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A Study on Cosmetic and Perforation Corrosion Test

for Automotive Steel Sheets

Shigeo KUROKAWA, Tenji BAN, Koji YAMATO and Toshio IcHIDA

Synopsis :

The use of a cyclic corrosion tests, consisted of the salt spraying, wet and dry conditions, is desirable in
the evaluation of the corrosion of automotive body panels in an accelerated manner.
Defining a wet %, as a percentage of a wet period in a total test time, it is required to use the wet 9, of

below 40 for the evaluation of the cosmetic corrosion resistance.

This is a reasonable requirement when

the corrosion of actual automotive bodies is considered.

In this experiment it was found that zinc coated sheets showed less blisters than cold rolled steel sheets
and exhibited good cosmetic corrosion resistance at 40 wet %. When the wet %, was above 70, significant
blister occurred on the Zn coated sheets with the anodic Zn dissolution.

For the perforation corrosion the percentage of the wet period should be above 509, since the cor-

rosion proceeds in a wet condition.

It was found that the high frequencies of a wet-dry cycle was ef-

fective to accelerate the corrosion and that zinc coated steels showed good perforation corrosion resistance.
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Table 1. Test specimen.

Coating weight (g/m?)

Symbol » Specimen - N All(o%i)ng
Cosmetic | Perforation
CR cold rolled -_ — —
EG electrogalvanized 20 40 —
GA galvannealed 20 45 11

BHETHD. HRAMOZEMAY Table 1 R4, RERH
DO A4 X% 0.8x70x 150 mm Th 5.
2-2 {bRMIEROEEERESE

SESEARIL S = — P BRI, LB XHABE T
* vEBERELAEM AV AEBEOARIKkD L FD
ThHBH. h ABEIRABEIBEA S —H S 7HD
RV TF54 1+ 3004 AEHRLRBEAEY Liz. 54V
BEBEXAEASM v DT -, 7 U-30 2#H
L, BEE®IEIE B2 BEET 20 pm, £L5H E BRI
fh EA b RE% 5 pm, 10 pm, 20 pm /g% X 5 1
KECHE L. ArERBRMr I b c0BERE L
A5 3IV]7Aa%, FEEROFPEY, EBH B2 A
T v —gETdhiE) EE 30 pm, EEHEE 40 pm &
AL, 203 a—1rgEM4dEy CEEASY 90pm &
L.
2-3 EBRHERROEM

2-3-1 AHgERBA

AEEFRBRIL 3 = — F B 2EHE L2 A TR
Bl B 1oBIFRMMKCETARRERL Y » % —
FATBIOTREHTARLCLDOT, F20H3F
CVIIEREELC RREBETr—F Ve s
_eF .y, BV IITARE SOBDODEDIRBIIKRD X
5CHDL. IHEHED » 5 =54 7 TCAREBIIBE
EDOXRBMBEEINMPEETEL VD, Tr—Fy
Ev iz lg o447 e —% 150cm OFIND
30° ofE Ly b LCRBRE ECET IR THEL DT
7od DT, BRBOBEEY k2 ) FOROHIIFH R
WL, D2X¥BRbTHE L SORTHBHRETH
B, riNuF, €V 5~15mm OMEA O B
150 g % 2kg/cm? DFEMHEZKTY 2y b LD DT,
FEOM-AAEC L VBEORE IR DLD, DOXE
EERO TV AHENRE .

2:3-2 fLHERERBRH

AhEEATEERE DX WM TRET S
EHERMBELTCKRD X 5l #ER L. FT772ED
~NLAHOBEREN X T LW EEEL, AR
KFomi#fzig 10mm OF —-FT<Axv 7L, L
B, BEBREYELIOLT — 7 HKREL CRBEM

Table 2. The cyclic conditions for corrosion tests.

CCT.No} SST | 1 2 3 4 5
Wet(%)| 100 | 80 | 75 | 66 | 50 | 38 | (35|35
sst [foni- | 170 | an [ 2n [ 20 [05n (8 |
O >y
Dip 3h w g z
e B8
Dry 2hx2| 2h | 2h [2hX2] 25h ;‘5 s £
S s|l®3
Hum 2h | 2n [ 20 | 1h gg,gg
) -
Freeze 2h E'.f ]
Cycles
—day 1 3| 3| 3]s §

FEITVWEE & BARER LR ETHRBR, b
WEOEDD KRB ZALOHY WL, 0.5mm

BT 78 v A= - ART2HAELRIC L

REBF, EREERORMO X 5 CBEBEDO O
b AL WEAEEE L BRI AR W TEEREE
% 5pm, 10 pm, 20 pm & U7cRBH, 20 4m DEE
BRECH » & —F 1 7 TRIRGBEZ AN RBA 2 FK
L.

2.4 CCT %&#

CCT 4% Table 2 i3, HEAEERER (Salt
Spray Test LI F SST &#-3) 1k JIS Z 2371 ¥
T2k, HABERBIIL 50°C © 5%NaCl g%
AV, B 50°C, 95%RH L) E, #igis 70°C [
T, &L —20°C RBRE L1, CCT oKLz,
Ly g7 el SST #RE, BERHOZIE
. BEHEGERE - ARCBERCEECE RN
ICEBWCER INTKY DEHEREE L 2 EREEEL AT
%l BE S L O BRERIGERY~DFEIRE VIE
BRGSO ERREBC Y T2 02, BERER
DHARE D CBEROGTE IR L. FEEEL
THBTOWRRREE L TEHRBX cKE 1 B 2
EMUCX55TImn g AT RIBBEARYERL
foo {HRERSTIEOBERIX Table 3 iR X 511 1982
FEOEPFERN D 1mm L EOBRRAOFEMEIS » b
B35, 3% BETHS.
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BABMERS Vb~ 27r 2 —x —CHREXZAEL, &
AIEEBIELRKERLOKE WL H2D 10 KO
WEE A L.
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Table 3. Time-of-Wetness fraction (%) of total
exposure time at seashore districts.

Dew condensation | Rain fall days
hours of more than 1 mm

Choshi | Okinawa

Choshi | Miami

%
N

141.5 7
58. 4 9
184.9 12
180. 4 11
299. 5 12
325.5 12 13
341. 1 9
336.7 7
296. 0 11
288. 4 12
250, 2 10
249.5 7

=
QWD U LON =

i
0N -

Total 2952.1 | 2254, 7 117 132

Time-of-Wetness
fraction 34% 26% 32% 36%

galvanometer

potentiometer |"©'/' potentiometer
~®— -®

‘| specimen
¢ \

7

59 NaCl solution

Fig. 1. Schematic of the electrochemiical cell to
measure the couple current.
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Fig. 2. Blister widths after one~-month exposure
in the various corrosion tests.
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Fig. 3. Growth of the blister wlcitils in the SST
and Okinawa seashore exposure.
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Fig. 4. Influences of damaging methods on blister \\ ~e
formation after 2 years of Okinawa seashore exposure. of B
Wetness dura- Chiba| Oki-
tion fraction(% 100) 8 | 75 | 66 | 50 | 38 +c: * nawa
v } 3coat Corrosion test | SST | CCT-1|CCT-2|CCT-3| CCT-4|CCT-5 :;;1';‘:";
paint

} Corrosion
products

} steel
3 coat
paint
}— EG

steel

Photo. 1. Optical photomicrographs of the cross
sections of the 3-coat painted specimens after
two-month exposure in CCT 2, showing corrosion
product layers between the paint and the base
steels.
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WAL, Zn O7 2 — FEBRESAIL 8B D T|EO
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3-1.3 EWRMOHHE
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MECBRL, 7V Ax—0O%ME TRARRIGERYH
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5. USSR CUBRREAERMC X 5 BROB

« : Sea-Water spray twice a week

Fig. 5. Thickness reduction after one month
exposure in the various corrosion tests.
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B2 SBEH~OBEDIEN D A LD 3 AR
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Fig. 6. Blister widths measured on electropainted
(cationic) specimens after three-month exposure
in the various corrosion tests.
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Fig. 7. Thickness reduction after one month
exposure in CCT 1.
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Fig. 8. Thickness reduction after one-month
exposure in CCT 1,

1.0
| Perforation
g - ecr
®) & . OEG
% \
g 0\ \‘ AGA
1 “
2 \
e 05 \
3 P \
e \ :
A Y
Y
g ! LN
g WO
i A ~ \‘s
o- .\R\a—-_.\ e}

0 5 10 5 2
paint thickness (#m)

Fig. 9. Effect of the paint thickness on the steel
thickness reduction measured after five-month
exposure in CCT 3. '
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we PP (50"5 ) . s

Dip bry (100), 2h| 6h
>95%RH

Hum (goé™) 2h | 6h

Dry (50C) 2h- 6h

Fig. 10. Thickness reduction of steel sheets without
coupling in various corrosion test cycles.
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1
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Current density, #A/cm?

TS5709 1565700 135791
Cycles (2 days for 1 cycle)

Fig. 11. Galvanic currents for the couple, electro-
_ painted (cationic) test specimen-cold rolled sheet.
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3.3 hy TILER .

BEY T —7 v — A LG ERRK (B omE 1 cm?)
L 10 pm @ HF A+ vEEREYELICEEDOREOR
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Fig. 12. A typical couple current on cold rolled
steel.
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Fig. 13. Initial stage of couple current in dip

2h-dry 2h cycle. ‘
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BERH COEANEHOBERIN L DL HWTH BT
BBRN B B0, HET A b ORIV CIE Zn HOXER
WONESHEH LR RS KR E W & D 2 & bAEEE 28
H#EFHES %5 CCT &L UTiiBEERY 40% figkicd
HO0EE L. COT ki 3BABEBIIKD L 51
Zzbhs. Fig. 11 @RLich » 7LVEROBITEREE
DHLHELME LS5 Zn HoXBIrgRE IR T Fe
R LTT 7 — Feieddy, BIEMRITSRER N »
V—F&itk. ¥ CCT 2 wki? % EG, GA Tt 7
) 2z —#o pH e pH REBEEA B CHE
LR, 7Y 22 —DRERI: pH 4~5 OEpH:% R
L, FOLEMOBRRIGERLO iz pH 10~12 o7 o
HVMEERRLE. LT Y A2 —DEBIITT ) — F
e In BHEMBUTWHEIRTH D, BEHOTH Y
— FERERTHLND Fig. 14 ©RTX5 k=50
NEZBRS. A, allFHW7 7 - FTalzAXy Hic
BfixmLl, Cik» Y —FeiRT. RS » S LER
DWERERL & 5 CBAERO HAr=$. EG, GA
OHERBRREOBERNE L BREBRIBET S
EZInDOEBRT )~ FELTHEBTHRDT Y R4
— DB ETTHZ LS. Lo LBERMVELS K
BAVEZHR LICREAR WA B R RIGER DO b
7%, REBRBERIGARY CH 5 Zn(OH), Ebh
BTV AZ—DPETLEL WHDLEZBRL., —
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e ——
AN NMmiitaAA
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c Dry atm.
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Fig. 14. Schematic representation of scab corrosion
for CR and EG. Arrows show the galvanic current.
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