
,P4ra ' LZ F
t -;Zu -:.'

2-r' -vl
\--/ V

?dWgtsttte

a$t+a+g-UAt-t *tryult

I
I

1

1

\

L
t
1

;

\

\

i
I

dt L.rJ*

vtr l" )

-i

ylj4rJl
ui5r

se
#*i4$t

._-=--Jf ^^\f

.-':,:



I

. :{r,ir ;J'rr
2+l*{5. JJn{rl trl+iill

€l6Y
(SJEr ):+g+qlcl'i5

eeiiJl
zljil

ry$fJr,.{ n[cErJl r d$t tW

.Q ;s.r-,:ll .:L.l,r=:-){J !L" Li3'^.1* Ulz- ' t3Pll 
LjlG + i.ilr cz-J';'!L':t'L-ll J'j

1:.-* i...,-.t Lt .:rl ''::tl ir..a .r--..rJ! r,-;- t,-t'' l'4'4{r',;ll'11+';:ll ;a +dl pi c'--''''-l e'{-'

i-r.i-,- Jl fEIf ,9 , i-,-i:113 ;-t-.-'ll3 J"Gf 13 ir4l : ' ^ll .-!l rrll i'l ; ' J:" \s'-'^: la:s

;u-yi"1*^r"ra 1; l-9 J<=; f.sl b.r:+ L3.+ qos'to;.r.s :-'-;;Jl c.,1a/19 al : tr : tl

!/i

U-l f ;;'L{+ j9,-J l 1*i,.;J l i,rjli.+<=l l 6t,a-r tl tai,':,, Ljl+"4- r >'J l';;-'-ra--l

4 f l-; .,rJlJ ;;, ;-g t tt 
" 

z ;tit,l .,3-!r4 'g'll :!3Jl ;'.. ct;;- -ei "''nul lLJt 3i
l

e-+.lJl jLxl ;i-sj u-L-La:r":'l 1'*1.#s-v71 ':.,L'LiJl 6f+';"a'-r ' +t+;*4)l ':r[al 
:'^ll

.'1,r;;)a )1"-i3 o:lt' ;ylij1 -lLJl ;r[l - L ;;ll9

i! ty+5j 3r.l I 0 trtjrJ l.lrlet

:L,.-- i:)J: J! il^.rJl ,!"tt'- r.,Jl Ly 9 ';'l ,tl:a:a-J ri:J I JrL..- 1.Ji J4-4J)

.,-*t'J I ;lJl : Yji

jl;Jl Ji tLJl .,:rx J:,Ul .,-,+rlJ I jul ;'$L-a,l'*s 1ls ar' +Ul ':L:lF q.,l'r:'J I 'c

t-:- ,.fplj.,jz-3 *:Jl.:l-cl; ^tl .4:.t@.:-J{ iF lJ-; i-ti batz-- ^'e.. :3'-y'1-'!l-4Lll

i,:-a-ll ,1 :,t I ili -*-Y ' +L'*'=J rJ ldrlcl; , ^tl ;- .ra.ux 1-.1)l--l 
I r-I I lra '3J:

jLi]l t {,'^ i-,+ !.Jl .:.,1.1;-JI p-ai;-"e .11' dl-* o+ a:+,.- Cl+ e-:' ' -":+Jl r[X !r

LJI ,t^;:11 : Liti

;l;ul;";rl .;r...)l L-<-+J . L.j-r,+Jl ; -r--^-'Yl3 (3.rl'iJl) L+:r}I '''r t '^ C'- CrJJl g-*'=tj I

u!>.,rrl ;..1E=.-1-o rl,i:-.-,,.tur== .(4&l J}) ''lr: yJl ;'L; '1 staYl iL' J' ;ibll .lJi-!l

.+!^.af Fl c'lcl ; ^rl J^)+2 '-'Ltttl:;l-':'tl:r;Eq:rrl 3

&--Jl :,==4
.ir

lat:,^!l ;-a ,4.rJt 6,;J I .:y-J I .,1..r.-ll ljr 't-,.,

t-b-:J I L+u DF . -l-'? e:'J LrnU ,LJl .t^:rtl ..t;,

, .t.

-ll - l+.:4- 1;ijl I .4 .r1;Jl . -lc

l,i J-)1.->!- 2 ! .l^: .: ,!-ir.3ir;;;:-- t.: '' *;;sl 3i,9.-l u: ';rl

I ,ln-.; ; jli. l= Jr,ll l-r-r r5-ai L-,::iJ .J-9J1J I

-{-

L:.1 LIr. jl .,:t .i,:ll , L6-.J1 ;r,1"' 3i.:.,1 ,:i1l

I
l

i.i

i



t'.li,rilrrr

Ljl{.{- rl{Jlil+ill
€ YoY

( giJ'Lr ) LjL(a.s OGq-

.F,al
G6!

; Ur, : h:iJ ,,-11 :4tll,j, .r1dl ,}. 9piJrr+ a+H3il.ga sl?::^ Jl iJjUJl eJc ltjJl

3- L+:.o;.:l;': ...Yle let . :",o;r.r.,ll .:l;ul ,zn Jl i!L.:Il ,- l.La 'L<+t=i .!ylt-i L<''LG
I -_

.rb!J.) ,'t-br4,lb(40-180oCJ-r4 Ft;i).*lr-.tl+fl 'i^ 'iE:Jl els'rr's.+illL"i
lebiJloi-a9:l ,i.attyole;Jl .r-3 .(405-305oC .r':'r"u'lJ*irl l;'rrt e(180-230 

oC

'7<"- L \-)-rtt-. . lu ''' .'.it t,t4-Lt. tt I .:L.L;.JI

4 ) lg" ,rq,p
','', - {^/ ,)^),.t 7s' il,'..r I i:.IoiJl qrl'-:;tt lL:.lti-'
)') L"5

'L.ii ^ilc-,, 
1.;J i,5l,'r=,2-ll .:Yj.'Jl i'. o?,Ul i'-!lJoj4-llol,z-rl'! JJ'JI 1l^ Jn'J

|tJv

o:-a ,.1i L.+ .d-L-!l +;Xl 6-,19 
9= La:3-.9;'1;l 3i c'L'==;Jl a'r-a.fu 'gj 1'rJ fliJl 'l^;:11

oL J9,^-Jlf:J Jllfl J:i- ,F -^-.Wt>'-lt 6'[l:'^tl aii J:dJ ,r*t-i ;"q'srl ':LE=,/l

glrlo-.l{ b. La:*s;)^L,l9!dj",L y-.1:Sl .: $.1 c,$.J1-9 (.:,l;.,,J- Jyl) :'r'i(1:' 'r114-r 
rl

&,-JJ '=Jl 1-JLJI s:!.+<=Jl .:$"Jl;- .1-r'JJ,,-L'lt ;-'7tii L"-4 dJj'1l i,jlr+z-ll

. !JLc. ;.l3>' .:,1r LJoii ;L=:; .,L'

i{jLf$SrFJl nLrrjf l

=:to4;];lJl !! 1l ;Jr.ll ,-jrLl l- r: a:i-:) a,;a J.=^ ;l !j''..--4- l)+l 'rl?::ll
,!,!-^r]l
L-

- . rr - r -.ll
- .! .-!a,! I (J r-=-&\ t

L, [-t" w-
, ,n, , : - --
L,-c u-olt!t-l r !j-:--!j

. -l -.rlc.l_o-!a.! I ).:4 LJr-=--ua I

z2-u

Y

', l'^rl ,-'=',y.4J1"':1 ,'', 'z-t|r--L-3 l-'L-:J I jG J:.,-'lAl >';r' ')L69:;\ 4i

iJl

->. rl :. . r -ll:-l I .,!.- L-l; 1,[r:a;*Jl .: L: L:-,-.-rl ar. -!-l"] I 13.'!i- +"-^i U .li L.<=

i,rr-r+-Lrl :-b-Jlt--L J-.'--r I + L-- J.^ll

t,o_.a ll-- t.,r q":e,rJ-+r a*jX I -rl9J I zlil .:.11"-
JLIl ,!:-* , -1"-s ;-jl:; !

rL,. L^)1,i.

, i .-.t----l I

;1.-^

.,_*_riJ

_9 
;-GG.:.11,''t= Jri tt,.^LJl n.',Jl llrFJJJrl-1"-;i_lJ

l,-..-l.i.:[l ; ^tl ...-- -q--uJ I {,Le.:;;i ;-a-a1 ;-l1t
-:l--l I ; rrr -r

\jg_

i,;l: r:<- e..::ll .rt-l:' ^ll :-i)'u l +kJI



r+tjJliJrrl

la'r{|.:5-rictEr+ll

i{5.1 Yov

( 

'rrsi 
) 141+q!t nbl&

od.iiJl

aE!

- I - ---,2'
c,*,.,-l .,ill3 l'jl1<1+a;Jl .:Lel:, rl 

a,.a a-r,tl {..F;Jl \-, l-.ll +Ji1.<=r.ry' I ,:13:;ll .l,:

d:+-,,E='il Jia.S;i i.,-l:.^r-L La!lr-l3 taz-i ..ij L{,ljJiJ L*#6ljiy:;y !-., h'. r.r-,:-

:.[-n.Q* iiit{.J<. 
"1!+ 

1 iy!1 *Jl -rljJl 
"l.l'-.].-+ta "} b h,J ..'1+qn+Xls''',s:atlt

tt-'-i tS--t-'-:'Jl Ulb J#in I ;-:L-5 , : ,:z-:tb ;J-"UIJ ; tz-t\l|L-a-lrL *-411t .:ll.a

ji;.t."t3iq:-lirly-,ia;6i,:aa:;ll 4ttu1il4-ll .:,llz-J(l ,--aYicJ- J3.-Jt ;tz- "y1-,

.!jq.i4,;J L:,Lc.L;Jl 4 tII'{,

?

I



:altitt i rrJrjt

2{ll*.{sr,i{JlEt+i(l

F$ roY

(rrrEilU!{El.l&
Ud)l

d*.{asl

:dit#SJrqrl ELc tib,t dU'tuil1741+l'Il 0t6ll

.:f 3 (6+-.9.4J{J,'u{-4=Jl),'..,-iJ l,+Lt +H.alJ+a rb.olSIi +14''l ':lla':(l ' q-r '':

,tt+41-t (CrH5)nl '?rl-r(CH{)rl+fl Jirl:Li L ll9':llt-l ,r--'av 'i-'-F:'cl--)L'

d,.Llrl -9*rl -l(CH, =611,;4l++)l JL-r-i-l",lrl ' :rG:i'(C4Hr0)..,1 ilrltb(C,H')

.(cH, =CFr_!!rSSu,r
.rl "

. ,. \\ ,u otj+lxJt
iiuE)r - L nHz,* L

J--i.. - a-rjl-c tt .,2'-,.s t u-c;sL* ,:-ns lg;ll ':Ql!/l 'A'iJl 
;':tilfl l-:'lra1:l! p";i:

.:li a15L- ei ll:s+!l s,t\s:ll l,rQ)l J,lE*11 .," -;rlFl i=.J:l'L:" rl ;- a1:LJl ' 
-'q-'ljl

ilL- ;l ,- ,';r. i yl-,c. , -^ g l-.lJl .:L+!ll ra .,'LJl Lllv 9L;;-'tt Ll'-6 e'':;'; Jtll; .:L )r
tLJ v J. Y -

- / -'..- I I \1 LJ4 rtl; ""!- Ji b9!1;Jl \A Jl 1 1,LgJ-

Jil+!t-6 ; rrL:r I JrllJl 1^:s'.=,: d, -,
J! L(jj-l 9 'l1l 

P= .-. 9-r: Y t{-,i
o

L;+l:J I ;t , ^r *,

.J9-r-1)l c.,l;i :-r-c. .:Q:jl 6a LaJL6-;lJ L+'Ui;-.rll-- L+:rr L<? I;-4= rl-: jq .;rq:-rlg

,:*Vl= Jl-E-Yl .:>{-L;i,F l=Jq.:4J I .:)L'L;ll u'^ 
-n.;L;^ Ltl4li !+Fl c't 11) otti

9i , c'l-;,-^ ++-ei Ji .)l)--Jl Ji, q-,Jl JL'+ p.., eJlr (;:'r3aJl ' +-u )' | 'z '-J1)l ' ;l9-UJl)

-L;rl ^ij,[iJ 
I cr].I;:ll i* l-as*s rt3,ls4l Li:z ' t-\ls::;Jl ':]'[;

_.-=_I I (JL. ijl:1:z-q,+l at4l:.^ll + !-L-i :l-9* J; .f 13.:l:*;t>tt e^i -t iF! rlLj
,;lJl

(CHa) 
';t::tl@@e-G>

:-1i.=1,:6;-,-1 .-,--..-i-tl ,jLn ,i=; ,-4rL 'ie'Pss't^-,br (CI-{a);t 
"tt

t..^-jl
'-- .:,n .L-,-ll .*a -

:.==-23 ;L3^;--'L- i itl l-x iI+JJ-\:A ;l;r 3;i*" J.;t :-r-lJ LD'>6
- 
'l-, Eio ;'rl ^ " ;-ojlp r-.- ,--L4]:-*-il ,r:-j+ --:i! I jLJl : la<-r i ''" G

,..=Jl e=Jl :.3ti !:;".-rl :l..al1 4)ti"rl Ytiijl i:l;3900t'o Jl50%

-,,-:ii^rl + l-.=j*11 -,:,-LJ l-l "<L:-rl - i--tji:<-il .: l--=r1l a)-'+-!jl E$l ? .rlr*l I li;;':

i--,t ir-r I i-i Lll: J--.J)*J I irf: ; >J1)l Q; ':)trG;-* '!:>t -'= 'iLJl\ 3 i-ililjz-''':-ll
(\ Ll4;)

q-



FsA r6Y

( rrrEi ) l*ll*15 gtcgr

gatjAl

:."6l

S*t' -r$,
t*/,'?'

JYV )

, [.J,;,r-\J -. -lt)w'+:" ''-^,.V_

wlr

)) )
I )-- ! j.')

'-..

dl+lr41

.rb*l I ;- e:; CJI ..:.,liz-J ll : \ ,_14--;

.

+H:Yl , ,Jl dli3,J.-.ul ,L:-tl Q.-ai;-- i,iJ--=o ;.:1,--o aj-" JL3ll J.. ']ry.--Jl b<-4

{r+J I f--,iJl l.L- ''",:Jl rle4lj (.ltlJ- lr--1 ;.:L *t;)

.ut...2-rtli- (rof,-;.y r 
-j) (J"--:11-r-.6 2 --r . ^. ")l pi .:_- 45"C Jl

2 "" '*t ..,11 -uJQJly it*-rl- iJ!"*.- t; .rl :4-r (l J-- r-rJ-J I T lrl L . rl-Lrl I A-L=!d r(, . - v - l

r,-l-) , ( CO / H, ) ;L;t--Yt jLi , ( CH,CI ) ,,1_:::_U .u;.1= J_:" .-=,t -.<= ")rJ t .rl-c r ; . ^rl

.( NH. ) ;.rL;Jle , (CHTOH ) J_;L:rl: , ( CCl,. ) i.::a)l :.1,J1

5
I

-bJ]l-Lr,

,,tlY;

fililtrJrdt
?*lld.6_ 1i,1rl&li:iill

r

.'3 ti

I
I



zjrilrJrcr

l+il*Sr1lllEl+ii.ll

Fg Yov

( lrlEi ) git*qf !t Ul.

et rAl

dr+d etitt

(Czllr) atilt

gl ,r"^ iro ^4- Je) b-=-a's,=--:tLJljLJJ - aru:.ll r-1- u-,'--- -)l Or==f l 6t ill '+'+

,'rLLYl a:i:-..- q .r.--il| Zi>1.:tl"e..;,9 4JiLJIJ i-,jv -. I
LJl ;i- 3lJ"€=-9J+l -l t4rJt | +."43

, ,da t -\-t c,-\is ,Llt ll t' '+as ,,'4+)l J; q:llqajl ":t : 
z-: t l ;g '::A= 5L::!

,'.I;Yl

(C3Hs);l-,.r#l

1 ^-:te, si ' ,t ..,J c:t !z-) a -:- J9-.-JJ:*ati)t .r- t"l.i;i-l ;gi aL.g+l '!"-v

,"4.rjl ,! .-ji , u.jil-)-11 , a!:iil ' '\i1 u..\) J:-: 'iliar4-q'::JI ':LLI-JI
.,'"L,.Jlc ,,'nli)l

(CaH16);byt*,tt

b-+4,+b, C-C- C-C, ; t\t.) a 41r,., -)1-, )* y c- * aL.rll aF Jr rr J' I l' ;' l: -
.ar,l:tl ;=jr i-:.;;:" (.:L!!J9l);l ;it1,( oU+l-,:).:t le-tl uJ'J9'"))|^J'^

.-se1J;'s= a,.=sr-a)l 72. c*;tt-e c4:l:L-.! lerl L-4), 111 ;Lr*:J I 3-l.-;-3

,;l--Jl u;.1-,J; -:;';i ijr.+s:<=.:r , 
z-r ',-.-L', b---J I + ''41J--4 ?r-;''*'a"r'J'a

, :.&!l : 'ud:l:L1' ' 'qn'rlti-lt

jLiJl ,-.JJ l:;:11

+L.:<-jr:Jl .::L:[.:Jl + 4.-;-.::-! | l,l"ll ol ;=nlrJl p-ri.r- lLJl s'j- l::;lli+; c--'5-

-1'1 L" k+ rji l.=-l i -.,1;-: -:-'.- a: L- -E; j -'LL;=-rlji:i; ir[lz- rl i" e:,; J'' ;Jl ]' l:;;ll;

i0-200"C,-,-.;!!.: .-[--;: -ri -LiJI r^ i;ll *tn-;. Ljill ,h J-'---Jl ;'='-=2 C19 J! C5

.iL;Jl r^;;il ;:'t '^r; - -L 
(i]::j 'li^ ""a i ii;;) li::ll L=-4-J -ta:':J

-l-,!=,-o -.1-: r; +-:-.., allJl l- r; !l ,=-t:;. 'c a+ !-6 .9,.;... j'-.:. ;Jl '- j-3" jLJJl '- i Li

140-260"C :,. k l1t.;F-:,JE c!cxlr C36 .,r! CIe ^!'*1'+
:.1 ;.:.lr-.,. ,.-lj-rl r=.. Lr -!:. -:;..= i q":l-, -:,t--:;o;;14ill eL]=r'iLitl c-:jj l:::ll'!';:l'

,__4 _4:: 
:))-z^a.:

{rr-



lfrjl rJrCr

,Cl*.*sri{JlEl+iill

t' 32.'39"
P z9' 3e"

P t6Y

€l'j!l

.-iir( I . L:.'^rl Uirl

(g.rEi ) fCq.{ iteli.

(CHrOfD,Ut:rtt

i,i;l l.:Y | ,r^ ..,i

.Jl": i)U

,:t'''-+Jl 't'"ai J:i ,:^ JyE:ll eLIl Jl i+U',! (BASF) ' '; L e-4)i c'!''i ll 1'l Y lL'' 9=

.;s.ta c.\aat a+l:,y ;J:J+ :L-*^ i 'l:t e'r:-33d 13

1L:t.,-Yl 1L;"t-cl;:t-Jy,L:.tt icl ;. ti-:.,jti,j++rl (LCI)2.-t;.ot*crl:r:...r1 ":l+Z-y
:3'13 4;p,- 91.r.."t1 6- cr3.,->=Jt ': -ai JSi O-b:+1 ,-.41 LrJ..,-rln lJ ''.s:atl+.JLJI

.ULc +G::l .:l! r-L: '4-lai ,1^ 
".: [-=""

1o t2lbL-+ cl{:o t/
Co t zl(c ...- CUt ol-\

+\-r, ,., t!12 ,l+[Jl zt- l

pl r-: ...L 
1LiL,-aYl ,LJ..,1^*- ,l Ll_,r,*Jl gj 6-b;LL .,L r;Ul '- arrl z Jiliir.l e+

:3--.3,, (j_t-t-=Jl ,: -ai.it- +,'*r==Jl ,: -ai Jsi +;f:l4l oa b,a;;:L9:,'^^ nljl. e-,b-

.Ul-3]. J+ q.,.r..-.:$-.

,J! l-r-U- Jilr+ll et:,] .rJ!..-f C
.(1J4Jl) FnrJl .l^:.;ll ::rl^ .\

(YuE=-Jl) l^..J:tl .l^:.'^ll "-:,JL .Y

.(fLL4-:JI),.j;;;jll .L:.)^ll ;;:r t^ .f

: IJEJI i:-L-il .: l-"ul J!.J L"!a J-G;-9

t ' .1-l L: &L;!t.^ L-++tjl jLjX dJl -, ll LL4-;J I ;r Lrla-6.x I Jt--c -l :-.1 .L.

u^LJl i1-lJJt I L1131 i,:,.:-al t

'-lrliJl l^: ';' e

,)J,' J-\.-t' 9.6i' -:, st-- ,r&Glr ). t*t-irr '
L -Jr+-- . tt;ijL q;;J I c

1 Ll<--i, Lt- .LLit-yl :G;- J:,L:-tl icl;.^lLJLJ "..,<-t-;zr:"^ &i AJJ.JI ,r-A r,i

J-cLJI ' l).-,-l e+ r:-=..- .,JLc. ,L: ^d*:J"rl:jr.l 5L-Y ;,- I :. ^ t| ;;1611qJ-J

,,r'i tl ,,. .a-l ar. )L; J- )-e-r +r,250-350- atm tr 7:t;L;.;.=,.-.1 320-380oC ,rt -
L1-')f.

til 3z'- 38o

LrE AI



,i++r:,:)lr.Ln:e,rsCl(4riEY -I) l.s x,-s,.r,"0)1-',,'u:s(ZtO-Ct2O3),rgtt r'-AL

.JrbJl ,J,-iJ ' "''z--'t 
jc.l;Jl iF l1jUI c.rl;U'll ':;: g

:{SUllrJt l

l4l*.-r5li.allil+.tl

S tov

( drlil ) Ul*.$ nbUE

;14

.E4al
,Jt-q5 ztEl:' -- - '

,l:

l^..{:(1 .l^: .:^ ll ;;-.t

1.

;!'
_l

\
J>. lr: JI . 1,= GJct;

)uLl . r^; L;
l

1)V z';t1., ); 111 -,Arfj,

jL;! I-.: L;

Cll L:.'^r1 ,-:J r^. J-L:-tl .rL'-''l : Y l!=--;

\ (,.,--

,js"3:Y * ,Y

I-tnl "lr--l n-.: + ,L-i,^ r^: ,;. .:--- -lj.E1l aL;: :* l:.^11 LL-rl4J I Y tJ4i

,: . ai,-,., jG-- Jl"Lc !+r +J, 100-250 atlr ;l+ a;l-": J=;' .:;j j5OoC :;!s i'-;.l -r':

;}:H{!,-u 
l -' +-'r.' 

a- -r 
I J''r -' 

- 
r l 

"'':L.--l 
I -\*== i-''jF I

{ei r: a1"

tr
a

5
!-1
:l
'1,

t
;.

,4

L,'Jyr+^

i

I

I
I p'

I

--{



u4lilrJrrt

2CLa.$-iJlEl+iifl

r$ llv
(f.;Li )}ll*drStsl&

e.;Al
El!!

q

3
-\

$

,i
8

-rrt-3

:l
q
-,t-

-)

+L:l jt-

' :r ' ^:il Jl

t
Al)j
q.
J

of}il \vJ-&L;
L-

u:;jl l l^: ,:^ 1l ;;JL

!-z-;:t, l^li ai-a - 1."ti i.r;.3 .,-1.;-:J I 9- lg:''6;'4,.J ,4;;;ill lg;:tz-;. i;j.Jl ,r! ii-:i
,: 4-l 

:JLj JLiJ JLIJ{it e:i" 3a a-:s-: p--, ,C-++ltjLJl ,-,-- '' .-ttatl UIjLr,l4--:Jl +
.t-;. ,-. -;, 240-260oc:-rl * o+-r. Ji&L"xl L5-r-- La-r=: !L-4-.:J I ;.)Lcl 6;l', )! u,-r-=sl
,;t arl ,, 2-13(CuO)"-t -:t -r:*t=i;,--;L;,J-"tc. r_....._e 1s(s-+,L:.^ 50-100 atm

.(Alroi) rr;ril ,t .^t:(ZnO)

T' Lq"
.'t Fo-

-Zc

/" " q+-
{1)

iV-,,V'rqlr u"" (.,1t 7-,,
J:) "v[:'t"'z''E-u

.-]

,\
)

I

.47



l{:tilr,erl

lirl#&,,{fl0L.riill

J+

a$si*ri.+
. r.iL .'E

rJ,
aijl
c:r !!l

€rlY
(rjjai)'{l#5slclj.

L

_. _ r+
rJ .jA-r I

I

oyiAl
rt!t

aJr]sI +riiu air,!

Ii.r
+

cbs,jii ;$Pl E+ u"

Jfii.-lr

L-a3r
.b1,:r

.Ii ,loiEu

,/;,

,;;:tl ,r^:..^rl ;:Jl^jJiu41 etrl :L 
"t4-:'

-I-- ,- ,..,,
Cr L4riJJ .J I

;.nL;- b9:)1 - o-f-F.I+l-,,rL .9-;-, iry;;r1' '-'ji;a "!-Y'19r:-a -L'4;-6 .,-sJ

---- (z) tg! "41-':-: 
(o) L'**- iLls e'^ .;'"L

i+ :;-+,# l,-5 ,i;l ,'^ll LI^:ul Jr=.1t :,::ljilJ Lil:1r4-11 "- 1'-;J l ',-=,i

.:r)l4r ::tl .-,---s >:;ajl J!, t! .LL,lrl ,-l-{: id';. y'f ,:t::'+Sl !,-)r 'l-: 
;,:'-1 4]";J41

. i-E=l'yl .;,..--^lJI ,;-r-.,4'!t ,i!L;!l ':')lc I :: l-a-'-ei;-'.rJl & '--t :=;tt-il i-\-:;-;lj"rz-ll
,.-l I.-i-

4lrl +-l :.t.:rl ;,;:lj!l (Y) ": L:.Lll !-L-s, -l ;i::b!l (\) 
' 
r.l':- Jl':'l ;j::l'tl e* --4*J-'

-,--"; Jl (Cr):yr. --L:.-i;;l ;'r,lj-il 'Jl "ir'r "^\l iJ^'l,J I ;-u-r:'['!- -;-Il ;"'-;':;

J-r-* Jl Q-! "- ;,-=-q c-= , (tjtiJl;Lv--r3Yl) ;-:a;')a;r, r' crL;:;l:; (Cr) 
" 

r=)-4 ':'l-1:

;) :-> .:. 
-.-*-*-= J-11 (C6) *,--r- .5-.;; '-' L;1*!J;Y | ) ''4'z;'^;;f* :L r'r; j-':"' L-'i-; 

--:
.(.].,,L*rl l,r.rl .:. L;,J- -;)l) :rrill ut+!Jl ;L;'r -l-rr (C rs) "'-F

i le j

)

+

I



:4GfliJrrr

2!l{i{5- Jriarl trt+iill

Fs! l6Y

({F)lallddril.l&
Lp.tiJl

iJq#EE!

rl^-Yl ^-)\
)

'[l, 
-

,' t-' ". '\=

,)--

ail;;
\,,

* | ' ,-tu-s'

, r.rJi'l

\a,-./,;
'L,tJ -o

(II)

: L ilill .:,l:,:.lerl 
^al,.,.ocI YJ

(CzI{+),:d+!t

6.a ii== v= a-13;,.rJ ulJlg L=> | ^s:^1j fJ-,Jl e:-; "iW j-F1;-rL" p--ai itl"'i!l *+ f^+-

r+;,J^-,--+;+-;!iiy:as:"-o+.-s^ (CHr:CHr),'+i)lr.i--,:r:r:<-r:rrl ;L.r: ^rl

: ,r.ee;-+Jl :lq-o r-o a:JL3 ;.t-;'e-,,.!...-,i (C:C) at :- 
^l+l,1 

4! LvrA)l l:-.;i,1^,-r': ,a*;
Jl

_.;>"Ul 
,; ' ...4-!l , i!L;)l .:)LL;.p. i-,:t:.,12-tl .r)dal ;:ll b-^ i-4 9- ];J:41,+! L-""

.t6J+-,, ij-=l,J!' :14- l'Yl

o.lq-:Jl 'Ll (^ i|^!..,j\j'ail r"oz.'r1.rl:z-u tl J- ,j:4-Jl i*!+Y I u,- en-J

t-..



2+uI;Jrrl

ryt*_d-ri.,Jtnq4l

t.{ea-.- criq k-r' t
lekXdro3t"afi'o a o

ItltJl.oTr^ rh'o. ,.f

,,lyr4ill

dt+{gti,!

,c.,l3t- .:)b 4!+! I .-[- a'"':;
.-),"'z--'ll -\

p roees t
f " tt1 - elfS ----S c-1fi z <Jt z

cHeCll2 cHg + cH2=cS4a-+c11 k

F-r aPa,.1 cHsc.{lt<ly's 

-1 
c/./2=c1./ cllz+ Hz

.E.iJl .''. ',.l;)'1 zLl! I^ " r^L-' :'i l-z-J I

! 1c.)

dr r6Y

(grEi)iittr{8tcE.

:i.i- -1Jrl,a-ai:)1,:.r,...plJl "ijll 9= A-l'rll (,lc&"Jl eJ

&$ (NGL) ,s----ul jLiJl #lr-- &, olu'r ^ 6r'' oa $aa !r'i 3i L,t'.rdb atiyl 'l
.620/o .!t- tual l'u,..;' e':f l ''d:l:l q;

-'' {41 25% dt r e: (..rt*.r+l tv at+)t,J' J'4r':':) 4r' ^ tl':ljt'' Y

,=-l.,lj E--:ittl .d-eiL+l-e J[Jl .- ,1-e (i!dl . 
'L "ertl ,;-;:;!l) ;jlrt Ls.c,li''+ li;:ll r

.13%'.ll* c+,/l-e "di+l "1-' Jel

Jil.jJl &Jl Jtrlt .Li-,-J-]r .d-11 rul !-t',t"i6raotc'a)J-i.)':l '^(1 'r'-i,l;;-l 'r':'-'3

; .ll;1l ,li;:Jl xt.;r'q;11l-9::tr:-(l q6'lii,b;;il lG:iu*#ul iLJl J!

1 Ll-=-J I tt'J-J .li;:1i-.J;i.J I ,"L--Jl 
;rU{ '-:il-,J' 'r-':; ': ljJ'J l br-^ baz9L; \1i

.L,.Jl ,r-. id:+!t 6U) L ", ^ 'LLL,.

Ctt
nV

,l

.l

\,\L

*)&',o.

] 1.
.,jI

L

i
1

:)

1
.1

J.Jr',-:

d-5- )l ,!
l,

.!'-1,

U

..{,

1l-..j

.,\;

T.

'"!
s

.')

;,.y)4-.il'_e;4;Vo. r

!.

{



:Iri,tirrrr

4il+{.r}1rlnqijll

& tdY

t rgrEj t14l+d rSLU-

I o ) \--l-\

ttt )

.rE Al

,Jlg5;LEl

.:l :,;:l-lll 3 6r.-3.1-:r.tl y af+)fy ,:f::f l .:U=,.1 iC+,1)l lt ilL-rt ,''J'€=: !*-'4'l ':l'' 'lniv
.oC - rC,y

C \ \r C \{= C \-{1 4,}, (C:Ho) ,*irt*

+€ ';liq+4eiJl nlet:"ll L a:"-ai '' :- ;- ''''''..l;'Jl3 irjiYl "i

zl:il ,a.q .2.;1,,1!1-e;;,1.:L.L.Jl 4 i*"^rl d-n - J-^,'ei+l-9.f4+)l .,-: ijJEJl A;. ;Jl 1,t"J(: .t J

q.rrjh.rl i-ti,- -e a4i!l6bji 'Lnii+r'Jl

i,jljrz-rrlll .:., Lc. Li,,-.Jl 'e= i..,j"-ll Crt,<-, t l

-.:,1 ::ljljJ l_9 -Tolune -nJ-l:JlJ -Benzen -&-4 | ;l , 
a,: r) {,rJ-Jl .:,1 l 

e-": t l

i_,J".e ;--.:lJ lrl ,,.,-..11 L.',3".-r<=3.,1, g.l l.rl :<-Jrl ou'o- j*^ *;-sV,,^y .(BTX-ri -Xylene

;,r-13 iiL b^ bFJ .r)t- ,l1; eJL LA,t ( ls.'^.,' ar6,.r==Jl c.,bl k+ J.-:., 
";Jlj 

(Aroma)

(Functional ' ':,ait - ta71c,Ljl'Jl Ji:.-;HL r^.,u . ,jy 'f]:lwzr-- ti'L!"'
ri (OH) ,\.-.<=.rr:)te(NH2);,.-!r3 (COOH) Lla--1r)\z-\r (NO:) ,;*lt J- groups)

.r i /tr 1-l Rr T\ ; : - -ll r.-.1.i.+)1. 91 1-:.rJJ.! a::d? +E_F -':D o".'- J' \. ) vL) pL)

(,, t{c' z (c6H6),',:+r

.:.,1;).:*1r-o,i_r1:.:Ji-jlr.jz-c;iJl ; l-- L:,.Jl 2 LJ.JI -l:z-)ll 't^ ""'lJ e^i ,'',-.l+l ''i
,-:5..-tA- iS+r1 't^ ;l3l a:yj.r3.^ r*l-r- ijl-- l-j:;11 L.+ J6; .+:yl+t ;'11; c-3;::':->1

,*e-t4lt us':-a.l;- L.:L-i J1lil'^r-r (C-C) irui,,l.-r'-= 4lyt i)Ly (C:C) -'L:-
(C-H)

@ q'G- o
a;e-19 clll +rLjJl g-r-ca Jr .:.r.fi;G 3a9 L2J^c'4;1) jjjalE*,l l^ ^"t L-, *!i+Jl9

oi t:;: djj>J I ,l+=-:Jl I :L le ap--i;*J{5t-l 1"-3 L-*J t c, Q-r-l I pL,, {;L3-IJJ "!ls
, J 

" 
,tlj ,: ,l Jl ,l"JI

.-ri-J I 
"L-4-:J 

I ;.rlcl it- l- i-jJ t nl:jljlrr ; u:!Jl y -ti4' :r JL + a';.9:l Jyr:Jl
I

,)rs.r)t,t \t^I)
{,) -,',i=

qJy-,tr1J d;rljPJ I L!-=Jl J li;;ll



&lov d.Eiill

sl!!(gp ) 
-+Jt#aJ nLU-

.,llytQX,S-tlFl JJIJ

0r l'1

iV

ir-P

a/Jlr,

cJt ;ltjlj
r.

c:,4a , ,-t qaaJl , r,-;;:J l J+l ,-11- ;'t-- 9Jl ;l lz': ll ;- '1'rJl 6li[ 
'r= 

'-''-i;:Jl 
ltus

'b'r4l U'''-'jiiJl J+l 6|,;l d'i' t'3:\ JL:Jlr ''',ji:ilJi+ "'''j+l

.rl, irr.*

x4

e--: -- - 'er-jl !--:..i
;.r+.J-nl +r!3

r.. )"i r-ij

t-r!'cu a!$jJ

-j"II-;r }:E.r

-----+
: j -+;",-i €i

I

i-.,:Jl .r-;r;-i1Jl &l 6L-! :v,t=;

#,U#Jt

LljS

-"c
cr" js

lrsji

, o'.irjl ,i.rirl . J o

y! ,a--

lij

TjllJJtiJtit

2il{e5_ ri+lnhiill

.l

ii

I

I

I

II

! -J.' il



:*iOtiJrrt

zCl1r{_!8llEL?iill

P YoY

( OEi ) 4Jl#5 Etctje

Lgridll

d9rr.et;a!

OE

rllUrl urL

!.-l ,...z-qiJl ,.,,+lJl it;;7"-ai :A Llz-Jl.t

u \---.,t
:'\(rf,

t4crr
n,P -<

'dJV-,
',j'2")\"o

C,- -L

- O Or
-Len'-o-8-rG-R+lg-8-IL-Jo jV-J-t

CE2CI

t.Jr
".t( 3!3]lol!-;;l;U

JllI "r,f

clic]2

ooH

.-L#1,_,".L

at ").{;ti H

ot(l,J-

. tr.

( 5 i- I cdlt (CoIIrC. H:) i*,ur

A 1z--1,,Vl {,;L.9.dl ,q.rcA Jb;)il.!133-ay L;J.c. i,-3\ 3\3 rrjJjl g,r-,HtL:.,5t- *S
.li::lt.gji.rjl LL6-:J| ;:L! ,i..,-./";ei,,-yl:tt 6U! e.LJ;JI .:,[.r-ll p]a,*4-at+y-tll.J:t}

()
_ tG:-..11 (TNT) 

".,:l}lr*.,(,i)L "-4. J.! j;-,.,- 4 Jr'rl iltul ,-. FE)ti r,-FJl pl;;:-l i'r,,
(a\

2 ,!J', a-g..=,il+4* )l .:Lel:.^tl ,l-- +dl + ?'r41a- l.r;:-T-;t<=-og lll-y ..;q*;-:1.=
(rl

,F"L-3 r,j.::Jl ,:.-,,:J1s .: l-: l+- t'l I .,.iLnJ*-:--: J;- L,illl jz-rrill nl rz--J ll ;r' j!'r'-tl 6U!

.!jl+4-4- i;Jl .r.,-:J1l .:t=:-; p-oi A '-E=Jl cp.-r ''rL-riJl u^4[.'J ' rrlll:'r:rl



:{iE trJ?rt

litd.$.iarlEL.tiifl

4-()
. k-:U.e,-.-,Ll:,.-,..lLa:J 4j:r L" lcy i-

ir-i+Jl J+! L-i ."cr;11 ,;t,4.., tl 
"* 'r

da roY

( 6rt;l )-4jl+.5 lbuE
OrEiAl

gt!!

(C6H6 CH3CH3)-t+t:bll

,5y-: ,J4-; s-L Jr. i , Jl -r .i.)U .!Ey oylJl Lq.rca ;;1b,. ilL- iiJA'' at !4L a '---aJ

i--c.jji,o,, .-:,,crl tz-,t r,l aj-.a 6Ii3 .(Methyl group) : 'l'i'l I .:,l 'JqJl6st:r" r-""-' ':L++-';'^

'gJ'o.oJl ..:ltl " 
1-*-

l>--
i:l".e . ;+ u4 lg,^',' c.,Li,-Lpl , L,b AJ"' +":J

, '-
i ;l.iE .;;, 4E=yr"! +;xL d+l iiJJ'rl, t'.g b4-4'-3

ar- 4,Ua i:J:-rrl ;:l Lrl . ^-:al !jL1, $ot-alr^;)l'!,^ b4)l *frJL l"^:i al-b a,=4:!

.rl I 
z-J r.l a,.- r:!l 6b,J |.:U-t- -./l l.r;-;J 'il-li - lrLJlJ - aI+ lj - I'iill ;l ol: al:"l:

Lr..,...r.r=iq4:<=l,J|-LcI :.^It U^).-e4,J-r.j+',H5l*L"=iJ:"L^UI 4iIJrIz"II

. i.il+"-4- ;llAI ;: IiljJI .:rl=-1j-. fai t "1==-J 
I

.:

#C,LFJI

rtr}o

]A



alE lirrrl
rC${r,i{tlElii,ll ( frE! ) 1{ll#fg &tcti.

peiill

dr..# eE!

' \ \ ,-,L1L,!
.u ) v:4 t-

(

\,qr rJ

,.sr

cooE

cooH

{ti' ,"v

-' rr_j ',r

. ' )'\-u)-^' J;" \rt ,^J

i
L^"aJ

r\l

-l'il t) t)

Gq.{=riJl c,L;1l.-lrl c'l-;; P-ai:1 "\E=-JI

- { --ct-\1

;)|"1'-,d*\')t

". ll

1
;1, -tc,+) ' 

oJ n_ it|)
-k.

--o r- a,-,...) z- o { "(,'

o o
t,
c

o

o

3-(ocxrcsrz-o

iJJlol-,il, I
o

Jltiil,rr\- ,\, *

o
II

o

o

c43

cE3

,qlj

C- OCH3H3CO-C

o
l

l' !1.1lui

+-o(cH2)2o(Ci{2)2 o- C

J-t.

r)

o
l

F$ loY

o

I

I

.l,l

o
I

.)



fthzc/t (i )

,5tille.,*3ll

4.hJ-,Jll L-uL"SsJ+l rlgJl as

' !i"ii$ jtn clr i-:ti r1.9" .1

IIr d+rll*
fVffr t+s.i

ClI4 colHt
+J!l il,O1j)"

CONHz NHr L-fSr-

cI& oH d$1+

jlj ', irr .,s.+ll jtJ & e+ g:u$;J{ e-,* *i 9 r$l .ru ,;i ur 'u'n
. .Jyri:.ll: lJClr tn, -.,Fll 6LiiJ 4.J3!l ;:LJl +'i1ll

( ''Pt'iill) t-,':' 3rYl 'i
I

Jf"3r (:+!+rjili. I a.,[tr. lt i;1"r]t slelr' ll .1" !-r-Cl:l+r'U a-U'-,J"1 (l)

.[1bl- 3i a,,:3,fit i!-tl acu,-

L.,j. L-- 4'tt-..- J.--a tl.JiU o,L!l elsl-)l ols ,:'n,lll 'lllJl ','JFll + (Y)

,_B;.;r"*,yl a.E.-.=/ r+-r!r .Jt ,,,lLll .5!1jl F,wrxi iL-ly ctlir,el:-$j. I

,i i-El ... tt L---nr!l 4...^- r+ uts dllilr.&lril1 -rl s-,J+:-il -,,' -",oi q:3 !t

r--+,r.11 et--311 iL-. Lrq ,.+ C-.1ill rlL +: .a+-!l i ' iir "\ ,iLll UrL'

!r ^',.11 ol---,)iJl s-r \ 11' rL" k''.txj &; j-r '6'l1Jl jjr tJs'DJ*S d,Y&'^t

.,J!-,.r-sl+ r' ' J)i*-,'!l

r-r+-r!l drl !-ji G. a+.r-i,jl. I ;,.-!l g. 1r;1 6'; d1+r'1t ,'5 :r (l)

'!-,Cl: rr+- r'!l sti-,s-r

*sl .+ : e* '1€ ll i+rjs\'t is-"jJt i" ' 
rlr'! rti

PDF created with pdfFactory Pro trial version www pdffactorv'com

^30 -



,l t-ol l-.,..,i &.i ,l',Liitl L."*.i . ,rl^ill - Llul c.rlJ.c, .ai ' ,.,1a" l.lLo'1,: /t\
\: ! . I . \,/

' jlJl +.si O. jti- .!9 f : 1 i,l" -; ir+ rt+r il#lr d+r q$l L4 -t:li"
.F f . . - Yo. .ti-: rir.3_9 r6ooo. - tvo i-j;s ;l u.'"tJl

r-r-r Js elJdl,, Lnj-ll 6lJL ..Jj_r+Jl cr-L eti.ll 6i; : ,rl;_.!ril. I ,r.U etrl (")

'Pr:-r-!ll 
"$)Jl 

u' JLi'

drUJilJul -o n:,i: ruboJ""ll drljx rL.- etr.r) 
rlUilll Lr..1- gl-lrii-l *i i,

(,r
LJurljJJ J rJ

ig.ljE .lJi:.l ..<6ll ;3S.I .jLJl L,l,tr.11-_.13i11 4. F-rYl glctil : ,:L;,Yl eLxl (1)

'(cl:..Ls^)

4.ielr. \l ,rs3 , r.,.b:JL-l3i - ,JJCI OilJ 1.cti..- 4.t"Sa.ll c,Ll:iil ari u.3

.i3Ji.ill aJ"-1Jl RDX g_* detr ,rr, ce,6l3Jl

rj-r .+pr:3 olti-9 ql:i c,u+.i O-f:r ;rs-fVt ,:l-r,'la e- ,'toj ,bi3 Yl Jetix-,

.;N, ,6".!t J:'::1," ;l-iJ ,6y!l , $..,. ,-g"Li a-t,. ^t 6 \.j.- ijLc r.; iclr. ll

l<:l ,ll & ,eLJl 1j1: &li- ,='r cJ3,SJl3 1-'i. r.)l ar# J..il1Jl &G\ ri*.Yl cjii^

.p'{ o. - f A. 6JJA.J 13; I Y - 1 !i.-b ,',-1 t+--ilYt_r

uJJl (J

: a,rLr" -b lrtCt ea::y ,,Jjr-,)sll +li ,rE C- t+_r!t &t"+ tl:Cl o-U.- +

,rllrl, ri_.,11 Jl r_2lt L,a .jrl;:ll3,6.e."..r!l crLl-r_)tS t*+ O_fl:A!l aLll (\)
- \ A. ;Jl> l\ir..r dlij ,$; 4CJ. L:.. J .i*.hiij.6 ;;l;s.l &tiill 6E-:

-fo;.sl:Il ;-r:Jl dt+-r!t Jl JJJ| i.l,,,rOF:,J.y.. - lA. L:,., raoy..

.f : I Jl3.= J d^-:i +irilt ,.t' A_r.',.Jslt +Ji .;E I ti3.yl , 
:.,,L1 ,YoL,

&lnllr .r'Y'' ris sL: !-,-:r J,l e-l-. -rll 6uLJls l"ei dtx :q-. txl eL;Jt (t)
.t,Jrdlt eEi,l i.,bLI LLr 

C*-j1 (A) ijr Js,:Lr .;JlJ-ll u-t- LA

e.ttst .r+ : c*.i ^!l +r-r>SlYl is.ijl r. orlEL aE

F created with pdfFactory Pro trial version www.odffaclorv.com

- 3l-

I

I

I

I

I

I



A dJll Js.,i,ll

t-, , *ll zEll i-,i"J .LLi.-
-..-J. tj i t

iI
I 10 ,f

E

T

CO

OJ+JSI .1"<f dJl

+ 2112

OFJJ+I

CE3OH

d915J.

I

a-yE#t .e -

.p-:*ll k+ e+ .Jl k-.i.i 4+J,!lq 1 lYr iLc s' +-'.'i:ll -tLg u' ,JvtrJl et= (t )

a'r'...r LJJjETJI d,:. uY .illiJ ,li;Cl iL,-. JIJ+,;:Lc clJjtiill gL':" 53''3

r+Si ,-:U &t6 & ilLll o:a i .U. r$ j.tA 4+Jt LF e'',tll ur,',Jsl +^,Si ;l:.!,

+si ,J-J a^ 4+L:l c.,t;x 6ii;J,,Jisill jL*jy -,Ul; gtll y crr-Fl

G.,.: ;.28-:.5rll ,g)y;ls.,Jl +.-:Sil t"arLil l*16 -'!l a: 'g53;rrdlj uJ"JSl

:FJt ltru:tt q;,s,-i1-e s-.,1,1 Y ,F lii :"nJ'

3C& + 2II2O + CO2 4CO + 8H2

AE+ +|rll ill

;!-lji Ljf-ii ,J \ 1Y I ll-c !'"lil- I jti ar J-if!^ll et!) Ci'-' ,lri ri'J 1t1

o. . .-\"o. . LlLll -t.i;ll 4-oti,ll ou ,r-i arlr"l iJ '(BACF)"j-1+ 
iSJ'i

CtSlr ,+ L.\t6 tl tuJi$)l iSJl .r" "rlE! it!

PDF created with pdfFactory Pro trial version www odffactorv com

-3L-

\tA



Li+i3 oljtiJl dr;.5l .4+llll elriJl dr tdljJlr u"Lll jti.=r.JitS-L

+rSi(-t ;J J& 6ljtL c.., xI,!tJl *:ll d: .,JL,i,jill dJ-lsj,Jl,J6r -t.iJl
!t:.,'l. o/o1 . ,.A cJlS.- to.,-o,. J 1$-:ltt .t9;.; ,-,. '^ir ,dljll3 _-l-ll

''1'!EJl

. Ciir jtis Lit:isY $L 6J'.Jl 6J+ir ,iils- JrEJ.ll eGl 'Jl G ,:llJU (f)

6JiJ l!r- " ,J-!1 c.lt;U, .g)cu:ll s.Jg Oi O-r. ,JyE:+ Jl ;_x!. Orj;.tt .!r++

. d+ll lra si f:il

: :.*,6_2 o1 J.= erX jrrUll C!.:r rj-4 (1)

.Jji o+r ,!-X O-l-fll +.si .rE ,.ir.' lr ,, .+Htll lull g_JsJ C)..-)t ( i )
.l : Y .r:3 LFJ il#l ,J a-x-,St +.fi

clS.- to.. .,.ll o,. ir. t-:.'^ll (r--r. )

..Jll+Jr uFl,JF.Jr- ( e)

.D Ela.rr. J C]IL:jJ| 4#-!r ( J 
.l

iLll A:'i1-i C- .etll u. -t+ al"!l u. la+r.,;, iJ *:ll o.e.-,LgJt a;1-J3

.i-,.,1>,:).r+. k+r L+; ..:,ljtiJl \$ -iy_.,4{ &1i- cDi oJr}r,L1"j.6-Jl

. 4-e -.r;Jl!l illj] r:J;JlJ-! &lnll L-LJ l'J.,y ,;_21 ,:ll rj! lia &Gil!

ol, ,,,t.l ,t''# dJFl iJ^e 3i i1 ,f-il d3lEj. %Y . - o ,r.lc ajcGi.ll 6-ri... csA-r
. J++ll.r 4i,fi. -JdlllJl drilldl-dl 'rJ -tJiJl 

",-ii3 
qy:Jt i+ .!+ c.!+ \t:

.F- e-r. -ia L.S ..sli 6J. &UJl J) o-r:$ c+ &ln.ll J,J. +"i:ll jLr Ct+

(1) eSit Js-,l

Cltllt j+ : Ls\r6 .ll i:Jjjgll isJl o. o-r1..:-1, 
ar.!

.odffactorv .com

- 33-
F created with pdfFactory pro trial version l



I CJll dELll

&iqu.llCtll er."

c N€

-I.

11 
o/oo,-t. Jt-r .aiii-.c.,rt+jt-. q!:.lr diiiJ %11 ajr+ ,JyEJl ,J' dr-Jl +

elrs& 4:!"sL +brlL-.rj Jt .!:-. rr Jli:1^ll

CII3OH * kO2 -------+ HCIIO + E2O

drEJ. ?l9l 4L$L;et

. 4J. jd. JJ i-,iJ-11 Oitrilf e-li*- j U'i- lliJs^ +t4JuJJill r,J

,gl dFl-, .ut+JL.SJlJl a-cli^- "t3l .+ u+l cJvQJt ,l rl l .r'i -r;l;iJt -e..'',tt (o)

L."ill , MTBEJ,II .Jr-* u*!-.r r.J$J" Jl 4!J+ 1-,) cllij ,61'[Jl iy-l'l+il
.L',,lrj--_LlL.!*1;tt,J!:E;^tt .:t ' , ,i ;r:Sr!t Ct Ci url:jt+ll -il ';

elrst ]+' Ls'ri 'll i+Jjs$l i5'31 r.r' o'rlr'! dj

)DF created with pdfFactory Pro trial version www.odffactorv'com

3?



d:-FJl o.r: ,1 Y 
".',- 

4+1;." +t+'! .j;E)t JJ %\ . :, 'r, .)yl3;Jl .-iL4 (1)

i*31;e1JL,-.,J s-oJ lrra, lilr.r,,'i.": j;13J1 g! effr 115--l-,rl] iil;3 "i11 4cE.-

: eU+ilJl+l g.l i-r:. U rl3*. 2

LJ.1!l rlr*ll L.l3+,"+-r ,rii! tu;ii:lf-ou-lSJl :=i ,1. !+l-.,1+ll drLryJsrJ+€ll ':j
6t+iJ.rl jj+-1 L#jl ;r' ^ 11 drt+lJLJl d: .a!-rU$-r-i+ll '+3 crJ',sll

d-Jr-] ljLe JJ iJLi)l c1.* r!-r ..cr..:_r+C! e;., ,JJIF i-S:]t .:,1;L. :J.-ly

J] (Ot-+_r-x r,.,1L51 ,eL-i;^) dJLiJilJLJl L!J.-,4jL. .4IK3 r rJr.lrll jU J Al.11l

,lilJ:J-i

.i+il1 drt{,Jl ur.+ i+i:l .,-lilill it&Yl Y,l d,tjJslJul ;r.,Si o!L- ,-tI J (\),.I

rel -<ll3 e1i9._f. 3-.1,:r,ll. Lilr . -,;l.i:l .r3:- 6;1.' cJ-cU:ll 
'l;,-. J ;-23:,-a lxJ-rij

,t 
rr: J iJL ,;-r .,td! f -{ c.!J{-,S,-r-.,+dl o. ; rS &ljx ll 'rr. l eJJi p-rE-+_r

!4J\ <J .l si-:JJ$ c.ll;.S ;9316 6.:Lcl JXr fjX.r c,U3;jj,g3Jl ga ;'rS 
";..,G

6-1s-" rr iil.jll :J-rlIl eirll irlsi 4j'. e+ U. ol:sll L*'"JES ,:!x ilrii-l
.drljlJl

d...-El jLJl ,j* 6 --JS 6L-+s a:lljl Lk-+,=-,- O,.,idt",1rdl d$-l dlJr

:qHli i+I"ill sjt,''ll<r .i-Eli ^ll i-,LJl 
"rA cDAl,arlr", ll (ir.r;rtt)

4!tSt .,, . u",,{ ll 4jJj(il iS.Jl .. .rlEli at!

ory.com)F created with pdfFactory Pro trial version wvwv.odffact

3f

;Jlsllr;!"J!1 : i++lJLJl oljlJSrJ+el i-irJl di[ol;'Jl Li.l *:-l .+ 4!,
i-ilL A-., qlJ rl r " ^]jj dJ).cliJl oja r++ r ,! l elS r;l ,lt, i:-Si .iLJt-, ,iiJlillj) | c-.J

. e-..-d ;.Ui.tr. o!-i+5-r-F+lt e.l-x./ a-cuJl .rA cjir: C JVI ,r-,-3 ,a;^aYl

6t :+l-11+Jl 6r."5l .l



,',----^ 4-Jx gl r ii-l ri:::J!l Al.rlg eJi so c,-!:;i!-,,t{ ;+si,;a-.,jtll ils^l"i|

n--:i tx . uy,'F[jF,sl J ji.'. -.r-r,..,=t' Ls:.Jl dirjls; j+ii]l

. 4l*lr -+"lL(3.. 
.,i'll.rJ .illir .*,rrt- 1 

,-.,\1jl ,iJ:{ ai e S-: ;+.:s crL::' O-fii L'''i'

;p-13,e'1!5.1..,|:-r.Ef .a.,,cri \l ollJf d:'i,'it d''l-!Jx a'',L ot:,'sl-,1f-Jl 6rJi JiLl

.1airit.3,1Jl i-,cl r. ^ll c.,l$J.l LEll ;:LcYl a;i,,- -J L^ (6ljLL:3;3j r c)c.lill

: siJ.dJli*ilJl..Jl 6J.,"si.JA,-B'll Ltrll lglJill 
";:r+ 

dt-il .9

,ell: 9. *.1"i-9 ,aoY o . 6-.11 ,- ,=f qtli- Oi--,SYl C^ d',tj,'ElJLJl &1!;: (1 )

dJtL L^ls ,.1*; l:,s!t .:.,r4Lr Lri L.S r;r$l d 11ry >slt * aqJl (Y)

.c.,LisJ_2$l a,i. 3aJSl c)DLJI

.;;Jl r;1ll 1,'s5KJ. jDi dr;r.s)l # (r)

L"j-Jr ,;r-:J!, 'olgalJtJl3 ' 
drYJ..sll ,a ':u,ol2Ul ;.lJi ellJi ({)

Yt 02
------+CH4Y'3-+ CI{3oII Ylo, 

Y" 03

015# dir",J,.s

HCIIO

qlnJL-.1ei

II.COOH

al;.;$,.r"L

,+:J+++si el, t$r e+t ,UJt crugl-.l\ll3 nr.,r:-Fll L!'i)'Jl u-s3 &t+ L;Llo (o)

,.Jd't;.FJLu.- c.',t:

.r-i d.s dlrsr &l+.lt :--,r+ d LFliill 6.)]i c''l#l-!lJ'"iliJl ''l-s!l a" !]i
u"J:ll

.1::sLill r;'Si cr-ti &'irL!+11 i"". lSi ir" ..:-''fjti' ''!'sYl ; a''r: : (V)

,!3,s-)l !+p .:.,r; ,iul +li:I ;JlJs' Li'isi iJsll jJJ'ill r:lr''l 6t r'r"'(rrir aA4 (A)

.&lnlt iEjE1ij;'l.Ji l.(jl us

Clslr .+ u*\t6 ^ll e+rFll isr31 J. 'rlrc! d!

mPDF created with pdfFactory Pro trial vers cto

>o



6Liril 
'Ull 

'o 
' 
dS .z\,

: ,i},9$:. 4j. i6,.:iijrEilrr+-r 6' ij.-1u'tt ,i 'i-EuJ 4tJ1'; ou;il-,Ul ;-r$ e+

, {ij,pl;- i]5i"1, e-.- t{-,,1 l-S ,; EISIJ"-cJ:eE ilr:l os iS rn- il 4+{-,i-iJl

,J &Cl + ,:K &lE-r r5all :,:Li.'i. 1-)U1 i;:ls uf iJLill c.,!-jiJl il^^3 .U:ljijl

. 3r*P!l r,;-eIS dJti3

5y i;!l rr+J q+ a$l -'JlS rb ;jE!l''aiJi,l,ll i.,S,j. .1S+ ;-2;jSJl a;L' is,
Le t i,i rjs cj.,j -,,-rK ,"F-i J) -r-rKl qrj. 'a<;'i i;\tl ora .---''.,i jJ 

'e5-iill
. j-J; &t6 d',- -lt

,.s,,J -.,-rK 6;": C- &U,-,.9!l , CH3CIclli;'J! ,JJA Yri A:Si Or::.ff ;:A .o-r

J i-'l+ll ,=f d ' CH Cl:r.,y-r ,A'Jt ,J-l,*: 6rll ' CH2CI2g,/!JI +:A e+:
d-,-, r+ ,:Xil, .;Jjl3l LJeln qi aSJ G \:* dl:a CCI4. A-lFl +-,:]S 4+l-r

'" ).,,S (:JL-S ,t r{...1.r )!S.lt A-,:tJ o$:i" ,,J,:sl d"J+ ,a-cuJl j 6J}Sl1 dJll"e

'clPl-''Ul t'r^

dllJj .Jt.ij. fJ &tnl &d q;! ,rrlSt, clg;S:-,r*ll LJli- it .'r1. 1 .rs;ait - eJto

. JLnjl :-r\ d &Gill lra elC d+ ftnaYl fjA

or:il_j-rJl aj;jj ..r

4i,-)l,-,;.:,r<1 Lib il 1Yo lb (J.rs l;lojr-. dJltJ.ljrJjrilL pL":a)l rJtS *,.U1 ,i
ajJx alL d .qJUt iltill j;:+lJi+ll c.,1.:j,;Sj116J.l sJ,ilJl iiFt+ t^ +;J
drL:S'). .Jc ,c.1- %vI ;..,."i., z;l5 ,)c J, -ll j 4ILJ ajlJl lss ..,fi3.'ll ,;slrtl. .. J a5 YJ - . {: u 'J I _

-F$r-.lr+ +J* cr.,tS fu-,;ill o!I". Lri .1;c .JJ+l .;i&i crt SlJ ,;]if +Ui
,i,F:j{ Jl (a:tsl (Ji 1\': ',"t11 q!-)+:ll Li-.u i}" ; Y5 e'!x d-n:; ,q+.5!! of
6=+i+ drli<:l" 1r.6.;qf: :.c.-l+6 UJS.L;-9).e ,"+.ul .1. tS -,,i glri!,rfi!-L3

- t . . 'oJl L-i sJ 4:jtJl UlJl'; &U6ll rl-.;-. 1; elJr -J. ,,,ti:11 OS.i rir .r qill

ellslt l.t- ' 
(J,..6 lt 4,,iJJsJyt is-!31 u. .rlrDl+ tt!

)F created with pdfFactory Pro trial version www.odffactorv.com

I

I



-:llCH3CIIiNOi AI-iJ-r-Fr: CH:NOz uLjg3-ir el+slJLrJiJl *i .r"o. .

c,$.!f_l++ di I\ri, i

c,$il.;!.ll 6.rJsJiL .-r

.r-9---:-: c5r JEJr,iLiJl +-r:K C. ,i ,rrKI, d+J$ll +t."si ;1:6- oQsl.1ul glcLs

,...--JrJr e .; )rrs drl&s J.',j ri]Jl +-rA cJsI etii) 6J+.ll 6jt-ill i:cL :1.:r" ,i or*:tt

Reed Reaction' {.r &1n &t;ll lrA

RH+ SOr + CIz

<lpl;t+ sjj(ll ++rsi eiLl JJS

cuh:-:--> RSOTCI

#JiLJl lr.';Js

HCI

O+lJJ+dll +JJS

+

6l:1.:lj ,-.p Uj- es6-r:ls .iIJl d-Dlclii .ji -r; i:;ill3 6)13l diLclii cE r
*. f-Fr iU.Jr ,!t (J1" qllr& i+ &tiill liA 01 l'J}'j ,J-" riul U-eJs

. t4.c ge..fll al*J-Jl .,s rn d! ; 'A lJtc ;i Ls ,o4rtrgl .r-f;Si-l+sX

e *-:rU &till eA :\i.n,3. . jJf e--.!--4{ cr.;1Lll 'JrJ .,,'..,11 6} till alr:3-ti

+lfilr .!u4il! :!Sl a-.,Js &ln &^r ';-,1jlSj'd-Jl l-lctn :l:i '4aJ;l! +rrll

,',JJ',Sll r,,Sj GjL: ll \rr '..LJ .ii!l '.Jl> i 6J JSJFIJI &1i1 ..sJ-;JJ,lSll &t6
%.Y, - \. 6r!j

&l; r+ ,tl Js+ lx .r+.H*:i:{ Crl:-L ,tl:.,J ,; 'rls-'ilJl &til i+ {ri afu

.:r!S_r-r OEy-ljlil & ir-;5a-i1lj1.ii dix-l-, e q^ll rJ=. J -r;c s3 
-oJiS oiUl

. 4J3.-t'll c:.rl ''J. ,<JJ,.'J|J JjYl

. . !e,iJ$'e+ crS-, ,-ou lj 16lj:ll 6J JSritJl crL,Sf &F 41^ ns-J Y 4iIJl e=$ ,,.,-

. tj.,":+ &E:11 cs_n:

ClKlr .:+ , t'.re -tt L r-;S1)l L(,.:ll U. ".:lrel-, rt!

rDF created with pdfFactory Pro trial version www.odffactorv.com

3e



dr-l=:ri- lJqj-r![ aI- ot-r .F:rJ-+"-i.€+{ !;-,Gl.. l &lilrlJli]l ;-r-rlsA &ti3 r+

.i.,:-.e.-.;$ll,! j$f !,1--;/.,.tu;li!'i.lll$li+":irJi

Meib'6lildsl'i:{-r-.6;;tlrrl5rilJl &tn LF i+itll &rilJl 4;v'ls ou"slj-.

RSO3 Nri. i,:. 4- I tpU;:oU-Eu *t' .Jr.-.tt adjlSll l:#. 1+ lc tli ^1 *-r

rru;il.,1t1ll ;J."si Jil* .J

a--lctL d,!.-- ,Js .5lll ., Blatz;i\ fJl aL-l3,, d,t,JilJLJl ;:..Si ,iI- '''i *<1

&j;'i;j;tll eljuJlr ri*:ll : q=. -r ,,r d,tiJllr d+J$ll +^,Si .,j13 C- cuJlJLJl

s-r 4XLJI .:.,L.i9!l,1LJl ;r^,Si JiL r+ ..ib3rul .-:^ ,rL Lljj-i.-ll 61 \J '<J!l

t lq 
;:_J .61 ,i'.<3!1'3i UL A.'"ii 3i 'li,,.it,t1 6ri a-,i!l tlsi-L 4rrtJl LirJ-Lll

. +,:. -xFl :1 ..1..,11 6le en e\ €:1;l ,ll LLc

R}I + SO: * YzOt

O*rJ+ r:i'liasJl +,..si siE C9a*si

, ro > RSOrH

cliiLJl uE 15

,r--lc J "-,:-ll A-,,.jtSJl lryJl aL*lJ{ c.,!Allt-'lJ ''rrr ailJl , ,--r^ ,i*d C+

RSO3 Na. .+-rj +ri,-.:t'u''

:6.-a crtr4t-,<;-{l M:grn t56Eill +/-r:.,srll Lt}-Al dslJl e+

O. 6L;i IJL .,le ;rJi .ilJl3 ,a-.,1-5J(3ilJl 61iLc d+"., ; ,crJ"Jl l.J-r>Jl &:.+

4j.,.-rr ,',-ill l.:61 Kon4ecke dl;i-6.j$l J|JI i.ii .:ii ,g-.pl g[> .+j ets

. 4fit i L.tic l'u cJ+ c#: d-' .ri+

d,-..=LJl Lnllj 4! O1-. -t: ;pl:! a-.r-iSriL 1+t C-^-j (t ') Cil ,Js.ill

iil,.. , c "Jl

C!S' .r.r-, -.,:€-ll fuJj3yl iSJl *ortlcL.l!

F created with pdfFactory Pro trial version wrlrrw. odffactory.com

^?q -



10 fr' #-5

ur.r.ll iJJll JL.,tt fia
ar.

,,l3l

CE3'CH2'CII2CH3

dbs;r

orr.9 f-l I

rFL
ir4 di Lt cF

CH:

I

CII3'CE-CH3

B ,. n*,d.*

,, ,..*dr tr, kn'

ou1ilJl+ll ;yji ..r

Ofi-;,11JJEll .r{ r;rUl gEJl-e6rlJl ,E3r,.Jl ;;r-.1i L6irl ^'1 'l 3i e^a;lJl "ra (t)

: dj'',fl -fc JE],.JJEVIJ

tvit
_-.----->

CH3CH2CII2CII2CII3

i'jEl+

'-i,:Att$stl
cIr3

I

CII:-CH'CHz-CH:

OEr+riJl

.!.yJ

-}

,.K$l .r+LJ'ii.:;rlx d..;,a (cjur+3;r'!t) 1;aJt ..1t:3a+I ol '-ir/l (Y)

i-l i:. r*,Jl<Jrjpll s!'l "*-r+-ull: 
ou-*-r-,,)lilsi .Alkylation

ell5lr :+' .r"e ll 't+;FYt iSJl u,. 'rlEl+ iU

2DF created with pdfFactory Pro trial verston www

1 o



rrsrs,J..,ill oCrjtJl J]:,-jra:r oE_r+._r-rfl (fi Jl 4il:)1+ lrn r .. 'o+lSr!t

,i-,r-.=.-k-4i.tB,;i!lui.;ss.-.-rlta;-r:rYolatility+-*e-t&lJl+"Il
c.,tl151ll.ry-es.-.J;+,s.tf r :=l... tC- :jl+ll 6UrS.. u" .r+:,eI* "[l$:i

.;$l aF " E .ry:31 6lJi erl! 6upl-.,$;;*;!t i',L' '''l -: l llF,crl-.,ft-ul-i

.,IC ,r:lJl gEiJl ;_y-1i ,jS+ ,rlli< .a;:r- oi,rSri p.1 el :e.9 e14 OF*"

!tL" g,,;.I,iJFl ,jS"J.e.:.llj ,1.,;-.,;3-.,1,.,,,!1 etrl ,J iJrlt irL.ll :a 6.Jl 1,11i:,j;a)l

.rrlJl,)l

J.,i,.; $r ,AICI3 #1r:[11 c-*-.9Jfot 'l:rK dE jti- i]j!l ,.',f ,J-.+ (f)

sr;JFj!l'aiL; .s-,:i-r .,d ll +-,r:lS ;U -ri e-*+rIrl .*.-r;l] &.e;i c.',l;Li

Y. - ,ro ij:i-r";JJ.. (.3l+Jr l\ri r r.[LJl illJl ,=f-r .+-,rtr+]l 3i ifU.Jt i-tUtt

f ,1,1,r ili,U C-rlJC 6-.,11;-= 6L1 'sjlJ*Il ,'IJl L/ d.'lJ L.,; ,,."o ' Pt
cll 'i;,ii-i.'_L. l-1 "1-- aj *ii :l Jl , ":lJl ,',.r S. ,:Jl ,', & L-o o .,oY. .

\5.tJY.-J\

dlis,LrJ+ll..Lii-:"lf .".lri L: ' 
"Jt^,i-l 

t*. q;--,1!t 4:I@ .;l.i -,,sfi Oy:S

aLJ-, d gry;ill ol-.1i'r:c .:!:jL :lr;e *-,slt ;! I +"sll aJcti: CL+ e$l
."-- sll ,.,-i a,tur<,",.,.'Jrfr.-r.J -. .. 

='J.

€tlejrJYl O" +U ll3" . 3

*,4:,ll ;-t-l3a,lrill eljs orsx l6t<lr .s.'+ll jul ,i -uiitt ; d,l+iJll ,rr3 )
C+tj c.,t+Lc s' ." 

'JS 
o!"s1 otiiel3ll ebl r+r . L;tll dJl;,Uil dJlll

l" e . l]r' ^- 6LJJI ora 'r;3 ...15-e-r.q'+11: OrFl i""s- l tU ,^ oLig-lS3 +<ll

G \F)^ kln'l 4+Jt i+:ij. l+l-u U eX., .r. i-:Bl .:LJiJll d',qlljrl

. irlcl i. '"d itJ--, cr!J-:'SS.lsi-)l

.=S di-l ,'.'J .l+ll ,'"jjSll ,;$!l ,6.1+Cl :ol41Jr!J a-<+ a."r_,r cJ-cls:;rq ellia

:-,--.,j$l: c.,!S_/lr 4J ;gill .:;-S!13 d,Y *sll rr" {"{- iiJl}i &lJrL J< ,',Jsj

.dJ}:ly+ll:l

Ctlslt .'+ , ,_u 
\r€ .lt ,4jr6l!t as,.il .r. "rlEtr iti

F created with pdfFactory Pro trial versjon wrtrru.pdffactory,com

- 4 r-

I



, 
-CzE! 

olr 44+1.i

6-+,J-r.il tF.:,1).d3r'a:c. d_j+J.1'+[,.=l€ iL-l,a uLI J,:ur)lerJ (1)

:Jkll d l-J f ;-.,++tr :sLc-i -lli-:rj-. -e,,J ncl$)l ; + i!-,1:+ cj-v$)l

.c-rlj.,l-l iJ+ri iislJl

g.ll ,-6JJ-1.:ql+.JgJl 4-.t.. 
"t' 

O.l-,"" )l C. k# er-r :iXLJi ilt-.Jt sf O+l$)l eliA

jeli,J ej$rJ eilll J" qlJl ,!',, ii 4tXll r .ti]l d .;-j-$ -r-.11J" &til i a^'i'J

CllI+ +

,lJl+;]

: ;Yl &till l;,u r:.k3

H2SOa -------; CzIIs HSO+ + t42Kg / mole

SjirJi:'I U.e.la 41;+S.1l#1 trl511rS Lll.il

CTH3HSOa + II2SO+ 
------| 

Crllg OSOo C2II5 +93Kg/ mole

6++r,l*dl !lti.-# ,J+il] cLi,,. ^.S cF.b cl+iiYl sJULTE+\S

CrlL OSO: CrHg + H2O

rJ&..1t ;Lj3,rt1,5 *h
6.crnson + ll*utsot

glil ,JJ.s clr!- ^IS cfb

,+rul ;JlJ+ll 4+Jr d ,.1cljjll ,.+-r ,jU.S &tiill hA i 
-dL:"J,'Sll 

,-'L.' J'+

6>-cJill u-Li.Yl &ti: i+ "4J''rJfsll 1.tr41- i OJtuJl u-t'-i"l I;Jl q;j

. d1tr)i.i:5:J jl3t '".r--r JJ 6.',l3ril1 6-r-r- .,{+r .&tnll

eqE,}( Oe.J ,iJi \,Y oJl3+ %1o $j +l+-,,;asll "r:'L ' de &U:11 ,=t'

o--s u-L^i"Yl tFj ar$ ic1l. ^ll ,i ..:t-cl- 4+-ri'+ &tilX riNl <'''!iJl3 i"41L

Jllj irti+ .,,j+ll !i.-bll g3S5 ,i.cL- 1,o - I Jl3' 5- cln.,J,S'u'-"t.98%

. :! Y' :.,c' Li':lL Li1-J'":-r &BI -!

tr,a u-L-i.Yl efi-i .dkll +' i+ Qi-e ,rr,-Li)l Gl &tijll gr a,;L:I al;Jl

, ,i,: l;lilltglJ lil drtJ o-fJ &till ixj-9 'r'\ ! ' - 1 ; d d-4 ,,'l'i ;-21;n' ,r')

:r 6;il o-i ,=+'g:tj r.J-:i r,.t:!-l , i.,!$l- I 6: ,r: 'J+t6. r l" JJI ilrl'- ,+ 'q['

ctsJ "+' (-t,'16 'tl iJjJFYl is+!l ; rrhaL .t!
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el, 4X rt i,r+: eri:^.; cJ.-Sr 5;t, .,ur 6Tyo ;]iJ'J-rs; *Yl g; uJat

-f.,Jr.--ff i L'orLc .'-23l:.-lgj:-Oj$j # eJJ.1,J cr "UJ'.,+^ Ui . *Uiltt

{-:l' d "-Jl r+t dlJ.Jl *L,.,,,. )l .JJ-sl 1^i .ailJl ,.ra ,ri %1o iS-i ,rL-. l ,JJJ

. +ji,I e+ <r,_;>.;i ,,+fii i.t -t,

o:^L-= e- c]....-t-Xt o-s a;iill-9EtJ c;.'+ ,rr3 :,iCiJ)U ilLJl ;J+dl (Y)

,l r:.'i..,\.ri-4JUl oi-a.:.,;J;S-:..J-r-tl-)l !fikt",iilJ! 4+-i,tll ,J.jlt,;Fl
J---Jl d!-r-r1'-.."Ct c.r.L $ 6J,,iLJl '.J+dJ ;Li ,3,..-i .dlrlil),l ;#LJl';j+dl

f.i+ !i 1 t<rl . ;.r1i ,rJc

a.,; A.',t',6.,,-i3 .e,U1 +-l os l-la." l-23:6;!:Jl-r -ti;llJ :lcl'iiJl rl3Jl ',' t '.''lj

c-,Al ..,V-.,1 Clr=OJ,tJl Jl eLJl i-,*iO:S:,i,:"tiY' - lAu".)6O."jd

Jr-<ll it-il ,i'orLc. ,'rqsi z.jli e+J .t i .Sl, ..+$l-l -x-)t ,-r" :.1',!: 4+J dlll' \l - 
,rr,

t':1 ,.. ,.f4ll3;,;8. )l .p !r'tr ;';.; U + +",:t "ra ; .ri,1,- )l JJ.Sll C+l
g)clnll rl3J CLJI i+ F .&.Eai+t 6ri &-- jG- .lt ,r.l- &LL J Lr\rll ha

&t! iL-l.lr., JljLJI d.-sl .1'. ;ef,,:.,)t 6ljti. qr!,+ illil to+ p L) ,gll,rJl c).:uJ. !
ari-,i.,lt-i:,.: 'tl! e- d,ljl-1l e-!.: iJ ,J,+iill r-, Jle)l g: 6:; cll: .:'q ,grjLe

js-i J-rl:.,,l 
"|-l' 

J.^-.x,tll j Jril-:.,)l JrL c- JJi.ili ytiill * i ,diti)I
. ( t I ) dJl ,Js-,ll os e;y $ L.s Tol o

ell$t .r+ , d'i lt i*ri<Iyt iS,^ill ;r r.rlrc! pl!
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\ t esJl ,ts.ill

Oil-.&YliF fu:tJ)t6U:!

\./\o/ 
ort4.. .!.! +t{i..*'

6J*it-ll ;$!l !f-' c,.+,:i Oi .+ .r*- LJL.,S'oi- a-t:,;t ,5Si 
C-',.:. 

t (1)

dlJ.+ t1^r llc JUI ,J ic,LJl +,si etl{ }+.\10. lLc' +Lt- dCir)l

is_).!l -o r-'r ll 61,)rtl ,J o-. LnJ ?\%fY ,"rir= t.(+ ,]t-,ti t t . t,1,. t

d 65lr ;rtr *L dl.]jt il '+Jri r]J.,:''.. .Yt ': '<i ell) 4:Jsll 4ilJtll 'r'': (Y)

Jl+i.),l d,.!i af-,r. - )f. s! l-./ii, .i-31 jti- c3y OJIiril 6J,iu ;.,-si l*A r.l &tjrtt

:,r3!tS glcli]ll C,.: -,rt+l)l .t3:= 6,1L. a:r-Si ar U.lr.l

CHr = CHt+ %Ot -------+ QHr - CHz + 133'9CHr lil/mole

\/
O+!L-J 6;1-,Si O

,.'.&irYl r-,Siv., .7

;:a &iiill -,p.3s;:lcl e+ 4!: rs)cbrll !.i.,',,1 '.ilil 6J1J,-I i-llrl lLJl ..A ,/ a+

6ti..,) ;r--e ail:l iLill rr.r. l:ir.jSill ,i- *.L ''l; i:Jill 6L:'li ^ll ','lti .c,l:*

CttSt .+ : ,-"..e "lt <+-rFYl iS,Jl .-r o.rhel, aL!

r:r u L-l

CH2 
- 

CH2
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Js.ill ,4 eay I L"s OJiJI +xi i-u.- J.l Ethylene glycol ggl,':J)l Jrs:il+

.1r t) t'Jr

r Y esJll &ill

ir-I&Jl&5$+r g.&, - )l ,: <i 6uil

*t---

.-.,1-rl f+ -iL i.r+xi3 o/o7o 3s; A*l,iJYl Sa L.,[ r ;,LIi- )l ,: <i o-ti,- i ,,. 1f ;

,-U. f - \ ,Jl q- ,Jl &ti:ll u..' J--j .,...,-..L!l $'L &tL; A.-i.ll jU- ,-5Jp

:f ,i.:;ff ef-i .rf* gi-$f u,-L'.;n l S r+ .e'l . .-, . . ,J,- ;11 Jl3 ,gltS-.-

';J'.ll crJi-tlt &ti:ll -,8

Lsc t;ri--%vA ;t r,v,Cr" OJi.J|',-.-}s-F l|j |il 'lrdu ii,.,j,i.,.il LJlr ,++r

.,jjli:)-].JLnjl rJs D. rL; .p'^,SYl :3.:3 .a"{ 1i ,rJl ,lo t . 6;.,;l;Jl ";.ii;

dr,If"J %1o ,1. -bL+ O,JnJl ,+t,Si etj,ll + Halcon sjSlla i,,clr, ^ll 4JJl d (f )

flsi-L dJ-ti,.. )l r',,S. I elli) Shell cJ." (r e:6 .cr+:-.ir s6+llr ,,'*:Ji %V 4-
4t-l3, aL,3i. 'a,.-zi o/o\ uA '"rLo ;U..tt) ;e;.Si %A C- OJn- I %l . ,i- Lrlr

irr--.:ir -ri..1t ts''lu tiA r.Ii:-{ .(L:ylfut 6U+= *l':.t-"-Jl ,":-JCl: r-s-r^Jl

.lX.L" Q+ 1$ylt a:! sillr (d',ltjtIl-ijjr!,6rt.cl &.'! clll-r ,ir+t"S!l ;L,:. i:;i",I

ClSlt "+ : cr,,e ll 1r:-S$l iS.Jt rr. orl&1, it!
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r&:.-cill,LtrJl Li ., +i.irtt ir=., .2:*i11, k* drr* rlj6Jl ,rJo r.:n ,-31 i.c,tt, ll

. oll/l:l+r!,'-r3i+..&Ss! I 
-Elc

",lii.Si J[+,]l,t,,.Jl dJSJ)-,ftDSr1jn3 grUii-ti.- ai: ;,L:,.-)l r.Jr!). (")

:;)lS elJl +J U$-9 ,63;Jl -tiJl ,',-. loV. ;-,rl-,r- i+.,1.: ,''-'r oLJl ,i irl;byl

CH2- CH2 + HzO ---------TOHCHTCHTOH

eL 61l+l'r., Jt JJs#+

,''.,L.trYt r,,,Si

+ HzO ---------IHOCHTCHTOCIITCH2OH

*U i,J!1J..)l JJsrA 6tLtJ

o

2 CHr- ClIr
\o/

,'riri.rYl i,!.,Si

o.1-t3 g:Li ir. ttrE- e*l S-r.!r a. cr$)f +]si &l.i:J:,--rli;.Y-/n)l (r)

;tts iE )riu,l (J])ir

"T-'r + I{I{3 --------+ NHzCH:CHzOH

l+i3.l 6;.!+l!l ulbi

O$n-, )t q.,.si

HO CHtC}I:

CR + N}Ij,ru

o

,,

o HOCHeCI{r

O.rJlL"l ,llj.i

3 ClIr- CHz

'o'
+

HOC}IlCHz\
Nlt?--------+ HOCII2CHT )/

HOCH,CII,,

O*.YJ.,11',1 ,rilJ

-N

*Kl .o , rP''{ 'll irjrJ:slYl is"ill g" '':l':cte ;L!
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o+JslJ-+$iullr, gt{-Ddl t*-,,S'",u: u-l^-i^l d rry c,1.:r')jiL3.,)l cJ'+

:'ola!:,I j a;9UJl',5 ;t' i Cl ioL:'.- .rs t-6-lsi."1 -l' ;r)-

O.'9. ,)t !+S.'e

,=t' .61-r ,lr. ;rj.Jl iEUl J) Jlsll i-iL:l-, + -t-rlsJl-r oJ.,:.,.. )t uc., ,fru.ll &tixl (t )

.j$.,,)t ui .+ ,a't . . .3J '"-rl:' .j* :ir+:J+&i! jls."-! 
.1 i$1 ,3i; L,,11-11 6JlJ'11

.+-.r:ls ,-):+ Jl .Jr-i t : o iIj+ o++ -.,d$l C-

CH2 = glq

,'u$.rl

A
cb 

-)
CHr = CHCI+HCI

,:r;jrlS j.lre

+

*ls

Ethylene ) EDC dE.:.,-. )l +-rls o,r-i *Ln ,irL:)t', d'!,:.,.. Jl ; ,-.lls l-i

.sirF +rr. $-r,Dichloride

cHr = cHr + Cl2 -------) cl - cII2 - cHr - Cl

Or!.,1',- l JJS 4$!!t r^ps oJui
(EDC)

.+L .:_r-. -r gf-, ,il3tJl iltJl 'os;J- 6+-l si.-liij-a 6Jl> ,=t' f+ &lnll lr4 (Y)

+?J' r"j rJ+ il.l€ .1i11 dq$ C- + <rS-, .'"Jl +'rjJ. t,,r &lnll .&Li

+-.rJ< & ol-.!iJl c,l+-13JS t\I i .toYo 6r..,;iSri ;-2t.-,;s'tt lLii-2l 4iJ &t-aiil

eL.)t, pi +L.--r,Jl$-Yl+ Llctiill &3s C4 &ti:Jl -2uJ FeCl3 elyJl

'=4!+i!;t!> c/

AllJl # &lnll 'lf. ! uJL,X. " )l UrlS itX g;t+Xl etijll r+ icltll ,J (r)

ri AlCl3 rr:-J)l +-rA,.hiit., q#r+l &u. os -,r-!sl:;;r,,:,)t 6;, a;-ltJt

Jl .J+.j!..f i'! 9 a'+ L 6-rl-F 6-.11 Jl i--lr .ruJ FeCl3 4+:Jl +-.,Js

"J-ti.,.. 
)r + ,-:ls ;r-: j; + F ,-dr !i;'.,! &GXl r+r ,6-r+! ; ,'t ro

.""Af ,V ,',lJi L.;r: arij iJ.^-+ 4Jc J.--ll ;j+ll J'tti:]. f+I'

a-ttst .)ri- : c-"'ir ll !-iF)l is-ill .r- .rlEli aL!
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t_r,rK-'.. 1]#-, +=f. t eb) *!+,-r irLrSj r, ,!i.rS EDC dJ,,l,L,- Jl {-.:A ;E , '1 ,,,

i-rl> ,.t' +FJl.11=11{!-.,-,-."1j= _qt--+ dlir ,Vinyl Chloride Monomer VCM

: j)tSVCM Li:9 u+:-r+a +-.,A ,gjr riiJ r"1 . .

Cl CHr- CHCI
EDC

Cl3 C- CII2CI

oh| r.;$ gt.;

.iplJl

L---f CH: C =CHCI+HCI
- l1\I . lz )ltl

, \Llttl , t .tr t QA (JJu

= CH-CI+HCla) CIII
vcM

J{$J*a,jl+ir. -It lr-'13S s.tt$ t;';jls rJgii! &*sl}l rr;ds

,.-j-5.-)l q)elS,$E-Y rr r\,'r ,S,JliL:)tr ,,lSll ,.*.r., 1-9lS jg;s .1.l3-&k9
*-rA crrL l].',iJj ,gE,)l {_r-rK u*Li ,1 rgEr)l:*-.r!S 6:l-2 O:! .s>i ;,r;E_r

.1, \tt. uL+/ r

-.:., '!S CJti L:'jS- .r.-.. _l'1.:l +_l:K ql-l+ ,rJ C'I . . 6Jl> ,=J .18,)l r5-/S 6f_1

,J: . c*)-tt ,-!1+ll ' :JLtrll ol;t"c. os I 
\ri ' ^ll . dJ )'ll r *-cl-rJl , 

, 'Jill uLJ,:.,. Jl

d ,q)l :.,; JS gl; L,r" cr+rJ+Cl qr JS 4tlj rr!-x)l r:r.,3; s.: 4Syi

BaCl2.6-r:-,,1+ll +-rA ilsi-l-, dllrr ,,"\"' ' 'o;l;

Oi ie-- .,-i ,J.-IS drlJi ,i- J] ets- ,4L3.- - )l .p rr&,. )r .I uJS Ji :.:-i
4-ijJtll,l r5 .J LL:+ .jilJJ,-t6i )A'.:.,t_! 6li.J,! eE.J aJ.r.,-.. .}l u. oJ}:si

. i-c't. ll j 6F.!l

aS n;-Jl c.,l;IJtr iclt.^ll ; VCM ;g.:-:,i: VCM +t:lS c!+ ) er (L)

( I f ) 
"s 

Il ,ts,j,ll ,) 7-.2 ez qa L^S r,'r.l-,i-)l'" )-,i,LJl -U JglJ ,;-23JS -Jr!U\ / I J \_ J J e.. r1

*Kt .\+ , d,'r6 'll i 
'i" 
rJislyl is-ilt i.r' "rb'! tt!
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I r CJll ,Js..ill

VCMr-.ds Ll*i r"JiJrsEDC ixlii'rl l]Jrs slui er.,4.

r--=
I
_ti -

CHr=611-"r:CH2 O!ij$:Jl' I

ii-3 ,.=.err. ll .tlL-ll u+jl LJJSI1 93 ,CF it+-rl r+ u--rEJ# . Y r\ c-rS;'

;rft".. )l ..,^ .;;J:;r,!! +c[*- .UEJ#I ,i 3,ti',.;t 6^ ,i !"jt 1L'SI u"" L'l 4';tl;

.1p-e-2r-gJl tj +I.. le-rt: i ..,,-$-ti-:+ J i.iJ''-"- )l 6J+ * ''':- l;':L-i!l JI<YI !5"

,:.:.-6jj.rtj-3;=rll *]- J-*--X AE:dl o" it=-. -l-r+<11 t} f+ -ri

2 CH2 = 911,

,.'drlrt -H:
CIt CII2 CH= Hr 

-----;CH2=SH-CH=CHz
s+l! (rCi&* o#$'Jri

-H2 (n-butylene) (Bot.di"r,")

butane) q++! OEJI dr+JJ+ tJ(n-

Jts]t j--' , *.+J, G, ;slYl As,3l ii !rl&L aE

oCHrCHzClIr
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ixt..lj Cl L* ui+rJ+sll:"jiill illjYL ietr ^ll ,i O::.JiJaJl Hloi ,& J ..:-ll +
il"-,lf -:i ,

.=lc. "..l=lr;l-r- d 6j: !U'lt .u3 r q-bq{4ge,ratl.. l.1E;;rl .1. i,,J-.. jJ+#l e-r.

( \ t ) fsJl ,JS-,ll ,=s C.-:. 9 L"S a-[L ,i a:,5 c.U,t"

! t eJll ds.iJl

OtjJ#ll .F 4;1J:3sill 6tj{

t

; ,:,lf"ril-3.,1Y1 4. i4:U .rljr. 3

,J.+ +J$t liL-, af-,:. !l aurJislrl .:.',L,i cic

Oi+l+ J'+i L*,il.^iJl J+ 6L,s. jFllr,a-ii.ll &L,<!l '* Js...,^L:-+

lJ"*.13, .:$iljJl g!- &lixLs-!J .

. i;t.:' .i-t-,rl c.,- c.,U.ril. 
" rlt

Cltslt 
j+ . Ls\ti .ll iJrjjs]ltl liJl o. .rl-,c! rt!
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j)rs iilJl eli'O-:. cj-i+ J,) +-,!l i-r-si ,q :g5;Jl

CeIIr + YtO2 ----l CrlIrOH

#j1 Oi+,..si dJ#

, WQ.3.9$r!1 +^-lir rr\;r/QJisrL-:1,ill j,.Ki &.1ljti-;l-,s!l d eJij+

-ti-,:,', -i r3-0-Q.4-00,"iJ1;,' !+ &liIl p+-r...*)J3MoO3 1-*.J-:Jl +'si-r

,+1-i..- iJ-ai d u+l &l;ll 11A. Od+,^"s!l ji ol-5$1 al 'l 't e. ,;11 Y I '-\ o '. C'3r;lA

irx! cttr r+: ,+:,oi ;Klt ,-;,.:t ,tut +.,1+r,i' a:sl .rj$l a3L e:i dj>l-ctn aSr

: ;VlS JYI .,l= ,jil"3 dJljt"r ,4irL$l 6J'tl1 arii L,. s+r,olrdq crll

o
il

-CI.*{4CO2+48202 * 9O2 --------+
2

CH,

t"
,ir 'r! ,'..- . ,<[ CH2'C

*lsr ,+, ,_-.:. 11 ir.rsj)l isSl _* orr.:cl,,t!

€,1+t rJYl;,+! .i,

ll

o
eLrulqJ+#l

l'f A. 6JIJA,l e-9,"+lFl-9 ,...;*:Ll,iJl 
q."15i clrii-tr &LL d &UXl ha ,lJ'{ fi

. 11 o) p-/t ,tsll ,J dri+" rA L^S o/o v '-t,o Jl dUl JL'Jl.,'-''t L: :' '''':,
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r o eJl ds,il

ul*JJW .tr^J+#i 6U:! gla.

lijjill6JJs .?

6rJl . iL-lj,':6 e+r ,i,!-9.!l 4;irJl ol-rS-.,1- J" cr;+ 3;jjS ,-9:Ui i- 1t;

.-! rJSll ,) f s-zr riSji r.r-:; JJjS dE,rr L"i .; ;*" 6lJl". Ji :.Lil^
\: JJ I:J I '

&tal! c.rj*! , r-', -jlly r;-.,yJsl1 i;l;q irlj rc cllir ,lJt a;jll ,i ;ri 4"1-ett

CI,
.rs

CI1

.!'t!

CI Oili JIls q-i{CJi

irJl r.rrs sJUf t.rq

Oriir.cr#qd

eflS, .'+, -*'t€ "l' L. j3il isJl -- o:l.rL:L!

rDF created with pdfFactory Pro trial version www.odffactorv.com

") -z- ^



&lnl dr$ (r)

6 i-e L: , ^l!

_.2r.-il1 ,J$l ,rrjr,"rful ,--j1+Jis jliJl &lJl

el_Jl u+!-r,4.,1-ti'e1:=llr$a)l &ti3,.'s cr;r+ -rt-rK SLi .r %L' 6tll ,'+:

I'lr_1'a# .1..i ",i;+ 
i-.r$ qrL! u+iJll rts:-Yl .q-r-.-r,rA.,,$r.t o:s+

. Lr-,r+ j 4il: cr--x-:-.r$ J31ll a-!,.-..6;.e;!t eLlsi,.)lr,Oil.,LJlr JrjJili

,&+r e

rJjsll u,:-i ,1 rJ , Raschig Processeslt o+-,1 !.t-l-l+ 6rL; r.J-r+ilt ebJ r+

L-AA jLjl ,rtll +-,:lS c3j:,ol:#l-r d!-,rK:-*ell .p.L3 
"p;'i!l 

dr clJ+

) \ 1) frJll ,j*tl os e-r I Ll Jliill il"-l-s cJ_.1e"ll Jl .r_.,+ rJ..,J<ll Jti

+-iljl rFa &i$Jl Cl$! r 1 iE31
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Pyrolysis
Gas

650-850"C

Effirlent from steam cracking furance with temp.800oC contains a lot of active

uDsaturatod compounds ,thus cooling Process(quenching)must carried out for the

following:

l-The gums and polymeric compounds which forms as result of side reaction must

be excluded.

2- Recovery of therrnal energy as steam

Coolins stases: (-

Cooling is carried out in 2-3 stages according to feed as follows:

l-Quenching(rapid and immediate) and production of high pressure steam'

2. Pimary fractionation:for product of thermal cracki:rg in case of feed stock and

separation of fueI oil.

Pyrolysis gas

400 oC v
----..->

Ct
Gas
500c

C

Steam

Quench cooler
Fule oil

Prefractionator

Pyrogasoline

Scrubber

 
I

ouenching:

Is carried out first in TlE(Transfer line exchanger)

t-

Second: Coolins:
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To atemp. of (375-500oc)by using hot water i-n the apper part of tubtar furance and

production of high pressure steam which is used to operate the copressers in the

same comples.

Final coolins:

Cooling is carried out to about 400C as follows:

a-Gas feed: direct treatment in water quanch unit;where pyro gas leaves from the

top of washing tower while pyro gasoliae leaves with washing water from the

bottom of the washing tower,pyro gasloine is separated,wash water is recycled after

cooling in heat exchangers.

b-Liquid feed:cooling is carried out first using direct wash with oil such as gas oil

then fractional distillation is carried out to for fuel oi.l separation from heavy

gasoli-ne fraction.During direct wasbing products temp.decrease to 200-2200C then

products are introduced to primary disitation tower to separat frrel oil and washing

gas ,temp. ofproduct is reduced to about 100-11OoC,Final cooling is about 400C.

Third:Comoressi on:

Pyro.gas contains some impurties with different concentrations differs according

to feed type and operating condions.Impurties are acids gases(H2S,CO2) ,acetylene

and water.

The compression of gas to 34 atm. occur in mulit stages (4-5).condense HCS are

removed from these stages.Acids gases removal is usually carried out during

copression using soda or amine wash unit, then gas is dried to prevent hydrided and

ice formation when the gas is cooled to low temp.during the distillation under

pressure.
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2- stearn cracking of hydrocarbons which typically produces a cracked

naphtha product commonly referred to as pyrolysis gasoline, pyrolysis

ga.sotpygas. The pyrolysis gasoline typicatty consists of Ce to Csaromatics,

heavier aromatics containing 9 to 11 or 12 catbon atoms, and non-aromatic cyclic

hydrocarbons (naphthenes) containing 6 or more carbon atoms.

Aromatics separation

1-Solvent extraction:

The BTX aromatics can be extracted from catalytic reformate or from pyrolysis

gasoline by many diflerent methods. Most of those methods, but not all, involve the

use of a solvent either for liquid-liquid extraction.

Ra ffin ate Aromatic

Non aromatic

Feed

6)

a

known as solvent

Solvent

extraction and Partitioning, is aLiquid-liquid

method used to exftact of a substance from one liquid phase into another liquid

phase. Liquid-liquid extraction is abasic technique in chemical laboratories, where

it is perforrned using a separatory funnel.

r

i
I

i

I

I
I

I

I

{
I
I

I

i

I

I

I

I
I

l

I

i



E;+lG="
;*iji.eFi+

HS

li.e

+:.

EErrEei-H-.'.:-jr{ .:jri.j... 
--.

Raw material for basic for PCs.

!]gggi Plastic,rubber,fiber,resin adhesive, ,coating, detergents and plasticizer

World nroduction of BTX:

The BTX aromatics are very important petrochemical materials. Giobal

consumption of benzene, estimated at more than 40,000,000 tons in 2010, showed

an unprecedented growth of more than 3,000,000 tons from the level seen in 2009.

Likewise, the para-xylene consumption showed unprecedented growth in 2010,

growing by 2,800,000 tons, a full ten percent growth from 2009'

Production of BTX Hydrocarbons

l-catalytic reforming of naphtha in petroleum refinery.

Catalytic reforrning usually utilizes a feedstock naphtha that contains non-

aromatic hydrocarbons with 6 to ll or 12 carbon atomsand typically produces

a reformate product containing C6to Cs aromatics (benzene, toluene, xylenes) as

well as paraffins and heavier aromatics containing 9 to 11 or 12 carbon atoms.
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Petrochemical Engineering fourth class,Eranch rehnery and gas technology

Application: Produce high-purity cyclohexane by liquid-phase

catalyic hydrogenation of benzene.

Description: The main reactor (l) converts essentially all the feed

isothermally in the liquid phase at a thermodynamically-favorable low

temperature using a continuously-injected soluble catalyst. The catalyst's

high activity allows use oflow hydrogen partial pressure, which results in

fewer side reactions, e.g., isomerization or hydrocracking' The heat of

reaction vaporizes cyclohexa:re product and, using pumparound

circulatioa through an exchanger, also generates steam (2)' With the heat

of reactionbeing immediately removed by vaporization, accurate

temperature control is assured. A vapor-phase fixed-bed finishing reactor

(3) completes the catalytic hydrogenation of any residual benzene' This

step reduces residual benzene il the cyclohexane product to very low

levels. Depending on the purity of the hydrogen make-up gas, the

stabilization section includes either an LP separator (4) or a small

stabilizer to remove the light ends.

A prime advantage of the liquid-phase process is its substaatially

lower cost compared to vapor phase processes: investment is particularly

low because a single, ilexpensive main reactor chamber is used

compared to multiple-bed or tubular reactors used in vapor phase

processes. Quench gas and unreacted benzene recycles are not necessary

and better heat recovery generates both the cyclohexane vapor for the

finishing step and a grcat"'jr amount of steam. These advantages result in

lower investment and operating costs. Operational fl exibility and

reliability are excellent; changes in feedstock quality and flows are easily

handled. should the catalyst be deactivated by feed quality upsets, fresh

catalyst can be injected without shutting down.

Yield: 1 .075 kg of cyclohexane is produced from 1 kg of benzene'
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Petrochemical Engineerilg fourth class/Branch refrnery and gas technology

million mtpy. Four additional process utrits, with a total design capacity

of 600,000 mtpy, are in design and construction.

--l Uses: Raw materials or intermediate for production of:

1- Phenol-forrnaldehyde resins 2- Bisphenol(for production of epoxy)

3-Caprolactum(for production of Nylon6 monomer) 4-Adipic acid

(for production of Nylon 66 monomer) 5- Salicylic acid(Aspirin

production) 6-Phenol alkyl @ubber chemical) or(production of

Detergent).

l2-Cyclohexane.

C6H6 + 3H2 <+ CoHn

- 2s-
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Petrochemical Engineering fourth class/Branch refinery and gas technology

features low feedstock consumption (1.31 wt cumene/wt phenol) without

tar cracking, avoiding the expense and impurities associated with tar

cracking. High phenol and acetone product qualities are achieved through

a combination of minimizing impurity formation and efficient

purification techniques. Optimized design results in low investrnent cost

along with low utility and chemicals consumption for low variable cost of

production. Design options for byproduct alphamethylstpene (AMS)

allow producers to select the best altemative for their market:

hydrogenate AMS back to cumene, or refi ne AMS for sale. No acetone

recycTe to the decomposition (cleavage) section, simplified neutralization,

and no tar cracking make the Sunoco/UOP Phenol process easier to

operate.

Commercial plants: The Sunoco/UOP Phenol process is currently

used in 1 I plants worldwide havilg total phenol capacity of more than

-l
\i

alphamethylstyrene (AMS), catalyzed by mineral acid. This unique

design achieves a very high selectivity to phenol, acetone and AMS

without usi:rg recycle acetone. The high total yields from oxidation and

decomposition combine to achieve 1.31 wt cumene/wt phenol without tar

cracking. Decomposed catalyst is

neutralized.

Phenol and acetone purification (3): Phenol and acetone are

separated and purified. A small amount of byproduct is rejected as heavy

residue.

AMS hydrogenation or AMS refining (4): AMS is hydrogenated

back to cumene and recycled to oxidation, or AMS is refined for sale.

Cumene peroxidation is the preferred route to phenol, accounting for

more than 90Vo of world production. The Sunoco/UOP Phenol process
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Petrochemical Engineenng fourth class,Eralch refinery and gas technology

ll-Phenol ,

C 6H sC H (C H s)z * O z + C 6H sC (CH )2O O H

c 6H sc (cH 3)2OOH'-> C 6H 5O H + (c H izco
Phenol acetone

Application: The SunocoAJOP phenol process produces high-quality

phenol and acetone by liquid-phase peroxidation of cumene'

DescriPtion: KeY Process stePs:

Oxidation and concentration (1): Cumene is oxidized to cumene

hydroperoxide (CHP). A small amount of dimethylphenylcarbinol

(DMPC) is also formed, but low-pressure and low-temperature oxidation

results i:r very high selectivity of CIIP' CIIP is then concenftated and

unreacted cumene is recycled back to the oxidation section'

Decomposition and neutralization (2): CI{P is decomposed to

phenol and acetone, accompanied by dehydration of DMPC to

\r
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Petlochemical Engineering fourth classlBralch refinery and gas techlology

to acbieve the oxidation and dehydrogenation reactions. In oxidative

reheat, oxygen is introduced to oxidize part of the hydrogen produced

over a proprietary catalyst to reheat the process gas and to remove the

equilibrium constraint for the dehydrogenation reaclion. The process

achieves up to about SOVo EB conversion per pass, eliminates the costly

interstage reheater, and reduces superheated steam requirements. For

existing SM producers, revamping to SMART SM may be the most cost-

effectiveilroute to increased capaciry.

Econornics: (Classic) 500,000 mtpy, ISBL, US Gulf Coast:

InvestEent, US$ million 78

Ethylbenzene, ton/ton SM 1.055

Utilities, US$/mton SM 29

Commercial plants: Currently, 36 operating plants incorporate the

Lummus / UOP Classic Styrene technology. Seven operating facilities

are using the SMART process technology. Many future units using the

SMART process are expected to be retrofits of conventional rrnits, since

the technology is ideally suited for revamps.
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Application: To produce polymer-grade st)rene monomer (SM) by

dehydrogenating ethylbenzene @B) to

LummusAJOP "Classic" styrene process

form stYrene usng

for new Plants and

the

the

EB S

LummusAJOP SMART process for revamps involving plant capacity

expansion.

Description: In the Classic SM process, EB is catal1'tically

dehydrogenated to styrene in the presence of steam' The vapor phase

reaction is carried out at high temperature under vacuum' The EB (fresh

and recycle) is combined with superheated steam' and the mixture is

dehydrogenated in a multistage reactor system (1)' A heater reheats the

process gas between stages' Reactor effluents are cooled to recover waste

heat and condense the hydrocarbons and steam' Uncondensed offgas-

containing mostly hydrogen- is compressed and is used as fuel'

condensed hydrocarbons from an oivwater sepalator (2) are sent to the

distillation section. Process condensate is stripped to remove dissolved

aromatics.

Afractionalionlr;a.rn(3,4)separateshigh-puritystyreneproduct,

unconverted EB, which is recycled, and the relatively minor byproduct

tar, which is used as fuel. Toluene is produced (5,6) as a minor byproduct

and benzene (6) is normally recycled to the upsffeam EB process'

Typical SM product purity ranges from 99'85Vo to 99'95Vo' The

process provides high-product yield due to a unique combination of

catalyst and operating conditions used in the reactors and the use of a

higbly effective polymerization inhibitor in the fractionation colurnns'

The SMART SM process is the same as Classic SM except that

oxidative reheat technology is used between the dehydrogenation stages

of the multistage reactor system (1)' Specially designed reactors are used

\\

- 2l'
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Petrochemical Engineering fourth class/Branch refinery aad gas tecbnology

Electricity, kWh 20

Water, cooling m3 3

$1sam, mtons (expoO 1.3

Hot oil, 106 kcal 0.6

Commercial plants: Three commercial plants are in operation in

Argentiaa and Canada with capacities from 140,000 to 816,000 mtpy.

They process ethylene feedstocks with purities rangrng from 75%

ethylene to polymer-grade ethylene. An 850,000-mtpy unit using dilute

ethylene is currrently under construction.

Uses:
'{,.

0.5 consumption of B:in EB production; which is used in

production of styrene.

* l0-Styrene C;HICH - CHz

C6HsCHzCHt € CeHsCH = CHz* Hz

I
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Petrochemical Engineering fourth class/Branch refilery and gas technology

CD structure. The process is able to handle a wide range in ethylene feed

composilion- ftom lOVa to 1007o ethylene'

Description: The CD alkylator stripper (1) operates as a distillation

colurnn. Alkylation and distillation occur in the alkylator in the presence

of a zeolite catalyst packaged in patented structured packing' Uffeacted

ethylene and benzene vapor from the alkylator top are condensed and fed

to the fiaishing reactor (2) where the remaining ethylene reacts over

zeolite catlayst pellets. The alkylator stripper bottoms is fractionated (4'

5) into EB product, polyethylbenzenes and flux oil' The

polyethylbenzenes are transalkylated with benzene over zeolite catalyst

p.U"t, it the transalkylator (3) to produce additional EB' The ethylene

can be polymer grade or, with only minor differences in the process

scheme, dilute ethytene containirg as little as 10 mol%o ethylene as in

FCC offgas. Reactors are designed for 3 to 6 years of unintemrpted

runlength. The process does not produce any hazardous effluent' Low

operating temperatues allow using carbon steel for all equipment'

Yields and product quality: Both the alkylation and rals-alkylation

reactions are highJy selective-producirg few byproducts' The EB

product has high purity (99.9 wtTo minimum) and is suitable for styrene-

unit feed. Xylene make is less than 10 ppm' The process has an overall

yield of 99.lVo.

Economics: The

highproduct purity, low-energy consumption' low investment cost and

easy, reliable oPeration.

Investment (500,000 tpy, ISBL Gulf Coast)' US$: 17 million

Raw materials and utilities, based on one metric ton of EB:

Ethylene, kg 265

Benzene, kg 738

EB process features consistent product yields'

11
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Petrochemical Engineering fourth class/Ilranch refinery and gas techlology

x 9-Ethylbenzene c6HscH2cH3

CH2=CH2+C4H1 #_- C6II5CH2CH3

Application: Advanced technology to produce high-purity

ethylbenzene @B) alkylatin g benzene with ethylene using patented

catalytic distiliation (CD) technology. The CDTECH EB process uses a

specially formulated zeotte alkylation catalyst packaged in a proprietary

Elechicity, kwh 35

Water, cooling, m3 15

Commercial plants: The Llhde @deleanu) proprietary MTBE process

has been successfuIly applied in five refineries. The accumulated licensed

capaciry exceeds I MMtpy.

Uses: Octane booster.
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Petrochemical Engineering fourth classlBranch refinery a:rd gas technology

uniforrn concentuation proflles within the reactor and' most important'

avoids hot spot forrnation' Undesired side reactions, such as the formation

of dimethyl ether (DME), are minimized'

The reactor inlet temperature ranges from 45"C at start-of-run to

about 60'C at end-of-run conditions. One important factor of the two

stage system is that the catalyst may be replaced ia each reactor

separately, without shutting down the MTBE unit'

The catalyst used in this process is a cation-exchange resin and is

available from several catalyst manufacturers ' Isobutene conversions of

97Vo are typical for FCC feedstocks. Higher conversions are attainable

when processing steam-cracker C4 cuts that contain isobutene

concentrations of 25V0.

MTBEisrecoveredasthebottomsploductofthedistillationunit.

The methanol-rich C4 distillate is sent to the methanol-recovery section'

water is used to extract excess methanol and recycle it back to process.

The isobutene-depleted C4 stream may be sent to a raffinate stripper or to

a molsieve-based unit to remove other oxygenates such as DME, MTBE'

methanol and tert-butanol.

Very high isobutene conversion, in excess of 997o, can be achieved

through a debutanizer column with structured packings containing

additional catalyst. This reactive distillation technique is particularly

suited when the raffinate-stream from the MTBE unit will be used to

produce a high-purity butene-1 product.

ForaC4cutcontairring22voisobltene.theisobuteneconversion

may exceed 98Vo at a selectivity for MTBE of 99 '5%'

Utility requirements, (C4 feed containing 21% isobutene; per metoic

ton of MTBE):

Steam, LP, kg

Steam, MP, kg

900

100
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X, 8-Methyl-Tetra-Butyl-Ether MTBE) (CHs) sCOCH 3

cHsc(cH E) = cHz + cH3oH -+ (cH3) 3cocv 3

Application: The Uhde (Edeteanu) MTBE process combines methanol

and isobutene to produce the high-octane oxygenate-methyl tertiary

butyl ether (MTBE).

Feeds: C4-cuts from steam cracker and FCC units with isobutene

contents range from l27o to 3OVo.

Products: MTBE and other tertiary alkyl ethers are primarily used in

gasoline blending as an octane enhancer to improve hydrocarbon

combustion efEciency.

Description: The technology features a two-stage reactor system of

which the frst reactor is operated in the recycle mode. With this method,

a slight expansion of the catalyst bed is achieved which ensures very

\1
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Petrochemical Engineering fourth class/Branch refinery and gas technology

ACE is then fractionated antl purified into high-quatity products' The

products' recovery and purification is a highly efficient and low-energy

consumption Process.

This ACRN tecbnology minimizes the amount of aqueous effluent'

a major consideration for all acrylonitrile producers' This ACRN

technology is based on a high-activity, high-throughput catalyst' The

propylene conversion is 99Vo with a selectivity of 85Vo to useful products

of ACRN, HCN, and ACE' The DuPont catalyst is a mechanically

superior catalyst, resulting in a low catalyst loss' DuPont has developed a

Catalyst Bed Ma:ragement Program (CBMP) to maintain the properties of

the cata-lyst bed i-nside the reactor at optimal performance throughout the

operation. The catalyst properties, the CBMP and proprietary reactor

internals provide an optimal performance of the ACRN reactor' resulting

in high yields.

With over 30 years of operating experience, DuPont has developed

know-how to ircrease the onstream factor of the plant' This knowhow

includes the effective use of inhibitors to reduce the formation of cyanide

and nitrde polymers and effective application of an antifoulant system to

increase onstream time for equipment.

Commercial plants: DuPont Chemical Solution Enterprise,

Beaumont, Texas (200,000 mtPY).

Uses:For production of Acrylic fibers ,flexible plastic ,Rubber

And resins.
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Petrochemical En gineering fourth class/Branch refinery and gas tech:rology

7-AcryIonitrile CH2 = CHCN

CH1=CH - CH3 + NHs * 4o2(atr) --> CH, - CHCN + 4HzO

Application: A process to produce high-purity acrylonitrile and high-

purity hydrogen cyanide from propylene, ammonia a:rd air. Recovery of

byproduct acetonitrile is optional.

Description: Propylene, ammonia, and air are fed to a fluidized bed

reactor to produce acrylonitrile (ACRll) usilg DuPont's proprietary

catalyst system. Other useful products from the reaction are hydrogen

cyanide (HCN) and acetonitrile (ACE). The reaction is higtrly exothermic

and heat is recovered from the reactor by producing high-pressure steam.

The reactor effluent is quenched and neutralized with a sulfuric solution

to remove the excess ammonia.

The product gas from the quench is absorbed with water to recover

the ACRN, HCN, and ACE. The aqueous solution of ACRN, HCN, and

l{
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Petrochemical Engineering fourth class/Branch refinery and gas technology

reactor is specially designed to ful1y react all of the EO and to minimize

back-mixing, which promotes enhanced selectivity to MEG'

Excesswaterfromthereactoreffluentisefficientlyremovedirra

multi-effect evaporation system (2)' The last-effect evaporator overhead

produces low-pressure stear4 which is a good low-level energy sotrrce

for other chemical units or other parts of the EOMEG process' The

concenfuated water/glycols stream from the evaporalion system is fed to

the water colurnn (3) where the remaining water and fght ends are

stripped from the crude glycols' The water-free crude glycol stream is fed

to the MEG refining column (3) where polyester-grade MEG' suitable for

polyester fiber and PET production, is recovered' DEG and TEG exitilg

the base of the MEG refining column can be recovered as high-purity

(\ products by subsequent fractionation'
\-J "--Economics: The conversion of Eo to glycols is essentially complete.

The reaction not only generates the desired MEG' but also produces DEG

andTEGthatcanberecoveredascoproducts.Theproductionofmore

DEG and TEG may be desirable if the manufacturer has a specific use for

these products or if market conditions provide a good price for DEG and

TEG relative to MEG. A catalyzed process will produce less heavy

glycols. The ability to operate in catalyzed or uncatalyzed mode provides

flexibility to the manufactuer to meet changing market demands'

Commercial plants: Since 1954, 18 UCC-designed glycol plants have

been started up or are under construction'

Uses:

l-Polyester(fibers and fllms).

- 2-Anti freeze agent.

3-Gas drying.

 -Manufacturing of Plastizers .
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6-Ethylene glycol H O C H zC H zO H
9 ,'

J

CH-z- CH2 + H2O '+ HOCH7CH2OH

\o/ MEG

Application: To produce ethylene glycols (MEG, DEG, TEG) from

ettrylene oxide @O) using Dow's Meteor process.

Description: In the Meteor Process, an EO/water mixture is preheated

and fbd directly to an adiabatic reactor (l), which can operate with or

without a catalyst. An excess of water is provided to achieve high

selectivities to monoethylene glyco1 (NIEG). Diethylene (DEG) and

triethylene (TEG) glycols are produced as coproducts. In a catalyzed

mode, higher selectivities to MEG can be obtained, thereby reducing

DEG production to one-half that produced in the uncatalyzed mode' The
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Petrochemical Engineering fourth class/Branch refinery and gas technology

The PVC slurry,'containilg VCM, is continuously fed to the

stripping colurnn (1). The slurry passes counter-currently to steam' which

is fed into the base of the column. The proprietary intemals of the column

are specially designed.to ensure iltimate contact between the steam and

the PVC slurry and to ensure that no PVC particles remain inside the

column. A11 process operations, including grade change' are

automaticatly done in a completely closed system'

J '/wtoL steam stripping is widety used, this proprietary technology'

which involves sophisticated design and know-how of the column' offers

attractive benefits to existirig PVC plant sites'

The process design is compact with a small area reqdirement and

low investment cost. The size of the column is 2'5 t / h to 30 t lh'

Economics:

Steam 130 ke/t ofPVC

Commercial plants: Chisso has licensed the technology to many PVC

producers worldwide. More than 100 columns of the Chisso process are

under operation or construction, and total capacity exceeds 5 million tpy

ofPVC.
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S-Vinylchloridemonomer YCM CH(CI)=CH2

CzH4 + Cl2 --; CICH2CH2CI catalyst FeCl. and CrH5Br

1
CzH4+ZHCI+iO, - CICHz- CH2CI+ H20 catalystCuzClz

Application: Adding a stripping column to existing polyvinyl chloride

(PVC) plants to remove vinyl chloride monomer (VCM) from PVC

slurry. The recovered VCM can be reused in the PVC process, without

any deterioration of PVC polymer quality.

Description: PVC sluny discharged from reactors contails sigfficant
' amounts of VCM ( >30,000 ppm) even after initial flashing. This process

effectively removes the remaining VCM so that the monomer is

recovered and reused. Recycling of raw materials drastically reduces

VCM emissions from the following dryer. There is no significant change

in PVC quality after stripping. Residual VCM level in the PVC product

can be lowered below 1 ppm, and, in some cases, below 0.1 ppm.

Petrochemical Engineering fourth class/Branch refrnery aad gas technology
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Petrochemical Engineering fourth ciass/Branch refinery ald gas technology

correct selection of the NH3 / EO Iatio and lecycling of amines ploduces

the desired product mix. The reactor products are sent to a separation

system wLcre ammonia (2) nd water arc separated and recycled to the

reaction system. vacuum distjllation (4,5,6,7) is used to produce pure

MEA, DEA and TEA. A saleable heavies tar byproduct is also produced'

Technical grade TEA (85 wtVo) can also be produced if required'

Yields: Greater than 98Vo on ravt materials '

Economics: Typical performance data per ton amines MEA/DEA/IEA

product ratio of 1A

Ethylene oxide, t

Ammonia, t

Steam, t

Water, cooling , m3

Electricity, kwh

Commercial plants: One 20,000-mtpy original capacity facility'

Uses:

1 -Gases softening. 2-Defetgent production' 3 -Corrosin stabilizers

4- Chlorinated HCs stabilizers :decrease its decomposition'

lR :14

0.82

0.19

5

300

30
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Petrochemical Engineerhg fourth class/Branch refinery and gas technology

4-Ethanolamines,MEA,DEA &TEA 21

b,l, .A

alir{'{

CHr.. 
-CHz 

+ NHq -+ HOCH7CHyNHy

\/ MEA(75Vo)
o

MEA+ EO -+ (HOCH7CH)zNH
DEAQIVo)

DEA + EO -+ (HOCHyCH)3N
TEA(4Vo)

Application: To produce mono-(MEA), di-(DEA) and triethanolamines

(TEA) from ethylene oxide and ammonia.

Description: Ammonia solution, recycled amines and ethylene oxide

are fed continuously to a reaction system (1) that operates under mild

conditions and simuitaneously produces MEA, DEA and TEA. Product

ratios can be varied to maximize MEA, DEA or TEA production. The
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heterogeneous system,

corrosivitY.

and therefore, the system has much less

Reactor effluent liquid is withdrawn and flash-vaporized in the

Flasher (2). The vaporized crude acetic acid is sent to the dehydration

columl (3) to remove water and any light gases' Dried acetic acid is

routed to the finistring column (4), where heavy byproducts are removed

in the bottom draw off. The finished acetic-acid product is treated to

remove trace iodide components at the iodide removal unit (5)'

Viipor streams from the dehydration colurnn overhead contacted

with methanol in the low.pressure absorber (8). Unconverted Co,

methane, other tight byproducts exiting in the vapor outlets of the high-

and low-pressure absorbers and heavy byproducts from the finishirig

column are sent to the incinerator with scrubber (9)'

Feed and utilitY consumption:

Methanol, mt/mt 0'539

CO,mt/mt 0'517

Power (@CO Supply 0 IUG), kWtr/mt 129

Water, cooling, m3lmt 137

Steam @100 Psig, mt/mt l'7

Cornmercial plant: One unit is under construction for a Chi:rese

client.

1-

Petrochenrical Engineering fourth classlBranch refinery and gas technology

recombined and mixed with the recycle liquid from the recycle surge

drum (6). This stream is charged to a unique bubble-column reactor (1)'

Carbon monoxide is compressed and sparged into the reactor riser'

Thereactorhasnomechanicalmovirrgparts,andisfreefrom

leakage/mahtenance problems' The ACETICA Catalyst is an

immobilized Rh complex catalyst on solid support' which offers higher

activity and operates under less water conditions in the system due to
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Petrochemical Engineering fourth class/Branch refinery and gas technology

sphere to reduce pressure drop.

3-Acetic acid CH3COOH'

52a-
d,ir' "' 

jc

i
:.:-,

s

CHsOH * CO -+ CHyCOOH

Application: To produce acetic acid using the process, ACETICA.

Methanol and carbon monoxide (CO) are reacted with the carbonylation

reaction usi-ng a heterogeneous Rh cata.lyst.

Description: Fresh methanol is split into two streams and is contacted

with reactor offgas in the high-pressure absorber (7) and Iight gases in the

low-pressure absorber (8). The methanol, exiting the absorbers, are

Cata: Ag/NzOz+ Promotor: Ba, K + Inhibitor AgCl ,NaI ,used as
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high productivity Meteor EO catalyst, which has very high efficiencies at

very high loadings.

Commercial Dlants: Union Carbide was the first to commercialize the

direct oxidation process for EO in the 1930s' Since 1954' 18 Union

Carbide- designed plants have been started up or are under construction'

Three million tons of EO equivalents per year (approximately 20Vo of

total world capacity) are produced in Union Carbide-designed plants'

Advantases:

Plant with one reactor work with'high selectivity with low conversion for

each cycle. Reactants used with high concentration which reduced the

capital cost.

Disadvan ES:

1- The demand for additional units e.g. oxygen separation unit (high

purity).

2- Tlhe need of CO2removal from recycle gas'

3- Nz must be removed from recycle gas; additional units'

However oxidation by 02 is more economic when high capacity

production is used.

EO Uses:

1 -In production of ethylene glycol(anti fteeze agent) '

2-Used as surfactant. 3-In production of polyester' I

4-In manufacture of Hydrautic fluid. U

Other old method utilized air for oxidation:

l-Two reactors and two absorber to complete oxidation of E to

produce EO. T=260-290OC, P=10-13 atm.
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Petrcchemical Engineering fourth class/Bralch refmery and gas technology

Application: To produce ethylene oxide @O) from the direct oxidatioa

of ethylene using the Dow Meteor process.

Description: The Meteor Process, a technology frst comrnercialized

inl994, is a simpler, safer process for the production of EO, having lower

capital investment requirements and iower operating costs. In the Meteor

Process, a-ethylene and oxygen are mixed with methane-ballast recycle

gas and passed through a single-train, multi tubular catalytic reactor (1) to

selectively 0 process is a simpler, safer technology with Iower facility

investment costs The special high-productivity Meteor EO cata.lyst

provides.yery high efficiencies while operating at high loadings.b- Heat

generated by the reaction is removed and recovered by the direct boiling

of water to generate steam on the shell side of the reactor. Heat is

recovered from the reactor outlet gas before it enters the EO absorber (2)

where EO is scrubbed from the gas by water. The EO-containing water

from the EO absorber is concentrated by stripping (3). The cycle gas

exiting the absoiber is fed to the CO2 removal section (4,5) where CO2,

which is co-produced in the EO reactor, is removed via activated, hot

potassium carbonate treatunent. 'lhe CO2 lean cycle gas is recycled by

compression back to the EO reactor. Most EO plants are integrated with

glycol production facilities. When produciag glycols, the EO srream (3) is

suitable for feeding directly to a Meteor glycol process. When EO is the

desired final product, the EO stream (3) can be fed to a silgle purification

colurur to produce high-purity EO. This process is extremely flexible and

can provide the full lange of product mix between glycols and purified

EO.

Economics: The process requires a lower capital investrnent and has

lower fixed costs due to process simplicity and ttre need for fewer

equipmert items. Lower operating costs are also achieved through the
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J.8Gca]lton,Aguidelinefiguretoconstructa5,000-mtpdplantis

US$370 - 400 million'

Q:Explain why %methanol decrease with temp' i:rcrease?

/ ' z-ntaytene oxide 
K-/t',

o

)

Hz- Hz

o

ffi

1

I

cH 2 - CH 2+ O,so2+
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. ah,i; c;tltij aii;D otehi 6UjI r qHydrocracking; -r
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,:r,ih! 6ts) , 6flt iI.&Jr crqCr; f*tr.lr jhi:Jr rrr cibu-Jr-1
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cH3cHoHCH3 + o,
J j\ : t y.->t) o,iLlt dr.-.t) q 0j;r!r6uildl

cH3cocH3 + HrO:'

jl,i..r-i+ -f G-Y) 4 e,s ffi i..1 ,; .r:c.|jrJt;;LJr, ;.r^J1rrs
-f s q*st+-Lt +lj_e 6, lYot:t1tJ,,:+tj 1%io7 *-joa,* ap-

. r.l;n".,I! ;r, 1YoW7
. d1t ja:Jt olr.,:_:l+Jr ? )j I ir*llt ,FW *-_2CH3CHOHCH: + O: 

-:--F zclicoclr]-* sHl6 
- r"r -- ir-"

.uc ,,u'.:Jt i iaii d', jU- Gg ,rrlt e Jy\s-l_t-r_yt Jt ,^l .tp
. 1olot.-Aoy eLalrEu r <il p fu:(li, .1t . .i

'/

liI o.

l

i
I

I
I.t .I
i

dtjy iirL., Lll:rJ Flt i, e . 1o/ot._r; Ff gu U:_ ,ftb , JjUlt-r.--I| .r € ,s,lt glllLej ,:Ju& air) q{_rt'oof.,
(Isopropyl oleatel 1 (flotatioE) f"F ,!v.S llsopropytxanthate;

. c{ll C eJlr.;*It

rJ q+r1,1 (6-A)
tr<,, 

i.rJt{ J.l+dr eur }.& A g-te6 n-rr+ c.,U-< or*f, gt,
i!-1 op\r.rlo .-lLJr .r*J q..j.r e1t4i1.i" trr .r,{ . G1,1t L*Il);JJl i,r -ll JyU-rrfrlr .rlo rh;cl! ar-r=U,:' ;*'rf, orJfhlr ,rlr.i;U,
Lj ia-}., oJ":L. Jyrr;r.rr)r Lp dr:.-It en- . n,ot, i.ll+l!l
LJ e--p A. Csr-..;&Jl .!>Ut,;t 6r+Llt or-.5)q,i r* r;aj i,-qt.,+,tl
d/ jl,ii' l-.e.-y. F (f) J, &r"ry lplr rya 6,tj> a*.1r &o,-;:t-;',4ir

cH3cHoHCHr: -----> cHrcocHr + H2 
' 

'-Pl-il| i: u"u':Jt

&l ;i,L ;f,,rrf;aa-1$r r"s; p*,*,1 . 1%tl-to) /, ,farl 
&tJ:Pu ai *) ltat rflrn . ) F €t , JEt i)tr sr.J) .L, ,*a.;t$l

Ll ,l )tbS i*r;,* r;tJi ++1.rr go:,- qinert; Jtai .r, *1.r. :3,ry ,-JjUr
tit"or,-,* ,f atV lfilr ;r,ilr . (ai o .; *.c lnaney Nickell ;|(4 _ U,,
i.J +ir-,11 t;;t 64 /.Jt Urt4 g*t-1 -u, *A i ,6=i,, ir1-ltAt ;a .rti;.-,--1 

-1tri,JU ol."cil i , &t, gu .-r Jy!;;_eyr:
. 6yt ar"!.!,S cltLc + qJro;:rLr 

6u1 +*:t
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itb 4t17,.rJr J,.ai!r;0d.fl1 ; .r.g-.rt''*f' Ur';r !-l atf ?.F-)r -- ) \t; L,\ft. {4ttu Udi,' , Lt^,tr uL{.t u-)YJr *s-F u is' tj
.r 1t r-,1f11i r '-r')-f J'ti'Jr ;tt.' 6#lr oleti,- :4 1-'tts

pii' ou*ri 
'* ef-' '*}'J' 

zjir o'10lo1t-trl of*ll at* *
'ur4i u ,"5 tr- Jlrr glr €-# - w-t' v -F ir-rla- C&;-'rl

7"i* J; n"r,ui Fr" guJr 'r"6r-'rluj::;l ;'r''lr ilrilr ob'ai

tlr fr , -p5 ,f ,sp ori3 i^rrl." *o 6.7r+l[r:*lt i,r dJ+-"Jl 6LjI

;r lallylatcoioUdr$i#rgur41"' Q *-f6va'' 03r+11g:u tia
t 

. luLo,Ut rja g+ 1-A araitr grr-1; +!-l-511 e' Jy!-l-rrf-*)t JeU;

1l'tru^,,Xl

, 2CII3CH =611, + Or ----==-+ 2CH3cocHr

cti3cGcHr + cH3cocHr ---+Acetone
(cH3)' c(oH) cH2 COCHs

(cH3)rc='-cHCOCH3+H2

(cH3)' cFicHrcocH3 
---> 

(

6t;I *J;r 6rL5; ;.d;r b-S-p5 i)Llle q| '-,r-jJ tr3++'il 1't*:...r-

{^o.1,, ++l-r=*ir rlJtrl Cujl OaJet'""orL{ ' *u.el*tt ol5 otr-1t+S

. d-ir:.r'il ,t at".--tJ' c''rr-lLr"t(Jl ntt ,+ u f-l
Methyl methacrylate rMethyl isobutly ketone ' Diphenylpropane

@isphenol A), Methacrylic acid ' HexYlene Glycol ' Diacetone

alcohol c Methyl isobutyl Cartrinol ' Isophorone r Mesityl oxide '
Ketene

;ill ,LJ'il q, k/r , a.rr-rp olV ;*a t.,-iJ ir.1'o',Il 1'r'a:*r-

,r.i-)U .jab ...-iJ-f . jjjJ-Jr ot .-t jt lt Jy 4 '(surface 
coating;

U J-ye$ ,h,r..t*'-t ,FS O# ,hl.-*-t &! Ctri e- ' c,ultL''!l ;l''lr
: grr- ta51 a,-;q"'flr c.rlcuLJt if alJ+ rt-prll

(\)
(r)
(f)
(t)
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€ F Cr, Jt d r::-,!l JlJ.l J,e 
{s-:,- 

r-i!5',1 &u cf iJL, JJYI Jcti:Jl
guJt 1-u.:.-1 .(16-) 

-14 
'tbtl artt, d.,l"Jr J.:r lSoda lime; rrlt *a

)b sF_lt t=.yll r*1 . i\= ,1iJj ErLf 1l l*iJ tJ;^t ir.;+et ,jui;
lr,*.{ d;ijl lHerylene glycoty Jfr)lf ,r=l+ e+ JS - ort .r
CJhJr a+*' - ot5Jjr u4 r9 6t".ul b-f I ,.--rrl ...S-l-rJ+ e{ ito(

. i/-tt cl6l .i eJ=J, ef ,J"t"t 3..r:r-.-,_1

grr+.rr +J1t J+-" r:r C:r- r(t alt.1t ;p6- ,.P atV oXsr (Y) dt Jrl,Llr
J (fY..-'l o.; lt 4"J'tAt p" . irrs Ey*lt J-t. SL,J Jrll
g'1 deJ$l il-cty -w1. ./dl;t|;(;Jr U )b :3r1. hia J. (l ,-f)

. o)bt 1f ; J"ri..Jl,, rJ Jnr-,16 Et_*-t,F
rr+:..r)r e i)_# hly-t gr:;) IVEBA; S; E d/ :'h^ aarp :lta

- alztJilr), rt"JJ$U
2cHr cocH3 + H, -----*' (.#.,/,+f#"!Irrfo!Hr + H,o

-l#! ft -lz (V,-t'.) J (1!o.-lY.) s,ytJt ,p! a"t"dt gyr
5jtp !-uUIt Jti.lt . .6r):-t -hil4Jl d_1, ,P fuS (pY o . -y r . ) r..., LejL,Jl

. fy-l)Ut € ?Y rr-9rl J)t . g,o .:Lr'.-;11 ;c
eUJt ')lb L.1j*5 , O# E_yy-t J.# urtruna,,l 1.,A1 A
iLtrlt ..:tLe d #-ttlf E:;-*-t j+ 1.u.:*,--j r (Lacquer solvent;

. ,-,-.iJy lFroth Flotationy 6;*J! t-_,*!t ^a"k
g. rlJ+r)l ,-i{i- *.e lBisphenol Ay j1y't , .JllJJ ,}-.-, ,3U g,:,-

' Jj"th

2C6H5OH + CHTCOCFIT -------D H

CH.
Bisphenol-A

, glJ-lt{Al ,.iuv S1 .J,I,,._FI pv ,P ' \rhrlr )Lb tq-y uLrU:Jl 0+

Cujl d e?-i,1 Bs1rl. t:\Sl,.|;J .=jLi ?J:r *J . ,.UJt1 JaE:l! gt ll l-or-;
to;p; lPolycarbonate) cu-5i1;( qrrr-, {EpoxV resins;rrJj+ll c,laJl)

1\ i ,L-a'Ut;

t',
-oH-c-

I



6rb.ro-1 rr-r:r-,Il yiajJtl'Pll ol5 orr-1$$r ;* (Ketene) ai(Jt 'r-'

Jy*r L uJ;rt-""j F". . (\ \-v !''11 l-r+it c"a)t .:'r5;
CH3COCH3 ------FCH2 = C:Cr +CHr

Ketene

: r.r-;;y,)l sr (Methyl methacrylate; c*l;-.15l t- J+ e"-., tJ
cH3cocH, + HCN --------*n.l3l,;t :[?l?f;ii,

(cH3)'c(oH)cN+cH3oH+H2Sor --> cH, =cfrcHr)-c99f#ii'IP"o'

11f , -f o7 .t e ge1,Lll Jil=.. g ul;.-,Ir J'ti.,- J:l J3)t alft gi
6sJ t Al a*;'r+ il;",r Jet,,,i,- . d{-r(Jr rr1.rJr tyit tstFt 6y 'b;*1

J+r ,.!,-fr r:, rJb"J6 )1r SJ 1%trrl ;5rr eip-.,1(lt Pv ei (rll)t
u.. J+ Jl Jiqll r.5r3l b;;t #,.r' dl (Meth.acryl amide sulfate;

. rUa:U ,rl';1 fJl c+--51

C. r t$:; cidrsl er*r,-ff r Clll euil 4 *-f t b J+ 1.rat -'r-

,P bt-r {+-fl u,. J-:. ,l}4J, Jl t"5 . 6-es UyJt; g:,:lt ,fbs
. aav c,Ii* f Ct-I,!.rJ g,r; rirb.rb p*:-; iiEi Cl-rlJKJ

qAcrotrein and Acrylic acid),ij.l{-5il Pvs,/jr()t ir-rt;
;p-..!Y i c.tlt y o!*-rl6jilra'rJ'llaa-rQ al;f)try-

ClIr- CH = CH: + Oz ---+ CH2 = CH-COH + HrO
Propylene Acroletn

dH = - Er.,lxc2l

6,rJri a,r,*. rfj-!; r lSohio) Py lj"-.P ?, VV iJ-g\t Llf
,*;, i,i'.JJl g otjlt 7.*i*,:-. 1A-Y '!-'i; jr;-rU-f'!t 6t';! t5Uj,)t

{1fV,-ff .1 .r* Jrfr & <1,t:o;1!"tr.c *;;JrS rtll 114 € 4S
,t*,5 lloyNr ,,ur .rlc 1.r*:-Ir ;uiJ-r . u'1t"-\; ,r*'J" Uj 6 j> !n*1

l*5; curtJJ , ,--rU)lJru c.;,..1 6iy cyt ** e:X,,#j
Ka(Ni.Co)o Fer Bi P Morz Ox - SiOz
(Na.K)a(NiMeZn)6 Fe.Bid We Mo12Ox - Si02

u,F *) td '.1uaJ-r f ; *: (%1r-Ao) all-5)l il..!' ttr-
ar,-JoJr og Cl AJJ,f)l F . *f gtyf eL.|f:t .iuVs r+Jt...)r
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.it.ar Jrti, Jl 6r.it/ :Sj-S dy F" I * r.r/,. 1Y,Y1V; .e:'-1 .,1;aj
y;d.l-f1t 6u) tlJor 1Y-11 ut3t ,1.,., . ,ju,.fft ,a,u Jt ruuf)

. p-r-'ai'-.ts lJ-Jy'l a.Ltl

Jetir .r.rcr 4-lu "# y)*:-,t dtJl "!I-' 
-

Je.

E

dJlrtii 4J"LI! c,:+l J+d\=r-l

. -*J-1zo,tt, *)_ilro.rJrcr +l;f!r6rsI &Lr : 1V-Ay,J53,Jt

, gy';1.;fr o.r-St *, ,!.;f!l Ckil (Shell) ;|: KJ 6; ,. :;,rl^ rlLt

.tn"t1 ;r^l1j(tr1 r 1J*:,.Jt -;t,,l.lr ;r,rE+ *y e-! &, l-t-,1 s4l3

Us,,.;.;,lS-;5 rrll sv.;Jzj h;* g (l) r (flf o,) J.4 4a-.LU i:t'Il
. 1Yoto1 gi \slt1 (/ot ,1 F lrJtal

Y,Y1V }4 t# t{ * o* 1!',1.V; F ;l$N sltrJl Jys.,)l rl!,-
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gLjr ;i ui.ra:-.rl Jt irtrl , 'd;f$ s-iJl dU+:Jr dlL-f1r Pv b-

' Y-rJflt
6#rJrtit a.,t! rl-J+!Jrri,.+ eJ*t-ffr Pv Jt +J;f)l 6tjt 6S

eJs:ut tsy h*1 1pi"-tr') re s dlf)l Jt id*lll
. u 1r_r1

2CH, = CHCOH + Oz --) 2CHr = CHCOOH aB = - 60.fl(crl

A-crolein Acryllc acld

- 
;ufr :lt-; . py-rLiJt: siu*At u-1w1crt+*Ur ,./l-l .,Ic 1'u:Jt ltilt
ortr-J uyjlr1 ,Ju.jJ $F- il , c.lljliJl rjr- ou,-4Jll !r,t-l sl, JJLII

,i*v: ,t 1o/olo1 -f 1-$t jri}l ,-,Ir al."r-tl etr . qili:ilt1 alruiJt
I 

nE*, rrr . ,*-llt ./t,l ..# (h\ , ) f -i'*att 
f t, r.r4, u+{ , etlrJll

. al.1f)l ,l--p ,f gtt;ry,11uJ=t,-f:t.,8"$ JtJlCt'i)l
. 6-';,i.l,iJ=U,5Yl .,4"b Jl 6.tzt1 -A.>5..:..t*lll 6.rJt cl.,J,?l ,it()tr-l

f et' d-p (l-o . , -{ r . I .Lr r(t )V )-F-tl) rldl pt.r*-'rL oJJ)l q;l'
ir,*+!t-1 y-.r..ull , oyNt, lr++Jlr , c+-Fl J, jl.,ir5 crrl,It lo"t5t

p,- g.r.tr dsfiJts diJrl dartzJ ;sj1;t{J 'r=-6t i'alt ot+r:It .1.,,':;
. Jrtirjl b3h* O or'-1J,i

CHrCH = CHz + 1.5O, 

--->CHr:CHCOOH 
+ H2O

oJ.ljlt 
"{.SJt 

ta-}.t ,}S)l U L.atl e$-fit jbv Ai
:j29. J:a-*l 1)11 rl-9a1t(ll ,r*l1l d;rttl go (Oxidative Carbonylation)

. el..rta..Jt / py-r>tJl c.rl&-J3l{ y 1W 
-u l*e

2CHr: 6;-J, + 2CO +Or ------},.2CHz:CH---COOH

orJ! J,.AiJu=-Il Cti) (Wacker; -{t-t q-P 6)J} eh-})t o.to -6r;1
4 'll 

,.ss-Pt .(1 .-v ara,iJt -b..'!1,-,.jl,Flr #LJIJ*Jt{ 6i1.' i^,811

1o/rlo-,t,1il=al c;r (Vo;; (li f . ) f * i.rJ-;Ire4J$J ei-rl".t)l

E e 1 orJjll - a;1Fl $,-) t)t fiJtl 1-ult d,,J . ,Ilill ./t l &
,irt*.1-+Jl

el=J:t.r"Ar Jrlv) JS)t h-*s6 g (Carbonylation; .a!.-!l &.,;5 Jr,i

. el"l,-fft .prtz 6u;I aJ-$i:Jl air-JaJl

4CH=CH+N(CO)4+2HC|+4H'O -> 4CHr:CHCOOH+NiCI2+H2
Acetylene Acrylic acid

I



,P aSYe..lSJt .1.iyrtf1 c 41.;-,1t CEI .ili ii,-rLll oja irL-rr rail j15

$.-Jr ir,;r X!,-,r' J-futrJS!-:,.
o;-,1r .rf,lary Eli; , {P!t crli crti:-:Jl rf el=tJft ia,,L' cJl.;-.,l !u
'+b 3:0,--F tLJo* 1A-A1,15;Jr ;*- . J1'..5Jt;..:l.t--f)l Jd,$ ErtcaJr

.U_rl Jrl,, cJl+rlJ dp jU. .rFj{ r LljtJt tJ,hJU'tt}"flt ;,.tr or:-Y

cH, = sn6..H + RoH 

-> nf#r,.=.!,T..ooR

;p lKetene; gg,$ry .r"6,--rjrn s-dt c c!t-f:t ,pav ot.ytt 6r-J t"f
,t* 6,sr,}lt JXilr ia-rU, q=(Jr er{ . (Propiolactone) sr&- ta-:6f

. .l o+-'JlJ clLl-r ,arr i/,F nJl, 6;ty clVst

;ca}lt 7t;,:-t-1\-y ,* 0./* 1Y,V; F etl,-ff r .;:,U JuJt Cuj)l tL-
. ot(.-,>LJr {it F".l or;-t jrJt iev 4 {-i.s'os-* ol.r-r)ll3

Latex ) 161LaJr 95; c:,l!Jr oJt* ,J c-l,-fl Jil i.rt, r o)!f'it fln:'-r-1
u-_tlf aJ..alr orp-rJlj .:jt*l , EJ a]"K.Jt o)*ult d; (coating

otllt bV Q dJ.l oulJ*:..,1.; r lThermoset)

g euf'il Pv ,PW g* (Isopropyl acrylate) i:J.r-ftJ+;yj-r)t E;r-
, ,Ll=l.;-,rlt

C}I:=CHCIII + CH2=CHCOOH _} CH,=SH6oO'H(CH3)CH3

)b :.r.tt JiLJI Jihll& J;**U -Lia; 11i , .*10; * I'ctidt 6tg
;ri.LJl y-,g.., J3Jr or+sr1 ,f 6sV jal ldmbertyst l5II+) --. i)-f
OJL.:j;.i, yJ-*,!G & .*tft ky.-f-t lrr:*,- . d"JtJli+LIl clls

' lPlasticizing clPolYrnerl
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i-IJ'jl rrYrlir jr,l

J+J eiri, crLt r. eIJ- -f:l

rl .l

rl.Lj'ir.F/l-

,r4-
-a-!

}!ilr l.:rri-o ai"i.}l (,ltJlr Lr-t qill J-ai-r ,e):u-.t- Y drt"r,r -1

*.alr a:rri-l ei;!r or5rlr LJ-l ,c1"*-i-V Sptl #ti,- 1
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Peracetic acid

I cl2+H2o
2 Ca (OH)2

Isonerisation

H:oz
peracetic ocid

Hydrolysis

. l*;-,rJl# olrJ(Jt6u) a*t-rJteJJult : 1t-A; JfuJt

.p)t .t-trlf 6U;) 1Qt ,y (Hoechstl '-,'l ja 6 i P 0, i.:.lrriilrb iJ!:,o

. itl*;l 6.rJ;Jit ar3J-(Jt pt.rz,-,t
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Allylchloride
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Oxide

CH,- CHCH3
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CH::g11"tro,

Glycidol
c+-crr-cH20H

Monocblor hydrin
CH2-CH-CH2

ttt
CI OH OHEpichlorhydrin

HOCI

ISH drol
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rvt
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Allyl chloride DichlorohYrin
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7-t.j*..i j',-ri>
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. tA ejl g;-lt SJt c-5ll 3l1r .)-rr-l; i.,."t'ujZ.,j L;*e ;":-)tf *-lroe jui
r ,il , L;.i ,lil- q r nlf-Y :-" c-Jr.ti ,Ls, si r}.l 5l .'r-jl o,,JJ --r zgi:sJ' v- - \,,J - t- -'J 9- r' r - - -J q'., J . ,,t (_-
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