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Résumé :

Le présent travail consiste en une étude de l'efficacité inhibitrice de la corrosion

de l'acier au carboneX52 dans des *iiierrx aqueux par utilisation de deux

extraits.

Extrait de l'arbre Tamarix-g a I I i c a. L

Extrait de la plante Zygaphyllum-album.L

L'étude est devisée en deux parties : la première consiste en la préparation des

inhibiteurs. En l'oceurrence" l'extrait de l'arbre famaiix-gallica. et celui de la

plante Zygaphyllum-album.L. Cependant la deuxième partie a été réselée en

premier lieu, pour l'obtention des diftërentes grandeurs de la corrosion dans les

deux extraits par deux méthodes : la méthode électrochimique et la méthode de

perte de tnasse. Ensuite, une cofirparaison a été faite entre les résultats obtenus

par les deux méthodes.

Mots ciés : plantes sahariennes, Tamarix-gallica.L, Zygophyllum-aibum.L,

extrait, corrosion, acier au carboneX52.



Abstract:

The present work consists in a survey of the inhibitory effîciency of the

X52 steel corrosion in aqueous surroundings , using two extracts.

Exctract of the Tamarisk-gallica.L tree.

Exctract of the Zygophyllum-album. L plant.

The survey is devised in two parts: the first consists in the preparation

of the inhibitors. In this case, the exctract of the Tantarisk-gallica tree.

and the Zygophyllum-albuia plant.L one. I{orvever the second part has

been reseled in the first piace, for the obtaining of the different sizes of

the con'osion in the tw'o excerpts by two methods: the electro-chemic.al

methocl and the methocl of mass loss. Then, a cornparison has been made

between tl-re results gotten by the two methods.

Keywords: saharian plants , tamarisk-gallica.L, zygophyllum-album.L,

excerpt, con'osion, X52 steei .
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r:ç-e+ .gl Ir *-s çg"-flJ,J=iY ;LJ^ irr , ili:.+ èJJ+ Ç§l_l sâl;s.ll é l-{4

L-".^^ É'L-nll ôti-â *-.i I e . l;3: üL;*l;;l-rlll. giç-f-:iit3 e tr^ll Li)jiY

. t+t #i§l Jrl.) !y** â,i.- il rlll *fr -i,r* 4t++

r i ,.Ë;L-;: g;;*.i3 4-#tt ei.g (, ;ÀYi uÈ*JJ ,§. üà4 ùtiLüll *i[À:J

Jijl3i ù1..i ü-9çjÉa..--^il3 
qislJill .,1uà 4JrLIl ..:El+J! r$il §^ rJl*^,tYt i'àl

ülJLill ;tqf:lt e--.*+ ' âJ ,.Ji---.=*ll li--r o-i ké'.Â^',+ rr::i é1 *r s".§il

.[1]:]#t jL'! +.- 5000 ri 4C00 $" i,À J^-:-,1 : L,tlt

"i 
.g;'-il ô_r-=+ L-{Jc, c+_+i: i}tli .:ELüli â*tr: !s, ü}*Ul JÀl -üJ

lÀj^,:----l {- JltJÉSll el*+e}Sjl # )L1-ir L-i-l=Jt -.-+c: ;.."- :"ÀIr=^ '.:Y1-+*

. ds'rill ùlÀ-i-S

Jl-îüii...r L-j^§ *a--Àf,;*3 i'*ç:ï^ l:-:iiÇ jr--- L-*)}-:4-5.l.:*r L-J 1J--1:i J

.t ( Tamarix-gallica.Llt a Àll , ç3l-;=.--Ji 4;l ,;ll a!.-..-- i#Êÿ--i

;r rl,l^r Ë L--:S+ ;l_.--.+ arr\ T(Zygaphyllum-album.L)A-iJl

â-+tJsll :1 q*ll u,Jéa-"l ls_j;*:-I]"iJ! sÇ_.*l;J âj-,_li LJ)*_i

. JSLII .::1Àj:é kJL^i-,!J Çs*- i--:t : it



t^«i-.t.1s. r.t)4tL eç1I»r-It^e+tihlt $r À{,Àilt À^t,rslt Jl'lt J-'ott

: &ti$Jl {i"Ài-II

çIl cùr'iJl ,*-ill li^ drr3t: él dilJt.à=ll i *Ut,itl+ J#S:-l;üYl f:Àt Jil

z)-*J ù1,.- )Li j rg*-1,"^S di^':-.,l t^ t4;^i câsEi-o )*a d .rtil+Xl Jt^ri-,l

â-.F+t ôl----:ii^ 
=_lc. Çt-É=Y éJIi3 ,âJ.iL :l-5'"S t{.il^,:-,l t* l*j^J 

";.t;*!i
. t!

- 4.jr ll

,é)Ê. j {jl-..:Jl ç--i t-èlJis43 1-.-}6-É LiE+ 4r+Àll É.}r:i"ll ,iÀ J.i ùj

à-*:Lé ,i â-++: d.,LiF ,li- â,i'.i-Jt *1+^,,,i11 Uà+ +-;,.i *UYt tra

.l2l..q+-dg csii-e

: 4*r*Jâll .:Llii.dl - Iil

L+ €lt ô"-*sii^il .;l I', i ,,oai ,,Xït, .L-§l ùL-j:'6,i1 L+.lx :t:^ d
.aL-j:lSIlJ drLilütll aj.-.-* lsl ^ i +-J *-il3 â*-à*{Yl .i}c.tiuJl ,ri y3;

.[3]+i.,'r-üt 4o':t

: ârÊ+Jdt ÉLl:idl ' iii'oi - IV

:a+lJ)l ô)c.l§ll qF-è alihll i:l+SJr.Ji -l-IV

.5:*;i, i-+:-* g;L-.-i L-+lc Ai...ri 
"--Jl 

â!-L-rJl dil *l^-il ,rl T'#;

. {-,!tJS-, J rjJÀr l§, a;r"l

: q'itJi 
";";"Jl 

.j i"li;*li .al5all - 2 -,IY

.,."og!-+ t--S 3i ,â-r-,---: ËJ:i :l;------ iùLi -::*--+j *i L-11"3, .# s

r C.:-q.r(iJi ,;.".L---= #;*-ll"Lllr o--+rrLlt -;r-rX cL-Jl ,.:l r -.J+

.6i-,J' ,Yl-l iyYl ;;"L=it e
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1-d!â +J^à--ll â11-.11 -,1-+: 6l--::l u....- Â----^-1À *l__:tJl +--.^rËi L ;+_:

ds..i---: <&t iL- e 63.r1-ït Uà-,Jl ,.,g, â---li"Ë^ âj, :|o^ 'J ,:Li ,gl l-, ü

1 .l rl;Jl o t q r, O,otjJl c s*i, ilt ûli +-+b *§l rl-#l ,:,-- e----c.J +

14] . Ukr et_,, ,i *>-;l ,i .rjt: :13 ;§ ;i

:{rLi.r,iJl .,.à Â--Jt :ill ,Hi*rbJl *t+iiÂll -V

:.:i+iiit-l-V

;Lrr i\ L_LLI _!--p tL-**,:1-§j^ il(- i ,:-! .:1:-+êl i l^--":*-+l,."

L1:"-.-;J ,a-lr--À:;3JSllyc J;t-:r)l ,*-s .+..r-i l-<§JJ ,çi---oll #
d-l^ el-^Jl .r-r c;3rj a!:l o*^ t-sL JL+IIJ r, .9;, -Tl L"J"à-jl drirlLil

..Ésl

.:l-,i i--:+Â G--lc.{, .:-9ji âJ},.,-lâ L.6i;4,.' !;i ,-* ô1r ,1131 g-0.--1s3

â--cJ*+- ,",.-lg ti'LJSj^ll o-L-À ,:-- ;-+Sl ;r1 i,il .J-éif fr+" 5*
:*-:,^Jl Ji A+L,*-lJ-ùdl â--c_c^Jl ,Ji-:^ ;**j:l -"Jj 1*-{, :-lL-è

,;e JtiYl ,.s--le 4-+#sJÉll 1 6i*ii -i r-rl , *:lslt ç:---: Llr {--.,i-.$sll

.[5] 4..d,.+^ J;c 4i}*

.:'+:"eldll-_Y

o:-Xt r----*l tsll3 FlavuS i *ir'i\Ui â-^iS ;r-----n r ::i3ÊÏÂil â-^lS ,",[i 5l

çL*Àci J*- Àj.9"*,-=-.il .",1 r(;Jl L-,J'"à J-1oi u:lr -".,ç;Xlî:. Js_-_^-)t

[6] . Ji;rlt U'+-.ie ;LII3, j* j,[ ü-1't ..rrll

.-r-lt Â-----c.;*.JJ---+é â.jr i5 ."--L 1* e'lit ,-- ,.',ï r .:_çç)-sli ,f F*!=-1

.,-r 
'-*LYl 

,--r- (!l F+:r, fUI3 üJi),i 1-*,q,--iJE--: c:L--s1= ô!!

[5] . it+i_ÊLÀIl .»É
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L"i-tp^ r-tplL 4rlt».-lt Â,ljiÉlt $Â Â{}.ilt À^trslt Jo'!t J-'+tt

L+$:ll .,.-â d^'L-J ;;L-at3 {-JJt i-.il: rili rl q-o ;a Ltl:. .p â:Lo

.sÀ É*l*-,ll '.ra riLrS. 3i, .1;Ào ârLoS 3

: a;:UYt L:U# Ë1- 1-3-V

, à li:.r 'u--Âl,is^J CrOfi L#-HJ-rill ir d,É*J iJ^ ùJ5Ï

.[7] *$t Jrac r't"'- é1h,.

L--ô!=- L+:* J'L(-ii L+ls Crs çi i.»-r-+-l;Yl i.l^ ,.ilr-:3 ,i}1 ..p üJS.;l

.[7j aSl^.tl â+i$r,S§il iiS_ç ':il-ll a+rl--i ri 4-riÀ" L]

: â=Duli *Q+;ÉJl - 4-V

,-!S,.'î,-, â-.---;+ut .rj â, il_yu^ C:o çi u-r-+J'p)'l ù^ .al:.:,9.',,,, !.o üJSii

dil-j#ji r ir ir;. J .,-.l*.,YI ,. ' <Jil üCl .s*^-Jl JÉ+ l.-S , 
-:.;;_r.r+i ;i ;,s.

.[7] q$xlt

:ù\rJitJl -i- 4-V

:ËJi+tll ü*jûl -3-V

ai----

,)\27 ,:*,s.i Ii ü ,r-ll3 JiJ"*-SJJ++çlt â+.l.i É\JJg*,, ù. Ë;i+ é:

:'L-c,o^--o .-i\-i .}Yf --jt

.[8] .r-i*é ;;t29

: crï+_sJ#*Jl -2-4-V

cr r âq 4.ÂIJl â-rcU ,t o*X .:r'+_l r,p â;!-

.tgl 4rl$^
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'.i-.tr,. strlL i+çt»r=lL,*ht$lt ôr Â{rdtt À^tp*lt Jç'yt J-att

: âpt+:Jt sb*+:nll - 5-V

aJ-" L+.:*Jl .,-r ,;t-"-JYl ,i,--s. âJ33"*-^Jl rl q-ll r#-l ôl+:.::Sl! #:

'.r.,. 
(Jr,..J ,ri çri5-,, ,i 15-SJJ+À i;s-,a,r-i ;.ul1Ë^ll3 4SlJÂllJ jLÀjYt

.i10I

: &qJi-rsjl -6-V

*-4^:t L'b--^Jl u..- l--§fl,il çs-.-Ct i *irrii 1r-* *l i(.,lo q-i_r

"--, 
*,*+Jl*ét ' il_sË 3 P-Coumari acici ,!:*-ê:. e--* Phenl'lalanine

J--i-o cri i;*-:ill .;;'4 a i-Lnj,^ ,i o+', ','éli+Ji â;=: ;-j+À .,--Ic ArÀll

.l"lZ1[11] i;f, âiiill 4JiU: Ji, ^i Lia,4 # r+lr,, él sU*J; qs*,ll

6 r . , 's*,, L<4t+ Y! ;:'==" --+ . ,-,lt--c. éi ùj-r .:§yL:--J!

H.l!_§-,
[7] q+3]*t

:*t:;",f.11 -B-V

r_rl+lf i--èL:r *--s $r,i,,,-.:. +----c;ü*,,, ;(l_É crlr c"rY,+sll â+.r é,!,S;

Jl-s--**;;9 J-rli ç-J:, r""'L-i,urll t-^:1.-iT! -Jc' i;:,ill U él;
,,r*, "!J o--* §f ;* -r 

i ilqll a--SL^ll ,=# âjJ* jJüsj 3û00-500 a*

. ti 3l [7] c-,!:it
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ki-tr:. s,tlalL 4rrt x=lt d{ljt+ilt <rr Â{rlailt Â-tplt Jç'!t J-'+tt

: +jrr:1+-,-;liYl -9-V

,-*=Vt ù r-Xl d.rlj 4+J-à-.--ll ,:l+i.-*ll # c;lsrll â+-r." ci!S-r^ ür â-i*

*,r-5§Vl ,j"t-ltr , élJ;Yl ,"-, t-çi, ;tajXt Jl;ll d Ë+l..É^ ç+-,sqdl

Flarrylium :i Phenyi-2-benzoperilium arr âJi---+Ê sl r<-rJl o\ d

. tl3] e)-i 'Â;r"a+ rit:sit u+ +1-9^Jl

: 
"j$S3[$ll e-,Âll - VI

fili r, i-;li,ili cl4-";$i JL--- .s-s ,iLliil ,-üi .* i'#iSt eJl iÉÂ+

ôr ilsJl_r : ;+<tt dJJl---nill el;r-+.J .'j 4-,F1*"*<ll , à.î,1él ,rL 1t,,1-,i l*q

, i T*'-o # a-+n:rUl ùL--a:i^ll ,"s-lÊ '*' -r\l .#JL-i"siCl e*ll qtÊ i
{, â--:ài â-jiF§ â.*.,,1;r 

-F-rliÈJ 
ell\ !s c,r.SJl Ji^-Àil ol-») rj+ .:UIt oL-:.ei

, NMR , HPLC J*L j[---ili dJ'_tr cijri lrila JJ Q.- dü:-l üSI

1:i+:ll ri:'r*-!11 .;,ÀI 4#::J1 ;Slitll r à-i ^'.:1+- ;ç-!., ; IR ,LiV

: etrljl ,bliYl eâl a.r - VII

ùLil.rrl! ,-à '+ â-*1;r L-6'.;s -- A-*^tt ril;r,l'-r^ â r c .j-.-lc L-jÀ§J -ül

â !-+ÀYl or--a i-,-+= c i-Jl*ÂJl i,-r-rr1^L.:L*-:ül .ljêtii-,.,l3 LJIJ*--JI

. riS''*iJ .al Li'' 
"S .:r1^":-,i

ü+:L--À rs-lc LjJt*li'l #,4+JlJ^-,.- r:.:1-is;,---^ L-rr)q 4Sli"i'L^i tJLiJ

: au-.ül

{Zygophylh-rm-album.i-)L-*a;l,y {T'amarix-gallic,a.L) i qrJ"rt

.;-:i5" jlj*+Jl pl o*o -, Ij|^n él
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las^t,s. s.t..l[ \ot,q:l[ "+liL,rdl- cr \ fult i-t ,slt __Jl'!t j-.+tt

JFil Jl-lài^ y ,JL-+- *-i ,j,+-llrtll i.Ét--Â JJ,--= t-i:*,l;r ,ts$ Oi U.:;i trl,

. J(Ut -u. c"ll-ü^S t^ë11*"i-,y

: 
"i\ySjüt$f eidl ir,.at$ UJLII ôJ+.i d*i-: - YIII

Eucaryotes

végétaux

Sous règne Coromophyte

Embranchement: Spermaphyte

embranehement i Angiosperme

I

i Dieotylédone

Eupariétale 
i

[14] [151

u4l tls]
II6I

[14] [151

I rtot

r16l

[141

I

[14i [r 5l 
i

4r=:,Jl

Classe

I Sous ordre

+Utllt

I
I

I Sous classe Dialypétale

Série Thalarnifïore

0rdre PariétaIe

Famille Tamaricacée

Genre Tamarix

gallica
i1lLii

ATl*jI
[14] [161

ll7 I

[14] [r 6l

117 1

[14] [161

i t17j 
I

[14] [151

I

I

i

Espèce

,it+os.;lgÂll e-.*lj ir;rUilt EJ&JI 6J+-! , à;i'di -2*rJS§
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tIJà]l iJ+"iI L;rE ilt i*.t;St -lX

: !^.,lll - 1- IX

.tl8l Tamarix :<-'irüXl Ê*Tl .

.l 171t 16l qt rt . llrt :6it*ill Ê*Yl '
,'r -'i*r i*r 'r§ L- 1-$^ . tll:i â,+;i J L*JL .-i:J,.^it L:1+ Jll ,llt #,
lr--,.^ L+;.Jl+ '.r,r. i! â-,rr;*-JT 'r-ilJï Çi^s .'lo-r+ 4*$ Ë-yü k! , oLJl -:rc

i. l" , ^ L-&: . ; +."-li ü;s-J a-ir, éL;'6il i.6j*_* , u:srjl <+! *;§i JÉl
t 19 ]. +ll drtil,.s:lt -15Yl liÀr .Ë)'t 9 ;*i

LiJüi ôU. i,-s-2-l)i.

' -r1l #i-r.+'r-r.i-J! j â at3Yl i É'iril. C.rL-"tj:Ti â\J. q..,* q; Jt$i
+--r i.-.--Li L+rSi cati rit # i§J c +ri=*ll âiJili J^-§ l§3r L,,.jLJi

ÇL'^ ;l r â;*,a-§ 1-#r,-,, CL+jl ,. \J;;Jl t;.f .§_:, _,G.dl J!+

C-=**tt 1*l+-,, ',-,,1n_;t . 4;À,-..-1,;,= L-+-êljJiJ. LJ.É^: , â---crsu 4-&lè

q$jll L;fu,.gjÀIl c+:-,_, ,i "t--a*, â;gi.ar



lai-t,s. sL dt itot q-lL zrtiLSlL cre i* rleilL r^t,.slL_ 1".1t Â^t *tt l.lt J-rt!

*1- 
diS,j.ll
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t.I^trs. stytt Â§rtrr.-lt âlitlilt ôa ô{rÊ-ilt À^LpIL Jo'Xt J-i.tt

: ê\i',u,Jl o-)+ll-3- IX

élJJYlr ülâJ,' I) a--ri_ljdl ot;,--=jt el-r*^,, l-àJtll &L-+ ot;i eJ4+ ari-,uü

t 19 ]. .JJia rja-.;Yl CÀ-, ,-,-', t,rr.to!ï ot;Yt ,i (rU;:'t,

ü Èll érLs ._pil. :. ù^ -4- D(

Ë.'-+:6 {-+"S ç}-^: ,r-*, ,J1+-,} Ë.:L' o l"Éii. 1;,t -1513à Ërc l"JiJl "èJ+,:,1

à +tl*À J.-1Si L--a3u-e r .i-ill3 C3j--+ll l-,à-ii k dl,ç t-oS3 . âat-,rll g,"

o;s,i-§3 al-:jl ,., L- ûJ-i+tt ârJl ,,-.^^-jl .3tt r Jl ,;4 *S. Çt æi ,.,;,^

4-il*.+-r-.i: éJJ-.-ll 3;J"--i. 6ir\rÂt il '.' s§l ita;..1_J-,+ ijJl .J

I 19 ]. "J.r,- ælyls dLJIJ âXYt, rr_r+ll: rh+ii È r+i^i
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'-r-t rs strlt rllt r+-lt ^erbt§rlt ôt i{rl<.lt Â-Lr!.lL JtIt J-'rtt

il



t..i-trs. st;rlt \1l".rr=It éihtÉlt or i{rÊ..ilt À^t}=It JçIt J-ltt

"j$J+ill e*"ll;a.A§t i.ir.tt clt+, ;J:, 1-X

Sous

embranchement
Angiosperme [14]. [15].[16]. [20]

[14].[1s].Ir 6).12a]

Ii 5]

I l4].[1 s]

[141

Série
Disciflore,

Thaiamiflore

li4l. [1s].Ii6]. [20]

121]

[14]. [1s].[16].2aU

Lztl1221

[16] [1 7].pal.p2l

.,il* (J;*ôJl 
C,.ÉlJ Âo;Lift iSdt *§ ti*: î: -1- cjg§

Règne:
Eucaryotes

végétaux
asr^ il I tl4l.[15]

Sous règne

E*b.""rh-**t
Coromophyte [14].[1s]

Spermaphye [14]. [1s].U 61. T2al

Classe Dico§lédone | 4iitlJl

Sous classe i Diaiypétale

Familie

Rutale

Zygophyiiacée

Genre iZygaphyllum i "*,+tt

albr"rm
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l^i-.t,1r. s.t;dt Â*rl,,$=It 4r'§Lilt ü( &rdt À^tplt Jolt J-'+tt

i&ll c,tr:t LrrEitt l*,t-l.rjt -Xt

: à++ill -l-XI

.[18J Zygophyle:*iÉljl Ê*ll o

.1231I lTl aLll , asalr :gr.irt ryl ü

:+i,^*_l -2-X

Zygophyllacée AXL" ,Jl *;a 3oe l-p.-ll u+ .+lé dtJt .i"lt ri ,,,,î.c ÿ
.t28- Z+liçZ- '!t; );r rl .Jts .J. j1;-,! .çiri + sr+:ll tr-r c

: er.:,.*il çjJl -3-X

élJJYlJ üliJ"*-ll) : ;11:dl otlr 4'Vt c,l_l-*., ôl ii rlj--+.i ê-l^+ .rri,,, i

:3b .rÈJYi CÀ* (*,-', ;Js^tÂll elj+Yl ,i (rttl:'t,

,"â'jl,-ilt u* - 4-XI

ç,e Jl L:.' Il c 6_1l[.-._ljl , ç;rs,--]t çlrl; r!'^o l.di, a+t sl-is irc Ç

Ç31-ü3,,t";' t J"r--i-oS,., Lll .,,-i J^'1^,-13 cd.'rl-ra3i)l eL; j."i; tX,
çlr I ârLrr-^ L+ri d.,-ii .,ll ,â.4^lc ,$'J s+ L-+JlÊ d+-,+î_, +.*il ,.,Lil

.128-241Çs*rli L:,' ll .pj,üL-9_:ll ri5;S-Jt

-+S l\-(_l ôf_,:Jl ;:-+iS t-{j Lr_ç. i-* e!^*Sll .}+" # ,',,',rJrJ

.Q8-241â§,:ll u'.:l ' ^r !l

LH
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JÂ'Ut J+r & û*11. r-L ».1ï. .«rtilt.l,*l[

I4§.=I

é*,-LJl f*r«s^lt o-i L ti , i Li jJtil Clt ^- . ,j t--:^ J_+$l ,.+,+
r-i_,pr: dl -tl Cjl, # a-tSt. â-rr.,r=Jl ;rt--'.^ll ,,T.^ j 6rll r .9r. II

til+-i +-f$ Ji _Fi;!l èF-t-ill +--l d--ÉJIl ,.,.,,,, Ir --" ,i ,r__1, Jtll:Jl

.1257 Ë)+l_rLll rl_e,"ll .L*^l

§I$ ps6.§. -II

ù)-----5^ll is:-,I ç-j t3û](183û) âj.-,i ;1o Li-s-,cl â;*t__J- ,-, ,";J , â\

cJ-SLtt j ,--r;L---r3ji ,', r-r'i, ... a--+t+.S*sJl§ylr â .Ét^slt J L-_.jl;j»ill

I o cJ-oi rJi -. .[31] ù' *$ i-,§;r<*Jl 
"r.a,rl. 

lll ,r--lc, r .,.Ui \ &?

e'1;.o-4 ,.f,Ul .5 \. r Il :--.o ru*tJl 
"'a-+ 69;. 1 JLI$ ;1 c;artl u# ;rQ

o\ q q1+r+ . ; I'li, di_Si:jï k*l,*_J ;rt_.'*ll .il üi ),J ., *.r=Jl ür_â.â

.;;oü;l!

rr -lJ Cg-1-;-o,rj,,'.^ i.:L-+Jrü -or-r-r Jil$l ùi-L+l ,-i;"-c t5; J

:cJl,LJl .I§-,oje 'ç^ és

"t321(A. Porevin) ,.'*lJ çç:i+ *-t^ .9a d(lll
, *r-Jl ù--* J-LJ iYJÉIl-l . ;r;I i;,,,--S*ll i"-+t"11 .--r gllhl

[33],Jstill d.À Gl,-Yl a*;3 C .r*l ,1 "r*lSi" 
aU,Jl

;L-4x3:isl -ri .lt-=*"S JL-æl§ i-t-,l:* ü' Jl a:-«j J----À Jj;jl
[34],.L*- ,, ;:*ll ;*+ L}.:L'

I ,,,,JT t- 1' *Ji eL^l *r -j ig"ç--Ss J__rr ;i.*ct!: r___a s§i:lls lil

.4. l=r=,"il

,/
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#ii!t ttrËl-m

bs ô$rt Jl >à,'' iÀl qrijlJ,dlJiirr â-+LJ âJ.=r:^rl d.-rj,Jr rJ*i üJ

gt3,-:l , *t Â Greene3 M.Fontana .;L-Ll+ll u,.,J-+ r îÂ ey3--a ôJ_+
r li oll --à éll\ < Brucecrag Cr-..-Jr cr_r-e! ' iJ ,-.irl ,.oi a__:x *,-.i
-r ËÂ [l.America. Society for .Métas (ASM » J,i__-Ê ,., Iljll

éll\ I L_ +$sr.t 3Ol â_i[À_.irr î L.,,-_À _= tFr (22) ,rr)<À
âr--Ë. r i.ri. i -i +-jLà e â;al LII oi + .,\ .. 4_Jt -i L+E_l cl;_+.t i-++_l

: W" dl^i.ll 
"l+1" 

.,Jc, ;Ss 3t3,,i

(-3 -d{-.)

CàuJl dslilt-l-m

,'' .,-5.g-;i)t 3lr--:tYl r)..-. LÈJ+-,i ,,_:§f _r.o_l

at--LïL etL-+^Sr:fsl _ri ,fl .§ rJ_-U: &r _J

d.ç r-,.,r cJ-*--S ,i, r-r ca--15 ,jù.--ll e.L*, ,J__1,

e!--ll !1 ir ê-l^+ ,,-J â-:rU ;-:-.--Jl e.t-, ,JSll

t35I

ol+*+.lt .t+ cJstIt-2-III

æ A4 a-:i . JLSht iF_- trjt tj-.j r_i;,_--c.

tr.J,*^-- 5i J,ur- ll l3 r - ll cJ.....4 .,rJà: p_r+a

1-S 3i ct e-'li dil J.rj-ll .-- fg--] r à.:- .. JS'+

J3\ - t ie ,.'il_o.j, r il_É!.+q,1,. li eq
ASJ+,--ll )-=.,-LiÊ Ol rrS^ , -i g:l i:. it 3i 3l ;:;13 cL_-*'-Jl

( - 4 -,Js,i)

.[30].J361
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(- 5 -,Js.i)

çiritill d§iitt_3-III

6-;:th) .+ d§,,i-l d)---Â ô-.- æ r---o_r

üC.------l^J e üt-ilïr-" i,,1g.r 
r u OJ-+ i--ri. l+"SJJlSll

Li)-il Jl ,sl ï! çr3.-,rs dL§U d3L^ #l-;q$é
. t36l [3 I ]Lrli^ t-Hl Ou'it

é-X+J.ô*jl-r.Â iH-*,JJlllti t*r:Jt l1--ô .,*,*J UÉ-,Li^ -* cp' -Jl gtJ lr1

J'3Yl ,Jc ,L-I\: (Anode).+. -yll ,., I îï. L-.-:ti^ dl-!y uù--.'.ll ,r-Jc

. (Cathode)'.+!tJt L,tiJt

( -6 -.Js.,)

ffiffi
( -7 -.Is.,)

rêll d§i LEliil-4-III

i--+;ll üJ-+ çi ,*-nl JL-*ir gt ;-Ïl ,-rf---è qr-i AllJ
.138,371,rs$tl-, éS*^tt J-€+X 1.9slj^,J,i

çri.Tlt dKtijl_5_III

,J.ir r Ca,-l üJÂ-^i ' ilé di_Still l\ r gi-.i
.â trill 

"1-r+-,1_+ 
iJJ-+ d,J+*,i!l L!o . _U .ü1J,."-ll

Ll .6-JJll-.){-+Ë1,r 4-*lÀ uu:-S: .,JJ çrl; çUl
LILëJ. à ria tffydliiéJi,i-ll o:.' à,Jô' -J

.[36] ,flJtll u$-s,''-i a]JË-,illou .rr3i L
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Jâ"trtt Jq r.r i*It r^t *.lL .<o[il[ .l_.ôlt

(-8-e)

(-lgrl) q,§I+ dSIII-6-III

,.sJÊ 6r rl33^ll dil-iJ*:lsll 3l oL:jpYl r rl33 :=l
,1, r- [30] ,.'.r-ll-ü JJ q-+ 4-+l*il I cü,s----ll e.t-,,
â-,-.1l§^ U§jcôl-eVt o; â-iJtôL LJJ"-ôll oi--;

t<l &l -J 1--.lS r oü.'+-ll t6,à-r U-^!r -llo ,i
.t361 r àric ,r*s3r" jSt:

â+Jtrjr+ JstiI-7-III

rrr:t - fJ-rJ H f1-+"SJJEJI drLi: O'-, A+
'-ri." ill âcJr,,,-Jl ,s-lÊ L-,,LÏ h---:'^ 6cs5*i1--SJ. &À

i-c r-^,, r-Ji L- 6 ù.' r.Jl et-, ,j--lê dSYl dttJl

Jtj-r t-§ â-Jill ôLilyl .JrF dllLll
jl I (lil5l," r-i r- +.* 1,,.,1 . ,JS-,i,r L1,' li( -9 -.Js)

.t361 .t321.t301 sr-Jr

çit4§ll J§tll -ry

ir;cy C J§LI| o^ tdl hÀ -"irr

:,-itJl ,5IiIt - l-IV

s."rl .r. J-dt Ji----ct!i ty-!s û'' Jl J çjLll JJ'lll ilr-+ ôr -j
.t391 t^1": â+êrll ù^.JLi l-Jl üé,

Jètît

ZFe + 6HCl 2FeCl3 + 3Hz (1)
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JÂ"Ut Jcr & rleilL r-t »tL .a§'lil[ J-irtt

;,-+tjl dsElt -2-IV

,i Y.,t--=:^1 o! I .u,slt C"-.S* rsr.r-6,Jl.-rall3 ilit"-Jl J§-lll u*--+ df r ^J

&JL L!,,,- r!-' ll ,r--lc L ",jll 1r-# çJ3-+ t-^r!.r--clJ 3i l+;-"-

. c.1-lt-ll ef", .p

.dl+^SriSryl JSIill -V

"-, 
L.-.,,:r.i^ UL..--.ri à---l={J .ç-jrlsJ§ll dJ*--l*^ i}--* JS.I--:â

.t401 
"#L-{-ES 

JÇ Jr-;--* e--* (Ljg) ,-*r& ir---c iJl*J", *i,,i:§t

u,di i", a' 's;r-..- lly (üt-"--.tt; d"-l=*ll o-l L,.iL-+ ùq-é ÿ,"' J'.'

t-^i i-51.:Ji r:l;l-;Jt ,i al--rr:yi i-+S:6;r--:.r--il æl_; jit,' ll ç-,
UJLII .at- *_9:-^ll l+.....^.,j ,--J] ,sl li Jj----rr ;r....-^11 # rr-l t"' .)-c

.i411 q.-*is 4;-)*i y +.-*i éÀij^.p, Jl âJI ,rir .ç;,"r-r

: tisSt #Ht -VI

(!-:rSrtt; 4+J4+Jl â.r-ll ili-r,'l§l a-u; üt"-ru ja-s

: ++:l_rclt t+;gs+lt -l-VI

l421.qdl tJJi"+ , 14;É11 U É ..r ..ré§: aH+*Si _-- L',,r u* L;';

:a"É!;,t Tl l+;u:S+il -2-VI

;,..- j--lÂ: L+J#! ,j^,-à_,i -, u*+..*lYl ar--- Ji-: !. .+-9 ,r-- .)';ri .ra3

.1421ôtJfillr üi-sLJl

*J ,:r't*"J,,,-J! i*,L*:*i .a-- -1"5.-ç ;;:;*L31 LL*,c6i1 ;*4LJ.si--*,] ,;-*i-L- ç tX

.1431 J$t ":it 3,Ji
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Je'Ut Jor À+ À+ll. r^t rslL .<r.i,lilI J-ir,tt

JSLj 6 4J ü.sL-: L-ei.:4-S -r-*;g I .l (1o c]...-lst;ù+ dslilt -ih
: .r! +p J^tlt ,;;.+

: l*:Ji- 1-VII

a.-il,-i-r -i-;^31 ,ÿ-{, allUl 4--J^*i 'qr-*Li | ),--iç. L ,-rll }-$**
L-.+:t4JSll L:t-+6Jült (.-â---l*:ü ;J--+iYl oi o ,'' +- ;:L-'*II â-r^.++11

.t44] !,-ull tl*3 ;'.*ii

: pH Il É'1i2-V1I

'é i.S dSlill *l'!-,3Jt pH \l _r_l+

;rL a;)PIJ ll ;,:i ôr iL C-À:;l ôYt--*l! " li--o 

"l 
dtlUl L,*--: c.i

:;l_r.--,1 _#j Ll ;:-'Y ËJ,*-11..l," ;;-, +-+*lJi o\ + _1,(L-*: ""-11

.1451 Hs O "r:+::+#t

aLlBl 'àG.)-* ù!j (pfl.a) ,*-.*-lt L ."3Jl pH ;r--5 l3r ',c

,r.,. (i d__i-: ù__^ dLlt (Hr) irs:_r' tetl ;r i , *:J lJ*_l-' ê_-§j
^ 1: 1

L,ê 
- - '"s ^ .,, JI pH ; "--S* il r ir L-i. Fe(OH)2 t +r*Jl

,Jiî ea,.-a r *:-Jl ùl-.,-o ;V t;.ai-: Jtllïl 4ÊJ,-..*, ù!j pH< 10 )

4§J-*-Jl j!_i ( 1û <pF1.1 ) Jt . Jl *i L-.-i r j*=^"lYh r$'U
.t431 pH - li-l ji'iü r*

:ùÉ+x)'i ;.=':L3-vli

J-Slitt L-,lJ rcL,,.-.-^ d-.-^1" ù ré ;r:t ç,_j aÉE-, T I ip.él't ;3;
: tiLjl IL*,rVt *----- +---kJi ù++,,---Sil L-'--i ,'' i! l.J
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JÀ'Ut Jor À.r Èilt i^t».lt .«hlt J*lt

r:rl; 1i1 i-;:tïl A-JtJl 
"--À 

1jJEii L Ll1" .t-r§-9 , (,J /è-.- 18 - 15)

1r . Jl ,r----L ' +itJl .tl 'JYl Ç-§ â----L:^Jl ü*+-,,-Jïl Ar."--i

r ii ô l*35 üH+-,,1)'l a,.^,-i.',1 r lil L-i . (,J/F* 18 - 15)

.6i:I p'+

:; rl r=ll â-r rr üEtV]I

uàr+ ç-l Yl JLSLII Âr-r.,*,, ç:r r-*; âJli+=lt â--*;r oi;lL-1lt ;,i

,","1-1-!l ,:o,,,-jyl slr - Llt=,#) c.Jr.l'li ô. -i i-ri ;;rt-ill gYlJl

âJl;--sli rit r ;": ,.r-s ;:-iYl+ â-iti^lls â-ltJl oi q çj ,(&-L^il i
.[44].rtJl -:.:).= éI].S: ,,'S3^ JÉ .Tê 4*1t;l

: -uJllsll J*i'lis-V[

JuEll .:1,,i,,,.* '--i 3*-o LJ 3 ,j-Sïili ;rl-+j j-iË-F+iS â--.^Ài 4l

't44Ir.:iq

:.:lslJl ;ii: -6-ViI

ç-+lJJisllt &r--L*i! i-...-rtL ,-Fi-1i3,# )-^it+^ ,JS.ü-r otsL"--Jl i:F
JJi !li*-!+ ;.ii+^ ->-.* r-\S,X--r ;l-11 L--J . â--.*,Jl ÊrL-+,1 crr3

ta6l ç-*sJl .lslTl Jr.t; 1§-J: ! ''r-,s+ll

: jst$ '.}l.:r Ls;& VIII

:L-Ui -Lry *Jl ,:*11 e++ üi ,,'?i JS UJI ;;*tL ird

;f;-:)l , (i i-.-. J--éi Ec d;:yL--S$ ;l;--...:)l r--{+ ù#* gi r--Y

I a*+ â5jij,-.- â-LÀi -r q--+3 ,J-+J t.-..* ,(Ec > Ea ) .s.*--:Vt

. q9r9Yl3 €:y,tslt

---
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ù o--(J ;,-§i Ea c;rjYl ulj'jYl ' €i ôé L$' J*SJI âJt=,r-i l-i

.t4TjJSLll c,:-r Yl +iG (Ea > Ec ) Ec çr;É1§l ;llYl ra3.

,§llll 4r. Lt-- tl IX

t,rlL k+ .t^ éi ,JStIl ,.;* L.til éJt â:c, éllia

; â-4rjiL{Ii Lrl ^-ll-l-Ix

i" ,l'( *-l+l:l-;islyl t- ,-rJl [--=i: -j--St:]t ô-il i-----L*l! o:--* .rii,', ''

!'-, o.+l-tii .,JJ â-{À+6*Il !+l I ôYl J-+J=: r-l' â-+}lt ou -}*,i
gr*Stli ; *--S;3 , Jllill \ .'- a.,l.i^ll c--ü4^ *+ ,;:-.-.^Jr :L '+ lr1 .

. [49], [48] , t30] ,J*---*

, . '\i ,, Il , . ' L;I 
-ll L+!Jé <lL--J'u .-...=1 ,:j15 j' -o çi â_:U= 6 p+j3

.-L---* .JL-nJ*Sl à-idl 1t (l .--r*-=3'^ll .., LÂl! *ji-= ,.= .',,*+JÉS .ld

J i--§+ Jl ,Tt r-r!-»--* J '!c. ,-r I î( J---nrJ Jil .-j\ *o -_Jl
. t5ttl L+li* L+,! 4:rL= r1 l! rill

: ,qrçl5Jt a;L - tt .;U+;t .+_,*

: .l.l,,*Jt ;i-"ül â--.t-,ly â--.,1---^-ll- 1 - 1-trX

-tl;,-*Jl j, --Jl+ .-,1L, tl 4-ü 1+_t+ ,", .,r-r r;r*i-,:,----o r5;1*--.. JL-# .tt+
,Ji-j^ ,.--.ilt j. *JL, J.$>+ , -, ÈJ,oll a"--j=l l-i, JL:;'irll ai-- 4-+1.^=

[36] , i30] Js$l r r;,..i-:Jll 6 ,+iJÈ.ll

/ l-----3
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.lÀIUt Jcr & fult r^t ».lt .*itill- J-'+lt

: a*r,;yt +*;:tt çL-t!i â--t-te a-,lt-*=lt-2-t-tX

r, Ll,, Jl Jl J''ll dl-Àl H â ;rijlr 4-Jl+,6,r1-Jl É,--^l! qJri'i'.' *

f9-+i^rilll ,rl ril, ar.j-,--rüij^ll LlL5,.' îCl ,-' Lâll ,sll€i,,' J,i' r-

.t36I

: i-a:,e+Yl â +IJI-Z-Iï.'

.i-1 ,', ir (, , .i= Y) i', tt Â----JtLll ;:LJT ,.---L eéJtll or---r .E.!'i

âiti .-j Lt,, €+ .9-"J L---lj! li-ÀJ â- .+-1 ,,'1 L§i ,rJ) L-$LJ-I

1l r.', ,,1 1**Ll ç11 gr1-^lJ L ii L-,.,lj^ L*$Yl :--L^=llJ . a-JJ^Âl!

. t49] . [36] 'çrr:i '-'t ;''": Lr:s â#I;1

.i351 BULTER- VÛLMER ll t.rl,li,,1 distil ee)u Lt;r-X

;'rH Lr.-tÂll z-t-, Jl .:r'L:=i JLiït-, ,,-",*, .crll i*,r(.0-É51-YT Jriilf âL*,1:+tJ. L-- L5-, ,- r Y' \}

. Jc.tÀXl a-cJ*, Li-"- jsq :J;;§Y13 sr*-ll

(irrl ,.,1 i )L ) -i:,.,LÉ, Fe2* A;r;l.t*.13;iSJYl ,-};r=: (l) JrG:il ü"*

Va
Fe3* + e (t)Fe2*

V.

. Faraday

.V(moi n-,-'s-') &';::t ',ep 
c- â*§^ .-+ , i

ür,L{ ;J 1:*t;-l

Jl:ii\l i§lis

.1i ,-;;:s.,

!---!z15
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JÂ"Ut Jor r.r irdt r^t rs,lL .<r.i[tl[ .l-II[

V : (Va -Vc)...............(*)

i:FV:F(V"-V") (I-t)

CI-, .J. Fe3* , F.'* 6J-lSê Clél .,Ic Ot +-tii. cJEÊll : V",Vu

..p*^lt

: ul.à Arrhenius ù3lE ..,J,"= r

Vu: ku C r"2* exp ( - #) .. .. (I-2a)

V": h Cr."3* exp ( - *ra) .. .... (I-2b)

. O++Ë: k" , ku

,''rlr;iSI).J -.:3;ÊSIX cj.-ldl et- .,J' Fe3*, Fe2*ç9,§j Cr,"3*, CF"2*

. ,f .,. Jl J.liiII Al"^Lill ËJJl çUtXt i ÀGa*

. q,L+<.ll &liill âÀ,:nll 6_)-11 4++lEiyl ! ÂGc*

: âJrt Jl i (I2a,IZb) ùYrlJl c.r-*;ll r+

V:Vu-V"

ÂGJ_ aGJ: ÂG r

ÂGr - nfE

V:KuCp.2*exp(SE)-K.CF"'*.*p(-q# e)... "... G-3)

: i" 6e:,e»l§l y iu ç":yYl .'i-il1 JIJ',ï A-iES t-r+^ çrt,a i 1!aï i-itis

i : iu + i" .(I-4)
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JÀtitt Jcr r.r fult r^t tslt .<rûhl[ J-]lt

LIt,,, 1grylslt Jldl AIES3 , ( ià0) 4++-r 
"':S ç.yYl -;§I â-iES : t=)1"-l

. (i". 0)

(I-5) ailJl es G-4) _, (I-3) , (I-l) ol§x.,Jl ..,1,"

: G) d'uüil ,J+i ,-r"

i: iu * i":F k;C r,"2* exp (#E) - F k" Cp.3*exp C(T*o ul..

(r-5)

. Butler-Volmer bL .p,

: ü-r üSI n ,Jliïl 4jc. e+ çeÏl . dlcl§ ,fi .J+i ir

Box + u.c Bred .. i.. (\Ih

: .,JUII r-ll ,+ cJ§ Butler-Volmer â1.:t -" OI +

i: iu+ i"

i : n F kuco* exp (qR+e) - n F lq Crc6 exp (- ('?iu a)..(I-7)

. rs_:iSlYl Ct- cJ'p."a J§';l I Cr"a . Bo* j§;'l I Co*

: qJ üé: . L3-r,- d.tôll âÊJ* üt9S , ,;liYl ric

n: Eee : i: iu* i" :0 ..... (I-8)

. lr. .d* ei+

ia(Eeq) : - i"(Eeq;: io 'G-9)
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drEjlt ditiül â-È-l- j*.I 4^*tll o:u3r-r3-,!S§l drtiil ,!t$^ll Jl+rrll â.âl3S cE+ io

. gljËYl sc,

ùtir^ill Jttiiil cjrti: os âS.»-i. red 161 r_ili^-i X; .l_É , 6liyl À,_É ,-*
. (Sol + aJ -r"> ) cj:t--tt cjil-r: (S + A J^) ) ._rt6j eI, ric çj1;^

C..d, r: Cred, sot (I-10)

Co* ,, 
: Co* , ,or .. (I- l 1)

lo:

io:

: oj; t- elx-r (I_11)_r G-10) , (I_7) ôyrrJl ..p

n F k, Cred , sot exp (# E.q ) I
| (r-12)

n F Iq Co*, sor eXp ( - §fÈ E"; )

. io âJY+ Butler-Volmer i.ht-- 4+f:S ,js+

i="ffie]ry(# (E-Eeq))-i"dffi, Ëip( ilï)il E_n*q,; (r_r3i

JlJlïf iiLKv .e rll 6ç1, iilc ,-À,j Builer-votmer âr.rL- rir

xr
61 i-(ll gYl >. ar-- 4_+tr 4r.*_j cI_:"1 /i,tt.tll__.y1 6l ,i_ r Jf ;j
TTAFEL dt--+-+ ô)---r-lt oi--a ,.i^..Lr : rlsLtt ..1r--s ri <,1 ,ô, J-itl

*-Si ' (î é)J ,!-+i ÿç;-,L;:1 .,_!ar4 --..J ,;_-* L._:Lr ,r_--r3
ûr--l+ L-x (ar_ft-S clU--;^y E*È>E 3i .(c:;r_:Fjl dt_--) E))E.o..

(Bc et Ba) TAFEL ,:)1.^t - r. ,L,,-
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.lâ'Ut Jor Às rLitt r-t plt .«ttlt J-rlt

11 >>0 : d+T cr

i : i"o., exp (# (E-E"o,' » .......(I-14) .

Lni: Lni"or, + 9E-E*, )

E-E*== (I-rri -Lri"o=) . T i- {-lfl
ct r*-f

4+le L)-l+ l- lrâJ Ln(i) : f(E) âJ[ll r3;3 d,t+J (I-15) 6-]']iYl a-Ë),Jl oio ,-l-

: ,. n(J ç§l TAFEL ôJÂ§

q : a+ Ba log i..... .(I-17)

TAFEL J ç:yll cj*ll cj^t ^ : Fa

Ba: 2.3RT/ snf . ..(I18)

-q 
<<0 : rj+i rr

i: i**e#(E-scorrJ ......(I-19)

Lni: Lni"o,, * H (E-E** )

F.-F.-.=- (L*-Lni*") g (I-2û)--c.r , 
orrr

a.;tc ,;=:+ L hÀJ Ln(i): f(E) tllJl ,r.o 
"Jl-l 

( I-Zq;;,-riVt âl}ll oio çr
. t. '1(, ç:11 tAf'EL ù]}ltô

q:a+Bclogi..... -.-.(I-21)

I
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Jâ'Ut Jor §.0 rlqlt r^t lslt .+thl[ J-irtt

: TAFEL J çrjÉlSJl dNl dhl,- : pc

2.3.8ï

q{ :cj+i cr

( i: i"o,.) :oJus üé dsLlt -rtS t+ Ol"

el-rrÉ:,,* ôUJËi 4iJJtl À^.+" .,jJ§ 3 5 .JS"itl

TAFEL

6 rgJLSl 'eJi5ll" '

TAI'EL Ë;:iü*- TÂ}'EL ÈFi!.-.
Bc d-+-

-10-cis-'lll

Er*r: E(i:O)

27



Je'hlL Jor À.r fult r-L »lL .+ittlt J<lt

ISI]STERNI et GBARY: ggüt3 -XII
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: Li.,rl

AE:E -E.oo , ÀE---+0
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E-Ecorr 'tcorr\ fra sc )"""""'(I-23)
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-é 

- r.rff t . "(r-24)

.Ji ^^. 1 1:) 1, - + * .(l-25)fE /..rt corr.fa,§,.

: Rp q*tÀsË-,Yl LJIiJ! ,=-c:ü AJ.,,ill orÀ ii
Âi

Rp:#* (m)..... "'-.-(r-26)

4#lJ.fi-Yl LJI!.JIJ,JSLII _,,1$ O* ç,"S,ll ,,,..1511 .,Jc e'1Syl a^§),ll .:,4 cjrÊ
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' ; 'i15,:i--- crl;*js i i*.' '' J .,JJyr *+x (Mayer):_u i à,i15 a). ôij,g
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( .+l[s.Â+irltt r-éIt) .+]l*lt .'rrlt ÉJlrlt .Lrôlt

:ô *ll d,rl+ü.Fbtill (.,e r-.ô.^&sll -l-1-VI

(CrH,rOH i ç-li^i .J,r-l dr-..- J-- 2.5 Ç L iu':^i, â-u-,it ir J^5 liL
âJ-.âll 6f r lisDlill J_r-+3 .s-lc 1]-iL rC-.-Vt ùCq Jél| JèJl ùê ,

16211611

:a+ s*,tt iit&i êbL§Jt ô,e Li.,j,slt -2-X-VI

L àr..:^ i3 rË:-.-=Jl 5. lig)tsJl ;'--s. , i'i <Ii aF- eLJl *j'L.-}l j1:Àli iit

4-lJ:iJ .-t.-*iô ù*à--i L-+l*"+ rJq..( HCi 1% j:* L!.â-§3 ar ,',; i-*,lJi

Jr-*À (C5H,,OH) 
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: ô ,LJdl ,* el'Ji d,. çi*l,Sli -V

-r-;*:: L-i=_e.= .-i j---* 20*10 ;-* \r;#yl T ,,-r-* :+"S ô,ài

ç-+!*ll J-*l-^ll ,r--.-:-a;t;--=jl; i*, -ri lar ic { i1ô}\1 i_j= ;:l=LJl
i;*l-*l! iF--o ej*+ ;.i# . L-,ltYl L+tc ;;§ : J-.-Sll i:+^S .,r ':l+
,.nlc. .J-J. l\, eà4--+Jt L---,f_» .,i$Jl &l*Jl ,2;,i lrl-Àe ,*iti--$ .,i=.sléll

.ËJLJ-II a:+-il r q+_e

:À+btjjl r:Lig ,3T a *T c ,i ,,lt i$ c-*éSll -Vl

J--^ J*20 .,=l l+:tàij irrl*Jl cL-;=ci . :,1:,;. J .jhJl JJ^.,*.!T LJ- Lj ril

uà*"= aF-* r,i--- i ir.=t :,J! "i-À Jj . ,*..;* e-;', i, (CFICI:} r:;s;slS

u;--jlt ---:: ; -.*+ ,;-::t ; "-lll . .jr-+YI ;1 , r Gl'( f I2SOa)-a;4sIr

_J drYjj:,-ll ü--= -:;--+3,t,-lc ..:+ L."*_,:Lll ,-rr),.1 âtÂj.-j hÀ_q r_)^=ïl
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d3ti.r:1,.,3(tl 1e , i,j.<tl -VtrI

2-l ,ji ç- .ffJl .rli+ s eil --Jl ., js ,fJ&yl .".rlâIij-.^ll ar d^ -§ JÀ+

el;,-+ 
"r, 

.*r, . , J g,Llt JlJt --+ É ( ü*i,,ilt 4^ oL J^

. rc % U;*l ar J^ 0.5 .+li r-iri,' I ,_t§l_l :otX ,J,ryt

I+,,--il+ll JFsll a*;:'t rr, -', ,.' .'r-'i ,i 6rjVf üi_§l ..r_* c3t_x _,reo

.*Q_,Léi ._l+: *.lc $: UV

:*t":, er.*il r',ç r-i;S -VEEI

80 ,"-, k+J:-Lrr Ê-G , *l-J ot -à.i , i,Ll J ..À,+i G.**r*ll L,o t2 iL

-,-"-aÀ 1 i' -c i-H +. t-r= s dUi j,J=*it e--ï É. Ë^jl c,Jt -* *L
163] Irr2l [6i]c,t+r+.*:l .;+_,. ;. JJ, és ;:'_Jr

: *t"said! ,..ç çju,Sjt -ytrIï

4--rl-'{ L+ a}i; r .-,l*Jl c'i-----ci -ii+i éJ=-.,, 1! ,* t,lO tL
iê1 ,rljl o, ô -Jl , ar,.' i #; -il 5$.,j5yl J-..SJI ,J.-,1:+ _!-)Âj_,1

,r-lÊ ,J*Jr j'^à--ÂYl ..r:i-lll ), eV,( FeCl3 ) +.=I:é.+X dr *lJt!
.t6:l 162116l I *1," ^;Jt *s+:

:à i êir,,41 -1rÿ - IX

'e J H 25% "*rüJ^)'i ;-* j-* 2 
";) +;+ïr -,=]:i.-ojl ;* J* .i *É;

..,r_é-i+i .q;r+: ,üiYl .,o: _J. *§:;*=)'l ;.ùt _+L lj:"
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( .agl.r^ rZ qi*ll. r-'alt) .+ia*it .'rrlt ÂllilL J-llt

: c--§.1 §
\J J

:( Cardenolides)cir!.ul Erl.t Éll r're ' à'l'(Tl -X

:(Terose) .s;S (i

*l- iill p'u--c.i , i h;. J ,*i1 tll J,"=.,,,,--.*ll ir-^ it liL

.e-, 
'J 

1*,"j âr^l k5ë3 ,;Li^Il rLIl ..p J- 20 ,ss 1{++§+

! I \i ù- Li-10 âà*,,rJ] ,-raiii*,r-i3 â-:1 ,':rll .,,.---^ J---.-lt \ lL

r *--ul ts-lr . (CHtll3 )r;----Jj$l _r (C2HsOH ) ,J;L-+'yl

,j\ :f"lêYl Lü.---* a)*-- rJ*-^ 3 d-l i i.:'^ i,.. ,,l;Ji 9 c 63^:^--À\

,(FeCi3) , l§§ J -15 ç-1)3 ir- É!;'-l=s *s ( CH3OOH)

.(H2SO4 ) +JÉl 
".;,^= 

Lr J^ I '*",*: ;

r_r---+-l ,:l_c. J-J-, *;"-Ji ;-o-ll1 o-r .3;JJl J,,à*iTI ,:êt J,<-t

.T631 T621 161l { Cardenclides},:t }lr.:i:§i

: (Tdchlonure )-'ss .rlX *.iS( .-..

u|âlJ-J3 r-rt iil ol----si , i ll:. J L-it lil üJ--,^il J" L10 §L

r oàsii--.i -tÂ-*à i"r r*, j-Â-ü c.;-*--St â..-)À r, 70 .r$*yl cJJ-§l ât-,1:»

ÇFr.l-+. ,.,+..*-.g,+li ;*-lll JJ€! üJ.-x-:sjs Jii, à.i'rsi d.-;r.;i,,'.uljl

.i631 162l 161l { Cardenolides}c,l-:"Jrç§l r;+,
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( ..trk^,Zoi.all, r-Âlt) .alasli r'q1[ Âllilt J-'+lt
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4-§r-ll
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+++

M-ï-1--T-

++

i.tt*ilt .rljnll gc ui,isll e*U: -Xl

cal:r ci é}jll
-JJ

I

i rt$:1.él
i

üYJJ':ü-'

tiNlt ,rt+:Jl_r

- t. -+il/ rl \rrr!l

iç:.rlr-^ilTr\,,,
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( .aglr^12o3ri*tt r".Âtt) .+ia-sit r'rrlt Àllilt .l-'61[

:C:lÀl)-ll

. â1l-ill ârlJl ,.'Lrè , (-)

. Eil!:+*<i âlt ill i:Lll r_r+_r , (*)

. il*i. i-,-n AJLjll Ërill rr+_r : (++)

. Ëj+§ ii^S ij1*Àll Ë:lJl .:;,*3 : (+++)

, é L ü ,C-::i .j:+Jl l-:a j)t g*

ùLÉ j! --J! e i-ll*sil :l e"ll---a â---+lè 23, gaphy I lum-alb um L-jJl rs-

- t . -ii - \tL-rl ljlr3 crt'3;+----, aJ-.c L.-----l ,,.:l , il*lJSll c ô1.. Jy3S)*Ji3

';, il* 
"* 

(*tl - ;J1) .i1 r,,rtl râ;l*-_J=lr cr-r+:11 Cj\ <_i à:i- )ill
L .),l.: i i( sll_iT ._1.__Ê Ë;l-_rc._-€r;1 ri;Lsl ;"_-c, L*l e :+JÀ.:.L.r"<i

. ii+,Jill :,Çe

.:l ' +yÿ1115 ;-4-:c a- ,grTarnarix-gallica.L 'Lj_Èjl ; s-.x ,j,--c. i 
"t

g.jl ltjll3 ,iYjÉ-,6 l!l+JÉ,:-Jl i,l* "§ a'-ËjÈ+r*o r.r,,, i .,-lc.J,

ôl:-+,}Ë11 ' rl,ii I' -); Ll dsl Trr \1 cË;L-..$t ae;ll cü\ <,r ap)jJl

crlr*1_rr*r§1 ,.-,LiJjL_#i .+tp_, ,.i-,Ul ;;+; ;

cô;L-4-tjl *-r-+,jl , (*'ç,.:-ÀJi) *i r+irl! r.,,,, ...;i t.,' ,ri L =):'r_J,
a,)"*..-*,.,---lSl 4+JL,JL r-.-,,s--i-r âr---slyi- . â-ri>Jl r:'L--lll3 i:YJ »j*,

+ijt, li_,'.bji
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: uÉ)tii..,Yf A+Le -XII

500 ki,+*,, âl=_r* *-t (t<Jt-âsi ê,-+^+) L-Àl+ll Lj+Jl ,:,"- i50 ë,
f-:. r i .rÂi eJ H üHür.l ,,, Ë.r---al r"p B0 .1ii ,,. .- I âo El--o *--s jJ

el;*-s c gl--.--."ll L-e- >-§*; â=l -,i-Jt i i_!i , e+-,lJ]ji , lt *+ rJ-jl
â-+é-rll ü-ç t-:;t+ ;L-S^ o-r *1 r+Jl L ô- ,*-+: 6 , L+i .r---§ âiJf

. ;l'l'll-l

tsJ ; ( a) â-§_,tll r:t i1 d!^Li,*--.*Jl :__**r I ,JÉ:=l J

( b i oili *!i ;,-Iii..*lt
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(Lsiilt *lt+ r-ts) .+ldrlt .'r+lt rrtlt J-iett

t(b) : (a) i,+-E:..,,^U I Jir,I Â.lii â*,,lJJ 4+#J+i1l l.,;iJl +§-I

I ,,'3Jl: or-,-ll iJ++ ilr r', çjll dù.ct--jÊll u"t-...r,,i é-le jtllill df '-J

X52 dJ--+JSll il *jjl éJ-l-*, -ü'Lj â--,1;+ 1---j^§ l\ 6lJ ( q 'i - Jl

. 
---a-o|.=Jl 

t-,:it ;

: *i-t$^S éLJÀ:,"^il Jt+iil u"-*,,i -II

:â,1§ll rrL-,Y ôLtné ,:L-I=:-, ll ,JÈ U;1+il .,.i UrjÊl

+-:ii (.. .:r-,i c .»+*,,-li ) hydrophiie L#i-E ùl-----ÈJ*:- ::+ :.3

J"* +, ;i --lJi e-" ss. -'-Jl a-t-, ,ÿ)ç L"jt-!.o] çj âlJ3^,-.--^11 J+,:

.,;--*+J* t.--.l: ÉI ij3 cirt+.^--Jïi ,:r-: ,È- Ài .aJjYl L-.sJ,^=-

: [36]*.lclt

O<N<S<Se<P

4--ËJÀ L-s+ j.-..- ,jJ-J'Âr---c , ry t---Àjl!r jlllJl Ë;ol-l e+-,àé
â;lt.--^ll L4Jt 1\ (_r t-,6l+^JSrJiSlYl â-!JÀll 

-9 L-l§lt --, tt+^à-ll
t éL J§\.,'ü*ë ü;}Jl orÀ g-ca. A*--=ll

.Jri "qrt5 AJ,1I *J t!.àll ^\t 
{

. 4+ü .+JtS UL+§3J§JYI 4srrtil /

.,,usJJ- ,çsi -* 1^JI+ 
l.."§ LÀjlJu); 3j'-rrl ;* .:Su.rl ji+"i u ,"
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(Lr,r3d[ &ilrqû â"^l ru) .o]aslt r'rrlt s,t rll .'-z,l[

-.-.,-.- i§st *+]*ëLg&& +

:i+"lt -I
Jiâ^ll ./ k**è *l* q+*r:t .t-:_l r+,F,i-.,, üj_dl JgË -b 4_tjtll ,* rnjrj

.t 61] ls,".c r"+ xrj_r f+ 4§_, , ,rsi*l3jslYl

:4.l*r*lt JË,àJ-II

ir*.â ;..+Y r LilSit # 1t+;_lt ,,,,t,,, .-J LJ^È fi .-lj 1 ,§;J"i J_+
âJlass {i-**l;J rr;'Jr ;', "*r r-*§ c 4--jlsj9 {--qJi aJ.__r, -u.ê_**a:i
li + o*r L-"rili*t§ . i,Lxi*,*--.-cll ril_.rS;*l! i V:_l l.*t§Jl L__t-üJ^ e*t_,_lf
J-irl I xsz r-ê-i ir----a jy-qli ü=* *-Ë .--r {--r:^r^ J-.^-,r

. J::Cl

:X-§2ry sàll _=â;t*§!t ,r-t_r*Jt_I _lI

a-H *-*, X52 *-,-r-_-+éli rY s-*--ili .L_+r*: rl*j,__+ I i.§ r ii
tvt i**-s" 

-j 
4rrr 4---++ zû,u, r ü4 r {}gËr .. aF-* üq---sr .y *-iJr r\ + üi , r_* 
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(Luïill a.Ilrcl r-t ».) .+la*lt c'qJt rrt rlt J-llt

eyét lYrill raJ;UoStl q+§-üll e*à;g : -6- ds§ll

< 0.û05û Ni%- v.vvJv 
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a rr /w

I

0.0320 i A1%

I

I
I

__l
I

I

I

A-r.-lil .itr..rSll . ,'< üll
Ir, , d .- J

0.t û39

a.1261

C%

si%

0.9710 Mn%

< 0.ûû20 P%

0.0û21 S9/o

< 0.0100 i Cr%

< 0.0050 | Moota

< 0.0500

< 0.0100

Coo/a

Cut/o

0.0419 Nb%

0.ûû25 Ti%

< 0.0û50 Y%

< 0.05t0 w%

< 0.0050 Snÿô

< 98.7 Feÿô
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(L+riilt crllro r-t »),aL*It .'rrtt c.L dl. .l=,idL

JtJt ,jr+tl d qr. : âl^': " Jl rt:pll -2-II

.?Jt4:Jt .,.â il"d..ÂJt rt3ldt:-7- ds§f

i 2102gfl 
i

Sartorius

ag

gottingen

BPl2iS

,=.$t+.All Jl3-"êJl -3-I-I

dt§.:ll jk+ ât*l_:x 4+i,ll di--, ql.rJl ..rs Li"3 âilSll .=J tbJt ,:,'L^,r.:. Ài ..,1.

"lr 
.$.r*ll 4rJ.ËJi _11-o.i ,',.r- r, â+*'ll +J,rf .,,L ,'. o.q r_r!l (PolisSeuse)

, J§ ç-J$ a+:Jl_y jlgaJl ,rlc â:iJt jii--ll ,.31;_ri rJ* âl-"L

. I5S{}, 12ûû , 1{}S0, 6û0 . 4{}S, 22* , 18û , l{}t

aJ*:+:,i11 -tlti]i .-s çil-"-iJl .:l+-,;;,fl'ul e iE*ii crlil â7o J:; ;;.É: ô-

' aE"..]l 4+tc'

,J+1 U" o,:r Âs,:., OFyq X52 â+;t r i-'l:i,,,*J Lb.-o.ll arLc. rj.4+Wl .ri

.JSIll J k+1.-=

I

I

I

I

I

I

I)

eLxyl 4s;; jt\.J'lJl iJti:ll i+_.:r 1+r;t I ll.].U ÂJ I

Ir4erck IM 96-98 % HzSO+
dæ

''U:ÂI-Jl

Merck . -sJi-> (CH:)rCOl "r-V' i_+_+lilrH:O | ,ÀUr "ur i

I ,.lr .{

Hà.§-tlt ;Le i
ÿèlitjtJv

. 11 ., b Jt5.

z-},^Yl
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(Llriill À.rllro r-Lrr.) -$lddL "]rlL ert rlt J-rlL

:JiJl4irJÀ - 4- II

Lr',Jl .,,Lè,-9 -1- 4-lI.,ç'

,s-à--ll dJ--L^ll ç-Â I q *; j+§ ki-t ,,' . J â-i;,ll üj: \ lL

J "J=^ll ù--" È^50 ,j--l âJJ*ll o\ t U- oc é-+ f-, .(H2SOa,lM)

d-*-L-Jl ,.l,- :'-ji,ll 6l;'-:l é-J tji'- â-+J.j âr.-o .:+: .(HzSO+,1M)

ù-!j t' , i .-,1 cl;'-s, c iLll J.Iill cLll d L- E âja u,^r^ü e

. ilisll j J$Éll cllli .ur r.;.,.,'r+r e rrr+ ü^ âiFll 
"1À

. ôly;rc ;+lJl ora rl-i

:I+-'"ll r_»: .r-à -2- 4- II

J-+,i iy &l ,-à 3i V1, âô1,.,,-ll ,,-4JÀll ,#it-+:-+l^,Jl o\ q u"l:
.Li'' Jl 1yS ;rr;; élhr JJJI _!S_É

: rJSIiJl â.c ,-, .u.rriIII

: ârl$l A$[Jl jrL-,l-l* A-JJI r.r,,^i

Lrn
V.oo. - K -stp

mm/an j cmlh : aj.rs.33 (87600) ç:t+: uJir-:ll ,",11i :K

. (g) rlrt! .ii: , âXsJl é JrüüI : A m

.Cm2 kio:-l <i$l +-L, :S

_,i ( h) 4.c.1,", ll ,i ,(min) âi$rlt , i (s) 4Srilti ôé: aryJr ...,^æ ü") : t
.(an; a3-,11
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(L..tîlt r.lla i-Ls\.«lslt r'rrlt rrtlt J-ltt

:{o.t .all r-ilsr -IV

:[ 56] JLIS r3r;,"i1 AS».c. .,.t;

(ro - r)
R94 = ,r ltt

..t+:^ ü-9+ étll âc_;- : V6

.Li Jl+ ,JSUI â^c;* : V

.Llitï â3! r3r-y : RcÂ

qÉ !+- ôJ+ ){52 IYJÂll #El crutl i§+ iolJl Él.ruii : -8-cJs§

â.lslt + gu.-tl 4iuLi@zso+ , lM ) s.aâr.h*3

Hn

t

(min)

Am

(g)

S

(c*')

V

(glcm'?.min)

V

( mm/ an)

17 0.0077 15.302 1.0099 6-0851

22 0.0102 15.356 3.0192 20.347

45 0.0248 15.707 3.50086 23.6425

60 0.0327 15.236 3.5770 24.7038

75 0.0422 15.278 3.5472 23.8622

90 û.0507 15.548 3.51o^ 24.0280

105 0.4571. 75.246 3.2766 24.0347

124 0.0595 L5.7323 3.5347 23.8143

135 û.0737 75.447 3.467s 23.3656

54



(Luüilt rJlra i^t rs.) .+lslt 
" 
rrll st dt J-llL

.Lrf'. ü-ri Xl52 lTél ,58 Cr; i§q io=,;l.,ll ill.;5ûi .ririn: - 13- ds,.i

.ilislt i gt+.tt eiuLiËzSOa , lM) e/à". !*_l qÉ

ir!l
mm/on

-13- ds- min .l^-!l
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!É"I+ Xl52 IT3iJI &Il jsj i§+ i.c/t ,:,tJ,u: .lri* - 14- cJS,,i

.i.gslt *e gt+,.att ai.;Èr1(HzSoa , lM) ç,bAr.L*3 ,*É (a)

t-.- El
2.1

2E

15

'iE

tr

V (m m/an)

(a).A.rg i g$ll 4Â*i+ (H2SO4 , lM) ,n,à§.L*3 j Llr^I

rtrE

EI'

6E

dlo

20

n

-f5- cJS

=trctE 22t]tr
C ( pprn)

-14- tÿ

.Ur.J ulx52 isiét iIJôJl q$ N; i§+ !#3ill i#"J -H,j : -ls-LJs,i,ll

F?.Ë

lj_ Bl
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(LuïilI qti,o a-t rs.) .+Ia-tll <'nJt Àt rlL .t_htt

.L-3 qr§ (b) .L+3"11+X s2iYJÀJl jsE 4*t-;r i.Jtr,r9 ôjll^Jt Êrdl :-10- dJ+

.4lisll qrs e$t 4i*JL* (H2SO4,lM ) sÉ,or

v.10
t')lg/cm .mrn 

i
I
I

23.7288 l -19

1.6048 1 0.8145

59.91

23.4747 | 23.46s6 I 0.00e1li 13.8833 1.4924 7.3613

23.8192 i 0.A063 13.E759 0.7519 i s.û625 i 78.99

23.66s1 i 23.6603 0.0048 I r:.qsoq 0.5734 i Z.gAA,t 83.96

I 1200 23.6s22
I

i 88.2e

14û0 23.7146 98.31

i-*]-
i 16oû i zt.osoa

r 80û i 23.1266
I

23.1649 0.00r 7

V

mm/an

R

%

23.8255i
I

j

I.-r
I

rï1rof3
23.1 055 iû.00'\8

C

pp111

tI] r

o
t>

fth

o

23.6487 i 0.0035 i3.9360 i O.+rSS
I

23.7141 0.0005 13.8799 0.060û û.4*7

23.056û 0.t006 13.7437
i

1 a.wzt 0"49t 97.96

13.9744 4.2427 1.3662 94.14

tl
ii

12.A86e i 0.2482 1.6725 I 93.06
tiiiiill

50 | 24.4757 0.c302

23.3864 23.373r i0.0r33 I r3.8119

24.1455 t4.2935 i 3.5214

40û l 23.1426
rlit

23.43ü7 iO.Oilqlt3.8s39i r.+:ro i l.e+orili,titi
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(L$ilt ÀJIro r-l,p) rllôrlt.)*lL rrt dL J-llt

(b) !+Llt+ X;52 §Jdl ,Jsit jsj i§+ iolJl ôlJiüü ,rirL: - 16- dsi
.iSslt i gt+,.tt AÂ^È (H2SO4 , lM) s/à". t*"s ,rÉ

I* El
v (m m/tn)

20

15

10

o
1400 't600 180a 2000 22c,Q

c (F Pm)

-16- ds"i

é)(52.r.r.ét iTJôJl Â+" N; +ff+ LJJf itl i1.; J;i: : -l7-cjs.iJt

. (b).illslt i gt+.tl 4ir-.,JÈi (H2SO4 , lM) q#^r !*s sÉ 
Lrl olt rJ+J

R 'r too

EE

6E

4tr

ZE

o
,6tItl , a00 2Ego 22[la

C (mE.rrn ,

-17 -M

l-_ Ël
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!+ür& X:52 rTJÂll ,JSi3 j§. j a§+ io+dt ÉlJlÊi ulÀrâ : - IB- js"i

iSSlt i gt+-tt ai.,;rL+ (HzSOr , lM) ç,,àâr.L*3 ÇÉ (b) s (a)

v (mm/an)-

20

tg

IE

5

E

20EE Z?t tr

C (ppnr)

- 18 - cjsÉ

éX52 olg*ét iYJiJt 1+"N; â§+ Lrrl':tl 4ÿJ J# : -l9-cjs.iJl.

. (a).{Sslt i gq,âl 4&^À(H2SO4 ,lM) s,àAr!*3 .j t^.,1.t1 $+J

.(b)

.t tro

ao

gtr

4tr

2d

o

=trotr 220tr
L-: (p pii] )

_1g,,Js.,jrll
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(Lrlidt qllra i-t »*) .+la.rlt <,'r+Jt gt rlL J-'r.lt

:f liX-,)l J â-^ËljJl

.h!ürll vV ,t /

J:L-À+LJI ç+ # arlt â--Iÿ+ jl$l *-r*, J l., a_eÉ_r) tJ J+h

.( -13- etS;lt ) ,ri*l^ll J}: .x:. ( u, b )

.LJL=*6I\L o-!l .='U .t _trl lu .:-,3 âr.:,i3 +.L-, r-, j

I ,,.-Jl ol---=ii i 1 i i A-Jl.+ll 
"-r 

;3-§ ;-:...-'*il CI-, ù! é$ -u*ii ,lS+J

;:-..-.^Jl !1.I i ét Ii:-'.., i rç É r.JSUtt é j,^s âc;,-, +tr e+ i- 6J1Sil

J-:+il ri rV-.-itl iLSE ..'.r;**-;.jllfl .t ,-*il -x;l .-p g,b tr,t3;L-sJl *s

.,i i-iü;-;,.,-Jl ;L-..= l-- li q_r 4-+lÊ J.-tJl ,§Lll ..;+.+ +*"s- z-t^ll

;,

(a) t'i -lt lJ+J ue '/

-F+ 1-+lti ur(r-+ (a) -'-lii.-..^ll ii !' -): le.rl. -!-=:^lt d6l ap.= j*

4+-,-J.t'--l.ri 50 ppm Li iJâ-àl ',!.J:i , .*l LLlUll '4-ç)-, L,,iï -sâ,-ri

L+ "r"ll ;'-Sj 4.-,i ;:L+-l ;i n '): 'r--l , 6.14 % -+ J.rü 4*,*à .t++li

I t :,È.ill 4+-,-t {l r 
} ' ,-ppfIl I 400 _#j â-*Là *J U*r'ilf '+,+ AÀ*i^

.4-,',§c. ;r;c $^*ir g+;r e 4-=lyJl j 'irii ë 96.69 % ;1.Ë+ k-:-rl

:i o!.:* âÀt JS^iü \,.e üi, il eJ.- *1". Li Jl jlji^iJ r-.ü ;;at!il l-rÀJ

jÀtr^ a.p ;_llo Ëii"iJl é.tl,^li e""" e ç.,prl=i- ,3t", .js,il é ilY. cl À:
, j,r..,.Jl J*Sj'rUJl & 1-{-, a+::ri jÀlJ'" -,c à;1.p. *9J=TI JÀtiJi:;+:É§

.[54]++ i]" 4.]Jl r1:;,r I.«r
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(b) t il,Jl .ls+.1 ut /

ç+ (b) 
"-tr:,.,_.--t! 

;1 L -.1: L__-6.rlc ù:_--:"Jl g.r1 rrll JLÀ a}._-^

i-Sj :.-JLà Jl L+lqll o-g dtli3ll â-;=.." I * rï o_i â r * J+r 4+11*s

?J98.3L% llr ior t *rr;i I J +ïlT â-*i4--il ,", J-1400 ppm

' C+lJiJl d L*+ttt L; or'i

dFtl--j.o élt---iÀ ,i,-,, ,oi3 cg,rrt t:o e.t_." jS.LJ f.-: o-rq J,*--rJ'r-^ hÀJ

â-+r:rl .!tt ; ar--c, ;;1-,c .grr-;Yt, âl L: Jl .3!1 , Ji s-a: â_+._ç.LS

.I6q Lr1 Jt -!5-É 4l ê 1-+^ +,+ aJ^ 4.-uJt rlr;r liç3

: c'§:.é!iiJ*^ll æ .U Jt "di -V

,ü*-t$JI ç;-J tali ',-,-, JJ-u acJ* ;i À*x (-Ig-ds^éJt) ç§Ji j); .r

À---lX ,sl itJ L, ,1"'ll âÊJ,-^ *-- (a) L+ i Jt g i".=i jts (b) L+i Jl ;i Vi

j--§; L-ilx 'l * ,';il .;r;,*,, r-+-,ffi,', rri 1û00ppm j*-----s_e

â-cJ,-,., rl:ii ,*li U,, ir,tl âr-,i t rlJÂ: j-+S nll 1r q :r+J , ppmt4000

.JSüt

{+.33L( ç9tt i" .};--;3 ,,ji , .pL-':^ et*, d*SsJ f-: n-r'q J,-,+ 1* hÀJ

. JSUI ,e)-:h; ô;oU.li oil j)À c.r; o+.J ,_=i,

: Lt ti +,.ay-i-Vl

a"*---=i (b) ,JéJrr-.,--Jt ;i d;"--, i*,=.--:-:-,^:l ù\ q J)*s aJ.._-."*

.+,*1 ji ,r-,-i=+ (-l1- Li<.; lf )+**;9 L_- Xi _aJ (a) ,_pf*".._*ii ar_-

.-j r, 96.69 % À "F "--- 
d,-j,Jt,', iLr (a) 

"pt 
-,,,--"tl ,-9r 1 LJ lïll

I

-t
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fL-riilt üL" kt.tt .+llrlt . *Jt É

e îlJi -5 98.41o/o éi,^31 a-,! #,..F1#ülll "Jii è-+ çr-tt (b)

.96.91 % 4+rX :

kSls"* él Lti;,ll _ii ,=JLÀ1J| {lt*ill i},#tll ôl}iiJt .slt 6*t1 lia, ;

.(a) :,-ts;t u -,;L(i 
,,,.,,! (b) 

",,-L:.,*lt

I
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(Lr.iilt a,Il,o r-t »,) .clarlt < lrlt rrt rlt J-ltt

â.:t *rS o üSlTl 4Âr Àll *

: iLci..r*Jl ôjËYl -I

AS-* il Potentionstat - Galvanostat t:, .t^ jk+ LI",J-J â-,lJ-J

çl' io.J rJ"-li e-[* r:lj^ jJi+^Sll jk++ J-:i. jkJl iu ;i ."'+- fsgsseul

aÉ-:À k .J," o. . 'k'"+-' ,'l_À-,] .JS.,5 c.rlr (Pyrex) L_d iF 4+++J 4+i+

,Ji.!+ e^^,,5 ôLs:À a4 J^lS olte Çee érl.r3-ÈSJYI u^ i1;cal cjt=r.! tl e^..ü

. _*T jk+:i cd.Jtïl .re;*Slyt

:âLcri,,.tli itl U-ü<lYi -II

ajrl,,' o ;r il c a»j}+ll ,i.-- t:r*'- -q--À: .:c!^*-.."jt .t q *iryl -1-II

çq,resr J$l -,-r-!^+ C-^^,u '''-'' I Cnl: Ç

C+,i'--Jl dl- '-dlS ts- ;-^ ÿ-t :ECS_*-+, .l"ll "t e \-iql -2-II

,..pt...-- J1_-=ü JL----J L--+lÀJl çL---tè ,-i â,: i_dl ôi -:À11

'r 60 6t. ôi â;l;,-.---: â----s,;r Jt--.^:s* clli <_r \25-,;l 25 ) mA

: J,atlh,, üsryl -3-II

\ cmt 1+* L . , i-1 .,, o Jii,;-Jl 4,rl ,---,] â--ç-:,- L-r-tÉ ;*c â;L-lc ar-o

.é!n^"xil ar &L .,Jc .:+,1

: rEà-sll ,Jl* dl -4-II

+ ç-l.Lll ii)§"l -À:ll ,:' ,ul.i"'ll JL----^ll U ;*,ü 14.r ti",ê é1 .+_,b:ll gJ)-l Lr

.(-350 oil; .JI -700 ) mv JL"JI iL$ lai"l;r
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(t+fitt a.rlt+ r-t rs.) .+la.slt .'rrll g't ill .td[

: C*.411 Ae . .-5-lI

r ;L--3:.-"!l cjL--+-tt ,r--lÊJ L-<+ 1---i^§ o;tt L+#J+:ll ,-r.lL--ill {l- LuLil

30mv/mi, .y' <.jl+^Il hd G-ü^ll e-., ll 4eJ*, ü! LiJ ig"

: G rll Âe ,-, -6-II

Y3 , gJ:r--L.Jl â."-i1.++ C-^,,-'+ ,.,lf-o elJl â-cJ,*. Jl j't] ,*l-o r il

k* Ç-srj. J1o à*+ll-+ ,,e-Ëi -Êlê ,i *)-i-ü J_dài e-,-,

: L 'aill ('..q. i -7-II

ü, -Jl ;li-:Yi jy-l Jl 'il-,lJ C.-*..--; ç1- tl il <tt i_ilI JLj+
i : (E) .slc JJ---ll e;IIt .l _il 4+11 L.iL' . u"JJül

: fu.rrul ç.a:: -tff

: J=1-* ;rr; ;"a.r Ci ,-,^ i$ ++.tt _U.àJ

. â.:! -i,r_,! # i.ç.Il ibll
. :J^'i" ll 4qJLIl .,* éllij ,,'.,,§lt JIS-'i,ll Jl+=I /

aU-lrYt è!i i .,*tj L,-lJii (,-l' cL--^]l éiL-: dl--ai L-:df Ji*/
: +.,1§ll

4000, 1500. 12ûû , 600 , 4(}0 ,32ü ,22{1, l0A

: cl"*.ll +fo e -W

Llr--"rJI 13 '-lill J*-à---SJJ ,jJ"+^§l ;L el: {---,'_F: }_r>-l é .L,* ul

-;1 
jl «+li ir-+ â-+J+:il &ii,il .ric.lJIJi j*t: J*à-ll JJJI ,.,(,,..r

L.-{}Jl+ tafei ,r---Lar^ ,,--I" -L--=l Lt-r--*,3 i:(E) .=ù i E:(t) ,êri
. Log(i): (E)
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(L{{idt \ll,o r-l;.) élarlt .)*lt ëty't J-rrt

: (H2SO4, lM) s.à.tr .L*3 çj àr+\tlll 4iJt i â*.,t_;.r -I

,fr+él iYJiII c§Lll 1r-:,-,', r'rr1 13. dli I ,'u ç-i â*,,|J:ll o;ra Lt§

: ârlEll Él+isj^ll ,rJc üL -i, LiJl er. l;c éX.52

_ Zl * ds,'ilt

Log(i):f(E)
- 20 - dÉ.ill

i:f(E)

-21- ds,i,l ôjÉffIl dtjjJl : -11- cjs§

:jr-.pll

%

Vcorr

mm/an

Bc

InV

Ba

mv

lCOlT

trtNcmz

Rp

Oh/cmz

Ecorr

mvÆCS

j§Jill

ppm

24.09 -210.8 r25.2 2.0597 21.78 -508.1 00
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(la$Slt \IlrO a-L;s.) (4l""lt ")*lt §trt J-llt

: lrr^I r.+. *s -2-I

clstil (a) Lâ_jtll .,.Ii:.""I -l++jjll Ll" l*i q."lJÊ -l-2-I

Tafel 4ll ri-io 3 ct-r. lJ.Âi-.,,)l *L-5-i. &-:"É t-«+L dt^aàl^ll dils-,iYl

,-FlÀ1,"-) (a) t^l l.tl r-r--r. .-rc <.Jlj ! '.u ç-àX52.r:-+él rY .ill .

. AiEÀ- -É-Éâ.' .=J ( Tamarix-gallica.L: ti_,$ll ;;+",i1

re

l-*'p, l* l* l* I;* F, [.,

801

lr-

.23 _ dis.ilt

C:200 ppm , Log (i ) = f ( E )

h', Fl .|**, 1G' lifr'

_ ZZ _ ds.ilt

C:200 ppm , i= f (E )

tr

i'

F
l'æ

I*

R

%

Vcorr

mm/an

Bc

mv

Ba

tnV

icorr

pNcm2

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

37.069 15.16 -t69.6 84.4 t.2961 24.28 -473.6 2m

-23- dsül Ëji,c.tll dl:jll : -12- cJs§
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(t*liilt \ILa i.t,p) \41""1t .;+Jt erty't J-'+tL

,:'-..:Ü
,-li, I :

lr= I

- 
t.

lulrrl
i" Irl

1

F-l
I-o I

Fn1/
-lt fru

J_ 
lri

Fr Fs F* [*1-* l* 1* F*

.t
/l/1

I

l

I

EIl-* 
_,i

E6d: '.{o5rv
Be: 225G d-crt
ail:: 1-la66lrdl.: ,!al fl .:,..
lê: -l§2 d t:jr:ilu: !Mr':'
k: 134lnà,

æa3.h.r:
o-s@drrt

_ ZS _ d§^,ill

C:4$0 ppm ,Lag (i ): f ( E )

- 24- é1,,àJl

C:400 ppm , i: f (E )

-25- c,s.i,l ôj*.c^lt dljill : -13- js§

F"
t--
l-_-;
T"
r:
F-
I*
i.^

EGal :

_ 27 * ts,.:,Jl

C:600ppm,Log(i):f(B)

- 26 - dis.4ll

C:600 ppm , i: f (E )

R

o/
,/ t)

Vcorr

mm/an

Bc

mv

Ba

mv

icorr

pNcm2

Rp

Ohlcrt

Ecorr

mvÆCS

C

ppm

44.33 13.41 -166.2 88. I 1.1466 22.56 -482.5 400

:"m J-;tu :;; [s Ftr :€ J;* r;;

R

%

Vcorr

mm/an

Bc

tnV

Ba

InV

icorr

pNcm2

Rp

OhJcm2

Ecorr

mvÆCS

C

ppm

52.43 Lt.46 -169.0 88.00 0.9800 26.43 -483.2 600

-27- ds-tl Ëj+Â ll dljill : -14- cjg+
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(LlriilL ajl,o r-1..1s) (41ôrlt .AIt értlt J-'ctL

l*
rJ;;6l*F*f{r*|æ

C:800 ppm , Log (i ): f ( E )

-29 - ds.ijl - ZB _ deitt

C=800 ppm , i: f (E )

R

Y"

Vcorr

mm/an

Bc

mv

Ba

mv

icorr

trtNcmz

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

66.567 8.054 -138.9 77.1 0.688s 31.03 -483.4 800

-29- dtJ ôj*Âall dtj]ll : -15- cjs§

r;r
FE

FË

T;-

Elhtr ..&-td
Èp: eetÉli.:Ù-: oasæd/-l
O-: æ-O dEc: : -tÉ7d
tur: 5-ædÿ

tu li. -. - -i-----L- --- :--- --4-----: -. - - -! - - -- -2 /- - -.t: : : : : : t f 2

l: ; : : : i i' J. | :r; Ii ---.1----i- - | - :-ÿ-,i--=!1 i -.i

l: :"r'/ii::::F li' -'-+--z+----i-----i-"--i-----;-" "i----'i
lt i./ i i i i i : I
li{::;iiiii6 li - - -/+ - - - - + - -- --i-- ---.i- - -- -i - - - - - i - - -- - i - ----i
lt/t!ii:l::
lil : : i I i i : :

to i-ÿ----:.-___l__--i.---_l_____t-_--_l_____!-_-_-l, lÿ ! : ! : | : ! ! :Eir; l:* i-- I; f-'n fiæ 1<* t-*@ t-ÿ

_ 31 _ ds.ill

C:1000 ppm , Log (i ): f ( E )

- 30 _ ds,ijt

C:1000 ppm , i: f (E )

R

%

Vcorr

mm/an

Bc

tnV

Ba

ITlV

1COff

pNcm2

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

78.00 5.299 -r05.70 63.00 0.44s30 32.42 -480.8 100t

-31- ds.,i.l ôj;i 
^Jl dt3jJl : -16- c!§

69



(LlrïilL \Il* i-1,1s,) dldnlt.,lrJt frty't J-ltt

lCFl: §2d
i AD: tt412tuilac{-: amlÈl
Aà: Égfl

I aG: -71st , .

ll:d: r@
itu.-: oan*

- 33 - d§.^ill

C:1400 ppm , Log (i ): f ( E )

lE1-6tu-laEz*,-l

t.m

_ 35 _ dK,jlt

C=1600 ppm, Log (i ) : f ( E )

_ 32 _ dlilt

C:1400 ppm , i: f (E )

-33- ds.r,l âjiÂ.cJl dlfill : -11- cJs§

j Et-t :

:::!::iè--i
r ol- ts-r----;::.:Ê-+i ----+-7. - - - :- - - - i - - - -i

{ o d F-l-- -r' _' +--_ a----Hr_-l----}-_-j-_--i-__-:

l::i:il:::É,h, t-r----:-.-:---:----+--i----1---l---:---l

, I : i : i :l : : i i :F.@a f-r----r---l----l--.-i --:.---t--.1-'--: --l

Io
,{æ tË- iË Ë; trÈ i:- Fb f.-.6 IE f..æ

F l:-----:'---:----l-- -:----l' "t-'1-,
Ilt,I

n i --'----i ---i----i----i----i/---irl I}=;:-+-+;+ i
l_. ii---y'---- i----t ----:--__i __ _ _ i ____-.. t' /, ,

r; ËJ --:---- : ----:____:-__ _:__ - -'-____i

F* l* l* l:i- læ l.<* f.<o l:È;

C:1600 ppm , i: f (E )

R

%

Vcorr

mmlan

Bc

mv

Ba

mv

lCOlT

pNcmz

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

96.54 0.832 -74.9 67.9 0.0711 174.12 -486.20 1400

R

%

Vcorr

mm/an

Bc

mv

Ba

mv

icorr

pNcmz

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

96.03 0.956 -109.60 67.90 0.0817 181.86 -468.20 1600

-35- ds.iJ ôjE rll dtj.iJl : -18- cjg§
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(Ll.iilt qllro i^L;s,) \4l.rlt .;l.lt 4iLy't J-ltt

:'
E

F,

F-:r

F-

F
Eft4r. ry-6*
FE: iUS#E
idrl a.Ézg,al
t-: 61.2d
ac: :' æad.d-_!-r:r..t_tlre rt.!tu-.r T-tæd'

_s7 _ &r
C:1800 ppm, Log (i ): f ( E )

- 36 _ dsütt

C:l 800 ppm , i: f (E )

- 38 - dls-,ill

C:2000 ppm , i: f (E )

-37- Js^ûl ôjHâill dlfjJl : -19- cjs§

l:i:l_/i

ErÉt:

3e: .:

4Ë-3d
aærud.-tg_6d
€-7d

l-lIIIm
aæ-rt

l;-

la

fd.r
!. 6lô

,F6
l

+------+-------l -- - - - - - a - - -- -4 - - - - - - 4i----i':--.i-,--ÿr i i! ! \l//: i :-i-------î-------ht f " i" - "' - i-- - - - - -i
I : :u : : :

-i-------*-----:i-+--:-:-------i-------j
:1:l:::

'1 - " " - :--'--"! -1 - --:-------l--------i

. j--------r-------i--l-----i------. j---,--.-: 
=F; I.e J.6 Fê F* I.æ F I* t* l* F: |æI-æ l* l*

_ 39 _ ds^il

C:2000 ppm, log (i ) : f ( e )

R

%

Vcorr

mm/an

Bc

mv

Ba

mv

lCOrr

pNcrt

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm.

95.30 t.t32 -99.40 61.20 0.0367 t32.58 -467.60 1 800

R

%

Vcorr

mm/an

Bc

InV

Ba

lTlV

lCOIT

pNcr*

Rp

Ah/cm2

Ecorr

mvÆCS

C

ppm

86.06 3.3s8 -95.74 54.60 4.2870 44.4s -473.3 2004

-39- ds*,J ôj*aill dlfill : -20- cJs§
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(L*titt &Jl,.l i-t.p) \41"*lt .)+lL é,tlt J-llt
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2
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iË_
F i--i-----------ii
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i-
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F
l*

2OOO ppm 

- 

10 14s ppm 

- 

7
1600 ppm 

- 

a
1Aæ ptrT 

- 

9

600ppm 

- 

4

SOOppm 

- 

5

lOOOppm 

- 

6

Oorppm _ 1

200ppm 

- 
2

4æppm

(a):.;Utt _!S_É, iÏr:. J X52 é;+éil lYê r*rll^â-,,,'Yl ôl-r.,s.,^: -40- JS,i

i'r.' ô{',t (a) ,;=:-,:,"-"tt âst :J r-J3i ùi L -): 4Â1*,_li 6jt ritl ù-_..-

-i-§ê.,l Ij:15.16 ( mm/an) a-+u 6))24.09*-" di-ltïl 4cJ",.-ll

AcJg,,-ll ,', lô I I< Ll 1Jl j-é-É rlj I ^l< ôi l----1-1 l-^5J .200ppm
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(L*üilt ÀJl"b Â^L2r.) é14'it .)*lt etlt J-otL

1+-,1 a-.À ,', il+ çut 1400 ppmJ-:rs_É t-*tè ,J 1 I ,*ll âr."j d".lj_l

eL-,, ,.s---lÊ âJË+ j!-i"l I I i Jl Oi çi ' 96.54 Yo Ur. âi L* i,rtt

,r--s rcl ',,J ,el"*,.-ll li-è ,"s--IÈ â '-:\É l+lJi é jJ r ç--+jJ â.+jll :r_liSlYt

: ;* âptJl ç3iJl clr

â$i.Lll ôtÈJ'"s-ll ,jlc âr;'-_eJl ;;rr;i$Yl 
e l3jil r+lÿ O

e ls*,i et-o ,i Ji; Ljl'*iil -'Jljdl e-.* ++Lr§ *f---c,r *Jl Ljl-!-i G

. ; r'-"ll (++U;t c.rta "^+^lt) +;;§)

,---+ 1..- l\ .à, L, *'r,ll A-ç)-,, *-l ,JL^-ir L -)U 1400ppm_r_§j r+;

el s-.o ri olrr.--, ajÀ,.1S; , çUt ;:---*^Jl CJ- ,,,,...lr Li ",Jt jl-I-L+

,j-ç â31-rc ËL-ti.^ll .gtl--i^!ï C."-- c a*:L--sL el..*, JiS.Li .-lr âJ):
Il-*.:,j , L-;:_rri .3gi t^ u,É iirL-,c A;r-=Yl jÀr tJï; L-+.9-:TS 3Lt i"

.1^j'. Ji j§;r a*t] ê L6* Ll..::11 :+- ij{y *r+ ;^ ;.c,;,-,il _rir;.:

L,, ''o él_J*,,s1\ ., I-+ ',Jl j æ-"-, (-40- J< î,) Aô1.,, ll g_rt rrtt i-,-o,
'ç9r+l
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(L*t tt qllro i.L,p*) \4!^"lt .)"lt 6rtlt J-ltt

Fft {.s {-4 l=@ f-4,- f€

EfrcI: ff3-vBp: læ-Btud
i Er-: O,Oæ d"blBâ: 451*
Bc: -E-3 JH-: I-ürlmo
|b-: [a93dÿ

J: : : I
P.æa r:-------:---'---':---r---I-------:------- :-l: : : I : : :i: : : i : : :I: : : TI o- L:-------i--------i---r----: .-----:-.---- ;- E

- 44 - dÉ.ill _43 _ Jis-ill

C:600 ppm , i: f (E )C:600 pprn, Log (i ) : f ( E )

EfÉl: €-7d
no: EHtud
iê.!-: O-GÆgat
l.: Z-e *
lc: Atd
lH,: I,lm
b. : 1AE ../y

-44- ds^tl ôjÉâ.tll dtiill : -22- cJs§

_ 46 _ ds.j.ll

F;

I,
t"
f;
F-

C:1000 ppm, Log (i ) : f ( E )

- 45 - dit.lll

C=1000 ppm , i= f (E )

R

%

Vcorr

mm/an

Bc

mv

Ba

tnV

icorr

pNcm2

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

96.26 0.893 -79 3A 54.30 0.a763 183.73 -470.3 600

R

%

Vcorr

mm/an

Bc

IÏIV

Ba

mv

icorr

pNcm2

Rp

Ah/cm2

Ecorr

mv/ECS

C

ppm

96.36 0.875 -52.8 27.6 4.0748 89.61 -469.7 1000

-46- dti.l ôj*iJl dljjJl :-23- cJ-e§
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(L*t lt qllra i-1,1s) \4l"rlt .)+lt 6Ly't J-'+tt

EfEl: te49.l..Èlc.]atc-l

1-.m

rï--
I.r

rÉ
F..t;;

F@

T-;-

.F
F
l-r
l-
F'
F'
ç;
r-i

_ 4g _ J§,i,Jl

C:1400 ppm , Log (i ): f ( B )

- 50 - dis.ill

C:1600 ppm , Log (i ): f ( E )

- 47 - d§^''T'Jl

C:1400 ppm , i= f (E )

R

%

Vcorr

mmlan

Bc

InV

Ba

mv

lCOIT

pNcm2

Rp

Oh/cm2

Ecorr

mvÆCS

C

ppm

98.07 0.465 -8 1.10 46.00 0.0398 193.49 -470.1 1400

-48- ds.:J ôjÉÂ ll d§l : -24- cjr§

n ri i----- i -r-- -.j. -i. j . -:!: : : : : : : t:

-ii i i i i i i /+
I: : I : : : I I a

' I tl ig .i----.i------i------i----- j.-----r-----r-,---+
i : : i i i tl i

L:===4 ae :i---- i ,:,Â-i-----t I i
lt ,{ i : : i i :

i- rs"----i-----+-----i-----i------à-----i.--__+ 'Ei
F16 --69 !* I=- l-æ 1-€ Fe 

':s

- 49 - dis.ill

C:1600 ppm , i= f (E )

R

oÂ

Vcorr

mm/an

Bc

mv

Ba

mv

lCOrr

pNcm2

Rp

Oh/cm2

Ecorr

mv/ECS

C

ppm

97.99 0.484 -60.70 50.50 0.44t4 170.34 -463.4 1 600

-50- ds,jJ ôjÉ.c,cll dlfjJl : -25- cjs§
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(Ll,o,lt \IL+ i-Lp) Cl"'lt .Alt 4.rty't J-ltt

_ SZ _ rls"r,Jl

C:1800 ppm , Log (i ) = f ( E )

Ekl: 4ù1flhÉ- ææùai
icù,: Cllæd/at
B- : æ-G -VEc: €,6 d
|u-: l@
kr : a-3æffiJÿ

C:Y .00 ppm , Log

- 51 - dls^ill

C=1800 ppm , i: f (E )

,F-
::,l'r

F-.d

F:Ë

f;

IË

Frà{ai

fr

-52- ds.T,l ËjÉâ4ll dt3ill : -26- cjs§

_ 54* ds.ilt

(i):f(E)

F
F-
5

1.

b

l'
ç;
Ii
F

- 53_ dtl'ill

Ç=ï.00 ppm, i: f (E )

R

%

Vcorr

mm/an

Bc

1ï1V

Ba

InV

lCOIT

pNcm2

Rp

Oh/cmz

Ecorr

mvÆCS

C

ppm

97.37 4.627 -13.20 s2.60 0.0536 218.s4 -467.4A l 800

----1'-

f;e;

R

%

Vcorr

mm/an

Bc

rnv

Ba

ITlV

lCOrr

trtNcmz

Rp

Ohlcm2

Ecorr

mv/ECS

C

ppm

94.52 I 32A -88.60 63.60 0.1128 80.60 -478.30 Y .00

-54- clS,'il 6j,*ârll dtjjll :- 27 -cjr§
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(Llriilt asll* i^[2s.) \41^"lt .)*lt é,ty't J-'ott

l8&)ppm 

- 
7

20@pm 
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g

10t30 ppm 
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4

14@ppm *--.. 5

1600ppm- 6
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600ppm 
- 

3
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l---
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7
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- 
g
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- 
4
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'1666 oo- _ $

ûOppm 
- 

1

2û0ppm 

- 
2

600ppn 
- 

l

(fo) !+rÂll j§_,!, il'x ol X52 A_y.$ll iY$ll r-rüii."Yl drrJ:rir.-5S-- dsü

:eil§ll i,j,IU^ -1-3-I

r',.' Âi it (b) ,-,:lii.,_-..^tt afl-àl Y_ei , i. ù! a+l ,. tt 
6_11 

ritl g__

_!-=§;: ; lLà JJ. L, i'',ll âr.,ri drrljj 4cJ*,-ll ,'. Iâ t--ls I r i Jl
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(fnnt tt a!1,4 i.t1s)§ld"lt.,11.11 ê,tlt J-'olL

1i ^398.07 % lô1. ôi L, irtl â+,,--, + ,', ili qgr-§ ppml400

ç,lilt éi-§ o i rcl-,,, .e!-,-ll li I ..s-lc i:-+5 I+IJJ L1.r-.! r. l3J

: cf â-rlii

4++!Jï ,-:LÈ q^+-ll .slÊ â13,*3,"11 irüJJiSJYI el3jYl r;.l3* o

gls-rl e+ éL§r 4-JtÀil jJlJ'"il H Lr+fll ar . r +*ll Llli o

. .;-:'-Jl (+*U;t ôl"c._r,"Jti +3_§)

â *:3'rtS dtLj, :-"-+.j. L* "li.iil âr,*i,'. '+lJ ;,-+Yl li + '-é; r-'-r3

,:*^ ac;r."-Jl rlrij l\ «i: , â--ar_9*î dÀL-i^ aJ---s. Ëjl---rc. éJr--=}t .Stl.l.olly

. L+1 
"jl J§-É 4Jl & Lo6-o 1 ,..';l! ir; iir: è:+

çrÿ Li', ;p Ë:!' Jo (b) L"J...LL.JI ;i tJ e*à3l re rÀUi d:;Jl .rJo oQ :
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(\*ftt ail,o i^12') élÂrlt .)*lt 611y't J-irtt

: il.uéli:-ujl û# ;jJt!âJl-II

: }EII .J:+ll æ â::^" ,jl-.lr:,,*ll is., âj;l-ËJl

ôH,âtr:-J! 4ç fu-;tÂJl : ,28- Jsr+

R% (b) u,-Iii-, ll R7à (a) rJÀ:*" Ji j§JJr

55.08
37.t69

200

96.26 52.43
600

96.36 78.00
100û

98.07 96.51
1400

97.99 96.03
I 600

97.37

q4.s2

95.30

86.06

r 800

2000

i_ It
II

t é1- dr:.,,.r ,J:+Jl lra gp-' ;*

ai'..ài ,J_:i rrc elli_: (") .,,:kr,oJl La''Jl A ,:-,.,=i (b) ,J-lÀl*, ll Li'iJl ;i
â+*J }ci (U) .1.tr:.^,, 1 ',-a 37.A69 % i-r,iill i+^,J {Àei (u } ,-.ptr:.,"^tt

98.A7% F) , 96.54% (a) I lrtti â+", .* 1400 ppm jS> .:i'-s 55.08%

L----ic. r ïiÀ L -,'j,i\l L---r^,n;ràs:,rË i+,.-:f-Ul ,r-lSl )-§JÂll lra :+:

L ii rl! i.',,.i (u) ,r,^EjtJI (2000, 1800,1600) ppm,;§t;
, '.,.rll r-L$ (b) ..*,1;,*"ll ui. {8a.*6%, 953AoÂ, 96.038/8).J1_#1 ,r-l'

(9 4 52% , 97 .37 o/o 
, 97 .99Ya ) : *lt ext *ic
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(Lnti tt Çlra i^L2r-) gl"rlt .)r.lt 4rtlt J-ctt

;'- ;r-:Si (b) l.É^li-À a-lL-èil i ,-llLI Él-à:i^ll ' jlÿ Ji---À ,rl Ii JÉ-,jiJ

(a) L,1 It

..D-i ..1--^r.(a)t--:.ll ü.---*:,-iSi (f;t-, t.tt jtj,-:"] .-J li--â qeri .'. .,-r

;i --t :t .-.^. (a) cr- 
".,,,-,i 

(b) r+-:^lr cJi J.-Âlr c*J"t"-.-i 4!1,*-ll ail--:ill

. ;l'"rr-*i Utt-ü"^ l*À)l,S

*éxs_sxsjl 4+ ur . Â§sjr c E!*it 4+.,

a#"l'3ll *Ê*J'hl!

Çç"s" 3r4stt âir,-,,Llt

rlsYt a+;Ltt

ÂlIitt *.s g!,..atr i.i-_)}rJr

r_i Jtb t^i Jla Li'i Jlb j..n lla

98.07 96.s4 96.91 96.6e

:a;lEJl â+$$ ui-)Â:-t jS^* l.6;Ic. cj.^:=:.ll dlj;Jl *;r- ,rlc

iÉJUl .# 4+lL" i-'l.,''iil ,"'j.,,i;i 3 âg.Jl ,;,"Ài l',L.i ùiü+jiJt )S
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xÂkll, x-IxlL

,.,h"üüll lÂJii3. LJIJ,-,-ll *Eliill rÉr+ 4.Jti â-,1;r:l lrs ULg, g* -i+dt OJ

-t1-,,J1*l çi ûti;^S k:iL;l: l-€+-lii-,l Êl él Xsz,;y.;sll ly,rJl .,lc.

. {.Lr 6tlr â+} d d._: r' 1,ÉLJl

LJ^,JI dii:}l ,",L.i rfrtl . ( a) L=lr:,,*X a-,-ilL JSI$ €l.J+ïI ;Yl <*,t;r;i

LéJÀJIJ s i-lSll # f!.;_ll 4-4Jt ,,iyËJj'ljl .ilc rljct cJis ,â,iî

"1,.^ §i ."J*$ll _iyt o* ê ç.lt 140ûppm j§;,,Jl .J+i ..r _r.Ar:li,j<rJi$.Jl

4+:l+.Ë6r-ÉslYl oi+JiJl i;' Li: ârsJl ,*s tl;;il 4+É ct96.69% Lr.,-,', â-,,,,.,-r

. 96.54% Lj,,-,itl 4+,J,§l+.âÀ _!SJi _G #,

. g1 . ^ârIf é LJj-,1,11 â,; .:i+ 1400ppm _!S!t tu :q_r

d,..si-+,9 (a) -r"t=r,*--^tt {jJ} !-r;OIt 
'J"sr os3 (b} ,-FIiL.,^l'Lr ,jL+ t* .,s l-i

L4Jt *-c t-.-i a.rctt C t$l 4+É .,s 98.31?'o L.,i",iTI i.,,..i .:.J §;:lr
98.07% Llr"lt â,; atLSÀ 4j!ry<rJtSlyl

Ji ol.-o .,, â ;iL ,JS-],--l ç-À ùr,-Jl el.-, -ic l^i Jl jl_I^t+ ,^"Àj â;olÀll lrÀ-,

.lÈt ; r-rr ;-l!r ;iti-Jt (.itlj.oJl e"J c a,*,1:5^ et- dLs.:,l .rJe â.Nr *l si,,-

t-+r+ dr 4--!^Jl :hi l++s . t1.C éÀlJ^ c.rr â_r!r ,.S_,iYl 1.StLdls e+rlts

.11 ql._.ill I ii( * 14"Jc, *-=:^tl dllll "rÀ JDÀ ;p e -tnnll j§_É 4J! ê L"6-

t-j:, élh3 ; ,*. a+:ifl o§ -:+,i3r, s§lJl Lri,",li .,s â++,4+il*, td ü+--li:-, ll

.4-:rt ,",,CJ L:L-üi fuls^ * s i..,.r,t ;:L

,i:*i aÉ,"J '"+t ;!.:*:^ll dl]jli o:a c q^à ,Jr,
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J-J.- 
"+ 

q.C ciU.-ü^S l-àJ^éûjJ I Jir,ll âJ,-1Â LXJ i$^-li:-*ll )S

.(H2SO4,IM ) .-,*tSt

. j§jll ârl;; rlç Lr,ttl q66

J c+J .,Jc .,.t lYl 4+J.lLi :,i.r, c.,,Jr^ll e.L- ,jIÊ 4+J.à-ll Cr'u:L3- ll jl;i^l .j
.*tjJJiSDl â--ii- r:Lcy,";.* rs+_l a;. _rKi jl;tYl o+-.*;:t.:i^ *l;i

i-r...il ,;i ,;fu üË-Jsr-,Âll )Sl ,sà#i:Jl ,J'ill etÏ:.f!^§êUl eJl .J)l. c.,

,r-i ;;t::.lt cr'lj lt r:.rlr (:t sll ,t^ u§ r.. r q+J .5ll çI#1lll d,jll djj

,,.j*.-l=:,r*lt

, Jishl â..-t- uL*- os âJ:sli d ft+;lt 4l;t 6L* g6i +À:t +=ult at^ Li

â-4JÀ11 oi ^ alrri',1 d cS:Yl ,*,*.ü l^ .4+1+45y-ÉsjYl 4+Jtll+ 'éJL §.
.4i*l.t1.3 JSUI a..j* .+1* j 1"§$XSll
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. 23-13, ùti! - i.r;;a1 jÉ'rllJ
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.(_p^; +JS-Y'H e-i;l,*,Jl aLl'i. *irI ânlïl a*-J-it. LÀr.rl§
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