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The Influence of Additional Ni and Cu in Steel on the Galvanizability and
Oxidation State of Si, Al, Mn Bearing Steels

Yoshihisa TAKADA, Masayoshi SUEHIRO, Youichi IKEMATU and Kouki TANAKA

Synopsis

: Si, Al and Mn are readily oxidizable elements, then Si, Al, Mn steels have the drawback of poor galvanizability due to the presence of com-

plex Si-Al-Mn oxides on their surface. In order to improve the galvanizability of Si, Al, Mn steels, the effect of the addition of Ni and Cu on

the wettability and galvannealing kinetics has been investigated.

It was shown that the addition of Ni and Cu improved wettability and increased the galvannealing rate. This improvement was due to the

change of the sub-micron oxide morphology just before the galvanizing treatment. In the case of C, Si, Al, Mn steel a film of Si-Al-Mn

oxide was formed. The addition of Ni and Cu made Si—Al-Mn oxide intermittent and internal oxide formed remarkably.
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Table 1. Chemical compositions of tested steel sheets (mass%).

C Si Mn P S Al Ni Cu
A 0.10 1.23 1.02 0.009 0.002 0.32 0.02 0.03
B 0.09 1.13 1.02 0.010 0.002 0.29 0.50 0.50
C 0.09 1.13 1.01 0.010 0.002 0.29 1.01 0.50
D 0.09 1.14 1.01 0.010 0.002 0.29 1.52 0.50
E 0.09 1.16 0.99 0.010 0.002 0.29 2.00 0.50
F 0.12 0.60 1.31 0.010 0.002 0.59 0.02 0.02
G 0.13 0.65 1.32 0.010 0.002 0.57 0.40 0.31
H 0.12 0.70 1.31 0.010 0.001 0.57 0.80 0.62
1 0.13 0.74 1.32 0.010 0.001 1.15 0.79 0.62
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Fig. 1. Relationship between Ni and Cu content of steel
and galvanizability.
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Fig. 2. Relationship between Ni and Cu content of steel
and Fe content in Zn—Fe layer.
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Fig. 3. Relationship between Ni, Cu and Al and Fe content
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Fig. 5. TEM images of the cross sections of galvanized 0.6mass%Si—0.6mass%Al-1.3mass%Mn steel.
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Fig. 6. TEM images of the cross sections of annealed and galvanized 0.6mass%Si—0.6mass%Al—1.3mass%Mn—0.8mass%Ni—

0.4mass%Cu steel.
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Fig. 7. EPMA mapping of galvanized and soaked by white fuming nitric acid.
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Fig. 8. Mechanism of improvement in galvanizability by
Ni and Cu addition.
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