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Table 1 Two types of electrodeposited nickel from company
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Thickness/

Electrolyte Preparation process Performance Appearance quality

mm
Electrolytic nickel Soluble anode diaphragm electrolysis 5-9 Ni9996 Good metallic luster
Electrowinning nickel  Insoluble anode diaphragm electrolysis 3-9 Ni9996 Poor metallic luster
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system(b): 1—Diaphragm bag; 2—Starting sheet; 3—Nickel sulfide anode; 4—Cathode chamber; 5S—Anode chamber
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Table 2 Main components of two industrial electrolytes of a company

plg-L™
Electrolyte
v Ni** Ccr Na* cu?t Fe?* Co* Zn?* Pb**
Electrolytic nickel 70 70 40 0.003 0.004 0.02 0.00035 0.0003
Electrowinning nickel 60-75 <0.1 20-40 <0.002 <0.004 <0.005 <0.00030 <0.00035
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Table 3  Statistical table of main chemical composition of

two types of electrodeposited nickel

Content, w/%

Element . . .
Electrolytic nickel Electrowinning nickel

Ni 99.9833 99.9709
As <0.0005 0.00060
Bi <<0.00025 0.00025

C 0.0017 0.00211
Cd <0.00025 0.00025
Co 0.0037 0.00309
Cu 0.0023 0.00257
Fe 0.0030 0.00940
Mg 0.00055 0.00053

P 0.0001 0.001

Pb 0.00067 0.00716

S 0.00067 0.00059
Sb <0.00014 0.00038

Si 0.0015 0.00151
Sn <0.0001 0.00010
Zn 0.00062 0.00064
Al - 0.00025
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Fig. 2 XRD patterns of surface(a) and cross-section(b) of two kinds of electrodeposited nickel
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Table 4 Diffraction intensity and preferred orientation of two types of electrodeposited nickel

Texture coefficient, T'/%

Plane
(111) (200) (220) (311)
Ni(PDF#04-0850) - - - -
L Surface 11.6 79.5 3.8 5.1
Electrolytic nickel .
Section 314 28.7 23.7 16.3
o . Surface 18.3 52.4 12.1 17.2
Electrowinning nickel .
Section 355 31.1 17.2 16.23
RS PRV ER R
Table 5 Grain size of two types of electrodeposited nickel
Grain size, D, /nm
Electrolyte Plane
(111) (200) (220) (310) Average
L Surface 42.9 42.5 26.3 253 343
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Section 40.9 31.5 38.7 26.0 343
o . Surface 71.2 48.4 44.8 314 49.0
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Section 70.5 45.1 38.6 304 46.2
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Fig. 3
nickel deposit: (a) Upper position; (b) Centre position; (c)

Micro-morphologies of surface of electrolytic

Lower position
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Fig. 4 Micro-morphologies of surface of electrowinning

nickel deposit: (a) Upper position; (b) Centre position;

(c) Lower position
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Fig. 6 Micro-morphologies of cross-section of electrolytic
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Fig. 7 Micro-morphologies of cross-section of electrowinning
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Table 6 Mechanical parameters in different positions of two types of electrodeposited nickel tensiled at room temperature

. Cross-sectional Yield strength, Tensile strength, Elongation after
Electrolyte Position .
area, S/mm? R,/ MPa R,/MPa breaking, 4/%
o Upper 47.67 538 585 15.2
Electrowinning
] Centre 51.47 473 515 17.7
nickel
Lower 49.7 505 533 17.9
) Upper 43.63 426 475 29.8
Electrolytic
. Centre 48.47 402 463 28
nickel
Lower 47.78 418 463 14.1

=T PR EPTBRRAN R 5 e b sl o iR ) 2 S 4

Table 7 Mechanical parameters in different direction of two types of electrodeposited nickel tensiled at room temperature

. Cross-sectional Yield strength,  Tensile strength,  Elongation after
Electrolyte Position .
area, S/mm? R,/ MPa R./MPa breaking, 4/%
Electrowinning Horizontal 51.26 497 542 15.5
nickel Vertical 47.96 513 547 18.4
Electrolytic Horizontal 45.06 404 458 24.8
nickel Vertical 48.19 427 475 324
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Fig. 9 Tensile fracture morphologies of two kinds of electrodeposited nickel in upper position and horizontal direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Fig. 10 Tensile fracture morphologies of two kinds of electrodeposited nickel in upper position and vertical direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Fig.11 Tensile fracture morphologies of two kinds of electrodeposited nickel in central position and horizontal direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Fig. 12 Tensile fracture morphologies of two kinds of electrodeposited nickel in central position and vertical direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Fig. 13 Tensile fracture morphologies of two kinds of electrodeposited nickel in lower position and horizontal direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Fig. 14 Tensile fracture morphologies of two kinds of electrodeposited nickel in lower position and vertical direction:

(a) Electrowinning nickel; (b) Electrolytic nickel
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Table 8 Charpy V-notch impact energy and impact toughness of two types of electrodeposited nickel in different directions

at room temperature

. Cross-sectional Impact Impact toughness/ Average impact
Electrolyte Direction ) > 5
area/cm energy/J (J-em™) toughness/(J-cm )
Electrowinning Horizontal 0.5 126.4 252.8 266.0
nickel Vertical 0.5 139.6 279.2
Electrolytic Horizontal 0.5 214.5 423.4 1162
nickel Vertical 0.5 201.7 505.0
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Structure and performance comparisons between
electrolytic nickel and electrowinning nickel

LU Su-jun', WANG Chao?, XU Yang-tao"*? ZHU Ji-nian', ZONG Hong-xing', SU Yu-juan'

(1. State Key Laboratory for Comprehensive Utilization of Nickel and Cobalt Resources,
Jinchuan Group Co., Ltd., Jinchang 737100, China;
2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal,
Lanzhou University of Technology, Lanzhou 730050, China;
3. Baiyin Novel Materials Research Institute, Lanzhou University of Technology, Baiyin 730900, China)

Abstract: This paper studies the differences of the structure and properties between the two types of
electrodeposited nickel produced by soluble/insoluble anode diaphragm electrolysis process. And XRD, SEM and
other analytical methods used to determine and analyze the preferred orientation, grain size, microstructure and
fracture morphology, etc. The results show that the quality of electrolytic nickel is significantly better than that of
electrowinning nickel. The surface (200) of electrowinning nickel and electrolytic nickel shows a single highly
preferred growth, and the cross section (110) and (200) also show double preferred orientation. The grain sizes of
the two kinds of electrodeposited nickel were tens of nanometers, and the average grain size of electrolytic nickel
is 34.3 nm, which is smaller than the average grain size (47.6 nm) of electrodeposited nickel, and the grain size of
electrolytic nickel is finer. The growth mechanisms of the two kinds of electrodeposited nickel are from spiral
dislocation growth to cumulative growth at the beginning. The surface microstructures of both sides have ridges
parallel to the surface, most of which are pyramidal, and some areas are similar to colony or cellular morphology.
In addition, the cross-sectional microstructures of both are “lamellar” structures, and the grains in the deposition
layer near the starting plate are fine equiaxed grains. However, the farther away from the starting plate, the larger
the grain size and the more obvious the preferred orientation. The difference between the both sides is that the
ridge steps on the surface of electrolytic nickel are more concentrated and the number is large, while the ridge
steps of electrodeposition nickel are more scattered and less, mostly in the form of scattered colonies or cells. The
two types of electrodeposited nickel have good plasticity, and both are ductile fractures. The tensile strength and
hardness of electrowinning nickel are higher than those of electrolytic nickel, but its plasticity is worse than that of
electrolytic nickel. There are more spherical or irregular-shaped inclusions distributed in the dimples of
electrowinning nickel, while electrolytic nickel is the opposite.

Key words: electrodeposition; grain size; preferred orientation; plasticity and toughness; fracture morphology
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