


Modern Theory prrncrples |n Corrosron and |
therr ap plrcatrons e e
Corrosron studles can be carrled out by two methods o

~~~~~

“l ~-J’ herrnod /n-lrmr*» r

2o Byelectrode Kineties o e T el

Th ermodynamrcs grve the change in energy state also predrctsf.;'.-';;j}ﬁ.'_.:i.;j.:_;;;fij
the dlrectrons ofa reactlons For spontaneous reactlons Ahet s

systems must decrease therr Free -energy- and move to a: Iower

“.energy state, e.g- Corrosron isa spontaneous reactron For: non-.-?'-f;j;-';._,i,,'{_f~ Iits

. spontaneous reactions energy must be added to the system rn

order“to' facrhtate the reactron LAk ki S o

. Fe-sFe,0, spontaneous (-AG)

: Fe — F<->2(Z)3 Non-spontaneous ( + AG )

v ly thermodynamrc rate of reactron can not be predlcted
Free Energy Drrvrng Force of a Chemrcal Reactron
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:AGo S 596 6OOJ

;_-fiﬁ’-ff{ﬁ:.»-:jA'.Spontaneous e i
. Cu*H,0O(l) +%0(g)- AGo 119 7OOJ

'*-"'Spontaneous SO

L Aut3I2H, @(|)+3/40(g)—>AU(0H)3 (S) AGo =4 65 7OOJ Non-:~-

<. ‘Spontaneous - S M e e R e

Spontaneous
direction
| Spontaneous : ’f'..'j
Idirection .
AG
Change in

free energy

AG
Change in

e (1cc cnergy

& Fig.(1) mechanical analogy of [ Flg (2) Effect of reactlon path on reactlon rate.
B8 free energy change. e e , A R T B Ry,
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Corrosron ‘ el e e e e
Change rn free energy under equrilbrrum condltrons |s grven as

& AG is in Joules | Anode T
E is emf in volts j entod
& n is the number of electrons involved in the reaction

Fis the Faraday (96500 C/equrvalent)

,;For the Zn/ ZnSO4 half ceII and Cu/CuSO4 half ceII b | [ FE=s===s
:{4’_{4-}',,Zn+2 & Cu+2 Are:in unrt ac:tlvrty Aunit’ actrvrty, I\/Ieans

© - Igram.atom of element salt (‘Zn salt Cu salt ) / L Irter
oot Aqueous solutron (: electrolyte) B
:As Iong as the: Zn and Cu. electrodes are not cennecte.

i (shorts crrcurted) There is'rio flow of: cirrent .But o e
g .».'f_-.'f..,theeretrcalIy erectro-chemrcal reactrons are occurs at T O

Membrane

B Cu — Cu2+2e [#
Cu+2 + Ze — Cu

e e, Zn+2 + Ze — Zn and
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Corrosrc)n W e e B e
I thé Oxrdant and Reducmg specres are at unrt actrvrty then
ceII potentral rs calculated by Nerst equatlon for Cu potentlal

B £ — standard cell potential vs. SHE .
BESERE R — gas constant ( 8.3 J/Ko/mole ).
B T — temperature (Ko ).
SRR N — clectron involves ( Valence ).
F | F — faraday constant ( 96,500 coulomb ).
BEEM o (0xid.) — concentration of oxidizing species / liter .
a(red ) - concentratlon of reducmg speC|es / liter .

R _.;_}l'.f-wf;-f:}_.The change rn free energy grves an |dea of content of energy
;-;21';.-_..3’,.l"_‘_f'-f.‘d|splacement But it dose not give the velocrty or the rate of: .

“-0 electro-chemical reaction. The:other limitation. equrlrbnum states
"'77,'”-'._'.'.;-,.f;.'whrch are drffrcult to establrsh |n corrosmn reactlons T
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Corr08|0n St : % . e ) ) : Caefanines PVt T
Free energy calculatron have been used to determrne it Lo

1- Spontaneous dlrectlon of a reactlon

M 2 — Estimating the composition of corrosion products.

B 3 — Predicting the environment changes that will reduce the
corrosion rate.

B 2 & 3 could be explained by the potential vs. pH diagram of
S o metal (also caIIed pourbalx diagrams ). e.g. ironin water
:ﬁ'.'f_Redox potentlal or'e.m,f Series is a thermodynamic function - redox
Ci e has beefy utilized'to: predrct the corrosrvrty of-metals:in various:
-fenvrronments e.g. metals (ve) to- hydrogen electrode would corrodes
o hin acidsihut metals’ (+ve) to hydrogen electrode would not corrode |n
:bi;ﬁ-.._-_.";-_‘,“-the absence of oxygen R e R B D P R e

(-ve ) such as (Fe or Zn ) +id L Corrosion B
(+ve )suchas (CuorAg) +Acid — no corrosion

(CuorAg)+Acid+ 0O, — Corrosion would happen in this case .
Cu + H,SO, — No corrosion ( Cu/Cu*? more + than H,/ H*)
Cu + H,SO,+ O, —» 2CuS0O, + 2H,0 ( O,/ H,0 more + than Cu/Cu**)
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The corrosmn rate ef a metal de rease m presence of. Oxygef :

“in acids. With the: mcrease in electro-positive character of:a
metai (e,g Pt Pb funn .etc ) are un affected by conta[nlng @

l)l\/larcei Pourbajx developed potentlal pH dlagrams to show the

......

..........

between metal and aqueeus envrronment AT
3)These dlagrams ultlmately shew the COﬂdltIOﬂS for Jmmunlty,
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CorrosuOn Cefp Sl S N e e e

e +Fe¥EFe

Eq Ulllbrlum Reactmns Qf iron m Water

P e DH= H .
A +o2 +4H+ —ZHZO
',_2 &% F’e(OH)2 . 2
i A Fe(OH)3 B 3H+-

e+ Fe(OH), + 3H" = Fe?t 3H,0

Fe(OH)® & H! = Fe(OH), + HZQ

e tFe(OH); = Ee(OH)*

 Fe¥+ 3H,0. = Fe(OH); + 3H. i

'_;-f:..':i?-”e . Fe3+— Fe2+

e ,.;.fFeZ+ i H2 e

Al FEOH* % H,O = Fe(OH)Z(sIn) ¥ H+
' ;_;'};1Fe(OH)2(sin) F HZO =, Fe(G)H)3 . H+
“ofl Fett+H20- = FEOH2  + o P
FeOH 2+ + H2 -

Fe + ZHZO o

St Fe + 3Hzo ::-:{?: o
o Fe(OH)3 +H = Fe(OH)2 + HZO'-;:;

| R CRE LR e TS "o - - . .

~~~~~~

e FeOH* + H+

=‘-f-'— Fe(OH)2+ + H* 2 .:;::_.;..::,
Fe(OH)2+ +H: o Fe(OH)g(sIn) o H+ ¥

Sl FeoH2r £ = - e 2t 4 H,0

e Fe(OH) 2+ 2H+ = Fe?-*' & 2H20 |
et Fe(OH)s(sIn) . H*,: Fe(OH)Q(sln) + H O
e+ Fe(OH)(sIny -+ 2H*

{f-}{-;f?Fe2++ 2H, 0 = Fe(GH)2 5 2H+i e * Fe(OH)g(sln) 4 3H+ = Fe 2 3H o

= FeOH" +2H,0
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;;E*Corroslon. e Benefits of Pourbatx Dlagram

1 Pourbalx dlagrams offer a large volume of thermodynamlc |
" information in- avery: efficient and. compact format: .o e
| ~2--The mformatlon in the dlagrams cah be beneflmally used to

"""" control corrosmm of pure metals i the aqueous envwonment

>By altermg the pH and potentlal to the reglons of lmmunlty and
passwatlon corrosmn can:be controlled: Fot example -on-
mcreasmg the pH of envrronmeht n movmg to: sllghtly alkalme
reglons the Gorfosion. of iron’ can be’ controlled e

>Changmg the potentral ofi iron. to mare: negatlve values ellmmate

. cofrosion;, thIS techmque is. called Cathodlc protectlon
>Ralsmg the potentlals to more posmve values reduces the
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%?"C°r r"*"";’_F.‘. Llrmtatlons of Pourbaix Dlagrams

..,.-.:,;fa;,;'__;r-'-..:__fz)ConSIderatlon IS grven only to equrlrbrrum condltrons in:

1)These dlagrams are: purely based on thermodynamrc data
“and 'do not provrde any. rntormatron on the reaction rates

Specrfled envrronment and factors such as. temperature
“and velocrty are not: consrdered WhICh may senously
affecttheoorrosron rate e

':_,_:'.'l?;"."'{j-."":-'ﬁ':':};.""jf’.S)Pourbarx dragrams deal wrth pure metals whrch are not of | __i.:l.f{.j:;'.*?j
e much rnterest to the englneers S g e

g ;ler*trorle r(lr}r-‘tlf‘

We are mterested rn wh at happens When cells such as shown

: 7"'."':\f-’f.:i"f;j_:occurs The zinc Electrode raprd[y drssolves in the solutron SR
Rt o) srmuitaneousiy arapid evolution of: hydrogen 1S he

';'._"fiobserved at: p]atrnum electrode Electrons released from the

St i, drssolutron and consumed in the hydrogen reductron
S S G D O
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Fig.(3) Electrochemical cell consisting of  js
standard Zn & Hydrogen electrodes that has
----------------------------------------------------------------------- been short-circuited i

Thrs process IS the same of Flg (4) tn both
the overall reactlon s Zn drssolutlen and H
evolutrc)n The potentlals of these elettrodes
willno Ionger be at their: equrllbrrum e
: _;'-':petentlal ThIS devratlon from equrllbrlum
Sl ‘potential is called (the
'}f-;{.""d|splacement of: eIectrode potentlal +
o resulting from a net current ) tis measured
s i Yerms e f OVENValiae iThe - S
"fj_'f:r;.'.f;fovervoItage is' stated in terms of volts or'.
,fj-'_-;-f.f-"_,mlII volfs: plus or miAus. with respect ta:
-4 equilibrium potential (zero reference ).
" "~'7».';'-§~~_-{'From flg (3 ) the potential’ after c0up|mg |s

X Its overvoltage |s DMV OF

Flg (4) Corrod | ng Zn schematlc .'
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Corr03|0n

By plottrng electrode potentral
versus reactlon rate as: shown |n

| it is: possrble to establrsh a
pomt correspondrng o the platrnum— ik
.;_:._'f:hydrogen electrode ThiS pornt fach
“-tepresents the' particular exchange

;reactron rate of electrode expressed

in‘terms-of moles reactrng per:

“square; centrmeter per second no

;_'f{_-f'; net reactu on'

ol

Exchange reactron rate can be

'f';j‘.{f,ff'-expressed n terms of current

“density , and current densrty can be

: .f.;directly derrved from

Exchange Current Densrty

Rate of exchange

olts

I}'i.'l[l._'l.l[.]-i]] . S

Exchange reaction r 1| . moles
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Table (1) Exchange Current Densities .

Reaction

Electrode

Solution

- 2
I, AMp/CM

2H*+ 2e = H,
2H™+ 2e = H»
’)H+ ‘7*\_ H:
§H+ ...L — H‘\
YH +

+ 2e=H;
2H +
Y'H +
2H +
2H*+
YH +
jH +2e=

o o IJ lJ
T
I

<,.J
Il

)
I
.FEHF;;;;

O,+ 4H™+ 2e = 2H,0
O+ 4H™+ 2e = 2H,0
Fe* — Fe*?
Ni = Nl+‘_ + 2¢e

2N H,SO,
IN HCI
0.1N HCI
2N H,SO,
IN HCI

5N HCI
IN HClI
IN HCI
IN HCI
0.6N HCI
IN HCl

0.1N NaOH
0.IN NaOH

10710
10°
1K 1D
10°
2X 107"

4X10™"
4X10°
2X 107"
10
X I
16

5X 167
4X 10"

1% 10
10°°

0.5N NiSO,




\7'?'5~"-‘Exchange curren t de n31 ty d e p en d S on
o 1) Redox potential € ofametal S R bR

- 2) . Composition. of eIectrode

. w-i8) Temp. of the system. - el Ly
4) The ratro of ox1d|2ed and reduced SpaCIeS Sk

RN Polarization : L R
'f»-";l\/leans the reductro.n n- corrosmn rate erther by slewmg down the
--"'-'..fz:;anodlc or Cathbdlc‘-reactlon w3 Sredsfle o SR s 5 oo e

R /\C ti\vation Polarization

T’-'fjrefers to the condltron whereln the reactlon rate |s controlled by the one

) '7f.'e:j';fé.'i;_-j-;'applIed m th|s type of polanzatnon because an. actlvatron energy barner |s,:;}'fg.'§i
g _’.~'-:saSSOC|ated W|th thrs slowest rate-llmltlng step i
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o steps in hydrogen reduction. The rate

Voltmeter

A

H* solution,

1.0M H2 gas,

I
T
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I

e (0 DD

vl _ _ [ 1 atm
# Fig.(6) representation of possible
Membrane

of which is controlled by Activation Fig.(7) The standard Hydrogen
polarrzatron reference half ceII

i .C-onsrderrng the reductren of hydrogen ro'nsﬁ.‘to form bubbles of

_.ihydrogen-gas onthe'surface of a zinc: electrode:” PR
';The slowest of these steps determ'nes the rate Of the overall 3%

pressure



Corrosudn A e e S s e
For actlvatlon polar[zatron the relatlonshrp between overveltage r]a
and current denSItyl 1S e e AR e B S R

zallagTatelequation: - 5o bR
';.-.ﬁ';-'*‘_'{f'Where [3 and | are censtants for the partlcular half—cell The parameter r
. is'termedthe: exchange curreqnt densnty, which deserves a brief - .5
':;.-.-.'f'l_.:explanatlon Equmbrrum for some partlcular half-cell reaction is. really a

. dynamic:state on the atomic level: That'is, oxidation’ and reduction’ '
. procésses are occurnng but:both at the same rate; so that there'is no. net

s 1’.'-"’reactron For. example for. the standard. hydrogen cell C Flg o ) reductron Of
~’-'.-f.'_.hydrogen rons in sotution W|ll take place at the surface of the platmum

5 ':"Q-:'..'-"l'el ect ro d e acco rd in to

S e L g 2H+ + 26 — H2
2-f";',‘-.-f-_"exper|ence OX|dat|on as e
NG e H2 — 2H+ + 29 #
At r ate Fio o>(|d EGI urllbrlum ex1sts when ‘ SO e R, R S

S0 o

SRR SR NFHEEERG R 2 R et S 3 SRR ) . . A A ¥ : L e TR AT T 0
» > e ol A A ST AT BB (P X TN e Ak a3 ’ . -aie - a7 ) k] Y e s Oy A
e .ts i . Bog Daetis o LR en T, s T 5 S e ¢ T T G e . YA : o ' . R
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;fCorrosnOn e e it B RS A S
Thrs exchange current densrty IS the current densrty from Equatlon (1)
at equmbnum or _ . SR AR % ,

t = exposure trme (sec ) £a 00 e
M Atomrc werght of the' metal ( gm l mole )

n = No. of electrons transferred( the valence ) el e S
F Faradays constant ( 96 500 Ceulomb s or A Sec/ mole )
A Corroded surface area ( cm2)

"'.

Rt 2

o, eet o 0, deitt 8ty e AR - e i 4 =N e gt gnere . . " . . . . e
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Tafel equatlon |s graphrcally rltustrated |n Frg (8) If a Ioganthmlc
;i.j:"._.‘_scale is used, the. relatronshlp between overvoitage or potentlai and
~oeurrent. denSIty is linéar’ function The value of the'¢ B slope or Tafel

fconstant ) for. electrochemrcal reactlons ranges between O 05 and O 15
';-:_volt ( in general [3 O 1 volt )

B 0. (8) For a hydrogen electrode
B Plot of activation polarization

B overvoltage versus logarithm of
= current and reduction reactions.

j;-"?ﬁ_'."Both I|ne Segments orrglnate
. at the'‘exchange current. =
- density; and:at.zero T
3 -',-‘_;,overvoltage sinceat thtS
':prInt the system is-at’
_'-_;."_',,'.r};equn|br|um and there rs no :
,'t'-net T eactron -0.3
SRR A R S 0.001 Q.01 0.1 1 10 [0 1000

{h-'ur\-'r_.tltu;_{c 1. voIts

Current density
(logarithmic scale)



{Fig.(8a) Polarization diagram. g8 ,. :\ o

( reversible electrode )

Potential vs Calomel
r
|

Loa (i)

RS- (8b) Polarization diagram of Zinc
553 in contact with its own ions.

Potential vs Calomel
L |

Log (i)



Depletion
zone

Cathode Cathode

_,._.}_'\'.-':ﬂi Fig.(9) For hydrogen reduction, schematic representation of the H*
distribution in the vicinity of the cathode for (a) low reaction rates and/or
@BEE high concentrations, and (b) high reaction rates and/or low concentration

B \Wherein a depletion zone is formed that gives rise to concentration
®8 polarization.
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}fCorrosu(m e i i ’ '

In concentratlon polarlzatlon We calcutate the I|m|t|ng dlffusron
~elrrent: denS|ty A<t represent the maXImum rate of reductlcm
possrble for a glven system the eq expressmg thrs parameter rs

Where |L =: Ilmltrng dlffusmn current densrty
D dlfoSlon coefﬁc:ent of the reactlon lons RO
C concentratlon of.the’ reactlng |ons rn the bulk solutlon
X— thickness of the dlﬁUSlon layer i e '

The dlffusron Iayer thrckness ls lnf]uenced by the shape ef the partrcular
“‘electrode; the geometry of the system and by agltatlon If we.consider. AQE o7t
actrvatlon polarrzatron then the equatlon for concentratlon polarrzatlon |s

nF L,



;fCorrosuOn

A graphlcal representatlon of the eq (2) IS shown |n flg (10)

vervoltage, .

- — —

Log current density, ¢

gz

| , Fig.(10) For reduction reactions. Schematic plots g

@R Of overvoltage versus logarithm of current density
B for Concentration polarization .




-Frg (11) lllustrate the effects of changrng H.f"f'rttrng dlffusron current on 2 B
“the shape of the polarrzatronf rve- encountered durrng concentr .
"-i‘.?polarrzatron As. the solutron velocrty S concentratron or temperature
. are increased, Irmrtrng drffusron current. rncreases Slnce all of these'i.-f: 7e
s factors exert an rnfluence as mdrcated ineq; (2) s e ‘

[ncreasing velocity
» Increasing temperature |
[ncreasing concentration TR,

log i
Fig.(11) Effect of environmental variables on
cunceutmtmn pulat 1zation curve.
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;{'Corrosuon":-*"' e R e e R
Comblned Polarization i

:_Both actlvatlon and concentratlon polarlzation usually occur at an
..li_’-'.}'_-'a,_.".electrode At: Iow reactlon rates actlvatton polartzatlon usually contro S
::‘-.whlle at hlgher reactlon rates concentration polarlzatlon becomes

"f}}'i‘.;i'f:_fcontrlbutmns of acttvatlon polarlzatlon and concentratlon polarlzatlen
Corros&on Rates from Polarlzatlon Data A e £

O

=/ '09 +23° L jog| 1 | EEREEEE

O

Th's eq“a“O” 'S graphlcally IIIustrated m f;g (12)
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Fﬂlrglrf:{.:nn Fig.(12) For reduction reactions.
Schematic plots of overvoltage
versus logarithm of current
density for combined activation-

.'ﬂ?.['l":l.ltr.'.l.ge. r]”

concentration polarization .

Cancentration
polarization

L-:||;r -:urrent -:Ien-sit',' i

,, ered potentral Theory N :
;»,_.-..';_"--':'}"The mlxed potentlal theory consrst of two srmple hypotheses e
1 ANy electrochemical reaction can be drvrded rnto two or. more partral e
oxrdatron and reductron reactrons SV U
2 There can: ‘e no. net accumulatlon of electrrcal charge durlng an
: electrochemrcal reactron VR e N S e

: SAHEBM MARDE i s T G



Corrosrcn St L rig e gt o e SHadR et on e
Durmg the corrosron of an electrlcally lsolated metal sampie the
- total rate-of ox1datron must equal the: total rate of reductron

Amrxed electrode s an électrode. or metat sample whrch rs rn
contact wrth tvvc or more omdatron - reductton systems

Example Zn rmmersed |n HCI such |n Flgure (13)

Frg (13) Electrode krnetlc behavror of zinc in an
acid solution.

Both oxrdatlon and reductlon reactrorts are
rate llmlted by actrvatron polarlzatron

Electrochemical potential, ¥ (V)

__E (ZnZnZt) - ——
|
I

in (ZniZn=")

1078 1076 104

Current density, ¢ (Afcm®)



;fCorrosuOn

C@rrosmn behaVIor of Iron m dllute HCI aC|d solutlon

10710 1079 fs"
Current density, amp/cm?

Fig.(14) Electrode kinetic behavior of pure iron in
o $ acid solution schematic.




Calculatron of Corrosron rate from corrosmn current ( Faradays Law)
Faraday s Law states the 96 486 7 Coulombs of charge transfer wrll

OX|d|zed or Reduce one gram Equrvalent Werght of materral rnvolved rn 3. _A , .
electrochemlcal react|on Freh e haiR | OB R G T

;:'- (Avogadro's Number ) 6.023 3% 107 JJrum/ (.mm Atnmu W ett‘rht N LJ(E:.iLEt(j.T Coulmnhs

6. ”'—l/ 10" Elec fr ons/C nulnmh ann‘rrt'

If we Want to know how many Kltograms of rron (Fe ) wrll be corroded by a
drrect current drscharge from: the metal S surface into the surroundlng .
electrolyte at a current ﬂow of one: ampere for one year usmg Faraday s Iaw

o3 ﬁ{]Sttrutdt o ﬁ[]”rrtm‘t S v H’-I-H;mf § > 365Days 31 536, }”Us“ ”{h

Minute Hour Day Year Year

B | Coulomb = Ampere - Second , Or 1 Ampere = 1 Coulomb/Second

31,536,000 Seconds 1 Coulomb 31,536,000 Coulomb S8
g | Ampere/year=—"—"———— —~x—— ="~~~ &
: Year Second Year




Slnce 1 coulomb W|Il corrode (lgram equwalent welght of |ron )

R 1.336 {}{ )() ( ouloml*m/\ ear T”ﬁ 9 gram equn alent % euhh t1 anxtet 1‘ed

96.486 Coulom tx/(ﬂa.m R ¢ ‘ear
The gram equwalent Welg ht of |ron can be calculated as

B Gram Equivalent Weight (Fe )z —— ————————————————— (_-ntm At{j_'l.lm \-‘»-"mght -
No.of Electrons Transferred / Fe Atom Corroded
55.85Grams (Fe) (
2(Fe - Fe** +2¢)
27.93Grams

( ram EL tmalent W emhtt Fel

f..'f"The flnal calculatlon to obtam the Faradlc consumptlon rate of |ron IS as
oW e e e e e e S G R R

B 27.93 Grams tFe} 12.6.‘_5) Gram Eq. Wt. Transferred tije'f} 5 9513[} Grams lfFe}
8 Gram Eq. Wt Ampere - Year ~ Ampere- Year {8
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:..: Example problem

B Rate of Oxidation Computatron

- '~;-;~'§_;--'Z|nc expenences corrosron |n an acrd solutron accordrng to the reactron ;
i .. ., Zn + 2H+ —>Zn2+ £ H | o -_ .. ..
The rates of both oxndation and reductron half reactlons are controlled by

-.actrvatlon polarrzatlon S e e R e e

.f,:j;";_-'{-f(a) Compute the rate of oxrdatlon of Zn ( |n mol/cm2 —s) grven the followmg
;';-4_f'~:':<.act|vat|on polanzatron data S iy s b SR e :

For Zn For Hydrogen
e — 0.763V E(

(Zn/Zn?")

SEE i =10 Alcm”® i, =107 Alcm?

g p = +0.09

(b) Compute the value of the corrosron potentral T e £

o R N MARDE T



i fj:(a) To Compute the rate of oxrdatlon tor Zn rt is f|r|st necessary to estabhsh
.";._-.'.{:'irelatlonshlps in the form of Tafel equatlon for the poterrtral of: both oxrdatron
e Jand: reductlon reactrons Next, these tWo: expressrons are set equal to one
'._;fanother and then we solve for the value ofl that is'the. corrosmn current
I,'f'j_fydensny e Flnally the cortosron fate: may be oalculated usrng Equatlon (1)
The two potent[al expressrons are follows For hydrogen reductlon

e GAMER N MARDE S B T e



e A nd solving for log ¢ (Le.. log i) leads to

BB][E(HWHz) - E(Zn/Zn2+) B BHIOg ioH + BZn |Og ioZn]

[ s8-Fas) o- 07691 (009910 osNog 10 SRS

e 1.19 w 10~* C/s-cm? e 10 L,
e — ——————————— = 0.1/ X U7 mol/em®-s
i (2)(96,500) C/mol)

> LN Y OF T I e PR TR i LS
’ Ze . we o g L LI S A
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Corrosrc)n Sty :';;'..A-’.I_-;‘::. S e LN e
(b) Novv |t becomes necessary to computethe value of the
corrosmn thentlal ol Thls 1S pOSSlb|e by usmg etther of the
above equatlons for E of. EZn and’ substttutrng for I the value .
determmed above for |C Thus usmg the E expressron yrelds

E(Ht/H2)+BH|0g — R 9 e e U O

oH

1.19x10™* Alcm?
10*°A/cm?

=0+(-0.08 V)log

R 0436V

;f;}:f;;.-Thts IS the same problem that |s represented and solved graphrcally |n
e voltage versus logartthm current density plot of- Flg (13).Itis. wOrth
._ ,;_j.-.-..';f--jf;';not|ng that the & and Eg we’ have obtalned by thls analyttcal treatment ......
’;;"..;",'?f{'.”_j‘are Ry agreement W|th those values occurrmg at the mtersectlon of the .]___1.'.-;
:;;."_-'_i:'j'-f:'utwolme segments on the plot ARG S S R B

E A M e D Al . =y . N ‘e e .’ L - - . . . . . . ot
see - v s o ¢ P A ‘. . . e ot 0% RIS - o, et 0", . . .
of R P fol LT o . v i 4 . L Ly . p( L) - -~ o8 .0'a V0 e e e’ m
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