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Effects of Composition of Phosphate Solution on Wet Adhesion of
Zn-Ni Alloy Electroplated Steel Sheet

Minoru KiTavaMa, Hisao ODASHIMA, Takaho SAITO and Yoshihiko Hirano

Synopsis:

Effects of composition of phosphate solution on wet adhesion have been investigated.

The lower Zn* and the higher Ni#* concentration in phosphate solution increase the wet adhesion of
both Zn-Ni alloy and Zn electroplated steel sheets, and also decrease the effect of cathodic electrodepo-
sition (C-ED) baking temperature on wet adhesion. X-ray diffraction images of phosphate film formed
on samples show Hopeite invariably, even if compositions of phosphate solution change, but Ni content

in phosphate film is different.

The higher Ni* concentration in phosphate solution becomes, the richer Ni content in phosphate film

and at the same time, the more eminent wet adhesion becomes.

In the case of Zn-Ni alloy electroplated

steel sheet, partial Ni contained in phosphate film is supplied by plated film, and Ni content in phosphate
film changes according to Ni concentration on surface of Zn-Ni alloy electroplated steel sheet. For these
reasons, wet adhesion of Zn-Ni alloy electroplated steel sheet coated by C-ED is governed by properties
of phosphate film formed on surface. Metal ion balance of phosphate solution changes properties of phos-

phate film.

Ni in electroplated film increases the Ni content in phosphate film and improves the wet adhesion.
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Table 1. Concentration of Zn* and Ni# of
phosphate solution.

sopmclion | Niv e/ | 2o (/) | Niv/ (N4 Za)
° 0.56 0. 90 0.38
® 0.78 0.90 0.46
@ 1.02 0.90 0.53
@ 0.71 0.60 0.54
® 0.96 0.60 0.62
1.16 0. 60 0. 66

Total acid: 17.0 Free acid: 0.9 Accelerator: 1.4
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Fig. 1. Wet adhesion on non phosphating
elements.
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Composition of phosphate solution
C-ED bakingtemp. []:165¢C 74:175°c Hl:185%C

Fig. 2. Effect of metal ion ratio and concentra-
t;on of phosphate solution on wet adhesion.

WILRIFTH D, BMBEEORE NS ST Niv b
s 0.62 P ETFOFBLELEAL RS WTh
U b e - & IR O SBAH v T7 Y ADR
UGS CHEETH D, B Nit (o VIREOEVH
QKW*%%ﬁMETL,%ﬁﬁﬁ@%%ﬁﬁ%ﬂﬁ%
o Nit o VBENE L Kb KEERIFEL
BRI b AChHDH. DI LEFERE
EXNTVLREERL —~FKT 590, SPC OHETHE
¥eip o Zn¥, Nit A4 VEEL LB Zn* A4V
BERED, Nit o+ BEYKIEC PP T Nt X
2 T B LRABEEDE THS, HTREOR
ik Hbh b (Fig. 4). Nit frgai 0.38~0.66 O
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BERE/ (Phosphophyllite (100) X ##5% & + Hopeite (020)
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Composition of phosphate solution

C-ED baking temp O:165c B :175C @ : 185°C
Fig. 3. Effect of metal ion ratio and concentra-

tion of phosphate solution on wet adhesion.
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Ni++=0.56 g/, Zn*+=0.90g/!
Ni**/(Ni** +Zn*+) =0.38
Nit*=0.71g/l, Zn**=0.60g/!
Nit*/(Ni**+Zn**) =0.54

Sample : EG
SEM photographs showing an effect of ion balance of phosphate solution.

Photo. 1.
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MR S o s % Photo, 1, 2 1R
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AN Do BT O B L E SRR 7o AHBSRA R 2 2%
b, ERPO Ni FHEN 0.065 L ke’ L@
DEAEMEL 8 FLLEL 7 B KBS AR 2
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Lioh Fig. 6 ©#%. EG, Zn-Ni(Low Ni) &4
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Nit+*=1.02g/l, Zn**=0.90g/!
Ni**/(Ni** +Zn**) =0.53
Ni**=1.16g/l, Zn*+=0.60g/!
Ni*+/(Ni**1-Zn**) =0.66
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(a) Ni**=0.56g/l, Zn**=0.90g/!
Ni*+/(Ni**+Zn**) =0.38
(¢) Ni**+=0.71g/l, Zn**+=0.60g/!
Ni+*/(Ni**+Zn**)=0.54
Sample : Zn-Ni(Low Ni)
Photo. 2. SEM photographs showing an effect of ion balance of phosphate solution.
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Fig. 5. Relationship between Ni/(Ni+Zn) in

phosphate film and wet adhesion.
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(b) Ni**=1.02g/l, Zn*+=0.90g/!

Ni+*/(Ni**+Zn**)=0.53

(d) Ni**=1.16g/l, Zn**=0.60g/!

Ni**/(Ni**+Zn**) =0.66
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Fig. 6. Relationship between Ni#/(Ni#4Zn#)

in phosphate solution and Ni/(Ni+Zn) in

phosphate film.
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Ni/(Ni+ Z) in phosphate solution

Fig. 7. Relationship between Ni concentration of
surface and Ni/(Ni+Zn) in phosphate film.

.T 10 = : Zn—Ni(Low Ni)
° 9 E3: Zn-Ni(High Ni)
]
o 8
Q
7r
6+
§
.G 5»
2 4l
®
- 3r
@
2 2
'l-
Ni* Tg7)
Za" (gl . .
nijini+za)| 0.38 | 0.46 [ 0.53 | 0.54 | 0.62 | o0.66

Composition of phosphate solution
C-ED baking temp : 185°C
Fig. 8. Effect of metal ion ratio and concentra-
tion of phosphate solution and Ni concentration
of surface on wet adhesion.
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Fig. 9. X ray diagram by Co target on
phosphate films.
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Fig. 10, X ray diagram by Co target on
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Table 2. Relation Nit rate (Nit/(Ni#+Zn#))
of phosphate solution and coating weight of phos-
phate film.

Elements spc | EG Zn-Ni Zn-Ni
Ni*/ (Ni*+ Zn®) (Low Ni) (High Ni)
0.38 2.37 1 2.56 2,48 2,43
0. 46 2,36 | 2.56 2.47 2.43
0,53 2,3312.39 2.41 2.30
0. 54 2.30]2.35 2.39 2,28
0.62 2.19|2.31 2.28 2.20
0. 66 2.11 1 2.30 2.21 2.15
Total acid: 17.0 Free acid: 0.9 Accelerator: 1. 4 ( g/m?)
250 o:EG

Q \ o : Zn-Ni(Low Ni)

I o] s .

< \ \ » : Zn-Ni(High Ni)
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Ni/{Ni + Zn} in phosphate film
Fig. 11. Relationship between Ni/(Ni+Zn) in

phosphate film and peak intensity index of Zn,
(PO,) ,-4H,0.
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Mo XERFrRc b Hh 5. HiaRD O Sl
TIL EDB BB S oK b Hopeite & | THZE X
nBAEFO Nit HELSHIN$% & Hopeite 4 KiE
(Znyg (POy) »-4H,0) D\ FH DO E D B D [B1HTHH & ((020),
(042, 220), (240), (221), (151, 241), (260, 400))
b HXIICE T L, Nit H3 0.38 L 0.66 L TixkE
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Phosphophyllite F:{kod b ABBIEREC T2 581 H D
LT BB H B9, Li L, Hopeite THEEHFD Ni
&8 RuHEH-T i Phosphophyllite k0 h A
LR v S A OBR T KEERLEORD Z &b,
CHhOLFIRETLENRDSS. 2T, ZHETHAK
HEMAERT S LU EL IR TERL PR BV
b DTS BEIh&HET BlxiE Nit o
2 ie D AEWEERALIRIS s DI S ic b ABRIBRZIE) T
O—ODIHI T E\WEE LD,

wiZ Nit R H 2 7 bRAERE» BRI Tz )
ABEEB O pH fHi (0.1N, NaOH, (pH=13),

] lihosphated surface J

AT IS IAI SIS TSI S AIII T GZ.
S A S T

Weight loss due to disolution (mg/m*)
3
3

I |

NN NN NN NN

RTINS

P et s aagasisssesids
s et R 2 R

ez

%
400 1 Z 1
2001 z §
N N :
Cold Rolled EG (Zn)  Zn-Ni Zn-Ni
Steel {Low Ni) (High Ni)
Ni7(Ni"+ zn) :0:0.38 £2:0.53
£5:0.54 ER:0.66

Fig. 12. Weight loss of phosphate films immersed
in 0.IN NaOH solution for 5 min.
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substrates immersed in 0.1N NaOH solution
for 5 min.
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