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Empioying a simple hand-pwesing and ondeaing process, Light weight
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Immmmmﬁam&oﬁmmmﬁm
to aedure Meat foss Twough e will dusing operation. As the dre
pamw,mymu&dunﬂgin#m&ﬁw:mumm rmmMEm
not 4in melten condition on the molten mutctdial does noi come in diwect
condaet of the inadating wedroctonies (e.g. heat twatment fuwnaces
o candbfe fuenace ).

Incosponation of carbon—Adich maerial finto clay has been knouwn for
daTetime 40 be  an  aeddective method of pruodecang  Ldghit wedlsht
inabating brichs {1) , on firing Be carbon-aich mizadal duwvts
ot and Peave both open and cfosed pore within the clay body.
Literture indicates that fuo genewrd approaches have been followed in
e pmnuﬁmm:wummm~mm
The fatizn has attwacied mow attentions in aecent weansd. This 44 due
probabfy 1o the eas {n access to the oagandic mterdinfs. It has been
mm;rjmmdmmmmmm.mmm
the clay mixtines and the mochie ae then jabricated into the
products by firning at hdigh femperatiined, The Jincineaation of the
polystnene beads medilbts in e fovmtion of wmil cells in the clay
body (2,3). Howewenr, this metwd of fabrication has been found 1o be
fosa descnabfe becaise of <everal deoidoocha. It@ge:m&aﬁfyhnml
Har pofustygrens produces o pngend odoa Wpon decompoaltion duriig

fining and that the cost of the polystyrene beads L4 not econonmicaliy



attrctive. As a aedllt, the development of Lightwedight dnadating
bricks based on the wke of this dype of oiganic mterial 44 rathea
which are by-products in the eaamilling industry, are an exceldent
alierative 4me of oagande maeadafs which can be  effectlely
added to the cfoy gaadns durs paoducding Light weight and poxrous
brichs [4-9). Saudist particles awe wully comarstible when at mxdeants
semperatunes (400-5000C) and  they prodice no undesinable odor upon

In Bonoladesh Miraur Cexamic. Wortes and Dhaka Redractories Lid. pdice

inalating brechs, but the impoatant propesddies Like themf
condutivity and strengtt of thes bricks are not meadited. Thew
mmwﬂym@nmméﬁpommmmﬂﬁ
Cponed  4n the baick, This aedearch ntofect wad unden taken to fdind out
Mnﬂmﬁgﬂm&@oﬁ%&m&tmmc@—m

Raving a pood combuination of Hheamd and mechandical propeadied.
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2.1 REFRACTORIES

Uaing the wondl {n its Dwoadest sende, e Ieam aedaeiories erfraced
alf mierialae uweed in the constwction of heat scsilsting contndieas 30
afbond apace for the evolfution of gaed 4n combudstion procgdast,

holding of moéten charges and of wlids undergoing heat treatment.

2.1.1 Typea off Redracdordcd

Faom the technical standpoini nefractories may be clossified as

ol foius—

A. Refraciories of the Silica-Aluming Serde-s

1. Fiw—cfay Refuactonries

2. Sitica Refractordes

3. High Afuming Refractosdes
a. Pdaspow fype

b. Ofwenr Ipoe



8. Baosic Refmactondes

7. Magnesiie Reduactories
2. Chrome Redaacitordes

3. Dofomiie Refdruactoricsd

C. Speciol Refaosedordas

D. Indrfating Refmeotories

2.1.2 Propeatica ofy Redractondied

The propeaties of )z.e;ﬁ,xmﬂm i determing.s Hwedis Apidnbilildy for a
paaticifan  purpode. The wvationsd agects that axe 4o be  consddesed

ane ddacitased below :

2.1.2.1 Chemical amt Mineanfogical Compoaidion

It s 1he moat impoatant properiy that goveans the stabifity o
aednactonies under  vardouws conddtions. Reduactories awe sereaaliy
clasdidicd on the baeis of this pwpenty. The natie (e.g. basicidy)
of redractorics determines whedhea it will be atiacked or not. The
chemical and  meenalogioal  corposditions of o mateadols deteaming

e change  didng moduct{m,#mﬁumﬁzmtmgau@tobe



produced, The Stactivmd chonge and phades govean Aich propeatdies of
Aefractondies a4 thewnid conductivity {e.g. Aluming huas highea
condurtilsity than mgonesdia afuminate apinef (10) ), mesistnnce 1o sfag

aotion . e discon podnt edo.

2.1.2.2 Refracinrinesd

The ufedfilness of wfractonies depends on Hheir aefractoriness.
Refuactoriness swubd not be  conbused with {fudion  podnt.
Fedracidoniness 46  meedfy appected by e e ironmend. Fou
example $a4t heating <hous high refaactoriness ob a panticufonx

The mefractosiness L.e. the ipmperatiwe at which the motetdal f8ous
wnder siaondard condition depends on vatiou.s factors such as
conastitiition of the tedracioay, gradin sdire of e coratituernts,
unifowmity of the conetiiuent. Mowe e amount of the high melting
Sagatea the tendency o Houm Low meliing $fas the Lowen the
apfracitoniness. The fargen the guiin the higher the aafractorniness and
vide vers (11}, The mue the wiifommidy of constituent higher b
mbuctondiness. The widcosity of Lo mefting afag had a signidicant
effect on refractoriwses . Tie mbre the viaosily of the fow melting
coarponent Bw higher the sedraciosiness ond wvise wenat,



2.1.2.3 Theamt Expordion

memmmmmmmmAzM
and this has a  Moifdoant edfect on  its  spablog  assistonce.
Thewntf expaneton depende <olfefy on the chemcal and mineralbgical

conpositions of the given miterinl (12).

To descrnibe the puwperties of sefractordiss, 4t i3 dmpoatant 3o faow
mtm@ﬁmm&&%ﬂ#&mﬂmmﬂmoa&t&mﬂmata
MWM@MWDﬁWmW
Ifenperature aeglons. The taig coeffdodent of Ywewnf expansion in
the didferent tenperaiure regions 44 wied io describe the unifoamity

of expanadion.

The Tabfe befow 4hows the thewnd expaneion of iypdioeal refracitonies !

Tabfe 2.1

B |

Tupe o4 achproctordies mean theamid expansion coedplcient
over temperaitiure range 20 -1000%C

Kaoin { 4.5 - 5.6 Jxf0®

Muceite f 70 % ALy ) { 5.5-5.8 ) x 107°

MLflite —Coindim t’?-?.SJxIG_E'

[30-20% AL,0q)



2.1.2.4. Spabbing Resistance

ASTM defines <wpalling as Bwre bwaking or cracking of refractonwy brick
dn deavdicg Ao 4ich an extent fat pieces are separaded or fall away,
feaving a new sudface of brick  exposed. Spalling acailis faom any
of e folfowing catise s

f. A dpmeaatiiae  grddent, cawated by wwven eoiding o cooldng, that
L4 aldfdcdient o 48t up Atwesdes of Ach mogndtude oA do caiee
fariline.,

2. Comprosaion 4n a stwelite of aefuactondesd die B expansion of Hwe

whofe from a aise of foamperatue, alpficdent io caudse shearn foiflomes.

3. Vaadodion dn coeffdodent of deamld expandion betllwert Hhe Aliface
foyen and the body of Be brick, due {0 Aurface APag penethwation o
o a Strcluwal change in eavdice, gwat endugh 1o shear o4l e
indace fouen.

The first dype {4 most inpostant. Caacks foum paraliel to the heated
Anface. With time G chackhe widen wito cmewvics and e heated aren
bopabea odf. The first 2ayes fo 4poll 42 falfousd by a second one ardd
mmam,mmmmwmuwmmm.
Some Limes dhe spallfing aneas particularby 4in rwod, attain
tremendolts adize. Densifloaztion of the heated airface thaoush



Spafling depends on the heating and coaling aade, femperniiuve grodientd

The higher e aale of heating and cooling twe Lfouct the Apabfling
nesdstance. The spaflfing sesdistance decarsase s with .ineeasing
diffpralridyy, The fpalling resistarnce L4 absxr govewed by Fhe Adize and
shape of the acticle. The Adze of the aaticle detewmines the
abaolitte value of the refative sear and consequently te ragnidue of

e atmesd ceated at the wolfl .

2.2 LIGHT WEIGHT HEAT INSLHATING REFRACTORIES

tlts Ao seduce B conaumptiow of el

Losses associated tudih fhevmd procedsesd 4n dhe badcf wonk 44
rraceabde. to the aocumifation of heat by e aofid badck wosf and Ao
Lwe aaddiation by e alndace of e fevace dn o e acvounddng
atmraphene. Thede fwo  types of fosdes somedimes total 24-45%  of

Ahe Huel consumpdtdon (13). .

At Hhe beginndeg of He fiving o farge amound of head L4 Losd Hoouch

aroumdlatoon, As dhe badchuork heats up, His fosdes decfing Ao



g
zarp; foaws 2o e ariounding medium deperul on the Xypes of badicks
and Hw Michneads of Fe wall, The fwer the accumtlation heat fosses
and Hwe fosses o Fe  awrnounding, the mome qudchly the funace {wdth
cuclic operaidng corcdition) can be heated up and fesd the condatption
of duel. The amount of heai eccumtlation by the badck worh can £
reduced by decaending {te Bheamd conduntasdidy ol hwat capacidz. By
neducing fossas into the alvounding aimapiere, extewnal {naufation
My alfao dncasade e heat accumifated fhaough a adee n denpeandie
i1 the badch worh, This sMordeoming can be azmoved by U44ng
refractony heat dnadating miterial in brick work zome heated to high
denpenatuaes, This meduces the heat fosxs both fhaaough ascumedadion

The viofumeisdc beat capacity of a moterdalf fs4 aediced when Lis budh
denslty 44 aeduced [L.e.the poroaslty L& dncrended). The thewumi
conductivity of redjootondes 44 a fuction of the tearnl conductidldy
of copsmfline and  vitieous components, the &Sze, -infeawrangerend,
rithber  and  Aupe od cordtaed of the gsadind, poaosdity, and the sdxe

and e arvangement of the pomas {14).

The therwmf conduetivity of Light uwedighi mwefuntordes decregsesd 44 e
porpsity Lo dncreaded and varies more on Less Rineanly with the bufk
density {14). The thewmmf conductivdflyy {4  educed a4 e Ldize of Hwre

pones da dncreased (14).
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2.2.1. PROCTION OF LIGHT WETGHT INSULATING ERICKS

2.2.1.1 Methods of Prodiedion

Tmmﬂﬂémm&wdﬁc4#mmuimaﬁﬁghtmi§mm¢¢@
Eordchd,

1} Buaning additives neihods : Tn this method combustible additives
e aad . Thz&mwbomcmmimmmmm

&w@m&@ﬂ@mﬂmammm-ﬁﬂmoﬁm. LacLutm

pore s moe effective {n xesisting ihe & of heat .

?) Gas medthod @ In this method o mouldding Aispension foams umeotLs
amde bubhfes . Foam {oamer or chemkcals are uded o pacxduce 544

bubbfes 4in Tids method.

2.2.1.2. Row Material

The adw Motetidls uded for Bwe production of Light uedght insafating
mmanmmoﬁmmmwmoﬁpmm.

Fm#mMaddiMenz#wd#mme:

al additiles — wood savings (predetabiy decayed), £dignin (o wadde



Tt

padict faom  Audwdysis), amll coke, couditng, -dkdiet anthaacdte
and combination of these are wsed as combustible additives. The
buaning time mmnpemoﬁaddét&mdemdm#mmpa,m
ard size of additives.

bl binder - molasses, pares ploster, plastic refmetordes eic.
ame Wwied as binder {n e swen W.FMPM&JW'MM
m aeducing conductivity and pacdures pore, by asfieving
But .id the cafeium oxdde aemins e din the  fdndidhed paoduct £t

abanshs wotes and detnndotes the producd,

c} MWm—vW@moﬁmeMcm,
kaolin) having dgnifdicant amunt of oildica and afuming and 4mél

amairid of  some basic oodde-s,

2.2.1.3 Teaniption of Methads of Paoduction

Bunning additive methoal @ The 480w sheet fon the puwdiction of
Light tedight chammie products {n is medhod L4 hown belfow -
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The mﬁamuumﬁﬂyjﬂ—dﬂ%bym@tmmmw
with a bufk denacty o 1 gnfce At 4o 70-716% by volume ['.cﬂu,-mgdla.rﬂ

Lighin).

To Jimpwwe the plasticity of the mixture and to ipwve e
ataensth mummaﬁwmﬁmwg,mmm
frot mome than 20 % by voldure) o coal (1/5 1o 1/7 od the wedlsht of
the Javingsl omeened Ahaough a 1.5 to 2.5 mm medh, axe added o
mm.m&mwmoﬁrﬁ—zs%bym@tmmﬂ
in e fown o4 MM&AWRPJW{Z&&G%O&WW
st be amller tan 0.5 mm). The binding clay <6 gaound uniid
the 0.5mm fraction 4ie at Least 70%., The mixture 4o tempered 4n edge
nunnea with  Light nollers forn  3-5 minutes, aftern 4t 4o moletened

The total Mninkage of Eight pruoducts ranges betueen § and 13 %
{incfuding dwdng swinkage arounting abouet  haldl ; L3
difpzns L e fengih, width and ihickhess of e parts and L& a
function of the ovea-all dimenatonas, Intricatefy shaped gaeen Ko
i affoued 4o stand until the moistute condent just bedore duyping
ia 17-20%: this iakes place 4 10-20 days. It {4 a govd ddea 4o
heat the grmeen wiw just before drydng for a fength of tine {depending
mmwmmmﬂﬁmmmfmgmgMQamu
hound . THe modstune content of the green wmae afier dwding  hwotdd
ot be  above 670 3. To twwn out B carbon Hw nmedium mist e
intensely oxidizing betueen 500 and 1000°C . The final temperatie
ia 1300 -1350%C with a hobding pericd of 4 hours . Fining foets 44

-54 hours [#aing kifns 60  houns)



i4

2.2.2 TFROVERTIES OF INSULATING REFRACTORIES

2.2.2.1 Budh Densiiy

Bufh density Lo the most fundamental property of Light uwelighi

The bull dendsidy depends on Be dencity of the conetituents n the ~gw
mterinls and B 4inad paoduct, the mouwfding pressite., the degwe o
adnterdins ol amand of pornsidy . The rmoae dende dfe aow
rmterials and density of the end products the hdigher e bulk denolty.
Bufh denaidy dncreoess widh the dnoaeade of mudding pressre and
e degwe of odndeading  wherzas te tulh densddly decrecded LHAR

Ruffe density has a maked effect on the theamd conductivddy and the
stengt. Thewmi conductivity decrwases with the decrweas 4 bufh
derisity whereas Hhe compmessive strngih oteadses with S credae

in bulk density.
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2.2.72.72 Thewtmf connuctisidy

Redraactordesd ane composed of one or Mo Sofdd phases togethern-usith a
pare. phnae. The searliing theamnt. conductivity of the body depends on
Hae amounts and arwangemsnds of each phas: presont as well as Bwedia
Yheammf corncluctdvdity, edir  adize and shape, numbea arl Inpe oh
condact betesn gaadins, dhe Adze and aanancemendt of Pe poasd, dhe

type and amertd of I and ad Ln e poasa,

Since the aesdting condiuctivdity o4 a mixtune depends on fthe
arrangament o4 phases, an undeastandding of the micaostacfitae £
esmntial in dinterpreting thewnf conductividy data. Thawee Jidealfized
kinds of phade distrdibution L88ustrated by kinegery (15) {ia giuen in

e Figs., 2.7 (a.b aned ).

0f thess Ywe poraffel ofab arwangement { Fig. 2.1 a )} 44 not commondy
obsenued , But a continuous mifon phase Wt (Fag. 2.7 b) a minor
amant of discontinuoud second phaee L4 typecol of many
micaostictiere. Ii 44 the characteristic of the 4oum of poacsity
ronmoubly presend. A discontinuous nodoa piuiee (Fig., 2.7 o) with a
Mo pRuse apoedting a4 o condduaoiud boundary mutendad, for exanpée.,
A4 fypical of the slass bond distaibution {n mny sedruactonaics,



g%g Y /W
n 7

1

2 9

VA -
ZRZR7

n 7s

.4///’/}' /s 7

fa) (b} {e)

11G6.1*1 Idealized phase arcangements: (a) parallel slabs, {b) continuous major
phase, (¢) continuous minot phase.
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Fox tuw admplest geomeiay [ a4 sexicd of 4fab ) the thewmi

conductivity 4ot heat $fow paralbal to e sabs L4 given by

Ry = ViR + vpRy o= 201

mmu?mvzmmuafwmﬁm&moﬁmhwmmnt{aqmﬂm
e crves ectional omea) and Ry and k, crwe the thewvmi conductivity
of e duo phades nedpectively. I4 &, and £, am Br Brickness of the

fo = Agly + dpry ~m——mm 2.2

Ih ky > > Ry , Hhen e, = A4k,

For heat 4fow peapenddicular to afabe, e theaml conductivdily Lo gden by

i = VilRy + volRy = tyfkyt tylhy ~-2.3

It Ry >k, then f, = hofvs.

Mre seafistic gppoaches  touands e stactiure of aedaacioaded
are {Elustaated dn Fig., 2.1 b ond 2.7 oo. For these Atauciles
refationship dor the srceultant conductivity denived by Mopawdl
have been didcussed in teams o4 theamt conductiviiy by Buckeni{ 16}, I4
mmmmawmw,nﬂ,lmmmm

LS a comductividy, hd,mmewﬂmmm
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gdven by
P+ 2w lt-R e )/ (2R [ley)
R A o U
o~ vl 1k /Ry)/ (gt

when 2, > > Ry, the esbtant conductiviiy, then
Ry T R (1w /[ T+ /2)]. In contrast, if Ry >> Ry
Ahern Pc'!m TPZC{”"'EUd_jﬂrI'UdJJ-

memmoﬁ@mseﬂm@mﬂmmw-m4m
don @ minor phas dispeaded din a contdrulousd nﬁ;{::ur. phase, e
conduicticity chuanges afong a S—saped cliave as L88stwded in Fis.
2.2. In moat sedaoctosdies an drportant conatituent fa the poaoslity
hdcht L4 afrpst afuaue passent, One efdect of poaneldy fo Hhal
path s werenedy neduce the vl conductivity (17), The efdect ob
poaoaity on the phonon conductividly of epractordied had beern
didcinssed by Eucken (18) and Admifan thecraticdl freatmends
presented by Rueel (19), Riband (20}, and Loeh (21} . The
Eucken aefationship has been given in the equation 2.4, ib vy is
taken a4 volfure {fuaction of powdity. The aefotiondiip derdued by
RLis-sad L4 given by 4 eqlotion 2.5,

G.ééj

v 088 o b )1y g

uf’ﬂ‘ﬁé ol Hacﬂa.p”]’-ufﬂ'



t!.f;?l -T -._.-.].._.....- I E

2.0

.02 o

Thermal conductivity{¢al sec?cmeClem 2}

HEY I '
LR Y

C 20 40 19 8o 120
Volume % Mg, 510,

Fi. 2’2 Thermal conductivity in the system MgO-MgS8iO, (Kingery, 195%a).
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In genexnf, oy taalens lave 4ound a neanfy £ineanrn xelfationaship
ehpective inaufating poier than Largexr air apace at Low and
Anteamediotes terpesgdilre-s. A AdmOay ofy Bds aeports Lo Gllen by

Faanel. anrl Kingeay (22).

At fow denmpersdlite Gw ponosddy haos a fow theamd conduntivddy as
compaaed o any Sofdd phaass present and o neaady Lingan decmeose 4
COnTUntilv ity with {ncrmeasing powsity L3 found for dispensd pows in
a wiLid, Houwever, {n addition v twe cocduction aandition accaoss

I4 the muieasad aounding e pores 4o opague, an edpective
aaddatdon conducdividy of a potse can be defdned when e tenpeactiine
gradiont id4 ambl since dhe sgdiant ghengy Transfesr acaoss a poae L4

proportional do the Empeadioe differcnce befivven paots Aurlaces,

Q= n‘?u- EQMA{T;‘I —T;J -—— 2.5

In this eq. (T, - 7,%jcan e tactoned, a0 that,

g = Anzu— eEMAij AT, ————— 2.4
Considending heat trunsfer accqioss 3 Hat cavity, withl paralfed sices
mﬂ#lidmz.ﬁdd.p, and epfectise conductivddy L4 defired b,

Q@ = Fpuy P ABT/d,)  —mme- 2.7
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Meﬁﬁcﬁuemm&@mm&ﬁmm{cﬁ%#ﬁwmmﬂ

ﬁMWAMmMMMWWWM,

Rogg = Adplo eyl ——mm=mm— 2.8

Consequently the edfect of aadiation on pare conductivdity L4
wmﬂmmmmmwmmmoﬁw.
Pones o fargen size contribute 1o increasingly hish conductivity ot
M@W,Wﬁamﬂ&z&w&@%ammm
heat {Low (37). The cafeufated conductivity of didderent .aize pored
over a wide Fempeadtune aange a4 caloulated by Kingeny etal (23] 4La

A Puastwaded in Fig. 2.3.

Inmmmwmmuﬂchﬂmnnm%.ﬁectoﬁmmﬂemaﬂ
mm&wmmwmmwmﬂymwpomonmﬁm
fraction of porosily, povdens and fibrows mmterials have puch Lowen
conductiviiy even though the vofume {fraction sofids may be
considenabfe. This aeallts from the {fact that the poie phade 42
condinious, Aene being no sntering betueen solid-woifid condtonts.
Unden is conditions, Hhe reaifting conductivity 4o Largefy
detesmined by Y efdective condurtiviiy of the pote plose f24}. Fon
Gad wstems having difperent conductivities drom adir, the edfective
conduntivity of the overalfl Aymm incapase an propoation ta fhe
wﬂmﬂé@gﬂﬂwg&&ﬁu&p&m&mﬂaﬁmd&m@mﬂwm
pressire @b found by the various wwestigatons (25), (26), {27).
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In polyenyestnbiine and polyphase refuactorndies the conrductivity L4
fimed by e corpoditdion of edcht pfuoee pazdent by the shaope  angd
diatribution of each phascs incfuding the poae phase. When these
praameiesd aae frnowl, e ovemdfl cormductivity can be  paaddoted.

In mat pofycndlstobline redruactoried, Wich contaur a few peacentogs
mm,mw@mmwwmmmM

In muiti-phate compositions, e reslinnt thewmlf conductivity 44
of id L9 e effect of 4mil amunts of swin boundary powsLidy
ae4Llting fuwom micaostressed; Hede pores gmﬂyqemmz#mmi
conduiotioty euen Hhought B pownsitly L5 ambl, Four poaniis amd fdbemla
Lo deneldy modeadiadd, a#mmy%pmmm

2.2.2.3 COPMRESSIVE STRENGTH

The compressive stwength of eductories ploys an dimportont awde dn -
e furdce deddon, The sefractow mist be aiffdocdentfy staong 1o
catty dhe wkdight of Hhe walld. This L4 moae dmpoatant at high

Forpeantiing.,
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Reguantony uied dn 2ining of industrial fuwmace are 4ibjecied to ambd
Zoads, wely not exceeding 1 Ke/enf dn the wnlf gindng and 4.5
Kgfonf in the noob (28). Thus, high otwngth for resisting stotic
Loarts ocoirndng 4 e Lindng mist B poassed by e mefaoctosdes.
In mony cadeed, houzver, Aepuctorics must be abfe 1o withetand Lmpact,

abaasion and the efdect of athen mechandical factors.

pmmwmwammqmwoﬁwm.ﬂm
WHAN potosill, compressive strength 44 a nelbiabfe index of adhemence
to esizbfish procedures and of product homgenedily, 4ince At most
caas devintion from procedines rediuce. the strengih. '

Teats have Swwn (28) that as the terperndure 4o wmaised the strengih
st rebractories Ancreates, neaching a peakr ax 1000-11607C. Fuather
incaende din dempesatiae Lo accompanded by a -sharp declinedn atrengtit.
But -a strength o 1-10 Kgfcmz, needed fot noaunal service of
nefractonies 41 fuanace, 44 aefadmed up W e sofiening point, The
reasons don this changes that the plastic déﬁamnmt&mi oooutraing at
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2.2.3 MASFEMENT OF PRIFERTIES

2.2.3.1 Test for Buils denaity

Accoading o ASTM Sd#andasd Method C-134 (29) the bufh density o4
Anaboting fimbrick can e meaxvwed, The procedilne L4 descadbed ad
folBoury ——-

10 specimene arw taken to wpesent each stem. Then the fength and
width of each <«pecdimen aw measved 1o the rearedt 0.02 in (0.5 mm),
The JAndivéidunl meadsiement of Hwe fwo opposiie faced of earh Aoecdmen
aw xenoded. The thichness of the dnadating firebrich is determined
and mecandead Jdn dhe aame muvrer. e dayy apecdren ase then wedghed by
a bafance havding an accuacy +/- 4.5 gm. The arercge fength, width
and hight atwe cafeulated and the bubh deneity of each <pecdmen i
dedgamined using the appropriaie fovmilae belfow ——
{ wit in £b) (1728)
Bulh Denelty, &b/cu. ft = —————rm—r—r e e

fRength) {width) {thichness)[atld 4in
in.)

wit Ln kg
Bubfe DRASLY, RG/CLL M 5 = oo
{ Eength] [(wMdth)] [Budokness) (all 4inm )
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2.2.3.2 Test fon Cobd caidring Strength

ASTM Method C 93 (30) desiibes the detesmination of Cofd caushing
atmngth of Anadfoting refucdoays. The puxcedine {a desaibed partly
as foLLoud———

A standord mechandical on hydrmilic compreadion mauchdne |aenadtivity 20
£od andd aange 0-15000 Eb4). The apecdimen’s dirmenaion L4 4.5 by 4.3 by
2.5/3 An. The foad bearing sunfaces should be approximbely paralicf.
The specumen is placed on ithe plane aface of the sphenical beardng
Bfock uhdch have an area grmeatan than that of the fasgest paced of the
Ao TR .

The Loocd uappﬂied@#mmﬁbymslmmaﬁmmim. Thuz.
bearing bloch {2 placed on the top of the test gpecimen and Lt L4 <0
axis of the 4pecimen. The cold caushing stwength of the apecimen are

negaLted. waing the foliowding foamila ——-—-

S=wW/SA
wheae
§ scobd cuihing stwngth, pai (or MPa)
W = totald moximum foad at 3% deformmtion or visibie dailure,
whichever Lo sollen, b4 {or N}, and
A = merdge of the graoss arwed of e fwo 4.5 by 4.5 4n. (114 by 114

mn) faced of e specdren, .-En.zfrrmzj.
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2.2.3.3 Test fon Therms comiuctivity

Acconding o ASTM Method C 201 (31) Bwk thewmd condurtivity can be

e Aaed.

A afitevotive metod fon Bwe oot of Hweamd conductivdity Le Lees and

Choorlion 4 Method {32]. The method L4 descrdbed as folffolss ———-

Theoxy — The thewmé conductivity of a bad condiuctnn Like aubbex,
ebonite, gfass, mefmactosy ein. can be nmeased by Bris method. In
meadsing e conductividy of “uch poor comducdoa, a ARin faver onr
Alabh of the moterdal {a wsed, The digdiculiy arises in mointondining e
face at wididorn teErperatuae and da mRaduadng Huat terpeawtiie.  Leed
and choclfion ougacone Bris didddcufly by placing a sood condurton.
Aich d¢ brass o copper, of exactiy the aume diameter as the
experimEntal sfab on each <ide of e poon conducton, In Fig., 2.4 fet
5 be Hw dioc of poor comueton, B and A be Bw thick metalidic dias
each on edther side of S, C L4 a oteam charbes prom whdch ot posss

i B, 5 and A,

bkhen ofeam <4 passed Hirough C, A Lo waamed by the heat conducded by
5. When the zatz of 4fow of heat through S equals Twe heat foss frwom A



FIG.2.4 LEES AFPARATUS.
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I{nyWMO&BM#EMdym.
T,= temperatume of A dn e staady sie.
A = casd-sectionald ama of 5.

K = theaml conductivity of S.

d

thickneas of the sfab S,

mmmoﬁm@mmmwsa

0 = —mmmmmme e mmr e 2,8

d

In the oteady stode this heat Q 45 andioted per second fwm A Id m
and 4 be the miss and gmeoifde heat of A and dT/di be its coofing
mawrz,mmmmrmmmwmﬂ

L4

Q = mes {df/adt] - — 2.10

dr/dt is detpamined by peafoaming o absidiasy experiment. Fwm 2.9

and 2.10 Bwe tewmd cordictivify of 5 A4a

Demﬁmaﬁﬁmﬁ@mmma:mzexpemmwmnmmtoﬁm
appaaatins {6 dwun i Fig. 2.4, A braas déisx A of about [0 om dn

mampmbymﬂmmawmmm
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netont stand. The experimental motendial 4n the form of a thin afab (S)
and hawding e oume diameder as A, da placed on AL A eam chambet
consista of fwo parts - He top part is o hollow baaes culinder C of
e e déametea aa 5, havdng sdde tubes for entuy and exdt of Ateam
whife the bottom part 44 a thdich meial plate having he HTE AAEICE
anea as et of 5. The Auvhace of A and B awe ndickel piated to ohinin
trrifoam and good. il LAy, TMMWTIMTEWMM

into Ao hofes dadilbed in e base B and 4n A,

The whole Axstem Ausgpended, boadizontnlly 4rom o stand by means of thaee
M&MIEMMMMMUMWM%MM

cLaniimpesance. of A

By detewvnining the value of m, dF/dt, d, A, T; and T,, twe value of K

La reaawed fom the eqgn. 2.717,



Ad
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3.1 RAY MATERIALS

The saw rotesdinlfs weed fox e maataciiwe of he apecimens of Lichit
uedight inacloting bricke dor  this woah were clay..scwdust, and

mfo s,

3.1.1 Ciay

Oricd and calfed Mamensilg cfay wis procured  fwom Mitain ceamde
wonks Lid. This clay uwas drdied at 100°C 4o constant  wedisht fou
mmmbymmmmm
{33) and by X-1ay didfraction respectivefy. The rodttuve content and
gadin {ineness auwnber of cfay wers dedfeamined accoading fo the
procedune dedcaibed in ASTM C-92 (34).The chemical and minerabogical
corpoAidions, moisiee content and gaadn fimencds pumboa ase Hown 4
Tabhfe 3.7. The X—nay diddraction pattean of the Mumensing clay La

Aot £n Fig, 3.0 .

A.71.2 Saoust

Sniaticat of Rewsene wood wad procuted drom o Local slumdlfl and uas
daded L1 the 4. Then e drded -Sludiiit s Szed by Tauwdfon,
Sieve Analuyzen, Five defewsent 2<ixes (1.68 mm-395 micaon, 595 -——420

mécaon, 420---250 micanrt, 250-—— 149micron and fess Bran 149 micaon)
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Table - 3.1 : Propenties oh clay

Chamdcad compasition —— S, - a6, 5%, Aaﬁ3—25.5%.

FeO - 5.5%, CaQ -0.85% .

Phase - Quartz {Sil,)
Kiolindite (Alydq.2 S0y ZHH0]
Moistivwe content —— 2.23%

AF.5 Fineneas No, —— 1466088
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of Andust uere Amken for the puxduction of amcdmens The swpes of
varioe 4dZe 4auOiust ane doun in Fidg., 3.1fa-e). Both tw elonmivd
and. <rregubon aound particfes are bound dn them. Coarvie siZe L& found
io contain gaeater amount of efongated particdesd whemeas finen 42e L4
fourd 2o condadin fessa amount of them The an drded amsust was
dried at 170°C o a constant wedght and $inally burned at §00°C and

wrs dound to condain moistuine and ash 12.2% and 1.05% sespectively.

3.1.3 Molosscs

Molasse s wia coffecded daom focal maeet and wesed ae a binder in e
een poducd, To mmmmm,ammmmmﬂcm

wid found fo contadin 7% mesddie .

3.2 PREPARATION OF THE SPECIMEN

The prepasation of e specimend weae accomplished with mixing,
muibding, dwdng and firding. Fiae different adlzes of <audist were
tnken 4ot e pmpantion of dhe gpecdimene. Foaur didfewnt pescentnge
of aedist 0 each aize uete Lied., As a wmarlt 20 aystems  ueae mode.
One 1ype of 4pecimens wers mrwdactivwed wdthoud audust. The pes
of specimens prepared with difdecent 2izes and amounts of saudiist

e showt it Tabfe 3.2,



fal

(&)
FIG. 3.1 SHAPE AND SIZE OF SKJUST

fa} Soruat adtze 1.6&mm - 595 micaon

5 ., .. 595 micxon -- 420 micxon



{d}
FIG. 3.1 SHAFE AND SIJE OF SA00UST
fe) Saudicet size 420 micrm —- 250
{d) . .. 250 ., -— 149 ,,



FIG. 3.1 SHAFE AND SI7E OF S8uDUST

{e) Smdited aiza fess dhvan 149 micron



Tabbe — 3.2

Tymﬁsmmpmmmmﬁem&mmmm&m

De.aignation Saudiist Saudat clay Molaais
Adze conient condent codent
1A 1.68 mm.—-595 micwn 7% 89% 4%
18 s 15% &1% yo
1c s 22% 74% .o
o e 30% 55% i
2A 595 -—-——— 420 micaan 7% 89% '
2B - 15% 1% s
20 _ . 22% 74% i’
ezs " 30% 66% s
3A 420 --——-—— 250 micnor. 7% 89% ,s
7B . 15% 51% 'y
3¢ . 22% 74% s
Jo a s 0% 56% ’
. 250 ————— ?Iti‘:'f‘ MO 7% £89% 11
4B L s 15% 81% ,s
4L 'y 22% 74% by
4D ‘s 30% 66% s
5A less than 49 micaont 7% E29% ’r
58 L 15% 81% ys
5C ‘s 22% 74% >

5D ., 50% 563 .



29

3.2.1 Mixing

Hand mixing was enployed to manufachire the gpecdmens. The clay and
Stldilst were Hhooushfy mixed. To facifadte the polxden conmc.t{on'
procead @ Amil amount (4%} of mofasses 4n water wne  added 4o Hwe

3.2.2 Moudlding

Spec.imens weae paspased by hand moulding with the hefp of the <ame
woxen L oades o e abfe i appfy  moae oa Less the same
compaction paesdiae durdng mouddding. TRaee difderent alre o4

AR drEns  wess mude  ad folflows -

Fouro the feost of Buih denddity

9cm. x 4. 3cm.x Jom. arel

Cofd curdng staengtr.,

qin. x 4.5in., x Yin. Sdondnad  Adze.

18 em Do & fom Hhick Fou dhe ieat of Thewml concluctising,
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3.2.3 Dnying

The conpact green Apecimerns wew natuwlly dadied for 12 days. Onfy
mm%mmm&iﬁeﬁoﬂmmpoﬁmm

kifn for one day aftes 11 dows of natuwnl diydng.

3.2.4 Firdng

Adten the initial daging, Y dried specimensd wew chatged in o ool
hitn at 50°C. The .Jgpecimens were then heated slowly to 1700°C in 54
houna and then  sharply to 1250%C in 2.4 hours. The apecimens were
kept ot that terperatue for 9 houns and then oy cooled 4o 500C in

100 houts. The dpecdmins werwe then uniéoaded drom e feifn.

3.3 MEASUREMENT (F BULK TENSITY

Bufl density of the 4pecimens were meadved dccouwling o the prwocedilre
desondibed in ASTM C-134 (Z29).

The specdmens were weighed on a bafance having an accuwcy +/— 0.1 gm.
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3.4 THRMAL CONDUCTIVITY TEST

Theannl conductility of the pwpared <4pecimends uese meadired by tdding
Lees and Cholton™a apparafivs . THe appataiies wad mode as dedcidbed +n
He anticle 2.2.2.3 (Fig. 2.4) in e folfuing ugy -——---- A
aectmgifor coppen Seet having  dimensions of 32 an x 9 oM was
bent and  buazed to moke o holflow  cyfdinden {ateam chambex), C. Two
Hes [ one near Yhe fop ond anothesr near the  botiom ueas alo
brazed at cylindrical awfoce o C ., One 4s nean the top and anothen
is nean e botdom The top 4unface of € wra brazed with a coppen
deet and the bottom with a badss disc, B, Tuo buwias diccs [ 10 am
déig. & 1.5 cm tich.) were mmde from a drick baass platz. Tuo rxadial
hofes hauing 6 mm déa. and 5 om depth were dalifed wveny close to one
oé#mmﬁa:zloﬁeachdifﬂ.ﬂmn the Adzam charber  ard Hwe ddlasd
weae efectroplaoted weith nickef. The uwhofe JAystem wis suspendsd
hordizontally 4aom a stand by means of thage Fhaeads atiached

ammetrically  to theee hooks along the cicumjerence o A.

J.4.1 Meaarserent of Thewmdt Condurtieity

The wedight of disc 4 , He diagmeter and Hricknass of 5 wewe mMeaatted

with o haforre and a AEide colipers aewpectively, Then the specdmen

.i*;
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wis polished by polfisiing papex 4o good contact and it was Lel
arconding do the Fig. 2.4. The steam was pasted {rom a distant steam
gererador dndo C . The temperctie Tfan:iszénm:aim: an
ntewval of 5 min. until they remiin steady fon at feast thiee

conidecutive readings L., foe 15 min,

Then #tzam Alpply wis oopped and Hwe steam chamber  with diss, B
mm.mmﬁmm,smmm p, A wie heated by
ammanﬁfomﬂcl.Tm#mmmmued
and A wne affoed o cool. By keeping 5 on 4t , ii wns eriaed thot
;mﬁmtzaummwmmﬁmmmﬁmmmm
experdiment when 41 gadned heat. The coolding  Lime was measaited ot

aue iy rﬂcmmmm.

Then coaling cuwe [ Fig. 3.2) Wwtsd  dagn and by denaing  a
dnngent to the ouwe at T, e df/dt wne meadied and the value od

R uns defeamined by uding equation Z.71.



0
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3.2 COQLING CURVE.
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3.5 COLD CRUSHING STRENGTH

The cofd cmisiing strength was determined according o ASTM stnndard
method € - 93 (30) .The muchine wéed uas Verss Testen 30M having an
accrinacy +/-10 £bs. and agnge up to J0,0008bs. The £oad beaning
Aladaces of e specdmens woae grolnd Ao rofee them appx i te £
paurtied planes.



RESLILT AN DI SCLISSTOonN
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productds with a posotd microstauctiore i e adnterxed bufh and
oberved 1o code a signiddcant mxdification of the physical, theml

4.1 Butk Deneity

Ad e pescentdge of e dawdilst dlnconpoaated dndo e clay body wad
Groduakly incrensed drom 7% to 30% by ueight, the Bulh density was
found to decrease Lincanly [Fig. 4.1). A murked effect of the e of
Are Aquniist content on the buflh densdiy wad fowrnd. Tie bulh denasdty
decrcados with Pe incmas of te oze o the dudust content in
e dpecimens. The ebfectiveness of size edbect increases with the

Ancaease of Aaubist content.

Tmmmmmmmoﬁmmmm
Ay Aenawlar fdastiy by He  addition of Lichder mAnadal [amudiiat)
and <4econdfy by Ihe buwing up of that Lighier miecinf. The addition
of e suslivet decrease s Hwe ufl densidy of the wurnbuwved specdmend,
duther meduction of bulh density ocouns on buaning Hhe et ditving
findng., The voluneradic contmction my losever, S84{tly compersrre
this reduction in bulk densiiy.

The efbect of the oize of the et on twe bulh densily my be

Arldirsd, e volume o4 ymRodmen Rakdng <amte wedchd contadndng  fdrmer



gm/cc

BULK DENSITY,

20
o SAWDUST SIZE 1-68 mm =595 Micron
o] Y BEOE Microm-420
1.8 - A . o 420 +» =250 -
x ir i EEG kN —149 1]
+ 8 L Less than -149 -
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1.4 -
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1.2 B .
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PERCENTAGE OF SAWDUST (Wt.)

FIG. 41 EFFECT OF SAWDUST CQNTET ON BULK DENSITY.
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Lauriust 44 fedsen than that of condnining coanter sadust L.e. §inen
AL st giles Fodssen vofume weaeds conses wiefds smwater volfume. Fou
corzalont wedight, e bufh densidy L4 dvernselfy puopoationol to vodine,
then the bulh deneity vf the apecimens having fdnen sawduet L4

preaies Hhwvan dhat of bwe specimens having consdes Adudiast,

4.2 THERMAL CONDUCTIUITY

The edbect of Aaudust condent in clay &moust sgystem 48 Swun in Fig.
4.2, The #heamé covmlec b ity wid ohieaed to decrease fruowm F.'Z?.ér'il'ﬂ-51
cat/em wc deg.C o 37.5(1073) cat/em e des.C {awerage thewmdt
conductivdiy of the Apecdimend having 30% caudiest and five different
Slzes with standand davdation 2.43)  as the <audust  content wns
incaeased from 0 fo 30% by wedight. The decasade in theamalb
corpluc ity with the dncagase of aaudiest content {4 dn agmeerent o

Budndizov [14]).

The decrwearent of Sweavml concbcedivlty wilbt e domwmae of saudust
content (i.e. porosidy {n the product) can be explained in Teums of
ihe mean 4nwe path. WHBh the {wweadse of porisity the mean fee path
dacreades ealiing in Louwen thewmal conductivity (35).

In e pwient study d distinguisgmnble effect of e size of Aaurliist
condent of dhe dpecdimen wiss not chagaved., This muy be die 2o the

Lriomoeaneddls o4 Alhmiciae,
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4.3 COLD CRUSHING STRENGTH

Tm&mﬂopmtaﬂmnémmmmmﬂucfayhﬂammﬂm
apfect the compressive strengih as shown 4n Fig, 4.3 . The cofd
carding Atmength of the specimen without dudust was found 4 be
4159.60 pai. This <6 meduced o 11.80 psl for the coarsest andust
condent of 30% by wdight ol Lo 7134.93 pai dor e finest saudiusd

content of ATTE weloht.

The compessive stwengih was found 4o decrealte Shaaply 1o around 7%

AdusE content and twen exporentioliy .

A very clfear eféect of twr oize of te saudiest was alio absemeed. The
ﬁine&#m&&eoémaw.mwmmmmwnivi&m.
The difference befleen e corpedisive atwrngih of e secdmen widh
W%wmoam.mwmmm

e cogrsedt audust dncreaded with te {mcmwease of fawdust condend,

The eddect of hufe densify on copmessie stwngth (Fig. 4.4] uns

ﬁxmmmmmwﬂmtommmLmamﬂrsw.

With the J4ncagase of kit content the amount of vodids in the
specimen dncreases and the Load bearing caoas-sectional area
W.Mawmmmm@muﬂhiﬁemaﬂ

Auriiat content. The eddect of 4uZe of tu atust my be explodned n
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Hre folfowing ooy : Finer dawdiust aealied 4n fine potes having
Amadf caack Length Ahan those caeaited by he codlaen Suildsl
poaticdes. As g acalt compresasdie stmength of B amecdmen Aaasding
iren pore wis found fo e higher fhan dwmat of the gecdmr avdng
COTLSEN pATEs . THe e of B apatst Lo e duape of He powe
became. efongated to lvwegufon awound shapes uwhen e adze changed 4auom
coareest to fdnest and e numbexr of lrregitfar aound posticdes in e
finer oize Jaudust wis mme than thait in coanden ize. As a redult the
LEwes concentwtion footon L4 foagen fon apecdmens condodndng cogreen
st partcdos and s stwength s highen on specdmens contiindng
{inen Afudiiet than thode condadnding coaaden Amwriiad,

Agadn as mentioned bedome (Figs. 3.1 a—e) Hw coarer s wos
mefativefy mowe efongated and ho- Mmoas Sy coreas than e fnex
oz, This te streas concentaanddion fpactos of e coceany porves LHLE be
muftiplied and the edaifiing strengdh of those LApecimends havdng
Conlitsen Afiuliiat L5 expected o be Lowen dhon ot off the Apecimen

The xefationship betuweer cobfd cauwshing atrengih and theamald
clwed of Cold causiing Atrengtih va. Soiudust content and Thaamal
condic bty v, adust content (Fig 4.7 and 4.3) and L2 Adhown dn
Fig., 4.5, TRis {figudire my be wsed for eady sefecdion of Hhe
M&MQMWMWW% I+ can afa bBe ean friom
T floune Bt Uw Apecimen paepoaed by waing {(dner andilst gives a
good. combdnation o mmmldm&.ﬂﬂ.t{ﬂnpmm I+ haos been
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obteaved Bui porws of forger 4ize contribute o dncreasingly hish
conductividy, uwhile &mEL poaosity aeming o good barrder 1o heat
#Low [37). Theredore at futmace temperctine the Bricks prepared b
uedng finen sudiist will be veny edfctive for heat inadation.



CHAFTER FIruve

CONCE EISTON ALY SAGEE ST TON
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5.1 Concdirsion

Thz-ﬁoﬂaﬂngcanc&&ﬂnﬁnﬂgbedmutﬁaﬂn#mmﬂdmmmﬁam

1. Four e cane 4dize of daudilst ihe bubh density decreqdes Lineanly
wiAR the Jdomasase of -Sumgdust condend. For ihe <ame of aqdist content

VRS,

Z. Tmmmmmwmm-muﬁm
content. The efiect of size of sawdust on theamii conductivity,

howeves, coudd not be established.

3. Tmmmﬁmwmmmoﬁm
condent, Fuammoﬁmmmﬁmmmma

e compressiie stwengin.

4. The bricks paoduced By uaing finer soudust Lid aiitable for a good
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3.2 Suggesions fou fustics wode

To esdnblish the optimum 4ize and condenit of .aqudivst $o ocbinin a good
comb-ination of teami and mechanical propeatics the foliowing woaks

arwe A0 Be petjoamed

I. The £ife of mehaactinnies depends on Ymedir spolling aesistrce.
Spalfling mesistance of thedse mierials should be dound out.,

2. The sefuciondies are wsed 4n the fiwace at Augh dempesaiiires,

Thenedone ithe thewmal and mechandicaf propeatiss of These

3. The stabilify of mepuctordies deperwis on thedir aefrictordness.
Without fdnding te terperotune at which He miteriol can dowive the
muterial can not be wsed edfdcdently. So e sefuactoriness of Thaese
dnaubating briclhs most e deteomined.,

4. The presont sfudy wie done mainly on e efpect of porosdity. By
varing clay composltion <t oy be poasible *o obiain a good
combunation of physical, mechandical and thewmf propertics, In Pis
oz fwe céay condadmed a 4mll amunt of basic oxide. By <{ncsweasing
the basic oxdide content in Hhe the theami corductiviiy might be

decagased |
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5. Moulding preocsrws and  fiung tempeactittes have a asdgndddeant
efbect on the thewmf, mechandical and phussical propesties, By vaaing
them the optimwzation of dhew puwpeatics of B wraloting bricks

be canrded ok,

6. In this wrk i£ wrs not poselbde o mintain the presive im
Apecdmen paspatadion precdsady conatant, Itcanbrapcm&b-ﬂabym

muifding.
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