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Comparison for microstructure and mechanical properties of
electrodeposited nickel and rolled nickel
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(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The microstructure of commercially available industrial nickel was characterized by X-ray diffraction,
scanning electron microscopy and electron backscatter diffraction. The mechanical properties of pure nickel plates were
also tested at room temperature to investigate the strength and toughness of N6 nickel made in different processes. The
results show that the grain sizes of the electrodeposited Nickels are 50—-100 um. The grain size of the electrodeposited
nickel is in the range of 30—300 nm, and the grain orientations are random. While the domestic electrodeposited nickel
plate tensile strength in horizontal and gravity direction are 479 MPa and 581 MPa, the foreign electrodeposited nickel
plate tensile strength in horizontal and gravity direction are 681 MPa and 687 MPa, respectively. The grain sizes of the
rolled pure nickel are 50—100 um. In the three kinds of wrought nickels, the cold-rolled pure nickel plate in cold-worked
state has the highest tensile strength (695 MPa). The hot rolled pure nickel in hot-worked state has a maximum elongation
of 47.1% and maximum impact energy of 33.59 J. The elongation of two kinds of electrodeposited nickel along two
directions is higher than 30%. The fracture morphology of each pure nickel is composed of equiaxed dimples, ridge lines
and elongated dimple. All of the nickel plates fracture modes are ductile fracture. Two kinds of electrodeposited nickel
plate performance are suitable to use as raw materials for industrial production of rolling nickel foil.
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Table 1 Preparation technology and performance of pure nickel samples

Sample No. Name Origin Preparation process Thickness/mm
1 Soft state N6 nickel (M) China Hot-rolled+Bright annealing 3
2 Cold-rolled N6 nickel (Y) China Hot-rolled+Cold-rolled 1
3 Hot-rolled N6 nickel (R) China Hot-rolled 3
4 Electrodeposited nickel China Electrodeposition 7-10
5 Electrodeposited nickel Canada Electrodeposition 13-16
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Table 2 Chemical composition of five kinds of pure nickel samples
Sample Mass fraction/%
No. Ni Co C Si Mn P S Cr Fe
1 >99.9 0.01230 0.00563 0.00322 0.00026 <<0.0003 0.00039 0.00072 0.01760
2 >99.8 0.01310 0.00494 0.03820 0.04370 <<0.0003 0.00074 0.000246 0.02370
3 >99.8 0.01230 0.00237 0.03660 0.03180 <<0.0003 0.00065 0.00091 0.08290
4 >99.9 0.02410 0.01200 0.02980 <<0.0001 <<0.0003  <<0.0003  <<0.0003 0.00819
5 >99.9 0.01220 0.00296 0.01250 <<0.0001 <<0.0003 0.00039 <<0.0003 0.00713
Sample Mass fraction/%
No. A\ Cu Al Ti Zn B Mg As Pb
1 0.00031 0.00425  <<0.0001  0.02380 0.00030 0.00076 0.00040  <<0.0003  0.00019
2 0.00056  0.000502  0.000438  0.04270 0.00014 0.00046 0.00414 0.00105 0.00013
3 0.00071 0.00590 0.00572 0.00574 0.00045 0.00044 0.00139 0.00045 0.00040
4 0.00012 0.00332  <<0.0001  0.00073 0.00016 0.00041 <0.0001  0.00094 0.00017
5 0.00011 0.00336  <<0.0001  0.00062 0.00033 0.00026  <<0.0001  <<0.0003  0.00030
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Fig. 1 XRD patterns of different pure nickel samples
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Table 3 Preferred orientation of different pure nickel samples

Sample T/%
No. (111) (200) (220)
1 29.5 29.2 41.2
2 16.3 339 49.7
3 352 31.6 33.1
4 35.8 323 31.8
5 37.2 355 27.3
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Fig. 2 EBSD grain oriented images of different pure nickel
plate samples: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d)
Sample 4; (e) Sample 5
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B3 AFFRIIREN T SEM 4
Fig. 3 SEM images of different electrodeposited nickel plates: (a) Foreign electrodeposited nickel; (b) Domestic electrodeposited

nickel

B4 A N6 #1 SEM £
Fig. 4 SEM images of different N6 nickel
plates: (a) Sample 1; (b) Sample 2; (c)
Sample 3
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Table 4 Tensile properties of different nickel samples at room temperature

Sample No. Direction Tensile strength, o/MPa Elongation, 6/% Break energy/J
1 512 32.8 56.97
2 695 7.3 23.32
3 378 47.1 69.34
4 Horizontal 681 34.7 52.32
4 Gravity 687 32.0 48.29
5 Horizontal 479 32.8 43.30

5 Gravity 581 31.6 39.52
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Table 5 Charpy V-notch impact toughness of different pure

nickel samples

Sample No. Impact energy/J
1 31.95
3 33.57
4 32.05
5 26.14
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Fig. 5 Tensile fracture SEM images of different
pure nickel samples: (a) Sample 1; (b) Sample 2;
(c) Sample 3
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Fig. 6 Fracture morphologies of different electrodeposited nickel samples: (a) Sample 4, in horizontal direction; (b) Sample 4, in

gravity direction; (c) Sample 5, in horizontal direction; (d) Sample 5, in gravity direction
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