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Effects of Ti and Mn Addition on the Surface State and
Phosphatability of Cold Rolled Steel Sheets
Noriaki Usuki, Akito SAKOTA, Shigeru WAKANO and Minory NISHIHARA
Synopsis :

The effects of titanium and manganese contents on the surface state and the phosphatability of cold rolled
steel sheets have been investigated with ESCA and SEM analyses.

The Mn-oxide and Ti-oxide are preferentially formed on the.surface during annealing at 780°C in
H,-N, atmosphere. The surface concentration of Mn is three or four times as large as that of Ti on
the 0.3 Mn-0.2 Ti added cold rolled steel sheet in this annealing condition.

The bulk Ti and the surface Mn-oxide affect the phosphatability whereas the surface Ti-oxide of a few
at% does not interfere the phosphating reaction. The bulk Ti is electrochemically oxidized to Ti-oxide
during phosphating. This reaction, which is accompanied by the evolution of hydrogen, suppresses the
precipitation of phosphate crystalline. On the other hand, the surface Mn-oxide is able to dissolve in
phosphate solution, and this dissolution increases the pH of the solution, resulting in the acceleration of the
phosphate film formation.

Key words : low carbon steel; oxidation; surface analysis; extra low carbon titanium-additive steel;

manganese ; titanium ; phosphatability ; XPS.
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Table 1. Chemical composition of samples (wt% ).
Sample No. C Si Mn P S Ti Sol. Al N - [0}
A 0.0028 <0.01 0.07 0.008 0.007 0.014 0.011 0.0023 0.018
B 0.0034 <0.01 0.08 0.010 0.006 0.103 0.011 0.0024 0.006
C 0.0023 <0.01 0.07 0.012 0.009 0.203 0.017 0.0020 0.007
D 0.0032 <0.01 0.31 0.008 0.009 0.025 0.011 0.0021 0.008
E 0.0011 <0.01 0.33 0.008 0.008 0.200 0.012 0.0023 0.007
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Fig. 2. Depth profiles of Ti and Mn on sample C
(Mn :0.07wt%, Ti:0.2wt%) and E (Mn : 0.3wt%,
Ti : 0.2wt%) measured with ESCA.
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A, B and C : sample, A : Mn 0.07wt%, Ti 0.014wt% B : Mn 0.08wt%, Ti 0.1wt% C: Mn 0.07wt%, Ti 0.2wt%
a : Surface-polished b : Annealed (780°CX40s)

Photo. 1. SEM images of the phosphate films formed under a normal stirring condition.
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Fig. 3. Surface concentration of Ti and Mn of the samples after removed phosphate films.
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A, B, C and E : sample, A : Mn 0.07wt%, Ti 0.014wt% B : Mn 0.08wt%, Ti 0.1wt%
C:Mn0.07wt%, Ti 0.2wt% E : Mn 0.3wt%, Ti 0.2wt%
a : Surface-polished b : Annealed (780°CX40s) ¢ : Annealed (780°CX5h)

Photo. 2. SEM images of the phosphate films formed under a mild stirring condition.
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Fig. 5. Weight loss and coating weight of sample
A (Mn:0.07wt%, Ti:0.014wt%) and C (Mn:
0.07wt%, Ti : 0.2wt%) annealed 780°CX40 s during
phosphating under a mild stirring condition.
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