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Factors Controlling the Paint Adhesion of Zinc Alloy Electroplated
Steel Sheets

Kazumi NISHIMURA, Minoru K1TAYAMA and Yasuhiko Mivosui

Synopsis :

Corrosion resistance of Zn alloy electroplated steel sheets was investigated using the salt spray test.
Unpainted Zn—Ni electroplated steel sheet showed a higher resistance to red rusting than unpainted Zn
and Zn-Fe electroplated steel sheets. The corrosion products of Zn—Ni were more stable than those of
Zn and Zn-Fe. ;

The corrosion resistance of painted Zn-Fe and Zn-Ni electroplated steel sheets was affected by the
composition and the structure of their electrodeposits. The crystal structure of Zn-Fe electrodeposits
changed with the composition of electrodeposits and electroplating conditions such as the kind of ele-
ctroplating solution and current density. The electrodeposit of the small, granular crystals had better
corrosion resistance against blistering than the electrodeposit of the big, dendrite crystals. The difference
is considered to come from that between the corrosion resistances against OH~ ions formed by the cathodic

reaction under the paint film.
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Fig. 1. Corrosion resistance of zinc and zinc alloy
plated steels as a function of coating weight.
(Salt Spray Test)
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X-ray Diffraction Intensity of Corrosion Product

Exposure Time (h)

Fig. 2. X-ray diffraction intensity of corrosion
product formed on Zn-Fe and Zn electroplated
steels. (Salt Spray Test)
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Fig. 3. Paint adhesion of Zn-Fe electroplated
steel with 20 ym electrodeposited coat.
(Salt Spray Test)
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Fig. 4. Paint adhesion of Zn-Ni electroplated
steel with 20 #m electrodeposited coat.
(Salt Spray Test)
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Fig. 5. Relation between composition of
electrodeposits and structure.
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Fig. 6. Paint adhesion of Zn-Fe electroplated
steel sheets with various deposit structures.
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DHENR, Zo-Ni HOXEE LB IERFETHSH. Th
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HEERYRIET. COFRREALMCT RO, BIR
TOBARRILOEE 21T Ok.
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Fig. 7. Schematic figure of corrosion under
paint film at a cross scribe.
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$:044+ H,0+ 2¢>20H~

KRR \C, BIE 7 V22 —#o pH ZHE L
“EE 0 10~13 OfERR L. Zhik, RITTer LD
B8 L 3% 7. Pourbaix &M -pH KB XX, Zn
125 pH filC Zn @A+ v E LCOFEFEBEE HLT
WBZ kD, DOXEHO Zn RN THET

L5bDEEXDNS.
Zn+20H- — Zn(OH),+2€ coveeecereeens (2)
Zn(OH),+20H- — Zn(OH) 2= --oeeeeee (3)

Zn HOXPEOBIE 7 V) 2 & =K ELRETH DI,
R (3) 2% SST wffloffl & k4w #EITL, B
Tic Zn(OH) 2~ 1+ v23EEL, BEEYC XD, K
PBRALTW T EBbhd., Thit LT, Zn-Fe
DO E\TIE, HOoXBEho Feix, & pH
TREAEAAVELTOFEEREEF LT VIR Wiz
», RELBRAERY Fe(OH), ¥R T5. Licho
T, BE7 ) 22 —0RERNFHEh330E BEbh
5. &7, Zn-Ni HO XHIRCI3, FE SONRBEH
DFHTHRRTND X5 KIG(2)TAE LS Zn(OH),
NEETBZELELDRS.

FHMERD RS Zn-Fe HOEXBHPREITS Zn,
Fe o4fitkits EPMA 1 X b #i71-# £ % Photo. 1
R Lic. SERRB2ROR CHM T A %A, Zn, Fe
BE—EHHLTVBHOR LT, AT v IFsa
FIRCHATH BEAIE, Zn DRI AELTVS.
BTV Ax -1k, BETOA4 vBED LR XD,
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TAAYVERLT, BHLL TV Zn O5MRES, &
BEEEORBCEAELTWA EELDbRD. RN
FoRCHMTH BB/, OB Zn L Fe i
BH—HHLTHBEDT, 7AH ) EKER Fe ORA
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granular, small crystal

Zn K,

Fe Kau

dendrite, big crystal

Photo. 1.
various structures.

Table 1. Paint adhesion of electropainted speci-
mens in alkali solution (59 NaOH, 10h).

Specimens Area of exfoliated paint (%)

Zn plated 6.2
Zn (85) -Fe (15) n 4.4
Zn (85) -Ni (15) 2.5

Table 2. Corrosion of cathodically polarized
painted specimens in 5% NaCl solution,

(E=-—1600mV vs Ag/AgClL3h)

Specimens Weight loss (pzg/cm?)

Zn plated 19.5
Zn (85) -Fe (15) 9.5
Zn'(85) -Ni (15) » 8.0

EEMH -1 CS O BERENSRIFE S, &
REN LT, EREAF VIS4 PRTEHKTH IS
T, Rt LI Zn OBIRMLEENEZ ), BEES
WrgkTsioLEXLNRS.
3.4 FZALHYMD

ZeRhy bEBELECEERENY 5% NaOH B
CBEL-OLEEFEE LTI EL Table 1 1©
3. Zn-Fe » o %8R, Zn-Ni O X|MITBEM O

Characteristic X-ray images of Zn-Fe (15) electrodeposit surfaces with

it 7 A )L, Zn DO L Y bERD. i,
SST ki 2BBEEERO/BR L X HET5. —F,
SST Rt B7r 2Dy VEEBOBET » v o v—
P A, BEREMY 5% NaClhTth v — 14y
BXEBz X b RE pH ¥ ERXE - HEOED
DEBOBHEEYFAIAERY Table 2 Wi, Zo
BAL, Zn HOXMFICHE LT, Zn-Fe, Zn-Ni »
DM OH LAV RIEFCTHD, SST, EEREHN
BT AN VBRCBE LLBACET 2ZFH0BRIRES
HoBER L IIFRIETHRREVIE bR
DEORERIY, BMAEHBEORETTH Y — FORT
THLUB T AH ) BRERT 5 £D O EB o RS,
SST ik A BEEEME 0 BERESELTWALok
Bbhs.

4 & @

Zn » O, Zn-Fe » @K, Zn-Ni Hox
SR IV, RBEHMEBREMN L0 SST Kk 5KA
HEOME, BETHEAO IR ERC OWTRE Lok
B, RO EMHBE L.
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Zn BRARY ZnCl,-4Zn(OH), RLETHH, Zh
PRBEMOMAEIEND O L OOERLE o TW 3
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EM: L IITHIET 5.

(8) HfEHOEM, HOEIREOMRT LB SST ©
BT 2BREEEMDOERI, Z7rAh ., FEEBORET
T, AV = VST THEUBT7 A ) BREXT 25D
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Kbz, ABRZFITICYL D HIEE LAl
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1)

2)

3)

4)

8)
9)

10)

11)
12)

13)

14)
15)
16)

17)

18)

19)

x [

W. Funke: Corrosion Control by Organic
Coatings, ed. by H. LripHEISER, Jr. (1981), p.
97 [NACE]

R, W. Zu. RiLLA: Corrosion Control by
Coatings, ed. by H. LeiDHEISER, Jr.

(1979), p. 243 [Science Press]

H. LempBHEISER, Jr.: Corrosion, 39 (1983), p.
189

J. D. ScanTtLEBURY, A. Guiseppi-ELig, D. A.
EpEn and L. M. CarLLow: Corrosion, 39
(1983), p. 108

BT R BiABWe, 30 (1981), p. 699
HiHER: £ L8, 69 (1983), p. 1388

H. TakaHuasHI, Y. SHIROGANE, K. MATsuDO,
T. ApanNiya and M. Omura: SAE Technical
Paper (1980), p. 6

H. LEDHEISER, Jr.: Corrosion, 38 (1982), p.
374

W. G. O’priscoLL and B. 4. M. Sc.: JIS],
167 (1951), p. 353

H. Okapba, K. Yamamoro and I. Ito: Proc.
International Congress on Metallic Corrosion
(1972), p. 275

H. LEIDHEISER, Jr. and I. Suzukr .
Electrochem. Soc., 128 (1981), p. 242
AEEE, &xs, W B, dul H: B
Prze (1984) 315, p. 6

ﬁﬂfﬁﬂ%, qjmif, ?:?Eﬁﬂﬁ%, TE# :J, SJE]EEI
MW, WMELXE, WL %, MNEHRB: BER,
69 (1983), S335

B FE, FWE=, FE—F, FEEz: &
#8, 70 (1984), S1192

AHRZ, B B%, RAEBERE, BU B, %
WoOB, B 4 #8869 (1983), S1120
B W, B/ BREX K ¥—: BAKEARK
#, 3 (1966), p. 13

J. J. Rirter and J. KruGer: Corrosion
Control by Organic Coatings, ed. by H.
LEIDHEISER, Jr. (1981), p. 28 [NACE]

M. Poursaix: Atlas of Electrochemical
Equiliblia in Aqueous Solutions (1966), p.
406 [Pergamon Press]

=HERE, HHET, £URBE, ARG, M
#: gk L8R, 66 (1980), p. 858

— 106 —



