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Correlation between the Anti-cratering of Surface-treated Steels
and the Change of Electric Currents during the Electrodeposition
Coating

Noboru SATOH and Saburoh TANAKA

Synopsis :

The effect of the electric current density during the electrodeposition coating on the anti—cratering of
surface—treated steels was studied.

1) The electric current density during the electrodeposition coating varied with the time in the slow—
‘start method and many current density peaks were observed. The first peak current density was named

as i 4, the final peak i 3.

2) Theipliy varied discontinuously with the applied voltage and the voltage, at which the ig/i4 in-
creases discontinuously, was named the critical voltage.

3) It was found that the critical voltage was correlated with the tendency for the cratering of surface—
treated steels and the steel having the high critical voltage showed the good anti-cratering properties.
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Table 1. Surface-treated steel sheets.

.. Surface Surface coat Surface rough
Description Symbol component ing weight ness: Rq (ng)
a) Electro galvanized steel sheet EG 7 30g/m? 1.2
b)Galvannealed steel sheet GA d,.n,a-Fe 60g/m? 1.3
¢) Zn-Fe/Fe-Zn two Upper Layer
layer electroplating Fe/Zn Fe/Zn 23g/m? 1.1
steel sheet 3, (I, a-Fe
d) Zn-Ni/Fe-P two
layer electroplating Fe/P ra-Fe 23g/m? 1.2
steel sheet
e) Cold rolled steel sheet CR a-Fe — 1.9
f) Zinc-rich primer .
coated steel sheet YAYS 7, Epoxy resin 15 pm 2.4

Table 2. Specific values of the cationic
electrodeposition paint.

NV (Non volatile) 19.5%

H 6.5
Acid contents 18, 3Meq/100g
Conductivity 1150 ym §§/ cm
Solvent contents 3.8%

Table 3. Conditions for electrodeposition coating.

Temperature 28°C

Anode-cathode distance 100 mm
Anode-cathode ratio Anode/Cathode=1/4
Applied voltage range 200~ 400V
Voltage increasing time 30s
Voltage keeping time 150s

Timer
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Fig. 1. Apparatus for cationic electrodeposition
coating.
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Fig. 2. Correlation between applied voltage and
cratering density of the various steel sheets.
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Substrate: EG, GA, Applied voltage: 300 V
Fig. 3. Dependence of the current pattern on
electrodeposition time.
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Fig. 4. Dependence of the current pattern on
electrodeposition time.
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Substrate: CR, ZM, Applied voltage: 300 V
Fig. 5. Dependence of the current pattern on
electrodeposition time.
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Table 4. The change of electric current density
during electrodeposition coating.

Numbers of
ia ig | maximum current | Applied voltage
Symbol | (mA X | (mA X | during for the appearance
102) 102) | electrodeposition of the 18 (V)

coating
EG 5. 85 2.30 3 300
GA 6. 40 5.20 3 300
Fe/Zn | 5. 84 2. 40 3 300
Fe/P 6. 25 1. 80 3 300
CR 7.05 1. 48 3 300
M 5.20 2. 68 3 300
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Table 5. Peak current ratio ig/i4 at each
applied voltage on the various steel sheets.

Steel
sheet
EG GA | Fe/Zn| Fe/P CR M
V)
Volitage
200 0.20 | 0.20 — - — 0. 26
230 0.22 | 0.20 — - —_ 0.26
250 0.22 | 0.29 0.23 0.21 0.17 ] 0.28
300 0.39 | 0.81 0. 41 0.29 0.21 0.52
350 0.54 | 0.91 0. 54 Q.52 0.29 0. 67
400 — - 0.57 0. 55 0.32 —
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Fig. 7. Film formation of electro-
deposition coating.
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Fig. 8. Cratering and electrodeposition coating
conditions.
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a) Surface distribution of cratering (X7x4/5)

b) Cross sectional analysis of cratering (X30X4/5)
¢) Magnification analysis of cratering A (X40X4/5)
d) Magnification analysis of cratering B (X50%4/5)

Photo. 1.

SEM micrographs of the cratering on GA electrodeposited at 350 V.
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Fig. 10. Cratering mechanism in cationic
electrodeposition coating.
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