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Table 1 Specific capacity (C.), total energy (Ei),

formation energy (F) and average intercalation voltage
(V) for Li,Sn alloy
x  Alloy Cq/(mAhg™h

Eo/leN  FleV UV

0 Sn 0 —95.5328 0 0
0.4 Li,Sn;s 90.3 —171.8807 —0.2678 0.6696
1.0 LiSn 225.8 —286.4155 —0.6825 0.6911
2.5 LisSn, 564.5 —572.4678 —1.4345 0.5013

3.5 Li;Sm 790.3
4.4 Li22$n5 993.5

=762.9711 -1.7376 0.3031
—934.3280 —-1.9143 0.1964
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Fig. 1 Comparison of charging and discharging curves of Sn

metal obtained from galvanostatic and potential calculations of

Li,Sn alloys obtained from DFT calculations
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Table 2 Lattice parameters, cell volume and molar volume for Li,Sn alloy obtained from DFT calculations

Cell volume/ Molar volume/

X Alloy Space group Lattice parameter/A A (ommol ™)

0 Sn I41/amd a=b=5.9456, ¢=3.2310 114.2164 1.7227
0.4 Li,Sns P4/mbm a=b=10.7117, ¢=3.1575 362.2587 2.0766

1 LiSn P2/m a=5.1822, b=3.3260, c=7.7320, f=104.5 129.1313 2.5910
2.5 LisSn, R-3mH a=b=4.7213, ¢=19.9016, y=120 383.2537 3.8483
3.5 Li,;Sn, Cmmm a=9.8735, b=14.0477, c=4.8529 673.0937 5.0668
4.4 LiSns F23 a=b=c=19.7635 1929.8752 5.8110
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= Theoretical calculating data
e Experimental data in Ref. [23]
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Fig. 2 Volume expansion rate of Li,Sn alloy obtained from

calculations and experimental data in reference [23]
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Fig. 3 Total and partial density of states of Li,Sn alloy

obtained from DFT calculations
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Calculation and prediction of lithium insertion properties and
elastic properties for Sn-Li alloy based on first-principle

SHEN Ding', YANG Shao-bin', LI Si-nan', SUN Wen', TANG Shu-wei’

(1. College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China;

2. College of Chemistry, Northeast Normal University, Changchun 130024, China)

Abstract: The lithium insertion properties, including formation energy, average intercalation voltage, crystal structure,

electronic structure and elastic properties of Li,Sn phase, for pure tin anode material for lithium ion battery were

investigated by means of the first-principles plane-wave pseudopotentials method based on the density functional

theory(DFT). The calculation results show that the average lithium intercalation potential of Li Sn alloy decreases

gradually with Li concentration increasing, the volume expansion rate increases linearly and the density of states at the

Fermi level increases, indicating the improvement of electrical conductivity of Li,Sn phase. The ionic nature of Sn—Li

metallic band for Li,Sn alloy enhances with Li concentration increasing, resulting in declining of bulk modulus (G), shear

modulus (B) and elastic modulus (E). The G/B value shows that mechanical property of Li,Sn alloy changes from

toughness to brittleness in high lithium concentration, suggesting that Li,Sn alloy suffer from brittle fracture. On the other

hand, the charging-discharging curves of pure tin were measured by battery test instrument. The values of calculated Li

intercalated potential obtained DFT calculations are well consistent with the experimental values.

Key words: lithium-ion battery; Sn-Li alloy; lithium insertion property; elastic property; first-principle
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