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Cratering Mechanism of Cationic Electrodeposition Primer
over Precoated Steel Sheets

Takahiro KUBOTA and Masaaki Y AMASHITA

Synopsis :

Cationic electrodeposition primers have been widely adopted by automobile companies due to their
advantages with regared to application and corrosion resistance. However, under certain conditions,
cationic electrodeposition primers can give craters over precoated steel sheets. Therefore, it is
important to establish the exact mechanism of cratering from the viewpoint of cratering control.

In this study, resistance-time profile which were calculated by means of measured current and voltage at
the initial stage of electrodeposition were investigated using digitized measurements to record data over
millisecond time scales. Uncured as-deposited paint film in the course of electrodeposition was observed
by optical microscope, and defects remained in the deposited film at the end of electrodeposition was
also observed during curing process by optical microscope. The results indicate that electrodeposited
paint film is ruptured by violent hydrogen gas generated locally during electrocoating, and the defects
remaind in the deposited film at the end of electrodeposition cause cratering after curing paint film.

Key words : cationic electrodeposition primer; cratering; organic-silicate composite coated steel sheet; zinc
and zinc alloy coated steel sheet ; resistance-time profile.
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Table 1. Film composition of the substrates.

Materials Film composition

Organic-silicate composite Organic-composite coating /chromate
coated steel coating /Zn-12%Ni, 20 g/m*

Cold rolled steel None

Zn-Ni electroplated steel Zn-12%Ni, 20 g/m?

Galvannealed steel Za-10%Fe, 60 g/m?

7— b v 7 U-100 % fEH#ELMCEM L 7.
2-2 BERE

MR OB L OERHEET - T T L
BAERE SN DEM* —% (56 X 128mm) & L7z, &
HBERGEH,»S 30s THREAAMEL CHEST S L) R
O— @B TV, b— ¥ A OEERLIEHIL 180s &
L7:. WREIEHEE 15cm, 7/ — F/7V— FOHTEIL
i 1/2 & L7 EAEBFEPOBEIZHASER - EH:
OWPEE, MITERMBOTFIA Ty r7ra—F
3655E #fFF L7c. &Ei-EHE 20ms T ICHMEL,
V= IR, OBFH, IO AL 2 Ko 7z,
2-3 EEZEROBE

AR L BEPTHIT L, MM & K0t - @ L
Db, KL SR O K RCIKEE # AP T8l
BT LHIEILD, BERKPONMLBROWEEE T
a7, 70, 180s MEA®RRER, MM 2 Kt
WIBELEE L, 180°C ISR L 72k » F 7L — b RICIUE
L, MEuEECoBARE % o s TBg L.

51, 7 L= —DKIKH & % B H LS o KBRS
Y, KALGIRED T E N, N-UXFUERNLLT 3
F (DMF) & )@ % % L, RIEHEZ ORI E 6
SEPAMEE B L OEARIE FuAMMEE (SEM) TEIZL 7.

3. £ B & R

3-1 MoL—42U 7%

BHAM O 7 L— %)~ % Table 2 I2/RT.
BRI (200 V) BAI2E, GA 2RV T
E, WThofRM i 7L -y —RER SN b 5 7.
—7, BFEIEALENE Y (250V) 4121k, CRS
ER T NTOMEMIZ 7 L— 7 — A58 L7z,

Table 2. Anti-cratering properties of the

substrates.
Crater density (em™?2)
— Materials
200V 250 V
Organic-silicate composite coated steel ‘ 0 31
Cold rolled steel 0 0
Zn-Ni electroplated steel 0 35
Galvannealed steel 26 87
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Fig. 1. Current-time profile at the initial stage

of cathodic electrocoating of
composite coated steel sheet.
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Fig. 2. Current-time and resistance-time profiles
at the initial stage of cathodic electrocoating of
Zn-Ni electroplated steel sheet.
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Fig. 3. Current-time and resistance-time profiles
at the initial stage of cathodic electrocoating of
cold rolled steel sheet.
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1 : As phosphated 2:AtA stage 3: At B stage 4 : At C stage
5: At D stage 6 : At the end of electrodeposition

Photo. 1. Optical micrographs of uncured electro-
deposited film over Zn-Ni electroplated steel
sheet.
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1: As phosphated 2: At A stage 3: At B stage 4: At C stage F:At177°C

5: At D stage 6 : At the end of electrodeposition Photo. 3. A crater formation process during
Photo. 2. Optical micrographs of uncured electro- curing cathodic electrocoated film on the organic-
deposited film over cold rolled steel sheet. silicate composite coated steel sheet.
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Table 3. Anti-cratering properties of the sub-
strates with and without phosphating.

Crater density {ecm™2)
Materials with without
phosphating | phosphating
Organic-silicate composite coated steel 32 26
Cold rolled steel 0 0
Zn-Ni electroplated steel 41 1
Galvannealed steel 89 9

Applied voltage : 240 V
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Fig. 4. Current-time and resistance-time profiles
at the initial stage of cathodic electrocoating of
Zn-Ni electroplated steel sheet.
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Fig. 5. Current-time and resistance-time profiles
at the initial stage of cathodic electrocoating of
organic-silicate composite coated steel sheet.
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Fig. 6. EDX analysis of cathodic electrocoated

Zn-Ni electroplated steel sheet after removing
deposited film by DMF.
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A : Optical micrograph of as-deposited electrocoated film

B : Optical micrograph after removing electrocoated film
C : SEM micrograph after removing electrocoated film
D : SEM micrograph after removing electrocoated film

Photo. 4. Optical micrographs and SEM micrographs of a defect in cathodic electro-
coated film on Zn-Ni electroplated steel sheet.
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Fig. 7. Schematic diagram of mechanism of
cathodic electrocoating cratering.
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