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The autho-'l. ~ -to exp~ h.i..4 ~ 9~ and ~

:tha.niU> -to h.i..4 ~ 4.Jpvw-U,o-'l., V-'l.. Md. N~ Ha.que ilo-'l. /U.6

va.i'.ua.b&-4U9~rl4, ~ 9LUda.n=a.nd ~ ~

tJv>.ou.~ 'ihe <J1o.&p<VtA.od 06 ;fW..t.,r".wtk.

The au.tf1.o.'l. .u.. l..Yv:J.eb:ted :to P>wil. V-'l.. M. Ib'l.O.h.i.m, f,O>r.Jl'le.'tH=.d,

Dcp~ oil ~ En9-U>ee>'Vi.n.g. WET, Vho.ka... ilo-'l. /U.6

~n a.nd :the. I1e£pf,ut4.49~. The au.;i;h<vt..v.. ~ :to

D-'l..Mi. 5eA.a.ju.tI4fum, and. o-the..>l:t.ea.c.he-'L6oil;the. Dep~ oil

~-i.ca£ En9~ ilo-'l. ~ huop-Vr..a..:Uonand ilo-'l. ;the.rmrty

~ ~ f12. hI.ld wi.:t1t.them dl.vI.<na :the. COWl.<\<? 06 :t:h.L6 r".wtk.

The a.u.tholl- wi.A'1Jv.>:to ~ I>tt. Sak.-Vt., TecI1IUca1'. D~ a.nd I>tt.

K/'H.vthld I..IddAn Mt:1mui., CJ1..ie1)E~ oil I1i/tp.Vt,Ce>wmi.C~ L:td.. f,<Yr.

:tJ1e.Vt ~ ~ ...:n :the. ~ 06~. Thanlv.>CVte

a.V.o due :to Bahu. p~ Kurrrvt. lXw, Tec.hn.-ica.-f. CI1.effl.W.t;oil M.iA.pUA.

~ LIb>lIu. U:d.. iloll- hM> conM:an-t; he.tp dJ..vtJ.ng :the. ~ oil :the.

~.
T~ a..= a.£..oo due -to />h. F=~ Ha.qu.eBlw.-<.ya.n,Sen.i.o-'l. Fowui-'4f

I~, 8:JJ:x,tB<n.oyBhLv.JWn.ShaJ=, 5eIUo-'l.~ I~ll- a.nd

0.d1eJl- .sa.U rnwI::Je.M .I.i1. the ~ f,oJl- :tJw.)A. IWu:I. he4> dl.vI.<na :tn2

peM.od of, ~ r".wtk.



F.<rw..R.4J :ttl£. ~ ~ /1.M, ~ :tn /1.M, ~ -6oJt. .the«

continl..led ~ ~ :ttre ~ ~ 0{} :t:JU-o ~.



Errpfuli-ine a. ~ hand.-~ arvJ. ~ ~, ~ W&i.eht-

~ bMck ~ (£'te p>tQduced frwm ~ 0'6 k2A0-6-ine "",,<Xi

~t; arvJ..eoca,e ~ c.fu<J. The. Vl1-'Uou4 ~, ~,

and ~ fM.Ope~~ k.eJte~. I.t.w:u.ob4Vl-ved tiuJ.:!;bul'k

~, .t/1e.Jtnn.tco/'lduct:.W-Uy and comp~e. 4VtR.n9;th 0'6 :th2..

~ (£'te ~ rrJXU6..Wd by ;t;Jw. adili;Uon 0'6 ~. The

efrOect 0'6 -6i.=0'6 .tm. ar:kUUve on ;t;Jw. ffuvt!rr1£co~i.;t;y t=<\ n.o:t

ap~. Fwt an~ ~ p>tQ,:>eA..ty0'6 .the. ~ .the.

corrp~ 4t>'!en9-th-~ -6ound-to ~ wUh ;t;Jw. ~ ~ .the.

~e 01\ t:h2. ~.
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.to hpdllcP I1Iza-t- W.6.6 :tiv!J:!u.Bh :thR. t.a.U. tiwtAnB o~. M :thR. <lAP.

p<VlOU-6, :t:f1£y <lAP. u.-oed on4J ..in ~ ~ ~ -the ~ Wte.

n.o;t ..in rID.eten. =ruUUon <VI. :thR. rID.eten. ~ cJ.oe.6 rw;t =11£ .&1. rtUt2.c:e

con-tact; 011 -the ~ ~ (e.g. !Y=t- ~ ~

<VI.CJ>.UC.-i.bfu ~).

Ir=-'lPo=:«on 0'1\ CCVlbon-1t.A.ch "~.<nto c.fu<1 /=6 been /uJ.ow'l. ~ ..•.

~ .to be an e.'I\6=-tWe rrn.tJwd 0'1\ ~ .f..i.&h:t. ~

~ bJl.i.c.M (I) , on ~ -the CW!bon--'t.ich ~ b.vtrl.<>

oLd and .ee.a.~'e bocth open. and cfu-6e.d POItP. ~ ;the. cfuy bo~.

L~ ~ :thtJ;t .&.0 ~ ap~ have- oom ~ JJt

-the p~n 0'1\ 4K:h bJt<.ck4 •.C!Iw -U .w ~ cwtbon-MJ;;h <'OUd

~ p.wclucU and.the o:thtvt.. .t6 .to a.dJ:L~ ~~.

The ~ fuw ~ m.vte ~ ..in ~ yea,v... Th-U -U dLm-

P-WbabJ4J .w :tile ea.& -<n a=e!>6 to -the ~ ~. I:t fuw been

~ (I) ;t;ha;t;e.>q:;>and£dpoJ!y6i:y'lEll2, I:>e4J;U cnn be ,~~ ..into

:tJJ2. cfu.I:J~ and :tJJ2. I1l<.X-tu.ItP.<VtP.;then {)a.b~ ~ ;the

P/(DrJuc;t{,by WWc9 Irt /t.4}h Uwpe~. The ~n 0'1\ ;the

poti,p.•ti"wme I:>e4J;U ~.in:tile ~ 0'1\ ~ ee.-U-!> JJt :the cfuy

body (2,3). ~. :thU. ITIirthocL 0'1\ ~n hn.6 been 'I\ow1d.to be

&.IxI c/.e.ovtabfu- oocm!~ 0'1\ ~~. I~ .t6 ~ i<I'towt

t1utt poJ;y.otymi'.J'1iJ. ~ a. ~ odO't upon d=.orrpo«:ti.on. dJ.vt.in9

~ and :d1a.;t :thR. co'&' 0'1\-the pobj.oty'l£!1£- bemJh -w rw;t ecorwmicaHy
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~. M a.~, ;/:he devefupmmt; o~~ ~

tvucJu. /Ja.&.d. on:the rue. 0-6 :thW ;Q,jpe.o~ ~ ~ ..u ~

-V.inUBd. Seve=f. ~ ~ ho.ve 410Wt :t1uLt ~ ~

r..hi.cJ1. aAe by-~ .in :the ~ ~, <lite an~

~e. .6OWtCC 0-6- ~ ~ r.JUch can be eJ,~

aMed w :thecf.a.y9~ ;/;JuMP'tO~9 Ur,tU:~9!U. and pOJWtJ..<\

b'lA.ck-6 r4-9}. sar..duM: ~ aAe -6uUY co~ t.hen a;t; 1IlX1iYu:J.;te

~ (400-5000C) and :they p><oduce no ~ odo"- upon

dr=:Jrrpo.o<-Ucn dJ..v<.-i.n8~.

In ~ MUtpuA Ce>ta.m<'c.WMtu. and Ohnl= Re~ ltd. ;VUxli'Cl>

~ b~. bu;t :the ..u-rpo><.t;anot p>wpe.-vUe.6 .e..i.M- ~

~i..:ty and~! 0-6:the4z-I»i.cJU, ClIl2- not: ~. Ti=

p.w~ ~ d£pendon -t1le~ 0'6po~ and:the M= 0-6

. poJUU> J.rt -t1le b4).ck. Thu.. ~ p.=je.e:t ..a.-e ~ ;fu.ken .to ~ out:

;/:he op:t.Urwn .oae and ~ of, ~ conten:t .i.n -the ~-~

4/MRm {,o..'t ~ .f..<.Bht. w;Ugh.t: ~ bJlJ.cJu, {,..wm .fuca.€. cJ!mJ

hav.i.n9 a. good corrbJ.na;t).on of, ~ and n=Jw.n<.ca.,€. pw~.



L.L I ER:A.Tl..JRE REVIEW



3

2. I I<EFfYCTCNUES

u~ :the l<Wld J.n .{;U, ~~, :i:h£ .:tvun~ ~

a.U ~ lu=i-Ut ffi.e. CQ~n ofl heM ~ co~ :w
a.'6'6o'tli-<>pa.ce holt. ;the evofu.t.i.on 06 9~ Aft comb~n PJtO~,

hn-&Url.9 oil ",,£-ten ~ and 06 -w.f..id..6 W1dovtao.ffig h£a.;t ~.

2.1.1 Type4 011 ~

--
I. F.i..Io2.-cJ!aij~M.e4

2.SilA=.~

3. H./..£IhAfum.ina. ~~

a..D~Wpe

b. O-ttle.Jt. :type



/

,
8.&M.i.c~

1. ~ Re.6-=toMlu>

2. C1vlom<.~Jti.e.6

3. Dofumi.;te ~Jti.e.6

D.I~Re~

71= p.w~ 06 ~ ~ J/fle)A ~ -6o-'r- a.

~ pu.Itp(!.t£.Thf,. ~ ~;t;ha;t a.=-;I:nbe.e;,:,~

<lIl2- ~ be-eow ,

I~ M .ti1£., rw.6-t.~o-'t.tan.-t rvwp<Vt;ty tiw.:t. 90V~ :the 4:ta.b.Ll'-UJf oil

~ W'lC/eJl. vwu".0u6 <:OrlCU:Uo1'Ui. Re{v<acWJti.e.6 G/1£ ~

~ on:tf1£. ~ 06 ~ p.wpeA.ty. T/1/Z.IUI.tl.vte (e.g. ~)

06 ~Jti.e.6 ~ ~.u. wU.t be a.;I;;ta.ck2.d o'!- no.:t. 7112

chemica.t aro. ~9<=£ ~ 06 ltllW~ ~

me. chan.ge dulW>e ~,.the pho..&.6;t;ha;t aile 9<Un9 .to be



,
P't,JdiICed. TflJa ~ cho.n.ge and pim .9'JV';Vln4JCh FVtO~ o{}

""'-~1IMu> a.4~ co~.{;tJ,J (e.g. A.eum&u:tha.4h-Lghe4.

contiJActiv-Uy:tJw.n ~ ~ ~ (TO) ), ~.to-<>fa8

act.lon , .1:i1e -ftLw.wn po<n;t e.:tc.

2.1.2.2 ~

The ~ 0'6.w.~ ~ on ~ ~64.

Re~ 4u.xdd I1O.t00 con-&.wedwU:h ~ po<n;t.

~.u, rrrvtke.d.ey a.6-6ected- by:the. enJ./~. F04.

exaJ1T'l& ~ ~ .moW-!> h-i..gh"<e1\.w.c.to~ 0-6 a p~

~ :ti1an.Wlde't- 4€cw h=:thIB ~.

The ~~ ..•...e. :the. ~ ~ r.J1A.ch :the. ~ ~

u.nd.e4 ~.tan.d.aA.d col1.CU..;t.Lon d.epel'l.d4 on V~U4 -6~~ -<'iuch a..6

c.o~n 011~ -'!.e1l'la.C<;Q"Y, 9Jta...Ut4i.zeat,~ CO~,

~ oil the ~. f'.b.w:the. armunt: 06 :the. hi.gh ~

~ :the. ~:the. ~~. en :the..o:tJ1>vc hand :the.

9~4. -the. .te.ndenC!j W t,o.vn .tow meu.Lng 4fug :the -lowe-'t -the

~. Th£. ~ :the. 9-uUn :the. ~ :the. ~~ and.

v.we VVl.-6:1.(1T). The =:the. ~ 0-6 ~ ~ :the.

~'lrine6-!,. Thev~ o6.tow ~ -!>fue hM a. ~

e6-6<=t: on-'le~~ . Th2.rm=:the.v~ 06..tf1e .lew ~

COITPOnen.t: :the. ~ :the. ~ and v-i-!£ lJe4.;'fl..

,.



,
2.1.2.3 T/7JvIJn2l-~

The~ ~ 9O~.tJyz. ~ ~.m -tiw =~
and :th</., Iuw a. ~ ~ on ..(.U ~ ~.

T~ expan6-WndepeJ1J:U...ro1'ef<J on :/:he ~ and ~g.ica£.

comx>~ 0-6 -tiw 9-Wen ~ (i2).

~ ~M. The~ coe~ 0'6-~ ~n .I.n

:t:he~ ~ =.g.fun.6.w,wed J::o.~ -tiw ~

Ofl~'

The Tab& be1!ow 4ww6 ti1£ ~ ex.p(lJ'1-6i.on 0-6 ;fyp-i.ca£. 4.e~

Tab.fe 2.1

------------------------~-----------

---------------------------------

~ ( 70 % AezJ3 )

( 4.5 - 5.6 !xIO-6

I 5.5 -5.8 ) x 10-6

( 7 - 7.5 x 10-6



2.1.2.4. ~~

ASTM~ ~ <l.<5~ ~ <M. ~ oil ~ b-Uck

.ill 4V!1Ih:.e U:>4.1d7.an e.>:-tent;.tna.t: pl..euu, IVle ~ 04. iaU aw:1iJ,

fuwms a.new ~ 06 b-'lA.ck exp04Zd. S~ ~ Wtomany

oil ~ {,o~ c.aLUe.-6 :

,. A ~ ~, cwa.tIui b!1 un£.ven. hI2.atin.g <M. cooJ:..i.na, .tha:t

M 4!~ U:> .62.'t up ~ oil 4.1d7. ~ M U:> cal.Ue_.
2. Co~.m a. -6tllLtctwte oil ~ due .to ~ oil .tilR.

'-'.Jw.fu -frwm a. M.&0/) ~,44~ U:>eau-& 4w:u~.

3. V~n.ill ~ oil ~ ~ be.tl..e.= .the ~

fuye..-t and ;/:he body oil;/:he b-'lA.ck,due ;w ~ ~ ~ 0""

U:>a. ~ cf1lmBe..m -iiVIV.i.ce, ~ <UlOl.tf"Ii U:> 4=/t aU ;/:he

4.Vl.ia= .fuyeA.

The.~ 00jpe.:u rro-a~. Cw.cJu, {,ollllJ ~ U:> ;/:he het.l,Wi

~. ~ -UJm;/:he C'lf.Idu, w£den .m.to CAEVJ.£..!., and .the h£c.:tJ.?d a.>le<l-

bmw.Ju, aU. The. ~.fuyeA U:> 4=U M {,oUol.ed by a ~ <me and

-then. b!1 a. ;/:hUrl, and .w 01'1.wt.t.i..t .tilR. RArU.na « corrp&:m..ey dEht.=!;i<2d.

50= -timiu, .the ~9 <Vt<U!4p~ J.n "Woil, a;UaAn

~ ..u.ze. DenM.~n oil .the h.e.a..ted 4Vl.ia-ce J/:h4.aU.9h.

~ and ~~ ~;(;he ~:ill.qx:.a.
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~ dR.peru:W on. cthe ~ and co~ -'t<rte, ~ ~

and -thz. ~ ~M:y .

The ~ ;the IUlk. 0(, ~ and ~ Jt:Jl£ fut:.<.e..t :tim. ~

~. Tile ~ ~ d.ec/l.e.a.Qe-6wUh. ~9

~ ~ r..hUe.-U;.inc~ wUh ~g ~

~.(;ty. The ~ ~ ..u aUo goveNled by cthe 4i.ze and

4w..pe oJ> :tl'I£ ~. The- M,ze 0-6 -the ~ ~-6 -the

aWo.w.m va.fue 01>.the ~ 4'=vr. and ~ -tne ~ of,

:the ~ e.-=.tJ:ui a;t Ailf'.=R.i. .

2.2 UGff IJEIG-ff!£AT INSlLATING f~FRICf(RIES

Lo~ ~ wUh~ p.wce4<>e-6 ..:n -the b~ woNa.u

~ .to :the ~n o/)h2.a;t b!j cthe ~.e.w.tvUc.k. ='lk and.to

:the ~ by .the 4:.V!.ftace ~ :the f,i..wl=.e J.n :to :the ~

<Ltm:J~. ThiU£.Th.o .t&~ 0(,~ ..w~ ~ 24-45% ~

:the-6uet co~ (13).

At. :tne ~ 0(, .the. {0Une a ~ 0J7rJUn;l;of, hea;t ..u .fuM: tJvwufih

ac.cw1Ll£a.t.w1'1.. M -thz. ~ I1ea:t4 up, ~ ~ <kcV.n.e .to
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:=-to;fu~.to .the~ ITEI.iA.wnd£penti on. -the.tJJ~ 0-6 tvUcJu,

and.the ~ 0-6 .the..a£.t. The ~ .the~ hea.t-fu~

and :the fuMe4 -to.the ~, -the fTlMJi!- q~ :the iJwm=e- (wLth

c.yc.J!).c Q~ C;:)nd-i.;t;.Wn)can be. hea;(;£d up and .ee.u .the co~n

06 6ud. The. ~ 0-6 he.a;t accwru.ea.uon by :the tvtk.k. 1.<.0'*can be

-"educedby ~ ,(;U, ~ co~-U4J antih£o.i;~. B!:f

necbrcll18 fu.64U, .mto the ~ ~,~ ~

rrtlY a£w ~ .the hJiul;t ~ .tivwu.Gh a. -'lMJe -in ~

.<.n:the b~ w:J><k.TIU-<>4w'lftorrWt9 can be n.emoved b!j u.M.n.9

~ he= ~ ~ -in tvUc.k WMk. zcme /wo.;tlzd .to IUeh

~. ThU .•••dt<ee-<l.thehea;tfu~ bo;th-tIvtc:x.l9h~n

and NKU..o.;Uon-in:to:the ~ aAmJ~.

The VO~ I1e<rt capw:;.).:ty 0-6 a. ~ .u, -"Pmreed W1en ..{..U bui'k

~.u, "edllcedI.•...e.ffu>. po"W~ .u. ~). The ~

co/1duc..Uu-Uy of, ~ M, a. ~ of, .the ~ conduc:t.i.v-U:y

ot, ~ and v~(> coopo~, :the hi2e, ~,

I'lU/1t:IeJl. and .t<;pe. o/, c.on,tac.t. 06 .the ~. PQJlO.oUy, and.the 4-<2e

and .the cll!IlaI'1.gemmt; ot, :the IJ<Y'&6 (14).

The ~ corldt.lct<.v.cty 06 U!Jh;t ~ ~~ ~ <14 .the

poJw~ .u, ~ and v<Vt.-ie<l mY,£ 0.><.~ ~ wLth :the buik

~ 114J. The ~ conduc.:ti.v-Uy.u, /rPm Iced M .the .6i.ze of, :the

po.'liU>.u, ~ (14).



2.2. 1. PRaf.]JCrICN OF UG-ff l/,EIG-ff INSUI.ATIm OOCKS

2.2.1.1 ~o&P~

T= rre:tho<U <lite enp£oyed t>o't.me pIWC1uc.:Uon.o~ .vq,;t ~ ~g

~.

71 avuung ~ ~ : In t11.-U I'IBtiWd ~ ~

<lite UhUi. . Thiv£- <lite ewtbOtUlCeQtM ~ and twtn dWW1.9 ~

.f.eav-in8 pow4<41 I.<hi.dt act6 M IL ba.NWvr. .to ;t:ha. -IJ.i!.ow o~ h=.:t Vacuum

po= .u.-fIl:).'l2 ~ ..in ~.me -6-€owo1lhea.t; .

I3uNW'le ~ rrrdJwd ..<4 ~ :thtm G.:w Ill2.'thod M Ga.6 rrEtJ1,xL

~ e"ctiw,. e.qu.i.pIllmU

2) Ga.6 r=tJuxi.: In ~ r=tJuxi.a.m:::u£d.<.ng ~n -60JtrTl6 flW1>V<.Ol..I4

.Mtt.U. iJ<.Ibb&4 • Foam -60mnYl. 0-'< cJwm.i.ca,l;.!, <lite UhUi. .to ~ fI(W

iJulJbbu.. ..in ~ mUiwd.

2.2.1.2. 1?aw~

The -'!/.11AI~ I.WUl~Olt.-lile ~n ot>-V.Bht-~ ~

bIt.<.cJU, ~ On :the md:hod. 0'6 ~ and ;t:ha. -type.-6 o~ p>uXiJ.J.c;t.

FOIt. ;t:ha. /;x.vrJ1..in.e a.<J&;t.i.vemd:Jwd ;t:ha. -'!/.11AI~ a;w. :

al a.<J&;t.i.vv. - wood -<:c.V-in8~(p~ ~), UgrUn (a. =Me
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p>uX/J.Jct..o.wm~-!>U), -"Jrn.U coki>., cot<dun.g, ~ ~

ClJlJiconb-tna..tWn 0-6 :the-6e w:e u-<Ied.<Ui combusUb&. a.d.d.i;U..ve4. The

t:wuw1,g U= anti. ~ 06 ~ rkpmd. on .the :Q,jpe, am;ount;

and 4i.ze 0'6 ~.

bl b<.nd<vt. - ~, pa.I<M> p~, pfuai.c =~-Wu, etc.

W!e I.Ue.d. !U> b-i.nJ:iJvr.,(n. .thfi'.. ~ p=diJct.. Pa.M.-6 p~ ftoJtm<\ ca,fc.tum

~ ~9 con.d.J.;c;UvLt;yand p-'W~ po.>t£.,b!i ~V-m9

~ d.).nxhie 9'1-0, I.<i'W;h~ -wduce .thfi'.. ~ co~«y.

fu,t; -4- .thfi'.. ca.£c..i.um oxAtk ~ ~ m:th2. -f,.i.n<.4Jed ~ ..{;t

amn.w.6 ~ and ~ .thfi'.. ~.

c} nnm "taW ~ - Vwo<aM t:l;pe-6 06 cfuy (~ !U> cho.rm'Dte,

ka.o-V.n.) hmJh7.g ~ am::wt:t o{} ~ and ~ and .mv..U.

am::wt:t C1\ 40= ~ ox-<dJu.

2.2. , _3 ~ 06 IotdJu>(U 06 pJuXiuc.t;.Wn

Th'II'W1B addlu"e rrrMhod: The.~ ~ ~ .the. ~n 0-6

-Ugh:t ~ cJwIrrm;tE ~ -in. ~ rrrUiwd W 4uwt befuw -
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UgWt) .

To .iJrp.1.ove.:tJ1l'.- ~ 06 -the rn<xtwoe and -to.([rp=ve -the

~ and ~ 06 .the~ di.v>-i.n&~9. fuw-oAtco!=

(no-t rwl1ll.:th/.ul. 20 % bid vo-fuJ'lE) 0"- coal:- (1/5 -to 1/7 0-6:t:iJe ~ 06

:t:iJe -&:lV.mg-6) ~ :tJvwush a. 1.5 -to 2.5 rrm 1TIUh, <Me Mii£d ;to

-the c.hi.vl(je . Cho.rmr>4..in:tJ1l'.- <UTlXUl.t;06 15 - 25 % by ~ CVl£ Mii£d

..in :tJ1l'.-fto= 06 ~ ~ -tIw.n 2-3 nm (25- 50 % 06 .the ~

mu.t. be ~ tnan 0.5 rrm). Th.a ~ cfutI ..u. ~ ~

:tJ1l'.-0.5mn ~..u a.t: R.e.<v..to 70%. Th.a ~..u ~..in ed(,e.

~ wi;I;h .t<gI.:t ~ ft<x 3-5 m&1u.-te.<\, a.~ JA; -U. ~

and -then ~ -(,<vt:tJ1l'.---6am'-.i.en.g:th 0-6 :ti.Ir2.

~ -in:tJ1l'.- f.en.9;th, wW;th and ~ 06 .tile- p,:vr.U and -U. a.

~ 06 :tJ1l'.-0\I€.'l.-a.te. ~M. I~ 4lf1ped. gwen. WMe

-U. a.e.e.:ll<ed -to ~ unt;.U:tJ1l'.- rwi..6:tw<e c.on;/)2n;/; jUh1: ~ ~9

-U. 17-20%;.:t:1U4 ~ p.fuJ:;e -in. 10-20 day.!>. I.t; -U. a. good 4I.eLL -to

on. :tJ1l'.-p.w~ and .Mze 06 :the. ~ ) N1Ilg-<ngbe-tw=n 42 and 84

ho<vl.-6 . Th.a rw.wtLv<e ~1'I.Wn;t 06 :tJ1l'.- g= l..a.'te. ~ cVty..(ng 4wuRJ:J.

M:t be above 6-10 % • To !:wtn ou:t :tJ1l'.- CWlbon :tJ1l'.- rw:Uum ~ be

~ ox.UUz.mg ~ 500 and 10000C . Th.a ~ ~

-U. 1300 -13500C wi;I;h a. hoUin8 pe..Uod 06 4 houMl • rMUnB ~ 44
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2.2.2 PRa/'fXfIES OF IN9.1LAITm ~ORIES

2.2.2./ ~ ~

/3I..dk cJen...U.t;y .iA -the nn,M; -(ju.n.damarl..ta.e.p-wpcu.y 06 Ligh:t wz-i.-ghJ:.

~=~.

Tim. bu.€k ~ d.epenJ;W on -the ~ o1J .:/tte ~ .(n -the >taW

~ and :the ~ p.'tJXiUCt., -the ~ ~, -the ~ ot>

~ and (lfllJt.I.'rt 06 p.:;.w.4Uy. The =>l£ deIv..e.:the "laW

~ and cten4Uy 06 -the end PJtOd=U -the ~ .the bu.Rk deru.Uy.

8.dk ~ ~ wUh .:/tte ~ oil ~ ~ and.

.:/tte deg.w.e oi ~ ~.:/tte bu.Rk rJ.erw.<;ty~ wUh

~po-'lO~.

&dk ~ h<M a, rrrvtk2.d. efr6ect: On -the :til.IVlm:l.£ coruiJ..ic;thl.<;t;y and :the

~. Ti1Jvm'ut =rlduc.:t-W-U:;y ~ wUh -the ~ .m bu£k.

~ ~ :the ~e ~ ~ wUh.:/tte~

-in bi..l£k d.<m.hUy.

•

1,\



"

~ W<e ~ 0&one <M-=><e -6OUd. ~ :to~.wUh <1-

po-'le phMe. The ~ ~ con.di=t:-Wi-W06 ;the body depend.-!;, on

;t;he ~ and ~ 06 e=h r:i= ~ <UI «.e.U. lU> :th£..Vt

-theJtrm.t comlucW.i..cty, ~ 4i.2e and. 41ape, I'1U1li:!e.>cand. '4Jpe. 06

conWct. bcteen. ~.!>, i:i1e 4ize ami ~ 06 :the ~, :tJw

.type. and llI1I:JUnt 0-6 9'W and <Uh .i.n :the. po'lfU>.

Si.n.ce -the ~ conduct.W~ on a ~ d.epert.d-5 on :the.

aNtan~ on phaAe-6,an.wtde~9 0-6 :the.m.£c'tO~.:tt.vte -i~

~ .i.n~Ur1.9 ~ col'lductlv-Uyda;ta.. Tivl= ~

/UrlJ:i.-~ on pfuue ~ ~ by 1Urief,ellJd (r 5) .w 9Wen ..in.

:the F..i.£0. 2.1 (a,b and c).

~ ~ -tile. pww...€.&t .-6fub ~ ( F~. 2. I "- ) .u, rw:t =rmDI'l£y

o~ , b<rt "- ~ rrnjoJt ptIJMe wi.:th (F-<.e. 2.1 bJ a. J1'l.ino-'t.

amounL 06 cU4con.t:.<'.nuou-6 4econd piuw>e .w -1:yp...ca.-t 0-6 man!!

m.icw4-tuc.tl.vte.. H. MI :the ~ o{; :the. -60..'WI 01, PO.IW.M:ty

IW~~. A ~ nnjO-t phMe (FJ.B. 2./ c) wi.:tha.

m.Lno-l. p/1J:V.£.ap~ <UI a~ b~ ~, ito-'< exanp&,

L6 .typ).co..t0-6 :the~ bond~n -in. Im.J'ly =~.



(c I (01 (01

FIG.'1.j Idealized phase arrallgcmclHs; (al parallel .labs, (b) continuous major
phase, (el co nt inuolls minor phase.

•

,
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FOA. -tfIe ~.ee.a geol7£.«y ( a. -6e-'Ue-60-6 ~ ) .the ~

col'lf1=;t.WLtlj ~It he.a;t -6fuw ~ .to :the -6/?ab.6.u 9-Wen by ,

~ 1/1 and 1/2 a.-te .the vo.fwte {vtac.tion at. each conpanen;t I equa.t.to

.the C'tQ.M- ~ <Vtea.) and k/ and k2 aAe .the ~ c.omJuct.Wliy

ot. :the -U<.o ~~. UJ. ct.1 and ~ a..w. .the ~ 0-6 :the

-6fub4 ~ ~ :tht;>. above ~ be.cDm?.6

k,n = ctlR-1 ,.:t-p2 ~----------------2.2

aAe ~d .l.n. F4i. 2. 1 b wui 2. 1 c. F0.... ~ -6Vl.t.<CJt1.vte..6

=!!.a:Uorv.hi.p -6a'l. the ~ condi.=t;);.;.i.:ty d.eM.J.led by ~

Iuwe- been. ~ .&t .w...= ,,~ ~ c.onflJ.H;.;tW-Uy by EuckJ;m{l61. If,

.the ~ p/'l<L& Iuw a. coru:Ji.lc:t.i..v.i.:ty, kc' ,and.:the. ~ ~

/'ltv., a.c.o~.uy, !zd':tim. ~ conduc:t.W--Uy 0-6 .the ~ -U,



';n ~ I<cUI-Vd/(1+vd!2)]. In. ~, 4 ku » I<c

:tI1t<nI?m ~ I<cU 1+2Vd}/( I-vd)]'

------- 2.4

~ by Ii'.uM:e.t(1q ), R.i.band(20), and Loob (21) • The

Euck<m ~ htW been ~ m.:thl<. ~n. 2.4, 4 vd .u.,

:taken M vofutre ~ o~ poJt04UlJ. The ~ cWW.Jed. by

V 5'0.66 •. (1<c!~)(I-Vf'0.66)

I?m '0 I<c ------------------------------------- ---------- 2.5

v>,,0.66 -v1'+ (kc!~)(I-V.l'°.66+VP)
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In.~, IlWtY~ ha.ve ilowui a.~ Un.e.oA~ruJU.p

~ ~ and .:/:he.Juro.£cortduc.U.v-Uy wUn -ii1l7..U po.><e.ha.v-ing IroJte

r=rcl and K~ {22).

co~ .to any ~ ~ ~ and a. I1£O./l.£fj .<:.i.nec.Jl.~ ..in

c.onduc-t:.W-Uy wWt ~9 P<MO-UtY ..v., ftound ilo"'- ~ ~ ..in

~n. conduct;.i.J,;-Uy 01!.a. POJtecan. be ~ c.hen ;the ~

9~ ..v., -ii1l7..U .o<.nce :tne ~ ~y ~ GC'lOM a.po.><e...v.,

In. -tn-U eq. (T1
4 - T2

4)can. be -6acfu=d., /.>:>;fJurt,

-------- 2.7
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An ~e. cand(lc..uv.v:y .u, :tftu..6 d£./yiJ1R.d.l.<i1A.ch ~ ;(he p.'tOpe..1,heaX

~ v.J'um ~ m. ;fhe IW-vm£. ~ con.dJ.=t;.{.v.i.;ty ~,

Con.ooq~ :thee..-6~ 0.0 ~n. on po"'-"'-con.dJ.=;t;.i..vUy.i..~

P"O~ to .the po!l2-4i= and -to ;fhe t:JWtd ~ o{. ~ .

PO'OiU> of> ~ .M.2e ~ .to ~ h.4ih co~ijy a.t.

hiEh ~, ~ ..(flll.e.f. .bize poywM;ty ~ a good. /:x;Lvt..I.e.Jl to

h£,rt ~ (37!. The- ca.£w.futed coYll:1J.J.c;ilJ..i.-ty06 ~ M= po.'lIi'h

o\le'l, <Lw.<de ~ mItlfie- M ca£cu£a.ted by K.mg<Vljj e:ta.e (23) -i..6

~.m FJ..e. 2..3.

In. co~ .to ~ m I.JUch -tilE rm-in e{W=t:0-6 :the ~ on.
po~ J...6 ;to c:lec.Jtea.& .:the c.oruJ=:Uv-cty ~ ..(n pwpo-'ltion -W ;the.

~ on po.w~, ~ and ~ rrn-t:eMa.U have rruch ~

conduc~v~~even~0(19h~e volumef>~~rt ~O~~ maybe

c.o~.ee. TI~ ...e~ Jywm;the 1\.a.c.t:tturt. :the po-'!£.p~ ..u

~, ~ bei.ne rw ~ be.tt..een -wUd-..wUd c.ontac.U.

Un.&vl. :thiA c.o,uLi.:tA..:Jn-6, :the ~9 conducUv--Uy..u -CaA.ge£y

~ by;fhe ~e coflduJ:..:t.i..l.i4J o1\. :til£, pO'le ~ (24). Fo""

gL6~ hav-in.9 ~ conduc;t;./.J,...t:Wu> -{ywm c:U>t.,:the e.~e

conctuct:W..(..ty of> :tire ov<Vta.-U..6y~m ~ ..ut p-'Wpo4U..on .t.o ;the.

~-U/i of> :the !1M pM..& ~,and ahIo depeI"II;W on :the 9M

~.e 1M -{,ound b!:l ;(heva.MD<L6 ~ (25), (26), (27J.
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radbtiC'n hc~l (r~nsrcr.
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In po~~ and poi!y~ ~ .the colll1J..lc;tW-UyM

f0=t by .the COITP~ 0'6 e=h pI1.Me ~ by .the 4Iape and.

~11. 0-6 ea.ch piuu;,e.(,-i.ncfucUng :the po-w- pha..6e. When~

~ Me Imow-t, .the o~ ccl'lGfuct;.U;-i.tycan be ~.

In rm-bt; ~ ~~, r.hi.ch c.on.t<un a. f,ew ~

fJO'W.o<;QJ, .the pho.t:on ~ -to ene>!BY~ dJx..6 rw.t: /:1=0=

~ Wltit Ve.-tY /Ugh ~ Me ~.

In rru£;U-phrut;>. ~n6, ;the~ ~ ~.i.Ay Ah

4to1t94l~ on.~ oil :t:h£,mic'w~. Nt ~ exarrple.

0{, :tfl.U ..v., .the eirOect 0-6 41nU aIIt:JU/1.to 0{, ~ ~ po.w4i.:ty

~ fywm m<cw~; :I:tle4<.po;:.e.<> ~ ..lec!rlce .the~

COI'lduc.t-W-<.:ty even .tiwu.9h .the p~ ..v.,..mn.e.e. "'eM.PO.>tOl.U>and. ~

.cow ~ ~, o:tflvl. eJ1e.'l9!:f ~ ~ <lI!e ~

£<m.U:edand ~n ~ becoID2- ~ .iIrpo1tXmrt..

2.2.2_ 3 COf'i\f<!ESSIVE srRENCm-f

The COI7P~ ~ 06 ~.wu, ~-6 an ~ >tOfu-in,

:the ~ dJu..i9n. The ~ /7l..l.6tObe -d<~ -<'>'twrtGoro

C<l/!/<.Y .the 0Ae-.<s1rt 0-6 .the «aft. Th-U ..w 1I1O"1J2- .£mpo~ a.-t; fUgrt



"
~ ruM. ..i.n LirWl.g o~ ~ ~ aAe -lUbjee:ted .to $rlft

-eoaM, Wooeey no:!; ex=edi.ne I /(gjc.nf ..i.n :the- u.aft -V.n<ng and 4.5

Kg/cd ..i.n :the >WO-6(28). ThLu>, hieh ~ -6o-'c~ ~

fuaM oc.c.wvW'8 ..i.n:the .e..i.rWlS IllMt- be po~ by ::the.~~.

In.rrw1J,J~, ~, =IJ-=:W~ I7lMt- be ab& -to ~ i.Jrpact,

~n. aJUi.:the- e.Mlec.t: oj) ~ ~ ~.

~ and 9000 MMns. On accmn-t oj};the. ~ and ~

I.<.I<..thW'W:h. co~ ~ canbe c.a£cuR.a.ted, ft -U one 06 ::the.

~ P'IO~ -60'" ~ :the-<jULl.U:tyo{,~JLi.M,. Aeons

wi-th po.wd.:ty, co~ ~ .u. a .vz..tWb£.e.i.Ju/2.X oil ~

:to ~ ~ o.nd 0'6 ~ Iwrmgene..Uy. 4i.n= ..In. m:>-6t.

T~ Iw..ve4loun (28).tna;t <u:the~.u, ~:the ~

1ID.oto~ ../llc.Jtea,&.6, ~ a. peak M IOOO-1I00
0

C. F~

~ ..i.n~ M, ac.conpatUed b!/ a. 4uvtp ~ ~.

Buet.a. 4Vw;l1.g.:th 0," 1-/0 Kg/crrf, needed 60-'1. no~ ~v).ce 01\

lte~ ..i.n ~, -ih ~ up ;In :the..w~ po..i.rl.tc. Thf>.

Jtea..6On<\ftc.'<. .m.u, chatJ.<;e-6 .tiw.-t. :the ~ ~n ~ ax

~ ~ ~ tvt..I.:tt& ~ 06 :the ~ unc/eA.

toad. I.e ~ be 06 ~ ~ .ill :the- ~ ~ of, :thz.

~JUe.6 a:t-.:tne.Vl.~ ~.
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2.2.3 ~ OF PROPEKfIES

2.2.3./ Te4t-6o-'tadk.~

AccoIf.dAn9 ;to ASTM S;tmu1tvtd Me.tJwd C-134 (29) .'/:Iu>.bu.-ek- ~ oil

~ ~ can be ~. The ~ ..u., ~ M

io~ ----

10 ~IEJU> aAe :taJW'I.-to ~ =h --ey4tem. Then. .the J!£nsJ:thand

width o~eadt ~ aAe ~;to .the ~ 0.02 .m (0.5 rrm).

The .<tuiAJ;.<Iiun£ ~ ofl .the ;lw;) oppo~ 6=e<> oi =h ~

aAe~. The. ~ oil.the~ ~..v.. ~

(L ~ hmI-<no an <lC.CUIt<lC!J+/- 4.5 9"'. The ~.f.ensm, wW;th

(~.mtb) (1728)
~ ~, tb/cu.~= -------------------------------

(.eeng.tll.) Iw.w..:th) (:th.l..ckne..o..o) I a.-U ..&l.
./.n. J

'&dk ~, kS/cu.. m = ----------------------------------~-~
(&ng>:h) (wi..dth) (~) (a.U.in m )
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2.2.3.2 Te.U. -ftOJtCaM C'Il.UIIW1.9 ~

ASf"M ~ C 93 (30) ~ -the ~n 06 CoRd CJ!J..UJU.n.9

~ of, ~ ~'W. The~ -U ~ ~

<L6 ~---

A ~ ~ <M. ~ cc~ rrro.:ft.i.Jw(~A;ty 20

.eb!l and JtOJl8<?0-15000 .eb6). The ~~'" ~n -U 4.5 by 4.5 b!j

2.5/3 An. 711£.f.ooJi~ ~ 4laIM be appw~ ~.

The ~ ..u pi=ed 01'1.-the pimw.. 4/It.{,a.ce o{. -the ~ beaM'n9

bfuck r...hA.chhmIe an cv<ea. ~ :t:Jw.n.~ 06 :th£ ~ ~ 06 :th2._.
Tf1£-.fua.d -U appt.i£d;to.the 4.5 by 4.5 An ~ on cthe 4J<2Cim2n.. Tile

/:>ea.IW1£ib£.ock -U p£=.ed on :th2. .top 06 .tile. .tea ~ and..u..w 4)

pRm::.ed. -1:iu'rt -the ce/'l.te.J!. oi ~ J./., An ~ wi.-th :the ~

a.x.u.. on :th£ ~. The coU ~ ~ o{. -the ~ <Me

~ uMnB :/:he fpUow<ng ~ -----

S=W/A~.
S ;COM C'U.I/.h..i.rt9 ~, fMi..- 1<» WeL}

W " .:to.ta.e I'IT.lXAnum .fua.d a.t. 3% de-6omm.Uon oJt. V-I.4W& ~,

~.w ~ ..eb-6 (O'l. N), and

A = ~ 06 .the 9"O"y, aAea- 06 -the.<wJ 4.5 by 4.5 .<n. (114 by 114

mn) 1l=M 0{,me ~, ..(n.2 I rm1).
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2.2.3_ 3 TeM: Jto.'< 1"heJ<nnl. c.ondu<:.tiv-Uy

Acco.-tcUna :to AsrM Me:tnod C 201 (31! ~ ~ c.omJuct.WLty can be_.
AA~ rrothod ~ ~ -t:e4toil :tilIvtIm.£~..(.ty .u, L2<U> and

CJwoll-U.on~-<> />'e:tiwd. (32). The mathod..v.. ~ <UI ~ ----

Theo><y -- The ~ ~.;;ty o1Sa. bad col'lliL=t.o4.e<ke ~,

ebonUR.., ~, ~ etc. can be ~ by .t:h"U, rm:tJwd. In

~ ~ COIUiJ.JJ:XWi..:tyoil ~ POOJLco~. a. :tJWt ~ OJ<.

.dnb 06 the ~ .u UhUL. TIw cU{,~ ~ -in ~ the

-6=e ax ~ ~ and ..in ~g :tha:t~. Lee-6

and c.Jw~ ove.'tCO= :/:hU, ~ by ~ a good col'1ductoJt..

4.J.Ch a..6 b~ 0"" =PP'V'-, 06 ex.a.c;t;.(y -the 4Cl.fI1I?-dAanE:te.-'t lW ;the

~ -6fub all. each 4iJ:k 0-(, the jXlO't c.aufuctolL. In f.l.e. 2.4 &to

S be the dUe 0-(, poo>cc:mriJ.lc:to't, B and A be :the :tJUck =tu.e.e.<:c <:iu.JY.,

e=h on ~ 4iJ:k. 0-{.S. C ..v.. a. .6WmJ c1Jmrbe.4 iYwm WUch h£a:t pa.M:e.6

:tn B, SandA.

(;hen -6team .w paMed ":JvwuBh C, A L6 fdIAI/IUL by the h£a:t ~ by

S. W1en the ~ of, ~ 06 h£a:t ~ S ~ the hen;t fu44 1Ytom A

by ~ and con.vec.:t:Wn J:J1t2n-dlwdy M:fLte wiU be ~.



FIG.2.4 LEES APPARATUS.
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I-6 T 1= ~ 06 B ..In. :tile 4'/El1rly ~.

T2= ~ 06 A -in.:ti1e ~ 4t;a;tJ;J..

A = C'tOM-<'>2Ctionai. lV!lUt 06 s.

K =:thJvtIn;lJ!..cotUf.uc.;tiJ.;J.;A;y 06 S•

.'tt12n -the quan-U.:ty oj, hf2a.:t col'ldtJc..ted pe.'l. 42.COI1Ji .tIvtou9h s M.

KA(T1-T2)

Q = ~ ------------- 2."
d

In :ti1e ~ 4tnft- -ttIM. hea:t Q .u, ~ pe.'l. ~ {rwm A. In m

ami ~ be :tile rrllMI and ~ hf2a.:t oj, A and dI leU re .it4 coo.tme

=ft a.t; ~ T2' ethen:ti1e hea:t ~ (~ pe.'l. -<'eCOI'ld -6-wm A

<.0
Q = = (dT!tft) ------------------ 2.10

dJld;/; .u ~ by f'X'AI,o"t/71i.n9 <L ~ ~. FJWffl 2.9

ClJ'IJi2.10 -the:th£mmtco~.uy 06 S.u,

I1l<\ IcU I d;t)

K = ----------- ------------------ 2.11

A ITI -T2)

~ oj, ;t;he. tV>~ : The ~ ~ 06 .:1hz.

ap~ .u, 4law1. m FJ..B. 2.4. A b-t<146 dMc A 06 ~ 10 em .in.

~ .u, .wpp<Yt:bui by fl12<!Tl..6 0{. ~ -fywm a. .fuA.ge 'tAnS on a.-



"
~ stand. The ~ ~ .<n :the ~ 0{, a. :tJU.rL .dnb (5)

and hav-inG :the -«lIre cUainWz..t M A, .u pin=.d on A. A .otEam cl1ntrf:>e4

~ 06 Th.o fJ'L"'U - :the ;top pa.II;t .u a. I1oUow ~ CJd~ C 0{,

:the -«lIre ~ M 5, 11IlltJ.n.g ~ .tu.t:eo tc"'- etWt!:I and ex.u oii .otEam

wuee :the bottom paM .u a. :thi.ck mdn£ ~ havAne :the 4lJm .wt6a=

Mea. M ot;ha;t of, $. The ~ oll A and B WUl- rW::.k£..t pl.a;b;>.d. ;to ob:t<Wt

~'l!TJ antigood.~-i;ty. The~ T/ and T2 aile~

..urto .:t\..x>hol2/., ~ ..&t -the Jxu,e 8 and -in. A.

The Ww& 4d4t=J ~ hn"lkontn.U;j ~ a. -M:and by m<an<Io/) .tlvt2.e

:tivrJ2.a£U a.;i:;tnd12.d ;to :tJv= -tnrJ.ft Jwofu, P'Wv.«i2.d ~ <L€.onFt:the

~oj,A.

By ~ :the va£ue 01, m, dI/tft, d, A. T/ and T2, :the va£ue of, K

1.4 ~ t-wm:the eqn. 2.11.

•





3. , R/JW M41ERIALS

~h;t ~ b>W:Ju, t,O"l. :thi./., woJtk. welte c-ea.!:I,~, and

="""'-'.

3.1./ C£ny

D-Ued and ~ ~ c€o.y ~ P-'f.OCW'2.d o.wm />!.Urp..vc ~

w:v<fu, Uri. Trow cf.a.y ~ cVr.J.ed a.t: 1000C -to ~ ~ t,o-'l.

~ and J1KneJta.eog.icM.~.<>U. Th2. cJlemi.co..£ and ~g.icM.

~ o.e.'te~ by ~ cJlemi.co..£~.<>U pwcedwl2.

(33) and b!j X-~ ~n ~. The m:>~ can.:tlanrand

gmUn ~ ~ ot, cI!n.y r=.= <iJUR..wUn.e.d.a.cco-'tCUng :to -the

~ ~ -in ASrM C-92 (34).The cJlemi.co..£ and ~g.icM.

4wc.n -in F-i.g. 3.0 •

3.1.2 c;".,rlt'6t:

.s.:u..rn.u..t ot, kvI04eflIZ.e.ood ~ p>WCWtJ2.d -(ywm a. .fuca£. -<laWni..U and ~

cVr.J.ed in 'ItJe 4»1-. Then 'ItJe cVr.J.ed ~A: ~ 4i.:zed by TQjjR.wt

$.(eve ~. FhIe ~ 4i.:ze.o (1.68 nm--595 mi.<:Ann,595 --420

micwn, 420---250 micwn, 250--- 149micwn and R.e.M .tn.an.149 micwn)



, IIIIIII! 1111 III! 111111111111111111111111'
T~: Cu I
Chf:vr.;t Spi£d.; 10 11m I min.
Scann.<n.9 Speed: 1 / I'/llfl..
FuU&a&: 2000 CfU:>
T..ure ~: 2 42C

'j

---- - ----- "-. ",. -----
FIG.' 3.0 X-RAY DIFFRK:rICW PATTERNOF W~NG CLAY '



Tab&-3.1: p=~ oflcfu.y------------------------~----------------

Ci'l2rni.ca£ conpo..o.UWn --' SJJJ2 - 66.5%, Ae.tJ3-25. 5%.

FeD - 5.5%, caD -0.85% .

Pf1Me - Qw;vtt'z (SJJJ2)

K.wR.<nJ.:te IA0.03.2 SJJJ2 2H;PJ

M:J~ con..tent. -- 2.23%

A.F.S F~ No. -- 160.88



"
0-6 ~ ~ :taken {,O"- .tI1e ~ <>6 ~ Th2.. ~ oft

v~ -<><ze -<awfu.6t. <VIe ~ m F-lG. 3.1(a.-e). Bam -the efun.ga;fuli

tJflli ~ -".OUJ'<d ~ (lite. f,ound h1. -them. C<xvw<. ~ ..u. ~
.to contGWt ~ W1l:lWl-t06 eW~ ~ ~ ~ 4<.ze .u

~ ;ill coll.ta.-&1.~ <lI1l:JUntoft :them. ThR.. 4m dMed ~ w:w

c/.Itk.d a.t. 110°C -to a. ~ wUeht- tmd ~ I:wtned aX 80aDe and

<=6 {,ounti.:to~ m><.4tw<2. and<Vh12.2% and 1.05%~.

3.1.3 ~

/Ib~ l<M ~ ¥tam .eoca.t rrr.W?ctand rued <UIa. ~ m. .the

~~. To ~ .the .«JJ:A.d~, .u w:w /:!<..vm2.d= IDooDe and

<=6 {;cund :to cormun 7% ~.

TIw p~n 06 .fJ1e ~ tA<Vte. accompU4ted w)...th ,11b<mg,

~, c/..'lJd.i.l1B and ~. F-iJ/e ~ 4i.ze.!, of, ~ <.<.lVte

:taken ¥vt .the ~n of, :tilfZ.~. FOWl. ~ pe.=e..n.tase.

06 ~,diJot: ofJ each 4i= <.<Vte1.V£d. A6 a. ~ 20 -<IY-6-tem6 \<e= rrrill2...

One :D:IIX'- 01\ ~ (£'l2 11WlU~ ~~. Tf1£. -ty~

o1\~~wUh ~~and ~o{,~

wte -'.howl. m. Ta.b& 3.2.



-, ,•• ;

/'
,.'-,-"

~~.- .,"-" ? ~••j'V"- •••• "-i..."
1.1

,

Ibl

FrG. 3. r SHAPE NlD SIZE 17 S/JlID.JSr

/4} Sot.•••,&.t>Ue 1.6&mt -- 5'151!lil:-'<al

[b} •• ., 595 mic'IDn - 420 micItM



(e)

(d) •

FIG. 3./ 9-W'ENIJ) SIZE OF S4IWST

fe' Sat,d,,<>t -o-I.ze. 420 mlC'\Orl. -- 250 mlc'IDf'l

(d) •• •• 250" -- 149 "



(.)

FIG. 3. I SJ-W>EAND SIZE OF S<lilDU!'>r

{••.} &n..du6t. .o.ize LeM..than /49 mi=n



hw" -- ,.,---------~----
T!lpe...6 0-6 S~ p~ wi.:th ~ $.i2JU, and. Am:Jun;toi ~.
~-------------------------------------------------------------- --------

~ Sa"dt!~'t ~ """'" MoRn.<>W
-o<ze ~ ~ =-

IA 1.68 mn.---S95 ""'- " 89' 4%

I. •• 10% '" ,.
Ie •• '" H' ••

IV •• '0% ,,' ••

" so; ------- m ""'- 7% 89' ••

,. •• '" '" ••

2C •• '" 74% ..

2D •• '" ,,' ••

OA m -------- 250 mic>r.Dn 7% 89' •• •

:m •• 10% '" "
x " '" H' ••

'" " '" ,,' ••

<A '" ------- 189 ""'- " 89' ••

4B •• 15. 81' "

'" •• '" H' ••

4D •• '" '" ••

5C
5D

••

"

••

15'

30%

,"

H'
66%

••

••

"

"
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3.2. I Mb<.i.nB

p.wce46 a- /.fTrl.U ativun;t (4% I 0-6 ~ -in. ~ MW aIJ.ti2d.w;the

~ and .ti1en ~ ~ w:w a.g.:Un. ctho-wufi/'l-fy mixed.

3.2_2~

9em.x. 4.5=.>< 3cm.

9.&t. x. 4. 5..&1.. x. 3.&1..

10 em. D.ia.. & I em ;t;JW;k



3D

3.2.3 ~

The. corrpac.t; g.'te€n ~ t..eJre ~ dA.-i.ed ~ 12 day.-!>. <Jney

4tMd.cvtcL ~ «eAe- dlWuI. by p.fac<.na ;(;hem on .ti1e. .top of> ~ Jw;t

IUJ!n J,o-t on;;>..day o.-~ II ~ 06 /'la.tl.Vla.t dAyi.n.9.

3.2.4 F-Vt..i.nB

~ -the. ~ d/l;Ji.n.9, :tile dM.ed ~ f.<€..'te ~ J.n <L .'!J.JW1d

IU£n a.-t; 50°C. The. ~ ~ .then. hI=t<z.d ~ ;tn 11000C -in.H

~ and.then. 41aAp.ty.to 12500C.m 2.4 flouM.. The ~ «.e'te

kep:.t a.-t; -tho.-t: ~ ~"- 9 flou,w and .then. -6fuw4J coofud .to soOe .<.n

100 howL6. The ~ "-'V!e .then. unfuo.ded fywm;the Idht.

3.3 ~ OF BJLK 1EJSITY

&<& ~ 0-6 :tile.~ =~ ~ -to:tile ~

~h7. ASTMC-134 (29).

TI1£l. ~ ~ ~ on a ~ 1lav--ifl9 an accl.VlaCY +j- 0.1 gm.
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3.4 T/-ERW.LccwoocrIVITY TE5r

~ (lJ'lfi Ch.c:>-UoI1.~..o o.p~ . Theap~ CUl4 n=12.' <l/.I ~ -in

otile. o.W.cee 2.2.2.3 (F-4j. 2.4) -in :the ~il.wUt9 W'.1Jd--------- A

~ COppeJl. 4lee..1; hav..&1e ~ ob 32 em. x 9 em wv.;

41.ee-to and :the botimnwU:ha. fWL.Y.,~, B. Te..o ~ ~ I 10 em

cUa..& 1.5 em tick.) \<.€.'Ie rrrui2. 1rtom a..thid<. ~ pfu:te. Tw:> .>uJ.d..i.a£

110&6 hav-ing 6 nm cUa.. and 5 em d£p;th «.e'<f? d/U.Ued ve'l!:I cfu_ -to one

01, .tile. ~1l=e ob ead't ~. Then. .>;he.oteam cJ1aJrI:><vr.. and:the c/..Uc/.,

3.4.1~o{,T~~

The ~ot 0'6 c/..uc. A • :tile ~ and ~ 0-6 S !.e'<e rrBtVW12.d.

wU:h a. ba.funce and a. 4-U4£ ~~. Th£n. .tile. ~

,,'.



~ -fu -tf1e F43. 2.4. Tm .=am "-'W ~ .(ywm a. ~ -6t1wJn

~"" ~ e . Th£. ~ T/ and. T2 "-'W no-IDi <rt WI

-<.I'1.-teJl.va..C06 5 m-ln. un;t;..U .th2.y .'teI1nA.n ~y ,~O"" a.to .e.uw.t: tiv<.ee.

"-'W .'t<'.TIVVed. WUh -tf1e .dab. S 4tii£ on -tf1e -fup, A t.n4 ~ by

a. bi.vtYle4 -fu a. ~ o~ I T2+ IOOe) • Th2.n;the. bi.vtYle4"-'W m?Jmvoo.

and. A WL6 a.efut<.ed .to cooL By ~ S on .rt , .u WL6 eIUWled :tJw;t
c
-tf1e heirt fu~ .to -tf1e ~ .lA :thR...6::lJn? <w -in -tf1e /rl.-w:t ~ -tf1e

~ «hen .u 9'W=i heirt. Th£. cooJ?A.ne tine WL6 ~-60""

ev<VlJd fOe ci=A2M.£ -in ~.

Ti1= coo£..ms CWtVe ( F43. 3.2)

.fungen.t. .to -tf1e CWlV€-a-t T2 .the ar I dt t.n4 ~ and. :if1£.va£ue oJ,

k. WL6 ~ by I.Uoi.n8 e.qua.:Uon 2. / 7•



RTIME ( SEC. )-_p

Q

FIG: ,.2 CO<i>LnlGCURVE.
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3_5 OJ/J) CRUSfING ST7<fNGTH

The coM CAiUJwtg ~ c.a.-6 ~ =~ .to ASrM ~

muJuxt C - 93 (30) •The IIl:l.CiUn.e r..utui r=6 VlVL6:2T~ 30M ha.v.i.ne ""

a=.tVZi1C!1+/-/1) 11J4. wu;i ~ up;to 30,00011J4. The -€oad ~

~1lace-<> o~ :tt1>2- ~ ~ g>r.tXJJUi.to rmke ~ apPM~

-"'" pfuruu.



RESULT

FOUR
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I~ ~ ~ .ill .the cfuy body «.M -6owui .to y.i.ei!d cfuy

p=duf:c.;U w.Uh <L PO'Wr.u mi.c.w.o«u.c.t.I.u<e .t.n .the -Mn:te.>ted bl.dk an.d

ob4:M.ved-to cau..& a.~ ~n 0-6 ;the phfj~, ~

and ~ p>tO~ oil.the ~~.

4. , Sdk VeI'W.:ty

M ;thz ~ oil :the ~ ~ .into -the c.fu<:J bodJd W1.-6

9""c/lI"eey ~ -fywm 7% .ill 30% by ~, -the buJ:k. ~ l<.<l4

ilound-:to ~ ~ (F-4l. 4.1). A rrJ:V!k£deUect: oil :the -6<2e.0-6

.the ~ c.an.t=t. On -ttle buJ:k. d2Ju.i.;ty w:w ~. The bueJa cJ.enM.:ty

~ wUh -the ~ on.the ~ 0-6 .thI2.~ contwU; .m

-tne ~. Th>a e1J~ o~ -!>ize. e6f:.ect-~ with ;the

~o,,~~.

Th2. buJ:k. ~ ~ wW1. :tile ~ "6 ~ COIrtt2Jrt d1= .to

il.o ~: ~ by.:t:h2.~n "6 ~ ~ (~)

and ~ b!j :ti'l2. bwrIU.ne UP "6 -tna-t; ~~. The a.df:.U;t;J..on

0-6 :the OOl.d"~ ~ :the buek ~ 0-6 -the Wlbuimed ~,

~~ ~n 0-6 buJ:k. ~ C'CCWl.6 on b..vlrU.ne-the ~ dt..lM.tt9

~. TheVO~ ~ rmy~. ~ C<:l~

:t:hU. ~n mbu£k ~.

The e.Uect 0-6 :the .0<= oil .the ~ on -the bu.Rk ~ rmy be

~ IU> ~ : A6.:the ~ ~ M, h£v-Uvt .:t:J1anc.oaMovl.

~, .:t:h2. vo.fu;re 0-6 ~ ho.v.mg ~ ~ =~ ~



--2.0

• SAWDUST SIZE 1.68 mm -595Micron
0 " 595Micron-420 "

18 8 " " 420 " -250 ", " " 250 " - 149 ", " " Leoss than -149 "

16

•

)-' 1.2
~
~
z
w
a

08

0.6

0.4
o 5 15

PERCENTAGE OF

10
SAWDUST

25
(Wt.)

30

FIG. 4.1 EFFECT OF SAWDUST CONTET ON BULK DENSITY.

-
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~ .u ~ ;/;han ;fJULt. 0(, ~ CO<lIl.-6Vt ~ .Le. ~

~ ~ ~ vofunE ~ ~ y-i.eJ!.dA ~ vo£wre. FCVl.

c.on..M.an:t ~l.t, :thebi.dft ~ .u .uw~ PllOpo><;t.i..ona.t .to volwre,

.then. -the I:x.U!k d.en.4i.;ty 06 :the ~~ ha.V.!.n9 (,~ ~1,d,,4t: .u

~ ;than ;fJULt.06 .the. ~ havms ~ .Mwiud;.

4.2 TI-ERWJ.. extJWCTTVITY

The e66ecl 0(, ~ conten;t m c.fujj ~ 4/dJ2.m .u 4ww7. -in FA.8.

4.2. Th£ ~~.i,;t!J W o~ -w ~ trwm127.6(10-5)

ca.ejcm --= d2.9.C.to 37. 5 ( 10-5 J =€./em -'.£C d.!9. c I~ :ti1Jvum..t

~.<.-ty "6 .the. ~ hav.mg 30%~t; and {rWe ~

.M2e6 wlih Mant:iaNidtw-W;Ur;m 2.45) M:the ~ co/Wm.t; ~

c.on.dw;.;t).vi.;ty wlih .tf1e ~ 06 ~ CO/'l.ten..t; .u ./.n. ~ -tl.:>

/!.udn.ifwv 114).

The ~ 06 ~ ~.{;ty wlih -the~ 06 ~

carrtent (Le. ~ .m ;tim. p..'I.JXiuct.) can be ~ .m ~ 0-6

-the = ~ path. wun .t:tr2- ~ of. po~ ;J:j]£ =~ rx.u:h
~ ~ -in. .fu«.e..t .ti'leNra£~.cty 135}.

In :the p.'VU.;Ul;t 4Wd.y a. ~~ eMtec:t 06 .the. <X.ze 06 ~

c.ontJ2n;t 06 :the ~ ~ no.t: ob~ed. TM4 rrnt:I be ~ .to .the

.iJ1Jwrro~ 0(,~.



150

•
0

135

'"v
~ ,
•~ •
"• '"'" 120 -
E ;
",
0v

'{'olOS-x
r~
>
~ 90v
~
0z
0v
~ 754
~
~
w
x~

60

45

SAWDUST SIZE 1.68 mm - 595 Miron

" 595 .. - 420 "

" " "0 " - 250 "

" " 250 " - 11,9 "

" " LE'sS than -149

WITHOUT SAWDUST

30
o

FIG, 4,2

5 10 1S 20 25 30

PERCENTAGE OF SAWDUST (WI.)

EFFECT OF SAWDUST ON THERMAL CONDUCTIVITY.



4.3 COW a<U9-fING Sl1i£f.II:R"H

The- d2.vefupnwV:. 06 pt)'lJ:lU6~ -in. :the cfu!J body Wl4 J,ound ;to

(L6~:the COm'Jte44We ~ a.-5 --6ho,"", .in. F.i..g. 4.3 • The c-oU

~ ~ 06 .the ~ wWwut ~ Wl4 J,ound ;to be

4159.60 p4i... ThU .w ...,drwed ;to 11.80 pM. 60•••.:the COfLMe.6t; ~

con.:bm;t 06 30% b!1 wzJ..eh;t and :to 134.93 pM. 60••. .the f,).n2.d. ~

cont:ent; 06 .tmrE wzJ.ght..

The ~ ~ WL6 60und :tv d2.c'teMe. ~ :to <lAOUnd.7%

~ e,,:,n:I:J2nt. and then expo~ .

A VOVljJc.&.lvt.eU=-t oj) .the 4i.= 06 .the ~ Wl4 a-Cw ob4z..wed. The

{rirleJt..the .o.i.ze06 .the ~ .the ~ :the ~ and vw- V<VUa..

The- ~ be.tI...e.en:the ~ ~ 06.the.6peCiJren wUh

f,).n2.d. and.the CO<lIl.6IMt. ~ Wl4 f,ound :to ~ wWl.:the

~ 06 :the ~ 06 ~ . On .the ~ :the ~

be:tL<.een .the co~ ~ 06 :the ~ /w.J;.in8 .the fri.tu!»:. and

.the ~ ~ ~ w-i;th:the ~ 06 ~ co~.

The ~ 06 00Pk c/en.o.i.t!J on co~ ~ (F.4i. 4.4) Wl4

j)atnd. .to be ~ .to -tJ=t ob4vwed bid Low e-t a1'. (361.

w.un :the ~ 06 ~ contrn:t tile amJun:t oj) vo.iJ:th .in. :t:hR.

~pee..Urt2.n ~ and. :the .eoa.d. b<UVUtt9 e-1.04-6-.<\e.C.:Uona.-t <Vtea-

~. M (L muuU :the .6tIw1Bth ~ wWl. :the ~ 06

~ CO/'l.tlvI.t:. The e.Uect: oj) 4<.Ze 06 ;tne ~ rrrIJi be ~ -in.
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CONTENT (Wt.)

20
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• SAWDUST SIZE 168 mm- S95 Micron

• '" '" "
585 420 2500 .. .. ..

, .. .. 250 .. '" ..
• .. .. L'55 than '" ..

520
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~
Z
w 325
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'"OJDO
u

FIG.4.3 EFFECT OF SAWDUST CONTENT ON COLD CRUSHING
STRENGTH.
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~
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x SAWDUST SIZE Ln. than WI M,c,an

•

1
BULK DENSITY, gm/cc

FIG, 4,4 EFF'ECT OF BULK DENSITY ON COMPRESSIVE STRENGTH.
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:t.h£. ~ ~: F4ieJ< 4:JWJJ.J.M; ~ A.n Mne- po.'lIU> Iuw.<n&

~ C'lI.I£.k -Ceng:th :tJ1.afI.:tho-& ~ by :the CO~ ./>al.d'l~

~. M a ~ ~ ~ of, ~ ~ ha.v.fJU;j

~ po-= «LL!>'6ound .to 00. ~ .tiwn thlrt o{, .the ~ IlmJAna

~ ~ • ThJz. 4Iape 06 -tI'lti1.~.dl!<Ito ..(,e. ~ 4w.pe of, -tI'lti1.po.><e

ber:.aJre e..Conga,ted ;to ~ -'WWld 4Ja.pe.6 Wwn -the -6ize chaJv;jed. iYtom

~ .to ~ and -the flUIIi::e.'t- of, ~ -wund ~ J.Jt cthe

~ 4i.= ~ =-6 ITl:Methan. thlrt ..(nCO~ 4ize. M a Jte4lbt cthe

~ co~n ~..u, ~ {,o'!.~ ~ CO/VUle.'t

~ ~ and~ ~.v.. ~.(}o-c ~ =~
~ ~ :thaI1. ~ ~9 coaMe-'l.~.

AgcUn. QA ~ be.-6o_ (F4J-t:.. 3.1 a-e) -the ~ Q:11.rlIr<:>:t=-e
~e.ey =_ ~ and Iuv, I1I::l-'W -41aAp~ than. -the ~

one. ThJM.the ~ con=.n;Prn;U,on t=-fult 0(. :the ~ po>tW wUe be

~ and me. =~ ~9;/:h 06 tiw-M -4'ec.{..nrUl..6 h1:Lv.in9

~ ~ ..u rax.pec;I;£d .to be ~ than. thlrt oll -the ~

ha.v.£J1B ~ ~.

cond/;.I::;tA»J.;ty 0(. -the ~ ~ I=i.cM ~ c/e..>t..i.wd. fr'wm .:the

CWWe-6 a{, CoM ~ ~.i:h V-<;I.Sa.wdu4.t; con.t:en--t: a.nd TheAml.£

~-<.ty v.t:..~ corl.t:elrt (F1.B4.2 and 4.3) and .u, 4wc.n .m

F-i.g. 4.5. ThW {r4;i.UJlR. I1n.!Jbe <.Wed 110-" c<u>y -.fuc;U.on of, :the

~9 bMc/u, !:P4.-<lOIl'e~ p.lIlpO-&. I.t can. <1L<lobe ~ 1Ywm

-the 6-4;wte thlrt .the ~ P"J2P<}.Il2d. by u.-Wl9 ~ ~ g.ive..6 a.

900d corrb.i.mJ:t.ion oil ~th and ~n P'lOpeA;ty.!.t. 1=6 been

"
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• SA.WDUST 51ZE \68 mm • S9S Micron'

45' • " " 595 -1,20 "

'" " " m " 250 ", " " 250 " 149 "
+ " " 1..55 than ". "

390

~ 32 5
~
x

"~
~ 260
~
~
~

~
z
~ 195.,
u

o
~
8 130

55

o
30 45 60 75

THERMAL CONDUCTIVITY, x 105

90 105

Cal/em SK. dE'g C

120

FIG, V:' COLD CRUSHING STRENGTH VS. THERMAL CONDUCTIVITY.



"
ob.a:vtved.tha;t po>rPA oil ~ 4i.ze. ~ .m ~94J h4;h

C<>YlfiLlc;Uv-<4;, r...hU.e .t.mI.U. ~ ~ a. good ~ :to ~

.e-eow137).T~aL~~.the ~ ~by

u.«ng~ ~ wl.U be ve><ye.Uct:.we 6o't- h=t; ~n.



AND

FIVE



5.1 ~

ThE..~ co~M m1.!1be dItal.n ~ :the w:vrk. done 4) -6aJl,;

I. Fa.•. :the -<'<lIre «= o.n ~ :the bI.dk ~ ~ ~

wUh :the ~ v6 ~ coJUent:. Fo.•. :the .a:1/I'lZ. of, ~ CO/'l.tlm;/:

:the /:iI.J..ek d2nM;ty -U. hi.(jhtvt ..£n~ ~ J0wA ~ and v..we

~.

2. ThE. ~ CO/1duc.tiv.{;ty ~ wUh -the' ~ o.n ~
c.o~. The e.n1lec-;t o.n -!>ize o.n <I<1W:tu.u: on .thvuTn-€. c.o~i..:ty,

/wwweA., CCI.ddn.o;t be ~.u.4!<ui.

3. The ~ ~:th ~ wUh :the ~ o.n ~
c.on.-t=t;. FOlt.-tJ1e .a:1/I'lZ. of, ~ CO/'l.tlm;/: -the ~ 4<.ze :the h4j1tiv<. -U.

-tJ1e corrp~ ~.

4. The ~ p><oduced by u.-0I9 Mne-"- ~ -U. ~ 1>0'1. a. good

co~ of,~:th and~.



To ~ ;ffw,. op;t).m.un4i.= and. con.mn..t; o.(i~ :to ob-tlWt <L900d

contJ.i.na:t.i.onofl ~ and. ~ pw~ ;ffw,. f,oJ!.e0w.in9w:>"1k-6

aA£ :to be-pe.t~ :

I. The U{je o.(i _fy=.:toM.e.6 ~ on :tJ1ei.A. ~ ~.

S~ ~ ofl .tne.& =teMa.£4 4wui'r1 be-~ out..

2. The -=~~ a.-= lWed .ill .i:h2 6wtn=e ax IuBh ~.

Th.e.-=flo-= :the tile-una..t. and mecha.rUca.t. p/t.ope~", ofl tile",e

~~ 4wuM be. f,ound <.'U.t: a;t ~ ~.

3. The ~ ofl ~ cJ.epenrU, on :tJ1ei.A. ~~.

WWwu;t ~ ffi.e ~ a;t r..hi.ch .ti1£ ~ can -«vw..we .ti1£

~ can not: be. lWed~. So .i:h2 ~ ofl .tne.&

~9 ~ mM-tbe.~.

4 . The p~ .o:tw:Iy l<.lW d.on.e rro..i.J1£y on ;/:hQ. e~ o.(i po>w.o.Uy.B!:/

VaAY-<.ng~ comoo4U-Wn -<..:t lIllY be po~w :to ob;taAn a. good

corrt:J.i.JuI;t.Wn06 phy~, ~ and .t/1e.Jttm.t P'W~. In :tJ1,U,

IMMk .the c£aiJ COIVt:a.Jn£d a. .mu.ee a.I7U.l/'l.t; 06 I:Jah<.c oMd£.. I3l1 ~

J/:he b<L6k 0>Vide con..ten.t. .m ti7e ti7e ~ col'ldu.ccUv.i;ty m.4lh-t: be

~.



5. ~~and ~~hmlea.~

eMtect on tile~, ~ and~ p.".o~. By VWlb'..ln9

:th£m'!:he op:t.i.Jrn2a;Uan06 ~ P'lD~ 06 :the ~. b-"UcJu,rmy

be c.<:Vt.tied ouX.

6. In -thi./.. WJ/tk. Lt «.ah rw.t: ~ .to rrrLiJV:nAn'!:he ~ -in.

-<>pec...i.mm ~ ~ CC/Utwl..t. I.t. can be.. PO.M.>W& by ~_.

o
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