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ABSTRACT

Effects of phosphate coating on the corrosion resistance of the painted cold-rolled steel sheet have been

studied by means of a salt spray test plus scanning electron microscopic observations of the corroded spots.

Painting was carried out by a cation type electrodeposition after various zinc phosphate pre-treatments. The

painted test specimens were scribed through the paint film to bare metal to give a so-called X-cut. Experimental

results showed that the phosphate treatment reduces the corrosion rate of painted steel sheet at least to a 1/4

value of that in case with no conversion coating, It was also confirmed that the shape and size of the phos-

phate’ crystals, the porosity in coating, and the ratio of the amount of Phosphophyllite to that of Hopeite

influence the corrosion resistance of the painted steel sheet, and in an order as they are written. It was revealed

in the microscopic observations that both anodic undercutting and cathodic delamination phenomena induce

paint adhesion failure.

Also ascertained is that zinc phosphate coatings function as a barrier to the anodic

undercutting, while cathodic delamination is dependent on the properties of the phosphate coating.
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Table 1. Properties of phosphate coatings for use in pre-treatment of painted steel sheet specimens

Specimen Phosphatingl Phosphate Characteris- | Shape and Porosity Ratio of
Code Solution Treatment tic in Size** of in P/(P+H)
Time (min) Potential (E) - | Phosphate Coating (%)
Time Curve | Crystal
A-1 A 0.5 minimum E platelike 91.6 0.77
3.8x10°
A-2 A 2 fast rise platelike 15.5 0.79
in E
A-3 A 5 maximum E | platelike 13.3 0.24
5.8x 10
A—4 A 20 slow fall platelike 1.7 0.21
in E
B-1 B 0.17 minimum E very fine 28.5 0.74
2.8x10*
B-2 B 2 fast rise very fine 14.1 0.85
in E
B-3 B 4 maximum E | very fine 11. 4 0.96
2.8x10°
B-4 B 20 slow fall very fine 9.9 0.93
in E
C-1 C 0.33 minimum E fibrous 99.9 0.52
3.8x10°
c-2 C 2 fast rise fibrous 15.5 0.52
in E
C-3 C 4 maximum E | fibrous 11.3 0.65
1.6x10*
C-4 C 20 slow fall fibrous 11.3 0.61
in E

**Number of crystal grains per cm’

Fig. 1. Scanning Electron Micrographs for zinc phosphated steel sheets in each phosphating

solution for o given dipping fime. a) in solution A for 2 min., b) in solution B for
3 min., ¢) in solution C for 2 min,
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a) Dipping time 30(sec) b) Dipping time 2(min)

RN 7 RN 7 R 9 RN 9 RN Y
c) Dipping time 5(min) d) Dipping time 20 (min)
Fig. 2. Photographs showing the results of 480 hrs salt spray test for the painted steel sheet specimens
which had been treated in phosphating solution A for o given dipping time before cation-elec-

trodeposition painting.

RN 8
b) Dipping time 2{min}

RN7
a) Dipping time 10(sec)

RN B RN 9 RN 9 RN 9
¢) Dipping time 4{min) d} Dipping time 20 (min)

Fig. 3. Photographs showing the results of 480 hrs solt spray test for the painted steel sheet speci-
mens which hod been treated in phosphating soiution B for a given dipping fime before cation-
electrodeposition painting.
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NS RN 7
a) Dipping time 20(sec) b) Dipping time 2{min)
) . ' ' .
T
RN 8 RN 8 RN 9 RN 7 RN 7 RN 8
¢} Dipping time 4 (min} d) Dipping time 20 (min)
Fig. 4. Photographs showing the results of 480 hrs salt spray test for the painted steel sheet speci-

mens which had been ireated in phosphating solution C for a given dipping lime before cation-
electrodeposition painting.

RN 7 NS

RN 8

N7 RN 6 RN 3

a) 120(hr) b) 240(hr)
RN 6 RN S RN & RN 5
¢) 360(hr) d) 480(hr}

Fig. 5. Photographs showing the results of salt spray test for the cation-electrodeposition painted steel
sheel specimens with no prior phosphate treatment. Salt spray period: a) 120 hrs b) 240 hrs
c) 360 hrs d) 480 hrs.
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Fig. 6. Sconning Electron Micrographs of a scribe line marked on the painted steel sheet, the cross-
section of which is prepared by cutting along an arrow mark shown in Fig. 2-5, in c).

Phosphate treatment: a) none

b) in solution A

c) in solution B d) in solution C.
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Fig. 7. Scanning Eleciron Micrographs observed in the normal direction to the cross-section of a scribe
line showing characteristic corrosion features of the painted steel sheet specimens with vari-
ous phosphate pre-treatments: a) no phosphate treatment b) specimen code A-4 in Table 1

¢) specimen code B-4 d) specimen code C-3. Also notice in

o) anodic undercutting, in

b) a pore in coating, in ¢) tunnel-like rust forming, and in d) cothodic delomination occur-
red ot phosphate coating/slee! sheet interface.
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