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ABSTRACT

Rafrectory materials are used lh almost mavery Industry in which
heat is ooployed and they ere the principal construction ssteriels
of the domentic firaplace ae to that of the largest furnaces emp-
loyed in Steel-making. Ir mll pyromstallurgicel procssesm of metal
axtraction, refining and other hot-working processss, high tempera-
ture furnmce is & muat. Lining or rafractory meteriesl is8 tha deci-
ding fzetor of using the furnsce for » particular purpose. The
proparty, nature esnd wanufacturing methodes of thear widaly uesd
materiols are yot so littls known, that few peaple ara swars of

thelr enormous impartance.

Like other develaping countries Bongladesh has got # lerge numbar
of Industriasl furnaces in differant Industrial Unita for Hetsllur~
gicel cparationey and other precesses, HMoat of tha lining wateriale

of thege furneces are of fireclay typmes which ars locelly manufectured



wi

from Hymenaingh cley. No other refractory bricks af high or
superduty typss nre mede herec nné thay are importad when neoded,
Silice brick is one of ths high temperature refractory motorial

and ie widely us=ad ss high tumparu;u:u construction matcriel for
Motellurgicel furnaces. It haa grﬁat machanical strength, resism-
tance to abremion, mand it retoins its regidity mlmemt upto the

melting point.

This rpsearch ila an ettempt to atudy ths sultasbility of tha loesl
gilice depomits for manufacture of refragtory bricka. Attsntion

was given primerily to tha daposit of Shahsjibazer, Chatiain and
Npayepers of Sylhet distriet. Initislly soma fundsmental properties
of those raw moterinles ware studi&& so0 a8 kv know whether theas

rew materisle can he uswd far making Silices Brickns.

It ip masentisl to hove rew materisls in sbundance for manufeca
turing mny Aefractory Bricks, Fortunately the doposite of Sylhet
and Mymensingh are in sbundance eénd thair chemical compoeiticns
setiafy moma of the fundgmentul requirzmenta of tho Refrectory
meteriale. During experiment some hlending waa neceanary to anhence

the binding property of the materiols.

Fow axperimants wers conducted fnitlally ir an Electric Furnace
which showed nome cracks. These crecks wars gubpegquantly minicined
by adding grogs. The final sxpasriments wore conductod with etandard

gtzw Silien brickns in the lsborstory Kiln, Since cosl, when imported
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bscomens = costly fusl, en experimental Kiln haa besn denignad and
constructed oo ap to fire the bricks by uaing natural gas which
1s sbundantly eveilable in Bhngludunh. The bricks pmde with pome
binding matariale and grags wers fired in this Kiln. The burnt
bricks wera found sound end %hny rasist funion tempRrrsturs upto

1450°C, The impact tenst showa thazt the brick cen resist iwpoct

of 2,34 lba weight for e height of 118 inches.



1'-:;-“.-_ "'C_'-t.
- U widd
i
.
£ R
il =
LT —
! W
- Bt
[ f:l' -‘L‘\\. :-‘--"h
r'.-:}n 'rf.' - -
Saa N G
R L
=1
t e
__:"'I.-r I'-\-.
~2 3
w1}
[T
L CONTENTS
f-".--"-'{},t Page
. )
Certificats i i
Acknowledgamant . oI 111
: ' e
Abatract i-- X ,_L::* v
Introductian v v 1
Ubjectives Pl i by _f T
Literature Aoview - = 8
Kiln ussd for Burning _Hatra:t&rinn 22
! - :":"\-._.

Experimentsl Studien ;ndfﬂin:yahinn 19
Conclueion ‘ -_:-\_: ' EL""[ 51:
" .

Appendin .f'-—jl RS 6T

- -3
Bibliography : '1’".*' S T8
Ay
n.__}
. :"‘":JJ
L
TN
i
e BN



CHAPTER 1

__INTRODUCTION

Tha tmrm refrasctory is epplied to any meterial that has high
rusiléln:- to Fusion and iw uuituEli for uvap aw lining for indum-
trial furnsces, converters, lediwes, hote-nctal storage mixers,
furnace runnaxe, fire boxes and pther apparatus operated at high
tempyratures (usumlly msbhave 1000°C}, Although the primary furetion
of refractorios is to withotand hiﬁh tenmparsture) they are usunmlly
cellad upon to resist one or moro of the follawing destructivs
influencen: ebrasion by charges of materiel, & rspid tenporature
fluctustion;, pressurs, corroefion by alags and fluxes or chemical
ection by molten matals. ?lriuuu-:nwhinutinnuruf the follawing
physicel properties of refroctorises are impartent in detersining
their utilityr eoftaning snd fusion tempersturas, density, porasity,

crushing strength, thermal conductivity, electrical conductivity,

specific haat, dielectric propertics end coefficient of thermnsl



u:plniiunl. As in all application of Enginearing matarisla, tha
initial gnd upksap costs are of prime importance in tha sglection

of rafractories for & particuler purposs.

Mora than onm hundrad elemente sre widsapresd over tha surfacs of
the sexth in different form of deposits and only & faw of thsa
depogits have both ghundence and the zbility tn forw stable ref-
ractorisn, These are ellicon, aluninuem, magresium, calcium, chromium,
rirconiun, carbon ut:z. The compound of thesy slements, perticularly
oxidest 5102. Alzﬂl. MgD, Irﬂz, E:zﬂa, Cal ptc. axe the rafractory
matwriele. The axidesm of chromium is volmtila and thet of celcium

in unsteble in the atmonphere; however, thay may ba combined into
useful waterials such as dolormite, CaCO,. HgED3 or Crzﬂa¢ Mgl, the
basic spinel. Carbon may he used diresctly after gresphitization, or
combined with silicon to form ellican carhide, Fortunetsly meny

of these compounds ere fourd in depoaita on esrth's crust in suffi.

cimnt purity to eneble direct use e rafractory smateriasl.

The serliset type of refractory vamd in tha furnace was etons mainly
silics rock or schist micm. The iron furnacas or fatges wers conew
tructed mainly of this material in U.5.A, The first furnaces wars
built in Virginia, but it ls quite cartoin that they were never
complated., The first auccessful }u:n-cu was huilt in 164% at Sangun,
Maspschussstts, und the naxt ylni arothar was oparated at Brnlntrlaz.
They ware probshly made from loeel atone, althcugh throe wers no
satifectory deposits in this region. The bullding of furnsaces end

forgea apread rapidly in the next hundred ymars, snd conaidorable

otonm muet hove boan guarriasd,



5tone wan umssd for the building of furnaces snd forges lata in

the ninstwanth cantury bscauss of the higher cost of firehrick.
Even now, stons i» used for lining Esnsener :unv.rtarsz. A number
of the old swtone or stone and Brick furnacwes wre etill atanding

at various port of the world, Two intaresting onas stend an furnsce

Brook in Bennington, Verwmant in U.E.ﬂ?

Record mhows thet sandstona wis ueed as rafractories for the wellas

of ¥iln burning furneoces. Probhehly many of the asrly glase furnecse
wers built of stonma. In fact Robert Hewas of tha Tsmple Glase Company
Temple, New Hempshire, states in a lsttsr dated 1781, "[ shall hova
to esnd sixty miles for stones to build my melting furnace, which
will taks aight tesma®, [t is believad that thoss stones canme froe
Uxtridge, Messschuseetts, which ia abaut sixty miles frem Trople.

Sauplew from tha old furnaces confirem thl.z.

The firwt silice bricks sre telisved to hava besn mada by W.W. Young
from Dinaes rock in South Wales sbout 1R4AZ, A litt)ls later ha meda
hrick of ganister. Prohably the firet ailica bricke made irn tha
United Stat-e werem menufectursd by J.P, Alexsndar of Akron, Ohio,
shout 1R66, but a p tent wam granted to Thomes James 1in 1B58 for

a lime bondad silica hrick, antd he may heve manufectured hefore
Alpxender, In Engleand 1inl-bnnd;d wilics brick w:a made aven hufore
thia. J,R. Thomes made silice brick far the Steel Industry at Niles,
Ohia, sbout 1872, He used quertr pebbles and a Sharon conglomersts

and crlled the bricka "Dinss silica" =e thoy wera similar to the

furopean brick af that name. A, Hall of Parth Anboy made sone silica



bricke in 18T5; but spparently there weo no grost demend for tham.
The mpdern milica brick of lims-bonded ganleter im & very rsceng
devaelopment. In the year 1899, the first silica-brick plant wep
started wt M. Union in U,5.A;, which later becems a great centra,

Silica brick wore oade lataxr in Chicago dintriutz.

Feobably the first cley refractorias used were glase pota. They

ware probably mada from Englieh or Germem claya. This was mentianad
by J«8. Felt {n 1463B. J.C. Booth in 1841 etated that a white plestic
cley was wrought and exported for menufacturs of crucibles and glams
pots. Porcelesin crucibles were mudes of Xeolin from Connecticut by

8 goldamith in about IEDTZ. Cwing to the early develapment af iron
and glawe menufacture it wes assumed to be used at &n serly dete.
And Firsbricke appsared in the coomercisl markst for furnace linings

and other industriel purposas in 1827,

Line often mads from shells accumulsted in the shore, was uand
in forges walls from very aarly times, There sre rofersnces to »

vary early lime kiln-z.

Chromite, meinly in the forms af bricks, bagan to be used by tha
stenl manufacturers mbout 1696, chiefly in m neutrsl rone betwsen

the scid and benic :uuruuai- .

Hagnroeita ns a steel-furnace linring wam suggoated in Europs es
warly as 1860 but did not come into regular uss until 1080 when i¢

wal found thst the Austrien owmtarisl could be Fltted down into s



good bottco, The bhrick was used comsercielly auccessfully by

Carnagis Phippa 2nd Co. st Hooestead in 1888, Cheaicelly bonded
magnesis, maghasia-chrowe and tar-bonded Mgl have besen mada for
& long tiwme, but tha diract bonded hasis brick with s low amount

of gless phase cemn inta use in the lete 195D2¢

Highwalumina rafrectories wars made afisar the discovery of bauxite,
This was perhape at the and of eighteenth century. In U,5,A, the

flret hauxite discoversd near Roms, Goorgls, during 18552.

One of the leportent deovslopment of refrectories wese the hot-faca
inaulation or inaulsting firebrick, This preduct was pionesred
by the Babcock and Wilack Co. in the mid~l920, In the last 10 vears,

the ues limit haw bwen sxtendsd pboye 1ESD°EE.

Aluymina hes hesn meltad for abrasives since the beginning of this
century. In the sarly 1920 Dr. Fulcher of Cornimg Glame works {USA)
started making glass fectories by fusion and casting. Alumina aillca
rufrectorion wara wmade at firet but in mid 1930 Zirconia wne added.
This was disclosed in 1942 in USA. In tha late 19%0 bamic fusien

cast blocks becans available toc the stenl induntryz»

Glase and mineral fibers hevse baen in use for a long while =
insulation, but decand for e higher uase lirmit sncoureged experi=
oentation with more fefrectory silica-alumina glesses. U.S. patent
by Harter, Norton, end Christie swzme to be the ssrlisst diecloser

of a new highly guccesaful method of forming wool Trom fused knnlinz.



Racantly synthatic and plaptic refrectorian appsared in tha
commercial lavel for indﬁutrial une. Jynthetic praduct ia the
latent developzent af Refrectories. This hom drown the ottention
of the manufacturere and users of refroctories because of tho
inmcceasibility of raw mutmriu}_nf the previcusly used for ref-

ractory bricka.

Thers ara few Induatrial Concerne i{n Bangladeph who are manufac-
turing Refractory Bricks using-.the local depoeite ms rew materials.
Some locel Ceramic Industriew are using Myoensingh clay for manu-
facturing Firecley bricks.ﬂﬂut theéu bricke are not of wsuper duty
typs. S50 the author tonk interegst to find out some other depositas

to manufecturs high quelity brickn.

It 1s found from the Geolagical YSurvey dats thet the chesical
compositions ond othar properties of Sylhet Sand is negr to that
of Quartr, Dut this dapoeit lacks ;nmu binding property which
may be pnhanced hy adding some bin&ar:. Lire and Clay which sre
locally svaileble can usually be sdded as binding materiels for

the panufecture af Silicea Hricka.

Since both 0il and Caml are imparted funsls, attempt, thersfore,
has bean nade to fire the bricke" with naturpal ges which iz sbun-

dantly aveilable in Banglaedenoh,



OBJECTIVES

The objective of the present Thesais work will bs to study the
suitebility of the locelly mveilabls depoeit for the manufecturs
of refractory materisals. for this work, the chemicel ecompasition
of diffeprsant deporits will be reviewsd and {f thers be any lacking
of binding materiala ths varioum anpuaitn will bs than blerded to

anrhance ths bonding propesrty.



CHAPTER 2

LITERATURE
REVIEW

Rafractory moterisale are usually found 4in the form of minmcel
aubstencea, but ertificial ar synthetic substances of ths same
composition ars aslso used and the term refrnctory material is alea
appliad to hricke, retarts, crucibls and other mrticles meds of

rafractory meterials.

Most of the commercial refrectory mmterialo srs composad af oxides
of differsnt slsments. It may be single owide or essociates of mors
oxides. It ia ton bo Temethared that pups-oxides have high rafrac-
toriresns and any inclusion or othrr oxidas ar elements, Hecraases

refroctoricass, The fusion poink and some other propmrtiss of fow

refroctary matorisls are given in Abpsndiu-ﬂ and Appondix-C.

Claprification pf rafractnriast A:cﬁrding ta J, Hu-turFthu refrac-

torisne may bea clepesified on the besia af the chenical neture.



Aci efract L iluuinn-uillcuuuu matearials. These materisls

oceur in threas forme:

1. Natursl reck
ii. Prapared mamss {firaclay)

ii1i. Ayrned brick {firnbrick)

Silicecue materimlat This conmlaote meinly aof 5152 and must be low

in matallic oxides and alknliea. They mre commonly ueed in tha

following formwi

i. Natural rock
1i. Praparead mame '
i{i., Elmectricelly fused puartsz

Iv. Qumrtez furnece sand {genintmr)

Bapic Refractorisst

A, Aluminium oxides: Thers nre two importent classee of thess which

glno includes goms high. mlumina refractoriss:

1. Eluxit!

21, Alundum (Elsctricaliy Ffused bauxita)

B. Owides of Cm, Mg, and {a: Ths ¢common form are producaed by

caledining: *

i. Magneaite (MgCDy) to givo magnesle (MgB)
£{. Limestone CaCD, ta give lims (Ca0)
111. Dolomite to give s misxture of lime and magnesia {MgD.Cal)

iv. !agnania-chrunitu
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v. Chromites magnenia
vi. Chromite
vii. Foatarite IEHgU.EiDz}

C. Iron axidess These are used principelly in the manufacture of

wrought iront

1. Howntite
ii. Magnwiite

i11. Blue Billy, & praduct coneisting of Fe,0, and Fey0y-

Hputral refrpctoriess The aluninium ellicate refroctories are

eoootinee chasvified ms neutrel rafractorins, but they show an

acid reaction when exposed to besic aleg.

A, Forma of carbont

1. Grephits
i1i. Chercoml

1i1. Ceke,

B, Chramitet

C. Artificial refractories: ﬁnat of thass sre manufactured in
elpctric furneces and ere uned for specie)l purposes. Thres typicel

refractories are as follown: |

1, Zireonium oxide
fi. Titanium oxide
i1ii. Silicon cartide
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D. Rarer refractoriesr Thess ara chiafly uged in crucibles for
experimental work. Tha fnlinuing ism a liat of o few of thape with

their approximate melting pointae:

E o
1. BuEDJ 2200%c
2. Ce0, 1950°C
o
3. Loy0y 1134u »
! [ #]
‘. TayD. 1875°¢C
§. ThO, _ 2470°C
6. T4D, 1350°¢
T. Y0, 24009
B, Zrh, 2570°C

Budniknvd hes classifisd refrectories as in Appendix-D.

Hurtnnz has mentioned the mineralogical cerporitione of different

tynan of refractory wateriels as in Appendis-f to Appendix-l.

Budnikav hea also ehown that Fasterite refractgries are thows

containing from 35 to 55% MHgO with MgO 51D, ratia of botween

Dtgﬂ and 1,313,

Magnamiym metami)icetn: MgO 510,
AD * 60
Dunite:
Eiﬂg ﬁlzﬂ3 Erzﬂ: FHZDJ FaD Cal MgD Mnl

34-35 0,1-0,7 00,3220, 226.1 D.2-9.0 D.12+1 3%-45 0.14-0,22
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Inle: It s one of tha wopt widaly umed typs of raw mzterial for

ceramic warka. Its chemical campogition 1w

Mzu Eiﬂg 51203 FazD3+FuU CaC Calcining loaom
26.15~34.7 30.915.09 1.4..4.39 7.99.10.4 D0.§3.7.01 15.57-26.38

Dinas im a refractory material containing at least $3% 540, mada
fram guartx rocks with lims or other binder; and fired at tempera=
ture ensuring polymorphic tronsformation of ths ellice [gquartz}

into tridymite and cristobmlitm.

Silice, Siﬂz by far ths noat plentiful of #11 the refractory oxidas

is without doubt, the most import:nt materisl in the cermmic industiry.
Its melting point is about 1726°%C. Ag = high temparzture refractory,
silica brick has heen asnufactured for & century =nd iz the stsndard
construction materisl for many furnmces. To meet incressed demenda,
improved silica refractorise sre now mede and £t wmay be used at

higher temperstures than ths old atendard grades, Thie has been

accomplished primmrily by incressing tha purity of ths ellica.

Tlinhurta hew wtated that =ilice owse its acid charecters and is

minly of two kindut thwae compooed meinly of silica ardd those composed
muinly of sluoinium silicsta (Appandix-0), Silice, 4itwelf occurs

in sewsrsl forma. Juartz and nhii:adnny are comyh silices minerelyw

while quartzite, sardetorsa and ssnd are coopoosd largely of froe

ailica in th= ferm of gqueartz. Ganloter is srother nawms for guertzitm.
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Hndifiputipn! of pilice wnd thely propescties

It is rsported thet silica sxisnts in a number of wllotropic forma.

The form steble at rﬁnm tempaentura ip gquartr; at shout BTD“E,

this alisrs to ¢tridymits nnd at sbaut 1470°C the tridymits slters

to criatobslite, Ouart: csn slesa exint in the form of an amarphous
quertz gleas (vitreous silics or fumed quertz), Ths raverse changss
of these allotrppic forms sre vary aluggish; and it is possible for
tridymits; crimtobslits and vitrscum quartx to awinst infinitely st
room tempermturs. Ouertz has e dansfity of sbout 2.%%, but the
densitims of cristobalite and tridymite are 2,26 - 2,30, when quertz
is heatwd, therefare, thers is & consicdarsble volune expanalion
taused by the allotropic changea over ond sbove the normal expanaion

erused hy hlltingf

Budnikov has shown that the most sbundant Torm ef Biﬂz ir neture
is found am quart: send, quartxites, different kindx o yock CT )y
stal; me an integrsl part af {gneous rocks, sandetones, and ss an

impurity in cleys and kmolines.

Fropurtimss of silicabrick

According to E-nhnls, silica iw polymorphoue and the crystalline
inveresicnas which occur placas dafinite limiteations on ths manner

in which silics rafr ctories may be used, Refractoriss of silics Ias
an ancellent and widely used rafractary end it {a used in construce
tion of many high towparaturs Metallurgical furnaces; it has gresat
mach:nicsl atrength end resintance to sbresion, and it retmine its

rigidity almost up tc the melting paint of the cristobalits, It has
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a comparetivaly hlgh thermal conductivity and a high resistance

to corrosion by acld elage. Silica refractoriem havo sxcmllent

thermse]l rasistsnce for exsmple, in certain tsamparaturs ranges

becmuse of negligible thermal expmosion {eec Fig., 2.1 and Fig., 2.2},
but vary poar thermal shock resici nee is other temparsturs rsngss
bacavas of largsvoluma changas s.societed with crystalline invepalons.
Vitreaus silice, howewsr has maxcellant therwsl-shock resistence at

21l temparaturos beceuse of its very low tharmel exparnalon, 5{lica

can nat be used at high tsmpwreturs under reducing conditione awing

ta the formation of the volatiles product, and this limits the uss

of edlice refractory.

Raw materiel

It 1e raported that the bamio rew materisls for making dinas are
quertzites of the cement =nd crystalline veristiss, containing
stlapst 9%% 5405, All the properties of quartzite are of importent
ir the production of dinss, They include typm, fracture, microetruc-
turs, chswicsl composition, refractorinses, poroesity, mechanicel

strength end susceptibility <e firingf

It is alsd reported that Ganiater im ths rpst commonly used ailica
minarsl for refrectories. It 1is 5 common name for quartrite. Not
all the guartrite are suitable for making refractorise, ss thay
must be of high purity and have good mechenicel atrangth. A fow
typicel snalfede of quartzites are whown in Appandix-A, Tha

fusion point of guertzite iz very cloas to 1T00°C and it ahows
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little softering balow fts melting polnt. This ie Lits chief yvslue
when ugsed as refrectory, s it retains ite rosistame to losd at
high temperaturses than fireclay meterials. Most silics refrectorias
ars mada in the form of bricke or epacial ahepes, but mome gsnister

ie vemd in raomed furnece hnttumz.

Lime: Budnikov haa atated that for bindirg the quartzits grains in
the green ware, for obteining & s:rong product during firing, and
for opaeding up transformations of the quartz from one modification
intp smother, llpe it ususlly addad in the farm of milk of lime,

Tha amunt of limg sdded, in terms of CeD, ranges betwsen 1.5% to
2.5% depsnding an the purpose for which the progduct ip intanded

and ite epecifications =28 to pefractorinase. For low temperature
refractory, the asdditian of libke may be high butfor high temperaturs

brick it must be m minimun amaunt.

Investigntion haw shown thet the lime has to be completely slaked
so that no uneffectad lumpe are left in the milk. The accumulstion
of liod in the form of luwope is dangerous, eincas it 4m converted
into Cel during firing, and if the dinwes is gtored for = long time
whers moleturs froo ths air cen sffect 1, the lime bagins to clakn
intensively, increaeing ir volums and cmising ths davelopoEnt of

cracks.

Poorly slaked lime may alee cause cracking of tho gresn ware through
hydration, particulerly durding drying, Unslakad lime im dalivaged

in lumpe at leapt 50 Am in diamater. The amount of fins and alaked
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lime permited in £t is nat mors than S%, The eolour of the crushag
larga lumps should ba the aoms inesids am outside. Unslaked 1ime
cshould not contadn any impuritima, piece=g of slsgs, cosl, mmh, or

anything -1154.

Hinepslizerar It is said that a number of different minarelizere
ara addnd to dinas chexge i{n arder to bind the quartx graing into
8 sonolithic mase and sleo to spead up esltsration of tha guartr
into high tempsrature nodific tion (erictobalits and tridymite}.
If there era rno mirerslizers, 'dry' sltsrstion occurs accompanied
by s considerable wxpaneion i the volume and loosening of the

dinaas,.

Budnikov hwe pointad out that lios 1e 8 falrly atrong minsraliser.
The use pf water-disenlved minaralizers {e limitod by the faczt that
when the graen wers is dried and fipsd thay emarge anto tha surfacs

of the part, where they melt out and form discolouretion.

According to F.H, Kh-A'th! mineralegicel compasitions of some impor-
tant rafractory dspasite st diffarsnt places of Bangladash are ap

in Table %o. 2.1 to Tabla Mo, 2.4. Fram the mirsrulogical compoaition
1t is fourd thet the depowits of Bifoypur of Hymaraingh mnd Sshafi~
barar, Chhatinin, Noyapars, Belijuri of Habigan] subdivieion undar

Sylhet dietrict ars vary importent gnd wesful,

Hgnunlgggh denosit

According to tha clessification and requireaents of refractorf

materisls it appairﬁﬂ that the depoeit of Mymmnsingh can be ussd
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for the manufacture of chamotte exclumively, With the additicn

of Beuxite i.a. {ncreesing aluminm content, this depowit ia made
auitable for fire elay rafractories of di{ffrent grade, Since Bauxitse
ia nat available in Fhln country, it has to ba imported mnd thua
increneling the cost of product. Firnclay refrsctoriss mra slrsady
being made for long yesrs by hle-ding beuxite 40 this depoeit.
Brickes of low greds end medium duty can ba made without blanding.
Additien of bauxite may be discarded by dressing tho ceposit and
thepahy increasing alumina content. The menufecturers of fireclay
refractories ars wmeinly Mirpur ceramic works Ltd. ond Decce refrace

tory Ltd,

Sylhat depopit

Minsrslogicel 1n9llt1gatinnlluhnu that the depoaits of Shahajibezar
Noyspara dnd Chhatiain sre v;ry closgto that of guartz snd mmand and
aceording to ths requirements for silica brick thess deposits are
sultable for the nanufactur; of silica brick. Since no attempt has
yat beon meds to use this pand far refractory purgone. Tha author
took these depoeite for hia tammarch projects Lims mm a binder is

abundantly wvailehle in Bangladewh.

For axperimantal purposs= lh;ut hthlf & tor of the deponits wers
collected, Thesa mmnda are washed predutte from the Hillm nesr
Chhatimin, Shahejibazer and koyapsra. The depoeit is shurndant. So
it cauld be ueed am & rew material for any induystrial purposs if

faund suitabla in componition and ather properties.
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CHAPTER/j

KILN USED FOR
BURNING REFRACTORIES

tu

Kilna have bemEr used for many thousands of ymars, es thelr remeins
ars fraguently found in the excavations of ancient sites of esrly
civilirstion. The primitive kilne were withaut any typs and in mont
casca, congimtad only of o firing chamber, a perforsted floor; snd
a well. The construction of a permanant kiln wos too much of =
Atructurel problem for moot of the carly potters, and recourss wens
mads o 6 temporarily roof of gresn poles and rew clay, which would
hold in pleee long encugh Por tha very low temperature of firing
usad at that time. Thare is, however, one uuﬁnptinn, om & kiln wan
found in Tepa LCewrsthet was belipved to hove had a permenant ronof

at & period ma early ec 4500 to 4000 B.Ez.

Fuyeln for Kiln: In the ancient periad kilns were fired by firs wood.

Recently thay are fired with coal because of itas availahility, low
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coat mnd beceuse the refractorise are not particulary senaitives

to impuritiss in the kiln geaws th:t wight aries from using cowsl

ag¢ a fus)l, The coal ig generally burned in furneces with eleping

or flat grdatess es shown in Figurs 3,1, Tha asnufactursrs of ref-
roctories genmerally prafer for the kilns = good grede of bituwinous
coal giving ® long fleme; slsc & low weh contert and a high fusion

point of the msh are dﬂlirlbllz.

04 has many advantage as a fuel for firing rafractoriee; and in
soms locelities the cowt compesras fsvourably with coel. Advantagen
of oil axs better tenpsrsturs control, higher teaparaturwe, = generslly
clesnar kiln stooaphers, and smaller labour reguiremsnts, 0Oi), of
caourss, chtuinmble in & numbax pf diffarent grades; but from the
cost standpoint, the heavisr gradee cf oil are dblrully unad. Far
oi]l fired kiln, apsciel type af burnera ars uesd., They break up

the all into a spray of fins particles and intimstaly mix it with
tha =ir blasst. Tha heavier oils have to be haated and rust ba kept
hot until they sctuslly raach the burnerj ctharwlee tha viscosity
will becoms so grest that proper spray 1s impassihle, A good filter
that will permit cleoaning without shutting cdown ths eil flow is
n-:esiaryz- The arrengement of firing over thes charge by moans of

downdraft is whown in Figurms 3.2.

Ugm of Natyrel Gagt Bangladiseh lacks both oil and coal as fusls and
thay are aleo costiy ones when imported., The prasent price hike of
the oil through ocut the world madse ites uss more difficult. Fortunately

Bangladwsh hes got sbtundant guentity of good gumlity raturel gas
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which can raplaca the uss of oil and coal in industriss with =zomo

modificatinn of burtexs end furnacea.

Natursl gas ia new availmble in many countriea since the second
wirld war. Many kiln firing refractorise now usc this fuel often
with standby oupplies of propans for periode when the gas supply

is irmdequate, Hatural ges is an idoesl fusl, as it produces a cloan,
ea-ily controlled hast. Thers ara many types of natural-gss burners
availshle for the kiln, In the oldsr instellation, only primary air
was mixed with the ges, while secondary air wzs drawn in around

tha burnere. This method did not allow o getisfactory control of
temperaturs and atmosphere. To day, sll the air ip introduced into
the burner giving excellant comhuetion :nntrnlz. A typlcal burner

shown fn Figure 3.3.

Design Factorat It is found that in dealing with tha sarly kilns

as well as moderns onen, four somentisle pust always be preassnt.
1) @ means for prnﬂhcinu heat, 2) & support for the wars, 3) =
containar wuch as the. walla end crown ta canfine the heat in the
working Bpace, and 4) @ mosne to tranefer the hast from the scurca

to the w-raz.

In deeigning the kiln the follpwing feactors are tco ba taksn into

conalderation,
4) Tranafor of hgat: Dne of the moat difficult pmblems in kiln

dewign is to tranefer the hest efficiently from its mourca to the

wars. Tha problem ig difficult irn the kiln because the warm im
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sngll units stacked into a conmidershls voluwa and there radiant
heat transfar so important in the furneces such as those umed in
the Mstsllurgicel industry, can plsy little pert. For tha agma
raagon conduction af heat ints a bulky cherge of small unite e
of littis conesguences. Thsrafors, one must rely entirely upon

convection far heating of tha :h-rgllz.

The transfer of heat from a moving stream of gem to a solid suiface
dupsnds mpinly on the teapsrature batwssn the gas and melid snd

the velocity with which the gas {s passfng by the enlid. The curve

in Figurs 3.4, gives an ides of the rats af haat transfer under
different conditione betwsen gue and eclid., The tranafer of heat

from the moving gus by radlation from the ges itself and the in.
candescent particlea thet it contmeine are quite important in furneces
of lerge wvolume and great flame thickness, HOwpvaer, in this kiln,
whazre ths gas etrsem is divided Iinto rolatively thin laysrs, thin
rediation cen not play e vary impartent part sand ap radient heat

transfar is not taken into mecount in desigring leboratory k11n2¢

h) Egymlismtion gf temperaturs: Dna of ths sost important problens

in kiln design is “p produce & uniform tmmpearsture throughgut the
voluma of the charge. Thie iw hy no weens sn sasy matter. Aloost
svery kiln whows a diffarence of less than 509F from top to hottom
of the chargw. In Tunnel kilna, with small croes section, the tam-
paratura uniformity is better; hut hera ngaln 4t im apt to very

from pleca to place in the car by an appreciable IHDUHtE.
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It nay be shown that under equilibrium conditione the tonpazeture
diffapencs bestween top end bottom is related to the mesx flow of

gesea {Figura J.8).

If H = weight of gases flowing thrcugh tha channel i unit time,
S = Hast lopt betwecn top end bottom by trensfe=r laterally
through walle per unit tioe, than

S = [tl- tz}EpH. Ep = mspecific heat of goe.

So it may be concluded that e more oven temperasturs i obtainad

by a large volume flaw, which mey be roalised by the aeddition of
wxcage sir to ths productm of combumtion. This equation mlac shows
that insulstion of tha kiin walls will give & mora evon tempersture

distribution.

Another msthod of mgquelizing ths temparature is to rescirculate the
combugtion gesea through ths charges. In this wey a largw volume
flow im ocbtalinsd thum deexensing the tenpersture difforence
(Figure 3.3). The only difficulty with the rscirculation rethod

i the practicel problem af handling the high temperaturs guses.
At tha lowar tamperature ancountared in heat treating furnacss,
gasan can be recirculeted with water~cooled, slloy fana st tempers-
ture upto 2000%F {11DD°C); But abova this the onrly poasible oathod
is by injection mctlon, 2 method qﬁitn succeseful in driece but
one that has not been developad for kilna st ths present time,
Recently, recirculstion hae besn used succesafully in oomes tunnsl

kiine at the prehasting undz.
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The eguolizatian of tempersture at right angles to the path of
flow 1a readily sccomplished by adjustmente in the floor opsnings,
po thnt the hottar arwas have the openings reduced snd the cogler
arass have then enlesrged. By trial and srxror;, s vary uniforn
tempsraturs can be attained over ths horirontsl croes saction of

tha nharguz.

(nw often hesazas tha kilns fireman atatas thet Xhe uses a damper or

a closewset floox to back up the heat in the kiln and glve 8 moOre
uniform tenpurnturaz. It im naot gepsrally undsrstood, howsver, fust
what the affact of derpara and restrictions to tha flow accompliah.
The curve in figure 3,4 ehow claserly the greet imcresos in the

hest transfer from tha gasse to the charge with incressing valocitias.
The point in the kiln where the flow is rastricted has an incrasased
velepelty, sand thereby more heat e tomneferred froem the gus to the
charge. Aw ths ususl prohlems le to raise the temperature at the
bottom of the chaxge, it is possible te have & relstively open
setting in the charge itself and as small flpor openings ue ars
pereittad by ths sveilsbhls draft. Dwing te the high velocity through
the floor opaninpe, the haat from tha gaa will he given upto a

much grester sxtsnt gt tha floor tharn in other parts of tha charge
end will thersfore tend to compensata for the gradupal cooling of

thes ges am it gowss down thraugh thn cherge.

Insulation af the kiln tonde to increess ths uniformity of inside
tampersture, because 1)} it tmnde to kasp the inside walle of the

kiln wt = wore uniform temporeturs, and becauss 2) an insul eted
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kiln requires lsse fuel and thersfors,; the gasss sntering the kiln
cen be at & lowar tsmpersturs. Aleo the ingulation of tha walle
of the kilm incrwsees the uniformity of tempsrature by minimizing

the heat loss ms the geasrs p=Es through the churgaz.

The Leborstary ¥iln thet haa baen nsdo far firing refractories

in an spd-fired ans. No other apecific factorxrs are considered for
tmnperatur~ distribution in the kiln sxcapt the gas valocity.
Recirculstion method im not applicable for high tezmparaturs kiln

{ sbove 1450% ), Insuleticn, bottom cpeninga and damper will be &

too eomplicated and cowstly propoeition for thix laborstory kilnm.
Morm oyer the kiln im sa small that damper snd botiom openings
mothods far eguelizing tempercture can not be ettained. Sa the gae
valoelty is the only tespersture uniformity factor in the leboratory

kiln.

c) Kiln Efficis ¢ The gfficiency of tha kiln is ususlly dafin=d
e5 the rstic af tha heat required %o bring up the ware to ite
makinmun tempersturs dividad by the amount of heat supplied by the
fusl. This dofinition is perfectly logical when applied ta tha
pariodic kilnj but when it is uyoed urnder conditions where recu- ’
paretion occure, than it mey bacens sbasurd, &0 efficiencins of over
100 psr cept have beon detormined on sctual kilns. Thie can be

made clear hy tha aet af haat helsnce disgreams shown in Figure 3.9
boagimming with & naon cupnrative kiln amd onding with one heving

a high recyperetive offact. 1¢ 1a eesn thaet th® hest required to
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bring up the ware upto tempersturs {s ths same in sach cass but the
externsl hest supplied tuitha kiln becomsa progrossively amaller

ne tha recuperative action 1ncr.nnunz.

It should be stated hers that a high degres of kiln efficiency ia
often incompatible with good uniformity of temporature bescause high
efficisncy demandp e low temporeturc of the geses snd theam, in
turn, mean » low temperature of the chargs at the bottom nqhnd

of tha kiln. Only by recuperatives mctfen or recuperntion a good
temparature uniformity can be aobtainad togethsr with high afficiancy.
Tha lsboratory kiln used im o smell in lamgth {10 feot) that the
exhauets carry eway lnrge quanity of tho heet. Larger tunnel kiln
und reguperation system could be designed hut the construction
would have not bswn pgstlble for lack of spece snd materisle nesded
for it. |

For expsrimental purpose » nmall size lebhoratory kiln has haen
depigned and constructed. Dimensionel deteils of the kiln heve been

given in Figure 2.,4.

Tt is vhvious that tha inaulation of kilns will increass their
efficiency, but unfortunataly very few dats arec ot hand to show
fjust whot the seving might be, a8 there is seldor mn opportunity
ts compare mimiler kilns, ona of which ie inesuleted and the cther

not.



7

_—
IMG‘.‘GRJ

BELOWER

GAS --———

WILN

\—EURNEH

FIG. 319 EXPERIMENTAL SET-UP




]|

Bupnersr Four ges burners of equal copacity are designed mnd
eonatructed, Since thore ie no nard to stZomize thr gam am in

oil, the gas in spreyed in the furnecs by sfimply passing it

through perforated dimé tuha. Mo secordary eit {s Bupplisd, ALl

the eir passees apound th; ﬁas and provialion is mmde to contral

air and gan individvally for individus! burners. Tho air i twiatad
at the exit of the gas for hetter Bixing, The detefils of the
burners ers whown in Figure 3.7. Both sir and gap can be cantrally
cortrolled and gee eupply 18 recorded from tha mater. Tha scheostic

disgram of the experirentsal set up i5 shown Ln Figure 3.9,



CHAPTER 4

EXPERIMENTAL STUDIES
AND _ DISCUSSIONS

Several experimsnta were carried out Just to study the materiasl for
ite suitability in wmaking refractory bri:k.. Experiments wars carried
cut in two phaseg: One in the form of swaller pire bricka which ars
fired in the 5iliron Carbide furnace and the othar in the farm of
commercisl mize bricko which ars bhurnt in & gas fired lsboratory

kiln.

FIRST PHASE

Tha furnace usmd for firing the smaller bhricks ie mhown in Figure
a.1{m). A stasl mold of 4"x3"x2™ inner dimsnsions wes used for

making the brick esmples. Handlee are umed for ssae o? withdrawing
tha brick fram the mold., From tha anslypsm of the eand (Table No.2.2)
it is found that both tha Noyapars end Shahajibazar deposits contain

2,40 tao 2,578 ﬁlzﬂl ard traces amount of Cai,
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EXPERIMENTS
lst wxperiment: Attempte were mads to awnufacturs bricke with the

Noyapara sand but 1% lacks gresn mtrength to held the elize end eshaps
6f the brick., Morspver an drying it wes cbusrved thet thae brick
spallad out to small particles. On grinding the sanpd in Ball mill
to wbout 100 mewh, no improvemsnt was found in green strangth. So
the depoelt cen mot bs used exclusively as swlf binding material

for manufacturing silica bricke.

2nd_experimengs Lime, Cal, was uzsd aw binding matoria) upto 2% in

addition ta ths amount prassnt in the sand, The sane problem af
lack of green mtrangth wam found ms in lat sxpariment. No machanical
press or Hydrsulic press was used to press ths pixture to ths shaps.

1t wam manually remmed to the shepe in ths mold,

34 _gxperimsnt: Thres bricke of 4"x3"x2" afze wers submsgumntly
preparad with £a0 content of %%, 7% #nd DX with snough water to
incrosaa the green atrength. The limn added wea vary fine sand waw
thoraughly mixmd. The grasn strength wus enaugh to hold the shape
but on deying it wss found very fragile anc was not posetible te
bendla convanisntly. Uf coursa, the strength after and before drying
was apparsntly found increaming with ipncreacs of lime content. The

aizs af the grain remained as that of ths original deponait.

Aftsr aun drylng the brickas ware held et 130°C for 4 hourws to remove
tha mechanicelly held moieturm., The bricks ware then firwsd upto 1a58°C

in tha furnace for 25 haurs. It wes very mlowly heated from 100°C to
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600°C. Total time requirad to rales the temperaturs was 12 hours mnd
held at 14%0°C for about 13 hours befors being coolsd to rovom tamp-

srature. The producte ars shown in Figure 4.1(b) and 4,.2{a).

Almpet all the bricks showed cracks of different aizen at differant
places. Thess cracks may be dug to t~ 1} Non homogeneous mixing of
the binding oatsrisl, 2} rapid heating and copling, 3} Mixturs were
not well compresasd, 4) Crack may originate durlng drylng eycle dum

to lack of sufficlant bimding oeateriel and other csuaes.

4th smxporiments Experimant nucber 1 wap repasted with finar grain
size {100 meaah) and fired at 15009 for 17 hours. The fired bricke
showed trace cracks indicsting woms improvement, The products are

ahown im Figure d4.4(a;b,e).

5th expgriments Furthsr grinding of thie mand %o 150 mesh followed

by heating st 1400°C for 20 howrs did not show any ioprovement.

fth muparim s In this =xpariaent Mynensingh cley and Mirpur clay
wars uned individuslly es binding watsriasle. With incram~ad parcentags
of clay the banding property was found improving. With 1% Pymanaingh
cley the brick showsd sncugh bonding property. It wes fired at 1400%C
for 1B hours. The colour of the burnt brick w a bright aeh and soms
cracks wore visible, ¥ith 16% Mirpur clay the green atrangth found
botter and on burning the bricks showmd ssh colour and no cracke were
found (Figure 4.3(d}). Thesa bricks wers Tound haavier than that of

1#X Hymensingh clay and ather typsm. Hut these typss of bricks havas
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get leas fusian point and honcas they will not serve the purposs of
refractorinemss. Thic im also confirmed from tha phase egquilibrium

diagrom of Euﬂ-EiDz-ilzﬂa {Figure 4.%},

Ith sxperiment: A saries of bricks with differant types af binding
Deterisls end groge wers preparsd and burnt at a temperaturs of
1450°C for 30 hours. Tha percentage coapogitions of the bricks weare

an followsia

1. Cab 10%
Sand . rest,
2. Cafl 12%
Sand rept (1ox grog)
3. Mirpur cley 10%
Send rant
4. Mymensingh clay 10%
Sand rest
5. Call 10k
Mymmnaingh clay 5%
Sand reat
4. Lgi ' 10%
Hirpur clay 5%
S5and rest

All the bricks hud snough grasn ptrangth end bricks Ng, 6 found to
have grester strangth than others. Aftsy burning ths bricks mede of
groge showsd little cracks. So the mddition of prog has dacreassd the
cracke. The addition of Mirpur clay mede the brick heavier and tha

colour wap bright brown. Mymensingh clay alsg chengae the brick into
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sah eolour. Tha sdditien of Call to Mirpur cley and Mymsnsingh clay
made the brick stronger on drying but decressed the fusion point.

At tha furnece tsmpsrature of 14%0°C, brick no. 6 startad to fuse

{figues £.3{c)) but did not ehov 'y crach. i

Froe thess experiwontsl date it wns found that lise eo binding mptatinl
would not be sultsble for seking !ilicn bricks as the brick has got
Iittle steength after drying .nd-;;uld not be stacked In the kiln

for burning., Ths addition ef Hir;-xﬁviay or Mymsnsirgh clay elong

with lime hes overcoms ths prabl;- “Nxpsriments with awmple bricks
in the electric furnece showad thzkunjii parcantage of Airpur clay

or Mymsneingh clay will give battar result regarding tha bonding
property and crach. But tﬁ; fuslion point will sbruptly decresss with
the addition of thase clays. Thia can be ehown from ths wguilibrium
disgrams of Cel - 540, (Figure 4.6} and Cab - Aly0y - S50,(Flgure ,\?
4.5). So theve materisla wuat bs addad to wminisus guantity. From the ]

»
expseimentsl resulte it may bhe concluded thet CalU and Pynansingh ell.,

should be added within the minisuw lieit aof I0% and 5% rllpuntivnly.1,.
Although Call can be sdded uptn 28% without any change in fuslon ttlph-e_
erature (Figure 4.5}, Tha grog addition has showad scme Lmprovemunts
regarding the hylning crack, The sscond chase and finsl u:p-rincnt-f
wers carried out with Mymansingh clay snd lilme as the binding --t-ri}

end thair use wero restricted within thess ssxiwum rengs.

p— e L P Lo il —] i
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SECOND PHASE

The final expariments ware condycted in & kiln nade of fire clay-
hricks for & cap.city of ebout 500 bricks of stsndard sizxs. The design
sand the construction of the kiln ara given in & mapersts chapter.

Cosl is an imported fusl in Bengladesh, hence provision is mads to
burn the kiln by Titas Gms which is comperatively a cheapyer fuel

~ and locally available.

Soms experimants about firing of the kiln with burners ware mads
and the length of the flame was s¢cordingly amdjusted. Alr was intro=-
duced with gas mnd by trial the lsngth of the flame was ad justad

within 20" from the mounth of the burner.

1at Exparimept: 400 ordinary cley-hricke of conmarcial sixzs were
procurad and soms firplng sxperimgnts ware osde to determine the

range of twmperature snd the guantity of gas and sir needed for the
appropriste tcapsraturs range in the kiln. Thers had not been suffi.
cisnt gap in the first stacking of the clay bricks, The burnimg

fleae was, o8 m result, reflected back; ths chimney of tha kiln was
not long encugh to creats nafural draught. The stucking was thean
corrsctad and tha kiln was fired. During inltiel firing thara happsnad
an explosion in the kiln, 1t wes due to the leakags of gas in the
byrnar that was sccumulmtsd in the kiln snc on first firing the kiln,
the wxplosion took place ceuaing soro damags in tha walls and rocf

of the kiln, Top aveold this type of exploeion, the kiln im initlally

purged before firing ao that eny gaa sccymuleted will thus bs removed.
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Znd Exngximantt The kiln was chargsd with 150 commercial aize
ordinery clay-bricks. The bricke wara sun dried bafors thay weras
ateckad on the floor of the kiln. Few send Bricks meds with 103

lims and 5% Mymanaingh clay of usual size were elso plaged on the
flopor of the kiln along with they clay-bricks. The mand bricks were
maant to uvee ther am grog for the aubsequent exporimants irn msnufece
turdng the esilica bricks. Tha kiln was then fired with gas without
ary alr ewxcept the amaunt that wee sucked alomg with the gas at the
entranca gf the burrers. Air wae blawn efter three hourse and the gap
supply wam than kept 4 cfm, After wbput half an hour the front bricka
were found to sack rasulting & lumpy moss. Thare was no srcangemsnt
to racord the temparatura of the kilp, The tsmperature was guoseed
to be sbout 1000 tg 10%0°C which iw about 100°C shove ths firing

tempersturs of ordinary clay bricks.

Axd Expepionnts Next sxperimsnt weas perforned with 150 gur dried clay-
bricke which wars hamsted for & houre with gam supply aof 3 cfm. The

bricks burned out to be 2nd grede, {i.m. Z2nd class bricks.

43h Experimgnt: Comuarcial size sand bricks with 10% liws and clay

5% wers then preparsd snd dried. This tina ths kiln was chorgad with
only 16 bricka at shout 4'=E" away from the firing end of the kiln.
Tthrae holes wera provided mlong thn weide wall of the kiln at diffarent
distences in order to introduce the thermocouple for recording the
tespersture dn the kiln. The ges supply wea nalntained st J cfr. and
the temperatures was found to bs BOO°C., The tomparaturs of the kiln

was than preipnd to 145DEE snd keapt conmtant for 12 hours. Tha bricks
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weg then cooled very mlowly in the kiln. The burnt bricks showed
gome helr crecks at different levels, The bricks were than mteocked
on the floor in an opan stmosphers; the heir cracka wers fncreasing
dey by dey and after few doys all the bricks spalled out to emall
porticles. Aftar investigation it was found that the lice end the
cegy’usrl not throughly mimed with tha sand particles beforas thay
ware sheped in the brick mould} the kiln temperature end holding
times were not sufficient %o csugz vitrification ent the chemical
reaction wae doleyad due to impropar mixing of lime and clay with
ths refractnry sand. Mence during the etecking period, moicture woms
ahporbad from atmpaphers through the cracks by the free lime of the

hricks resulting awslling and spslling out (Figure 4.8(a,b,c}).

S¢h Experinent: §0 bricke of stendsrd alze wers prepered with the

follawing proportionst=

CaD =~ 1%

Clay - 5%
Grog = 9%
Send = rent

Tha groge were aof the followlng slres

B to 10 mesh msiza 50%
10 g 30 * " 30%

up to 10O ™ " rest
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The pand was of the same nife as collected from Moyspars and
Chhatfialn in Sylhet., Ths clay and lime ware of ebout 200 mesh pize.
The bonding property was found incgeuning with tﬂ%nugh nixing af
ths oaterisls. Srog agein decreapes the green st:nngﬂth. To avoid
the orscking or mccumulstion of CaO, Cal powder wee nixed with
proper smount of wetsr and then gther materimls wers mixed with

thims slurry.

In this experimant both Seger Cone snd thermocouples were used for
terpearatura measursments The Segar Lones were collected from
Inetitute of glasa and ceramics and were of the fallowing rurhern

and tempereturad.

PCE Nn, Fusinnm temparsturs
03 1000%C
oBA 16509
1A 1110°C
34 1150°%C
GA _1215%c
] . 1250°¢C
10 . 1300°¢C
12 - 13509C
14 1410°

The kiln wam fired on Feburary 17, 1975 at 8 A.M., snd cantlnued

yptu 10 A.M, of Feburery 19, 1975 (50 hours). All the cones sxcept

PLE Nao. 14 fused and PCE Kp. 14 atarted to bend. 5o tha higheat
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temperature of the kiln was neer about 1400°C, Using radiation
pyrometer thz tempersture recordsd to be 1425°C, but in thermocoupls
1k showed only 1330°C, The rate of ges supply in the kiln ard the
rete of heating and cooling ere shawn in tho toble Ko, 4.12. Ne
sxtre alr wes aupplisd except tha emount sucked 1n the kiln from

+thez santrance of the burnarm. '

During hasting cycle the steck of the bhrick was dismantlad and

shout 60K of the bhricks crumbled and the rest burnt mound.{Figure
4.9(myb}. The crumbling of tha niq:h may bs dua to the feulty stacking
af the bricks and ao seme pert of -the bricks carrying the highest

load sagged at the kiln tempersture,

Tha bricks showed few helr ciackes at differant levels. It may be
due to the lack of bending and it mey sisoc csuse durdng heating

and caaling cycle. The honding mey he improved by thorough mixing
and by increascing binding materisls. Aair crecks ar fire cracks may

be eliminated by increscaing the smount of grags in the mixtura.

gth Experimgnt: 30 bricks were prapared with 9% grog while othar
componitione Xept constant me the fnrmur'expurimunt. The matarisle
were thoroughly mixed foar better bonding, After eun drying the
bricks were stacked st the middle of the kiln ond the® temporaturs
wos, thercfore, rocopded at the niddle hols, Both Pyrometer and
Thexrnocoupls wers used to record the tempsrature. Tha kiln wap
"fired et 1-30 P.H. of April 10, 1975 and wap sndod at T30 A.M,

of Aprll 12, 1975 (42 houre}. The higheat borning temperature that
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Theymo & readingn
L1 |
Date Timm Las in Jamp, 4o G Remarks
Cfm, lst hole 2nd hole Jrd hole

17.3.1975 0800 0,80 Byrning aterted

132340 0.pa 80 a0 BO Ges aupply
incremsad tp 2 ef

1700 2,00 170 120 100 " 2.5 c’nm
1915% 2.50 580 480 300 " 3.7 ™
2100 J.75 g20 AR0 R40
2300 1.7% Q00D AB0 700

10.3.1975 asod .75 980 ga0 p20 Gas wupply inc-

ressed to 4.9 cfm

OgO0 &.50 1100 1880 920 N 6.9 "
0pan 6,50 1150 1200 1040
ason h .90 1180 1250 108D " T.5 efm
0915 T.50 11a0 *1300 1100
1008 7.50 1150 1320 1140
101°% T.50 1200 1330 1170
1030 T.50 1230 1330 1190
1040 7.50 1240 1330 1150
105D 7.50 1260 1330 1200 1
1100 7.50 1170 1130 1200 yodumolPty 5.50 crm
1130 5,50 1150 1240 1150
1145 5.50 1150 1240 1120
1200 5.50 1140 1220 1120 » d afm.
1210 4,00 1040 1100 1100
1220 4.00 10r0 1140 10580
1230 4.00 1080 1100 970
17245 4.00 1040 1040 890 " 3.8 efn.
1330 3,00 950 9RO as0 n 2.5 "
1700 2.50 RT40 #00 850 " 2.0 ™
2100 2.00 540 560 AdTH0 » 1.5 *

19.3.1975 0gon L.50 430 470 3a0 n da,9 *
0815 0.30 310 310 200
10pQ0 0,90 200 210 150 Gme supply stopped




was recorded by thermacouple snd by pyrom=ter wers 1300°C and
1400°¢C rempactively. The heating ratm snd gae supply were ag in

Teble No. 4,13,

All tha bricke burnt scund (Figurm 4.9{c}) showing no spalling, cracks
or eeyging. Sa for commercial purpose Sylhet send deppeit may be

usrd for manufacturing S5ilice Brickns with additiar of mome hinding
matarials liks Cal and Mymenaingh clay and alse momn grog, Theeae

1ima and clay mdditicns should not oxcerd 10% snd Sk respectively.

Grog must be sdded over 8%.

¢
F

Few tepts of theme bricke have besn conducted in the Labormstory

and thalr resulte are ss follows:

l. Fupien temperstura :, . ebove 1450°C

2. Ilopact value \ 118 inches
1, Poromity , 317.20%

4. Apperent Denmity E 1,11 gn/:m:

5. Burrning Shrinkage 3.20%
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Thg;mucngglg readings and gam pupply

Dete Time (2% SuPPly  Tomnefature Remerke
10,4.195 13130 1.00 Burning started
1700 1,00 110
1800 1.0G0 120 Gema nupply incressesd ta
2000 1.50 300 1.3 efm
200% 2,00 3ab
zoid Z.00 Jan
2110 Z2.00 550
11.4,.1575 0§20 2.00 ATD Geax supply increased
0625 3.50 675 to 3.5 efm,
D630 3.50 480
deos 3,50 954 " 9.50 cfm,
0Qp1rs .50 1000
Op20 5.50 1044
0asn 5,50 1100
1030 5, 80 1100 b 7,350 cfm.
1033 T.80 1110
1045 7.50 1200 .
1135 T.50 1200 fir nupplied.
11&0 T.50 1280
1150 T.50 1280 Alr supply stopped
1248 T+ 50 1300
1250 T.5D 1324 bap eupply raduced to
4 cfm.
1430 4,00 . 1080 "3 efo,
1700 3.400 9%0 "2 cfm.
2000 2.00 TO00 "l ctw.
12.4.1975 Q730 1,00 300 Supply otopped
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CONCLUS!OI;I_
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Muffls furnace while the other wae conducted in » llhurltury sizu

The inforsstions chtainsd from th

which ona ast was eonducted in s hip

gep=Fired kiln, sre summerisnd bellowi~

The grain sites of the both ths sands thst weye collactsd from
Moyapare and Chhatiein in sanufacturing experimental bricks were
more or lase sess but both wars lecking initisl binding propurtiaes.
Liss wes used to improve tha binding property. Thase bricks were
burnt in the Muffle furnace for 2% houra toc = tesperature of 1450°C
end wers subessquantly conlwd in the furnsca very slowly. Crarks of
different nizes warw reticed on ths surface of thasse bricks. This %

experimant was reprated with finer send and fi.rw&ﬂﬂﬂl:‘u:. LT

hours, Thizg time cracks were aloost sbesnt “hn‘:ng N ww halr crachs
._I'"
' - ‘I'
- » '
‘u
" , * o~



A3

DifficWity was experienced in handling the bricks with cosraer

sand grainm. It wne found th t finer eent grains provida better
Alxing and will definitely help chemicsl saction at the elevated
temporature. The crecks thet wepe obscpved in the first sxpsriment
might be due to lack pf homogenity and irncooplate chemicnl actian
batwean the binding materialr and the send greins. ¥whila the hair
trackas that wars noticad in thes subseguent experiwent with finer
wand greine might bas dum ta contraction thet developad »t the tine
of chanical action end vitrlification. The experiments thet ware
conducted with Mirpur clay snd Mymensingh clay ee binmdars ahowed
impyrowad binmding property and green strength but they lack higher
fusion twepperature sepecielly Mirpur one. Since the Mymensimgh claey
conteins enough silica {Teble 3.1) end it {» almo found from the
Thermal Equilibrium phawe diegram of Elﬂ-ﬁiﬂz-llzﬂa systun (Fig.4.5}
that thes fusion point of ths brick conteining 510, near about 90%
whould ba akout 1600°C, The bricks made with Mirpur clay wers found
fused et 1450°C, So it may then naally be inferred that Mirpur clay
containa low theroal ingredisnts and may not be conaidered suiteble
as binding reterials for menufecturing =ilicas bricks with Sylhst
sand. The colour of the bricks elsp showed a big contreat with thoss
nade of Hymensingh cley. To overccome the hair cracke, groge were
sdded in thamnixture. Bricks containbng diffesrent percentage af grape
were made amd burnt., It was oboerved that the bricks wads with g%
grog ehowed better resuvlta.

&
The escand set of sxperiment wes conductead in s fire clay kiln of’

capaclity for 500 bricks of atanderd wieas. The idew of cpnducting
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thia experiwsnt wes to confors ths rosult that was obteined in .the
silicon cerbide suffle furnsce, Tho proportion of ingrediants and
the twchnigue of mixing ware more or less ssma but the sizn af ths
bricks wers of standard ons. After muking faw axperiments with
ordinsry clay bricks, ths rets of haating the kiln wos standsrdized.
18 silica bricks weda with 10% Cal and 5% Mirpur cleay were prepared
and Sun dried. The kiln wes than charged with thape bricks snd the
tempurwture wee raived firet to G00°C and then to $4%50°C and it was
then kapt steady for ebnout 12 hours. The %iln wep sllowed to cool
alowly, the bricke wers then withdrawn from the Kiln and stacked

on the open floor. Initi{al hair crecks wers noticed on tha surfecs
of the brickn, Ths heir crecka wura found incressing dsy by dey.
After rhout & fortnight rost of the bricks wars found to spall

cut to small pearticles. On invoatigetion it was found that the sand
greins wers not thoroughly mixed with Call and clay., The spalling
perticlas showsd lecking of mixing sand svan the particles get
aeperated on Ffinger prassurm. It wnas slen ravaaled that tha psrticlas
did nmot show any chesical rasction to esch othar, Ths resson wight
ba that the bhricks were not kapt for sufficient tise to {nitists

the chemical actian. Dye to bigger siee of bricks, the whols esction
af thes bricks might not have been hasted uniforely. Thes gradusl
increass of the heir cracks might be dus to sbsorptien of molsture
from the ateosphere by the lims, foreing hydested lies whoae volums

was gradually increased ceusing ultimete fracturs and spelling.

The 5th experiment was conducted with £0 brichs of 10% CeD, 5%

Mywansingh cley snd 5% grog. Both the clay and lime wars sbout 200
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meah size, This tims the ingredients wers thoroughly mixed. To
BnBYre ihe proper and thorough mixing, liwe and clay were firet
mixsd with watmar and thie fine slurry was then added to the send

and was miwed theroughly befors the britks werse shaped-into etael
rold. The bricks ware then dried and cherged in the kiin. To ba

surs sbout the mccurate temperature of tha kiln a few soger conee
Anumbpring from 05 to 14 were plecded mt different pleces of the

kiln, Henpting woen conmtinued for about S0 houro and temperrature

woe rofeed to 14257C, After cooling in ihu kiln the bricks wern
withdraswn. Soms fins hair cracke -n;e still vinible on the surface
of these bricks. On atecking the bricke putside the kilm for peveral
weeks no morn mwelling or epalling wae noticed. It wem thought that
the mixing had bheen thorough but mome wore grogm might be nsodad

to overcoma the cracks ceused by shrinkage. The following expesriment
wea repepted kesping all other Factors conotant except increesing
grog by 3% more, Ths furnaca wap heated toc m temparsture of 1400%¢
and kept for ebout 42 hours. Thim timo the bricke were found parfact
in »size and shapse. No apprecishle cracks ware vigible anc on etoring
no epzlling ccticn was noticod, Some bricko in the 5th experimant

nf the 2nd phasa shownd iaggingrduu to load on etacking. Hers the
firing tempearature wan 1400°C, Since the kiln wae opade with locally
aveileble fireclay bricke which de mot ueuanlly stond temporeture
rore than 1&25°E, the firing tempercturs of the kiln was limited
within this rango. Silicm bricks meda of genicter containing 2 to 2%
binding moteriala cen etend ot tempersture of 1430 tp 1€009C. In this

axperimant ths bricke with 10% Ce0 ancd 5% Hymwnsingh clay might not
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atand st temperatura more than 1450°C, For lack of suftable binding
retarials the experiments werm limited ¢to locally aveilsbls binding

materianle like Call end clay.

The work so far done sugpests thet tha physical property,; partieculsrly
the funion point of th® brick can furthsr ba improved by decremsing
the emount of binding materimlw. In the present work, lime snd

clay weres used to increase the gresn stremgth af the brick at the
coat of fupion peint. Thess could heva besn evaided to some extent
if any mechanical devicas ware uzed in miwing the materisle and in
making the brick mold. Pneucatic pressure will definitely increase
ths compactness ms well ws green stremgth of the bricks and a=s a
rosult it will decreasw their porosity and permcebility. Finsness

gf the zand amd bindera will alep incresse tha green strangth,
Towperaturs as well as duration of heating pariod are the important
factors of vitrification. Gensrally milica bricks are hurnt at
1500°¢ for st 1esst @ wesk, But becsume of pome limitstions of the
lining meterials of the kilp it wes not possible to raiss the
temperatures to that axtent, Kilp with high duty refrectory lining
ney help to eliminate this limitstions, To apply ths thormal equi-
Mbrium disgrem the percentage of differant constituents ahould

be mccurstely known, Epch rew materi.ls should have, therafore, been
chamically checkad befare thes final ingratients were made to satiasfy

the phess diasgren,
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, APPENDIXES

Appendd x=A

Apslymen of Quartzitﬂgz

Canstitumnt

Hadinm Earshop Alsbawma Sharon Washed
qu;rtzitn quﬁitzitu qun;tzitu conglometrate panimter

Silics, Eiﬂz
Aluminm, ﬁlzD:
Ferric oxide Fuzﬂa
Lime, Cal
Magnweaia, HgD

Alkalien,k20, a2

97.0 98.2 9T.7 98.0D 96.6
0.9 1.1 1.0 n.9 0.3
.9 0.2 - a.n D.9 .8
0.1 0.0 - 0.1 n,a 0.1
D22 Trace 0.3 Trace 0.1
0.4 0.1 - 0.3 0,2 0.1
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. Appendix-B

Pro ms pf pyre, Sipgls, Ref Ouide 5
Materisl : Formula Melting point *c Danoity,
in 9C g/nma
Aluminum . ] ﬂlzl]3 2000 + 30 3.465
Baxrfum oxidai{beria) Bal 1917 S. 74
Bsryllium oxide{beryllia bro.)  Bad" 2558 3.0
Calcium axide{celeis, limn) Call 2590 + 30 .36
Corium oxide{Coerim) Call, 2500 7.30
Chromic oxide Erzﬂ3 g %.12
Cobalt oxide Cal 1505 T.30
Callfum oxide : | Gey0, 1740 5. 44
Hafniun oxide{hafnia) Hr0, 2TTT 9.66
Lanthanum oxidellanthana)} La,0,y 2305 a5l
Megnesium oxide{megneais Pori.) Hg0 - 2800 .58
Manganeee oxide {menganoeite) | Hn0 1180 S.40
Nickesl oxids(bunsenital = n10 1950 5.80
Niobium oxide thﬂa 1620 + 120 -
Silicon oxide{cristobmlite} 540, 1728 2,32
Strontium oxideletrantial 5r0 2415 4.70
Tantelum oxida . Tazﬂs 1890 §.0N2
Thorium oxide{thorie thori.) Thi, 3300 9,69
Tin oxidalcassiterite) _ Bnl,, 1900 7.00
Titeniuw oxide(rutile) T10, 1800 4+ 50 4,24
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Moterisal Formdla Malting point Daraity,
{n °C a/cn’
Uranium oxids uo, 2620 + B0 10.98
Vanadium oxide : Vo, 1900 + 20 4,87
Yeerium axida{yttrim) Y5Oy 2410 4,04
Zinc oxidel{zincite) _ Znd 1975 S.66
Zirconium oxide{zirconle) Zx0, 2710 + 80 5. 56
Ferric oxide FH2U3 1548 -
Ferrousa oxida . Fel 13&0 -
Ferro-ferric oxide | IFB:“‘ 153D -

Keolinite C - 1755 -
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AppnandZx-C
Pro nf Some Complex Refrmet Dxides’
Material Farmule Hultl:g point Dnnni;y,
. in C g/cm

Aluminuo Silicate (Mullite) 3A1,0,.2310, 1030 1.16
Alumipum titanate ’ ' Al,dy.T10, 1858 -
Aluminum titanste : _ ﬁlzﬂa-ZTiﬂz 1895 -
Derium alumineta ' Duﬂ.ﬁlzﬂ= 2000 3.99
Barium mluminate i  BaD.6A1,0, 1860 3.64
Bariun silicatelarthosilicate}  2B20.340, 1758 5.2
Barium zirconatm Na0.2x0, 270D £.26
Baryllium aluminste{chzrysoberyl} Buﬂ.hlzﬂa 1870 3.76
Bearyllium silicato(metoailicate} BaD.EiDz 1753 2.35
Beryllium siliceto(phonacits)  2Nel.TiO, 1750 2.99
Beryllium titmanste EBﬂﬂ.Tiﬂz 1ge00 -
Raryllium zirconate SHaD.ZIrﬂz 25315 -
Caleium ehronats . EuD.ErD3 21£0 3.22
Calcium chromite » CeD.Cr,0, 217D 4.8
Calcium phusphatu(nrthuphnnphuteiﬂcnﬂ;Pzﬂa 1730 3.1
Calcium eilicete - cLaD.5i0, 1200 2.91
Calcium nllicata{n:thnnilinatéi' 2Cal.540, 2120 3.28
Calcium silicon phogphate ‘ Etan.ﬁlnz.Fzﬂs 17RO 3.01
Calcium titanste{perovekite] taD.Tiﬂz 1800 -
Calcium titanate ' | 3CeD.Ti0, 2115 -

Calcium zirconate EaD.Zrﬂz 2345 4,78



mn

Matnarinl Farmula “'1t1:9 point Dun-;ty
in °C g/fem
fobelt sluminrate{cobalt blus)  Ca0.A1,0, 1955 4,37
Magreeium alumirmte(wspinel) 1 HFﬂ.ﬁlzﬂl 2135 3.58
Magrepium chromite Mgl.Cr,0y 2000 4.39
Magneeium ferrite(eagnesioferrite) HgO.fasl, 1780 4,48
Magrnesium lanthanate IHgU.anﬂa 2030 -
Megnesium silicete(fersterits) 2MgD.510, 1085 3.22
Magnesium titanaete Zﬂgﬂ.Tiﬂz 18315 3.52
Magnesium zirconote Hﬁﬂ.l:ﬂz 2120 -
Magnesium zirconium silicate HgU.Zrﬂz-Siﬂz 1793 -
tickel alumisate Liﬂ.ﬁlzﬂa 2019 4.45%
Pdtoseium sluminum silicotelkalilk,0.A150,.2540, 1800 -
Strortium aluminate Sr0,A1.0, 2010 -
Strantium phosphet={orthopho.) 35rD.PEUS 1T67T 4.53
Strantium zirconate Sr0.2Zr0, 2700 5.48
Thariuw rirconate Thﬂz.lrﬂz 2000 -
Zire aluminate{gehinite) Inl.Al,0, 1930 4.58
Zinc rirconium silicate ZnC.Zrl,.510, 20TH -
2arcontum eilicate{zirean) 2r0,.510, 2420 4.6
Chromits 2100 -

Fﬂuncrzna




Appandixl
Efnarsl Classificeation of Refractory Hngu:iaig‘

. ‘E'
Silica Aluminium Silicate ffagnasia
A B C b E r 5 H I
High
Dinas Quertz 5eml acid Chawotts alimina Magnesite Uolamits Forsteritm Spinel
- _ -, .,'. J‘
C rd
Chromite Zireonis Carban n;i&ig: a Oxide
o K L L] ] a P Q R 5
Chroms .
Chromits oognesite Megnmaits Zirconia Zircon CLoks Graphite Carborundum Othar Fure oxide 3

Tl



AppendixwE

Analymea of Firvcla !2

Pla :tic,Law~ Flintslam- Flint,Lar- Sami- Semi~ “Flastic Flint,Mont- Siliceous
ronce.0hio bris,Pa tor,Ky. flint,Jack= flint,CYear~ Vinton, gomary,Mo. Now Jaray
san,Ohia  field,Pa. _ _Ohio
510, 58.10 44,47 44.78 50,32 4] .04 AL,T2 44 .04 %9.92
ilzuz 23.11 3T7.10 35.11 J1.5%3 36.49 is.06 30.03 26.95
F!zﬂz 1.73 0,48 1.8 1.02 1.27 0.68 0.83 1.24
Frl D.6B 0.53 0.72 0.35 0.81 0,5%% 0,22 1.24

_ Fes, 0.58 . . 0.22 G.14 - 0.2 - 0.24 Y 0.81 -

- Mgl 1.01 0.19 0.%5 0.1lg 0,54 0.19 0.12 0.ary
Call 0.79  0.60 0.77 D.80 0.74 . 0.62 0,40 -

" RayD 0.34 0,10 - 0.29 0.07 0.4 0.42 0.10  Trace
K20 l.90 0.9% D.44 0.05 1.10 1,53 Q.22 Tracea
Hzn— 2,27 0.80 0.84 2.4T 0.82 2.21 0.78 -
HZD+ T.08 12,95 13.07 11.25 12.44 11.50 13.59% 9.56]
Euz n.08 0.11 0D.07 0.14 D.as 0.02 1,04 -
Tiﬂz 1.48 l1.84 2.22 l1.45 1.72 2.20 l1.82 1.50
P202 , 0.17 0.21 0.02 D.48 0.10 0.L2 0,208 -
Eﬂz .03 0.0l t.0} 0.0} o.0> 0.01 0.01 -
MnD 0.01 0.01 aJ.a2 0.01 0.01 0.0 - -
Zrﬂz o.0y .01 0.0 0.01 0.01 0,01 0,01 -
Drg.C 0.22 0,10 0.11 D.07 0.22 0. 04 0.01 -




Td

-zt o 21 1°91 & €T 9*0g 1e3en pRUTED)

- - - - r'o aETq

6*1 81 B O It 2°c ®PIX0 uo3]

L2 9°2 'z 2'e 6°2 epTXO MNYURITL

" e-es  r6r 0°¥s yraL ?" RS AuTEnTY
262 8°CE 0° 92 67 0T §°p wo3TTS
nﬂlHMHMm““MM JuUTIs ATIng SeInneEg tazadeutp e3¥uqqyh Awy

apeil 3Isxyy

HURTAS Yajng

nnnmnﬂuct LRI IR

=Xjpusddy




ﬁEEHﬂdsl-E

Analygis of Kaplin, Ball Clays; Holloymite, and nggghg},}&tgz

. gml _ :aahud Washad How Tem~ Rew Kan— Rew Rew pyro-

Comsbivumre  STOTII Englian | forthCeme- wnemes wuely |, heijoyeite mhyiits
% ;] % p |
. ST - o .

Silica 45.8 ab.a 43,8 . 53.9 | 36.4 44.3 . 63.5
Aluminn 36.5 7.6 35.8 923 35.0 17.4 " 28.7
Titanium oxide 1.4 . - 0.0 1.6 - - -
ferric oxide 0.7 0.5 1.4 1.0 1.0 0.4 0.8
Calcium oxlds Trace 0.1 - 0.7 0.4 0,2 Trace
Magneaium oxide Trace - a.s 0.4 Trace 0.1 Trace
Alknlinem - 1.6 0.3 - %.3 0.2 0.4
Combinsd water 13.6 12.0 13.4 12.8 T.0 15.1 5.9

Si
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Philippina Tranaval
Canptituent Lump Concentrate Lump Concantrete
EiﬂI 5.1 2.8 2.8 0.8
hlzﬂz 27.8 .?9¢5 15.0 17.4
FeD 13,0 13.9 24.1 24.6
E!n u|5 ﬂ;‘ n|‘= ﬂ.z
ErED2 33,2 24.4 45,1 aT.1
MgD 18.7 A17.3 10.6 9.7
Ignition losa 1.1 1.0 0.3 1179 |




A -]

DEAD-DURNED MAGNESITES {SEAWATER OR HHINESlz

Canstituent Michigan LCapa May Cape May Lavine Kainser Knisar
510, 0.6 4.6 1.7 1.1 2.1 0.4
hlzﬂz 0.2 c.3 0.3 0.3 c.T 0.05
_Tiﬂé - - - Tewca Traca .01
Fay0, 0.4 C.6 0.6 6.2 0.5 9.11
- tﬂ.u D.T - 1!3 ' 101 . 14“ .1.1 - 1.1
MgD 98.1  93.1 96,3 97.2 98.0 58.1
Daag-burnad Natuxml Msagneaitos

Cargtituant Austrlan Aystrisn Greciasn Stats of Washingtan Manchurian
5102 5.0 1.0 6.6 4.9 3.7
Alzﬂz 1.7 1.0 4.4 1.5 1.0
Fﬂzuz d.n 5-9 ‘i-d' :!id 1.5
Cal 5.0 2.1 2.4 2.8 1.6
MgO B5.0 pa. & 8,4 art.1 92.0
Igrition loas 0.2 0.3 0,2 0.1 0.1

Ll
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