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.,**+ rc. ,,#*Jt t**"*r f l+L€A- c.,rLn*r 3". r*,Li ,!fu- d;Jt O*rIt #-9(J u*i.rrs.

Ju,aJ elli,"-l u.lr_9}r ajla g,r*a {sle J5EJI tla-s nr'.;! .'(les joints de grains itil-tll
.j+Xl r.ra ,*hn-1 L$((ii J: E:-** l* *-a; rtt '+E+ +r*lt c-,qon* CLG ;Lr,

cr'i,*lt tr ,i J# Jt iq.ry Cl 5J1,}1 i<3J +r1; t"Lf ,t51tlt d LF\ t.ra 513 * jllj;

"c**ll qc * -*r, e.lJ*-1

c,rr"rlr 4 ;fUr -(I-4) d; J*Jr



j3Xr ,!"cilr

a-*L"s. +-.rt er.L4 d.Ui; i.p"rJdt ,f*i Jt' !lyJ! d"pl, J'fUt Cf l3rlt tjr &r)-L-;

dJ-i *..--*.1 +J-...pTi OO $ ;+*Ji ,Jlu:*, Jrr{ c"S *3Jt a4r: r;*rlt *,t*r-;ri g-eJ{i

.1201 +!r;J=t' .&#l jL6#Tt

l r-l i--1.
',1 i .. '\ , I,it\il I

i-------r
I1G
I

I

i
I+-------J
I

I

I

I

jt6yr c.* .,,g1r,iLil-5) d_r j(.lt

e-- t,s 4U:3 ,*udt ;f*t: cr.l.r.i"Al crt3i ;[".r*; o.-*l ;Jt]t o.io * ;$Elt *#*
.*S*;lsJt ad# *6di U +i ,er8ti*:uij s,'!f,+"ej

:d.s-l{ .}Jit}r .7.4.I
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.a+Lp elj 3i ."ru;rj ri a.!,*a*lt ;[dt gr1'5*J Jr. Ji 3UU #r-ii b 
-1,aJ

:,_}.fI-Jt ,*tE* .5.I
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,+ L*9 La.:,ri aJ Jt5.,ii

:(#'[1 ]-ftf t; ...,bJt J-f'dr . i.5.I

iS\t' i-"..r-;.: 
"1 

aJtSXt i;t!r $u,;Yr ; o*rlt J"1j r**r c'.r ,.b-l\ rL-JLlt
:"i ;,*i ua j|ftlt ]-,tj*1,[6][S]d,-.]tr

:'r*.t 15 l"*-dt tia i.rif lJ) ir-,jl .9 aj-...*;lr a1a-.fJYI aL4-fi o

I



j-i'fr ,i."*ir

/-T 1\
Ti.IJ

1T .+\(I-IJ

2Cu* i*, +I{:o

Cu* 1fJ, + 2H*7-

- 
----> 

2 Cu** + 2OFf<--.-

Cu** + H2o

JL$$J ,i+;tr {-i**c..1i j*"* lr*,-dt ,-:tf *1 t"La; fles

(I-2) Cu + 2H

protcns ) .:u;u--1Jt o

:AU:.rI*

LU +t1 ^

:qp;SJr 
"|-*,t1,p5Ht.2.5.I

c"o* h L,; d Li+ii er-J# c.,r*itf )_FS _f ,;""+Jt 4{F" {J:{*{ t"S g*-Qt.}ftJt

.[i3] ,{; ;i .rLf *h ..L*,3lr ri} i.."*}lt :t-tl1 & F.L4 ;"}..e * .*Li I 13} uiLi

:,ig**f3UjG, J*q ;.fidr . 3. 5.I

:Jt lt ;l*',*JJ kJ tlli o-& G j'"e J.4 M o"utt .1TB

(1-3) M+G
f.trlt :h.{

3tilr :G

.Ll* i-i(4 t, Uti.l J$tlr gu :X

:;*c J5tlt r.rtb,' ar .1S*Jt Lu cr, E>\"Lr;r-5

:'lu-+r -1JUr.i
Jg**' a3,9 e;r;,- l*riiy i3\;r E f ,tS U*S lTt & +-# ':te !*; r.rlj €

r.. Ja ua; *Ji J(.l 
"}.* 

fi i.r**fXt no Jl e_trJ oJlr4=-,l .l.ult gr;*- s.*.4 ,JUJ:I

. [8] a.**, Ji oJta ,i 0lf

;L-r-:l* ii-f 4"J) f +e,.*f"rYt J-.si1 fTrJr .g
,,! a#Slr 3ui;.1'r*1i;a; JL.aLI-l JsLt"JI i*ir.* 6;1r.* a+;:.3 i*JYt *r"-;
dJr" H i*_:4 i.rJYr b-r ,-p6 qJ#l qrL,Jl;ns ,(Electrolyte) c*!3;Sr .ru;

;L-+) +r*SYr * f_* *s i...t*r +* e-*ft o,ra lrf;; ro;rl1 *-, ..+, ;fu:.It ,+JYr
t.
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j;'$r ,rueril

.h..-=y,. ,Ffu €iJ T i*aa-a IJt,.r dTJ) ., 6.L511 ltl ,r.e.. 1, q^*J elJ+-l r-;*rjl*li

.110] ,.TJJ3KJI crU*.L*tJ 4*-rIU;-el, (JgLrr i:r,rd Y u4J r.r.r*11 Cp

:furu 6.:1_,,- ir7ss Li 6iJtt +jT .O.t

A+1-J1 ;:*1 pr: iar:'rs o;1_;- a<1: 4 er*{}}t jti-l u*di ;l J*t}t Jrt*,t *tr$

,*',jJt # E,rrr ZActib;i.atii * (FeJ *-.rJ-l r.t**.r Jf 4s te3 :t+p( *r'f* 5Jt eli'"!;

d,r;_ri AL-,r3r L-pJr ,)LoS -Li5 *rl l+a-l aiLB $-jF.a c.t iO2)i*4.JJTr 3Q *--tnS

L€--"{ J} L-*elat} ;-l-lB-l 14 nal'-rJr #t-rill *a alt:! Ut".f Llr*r E ,a,rkJl S*(lr

.,r.,,,tf!r ry +ll}r +J.plt

.Ad# .bytu> ij; l,a+li -l fo:ts o;irz -r+;: 
d crl-.re $** r{Jr'.Jt .r4,ei S-1

:Jt-glt jfult + 44,.or '.€J, J'.i-Jt gtulr

A: 4xl0! pa
B : 10-3

C: 3.3x10-j
D: 1.?xi0"3

I

I

!ntE 'irl
JIDIA'-

E ri
LII

I

I

Temps (min)

;4 o;J\ A-F ett+(I-6) t'"r Jil.tt
+sv 6s\-F b-;r 3 o:i*lt

**i,'.,Jt c.r* i,L*fi Ltrr f i*r-Ur .F4 t6J, J-c* gtt dt":Jt .1iYi ..hh,il\ yl
.li7] 4F oa--hl Utr-ji d'*Jl ditn {.iL .t3; rfurl,,r 6!y b:p 6



Ujrt dt 4J1J5.$-ufr "rJlr ,4LJ Ja-y'r eJ.-Jt a1p-,#iJl (I-6) }*lt f Uta g'4"-

J-f-*. d/ Jfu dbur cryj ,f 6-lV i;.tr .;,to,::.dt cri ,g,^.f-9yJ ai.br 4f b-y *S

..rJlr i;rtl uo;r..lti, .q1, tf s ,* J+ e'f"-, J! ieL.rlq ,*9 rsf\-lLi+*

oi-o 9)J.2 t$. ,6Jt!1 4f5 r;t-..' iriij ef:,;:-"f 
g^r2qJf L'L".,l c,rg^dt ;r 6)Ua:t

:c\ ,rg*t3XJ jlr Jai-alr qi ttr,.*Jl i/i t6p ete d:{l*' iJ4e e'hrl}{ a""$t

'vo, - Port

gai ,rr.rrlt CI .r, iSuJr ;p.J31r o1tr €-f Cf i,l"Ja,:Jr e,3r,:Jl f tsi $-l

ei+ J<- gUJ'{J }i11 lja,_[r: tdiliij,l=J:lt c,,tj"rJ g'at"crcll iflas ta"t4 r.:j'ta

orr*U of_At rlrtsJ r )O'2 q3JJ'\J ULJI :1r4Jt ;p ,.!:tJ;t Jrrdl t' n*r;Jr 'rJlt
:Jr-elr .;*tr q, ous g"y1'ff'

o!15j Az#Jll crli! iH JrLi*Jl- (I-7) dt Flt

"/t.,.:Jl

-or-aa SJI ih*Jt tsp.rl, #t,," d&ll 0i 0k! C.4:{ 0-7)J*Jl ;,r tl}0::t

l'-;-E=Xi a-^frrlr Vt ,yS Jr-1l tja 6tla Cu*2 0.,--il1 rlr;fJt W U\ ,+Ji

,,rr*si - oJr,c l".lt y' aglr oja ,.:.:;: Ot\O-z Ur- :1rp, Jt WS tlt ;ti ag.?

H LFJ,ln J,i aJ-S;lr a4hlr 6-,lr Jo-rl 4 6slt cJulrsJIt it+ crrl ,-* Q:

,!-6It JJ) 9-e1.,- 5.r-5;Ir ii&lJ ,.,-lU-r gh*Jr ,li g.,,; eU{J ,g?Jtj!l ,rynJiXt

i*..:rl. oul;*Xr JU:it 4J4e gl 4,t"*lr oi u.9 ,,tr^alt J.q (*Ji - oro) ol-t.tJt g!)t3

6,r"+ 2e -4 O'2

Cu-.} gul+z+2e



oJFJ-Jet-r{ Ct'J,.r.r.=lr J-.r*. {4$ LqJ}-, A#i 5ru& 
's 

53L* Ara,lalf c.r.a ..li La.r;s LJ

.u-rrlt .,,0 ElrLcJt a3r.Yr aid dt..l=-,Y *--f;J,r ;as ;ai;!t t*i +ru:S<.ly

rT-4\

/.T-i\

/L-L1

4e+0.,

:-itJt JCt * E.L"JI Jt 
"pi.ilt- #S

2 ctf' * 4e

2{}'2

G-6i ZCw a 0: ---------- ----- 2 CuO

,Cu* 4--,r_l,t g'*lt ,.."u=-:11 ouyi 3 O-2 ULJI #-+**fjy1 +u3r-i i*J Jru",l aJF d r,ie3

:jUF #'d-it ':# ,5roXt **'rolJ *-{-*t .:.,ug}r *}: e**i,.+ bi

G-7) 1Cu 4 0: 2Cu20

+Jt+ iliCu.G"r*fyJ c(,oj {ljlr.*., -Fi i}u}i 
-rr+*i ur,:i;-Yt ,rtor-Jt irug-i ,li n(d,,1

(i-8)

: p] j"lt _5rr-ai *.rr-e CuO cd* J*-fi ..!: ;r"+ aJ3ru; p;-i

2Cu2C * Cz 
--; 

4CuC

:$-a sarption)1i,-c1l Ar-*tli ; I
,$r-*-u.l.-*e )r*rto* *Jr .-bu;Tt ti ,3J1 iJa.Jr eal- isilr 1u{t l;'rJr ;* r!}Ua;i

.legL-eJ ao+ uii .lF #',-,;i j|i c,itli 3i;r..1 ;r^tb lj{i, cJa 1r'efo**'.r .{.,.. rj'ri;-rl.r*,r
:r!*,Jr 

-.--* 
**dr AGuo, jtj*yJ 6;j-1 lBthlj ."Klt -o*, e,*p !o(; s-o+ ,ir[c -le* dJ,&

G-e) bGo,r.r = M,,E-r -?1&5,16,

+=*JU hi ,( ffio,n {..i1 };;; r}-t Aelldi u3{u i:i r-.€ ,sra ;r,;..}r a,},,*,* t> j* j
*rriJl *.s-l ,it;xlr *J*s j9> L,;,= irL-;.: ,r.{;$ irt;.rJi u,i *[i; ,J* Ur: ,s_*e ASua" J
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;3'!r ,t=iil

*Jir--.'.JJ Er-eu $,al-li j1j-'a:1 ir*'& *i JJll t.rA; ,+Ju eXi.f .56r AFI,.1* J a**J!

[10] (Exothermiryie )

dt t^r;Tr d ular#r Litr Qoa* jtj*?t eJlri ei/.S euif ,-r-+u art,}t ,*; f;ft Uu:g-1

:rgiAFIua*

G_10) Qud, : - AH*6*

i*Lr-;ri q#r a;!uJr( I-g) d; .$-:lr

:4 ur*"*r- jiju.yt AJ,atEJ #iI'* Cft(: ;--**+ uJ gal Qua* i-rLlt ,...5 c*#t

.[12] (Chimisorption ) \s,'r,-SJr 3r;r]r "1 {Physisolption }gt*;#lt ir;,}r

: fh,v-sisorption) +t";'eJt iij*u) t . 1 . 7. i
;J=Jl .-}";"eTt ;g Yan der Waals J ,-i-r,.,aJt ;[st*lt df jljxryl 4". lyll 1& e]"-

T 13-.,1r ti---,r d d#dt o;tlt a*S i.ri {.r ,;pt 4i1{i* ar&U }4s ,r6s ,a:[t *:
.c..r1jJJ *b e rfi ilt}-r *-t* f a:(i ;rs Oi ofr sdi ,50 kJ,,mol j;t..o
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500 K.ii'nlol .1180 +-+ ;."".r-itFi : it;*,Yt a3l,.'. 4!.9 L#.:,t lylt t.ra y",-

6Jt c"'t'jJt ;* Jai!;.&-J,ra"b $*.lJr Liu +;x.6r.a&Jr 4ib,j UJetr .!r+r;Jr a-* J: Etoy'*
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l-l n

0: - 

aTT' /fiil. Ir&:

^r 1-\
-t-lu,it
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*--"4 r;.r-rlt .i i-r4r3Cr -p(Jt ou_r;r*: Jl $-r* ayJr .g-aJ;Yr i:r*i ,-.rj.+.$
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il-g) C: "Lfu.* 
a*j o.L t-r4;,t ,j jfu
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...............'......'.......:
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r t-
e-i}1 LLtrd1
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G-13)

,-7 1 .t\at-l+i

(i- r 5i

/\,

Tff
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1
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:itrsatirerme de Langmuir ) r.r-;i*;gi 6-ll-f I*-:5 dr-j*' .5.7.1

d;iJt ,Lairgm*ir gi.+j i}Y'b'ii J, +-i alg eiG jl-,*"'jl l-11r= a;1;.: irg..:5

f &i5 jlFai *y f-f Jt +i .;*4 .r:*"ell *h- *ri, j';*?1 Esl,r* r.rs cr.;"i *rj*e1

a+S ;i;E lt a5& ,i:-;r**i sjlAli cr*"**l i# J*+l J"'*Jl JLFiq_l rJ+r-J

Po,: 
{zn}to,ftr}' '

.,-:..t"lt # "t- 
jf_.,.*?r gr;" :"rs: /Va

.#+JJYI ;1j, &*a : Po2

l-i,ii JF-..r,r i"la ry +*u* *-r* d*+*-f3!'u rr'*J, O*r'ff'trflll15:
:*JHt GY*IJ

d0o 2s,,,&'/&-CI j
Wdt
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.JJlLi sli J.lJ; : N1

.a;*r j1j-o?1 gr3. .:.rr : Eii
:.ui U.lr3 dir. IJJ

#_
T.E,'rr 

o

t{' ,

d{+-*gj}r ;.ri rip .+l-*S;Yr i,t,5 Lii ;* +3;ii:1r jrj*}t 
C}lJo }r, J:{ W o j.+
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ii- i 6) ,s,_ - 1- #_
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:J*;Jq t;;;("lr .-!.rr -o* t 4J v.,*Jr ij.A; ii.ior.lJ g;-#r q$\,-ilor.U Lii.*

Sfr -1- 6fi0(1- 17)

(1-18) 0:
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,* l.n.f i31*Jr *-s *-s

ff,ff a,6l,[ /tll
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Io I IL'\
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i-llr J-gJr

(r- 1e) V^ - P^rljt t_/?

:;+.cJt+ t*J, fr- i;;,"tt ;n4J;Yt +-^5 ,-ri ft_,.s!:

:tJlg

ir-20) tr=

a...*=, *FSi ,.:# r[* **5:Ur ,,.-5 otl$a,- €o;15J-1Yq ;$*lr ]* i{.g ai}.Jr c.r.*

,k* L+f 0'l.el1 Cla.*J g-*13!U .r"JaJt AJa*Jr

iI-21) 0*.** =l
G

iiSl:UrJr Jt(;lr f Ji-r -5* u5.f-Jr t' ;Jr*f aJa*Jt iqi,L-"rr' eh*; v9,rs

d0:- -k=0=la
dt

d0k,
dt0

d0k":-- '" -- 6=€ti+/rln(r)drt
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.t-ll, -GL
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L-*tt qq-, ,+J:rFl #l4l J*r: *ri,.r6(1 JkIl _Pu::r clujt,-Tt 4ol \"rb .s*!r ;,,,r.SJr
'u--.4 }e ;* *,.r+ sJ1 .iLr,.,LYr i:',*"i**Jr ,-rt;r.r.t*,- LiLLlJt Lq:!r ; r.r.Jyr t3+a. J ,*ru-lr

.+h5-lX*r ,;.rlsral Ea

:+*b-rll fJ-.ftt f;+tu 1.8.I

Jr-, #1 eLslt Ador.AJr ;&-ylr J),- r ;.rJ?r ire'g ob iy) J6 'ir*lr L.*
** aJ*fi Jorc {r;r- 

"*o #: }3i*yi .r-#t .,ii ,ra*hJr ui-d cr j-+r i- il-f] _Ii-$ ,UJ*

-F*5.rt" p-Jt *l3rrr"! aUrl e*JlU elJis *;+r u;l*: ,gJi Jr e-rnJr oJJ -rii tau-i

"r.ifu, iJr ;* JJa{l i4{**f;Yr .l*.,*".fr4 g.rJr u.,-u}r

i$-lt a+--sy>: +**r aJ*s 
-5ra Lavcisier f'u,lr o.l5i 1"5 ;,r-*5>iJ 1r*lr 1++aiu r:r

;-ii'li +:i .r-.;s .irs *Au Lb.:3i r*i ,+**fyt Cf .:rU& ..Ifu ds *oL** .l ir[r i$*
Itrrlu a-u-f$ .a..-9aitr i.la 

"ee.*,1ry*f-1Y1 [-]J #ti, utr 61to* a:i .si a.lJlJ i*"tJr

fj* 1-i-"* lrt*[t Tiromson 3 Maxrveli ,$,*Jr ;n F :*b ,l- 1873 * 6r #nili
,---T Jt f.* + crU:_**Tr .Jq*r L.ey,r! 

{..,c i*""F i$rtii t"i( *I. Lq:}r-: ir.JTl

:elli,rls JU..f-I

G_22) Cu*'{G{r)+ 2e Cu {s)

(r-23)

Cu*z r"e;*I Lq-ri #u.Jr u.a q, f S_r

Cu {s} ---------------+ Cu*' {.rn + 2e

.Cu ,.a.slt 6J*-fi cJ,[i5 Jrt*ltr r,r.a g r*i
:1k3T1-1 a.u51r $Irt,ii it' &fjr a+rk;Xl ;uJTr JsW e*,ui i*4LJ1 ,;]sUJr Cr

{I-24} Cu {s}
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.i-el-iyl u,lj.-Yl d aJJt.t*Il .fte..cl 7ta\ te- d;L* *,trlrlr gr:ft riA r.r"fu-9

jt-."q ,99.90yo 
-4 

49.,fHl as; 3*ni1 , .gJ3T1 if i+*; L:.Jt r.ia *_"c.-:Cu-a

;-il{i Ji o,U.r+ frJql ,aJ;rdJlr ij4a}r i, sJl,,,e fl**r.3 i,fiUJr a;U"ra$t-, *i-Jl}l *t
:LlJ';1

.Cu-a3 ,Cu-a2 , (200ppm -r 6Jr.a.. it+JJTr cr d{+t J3) Cu-a1

r.. d;i 3Ji*ijt a;* 0.050% J10.013% J $#t .rt,",Jl gr 99.90% Gs g-*c.:Cu-lr

0.012% J10.004 .F), (Cu-b1).1+JrYt;,* 10ppm {.*i s 380ppm J:t*-

.Cu-a # {'arle #i n-,lr.# a=+iu ,:rti 1Cu-b2) :-r#
4,*J 3 

"--alt 
6t-,'-,li ;c 99.95% {*J $,t, #_#./[*;l1 rrJ.r, 4.a LSli t"ia :Cu-c

ij., (Cu-cr) 
=St U,,LJI U"99.99ok\+-JJ, (Cu-c1\ w-tlTr cr 10ppm

t3] Et+;ll+ fJ-Xll rJ.t!.,,.U1 a."* dJ* J+-Yt t;lll tU

:grb*Il OJr.o c.,T 14r:-,) i,T tr. 5.4.Ii

li--,, ,j 4r rr:t*Ii e\,er d &l'" grL-Jt Jrre t4 C= Ct a;$r crt*E$ rJil

z e*t.lr,r-..,- O.ulr O3$; .-Jr d-A; <a,l e+ibJt l"*,,g 
-gl t*".ar ;i f-i" Jl4 ! #

d( d;iL-iJ y*.rsJt1i-a3Xr g 6:u+:r.g i*i6 ,114?t cl.a Ot*;Y ,rrdt A+1 f 5rer.1

ji uq.i ,!+t t.i.a ;f.cr- trr; ,.LJ-t ,Ji yulr ar"* t{t1n.fllr.rll rr.rr, af o*u u+'-r c,r,iL-

.r:,r3lt .f-
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3Ld1 J-adl1

:t{i" -SJJ 
q c,rTt+**,i gr.t*.,I

.J-rlJl .i diitq

.k* rrpSr e*U, +:r**9t .:'tsU*cjt -
.dJl+L+iJ 3tdt i-*1ui J"rE.9 ;j***lt3 ;"i1Jndl c.rteu-a3t

;'u;f .^:lUi-id-.Jl Ll d-+Jl c;t;t-*lt ,h*l * a*s-r aAa+S eUif urt-Jt 1Ji.:*i-

....ohlt *\ &\ j nhJt ;4+J;Tt
...r'rrUlt ,ryJtf :t;lt u,a*,J ,iy*f J4r:*,-

:r*ler.:Jl k r-{,F' rUt*tl.5.5.II
}r- L,t*i!l n.-*, r#tsEl-, dJ ei L.S .:rt+14J Otsr u, ,lf ro,} J$ .rt+ ff #
.ri-1.4 li'Fi (L.ali 3i *-'rlt 1i ,rt*-,lt i.l$ s.l3*, .rJ* ,F 6.. 6.:;.r* c.r!"f Jt E'o;

so dU ot*;jt at"r *tr CUt.r f-+t & -&- IJtd 1 li'r*lt tia g,*" ar.JJLll ffit
l22l j*1l3 

'J;!r 
ul*r

ff.rls uro-,Jr .,Jr. Jfr jl-rrl tdr r'<; gr'uJ1 r-,13{ g" C;Jd\ *-tc-;r 
1l:l,r-tr

.$lLscy A,A-p eel#?! p.-+JJ olj["tl q+*r el3i5 *iS ruL^iXl

,#r O* *.
1+*3 u,t-anli.Jro ,J, *-# u;.rJr g#i oa -t+(l, Oi ,t**!l .,1+ U,r-i g.

jLerJJ aiar c.rt+t6;ll d rr'."rq a.r*tt ii ./iaJl crt*-J5 JyS.r!3 .n**t !i &F,i j!-Jri

,.-tr t{**i dtri a.ls ,}t,t-! o+tf 10g .a3* ,rt -rlt c,l*.,-j$ d, 4+* isytr-g*'lr

:ij)r!!t

'ftT ;Yr -
Jl*i -
grr -

'j+*t -
.$s5; -

.;.rlt r.rr Ji A*i plt J>t*t -
.(*,.l-t e-#lt{ ,F ,f y c.,i,. ;f :Ndcrose du foie et des reins -

143Z



3L-$1 J-e61

:rrt.Lr.-,Tlj LJ,*idl e* ,f .
:d t+,arJti j.11,5JS;. i€,e.r(s, J: !s.:-*"*1r.:11 3e bai AUi;"*t dLi,-:r-l r,J

.Congestion nasale -
.39 oe 

631y ae;r Jl J*, L"i -
.Frisson ,r"*r- t* 3i a-*St -

.l:l(r3; -

.,:}{"a*Jl * Lb;i-

..rU't ; d' *u. -
.,r{Ul C Ll{Ji-

.EssouiTiemert;i ua-lt * d-.p -
.Leucoc.vtose 16000 .e'* 12000 4,o *t"a=Jr .:qr$lljL* -

.t221y;Jt ; iJ.iJi o1J -p Jt *.tl;E 4;:3t uru-Jt el, dL:*"*,} -
J-3J .f'o-,JJ €lJiS *Syc$it pdt S S7*ilt d,Li-s-,Xl +; a.l;.tJt d"-.ah cr.:,u .rI-g

:JtJt $ilJtr r:;6

Lrl*a",)U 1mg/m3 r

,jrsrvr it' JF J5,J t4J: J."- oi r;,. *;i ,*:t! d,, ,r#j ffi;, -*
iJ;r g.".sLlr,"Ie gtu.i;:,+;J'.rlt a*,At crtJlua;.fto.Jlu*rrui 

'#* 
it' Jt .;n;]

.Lg* ..=tU1\bV1.fllJl O,r*,. .-:t*"pi Jt,-s-*1 *!!F d l,.(el;i
I ZiA5.1 

",,WIr 
,ip ):r ir-.r.(Jr g;to+,i+-,l! !i 1*hJt crt3t*!t Bj-r *luY ;.,*J'+

c-J,j"rJt .r"*t qlt b;J"rr .rJg g-J' -l L ; K Ll d "*rt;i ,Jt *-* C-J CSA

.ASTM

-1JJ



1^-11 'Jiljl

;.-s*Lr.J

Ji j;}t e!*.lr € if.,*,'Jt ..*Jr oii .rb Ttrr *Jr+- JtJ*r it; * ,lSJ-, ,tu-.l+.r}i ,-:.:t !t

.[4] ay*tt ih.*,J, a*at-$r :r3Lr /ed ut+'i 
"Klt

r4ibr.l-l ; i=5t*lt {rlritt.;ll L,aJ.dd tC* rllri glt ,!^ft-t*U J-d- .:gi .i U, iS'*,,

+P: rrEl c.iJi; ira"4Jl 1r1**F Ld*t $o:l*I 6lr J5tlt .,}fu:* i*1 it' ill(st iftr,. rrl;r-

jri .S'E $,1. d Akae, lil i+1-#t;"!t(,i?l (orlrt+ AfuJr{ OLi}l i*.e* dJ*Ir lrtrailr ria

;[rr: SuJr tJo #d ;FJi ;r,"lr'.Jt ,.r*;u1l .,I* 
""""Jt 

Jt J] J^r"*ft ohJt ;gryJ-1]t

Jt ."*u:tl ;Jru,i i3LJr JfE Etf .i*; c;t5 lil l*-s {i6 a4" ;r 'i:.*r; rcrloc^ir*-.Jl

.AlL, 7_w iJl.t+iri.,l1 to*- g;j-lr* U ,.r_it

34





&ll , ltallV

:;rr-Jt .-r"s.o J5u etl i*-J;!l jB tF +6t i*tl:.II
u*u--,ll qo',;i JEo ,rt, i:Ln*i=*jr d r,rri**tr ltjdl ;1--J31r Ek +.*rrr j*i ;*

GiI-i) C; .;*lt f *"Jr.e.FJr -=S-FJL, fL=elr rq'urt j!,Jr t.t*.-F.I ii.c.*"*li

"!fUt eu ,*rir4t Lll"rJ J.e#*11 q6_u$ ,t*F JK- -1111-1) t'; ..if,"
aryJ;Tr a*

:.iL;*nJt ,r5-a*. i tl
ie P il**r*li ,,n'*Ji .*=;Ui i_!E #ri*r J'L"ar,H L*E ?=fJ-Jt ,l-iy ji ;;;f .'p

, l.u*rni aFiI# at-.-.bsj (50 cm) ip;,r".-* aa-Jp c-rii il-*ji rrp-.f;}i
+dt+3*Yi t*i crt-y* 10 r,ur* o*! 1*.e**.*,-rrf r.la5 ar_-_;-r+Yl ;*i.:i,a, (2.2*m

.C>S1 j**rr I io-"* ry *p l.r+r:#
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I
, Lorll L-ILJI-

:(Solutions pidges) C;]tr #r*r yai.2.11
.g a*ryt,9rlt dJJrl ;,41!.o L*-:* iS* i; ul;r- ;,iul.: e*d J: Jyl L, .__r-

;1.*lt t'i,t rg & g;iJt,$i: JF A'r+,It 6,1 ,aa-51i iLglt5;;o.,L*.*rui ct' d;toii.-J,
,0.1 M ;5* NaOH,0.1 M 

"{re 
HzSO+ :*+3i E_l "#' #,j1* c.oc, $i*,s.

.CCl4,EIOH
,Jn+J3Yt ;r ;tr2*!c air+dl Jrr*Jr eU d{rli oa #*' o.ia JL+rr*r a.o rr-uli c;r5: .r5_p

i3*1r o& go .fl*,Jr 9+u1 ;r*Jr
ottt cr u*,ss gv -Lia ;*tI jS 3:;y ,* cm*fri i3.9;r* ;s,uyr rr1,-a-,

F g* ,,b*i 
"r-rrUrr B h$ ;!;y ;lJ-,"*, c,rrJ:l gtrr f"g* ,F ,j** a*5,1,,1t

:Jr*lrf d"l ,S.rJr a+uJr #,,}r gr 250 *r1 .-J, "Jrt;!; ,0.1 Molll -;S-*. HzSO+ ej*_,**' ,,F J-rH rg JE rll; :.r"e.rr:. Jrt* r
tlj .:i *fr C, 6r4**f33,r+ ;i ra.r*"rfi -,i i_r:tdr +l;i 4rl1 *.. ,alr Orf

0.1 -F-*NaOH ?*F\4,-"-f;r.r..{ -r.. J}Ld -'ff*j.il? .
UILJI eri 1[llr cru-S :UL,.ar -ru #t JJL+r r.ia Jfo-*-,r ir,. ur.a.etj ,M*lfl

.""n".}t

J."r.""i ,t!-: .jitJr.r ;[*lr Lru C ,ka:lr ] €9# +r*r, ;* A;Lo -9n; ,,FL3 .J]l.t .
..rHlr g&Jr c.rri rr3lr lrtj

dt***."t +tr tia-l CC14 JJBr ur*rr i:.r*,lr e*.1$ g*lr ;[Jr]r *"$,d.,,]i "l]J 
o

..,rhrlt v*rUT .put i-t, dlc 6,r i-}st-cJr itLjyJl :r3lr gr.* iy.,-.i*-f

,hS 44*f;Tt i:-l.rt5 ed{ l;og ,#, gi r,l-1: q.of,rJ \ -rrb lqj 6,,o u,rf'u .r.:c

a"L+rlt .*Sr",t E:u i-ll k-,-l c,trJ:yr g a.qr3rlr ;[Ler J: .1r;r .*lui J.e *-*- i,it\
#tlt it' .3lr*, ,i.',.r tJ* LS-1 ,q^:ls ilt-;z a+3: ,p ,\r.JS AeL*. 1000 far.O a*l gS;

(III-1) p;;(,.i.a*r 4",.j *tF J}1+ ;i**..Jr

'd",lo*:Jt ,f *r_3,,I* Cm.-S-r":r ;r; Li,* y'lr.III

-ur'lj ai ,,u', Jl nJ*,r eL* LS_y rrr, I-i-Jl g4J;Tf crr'}: ..[*LU Lr3r 6aa;l
{i" eL*J .S,<" Je"e d}r,s. d ah6ri 45+(+ +}',r. ,*}r 4i_u., ,l ar\ <:,rJ lzi;
c,u_9Jlt s +r\#t F tui il1ji Lr,r4 etJij (?olisseuse)Ja.ejr iJT .,p.r*r.,* .rt,o,lr



*l*"ll !S1+11

Cf i-ror u"a+ c*Ji c""lqj +tr J-f.: il "i.elr ./Ler.lll d;-s (.UJ .r*r L*#-5 (4J.c A*..-bJ,6rIt

iJJ-t ;[:'t: #+JJYI jLi c,'+"f c,J+:i gre-lr iJ*s s,L6!r *"1 ,gyJr;ii--ar i^L*,r,; rl}r
glj 

-, f(-t+ *{L6rJt d +Lfr c.afi ,err*lr i;f aa3: ,i; a;}r -h*.aJr # -f,{i -L*.El

{III-2) d: JSiJi .isr" 48 rAa$ 6d r.Jytr

J"t-jlt dJ* t!*

4ryJ3Tt jL; -hi# -:fU ,+"ry p*J -ilil-2) t': JfuJr

-rrF-:li;* af .rJ.e

,r+b.Ji #L:J UL"ifJl 4*.,tJJt.IV

puU*; a:1+r ,:l"r[l .rls :t "s!! eU.:J cr.J}tr*.il efr;.l'r Lj;., i*t;{t #_dt d, +*
eia gt Cr..-t ,,UL.q+"<Jl tg-; +fuu$r J er-J#t ue;t-al-t.g ;l:+.tr .l;rrlt rj* taLi:- 

'ijSJ
dF',.6r<4 qy JF. fr,rt ir.a}l o*a ,irro,-Jl **1t etrot 4#{r,J}b}l $Is c.rL*Jr

.13] #\ {s.y.rls A:r}r c;t.t-,&lr Cf dX*, ea,ay ir,r*lr C&- otri Lirrrr.r
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, J*"ll ;rr1-:.l1V

:{.}L+rJt }__"aj. 1.ry
l'rn .8"b4 tJs ur3 rl15 .Lfii-l3^: rr}l a;"dr gL*J c'--jr, ,J---* gi Jr rsJd #
i&'l'?i HjJ t$u-;l ih+-.ra i$ d gl:.-Jr iilai cLl.*u .r!*li ui.t# h, *#-l gu*rr
l.*lUTl *.. hhra, dr-lJ glt,S L, AfiA*.. ,t.ejr r.ra L, HL+ii ,ilo**.*Jt :r;J,r ; .:.,6}i

.,rLl-:**11 d #+*t;lr 3ri;!aJ Ar,ur.*.-lr

:F-&,i:Jt 41""c 1.1.iy

{rl+r -i Ll.t.r.!t qi ,*Jr # ot,* *A f.ll, sri ,i*"Ly *b 6$.l"lt q,1", rs,:+

.+*ru!r 4 e*{)}t 3u, -*J c* ;.ou 1000 .rrr isr.-i

;{s Atutg 1.5 cm g, +ar_9lr gt*lt J*;jhr{ y or+,.rr jsfui 
",b 

*,LorJl # f*
c""r # *iis Y iF- ,rr -$t*-!r 6;13r ;r ,+Ur *r$iJJ g4 *_.,!,trg+ ,:; ,Fr+

.o.:tlt .p;r**_;

# if h-rii {e1*1000 .L*{ JaJl qrui or ;*b;tr .f',o.,Jl i}Liie.*r fu;6 ol-fy

#.Ei L+! ,(.t': o*i CL) +"tr kJr- qi rs;ri crtie; BY, Cf 6.3-*f;Ti 3li
jl6f etJi d i*1"*-., 6a-{}r ,;Li * jj .lle,.;}t irt+e _24 _rfu<"
J.' alJ* J, ,-*kjr ihfir 3.,.f ,c;LorJr rr-*J .,lb J.r.ec. sr3r (polisseuselJta..Jr

"tr 
*"FJ"C1 i.rta*alr crloo*- )hU f+- l"-.-:' stts qlr: jl{*t J" iq.rtr jfa.eJr iJrrr;i

,J" +tpJr +*,-d r-:r;ii r,c Jf F"elr ogr 3*s g ,1000 ,600 ,360 ,1g0 r{.JL*

.J**Jt d"I"r it', !*tlr .L-9blr

.Jf*tJt ir t*atr.r-aI $,r,q Li'.ra, drLa.Jl .:rlro, ,i"rif *21 ,li,.,al I ;J*, ogl *rl
jB" J' ag,t?r c'ra L"a;e u,t*-rlt .,Lo, Gj*-* uF rou,.*i .}Jr *|rdl {ru*, -rr ,i:
ff.-*-*lt ns=.Jt Lalr etJol jLS" ,]" c^i"b ;J.1 ,Ltl.rJJ a{#*Jl ;r.s1t 

et,*,1
,r* t"* L+,a,t..jLi a,+_ra"Jr s;-Jt a bJ+ (PHILIPS)

Y: ,{0 nr'*

i:30mA
Zfi = 10"

,-r?r

:3tJ1 i**
:dlJr;lt t",1t;
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q
.o

Eo
E

, J^*ll Lil-rjt
?

2fi: 120" :qr#lr 4{3r;

ialt i.a*Jt i**Yt .itbi ,J& r-r"ai aeL Li-Fr ;.r* *** ;<r +, {+si .}LLr i"rs *rr

:ati-,i

vi Je *+uxr ,r i*Lanlr ,,.*L*;Jr cr r--", i.*Ji LiTr ..*! gre (IIi-3) p3 J*li
.rA}i c* cmJ;Ti 3e

,./Jdi;,0 arr*J 4oa"" A*si .-4L -0II-3) f*: Jft
.;a*5JYI jLt l.j # qo.Jt r4rlr* * ,.r*,Jr

-
-fi

300

2W

260

Zfi
m
2m

180

160

1fi
QA

1m

80.

m-
q.
tu-

0-
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,*l^rll *rit+lt

# a+f u-l*i ii""le.ijl qo{u}r d ig+JJTr ie -d-,,s it' aeL*, 1000 rars i**.1 6*. ,r,ri

:Jt3l't r-a*t^Jt c^Lri 6Jr i-;,*Jr hrr jlgq ,F 6*-fs +*ruyr o.r.a

,_,.,L*=rJt ./#i i/ AifJ ;#!# a*-ii .*b -(iII-+l d; #S
.4.e1., 1000 ari ara4Vr ;e # r*l ar-,+iu

E
={r
'il,
fi
E
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,,FLrll iS+lt

jl"{ e+J s'l;il ;'o i}i S*,-l } c**1,.*u1ar;lt df dird .+ J:{" ,.ti;,tr i.;*..Jr i**}r .;*U
:{*JLrJr iJftJl Ji *,#1 i*+-_,f-;Tl

4 b*y r*l*.;lr # *{fJ 4i!* Ar."ii.+b -(ttt-s) f: J*
P ) Pa -Lr*a {.* qi#JT' jq C+ &*J

:eihJl L-ii51.6.3. i.IV

r *"*l +*Jt kYr .Ab #{ €iJrs 0II-3) t'r J*Jr d eo-*' '-iorl! b{
Jy, cr a4lr 

",.laJr 
gqr6;Jr .,l;xr aLo}J g-yi ,C#(, J"" ,iI*J ir;iv.fHr +Jo,ii

if: g,,ier.Jt yA .:;tf L;r.rlr e;.*lJ fu-#r _;"af"a,J iAj-Llr qJhlr Oi ,-J, alrdr 
_2 ,-A#r

3mq
=.q)

U,
Ezm
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,',]Jt !rl1+ll

q:-r$r e#r -ilil-T) dt J*.Jt

dtJl .f'*rJt "r-Jt Monoclinique

CUO

*-,rUr t+r -(1fI-6) ros: j*Jt
+La'.;Jt -"4rij CFC

' 
#r*.U ry*$-u#t ;-ri;Jr. V

;J:*lr-1 i-,tr.rJt rg {-l*r*.r ,.Jt#t #b,,.tJ i+;tr ar,3rrJr q$-Ct 4,s,e"-aJr *.al

L:*r,tl; 4t dJJ rlp *:S Lrrsi*-,l ,CC14 .EIOH ,Na(JH ,H2SOa :ql$l #*r 
"l

+os l.FlJ +rlzi**Yi .rF a+r; ,+iu-6.*r dirJr .r$ qo,s :rlry*lr u& -,,* uu"5;x*r
"6.:3i..lii #*-,t

:oUt*.*U 4;'-r-"*fJt LiSUl .r* # 1 V
oia .:y-t ,;!J*t CU ;+ o;s ,{ a*p +,LXf rySu ;+-,5 J*U J* i.ri p_y,,"lr ;*
;5j,I-,tli +a-)j -ui"u.JJIJ J* +py' qof_rJt :uiyb?l *Ie +-t kt1c;,rs r.i1 +a&r

' " J-"91

j q* c.r,t,'r,,;r.*,1 ,J' #t #*, gr-* .>t*qg t+rzi Uq;4-*r i*'E,.Jr .fup jk *is r.:,r"**r

:6*lt-Cl ifJ-i"r+l i c;,*lt i;lrJt {.-h"€i $t3 ,,*'rru-Ji *:"i ;J.L*JI
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!i"*ll :d+Jt

2.2 ,biji ;5 "/r"Ji 
-l_r,.i! aai*dr #b.*,l ajurg*r +,,iur .-*$ go; :ili-i.Jyt-t

.rJ-t-tt

EtCI_{

Irs

bda{-tH

111S

i-{3s{J4

1IlS
it'J1

.!-
Ll

08 511 11 81 0

0.7 6.7 5 16.7 1 1.-l.z-a

11 \ j../-J 16.59 io
?n 4.67 8.04 48

4.0 i 511
i
I

'j f : r 'r'rJ.C t s -13

10e5 i 6C

18.68 1 7)

84

1,(L,J 689 i6 84 96

1(] 7.09 t6 ?5 i08
1nL,} 7.11 17 13 l2t)

2.5 6 5t) 17 "27 t32

38 796 17.59 156

1) 4.38 17.38 180

30 4.23 13.42 228,

1.8 6.89 16.24 324

2.7 6.52 i 6.84 516

41 6.24 16 35 996
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, Lo*ll 'itJl?

1.0 pai Jj .,-1,,-Jl +J#Yr{ iah*lr #t-.*}J 4;r,.3,(Ir +rg"Jr ./s eu :III-2.J;"r*l
cm

EtOH
ps

NIa0H
ms

I{zSO*
ms

#J1
h

OB 5.11 1 1.81 U

n')L,3 10? 15.28 'l .1

09 s.29 18 71 JO

1.4 6.53 9.99 48

2.3 4.92 1 0.58 6A

2.5 6.66 16 53 72

t3 6.61 17 .35 84

Le i ass i6.41 96

6.5,1 15.53 108

1.2 6.85 16 41 1zfr

J.J 4.16 15.33 r32
^l 4
tt 7 .64 16.89 156

l.I 566 I 6.58 180

1.7 4.58 11.04 228

2.5 568 15.68 324

2.6 4.61 15.92 516
aaJ.J 5.86 15.68 996

45



,',lJt +jt+ll

:eitrJl j-J; 1.1. V

Jfu a.il+;6*r t$rrlr f*J S:*-1, _I# J+ i,sr4,..*Jl +l-:.--J L-b'lt.o Jy+ cf
.t*i-1 ti}+ i++*f;Xt jti y_J # #tr**JJ +j!r6(Ir +}StJr d tu-rti. .r;e i.,pl+ r.i*'iro
gf"{ }fuJ{"fLi .-'I9 +q,rdt r.r.a r-.ir- Oi dftJ ,L,_rni asL* 1000 i-jj*",l d;jjr y_;**Jr

o'ir JSi-s ,r.A p>tr $*; J$*1 ;rrr #Jt A.:i*lr crqfy ;i 4,.,rTyr 1i er.ro,J;;+Al

.a.;t+-,,6*t ,"l.$LJr # #q.:6Jl
{folarometne) ./&e*}t ,,*S 4;s.e.V

o * Jl &.:rn* 6'q&-l ,gi!_;6*r #*"Jr C-h *-* f{, r{..rr-ft +*rlr c,ia ul*;
$.u*4 &,i: g-jLt *b JJ*'r g.L:; B=L.,i_r,e .r.s3a:lt J"l*Jr d i.l*-tr #-_rjr 4e EY.1,;1

. r /- \l. - .f \E ) ;..si u_i"(lr nJy* I ,#r *1:i k*3 ,**s 4J1# .>qi,!# 
'i#.t}rr.tl u-.rj iptsr i;4*Yr Jr.*"*r ..rb t* bfS bI",;!"e}l {jt,.Ji-dtl ejr.,iJ re,Fsrr,

,13),, irry*f;Yl jli, ;J dp dsl* 1000 d':* .o, #, #u*U SaS-, *.S #*
GII-3) 6r,;fulr C irrtr -=SrJr k.r,t**r

#ar,i ,J'*..Pi:tentiastat-Gah,zn+stat (pG 201) :*r .,, LL,i dlr Lia Jsi,.
,;1'#'o!t c ui:".tt J*"Jt ,-U(lj ,ECS tfr-f ,-l-r*: ) c.,t:-lrdl] 3 ; Jj* +;+ :3;,

r.':':=-.:.- u
f 
:;:;:;:;:.:;:;:::;':::::::::::::l

f jr-_.'-'.'...--.......---.i:i
r:r-r.-..".--.-..--...--.-.-1

Trz R6f Aux.

Potentiostat-Galvanostat jk* g=.*r f*_,l -(ul-g) f_r J(-lr
i PG 201)



&ll L-ri'LSll
Y

t*a (\roltaEtaster-3) fu-s :;;* j3*:J jr6 $-rri € ,,o Jy-rs.(**] r_l:r*:
c*;*(Jr *; Ji+ .1#r i*.* Jr+: Jj*-Jr aj**l r".;}Jt 4!dr+*Jt.b_rfr L,*+ 

"pj$* j+yt
.L33J,r #t*q *.erir crr"$rlr 

e,e{i Ldtil3r ff i"..*lr
id,.*,lJr :rrlr J3J-*:r i}z*ry $*Jr qF *#. T;i t:* -rr!i**r cr** J, Jj,a-_JJ

d-li) i?-Y .sr t6a a+;)rJr rr+Xr tLscli i*rq j*Yr 
ry tY:Jr crr:;rdlli elJi ,sr &r d,,,$.ij

3t4a e.,tr;rdJlr J,"+-: ,r+ ,,gJs J.rrrJr d6i "rtuq rv* i t'." nsr*; (500 *v .i: 0 niY ir) .+u, *{. JkLq r.rr; pctentiotat
..ru:*lt Jj*t ; .,11*dr ,-95*t ;# **r * *.rJ ;c gi;lr +qX(lr ,,,,j.tr ,,_,,*& *Ui

'"+-;'+*!t 
&-r-,*Jr ll;r**l jBry jr L,4. r,*l PgtentiOstat j*. J-*s C l#t 

J"og

:qJtJi

:gJt a-c-

:,}*-Jt I I s(ii .-.L*, i,rL.",oV JJ T T

:"tet*lt ::;*)r eL* a*,r*".r

500 mV .l: G mV it' :u3*.*r J,g
:rLi.-i e;*h -r&a=."yr cr;o:. ;l=*r} fuiJl o*a 

CLu .-&*
,3r';11 un id.i ,r.$; , i-jl-5JJt ;e ..,iLl*i *{Jr<Jl ,,s J;# #* 

"p* 
*&nr",} qu**. J,i

,a6 4_-+*S:Ir jLb _*j #

J+ H?SC, *1s* y,iiaI**,1 Lir,*. -( ilI-g) f: .j.(Sr
J'3Yr +S -dt J dr**-.,1

rl -I-tt

5fi mY/min
A

u.J cm-
)

Li.] cm'



-l""li ..i'r:,jl

rti** 
"tr ig3-* g;.rJi ,,*"ir*lr .rh*f J;:* +'ea'-r 6*":* Jrq GIf-]G,) 1*: _1*.1r

.#k J1 ../t**il

GII- 1 1) t': ;tuJr.Cu-.J;y'

*-# iP #*rJr #Ur G,'*IL(III-1i) d; Jfu
Cu* .:,u *i . Js,J- LJ

# +;-* JJL* d.:r=rJr #Ur GaJL(III-IO) d; Jil

, pia;li J:1F +ry1;" er.t

Cri

,ft.,.rll y+_rtf

+'l
irJU.,Jlj*

J-rt, +tL{*-l Lf*u j-{ *l-*r 6-*l!

48



. -LJl L-jiUt

uttJi uiHi UUI d*rtl Js Li*€4,.*"'."'-;.l1 $*ilg-s *+L*.J! dJl*-.n{ C-* g-* +t.+ ua'*A ,,rrs

i111-12i t': J*,.0:-.-*' d C.r* 3 Cu*:*ru ci * 'a*f*

&-i& *:-FJi *ir.Jr ##i 6e.Jr-iilI-12i f: J#
\- Lt

;s **.:;(Ji # p+ gjJt +"r'.h.*.*!! ,.rLi J:r- (IU-13) t', t.(*lJr # 3-+,Jr g#r g*li
2,2 ,.L"€!i ;": Ou*Ji +gTr ;* o3:ud1: *k**t -3i.o i"t*c A A*ryr-5*lr ,1StIl gr;,

a 4r\^-
.4rL-, luuu s.,rr ,3 clTl

;I*Jr HrSOj *1_# g,aAt Gr"Ji- GIl-13) C: JS.*

2 I cm, rh$t :i J.-1"'.Ji +J+!'49 r



,1"*ll LJL.=llv

../,. , 't.iF *.e;si +t g+ g*i

1.0 ,h;Jr -15 .s"'.*.']l

,-..rtla&*,Ti 
",k J.{ (Iil-14) t't

+;*,Xi ;,0 i;.:L,ajt; e,*+*1 LF-+

;fu.1i # g*.9,.|i gUi g-,utr

JJI" f i,rqt-5nlr jftJ' er-y
.Aet- i000 i*. * cm

ql3i! ;J.r*rHrSO4 JJI* !#rdr ##1 C+JI-(III-14) ps, Jfu
1.0 crn palt ;i ,*te*Jr

:"7ilaf:-!! i:q=+ Je.*tr 1.2.V

,{III-7) Ue, J*Jt d al4"er*11 illr $t.*r .3 r'*,.,Jr ):l-r.il ;6I .qrE crL'i) J-r4

9,Ua&=-t drL:ft.lr3 rS".ilt i.alult iilt JUu*JI a"it.,t c.rLp*:it u* fu:& a;*q Fl*iJt J) t+t)1

:6.ta'r; j#',J *Y,j jf r'9..1ri

:J'Jr ;frr,i*u trd $ilcl .f',*Jl J:r-io a,,*arlrj 10-3 M ,S*.,*,uult .]t-{j5 J}lg

CUSQ ;-cu*, +fio;z

ul; Cu* drr-Yt d,,t-Jl :-11-r* .-# o::+ #F.g.itr; 10-3 M;F* .tHt :$S ..J,**

,J#1 J:-u .i.e*t J*ta"U
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CuCl--___' Cu" + Cl-

u*t-aJr jJtJF_..i ,e\ji OL{."aJ eIi; cr4r$.r#l .r}Sey &# J*t,p-tr J3,t*r ui

.+l; r.rT d .*itdr-i $rbYi
(iII-12) ,(IIi-11i ,GII-10) 1ut3i 4.itJr *r**r**.u h:b,ys cr J-rlr nr.-+,l *
eS} ,ory 6.Ld drl#Jt 4.Ls i.rr,,r! LsJ, J-d*"tr Er*lr it' -tfid ulsry H ts+{ _b-f {r.:.j r+
)3!,a-i Ai ;;,f .j O4 e++:lr air} 6Llr; +u.JJt _Ir*rJtJ ,./S ;[f r* l6*i; s;tf e.t,or.Jr

Jt as--+ dF g:*srijr r$-:it -rej #t*1 d 6J.&...r *r J:1-13 d cu+ cs.:r-Yr u*r*.rlr

:Jr3,tr JirG.tJ r*;Cu*2 du.rr*

TCu * Crf +Cu

.t291[1] q LoI #itr dL.], e,,..Jr o*fi r.. r_r,a-3

:Jrrlr ,lklJ ui.; Cu* cr,r,t3+lr )tr.A-,) t* grag ofr-l

.ENH i*.-llqil ri J:,".Ir ol";l1 ca,*fu r**-Jr., i*,Lnc c,ri_j*$r *;'
iru g"ilt; ,CuCI ,CuSOa 6.raLaJr #b.,oJJ ihoj,t ,-.rrli=*jr c,ro,o*. gp Eyd2jr

':t":'''.lt -F*.r $!,*r (III-12) ,0il-11) ,(TII-10) J(*Tr 4 e,,^a!1 irJjrjr
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#+JJlt jti tsp rrlr *r-.,1*1 das,J-rt* o*c***r aer-Lr (IIi-14) ,(III-13) a+_r+-rr

.ttr l*a-l cLt;.rJt qi"s {t{"t, a*j*r i*r*"torjr c*,.;+!rr glji # rrro r,r_F asl- i000 a;l
i! ,J-lYr *,=t-fh ri 4JL{**,1 # gi ,,ra-:Jr cr Jr*r }IrSO+ J:f* cr iqrj JJa orrryr

cry ell& uJ e-&J iiL& gi cr J-*}r -rr- u e.e-i- GIi-g) ,p, 6a-u r,*b.)*.

. ejJ LialJ

g a*."ar,lt +tlei"*9r et3"f **,r.. & o.*"3 .!fu, eplf-lt!-#t LUr4 -S -*
)-rl;#t gt_9;i rr-rc arb-"r3,r e,ll**, .gjJt Eyz +e-;pl,r ,i*r: O3."f rr4! dlli; rg.}t+e,:!t

;'c&?r *r3l c-* gfu culcu* 1rb.lr iri .lto*sjr .-p ui+i ,rr*.,.J$* JE ,F r.,,fh

i.r-y-(t .il rrSr*, +3\t ,;a: o:"s ir-5$* i = + 3UJr auf ,u, 4jU ,, d, ;*-lr

*o:algJl a+;[r.i"o; bs"s oi yrl tJ eq ta.l*, ,fl]Eriz = E0 :gri ,re&,lr
j-, ,Jt rr,5At .;"ei S ..p-l ,Etl" =l6Am?' 4-#-_reJr +ooijt j+tu j a-jj s*.Jr c'c
,r}"tt.tJt Eh*lt JSt sgrri il Jti-i e*alulr i=.rjr oia .r* rels-l r.jlct o*r*.,,lr J_rr;;

J;Y .1*r*ft urt .rlt -r.iT +6&*Tr gU ++ $/t igrl, u;* rgrbr-:Jr g:r+i ct' J*
10 .it- tnlr-5 i.il J"r.*lr; 1.0 cm ,t iJr -ri .-...i*rJl ./J-,b e..z cmrhn r J, ) EJ

J, oet"l ,n L .,K",*{ LAJ*J # f*Jr* af+;rb A.rt .}SLlr d.]*s .1*,, rrJ c+_ b _pS o,yd,-,

";[f-t"Jt iJ^, e"rr_ u rrtr,";lt i.r*l ,rl;r_dr gL-Jr
.o*J ,W"I* T.l g."t;: e6y,* 

"{ t CC14 ,EIOH ,NaOH rr_syr #r}r if bi

.d.UJ{ 1r*elr gJc r,,.*r,r1 .fL.eJr crUT J} ut_i grr3 e[!i

:(Ionometrie) ij;l*tl .r[iJr #.{r.3.V
a*-ii t* ;i o**.lr a*,a?r erJrrl #* +,b if LBJ, .!.e',"il dur qil+"o* * -{i Jtt#
lgr4*lt i-J,r-lt d iLrqL"Jr #1-..1J +3*i i.*rr: *r;rk t.o.B ,{.i{LJr ur=+s-rJ+*r c.rto&lr

o.io -ifj **ra f ,)jd ,F 
"g 

a;-".-rtr ,g,L*Jl u,"u.:Jr .:rr3,:Jr f .-;**r S f*- ,(1) dt
'Cu*z.fr*.,Jq €v ,;,.g:;.,#lt eUa ;a,..*rt"*,. r3t3*Jt

Ly ,y (Ionometre).rugYt .rS jL# tuI "*!lr 3Ar #b...U a+-5*yr L*t,di c.r

.rS :-ly*j :*r:;y(tj ;Jy+ rJj, elr,,t; Jurl le cr ;g*fr; Ionomet re 3345

GII- 15) d-, Jt .,"f, ts-$i: pFI ,** .rt rI :;r*i ('rrpt 4ryrr
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;-j*rll +t+11

ildt r*jslt

Ph Ji r3;:*i
(sonde de temp6ra€ure is!,ar

r':;u-5*Yl ,fS jU+ i&-Lg f*-r-GII-15) it ui^(.rJr

:Jelr j;-r|r E9 sj;: il) *.1 .JrJr .g ir+*r-Jr uu.4 py-yr ilJ*-,rr Eu
,r; .*":+"tt ;r**b*.jl dfij.ryt{ al-*,ir #t #L.!*lJ Sy_}r ,kkJr gr, :iil-3 .J;t+

.i-*!Jd1

,pt,t-:lt .;*i JcIvJ

.]1"***lt

CIn

J}}1 .'l.i

L.-Jt

h

d4*9

pH

ur_9i..(,}r

MY
lJ .rJl

M

2.2
I{zSOa tr80 115 JJ3,,L f . i8 10-'

996 1. 16 336 7 2.54 10-6
NaOH 996 13.04 -312.7 00

1.0
FI:SO+ 180 1. 16 a-,JJ+ 9.35 10-',

996 1 15 333.9 4.29 10-o

NaOH 996 13 01 -3.13 9 00

53



.'Ffd q$i.=lt

:e,-jkjl j**fi.1.3.y

o+tJt dHt ,rS'u _ro; +*,_5#r #r*"!! ltnlr cr 6-rry-Jt c{ujl ursi o! ,:* rll
o.ia JL+**-t{ }1*, 4"1} tt.,,i tc r*.a; ,#, #*r d .dHl .rb*,Jt cruyJ ;er} .rir alr.rJr

qi #I"*-Jt .,*L*;li r_.-l+i ct' ;t aaU-Ir HzSO+ ta.*J'r #Br x\9*\ "rf,u :1 ,i*jra!r

J:**t Li lntri r-,d {aieb jsrj c.iri ;Lcr .rl,o,Jr rrr:} # 4r"s J, aur ,_.fr_,-Jl

jB -*J dt' irL 180 J)lr 2.2 cmrhrlr ;i +_5*Tr it' fr;lr .rr*-,Jr ;s; ai .r* 3+Tr
j.i J-J a*, J;b eUi; ..,+cXr ,Hlr -15 +-r,Tr ;*a 6;rL.cJi r:J! 6". Jsi c"r$ r;l+-*f;!r
;5#t g J*LI*I cr_#r ,:i Jplr 6}"."; u*;, 9....-J { ;.rt r.:Jt r**uyr ,.* ip.J.rlr

:si t6"ear} +t.o."i ,* Jl err: ;.T,ii ..r. :#iC*
.d[+-*fJTl ,yk3 a;"]t,t bi,e '# utf r.rtilJt .rto,Jr g-r+i.5Jd r.i .ly**?r -

,i]l;r,* i0 dt- id A+*EJlr ;e Jfi C J^',-,i $ 01g 1.0 cm rLlJr;: -r.3+.;Xr -
.r*t uJt .L-St# ir.t- AI"b J,('.i'J ,,).r*i c;$i *u.rJt

gijt ;Ut*t d 6r{$1 dlcr srir-Jl c.,u;*[ ;Sr; c*.r_ f-rjr ;ryr .J;.r*r ;,,. rE].L;r

+:*i cr 63:t,elt Cu*? .rt*,Jt c,rugi ;f;;aa a3>\rJr :r*.-1 r*s&;.*q ,I*,tjdt Li al.rr.*ll
,1IiI-16 )t',, .1fu,lr.LoA>E ;;, is,*f1}i jr-a ):--f d lt Lrr.rJr Jy+ ctt^.*..tr ,,ranlr

(1rI- 17)
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,.lJl *ril+lt

H

1
'-)
1-f

10D 0

600

400

200

1.0

cu*2
1.5

i-rS ri

.ru.*lt *;usi #; "!4Uk Gr-r. - (ul-to)rdt .1*Jr
irl,l* 1000 ii*r Jy+ 2.? cmp$r 3r .-.r. iyr ;,r tirr,;lr

+-:{.lt .rh} ig ,J:"rlr #r d}*' € .rro..Jr oEy_i ;fr; ;s *I}rJr U g.ea, #_rJ1 }& Ct'
:1,J u*brJt *-*rui .|fr ci eilr*i a,*3 cia.Li nslc;* ilt+ d is"-*.tjy1 _\B;_J d,ui J

.t€i a*ry*t;lr ;e ,1JJ i,rr Crb urS

1030

808

60 0

408

!0 c

i
'1
Irf

.C

,*,1,*.rll c;uyi f ; J*q U* dF-*. -(t;)Cl j-('*lt
1000 Jyr. 1.0 cm palr -rl +;r;y t ;,* aifi,r gr;*tr

+2
L1.1

55



,,FlJl .-rj'oll

,---LiJ1 :i +;r+X1 O,. #atsJJTr ;Li y ;s6tr .fl*.lt rrt;;r_i_hfJ i**rJrr ro;Jr *;;
c/J--JT *I*r*-Jr *U-;t Jst :r3 iJ.' Sulr y-J ;*j f tirj r*is a:i la-yi :1 ,1.0 cm

.J.a,Jt ii J^r"*lt.fl,*;Il
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,sl*"Jl +bJl

i+)l.d-t

,g 6't"7tjct il*rjr orull ir^-e G:*_r, fu6 J.4 *:,iJr gr"*rJr ,,**l ki;*r Jyr cr
L134 p!.elt *-iif r;grtJt r.f *-.r*Jf ;h*af {-.H*"J \Aar{ ua,ta; 6.r-*1 ;*uu 6ly i4LJf

dir"t4 *dui .}fE 
"b 

Qr.Jr r-1u:ll Ji dl+JJTT 3r r'$ rsr, ,rls d)+ dF. *.ft+i ,.#.t'

.,-fljr .;l1-i) eXiS +rai;.*tr g ;rJr L,, Jn, Af{rr*,

q.L.c J"rlt ,.,-5J*11 € Cf" d".r ,cni"r.** a*"# ir--tj jtr! u-I LtJ,.rli o.r.a ;reT

4irhalt Ji ir.,b.:jl *:,ri ul*r: ,if o* J'fUr et-# ic+J;yl jt.i L6irrl 6Jr l.lir
.31-f- 10 i*t, # it' y4-cr".-.. .rS rielr *.tjr ;i +;r+Tr Oi OtJ! j+Tr g r{,Eil*r+Jl

j*, .h;ua 
-d'u .s* aJ?,- gr '.*,JJ ,rii isL 48 lrj rrr,iJt; ,lulr r-JrJr rri ,to,-re

.L;ldt;=r*t".,Ji lj_r.U d,-)jUl 4o+r1 .5lc ,6"Llr i[4JJTl
LJj# Asu 483 J31t ,-"$j# A-e'.* 1000 + i:*Itr-: ,.*-tr.T,.X I:**r 5;(1 oi r;r1 ;s,

s:.13t i6l' **Vt etr*i jS it' JS ,rL- $i E.u*sr d'-: .p*"tl cr,+o, .i r;jri ;gtdr

.uls L$E+ gS^tt CuO ,=;H1 urr--:lr r*-ti ailrijJl i4-LIr ,rrt;ii rle aJs ,-.r;
+rEuJi ./iJ @' LL-:i *as uk*S;x(l, #t*-tl -r*,Ir{ r".i .+.,*iu}J qpldt afu)t
u a*,1)$1 g ;J,,*-*lt gijr JIJ!A1 d i+,1+ cru3gi h\-f a* r;,i*S d], Cf dJrj Urr.rg(r

.d ij!$sjr io).ir;lr 
t"_s ,i +"qjj &.re_i

+"1s1*Jt ./s c t* 't+cr cru-5*Tl ,-ri dJzi *er it' r*aji g;r;l;Jr ,r,#Jr; s.rtLnr-,!r .f$ 4ioj

g* 61:L.elt *uyJt 6Jn js-j $slr .fHJl jt6q )J- .r,I; Cu*2.Jr-.!r ,*t*.:rt c.rugi c;rf
._rlr*Jt g3j(

ci aa't,itult io*u.,;Jr r+ru1r r,li uc)ri"-,r r.Sa u1u +J, J"E*"tr gr*rJr ;* 6>1.!*r

"f-J 
.*.*, O3(;,ri W{s" ,Lrn$i a+L.,.e ., eJr qvi#.rJr-l arryJ-lyt jri JaJ $!ii-t*-,j

."a_jt eL**Yt d/ ,-f,jt ,-1.r.&t J dt:-r- b tia,g q#t -gi .r_r.ir .s_rir Lg 4,ir,4r .li &_ ft
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RSsum{

L'*bjectifl cle ce travail consiste i dtudier la possibilitd d'entrainernent de procluit

tle la cotvosion tj'un tulre de cuivre par I'o.ry-gdne transpcrtd dans les reseaux de

distrihutirn de g*a m*dicaux.

Paur cela nous ar,sns r6*lis6 u* montage e.-rpdrimental qui per;r:et ile passer

I'ory-gAne :l travers de deux tubes de cuivre i diff4rents diamitres penclant une pdricde

de 1000 heures. Cei trygine est ensuite b*rhotd dans diffsrentes solutions liquicles

appelfes "s+lutisns pi*gesn'.

Pour ,*tuelier l'influence de lir pression sur !a corrasicn clu tube de cuir.re un

6cl**tillon prdl*:t'S de celle-ci est plac€ dans une cellule en verre i ultra-vide. LIne

quatttitd d'oryglne scus haute pressirn est introtluite.

Les anxlyses physiques et €Xectroctrrimiques rrontrent respectilernent Ia formirtion

d'une coucire mi*ce cl'*ryde de suivre flI) CuC sul la surface +le l'€chantillon, er plus,

Inexistence des concentrations f*ibles de I'ion de cuivre dans les solutions piiges cr qui

confirme I'effet d'enlrainement du produit de la c*rr*sion de tube de cuirrre.


