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Effect of Cu and Sn on Phosphatability of Cold-rolled Steel Sheets

Koichi OsawA, Kouichi HAMADA, Kyoichi MINE, Kunikazu TOMITA and Yasuo TSUCHIYA

Synopsis

: The promotion of scrap recycling in steel making is effective to reduce the discharge of CO, and prevent the global warming. But, the scrap

recycling has been limited to the production of low grade steel products such as shapes and bars, because of the detrimental effect of tramp
elements such as Cu and Sn on the productivity and the quality of steel products.

In this study, the effect of Cu and Sn on the zinc phosphatability in dip type phosphating of cold-rolled steel sheets annealed in N,—H, and
vacuum atmospheres are investigated to obtain the technical information which is necessary to extend the scrap recycling to sheet products.

The following results are obtained .

1) The zinc phosphatability of cold-rolled steel sheets annealed in N,—H, atmosphere deteriorates slightly with increasing Cu content,
however, it deteriorates remarkably with increasing Sn content.

2) The zinc phosphatability of cold-rolled steel sheets annealed in vacuum atmosphere deteriorates remarkably with increasing both Cu
and Sn contents.

3) The deterioration of zinc phosphatability of cold-rolled steel sheets annealed in both atmospheres with increasing Sn content is con-

sidered to be caused the decrease in surface reactionability with the segregation of Sn on surface.
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Table 1. Chemical composition of samples investigated.

Steel Chemical Composition ( mass%)
No. T Si Hin P S ] Sol.Al N Cu S
1 0.032 0.01 0.27 0.002 0. 002 0.025 | 0.0038 0.01 <0. 002
2 0.030 | 0.01 0.26 0. 002 0. 002 0.022 | 0.0036 0.16 <0.002
K 0. 036 0.01 0.29 0. 002 0. 003 0.029 | 0.0037 0.30 <0.002
4 0.036 | 0.01 0.27 | <0.002 | 0.002 0.029 | 0.0034 0.52 <0. 002
5 0. 035 0. 01 0.27 | <0.002 | 0.002 0.028 | 0.0038 0. 02 0.011 |
6 0.034 0.01 0.27 0. 002 0. 002 0.028 | 0.0035 0.01 0. 020
7 0.034 | 0.01 0.27 0.002 0. 004 0.022 | 0.0024 0. 01 0. 052
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Fig. 1. Zinc phosphating condition investigated.
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Fig. 2. SEM images of phosphate film on cold-rolled
steels annealed in N,—H, atmosphere. (a) Steel 1,
(b) Steel 4, (c) Steel 7.
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Fig. 3. Effect of Cu and Sn on the density of phosphate nu-
clei on cold-rolled steels annealed in N,—H, atmo-
sphere.
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Fig. 4. Effect of Cu and Sn on the phosphate nuclei free
area on cold-rolled steels annealed in N,—H, atmo-

sphere.
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Fig. 5. Effect of Cu and Sn on the weight of phosphate
film on cold-rolled steels annealed in N,—H, atmo-
sphere.
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Fig. 6. SEM images of phosphate film on cold-rolled
steels annealed in vacuum. (a) Steel 1, (b) Steel 4,

(c) Steel 7.
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Fig. 7. Effect of Cu and Sn on the density of phosphate nu-
clei on cold-rolled steels annealed in vacuum.
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Fig. 8. Effect of Cu and Sn on the phosphate nuclei free
area on cold-rolled steels annealed in vacuum.
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Fig. 9. Effect of Cu and Sn on the weight of phosphate
film on cold-rolled steels annealed in vacuum.

(2) Besdilc K 28R HEDEHENDO RFEITRO BRLED)
ON,-H, TR KB stitR

AESHHIC k> TR EN7zCu, SnEHFREDE KL %5 N,-H,
TR USSR D K T V% D STEICKIRE 77 6 % Fig. 1010
F o N,-H, FHKSBEHM TIZ, Cu, SnDEHEHD V-
HIBWTEHRBIZICEBIUVODEILBED SN, /-,
AENRELTUEMNOBLABD LIS, CUDEHED
0.52 mass% D -4 Tid, XBDC, O, MnDIELIZMAZ, Cu
DELPBDEND, £72, SnDEEHEH0.052 mass% D
#-7 Tk, ZEIZC, 0, MnOBLIZIA , SnDEBIEL
BERDOND, &k, MnOBLIEEIICuDERRIZIZE
AEWEBINEOD, SnIOBHENEL EDE/NEL K
LERDPED LN DB,

F72, RBIZSnOREED S h-8-70KEIZEH T
% SnDIREEFAM & Fig 11T T, SnldEBHEIZE A 615
L TOBA, MEEAK X WAL &/ X WA O BRI
2~3EEETH D, B —RRICKRmIZEEL T3, &
72, SnDIBENKREVWHEHIZTIZ, MunDEREEII/NE 2 -
7z,

497 IR



I 498

$k& 8 Tetsuto-Hagané Vol. 80 (2004) No. 7

Steel 1 Steel 4 Steel 7
60 0 0
=®
© 40 -
=
S
8
< 20 \
(=] d \
o ) |‘
s ¢ \ C

Concentration at%

0O 2 4 6 8 0 2
Sputtering time  min

Sputtreing time

min Sputtering time  min

Sputtering rate:3.0 nm,/min (Si02)

Fig. 10. Surface enrichment of elements on cold-rolled steels annealed in N,—H, atmosphere.
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Fig. 11. Distribution of Sn on surface of cold-rolled steels
7 annealed in N,—H, atmosphere.
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Fig. 12. Surface enrichment of elements on cold-rolled steels annealed in vacuum.

SEM images under low accelerated voltage of sur-
face on cold-rolled steels annealed in N,-H, at-
mosphere. (a) Steel 1, (b) Steel 4, (¢) Steel 7.
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Fig. 14. SEM image under low accelerated voltage of sur-
face on cold-rolled steel 4 annealed in vacuum.
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