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Theoretical Investigation of Under-film Corrosion
on Zn, Zn-Fe Alloy Coated Steel Sheets

Kimitaka HaYASHI, Yoichi ITO and Yasuhiko MiYosHI

Synopsis :

For the purpose of the theoretical explanation on Cl~ penetration behavior of Zn and Zn-Fe alloy coat-
ing investigated phenomenologically, the modeling of coating corrosion at under-film corrosion tip has been
attempted and the balance of corrosion current by way of two micro circuits was formulated.

The coating corrosion distance (Cl~ penetration distance) and the effective length of the iron substrate
contributing the formation of corrosion circuit between coating and iron substrate, the distribution ratio of
corrosion current by way of circuit on coating to total coating corrosion current were required quantita-

tively.

As a result, it made clear that the physical shap of coating corrosion circuit was defferent between

atmospheric exposure and salt spray environments.

Key words : coating corrosion distance; effective length of iron substrate contributing the formation of
corrosion circuit between coating and iron substrate; distribution ratio of corrosion current by way of
circuit on coating to total coating corrosion current; physical shape of coating corrosion circuit.
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Electrochemical concept of coating corrosion.

— 158 —



Zn, Zn-Fe 5 &®H - & FAM 0 BIETIE £ o HERHRE 1697
. A g BT kN
=Bl = |t $o= 5= T, +mc>F In( g ) ()
----------- (4) ®o &L HEMMBER (4), (14), (17) &
f:fEL, a+/9=1 ..................................... (4)’ o s mmcm [C mmum
2.2 —HOOIVORREREh ERESESRX 02020000 e (18) - & & HuBkMHEER = fh %
2:2:1 %o & LOBREIR 7/ — FEREE
B (3)id®iZ, Fig 2 0&iR, EfVoEKRLY, 2-3 FEREM
UTOEHI% b, (2)12(11), (18), (4) #fRALT,
= > T EILN y — - —3 - ¥ ceeererescacnaaas Mc Mg
p=¢y ITBNVT i,= |io| =i, (5) =i QT+ i (l—a)iﬁr—mc<—j—c—>"va+mc -+ (19)
p= ¢ BT Oia=|i?| ......................... (6) a
EBLE %, WAL O ZEROT / — FEROMIZI
EXROBERED %.
i = ifeR—;Mo—ﬁ") .................................... (7) o, .
‘ i, = M'Z"X_t ...................... (20) EBRUIER
0 = _lme—';";(%—ﬁ’&”) ............................. (8) o
€ (19), (20) X G L
- e wra . > H-8) . me me
ST,y G BEMETRED LTS TN = Mol |10 et iy (1-a)mn] X
MREREERT. nFoz,
(5)~(8)&n (%),;a"r,,,c ........................................ (21)
maF mol a
. o (4o #8) _ .m—°<¢o¢é”_b
aiy = ai} kT iy e BT i EROW, o L BRHBCTHS.
.................................. (9) 2-4 HiwsE
RT o & &SRB Y — FELTHET
¢__¢ﬁ'>_)l L ................... (10)
° 0T (mg+m)F "< a) ' LHEMHGEY KOS, Fig. 2 0BiK, BEMVOEE®
(3), (7), (10) &1 5
i2=i?amin o= i R = o TR o)
------ (11) B EREzRNL T/ — VEREE h&by,
oF maF
2:2:2 o & LIEKEEBER i% e RT* = 1 TRT
RO (4)13EIC Fig. 2 o0&, ENLOBKI DL RT  i°
TOXIIhA. ¢5-——¢g’.—_ Fln l;‘) .............................. (22)
m, lp
=@BECBUT [ = |75 = §5 creeeencenieniinins 1 ) .
L b ";' & (12) (10), (17), (22) & 0 A HhHbSKE
= 8By R B —_ ; mg+ me
T ek Wy
L
LBk
< L e (23) ARk £
io= T RT TR (14) 2.5 EEShNSE
- —F, o EBEBRIIGTHD - & EMAEKEZRERNLS
it=—ite RT 207807 (15) BEEROESRIZ(23)E2ERLT

(12)~(15) & b
ﬂia=ﬁi;e%“rﬁ (o= )

F
_ e o hnep _ e

=1
L ?

1
a= L " (B 1) weeeeemrereeenenes (24)
lp Mt Mc
1+ l,,< 5 >—
FFELS, Do XBERBHISTTH D - & & gk B

PHNABEBROFSTEIZ(24)(4) 2HWT

— 159 —



1698 oL M

877 £ (1991) 105

FER(24), <25$’z¢ HHMIRE & H 5 L ORFR % #
LTWwWb, AaigkRiEENEzoc, EllELIEE
Bise & BV CEBT 2 L UTFOL S k5.

(23) % B+ B &,

(j:)ﬁﬂ 1;”)»,;“,.,6 ”’ .................. (26)
(2Diiz(26)#LAL T
:(%)ﬂ%(él) ........................ (27)

EROFBOLZ LT EEOME R F 72 BE W RET H
NENDNEAVC a BREENS, 522D e %
AL, LOERTAHILATESL. ZHLTERDLHN
72e, I WEICQDOBBEBEL TS

ZIT, aRBRLIHEO oD I s albEERNLIE
BEEROKE, [ 1320 I 7 oEEOWHFRIC 2
wf@b@b@%ﬁ%%ié%ﬁ’%A7x—7—t%
ABIENTES.

3. X B &

3-1 7/—K94EHE

WEOBMA=SHEERA S X LHIZ, 5%NaCl Kk
BixAn, REBEBEE N, 72 (BHE 99.999% )
7V (30min) L, ZEICERP2S 0, ¥R EBARL
72t%, Table 1 IZ7R$T &Y > 7V (WEHFE 1em?) %
BRitL, EEXEE 10mV-s™!' THILEM»HT /—F
KB ERTI L2 WEky, A SE A
AL, SEEBICISELRERE Hv/ e
3 RTER (25°C) T, ¥ a A% v b (GPIB
POTENTIOSTAT/GALVANOSTAT HA501G it 3 &
T8 #HTiFbhnl.

3:2 Ay TNPER, BAEATE

BIER® CHE L REMHF 5 2 i 5%NaCl &

Bl e AN, ZiRCTEBEELMEIICEME Ny, 0, 72
Table 1. Materials used for measurement.
Symbol Material

Zn, 0 Zn-Fe (0% ) coating
9.99 Zn-Fe (9.99% )
14.41 Zn-Fe (14.41%)
21.40 Zn-Fe (21.40%)
36.38 Zn-Fe (36.38%)
51.49 Zn-Fe (51.49%)
64.23 Zn-Fe (64.23%)
CR, 100 Cold rolled steel

NTV (30min) L7z, KR L2 ZHOREBRAE (50
mm X 20 mm ¥ 4 X, HEBIERE lem?) 28080
DWEICHHETICCTRIESY, 20OBHhL S » T
BT Ny AN TNV L BREOY v TSV HE
MERBORT > a HNNI 25 5 FROBEEREL >
O 2 32— 7 (0S6121A DAGITAL STORAGESCOPE,
FHEE) # Huv CRBRE L 7.
EBRIZ1E Table 1 Ot H v, BB LY 7
VWOMERIEIBDOBD Ny, O HANTVOBEIIC]F
HODH-& (D5 E(Ny)-O5 5(0,)) T7213 Ny H 2
IWTNVDOREBIZDH ERT O, BMEIZ CR (D5 &
(N2)-CR(0z)) ThH 5.

1. HR L EE

4:1 Zn, In-Fe B2 > ZMMROBR/INS A — 42—

afli, EOREICELTLEL SNLERIT A —
tThD. iy, 0L, me, m,
3> KU CR oYL L, ERILFOTE

THOWTRET AL TE&SL. $72, L, tidB0E
DEPETHY, BERBRI L LTS, » v S
BB E O - S OBFE T Fig 31 I2RT. o &
B Fe &HROBIME I i) difegmL, 7,
iy BEMICEHA LTS, i), it @RBEBNy TV
HERLTVS

—%, Fig. 4 12 Zn, Zn-Fe 88 D7/ — F¥4%
BEEERT. o &d Fe SHEOMME K IcERKD
b ERDBEZEMIIEELTWwAE., 2612, K
DO TRENE DB D Tafel HELDH O - X h
Fe SHXOBMEHLITHA LTS, F& LT Fe

-
y—x i), iy, m,, m, L,

0
2.4
£
° 20}
NET R s
b )
o ’e
3 12}
. /
t 08} O
{=
2 \
%’ 0.4 ;2
Q _/
— -———-.
.~—?’ ® .

10 20 30 40 50 60 70
Fe Content /%

Fig. 3. Relation between couple initial current
and Fe content.

— 160 —



Zn, Zn-Fe 580 - 5 @M ORI T L O BERIRET 1699

1000 — "7 /.
9é Pl i
——>~17mV/decade; [ !/ i
dlogz , ! I
o~ 100 ]
5 64.23] /100
kS
N 10F .
B
‘@
c
2 1 . —
] N2 bubbling
o room temp.
5 B 5% NaCl soln. _|
o 01 ;
- f sweep rate
N ! 10mv-8~!
I
0.01 L L
—-1.25 -1.00 -0.756 —0.50 -0.25 0

¢ (potential)/V vs. Ag/AgClI

Fig. 4. Anodic polarization of Zn, Zn-Fe alloy
coatings.

-4
5
. 110mV/
< -3 decade ]
~
2
°
_2 1
-0.9 -0.8 -0.7
¢ /V vs. Ag / AgCl
Fig. 5. Relation between couple initial current

and couple initial potential on coating (Nz)-CR
(03).

EHEDD 5 X122 W T Tafel DA ad/alogi=17
mV/decade Th 5. T I Tk, H-EDT7 /— FE#
EE LT Zn OBBUSEREL, Do SHIZLLT,
m, W E—E & L7z,

= 2.301337‘ /( aﬁii)

=3.5(Zn DT J — FiEIR)
7:7L, T=25C Tdhh.

5, iy & SOBOH » TUVNHEMOMEEE Fig.

5 1R, MBOOHORIFIEH - &% Fe %%
#FY. ¢ & logi OBICEEKEEIEDOONL. D
FEgit Fe LT 0, # ABITKIE D Tafel HETdH
N, aep/alogi=110mV/decade &4 %H. Zh LD

—_
o

C.W. 20/g-m 2

>
T
1

[l
!
!

Cl Penetration from Scribe / mm

l
0 25 50 75

o

Fe Content of Zn—Fe Electrodeposit/%

Fig. 6. Relation between Cl penetration and com-
position of Zn-Fe eletrodeposits after 6 months of
atmospheric exposure.

a
e i)
=0.5(0, ¥ADH Y — FBTT)

IhET, BREICHLTAEMNS Ag, Au, Hg &
DNWTHOEETABITLA N Z X LERDIHIIIEDI E
MHHSR TV AW,

0, + e =0, (—&EFIUHEARE)

0,” + H* ==Ho0,

HO, + ¢ ==HO,"~

HO,™ + H" ==H,0,

H,0, + ¢ ==OH™ + OH

OH+ ¢ =—OH"

S O D Tafel HEL X 118 mV/decade (T= 25°C)
TdHAH. Fig. 5 TH SN/ Tafel HEIZ Lo L3
B LTBY) —EFULEEREABNS. Fe ETD
MEHZBETES, FEEZE A= XLCTETTEHLO
EFEZOND., —#IC Zn ETOER Y AR DH
BIE X Fe FIZBUIABHIZLKE WD, Zn-Fe
BED->EDOHEIIE, EELTFe D LTHEINAE
THRIBEINDEEL m, =05 L7 /2, Zn D>
AL ToOMFERITH Tafel HEIGHIBOBET 2K &
W EEOBHICLD, BERENETAILSEL 2L
75, Ag, Au, Hg EEELR m. =05 XBEHTES L
D ERE L7z

Fig. 62 I(CBRBEREB 6 A% D Zn, Zn-Fe 8%
XK C-ED #®¥H o C1I™ B AN (EATE) Lo
xh Fe @AEOBBRERT. TOBERBHERIIBY
T LiCl” RAKHE, tid60A0RBRMTHS.
I SST DR % Fig. 7P WRT. oA, Lk
SR EHEENE, 26BN THS.

— 161 —



1700

#% & W 8 77 4 (1991) 105

5.0

c ‘ C.W. 20/g+m2
g
S 40
o
X
Te
EE 30}
SN
i3
g(ﬁ 20}
R
Y5
Se 10}
5
(CR)
0 1 | 1 1
0 20 40 60 80 100

Fe Content /wt %

Fig. 7. Relation between average width of paint
exfoliation and Fe content (SST 6w).

DEDBERENT A= —%2HVT, LERDZODEE
HRERIZBITD o L ¥EHLT.
4-2 EEERICHE T3> EREOBROYEEK
CHRAEHWTEE SN « 2HIZ(23)IT{CAL
L/, DfEE KD, Do & Fe EFFELOMAFKEERL
72bDHFig. 8 Thh. Ho 3MEICLSTARER
6 »HD L./, &% 5%, —F, SST 6 B I./1, &
#90% EoTHBY, LL=—FtTsERBRIBBIZL
LESHHE (1) T4bb, O 3FREKOYWHEE
KEHBCEL LS Lhbr s, BEICLS L EDE
Wiz 5 SBRLHDOKBEEDHEIZ LB LDLERS
505, FMEISBROBRTREETHS.
BZEREBEET 0 &ML F—EEL LT, B
BRDRIZED e #EB LRI Fig. 9 TH5H. &
%, SST iz &h Fe ofime iz - EBAEIC

100

SST 6 weeks
CE---'O----D -------------- ~90%
@)
N
~N
g 50
®©
>
ol ©
W
atmospheric exposure 6 months
#. -------- Prem—e Precccnad ~5%
0 | l 1

Fe content / wt %

Fig. 8. Relation between [./l/, and Fe content
(C.W.20g-m™?).

100 T T T T
Zn—Fe C.W. 20g+-m2

Atmospheric_|
Exposure
6 months

50

o Value / %

SST 6 weeks

e Ot O T "]

70 20 30 40 50

Fe Content / %

0
0

Fig. 9. Relation between @ value and Fe content.

Wy Hwo & LAEERNLRABROFGIHKT 5
TEHbRD, EHIZEDMARDIER SST L b &
BOBEDHTHKREL, TOFRIE Zn O EFKRVT
BERETO- & LHEER, SSTHRETH - S L
HREREROD > SFEPE S 2 LIHIET 5 b0
LEZOHND.

PEORIE I N TOFELOHEDTO £ H
THLDOTHN, - FRMRRORLMUATRE N

5. & E

BETIRALMIZBIS Zn, Zn-Fe £E0 - 5DF
HBIZOWTORTOZ EHBTE .
(1EETEAEER BTS2 ABREFIVEEIC
Zo0n 3 7 bt in s BREERIGOXEK % Ik
VEITV, o ZSOBANME, ©o3BRIIBITLSD -
& L WERM BRI E S T2 AR R VD > 3§
AERICLEOD0- & ERB LR BAEBROFEER
YBOBOERBMIZH LA EEHTE .
(2)EHL-BHEREHCTREREL SST BRHEIC
BII2® - EFEREOYEIZROEN L EBRICRT
TENTER Do EE(ER 20gm 2T 205
& L WM B ICE S T2 HM KR OHFIRE
RECT<5% 128, SSTHRETH 0% & %5, fi7,
o XFABRRICED LD 5 X LK ZRALBEREER
DFESRIIBHEICLS T - &EF Fe GHEEOHEMIZ
o TihA AL, ZofERANE SST ICHNBERE
THELWI LbhsT.

AMELXFETTAICH720, #YLHBISELE
FLARRAFBIEENEBE ISR BEH 2L Z
7.

—162 —



Zn, Zn-Fe §&® > MR OBRET KL OBRORET 1701

i =]

i, BEDOT ) — FEREE

iv: o5 EHEBEHRNSL S Y — FEREE

Lo 3 LSRN ERENA Y Y - FVERERE

A, BEXHmTOD - AW

A : 0o & L HEKBDIBRIERICES T 5 AR

L: - HEAR

l: ®o & EHPRBNBRIEEICES TAAMHSE

iv: 0o & LABKEHRNLT ) — FEREE

S Ho X LHHBERIKETRNLT /- FEREE

a: O AFRERICHTED - & LOKEROEFS R

B: - ABREERIITTHD - & L MBI BIRETR D
FE5FE

¢ B

$o: O o XFADORKENM

XSRS WA 175 A =Y 5w KA

P51 - & & HIEKR B FRTZRL R O B R EBAL

i:’ Do E(Ny)-B5 &(0,) OF v FNOAEFRE
R

iy: 5 &(Ny)-CR(0;) D% v 7 VI EREHE

m,: (ERD T /7 — FEH D Tafel HECOHEL) X
2.303RT/F

m.: (BEFEFT ADH v — FRICD Tafel HEDMEL) X
2.303RT/F

F:77957—%¥

R: " AE

T: iR

n: BEOMEEN K

Pz, BEROTHE
MZn . ﬁf’n\@@‘?‘é
L : R BB

t: BEARER

i BREE

Icorr, : ,ﬁﬁ%?jﬁ

X 73

1) #k 2B, HERE—, SEEE: Sk, 73 (1987),
S1155

2) W DFE, FER—, MEL— SHEE S%LE, 76
(1990), p. 1317

3) W.J. Van Oou, H. ANDERSON and G. STROM:
CORROSION 88, Paper No. 51 (1988) [NACE]

4) C. R. SHASTRY and H. E. TowNseEnD: CORROSION 88,
Paper No. 50 (1988) [NACE]

5) M AR, PER—, MES—, SEHHEE ML Tue
A, 2 (1989), p. 664

6) ¥ ANFE, HER—, MEL—, =FEE BEH, 76
(1990), p. 1496

7) W AKE, FEB—, MER— =EHRE ML Sub
A, 2 (1989), p.1689

8) ¥ NKE, FEB—, MEL— SERZ: LM, 77
(1991), p. 1122

9) B DK, FEB— ZHEZ HEE:Toex, 3
(1990), p. 670

10) A6 AR, SHERET—, =HHGE: ke, 77 (1991),
p. 1688

11) A. H. Kpacunbuwkos: 3awmra metanos, | (1965),
p. 611

— 163 —



