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Fabrication and electrochemical properties of
SnO,/Ni composite anodes for lithium ion batteries
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Abstract: Nano SnO, and Ni powders were ball-milled to form composites as anode materials for lithium ion batteries.
The structure and morphology of the composites were analyzed and observed by XRD, SEM, TEM and EDS. The
electrochemical properties, including the first coulumbic efficiency, cycle performance and CV curves, were tested. The
results show that SnO, and Ni combine tightly, forming SnO,/Ni composite with small particles. Nano-SnO, particles
disperse uniformly in the Ni-based matrix. The combination of SnO, with Ni can obviously increase the first coulumbic
efficiency and cycle stability of the anode. Moreover, with the increase of the ball-milling time, the first coulumbic
efficiency of SnO,/Ni anode first increases then decreases, while the cycle stability almost increases monotonously. The
introduction of Ni can reduce effectively the irreversible reaction of SnO,and Li that forms Li,O and also favors partial
Li,O to be reversible in the forms of Li—O compounds in the following cycles.
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Fig. 1 TEM image of commercial nano-SnO, powders
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Fig. 2 XRD patterns of SnO, and Ni ball-milled for different

times
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Table 1 Compositions of SnO,/Ni composites prepared by
different times of ball-milling detected by EDS

Ball-milling x/%
time/h Sn Ni Fe Cr (0]
20 148 426 93 256 307
40 109 311 239 646 277
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Table 2 Phase content, cell parameters and grain size of SnO, (face (110)) of products of SnO,and Ni ball-milled for different

times

Ball-milling SnO, Ni phase Ni-based solid solution
time/h a/nm ¢/nm W% Grain size/nm a/nm W% a/nm W%

1 4.738 2 3.1852 71 25.1 3.5224 29 3.564 4 -

10 4.7372 3.184 8 41 16.0 3.5216 9 3.6163 50

20 4.7375 3.1823 41 13.3 - - 3.601 2 59

40 4.741 1 3.1810 31 11.1 - - 3.6570 69

80 4.7270 3.1779 18 9.5 - 1 3.6577 81
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Fig. 3 SEM images of products from SnO, and Ni ball-milled for different times: (a)l h; (b) 10 h; (c) 20 h; (d) 40 h; (e) 80 h;

(f) 120 h
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Fig. 4 TEM images of products from SnO,
and Ni ball-milled for different times: (a) 1 h;
(b)10h; (¢) 20 h
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Fig. 5 TEM image of product from SnO, and Ni ball-milled for 20 h (a) and its corresponding EDS plane maps of Ni (b), Sn (c)

and O (d)
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Table 3  First discharge, charge capacities and first coulumbic
efficiencies of anodes of SnO,/Ni composites prepared by 2 1200
different times of ball-milling and commercial nano-SnO, ;D
First First First é 2001
Ball-milling discharge charge coulumbic s "
Sample . . . . = .
time/h  capacity/ capacity/  efficiency/ é ",
(mAhg?) (mAhg) % S 40| TRt
"N g ..
1 707 429 61 .
n
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Fig. 6 Cycle performance of anodes of pristine SnO,(a) and

SnO,/Ni composite(b) prepared by different ball-milling times
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Fig. 7 Discharge/charge curves of 1st three cycles of pristine
SnO,(a) and SnO,/Ni composite prepared by 20 h of ball-
milling(b)
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Fig. 8 CV curves of 1st three cycles of anodes of commercial
SnO,(a) and SnOy/Ni composites prepared from 20 h of ball-
milling(b)
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