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Abstract: The effect of Co in Zn bath on the microstructures and growth kinetics of hot-dip galvanized coating on Q235
and Q345 steels were investigated by scanning electron microscopy and wave dispersive spectroscopy (SEM-WDS). The
results show that adding 0.075% (mass fraction) Co into the Zn bath can completely inhibit the silicon reactivity in the
galvanized coating on the Q235 steel. But for the Q345 steel, to inhibit the silicon reactivity, 0.3% Co should be added
into the Zn bath. The loose { layer is transformed into the Co-rich { layer contacted directly with the liquid phase and the
compact { layer formed by consuming J phase after adding a small amount of Co into the Zn bath. The compact { layer
can prevent the direct contact between the liquid phase and the J phase. The solubility of Si in the Co-rich { phase, which
is about 0.25%, can avoid the enrichment of silicon at the boundary between the coating and the liquid, and the liquid
channel vanishes. This restrains the silicon reactivity during the hot-dip galvanizing of the Si-containing steel.
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Table 1 Chemical compositions of Q235 and Q345 steels
(mass fraction, %)
Steel grade C Mn Si v
Q235 0.12-0.20  0.30-0.70 0.20-0.30
Q345 0.18-0.20  1.00-1.60 0.30—0.40 0.02—0.15

Steel grade Nb Ti S P
Q235 <0.045 <<0.045
Q345  0.015—0.060 0.020—0.200
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M 99.99%[1] Zn % Fe ¥+ Co ¥ Siki.
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Fig.1  Relationships between thickness of intermetallic
compound layer with time for Q235 steel in Zn bath with

different Co contents
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Fig.2  Relationships between thickness of intermetallic
compound layer with time for Q345 steel in Zn bath with

different Co contents
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Fig.3  Relationships between thickness of intermetallic
compound layer with Co content in Zn bath after galvanizing

Q235 and Q345 steels for 5 min
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Table 2 Dynamics parameters of intermetallic compound
layer in galvanized coatings of Q235 and Q345 steels in Zn
bath with different Co contents

Mass Growth rate constant, Growth-rate time constant,

fraction of K n

Co/% Q235 Q345 Q235 Q345

0 0.44 0.73 0.95 0.98
0.050 1.14 0.88 0.67 0.99
0.075 1.58 0.59 0.56 0.99
0.100 3.46 0.52 0.43 0.99
0.150 7.48 0.73 0.30 0.99
0.200 3.98 0.61 0.45 0.99
0.300 2.04 0.47 0.58 0.98
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Table 3 WDS results of positions in Figs.4(c) and 5(a)—(c)

Mass fraction/% .
Immersion

Figure Position i
Zn Co Fe Si me

1 91.246 0.000 8.741 0.013
2 92.882 0.070 7.042 0.006

4(c) 5 min
3 93.127 3.009 3.729 0.134

4 94.754 2217 2.777 0.252

1 88.193 0.201 11.531 0.074
5(a) 10s
2 92.261 0.515 7.178 0.046

1 88.902 0.000 11.029 0.069
5(b) 2 91.107 0.035 8.784 0.074 1 min

3 90.776  1.940 7.174 0.110

1 89.914 0.000 10.060 0.026
5(c) 2 92951 0.024 7.012 0.013 3 min

3 92.172 1.134 6.641 0.053

B4 Q235 HiFI Q345 A & A PR S min ()& S HE =412
Fig.4 Microstructures of galvanized coatings of Q235 and Q345 after immersed 5 min in Zn bath with different Co contents:
(a) Q235, 0Co; (b) Q345, 0Co; (c) Q235, 0.075%Co; (d) Q345, 0.075%Co
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Fig.5 Microstructures of galvanized coatings of Q235 after immersed in 0.075 % Co-Zn bath for different times: (a) 10 s; (b) 1 min;

(¢) 3 min; (d) 8 min
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