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Jl Jr+,.Lj*rl lJf Jq6r/r$rs"!t<J I4rt!rs,jelrr.{ j u+ar-

iril , rrrr JJ+e trr rJ oJ*j -<? rr ]"ii -++ .)ts I .rtr *!r S *\.a srf

ljJ.arpu a n Jl;Fi.{j d)61& c-,' d.J .-rdi, J rs rr, )s o;t

jl 6)l!;, .J+sr {-i€ (S)TthedO J+^ )+ ! Fi+rl rr .;r* dlr rjr ;J2t

|!'J)14 Jr .c 6t c€ JI,L,, j tr r+s. oLL, .! ciLrq i:lef srr! .:rEf

F,J- lJJj r dir u:jrl, (N&cot Fi! !1,.t Lr fiI) Jlrlrr !jrJ+ ."r!i J4rt ,.

4 )J "L-! 
!,+ r,u J}l- L c! Jtlri 6- J-Jd F1! oL+fs: , tr+
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.-lt , Je jJr.rJi jLr ,F eu JtrrJci,Fi l, q:J;;L,r j !! dLrjL ers

i+d fLrrrj \r{-jjJI, ,j+ !L rrri.r:is-

NarCOr + HF + Naf + NaHCOT
6NaI +NdAlO, +2HrO + NarAl!6+4NaOH
NaOH +NaHCOr - Na,COr+ H,O

Cafr + HrSOr- CcSOi + 2}nr

o":'rr i )s FL- .s,rt+ r'1, Jt 4lf J+r! L {J+ E--J',6J:rjr,J ,
,JjJc" r:rr:f J:lt d! o4t , r:j=.tl rL,J+ !

(3-1)
(3-2)
(3-3)

(3-4)
l2l.lF + 2A(OrDr + 3NarCOr+ 2NarAlF6 + 3CO: + 9H,O (3-5)

.rrJ dulr Jtc" ; {rt d! j Jl+_5.i- dq .i

6HI -ZAl(OH)r + 3NaCl+ 4.{arAlr6 + 3Hcl+ 3H1O (3-6)

.,:L-'j o,ts.i L 'r-e.r\*"rEU {t J,lJ I *. Jl G"r,- -JttS ,, n, irl
-+ ) --+ r]!:td s d! !li]f ;)r- ! tF rr Jr+r SOl ): J-JG. -q

.;rc=-:!-, JIi e !!r 6ri\r+ }l,F ,tl",,,'b

il; .l, s! dt;l(JL;-ir!) eyl J$i Ji '(rIF) jtJJ:a )ri+ c{- e.L,- J

PH J'5 L !< r+lc" ;r . !! )J \ t u:ilr jl {,+i e!.rsc. HI JJJ cr:l

rrJ> s-r! .?r 6rW J,'l, e!.rr1 !r 6 rl j 4rJJ rb 6jl!1r iL rqa Jric.

L J,r rr:, r ;r",rt;rj: rr !i! Jl *+ L;.J o.-,*rl,J,i+ f- ri- l, ,tf

dlL )J ,J-rLs. r,i*ri -j. ,Jt-rrL!j; ,r Lj=-tr ('1, s+rj- D- -! o"l'
,) s)+ 4r2S ..r, o. f t-| -rJlr,-r f:. 6L+t, jr |'rt+ r Litl

.! ji-' 6r' eLj_ J er, Jr2 -\

alL-jJl j r"i! i)l artt jsi r

'r) r di cttsL .: $ -|; rL-rr -r

.* L*t]j!tJaq +r,- a !l -ii i]"i r

' :+ ,  r ,  - y+  J  /  rS  ,L t t  -  d

'- -.- -)t- ! -tt -t

.rt e4t1 e-t )- iit j rs ri .tt* 
";t 

\

J,r G+q )t rL-! -^



(AlF $+ Fil.ri-l-l-t r

.-r- ; rr rr=J-,J-t r oJ)L J.:leFLjlcj, s)r \' It Y rr>,J kr qf AlFr

.!p tjF J- r ]+ *J- L {t u ,rFl j 3F LI $s.. JS .-*rr-J

r:+tl ,r,t+ !t d! .teFrr J- ,r Jrr ii;lri aJ ;lii rl ,1 Jlr 'rrJs,

ej; 6r.oj6 dljL ii:i ! .J+.i,-: #- t irr* .Lr:'r? -!rf , L NaAlFa

;)r- ! qJ lp Ll.Lrf,!, tL tt 6J{rrrj dljL JLiL) rij*rl !rL-l s6>lJ rr

)rJ+ r , ,;:--s , a"* 1yf i1-r 6trrLi 6'.-r ! ar !*s. s?L:jrr -!rt

(3-7)

nj:* Jrrjrl ;JrFr :J' Fli! 6t .rl-" !J 4 Lb Jll orL ltt jr+

e -_,r e- , -Li l#t'r'. -', u" - r,3 o*Jr.- ") r '"b q:'

trl !J 4 -l L 'ri'r llt Jra 6L;;'-

Alr(So4lr+ 6NaF+ 2Al f r  + lNa:SOr (l-8)

2NarAlF6 + lHrO + Airor +6NaI + 6Hf

e j 1 JL; du-tl sr) t HF -i- jl 1, J] .6rq6 d-L! rr olilr 6rl-jl )+ i? LL

.,lr- Grr JF J Lj*rl eL;Lrr ir L .Jrj *J a .ru J:!DJr o)r:!-r d

dj! .-i ql; .?L:;r dr r)J]!J 4 rr iJ+ d+Jl e;:- A, .t r Jts.

.at .ss 03, . $ jr &L; 6.r+ 66,]r; .rrl .+ G , Alcoa

r1J-- r:F j: +$ , rrlc- .:r,F o"r-; ;ji U5lt &1, q+ a:+tl JJ#r
rr si)ir +l$ r rrc" JL I {,+ .,+tl )Ln )L! ."!1i" t L ,rJd lelJ ) {r+

(c'I, Jr+ o+.-lJ Y-l-t-r

cr LrjJ r rr Jr J JJ+J rq- r+ G,5 r JL:+y' J,t" ., .-=+ )J cal: yJt

ii+ 6l' -!! lrF rJ strj ai"-r !,r r s al ir \qJ+ nlj .+ .1-l

*r!-,-rlll !6. J , JF F r)+ F"-r t"r &l 9+ Fi+rl sjkr . tJi ri'rl
Ll;:! F.:jti * )r ;l J,- Jl; ljJ , (iL dL! .-l;! )J F) LlGri .l- rr

;*L'a 6r!j e L J)lJ Jj?r .l- d !rrr), ('lj-ri rr u-luu or! & dJce*rJ "j)ri 
11

rr C,O e---,!< J-Jl r,r- a e--!< dg! ;i L.l.Jc- .u 4rFrrr F-1t Jlr;

o:JI, u,- "l,l'.sc- rurll), urj j J- rFl,J r!.F q.!q a-ll rf, u-, ,]

ilrJ,+ F:j" .!r*

Alzo3+6tlF r_ 2AlFr + 3HrO (t-e)

3CaO + 2Alfr + 3CaIr+AhOr (3r0)



lL i rcOr + 4AlFr-  lL i rA l -L+Alror+lCO: (3-1,2)

(MgF ) {rf d,i;" -r I t-f

.-:lrFl -.j:J Jrr'!L 61, .ij*!l Jt cl^sl, jl cr+ {t L .F irrf ritl

al Frr d J rrrL' ;: JF IrL)r L,irc" r5 - ;l rr ir+.it- 6,G - j-

..it:6rt ('u r!t!liJurr rL)L ;Jrr r}b jir .l! { - "$ DJIJ d|c)rtl

)Fd 4!lt:lrF -l- ! d;: .sJt I !-t , u,r- + & + rt- ujr

F.j=!.Jr+ .!,.' *-)!- qF ; , .J r's" .r! )s d F1iir.L!.y' Ji !L>

rrs. {,+ dF r:rt {r+ o.!rl q cao e--l' +r a,L- , rrs"
iMgO + 2AlFr - 3MgF, + Alror (3'll)
.jq ei:: rLlrt Ls u o,r Jr* rrlr re, sellaile ljs )J c+r! +r+ .iji:

\tta ar\ t ) f ,+ ,!"L tt rrlr c-Lj- crt-jitiF .pf {i+ ei+ rtrs"

rr G-!L-u r)r- ! r:F Jr rr! JK-l -1, d Ll ., r di ;i qls j !1,G. F

Ll.;Ls- ri +Ji Jll rr.r L.o! & (Crusr) "!e).rr ,J* ij ir oJti:-r '.:j-tl

r5s- rr- e :j- , (sludct !)ler rr.

(LiF) +)#o+-:l-r-i r r

e! r|:y' .rr:,G. .!Ur.l- q !-''- ; jll jJ ,alfr! rj+r &i drljr eJ -L,'f

nrd Jr rrlr ,i ulJri,j-! ;L:lJ:,Jrr r:j-, L !! ail:l

,Au" ilrFr,r F*t] e-l .;"t* {,rr.! o,r- a 9+ FJ rtsr !{r rr r+t+

JJJ.? J+r F.-.r , r+q d! cL!+,+,l. J+ d6!,,+ c5,+ { :F!.

cL!r:r+ JL ! * rL-J. ; jrl 4J i)L l) .,j+tl L .;L; )ert+.rr" u-tf

:; r j *-; ! .!Jt d .nr dJ rrq !i,l{L/ Ql \t F

LirAlF6 > Na3Alf 6> KrAlf 6

relJl r rJ dJL djJ:! r)1l d; slt l *l$ , oJ yt ! ut 9+ e;!

Jl{:+ lr e--J. ,r Jrrjr srJ.a e r-' rLirl slLlE !L?r+ I rrJa ;i J! d.F

.J rrld ei+ri J,r, carL-L -rJ- + e! * ,q.-'- t .rljl r! 6Q:lE )r tj .sd

.!L 611 6)LtJ)t;n Fiijtl + stlrLt .r, , dJi .Lrr !ris.

u:1rJ> r !+rr .-l -i- *u Jlr d ,c,r#l Ji. Jlti d .:Jetljl rJ Li!y'< J'JE

l3.+,n + J'* ur.-" ,!f." J- r, tJ , !|' J il Jlr JrJi &L r !ul+

(r,,ri Jrn;t {..:rrt$l!"r-& Jt jJr tL r: J oi::tl& P 6, r \t - }\

rj F r a rrt t+ rlj !l Jr* rrlr sr+ )s r,L reA i,r'l ;-_.j *9u'" 'r



Je=+ r) - j- 
FF Lii $ J -Jj rbL .e-rt4 6t .Jrtcb e!.s , J, i ."riFr .rr,:

;rlt: e! 116 J du:- ,J ,,i L rl -5 j rjd Jl+ 6t-t! q,r Ll Jr&c.

"l- 
J.iL! ! !J rsd tA ur)J+ Jl?Lc! tlJ L !l J !r rr -re,.ir, r,f,

j 
"rL;j-liL, 

q]j- .ql tli J:+ r rr e Jr:J ! :e; Jr,p u rr j Jc. af ,

J re , ; l 3 r )  3 r rp  dU  d ,e !  ! ] t

rr !5 -si , r^!i rlr rt G.f rrr Jitl B,q-: j ct1+ u"rt> + Lh. ru?

JItsdri !L-i; j ra r; L?:l,r ul s j-.}; 6 l!,sr J.!,* p.+ 11 t t
r-lr )r i-J ;:l c!; rl- 6, r JL i!tr* sj?y' rlr a rr rf d s-)r Gif

rr dij-rri elr.ls F !t !r jL! o1,r f,r+5 f; Lr$ rj.rrc. 15 { 6ii

.F6...rr ,rL+jF J+ { ;'f cr L'r J rFG" .jJ- {J? s?L: !r1{'+

Jps" -!--!eF rrri J ri)Frcq.JL-U

,6r-r rG-srjrr j! qs! rr e rerB" +rF-j-tl rrljrt,qql GL6JJ

], rrf Lr, .gjj*,t rLj u"t- *r, jr Jrljl ,s .t+ ;i I !r*,i.rri{)+

' /  YJL j  J r r  L  !  j !LnL- , :  j t ! )s . /Y  U r t  j  s+L  J rFB ! ,J ' -

jL- J j+.!ior;jJ J-r 'r\ j Fe:Oi ;jJ J*)J r\ G,.Li& gL!J---J!;, $)r

j jJL+- .+L? er'r ",:J- 
L? . rr s!L-l r-ri, )Ui" JjUc" lril j!r< !eq.--<Jl-lr

sJlt dL r c-.rL2rr frr! jr+r rru i rJ,u

;/ ri 6rr !r dl,r-

si

TJ

riLt *L 4r eJL-r Lr- JFd e4tl Jrtl &L j dr F LlGlsu r ..:

Jrr- L ;f rts" F-r ,r rf - j'--.Jl ir."j ! liul J! , rr .c.!f r *j1!.

-<J.!l DJF Jli c.* iJU--l ,c* J)t<; j )L;''U JJ, )lr .-,' { .r: JEj



GJ rr.j,- \rr 6'b t--JL.ljL-l j Jf d "!u F lt {t ;r d+! jlJ-L-

L J+- -i+ .JJ- ;,r r r J"r .r ,J ,r J .*L)rr ) t'+ orr j!t!L

jJri cL+ti , lJd j:r i-n "*r !.1J! t * .+ ,.ersL F i ey' Jlr il

J!. - .rJ j De layed coke lrt'| -.tj,shot Coke J'-3- .iJ J-=r jl !,rJ

!  J j ! c -  d ! r+ !  r t *  j j r ! r ; t s ! : , . r r rJ i : . r r i l l ! J  F lu idC.kc

.# L: ;",- e I =-+ il:- c c! ; urjil.rl-; \rbdll 6Jrl jsf 1"+v

f .elrl al rl JLi rJ +id *r + .r jr, -!E ,", tr , ,p.b_ ci F- lti jJy'

; "- -rri r r Jj! ,, i"! !-=rt Itr $! -<t sit

. !  o+E. r r  s ! . r rd /J+rP. r  fJ ,D

015  l i
0  2 ,1 N2
0.)5 i s

;-; {i+_;r- Jt- rr ,-+l d r )J rn r-":i rr, d? G- lJ :.! FJ :i! L?

4: {+t Fr !-r, r; $ r_Jrt &rr jJr'tL.!rlcjf ri di J)e JEj j sr..!r

!* trA.I !-ra;:- .L-Ij )r 4?/ sJl'.!r;y' rJ" r..! 6r' Fr.?L-

JiE -*u L+i s:l:jL , 41-r J )Lji dqjll J 6rl ra )J Ll Jriu- r,.+r { 6l.e

r'3c- 6!i cjpLr5 {s &! J;rJ )e:j j:i+r r,lJ u.{+e

s,irt oLai*, d9F! !.lrt t;rPl Jlr. ;lj t f

,. J.-rJ ,+ "? .!,+ Frr j+ \!rr' F ) i.i. d $rd jLs Dr rbJr !r6c-rt

!,r! a--.6 J.:j+ f+rl L? i)+ e! i,Jii JL- Jti {J'd !F -JiFr

EiJ ,rJTd ;+! r rL-r ,Llr! J! .lr, rrjlJ sr-i !r ;:lJteL)r srL:-r F,

,:,L !+s- *y rr 3+tJ {g rr qq GAa !,+ rr* i !r+ eri +r+
,qs uil rLA .-r! rr .rrrld rr+e ! ;ti .rr )r ;t Jtl Jilt d! Msl'

J,Ur srlr.n:j- r{t; clt;LJ;l (f r!") rr:,G".+r -rj. rLtli]"t u5l'

Jrd -tr* Jl.rr ru jrJi- Jr q/l )rij) 6 3Jjir .!u ldli ! * G+* *r



.-Jet,r L-ti .;)r- 6rJ ,: \arj'rir $Jc, irt- r:rn$ lei ar 6 Jl'i,L

;JF rr.rl .jL rujL..! J-q !F .r Jr r,f 6+!]l ,u )r , lrlJJs.;rr

.J.ra" J!u" elL rr L{jl l"F jrJ-t- 6Qp ];!, rJts- rr:, 4

jr., )lJr! ,rt t k-JJr'! J*6 -1 r I

Llrj ,!-Jef J $r Na:AlF6 Alror - N1-{, du'! .rG r+ ju d|!, rp 6r) jl

J .!rFl alt !p ,t-!f r,L' cr .r, , ) M. s,.ri rri i,rt G. ,;J#r ,
,drq,<] -* ",r.lJJ 

*Jrt )J L*rl -:$. 6' ' L s'r# ,+u' u,j+
s-.;* ,JrFr i"-,. ! "1. 

r)L- {.rr eb

L !r)j)- ,JrJt i)lrr ctjt-- 6lt .J- }JJ rr!!i Gedee) 'rLi 4 Jll rr", a 6!

.,- ,' ,49t ..rt jFlj.lt-f .rlr dr+f.l 6r", F-fu j J- ., f ':t '5

ij L JI rF iu r sy' s,Jt? *! .,u' !r jrl, 3,1" j L .rjs jJr,J .L:li

rr+r.: !i )J c,_vtjle J,'s- eL! d/u J)'. d? 6Jr- !, rr ut .!:, ylj. + i,f

.r- i,rjjl ;r ! .!;s" )t dr-:liry J!:', jrG*, rrrE * ,r {t uil il

,:--+ c-L, t dL jtj JrJr, j .rLi]l "ri' a .! .Fr -ru:r JrLi ju €lrl,r,lJt

cL{r* j rJ -l Jllri eLti tr- .rJ Ji jl.qrr rri, drLrj 6L,F- iL' !j

L Lijtl, J)L- Jrrr. |!9+ !r& Sl )r cJ(Psudo Binaty) crurJ di r+

dl ir Lr€t j1rJ JL r r Js- r,-6. d! "! 
tjf ]t,. ,if J- i!r-

;r.L er e;- ,c4l )+ 4 l+j

! rt tu (9)- p d t .!e a .'L{-* !rl+r rJL;- !t )1 jlLl e-i +1,; JLll 1?

.! rr !!r -Ll! si: o+ 6lr dru- Jl .L .! an ! c.ei:rrl-- r+ o& ;s

rrd )|J 6 & rJ drjlrrrp Jr* r.JeFr

j.--+r i p-*tir eF e! F-]' d!.tG!)+ ';ru- t$' )+lj r-rJslrr

j Jr"-{l lJ"i .+iri Jll Ll o! ,rr jLs -! jrJ -i Url i].j! 6r,r eL qJ't

,rri". rc! l;ljt iL- )' L l'*rl 'u' t
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d?rr.ir+ r:"-E j ir+ r:r:tl .drf !rt* !-i j 6)G (9Jl)+ .Lt- .ri lrLt
srlci Jl* rj irrL- rL, , { ti de$f! JJP

t ,= 2+706(CR)-251(CR)'-2. i tcaF' l  0.18tCuF' (3-13)
J-)r + t {r+ e--.|' :16 [c.F, "r] AlFr { NaF ;j, r CR.cr-l) !:l Jr
L+rr! eqirJL- )s 19+ l.t;.<,t, v-,J*r! !Ji G,r F.::j lLcr c,jJ

r2- 826.5 + 3.063[Alfr] + 14.25[A1:Or]
lArrot+0.33[caF . lAl,o]l

s'lc" JL rj qJJL- rt-e d .!lr J

+ 3.404[CaF,] - 0.4814[AIF3].

r .  l rq  o lcRl  l ,0rcRi-  caF .  00rr l {  J) (3-15)

(r-17)

,{1d +i ,ij !$- jl;jj s)J J)'- { [AhOr]{L}r ('!*rl ..LL

lAr:or l=,16.e6r.38.46(CR), 13.85(CRl-0.39tcar, l+0.02lcart :  i3-16)
6lt 6rLJ !J p D,J p# rJ J::si' d rl.n rl-:j- (\ f-D r Or-r) .lsL,-

liJ j Ll r-+ JL- !r! . rrL- Ju l iJ *lr oi rL Jc. u4L L .!l qlrFl

...!li 6ua2 d:rLz ,) ,!r rrts;L L)r +A u'!t!, ca6 ilts- q,)rr brr cir

!rJ- {=JJ r-l! lrrr lrFr + rJrL,-.sr;jr J-rr 1 /a !tc, riritl

'!l!! ;r, ir"" p+ rr .t"f jlGi.qJt lrrr tr dr+f,r
1r = 1010.6 0.117[Alr3]'? 0.00031AlF 4 6.464[Ahq] +
l] 168[Atror]': - 2 85rlcaF,l
6\;h p Jt;,t )\ra G t.en $rr + j {rrl.! o;*!i.u! [AlF]l .L, dl )r

.r)Il !r;- rr)Lf, r clj rtrL,- ! * dt;: Jr 6]rlr ,lli dl.]l Jtt

.rj-lc- or)i r5 a .!1, 1f I aJrL- Jrc J F rj+rl ,Jui. d sily 6rr JJl,- tl

;16- rrts;L 6;r r drs ' !Lc. ]V I i!! eb - t &i eor* Jj,
pB"i, = 3, 0.006[A1F3]: 0 009[Ar'o]l+ 0 004lcaF +0.009t (3 18)

, r-t];Jl- r rL,ls]* lrrr , J1'rr Fi*rl r *r+ e--I< jrrt prJ.d Y $r

!5!J ) .r5r i-!n )r u-tl ..4r, jr+ r U;l \rLs ,|jc,rJilr .$rc. lui
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caFr ;; lri 0 I ^rlr orj, &r! r . a ;:r,/ :f sj'

^'io, 616 errt er.ie r, e,Jnt+ lrlisl* !r,r r A|rl I crr, .jr# ;6 .d-fJl-

o'r-3 o, 6r r l, ;rei' ;lj -r t r
i+)r \ . . )r -1i- .-lr;r !rr-; irj 6er i .i r; lrL€rJtr iu t r Jr; Jr
! ur ,!r rJrf -ri il.i J t Ja! Jr difr ur Jir .!r !! dlJ Dri r J's-L
p:r:ti u?e.i& Jt j ;J {L at JrFl !.r-& ,:rJ .u t.!rt lLa J, t d)J

r rf;L ..Jlp crr t aL,! j1 rr *1,! j! 'j iU) l.-i ,!L -lt

p. !o= 2.561 2.7!  l0 ' t  [gr /cn ' l ] ( l- re)
J erL 6ks j dL;:" jJ .LrL a-rJ -rj. ,J lr Jt;l;ls .t *r;rl Jl.+
jf 16 )r ,r* F 6qg i)!: & !! L \<! J.r, rr D! * rr! .tu i,-r:"
rr- drtrlt r:J+ l#t |JLF {*rF .a rel* !,+ e5, !ru:-L :j.i

Jrrr jl;:J c5, Alrr dt-r 6 tlrF t'r* rr.F5 qj..$ sj ! caFl irL
a JL? r$-{,:rrF )rejtjlljrdL!- rr,

J - - , -  "+  je i ' - ,  S*  ? . -  - )  u t l . .
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i,rtc. L jF ,f uji Lr.d,rr F! L 6rLj Jer; r,JJ -ir* 6r .i!; !rL6 !u)l'

), Lr- ):r ,r-l .-' il ,! )J ;rj rJu r. J.lt .r r ef,f /r^ L' /fI;i

JrJ rll? slJjL L u-rr r il -!)^!!ri .rric. Lr .r JLr: raq leuc$jLl

j.rrr*r:-F!l:jt-)J.rL.;:- r)f djtrl , J- $lr t? il o)a o::+$

^..Jr .-q". ,J.Jt ,b fJu,^ 4i 6 '.sl: .tff r.s i,-^ Jib |')f rL,J

,t*, e* .:t+jrFr L: I dL* 664p ! r rL !rr$ i,!r rLr, f
)F r,f J lrLsi c!- ,J c,f ,^ ea , t5 ,s;L rS'1it"



iri J>tl jl i, ,: e r': J5! ;frjry l'e rt !L Gl!r. & J!/ )ujr a!)f )J

.J,J rJ G"L j GL+!,:!,i .e!,lL rr .!rc. ,t t & !,5 JGri lElb rf 6rJ+

i iL" q rr i)LI sr{-rJl! !J src. r! .LJU.-.!l o&l *r & trJ r)ll rtls-

or.llJ+JlJ-!u, l-Y-r

i+)J rr # JelJ,J rj JF cLr,l r )l dlj! rr eLr )+ .i !rtc4 !' , erj

I r,JG- r)r +i rr jt .iJ- aJ sLr i,!r ! J )iJd Jrr rr JL:l J)lP

F - _ F + '

(An Bnmin$ GjPlf iiL: r

(Dstiis zom) Ji,:rL; iru: -Y

(ElEdiodc inttlee) I JF rl aL- r

]-]rFr GtL rr j! L dui;l )r cl \rLhrt! jp $ljl s.- :6jr,!er i.i!j{

-JL- ;:1 )J Jr r ,! Jrr ;Fr rr i r jF J,lF +rr Jri! "? Gr.i i JFc- JJe,

r) r Jr.e JJ L rL+r 16'l

C + Or + CO: AH<o
2C O, - 2CO All<0
COr+C +2CO Al l>0

(4 ' t )
(4 2)
(4-3)

! uitl 4v .J, Jr !.!;3" J,r i*L .rr- d)r )J J dr ! r)1, Je\ 
";s 

t ts

-irj r se sl cL- t orj r-Jl jL. ;rl,j ,"! d J e+t ;Li !J !r cr il 4

r--'.rl a il,r J:lrr rf 3j, u,r r. u I J4 iJ ar j{l i ;; qil rFi L &rs"

srL-n Jr,l .r) r trFrL J- ,Lr ;t- , J"J tqj t? sr:: iii- *-'l rlG )*c,

.G-J) d- !,1,- a,J jrr !L j"r+r , rJF ir4 L J-Jcr Fj cjr G Ji L

rLlrl 6J) r Lirtl jr elj- !J91 JL.ql L Jd J! dri* Gt r. ! i'=r !t

!Js. Jr urLJ Jp J-,JL &i "* 
.52t

J!r- )L+ J+it 4r:-r a: 16!l j c-1+ {Dusnns zonel JJirl )L-.n i.ilao

rJ}-'6- ,ir J .i+; rL !J J r.! Jr |> *L :,!ettr +! .rr-G. .jJ- (Dstinc)

)- j.J j 6116 b;!). )J, o! ,tt':)t;i G, j.a n)r, sty6' 'v 6"

Itir!,!1i )r ;fJ--.JF -"- ! ;.fJJrrr iF J'r li r-f ':JLf -rJ J+

.!-J'r Jltr 6rrl.€ J',rJfr {-4r r,!rt -r, o:irr r do;rrc,.'

; Jre, Jl: t llrFl



.r)s .L r, .!jF Jp +Jl ,(Dlcctrodc Intc.r e) |!Jr)-ljr s:!, a* ajJ,r.

i|J ;-;.--! 
":r, ".J"j.ljlJ*r-Jle,t ftis- rlJG. J,r 6!i

rr.G" Ji! jfJ---J6r d L.l:;L=+rFr;rr- d rl jli? d ! e;J
.!l rr,J Jr! .ir.J+6. j!i._.rJ*<J:4 i'j Jsr Jc.+id,j 'J f ral,rjl

E+r { .at+rrFr "i"i , *a,r J-"* ir+ j 6 ! !)Fr r Jr-jll ylJ er"- 6,'L:
LLc- )lJ ) ;-_.J rr* J-/il1 ,!r]c. i,L+l .'J* al! r}J s,qijJ! .rsj:ic-

ci rL ,J j *!s. JC_e clJrL J56.1-L! l+l J s4 cJ 1!)r l u'v.)

:!13 r f -jjJi t-1, !! rl* i*Lr.r
2Al+lcor:Alro,+lco (4,1)
;! iJJJ.ri e {ic. Lr d i,;sllJ- j d;fr---Jlrr rLJ i!-, d,rlJrj i,1

;Jlr fF- JJ+ ;',L< ! !-r )r rr:c" rL., .* JrF rJ r-,J)L'rs J

u_jlj L ;.J rf s- rL-r Gr ty !--Jr, e.l) co js !i eco: jLJ L j:f J )i

(hnporld.o 0IFormulalio!) lrt alr"i -ed!-l I f

."JLi:- Jr, rr. Jr r dl-rLJ lrGil.^jJ !L)lL-j )i drj.r- rL)Lll].j.j !':' u

rLlu"l JjLH r+ j jrr 
"lt,l|'lrir) 

jr;4rrt J-L -)!"lJ:1.!lo! r-

!G)1, --L-l t Lin- rr ij s,c 'Lji lrlar rLl r rJLrj 5 L .r ei i

JlLr:Ljl 6L.r r r,:Je rrt- ,D! d r cr tr.-! itc.;L<. & L j1y' J;4 dG.rs

r,F r\Jr, e JlL-jl .+ ! J:L d! i, J !"tr ets- t d Jr! Jr* ,+ {

j!L jFL,-'' I rF;L-ji j s! Jr ., r d*! lJ-. J F oiujl eL:il 6 r !ru:l

!rqr- rr rlrtsl i)* --L ,. jrr o6)u, .!t rr,rF3 du! irJJql.rr q

sq- .+r E* q g"B+LJ si-riF dt{! ,r Ja" ar ! & Ll ,r, ;JFr

lld ;s d \J.J& \r6r-;J -- J- + .l-i I -*riF

. r - " " -  J  U ;  L  - -d+ . -  r r J le

c, Jr* .rq;- *rr{- t u!! L;rlG j;:i-< lqrt o,*.Jrrr;jurejt

Jl!; ,(Coking valrc) .l-' elj,l.($nqing Poin0c-i :-!ii :LL: (Pitch) i,ll! L:;

, s* ; JL; j -€f r f Jje .!!G. Jl GL{,!- )r JL.l- :-r?E r irl-

"ru:-r 
r,f Jr;j JrF ! F .{, \r6tr 6 r c)L> )+ { r r Jjq r.$16r or

al.!l (Prsba.l,rd Anodct "! 6 rLlrlUrf ilrt rt



(Backing Lo$) ja J "L-L- 
:il, 6,1{ r eL; r:JL- Jje FJ ct J,E , F-.{. ijs

. - . _ ,, * r 4 J _ . t$ 4 _ -,- - _LJ

)l;.! Gr !r & !rt+ gJrrr> J siFr'a!K" !, r- .Nfd {:t rr! rq-jj,

J)rr Lll +!J / J"1- ir rfrr j Jll ,eJr , L-re r^s!L-L

(Rolc Of Cokcs) 1! 
"J 

olji I I f

JLj rF j r+tetr r+ ,Lj, qrLlf r-irf r rr J JeL;, r-jrJ L r5 ,L-L
! J tsiy'.rr 6cJL-f r J' fu l;Frr 6L5F|J irltd Jr:- !rr' '$rs.

G,,? !"* r.< , -+ JL^ ! , /-j,.j! rLjr qli rr rl"r .j.,i GtiLLi r+

-r-li F* !F '+ ! .!11c" -Es r .r;* orr w FJ s-L JWJL; j.!,r

. J+  r * -a . J -  _ t J  . * . -  1 - . 4 - t t

J.l-- rr iL i+tillLts "J,J:- s-r-jF rLr,ljri iJ$ 
"i+ 

jq 6l!{'.j

-,r- e,J L: jLr sLiJ"J, jrl.rjJ +i , JJLjr 6lo.rt rr deretl .;t:* 3L'rr

,r+- )J .t,r iF*, ejtj! .=r, eL ; ,f ). u,J u r*. J* "+
!i .jiE Jrrd o' L r-r& Ji! uar drrJ-! r, ! .i 6-rrJ Jurr,)s lJrFJl

j!! .j-J i)* r ;;L irr \ r . 6yL 3+,rr- d,r ,r ,+i J)lp erJ -+liL L

r r -  { - J  - . r , J  - -  L  i . , l -  
? * - t  J i -L  - -L  r  . . . * " , - !

J *  r 3 . Js - r - ,

i+rj j ;U j1I J_* Qr_Jlj !leLi )J at -:,r bi Ar ;il ! JlL --r F,!l+

r rLr rr|- ,r ,rL 6- r l: ! {Fil er coke) .sJ r .lJ i .L?l' J,J i -(5

/ s ru r  ! '& l r t& , ! ,P . r  r J ,e

100 t2 fc



(BinderPitchet 6*i lrt.t -,.? ol.ij-f-i-f

iJ,- ljr ! L) rlri Jl ,!r)G-)u d.t; a:lt rr.+Ji:.{i sij 6la!---:

i ,jid r- t.rJ: rr! jq): )r dt I dli.J; j rjrc. d,r{i;.! ! ,r1.,+

*Ju. ,efL u"r...a jt i-!+ .g t'e-& Jj, r bJJ L jtj J)r r r. Jju-

$;Je &L:- (JG .!).") j>p ,14 rF tr, ,J etL &ru- J Fij- ct:F

rL .er&r  JL/ ;L  ! )J  f  ur .  r - ! , r r , . (P i rch) i rF! ;J#J" ! r1 ; t
r,-' ;rr- drl d s:11 Jt rt .(ii 3rjJ* ,r .rJJc.6;"t* , tir" r'rt-

eL r+ j (Pitch) ; cJt' Fn j: Jqp rr .(&t- )J l|l;L oJJ Y jl;-J)

t-tf *1 r+, l.]tj ):t o.tr 'r J|> )r dJ eL , tuii lt; 4 !, yeiri

L .rl eitch) ; rr re9. r r fr- 4 lri r .rL .!r rLr. rr .rtJs. J,J* dr r

l2 rL+L&L )i,+ i,1! J JrrG. j* (F Jfrr ojj !) l+ 615 .qtrr+ n)f

! J:LJ .lLJtaLr Quinoline ,r 6rl,j )lG {t EIL;.$lG. r,J )r J's: )L:>L
r:jt;L:r: rr J:lrLi !r r !ri!L (cokine value) .tt ejrr, o.r-n J! j:r

ulj? t *: j. r J.," e+ ) Jit i o+ jl rt 9 r .ri:? iil+11 tf .-)L-
.uJd Jhr JLalili rjt F

rr Jjl*u r ,- ;, !)J ra j -j* !J s,6# j rl.Jr JLi o,l Lr a c,tr elLr

,Jt- -r' J "! &L 6L4rrFr jr Lr-; qjG. L' - 6;.e il .q J Quinoline

r'-s- $u! ,Quinolinc rr vu Jr:- r, JF JrJt L F ,!Li -ej Jt-LrL? ,Jrt

r+"! rr , J)ejs. ;!*l+ ) (Pilcl, ; j olj *r & .rt c!- ,.a or r- d+)J fafL

-rt- ,ni t;e I e"fr r) f brr Jrr r,!L o-.i .$)6" a-5 l) Jl 4u.! , .4'Jl

JIt! r,r;l- L)J rr.. s!!.--^i .afL,rqrrl- tirr Jrr J:& 6-t ul

q  $ ; ; rGts ;L  LJr  \ r . .  6 t l j )  rL  -+  4p  er r  o rLr i l4  ! r ; r ] i

/ r  -  -  r r . '  r \ -  . -  r . -  d  , ' r  r *  d  -  : - /  r  LP

rrLjj lrlrf i)|> ,- tjl er irr,!/G",F dur,lrrr ci scF J6, s&

&tLr ,rrrr Quinolinc rr Jrar, iJl- e! {j"rL 6jL .rt JL!? rJ.r: Jl;j jl .|?t-

.<- 6 Ll,i)r 6i:e u"Lijlre jir.!r4 jLr+ )r.!)lJ d;.J Arom.tic 6|JL:-L

Jtij !rL!; Jir,- Jr ;! 6r-r:! lrjr' dbrj L rll ,r 'r+c- 
"!! 

-r- Li .tt

.;1 o* drJ g-iL:; rqlr/ .r:



(Dlkins Condition) .-1 L.l)- A I f

,L r-{. ) .L! ;Jrr !Jl;> &p p.j.;J, r--:; o"rj . 61")t3lJj t'6;i )J

J: i 6- i'Jc" r t rf eL +rr r.. rj r.. J* 1' s,rsoli €.,J Jr Lra&

lJ !L L-r: .-1 6LJ.!rr! &L , rLf;L Lrr \ ' , j ! Jlr' J, -, dJ !l

r ; ; t  b ) r  \  r .  r re t i !L i i r i : rJeuuJ |J ;LL) r \ r . . . ,4J j j  ! ] | ' - rb

eu:: L (oven) orJt,J J;LlrJJ* Jil! JtiJ j r)1,- d,r irrJ! ,jjrr.ir1 d-t

e oJl -ej G'lFr j ;rL- .:r$ rL,!l *L ,.-L- d rU ..4 !r
jf s- tJ 6ta .lj.L{ e JL- ur,t! &L 9tr.rjJc" .+!- , eL- }L-

Fr l96,!!q t I t
*-- jr.:,.rr- Jr raf L r-J xl -t-r.r c 4F.: o j+Lr Jr,: rj il

i-l' itL dtj!"}--; irj, )r,Jli' * Ji, !-L<.r+L ijr {Backed Density)

Fr )r-LJ f-f J6r ,, .-l!. d .{iG" taiq ,iJ .]F ,sL? jt frr lr6jrru

:r
l f r
i

i Pr:L , f/ ,! .{ jr r}d rr

.r)J !rJ& Le,r 'r !i {rrr iu ,f -f J(l

rJ !l oJ-r.q!, jl GIJ Jr!. L,al o$ o.* )Lr jri ; 9.tt \rL,cJt-u ur

.ir4;lil d rJ j 6jpr. q;1il.Pr erLrlr, iJAl .F, ,Jter J 6t)li" ,r!

rLrjs .+ ljqrll &L r+L 6:*.lLE tl, J- jr !|s-,ll".L c.{ .r!, ri rpc- }.f

.rpd rK )r 6G-JL-U dUF uals €r !, .i &Ld



Lighl at)" L, Anode Effecf L5ri )it I f

J- ,r ! s-u r:.i, .L, $rr I j ;r rr!. 6 - j- :!rf rr L:-ti &,) trlLj
.!r r. |jY ! J_rLcr rJef/d u f J-.tLrrur6 j!& jLJrJ:bs. st+r !-
)4, tt;,sr)+ lVt )t srlG r d!) iiL J, 3rL)- .?)r rd ,r rJ !Jc.

! JsIl FL! , "l- 
d L-ti JJe lein L {< iirrs" d jl ir ) tJ, Jlr rjtc. J!

$rs. Llr si rLt a dJ, srb J|> ! !)Lrr J- r f,!, i* J.eti

; c6 e* rr ! !.jjj Juj .ll iFf; g+r :q i,r: Jr!B. )F ,J- lj} 4 jr 6ii i
.srs, , I eL- ;:;j ,J , J- rtu ,!,ii ;t JJ, r- J j $c. u;r rJLil

,, , : JiF =Jt,=,r."!F sj;r Jr- rL:rJ;L .!r sr+ Jl !! JrJ,
jer JJ (elp) 6J ir..* Iri, prti !t JrtLrLJ s+ rr Dfs" +rt .1j|'.+i
,. .J) r rl$:* ,.r_ifrr i:rn L rl,! ilr u":* jl+- djr L J! d

rr i: eL rrL' {iA 4 rr G5 r n, u ,J ; ,l? d |'i1 il rls ,t Jr! !16} ,

!*lr e;i, ir.rr p(- , s+e 6L{!uj J:jl* ,6rli Jll )r?j a rts- Jry

Jee4J1t\rtArrF ULltl llrf -lLrr.ti;1ir,t|J a "iJ jLf d,?J JJJL

;JL<-r.!L t J:; ld.rjF ertrLiJ -j. 66.tu8J! jl;JrFlfrill,q]c!

l

E
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Jqr JLii ri,. , Jr!,.1:- !l irl: JAi d sli , tJ rr "rls ;JLr lrr:id

, l'd €J: rlql.!, drr! > * J!)+ JLr- /tqr *-i !? 4 r:.i c. \iL'l;rr*
J-.Jr )rG ! frrr rt 6j,rrj .tu - j- rr ; )1 Jlrr? JLrz ;j rr ;,J .irL jl
a+ .r)D sr-'- J- , e'L- Jr ,- +rr j _lj- oqJ, ,ss v"5 ,;r,-J rr ,! J_
;Jrf -r.i- Jr ;rp JLl- j ,'y! 'G-r)+ Jt+ JL<: dJ:lr -rj. 'J Ju" rrrr

!L! Glp rqr: Jq L | +ri" )r "! J- oiljrlJ:j ji d+L.a f rr';.sLc"

nf e)r, Jlj rrr- a rtd L 6rl ;1rr,-ro;5. ctr r+ {

er-  1_i .  j -  . - r r r .  L *r '  , : rs  - ' - ' ,  l4- ,  _; . !  j , *

J5' -rj- J rr CJa-'J "j: rlqr dlljF r' &'; )sLi'- ! \r.tl G,t- oiJ, il

Jr J?Ljl.$! lr !J- fi lrc F Ji L |!jF ;,lFJi 6jL,r€, ai ! , &J )rr , oJj

)!Lri.6 slj- rr L-rl rrJj, F trt)'9 )r rtre+ -lL j s-r e rr $f rrE JL-r+

o*:I-L!, r-1! ilJr ! - je , Jrj:--i --{l.i dQ, ! -:lrf e! ,!,! 7r jlF

cj! lr &14 !t { a:tj lijB J J JJfc- r "r 
&Lr lrujs !-t -Lj. , rl cL-

rr jllt f c5-r.sfd "rJtr Jr- .J i , J d!' !u &,4 jue d Jr rJt sj2

!d J4:ii 6jlt i! y ' ri \j!,!r ]l bjs ."4r u!L' ,t-fJs

rlF j .!t- !! 4 
"F^ 

r.ril il qel #r rJ .* d)l tj-j Jl rr j: di. r-F

, !l;,- jt' )r d !L (CF4) ;ti+ &r- .--Ji irtd !! jir.rsc. Jti .&Lz



irLr I rj: Gll ," rf rl* 
"! )LJ, )r jt{.ft rn 5jj .-u Jqn L, -rj oL].! )r

,!rrl; i-;; !-/ JJ d, rj$!ersli.rL;juj j iltd atitJ:t)lG $Jo-

lqJ s5 I d {ir? sls, lLd ! ri dJ. e jLlJ Jti L d L dr tlir .!L- sf J
{: !fs" iir Fr 6Li!r+ jrGr JrG .r)s ! J,f{)+ !t crL- i/trr irjd

rPrr\ Jlrlj Lrrrl ,r!i, Jbs L !)$ i-..$ 6i1rr .J,:d J:'.'rt r,J !)L

rr.r s,rlJ? JB"..pL. dLr r ,L-tr i,* r-tlu € )J Jjuc. alt J-F,, 
"s,

' - r , i & i r ( D l

, Jills- Jrs rJrFIlrLr orLJ L j L-rl c.Lu !5|J il-r 6 Gjl)+ Jlr JLli
rjljlr c.& r:jr i,:+ ,! orrr e+t iL! rJ 6)tjL" .)rr urrLr r. 6il ir d

.i! 6!q rJtlrc!-,r rtd s] ) 4 )a -,r- 311 )+ )rrj.a\ fp aL; ,

di i+ ;rJrr J,E Lorr+ nrr ..r, 4 J* GLlsl Jqrri ;F 6J+ F J

6)Lr:L' es eL J-,d F & d }rr s .!ryc" u:i il .r, ,ri L! ; J- jL!, *

: ; l . s l r j r r , i r . ! c .

rlJs- r; it 6!, it uL rJrtt!jtJrE {! { err^
r_  

Js ro - - - ! - ! / - r , -u
.LU JJrjJt rs r-r' * !E a< \rl" Fr. 4 J"!J

JtrrL4r,*
JL: lr ;r4 JLr? 4ilr J JJrjJ !€ duJ {Jl, 4r, !Lr)lc!|3:l"jl !l.i:ii

Jritsrs.1r56riir 1 Y-f
JL+r , !t uilJ.6j' .i,4 uiirj.! t JI r!, ' ar 'r!.u L> 4J rr ,JF !,i ;1
r:; slu lrJ ;!!)6! l! {,u {:.!f d +l !,)t,, .!l,u^.1, ri g!r-J 9rt

, tr rljr JL !rlr) )rs- s-L;llLjr? JL?crrj I crl J! ,+ &L Ir j ,!L

qirJ Jt )J J- iJ $rs. jL:.!l L 6 )+r:s j GjJls" - ! c!- .i t .iJ' !L rL;

F, F r+ !:rJr" Jqt- i'Jf.srLt!)+:=r j !r riL 4;2 Je4a r .-+ Jur
qJtt.f,ju jjr bJr I U 1 ,j* lj*rl , r. .J .j.. rLll .:!r Lr- .rrl il ,r1..

j:+ ;, lrs r/A !' /a Ja Jt' i)!,? JKi , 
"1, 

s- ,1 r .:a J- olr* :- r

.Lrl Jtlr-r: rlt rrtc. J,, ;ir.rL,c. u5rirJ- juj .6ii ;r Jt Jur, rs.rrc"

,!i-Lr L L< G1Lj rj+ rs l:J !#. ,i !rr! ;ljl &,- e , # )F dL,-- Jry

rr L rlr , J F .lrf JF rl , uf e"=! /Lr , JLLJ d!]F ,r+5- JF



;r rli ur! t^c tr_jJ:] r6_L I jLi i,Jc" J)f jrJ, dl,!Ldti rL,-,

) jrrt ojGr )L-ti 6tr r* ,l!J- dL, i,rf ;;lr! G, rt$ti )Lr Gli
. j . _L  .  l - . ( r r ._ .  J r - . *

.eLe J- rr Llrl 6,::: I6 ,r:r, , !, oj--r- eL|:' at r d it riuc" L*rl
(JltlJr FL)L I' ir- I L GjS ii! ,it i,r, iJ:L j !L , ljtsJt +)" t, tl, ;:i+r
i jr_" ;+U " tL lr! FJ L d(!l ! r rtr :rJ- i1 -f I la-t r-. e,r { q

j y' rr oLla jil l+L-ir rL!_L j rr!- rr r;d -rr- .r-Ltr J,r !,-p
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