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Abstract

The effect of trace metallic additives on microstructure, glossiness and hardness of Zinc electrodeposits
was investigated by using sulfate bath and flow cell system. The preferred orientation of Zn deposits with
Mg-Fe additives was (10 /)+(002) mixed texture, while that of Zn deposits with Mg-Fe-Cr additives was (10 /).
The preferred orientation of Zn deposits with Mg-Fe-X(X:Ni,Co) additives changed from (10 /}+(002) to (10 /)
with increasing Mg additive from 5 to 10 g/I. The surface morphology of the Zinc deposits was closely related
to the preferred orientation of the deposits. The glossiness of Zn deposits with Mg-Fe additives was similar
to that of pure Zn deposit. The glossiness of Zn deposits with Mg-Fe-X(X:Ni,Cr) additives was lower than
that of Zn deposits with Mg-Fe additives, while that of Zn deposits with Mg-Fe-Co additives was higher
than that of Zn-Mg-Fe deposits. The hardness of Zn deposits with Mg-Fe-X(Ni,Co,Cr) increased with current
density and amount of Mg additive. Hardness of Zn deposits was decreased and increased in comparison

with Zn-Mg-Fe deposits for Mg-Fe-Co and Mg-Fe-Cr additives, respectively.
Keywords : Zn electrodeposit, Metallic additives, Microstructure, Glossiness
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Table 2. Cathode current efficiency vs. metallic additives
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Table 1. Bath composition and electrolysis conditions 10 5 [86 |88 |87
10 |85 86.6 |88

Bath composition

c Composi- Electrolysis condition
‘omponent tion(g/l)
pH 1.2+0.05
Temp 60+2°C
ZnSO, - THO 280
4 B3 Cathode Low carbon
steel
Aode Zn plate
Electrode area | 7.5 cmx15 cm
Electrode 2
A cm
Na,SO, 50 distance

Current density | 20~125 A/dm®

Flow speed 1.5 m/s

Type and amount Fe Mg Ni, Co, Cr

of metallic

additives(g/]) 1.0 5-10 0.1, 05, 1.0
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Fig. 1. Deposition potential vs. metallic additives and current density (a)~(c): Mg(5g/L)-Fe-X.
Table 3. Texture coefficients of lattice planes of Zn electrodeposits with bath Mg-Fe and Mg-Fe-Ni additives
g
Mg Plane
Additive (002) (100) (101) (102) (103) (110) (201) (104) (203) (105)
(g/h Aldm’
20 3.10 0.05 0.26 0.66 2.36 0.08 - 2.18 0.08 1.10
7Zn 50 3.00 0.05 0.16 0.90 273 0.08 2.11 0.20 0.79
+ 75 3.20 0.04 0.20 0.95 2.16 - - 2.33 0.29 0.78
Fe 100 4.30 0.07 0.25 0.59 1.19 - 0.14 1.52 0.28 0.75
125 3.63 0.05 035 0.83 2.08 - - 1.92 0.24 0.96
20 3.31 - 0.16 0.75 2.32 - - 2.33 0.23 0.88
50 3.05 - 0.16 0.81 2.84 - - 2.14 0.21 0.81
1.0 75 3.50 - 0.22 1.00 2.59 - - 1.85 0.24 0.61
100 3.38 0.05 0.29 1.09 2.86 0.09 - 1.79 0.23 0.30
125 2.59 0.07 0.62 1.47 3.40 - - 1.82 - -
20 3.13 - 0.42 1.43 240 0.11 - 1.85 - 0.55
50 378 - 0.12 0.78 2.32 - - 2.00 - 1.00
50 75 4.11 - 0.15 0.78 2.70 - - 1.46 - 0.72
100 3.78 - 0.22 0.79 248 - - 2.01 - 0.66
125 344 - 0.40 1.29 3.00 - - 1.00 - 0.91
20 2.92 - 0.18 1.01 2.63 - - 2.14 - 1.06
50 3.63 - 0.08 0.69 2.15 - - 2.56 - 0.96
10.0 75 4,11 - 0.13 0.63 2.26 - - 2.17 - 0.72
100 3.78 - 0.24 1.08 2.80 0.10 - 1.34 - 0.66
125 3.15 - 0.22 1.13 327 - - 1.67 - 0.55
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Table 3. Continued
Mg Plane
Additive 002) | (100) | (101) | (102) | (103) | (110) | (201) | (104) | (203) | (105)
(g/h) Aldm’ '

20 1.20 0.07 0.72 1.63 2.58 0.10 - 1.69

Ni 75 3.57 - 0.18 0.81 2.11 - - 1.26

0.5 100 4.02 - 0.17 0.53 1.79 0.11 - 143

50 125 3.35 - 0.26 0.99 1.70 - - 1.66

20 1.51 - 0.85 1.89 2.63 - - 1.14

Ni 75 3.71 - 0.18 0.63 2.04 0.10 - 131

LO 100 3.09 - 0.31 0.82 2.16 - - 1.64

125 2.87 0.10 0.46 1.10 2.03 0.19 - 1.32

20 1.40 0.11 1.12 1.48 2.74 - - 1.12

Ni 75 1.30 - 041 113 2.54 - - 1.62

0.5 100 1.45 - 0.51 1.40 2.86 - - 1.79

10 125 0.93 0.18 0.96 .55 2.73 - - 1.65

20 1.44 0.06 0.67 1.31 2.90 0.11 - 1.53

Ni 75 1.70 0.07 0.44 1.07 2.23 - - 143

1.0 100 125 0.13 0.88 1.44 2.81 - - 1.46

125 0.96 0.14 0.91 1.49 2.47 0.47 - 1.52
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Table 4. Texture coefficients of lattice planes of Zn electrodeposits with Mg-Fe-X(X:Co,Cr) additives

Additive (g/) |C.D (A/dm®)|  (002) (100) (101 (102) (103) (110) (201) (104)
20 2.96 - 0.14 0.61 2.19 - - 2.08
Co 75 3.99 - 0.19 0.61 1.78 - - 142
0.5 100 3.74 0.06 0.26 0.63 1.80 - - 1.32
Mg 125 2.96 0.08 041 1.00 1.82 0.10 - 1.57
5.0 20 2.87 0.05 0.24 0.70 2.12 0.15 - 2.02
Co 75 3.36 0.05 0.23 0.57 1.92 - - 1.78
1.0 100 3.74 - 0.06 021 0.97 0.09 - 1.01
125 2.66 0.04 0.28 0.80 1.86 - 1.87
20 0.51 0.39 1.91 2.94 2.20 - - -
Co 75 0.66 - 0.53 2.10 2.99 - - 1.74
05 100 1.30 - 0.05 1.25 2.90 - - 1.52
Mg 125 0.74 - 0.86 273 3.64 - - -
10 20 0.90 - 0.20 1.86 2.72 - - 2.33
Co 75 1.72 - 0.09 1.60 2.70 - - 191
1.0 100 049 0.10 0.96 2.92 2.58 - - 0.96
125 1.06 - 0.32 3.15 2.57 0.13 - 0.79
20 0.85 - 0.29 1.08 3.28 - - 246
Cr 75 1.64 0.03 0.25 0.77 3.23 0.04 - 2.03
0.5 100 1.89 - 0.31 0.93 2.88 - - 2.00
Mg 125 0.95 - 095 1.18 2.73 - - 2.22
5 20 1.29 - 0.20 0.93 3.33 - - 223
Cr 75 1.51 - 0.26 0.94 3.17 - - 2.14
1.0 100 1.66 0.10 0.31 0.59 3.01 0.10 0.12 2.12
125 0.98 0.04 0.39 0.96 3.36 0.04 - 2.24
20 1.50 0.03 1.00 051 2.91 0.08 - 2.11
Cr 75 1.42 - 0.27 0.91 3.08 - - 231
0.5 100 1.37 - 0.35 1.11 3.10 - - 2.07
Mg 125 1.20 0.06 0.48 1.33 3.10 - - 1.81
10 20 0.89 0.03 0.30 1.15 3.48 0.12 - 2.03
Cr 75 1.77 - 0.28 1.00 2.69 0.05 - 2.18
1.0 100 1.54 0.04 0.30 1.02 3.15 0.09 - 1.89
125 1.86 0.35 1.06 0.92 2.60 - 0.18 1.02

uuuuu

75A/dm? 100A/dm? 125A/dm?

ag

20A/dm?

75A/dm? 100A/dm? 125A/dm?
Fig. 2. SEM micrographs of Zn deposits with Mg-Fe additives.
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Fig. 3. SEM micrographs of Zn deposits with Mg-Fe-Ni additives.
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Fig. 4. SEM micrographs of Zn deposits with Mg-Fe-Co additives.
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Fig. 5. SEM micrographs of Zn deposits with Mg-Fe-Cr additives.
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Fig. 8. Glossiness of Zn electrodeposits with Mg-Fe-Cr
additives.
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additives (a) Mg(5.0 g/)-Fe-X (b) Mg(10 g/)-Fe-X.
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