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Abstract

The effect of trace metallic additives of Al-Fe-X on microstructure, glossiness and hardness of Zn elec-
trodeposits was investigated by using sulfate bath. The preferred orientation of Zn deposits with Al-Fe additives
was (10 [)(1:3,4,2), while that of Zn deposits with Al-Fe-X(Ni,Co) additives was either (002) or (002)+(103)
- (104) mixed orientation. The preferred orientation of Zn deposits with Al-Fe-Cr additives changed from
(002)+(10 1) to (10 ]) orientation with increasing amount of Al additive. The surface morphology of the Zn
deposits was closely related to the preferred orientation of the deposits. The glossiness of Zn deposits with
Al-Fe additives increased in comparison with that of pure Zn deposit. That of the Zn deposits with Al-Fe-
X additives was related to the morphology of the deposits and changed according to type of additives. The
hardness of Zn deposits with Al-Fe-X(Ni,Co,Cr) additives was noticeably higher than that of Zn deposits
with Al-Fe additives.
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Table 1. Bath composition and electrolysis conditions

Bath composition
Component Composi- Electrolysis condition
ponent | tion (g/b
pH 1.2+0.05
ZnS0, - Temp 60+2°C
280
TH0 Cathode Low carbon steel
Aode Zn plate
Electrode area 75cmx15cm
Electrode distance |2 cm
Na;)_SO4 50 . 2
Current density  [20~125 A/dm
Flow speed L5 m/s
Type and Fe Al Ni, Co, Cr
amount of
metallic 10 |15 01,05, 10
additives (g/l)
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Table 2. Cathode current efficiencies vs. additives and current density

oS Additives Al(g/l) Content Al Ni Co Cr
) ! ° @ e
05 1 08 97.5 97
20 98 97.5 . > = = 5
. o 1 97.5 97.4 97
s 1 96.6 96.1 %2
. 5 05 95 95
75 97.1 97.3
o 1 95.1 95 94.6
05 1 95 95 92
. 5 95 94 92
100 94.3 94.4
o 1 94 94.5 91
0.5 . o - -
125 89 86.8
1.0 1 i - "
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Fig. 1. Deposition potential vs. metallic additives and current density. (a)~(c) Al(1 g/h-Fe-X (d)~(f) Al(5 g/)-Fe-X.
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Table 3. Texture coefficients of lattice plane of Zn deposit with Al-Fe and Al-Fe-Ni additives
Additives Plane
@ i 002) | (100) | (101) | (102) | (103) | (110) | (201) | (104) | (203) | (105)
20 3.10 0.05 0.26 0.66 2.36 0.08 - 2.18 0.08 1.10
50 3.00 0.05 0.16 0.90 2.73 - - 2.11 0.20 0.79
(fg) 75 3.20 0.04 0.20 0.95 2.16 - 0.14 2.33 0.29 0.78
100 4.30 0.07 0.25 0.59 1.19 - - 1.52 0.28 0.75
125 3.63 0.05 0.35 0.83 2.08 - - 1.92 0.24 0.96
20 2.39 0.1 0.57 1.27 2.89 0.06 - 2.11 - 0.63
50 2.63 0.04 0.40 1.19 3.06 - - 1.85 0.18 0.21
1.0 75 3.00 - 0.48 1.26 327 - - 1.24 - 0.93
100 2.01 - 0.22 0.99 3.40 0.15 - 248 - 0.71
Al 125 1.46 - 0.53 1.48 323 0.11 - 242 - 0.81
20 1.49 - 0.27 1.32 377 - - 2.20 0.24 0.94
50 1.26 - 0.31 1.47 3.81 0.1 - 2.22 0.24 0.64
5.0 75 1.32 - 0.52 1.56 342 - - 2.28 0.32 0.57
100 1.37 - 0.55 1.60 3.39 - - 2.26 - 0.85
125 1.80 - 0.57 1.79 476 0.23 - - - 0.80
20 4.20 - 0.22 0.55 1.51 - - 1.49
Ni 75 5.20 - 0.17 0.39 1.32 - - 0.91
0.5 100 3.70 - 0.33 0.76 1.88 - - 1.31
Al 125 3.64 - 0.36 0.89 1.79 - - 1.32
LO 20 445 - 0.61 0.85 1.32 - - 0.78
Ni 75 4.67 0.07 0.30 0.62 1.49 - - 0.82
1.0 100 3.50 0.06 0.43 0.93 1.85 - - 1.24
125 3.10 0.16 0.69 1.05 1.90 - - 1.10
20 3.57 0.09 0.47 0.74 1.89 - - 1.26
Ni 75 5.25 - 0.11 0.39 133 - - 0.92
0.5 100 5.82 - 0.09 022 0.86 - - 1.02
Al 125 543 - 0.17 0.30 1.04 - - 0.95
5.0 20 5.66 0.09 0.33 0.21 0.72 - - 0.99
Ni 75 4.15 - 0.24 0.55 1.58 - - 1.47
1.0 100 455 - 0.14 0.43 1.25 - - 1.61
125 5.54 - 0.12 0.32 1.06 - - 0.97
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Table 4. Texture coefficients of lattice plane of Zn deposit with Al-Fe-X(X:Co,Cr) additives
Additive(g/) | C.D(A/dm?) | (002) (100) (101) (102) (103) (110 (201) (104)
20 2.98 - 0.17 0.61 2.14 - - 2.09
Co 75 4.01 - 0.12 0.45 1.95 - - 142
05 100 3.78 0.06 0.26 0.72 1.84 - - 1.34
Al 125 2.90 0.08 051 0.88 2.03 0.08 - 1.54
10 20 4.15 - 0.15 0.46 176 - - 147
Co 75 4.10 - 0.12 0.49 1.88 - - 141
1.0 100 3.70 - 0.27 0.64 1.98 - - 131
125 3.37. - 0.31 0.74 1.94 - - 1.73
20 1.39 - 021 0.93 432 - - 2.16
Co 75 1.92 - 0.08 0.58 3.38 - - 2.03
0.5 100 1.94 - 0.06 0.59 3.03 - - 2.39
Al 125 1.42 - 0.14 0.91 3.51 - - 204
5.0 20 0.55 0.03 0.18 125 4.00 - - 2.00
Co 75 2.19 - 0.08 0.50 3.19 - - 2.04
1.0 100 1.70 - 0.07 0.71 3.39 - - 2.10
125 1.16 0.07 0.17 0.79 3.67 - - 2.14
20 3.57 - 0.19 0.83 2.72 - - 0.62
Cr 75 5.09 - 0.06 0.12 1.65 - - 1.06
05 100 473 0.08 0.15 0.35 1.00 - - 1.68
Al 125 420 0.11 0.40 047 133 - - 149
10 20 3.20 - 021 0.71 2.0 - - 1.90
Cr 75 3.50 - 0.25 0.54 1.85 - - 1.85
1.0 100 3.20 - 0.25 0.78 2.10 - - 1.69
125 270 - 031 091 1.61 - - 1.90
20 2.30 - 0.16 0.60 2.55 - - 241
Cr 75 450 0.07 0.21 0.43 1.24 - - 1.60
05 100 4.02 0.06 0.17 0.23 1.60 - 0.23 1.83
Al 125 3.40 0.53 0.89 0.81 091 - 0.39 1.26
5.0 20 3.50 0.06 0.19 0.46 1.78 0.09 - 1.85
Cr 75 5.40 0 0.06 0.13 1.26 - - 0.94
1.0 100 4.50 0 0.19 0.29 1.43 - - 1.60
125 4.11 0 0.26 0.54 1.57 - 0.25 1.46

Zn-Fe- Al(1.0)

75A/dmM?

100A/dm?

sk X6 . 9K

Fig. 2. SEM micrographs of Zn deposits with Al-Fe additives.
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Fig. 3. SEM micrographs of Zn deposits with Al-Fe-Ni additives.
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Fig. 4. SEM micrographs of Zn deposits with Al-Fe-Co additives.
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Fig. 5. SEM micrographs of Zn deposits with Al-Fe-Cr additives.
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Fig. 6. Glossiness of Zn deposits with Al-Fe-Ni additives.
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Fig. 7. Glossiness of Zn deposits with Al-Fe-Co additives.
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Fig. 8. Glossiness of Zn deposits with Al-Fe-Cr additives.
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