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Effects of Fe-P Upper Layer Coating Weight on Paintability and
Corrosion Resistance of Double Layer Alloy Coated Steel Sheets

Toru Honjo, Kazuaki KyoNo, Koji YAMATO,

Toshio IcHIDA and Toshio IRIE

Synopsis : :
Although Zn base alloy coated steel sheets show good corrosion resistance, their use in the exposed side

of auto-bodies is not expected because of their poor phosphatability and paintability compared with those
of uncoated cold rolled steel sheets.

To modify these properties, an Fe~P alloy layer (2~6 g/m?) is electroplated on Zn base alloy coated

steel and double layer alloy coated steel has been developed. The addition of P into the upper Fe layer
contributes to the formation of finely packed phosphate crystals in both spray and dip type phosphate
treatments. The upper Fe-P layer also helps to suppress the formation of crater form paint defects

during the cathodic electrodeposition. Moreover, the Fe-P alloy upper layer reduces blisters at cross cut

portions of painted specimens during corrosion tests.

When the upper layer coating weight is below 6 g/m?,

the corrosion behavior, such as red rust formation and thickness reduction, of the double layer alloy coated
steels is similar to that of the single layer Zn alloy coated steels.
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Table 1. Composition for Fe plating bath.

Component salts Concentration (g/ 1)

FeCl; 4H,;0 240
KCl1 180

Temperature 40°C
Current density 40A/dm?
pH 2

Table 2. Description of test panels*.

Composition Coating weight (g/m 2)

of coating Upper layer Lower layer
Zn-Fe (15%) — 20
Pure Fe/Zn-Fe (15%) 2 20
Fe-P/Zn-Fe (15%) 1~10 20
Zn-Ni (12%) _ 20
Fe-P/Zn-Ni (12%) 1~10 20

* All test panels are made by a electroplating process
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Table 3. Evaluation for cratering.

Evaluation Number of crater per 1cm?
5 0
4 1~5
3 6~50
2 51~100
1 over 100
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Fig. 1. Effect of phosphorus content in Fe-P
upper layer on P ratio.
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Fig. 2. Effect of upper Fe-P coating weight on
P ratio (on Zn-Ni lower layer).
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Fig. 3. Phosphophyllite ratio after dip and spray
type phosphate treatments.
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Photo. 1. SEM photomicrographs of phosphate crystals formed on various pre-coated steel sheets.
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Fig. 4. Effect of upper Fe-P coating weight on
wet adhesion (on Zn-Ni lower layer).
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Fig. 5. Effect of coating weight of Fe~P on
number of craters (on Zn-Ni lower layer).
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Fig. 6. Effect of upper Fe-P coating weight on
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Fe lower layer).
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Fig. 7. Effect of upper Fe-P coating weight on
blister width after 10 cycles of cyclic corrosion
test (on Zn-Fe lower layer).

o
[

o (o]
p» )
T T
\\\O
1 1

o—0—"°

o
n
T
1

1 | 1 L | {
o 2 4 6 8 10
Coating weight of Fe-P (g/m?)

o

Maximum corrosion depth (mm)

Fig. 8. Perforation resistance of cathodic electro-
deposited (20 pm) steels after 60 cycles exposure
in cyclic corrosion test (on Zu-Fe lower layer).
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Photo. 2. SEM photomicrographs of phosphate nuclei in initial stage of phosphating (after 3s).
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Fig. 9. Depth profile by IMMA of Zn-Fe alloy
double layered electroplated steel.
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Fig. 10. Amount of dissolved metal during
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Fig. 11. Depth profile of Fe-P/Zn-Ni alloy
electroplated steel after phosphate treatment by
IMMA.
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Fig. 13. GDS depth profile of Fe-P/Zn-Fe alloy
electroplated steel sheet before and after anodic
dissolution at 20mA/cm? for 2 min.
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BEmic ) ABBRENE R B, Thix, DOEFEIS
M U TISE— A LT % b ADVERHE & TG
LTWwWahlhtELZbhb.

2) Fe-P »oxix, bt -7 v—% —# -
A -REERELBRT B oo 2g/m? L EDOMAEE
NUNETHS. LEAER © Fe-P »oX X BMLT
Phosphophyllite #3225, fif7 v —% —HE¥HE
Thicdri, Y ABEBEETC—ERNU LD Fe-P &
PERELTVDZENDRETHD.

3) VARBEETEET S Fe-P DX, T
B Zn R{&d o 0BBEBAFAC I VBRSNS
2, BEAHAEMNB 2 cocit, LB Fe-PoHoxff

EEN 6g/m? UTET s BERDB.
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