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ABSTRACT
RarractD~y materiels Irl used in almo.' Ivery Indu8try in which
h••t i. employed and they are the principel construction •• teri.l.
01 the dam.etlo firepllce aa to that of the largest fUrnacee emp_
loyed in Steel_~eking. In ell pyromatallurgleal procissee of metal
extraction. rlfinin; end other hot_working proc ••eee. high temperl_
ture furnace 1•• must. Lining ~r refr~tory Met.rIel i9 the deci_
ding f.ctor of using the furnace 'Dr. particular purpose. Th.
property. natura end .,nufacturing methode of theee widely uued
Materiel. ere yet 80 lIttle known. th.t ,~ people Ire ~ere of

•
like other developing countrl., Bangledesh h55 Qot • large number
of Industrial furnlc', in different Industrial Unit. 'or Met.llur~
~ieel operation. 8nd other precesses, Moat 0' ths linin~ ~ateri.le
0' these 'urneces .re 0' 'ire~lsy types wni~n srs locnlly m.nufaetured
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fro~ Hymensinon clay. No other refraetory brick. 0' high or
superduty types ere med. here end they ore imported when needed.
Silic8 briek ie one 01 the high temperature refractory material
end i. widely used se high t.~erature construction mlrterial for
Motallurgical furn.cee. It hea great mechanic.l etrcrngth. resis-
tance to abrasion, end it retains it. regidity elmost upto the
melting point.

Thl. research Is en attempt to study the euiisbility of the 10ce1
allies d.poeits for manufaeture of refreotory bricks. Attention
wee given primarily to the depo.it of Shohejibez8r. Chatiel" end
Noeyepsre of 5ylhet dietrIct. lnitielly eo.a fundamenie! properties
of thoee rew materinle were studied 80 ae to k~ow wheth.~ these
raw m.tcrlele esn be UB.d far making 5iliea B~lcke.

It ie eseential to have raw materiela in abundance for manufae_
turing sny Refractory Brieke. fortunately the depo.ite of Sylhat
and Mymanainqh are in ebundanea ~nd their chemic.l compoait!on.
eatisry eoma of the 'undamental ~~uirament8 0' the Rafractory
materials. During e~periment ao~e blendin9 wee ncceeanry to enhance
the binding property of the m~teriDl••

few axperi~ents were conducted tnitielly in en Eleetric furnace
whIch showed aome creeke. Thaee cracka were DubDequently minlGieed
by adding groge. Tha 'inal experiments were eonducted with standard
size 511icD bricku in the laboratery Kiln. Sinca coal. when imported
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becomes. eostly fuel, en experimental Kiln has b.en d••i;ned lind

constructed eo •• to fire the bricke by using nstural go. which
i. IIbundllntly ••v.tIllbie in BllngledllDh. The bricll. t:ll'Idllwith 1IC1lC.e

binding ~nt.ri.lQ lind gro06 wera fired in this Kiln. Th. burnt
bricks wers found aound lind they r•• i.t fUBio" temper.turo upto
14500C. The illlp",ct tent .Iu:",. that th" brick elln tll:aillt {"'poct

of 2.34 Iblll weight for Il hd'lht of' 118 inchell •

•
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CHAPTER/l

INTRODUCTION

The terN refractory i. appl1eo to any eeteriel that h•• hiOh
resi.tane. to funion and i. suitabl. for ula •• lininq for indun-
tri.l furnac". conVlrtlr_. ledl••, hot_N~t.l.torson ~i~erB.
furnlci runnlr', firl bD~" and other app.ratus operated et high
taMolr.turl (usually above lOOOOCI. Althouqh the prinary function
of r.fractoriel i. to withat.nd high tlmperaturel thlY ere usually
celled upon to resi.t one Dr ~orB of the following d••tructive
influencesl .brlsion by charoee of Datar!.l, a rapid t~porature
fluctuation. pre.eura. cDr~.ionby elaoe and flu.a. or ch.mic.l
action by ~olt.n _.t.ll. Various coMbi"at~ona of the followino

•
phy.ic8l properties of refractories are i~po~tftnt In dete~mining

thfti~ utility' Goftlning Ind fusion tlt",p.~eturll. dllnlity. pOI'Olity.

crullhl"g Bt1'llngth.thllr"ll eo"ductivity, Ileetrice1 ellnduetivity.

IpBetfie hlllt. dielectric Pl'oplrticlI lind collfflelllnt of therDftl
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e~p.n.ionl. A. in ell applieation o~ Enginelring matarlal., the
IniU.1l1 llrodUpk811l1Pco.te ere of orilll8 iIllPort.nc' in the IlIl.ction

o~ rafractorl •• ~or , particular pur-po•••

MOra th." ona hundred ela~.nt. ara wid.apraad over the BurfacI of
the lIerth in different 'DmIof dIPo.it. and only •• f!!l"of the

raptoriaa. Th,,& ara eilieonl .lu~inum.mag~ ••ium, calcium. chromium.
rirconiu~. carbon ate2, The compound of theee alc~ent8t particularly
oxide.' 5i02, AlZO,. MgO. Zr02• Cr203, CliO "te. Ira the refractory

~at.rial.. The oxide. of chromium la vOl.tile and th.t of c.lciulII

u••fuJ ",atari.l. luch a. dolo~it •• C.CO," "geD, or CrZOJ• "gO. til.

balie .pinel. C~tbDn m.y b. v••d directly after grlphltlration. or
co~lned with .ilicon to farm ~ilican cerbid.. Fortun.taly m.ny
of th••e compound. ere found in depoe it. an ••~th'. cru.t in euffi.
ci.nt purity to en.bl' direct ue. '1 r.fractory ~.teri.l.

The earli••t ty~. of refr.ctary us.d in the 'urn'ce we. eton. M.inly
.ilice reck or .chi.t ~ica. The iran furnacee or farg•• were cone_
truct.d ",.inly Of thilllIlateri.1in U.S•.\.The fir.t furnac•• wllre

•eomp!lIted. The firet .ucca••ful fUrn.ce w•• built In 1~4! .t S.ngue.
"••••chu•••tt•• end the n.~t y••r .nether WB' op'r.t.d .t Br.intr ••2•
They w.re prob.bly ~.de from locel etone. elthough thre. wera no
B.tlfectory dellosita 1n this region. Th8 building of fUrnllCI!!l1.nd
forgee soreed rellidly1n the n.~t hundred year••• nd considar.bl.
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the "inlt ••nth cftntu~y bateu$s o~ the higher cost of firebriek.
~v.n now. stona 1. us.d for lining B.e.e~ftr convlrters2. A number

at various pArt of the world. Two interesting ones .tend on furnlc'
J!,l:Qokin BInnington. V.rWlOnt in U.5 ••••~

01 Kiln burning 1urnae". Prob.bly meny of the •• rly gl••• furDee ••
• 11'1built of .tonl. In faet Robert H•••• 01 the Tampl. GIl" Co~p.ny
T.~pl•• NI. HampshIre, .t'.86 in , letter dated 17Bl, RI ,h.ll hall"
to .and sixty ~il •• fOr .ton" to build ~y •• 1ting furnacI, which
will .take Ilight t.am,'. It 1. beli"",,,d 1;h•••1; theslI .ton', eel'll' fro.

Uxbridg.. M••••ehu •••tt.. which i. about sixty ~il •• froD TempI ••
Samples froM the old furnac •• con'ir. thi.2•

Th. fir.t ailicl! brick. us beli",vlldto hltV•• b.an _aldaby W.W. Yaung
f~o. Dinae ~ac~ in $auth Wel •• ~aut 18.2. A little l~t.~ ha m.d.
b~iek £If'gani.tel'. Probably the tint slUcs bricka iliad.it>tha
Unit.d 5t.t~a ware ~enufllctur.d by J,p. Alexander of'Ak~an, Ohio,
about 1866. but e p tent we. granted to Th~ft.e Jam •• in 1858 for
• lim. banded .ilica h~1ck. snd he may h.va manufactur.d b.f'Dra

•

thi•• J.R. ThD"'.1I",tid.ailice b~ick f'o~ the st,"1 Induet~y at Nile ••
Ohio, .bout 1872. He us.d que~tz pebble. lind• Sh.~on canglo.e~at.
and cell.d the bricka wDinaa 5ilicB~ •• they weI'•• i~il~~ to the
Europ'lIn b:dek of'that nallle.~. HIlI11af Parth AllIbayllIad.ao". ailica
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b~iek. in 1815j but epperently thare •• a no ~reet d'••nd for them,
The ~odern eille. brick 0' li~.-bo"d.d ;.niater i. e very recent

.tart.d at "t. Union in U.S.A. which later became e grant centre.
Silica brick wera med. l.ter in Chieago diatrict2•

Prob~ly the firet clay rafr.atorian ueed were ;1••• pate. They
were probably ~.d. 'ro~ E~91i.h or Germsn clay •• Tn!. w•• ~.ntlon.d
by J.B. r.lt in 1636. J.e. Booth in 1841 .t.ted that • white pl.stic
cley vas wrou~ht end .xported fOr N.nu'actu~ of crucibles end gls ••
pots. Pereelain crucible. were ••de Of Kaolin 'rom Connecticut by
a golrlemith in .bout 180T2• Owin9 to'the early dev.lcpment of iron
and qt••• m.nuf.cture it w•••• sumed to be u.ed at an ••rly date.
And rir~rick•• pp~.~.din the commerciel ~rket for furnace linings

Lim. often M.d. fr~m ahells aCCUMulated 1n the ahore. .ee uoed
in forvee .alla from very ~.rly tiMee. There ere refer,nc •• to •
very early lima kiln.2•

Chro~ite. meinl~ in the forms of brick., began to be used by tha
ata.l manufecturera about 1696. chiefly in a neutral rone batwean
the acid and baeic couraee2• •

.arly aa 1860 but did not co~. into regular uss Until 1680 wh~n it

.a. found th~t the Auatria" matariel could be fittad down into.
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8.0" ••i_, ~.Qn ••iB~chro •• lind t.r-bondsd MgD h.vIIb••" mede for
• 10119 ti••••but thll db'.et hond.d b ••lll. brick with. low Il_unt

0' qle •• ph••• c••• into 1.1•• in the l~t. 19~02.

HiOh_.lu~inll refrllctori •• Wllr& nad •• f~.r the dillcDvlIryof bauxite,
Thi. Will!! perhaps at the and of eighteenth century. In U.S.A. the

firat blluxitlldiscovered neer Rome, Goorgi., during 18882•

O"a of the i~port.nt dev.lopasnt 01 r.frllctcrie. wea the hot_face
inaulation or i"aullting firebrick. Thi. product wall piona.tad
by the Ilabcock and IHI.ek Co. in th" aid_1920. In the last 10 y•• r.,

the 1.1'•• H.it h •• balln 1I11ltllnd.dIIbov! 1650°(2.

Alum!"s hllll b••n nalted for abreniv •• sine. the beginn1ng of this
c.ntu~. In the .ar1y 1920 Dr. Fulch.r of Corn!n; GI••• work. (USA)
.'.rt.d ••ki"; gl••••fllctori.1Iby fusion .nd c••tin;. AluMi"" .11ic.
r.1rectorll1l1w.ra M.d•• t fir.' but in mid 1930 Zirconi. w~•• dd.d.
Thh w•• di'clo ••d in 1942 In USA. In the 1.t. 1950 b••ic fUllion
e••t block. bllcllMe.v•.f.l.tll.to the .teel indu.try2.

GIllS. lindMiner.t fib.r. h.v. b.an in u"s for 1I10n9 while •••
In.ul.tlon, but de~.nd for 1Ihigher u•• 1iBit .neour.glld .~p.ri_
~ant.tion with ncr. f.frllctory .11ic._.lu~in. Q1•••••• U.S. p"t.nt
by Harter. Norton. lindChristie e.eDlI to be the ••r11••t di.c10 ••r
of. "/IVhi9h1y lIucc••• ful method of formln; wool fro_ fUI.d kllolin2•



,

6

R~eently synthetic end pl~utlc re'rectori.~ app.ored in the
eommercial levul for industrial use. Synthetic product i. the
1.t.et development of Refractori ••• This hoe drawn the ottentlon
01 the m."u'ectu~er. end ueers 01 refractori.s becau •• of tho
inacceosibility of r" materiel 01 the previously used for ref_
rllctory bricks.

That'll ere -rew Industrial Concerns in BIlT1Qllldeuhwho IIrlll "'.nuf.e_

turing Refractory B:deka uainO".th'1' 101;111depoeltll •• rl!lWlIateriel".

Some locol C.remie Indu.triee ere using My~.nsi"gh clay for menu_
'ecturin; Fireclay bricks. But theee brick. ere not 0' super duty
type. So the autl,or tllolc 'interest t(l find out ",OlAeother ,deposita

to manufactura high quality brick ••

It i. found trom the Geological ~uryey dlte th.t the che~icel
compolltionn and ether propertiea at Sylhat Sand 18 "I&r to that
of Quartz. But thin dapooit laeke ,o~ binding property which
mny be enhanced by edding Borne binder •• lime end Cley which ~e
locally available c.n ulually be added 1$ binding ~etsriele tor
the lllInutectureot Siliee Bricks.

Since both Oil end Coal are imPorted tuel •• a.tampt. therefOre.
hl'l!l been medl8to fire tht! bricks' with nattu"al gl. which i. Ibun_

dently evailabll in Ilenqledellh.
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OBJECTIVES

The objective at the pre.ent Theei. work will be to study the

euit.bility of the locally .veilable depooit for the monu'.ctur~

of refractory ~.teriel •• For this work. the ehemle.l compo.ition

of different depDsit. will be reviewed end if there b. any 1.c~~n9

of binding meterialn the v.ricuR deposito will b. then blended to

enhance the bonding lu'aperty.

•
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CHAPTER/2

,
LITERATURE

REVIEW

Refr",o::tory mllted •••l. er. usually feu"ld 11' the forlll Of mlnlll:'111

euhlltencllB. but ert!f!c!.l Ql' Ily.,thetic lIuhattlnc!le err the SllrMl

CO~~Dllition lire elsD uBed •••nd the. term re'rnctory IlIl1tnriali. elao
epplied to bricks, retart •• crucible and other a:l;'ticllll1 mtldll Clf

refractory .Iltcrilll••

Host of the comm*rciel refrllctOl:'y meterlalo 6r~ composed of oxides
af diff"ar.nt 1'l1l!lmll"tB. It may b. flln;:lle DJlidlll,or aasocil'ltes or mora

oxides. It is to ho rememb~r.d that pura-axid.s have high refrac_

•refrlctorlnllS.. The fu.ion point lind !lomo other properties of faw
refroc~Dry meter!.l. are given in Appendix-9 end Appondix_C.

Chlpdfication Df nftllctpriul Accordi ••g to J. Newton6thlll refrac_

tories _y b", cleellifiltd 00 the besis (If th" eh.miesl oeture.
,
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Acid refrpctori"'P' Alumina_ailiceous materie!a. TheDe materiel.
occur in thrse forme I

1. Nature! rock

H. P:uPlIrlld ma.1l (firllcley)

iii. Burned brick (firebrIck)

Siliceous meterial.! This consiot. mainly of Si02 and muat b. low
in metallIc oxidos and alkalies. They are commonly uaed in th~
following forql

i. Natural rock

il. Prepared mallS

iii. Electrically fused quartz
iv. Quartz furnace send (Ollni~terl

Bapic RefractgrieSI

A. Aluminium okldea. There arll two important cla.aee of the•• which
e1ao include. aom. high. alumina refracto;iesl

i. B.ul(it.

Ii. Alundum(E!flctriclilly fUlled beUlIIit.)

fl. DIdOI'll of Ce. Mil, and Clil nUl common 'crill are pl'oduclId by

•

1. Maqnnitll (MgCD3)to qiva m..,gnade (~Ul

11. Lillllliltone CeC03to g!v,", limll (e.O)

iii. Dolorllite to give II miltturll of' lim •• 111m:!IIlflgnelllil!l (MgO.CnOI

iv. Magnllll!lI_chromite
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v. Chro~ite ~egn'oio
vi. ChFelmit.

vii. footlrite 12M90.5102)

C. Iron oxides' These are used principally in the manufacture of
wrought ironl

i. Hu.et!t.

11. Iolllgnilltit.

iii. Blue 8illy. 1'1 product coneisting 0' "°2°3 end F0304,

Neutral rpfr.ctc(iest The .luminium eil1eeto refrnctories are
.om.ti~ •• cle.sirted a. neutral refr.ctorioa. but they .how an
acid reaction wh.n exposed to basic .1eg •

•••• forms of carboni

i. Grllphitll

it.• Cherca.l

iU .• Colc..,.

n. Chramitel

C. Artificial refr.ctorie'l Moet of tho•• er. manufactured in
electric furn.coo .nd are used '~r opIela! purpOloe. Thr•• typical
r.frectories '1'11 Ie folloWlll '

i. Zil'canlulIl (ulido '

ii. fitanium oxide
iii. Silicon cerbide
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D. R~rer refractories I These ere chiefly u~ed in crucible. for
experll11llntn1work. The followi"u~ b • list of' II few or thelle with

their approximate lIIelti"Vpointl'

1. B"203 .noooe
,. Ce02 19'\00C

3. LeZ03 1B.Oo,

4. hZOS 1875°,

5. ThOi 2HOo,
6. TiOZ 1350°,

T. V203 uooOe
e. Z>:'°z 25100C

4
ndt1'Bctorleli liS in Appem:lh_D.BudnikO\l he" ellleGil'led

Horton2 hes mentioned the mineralogic.l co~poeition. of different
tYPl!lll 01' refrllctory l!l!ltcrl111a ItS :Ln Appondix_C to AppendilO_I.

Budniko\l has oliO Show" that Fgaterite refrect9r10' are thosa
con1:1I1ninq '1'C)1Il35 to 55S "'00 with HgO I 5i02 rl'ltio of' botwaen

0.94 and 1.33.

•

Dunite I

",0
40 •

'.0
0.2_5.0

CeO
0,12_1

"'gO
35_45

MnO

0.1'_0.22
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!A!£l It 1~ one of the ~oot widely u'ld type of ~ftW ~8t.ri.l ~or
eel'••",!e wo.\'ks. It. chl"deel compolilit!on i.

M,'
26.15_34.1

r1l203+rllO
7.99-10.4

Cilleinin9 los.
15.57-26.38

Dinl" i •• retr~ctory ~.teriel co"tei~in9 1ftlelet. 93~ Si02 ~lIde

tro~ quert.% rocks with li~ or other binder. GMd fired It t.~p.r._
1::lJ1'1Ienluring p(1)''''orpI11c t:ron.fQrtlet.ion of' the "ilieo CqullrtJ}

into tridymitll llnd cr.htobdit ••

Siliel. 5i02 by fIr th" ~.t plentiful of .11 the refractory o~ide.
is without. doubt, the IIIoat. itlport'nt ••terl.l in the ceramic induetry.
It. molting point i. ,bout 172SoC. All • hiqh telllplIrllture refrllctory.

ailico brick hOI been tlenufectur.d fOr' clntury ••nd is the "t.ndllrd

Improved lilica refractor!ee ~re now ~.d. end it May b" used at
higher teMperaturas than the old stsndard gradee. This hel basn
.cco~plish.d pri.arily by incre •• inp the purity of the eiliee.

minly o~ twa kind., thsse composed •• inly of siliee and tho.e eompo.ad
mainly of alu~inium siliest. (App.ndi~_DI. Silies, it~el~ occur •

•in sll•.•rel 1'0'1'11111.iJu.rtz ••nd chalcedony I'lI'I! COl:ll:lClnlIIilieeMinl'lr.l•
••.hila quartzite. allrmeton.g l!nd sand lIIt'eeOQposlJd largely of 'rDIl
.ilica in the form of quartz. G'niAtsr is anothel' ne~g for quartZite.



I

13

It i. r.part.d that .ilica .Xi~tA in IInumber of allotropic farms.
Th. fara atRll'l lit. Z'lnlfllt""p",t'lturll ill ql,l.l:tr~ at IIbcrut BTODe.

tni. ",ItaX'. to tddylllitll IlnU lit about. 14100C the trhtylllU. "Itflle.

to crist.obMl!ta, Qu.rt~ e~n .1.0 IlXiBt, in the fora of lin IlNOrpho",.
quertZ' glee. (vitrIlOU! .ll1clI ar fUBed quartz), The raverell changell

tridyaitll. crilltob.litll and witraooll quartz to exist infinitsly at
rOOM te~.rllturll. Quartr hall IIdensity of .bout 2.(!. but. the
.ensitill. of crlatobelite and trldyaita ara 2.26 _ 2.30. when Quartz
111 nellt.d. therefore. tharll i. II considerable VOlUlIlllaxpanllion
eaulled by the allotropic oha09_. over and .bove the nor-al Ilxpllnllion

•c,'u"'lld b,y h•• ting.

Dudnikav hll. ~hown that the moatabundant fora of 5i02 in neture

la found 1$ qulrtt alnd, quertzites, different kinds 0 rack cry_

PrClDllxotb.of .UJ,E'lb,d.(;k

A(;eardln9to CIlIIb.l5t ,illc~ i. polymoxophr;U.lllend the EXOY'tlll!ne

in••••r.ian. which occur place. d.flnit'l lilllitlltion. on the unn.r

in whichBi1ica ra'r ctori" ~'ly be u.ed. Rll'r~(;torils of ailica ie

In excsll'nt Ind widlly u''lcl rafrletory .nd it I" u'ld in ean.txouc_

ticn of n."y high to.plr.tur~ M.tll1urgical 'urnacsI' it hi' gr'lt

mach~"ic.l Itrsngth snd r"silltenci to abr•• ian. and it rllt!!!", itl

rigidity .llllO.t up to tho melti"'11paint 0' the crilltob"litl, It h••
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a ~a"pAr.t!v81~ hiGh th.rmal conductivity and 8 hiVh ra.i.tanc.
to carraaian by acid .l'll;a.Silic_ re'r.ctari •• h.vll .xcall.nt
the~_l r••i.t.nca 'or ex.mple. in certain t.mplr.t~re ranVse
b.c.~.1! 0' "'Igl!qible tharm.lll.xpln.:l.an(eall Fig, 2.1 _"d Fig. 2.2).
but vary poor thar"al fthcck raaiat nce ia other ta~p.rsture rang ••
bllcllua.of 1Ilrg"vDlu.e change •• '-aDci"t.d with c1"y.tIl111n.inv••aiane.
Vitre.u. ai11clI. hove.er hee excell.nt the~.l_.hack real.t.nc. et
Illl teRp.r.tUl'es b.cause of it. very low th.~"l expanaion. 5111£111
can not be used _t high tsmp~eture under reducing conditione owing
to the form.tion of the vol.tile product, a~ thi. liMit. thl u••
of eilie. refractory.

It i. r.port.d thet the ba.ic raw matlri.l. 'or ~aking dina. ara
qUllrt%it•• of the ee~nt and cry.tallin. veriati... cont.ining
.tlellllt95~ 51°2' All the pt'oparti•• 0' qualttzite .re of'iJllPortant
in the pltodvctian a' dina •• They include type. f'ractvre. ~icroltruc-
tUltl, che",ieel compo.Uion. reft'E1Ctoltin••Il.paro.ity, _eehanic.l
.'t:rength.nd sueceptibility '1.0fi:ri"g~

It i. ..1.0 report.d thet Gani.ter i. 'the most com~only us.d eilics
mineral 'Dr refractor-ie•• H is 11CQlIlraonMelfla'01'qu.:-tzit•• 'fat
all tht! queJ:tzite are suitlllbl••1'Qt'lIllIkingIt.fractori••• e' they
~UBt be of high purity nnd hovs goad mech.nic.l st:-ength. ~ 1'ow
typicel .nelt••• of quartzit •• era .hawn in ~ppendix_A. Th.
'u9ion poif'ltaf qu.rtzite i. vary clo•• to 17000e and it .how.
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liUII .o'te~inll below !til lIldt:lng point. Thill 118it. chief' value

when uged liSre'rectOry. II it retains it. rSDiltance to 10ed at
high t~mperlltur•• thIn fireclay metlriel.. ~Det ell ice re'rectoriel
IIrll mid. i,.., the foJ:'!lof' brick •• or specilll ohepel. but !lOm.gent.tllr

ill o••d in rllm~lId 'urnace bottom2•

1!m!1 Budnikov hla statlld that for biodino the qUlrtzitll grains in
th. II!:!!!""werl. for abte!"!" •• II e-.:rcng product du!:'!o\, f'irinq. lind

for oPOll01011 up tranllf'ormlltionll of' the qUllrtz '~mDnll modif'iclltion
into anether, lilllll10 uluBlly .dded in thll 'orm Of milk of li~lI.
The IIIm'lImt Of lime added, in tl:lrrtll of' C.O. ranqle bet.lIl1n l.~ to

2.S~ depending on the purpoill for which the produet io intllnd.d
lind its ,p'eifie.tieno 1111to EIl'rllctorlnllllll'For low temperature
refractory. the addition Of li~e may be high butfor high te~peroture
brick it Wluot be e IIli"imUIIOl'l(lunt.

Investigation he. shown that the liWle hiS to b. completely Ileked
ID th~t no unlff1!lcted 11,HIlP,"'re 11!lftin the ndlk. The eccullluletil:ln
Df lilll!lin thl form of lumplI ill dang.roul. ainci it is converted
into tin during firing. end if" the dinl' is stored for 1!1long tIme
whirl ~ieturs frD~ the •••11' Cln .ffect it, the lime begin. to ~llke
inteneively, increld.nq
creckl.

•i" volume end cftUling the developmlnt of

Poorly slaked 11~e may •••lao caule cricking of tho green were through
hydration. psrticulerly durin~ drying. Unallked l1me ie delivered
in lu~e at leOlt 50 mm in di.mater. The .mount of fine end slaked
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li.e perllli'ted in it 111not IIIQrethan 'i~.Th. eo lour ot' the crushed

I.rqs lumps .hauld be the 1!I"." inside •• outd.d •• Un.l.lqld H.IIl.

ehauld not cant.!n any i~puritille. pillc". of slaga. co.l, IIl1n.or
4anything .1 •••

Hinllrelizer., It ilil IIlIid that" numbel"at diff'lIZ'lIInt 1II1nl!lr.lh:erll

111'11IIddod to dinG. ChllZ'qllin ordar to bind th" quartz gre1no into
II lllOnolithic ."811 .I'lnd II1ao to .plled up 1I1tllr/iltion of' th" que:rtc

H there <lX'1Ino ml"8r.11zer". 'dry' alteretion aCCUl"1I aecomp'll'liad

by II conl!lidllrebl •• "panGian 1" thl!l volume end loosening 0'" the

Budnikov ha$ pointed out thllt li~. i. II rair1y otrO"9 ~inllrllli.llr.
The Ull. of' wetllr-dillllolv8d 1111nllr"11%lIrll1. lilllitod by the 'I'"et that

When th" qr."" wllre 1. dried linn f'irlld th.y elllsrq" onto thll eur~ece

1:I~the psrt. where th.y melt out and ~o1'1lldial::oloutlltion.

o\cl::crdingtCl F .H. Kh.n1the .!""t'lIlogicel I::ompcliliticn.£If eOlllei.por_
tllnt refractory d.pcaita at different pl.ce. of aeng1.de.n ere .11
in Teble ~Q.2.1 to Teb1e ~o. 2.4. rrc~ the mi~.r.109ice1 compoeition

b.~.r. (hn.tiei", NoyaplIre, a.liiuri £If HabiQ"~j eubdiv!sion under
Sylhet dietrict ere very !Mportent ~"d useful.

MVllIend"9h depoait

According tQ the cle ••if'icl'ltion.nd requirel/lllnt.ol" r.l"r.ctOl'jr
metllrie111 it epPII.r~ th6t the deposit of My~nllingh c~" be ue.d
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~or the manufacture or eh.motte exelu.iv.ly. With the eddition
of BeUlcitll i.tI. lncrell.ing slumina content; thill depo.it Is "lad"

euitable for fire cloy refractories of diffrent grade, Since Bauxit.
ie not eveil.ble in thin country, it he~ to be i~ported end thus
increBeing the cost or pronuct. FiraclllY refractories ere elre.dy
baing ~ede for long years by ble~ding bauxite to this deposit.
Brick. 0' low grad. end medium duty caM be m.a. without blending.
Addition Of bauxite may b. rtl.carded by dr••~inO tho depo.it end
thereby increesino .1u~ln. content. Th. ~aftu'.ctur.r. of firecl.y
refractories ara ~.inly Mirpur ceramic work. Ltd. !lnd neces rerrac_
tCII."Y Ltd.

5ylhlli dl!!podt

Minar.logical imf••tiQetio"a IIhow thllt the d"J:lo.lt"of Shllh~JibftZlU'
Noy.p.ra dnd Chhat!.i" .re very elo~to th.t of Quartz and "end end
Ilccordinq to ths reQuirement. for silica brick theee depo.itft ere
IIuit"bltlfor the IIItl"ufflctureof silica brick. Since no "tte"pt h••
yet been .~d" to uell thi" Dflnd for refrllctory puroo"e. Th" euthor
took the.e d.lJ1)e1tllfor hi" te"e"rch project. Li...,lUI" binder 1.
ebunde"tly .vilileble in BII"91ede.h.

For l!~peri~entel purpo.e .hout h~lf e ton or the dllpoeits were
collected. Ths.e sendft ore w.~hed product. from the Hille na.r
Chheti.in, 5h.h"Jibllz.r lind ft0y.pllre.The dopo.it ie 8hund.nt. So
it could be usad ." IIraw Meteri"l for .ny indU$tri.l purpo •• if
found euitebl. in compollition end other propertie ••

•
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hbh No. 2.1

Tha chemise1 coeppnitio; 0' white cloy 'rpm HAlslpu;. Mvm,",ingb

F.
1.U_l.56

~lkdi
0.::10_0.70

,
rcrryginoUI CpnglDm~rete

Tohl
insol.(Si021
46_65.15

F. . ' CI!lOMgO

Trllse
lOGe inplginton

6_10

Total
in'p1.
61.55

F'prryginouB !!lInd!!ltpntl

"'pietu!'!!
""C;60~!l

Chemical cpmQppition of 5xth!!' Al~sa I'ndl
.1 B,ltzu;! gloat! !land whichcovera about l' 'que;e mile!!. The tot.1

rell~ee Is sbout 3.30.000 tons.

5i02
98.10 to
98.87

A120J
0.014 to
1.09

.FIl?(J!
0.1501;.0
0.29

CliO. "",0,
O.n07 to
0.014

bJ Novppar._Chhatioin nllng

5iD? "12°3 F. TiD2 C.O ',0 L01'l1l

95.08 t. 3.01 to 0.10 t. 0.15 t. 0,05 t. 0.28 t. 0•• 0 t.
95.52 3.03 O.l! 0.20 0,06 0.35 0.48,



2D

W"toIl ."ep"lI,d ell~plL!!

5102 A1203 f. Ti02 C.O MgO lo••
9S.U '0 2.48 to 0.06 '0 0.15 '0 T recti Tree. 0.28 '0
96.40 2.57 0.07 0.17 0.40

c) N~'Yl!lp.r•• _ 5h"l.,.di D.I!I.r:er

Sl02 "12°3 f. Ti02 C.O 'gO Loee io Ignition

95.52 3.01 o:n 0.20 0:06 Os 0.40
9S.0B 3.03 0.10 0.15 0.05 0,28 0.48

f.
0.06
0,0/'1

Ti02
O. is.
0.15

C.O LoeB In Ignition
0.28
0.40

h.bl" Na. 2.2

Chemic,,1 eo~potlltion or the oand dlpotllte o~ CheuddgreM police
.tetian in Comill••

el JoyentintlgAr _ Np.para preD

S102 "12°3 F'''203 C.O 'gO

" •95.94 2.22 0.48 Hi1 Tr.ce

96.90 1.74 0.32 " 0.04
97.12 2.~4 C.06 • 0.10
96.06 2.!!2 !l.li 0.04 0.07
91.32 1.9!! 0.33 'il Trec,
91.86 , 1.50 0.10. ,0;11 Trace
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b) Jega0n!th Digb!. Dutteuqer erl.

51&2 Al2°:! re2D, e,o ",0- -
94.32 J .eO 0.12 0.25 0.12

9'.90 3.80 0.36 0.22 0,0'

95.12 3.63 0.29 0,30 0,04

91.'8 5.16 0,"4 0.0' 0.10.
91.34 1.~3 0.21 0.01 0,17

T,ebb 1i9' 2.4

CtlljllliCll.l cornpo,itio"" of the "and depoelt of Drehnen Bori. Bhetlllr

aEIUI. !'teu!v! BlIlitlr Subdivillioll in Sylhet.

e,o
0.09_0.99

",0
0.03_0.29

92.2'_96.83 0.2'_1.28 1.5-3.63

•

0.11_1.B2
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KILN USED FOR
BURNING REFRACTORIES

~11na have bean uead ~Q~many thQu.~nd. of year', •• their remains
are frequently found In the e~cav.tiona of anctent .itea 0' ••rly
eivl1!~etion. The prlaltiv. kilns were without any ty~e end in moa'
ca.ea, conoieted only of e firing ch.~ert a perforated floor, and
• wall. Tho eon.truet!on 0' • permanent kiln wa. to. much 0' •
atructur.l prabl •• fOr mQat 0' the oarly'~ottero. and' recours' we.
med. to 8 tftmpororl1y roo' 0' Vroan pol•• and row clay, which would
hold In pIece long enough 'or the vary low t.mp~.tur. 0' firing
ualld "t thet th, •• Thor~ is, howtlver. onll ell"caption. 115'. kiln was

'ound in Tep. C.wrath.' "•• b.l~v.d to hova hod a permanont ~of
at • period •• early DB 4SDD to .000 9.C2•

fuel~ ~pr Kilol In the ancient period kilne were fired by fire wood.
Recently they are ~ired with coal because Df ita evailabilitYI low
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CQet lindb.c.use the refr~ctor18. sr. net particulary ,ensitives
to !lIIpuritie. 1n the kiln g•••• th,.t ~i~ht arl •• frolll using co.l

II' • fuel. Th., co.l is g""flrally burn.d in furn.c •• with lIl.ping

or flat grJ.tas liS shown In FiQutl 3.1. Th ••• nufactu~rs of raf'_
rectories generally prafor for the kilns e good grad. of bitu.;inous
co.l giving Itlong flsm., .1.0 • low .sh cont.nt lind IIhigh fusion
point 0' the •• h lIrl da.irabl.2•

Oil ha. many advantage •• a fuel for firing refractories, and in
.Oll. localiti •• the coat CQlllpers. favourably with coal. Advantage.
0' oil lire bett.r t.lllpsratur' control. highsI' t.gpsraturs, • ganerally
cl •• nar kiln .t~aoh.r., snd ••• 1Iar labour r.quir.~.nt •• Oil, of
course,obt.in~l. In a nu~ar Of differ.nt ~r.d"1 but fro. the

~coat etendpoint, the h.avier grad.a of oil a~e ~n.~.lly ua.d. ror
oil fir.d: kiln, ap.ciel type of burn.".. Ira u,.d. They brBak up
the oil into. 'pray Of fin. particla •• nd inti •• tBly uix it with
the .ir bl.st. The he.viBr oil. have to b. h.ated and mu.t be kept
hot until they .ctually r••ch the burn.r. otherwi •• the vi.co~ity
will b.co~. 80 grIst that proper Bpray i. i'po •• ibl •• A good filt.r
that will par~i, cl.aning without ehutting down the oil flow ia
n.ce ••ery2. Tha arre"g9~nt of firing over the charg. by ~e.n. of

downdr.ft i •• how" in fiqu".a 3.2 •
•

Up. of Netyr.l G.al Banglad.eh l.ek. both oil .nd coal a. fu.l. and
th.y ar. al.o coatly one. when i'port.d. Th. pra"nt pric. hike 0'
the oil th1'Ough out the world: m.da it. 1,1., ~or. difficult. Fortunately
B.nglad:•• h h•• got abund.nt quantity 0' good quelity n.tur.l gas
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FIG 3.' KILN fURNACES WITH FLAT &' SLOPING ORATE2
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Naturel 9~B is now svsileble in 9sny CQuntri.. since the sucond
world weI'. Many kiln firing refractories nOW use this fuel often
with stendby supplieD 01 prOpene lor periode when the gas supply
ill inl!ldeqtHl.t •• Naturel glls if! an ideal fu.l, os 11: produe.1I II elcen,

ea",tly controlled hallt. There srI! mllny types of natural_v.e bUr""1:'1I

lW.llilllble f'or the kiln. In the older 1ml1:1II11.t10", only pr1msry IIiI'

wee mi~ed with the gee. while secondary sIr wes drown in around
the burneI'D. This method did not allow e aetiefectory control of
temperatura and atmoephere. To dey, .11 the .11' is introduced Into
the burner giving axcellent combuetion contro12• A typic. I burner
shown In rigure 3.3.

as well as moderns -O~B. four 0000"t1.1e ~u,t .lw.ye be present.
1) • meano fD~ p~nducing heat, 2) •• uPpg~t for the wera. 3) •
container auch .a tho_wallo and crown to confine the he.t in the
work!ng apace, and d) a meana to tranafer the heat from the aDurea
to the wa~f!J2.

In dea!gn!"; the kiln the following factor. erllto b. tllkllninto

.) Tr.nafaE of h.,t, One of the moat difficult problema !n kiln
d••19" ie to tranofer the heet efficiently from ita aoure. to the
ware. The proble~ Ie difficult in tha kiln b,cauee the wara i.
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r ••• l'lnconduction of' ••••t into l!lbullcy etter-gill of .m.11 unit. ill

of I1ttl. eon ••qulIne•• T".r.'or8, on. mu.t rlly entirllly upon
convectIon for h••1:1ng of' th. ch.rg ••2•

The trlln.f'erof h••t fro~ • ~ving .tream of 9•• to • oolid Burf.cll
d.p.nd. ",.inly on thl tllt!'p.rlltur. b.t •.••n the 9••• nd .aIld lind

in figure 3.C. giv •• lin ide. of' th. r.t. of' ha.t tr.n.f~r und.r
differllnt conditions b.twllen gll. end 'Dlid. Th. trllnefer o~ ••••t

cllnd••ClInt p.rticlee that it cont(lins are quite importent in furn.c ••
of 111'9_ volUtnll.nd grllllt f11l'" thick" •••• HOwf!II11r, in thill \ciln.

IOtt.r' the ; ••• tr ••• ill divid.d into 1'1II1.t1".1y thin Illy.rll, thi.

redt_tioo ello m:tt pl.y • very ialportlll'lt p••rl .nd liD l'.d1_"t ••••t

tr.I'I.1"r i. not t.k.n lote>lIccount in d•• illniolil 1.barlltory "11"2.

b) Egy.11.atlon 9f t.mp'r~tural Dna of the ~o.t i.part.nt prabl.m.
in kiln d•• ign i. ~o praduce • uniform t~p'r.ture throughout the

volulII' at the cha~ •• This b by no ""'na .n "'e.y lIatt.r. il.llJ;O.t

.v.ry kiln .hawl , diff.rance of 1••• th.n SOo, fra~ top to botto~

of the chlllrg•• In Tunnel kiln., with ••••11 cnt •••• c'tion. th. t1ll1ll_

perature uniformity i. b.tt'r' hut h.ra ''tain it i •• pi: ta v.ry

from pl.c. 1:0pllc, in the c.r by .n .pprllcilllbl. '1II0unt2•
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I~ M • w~iQht of g•• es flowinq th~cugh the chennel in unit time.
S • Hset 108t between top end bottom by tran.fer laterslly

thrcl.Ioh ",.11. pllX'unit t1"1", th.n

So it may be concluded that a more even tllmper~ture 18 obtained
by II large volume flaw. ",hith mllY be ra.lislld by the. IIdditilln of'

.>(e•• 11 .ir tQ the product II of' cOOlbulltion. Thie equation .l.a ehowe

thet Ineuilltion of the kiln well. will qlvII II ",Ore liven te~per.ture

Another ~.thod of equalIzing th. teMpersturB I. to recirculate the
cofl!bulltion ';1'''1'11throu'ilh the charglls. In thl. w ••y fI 18rg8 voluID.

flow 1. Ilbtllincd thus dlle'l'ftll..i"i1 the t.mplIZ'sture dIffer,,"c"

i. the prllcticel prcblem of h.ndl!"; the hIqh temp.reture gase ••
/It the Iowllr tamper.ture l!lncountarlldin h•• t treating t"urnl'lc.s.

o••• a c.n bl'l reeireull'1tod with w.ter8coolBd. elloy fene .t tl'lmper.-
turl'lupto 2COCOF (llOOoe)l but .bove thiB thll Only po •• ibl. method
ie by injl'letioneetion, 8 method quit. eucc.seful in drie~. but
one that hBe not been developnd for kilns .t thn present tim ••
R.cl'Intly, recirculation has be lin u~ed eucceasfully in DO~8 tunnsl

2Ilnd •
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teMp.r~tur8 can be attainad aver the horizontal cra ••• action o~
the chez91t2.

Onaoftlln hallza the kill'll l"iramenat ate. thet th. UIII. e dampllror

a elo •• _.et floor to back .upthll heat in the kiln and give It ~rll

unifor~ tll~pllreture2. It ie not generally undaratood, however. just
IoIhat tha effec:t of dalllplIZ'aend rlletrictio"l to the 1"10wIIccolllplieh.

The curve in figurll 3.4 IIhow ellerly the greet inczlleea in tn,
he.t transfer fram the gelllllto the charge with IncreasIng-v.lacitl •••
Th. point in the kiln where thll flow 1. r.etricted hlle an increased

velocity, and thereby more heet ie tran.ferred from the g•• to the
en.rVII. A. the uaval prohlll~. i. to raile the temperature lit ttl.
bottom of the chargDI it i. po.albl. to h.ve II relatively open
••ttlng ln the charv. ltsel~ .nd la am.ll ~loor oplninQe Ie Irl

the ~loor Dpaning., the hsst ~ro$ the g.a will be given upto •
much gre.ter ft~ta"t et the floor thin in other parta o~ th~ charge
end will therefore tend to co~pen ••ts ~or the ;r.du.l coolin; or
the gel .a it qoel down through the ch.rg ••
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kiln require. 1••• fuel .nd the~8'or.j the g•••• enterinQ the kiln
c.n be et _ low.r te"p.rllturs. Aleo the insulation 0' the w8118
of the kiln incr.aee. the unifo"",,,ityof te.pIQ'ature by lIIinimizin;
the heat lose •• the Qa.e. plI•• through the chllrga2•

tel'JlperBtur"dillltributionin th" kiln llXC.pt the ;.11 ysloe:ity.
R.circullltion m.thod i. not IIIPplic~l. for high ta••p.retur. kiln
leave l<l500CI. Insuletion. botto," op.nln;s el'ldd.mper .•••ill b••
too camplic.ted end costly pro~ositilln 'or this laboratory kiln.
Mors aver the kiln i. so .llIallth"t da",pel'.nd bottom opening.
mathod. for equ.lizin; tsmp.returll c.n not b. etteined. So th" ge.
velocity is the only tel'Jlpllrotureuniformity fector in thp laboratory

kiln.

c) Kiln E'flcien*vt Th" c'~icillney a' the kiln is usually d.'ined
.s the retia of thllhest r"quire~ to brinQ up tho w.re to it•
••"killlulIIte~pe~atu~e divided by ~ha .mount of h.e~ supnlied by the
fu.l. Thi$ dafinitian i$ perfectly logic.l when applied to the
p.riodic kilnl but when it ie uo••d under conditionll ••here recu_
peretion occur;. then it ~sy becon" absurd, .s ef'icieneills 0' oy.r
100 per c.nt h.ys b.en datllrlllinedon llctu.l kilnll. Thill Clln be
IIIlId.cl"ar by the s.t 0' hea't b.l.nee diaQ:I"elns••ho.•••n in F"ipur. 3.5
beginning .•••ith c non cuper.tiv!! kiln .nd ending with one hoving
• high teeuparlltive ••'feet. a is ellen th"t th.,h• .,tr.quired to
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brinq up the ware u~tD, temp~rntura is the 8&m. in a.en case but the,

allt"rn.l heet eupplied tl' :t:hllkiln becO.lIIl!1prog:NIslivllly .meller
, 2e. the recupereti~a action increneee •

It ehould b•• t.ted hera th~t II high degroe of kiln e¥ficiency Is
often incompatible .ith good uniformity of te~per.turll because high
,d'ficiancy demands Blow te,"perlllturs (If the gaeee .nd th •• llt in

turn. masn e low temperature Of the charge at the bottom D~nd
Of the kiln. Only by recuperativll sction Dr recuperation a good
temperatura unlfor~ity can be obtained togeth&r with high efficiency.
The leboretory kiln used hi :GOelllsil in l.ngth (10 feet) thet th"

a~hcust. carry ewey Inrqll ~uenity of' the heet. Larger tunnel kiln
ond recUp.ration system 'could be deeiqned but the conetruction
would heve not be~n PO.nib!" for leek of epeee .nd m~t8ri.le needed
for it.

For experi~entel purpOle a (lmall eixe leboretory kiln h.e baen
delligned end corn',tructed. Dimeneionlll det.ill'!of' the kiln hllvlIbllen

It ill,Dbvioull thl'ltthe innulAtion nf kilne •••il1 inC,.ell'eBthei,.
!ilfficillncy.but urrfortunetl!llyVlll'Yf••••d.ta are at hllnd to s"o",
Ju.t whllt tha allving might be. ae there 1e eeldom en opportunity
to compare ei~illlr kilne. 01'111 of •••hich is ineuillted end the other
not.
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Bu[nerul Four g.a burnero or equal cDpncity ~e designed ~d
conetrueted. Since there la no need to etto~iZe thv vae es In
oil, the gee 18 spreyed in the furnece by simply pelning it

through per~or.ted disc tube. Ho eecondery eir i. supplied. All
the eir poseeo e~und th. gee n~ proviaion Ie mede to control
eir gnd gao individually for individual burner •• Tho .ir ie t.isted,. th, exit " th, ,.. '0< bnt'tll[ 1:111(1ng. Th, cete:lll'l .' th,
bUrnl'lZ'1 u- Ihown in figut"8 J. 7. Both d, ,,' gee Can b, centrl!llly

controlled ..,,.. f1upply •• recorded from tho "'!It or • Th, Ichotletic
die'Clr"llt of' th, l'Illlpe:d"'Bnt,l'll ••• up Is uhown " Figure 3.9.
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CHAPTER/4

EXPERIMENTAL STUDIES
AND DISCUSSIONS

Saver.l experl~.nt. wera carried out Just to study the meteri.l for
it. suitability in ~eking refractory brick •• Experiments were cerried
out in two ph.~e$1 Dna in the form of ••• ller oize bricks which ara
fired In the Silicon C.rbide furn.ce end the Gthor in the form of
co~ercial .ize bricko which are burnt in a V.. fired laboratory
kiln.

fIRST PHASE

Th. furnac. u••d fOr firln; tho smaller brick. ie ahown in figure
4.1{a). A at.el mold of '"x3"x2" inner di~n.ion. wes used for
m~ki"g the brick ••mple •• Handle. are used for ••s& of withdrawing
the brick from the mold. 'rom the .n~lYB•• of the send (Table No.2.2)
it i. found that both tha Noyapara .nd Shlhajibazlr deposita contain
2.46 to 2.5~ A120S .nd ~raceD emou"~ QI C.O.
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t.XP(R lMENTS

1.t .!peri~.ntl Atte~pt8 w'r' M.d. to m.nuf.cture bricks with the
Nay.p.r. sand but it l.ck. gr.8n strength to hold th, .ise end shape
of the brick. Mor.ovar on drying it W8. Obl'rv.d thet the brick
.p.tl.d out to ••• 11 particles. On grinding the .and in B.ll mill
to about 100 m••h, no improv~~.nt we. found in green .trangth. So
the depoeit cln not be uean exclu.iv81y ., ••If binding ~.t.riel
for manuf.cturing eiliea brick ••

2nd experilllentl Lim', CaD, W!!lllUll!ild ., birtdil19 .,tllri ••1 !.lpte 2' in

.ddition to the ,mount pr••ent in the ••nd. The .eme proble~ of
leck of green ptrenoth w•• tQYnd 's in 1.t !xp.ri'ent. No m.chanic.l
pr ••• or Hydraulic prel' wa. u••d to pr.s. the mixture to the shap ••
It w., ~a"uelly famD.d to th~ .h.pe in the ~nld.

3rd IlCpU'il'llentlThr.' bricke of' 4"lC3"lC2" lIize wert suba'quently
preparad with CeO content o~ ,~.~~ Ind 8~ with enough wllt.r to
Inera ••• thll gre.n atrength. The li~!l added Will w'ry ~lno and w ••
thoroughly ~ix!ld. The gr ••n .tre"9th we. enough to holrl the ahapa
but on drying it w.. found very fr.qll!! Inc we' nat pO'lltbl. ta
b.ndi. conveniently. Of caure'. the atr.ngth .ft.r !lnd befor. drying
w.a .pp.rantly found incre'elng with incr'lI~' of lim. content. The
.1za of the grldn re",.in.rI ellthllt o~ tha orlg1nel depollit.

After lIun drying the brIcks were held .t 130°C for 4 haure to r.mova
the ~.chanically h.ld ~i.ture. The brick. W'r' then fired upto l4SeoC
In the furnace ~r 2S houre. It wee very elowly he.t.d from 3000e to
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600°C. Total ti•• required to rli •• the templrature weI 12 houre .nd
held It 1450DCfor about 13 houri be1'orl! bel".., clClutld tQ :t'Qomtlmp-

Iret:u:t'e.The producte Ire ehown In figure 4.llbl and 4.2{.1.

Al~D.t ell the bricke showed cracke of diff'rent ei~'1! at:di"erent
placel. Thel' crick. !flay be due to 1_ 1) Non hOlogenlloue miNing of
the binding !:IIIt.riel. 21 J:liIpid hleting and coo1i"g, J} Mb:tu:t'll wire

not Will co.pr ••• ed. 4) Creck "'t1yorigin.te during drying eye!" due

to leck or su"iclent bindin~ meteri.l Ind other Caul.'.

4th '!!parilMlnt. Experimllnt numbor 3 WIll J:flp•• ted with f'inllF grl'lin

lire (100 melh) and fired It 1500", for 11 hour •• Th. fired brick.
ehow"d t:lI:'!IClIcrick. indicating lome illlpraVlIllIIInt. The product. Ire

,hown in figure 4.4( ••b.c).

5th eXA,rim,nt1 Furthlr grinding o~ thie .~nd to 15D ~e.h followed
by h"tin9 ot l4DOoC for 20 hour. did n~ ,how ,ny improv.~ent.

~th .xpftxl~,nt1 In thie Ixperisent Mym,n.ingh cl,y and Mirpur clay
Wlr. u"ed indivldu.lly IIIbinding ."t!lri.l •• With in<:r'''''1I1(1perc.ntlg'
0' chy the bonding property wa. found illlproviJ'llij.With 1(," "'yllt.nling"
clay th. bl'icll.how.d '''OUIJ"bonding property. It w,. ~h'od !It l40aoC
~Or 18 hour •• The colou: of th~ burnt brick w • bright "h 'nd eOIll'
cr.cks Wire vi.iblD. With 16" Mirpur cl.y the gr.en etr.ngth ~ound
better end on burning tht brIck •• how.d .sh colour .nd no crIck, wert
found (Figure 4.3(dl). The •• bricks were found heavier thnn th.t of
16; MyMsnelngh cl!lY snd other type •• But the.e tYP'B of brick. h.v,
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got Ie •• fUlian point end honce they will not aery!! the purpOl!ltl of

rlfrectorine ••• Tn!. Ie e180 confirmed fr~ the ph••• equilibrium
dbgrlllll of C80-5102-"1203(figure 4.!j).

Ith experiment I A seriel!!of brick. with different types of binding
materiel. and grog' were prepared and burnt et l!I temperature of
14500C for 30 houre. Th. pereentep'o co~pogition. 0' the bEicke were
•• followsl_

l- C.O .""Slind rllit,,. c.n 12~
Send Fllit 110'l' grog}

,. MirpuE chy 1O~
Send relt

•• MYlIllllneing" clay .""SlInd 1'18t

5. C.O ."
"Iyml".i"'ilh clay ,.
Sand Flllt,. C.O .""
Mirpur clay '"51l1nd rl'let

All the bricks !!l.d enough praen IItrlllngth lind bric:ke ~Q. 6 found to

neve greeter Itrenpth the~ othere, After burning the bricks mede of

groge .howed little crecke. So the .ddition of grog hie dlcr8e88d the
crecka> Tn. addition of Hirpur clay ~ede th. brick h••vie~ and th.
colour wee bright brown. Mym8nein9h clay .1.0 ch.nq88 the brick into
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•• h eolGU~. Th~ .ddition o~ C.O to "11'1'1,11'el,y nnd "y•• n'lnO'h cl.y
•• d. tho brick ,t","Vel' en dry:l"; but d.er •••• d tt" 'tldon point.

At th~ turnac.t~~r.ture 0' l'~~oC. brick nc. 6 .t.rt~ to '1,1$'
((.lqur" •• 3{cll but did not. ,!'Ira u.y cuolr.

rroll the •••• pui.nt.l data it Will f'o•.•nd thlt U •• 10 blnd~n6'••t.ti.l

would not b•• uUcl. tor ..,kl"9.Uici bricks •• thl brick h•• ~t,.,
1Uti •• t1'I";th .(tOll' dry!"", Ind-:tOuld not bl Itllcllld,-.{'n thl kUn

'01' bUrning. Th•• ddition of' "1r~..•...••.-~y or "~n.i"'Qh 01.)' ,,10"0

with Uft I'll. OVlreD" thl probl~ -'t.Jteri_ntl with '_1'1, brld:.
\ c-f

in the electric 'urnici ,howlldth••C'~.••j;In plrclnt.o. of' "irpur ellY

or "'Y-n.ingh clay wl11 ;1"••bathr ••••",It ••llIudin; the bonding

p~p.rty Ind cl'~k.But thl 'ullon point will .bruptly d.er•••• with
the .ddition 0' th••, Cloy.. Thi. c.m b•• hown ~ro. the oquilibriu.
dbvr". 0' C.O - 5i02 Cfivurll4.6) .ntI C,O - Al203 - !iOzlrtljlul'e ,~~
4.5). So tk.u •• t.d,l, -.u.tb!l ,dd!ld to .lni_", qv,ntity. F"r01!lth~.J,
8wp.ri••nt'1 r••vlt. it .ay b. ea~lud.d th.t C~O 8nn "y••n.ingh cl'~,
.hovld be .dd~ within the .inilUM 11.it 0' 10( ~nd ~ r,.pecti¥lly.~

,)
AlthovVh C.O el" be Idded uptn 28' without 1"1 chln91 in ~u.ion t••p~
Ir,tut'llrl;ur. C.S). The Vrtl; IddlUo" h••• howld 10"'.i-.-pro¥I"nt.

/rlO.rdinv the bu~lni cr~ck. Thl ••eand akl'• .md ~in.l I.peri.lntl,,
WIl'lc.rrl~ out with M1••n.inoh cloy ~d 11.. •• thl binding ••t.r~
.nd th.ir u•• Wlro r'ltrict.d within th••• e••llUe rinG.' \
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SECOND PHASE

Th. ~in.l e~p.rim~nt. were condueted in IIkiln ~ede of fire clay-
brick. 1'01'a CliP .city of ebllu1;!lOa br1ckll of' .tend.reI II.1Z•• The dlllsi;"

and the construction of'the kiln are given in e .e~erat. chapter.
Coal 1. en i~ported fuel In SengI.de.h, hanCD provision ill ~lIda to
burn the kiln by Titee G•• which Ie co~pBrlltively a en••p1el:'fUlIl
end locally IIv.n.biea

Some exp.rin."t. about flri"g of' the kiln with burners were mada
and the 1."9th of'the f18me ••a. Becord!";ly adjusted. Air we. intro_
duced with Vaa and by trial the lanqth of the fl.m. "." adJu.ted

within 20" from thll lIlOunthof the burner_

l.t Exp.riment. 400 ordinary cley~rlcke of'co~~arcl.1 .ize ••are
procured anO aome firing .~p.rim.nte ".re made to datlrm!ne the
range of" t.",peraturl!.nd the quantity o~ g••• nd au n.eded for th•
•ppropriat. temp.r.ture rllnge in the kiln. Th.r. had not be.n auffi-
oi.nt gap in the firat etecking of the clay bricke. The burning
fle" w••, ea • re.u1t. reflect.d b.ck, the chi~ney of the kiln w••
not long enough to creet" natur.l draught. The at.eking w•• then
corrected .nd the kiln ••e firsd. During initi.1 firing th.re heppened
.n .",pl0.ion in the kiln. It wa. due to th" le.k.g. of g". in the
bUrner that waa eccu~l.t.d in the kiln end on firat firing the kiln.
the .xpl0.ion took pl"c. ceuaing SO"" de.ege in the walls .nd ~Qf

of tha kiln. To ."oid th1. type of e'lpl"eion. the kiln ie iro1ti"l1)'
purqed before firing aD that eny gea eccu~lut.d will thuu b. removed.
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2n~ E.R'li~n\1 The kiln we. chargedwith 150 commerci.l .iz~
ordinerv clay-brick •• Th. bricks war' .un dried bIter. th.y were
It.akld on tn. floor of the kiln. few I.nd brick •• rd, with 1al
lima .nd !~My""'!";" cl~y of u.u.l 'lre W'l' ,1'0 pl.c.d on the
1'1001 of th. kiln .long .,Uh they clny-brich. The •• nd brick. W'll!!

••,nt to use tn••• e grog (Dr the .ub,equant experi"nt. in mlnut,c_
turing the ,1111:11brick •• n,. kiln lOllS then 'il'ld .ith oe. without

'"Y .11 except the .~unt th.t lOla .ucked .10"9 with th. g', It the
entrene. of the burnere. Air_w •• blown ,fter thr•• houre end th. gee
.upply wee then kept 4 cfQ. After .bout h.lt en hour tn' 'mnt brick.
W'l' found to sack le.ulting I lumpy me••• Thel' WI' no .rr.ng'~'nt
to record the te~ps~atu~. of the kiln. The t.~p.~atura .aa queaaed
to b. lIbout1000 to lO!loOewlich 1a "bout .loooe -hove the l'iring
t".p"rlltu~a of o~dina~y clay b~icka.

3~dE!p,ri~antl N,xt axp,~imant w'a performad with l!lO,un dried clay_
b~ick. which w,,~,h••t,d ro~ 6 hour' with g" auppl~ of 3 cf.. Th,
b~icka burned out to be 2nd 9rada~ i••• 2nd cl••• b~icka.

4th £xpe~im,ntl Co~ercial .ia. aand b~iek. with l~ li., and elay
5. W'r' then prepared and dri.d. Thi. tim. the kiln .a. ch~rg.d with
only 16 b~ieks at about 4'_6n away ,~o. the 'iring .nd of the kiln.
Tthrae hole. wera provid.d .10n9 the .ide ••11 of the kiln at di'l'arent
di.tane., in ordar to introduce the thermocouole 'O~ r.eording the
te~p'rRtura in th" kiln. The gaOlsupply .aa ~.int~ined at 3 el'~.end
th" te'peratUfa w•• l'oundto b. aooPe. The t,Mp,r3tur, of the kiln
.ea than rei.ed to 14500C .nd kept conat,nt for 12 hour'. Th, b~ick.
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wes th~"cooled very elowly in the kiln. The burnt brick~ showed
some heir creekll at diff'rent levols. The bricke Wl!ll'l!Itnll" IItacked

on the 11001' in en open .tmoe~her., the heir creeke w!Ire increasing
d.y by dey llnd after few days .11 the bricks epelled out to Sill ell
perticle•• After iMYllstiglltian It wee found thet the 11~e end the
c~ly were not th:roughly mixed with the slInd o8rticlee before they
w!lre en.ped in the brick mouldl the kiln temperature end holding
tim. were not .ufficient to Ollue!!vitrification end tho chemicel
reaction wa& deleyed duo to improper mixing of lime end cley with
the l'lIfrectory !lend. Hence during thl ataeking poriod, lIIoietuJ;'1!••ae

"boorhlld from IItmollphere tllrough tho cr'lI:kl'l by the frill lillltl IIf thll

bricks reeulting swelling and spelling out (Figure 4.0(B.b.cl).

5th Experiru!Otl 60 bdcklll Of Illhnd"'rd .11:", were prepend with the

following proportionet_

-c.o
Cby
Gro{l _

S.nd .•

1"",.
".

The grog. were of the following ciroo

8 '0 10 lilesI'!Bize! ,""
10 to " • • ,""., " 100 • • r.st
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The send wnn o~ ~he s~me ~izn ~n collected '~om Mcyeper. and
Chhetiain in Sylhet. The cloy and Ume wlIre or Qbllut 200 meeh size.

The bonding property wee found increeslng with th~cugh mixing Of•
the ",.t81'1818_ Grog ageln decreases the green etren;ith. To avoid
the cracking or .coumul.tion of CeO. c.e powder WSB mixed with
proper amount of water and then other materlals were ml~ed with

th:L1l IIlurry.

In th1. exparimant both Sag.r Cone lind th.rmocoupla were used for
temperatura mee.uramllnt. The SnOBr Conee were eoll.ated from
Inlltltute of ql11sa and corllmice lind wn'l! af' th" following nu",b"rll

peE ~a. rusipn temoaratura

05 loocoe

0", lO5D~C

l' HICo,

" 11500C

" 121SoC, 12S0oC

'0 uoooe

'2 IJ500C
14 UlOae

Tha kiln 'IIInBfired on feburary 11. 1915 ~t e A.~. end continued
upta 10 A.M. of FebU~ftry 19. 1915 (50 hours). Ali the cone. eMcept
peE No. 14 ~ueed end peE No. 14 etorted to band. 50 the highe.t
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tempereture of the kiln WBe neer about 140ace. Using redietion
pyro~eter the temper$ture recorded to be 14250C, but in thermocouple
ijo allowed only 13300C. The rete of 01111o;upply in the kiln end the

ret. of heetlnq end cooling ero ehown in the table No. 4.12. No
extra air Willi IIupplied except the elllOIHlt !lucKed 1n the kiln 1'r(l1Il

the entr.nc. of the burnllrfl. I.

Durin; he_tin; cycle the .teek of the brick wee dl.",.ntl.d Dnd
about 6~ of the bricke crumbled end the teot burnt lIound.(riqure
4.91.,b). Tbe crulllblingof til" lIto.cktlll!lybtl due to the faulty IIteckinQ
of the bricks Dnd DO .D~D pert of.the brielle carrying th~ highe.t

loed ••gQod .t the kiln t.~per.turD.

Tho bricko showed few hair crocko at different level •• It may be
dUll to the leck of bonding "I'ldit me)' lIIl1.1I0caull. durin<jlheetinl'l
lind coaling c)'clll.Thll bonding me)' be i~proved by thorough mix in;
end by increlloinl'lbindi~ ~"terilllB. Reir creek" or fire creek. mey
be lIliminetcd by inerellllinq the amount of grog" in the mixture.

6th Experimpnt= 30 briekll •• re prep"red w~th as 1'11'01'1whil" other
compo"itione kept eon,t.nt ". the former experiment. The mat.riele
were thorDu~hly mixed for better bonding. After "un drying th~
bricks were .t.eked "t thll middle of th" kiln ond the t,,"'peratur.
'0188.therefore. recorded lIt the ~idd111 hole. Both Pyrometer end
Thormocouple were ueed to record th" templIreture. The kiln WlI8
fir,d .t i_30 P.M. ot April 10. 1975 lind wet! ended "t 7_30 A.H.
at April 12. 1975 (42 hour.). The highe"t berning t.mperllture th"t
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Tebh No. A.12

Tbermo£9llple r"l'Idingrl

Dete Tillie Ga. in Temp. 'a aC Relllnzokll
Cf'm, let hal. 2nd hole ". hole

17.3.1915 0800 0.80 Bllrning etertlld
1330 0.80 eo eo eo GIIIIsupply

increeesd to 2 cf1100 2.00 170 120 100 • 2.!l cf ••1915 2.50 580 .eo 300 • 3,75 "2100 3.75 820 '" 540
2300 3.75 '00 'BO 700

111.3.1915 0600 J.75 ,eo ,eo 828 Glle lupply i"c_
ree.lld to 4.5 cf""DaDO 4.50 1100 1080 920 • '.5 •

083D 6.50 1160 1200 1040
0900 6,50 1180 1250 1080 " 7.5 elm0915 T.SC 1180 ' 1300 11001000 7.50 1190 1320 11401015 7.50 1200 1330 1110
1030 7.50 1230 1330 1190
1040 7.50 12.0 1330 1190
1050 7.50 1261l 1330 1200 G.~ eURply1100 7.50 1110 1330 1200 It'S UCI! tel 5.50 cf'm1130 5.50 1150 1260 1190
1145 5.50 1150 1240 11201200 5.50 IUD 1220 1120 • •• cf'm.
1210 4,00 1060 1100 11001220 ".00 1060 1140 lOti 01230 4.00 1080 1100 '701245 4.00 1040 1060 '" • ,.. e1'lI.
1330 3,00 '" ,DO '56 " 2.' "HOD 2.50 1740 DOO OSO " 2.0 •2100 2.00 5" 560 '70 • 1.5 •

19.3.1\115 0600 L.SO '" <70 '" • O., •
0815 0.90 310 310 2001000 0.90 20. 2" 1SO Ga. Bupply .topped
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wee ~eeDrded by thermocouple end by pyrometer were IJOODC and
lAOODC respectively_ The heating rate end ges supply were so in
Tllble No. 4.13.

All the bricks burnt t10und (FigurtJ <I.91c)) IIhawi"ll no Bpllllin'ih crech

or !lllgging. 50 for eOlllmercial purpollle Sylhl'lt send deposit m"y be

used fOT nU!lf'lufllctud.nq Silica Brickfl with Ilddition of sallle binding

materiels like C.O end Mymaneingh cl"y end e1eO lIoma grog. Thess
11~. end cl.y .dditionl "hould not eMce~d lO~ end S. respectively.
Grog muet be added over B~.

,
few teste of these bricks haYo br-llnconducted In the Laboratory
lind their l:lIl1ultll IIIrIl '''I followol"

1, fueion temp.ratullt. ebove usoDe
2. Impact value 118 inehes

3. Porodty J7.4~

•• f1pp.rllnt Denllhy 1.11 g~lem3

5. Burning Shrirtkagl! 3.z01
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Table ND.'!.lJ

Th!!rI1lDCDup1e relldings lind gao ,upplY

Det" Tillll!l Ge. Bupply f lllllPl!il'llture Rem!!rkain o1'm. in DC

10.4.195 1330 1,00 Burning aterted
1700 1.00 110
1800 1.00 120 G•• nupply incrllll:Jlld '02000 1.50 '00 I.' cflll.

" 2 efm.
2005 2.00 340
20Hl 2.00 340
2130 2.00 550

11.4.1975 0820 2.00 6'0 GI!IIIIl: supply increased
0625 3.50 m to J.!! C'III.

0630 3.50 "0
0805 3.50 950 " 5.50 cfm.
00015 5.50 1000
0620 5.50 10.40
0050 5.50 1100
1030 5.50 1100 h l.SO o1'm.
1033 1.50 1110
1045 1.50 1200
1135 7. SO 1200 Ai. llupplied.
11<10 7.50 1280
1150 1.50 l2BO Ai. eupply lttnpped
1245 1.50 1300
1250 1.50 1320 GI!l!l eupply redul;',ed "4 cflll.

1430 4.00 IllaD "' c1'm.
1700 3.00 950 ", cflll.
2000 2.00 '00 "1 c1111.

12.4.1975 0130 1,00 '00 5uppl)' lItQpped
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Mufrl. fur-nlC' while the othlr WI'
Q,__'ir~ kiln•• rl .~ ••ri••d bellowl_

Th. ;rlln .lz •• 0' the both the ,.nd, th.t .'zl coillet.d fm.
Nc)"plrl ,nd Chhlti.ln In ••nufecturing ,xp'rl~nt.l brick •• '1'1

-are 01' Ie •••••• but both _" 1.ellil'lQ l"Hbl bind!n; propu'U •••

ll •• w•• u••d to 1-arOYI tha bind in; craPlrt)'_ Th••• brick •• 11'1

burnt in th. "ur'l. 'urn,c. for 25 houri to • t.~.r.tul" of 1.50°C

,
.'

•
•

•

,

•

•••

I

difflrlnt .:1.1:111""1'1 •••tle.cl on the lurf'e. 0' th ••• brick •• Thl1 .:

IlIplrl ••nt ••• rep••teG .lth finlr 'Ind ,nd f'lr~t 15000C,"o:..~1 .

houri. This tlse crick, ""1'1.laa.t ab••nt ~xc~o~. rw h.lr cr.ck.,,'.~,,
••



"
DiffieUlty W ••• x>llI:rillneed1n handling the brick. with eOlll'Ser

!land Ql'ain •• It •••s found ttl t finer IUmd grain. pl.'ovldll better

~ilCing end will definit.ly help ehll~ie.l eetion Bt the eleveted
t.~pllr.tUl'e.The creek. th.t were ob.erved in the tiret experiment
~ght b. dUll to lack of homog.nity and incomplete cheMlcel action

creeks that were noticed in the llubaequent llxperi.'nt with finer
.and grains Might be dUllto eontraction that dev.loped lit the tiQ.
of ChaQ!Clll Betion and vitrification, The elCp.ri~.ll"t.that were
eonduet.d with Mix-purchy .nd "'Ylllitneingh eley e. bindll:r8 "howlld

i~20 •• d binding property end green strength but th.y l.ek higher

conte!". enough alHee IT.ble 3.1) ,,,,d it :hi abo found fro", the

Ther",.lE~ilibrium phe.e diagram 0' e.O-Sio2_AI20, .y.t.m (fig.4.5)
th.t the 'u.ion point 0' the bri~k cont.ininq 5102 neer about ,~
should b. ebout 16000C. The bricke m.d. with Mirpur eley w~re 'ound
tused et 1450°(. 50 it may then nseily b. i"f.rr~d thet Mi~pur cley
eonteinll law th.r ••al inllred1.ntlland ml!lynot bll conaidsrlld euit ••bll!l
a. binding ~.t••riala 'Or ma"uf"cturing lIi1ice brick. with Sylhet
.l!Ind.The colour 0' thllbriek. el.o showad l!Ibig contr.st with tho.a
mad. of H~en.ingh cl.y. To overco~a th" heir crack., 9rog. were
acldedin thalllixture.Erick. contein'"; di'ferent perc.ntage 0' grog.
were mads end burnt. It wa. observed thnt the brick_ ~_de with B~

" '"The second •.,t0' ••p.rilll1mtWillctlnductl!ldin • 'ire clliy killl cf'



"

the technique of ~.lng .Irl pore or Ie•• e"l but the .ire of the
brick •• er- of .tendord on•• Aftar lokin; fl. o.p.ri.~t. with
ardinlry <:1'1 brick., the rat. of hlRti"i tho kiln wee Itlndardizld.
16 .lliel bricke ••d. with l~ C.O and 5' Mirpur clay waro proparad
and Sun dri.d. Tho kiln w •• than eh.ro.d with th••• brick. Ind the
t"plrltur' ••• rni'ld rirlt to looPe Ind then to lC50DC .nd it •••

thin k.pt .t••dy for .bout 12 houri. Th. kiln •••• 11D~d to cool
.10.1YI tha brick. warl thin withdrawn fro' the Kiln and .tlekad
on thll Opu" floor. Inits,II hilI' crIck, _I'll noticed on the lurfllc"

of the brick,. Tho haIr cr~ •• 'ra found inez,••in; day by dlY'
Aft.r .hout IIfortnight ~.t of' tho brIck. worl found to .pal1

pu.ticl ••• haw.d llckin; of' -.1111"'01.1'Kl IIV.n the pe!'ticl •• V.t

•"',nr.t.d on ,trov.!' pr••• ,u'•• It WII •• 1.0 r.v •• l.d th.t thll p.rticl ••

did not .how flnyche.ic.l r ••ction to ",.ch otht!'. Th. 1'••• 0" .i;ht

Th. 5th •• p.ri""' w•• conduct.d with 60 briek. 0' lOS C.O, 5i

"V•• n.t.noh cl.y .nd 5" OI'OV_!loth the el.v .n1 11•• _1' •• bout 200

•
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LIles" 11211. Th1" tillle the il19:L"edients '0181"111thoroughly milled. To

IlnSurll the proper end thorough miMing, lime and cl.y werl! firBt
miMed with watllt' end this fine Blurry Willi than lidded to the eend
and waa llIiKed thorou9h1y before the bricks were shllplld-into atee!
mold. The bricks were then drilld lind eharglld in the kiln. To be
8U1"1I about the IlCCuratll t~pl!rllturll of thll kiln II few 81lger conlls
nulllbering from 05 to 1.1 .'t'" pIeced .t diffet'limt pIl1e's of the

kiln. Heeting wile continulld for about 50 haure and t.mpet'atur~
wne Z'oll1l!dto 142SoC. Aft!!!!:'cocling in the kiln the bricks warll

withdrawn. So~ fine h.ir or.eke were etill visible on ttl. surface
of theae bricks. DnBtocking the brickll outside till') kiln for sllverel

week1l no mot'1'l11••,,111"9 or BpI'l111"0 1,"11lnlltie!!ld.It wel'lthouq"'t t•.••t
the 1:11,.-1n\lhlld belln thorough but eo"mflIIIIlrll9ro9& miQht be neoded
til IlverCO,"fIthe ereck~ el!U~ed by ehrlnkaQIl. Thll fol10~ing e,.-periml'lnt
wile repeeted keepi"9 ell other fettar. conotent eweept increee1n;
Qro; by 3~ ~re. Th. furn.ee wee heated ta a temperature of 14000C
and kept far .maut 42 Ilourlil.Tlda timo the brieke wore faund per1'llct
in eizil end ehepll. No apprecillh1e or.cke were visible Bnd on Btaring
no epllllilU;!IIction weI!!",:ttieod. Some b~iekll in the 5th e,,-pflrimllnt
of the 2nd phese ~hOWlld .egging dUll to loed on stecking. Here the
firing temperrlture w.e 140001:. Since thll kiln Willamsd. with locllily
ev.i1eb1e fireclllY bricke which do not ulauelly stand templlrllture
IIIl:1rethl!ln1425°1:. the firing tempcroturl'J of the kiln w •• limited
within this r~ngo. Silice brick$ meda of geniatll;T cont.ining 2 to 3~
bindinq m~te~iel. een stand et t~ps~ature of 1450 to 16000C. In this
~"-p.~im.nt the brick. with lOS CeO'.nd 5~ HyNensingh el.y ~ight not
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litend et tllaper"tU:t:ll "'I)ro then 14500C. For lack of' luitllble binding

m.teri.le the experiments were limited to locelly ev.tI,bI. binding
llIeter!lIll1like tell lindel.y.

The work eo fnr done lu;aeete thet the any.ieel property, pl!lrtieulerly
the 'uolon point of the brick eftM 'urth~r be improved by deerelsin9
'VI' _ount 1:1'bindi"; ",atel",t.l •• 10, the pl:'IlSlInt work, 1!1MI lind

cI.y were used to incr.eel!!the 9rll~n strength of the brick .t the
eDIt of fUsion point. Th.e. could neve been IIvoided to eo~•• ~tl!lnt

if any llI'en,nice1devices wsrl used in mixing the glt.rie!e end in
•••king the brick mold. Pnllullletic preseurll will definitely 1ncre8111

the comp.etn... el well I' qrlen .tr.ngth of the bricks end 1!I1!11!I
r.uu1t it will d'cret••• th.II;' por'aity lJndpel"lll11lJbilH,y.fin.nll.s

cf the .lInd lindbinder. will lIleo Inere.lI. th" green strllngth.

Temperlltur""" well •• durlltlon of helltino p"riod .r. the importlint

f.l:tor' of' vitrifie.tl"n. G,,".reUy allie8 brick. are burnt .t

ISaOce for ",t: leB.t • w",.It.But bel:&ueeof someli",itationa of the

I1n1n9 ~.teriele of thlt kiln it wee not pOIl.ibl. to r.le. the

t.~pllrature to the'll .Ktent. Kiln with high duty rlt'rllctory lining

~.y help to elimlnete thill li~itatione. To apply th. tha~lIl equi-

librium dilllllrlll'lthe pltrcentllge of different eDn6ltitu.nts "hould

b•• ecur.tely known.Eech raw ~atllri~lll .hould h'Vltf th'reforef been

ch.miclIlly cheek.d b,'orll thl!l f'inal ingrettlent'J were ~.de to ellti.fy

the pheee dillgrem.
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APPENDIXES

Appllndix_-'

An;l~l!cl! pf guprtzitse2

.'

Mlld!"_ Ba:r.boo .'lab.llla Sharon W.ehed
CQn.tit:Ullnt qUllrtzit" quertzite quartzite eo ng11:11'111 t:r.tll gllni"tllr

~ ~ ~

SilicII, 51°2 91.8 98.2 91.1 98.0 !lB. Ii

Alumin •• '\12°:1 0., 1.1 1.0 0.' 0.'

Ferric Dltidll r112°3 0., 0.2 0.' 0., 0.'

lilllll, C,O 0.1 0.0 0.1 .., 0.1

Hllgnlle!II, ",0 0.2 TreclI 0.' Tree. 0.1

Alkllliel!,K20.NII20 0.' 0.1 0.' 0.2 0.1
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Appendh-B

P;ooorHu of' pure. Sipgle. RefrnctRry Oddo:l!!!i

"

,

Mllt!'l~iel rDomul", !'Ielting point -Ii ConDity,
in DC

QJcrn3

AluminUI! A1203 2000 + 3D 3.65-
Berium pxida(berie) •• 0 1911 5.74
BllrylHum oxide(beryl1ie bro.) Bi1l0" i!!'i 511 3,01
Calcium Qxide(celele,limel C.O 2590 + 3D 3.36-
Cerium odde{Ccri.) Ce02 2600 1.30

Chromic o:cid. " ~ 2i!65 5.12"£2~3
Cobelt oxide C.O laOS 1.30

Cl!lllium ox!':!o GIZD] 11'40 6."4

Harnlu," oxide! hef'nie} Hf'°2 2177 9.611

len tl'1I!1 nUIII oxidll{ lenthllne) LIlZO, 2305 6.51

MIlQlllloium Dxido(~.gne9i. Pori.) ".0 2aOO 3.58
M.ngenOIlIl oxide (~engenositlll ".0 1160 5.40

Nickel oxiue(bunsenltol "" 1950 is.60

NiabiullI oxide Nb203 1620 + 120 -"
Silicon Dxido(crlotobelite) 51°2 1726 2.32
Strontium oxidet et:rQntie} 5,0 2415 4.70
Tllntalum oxide ToZOS 1990 8.02

Thorium oxid.(tho~iD thtlri. 1 ThC2 3300 9.59
Tin oxideleaa.iterital 50°2 l!JllO 7.00

Titanium axide(ruti1e} H02 1BOO+ " <I.2A-
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~at",d"l F'orll'<ulll Hl'll"tingpoint DtlPllity.
in DC g/CrP.3

UranitJlIl oxida U02 2620 • eo 10.96-
V_nedium CIICJ,dll V203 1900 • 20 4.91-
Yttrium olCid.(yttri.l Y203 2410 4.84

Zinc olCida(zincita) ZoO 1975 5.66
ZirconiuJIl oxide( zircon!.,} 2r02 2770 • eo 5.56-
flfrric oddll r"'203 1548 -
f"'%"1'01,l9.olCido ,., 1360 -
F'erro-1'Ill:l'!c oxide ' F83O.- 1536 -
Keolinite - 1755 -



Appand:!.x.C

Wpt!fthg of SarneComple~ fl,rnet;pry Odd •••'

70

Ml!lterial rOl:'mule Molting point Dllnllity.

in DC g/om3

Aluminu •• Silic.te (Mullite) 3A12[)3.2Si02 10308 3.16
All,llllinum titanete A121l),TlO2 1855 -
AluminUl!I tit.n.tll 0\12°] .2H02 1895 -
D 8l'htJll elulIdnl!te Dl!lO.o'I1203 2000 3.99

Bllrium l!llUIIl!net II • DeD.IMI2OJ 1860 J .64,
Sariuno .il:lcetl!ltortho~iliel!lt8) 20aO.5102 l1S!l 5.2
BeriulIl zirconetl!l n.0.Zr02 2700 6.26
BeX'ylliulII 1!l1ulllineto(chl"Ylloberyl) BaO.A12O]

1810 3.76
BlIryllium silicate{metoll:llicete) BeD.S:l0ji! 1755 2.35

Beryllium .:llice1:e(phonecite) 2D110. Ti02 1750 2.99

B l!lzoyllium1;i1;l!ln.te 311l!lO.Ti02 laDe -
I'Il,'lr,vlliullJ:il'canata 3'llI!lO.2Zr02 2535 -
Cl!llciulIl0I1rOI:'l81:. CaO.erD] 2160 3.22
C.lcium ehromite CIlO.CrZ03 2170 4.'
CelciulIl phOBPhet.{orthopho8ph8teIJC.O~P203 1730 3.14
Calcium lliliCllte cCaD.SiD2 1900 2.91
Cll1ciur:lalliclltll(orthosi1iclltel ' 2ClIO.5102 2120 3.28

Cl!llcium Ilillean pho,phlltll 5Clln.Si02.P205 1180 3.01

C.lciulIl titllnete(pcrovakite) CIIO.Ti02 1800 -
Ce1cium tit.nllte JCIIO. THJ2 2135 -
(1lI1cium zirconlltll CIIO.lr02 2345 4.18

•



71

Metl!lzilll roz"'ulll ~Il1Un9 point De".Uy
in !Ie a/em

,
Cob.lt e1umi"llte{cobalt blue) CDO.~1203 1955 4.37

M"gneeium .lum! ".te 1.1'11'181) "'~0. "'12°] 2135 3. SB

MllIqnelllum ehro1llitll "'gD.Cr203 2000 4.39
M"gneeium f'err ite (llll!lgnllsiof'llrrit~) fllgO.F'!I203 1760 4.48

Ml!IqMeslum lenthsnlllte "'gO.1.8203 2030 •

Msgnelliufl'l ~ilicl!lt,t'erl!ltl!lrltel 2M90.S102 18B5 3.22

MlIg"lllllum tltl'lnl!ltll 2MIIO. TiD2 1635 3.52

Magnesium zlrconota MgO.Zr~ 217.0 •

M.I!Ill"esium zirconium .Uicl!Ite MgO.Zr02,Si02 1793 -
r:ickel l!Ilumlellte l.iO•AI203 2015 4 • .45

P.d:tll!ldum aluminum lillcate{kali)k20.A1203.2Si02 1800 -
Strn"tium Illuminate SrO.A1203 2010 -
Strontium phol!lphllte(orthopho.) 3SrO'P2DS 1161 4.53
Strontium rit'conetll SrO.Zr02 2700 5 •• a

Thoriu~ zirconete ThOZ.Z:-°2 2000 •

Zi r"!Cmlumin.t~{gBhlnitel lnO.'\12D3 1950 4.58

Zine Zil'CDnium dUc.t" ZnO.Zl'°2.5i02 2078

Zil'CD"ium eilicet,,( rhcD") Zl'°Z.5i02
2420 ..,

Chl'Dmite reO.C1'20J 2100 -



I\ppqndb:_D ,
6,n'kel CIAs&i~icetion of R'~rftctory H~terielg

~

SIUea Alu~lniu~ Silicete 1~"lJnl!llli.ll

,
Dinas

B

QUl!lrtz

c

5ellli acid

D

Chp!/tOtte

E

High
",limine

F

MlI9nl!llllite

G

lIolomite

H

Fors.terits

1

Spinel

..'

Chro",ite Zireonie Cnrbon Carlride and Oxidenit:dda

J , L " H D P Q R 5

ChrcllI!t
Chrcmite llIlS';Inesit,Magnesite ZireDnie Zircon Cok. Grnphite Carborundu •• Other Pure oxide •

;:



App'mdh_E

An.lyssa 01 fi;eclays2

Pl.,tic.Law_ f1int,Cam- flint.Car_ S.mi- 5""'i- P1",~tic flint.Hont~ Siliceous
r••nC!l.Ohl0 brla.Pa t.r.Ky. tlint,Jl'Iek-tlint.Cl"'Br_ Vinton, -gcm••ry.Ma: Naw Jorsy

- ---- ------- !l9".Obig f'1eld.Pa. Ohio
5i02 58.10 44.'3 U.18 50.32 '3.04 46.12 44.04 59.93
A120Z 23.11 31.10 35.11 31.53 36.49 31.06 3e.03 26.-95
FeZD2 1.73 0.46 1.18 1.02 1.3.7 0.68 0.63 1.24
f.D O.lia 0.55 0.14 0.35 0.83. O.5~ 0.22 1.2.
res2 0.55 . 0.22 0.14 0'.12. 0.24 0.34 0.81

,1'190 1.01 0.19 0.55 0.18 0." 0.19 a~I2 0.07
C.D 0.19 D.liO 0.77 0.80 0.14 0.61 0.40
N_
2
O 0.34 0.10 0.29 0.01 0.46 0.42 0.10 Trace." 1.90 0•.5!!' 0.44: 0.05 .1.10 I.!!3 0.'-" Tracl!l

H2O.•. 2.21 0.80 0.84 2447 0.82 2.21 0.18 -
H,o. 1.95 12.95 13.01 11.25 12.44 1.1.50 13.59 9.63

CD, 0.05 0.11 0.01 0.1' 0.05 0.02 0.04 -
TiD2 1..6 1.8' 2•.2Z 1.45 1.12 2.20 1.82 1.90
P202 0•.11 0.21 0.02 0.48 0.10 0.L2 0•.28 -
SO, O.OJ 0401 0.01 0.01 0.01 0.01 0.01 -
H"O 0.01 0.01 D.D2 0.01 0.01 0.01 -
Zr02 0.01 0401 0.01 0 •.01 0.01 0.0.1 0.01 -
Org.C 0.22 0.10 0.11 0.01 0.22 0.04 0.01
Org.1i 0.03 - - - 0.•.03 - - -

•
i:l
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Appertd1x_G

2A"aly.le Dt K.nlln. Bell Clayn' Holloy!!'.; and Pyrgphyllitn

,_ II"ahed W"'[lhed Haw f ••n- Raw Kan- ,- R••••pyro_
Consti t,uant Gsorgili Er>glhh ¥lorth CarO- "na9aee" tueky halloy_aite phyllitekeolin -~ China eley linn kaolin b",ll clay bell clay ~ - ~

~ ~ ~ ~,--Silica "S.a- 48.3 45.8 ' 53.9 56.4" 44.3 63.5~-
Alumina 38.5 J1.G 36.5 92.3 35.0 31.4 28.7

Titll,nlul1loxide 1.' - 0.0 I.' - - -
•

farrie o:dd" 0.7 O.S 1.' 1.0 1.0 0.' D.'
Calciu ••oxida Trace 0.1 - 0.7 0.' 0.2 Trllc'

MeQ neaiullloxide T_. - O.S 0.' Tree. 0.1 T I'I'ICII

A1kali"a - I.' 0.3 - S.3 0.2 0.'

Combined wllter 13.6 12.0 13.4 12.8 7.9 15.1 S.,

~
~



~ppenrlh_H

Chromit~Ore,_ Retrnetgry Grld,2

16

Philippinu Tr.nllvltl

C(ll'Is1:ituent LUlip Concentr.t. Lump Conclllntrete

51,,:! 5.1 2.8 '" 0.8

.4.12°2 27.9 29.5 15,0 17.4

,,0 13,0 13.9 U.l 2".6

C,O 0.5 0.' 0.3 0.2

er202 33.2 14." 46.3 41. J

",0 18.7 ,17 .3 lO.1i '.1
Ignition 10" 1.1 1.0 0.3 on

•



Appendb_l

OEAD_BUR~ED MAG~E5ITES {SE~WATER OR B~INE5l2

Canlttituent Michig/!ln C.•ne Hay Cap!! May Ll'lvi,. K"ll1.1' Kaisar

5102 D•• ••• 1.1 1.1 '.1 D••

111202 0.' 0.3 0.3 0.3 0.1 0.05

rict2 - - . - Tirec. TI'I!lc8 0.01

FII202 D•• D•• 0.' 0.2 D•• 0.11

"CaD 0.1 1.3 1.1 1.0 1.1 1.1

.,0 98.1 93.1 915.3 91.2 95.0 98.1

•
Oellct-burned Natu:tal llI"gnesitll's

Canstituent Austrian "ulltr!"n Grect.n Ste~" o¥ ~allhington "'.nchurl ••"

51°2 '.S 1.0 6.' .., 3.1

1112°2 1.1 1.0 ••• 1.' 1.0

f"'202 ••0 ,., ••• 3.' 1.'

C.O '.0 '.1 2.' ,.. 1.'

",,0 85.0 88.6 "8".4 87.1 92.0

Ig .•it:ian lase 0.2 0.3 0.' 0.1 0.1

~~
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