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ABSTRACT

'Ilft w* .mpis thc ,ardy of Dslt'.hdt &d .djoininS 
'l@ 

of Niadpu

Diirict No$hd NWFP P.kbt n fo! tL. !.4h of R3w Mat ri.l fo. c.hdt
ruuf*tuing, Scondl, th. 3!m dw rui.ri.l hB h@! u.d to PEF.rc cddl ed
iE physictt .rd c,lEical !@.t t!, brc ben ,tudi.{ nitdl, b.gg@ 3!b AoD

tbc $sr ildu$riB h.s D.@ ulcd io c@at etN&.luins lnd ia cfrel! on ditt 6.
phFic.l rd cbdicd Fr.DGl6 t!v. bd 3tudi.d

Tbc rlnpliog sld ulFi5 of liD6lo!. .rd cl.v tom lh. sndv d!.' bM
bc.! cfid.d our 'It s. s.bPlB M! rdad fd lN od igoitioa 3ilic+ olubint, ir!,
cal.iu!, E gDcailn, !.diuE, poisstun sld sulPhuic &hydrid..

In th. tccord D.n of thc lh.lit .[ lhc ltnPl6 eq! n$jcctcd to riw inix

d6isDi!& Dirdal w rni,.6 for hi8! ttlo8ih Pdrbnd c.dot GISrc)' fl,tPbtG

Ginirs c@c!t (SRC) !d stii. c.hdt (WC) g4 ddigicd bv Dixing lbl N
Mt ri.l in diff.dt pFrorii@. Only tho.. Fix.t wtich ulch lhc Bftisb St trdlrd

Spocifi€tio sd Plrid.n Stdxt{d SP@ifBlron, @ ircludad io thtu FFn Thc nw

nix6 re FGe..d for clilLd forndioa dE clitld tha fom.d E! 3bdicd fd
6e linc, [Suid pbe @d dl @|nin&dt |le6qtv for c.|ml uing !i!rd!d

rD.lylicd t*hiqu6. 'nE di!f43, for ldsb slEulb Potddxl c@dt' $tlpbtL

Bi5ritr8 c.!@t .!d eiiL eod! *4 @v.(rcd io th.ir BPc.rirc ccnol!' wbosc

Dhtsic.t ptlu.td litc @bFsiE 5tr6gth, *dng tin ' .d!i!rdev' qFBion

sd bhie,.!.1cb.di6l !.ro.tat lit i@lublc cidu., lN @ isritiod 
''lc 

wrc

dcEroir.d .!d codror.d eill Aftilb .!d P.b!t n St !d!d Sp@ifiolioDt.

Ahour 4OOOO toN. Md Elc (b.g3a* sn) frem lo..l ssa ioduBltie

!rcdlB . rubd of Gilvirotftdtl Fobl.tu It thi! s* uts of .evclirt w!s'

baggs sh i! edcol lMuf!.iuin8 h!v. be! suSAan d

Thc thid podon of th.l,!6ia c6Fi$! tL &dFi! of btgS!* atb &d it3

uc in llc pcpsrdio! ofbiSh 3t$8th Podltd ccdcd 8d sldv ofihc AFic.l ald

ch.nicrl pltr'nci.ls of th! tslting cdElt

Diffcmt plnn.L6 ofthc.!h s@h s moir'ts, lo$ or igtition' clbnfic
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@t n$ufi.tnin8 rccoidiAg !o Britilh !!d Prlitu Stltdltd Spccifictliod $E 
'

Ii lb! 3twty i w foud tblr b.ss!.. sh dr.iB $@ unhmql ollon'

etticb !.is s .lt rd!. tu l in c.odt d! &.tuing &d .tdtsd l!' tucl uP lo

5.45%. 8.188. tsb, b.i!8 drEdy ! c.lciDit d DlLtid' tEduccd lh' @isio! or

COr to thc oviruDdr up b l.?3%.

slssr* t$ ha dlo hd u*d i! ccddt oorr.', i! enich 
'lifr.@l

pqqllgls of b.gga* .!h bs td Dixcd with cdo! @d .@FdiE 3lttldh of

rlE @lring @lMl- dt nir6 h.rc b@r siudicd. Th! poal4b @'livity of
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CHAPTER NO 1

INTRODUCTION



CIIAPTER - I

INTRODUCTION

r.I GENERALINTRODUCTION

Noe a day' in thjs BPidlv dcv.toPi!8 mrlA @odt pbvs d importart rclc in

rhc @mrr6im indNtrv of ov @uirv ThcFloc, rbe o"d ed N of emcnt is

incFsing day by day N.w c4cnt fi.roti6 @ b'ing inslall€d with ! v"v npid

spe€d. Tle rcefls of the nw sDrcrial for lnc cm'n! alteadv e*pl@d' @ lidilcd'

It is the€loe, vcrv nsh n€c€sstry lo tind out Ds rcsed's of the Bw ffiterial for

difi@ 9?6ofcs dL

The @omy of E @unlry is hostlv d'Fnding r4otr its indultial

d.velopndr Thosc coultics, wbioh e induttidlv d4'loP'd' @ cosid@d sbble

h $e world lt is lheEforc @Gidcrcd lhat indulLy is the he!bo!' of ll!' @u$v\

dcvclotmdl So it is lhc ne.d of ltt iillc to idpFw c@rdt ildullri6 i! Paki3rd to

6rtc ir @n@i@lly stablc.

Th@ @ l*dtv-$vo c.lMl Plels i! P*jsrd! Out of *tich six @ in thc

Nonn Wd Frc icr PFvine (N.V!P) tdclv Ch'6t Cd€lt Compov Libil'd

Nowshera h.kv Cend Unit!4 Kohat CtrElt Coopsv Unit!4 A5l@rv Cencnl

Limited Nizanpu (Amv wefsrc tulr, Bcst*lv Cddt C@pdv Limn€d 4't

The amual production of thc ocment at tle Nonh West Frontier

Province dong wirh thcir location tu givcn in Table ' '



6@000

lLriF! 900000

7590@

330000

t320000

65@00

,15290{0

T.bL l.l Arllrl PF.lo.tlo olcd.ol h N.WJ,P

Th. r!!ln FoU@ El!|.d lo lh! cdat ildElv i, 0F @l of F.dEtiod'
*nich b drinly &r io lh. hirb c.6a ofu. tul Tk |ciali!& & tvilg (o fild ou!

!d ,!d .IqntL $|r€ ol.ddgy lo d.ct..s lh. ft&l coo!@ttio in c.,Ml

ft. @d idporbnt Fobko io lht eotld ttlnirc to cd iiAaq it tbc

@vi|tdo6rrl poll'rid Clrboo diori!. in . 8t!.d hoe 8rt .!d ! Priotv pollutng

i.h c.|g slobd sEn & As boe cfi.ct ts t cod. rh. ilobd i.si
ildlforc ilr rci.ot'tca e eottit8 oo lh! tdhl m5@ to tldtx lhc cfrccl of

Oi! problco, \,ith lh! produdid of c.m4! ! nu8o quelity of ctrhoD dioxidr i!

Fldu.GiL enid c.u.3 ! lEtq of @titloffilLl troblln . Studics r! uod.Mv

loovld@clLt ptobLnrTt P.!.co.$rdyitlFnofih.|.cftd3

'n.t! c lcvlrd .l€! itdudiB in Prblb4 G!P.ci![v in N.I'.F.P' $Aicb

e b.88& n ! ftd Tn 3!8!sE cootric! 30% b.S8.!G tld 7014 juic.. Wh@

t gerc i3 bnt, it Sivc only 3% !S. Tt ioLl Fod'dion of tlh F dry id Noih

V.sr Frcniid PrcviE (N.V.F.P.) it 8i6 i! T.blc 1.2

2



Mill (cslo
1800 ll40 34,2

(Fsno
3800 ll40 74,2

(KSM)

4000 1200 36.0

Mardd (PSIO
4000 1200 36.0

15600 4680 t40.4

T.ble 1.2 D.rry Ctu3hhg ofsut slc |.d Prcdrctio! ofB.g8r& ArL i!
N' WF'P.

About 40000 toE of b.88tt sb pmdu.cd h lcd slgu iodEillia Pq )€e

is w5r.d ed ptlgdy ha m r ald b.ing dsp.d hc ed rhd. oEi!8 a IMb"
of dviolmnl.l prcblctr. Tt bet elution 10 lbis prcbld is il5 B ir cs@t

,@ufa4tuing d a pdt of nw bd..id. Il nly Frfom tm nnclion4 fBdv it 6 bc

N.l d a dw mldial for c.tMt h..@ n mv hsve poaldic Popedi6.

Sdondly it @ b. u$d a! addilion l tucl in thc @ncnt tuute-luing if it @ liE
ubhl cEbon, which *ill al$ rcd&. lh. @!t of tucl fd cmdl 6&ul4r!ring

Moeove., rhe w of baggd. sh will rdu* the sbon dioxid. .nissiot to the

dvircm@r bd so cd slv. th. dvircmcntd preblm lo somc qre . Moeovcr'

th. asb istead of r6w materi.l, M also be u$d in nona' which cd rcPrae

sisnificmi mount of emcni

TIF Norrh Wcst Frentiq Pmvine (NWF?) b b.stowd with extdsivc

depodrs of suitlbL 8ra.lc raw natcrid for lh. l@ufactue of Porddd c4'nt The

6w mlcdats u*d for thc meufoct@ of Ponl&d 4mcnt de mainlv onp$cd of

caleEus (limestone or chltk) ad ugilh@ur (clav or shab) mledal- Ihe

mede of both typs of ruldials in wios ea of N.w l-P. 6 b€ .valuled

for the c@.nt |muficturi!&



TtG D{!st mik is divid.d in lo thtlc P6n!. Tlc fFt put d..lt rilh tb!

id.nrifario !d cl|'fu&riariob of thc tyF or ru&n.l (lin6toE .nd chv ctc.)

ptt$l h Ds*rd. &d ltljoiuilg tI@ of Ni,npE Th. *4nd !.rt of rhis snrdv

d!.L *itb th. nw 6n( d..bnDs &. di8&4. iyF of @t!' clioLti4rid sd
@.nt foo.ai@ Ed *ilh t!. ildy of d.ftDd PLvliql &d clEic.t F.nda of

t[. rlsullins c.lMtt !.@diDs io Bdtilh !!d Pil&tlr Sundld SDeifcltio! enib

tt tbird p.d of6ir sriy dab will l! cbEts:.di6 ofb!88!* 4b Aoo 3r8r

indushiB, is usc in c.tst Dt!!.itlio ior l[! tldu.lio! of id cct sd

arvirodra d poluid eit tndy it! cfrcds on difalol P.@ct.r3 orc.'@r

r.2 INTRODUCTION Tlo STIJDY AREA

1.2.1 Lo.ado!

Th. $dy at!! @v.i! D.tdiuh !!d tdjoinibS,tar of NizEPu' Didict

Nowst q Nonh Wc.t tMticr P.ovi@ of P!rin!d.T rE d!| i3l4tLd on rrvlv of

Pslislol Topo shc.t Nos 43 ClI, 4! C2, 38 Cv13 ed 38 O/14 b.t!t@ lh! L5litud.s

33c'45{' ro 33c4?-12 N" .rd lr!8ilu& ?2'{4' to ?2'_2_30 E".

Daruthuh.r!. i! loQt€d.r ! dittslcc ofttout 5 Klo@l..t i! t[' sutbe6t

of Niznpu viloge NialPur vill.Sc it lqt d !t ! dir|nc of 32 lilon'id in

south sBt di!! tion ofAtloct Bdds. *ri.t i! t6 i5 lo.!,t d o! thc tuin GT totd d

. dhoM ofaboqt I l0 to toln P€tlw loqld! Eut

Thc !e i. .!!dclubl. by s Nt'll.d F d elich bitu'd6 AoD $' GT

reld rd ttE old A&rt B.id8. .id Mt F..ll.l !o lh. Indo riF trd l'3b to

Nizupq. Th. .a hs @ nil lid. Th. !..r€t Eilwav st.lio! is Klt'iFb4 ldtld
at a dissrcc ofthout 32 tilod.id

r:, Topog!.phy rld CImL

Thc .a it Dr*Gd ty osged toFgtophv.'nE didof ds mou rins tu8d

b.hE! 313 r!.14 to ?O d!l6 Ni26Pu lillsgE it sindEd 4 a! cldsdon of 335

TL. lldB i5 lh. dlv riq *hi.h c:pl|E ib. .dtiF dnittS. of ltc !@
'&6. e ectrl otF ujo. oid hiu 3tras liddiEg tlc !E Hoffi' lh!

mjodty of lt dnad s d!t. Tbc cliDlt of ih. !t!t n t:d or l* thc ru' a



that of P6hM v.llcy, Th. winr.E e @ld &d thc dininm lemFEt@ @ch.s

s low d 6 t duitg lh. moltDi of Dc.dbq sd J&@ty 'n!. silm6 N hol &d

rt lemperEtw tug6 Aom 45 t b 47 "C dsry thc nonth! ofJulv dd Auellst

Th. a@ c.civd pdr dht tl, Th. tuidM Fitfill is duilg th. m@r

eon s.er Dd lhe @!.1 Eilt tl i! u!!.llv abour 12 incbd.

1.2.3 Geology ofthe Ar..
Thc are! of study is a part of lhc Kohat rugc, which is m extcsion of ile

Kalachina Mge, rcl of the Indu riv.L 'Ihc rocks of tne Kal4litla mg€' roging in

Ege fiom JMsrc lo l@nt e qpos.d in th. shrdy Na. This R4CE hd well'

eslablished strarieolhy tith .i8lt cn lithostatiSnphic uits lhes oils N of

orinc md tun-ouirc o.isin, Amotr8 thcsc cight strntis6phic uils (ie, Sal@a

Suk Fomliion, Chichdi Fonnitiolr Lu$iw.l Fomatioq t cklln Fomation;

Pahla Fomario4 Klldara Fod.1ion, Kohat Fotulion Dd Mlrc F@olion) @

c4oscd in the strdy aM (Figw l.l), Thc Pard! ald Leklatt Folmtioa e thc

domi@t trk uits 4pGcd itr th. s:ludy as Tbc Ieknlrt Fo@li@ is tbe @iD

f(s of Ois study. Beid4s rhs fom.ri@, dE 'd of st'rdv is dtsivetv @vd.d

with rhe laclsldE q!.rt.!My d.potits, which e mai.lv onpoed of clav ed

silislone sithi eMlat d i5ldsonc. Th. sltahSr.Ptdc sits *posed i! rhe stldv a@

e bdeny di$ued a below:

1. S.@n Srk Fotu.lio4 Stu Sul F@arion co6ilts of gnv @lor litustona

Tnc linebne k mcdiw to thick b.<ld.d wiih 5om. mdl ad fmgenioB sdv
beds. some yeUowsh dotomilic sedllone b&ds ue tlso ilt€6edded with lincstoDe

togeih.r wi|h highty shded shd. Tltc limdtole i5 ext uively liacnrd od

ontaic calcite veils tt som. pb.*, Ihc thickrcls of th. fordarioD in the sludy ua
is app.orindely 300 E. In lh. ruPp.d !ru thc conlact is lol dPosed while ilr
uppq contalt {irh Chichdi Fomdion it dis@trfodDue

2. Chichdi Iom..io.: ntc Cbicbli Follnatim in the sbdv ar€a is dlos€d i! lbc

mnh@ Pdt oplcile 10 J}u8Fi villagc *tl4 it b nixed silh Lb$iwl
Fomaliotr dE io ini.@ fsulti!8. Thc Min hholo&/ @6ists of datk{rav to black

,rd g€dish-gny sddsion in tlE loE P.n and slElc i! the upPd pan Th'

s.ndsbre is nediM-sained, 8ld@nitic and cdtain! r.ddish-bloM dd v.llowish

f.rogdos staiDilgs. IE shal. i5 ilinly b.ddcd, sandv' siltv ad glauconilic'



Phos?hadc ed pyitlic Dod' 4 !r! 5le @dnor Th' chictdi Fodaliotr has

diMnfodau. @nl&t with lo*d Smtf Suk Forrutiol, whiL the !p!'r 
'@tacl

sith the Lrshiwd folEado! it tum3l

3. LrEhtw.l Foru.tionr Lun3hisd fomstion b 
''(poed 

in vdiow pb6 in the

srudy am. The libologv of Fod tion, w'st of Nimpur' @Dists of sddiloE dtd

limc$one from botton to top. Th. s.n&ton b y'llowiBh - brcM to ge'$h - ghv'

6s to coaFerunc.t, mcdiM lo llti.k bcdd'd, fcl&plthic' siltv' cddeos ed

fe@gsiou al plrc6. Lim61orc is d&k-grav sd bremish'gdv' m'diM to 6ick

bcdded shcuy. Bol! lhc uppd @ltsct with KawagErh lomtion ed lNd @nract

wirh lhe chichrli Fomttion af disconfonn bl..

4. Ir.lhrn fo|odon: Irclhltr Forddon @nsrd5 of limcsron' vilb Bdl od

sbltc inErctltLioG Thc liosloG i5.brr'86v on wA6'd 5ufM !trd k Gsive

It is bituoiD6 D.l gic ofi&lil scll on Ash tEfe4 Thd @l ed shatc e are

d!*+6y o! @lh.r.d $rl@ 6d ligh 8nv lo bllilh-gEy o fr6h sur6@ htA

lsomfon blytry9.! @tact witb P!rd. Fodld@ in &c anldv l@

5. P.trt. rom.d.r P.t l! Fodlrid it aF!'d 06 mn Patt of th' stldv 3a

lt @l4i6 th! niddL P.n of lhc aldv ts tlong l[c Ni,[!u_Ko!lt re44 It

@sins ofshaL, md .nd ilt rcsldcd lihcstonc' Ihc shdt is lisht'brcMish4r'v

od duny rllNishg..n, hrnltcd !o lhin bcdL4 fiirilc ud spliDt'rv Ite @l is

lishl-gE thh bcd.lcd stxl richlv fclilifctoB Th' liddlolc i3 light{ny' mcdiu-

b.!ded, nedium'enin 4 fossilif@us !flI rcduld !t pl'g Th' fomdion ha $De

@l showing! of lo* qu.tity ln the study eE th' Patal lomliion li6 6 ! thr6l

sbeet, the.efor, thc thrcre$ som.timc Eaches to 2500 fr The Patda fom[on hA

$nsted contact * h the uderlvins Kul'l$a Fol'n3lion'

6. Mur@ Forn.tionr The Mwc lomlnon i! 
'xpoled 

in th' sodh'm pan of fte

sMy !M. h dnibils Eix.d lirhologv vith K$lid Fomttior X maidv @Dpries

sddslolc, siltstonc, a!.t ct.v. TIF sdllolc is of rcddi'h_bom ed buff@lor' lt is

dcdiun 1o fi@-smincd, h!nt, mcdi6 to thin-b'dded, calc!@s &d cos $iatifi€d'

Clay is pu+lc dd Pink Th. MBd Fom'lron li' M@nforElblv ovd the Koh'r

6



?. Kuldrnr Fod.lio!: Kuldtd Fom.tid is coBpd$d ofvaio!! color.d shl.

ed limo!o@. Itc sh.le is slt sE.o ed Putpl. F4 dinlv h.tld.4 listil. &d 3t

pluccs sypsilcrous. Lihcsloro ir 8my, fino"8dincd, mcdid-bcd.lcd, usiuoc@us

fossilifm$ 6d intercatat d wiih mul, Thc av.ros. thictft$ b 140 h in 0rc studv

e4 Thc fomation h^ lhnsLd 6nLct with tn. u.lcxlyilg Kohlt Fod.tion 4d
orcrlyiry Pardd Fodalion

8. Koh.a ForrtioD: Kald.@ Fo@ti@ is dpc.d i! th. $uth.o Frt of thc sludv

!R atdlg ft. Niaopu-Koblr reld. Th. fomrion is ody. f* D.ars dick ed
c.mt b. lr&cd lrt olly in th. .@ Thc fdmltio! is bltly 6dFti!.d of liD6tom

&d !hal.. TIr. s!al. is isenish8y i! @lor, thin b.ddcd dd fo$ilif.r$. T!.
timclton. i! sray sd lhick io nediun-bcdd.d, Ihe sh.lc is uludly iot rbcd&d with

limcrioft, Ttc fomtio! tu lbout 50 n thi.k in tlc ea. lt ha @nfm.blv lowd

conhcl with Kuld4na Fotuiiooi s[cF .t thc uPpd conta.t with MqFc! lomation

13 OB'ECTIVES OF TEE WORK

Tbc obj@tiB of Ob s* e 8i@ in dE fonowinS lic
l. To .vdult lh. Bw Mtcri.l of thc sltdv e. fd cmclt nanufa.luin&

Espccially fo! tl'os€ c!ndl!, which arc .ot bcing ndufactured ir N w !.P' and

als b scatch fd th. Gw silet for c.mdi planis.

2, To iNesirslte wts ed ncs for rcducinS th. @st ofprcduction ofccnot

l. To sc{.t} for eN i qEr. t l $|[q which @ be u.d i! @trMr 4 a

$prlanctrl.r/ $l@ of .ndgy .!al !d lls o!i..ial for eMr1

4. To minimiz. rhe dirett|@tal polllnion clus.d bv lbc lddatlin8 of c.ddt
dd ba8ee .5h diffided by suee idBtri.s.

7
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CSAPTER - 2

INTRODUCTION TO CEMENT MANUFACTIIRING

2.T Df,FINITIONS AND Mf,ANINGS OF CEMDNT

Cenot my bc dcfted 6 ihc .db€ivc sb{@e epabl. of uilins

lil8m.nt5 o. |!],sg of slid mda to . @mp!.r rholc. Such ! d.fDition mbdq t
legc numb.r of vcty difl@nt subs14.ca hdving li le in comnon qith onc solhcr

bur tlcn adhaivcn$, ed thc very u.qual lechnicd 6d scicntific iblons4 of

diflftnt mcmb6 of tlF cls hd lcndcd b bnna lbo o rsldcrion of thc

dsignatioD to oe eroup of a{|[6ivc rubditnc, M.ly, to tlr. llaslc dtlrids
.mplora{ to prcdu@ rdhdioo b.t@ sloB, bncls, ctc. in thc @nsflrction of

buildinss dd .lgin€.dig mrks. C.mdB of this kind ako b.a a ch.mical

rcldtionship to dch other @Gislitrg s they do of nixtrcs, *lich @ntnin

@Dpouds of linc s lh.ir pdrcipnl cddtuerts [l]. Thc lm cdat in rhh

Bti.tld @* tbd t@G cqqiELd 16 cdc'oE cffil3, bot it @v b. dlo*ld

ro include ertain alli.d @mFun4r of rE86iu.

c€ment is s m.terid, *trich biods tog.thd solid bodi.s (a8€r€eatc) bv

hard6ins &om a plslic atate [2]. ftis d.fnidon ia.ludd orglnic pobtd bE.d

eh.nts. Ap.n ton th.ir e s !dh*iv6, ee la4Er $d. w of lolFcB hB

d.v.lopcd tui.ly in th. USrc" s bild.ls for acgrc8.t in a .eidlv ldcning
patching natsial fo! duascd bads and bridgc de.t!, for .xMpl., a nonomd sch

N methyl delh&ryla& is pdyboizd std had@e.l in liN Howv.t, the usc or

nltmah, a dp.Bivc s th6e is *ry linit d 6np.rcd to thc w of inoretnic

c4drs @org enich Pdrbld c.rmt t pFdimt

An iergpdc c.futrt fiDctios by foding a pl4tir. Pastc {h$ Dn d vith

wq!c', which ddclops risid,ty (*l3) dd then sbdily in@scs in @mprcsivc

strcnerh (hndcs) by chdical @tion wi$ lhe qtd (hydruiion) C@dl' which

irct6e in sLcneit cEn sh6 storcd urlcr srcr alLr $tting is sid lo b.

Porrled cdent is defred d hydsulic cdot, obleD.d by bming a mixlw
of limc 6d clay to fom r clinkd, ed thd Pulv.dzing tbat clinker hto powdd This



geoish gtay lowdq is conFsed Pntuilv of cglciu silic.tc!' c.lcim alurumler

dd calciu fdits. \vhm mixcd wirh e6cr, it $lidifi.s to 6 .nificitl Mk' similat

ro Porrldd slonc, A Ponknd stoc is a vcltow lin6t@c from lh. lslc ofPorddd in

2.2 IIISTORY OF CEMENT

2.2.1 f,arly Hlstory ofPorah[d Ccl'crt
Modch d.y Portled cdot w housht into qist€n'o odv duing the ely

ninetdtb entury. Bogwd, mlhnd hs us.d bmt lid. ed clay a @ndring

rotend for cotsEulion purpos tbmuSn ruy @nri6 T[' Asrii@ ed

Babylolis [3] u!.n cky fo lhis !urpo3., ud ile E8rptia 
'dvsled 

to lhe

di$overy of limc e.l Sypsm nond 6 a binding .8pnt tur building PFmids'

The Orh Mde tuthd inprovcrcnh and fnallv thc Rohs d*elop€d

cddt tl8t pdd@d tEucfiiFs of lmuk!!l. duabilitv.

2.22 Ronrr ForDuh
Thc Roms .!@sniz.d thc inporrE@ of cdpt'liotr lo Pod@ darsc'

dumbte naLrid, Exspl6 of th.ir swc* e tle parth@n i! Ron' 3d lhe pont du

Gard aqueducl in south.h Frucc, both of which hav. seircd inlact' Romd mona

@nraircd hydDt d (slaked) liic produccd fron limdtone bv calcimtios 6d

hydation of thc quicklime.

CaCOr +COr+ Cao
cao+tLO + C.(OH),

Thc hyd6G.l limc B inrim.tclv mix.d with sd ed s 6n' mrsial of

voldic otiSrn. This nortat haldoEd s s c.npad€d nds in thc prcsne of wler

by inrcr@lion of the vol@ic roleri.l with line to fod hvdrarcd ol'im silic'tcs

simild to tho& foud itr ldlclcd Ponled cddt Pastc [4]

Th. !ar.r of RoI@ sll..* i! n E!8 6ent 6 t!c'd to the mixhg of

slakeit liN * h Poale4 a wlclni. sh AoF Mout vcslviu Tbis PNs
prcdu@d cemdr capabL of hddming udd Mter' Duing th' Middlc 4g6 tlus an

ws lost dd it ws not util ltt $i.ntifi. spiril of inquiry Evired ilar wc

rdisdvdcd tbc ser.t of bvdraulic cdott that wil ha.dd undq *dtd

l0



othd ma qpdindtins io lh. fEld of*m. duing th. pcdod ftom 1756

ro 1830 itubile L. I. viqt ed rsasc in FEn6 ed INph Pdk r ed Jues Frcst

B.fo. Porilod c@. w disvqld .rd fd ene ttd .na ia disrc.v'

l.rgc qurrtid.s of 6nEI c@.nt *ti. E d N.nEl c.6.nt w Prd&ld by

bmilg . n nnlly o@sirg nixt@ of lih. .trd cla, B€le lhc ingEdi€nts of

natural c@erl w4 mix.d by mtuer tu pmpdlis wied 6 wid.lv a the mtural

rc$ues fion which it w brd.,

The Rol!4 fou.l out lbrt mixits litr witb loah$ (. Iock liL ma&d61,

which slDws tlil bydEulic preP.ni6) F!du6 ccdatilg E!.n.I, \rnicb shos

hydaulic Fopcrtr.! of poalonic mat ri.l 6 .le foud i! ldgc a6 of I6lv'

GBce Ccmdy, and lrElsd ln a lovii c.I.d Ponlald, in EnSlad' nw mledal5

for pFqt day em.nt wE @tu lly pMdl in th. linesto@ Thc Ponhnd stotre a
it is lopdlrly lrDM s, i! bd ro silt ring t DFratw ro fom Portl@d cmol'

This nanlnlly @Ming siooe @Eisls of dl !h. Fqlir.d dide of etMt in the ndr
prcportros.

2,2,3 Aspdio Prlerl tor Crnent
In 1824 Joscph.{sPdin, a Bnrish slorctt@n, obtdncd. Pat nt for ceddl' hc

prlduc€d in his tir.hcn. He hat€d . nixtN of lmlv stuund lin sone md clav in

lir titclEn siov. .nd grcultl Oe nixtr iato ! povdtr ed r[.d lbc Pto.lu'l a
Ponlard @moL Tm fudmdLl dalopiMtt blve impDt€d on fte dlv
prcdur, i.a tbc inltod*tio! of gJ4t5ue, !dd.d *n n gdldilg rhc clink6' to att s t
set rcrfds and thc usc of higler bMing t mF.nt!rcs to allow lh. pbdetior of

higher lime cont nt siliqt€s {trich N !!..s3!tv for nor npid str.nglh dcvelopm€nl

'ft. !s of c!t@. in buildils is mt rct with b.los t Flaliv.lv adltEld

drg. ofcivili4ti4 Ttc 6lia sltucorB vq! @oFs€d of.!ttb' soln'lind @*d

h the fom of *tlh of doms by ramnirS 3uccesiY. bv6, or of slonc blocl(s' *t
one abov. dothd {ithout the .id of my cemdine mtqial a in pFbisloric

n galilhrc st cnrs, and in the CtdoP.ln meGv of G@e. Ihc aimplqt pld is

dDl fo$d i. dE bdck edls of di.nt Espde boildi4s. ThG bticks e dtie.l in lhc

tu {ittout b*in& 6d .!.h @lE i3 @v.r.d with a boist lat!. of 0F lod (Nil'

ll



nud) u.<t fd dd.ingih. kicka *ith or witho the addilion ofcbopFd traw The

dryin8 of this layc. m.kcs the watl ! solid Ire of dry clavi swh a node of

construction is ody losibL in ! Ed.ss.limtE 6lhc uburtt n t4i.l posr66

little pow. of Gistl@ lo *!ra.

Thc eci.lt witd insisted o! slodng lire i! dc ahtcd condition tor a long

timc prcfcnbly *vdal t!4, befoe sc, but in 1765 lrrio! a FHch cngi@

oglgcd on thi5 rcrt, midlitd Urr th. pa""!Ccs in quddon h.d b€n

nisundcGtood, and prcposd rhc lddnion of quicklidc ro lhc mod& al rhc dme or

nixins, in ord6 io obldn itur€ed st€n8lh dd inFmdbililv [6] D.la Frve [7]

@nlcstcd 0ris, ed rc@'Mhdcd ilEt c88{izd l@ps of litu shodd be imc6ed in

*rr.r, trsfcn d and ! tm to a 6t<, od lhN allowd to slak , aolving sne.

This D@ticc is bom*td fmm St Ausustitr. rdjd & Saint'Fotrd tEl, id tE @!s
of a vcry uetul st]dy of poelodc Mcriab, favoed lhis latter !12! of sl6}ing, and

also sllcd .tlenlion to m Indisn Drc@ss, mployed on th! Mahbd Codl of mixing

nollls with lie. otuttc in orda to inl:tte rb. ldlns, Fitalv, Rondclct [9]

sA{ . c&tul d@ir.rion of Ro@ buildinSs .nd sf,a li.8 m&v cxtqim@ls

wilh th. nctho.t! loFsd by Inriot .nd otlc6 cmc lo the corcluion th.t the

cx@lt.n@ of Rono mottls d.pcnd.d, not @ dy sdr€t h the shHng or

@dlosirio! of the liDc, blt oD lbc lhNrylD$ of Bixing ed rl@i!&

Thc Rood @icd 6en hoelcdg. of lLc pFp@tion of nodrt wilh thd to

ttF rcmotc! p.rb of lhcir mpirc, ed thc Romd bickwo* fouod in Engl4d' for

exepb, is.qud to ltr b.sl of lbal i! Iidy. Greund iilcs w@ rhe mst @moolv

us.d ingddidi, bul i! a f.w di*icls d.Potili bdi!! em. t!$hbla@ b rhe

.atu rt poebs of lh. Aty of Nel6 wG fouod. 116 @ of R!@ish vol@ic t!ffs

knom s T6s I probably iniroduc.d at lhb 1in , sd thls hatdial, lik

poeld& is sdl cmploycd at lhe !rc$ dsy

A 8Bdlal d@li@ in tbe q!.lny of 0E Borla! Nld in buildiles $1 in afid

Rons tides, ad @ntiDwd tbrcugrFut U. oiddl! sg.s Saon ed Nodd
buildinge, for icl6cc, show evidaa of badly nix.d dons, ofr.n PrcP@d &od

imFrf.ctly bmr limc. The @lclBion aPp.G cenain, liom rhe cminltion of

Fmch buildings [lol, ttut duing tlc njntb (6lt! od clmth @tui.s ihc d of

b6ing lime w .lh$l @npletely lo!1, th. lime bcinS ed in badlv buhl lMlt
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sirhont lh. addidon of grcEd til6 Foo thc twdnn @iuv oDw'ds $' qldilv

ihprevcq thc linc being wlt !6t dd wU 3in'd Ana th' foundth entutv

dcdbnr turte b four4 ed the tre@ution wd did'ntlv $len of lashing thc aed

fd aom odh.ting din or clsy [1 U

Thc RoFe mixfiN ofli4. drd Mhral or sdificid poal@ loDS rctaned its

pGition s lhc orly $ilauc oltdiaf for wk undd or 
'xpo*d 

ro *'td Thu

B.lido., for ! lons ti@ tbc prircipdl audodtv on hvdnulic @6ltwlioq

t@@ads s btim.r. eixtr of lilc" sroF cbiF &d sdle 6om ! bb'L si6's

forgc, cetulty greu4 *t$.d fi€ fi'n @tt tnd dit dried od 3in'd' sd rh'n

nixld silh fidhlv 3lskeit li@ [12]. Th' s'nc author ndtioB thc w of Poel@

or t6s shcr such naldials e lvailablc A rclv thorcueh lnd ilmilatjng suflev

of fic $bjccl, which will b. Ffqrcd to lst'r' i! !n'i in Rondclct's sFd wo* on

building. lt i. rdlrtable th.t d@ .t th$ l!t' dale n6i of 6' dthorilie quot'd @

ecidl, iFluditrS Plily' Vitluviu, ed St Augurbft'

Thc ilv€lisari@ ofl. J' Vicr' [13] on h]dmrlic lirc Ld hin to pr.le e

sdificid hydE ic UD. !v c,rcidnS u irli6t& oixtft of lib6to@ (chdk) 0d

clay, srcsd tog.th.r in ! w* niU. This PM'ss @v h' rcglrd'd d thc pdmiPal

forcrumd of th. m,lufacnr ofPdthnd c'mar

Jdncs FonB qlso lalott€d ! ccmoll of this tind in l8ll' ud 
'sliblithed

wo*s at Sw&somb, tho 6s1 in thc t'ndon disldct He onlv cslcined hit mixbft

lightly, dxl tlE produd s didcntly infcrid io Rol@ cdent as it was sold at a

loM Dn@. In 2lj oc! ls24' jo6.ph A'DdirL t rr'ds builda u!'d 3 lio6torc 4

usqt for $c rcpsirins of !ed5' tuh'd !'d olcincd ir in rhc ful@ tnd rh'n lhar

marcdal s m! for tuliDs c@6! or *iifici't n@' A high'r EhFdc of

aring nNl haE betr intioduc'd in Aipdin s rcrts bcl4 lhis 6 on |n' rcsdPdon

of tnc constMdon ofrh. Thdcs Tun'l io 1838' Bucls dploved Portled ccnent

in sDitc of thc fact thlt i$ pri4 vG doublc 0ut of Rond @ddl 6d in $c facc of

strotrg oPP6itios Il+Ul.

As |b. dc@d for Porildd etud' dFcitlly s d ilgcdicdt of concEle

ituqc4 4d th. Eqlidors of 68ra"rs eled for a ma D'rfcct nardilt it

trdc inc@ilslv <l6i6bL ihd !t$d|n15 of quatitv sllodd be *i up' by which sv

@Bigtndt @'id b. j!d8.d and rh' !'rfo@ of q€in 6ged rcaa ln this mv



st ndad sp.cificalioB havc estr in hql .ouni6, .irhcr @<la oficial aupics, or

s $e vork of volwla.y o.gEizrion! of d8inc4 &d coI)sm.B, or of .seocialions

of cco@t tmlfactulw Such e ls3ociation wd fouded in Gmev so rd back a
187?, and shortly .fteMt& etsblishcil rul6 for co rofing the quality of ilt

p@d@t. Tlc fiFt G@ srddttd sF.iic4on w dDm up !y this bodv The

Bdiish srdd.rd sp@ificltioD s dnm up i! l90a !y &c dSinding st&da4t

@@iti@ (tro* lhc Blitish Siad!'ds Indiluliotr) !d its nilth Bision.PPot d in

1958. A speifrcrdon for lortlald blln i)li@ clo.nt B isu.d in 1923 8nd its

finh rcvisiotr atpeared in 1958. Thc ti6t ASTM sF.ili@lioD 6 issd h 1904. All

su€h sDc.ili.ati@ e liable to rcvkio! tiln dne to tine, the alt alioN hadc beinS

almost iDvEirbly in the dn ction of in@sing tltc shingency of the rcquircn ntr' Al

rhc rmc time, mosr comercial 4rcnt! .odhonly more the 6nfiU rhe conditions

of thc oflicid sDei6catio6.

2.2.4 C6nert ir tne 20- C.!tury
Two hajor dil@di6 @cuF! in thc dlv 20lh @arv' bv l'ftrgc

R6@.h rrboalory. The flst @!cdn d th. di@cry of thc rtieipL of tL
prcd@don of whit cdeli, ch!futdizld by the e of teln' wbich ha rc ircr

oxid., iNrcld of clay, Tliis diff.mt conPosition, nowvs' did nol tting abod ev
chegc in tn. itrtrisic chmcterislics o{ thc emd! which @ltrNcd b previ& lhc

smc stdgth c.Paoidd a @nP.Dblo io gEy cd€nt

Thc yd 1908 s.w lhc disvery of CiEtnt londu 'tlE fiBt ind$hial

cslciuh dMiGle, Dnle wilh linetorc 6d bruEle". Thjs inportalt discovcry w6

m!d. by Jutcs Bic4 diFtor oflhc tddsp Re*slh tllonto.v' *'lich E foundcd

in 188? erd is tlc okL$ Itseei @t!r h i,hc @cnt indEEy in lhc wld. High_

alunina cd6q Blich is Bii&l to .g8Bit .8ors ed to hieb Ldp.onc'
quickty EvEded it3 Euli-plipos! posbiliti4, such 6 ue 6 a hid_FrfollM4

bindq or a cheeical r.lclant in mdv difi@nt applicatioc Todan cdciM

oluminstcs stnd at thc lcdding .d8c of t.chnological preer6s in th. coslruction

ncb, 6d have spurF.l rhe devclopmol of mmv lcchnicat prcducts such s lpecial

hortds, rcfmclory @ncrcacs and othcrs
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225 Tn. Eisaory of Concrt
C@e ba betr eud fd al lcasl 12 millioE ttd Wl6 th€ 6rth itself

s ude4ping i €N g@logic cb486, lltulil c4@t B being qqlcd. It a
l[is Etual @t lht hl|Ir@ ftst put to @ EEntuall, rley di5@@d how ro

Eake (mcni aom otbr drrdids. Th. hktory of 6.@& @ be giM i! sbort a

3000 Bc Chinesc Nd .d€dtitious mrbdals !o hold bdboo logelher in lh.ir
b.ats ad ir tnc Crcdt wdl.

EOO BC

-t", 

c.o a cyp.s us.a ure mort{s, whicb ffi nuch hatdq
rhd lar.r Rooln moturs.

1200- 1500
The Middle

Thc qudity ol on6(in8 ndcrilts dctcrionled
li6e &d poabD (ldlnirnr) qa l6i, but
1300*

1802 In Fn@, a simib RoDtn c.4@! Dr@s v!s@!l:
t824 ,";li A."d- ;ft;G; j."; P.n""d "*e, bv bbins

C""ty greuita.Ur *iri nrcty dividcd cl.v ir r limkih mtil dhon
dio;d. E &iEn olf, Th. linlcEd prcducl E tbm grcud dd hc

cau.d i! Portlsd cclMt 
'ecd 

sncr lt tigh quutv blildiDs stoG
owicd or Ponl.r4 E!3Ltxl 

-

t830 Th. 6rn p.dr.lio-f ti* tid hydnutic ..mt look plM i.
ctlad4

1836 Ttc 6r,1 sy(.dtic tds of t .!il. &d @mpt*iE 5r6grb !oo*

DlMinC@ey,
1860 h.-. *ei*ing of tb. * .rPed!!4 **t' "!!spis-s9P!94!9s
l8?l 5""1d s"yl".-* lt*d rb. irst Asaicd pat ot for Porddd

etuat. rL ahosd lr). ia!el44999!EEi!q!sl!g:-
1886 ftr trt reory titr w inmaBcd in Enghnd to tpb@ LfiF renicd

shlR kilnt,
1889 rh" f^;"*fi t"f*"d b'tdi!j!!!!!
190.1 rh" ficmil htsh*q1!!!!{!!j!!!E!!4. oH.

t936 rtt" r^r m"jo, -o".t aaro", Hoovd DM and ODtrd Coul@ Dai\
s@ built, Thcy !li[ cxis! bdavl

1967 rirst "oo*; aoma sPod 3huchrt' lh. AMblv Htll, w$
c@trucl€d d Th. Urivcrlitv of lUimis, !t Utbe!{bMeaist

1970's Eb-;ffi*r i**a * i"E4!a4
l98ds suDd Dl.*icia wE i!r.dmg!$4qi4g:g
r985 ffiC * i.tod*.d,, . P.-t!-".dd,!*

ft. "tielElstdglh' @rcrct w Bi.d in building lbe Udot Pl@
osEucLd in Ssrdq w.thnEbn

1992 Th. t 116r rirJorc.d co.sc blildire in 6c rcrld 6 @Ds:lructcd

al 3 | I S. wlckd Dr. Chiclso, luiNis

l5



23 CI,ASSIFICATION OF CEMENTS

Cddts & clsificd in !c following tyF!:

2.3.1 Nrtunl C.lcni
Nahr.l c.Nnls @ nalcriat3 fom.d bv c.lcitrilg a @tulllv @ri4

mixiE of .alceo6 sd dgiUs*ous $bstan4 at . t mp.ate b€low that at

which snt ing Ll<e pte. Thc British 'Ro'M' cd6t ehich F€ceded Pordsd

cemcnt but which is still noufacturcd on a snall !ole, sd rhc fot|M Amdicd

roc* cmmrs. belo4s ro Ihis clse. Tn Bclgi$ Nm@l Ponland 4mots wft 
'lso

simild but bmt al a snc whdt hilhcr tcmp.Ere. Thdc naterials EPEcnt a

greup intemediar. h'rec! thc tydbulic limes ed Pont&d cdcnl.

2,3,2 PortLnd C.Deor
Ponla!.l mcnt @y b. dcfinc.l s in lh. Britjlh sttdsd s ! prcdud

obt iftd by intidr.ly mixing tog.tb6 c.lc!t&s 6d .tgiUa@s or orbd silic!'

alMina ed not onds hanila drLdlb, bunins tb.n .t . clirtqilg &npdnt&

ed grirdils th. GullIg clillq.

23.3 Higb AruDim C.E.nt
Almims, or biSh.lMina candt i5 traufetut'd bv heting unil doftcn'

or moF raely by sintdilg a mixt!rc ollim6tonc and baqite, th' Product is cooled

and fiftly srcunl. High slmiM *m. is chsn ldi4d bv a very aPid 6t€ or

development of stene& dd lPprelch.! closly io il5 fdal stt681h in tw' y fou

hoN afts grugrng ltr ettrng tim. k sinild to tlst ofPddltnd cddt lB@lori5

23.4 Oil well Cen.lt
TheF N @cnts Drcdlccd for c4.nting the sle'l @irg of gs dd oil wlls

to lhe $alls of the borhoL ed to s.d pooB fodltioE. The cdsrt slu'ry hd lo bc

pmped i o ldtioq bcforc it sts' undd @nditioB of high rdpeonr 4d

pBuE. Poiland emcni!, morc @@lv gound l!.n nodd' sith tle addrtion of

sp@ial rcladc6 $ch s stirchd, 3ug!s or orgaDc hvdoxvl &ids, @ !s'd; 8le

slow scftirs lorded edott of t @dpo3iiion bctten dE !cr& a'd Ea tlTd dd
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23.5 M.!o!ry C.ncnt
Ttis grcup of @mots @Eisis of nrl4ds irLnd.d fo. w in tun&, Tbei.

purpo* is ro prvid. maq trhi.h gi6 ! tu6 planic noi! lt@ otdintv

Po dd .mar Th.y e on@ pio<tw.d by grldi.g moF felt lha r u$!r

nidft of Ponlard .ddt sr.t liftslorc logc0.r sith a pl4nicia ihd crtr.iB ,t
'ftey d also rudc by iit rsinding ni\ns of Ponlsld cd. *ith hy.lr.lcd line,

erdbtld sl!8 or indt 6116 witb thc atldidon of cdciM scanl! or tone otbd

eE&rFooflg .geote N.tEl el@ts .!d old F..6 sLg a!ut! N .ts tuud

itr rhis grcuD.rd do bst riab sh 3'gr.picl c@t irF@

2.3.6 Sorcl CcD.li o! MtgD..ion Otychlorld. Cd.trl
Sor.l c.lMt iB ih. pr.duct obtriocd etrn Mg!€sit ed ! slulio! of

Msneeiun.l o d. racl togpthd Mlen siL k calcilcd e.3lo giv. s liglttlv bmt

n3ctivc prducl ond thc Crcud dat id nix.d ts cquird wilh a strcng sludon of

nserBiu cNoridc. C@bi'adon of tusBi. ed 6as!€i6 cNdidc ldcs PLe
qil[lh. d.Elopddt of hat &d 6ull3 i! &. tuntlioD of SoFl c@. [18'201

Tbi5 prduc! i! btrd ed $o!& bui i3 lthct d tv Eta. It is ulcd uidv a a

flooring @lad with e i!!an 6lld &d. pigm.it 10 cold it and k ofrGtr LloM d

2.3.7 Pozzolir.! rrd Pl'atDic Cenclt
A p@du my bc .tcfncd * s tnd.risl, $bch is @p.blc of twtilg wilh

limc in rhc pltscM of wld !t ddittty rcnpctEIw lo p!du@ ..lmlilioE
@mpoundt ItaliD Fulda, rdst .!.t Seiotin anrh @ .xDPl6 of &nltllv
aMing Falac ofwl@ic origin, Arhficilt F@oL!6 @ pcF&d bv buing

.t $itablc tchpddl$ @i!in .by!' !!.lc!, dd diatolrl!@B .8h! cont inirg .
preporhon of cl.y, Diato@ou silic. and snc mtral otutphou lilic! dcposirs

oay also forn poal@s, .ithd sith or wilhout ! bclt tr.afuldt Pulvdiz.d nrel 6n

(fly .sh) is !t$ u!.d s a p@l@ Poeleic enents @ prodwc.l bv srnditg

bscrhd PoriLld .@t din}6 .!d . !.dole d by bixilr toS.lba a htdttLd
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2.4 PRODUCIION OF CEMENT

2,41 Tbc C.D.!t PFdlcaio! Pro.cn
CG.b! lib. N tlaiE cylildric.l .tr!.nrEs, li!.d wilh Ftrcdy bnck,

ilio *nid . li@-tqils Err.ri,r !r<l fr&l 3u..lt a coal d c6 ! &d. Th@ i. ! a!8e

of diff€dt kiln ddigs bl.n dl rcly on lh. sc b6ic prc6*s - nw f..d psins
lhrcudr th. kiln i! h6led lo vdy high ldp.otuq by thd bMing of tucl 6d is

tesfodd chcflicrly lnd lhFicrXy ini,o t grly Fbbl.lilc oalcrid cdled clinter

Clirld is eround lo pred@ ccDc.t

r} tbG bNdd p@.s6 of e|m. t@uflctuiig @:
. Rs Di[iit! 'IrE prlpdnlior ofdE kih f..d.

. C .inlns Dd bumltrs or clilkcrilg! Thc convdion pr@.s t[t takes pl@

withitr lic ccmcnt tiln ed N@iltcd cquipmcnl

. Fi 
'h 

uilli.g: The gnndiinC of clinld to prcdu@ cd6t
2,41.1 R.w M.a.ill
Thc Ew m|rial for c.tma neu&.ruila ntt b. divid.d ido &u gtouF:

' Arg'llaaoE rutai.l

Thc calc€fus truldial supply lirc sroE, sili@B btr.rilt suPPly sitcs

dSil|'.colr Dd.rirl $pply.t@i!a !d fqricol)! blt ri.l s4ply non Cyp$t in a

vqy sndl lnout h r.quired to @trol tb. scring iine of e@or'IUny ditrcdt
c! natcrials ce bG ued in t!€ ruufacur. of Potddd c.dcnt. Thc cslc@oB

mgteriab includ. @m€nt 6ck, li@storc, darl, slkdi was&, oFlcr rholl, coquim

shell, ch.lt sd Drbl.. T!. srsill5ceo!! mtcdds ircludc sd4 iraP Nk, qualzjtc,

..lciu siliet!, .!.1 ftnd's cetb. Ttc f.nif.Ns blrdial iicluda iren or i@
@lcinc, iM dBt, iiotr pyrit , iro! sEiras, iroo on& ed blrst ftttlcc flE dust Tbe

c.l@t Dct is id..l lN b,8!6iu b6.itg usiua@u li66tom with $ch a

@mpGiriotr thst ir My b. u$d tur e4dt hrmft.tlinc wilhoul lddidon of othd

e.th mtcriob or with addition of only a rclatircly snau dout of sh mat d!k.
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Lidetore is @mposld .sti.lly of c.tciu @bontrc with varying

p.rc4ra8ps of mgnesiu dboElc ed adnixcd imPuiii6 of chy dd sd lor

lh. 
'mufactw 

of Por0aod 4ncnt, dE lin*rone should h4. lbove 50vo lin.
(C!O) if thc pcentage ir las lte 5oyq lhc Mk should bc giv€n othd nm's MiI

thc .ppopri.tc q!'trying adi.cdve [21]

Lindtoe roy b. eiitc, gFy, d{k gt v, vcuo*i.[ blE add $mc rine

bL.k in @loi Lim6loE is wrdc apfsd ii tut@ Cslcid orboEtc of 3ll

scologiol fondios qualifiB for 0E prc<luction oa Portland cdcnt Th. pwsr

etad4 of lin stot. d calcspe (C.lcit ) add @goutq Calcite crystdli4t

hexsgo lly, dd mgonilc i5 rhdmbic. Th. sPccilic gEYnv of calcib b 2 7 ed of

Mgonilo 2,95, A n&m@Pic grould vdi.tv of calcila i3 mdbL lt @dd not b'

pbfitabl. to ue ma$lc for cd@l mufaduring.

Tlp nosr @@on fom of cilciM clihoMt , ffii siEild 10 mrblc' u'
lin slorc .nd chltt; liodronc is of 6 PEdonimtlv fin&ghilcd crFollirc

sE!.t@. Th. h.rd6 of li'!6toG d.pdds on iB 8@logical tgc' u5udly lhc olda

th. s.otogic.l fomaliol

2,1.12 Ctt!
TIE saond importalt nw mt dal for encnt @ufacludng is clat *dich is

fomed by the l@lhsinc of .lkdi and ,lkdinc .qrlh @ntaininc 
'lminm 

siliol*

d.t of thci. chemicd @nv6ior products, mintv feldspe dd mi@ Thc mon

conpon of clats i5 fodcd by hydrou .luninM silica&s Clavs rc divid'd intc'

thc folloviis nincEl grcups

Kloli4 $iich ccisc of Loolinit , drclir., @dtc ed h'llovsitc Miturtl3 of

thc ketin grcup ditrd in @t trt of SiO, s wll s by lh. cr,sl'llogEghic akud@

md optic.l pmpcnica. Thc dcsiSEdon t&linit rcfcb lo lhe prc trolid mirchl'

Tqluslly, claF e fne etaiD.d, $ualtv udr 2 nimF il dimc&B

2, Montnorillodttcgmu!
t his eDup @trisb of
a. Montnoriltodle Alroi 4SiO! nH1O

b. B.idcllft Alroi 3siotlH,o
c. Norr.odG (Al, F.) 2 Or. 3siq. nHrO

d. s.ponic 2M8O-3siOr. nH1o
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3. A&.ll tairg Ct4E !r!!p (&GMrGAlrOt-Siq'HP)

Thc chdnicd @hpocido of clay vsv nom tho* clo6. io th! Por' cbv' to

0Et cont i!i!s ! cosiddrbl. e@t of chdicd ldeixtuG s ilon hvdtoxidc' iM
rdf(L.3.n1, cslciu clt Elc.lc. Iton hvddi& it lL. FimiFl @lorilg tg@t i!
cl.F, d$ olr{tc 6.ds ory grc l!. cbv diFqat @lod CLt! with m iEPuitid

!E w!iL. Th! dqior eulc of :ltdi€s i! ccndt i! foDd i! lbc dgiUlacou

coDF6n of lh! tlw oix.

2.4.13 Crry rd Sod
Clty sd sld !t! Di ob.i.cliontbL inPBili6 s tlt'v $pDlv tlui4 siliq

!t!d iM orid.' !.c€t y fo! lh. fot!!!6 of th. d.dtld dll6td i! c.66r

Doloniic cilmt bc u.d for tE nldfictur. of Podbld c@al' bess' of is high

nrgEdiun 6d.!r TL n{'d inlorrllt ft.tor cottolli!8 th' sliilbilitv of lilnctloE

fd 0E ordfr.us of PoiLrd cdor i! irt lug6ud di& @rat. 'rh'

Ddd$iblc liDit of*li.h it 5% i! tb. f!i!b'd c'64' or ld tb! l% in lilt'doF

bcc.@ dllils ctlcilrlioB d. dgD€iu oxid! dtdl qill ircr"s duc to

ctini@ton of crts dioridc 1221. TIE cxq! of D!8tr6i' dv bc ds8dw l'o tbc

oudrs of cd.Gr., dFitllv .a ih. blt't to€!* If 6' MIG0B of tili6 &d

dl'niu u! big!' pe high cdciuo' liD.ston' nun bc !dd!d (o loG dF inPEi6e'

A&di6 (Sod! !d Polsh) gcdsdlv .mut !P lo l '

2.{.1.4 Mrtl
Limdr.rc wirh.dm'r(hG ofsilica chv $tdscc, 

'!d 
iFn oridc .|! cdlcd

dh. Mdqrc *drv fiiablc @uullrios of cdc@s mrtsiak Grct€d bv

plrrli .nd dihd! io t.l(6 Dd dttslB og lonS Frio<b ofii@ ro stald'l rttuiB

of ph!15 oixcd *ith th.lb of.nio,b Dlv fotn $u€ $lcl t'<b or tul silabL for

c.lMt tMufenrilg bua su.t d.?otiB G mt 4|''@

G@logioUy @b .Gdin dat r"b S'ndLd Uv 3iEdtucols

s.<ti!Mrti@ of cslcius c.ibdut &d clsv $tsnn'. th' hsh.33 of D$ls is loffi

t ! liDcaloDa th. hi8h.. tb. coltdt of clry 3u!'1tec! tE loM o'lt !filnd
$rc tilc nlrb d !i! .lo binrndB 66dtu6!t ThG cold of tuk dctdtd!

on l!. cltv $b!t,@ lnd 6tset Aom v'tlow to strvLh bb'L Mals 
't! 

6 4c'll4r

6w nlGrid for qn dt Elnufron&' b6!@ th'y coolti! tlt liFc &d tlc cliy

@mpondt i! !n drEdy hdEogdrz.<t coitttitioL A r. ih' qutiltiiE poPoniosd



thc lim. ed cl.y conponeori ir qddt Bw rutdials, thc folo{ing cla$iitcdron is

2.4.1,5 Ch.lk
Chalk ir s &dimdrlry tuk, *hich vU fomed dlnng lh. cEta.cous pcdod

ir g6ldgiclr tiic" C@logicatly ir is EltIitly yoE& In @ntnst to lim4lonq chal*

tu ch@cGdad by ! sa e&dt tdne, thi5 peFty q!ali66 chdl a 3 aw mt d.l
eF.i.lly forth. wd plo.6 of e:@t Dlruf&nr, Si@ bl6stj.g i5 @t tlquiEd

fom qu.rying of cLalk and th. cru.hing Ptlcs M sle b. omin d this kind of

nw mstdal cosidcnbly low6 lhG cd4t F.ducliotr @st9 In sotu d.po3ils lhc

colciu Ebonate @nbnt of chdk mouts lo 98-9% wirh stull adeixtu8 of

SiO!, Alroj, sd MgCO3. h enent nw mt dsls th€ lime cotupo.dt is g.r@llv

reprcscnt d up ro & mout of 76-E0pl.. TncEturc, lhe chodical and phvsical

prcpdlics of this @npondr e of d@isive itn@e, whd il 6ncs to scLcliDg

mcthods of ccmdl mufrclu.ing s wll d lhc tnF of ptodetjon m&hincry'

Clly norc !d sioilat Nks e esrhy, 6ilv di.inrcgrared N of @lloidal

clay or sil! si^ rurdid. Sh.re is ! simild rolriol bui n do6 dt disin|smtc c
csily I .lay stones. wn@ almina ed tilic! @ lot Pc$nt in thc lincnon. in

suincient mosB, n is @*sdt to add cl6y or shr.le Boih cldvs dd shal.s havc

eide vdialiols in nineralosical dd ch.micd @nt nt fmn e$. iallv hvduicd

dsiDun sili@le to moe ths 50el0 ftc. siti6 slors *ith alunitra 6d i.on oxidc

2.4.1.7 L.bnt. rd B.uiac
Psidd dcFsits fodt d u&i spdi.t cliMiic @ndition iD tolical rc8ios

Lddirc @sisB €lali.tly ofbydr.lql iM did6, baaitc of hydr.lal.l@ind

oxidd, th. dost @tlrmn impuity in both b.ing sili.r' aluituu lltditd 6d

ferngirou bdiit€s @ quit codso!. O@.sioirlly bNile and tdent @ crcd.d

dd rcdeposib4 athoud it is Mlikcly that lhey can b€ ttn$orted ovcr Srcat

dielances. Th€y nay b€mnc mixed wi0t odlct sedimentatv nat rial, to form $ch

rocks 4 baqites ald lalEits.

TIE nsjo @ nat dal fo! rb. ruuf&rurt of cli.td is a liEcbe&ing

m!t6i!t. ld.dly, thjs @tcrial wiU bc mincd Aom a loelior n@ thc Plul ro

DiDimizc tupon drd laniling @sts. Linelo!. is $e nost coronon m.ldi.l !s.d
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attholeli chdt, !.ssheu dcPosi! sd o&d caldds rotdisl (calciM €bonalc)

6 bc ued. Th. iDFda.e of li$!$one m bodi6 ctosc io thc Ptad i5 tblt it mtl6

up doud Eo pd.6t ofrlc spprcximt ly 1 65 toB ofBw Mrdial inlur ceded 10

m.k one tonc ofclitrkd, Appbnudely 5O Pd cenl bv wigllt ofthc lin -6€!ing

mlraisl is lost B @bon dioxi& itr the lNuf.4t8ilg Plta.
2.4.2 Maruf!.turing

The proc6 of cdoll mmufscr@ cosi$s of thc incorpoarion of the aw

hat rirrs ro fm a ho@AcMs 6iahr, ih. bumjtg of mix ir . ldln to lm a

clink . and thc grinding of lb. clinLd silh the additim of a sall poFnior of

gt?sm lo a finc po*der. Th. briefdetlil ofih. Procds i3 8iv€n !.loq

2rtr.1 Pqrorlio !g, Mlrhg ..d 8.w Mili.g
PrcponioDing iNolv6 &taniiing ihc @cct !rcporrroB of b.t€dals ro bc

combined b fom the hw mix, The ptuPonioB de goleoed by thc clt@ical

prcp.rtics of lhc mat ilts lo b. ued ald th. dcsiFd FoP.di4 of th. clinkd th6t i!
prcdrc€d. Ancr Prcportronilg; the Bw Mlctirls tur a dry prcc* kiln e Eix€d !o

prcdr d .dGd dly E* nix. Mitjnt i5 e impod.Dr 3&P in lhc prcca ro e6e
m w@ dislibution ofth. prcFrly FoPon'os.d @6pot4c ofrhe ruw mix $ ltrat

thc cliolo wiu b. of s eifom quatity.

R w daL.irls *ith higb miirc contcnt e dor. litclv to bc sluded lhcn

dMteFd !o a filtd cakc b.foF b.ing introdE.d inlo th.ldln This is kroM a oc

sni-wer p@.$, ADoth* prc@st ihc s.nidry !rces is ed whcrc theF is a

Itqliltlmt for th. Bw idtt dds to h. in tb. fom of nodulB or P€ll.ts. For

qmplq thc l4pol kiln rcquis v!t{ ro b ldd€d to thc 6P oix to fom pellets iltt
cao be !rehc*cd by $e hot kiln cxhMt gascs in a pF hcatcr.

2.421 For.aD! of Clid.cr
Tt@ e fou s:rag.s lo lhis pM.s a foUos:

. Evapootion dd prchcatine,

' clinkcriarion

EvapoEtiotr sd prchqling @ovc noist@.nd Eis the remp@tw of lhc

nv mix pep@lory to etcinins. CalciMlion rot6 placc ot 80G900 C od brclts ttc
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calciw wboEte doM into .alciw oxid. and oibon dioxide, *dich is dolvcd in

1nc pmcs. Ctibkering complcle the calcidtiotr srage ald fss the cslcined nw mix

into hlrd nodul6 tMblins sDall gEy pcbbla, Xih ldpdstla in rhc bming

an mg. f6d 135G1450 c' dd Fl.nrid lm6 in rhb 6ft & fou |o 3ix

Ctirkcrins is diticul 1o lhc quahy ofccnc.l ud rquiru eouanc @nml of

rh. cldgy input Insufrcidt hat will 6e dt? clinLr ro b. udc.bdt, @ntlitilc

ucoldt d IiEq ed rdNing l[c hydrntio! (stlirg &d had@ind prcFri* of tlE

$ullios ccmcnl, Exces hcEt vill shond tho lifc or thc rcfraclory brick lioing rh.

kiln, nay damge lhe kiln shcll od diniobh Foduct cldivity.

Thc hid lGDp.F$r.s Eqlir.d fo! b@irg of llc nw nn l|16 tu1 lb.

piocs b .netEy int Bivc. Elc.tric.l ccF/ is rcqucd for tbe 6w niUitr8 ed

mixing, bMing ad fnish nilling. Th. lus.st ddcy ddand is for tu l fo! buming

ofthe mw ni* This tE tF6 the focE oftcchnologicnl dwdoPmdts

2.413 li!i!'h M ring ofclidcr
Finish Dillilg k lh. Eindios of clinkd to Pl!d@ a n@8Ev PoQd4.

CrlsM (CaSO, is blcnded wilh the sroud.linler to Prcduce fnished cmot. Th€

9r!6M@ rols the ral! ofhldElion ofthc c.nmt i! rhc cmc 'stlrlgproc.ss,

Sisnifcalt liouts of el@ttic.l a|cr$/ & Bquircd for dili!8. The tobl

pow€r dcn&d depsd5 otr $e 6Me!s ol$c gnn4 fi. ditlribltid oflodiclc size,

ed th! efficidcy of Fpudiotr of the tincly grosd paniclcs. The frct the 8rind, ile

morc rcrctive is thc fhishcd cmdt, Rlpid-*ning c4ots hlve snall.t ptnicL siz

the lb.lcss @divc tow h.d ofLt liitio! clodts C@.ur i! n@ t4tiv. the

clinkd Md @abe moistw 8oo t!.dvireMdt ladingio s@ &9.c ofpte_

Thc ldge powr dclMds of 6nish nilling nm thst imprcving the cfliciocv

of 8rindlng ud *p6nt on of $. Sround cli.ks @ vicld sigili@t 6.rsf
efa€icncy impovcm.n6 ed cosr eein8r,

2.5 TYPDS OF PROCESSDS IN CLINKER FORMATION

Tm disrinct pro@s e mllord h tLe prcducdon of clinkd ln thc we1

pbc! rlurry of th. fituly dividcd 6w nlldials i5 bad. .nd p@pcd into 3 ldg
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rcLry ldh.In the dry p|!.* lhc 6w rulaidr e ptpar.d for lrrop@ing a.
hlsd of fircly sDund pord6 dd inidal hotirg i3 su.lly 6icd out in a prchcla

using the hor ges ton a rclqtivelt lhon kiln, tlovgtr, h liiolc Pdis of thc mtld
vhcrc thc mw mrendh @ rclalivcly dry Md tuel 6sls N not Fohibitire, dryine,

c.lci ng ed clinkcidg nay be cei.d out in a lory dry kilt! Th! rcl pecs *4 at

orc timc lrdooi@t but. Epid iFl!4 ir fucl 6ts i! rh. l9?0l a@lcErd thc

n.al nrgc of i$ EpL.e@@! sire it inblv6 thc Mpor.don of a sulst rti3l

q!&tty ofsater, rr?i.dly 3G35% ofth. m3 ofth€ kiln fccd [23].

In thj5 !rccs loft bdeisls ft @vdtcd in 10 sllrry with {aL! in a w!5h

Dill. Th. rlEy !rcduccd, @trolled by m.a5ij@6i of ii! dcaity ed ln. lddidon

6t6 of the na&ri.ls, od should @!tai! lhc tdd6t @tEdlltron of $lids at which

't 
b pepablq Reduction of Mter cont n4eslry for PDPine @ otur bc

achicvcd by adding . d.flo@trlant, sch !s sodim @bonatc ot sili€te at a 6st,

*hich is l* rh@ lhrt ofthc k n nd $vcd

Eith6 clay or ch.tk @y b. 5lui.d fd &d rn sdnd @FPo*!l blcodcd

with n h a s@nd wsh nill. w!.n cnau( conlains lints ir mly hc added lo lhc cl.Y

slnry in thc fod oftubc mill, olled a wlrh dM, in which tle f1id1s et s grinding

dcdia ed @ thcn '!.dD€d of. Rmaining @e ma&rial b renov€d fron ilrc

slu.ry by fm $c6 or by htds cyclon s.

Fudnd odjushcnt uins minor componcnb such I srcud wd, pulveiizcd

fuel dsh or ircn oxidc, My be nee$oly to optimi4 ch.mic.l composition Tltc

rcfircd slurry is nonilorcd by d€bninatiot of rcsid@s, whcn a sPle is wdhcd

thDuSh stld.d si.v6. Cbmicat @nporidotr is dlEk d bt @pliD8 !t diffcml
(.g.!. Tle slury is lhcn h.ld on t!rk! io which it is aeilrLtl holh nebdi.atly ed
by compr.ssd sir to picvdt s.gregalion,

2.5.2 Dry pmcesr

In lbis !rccs Fw Eddisls e Nh€d ald put inlo slockpilc A

@aidedble d.gc of homg@izatio! is obtlincd by layi!8 thcD eM in striF or

layd md sFLmricdly ElEidng non dE 5t@tpil6 !tod!4d. Psirg rh. hot

gases coming Aom lhc kiln &i.s lh. ndaial Thc Bw matcrial 
's 

Sdndrd Butllv in

ilc ball nill. I1E millcd sw eal is tlarufen€d in to tic blinding silo whcl. lirc
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nlt4ial is stotd sd bl6d.d. fte honoecniz.d tulerial i5 thcn !@ss.d ndh.r

for clinkd foDdion [241.

2.6 PYROPROCESSING

The phy{cat .!d cl@icd pro€s o€uting a th. Lspcn[E of th. Bw

m.r.ri.l is aisld to Or. tdimu is 4Ud ptrcFqainS t25l lt irwl* lhc

2.6.1 Prel.ltitrg
Th. ddnpositi@ oflh. clay dincEk lrt€s pla.. in i!! tcnpe6nre ru8e of

35M50 t. 'I!c ltrnon dorptos ilt @cdilta fo@cd ititialv bv d.hvdrcxvlation

do mt slhs€qendy F6rstalize hcle lb.y Mct wilt! crlcit b.for high tuu8l'

rcdp.atlc @ Fach.d. Any naen sitc pdenl will.ho.h.omPG. i! tlis lad of

the syst!tr! ils equilibriM d€.onpositior Pressurc ?@r.. $aching I ahsPhere at

2.6.2 CalciDitrg

The dcqtElsrion of calcilc is stlonsly ddodEoic SIEific 6dB tlu
hol& €rfialpid {. tsuslly qered t@u* th.y @ u.d in calculaling th.

tlmrctical eiergy n edcd ro Dod@ lkg of alinkd Valuei of th. cquilibrie Pqnial

pEsE ofcrlcit h.vc ben detcmircd s a iftrion of t@t Dbrc bv a numbc. of

rc*e6 wilh sigufimt disep6@i6. ftc Elati@fiP b.t$6 ih. equilibriM

@Btadt Kp fd d.c$t trr'iot &d Lop.El@ is d@ by l[. Ve't Iiotr.quarion

ehich, in thc inrcsratcd fod, is

. KD| afl(l l)
'' 6'- n lr,-i)

l,h@ dH is ihc dold @lhdpy fd rbc @tion .d R b thc 8rt @tl&t Th.

aborc €qudior is only.f'plicabl. oq a Erg. t Dlfate iD *hch dlt is s@$blc

@Brant to wirhin lh. @! in c$ltibdM pesrc dc$um. Ovq l&gc

tchDcdte irrwal AH chdeEs sierincmtty b.ca@ llc difffice bet}M th.

specific heats ofrca4bdtr sdd Prcduct! chsgca

Thc factoB ddmidos thc oveEll ntc of d.s.bondion e:

a. the Mr.id l.npddt'F vtich ddmiB P co,

b. The er6 l6pcd@ *trich detcmin$ h.qt tres&! ral.
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c. Th. exlqod plrtirl pr.s@ of COr, which is rhc sus of ile ponilr PGs!@
dcrivd fdm th. ..lcire d@hF*d &d Aom thc @mbuiior ofthc f!€1.

d, The sia dd puity ofth. calcit p.nicls.

In lfi. ed or long &y ldlns rh. etrcnsty .ndo6emic Mtue of the r@tion ed
thc &pth of&c b.d rcruling har trffifcr bci.g alc @ntoUine. If thc indNidu.l

crlcit p6nicl6 e sFndcd i! rhc cdbunid g4 siiaD tbo ?osibb nt

The nte of h@t tholel dy alrcady &cirbomled matclial 10 thc

udc@mposd @E of a p6nicle.

Tle d$iblc plr)€ of bqljlg ! chdical bond in thc carbon t€ ion.nd

twmgcmor of ions ro fom clo crysr.ls.

(c.'r+ cq'), = (ca"'+ 02) 
" 

+ cc,1

Thc diliuion of CO, tlwugh dE prcduct l.yd of line crFtals,

Th. doEt of th* st F wiU dci.Eie tbe orcEll nL of d@boEtion.

Fo.lr.ee cry5irls hiC gG GoFtlnls ed low COr panid pcsurs, hcal lr!$fc.
will b. the nle lidiling facbr, whil. .1 lowr tdp€Fnrs with hid ext@.| COr

prc$ws, diffision of CO! will be i6le conlrolling.

KhEisba ed Dugwll d.GdiDcd Ft s ofcalcidtioi! ofa D!t@l lidcione

with ponicle si6 in thc tu9. 1(!90 re u.ing 3 i@ior siNl{iry the @ditioB ir a

conndial p@alcirci 'Ihcy nonibEd dil g6 @mpGitior with d on-li!. hs
spdtometer, m*wmm1s of calcinations nle l@ madc ovcr the lempcnh{.

6gc l07Gll56K in air, lrd in a nixnft of l5% CO! with Or and Nr. Thc rcrults

{!!. in slmd wilh lhc sttbtitrg sph.r! Eodel !d slrg8cstcd lbrl udd th.

@nditios dlloycd, cb@ic5l r@tid N n& co rolin8 ritb e etiEtio. ddgy
of 196 kg /mol. Simulla&ou inj4tio! of cod dd limcstonc into lh. rcacror w
found to enldcc combstion of the @d but inhibit cdlcinltiotr by in@dite th.

Dielr chdic.l int 6cri@ bct@ c.lcitc ed tlrc d@nFsition prcdEls

of d.y mindls al5o occu in this ane of th. kilq their importance depoding on $c
fi.c.csr &d int @ixiog ofthc ongiml mioc6lr, flrcs mdothmic r.aclions, which

osu at slighdy lowq t mFoturc rh{ lomal elcitc dccompositioo e dct ct d
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by difircrt tiiffial dglttsis a5 s shouldd on the low tcnp@ne side of the

dccdbomtion cndol[.n Solid-elid rq.lions incl€e in dtml thrcudout thc

c.lcierid @rc erl tt@ride, slnflr€s, .tul ulk lis My prcd@ rcl|' whic\
alrhoqh msU in mout, prcmolc @tion. At lhc conlet bet*m two l@ting
psnicls, such a lime ad silica, a tu9. of @mFsitioc rculd b. dpeled to

d.Elop, @Donding to l}. $b6olidu of llc biMry 9steo at thc i.mFhir
itrvolv€d. CrS (dicdcim 3ilier.) is fomd 6on $out 8OO t upwud!. Som.

pmduct ph6€s @ likely to be fom in very saU b&ds, only de.led by

dccmiMti@ of ltomic Flis uing r-ny nifte.lrsia In1mcdi.t prcd@ts,

$'fiich havc bm foud ir @outs cwd.d by @rEnti@lt x-dy diftuctior, in

mpl* tata thrcugh po ! in. kih shcll, ar! 2crs. caco!, CDAr 641CrF.

2.6.3 Clilk.rltrg
Cljnkding is the silt .iEg in th. pEs€ of s [quid !tre. An( lh.

completid of dd&honation, nEt rial tcmtEEtft tisc! rslidly and aU but lh.
@s4t sili@s malcriat is quicldy @nvqtcd 1o c1s (dicalciu sili6re). Acidic

hchs fod b rilieiich rceioa en@ i c4riN wirh lim, ,luiD @d /d ton
oxide @ occu. For er@plq mclting occM &om ll70'C ir tbe C.A-S stsrn. In
thc nst stagc of clirkdi4 th. melt fomcd dcrts signifi@t @tiU.!y fores ss !
Bult ofib hi8lt sud@ Glsion. Prcd@in8 Epid shrint gc rtrd nodulc foDrlioa if
this ba not ElEady @cud.d. Both RNian .n l Japd€s. re!.@h6 !.vc shoM thd
in . slowd, *col.l stage of clinkcring thc froctional shrin}ls€ AI-/Lo wilh tibc ! 6
be fitt d to u .qu.rion lDFscd by Kjngdy (19s9) for thc si'rding of ! $lid i! rbc

prcscnc of a lwriw liquid

MI
Wh@ lq ald le e @trslqls
a is fic thictmss ofrhc liquid film b€twc6 $c interfa.cs
D is the difrBion celEciht in the liqui<l
Co is the ehbility oflh€ elid

I liquid Yalor in|rf&ial rdsion

aH. - ...
- 

u ue tuuon r snMxl8.

6kZaDC"r v"
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'Iac pt!c.3s 6n lly bringing thc clitkd dos to cquiubdu inrclrc die

dissolutior ol lihe 6d CrS in the Fell, diffrsion of i@ ed qyst $alion of CaS

(icoloium sili@1c). tdcnti{ication of rhc nic contrclling llcp or steps th.eforc

cquic ird.P.nddt o4um4t of tb* prcffi,
TtE scrivrtio! adgy fo. viss now 6 foud 1o b" 364kj,'hol ad tle

dmildity 10 E^ Si indicstca l!. donitllM of thc .ilieL ion on melt yissity. Rltet

of elution of cao ard CrS inct4. wi0r itl.lainc cnpcralr ed bsaue

dislurio! iavolve dituri@ of ioB ,wy fto6 lhc Iiquid im.diatcly ltlja@t to

the elid rurf@, Tbey ako illclEe with d..r6ing rult vi$o$ty .t conslut

lenp€ratue. The infl@. of slkdi 6d sdphde io$ atld.d simultar@sly ws
foud to b. @mplic5L4 by lh.L fmioc i@iscible liquid!

Itr rotsry kiln lhft. lddilioDrl pr!..ss6 onpliotc thc simllc dtsolutio!-

difiusion- clysralliatio! dodul.. Th.s ee:

l. Mov@t o{ Ear.ri.l Dvolving sh.q &d @npactiotr wilhin @dd.q which sids

cnemical @nbinrtro4

2. Volatilialion of alkllis eil dtu oxid*

L The qisrsa of los plnial pFqc ofoxygm with $mc Fdution of Fd" io

Fer'. Rcdldio4 ir dcdiE, my d6llhiliz C$ ard hG@ advdcly infll|e@
4mcnl q!.lily but is minimiz.d by pbp.r omc conftl.

Potassihh dd sdiM sulfdtes ed chloddes @ volatib at kiln buhing hne

rdtrFarus, At lltoo 'c thc tlpd pBuF of ln. chtorid* @ doF thd I ato,

vbile 60* of th. sdfaB @ .lp,oxidr.ly 0,5 rld 0.2 .h for sodiu lid
pot ssim rsp€otively. A .ycle is sl up involvirS evaporniotr of thec ni@.

coslitu@ts of rbe mw tutedals in 1!€ bding hne aod tLir retb b rho kiln after

ondNtion on rbe @ld Mrdid enErirg thc ryi.n, Condctlati@ of sulfatd otr

th. @lcr wslls of the sysr.m @ lad lo I build u! ofd* fed .dldinA ro rhc

d.Dosia ed r siN Btriction in maleridl flow, Thc Lv.k dtedrc thc clink€dog

en. i!r.t!* mtil a steldy rlsr. is r@lE4 h which b 6 bdue betwo r:hat is

@terins lhis zorc sd ehlt is laving it by sporalio! and in the clinkd.
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2.6.4 Coolilg
Once the tuldial hs pas.d lhe flan., .nr.6 a short moling zore in ehich

the mclt solidiiics wilh th. .lystdlization ofC,A feFitc phd. ed dissolved sili@16

Clink r lqv6 fic kiln with a 3wf4 ldpcr.M of abod llOO t ed rhc 6'c o'

@ling bet$ca rbc buhing 4e ed kiln ait hs a @nsid'6hL inlluae or its

nicreslre{@. A tujor obj.4live in @lits |n. .lintq is thc 6pid l!.ery of han

in tlc lir sub*q!6lly wd for .mbNtion of the tuel dd rh. asuldng rcladvelv

6pid @oline pFvcnls 3ignificel ooling ofcis $h'ch is met!$bl. bctou l?tot
Thc n1e of de@npoeidon of CaS |*hB a Bdidu of 1175 

-C ud the cndcal

rcdp.nr'rc irteflal i. uu.ll, ecpdcd s I l5o t _1250 t altoud slid elaion

clle|! my modiry lbis en ehar The Iiaal O!$ b $lidiry e lhc 
'lkdi 

sulrat€s

which @ fotud Aoh . nclt imnisciblc with th. oajor st@indilicaLs helt Alktli

sulfatG may also bc fom.d on 1be sufae of a clinls bv @nd.DFdon frcn tle

2.? CHf,MICAL REACIIONS IN CLINKER FORMATION

Th. Ew 4ldist f.d lo th. titn @niairs clt6oot ' I linlc nag!'siM

@bonaiq clay or shaL, ed tat€i The ..actions rh.1 @cu duirE b@i4 rov b'

' Evoponli@ of nemt r
t R.l@ofrn @nbilcd ut r Aon thc clat

. Dislociaiiotr ofn rnaiM cirb.naL,

' Dhsociation of ctlciw @bonaL

. conbi@tor of limc 6d clay

Ev.poralioD of n c "!td 
tales phe a! or b.lo*, 100 t' blt dcas' of

conbin d wrc. noh 1hc cltv o.lv b@tu 4'pdirllc dovc aboul 5OO'C Clals @

coEpostl of . nMbd of ditrdl hvdts|tl .lusiGilicat s with 6tios of sio,:

AhOi ve).de fioF 2:l io 4-5:l; sohe claF also contain fcdc oxide a d ssdlial

coN{ir@d- b ansdotr mv b€ @sldcted h.F to on. of6c simpleet of the clsv

@hpoudr telinilc,2sioril,q. HrO. Thd L4 !m moch @ ro€sv abour lhc

ches6 l[d kolilir. ud.rg6 Bn@ n to6 *zrs at abour 5m'600 t Thc @ir

lwo olrcdativc thorie e lhlt { $hydos aldinositical6 2SiO: ALOt kioM a
nctllolin is produced or that the k@lin spliis iDto o inhtutc nix(@ of moahoug
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silio 6d sldi@ otr ftntq t€ting u dolhdic Eenoo 0..6 
'1 

!!o!r 9?O t'
variouny au'ibubd lo lhc lom.rion of t sili@n sPinrl Phe tpPoxidarin3 lo

2AhOr. 3sior, which convens to mdlitc abovc 10Oo t Bv splittitrs olf silica' oi to

d! crystallizalion oft AhO! fron @o+hoB dMid [26] O! oirhcr thorv dulire

is aodcn ar hi8hcr tcdpstrc, bur in Mdt bming rfic @tion with lin' ratd

phcc befor Lhi! ntgc i! a.clEd dd inddd @mnd h'foF l[c dolhmic

rcaclion oflaolinilc.t 9?o t M,€I*iM csloMt' d@opos !t lboul600-700

t but the teFpeotu& t.pon d v.ry cosiltcrablv with th' ewe of l!€ mtdial

ued. The de@nPosition pBs@ of calciM c&bona&, *hcn haltd alon€, rach€s

lrnosphdic pBe a! Egl lln.

rt nix6 of c.lciu cdoDat ltd feclv dividcd qu'It2 6'tio! ('c.s Erv

doqly ar 6 low. t h!.ralw s 600 t, P@a& vcrv stowlv tt 800 t' ar d
oppreciable sp4d Et llo0 t d.l npidlv at l40o t. Dicalciusr tili'ste pobablv 6

ll)c d fom is fEr fom.d etar44 rh 6lio of lima t' siliq in thc Fix for th'

foftltion of the oonosilic.rc t mdEllv stow tnd is g@cEttv t &@trda'v l@lio!

b.t*€n tL. disiliet ud 3ili6 P?-311, I! t|],ls of s!6ci6l litu @ntdrt all dE

.odbincd sili@ is prc$nt 4 ClS by l2O0 t. Thoud lh. fomstion of tricalci$

silicate @mmcs !t.bout 130G1400 t it prcc4ds onlv very 3lowlv eM at 1500

'C, blt thc addition ot ddi@ ed Paniculqlv lo the limc silic! mix itu@q

mek.dly l[e rarc of its Pr.delror

\vnm nii6 of lihc. .tmina dd sili@ d har.d fi. ,i6t @npoE Li fomc<t

e noMalciuu 6lunin lB ad 6 di.dciun silicale P'oductt oltained ftom

burning ar I15Ol150'C,dustdoM on coolingowinsto thc fomlion of1C,S Inilial

mchins @lmend at ab.ut l4O0 'C 6nd at hider tdP@tl$ dsdng e*s to

@u unl* rhc dling is slow. This mv bc du. lo th' fomtion of the rclativclv

noF srable d CrS or ro the fortuiion of $lid elulios in thc C'S Fodslion of

ti.alciun almidld .lod noi o.d rcadilt nor th't of tdctlciu sili$l'

@medce, util a tcmp@tue of l3oo t, is rc&h.d. In mixc! of CaO' Al'1o3 ed

!oro! the fist irctr @npoud ro tud at .bout 800 t' i5 Cf followd bv a rdsicnt

!ppc.m@ or cF bctwd 9oo q sd I I OO t. Fomadon of tcricalcim alulinu
fdit (C]AD sltsd$ oE ! l@Per.nc ru8c of !too'Clo l25O'C Mix6 of c!o'

Alror, Fe2O3 ed Siq show stE did.ncc of a ldsi'nl !Pp'a@@ of Cds
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bet{s I oOO t !d I r00 b dd f@dion of CrA &d AAI b'sidins d s@*hat

b6 rdF.dtuc tbd in rlE rddv mix* F2_3q ft. Ae ClO dpidlv d'ct@
abow l33o t $ Crs is foned.

A stuwbal simild prcsts of tw1io6 is foud wnd nixc! of ktolin md

cslciM .arboEl. uc h€st€d [3?'39]. but at corcspondits lenp@nrFs iij.. Faclios

proeed mE vigoresly tbd itr the orid. mixcs G.hldilc (CrAS) stads !o fom ar

abolt 9Oo b dd &d d@Bpos !e.h bv llo0'c. A &uuc s!l! t!61c' 2qs'

C.CO, Ely fm .! ! tsi@t lhre ed ii bs ds b@ obsdrcd i! clinta ri'cs in

mt 
'y 

titls Th. c@Fud C'1Ar i! ot 6Ed t twa 9m t &d ll0o t ed

convaB to ClA a! ! IOO 'C upwd!. Tric.lciu sili@te st rrs lo b@ b'tw'n l20O

t and 1300'C !!d by 1400 t lh raction Plodwts 8! cas, crs, caA' caAF dd ev

Fminins u€onbin d liEe.

FiEt fomtio! of liquid @ls at about l25o 'C r2E0 t wh6 the h'ar'd

hs urd48o€ ! preNu*.d shri tgc, etu iimq rtoM 3lh'N!'tM shrittlge

M@honuonic .nd illie @ l4 @tiv. ths L@Unitc sd li8!d lcmP'r'tG @

tredcd fo. @hPebL dtctrts of @tion [40].

The @G. of dF twtioG ce be tMiz.d a follos

Bclo* 800? Fomalionofcoo AUo! 2cso !o!Or dd2cao Siot b'ei's

Fom.tr@ of l2CaO. 7AlrO3 b.gins

2CsO, ALOr SiOr foEs sd d@nposs .e.in FodatioD ol
3CaO. Ar'O' .!d 4CaO Al:Q. Fo:o' tErll. All C!COr

d@opos.d .d nE ClO a.hd a '@iou
Fo@,rioo of @jor pdt of 3C.O. Alzor ad 4C!O. Ahor' Fqor'
C@ed of2C5O. SiOr t a.bs.|diEun

l26ot First liquid fomarion 4an!

FoEalio! of 3cao SiOr with pog6siE disapPeese o' &ee

lin

Thc abovc obL @ o.lv b. Egatit d s alPbxi@tc, but it ildiote b@d!v

ihc nodc of cd4t @po@d to@riotr lortllio! of 3C!O Siq (C$) dG Nt

ocqr lo ey apprccttbL .xeot ulil liquid i5 Fls.nt in mix tt 1260 t &d 
'!oE 

No

fomalior olfik @mpou4 €6 by 3olid tactio[ is rc.dcd to h' eticiglr'd nwh

below this GnPmtuF h aicw of its sllbilitv !l lowr lmpe.ane Tlc fomdio! of

800 - 9oo'c

900 -l roo t

l lo0l2o0 t
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rric.lciM 
'ilicsle 

conplcic about 1350 t -1450 b, shcn thc ft€. lime mainins is

Educ.d ro ! sbau qutity, wld thc clir|dng reB!.nnG is @bed dc! if trot

all, of th. .lmila fdic oxid. ed si@r codpoenls will h.vc lN€d iDro 1hc liqdd

@rl th. only elids F4.nr & CtrS, Cf ed ono, . lird. ne .alci@ olid.,

Tnc c.rsrllliation of otu liquid on @oling prcduccs agdin 0€ conPounds

crA and qAF d wll B the vdioB onpourds thal di* &on thc ninor

2.8 THERMOCITEMISTRYOI'CLINKERFORMATION
Duiihg lhc formotion ofccmchl clinkcr, hcat is abetbcd in sonc proccsscs

while in thc oth6; h€t is aolved a giv6 bclowi

T.bp.nrlE Pt!.* Ilat.Llg.
l00t EvrpoEriororf@wdcr Endothcmic

500 t sd abovc Evolution of ehbiocd Mter frcm clay Endotlrcmic

9oot 6d abo@ Crtlar izrion of .mryhou d.,hy@!o!
pr.dEls ofchy

900 t ad abovc Evolurion of dbo. dion& aom ocrM

900 t to l20o'C Rc&tion bctwen limc ud clay

1250 t b 1280 b cffi.ac4dl of liquid fmatiot
Abovc 1280t Furhd foElrion of tiqlid aid c@d.rid

of fomrridof cdar @dpouds
Prch6bly cndothmic on

Evapomrion offrt Mtcr .t l0o t r.quiB 538 clvg or 958 Btu /lb. The hdt

a!6oib.d in the dchydFtion ofk@U! at 20 t is l68avs or 335 Btu,b. h the c4 of

montmoriltdi. rhc @nBpoldilg valB rt 58.5 ed 94,6 eU& ed for illiL 43 .dd

84,5, T!. poduct of &hydrdio! shows ar dotLmic !@liotr at sboul 900-950 'C

&ising fton the cryslaUialion of lhc dorphou mlterial ed mouliDs in thc case

of kelin to 7Al0 cavs dlhydEt d kaolin. The hsl lbtorb.d in dkeciation of

cslciM cirno&lrc is 422 clvl d 760 Bn'|b d 20 t dd 393 oU g d ?08 81! 4b ar

890 t. Fo. msciM c.rt Ete ih. valu6 foEtd by dififfit inv6dertio6 vdy

ftom28.t 324@Vgat20tand 25o -2gO 6r5gO'C.

Tho @1ion of th. dchy<taled cl.y pbdocis wilh lime is 6$ciatcd with a

@sidedble dolutio. of n6! rtich vEie yirh [E c4ent @Bposnion ard aw
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rorErirlr but only abolt 50-?0 qvg rt n stlg ed lincstolc !rc usd A hdt

evolu$on of l0O.{rvg o. 180 Btu 4b, is suffici.nt U.octi.sllv to Eise lhe

lmFEns of tlE E!.li!g tr|lss bY ovd 3OO t
TL. Elalirc odq of rb. thot licd hc.i qu6lriri6 irbh€d in rhc YdioB

sascs of en nt bMine n.y be iust .d by 0e followils c)@plc in *hich 1 55

kg dry calciM cdbonot ed ctay e usd io fom lkg.li!&d [4145].

ttatirg h* Mrdial fi@ 20 t b 450'C

Dchydhlion of clay .t 450'C
gadng Mted.l5 fbn 45ot b 900'c

Dised.tioD of c.lciM dbotai. a. 900 t
I Icsrine rhc de&bomrcd tutoial fmn 9()O'C to 14OO t

Exorh@ic crysrsuiztior of d€lydlrli@ clry

E\ol!mi. h6t of f@ltioD of c.funt codt ud
C@ling clirLr from 1400 t to 20 t
cooting Cdbon dioxid. (cq) from 900 t to 20 t
Cooling sted fiom 450 t to20t inctuding cotr&nstion

Nct lh.o!.ricit hal r.quitrd to fo@ ltg ofcli.kd

l?0
.10

195

475

125

?5

1030

10

t00

360

120

20

610

1030 - 610 = 420 kc€l

Fo! diff.rc raw nix€e dd fd tlidity dif.@t daia, difl@d altho6 h.E

.alcllalcd valuca fsm 400 ro 430 kcavkg clinkFc llte ncl hcat of hcllitrg discs

fon ihe fsil@ of all 0E ctN lo cryidli4 o. @oling dd is obvioBlv a vdiabl.

feto. TIE valuc lo b€ ued for ihc .xotltdic bat of clFulliztion of lh'

dehydrnr.! ct6y ar !bo!t 90o t G ol$ 6 w b!rc *n h $tu dolbt od mv bc

sster by.llsut onc hala d@ lntr u$d in rh. ahove a@plc; it is.l$ tD!€d on

kdtinite dd mt oD othc. clay nircnk rb4 may be pre*tt

The hot r.quiFd in ptacli.e is, of couse @si.leoblv 8rcater tho lhis

th@Eticat v.l& or e@ut ofthe n !t lost in th. dil ea&* itr lh. clin}4 disch&ged
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frem 0E @ld, in odillio .nd ov€lion los frcm thc riL!, &4 i! thc wt
D(a6t in lh. d.Poolion of w.ld li.n lh. tllEy Wit!. nodh Ft pes liln

olannal cfici@i€ @ nor much 6ovo 30 FMl, bur sith lFciol h€t @pdro6
v.lB ippN.hitrg JO Fqt e oblllcd i! lh. si drv .!d drv Pto..ss .nd

nrhq noc eith 3lan Libi

2.9 MODI'LI IN CLINKERIZATION

Moduli !l! rh. Gltii@$ip .soo8 dirqlol oxid.s F!.6t iD c@.d dw dix

or cli.lci Tl* hoduli e ulcd lo 6lrol th. P@ott€p of didc of d.lmtt i!
t|v ldx duilg nw mix d6ig!in8, Dit&tal ccecnt3 h^t difr@t dngca of nodoli

*hich hlw lo b. @ntD[.d dE!'g ctdcdzlti@ Tha.foG clid.d dodtli e wrv

muc! inpotlet in q!.lity @!61duins c4dt 
'Muft 

tu io& Th. nDduli of h*
rnix lnd dilf.r !rc ltmit lh. stm., Ihc tDodrti it! claltificd rs foltN,

Al@br Dod'rr6 (MA)

Aluid modulN is tL Gl.ti@ltiP t twM lh. qidc of dminm tld i'on

MA=4+

Sili€ dDdulg b th.

iren .nd is gl€n s
Fl.liodfiip of rhc ori.t of tiliq sith .lMirM Dd

MS= siot

CaO

ljD. ...!ntio! trctor (lsl)
Lim $t@dd fDLr i' rh. Ebrioodnp of 0!. oxi& of crtciM wirh !ili@tr'

duilM &d iM !!d i! 8i@ !t

LSF =
2.8510', + r.2 1q + 0 55 F. P'
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2.TO SOLID SOLUTION OT CLINKf,R OR CLTNKER
POTENIIAI.s
All th. ffijor Fhda in om€rcial Podled ccmdt exbl N multi'@mpon nl

solid solutioc. Effiples @ nMmE, dd bolh major and miNr @nstitucnt

clm@is e involv€d. In addirioa polymorphism (tur is ihc exbrcn@ of dillcMt

crrrtdlirc fo@ or pb"s wilh itG s.@ DoniEl ch.oic5t @oFsilon) is dlibiLd

by thc sili@1cs, For qabple, tbc sLbilit, of polyno4hs i5 inl]@n !d bv EladElv

low ldcls of$lid sluli@

Thc tm slid soldiotr dod lot dconpas ilclBiols, wbich e obs€rycd in

clinh by opiical ni@spy. It involv.s a dist ibution of lhc solutc ioG citb4 bv

substilution of thc6 for ioN of thc h6t ory$ol or by lhcn bcation ior nomlly

unoeupicd inleBlftid 5i16. Tl6e poc€ss.s my Prcdse veecies al nomdlv

otrunic'l sila to mrinhin clccto.ncullolity. Whcn sub6riblion of i colion Mr' bv

M"oes, for exmple s cldgc batec in substilutiotr m.v al$ h. mlini.icd bv

rh. crcadon of ts elalros or Dositivc hols in tlc @nduclioD or vdde bsd! of

dlc elid, cpetivcly. Th* my 3ienifiedy iiclEe chmicrl Gclivitv ed 8le

Solid sotutioE oftd prcd@e a ch&gc in the dl cell size ofa crtsttl lslijce

which dcDend! on rhe .onent6tion of sol . iots ed which cd be detedined bv X'

Ey difftetion, Above . cnticd .orcdlnlion ilt r. ruy be a chdgc in uit ccll tt?c,

Sol'd solutio. my $lbilia a hi8ll temp.6tr PolForPh so lh.t on @olinc it dod

.ot ilvd ro lhc fom slabL at sb r.nP.duE Tlis ellet a€quentlv d.F!& on

lnc Etc of @oling: Rapid dling f.vo6 th. Elcnlion of laglr mouts in solid

elutiorr whi!. slow @liag flvoE d-$lotioo of f@ien i@ !d phe i!rc6ion.

Al @m tdp.t!n[., th. tbm.l .qg lvlibblc Ely not !€ ef6ciml for th.

luclelion of tlc stabL PhEe, althoud thb nav somedn6 b. bduced bv

nccheical sh@k A oetastabl. for Elly also Fllht, ifthc crts&llite si& b stull

bssusc thc pobability ofnucl€tion ofdF 3bblc Phe is ihd low-

sotid $luiioo @nposnioB in ccment clinks rc su.llv 4prcs$d in

chcnical6dy6 s ifoxidcs nthd ths clmd l io$ had gorc hto solution. Thr.

is @plablc be!@ 1te crJdd srructur.s of lhc c6ed bireEls @ bacd on a

ftdc*ork of O! io6 irto *hich @tloN d Dlck 4 for el@traculralilv @h
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stion i5 a@mpeied by the nMh.r of Ol ioc i! it3 oxidc fodutr El4€rts $ch

d silion dd sulphu de rEatcd 6 hwothari.d ctiots (Sia|: s5 in de$ribirg

In clEaclqizing fic intcdction of . pdii.uld phlsc ed rlat d elid

elutros with watd it is ncesslly to dininguish belw.4 thc nte of rhe ch.nicsl

Faclion in hyddlion ed thc devclopocnl of strcngih in a mort{ or p6le hddening

nndcr wolci Thc tcm hydmulici(y is usully rcsoflcd fo. lhc htler ed lhc two

evalualioN mly difq li8rifi6tly. For depL, CrA i3 ihe most rca.live

@NtnEtrt ofclinld but psste of il dcv.lopt linlc stlnglh

2.10.1 Tliqlcium Silic.tc ('litc)
Thi5 is d orthosiliet€ ent ining dist tc SiOi tehledEl sd O! io$ d

dio6, $ that it5 fomth my bc win ! as Ca3 6iO.) O. 'fte lriclinic G), thEe

non@linic (M) atd rhonhohcdtd (R) foru €xisr, svmctlv ilcigios with

i@ing r.mpennlF 4 dpenn. Ph!5.'invdiotr tdp@ta bavc b€a

Ebblishcd borh by X-Ey diffnclion dd diffcEnli.l rh.nml &.lvsis salcnle

ch&g6 e sldl Dd $ rb*foG e lbc th.Ed ctfct

4 <-!4:rt?i <-:4-+Ir <-s+ M,.-t49+ M z +E) M t +]qlrs- i

CaS b st blc (wil! Bpe! to c1s) bctwn shoul l25o t dd l8oo 'C ,rd

mls incongrently.l2150 t. Th. tigh LtrP.Ftu fotu crn bc slabili4d at mm

lmpeht@ by solid solulion of th. ihPuili.s Pcsnt in thc dw matcrisls us€d in

cment mdufa.turc &d lhc imlue CiS ptlcnt in comftial clink B is Ffeftd to

6 alite. Alile h usualty norcclinic (Ml or M3). OccsionaUv ftonbohednl' or

Triclinic. The most aeqen y fouod forci8n iom arc Mg'l*, Alr' dd ler+ w h snallet

dou1s of Kr', N.'+ ed sO. Tmsition hctlb such s chromim ed nes{e*
@ also usually preqt al low lacb ed hav. ,ignificel .ffccis on @lor in whire

@ment, Thc dilfcrdl fods of alitc do noI diflr gretlv in hvdaulicilv. The

fomadon of sotid slulios in r.es ltu p.rc.nt gc of dit si8nificmdv above that

€lcdaled for crs by tbc Bogue ncthod. lor ample, Mg" @ EPlace Ca' h ahe'

which in@s rh. .ppNnt CrS lcvcl but d@@s thal olC:S
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2.10.2 Di cnl.iun Silic!tc (Bclltc)

Dicalcim siliqle is dlso s odhGitic.t !rd, s *iur thc alit ' dififtnces

betwcen polynolph pdncipdly involrc th. oricntltior of lh. SiO4 t.tFh.d6. Som.

resrormotionr @ur owr . r.hpcoluro Ms., which b diffcrcnr for rtuins and

fallins t mFdtlc. Thft N fou PrirciPat polyturyh, shich h.v. tEd .l€isEtcd

d, 4 P udT . OfitEs 6 tds tm vdy sinils lods dinilglis!.d a dfl utl dL. Th.rc

@ di$.epdci6 in th. publbbcd lildte @ th. ittlsfo@don that @u' pltdv a
a Bult of l[c noG rcqt tidin$ thd iimc ! hiehd t@p.dhE 6 .ff81 th.

loM tdFrate Fsfomdior std rhst b&dornati@ e ctlstdlit siz.

dcpcndcnr A siopliiicd rhchc i3

rFP F6!€
t<5{0r @! |

dHearcongrumtm.lting

Difcrcnd in hyd$diciry @ 6sidebL Th. t f@ L3 o oihdtbnbic'

olivirc llrud@ ed i! **dti![v @n tvdnulic ddDud . p.!tc dG bvdtir'

slowly. Tbc @motr fom in 6n!reid cliitd tu |b. mooclilic, C$. 'I!! hs !
snorsly disron d low tllnlcftnc K2SO. strucnrr!, $trilc ds Cf ha . bi€lt

r@pcdlte K2SO. stocnN.

TtE inpui fod of C1S in @mfti.l clinlq it tfdtld to ts b.litc' uuallv

I b!( oc.4sioMtly d is f@rd. B.lic is sbbiliz.d with Espet to 1 C1S bv foEign ioa

in elid elution. If th. ," phrs. int6io! o@s ia corMftisl cddt clill'r
.tuins coolbg lhcn thc latgc speific volum chdg€ lclds to disint gniiotr ofrh'

ctintG wilh srios cot!€cuglM for thc cfficidcv of 0t @ola sd' si!@ / c1s is

.on hydraulic, fd lh. qudity of tbc Foduct rodMiclv lhis oe!Ir!@ i5 wrv @
bc@ue allolis, in pdicule K'', N wultlv avlihblc in luflicicnt qEtnv to

6 CrS is said to bc moE bydEuli. ild I CrS but solid slution of Ph6phde

io$ rcv64 this, o c$ sbbiliz.d Et mbi6l €nPmtuE bv lu8! douG of cal

(Por) , w foud to b. rcFhtdruulic. Itr gcndd thc pbPonioB of foFi8, ioB

talcn into $lll $lution e hishd ths h alitc. CltioN inchdc AP', FJa Ms*, K''

ed 6ioN includ. SO.t .trd ?O.r' IrD$ ioN vhich d*ssivclv stlbilizc C:S ar

hish tcnperuh@r duing cliolcring, ..g, Pholphlt! inhibL lho foddlion of CiS atd
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mouts Iralq lhu.boln 0.30,4 mosl bc lvoidcd. No link bctqq impuity @ enq

distoQdon decity &d F&tivity 6 foud frcn the drfedl fom of CrS.

2.10.3 T.icrlctun AhDItrrt
Tdcilcim atMi@re is @bic dd dos noi €xhibit polynorphim whcn !w.

It @nr.io! six MbadliIl(cd nngs of AlO. te!!h.dB (Al6On '5. h !@t!
visoreuly *irh wror 6!r psrd d.v.lop lirdo 3n n8rL In mdr clinkq Fc1 Mra',

Nar+, K'+ ad Si+ e foud i! $lid solulio4 bul oily 0E slk lis chdee lh.
symetry of rIe structure, The solid solution @trtaini4 $diM L rhat nosl

@nnorty doulcrcd End it! t@lion with vd.r is l* vigoreB 6m $nt of Pu

solid elulio! inwl6 the $bni ion of Ca4 by Nr'' with a sddd Na''
goirg ioto a wc&t rile at 0E cmtre of4 six ndbftd ring ofAlo4 tetzh.ds. The

effcct of rhe new chdsc disiribution is e expdsion ofthe CaO polyhc.lra wbils thc

lirg @ntmct5. The &1cff.ct is a rcry qsll dc.@ in cubic @ll sia; Fom 1.5263

m in CrA itselfto lj24Em at 2.4% Nat. Snc @upalio bt sodiM is alrid.d by

thc pNi€ of silio ir rolid ehni@ which cxtanb ih. rugc for sdiu aloE 5,7

lowsds lnc onposd NaCsAr, which is not, howvq q spaific conpolnd.

2.10.4 Crlcium Alumimferrit. (th. Fcrrite Ph$e)
In thc C-.^-I srstcm C:F is slablc und6 Mbicnl @ndirioN bul CrA is srrblc

only .1hig! plsu6. In rh. $lid shtion *da C,A,F -. thc limit to x at noert
pr6su6 is E 0.7. Cf is ordbftombi., latr6 of FeO6 octrlcdE alrharirg wiih

laycs of lieo6 retliiedB with Csx'ios p.ck.d bat*e! tnm. Vith rhc valucs of x

up to 0,33, Alr' rcpl@s Ie" in teldft.tral sit€s. \},/hrtc .t high.r lwels of

rcdacddl th€ addirioMt Arr' g6 iDcrcsingly into octabcdEl siLr,

For thc aluinofcuir. pha. in Po.{ed @cr! tbe foduh C.AF (x = 0.5) ii
oi.! su.4 itr rh. BogE calculario! for .'mple, Ir f.cl lhc A,'F Eiio of thc

fcdre ph6e in @mwial clinla vuica ed it @ntai6 significol prepodions of

othd clddls in elid $lutior Tle mosl sual @ Met*, Sia'ed Tf'ed Tayld [46]

Savc ! typical onposition !s C!zAlF.n!M&:SioFT'.6OJ. Vdilbility in @Dlcition

is foud rot only b.tv!@ diff.Mi cli.l6 but slso qilhin a sirgle sllq ftis
phe is trE only sfo4ly.olor€d @hpoud in rhe q@idary rysl.m. ln thitr *criot
it is yellow broM in t lnlnitred light, Ttc blet color ed $ociat d shi
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@nduclivity of 1te fdirc iD Portl&rd emdt !t sid to Bdt &on 0r. @bincd

cfrels of elid etuii@ ed @ling in E ondizinc lhos9b@ antr fting'

sueg.srins dr fo@,rior of erc FG" ion. R4livity *ith viLr is Eodcatc ed

i!ct6* with i@ing A/F nlio, bur hydtndicitv i5 sliS}rt l{oest if tbis

@mpoud isfodedbysi .;ng!tlow&npa.llclbelho*n.dd forpadi.l

m.l.ins (clhkering) tho it is mc r.!.tivc sd il! hvdndicitv i5 .!naced.

2,10.5 Mimr Cen.trt Co'npouDd!

In atldition ro fos principal .omPoDd!, @Dnenial Podald Cmcnls mv

also @ntain sewd milor co6tilEnt3 s distinct phNes Magesia nsv be rciaincd

in solid soltrlion or, ifprumt at q tcvcl ofabovc .bout 1.5%, be !rcqr a pdicldc' !
sub$lntial preportion of the $diM PGsnt ges inro tolid $lution tu tlE mu
Dhes. wbrl€ the rcoaindd dd ovd 90% of thc pott$is @mbire *ifi rh. sultur

h lhe aw mrenals dd tucl. Sonc sutfd. ges itlo the sili@tas blt it is lorgclv

Dlwnt s dlali or alkdi c.lcim sulflrc! DcP6ding on l[c clative prcponioN of

s1ffate dd alcli in thc clinkd, vdioB @nbitsood of .|@ir. (KtSOt' aphthitaliic

IK! Na (so.)r, cilciu ldgbcilil tca/e (Sot t ed @lt dnvdr e (casot

2.I1 TtrE }IYDRATION OT CEMENT

Portled cdot is @nposcd of a nMb.. of @Dpoudi th. scdon of

whichwith Mtcrteads to in scning sd hatd.ning ofthe cemett. All lh€ coopouds

p!€se in Ponla en nt ctilkd are ltlvdrou bul *hcn breught into conlact wilh

worcr lhcy @ tll qMckcd or dc@npos.d, foding hv&aied @mpounds

supdat@ted 4d ullbL solutios arc fo6!d t mpdarily, but lhcs g'du'lly

demsl rh.n a6s soli.L sd t nd to @mc i o cquilibnu with ihe hvdiate

@mpou.ts prcduce4 The drc ofattack ed rhc d.8rce oft mPodlv suFr st@liotr

of the $lllrion is dcl@iftd by lh. physic€l 3ta& of llc @ocnl @mFEds 4 wll N

by their cl@ic.l na,tw, Si@ thc odgild .Dntdbu @mpouds @ot dist i!
cquilihdm wilh aqds elurioEs, 6c dllitEl. lwlt ol dt' &lio! of $!tc' D[( h'

@Dpletc ltdnliotr. TIt. lydnldl @npoun& 6 .xisi Pcdo@dv tu @lact with

ceilin elutiotri thouch i! my c.s 0!Gy fom shd d *noM s ill@Srent

solulions- This witl bc sd lar& b b. rhc oG. of thc @mplele d@omFsnion of thc

bydEriotr poducts of @tunt whd 0Ey e continusllv exteted sith sler, and lo
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bc ons of d* imDorort flcrots io d.raioi.lioa 6dd ccri,in ddiliond of @ceL

slruclls. Th! hydlilion of lCrO. SiOr (CrS) dnry b. GPl!€cd a

3C!O. Siq { w.l6 rC! (OI{) I +,(CrO YSiOrrC

ThL *ri@ <k€

hyddid€, but htdoli@
mr rr6p wlED ih. elutioo i3 3d!iL.l wilh c.lciM

@lritB {d |h. fulhd litu libode<l bv ilE l@tio4 
's

d.posit d s cr,sllls of c{lciM hvdrexide 'Irrc hvdn&d siliet! fomd @8iE

stsblc in @nt ct wilh lh. sruntcd lirc solutio! bn if i( is Pl'ccd in sGa it

untc.gc hydrelyrig libcaling lim inro stulior ulil tlE @ngltrlid i! nilcd !o

0E valE Equittd b n biliz. it Cod Ed ctli!.liotr will wdd of !h' hy<b'lal

c.lciu siliet dcntluy le.G ! s[d @E o!.d oulv of hvdntql silic" tll Uc

lioc havirs bc.t dbsolvcd sd t dov.d $tilsl v.tl linlc of thc sili6 it diseltt'l'

Tbc bydEt d cdd@ sili{{r! n !n cxmPL of t hvdstcd conPoud' Ihich foffi u
iMogruar. stulid; ltE cdF@d it Ftti.lv &'@F cd *t'd it Pts.3 ioto

slorion, lhc q@dlity of li@ ltislvcd tans in dc. ofth't ofsili4 Equilibdu is

ooly !n i!.<t stF a ler h.!ic b)|dd.d crlci@ !ilic!t' i! 
'Lo 

F*!t in thc lolid

sd th. coE4lrrio of li@ i! soldi@ hs.tlu'd lb' vtl@ |lquiEd [o dxlq tbc

MnlininS Eor! bsic tilictL ttrbl.. ft. tN soli& &d llt 3oldio! tutn' d colsbnt

r.dpotur., u invuiei Poid ir lb. Gnrv 3vn'd liDc 'ili6' 
xllLr' II s|orc liEc

is !dd.d ro lh! solutioa it cobbic with th. lcss bGic silic{'' whil' if tDoc wr!'r i3

.dd.d filihcr <t.4!porili@ of dF tlN taic tiliaic o@u6 h
@Elnt'rdoo in $lutio! .@n|,ltv ltnn! b rb. oriSiDtl vdE rhousl|' owi4 to lh'

slowB wilb *nich Gguilihiu i5 tstc4 thit mv tlquiF t lo!8 tic On

@ndnucd .tlditiotr of wda .ll t!. ntr bddc ailieic k 
'Enrutllv 

dednPosld 6d

th. lB b!!ic ailicrc @riB TbL in nn d"omPos if nwt mtd is !d'Ld'

lib@ting liN, ed hydtl&a . ie i! fodn d.

Two .xlrnc nFblnis of ccnHt hvdt'lio' cin b' viediz'4 in lhc fiin

'rhrcusl shlrion nEhrni3n! tlE endl 6mFutd! ory di5lolrc to ptldE i6
in elldon Dd thd. tlc! @mbiF !o Feipillt OE bvd'tLd ptodels On th€ othd

hqd, in vicw of tbc wrt low @n6!!ti6 of d$im trd tiliq obsEd in dc

liquid ph& vcry dbnly .tur Dixiry ..'Fr eitn wd6 r{am cmidd'd th't llu3

dEhlnim wodd oFrrt too slowly to .ccoul for th' obscd 6t6 of @tion ed

hc, tlcpfor." su8A6tc.l tl[t lh. hvdtdion MdioB oly lllc Pl@ with@t tL'
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d6l @nFoutd! goinS inlo 3ol'nio 
'nd 

by i dir. r 'ioPocldicd' d '$lid sidr'

A dcfiD|. rcldrodhrD bct@ lh' 
'trEr!&3 

tld crvsrllorFPbic ori4tnlioo

of lhG hydnt d .!d urydds @oF@d! @y b' aD'cLd !@ ! $lid'tt't'

actid Su..h r.lttiod6biP bc! b..a obt.tltd i! llt hvd6don of CtS ttld 9C1S ' l

dlo i! t!. hdntiot t!. Di!.t l le ' OqS) ed h!di8n' (dcts) i! tds'

ItoFvcn in olnc. c.g, ! '0rdgh 'lrridr 
trEhtnis i! itdiqt'd bv rh'

ot svtlioo!, sh ! o.ch&iG tcdt '!o 
to b' clc'ttv ilshtd i! Drv ot!6

bj/dntio 6.lio!* d..pit $..slnddy lo* coma|rtlid of dudio tnd tilic'

llrt pFv.il i! ldrlt d or 
'|pa$tu'Ld 

IDD soludoB $'! n'ctioB inchd' lh'

fontdion ofbyddar Pr.dtrd! cdlrililt bo$ tilic' !!d drnjla dutilg lh' rc'cioo

Crs ard c Dixnes in w&, thc Ptldudion oftiSh trlPtd' tllpbodldiid' aoG

.lMir cotri.ilins CtS, lh. clnE ioo of hGogool PLL olciu tlMit'L

hydnr.! illo lb! c{bic CdH., !d lht t!'sfomdion of ilititllv fodcd tiSh

slFlut 3ulPt@lMiltL ilto lh' lN tIPtst' lulPbo'lMi$tc d ils Ebld solid

$lution, I 3an, Fob$L' tbdlfoc, d|'| borh lhdibduior &rd !'lid i!r' rvF

of neleis scu dtlit8 tDt orn* of tb' rat'oo t'rs6 c@t ed *dd 
'nd

*|rilc th. foffi o6h,Di!l uy Pcdomilttt in lDt 4ly 3trg'3 of hvdrdion lbG

btllr m.chsinn Elv dlo oFd' dd FhrF nd! crt'cidlv dtlin8 ll|c LLt 3n$3

eha dirusiou bs b..@c tb.t dirtcul [47_5 !]

2.I2 IIYDRATION OF CEMENICOMPOUNDS

Dqrins lhc @u* of tlF rclslio of lri_ d di4lci6 tilert with wtld'

crbiM bdorid. i! 
'Plit 

oI! Dd I cd'is ! idc !v'tttr' gcl ofloM baicitv it

?-r2.1 Tri.jcloD !l[c.ic (CtS)

vho lirclv 8ro@d CtS ! trixc{t $th mr6' bvdntid co!un.,'c3 quicuv

rnd bolh ltn &al3ili6 PG i6 solulioo ioiti'llv i! lb' lle nolccuh diotr l:r ts

in i!. crhvd$s coototlld* IE cos4iialion of lit!' in toltnion i r63ca slc'dilv

r,tilc th!. ot tilic! raidv d.dat.' qttl'lt of "lcir hvdrxi& tod 'Fcr
logdb.r si6 t geldilou. d ladv tDotPhols hvddtd c'lciun siliolo CoDPlct.

hy&ldon csmt t obbia'd u'dd raiod! of F r d oo.c ulcar tlt ticdcius

,nto,. * "- 
*, 

""* 'nil 
lbc Dix rcgrouflt d idtc'tils lo 

'xpo6t 
fi6h

4t



surf@6 to thc walcr' Olhwis thc prcducl oblained snos Mll&hcd cotes of

rdcalciM sili€1c ffiuded by s lryq of hvdrdcd sili€t slich, b'ins El'iivelv

isD.nio6 to Mt r, tadd tunhd tttacL slow At coeplctc hydntiotr tlrc rcacti@

m aplodmlr.ly h. FPtwtrtcd by rn .qulion:

2(3C.O. Siq) + 6H1o - 3C!O. 2sio!.38o + 3Ca (oH) ,

This simplc cqution .los et lring out the @nplditi.s of thc t@tion I'lte

imediale pr.duct foded in !616 on mixing has s C!O: SiOt r'lio n'ar 1o l Tlis

fot6 a a @tine on th. cls suf..e ed Ftad! tlE E tid An'r 3 f'w hou6'

disldio! d sPlinitg of of thi5 idri.l Dmduct Gdtr in d !'elcntion of dE

hydEtion ald th. fmation 6 tlF sold pbdu.t of a Gs-E gd of lowd CaO: sio!

atio, I -5 or lcs, This is fotlo$td bv th! fom.lion of a lhitd s1'bl' product Evidence

ob!.in€d by clcdron ni@s@py suSgdrs thll 0E s€cond prcduct mav be a poorlv

crysr.llird csH (l) snd the tl'ird csH (lt) or a cl@lv rclat d prod@t The

ompletely hyddtcd tili6t€,;hicn my wcll bc ! het reg6@E mltcrtuJ @nrlidng

b.lh l])N l.ftr pmde|5, nG a clo: SiO, drio of qbour t 'l l 6 This 6rio inctl:ag

eo.*dar 6 th. wst r: elid Etio of thc mix i3 d*l!ed'

2.t2.2 Dislcium rilicrle (crs)
Thft e fou min loltdorphic fod of lh. dicalciu sili4l' 1, F' 6 dd o'

ofr ch only thc 0 fom or @6iomllv $c d o Y fom o@u h ccmot Thc F fom

t ody slowly stt!.kcd by wter ed 4! and eoc web th' digin'j crysllls show

undd thc nicosp€ only . surfac. oating of m @oryhos htd6t'd !ili@tc, $'
rhlctns of $t!i.! ltwlv ill.r€sg with th. P.*qgc oflitu A h'nl6'd pdte ndc

ihd fou y@ old hs b.6 foud slill to contajn about l5vc uthvdmt'd C2S

Al$ough the Mtiotr is cosiderably dower the tilb CaS 4d subtdtiallv les

calciM hydroxide is ptldu.ed @d is nol dct ctlbt. mi@scopicdlv &dl aaer mov

w€kr C-H-S 8pls Prcduc€d e of&c sc tvp. s thos tion CaS'

wncn dicltcim silicare is hvd!.t d in dc6 m&r in t btll nill' @nplet'

hltrtlon h4 bdr obtlin d in a pdiod of 46 d.vs. In @Drlst to CrS, tbis uds lhe
conditions 8iv.s a6{illirc, lhe CrS: SiO, nrio of l.5 Th' rettioa cq@tion for this

@mplctcly hydBted ball mill Fodet *, ihcefoE, be reP€s cd bv thc 
'qualior

2(2CaO. SiOt + Hro - 3CaO.2SiOr'3HrO + Ca (OH):



'Ihi5 cqlralid hls b bc trbdifiGd to rpPly to hvd8tid in Fstd *i@ ilc
CaO: SiOr ralio wid Bitl ag. and ot[.r f..io6 For th. btcr sl.gs ofhydralion in .
pdr. Mrh Mtei etid lario of.bout 0.? tt 25t etich siG t C'S_H sel wih a CaO:

SiOr ratio ofaDout l-65, thc GqutioD beod6

. 2(2cao.sio:)+4Hro-clrrsitor.3.3Hlo+0.7c4(oll)1

2.12.3 Tric.lci!m Al!min.ac (CrA)

Finely goud CaA Gacrs vcry rapidly with wt r, thold lpp{atly l* e in

! $tmtcd line sludon, In lhc Drcs!@ of cxc.$ w!1er ! pl@litul fomation of

hcrogoMl plde cryslals is obscdql, dd lhcs whcn san on edge appE s stloll

biefringent 'n edl6' which oftcn fom clutca Edialing fi@ a dtr€.

TIE hydbuo. of CrA udq slcam PE$ue, or dd ii !@t al 50 'C

prclably Eulls in thc dir41 fo@lion of CaAfl. *ithout ta intcmediate fomlio!

of rh. hexagoral ptaL Lld6l6 Siui|{ly, C'AII. @ .l& bG fomcd v.tv Epidlv

wh6 CrA is nixed witb s lidt d omut of uta at eDtl t dpelttrs 1o fom a

plNlic lrs, si@ lhft is @Bidddlc haa .volulio! od lh. ldp.httE of lhc

Dt risl d$, fawd!8 rL. fofuti@ of CrAn. C@Pl.t hvd..ti@hsla!aNis
o y ucbed slovty owilg ro rb. pretation .frod.d to Oc uthvdftt d co6 bv lh.

cubic hyd6c almdding rh@ Witb l.rgd molnt3 e!&r rhc hdagonal plat

hydntes prcdued idridlly @ aLo fom od dE CiA g@tr dd mod.Ele thc rcaction

by lirliling thq supply of mt .lo t!. CrA. Al s lalcr sttg€, p€thaps and only a f.q
hom, the tdsfomtioD lo thc cubic Cr.4H6 o4urs od the @ctron thd accelc8tes

owing 1o the rcmoval of lhc t€xagonal hydtdcs ftom the sufac. of the CaA slins

t52-531.

2.12.4 Te$r crlcrrm Alumlmfcrdtc (C.AF)

Alhough lhe fsdtc pl'se in Ponl.nd canht is not n c*silv CaAr 6 such'

but a $lid ell'io! of cmpolilio! lyi!8 bct*cn C6AI, 6d C6Arr' the hvddio!

bchavior ofde fddtc pte is typificd b, trr of$c qA! onposilioa Thc dL of

rsction of dtc c.lciu dMimfdit6 witl vltd i|t.|!as eih ri. pmponion of

dMiM in the .luinofdilc tnd CdF, lhFfoE Ir!o!e! radi.g quic*lv dod e
ls npidly rhd CrA- wlrcn milcd *ith nt6, hd.gonal dar. cryst ls c mPidv

fomcd. The hdssonal plrtc cryt1tl5 ocN nddy d folilt d nN6 The F idutr



lnhydntcd C4AF .rd a prebable hydblcd ilon oxid. or dorphou dle,Or (h.ntrit')

dcposircd a.oud it fom the d&k ms

In sat@ted limewalct o. i! thc DcFne of dcs lime' the rceliotr of CaAF

b l{ss drid 6d Fthcr difl@nt in th.t hvdhrcd ion oxide or dFc,or is mt podecd

ed thc Mcdon Dmducts @ $tit [5,]-55]. Mo@q the h*.epntl pl c pha'

fomcd is now a elid slulion of tbc tltii c.lcid @mFurds C.A!q &d C{F q

Tik b m.t st ltc eih 6rEt to rh. cubrc CrAB6-C!F-tl. $lid $lution tnd

lldfomtion ro thc land ocls norc.nd h@ nPidlv eit! i@ing l4FdrG
ahd. .bout l5 t, wilh libeolio! ofcalcim hvdroxide

2.13 EFFECT OF G\?SUM ON THE EYIIROLYS$

Itr th. pFen@ of gyFM, thc hydntih Prcdu* of C3S ord pqs @

sliSltly mo<tilied in that sone sulPhdc cnld thc situctue of the @ldw silicac

hydtd. g.l .d chdlg. its oorlhology Thc hmq of hv.lEtioD of CaA is' ho*dcr'

.ltcrEd @sidcnblt dd if ibis @npound i! Pltc.d in . c'lciM sdPlutc elulim od

! nic$.opc slid.lh...pid foF.tion of ddi.rclv finc rcGdlcs is obsve{ 'lltcse

a.. rc.dls of a €lci@ $lptoaluiBt hld..!c (CtA. 3C'SO4 3lH1O)' sd !s
.hleraiz.d by a FSahve .lolg.tion in contEst lo thc positive 

'lonSdio! 
of lh'

hyddt d c.lciu al@in 16 'ddlc' lt csc of C+AF, hvdt?tid iD thc prcsnc' of

eypsM ed line yi.ld ! $lid solution of the lulphoal@imte witl o ealoSous

suhhofcrito hydmlc. Thcrc is snc cvidcncc that wi(h shall.. hodk of gvpsun

thq t'sulrhatc solid $lltioc fomcd fict, llld @nv.rt 1o th' morcsulPh't' lolid

2.I4 POZZOLANAS AND POZZOI,ONIC REACTIONS

l@lm e llsly dcfiNd s hatctitls, whiclr lholgh not emdlitiow in

thcc.tvcs, .odain @nstitudt! *tich *itl @mbirc Mlh lirc tt "diMv
tcnrcEtucs in the plen@ of waEr b lom srable iMlubl€ ompounls pcsGsing

..6cnting prep.dies, T!. poal6!6 M bc divid.d into tw grcuF (i.c nalurtl ud

Thc mt(nl poalod e fo.liic mosl pod nat rial of volcuic origb bul

includc ce ain diabmeous co'ln!. nc onincirl poato@ &c mainlv poducl3



obbjn.d by thc b@r l'a1m6r ofEn$l rDlsials such a cl.F od sb,l. ed altlin
sili@ls rcc16, and pllwdzed ru.l a5h (ny &rh).

2.14.1 Nahnl Poalalrs
Thc Falga of voloic origin @Bist of gbssy iMh€Fnt mlcri.lr or

@dp&led nrfri dising 6om rhe dcpo3ition of wolsi. dBt 6<l asl! Tley n.t
@w, s dc for q.lnplc lhc Rhdish Easr in a @Mli&t d @k liLc fom
urderlying tri.d.l &Fsit d $bs.qucntly, or in r non n!g@r.ry and

uco$ol'd.1ed srat like en6 of the hdio poalaa. In EurcF thc maLdak,

which have been fie most .xdoitcd, e th. lalio pozola@, Setorin Esih

obtlincd AoD rhc Gdi6 ldc of Soio.in, Ed rbc Gemu tres wbich is foud h dE

@idbo.nood of Cobl@ o! lhc R.bitu lnd Bavdisl tis dcpGils e ale wrk d in

Rum&ia ad lh. U.S.S.R Th* e no vol@ic dh dcposits suitable for uc 6
poalsd h Gqt B!it!in. A vol@'c sh poalaD kDoM 6 ros is obrained

ftom Tenedtre i! ths CaMy Isl&& ed ! n t*iat knoM a tetin ftom Aarcs.

DcporiG e nm@B in Uiriled Stales dd Cdad! dd $e of the fom6 t v. b.cn

usd in po@lod. coaG, As mighl b. eiicipab4lhcrc e rm@a dcposiG in

JaDar aod N€w Z.aled.

The vol@ic po@lmN ee conF*d of a nixtw of lilicates and contain

bollr !l6s and cryslallinc p.niclcs. Tnc volcmic sh od dust from wnich rhcy wcrc

fomcd na udc.gorc ntid @ling, dd in ede c.s ha .lblcqMtly sullcrd
co$id€nble chemicd .lrcrilion l€ding to the fomtior of @litic @mpouds [56].

Thc llldario! is go.r.lly lthibuLd to 0!G lction of rup.rhaGd st d add cebon

dioxide b€low thc carth'! surf@. Thc cfccl ofrhis s€riotr h6 bccr to conv€d mlch

of thc originrl olraid into ! FoF chcmicrlly udire Do<lificltiotl whjlsr rh. bsic
@BlilucnG hlc be! padially Emov.d undcr the @dbircd infllm ofrhc @hon

dioxid. ad Mt i This cowdion hs oft.eded frldlEr in tas dd ene of the

oldd Ilalid poalsn,s the in Selorin .iih. Po@lonic a.tivity is shoM ir some

tlcScc .va by @BivG law dd to a febl. qt6r by so. of th. prcdncts of thc

doy of k!6u rcck ru.n a zlt@ od p5.mila'

The .ffccr of h.stirg o utu..l volmic poalba ffi wiallc, At
rcnpcmrue up ro 500-600 t 6e natdiolr may be d.hyddrcd wirhour sy coll.ps
of ihc atomic or phydcrl suuctue on which thcir adivny dcpcnds, but at a rcd h@1
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the acliviry b nuch ddds€d or los. Ths tats tu not ad!4elv dletcd !t 500 'C

od 1est5 oD Atuid rlyoliric nalqiats showd a r.rleDcv for lh. lclivitv 1o

increse an r r.atn4t at soc8oo t, Sdonn Eltth loFs nost of its aclivilv al 750

t, while rhc lrdiu poalaDs ben€fi! by lhon hcal e.benl d 300-700 
-c 

bul

prelongcd hcatinS.t 600'C d ahove d*r.es their o.rivitv Tnous! thc climination

ot codbincd w!14, plovided no @U!pF of thc snctw oed tuv imprcvc

dclility by ircresing the porcsity, il c6 th.l thc nait .frel of hel tllltndt
my olld b. ro cdd* ey clay inpuitid pllgt, c.b&Citg tld Aom d.l.@nou

@6rit@ts lo irHt or Falonic oB. A bdl tqtddt at 5oo 'C n u$d in

pMcsing snc remd p1ul.6 lo bc ucd in Poalo.ic cendts

2.14.2 ArtificiilPoalnnns
Th€ chi.fanificial poala@ se bumt cl.vs &d shale, spenl oil shElc' bMt

gaia, buht molq and pulvdizd fucl 6h (ny 6h)

2.l4l.l Bumt Cl.y Fd shrL
Inc poalonic p.oFrli6 of bmt drF *ft wll hom ro thc Rons' who

utiliad ground clsy bricks dd tils s a $bnilurc fd ln. nahlal vol$ic ssh

poatd6, Th. valuc of bdr clay s E lddilion ro fst lim moarB lo obtai.

hydEulic popcni.s hs atto long ben knoM in ln<tia ed EgDt, shcF n Ps*
uder thc ns.e Su*hi srd HoFa. Exp.rimcn* ot bmt clav linc mond wr.
sicd out a cmlury lgo in @m@lion with thc Ebuilding oft ndon Btidgc' while

still dticr rhdlo! hld br.d thd, qill)oul !u$s, s a turtar idgrcdi.nt for rhe

Thc r of bht clsy i! limc DorbB w ale @mon d onc dm in Gst
Brilain, A pozolonic cm6t mcistitg of grcud bmt clay ed Ponl&d enol
ws d.snbcd by pottd 1571, etb sbGd lhsl ovd 5000 to6 of it, tnoM 6 Potl4 red

ceoen! wF us.d in t€sh Mtlr ed sd.Blt r @lsll&tion abour td tma

Ior d t tiod ofney y€an up to aboul 1915 the Lafdgc conpanv in Ftuce

tuufactucd sd 'ddcc@losble' c.n nt @6pos.d of a Eixtw of bumt clay ed

the Fmch gnpppi4 c@dr Thc poalonic cmot 6 prd@.d for e in th?

syp€ifcreus lcniroris of F@e. lts 'Euf&l@ 
E dis iNcd followins on thc

prcduction of hig)l slwim cdot by lhc srnc fid.



Th. E ofs lin. slrlli mrt6, DfF !d by edndbg linc .nd 6$[ed lricks

or bMt clay bgcrh.r in a morlrt oitl, ha long betr a @fmn p@ti.e in India,

vhcre it hs fomed thc cemdting mldial in dds ed smdurcs undd wat€., I!
Dgypt a line b@t clay norrar E u$! inilidly for the Laning of ilE Asum d.h
ud foud to yicld r noE wleniell nortlr lhd a l:4 Ponl,ld cddt ard s.trd hix.

hs u* w6 ho*vcr eild up owing to ditflclltis in prodrcina ih. mrcrial !t ih.
rcquircd Ftc, Tt. slow 6tc of sttrng of th. D.t dal ale hindd.d thc prceies of

Bumt clars havc in rhc p6t bBn $ed in nond and corcrte Dainly wh.n

Ponled cdcnt B rot wAilalle, d whcn a sving i! @st ha Fqlt d 15&591. Tht

d.lcrids wd lrd, horcvd, podud und.r hde dd l)@ntrolLd @nditiN of

burning and o it hls sincc bM sbom ilDt ! dcercc ofc& in bldina sinil& to that

rcquired in lhc m&ufrct@ of Ponlad @mcnt h requid to prod@e the b.st

prcducti, it sG prcblbl. ilEt only Elativdy infdior mdtcdals wft ohlin€d.

BMilg $iisblc ckys or stEt6 ! tdF.anr, wbich vqi6 Aon 600-c b
ovs 900'C, prldug bmt clay poal.N, d.Fnding on 0E 6fte of dE clay tud

thc @trditios of bMing; rhc prcduct is srcud to @n€!t lin nB' C€dain spot oil

shales, which b8v€ MdcrSone bhinS subsequcnl to distiualion dso, yield, *hcn

slelcd wirh due @e, a F@laE of sinila tyle ad qulity.

Raw clars 6si$ eqri.lly of r gtup of hrd..lcd dMinm sili€lca,

thouSh sluins my bc rcp|led 10 larying cxtmts by fnic oridc sd lo a lesr
cxtent by bdes such 6 MgO, Na1o &d CaO. TIE wa&r .ontcnt ce also vdry

cosidenbly. Kelinitc, Alio3. 2sior. HrO is a velld€ftned ninchl sd the kaolinilc

gDup alio irclud.s olbq 6in rals of thc se @mposition such 6 Mtile, dickitc

.nd mcbrulloysit- Thc nonllo.illotri1c sroup @v6 a vdicty of nindls wi(h

Alror: Siq rad6 v&yin8 ioh 1:3 to I:6 6d llcn isomorphos elid elutic.
'lhc, cu b. lypiliod by 'idcd' fomulac slch 6 nonhorillonilc  lrO! 4SiO:. oq.

TIE hydro micd ad iUit€ fom yet eolhcr sroup.

Gai4 C a etl, porcus, hisr y sili@u, *dindtary rccl @nt inilg a

proponion of clay, which is fobd distriblt d ovtr a co.siddble a@ in thc

Adcnns sd M.us valley in Fm@. Il cortliN silica in a gclalinous condition dd



h6 o dcNiry oaonly lbout 1.4 snq drying. Thc ek nls ben 6cd ir thc 6w sraG a
a poalana, but usu.lly il is bmr at a tchpcdtlrc of 9OO t.

Pozrlonic cocnl omposcd of bunl sliz ud loaldd 4ncnt hos b4n
o@uf@|urd io Ftu.e sld vd nsd st BouloSnc, Harc, SL Malo, Dicpp. md olhcr

FMch Don3 for @n@a€ work in sa Mr.t.

2.14.2.3 Prlvcrl' d Fld A3h (Fry &t)
Wh.n pdhizd cod is bur i! boilcB dc ash is @ied foMd in th. eag

c Ed paniclcs, *iic! solidiry i o i FuCy sphdicd shale. Th. prop.ni6 ofthj5

ror.risl s ! poal@ re 6Fl FFIt.d by D.vis .rd his @rcrtd [6G62] ed its
e in @ncrcL st r&d ro d.velop in rh. U.S,A in rhc follwing de.& praiculsly for

mds concctc fom d!m., Lat r ils uF t4m. widd od sprcad io hey othd

coskics. TIE ash is very fnely diidcd wilh . spaific surfae 6E @monly fdling

b€rwan aboul 2OO0 lo 5000 @%. rhough hidd €lu* e enctind foud. Ils

speific rurfe k thu of the wc ordd u lhn of cd6r Th. @position ed
ptuF.tici of putv.dz.d fiEl.sh deFnd both on thc @61bml ald lhc cffei.ncy of
lhe @mbusrion pMs s th,r lh. v.luc of rhc rDldial foD diffdt po*d slllioN

e vary wid.ly. Tbc !bd&I &oE . modco po*r $ltion wno wrtins on bdc

Ioad will nomslty bc mdc @Ni$.nr. In composition th. sh sppoximak3 to lhai of

btrmi clay hish in alMina dd ire. oxide bui ce vary widely-

Thoush onc of rhc mqjor ws of pulvcd?rd tuel ah ha bca 
'n 

d@

comtucr'on, p.rdy on Mn@ic grcuds sd plrtly on ac.out of its inflen4 on

mrl@bility ed h@t wolurioA n is .l$ Lscd in olhd @rcEte eorl. ThN it is u*d
in smc durrid in Edr hn.d 6n r.rc, whilc in Ir?@ up ro 20 pclqt is

pc@iucd h onc clN of Pordand ccocnB. Pulvdiftd fuel ah 6 h6 a dcpGsins

clfcct on oir cont nt inceing with lhc cabon conl.nt ofthe ash. Th@ ha bdn

cotuidcnblc conttuveBy s lo ti1e efcct of ginding the ash .ith.r wilh, or sepeat.ly

frco, thc lodled ceoent Thc eff4i hust d.pod on the orisinal finens of dre dsh

but il sens that linding h6 eme falonblc cllcct on .dly slErglh dddopnat

2.141.4 Tl. B. of Poalrns
Poznlla e Escd in linc poalea morialr in blcndcd poalonic

etrml!, dd a diret additios to a colcd. nir. In thc tradirioDrl e of PoallM
in lime nona rhe Mlend w6 ed in a r.hrirly coas na&, a iaded ir stiu is
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fo. qmpL, in ltrlr wli@ thc slaifielio! fd n'runl Poalata u!.d in building

mon4 only equiEs rhat the hdinu lia of elais shall not qced 5mm, With

rhc dov.lopm.nt of rhe u. of Poulus wirh lodsd cddt t!. t@tic. hI!
b.@mc comon of erindine lh.m to ccmdt fin@N. Thu rhe lralis pozolmic

encrt!, th. G.!l@ tEs mmt ed ttE Poebdc c.ddns us.d in thc U,S,A., e
inrcryDsd mittrcs of loalana .dd Portled cdal clirkd, In cdc of pulvdizn

tucl ash, wbich tuy be ad.lcd a a *Deatc inendicnt al ilc @erac nixq, rh.

tualcdd is d@ly 6M 6d Porildd @t nr.

2.I5 USE OT CARBON FLY ASH IN TEE CEMENT
MAI\'T]I.ACTURING

Cebon fly ash bs po@leic prcp.ny. I ctu be us.d in lhc n.nufachuing of

encnt. Tlc lsc of clrbon 1ty 6h rcqui$ oo pMesinc. It rclk@s c6tly nw

marqills such 6 shale dd clay rcmally usd in s hw mtcrials in cemenl

Thc carboD ny ssh oDtlis high c.rbd @Gn! e it @ cl)!r!!!c .!48y by

$rying c o psnill fucl subcdrdc in rhc odo/ inhivc mcnl t|Mua*ruins

oFdrion, Nc&ly 65 FiIior rotu Ay ssh i! m{dly prcduan h tb. U.S., of which

o.ly ore third is ued in co@.Fial prcducte. The nqjonry of l,rG 0y 6h that is

scncErcd h lsd fillcd. with thc impcndinS rcgularory pesrue ro rcducc cmission a1

@ll-fiEd powei plalts, predrction of morc fly dh widr sienificoily high( cdbon

@ntcnb is idDincni SiNe hiel @bon fly 4h6 N mdbiEblc for w in concrclc,

rhc ug.rcy foraltemnt Ee llpliqtios is grc*ing

The urilizrioD of fly ash in rh. @dretiotr indGrry is grcwilg fest rol orly

c bLnd.d .dots lut ale to dinimia lh. pollurror of tLe ovircM.nt D@ to its

p@daic prepcnies th* is crcat FGtrid fd iB B h rhc @Blluction ind8l! .

Fly 6h ce be in@rpoFted into n dly .vdy srage of tE pmdu.tim ad u* of
cemht, lt@b.ucds!raw@t rid hson.cssb6aeit@ntlinssomeof the

csFnti.l .omporots Bded lor @m.nt likc line, sili.a, ad alui!. J.rcd .t d [63-

651 Gcd 6bon fly .sh in cffil oamfetuins 6 a aw ndtrial. Ihc ch.nicol

@hpsitios of rh. !y a3h od ot@ 6w h'ldtuls oinest(@ &d sh.L) limit d ib.
fly 6h lddiriod itr rhc kili fccd to .ppoximatcl, 6%, *dich svcd ih. tu.| up ro

49



apprcximarcly 3.9ilq ed iDcc4r.d thc pr.ducriod !p 1o 9.7% ud orhs !!fucrd

Fly Nh cm de bc add.d dcin8 thc gridils prcc$ [66{?] $ thst it
b.@D6 nix.d qirl tL et@t ed do6n\ bw. ro b. addd and hix.d l.r€r. If ir i5
trot mixa duing lhir rllgc il @ t .dd!d s r Fni.l n"t@d.nr fo. @nMr who
@n ete is nix.d, Mey es€&has hlE u!.d th. fly ath a . poal&ic adnixne
in concEte fo@tiotr [58-?8]. Edid work Epdled rhll fly shca !ml@t.
rcinforcemor @mlion dB ro lh. prc*nco of ubht qbon ud sutphu.lT9-811,

since rhc wg. of ny .!hd in Finfol!.fu ! e still oBrioebL. h ordd to

PrDd@ Oy ahcs with stablc rm!.rri6 sd rd.quat qualily! tuy FW pl&1s

hlw imd€mld iti oM $pbii1i6r.d q@lity @mol tr@lc. The pop.ny
ihprevement of fly sh bl€nded cdc 5 wrc srssivety studicd ud rcpon d itd,
th€ physicdl dd mdhdical prcp.nies wcrc matched b rbat of ordin ry ponlud

@m.nr I82-S51.

fly asn @ al$ be ued s light*lishr asgrcsar.. Anq tuinry 6c asn wnh
dilI.mr marcrials ircludi.s orlEr b"rcducr!, t lt.ts e fom.d thd @ be uscd in
concElc s aegrc8aL. Fly !5h is idal for w in m6 @ncrcr. lojects like lege
pipa be€Ee it rcduca the hest of hldoiion, It Elso r€des cosi, since l6s caiBr
tu nccd€d. Concrctc pipiog is morc wat4riShr whcd mad. qior sh b.@u* the

F dting ol@L ha ! hi8ha d@ity. Cod ny sh i! .l$ bd.ficid fo pipcs

b@r it inc@!.s Bistrsc to Brrt &id5 !!d sdbr6.

One prcd@t thlt ha ben d4loFd uilg ny 6h rhll ha b.a vciy
sucesstul is @ rcll€d low sltdelr nalerid (CLSIO, or flowlblc fill. ItowabL fill
contaiB mdy of ltE sme mat€rials s 1t?ic.l @ncet€ &d n& m. cquipneDr and

miairy l.leks e u$d b[r th. !rcponiorc of$. @mponois @ Fuch diflftni
flowue trl ca! b. u$d fd becttiUing in tdcl6, &oud pip€q &d udd
mdM,s b.€e it b s€lf-t*ling &d lcav.s no lir s!a6. FtoMbl. fill .ljo sw6
6 a les exlcBive alidsariv€ to thc rdoval ofold, udelgreud stor.ge irlkr, Th.
t&t @ 6il/ be fiU.d in wifi floMbb titl iEtad of being rcnoved, evine bolh

The e ot@al fly 6h @t|w6 oErS/ by r€duing thc dclMd for typicat

co$lrucrior m.t4i.ls sh 4 linc, eD.nl 6d cru3hcd sron , which rlt 6dgy to
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prcdue. Eeh totr of lly .sh us.d to rcpl@ a ton of cddr @d $vca ttc lquitd.lr
fo. n*ly orc barel of oil. Tbc podetion of .@@t 6dl! ir rhc Elce of
alpoximtcly orc ron of cor rhc FdMh.nr of c@.!r wirb fly 6h ndl6
grenhouc ga add lowcB the 6st @d impreva sme piopeni6 of thc @ncrcl..

Howcv€r rhe Fpla.ddt of ?odend c.ncnt wirh fly $h, esp.cially itr high

volMc, dc.l6e liic kly strcngth of @rcrclc, Sevdal methods, s@h es clevarcd

lcmp.niurc cudng of lly Gh @n6t concrctc, g.irdirg of ny sh 6d ttc qddilion of
chmi..l &liralo6 q h. u*d lo a.tiEr. 0E pozoloric @tivity of ny Bh .nd 1o

inpreE lhc dly preFrtid of lly lsb cmdr ed @!crc, Elcvtr.d cuing of
concrcrc cont inins fly 6h @@lc6r6 thc sou8lh dd€lopndt bul detws
ultihgt ilFtrgth ofthe .o!ftre [8?]. Als deEcd &npqzrE uing is most litcly
suitable for prcfabric.rion of @n@tc producis. The grinding of lly ash can incMe
l}e slrctr8thda.lopmentdd ulina& rtr!trsll ofrhc @!cFt @otajdng ny 6h [88]
but &ct€er th. workabili9 of fic @mrcre. Parricdarl, gidi.g i! @ cndey

irr.siv. !!9c4, Ir is n4orr.d tblt 6a!!' cort sill i!:c!ce lO% {or u imlw of
Bbin sr.f@ .M ofcwry loh1&g lna it 6ch6 ertain Bld@ surf&! 

'@
Shi ad ltis @u6su6 [89-9] hlE plblis[.d a qid of @rch.s on the

chemiel activirio. or @iviry or naud poal!@ dd fly 6hes. h hs bM f;ud
llal thllNa!SO4 ed Caclz e the most.fl4tive sctivatos to etivalc th. Dolcnlial

&tivity of pozzolonic materials! 6d th. 4 of chcnical eti\ator is n@h hore

efrativc thrn tlc pmldged Brilding of un8l poalas or clcv.!.d cuitrs

orc of thc mdor wiom@tal ch.ll.ng6 f&i.g mmicipClitiB Nutrd ihe

sodd tu thc dbposd of wom @t autonobil. tic. To add6s llir globd problcir

sevcdl studi.s havc b€d c(jtrdeled lo qmine vdiou alplicatioc of @ycl€d tiE
rubbs (fuc ctMb rubb€r od @d. tir chipt. Nehdi dd Khe [93] uscd the

grcud 1irc dbbq 6 ftel in the produdios ofco@r od u.d qycl.d rubbd chils

in aslhdl con@rc, Th. mctal in ilE tis is itrturponicd inro lhc 6ql prcdwt dd in
facl @ rcd!@ lh. uoui of ibn oF nc.dcd in cddr neurlcndns 1941.

Municip.l Elc incinmtor 6h ald sMgc rdie have al$ b.cn u!.d s ! nw
matcnd ror thc pod@tion orE@ cmcrr 195-961
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Miltd FM ud cotrwy T [97-98] ued sroud sdulat d bl4l f!l@e slag

for rrtsciior of Expdsion d@ to dchyed E|tingiL fomatio! Liu z et !l [99] studLd

tlE dpsion of amcst 6trt inirs c.ysbllim MlsGia *irh ed eilhout flv a! sd

Taih.io ..d.nt [100] is d*loping t n* rcqding techmlosv ro n utdize

the alkdi in gl$ 6d th. chloride i! plsti*, Thi3 allow for vlstc Phsrica Dd us€d

glN 10 bc simultancosly .nPloyed as ! rccyclcd ra* Mtqi.l fom cemeot

prcdoctior Th$ bchnolory b beirs wd in s NEDO (N* En rsv ed Indrsbial

relnolos/ Dcv.lopm6t) '!s.dh Drcjcct.

Chd ct.t [l0ll ha u.d cls pi@c! in tb. Prcducnon of c@6t Tb€ 8lt'li
.oolent of gls, a majot colt.d for cda$ producliotr wi6 tion 0-22%. For the

8lN botll.s nsinly fo$d in H@g Kong wdt el6es, ih. alk li cont d (N!2O)

mgs froln lo-ly/. wiih e aerage arcund l5%.

In addinotr b rh. ilfl4ilgly difliculty of 8l|!rut ug Pmp.r Blc dispoel

od handling p!@s ceicd by @lc 
'l@gchcn! 

t!. lldd towsds ! Mtrd

Esolft rccyclilg 3ocic9 d.odls wstc diqosd pMds€s lbtt both Ed@ rcluc
and @ycle 0021. As the @nut t@hnoloFt for which pdnav n* haierials e
muicipal Mstc seh 6 ircineDlo. sh and scwase *!de, Ecdcmot brings this lo

rcality. Ed-encnt b Mde ftom tie bll'nl 8tL 1ly 4h from muicipdl wle
incinenlo! ed lincatoe [103]. A5 50/. ofnw naldlls for E@4n nl e the

bldr chy sd 0y ch fFn mlnicipsl wslc ircin@loc E@+tunt is orc of rhc

hosr eft.tivc ulili4lion mcdods of nui.iplt w.sle. B, uing this pt@s, rh.

lddfiU spa@ for w6rc msterial lr.atmdt a b. $ved

Colci@d cl6y mix€d wilh lin dd wd( hs bed uscd 38 a em€nting

oatetial for a long linc in On@ [104], tlis w c.lLd Ssfuj itr ih. Ioq5l Omei

tminolosf, h hs b@ t!.d wid.ly ir hy.ldolic .Luotue .l@ to ia !@d hvdadic

poparie ,!d in niliLny &f@iE inlrdblioG dE to fts d@lilitv.

t.t 1
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CHAPTER - 3

EXPERIMENTAL

3.I ST'MMARY OT EXPERIMENTAL WORK

Supl.r of cdbonac@a &d rilic.oq mleiiab Bg. coU6tcd Aon the

study a@ (Dnddrula dd lhe adjoinine of NizMlu) and ttsfened to the

lllonlory. IE smple wF dric4 c iEd, grcud and r!.lyz!d for @jo. ed
ftinor elcmcnts rcquiFd fo. ceiMr tuutrcl'fing. 'Ihc spl6 wd dsfied s
.lifetut gmups d.r.ndiig qm tben corposilion ed lo€lior Dif.r.nt w nix6
we d*isrcd ircludins fou for bigh rtMsrh Podlrnd @n , thF. for sulfale

resislirS c.mcnt 6d thE for *rilc @m.al,

Thc nw mixs we ealyzed ond pro.*sed for clinke.i?jtioo. Th€ clinlq
oblaircd vd procscd for eDcnr pcp@rion. The clini@ dd cmcnt ws malyzed

sording to lh. British dd Pdlist& St6n brd SpeficatioN.

Bagg& .sh w 6l|ct d tom difliml sugd oil& of N,V.F,P &d !frdied
for diff.Mt phy.icd od ch.di.d plrmrd. The o$ ls mird wilh diffNnr nw
nixd in diff.hl r.ti$ ed !rc6$d for cliDkd 6d cd6l fom.rion, Tbe clirku
dd 4mcnr wa studicd for diffeHt paeclc8 and thc queliy of rhe brgge 6h
@ oltiniad in clinterizltioE Thc imp&r ofbdsge aslt oD thc n&l cosMltion
duing cli.i<aialioq qusliry ot c66! 6w ma&rial c1c, w sMi.d. Tbe biief
sulDary of ihc cxlnibclial rc* is givo in tbc followiog stctcll
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(r)
S.npli!8

a)
S.EpL

(3)
Sinpl. uiyrb

14 siq 
^|p! 

F.p, co, [to,i.p, r@. sqc4dednrdn)

(1)

Figure3.1 Cb.Etc.l u!ty!i! ud cLslrL.tlon of n- o.t.rl.l fron tb.
udy rNL
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(r)

(2)

a)

(r)

(s)

(o

FigorJ, R.p Di! d6igtrilg ud clirL..k tlo..
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o)

(t

(r)

(3)

Aldytir of bogg!3c ..h, .ddilior wirl rrs D..l .!drisur.33
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3.2 TNSTRUMENTS, CtrDMICALS AND GLASS WARES USED

3.2.1 llstrumclts with thcir Sp.cilic.aio.r
Th. followiDg ialrM@ts *e us.d in th. *ldibdt'l w*. IrE dctsil of

iisrnddls .long *irh thcn st*inetuB e giv.n a &[oq

L Aromic Absq'tion r!@rrcm.td (3300 Pcrkjn ELnd)

2. Bomb cslorimct r (AC" 350 LECO corFonlion)

3. Flme Emision Spdtophoiohdcr(PFP7c)
4. G@eFpNc pos'tiorids srtd (GrS)

5. Munb nee tdp.ndw tuse (G2000 b)
6. Ovar@Fdru! mgc (G'250 t)
?. sc-144 D& Du.l Rang. Sultu! dd C&bon A$lya 2001 LECO CoryontioD

8. Th€moguvcmelrio Anallzer (IGA70I LBCO Corpohlion)

9. UV/VISIBLESpetophoron€ts(S?8-?YEUNIC4ME)

10. X-Ray tuorcsccncc sFctrophotomctd CJ(RD r\v 2582t0 (Philips)

3.2.2 Cb.bl:lt
All thc chGnicals u.d ww ,!.l'li.d sradc ed misr@ fre. ft. cn nicds

ustd wre cithd M.Fk or BDH- Th. d.oil of chdiqb ir givd b€forc the

Bpedve ex!.riEal

3.2.3 Glas W!re!
The glB aa Bn w4 mostly Pyrcx. All ofrhm w ued rnd

thorcud cl@ils with disdlled wr.r Dd d.yi.s in rh. ov@ Th. d.tail of glassl,e

is given bcfoE rh. rcrp@tirc expdim.nt.

3.3 SAMPLING

3.3.1 SaDplo Coll.ctton
Smpl* frcm thc snrdy ea *crc hllreEd @d @llcctcd in rhc b.$. Abo

3-4lc of acb 3elL E coU.ciql Tlc lositio! of 4t spl. w mt d on the

cosEphic Posilionirg +steo (cPs). All sopLs 9E propqly nMb@d ed
Mied to ihc labqlrory for frrhd rr€atncnt and an l'.sis.

3.3.2 Field Drt! R€cordtng
fte &Uowins obwatioa *@ Eord.d fo. @cn spb sit duins lhc
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L Srnlic Drmb.r: The nMbd of @h spl. wd wittd on thc sple bug

2. SrEplilg irt FrL Th. distane b.twed two Msivc @Pt.s wa not d

3. supL toodont Thc t@rio! of mplB LatiMe / ItDgihilc wa Fcorded tiih

333 S.dpl. Prp.ntior
Smple prpstion is . @hftnt srie of Poc€de .tpli.d lo a glo$ smPle

with a purlose oI obt ining test r@pl. for ealy3is. sddcs wF pr.led bv tbe

l The rcck ad cby mpl6 *@ .lti.d i! th. N &d dsh.d i o Pie6 of

appdimt ly2 mdidet r aing thc jaw.6hd.

2. The ruh.d slnplcs lw lulvctiz.d in l!. bsl nill in disk gindq Bitc

l.   porlion of thc pullqiad smpl6 in oPo glN boftles, w@ pl.ccd in fie own

for t*o hoM .t I lO 'C ril @Glart wigh! Thc bod6 and cooling tu ddi@tor

w prcpdly slopFd. Tte ooi5tm nE s@!16 rcc u!.d for nlihg

3.4 ANALYSIS OF RAW MATERJAL

3.4.1 P.ep.ntloD ofstockSol iotrs

thc Eoi5hrc ilc poqd6 oflhc sp,cs q@ @lvertcd into slock elutiof
of rDon volu@ by difr.rEnt tuttods, The stoc! elulDns *d t!.d fo lhc

dddiedon of Djd ud ditur.lmdB by ins1ns@tal n thods Trc dif€dt

Rls of stoct solutio6 v* prcF!€d by Utc followilg neilods

3.4.1.1 Stock Solutloo A (for Atomic Aborpllo! SpectroD.tric AMlytir)

O.5oo g of thc moisnr ft.e sdPle ws @@lclv w.iShcd in a Tenor

h.!kd. l0 &L oflhc @n@trar.d hyde0udc rcid (EF) dd 4 oL ofpdbloric &id

s added to lbc b.€&cr. TlE wpl. in tb! Tcflotr b.eLd E h.ltcd ou th. hol plat

fo. h,r d hou. 2 DL oftb€ F.l|loric &id vls nltba add.d 4d h.!&d.sar ril
the fomadon of psL. Agai! 4 n! of P.d mc acid dd littl. dout of disriu.d

Mter 6 ad&d bd th. bcskd wd hcat d fot 5 minuts. Ihe contcni! of lh. bak€r

!ft diluEd lo 250 h!. In 6. of htbidity lh. $htion w3 ttlnlfcftd to 250 mL

gtN be5td, .rldiu 2 bL ofhydrocNoric scid. It B nca&d !,ll it bede clw. All
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the smpl€s wft trel.d by ihe Mc pl@dw, Th. elutior3 ww stoied in lhc

plBiic botud, Thc!. solurioB \rw ucd for the dctlmiEtion of ircn, cglcim,

@Cnsiu sdim and Flsiu. T[. rfcM@ slrnd.rds of AGV-I, G-2, CM-?

tud W, w@ pFp.r.d in tbe $nc my.

Blol elutid E pctar.d in dupli€l. in tuc My qc.pt rhc addiaion of

3.!.1.2 Srock Solrtio. D (for lry/ Viriblo Sp.ctmpboroe.t r)
SodiM hydroxid. (NaOH) elltion w6 pepar.d by dbsolvins 30 s otNaOH

Flds h 100 nL of rlidil.d rBra .nd stoEd in a polr{Ee botrL. 5 nL of ttE
solutio! w lddcd to ! clcsld nicLl cruciblc. Thc ctuibl. w h.!rd oD snd b6rh

fo. conpleie dryes of dE @n&nis ed thcn @led in a ddiccabr,

Accuatcly 0.05 g in csc ofcl.y md 0.20 g in c@ of Nk v@ added to rhc

nickel cocibls scpddely. The @cibl. w$ @vred wirh lid drd hcat€d lo dutl

Fdr* ovd a g$ bum.. fq a pdiod of 5 mhute' The cruciblc wa swnbd wbilc

hor Distilcd Dr.r (5n0d!) ws lddcd ro @iblc ana it betm bildy @1, in
ords 10 !rcid .pl.5hj!& lltc @ltctrr3 of rbc cMibL s* utFd irto e 800 mL

slN 6..1o, alFidy omtairing 400 nL of the disiiUed wr.r sd l0 nL of
concmllcd HCl. ln ndt css cld 3ol[tioB lr@ obilin.d. In c@ rhc slurion
aa not d@! it w h@L.l util tr Bplet soluri@ M obt ircd, Ihe Bulrir8
elutior M dilubd up to 1000 nL iD I voludcEic fl.sk An tbc 5upl6 \rw trat d

by ile sdc pd.dw, Thc rcf*nc. 
'|,ndrdr 

of AGVI, O-2, CM-? ed W, w4
Prpded in [E se way.

Th€ bldk elurion wd prcpded in ind see wy €xc.pt $..ddition of the

s3tnple. All UE elutio$ were usd for ilc d.&miDtio! of silica od dumin@.

3.4.2 Del$ria.fioD or Silic.l. ihc forn ofsilico! Dio:id. (SiO, using
Spdtrophoaoucaric D.t[od
Fmh SolutioD 'B' Sili6 sle d.t inincd by Edud!8 th. FIIow @lor of

sili@ mlybd.r. b blm @lo. $051

R.igcnci Amhonih molybdalc, distillcd Mter, H!SO. (Coic.), Ilneic acid,

sodiM sulfit! (N.rSOr), 1.{lmitre2-tr.phrhol4-sulphonic eftl (CtrHcNO.S) ed
$dim nctdbisdfi le (NarSrOr)
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Prcp.ntior ofshdou

l. ABDolild rolybd.a. slutio!: ?,50 g of arlmniM molybdate M diselvcd

in ?0 nL distillcd wter heins 20 mL of [I1SO4 &d dilutcd up to I00 mL ed
w k€pt in a Flythde bode,

2. T.rtrric.cid .olclio!: 25 a ofrt t rLric eid E di$lv.d in 250 m! of

3. Rcdrcing 3olutlor: 0.70 s of sodiM sunie o.rsoj), 0.15 g of ltuino-2"
naphlhol4-elphonic eid (C[H8NO.S) sd 9.00 g ol io<li@ net bisulntc

(Naz$ot w dielved in dislillcd wtd.dd ctigcnld 1o .wid d.r.riordion

l0 nL ofthc slock sohtion B of th. sample was Lqkh in 6 100 mL volM.iric
flsk, Aboul 50 nL of disliled MGr 6d 2 mL lmonim holyhdst $lutiotr wG
!dd.d to the lllsk ed *irlcd ro 6ix w[ AA.r .Edy l0 hiNiB. 4 nL of rllrlric
eid $lutio! I ddo4 tle flaL w sirkd @d nix.d e!U. ! DL of thc cducils
solurio! ra th@ .ddd dd e .d .!d rh. volu. ws rqlc to t00 oL with

dislill€d Mler. Ih. !m6 pNed@ w6 follow€d for all rh. smpls. Blar} solution

ws ptpdd i! thc ame My dc.pt thc addition of epl.. The elulios w@
cquilibDGd for 30 nintcs, srd os.d for th. dct@iutio. of silie by sing
Uv/Visible speloptoromcrq at. wlvc l.ngr! of 630 M rd,rriv. io rh! rcfGMe

3,4,3 Dcl€.mimtion of Alumioun Oridc AlrO3rsiog
Spectlophotonetric nethod

Reg.!ts: 8-Uydroxtquiloli!€, .l obfonr hydrcxyl dire hydftrblori.L
(HONS?HCI), sldiM @tar! 6hydhr., bdtlliu sulfd! rci.rlydntc, dinillcd

mtd,2,2iipyridyl ed HCI (Con .)

Prcp&rtiotr of Solulioos

l. 8-Ilydrcryquirolin.Soltrdobt 1,25 gofthe8-hydoxyqui@lineMdisslv.din

250 nI, of chlmfom ed stoFd itr . F&iser.toi

2. codpldilg Rcls6.. I g of hydrexylmirc hyiliodnondc (HONUrqCl) , 3.6 s
of sodiutn ac.t3tc Eilldftte ad 0.4 g of bcryllilln silhtc rcra hydratc wr
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disl*d h 50 triL ofdblillcd *d.i 0.04 s of22{ipFdyl a 
'lso 

dii$lvEd

in 20 bL of 0.2 N HCl, Bolh of lbese solulioB wE hixcd ed diluted up ro

l00ml- wirh diniled Mtcr.

5-t 0 mL of sto.t elution B w! telm inio a 100 mL s.p@1ory 6Dncl. 5 nL
of distilled waler ald !0 oL of cdllcxing @g6t sollni@ w ldded 10 tlE fmel
ald hixed rcll. Ailr ! f.w bitrulG 20 bL of 6- tydtoxyquinolilc elutio w
ad.Ld io cac.ii fr$cl, Th& solution w thd sh.kcn for .bort 8 tuinmca by e
$lorotic lbsk rh.k r Ttu orgdic lry.r 3t de botlon of the *!8dory ne.l w
$f@t d i o 25 BL rclu.tric [ad< by vlshi.g tbc nl@l witl chl@fod for

$v.nl tircs ud the volMc ess nade up lo tbe ndk *ith cblorofom. Tltc y.llow

@lo! dtr&t obbined Aroud this pmcs wa3 suitlble fo! Bpetophotomciric

dct.@iErioa ALOj B dctcrnird .r *vcLngtl of 381 nD Fl,liirc to ttc
rcf.mce rcck sldd!r&. Bb* solftion M prcldld itr dupli..r. in the se My
depl 0!c addidon of rcck sDl..
3.4.4 De..rnimtio! ofrotd Ibn (F.1O!)

Tho lobl imn os nqor in |hc rcck mplcs of thc study eco y6 dctcmined

by donic ab$rprios spoct phoroDcEr by uing ric !t@k elutio! A,

Sln width

B't!uh.ight

Rcrsclbr MohI lah (!eso4 (NrL) SO4), distiU.d w6t€r Ffqcr@ rck standards

PEFnli.! ots.ldiod
l Sroct Solutlo! of l00O ppm: StooL s[tiotr of 1000 ppn in F. w pEpded

from Molu sdl in r l0@ DL lldk with disllLd qlt€i

2. Slo.t Sohtio! ol 100 DDD. Frem I0O0pp6 d6t elulio4 100 lPlr B
prcpa@d by diluiine l0 nL to l00ml,
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3. worki.g St rd.r&. rc*ilg stddirds of 2.5, 5.0, 10.0 .trd 20.0 pFr wrc
pr.pdcd tom 100 plln !y dilding 2.5. 5.0, 10.0 ed 20.0 un Bp@tiEly to 100

mL Bing 100 drl, voluerric nqk&

Th. rtoDic.berption slecrrolhotom.t ! rc ru.d oD ed set e@rdin8 io

lh. aboE @!.litioE. Th€ €thod.lsrD for ito! B sct a! lhe mrcloSil of 248,3

m od Glibdlld qith r[. iotr eD*ing 3t Dded slulo6 of2.5, 5.0, 10.0 .nd 20.0

ppD, Th. s. sottioB !w lt@ $pi6rcd s ullloh s.bpl6 for vdi66ti4
Thc qlificd Ff.ltm sla!d.!d elutiog ww u on the @cbie Thc 6di5 rw
@mpaEd witb @rli6ed vdB 6d foud within thc @.ftd.a@ limite. Th. ulioM
smDlcs wrc thcn M or thc machirc ed $c n6ulls rc@rded The spl.s, which

weE out of mgc of std.bds, wcre diluLd ed again nD in the wc w!y. TIF

ltomic aberption radine for Fe reF corv.rtcd inb leror by th. followins

A ^lA29rtod\ D
2000

Wld AA = Aionic Ahcdplion Eding in tDn
l43 = CotrvsioD facro. off. ro FqOj

D - Diluion faatct

3.4.s Dctc.ninitior of C.lctum O de (clo)
Caloium oxid. (c!o) i! lh. ek 3lnpLs of lhc seldy a@ e$ delemincd by

atomic lbsorplion spetrolhotomet r by !sio8 tbc .1ock solutlon A.

lGrruDdt Cotu|ldos

slil eidlh

Blrer hcigbt

Rdgcnt.: CaCOi, HCI (conc) dktilled w.t i, rcf€t!@ rcck s15d{ds
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PreD.nliotr ofsoluaiod!

r. srock sot ion oa 1000 ptnr sl@k $lulior of1000ppnofCa wa ptcprcd in

a 1000 bl nsk by dir$lving 2,497 g of CICOr in I N HCI ad diluled uP 10

1000 nL with distill.d watq,

2. Stock Solulio! ot 100 ppu; 100 ppn C. elution vd prcFi€d by diluting l0

mL of 1000 ppm sloct $lltion to 100 mL with distilled w.ld.

3. Wo ilg Stu.lr.d.r rc*ing !&rd.rd! of 2.5, 5,0, r0.0 dd 20.0 ppn we
prcped by diluting 2.5, 5.q 10.0 and 20.0 nL of 100 Ppm elution sP4riYcly

to 100 mL wirb distill€d ettlr.

4. ln h.!ud solullor (5%)r 5% Leihem $lulion a Ftpared Alm I&otr

by dis$rving 58.54 8 in 200 D! distilLd mt r b wnich 150 oL of5o'lo Hclo.

6 adde{ It w bet d udtil orplctcly dissolvcd. Tbc slution w lhm

filter.d lhsueh odinlry flt r p.pd iDto t000 hl, vollNlric flst &d th.

volue M ord. up lo thc E rt witt drsliucd u!6.

Dihtio! ol rh. Srdpt !: Dilulio! of thc sePla w m!d. d.pdditrs !!on lh.

@nentdlio. of Ca itr difrGnr tup14. Only sdd wilbout of @Cc sig.,l5 9@

dibred Bcfd! dilutilg rh. cotl@trli.d @pL, 6 rdl- Pd 50 nL lothllM slolioo

Aionic aberption sFctophotomct r *N Edjlsted for c3 at a MYc ldglh of

422 m by using ca.arhodc ldp, Tlcn difcr€nt workirg sl&ddd. (2 5, 5-0, 10.0

sd 2O.O ppm) werc M altd thci. c.libr.lion cun wG draM. Thc cwe @ verifi€d

by @ing a oupl€ of cdificd Ff.M4 staldoid solulion.

The unknom sdplct wcrc M on iltc otonic absorpiion dd 0r€

@n@ntrarioB of Ca in ppm w@ mtcd. Ttc notc corc.ntitt d solutio$ wre

{unlc. ditrlcd dcpcndin! upon thcir conccntntions Tnc otomic ab$rption rcndings

of Ca in ppm *@ @nv€ned inlo % CaO by tlE following @nvolion fomula

- -^ AAxll99xl00xD
2000

mft AA = AtoEic At6orptior rclding i! ppo
l40 - convdior facror of C. to Cao
D - Dilurion f&tor
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3.{6 D.a.mi!.lior of MgO

Mae!6iu oxid. (M8O) i! llc cr spbs of lh. snldy a@ w
dcrcmincd by arobic llsryrion sletoplbbncGr bt Bing 6c stocl $luriotr A.

Slit siddr

245.2M

Rsedas: MsCOr HCt (c&c.), diltilLrl eltcr, Efdtr€ Fck stalilards

Prcprntiotr ofS.lutio6
l. Stock Soltrarotr of 1000 ppd: Slock solution of 1000 ppm in Mg $as pcPar.d

uitrg MgCOr in a 1000 DL 0rsk by dislvitrg 3,057 g in lN HCI tid dilqrirg uP

b r0o0 mL widt dislillcd v!rc.,

2. Saocl Sohdon of lm Dpr: !00 ppm Mg $lotid E D@F.d hy diluting lO

dL of 1000 ppm to 100 D! wirb diditl.d *r.r.

3. workins s..!&rdr: wrrins !|'d.rd. of 2.5, 5.0,10.0 .!d 20,0 lpfn l4
prepared by dilutils 2.5, 5.0, !0.0 !!d 20.0 n[ of 100 plm solution EpeliEly
ro 100 triL wirh dislilled $dci

4. Lanlh.luD Solutior (57o)r t% LantheM solulion ws !rcplred toh LalO, by

dilsolving 58.64 s i! 200 E[ dbtilc.l rlt r lo *hich 150 r[ of 60 % HCIOa w
.diled. lt Bs h.st d elil cmplccly di$olvcd. Th. soludon B filt Fd i!rcug!

ordirlry filler p6!d inlo 1000 nL volM.bic fi.!k &d thc volM. w eldc up

to the bdk with dislillcd w.Gr.

Dihtio. of ah. S.ipl* Diludo[ of i[. sDplcs I nad. &Frdilg qoD dE

@Mtrdion of Mg i! rliffqlnt t Dpl6. Only spl., witholt of tugc sig.ak, w!..

dilured. B.frrc dildiry l[ @tEotr&.i 5uplc, 6dL pd 50 DL la brud solliid
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Ato6ic .blorylio! r!@t!!t loDrr.t E cdibdlcd for Mg .a. w$tl.o8lh

of 422 M tt Bi!8 M8 oood. hDp. Tt itlri|Dot w'! cdibnlcd &d lilrdddiz.d

wil! UG w*in8.!i!drds of 15, 5'q 10.0 .!.120.0 PPd Ms oluti@ Alr llc
w*i!g !i!rd!r{r .D.l lb. c..ii6cd €f.!@t d!dt& Mt cbtcd !!d ihcii end
@rqlrdion Eiftcd.

TIE rEhom .6d6 re M on th. .loriic tlEotFio .!d tE
6n@E rioB of Mg i! !!o wtt! Fcodcd. Th. not oo@lrLd toluli@ wc
furh.r dilu@d d.?ddiog uDor lt ir @ncdrnliN Th. tL6ic.boalid Flding!

of Ms in Dpd NE @va&d idto % MgO ty th. foloeing @lvatioa fomub

---- ^ AArl.658xl0orD%M8(',=----fl
wbd AA - AroEic Aborltid tEdins i! lDd

1.65 - cd!6id f&ld of Ms to M8O

D -DUuli@fidor
!n.7 Dc&rtrdo! of N&O

Tb. NslO w d.|3uin d by .l@ic .t dPtioD sp.doPhotoa.rd bv u3Dg

Iulnedt Coldttio!

slil sidrh

5E9 !d

Rstros! NaCl, .b{dl.d *t r, Gf@M 6.t 3lad.tib

Pr.pinalo! of S.hd@
l Siocl Sohtlo! of 1000 lpb: l0O0 Pto noct eludon ofNr w p..P!.d i. !

IOOO mL flost by dislving 2.54 a Nocl in ditlillcd ui6 .nd ditldng up 1o l,t

2. Slck Sol.do! of lo0 Dp6: l0O pFr 3t4k $tutidt s DFlsId nln I0{0

pln by dilulirg l0 b! ofit uP to 100 oL wilh ditlill.d *tld.
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3. wo*ing St.rdfdr Wod.ing st.de& of25, 50' I0.0 ed 20.0 ppm ld
prcpsr.d ty dilutinS 2 5, 5.0, lo.O ed 20 mL of 100 ppm i.lutid sp4tiv'lv up

t6 100 mL wilh diltillcd wdcr,

Abnic.bt +rio! 3Fclt!!totd!.t r w c.tib.akd fo!N! al t wav'ldgth of

589 M, by Bins N! olhodc bdp lhc instrMcnl s olibdlcrl md slmd"dizd

with rh€ m*ins sledltds of 2 5, 5.0, 10 0 lnd 20 0 ppn i! N! iolulioE All th'

w*ing {ed!nt! .!d GG qttcd Ef6.tc. 3l!!drd! 9@ dek'd &d rh'ir &tual

@@orrlrion s Erifi.d. Thc utlmm @Pl6 vw tu oo |n' alonic tb€orPtion

spcdmphotomctcr &d @c.o!.lioB ofN. *tr! noEd TtE mE conct!'nd

el ioB wa frlhd dntn d d.Fldins upon lh.L on@rtrnoc Tb' atodic

ab6oQdon rcldings ofNa in P?m s4 @nvd.d ilto % N'rO bv dE following

AAxl,l4Exl00xD

wl* AA - AioDic Ah.orplio! dding io PPo

1.35 - Cor6ion hator of Nt to N.1O

D - Dihtid f&ror

3.4.8 lhl.ndr|do! oflqo
Ttu K1O s d.t din d by ddlic .t6orFion 3PetophotoD'Gr bv Bils

Idtrum.nt Coldldoa

Slit {idlh

R..g.!tr: KCl, dierrllcd Mt r, Efdrc. rcck st ndards

f r.prnlion of Soltiiolt
l Slock Solutto! of 1O0O pp&: IOOO ppn !1@k soluftn i! K @ prcpoEd in a

lO00 nL n6k by dis$lving l.9lg KCI itr distU.d wtcr od dilutrng uP to r,'c

mdi(
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2. Stock Sol lo! of 100 pDdr I00 lpm n6k $lution *6 PFpoed &om 1000

ppn !y diluling l0 mL ofir up b 100 mL wiu disdllcd Mter'

3. workilg SrDd!d!: wildng 3t rxla& of2.5,50, 10.0 ed 20.0 ppm were

pEpred fiom lOO ppn soluooo by diluting 2.5, 5.0, 10.0 ed 20 mL of 100 lpm
sp.clively !p to 100 mL with distillld Mtcr,

Aonic ablorpiion rpelrophotond.r w calibdcd for K !@rding to $t

abovc istucnld @nditio8, Th! inrlimcnt w tI@ calibHt d ed sranlardized

with lh. wrking sld.t rds of 2,5, 5.0, 10.0 dd 20.0 ppm in K elutio6. AI the

mrkins sld.brds sd enificd Ff.r6€ stt d!td! w ch@kcd ed l!4 atual

mtr@trtrltion w vqifiqd. Th. utmM spl4 w€ lh.n M or rhe atomic

.bsorption spottophololr.t r, lnd tE @n@ntntions of K in pph \€te not€d. Tle

FoF @Mrt'r.d slolio6 re tuihq dihi.d d.F!di!8 rpon lhcn c@6!atic
I'E Mding of alo@c d*olPdd spoclroplDlohctd of K in ppD *@ @vcn€d into

% KrO by lhc tulowiry @n!6ion foduh

2000

whe€ a - Aromic AteQtion rcadinA in ppm

L20.16 = Corv4io. f.clor of K to l$O

D = Dilutior faclor

3.4.9 Dclcrmilrtior of Sulfiric Anhydrldc (SOt

R€.gcol3 .!d App.ntlr. Fusion nixtw, dcionj4d watd, hydrcclrloric &id

bdiM ct oriile, dck l cruciblc, mufn tunec dd ftller Pap.r.

Prep.dtioo of solqtiort

BrrirB cbloridc aotuaio!: 100 s of beiM chlodde w6 dis$lv€d in sone dislilled

$rrs &d dilul€d up !o 1000 mL.

Oe gnn of spL B nixcd with six gm of th. fsioD nixrw
(N.?cor+KfO,) in niclcl cMibl. t t hdcd in thc 6umc nrt]:@ for oE hou at

6E



l00o 'q rb. cont nt' of cl,ciblc v$ dislv.d i! dilut! b'&oc oric .cid ard

.wFErld lo dryn s in r fi@ bor.

Thc codr.nL wc .g.in di$olEd i! dilul! bydrcllor. ldd .nd filt@d

tboo4! WtdDs 6llc DF 41. tL DFiEiiL B lhoolrbty $!h.d qilh

&tillcd eBid till th. fltd. 8arc D pF ivitt 3[E nitd! sldo!, lhowing tbl t!.
ppr b.c.b. n!. 6od cbldidd

T!. filf.L wlt boil.d &d l0 nL ofbqiu ctlo.id. lotllid in boi @nditid

w addcd *ith @dr!. diri!9. I} pF !r!r di8..Ld fo'dou.12-24 hoB Th. pPt

*u 6!d!d lbmuSh fiftd FF 42 .rd w.lhcd thoswhly $lh hol wr.t Th. pPr

s dri.A cDrd.d .!d ignii.d in Oc nuffL tun*! d 9OO t for 45 oilutB Th. DDt

w @oLd i! lL d..iccrtor !!d vliSbcd rglir 'I!c % !8. SO, w .dcult d by OF

folldins forult
Ax0.3a3xl0Oxso:-

%Lor - wcigll of thc a6pl..i.. iiliott x 100
wciSlt ot rtrc @plc b.fod igrilion

whcrc A = wr ofBaso.
W - st of rhc splc
0.!4! - Mol6dt Nisht 6tio ofscl to Btsol

3rt.l0 Dc!.rnh.fo! of L|| o! Igrldor (LoD
App.ntu: poELi! cluciblc, lndylicil bslae, EufiL fJl@!

OF sru of rb. tdPl. w! l.to iD .ltEtly wi8!d foMbi! crcibl.. Thi.

s ignit€d in |!. nutn R!tr!.c rl 40O'C for 30 Dinuld .td lh.n U. l@FFlw
s i!c!..d io rOOO 'C .nd @i!t lEd d rhit r.hpa.re fot two bw, Th. ldPb
w @t d b d.dcanoi .!d *d8!.d .iriE Tb. !.I6t Ia @ Ii60d (IOD w
cdold.d by ih. followi!! &@ulr
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3.s CIINKEKZa.-TION

3.5.1 Rrr Mi!D6ig!i!g
lae a!.bs of lirc:r.e ed cl.y of rhc $udy .g re ch$ificd irro

dircrcnr smups based on lhc l@tion aid cn.micil @p.silio4.nd l,s Ni&n.d
llm6 d.r.!di!g on th. .lrtysis 6d locltion a fouow:

1, l{ish gndc lincator. Gtr-S)

2. DaNldula limslone (DL,s)

3. Sili@6 linestone 6rs)
4, Cen olor cl8y (GC)

5, M&oon color cloy (MC)

6. L&urrine clay (LC)

The wples of cach gDup q@ Dn.d ed OoeugNy bl@dcd to gcl t
homoc€@B marqial, wbich Elricnl enlin lMiio! of the study .@

This b'rdid E .lrlrzd $rcugh atomic ab$tptioo rld X-By
sp€ltopholon rric r@n!iq!6, TLc ordts of all 0!. 8r@ps wG fcd illo (h.

6np'n€. ror Bw EiB d6isirg. DiIEal nw Fix6 9w ord. by mixilg lb.
rut rial in ditrcmt loponioir, rltl gih diiT.mt !Mh.E The w niB wft
tlobugtlly mixed &d bl@d.d ro gEt ! homogdoB mr&rial

Each raw mix wd od}acd 0uough dififtnt daltrical techniq!$. All the

aw ni&B 9w !to!€d i! lllnic b!gs.In $m. ruw mix pEpdtion emc addilioral

nat€dal like lalerile, silio sbd and hiSh dhitu clay lr@ usd itr d MEud
qudiity, which e nol pr€.el in ih. slu(ly sr€. In Etost of the cdenr fsdories &cae

subsi!tues e prccor.d Aon otle. souE e.

3.5.2 PrepaEtior of CltDkGr

Tle Ew hix E @Micd i o p.st by lddilg Mt r. Sba[ g@ulca 
'n 

the

mge of 5n0 m vft Mtlc n$!rlly, *tich wc dri.d in the oh al llo t.
Th6e erdulG w@ igni.d in lh. mum. f@e at 1450 t for oft hou id nickcl

@ibL lor ompLr. cliltqiatid All rh. dw miG l@ @avlrtcd into clht r
sing the me pc.duc. Th. bb.k @lo. clinkd B @lcd iD dcsiccaror u.l stdEd
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3.6 ANALYSIS OF CLINKER

The clink . w6 dalyz.d in laboElory Bing dllf.Mt dalvticrl tech qG

3.5.r Ias oD Iertllot (LOI)

App.ntu: Po@lain @cibL, Edtaicd b.lec., Du$. n@e

I g of thc clint(cr smplc ss bkcn h olpdv wiglEd Frelain mcibl..

ThG w6 iSDted in the mufi. nsM .l 400 'C fd 30 minule dd tl|! lhe

lenpdafift wd ilc@ed 1o IOOO'C sd nlitt incd at tbis t npdatw for on hou

Tlc sple M c@led in desic-caror 6d wisl'ed !8sin ft$ peMt lN on ignition

(IrD w cdcdated hy thc followilg fomula

VciShr of thc ssd..ncr ignitio
or'. LOI=

\vciglt of tlE sPlc lcfoE ignitid

3.6.2 Detmin.tioD of FF Lln. (C.O (6) ttr Clilk r

App.dN: Ti!"ri@ Ad!, na8!.tic niFr, .ir @nd.tg did nim hr.lt

Rerg.!t!: Slrontim lilt lc, glt!6r\ cthyl d@hol, amodh @l!tc ad
phdolphthal.ir

Pr€p.nlioD ofsolulioa

l ADmo uD Accl.te Solutior: 16 g ddiccarcd amonim elate w disolved

in onc tincr of etheol ed ttorcd in a dry clee slopperd botllc.

2. Pne.olphlh.leir; 0.1 I of dry Ph.nolphthsLin w disslrd in 100 nil clhaml

and slorcd in a diy pl4tic dspFr bottlc.

D.t mimlio! of f.clor
P@ salyti..l sFdc C!CO' wc isnitcd 1o CaO in a nume fme al 1000

t. o.o5 g oftbc C5o s bI6 in t titrdron fl6L 60 nL elv@t Gtv@in +.tbdoD

sd added to the flastc 2 g stlontm nilra& B .te addcd lo tbe ll4k ald nixed

cdplei.l, Tle sludon w boild o! ! hot Plsr. tur 20 ninurq wilh nild stiriDg in

the r*re of air @dtcBr ar lbc flourh ot lh. 06k Th€ m.dr1M @ movcd
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ed lhc @rtc ofd. n!* w fiIGnd ltdough ib.tl polyFopylae Bucbd fDcl

rhe 6lE!r. 9a bEuahr ro boilirs ilM.dill.ly riffid in ! hor @dirion

€ai!!t stddad 
'moriu 

!er!l! 3olurion ui.g phaolphrh.lci! d ildietor. Th.

f!.tor @ c.bur.t d a udd,

volurnc of ,nnoniM acet t€ u*d

D€t€rui!.tio! of C.O dd h Clhkor
The clinkd $t5 gri!&d itrto finc po*der using disk Srinder. 0.05 g of the

powdered clinkd ws bken i! a dtltion flaik. 60 nL solvdt Glyqin +ethlnol) sr!
added lo tho fldk, 2 g sirondu nirratc w6 al$ lddcd to the flak dd mixcd

onplelely. Thc $lurion w boilcd on ! hor plalc for 20 ninutcs vilh nild stuing in

the Den@ of ln onlcMr dlc mourh ofrhc flalc Tlc @ndffi6 mo!.d
lrd rhc @trldts ol thc nak 9w lillcrcd dmush snall Flylopylse Buc,llu

fr|el s&r t@@ Tb. filtac E boughr b toililg lrd imediatcly dFarcd in

hot @!:diti@ dgBirsr st !&td .Emni@ et r. @lutid uirg pn@bbd.t it a
itrdi€ror Tbe p.t@t ie lin i! 0E clint i 6 crlcuLt d a udd,

CaO ftr (pq@tase) i! cli.Id - vol. of 
''ooniM 

!ce.aL u*d x Facror

3.53 ADalyst ofMajor El.n.!l3 i! Clilk r
Th. major.l.mols in th. clinLr prcFnt in fom of ond€ i.e. sio! Alroi,

Fc2Or, CaO ad MgO w.E .Ltmincd by XRF

ApDmlc: Platiru c@iblq 6dyli.tl bile@, mufl. ltl@e

Res.!8. Lithiu b@id., dilithiu Lt! boraa (Spoctronel0

Prep.Eliotr olcl& Bad
' r g ID*dqGd cliaL. wa mixcd wiot 6 g|:4 of dilirhiu rcF. boErc

(sp@tron lt ud tak n i! ! platinM .rucibl.. 0.001 I of lithiu bmmide a .lso

50 kv
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.dded to tb. cfuiblc !!d nix.d 0loDuglty. 'IlD ctuiblc s hatc.l i! 3 nu$c

tun@ a.1l5o t fd d&dy find nilut..

Tbc qhrqrt aA.. fift..tr ditltd 6lt ttfdrcd io ! Phtilu nould iGid'

lhc fum€.rd slDted to..quiF rh. slsF of dc noul|I Ttr. mould a 6l'd dld

ihe sls M w obt iicd Tho sls b..di ofrh. enificd nddltds r^@ prcPared

C.libntio! of tnc Idlrundt
Th€ in$rument wN ruded on dd dlowd for 20 ninut€s to w up Tne

iBrrudt c@ditios wrc 3.1 bcforc slsiitrg ih. eslvsir' C€nifi'd ref4lcc

st&dsnls of cliDtd rcF N on ttE m.chin. fo! oltihstio! dd the calbBdon plot

w dEM Thc s'tr Ef.!!@ sttrdltd! 16 f.d s utrloh dpld i 6 rhc

mlchine for edysie Tlc rcs te $rci! conprcd with ccdifi.d res'ills

Anilyrb of tlr. Cli.L.r SuDr.
Th. crinkd b@ds lw Dldc to M into lhc d.bie 6r elv$ Ttc

c.lib6li@ cure w E .l to f!.t oul tlE @Pocitioo of s.ll tb! @Plc of clitrkci

3.6.4 Deiermidaior ot AlrU.. tbrorgn FbEC EDlstioE
Sp4amphotoD.t r

3.6.4.1 Deldoiuflon of S.diu O:td. (N.rO)

Tltc N.2O sas ilttlsi!.tl by llanc .mbrd sPc.lropbotooeter'

A$l}licil srrdc sodiun cltloddc and pol!$iun cHorido 
"€re 

us€d for u'e

pFpdgtid ofmrking shndlril. A! 6ll cl.n nis it lhc clint r and cddl arc PEsenr

in oxide tom, $ lhc cdcularion of wrbng 3!.trdt t5 fot cahbrdio! cwe wd oadc

in such . My d to Eprt;.nt rcdiM 6 sodiuh oxidc ud Ftassiu 6 polssim

lDtrrdt Coditiolr
l9G250v @50 tlz
prop.r!. d b[t'&. rgddql b lGl5 iNh6

K < 02pPd
Li < 025 ppm

Ba < 30 ppm
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app.ntur: cb.srre, b.ld@, hor pl.i.

Ras. .r NaCl. dturill.d wald, hydr@l odc acid (datrlioterade)

PEp.nliotr ofgohtion.

l, P.iD!ry Stock Solutio. of 1000 I,pD N.rO: lO00 ppm si@k solurion ofN&O
% prclNd ton NrCl in a t000 mL flask by diesotving t,8859 s NaCl in
disdllcd wr€r and dilur€d up to 0r tuk.

2, S€@!d.ry Sto.k Solutlo! ol lO0 DpD N&O: l0O prh stock &lution v6
!e!ar.d Eoo 1000 lpn by dilu(ilg !0 DL ro 100 nL wilh distiU€d rdq.

3, Wo*i.g St rd..d!; {o*ing rrula& of2.O, 4_0, 8.0, 12.0, 16.0 ed 20 lpd
9w pEpatld lid rhc $@nddy 5t@k etution wirh disriled w!l.r in lO0 ol

4. PrcDnrior of Ctilkd Sotdion: I g poldcEd ctinkd E ra&e in IOO bL
b@t6, t0 tr[ oIHCI d.l25 nL of disrillcd E&r M lddcd to ir The elution
9a l€td ro boililg o! h.r !L!. ed digd.d for t5 minures &d f,treled rhoush
wl'arbe filrcr poFr 4l to *p!6!. !ili6 Th. ppt w Brshcd wirh hor mter
od lhc dlrrarc re diturcd up ro t ooo mL,

I. Higll sndc lincalolc (tlLS)
2. Dadlhuh liluroe (DLS)
3. siliaou lin€sronc (SLs)
4. Geen @lor clay (cC)
5. Mo@n color clay (Mc)
6. Leur.irc clay (LC)

The mdes of .ach group w.rc mix.d &d $oreughly bl.nd.d ro get a
homogen$u narerial, whi.h Epr.eDt @ri.in lo@1ion ofth. study dea,

This mtcrial s s.llkd throuS! atonic lberpriotr dd X{ay
sls{rophoroncti. lechDiqEs, TIF turlys of dl rhe grclps w4 f€d inro tbe

compul4 for nw nixes deig.ile. DiIIctur Ew mix.s {4 md. by mixing lle
tarqiol in diflqcnt teFnioo, a.t givc! difldnr nmb.6. The w mix6 lrw
thorcuehly nixcd dd blcdded b gci a honogcr@N matcrisl
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Eech aw nix B &rlyzcd lhrcuah dir.ra dslyticsl L.b!iqB. All lhc

dw mix6 l@ srorcd ir plslic b6gi I! eme aw njx FeD&adoD $be .ddirioDd

Dteri.l liL. larair., sili.. sod ond bid ltdiDA clay m usd in a sDdl6
qlhtity, wbich @ not Fenr ir lb. srdy ''a 

b mn of 6. cd@r faddie the
sbrr.s6 @!rcoEd n@ olld $uE.

3.5.4.2 D.teni.laion of IGO

Th. KrO B dci.mind by Flarnc dnissio! sFcEophoronct r

Iut uD.!t Coldiliou: (!ad. s, in !.ction 2.6.4.1)

Cld3we, balec, hol pbte

KCl, Dinillcd wto, hydrochloric acid (analylical

Sradc)

P.epdtio! of Solulioa
L Prim.ry Slc|. Solotio! .f 1000 ppD KrO: 1000 ppm slock elution of KrO E

prcpered liDm KCI h a l00O hL llek by dislvirg 1.5a28 I KCI in dinillcd

w&r &d diluti.g up lo thc e.*.
2. S€.old.ry Stock Sol ior of l0{ pDB KtO. 100 lllm slo.k ehtion @

pepdd 6on 1000 ppm by diluring | 0 mL to 100 triL MIh distilLd warcr.

3. Wo.kilg Stt!d&d!: lto*ing stmdsds of 2,0, 4,0, 8,0, 12,0. 16.0 dd 20 ppo

wE prcpared fron thc s*ondary 3!ock slulo! with dinilled watcr inl00 nL

4. Prcprhriotr of Clink r Sohtionr Ore gm of the po{.lered clinter wa rd(6
od l0 br of HCI aod 25 DL distillcd Mtd M atlded to n. The solutioD m
hclted 1o boilirg oD lor platc ed dig6Gd for 15 niNr* ad fih4d ihrcug]

wlallne f tq FF.4l to spsr. dliq Thc ppt a aash..t eirh hot @lcr .nd

ile fhEr€ di!{.d up ro 1000 hL,

Ildc mision speltophotonclcr B tmcd on and eetud up for 15

mirut6 for a]:.ut lqfotuc. Daing rhis p.iod distill€d Mr{ wN s9pinrcd.

The rcad out @ s.t to z@ by .djGtrng th. blak @trtrol dubg tb. Epintion of
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distitled wter. IlE hudred of thc isrtuot 6 adjcted wilh th. most

onhlatcd mrking shdard (20 Dpm)

AU tt! so*iig srudldr *@ sspidt d ed then idasitid @rdcd. The

irte.!i{6 s@ plott d lgaiEt rh.ir dentr ti@. It Nturg st idlds w d$
u s unkroM saDpl6 dlnng 6c .",tysis, to v.ry lh. @u!cy oflb. istu nL

Th. elhkd shrioc qw also spir&lcd sd rh. inr.rsitiB tutcd The @n@nr6rio!

ofK2o in fic clnlG ellrion ws nolcd frem the calibErior plot

TIE @etrtntion of K1O wls.onvdted &om plm to pq@llge lsing O.

%ag.Kao = ppn t 1000

3.6.5 DctclFilltio! of Sulphu.ic Afllrydridc (Sq)

I{6golt rDd ApD.ntu: Distill.d wLr, hydrc.hrdic *id, hdiu chloridc. huflc

Pr.p.ndo! ofsohdotrt

Blnun Cnbdd. S.htiorr l0O e of b&iM cl o.i& ws.tlslv.d ir ehc dbtiUcd

wrts dd diluted ro 1000 mL.

I I of the powdftd clinl* Mpl. wE tako in a glass bcakei. 5 mL of

hydochlodc acid dd 25 nL dktillcd Mt r wd add€d to it. The maldial w hqtld
ro boilitrg,rd digcstcd for 15 ninucs. Thc sili€ w scp.Er.d thrcug! Wl'r'lln&

filt r ptlq 41. The pll ils rvllhd *il! hol mtd dI lh. filtale slvc tro ppt -iih
A8NO, el'nid showi!8 tbai ilE ppi in il@l bcc$m &- Aon cbldidc.

Thc filtralc w boil.d od l0 d[ of btilt cNdid. elutio i! bot @ldidon

sd !dd.d with c@$r,l stiriDg. Th. pF a dig6lcd for lboln 12-24 hom. Th. pPt

*d lilteed thrcueh lvhatiM nlro p.Fr 42, dd v6hcd thoreuCy with hor wald.

TIE ppr M dded; ch{rcd .ad islii.d in th. muffl. tude ar 900 'C for 45 mirutls.

TIE ppt wd @ol€d in lhc dcsiccator ed wlid€d leain. Th. % asc SOr was

cdlculaled by llle following fomula,



A x0.l4J x 100%sor-

wlcrc A = *l ofBaSO.

\v - wt of rhc 54pl.
0.343 = MoLcubr *riSb! Ftio of SO, to BaSO.

3.6.5 D.t milrdon of Butu.biXty r.caor (Br)
Buhability fa.lor is uld a a guid.lirc fo.lh. kila oFlro! to show if a givm

clinls is 6ier or blrl6 to bw, High.r b@bility flcioB yi.ld r clinld lhd i5

hordcr to bm. ConvcMly, losq fdctots md. $c dinls .4id 1o bm,

The bmability factor of the resulting clinker w.s caloulaled ftom thc

chemicrl data obtained by, Ning diff.r€ni ana$ical t€chniques, as followl

BF - LSF +10 SR -3 (MSO + Alkdiet
Wh@ LS! = lie. satuerio! faclor of thc ctlkd ed is gim d

LSF
(2.aStO, + t.r8AlP, + 0.65 Fe,q)

SR = siliq ddio 6d i! gi€n a
^- s,o.

atp,+ f.tq
3.7 PREPARATION OF CEMENT

Cement is lhc clinkd mixcd wiu sn.ll q@lity of gnsM. cyp6m controls

tho scfti4 lime oaccmcnl. Thc usual SOr @ntcnr of Ue cm6r is 2.55% for which

95% clinke. ed 5% erlsm b nixcd hd pulv€ikd, The pe@ntlge of grlsM 6
bc incrcdcdordcqced dcpoding upon thc purity ofe'psm (pe@ as€ofCaSOI

3.8 ANALYSIS OF CEMENT

3.E.1 D...rbinrtiotr of SulphEnc Alhydridc (SOJ

The det@in lion of inphuic a'bdride (sor) w @icd out by

grovin rric mdnod a that ofclilld (@tio! 3.6.5).

3.6.2 DetorDiDltio! of M.jor rid Miror El.D.rts
Major dd nitur €ldfra in thc @n nt wE dctmined h the cmcnr Bing

X-dy fluo*mce sp€clropholomet r like th3t of clinLr (3.6.3 -3.6.4).
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3.8.3 Deaerrirrtiotr of l[3ohbt. R.!tdu.s

Approtu: Glswe, bal!@, hot pldc, imee, dck l mcible

Rdg.rtr Distill€d *ars, lydrcchloric &id, mdiu hyd&xidc, lmoniM oitrate,

Pnp|r.tio! ofsoldDnt

L s.diqD lydmti& r.lqliu: l0 I sodirn hrdexidc p.lcrs lvcr! di!$hrd in .
sall moet ofw!r.! .ad dilur.d qp ro 1000 mL wia di$illcd Mt4.

2, ADoortum tnte ohtlon: 20 g ffimoniM rit.t6 @ disslv.d id a sh.lt
mour ofwatcr dd dilured u! to 1000 mL with distiltcd Mt L

I g of cddt E trlc! in ! 100 b! bcalcr. 10 oL of dinitlcd lrlld ed 5

mL of Qnqtratcd hydmuoric &id B addcd inro i! The mixrrft w sirtcd srd
dilurcd up ro 50 mL wid urcr, TIE $turion E wtncd bd di86tcd for t5
hirulB, Th. aidu w frltcrd on W8trnm fili* Folcr 4t 6d wshcd 3ix rin*
*ith hot v.ts. Th. ppt ,lorg with th. fitta p.Fr B rusfeRd back to th. recdon

| 00 triL of sdim hydDxidc soluton sls add.d 10 tbc b€skd and h.srcd jut
bclow thc boiliDs for 15 Di.ut s. ftc solution s lci.tified wirh hydn hloric eid in
llc pr*lcc of Ecthyl rEd indiclrd. Th. ppr wls fi1Lnd thrcud ybrrnln flrd
plpd 41 dd @$ed eitl iol $lurion of lmo.iu Di!!re,

I1 pll @ dde4 cherd Dd iSnit.d .r loo0 'C for 45 minur.s in s nickcl

Nciblc, th. Fsid@ w @t 4 wi8hd dd ihc Bults wE F@rd.d.
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3.9 PEYSICAL TESTING OF CEMf,NT

3.9.1 D.t ruilrtlon of nr.r.$ of C.n.ra (ELltr.)

App.nlu sith lPsifi.do!3
?clmbility @U. filtcr plpa, m6oml.r, tifld

l. P.rnablllty all

Physicdn4rw neidlic

Inteh.l dideLr ofuppd ofcylirdq 12.710.1 @

Depth ofthc h.d sp6e st@ Dlunsd in tuUy iei.d 10.00:t 0.03 m

Tnich6s ofrhe p.rforslcd disk 1.60 t 0.03 m

No. ofbot€ 30-40

FiUc.Fpcr l27mv!ar@

Mdm.l6 liquid

2.89?0 g of ccmcnt wls acc@|ly rci8hed ed eeIUUy i!|lo the

p.m*bility @ll. Thc ccncnt w$ pr.$cd in tlc c.ll by using Plugd &td puslhg

doM, so thlt thc should.r of lhc plungd w itr cont!.t with the ioP of lh.

pm€ability ccU. Tb. cell \i€, i$encd in ilE.ir chltnbd ofthe meom.l9r slowly

$ tbal thc ajr i! t)l@oct!. wls nor di!tub.d. Tlc.ir M alloeld to pN $mu8b

the cddn dll thc lad of liquid h t!. neorcc! Flch.d i13 9ositid.

The p@s w rcp.atcd lh@ rind ed th. time int dal vd noied @ch

line. TIE firctB oflbc @nc w c.lcul.td a u!d.r.
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^ K[iD--;1r.

vt@ K ir tbc @Ellrlt o(.DFrEru!

€ b tlE &Bity (ks/#) of ilE enctrt

F b dE w.6ge htio.of{s ntlelDLi adings

3.9.2 CoDpFsiv6strGlglt

App.nau. Cb$ 8slu.!cd cyliidq, .Fc,itur md&. t wk, baLnc€, $al6 &r
wighing, vibEiior Dehirc, @npBion t ltlng h.chin., hmidily @ndilio!

'It sleific.lioE for qplnd! v!& !d.d .! tElow

l. Modil

Sizc ru.?t 0.1 @
AEofih.Ac. 5000nmt

2, Std- que D..h !ir! 300 p n

3, Gndua.dcttlds 500DL

4, Tnwk c.d stlal 150 @ with str.ighl.ded

s. Gnd.dst !d.nl S.!d

100 % p.$ Aor 850 F m

l0 % palr !!d 90 076 letrin frcm 600 F m

0.2 % on l05 t

6. Vibnting M.cltlo

No6d |rminesperl | 200 t 400 r/hin.
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7, T.Dpcnturc Dd grdidily Condiiiotr!

Thc tcmD@tue was rcoordcd rs b.low

Moisr @i!g cl@ts
Wda @ing t rt
CompEidtBiingrld

PrcD.ndo. of speidd Morhr

Ml!.r for Donr. cub..

T.dp.Etlr R.Ltiv.tuldity

20!2'C
20+ t 'c
20r1'c
20t2'c

65%

90

toa%
50%

'Ite follo{ing prcponid of ed.r, c€o.nt std sdd \ms uscd for nort r

PEpo.dEhrog w.isht brcn Gr.D)

165

555

t.0

!.0

Wlter 0.4 74

Prcccdurc

'fttc cenmt sd sd in th. lbovc tdio wG mix.d in dry fon for oft second

wirh the help of rwo tuwb, v.t r w add.d dd nixcd i!. *dolc for 4 hinuls
wiln thc rtu rrcwls. Tb. etr. *s plrccd in thc bopFr oI dF nould 6d
@nFcrcd wirt rhe leb of vib6lion tunirc for 120 *ods

Aid vibralid lhG Eodds $tr. phed in tte tuist uilg chub.r. Th.

uppq s!.f4€ of tbe c!b.s wrc cetld eilh t d.<ic 6Er ro.void d.pontiotr.

Aficr 24 hos lhc cuh6 9@ Fborld frcm lh. moulils &d pl@d i! llc *!&r l!*.

T.rahg of tle SpedneD.

Thc comp€sivc strcnglh of iltc tnond cubd afld the sp.cifi.d Fdod i,..

3dnys" Tdays and 28.bys ws da.mincd undd th. t npentw and Flative hurnidilv

condnioN 6ing th. @npr$io! ruhim .nd 0!c rctuts l@ t@nLd.

8l



3.9.3 DeterDtlrtio! of Strndard CoDlkterco

Th€ stardatd cGisloe of mdt w dct rhin d bt vi€t .ppmnE

Appfrtlr! mould, 6@c, plmgd, trs*lt ed top lo.ding bollM

Tt sleifidtioE fd thc .ppearus q@ mt d s bdow

l. MoqU

Irt hsl disrEla 80.0 t 0.5 Mr

Exllnrl didcl.r 89.0t0.1hh

H.i8ht 40O 10.5 m

2. Plo!96 ofPolilld aro

3. Ilunldiay cordtalon cb.Dbcr

Tcnpmt@ of thc mixing tun 20 'C

Rcldiw huidity 65 %

400 g cmdt ald ! ItBed qutity of wltd w@ Ei,\.d vig@Bly on

non-Fou $rf@ by !|1.B of tw lrrwb fd 240 s@&. Ttc hodtl E nlbd
inmediakly with tbe @tunt p6st ed th! wfa4 of cmdt wa lnoothed in thc

mould- 'IXc plulgll B lowr.d to l,ou.h the surfa.. lhc c€lMr p6stc 6d allowcd to

'[!c me proadw B perfomcd witt dil&mt pale co rioils diffcrat
mout! of Mlcr .rd th. uolrt of *.Lr B not.d for which tb. plug.! m.incd
alout 5 m rbovc fion tb. botlod ofth. inouLl
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3.9.4 D"t.Inir io! of Scaiilg Tin.
Ttc ibitial anl fml eding lin ws &tahi!'d !v Bitrg viclt alp5t2fra

Appr.iur mould, 6m., initi.l !.tting rin' ncedle' 6nal s'ni'8 liru n'edle' tlwls

'Itu 3D6ificlioG for lPpdntus rft dd a below

l. I! irl S€ttirg Tlnc Needle

IrnSlh

2, find Sctabg TIDG N4.tle

3. Tcnp€nturc s Hunidity ConditloN

Tmp.Eturc of tlE Fixing rcod 20t
Rclati* hubidily

Th. cm.nt Posrc'

for lhe study of etting tjnc

3.9.4.1 D.&min tio! ol lDti,l S.ttina TiD'

Tte iniliat etting titr E dlc vs tlowly lowd'd b dia't th! sbc' of lhc

c6dt P!s1e i! th. nould od tlowtv dlowd to link into lh' !631' Th' pM'$ wd

rcpotett otr lh€ undisnuM places till it sloPp€d l0 nun lbovt the lottom of UE

rnould. Tbe f@ int ival b.tt"'s this condiior dd th' !ddi!8 $qLr to lnc €dcnr

3.9.{.2 D.t€mi!. on ot rb.t Setthg Tidc

Th. initiat sring tin' rc''tle ws rcded hv rhc n l sedns tim' n"tllc'

Th. ledt 6 cellllv low@d 4d broushr ioto cont'ct with th' slrfa@ of lh'

cocnt paslc, .nd quic*lv Elc6€d ro sink inro thc suf@ Tli5 Drcc6 s Fp"r'd

iilt ih. @ldilion, who onlv iopcsio! on u udislu&'d pon of 0E tuf'c' of th'

@mcot pas. s madc. Thc inc int'ryd frcn the addnion of Mld till oolv thc

imDrcsion fomstion on ih€ surfgce ofcdndl P'sie M do66

65Y.

which ws atc.lty u*d for s'ndsd @cisr'trce 8 u*d
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3,9.5 Deaermlmilon of lr.hrdLr Erpir3io! (loundDcss)

Applr.lut: sall splir cyli cr, glss plat s

The foUowing 3p.cificorions wcrc oh.*cd

Inremsl dimet€r

100 g of lhe .d6t w$ mixcd with ttfici.nt q@litv of *dd 10 eiv. a

stan<hrd @Bisl@a Thc mirld w pt.c.d oa a slN platc dd fillcd wirh cdml
p6le, kceping ih. split clos.d, IrE s@nd glts Pbtc M Pla..d on th. @dd ud a

snall wighr w ple.d otr it Th. e'hoL tpplnts E iDlfficd in sir!. at a

tnpearw of 20'C.nd bn for 24 hoK ft. moukl r|! mortd fion ih. *rd
ed nbddcd lh. djltt@ sgdatiss (atPsiou) rhc indi.dor Points

3.TO BAGGASE ASH

Slgu indutriB @ b.SS& of s!r!lq.3 a tu l in thc tclt !lio! of $gd.
'Ir!. ash, *tich b loduc.d s t B of hMilg is of !oE ediswstd Tbis

wane baeSe sI is utlDly dMP.d spo6di.dly hd sd ti.t o! tlF oadsi.les d
en oihq placca which ols tuy .nvioMotd PIoblGfu Onc 6 6nd b6ggs

a5h i! lLe vicinity of sspr nills, for en|c lilomctlrs .ll Nuod.

Seples of bogse ed b!g8E$ sh *ft @Uq.tcd from lhc slge mius of

N.W.F.P. on tliffMt dstes. Th. smpl4 w@ coll*1ed i! tbe pl6dc bags dd

prcp.rly nub€red. Blsge w in th. fom of crushcd !i.@s tugine h sie non

0.510 'm, 
*lich wG tqdy for buming in fic srge tnill Tlt supling dai6' time

ad sies w.rc notcd, Ihe snPles wcF cdicd to the lahoratory for dalvsis and

fudhq prccos. 80tll blg$se qtl baggsc sh wcrc eP@telv sludi€d for funhcr

3.T1 ANALYSIS OF BAGGASE AND BAGGASE ASH

Baegdc ah cotlsled from lb. sugd dus of N.w F.P wd analtzed for

diffMt p!,sicd sd chdicsl p.m.t B uing st rd.rd d.blical r.chniqu.s'

Thedoghvm.tric an l,6 w !!.d fo! th. d.t@iMtion of noistN' loss on
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irnition ud &sh 6trr6,t!, cdlon-elphw dc nor for c{ton ed subhu 6d Bon!

cabnmctcr for calorinc Eluc w6 u$d rcsp@trvclt

3.u.1 Det roi!.tio. ot Mob.lre i! B.gg.!e .nd B.ggse Alt

tuna6Er; ft.tu8rrv@.Lic Aultz.i

INtruDcnl Colditio!3

Crucibl. C€@ic

t wcrldpdale 25'c
UppdGEFtlld lo5t
M.lhod ASTMD'5142

' Apprnaur.ad Ra86lt
C...nic @ibl., !.ooP, ov.  b.€ge .!d !.98r* a'h tuPl6 6[ei'd

Th. 5@! ald t!. cruibls wc PrcFrlv s8htd with 't5l 'd 
Bi'r ald

&i€d in tlE dd al 105 't lor teo hoB Tbc ffibld gfr tbtcd in lh'

istihdr Ote $eP (5 m1 of ihc mlnoM bggg@ $hPt' wE td@n iD 
'sch 

of

the ctucibl., fte mistuc of dl the slnPld 6 detcrni"d The sMc p@'du€

qG ePdrcd tor b€gge

Thc whole ealvsis M tlr@ted thr tine bv rhc instrqot lutomicalli

lo get coubtcnt sulrs.

Th. Bults of th. !@p16, i!58@. @dirioc ctc w@ diQlsvcd oD the

@np s. All lhc smpt€ wE Nllzcd in t ipli€tc'

3.11.2 DcterninttioD ofl,os oD Ignllioo ofBtggr* Ath

IBtroB.nt Th.@o86v.octic Analtd

I$toBcll Coldrrioa

crucibL c.'*c
tiwrl4P.Bnle 25''c
UpDdr.DP€ntuF 850 t
M.lhod AsrMDit42
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app.nrc ltl Rot .l!
c.mic @c,blc, !@p, ovel|' bagss$ ud !!sse ah sd* 6@ $sa

'1!. splc a@p and tb. cNiblB 9@ PreFdlv eithd with ltc dkiill'd

mt . ud &ieit in tb. o@ ar lo5 t for ts hoE. All tbc cMibl6 *w 9l!4'd

Eop.rly in lb. .erouscl of the iBiielt shit the rf@!c' c@ible 6 pl@d at

Tte iBtrudt w srddsdizld with rh. Doiste t!' ottlic acid axl lh'n

orc 9@p of ttF @ImM bogge ssPlc s tlta in 4h of llc tuibl' TbG lo$

on ignidoD of all th. @ple E dct!f,imd All lhe sPl6 *@ Lta in rtiplicaL'

Tlc tt3ult! \tcrc dirplsved on thE comPutd The qholc 
'$l)sis 

ws rep'at'd

tkce ti6.s by thc i$llunmt olomticdly to get c@siste sulls'

3.113 Detcmililio! ofAsh Cotrtc.r h B'gge '!d 
B'ggr$ Alh

I!.rrub.nt ThctuSEEmclticAralt*r

Lowt opcdlw
UPldldF.lu&

25'C
E5o'C

ASTM D-5I42

App!dt{, rnd R..gdk
Ccmic cdiblc, s@p' ov4, bog$se dd b€gs'* ash sdpls

'IlE sllc a@P dd lhe @cibl6 wE prepdlv w8b'd wilb the dhdltcd

water &it dned in lh. ovm at lO5 'C fd t*o hos A lhc @oble' along *ith iltc

rcfercnce m at the zdo cruciblc location' w€re plactd in the c@usel of tlE

Thc irsuurncnl E stald.rdiz.d slh the noind f@ oxtlc &id dd lhd

on. s.oop ofthe u noM bsgee smplc 16laLen h 
'eh 

of th' ctuibl' TIc ash
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@nt. of sll thc b6ger$ @Pl6 8 d.tccined- All tbc spl4 q@ rlkd in

tipli@te. The s! Fo@dN m follo*!.! fot .ll smpl4 of lhc bts:g6e 6n

TIE whol. d.lvsis w slalcd rtue tine bv th' iELud'nt etonalicEllv

rill lhe rcsulr! *s .onsisted Tbe 6rI! of th. dpl6' iBtinor @ndittoB etc'

9@ dGdi}ld @ lh. @Dp|nd.

3.11.4 Det rnlnrfiot of C.rbor .rd Srlfur in th' B'gg"' Alb

I!.!nD.!t DlBl Pln8. Suliu and C{ton Alslra

App!nt$. Bost3 fo! 5epl6. An bricd blec.,
TenF dofth.nm@
Wcisl of sddc rata
Flo* of splc 8s

1350t
0350 g

The bdie w@ ptulslv R.shcd eith dhdtled P:ld $d &icd in 0t€ ovcn'

 ncr @mplctc sdup whd lhe anolvzr @ched ro 0E s't tcmt'6(w d'lvsis @

st ri.d. Thc ccirif.d stiuldds .td rlcir a,tlFis q@ dt@d lo lb' $fts@ of t!'

h@hine Thc c.nifi.d 3lttdsds $!t M Dd lh'ir 6dts u'd L' .@Fnsd' tur

diffcreG bd}@ tb. roGl cttto! 4d ,ulfi! o4!r'd Ed thc lctual wbo! old

sulfu. wlen th. cslibntion dalFis wu complet'd, c'libraiion Plot w dniM bv

th. i,3trudi. To ipt eo@ @Eitrdt ruulh tt! sanlLs ,rd c'nifi'd srddard wrc

td6 adly dretribut'd io th. bo.r

T!. udoom s.dPlB $qt .4tF!tt in th' 9m wv ts lltt of lbc qtifid

stdd2rds, 'Ib. rci8ht &d noisnN tdue of tt' !@Pl6 *@ fed to th' iBlNddr

Sone of tE 4nificd stdddd! 9w d$ ru d the ulkmM 3dd4 in ode to

check the sliability ofthe Gdt3.

3.1r.5 Deacrnhrtion of Crrodnc V.lue of the B'ggs' }|lh by usirg BoED

Calotincl.r
Isttuot Bobb clldio€tci

l$ano@t Coldldou
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Prcc.durc" "'_-*" 
--o*- "*o o(k'i I filtcd wfth 2ooo nL szrs The ssrcr wa

n"*.d. **. *t * *n* dk b hit thc iBidc will 6f th' @mbadon v*'l
_"*i*. 

*" * ** ** 8d EdF 0c bubbl6 ir th' b@k't

Thc cdbslio! !.sl tskci w 9!s!d ittsi& th' cd!'uslio! Y6sl b@L't

*U, ."*i" "* "* 
* t"" in drc bodod of rhc @bbrclio! t!$l bNlct is

;;;'.;;; ;" *" 
", 

0F 'n'r,6 
rhc csryins h'ndr' "* 'r$chcd 

ro thc

:J;;;;' t ***rh'pison$c'ndorthch'ndr'ilbrh'hor$dud
thc toP of tn€ conbuslro! *ssl'

The sdpl' ws ple€d i! th' crucibL which w4 fitttd in the sanple holdcr'

^ 
*. ;";;;;; 6!'<1 in 3u'h s {av thd rhe {irc d6 nor t"@h tro

:;;;;;. ;" ;'"'"r'rin8d*mbrv *B iined ir tln' combusrionch'mb'r

"ill"** t *' -'*uon v'!al b@t.! wirr' ! e@t cc e d rh' sp'

Jt" -"*".* -' -'*on v€sl v'ls w 
'lo€'d'

Thc c!.ri!g !edl' w rduovcd iom rht co!$lnion i6*l !!d shotc thc

*"* *t". *t * 
"t*t 

t* illo lhc @nbuiiio! rEgl buck't Tht tmui of

Ji"i. ** "'u 
* *,T;-':: :ff,H"ff ffi'il::

vesel buckct lid as clo$'t d'l !r"s'd do{n on u'

$en the ea\'sis {as lnggcreq'

After the ealvsis ws @mplclc' lh' combustion vessel bucket lid was lified k)

thc cooplcie vcrucal position Thc @mbstrotr v6sl tuse La'!5 *de 6ov'd ond

Th. coDbusto! Bsl sls rcnov'd frod th' @nbunion v€sl bstel Bing

* --;;; ;.' t:"11:5"ffiT'i1 ffi.',T,;1
mrer bact into thc rwilir r!|t Aon lh' cdbsu'

;;-;;" *' rhc conb""tion c!'bd rh' sod' eto€d!'t s

cdoorcd lor r€f*n6 srsndsr& std 6kmu smples ahe Islts *@ rc@rdc{t

lon lhe disphY 6 in€ cdorific vduc'
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3.t1.6 DeterEhrtio! of\/r.ioq ELDGlb in B.gg.rc A.h
In,lrrD.ol: X-ltly llutgqs spcotopldomclcr

INttun.nt Condltlorc

App.Etu: Plalinu @iblc, ddlticd bdlte, nufle frrt|.l.

R..seob: Lithim brcmidq dilithium Llru borate (sp@itomcx)

Bsgs@ sl s rt !t d ir rh. 6Ds for 16 @ iitio! &!t ur..l for x-dv

aDrry;is. Rcsl oflh. prcccduie els follo$td 6 lhlr for clintcr ($.ti@ 3.6.3 - 3.6.5)

3.12 DESIGNINC OF RAW MIx wlTE BAGGASE ASH ANII
ITS CLINKERIZATION

Nick l Nciblc. dde fiErc., udvtical bolu4, N Ettdisr for .4@l

AAcr conpl.l. eill]sis ofthc bagge ath, it 6 int rgroud *ith th. othd

bw mat d.ls li*. liD. stoe dd clsy .tc wbrch e lomltlv sed fot .@dl
pFdElio4 lrd s pc4.d in t @dal lllda for clinld Pmdudion. 

T n'
rcsultins clinkcr wc stoud wilt gypsM fo. @nent fom.lion, TIe cli.r'r ed

ccrcnt 9e rtudi.d 6d conpqEd {ith st$tkds.

Dilf€mt Fw mix.s w€rc prped with baegde sh for optjmialion:

l. Fi6t bagga .!h @ mix.d with mdEt aw nix for hiSh 3trasrb Poded

.dcm in diff.rEt P.l@t g*. IlE .ft@t of baggE. .sh o lh' Pddt
codposilion of all el@ts dd Patrnctd in lhe raw mix w studi€d

2. Basgse dh w !dd.d to his! lime etlntion fador (LSF) raw tuix in diff.r.nt

peenrsscs aod tb. effect on lh. Pdc€nlage onpo$lior of et m.tu 4d

r)amtc6 of thc sultilg clintd lrd c@at @ nudi.d ln this wv lh'

optin@ q@tity ofbagge lsh $,u dccdined for lh. n* mix d6ig!in8'
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3. Thc clinkdiznio4 celMt fo.trdion sd study of th. phrsi@l !!d cb.dc.l

pddcrcE wrc cficd onl in thc srm wy s dDr of lhc nomal ehcnt

3.13 REPLACEMENT OF CEMEI{I WTIH BAGGASE ASII

B.ssEe ssh ws lddcd wilh oditsv Porrlard cm.nt in diftc@l

prcportod, lhc cub6 wE PtPlr.d dd lh. c6prssivc atrdeth wd &t.miEd

anq thr.. d!ys, sa@ d"ys dd twnty+ight d.F uitrg distillcd s!&r Th. imPt l of

B.ggls nh o! ltc cdcnt @6ptsirt slEulh *a sndid.

3.14 USE OF CEEIIIICAL ACTMTOR (Cacrr.2HrO) rOR
TEE ENEANCEIUENT OF POZZOLOMC ACIIVTTY OF
BAGGASE ASH

Prep.ntion of C.lciun Cblorid. Solutio.t

Difldcnt conc€ntntios of CaCL 2HrO 0' 2' 3' 4,5 and 6 %) w€E

!rcpded urids diiiued *alq.

Oplinl2.tiotr of A.liv..or
Th. cqmi pasr6 w Flporcd with ditlct per@t'g6 of CaCl: 2r[O

4rivlbE Thc cub6 q@ pcFr.<l snd r.std for cdl6irc str ndh lnd 0@

rbys, scv6 days dd teqtt eieht &ys, Thc oPtimw qua itt of th' etivatot M
d.tmincd ftom the sple cube *ilh tl. nqin@ 6h!Fsiv. sr'ngth 6d the

Esllrs wcrc conP&ed wjlh Palbt& stsdard sp@ification
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CEAPTER-{

RISULTS AI{D DISCUSSIONS

PART-I

4.I CTTEMICAL COMPOSITTON OF LIMFSTONE AND CLAY
COLI,DCTED FROM THE STUDV AREA

Tlc s!16 6ll6lcd fom thc stldy a@ 9@ Mlvzcd in lhe laboFbry

nrins standa.d @dlyricol l@lDiq@t likc domic absrptiod tp€hpnoronct4' UV/

viribL sFclrophot tuld, lh.@glvdn.tic &dya, fld. Plbtonctc.' a.d x'dv

spetloDctd (G chipt r 3).

Thc Fuls of u,iysis of lin6torc ed clav e rport d in Table 4l' 4 2'

4.3.4.4.4.5 and 4.6.

The @r.nsl 6Ud!d &on ilE ltudv !&.t @ clsificd otr thc bdb of

phyli4l Ed cbdicd chrn tdistie a ud.i

l. gish gn& lindoe otr-s)
2. DNkhlla liD.slorc @Ls)
3. Sili@ou litrsto!. (SLS)

a. M{oon @lo! clEY (MC)

5. t*uttinc clsy (Ir)
6. Cten @ld cl.Y (GB)

4.r,r ltisl G.rde LinelioDe (Htf)
Hidr gnde limcaione G{S) vsica frcn whit ro 8t&trish white in @lor' It is

Feit h th3 DNkhult ed othd .djoininS nqs of Ni4dpu Chdi"llv sr'5t'r

vsi.tion in all rh. didq h.s teo mtic.d i! ftc tiBenoe CllbL 4 l; Fis@ 4 !)'

Siq is @gbg Aon 0.43 1o 0.8! *1',6, AlrO, fl@ 0 49 to 0 86 wt %, Fc2o3 finn

O,l1 to 0.34 v't %, CsO frcn 5l-9? to 53.65 wl%, MgO fo6 021 to 152'4o/r'

Nalo frcm 0-04lo 024 wl %, KtO fon O lI to 0.34 $a ve 6d sulphuic dltdrous

(SOt) is 6sirg ftod O05lo O.l2 *t %, Th' !lwg' cdpo3ilion of the sMi'd

lircnone sgget lld lhi. lim6iorc oD aE68c @ltait SiOr - 0 61 wel'' Allor -
0.55, FeOi = 023 wf/!, clo = 53.00 erl4 M8g = 0.58 wt%' NalO - 0 13 %' IQO '
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o-24 % dd Sot - o.o8 % Th' tldi'sn'dulB (MA)' 'ilio 
doddB (Ms) 

'!d 
lirc

"*-i"" *- 0"" t* *l.|i" lint'doc T 2"a?' 0 60 dd 20'10 tr'ldriElv'

Froo tG cu!5 it i! dd lnd bigh SFdc lisldonc' B 0E t'u' ildidt'

h- higtt 
"n -r 

of""tio'n otiat The dal(iDm pd'o$rp of Cso i' 56%psalr

;; ; -"- **'" (c5cot rh' pqirv or rim'tonc is dirccdv Frdqt
,"*. 

I;'* *"- tt"tf t* 4 l $ot{, d|.t & IN d istriod of biC 8t'dc

iJJ. it]* u"'0" 27'z'o4t25% rn'tng-- @"tbr' r@ o iirDn

of"il,J"o * * ** "" 
h' ohs'vld In loo % !u' ctloil'r 4to!'r' !! lis

C^CO''+ CiO +COl

100 56 4a

So tolo the ld!!t lge of cso sd LoI oftte sb:dicd high gndc liroetion''

b cdcludcd that tbi! litr"to@ @ut'itts tougNv 94 % cal'iulr 
'aDoD@'
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0.3
o2

B

.N't"!"*gplal4#r4/+/*/$.t'+,&/
6tDl' numD'r

dicidG (StOr) i! th. hlgt@d.

,

1s"g./.r"1"#./d.1/1

rigln 4,1 O) vdl.tlo! of rhnldd olido (Altot) in blsh'gnd' liDdtor!
tuprs
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:

.r':9".f-sp"d'df../"/./""f.rP"/-/"/

nt|lrc {.1 (c) V$i.fto! of irc! otid. (F.tO, i! higl c.'d'
lim.rton.!.D 4.

fi8urc 4.r (d) V.rirtio! or.tLiuD olldc (CtO) i! tigh gnd' lid6'o!' slrPl6'

ll,illlll
s'.1"e1/./C"d./

5

"''"'*/'.9g"9J
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"/gy-*g"*""-/"/"/./"edsP./1*t/.

FtIr. a.l (.) V.dtion or ffsrailn odd. (MsO) i! t't8!'sr'd'
liE6lo!...DpL*

$sur. .1.1 (t V.itutlon of $diu o{d.! (N&O) in tb' ikb-gr'd'
lilqton. .uPl6

*+idf*ap*+l;!a!/.,44/*4vP*t#
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t

g$"*"g'5ld..ry.e"{*sP..f..f-/

Ficorc 4J C) vrdtdon orDoh{l@ olldo 0(1o} in lh. lbltnd. liDdlonc

nsrF 4.r O) V.'i..io! oflltPhulc rlhydid. (8o,) i! tte hi$-tnd.
!Dqto!. $dP|.i

"z.."zvyv"g.dy../.rry.#./dd
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4.r2 D.nhoL Ur6tor. (Dls)
Ih &[uL lio!.lo* (DIs), diDly ccuing l! D&tnuh.nq is vdv hd

ed .@pei i! t xtuE, It is gEodlly whli$ i! oolor. T.blc 4.2 ed Fig@ 42

ildi@tc t[!. l[i! limstoF hls vsillL clcnictt @!o3ilio!. Siq vdi4 &oo l.l7
to ?.66 wro ALq A6 O,l lro 1.8,1sr ta, FqO! nw 0.04 to 0,67 vr % ClO Aq!
4?.35to51.44{t%MsO6@O3lto l.58et%,N&Otw0.04lo035wt?4r{O
fiom 0.18 to 0.2? wt % lnd SOI wic Aoin 0.01 lo 0.07 et

'Iae ens. *t% of sior, AlrO3, loror CaO, M8O, N.rO' Kzo dd SOr of

rh. $died liEesto!! i3 4.95 % , 1.32V.,0 32y.,49.03 vt0.83 %,0 12 %'0 22 % {!d

0.04 % tls!.clhdy s iDdiold i! Tdlc 42. Tt .llslt! nodulu (MA)' ! rcl

dodulu (irs) &d liln! ltt li@ e.ror (6F)' 6lo,ld.d od b.s of 3Eng'

composilioD ofth. ttudicd liE setn. ,E 413' 3.@ .!d 3.14 t$t ctivclv
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'3

t.

g"f g"f 
"f "age"f "f "f "P"f "f f

Figlrc 4.2 (s) Ylrt lio! of lili.on .lloridc (SlOt itr D.nl(hlb llDstolc $rPle'

rlsm 4, O) v.tLthr of .t!!ilu odd. (ALo:t in hElhrr'
|ldalolc !uDr*

,/ "f "f "# "f "4 "f "f *f "a "/ "P "/ "f "f
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a

-+ -o -:n -e -+ -4 -+ -a "P .p' .P ^9 ,t ,F ^*o,o'ovd-d'd,o/ovd'd,d'd'o"..d.

Flcur{2(c)Vni.fD!of lr!!or .Gctor)inlhnl.f,lhlii€.o!.'upka

Fl8rrc 42 (d) v.riifDn or c.lciu o'id. (c.0) i! D.Elnrb li!6ton. r.mpl*

5

dt a .n k s i\ # a .s ^\ &,s .!.,6.9{ e' e' e' { &' e' &' { { { { f { +n

l0t



t

*P#,4#nf/f"ef,Pf,Pf

Fi$re 42 (c) vdi.llor oI MrsMiun oid. (MsO) b Dtruktult li4c!to!'

FlguE 42 (D vr6tior ol .odi@ didd (NrtO) in ltrElodt liDBloN
!Dpr6.

t
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t

/"./".":/".r'/..r'/".fydry/d*P

nsurc 4l G) vrd|tio! of Potu'iuD tsidB (Iqo) b D'rkhub lii"tole
ttaP!4

g"f 
"/g"f ,s"f "f "f "f "f 

f "f
F|lun 4J (t) Vrrir.io! of rdphltic ulvdrld' (SO!) h DtrulthL

[lqaos ..EDLt
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4.1.3 silic.os! une..o!. (SIS)

sili@ liD.so4 (SLS) is oc.rldlg s Einor todiB vilLio Dr.uthrh ed

ils ffiuldilg sls It h rliy brnt sd conp@r d \rhtlish i! @lou @ a*h
,wfa@. Chdicdly thb lindlorc @!t id r.lativcly hid SiOr (8.72 to 15 59 er%t

&d lo* clo (42.67 to 46.73 wt %) .!d LrOI (3526 to 36.89 wt %)' w!.d cmpord

eirh . fot6{id liGtoD.. ftc obd di.kt i? tle F!..4! id witbb @uts sEh

a! ALO3 (0.34 to 0.55 wt %), FqOr (0.19 !o 02lwt y.), MgO (0.711'0 143 wt %)'

NeO (0.10 !o ().l9 vt %), KrO (0.33 to 0.71 et %) and SO! (0.04 to o.lt st %) ar

indicd.d io TibL 43 dd Frg|G 43. Thc nbduli i... MA Ms .nd I,sF of sili@B

lirotorc cdcul.tcd @ 1[. buis or sds. cdlsidon @ 2.19' 20 38 od 1 16
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=

17.0O

1d@
16.00

13,00

12.00

il.oo
1o.m

sls€7 SLS-58 SLS-51

sdpl€ numb€F

rigurc 43 (t) vrd.6on ol![ico! dbnd' (StOt b silicou [E 
'lotu

rbure 43 (b) V$L1ioD of .lud'ur ond' (AhOt h rilic'o8 liEBlolc

o.7

0.5

5 0,3

0.2

0 sls-58 SLS-69sLs-6€
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t

0.3

o,2a

o.2

0.15

o.l

o05

sLs-56 s!s€7 sLs-54

snPlo nmhqs
sLs-59 sLsao

Fls!rc a3 (c) vrrirtlon ofimr orid. (FqOt) iNillc@8llb6lo t'Dpl6'

Flglr. 13 (d) Vrtt lio! of c|lctld otid. (C.O) h 'ilis!! liddtore
TDDT

t
42,00

sl-s57 sl9a,8 SLS-59

8dd. Mb..t

lo7



0.6

0.6

o.2

sLs-56 sls.5r sLs-sa sLs.sg
sampl. numb€6

sLs60

Fis@ ,13 (.) V.rnf.n otug!.dlE ond. (MsO) h . @u liq€aolc
!bDld.

Iisun .13 (0 vdrto! of rodi@ otrdd (N!'o) i! lulc.o!! lird,o!.

0,2
0,13

sLs-56 sls57 St-S{8 SLS-50

Saod. nuhhs!
st96o

t08



,

Fls@ t(| G) y.ti.6on or Dot .rbD oddd OGo) itr !Ii6u ld€tole
tEDle

Figu.c 4.3 (b) V.rl.lion of$lDhuric shyddd. (SOi) ir rillc@ct
linqton. $rprq

:

109



4.1.4 M.Mr colorcLy
M'tqD color ohy i3 widely opodcd iD ibe sdy rt It b g(ndllly D&oo

itr .olor s is sA ir idos!. ftc @lnPoliti@ of lna cby @pl6 @ Cvco in

T.bla 44 ed the vuiltion of wi4 cdlil@lt @ pcsotcd in li8rrc 4.4. It l!
clclr ion ihe TaUo .!d Fisr it l SlOr vsi6 &oE 50.70 to 62.8 w1%, ?,l,rq

nG l6J6 io 20,' wt vi F6:O, tu6 5,69 lo 934 wr % CO tto 55 ro 1135 Yn

% M8O Ad 255 lo 5.10 wt %' NaO ioD 0.15 to 035 qt %, K'o tw 025 lo 0.85

w! % and sor {risr tld 0.05 to 0.25 fi %.

Tbc d@gp co(lFsidd of lb. tn dl.d clay $sgcn $d ihis cLv o! .v.6lp
.ooa.in sic,r = 57.?6 19{ ALO, - 18.54 FotO, = 759 wt96, ClO - 835 wt"d rYtgo

= 3.8? ei96, N&O - 035 t4 Kro = 054 X td so, _ 0.16 9( Ttc ddiE no. rs

(MA), lilica Dod{q (Ms) .!il lidc tdlrd@ i.tor CsD of 6. drdied li'tlldooc

N 2.a5, 2.2 | lnd 0.04 Bp.die.lt !s thoM iD Tsble 4.4.
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05

61

51

a5

ft8lr da (a VrrL6o! ofuili@n .llodd. (SiOt in D.|!o .olol .rty

'spl4

risuF 4,4 (b) v.rLflon of.lqDhrE orld. (Al'o, ir Drroo! color cLy
..opL!!

t

lt2



F

3,5

6

MCI MC-4 MC-s

Figlh 4.4 (c) Vr rtlor ol ion oidc (F.rOt in E.roon color c|ry $nDLr.

Fi$re 4,4 (d) vr.i.aio! of qLiu otld. (C.O) ir u@! @lo. cLy !.DDld.

:

2

r|c3 ttc,4 Mc{

l13



l3

MC3 MC6

FignE {.4 (.) V.rt alo! of me!6inr didc (MgO) h 4rtn n orDrcLl

Fisln 4.4 (D vrri.lio! todiun oids (N.ro) in 6.@! @lor cLv lrDPld.

ll4



=
0.4

C3

nsure 44 (g) vlritdon of pottltiuD oxldd (IGO) h drr.o! @lor cl.v
uDDl6.

Ficllr4.4(h)v.ri.tlo!of &lp}urt .lnydrtdc(SO!)hn.mo!.olor
clrt !|bPI*

t

lt5



4.15 lrcurtrirc Cty (l,c)
kcuslie clay (It) ir pfwlt in a vut !E winh NiADlu. lt is wios in

mlour frem ycllow 10 y.llowish !r!er, Thc comDosilion of dE* clly rmples N
sivcn h Tlblc 4,5 dxl rhc vuiarion of vqioB osriucnL N plwnlcd in Fis@
4.5. lt is cld 6om the T!bl. .rd Frsw rhll SiO! wi6 too 57.5? (I.c19) lo 66.8J

wlvd (Lc-s3), Alror tm 10.55 (L-4, lo 15.85 er % (LC-19), Fqor fbd 3.55

(1C46) to 9.65 $'l % (1C47) ClO fion 5.62 (Lc-52)!o 9.36 *r % (1C49) M8o

fiDm r.2l Ga-53)to 2.55 *t % (I-C49), N.1O nom 0.09 (LC-46) to 1.03 *t % (rc-
47), KrO Aom !.26 (LGl9) ro l-97 wi % (L-4O..d SOr vei6 fiod 0.10 (LC-aO

to 0.22 Nt 1A (1.c.4'l\.

Th. svcnge conp$ition of tle sludi.d clsy su8g!51 th!! this cl.y on avdgE

@n|!i! SiOr = 65.47 vt%, Al1O5 - 6.82 wf/q Feror - 6.82 vf C&'5.n se

MgO = 1.79 rt'/6, NarO - 0.35 %, K1O - l.5l % ed SO! - 0.18 'IlF .luiD.
moddus (MA), sili@ mduls (Ms) sd liru lar@lion factor (Ls!) of thc sMi€d

lin storc e 2,13, 3.06 ed 0,03 BD..!w.ly 3 shom in T.bl. 4.5.

ll6
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t

rc{a LC.ag lG50 LCll L0s2 Lca3

Fieu.e .15 (t) V.ttrfon ol dn@! diottl. (SiOt b Lstdn. d.v !.o9ls'

Fi$rc 45 (b) V.ttrlrotr ot.hDird o:id. (Altor) l! Lcutttit' dlv
$EPte

t

LC-6 r.c.e |.c40 lc51

ll8



rigrn 15 (c) Vtilaion ol ttu otid. (rcrq) i! ho!6i!' &v !'dpt"'

nslE aJ (O v.6don of obiu o'id. (C!O) b lt$ttid' d'v
.epLr,

3

2

!G1g !C-a6 LC'a? LC:|a t"C''g LC_50 lrC4l !cl' |.C'53

l19



t 1.50

LCt€ LC"4lt LC/t? Lc-a€ l-c-49 l-c{o !c!1 LC-52 LC-53

ssi'd. Rn$qr

$s!n 45 (.) Vsi.dd ot ErlMiu otld! (McO) b h@ld!' 't'v 
tuple

Figurc 4.5 (t Vdi.tion of sodird on.b Orto) h lsstrino 
'hv 

t'EDl4

t

l-r

120



t

Fkrrc {5 G} v.rt ar.! olpo.siuE orlda (K,o) L Lshb. cLv 
'dptd.

0.20

E o,o

o.06

LG19 LqA LC-'t7 LC-4a tc40 Lc-50 !c-51 Lc52 LC-53

Ftrlta5(L)V.d.fbror'dDbltt .dtddd.(Sor)bL@ttit.cLv
sopld,

I2t



{.r.5 Crcc[ Cololfc'l.y
C|q 6lM clsy i! grairh i! @lout !!d it vdy [Id It h foud in

D.n}.huL .!d .djoi.ilg .a o! Nialplr. rb. .!@iel .@F€iri6 of grq
colou.lry is irdidt d h T&L 4J .!d li8u! 4, Ft6 0E Firre it ir cld rbr'I

thi. chy b! wbbL @Fdd6 SiO, it rugiog A@ 555 ro 6532 wi'4 Arrq
&m 1225 !o 16.35 wt t4 F.rOr ioe 6.31 io 8.35 qt C€ fi6 452l.8.19wl
%, MgO A@ 127 to 255 st !4 NlrO fiod Oll io 021 et l<ro fioo 0.98 to

2.01 wt%.ndso!istuBinsAonO09too.lEvtvc

Thc .!mge @npolition of ih. stullcd oby ,ugg6t th.. this cby on .ffi8.
colr.h siq, Alpr, Foror, cso, M8q Nio, Kro lrd sor, a 6124 %, t4,38 %,

6.al %,7.49 %, 153 %, 0.17 %, 1.35 % lnd 015 % rcsPetiEly c irdic{t d in

Tlblc 4.6 1ll. dmfM nodulu! (MA) oflh. sndi6 cby, cslorlated or avEnse barar

i. 2.r I, silic. nodulur (lai) i! 2.E9 &d lirc rdr.dior h.Lr (LsF) ! 0.04.

t22



T.tL/M CtoL.l A!$dl dn Gr- Col.t'ory 8.rPl-.

GiC-U OC-ll K4 GC-3 @4

slot 6532 6|.65 5235 5932 3516 5121

15.t5 1635 I/t2t t324 t22t 14.38

rio, E35 7.o2 5.31 aJ:t 5.u

C.O 4.52 7,fl &o tl 78
DlrO 2,5t 1.59 tzl tn ll99 r.6!

N.ro 0.ll 0.15 02l 0.ll 0:l 017

r(p 09t tx 1,45 2.01 1.05 135

Sot 0,18 olt o16 0.16 0,0e ol5
tt 3.@ 5,00 l0Jl ll.4t 7,51

Toi.l tatSt Itt 5 [r.74 r03t lll3,t latr76

Cdqied o|Y.i|g. t dr MA - ar I i MS t 289i lst' - 0.04

t23



68
66
u
62

s60

=5856
54
52
50

GC-12 GC-41 GC42 GC-43

Sampls numb€rs

GC44

Figuft 4.6 (.) v.ri.don oadi.or diotd. (slot lD 8!@ colour cr.y
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42 SUITASILITY OF LIMESTONE AI{D CI,AY OF THf,
STUDY AREA FOR CEMENT MAI\'UT'ACfiJRING

4,2.1 Llm. Stoft
Il is cl.$ fion the chhical d.ta of vsiols t,?6 of limcsronc of ilc sludy

a@ th.t high glde lirEstoft CraU. 4,1) ha a very bigh linc co ar od low silica
ircn, ed .lMio! *bic\ qult d in ! vcry hiSh lh. slulio! f.cror (LsF) Ed low

silis hodulB (MS). It is lqy &ir!bl. for cdor tuuf.dri!& blr r!.
Equim.nl of im. i! FeFdng bigh sragrh todlrld cdat 5id sultE si5tiig
.ddr &m Ub liGroE d @t b. tuIfilcd by lddiDg oDly clay wirb ir IlE onty

$ludd ro tbb FDbl@ ii rh.a sne leur of iM rich oardial tit tddir. 3houtd

b. u&d with lhi3 lin6IoE. 1t!. low .lblid (Na1o &d reo) itr !h. hjsl sndc
limsroic is Sood for ament mduf@huiDg.

Sia@ i! tbe IM!fictuirg of whic .ddq ftgligible lldour of ibD is
pEfc@d, thftfoe, rbis liosror. 6 bc s.d for lhe Bsruferlritra of such cddt,
Th. whiic cfut &quirs higbd dout of rl@iE in orda ro h.E h,gh d@itr!
moduls. Fo. thi3 pupo* sDrll .Eosr of hish dmir. clay my b. us.d in rlF
@uI!c$!ing of sNt ejML

DorulJ:uln linGronc rTablc 4,2) @nrlitu @npoidivety sMq mo;r ol
sili@ 6d olMiE dd smaild dosr of cdcim which nrle it no@ imFnot for
hiSh slFnglh Podand c4ot Th! eiti6 sd atmi@ .onlmb of Dslttrub
lidcalonc co b. @npeNtcd by cla, but tlc iM conrqt m &t bc futfilld by

clay, Thc olkdie in rhis linBtone @ in sh.llq q@1iria vhich nrk ir luit blc for
all tyF of eGnti Fd l!. @u&ctuing of [ign sEagrh Pod]od cd.Ir dd
suli.tc Binilg @t 9@ l,.rdir. uy b. uicd to @!!ds!r! for dE p.rca|lgc
of iro4 This lirc $oE is aot apprcprilr. 10 b! sd atoE in rhc neuf!.ru! of
wbit cdot de to its cdpararircly low dlcim 6d hish siliq

Silic.ou, limdtorc (IabL 4.3), otr UE orlH hs4 is diffml Aorn borh high

crade lim.rlorc ed Ddutlul! litMlorc due to ! gr@td pddtog. of lilica. 'mis

lin ston d b. v.ry 6ily E d in @hel mufactuina de lo ic hjd silie
coitllls. A tbc aluila and iroD in lhii linGronc e low, this tnat@ ir
@mPamivcly noF $itdlc in @u&ctrriDg salfrt Gislitrg .e@! 8@@ of
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ttE hid siliq @nr.nc of lili@B lim6ion.' is e in m.ot heu&.ruing b nor

FssibL, qeF by Dixi4 sith uc higt g6& litu of rhe sMy a@.

L2.2 Clty
Maea color clly of (rabL 4.4) hs 58 % siliq which h4k s n .uit!bl. for

1nc tunufr.tuilg ofal ryFs ofhiSh stlogil fortl@d ed sulfaL rclisrilg ccmorg
Thc sili@ cdtcnr of tbis ct y is ssld $rlilc ilc .luiE colral b grcsi.r &u
ot'cr typ6 of cltls fould in rL stlty .E Al&di6 @ in Fdisibtc ! rug. which
mlt s ir Don $irlble forhid 3rEn$h dd sulpha& rtsinilg .d.!rs..Ihu! rbb ctay
cu b. ulcd with dU ryp€ of lin6ron ! r|ld 6.t& b. nixed with orha t rd of

Laucsttine clay (rabte 4.5) b thc rich.st cliy h silica which @ bc ued itr
vc.y sm.ll qudrity in cd@r m&uf&tuin8, Ir! l gh atk li4 cosrot! n*c it tcss
ibpon&t, tlowva, it @ be .sily u.d wiri high grade lihc $oe or i,
ombietion with orhd cbys for rhc tuuflctulirg of IiCh stlllgth porrtand 6d
sulphdc @isritrg c.|@L

Gtq @rou cLy ClabL 4.O i3 $..wt . sihilr ro rb,t of l.GEr.i@ cLy
wirh a v.r, litalc Ei.tio! i! ch.Eicd @nF.iri@ Ir b! @tciu oxid. in
@mponnvdy gclrd q@riry. Thir clsy 6 bc Bd h cmbiEtion of aI t lca of
th. cl.y of lhe study aF for rh. m.nlflctuE of cdent.
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RESULTS AND DISCUSSIONS

P.rt - 2

4.3 RAW MI)( DESIGNING AND CLINKERIZATION
In thc f6t Fd of tbj5 rc*sh wd., rh. nw mrcriat E datyzd. In this

p.n dirlcEnt Ew mix6 w deislcd ed subjeied ro clinlaianion. Thc clinlcF
thN fotucd q@ rlalyEd &d coDldrd eilh r,h. $!dad SF.ifiedoB. Otrly
UDs 6w mix6 hsve bea Fpon d whi.h m..r rhc Srandrrd Speificlrjon. lt shoutd
bc noicd rhlt thc dsiening ofmw nix6 !4@ nDdc on pedictior basa, such dDr the
prcspetivc clinlg rculd coorain @mtitucnb n ding the srandril ,peifi@rion.
fiowcvor, sme of Oe rae mix6 did nor ncet rhc sp.cificstioG d.l nor inctud.d in

43.1 Rrw nL D6igltry ro! Ukh Strclgft portl.ld Ceuclr (HSPC)
Rlw mr.rirl sb s limcsr@ Dd ctly of lbe srjtticd .g w@ nix.d in

dir@t polDniN .ad wioB t'?6 of nw bix lee !E!.t d to fiItha
pllcsing for l[c peFatlri@ of c4dl, Fou ryp.s of Ew oix @ gih h Tlblc
4,7, It is .16 liw fte T.blc lhrr dl rhe rhft. ryp6 of lid*rore &d cr.y arc wd ir
Bw mix deignhg for high stldgrb tonted cmor. ID th. frsl bt.nd high grnte
le41on€ ws nix.d wil! leErii.e ct!y, In th. s*ond bl64 Deukhula limatone
M nix.d wil! c'a colou cl.y. In fi.6i.d bldd, Darulhqta lincsron 6d
la.uirinc cby slF mix€4 whilc i! thc founh bldd tuo ryps of liD6trhB i,e,
silic.ou .nd hid gnd€ lictoe q@ nix.d wit @n @lou cLy.

In ord.r to ttrilg tLc no! @@@b!rion s F wilh rhc st ldsd sp€ifi€tioo
ofcdcnt, Ilicrir. (iron rich ctay) orchmic.t @dFsition, sivo in T&U. 4.s, *@
al$ hixcd in dilIc@t prcponioc jn thcso nr mix. The .hcnicat comp$itions of
rhes nw mixer e pBellted in Tabl.4.9. The TabL shoas 1hd E p.aw mixJ hN
14.60% Si,q, 3.38% Atzq, 2.2a% F.zq, 42.55% ct}, O.g8% MBO, 0.l8% NarO,
0.46% K2O,0,10% SOj; llw nnx-2ts t4.46y. Sio,,3.65% Al2O3, Z.tto/. F.rq,
42jYA CnO, 0.97y1 MgO, O23yo Nt O, O.42!A K.tr, O.Aya SOr; Rlv mix-3 nE
r4,53Va Sior,3.38% Ajfia,2.2ayr F.rOr,42.55% CaO, O9g MgO, O.l8% N.1O,
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0..f6% IQO, o.lf/o SOr; ald w mix4 hs 14.r7y, SjO\ 429y6 r'iLr}r,2.3|yr
Fc2Or, 42.18% CaO, 1.3 t % Mgo, O.16% N.rO, 0.34% Kro, 0.10,/o sor Clablc 4.9)

MA, MS 6d LSI ir Ew hix -l src 1,68,2,39,0.91, in raw nix -2 &c t,74,
2,50 &d 0,92, in Fw nix,3 d. t.?4,2.60 6tt O,9l ed in raw mix-4 ft 1.81,2.13
&d 0,91 rcA4lircly, Tbe nortul tuac of MA tu 1.3 - 2,5, rit ses aborc 2.5,
vi@s sl.A od high 6ly st sgth @u &d if n g@ t.lw 1.3, rh@ lluid 5tag.
row dly sEEgth ard low hat of [}dt tion @w. Ih. u$d @gc of MS is 2 _ 3,
For MS 16 tha 2, b@ing h@o@. wry *y hur .,(.*iE tiquid de 6d tow
srlagth c.|Mt is obt!i!.<L OD rhc othd hdd if rhc MS Ea.hB u! 10 3, the th.
hid slrogth emdr is obraircd, how., th. bqing beooe very .lilflcuh, lor MS
norc tnq 3, tro clinlrizlrioD r.tcs placc .r att. Thc nomal ndge of LSF is O,9O _

0.98 but if iI is 0,8, ir <los @r c@t€ ey probl.m in ement @ufactu.iog pro4$
6d ce@nt d.agtb, howt it slbuld not go b.lw 0.E0. Frch rhc TaU.4.9 it is
cld th.t MA, MS ed LS! of alt th. fou rlw mixcs fo. hieh sllrglh ponbd
emcnr5 4 *itlin tbc mgc.

Ttu w nn6 ofdif.c|t @nFsitio. vft subjetcd lo dinrdianion, ,nc
clinld thc fomd wft t@d s ctink+t, dinr6-2, cti.t+3 ed ctink r_4. lrd
daryad ...rdin8 !o British and pakilbn sr4dard sp.cificsrioB (Bs anr ps). The
ch.nic8l conposition .long wirh U! noduli od clinl€r pohrial @ pras.ntc.l in
Table 4.10, aad e c.a?hic.lty comparcd in Figw 4.? _ 4.lO Fisw 4.7 ed 4.8
shos thc @np&ison of mjor od mimr cl@cnt oxids in cliD!.r for nigh sIrdgrb
Por{ed ccrtrdrs. lte p€@ntsgcs ofrEjor e.l hinor d@or oxid6 of all the foE
clinlcB a dmost lhc tu which snoB rh.t aI tlTe oflinelone ed clly of O.
stu.ly a@ c suirabtc fd cfut tuutetuj,& $.ba us.d itr difich! prcpdto..
MA oflh. qultilg ctinlG mg* Aon L6Z io 1.74 MS 6om 2_37 ro 2,55 md LSF
from 0,91 to 0,92 (Fisu. 49). The @np&i$n of ctinta por6ri.l of ihe fou
clinlcG for high srreoeth Pont&d cdcnt is shoM in Fisw 4.tO which sh6ws lhat
C3S vsics 6om 50.89 !o 53.54 , C2S 23,14 to 26.42, qA. A.97 to 9.S2 ed qAt fioh
9.%4o10.84.

Tlc clinld w@ @nvlrrcd inro codq rdich s* tm€d s HSPC-I,
IISPC-2, HSPC-3, ed I{SPC-4. TIE M.nr, 9w r6ied for ar posiblc Ahysi.d
pMc(crs s p.. rcquimdr of Brirish !d pd<is&! sllndatd sp€fiolios (Bs
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sd PS) likc bhirc, comlFsire srr ng L scting rime! @Bisr€ey, .nd dlNid
ed chcnicrl p..ucL6 lit€ iMlubt. Biduc, los @ ignirion, $d F|@t
rFtosirid cic cltlgr.d i! Tabl.4.t2. Trbt.4.l2 6te sbo*i rhc Britis! ed
Patisbtr,Srindlrl SpeifclrioE. ft. niniom tiDit of @DpBiE 5r6grh for
thre, *v.4 {d t*qty .ighr d!y! i! 3136 4690, 5960 pst rc$etvcly reording 10
Bdlbh ed P.ldstan Sr.ld.ftt Spc.i6qrioN, Simit&ly rhe ninimM initial .etting
lime for high lrdgrh Porrtsd cedd is 4j ninut s !!d 0E m,xiem fDal s.ning
time ir l0 !our!, *hilc i!. oiriDu E!g. of coBisrdcy is 27 %. T!. u!'p6 liEit of
tabrdi.r .xDlBion of bigh aagltl pont&d ccrMt is l0 bE ptrilc rb hilinu
lidit of bbie L 2250 Sq. @ / gm ..ddiaa ro Bnt.b &rr prtisi.. Srud,rd
Speificdioa. ThG Wp.r Iibil of lds otr iitid .!d ielubt. Bid@ @ 3,0 % .nd
1.5 % Esp.ctir€ty. Fig@ 4.t I to 4. | 5 lhow rh. compaii&n of conpErriv. srEg{!
blaim, sting tiro., l,echdlicr qpansion, Io$ on isnilio4 ed iruorublc Eid@ of
higb sl@gil Ponlaad cehmrs obldn€d froh 0r Fw b.Ldsl of rhc ,tudy sila wirh
lhc Stardlrd. As cld Aom tu Figuc, dl rlc 'mtiorqr Fical Md cbdical
p.n@!cB Dcr 0E sdrist e4 Falisr,! slon<brd sp@i6c{riG.
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Rrw Mk Titl.

7a

20

z

Toul 100

E2

l6

Lat€rire 2

100

8l

l5

Total 100

High grade lirne sronc 63

l,Larooo Color Clsy t9

2

100

T.b|.4.7 Bl.n.lb8 nrio ofRrw Mh tor Htg! Srnlgrb ponhd Ced.nt
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T.bL,l.8 Cl@iol CoDDdtdo! otr.rt rt,.

sio, 43.53

t1,54

37.6

CsO 0.88

Meo t,55

K20 0.88

sq 0.E5

T.bL {9 Ct@i6I A!.ltrtr ofnr, Mit6 fo! EtSh SrElg& pod.ld

Rtr Mh-!
siq 14,60 14,45 14,51 t4.t7

3.83 3,65 4.29

2.28 2.11 2.U 2.37

CrO 42.55 42.29 42.09 42.14
Mao 0,98 0.97 0.99 L3l
Naro 0.tE 4,23 0.25 0.16

Kro 0.45 0.42 0.44 0.34

Sor 0.10 0.07 0.08 0.10

LOI t4.00 3t.85 34.t2 34.22

98.98 98,05 9E.09 99,14

------.-___----._-
!.L I r.74 | t.14 J r-sl

MS 2.J9 2.50 2.@ 2.13
t-sF 0.9t o.m 091 0.91
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Ttblc 4.10 Cbcniel Aorlyci! of Clilkcr tor Htgh Sarclgrl pofttud Ccoclt

CllnkeF3
sio, 2260 22.4 22_50 22.36

5,98 5.6E 5,58 5.48
3.56 3.27 3.x J.28

ClO 65.95 65.59 6524 65.18
M80 0.88 0.55 0.88 0.75

0.34 0.20 0,18 0.12
rqo 0.61 0,6E 0.64 0,71
sor 0.20 0.1I 0.14 0.13
LOI r.t0 0.98 0.99 l.0E

t.26 |.26 t.26 t.22

2?.98 25.94 25.%

1.68
4e!I!

1.14 t.?0 t.67
MS 2.37 2.5 2.54 2.55
lsF 0,91 0.y2 0,91 0.92

C:S 50.89 53.63 52.02 51.54
C:S 26.42 23.78 25.29 23.74
l)A 9.82 9,52 9.217 8.97
9rAI t0.82 9.94 9.97 9.97
Bunlbility

jsltor (BF)
20.t1 2t.63 2t2l 2t.62
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.lirL.r lor gh rtr€trdb

Figue 4.7 CoDD!.i!o! of drjo. .tcdc.t o$dB i! .titrt .r for Lig[ ,rr.ngt[ponl.d eo6t

Figure 4.8 Coop.ri3o! of hiror .t.dort oidB ir
Dortlrd ed6r

:
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E,.s

Fturc 4.9 CoDp.iaoD of ah. bodltl lD tb. cltrk . for !ig! ltrclglh
po.tbrd ed.!r

Fturc 4.r0 Corp.rilor of clilk r potclrLt in tne di.k.r for rigt
strelgth porthnil ccb. .

E40
€:.o
.c

137



Trbl.4.rl C-h.Dl6t CoEDdt.io. ot Ekh SrErgrh pod.ld Cd.rt

\E!'t
HgPC-l HSP,C-2 HSPCN RSPC]

sio! 21.55 2l_16 2t.46 21.72
5.69 5,41 5.71 5.22

3.ll 3.t2 3.t2
64,25 61.9 61,57

MrO 0.85 0,53 0.85 o.72
0,13 0.2 0.13 o.t2

Kro 0.59 0.55 0,62 o.70
Sor 2.41 2.t8 2_41 2.40

---T6s ---l----rr4 - rr----l t.67
MS 2.37 2.51 L54 256
LSF o.et l -- 0r4 

__-l 0rt-- 0.94

cls 47.61 5021 4E.68 50.12
crs 25.m 2i.19 24.E1 23.34

9.35 907 8.80 8.55
q4F 10.30 945 9.49 949
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Ttbh:1.12 Pbyrlcrl ud C[eDl..t p.n6.rcB of ttigl Strcl!|b pontr!<r

r$Pcn ltsPc-2 IISPGS gsPrc-4
&PS)

Phsisl Taths

(rsD

I Dlys 3980 4580 4150 4ll0 3336tSI
(Mn)

5430 5850 5460 5390 ,1690 PSI
Otir)

28 Dqs 698E 7t40 6850 6520 5960 PSt
(Mi!)

hiti.l t20 t45 145 t65
(Min)

Fi.al 2t0 290 2@ 270
(Md)

30 29 29 29 27v.

ExFoEion Oahllliql tM 0.38 o.24

2900 3000 2950 29lO 2250 Sq

Cb.picrlTsdrq
l lI 0.85 0.92 0.74 3.0 (Md)

beluble Reiduc (%) 10.t8 0.31 0.3J 0,44 t.5 (Ma)
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Figurc a.U Codp.riroD of coDprt$iv. strelgth of tb€ Lign rrogtb

6

c€fu.r nmb€6
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figPc3 HSPC-4 Stardfiq)

nc@ 4rs Cup.ti.! of lo.. o! brdo! of r&h.aru8n Dortr.ld

Figur. i.r6 Coe!.riro! of brohbL Btduo ot btSh dnlg.D rorrhld .@or.
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43.2 Rrw Mtr DslgniDg fo, Sulfir. Rsbthg C.nenr (sRC)

Difc@t ne Eiks fd sufsr. Bkrjrg em Rw ddigncd by conbioine
dif€mt qDe of Mtiiat i! difl.Fnt pdor.ga AoD difc@r t@.rio6 oa th.
study !@ T!rc. rt/!s of Ew nix.e lrw usd for nrd!.r prm*irs .!.1 @
Epoited in Tabl. 4.13, rtich ,lbs 0t t in lh. ..w mix dcsienine of sutphlr.
4sl'ng.etMrr rtt dF thr€. tyt.3 of lindba. &d ody rwo qFs of clay e used.
h the fst bldd hieh gErt liFBtotrc w , xc<l wiih neon @tou ct.y, ti thc
s.@d blmd tM rype of limsr(ws i.c, Dekhuh ed sili@B lie.no@ w@
ni,yed {i6 E rooD @lou clay wlilc in lhc third bt.nd for sulpbatc sislins c@6!
high gDde litBloD. .nd gta cotou clay vw hixc{t,

I! ord.. ro briDg ih. im! con d,rlrion r! Fr $ir! ilc sr!trdlrd slecifcarion
ofsulphrL r.sistilg ca!6t htrit (iM rich cby) ofch.Dicd @mFsitioa givo iD
Tablc 4.8, &d tbat of siti6 DoddB (MS) 3itie sd of ctcEicd coDlosirio! giM
in Tlblc 414 9@ .te dixcd in dif.tut poponioB iD uF nw mra.$

'I!. cL@i..I coDposidd ofth4 raw oix.s i5 !i6c!rqt in T.ble 415. Tbis
Tsl,lc shos rhar rtE RN nix-l hs 14.6 Siq, 2.85% AlrOJ,3.69Z FcrO,
41.67v, C{), 0.71'/. MdO, 0.21% NuO, 0.56'A y@, O.r7y, sot; R8 Ei,\.2 ta
14.02% SiOr 3.08% Alror, 3.7t% rcrol, 41.08% C5O,l.t5% MgO, O.5s% Naro,
O.72t KlO, 0.l2yo S(h tlJ \N mix-3 hs t5,03% Siq, 2.85% N2Ot 3-16%
Fno3,42-63yr C&,0.4Wc MEO, o.t5% Nr,o, O.4g% K,O, 0.18% sq. MA, MS
ed tsF of 6w Bj,\ -l e o.?, 2.25, O8q nw nix _2 e 0.s3, 2.07, O.9t ed ilat
of nw mix-3 e 0.90, 2.50 ud O.9O Frperivcly.

The Ew nix6 of dncr.nl compouilion trcF subj.c&.t io ctiDkdization. ItE
clinla rhu fotud lr@ tr6ld s ctirk6t, otinta2 &d ctirld_3,6d ddrud
tu@ding ro Brilish and p*isro Srlrda.d Spcclfi.atioc (BS ed pS). rhe cbdical
composilior elo.g witb rte moduli 6d cti*.r poLntial @ pllst d n tbblc 4.16
and ae enplicdfy cod!6ied i! Fise 4.t7 - 4.20. Thc oEFrisoD of mjo. ald
nimr .l@att oxid. i! clirJc fd sulplsr. Frturjrg cmdr e sho*! ir Fige.
4,1? od 4.18, MA ofth. rcsdrilg clinkE @g$ tom 0.77 ro 0.89, MS 6oD 2.25
to 2.47 .ad LSF &oh 0.89 io O9l s 3hoeE i! ligur 419. r!. clinkd Fldtial of
the thc clialcr for sutdltc Gisting c4sr i3 shoh in Figrr 420. h j5 cl@ Aom
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rbc tig@ $at qs wi* fioE 5 r.7t ro 55.14 crs 22.50 ho 2 629, CA 2.03 to 2.g5
&d qAF AoD 15.t4 rol?.51.

lac cli!&6 9@ @qt d ilro c4cn, *!ich *a! leed s SRC-I, SRc.
2, .d SRC-3. Thc aM! e td.d for .I posibL plysier Fndcre s Fr
Fquitu@t of Bnrjih &d !tbr! Ste&d S!@itr ldoB (BS od pS) siDild ro
higll s!!.erh Pod&d c.@nr, .ad nE sulls @ pllui.d ir table 4.18. Tlbtc 4 t8
al$ shos the Brit5b a t Pr$rt n Sbndard Speifietios for sulphlt Bisling
cdert, Ac@ding 1o Britilh 6d pakirr.n SLddlrd SFcifi@tio6, rhc mininu
linit of compresive strEgth fo. thrc., wd, 6d tenty ci8ht days h 2176, 3409
snd 4932 PSI rcsp.ctiwly. Thc hinimM initiat seding lime for sulph.le resi5ting
eee8r i5 165 &indes ed rbe tsirnlrd fblt !!lti!g libe i5 l0 how, while &.
minimu @BisieEy is 2725 %. Thc upper tiDir of rebrli.r qp!$ion of ,ulplDle
Bisliry etrMr is l0 m whitc ih. ninihu tioil of bLire is 2500 Sq. d / erM
@rdirg ro Briiisl od Pali$ar S|.!d.!d Sp.cifiqlioB IhG uppcr linit of lo€s @
ignidon .!d iMlublc cidE is 3.00 % ed 2.OO % c?acnEly.

FiA@ 421 to 4.26 rlbw &. cmpuis of @opBiw stEngr!, bLi!.,
s.tlbg line, I4ladia cxp.rsioA los o! ieniioa ud idsotublc 6itu. of surlr.
Eisli,g c@drs obt ilcd Aon rh. 6e tut liat of rlc study ae with the Srandlrd.
As d@ Aon &e Figle, all rh. mrdon d Aysicd &d c!@ical p€@da n d
it Britist! dd Psldsran Sr&dlrd SFcificdioB.
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T.br.4.r5 CA@bl CoDpodfo! otlr* Mns tor S{&t Rdhgc@dt

Mit-l Mht Mi!-3

sio, 14.69 t4.02 15.03

2.45 3.08 2.85

3.69 3.71 3.16

CaO 4t.67 41.0E 42.63

MqO 0.74 l.lt 0.40

N.ro 0.27 0.58 0.15

K'o 0.56 0.72 0.48

sol 0.17 0.12 0.18

toI 33.00 32.87 34.00

Tot l n64 97J3 98.88

o.n 0.E3 0.ql

MS 2.23 2.O7 250

LSF 0.89 0.9l 090
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Trblct.l6 Cb.Dic.l CoDDdtrio! ol Clllt n for S!lf't' RctilriDg Ccmdt

P.l!!!!!!Q94p9!!4r--
ClirLF2 Clidt rn

sior 22,n 2t.n
4.42 1.79 4.42

5:f2 5.16 4Sa

CaO 64.59 63.67 65.98

Mro 0.59 0.99 0,96

o.2n 0 0.2r

KrO 0,42 0,58 0.58

sor 0.1I 0.t4 0,ll

LOI 1.50 1.05 o.9

0.85 1.26 1l6

n.49 29.10 26.3t

MS

o.7l

2.25

0.8!

2.01

0.89

2!7

c1s I st.tt 52.93

CrS 2629 22.5 24.93

2.01 2.95 t.29

t1.39 17.51 15.14

(BN
t9.64 t6.02 20.15
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Figun 4,17 CoEpmbor of nljor .temeDt orid6 ir the clirke.
fo! lr|flfe rdLfilg c.D.n(

Fi8!rc 4.18 ComFri.o! of Dilor cl.o6t o:id6 ir clitr!.r tor
s trt. Girtilg ..ooL

rr|9o rN.aooKrooso3
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T.blca,l? Cf,4rer coDDoddo! ofsdb.. f,at'rilg Cu6t

sRc-l sRc-2 sRc-!
sio) 2t.71 20.16 22.t2

4,21 4.56 4.21

5.44 5.48

ClO 62.95 52.08 u.27
M€ 0.55 0,95 0.92

Nalo 05 025 0.2l
Kro 0.41 o56 o56
sor 2,41 2.38

0.n o83 0.E9

MS 225 2.07 2.47
LSF 0.91 0.93 0.92

crs ,18.39 49.55 5t.66
crs 25.n 22.t7 24.41

1.956 2.823 3.145

16.54 16.65 t4,4
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TrbL 4lE Phaicl.!d Ch.otcd p.nn.a.n ofsurha. Raitd g C.Dor

sRc-r sRc-2 sRc-3 StD.hrd (Bs & PS)

Sllatglh (PSD

3 D6ys 3945 ,EE5 457s l2l?5PSr(Mh)
? Doy" 4E69 5970 5980 3409 PSI (Min)

2E Days 6870 69EZ 7E@ 4932 PSI (Min)

Initial 142 145 165 l6s Mirur<Mitr)

2t0 225 210

29 27.25

E-tpbion (rrchdli.t @ 0.36 0,68 0.69

2944 3045 3150 2500 Sq cE/c (Mitr)

-

r,so!rsni,io!(%) | 0.75 f qrr f;;-T;E;
0_68 0.19 0.25 2.00 (Ma)
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433 Rrw @n Dsigdlg for Wtii. C.D.Et
Rsw rutlri.r Aon lhc stdy 4s *!r u*d for lhc Bw mix dsiS,|itrg of whiL

m6t, Diff.rat h* mircs w@ prcplEd in ditrffi1lroportioL th@ of *hich

wtr u!.d fd nlth6 !@irg .rd !e si6 in TaUG 4.19. It is cl@ Am the tablc

th8t h lhc w 6ix d6igDing of eiiL c.tn nt,3ll tbe lhE 9p6 of linGton ir.
high gndc line.iole, silieous lEstor ed D@thuta luncslo@ 3d oriy or tyle
of clay i.€. grcc! colou clay mpl.d nom i!. stldy ag wd u$d. I! th. firsl bl6d
higlt gr?dc tiGtoE ald sili@B lin6ro!. l@ bircd eirh high.l@iu clay, In

lhc scond blcd only Darulnub lim.stor. @ nix.d with hjgh almio cl.y &d
silica sdd. h this blod no clay of tb€ sndy ea *as ucd. In the rhid bLnd for

whir! cdmt, Ligh edde limdt@. .nd geD @lou clay re nixed In ords lo
bring thc MA a !€r with lhc si&dlrd speificdiotr of eoctr1, high aluiD clsy of
c,hdical composition, givd in TsbI.4,20, wrc ale nixcd in ditrcMt preponiotu

in 1[6. i.w nix. Tn pelqt @opcnion of lhc resdring rhE nw mixd for whjtc

encna is shoM i. Table 4.21.

It i5 cld frod rh. Tnbl. rb,t t!. w 6ix-1 ta 14,85% Siq, 4.85% ALO],
O38v' FetO!, 42.65'A CsO, 0,34yr MEO,0.1106 t:I?'O. O,42% KrO, 0.13% SOri aw
nn-2 ba 13,84% SiO,; 5,89% tJrO"^ 0,45% F.lOr, 41,91. C€o' 0,12% M4O,
0.7r% NatO, 0.20% IGO, 0.05% SOr; ud 6w on-3 Is 14,51% Sie2, 5,55% Alzol,
0.43% Ectot,42.4Wa Cd),0.58% MgO, 0.14% NalO, 021% K2O, O,O?% SO!
(Iable 4.21) MA, MS 6!d LSI in hw hix - I e 12.76, 2.64, 0.90, itr bw nix -2 e
12.78, 2.18 e.l 0.91 dd iA nw tuix-3 e 13.06 2.44 ed 0.89 B!6tivcly.

Th. 6w nix of dim$nr @Dl6itior lre $bjd.d ro clintidztiou. Th!
clinker thw obtab.d e i,tn d 6 clinkdn, diDkd-2 dd clirk63 &d analyzed

emrding io British and Pr}tut& Sledrd Sp.cific.lioE (BS &d PS). Thc ch€dicgl

@nlGitun slong eilh lh. Eo.luli ald clirld polcutial e t!!$l!d in Tlble 322

ed @ SEphic.tly @mpn d in FigE 4.27 - 3.30. Figw. 4.27 ed 4.28 shos lhc

compdien of Mjor lnd nino!.Lmcnt oxides in clinld for white ccnctrts. The

pd@taecs 0f major and minor .ldelt oxidcs of all lhc four *l@ls e almosr rhc

tue whicb shos rhlt dl t),tB of lib*1onc &d clay of thc stldy e! @ sqit blc

&. meufacnsing of whit c.no! whcn s.d in difcrcnt poportior. MA, MS 6rd
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LSF ofth. Bulting clilt+l @ 13.83,2.tl ed 0.90; clinke.-2 !r! 13.05, 2.54 aDd

0.90 ad lllt ofclinlq-3 e 18.!9, 2.88 sid o.9o qFclivcly (FisrE 429).

The @np{ison oftiie olinkd Frdlirl ofrhc rhG clintcs for whit @m.ni.
is Eponcd in Figw 430. It i! cl@ fioD thc 6grrc rblr CrS vdics non 39,47 to
,14,23, ClS, 30.58 to 33.75, ClA 19.29 ro 20.98. ed C.AF fom 1.25 ro 1.88

The clilt a qEre @rcrtcd ialo cddt rrhich lmed a, \flCn, vC_a .d
.wc-3. Ilc @ts @ r6r.d for .ll losibb pnysi.st pardcLE E pd Equi@dr
of British 6d lahislra Sl!d!.d SF{it@tjons (BS m.l pS) lito btojnc, @mDrcsivc
st .ogth, seltiDg timc, c@ilbrcn 6d cx!6ion .nd chmicst pam.tcs lit
i@lubl. Bidu., Ioss oD ignirio4 ed pq!@r cdFAili@ ct &d p@r.d in T.ble
4,23. The TabL 4.23 al$ snos l[. Briii3h strd ?.kind Sr2nd.!d SFcifiaiiotu for
-hi. .dcri Thc hiniEu lihir of oDpBive slregh fd ihft. ,ad s*n dars is
1740 ed 2?55 BFoctiElt wbiL tbc @dt(6iE sthgrt of r*lnry.ight.t!ys hrs
no srodod m@rdins [o Brnilh sd lokistrn Sbodr,rl SFcifiorioG. Siniluly 0E
roirimlt| initial scttilg tiDc for Whil! c.!Mr is 45 Eirutcs dd lhc !wi6u fEt
enilg lio. is l0 bous, etit lb. oiiiDu Erg. ot(dsjjreocy i! 2E %. Th. lprE
limit of l&haili.r dpsion of higL rr.ngth ponldd cndr i! lO m while the
Ejlihun linir of bbi@ i! 2250 Sq. ci,/ge a@dilg to Brid$ ,!.t p*t5i!!
slaidlrd SFci6ctlios. Thc uppa lidir of los or ieriri@ dd i!$luuc Bid@ is
4.7 %and 1.5 % lcapdtivcly

.FigE 431 0o 4J6 shov! rb. coDrsison of oolBirc srd$t, bbiie
*Ii!g tine, lalatliq at@io|r tos on igniiion, &d isotubt. rcsidE of ehire
Pordand c@6r3 oblsi!.d &on rbe Ew Miedlt of tb. study @. with th. Sle.hrt.
Ar cl.a! Aod ih. Fig'trls, rll rtc ndiion d phrsiol !!d chdicrt FmdlB met
the Blirish ald Pr$sr! sta;lrd specific€rioE
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T.bl.4.l9 BLlrli.g ntlo ol Rr Mb to. rhitc C.Eat

Rrw Mil Titlc

55

IE

HiSL Ar@iM Chy 9

Silica Sand E

Tood t00

Rrw mL -2

85

HighAluiD Chy 10

Silicr Sand

Toart t00

Rlw mix -J

High gradc lime ston€ 5t

3l

Hi8h Alu'nim Clay l0

Sili@ sand E

Tolal t00
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TrbL 4.20 CtrEicd Codporirto! ot Btgh AluDtu C||J

siq 50.66

41.00

1.56

CaO 1.24

Mgo 0.1I

Naro 0.03

Kzo 0.15

sol 020

Trblc 4.21 Cb.Dlc.t Conldirio! ot R.w Mir for Whtr. ccdc,t

P.Mr @pDclaio!
Mi!-l Mrt-2 Mi!-3

siq 14.85 1J.84 t4.57

4.85 5,89 5.55

0.38 0.46 0,43
Cao 42.65 41,91 42,40
Mgo 0.34 0.72 0,58

0,lt o7l 0.14

0_42 0_20 0,21

sor oll 0,05 0.07
LOI 11.00 33.35 33,85
Tollt 97.98 97.63 91.6

MA I r.1a | '.." I t3.06
MS 2.84 2.18 2.44
LSF 0.90 0.91 0.89
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T.ble 422 Ch.Dl..l CoDpdltio! ol CliDk r |:r Wttr. Ced@t

sio! 22.30 22.15 22.89
E.30 8.09 7.54
0.60 0.62 0.41
6.60 64.81 65.7a

MBo o66 o%
0_.t4 0.J4 0.18

K:O 0.60 0.61 0.u
Sor 0,28 o.28 0.lt
LOI r.50 0,98 0,96

5.23 4.11 3.5s
2E.t4 27.86 24.63

MODULI

13.83 r3.05 l8J9
MS 2,5t 2.54 2.88
LSF 0.90 0.90 0.90

C:S 44.23 39.47 42.27
CzS 30.58 33.75 i3.75

20.98 20.19 19.29 '
t.t2 1.88 1.25

CBF)
2t.t9 20.57
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Figurc {29 CoEDrrlo! or 6oduU of dillcr of{Ur. c.D..t
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Trbl€ 4.23 Cldlc.t Cobpo.tdotr ofwLlt C.dot

P.|l6r @ppori.too

wc'2
sio: 2t.27 2t.13 2t_83

4l,or 7.90 7.70 7.18

0.58 0.60 0,40

64.86 61.16 64.0a
Mso 0.64 o.92 0.54

0.33 0.33 0.18

0J9 0.59 0.24

Sor 2.55 2,3E

ModuU

13.71 12.94 t8.t4
MS 2.51 2.55 2.88

tsF 0.94 o.92 o.v2

C.o6t Potod.l
CrS 4t.2E 36,76 39.42

c?s 29.85 32.82 32.86

ClA 19.95 19.39 1E.35

cdF \.75 LEt t.m
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Trblc 4,2,1 fttliol t.d Cbcdiel Prcpcni6 ofwhltc C@.trt

7o lsl

srlr8rr (PsD

3 Dry3 4150 x945 4100
l740PSI
Mo)

? D.ys 4425 4580 4850
2755 PSI
Mh)

5640 5860 58q)

S.nhg TiEG
(minutc)

Initid t50 124 145 15 din (Mb )

Iinal 240 2E0 265 l0 Hours
|Md)

28 29 28 t8% (Min )

Expesion (Ipb.did m 1.69 l_92 1.68

4350 4200 4500
2250 & cd'/8
tMin)

0.77 0,78 0.88 4.? (Mu)

o9 027 0al l.t9(Mq)
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rErE 133 CoDpdnor of &athg tlE. of rhitc .o6r
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4.4 DISCIJSSION AND CONCLUSION

Thc Fw n cdol .ollcctcd frod the odv .M 6 us'd for $' neufacnr

of bigh saeth Poif&d @t' $lpb.L sidhg c@dr dd stlt' c''@r Thc

h61 liodtoF &r eodt slouLl h!re biSb ClO Frcd lb' Guhs it ir eldittr Uigh

sndc liodloc lrs th! ti8lcd C5o (53.00t6), *iicb b& ir $ittbl' for tll tle of

encnts, For whit c@.nl' lc$ iM c.ncnt i! prcf@4 lh'Ilfoc hich 8I!d€

lid.rtoft de its low iM @nren! i. ll@ suil.bL Hirh slde lirF3to!' d b€ @c

dotu. d w[ s in c@bidtr@ {ith olhd litu3toB fo' cdd noufachrins'

MoraE lbis liD6tolc i! eft in to<t!! $ comP"'d eilh 6e Dtrulhula liE61orc

which E L6 it norc iuiitblt for @cnt bduft'trir&

Ddkluls litn tblc dira i@ thc ligh lincstoF odv h CaO (a9 l5vd) dd

SiO, (4.62'l.) cont nt Dlru!.hula lin€slorc r'quiE lcss mout of olay as @mpded

to high gFite titu lton which mak's il good for tdeh sttnclh lortlsnd cdmt md

sdphrtc Bist!8 cqrEot Tb! liE4ro@ k had i! tdtr $ i!' B in c@6r

tulubctuirs oo 1.r8. $dc til be mF dificdt 6 @FF<l lo thc hish gd&

Silic4s limdion conlli! Forc SiO (ll.83ol') &d low CaO (aa 9l7') d

comodld to Ddl}luls linslorc which ncc& ls si[d ontent bIt onlv clov ce

not bdng MA dd MS withi! mge lf latcritc i3 ale ued with cl'v' iho LSf witl go

b.low th. Fdisibl. rugc

As btditc de c.dt i! 43 53% Siq dle $tich MS wiU 8p vclv hish &d I-sF

vcry low. ltr onLr to orcr@N lhis petLn, som' hieh gadc or Daukhula liEcstonc

slbuld b. lsd io @mbin don wilt siliaos lircslorc' So silic6$ limeltore co

mt b. uscd alone in c.lsnt Edlfactuing of ev tvlE'

M'oo @loq cbv i! lh. tusl $iobL cbv for cddl @ufanring i! the

nldy a@ It @ bc us.d lolh h biSh sEagrr Pddad tnd $lpbtL Eistite

en6B, Th. oolv luF.tiditv ofthis cltv ovq lh' o0d fodd i! rbc ttudv 6d ir

$at, it contains low alk lics (NaO adl KtO) duc b wtich it is nore lujisble for

ccm6t ndufa.tuin& Olhci cl4v litc tatutnn' ard sEn colou clsv cd also !c

E d in tb! dsuflahEi.g of hiSh str@gth Poibnd &d sulptd' rcaHjng 4@cdts
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RESI,'LTS AND DISCUSSIONS

P.rt-3

4.5 DESICNING OF RAW MIx WTTH BAGGASE ASH A.I\[D
ITS CLINKERIZATION

I! t[. tu8t pr.t ofthi! E !rch wd<, hc raw olteri.l oU@t€d Aom $c snldy

aM wa edyzld. I! lh. s@nd pltr dill.Mr raw Eix€s slr. &si8!.d ed
$bjel.d ro clinldianioL It clitrkd tl$ fodd {@ e.lyzcd ed c.op{Ed

*irh rh. BriGh rld P.lisrar St D.brd SFdficld6 In tbb Fn of 0E l!.aEb wL
b6ce'$ rDd b.sg* .sh sopl6 w@ @llet d fion llc s!8!r ildustriB of
N.W.F.P, ed sllyzcd for dirNnt phtrical .nd c,hdic.l rxtti@t6 usng difcHl
daltnidd &ch!iqB. BaggN. ash wE wd for c€ficnt prcpttatiotr 31otr8 with olhq

Bw matedd litc lim$lone aid cby ctc. Thc nw mixs lhs fo@d wcrc subjecbd

10 clinkcrizltiotr. Thc clinlc. rhs tud.d wa ddtz4 dd @p.r.d wilh Bdtish

.d Palilr.tr Srddlrd S!ei6c!tiN. Orly tb@ 6w miB bvc bd Epon d ia

rhis srim qhi.b !@t' rbc st nLtd.peiicdio Ii should bc et <t rbn $nc of
rhc sw 6is did lot D€t tbc aeifialios .!d !s et incbdcd i! llit r.tort

4.6 SAMPLING OF BAGCASE AND BAGGASE ASII
Smpld of basgrs sd blsse alh w@ .ollered &om difldnl tuSid

indBtrie of N.V.F.P !nd.6ied 10 lh. llboBlory forbdFis ed fiuth.t Pb€s.
AI the spl6 w@ loFly lMb.rld d thc splitg poi!d.. SliPl6 qft
6UeEd A06 th. folloqirs egd ildustiid.

1. P@iE Soglr Mi[ M!d@ (PSM)

2. Kbaz@ Slgd Mi[ Pcsb.E (KSM)

3. Fmnticr Su8!r MiU Thlkt-Bh.i (M3de) (FSM)

4J ANALYSIS OF EAGGASE AND BAGGASE ASH

4.7.r Ar|rb6k ofB.ggs
Bagsrs epks non thc s!g& dilk of NWTP 9@ @[..i.d @d edted

fd moists .nd sh. 'Iltc ,nalFis w Ffdlcd 0Duch lb€mogdEnctic

ealrzr CIGA). Thc r.sdls @ report d i! Tabb 4.25 anal Sr.plicdly Pett d i!
Fieue 4.37(n) rnd O)
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Th. noistr ln b!88e wi's aon 8JS% !o 9 55% (Ftg!t! 4 37 t) vtbilc

A3hoontatoflh b!88sc wi.s A@ 3 03% to 3 819(4 3?b)

T.br...25 Pb.r..f Atdl|'it olD'gs 'oltr"l 
frq S!8't MtlL

lddda (PS[4)

Xblroa Sogs Mil
Pe6l|e[(KsM)

Prcond Sugd Milt

(FSM)
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Flgm a37 O) Arh olt !. lr D.ti.! (t!tF€D).

t7l



4.7.2 Anrbrlr ofBlgglle Ash (suglrcrm)

Bagee 8n is obtain d aon th. bmilg of bagge in $gd nilb, The asb

w 6let€<l &od tb. $gd EiIg ofN. qr.F.P, &d srdi.d fd diF.Mr phr6ical .!!d
cndical Fnrcld uing difi@! adrric.l lahriqE Tb. coll3 e &porr.d in
'f^hL 4.2610 4,28.

Moisturc, lds on ignitioD &d ash E dt@ircd uirg thcmgavEftEic
tultEi Sdslld vqi.ri@ i! the& pdeds hare b.d ftticd, Th. resulte e
p@ted in T3bl. 416 8nd gEphictlly 3boM i! Figue 4.38, lt i3 cl@ Aod thc

6g@ &ar mi$E i! tugitrg A@ 225 wfi lo 3.68 w Aih @t@t Ad 85.21

vf/. to 88.75 sg. ad lB d iilior wi6 Aon 11.40 wf,i to 1480 wf/.. Thc

.vengc composition of lh. studied b4gssc rsh sugS€sl thd rlir sit oD avsrgc

conlain noislur€ - 2.93 !vyo, ah = E6.69 {r:/. ed lo$ on iSlilion = 13.45 fi./0

Claue 4.2O. Th. hi8h loss on ignido! b duc to ubu wboi, which on iitio!
chag* in b ebon dioxidc.

As di*usrcd bcfor. t!a! b6ge!* on lvdge @rdn 3.45% 8b (Lblc 42t,
rh. tleining is dmsl clrtor @ lining @mpouds. lvho hEEs$ is bmt in thc

sugd mill, most oftho @bon is @av.nd into Fbor dioxi<lc ed lshi stiU sor0e of
the 6bon in baggosc rdnliE ublm4 de to rhe i!@md.c bMirs in tbe susu

Dills, which is good souce of .@r&/. Th. ub!rud cstd in the 3rudied Etr ig

stoM i! Trblc 42? .ad ghphicrly pr.st d i! Figue 4.40 (!). ThG Trblc shos
lhat @totr co lnl v!ri6 ioo t5 to Z% rld lh. av@g. i! 18.6 .Thc slbnu
6Dld. oflh.5tudi.d b€gg& esh vdie from 0.l7 ro 024%.nd thc lvaa€E is 0.21

The cdonar.ldue ofrh. lsh w$ !Mi.d uing boDb crloridct r ed th.

Gults e gis i! T.Uc 4.28 .dd s6pbic.ly stoM in Fiiw 4.r9. Tle 69@

shovs lbat rqy i!!ll !ui.li@ ir olorifc vrlE bre ben oodcc4 eiich wns
AoD 48 kc.Ukg to 50 teUls Thc oloifc vdE ofh.crF* aih is 49.5 Lql s.

'IrF .sh of b!gg@ oltlin€d ftom sugd nilk, @tr6i8 dh$t all lh.
@rstitudts pre!.nt in cendt, duc to which it h6 pozolonic pop€rties. the

dEmical @blosirion ofthc dl ai6 conpl.t iSllrio! in TGA s mtdi.d tlMch
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)(RF f6 .l@.a! !!d ft. rclulb ohl'in d I! F!*ed in TlbL 429 !!d gqhi..lly

Cbdis[]' v.ridon ir all ih. ottdd rs ba loried in l!. lrh !n r isolion

G.tL 429 a.t Frg@ 4.4rI sio, ir tqiry t6 E5.65 to 90.09 ett4 A2C! nd
t.72 to 3,65 wt t6r raq no@ 2.55 to 4J0 st y., CS im 2n9 b 3J9 wr %' MgO

Aou 0.62 io 2.m ut 
'4, 

N&O n@ 0.10 to 0:t {t % Kp Alm 0.32 io 0.5E wt %

ed SOr is r&gin8 fron 0.1I ro 024 wt%, Tt a!@g. c&pod onof t!. studicd

b.gse 6h s'l88.!t rbd t!* !st@ aE 8. cod.i! Siq = 8?.87 \|C;d NlOl- 2.47,

FqOr = 4.05 e'tli C.O - 2.E/l e M8O-l.l0* N&O - 0J7 7., tQO = 0.a4

% ,rd SO, = 0.16 %. 'Ib wnnid in codFdtin fuy bc d|c oo lt di&a€ i!
.l@t dsilcotnpoddoo,A@r{r6ltt eryllgE !a t6 obl.ir.d
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T.l'L416 A[trit ot B.i8& -&h ndry orTh.rogdd.lric An.bz].

rgoioo! (%)

M{iro (PsM)

sr 2.25 85.58 t4.45

St 2.35 85.2r t4,80

st 2.36 85,95 t4.20

Kh'zoSWdMiU
P.sbawr(KM)

2,95 883? 11.60

s, 2.16 88.62 ll.rl0

s6 3,O2 88_75 11.52

lbar<t-Bhai Msrdd)
(FsM)

s? 3.56 85.85 t425

s. 3.68 85.66 t4.44

se 3.46 E6.14 l4_18

2.93 85.69 1345
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T.bL 4r7 A!.bBl ol E|ggs An ttrdgb Crbo!-Srlph$ D.t ctor

s tur (%)

Prldi.r Slg,t Mn
M&Ce (PsM)

sl 0.22 l5

sr o2l l6

s! o2l l8

I(hrztr. Sus6! Mil

& o.t7 21

Sr 0.lE

S6 0.17 23

Frontid SWn MiU
Tt h.Bbri (Mrdd)
(FSr{)

3? 0.23 t5

Sr 024 l6

I 03 It

0:l !8.67
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T.bh /u8 Ar.ttr! of B.a8rx An rhi.ri E DD C'|orh...r

SAM?IJNG gTAflON c.lo.tf. V.lt. Gdlr4)

Prdld 8rs[ MiU Me.b!
(PsM)

50

gt 50

Bt 50

Khdn|SWriMiU
P$lla$r(KsM)

s. 4E

49

s. $

Frc id susd Mi[ Ttrh_Bbai
(Mdd.o) CsM)

& 50

s. 19

s, 50

a9.33

t?6
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5,t s5 66
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g
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F,gu. 439 C.toriftc v'l!' of b'8ctr' tlh osvLd'
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E

22

13

16

12

10
S.r 95 56

rigoir {.o (.)C.rho! ..n,ol h h.it .. .tL.

o,23

QozI 0.21

e 0,10
3 o,1l

fig@,L10 O) Sdhr @!a.rl lr t gsrt ..h.
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Trble 419 Cldi.al ADtai! ol B.ggs. Arb colL.t d 6od Suglr MllL

g.PSM KSM rsM

Sl S! Sr ss * St St

siq 87.4 n23 88.65 90.09 89.89 88.16 E5.65 E6.2s E1.32 a7,87

Atror x.45 3.65 t.17 l.E4 1.12 z.t5 1.99 2.02 2.47

4.9 5.02 4.26 2.65 2.71 2.82 4.42 4,15 4.56 4.05

C.O 2.56 zA9 2.64 2.64 2.75 2.65 1.39 325 3.35 2.46

Mgo 0.59 0.71 0.63 0.66 0.72 0,62 L98 2.02 1.87 l.l0

0,15 0.14 0.154 028 o.27 0.25 0.1| 0.!t 0.1 0.t7

K1o 0_47 0.47 0.45 0.32 0.35 0.32 0.58 0.57 031

SO: 0.1I 0.12 0.t I 0.16 0,15 0.12 0,23 o.2l 0.20 0.16

99.88 99.6t 100.54 98,6t 98.68 96.86 98.91 99,15 99.83 99.12
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rEun {.41 (.) v.ddo! ol liu@r dlo:iit' (Stot it b'sstr' 'd'

fige {.ar (b) V.ri'fto! oI trndilob ond' (A!O') b breg!' $n'
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FlglE 4,ar (c) v.rildo! of inn ojdo (F.rO,) i! b{s& sh.
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1
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Flgur a.al (c) v.rl.tlo! ol Dry&.luD ond. MgO) ii D.gs!.. ..b.

Flg@ ,Lar (D vui.tior oipdtud od.l6 (N.ro) b b.gse st
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ngur.,{.ll G) y..Lalor ofpot $i.i oliits (&O) i! b.!g$c rr},

FtrB a.ar (D Vur.6o! ofrdrrlrt rnyddd. (SOt) b b.gr& !h.
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{.8 ADDITION OF BAGGASE ASf, WITE NORMAL LIME
RAW MD(

4,E.1 Eneca ofBlggire Ash on tb. Clcnic.l Conpostdon ofrbe NorEd
Rrr Mn.nd Cliok r
T!. chdic.l c@psirion of bagg@ 6h is .ltiFly .ti{f@1frod rhd of

emar Ew Dix, so wlEn n i5 6itcd with tbe Bw Eix, il chuga iis conposiiior

IrE chdicsl @EFsilid of n@ut E* dir for Ligh str nglh porrl4d
enol &d bagga!.6h ec sivctr i! T!bt. 4.30 and 4.31. Basge ash w .dd.d
with nomal ccent raw mix in dilfcMr p.rcdag€s nnSing tom t-5% e.l thus
ditrdn! Fw oic for [i8! $t!agrr! podEd eDcnr Bw Flper.d and e giva i!
Table 4,32. It is d6 &oD ih. Table 4.28 ed 4.29 rhat hgge dh @tsis sitic{,
nlmind .nd ircn didq itr 8@i.. Flqr.gcs ed cdoM oxido in snDllcr
pcl@Ilgc q @npq.d to rhe &mal Fw bix o$d fo. drc d4ufscrri.g of c4d!
e wh@ it vos bl6d€d wirb rhe edDl sw hi)q ir inc@d th. D€e age ofsilic!,
elMid ed ibtr ald d*@s€d the cdciM oxidc @!&nt i. tE @ttirg nw mix,
Th* mw hix6 *w ooEncd inlo clinl. Thc chmc.r er}!i5 done wirh
clinkd moduli ed lotdri.t s iivd i! TahL 4,33. Thc olinls thB fomcd lr@
.orEncd ioro c@dt dd .ti{I@r ptu.r.6 of lh. €d4ts l@ studi.d and
@dpaEd wilh th€ srr(tdde

lE5



sio 14.60

J.63

2.2E

42.55

Mco 0.98

N!2O 0.lE

Kro 0.46

Sor 0.10

l_68

MS 2.39

LSF 0,91

TrbL 430 Cn.olol Cobpdltloo of r Nomrl Rrw Mtr

T.blc4,3l Ctdi.d Cobpoirior oa Brgglrc Alb u,..t i! Ctinkrnr[on

Siot 47,40

3.60

4.n
CaO

2,56

Mgo
0.69

0.15

Kro
0_47

sor 0.ll
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Trhlc!32 Eltea of B!!g.rc Arh on tb. ChcDlc.l Conpodtion of Nomrl
R.P Mir

t 2 3 4 5

siq 14.@ l5J3 16.06 t6.1a t?.51 1824

3,83 3,83 l,8J 3.82 3_82

2.28 2.31 2.36 2.39 2Al

42.55 4ZlS 4t.75 4t,35 q.95 40.55

Mso 0.98 0,98 0,97 0,97 o.91 o.97

0.lE olE 0.18 0.18 0.18 0.18

K,O 0,46 0.,16 0.46 0.46 o46 0.46

sor 0.10 0.10 ol0 0.10 0.10 0.10

--__T_-_-_--T_
MA Ir.6s Ir.66 l '.* l ,--fii-f,re
MS 2,J9 2.50 z,6l 2.71 2.42 2.93

t5f 0.tl 0.86 0.42 0,78 0.71
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T.bL4.33 Efi.et of B.gge Arh o! th. C!6tet CoDporitio! of Nomrl
C1j!k ..

0 I 2 5

siq 22.63 23.75 u.a9 _16.01 27.14 2421
5.94 s.9l 5.9J 5,93 5.92 5.92

3.57 3.6t 3.66 3,10 7.74
CaO 65.95 65.33 64.71 61.U 5X.47 62.85
Mso |,52 t,5l |,51 l,5l l,5o 1.50

0.28 o.2a 028 028 028 028
K:O 0.71 0.71 0,71 0.71 0.73 0,?l
Sor 0,15 0.t5 015 0.15 0.16 0.16
ModuUffi
MS 2.39 2,50 2.61 2,71 2.A2 2.93
LSF 0.91 0,86 0.82 0.?8 0.74 0.71
ClitrL.r p

Cf 51.13 39.99 28.86 11.73 5.59 4.54
c1s 26.31 31.94 49.58 6t,21 72,45 34.48

9.75 9.68 9.60 9.53 9.45 9.37
to.75 10.88 I1.00 .t3 I1.25 tt.37

!P
o450c) 27.41 27.51 27.59 27.66 27.74 27_42

BF t7.55 18.51 19.66 20.71 2t.15 22.4O

lE8



4.82 Efiet of Brgg.se Alb o! th. Moduti .!d Ctirk r Poaenairl of
nortn.l R:w M|. Clhker
 s dE @nposilion or mmrn aw hix dd clinld chusd wilh dre .{tdiriot

of baeglse asb, the moduli ofllie rcsulriog clinkd.lso chdgcd sigDifidrly. Thse
changcs in r[. Eoduli u. sElhicdly shoM in Fig@ 4.42. !m rh. lige it is
clcr lhut oruioo modulus Ol/!) of thc mmll nw mir deeed frch 1.63 10 1.58

*irl rh. addirion of bagge asb, sili€ EodulE (MS) ir@.d Au 2.39 tt 2.93 ej
Iire $i!t!lio! f&tor (LSF) also <Ld4.d tom O,9l ro O,7l wirh rh. .ttdirion of 5%

The.ddition of t6gsd. sh ro rh. romrl cdd nw mix d*E.s thc

d@lu noddB (MA) dE ro grc.io moDt of .luila i! the b6gge ah. Tf!.
usuat rlng! of MA is 1,3 - 2.5. Ifir heon6 eialc. rh6 2,j, visB sllg and high

eady strdgtb oau ed if it beom6 srlcr thrn 1.3 then iluid slags, low @ly
stEgrb {d loe bat of ht&ltid @u, fren th. fig@ 4,42(!) it i5 cle rb.t 0E
addiLiotr of bsggse sb .lo.s mt r4c rbe MA our ofmgr.

Thc @d @gc of MS i! Z - 3. If tbe MS beoc, le rhu 2, budtrg
Deodc very.ay but *Bsive liquid pbsc ed low srrcnCrh c.t@t 

's 
obrlincd. If

rhe MS 86 up ro 3, tt ! rbe high sr.dgib c.tml i5 obtailed but rhc bmirg
beconte very difrcult ifir goes sbove 3,0!.D no ctinkeriation ble llacc ar all. Tlis
is cle$ aDn iL Bdrs Urr b""gae aih dc mr rrlc rbc MS oln of tuge, toug!
{E bqine will b@ne bdd.

Th. E{at mg. of LiF i5 o.9o - 0,98 e@ ifit r.{.[6 0,8. ir @atd Do
prcbleo h emcnt mdufactuirg prc.* lnd (Mol slrcngrh, but it ehouL! nor be
ls lhd 0.8. l% bogg4 $[ d.cr! s rhc LSF Aod O.9l ro 0,86 lDd 5% r,egre
sh de@as thc LSF uplo 0.71, which is too huch out ofrh. ec@hblc mge, Thi5
sho* 0!t b6gge 3sh slDuld Nt b. attdcd ro rn notual sw tuix noE rha l%.
Eowvq fo.lhis rurFsc high tim hw nn M Bd.

The eflet of bag8e asl on rhc cli.ld poc ial is Eqlic.lty stoM jn

ligw 3,43. Ihc tigw show tt6t with tho &tditio. of 5% blgge ah, tricdcim
silelc (CaS) dccB.d &om 5l.ll ro -4.54, dicatciu siliorc (Cf) incEe! non
26.31 to E448, t icdciM d@im& (CrA) d.crced &oE 9.26 ro 9.j? &d
bnsqlcih alMinofeEir. (c{AD iM€ed Aoo I0.7, to I r.37 ( Fisw 3.43)
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Dndt' DLdbld.

r 1r.!o

{ 11'o

t,,.1o

!;.

193



4.E.3 EtL.i of Br8t$. Alt o! thc Conpr.lrla. Strcrgth ol C.E.!t of
the lo.Drl Rlr M|!
Cosiddsbl. .f.c$ of laggB. @h on the @np6sive sb.ngrh of rh. c.l@t

haE b.d obs.d, T!. .fret of bagrrsc ah on lhe @dprc$iv. sEogrh of thc

cdat i! stou i! Tdlc 4.34 ad gapticlly shoM i! Fige 4,114 \Niicl show tblt
lbc daF ..blBrivc rt@gih of rb! cd6a gr.dorly d.6ac I rL. Fc@bg.
oftlE baggd dt iteslat, Wilhod rtc rdltirion ofbdgg'$ s! rh. 3 dsrs str.ngil

of ile high st@sth Poded cddt i! 4750 prl whil. wit! t% basgs. dh itred@d
!o 3980 p6i, ard wih 2 % a[ lo 3250 Fi wbich is les rh4 rhc.i.!nd!nl for 3 dlye

.@!BiE sn ogth vnid tu 3336 !si. (Ilblc 4.34). \vih lhc ldditio! of firihq
b6gge 6b, corlltr sivc stucfi r.d'B signm@Uy. 5% !3t.!dl@ rb.
comprcsive strdSlb u! ro | 980 !6i, $trich i! sig.ifi@{y s.lld the the staDd..d.

'[!. ? d.ys @npi€$ive st cDsth ot dE hish strcnsth Podl.nd @rcnt

obtlined frod norrnd tlw nix wil[ out bagge aih is 5100 Psi. Wih I % t6sge lrh
lli. cdpBiE slr.ngln of s.q dlys rlduccd ro 4800 Fi, whicl is in g@d

4rqlot wiih lhc ar.nded (4690 Fri). Furtha additi@ of b6gge ash t@t thc

sllaglb out oftuec, Wil[ 5% 6agg4 rsh, thc 5t ogth Edeld to 2750 Fi,
28 d.ys sr.cngrh ofthe high st@gth Podud .dent wihoqt th. atldiridn of

bacge 6h B @rdcd a 6875 !si. WIm l% bagsa$ Bh wa ad.lcd to thc

mdd Ew Dii it rldF.d tbe stEgth up to 65?0 psi. 1L 3r6<lrd fu 28{sys

slftnsln oflid stlosth Poidlrd cdat i! 5960 Fi G.1,1.4.12) $ .dditi@ of l%
bagsa& 4sb d6 mt l!16 rbc strdglh ou! of msc. Eo*9q.!oE I % thc strddh
ges olr of tugq Wh.n 5% baggcc ssh ws dded to th€ nomd np mix, thc

$rcngtb rdu.€d 1o 3145 Fi.

As a @!.lBio! w 6 $y tb.t l% b.8ge aeh @ b. {ld..l to thc loEd
nw nirq wlich d.ca et E& rh. rtrugth of el@t @t of ago Fwth.r addilion

of blgers a$ @ b. pGsible by Birs higb liD. E* hir. ftis wiU rldE lb.
8mut of cl4y a!{l iftr.ls. lhc amut of liD.srorc itr rlE nw hix. Th. irct@c in

lim$tone and d.fte in cby will bc comFni.t€d by baggssc sh due to it' ligh
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P.r6t t t !gu{t
C@pEiE.anltlt (PSD

0 4750 5100 6475

I 3980 486i0 65m

2 3250 4610 5825

! 2q 35?0 aEl5

2t20 320 3850

1960 2150 3la5

3336 80 5960

T.bL 434 EE ct of &tta &b o! tt. Co&p|Eivc Stnlglb of C.ddt ol
tt. Nom.l R$r Mir

ngm444 Edca otb|ag& ab o! a!. oopE tiv. rrMgrt oart.
!oE.l4!dl:
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4.9

T.bL 435 Cloiql C.npdl.lo! of HlgL UD. R|w Mir

sio! t2.6
3.58

2.24

CaO 43.60

Mao 1.00

N&O 0.20

Kro 0.50

sol 0.10

ModuU

MA
MS 2.t9

LSF I.06

ADDITION OF BAGGASE ASH }VTIH HICH LIME RAW

MD(

BagSac ash b eting a 3 w tutdi.l for ruua.a{ing ol bigh sftnelh

Portled cndt If it is mixcd wilh rhc mmd linc sstuation frclor r.w mix, it d
mt b€ addcd sboE 1%. Basge lsh ale @ riB ubudt c.rtm wbich is &nng a
.taDdc nd for clbtqn doo. So luch w Dix6 v@ d6ield h fiich t@iou
lGsiblc .mut of b.g8!& Eb I utilizd .!d rh. polu.rd of r[. Blting
clinld dd cmmt mdrcd within {F mg. o{ 3tatrdrds. For rhtu plr!6e hieh linc

snstio! ft.tor nw ri1 w d*igned 3loM in T.U. 4.35.
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4.9.1 Effe.l ofB.ggrlo Arb on the Chcoi.rl CoDporitlor oftbe Htgh
LIm. Raw Mlt
Thc .rldirio of b|8ge aL 1o l[. D@.1 w mix B tut Fsibl. $orc

1%, stid distulcd rLl Ftu.!6 of lh. clirtd. So dif.mr sp bix6 wilb NSh

LSF od IN MS w@ dBigbtd Tte mon sibbL ftw nix, wbicb w d.sigrcd for
minrs with bagge sh, k siM in T.blc 4.35.

Difi<at Dw ois *irh ditr .6t F€tlgd of bsss& arh (tuging toF
l% ro t96 bagse .!h) w@ pc4r.d- Tb. d@ic.l @dlositton of![ rb! ry nix6
is shoM in Table 4.36, Flom $e TalL it i! cl4 lhr with th. im4 iu rh.
p@dlag. of b3gs4 a!b, lh. p€t@bgc of silic.x .luina &d ircn iDc..*s,
calciM .nd basGi@ did€ de.tt.g wlilc sodion, po,rsiu dd sdphuic
.trhydti& |!fui t@n tl. $fu. r!. dw Dix6 *ith difcr.lr !€!@1196 $i.l!
@lr€rlcd ilto clirk r, lh. cl€nicd c$losition ofwni.! atong eilt rhe ooduli ed
clirk€! pot ntial ft nporbd in Table 4.37,

T.blc,L36 Efica ofB.gte llh o! tt Ch.oiel cobpotldo! ofnkh LiD.

Bryg.rc !r! rdd.d (Wt 7o)

0 I 2 4 5 6 7

sior 12.6 t3,41 14.15 14.90 15.65 16.40 17.t4 17,89

t.58 3.58 3.58 3.5E 3.59 3.59 3.59 3.50

2_20 2.23 2.25 2.28 2.31 2.J6 2.J9

ClO 43.60 43,19 4L78 437 41.96 41.55 4t.t4 40.73

Mgo l.0o 1.00 0.99 0.99 099 0.98 0,98 0.98

N!ro 0m 020 020 0t0 0.20 0.20 0.20 o,20

0,50 0,50 0,50 0.50 0.50 0,50

sor 0.10 0,10 ol0 0.10 0.10 0.10 0.10 0.10

Moduli

1.63 t.6l t.60 I.57 1.55 1.53 t,52 1.50

MS 2.19 2.31 2.43 2.54 2,77 2,88 3.00

LSF 1.06 1.00 0.94 0.E9 o85 0.80 0.77 0.73
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Tlblc 437 Efier ol B|ggs. ArL on tlc Ch.diol Codp{rltlo! of HiCD LiEo
Clilkcr

B.gg!. ![ .dd.d (Wa or)

2 I 6 7
sior 19,62 20,74 2t.94 23,t0 u.26 25Al 26.57 21.73

5.55 5.55 5_55 5.55
3.41 3.45 3.49 1.54 3.58 3.62 3.69 3.69

CaO 67.5E 6.94 6.31 55.67 65.04 6.q 63.69 63.06
MBo 1.55 1.54 1.54 l_53 1.53 1.5 t.49

0.ll 0.31 0.31 0.31 0.ll 0.31 018 o,2a
rco 0,77 o.77 0.77 0,77 o_73 0.77 0.7 0,7
sot 0.15 0.15 0.15 0.15 0.16 0.15 0,16 0.16

!.63 l.6l 1.59 t.57 1,55 1.53 1.50 1.50
MS 2.t9 2_71 243 2.54 2.6 2,17 2.88 3.00
LS! 1,06 1.00 0,9l1 0,89 0.85 0.80 o.76 0,73

crs 83,39 71,91 @.47 49,02 i7.56 26,t0 t4.73 2.95
c,s 4.6s t1_24 2924 4t_21 5t.t7 65.37 7124

8-9 8.87 8.80 E.?3 8.66 8.59 8.45 4.46
10.18 10,50 10.63 10.76 10.89 ll,0l tt.22 tt.22

LPO450C.) 26,03 26.t1 26.21 26,30 26.39 26,44 27.59 27.58
1.26 t,2n 1,26 t.26 \26 t.26 t.26 t_26

BF 15.61 t6_75 17.88 t9.01 20.11 2t,24 22j5 23.45
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{.92 Erect ofBegg.!! Alh on at. Modut |!d Ctirkff por.add! of Hist
Llme Clilk r
fte Morbli oflhc cliDld e vlry nurh sfr.crcd wilh rhe .dditioD of bagsa

.rh beaE it cb@g.d rh. @Ep6ilio of d rbc ct@ts of r!. Es bix ed thc
cdtitr8 cliltd. llc.trcct of t gg& ril d U. ooduti &d cliltd Dot .tirt of rt
clinlG e gnplieuy lho*I i4 Fise 4.45 - 4.45

Th€ nomrl Eg. oflhc MA is 1.3 - 2.5, so the addirioa ofb.ggas. ssh thougt
rcduc€d rnc MA bul srill ir lfuirs wirth lhc mg. of tbe Srautst!, Thc slg. of
MSis 2-3, ehjcb imMrcd witb the &tdirim ofbgssEc sh. Th. inctle in MS
brL llc buirg hqri4 etm tts qecds 3, m ctiltdizliod r.t6 pla.c at a[.
Sidildy i!. usurl @9. ofliDc erhliu f*lor (ISI) is 0.9 - 0,98, bu ifir @lG
lplo 0.8, still ii csr6 m p@blm h @mcnt Muf.cturilg prc.s ed cmdt
strcng0! but it stould not go bctow 0.8. Fton thc T.Uc 4.36 it is ctcu {ut bagsde
!3h upto 5% @ bc bl.nd.d wilb lhc Ew mix, but ffllho addition t trc rbe clinkd
noduli ed pot!6li.li oua of@ga

Fig@ 4,45 .[oB rh. cfi@t of b.ag,e 8[ d llrc ltuid lbdulB (MA),
rilio tudulu MS !!d liD. slrudio! fr.ior LSF. Srith 7% bqSd. sI, MA
dccFed Aod 1.63 io 1.50. MS iicMrelt fion 2.19 to 3.00, *fiil. LSF d.@a$d
fiom I.06 10 0.73.

Th. .tr ct of b-{.e d the clid<d lot ltid is indic.rd jD Fige 4.46. It is
obvioB ton lLc 6se thd wirt ?a blgse nb riolci@ sili.!r. (C!S) ddB!.d
rignifi@dy ia Aon 83.39 ro 2.95, dicdciM sili€b (C1S) in@d Aom -6.65 ro
77.28, hicilciu aluilatc (CrA) d..ftdcd A@ 8.94 to E.46 ed tcta.stciu
llMino f€dtc (CaAF) incr.!.cd fion 10.38 ro I L22 (Fisw 4.4O
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1,65

1,63

1.61

1,5t

i_s,
r.tt

1,44

2ta5
steo rdr ,!d&d (*)

[lr!n al5 (.) Efiel of b.it[. rL o! .hulid notubt (MA).

H€nn (a5 (b) r,fiaa or b.rSu. uL o! .[.r oodll[. (MS).

3.0

3 -^

2ait5
8.oarx A.h .dLa (n)
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Ilg||l! 4.4s (.) lled orb.ga$.d.! nn r.tu..d.! fidor @8D.
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4.9.3 Efi.cl of B|ggs. Alh o! ahc coEptttltv. Str.lgth ofrlc Hlgh Rar|t
Mi! C6.!t
Th. ctrca of bag{F& $b o! tt. cohlreirc 3tagtb of high at@8lh

Pordmd cdqr i! irdist d in T.blc 4.38 Ed gEplic.tly shoM itr ligre 4,47.

FDE th. &bl. Ed figw ir @ h. mt d ihi a thc pct!.ltage of b!8g.se a$
ilEtas ir lb! nwDia th..!ry6i8 3trd8$ of@6t dqqs.

\virh 5% bagglso a8h rh6 cotlp!.siv€ lratth tur 3, ? .d 2E d.y! *t3 liourd

ro bc 3469, 4760 !d 6157 p3i vhilc thc si!n&r& !rc 3336, 4690 and 5960 lri
E3p.clir€ly. At . @@luioa tbi! @ b. $id tl8t lddilid of 5% t6ggr* sh dG
not aflect tc qurlity of c.t@t ed thc cmFsirc lthgth @iD! wihin rh.

Strn ldd lihil& Frtha addiiion of .sh declas ih. c@!rcsire shdSth which go

out ofrhG St !d!d libils

204



Trbl.lSE tr,oel ofB.g!.a rtl o! rn CoEpldi* SaEraL orHid Iie.

codpBdv. .l!6sit (PsD

3 Dry! t Dryt 28 Dryt

0 56'5 6El u70

4570 4980 6475

44?5 4576 6285

4250 4655 6430

3960 4875 6258

1469 4760 615?

6 3Ua 3E90 5J!?

7 2750 t2l8 48q)
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F?@

€s
,
E

Figlr 4.47 Efiet of b.gt!. Gn or .odp6iv. lrtugat of high liE.

4.TO EEAT OF CIJNKERIZATION AND ITS DEPEIIDENCE
I]PON BAGGASE ASE

H€t of clinldialioD ir the sM of h.at reqriFd 10 carry olt .ll th. chmicd
rc&1io6 duitrg tii. clilkd fomatiol Tlis hay b. th@rclicaXy cslcul.red d !i.
.t8cbdic M of all t!. adoihcdic ad dorhdic r!{ai@ &Li!g d@ ia

clirldiztion procc$. Heat of clid€dztion dcpmds upotr thc cldic.l compositior

of aw nix ued for the @tunt,

Hel ofcliDkdizarion @ b. qlculald lloq i! rh! @irs ofrcd / kg in *iicl
chcmical fo'null! Fpllst rus fftmragca of thc oxid.s in th. clinld prcdeed.

gd =2.22A12Or+6.48 MsO+7.66CaO-(5.11 sior+0.59l.pr)=kcal/ke

Ee.t of clirkaizarioa d de b. ..lcdat d ir thc uire of Btu / totr

HMr = l4?95 Al,O3 + 23326.7 MgO + 2?524,07 CaO - 0 8416.58 Siq+2123.88

TIE Etult obtai!€d apEsha ody tb.t dour of!.ar rhat Du5t b. ioD6ned

1o thc len to tm n inb onc lon of clinkci, h do6 noi includc hcdr lcscs in rhc

systen nor doe n 8Mur for the h€l rhar is sovedblc frcn lhc hot cli*6 an t
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thc clin&ditr8 @tion is @mpi.tcd Tta Esolt, how', d@3 ttke in a@61 the

cxorhemic Faction at cli*cnng tcmpentw

Thc c{tcular.d han of clirkdiatio! ir diffdr tDm lhc 
"psidotal 

mc'

IrE dillcEmc is d@ to thc her los dErg lh. procs of 'litla 
fodltio! itr

cercdt pldl3, Sone ofrhc hcat is EcvcLd bul66t ofii b lost Th' @jor hat

lo$s in ccmcnt plstl is frotn lh. rctarv kiln which mn heat in thc fom of inftmd

diliati@ and is lbeibcd bv lh. stndpl@. Th. sond $uce of lat loss is th'

.odlingofclintdiol[ clilt d @la, rbolsb 
'@c 

of siich tu Evcled i! rh' pl&r'

4.11 EFFECT OF BACCASE ASII ON HEAT Otr
CLINKET{ZA-TION

Tb. bc.t of clilkdiati@ of tud.l rd hiSh linc $trEtion faclor cli'lG'

with d.l *ithoot b.sse sh w@ cdcdar.rl uirs atw. rmola t106l Th' Bults

eft r@ort d h T.blc 4.394.40 ed snphioally lhoM in Fis!rc 4,484 49.

FNF lhc Figw 4.4E it is olviou lhst b@t of clink dzatid of lortul lih'
sat@rio! feror wilhout bqgire is 410.0 kc!r&& Wid l2,l'4 ed 5% b.g8!s. lsL

h€t of clint.riatio! rcduccd to 3999, 3E9.3, 3?88' 368.2 ed 35?6 lc'vkg

rcsFctiv.ty, As we ce mt add morc thd l% baggs. a3h with noml lim.

stuErio! Fw nn (slion 4.8.3). so th. diDinu PosibL h*t of cli*.dzlrion fd
tund lin $lultid f..1ot, wit[ hdget$ &sh is 399.9 k€l^g

with high tiEe sainliotr f&to. rlw nix, lh hdt of clitkdiatron wii! our

blsge ash b 437,? Lql/l(8. With t, 2, 3, 4, 5, 6 6d ?,6 bd!G4 6h' hclt of

cunlcizatio Educed to 426.9, 416.0, 405 2, 391.4, 383.5, 3?2 0 d 351.1 kevkg

rls?elivcly (Fislt 4.49) th. ldiow Dodt of hogge a'h' which q bc

blendcd wft nish lim. stllrion feto! n* nix is 5% (edior 4 9.1) So rlc

minimm posiblc h€t of ctinksiation for biSh lime 3!t@tion fador nw mix' widr

bagg4 arh i! 383.5 LcsUlq
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T.bl.,l39 Hda ofcli.tlrL.dor ol@lrt d ror o!. Li of ClitrL.r (Nonrl
I,sFns Mit)

P.l6ar8. ol b4grs o[ .dd.d
rltl !' DL

0.0 410.0

1.0 399.9

2.0 389.3

3.0 378.8

4.0 36E2

5.0 357.6

Fi!!r /M8 E!c4y EqliFd fo. .lbkdiatio! fDD !oa.l nr !! t
(Kc.U kd.

;

E
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Table 4.40 H.tt ofobkodatiod ciburri.d for o!.Ig ofclilk r ollgh
LsF Rrw Mlr)

!.|t&t !e of b.!te..L.dd.d
rirl |frL

0.0 137.7

1.0 426.9

2.0 416.0

3.0 &52

4'0 394.4

5.0 383.5

6.0 372.0

7,O 361.1

Figm {a9 Erqg nqlrnd for diit sL.d.! tu tl$ nt 6ir (L..U l€).

5ls0
Z. .tu
5 rro
!o-
g 3so

€$o
E 370

ao 3,0 4.0 I

Pc.en!a. ol bqg4 sn
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4.I2 ENERGY SAVING DITE To BAGCASE ASII IN
CIINXERIZA'TION

IE h..t of clirkdiation for rcmd clhkcr witho'n hoggas ash is 410

k avkg (tabl.4.39)

The optinu qudity ofbsgSe lsh E d i! cliEt riz.ilion it 59la

Hot of cli.krizdotr for Ew @x h.vitrg 5% b6€9.!. ash Gablc 4.40) is

383,5 kcd/ tg

Tho d.c@ in 0E hat ofclinlaizalion i5 410 - 383.5 = 26.5 kol / kC

. 26.5x100 - -Eners' $viEs (p.nnbs.) - 

- 

- 6.46 Y0

Th6 lhc cm|8)/ svins de to thc N of 5% t6ggas. dsh is 645 %

{.l3 ETFf,CT OF BAGGASE ASH ON CARBON DIOXIDf,
DMISSION

Rrw DaGri.l for .ddt @nt iE c5lci6 @!drr. (c3co:) ad mgciM
c{bon6tc (MgCOr), both !tudue csnor dioxid. @ calcindiotr a folo*;

c.co!rClO+CCE
100 56 44

Ac.oding io tt rbovc bol4c€d chmiol cquaiio.,

For d.ry 56 g ofcao ploduccd th. coE6Fldhg |eoNt ofCO, i5 /K g

Tlre nomal ftw nix of hig! srrcngrh Portled cd6t 6 liE42,55 % CaO

Cr!u.430)

Iau fo! 42.5J g CaO, th. cmsronding cA prcducd

- -:-- =31.41g-0)

Simildly tb. produ.tion ofcq by MgCOr i5 giv.a a! folloy,

MgCO3rMSO+CO,
84 44 44

A@rdin8 to r[c .hnw b.lmccd clmi.rl .quatioo,

For evcry 40 g MgO thc @E6Fnding eo6t of COz !rcd@d ir 44 g
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Thc nomsl 6w nix of his! sirensth Portldrd en nt con!$a 0.98 % M8O

&s fd 0.98 I M8O, tbc @drspoldir8 dour o{ COr Prcde.d

= 
419e8 

= r.oe g--*-p;40-

Tod Cq !rc<lu.€d by I00 g of Ew dix = 33.43 + l.0E - 34.51s-- (3)

Wha 5 % b6gge rsh is added b th.95 % aw oix lha CO! pFducld by

r oos 6w mix = llLLlll - 3 2ls e ------------* \a)- t00

Enisi@ of CO, wiibodbgge.sh - 34,51 %

Emiseion ofcq with 5% ba€ge ash - 32.78 %

Rcdlction in tle prodrcrio! of CO2ls 34.51 - 32.78 = 1.73 %--- (5t

Thllr s a @cluiotr wbd 5 % b!g8e alh is blcrdcd wilh a d{ dix, it
r.d@ th. ai$io! of CO! b rlE avimtrmar u! to 1.73 7.. So lh. e of bogg{F

6h hclp in aduiDg l[. .oviMmtlt pollution,

TIE u$ of b6gge 6h h c@.nt tmufrctuine, rpan frcm €ndgy saving

dd r.ducing lbr dvitott|@id poUltioa .lso r!pla.6 .by qp !o .lprexiD.rcly 5yq
phich do6 ml bve &y rignifi@t @lmicrl or otb.disc inper rblggrsc !s! is
Bd ir codt @uI&turin8 D(w!ss, in ffint plet l[ prcdu.lion.q6.ity ofde
pldt will bc inctled.

4.14 ADDITION OT BAGGASE ASIT WIIE CEMENT
'Irr. cbdicrl 66posilio! of emdt ed b6ger$ Bb u$d for bldding is

shoM in Table 4.41. C€m.nt sed for 1hir purpce * odin!ry Pod.nd chdt
Faiing lhc Potist ! Sror&rd S!@ifi@lion. Tlble 4,42 &d Figw 4.50 show rhe

cFet of b.ege at[ otr thc lEEnglh d4lopF@r of bl6d.d c@o! !sr6. 'Ihc

epl@nhr of Pord4d c.trnt with 20 - 3 bsgge 3t d€.c.!s!d lb. salgth of
cmdl p6stc signifi.q{y, T[e liehcr h tb. .sh clla.ffit; rhe low€r i! tE

Figw. 450 sbow thc ctloct of b!88e sh otr lhc @mFqsivc srmeth of
high sidgh lorded c@at Cobpi*iv. srugrh of bigh sE trgrb Ponbd cltmt
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.lecrced wilh the addilior of blgea& ash. Wifi lle addition of 5% baes8e !sh, Uc

lhrc, *vcn &d twnty cidt daF @mrBiw slrdgth d..twcd fiom 3980, 5430

dd 698E psi !o 3150, 4t00 ud 5990 Fi w L t!. illldrrd! @ 3336, 4690, 5960 Fi
sFtiv.ly, lt ir dd nlm rh. figN rira wit[ rh. lddirid ofnlthd bagrr$ ..l!
@mpBirc ltragth falb bdN i!& stanbr& EIB

T.bL a.al CtFiql CoDEdtfd oi C@o. od B.rt[. A! fo. El.rdilr

SiO! 21.55 a7.q

5.69 3.60

3.39 4.90

C.O 64.25 2_56

M8o 0.85 0.69

N!!o 0.13 0.15

K:O 0,59 o.47

sot 247 0_11
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T.bL 4.42 Dtr ctof brCg.t. lch o! CoDpNit. Stmgtt ol C.d€!t

coDpEtv. trtqrh (PsD

0 3980 5430 698E

5 3350 47@ 5990

t0 2750 3?50 4890

l5 2.100 3150 4400

20 1940 2654 4000

25 1,100 2200 J700

30 800 t800 3200

E

c
a

Figur. 450 Erel ol t4€rr. un o! .odptBive ltErgtt of eD.!t
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4.r5 USE OF CrCl'.zq,O AS CHEMICAL ACIWATOR TO
ENIIANCf, POZZOLONIC REACIIVITY OI' BAGGASE
ASE

Ttd @ tht6 hdnods for tlc activ.lion of P@loaic t@tivitv [107] like

prclorsed criidirs (Edhdi.at o.lbod), cldat d tcepaaturt cuiog of elMt
rasi6 containing ! po&ls (thmMl mcthod) ad th. ue ofch.mical acri{to6 swh

s NarSO. dd CtCh (ch€dcal nethod). Oql ofthFe nethods chdicd ncthod hd

ben Md in ilrc prsnl work,

Th. .ller of ClCh d tbc sEengrl &wlop|@l of dE bla.L.l eDat
@nbinins lO v. A$ + 90 % .msr i5 slDM in Tlble 443 and Fige it.5l It is

cld frDm th. Iig!rc that oolesit {td81h of ordltarv Pordod cd. rc
in 6.d wilh llc incBe in c.lciM chloridc .onc€nEaiion upto 4vq aboE which

the codprsivc sitogth was d€rc@d again with 4% addition of C.Cl:, the

6np6ivc slrlDglh w6 infta&d apFodmtcly u$o 20 % at ihrc! davs, 26 % ar

ed &ys ed 18 % st tq@ty.ight d!ys. Fwtbd iM€e i! rn. dout of CaCl,.

2H,o d;.Fa*d dE 3t ne& of @at siifi@tly.

It cd b. @mluded Aon tu TlbL 4.43 ed Fisuu. 451 {l'l 4 % C{CI: 2lho

is the oprimm corccnblLion of &tiv.ror for obtailitg nwimM @hPBiE
sn€ngth of blcnd.i cmdt nort r, Iue for frlthq studv of @mp$siv. sEengilt'

4% elution of CaClr.2tIrO ws u$d for diffctdt blotb of cclMt 6d baggase asb

$e Esdis ofrhis lndy @ sbom h Ttblc 4.44 ud Figtlt. 4 52. Flon lhc Fig@, it

is olviow lbd 6 rh! p.@ntsge of bagge 
'lh 

in Msc., the @npBiE tt!ryth of

the cddlt @ter &crtascs. Witb t5 % blggotc ah, l! clbpBiw tttaglh s
obswld ro b. 3500, 4800 sd 6500 psi at thE days, wd diry! .nd twnt .i8ht

day rcsFcrrvcly, which neel the PaHstu Sland.id Sp€.ifiedor wilh 20 % bdgge&

ash com!$siv. st trgl! at it@ d!F, s.ve.tays od ttcnty eidt .lav w
obsNed to b. 3204, 4540 ard 5850 p6i which is ls thd 3335, 4590 ed 5960 Psi

Bp€tively a@ditrg to P*in& stddsd Spccificatioq *hicL shos that 15%

b6gge 6h n thc tAinm dour which d bc bl@d.d wirb norla .bovc wnicL

|he omprcsivc @ngrh of cfrot d.(rt4 rigrificanrly.
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T.b!..t43 Ef,et of CrCb 2EtO DqgG o! Slttlgo DddopD@t oI CMot
Pltc @rtrinint l0 % .!t + 9i) y. C.d@l

ColpEivc m$n GSD

?r.lrJ!

I 3100 4183 5500

2 3350 4505 5900

3 3450 4988 6320

3600 50J0 6900

5 2420 3200 5200

6 2000 2500 3600

Fig!rc i.5! Er.ct ol Ctclr tH1o dd.8c o! 3aEnSt ddclopDda of .@ot
prlc @ltrining l0 % $t + 90 7c cd.!t

Fsooo

g""""
E 2ooo

2t5



c.dpl{!94!!9!-E!l

2t d.yt

0 4750 5800 7420

5 4500 5500 1260

l0 3600 5030 6900

t5 3500 4800 5500

20 3204 4540 5850

25 2200 2800 4420

30 r550 2200 2l000

T.bL 4.44 Efi.ct of C@.!t ftphed.li wlth B.gsrt' At[ on Sh't&
Ds.loDEor ofBl;d.d C.o.nr P.!ad 6hg 4 % C'Clt 2Elo

fig!rt452 Etrer ot oda r.DL.tnat *Lh b.gst" st on ttnrttl
dddoDn dr of bt@d.d .d.!t Pdc Bils a % crch 2E o

3@
Es

5d

2t6



4.16 MECEANTSM OF CEEIflCAL ACTMTION BY Crcl''
2HrO

CaCl! 2H1O hs b*n widclv u!.d s e a@ltr'tor for Pord&d cd@r

6n@t.. Hoag6, iNpfte of ctsl Gffo4 lhc d.t'ilcd dion tdtt!5n of caclt on

rhe hy&ltion of cddt is still obcuc [los] vliios qPlmrioB b'v' b@ off'r'd

n@ 6F. to tine lonc of th@ wuld b..blc to dPlsin dl tb' etr6t! of CaCh in

Anq nixing th.6h'micd lortldd GFrt wilh CsCl2 elutio!! cdol

snis hydotc fst .!d lhe elulion Ecne ! hish pll value v€rv quic*lv Thc

pGcncc of ClCh ecclcdrd lhc hvdnlio! of 4tuni bot r€ducd ilE pH of ihc

soldion. Under the atttck of OH in $ch E bigh PH elution' netw* modi66' su'h

d Cf. K., N!*, .rc, i! $e Poz,bn @ dissolved into t!€ elulion vcrv quicldv'

Sili@tc or aluinosilicarc netmlk fomc6 in thc roz'te e d$ dcpollmcriad

.nd dislv.d in1o th. elutior Bow'vq, a ld8'r fr'cli'n of!'twork modifie6 d'

dislrrd bto tb. slutid tbd @Mrl fo@'6 dG b rh' log bold @'t!J/ of

neMorl tudifd. D.Flvmqi!"t nodiliclrc td sluisre !Pei6 chtd $c

=sio-si= +3olf+ tsio (oH) 3)-

Esi-o-Ala +?oF- [sio (ott r1+ tAl (ol0 
']-

Th. dr.p ofPg ctads od r'duc'3 th' di$oludon of tb! nv o$ psniclcs'

Compn d qir! rh. contol FsL' th' solulior h lh' C'C! adEicd P$rB na a

highd concmftlion Cal but a lowt c'n'cnidion of dbshld monosili€te and

at@iot sp@ica, wbrch Butls i! thc fotddion ofc'A 3caclt 32lLO verv quicuy

in addilim io lh. turmrbon of C 3CaSO.32g'!O du' to lhc s/p$s PGsm! !r

4tAl (oI{!1 + 3SO11+6Ctl +4OII +26I!0- C',A' 3CaSO' 32nO

4tAr (oH)11_r{cl r6c.'++6orl+26qtoi ctA 3c!ch 32H':o

Sio€e CrA,3Caso1i2A1O 4tl ciA 3cdch 32H'o hlve thc sue ttT' or

crysbl srNcntG, rh.v d @ibt in a elid etutron C3A3(CsSO"6Clt32HtO'

Dep.ndirs oo (so4''clrlAl(oH)Ll 6lio in thc sotuliotr crA 3(caso{csclt
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32H,o will @Ntn b ctA(Casot C.cD l2Hro ifrn' alio i! loE tbe a cat'in

Si@ @ @l of Alror tlquiB ttE @h of litu lo fom C43 (Caso'

cacl2). 32r'IrO or CrA. (caso., c!Clt.l2tl!O, noF lin' i3 @6um'd ihd fd rhc

fomation of C-S-s (CatciM siliotc bvdrat ), lhe fomation of CrA 3(C!so'

CacD).328,O or CrA. (CasO. C!Cl2).l2tlro @tlsrc di$lvcd modili6!' dtd

.lMirotc ap€d.s quicBy, sd tE disolmio! of Av tsh and tb' pFrPrhlion of

hydratiotr goducis cd @ntilE at 5 high 6l! Th' fomalion

caA.l(c.So.,c.Clt32tl2o d cr[(c!so.,c!Clt l2H1o ilE|E.g $c slid

adm. huch n@ ths C.s-U .g mc U@ CtA-CdOro!' 12t1O it d b'

cxp.ct€d thlt th. cacl, @livaLd pancs will g'E a &nsr dienN ed a hignd

sircngh te ihe c. rol past4s Exl@lire 'xrbilltioc 
on liio' asb or lin' nalsl

poat4 stste$ rcliletc<I with up to 5% CsCl,2ll'O @uld mi idcodry the

fomtion of crA.3CaClr32HtO howvd, CtA 3ClSOa32H'?O d b' iddfined in

lisc sh or liEe Mnr.l poalan 3vsls lcrlvtt'd wiih 4% Natso4 It $ons ltlr

Cy'3c.clrl2Hto i, n@ difrrcdt b foo lhs Ct'{3C!SO' 32rLO h th@ litc

pozold stst ds Thc optinm CaCl, ddlsa iB 
'LFndmt 

d ilc availtbl' @livc

Alror from ceod ad ash
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CONCLUSION

The nw Fatcd.l found i! dE snldv d'! (Dsn*!ds sd ldjoioins a&$ or

Nizdpu) te! Foo&ing por.ndsl fd si&d'd qu'litv ..!@i a'h for hkh sr@4h

?odldd cdm! $lPhde Nbtng cdncnt and *lite cclMl. Thc @m'nt smpls

pEplr.d tqd t!. dw Edditl s@ t6t'd for pbvsicd tld chdidt psddas &d

foud 10 ner thc British dd lskista sLndatd SPdilicgtioN

Blgg,3c 6b which is $e wsrc Foduct ofeg0t FiIs' lnd dla16 a nqod

of €nviroMolrl probldnt' [a b'6 foud !o c'nttin tll o6d ing'dicntt wrdch @

r66s.ty for c@4t d@ to !b; it hE b"n utiliz'd i! rh' ptfdt'li@ of ltis!

srrdgrh Portl.nd c.Gut 4 t nw b'ldisl ed rcdtad abod 5% of cbv ad the

encni nv matiial. MoFs it ho hco fomd to 6rtdn 15_25% u!b6t c{boA

r dlorilic vals of 15 tol&8 , de ro wbich i! tasd thc frl h ccn'li prcdaliot

upto 6.46%, ud rduccd i!. cmision of dlon didid' b thc wirclidl uPro

B.g8E!e 6h hs ar$ lcd ulcd i! €ncot blddt to rtPbt' c'm'!t' u o 5%

e Ldt affG.ritg lb. qualily of cs!'!t Mor'oE thc w of ch'micnl a'livttor

(caCL) has tudts itd.ased th' c4d! Fplac'ment in mortlt upto l5%'

A5 . @cluiot! this .!n b' !!d ihlt b6gg!$ db d bc us€d tithd d I Plrt

of thc Ew nix in the sw Fix dcaigni!8 for hig[ stogth ponlatd @m€

tuuf&tuine" ro inc|te tLc canq Podstior ed $v' str iFl ad driotLlv

rcdsc rhe @!t of podustron, or in cdsr moilr' to rcducc thc 6c of cddr '!
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