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Fig. 1. (color online) (a) Framework of cylindrical
lithium battery electrode in Lij.2(Mng.62Nig.38)0.8O02
material; (b) the cross section of cylindrical lithium

battery electrode.
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Fig. 2. (color online) When the Elastic modulus is considered to be function of radial coordinate E(r) in
cylindrical electrode for potentiostatic operation, the distribution of lithium concentration (a), radial stress

(b), hoop stress (c), axial stress (d) along the radial direction.
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Fig. 3. (color online) When the diffusion coefficient is considered to be function of radial coordinate D(r) in

cylindrical electrode for potentiostatic operation, the distribution of lithium concentration (a), radial stress

(b), hoop stress (c), axial stress (d) along the radial direction.
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Fig. 4. (color online) When the partial molar volume is considered to be function of radial coordinate 2(r) in
cylindrical electrode for potentiostatic operation, the distribution of lithium concentration (a), radial stress

(b), hoop stress (c), axial stress (d) along the radial direction.
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Abstract

A novel cylindrical composition-gradient electrode is considered to be one of most potential structures in lithium-ion
battery. To investigate the mechanism of a cylindrical composition-gradient electrode under potentiostatic operation,
we take Li1.2(Mno.¢2Nio.38)0.802 for example. The effects of the three main factors, i.e., diffusion coefficient, Young’s
modulus, partial molar volume of solute, on the stress field in the cylindrical electrode are discussed. Each of the three
material parameters is assumed to be a linear function of the distance from the center to surface. The small deformation
theory and thermodynamic theory are employed to establish the mathematical model of composition-gradient cylindrical
electrode. The mechanics equations and diffusion equation of cylindrical electrode are derived for an inhomogeneous
material in plane strain condition. By comparing with single-phase electrode, it is found that Young’s modulus increasing
from the center to the surface greatly reduces the max tensile radial stress and tensile hoop stress and changes the location
of max radial stress since the radial displacement of the center is restricted. The time for the lithium-ions to reach the
center is longer and the tensile stress near the center decreases at dimensionless time 7 = 0.0574 when diffusion coefficient
decreases along the radial direction. Owing to the smaller diffusion coefficient at the surface, there is a reduction in
the number of lithium-ions through the unit area in unit time when their corresponding concentration gradients are the
same. The variation of partial molar volume means that the volume expansion caused by the intercalation of lithium-ions
decreases along the radial direction. Therefore the partial molar volume decreasing along the radial direction considerably
reduces the radial stress and the distribution of tangential stress becomes flat. The center point is picked, showing the
development of hoop stress. The results show that the hoop stress increases and reaches a maximal value close to the
dimensionless time 7 = 0.0574. Maximal tensile hoop stress at the center is reduced in an inhomogeneous material. The
tensile hoop stress turns into compressive stress over time when elastic modulus and partial molar volume are denoted
with E(r) and £2(r) respectively. The results indicate that the cylindrical composition-gradient electrode with core
enriched Ni and edge enriched Mn reduces the max tensile radial stress and tensile hoop stress. It is an efficient way
to avoid mechanical fracture in electrode since evidence has accumulated that tensile stress is the lead cause of crack in

electrode. The result also provides useful guidance for mitigating the stresses in a cylindrical electrode.

Keywords: diffusion-induced stresses, composition-gradient materials, generalized plane strain,

lithium-ion battery

PACS: 02.60.Cb, 82.47.Aa, 82.80.Fk DOTI: 10.7498/aps.65.100201

t Corresponding author. E-mail: blzheng@tongji.edu.cn

100201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.100201

	1引 言
	Fig 1

	2理论模型
	2.1 力学模型
	2.2 扩散模型

	3结 果
	Table 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5


	4结 论
	References
	Abstract

