
u/i6,;

tJ'lgiu::Lt

lf AAtLt
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Jw,yy'

,Jttf JYI9 crt-o.tio:J9l ,Las

?

,
,
?

,
,
v

A

A

1

!.

ll
ll

,6";f .l,J" -l-'l
,f "sf ,f :^ ro 6r-ti.a -Y-l

J".lf -: 
-. ^Al-l-l

,sr-1.i"..i9j:SJt ui5l, - f - I

6.r,-15.rfl9 -\-f-1

6.r;i ,*1, -Y-f-1

J#' 
'"i 

-A-l
o;l$h-rl J.itq -t-l

e*ji Oiti -Y-l

"!lc "[g 
-A-l

arleg pl.fb_c -1-l
.lS uJf.l b- 1*r, -1.-l

,f "Sf ;o ,rr.L{ro ol9,o -'ll-l

,Jtsf elil:f9r,-1..,

lr
lf
1Y

c-tlt;S{,r5o;f -l-l
.ftl9J[5,-5c19; -Y-Y

6l otez,rfcrf -f -Y
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rr
rA

YV

tr
rA

rl
rl
fr
fr
fr
ff
ff
fA

f2
?A

f1

ft
lr
AY

AY

AA

6?

AV

?.

?Y

?Y

?Y

,?

r,Srt*,i,rfs.;f -f-Y
.FloLi .,fc.29 -A-Y

.s.f.r-t , ;fsy; -?-l
,dlp,rf,.:.;9i -Y-Y

,s,f.r-L-r,3 .,fslf - A- Y

."rt*;il ."fo.;9e -1-Y

6rJ,J:,-lrj _\_1_y

Or^r d+Lf -Y-l-Y

.sjUf .st" F:.-.* Jr-L .',t*il ,Jttr -f-l-Y

.51a;ls,;ro ,J"sf -1.-Y

,J$ ,J":r -l-\'-Y
.lji J3j 6LocYgi g* ,J.e -Y-\ .-Y

.'ir "l*i -f-l 
.-Y

:rla rti J"tr -f-\.-Y
jjr:*f c'lrL.i -ll-Y

.,;jr;+" 6.rr; -\-1 l-Y

.lj:-,r:e,,.1.j J:b -Y-1 l-Y

.5ri*.il,J"-rf -lf-Y
*L+J.rb ,j"-,f -1-\ Y-Y

,"-tS."f,c;gr -lf-Y
.r:tJi cScf -.|-\f-Y

."l-i ;crf $ -Y-\Y-Y

.F_jd:tl ,Josr -lf-Y
Y! .5bo 69a-rl.taJl -lA-f

il. J.rr -\-\A-Y
.;tp tJtt ,J"tf -Y-\ A-Y

.-J Jr Jr1gr -l?-l
,r*-.t !,"ly,j"sf -lV-Y
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,Josf .*t-j.ll .SLo .rrl s :p9,"'o,-t",

, A .;lorp .gLa uig1 -t-l
?h oats,lr-t";T ..9[b o39J -Y-f

C"sf JJr{ r-SLtigj :p.;tag ,,t*

VA

VA

V1

V1

,{.

Ar

.f csf 5Lr o,r;;lo1! -l-f
6.r;i .5Lo o.r.;rlclL - l- l-f

6-r;l,f 6to o.ri.,lclL -Y-l-f
J.IU- 6lo oo.;.,lc;tr -f-\-f

,S$tt ci.6U.' -Y-f
6.$I €.gG.r -f-f
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,f osf Jyl9 crLo.r.io :J9l ,-l.ag -l

rtJ"rri 6-F -l-l
,rSJtS" J., rr .r, 6 *lf y'l ,c cl9. +-F - [" *.]f -rr ] ,rat;:-t 'gj-ty'Iu* "-tt J-t

.[*_r- d/_i J-ti ]*,_t=--:r;Sll c5t u5l, ,il ,c cl9- +_-F - [.- o' .]6 &-r-- ] ' i *.,

..!,.:....i ,-f "rf rf .t- ss g-b ,.+b 6slr,," tJs:l- ,f *.1c 61L.a -Y-l
&.i.; ,-F-Yq t 1*j$>l e-tu .

u#9y.. Alu '
'>lrJs 6$cJ eb .

6;l--i;15 gL.a o

1,6 oKf.r, a

:(,rfc.r9; 6b cr-;o r,l;"1of.:rr; cip-al-f-l
e-Li -._t;-;l o$.:l,$ o

.rK *3y jl,-.iti.:lL; .
o!9.o-. . o'.'lYl cl9- 4g.19 jl ,o,fb.ilrt-i .

6P G;i, rlr.ijl.il.r:U.:!L; .
ol;"a.1.; JL"ub c^il;l.jU.:!L; o

ol5lg .-u.il .t' .iLi;l orr5Jl J"t+ Oi ,c +f l, .,,-Lb L,r.tl, :,rr-L+*,i9;5Jt ui5l9 -f-l
..l:rU,r.,jr-t -ig.,;:5Jl

A'+e- -+ A

..' J .,,-t '..1.i9.1:iJl ,Jflr .5,- .p1-Lt' .f Jcrf rl:- q o5 .,,-b r*-.r3, a-o ,.fLl , 4,-U, *

Cu'* +2e' -+ Cu

Fe -+ Fe2' +2e-

.c* .+ ;!L_r.r ,9.;lllOI -b {t.'.,1.,:51, :6.ritf ui5l9 -l-f-l

.Jf .t' cl;l.re;SJl.ji.'t {t.' .l ,tslr:6.r;i;i;519 -Y-f-l

\. Corrosion

ohttps://telegram.me/matedep

negareh.ac.ir



6)lt&-b 9 J.oJ .,.; C, ,.,,-1t", o{ .5si L- .g.r;tS ;Slt &- f * ,,Sj;,l l,F-tSJl.rl*.Sl+ 69;t! .5.t *

,r^ ..i,* .5.st5 ,:519 ,,r .5.rii 6to .r9;5Jl 6 o.rs- OJ_.! r.$f .t' f$l ,to L .rfl9 9o ;-l
..:g;

,c 6.riLf 6Lr .rfl9 t (M -> M"* + ne-) ;.;:-.^ ,J"rf .9t6 ,J519 ,_rLa .5.sI .5Lo .ri5l9 x

:r:--,a;6rt>;Jl- gc J J"tf
.rjr_F+ ,rcLJ -l

2H* +2e- --> H, Eo = 0 6.r.-l !";,. ,s
zHzo+2e- + H,+2OH- E0 =-A.82 l/ .suir,r::;J"=-*.r,:

,jiJ t:l-Y
Or+4H* +4e- -+2HzO Eo =+1.23 V

Or+2HrO+4e- -+4OH- Eo =+0.4 V

,as-JJo*.s-)
.gui t.r:5 Ja"a r.r

r^)
.*J:iSJl .r.rl9 s9.;531 ot-fro ..r9.5,,'. €.it J.r, ,.* .-l9r:l/r" c9;5Jl .5,- ac9-.*- d{ :J#.p+ -A-l
,,-l ,c .r9.i ,.t' ..F-tSJl fL", ,rt'.-l c^c[ af .r,-i \i s9?y ,b-Cr+' .rgr5Jl & ,Ss, t Jt'

:.rr-l ,r:"r, .:-l 65*.:Jb gc c,r9-

.r;5 C-+,- &6y,+,F-FJIrt Url€^JL>

.r;5 C--a,- # ,Slt *. ,rS,-FJl ,L (p9c cJt--

M-+M'*+ne

M"* + ne- -+ M
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ca;,'i- q jU .ri-FJl .-fLb, 6;f o;l.r;l 6ly "-..1 r# 6.rtr- .'!FJl J.-b, af ,r,-Lq.ji;l

.,4 &*j.ri +lr rr-.-fLt,9.ril oolo -rlj t .- Olfr .9 l.l Ojfr*.o.rcL-'..rfl9 r+ti 6,-+.,o,-rl.l

.sF-" 
tClr 

6Lo sepfJl;l .;-lrl5,.rr (SHE) Jjrr=o rrlsL-lc9r5lllocl;* J d,g-b 6i;l t l

.cfi.f 6;l;:,.1 ,r- .:hl9-, lu*;9rSJl t- 5 gl..5l ;l-16 ut-

.;r clilgr/t ,..l1Jtlf

.:

ai}ts rf3r:
.r.r,f,.r{

rccl:*+glrl

Jl$-65tt

(a!

. :gl*./j.l $ b-lr3r,-t{ r'o ;r.rr9l.:-.r, 6lr2:Eoc.1l.rjb--lJa*il:tu,-t-l
.tr_y't T:YIA) cl.,f ;L O:YA Lc .

Jr:l atm )l ' i. .

.o9.i a:,.:9; (6$lt $sf a'\ l*-l ci;f- . [.:- r5l: .

.($ti .$_ * ,s*#*l +-r) r^i! o-ri rqd ili Jr e- +J9; .slr ,5le c;le- . -
Fe2' +2e- + Fe f,o =-449 mll
Fe -+ Fe2* +2e- E = +440 mY c^..=; srLr,t-l

2Fe2* +2e- -+ Fe E = -880 mV .-" ::srlr;b-l

..r.:tr rr,,S1tSJl.J.Jti!, t E cl;i 6;;1.-r: ahl,, rslt 1 :c*.;j irgitE -V-l
LG = -nFE
fr-l-rrt+ :c*l ol11 cSjrl Ob .-ri-tul ..[*;L!, c-*oL ;-l 6l::- .l ,!L; op "l+l; jl d rrbb

.J;5 .,. ,.,i* d.,, l, u!tl, ,jJr+ t- .tr:r;,-i, pt+l I c-t -1.-L;.-c9.j o.u,-Lj -t JtL,

AG <0 _ E> 0 .-".tr-.l,.rr+rtul-rfr,

*rt,.u. 
"# u:^+ lJ ui;Sl, e-t- t c^-l .1.::.., o.ur_Li.F_FJI .rL-;+ *

Y. Reference Electrodes
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:,.plc 
"lg, 

-A-l

Znz* +2e- + Zn

Cuz* +2e- +Cu
Eo=-0.76 V .r;1

Eo = +0.34 l/ .r,1J

CuI* +Zn-+Cu+Znz* Eoc"o = 80" -Eoo =+034-(-0.76)=a1.1 y

Jtrf .j$ ."!f- .:ct1 ;t5rl .r-l ;l .i- r. .ti= d ;*l ejY ,-f_r ,ka J"rf eFs ,Sl); *
trF.r

6.r;l r=Sl, o

6.r,1f ,519 .
si 9.ut5 ir.{ JL-1 o

-JtFll 
c

Fez* +2e- --> Fe Eo = -0.44 V

AG = AGo + RTln 
aF'

d,""

- nFE = -nFEo + RTln 
aF

Q F,,,

E = Eo * RT lnor""nF aF"

.€lF":'l ";.r5.f F.,i 6- l,'l) sJli.rlq- +-951 x

ocl.ri l, JJ;l; fl I lJri .f ooLi:-l -:t^l: ;l b r.rt_ J.rr .,J 9 ,Lti ;l a:-9^51 .Sles b;l5 J)9. )s *

.,iJl jK tS 9 ;-l l9o .1l.:!t )a..rjr.r* jK:S .t,_-F e F.," \ .-' M ,-lr-,rLc9> ...' i.L

.$! cf l:. rL.i-i ./Y ,-l9Jls;rr.;tr ,.:*l'
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t 
t.{rr+ plrftr-c -1-l

H* +e- - %n, Eo =0

E = Eo* 
Rr k [H-.]= g* 8'314x298 x2.3o3nF ptr: lxe6500

pn*.ebr,l ,E =4.059pH

Or+4e- +4H* +ZH,O. Eo =+1.23 Il

$'*1"-l- %Logr", )

E = Eo * ffn(r"," h.I )= +r.r + ffi x2303(togPo"+ + tog[a- ]
pu--aos[u'!, E = I.Z3 - 0.059 pH

Fez* +2e- + Fe

E = Eo *RT loo-,-
nF r?-'

E=cte

Eo = -0.44 Y

= 4.44* 8'314 x 298 
b10-6

2x96500

IrFerO, a---U 9 ,J"-rf a--tj l: F"t* t Fez* o.l;.;loLi> a->U lrFe 4>8.59i ,"lrft-c ,c
...u.U.". qa-, d->U

r. Pourbaix Diagram

l.

o
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\5, )t Jin!, 4,-y fU { .Sl a,-Y ;i ,il ,c af ;. .l .;-L' .r$ 9.-, :6.r,i 4j9; lr- 
rq+*r, -1.-l

,s 6i;.8;.;.-l J;U rt*l ,t-l ,.:d,4,-y.sr.i.* ,-$"rf jl iL 9 rt.i, d sb.,-l ;Ii et-
9 .:-l o'''r I lJL;i xs ;9;o rr-, a,-Y .u;! cr ;l a,-Y c+, t- r\a t{i- JbtJ j prt-Jii .r9.r-

.usL (.rJB d JqJ 6lrlc.:lrls)tl;:;lol;Ii -rJ;:,l.:+.': -t>;,_l.crls iral a..: L_.i.rri.SrBL
.$1.+ g,WlMo eTi eCr eNi eFe

c9;;l ,l., 
..1$ l.-, .rhiJ .,t-r...ro.rc ,.SiB 9 9 +-f ,g )S-r'-.ft- ,.Sl,o J..:.- ro ."r$ r.-, tLi.l

..lOC,r^;,-rLl

,Jo:9- JJ .,rr,U to cl9.o -ll-l

./ 6jui J-l *c rlr- q ptf \Y/. JSle 6eb d .sjUi .rYei : 
a6-/ .$; 6LrcYrs (dJl

+ pe,S #l e*** qY 
"lJs;J. 

a1 Oi J3j .5tacYp .rF,.* ,.r=.U (.SS);!..*1 .:Yei ..r"tL

ocllb. ,tfa o{ ,{ ,* + Oi J3j 6LocYgi ..r.;rls .g;+a ,J"rf n, .:-9t-i- ,r+f "-rL 6LosYgs +
:.St'.r- lqJ;

Yxx
fxx
fxx
ixx

..u.rlc,r:.::-i ^t, ) r rri tr vg-o* Oi Jlj.5LocYgi ocl;li d-r*ad l:xx os$t;- Ot r.rr_l _il

.ryi,r,-lc; drf jui ,yl Fl.s.,lc,$-; \'/. t nf tA/. d.f t-l f.f ;Ui.oclgti;,-l -irr-;!i
t\P;ui..r.r.,f +it-l ,+Jr Y7. ca.r- Y.f ;tJi +.51 .*-i .'. cd& Y-?EL r Y.fL,.5t"jui
jui J-L- .r;5 d.iL2,l Y'f o{ r..iL+- Y7. ,fl .c-l ert* gl o,"- u!'>r9> tlt rs of "F .t' J-t'

t. Passive
a. Stainless Steel

tl
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oJril f .f q (.- J Jlr icb 1*F $ ,ab ir,_l)M p.-92i ).a-sY'l-.f1b_ cy.rolgitY\
.u--f .r o.r-i 5lLrl'rt, .st ;Ui b ffY , fYl 6t6jui ..r-i .roly; c*.r, ffv iUl ."r

..!rlc .r+;:-i ..'. j;j oclgjB 6,-l +f .ror (t' u{ l, Yxx oslg;l-lVi ,54Mn o.-F_l,'
ff . ;gi ocl9.;t- irl .ir.,-;ui ..r;rlc .i_t t_ &-*F "4) t: .l Cr qjigb L;i fxx oslggi

,-f orf <, .9;J c -*l*> '.r$b ,rr-l 6to;Qi .c-l ;-,s ,il "'..j , ";b ftf lA7. t*F af c-l
.sjrlc 6lojl"jr

5ly Ll l;:*a ,l"rft G,_yt Ft5r.:-l ;l 9 .r;rlc (&_;J.rL+;r:i) .SjE ,r "'*oj ?xx o5l;[.;

n lxx oolg;t-- .5t"jui d{ .$rl$.+YL J".,f + s-rb lf_;.r;F ,roi sle. ..r J"rf .SLultK
.cri.r {.;f ;4.r-5!9o .ji J3-t 6tDryrr i"lf g"9,51ti 9c .uc

# '* dt ,,rlf ff'/. ;51.r-) g;91 .rl.r;- r==rt tr ..r-,-f .+ g1s1 ,Cu-Zn;UI .* , ttl E; (V

il r;.lt r b er,,_r,_r J.,r- )l ,it.r:S .5.
t 
r.F 4112Cu-I|o/oht

A_
e_trtt L_ '-* 

.i 
Air,.Cu-30%o7n

f7. 1l ors a,. .rurlr,. 6 w.t-, .Jfu .;<.;,. .F+-+- .,o+"-ll .Cli .-l* );:r:::"t;
"c9;ll .5:-:.3 e,.l "* Cl, 17. F JU..Sl;:.$y5 6.a:iti.sjUi atn ei). olt'.:-*.,- .-r5.f j:ld
b- ,rr-U-rc 6;r, 9 crlo L-rc 9,i J".*. ,c ,Cf ,Jttf a* ;.fb .5 .t' ./ J-t .SjUi ,u.F
a, rll..sc,y cu.rr lJ,j:5 et t"U 4{ 6jui fy * C C,E 17.OJr}l.r*..* o-'..b r';lr*ci

.r.:"-L ,j"rf tl.;r lr a5 .r,-i -- o.....r ,lr F.ji-ti e:r .Jr-f $Ul Al .r-.rs y b I .-fui 6;,
.+ Jp98

* -tr, :Cu-Be if- .*-f ,e h. ls .sss )l ,; 6,..-s l* .r- ;l .sjUl ,o , 
ttt,nlj; (6

.Cu-Si F.-J.- i;y. {u-AI F=r:-li }ra Cu-Sn

1. Brass
v. Red Brass
A. Cartridge Brass
1. Muntz Metal
I ..Admiralty Brass
I \.Bronze

!t
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,f ttf elrrf :p9c rl.ai -Y

u:5.r. l.t *- .,,_j 
d-..r rJ .*,-,l5 ,* +lr r-f "rft;;t ;f,- ,j"rr o

t o*;r.$trr '

jt{.fj.oi t, &;l9;SJ- o,ta:a,L3 eh- uftrg; ey rA rc:ciil9j.Sir-,"fc19.* -l-Y
c-l ;t3 cy-;l ;rl.r,-b ;! A"J ;J1.45 c J ;,-l Gl9'5i- ,F"rf aS.r'- 69;..:9-:,,r- ocrgi

,J"tf u. Ly.-t 6"tf oY9-=. t* t;L,- ;r,-;:.1 .$l .* .5U;l ol;Is 4a.o _p .,,-l_rrt+

.;-l .,+r .i.," 
"t{E 

dlr.- crls | ;.nolO,-tJ ,jitrf gl:rl Ot-.rs Llc-l.:.i-lt;S,-

h;; lt ,-f"tr ;'t^ eb

WLYo=W'-W'*l0O
14/l

: c.;19.i5.r- .^J".lf .db-j)l 6 La; t5.

, OLj .J.tr d ; J irj :1.-- J,-l Jtf.il rr6jl uialf Jli:.r. -l
.;-l€F

.J-b l.l_; cf a*,_t-i. r". ! Oli .r-; l, Ul=. ol;Js af c .J ;,,_l ,-is.. ,J_l ,>ly-l : mdd Jtin" -Y
.c-l a:ij1; F,,, t;tr ."^-+

C.R. = 
W

AT

Jt { F 
o ipy ,-.-- t -dt{ Y! J",,f er .fl.$t: .r ,t- .r-rr.l s6 s+.r s1tpy rl,2,. -Y

.rr.i .f osU: J mmry (mm/yr);l .*lf.c9*i .r
C.R.=534w

DAT

I. Uniform Corrosion
Y. Local Corrosion
r. Weight Loss
f . Mill Per Year
o. Inch Per Year
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inch=2.54cm =25.4mm
inch=l000nill
W =l000mry

:c;1e53- .J"tf :l S# * .Sbr$l.r
5$tf c$Lb .

.g.r;i c-UU .
Lb LJi.l,t ;l ocl:- J o

,€"tf 6Lo o.srlc;L j "cl;-' J '

* ,J"rf ..fb.rr d.,,Lj C + .$J-l, rlt "*Frl .r"k -rr or l+.r ^a r.o r:o jll
.iy:.-l 6"rf ey A_l 6:* st.t*.+U_ cr 

"utS 
; y.+ ;li ,J"tr, €ib- 

"F-l;il t Jt*i
.d-l ;li rr "r:l ,Fb,

,jtJlttt J.J, .t- Clr .r" .r9.i .t' tlSt2 u,a pa .rr jS rr ir.{ .F-FJI .rL; r#r :f.iilf-
.u.F.r J$:,-

1. Galvanic Corrosion
v. Bimetallic Corrosion

.,ii 'rjJi.rastt.

It

t
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.s! .*.r.;i af- q $tS et- ;*;.yrl=': L-, eJ"- il .SJUIJ ,j"rf t,ttf ,gSti .S- x

.SJf/f ,J"rf o.r-i .(s-iL .S"f .r;i , .-1 -r,-tf) .r.i,L ;:.1 .r.;i et- a, .r,1f gt- c*; aTro

a1 : .r1L-.rf 
"F-l-pl 

.9u;5,519 .-r- 
,t:4 

.-riL lri sK et- 45,s.L*$ lrl,F e fu
,51r .:.sr- uf srg- pl-L-o + A l*:.rJ ,r- t+ 

"l-l,pl 
(,rfo.,9-) 6.r;i ,1519 ;sr Oi e.

{.i" = i") r'it* .rh 6.r;l u:St, .:,cr- L .r:! .s.r;5

.c-l.S;llt.f 6trf c-c,p o.r.;5 J;5.r,-5 # t 6.r;15,r5le *

cJ"G.- S.-yt JU- .;lltf cYgi .s9i ,r- ocl,i:-l 6.r;t5 ;&tb ,c .S;l/f ,J"rf J9-l il *
-.- J cY9i.5.r;5

J",-si 9 .r;5 O.=; 6lr, .,i+ic L# .i.,. y-e ,j,-ti# lfll S-* J9.r- .S=f5If ,.fc,5i ,c *
q,a JrJ? ;,-l ,c .c9i ,r. ocLi:-l ,f-.r,-.re (.,9.*;tt) ,r5Jltlt cSr Jr.+ J 4ht+, .r.6r .'a;

.c,: .f gJ ec .ji €l/t,Jtrf .$lt i .5,-c; rl,-.r5,- ..t jui L- jS ro

qtuSt uA5"1.,
lr!$l-l

(r. e'Gi )
(.s$}*st
Eb r}.

. c:ta(rnEl*13) .. c-
Itf aid6..rrrt (FsIF)r GtQ! tltrl irac'

Aul- +lc-*Au
,Fdr*,+ &::.pd.
Hd- +!e-=Hg
As- + e-=Ag
II&'*+2a--2He..

i e-:Cu
c.g:.. i zc.- ="au?H' + 7c^ :.EIz
ttF+ + 2a- :.fr
Sd- + 2d- =- Sn
Mol= r- 3d- -. Mo
NFf. + ?c::=:1.1i.,
Col'+2a-=Co
Ttt. + a-'-'Tl,
rrr.l+ -f 3?: - 1n
cf* + 2e-'; Cd.
Fc!'+2c-=Fe
Gat* + lc'.-.(ia
CP*' +- 3e-' - Cr
cts' + zc- -Ci7A'- +2e- -Zn.NF= {- lc- =}Nb*na*+2b::M-n.
7!* +4a- *Zt

-r: 2ai - 1l
All'+lc.-Al
t{r.- +49'-Hf.
Ur*. + ]e- ='U
Bi* +2a-=Ba
Mf* +2s-:,Ms
Na' + a- =.Na
Ca:r -r 2e- li: Ca

-i- c':K
Li' + a-=Li

.41=+:9lSJl .sr Jrr:

.!$
,q LZos,

.0..85{;
'o.so
{f,729

. 452t.'G3?-
o-o(n.

-o.rzc
-O;t36,cr. -{1J,.
=,9-?ro: -oz'n
-OJJ6
-o-ttz
-0-4{B
-O.{,r{}-
-053
-6:f4,
-o.gf.
-o-76t

ca. - l-l
- t.lE
- L53
.- l-63
-t#
- r.70
- t-80
- t-E5
- z:3t
-Z:.71
-2:67
-2.91
-3_(It

16..r+:' ra-+,rt_ C.. ,

. .l6n+19(rt 1rri CgFr A4l{q}

...'. , ts*'taro. r6jc}.3Jq 758 r,sr iMs, oJv.' o.G,

:tanrcd. 
:

.iq&.f.
:GadkH: '

Wd::.
Adrfufr56.

kt".*
'{1. hriE
in!&$ bfe

.Ri{b
sGE tFr'
Ct;E
Y&i trs
.ifrt t s
:Frgre!oaa,
llirti Gr.l
'f-{:rid
!S*{.
ltcrrrbtrs rtcd (rnlr)
loliidlld, !r!ctr(stiw)
.{c.c&inb'*c*
:&d(barrtst: .

:i*'br .'
Vhcb tm
,Sr.d.

stgilcgrt{gl|'6} olc.;.so .

ff!*o tl
SarE- Aa
tearrrdia trw; (''.!rqq 4jarr:fl tF&{, a5psFe, o.'lrMr,

. o!i?b): Cnnt 8.5cr.6R)
!6,

. {:oCq:oni}
FC4 lolrD
€qar!O', $r?Un r9,f.!!S.. 9-O?Pt, 0.06F(

o.o4t r^a slq ?l
t636, +?Ss; &&g* r5t'
slq, lClE 2Za'
(?e4q! l8F:7& lt8-tAq qo-'Pb, o.06Fq

o.qo-lAt)
(GtfAr)
(rrOtq, JZt, lJfq l-!rl LtHq'lslr 0.JFb,

. cir
. (atot StZt)

(tocl gzq 156)
(!rj6tc4" sPtar L1&'' Glf}7s0!, 0nSq.

q|+IAD
FiooLffi{oztt,orla l'tFJ
S!
pb
(esr?sa lL5tt?:tt+ tlltjOt lg l4?.t5i

Llil.JML l.qzq
(!E(l. !a\r;3Mol
gt€b. as
ora)
(l3ao ..:

ctJlttt.sr Jr"+

lo
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:dliltlf ,fosf ;l.rlo.e,sab Jtl"
.ibb .r. t",lr^ +;.l.1 6r, [.F_;l,., J"rr] {la r erE .i._r., :l 6-Sh ,:E- a, .l
aj* 1,..r*.J,5 .,- 5;li: .lt*+l* s* 6l; n tf 6[o &J a, t ":i 6b o?JU :l v*r
,-* ,Josf rl,,..r sYgi 4.*i,i Jr r.\i.^r,s.,s$ryK Uff) erj JJ-:t ,5;$i cYr, .r.> ;l

's9^:'

6ts L nf 6ol .sc'f sta.1l .r:lri d ...l*.a ."Y:s ,t 6l: c#f,j c*;rLc ";lr!A.i.rr .Y

,* + 6ss ,Jj*jln, '-- 'l ,'t lt*r si ef- t -uK et- ;,' : [:-; :ca: .,. -:'.tU->

.C9.:, o^, os.;jp 6Jr_.r-i

Fez* +2e- -+ Fe 6,0 =449 mY .r,5

Zn2* +2e- -> Zn Eo =-760 mV --l
4{ $15 et- .;, .; d,gl+i jl ..r.: .rt?.-l .;lf _51 .*-f d .+ rYrs rr Cl5 ,:-i91 C .f

.cF.* ocrg> iiu-i.{ i,oi .;-l sL-; rt..1 .rii gt-
Fez* +2e- + Fe Eo =--Q,!Q mY .sl

Sn2* +2e- -+ Sn Eo = +130 mt/ rrl'

cu,- .r-LJt. .&" ,! , ,'i6r JL;l .g.rYqe elo ef, 6.* t1 ..,* u-;-> ;l b "#-ti 
oi+ .Fl .f

et- +, stf et- .-r,*: l:,_j c*l;5Urtt c.-ij Jb.Slr.r- )llo el ef ,6ryt'
.c-l;sL-; ,r;1

:.-f!|y'l5 .J.rf .l+. .5tb r.;,1rlt

.S n; 6tb 6.t,tt .

6.r;15 c&U> .

'F o"f ;=; '
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:dliltlt ,.F"sr )l s#*,gLa;t(.o1;
.r"o;l,r--; e .t';li gc rcf l.r- o

.si eU- a,.r;6 et- .- : :,J:.olf c

. '' 1q.S,_si na q;rt;t- Jr"+ r. .f ;t-F jl orl;- -l o

..r-:U si,Jp iE eJ {.- : -: d,jtJUlS ,Sb e$ 4:.+r rts ;-:f .l--:- .
.r-ftrf 6[o o.r;rlrlL 1l ocl;l J . '

+ ,py.sto Jc,f y';l;l ;.r; rls or,L :46.r..3;lc o;b tr- qgl o.;i= ,6"5f -f-Y
)y- u\ Lf oS r9.l, .f st "-l ;lr;- (c,. -J or i. ,J"rf ,.,,-l .rtar 4t .5l a.ti Jr .J9t ,=. .11 'i
.J.>t* .S"t_; ;cr- L Lb oF ;* et; ,Ftrf dt-l nt ,s.t<.:a.cr^i.f F:-^.." ;r "#

..ru*L 
t'6-:a. 

b- 9 
r.lr,i,- J29o a-c.-l 65* olr; r,-l ..r5.t' 39-

:crb al-r- g 6l .r"b 6"rf f-#t5- :fHIf-
.F G) a;lt>:Jtl aJ>, .1

oj> (asLiD .r;.,:p9J al>,p .Y

:11 .-uJrl,- , .r:- a .*lr- .rl1*t o_f= Gj ojlf ,.Sl-rl d o.;rls c9>9 et- jl ,stlij
t6,jJt-u, ttt .1ui .

brt..irto"itF o

tb ,r,_t+U Jjl-.o Jl--.-_ f w* o

.l .J o.r '- arJa 9 ., = 
.i rt?a oJ f.-,, ar-Y ;l ,r,-to ,:; .

.:l*r, 9 (c*l ,S s*. d-Y .,:;l9,5, 9 .rirls ..5iy! 6;;l eU- Afi) Lo clclr- o

Lo +;ls rs +,_9;li

.s1^1,..+ o.ro-s al9;r_l olr;,-.=t;1t.--l ,iJ 9)D Gi dl9? Jt=- .r.:t? i *.iL- et- 4? Ja €

"-F G) $lf J2,- f +L- .f .i--ljd et- ,.: JU--f r;rc .c9.i el+"| A.r:i=l rJ- )K 4? Ja *
.J6JjdJ

J I J -. J-

r. Pitting Corrosion
1. Isolated
r..Complex
\ \.Inclusions

lv

l
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e d)-r. crlc ,lj ;ri Of- 6t, )t MnS J-i rf sYgi ,--; ;l .gl cy; ,sl-t lt osi> ;-7, al>r.

tttJ

13 *-, Jt-i J;-:- ,.1-i rc F r .r:! ,e o.,e G) o;lsz.SLr ,.*L- J*- Jl>i a5,r,-b.;i;l

.$l .f .1Li;l 6oI ,ly-,j$ !f.r".o la J".. .r,-l _rc J.rr9i .rrJ rt' r-,:* jl r-, a,-Y JL-9-,
Fe + Fez" +2e-
Fe2* + Hro -+ FeoH' + H*
.#rrr:a a,. +f ,ir9- 

"r-l 
or Jj9j cr $.F.+ ','I ,s -IVa* r K* .sL'- 'l . .sjE tsLo oy- :.9r91sL-)

(.J;.5 o. y9;) t o$.Jr-"*-

.r;5 {r. d€ JBI al.rjr:r:o 6b Jt_ d* r +L_.t' .F_l-pf J[:ii.rbtl ," If .>tE..iri U,_l{
H" + MnS + HrS +Lfif*

/:.ru.^ Oi JUr.r , J* (t' irt-j -p J"rf L+"x , rf .r.r- .s.^.-l orb ,t=lc pH U-l:tV

-r*.r tlF'Vr c*,t-lr *L-.r a..lcl.g/i ey-

"y> ,plc r" F::- .5t6 ,Jgl, ,r-_ .s-_9t ,r- ".1u,_lic1.- L- l-{r+J6tfrr/ 1il l, ,u_,.t' u'-l

.c*l .rt:og a.lsl 5r:.. +f .r;r9i d Jr?9.t lr r-.}r.-l!

tA

f
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ar 9 ou-i rg'>t jll Ch ,sg: lo oF;tl .rl5 ct' s, +ta .st-r.r d^t- .2s 
y9* [b oP *

Jl;5 .". S.l i,r.r-L,

:c-l ,2; Jtf * OLj C;*;61 ,P ,-f":f c.c_,-.:lr.=; rls9-; o

J"rf pl5-o +> a5 c--; oc;:- L .slr F-" orl..* c,-..; ,a;:- L ,, 
tt,rf-g o)rr OLj .ir.

.c-l;fUrt> .ft'f F-. glrlr-L jl,J*f"..,*+ r .l;il.;.5t,1.91.r;

:c*l ,lcry>y 6.rU-; c-..-ol jl .J.t" 9c 6l "_rrL Jt fi.,t
;-l;l l, pH J9l-- c.fr- .c-l J/*- Of-."r-r.i-rl.r "2i,> 6ly il\ L;,Jy'-- O1fu .l

.+L- cf "i.6l' Jl*- gry 6.r: .l 6l;.- aa.: _}J 9.1.6.),rr

a:-ilc c979 CI- Lt;,." t SCN- 9 CtO; s I- t Br- ,gl-a Jr#i t? ,o :,t/ap ;;i .Y

.crls c9--9 6l ori'-> ,J"rf g9i9 ;tLl .l5U

I Y.Initiation

l1
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.Ct- eW 6e;i o1l1.1c,jbi;

6.rirlo ori> 6!6tJ fil :l-F #l-..t.J-lU ;ir.t J/*- O;J r€,,r 4?ro o

.c-l;l;

b S; dr,-l *t c* cr ,ui Oc.,r Ji c^rt* r S .r 3r- r.-, a,-! ,c CI- uy-
.c-l o.j>,.,,j cl:+ 6lt .,-L-

,.-, tu-y (;s91 a:=Jl'- l1 .'f!-Jtla aqro .crls l-g ar_Y Jb;L + ,s*- )5.# 3S*

,.r.iq i ot- .g.rt5L a.7r^,.Jt :glzltJ.so-J.t':::.r r.o rt K Sr- .r-:U +
J,; .r t"Hli s-b 39"j

9 Al ,;:.]a3Q1 t Tt ,u; J3j .sb rYgi .r:;Lo ,r-, -9":5l ol# ..sl orl.- uft,.g- s,- . ol/i
r-i.:-^a 

"i._t"jui 9 Cu ,;:-_la3Qi

%o,
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-fV )l Lft .r,.: ,ra or,, _rt!,r.r-:rlc o)t> a1c^*.; c*9LL .F,-l;.il ,qEJ- a2 Grstf .SjUi .fb
=J urt,, .craf .4 rlj ool+--l rsf ts-t, J:.;; 6tocY5r.gl; af .g;t Ji

qY
'F-.,r1+ ,J:ot5 .li J3j .5LocY9i ,rLl .S;Ul ,--c ul9.-c a'. Cr s9- cJ*" a-r !s+_Jy.f Usu y tJt wJ 6serg' L#, 6)y, -F (Jr9.E 4a vt rr

LU ,.-, qY .rl:;L ..r-r, YF/- J ,-l.l a. f lf r-rc ,fl .crlo 61 4E>y- ..lrE ,*"t-
..:.1.,,.f ,r- .ir9-i

.crLr 6;.3U, rJ rjL- oall {t c;l fU F ,p-;;l.rly .r
6|';1 Fxx 

9 Yxx .gLo osl9,{i +.1..t;/..- hl: L .$9- J- ,--s. ;,ly-c, + tis-;,

o

a

.c.,lc 6cL-l rift ,5 co.f .r
d.il,ol f .f Or J3; sYgi ol Y7. OIF + F A g-l .-.1-.::lr .p ,*4( +.n 1l o

.c,-l pgti-.,1.*t.sl .P ,J":f ll.x.,r +f .r,-i,r..- '.r, Y\P cYgi .ccrf

:; rl,r a+y 
"1,-i 

o:Sj rJ d{ r,-t{ Mo 6Qi ),a;e r)9a )r
.JoJ,ra.rb ef sp sr l, c9-- jl ..1+lf .\

.rt' .* ,Fe A.'C;l ;Y! 6L.r rc 6l ori:- ,f "rf a., c-9G- 
"F-l;l ,c .r.-r*J9- ril .Y

it
+,4
G
5I

YI
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.61 o.;i+,Jo sf db-jrl .5|,o;trrr

.r- .l"f !9* olr; l51r> -.i*.:: .#t:- ;!- .61 .p ,J\r dt_jrl 6L.r uj, ur.^t5 rL-
.rF.r,rl.efh{jl j+-F grq[nri;-.{f=Jb,rc;-l;--=*ULo6l;l.';1.;.rjrJJn, v{.t

- I - rl
dac lt_j tr-rlt -i *tj- rl.- ,,-l .ef- ul9 _rc .:lrrb slr*r-;l c-;rl..c l€tl)i, €*'- :lC .l

.1ls;.-"ol or,i.-

:o.;i.a',j^cL-f. .Y

:ce.i a:irf F _p ,F A-t &-c' .-5.c a5 .- .l 4l ,t - ar_r+t 'Pitting Factor Jt r" .f

P.F,=
p
d

.cfi rf eQr.*-F.:cL o.f> 6r-; .i..^c lrr-;

..'-'l P.F.F I orlq-a 5;-loshil6tUlc^;19;S,- J"rf L;i .'i',_.r-:L P.F. =l fl

Jsrrpr5 \4ra =i

YI
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.J.iL

lCrL,,, na.r^.O$,ls or; .sl,rr e;Y )tls .- t:ti Jilu;l;-;rL^c :ss.rJi Gl*:slife .f
.c-l ;;* 6l ori>. ,jttf * *:b.r-:L,:+:

F* Tgril g p..r$rb ozi'> 6lr' plY .gLs .,tiL> ,l ;*;.rLc :.j!*1 6Lo.r .A

.;-l ,: i.: 5l ".ti,> ,-ftti t c-rti.

,e ?e* tpy.sL" Jc.rr gril;l.F- zrS-frlg t- jl5,i lr- 
lY6;!.$ ,6"sf -f-Y

cj.rra $-l+ ..itS..l, ,r-l .Jg"r rt' ,t-.1, sL-; c.cr- L : $l .* .5ti;l to .ilSi , LortlS ra 
'FSl .S 

"u,t
A,-q F-J o* :l9 .r.,-i ca79.1 o"r. L!L-l ail^'. -f1- : $! .r5l- 6i ;1-lc .+JrFrl b r-:q .S,-rt{

J+ ..srtai J"-rf S9u 65r.; ;* tlf;: erLt L:^- t ,F-FJI ttirl a5 .r;L ;ap, 6-r.r-i,

.i6-i ;9.ro {t \niJi 6,-l a, :a.,lc sfrt esV J.+*^ 5.itt3, C-r OiJl ,f:i }l=f '.J--:paitfo

J.g ..(,_ ir_lr:l+ .r.rt 11; .i6*i C -uili ,r- OiJ .sto Jfrr aSly; ,t .t iJ Oi^Jl .,tj.i

OV L:^^ r.r;i r:;;.c-,lc 6r.:.J;;Jl ,S d -tt-S d o,r- et-Jg --i.+ rry.-Fd.-iy:>l

, .itS.i 69rc .5.r;i i.,i.519 F-" ort',, :.:cil ,r. .56,-l .r.;i ,,r Jt,9- , r;5 d 6j! l, .r;tf ,:;;
.JF.f ,"t-.:l Ert- la*=- JJ 6.r;5 rfl9

,,n--F ,-* J;; rc lr 6JYt' 6l e-L. d:-,_rlr- +

Or+4H* +4e- -+zH.O 6r;15-:5le
Fe -+ Fez' +2e- 6r;i r::st,

Fe" +2HzO -+ re(OH),+2H'

'l l.Crevice Corrosion

,.:-l ,i.-c -i)Ltl

lr
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F f jl -J . elS.SpH Lt$ ccf o. ; 6lyl ..ilS.i, OrtpIl .5-ts t.rf- .;$ jJ-r,".o ! Jb
*S;JUtSgl io.,L 6,t$ Jrrg- F_. Ol* q.rti ..r .F- l: J._rf .Jt-lil rl ,l_l oJ (u-, cr

'crlc

.,rG; A 6jF Jsjf ,li J3j 6ta cYf Lr;,.-, -ri:'leliti *
;l+,_r"f ds .r.lr- I $.lb.+YL 4*- b,rr,_ Cr_|..* r/ rl;;F J"rf v_.r-i.i &sL )r-Jf ,:ly-*
a5;ls .t' r..r€$."i,rl.f p"l.plr ,J"rf .F_ltlc&?r, $F ,'..-il5.i.rrlg c^.:-,F-FJI

-rt'.* f:-, ar-Y._rj.r if ,l .->9- ,9)S
.c-l y 63Li o2q., g1J, L,.{ ;1, J^- Jr, o;e- ! e=,, .b dy, J*..rc 6rl.i .-ftrf o

.il rr JU- ,lr* I cr3 .+ o-..:".E tl.yt./-j.-JJJF a5 crlc r9?, .9rt3.i 6"rf ;l ,r-t- g; *
$! .r ,._dy) t-j J"rf jl ,rJb 

trdo7Ji.,:r.:, (t' rl.a,-l .Jo..;l .S ,F rc .S^; : ;|.l O+a
.*-I .f s99,.;5 d+ + Ln *1.1>..r.'::.? jl ,.: d

\ t.Fouling
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:6)t*,i' ,F"sf 9 efly; ofc;9; ergLi;

..r9:,rn, rolb -$Jbl5gl ;1 ,!-?t .t'-j,rf.:r9i rc I

:6.1t1e ,f"sf 9,51o2i> ."fc.19i ogLi;

uJe Ll ..r;r ,.r F cs;l$ 6"rf rt7c [---."r;r3 .r 6l "-'b ,-f"rf rta" of .t-lt, f
.,-,,1 ..S,;tJ ,j"ri ast4zq),-).gl or.b ,litrf -,.l1" orl*o.'- .:.5cL;i

:*g1t*.6 J"-rf 9 6lo.;b ."ft.lf c.a[j
..r.;rlc -f;Jb6r;ljl ,-fttyi rJ J.o I

.J-3lt n5t- Jrlo-".r,-\ J":f .:J P.f O

-J;t .'. J^s uf;y; rr -16.lJ patq- Os.rl uly-t -rs.F I
.r.;:-..a ,Jttf 9c -,p.rr:* t"-. -9*51 ol;fi O

o5 
"r^: e ?p r#r.st" Jr-rr elyl;l.F- , 

to,5l {,i,J b- ,":jl-J.i ,-f "sf -A-f
g ,-;;.J n: St+ n=-.-y'i q ,t ;.:- .cY9i ,. > 1l '-,,1 JS- 1ti .*-i ,r- rla:.: b ,:-:t ,c i;51

,J"rf er dt-l .-r.iq .4iLi-i .vlJ..-Jr+|.r.;.;L.g;ls ri t- .el5 .oF .It -u.;L .5ite J,jl9;

o.r+c ,$.:a ";.;l*I;i ,J"rf ..rij.* a*' - .5.rot.E {€45 t tql r srl.r; JL;-r,,ifuS..Sb .".-i
' .rr.l .f ;E a*.r,-hi "lf ,S.r+ a:- 3-L- ,c .51

.$l .r.5Li;l ,r,-l.rc e-t;- t{ J"l;,l ;J +f1,.> crls.F-;l:.+ it"'.. J.rr= dt-l o5 $ .,. r9-; l'ril ,.>

ar.l ,J.tr .,F-;l* J^l9c ,9,;> a+.:jt.lrl.r; ,rfcrgi i,,-l I .S;+'b 
ttar* J:ar d $ o.roL:- Ll

-t ,t,JJsf €i

I o.Filiform or Underfilm Corrosion
\ l.Toxin
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'J"s csLJ

..:rlo o:t-lj ,j"'f .rr rfif _rt -r "in 4*: *
4 .rr lp c1*:tt..il gr:r: a, l9s c'gLr.- Eli c... .: :RIf%'v o*;,.2t9,.\ .--Jtt

:& .l y-;CF + "#t-lj ,f"rf r (# -*, Ft
.-il "* .51.l;1 ,rfcr9'- *r-l;L r.'1. il ,*S ,4 a*t F (.itl

.c9, .rolgi J;b 6to a:-i, cr,r,ar ,J"rf d-iL 4.7.-t.'1. A ,o*;4*:.$ (V

.s9, .rol9i rE;;.51,D a;,ir.ir9,at J"rf .r-:L 1 .f.-A.'l- ir.? (# a.*: F Q
.ri.ral9i _pU Jrb Js9a: Jorf ..ru;11.'1. ;l .;:..l:: de (# -r*1,, fl(o

: +i.f c9>9, .36-i .a'ti

.rlf -t t+,.r*.$1,.*
f ;,iff J;:. J-i rc .o9.3 +-lt 

"tsX;l*.:*1a5 ,,-tLra t"-plf-
.itiil J";f \i.,,j ir,_+ f r9j ..* sb.-l .r:-.o -iy:tl J!, -S,_ a:r-^Li;r

..r;t .". 6f (F a.1) c+*; & o . a.l a:-3., ..91*l

\ v.Relative Humidity

T\
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:F-i,s. ,gsl.lt sY9s et- ,5, ,;r.)f .:Jt-l.i .5,_ ,.Sb Ji_r
:'- J a:i! JtS:t .:*3 9c 1l a- "., 

",r-l
-.i ,l Fez* g4l- I &., -rn af J-s 5i .l

,L. 49lr ,o af .*L g Feron g,tto' 9 .r-f \.-[,_L ,sl "Xi &_r o{ .t Jl.s ,j aJL;c .Y

-*l ,rfsr9.- oYga.*.

.q JL.r Sy )l )tt -t6 -*,sJ:-. .lf A:tV-* 6-ri, .:crr l* r.- .l -? & Y s9.r' rs a:i, ,t!
.ri .'. Os--;'-.. |?

.r- et.i 1.1 ,5,-.o^ Jt-s r.t uiu" t" + f).i*l yJt? Jt*r F-r5,-t OUJ.,'tt I t6 AiJ cSf "F
tt !r* ,J,tt'jl a,-911 af lF rf ,Fd,. rS-c r:',, Jl's r.€ dL;> t rsf sp-;1 ,-, a-, .t- 9 J:5

?l iS* tf ."* d.ri:SJ ,,sS sr9>rt,r-L a1 Jr4e qra .5l *., fl .: .l 
,2112 sr9>.,2 a,-91;

..uil plc +" St' aI;" Jr .5l t-::r ;-l 6f* uF?-.o ..r;9,1, ,"Lcsl , J.i$9+rr F-JS,- ar a:i, 9c

,,.,# i Jo.lf ;t S-#* 6La1l5.al.1

?.'l- ;l;J q -.- c4A d"tt .
.r'J.Sf-i,.:s, l*.,,-b 

"*y, -;l ocl;- J o

.Jtrf .5Lo o.r.;rlslL 1l o.rl;: J .

dld ufiJa

tl1r eE
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+-Le t o$sfJt -. .'oJ 6f jU af c-l .#f ,-F"rf,rtr; : 
t^-ri.r-6 ,jio1;f -r-Y

J"rf L- 9 ,g .l .Stz,:- qr|^i {5 65 a;lgr,. S ,Xsf oi .yd, algrr, ,rfc.r9i ,r.:;L ..rr-1 Lf 59:.9l

-c*l J.rau,. Jt=-.f ,s.l.5 dJ/.51,o n:--r1

.a-l j9r- ;, $;f a;8 J":f q .a$ o.rr9; 6t- .lS: ,-!Jr ,r.:,-L ,Jtrf

af 6.r.119..,J .cai 6"rf.rr-l-i.i r->9r [+'r-i b- Jf=-] gSf af .:-l 6r-l o:,-L ,J"rf4€tL:
Olf" +.cr919t*- a, ,,.:,-L ,j"rf L Oi Ol9; .'o..r9-i ,Jtrf .;5g ,r:- t- 

"rutf 
scb c.fp

c5L6 ,Ji.;SlJ ,Jl ,.r .sr5 ..+.rl/ (fAf4).S_;., +-l tt ,_rfu ,c Oi J3j sYgi a5 ,s.tt';6 Jb-

*y t.:-l o.$.,9i ;!4 6q-l oi "F d .1,-J* (HNOr)cF J.-l { .S,-; u".,1 .6$15

,c 9 a*f l.r.- cYgi d"- ;l rr+ +, J ..r,-l ca.791 J/*. ,o 6f F Jt ."r (t' ryre ,J"rf
.ot' .# wl,^^o*,r:,-L J"rr r-rr it-l i/-ltl+ .+U- rr dol5 .rfcrf a3;;

octi:-l ,J"'f osrlr.;! sl9- ;l ,r:,_L ,j"rf .p F d Jtf ,?-$. crlc .r9.-g po ,sr-l 
,s-l a;-Jl

;.cJr 4+.:.;J 9 oJ-5 ,j OLI d'Li et- a, Lo o.r.;rlslL r-rJ::,., cF ,.f .:ct Jy':'- 5.,.> ..r-5L o.r-i

.cri.f ;^S u!;r9;

:,r.i.,r-L.r,J"rf f j'r",.Sb.lfSC

qY ..r-f 4"J6 .J,ir- ,€ y* ,-f".rf or5 Ji;5 FLt, "r:,-L 
,J"tf r.: ,rz.t- .5Lo al-Y .l

.5to a,-Y ,,-l ot -9-; .sF .f ;:*: ,r--L J"rf ar wgti. ..Ll.L rj c;- sr.t- 6tb

L-rc .7i J..-,.- ,c ,e s gl.r- 
"#r JU- 61,1 ..riq ./ jui U iti ..,,-L-j #; J ti:" .s-l-

,sls E.5l a,-Y .$,.f .,. rlj (c^rrt prs Y/A7. .S.; -l .r.f 4* ! Olr .r l, Lrc -i;
c.E.iL'.. o-:,-L ,J"tf tlt .rJ l) dl- sly- ,r- af .:-l CuCl, .ct' ./ &S-:,- .J- e!-

\ A.Erosion Corrosion

tA
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,t;U.-, c.-l F IF 9 ar;...7 "5 rr.3 ,j. J1{s- CUO a'-\ dt F gss E ft-- ,c :u5

r_U.+ cl41l ,r.:,-L ,J"rf .',1l;- st.+L.

sYy ,r-_L ,-f"rf c.cr- .lE- Ol:r + .d -;'r" o-:.,_L }ftrf rs ; Jy'*. €j c pH .\

..--Y! ? J;S ,*pH tA .l::pH * Llc.-lir.rt, I . e? ,1ly.pH rr.=,i rc.;J

,*r*-r l; Jt*- e'- -il-sf nr ,r-:,-L ,j"rf 
"F-l;.il 

.:rg !9* Jt -" clf &r ..F-ltl
.+U- rf .F-l.irf L-* .'rtg, Jrd +O*-t .r:*a r 6LJ9 c*l ,.^f ;t *r rl.r; .S- q

6Li;1 ,r-"L ,,itrf 6i ;l ,r;* ,r af ,[- c.cr*' ,jiLr- lca J* .tl* tb2at .nJ,ti
.$1.*
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...,-1 ,r,-l .q lcat .1l o.i + o:,-L 6"tf ,r,-L-;.rt ,t - .S- Olf q rjl9; ./ Jt=-, ,J*- cor
.; J ;:.r.,.!-L Jrrf + s-rb .$q ;-:.* Ycar gf I

Ycr, 'fu'+'.*

<f c*l cl-l o.,9.-;r ;l ,i;-.cF .r ,r:,-L J"rf rr-r.Li r->. 9n tili Ct- tr J -t-] rs9> tl
,rs*-t, jl 

"f=J.r, 
("tS- D,Clr 4-, 6b dy' r b .+fi .rr .rar ,:d ,";,- ;rl ;l .rl JLt"

..t.5 5.,. ssf-r,. &- e{ .9J*31 .f$ b o$tf Jf.- ff-; rc-l sL-;, ,F".rf
d-fj*r .JIJJ ,rl Jr ss1'-tt I {5 ,":,-L ,J"rf ;l €E ef ..,r-l

.srief o.r..U ",r-ocl,at' Q CL.it J+F .r.,b

;S ! .>sr- ,4hi- F e-r:*; r.*5U .!)L;l-r-,L,rt-Ys o{ t+ t'.pr,rt t-,.t)b,51

rcri .f .J!-L liorf .r,-.r.:r- ,:cL .r,-l 19;9,1 Jl.- ;.* .1" iL t- ,rf.r-ir1 s1.;1 t Jt- "t-;
C!- l{ Jt-* rt":=+ ,.r"LJ ..+f (Jb; , pii:*.rb-;a) -rLyY ,.,L-.g a, csi.Fffr.;y A l.f-)

.1cr5,". art!

Lt' i+ ,=.:r-L J"rf 'U++, o.r.5 ,:-:* & ,SypL>t .,!-L ,il ,c ,r=I-.,--J*' JU+
&r .Jt - Fr.' .r-iL .'. o:.-L ,-f"rf rc 6l o.r-,-l;il &tr pb)lJ '>;E 619;.f .f-l:rt+ .sf
.J-iU .,- JllfJi'b Jt=- .S,- ,"t)t- r: a5.u:-..4,]lr * (,r-.uo ,.fS-) o:--.- ;'ll.p: Jt -
j!+JU E_is jl ,"-rU ,"t>t- ;l ,c G:lf .5t" Jri- , Lorr;l.r:f .gtr nJt fh{jl
Lyt-t t .- 'l ,r-1,-L J.rr ;l .s-V ey aS J.or .ra A dtl C,t.i. &-

.rF .r o.t -t; 
rtaly' 

6cj29 }>u ,f+f

I l.Impinegement Corrosion
Y ..Tr.ubulance
Y l.Inlet-Tube Corrosion

.f

f.
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.*J .,j-ta^J .5tD u5l, ur ,.J,1-lfl t o:,-L ,J"tf aJ->;l ,Jttf gl9;l ,r.L; ,c Lr t
.r9.5 rf ,_f"tf c.cr- r:,-l;il

,l-L r [.]-1..,t,]ttl G$;rJt-) ,J"rr ol^''.. -r.,'L- jl .-JU --:"-L ,Jtsr*
..r-:!.r [,5'1.jts..J-t']

,r-t' t r- .r:;Lo .$t' ..t' o-'.:L cJ+Q:. a, ptS. &,9 + L- .r;.rlc ,s;*at, ,r=- af ;l;tr *'

..i'- Jt ,ri_L ,6"rf c,, .v-. o .rtr*.t
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:s/ir-tr rf":f ,rfllj.;rf
o.r-i o.rlo ,-lB f-j ,c ..fu| *'. J:f u aS 

rraib .i*, fE 4 ,?l.t ;l .r.:r-L J"rf .s{t_jll dl.l:

.J;5 (5- ooll--.1 "-, J

U!r- c.rrJt5) \,-,

:g&_L.r r.f 
" 
sf :l,S# *,5l,o1tf..ol.1

q;*rU- L.rl9-.rUc;l 9 n:-=." ,?lp._l* rl'|F.":,_L ,J"rf Jt:S 6tb J- ol.r: b 
"itr

:.rrlc rlj _r-ap ,r:,_L ,J"rf
.F:.-r ,?|.p.:q+Qa 9 6Y-l .

:,r.i-L ,J"tf ,"glt..-t- r#.r.;.trf ol9. -li:;l .

n+i.li 6Lorr eCu-29%oh-1%Al ,1.:,*-.:li e;: (.il|

Cu-Ni-I%oFe 
"r^i 

.srL. ;S;9rr,f (V

.5.r-; ;-.1 9 ,9rlS.SfL'.Sb Jy'a.. .t-p vl AL. !.:.. -rs TiOz stJ*,*-Y .-H+ p1,l-* (6

..:rlc,"r-YL ,r:,-L 'forf * c.-rb ttl1.:9"

(r.i.-J.." I f/A7. 691') F=*J.- n OJ" (o

,F s orlo rYgi +j Ort OjE :r ar o;bl ,*519c {-5) ,J-Strr Oi Jlij 6to.rYg (9

(.;*lPxx oclg;B 6L"jUi

Y Y.Loop Test
Yr.Fuming Nitric Acid

tt

I
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egLii )*:J oi ro a5;-l ,Py r-f"rr rft'.116.r.6 dV t- .,1t* ,J"sf -Y-Y
sr! L" ;'[ 6,t d;l 6.rJi oi "t' ,-t :4.S1. vl1- rF J!Sj"- .*r- Jt1. ,t:i (ol;L9;)

,c a5.g,.1_s Cb S,r:5 Clrr,, .@, of .,rlJ9-1-.:^ cs;b !r*J9i ,,r .carf ts- a-ti Ct* -J;s
.ui! .+ 6,-b .rrl.- ,Fttr .u;rlr nJr)L- 9 ^- z'"i ,U-ra d ' ': *o .r5r"-- .:t--L L ,"1;

,rr,--f g ;. :r-j Jsf a+ :r-, o.1,, .5r- l, .F "rr a'b3 :72dl*

.c.rlc c9+9 \tr-,, .9b oi g 9s .5.#l a,-Y 5- r-l 6l''"'tl ,l
./tf JJ.ij 9 Jf=- ,.-z,a .->9- a.f .rr-i ,r- Jg?t )tii +r.u ,r:otf oy* c'5, a--b ,c I eLTt ,t

.rJ-F.r rt-l

J ,}-.o atr .$-t.r .rE -L- i:+.J , 4iU- 
"F-lJ9l 

Jt*- O"f etV tF q rbi B aL;: rr

a,-Y .riti et- lJ.sr.i,./ 6$l a,-Y;l ,r.:; r-r-1, o.r5 *f t c-l cL-) .ll=-: t'n vt - O"Ji
.sri .r Jt55- c* .i 6i .9r1 6&-J? 6$l t-Y I crf ,g :lf o$-rgz t ^' t .tb.,J 6+J

JL* olr

Y f .Cavitation Corrosion

rf
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dJJs 6rJ*'nr-Yos-io.uf qJrJ.9&,.Sbvl.-O-f 
",,_llrrf .f :lFL.r.:....r;9,,r-l

.;-ly.rLl to { _rr vt - .',j qjlg? aSlr,; rcgi

,stJtS" .9t Jr- : [,r,_t*.+ J-ttJ Gsrr .tt..) Jc.r9; eL-,-o ro'U ;l .'$ J$ ctr- *
.c.-l [*tuS. J-t"] (_,t+ .str vL- O$i)

r,.rri,sft+- tl rS'.,1J *,5ta.1Lf.al.;
..j.r3. r:jL t"i rl9r J ocl;' J .

..1.:-Y .sf. p;6to .rl-iy J o.rl::. J o

cr.i .r tJ./ti- .,;j clr+ Ja.r$t )t Jlir- , ; ,itG CF g* .
.r;L, $le q ! ot.L,-sgrJ.a rl .i.ey=l 

Oly .f *L-,.flrb ! .
1., .,SitS. c;Lo 5p l,l .53-:Jt .r^;L.o 6.r;tf .:.BU> .Jl:r .$ cb_l ,,jr.r \.o .gt" vl=- .

..uf ,r- v€

.r^t' .rrt- r'"rfrc.c .lr.ru5 rlc oJL q-:.,JrJ> t"":::;5;i;:*
.J{ ,f .bq rlc o;b,,.r+ii-l o.r.i osrgi eL-

:Oui,sttp 9 5l osb,"fc;9i ogLi;

,.r +f ,rJL..rc.r.irls ,P .F { o:.:6;-L=r,3-o 6l .P rfc:f jl J-t- 6to o'b t
.J*q./ 

"-Cf 
.l$..rt -

rt
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:,;.r-$,4[> g ,J,i.r-t-, ,f":f c.o[i

..rt'.+ 6"tf )st-.e,c;\ 5r,-.9c.ra;J I

:O.ri .s:l*- g $,ir-l',.t,rf,crgi ogLa;

.lJ rli d J-.{*:"-L,}"rf ar .-..91L .JjU ,j &;- orL o,ro o :,-L J"rf ,. O

rt' J4.t .,s.rrt - a1 c-91;...r:1, -r ft osL qJa cJF .fttf r; as.Jt-

ir_l-,:t+ ..rrlc 6;-:.r ,jtJlS- Jf *"a +lrls I c.-l ;r,-q.itu p; osL lr.j-.r

g9.*rl.r*Jl L- , Yt;SA-t U .'fo+,ilJt t- 
YAo.i-t-; ,F"rr -A-Y

tSf 6 -.rj,tt il, Lo ;i ;l ,F- ,-lrlo -.ul'7 et- 9c ,r5. uilL t- J:ttL.,l .r,1rc : 
tt,"i-L-

tfl g:ly. t"jy J"-F .--i .f c9>y .ri.,lc o$;r- J".=- .S,- ,s (,r:ify f $:) iLi 9 t#
/*Jl .o.r.i.,9i t:'.;l ,* fu.l5 crlg r2t 1oa 6r -r'.et- 9s af .:-l 6r-l oj,-Li ,.J"tf

..:-l

a, .c-l f eb .u.il o.r'3 6.,, F.o q 4t dLL; l6sf y.glj?l .J.--il .:LLi ,s ,r-:,-Li 6"tf
to;- t- L" ir.,, .StLy;.t^,-1,-r.rb yte t roi olr..sb.-1,-.r 

"ibrl t G),Jjl .ll Jb. rlle
;l ALj,: C +.-i ,-r:.,-Li ,J"rf ;l dh- d .t-t+ 6i 1l .uo .,^ 6, .r-:"-L t ,ft;r.'' it+ &;-

.ct' .r o.\.ti.# vilJ J+.,+ LyU-f ,ts-Li ,6"rr.c^-ltl.-l.-r, r# .ib

Y o.Fretting Corrosion
Y l.Friction Corrosion
TV.Wear Oxidation
Y A.J16vs15g
Y l.Brinell

mao {
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:.:,-l o.r-i rlt. 1:l 
"+_Lt J"rf .glt fFlS. 9,> :,c1i6a

.ro5 r5rr r. dh- 9c c-f.,,- -,il;l rrb .r99 6.raJ1 6la,-Y.;li C!- g,gr zu4LS -Or*lr/ fl .\

cf A.rJ ol2i ,,1 .s-rf .r lt ,r.,L; S Oh- 6.1 6.gJl sl.,3 r o+ i ou:S.gu.Jl a,_Y

.r5,j. ._l-c o+ *L J-lr Olr- C

,"-l 6cq^c ,sti ;l; .o./o $al b ,.s.rlr."U .11 6l ": .o # ,sy ,*-h=*57 1.*Lf
r # 9c c5r> Jl++,-,-r-.(t'"r-.,ir+).sf:.t' J.rl, p^.rJ b ,-J.j rst, tb .,*-r..t
.LJ+ orul c[';""_l ofo .$r1f .*rlj ,fu rc Crh- ;r:- 9 o.r.i a:-3 r;- 6Ln "if+ 

.np .Sr.r

.,- .SJ 
"n"-L; CfF d* 6+Jl sL" .r-l ..rrc.i rsr .r-Jl .-r *, r *ftf,tal;l.l..b .5Lrf

-J:-:t

oUl,l". .6|t Cj* *.--F, 6#l .:1.r5 6.-?.r , +J9; :.- J ,l-f,- .5t' eFlS* 9o ,o ,r.t4 *
.$l ,.*.5LL1 p;lS.9c ro ,l-.c ro r5.roc ,r. st-l.; r9l

r..Cold Weld

f1
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|-

:s,i.r-l*r;g,Jolf X i'Y6btff6
:o5,jt5.6to;.12L, -l

.rt',.* ;:.1.r:,-U-rl Jtrf .r-:L ;i:.t .-ttt.e a-9 'r,;tfj(tiJl
,t' *,F-Li .F5fdry A#'F-l.,sl q $U c^iE .lttp -fl '& t,'te",s;2a: (V

"F-Lt U ?;jrc 9 a:iL-..ri.5,.,,-5; rglJf ,ssE r;--ltl tt $U c4tt "r-ttt rfl 
Ll'rf

'sf ,t';J
:u,ba 61,ry.1;t. -Y

.;9.i ;:.r,;r-Lrs €trf a5 csrf tf *f Lc,r:'-lil "Lr 
(Li'l

,*-Lt ,-f "rr + c-ru- ;rl;l ;Y! 6LoLc ,s af s9i s" {';3.J-LJ { lf7"*ulltil 
'ghs

.ss;f ,r- ,; '.1

f,'f
+.

$
\
'!t
J.t

Tr,* L.r

.JlSt-l .rr."5 r{ lf ; J .s.rll;lrr -il .F- ..roc ,ra oL:j tF 1l sL:-- -rs.l 9r a-gb-t tc'-9'Lt (9

;,-Li 6"rr "F-l-pl 
*y s ,>-l ;!sr;.J .sF-" , $r rt' "ittt L .r:,-Li ,f"tr

6.'1. J;.:* .5Lb -:*-t,r 9 c*l JG 5.rlS;19; ;16"t' J ;'S aLt *:9!, ," le'* 'rri ''r
.c-lJLe ,it:tf yl

https://telegram.me/matedep

negareh.ac.ir



rp..:5 .,. o-tt2l9a g O,

./ d/-ltt+ 9 ,!': -F drti p.o t h-F lr^,

"+-L; J"rr e-.l9,sl.t fi./. Le.r-) 19

t Nz J.=*- L_p L "+_Li ,Jorf t-re*;l(6

Oz ,56.;r;.. af c-l orol:- .$5.rlc9; 69r;l

.p rp-r- Oj.Jl OIF OL" ^t 
gr.J <4;619;

.c-ljtf

C' J[a#!lr":

.'l.Li ,Jorf.rc J.r;rg,t tc r*= &xfi|

.+.L.r, ,J"rfrs ptS. ,[-lc r*;= ffrrcO
"ts_Lf r [,r,_t*-+.]"tt] t;*;l:o.r.;19i -L:--) ,j"rf 6L;-.o Ft :t,s^:ti,s:,_Lt Jt*

..$t+.* [(5lJti J-t ]
:,"Sr_j1y'b 61,l;"l1Lr, - f

o9.i cf ;J *.:"_Url J"rf .r-:L,J-q.:4,La G::r- .Zg:u*-GiJl

tJi .($q ; Ji,- t I eU os-) .r.3t o+.1 cib.,l' ,a1 eU- l>rs :u-*L- c.;b.4 (g
.+L_ .r 

"-ot5 
,r.l_L f ,-Ft:f

:",tu_t.l.;'i ,j"sf ;l S#* 6ta;tf.al-p

{ c*:b
..ra) .,-.F_fill, o-:,_Lri J..rf

'sp .,J'llt de;l ,rit.;.rlv.t+ .J,_Ll [_ .r19.;l 6.51i: .l o

l.r- .5t!.t*l ,:df e-p J Lo;L ,19, .e-.5 9 rf)s u*;L rrlL 
,19, cle. ;l ocl:- J .

.r.Lj ,c CtL- J oui_L .5.r.Jl olr5 ;cf etF I ostf L.z,- ;l ;S CU- O:tL
.$t' .r *-:,-Lt ,j"rf r*15 .:ct

r I .Shot-peening
f Y.Lubricants

rA
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r'b 6, t u,LJ JJ Oh- lSg ;l 613* t1l;- a'. 6c9oc 69,.; "i,-lil
.torry.i"t5l

t .rilt- Cl- 9.r d,o,-r,.t' yt rriii lr .fttL-|.(,r5ttt 6-r5,J) *- St; r.ftl;sl c

-t./ry "irt5l 
,' :.L ail.r J,-,o..t1,

to;!i r.r ,Jorr ey rr-l , 
torilu.7 

b- r 
tt.SjtJi 

,rL1lc; t- g 
tt

or{4lil ,J"sf-1-Y
,.j"rf *,-b .+ u-t+ jUi ;l .sjUi rW jl *S,- *>17; O."i e_rt.- ;l a--rl=c 9 .r:il .r. 61.1

ec 6[o;!i) ral d) csjE rr .sbjUi.f .j{,ao t- r jti .S,- 6Lo;ui ,r ;-l ;S- 6;!i ;-tc;
e e)V;Ui;l 9 o.r-i .p t Jt.s ;tr t- ,-..e \9* ,i19.o p rc ,.-rSJr (r-$t .f .f .-- ,. gjti

9 ;*l .plii o+^i osryi eL- .Jjt" ..r t71 ; $;ti t- ,-r J J;l;b.gl ".ri-.iL l.rl 9 .:crf

,jtJt5. ,flf I flS:.:-l '>31 
at9- c{ .+-}".' -cry; ,ra; pi" a{ 61 A-E>y- .1,-15 c-l'; ,:o15

.;cf dfi ;.:..r L.r 4-,J.o ..dq ,j. t"ttd'l ,r:otf .'r1';l ,jtrf ,r!_;rl ,l=- ,,_lr,,l- :c-l

.:jl,S 9 der rF-lJj jl *-.rt " s,L- l ,j"rf dyl ,t-r, Jrb .+L- .* ,-F-ltil .s,tjcil ,J"rf
,,;.tri

OE e-,. 3.i ;l (Zn)6t 6 uf 6,-+ & .l ,r,-l-:;l ,j"rr )l ,eV e, ," ,Str,i-lcj -l-l-Y
9 .: ,J .-l:, ,.tU-F cSjls ..r.c-l ,.*;:.;,1,.8 -,X*.{ e!- f & tr 5r, 

"rl-1.r, 
.crf .f

* 6,r.r-,t a;;a) $! .f .J-yL b- Jrj a.:,-Ll n'- .SjUl .OI.1r r9>9r 6ts tsl-t* a{ + et
.*-l-f .f f f u. o;!9c 6r.;3 &l tgrr ,r1.,-lr; ;l .J-, Ll .(.u,, .r. rh; { i".rj et .Stt

atb ir_ vl tJ tr r .rri .sb vi r U_.rr -i -u.;L :l# stV.r:l ,.sto Jl*- ,.r ;:.1 .g9, .rt_lcj

.9t" .Jt, tb alLiriJ !9* .c*ll .*b ,t+.S:., ,L,-l.r; 6ly O5L l'rlF.$l.rr ,5Wl CO,

..r.;rls.rlr-i,.Sr; 
"F_lrj Gr i *. '*t

rr.Selective Corrosion
rf .Dealloying
ro.Parting
ll.Dezincification
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.*3 cf J r.r u,-F nlF .$t.| * g:t ,s Zn J-ors ae.g

"- J e9i 9s r4 69, ,i-lc;
.r^:t,s:;i o?.S,-J; 4 l rS dt 6, olp ,31 ,"u*;2- o

.-r,iL 6.. .l J"?- toL-j e; r9r; .llF 51 'n,:;lr-S' l. l'^rgl +! o

,-f orr rtao .rly d.t-b 6l;l ..r9; ,*y rsf 4 .slr ,rr-loj rQc i.r,-.r-s g;s 6l aJgl fl *
g .ri c-:; *r E cf cb"_l tl:y ,:ly;i ra .',i rb-j rl-l.i rilrc .-*l 65- *rrlc ,s.5 t tS'.!l

."".F dt,"l.r4lt-

:,g9; utqlcl :t,S # *,5b1t$1.1
:,".h**a lar-lF r*+5 .

6.. ppm J Fq [ct-J ,uts (r-iJl

O;Jl;.t- (V

CO, rsi- (6

;9S- ji- (o

rv.Plug
lA.Layer
rl.Uniform
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:cl9,c r.rrti;il .

rl.$- 'tJ+) 
crlc c=;9a 6rr .'F-lrj { &: .: L-F .S (CulSfoZn)rf 

_e:,.;l 
o.rl;- J (,-iJt

'(..1lrc r?f 6D -F
.slr t"ed jUi .r-l Jl,S c.+t .-tJ" C o+Jl ot U(J .bt f . t- l.) tD $i4ef ;l "oLa-l (rrr

.cF.r df ,6 a'1 d;b;F,r .',-Yt c^:+al 
l 

O .",-,*t
;6j22 jQl 7\ol .

6,,* { ou::S c^*;t- ,l:- c (P)i*i t- (Sb)olr *:;i .(,es).s.:-ri ..,J ,Lri. ,ceil
,,-l ;l a5 Joo or 

"i--l-irl 
l, 69, ,:.r-lc, ar &r9Lia (6li .r-r.l * 

:]:ff. 
"r-#,il..rf 4iL;l;;- rls p=".+y'i d, + Oly ,.r L ..Sr'-ri

..rg ,J a5;-l .,,lrdjl ,J"rr )l 'rV g; t tto+it f ,f":f lr- 9 
r'g.r,i 4+l.f -Y-t-f

.rar .'- a,s+ilts .5t6

{ .J ei rka + [o 6l rl=L;-r;r ,.,.-f e-j9; a{ a.>j tr nlt'.rl,,.s;UI r.€,r? gqil i5rricL- *
:cf t5 q

..rr[s cfi 6,J:.+i-;.> !
.rrl.r i,$: JtyJ,.sl d;.r &.il-s:6r:-51i..1u> r

.orl.r 6ef .+ilf:(.-l*:fls,;-q) 65.:;6-r- I
.srls Jirl c1jf dJ*Jt.rra) rlr;Sa O.a I

.srlc .:*ilrf 1l 6la:-9-, d-r a5l.r,-1.roc ,e i) g;JV .5b6r" rc.r.ri $lf
G^J-.:j1,5 .r-l/+ ..r:! ,.,. 

ttJU 
o-,li ;+i e 

tt.-4 rt*r #F :;r'6 cail.;f 2PE-
rf .r ocrg; k-r.r; ;oi I {cp d Jh_l,j5Jlttf Jr,.S) r.:5,.,- crq.1l 6oi J"rr.sL*.sr;5

.$L,.f h J"rf .:Y5--- f .*rlf ;l ,pU:-.91 oc9;9

,uF o.r,.i { (ptS'a,c-) .,SJtl. ;-9t-i- ;S-J9 c9- .,+, o.rol'- ,6"-rf ,l_l Efl ,jl ,c c-ti;
.+L_.t

.99t- .gLo -i g ,.SRB iSFq .&-.rlJ ot- ..:u9- ,Jt- 6rt' .5to 5l- J...a- -rs ;-r: a-=ilrf *
.$l.r 6b-l C/-

.; J.r5 6.r.,-it O$ '-=ilf *

i '.Craphitization
f I .Graphitic Corrosion
i Y.Noble
f r.Active

tl
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:O.r,i 4+Lt )l A-#*.5Lo1l5.ol.1
.6tJLi ur" 4l ,l5=; .r-ro Y b Y ,c;il .

.rLf ;r lr .,,t*;jl ,j"rf !l*,Jrrb + r,Sjt*ll5U n:-.or'y-L".4Uujl,jictf-f-l-f
3Q1 JZn Or"dC;l,r,L.i:;l ,j"rf.u;La:.u5.".5r[3.f pU.ocrf 'f 

.-V;ui;laS 6F
.c.-l ir,.'- 6rr ri-ls;4a .Jt3 ,g OE

+. .l J".-*. ,c a5 s9"i ,9 oqJj F:*|Ji ;:.-b; ,(Cu-At)pr-*lT ;y ;l AI,r$ crB r

..ri.i +ol9; i&-$ ,L,-lr; .r3! {rl5 r.r:,- 6,Lri. 6!lc Jy'*. -fl -":il .t' .5Li;15-.rJ:.rjrb

.c., c pri,*-:;;it:;5fH:::,
..rrl.r.:rq.i;S:- ,r:,,-Lr; a(Cu-*t)p.z ;r2 ;l Mn o$ oB r

..' .l.ir.r- Js.;;-lc; pl; a;Cu-M;ui;t;lg.r$ e.rB r

.rr,i rr o.rr..U 
rr,r-.F-L; Cu-AgjUi;l rr- Or3 e.rB r

.c.-l o.r-i o.raLi- ; Co-W-Cr;ui _;l ;Iu eAg-Au jUi;l .F ..r$ c.,B r

t-L ...,|.*il J"rf rJ-ri....6 Jlb.rt=-l +S: J.-, a:jf,6rr (i-loj J)8, o.f p_ri fi:. .,_L:

.c-l .rsb .sjUi .sto 1o:r-

:&olo.r r.rlQ- 1:l,sji:;l J"rf .5L, fFtt 9.> :VlitK.o

aSj rr Jl- At b JU*jl O,,-l +k- e r;9,i €,P;IJI af-.p j Jf ,-= 5to,o,-l .l

ef- + l, c9 tl;.Stnt+ q St"; t{ t JLi .-rc, 6l,o el ,r_L I $_i..f .fl jUi

;l ..r;L d t.2.t;ui et"- rs 'filzc. 6l ocf aa,J.i _1o o5.iri d J- t+ O1;l I $L.r ..t'
OLj o* jU r ocl JKi. JLi' .Stot+ .rl J.:i .9l d-3 OtP )l (,_r::jr-_a) ,rri ot.r_Hi
c +i rl, ,,t* t- OS-F.rU_; 6lo ..5-g tr f-FlS. i,,-l .r-.p;l .sjUI ,i_lc; .crlc .5cL-;

.cy.r.cla;

.St -t J.-Ur, af,,,r_le.ji ;l ; ,*r>,; 'ar .gLo .J, Lt cri r* Jo ,sr.t- osf * jUi .V

.sL .f .,.itt J/-..p j JU ,-r 6!o Ot_ 45 Jb tr r:5,s. -9-, ..51c S.f t
jul q J9b. u"L.' J.{.i J.r! ot't,-t JEH' aJ c*l J6.t;:- c t#t vr; ,.r_l .-rl-tr

.JJ-J.s.

cri# 9 (c-l ; Jt+.1j5 OL; F J> r.!.t ... q?5; r^tr l-, ";--l"z 
.S*:i.- r"FtS. ,.r-l

..rrlo r9>9 urdr LlJ.:,- Ott*lOf- ii;9o;J te lrl.; J rLf;L F Ocr .ifL !,j tf

i r.Decuprification

tf
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.t ,.|rtr ir-l eb )l I :*;,t^^:(/GC)ra6lailo O.{ t- 61 ajlc;.rr ,6"sf-1.-Y
1l Lo clc r9.> { c*-j Lb clr;r- ..r::*o J"rf e9, ;,-l .r*- r cls;r- -;rlpl t njLjr,r-19;..r,-i,r.

6ttf + c^r*; l.rJ 9 .v:L .r. ,j Jti ,5,-l=o=1 F ;l ,-r-l-r*t+ 9 osy slssyly-.5fllt 6;l i!-
'$i-'--- o

ocrg; !{-l L- [o cls "f oS,rJb rs L l;Ljr.rlrbl ,r-l; L- 9 ta clcLr- ,,> f ,-:- tfr ,J"rf
U- to clc) sf .f ,"x jUi;JL' ,,-l .rr .e-f o. 6l cla;r- .fttf .ajl oJ'r s;F pi L-.ril o-,.5

.ror ,rr .-" .r jl I sf plf:.:-l t- (Jj9-i .f lu.7 F.o jl t Jlt--f

.5,_ ;l Lo clslr- ,.r-i ,".qr t- .F t_ 9 Lo cls;r. Jr r9>. r 6tb *Jttb .-u+ .Sl a,1s ;.1 ,j"rf
.rAr ts- b g;il Ji ,-,g.

:61+ilo;.,o ,fosf I i'y &l*
,i-lil Lo clclr- .ilrbl ,c .sjUi .,..L-;l .ri- .- r:r: .J.L- ,j cL";l .r+-.rJ t 

ttulo-l"q .l
; J ffr "F-ltz 

q oJ,-r," ,,-l ..uf .t' h.r,

! ."f tf epll.5to;!i 61.,r $Jt tj al Fe ,rsg.,,-.:tL Jb- .5lra , 
rvb 

.,.4rtt U .Y

..rF ,.f 6l a.;1.: ,-=: F;f )rt *y [o cls;r- ts FeAI, .5jl, d,.i *f; "$:,-
.rt' .r .ri J3j .5LocY9i .1-ri r,t.> u\ GJf ot*L-c ,'^ A slp c-rl.la.e .Y

;i .- uu t or,f i'rj t" clc;r. q Zn ,sr- -ru fldl ! e.r: ,.sl,.jUi ,s JE- .91.,, , 
rt.r *, .15 .f

t o.Intergranular Corrosion
i ''.Segregation
iv.Inclusions
iA.Hg.1 Treatment
i 1.Cold-Work

a9
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d J.f:t Lo clclr- g MgrAl, &9-, sL..:-.r rJ- rl5 ;l u-,Al-Mg 6t"jui.rJ r-r:;?-o

.cf

,tS L-* +f l/ 6to;t Ji ,s af .; .l 6l a;l.r;- ,Jt.,r )l .*V ey ,o' G:i J".lf -l-1.-Y
e?, t ,3sl ,3sl J-tf {.jul c.JL. ir,-l t -l.o.l ,C A..ril o.ri ,b c.q> ,ri .SL. a,1c g .r;l ou-i I rr

.Jfi .f +,.1t

.51r, ocLi , r,:d ,r:g- ,r.r.l urL...> :Ot .53j 6t'locY5s 
A16*.3 

U.rl.,..t o.rr-*, -Y-1.-Y
cY9i rfl .r-*L .s. i..o- ..1..16 r,t-> q, ,J,+.=-i.)t .ij 6t"ryp ..r$.sl a;lo O.r ,J"rf
.,1j clrf ..,#L oe.r" A..-1 .. 6r-LJ oJ5J:rr,c (aijs.5,,- b a.;t'f .)./arL s& 4,; Oi J3j

.c-l ,l+lL ftf r.,..rlt.4Lo oc5,r.*.6r-l ,.r -.-il d .5tt1 .r.ri,rrL.e o.rr_{ .o;1

23Cr +6C + CruC,

i/_ltt! ,- .nl ., Jtc Lo clclr- t Jr- .4Lr o.r9s*. ,.1,_l .rr I .- .l Sr"j .u,-i; 6,U fff s:,.tLf JJ,}.;
L_ .* etf 1l [o e;lc;r. .ilrtl"fly, rt' d J6-:r t" .1oj,. -2J {irrr,;U Oll= q erf .r*.rl5

,j.r.l, .rrre tr islr ,-t' f ,f :* JJ+ t"oy9i 
"r-l 

.-pr Ji J3j o.-V d ..,,-t+i jl .oF .'" 4J-,-

t tu .S,- ,c 9 -r:f .t' &il .:-rj d{ .flS, ar,_l ,Jtrgi 4l c^.rE- .f ,f )l to cb.;r- ,sl+ ,-=ly
..r".i, uolg; J"rf rb.r o.r.;r9i

o' .Exfoliation Corrosion
o l.Sensitization

tt
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.if -r" .r.,,, Ji;; .5tocYf ,s 45.li! ,r. 6l clol,- ,i"-rf;l ,r..1- cJ[- : 
otrpra ct*i -f-l'-Y

.rt'.f o+oLL o$ 6rl5i9> 6to p;--..".;J O-'"'rrt-.> oJr-&

trt-.rJ OLj..*- t l"[ii.r-l ,.sLc S o9z,.p..J.rl.re D sC A A LW.rr,.s:b .hf ri Fl
jY+ &&. a1 Q t1*e; r.l cY93 oJ "F,r. o.r.ol " - o-i.f cd.l, J.,i Ji;; sYgs a-t! r'-l cS.rL(.l,:e

af .rrl,r s*s G* J; 'tl;19. a': ,'f1.,1* ,ll 
"r-l.,lt+ 

-t-,.f ,.* ,l,,3 ,.ls u,L'e ,rr-LJ oJgJ'-c ;)
..,.i *lf ct-,-l ,ri rs.5l clsrr- ,J"rf

:Ot .Jiij 6tooYgs 6a-S u{t*t :t A.#* 6l'a;t5'o1.1

:gt"1o gb ri:.1 o

1A. 6Lr b l, cY9i,#r.r,-{.F15 J= l, Lo clslr-;J or'' JtSs- frf cSt" t*;5 ('41

,r1Lc os9.l:.o .rJ r..r*;- -r;t'.r J- b 
"o1tf 

L'r r'-l rr're*r r./ Jsl-t- 'llrf ;L a-rc

org rsf u-,rl5 ru-q-- Jbts- ;-rs b pJ .r Jp e-p l-, rYgs .:lf ;L aa;c A' ' A' '

.r*iL a:jlJ

oY.Weld Decay

to

I
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*:ro q l, cYgi ,#r .-rr.l.1 -,.=.or 
"i"-lil 

ic.q. pgrf )l x;t ,r.-19; .r.r l: flf cGl,e (r;

f tf )l p o>ly o{.i,tL- tb etf b p*or ,,* tl-i,.,$ r"L->,r,_Lc oc9.r=..p cjj t';y+
l5 Sgri

:6;.L&g,,gb..i9., o

.u:f -9-, to +;lclr-.rs 5;J e:f .r:+.tlf b O;; J3; rYgi rs rfr ty-f .r.-r.r ,utS (uill

rgoi oolr'..1 Y.f EL tY.tL O;j J:ij .Stn yi ;l Y-f .ri J3j cYgi 61a. ,rly .f .rrE- .r,-+
cJ .rL_;.rt-l o.r.i.e[r.i.rJ 6[o cY9s O,-l€.-=i oll o5

r.rjLb 6r, 6l-i.r.,.r15 r..l.:c Orr;sl L ."J.^: 6;L.rlr_L, ,Lii J3j 6[ocY9i 1l ocl;- J (ur

.,-i ,JSl, "jt etf l* F-J9o$,-tr ..rr-l y.r+ ir,.f fifYryrr).ilE t-rGY\cY9i)?T

.s9.:

,c a rill.r (clrt;L 4?Jr lY.. r9r>.rr).-f_Y! J[gr eSLr rqrf r.r:5rp+tr+* J+.JK

.c.rf ,.f fl""ltb alc c9i;o Sril YL .gLo.rclf-j r.r;f ,ra.; JJ:;; Lo clc;r-

t-rt J)f ar oJ-3 .5;Lrl.r,-L, ,ji J3j .5tosY9r tt]l.i ,gt c.*;, atgb.fl*,3 
,r!c.r,.' -f-l.-f

9 orl.i .Jrj itf tt .r;l .r:*;lr:; M L- Ti aJ uac ,e i, .'.tl.;o cJt ,,_l .$q.i .f ocrgi .91 cls

.J-:q o$ JtJs- frf r*?rlt

.5-rLrl.r,-L, cYf ,fl .$F .r J- er# , F:il+ 6tJ6r:1rlt slrf ;L a?;c \ Y. . jl yYL .5trLc .,c

s.r:.- r$Ls c^-.r.i .c9'.i "f L-f clf ;L +>.rc A..-1Y.. ,rr-LJ oo9.r,:cc rc YL.5toLc 1l ou.i

c?1c 4..-4.. ,r,-Lc oo9l*..l..lYfL e.r,n 4{ .fl e..:*:lJ J.olr*j r9>lfJf." L_ 7i.5lo.ro1rl5

J* Oi JIj 
"y9r .df r.ri .rol9j' ,J,t-..= rYt' r o-r..i ,pis frf J..rE .cr3 ,lj clrl ;L

-t

or.Knife-Line Attack
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:,"i* cl*i 9:pt+:l$.J.rf c.n!.e

.Sl.r .;l.iul.ira b;.=lJ, q sjr:r rr.p I
d: o$ q5r6..3f .gLo 6.,=- .rc ;-r-i d,t-> jl ."ib ,51 a;b;* J"'f .,il ,s gc ro C

.JDJ,.c

:t**"L-,, f l" -rloi .rfc.19i rigLri

.rf "Li aS.Jb ,.r $l .* .5lsl o.ri .5jLrl&-L, ,ji J3j 6[l.>y9e .p fb ,1.'. ;fury!- I
.JoJ,ra d J* Oi J3j 6l,ocY9i;c

O Gsz t> a, 6i.5,-Jit j&-,l* sly,o Gfr rLi tt " .l-i--,rt'l?.,l=-i.rls-19; f
..15J ,.'-

.i-.lc,rl:--n 
"i:+ "t*i 

tr ib rlj ,J"tr t,Ji.trlr a,,;-rL- |

:.rrlc c9-9.ts-l-;i 4-, O$ u,t-.> o&-.rr, a1.-.- .,i J3;.gtocY9s gL-;rl .glr1 -x

i*^ '
(sri.r E;t-;.&lFD )?_1.,-l .

$$,rU9-.-(,_;... J .

TY

https://telegram.me/matedep

negareh.ac.ir



,1, .-|.;l" q ..#l ,-rjr.rr:o Srrj il -," d l.r *I*. L_ .i,t-i r^ r 
af 

,"jjlr.r*a ,rl;t *i -ll-f
..r-_f ,.f ,.fj:.r r:l .:rLi ..r,_1 .rr_q

:,rnil gj9;.r*+ +Jy lfuo

tJorfr 6.ri[f .gLD ui.5l, .l

:c^rl o+.1 J[t:r $ br a- ;t(H* +e- -+ %r) Ojlr:o.rcL;,rl5l9

H* +e- --> H

H+H+H,
(ds,

Hr+H,
(dt) (sat)

f {bJ-

.r-.;L ,r,-Lo 6y
el* L\s"-t

.+li .r .F_lil .ro-l ,rj9r.r.ro c.l;l: "5r3 J;f y ab'- c,.c *, cf G$p f
b ,y- irr_l q .$'f .,. Y {.bJ. c-c*n ,_r+ 

1 
"5 

gr! ,Sb2* .As, ,52-

.Jf ,.r asleu;;jrl=o
:c-,l;li .5.rl*i .Y

u-cL; a:-ly;U u5l, .,.SjIi O9',- .5tpl u51, ;1 ";)tc &1t et- 6, )t.:$i 6rtl,i ,o
.$tt .'-,1,-rjrtr1l dt i:- ";lt .,'.. aJloo 

'* ilF,.rjf.r*o
:crl;J.i,g.1ti69a .f

o.$,-[i.t; 6lrL s$i r;-;l \r*;fr,,6j$ q]:o io. z 9c;l 5rl5-39>.r9.r:5Jl

.r +Ji ..rjrr.r+o sf 
't=> 

itlst|" I or.$ a.-;"J l|- 6;lSi9.- jl J..b .5L.rf -.it,c .a-l

crlj*; b.\rt .,- rt-a,-lvl.r.. cst;.t-L:l )r*f*-ljri?:Y; ;:::"f';I
.s9;.rJl -lL

: .,jj9.;.go cil.lt*; glgjl

.rjl.P:+ €c.1, o

jjr.,+o,-rJj JrU

o t.Hydrogen Damage
oo.Hydrogen Poisons

tA

I
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F , fl5=:-1" ,.gLocYgi , ,Ji,-l,"jul I ef fi,"F-tojui , r"iiL:r : at;;9r.r*! 
6c;i -l-'ll-Y

..r.i;r-.rr:* gjf-lJ:o 6ri { .r;rl.r L15,-9 fA. ;l ,J:.r .,;;i of .SjUi

.;-l o.r.i o.rr-s u9Sr9.1S* -$ e 9 "r^: ;JUi ,.o p-;jlt* ;,-l .ccf d jlt.gcj.7-79. af

ai c-l Jye ,t-l a, ,=Jt->l fFlS. ..- .: pgl- ;q:o .Gi.r 9 e a.Ftt- t""yi c.19r .;c Ll

O-ri Ji5 .:c! I ".*J .f .rlJ b .dl7,-U i*Jl ,s .rli a5--i Jtl. o.f ":- jl u+r, ,jJl .rj.:r*
.sf.i cf tb .,,-l+tb

,rr-Ls o.r9.r-a.o .rl gslc n;lf !.c.-l ,,-q e.3J.6l o-rr-q.b"yr, t tu9'-*-..5jjl.':l c5r/

.5r,i 6,rJ .lcL 9 o$ AV ,SF .r5, '. 1l ,ra;l gj9.,-.ro .:,rL .u> e.r. { &-Qj.rb +. .lr Y . . -Y' '

..- .f Jlr* *,.fr 
o{ *,-lt y-l-":.i rt' djrr.r=o

,.SLls A-;ls q'Li .5,- .,r 39- , e2i.jl .-.,jr:".o af €,tl;o : 
M;;9;.rao 

Ooj Jfl; -Y-ll-Y

,-rjr.r*f ,f,t-:,- , rf-l ,.5to ..j9;qo .=J; f.r .ut .5j15 6l olb a, ,fl -r5 ,e cil6 oF
jtt pt ,,-sln ,r:-- ..rrls ! .5jE d,'. ,s ;fr.- .gUlr J9Srr .-rjrts.-a' {t dt+il jl .Jflr
d r-:b .5J> a1 c-l 65- Jti.i L,,-l .*-L; .t' cl4,-l .ra' ,-lils ,.r .Sttj ,S .-ljrt.t o

.cf a,Li ot..;s; 
-;- 

.aet

o l.Hydrogen Embrittlement
cv.Baking
o A.Hydrogen Blistering
o l.Deformation
1 ..Rimmed Steels

tl
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:.'ijtr+! crbL.t ;l g.-# * .5to1l(o1.1

,[;;er.a. orj Jrb r <ssrJ ..+1 Oj:-r.r:e .+Jt' f* ;l sFF .
i:+.J, .&i pt.5.r;6 1519 ur 4i Cr-l q ,pf ,-f"rf cc- L.JF;t orl:: rl ('iJl

.rfi rf .rxly 6;J,r^,1 ,rj9r.r*o

.jjf;"=f p.-,.ii^- (fp

.J.,:, U-,.+t=E.,rft ! 6,15:9- 6to5r:IJl;lo.rU;-l (g

r[.r,;r".." ipj J:t-, 6ot-] c19,. -[-:l .

t- .r:.::-i 6tocYgi ;l ocl;- J J:- bct L- 1fcc.;L r.5lr:- .S.rrlr ,EL b ol;1, 1l orl:- "J (r-il|

.srls 6c1 Jgtt Jt*- !Lo;...'- --^ bct 6r9L.rEL 5!lc a5.*-FrL 6Loyt' .,?-r:U

,b JK.j 6tooY9e ll oclr: J (t-r

..j+tnjul r .Jt r ll o.rl;- J (6

[;;ro*,.rrj Jrb r 6Ji] .;u" t- Ji .sb ,,-#x;l ocl;: J o

[;;rro*6.J 6:;, vril '
Si \At J 6 r-oE- cst' a:.n-.,11 .r41, rYf .:lL ar ;t lta::f t- ;4 6[Ny,i 1l a.rl;:.1 o

Olrr C Jr- {t sri.r J[fu SiO2 L- AlrO, e o.r; qJj O;J 1..F.5  it.al

[;:r.,".r &"j Jrq ..u.t,s. .l.c l; cl9>

,J"tf rJaJ .rr A i*;l t--. .rt 4f l, .rlsr9;
al,-P i./-l 9 v "l 6;'r-;l J.rf + Lyy ,J"rf

,1._r
es * : ''.g 

'.a....qil ,j"-rf -lY-f
jl 

"+b 
.5b al,_;o A./. ..r-,_9f .,,. 6pi.-^tl

.rfi.f ,FXclr.-l ir- !9--
:.r5,...5.r;1 Fi-it ,--r tl{i a* ei r.: Jl+f 6to o.'':Yi e9i + q lJ L6i*;l

,NOx,COx 6to o.';tYl .- El: .,L*i .5[o c;9- .91;>l cJc q : 
tr.g,Fi Ji*^.tl .l

.r" .rK ;,-1..: J 
^' 

-tZ, Jr.I> rJ 6,.q-i Flr.r ,SQ ltf .- nl; ..--.1 cU-., ,SOz

.r:5 .,- 4; {nrSon &_rdr.r-,|).5'. .l ,-llr! ,cr*r l" ,.=S; or9-

,#.sb 6t- )l J-V SO, ;B ,p F^tl .,r o.ri-Yi d-r4f ,"oil.J,- Ji-^tl .f

€brf + ,jf:- ,* ri,*,1 ,c Lo *vrYi cJiL .c-l ,.. ^f/*, J9.r> -,J u:El; t

L_f eJi uil9'5(,_ Jsgoatlis9r.5tL.r.ttoo.u,-Yi,.r.l,L..'l,.rfs9sr.fl .srlsrSsgs

1 l.Killed Steels
1 Y.Atmospheric Corrosion
ll.Urban Atnosphere
1 t.Industrial Atmosphere
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eJy s.- .l ;:* ..,5c9s .-ilrtl ,.> Lo o.L;,-Yl ;Lli ..riL ob95 ,5r9.r -$ t;;
."rb ;=l tG-F

.$L.f ;'r"6 o.u,,-YI eJy : Jili.rc rU.rFj,

al+r, al J-L ;l ,ts*r! .rlr, .rc L-rs -i .:lrti L,*t, , r! ,ijr .J=t" q : 
t6or-lr-;c ;i...^,1 -f

.c-lA -o'' -r/^, .r* r )& tQ Cl- .tJ;J; ,-el=S 6 -?

g I .o95 .ii-rs .r-jL.o ,j-:+ .a Cr r s! .ijr &-ri q .Jt* ,ly ..r-l ,st+l

.crlc .t" 
"r:lf ..rt' .l , to.rL=L $L! .*t^

9 ,lc Jl;9.i sLJ.,; ;Elc ;19.- .:yrai , tocf etyl ":zr .J*l+ t?? or-lz-r91 r.c."atl 'f
..r;rlc rez o{ *f,-Ji c.JiE tb o.lu,-Yi y-L 9 c*l .>!; orgl 9 [o;*l

.r5,.5. Lt-l 6/*;l ,J"rf rc l, c=J9-,5il ;ij l9.o 4*::,5*."oil ,J"sf .;J Qfb.l ,-Fij

c+te Ll c-l ,'t a.*, a,-Y c*ti; .r9- d ,-"^.;1"5 lS *- csrr Jj[ a'-Y ':r9- * t'.*:

.5ti-l ,oo r .rjltr.^ .rcL-- .r;19; ."f rli 5.r;lf .r:519 i;,-lrrt+ -srlc ;c9i ,s ;r, l.r ;;Jl $Ut
-s;t;;-Jl

lo.Marine Atmosphere
1l.Rural Atmosphere

ol

https://telegram.me/matedep

negareh.ac.ir



,-F"rf i.c.t' a42:;.rr, rn.rolf ;J ou"3,r.-il.r*f a*:.ro 6;Jl;Ll: .-6,1 ;-tr Lo e,ro

.u;q yt jtS.;tsl { (# 4*:.f +_f F r+L - ,:aK

:,g.1,i....d1,J"rf :l rS;,1"{ * 6ta;tf.al.1

:J9. -L*il o

cy15 .;a[> .rlc ,r- 6bcY9i .(eu .rrr.: ./t--/Y .rg.>) ,lc ,- 6LocYgi 1l osLi-*l (,-il|

. v:. a .9ri*1 J"rf
.li J3j .g[lcYrr ll ool;: J (sr

Ni\Al.lloslr J (6

s;L cS-ls.5to r::r, t- r..l;J J:.L .5,+t,6to r:-:, 1l osl::.J .
.[,j], ir-r.+J J:: . a 6ri*tl ,-Fo-rf cr,r6 ,ot- ,HlJ/6

cl9. 1l ocliil JU. .Slrr .t*i OJt 4:r &stpss c-9t, -jr> .
.JjtS:I.-

t 7 r,p91 s:-r rsf -p rl*: jti 6[o oa;.,ls;! j ocl;- J .

6to r*r ..FltK

,r:jL c.9t, -cl.7

sl;E ,F-,: I arr 6,-la, .:-l .5l*1J.rf ;1,"J; gr; rt".f;o;*;r6.J"rf -l-lY-f
,rr c^*r ;l l, ;y;.S-F cS)l+ , .r,.:.5 .t' l.r11 JJt .,*t- t'*Jl l* o.,:l+- _rJ r.ln- , oF ..r:it*o

..'-l .5rrtli'.:.4t rr.otf o;9"a {.+-F 9 srl.s Jil-rb .,$K-.s1" .*-i 6"rf gg;,rr-l ..r,-^o

;-r :(.SCC)tlris tr ,"ly ,fosr -fl.rr grrri .St rr- ,'^ o,;;s ,fosr-lf-f
,5-:5 ,-is I [.,,_t,,+..j.tr] t..r;rr,- J.*,-> r-Jtrr 6L;-orji,;t ,j.rU .',;9- ,J":r ey

.*!.r [Frs- ]r'l

=- .ejY LF f scc etSt.sl-r: ir_lrrQ
(cc.rf ,r- ,j"rr ey ir_l )ss: *y 6.rt-:.i Li!) {s:5 "::,- 

.l

o$;li 1+2.. .Y

1 v.Tarnishing Corrosion
lA.Stress Conosion
1 1.Stress Corrosion Cracking

oY

K,r1
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^ ^/-L- \f-

:tsrtb,JiJ .l

.rJ- J[f;l ,c iL- e-Li rc .t::-Yl 6to,r" t O$L .,rU jl ,.,.itj Jjt*t,Jll- o

.o*r-i 6rll,59> ol'La ;rl;' ;l.nl ;l,r-lU ;; o

oY9.a:.. t-j JS3 o)4e t e,J;:.,-l-i rc.J"rf .:Y9..*^ 6-2;;l ,silJ ufjJ '
.:Y9,-=^ ,.-?e J<,-c .:rL- :.S.rlc ,F ,fS* Ojf d S9,i .f Jt5:t J"tf

.r-*,./ ,g sb,.-|....- i/-ltl+.'-" J +lll js ;l ,;:+rt-l J"rf
:(,"lLsl) ,-tj) uUt .f

..r;.,lc rli "Fi 
d-d .ojt 

l- 
f €.r r* ''L::: .sto,ttri.1u- 6t ;' a, '

..ri! ,.* io, "- 
6, ra)t'l ' -Y' Y9* scc )ll Slf p;Y ,-; ,lu.i. *

rb-i. \rfu-lil lr F-" or!-r .s9,i .f * F $ (.r;-) acLil c.c.r- 'r-3L ;+: J-- rl'r;' bf *
.+b- .+ ,ld5;.rrei $ 6L; .r-;

:o.ri;9i &5*o

csrb csLo Jo.-'.. ,c *4f oct- 6t JYi JE- .slrl .JF .r JCC ,bc s); J-+"..5'- .rs 6;!i ,o

-,r .-ri ..(.;; .gLocYf , .[a O*i .J!9-I .ssb dl"6 J. -*- -P b et 9 .&lF .gl+f '"r
.6r,-rlt .gLb tr'.. r.: ,..;=-y'i 6tnjui t ,(HzS,Or) 1J9., .5,[ ".-l ,rl.F ,ss' 6tb L-'

-s.;9.i o.SCC rQc

-r" 
".r^JB 

.gyt ot.r,-ctf ,-;.:- a-trl ,; .-r!rl *;f .r- ScC ,Qc l'o;$i t{i5 r-: ,g :F a'*if .rc

; Cu(UnrX" ,"a,r,a r.sb r-ry- .9rb .,5uri 6tt U.-- ,r fL- u* t 6+ 6t' t '''
.$t'.5. scc ,bJ

v . .Reinforced Concrete
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to o.r:5 ,r^Jl .:9>9 c^i.ir Jr .r.rlo ,ursro Ji o* ,1,-L- ,: 6st-; ,il UU t o.rd -rf c99

.-r-:! .5+ rlorf g;tb Jy''...1r..r.r,, &j ,sto syg 6cr9-- Jt {.jy O;=Jl L9..-

.:-ri Lc .,t--l.pl ! Scc ,1,-c ..rl* q .c.-l ;:* $ acLil .-c*r .$! ;;o: L.r a.>.ro o

.$l .r .5li;l I . . 
"C;lrplrl! 

.5[otd ," i.-- .,-:-- FrF .+b_ .r

T
.!
Iil
$
.rTi
5

'.r.il*.+ ab_r. jc ,f-[.1 scc €rrl eFtS. :fHlt-
5;;; clrT .l

Ji (Jjr) +el-"i,| .Y

G) ul* cslrr .+ti ,|:,- sl9; (t' .-dt{ cb_; 6i rc ui;r f ; ,S 6l .;L.-- -.o.S-f G) ^ilg7
itil if s5 E ,S.t'-s -il5^f t_ 9 & J o..'. cL-,-l 6l ,P .f"rf .ril .ro af ,gl ori>.SL uiL 5;
ct'.,-l c.-cL u...;ly .f F Sy n tfr:f ciY9,oa.. cy; ,;> L_ , .--l o.r-i s9-9, rt-, n-Y ss slf

.$r- u:; fF

ol
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jl tb piJtL if-l ;l .F- .,,Ll.,,.c-l o"r.] clQ'tr,, 51; acl-i,l g:l,u ,-]ilslj..gto p;jtf':'-frj acLi'l

af rrlc o929 5.;-\ Jsd r,.:,- ':L'-' € 5; ,J,lr;*; re rF .r'-qb'cJ":''tJtS".t-rL

JS.i J..i ";L'. 6r ..|.-;b, .iyil 6- .lrt o 't'*l tlsry;r' rL'-s !l';il e'' c*; .gillq tsjrl jl

./.5[,i;1 ,J"rr-s::-y: J5; r.F riL:o r-1 ..r-l;rh -.:rls c979 J"b rl'-s r. Ji.tir.P '#-)lr

;ri a:-S*i !.rr:,s- J*t5- -li- ,;,ir lr,J-rr-'a or;:S:i r ri {trf"-rf ':Y9''=- 9 sil
..r:f .,.19r.1:1r, f lu5r J-f .,rf.:r9.- oY9-="

.s91 .rol9+ i el 't :-* J$ J..i'- {'ih^ 'J':lt -f p.;; ocL a>',o

.jl .t;.,t " .5; elil *5 ry'* *

.r;5 ,s- $, b cblr- sl.ril ,o t" 5i , 
Yr6l db ar.{ J,; '

.J;.5 .,- .l:.o b clc .plc ;l to Jr; , 
Yr.5l 

o';lc ..rrj *f-f o

Ji .":tl ct-; JLcl .-F ^"Jt ".Jr3.f 
oroL,.i.a.9lcls urri r 6l clc dr.{ .fi €y -:J .ra scc ts

o.r-i srL> .Jjj J3j .gto cYgi r;r .,r .cy .rol9i 5l a;lc ,,s,:: Jsf ;;-l *-.,J , 6l +;lc ,9''l 3; 1l

.' .l ; 6,-Li al clo ;:r J;..r;l o-r^i 'ir'-i b clsrr' d,r'-te-i;l

6Lo L.tu ,J ..*f 6Lr cYgs ,r a5 c-l o:-s ufsg; j ,-*V gp : 
Yr,r'-t$ 6c;i -l-lf-Y

.rF.r osaLi.rr-Li!

,-il ,1 .Scf ,rr ootii-l.,t-l .3-c ,r;.- 6Lo 4!J, JLdl .Sll g;lSaf. ;l +lfl -rt*l .St" Sr,yf I f

-&" *,& ;l .[.p-,..1rtt ;] r^: .,- .:t4,-l to Q', ull]'l rr oLJt5' .rl5;l ,r:b rjt" -' "i; cs-rlSal'

.['$,r !.2..:,.9s tt:] .5 Lt' rr +Jy : o$ a'-;; '=rlr- ril ,c *i lJ rr?r P-'t- .3tif

NarCO, + HrO -+ZNaOH +CO,

v 1 .Intergranular Crack
v Y .Transgranular Crack
v l.Caustic Embrittlement
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fi;b t A2l $ .f scc ,t7s tb CJr, .rlpl a9b ;l ,ti, ..1,-.r 6;; 6.rYii rS[n jtf .*j ir,-+

.Slt Jl*+ l, to.-f,-c;u.i

616 trr.. rr 6,1 6t"jui rs a5 c-l ,r;s J";f ;l --U 21;;" ot oi OJrg> ,-ti -f-lf-Y
l .$1.*.5ta1Jgr-i 6rt--

,g ,y-* jl ,or;! rb;,ljtJ-b rS r5lrs .a.a.l-J .;r-p,.rs .p :F a, f .3:i .St" dt,
.[..,:.:; 

'Jel 
Url] ccrf .f b d9l, ,r $t o - -f 6to ,.r=,- oQ'-l -*U a5 .r;;L .,- 4* .5,- .r,-.ri c.,-

.,r.r" ,.rl,,! .-,i ;l ;.r;L ;Ll ,c ,Sl.t l.t t6 .fu.i ..r,-.r-i .51.o Jo;rt ,l-i .r.t 6*-5 .*b t"
9 ,1.: 5$9.1.:$i 6JL. d GlSp oyr$ cfp -tn 

&t- d/-J*, .$rf .,.6rh{rfj L6 J-I"-l
.[*.rr L..*.:;9 l'F].r::if ,-* :lf *\.:- a o,tl

.$$.f .5i.rta" .-t'.t- 9 af9,, Jg. J; ;1,"q.;r1 *-l--i,.5t^ a5y .+j cr_.1,1

:,r.i.it.J"rf .dUj1l

+ f, ,.r1 r- ,o g.1 U , J:5 .-f re U .:oy .ip JfJ - L .S;b 5l ^,' 'z :U-hend ;91 .l

:lf '$:f Sa"*. ;*.lc L dl- ur- .Jjt-{ ."d af-, t,_i5 .,J It r;5 .,- J-, p1

.Jfj .f .J"rf .rta".lLj && 4? jl ..,-. df,J It r:5 tt dts2 \r.,t i/_+, r.:_60 ,.,.

Jt! ,.,l-rl ,:s.rlo;- .jt rl_lrc af o9[i; n-lt c"-t U-bend.ri,9, qL:. :C-ring,jft .Y

.$t{ (t {-!-t ..

:o.r.i19i 4^a )t a, rJ pi uil.f Ci l, ui,at,ri-t ;I .f
.s.rl.r y'J f (i = l0-7 %> 6,-*-,-:;.f e-t-t" cF .*L; ,.strr

,J c."r- | \--&- .:rr* !-n ; ..-.r

.+{a €.Jl .;;f ar

v f .Season Cracking

-tEE=- + l=-tt

3.l

$

I
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J-t".,if .,s ai9+r 9 "tt il as- f';."{f o.ri.19> J++' '.r-iL sL-r rL.-1 ,-r'f *f qtL"

.srt .l LtUJI ..,-:.s ,J"rfy-l 'r'-:t '"t --L- &f ut f't F '; J a:'*S-i,itJl5'

-,Li r ris.e*+ rit .p a5 r l,e-.F ,J"r* ey a-l t 
to6;gl x r-fssr -lf-Y

.1" crE aL-- ;l 
tt,r,,r<-rrn dLl$b, t6 .5;Ft ,.5;;" nrS-tS*.rlrl'r'rb jl F l "$r ':lc9'-9'

;J, . -A. "C,rr-L" ocrl-.,' -l | ,y-pH ''olJ Jr 'Lr 'is- I Lb '5'b J:-.sii ol9<r

--r:il ,r. ;tll ,lr .'lt..5,i atn L.+.

,"^lo,sir!

tbJ;l ;l-,lsb cr-l ..r-+b- ,r. sb-c;l JF n ..-t ,9-* J +f .v- ''r J+'tr iLLtrt? tb 6-,l.tL'

,$:i ef 
'.=*;; 

a:-s rt€ o{ (;L 9 c';5-') f,fgtb

to ;i ;L t i;9a r sr .sl:r l--lF rr--t: , u5.t' J$j OiJ vL;:r rsjlrr,-s: o

..-*.1ir;.JlJiti .5l,D t -*-

..u.rlo ;U ,ii:.Jl q r9- jL t sr-rs 9 's':f .f ,-Sr;i.iiJl sP -P i5jl96 '

J;5 J-:J r-jll- .+ O;=J.r3ti.5Lo Jt -a.- rs fao 9 .-;iJ.Sl[' .gt" J'.':'' r'l ,to:':!t;i,3 o

..r,:o.r +.lcl c9i.i1.2 n,9

.r!Li 6[o Jo.:...rc Ll .r-oc rr. +.lcl cf gl=- I $l a+ .JiJ 6lrlc 6b l+"' t:"19j'Jc '
.$r.r./ lJ &Jb d{ OiJ

SRB Lyt-l L- e 
Ylot.cle-.u-Lf lr-l 6;tU'6jlta d 6,;tU !t-J4f :6jl9D d 6[b .gtttl

'uf ,r. l.:l u+Jf a' l, cihlg-' yJ .J-Jl.iJ a5 ':-l

SOI- + 4H, --> 52- + 4HrO

or. . Fe5 J*f-iJ c"-c! cYgi ! .rU ,.r +f u;5 ./ !9j ".+lr ossf ,lt- SRB 6F! \..{i it-*

,F"rr :-i,9,oz- o.rot-:a SRB J"-9; "y* ,F-iy'9:r .F"1r .# ol.l '$- dt-ltt+'rF .r &-r

o-; otelg-..t"-f L>l 6ttl't il ,c orlg*o rSs:+lf ,.:itrf o)y'9''c- rs?:,JS''c-l ''L;-1 
oL"

.J;L

a5 c-l .Jj +J9; J"rr6.r.;l5 ,;51, .il .2r ',;t9- a* shlr 6la-l .J51, Hz -F-" s.'L J

(ZH* +2e- -+ Hr) tittp 'rct-- .5"r;5 ,Jl.51, .rs o,r-.,\ 6s ':cL 5i J'- t SRB g;Ft{

v ".Biological Corrosion
vl.Microorganism
vv.Macroorganism
vA. Bacterium p/. Bacteria
v l.Sulfate Reduction Bacterium

oV
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6rjl u.-Sl, Oi &, d* r rri .t' f$l 6r4t c.cr-, L 6r,1t u5b ,II2 ir^ tr .c* .f
..l9.i .f &-r:t j:.i (,-fr_19-)

t .pi r,-; rc a:.i, ,t5 a1 6rYg 6Lr olL t l,o 
^ry 

.jL:; 
"i;I vl.St" nJl .fB c"ii oF;S ,jjl*. *

\ ..r;rlc .rl,,i SRB .5Ft J-y ,-F"tf ,j,- st {,:"J:- J.J +J9; ot2.;[.r5

,o af cf orLil ^'.r,qj..,f+ ry .sFfi t Jli ,e ,sjl9b 6t6 6Ft dyl :l:rsjl9l ,Sta ,SriJq
:.r.;5 ,r. +J1 -S,_r9,.Jr- r.-l or b "ff f_j,.iSlr .5J 9 i,*l cf9.f o.\5 .\-tl 6ttLf .:iJ>

23 +3Or+ZHrO +ZH,SO,
4t r.i' 4y G:g.r-rc A ti c"liE b 6_rrilr- .r.-l o;9- ,h ";ly d u"y'.-l{ 9., ('J-tt{

.Sb.Jy' L9l; t q:9r-,.6n-b r b t.*L.! rU,t r::;:;;:":I
.c J g_Li [D -Yiti "/*-

;l ..r:5,s. aL> Cr.I + {t $ orlJt sle> n.ol6t6 6Ft { Ol9; (t' 6jlr.o dta 6Fl* F_";l
:rlf .'. +J d*rrg L, dr"l c L djrt ec 

",.oi 
a5 )b!4f g;tit d.>

Fe2* -+ Fe3* +e-

csjlro r.st,o 6t.flr F_" elil;l .u5,.r.rJ "S,_;.; .r.-l{ L .5!ri d rlf JlJfi 6l,b .5itt
-r;F.f v9'...*.

: (Lr p;;tf.1lrr(*. g-,et &-3 l 9i-J";f ),sirjtriigrf.no Jo.rf :t,S # * 6ta;tf.at1
:rli ..r 6;lr: ..1^tLo ,lf ;-a;;l ,J-31*tF ,j"rf J ,sFh .,F +

[.ir.r .r_j"r-r6 rJ (O.f a-,-y'S) CI, -F ltf .11 
ocl;: J o

[,-b a-;].rl CIO; ,+Sr*a,.,y- jt osl:-.J o

HrO, u:*,,.Sle,i 1l o.:l+ J o

[c-t .SU,U; Otij )V ! ttt l,,_; ;-l sr,.r6,.t rl=-, .ir, ,,1] Ot ,tl-trl llf 1l osl;: .l .
S$r-l.ib.rtS? 6to J(;;l ocl;: J o

Cuz* ,$; J.<j- sljtr ..rl- 1l osl;- .l .

A..Thiobacillus
A\.Biocide

oA
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, ^tl'n 611^3

J;y.r3lrc a5 5.119.. ..1;o.r .,- fl2dl ?* J"e qt.;J 9 J'J-'o ,}JlF..lf+ .jttlJ [" g-lE

-S.Jb ;, .l .1.:-l .!-l ..5,-r:..,.r. J .*S;f>l J.-'l ,=lil li 6to'r.*l '"ri-i oo rle:: b e'rE jL r

L" erG $, .Sl-l I ul l*i-r't'n ...rl3 S\f '*;f ..f ,jitrf J.r'ti ut r'::-rr 4j|yil'+"ll
.J-:b -+J- J..:...u-L

,.sLo v9; & NrL-.i,* a1 €r-i 1,. 6rl'3 .c-l e*rL-": Ug' ot^t*l5 '55 6to 6y 'p

.;*l .i9-,,''. ^'?fr ol*ia, ,J -;!*,j"rf .fV L; r'-l "r-f ,r' o.u;f '5;6 O"c a:i"lS'

:tr 61G !*"f &-t9t*. ,-f csf :l 6#*.5to;tf'.o1.1

.# .:,-pr.r:ol' o

.rl5 c*,-, Olts 44.:L.lirg ,Y- 1l octi;-l o

, ^otn .s.lz

aS ,jJs:. t ,-J+f ..r;-6r .'. ft+| ts 'i;- J-t .t JjtJ L4 et+.4L-.rr ,to$ y'y't ;l u 'f&
AS \ G:?,-bt.$l+ .r cift -t'-i,Jtrr )l .*V &Jl'- at ;'-t^to'f;7f"r5,t' cb'-l to 't^lz

.r;5 .,. .r-i1 I oJ---e' -j t ,r ^tf -P # t ^"tt 'i.l- , tb 'S"l=. .rO oil:t"*t

U i;9-.ir* ;-l;sl , tD .,:,:.f Jf ;"j t.j*" 'te! '- .')t ir-l "-'-f .* J"ll t"'yt-l

.cf .r. l'7.

:,rfsfi :l 6F* 6ta1l5al.1

r,* jl ,.,rl.Ji .srb b .f, cf ir,-l .t .;5 cq r" 
*."f"rJi'rj 

,.s[" &; jl ocl'iil o

,g ;S c.r, et- ra [o .i.^r.r 9 Lb .S*l' .u:r ;l 6;L 9 oJf J* t*' .ilt:c { af 't';-- '^

.19,3

AY.Fungus p/. Fungi
lr.Cooling Tower
Af .Wood Decay
,\".Alga Pl. Algae
Al.Fouling
AV.Barnacle

^A.Anti-fouling
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c 'l ?. . "C 
J r:.r .gloLc .,rE;,. .yt 6Lc ,rq.-l.rj .ro , ^tYq 6toc 6qt-rl.Ui*tl -lA-Y

#l elr.rr I $l+.*,lFJl JJl9; 
"r-, vl ..,*, ..i-l -i 23+,- 6Lr;l ,:-:"1 .;t*r oS .+t+l;l r

-t-;lf .f , .r.::-a 6sLo +o:: .S;fi estn .rj .[.r.t- .-J*SI[ r;5,j. LL_l l.r c=rlFl ,Jin 6lj
jl JU--f V* *q 6.rJln_Y ,.rc99 6clo a o:' c -*B -r;ib) rr.r tf Jl: b cry- I b 69;SJl

.J-i!,s- ,.]*S t J3t.l,,-9-c aL--

..r:- . a 
eyr * :t to 6cLo a-;

G;.;-)L_Lbln ey .
(a^r)LJLI-)p €t o

..r;rls ,lri Y! .SL" 69.-1.1"-fl .-f.r- -f .c^7 6tor9;9- .,.Sjtf rSLo i*.,y-

"Httu
'[t .ur] c9.i cf Ji..Jlglo.ly- q.l,-S, rJf d L-liriJ.la.-e.., +Jl ,-S;-*.!i rs

%o, *ze- + 02- drtl5,Jgl,

'[r.ur] .r;ri ,.+ cb_l,.tjb rS[o Oy_ .jS: "J J;:.,!-i rc
Ni + Niz* +2e- 6sI .,5l,
.r.Jl , [r sr] sr .r t'.b 6-#l a,_Y 

'pb ,s b Orr5l , (O'- , 6hl ,tcl) to ur- .,-f
-[r.urJ sc-f .r JtS.:,- .5t3

.-ril+ .* u,-$ ..r*;5 Jt:5 Y &-r. s c9,3 c* ft+l .Sr rsf 9 ol-r ,te ir-l

Bs
Og

N1

Og

'

fJ.
N1

.cri..f pt ; ,r;zAG Lc,rl_l;iltr r s .l,'d,. +J JtJs- lG :,s*\sfr; e-*,*

xM +Zo, -+ M,o,

I t.High Temperature Oxidation

1.
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:)l .r-,-rt c .9#1 6[o a'-Y s, tlrJ :st* ')'? *

.c-l,r^L, Jsf \6JJla,-Y.ri.,.$t{.ta 6$ ..r931'r=fl fl ('-ijl

u,Li ory +, .g.ri a,-Y .ri, .J-it{ iti et- +' 6;Jl JU:il C'b ,Jl:-"l.rtJl -fl (V

Jsyo 4f..,jiJ 9.:-l .J:;si g rlc 5; t,w ('#l a',-Y cJtJ';-l ,o 'c-l

,$lr :h9.: ;-l a5.gWi J..r,.b-,r. Jli:;IIU eU- q tt,-.i:*" .* esf q Fo , Fai:-
.g!.f +',l1o.raf JF '* dh- +,.;;Jl t =i:* Jtnil "r;rof d PHI

a,-Y cJb ;-l ,.r ..:-l .r-:,-rltl &slp * g;$l a,-Y 'r'3., '.rit .i-|.o lsrJl a,J ,51 (g

.J;5 rs. Jt .c trL':*- ,ilr-t ot .5.r.Jl

t .5+ ur.:-l#l a, c..1Li- a5 .r;-:y; slQ: r-.a 'i;9rf I 'fiJ+' t 
r'$;9+ -''lii1r' ';?"'i

:.:rb;li Jy,e q#l Jr,*4

orgq -.firJs i1*i= 
.lJt J;'raa'
F,]r re

.6ol.r.;Lo r;j.f J:b.Srt$ 6ta ,s r"lrc 5lJl a'-Y "*! PB'>l F
.rd-ts .J,iil o a JJf ,e S ;,i-:5 6to ,r- jl ,': 5l.Jl a'-Y 'o-3! P3' <l fl

.r.Jl ;19 J:t,.,. Jt.'' !rL*-,iltr o{ .5.rJ1 o-Y '-r'i! 'S'-;l F=: ,5lf t- PB'=I fl
.[;i.,r,-t c;lt-l ftf r,.=;.^y'i .rujLo r5,f s; h.i$ o+, O't:

a

a

a

t . .Pilling-Bedworth Ratio
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* Ss, ,eV o;t.+ .S.J Atnjti 6,_l -.uo.r ,s. JJ:,- rh,-t, #l ar-.l:3 gl;Ii ;l cS;t-r *
.S*J q".5; irjJ &Jr .tn-r, 

"L.,, 
t".a..i o . r.t F &- )l l-:--* o.f \.=it 6,-l q :ujrl.: rlj

o+Jt ., s!,.r { Fe,o,).>.s;, (.",q ).-*jil' {rit;*S.-;i 5 ;;
rtf * Cr"l .stn -#l O;i,.f -rlt .*-t .s5s .l JS-,- &i-r 6?:C ;r-j 6LoLo ,c

..r.itr.f Fel FeOl FerOol FerO,

c t^ ;1 ,ff ,lf 4i t.',.1 &, rS CurO r &.r ol.- CUO ,:.-..51 9a .5flo r;s .;;,'*.o
.$l* .r Cul CurO / CuO o's-

1l
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JFI ;i: ',-; FS S -slr c* Ytr.sL" ;e-l'r.Jl il .<V gr;: lrgls tJt;f -l-lA-Y

,rt' ./ J-f,,. # 6l-a c.;9- 5l aS 'SO2 'H2S 'Sz ,-rld ,b "-f f -ftfi 
"'l 

''c 9 c-l
'sc .r d)

,.r a5 5:., y-l or -u:l+ ** y\ 6Ls ;9rJaJl J 6A; gf trYc;rt' ;jJlt ',F":r -Y-IA-Y

,.: aS NarO .uJL oo-.rr &[.5i t YzOs.u;L .r''-cl';19 c't f,s ',rJ=-i 6to ;i9- .51':--l il

^Ln 
tl lnsir 

'Lojti 
JJ:; c^ct+ l -r;.f .,- +rs * & rsv "rirls se>e .,l:-i 6to &;r

.+_F &! , JjF r/ y9J ,*r * +Y! 6[oLc rs 5;5,:y- .5bjti it-l'.r;t.i .f [,..t 1-t' vli

, , .--i .f .f &;9g a;ay 9 o,4S9s> esf 4 o'r'3 oc;9i etu Jt: r5' &'h5 eL-

:Y! 6Lo Oq.+|.+Jt tt SF* 6ta1l5ol.1

.i-t" 4. 6#l +'jJ 6.f -5'-':r; '
[;:, cr-;u] Jt-j frf ;Ll: ! .+t jui r tniUirEr;t ocr:: J '

r.rj;c ,6"tr -lr-f
.sb O+ ," L9-; orlr.- JE;;l .sl:: e-b '-lcl ,c 9 c-l ':=J9;5Jl aloc Jtg- ',J-l Jhle -i

-rrlc c.y..;[f ou5.$

,jl-r;;rt r.r;rl.:.9locL p-,a;tf* d o.urf .t;i 5to CJ dil )l et

,r- ocla s* wi cy ill*OL-;a oJ c-l 'rr- '-i;:-t '5'- 6!l': o'rll'f '$ cJ e-y 'J-l '

o;ly-c 69, t + \.-\A cm 4,V14 -r;5 .,. ao.; l, ."'-l'o ojg JL.r'iL "i'-l-J 
.5lt'r9-

.r:f .,-.r-5; -i;;-t ;t*"

o.l f, l9a af crlr YU ,c ,59 .$- : "ri .'' 4:';L 
'.,"S' JK.i a'' oJ:';S *Si eJ' ey '',-l 

r

.ti 6Lb crt t,-l -;J .d-b vfr & 'c*J ;b-r7 ," ..r,.l-L' ..: 
yU jl F -j t r:' t/ ytl

,.rr.i .S.-z &e q.:J rc 5 a:5 tr12. t *i ..rk et- ufu-lil c'tL d't $;: .r rtS? or:5

$l.r .5l';l.,; e-r

11.Hot Corrosion
l Y.Fuel Ash Corrosion

1r
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.-lJu,. ..srlc .5.:!; gti,-rl , $ti .'" a;.tL Jlit .'F- a{ ou;.S..l;i 6b Gt jl et i/-l
C yL: ;l * l: vI..rL-:+ r st' .f oq:f ytr .{ ir.,-k ,l l9-o oL-; tbrl r C,t.i.. C!- .ry=l

.$.rb.Sy!.rt-*.,rLS.r o.lu5.t:i rSb el;,-1..r;;L ,S ,l-f-,'. e-\

,1r,i;c,J".lf t i'y J.lst
pt?.jl 6;.:* .:-l.'i U .rjr.r+o.rcL;6.r,1f "iSll 

L- ccrf ,f *\pH ,-;^S pH .1

.sF .r J.rf 4r rris 
=i 

t".-. _rJ ,.iJ ooL 6!ocY9i t J F pH;r .)*
4"rA .Jr-f c/ Oj.Jl 6t1-l 6.r,1f "i5lr-eleJ 

+ * Oi.Jl ,9.a- :6i'Jl .Y

.ca,5./ iJ./lro J.l*. O;-Slc^Llc .s9.,,, jYt Lo

.;c ! (,.,-;- , pJt sltj i5*1 p,-i;. f F.-Jf dl.b .5(-; c.hl: :.-T .r*- 'f
Lc 

"i"-.pl 
lr aJ v', ^ ,s,-t6 .S-j l{-J s$,; ,r-l .-,-f ,.f .;i- .*,1

.cri rf tJ Jtj 6rl-&. J[Y2.jl

Ly-U..t rrl.Lr*a L6 .5.i ,r.r-l ;l 6rlr-j -',-oU. .5r[- d .,,-b vl
,r.i,i,...o lo .t^;;r,-l ;l .g;gl.;.r,,-sti- .g9b d,.,,-b wl r $* ,.,. oq-[ r',:;- uf

..' .lslrjf+ fr at^ vi Jt;rf ..r;ri.r o-,, E"fy' *I LlJ,.-t

lr.Hard Water
1f .Soft Water
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sh-l ,s+r-r l) ,J":r c^-l 65-, r;5 s. Y9-) rr'-* I n'-f oQf 6l'b '5J U'"p-titt*

I dlr- iUtS .-t: .:b.-l ob9*,, ,fl Ll ..r,-i Lt' rii,, .:rl; JU:;l 6Lsl, ;:als O+='o 'ca:

.st'.r ,-f"rf .l-oi,r.r; -f g"L ,js dtu' t J.it-- a,-Y.5,- J+t5- q'u;3U oJ':J*'?

c;ls vy:!.1,-u, pH ;--l;19 Lc rl-lp .1=I ,r:;- *-''?:;"t.i":'fi
:c^-l o.r.i 6** ,-l:\rr ./r, Jtt3; ci.{ dr, r*- o{ -c9,.:,r- ;:+

' :-'ot1'>'u--a;t

L= pH - pHs

.J'3,J &t-l.i ,g-y) tc-l o.ri':> Jaf'-.J^:1. L<0 -ft o

.r'.i ,LJ rld;lOly ,.* Jc.rf €;j.stsrrc Llc9.3 d J55 '-'9-; '$L L>O .fl '
.;-l(-9-, J+f:t clii rs) J.rt-- cJb ."iU , =O -fl o

.ror .r^; a5lrl ,,iic ,l.rq o-*: "i+ J-t.;c 9 cul o'l.i.1-b ,,s:F ,-il-t;l ,'131f ,--sl '
.c--.; .5cL OL-;z t .St" vi rrf lf n'=;"'5

uilb,P-ljl

R=2pHs - pH
.J9- 

"r-, J[S-li r-dy) t;-l o'Srr; J'1*' 'J^iq R> 6 Ft '
."5 |l;rt+&lOli.r^, Jcrg- tgt rsyr.r LlcrJ.t' ptdl.SllS vr-: 'r-i! R <6 F '

..: .l (-,9-.1 J+S.:; a.ik-i ,c) Jst-- cJL. ."it{ ,R = 6 .fl '
,J c5b *l ,rr -p cr:?-o.c*l ,tflL.rb * .-=dlr L 9 c-l o.r-i c-.r, ,eF :*+;;-f r--sl +

..- .l ,.5cL..rr Ot-,ra

,'"or-to.oa,i oLfos

ssls vyt t,6s::f -b ;l wi ctiJ sr-..Qr:,-i.ra

.-i 1l c.:.- 6b r-l:,r-.ij-:9'i Oc-f l"y .l

JLrl t? ,,fr:ti .+t- .,. ,:^oK Lc ,l-lil Lt &;- 6to &; 6r/-+ J)b'jl 'r*lf ,-il: I

..rat .,, e.rB vi;l l, Lo ;i q#, ocf v9-.r Lb.fu 6-l .,itlt-

6ib r! .gLc "r;- 
rstp \ 45 .- ".1 ,-ol*-.r Gy- f JtV 1gy- .f JtU;t "'tl'iz'l 

I

,,-l "plc 1l -i ..r;rlc ,lt .11..6 .s[o "r-j; 
b .rr- ,-rr-l rpls -rc a5 ;9'5 .s' a:tL

l o.Langelier Index
11.Ryzner Index
1 v.Chemical Treatrnent

I
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$-rJ.+ vi;lL p'-* I F--5 6Lb,.rt-,.;r.,lf,.sf..f-': rt',.5l oclc rg*c b r:-
..r-, b 

"f-j.l "rrl 
..u-os,.f vi r{.$t' (# ygi...-.,r=- -i.Sll d l.1 gr-.r-r lSLa O:r- f

.$d .P-tJ .r,-L o,-.r".;l

..9-\t|5 o.r:oc r5l9..ll:- ot O;J ii>:,41c; l:a .Y

d/_lrLl .cr3 ir iJ -i,s Jy'a...;;Jl +L'lr .qL_.F_lF L" gf tjtlf ,jt I
.r:oJ,rr :S* j.:lrti 65, 1l l, -l .S:; Jli,

OiJl .=1 .+ (NarSOr),"r-.r-, c"*;le- t_ (/Vrflr)O,-jL++ .)rrtl \ :u,-l=*g ,:b., t
:Jir,rr 

"i5ll 
tn Oi t -i rc c9-9,.

I
N,H, +|O" + H,O + N,2.2"

I
NarSOr*i,Or+ NarSOo

;-l J**i "= :6b p*.-.ro.+hj l* /

'PH 6'"U;s 'Y

r.-l 4 a5.ras .jf .!iJ -.. J.-tJlli .r9,3 !t' J- yi t l:o:. s979. COr 4t .,.t*.o
.c-l o.r5.f! f .:.,i

.rF.* ocl;- .lir."i._!,-F y'S:." t_ ,.Jt rr..fLr;ri JpU ,r=l;:t ,:I;- a,

+Li Js-l..j j c^-;.,1,.,jf;*;:1A.rS:.-; -,f osf t- rsft.J ! ely ,Jo.lf -lY-Y
&-5.i s.a.,c 1. .; J F=lJ ,riJ ;l ;J rrlr d* 4t (-. rb.) ,stS.., .5t6 u15 ,il ,o .:*Li +,

,,l.tr O, i-^ olrsi; ,jf:-J -,J"rr ;l ,|;;,-..:-l .'*-; jt,_Jti $l .r 6tclcc-.rc rf ,r,-to

:crlc,-t,i cF +.d-b&k o.f $t{,j- [,r*J] ,s$K. J-b: [J..,f] d_L-i-

.Ji,r. l.r.r ,l.ol5 L-":1;lt; a+ c-fb =1 ,r*-; ,^c o,tis9> Lrz,^ ,9.;> t> o

g- 1l .+ .f ,-?l-rL p cftf rlrt, d 
"*i aL"jUl 

tt.'*.; .r> o.$,9i Ja--a,^ ,yb> ,t .
.cr.l ct'

.," ui.s ;l #:* .;J ,r:.* ,u .Sr- ;l !f-- l,"oyi ,sf:-t ,^s' :u,,% b eJ-;

Cr-f ."f .r.ol9 
"f-:.; 

&-.5.i Or+ b .i5 JS.- *-te .g .rl.r*; a.-ti A 9;.r,-l o scrf

s-f .r,rf:-J .s I O*-'.- ";;-

lA.Corrosion Fatigue
ll.Fatigue Limit

11
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il ,.tiq .t-; .-#t5.p d 6.t*5 c-l ,r41-o* .+U-,.f .:eol ;tsi oJ.i.19> L.>'. t2'e> t'>

FS ',49.> -t9.. rs .-bt 6rf lS OLj.f lf-; - oot9.>;J Gf* )r or;o; L=z'

.c-l
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'f"tf .',rbj-rl .SLn eig., zp9,,o Jtai -f

..r;r.5.r ,':.ji "- ,s 9c q ,rlf ,h r-ftrr qs:L_.ir| .gl.a .-ri9,t,&.ir, 
'rodt:,-L;l.f9, .

:jLr1.l 6L,D Ui,gJ -l-f
.5,- .lfrlS .t' t.,..rl, l--lF ,.r a5 c-l Jsf .f-l ol J"rf ./.tjj .,,lo.- .SL" .4.r

,JU- Obr + .+i.r J*.?.F-bi
6;li: of ! rF ,.r o"..ti t.r,f Lyt -t <S ! rl-L;l.5b dt i o:S "ll5l.o p:---.rs I

.$.rff cr:5p:-.- l t.lt, jl

.rrt,r.."*;-, c*t*; .iL;6Lo *: :.p L b ,Jtt ttnoc,*l-f ,il: )t oJi;-l L r

.F orr &Lt ( *= o*)*-;Sll c-eE 6rJ.;Lsl .irri- 
t=lrs 6- ;l octiil b r

.,h. .Sl +'Li ai .,.L3l;.a.(.:J .rf,-;Sll .-*rU-,S.*l .jM Jtt u,Ll) .rrJ o- pl;l

,il .,.> A uutf J$+ .tr O"r c,..t' ;; L 1 c*l 4U p d .-1t+i jl .or.l ,jftri
c.c,-- 4l, ,F_rSJl n.9G. ,tly ,e i/_ltt+.+L-.r.-5-l1.il F_FJI ;-9t-i. ,J.-rf

{RaCX.)cb .LtirlJ.rr

:,"atL'ir-t ;I .5to .f9; -Y-f
,.1 9 ,r.il9 J--lr- ;l 6t5"rt ..,1r q .-r,ti- ,.r ;-L;1 .r,-i .r. -x b .,ift .1,-l fb ;l ef ,gbLo
.rr-L .:i.o { .-rt"-t-jl 6,-ts ,cl.l p1c; rc .ratL:,-L;i ,Slo ,-Fl:.rr .Jt-&, d flq.J 'lt:"-L;i Ja.-.

.cf otslr. l, tt >l .,;t--
:11 .ui.rLc cr^i,.f J$c ,roK--L;l ..51r,-il.r.rJ a5 jl.rol

u"l; L.='-.S,- rc r=- j$i t-;E 6_ J..rr c.czo ri.*r .

iG € c.cr-, n--Lc- ,J-S'Jt L- : .fB 1".r.. .t- ,,: ..iLi. olJs u!;r9> ';-p . aU- .
&9li:o 6tb 4*- _rJ ar-

Jc sf r;.-if :t &:f .gLo o.ri.rblt1 -il ,e* .
.o9,:, d a.4j g4l I xY st-l ,c crl$l: .l .rotS.:.-L;i 6lo a;r; /

l. Field Test
Y. Laboratory Test
l. Coupon
r. Rack
o. Ultrasonics
1. Probe
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1.Jos*.gb ..rLr-L;i

, 
t61g alf ,rl"-t";i .f

.,c l, ,:,-L;i 6b +;J-, o5 "r5,.jf p$l esf ,J-l { &tlts- ,Jt-rf 6to .r:,-U;i !r*
:$.r9i,r. c^-+ L ,J"rf es- ;'-) ohL;t , r;5 € )t &f -F "ry o$)f L:^.

. 534V
C,R-Imnvl = 

-
DAT

A=2(1x2)- 4 inch

:s9.3 otsra.F-L;i...rLj..rtl .t'|S *-tr o.r-i ,:-.rr a-:s:i r:.*p;l O"f ;p>.il'.,L| .5l;
' 2ooot>-
C.R.(mpy)

'JU-
60hr ->C.R.=40 mpy

60 > 
2ooo 

=50
40

..- .f fjY ,j".rf .F,-Lji 6112 6r:-5 OLj .-sq ;-:..: .rfcr5'- .J'-)- a?)^ :a2-?;;

ocli:-l 6h {t.:9tc 6,-lq &rf tt51 F ,91 ori> ,jtrf .JL_jrl15Jt Oly .f ls rssl &st ,}ss *

.r;i' (5- octi:-l pF. )t -;1.(c-R =ffi)rf"r*.>.r- ^Lls )l

, ^.Sd ,#t+ up-t ;I .Y

4.t p.-s JLi Ll rc-l ,rr-L-rc ri*;l ,c .5/*Jl ,J"tf ,rrL-;rl *S,;..pil,, 
"F-tji;l 

.i.ra

:l*. * 1u Ol.ji a,Af .S-i .,:..it, .i-tji ,c 6L-;.rl .11:- .siL e E t6i*1 t-L
.rdlr,.+ 6L; .; .l

6ri*tl ,J"tf crrr6 ,ot- +f .;ly'tf cStb u:Jg,, 6Ji*1 ,Jttf a.1 c^.1Li- .r-rr,
r Jt' cr osry) Zn ,::" luil ,l .;-l Jrlo .,lr..r .So; ,J:.i|,, ,Jt_t.ti O_* 1l ..." " ^

, JJ.f .* ,Jt tf .,tal, Fe .-,.i- .J9.3 .,- J+t l.' '' r! i4 J:;; ua Zn ;f sr9- .iY9-*-
.cr3.r JIS3; "rr" JJj,s:-- Ori 6t.rr.:Y9.o*-

v. Immersion Test
A. Salt Spray Test
1. Fog Test
I ..White Rust
'l l.Red Rust
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.9b9;i o?3)f .\..i , )lt F ollfo : vi
It- "i*Ljl 6,-l .rc ..rr-i! Li .-t', JI;JU (

, 
ttlto 

, -,-t ,rl"-t";i .f
L-L"3 .$ eF .s;L + "t ,rl"-L;i 6,-l

j,jl= i; r;rh*;) JL J'.i .,J5+l;

.c*l;L;.dL_jrl

, 
tr,rr-!.+,39;;Stt 

,.r1"-t ;i .f

u5l, c^cr-.,si;t-U i -51 ."r.t' f$l .,,-t -=.:r;SX "islr sr ,Josr 6g9 ftLo q

:,&:f pl*o rc ..rJt16.rii 
"F511c.cr- rSi;t-L; L r a.r;6

I =io-i"
E=Er* + i"=io=.I=0
roo.rr J"L.; o.rp !r,-J*.r;5.s. UJI d-.- + l.r o,-b OrFJl.fl* ALo ot3l;d) ;l "ot'- J t1

:.J-,, ..r.i9.i ,e o.r- .5-\tlf di.:Slr.r.r orLol g;to 6g;Sfl i/-l .(L *i")sr9> o"
ioli" =) 1<0

;l l, ,rr-Lo s9;5Jl a*ir ,rr-l r.r+- &r ,-f Ec* al .-[.-iti, U-.rr.L-.f +.lol 6L3-o $l tl-l

F-" ort -l .r9i rr .rlr.7 6.r;l "iib 
J-9; 69rJll caf ,rr-l .J;5 ,.r. 6rL- ,":-:-

,i/-ltb.oof ,r. ;::,: OrFn .r1J9j..t r9--2.- 6.r;i,-5lr
io*i" = I>0
n*llt* ,# a1 nf s,-l d .:-+ .grl.:9-, ot*-J J-9; 65-l e--h J.*:,f Lrr+

; 'l el-.r

\ Y.Weathering Test
\ f .Electrochemical Test

V.

https://telegram.me/matedep

negareh.ac.ir



jl ."9i .r .-!.L: l, ,r*-r 'tJ ,sf'-t5'l,.rt-r+ a;.;l'r to ,r>'i ..,'-l .lc 15 t+Ht J

,ri- ,,-oG. Lo .r;2.- ,-lr-l .tJ (.1r? ,lci"ao Jcf .f ocLi:-l (JF-FJI 6t-; c-*;b pf-rK

p ,pl :*.c-l o.r.i.i ,;rr-z ul;- clscl nirtll ,t* J 9 s-llc '1979 i ,tL-r e:' :l'1

-.:-l or.i 6r"' logl{ * ,-,-rs=-li-}t"9b

:O..-rltlt,

t-q 't-l* a1 a:*t ..r:.or ,=r Ol.l; A L, r;5.t'i'-F Jt .,'li-.;\ lr ,rJsb cJt-;l J:-i!' 'lFl

:.rrlc .r-iLi. el/ Ort-l;-)L"O*i

,l+ Jbf jf .+U Oe.-li-r* ey .-r-l d cH J:At*tfl b / Jtfr;l6is$2\ o

-srls o*-,,.rl5ll ass- * 'il;;l 6l;- 'c*l

ry" = tlrlg!
,o

uylfl;-t*l;t* .e t-r cbftU
..- -l )ht / f,b ,J:,5l9 +>sa y. Lc ol ,:;; :t^' (t;Jl

v'l
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.rlFl Jt"tr c Ll. ,.v-i ,ft J9--,l1''r)/,, g3, ir-l pl;;l af ,9l";l.l :o.*,li ,"X-'la-)b

d:r .S.r;6.91o ,:^515 ," 'l;St ,jr.-ti-'t, ey "f-l$L,s.,rJcL; 
cJb jl J.Jt:,,

,JFl cst+-lr tljr-l*a .rcL;.5{'o 
"islr c5lt tti J"tf r:'r rr dt-ltt+ -rr^os oa

.glr rf c*-d ;:t>

Mn' +ne- + M

E=Eo*Rrlnc
nF

E'= Eo * Rrlnc.
nFo

fu*l=c

C" <{C 4=E'-E+0
rSj'^ &-Y

,, =4zsr"gfr-r')nf \ tt)

. nFD^

"=Tt q

a;i8 ,S)a a,-Y,,;-'1 ,,-f Jrl* cJil,c a, [" Jf.,5.- Ll: ;i ,.r af et- ;l 6l qLti q *
..!j-oJrra,.rSd !I

YT
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L# O*ll_r4 t -;j- ,sb*[Q
ct.r- .-rL-:a e:., :16 ,_F-ljrl a=,ii ,r c 3s- --t'.i--ltl .n79- Lc 

"i.-lil 
:L; (uill

..r.f,.f
c5.r- .-.rL_.r+ {. ,ilc 

"F_l;.il 
.:st Jl*. 6to 6pt5 .:Ul,; ,:,_91 :lo ;92'-tf " ut; (?l

JF.f
..r:,_f-pf + f* t altl 

"U[f cSjr r_Y Jy'=. ,r.r; F.o .9r_-'L )l Jtl2,. ,),rj p (€

.".t'.f ,.5.r- .,rL-.F a-. ilc

. . .-- .- 1 i :.r11...:: ::_,3:r, .::,-i .

*$_FJl c*9U. .gl.,lc c-J9;$l aL- ;l LoULJ o"L; :u,zo9lfu Q u.al;192-'lt_.t>b,

.crlc .,lj r'ol OytS a,-t, 11 69.-l;_r>L,.-r_l .rF .* ..fb, ;il .->9- aJ u;:-.o

4a=iR

vr
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,.SLo ..1f.-l.1,,-.1)t, g.r... ;l c-l .:rl.c

:u^ol Oxl,-A t t? ,st>. -Lll

t"r (dJl

.'rtqr5llG'L-# #t I cJ;E (ct

,t;tf 2 uf p OU (€

Jr.-ft--)t, er, .r-l :ufe 
'ki O*h-t*

.15:t;,iE r.rL JEI

:6r.-,lt_r! .5tb .'i.*io jl6lt'*i.!13 otc)lll

J"rf J[i.JLtr, .l

g
o
dI

FzU
Fo&i!oo
6
(,
9,U

(oaclf;ne$ry.I!

Yt
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t,jo Sf Olr-:a,'.*ito .Y

- p"B" -l'r"---&jil^R, #L-,.rt- cstt- Jct

^, 
=+

rri!.f ,_f"rf ;t-r7 a:.;b 69r rl ^, .le-,l*6 J"rf ;cJJ rF

,:.os- s'.ly Y" , *;t ,J"rf ;t-r7 a:=Jc .rl'r;^ .;'-: :ut14' ui9, '

Ic.R.=;is*

c.R. = o.orz{ !L\L,,*
\n)p

(+)",,=E(#),,,

,' J mtrry *'t,J"tf

'Uyt'),s.tp-,jt .

=,',-rlc lA -A a,; J:;; cYf 6lr,:JE-

(Y\ -Mo *0.18+M{,x o.o'+MF, xo-74
\ n )r,, no flN, f,F"

LOGGIME|trI}EIiE;rIY .i

Yo

I
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,f osf 6b o.r;;lc;! -ltl Jtl".Slf Jolf .gUu:r-Trs ,":+lS. r.*U .f

:crllli g**r, -9a:fl:6.1 o-t;p. .f

..:-I; *:e .-$U i Jc; .-1,- \ + r:*; a>,ro' lr*

"L-j -rL--r SCC €ti, Jt-bl 4+.i Jr t €*S .i:-;;t-r:.-, r-Y a=>U go ,,_l ,c
.C-l

tf ..., tC' , , to1' rd,

oug8€flr b.Eilsrr1i. 116r' :

Jt O,-l a1 ,F.5.r"f* L OS-l gla ** rJlj .L:: d* ,-r*-.r ;l e, -Fl /

J-V u"f- dJS-l ,.,jrd-. -5,_ \.:ii .,,-l a* f .r-r_9f .'- ,fu rt-l*bt--/l
dyl y.ll ro .# .utitl +rlOS-l;l ;F:-.r"f- 

"S-1,-;:.-. 
4#t:" .rf .f

;5.J9 .c-l frE. .5rt.i J"rf , O$ ;lr o./- Lt,a; t*t- ,J"rf
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a., jli.J.5 CEl, o=Jfl OS-l ,Jt!. qt-,, +iL,o.1..,"f- 
"S-l -:--" 

.+lr?

y el .+ ro c,=1 sp rrL'o a:-,r.o 5 &-J.lg: o ,pf 6"tf dil
..r91.rol9i * c*r J"tf gtylo{.ib O"r.'-- , .Jj!

'.:':..''..1.

vv
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,6"sf J.;;jJ .Sto ,jgj :p;Q.7 Jg,i -?

,rl.srt r Jt f J.{ eS* r .-,l5.Sb.r:.r

.f"rf 6l,o or;rlrl! j o.:li'=. J .
gl,1f .- ELi> o

6.r;l c^EE> .
t. .-;i.irr. 1l ooti:-l o

cl5. -7Uc.il ' o

.r. .ti; ;U" o

,"t t-rG. "1 4f ..,:. ^ 6rlr: 
t..J"rr" 

6b oa::S €.d1.. tr- ta o*i.;lojb -l-f
.*;.f .f ,J"tf c^cr- .rr-.r.i ,Jirlt .:rlt , JjF,rr oc9;sl o$tFta-q Qtpm;>,'>)

,$t',.* F..-n-*5a:d) 4d q Lo osrlclL

6.r;i 6b o.r;r1.5! r

6.r;tf.9b o.r;.rls;L I
J.L; .5b o.r;rlolL I

:r5.r.6#! "- .c ,rf t q r:r-L-g .# j )a J l, [" ou.;rlclb LLf *
'.JrSl..pl.orele; ,,,J;;,f P J16[o o.r;rls.;L o

.Lo ol.r-J9-.to .il ;*;.b oLgf tta, *;.t- .5to o.r;rlslL .

.- r. ) 
"F-l;sl 

U , .r;rl.if ,r. ;il 6.r;l ,-i.;Sl: ,a Lo osirlcl! ;l n:-.r ;-l :,5.ri1 ,gb o.rj;lclb -l-'l-f
tJ *- i t*, a,-Y 5 sr.d ,l-p *, a-iti.p # f;.,;".f d d"tt? ,J"rf J.Jf:, (6"f ,;
,l.r;- a, Fl I lf sc-J .r .;ytl j=i .stF .5[o o.rirlolL Ly.U-t l,o o.r;rlslL ,,-l a1 .ccrf Jtj.l.;
...>9- € ul nS- qr;j,c g $b9^r y-fS L * &- Jjlt 

"# 9t-, o-Y.5*ti o.5l;: nl j[51

.rr,3.sf 'P .ft:f egs

rr;*.f .5q,t -it 4:rr JJ + 6.$i 5Lo o.r;,lc;L

.Lr ol ;*; .to .:L9f .uiL [b o.r5.r*fl o

.luo .:t:-3-.Lo &l-.,.1'. .l.o oLi-i EIJ tD o.l=t rJ Jj o

,i9r^l u,L,-^. c*-1 o)tf-i , r.rrt (# ..tJ+ oll .t r'-..A tr oLgf ,6.rii o.rirlcl\ U-i-i'y
..- J o+:.,' Jfl*i !o c,1..,.19. 9 b i:k-.3; cr,.rl5

\. Inhibitor

vA
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y-) Jsf q 9 .srlif ,r- .r.il 6.utf ,Fg y. Lo o+;rlsl! 1l a; .o ,,-l :.9$l5 .gb o.ri;lclq -Y-l-f

.rjf;* .rcL; ;.r.i -.f c^"!
'$f .* 6q F.-A-

,Sb2' ,As' ..S2- .riL.o .s*b ,-ly- :rgjt+ fF c

-.rifi,.*

)S ;*Sl9 Oltr + 6iJ .ij- .---9. ,o,-r- cn dg-, it-jb.r.,o J:-;u; :lo b; OjtJT c

.c-l Jt"- ,:. | 6to F:*.- rs Lolcl OiJ 1l ootiil ..r;t' .,..9.-r,-t5
I

NrHr+1O, --> HrO + N,

I
NarSO, +:O, -+ Na"SOn

z

6r_Sh oJ.i;9> J" r.. t F .,"k ;l ,rb e!- ,9-t st vf;'l1fui L.:,g:a;lf ,:LS,-t o

.r:5 .'. i &f L &15 et- $ai- rs -r:5 o.

il 6.\ttt "F 
l: t F! , 6$i ul5l, t,o& b ou.;rlcl!.1la:-.r;,-l:.Ll;i.o 6b oai.lll;q -f-l-f

.+ .lJte Lo;i 6915 L- 6.r;I oljl;l*S,- ir* Ll.r;rlif .,.

Jt ',-A o.r;rlcll* rt-.r:;;l a.(l, r.:9,i ,raj oJ,u rl.l1.y-lf-, a.r o.r;rlc;L 6- J"rf Jt )tL;z { UG

:.r;rlif d,J[ii .:lFL- r.o-r b o.r;rLrl! -r.-f .r osU- J

J-t- .-+U. ,il b .:9: d &q Lo o.r;rlclL .jL.;oo sr,.rlf .r-a-s o-,t -r .$t .r- to ,ri

'scrf
C.R.o = 504 mpy

Al-> C.R.^ = {QQ

BHC.R-, =300

.r tr ,-li .5i .Si ol;'b et-+' J ;-S osrlsltr .r:7 t"ii 65li: .l ,ji; , 
r. ;,-:: 

"'l 
I

.-\,'t d:.> l., .;(r-'o^ jl b .r9- .t' &! Lr o.r;rlc;lg;L;-o c.r,,rl5 r-1-t .:rl ,-t.-riL
C.R.o = 500 mpy

At-> C.R-^ = 4gg

.B r"+ C.R., = 300
A+ Bt+ C.R.A*E - 470

Y. Synergistic
l. Antagonistic

A+ B t-+ C.R.tua - 60

Y1
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IEo/o =c-R'o 
-c'R'r xloo

C'R'o

:.r5 o.

sl5 !: crla.,lj .SJUt J"rf .rLl :r 6.r,1f.:El,i- ,6 Jrl: 
f6.ritf €.gUr -Y-f

; ,* l, e-L: 
'l.-;U,) 

sri cr ,s.'flJo. .jL L a,Li *fsrf jl -F t;y olL L- +,L: ,cf
:,rrlc c9>- 9 6riLf c^EU> ,slt Gygr -(.r-ra ,ftrf J.JU,, J F q tt F=.5

t+ tt+.,l .ro sl ,rl9r a.| J[*' 6;Jl3 ..,olc .,lt ! 'r.i ..r-l .ro . : 
Ao.rig,il*i .rji 1l octi;,.r| .l

9 {:-o Gr g9; ;l l,osi .r,-l ..rJ ./ .l;tt .i- o{ .hJ., y-r L Ji -# c;9r a't!
Sly .f to.r;i 6r-l ,.;>..ruit d,,jLi el- 6.r; t -, -u-fta e: Lls.l-1, d .,-t. Jjr-,
F ^Jtl J"'f d{ '-,orl.i. t .f o$sf J"*-. e-rr ..r:L r..-.rli U_ t-;.-:- ,6tt tl
Al 6Lal;i j Ll* L-lJ -J L..*. .rc .rfi .,. ,;:=t Mg 6ta$l j ool;- .l .{ .1,-L; .$U

.uf .f ocl;- J

t. Cathodic Protection
o. Sacrificial Anode

A.
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.t- O-rU;l af ,".;:* .F-;SJ| OL-.f jl osl;- J ! ,.,F1 ,,-l ,r :fl-'l Ot-;a,.ilt 'Y

..1,-".,- ";tS +l: -F cr9. a'ti .ccrf ,r. Cr=.L- Ot-rz .+5 t-S'- L- DC a'-in- e.;'
ti,-l lr .,S,-rSJl ,lu- 6cf .J-tf.in Q.r;9-r.: ^ .S-r^ rj Losi,-il, at-l .rs --r5,r.

.-r;5 ,'-

,* Jjli ,g j* s.19r aJ5;l tos;l .l -ti g l,o.r;I o;l.Ul .osl,ii-l sr9..5to.Si sLr-;,r:+-4.-J-lf" *
."iL -jt- 6.r;t5 c$ti>

:|s.rr-l' €.gu.t Jta:r.

;+.5 et+l .5ly .c.rlr )li.tB ro 6cY9r 6l .Jt af ,,.tt:o Jf:' .sl-rr :iL-q )U- ''
JJt J|:^-AA' ;l F ,f ol;Jy',e e-. r. rrFJl d'' ':'r-; "yt' .-t *;tj:', 'r'-! ;EU-

.r-1 ,rr dr ,r!- -16' ;l;J +, -11'';n;r-l ..r3L.SltB 6t5! ,.59b 5l-- 4?lt?'-r.itt

At
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L-.rc .71 ,c 6ri[f c"gh> .rLr. 1l 6sg* Ot-* .-="ib -fl UQ.* a': ;L )tt- .f

^rf ,r. fL*ildigu> .r-iL l.-1.. ry_, .'ti rs, A--lA- ry-,

:,g$lf ,:gUr c.r!$i.o

:crls o..roc .fS.:.5c 6.sK cJaLi>

ct' .f rcl. 'n .-rjf;u.+ * &-,J rr9.5 
"f- .# ..t Jlt-, .f, r'* jl Ul.{ c.EUr .l

jl 
"r:...tc^EU- 

jl .-#tj.ljr;r.. jlf .SLn"-:J':;;;;;ff.,
.c9.i o.r5 t osf ;l.L '- 'l JS* d'-Li et- ,:.-:3, ..r>

1. Overprotection
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r-ial .,. .i--l-pl 1., JiL:, ,.r;l ;r, atl .rr ..5.ril5 &EU> J)Br : v6*ii c^gG.r -f-f
{ .r9i JtSi; }3 &- 6)t t2 9:-, a,-Y .S- 5 cr=-! tl.} *. a.iti rc iti lt (-Et .,. i i.ii)
c.?ti J.Jb, .5,_ ,c l, jS d olbtt4tz.,.U a, Ji.;er5tt *Y. a.1 6$i c$Ur- JLd J+E;".

.c-l ;t_; .rrlc .'- "t53 6-;- s9r5Jl .S,_ q ;.,-;

rr-5.r* osti:-|6-r9.clr r:-J t '...rc.y J3j .gl,,"ryi J"rf Ji;5 6lt'lFl.ssi c$U-;l
.c-l cr,.r6 t"f'"rlf t-L.lc ,

v. Anodic Protection

Af

r
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:6rtl5 st Ut g 6.rji €^gGr r*.r-tEo

r- .l .5j.v-.r7 i- t , .iCs.5.r;tf cJatL tr .-,-E- Jr 6$i ;J;La O

u"L; J.p- *5,- ,r r-, -9o51 ,f_, d .,itE UJ .crl.r; l, .9$i &-BU> .- .l:Li'.g/i ,.o o

LS* p 6ly 6$t5c.EU> d,jna'_rc r.ri;& rl.F.S.r;i &bU- c.'Gt -uil9j.r. .+;.:L a;'.1.r

..:-l y-jru ,rlS-l .rt --- ro rc

r+[- r/ .-lo5 L-.r-: J.rf .:r.rr d! JtJ ..# .Ity f * J.rf 6.r;i .-Jatb ,c o
.cc-f .* Ap l.fS J.rf 6.r,1f c$tb.rr ,-fJr-

41 a-L! 6sK c$Lb _rs Ll .r5.t' .-|.a:. .:.!:. Ji .{ b t- c.p9r aJi 6.r;i cJ"U- rc o
.sc-j.f J-5 Gz.,sa

sl9r .f o$.rr,- ,t*r Alro J".-a.. .ro l.rJ g o9, rt' ;tf.; pf f-.b [1 .*b 6t-r.- 6Si c.liLi.- .ro o

1.,,1-; c^*; .,ro. oJjrrt:t* .st" t9.. r.r 6.r;lf c$tb 4Jb r.r :sr={-lfi orli-*nl c;9.

.,; J p;Y .?La[r. .glr1 6;a4 .F-Ftl 
"1L-27 

.J.9..,j";rf .F-lil tt

At
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6r.Ej .t-*19 f 6c*,l.gJl9,rfc19i .;r;c
(rl3t* p q ,eb) 6l clolr. J"rf 6l ql b oJ-i A

oF \'
o-ra' I

oF\

r.f ol=+

rl ot-t,

+V :* e Ff ..-a-lsj

1.111;{{"irr'6.,l;;l

+tb" Jtae r-
r'Y OLP -

*_ ,uf sr; .5.:-;i- .{_r91 6b plrft_c ,6"rf 5.al.l-.:9-; ,,j"-rf r #ti5Jl 1$trf c -..-ol 9 ely
,j"rf ,.SJHti 6orf ,,6"-rf &-c,)d \-*y 9 &;b5,_ ,sb ,Jt:f ,,f "rf -,r (#ritr .rlr .O$

.G,l;.jl ,6"rf .,r.:,,-Li ,j".rf .O$.+1.-. *rL_L ,6"rf ..gl a:;, ,J"rf ,6losit> 
'$"rf 

.6tF
pt Olr-t" -

,6"rf ,.,*.J .-,iiii ,6"rf 1JF cl .i , t'ta .rlj ,6"rf .g.rui ,.1-..-- .,,rS .,!,ry .61 clolr- ,F"rf
c;>.i ,rF"rf dL_jJl cSb 

"F:.r 
.,-,i -,,r ,jo.rf .Y! .gLc s" ,jtsf .6,r*^tl 6"rf ..S_;y'r. ,6"rf

oljii . et- ;clc ..rdy" .6.r;i c.tU-- .6.rit5 ,-J;U> .lo o.r;_rl;jt1 l5tr. J,# gb 
"i:_t 

.;q:-l;;\ 6Uo

etf cSb ,p.tl9-,=.l-"c;l 1j"-rf _tr,-fl*

Ji.i- 6';lf
Otaii,-l ,* olK,i:.jlc .:lrLr::l . ,r?:cL;5c a->r; . Utlif s*l i*;; . ,F"rf .,.or:gr -,1

.rf Q; I p ol5-slc c,lrl ': t1 .Jli'lt ;5o a^>; ,o9-f" fo;i; .-f.:rg ,-.j9;5Jl -y
Otf.,-t.,.Q-i ot5-Lilo eilrL.il .ocll pLJ;>l n;L; a->;...9;.;:rl i.*i.s,-t q.: s{l ,;otf Jfl-y

Jb f . ,lt_l ,6"rf ;q;l 1?; * J^rr- .r. d ;5o ."*Jl; .61tr.o f ,6Jsf Jt-;5 -f
,rotSi,:.;lc ,* f f ,;s9o +;..f9*;t- 3z:,9; ,u!;ry; gtl9$.rq- -A

?-ASM metals hondbook tth ed. Vol s & Vol xA
v- Uhlig's corrosion handbook, r. ..
A- Corrosion cointrol , Uhlig

\ . '; '

\
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: arh! pU

:2lS Jaa92i;.o 29:

:."fc;9; pU

: arlrS cr5l5,i.t

: o.rj;gi Jta+. gLa.t.o
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."r-t ^*,igJiSJlAta J+, : p9c c.i,rlSj

f"9^l; .f -fr pH=\ rc rlu-i. OJ_l .u=5 4.-L-. b l9o Fdl spH = Y ,.r "r;*fl.:9rSIl& *o J*;L;,_ tt

9c-l ,.r; f . "C .gLc I .16 atm ,V3 9 pH = Y ;r .r-19;..r^ .:9;5Jl J.t" pJ JE JLb, (Y

-J+t -,L.e b;; J.,. JtrLb, G
Zn / ZnClr (.,. t M ll m ph P:.,6 atm)

: Vr*3 J.; .r" L l-j ,rlL^-:rFJl JE: (f
zn/ Zn(NO), (.. \ tttl ll rn1wo,1, ft M) / pb

.Jr:S -,t . - l, J+= J*;t", (.Jl

.c-.1 .r;i cgr5Jl ffu5 r .sK cg.r5Jl fh5 .l*5 ua#.- (-,

:.r,_r5 J; p L _l_j .r,_L-+9tSJl & (A

cu / Cu*t (.. \ M) ll cu*' (t re / cu
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,6"->f q ,,[r-l^i : f9." d+JS't

! r+f.,r Jyr -/A ZnC\ Jh" rr (f/r)Ojr;rra .:9.15'. 9(Zn\6es se-r:SJl ;l .-fS':;;,,!,'.JtJlt" .-iytl (\

.c-l . /YA lt -r.l-tt ss;;l cAIc ,J-l .tr1 n, fa-'l ,'$7 Jgla^ pH "r-:tr .* J9 '/41 '

pH = YIY .el1.'.

Cr"i r.t 9 C! F$ ,r9i ct' "l2n1l ,Jb- .i;e ,c a5 ,r,.t^1o 't;F .* *;L C]' '-tlil \ 9F 6tb tibi G

oL(;'i ..riiL rfiy Jh" at-l -rr 1Fe-Y;;oi gto .;l- , {'S'.t) clE.-sLn ,;;y- fl 'srJ € ,lt J1'|o. Gr t"
-J.oJ .ra t; y-: Uli5lg

' Fe'* +Sn<--+ Fe+Sn2*

45 15: .f.p lql .r..i-!t ,Ja;.ll t-JU- a5 ;-l fjY tb ca3;l 4 -p r': ,r:519 dt-l .l'-b ;**; t5lr1 (-il|

,,F"rf -tli sslt "r.i 
sly,.+ CF t-i ''r*5 a*'tz'.99.;;519 6ly'lzAG gEceu '-r;l2a"o'* =o"":l'-a

9r:5 &-EU-

.JJ*, .# rbl;- ,yi .; , AG=+AAY' ' J/mole ' Ecell = -'lY'f T:"'19>

.caij o,9.> O.ol lt ,s.1,L. ,.siz' ar.r, l arn, &.*i ("

Pa, = \ atm 9./'\ Lf tljl ,."- a:,-9;51\pH:'.rJqrjJl,-r:+,r^^' c'lil9- Jh -rr.l- ,Jttf a,,-[Lj G

fut .'. # tfr l--lr:.J-:L '/Y atm 6i-Sl rL.i^! 4t Gne rc "r*5 at-b'' l-1

,jtrr.i\9,o-2, 6 ef-.gsi a-b.. l:pH = Y b ou.i,,r'-l;; OiJl -'i r; J5; c9;5Jl O* J**ite (f

.a.:tr .* Ksp = \/P x \ ' -tt l. Ni(OIIh e Ht J'tl'
.l\\ Volt , wlfr
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,f"sf tu,zs: p.1Q.3 d*Is3

....rri c.-.4 Itmdd sW e+"LflJ (\

\\ " mgr ,o,ttsy- JiJ".*.s- .rr on &f c,cL Y. - jl .t+ ./Y xA xa c-t 
"l-1lq .,* 4,t! .S,_ 6;9 G

.+;.f -,1*.'> mm/yr 9mW p ) l) JrJ;, ct_l.lr 'r 6ssf L>s)d..- *la:!L- ur.o5

,o.pr;5o.5li:.ul Y mm;-l-); ".t.,!(+.5loorlu7troF.5,-;l 6u.-lJt=-..i_tsJl{r(j .sl-rlp.rlr;*(Y
JyA. cxl tJ ,[S,; ,rfsr9; i-e)A.-itr frb ,$orf s;ly. so JL y ,]l* sl9:1 ;r;:.- a5 .: .l ply ;.19. ,,_l

f-ri! r.rq ugtl

c.9;Jlt.-r€ f "+f 
rYrr.r-r? jl csrlf .c^-l 6l o$_r.ti Jr|;.-, !.rb tr d \r-,".5-,_ 4j.\ &;L .91,1 G

c.cL VY jf r+.u,,1,+ej f inY cl-,1 {.+b aiqai o,rL 9J ir,-l Sll l6rf Orjl .S_ ro.;-l ou; Jle.;.*
.,- .l o.r.:. pf .l\1. .',ra aJy t f-S .1.1A 6cY9i 6Lb .ti"-j..r;r.iol5 rl;-

..1.;f a-Lx. mW * r,r l; ocL 9J J,_l ,Jtrf c.cr- (..-oJl

.grS o19c .5,_ .Sl; a.f uoc ,3Lii. .Sli 1A.,. . . 6oy-t' dt- .l Jt_-r A.,. . . .Jq dj9."j d9; e-;o -jl (v
e-r a-i9oi u.,L..:-u; ,pot' ./. YA in g 6l;l q a5 ur;J .r;S .c.-l y ..-L- cl9- ;,-l ;l .s.al.r.f dL ,ka

.JJ;

Yl\ gr/cmY : 6r:*5lli L)+ ,ep Li4
YIA gr/cmY 

' ,ef ;\g u.9,a;- 6;9
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a;jg{. Gb l"l-ft-o : F+, d.lSJ

.+"" er,U" r-j oYr q plrft-; 
"i,-l 

1l oJh: -l L -c^-l o'r,; orb Lrb -r-j .t5; ,c vi / Cpl F:-'^'i' 4,9'" pl.)'b-'r

.,r;5 a.-l=- l)ar",, =\'{ 9Y L. ,2lr2pH lr o$ .41':;19 J9:" -r; (Ecorr) el ,-5"tr J+iLb' (.ijl

d..-to. l)ar",* =\ .-o : V t+ ;l-,r pH \ (Po, = \ atm) o.u .rorlgo J9:.- .lc (Ecorr) Cl ,J"tf J.;Ll- (v

"J
.J9,i .'A, oJ-l9- ;o'i . o.l; .,r-ls;l9o .-r1 ,,> pH;l 6l o.>9.r2..' a? -lJ =5"-Llc9t; F tl Q

vi rc ,J"sf :p-&,i LiJSi

.-*t? y \ A;t v\ pH I G,S- rr .c-l o.u f/A lr ll.r: ou;.:5. .5::' p:-*:i" 4 vi sr PH".c,L.-,1'.. f$l li (\

.u;5 *# ,l+" 5rluf ep; t- 
',;'-:- 

,Jntr ! J+l-t -r"

?f s rsf.rr .rp ,r. o.uLi;- o.rlf .5i p:--ii" € rJ octii*'l "-lr vi J^'-lF r .=*L'i ;JUi J*3 Jr (Y

.."5 ,L; rksl -,ri-l-r t- rK;y u*,-rjl 4 +y t O1 J"rf L- .grl"rf

Y6. mg/lit, -,'i ,c JJe.".S^; rhi- Y6' mg/lit:JS ,r*-
f. "C:Lc Y" mg/lit,J5#l.l!

pH = 7lA
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.r1-l;r_.1)lg 6l,o.rur.u: oiio d+I5lt

o.ri oclc ,b ,Yr 6- .s-rrilr ,'. 
".1 Jta. ,c Y.f ,jt Jlrj tYrs .Sl, Or.-li.r\ "#i ,,; ,-$,i ,o (,1

..rJ elF:-l-,9fL ,# :ll: y-).gLo oolc ..- .l

:l*r,1ltff ,-fb" e 6'r'i' f.-, .-tib, , ,-f tt9> fLb"
o$ 9.-' Ol** ' o.,1.,P'1 .1b-9

.5$tS #b \.-: ..5Jji #b ,y.;
mW * l,Jasr rl..pr ,,6orr u1,-*

(c-lrp;.r.oro A 9 f9f .r.orr \A ct9L. Y.f 6; JL;; cYei)

oLi.i cr- ;l 6lY?x\'-r A/cmr ot-r JLcl tl -lr.-Fl+ ,*rir'r \ mv.rl.$".,rfclr J-,j-.ilr.s_ (y

.JOJ .ra
..\5 -,1-^.- 1.,,_rr.*li_r\ c-9t0. (iJl

.u=5 ,-,1*> .4/cmr p )rl, (icon)u!.:r9= ,.;b_;3 (v

f"= 'l'7 V/decade I f"='/\'A V/decade.+5,"

.J:lJlr Oe*-l'_-)t, .;-a- 6l; (y
..i- ..E|.'l rs:-"^.- ;l ,rS.;L.: ro-,t tl .p*5 JL.el 6$t5 &-tsU- JLrl Ot_.f .lt_r tl r"..19+ 6 Gry rc (jJl

..r*5 a-Lx. L -gU- .Sl;;U "'r ,Ftt, .'. ..1 ar.;i 61;
.J*5 ,Jdj- b c^gb- .,t Jtt" . l:*:d;l _!:t*,: ,t*,) L.,..o ..s.r;i .- rbr. JLcl 6l; (v

t6(xt

1,1{X}

12Ut

loqt

8{X)

I 6.,r
al,

9ro
c9xn
ut

0

-ax,

-a{xt

{x!

{(x!

-lqx,
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6l ori- 6orf 6U'S;
6l '2i.> Jt f

Ellipical

ShalWid

6l ozi-> ,6orf .,o to or.e el9;l(AU!t;

NarDeep

Undercut SubSurf

VertGrain

o,1.-:il ,ftrf

.',l*jl ,j"rf (tU,S-:

I
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I

I

i

oz + q H 
+ +q e- --+ 2Hzo Ee:=+ ..1., 2-,1 ..SOJ} ,,-

eoq .rfuSt l.f2*,15;3,; dr,b ,

i. _' :-:

_ sjr$l d:s-b
r-11*iL-1.-fE"

(r-o'"C ) sJ-r t;,,

t-
C).2 + ze- zcl- EO

02 -12 H2O +qe- -+ 40 r+- Eo- o.4O Vslt
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e

di?

blr e,f rr (e{;Utf .s-) ol:Ja Ola..ib clf.b

(CstS]".st
Platinum
Cirbon (graphitc)
316 stainless steel (passivc)
lvfonel
Hastelloy.C

304 stalntcrs stcsl
Titanium
Silver'
Mckel-aluminum

Inconel
Nickel
Cupronickcl
Cupronickel
Admirajty brasS

M.bronze
G bronze
Aluminurn brass

Red brass
Silico.s bronze
Coppcr
Yellow brass
Naval brass
Mangraeso broazo

Muntz mctal
Tin
Lcad
h-i rcslst

Gaslvc)

bronze

316 stalalcss steel (active)
304 stainless steel (active)
430 chromium'stcel
4i0 chroCIium e&el
Cart iron
lProught iron
Miid stccl

(csr;I cJt^;7

. ' "::'1"

Pt
c ::i

(l8Cr, l2Ni, 3Mo) i
(66Nr., 29Cu, 2.gAl,0.9Fe, 0.4Mn)
(50Nr'i l7Mo, I6.5Cr, z.SA, zfe,'tSi, !!tn, 0,3vr

0.08C)
(t8G, 8ItI}
Ii
Ae
Q8l8lCu, 4.5/j.5Ni, glIOAt, 3.5/J.5Fc, 0.5/IMn, 

.o.oIPb)
08Nt, 13.5Cr, 6Fe)
Ni
(7OCu, 30Ni)
(90Cu, IONi) ';
G0l73Cu, 26l2BZn, 0.9/l.2Sn, 0.07pb, O.0f{q 

.r
0.040.IAs, Sb.or p)

86.3Cu, 4.ZSn, 4.gZn, 3.9pb
88Gr, IOSn, 2Zn' Q6n9Qr, t\l2zn, t.Bl2.SAt, O.O7pb, .0.06FC,..::,

0.02l0.lAs) :
(85C\r, tlZn).

!8JCur ssi, Sfut, 2.SFe,I.SAI, l.jMn; tSn, 0.5pbl
Cu
(65Gr, 3SZ;,lr
(60Cu,392o, tSn)
(58/q5.9,. 

-231392n, 1.413Fe, 0.t/3.?Mtr, 0/tS& .

o/4JAr)

!s$eior, 36l4oTa, o.3ph 0.07Fe)
Sn
Pb :':'-

(6sfisFe, 13.5/17.5N1, S.j/7,sQ1r, 3e, I.g/ZES:. _,
I.0/t.5Mu, I.0/2.5Cr)

Q8Cr, I?Ni, 3Mo)
(I8Cr, 8N)
0?Cr)(l3c) --

:
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Cu

,-- -g.el Jt-.a,-t Jb.,. jl r../-l'*,'. (t ) "Lrj
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EF=**/F"
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./,
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YuP
srlI9llP"'.RFFEnF.UqEFglEtqr4FF4Ig:,gqNvERsroN:TABLE

: -, = GO lilEFi * a{ 
1.]e_ga 

qri' :++f, A5$i A j"J t .5 Fi T fl c i
-IEFERENCE POTENTTALS

Et.clrods rePotonthl (V) 6 25'C
-.Tcrn{rcnturt

Coetllcicntl'!
. -lmv,-C).

rt (sHE)

lrto ccnverl lronr the.mal lo rsgthslmal rernger:r&re coefricients. suorraq o.g7 mV .c. Thus rneisorhermal remferalure coellicient to. A9/A€CVIM XCt is _b.62 mvrc.{olg is fie standard potendal ,of rh€ hafl cett cor.ecreo fof rhe concenra0on ol rne ,oni.f"tE- also includes the tiqurd luncuoir porentials lor a saturate6 KCI san bndge ....r .:. ..

CONVERSION FACTORS(dI

From {E') T6 sce'Scirc 1e'1.:

FfzrH' .- i ... -.'."..i_o.:.1 _a.,a,AEAgCUIM KCt '.. +O_85 . ..-;:.: . .. _O.,fOu, .....:AslASto"6M ct-- +o,25 . _.. 
.: ,. ..-o;oir.

{seawalo.}
AgrAgCUO.tM CF; j .. +O_ZB8 .. .y.,. .:,r._ ,._O.O.rn :*_-:,=.
Hgy'}{g2cly'sat KCI (SCEI- +0.241r: .; f -ii .,: i-ar, -i., r }e . .._:.-...Efs.odl!!.K9'._-_. +o-e8o -o o3exgxezbrlolll'xell---'- ---*- --;ffi3t- _o,f'---CurCuSO.sar +o.30 _Joo
HgrrHgSOyH2SOl +O.6ld r..

16To conven kom one scale to arorner. add he value rnorcated.

Example:
An electrode potential ol +I.OOOV versus SC€ woulo oe (I.OOO _ 0:rll = _ r ?4tV versus
SHE.Anel€ctrodeporentral ol -t.OOOVversus SC€.woulogrve l- | OOO _ O.?4t) = _O.ZS9V
versus SHE.

tPllrth (o = t)/H ' (o *
AgrAgCUlM KCt .

AEAg€t 0.6M Ct-
(saawale.)

A€frqCu0.tM Ct-. .

l-{grt"tg2oy'sal KCr (SCE)
i+gfig2Glr'lM KCt
F@t!5G2O.tM KCt
Crbu.SO.sat
x9rr.6SO7H.SO. -

-' ' .: -r': 1
aaa
aaa
oaa

aaa

| 0.244
|. 0.283
i 0.336
aaa
ca a

o.o(X)
r O.235

r O,?5

+ O.288

; O-241

+O-280
.OJbc
+o-a)
rO-d|6.- .

+ O.il7
rO 25
aaa

+A-22
tA22
r0 59
;O.79
r O.9O

| 0.O9

To SHE Scale
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pHs O*r.t fl1,5 c-

,l5.-'
.+JJr u=Uir F-c t* : Lr, 6L: L- .fu J$. J . \

.rrt-t'=. \ .t;i dtr*:.1
.$ ft f J'; ,sy t &2r Crrbl .. \ -Li cy rlsJ- ;l ,+-.F -r

-r-J.- 'b:L I f -L; L rrFr: ^Li ;l .r[ c-:r. rhi. -f
-S rt 0 I; d:.l t &t, HCO| ili; .. F.c- u-b etl;- J:t-b

'r^)u- ,rLj I pE. ,r+ J-- pH-rl-ri .i' l*l \ +r.-zL;:.9

\ll -e>
v t-I -Et>

us^f -t;
r-L; F LI

Ca mg/l !H.

2J

zt

L'

2t

ZJ

za

z3

:-l

io

IJ

IJ

t.,

!.1

r5

l.a

IJ

t:

t.l

t.c

Jq2ElooqS.oo;oE

mg/l (pS/cm x 0,6i m S/m x 6 ,3 ) *fu ,l-ri-

0 -E;

msn
HCO;

J'

JAJ
H

T
d
;l
r.{J
r{

ra-{

,J
*
-J
fi
F{

-JHrJ
!EJ

t-.1 ?I F"'I L,,.,,
'1 !'J i"":J F.'
. J L,o.o-rJ E:l L._,'O.J 

F

'rJ i t'o

'J L.=.t 
F"J l"roJ F,"J r ''s

sJ '-

'oj F ,.,
t{ Lr-l L

'@;[ F '.,,,"J F .",*-1 F
{ F-s-st-J F
-l F'.o.@{ t

:o-J L- .t
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"nd
TYPICAL POTENTTAL-pH (pOURBAIX) DTAGRAM

IRON IN WATEF AT 25"C

pH

IONIC SPECIESARE ATACTIVITIES OF IO..' AND IO.5
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o
F
tl,l

Lk -o.s
-J
tlJ

tJ)
F)
o
J
s
F

ut
F
O -r.o
o-

4
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t./ HYPOTHETICAL CATHODIC AND ANODIC
POLARIZATION DIAGRAM
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CURRENT
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TAF=L SLOPE ba

OPEN CIRCU'T POTENTIAL

<._ 2H- + 2e _ H2(9)

-- CATHODTC BRANCH

TAFEL SLOPE bc

LOG CURRENT DENSITY

HY POTHE'NCAL CATHODIC AN D ANODIC PO LA R IZATION
PLOTS FOR A PASSIVE ANODE
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