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A Consideration on the Corrosion Resistance of Zn-Co Based
Co-electrogalvanized Steel Sheet

Keiji ARIGA and Katsumi KANDA

Synopsis:

The corrosion resistance of Zn-Co based Co-electrogalvanized steel sheet has been investigated, and
the effect of the additional elements (Co and Mo) containing in deposit on the corrosion behavior
has been considered.

(1) Zn-Co-Mo plating is proved to withstand about 4 to 6 times longer, in the occurrence of red
rust by salt spray test, than Zn plating, and has an excellent resistance against the deterioration of
PVC adhesion under salt spray test.

(2) After the salt spray test, the corrosion potential of Zn-Co-Mo plating moves slowly to the
Fe. On the other hand, that of Zn plating moves rapidly to the Fe potential. Though the initial
corrosion current of Zn-Co-Mo plating is larger than that of Zn plating, the corrosion current of
Zn-Co-Mo plating tends to be reduced with the corrosion progress, and it becomes smaller than Zn
plating after all. The cathodic reaction of Fe exposed by the dissolution of Zn and the anodic
reaction of Zn are controlled by the corrosion products containing the composite compounds of basic
cobalt chloride and Mo(OH)s, so that the corrosion of Fe and the occurrence of red rust is restrained.
Also, the corrosion resistance of PVC coating on Zn-Co-Mo plating steel sheet is superior to that on

Zn plating steel sheet.
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Table 1. Condition of treatment.

Current
Treatment Composition of bath Temperature density Time
(/") ' (A/dm?) | (sec)
. 3
Degreasing NaOH 70 80 (Cathodic) 5
o Immersion
Acid pickling H,S0, 70 20 treatment) 5
ZnS0, - 7H,0 250
: (NH,), SO, 30 -
Plating (NH,)Mo, O, +» 4H,0 — 50 20
CoSO, + 7H,0 -

— 30
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Fig. 1. Effect of weight of deposit on corrosion

resistance.
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Fig. 2. Effect of weight of deposit on PVC adhe-
sion after salt spray test (480h).
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—F, Zn HOX DA, 100h T3 T Smm fFD
HALE = VR OEEY R Hh, 480h Tk 30g/m? O
EETLIBEAEEEEE = AV EESHEET 5.

¥, BETHASEKE L, —c, BEA0LE
LT OIERAENE IS DT, Zn DD EEIR
ik, V VEERESRROMIE A 2.0g/m? it b X Ol

L, DWT, 7wrxsifEaE% Cr 17T, 0.3mg/
dm?c7e b L 51l Lic. 7 » AT 288, Zn-
Co ® Zn-Co-Mo 2% X Zn > oXHERT 7 v 2
— FPOREN I EDHBH L. =0 X 5 I bpEl
2L Zn DO EMRCEIL Y = v 2 8B LICES,
LB AT D TR~ D ZRIL 2 b s dd, Zn-Co-Mo
DO LD %, 480h T 20mm (EHILYE =
I A L.

3.2 SiEshiR

Zn »oEE, Co EML, 8 FEDPRL A%,
BARWCREL, BRABREMOZERZEI, L0 pH
5.9 O AWT CTORAREROBRREEILE T, BR
% Fig. 3, Fig. 4 3.

pH 3.0 o4, Co HHERMT L, Fe OEILT
FETHEFCOMIZELRY, Zn OBEHBNRESL
%. Zn-Co-Mo » O XK E\Th Fe OBIETS
BTE L 750, ZDOHE, Zn »OoEX=R Zn-Co &
D¥ LixBicy, Fe OBMILELIELL,Fe OEM
THFE~FK 100mV BITL, B & L b Fe OF
f7-0.7V (SCE) HBEUBTT5.

SNBEICOTIT, Zn DO OHE, Fe MHNEHLIC
32h % CHEMIT Zn OBEMEHER DTS, Zn-Co
X D4, Co FHENHT L, Fe 0BKRBTT
BRCERERKEC /D, Fe OBMCET S &R
BEEICHRLCELL, BUarEiEtTs. ¥,
Zn-Co-Mo »> %X Cit. Fe OBMICET 5O BAM
~0.9V (SCE) % T4 BB ELL, 0k, &BHn
W, BENIKOQRKOLEETRRAOEME &
L, B Fe oEfcisbicoh, Fe by (KRt
8) oA ERECHKT 5.

pH 5.9 (25C+ 1)

© Zn
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Fig. 3. Effect of Co amount in deposit on sponta-
neous electrode potential of electrodeposited
steel sheet with time in 59 NaCl solution.
(weight of deposit : 20 g /m?)
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Fig. 4. Effect of Co amount in deposit on corrosion current in 5% NaCl solution (pH : 5.9).

note 1) Symbols (A) : Initial,

(B) : After 1d

(C) : Just before approach to Fe potential
(D) : Just after approach to Fe potential

note 2) Weight of deposit : 20 g /m2
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B L Zn-Co-Mo %0 ¥3 Fe OBFLIZET % FTD
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B THEREC Zn OFRERY TH 5 EE OB ARLER
MBBRE LT 5. Z OFARERYIEM-pH X2 7

Temperature of solution : 25°C +1°C
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LHRTRLTCWS. DX, miks HEEBEORTIX
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BERYDC X HRAMTFFRIEREFHEC I 2T, ®©
BT ENHEEINS.
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B Codimz X v, Fe oBACETHEEIEL /e
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DERE T 2B RERYHPFERCE IN TS T
LN MNL D, i, Fe BANCE LIRS OBELO
wHE~DBTA, pH 10.0 o4& S pH 5.9 0B
LR RD bh, pH 5.9 0BG L ELOERLERY
NEREhTWE Lo L#EEEIRD.

SR, BRAERYY KBr SR X b IRIMERIL
ALy P ABPE LCER, BRERY L Zn(OH), &
X O EMIEEE N TR E o2 T DB T Lk DT
73, Co 3 X0 Mo D RERMCET2RINEE LR
ot £ZT, BARERHD XPS A JIE LIk
| Zn, O, Cl, Co, C, Mo D&AL7 FARE LR
j-. CoZP3/2 z~27 } At Fig. 5 WiRT XI5, 7=
— FigAz7 b AR YD, BEREEHETDE, 20
A2y b AL 703.1eV (Ek) o Kk L 701.5eV
(Ek) of{toRsHEKE#EEIN, Co b Zn &
Mg EREHC OB D EHEINS.

Fio, HEMEAz LN, DERRTRIBI XD
THERIhLBbDEELZBRS. Tihibb, Zn-Co
OXBOBEAILEL LT, Co BABZ ek h Cont
s v — FE LB EBRVETT S0, » Y — Fit
BRBEERELYS L SUBEERF TR ROBEREDETTK
ek s,

O,+4H+ +4e- =2H,0 (i)
0,+2H,0 +4e- =40H- (Ha i)
E=1.228-0.059pH +0.0148logP,, (25°C)
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Fig. 5. Co 2P3%2 spectrum pattern after corrosion
test of Zn-59, Co electro-deposited steel
sheet. (weight of deposit : 20 g /m?)
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IR s uEis Bigvs. Zn-Co 0 E DOHE,
BALO EFE~O BENL Fe 07 /7 — FRIGEED K
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HEHREZLbDEELBRS, Fe 07 7 — FRILAH
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wic, 5%NaCl ¥ (pH 5.9) KRB LB H OB R
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Fig. 6. Polarization curve of specimen just after
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Fig. 7. Variation of corrosion current of electro-
deposited steel sheet with time in 59, NaCl
solution. (weight of deposit : 20 g /m2, Tem-
perature of solution : 25°C +1°C, pH:
5.9)
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Photo. 1. Appearance of deposit after salt spray test.

note 1) symbol U :Zn-Co—Mo electrogalva.
Zn : Conventional electrogalva.

note 2) specimen . non—post—treatment

Photo. 2. Appearance of pvc coated
steel sheet after salt spray
test.

note 1) weight of deposit : 10g/m?
note 2) symbol A :Zn—Co—Mo electrogalva.

B : conventional electrogalva.
note 3) test time A :500h, B: 100h
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wiRET A, Lo L, Zn OFRDOHETICE LW Co
B IO Mo 3RS L, fRERELR L, 7
— FRIBE BXO» v — FRIGE M35, o& 20,
Co DL, ME» v — P& LTI 72, RERTK
B X v, Co o¥tEd pH 11 FF L TAKEE LS
B35,

O, +4H+ =21,0 (EA PR FRIER)

E=1.228-0.059 pH+0.0148 log P,, (at 25°C)

Z D1, Co ik, Co(OH), /e h, » v — Fidshk
SR, Y= FRIGEEA L, Y — FFED Zn OfF
B hE. codx, Co BIU Mol X 54K
e Co, Mo O¥RINC X2 T N L7z Co, Mo
DAYV — V2T, BEAERYOERT X 2T, Zn
DIEBZ I VBEETS Fedh v — FRLBEND B.

¥/, Zn-Co-Mo O DEALERWTHSH Co
Mo DKL Fe DA R LTH REFAY FH

L, e OFATIMEIERh T35,

—7, BEROMAEMDWTIE Fig. 2 @R L X
512, Zn DF BT I oTCHRC BEL Y = AVPRIE O I8
BER X OTHE L. %2 Tl Y = L3S o f)MEhE
R k1T %5 Co L0 Mo OBEICD\T #Eed 5,

WE, Fig. 8 WRT X 51, WERAERAKR L LT
WABFWDOWTELSL, Zn HOEXDHA, Fe 15
W 5sE, Fell Zn X0 ETHY, 230, KEEE
ELENTDBEHR L Fe iy —F&ib, Zn N7
/= FETeDT, WRICRTRIGT Zn (3@ 5.

7 ) — F Zn=2n2+42e" eeereieniiiiiiiiaia, (1)
E=—-0.763-+0.0293 log (Zn2+) ---( 1)’

AV —F Op+-4H,=2H,0  (EEME) - (2)
O, +2H,0+4e~=40H~-  (HEFEH) - (3)

E=1.228—0.059 pH+0.0148 logP,, ---(2)’
BV — FAEETIE (2) ¥ (3) oIS X b pH 2%
FRTHD InDOEBOT 7 — FD Fe OF\ 45
THRORIGE XY, ¥ pH 32 EH L, Zn(OH), o
TR B TR 5.

Zn2* + H,0=7ZnO (hydrated) + 2H* .- (4)

— — Corrosive — —

— Solution _ PVC coating
film

plating layer

Base (Fé)

Fig. 8. Cut model of PVC coated steel sheet.

log (Zn2+) =10.96—2pH

Zn OEM(YPEEBHE Feph v — FTiE(2) %
TR (3) DG X b pH B EH L, Fe B TIRER
L7z Zn?* 4 % vy Zo(OH), ¥ 7oz &Areia by
EUCIWBREIEZ NS 5. = OWBEEC X, Fe it
BED Zn OBEMAMFH I NS, Zn ODOEETH
BECAT T BRI T 5. Zoledie, By
= VHRIEL & N D o & JE R BB S h b

—, EESEEREND &, BROR T Zn 2B
L& R OWAFIBRERIZ (2) F 7212 (3) OSUS THE 3
% 7D EBR OIMU O B ER MR X B IR LB E
BREMEZIBHT 5. Thbt, (2) Wit lier
V= FOBMIEFHRREESESVERC/R 50D, [H
BRoOB OGO 7 /) — FBBEIERET 5.

TDXBLT, B Zn 0 XK OM IR T
D Zn OEEEDL, AL E = VPR L o0 & B RE CHET
L, BRECIDYBECH B = A0 HiEr i =
D, D, Jokz Fe M Lic\ T Zn 238> C
WCTHEEE = AR HMET 2 b0 B2 BiLs.

K LT, Zn-Co-Mo »OXoig{by = LHE
et LCd, Zn Hox LA Fig. 8 R
RMaEzx URREB®ERTSH. 0B, HDOxEL
BAEE = A PERE & OBBE WD Zn DOXCH, Zn-
Co-Mo > OXDHMNREIFTHH I & LBETLH LN
Ezbh3p, 2T, HEY = L oE T
HLTHE2 3.

ML LIOT, M RT3 FE L L Fe kb,
In DOXBOBMERICIIEEINS. =L ¥ Co,
Mo BELENH LD Zn ©7 7 — FEMRN IPH I
L. Flh, Zn OB EAGEB L Zn Bho
Co © 1/3 ¥R+ 5.

¥l BECARLI X 5w, Fe »v—ygrcir pH
2 ERT S e, Fe 7 v — ¥, Zn(OH), Co
(OH), 23TEIR L, W2 R T 52. Cl- 4+ va
BUBREP IR e s o b b E 2 BRB.
Zn DOIRERAEY) O FEEIE (L i F U B T i A
BRI E R Co DIFF, FiikD X 51, Fen7 / —
FEIO Y = VRIEEHHT2 2 LB enth 5.
T D7d, REXRNI Zn OEMRIEH Zn o X Dig
HRIIPED Lis sy, Zn-Co-Mo 8D % DIS &It
s

%72, Zn-Co-Mo D DOXDEAIT Fe oh v — F
FOEHIHEIEh s 2 e b oTh, »oxBomEarl
B2, Zn-Co-Mo »OX i3, Co ¥L8 Mo
DFEAERDC L v, Fig. 3 R L5k, Zn OF

4‘7



7n-Co RELEBELITM DO MO T AtIciT 2~k 805

) — FREAIIE S, Zn OFRERE 7 (B R &
i) 1+ mV FEBTL, fti#fo Feon v —FK
Jtnk, Fig. 6 TR 5 &, ME#o Fe n v —FVE—E
Frff%E8% © Zn-Co-Mo D EED ) o 7 LVERI,
Fe onv— FRIGHIEIEHICEETS Zn D7 7
— PRI Coks X ov Mo JERERMC X v Hifl S
Bicd, 2EBERASTS. DX, Zn HORT
Co, Mo #¥MN3 % & Zn OFREZHHLT5 T &5
b,

Bl = V3 - o BR wkwTih Fig. 8 @Ry
Fe »v—VEBEASL, Hbe=rHELDOXER
B EOBAEEITREL S, hREMbT 5 DT
FLCEEESTS. %7, Fig.4(C) B IO Fig.4(D)ic
RT L5, Co 5% HMmTsE, Fe onv—1E
WL Zn DO0FDFRO /2> Twb,. 2D &
5, Zn-Co-Mo DX BOWMC > THEIHT 5 Fe
DHh YV — FEREBEEX Zn DOE0Tho 1/2 L35,

Zn-Co-Mo %2 ¥ 04, Ol o AEL, Fig. 7
CRTIICKRTHBY, lp bBMETHLE IndOZ
R MEE 7 5. 1 p OWBRERIEIL Y = AR O REE
DELGEFTELDT, THIOBARNME Zn-Co-Mo
DoXx L Zn »OoxEARATETS. ¥, Zn DOWEMRE
HEEIERC L Lo THERTS Fe ol LT
KEL B LT3 L, BRABROKBEILIKRD LS
RTZENTES.

i I ARABER Tt BEEREOWM Zn =X

it+96500%65.4/2  (g/Cm2) sreeereeieenn (5)
10g/m2(1.4 p) DOHOXET Fig. 8D X 5T L v
BT 5 &, BRI OTENT5 Fe omEEAX

A=it+96500% 65.4/2+7.14(Zn o &)

+1.4x10-4(» > & E)=0.34xit (cm2/C)

Fig. 7 285 Zn OBMETHEROBAERRS Zn O
B KT D Fe on v — VERBE ©Hy, Fig. 4
QG Xy 20~30 pA/cm? THAH., ZDOZ EMLB Zn D
B & b7e o CEHT S Fer X WM T2RAER
CXEEHI L7 Fe BZBREY D 20~30 A TH 5.

LLEDZ &b t, #ARR dt © Zn OFEMFT Fe i
BHELCENTSEAER d kDO X515,

Qim0 Bidt  weveeeeveeeeenn e, (6)
i =E A OB ARER (A/cm)
t o (s)

@ : PREEHFIC & b S WRBER OB T 2 El
& (A/cm?)

B :Zn DM LOTHINT % Fe oKD

Bl

B=Mzn-pzn-t/2F
Mzn : Zn DFEFE pzn: Zn OIE
t i OEXEX 2z :Zn OFEFM -

CIoT, FEHBEOBABMIIKDO I S5 S.

§ =1peAt  ceieriie (7)
2L, o PIDOBREIR
A=a-p

ZZTC Zn HOFDOBA, a=20x10-5A/cm?, 8 =

0.34 em?/C XA LT
: =i0e6-3x1°“’t .............................. ( 3)

Zn-Co-Mo 0 & D dic 1A L &T5% & Fig. 5
(C) CRT LB, @it Zn HOXDK 1/2 Th B0
5, a=10x10"%A/cm? #fCA LT

120 —Co-Mo=10€3 %1070 i, (9)

WE, io=3 pA/em L35 L 100h 7% D HEETEOE
X, FhFh 1l.6cm, 0.5cm &b, Zn-Co-Mo
D& Tl Zn D0 Z TR THAL E = A3 ED
HEEIEI VN b 5.

Z OFHEE, Fig. 8 WRT AR L BEY A—DEE
THRETHZ L LTWBD, BREBHECOWTD,
HIBEIE AR 505, Zn D% & Zn-Co-Mo » O % D
iR HETES. £, 22T Co I
Mo @ Zn ©7 7 — FEMRIGHIHZIRITER LT\ is
WS, ZORRE LT, BNk o, BARERY
2EBEWAXED LHEINRS.

BEoXsk, BREHDOXZDL 5P\ Zn D
DE BEOBEROM AL, BOWMY e Zn DM &
bis o> CEH TS FelwX ) Zn OB REINS -
¥, BHT5 Fe o) v — FRIEEZIGT 2EMTE,
F7chb, Co BIO Mo%HEMTsC Licky, B
WOMMEENBETES. 2o LRBERILEN R TE
CIXOoTHHETHENTES.

4. & B

Zn-Co ZROEABRIEHD O EIMROMEMIT DO
THREL, 3L, BAZEIRIIET Co LU'Mo
DOWRMTEOFE SWTHRHF L, BNz .

(1) Zn-Co-Mo HHBERIEHD D> ZMB DI &ME
KB BRI X %R/ 88 ORELC BT, HERDOE
R HART, BXZ4~6fFThTw5.

Fio, ALY = A2 PE U BREMRIK O Rtk LK
ERARC X ALY = AR O HIBE CRHE U 7cRE R,
Zn-Co-Mo #HAERHEEN DD XMW D ITHREBER D
it Bt D FHAM & Rk, HHERD D TP NTE LS
T 5.
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(2) Co BXUV Mo DIRIMTEDHE L S>\WT, B
REWEL, BAEROBHE L MR X v BE
L.

O HARBMEM OLMIL, EAKEZTSE, Zn-Co-
Mo & 0 HRBIBEAD Fe O HARBREN F TR
TT2REE Zo DOFRERTREL, EHRDP B
ThD. 5%NaCl B HIBETZ L, Zn-Co AN
DEDF L nB.

D&, Fe HARBMBA~BHE, —BEHE~D
B RBOHLNRBD, TOBEFA~D BLO BITEX
o EHEENLLWEREL. Z0oEFA~DOBITIL Zn-
Co DOXDEAERL I OTHBRINZEESE L=V
M X Fe o7/ — FRIGDHHI I hicid LEZ B
H, Zo7 7 — FRIGAFZRIFHEORMEE & Dk
h, Bt Fe o GRBREMIECE LK.

%7, Zn-Co D OIDRFAC L VBRI HRRE
B X v, Zn OBEMBE Lo CEHRTS Fe o
Y — FRIGAIHEIZh, X5k, BH LK Fe oF&
PHFI I RERE I bR D.

Zn-Co-Mo > 2 D4, Zn-Co HoXx LRI B E
% Zn OWEBBECI AT Zn O 7 2 — FRIGHIFEIER
DHHFERERBIBER I, = Ok, HHEMEL
2,30+ & Mo(OH),; OEARELHEEINS.

QOFRBIM ORI I, 5%NaCl BHRHICRET
%L, THIORERRMIL Zn-Co RDDH DO DM Zn
HOE XD bREV. Zn-Co DD DX IIFRERY
b b BEVRINDG L BARER WA T % @R dH
D, Zn DOXRTHNTPNIL B, Zn DOXDEE
CIXERBRIMENTHERLH 5.

(3) HEILE=1%WE LcBERKO= T A KEH
WCRRZEE AR LR, BER O &ML O
SR Zon OB E {7 o CEHRT% Felick v Zn o
BIRPREI NS D, BHT2 Fe v — FRIEY
T ARINTRLBMT 5 2 2 ic L, BEROWA
WEHET S ENTES. ¥, Co kXU Mo il
TEDH Y — NOBIEROD DEEEBRD RV T 5 Z
L XY, Zn OBEMRIGL, Zn DO X HATHH
xhB 0T, Zn-Co-Mo »0%x D BERO MAMT
Zn HOXRERTTINRTWELDEHEEINS.

A ROETEHIcY, HIFEL oA WTeFH bR
T REeHEE, BEARABEZE WKLy L
EFE3. ¥-RRCHIINCAELETIRCREREER L
F7.

1)
2)
3)
4)
5)
6)

7)
8)

9)
10)
11)
12)
13)
14)
15)

16)
17)

18)

19)
20)
21)
22)

23)
24)

25)

26)

27)

28)

29)

X B

H. BABIK : Galvaning, (1949) [John Wiley &
Sons Inc.]

BA %, wEBER: AR 43-26723

BA K, wHEBEE: BAWY 44-28564

BA K, thEBR: ARE 44-25882

A. BRENNER : Electrodeposition of Alloys 1.2,
[Academic Press, New York and London]
MHEE=, B &, MED, &SRR MEE
Z: B 15851

B, BEiEd: AR 16522

BFEEE, &T %, wEKESR, BEE: BEA
g 49-19979

BHRER, B WE, BR &:
48-84040

EAHERE, K& B R 51-112436
NIGHEE, B0 Z: KBl 52-7333

BIREE, NIRRT, HAfE: AR
52-25375

V. Q. Kinn : Corrosion Traitements Protection
Finition, 20 (1972), p. 342

L. DoMmikov : Metal Finishing, 63 (1965), p. 63
S. R. RajacopaLan : [i] b, 64 (1965) 12 p. 52
L. Domikov : [a &, 64 (1965), 5 p. 68

A. B. Liusuirs, Y. M. LosHKAREV, N. V.
GarBvzOv, 4. Y. GLADSHTEIN, and Lucovava :
Zashch Metal, 5 (1969), 6 p. 643

P. M. Vyacuesavov, G. K. Burkar, and
V. A. Varkova : 2h. Prikl. Khiml, 45 (1972),
6 p. 1362

G. N. PakHoMmova : Tsvetn. Metal, 38 (1965),
9

HAZMIRESRE: ¢BHRERTER
[BFITEFHE]

W. RADEKER and W. FRrIicHE : Stahl u. Eisen,
90 (1970), 11 p. 567

F. MANsFeLD and S. GiLMAN : J. Electrochem,
Soc., 117 (1970), 10 p. 1328

G. V. Axkimov : Corrosion, 14 (1958) 10, p 463
H. KruG and BorcHER : Electrochem. Acta.,
13 (1968) p. 2203

F. W. Savr, J. F. Stanners, and K. O.
Wartkins : Brit, Corrosion J., 1 (1965), 1 p. 5
G. TraBANELLI, F. ZuccHi, G. BRuNORO, and
G. Giru : Electrodeposition and surface treat-
ment, 3 (1975) p. 129

W. M. PEIRCE : J. Am. Zinc Inst.,
p. 59

M. PourBaix : Atras of Electrochemical
Equilibria in aqueous solutions (1966) [Perga-
mon Press]

BEBET, WHBER: REMRE,
p. 29

e BA AR

(1972)

19 (1938)

923 (1977/78)

oy

«



