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Ti,m Aot 1 a9 Pl eorceragea wiiv Lo mAanuw ctuvong
prenlema ©f fiperiay And siiivn refractories,

Afte: tne modn types ot frreni y wnld ailo a refraciories
are uet.ired, 're maia reulctd progeriie U tnese re'ractor:es
ar- hrietly aaalysed,

‘1 ana vsing oartiend v osters of Forecay Diicks ran (facture,
raw matariaid are f1n:t deacriped, ALl rwusic tody prenaratory
po9sibilities are shown, ..e@. "ue stiff-mud proccss, the iry-precs
proce.s, A8 we. 1= the 2o3ting process. After basic proolems of
dryrngs are analsced, firing 5rocess - tncludine 1.n8 “nd proclens
of choi-e of fue: - are cls- usved., Difrerent stascs oi 'he
deveiopment of o firecla. P oant are sncwn in ondersed finennia
nalyser of two piuats with iwo different seariy proinntion
caparitien and projected .ointly n tw, different vari.ntst
a8 fullv autoriied piante od 13 plants atilizinz saxlwe LAnJuUr,

A mamilar gchieanic hae boen uced for trne silica manafacturing
proplems which, at the mame *ine, have hmen mrterded with the .
brief descript.on of super~onty 3iiica -efractories and semi-ciliea
producrtu.

The e3ab ishing o the =afractory indusiry ir ans sour‘ry
mast be weighe! very srnsitivei/, sines 1t isuid depenc nnt antrw
on the availability o7 raw raterinis btut aigo on the miurkKe*
potential and the Teasibility ot suvch .. venturs,

On the other hani, Fireciay ramfaciure can help rettle rany
of the problena of ths industriilization of any ~uuntry, ceveloping
industrial plants comprisinz heai v anafer and firing, bakirg or
heating operations.
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. Definitious and «.: e | '‘'sae [e u.,e,

Te Lain Ba'c . lals seve 'Be i & 'Y 'y & Lus anl BL, B
tepr ratures w.olec ' let rmias o BT iR . ol 5D aniced ars

toomed cetrdctory nate luls,

ot geiaries are mat: el LUR e 5 o Ienin polat o f
Al ~ h A or* ~ [ . 1 B ‘U'v i
3C 5, lee. 199072 v @ ve, up Lo coue 4, Lev. X070, They
are sublivided eaimly acoording 0 " ueir el @ or.ness DY
their caemicel cowpusition end cteer phys @&l ;- perti~s,

Hetractory materials cover a wide ra'ye |  cmpositious,
besed cn dittereont mincruls ani adiitives, In tBis liecture,
tacse refrectluries, ~sBich are called alumino=-sili «tes, ~1ll
be discussed.

Alumino-gsilicate miuerals occur fre uentiy in nesture, All
mimtures of the two compouuacnts system /silica-alumina/ saow
a high nelting poiat, as their lowest eutectit ka8 beem
accepted as the limit for the refractoriness. It is uot
surprising that tais class of refractories is frequently
employed im imdustrial practice. Although compositions
ranging practically from 100% silica to 100% alumina are
commercially manufactured, the range 22% to 42% slumina
predominates because these compositions are furmulated

from natural clays. These products are called
fireclay refractories, and, in establishing a mamufacture im
any country, fireclay refractories are to be comsidered as
the first types of refractories, waich can be spplied amd
commercially produced om an easy way. The mamufacture of

fireclay refracgories is one of maim topics of this lecture.




e ratio ! slumi sa-s51l1 8 larcely determines the
retract.i.me s .{ materials, a3 swowa ia Fig. ., Tt is
mierstood that precence ot sther fluxes armd impurities,

‘el laciegce ‘g8 ssented efrgctoriness swich is valid
for tw ue ‘Mponenta omly.

F1 . 1 shows the glusins-ailica emili rium dlaygren,
rpresentisg covsteilographic Caanges aud Lhe me i Ling Dehaviour
«f © mpoumde, sixtures @nd solit! s lutioas under ¢ ali'ioas
of “hewmical e uilibrium. The must imvortemt POLRLS ares

8. The weltine poimts ot three ¢ sroumds are howa,

namel;, tha. -t cilica /1723°7/, muilite /1450%C/,
and slumina /2050°C/.

b. There are twu eutec' o, thet between silica amd

mullite w ltim- at 1540YC /after other sciemtists
1595°C/, #mi that between slumina -ad mullite melting

at 11540°¢C,

T™e sume diazrem shows the ramge of fireclay bricks,
ol silice bricks amd that of Righ alumine products. While
probl'ms »f the fireclay amd silicu samutacture have beea
imc. rroratsd iato thic lecture, high alumius amd lightweight
products’ probleas will be explained withia vne of mext

lectures,

adlica Le: actoriem comtain mut less Hhad 92% silica

w1tk omly very .mall amouats of alumime, which lecreasea

the meltim: pcimt ol silica rapidly /see Pi,.1/. They are




Bemufactured from meturally oceurimg Juartzites or ga .leters
aad form snother importamt class of refractories, Roweve. , im
comparing silica with the fireclay retractories ssaufacture,
it is obvious that the silica mamufactuie Joes .t ‘ccur to
be s0 comium as the filreclay productiou. This faect depeuds on
the reality that the silice mamuiecture is more specific tham
thot of fireclay products. Super=duty silica b icke are silica
refractories with strictly comtrolied flux comtent /aluaima
less them 0.5%, alumims plus alcalis mot exceediny .7% from

total/.

Seal-sllica products show the silica comtent higher thaa

88% froam totsl. They represeat a compromise vetween gilice amd
tireclay produts is order to improve low thermal shock e
resistance of silice bricks smd lacge after-shriakege of

fireclays,
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Bia e uired Fropertjies «f vefrectories,

TR e e e . —— . - - - T - .

T™is meite Dae ve-en iscluded imtc tais leciure te
1em nct  gte a4in re alred properties of fireclay sad silice

retrecinriee,

e S0inc 0, iates

e ;1 ude .t iel.sctorimess is e ' ey .po; By tae purity
of ‘ew se'e gin isel. As expleined in Mapter 1. ot this
fecture, efig | je: gre sll matc .als witah o aeltimy poiat

COTTeShUm e, & i megl 1 erer Cone N '€ /I%HOGC/.

Fi,. C8UWs LRe Py ometi e Coie Vaiue [ tireclay amd
£ l1re ret: 8ctorier, im ludiny' & Labj« I eger Qunes anmg

juetting Tempei gt . ¢cg ;@ Cent igades,

Durime L “pe 8 iop ¢l fuineces refractoury Reteials
8¢ ¢xp <ed MUt Luly L, the meet but algo to the eftect .. f the
pressuare ol tRe Hrick-work O §liaim am 8 res.lt of thermal
expsmnsion. ™ is presiice uade: Seat causes the piicks to
woftem at 8 lower tesperature then that currespond ing te

their refiactorines. .

In sany case:, teecetore, |t g more iaporteat, fer
Vp~retiossl purpose: .’ . gkn w the refractiuriness amder load,

Accordiag to differeat ty,es of refrectories, their

refractoriness uater load can differ comsideebly frn.g the

"efractorisess defined by Fyrvmetric Osae felue,




M™is property .s 1efiued as ' me sbility i a sate. 1@, 1,
vithatand specified COBLLLURS Ui jued, Lemperety e ami s,
Jet&ils | var.eti.ss 1s "Bis #5° 8B Oc I oumd v {1fie ~gt
Lationsl stamieids, U 3 bUBL T SR oW g L mmy, { a1 teat
88 & CUIVe re ating Lue ONjpaBs OB /C 8L g iom/ L tge Lemperal ..,
Fle. 3 shows tae vef ractorine:s .a e ,cad | selecied et gie
tories le'eo.mined accoraiug t. Jre. Bsl val tamierd

specificatica,

T™e ‘russisg SUiengtd ! refreetor.es sa.ws LRe aaX Lous
ioad per umit aieas, applied at & svecified rat , tha” @
material willi withetaad Hefore it teils. #ip. 4 swows tae
CrusBinag st emgth of differcat fireciay aald :=.lice Driciks,.
In ordisery yimis of fireclay Lricks 8 cruseiux gt oenstl of
et least L C ip per s .cm and ia $Lilce bricks & minimus
streagth of 140 «p. per 8 .C8 I8 cons . dored 10 ue suffic XTI
s the loel om bricks ian iadustrial furneces amodats, ss a
fNie, te ualy & few «ilcpoads per s .ca, T™e crussing str-agth
alse differs sceuriiag te the qwality of fireciay bricks,
reachiag up to 1000 wp per 8..CB ia the samufactuie of

Npe .Uty preduets.,

2o DRCOALNX,

Btal and glase selting furneces need to be liaed

o1tk refresctory asterials capab.e of resistiag erosion aad




cor oslom LY solien metals, slags «nd ;lasses. Imn other
aLpilcatl i us, o8 8DilLILY L0 preveat Lhe excape of gaees or te
retais heat, gececsgitates cl. ;e textursl - mt ol of the

refractories,

The Lorosity, 8 « messuice of Lhe prepc:t.om of pores im
8 Ceranlic mater18l, ‘am ve iefimed ae
= Avperemt luiuvait,. The reti1u oI tae opem pores Le the bulk
volume , expresned g5 g percontacse
-~ eaied Fo o0si'y The 8' L of the v..ume 0f the sealed pores
Lo "me Lulkl vol.ume, expressed as & percemtage
- True ivrosity. ™e ~a 10 f Lhe total v.iume of the ovem
and seaied p0ree 0 "Be DUlK V lum , expresse’ as a percentage
- Wwsorpti.e floresity accerdiag Lo weixhts/. The s ie uf the
veLZBL I wa' r, absorbed LY LBe specimema, Lo the weigat of

Lo Ay Spec BB, SXLFes3ed A8 & percesta, o,

Pie. 5 sbows posesity ot differeswt tireclay amd silice

Preaucts, oX,r+~3s6l s "o abeorptios asd the appereat poresity.

20 NacBad sk lasiALARGS
ddea chaages [ temperature waicu are sometimes a
BOCes-Ary Cumilion to operstiemal methods or the degree of the

cepae.ily Lo withstumd fluctustioms in teaperat.re, cam leed
Lo aB Lmmer streia ia the ssterial amd neay zeuse it te erechk.
Jependiag ou Lbeir uature amd structure, 1liffereat types of
refPaciores Sre aol'e Or less reeistant Lo the LBersal sacck.
Miie . eelay dricks usually withetand sudden shemges of

temperature well, silica producss are ver much seasitive te

aay chagge 1 temperature, whic. ie close tu Lempersture eof




quarts sodifications chamnges. More ie*ails will be givem in
the Ohapter IV/4,

Sa_sdieal TASIRAL TXRAMLOR.

Is “he reversible inciease ia dimemsions cof a material
when it is heated. Normally, the limear axiamsin 13 juoted,
eithei as a perceatage or as & ceificient, in eitaer case over

s stated temperature range.

The linear thermal expamsion of refractories depemds om
the properties of tae material and has to be taken iato sccount
in the comstruction of Jurmace linimgs. It is partially
abserhed Dby the vertical amd horisomtal Jjoimts between the
isdividual bricks, amd is completely checked by tBe® oxpansion
Joinmts,

The average limeer thermal expaasios of a fireclay
refrectory say be juoted as C.5% or ss 6 x 10’6. betweea 0°
amd 1ooo°c. while that one of a s:lica refractory, for the

same iaterval, reaches 1.2%, i.e. 12 x 10"6.

2. Yal StaRALALY A Heal
Refrectory msterials must be pr cessed snl fired se as
to uadergo uader norsal service temperstures oaly slight
ediitional chamges ia volume /comtractioa er expeasiea/,
corresponding with changes ia their structure,
Wile fireclay bricks, after beiag refired, show a
permanent linear comtrectiom, silica preducts, uader the

seme comditiong, prove s persameat liaear expamsioa.




Womm

is expressed by the juality of hea® traasaitted through
& xaterial im umit time, per umit temperature gredieat aloag
the direction of 2 flow, and per umit of cross - sectionmal

area,

The thermal comductivity of refractories depends expecially
oa the juality and the chemical composition of the brick. The
higher the bulk denaity of the material and tae lower ite
porosity, the better is its therzal cosductivity. On the other

hani, the best thermal imsulators are light weight materials.




ilI.Fireclay Refractories.

s BN RALOrials:

Firecluy refractories are produced usually frum natural

-aw materials, Ia some cases some Of ray materials are refimed

before used in fireclay blemds.

Eac.. blemd is composed from two basic parts
8. piastic part, auck «s clays amd kaolins
D. mom=-plastic part, suck &s grog /culis anmd fired clays/,

fliat clays amd sand.

Befractory Clays /china clays, bell clays, tireclays and
othdrs/ are clas.itied imto two major gooups, mamely resijual
clays -~ where the raterial is tound im the locationm in which
it is formed, and, sedimentary clays, wwem the clay nas Deea
transported ia sone way and deposited elsewhere. The basic
componeat of refractory ciays are alumino-si.licateg rinerals,
usually, so called clay minerals. These minerals show the
workability sad can be tramsformed ,bdy sddition of water/
into a plastic blead.

The most importaat substamce of refractory c.iays is the
group of ximerals of kaolinite, with a chemical composition
correspond img closely to Al203.2 3102.2 520. Such mine:xls
confer both a refractory character and plasticity to clays
ia which theYy are ;resent. Refractory clays are contaminated
by caly small amounts of alcalies, iron amd titanium
compounds and other fluxes. Their properties fluctuate ia
respect of chemical composition, refractorimess, plasticity,

dryisg aad firiag shrinkage, so that it is mormal practice to

use several plastic clsys mixed togethsar or with flint clays aad




kaolins four amy particular produtt. xefractory clays also

T.RY@.pn, .85 SReile op Digxer arcants, silica nimerals, Ramely
juartiz. n «diti o to (Uuelrbtz, otker clyvlallive, euw.rprous or
RoRCIrys. el lue yiratea sili « Ray Ce rrecent but all have tpe

chemical cumposition 5105,

2
Kabol.ns e« tuer (lus’.c raw Bel<r.@is w¥aicu are used im

LSOEe Tlrec ey budy cokjusitions. They coutani practically pure
clay sineral keulini e. In cowparisorn with Clays, Baclins swow
Bi-mer purity, wai*e color after firin.:, coaiser purticles and ,
tRerclore, lowe: Llus’ic ity. Faoiins oceur in the paiure as raw
kaolins, « wtaipin, usually 152 4 0% of vLae i.inerel Kwolinite,
balamce bein: - osented by juaitz sund wita smailer amount
of T lspars, mica «md other minerals. Jaw kaolius can De
comEcrcially e ploited in the mamufacture 21 siliceous and low
duty r.reclay retractories, It washed «ud rerinel, keolins are
Val.able raw mdt:. 1als not only fo: aigh aad suverduty fireclays,
but also tor olker tyres ol imdustrial activities, such as

filiers in the memulacture o1 vaper, rubbel and Ccosmet iques,
¥ie ® uMOWS properiies of seliected ciay, amd kaolins
tier im refraciiry biends.
To comtryl ~Aringase durings dryio; aad firiag and to

rer,ulste properties of :inissed products, tireclay buiies

must also c.atain mwm TRis mun-plastic

portion of the silicevus and low duty fireclay blemds cam

Y¢ rspresented by uatural Linerals /such us quartz samd/,




added to blemds or present in clays or rar kaolims. Culls,
fired clays and flimt clays are added imto mediun, aigh - and
superduty {ireclay bricks im the amount of 30% o "% from
total, referriug to the quality of fireclay oricks produced.
In gemeral, “o produce a fireclay brick umder mormal industrial
comditions, total Rom~plastic rew materials im the Yiceclay

blead have usually to amoumt at least to 50% from total.

Alls are firebricks, whickh may already have been used
in furmace limiang or elsewhere, crushed tc a size suitable
for imcorporatiom im a batch. Also wasters from the owa fireclay
manufacture is used ia the same way for remakimg imto bricks.
As the porosity of culls always is higher tham that ome of
fired clays, the additiom of culls into a fireclay blend is
limited according to tae quality of finismed products.

Zired clavs ead fliat clays,

All types of migh- and super—duty fireclay bricks must
contaim fired clays amd/or fliat clays. Fliut clay is moa-
plastic refractory clay, which is kaolimitic, with possibly
contamimated with diaspor or boemmite, After firimg, fliat
clays comtaim 42% to 45% of alumima. Their refractoriness
reaches Pyrometric Cone “quivalemt 34 to 35. These are naterials
of aa extremely hard demse texture. Although they are richa
in keolinite they are comsolidated to such aR extead that

even fime grimding will not develop aay significaat plasticity.
Fired clays are fired is a rotary, shaft or tummel kiln. Fired
clays streaghten the skeletom of the body, decrease the




plasticity of a greem body as well as its shrimkege after
dryimsg amd firimg. The nigher émount of fired clays im the

blead the more accurate dimemsioms ¢ f finished products,

Sands cam be added into blemds of siliceous fireclay mate-
rials in order to lncrease the amount of ratural RrOm-plastic
materials, Amy of quartz samds is suitable for the techaology

provided it is not comtawimated by other fluxing materiaig,

Fig. 7 shows properties cf selected Rom~plastic

refracgory raw materialsg,

Aside basic raw Raterials, d ifterent organic matters
cam be used as bomdsg to imcrease the pPlasticity amd crushing

Streagth of green products,

2 Body Prepar ation,

There are three maia processes im the raaufacture of
fireclay refractories.

8. Stiff mud process

b. Dry-press process

Ce Castimg process,

L. otif mud process, Pig. a.
shows a typical flow diagram for the manufacture of stiff-and
bricks. Stiff mud bricks are formed by forciag the Plastic

material through a die from which it comes out as a more or

A e e

less homogeneous coluam that caa be cut off iato required
lengths. This columa is gemnerally produced by a Jeairimg

duger, comsistimg (i o propeller-shaped screw ruaning in a

through, which forces the clay with Righ pressure through
a d.i.o




-13-

To receive a plastic body, water is added to the mixture
with either a wet Pam or a pug mill. Tae latter is gemerally
preferred, because it is ¢ coatimuous process umnd better

adapted to feeding the auger,

The pug mill is a lon ;, through-shaped contaimer with
usually two horizomtal 8Ral'ts runnimg down the center, mavimg
attached to them guitable blades for kmead ing amd uiximg the
clay anmd propellimg it gradually toward the exit end, Water
can be added to the material ip a pug mill to bring the Lixture

to the proper comsistancy.

The auger must be desigmed 80 as to preveat lami.natiox's,
which often occur in the center of the columm as a crack,
The die itgelf ipn gemerally lubricated with il to reduce
the surface friction, amd oftem it .8 steam heated for the
Same purpose. It has been founrd that if the clay 1s wixed
in the auger in a Yacuua chamber, the air is readily removed
and a more dense and homogeneous columm of clay is produced
in passiag through the die. Deairing ot clay hus become a
Commom practice im stiff mud brick making amnd it emables
the productior of good quality bricks with a deaser structure,
However, to reach the required efrect, vacuum has to reeach

up o 700 to 730 ma of Hg.

The columam of clay froam the uger is cut into uniform
sectioms with a wire cutter. Some of cutters work with ome,
the other with two wires. The latter oues provide sectioms
of more accurate length. For the same reasan, some of

producers prefer 8izing of sectioms before they are repressed.




Re=pressing ot clay mections makes up the requi.ed shape
UG the brick., After being re-pressed, bricks are quite firm

anl cun be readily aumiled and stacked OR the drier carg,

For mamd shaping gotier clay is prepared ia order to be

vOkeble witk lowe.: force,

Adeing of the preparey clay sectioms is a aseful operationm
“Oodnliredse the plast icity »f the mixture “ma to decrease the

8enLitivity of Lome ulends Lo cracking during the drying process,

De Uiy=fiess Iivcess, Fig. ¢

FROWL @ Lyn el Plow Clagiel 100 She maauracture ot dry-press
fiveclay on» rdCLories,
W tze Ary-pres. , o e oo £ maki:g fireclay bricks the

Cle @. aolota y 0. a powder containing ¢ o 10%

W rls nls b omigmope o 5 clay can te | Litber
LRLO e 1 epeg. body.
Re epe.ation o R T T S S lar tg

Lt ome iw the stiff mud process. The Rodern tecmolod,

f0v. AV, seems to be favoring the mo.e careful control of

the u .zing of the gLog by screeming amd recombining in definite
proportions. The mixture of dry naterials is moistemed in a

P8R RiXer amnd brougiat up to the proper comsistency, They are
different types of mixers used for this purpose. Tae nixed
material is delivered to a hopper over the dry press, waere

the xixing action is comtimued amd permitted to flow iato

the dry press as needed,
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They are differeat tyres of dry presses used im the
dryepress processing of fireclay refractories, such as toggle
type, khydraulic presses cr friction presses, pressimg ome or
more presslings in ome stroke. Im order to make uniform bricks,
it is essemtial that the mix be uniform that the same amouat
of the material be always charged imto the dies each stroke,

and that it be evenly distributed in the die box.

Fig. 10 akows the variatiom of maias fireclay bricks
properties with the pressimg power. It is obvious that the
quality of fireclay refractories is influenced distimctly

with the pressimg power, up to the limit of about 500 kp/gq cae.

Se Castiag Process,

In preparimg the body, castimg process is used usually for special

types of fireclay products omly. Considerable experience is
needed to meake up a good casting Blip. The type and amount

of the clays are importamt as well as the sising of the grog.
The amoumt of deflocculmat must be carefully ad justed. The
castimg process is less productive tham other moldimg methods.

Therefore im establishing the fireclay imdustry im a
country it is not recommemdable to start with the casting
brocess umless local techmiciams are traimed satisfactorilly.
Kte;

It is necessary to meatiom that, im memy countries,
siliceous amd low duty fireclay refractories are also produced
in a red brick plamt, followimg basic operatiom of the red
brick flow diagram. To add fireclay manufacture as a by-
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production of red bricks is a good compromisimg step ia

the developing period durimg the establishing the refractory
iamdustry. However, kilas for red brick Rakiag caa never afford
the firiag temperatures aedded im the Ranufacture of good
quality firec lay bricks., Im case fireclay products are to be
Produced im a bhrick Plaat, at leagt one cChamber kilm should
be addéd suitable to fulfil comditions for firimg process of

fireclay rroducts,

<o DIYiAR Procegs,

In the mamufacture of dry-press fireclay bricks the
dryisg pioblems are becoming quite simplified. However, thoge
products, protuced by soft-gud, stiff-mud processing, by nand
®aping cr thoge of a larre skape must be dried carefully to

obtain efficiemcy ina the operation.

Before the green product cam be fired, its humidity
Ras to be decreased bellow 2%,

Duriag the dryimg process the Clay sariaks while water
is beimg evaporateq. As shrinkage, which causes crackiag,
is equal im volu e to that of the water removed duriag the
Comstamt rate pericd, i.e, most of it, it is clear that the
Bore water in the body the more occasion there is for dryiag

cracks. The water ig chiefly bouad up with plastic clays.

Mg. 11 shows the typical drying rate curve for two
differeat clays. Duriag the comstaat period AB and DX,
drying takes place &t the exposed surface oaly, by diffusion
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© of the vapour through an adheriag stationary layer of air,,

-1~

. The water f:om the imterior of the piece moves towards the

surface, comstamntly replaciag thast which has evaporated. The
rate of drying depends Ooaly om extermal comditions, ualess
it becomes 80 great that the suarface dries before being

replemished froa the imterior,

Durimg the limear first fallimng-rate period the water
8t1ll evaporates from the surface, but as .his is beginning
to dry out the rate falla, The secoad falling=rate period
iavolves evaporatiom withim the pores of the body followed
by movemeat of the vapour to the gurface. It is uot very

susceptible to external conditioms.

Pig. 12 shows how anm enlarged sectiom of the clay
looks at various stages of the dryiag process. Im A, the clay
particles are well separated by & water fila, which alse ruas
comtimuously over the surface. In B, the amoun* .t water has
decreased umtil the particles touca vac another, but taere g
still a contimuous surface film, These stages reflect to the
iinear period of the dryiag rate curve, Ia Cy, Lhe water has
decreased uatil tae surface laye: is biokem and the leve]
resedes iato the capillaries with some air ia the structure,
Vater is drouxkht to the surface by a capillary flow aad as
vapor. In D, the water has still further decreased uatil it
is foumd omly im a few Piaces where the particles come closest

together. Here all the tramsfer of water is im the form of

Vapor,




Practically, Rowever, it is never 80Cossury t0 remove
the last trace of wster. Om the other bamd a dry piece is to
be Bard to be hamdled. The crushing strength amouats asually
to at least 10 Kp/8q.cm.

In installing dryimg e uipmeat u lot ot factors ars to
be takem imt. coms.deration, such as amouat aad type of products
v be driad per day, the avaiiable Spuce, mam-power need, fuel
aad time efficieacy amd the axximum rate ,f ;safe dryiug. Main

types of dryers used im Lhe ¢ fireclay mamufacture ares

l._mm Fireclay pioducts cum be ea3ily dried

whem ex;osel to the atmausphere ia warms amd dry clisata.
RMM, when the geat s 3upplied to the bricks by

comvection, comductiom amd ‘adiations. Heated dryers caa

be comstructed as

= Het Floor Jryers. Pireclay products are blaced im a simgle
Or several layers um &« bheated floor usimg the kila waste
Beat. Sach floor, im tame Same time, cam be the crows of
the kils. Yot floor dryers are very €88y to be imstalled
«nd they fit to smaller capacities of the plaat, but
their disadvantages are B8y, such as bigh msa-power

Beed, larye Spuce mneeded and uaevea dryiag,

- aBbeL Dryers, Froducts a.e placed om palliets of tne

seme width o8 the chamber, as scoa as they are pade.
These are thea losded om a car wa.ca carries pallets ia

the dryer. After productd are dried uaload ing is
uadertaken ia the same way. Caamber dryecs are waelly
built wp to dry Products of a plest with higher nesufacte-
riag cspacity,




- WM In the firecly refractories Ramufacture

tuame]l dryera is the RO st commom type of drye:s applied

te dry products. The ware is moved tRArough tae tuamel op
track trucks., The direction ot the air flow agy be
either coumter +» or comcurrent with the car tion, The
foumtercurreat air flow tuanel dryers aie more nsual

ia the fireclay B mutacture. ™ey nave aa sir iniet
where tae bricks are Fesoved and am exhaust stacy where
they are put ia. Tuamel dryers represeat a soders type
of dryers, as temperature, tine aad hamidity ccatrol -gm
be offectively aaintained by various Aampers and caa

be mnade suitomatic to comply with o predeterained dryiag
curve,

T™anael dryers usually are applied im o tireclay plaat of
& high capeacity,

2o BlLias Exsssss,

T™e firiag prosess of fireclay refrasteries is the
Bost essential part ia the tecamoiogieal flow. My proasse
of beat trestmest is applied ia s kila to develop & vitrecus
or crystalline bomd, thus glviag the produet the required
properties which differ from preperiiee of greea products
distimetly..

T™e uowel required firiag temperetures of fireslay
refrestories are:
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Tywe of firesley Piriag tempersture ®¢

Siliceous 12%0 - 13%
Low duty 1350 - 1410
Bdiue desy 1380 - 1810
Righ duty 1400 - 149%
per duty 1450 - 1%00

In gemeral, fireclay seterisls should 8erRally be fired
te & temperatire wejl edove thet ot whi~p it vill be wused.
™is rule 13 velid for the majority of diffe gt fireslay

refractories,

Few properties of the fired fireelay produet, erested
Juriae the firiag procese by differvat pAyeical amd chowica )
resctions, cem be lememstreted, ip prémeceple, ia the follewiag:

A lailile ™eon the seslia u?a,.z 3102.2 I.D is dested,

RO LBimy Dappea: uatil 450°C i reeched, at myicy seimt aa
internediate preduet, so eealled Sotabesliaite 020’.2 ucz
starts to be forwed. I's the SaBS tine there is a leee ia
weight of 14% and an ond ‘hermie resation by eboorbiag of
170 :al per gremm. At abous 930%¢ there 12 a sharp evolwtica
of bhee® ani 2 »a@ edle crystel phese with Spinel-tyne
strusture svpears. ibeve 109%6°¢ tais spisel otrusture
§redually dreess lows iate sulitte oad tristodelite 9ish

&8 smorphous or glaesey phase. At tae tempeoreture of about
1390°C the n.x consiste of T8 mallite, M98 eristobalise
and 5% gless.




e o

Pig.1) shows, schemalically, caemi a. reactium of

such processy Pig. 14 then sbows the typical Difteiential
™ermal Analysis of the keolin, wi'lh emdo— ami e.othermic

reactions,

Ra Jil2cla3, The Cmmages ia less poerfectly .rvetal!ine

ksolimite or fireclay are somewdat d1fterea , .or the tranefor.
mtiens sre less shery aad there i usually omly little
aligument netweea the kavlisaite startiag sateriol and tae

resultisg mullite.

Sa lBRiCiLigs, Wst fireclays ¢ ataia iRpurities taat

Cam Bave impertaat effects om the firimg proper.ies. ™resge
umpurities, Bostly cearbonates amd sulfites, breax up themselven
to form oxides which thea react with the clay. Al siles, irom
compoumd s, fluorides, ead slkaline oarths oftea are tpe

ceuse of the imcreasei react.om rate whea deatiag,

o SdldCA, ALthough silice is aa uadesirsble 8laersi 1a
eediue—, uigh- aad superduty fireclays, it vlays ea imaporraat
roie ia lew dwty amd spec selly ia silicecus firec lay retfracto-
ries. In refreetory Ciays amd rew Leolias, silica usually
vcedrs a8 8 juarts sead.

MArts eas Le trassformed by Beeting intu s suaber of
belymerphous mdifications /aee Pig. 1%/.

There are at lesst seves cristallise verieties of
silice® - amd - quarts, &, A aad [ - tidreise
Sad g - aend - eristodalite and quarts glass. Maa: of
"itera call these sodificetions low - and Digh temgereture

sdifications. ™e leasity uf tridpuite amd cristbal.'e are




very siailsr, uut they differ cComsideradly frog those of

juarts,

WM' fireclays is of great imtersst,

the greater tae sbrimkage ths &leeter ths difficulty ia

b.ldiag dimeasicag f fimished products. Aleo, Righ sirinkage
Cam cause Crackisg duriag tae firiag process. This is the

e B why egch fireclay blemd must ‘urtsia mom-plastic portioa
/8ee a tar II1/2 ot tais lecture/. Pig. 16 and 17 show some

firing Shiinskage whea o Slassy phase i preseat. It caa be
838uBed Loyt the shrimkase fi.rreg sre dus to the &lsssy phage
a&ctiag ia 'pe surface Copillaries. It g certsialy true that
high SArlRkag - rates o oy it clay omly whea Some glassy phase

is preg=gt,

In teae jractice tee firing process . ¢ fiec ay l'elractor. eg
13 devided st least iato three periods:

LW. waich 1 R6sessary to remove
Yolatile compoundg /such as Bechaaical or cheaical water, aad
Orgam.. aetters/ 37 heating aad/or oxidatieam,

W to devalop o stroag body as o result

of reectioas, wajica Whsure that ao further sigaificant chaage
"ill take plage when fireclays used ia serviee

W te coel predusts 4omm to the reen

teaperesure,
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Fig. 18 shows o tyvical temperature-time curve for
fireclays refractories firing operation.

While red bricks cam be fired evea on the simplest way,

such as ia clamp, fireclay refractories, due to the requested

" firiag teaperature, are fired im two Raia types of kilmgs

A

8. Periodic kiins /such &8 rcumd or rectamgular omesg/
b. Coatimuouas kilas /such as Hoffasmm or NEX Mendhein kilng
and tummel kilas/.

h_mw cCan be operated om the up~dreught,

hoI‘ilOltll-dI‘lught or the dowa-drau; ht primciple. The beat
results are obtaimed .» the operatiom of kilas OR the Jown-
lraught principie. Tae firiag process ot fireclays ia a
periodic kiin ig baged OB piacimg ware ia the kilm, on the
graiual meat.mg up Lf the kilm, onm keeping at raximum
tesperature for a Recessary period sad oa cooliug the ware.

The ware caa thea be removed amd a fresh settimg cam be put ia.

It is clear that appart from inefficiency by heat losses
through walls, a periodic kila mu: t use a large amount of

fuel to heat up the structure for each batch of ware, all of

§ waich is lost durimg the coolimg. Om the other haami, periodic

kilas can be used f.r very saall manufactvring yearly capacities.

Car-bell kilms or shuttle kilms are a special amd modera
type of periodic kilas. They are used successiully for firiag
of special refractories becanse of the oasy cf sgettiang and drawing




and the very flexib.e firiag cycle,

which can be sdapted ip
accordamce sith re juiremeats .f products fired. There is often

& comsiderable savims ia fuel and labor over the older type

of periodic kilas. They are used for smaller caracities and

oftem fired up ro 1600%C to 1700°¢. They also smow aigh degree

of flexibility im aprlying 1ifferent tirimy, cycles a-

cord ing
Lo LRe product tired.

QJ__MM Such as of Hoffmamm or Nandhein type,

dtilize the waste peat “ivem off durisg coolimg. Im the reality,

CORtimuous kilms comsist of & Rumbe: of periodic kilms conmected

in @ circuit. T™e frega air flow passes first LArough ware that

Ras Leem tired umd is ia the coolimx operatiom amd then, the

preheated air moves om 'o the 1l that is beiag fired. The hot

waste uses jass on to ware, which is to be fired. Greea

products are preneated so that they meed less fuel for their

owa fir.m: procesa. The aaia primciple of taig type of “ontinuousiy
workime; «ilms is based on the fact that the fire always keeps
sovim -, while products Tenaia in the same positiom. Waste heat
is utilized for Prekeating of greea producte but the kila

structure still has to be heuteod amd ¢ooled for sech batch,

In the tuamel kilms the reverse piLocess is applied. i

tusnel structure is devided imto fields at constant, differeat

temperatures correspomd ing the required firiag curve. The ware
is slowly pushed through the kilm om kila trucks. Because of
its high efficieacy the tusmel Kila has bdeea recoganised as

the best kila for mess productiom of umiform products, although
isproved iatermitteat kilas can comtimue to be used for small
or iadivadual batches, speciously of heavy pleces.
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S_(halos of Puel.

The choice of fuel depeads usually oa followiag factors:

- availadility amd price uait of heat
- capits]l uad maintemamce cost of ¢ juipmeat necessary to use fuel

- labor requiremeat

Ayslemic comditions

The followiag sources o! heat cam be used for fireciay

refractories firiag

¢ = lizBi te
¢ - ccal

" - coke

- aAtracite

- saturel gas

- towa gas

= propaa
- = producer gas

- oil

Eleetricity does not come iato comsiderstica for fireelgy
firiag becauss of its very hish met coet Per kcal. In comyarisea
vith coal, aet cost per keal of electricity is ia averase 1C . imes
higher thaa that ome of coal.

4&AlLa or browm cosl is usually pressed iate brijuettes
before use.

Saal as well as ligmite are not used for bestiag of tumeel
kilas while they caa bde susessafully wtilised for heatiag of
periodic of Inffmen kilas. All coals and ligaites comtaia
certaia amowat of sulphur, varyiag frea 0.5 to Je 3% Sulphup




ia preseat either ag irom pyrites /1982/. Or as calcium sulphate
or ia various orgamic compousds., Im refractories Raking, Rowever,
sulphur Jdoes mot Rake aay bigger harm to proiucts. If the sacked
4303 Lemperature simks under thes dye polat, corrosioa of mneta)
Farts of the kilm wi)] oceur fpipiag, veatilators, etc./

mmmm Cepreseat the purest type ot solig fuels

&ad they cam be . ed ¢ . etk with -0 amd coals,

AR fue)l Ras great advaatases over 80lid fuel. Tae buraiag
vl gas fuel is much Role easy comtrolled tham that of golid fuel,
Tae flow of fuel Lo the burmer is comtimuous, it caa be
Sutomstically coatrolled tou follow the requested firiag curve.
08 fuel als. SROows much greater cleanliness bota inside amd
outs.de the kilp, Town gas ig als0 free of sulphur and matural

Xas often hag g Yery low sulphur comtenmt.

bay of -mfacturug companies prefer to utilize W
LS, BeBulactured frog coal, lignite, coke or aatracite, Im
average, if yLas ised to fire a moierm tuamel kila, 1 toa of
Cosl neaded to be carbomised to fire the same amcuat of ware
orreapemds to l.. toms of coal needed to fire the same ip
8 "~ iodic kilm. Teere caa be therefore a coasiieradble fuel
8. &g aside . .ther &dventages meationed in the foregoing
ceo- GETOPA,

Blas rir fireclay refractories firiag, aay be ¢concmically

Supplied W Their charscteristie aey varry

"omsideredly Sesarding to the erude eil from waich Shey are
produced amd the oxteat to which digt illation has beea takea.
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Practically all heavy fuel oils comtain sulphur up o 3% to

!
]

j 4%. Plge 10 shows main properties of heavy fuel oil im the
i

. COMpPAarison wita meqiun and light fuel oils. It is Clear that

- two most importaat properties of heavy fuel ©O1ils are: Yiscosity,

which is too high umder room temperature, However, by suitable

preheatinag a more viscous oil cam be made to flow satisfactorilly,

Galonific value of heavy fuel oil is Righ emough to provide

temperatures meeded to fire fireclay refractori o8,

Differeat writers have specified twe following advuntages
of usimg fuel oils iam ceramicg firiag:

.= umiform quality of the fuel, which does mot fluctuate from

L A s

day @0 day supplies

- cleamlinmess, without dust or agh

- labour saviag, supply of oil as well as kila regulatiom caa
be automised

- flexibility im the kila regulatiom
‘- high flame temperatures, reachiag up to 2080°C. with luaimeous

SR st

flames amd, therefore, with a Righ radiatiag power
- high kiln efficiencies with greater outputs froa furmaces

because of fast heat tramsfer,

Bowever, fimal choice of fuel will obviously depead oa
 the followiag deternining factors:

/a/ local possidbilities for sWpply amd tramsport of the fuel
/a/ The cost of the fuel delivered to the plaat

/e/ The calorific value of the fuel
/4/ lecal reserves or coatimuous swpply possibilities
/e/ Imstallatica aad storage costs
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In order to show am estimated Picture of differemt stages
of the developmeat of a fireclay plaat the feasibility of two
differemt plamts at two manufacturimg levels is roughly
calculated, Im considering the establisking of a new fireclay
plaat, the minimum ecomomic capacity is to be determimed at
first. The mimimum ecomomic capacity will depemd, primarilly,
OR the market potenciality with average prices as well as oa
total costs of the new manufacture, Differeat studiies show
that as average Jearly capacity of 10,000 toms of fireclay
products cam be the possible ©COROMIC minimun. Howewer,
commercial comditioms betweea purticular countries differ so
far that it is impossible to deteramime ome over-all valid

Rinimum ecomomic capacity,

Two differeat plants are being compared. /Pig. 20
aad 21/, The fully automated plaat /8./ 18 provided with
all modera equipmeat, such as load ing raw materials cars,
feeders, tramsport ing belts, conveyors, modera hand-mould ing
equipment, differeat tramsfer cars, automatically working
presses, with a modera dryer, with a tuanel kila with the
pre-dryer, cars and comtrol amd with loaders, fork 1ifts
aad pallets,

Om the other haad, the plaat, utiliszisg asximus labour,
Cam proluce the same plamned Yyearly capacities, {.e, 10,000
toas and 50,000 toms, im the same products assortmenat, dut
the flow of the memufacture does mot include differeat elemeats

of mechanization, but prefers to employ naximuas labour,
without a modera dryer, and, instead a tummel kila, periedic
kilns are spplied.
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Compariag coth Pig. 20 amd 21 Ome cam see that to

: employ full mechamizatioam at the lower mRanufacturing level
?leun to ecomomi: losses. Tae Yearly capacity of 10,0C0 toms
pel year cam be comsidered to be the ecoromic mimimum for a

" simply projected plamt ia a coumtry with the cheap direct labour,
‘ Az automated plamt of the same capacity shows lowe. retura onm
total capital due to higher both total caautacturiag costs amd
admimistrative costs, as automation, moderm dryers amd kilas
can mot be exploited ecomomically im a low capacity. M1l
Wvamtages of wutomat ionm, however, come into accoumt ia planats
. of higher capacities, as showm om the example of 50,000 toms

t Yearly capacity. While the capacity of am automated plamt

‘ grows five tises, the retura om total capital grows 5.5 times.
: In @ plant which utilizes maximuas labour, the sume growth of
the capacity shows the growth of the retura oa total capital

| to be omly 1,21,

Therefore, the market potentiality with the specific
requiremeats on fireclays assortaeat are together with the
availibility of refractory raw materials the most importaat
factors for the comsideratiom ona establishing fireclay

refractories ia amy couatry. W&M
Pig. <2 shows labour rejuiremeat for fireclay plants

at differemt naaufacturiag levels. Tt is seem that both the

Bechanisatiom uad automation decreases the direct labour meed

about four times. The more RAumsrous workess, the more

supervisors amd foremeam im the mamufacturs are medded. However,
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each automated uait increases requiremeats OR skill maintemamce.

b.

Ce

de

Summariziag the foregoing Paragrapias, we caa say that

the establishing of a fireclay msaufacture caa be an
ecomomic vemture provided the market is potemcial amd
at least some of fireclay raw materials are locally

available

the manufacture of silicious amd low grade fireclay materials
cam be applied, as a temporary solutioam, im a red brick
pleat om assumptiom of acceptable firimg comditions

the minimum ecomomic capacity of a fireclay plaat caa be,
im some cases, comsidered the Jearly capacity of 10,000
tomas. Suca BaRufacturiag umit cam mot be based oam full
aulomatiom, which is tov expemsive for such low capacity.
For such cases it _ 5 recommendable to utilize maximum
labour, Im other cases the minimum ecomomic Cdpacity caa

be even lower tham that oae¢ of 10,000 toms per Year.

full advamtages of automation come iato acocouat im plamts
of higher capacities, estadblished ia countries with the

expeasive labour,
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i Iv. Silica Refractories,

T S 0 U S R S S A S Se . S

Compared with fireclay products, silica refractories
| show the followiag maia advaatages and disedvantagea:

le Silica refractories show Righ refractoriness uader
load. Because of this property, silica bricks are goed for

- use ia meallurgical furnaces, operated at high temperatures,

2e Silica bricks do mot comtract oa reheatim, but show
! am after-expamsion, which ReaAs that they cam be well applied

. im the comstruction of roofs with large spaas.

3¢ In temperatures above 100000. silica products show
& S0% higher thermal comductivity tham fireclay aaterials.
Thie proverty makes thea suitable for gaswork amd coke oveas,
of which the carbomisation chambers are eated extersally
| by comduction of heat through the walls of chamber.

4, In spite of higa refractoriness umder ioad, silica
bricks rapidly deform after initial softeaing, i.e. the
overheatinz of the comstructioa above ita critical poiat

can lead to the collaps of the work.

5« The other disadvantege of silica bricks is ia their
jsensitivity to thermal changes at lower temperatures Ay to
1700°C/. Merefore the heatiag of kilas Rewly Lined with silice
mterials must de gredual, expecially arocuad the temperatures
: of 230°C amd 975%°C. Purmaces aad kilas with silice refractories

§ oofs must ot be coeled uader 700°C.
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T™e chief refrectory compeams is silies preducts is
silica - S10,, which ocoure in 8¢veral sedifications. Mo
basic modificatioas are; querts, tridymite, eristobelite amt
jwarts glass, each of which &y traasfora isto aay of the
others /vossibly also imto Bota-stable forms of 3102/. at
various teavaretures /see M. 15/. Bach treamaforestieg
is accompeaied by 2 cheage ia volume dringiag s chaige 1im the
svecific gravity of the isdividusl modif ications of uoa.

S51lice is widely listriduted ig Binerais ead rode,
Hows®er, tae 5ost suitable rew aaserials for silica prod ae ta
Are juartzites, saadstoaes amd &8Alaters, comtainiag at least
5% 8102 axd alumine less tham 1% to 2%. Is is ascossary to
odd & suitebdie dond ing agzeat taat will hold the aoa-~plestie
silica grains im both tae rew aad fired state. Rydreated lime is
usually adied im the amount of 2% from total, sea well ae
sulpaite lye to iacrease sechanical properties uof greea

producta,

e c.aversion of low teaperature juarte oed L iset iome
iate high temperature ORe4 caa be aceslerated "7 the prececce

of 8imiralisers, euch ag irea oxidea.

Juartiites, as well as sandstencs and gaaisters are
sed imentary typ-s of quarts. The shape of send éraias dopemie
o8 the amoust of eroaiea they have udergene and oy etheow
Batter that say heve coeted thean. Plae graised wartsive,
with a large ceateat of erphews  or mioereeryetalliae besal




jc ment, ere excolleat f. r their Juick amd easy treustf s mation
At Bigh tempersture Bodification Mg, -25/. e ot aer

Jrvie ot Juartzite, sh.ving oigger greins, cactically wich
{.he m.Bimua cf erivaiom amd R1S3ing 'Be basa.t (. R, Meedyn,
:; wuall,, the additi.m of viBersiisers amd mcie spec.t,e FoeRu-

§.ometiic composition im .rder to Liwpare a -uitwbie body

compesitioa MPig. 24/,
= BRdX DIspalaiisn,

Pig. <5 shows s typical flow disgrem for the samufacture
fof silies wricks.

Martzites are first crushed ia a Jam crushker or .ymaoms
gramilstor imto sseller pieces 4p te about 60 mm. Piae
grimding is ueually reeslised ia dry pm mills. Ia order to
earieh the fimest particles ia the blead /eiow o microns/,
part of the quartsites is ground ia vidratimg or other aills,

8ilice wasters eore grouad separastely. Rydrated lime as

j wvell as sulphite lye are diluted amd adied iato thae Bixer
ot the boglaming of the aixiag operstiom. If Bineraiisers are
f to be added they are oither aimed with the Bydi ated lime or

blemded into greuad quartiite ia the sizer before it ig
molsteoned.

T™he ssisture contomt of the nass differs for dry prossing
ad for hand shapiag. While the blead for 4ry pressiag requires
the moisture coatest of 3% 7%, for beatd shapiag 8 to 9%

l are neccssery.




T™®e sa 0aty f .11, broducts 1: semafectyred by dry
AR LB . JucCcossl i piesslng opereti.a 19 very IMpOrtant
Tor the  uslily 91 fimisbed .rod «ts. Me bigde: press.ag
Foice , 'Be low- .  osity, LB® lower peiDeab.lity omd the
Digrer i gBil s renst® of | 181 sded treducts, Prg. 26
Mowe 'Be Ve e B 9! seiected 8.1 ce refreacriries prepert oe
WiLE - c8dimm power, ™eretore, sme | 81D 8:lice
produc Le 8 e ressel 0y 96We 81 3L )k we La i 'BO pressing
operat.ion. ey oo i1fier-gt yies 1l ,resses use!, guch
e3 fr1ot ol Lresses, Mg es80s ol Bydi@uilc v I'0B888,
LIG851M. OBe 1 ¥Ol'~ B 1 B8 18 "Be se@e operati . a. B order
Lo selte 48 1L/® BriiNs, I is essent. el "Bl the Bim be
wiform, 'sst Be seme a@UWB' It Lhe et iai #e slwapys
Wryei (80 LBe iLe- 8 B 3 ue, sl 'BEL it e wvealy

it t10uted im "8e 118 hom,

Before pressed siiie B ichs are iry tBey suet be
Begii+d carefil.; Deceuse of LBeir luw <. cea treagsh,
PIWTL BV WYYV

uryilg process Hf siline predeets is Swed siaplior

Bed ‘Dot @me of {ireclap Brichs as, mure or ie8s, Shey ceour
& Vol @e Demges. MBiie wetar -.,ptent 19 tec samed the (reen
I reBgER of pioduetls grews @ 'v ¥ to 0 N/s..co0 MO
ZrowkR of the pechenicael stioagth 18 ~aused by the ouiphi e
ipe o5 weli a8 by 'he eristsiineties of apdreted lims.

Dryiag jrecess of siiim bricas 18 sverated by BMigh
Seaperature, whi 0, s0@et Laes, emeoed 200°C. WMile flear drpere
&re sostly ueed for dr-ying of bamd sheped oredusts, chamber o7
Swans) dryers are spplisd wouwally for dry precesd poudusts.




S Lizins Dxasase and Kilasi

Siliee drichs sust wadorge the firige precess, which,

colfFerts SBe Lreem sroductu irreversibly int, a dard pPraiuct
of required vreverties.

™e wewslly required firing tempersture of silica pre-
iwsts smeowdts to 400 < Luu'c. L.o, Seger Jeee L3/i8 te 17,
™e scaling temporeture must be reguleted ia sceerdamse to
e Juelity o7 silice b iehe sepufact.ced. Wile silica briche

for the steel iadvstry caa be fired st lewer temporeture, e same

| ereduets for cole ovems amd guewerke are to be fired a%
Bigher tommereture ia erder te sec ure better omvers.om of
jarss sed ificetions. Very slow firis. , iscludiag preloaged
sekiag, is secessery to allow for the sclid-atate reacticee
So be commloted, ant to »revest rensid velume - gy e turiag

isvereiems.,

Pg. 18 shows o typlesl tompeorature-time .wrve for silice
Wwichs showlag e regicas shere olower firiag is sesessery s
"ll se feotver firiag is PEFRiseible. Me firiag sebedule Sast

b regulsted vemy sarefully ia She Segpereture iaterval Peiew
s,

Mo firiag precess 1o tivices ot least iate tares
sais eporetienes

. prebestiag

. firing

:. conliag
4 svesuge fired silia driod o o aisvere of differens

iwarss sed Afleeticas, santeiaiag sdouwt 49 to OB of eristobalive,

lc to 298 of sriapuite, S % I8 of lacemverted querte and




10 to 1% ;uartz zlass.

Difte -at types f kilms are used tor silica firiaz. All
f tBeu, Bowevar must be well re .latable, absolute evemnmess
'l temiarature is essesptial samd the rejuired firing temperature,
i B -xc-eds usually ‘hat ome tor lireclay dricks firimg,

03t he  sagopedi,

FPor biger: [ lem’ epa itlies /20,000 Loms to 50,000 tome
oroy~ar/, 8 tuamel wilm .- recomBeniable, as the slow rate
e tar amd co0iime cam ue reslized easily. The firiag

Cole o e tumme]l Kilm cam take ¢ ‘o 10 days.

el le.ions show “Bat . ggaller plumt cajpacit  es
/S Mn toms to [0, (X "oms/, variodic kilm 'am be more ecomomic,

slt®d u/b 'Beis firiag cycle cam take 4p ¢ 3 tc & weeks.

Mii- ‘umse] ki1las are deated by Zas or fuelyeil, some

f Leriodi: kilms ftor silice firiay cam alsv De fired by coal,

S MRS RuBI Silica MAcka

Super i.ty silice refrectories are 31l1ca bricks with
' 1otly comtrolled flux comtemt. As a result of thet superduty
i. e refractories cas be used uader load im higher temperatures

‘Sen mOrmel silica nricks, somet imes evea hicher thea 1700°C,

Te produce super futy silice bricks, the body compositiea
2.8t be st ' ly ~omtrolled, mly selected .uartzites op
an.sters are used ‘*ogether with other addi. ives, such eaa
ayd. eted lime amd sulphite Jes. More careful se.action amd
washiav is usually rejuired im order to keep the flux comtemt
as lew as possihle. Differeat staaisrds show differeat limite

for tae comtent of fl.xes ia the sper duty silica dleads,
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Silica bricks, coatsimimg mot more tham Oe5% wlumine and with

e total of alumims plus alcalis mot exceediax Ca7% are super

duty silice refractories,

The other mamufacturiag processes of supeir Juty silica
j bricks are the same as those of aormal silice refractories,
‘l The incheased refructorimess, refractor imess uader lowd, cold
§ crushing streagth aad the decressed permeability am jorosity

I super duty silica refractories imcrease life ot liffecent

j kilas of 10 to 30% over sormal silica bricks,

T™e group of semi—gjilica refracturies was developed aus
& compr mise betweem silica asd rireclay bricks, im order
to improve low thermal shock resiatamce of silica uad large

after shrimkage of fireclay. Sexi-silica products are also
Righly resistart to slag attack.

The mamufacturiag flow of gemi-silica bricks cua be
realized im both fireclay as well as silica processing,

If fireclay techmology is to be applied im the namufacture
of semi-silica bricks, mixtures of d iffereat quartz samds wad
refractory, mostly silicinus clays are maim compomeats of the
body. I this case shaping amd dryiag is realized uader the
same coaditions as for fireclays. Because of a very high

conteat of silica Aisually higher tham 883% form total/, firiag
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of semi~gilica bricks correspoads more to silica refrectoriecs
firimg thaa to fireclaye.

Semi-silica bricks cam also be mamsufactured ss a by~
product im a silica plaat. In such case, low-grade quartsites
or gZamisters are crushed, grouad amd screesmed aad them aixed
with deflocculated clay slip. Shaping, dryiang amd firimg

process correspoad to processes of mormal silica asaufacture,

Semi-silica bleads are used for the nassufacture of

checker bricks for gpemhearth furmace checker settings.
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V. Pimal Wpte.

-

The preaeated lecture does mot represeat highly scieatifie
{ analyaes of the prodblem how amd uader which ~omdit loss the

saaufacture of fireclay asd silice refrectories cam be ree!.sed
It abows, however, maia amd p-actical heedlines * Do respected
! ia comsidering the estadlishing & suceessful aamufacture of the

fireclay or silice meterisls.

Ome of the importaat factor of refractories ie the aaiity
of products, sanufactured, which cea iafluemce thae life of
{ kllns comsiderably. Refractories is service are expoaed to
; Zreat heat amd otmer differeat comiitives whi a Lhey are
expected to resist. Therefure, proper ‘hoice as well as ricnt
! applicatiom of refractories is ome of impertamt comd .tiocas f.r

the suceesaful mamagement.,

In weighing the posaibility of estabiishing any of
refrastory memufactures, it is mecessary to evaiuate the
feasibility of such veaturs, takiag imto comsideratiea s0ot oBly
the availabilit; of different refrsetery rew Baterials, but
also the market potentiality amd to compare the preductioa,
ddninistrative aad seles costs with the expocted sales. As
aeationed ia foregeimg parugraphs, the expected | ismt capscity
vill alse iafluense the mamufacturiag equipment comsideradly
/such a8 type of dryers aad kilas/. Autoastios of the process
will thea depead mot oaly on the mas-pewer coests, but also oa

the skilled service amd iav- stmest costa.




Wfrec' .9 pete ials are peeded in all Coull ries for

sadv ifferent ragscpst all nemufect. ing feetories usiag

o8t ‘remsfer, aplying firimyg, bSeking or Deatimz operstioas,

8ad aft-r-a. t/ o8 5f refre-tories. Theretore, the
t ¥ pe-at of 'Be refrec’ory sasufeeture cam be e o

W1 wom3 ' iadustrielizse the coumlrv,
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VII. Ta

ble of Pigures.

Plg. 1.
Pig. 2.
Pig. 3.
Mg, 4,
Pig. Se
Pig. 6.
Pig. 7.
Pig. 8.
Pig. 9.
Pig.10.

Pig.ll,
rig.lo.
Pig.l3,
Pig.la,
Pig.15.

Pig.l6,

Pig.l17.
Pg.18.

Pig.19,
M.ZO.

Equilibrium Diagraa A1205-8102 Systea.
Pyrometric Come Value of Fireclay aad Silica Mefractoriee

Refractorimess uader load of Fireclay oad Silica
Refractories

Crushimg Stremgth of Differeat Mireclay aad Silica
Bricks

Water Absorptiom amd the Apparent Porosity of differeat
Pireclay amd 3ilica Rricks.

Properties of Selected Clays amd Kaolins Used ia
Refractory Bleads.

Properties ot Selected Noa-plastiec Refractory Rew
.t.rilll.

Flow Diagram for the Mmufacture of Stiff-gud Pireclay
Iricks.

Flov Diagram tor the MMmufasture of Dry-press Pireclay
Rricks.

Variatioa of Maia Pireclay Bricks Propert ies with the
Pressing Pewer.

Oryiag Rate Curve for ™o Differeat Clays

Clay at Verious Stages of Drying.

Caemical Heactioms of Kaolimite Duriag Besting.
Differential Thermal Analysis of the Kaclia.

Polymorphous Modifications of Silica amd Their
Stability Ranges.

Firing Shriakage Ourves of Selested Cereamic Raw
Mterials.

Piriag Shrimkage Ourves of Selected Refrastory Rleads.

Temperature-time Qurve for Mreclays aad Siliea
Refractories Piriag Overat ica.

(aarscteristic of Three Grades of Pesl 0O11l.

Fireslay Plaat: Coadeased Pissacial s, at Twe
Differeat Stages of Developaemt, m.&t.

peor Tear




Prig.21,

rig.22,
Pig.23.

7ige.24,

rig.2%.

rig.26.

Fireclay Plent: Comdeased Pimancial Ana » at Twe
Differeat Stages of Develepament, 5,000 pr Year,

Fireelay Flast: Iabour Requiremeats at Differeat levels.

Eaeralogical Slide of the Amorphows Jartaite,
Ingaificatiom AQK,

Hlacralegicsl 8lide of the Jarsite with Mg Greias
mmtm acz. ’

2" Blagrea for the Bmfasture of Bry-press Silice
ieks.

Variaties of Bia Sllice Brieks Prepertiss vith the
Preseing Nwer.
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Dxrsmairia Cene Enlus aX Pirsciex and Ailiss Refrasderisa.

Seger Cenes /°c/
Fireelay ricks 26 - 33 /1580 - 1770/
Silicoous Pireclay Iricks a8 - 33 /163 - 17%/
Silica Mricks 32 - 34 /1710 - 175/
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28 | 1630 l»gmo 1920,
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da.l0LAIA oA Tnial Onaiteld

based on gross prefit 3,9% .6

S Mully sutemated plaat
b, Flamat ut 1lizing naxtonug lebeur
1/ Miret year ot full everst ice
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Skacan 2 Revelsmment. 30.000 Tons aec Iaas 1/

B Pell. Bquiv,

Ao_lamial dcess Bales 2300000 2.800.000
A Dvial Maniaciuriag Quaie A0.000 A.60%.00Q0 0

Ca_TRtAl MALALALIALAYS CRats —A20.000 30000
Ao Inial Casts A0 2.088000
P, Gzame RrsCih hefozs Iazalies —Aia00  US000
Salaiiin sa Intal Onailel

based on grees prefis a, B 13,28

s, MNilly sutansted jplans
b Piamt wtilisiag saniawe ldeur
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Zirsslaz Flasti Zaheus Meciiiemsata at Riffersat ‘svala,

Cepacity
10,000 T 30,000 ?
Matensted Bmimme Automsted Iz lavue
it Llabeur it Ladour
Direct labour 3 126 148 608
Bascsnca)
Gemerel Mnaeger | | 1 i
Preducstion Baeger 1 ) § ) } 1
Tocinical Brasger i ) ) § i
Ingtacering Baaeger )} | | i
MDief emint )} 1 ) § 1
Sepervisore 2 L} L [
o reom - e 8 ]
Nasts Mooustent 1 3 ) 1
Ilaberetery 3 2 ¢ [
Vrine a a ) [ )
Seeretary | ) § 2 |
Nere-bosper | | ) )
& leensa | ) | 2 |
aad tere ’ 3 e ¢
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