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1. FFH

49 (7 3t (mixed potential theory)i= vl%t Rahs
g 2l ol gl —fkAIl WRILE BlgclA vl 1900
W ool 2 A glglA Rt 1938y &k Darm-
stadt T & %3¢ C. Wagner 8 W. TraudVe] £} 3}
o Hlzd ALon MREHAT oW HHMERE
BEALTE [ (corrosion potential) ¥ F71¢] FAd 2
v ARy K B B Bl ®AN
(mixed potential of electrochemical equilibrium poten-
tials of two simultaneous electrode reactions or two
redoxreactions) o #%i5Etel. wheha] EERE B R
sEE AN EMEET BEKEY FREEAd 3
o] 4] FgFRAZ7F "ok

olgl ifekol A Zn/ZnSO, ¢k el el TEMHE
o] Wiio] ERE(TE Pty ¥ (single electrode)
5} Zn+2H+eZn?t-+Hp 9 7ol ol e] EEEES) &
el FHER S dEste M (double electrode)
oz e A4 ¢ A THED RT HE
ow TTEW, MUEHE, e e AR g Utk T
T L) 19 %I (multiple electrode) =& EAE
(mixed electrode) @} gheh, wheba @Al Tl B
Sps BREEmpe s oo HH 24 galvanich
#h7 #tb (corrosion cells or corrosion elements) & HSH
A sich, BEs pafio] Mo E Mz mAHE T
ol 19 (macro-cells) 2 B¢ Aol FHEHIC =

EAE 242 glom R (micro-cells; local cells;

local elements) =& HEfiEo=z EHE + @ow
submicro-cells = &BEE B} Blel i
oz FAASA HfEo v R B E 5
gieh, wehA] submicro-cells & MWaES = &BS B
22 BEHE A FAT KB H

SBERE 2MdA BR BAE vl Fod wEt
od2A9 EaEihs ENE 4 gled & SBEN
2o BTN EABM) I BETL, BEEAs
A2 e A Solnl —iy WRLEN B (s—8Ar
HiE) o) Hv] iR ES] S&BmEW H—3hA deint
T} o] A e B ] SRS«
LBFEEC AX FxF SAEHAS . o9k R
B el sl el KR BT
o WA B =g W Eake]l &BREAA BRI
oz dolge} o] ALl FM THRILEY JEh
(TFE—RAEEE) ) v &BXEAN BE =< i
B Bz @EetA rebdot MRtk
AR} e HMEEAlo) BiKel Sl #E
51, pitting, JEMBEEAR (contact corrosion), RIBMEEL
(selective corrosion), ¥rFREEA, WMELEEE, HENES,
crevice corrosion o] #%%9] EHEA EIch

Slojl Al A B ubel zro] LMo E Nol k¢
Aohte o 2AN &BFEE KA (short
circuit corrosion cell) 7} fEAg et A =2psE Aol
o] 9} AL 29 RBEEME(ocal elemernt
theory)o] 2} o}, o) o} & 3EE ¥E F1EA A
ol R 2 HEY A &BEW 2E el

97 g

O
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J— 2 J—
© ARz B HEE 5 F ek o)l
,_#5}71] Bao]  Qoliupenl 29 H:xsd;m(local
clement) e} 4e)ix obF Ao fifiel AT

ot frdested of ok Aolvk Bipiiihel filie] obF

BUhety]l el By pRe s HEY S glon,
TR TR (DIN 5C00) of waiggell ofabwd kel 43
BTl 1 mm22) # 1~10% o) sk EfRE s
s RS eh Ay -3 (vde] A So] &BFIG) M
Bel AR vhE el AfEslmn SRR R Bk
R srel miEl e, f1E B Zo AL i
4zl (inclusion), JKE5# (grey cast iron) o] 4] 9] Zof 4
(graphite), 188 (white cast iron) s} };‘Q;%‘@ﬁ‘uﬂﬂial
A "J]_E}O] E i (cementite) 2} 7+ H7 4 G TR &
£ Hz 2l s L@i(over\oltage)ﬂ wA Ehmg 41‘1“!”0
B A RHSAHCD $sle] Eafie B fEmeA E ok
fifiegl {[}I&) - B8 v 40 }'l?; o L 7y (grain bo-
undaries)-> KA el vFE YIEE »':‘— Hﬁ] ERRS {}g‘«% %
Tl F Zhe leowmz ki) LPL M ¥t (materials)
ECRME 5 vk e s R M’\w v R
LRy 2 #i8st7]) (more active, less noble) = 54
2ed sl A @ahskA =t (intergranular or intercry—
Pidazt zhe) Fgifebiil MR- §
BEmahiE s Ctmez A ;iitf%%" T lov %/??JP
T BERY MRS 0 =2t B3 4049 —@
B ERILARY Eaha zre H %ﬁ" WhESHA R
T Qb o]o] C. Wagner 9+ W. TraudVs} Zn-amal-
gam Aol BisT Bac]l Mz rHisled fhest
=4 ok ek ISR 29 ERlime = m.lmfii
AABA A pA W Adg e *E‘Jﬂﬁ = gz
fE4e8kesr A 78 A o] o} (Kathodische und anodische

Teilvorginge folgen an der Grenzfliche Metall/Lésung

stalline corrosion),

in stindigem Wechsel mit statistisch ungeordneter
Verteilung von Ort und Zeitpunkt des Einzelvorganges
aufeinander). < Zn-amalgam - £io] [yl B
st o] ® 4 v 019F‘~‘ del Hiebo R E
== Zn 779 ,EE'M JRTH S 32 (EI R ek Aol
AE= Azto)ok

=Rul 7Mm°ﬂ* C. Wagner o] AUl BERFH
'?‘Aoﬂkl AW RS ZHEA At uaslz g

2. RABMRel BE

& it o) 41 2] E-PH [ (Pourbaix diagram)& #hy

EER AR Tidiel el wR) EBak(E—i
plott) o} “P¥HBY) Pikik (2 Evans dlagram ol g}t fr
#) (E-logi plott) 9] 2 7p#] FrJivhe]l 9l

B gl S £ 43 MEE 25 ol
o) A& & (Metallkunde; theory of metals) o] /H E
8] 2= HRBME (phase diagram)o 4%k},
B A HE, BH =5 fike] THREs 757&‘5}
32, EAAEE (wet chemistry)ol 4l PH 7+ acid-base«]
B3 FHREESE JESI o) Pourbaix diagram of 4] =
M ZE] AFo] FR{b—RoCe] ¥ FREREES B sl
Erh So vl AAS S EEhEEl A Y e
Hi%# (polarization curve)*2- F7 [ A8 5 (kinetics) o Kk
W 5 gl o BB A el e 49 BBy
— 34 HEIE (Time-Temperature-Transformation diagram)
of #EAL 4 glrh

C. Wagner %08 fifrhio] -°] Zn-amalgam 2} g
of W WRILAR MRS WRILE Zodke] Lo
Hrk o749 B2 }%ﬁﬂl’?—q} Hipel  BEsk) a
3ot Fig 1 frhel A9 &9 mabel 28k /ria
S ek}, SRR, E—i'ek E—i, o}
Efgste] ZEihe &% o (BRRED Hat ZH&" g
fr, Eo o+ E’, & verdvh. 4Ephiy, E—i, o

——————e
m
o>

™

2
Me +2H' 2ep= Me + Ho+ 26y

i f;i= P+
- i

E
° Me == Me2++ 2ex

2H+ 2ep e Hy

+i

-\

Fig. 1 Schematic representation of E-i curve for metal
dissolution in acid.
Ey’ =metal-dissolution equilibrium potential, E,-:
mixed potential, Ey’’=hydrogen equilibrium poten-
tial, partial E—i’ curve for metal dissolution
curve for 2H*-|-2e;2Hy, =il i

=total current density, (+) current density in

partial E—i’’

anodic direction®**, () current density in cathodiz
direction®**, increasing potential in mcre noble
direction¥**, decreasing potential in more active

direction?**, **5g9 gppendix.
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E @9 2585 E,, & Ev'$ Ed'Akelel Al et
o] ZEIARE EEEMer ohi, o W W5 ENEE
o} fREHEE Rz FkE Az SEg@(E) =]
(Em ). 2oz nol B/t 224 & R
o) Wbl BERMLE Hel MrE 4B get £
4 oqleh, oldl MAB(E. A &) Tv EEt He
gas 7} Wb E = ol srobok dvhiz zlolth H|E
sl Enolld BRMCEN FEREES RSk ER
Hhikol A o] BATRAFY kAN (div i=0; ] source
% sink & 9 ebE %ol ¥k Seleh. Fig 1l
A AYW 4Eel BRE Vel E—4 iRl
Ao KEHE(F A9 Hkel gz FS) e =,
KEg b e Vel E E—i #oriiiRel Aol B
& e E, ol E—i’ R FELL, Ed, el st
o] FolA Hrh

3. 29EdE, E—-i, 2 7|2712 RHe &
EhiEE FH

HEREA A R, E—i - potentiostat 3
Tl HERMmeZ WS F dx =T E=E, 3
i=0°] eld 7% (aa—f)ua T 5ol e
shoAre BB BRihol A EEHIE S EAete B

L oh& 37bA fEME fEshe]

(a) Fig1ol4 @OBA, Encl “F8EfL, Ed o
Szte] s, Ey'ol del deix] gvhm fHaEsHA o
A4 E'>EY, & WLBILR 7F R e SERLE
tho 5 Bpgstc} (more active) iz &4 ¢

Ey' > E,=Ey.
(b) E, 3o E—i ifge] E—" fifgact A
e
(G)> (G, == (Gp), (58,

(©) Ens} By Abol9) 2o el 85 oM,
Bi' ol ifield g

(32) ("“aif )= )
3 iL(gE) (E—Ey).

(L) =17 (B | = (En—E) (55). (O
Rty En FHEG o % 2008 E—i
o9 A% WEFSEA RAGENA RWEHE
WS S HGREE, {(E)= i EDIE H
a S dvh W RN RS WEse A9
o #(E,5h et o 5 A L= By S FefE T 4]
RS <13 WRILBY BHRE Kkl 4727

B BIBE AAT F 9 sein olrld 5
& e data = b4 St BumEyelx (ﬁL)

Ti) o Hethel SpEOIE % K ue fmA
s+,

2. 28] #ormRkiRe] £A
ration polarization) o] 2] &}e] e ,LE] = A 9-E A
(M. Bodenstein®; K. Bennewitz und W. Neumann4 ).
B REC) ol he Fokel WAMMG A Wlks
Aol (Red'e} FRE = RS Bl-—BCH'Y BICH
o Ox"ob FiRsl = /e R WE) BId 3T
Ry el Slrhse A 4ge}, it £ Ox'9} Red”’
T ASHH F23 sl A (EpiR ’L‘f@”’”i“’] BT,
25 BRI AAE bR o #3E T gv
fiEE 7l %2 4T Red'sh OX/sb —iy o 2 4EBTIGR
Wit rie] RS 2 ol Bl vhed e $5 S
el Qo] mars et -

2,*2& ]1‘# /U\ {F ( oncent-

i __ g , , '
F * DRred’ * VRed' * CRed

iFft——Zq-E— . Dox” . VOXI N C()J\
. {1—exP(“L.[§£”_ﬁﬂ)}

71 A dE=EiEol A EEES S0, ¢=Te) W
i, Dred’ 2 Dox" =HEBFREL »hed W vox'=—%
T2l Red's L= =& 4 19 OX"E #WiLE
) Zodehe AR FEBE, cra P cox =N
219 1% (molefemd), e= I}T =Nernst ] AR 2
log el & WTE A% Hokdcl, Tyl EJ/9
Ey, 7t Az "8 dolA gt HESH. F B —
Ey»e Fig. 214 & 4 X% foomhist 248
Sk 5 7 BERS (=8 EREE)E <4
ehdich o] |EY WH-E EWEERS arld {kdd
paEdth E—Ef/»ed ASol w2 WETE A
Red’e] BEEE7 ¥ WEtol kel A ol AolA @
HEE, (cped —0),7} HEEE S 27, webA Red'§4
o] kol HEIE MR EREE, fme 8 I (E
= EMEE)E AT £33 4ol Ef/'—E>ve
9] A9 Ox"EAe) |Gl FHEI I M ERE
HE, i mae & A7 & RETT

BETE, E.7b Ed B =5 £ Tl A
1t} (Fig. 2 BR). E.°] 719 S de A&
RATggstel, vkt F 4R s EB
Velbies 3ol A EaighiRe] EREER, [ (X))
oz Be o7 golHdeA i=07) 5= BEEL

(3.
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Fig. 2 Schematic representation of E~i curve for con-

centration polarization.

Ep, 7} f#403HA S37] = Folvh, —ifyo s BAEN
 old FHel ool wha] = EE—BTRY
FHEA el A Ak webd BEBEA 8
BROBFESE 23 ME—RBrRd SHEEE EEd
HEE ).
E,zEy for Dgeg' + vRed - Ced >
Dox™" - vox" « cox”’ (4).
En=Ey’ for Dot « YRed * Cred’ <
Dox™ + vox”" + cox” (5.
Red’sh Ox”'2] @irit4i0] Wy 2 #Lee] wheh
B} G)hel #%8+) Drat’ « vred' - €red’ =Dox” + vox'’
ceox" o HRE Wod, E,=E/d)A E,=E/'z 7}
Fzgo] @B =
Wl A5 44 BEO 2 5 dn BRY BE
= W S gleh zeh R shiale] Hrkpyng

(rate controlling step) 2}, RAEEH A B E
of —kihom o= Ao BRIMBAY WMoRES &
o et dol vk AUA m: HER LB KE
2 BBERAA FWA3A F F 9t
3. 7Y B—RTRS Mo omiige] B o
9 B HRE (charge exchange processes) &F Fi 8
# (discharge processes) o] 2]3leo] pE=i= ALE g
Z-8FA} (42%] activation polarization). o] 7 $-¢] %%
of fkdte] WIEE T BESE dolvA Gz g
Z}8ke}(T. Erdey-Grusz und M. Volmer®), o] 7 -
o o I&KZ%D}FE £ ) P
= on( BB et BB
N e
(7.
A71A €8l CU=TE e REe] HPRA T (dimens-

ion) & ZE Wi €:——RF—T~=Nernst TE AR log

\E

i

Eo

—.

- i

Fig. 3 Schematic representation of E—j curve for activc-

tion polarization (linear representation method; .
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BT, o, o, § 9 §'=HBH KT gE 0614
17449 & 2E #6 HY¢ HAY Ae H%d 3
$24 L3kg veich Enol Eyst B 238 9
2 goid glow i &

E,—Ey>e 8.
Ey'—E,>»e ()]
oz Ey'>Ef, % BL—RTR 7 e R 2ok o
stz AA4gd olsh e TN E=E,
BT AA (RS %2 EEms DR 541
HBERL 07 Aok oAg Fig 3o zdez %

TR 2FERES
i:C’exp(,B’-—E—_E—Ei>——C”exp<~a”-——————E;E°”)

(10)

o 2 FiRAth, E—Ey =BB# 41 (anodic polarization),

E—Ey' =15 (cathodic  polarization) o] &} 3}
ol F i, 7 /b HEWy F AL (n>0.12V) 8} o} &
£ -0 FAY R A2 gre] A7
2,

a. Tafel #-4& % (Tafel extrapolation method) (7>>0.
12V)

(1)Kol i=0, E=E. & Y23 BHENM, En
PES = Aol Ao, o] R WU At
Ao g A9 EA BAELCT REE G
olth, & Lifigh 2.9 Ao A R¥H= At B
T 3tk

B R ES PUEME(LBRE (thermally activated proce-
sses) et AZgte (6)3 (MR HEste BEERS
BREE] BHE €& + 290 @)% R &
T o3t e REE 48 F Ao oAe
(104 FES Reldt
lazF|-(E—Ey)

RT

Wl ot e

i=1y{exp

—exp—

A7 A o= M o) R Sl EREE
i'(E,) =1i"(En) |), a=transfer coefficient
. G BREBSL REFol vl HEfrAte]d] RFEA ]
Rf-oF BRI A fefrateld KEEAE

=REEHAA BRES AT BERES 55, (1-
o) =2 & BEERES 52, F=Faraday %#
T &4 FERdld, BEAEEES (+) BNt 2ERREE
Bfmoez SMA 7Y (anodically polarized) & EZ
Eg'o] FE38 s7EA &3 F49(Fig. 3 2R), i=
(D8] FTHS BR= = H—Ho) Kk rES
=, (Tafel FER) :

E—Ey=8,(log i—log iy).

| (1—a)2F| - (E—Ey'")
Aaiote } an.

\E
loglil logl?|
Em—ep===oon 777 . o logli®l
!
1
1
floglil
:
| -
f loglil
Ioin'( Em)|
=log|i{Em) I

Fig. 4 Semi-logarithmic representation of E—i curve for
activation polarization (Evans diagram).

a4 p=2I8 = dE
‘il A 71e71 8 el ok
o9} R¥E BEMoE 48A 7+ (cathodically
polarized) & E & Eyo 33 #EA79 (Fig 3
21, iv (DR FHA k3o gegd o (Tafel
HER) :
—(E—Ey'") =,(log|i| —log ig).

— 2.303RT _ dE _ o
A4 p= (GemsF] ~ dTogT7] =Tafel E#;el

B #WE AeAE vebd ot

B3 A%S Fig 4 9) o] R FRkes %
78 4 vk (Fig. 3 3% HiK).

ol HEEE 27 BMEAL E. I BEEE, (E.)
=" (En) |5 B BET & 3t F 2589
BRoEs BESEY EHETSE 933ty R
Fabd gl o} ZEBholl A logi’=log|i], i'=[i""{o' 3
E=E,°] g+t

B A oA BESE data sk bz
(E)F E, & BER F A : (E—E) =n(BHEE
EE), (E—E/)=nEEAER % T2 (I3 E
g

i-——io(exp

ADR i=f (DA BEHESIE A2 i ba

=Tafel H{ B

2.303n exp- —2. 3{.30317 ) (12).
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RIEL L EER SR

B9 RTE 347853 (trial and error method) o2
HEYR & Aok zEd o] Fikel EA rhgs] o
ol FlE B9 =1 mA/cm2E FEsl, o8 set
Ba %k 8.4 kel K3t semilog graph & i—y Hig
% Z# o}k (nomogram (FE*). HEO R RES BiGHk
g nomogram o] HH LEEx (- e KL &

r_E

oA HES B B9 M-S 32 nomograme]
| do=1mAfjem?oll FZ¥3t= BxEMiie) BHRwEsz
& 1o B OEST

b. #8158 5 (linear polarization method =X
polarization resistance method) (3—0)

Tafel %Mol EE flolr] 3t E,10mV o
G o A jocy o] 2F F-a LT (polarization resistance
s/DE WESH i B REdel o] = 3k ko)
Tafel sl A ok whd7b= 2 b 554 (activation
polarization) o] {£3}s HhgE= o},

(12K A 70 2 79 SElRe 24
7 M(Stcrn Geary HER) ®

of 7] 4 1/r & ghpE ‘Lt 4545 (1 (corrodance =
= polarization conductance) & #BRE )

4. E=E, 3-ZdA 2AEME 7$5% 78 &

gdewl (I0X¢ FLiwez E 4 9ok, (10K &%

et
i Cl " .8, R E EU
aE)E E. € exP('g 3 )
C a exp(_a// . Em_E'E(]”)
(13).
(A0OKe] i=0, E=E, & ¥7 o|AL (3R} Bz

A7 AR C'9h C7E Ful EmrJr(»a"’i) o =
el S gl ol2A Qeld O o OF 8 ge (6)

3 (DA A

07
£ v e
(B =11 (Ba) | =g (14).
=1 e'=le mEam anxe
dn _ ¢ 0i
dt " F E (15)

22 FAH G7A a=BAERE T s s
ERBE BRI E.ol )3 XY s 7o)
Eg'st Eo’ell Al 28] dejx gl = 919 (15)Re] &
BT o % order BIE Hol FolZeh (15)R& F
BE = 5818 EEE AL [HiF] f/<1, o'<19]
2 A5AS 7t 12 "8 Y] @ Ee (1SR

*p=-, ImAjem?, ---of BB of 2] 7] 2] nomogram
€ WE dar g2 REMEInA/em? itrdez 25

o BEEEs HEEcH W4 2 e e C‘l
o e AT KESEI BESEC mRe HEEy
B B4 AAGE. HESEAAN F=02 E (6)
A} RESBAA =12 F (QRKo] @3tz =
a”=02 & (MAF} voxr=12 £ B)Ko|] A%
A FdE Ae & F Uk

©)F MAeA HEEREHES A4S
%3 B

4nm41

FH  EiRs
AIEARSL vl e,

i
dn F 7E
dt exp[—(a’+ﬁ)—————Em_E° J

a''+5 +

l—exp[ (a’+5 )E—E—‘l]

. exx>[—(a”+ﬁ“) ﬁtfe"-ﬁ]

1—exp[— (a"”"+8") [—EO . Em,,]
(16.
& 7 gk @ ORe mEsd (16)Re
wa meke] (14)Ke) sz, E.—Ef<es} Ey'-
wre & BESE AT 2P (DR Rk

oL e

Iy

4. ¥ E

RATMIRS BTELR" fEs F
e EHEGE WEN T, i REAA R
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Appendix

Sign of Potential, E, and Current Density, i »

With respect to Fig. 1 electrons, ¢, and ¢; at both
electrodes, @ can 8, can not be eliminated each other.
because chemical potential of species e, and ez, p(e,)
and u(ep), i. e., Fermi energies of anode « and cathode 3,
will be equal at thermodynamic equilibrium, while
electrical potential of anode a differs from that of catho-
de 8. Moreover mass of electron, e,, is, of course, equal
to be that of electron, eg.

The terms anode and cathode for current density are
connected with the direction of the reaction (oxidation
and reduction) at the electrode, i. e., with the nature of
kinetics and not with its polarity, i. e., not with its
thermodyrmamic property.

The terms higher and lower potential are related to
the driving force (tendency) for the reaction at the
electrode, and not to the direction of the reaction. When
a self-driving electrochemical system or a galvanic cell
(energy producer), is considered, the electrode with the
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higher potential (i. €., more positive) from which electron
acceptors in the solution accept electrons is termed
the electron-source electrode, thus will spontaneously
undergo 1eduction (cathode with respect to electron
acceptors in the solution) and the electrode with the
lower potential (i. e., more negative) which receives
electrons from electron donors in the solution is termed
the electron-sink electrode, thus will spontaneously
undergo oxidation (anode with respect to electron don-
ors in the solution). Thus, in the self-driven cell, a pc-
tential difference is generated by the current driven
through the external load; this is a current-produced
potential. On the other hand, if the system is an exter-
nally driven electrochemical system or an electrolysis
cell (substance producer), an clectrode must be con-
nected to the positive terminal of the power supply to
make the electrode function as an electron sink in an
oxidation at the electrode (anode). Similarly, an elec-
trode must be connected with the negative terminal of
the power supply to ensure that the electrode functions
as an electron source in a reduction at the electrode
(cathode). Thus, in the externally driven cell, a situa-
tion which is precisely the opposite of that which ob-
tains in a self-driven cell. The potential difference drives

the current; this is the current-producing potential.
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