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The ideal loluUon for n refractories faotory would be to have 
* epecial kiln unit for *ao». partiooJ.» quality produced. However, 
to *eet the demand of the r.t£.rke*l rsoepromis^ in the fom of product 
mixing le neceeaary. 

Speoifie motions deal with the mix possibilities of the product 
groupa fireclay ferina,   silica bricHj,  high alumine bricks,  highest 
quality and t.ar.if. bricks  --n.   «i»eo.u.¿. i'6ir*»c*ori*B and illustrato the 
point the*. v»Mt pocßibilHUr,  <Mpt>uially within these groups, do 
exist if facto«  3uor  a? siailarity in firing tcwperatur* and firi.ng 
oycle, chemical properties, load bearing capacity of the brick» 
during firing, etc. are given due consideration.    Practical example« 
of actual product combinations in tunnel kilns arc. giv*n. 

The fitting technique and the drying of the bricke before firing 
io of the utmost impórtense for reechinp a good firing result,  and 
individual chapter» are therefore devoted to those topic«.    In the 
chapter concerning setting technique special emphacie íE placed upon 
the necessity to provide easy acceco of the firing gases to all part« 
of the firing goodc nnd practical advice ie given on ho* this may be 
achieved.    Tin'chapter aii;c deal« wit), way«! of  maximizing the output 
of a kiln una in thi« context the combination of various producto 
play« an important role.    1*.r. r-ubaequent chapter on drying di cotisée« 
general aepects of the technology and give« particular attention to 
the utilization of was!.« hr\rt fror tfic kiln. 
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RESUMEN 

La soluoión ideal para una fábrica de productos refractarios 3ería contar oon un 

horno espeoial para cada calidad producida.    Ahora bien, la necesidad de atender la 

demanda del mercado obliga a arbitrar soluciones intermedias, es decir, a mezclar 

productos. 

Distintas partes de la monograffa tratan de las posibilidades de mezcla que se dan 

en los distintos grupos de productos -ladrillos de arcilla, de sflice,  hiperaluminosos, 

ladrillos de gran calidad y básicos,  y refractarios especiales- y dan idea de las vastas 

posibilidades de mezcla existentes,  especieImento dentro de cada ¡*rupo,  si se presta 

la debida atención a factores tales cono la similitud de la temperatura y del oiclo de 

oooción,  las propiedades químicas,  la resistencia meoánioa de los ladrillos durante la 

ooooifa, oto.    Se dan ejemplos práoticos de oombinaoiones de productos realmente 

•>.plio.'id"'.r; •••:i hjrn y.  '••'linl .¿¿;:., 

Como la tóonioì ile  disposición ov ol horno y Ir. operación de uooodo do los ladrillos 

antes de la cocción son import antis in >n para quo osta nnl^a bie~,   sa lee dedican sandos 

capítulos.    \h ol raffronto a I:-', tSonica do disposición on el horno,   so ationde on 

espoolal a la necesidad de que los í^asoc ton^a fíe il accedo a todrs las partes de los 

i/ Ivas opiniones que  los  autoras exprosan en este documento ni reflejan necesaria- 
monto la3 do la Seoretarfa de la OÎÎIJDI.    La prosento versión ospaaola as traducción de 
un texto no rovi nado. 

M   Kercmisohe Industrio-Bedarfs-K,-; Paul üatziko, Berlín (rtepiîblica federal du 
Alemania). 

id. 74-3720 
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producto», y sa dan oonsojos prAotioes lobro la m,.uiora do locarlo,    31 capítulo trata 

taribidn do la aanera da mcxiaiz-r la produco ion do un horno, a loc ofootoo do lo 

cual do3ompeä., una función importante lr. corabimcifln da loa divaraoo productos.    Un ol 

oapîtulo ai^uionto, ctua trata dol nocido,  30 apaninan los aspectos ::onôraloo do la 

tecnología y se prostri eopocial atoncion il roaprovocli aiaionto dal clor dal horno. 
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V*»<#' 

Tli« tkNM of our talk le "optiaation of produet aixlag in viev 

of kiln and firing  requireaonta, e.g. tunnel kiln". Deeadea of 

experience have taught us that thoro aro no liait« to the appli- 

cation of practica in tho firing of varo typoat a wall cone aived 

firing ayo toa can reçoive any firing probi an. A baaio queation, 
of oourao» i» vhether or not the quality of tno roani tant pro- 

duct Juotlfieo tho eoat of tho eaulpaant noeoaaary for ita pro- 

duction. 

In tho paat a light ooraaio plant vaa virtually a varahouae of 
alxed ooraaio producta. Vith tho locally available raw aatarlala 

ono produced that vara which vaa la daaand la tho locality and 

that ware which could bo relatively aaaily aado in tho firing 

equipaoat available. An old faahionod ooraaio plant alwaya had 

two preparation linea, one refractor! e e and one for light eeraaie 

produota. In the refractory aeotion a at ting furniture auoh aa 

aaggara or box type cranka, oupporte, balta and even thiablee 

and etil to were aado together vith nay aa ter lai a needed for the 

repair of existing kiln«  aad the erection of nev enee. In the 

aacoad eoo tien the light eeraaie body vae produced and fron it 

tho eanltaryvare, tabievare or tilea. 

•a iadleated previously all thoee product« had to bo fired to- 

gether through er la whatever kiln equipaoat vaa available. The 
firet picture    ehovs   how a typical production nix looked 

in the«« day«i 
non- 

Figure Xi Coablnad aettlng on a/aodorn earthenware plant vhioh 
in earlier tlaoo would have all been in aaggare. Thie 
eould aake available beoauae of the thiokneaa and 
voluae of «ha «aggare a oonalderable toaperatura diffe- 
rence, if euch a dlffereaoe vara neoeeenry, to fire 
the producto ta lavar or higher teapereturee. 

'^••" —-j---- —~ •-»•>.- —..'——•— 
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Ve wieh no« to exaaine the different combinations of product in 

• refractory production schedule. 

A nixturo of producta io found on • rof roo torlos plant who« tho 

different typos con bo firod at tho eaae or s Ini lor temperature». 

Another roa eon to alx types io when a relatively high production 

copaolty io cetorín* for a relatively anali nerket. 

In the production of rof roc tortea «e oan differentiate between 

following groupai 

1) Fireclay quelltiee 
2) Kigh Alunlna quelltiee 

3) Mele brleke 

e) Acid refroctoriea (acidic) 

5) tpeoial quelltiee. 

Vhleh typeo of kilna are available teeny far the eeeneeil« pro- 

duction of theae refraeterleef 

1) Internittent ohaoiber kilna 

2) Contiauouo ehaaber kilna (Neffnann ate.) 

3) Tunnel kilna. 

Tn via« af our exteaeive experience with tka lattar type of kiln 

wa would like new ta ooneider it. 

which firing eendl tiene ara needed by the em Jar 

fractory pre dusts, flreeley, high alunlna, basis 

brisket tao tka following tablet (Figer« t) 

of ra- 

neadle 
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Urli* condition, for tho Min «roup, of rofroctory producto à 

Piro- 
cloy 

Hl«h 
Alualno 

Boole Acidic 

i)  Pirla« oC 
Toaporoturo 1200-1500 1500-1750 I6OO-I85O 11*00-1500 

2)  Pirin« 
(fcro) oyclo 35-80 70-120 SO-1^0 1UO-2UO 

3)  Sottili« 
(M) hoifht 

up to 
1500 600-900 600-900 

up to 
I5OO 

k)  Sottili« 
typo 

poek 
pook or 
biodo 

biodo 
pock or 

biodo 

Figur« 2 

habtfáhiiibi «Hb M^mÊÊÉm 



»peelal Quality rsfraetories have their own reaulreaoats aad we 

will later       dleouss til« ladlvldual needs of tit« various 

typo«. 

Generally epeakla* thoro is « rulo in the refractory industry 

that a »risk io «oro rosis tant to failure tho saw 11 or tho ohealeal 

rosoti on rat« ts vaioli it is exposed. This aoaas that ia tho 

oholeo of products to he sot together ia a hila «o aust obssrvo, 

quite apart froa aay ohoaical roaetioa betweea tho product aad tho 

hila ataosphere, that difforoat rofraetory qualitlos will roaot 

siaply ay eoataet with oao another. Thus, ia aaay eases, it is 

aoeoooary to vara aaalaot tho aisla« of basis aad addio refract- 

orioo la tho saao settla«, eoataet aaet bo e voided. This is s 

farther faster ceatrellia* tao decree to which produots can oo 

liim^uimmm^ÊÊiàmÊÊ^ÊÊÊmmmLmÊÊmÊ^Mbmim^mm^^M^mmMmÊmi^^ÊÎÊÊÊÊÊiÉimÊiÊÊÊÊmÊ^ÊmÊÊÊÊÊÊÊÊaiÊÊÊmÊÊÊÊÊm 



I. Production aia possibilities with «lailar 

rifrtflUwf product» 

Xa view of tho previene ONMIII eae «ill therefore bo able to 

fir« «11 fireclay qualitios together i» « tunnel kiln with M 

special acaseres bola« accessary. To bo aere procioo wo rofor to 
A 0 (*kk % alt03) to A XXI (3« * Alt03) firoolay «at o Alo, acidic 

«ai eeai-eeid qualities for indu»trial furnacoo and opoeial brioko 

•ado fro« low iron firoolay ant orini for tao production of 
ol oc trie oloaoat supporto oto. Tao firing t cap ora turo of thoao 

ver loue producto should not vary by aoro than 50 oC. Abo TO tao 

oorroet firin« toaporaturo firoolay products boooao brittle and 

start to bloat because of tho eseeeelve fused c caponen to ia tao 

body aad the «a« «eaemted by tho roaotloa taking plaeo. Addltleaall) 

tao products aay défera due to too low a viscosity la the liquid 

ooapoaont of the aaoo. The nature of tho raw aateaal used aad its 

ccapeeltiea io iaportaat la rolatioa to tho firing aothod ueed 

aad tho avoidance of eaceesive shrinkage, iodioo with hlfh alaaiaa 

oeatont aad kaeliaitic olayo oho« aa earlier onoet of firing 

shrinkage than slllceoue aad illitic olayo. Quartal tic producto , 

for enaaple .can ehew little or ne ohaagoo la shrinkage behaviour 

at toasperature for a loa« tiao. With lacrea s ed Quarts oeatoat, 
? wovor, expaaslea effects appear which *r|a||adl|ienal upon tho 

- «Quarte inverelon at 575 oG aad/er the/- ß Cristeballite 

invereien        ao io aade eloar la Figure 3*  Lo« ol * 

aatorlale load theaeelvee to fast flrla*. 

Both differing firing toaperaturee aad differlag earlakage or 

españolea rates detract froa a ueeful product lea aia. Acid or 

seal-acid bodice, of tea aood ao eaetiag pit refractories ote., 

aro fired at IttO - 11*5 •€ «aerean high alaaiaa firoolay ava- 

duete are fired at betweoa 1370 eC and 1*50 eC. The hlgheet cjaallty, 

lo« flu«, rílate laye aro fired at ap ta l5oo eC. 

•-À 
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Tao ns« of periodic kilns ««an» the existence of great teaperature 

differences in firing. A successful solution can ba found in tha 

choioa of a suitable production nix. In tha hot apots (i.a. in 

front of a burnsr) ona should placa tha high aluaina aaterials 

in tha coolar apots tha seai-aeid bricks. 

Di f far ine rafractory qualitias can also ba firad in tha saae 

tunnal kiln wihtout tha naad to altar its firing curva providing 

tha pushing tisi« iaaltarad to giva auitabla pariods, at tha various 

teaperatures, nocaaaary for tha raapactiva producta. Tha tiae- 

tenperature relationship ia, of courts, vsry important in tha firing 

of carasio aa wall aa rafractory goods. Coaplete sintaring can ba 

aohiavad in auch a way by Maintaining nsosssarily   high teaperatures 

for longsr pariods to anaura tha aquality of thosa taaparaturaa. 

Convaraaly, with aixed asttinga and differing qualities, it ia 

possible to induce faulta by pushing ths tunnel kiln too fast and 

hence reaain at tha teaperaturea necessary for too short a tiae. 

This can lead to shrinkage cracks and ths incoaplete burning out 

of any organic ooaponsnts present. If the tiaes at teaperatures 

are too short the product will not be clean burned and due to too 

severe a teaperature gradient the organic coaponents in the pro- 

duct will be reduced to carbon which will not be burned out beoauee 

of the preaaturely sealed pores of the outside layers of the 

aaterial. Such bricks are rejected due to having brittle, friable 

blaok cores. Another fault which can appear due to frequent alter- 

ation of pushing? tines is the occurrence of spiders web cracks in 

the top bri eke of the setting. In this case the teaperature in 

the preheat sono falls to below dow point and water condenses on 

the top of the netting and the latter causes cracking upon being 

dried out again« This condensation oan also dissolve salts in the 

body which later eause unpleasant discolouration and oan even 

load to patchee of pronatore fusion. 
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Vhat are tunnel kiln» Ilk« which are euitable for firing different 

fireclay qualities? The flrlnc tenperatures Must 11« between 

1200 oC and 1300 oC. Th« length of the kiln» is botvoon 100 and 

120 • and th« cyclo botvoon 60 and SO hour«. A rulo of thuab 

MOthod io to rockon production in tan« por day oqual« length of 

kiln in no tro«. Th««« r«lativaly «hort kiln« ar« possible du« to 

th« u«« of setting only 1.5 to 2.5 • wide and 1,4 to 1.7 M high 

with diroct quick cooling iaaedlately aft«r th« nain lono. This 

rapid cooling can, novo vor, only proco od to just above tho crystal 

inversion temperature of th« class phas« la th« brick, about 700 oC 

to b« oaf«. Tho subsequent cooling oust procood slowly enough to 

givo a narked temperature difference aerosa th« ear sotting. This 

slew oooling «mat «la« last lang «nough to relieve all «tr«ss«s 

induc«d by th« previous rapid oooling. 

Th« pr«h««ting gradient 1« about 90 oC to kO  oC/hour whereat the 

subséquent «l«w oooling gradi«mt is only 20 eC te JO  oC/hour. 

Fuel consumptions ef 500 te eOO heal/kg ean bo achiovod. Setting 

d«a«ltl«s ar« around §00 kgs/«3 se that the kilns have an overall 

content ef 130 te 250 tene and produoe between 1100 and 2§00 tens 

nonthly. 

Figurati A  «««binati«« of firing faults - blaok seras, craw's 
feet, flan» Inplng—«nt ani slumping* 

Figura 5i firoelay qualitlee. 
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•• es li IS- IClSfcS 

ttraelay tunnel kiln« eau alsa be used to fir« Silica products 

«kick need a firing temperature of iVOO to ik}0  oC. Duo to tho 
•avaro and rapid voluae changes securing with tho inversion of 

Slliea to its various font, eortaln dafinlto Modifications «net 

be anda ta tha prekeet and cooling curve* or groat production 
laaaas will r o ou It bsoauso af cracking. 

Marami Silica tuansl kilns ara up ta 200 • lang, kava a sotting 

width of t.00 to 1.50 • and a usofal sstting ksight af 1.50 ta 

1.75 «. rtMl oansunptlon la about 1100 ta 1300 kcal/kg and tha 

ssttlng danai t y varias between «50 ta 1000 kg/a3 af tka spass 

available. Such kilns kava a capacity af aaout bo te «O tans por 

day, oslas ids« t vltk a firing aval« af aaout tao kours. A  sultakla 
tsnpjsrsturs brsakdswn (survs) far tka langtk af tks whale kiln 

is amsun in tka fsllsvlng plsturst (Figure 6) 

* flraaiay kiln 

its brlskvurh «net ka sultakly a 

gaod A I ar A 0 

fra« tillan krisks. 

vit« li11Iannita er 

far tka firing af tilia« 

t ma tad 1« tha sldewalla 

whilst tka arok «not ka 
Id, prafarakly, ka 

In via« af 

all aIsa, ta 

vit« a falaa 

dlffaransa • 

long firla« ovolo far tilia« it it laportaat, 

«ill ka littla u 
the ««ala aattl«g, 

Zt «heñid «at «a 
kil« «ill fall 
ta Mas fnat Me*« 

that MM) aojtsnit af « f iras lay 
r «%•» umiianlly flri«g tilia« 

tic» la ) ta % tin»« «a leaf. 
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Naturaily fireolay qualities eaa alaa ba fira* ia silla* kiln» 

an* providing thay nava «uitabi« crushing strängth thay oan ba 

aixed la with a silica sattln«. This apana up tha paaaibility af 

•akin« aptlaua uaa af tha tunnsl kiln's capacity ia aplta af 

aarkat fluctuations. Understandably tha firaolay ia this oaaa 

vault ba fired at a rathor wasteful fual consumption lavai but 

this aaa ba eonsldorad la ralatlaa to tha overall «conoaical 

uee af tha klla. A sil loa tunnsl kiln is shown in Figure 7» below. 

Figure 6 

Figure 7 

•M 
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Another possible firing combination ono find« occasionally is 

1  that of various high alunina products which ars fired at about 

15OO oC. To nano a few wo have Sillinanlte, Nullità, Bauxits 
and Corrundua products which vary in alunina content fron 70 
to 80 Jt. 

In planning a sotting ono nust pay attention to the fact that the 

brick containing the greatest quantity (%)  of alunina will be 
nost prone to defamation under load. 

Care is also necessary when firing Bauxite and Corrundua brloks 

if the Bauxite used is insufficiently oalciaed and therefore has 
a poor resistance to volumetrie change. 

One can reckon on reducing the large shrinkages ocouring in 

Bauxite brloks by naklng snail additions to the body of 0.5 to 

2.0 % by weight of alkali sulphatss, chloridee and fluorides, 
e.g. Sodiun or Potasslun Nitrate or Borate at about 1 %,  Aa a 
conséquence of these additions the kiln will have an alkaline 

at no sphere which can be neaningful ae Corrundun will convert 

readily to Alunina at high tenperatures in thess conditions. 

Therefore an approximately 13 % volune expansion would occur 
which would rendar the Corrundun bricks in kiln lining usslees 

duo to exeeeeive friability. 

Kilns whloh are epeclally designed for the firing of high alunina 

products differ in oonetruction and equlpuent hardly at all fron 

fireclay kilns. Bocauss of the higher firing tenperatures the 

re f rao tory oonetruction would be ande fren higher qualities, the 

fireclay qualities being of no further application would bo re- 

placed by Sllllnanlte, Nullité or Siliea brloks. Silica bricks 

can be need for euch kl Ine, however, only when it oan be guaranteed 

that no alkaline atnoephere will be preeeat. For refractory plante 

-'-»•• • * - - ¿fniM 
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th« ohoioe of • kiln with an high quality brickwork lining offer« 

groat possibilitioo la variati«« of us«. Todays kiln control 

equipment is developed to such an extent that a simpl* singlo 

adjustment to a toaporaturo control lor on the kiln control panol 

will automatically givo tho dosirod toaporaturo chango up or down. 

Puoi, drought and ooabuatlon air supply adjust themselves without 

any Manual attention. Occasionally it is nocsssary in tho firing 

of refractory products to altar tho pushing tins and ovon to puah 

a oar of scrap to brldgo tho change-over. Ths firing of high 

aluaina aatorials is carried at on cycles of 80 to 120 hours with 

preheating gradients of 20 to oC/hour and cooling rates of 15 to 

20 oC/hour. Production outputs of 60 tons/day would be achievod 

with sotting densities of 900 to 1150 kg/a3 and fusi consumptions 

of 650 to 750 kcal/kg fired. 

Tho following slide shows a kiln which really does fire a variety 

of products. 

Figure • • Coablnatod kiln (amia sono). 

This kiln would bo suitable for firing a varying pregi e—i of 

flreolay of 30 to «2 % *l2°y Bmuxi%*»  Corrundua, 811 Umani to aad 
Ilrconla refractories and would operate at a maximum toaporaturo 

la tho rang« 1*00 oC to 1600 oO. Output la 50 tons/day of high 

aluaina aaterlal of 57 tons/day of flreolay bricks. The kiln is 

115 • long, has a setting width of 1.50 a and a useable setting 

height of 1.10 to 1.35 •• Pushing tlaos vary froa 100 Minutes 

for high aluaina aaterlal e to 60 alantes for flrsbrioks so that 

tho whole range of cycles froa 63 to 103 hours is possible. Tao 

particular part of tho kiln cens true t ion whloh lends itself to 

tho firing of varying products is tho firing sono with its 5S 

burners. Vhon oporating nomally at toaporaturo« of about 1*00 oC 

only tho Zk  burn«rs of tho two lower row« would bo in use, the t 
of tho top row being off. If tho kiln thon ha« to operate at 1600 oC 

tao uppor aad middle burner row« would bo used. The reason for thl« 

*E*E*a**E¡mJa¿*^-*--^ - -     -^ 
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ehan«e ean be explained aa follows i in no rom 1 flrlnff the sot tin« 
eheuld be ao oho son aad arranged no «o próvido  eooess      to tho 
••«tro of tho pack for tho producto of eoabuetion via ohanaola 
•r flues. Za tho  lovor part of tho »attin« eroee-flues should bo 
loft vai oh aro at loaot 2 bri oka high and a alaiaua of ono lati- 
tudinal slot should also bo laft which lo about  1/3 of tho eattla« 
height. Thla erraagaaaat providee relatively unrestricted eatoria« 
to tho oettiag rar tho hot fasoa.  It        la a faet that a flaw« 
«ill readily proceed upwards waaroae it roaulres a groat daal of 
klnotlo energy to bo forood dovavarde.  With tho aort of sotti«« 
dooerlbod abavo  tho phyeioal naturo of tho prooooo of coabuetio« 
aad hot air aovoaont io uood to «ivo a good and ovoa hostia« •** 
•vor tho sot tin«. 

vaea firla« at  1éOO oC on tho eao hand tho product la oo hoavy 
tarnt «ho «oo of a eaallsr aottla« height la aoooooary to hlador 
daferaatiea af tho «atarla 1 aad oa tho ethar a «root doal af astra 
laoulatlon of tho hila ear top la reaulred. Oa tho hlghor teaperaturs 
eaaaalgn bot tor laoulatlon of tho ear top aad tho laager fir la« 
•vol« both assiat to aohlovia« of tho hlghor toaporaturo.  It  la 
eoaajca »raetlee horo to aaalot tho proeoaa by sotting a 25 «a» 
oouroo of high auallty firod standard seuareo right aorsss tha 
•ar bap« It la mmm abvlouo why «ho bot toa raw of burners oaa a* 

bo aaod. 

a shaago-ovor fra« a 1*00 a€ ta a 1*00 sC eaapalga la very aaolly 
i tod. Oa ta* ooatrol lastraasats tho raaulrod t sapera taraa 

asaras ara sat aad tho kiln adjaot» itself ta the aav aat af 
aoadl tiene aero at? leee autoaatloally. Boaaaee the e ho ago frasi 
oao typs of firla« ta aaothor aaae aat oeoar daily, it la aoaal 
fas? tao llghtla« ar tarala« aff af baraoro to bo earrled oat 
aaaually. an autaaatle arraagaasat far tha altaratlea of 
aattla«s la poaolbla hat saldasi foaad la praetleo. 

¡±ÊÊ^maimmmÊmtam mm 
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If a refractory plant décidée to product  special products  froa the 
highest  quality refractory bodiea,   th« us« of an "High Piro Tunnal 
Kiln* bacon«« n«c«««ary.   In auch a kiln «ateríais can b«  fired at 
up to   1830 oC  (actual product  tonporatur«). Teaperatures of 1700 oC 
and aboro ara n«c«««ary for tha firing of  th« highest quality 
Corrundua bricke, which anploy alunina aa a binder,   direct bondad 
Magnesite and Chrono -Magnesi ta brick». Such kiln» can alao be 
used to  fire Spinala,  Mullita,   Foraterite and Chroaeore producta. 

How do  thoee High-fire tunnal kilna  differ fron other tunnal kilna? 
Tha weak«at point in a kiln'« design is ita arch. On« should pre- 
ferably a tri ve for th« narrowest areh possible,   but  this neans a 
etrietly  Halted output fron th« kiln. Therefore our coapany 
decided to design and build kilna of auch width« and setting heights 
that th« aw tarlala,   «para ting at th« afor«aaid  teapara tures, would 
juat be capable of undertaking th« duty and lasting successfully. 
Thaae kilns hay« boon developed with a croca «oction of 1.00 • x 
3.00 a. 

Th« aajer preelea whoa firing at high temperatures is naturally 
th« carreet «hole« of th«  inn«r lining «ataríais of tha kiln bri ok- 
work.  Such «ateríala should gir« th« large at po a ai ble  life when 
working at   ItOO to  1900 oC so as to reduce th« chance of inter- 
ruption«  in production and giv« th« kiln équipaient,  with ita very 
expensive eeaetltu«nt part«, an output sufficiently great  to en- 
sure th« aohlavoaont of th« planned amortisation (writ« off period). 
In accordano s with th« prevailing toehnloal and econonlc  situation 
in the refractory industry,th« us« of special nagnealte product« 
and fuaion east allumina »risks «an now he considered for kiln con- 
strue tien. 

The «•« of a wide areh naturally nonna the lend en the buttraas 
blocks will be grant and in d««lgn discuaaloaa  tha nerita of 
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•prung buttress block» were considerad against  tho aor« ao 
•olid brickwork)  eventually It was decided In favour of tho 
lattar. 

Tho a«tarlala uaad for arch,   eldewall,bench and ovon springer 
blocks nust all bo of tho highest tostara tura roalatant quality and 
thoaa notarial» baro tho unfortunate disadvantage of being good 
conductor» of heat.  This condition aakts necessary the taking 
of »Masure» to inhibit tho egress of hsat fron the kiln brickwork 
into tho supporting steelwork.  This can be achieved by the use of 
an "autothermic" cooling syst eoi which cools tho arch,  springer 
block» and kiln benoh. 

Another probi osi is that of tho actual burner équipaient « The 
of aa high t oospora ture kiln aro such that the burners should 
If art their hoot energy to tho innermost part of tho kiln car 
••«ting. Here  the uoe of oil firing with it» flaaa teap»rature 
of about 2.200 oC is aost obviously suitable.  Naturally gas firing 
oan alo« be uood but only with the eiaultaaeoue uso of preheated 
combustion air and this giva» risa to »ore complicated pipework 
syston» than are needed for oil firing and thlo in turn gives rise 
to different probi on» in kiln control. In both these eases of oil 
firing and gas firing tho burner Itself nust bo protected fron 
tho Intense bock radiation from tho product at a firing toap era tura 
of  1*00 to  1S30 eC. Through tho use of tho latoet insulation 
techniques tho kiln wall thicknesses of these high teap a rature 
kilns have boon reduced to about 90 one, and therefore it has 
boon possible to succeeefully cool the burner coapononts which 
protrude into the kiln and protect the »ano fron overheating ansi 

naturally tho kiln ear brlokwork aust also bo up to the d< 
of high temperature work. Caro nust bo taken to doolgn the ear 
brickwork to ho as well Insulated and yet as light aa po»»lble 
and at the sana tino it should be streng enough to maintain a i 

even setting deek which will not induce deformation In tho 



-19- 

produot and hence loss«». 

Every kiln aust operate under córtala «pacific pressure condition« 

•o as to aaintain the temperature and hoot baione« in the kiln 

and this ••an» that th« design of tho «and seal mist be suitable. 

Aloe horo it has boon possibl« to develop a new technique giving 

ris« to th« so callod "aerodynamic sand soal". This syst«« nain- 

tains air flows sueh that th«r« is no pr«ssur« difference across 
th« sand soal itsolf. 

As far as fuol consumption and firing cycls at 1850 oC ar« cone• mod 

it can bo statod that i k| of amtorlal can bo fir«d with 1200 to 
13J0 kcal in an overall eycl* of 80 to \ko  hours. 

Kiln ear dlaeneleno for thooo spoetai kilns aro dependant upon 

the sia« of the sottane packs whloh in turn are dependent upon 

th« standard brick sla«s of th« individual nanufacturer. Ve have 

found that an overall peek sise of 820x70x70 one is the nest 
useful. 

The following pictures five an idea of the «any types of high 
toaporatur« refractories available and it is also advisable hero 
to find sotting combinations which,undsr eertaia spoetai con- 
ditions,   lend theaeelves to tho convenient firing of those various 
qualities and shapes. This loada to the nany types of setting as, 
for example,  the «nife»     paek for equally diaeaoloaod bricks, 
tho ««ttlng with wld«ly varying shap«s and even the setting suit- 
able for hell«w shapos. 

Piguaoe  9, 10 sad 11. 

—»——* «~^--.^—^L^fa.      •••  »   -    •• •-     ..J,   ,. -AJ.-"^ --•'-      -~- 
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Flfort 9 

Figure tO 

Tifi* 11 

mmm êêÊÊÊ i 



-21- 

Thés« spscial  qualities  raquira  a différent  heat   treatment  from 
that describad  abo va.   In  this  context va bava  to   consider poroun 
and lightwoight   insulation  rafractory brick».   In raspact of actual 
firing temperature thay ara  auitabla to ba  firad along with 
appropriata  quality solid rafractorias but  thair groas  setting 
density doaa,   in «any casas,   nacassitata  tha  usa  of a different 
firing curva.   Bacaus« of tha additivas usad  to high fired porosity 
thssa quali ti aa  diffar in usually requiring a vary oxidising 
atmosphere.   In part  these pora ganara ting additivas have tha in- 
convenient proparty of gasifying.  This  leads,  undar certain 
conditions,   to  tha ignition of tha gasas producad and increasas 
in t«aperature  in areas of tha kiln where  such  Increasas could 
daaage tha war a.   Hera  tha Mixed production of solid and insulation 
bricks has davaloped a useful  satting.   tha heavy aolid refractories 
absorb sny axtraneoue haat (Ivan out by tha pressature "burn out" 
of the insulation producta and at tha sana itna  tend to help in 
diluting any raducing atnoaphara  so ganara tad. 

Carbon refrac torios,  ano t hör apacial product,  on the other hand 
require a completely diffar oat  traatnant in firing. These produots 
are stt upon convantlanal kiln cars in saggars and aro paokad 
around with eoka dust or fiaos «kiek anablas  thon to bo completely 
surrounded with a continuous roduelag ataoapharo.  An example af 
this kind ia  akowa in    Figure    Ho.    12. 

Initially earaon produots ware farad in tkia way an ssajtr 
cars which WT9 pushed tfcnngk tka tannai kiln along witk normal 
refractory bri oka and naitkar waa affa« tod by tka otkor. 

The last awnln af a spaolal product will km givan in a few 
words oeaeamine tka usa af aillooa aarbida containing materiale 
for tumel kiln construction and for kiln ear furniture in tka 
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li«ht a a rasi a iaataatriaa. tic aatariala ka?« pnné, ky aa»ariaaaa, 

to ha aultabla far flrla« alaa« wltk aartala athar rafraatary quali. 

ti«» which aaad tka »MM tupirttwrt aa* kilala« aaaéltiaaa. In 

araar ta «uaraataa aaaaaaa kara it la aaraly nacaaaary to aaaura 

that oaaaacutlva kila car* ara laaéaé ta äqual vaiata a« araéaaia« 

a ra«alar rhytka in tlia kl la aa« aválela« uaaacaaaary t aaaaratara 

rlaaa aatf falla «kloh vaalé atkarvlaa »a aaaaaé by aaavaa loadla«. 

It tkarafara fallava taat la a «ark« araéacla« aaly tic aatariala 

ldaal caa41tlaaa vaul« axlat far amatarla« tkla avaaaaa af laaala«. 

(Saa figura 13) 

Carélarita aaa atkar aaa lity aattla« faraitara praéai ita 1 laka* va la a 

•lai lar aaaaar ta tlM i ararla* Mir éaaarlka* ÜC aatariala aaá it ia 

aaly aax laaaary ta i MM aa< lé far étff«raat flrla« 

Tkla laat raally «aa4 ••••pia af ptiÉiit alala« la tka rafraatariaa 
iaaaatry aaaa arma «laaa taak blaaka.  I« tka firat aaaa «a eaaaléar 
a aaaala 1 kila aalaly far taa praéaitlaa «f al f far la« aaality 
«laaa taa* blaaka. Bara «M flrla« aamaltiaaa aaat ka aaljmataa 
ta taa aaaa« af ta« laraaat klaak.  Im tlM aaaaat    aaaa amara aaa- 
vaatlamal aaallar rafraatariaa ava amato alaa«aiéa «laaa 
tka alla aa* aattia« amat •• ka imigit tkat aaaa «ara a 
kila aar laaéâJkt la aaaraatiM. Matmrally tka praaraaa af tka aar 

tka kila   will ka «avarmta: kr «M aaaaltirttr     •* **• «*••• 
am* ÉM tkjaa«kt aajat ka> «évam ta tki» la ala—ia«. 

Ma tf). ( 
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F* 9îuîîîè-225îiiîïîîi25î-î2_i*.fiYÎÎ}.î0.Broduct aixin* 

In conclusion it can bo «aid that tho following point« apply to 

ths Mixing together of rof rao tory products for firings 

Before tho actual planning; of a tunnel kiln th« futur« market 

tr«nd« should b« analysed in ord«r to obtain an id«a of lik«ly 

variation in quantity of th« producta to b« »ad«. To arriva at 

«uitabl« produot quantities, it can b« nor« economical to plan a 

tunnsl kiln programme so that additional products not r«ally landing 

theaoelves to tunnsl kiln sstting ar« fir«d in intermittent kilns 

of th« lifting hood or oar op«rat«d typ«. It is trus that inter- 

mittent kilns ganara lly con suns twice th« amount of fusi na do 

tunnsl kiln« but th« lattar typ« rapidly loss» its sconoaic ad- 

vantages whan snail ««ria« produots ara fi rod and so interrupt 

continuous and «tabla conditions} quita apart fro« th« fact that 

singla it «ais ara salde« fired to the desired condition«. It must 

als« be decided whsther or net additional investment can be 

Justified fer the firing of the«« saw 11 quantities in view of 

the faet that the s s very different shapes already require additional 

invsstsjent in squipaent right through fro« body preparation to 

pressing and additionally the investnent needed for an internittent 

kiln eaa easily approaoh the coat of a snail tunnsl kiln. 

In arrivine; at product nixes en a tunnel kiln one should e tri ve 

fer leng mi ani ehaag« *• seiden as possibls th« shapes eet. 

In arriving at «neh eondi tiens one can either produce sismi tan* 

eeusly a great naay different snap«s and qualities or one can uae 

a storage area a« a buffer. 

When «hanging ever fresj one firing curve to another the preheating 

and eeellnff gradient ohange as de the sonai temperature« and the 

tine« at taoss tenpsratur««. One can often «ass th« situation her« 

by the use ef buffer ear« laden with naterlals having a vary vide 

and ao«ian «dating range ef t capere tur e requlreaents. The sjoat 

.-.k¿.. *.A.        •ttAf-.a ^&^:*&..J..J,-,,H¿E£A¿BI¡- '. .-i- ft.Ttnri'i-tfìi-.-*1if-'-
nt-'-l-t-JSfa ,i rfifiim ,<•—  ,..,../_. ..~ .i-.. .-,..• J... ^..^    . t »a.. . 
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ii.tirai» TICK« QUI 

A good and thorough fi ri«« 1« a tunnel kiln dependo Mostly . 

«loa« with the firing technique and pi» circulation - on tha setting 

technique. An old aaylng gaee "Vail tat la naif fired". This it 

trua nat only for «ha «annal kiln», but aarlier also, «hi* «ti 

«ha rula far pori odie kilns. An inadäquat o setting would land 

«o a number of firing dofocta la apita af having «ha baa« firing 

tachniqua and flra ciroulatlaa. 

In oaaa af rafractory products wa fira« nay« «a differentiate 

between «wa different firing systons vis. continuous and pariadlo 

puah. Th» oyatons diffaran«lata th ans a Iva o na« anly through «ha 

pushing ar« af «ha kiln eara bu« opaolally alta through «ha burner 

arraagaaea«, so «ha« «ha firing eaa ha carri ad an« in ana way 

contlnuausly an «ha cettings ar undar it, ar in another way, in «ha 

ao oallod firing slits. 

In «onorai, «ha nost sui tabi a procaos ia considera* «a ha «ha ana 

in which «ha «roen naterial ia ooatlnuausly pushed forward aa «ha« 

«hay ara eon«inuously prahaa«ad, flrod nui coolod. Par a therough 

sonking, i« la recoaaaaded «a hava hariaantal and vortical slits 

la «ha »ottin«. Par ooatinuauo puehlag af «ha hila oars, «ha 

sattln« la o arri ad au« aastly la layara with a faw hi« hariaantal 

alita aad ao carding «a «ha furnace e re a a oeotlen la dlractian ef 

«ha kiln axla, «wa ar «ara •li«s ara ptt« aa aaar a aiadle ali«, 

tfca hariaantal slits, which ran fra« a aida af «ha kiln aar «a «ha 

o «her, hava «ha «aak «a allow «ha firing gases during a eeatlnueuo 

aoveaant «a alrcula«e right «a «ha aara aad «haa flaw through «ha 

slits la dlractian af «ha kiln aula «a «ha kiln ea«raace. 

Qui «a of «on, «hi a ne«hod eaaao« ha used. This is Mostly «ha ansa 

with a long firing tina, l.a. whan «ha hila eara ara aavad ferverd 

vary slowly, etera «ha danger exists «ha« by a continuous process 

«ha ou«er hriaka af «ha se««inge would ha overfirad because «ha 
fisa» 

•ÉHMIHÉUiill 
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lingera over each brick a longer ti««.  I» such CIMI we Mist «o 
back to tu« periodic »ovenent. Te «tv« th* firing gas**  enough 
chano** to carry and tran*f*r th« hoat, vid*  »lit* ar« k«pt in 
fix«« di*tane•• b*tw**n th* **tting block* in which fro« both 
alé«« th« fir* i* diroctod.  Setting «lit* along- th« axia giva 
further po**ibiliti*s for tho ga*oa to con« in o«ntact with th« 
«et*rial. To avoid      overheating i» tho »iddio of tho oro** alita, 
tho sumere ar* •© fixed or regulated that th« right and th* left 
burner* exchange short or long fit 

For firing; refractory product»,  occasionally an underssttlng ia 
uaed.  Menee there are enough big ohanucls,  through which the firing 
in general 1* *a*i*r than other practised «ethod*, where the 
firing: natorial i* directly placea on th* kiln car plat for«. While 
firing with und*r**tting,  kiln fumi tur* or netting hoop* are re- 
nuire« who** us* 1* Halted. The undersetting; ehould be light 
eo that the load can be quickly heated up ana cooled. Th*r*f*r* 
a good heat-flow i* required of the kiln furniture. On th* other 
hand they ««at poaaeee  enough reeietanee under load to  fir* to 
olinlnate defomation during firing*. That «nana the setting height 
depend* en the refractor ine* s of the undersetting*. 

«here are then the advantage• of a lead with under**ttingsf Aa hae 
keen «aid kef ere, it la a fact that it is easier fer a flaue 
to fire fra« botto« to top than when tho flojee is forced due to 
a higher klnetio *n*rgy te fire fro« top to botto«. Due to this 
tke undereettlag has the eaae function as of  the roestplate of a 
garden griller. If the theraal energy is allowed to flow la Ita 
natural way, fro« botto« to top,  then by continuous pushing a 
thorough firing is attained. The Ideal for« of heat transfer fro« 
botte« to top and a continuous pushing are the best condì tiene fsr 
a good firing and allow high firing apeed. Precondition is naturall 
that the raw natorial and the foragiving allow a quick firing. 

During aettlng, we flret have to ooneider the **tting height, whleh 

ÉÊÊÊÊ M 
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eooordlng te firing product» amy vary a lot. Of cours«,  the raw 
•at«rial,   tha composition,   th« foraglving and tha  firing temperature 
play aa lapertaat rola. Therefore it au»t first ba  cl«ar«d what 
aaterlal la  to ba firad in tha kiln in question,   tha maximum firing 
t aspara tura and tha behaviour of th» raw notarial and th« con- 
position. 

L«t ua think far esempi» of tha two opposite products, w»t pr»»sad 
fira bri ok»  ta ba firad »ay at  IfcOO oC and a high pra»s»d magnesite 
brlek of apaeial compeaitloa ta ba firad at 1850 oC.  In both oaaaa 
it la advleabl» not ta bava  ta» nig* a      sotting height. Th» w»t 
pr»ssad fira brlek» défera due to their high shrinkage,  th» 
aagneaite brloka due to the excessive  temperature which bring» 
the Material te the liait of their softening point. 

Aa oderly kiln ear setting ie always ehosen, whea the firing 
aaterlal eaa be aafely stacked with enough distaaoe betw»»n the 
block».  Such »attinge can be pushed through the Ariers very well 
aad after tke necessary intensive drying,  such setting« can be 
easily heated up in the preheating »one leading to a prob leales s 
firing and cooling. 

There 1» no question that ovary ooapany strive« to attain the 
aaxlaua eapaelty freo their kllne. Aa auch as poeaible Material 
with a high eetting density (kg/a3 firing space) with a quick 
pushing tine are te be pushed through the kiln. These wishes 
naturally have f*elr liait» I 

l) due to the possible apeod of hoat transfer froa the 
firia« gaaes te tao good» to ho fired 

t) due to tao fuel typo aad 
3) aao to the aethod of forasi via« to th» product». 

A good hoat tran»f»r possibility froa the firing ge »es to the 
flrlag good» lo «ivea whoa the gase» eaa linger oa th» aaterlal. 
Tai» eaa ho achieved through a corresponding loooo kiln ear 
»ettiaf. Tai» aeaas a lower setting density than ia generally 
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praetiaad. Only to, aft or a thorough etudy, a higher firing apood 

My bo roaliaed, which resulte in a higher kiln capacity than that 

«Moti i. poaaibla with a denaely load«d and difficult to haat up 

•attin«. 

In «any caaaa it ia not poaaibla for rafractory producta, du« to 

tha raw-aaterial coapo«ltion,to hava a high firing apaad aa woll 

aa a dona« aatting. Thia ia especially the caaa whan tha raw aat«riali 

contain organic »ubataneaa aa iapurity, which during preheating 

auet fully bum out. If any raat of organic »uba tane a a con« to tha 

sintering sona of tho kiln along with tha product to ba fir«d, than 

a black cora ia tha raault. 

Anyona fro« tha rafractory induatry knowa that auch bricka with 

a black cora ara not only ugly but any alao land to reclamation. 

If indar circuaetancee rafractory notarial containing bituaon COM 

undar tha infittane« of changing kiln a te» a phare, it can load to 

a full aintaring of tha whola car aatting. 

Hara only th« aatting technique halpe, whara on« ohooaaa a light 

and looaa aatting whara th« gaaaa can flow. Tha aatting aw at b« 

•o looa« that all tha organic aatarlal aay fully burn out during 

prahaating. That aeane corraaponding oxygon concentration antat 

ba abla to ba brought, without any diffieulty, to tha product to 

ba fir«d, and th« firing am at allow tha nacaaeary porlod of uni fora 

prahaating* 

A vary good and practical halp for looaa aatting haa been glvan ua - 

tha fingerwidth. It guarant««« in caaa of »anual aatting tha 

neceaaary diatanea that ia to ba k«pt bat we en two bricka, without 

bringing thoa together. In «oat caaaa thia diatanea ia enough 

to load tha firing gaaoa to tha producta to bo firod for an in- 

tensive heat tranefer (ehenioally bound water and eulphur pro- 

ducta aro given to tho flue gaa). 

- - -•- ••' • • - * - —__^^-»^ -—-—j— 



- 31 - 

Apart fro* the estting technique,  the kiln construction la of 
inmenso Inportano« for an adäquat« burn out of th« oreante com- 
ponent«. Oood control of th« preheating and firing sono 1« Just 
as responsible for the unlfom firing as a olean looee setting. 

Strewing sand is a further help for a good burn out in our refrac- 
tory product«• However,  this is disadvantageous for the setting, 
as during heating up and cooling the well known phase ehange 
ooours, through which tearing and dlstroyance of the car eover set- 
ting« tak« place.   In most eases it is not possible to dispense of 
this help. A packed setting on top of one another is avoided* 
Durine Manufactura,   the refractory bricks vary slightly la their 
dimension, se while setting the« one top of another la a auaber 
of layer«, under clrcua«tancée,  a few centimetres difference is 
found. Only through strewing sand  is this   balanced. 

for refractory products, oertaln differeaees are to be kept re- 
garding th« setting* technique. Ve differentiate betweea «tiff 
plastic, dry pressed aad slip oast feraglvlng proc«ss«s. Apart 
fro« thss« manufacturing procesaos,  the «hap« of the firing pro- 
duet 1 e to be considered too. Thinking about the problem of burn- 
ing* out the organi o substances,   they are naturally acute la the 
products manufactured by the wat procos s, a« la the dry pressed 
process a high percentage of grog is present which is preflred. 
Mat aaly the ««tting is deae acoordlng to the product« manufactured, 
also the atmospheric conditi one during preheating aad flriag are 
fixed by it. 

On« should be careful that la ease of big sisad products,  they 
should be fired la a number of kiln ears, one after another. 
Firstly dus to their sise, the flriag process Is slower, requiring 
a longer soaking period aad seoondly quick sotting chancos bring a 
turbulano« la every tunnel alia which nay easily cause considerable 
teomera tur« difference over the cross section of the kiln. 
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Very often there are the running-in difficulties for now faetorlee 

beoauee of not having » pereon with enough experience on eetting 

or becauee of th« abaence of rout in« of • nuabor of yeara or th« 

f«lluro of overeeelng capaeitiee of th« full product ran*« to bo 

flrod. Thoro la no and to tho richness of ideas that eona true tors 

and anflMor» poeaess and siallarly thara la no and to tha deaand 

of tho difforont ahapad rafractory brieka. It haa of ton boon triad 

to standardisa this variaty of ahapas. Ivan through higher prleaa 

for apaolal ahapas it has not boon possibl« to Unit tha aaaort- 

aent of for«« of rafractory work«. Du« to this, v«ry of ton tha 

setting suporvieor faoaa «insolvable probi «a», baeauaa ha la raapona- 

lbl« for uni f o m loading of all tha kiln oars. Xa spit« of a nuaber 

of difforont forai, ha haa to koop a eonatant loading weight in 

aaoh ear, hooping tha slit confirmation th« sana. 

Only in old experienced faetoriaa thia probi«« haa sonewhat 

•tabi 11 sad, ao that it is possible to progresse an exact setting 

plan ovar a lone period. Thia five« tho guarantee to ellalnate 

aa fer aa possibl« the teaporature difforane« cauaod by different 

eettlage of kiln car to kiln oar and eneures a ha mon i c firing 

progress in the preheating and firing none. 

Big ohangos in the setting weight have different Inf luonc es on the 

heat consumption. But the hont input fro« kiln ear to kiln ear 

auat not bo changed at will, booauae it will require too big a 

load on particular burners. Thia eould easily lead to higher heat 

input by particular burners which Might cause ovorflring for the 

setting la the following kiln oar, which is perhaps lightly set. 

The flriag in a tunnel kiln la dono in combination systea, in 

which each none la influenced by the one following it, becauae 

«alnly it la fad froa there. 

Proa what aas boon explained» it la olear that at loaat the laat 

third of tho setting should eonelat of oiaple forae,  wasfcas tho 

specials aro thon eat on top cf thea. However, if the largest part 

of a production conalate of atofpore and channels than one la 
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forced to uso thea at tho lower setting. Three channels, totalling 

•bout 1.0 a,aro sot on top of ono another, which aro thon covered 

by pro-fired setting plato«. But orón horo th« rulo is to koop 

air between tho brick« and to koop tho corresponding alita. It ia 

cloar fro« this how car«fully tho setting «houli bo carried out to 

guarantee a food firing and to avoid craahea in tho kiln. 

Practically all different fona« and queliti«« can be ao act pro- 

vided they poaaoea tho saae firing characteristics. Even insulation 

brloks, with or without burn out material ,can be aet at tho top 

of the setting without any prob lea. This ia done because thoao 

delieate brick« are under no load at the top. Precondition ia that 

th« firing curve «mat b« «uitable for the«« epecial product«. 

Producta with the «aae firing charaeterietice can naturally only 

then be «et together when their oheaietry allow« it, otherwise 

they auet be «et in different kiln ear«. 

If a refractory work« aanagea to becoae the supplier of a large 

ooacern.taloa !• satisfied with a less aeeortaeat of f ombri oka , 

then porhapa a fully autoaatic leading «ad unloading aachiae oaa 

be sensibly used. There has boon ao laek of ideas er pro Joe t s la 

this liae but regrotably till today suoli eoulpaeat has net found 

its way to the ref rao tory seo tor. These loading aad unloading 

aaohiaes oaa bo successfully ooablaed with aere or loss rapid 

firing kilns. The tora rapid flrln« is naturally relative hero. 

The possible running through tiae ia a tunnel kiln depoado upon 

tho aaterlal rpeperties aad a i see. to o.g. la ease of slliea 

brioso, a firing tiae of 60 heure would bo a rapid firing. Ilapid 

firing kilao aro eharaoterlsed through their lew eottlag height 

aad their considerable width aad aro therefore ideally suited for 

tho oporatloa of fully autoaatic loadla« aad unloading oqulpaeat. 

Tho autoaatic aetting, ooapoeed with head sottiag, has the advantage 

of eoaetaatly aaiataiaiag tho uni forait y of air aad firing elite 

la a very ohert tiae. It amy bo ooaeluded horo that alee in tho 

refraotory industry tao ful Jr antee» tlo rapid firing is aet a risk 
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aayaara «n «ka pra««aaitiaaa far • aaiak Mi, t« apt«a af Ite«, a 
flrla* ara fivaa. 

In aaaa af rapi* firin« a oartaia prafcla* «rope ap 1» via« af «IM 

aaaaaaary kiln fumi tur« • «né «ka rafraa«ary M« tarla 1» af «IM kiln 
aar«,  «a «hay hará «a ka raala«aji« «avaréa «ka auick «né «ftaa 
akaagltif «aupara «ara«  Xa «ka rafra«tory i »eu« try, apar« fra« «ka 
«aWaraa« t la** • lafca«vaa« pla«aa ara raaairatf aa ta««!«« kalpa la 
arfar ta aa« laamlatla* arlaka aa «taaaara« ar okaaaal« ar «a «a« 
a plaaa aarfaaa far éiffaraa« firiag faaaa aa «ap af «ka r«la«ivaly 
akafcjr aaaaraa««4a« aa «ka« «kay amy ka flraa acourataly vltkaa« aay 
éafaraa«âaaa. farlkar.  apaaar ar aaaiaal aa««la# palla«« ara 
aa aa««iaf kalpa« 

^-^"=--a-ajafc-í - 
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m. punita 

Aft«r the body ha« been given a font, the «ois tur« contant, 

which ean bo up to 18 weicht %  H2<> in eaao of refractory brick., 

uuet bo extracted boforo firin«. In refractory raw Material« 

tho Molatura between th« particle« is r«latlv« eaaily removable. 

It la balder  with th« Misture aurroundlnc *ha partida«. 

ORO baa alao to faca th« possibility of tb« praaanca of layar 

Molatura In eaao of clay «inorai« eapablo of «spandine. If now 

tha famed Mterlal la braucht into an atMephere whos« partial 

vapour praaaura la aamllar than that of tno no i «tur« m tb« 

for*»* notorial, thon tho for««* notorial cive« ita salatura ta tba 

atMephere, l.a. tho drylne proco«« b««ln«. Thl« proceed« In tho 
following wayi 

In a body all tha partíala« «my ho «urroundad in noi «tur«, fty fi vi a« 

up «hi« Mi«tur«, tho partiel«« COM noaror, a velue* «han«« take« 

plaee, it la tha drylnc «hrinkatfa. Lastly tha partiólo« «eej« te- 

to the r, teuehinc «••• other, reaehln« an and «onditlon. Tha 
•hrlnhaca baa ended. In neat ease« th« noi a tur« content now la 

410 weicht %  a« that dry pre a a ed beai««, vfcloh contain a naxlnun 

of • * awlstur«, «how no nor o drylnc «hrinfra*«. Tho further clvln* 
up of unter fron lnbetween «pa« e e laade only to tho fernet ion of 

pore«. Further forcine •* tho drylnc prooadure loada te the ci vine 
up of tho abaorbed and tha lnbetween layar nel «ture. 

At th« boclnnlnc of th« drylnc pr««eee tha nel «tur« i« «ai feral y 

éiatrlbuted threuchaut tha natarlal, andthU la the anaa at tha end 

with th« raat ne la ture. But lnbetween there ara dl ff or one e a and 

ana haa ta taha apee lai eare whan tha Malsani alff arene« in Mistura 

«entant ««cura. A« tha Mistura evaporatee fren tha aurfae« first, 

tha first «hrlnkaco e o cura ala« there. Tha eurface la al«« und«r 

tanalen, whleh «an load te orache. Tha Miat aere la at tha MM 

tiM under oonpresalea. Later th« raat Mi e ture of tho core would 

be foread eut under oaplllar ferae. At thia tine tha cere would 
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tenelen ond the entolde under compression. It 1» 

ttat lnhsnmsnimn emesse easily tend to crock »Ion»* the exletiaf 

«•mtur«. Therefore the drying should not be cerried out very foot 

vhleh lende to crook». Only who» the »o isture eontont tao oMt 

do«« oo for »hot oil in oil the ond »toge of the shrinkage procedure 

ooo too «lying  bo »trengly oco»lorotod. 

•ut in footorioo oao lo lntorootod in «ulek dry in«. It oon bo 

aerried out oo foot ttat duo to tho o o our in« tonoion no eroe«» 

toko plooo. It io tkoroforo lapertnnt ttat durine drying m »io- 

di ff or ono o in noi sturo eontont should not cono up in tho «otorini. 

A drying precoce noy ta oo e o loro tod by raising tho tenpereture, 

timo lowering tho vleeeeity ond our foco tonoion of tho voter ond 

rlelng tho vepeur pressure ond tho neeolorotion of diffuolon of 

tho vepeur. 

Tho érylttf nt klfh t»«p •ratura» lo nodo difficult by thomodiffuoion, 

Tho noloturo should troTol fron tho oold inoldo to tho hot surf ooo. 

Movovor, la tho water filled enpillnrloo tho tendency of trovo1 io 

fro« tho tat to cold oído. This »»»eolled thomodiffuoion io tho 

oppoelto proooduro to drying, thuo eheklng it. One eon renovo thlo 

problon by hon tin« tho notorlol up to 70 to 80 oC bofero drying». 

To ovoid o high ovoporotion rato right ot tho befinninc of tho 
tho humidity of tho otnosphere nuot bo kept high, 

durine hootlnf np tho nlr noi o turo eontont nuot 

ta vory higa. On reaching tho reeuired drying tonperoture, tho 

Ldity ohould ta eunfc. «tan tho ohrinknfo tao boon conpletod, 
io roi sod one tho hunidity strongly lowered. 

In proetioo 

to ono 

noy ta 

1.30 «• Tno 

this tata« plooo in o ohonbor dryer (pre-dryor) nui 

hSMOtar dryoro eonolot of o row of ehonbsrs nont 

whloh on« ta ontorod fro« ono or both oidoo ond 

by door». Tho forno ore »ot on wooden sot tint »trip« 

in by trnnoportor» or for« li ft or» ond oot in 

. Ita »tastar width io »emolíy 1.10 to 

nra hooted fra« tatto« with hot nir e« 
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through ©overed channels. The hot air is either eueked in or 

pushed through by fui« into th« chambers, goo« over th« Mt«ri*l 

to b« dried, thereby collecting water vapour,and leaves th« 

ehaab«r« through ohann«l« existing on top. Th« hot dry air i« 

continuously circulated till it is eaturated with noistur« and 

th« drying matsrlal is hot. Th«n th« noistur« content of th« air 

is lessened by blowing in dry air in dosos and thus starting th« 
r«al drying process. 

If th« Material is not sensitive towards drying then this con- 

ditioned drying is not required. In sueh casss a ainpls air 

circulation by means of a fan is enough. Th« instruments ere to 

b« •• nanipulatsd that th« temperature lncreaees constantly and 

the relativ« humidity goes down while th« pre e eure in th« chambers 

go«« up «lightly fresi about 0.2 to 1.5 ass. 

The seal-dried and dry-pressed products ars aostly dried in 

tunnel driers, beo au a e these produots are already so hard before 

drying* that they can be directly set on the kiln oars at ths 

height required for the kiln firing. They do not require to be 
re-set after drying. 

Th« tunnel drier comprises a single or a number of single track 

channels, separated by walls from eaoh, eo that they nay bs 

operated s sparet sly. Th« other walls and the flat roof of the 

drier are set with insulating layers. 

Th« tunnel drier work« on the counter current principle, i.e. 

the freeh formed materiale first m««t th« cold and moist air than 

ge f«rward through different »««08 of constantly rising hotter 

amd dry«r air, a« that th«lr molsturs io uniformly extracted. 

A* «ir heater may promue e th« neceeeary hot air. Apart from it, 

th« wast« heat ef th« kiln «an also be used. Th« hot air enters 

th« drier spread out in different positions in the roof arch and 

from there entere th« drying space through rectangular openings 
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eltaated at th« lower pert of ih« dry»«1 *•!!•• *»• riela« hot 
air is intercepted by fan« situated at th« top of th» channels 

and that lo circulated throughout th« oros« ••etloa of th« 

dPi«r. Th« final «xit of th« aolst hot «ir toh«« pl«o« through 

a ehiaaey at th« entrance «ad of th« drier. Beeauee of th««« 

placing«, it i« possible to keep th« hualdlty at th« «ntrane« 

of th« drior r«latlvoly high. 

Th« eold and aolst formed aatorlal coa«« al«o first la oontaot 

with aolst and «llfhtly hot air, th«n with further transport 

forward th« aatorlal 1« hoatod up according to it« opti«» 

drying condition! and continuously loo«o« its aoi«tur« up to ito 

•ait froa th« drior in flow of th« rising hot and dry air. 

A. Pesslbllltles of utilising tao wast« 

refractariosi 

hoat in cas« of 

i 

Dna to hoat oeonoay one strives today to dry th« aatorlal with th« 

help of the wast« hoat fron the tana«l kiln, i.o. to «atraet the 

water required for forafi via«. 

•ere there are casee where a coat per cent heat reoairoaeat is 

obtainable, net eeneldering th« drying of the raw aatorlal. 

Wf  th« aanufeetur« of dry pressed or eoaplleated hand preeeed 
refractory ehepes, one aay eeaolder the possibility that tao 

setal heat rsqalroaoat for drying as well ao fer the preheating 

#f tao ferae aay be obtainable froa the kiln waete heat. After 

it these preda« t s are either dlreetly set oa the kiln 

«r they are stored for a tin« at roen teaperatare fer a 

«aifora distribution of the aelstaro content, and then go through 

»1 drier« ea these klla ears« which serves both ae dryer 
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It is différant with plastic products. Those nuet be predrled 

in a different drier to obtain at lsast a eetting hardnsss bsfors 
thoy eaa bo sot on kiln cars. 

With tho operation of two driers, pr«drier and tunnol drier, a 

noat gap amy ooae up if tho predrylng is not carried out, where- 

over it is possible, in a big hall or perhaps in open air. 

This gap can be closed very siaply by insertine an additional 

energy s our o e (firing plaee) in the hot air syeten. It can be a 

slaple, under eireunataaoee, a directly heating firing chancer, 

depending upon the fuel, regulated fron the drier. 

In eaa« of nixed products auch an arraagenent ie strictly re- 

ooanondod eo that the heat reoulrenent for drying le guaranteed. 

This ia ae because while firing beoauae of ita else, a certain 

product has to be fired slowly, thus giving relatively little 

waete heat, but during drying this naterlal nay require a nueh 

larger anouat of hot air. 

The oonbinatlon pr «drier • tannai drier • tunnel kiln seta naturally 

a pfooeaaitien,  which is that the eonniste nanufeotaring unit 

should be aa conpact aa peaaibla ae that no heat loea is encountered, 

as hot air of IO te 1*0 oC tenporature should not be transported 

ever a long distance« The antra power reoulrenent and the unavoid- 

able heat loas would topple the advantages of a combination ayaten 

and would perhaps ovan put the tunnel kiln on additional a train. 

It la alee ree 

kiln, noanlng 

it can nut at 

air producer. 

ed not to o-verload the cooling none of the 

should not take out nere heat fron the kiln than 

The tunnol kiln should not become a hot 
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IV. 

Conclusively it any be eaidt 

1) It li ideal for a refractory factory, if for each spedai 

•atorlal a apodal kiln unit is available. Thon thoro will 

bo the boot ratio between investuent cooto of tho kiln unit 

and tho proceeds of tho firod foodo. 

t) Za practice, however, a factory hao to produco accordine to 

tho noodo and recjulreneats of tho aarkot. In this rofard ooo- 

proaieee aro nocoooary in ordor to aoot tho donando of tho 

aarkot. Financially thooo ooaproalooo will not have any 

•ffocto or only ainor of feote, as tho aarkot, duo to thio 

situation of constraint, hao to balance tho additional cooto 

required by tho ooapany throufh tho prleo. 

3) Ail effort o of preparation and chaplas amy bo frustrated by 

bad operation of drying and the firing technology ,aa well aa 

•f tho eaooth oottlnf teoanlque la connect ion with thio 

operational proceee,causing rojeóte. 

If tho sotting, drylnc oad firing technology are taken caro- 
fully late coasideration, it should not eauae any difficulties 

to croate tho aoot estensive variety of product ooabinatlons 

with a view especially to excellent qualities and favourable 

prices« 

L •A- - ••aaaM MM MMMI 




