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T' ¿B    ïnWty, ».    it '•orce fi i««   vi ".»HU       ^t.U»- ! !\g 

pronlem«  oí   fir«Ti-»y  «net   .itu-n  ''ef r*r+.or i» ». 

Art» trif '«,. i r«   l/pt-s   of   »"ireci „y   \nJ   .uU   %  -e« r »otarias 
ara  fi«t'irf»d,   *i-e »»^-i  r* prop» f". ic i^.r- r*' rv-.toru s 

li  *na  vaing (i*riir-iüii   ett-r,B  wf  *\ r« c  ay  .>: Ìct-B tran factura, 
raw "iat»riaJ ta ar*   fi- t rigori o*J.     As.   ^.aic r od>   prepar^U-ry 
possiteli iti«:; m  ahov,n,   i.«.     in.   .itiff-fu| proM ai,   the   ?.ry-press 
prore.,a,   un  w-^     ^   trta   .:.• jtìriR prônent*.     After baais proülrrs  of 
d'yirv; -ir*  ana!//ed,   firing  irjot-a--'  -  insinui""    ins -.n<i  ;irpcl«ifi3 
ot   cho^e of fuei      are tu^r.ed.     Différant stacca oí   rh« 
<Jfvaiop«ent  of -.   ' i rf-cl ^    p   tr.t  \rf  snt-wn   in   .o-v'er-sed  finanzi»! 
-inalysae  of  two p tints vir M   v*o diT«:rent  ./early  pro-1 "*t. i. n 
capacities  afin projected    oint!y   '. n t»- different, variant«l 
ta  full/ autori.il<»d  pianta   •: d \* plant?  at i 1 izjn,): nvxinur   irwr, 

A eimilix toh^rtuit    iar-   boen ui;e<1  for tne «inca manaiaoturln^ 
profcl#»j whioh,   at   the same  -rime,   have Keen «xt.er.ded with   t»i« 
i>ri«»f description of aupe r—o ut y aiiiu»    ef ractorten and aaini-slJ lea 
product». 

The  fe3*ab  iahtri^ o     the  -^frac'ory  industry iv any  ?iOur4ry 
mupt   be  vmi«rhc'i very  .jenaitivp i ,',   sint:*   it   w.u'd depen.;   ont   on!" 
on  the availability r>f raw t-a'.*fi iii a but   ai so on the mirice* 
potential   *nd the  feasibility ot   auch •_   ve ut-.ire. 

On the.  other han',   fireclay ranufaciure n*r, help ee'tle ir any 
of  the probier.it of  th?  industrialization of   iny 'v.untry,   devnlopinf- 
industrial   plantr.  comprisin -T h»- it   t  unsfer  -ind firing,   ba^ir«; or 
heating operations. 
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I.    Definitions  *nd    .o... ¡ *     i   : •<*   r*-".•J >•*. 

1<»í t»ia  ••*-'. laia   a***   •-•*   • *|. *c i f j- * >J   *   ta»'«ai  hi., ft 

tept,*: ratur*«  *I'.IM
!
    1*1  •¡••m,-'  <>     •*i,i«f.    >•.••» á-ib.,'«no»i  «r» 

t••-;••*<!   ;•*! raotory  nte> lkls. 

vet I ••:• ' .Ties  «r*   ••».-•.el I     .LÉ   • a*   :-i   ¡''•»in,:   ¡."tut       ! 

IC     0,   1.*.   I/«JO°0   -r a.... ve,    *p   'o  on*   »',   t.».    '>*n°r:.   They 

are   subiiviied  «alai./    V< ^nii-ní   o     a* i r  r* :   «< • a .n*as  by 

their  oaeatoal  ojupon i t Lu a end  ctaer  ¡avi     «1   ;•     |, *r* i-s. 

Refractory »«terials o..v*r « wui*   r«r.K,«     t    mpos it i'.ns, 

based   oa dii'feront »int rala «n 1 adiitives.   In  riiá   ice'..ir*, 

tacs«   refractories,   vhlch are  called  aloaioo-s iL w*t*a,   * I 11 

be     discussed. 

Aluaitto-silicate  Biü*rala occur  f r^uenti.y   in uature.   All 

•iÄturee oi  the  two co«pou*-aita ajstea  /ailica-aluaina/ slum 

a high weltia^ poiat,  as  their  lowest    Put.p.tu    aas beea 

accepted aa the  liait  for the refractor Lneaa.   It  ia uot 

surprising  that  this class of  refractoriea  ia frequently 

«•ployed la iAduatrial piactice. Although coapositiona 

raagiag practically froa 100% silica to 100% aluaiaa are 

coawercially «anui'actured ,  the ran*, e 22% to  >\2% eluaiaa 

predoannatea because these compositions are  formulated 

from natural claja. Theae producta are callad 

fireclar refractoriea.  aad,  ia establishing a aamufacture ia 

aay country,  fireclay refractories are to be coasidered aa 

the i'irat typea of refractories, which can be applied a ad 

coBUMrcially produced oa an eaay way. Ime »aaufacture of 

fireclay refracgoriea ia one of a aia topics of thia lecture» 



Pa*   ratio oí  aluaiaa-äili :•  larç*-ly  ietemiinee  the 

r«íi'lrt,.,i'iM;s     1   arteriale,   as   flhowa   U   Fig.   i.    Tt   la 

laüerstood   that  preterire  -., t  ,Aker  fluxea  and  lapurities, 

< aa  iecieese   * ha :aeB-i,ted   j et factor iaess   .vhi-h   La vallé 

!'.)(•    »«(..      t.'U • «» ai.OE»!'.:!    oBl.y. 

H'i   .   1   Hhr#a  th"*   aluaina-fi i lioa  ejuilirimí diaprea, 

r» Kie^nLia^  <•. /.staili,^i aphir    : hautes #jud   the aeiuiaK  behaviour 

<f >•  apouads,  nxtjce»  arni soli i   «>lutiiuH  uader  e   aditioaa 

of   •he* i cal  e^uilibriua.  The aoat   iapvrt.at  poiata ara« 

a. Th»*  »el'in^,  palata   )\  three   r arcuada are     hovan, 

n«a«ly,   that     I   bilica  /17¿5°C/,  auílite   /ÍH^C/, 

a ad  aluaiaa  /J050UC/. 

b. îâare are  two  »-ute.v   c.,,   t.hat  b<-tweea ailica «ad 

auilite m ltiar,  at  15 íO°C /after   utaer aciamtiata 

15^5*0/, Mí that betweaa aluaiaa ..ad aullita aeltiag 

at  1H^0°C. 

T»e ¡jaa* dlagi-aa shows tha  raage oí  firaclaj brlcka» 

oí  bilica bricks aad  that of high aluaiaa producta,  ahile 

t-robl'-aa  of   r he fireclaj aad silica aaaulactur« have baaa 

iac rporatsd  iato tbir,  lecture,   high aluaiaa «al  lightweight 

producta'   probl"jto will ba explained withia une of aert 

lecturas, 

fliUca rfithCtoriaa uoataiu a,t  lesa that 92% silica 

with oaljr verj   aall aaouats of alusiia«, wkich  iecxeaaea 

the aeltia.ç poiat ol silica rapidlj /sea M¿.1/.  Taey ara 



•aaufacturad fro« aaturalljr oeeuriag -juartiites or ga astara 

aad   far« anotkar Importa*t claaa of rafractoriaa.  Rowave, ,  xm 

coapariag silica with tka fireclay  raíractoriea aaaufactura, 

It  ia ©bvioue tkat  taa  silica »wauiactma ioaa rut   ->ecuj' to 

be  so coatiua «a tae  firaclajr  production.   Tkia  fact iapauda  on 

tie  raslitjr  taat  tae silica aamuiactui-e   is  MM    ipfnfif   tkaa 

ti*t  of firaclaj products.  Super-dutj  ailica b   ickf  ara silica 

rafracturia« witk atiictljr coatrollad litui coateat /aluaiaa 

lass tkaa 0.5%,  aluaiaa plus alcalis aot axcaadiuK o.7v< ir« 

total/. 

Saal-alliea m-oduetp ekow tèa silica ouatent kigkar tkaa 

80% fro« total.  Tkajr rapnaaeat a co«proavia#  e«t«t«#n    ailica aad 

firaclaj pxoduta ia ordar to iaproTa lo» t karaal skock a 

raaiataaca of silica brlcaa aad  lacç» aftar-akriakaca of 

firaclaja. 

j. 



il*    '•^Jif*!   I TOP art las 1   ..«f isctoriss. 

T-i»     toi'.»,   sa*   ,„..„  un*.*   imUj  tua l^tur. te 

ft t sr • ori#t,, 

1é ifriracuxlaaaj, 

"'   '•• *••«.   ..1.   mi.   4«  .^l.i.^d   L.   cfc.pl-f   TI>   or tWa 

'»io wm s .»ltia*.  potat 
«•or••mxi».mi :-#s   fc      1«48,     , ;#(,p(    C(jri#   ^      )fc   /lSnOeC/. 

ri...        *.o*b   L.t   \>y;.m«lir   e,,..   /4iu#      ,   t irsela  aatf 

rJlfi'   '••li«<*»-<»-^.    i*   ludi*,-.   .labi.      ,     ;««.,.   ft,.,.   MÉ 

-¿attiro«   'f^»t.-i-,t. ,..«.,   iB   Ca.tigraéa.. 

Du'i-r.   •-.,    «m-.o«   oi  lu.«-,,   raf.aeWy •ata.i.ia 

•'••   **>  s«i    -ot   ,,.1,   to    ti.   fc..t    ,ut    .1-0   t„    Là#    #fl-ct   _  f   tè# 

—    ,,,    t.,  bric-or.  or  ,t,.i.  .,  .  ,.*.,, t  uf  ta#mal 

• XpSasiül.     TB.18    |re«;„> Là*d»r     »*.*     ».       - p uaati   asat  causât,  ta#  DI ici. to 

-oft «a ai,  «   lows e  tear fra tur»  tui  ^.t   „ •i   [«lui»  taaa  r.iat  Curraspoadiaiç  to 

ti»ir   rtfiacto-inss,, 

U -**j  ra8«f>f  t.»,»for»,  lt  lg ^^ iaportaat.far 

Oì-ratio..]   pulses,» ,  ta ,w ti. rtf r.c turia.ss a.dsr loaé. 

A.coiMiag  tu diff^.t   tn,.. (>f  rafracton...  %i.ir 

¿«••a uavi.r load  caa d if far coaaida-ablj fn.m tà. 

• fractori«*.. d.fl/,ad bj   f^ruMtnc  QM*  fai««. 



" 29í-míít'>ri1iM Hill 

T*i*    orop«rtr   .»   fflmmi  ..   ,*.  #tllitj    A   *  ••t»ll.i   t., 

wittetaad   áp«cifl#.i  oaaitiu.s  Gì   Iù*1,   t#*p„r»t a.,,  mmi      íB ^ 

:>«t.u.   ,:  wüti.,, x. ,,âl.   ^,    ., üt_ tamd Lm 1;f.#i^t 

u«ti0a*i su»!«,«,,  rt i4 ^mk ,„ ,è . ,,. ,„8ui     t   gig t#-t 

I'«C- 

torn imiimim^ê  «e¿orarne  t.j  Jt«. «osi /»*    .i*«u«r« 

3p«clflc«tio«, 

lo«d  j>«r  uÄit Ai««,  «PPIU4 «t  « sueeifUd   r-«t   ,  t*«'.  • 

"twU1 *lU  •i^.t.M   ^.foc  it  un..   ¡*v.   « ¿^ tM 

cruafti»«   .tr^t«  of dUUre.t   fir.cA«j  .»4   aUi.«   Dric«*. 

fil *r€im*ry kxmi* ut f*rtciv t»ri¿*. « cr.«.^  »t:«^« «f 

• 6  lMit   10 irp  p«r «¿.c» «ad  u siile« bric*« « ..-^ 

•tr«««t« of  1*0 „t.  p#r  «q.c. i. caMJtm  to   u»  *ulfic.«*t, 

••  t««  1««4  u« •rie»,  u  Uiaitnâl  fimeM  ««w,i«t<i, «a  « 

«U«,  t« «ljF  «  f., tilopo«*. Mr ,(j.s.# m#  mMiue  Bt,r.-m%* 

«1«« 4ifUr. •«•oiMiat t« t** ^litj, of fir««i«j »rie««, 

r—**im *p to  lOOO t»  P.* .,.e« U t*« •••ufaetm« of 

«n»*ruirtj Dr«J«€t«. 

I« flftUtli 
»tal *aá gla«« ««ltu* fui"»«««« BM* to w lia#á 

•1*» vtrmterr nttrltli c •*«•.« 0f r«« Ut lag  *r««icm ««4 



ear eaioa by a@U«a aatals,  slaga  »at ¿laaaaa.   Ia otear 

•fpiicai i /**, «a •D^.lxr.jr to prav*at  tè* ««capa of gaaaa or to 

r«t,«ia  h*«t ,  aacassitataa cl-d«   t#*tural oat ol  of ta« 

í «fr-actonas. 

Ta*   ^oi-oaiV/,   «a  «  •«•».il1«  of  cà« prap<;-uoi of ports  ia 

a c*ran le  »atrial,     aa  o«   lafiaaa  as 

- 4upareat   ¡oruait./.   raa  raUu  oi   ttr op «a pores   la  ta* èula" 

voiiaa«,      ^»pr*n««-i     ass « p«-"Citatala 

- iaaiad   Po  asi'j.    Pa«    af t-   of   cèa   /..lUw  of tie  saalat pora« 

to * m#   bulk to l ¿a«,  «xprassad  aa a  Dsrcaataga 

- Tr'ja   Horoaitj.   Taa     a   io    f  tèa  tatal v,iuaie of tèa ocaa 

aaá  »calad  poraa   to   r aa  bail  v   lua   , axpraaaa<i   aa a parcaataga 

- vbüoíiít i ,a  /l'oi-asit(y a<* cardia*   co  wai^äta/.   Tèa  ra ia of  ta« 

*ai¿fct   ví  wat.   r,   «o«orbai bj   ta«   ap«ciaaa,   to tàa waifèt  ©f 

tèa   i  j   apa>-ta*a,   «»»praiiaad aa  a  pareeata^a. 

fxn.   5  áa>'*« paaaaitj ol  diííar«i»t i'iraclaj aaá  silica 

prauicts,   ax^rtaaau  aa   taa aaaorptioa aaá tèa appariât  porasity. 

ìtaédaa cèaagaa  •>( taaMratura waici ara soaatiaaa è 

a#..:•»,,ary  oauítio*   ».o   aaaratlaaai aateaás or tèa ¿afra« of tè« 

¿asacity  to Witèstaad  fluetjatioa*  la  taaparatura,  ¿aa ita* 

u   aa  iaaar atraia  ia tèa aatarlal  aaá aay saaaa  it  ta arac*, 

utopaadiaf  a«  tèa ir  uatura aaá atructui-a, iiff ara at  typ aa af 

rwfracn^faa art atora  or  iaaa  raaiataat ta  tèa  tèaraai. aaocè. 

*èi.« w.'aaiaj arieèa usutllj «itèataaa staiéaa aèaagaa af 

twaparatura wail,   siliea pi od-icta ara  ver    aucè aaaaitiva ta 

aaj ciasjK*    1 taaaaratwra, saie*  n cloaa to taaparatwra af 



T 

juarta aodiflcatioaa carnages. *ore iatails will be firea la 

tae Chapter ITA. 

Tí   the revpraibl* Lacxeaee  ia diaeaaioas of • aaterlal 

waea it  is acatad.  Normally,  the  liaeai' «xpaasi n  i-t   quoted, 

either aa a perceatage or aa a coefficient,   IB either case ovar 

a atatad temperature  range. 

T»e  liaaar thermal expaaaioa ol rafractoxics depeads oa 

tha prepertieo of tae aatarial aad haa to be take* iato account 

im the coaatructioa of furmate liniaga.   It  is partially 

»»eerHed    by the vertical aad hoiisoatal Jo lata betweea tha 

individual bric ka, tat ia completely c hack ed by tha #*p**«ion 

joiata. 

The average liaear thermal expaaaioa of a fireclay 
—6 o refractory »ay ba quoted aa C.5H or aa 6s 10    , betweea 0 

aad 1000°C, while that oae of a elica refractory, for tha 

aa*M La terrei,  reachaa 1.2%,  i.e. 12 x L0~*. 

SïiaUleW al 
Refractor» aatorlala oust ha pr aaaaad aad flrad aa aa 

to ii«dargo uader aonaal eerwlce teaaeraturao oaly alight 

additional carnages La voluta /coatraetloa or expaaeiea/, 

carreafoadiag with changes ia their struct IATO. 

walle fi reo lay bricke, after be Lag refi red,  «haw a 

penarne*t limaar coatractioa, ailica producta, uader taa 

aaave coaditioaa, prove a »ernaaeat llaaar expaaaioa. 



fia 

i« «xpr«sa«d by tk« iuâlitj o? k«at traaaaittad tkroug* 

• »ateri.i  ia uait  Uae, p«r uait ta»p«ratur« gradi«at alo»« 

tè« direction of è flow, «ad ptr umit of  ero«   - aactioaal 

•re«. 

Tk« tk^mal coaductmty of rafractori«* d«p«*ds «xpeci»llj 

oa ta«  iu«litj and tk« cieaical ccwpositioa of tk« brick. Tka 

kigkar tke bulJt danai ty ol tke aat«rial and tàe low«r ite 

porosity, ta« b«tter is itt tk«r«al  coaductiTity. 0» tk« otkar 

kaad,  tk« best tk«ra«l ìa«ulatora ai*« ligkt w«i«kt aatarial«. 
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ill. Fireclay Refractories. 

1. Raw aatarialat 

Fireclay refractories are produced usually frcm natural 

.aw materials,   la soae  cases  some of raw material« are  refiaed 

before used  in fireclay blenda. 

E»c*. blend  i.a coaposed froa two basic parta 

a. piaatic  part,   suck as clays and  kaolina 

b. aoa-plaatic part,  suck as grog /culis aal     fired clays/, 

flint claxs amd sand. 

Refrac to rr clave /ckiaa clays,  ball clays,  fireclays and 

otaêra/ are classified  into two aajor groups,  aamely residual 

clays - wmere tke taterial is found  In tke location ia wkick 

it ia formed, aad, sedimentary clays, w*.em tke clay aaa beea 

traaaportad ia aoae way and deposited elsewkere.  Tke basic 

coapoaeat of refractory clays are alumino-silicatea minerals, 

usually,  so called clay minerals. Tkese niaerals  akow tke 

workability aad can be traaaforwed  /by addition of water/ 

iato a plastic blaad. 

Tke most importami aubstaace of refractory cxays is tke 

group of aimerais of kaolinite, witk a caemical coapoeitioa 

correapoadiag cloaely to il^Oj.Z Si02.2 HgO. Suck miaer*la 

coaíer bot* a refractory ckaracter and plaaticity to clays 

ia wkick taey ara present. Refractory claya are contaminated 

by oaly amali amounts of alcalies,  iron aad titanium 

compouada aad otaer fluxes. Taeir propertiaa fluctuate    ia 

respect of caemical composition, refractoriaesa,  plasticity, 

dryimg and firiag sariakage, ao tkat it ia aormal practice to 

use aaveral plaatic claya mixed togetk^r or witk flint clays aad 



kaoiinr.  f„r uy particular product.   Refractory  clays also 

c —i-aia,    .s saaiie    or   bigKer «looats,   silica mimerais,   «anely 

•luart«.    In additi:»  to   Vaartz,   otaer  cry^lliLe,   «..rpâous  or 

»oacr.y^fci.iue ayJratea   silia may   ¿e  present but all .*ve  tae 

cae«ioa]   condor.it iOü .">i00, 

MlhLM.2 *-•• "t»er ilast.c raw •.t'.-r.ala «ic are used In 

s,omr rue May bud.y expositions. Tney c,ut,aiU practically pure 

clay  U^ral aohm   o .    In coaparisor.  «UM   clays,  kaolins  saow 

ai -k«r  pui'iV;,  w*j >lor afte' 'iriü^;,   coarser particles and, 
tker.-i'or.-,   luW,,:    L,ItìJ, iC ity,   Kfc0JimJ   u0Cur   iR   , Be  ^^  ^  ^ 

kaolins,   <; ..tainin... usually 1S% t,    oO% of  tae  ».xneral ^caolinite, 

balwcv  be in,; , ;    -seated by  quartz   .and wita s«*iler ^.^ 

of  f   l^ara,     „,,,* *«d  0titer minerals,   -¿aw kaolins can be 

COM.- really e .pleitea   in  ta, manufacture   or siliceous and low 

duty   fireclay refractories.   If wasied   and   reiix:ed,  kaolins are 

valable  r-w «at,, L*1ò   not only io:   ai¿k and  supexMuty fireclays, 

but  Miso  for utaer  types  o.   industrial activities,  suca as 

filiera in  tae n-nufacture oí  ¿.apar,   rubber  and cosmétiques. 

y i-:,   o uaows properties of selected  cay. aad kaolins 

';..:.•»:   ia refracury biends. 

To control ^kriafca^« during dry inj and  firing aad  to 

i^,alate properties, of ; inisaed products,  fireclay büdiea 

must  also  c.atavn tke uoa-Dlaanj, rm,  TM1S mun-plastic 

portion of  tai siliceous  and low duty fireclay blenda can 

be represented by natural «minerals /suca as   quart» sand/, 



added  to bleuis or present  in clays or ra,- kaolins.   Cull«, 

fired clays  and flint clays are  added  into nediua,  hi-h - and 

superduty fireclay bricks in the  aaount of 30% to <•?•* fron 

total,   referring to the quality  of fireclay  oricks  produced. 

Im general,   to produce a fireclay  brick under »amai  industrial 

conditions,   total non-plastic raw materials in  the  fireclay 

blend hare usually to amouat at  least to 50% fro« total. 

£nUl are firebricks, which nay already  hare been uaed 

is furnace lining or elsewhere,  crushed te a size suitable 

for incorporation in a batch. Also wasters from  the  o*n fireclay 

manufacture  is used  in the sane way for renakia« into bricks. 

As the porosity of culls always is higher than that one of 

firn* clay»,   the additioa of culla into a fireclay blend is 

limited according to the quality of finished products. 

Fired cUt, ffg f^a. ^^ 

All types of high- and super-duty fireclay bricks aust 

contain fired clay-* and/ur flint  clays. Flint  clay is aon- 

plastic refractory clay, which is kaoliaitic,  with possibly 

contanimated with diaspor or boehmite.  After firing,   flint 

clays contala 42% to 45% of alónima. Their refractoriaesn 

reaches Idrometrie  Cone Squiralemt   34 to  35. These are aaterials 

of aa extremely hard dease texture.  Although they are rich 

im kaolimite they are coaaolidated to such aa externa that 

eren fime grinding will not develop aay significami plasticity. 

Fired clays are fired ia a rotary,  shaft or tunnel kiln. Fired 

clays stremgmtem the skeleton of the body, decrease the 
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Plasticity of a gr,ea bo* as .ell as its sari«*^ after 
dryiag a.d fi^.   ^e aigker Mouat uf   fired  ci^8  ^ ^ 

Mead  tke .ore accurate diaeaai.as Cf flai8Med products. 

Saads ca. be added into ble*ds of  siliceous fireclaj aate. 

ri.1.  i« -der to idease  tu. «ouat of sturai ao.-plastic 
-tenais.  Aa, of gUart, saads U  suitable for  ^  ^ 

P-vided it is not co.tMlMtad by otàer fluxiag BateriaiSi 

Fig. 7 skows properties of selected aoa-plaatlc 
refractory raw materials. 

Aside bas.c raw aatarials, differed organic matter. 

c« be used as boMs to Ucmse ta. plasticity amd cruaàiag 

etreagtk of çreea products. 

There are  tkree «ai» ni-oce«*»«   i- *-v- «•A* pxoceesea im tk* mamufacture of 
fireclay refractories. 

a. Stiff amd process 

b. Dry-press process 

c. Castimg process. 

ftt  ¿Uff mud rpryçysf.  Pig.  e. 

•Mows a  typical  flow diagram for tk* ..«„*« *. •tti« i or tie mamufacturs of stiff -»aid 
brie»., ati« «, brlok. .„ fom- bj iorciig tke piMtic 

1«. ko«og.,.ou. colu» tut c« b.  cut o« uto r.,uir- 

tarougk, »kick forets  tke ciar with.  k<  w «<•« cxay witk  kigk pressure tarovurk 
• die. ^^ 
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To receive a plastic bodj, water is added to tie fixture 

witk eitker a wet pa» or a pug »m.  T„ labt„ ia ¿eaer||lljr 

preferred, because it is * comtiauou. process a»d better 

adapted to  feeding  t,ke auger. 

Tke pug »ill is a  lonjf  tkrougk-skaped container wit. 

usually two kori.oatal  skafts ruaaiag dow» tke ceater,   kavxag 

attacked to  tk« suitable blades for fading ^ ^^ ^ 

clay a»d propelling it gradually toward  tk. exit ead.  Water 

can be added to tke »aterial in . pug Bill  t0 bplag ^ ^^ 

to tke proper coasistaacy. 

Tke auger »ust be deseed so as to prevent lttia.tior., 

wkick often occur ia tke ceater of tke colu«. a* a crack. 

Tke die itself iP geaerally lubricated witk oil to reduce 

tke surface frictioa,  aad off» it is stea» keated for tke 

saae purpose.   It kas beea fouad tkat  if tke clay is ^xed 

in tke aucex i» a vacuo« ckaaber,  tke air is readily removed 

«d a »ore dea.e aad ko.ogeneous colu»» of clay is produced 

i. Passim tkrougk tke die. Deairiag of claj kas beco.e * 

coaao» practice i» stxff «ud brick aaJciag a»d it eaable. 

tke production of good quality brick, witk a deaser structure. 

However,  to re.ck tke required effect, vacuo« kas  to re.ck 

up to 700 to 730 a» of %. 

Tke colo»» 0f clay fro. tke auger i. cut  iato uniform 

sections witk a wire cutter.  Some of cutters work witk ome. 

tke otker witk two wires.  Tke latter oaes provide sections ' 

of .ore accurate     leagtk.  For tke .a«e reasou,   so»e of 

producers prefer .i.iag of .actio», before tkey are repressed. 



Représalas or cl«y «eticas «akes up  tke requi,ed  skape 

to   tke brick. After bel*6 re-pressed, bricks are quite fir« 

-1  c« be  real il y k^ilad ^   „^    oa  ^ ^ ^ 

For Maid sk*piût:  softer clay is prepared ia order to be 

•'•'Oi-ksble with  iowe.   force. 

*6*i*é of tke prepsrea clay section  xs a useful operation 

<    —ease  tke  plasticity  ,f tke fixture asa to decrease   tke 

•'•noiUvitj of .at-    olends to cracking durine ta.  ,     • <- *cicxtib during tke drying proceas, 

bi_Jü-Jrti-eas   î-r.,)t^?g|   Fig.   u 

il"'   'iÄdl" lü-   ;Me  »«ufactu« 01 dry-press 
li ree lay   .•«: -actori es . 

:     f aaki:^ fireclay bricks tke 

-v;* powder containing 6 to 10% 

3'.   a clay  can  be 

Ci. 

la :.se  "iry-pre^,   ,..L- ..,-.,. 

•*    -       û..i.-*-'   y   ,r » 

*»^-i'.    ut,  b    »lH-a p((    ..,.,. 

*äLO   •   ,   ì   ¿eaeuj.    bnd,-<.» 
i-i'iîe-i 

•»V«  , :'epi.. at A oa  o:'   ..arti ......     „ .      , 
l* '•    ...... .4,,, í ¿r  to 

tkat. «e i* tke stiff .ud process. Tke «ode« tecaaolo^, 

-o,.v,,r, ae«s to be favoring tke »ore careful coutrol of 

tke  fc.,iug of t.e grog  by acreeaiag ^ recQaibifiijig iadefiÄite 

px'oportioaa.  Tke nxxture  of drv ra*^,«>n e OI apy *»t«rials is «oistemed im a 

«a orou^at  up  to tke proper coasistency.  Tkey are 

différent types of iiixers used f^r fkí. 18 usea îor tkis purpose. Tke «ixe* 

«aterial is delivered to  a kopper over tk* A„ »u^pe-f over tke dry press, wkere 

tke »ixias actxon is co.tiaued a* permitted to flow iato 

tke dry press as needed. 



Tkey are different types of dry presses used i* tke 

;   dry^press processing of fireclay refractories,  suck as toggle 

type, hydraulic presses cr friction presses, pressing one or 

•ore presslings in one    stroke.   Im order to sake uniform bricks, 

it is essential tkat tke mix be unifom tkat tke sane amount 

of tke material be always    chared  into tke dies eack stroke, 

and tkat  it be evenly distributed  in tke die box. 

Fig.   10 snows tke variation of nain    fireclay brick« 

properties witk tke pressing power.   It is obvious tkat tke 

quality of fireclay refractories is    influenced    distinctly 

witk tke pressing power, up to tke linit of about 500 kp/aq en, 

C.   Casting Process. 

In preparing tke body,  casting process is used usually for special 

types of fireclay products only.  Considerable experience ia 

needed to make up a good casting slip. Tke type and amount 

of tke clays are  important as well as tke siting of tke grog. 

Tke amount of deflocculaat must be carefully adjusted. Tke 

casting process is leas productive tkan otker molding metkoda. 

Tkerefore im establisking tke fireclay industry im a 

coumtry it is not recommemdable to «tart witk tke caatimg 

process unies« local teckmiciama are traimad aatiafactorilly. 

It is necessary to mantiom tkat, im many countries, 

siliceous amd low duty fireclay refractories are also produca* 

in a rad brick plant, following baaic operation of tke red 

brick flow diagram. To add firaclay manufacture as a by- 



Products. ., rel blUU ls . ioo4 eoKwi<Ug >t#p ta 

*. «„.„„„ p.rlod durUg t„ ,.t.bUrtlig  ^ 

«e firia« températures aeéded i»  t-k. - 
•••aea la tae Mufactura of good 

*-u* n^u, brlcks. Ä co, firêciv productt ^ 

. ^ Mlt.bl. to fulfu COMltloM for api>s 

Ilrecl«j product«. 

I. t.. «ftetur. of d^-pr... flr.CJJl7 bricto u# 

«*»i* P,-*X« .re o.co^ qult„ >UpllflM_  ^ 

*»i* cr t.os. of .  UtM siip> au8t ^ ^ ^ 

obt.i. ,ffici„oT im t.. oper.tlo,. 

«o» t.. sr.e.  product Cim be Uni¡   iu ^^ 

••« to be decreased bellow 2%. 

toÜÍ "' dI7U« •>"»•• '•• «V smrUk. wW1. ..t„ 
la beiÄg evaporated. As sarinir.^      u-  v 

ia equal i» volu  e to  tàat of t-k. -.- * «.o c*at of tie water resored duriag t«e 

-» -«« U ... bod, t.e .ore ooe„10, tk6r, lB for 

cr.ota.  T.e ..ter l8 cUtny „ouma w wMk puatic  ^ 

1«.    U  ..O.S   t..   typlc.1   irTiag   m.   CUITO   ror  ^ 

Aiffereat clajs.  Duria*  tk. •«„^    *. v      «urug  ti8 co»sta»t period IB tad Di 



of th. vapour through « rttarlig atatioaary lv,r of air.. 

: The «ter f:0« the  iaterlor of the piece «ov.. towards th. 

surfte.,   coastaatly repUcUg that which h«. .v.porated.  Th. 

rate of drying depead. oaly o« exter*.! coaditlo«., ualea. 

it beco««, so great that the surface drie. before bei.« 

repleaiahed fro« the interior. 

Durimg the li*ear first falli*g-r.te period the water 

still evaporates fro« the surface, but as this is begiaaiag 

to dry out  the rate  falla. The secoad  falli«*-rat.   p-riod 

iavolvea eTaporatio« withi* the  pores of the body followed 

by «ove.e.t of the vapour to the  surface.   It   is uot  very 

susceptible to external coaditioaa. 

Fig.   12 ahows how a* eaiarged sectioa oí   tke clay 

looks at various stages of the dryiag procesa.   I« A,  the  clay 

particles are well separated by a water fik,  waich al.« ru»8 

coatUuously over the  surface.   I« B,   the aaount  .1 water has 

decreased uatil the particles touc. oac «other,  but  ther*  18 

still a coati*uou. surface fil«.   These  stages  reflect  to  the 

linear period of the drying rate  curve.   la C,   the water ha« 

decreased u*til the surface laye.   i. b.ohe« aad the level 

resedes iato the capillaries with so«, air i* the structure. 

Water is brought to the aurface by a capillary flow aad a« 

vapor.  I« D, the water haa atill further decreased uatil it 

ia foumd o*ly i, a few place, where th. particle, co«, cloae.t 

together. Hare .11 th. trawfer of wat.r is u the for. of 

vapor. 



Pr.ctic.lUr,  fcowTT,  it i. *„., mmMmawj to  r#Ä)T# 

tbe  iaat  tr.c. of nt.r.   0. ta. otb.r baM . drj pUc#  u t<> 

b« bard te be iMdlM.  Ä# crusàUg ,tr#B€tà ^^  ^^ 

to  «t  lMst  10 «p/aq.c«. 

I. lMt.lling dryia* e.mip.aat *  lot  ol  factor, .r,  to 

be  t.ü«  i.u  eoasideratioa,   ,ucb a. aaouat   ^  typ#  of ^^ 

to  b. dried p., d.y,   ta. .T.ii*l, «p.c.,   «..po^  MMt   fu#1 

«i  tue  efíicie.c,  «i  tàe «« r.t.   )f &9Í9 dryiiág#   ^ 

typ.,  of dryers  U3Cd   ia  tàe é flrt€l#y „.^^^  ^ 

Eltfl» flfrtrfli   í'«cl«j product, CM o. ..sílj driad 

wb.a expos*!  to   tb.  .t.o.pb.re  i. WM ^ drj  CUMU- 

ElWd fifrtn.  wie.  tie iMt  i s ¿applied  to  tà. ferie** by 

eoav.cUua,  coiductioi aad   radiati«*..   Matad dry.r.  c« 

be  coaatructed «g 

- flat  fiflVf frTUi,   Fiígela, product, .re  placel  U .  .1^1. 
or .«v.r.!  lajei.8  ÜB „  at,t#<i floor u-i-g  u< ^ ^^ 

•••t.   3acb floor,   u  tie saae Uaa.   caá b.  tbe ero- af 

tbe  mu.  Hut  floor dry.r. .r. very ...y to b.  UaUlla* 

-•*  tbey fit  to «.ll.r capaciti.«  of tà. pl.t,  but 

their disadtraat.*.. .r. mmj, ,uca „ ^k mm-oow, 

1Md'  lar«# «P«c« »••d-d «ad ua.r.a dryU«. 

- faiJliHr Dnirii   Producta are placad  o. fallet« of Lb. 

••»• »Utk u tè. cbaavb.r, .. .oa. a. tb.y a« «*.. 

T»— are tb.. loadad o. . CU .blab carri., p.ll.t. U 

tk. dryar. Aft.r pronte .r. driad «loadi** ls 

uadartaba. i. tb. .a«, .ay.  e.«*., éry#r. ^ ^^ 

Wilt ap to dry product, of . pi-t »^ a^à., «a»,f^^. 

rlmf capacity. 



Im i* ixvclj r.fr.ctori.. ••auf.ctur. 
tu...! dry.ril  u  th9 ^ aomom typft of ^ B ^^ 

tc «ry product«.   Th. -i,  la ,owd   tàroi4gl| tfc# ^^   ^ 

tr.ck trucks.  Ä. dir.ctio. oi   tie  .iP  rio, .<, * 

•itàtr cou.t«r „  or co.e,rr.Bt wit*   t*. c*u- .otio«.  T.. 

cou.t.rcurr„.t .lr fl<Hr fcUM#i 4ry#rg ^ ^ ^ 

i-  th. firrlv .«ufctur..  Th„ „«*, ,. aLr um 

«rè.*, ti. *ricJw «r. r..OT^ ^ M  smj|aust ^    ^ 

tl.J .r. put  U.   TUM.1 dry.r.  r.p^.«t . ,udÄr»  typ, 

of <try.r., .« t.«p.r.tur«, ti«. «*  n^énj ,,.tl-oi    .« 
b. .ffctl^i^ ..Ufi.* >, wlou. ^^ âié caa 

*• >t« .uto..tic   to  co.pl; .ita . pr«|.ter.U* dpyU« 

«»-.1 4r,.r. H.-HJ .r. ftppim u . fir#clv Dlaet of 

• àifà MDMity. 

**• tiri* pro^M of firwity r^r^t.ri^ i. t* 

—t HH.tUl ,«rt  u t». fc^io^ fbi(  Äli prfÄM 

of *.*  tr..t^ i. wu- u . kiU ta âw#i0p § nt^M 

or cry.t.iu« *«*,  t**. «1*1* tli pPe4lÄt ta# rtquij^ 

»<*«rtu. *i<U4iff.r fro. pm#Pti#, #f ir##a ^^ 

rtfrMUrlM «#«i 



<>~ 

I*)» iwtf 

*4in« duty 
1590 - Ulo 

15«0 - 1410 

H10 - 1*90 

1»» -  15O0 

%i«  ml.  la  ».114  f.r  t*. mmj.rUj ot liff#   ^  n^^ 

r»f r.etori •». 

"~ P^rtiH .f t». nPmé tir9€í^ proatèett  #r##m 

awu, ti, flrUl pr@e#.. >y liffll,,lt ^.^ ^ eta.1#-1 

*•• **.  ä.U. âl^ S10¿w v 4- ^^^ 

••tèi«« kpi^ «til *^Oöc i. r#^i*, ,% miQè wmim m 

•frt. ta »  Utmi,   to %fc# _  na# tè#r#   ia ê J^  u 2 

170  el  Mr fr^..   ât  ÄO|rt   ^f |èw   i(t^  mWl|i 

•tn»Ur«  .nPWr..   4^.   10^pf ^§ ^^   mtm^m 

»»AAM« Mt «ri.tofc.lit« mi 

«•« 5** fl< 



F14.13 ato M,   • •*»• ic.llj,   cMti'k,   riictui oí 

suci »roc«..,   ri*,   i* ti« «io«  ti. tjpic.1  Oifi.,..tA.l 

^.rMl   Ai.lj.i. .f   ti,   n.ii«,   „u.  #adl^  „,   „ütfcMtlc 

fc. fUïSéATi Ti. dwag.«  u 1«.. p.rf^tl^    nrv.t%J¡lfM, 

»•oli.it. or fir»cUF «r.  ^>««,i.t  Hfì.r..   ,   I#» ti. t^lBf()r 

"UiM •'•  1-M •**n> ••*  ti.r.  i. MMHJ o.lj  llttl. 

• li«M«.t   I>.*MM ti.  fc.uli.it.  itirtii« ..t.rn  «a   ti. 

P.BUltiÄg   .Ulli*.. 

Ite.t fir.el*j. citm immuriti.. ti«t 

CM ter«   iaportMt .ff.ct. 0.  ti.  ti rit  propri,,.  TV».« 

i-PUTitiM,   «Ctl/   criOMtM   Má   MlritM,   ir..*   up   tkWílw, 

to  fon. MìA«. Miei ti.. «Mt witfc ti*  ol«j.  iullM,   lro. 

coMa^é., fluori*..,   Md  .U.U..  Mrti. oit.. .r«   ti. 

ciuM of  ti.   ijcr#M*i   rHctlM  rit. MM Mât IM. 

M   M.Afill   AIMO«**   .iliM   L.  M   UM#.ir.l»l«  iij.r.1    1. 

•MiM-,   hi**- —A  «Mp.ráut,  firMliy.,   it plv. „  llpopr.ttt 

rol.  U   1.« 4*7  Md   ipwuiJi   l.   .iUMcu.   fir.rlV   r.fr.cto- 

riM.   te  r«frMtufl7 ci»/, Mí  r«  umiiM»,  ,Ul0#  u#ttalij 

#MTtt  «M   m   trtMfgrMl   if   iNtiac   ¿.to   •  autò«r   .f 

M©lJ«MlAoM  •AKlifie.tiM«   /M.   fif.   15/. 

**• •*• •*  !•»•*  •••••  «ri.t.iu*. *.ri.ti.« of 

• UiM*, - «M â -  í|Mrt.t A ,     4  Mi   •• - %, L47.it. 

«•**. -       »M/S- «n.t.Wli*.  Ma  3Mrti  «IM*,   M.    <§f 

•'it.r.  CU   tW-  MélfiMtiM.   IM   -   Md   fe*«»   f».r.W. 

•udifiMtlMi.   IM i .Mil, uf tri4Mit«  Ml  er li« •*.!. ì.  ar. 



«<7 .UlU,.  .„ tà.7 aiff.r C0MU.r.bi/ froB tkoi> 

CjUATtt. 

Zà* «raatar   LB«  aariaka«a   fk. . 

•"Idia* dia-aaioaa   ;f  f..«.^ 
i^iaàad products,   u».  àl^M rtrUk«. 

**    •«••   -raciiia« darla«  ta* f<„< —*v 

'*••- * wh* *«c« fi ree la/ bind mat    •   .•   • 
/••• r*    • *" BO«-Pl«tlc portio /«•• c»#t t*r in/? «i fk¡    ,    . **x« rri/2 of Ul. UctuwA ^ i6 ^ 

lW,Cl1  fir^  ^i^««. curra« of c.ra*lc r. • 
hiaari. **1C  raW  ••tarla!, ud 

*  •*»•*> «r   of   timori«.   k..,~   L. 

"*  "••"  •««•«•d   fur t.. eau-  0 
^•t««  •ària*.*«  ....  ,     x 

Cau"  ° 

'""«i   **•»   t*.   .art**.,.   flirrM  .„.    . 

•en.. ^  th. ...__ .     ' " *r# ^ * *' «1-H. P.~. ictl<«  ^   '•« «urfac.   capa Ilari.. ~   « ""   '""" 

rat««  o   eux    :•   >î». ,_i ^   .la/ oal.f wa« ao«« fiMt,    ^ 
ta pr«»a-at# a»*«»«/ PM aa 

•À*» >àrLaâaK 

I"  *-•• i r-actic«  ta«  fipinJ uaw iirij^g pr^ctrii ,-*••-,-   •- 
i- «"I*«*  .t  l^.t  ^to  tk 

V factor., 
*•»« iato taraa panodai 

• »iicà i, aaaa.aar/ to raun 
Slatti«  coa^ouada /.«ce aa .aceaai^i K 
or.- * ••«•^Ical or cèaaioal »atar, aa4 
orgaauc «at tara/ by aa-iti-ur —^ / 

'    7 »••«Uc «*4/or oxidatiaa. 

•r roaatioaa, aaica uaatar« tkat ^ , —w 
«Kii  . w i«wtW» «i^ifiaaat A«.. 
»Ill taxa plac« •**• *«•—i «••••• p^aaa «#>,, flracl./. «.ai  ta .am«* 

*• coal prolan. €<Jm %9 tà# ^ 
ratura. 



-"M- 

«f. lo «Mow. . typicl t«p,x.tur.-ti«e curra for 

firaclay» rafractoria. firiag operatioa. 
I 

*il. rad brick, c« b. fin e,e» « ta. sij.plest way 

, -. a. la cl«.   fireclaj refr.ctorles> due  to  tMe requft8Jd 

•flrlM t..p.r.ture,  4r. firad  Lm    two    „*, ^^ of ^ 

a.. PTiodic   Cil*,   /.UCM   M   rouBl   or   rectawlar   Me</ 

».  Co.ti.uou- kllaa /guCB M HoffBMa or M ^^ ^ 

I M4 tua»l kli»«/. 

*'  friniti  Ulli s« 6« op.p.1« o, t».  up.dr.ug4t 
»,n,„.t.1^r.ugkt or ti. dom^rMtM prUcl.,le- n. ta;t 

T..UH. .r. obt.i.«  ,. tk. 0D.r.tl0, ûf kllM  M tà<  iüwm_ 

'  ir-ai »Ugàt    principi 
Tk« firiag proceaa oí' fi ree laja  ia a 

j  DTlOdic   *un     i.   b.8ed   0,  p:acl^   ware   u   tà#   kiUj   om        9 

«ra,iual aa.Ua*  up   ,f  tk, klhl|   0, ^^ at MatiM 

tarature for a «.casaary p.rlod aad « coolly ta. ware. 

Tke «ara caá taea ba reaoved asá a fra.h .•++<. *•• * Irt" setttag caa ba put  i«. 

It i. cla*r ta.t appart fro. l*.mci.mcj bj àaat loas.a 

throve win, a pariodic alla «, t ua. . large ^^ of 

fual to àaat up t.. atructur. for .ac. bate, of ware, all of 

-We. i. lost duri«, t.« coolie.   O. ua otàer Uü, pariodic 

*ü*. «« b. u..d tor *.rj „all «a.uf.ctu^ J#.rly c«pacltl„# 

Cardal! ttLi, or rtuttl, ^^ ^ ft ^^ ^ ^^ 

t/p. of pariodic kil^. a#y ar. ua* «^..fuHj for firUg 

of .p.clal r.f«ctori- Vac««, of t.. -^ cf MttUg ^ ^^ 



— tk. T.r, n„ttl. ftrUf ejcls> rticM ^ be ^^ ta 

KKrtUM *Uk "*»!««. Jf prMu-. flred.  n.r. lg on#< 

• =...sld.r.bl, M.TLM, U fu.1 «i  i.bor 0«r tk. oWer tTpe 

Of   p.:-iOdlc   kU„.    rk„  ,re   UM„    for   M,Uer   c.pKlneB   ud 

oft.,   f ir.d „,   -o   1600-B t0 1700<>C-   ^ .^ ^ ^ ^^ 

of  fl-x.bil,,, i. .^^ Jlff.r„t   llrUK crcl(>3  .cconlUg 

r-«">   Me   product   fired. 

*>.   ggltOB9'«   lUljfi. auc. as   of  Hoff.«« oc  fc^.j. tjp# 

utili«   tie waste  le.t  ,i*e, 0„ durl-g  cooli^.   ^  ^   ^^ 

lt,,tiiUJW kila,S C°-8l't of • «*« of periodic kll.. co«,cfi 
i. a   circuit, *>. fresi air flow  p..«. fll..t   ^^ ware ^ 

•a- bee«   fired „d   ls   ia tfc„ cooli^ oper.tiw| ^  ^^  ^ 

Dr.Me.ted  .ir .o.e.   o.   to t.e ^   t..t   u beiag   fip-#  ^ ^ 

•aste  ,>BM pass o.  to ware, wiicM   i.  to be fired.  Gre« 

produis   are predated   so ttat   tkej  .eed  1... fu#1  for tM#ir 

ow.  fir^:  procès..   T.. „u prlaclple ,,f t-ifi  typ0  Qf ..„„^^ 

»orki^   al«a i. based  o. tie fact   tlat  t.. flrt  mlwmj9 kMp, 

•OTU,-f   wMUe product«   ,e..U i.  t..  .... po.it i«..  ^^ ^ 

i. utilized  for prefce.timg of gree* product, but   t.e ku, 

structure   .tin ...  zo  b. M..ttd ^  Co<jled fop ^ ^^ 

I*  tH.  tu«ei  kila. th. r.T.rs.  rit>c... 1. «ppli.d. A 

tu.Nl .tructure is d.Tidad i.to field, .t coMtd.t,  dlff.«.t 

t«*er.ture. corre.po.dUg tie r.quired firing cu^..  Ä. imr, 

i. .lowlj puM tkrou«. t.. kil* o. klU truck..  Iw ot 

it. «i«. .ffici.acj tue tuM.1 kLU la. b.« r.C0Cmi.^ .. 

tl. b..t  kU. for M. productif of uaifor. product.. .Uloigh 

i^roTed  l«t.aitteat klU. <*. co.tiau. to b. «.* for mêJ1 

or iadiT«lu.l b.tcfc..,   .peciou.lj of ..«y pUc... 



.ax rati» 

Tb. cboic. of fu.l daps*. U.UIUJ os followisg factor., 
j - arailability asi prie* usit of »«at 
j 

- capital asd itiit««« coat of ajuipsast .«casary  to  a*  fu.l 
- labor r«quiras«st 

j - ajsiaaic coatí It ios« 

Ti« following aourcaa or beat cas b« u.«d for n^v 
rafractori.a firimf 

- lirait« 

- coal 

- cok« 

- astraeit« 

- aaturai gas 

- toa» gas 

- prop«* 

- producer gas 

' - oil 
í 

tlostricitj IMI sot cos« isto coa»l*arati&a fer f¿roslsv 

firisf bossus» of its wvj àiffs s«t cos* par Meal.  U co^ariM 

»its cosi, s«t coat par teal of alactricity la u awa«a  10 tlsaa 

•igbar tsss tsat os« of coal. 

or brosm cosi 1« usuali* prossod ista brisât tas 
b«f«r« usa. 

âsfl.aa sail as ligsiw ar« Mt usa* for saatisc s# tussal 

kilss «fell« tsoy ass so susoaasfull* utili».* far bastís« of 

P«riodi« of ssffsas bliss. All coals «*   llgsitas costáis a 

«•rials aaoust «f suis«**, Taryisg fra. 0.5H to 5.5%. ¿ul*bu» 



-Pft- 

»^«    ¡.-i •-        uad coal«. 

*i  fu.1 ^ gP#.t  *vaata,„ over iond fu#i>   ^ b 

of SM  fuel   i. «uci  .01»  ••«j  co.troli-  ^ 
rta. f, r , J comtioim tM« tä.t  of .olid fu.1. 
?*• flow  of fuel to  ta« buriir  i, •.*<« »uimmr is co*tiauOU8,   it c«* t» 

« f.i .1... .w Kcl gPMt.r cl.Mlu#„ boti ^ 

<•• oft..  »«. . „^ lo. ><UDèul. cuatMt> 

*»T  of mmmfucturime rn«n..i-. 
<•«« «mi« pntu to ut Uli. nr1M.» 

«M. «u..«^  f,.0. coal,   lu,Jt,t  coà# or MlrMltt^"" 

«.!  «-«   «o   *  Mrt..U-   ,.   fl„   tt juat  of 

i—. .0 i.< t.„ „f CM1 „-M to tUt tkt ^ ^ 

• - ~ic „u. r„r. « b. tteI.fo„ . couu,r->it 

-   * -1.. ..«*, M.«^.. ...UQMd   u tto   f 

•   «frapè. 

•IM Um fìlli   nlìU **.ir •Mr.ct.ri.ti. w* wr- 
*7 HNNi^  to tfe. «„*. Äll fro- ^.^ ^ ^ 



I 
I Pr.ctic.llj .n kury fuel oils coûtai, .ulphur up to 5% to 

j <*. Fig. 19 shows ».i« propertie. of ...TJ fuel oll i* the 

J ccpari.o. with  „,dlum a*d  light fuel 0il8.  It l0 clear tkat 

two «est importait pPOp.rtiM of heavy fuei    oilB are: yxscQBÍtT 

which i. too higa umder ro« te.per.tare.   Howerer,  b7  suitable 
prehe.tia, . Bore vlsC0U8 oil caa be ^  ^ ^ sat ^^.^ 

»IWtfte TlllU of he.ry fuel oil is .ig* e.ough to paride 

te.per«ture. «eeded to  fire fireclaj refractories. 

Diff.re.t «riters hare apecified ti. following Mr^tage» 

of    uaiag fuel oil« im ceramic« firimg: 

! - wifoi. quality of the fuel, which do., .ot fluctuate fro. 

<Uy *o <Uy supplie. 

J - clommlim..., without duat or ith 

j - labour .m»*, aupplj of oU .. well a. IriU regulatio. cam 
be autoaiseá 

Î - flexibility im the klU regul.tiom 

- »ig* fia.. temper.tur... r.acaimg up to 2080°C,  .ita lumimeou. 

flam., tal, therefore, .ith a high raelatlag po*.r 

- «igm kilm .fflciemci.. .ith gr.at.r output, fro. furmac.. 

b.caua. of fa.t haat truafar. 

«ow^r.r, fimal choice of fuel will obrioualj depemd o. 

th. followimg d.termimimf factor»! 

/./ looal po.lhiliti.. for .apply lM tr.rn.port of th. fu.1 

/b/ Th. coM of th. fu.l 1.UT.M4 to th. plaat 

/e/ Th. calorific valu, of th. f..l 

/±/ I~.l r.Mrr.« or coati«««. wppiy poMlbiliti.. 

/•/ Im.tall.tUai ami .torn« CMti 



;>8- 

7r UMmmì Stretti of the amim»^ of a yi^q11ar f1|ri| 

In order to show an estimated picture of different stages 

of the development of a fireclay plant the feasibility of two 

different plants at two naaufacturing levels is roughly 

calculated,   la considering the eetabllshiag of a new fir«clny 

plant,  the aininun econoaic capacity is to be determined at 

first.  The almi»» ecoaonic capacity will depend,  priaarilly, 

on tke market poteaciality with average prices as well a« on 

total coBta of the mew manufacture. Different «tudiee show 

that as are rage yearly capacity of 10,000 toms of fireclny 

product, can be the posnible econoaic miniMm.   However, 

commercial conditioms between particular countriem differ «o 

far that it  is impossible to determine one over-all Talid 

aiaiaua ecoaoaic capacity. 

Two different pleats are being coapared. /lig. 20 

«ed 21/.  The fully automated plant /a./ is provided with 

•U moderm equipme.t,  such ne loading raw «ateríala cara, 

feeders,  transporting belt., conveyors, «odern haad-aoulding 

equipnent, differemt traaafer care,  automatically working 

Dresses, with a moderm dryer, with a tunnel kiln witk tke 

t>re^ry.r, car« and control and with loader.,   for*  lift. 

and pallets. 

On the other hand,  the plant, utiliti«, nazi««« labour, 

can p.-wiuce the aaa« plaaani yearly capaciti.., i... XQ%QOJ 

ton. and 50,000 ton., in the .aae product. a..ort«e«t, bat 

the flow of the manufacture doe. mot iaclud. differemt aleae.t« 

of mechanisation, but prefer, to .«ploy .axiaaa      labour, 

without a aodera dryer,  aaa. iastead a tuaael kiia, periMic 

kilas are applied. 



i Ooapaxiag öotH Fig. 20 aid 21 oae caa se« that to 

Í «Ploy full aechaaiaatioa at the lower aaaufacturiag level 

lead, to ecoaoai.  loss««. The yearly capacity of 10.000 toma 

per year caa be coasidered to be tke ecoaoaic aiaiaua for a 

aiaoly projected plaat ia a couatry with che cheap direct   labour. 

Aa autoaated plaat of the saae capacity shows lowei  retura oa 

total capital due  to Higher both total «aaulacturiag costs aad 

adaiaistrative costs,  as autoaatioa,  «oderà dryers aad kilaa 

caa aot be  exploited ecoaoaicallj ia a low capacity. Full 

ad/aatage« of autoaatioa, however, co.e iato accouat ia plaata 

; of higher capacities,  as show» oa the  exaaple of ^0,000 toas 

jearly capacity. While the capacity of «a autoaated plaat 

grow« fire  tines,  the retura oa total capital grow* 5.5 tiaes. 

It a plaat  which utilizes aaxiaraa labour, the saae growth of 

the capacity shows the growth of the retura oa total capital 

to be oaly  1.21, 

Therefore, the aarket poteatiality with the specific 

requireaeata oa fireclays assortaeat are together with the 

«vallibility of refractory raw aateriala the aoat  iaportaat 

factor« for the coaaideratioa oa establishiag fireclay 

refractories ia aay couatry. Tke more petaati,. .%r|ft| T|f 

•fife Positive aaauamt i|0|J ^ t|;|¡llflh , .„ llflf , 

Fig.  ¿¿ shows  labour requireaeat  for fireclay plaats 

at differeat aaaufacturiag levels.  Tt  is sees that both the 

aechaaiaatioa aad autoaatioa decrease,  the direct  labour aeed 

about four tiaes. The acre suaerout workeaa,  the aore 

supervisors aaá foresta ia the aaaufactur. are aeéded. However, 



-ÎO- 

each autoaated uait lacrea... require.e.t. « .kill aaiateaaac.. 

Suaaariaiag the foregoiag paragraphs, we caa .«y that 

a. the esiablishiag of a fireclay aeaufacture eu bi u 

ecoaoaic veature prewided the aarket i8 poteacial aM 

at least  seme of fireclaj raw aateriala are locally 
available 

b. the «aaufacture 0f aiiici0uS a*d low grade fireclaj aateriala 

caa be applied, as a teaporary solatio»,  i» a red brick 

plaat oa assuaptioa of acceptable firiag coaditioas 

e  the aiaiaua ecoaoaic capacity of a fireclaj plaat caa be, 

ia aoae cases, coasidered the yearly capacity of 10,000 

toas, saca aaauf.cturiag liBit caa aot be based oa full 

autoa*tioa, which is too expeaaiye for suca lo» capacity. 

Por sucM cases  it  is recoaaeadable to utili«« aaxiaw 

labour.  I. otaer cases tàe aiaiaua ecoaoaic capacity caa 

be even lower thaa that oae of 10,000 toaa per year. 

1. fuU advaatage. of autoaatioa coae iato acoouat U plaat« 

of higher capacities, establiaaed ia couatrie. with the 

•xpeasive labour. 



rv. Silica Refract or i©«. 

Cosparod with fireclay producta, . ilica refractories 

akow tka followiag «aia advaatagas aj* dlaadraatag.., 

j 1. Silica refractoriea sao» kigk rafractoriaaaa uader 

• load. Bacauae of this property,  aillo, bricks are gMd for 

| UM ia .et.llurgical furuc,,, operated at alga te.per.tur.., 

2. Silica brick, do aot contract oa rekeatia^ but sao. 

j « «ft.r-.xpaB.io., „sick .aae tk.t tkey caa be .ell appl.ed 

: i. tke coastructioa of roof a wltk  larga «pama. 

j %  Ik te«peraturea abore 1000°C, a Uica producta sao« 

j » 50% kigker tkaraal coaductiTity tkaa fireclay .«tarlala. 

j Tki. prooarty .a*., tkos auitable for gaawork .ad coke oYe.a, 

j of wkick tka e^boalaatioa ckesbars are ,eated ext.rmallj 

joy cosductio. of ieat tkrougk tka «all. of ckaaber. 

4. Ia aplta of kigk refractories, luwlar ¿oad, ailica 

bricka rapidly defer» after iaitial eoftealmg,  1... tàs 

oT.rmeatiag of tka cosstructio« .bo», ita critical polst 

oa. lead to tka collapa of tka vork. 

5. ?ha otssr dlssdvastage of silica brick, i a ia tka ir 

aassitirity to tk.rsal ckasga. at lo«or temperatura. /*, to 

?00°C/. a.rafors tka kaatisg of klls. sa^ly U... Wltk ,illM 

•»tarlai, «at b« gradual, expecl.llj arousá tka temperatura, 

of 2X>°G a« T75°C Furmaos. aid Mil». «ltfc .ilio, rafractoria. 

roofs suet aot bo coslad uad.r 700°C. 



¿trial»» 

!*• ofeiaf refractory e 

• Ule« - Si02, «tie» MMri  ^ 

• f uo2. 

»•% U sili«« era* »eta ta 

raral •a*tfu«tiaaji. «*# 

D..1C .edific.tio.. „.,  qaftrt,t   trM^Ui   erl.toètUt#  a- 

<-rt. SU».   .«cM of a*i,fe .^ %M*.foffJ ute  w ôf %àm 

otfc.r, /ooa.ibiy .1.0  Uto -f-.fala fa«. af aio2/. .t 

wrlou.  twntttrti /••• flg.   15/.  toc. trasformati« 

»•cifie  gr.Tity #f t».  UiiTtd^l •oéifie.tii 

siile« t« »id.lj iiatrilwtai u «iaarala ^ P( 

*>~*r,   ti, .*.t .ult..i. • ..*.rlftl. for .iUe. prQd(ie%- 

T.  .^rt,«...  aa*.to... .M ««irt„., e*a*.imia, ât  l€Mt 

*5% Si02 .M .luBU4l laM ti- wt|ilRl| .aea.aary %# 

•M «  saltati, homlim a*a.t ta.t *lU èoU  tè. •o.-fU.u« 
*Uic. gr.u.  u  botfc tèe rw ^ fim    %%m    ^ ^  ^ ^ 

aW'Uf •41#4  l«  «• -o-t of * fro« total,  a. »au a. 

•ulptlt«  ly. to    »C,MH mmtmi-i arop.rtia. .f ««., 
prodtècta» 

Tk. cavtniM of 1#w ta^aratura Àmrx» «aiifiartu 

lata .1«* t^.r.tmr. oa~ ea. a« •ea.lar.tat * **. fF#| 

of iiiifiitMn,  aw fe a« ira« axláaa. 

**rt.ita., «a -Il a. mmá^mm ^ ^„.^ ^ 

•*i»».tary typ . .f ,«,»,. t*. .*«.. #f ^ ^^ ^ 

o« tua «aouatt af araala« tèa» fear* «aia f.... *•*     ~ ^^^    ^^^•••w"a asa aw atfcai 

-tt.r t.t.% .ay ^   **.** t...  fUa „ai** «ma»*.!*, 

wit» a  larga c«*a.t af    «.„a*-     .F m.^^t^Um. 



cmt, ara  .«e.llaat   f r ta.tr   4U1C« «ad  a.., tr^aromat io. 
ltn  fclgi  t*^>«»twf«  aodtfic.tioa /Pi¿.   ¿5/.    1# otkmr 

tfp» «* -iuart.it.,  aa.wias ois€.r grêi..t   ^.ictlCil^   -Uà 

»• a.aiaua  of nvo.ioa «ad aisaiaf    .«   bw^t     ce #a   ^   ^^ 

««uall;,   tà«  •Miti.«   of ^Miiiis,,, «^   »G(.t,  apwu-i0 (ri.--u. 
,0i#tnC  coaposiUoa   La   axiar   to   p.^,   .   ^tUöi.  boUj 

;ap«aiti@a   /Tig.  ¿<*/. 

W€.  ¿5 .ho». •  t/pH  fUv  UHi—  for tèa wufMt« 
of allie, »rie«». 

*artsltaa .r. first eruaaaa  ia . j«,  cruaè#r or ,ìnaomé 

graaul.tor tato atllir placaa up t. .bout   60 aa. Pia« 

frlaAiai 1. *auall/ rtilii« ia dry pa* ni^.   Ä ftnUr to 

••ris* ta. fiaa.t pitici.« im t.. Bi.a4 A«io-      90 tiCr,M/, 

part af ta.  qnart.lt«.  1. (rouaá  ia »iaratia* or at aar ailla. 

lille.  »aat.ra «r.  grouad  aaparat.lj.   «fix«tal  lia» »g 

».11 a. .*lp*it. lja ara lilutad aad *U#*   iato tat liJttr 

•t taa a* iaaiai af tè. atiia* op.r.tioa.   If aia.raUa.r. .r. 

t. 6a aa4«l tèa/ .r. aita.r alaad  «it. tè« ajtratad  it*, or 

.Lata« iato granad «uartilta ia ta. aiaar «.for. it  i. 
«eiatatiai. 

la. aalatur« .«at««* af tè. aaa. iiffara for áry pr*.«iaf 

•*   *•« aaatlag. mil. taa alaas far aVry pr...iag r.qair.a 

**. aaiatara «oa*«a* »*  3 ta 7». f ar aaaa afcapia* • to 9* 



Tè« »«joritj      f   „I1L «   ppoJttct»   i*  iwiftttirM   »f ir» 

.WiMu.   fe'CIMiui   fti'Mlll«   «fDOP-tl,.   i«   »,py     l)(^rtailt 

tjf   tè*    4-«li rjf    U     Í lIltM   Kf*t <•'•!.    %•   öi§tf«r   pffMilf 

toi'o-r,   rfc*   law-     t.    U4atj,   tè»    iom^r   fittati l ! fcj   «*|   tè« 

ÖL,;.*»'      i'«!»,   «;..i'*.^ti (»f titijM   trauet,,   flé.    >t 

• Iti    *,**.    .   .-SSlki,    t>0»»i.    Tfc«r*rf »,-».,     H'*»        »     ii^    siilo« 

i-<** :.,   • •*   i '••^••i    ,,   ..*«-.j    ,t.    ,M«s   i«^   -g,   twwl| 

,^,,t,u|'   ****  •''•    tiii»,--«t   tn#.    ,f   Kr*»**s   *•• f ,   «uri 

• S   f'l,f  M)|   ,!»<*•«,     ••idei«   ¿.('«»M*   «fri    Ij.ll'»uil0    M'*««»««, 

i rasai«.'    >••    M   i«,--   ^   U   ,1   '•«   émmt  »p.r.t, ,«.    £,  #rá-f 

to ••«#    a^fyr»  liirlm,    ji    lfl  ••»•èt,1«i   'è«t    ti«   an   g« 

tmitirm,   »èst   -,ès   »*•#  M».,*'    ,î     M «#t*-f I«I   »•   ai»**/« 

ear»* J    il'«   tè«   in,  •« »  „t , „,,  »»,   r,B#L   lt   k#   »v«tu» 

i i*' i i&.jtsd   is  't«.    lis  i»a«. 

tefor«   H'*»M^I    »Hi.m   »i-U-è«   •>•   try   tè «y 

i tú   ^«fsr^liy   '>«<i*lj4s«  «f  tè* ir   La«  *   •••   «%,• 

i.  Dm SM     i«^^, 

l'atei P'-'-'CS»«   »f siii'* p»ped««ts  LB nel sis^lisr 

»«s  r.sxftt   •»#  ,if  t IP*< Uf  Brirfc» s»,   m>m  &r   L — ,   tt»y 

•>•   V»i <••    «•*«•».    S»li.   Mt«f   »i*t«»t    IS   t»«   *«*•«    tè«  g 

^r«n%ü «f M (*<*•*• *r*«« m  r.w   » t„  w è*/*M.eèV  UM 

«ras*»  »f  tes Mcltaeil   «.«««tè   is    s.s«ë   èf  tè«  »u¿#aUt« 

i#« •• V*>1* •« »f  'es «ri«t«UMtU* »f èfé>«««é   lié«. 

Bvytèl #*••*••• »f SU i.« krisu  it »f •*«»•«   èy 

¿0©*C. UftMrstUff,   •*)   è,    SuSMtl*«« 

*^« •»•ti/ issi far á.-yi** #f 

»s 4~r?sri ar« asta Us* MMiii f»« 4ry » 

• r 



Sill.« trie** aaat  mà0ww ta«  tirlm |>raa«aa(  a»iea, 

«astarts tlMrMi   ^«h„t-    uiwtpufci, uto • t*r«  product 

*f rapirai  irtNrtUt. 

ffc*  *»*«H/ rapirai fii-tag   taaaaratar«  #f ,Uies. „^ 

latt«  aa«N»ats t0     ,4»«. -   l*Mfct   ¿...   .««aar   1M«   i,/!* te   17. 

!»• •••hi»* t«tmttt« aa.t  M  racHatai   la T-iarta»•  ta 

«è« i-ality ./ .UK* a. i«te aaafae.,^.  mii9 iUlP. >ri(,E 

far «a« ataal lafe.trr «aa M fi««« .t  i-ar ta«aa»at*ra,   ta« 

»raiitata for eat« ^«aa aai   »»««.HI.   ara ta aa  f irai .t 

ii«»«i t*a»arat*ra  la antar  t. aaet*ra aattar   •oaa.reiaa af 

*•***• Mlfiaatiaa*.  fary alaa fir lav .  taal-dla« »raloasaal 

,*'il*i*   u •*•*•••*?  *• «Uà* far  ta« a»lU-a%ata  raaetiaa« 

%• »a «aaalatai, aat ta arava«*  raaU vim* eaia^aa auria« 

ri«. IB aaaaa a %y»iaal «aa»arat«ra-tlaa carta far .uua 

•rtaa» «fcaaiai taa ra*laaa afear« «lawar flrla* la aaaaalaxy «a 

«*U aa faata* fina« la aavaiaalal«. «a« fuiag aea*a«i. «aat 

•w? -*•*** la taa  t.a,arat»r«  utarral »•••• 

fa« firlag ,r •* laaat lata 

». fir 

flraá alUaa 

P«*%» aaelfiaaaiaaa, a 

i¿ *• t» a* trlajalta,   9 ta 

U a alata«« af iiffaraa* 

•f »• ten af *rlat*%*Olta, 

• f laaaaaartai aaarta aa4 



io  to  1 )%   >iiarV/_   tit 

"ií,f'-,t  t-^"    ' «til«« *r« u*«4 for «il i e.  firlag.   411 

>f     in,  *>•*•-r,   «ust  b«  *«11   ra,ulatabla,   abaolut.  araaaaaa 

>r   'W-'ttar.   i.   MMttiil  .aft   tie   ra mirad  Urla«  teaparatura, 

*»i   »  -«(.^•ds  uauallj   >,bat  DM  tor îiraolaj  bricks  fir la«, 

For  big^;   ¿J.,-     #f#, ltl„  A-o.no.;  loll  to   5ofC)00  tflM 

.   '• j-ar/, •  '..«ari «il,   it    #--jaaaadable, aa ta« «lo. rat« 

•t  •'••la* «ad colia,   caá i>~  reinad easily.  Taa firlag 

e- 1-   ••  «  tuaa^l   kiU cu ta*« *   ».o  10 laja. 

• I  'Uawoaa  aauw taat  f-,f-  aaaller piaat   eapacitiaa 

A,-«    >»..  te   10.   o    >o.9/,   triodi.;   1.1,   :aa »a  .ora  «coaoaic, 

• n«"u*i 'aaii   fLriag ere le caa tana ^ to   5 te k vaaka. 

«•ai* '.uaaal kilaa ar* a#.t«d bj ¿«a jr fu.^an,  «oaa 

>T t#rioii,-  nu«  for s a i e« fina/ oaa «lau l>«  firad by coal. 

¿all SU irà 

luper   i.tjr  sili M  rafractoriaa ir« silica  bricka vita 

-*'   i.'li .-oatroUad   fluì coataat.  la a raault of  tfcat aupar«ut7 

i.-a  «irartoriM c«a ba u«ad uadar  load ia ki^kar taaparaturaa 

a.«  aoraai  silica  orirt«,   ¿oaat iaaa «vea aiutar  tkaa Ì700°C 

*a produca s^»#i  iutj unoa bricka,  taa bo4j codait 

».at  b*  «tii--ij    oat-oll.3.   oaUj .a lac tad   .uartsitaa or 

.aaiatara are  usad   -ogatkar aiti oti.r addii ira«,   auck a« 

«jrdratad  ila« aad  «ulpkita  ljaa.   abra  carabi   aaiactioa aaá 

•aakia* 1. aaualij  ra^irad  ia ondar to kaap t«a flu. coarta«» 

aa la« •« poaaibla.  Diffaraat ataaiarta sao« diffaraat licita 

far ta#    «ort—   of fl^a.  ^ ta« a*ar i«tj aUiea blaaáa. 
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Stile« brick*. containing mot mor« tkam o.55t alumina amd wit* 

• total of alumina plus alcalis »ot exceeding c.7Jt are super 

duty siile« refractor!«». 

The otker nanufacturing processes of super ,' ut y bilica 

brick« are tk« sane a«  tkose  of loiul  silica refractories. 

Tk« inc*enaed refractoriness,  refractoriness under load, cold 

cruaking atremgtk «ad tk« decreased pemenbiìity ami porosity 

f super duty ailica refractor!«» imcrease  life  of iifíereat 

Ji¿l*s of 10 to  50% ovar aormai ailica bricks. 

6.  SeMl-flllle»  P^Ufifl, 

Tk« group of »«"i-silica r«fractori«s was developed as 

» cHMprmiM   b«tw«am silica aad  fireclay bricks, ia order 

to  i«proT«  lo» tkermal  skock  resiatajace  of ailica aad large 

after shrinkage of fix «clay. Seai-silrca products are alao 

kigkly reaistaet to slag attack. 

Tk« »amufacturimg flow of «emi-silica brick» cam be 

r«alia«d  im bota fir«cl«y ae wall am ailica processing. 

If fireclay tecknology i a to be applied im tke manufacture 

of «eni-ailice brick«, mixtura« of different quartz    sands and 

r.frmctory, »o.tijr      aille ¿.ou« clay« are malm compomemts of tk« 

body.   Im tki» cas« snap in« and drying i« realized under tk« 

•«•• comditiona mm for fireclay«. Bec a un e  of a very kigk 

comtemt of allien /tounlly kinder tknn 88% form total/, firing 



-}tt- 

of aomi-silica brick« corrisposta »or« to »ilio« rsfraetoriso 

flri*g tkaa to firsclsqr». 

Seal-silica bricks caa also b* aaaufactursd as a by- 

product  ia a silica plaat.  La suck case,   low-graás quartiitss 

or gaaisters ars cruaked, grouad aad acrasasd sad tasa aixsá 

witk deflocculatoá claj slip. Skapiag, axyia« as* firia* 

procsss corrsspoad to procsssas of tonal silica aaaufactura, 

osavi-silica olead s ars usad, for tks aaaufactur« of 

ckscksr bricks for OD ©aai art a furaac« ckocicsr ssttiafs. 



i 
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»•   FIMI mu. 

Taa pr«aaat«d   l«ctur« IMI aot r«pr«a««t  highly aci««tifie 

aaaljaai of taa Drobl«a «ow aad  uaáar «airi  -nMittot« tè« 

•aaufactuM of firmele »ad ailles r#f rae tori •• •«* b. rttuiM. 

It aao«a, fcoamr,   MU «a« practlaal  *««dUa«« t..  è« r««t>«ct«d 

ta couUiriig ta«  ««t.bliaaiaf; « aue«*«afui  aaaufaetura of tâa 

i'iraclaj or silici«   utirlali, 

Oit of ta* iatport«at  f«ctor e? rtfrieloriN  L«  ta«   luality 

of product«,  a«aufactur«4, «ixe« c««   .âTluttc* ti«   i if. ©f 

alla«  coaaid«r«bljr.   Rafractori««   1« aarric« «r#  «zpo«ad t© 

<re«t  aeat «ad ot««r iiffaraat   c<aditioaa «ai   a  ta«* «x« 

•xpect«d to  rasiat.   Taarafura,   propar    -«oie«   «a w# i i  ««   rí,,«t 

applicati©« of rafractoriaa i« «a« of  L«t>ort«at coadJio«» §..* 

tao auc«aa«ful aaa«c«a*at* 

la waigbtag ta« possibilitj of ««tabulais« «ay of 

rafraatoty «»«uftcturti,   it 1« a«caa««rT to «••iu«t« tbe 

feasibility of auca  •••tur«, takla« iato coaalaarat i«a «et osi» 
tfc» «••liability of    *iff«r«nt    r«fra«t«ry r«v aatarlals,  but 

•lao taa «*rk«t      po*«Bti»iitjf aad  to coapara ta« praducM©«, 

•daimi«trativa aaá  MUI coata »iti ta« atj,acted «al««. 4« 

aaatloaad 1« foracaiag paragrapa«,  ta« azp«ct«d pi«at capacity 

»111 ala« iafluaaaa ta« aaaufaeturlai «quipaaat coa«ider«al» 

/auca «a typa oi éryrm «ad Ulaa/. Autoaatioa of tat procesa 

will ta«a áapead aet oaljr oa ta« aaa-pawar costa,  but alao oa 

taa anillad «arrie«  «ad lav rtaaat eosta. 



"»•ffse'oi* ••*#   Lala  mr-9 »»marna  i* «u co^m ria* Ut 

Í»   ilfUr»mt     ••»oMt   »11  •*«rf««tiri«f  fatarla«  «ai«* 

•~at   •-•a.ftr, •Min«« flriag,  aatiag ar iaati«« «parsilo«*, 

a^<*l   4ifi-r-«t t/i*s   ,f rtfnHariN. Tlaraiara,   tè« 

i   *• . <pa*«t -)f  'a* rt(TMt.«f7 a «a>u factura eaa be m* af 

•m- i   i «a .«i  ' ,   laduisti tal isa ta« eavaUrv» 
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l3t of Kafaraacaai 
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3. 

%. 

% 

lital f., Silicata Sciaaca,  law Torà 
•ad  Loado», Acadaaic Pr«*a, 1905. 

3a*« 1 ta* la r^ 1.1 Vyaocealiait/ iaaot 
"" |à iluaiaa Rafractoriea/ 

Itormi lriaa, IQ6C - 1%3 

Ha*« Ita* lar Z.t TyzkuM kja«léao aafcotu 
/Saaearek oa Siliceous Fi rielar*/ 
OflÄ fermi  afxxa,  1955 - 1^56 

Haixiera ?.,   Kiaaov Z.,  Fauarfeatkuad« 
opriager-farlag,  Barlia l<-fio 
Ci.  F.  Rapubllk 

Iaüuatry Proiilaa,  Rafractorj Eric**, 
I.P.lfo.6619%,  rL3. Dapartaaat 
of re«, 7irgiai«,  OCA 

7. 

10. 

U. 

12. 

13. 

K'taek Z.,  Slavo« J., 3oucaaaa altuac« 
•LJ60i*oeti ilapíaai ¿akoati ¿aaotu 
/Tk« actual Probi «ma aad FosaiblUtiae 

<Q*  IkproTaaaat of Fir-clajr aavteri.la    ualiç,/ 
•TOI Horai E-i*a, I973 v 

Kfaaak Z.,   Tacaaalacjr of tke »mauf*ctu ra of 
yufr»rdutj 3ilioa 
TSI Ibrmí atíaa, 1%5 - 1966 

abrta»,   F.H.,  Rafractoriaa,  at Oi-aw-m.il look 
Ocaapaagr,  at* York,  I968 

Daaa A.I.,  Dictionary oí   Oaraaica, 
Oaoraa •»*«•• LU¿tad  Loadoa,  1.C.2,   ¿agi 

Saiaaac •-.  Dia payaikaliackt md cataiacaa 
anaallagaa aar laraaik. 
3«â liitia*, larlia, 1$54 
G.F. iapualik 

Siaaer P.,  Slamar Ss,,  Baiuatrial Otramica. 
Ofcaaical Fubliaaiaa. Oû.,I»c.t 
Wm lark, 1%J 

feaJA,  öaraak, âaaet a dia as, 
featlaiara, 1964 

KajaaraklJ, 1.8., Dlaaa, 
»tallar« lai 
•a*tora lHl, 
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DiffOToot ItHM of ONilwiit, 5t,000 l!2>î loor. 

PlC.22» Firooloy Float i labour 

Ft«.25.  maoroloflool alia« of 

FU*?«. 

PiC.29.  Flow 

••qmlroaoats ot Difforomt It»ol«. 
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for to« iafMtm of IMI »iliOO, 

FI«. 2«. Tarlo«ioa of mim lllloo Frofortlo« vita too 
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