcher capa
cit;r uaual.17 use Bott..nn amt tman•l kilm. Pi.ring teapera
ture TU'i•• troa goo•c to 115c;•c, depen41Dg on tile tne et 
cl.q uae4. 

file ant1eipate4 technological trencls in tile 1181l11facture 
ot brick• area 

• 1ncreaa1.nc produotion et hollow 'blocks, ~cele:rating 
the ccmatruotim ant iaproTiJli tlle thenal imnllating 
properii•• et ltriokwork 

• pro4uot1on et glase4 :footing tile• 
T nn ahap•• of reefing tiles w1 th re4uoe4 .... 
• artUicial ag1Dg of the ela7 :lutea4 ot natural aging 

• waete-heat utilisation trea kilu in clriera, ... tiaea 
open-au 4rJ1Dg t• re4uoe ener17 OGDnllption 

• aultatitatim et tU1111el Jdlm iD prec1uotien plant• witll 
la1gher oapeciti•• 

• ooutraoti• ot onnte:r-ourrent tmnel k1lu in WhioJa 
two liD•• .~ kilu oan mne ill oppeeito 41.noticma. 
(fte heat tram 0001•4 \rio:U 18 tnutene4 to then 
lleate4 1D tJle otJaer lill• an4 apeoitio nerg eonnapt• 
Ion 1a lonre4 oou14era'bl7). · . . 

• wute-beat utilisati•• •· g. 1-7 ~011t1nc perio41oal · 
kilu for pnheatillc ltriob 

• application ot ata1D ant TU put•• 1D 01'4er to !apron 
pro4aot appearanoe 

• pro4uot1en et •l.ar floor til•• and taoiDc til•• aa a 
oomleMDtarJ' pro4uot 1D 'briobatbg pl.ante, Tutl7 111· 
prniq theiz' entrepreDeurial eoonOIQ' • 

• •pp11oation flt pil.Yerise4 coal u a n'batiht• for su 
' a4 oil. 
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Stonewar~ pipes 

Stoneware pipe• are procluce4 u aalt-glue4, earthen
glas'l49 unglued or glaze4 {en the internal aur.tace on17). !he 
raw •teriale uaetl are: Tltrittlng cl.&J8 Witll law •hr1ntege 
an4 grog, auch u ti•""&tl allalea, groun4 stoneware reject .. quarts 
aan4 er a fine graill lt7-pro4uc'i ot kaolin wuhing tbat oan alao 
act u a .flUlC it a higller portion of parent felupar NOD 1a 
preaent. 

Stoneware pipe• are Mmtfacture4 either '7 •em1-dr7 }lil'O

ceaaing or wet prooe••iDB• Pipoa et di-ten up to )00 - are 
5iiape4 either on ye~tioal or hori&Olltal WOl'll 4e-a121.ng pre••••· 
!he tJpe of presses 4epencls on production. oapaoit7 anti aaaert
unt. Horizontal preaaea haTe higher eutpat ant uaalt111t7 tor 
41 .. ten up to altout )00 -· file aoiature·oontent ot the p-een 
bo47 for hori&ontall.7 eztru4e4 pipes 1a u.eual.17 lower, with 16 
per oent aa a unwm. !he pipea with 41wtera aboYe )00 -

are extru4e4 on Tertioal W01"11 4e-eir1Dg preaaea. ~·e presses 
use a higher relatin .::!ature ccmtent et the olq • aauall7 
1 7 pa cent to 18 per cat. Bend pipu, angle pipe•, \reeoh•• 
ptecea an4 acme ether acoeaori•• are preaaetl on a speoiall,. 
adaptecl hori&ontal 4e-a1ring •om pre•. s- special ftttmp, 
procl•e4 1D -11 aaounta9 are mna:taeture4 PNmall7 'b7 Mn4• 
1ng aepmta, out aoeer41q te tapleh. 

Iatemal gla&U, u •-- •itMr tlll'1lll uh'ui• )J 8Jft.7-
1DI tla• glue on tllt illtenal ndaoe flt pipu er afta trJi.c 
'7 apeo1&1 gluiag equi,_.t that ta illffzt .. Sato tile pipe 

a4 8PNP tla• glue - its illt•nal .,...... c..,i.te -1millc 
u 4me 1'J 41pp1Jls tbe p1pe8 1ato a tmk :fillet witJa-. al-•• 
•lip. Befozie glubg9 tile etp• .t pipe• me 4ippe4 Sate •ltet 
puaftia to keep U.. unaJ•et fer :fUiJI&. lla&bC '1 aalt 18 
... '7 iu•rtiJW tlle Alt (t• ... _. iatutrial aalt) :bt• 
tlae kila at wrt- t..,.ntwe. !lie Alt 19 •••-ii••• Sa tllle 
tila t..,.ntme. 
Dewpoa1t1a et •lt PNO• ... ill tile •er Y•JIOlll' atwpll•,. 
(tnm o.-mti• prodaot•) tntWlg lt7Uoohlor1o ao14 (Jml) 
llD4 ao41ua ~n•• <•a2o> tbat 1'9Mt wttla tbe w~ .i pi,.. oNat
ial tile glue. !lie s .. er temala .i tJpioal •lt slu• - 1.0 

•~.67 .u2o3-l.ll uo2 - tnem1••• tlle -~ )11 ati• 

. I 

• 
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of s102:n2o:r Apart f."roa thill condition. the 111.nimua teapera
ture t•r aalt glaze formation 1a 112o•c. IaproTe•ent of tile 
aurtace and appearance ot the glue can •e achieTed lt7 th• 
acldiiian ot up to 10 per cent et 1toru (Ia~4o7-10: H2o). 

Green pipes an 4r1e4 1n ohaaber or channel driera lt1 
waste heat tram lcilu an4 u.uall7 ltJ an awcili&r7 ateaa lleater. 
tmitom 4171Dc i• illporlant to prnent ltending of pipea. Open
air 4l'JiDg Cllll )e applie4 ill precluctiau with lower capacitJ 
1n order to aaY• bero 1D countriea with warmer climates. 
!he tiriDg of stoneware geou has 'been 4cme -:tnl7 in chamber 
and Hotfllann tilm. In aodem protluction plan-ts. depending on. 
the market potent1alit7, •huttl.e lcilml or tunnel lcilna are 
used tor firiDg stoneware. 1'1r1ng temperature ranges ltetween 
115o•c and 12eo•c. 
!he anticipated ticlmol.ogical trends in the manu:racture of sto
neware pipea are: 

• production of aocketleaa pipes; special coupliDga.are used 
while llQin& these pipe• 

• ririDg of aocketleaa unglased er 1D8ide-glaze4 pipe• :ID kiln.a 

witla a alop1Dg floor. (!he pipe• roll •1 .. 17 tllrough tla• kiln. 
!he firiDg c70le can be •horiene4 1t7 up to 1 hour with para
llel re~ect reduction ancl Ye~ l• apecitic consmaptim) • 

• lowrillg of firing tnperature• ti.r.ugh lt~ o•puitiona 
• wute-heat ut111sat1• •· g. 1D ~•1Dt perieclical kilm 
• produotion of other ceraaio• 1D.•teneware pro4uotien plant•, 

wi4enmg tJae uao:rilleD.t and ..ting tlae production tlui'ble 
1Jl ••ting llU'ket req1d.raant•. <•menu other precluota, 
ncll u oa'bl• 4ucta1 deooratin oerud.0•1 •l&J' floor til••; 
non-tint retnotori•• witll QUsulto, chem.cal GI' oeraio . . 
•91141 ailioeoua fireolaJ' and ebeld.Oal ataneware·can be pro• 
4uee4 pazsllel with stoneware pipes). 

CW floor t1J:y 

· Dena•, Titrit1•4 tile• tile ooleur et nstUl"l\l ,,1q1.1 aro 
fro•t- and eroaion- re•i•tant. !ll.q are ue4 fer exterior 
tiling• et klconi••• p&YeMnt•, •qu&re•, terraces, gang•• 
and workshop tloon, but generall7 net 1D lloua1Dg interiors 
411• to tuir nucJa nrtaoe. tlaq an-~ procluoe4 fl"08 
ntritJinl olap, •1 tlMl- 1tJ enraaim '1 won 4~rlllg "9•-
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•• fro• aemi-ch7 miXture. Clay floor tiles oan be aan~actured 
111 \rio:t...U:iJI&, stoneware or :tireolQ production planta. Their 
production requires •iaple manutaohring equipMDt an4 1a suit
able ~or 4eTelop1ng countri••· Piriag teaperature, depending • 
raw .ateriala, Tari•• fr•• 1ooo•c te 1200°c. 

ne atic1pate4 technological tren•• 1D the 1111Dutacture 
et olq noor tile• ares 

• further re4uctim o:t •pecitie aero consuaption, eitller \7 
ue et raw -ter1als With low n:tri:tJ1ng temperature or bJ 

ue of D'>n-tra41tional nuns 
• 'balanceQ application of f :llle-groun4 fluxes 1n Tin of total 

enero cODSU11ption. (1'1.De grinding and w1x1ng with the ola7, 
whiob. is 1D4i•P8Jl8••1•, 1a an energ-clemancling process). 

• re4uction of thictneas ~ ttlea 
• production •f cla7 floor tiles .. a supplement product 1n 

•rick-making, •tonewan or firecl.&7 production plant•, mproT-
1.Dg tJae econOIQ' of pro4uct1on with regarct to a aore fayourab
le ••111.Dg prioe per kg. (Its introduction requires no or 
negligible aclclitional iDTe•t•ent). 

• pro4uo'1911 of relief tiles tbat are interchangeable with 
facing tiles 

• bigger 4111eneiona of tile• 
• enruim in pain. qua41'8ngl••• etc. up t• 4e4ecagom tbat 

ai-e split int• 1D41rt4aal tile• after firiDa. 

rac1nr tile• tor •xt•ri•E applicat10Jl8 

Denae, rttr1t1e4 tile• are ue4 for ezteriozi tilizlg et 
houe-nll.8 n- their put•, 1laughter-Jaouaea, J11•11o •u1141Dp, 
o-ton atatiou, eto. !h•J' are :p1"o4uoe4 trca TitrifJ'iq •1&18 
tllat are eitJaer the ooleur of natual elq, uaglMe4 el' •alt 
glue4, with sJ,ue4, ool.ure4 eagelt••· Pro4uotion of fao1ne 
til•• 1a •iaple tJaaD tllat of wall tile• 8114 oan •• 4cmo m 
•tcmnare pro4uotion plant., ... tiM• 1n ltriot-.kiDc planta 
or Ua retraotori•• pro4uot1cm, 1.aprO"f"inc the •~OJlOll1' et th••• 
plant•. tile til•• are eitu:r enrwl•• bJ wona cte--airin& pre•••• 
(coane-pioma4 raw •t•riP..l•) •:r pn•••4 fr• •nit'Ch7 ainue 
OD q4raul.1o P"•••• (f1De-&J.~UD4 NW •t•rial•). 
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~e anticipated technological trends 1n the man~aeture of 
facing tilea ares 

• production ot relief tile• tor application 1n architecture 
• fi.J'1Dg of til•• 1D •1Dgle-J.Qer, multi-passage tilna or in 

conYe7or kilna witk low epecitio coD8llllption ant a abort fir
ing cycle (1 hour er eTen leea) 

• greater econ~ of etoneware, •rict--.t1Dg or :retractorJ 
precluotion plant• by parallel pre4uctien with cl.IQ' f'loor 
tiles 

• ~igger diaensiona 
• parallel production ot artill'tic oermaica. 

Wall tiles 

Wall tiles are produced froa 41.tte~t raw Mterialll; 
kaolinite, quarts, felupar a 11.aestone. Selected types ot 
wall tilw bo~ compoaitiona with corresponding tiring teape
rature11 and raw -terial requ1relaenta are giTen ill_fable 2. 
Kaolinitio bodies, used •z-iainall7 tor wall tiles, ban two 
main diaadvantages. In addition to a h1&h firing temperature, 
the7 •h• high firiDc ahrinkage, •· g. a -11 41tf erence in 
tiring teaperature cause• a great 41tterence in product dimen
•iOIUI. fbe boty ooapoaitiona preaentl.7 ue4, such u lille• 
a1110eoua, undergo m1nbnm Urinkago \etwem 1 ooo•c to 1060eC t 
at teairable p]IJ'aical anl Mc!umical preperli•• are reacllet 
\7 firi.Da tile• at tll••• t•peraturea 10• Oali•ration 18 th•
reto1'9 not neo•••8J!'7• KoreoTer, b.1P the1'm&l ezpanaion of 
11.ae-silioeo\18 bo47 mat•• po••ible the 1188 et low aelt1nc 
glue• Witll high qual.it7 finiall tor ta.peratuee rang1rag ••t
ween 96010 - 9so1o. 
LiM-eiliceom, MCD••1ua-l:lae-a111ceou or mpui\a e111oe
•• •odi•• are the 110llt nitul• ooapoaitiom fer eutllemrare 
pncluotim 111 4neloping oeuntriea because et tlae large 
aTailalt111t7 et raw -t•riale. 

Gluing et nll tiles 11 1.. tl•n• utnly ltJ a waterte.11 of 

tlae clue. hi• Mtho4 •ll .. 8 tlle •••t reaultl 1D tJae qualit7 
et tiD&l. eurtaoe. Ln prcfile, aea1-.uttle4 tilu •r aode:rn 

•inll••l&Jer paaaage killw •u•atitute tor JIUftle4 tilna uae4 
1D the put. 
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!Ile anticipated tticlmolegical trenb in the manufacture of wall 
tiles are: 
• enera c01U1enation 1t1 decreu1ng the water conteu~ 1n a 

•11ll'T7 uing etticient •lurrJ plaaticisen. (It 1• recommencl
•4 tut the ainham proportion of U7 .. tter to water lte 
60:40 • .l 1 per cent deoreaae m the portion ot water 1n a 
•lmT7 production plant witll an ammal eutprt ~ 1 mllim 
a2 et tiles re8Ult• m an en.era ••ring ot aore tban 720 000 
llJ1 1. e. 17 500 kg of fuel oil per J9U' which represent• 
about 3 per cent enera conaervatian 4ur1Dg 4rJ1ng. 

• :bdroclucticm of ablgle firing, \r1Dg1Dc uout 40 per cent 
enera couern.tion.. (!hia taak 1a ratllei- 41tticult due to 
lligh qualit7 requirewmta of products. Wollaatonite-t~ 
bodies are most auitable for aingle-tirinc proctuotion). 

• deTelopaent of new decorating techldquea and fapron4 qual1-
't7 of glaze• 

• production o'f ltigger tiles, ••etiaea et rectllllgU].er shape 
• large Tari•tJ' ot 4esigDs 

• utilisatie of lower qual1t7 beQ' raw •teriala and opaque 
glue• 

• reduotion of neces•U7 kiln tumiture 411ring tiring 
• \18qu tiriDg of 4eu\le-tired. wall tiles in hml•l kilna, 

gle•t f 1r1Dg 1t7 taat-tiriJlg 1Ja aiDgle ~er 
• 4rin411Dg 4Utereno•• \etween wall a4 flee tiles u tlle7 

are applied :lnte1'0haDgMb~. 

Plop tile1 

!llere are twe tne• et oeramic tloo.r tilea1 unglazed 
(4ena•1 . hl.17 rttrit1e41 oeloured or White) and glazed (Titri• 
fled e aem.-peroua, with epaque glu•). 1Jnglaz•4.~eor til•• 
ue pre4uoe4 ntll tw• \uio tne• of ~1 porcelain and olq. 
Be4J o•po•ltiom ritJs Titr~ temperature• ate pnaente4 
SD ta•l• J. Pn-cela1Ja floor til•• are ooapoae4 et Jcael1D or 
White tiring tael1D1tio ol.ap, quaris, te14apC" 8114 4olmi.t• 
er 11-atone. th•J are ue4 tor nit• tloer til•• an4 th••• 
who•• oolour 18 4nelope4 \7 •len41Dg •taiu mt• the wlait• 
ol&J, auoll u \111• ad. Sft7. Cla7 flow t11•• are o •poae4 •f 

T1tJtit1•4 ola1• 1 wlloa• ,Pl'OP9~~· cu•• ngulated •1 a4diJll 
quaris, tel48par n tel .. PR pepatit••• !M firinc teapeatmie 

I I I I 
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Tari•• trem 1120•c to 12eo•c, 4epen41Dg en the ltod:r compoait
ion. Glaze4 floor tiles are procluce4 either .. 4ou1tl~-fire4 
er a1ngle-t1re4. Doultle-tired floor tilea are produced \7 tke 
earthenware techllologJ uae4 tor wall til••· Single-fired tile 
teclmilogJ" u aim.lar to that of facing tile• ltut with raw .a
teri.ala croun4 to tll• requeate4 tinen•••· 71r1Dg temperature o~ 
•ingle-tired til•• fluctuate• muall.7 ~etwea. 11000c ancl 1200°c. 
liaque fh-1Dc nt 40ll1tle-tire4 tile• 1a tone at taperahrea ranc
Sng ltetween 105o•c ad 1200•c 1 gloat tir1Dg rengee troa 96o•c 
te 1000°0. ProductiOD et glase4 tloer tiles 1a 8\dtaltle tor de

Yelopi.Dg oountriea with troat-tNe ol:iaatea, enaltliDg wide 

applieation of 1'loer tile• that 01111 lie pro4uoe4 eaa117 111 wall 
-tile-producinc plants. Glaze4 1'loor tile• are applied 1Dter
clumgealtl.7 with wall tiles. 

!he anticipated technolegical tren4a in the •amtacture of 
floor tile• are: 
• blcreu1Dg production ot glazet floor tiles and decreu:lng 

production et unglazed one• 
• ltigger 41mensicma 
• single-l&Jer firi.Dg 

• single tiriDc et gl.ase4 111•• 
• large Tariet7 of 4••ip8 et slued tile• that are eaa7 t• de

corate to aeet ~et requireaent• 
• e:paque glue• enaltliq application et lower qaalitJ 01&1'8 t•r 

sluet noer tile• 
• parallel pro4uction of gluet 1'loer tile• 8D4 wall tile• 
• 4win4linc 41ff erencea lletwe... alu•4 floor ttle• u4 wall 

tiles 1n application. 

laJluf!otv! of ptilitz cenp1o• . . 
mppei-wan &4 4ecorat1ye oel'!l!d.c• 

J. large Taztiet7 et 41nnerwae an4 cteoontiT• cermio• om 1te 
proctuoe4, of which the aoat important tnu are aiOJ11Wue, 
earihe:mrare, Yitreoua ohiD& an4 porcelain. BoQ o•po•1tiona 
with oerre•p.n41Dg tiriDg-teaperaturea are presented 1n !alll•• 
4 and 5. J. large nm'ber ot 1>947 compo•itiou:· aft ue4 tor 
41mlerw&1"9 procluction. !be ue et higblJ Tarialtle NW uterial• 
nabl.8• procluotion et utllitJ oenaic• ta t1'oa~ oeuatri•• that 
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bave depoaita or plastic Cl&JB• Production can '9 done OQ a 
small •cale, with minimm technological equipment, u nll u 
ill modem autoaatecl production plants, wring a1Dgle-fil"1ng and 
double-tirinc teclulol0C7. Therefore, the•• ceramics are euita~
le fer the .ajor1t7 or developing countries, froa the least de
vele;pe4 onae te traditional ceramic proc!ucera, depend1Dg on au
ket potentialit7. 

Production of diDDerware and utility oeraaica baa paase4 
t~llg)l three stages et innovation in developed countri••· !he 
ti.rat me, after Worlcl War ll, wu characterized by 1nlbatitut• 
1ng tmmel :tUna tirillg gu tor reuni dnn-draught k11Da tir
ing eoli4 :fuels. The aoccmct stage, 1D. the late 19508 and earl.7 
1960a, :l.Dtrocluced •chanisation into production line• (aecba
nisation of casting an4 shaping, introduction or glazi»g .acbi

nea, grinding .ach:l.Dea, aoriing lines, decoratina linea etc.). 
!he third stage of bmovation in the 19708 wu characterised 
\7 complex autcmatien lines, including technological eperat
iou from shaping to gloat tiriDg. 

!he anticipated technological. trenh 1n the 11&11uf acture et 
dinnerware ancl decerative ceramics are: 
• in porcelaiD •nufaotm-e, pnparation of tllle ltlen4 1n ·~ 
. clriera and iaeatatio preeaing et flat pieces 
w production ef 41Dnernre and utilitJ ceruaioa ~o1Dtl1 witla 

wall-tilnanuta•tm.. (CeUDtri•• witla little experienoe in 

oeraic precluotion are reo-4e4 t• ate.rt witll the mzm• 
factun et earthenware 4imle:rware anct, after nttioient ex
perience an4 8t111 1a ga1De4, then foll• with porcelain, 
atcmeware mul Tibe•u cldna, 4epen41Dg upa raw •'terial 
availal!ilit7. Pro4uctien et ooapl•t• 41.mlerwan set• •rmp 
a\out 41tt1oult1•• With regur4 to the variet7 ot ahape• an4 . . 
4ocorat1ou. It 1a recomaen4ot tbat the protuotion et c•plete 
••t• oomaence atter nttioint experience 1• gaine4 :ln pn-
4uction of plat•• 11114 cai-) • 

• a1w11ar pro\1- are :lnTolved ill deooratillg teclmiqu••• (De

caJ.0011SDia ( t1"8Utea) ahou14 \e 1Japerte4 t~t and late1· 

production •houl4 •tart 301ntl1 with ether tJPO• of 4ecerat-
1on) • 

• aeolumisat1e mid auta&tion to inoreuo capital expen41tun1 
a4 pro4ue--1Yit1 of labour, takiJll iato coui4eration market 
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Spttm ware 
Pour t7P9• et aanit&r'7 ware are produce&: eartlaemrare, 

Titreeua ch1Da, tireel&7 aanitupan an4 atonewara. Prinoipal 
aanitar;rware preclucta, auch u waala-lNlama, ltatU.- :ti't•nta, 
oloaet 'IHnrla an4 eiDka, are arlcete4 1toth ter houaehe14 and 
cc mal ut111t1••· In41Y14ml tJPe• of nnitarJ' ware 4~er 
witJa re11pe•t to raw -terial.81 tiring technelOQ (eitller •ing

le or 4ou•le-tir1Dg), a\aerption, ben41Dg atnngth1 oruah1Jag 
atrqgtll. an4 tir1Dg teaperature. ne rireoua China eanitar.r 
ware boQ coapoaltiona with cernapcading firiDg temperatures 
are presented ill hble 6. Vitreoua china 1a thE .ilre'ftiliDg 
tne er teclmol9Q' applie4 1D eanitar.r are mnuf'aoture. Sani
tU"J ware 1a procluoe4 ltJ slip outing, ranging troa manual 
production tor -11.er capacities (which are labour-intenain1 

ciemancl •kille4 workers, produce •ophiat1oate4 shapes, pc-mt 
uaorblent adaptaltilit)" 11114 •tt•r a b:1g)l rate ~ re~ a 
1Jlveabent with regar4 to low-capital expenditure cm equipaent) 
to automate4 outing line• 1D higll-capacit7 proiuet1m plant• 
(which haTe a higll la'bour pro4uot1rit)" ancl \etter welting om-
41tima1 mt 4wncl Jd.gll capital-expa41ture• 11114 big)te ener-
0 C91181111Pti0De 

l'er ri.treoua oldna aanitU7 ware precluotim1 the aiDgle

firiDg teclm•leo 18 appliet 12• MriDc t..,eratme 1Jl hlmel 
tilm range• trcm 1200•c t• 13oo•c. 

the atioipate4 teclmolegioal t:reU ill tu •m~aoture 
ot HDitar.J ware uea 

• omtimle4 pro4uot1m et ritreou chiDa •anit&r7 ware cbte t• 
lonr iDY••hmlt oo•t• ll1l4 •iagle-tiri.Da tec!molod 

• pre•nre caatinl ef clq •lip int• •JDthetio MUl.h witll. 
Jd.P-qaal.1"7 outbp1 b1gh 4uralt111tJ ot •oul48• l••r pre-
4uot1a oe•t• an4 Jdgher nez11tilit7 et pi-ectuotin 

• mneMnt tr• blp-capac1t7 glui.Dg line• to mnual. gluiDC 

or applicaticm ef reltot• to ••t mrtet nquire•nta tor 
celour Taria\111tJ' 

• tutther aero aaTinga 4ur1JI& firing aa a n•ult of 1aprn•4 
oeutnotlm et tilu and equis-nt, wute-Jaeat-.dilisation 
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an4 4ecreaae4 kiln furniture 
• parallel pre4uot1on ~ art~atic and utilitJ cGraaica, 1.zaprov

ing th• eoon-.;r ~ pro4uotion. 

Bleotroperc•l.&1p 

nectroporoel.ain 111 claaaU1e4 according to low teJllli•n 
(ue4 tor voltage• up te 440 y) ant h1g)l tenaion (ue4 &'Don 440 
•>• I.Mr-tension •l•ctreperoeldn 1a mglue4 tor interior appli
cation an4 glued tor exterior appllca~iona. It can H proctuce4 
~o:lntl7 with •anltu7 ware or utllitJ' poricelaill. Plutio clap, 
waahe4 bol.iU, talo, quarts an4 tel4a)* 1 or pegmatite are uae4 
u raw -terial.9. 

Bigll-tenaion electreporcela1n la proc1uoe4 'bJ' 110re aopb18t1-
cate4 teohnolGgJ' fora pare raw -teriala such u wuhe4 kaolin, 
JaigA-qualit7 ci.,., orihoclaae an4 111.orocline, pepatite~, quart" 
•ancl or vein quarts 11114, U nee4 1-e, tltnt•tone er limeatene 11114 
talc. Iapuritie•, eapeoial.17 oxides ~ -tala, i ... r th• voltage 
resiatance. Proctuotion of high-tensian electroporoela~ 18 poaal._ 
le onl.J' in ccnmtriea 9' -·" the neceas&17 raw -t•r1al.9 an4 market 
deman4. firing teapera~ s rang 'Htween 13eo•c llD4 1420•c. La-
ltoratori•• tor testing fiDal proclucta to oc:mpq with relevant 
at1111clard8 are 1D4iapenaable ill t:U procluotien et high-tenaiOL 
1naulaton. !he•• iDnlators are uaualJ.7 completed with ateel 
tlttiDga in produotiaa. plant•. 

!he anticipate4 tecmelogioal tma. m the --mtactve ~ 
eleotrepeZ'Oelain ares 

• automated or .. ohantsed ahapiq et ... a-produced. tJPO•• 
• iaoastatio pre••il:lc et big, high taaioa iDaulatora tr• •PNJ"

trle4 olq 
• 4l71Dc 1-1.g iDnlaton with h1gh-trequeno7 electr1o1.,. (It 19 

i-ecu..me4 te •tut witll l•-teuim :bunalaton act toll• 
1'1tll ll1gla-taaion 1mulaton •zi With apeoial. oeraica after 
experinoe Sa gaim4). 

• tiriDg in tmm•l kilu 1n high oapao!tJ' pro4aot1on plant• an4 
in •lmttl• ant llood-tne tilna 1D -.11•1' plant• 

• completim ot high-teuion inaulaten with ateel t1tt1Dg• 1D 
production pi... t• 

I 

• parallel pro4u<.i.-~D of al'tiatio oorud.oa, iaprorinc tile eooao-
rq et. p~t. 
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13,14 
Jlanuf acture ot refractories and other ceraaic pre4uct• 

l'ireclv refiraotori•• 

Jll1recla7 refractories are the aoat cmmon refrB~t•ri•• and 
the7 are ~ tu ti.rat tn>e to \e manutactv.4 1n denlop
blg countries. ..diua- aDl1 las- srd• tirecl.&7 retracteri•• can 
~. produced ~7 equi:;mant aillllar to that 1111e4 tor •toneware or 
eYen bricks. Steel and 1rcm. pro4ucti011 11114 production ot other 
illduetri•s an condit1011ed 117 the application ot tireclq re
fractories. 

Pireolq proftcta are mmutacture4 f roa rerracto27 olap 
and grog (tiret •bale•, :tired kaolins lllld gro1Dl4 f:lrecl.q re
~ect) 15. !here are two 'baaio aethocla of bocl7 preparation: plu
tic process (aott-mud) and 4rJ' process. !Jae aott1n1d proces• 
use• a rati• .ranging from )0:70 to 10:90. 

Lowering tiriDg teaperaturee cannot M usr - tc achieve 
enera aariDga, since low-tired tireolqa would lose their qua
lit7 and re:tractorinese. Piring 18 done 1D tUDDel or cbaaber 
kil.Ds at a teaperature ranging :trom 125o•c te 1450°c, 4epen41Dg 
en the tne and qualit7 o:t tiDal preduct. 

flae anticipate4 teclmologioal trenia in. the 1181lufachre o:t 
tireclq retraotori•• ares 

• tJut UH ot non-rind grog in e1'4er to couern enera 
w applioatiClll o:t ahape4 amt unahaped non-firel r-tng -•• 

and retracto17 concrete•. ( Jo1Dtl••• lining mete ot these re
tractori•• 18 aore •orro•ion-reeiatant emce oorreeion occurs 
•'Jnl7 1n ~o1Dt•. •cm-:t1recl re:traotorie• acooat tor up to 
40 per oat ot total pncluotion ill 1D4utrial.1s•4 oounbi.••>• 

• puall•l MDutaohft ef therml iuulaton tor !" •. · ~ -tempera
ture• pro4uoecl b7 tbe technolog of o•lnultillle •t•riala 

• puall•l production td Nf1"90to17 oonoretea 
• paalle1 pro4uotion ef olq t'loor tile• met faoiag til•• to 

illpro•• tk• econ~ of production. 

Silica 

Silioa 1a cheaper than high-alumina retraotori•• but 18 
onl7 nitabl• tor oontinuou t1l.D8. It 1• pro4110ed with apeoial 

' ' 

, qualitie• ,fer 1D41T14aal appl1oat1CID9 8Uola .. •111oa,tor o•k• 
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onm, •tallmgical •ilica an4 •ilica tor glaa•. Sui table raw 
-terial.8 are uorphoua, c-nte4 or, at leaat, t1ne-grai»e4 
qll&rlzite• with a low content et al11111Da tbat act• u a •trcng 
tlnx1ng agent 15. It• content 1n raw •aterial.8 tor h1gb-qualit7 
ailica mUJt not exceecl 1 .o per oat. !he tirlDg proceea mu1t 'be 

caretul.17 contnlle4 4ue to the Cr78tallograph1o change• o'f •1-
lica. 

Silica 1e 'fire4 at t•peraturea ranging from 1400°c ~· 15ooec. 
Beoaue of high requirement• 'for raw -t•rial qualit,., teolmolo
a a4apte4 to the properties et raw aaterial.8 an4 f :auall7 11-
lllte4 market, ailioa production in denlopfng countries 18 rare. 

!he anticipated technological trencla in the manutachre of 
silica are: 

• production of •ilica ~ gra1ne4 quartzite• 
• parallel production of ailioa wit!l high alu:tna ancl magnesite 
• lligh-purit,- raw •terials 'for product• applica\le to teapera

turea up to 1700°c 
• application in glaaa, •tall~cal and ceramic industriea 
• ~o:tnt production of ligJlt .... ight 1naulati.J2g ailica 'bricb and 

ailica in the same plant. 

B1r)-al.UJt: ·- ntre.ctorJ.e• 
16,17 

B1gh-elmdna nfraotori•• contain a higher percentage et 
alatn• tbua Mtakulillite (~o3 - 2 Si o2), 1. • Jaigher tlum 
45.9 pezi cent. law -tvia18 rich ill altm1m, noJa u pare al~ 
mna, Titr'...ti•cl aluw1na, •1llman1te, an4alm1t•, Qan1te, \au

nt• e high-al•m1na •JDtlaetio pog, Whioh ·i• prepa'94 f.rem. 
ld..zt1lre of kaolm amt al_.,n•, an ue4 in the pre4uot1on of 

1li&h alnwtna re'faot•ri••. •tmsl a1uw1na raw •t•r1ala, noh 
u an4alua1te, \avrtte, allop•m•, Qan1te (41athae), cliupore, 
gib)•ite mcl lt .. lmite, frequent~ repreamt tu po••1ifi1tJ' tor 
a auece•tull Tentve. Kael1D1te, pan refractor;r olqa or ape
cial 1Dorpn1o OI' organic )1Ja41Jll agent•, noh u pho•phori.o acid, 
al11110plaMpllat•• a4 •111p1ait• liquo:r, are uae4 u )iDclen. 

Big)l-aJ.•1na nfractori•• are naiatant to ozi41z1Dg and 

re4aot10D at••phen•, •- of the• up to 17oo•c, al»ruia, 
slap a4 glu• ltatoJa. 
!eolmoloa et ld.P1l1D''"• mnutaotl.lft 18 •11111.ar to tbe MD11fac• 
tme ef fiftolq \J' the •9111-V, •tho4. !Jae uaot 1te47 oompoait• 
loll an4 ldgh-pft•nn '"8•1111 an olaANoten.tto ', et Jdgla alwt• 

' 
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production. !he fir1q t .. perature depen4a on the t7pe ot pro
duct an4 Yari•• troa 1500°c t• 16oo•c. H1ch-al.1m1ne can \e 
producel also lt7 casting fro• aeltet raw -t•riala. Such tech
nol~, however, 1a more aophiaticated, an.I it i• not reco .. end
•4 to •tart With this t•r.~olOQ'. 

With regard. te the requh--nte for apecial raw material.a 
an4 the applioationa for special purpose•, productian of higb
aln•:lna refractori•• ill developing countriea 18 poa•iltle after 
a higher lnel of 4nelopaent is reached. 

!he anticipated technological tren4a 1n the J18Duf acture 
of bigll-alum1na ~ractoriea are: 

• application ef higll-alnwfna ret%'8ctoriea aa non-tired and 
non-ehap~ plastic and ramntng wsea and retractor,y concret
es, sonolithic l1niDga ot kilna, flunaoea aa4 other heating 
aggregates 

• utilisation of natural, up-graded high-alumina :ra .. terial.11 
• pre4uct1en ot h1gh-aluw1na refractories parallel ~th mag

nesite er ~~lica refraotorie• 
• precise 4imenaiona of fiDal. procluota 

Cormada .. teriala 

Cormdua 11ateriala represent • special IJ'OUP of lligh-alu
ldna pJIOCluwta, witJa llON than 80 per oeat of ai1111:1na content. 
Higla reaiatanoe to u141s:IDg and ft4uotion atao.pJaere• up te 
i9()0•o, abrasion, •lap m4 glu• ltatoll 18 charaot•ri•tio ot 
corm4a, kael~ er refraoot17 clqa are uecl u raw •teriala, 
tepthe1' with eitMr cheaioal or ceramic b1Jlclen. Co1'11D4ua pro
duct• 81'9 1184• either 1»7 iaostatio 01' hot P1'9••1Dc an4 are fir
•4 at taperature• rugiJlg t:roa 1600°0 to 1100°0. !HJ are alao 
mnutaoture-1 1»7 out1Dg frm a •lt. · . 

!Jae aatioipatel teohnologioal trend• m the mnutaoture 
of ool'UDcbm -t•rial.8 ares 

• application of natural h1gh-elU111Jla 1'8W •ter1ala 
• u.~ tor special purpo•••• •inl7 aparlc-pl11g11 and bu.me1' •ion··· 

••• ence f11'ecla7 production is eeta\luhec! 1n 4•Yelop1Dg 
oeunt1'1•• according to the market, whioll ia unal.17 lildted. 

• po••i'l• pal'&].lel pro4uot1an ill fii-eol.&7 procluotion plant• 
equlppe4 for tJ:ai• JllU'PO•• _,. •lmHl• kilu. 
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Baaio refractories 

Basic refractoriea are special ref ractori•• auch as JllBID•
s1 te9 chroae-.agnea1te9 eliTine anc1 foreterite p.ro4uota. Raw
-terial requtre•nt• •ount te 4ea4-lnimt magnesite clinker. 
chrome ore with a wrtwm ~o3 content of 12 per cent 9 olirine 
reek•• and llUlpldte liquor u a •on4. Piring teaperature vari•• 
troa 155o•c to 1100°c. 

Buie refractorie• are highl.7 reautent to 'basic alaga an4 
aeltecl aetala. Tbe7 are applied in the pro4uctien or non-terrem 
aetal.9 1 such aa copper, braaa9 nickel all•J"B and alumin1-

allOJ11• Production of \aaic ret:ractoriea 1D clneloping coutrie• 
1a possible when a relativel7 higher level et clenlopaent 1a 
reached. file &Tailalt111'Q of raw •terial.a a1d ~lcet demand 
are neces•&r7 prerequisitiea fer \aaic refractories production. 
Buie refractories can lte produce4 parallel with silica and 
high alm1ina. Purit7 of raw materials is indispensable tor pro
ducts applied in b1gh teaperaturea. 

SR!cial retraqtori•• 

!hfi three moat important ezaaplea of special retract•ri•• 
area (1) graphite refractories (high themal con4uot1Tit7 and 
1ligla thel'Ml •hook- ancl chemical- re•is"tance, enept for ondat
ion), (2) •ilicon carlt14e Uiiou an4 ahapea (higJa aechanical 

·atrngtll, reaiataoe to apal.1111&1 10•4 thuml con4u•tirit7, 
reaiatuo• to recluotioJl uu1 to ..ollallioal uruim) llll4 ()) 
sil'con :retra~t~-i•• (unitena thenal upmaioJl an4 goet thenl&l 
•hoot-reaietance, ue4 tor tile alminiua 8ll4 glu• incluatZ'J' ancl 
tor oalclua phHpbate productic). P.ro4uoticn et apecial retrac
tori•• :i. rare 1D developing oeuntnea an4 onl.7· occura ill or.mt
r1•• tbat llaTe a 4evelope4 oeraio preduetia ( eapecial 17 tin-.. 
clq a1l4 high-alm1na), the nlennt raw •terial al market 
requu-nt•. 

•~co1'41DC to th• •rt•• taperature of, appli•ii•i lcnr
-;emperatmie, M41ua-tvaperatmre an4 high-temperature Wulaten. 

' ' Low-teaperatun iJWulaton are r · . :!.icaltlt tor t•peratuft• nag-
iDC ••tween' 6oo0c - 100•0, noll u glua' Wffl eD4 •lac •oel. 

' ' ' 

.. 4iua t•peratUN iDnlaton an applioaltl• ter teapft'&tme• 
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up to 1200°0, eucla u nnd.eulite, expande4 cl1q product•, 41&
tomite, perlitea an4 1neulat1Dg :tireclQm. The light ••i&ht ot 
-t•riala 1a frequentl.7 achine4 1t7 the addition ~ organic 
-.teriala (aawdut, coal tuat. cranulated ook•:.- peat, cork or 

· ether co•ltuat1\le -teriala) 1Ja the olQ ll1xtu1"e in order to 

decreaae the ltult denait7 of the product aince the7 are t11"'ed 

out 4urinc firing. !he ••47 111 uaual.17 prepared b7 wet m1z1ng 
to 4esiraltle pluticit7, either manual~ or aechanioalq. k
trusion or rollgh pre11ainga on •o1"a pre11sea, everpreaaing, 4r,-
1Dg met :tir1Dg follows. Sorae :tired proclucta are oalibrate4. 
Pro4uotion ot •diua-teaperatUl"e inaulaton :ls .m.taltle for 
deyelopil2g oountriea ltecauae of the availabilit7 of raw 11ate
rialll. Me%'8oTer, the•• in8ulatora can lte produced in ltriclmatillg 
-·-~t• 1 plant• tor refractories or sotneware products. Righ
teaperature inaulatora are applicable for temperatures up t• 
1f;00°C and are manufactured b7 several processes uiDg the 

lloring -terial.8: 

- cOJlbuatible 11&terial!, used 1n a aimilar wq u in· th1t pro
duction of medium-temperature insW.aton. 

- ~- m-lndlcHpg •ter1aJ.!,~lll u soaps and sodiua resinates. 
__ -• •thocl pro4uoea fine-pored retractorJ 11Untlating ltricta 

With fine apherioa1 pores, las thermal ccm4uctin:t7 and rela
tiTel7 h1gJa •chard.cal atrength. Pores are made 1'7 illolmia 
of :r ... illt• th• oeraio •lmTJ' (ttnolq er high al11111aa, 
clepa4Ulg on t•peratllft et app11oat1cm). CaliltratiDg et 
'bul'nt pro4uot• 1a a condition.~•r their eucceaatul U8e. 

,. )Ultltle-creat1p• ater1tlf. noh .. alnw1niua duet. per•xicle 
et lJWh'ogen H2~ m4 oalc1t••• m acid er altali llilin. the 
gu produced lt7 cheld.cal reaotien form bultltl•• iD tJae .•lip. 
After Jlut4en1ng, th• poroua ltod7 18 achieved. 

. . 

·. :1,. cla:r or oorupdp Hllf, bound either )J' a :refraoterJ 
olq or lt7 a cheai.cal 'boncl. 

- !U~, '•ti: •tten, nch u naphtalene and pol7•tJnn•. !heJ' 
aui;l1-t• eut of the bec17 )efore product •turit7 1• reache4, 
oreatinc regularl7 41atrilnate4 por••• 

- ilJ!Ul!t'ns eer11110 ti>rt•• pro4uce4 either lt7 air )lowing to 
a,atre• et a •lt•4 ftfnotoZ'J' miztUN er '1 a omtr1aa.cal 
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ettect. In.eulatiDg foliea, -t•• felt, •lock• an4 apec1al aha
pe• are produced froa cerate filt:rea. lfhe7 haTe excellent ther
mal. 1naul.ation propertie• and can 1te uaed for tumacea and 
kiln 1naulat1on. 

~. production and ~•Yeleimant of refractor.r in•~~atora 
depen4 upon the 111Yel ot industrialisation ef a count17 an4 
the requirement• ot 1DduatZ7• the7 are 1aportut for any energJ 
ccmaenatien programme. 

'f. !RBSBft ilD PO!BftliL J.PPLICATIOJI OJ' CllWIICS 6 

Wide asaortaent •t cer&llic product• 1a tracl1tional}7 
applied iD the following tielcla: 

- COlllllOJl ltricka - in constructions, where appearance is of DO 

illportance. ~her are mus produced, 1n the.tr manutactur. DO 

special care is taken to aToid aurtace blemiahea 
- :tac1ng bricks - produced With a Tin to straictural use where 

appearance count• 
- hollow ltrick1 (blocb), iecorative bricks - th•J' are used 

tor wal1 conatruction, especial17 where little weight or 
good the1'9181 insulatien ia required. DecoratiT• ltricka are 
ue4 :tor conatnction ot fence•, etc. 

- no:t1pr tile• - the7 are ued :tor the ro~ comtruction or 
exteriU" wall ooTeriDg u unglued and gla&ecl one• 

- fnt1n•se RiP'a, tielt baiml, mgrioultval cln1IUI - pereu 
pipe•• •ea1pe4 to w1thatm4 c•pre••1•, u•4 1D 1aD4 
4a1Dage 

- fiG!D!!!&EI pipe1 - •alt glued, earibenglued, unglued or 
glasect Oil the mtenual ~aoe •Dl.7• !Jae7 are appl1•4 for 

•-•· olaeaical an4 ~ao• •ter pipq. 
- otey noor tile• - deue, ri~1•4 til•• witla ooioiar et 

nat1aftll olaJll, uae4 fn- ezterien u oeatq of Mlocm1•, 
t•nac••• paTWAt• etc. 

- fM'R' tilt• (aterin-) - 4we, ~iVifi.94 t11••• tJae 001.
e:t natural ola,., pro4uoe4 1111glase4 or •alt glued an4 al•o 
with ooloan4 aa•"•• er sJ.u••· !be7 &ft aecl ill en•ri-' 
u ooati.Ds .t bou.-..118 -4 ai.o 1D 11auglat1nou••• o-
fort •tatiou. !heJ' f1Jl4 las• applio&ti• ill aroblteotme 

- nJl til!I - W• pretu..a tlda tilel witla a penm ~ 
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covered \7 gleaa7 or .. tt glase. lfhe7 are applied ttr tiling 
kitchena, •athro0118, wuhrooma, ltut alao u cleoorat1T• tea
turea 1D '•lla an.cl ent1'81lce w41.79, •ut neTer 1n place• 11a•l• 
to frost attack er frequent abraaion. 

- floer tile• - 4enae • tull7 Ti tritie4, the colour •t natural 
cl&JB or taolille or With colour ancl textures achieved tllrougll 
ac141t1T••· lfhe7 are either unglazecl er glazed •~ hart glaze•. 
U gluecl full Titr1ticat1en might not 1te required. !he1 a.re 
applied fer interior fioor tilillg u well u tor enerior 
cleceratiTe t111Dp. 

- aanltarJ earthenware - produced primaril.7 for general clo••
tic u• 

- vitreoua china - prillarilJ tor domestic use 

- 11reola7 aanita.rz ware - strong ware, uaecl in pu•lic lavato-
riea, hospital•, laotel.8, restaurant kitchens etc. 

- ateneware aanitarz ware - it baa great atrengtJl ancl 1a uaecl 
fer siDta, ltuina, wull tu••• urinal •talls an.4 cloaeta ill 
tacto:riea ancl t&l'mll, pultlio lavatories, etc. 

41pperwm - uaecl u kitchen ware, 41mler Waft, ••UTeDin 
ancl 4ecorat1Te ceraaioa, with several tJPe• ot lte47 o•po•it-
1ou 

- 1• teu19 pen•l•'n ip!ulat•n - tlle7 1:aaTe a rttreoua •"7 
· ritllata4111g Teltage •P te 440 v, •et tor Yeltage imulat• 
1•• eitlla mglue4 te tla• aae m 417 oonclitiona or gluet 
tor natJaer ezpoae4 piece• 

.. '.h's'.I! teuicm MFO•}Na 1pfl!laten - -4• et omplet•l.7 Y1tr1-
f1e4 •t•r1al, onent •1 a glas• an4 bring se:ro water alt• 
•017t1aa.. U•ecl fu ldgh-Veltage ill8ulat1en thq _., UT9 
h1C)a N•S.taoe te Jdg1a Volt._• an4 t• freezing. · 

- t1npW )11.cp - tile oheapeat k1D4 ot retractorJ \.riob, 
uecl ter t~rahzte• up to 145o•c 1n funaoea, regneratera, 
•eakilll ~it•, ktina. gla9• an4 •t••l tank•, eto. 

- lilitl VWU - :NfftOtOZ'J ~rioJra, aafel7 use4 at t•perat•
ft8 •P to 1?oo•c, 111 o•t1Duoaa11 •orkiDc kilu, auoll u 1n 
epen uazitll a1l4 electric f111'D&O••• oot• naa, p11 •orb ad 
1Ua tm1nl . ' 
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- high alumina brick• - haTing Yery higla resistance to oxidat
ion and. redu~tion up to 1700°c, to acid. slap an4 aechani
cal &b%'Uion, th•J' are uaecl. for imffl•• in ceramic kilna, 
burner 'blocu, h1ah teaperature gaa or oil furnaces, etc. 

- oorundua 11&ter1ala - refractories with Yel'7 high ~st.tance 
up to 1900°c. fileir production lteiDg ·~enain, the7 ere 
used onl7 tor •pecial appl1cat1cma. 

- ••m••ite briob - buio re:tract027 bric:ta ot high corrosion 
::iesistance an4 ve'ZT denae structure, with enreme17 high 
the~ conductivit7. !he7 are use4 in open hearth turnace1, 
ill fumacea :tor Mltblg and ref'1D1Dg o:t copper, t1D. lead., 
and imt:blonJ', in :tir1Dg sonea of' rot&l'J' ceaent kilns and. 
lower aide wall8 ot soaking pits up to 1aoo0c. 

- chrome~esite retractor.lea - ha"1Dg great mecbnical atren
gth and atabilit7 at high temperature emellent to_ good re• 
•i•tance to apalling and high resistance to baaio •lags, 
the7 are u•4 ill non~errou aetallurgioal turnacea, 1. e. 
copper, nickel, lead and aluminium produotion, root• ot 
basic open-hearth furnace• and aoak1Jag pits up to he t
perature 1eoo0c. 

- chrome. retractor!•• - obaraoteri.9t1o b7 a high reaiatanoe 
to coft'091on :froa 'baaio llD4 ll04eratel.7 ac14 •lap and fian• 
'ut haT1Dg a :relat1n~ low refraoto:rine .. uncl.e:r loacl an4 
low thel'Ml •hook reaiataoe. Applicable up to 1700°c. 

- oli!iD• nfno•tn )riot•.- b:riou baviJlg p:ractieall7 no 
tiriDg ahr1nhg• and h1gb z saiatanoe to .fu8e4 iron an4 •111-
cate• up to 1650°0 • 

- tom•rltt '1!'9fraoton 'bricg - buio re:tractoriea, ua.a ill 
glua pro4uot1on, 1n liM and •.-it ldln• aacl 1D. pro4uotic:m 
ot 4oloaite aD4 118P••it• up to the taapenture 17oo0c. 

- .,.,1.1 ntnnor1•• - w14• range of ref:ractor1••• o:t whioh 
•iD17 graphite retraotoriea, ailioon oanicle )riob aD4 
•hape•, ooriierite and sircon refnotori•• aft ue4 far •pe
cial pu:rp09•• an4 high temperature•. 

- thepal iuulaton - w14t range of tl7.•nal. iuulating -t•
:rial9 uat4 to a large tnent in 1J:adutr1•• up to 16oo0c. 
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Intensive acientitic research having been done duriDg the 
last decade• enable• new applicationa of ceramic• in electronic• 
.. aem-conducton, 1.nllulation -teriala, ferroelectric -4 
piezoelectric aateriala and ion conduoting material.a, in che
mat17 u gu and huaidit:r aenaore, electrodes, organio cata
l19t and catal.78t carrier, in •cbanical engineering u heat 
and wear reaiatant -t•riala and cutting tool•. 

!he present age 1a characteristic 'by wide trsnaf er of tech
nologies form industrialised to the developing and least deve
loped countries. Buaeroua oeramio plants are constructed in 
developing countriee improving •mplo7eaent of local people, 
:ln:trastructure of local econom;y and utilisation of national 
raw material reserves. It i8 necessary to 'balance all the tao
tora 1D term of the level ot sophistication ot imported tech
nologies to develop:lDg countries. High sophisticated technolo
gies require high-qualified technical ataft, high investment•, 
aodern equipment and developed market. In this oonnec_tion, 
transfer of traditional and gradual development of non-tradi
tional technologies reapecting individual conditiona aeea to 'be 
the beat W&7 tor developing colDltriea 1D the field of intro
duction and iaprove•nt of ceramic indust!'J'. Peui\ilit7 of 
production usually depenu on the market potent1alit7. It a 
ceramic plant ot ld.Jlimm econOllic capaoit7 oan \e realised, it• 
feui~111t7 unal.17 p-roY14ea good proapecte due to low raw 
-t•rial.9 and labour coata. 

Ceramic raw material• are upgraded frequentl7 1D order to 
increue their useful value. Wuhe4 kaolin, up-graded diatom
ceoua earth, expmcled perlitea, groUD4 8DCl ••pa.rated quarts 
and liae•tonea, bentonites, seolite1 an4 upegrade4 c~ then 
represent a wide ecale ot produot• which enlarge theU8e of 
ceramic• and ceraaic raw m.teriaJ.9 ill numroua further non
iracli tioual applicationa from agriculture, productiim of pl.aa
t101, paper, rubber and chemi•tZ'J' to enrtronaatal pr~teotion 
and medicine. ThU8 the applicationa of ceraaic• and oeraaic 
raw material• expand from traditional 1pherea to new, non• 
traditional ones. 
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1'he ceramics are pure, inert and reaiatant to chemical 
attack and :freq1,ent17 to high teaperaturea, too. ~•7 are 
produced :from1CCeasi'ble raw -teriala 1D Y&rioua abape•, with 
relatiTel.7 law production coat•. With regard. to these upecta, 
the ceraaica are going to :find a wide :field o:f new app11oat1ona 
1n the J'•&ra to come. 

YI. PRF:>Eft .DID AftICIPilBD !BCJDIOIDGICAL !REIDS 6 

Traditional production techno1ogies ~ ceramic materials 
have lteen baaed an processing ot relatiTel:r considerable pure 
raw 11ateriala with preniling content o:f ld..n•rala kaolinite 
<n2o3 • 2 Si02 • 2 ~o), quartz (Si~), orthoclaae and llicro
cl ine (~2o • A120J • 6 8102 ). With regarcl to the high pur1 t:r 
of raw material.a relatively b1P :firing teaperature 18 needed 
to reach desirable properties. 

Bon-traditional raw materlala and technologies are with 
advantage and relativelf eas:r applicable 1n ceramic prOduotiona, 
however, the7 are not comonl:r used J'•t. 

There are two main reaaona tor the clevelo;:aent of non-traclit
ional tachnologiel!. ne 4epe>11it• ot pure traditional raw -.te-
1"iala are being gnduallJ' e~racted and, thereto:re, their appli
cation 18 lillited to such p1"oducta when high paritJ' raw •t•-
1"ial• are incliapenaable to reach requi1"ed t1Dal Pl'Operii•• 
(e. g. elect1"0po1"0elam fo1" high-tenaion. 1u11laton). !he aecond 
reason tor application. ot non-traditional tecbnoloi __ and raw 
material• 18 the shortage of tuela and their high price• which 
to1"0e p1"oducer11 to lower enera couuaptiGll. Reduction of •n•ra 
conawaption 1a 11.llited coll8i4e~bl7when traditional technologie1 
and raw -t•1"iala are used. . . 

Ion-tractitional technologi•• are alao auitable. 1or th• 4eve
lop1Dg oountri•• ·which are •tarting with or 4eyelop1Dg their 
ceJ'BlliC production u no.n-tnditional 1"aW •t•rial.8 r-' uua1l7 
cheaper and do not require •ophi8t1oated upgra41Jag. 

Perapective 1"&W material• and technolog1•• 1n connection 
with anticipated 4evelopae.nt will be uae4 tOW&l'da the end ot 

I 

thi• oent1U'J' and, tbereto:re, it 18 neo•••U'J' to pa7 attention to 
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their industrial \eneticiation in both deYeloping ancl industri
alized countri••· 

The attention of teclmologiata at present 1a paid aainl.7 
to 8Uch non-traditional technologi•• which enable exploitation 
ot local raw materiale encl rationalization ~ production para
llel.17 with achieYementa of energJ" and material conservation. 
In this connection •Bnero llanagaent• 1a applied representing 
wide, control demanding complex ~ aeaaure• baaed an detailel 
ana}J8ea ~ current •ituation, atudi• ot leairable goal.a and 
determiDatian of gradual atep11 necessar.r tor thei2' realisation. 

••ro »an•ge-nt in ceramic induatr.r 19 characterised. 
by follaw1Dg field.a of actiY1tie•1 

- non.traditional technologies with lowered enera demand• 
- optillisatian of the1"S1&l prooesaea 
- enera diagnostic of heat cozun•1ng uni ts 
- aodemization of therml. equ1JB8Dt 
- waate heat utilisation 
- calculation of reepe6t1Te climate oonditiona 

ID connection with enero and material consenation the 

mo•t 1Dportant tecbnologiea are thoa~ with lowered en•ra 
claanu. Bnergy and -t•rial conservation 1D ce~c procluotian 
can •• achine4 •7 a o011plex ot •uun• the JIOllt iaportant 
of which are: 

JJ•• of pon-t£&4it1onal flgp1 

to which al\it• <•62 • ~o3 • 6 8102), tutt•, tuttit••• aephe-
11.D••• phanolit•, perlit••• •ualta, calcites (caeo3>, -.rla, 
plagioolu• felcl8pan• JUgD••iaa raw -teriala, glu•••• ligllt 
uh•• and alap llelcmg. !he optimal ue of each t1pe .of non
traditional fiuxe• m.Ult '• 4ete1"111Ded •7 pbJaioo-cbellical teat 
ot the flux. !he tnioal emple• of applicatiOIUI of caloi tea 
8D4 .arla for coapoeitiou of l1ae1iliceou non-ritr1t1•4 
eartbemran bo41•• •how that Sn cOllJ)ILTiaOD with traditional 
kaolitinio l»od7 the 1-iaqae firi.Dg taperat'llft 18 lowered 1-7 

200 up to 300°c while ata'bl• 41MD81om of product• AN re-u:he4 
and no a441t1onal oo•t• tor calibration, •terial lo•••• ad 

ene1'gJ' are n••4•4. 
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The use of •odium nuxea tor glaze compositions 111 1n41a
pensable to fille &ppeare.nce of tut fired product•. 

Siaplitication o:t produotion tecbnol917 

1a characterize4 by single fir1ng. Up to 4~ of enera can lte 
saved •1 the application of aiDgl.e f1ring of tiliDg naterial•. 
these technologies are tul.17 applied tor produotion of aanitarJ' 
ware, the7 are t7pical tor all •toneware products and are be
ginning to assert 1n produoticn ot utilit7 ceramics and •elect
ed tJ'P88 or wall tiles. -

ProductiCJD and application of non-f'1re4 retraotoriea 

the •hare of wld.ch on total production of ref ractori•• 1n 1n
ciuatr1alised countr:: .- aao1Dlt8 to )0 - 4<*9 while in developing 
countries 1a much lower. .About 60'.' of total enero coD8UJllption 
ia aa'Y9d b7 applicatic~ of non-tired refractories techno:ogie• 
which can be realized 1Jl deTelopiDg countries with lo•• capital. 
inTeshenta. BoweTer9 Jaunr-how is uauall7 needed tor "their -
nufacture and application. 

linillization of tired grog ah&M in bocl7 coapoa1tiOD8 of oera
llic• azul refractories 
!he natural grogs are used :lmtead, e .. g. quarts tor production 
ot tine ceraioa an4 •ilioeoua tireol&J'll. Sui.table ohoic• of 
b:iJlcling ooaponent intluenoe• posit1Teb the aaount ot tired 
grog 1n t:IDal product•. Soae teolmologi•• are mown, u tor 
example, •hal• bond 1n til'ec~ procluota, the application of 
which recluo•• the •hare of tired groj to aa tar u 2°' troa 
total or even el:lmnatea tired grogs at all. 

Use of proper iDaplatiw for the conatruction of ~~~t omunm
illg 11Dita ad tlaeir parta, 1. •• proper ina~atioL ot \riot
wort of a tmm•l k1ll1, 1aprove4 ocmtruotinn of kiln can, 
their l:lll'Jnga, etc. The highat iaprOY-nt om be achieved 
1D perio41o kilna where lowen4 .... ot the l»riokwort 117 appli
cation of auitabl• 1naulat.1Jlg -t•riala ~ringa a~out enero 
savings bJ 20 - 25~ an4, aoreover, 4ue to lowered heat aocmm
lation the tiriDg 07cle can uauall7 be aborin•d. 
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LonriAg of -terial requirements ot ceramic produeta can be 
achien4 lty numerom .. thocla• auoh aa tor exaapl•z 
- cheaper and aY&il.able raw material substitution for deficit 

or 11lporte4 ones 

- appllca.ticm of ltiaque raw material.a ot lower value iD COll'bi

nation w1 th partq or coapleteq opaque glaze• 
- application of re~ect ia the bocl7 end/or glue c011poeition.e 
- re~ect reducticm 'b7 •trict obaerYation ot teclmologinl pro-

cea••• 
- cHwnsiona or-• ot product• kept in Id.nu tolerance 
- po11aible .... reduction of products according to functional 

requirement a 
- opt1Jdsation of kiln output accrdi13g to liin1Jlua enera con

auapticm 
- reduction ot the oonswaption of auxiliary material8 during 

proluct:l.an 

Agl:l.oation of progre••.Lve production operations 

- presaure cuting of aanitar;r ware and u7111t:r ceramics :lnto 
ncm-vpna aoulcla. ID coapariaon with traditional casting 
(depmcling on the tn>e ot procluot•), the following aaTinp 
can. be ach1rn41 
40 - 6~ ot .anponr 
60 - 75f ot the coat of aoulu and their 4rJ1q 
50 - 75f of produoticm area 
10 - 20!' ot pro4uctian ooat P.er UD:l.t 

- cir)' pre••iDg of utili't7 ceramic• b7 iaoatatio preaaure• 
nbatitutillg tor pl.Mtic moulding ltJ ~iggering or cutmg. 
ilout 3~ of electrical aero 1a conaene4 together with 
reduction ot therml enero coDBU11ptiou. · • 

- moulcliag muter Ti'bratim of firec~ or b1g:h aln-fna product• 
•n•titutiDg for pre••illg or h8D4 llOUlcliJlg. Special •bapea, 
not workable before, 08D \e produced. Iebour 19 a&Te4 u well 
aa aoph:l.aticate4 •oul41Dg 4eTicea. 
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technical development 1a a ccintilluoua proo•s•. Aohie.e
aent• 1a one sector often open J)09•11t111t1es of 4evelopaent 
in another one. Bon-traditional techllologi•• and their products 
:repreeent a large scale of product• workable :troa raw material.8 
all over th• worlcl. 

VII. Ju.CHDBRI AllD BQUIPKEft DEDBD 

In the 1eut 4enlopecl countries en4 territori•• where 
imJutticient 1Dfrutraoture ancl aarket do not ~t allow the 

e•taltlialment of :Industrial pl.ant•, a •blple equipaent for ce
naic· procluction can plq an iaportant roi.18• It takH ~to 
account the faot that •oae ceraic pl.aDt• built prmturel.7 Sn 

th••• countrie• :tailecl to work properq alao oriDg to m.att1-
cient experience ill making ceramics where practical mowleclge 
1a 1D418penaaltle. Starting the procluctim of ceramic• cm a 
-11 •cale witll the T•r7 •iaple equipmat ha8 the advantage 
of low 111Teahmlt coat•, pe>ma11til1tJ' of experiment~, teating, 
tra:llliDg and gettblg faailiar with the character of ce:raaio 
ltodiea and their traDBf or11&tiona. !hie pllue •hould facilitate 
later the tranaiticm to a 1Jl4uatr1al aoale manufacture • 

.lccordillg to dttf erent tne• of ceramic procluota an4 tecla
nologi•• ue4 thue 1a a great nriet7 of equi~t needed. 
It 18 ~J'OA4 the scope of th18 1D:tomaticm. package to lin tile 

Whole •peotrua of mchiD•rJ'• Gene:ral.17, •3orit7 of tecJmologi•• 
18 baaed on following ample pro4uot1ca achem1 

m •t•rj&l ••on and prooe••'rs. ut111s1Dg 41tferem •toring 
:taciliti•• (1'o:n• 1 •iloa), wttl.8, oruhen, oonn7or belts ad 

other tl'lmllporatation, t .. a.ra, ri.>ration aoreena, ••• 
>ocl1 mpvatlop pd •haP111 WitJa •pnJ' dr.ren (or •carcelJ' 
tilter pre••••>, •iloa, pap1, •we••• tuferent tne• ot 
pre••••• aould.m for outing, •••• 
frr!g, when 41tte:rent tne• of cb7en are applie4 (witll auit-
-'l• tranapor fac111tie•), 
fiJ:!PI• utilisiDc proper tne• o:t tilu :tor ditferat t.ael.a, 
irort4ecl With b'anaport •ecban:lsation, kiln can With re:trac
to17 tarniture, ••• 
d!t'P'• 4eoorat1• apcl other openti• - util:!.sillg 41tf erent 
teoimoJ.oo lin••• •.• 
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It bu to lte aa14 that the coap1ete mach1n•Z7 m4 equip
aent ot a ceraaic plant 1a cloael.J' 11nke4 with the propo••4 
tecbnolota • •. g. in cue ot tilu pro4uot1on it 41tfen con
a1c1eraltJ.7 tor once- or 4ou\1e-t'1rfng proo•••••· Cancerning 
oeraaic•• then are a 1ot of goo4 and auitable equipment and 
-chineq aupplien tbroughout the •orlc1. Some of th• are 
apecialised 1n 41tterat production teobnologi•• (atructural 
ceramica, ~toriH, in8ulat1ng -t•rial.8 1 adnnced cera
lllca• ••• ) ama otter the general. aupp17 tor the whole ca2'8111.c 
plant 011. a tum-k•7 buia. An otticial UEDO publication to 

Intormaticn lourcaa on the Ceraic InduatZT 
OIIDO Guide• to In:tonation Sourcu •o.11 
UIIDO Yienna, 1915. 

-
file pre•ented In:tomation package 18 tar :trm lteillg a 

complete technological manual. !rhe aia of thia publication 
1a to clncri'be \1"1efl7 the pl."Oduotion tachlloloa of •:ln cas
llio procluota 1no1ucl1Dg the :rmr -terial8 processed and future 
teelmologioal trenu. It ahould 'M a gu14el:lne for turther 
orientaticm 1D technoloa ot non ... tallic•. 

. . 
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x. ilBEXBS 

!able 1 Ceramic Product Cluaitication 

2 Selected !:ra>•• of Wall !11• Bod.7 Compositions 
With Correspond1Dg Piriq !emperaturea 

l Unglued J'loor Tile Bocl7 Ccapoeitiona with 
Corresponding V1tr1fJing !•peraturea 

4 Body Coapositiona of Selectecl !Jpea of Dinnerware 
and Correapanding J'ir1Dg !eaperatures 

5 Body Coapoaition of Selectec1. !nea at Porcelain 
Proclucta and Corresponding firing temperatures 

6 Vitreom Chma Sanit&17 Ware Bo47 Compositicma 
with Corresponding Pir1Dg !eaperaturea 

Pigure 1 Equili'bri'Llll diagrams ~o3 - Si~ ayatea 

. . 
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Cer..te Pro4Qot• Cla9•tt1oattoa 

~ro .. ~o41' 4181--------------------------------------------------------------------------------------~-----.;a..v1t1'1ti•4 bod~ 

R••T7••....S.a•..rR-------------------------------------------------------------------------------------------;.11Ao• o•~ .. 1o• 

klok Refraotor1H Barthawu. Hoaeware TUnou l'oroelaia Speolal 

~-'· 
Oh tu 

== Sl= 
Doulll! ~= (doulll•) s= Doaltlt (91qle) Si= (4oullle) 

tlr ttrS..ag fir tlriq ttr 

Geen• Ooar8• Jla• COU'll! JI•• Mat fill! rsae =-·' gnla•ll lloQ paiD•ll llo41 pat.a•t bo4J grat.Ded llod7 crasa1c1 'ocl7 1r•t.D•d llodJ' Grat.ad \odJ 

Brtok S1ltoa Wall ~ '- ~ Sewage pipes Chtaio"'1 lanUUT !ablnar• lleOtl'OD:l.H 
•toaeware ftZ'! O!raaiO• 

·~:Lq •lreolq Tableware !f::Loultural floor t:LlH tableware lleotro- 11eotroteohn1oal 
UlM nnar• poroelat.a ot:NlliH 

Dr•U..C• ltgla l•ilaa Arii•Uo Chemical head! UlH ArU•Uo Ch•aioal ll:Lo-ceru:Lu 
CeNa1o• •toneware !alllnare oeru:Lo• ware Dento-oeZ'UliOI 

Ceraaio Retraotol'J' Ola&e4 tlOOI' Artt.Uo Arti•Uo D!atal •oa .. ozidH 
fftf•llrtoat- t.D•ulat:Loaa UlH oarulo• otl'!lliH pon!lain oeruLlo• 
•• 
hot• ...... u. !CUohenware J'aoade Glued wall Arii•Uo BU'd 091'UiOI 

Doloatt• tUH ucl tloor O!l'uiO• lpeoial requirement 
UlH Oel'uU08, 

CU-oatua- ID4utr1al l:Lla f\arDUure 
...... ue UlH 
OnpbUe l'a•IDC Uh• 
C!r'UiO Duo ts 
filll'! GU'deD 

O!ftlliH 



table 2 Seleoted '71>•• ot Wall Til• Bo41 Oompo1itiona with Oorre1pon41D1 ~11'1111 Teaperatur•• 

!7pe 0 t bo47 
Jcaoliaitio ! •••1-Jcaolinit:lo telhpatio lliz•4 lime - silioeou• 

Rational 
o•poaitton • ltaGlllll'C• 80 65 55 50 48 

-Quart• 15 27 35 40 37 
••ld•c 5 8 10 3 -Liae• on• - - - 7 15 

fttfl" 60 60 50 55 55 
fU.4 PoC 46 )0 5 - 10 5 - 10 5 - 10 

lla1Jl ball olap, ball OlQ'I, 'ball ola71, ball 01&79, 'ball ola~, 
o•ponent• •tonewue •:llioeou ad •ilioeou 1111oeou1 1111oeou. an4 

ola19ci 1tonnare olr:r- u4 1toneware u4 1ton•- 1toneware olq•, , 
wuhe Jcaolinl, kaolin•, pegmatlte, o~, war• ola~ marl•, 
tire4 pog, tired grog, kao in•; raw taol , wolla1ton1t•, 
t:lre4 r•3•ot tiz'•4 re~eot pepati ••4 Mrll, ohalk, 

1uaz.t• ·- •• quarts 1&n4l1 dolomite, 
•14•par3 ohal!l lilleatone, 

fired re IOt 4olo te, raw kaolin• 
te1u~r1, t:lr•cl r•j•o' 
~· ... it••· im••tone, 
quarts I 

- - phonol te, 
nephel:lne, 
tii'ed N~IOt 

•lrtq • . 
a•peratuzie g 
ltiaqu• 1280-1)00 12)0•1250 1200-1230 1140•1160 1040•1060 
glMt 1120-1140 1080-1100 1060-1080 1000-1040 960-1000 



'l'a'bl• 3 

tn• 

Poroelam 

OlQ 

.. 

1Jnglase4 Ploor !11• Bo47 Compo•itio~• with Corre•pon4ing 
Vitr1f71ng t .. perat\IZ'ea 

Content " Vitrittrul 
t .. pera uz-e 

Wub•4 Rn Jle148par Pbonolit• Og 
holiu ltaolSU 
u4 Ol.Qll ancl Clq• 

70 - )0 1250 - 1280 

- 70 - )0 , , 20 - 1160 



Tab.1..e 4 BC>Q Ocmpoaitiona of Seleotecl ~· ot Dinnerware 
a4 CorreapondiDg P:izing _!eaperature• 

Staneware cl1nnena:..re 

~ne Cantent ~ :r1ring 
temperature 

Stcae- Silioa Pelclapar :Plun• u OC 
ware :telupar, 
o1Qa talcua an4 

4olmi.te 

Bo47 I 40-50 45 5-15 - 1250-1280 

Boc17 II 60 15 - 25 1200 

Earthenware 41nnerware 

~ Cantent ~ P1ring 

Silica 
taperature 

koliu l'elupar Limestone OC .a •l&Ja billque gloat 

I. 50 - 55 35~5 6-12 - 12So 1120 

II. 50 - 55 35~5 - 5-10 1080 980-
1020 

III. 75 - 85 15-20 <>-5 - 1160 960-
1020 

Yitreou ell:lna ~ 

l!Jpe Co~tent ~ P1ring 

Silioa 
teaperature 

:laoliu Jl•l4apar 00 
m4 olap a4 pepatite 

I. 50 - 50 1250 . . 
II. 55 - 45 1)00 

III. 52 35 13 1250 

••••• to be oont1nue4 

• 



Table 4 - Continuation 

Porcelain dinnerware 

bPe Content ~ JPiriDg 

ClQB Silioa Pelupars 
taperature 
oc 

Karel 
porcelain- )5-60 2(r40 15-25 1)5<>-1450 

Soft 
porcelain 25-35 20-45 3<>-40 1250-1350 

!able 5 Body Composition ot Selected !Jpea 
ot Porcelain Product• and Corresponding 
!'iring temperature• 

Type Content ~ P1r1Dg 
tapen.ture 

ClaJW Silica Pelupar oc_ 
Barcl 
poroela1n 35-60 20-40 15-25 1)50-1450 

Electro-
po:rceJain 37.5 37.5 25 1)11>-1420 

!hiD-wall 
type 49 29 22 1380 

sati 
pol"Oelain 25-35 20-45 )<>-40 1250-1350 

Dental 
porcelain 5 15-35 6o-eo 1100-1200 

. . 



!altl• 6 · V1tzaeou China San11i&Z'J' W~ Bod7 Coapo•1tiou 
with Corre•pon41Dg P~ing !emperatur•• 

!'7P• Content " 
Wuhe4 S:ll:loa l'elclllpar Other tlu:n• 
XaoliJul 
and Cl&Jll 

I. 40-60 )0-40 10-20 -
n. 40-60 25-35 - 15•25 

.. 

P1ring 
teaperature 
Og 

1250•1)00 

1200-1250 
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