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Relation between Wet Adhesion of Coated Steel and
Stress Changes in Coating Film
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Yoshihiko HIRANO and Teruo YOSHIDA
Synopsis :

Relation between wet adhesion of coated steel and stress changes in coating film has been investigated.
Formation mechanism of ZnO under coating film has also been examined.

Zn,(PO,),4H,0 under coating film dehydrates to Zng(PO,),2H,O with cathodic electrodeposition (C-
ED) baking. In the next place, Zn(OH), and Zn(H,PO,), are produced as a result of hydrolysis of par-
tial Zn,(PO,),2H,O in water immersion. And then Zn(OH), dehydrates easily to ZnO. Formed ZnO
weakens remarkably adhesion force between coating film and phosphate film. In the meantime, in C-
ED coated steel, very large remaining stress is produced in coating film. The bonding between coating
film and phosphate film weakened by the formation of ZnO is easily destroyed by this stress. Futhermore,
stress due to expansion of phosphate film is introduced as a result of restoration from Zn(H,PO,), to Zn,-
(PO,),4H,0 in water immersion and then promotes the destruction. Accordingly wet adhesion of C-ED
coated steel becomes poor.

The formation of ZnO and progress of hydrolysis reaction are controlled by Ni in phosphate film, and
as the result, phosphate film is stabilized. And then stress due to expansion of phosphate film is not in-
troduced because of the formation of amorphous phosphate film. Consequently phosphate film formed in

high Ni++ concentration solution makes good wet adhesion.
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Fig. 4. Experimental method of hydrolysis of
synthetic Zng(PO,),-2H,0.
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C-ED baking temp : 165°C

Photo. 1. Change of bending condition
Before C-ED After C-ED After 3-Coat | After water on coated Zn-Ni alloy electroplated steel
immersion sheet before and after water immersion.
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Fig. 5. Stress changes in coating film before and after water immersion

of coated sample.
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Fig. 6. Stress changes in coating film before and after water immersion of
coated sample.
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Fig. 8. Stress increase caused by the presence
of phosphate film in water immersion.
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Table 1. Density of synthetic hopeite.

Sample Preparation X-ray diffraction | Density
gr/ent
A Synthetic hopeite Zny(PO.), + 4H,0 2.65

Synthetic hopeite
] R Zns(PO.), - 2H,0 2.10
Drying in air oven 185°C,50min

Zny(PO.), - 2H.0
c Drying in air oven g0%c,24 h + 1.89
Zn,(PO.); - 4H,0

Synthetif hopeite

Water immersion 40°C,5 days

Photo. 2. SEM image of synthetic hopeite
(Zng (PO,) .- 4H,0),

Photo. 3. SEM image of synthetic hopeite
(Zn3 (PO,),-2H,0) after drying at 185°C
for 50 min.

Photo. 4. SEM image of synthetic hopeite

(Zng (PO,) 3-2H,0+ Zny (PO,) ,- 4H,0) after

drying at 90°C for 24h and water immer-

sion at 40°C for 5 days.
B A —x CHEEXRIE LIRHER 2.65g/cm® TH otk
B34 B L7 Hopeite % 185°C ‘¢ 50 min ZWLiE L
oD THBHA, SEM X 5 HIERKERY Photo. 3 ©
R$. X#EEHTCrd Hopeite 2 KD XM Shis.
¥, BEZ 2.10g/cm?® THDON. R CIZTER LA
Hopeite % 90°C T 24h gL, 0% 40°C 0HEY
Aie 5 HEIB®E L. SEM X % HEREE% Photo.
4 R, 90°C ¢ 24h MU RS Co X EHR
BTt Hopeite 2KiED v —7DHaBHE Eh, TT
WK H 4 KIED D 2 KL L Tw5 2 & hibn
Dt Efe, 40°C OEEAKI 5 ARIBR LA T
XEEFTHERTIL2KIE L 4 KEEOWED ©— 7 23385
Hh, Hopeite 2 KiED—if»% 4 KEICEE L T\ 5
CEDHERIN. ThOEBROBEYHE L - ER
1.89g/cm?® CTHofz. L ED#KEEL:H A (Hopeite 4
&) —B (Hopeite 2 k#5)—>C (Hopeite 2 K¥E+ 1K
L7 Hopeite 4 Ki) &b+ 5C>hFEEIL 2.65—>
2.10-»1.89g/em?® L/hXL 7B h, Zhiz A->B-C
DERIGE L THRBIHEATS Z L 2RT. Thbb,
BEfTHRKEE L T Hopeite 2 KiEh 5 4 KEREHEL
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Fig. 9. Zinc and phosphorous contents built-up
in filtrate due to hydrolysis of synthetic
Zna (POJ) 2° 2H20.
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Fig. 10. P/Zn molecular ratio in filtrate
of every turn.
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+2H,
—Eimo£EERKIGL T (Zn, Me) - (PO,),
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Zny(PO,);- 4H,0
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" Rehydration
Zny(PO,):- 2H,0 e | —eeeeeeeee .
) J T2H0 Zny(PO,). -4H.0

+2H,0 <
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Fig. 11. Estimated mechanism for
deterioration of wet adhesion.

R Ihi-h ABBEEED Hopeite 4 ki1t C-ED
BRI ReBEK L T2 D% < 13 Hopeite 2 Kig& /¢
5. REKBER2HEEOBELYE > T Hopeite 4 5K
HicEET 5. 81 o:EfF i Hopeite 2 kiEANMIZ 4
KEWEIRET 50T, bABERELREIRECE
BLTWLeHBBECERHEICHAPFEL TS, Tk, 4
KECEETA X W BEERELCLBECEES
BHERIRS. Chied L 2 o8& it Hopeite 2
AKESLMASEL Zn(OH), & Zn(H,PO,), 2T
5. ¥bc Zn(OH), RAEZBBA L T ZnO % 4 5K
L, BEL Y ABEREE OBEN Y KIBEDS. —
7, C-ED B3&M CIIBEC K E ABRAICHBFEETS
70 ZnO AR IO TET LABESE b ABERE
LORERBHCHEEL, X5 Zn(HPO,), 13 Ho-
peite 4 KiEE o) AR L CroBEEBREL, &
RO KEE®EIET T 5.

5) Ni ofF#EIX ZnO DERZPIH Uik BRI
I L TH ABEREYZELRTS. £, »ARBE
B I E L L Hopeite 4 AKE~DOEHE X 2 &
R A 7o LT8R/ b ABMERIEO BIMIE % /N X
L LTWw5.

x [y
1) dewy #&, /J\Hﬂ%%%, ﬁ%&ﬁ, FEHEE: &
L8, 71 (1985), p

2) den H, /J‘EIEI.%%%, %E&ﬁ, FHEE &
LR, 71 (1985), p. 1351

3) BRUE4A: WdbA¥ AR (1981), p. 108

4) A. BRENNER and S. SENDEOFF: Part of the
Journal of Research of the National Bureau of
Standards, 42 (1949), p. 105
L, 68 (1982), AS57

6) H, Oxapa, K. Yamamoro and I. Ito: Proc.
5th Inter. Cong. Metallic Corrosion, Houston,
NACE (1972), p. 275

— 135 —



