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Morphology and Microstructure of Electrodeposited Zinc-Nickel

Binary Alloys

Synopsis :

Kazuo KoNDO

Zinc-nickel electrodeposited sheet steels have widely been adopted for automobile bodies for their

improvements in the corrosion resistance and formability.
crystal structure, morphology and microstructure of deposits.

In principle, these properties depend on the
The deposits of various zinc contents have

been prepared galvanostatically from sulfate baths and examined by scanning and transmission electron

microscopies.
plates thin in the direction of c¢-axis.

hexagonal columnar crystals which have triangular pyramidal shape in morphology.

The 96.8 at% zinc, 7-single phase deposit exhibits a collective morphology of hexagonal
With the decrease of zinc content, the deposit changes to the

These hexagonal

columnar crystals are formed by the lateral growth of the hexagonal plate edge i.e. step along (00-1), side

surfaces.

steps on {10-0}, surfaces with the decrease of zinc content.
zinc, the hexagonal columnar crystals can no more absorb ¥-particles.

The 92.7 at% zinc hexagonal columnar crystals form steps on {10-0}, surfaces, and flatten the

Further decrease of zinc content to 88.4 at%
These excess 7-particles form

granular crystals, and precipitate between the hexagonal columnar crystals.
Key words : zinc-nickel alloys ; electrodeposition ; morphology ; microstructure ; galvanizing.
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Table 1. Conditions for electrodeposition.

pH 1.5

Bath temperature 323K
Current density 6000 A/m?
Plating time 60 s
Stirring rate 13.3r.p.s.

Table 2. Bath concentration.
Concentration (mol-m™3)

Bath

NiSO, NayS0, ZnS0,
A 0.29 x103 0.82x10° 1.62 X103
B 0.35 %103 0.98x10% 0.64 x10%
C 0.37 X10° 1.03%x10% 0.34 x10%
D 0.37 X103 1.04x10% 0.27 X108
E 0.38 x10° 1.05Xx 103 0.21 X103
Z 0.380% 102 1.06%10% 0.174x10%
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a:96.8 at% zinc; 7-phase b :92.7 at% zinc; 7-phase ¢ :90.4 at% zinc; 7/7-duplex phase
d : 88.4 at% zinc; 7/7-duplex phase e :77.5 at% zinc; ¥ -phase

Photo. 1. Typical morphologies of zinc-nickel alloy deposits.

a, b : B-type deposit, a : Viewed with tilted angle of 0 deg. b : Viewed with tilted angle of 72.8 deg.
¢, d : C-type deposit, ¢ : Viewed with tilted angle of 0 deg. d: Viewed with tilted angle of 69.0 deg.

Photo. 2. Morphologies of zinc-nickel deposits which contain 7-phase.
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Fig. 1. X-ray diffraction patterns of zinc-nickel alloy deposits.
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Fig. 2. Lattice spacing and c/a ratios of 7-phase
calculated from Fig. 1.
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a: Bright field image b : Diffraction pattern c: Schematic illustration of the pattern d: Dark field image illuminated by
the (11+2), reflection e : Dark field image illuminated by the (330)(411)y reflection.
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Transmission electron micrographs of the electrodeposited film of C-type.
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Fig. 3. Growth model for B, C and D-type
deposits of hexagonal columnar crystal. Fine
Y-particles precipitate along the ledge of hexa-
gonal thin plate of 7-phase which grows along
{00-1},. Ni depleted zone of adatom which
surrounds the fine particles of Ni-rich ¥
accelerates the growth of thin plate of Zn-rich 7.
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