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The Influence of Surface Films on Corrosion Resistance of Cold
Rolled Steel Sheets afterward Phosphated and Electro-painted

Toshio FURUZUKA, Kazuichi KAJIWARA, Kenji MIKI, Shigeki KIRTHARA,

Tomoyuki HosHINO, Kunio KawaMOTO, and Sumihiko TANAKA

Synopsis:

Car bodies made of cold rolled steel sheets are phosphated and electro-painted. In these processes,
the surface contamination of cold rolled steel sheet may have influence on the performance of phosphate

coating and that of paint coating.

In this work, the influence of surface film on corrosion resistance of cold rolled steel sheet afterward

phosphated and electro-painted was studied.
The results obtained are as follows

1. The thickness of oxide film and that of carbonaceous film on steel sheet could be measured by

ellipsometry.

2. In order to heighten the corrosion resistance of electro-painted steel sheet, oxide film needs to be
controlled thinner than 160A, and also carbonaceous film needs to be controlled thinner than 40A.
3. The thickness of oxide film was in the range of 31A to 102A, and that of carbonaceous film was
thinner than SSA, when cold rolled steel sheet was degreased by electrolytic method, and then

annealed by open-coil method.
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Medium
Film
)
Substrate Na = ny — ik,
CI)aJ
2 : Light of wave length 2
N, : The refractive index of medium
N3 : The refractive index of film
N3 : The refractive index of substrate
dy : The thickness of film
Fig. 1. Reflection and transmission of light on
single film.
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Fig. 2. Schematic representation of ellipsometer.
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Medium / N, = n

Film %W\/ d M=k
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Film @, ‘23 N; = n3 — ik;

Substrate J\
L

2 : Light of wave length 2

Ny : The reflective index of medium
N3, N3 : The reflective index of film
N, : The reflective index of substrate
dy, d3 : The thickness of film

Ns = ns — ikq

Fig. 3. Reflections and transmissions of light on
double layer film.
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Fig. 4. Variation of P and A with thickness of
double layer films on iron.
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Half Spray and Half Dip (X, thickness of paint
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All time Spray (Q, thickness of paint film : 204)

All time Dip (A, thickness of paint film : 104)

Fig. 5. Relation between the salt spray failure
time for the painted steel sheets and thick-
ness -of oxide film on cold rolled steel
sheets. (Paint A)
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Fig. 6. Relation between the salt spray failure
time for the painted steel sheets and thick-
ness of oxide film on cold rolled steel
sheets. (Paint B)
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Fig. 7. Relation between the salt spray failure
time for the painted steel sheets and thick-
ness of carbonaceous film on cold rolled
steel sheets. (Paint A)
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All time Dip (A, thickness of paint film : 204)

Half Spray and Half Dip (X, thickness of paint
film : 204)

All time Spray (O, thickness of paint film : 20y)

All time Dip (A, thickness of paint film : 10y)

Fig. 8. Relation between the salt spray failure
time for the painted steel sheets and thick-
ness of carbonaceous film on cold rolled
steel sheets. (Paint B)
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Fig. 9. Relation between thickness of surface film
on cold rolled steel sheets and the coating
weight of zinc phosphate coating after spra-
ying for 15 seconds and dipping for 105
seconds in zinc phosphate solution.
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Fig. 10. Relation between thickness of surface film
on cold rolled steel sheets and Zn/Fe ratio
of zinc phosphate coating after spraying
for 15 seconds and dipping for 105 seconds
in zinc phosphate solution.
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Thickness of oxide film on steel sheet
a) 1 68A, b) : 1324, ¢) : 1514, d) : 1854

Photo. 1. Scanning electron micrographs of the
zinc phosphate crystal on steel sheet
after spraying for 15 seconds and
dipping for 105 seconds in zinc pho-
sphate solution. (Xx328)
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Thickness of carbonaceous film on steel sheet

2) : 10A, b) :42A, ¢) : 80A, d):102A

Photo. 2. Scanning electron micrographs of the
zinc phosphate crystal on steel after
spraying for 15 seconds and dipping
for 105 seconds in zinc phosphate
solution. (x328)
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a) Sample current, b) Zinc X-rays, c) Iron X-rays, d) Phosphorus X-rays,
e ) Carbon X-rays, f) Oxygen X-rays

Photo. 3. Electron probe micrographs of phoshated surface of a steel with 80A carbonaceous
film. (15 seconds spraying and subsequent 105 seconds dipping in zinc phosphate

solution.) (x328x55/63).
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Hy Table 1 i3,

Thickness of oxide film Thickness of carbonaceous film J

mean: 8010\, Standard deviation: 21A mean: 102\4 Standard deviation: 1A

maximum: 124;\, minimum: 33/0\ maximum: 483\, minimum: 0A

fitm film
thickness thickness
31~40A [[3% 0~ 10A 1 69%
41~50 A | | 6% 11~208 | J1a%
MAT_' 17% 21-30A | 6%
61~70A ] | 6% 31~ 40A 8%
71~80A ] 1 14% 41~50R {]3%
81~90 A 23% 51~ 60A
91~ 1004 7% 61~ 707
101-110A] | 6%
111120A[] 3%
12141304 | 5%

Table 1. Thicknsses of oxide films and carbona-
ceous films on cold rolled steel sheets
for car bodies.
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Relation between thickness of oxide film
and carbonaceous film on cold rolled steel
sheets for car bodies.
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Fig. 12. Relation between ‘the total thickness of

surface film and thickness..of oxide film
and that of carbonaceous film on cold
rolled steel sheets. - -t
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Table 2. Thickness of oxide films and carbonaceous films on cold rolled steel sheets
made by open-coil anealing in gas cleaning atomosphere.

Open
:;-?m;ngere Thickness of oxide- film Thickness of carbonaceous film
mean : 70/3, Standard deviation : 15/0\ mean : 9»&, Standard deviation : 9,&
maximum : 102/3, minimum : 31;\ maximum : 35/“\ minimum : 07\
fitm film
thickness
21~30A 0~103 I 60%
Gas 31~a0A || 3% 11~203 ] 32%
Cleaning 41~50A || 3% 21~308] | 6%
51~60A ] 20% 31~40R{| 2%
61-70A ] 23% 41~50A
71808 ~ ]31%
81~90R | | 11%
91~100A| | 6%
101~1108 || 3%
111~120A
mean : 243, Standard deviation : 13;\ mean : 322, Standard deviation : 12A
maximum : 63,&, minimum : 0/3« maximum : 623, minimum : 6,&
film fitm
thickness i
No gas 0103 ] 15% 0~104] | 5%
Cleaning 11~20A 25% 11~204 | 7.5%
21~308 ] 35% n~30k] | 25%
31~40R | 15% 31~408 D
a1~508 | | 7.5% a~sok| | 20%
51~60R | 0% 51~g0a|| 2.5%
61~70A || 2.5% 61~704|| 2-5%
71~80A 71~80R
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