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Fig. 2 One-dimensional (1D) chain of FeC,0,2H,O composed by octahedral FeOqs and oxalate along b-axis!'*(a);

three-dimensional (3D) interlayered structure of a-FeC,0,2H,0”?(b); three-dimensional (3D) interlayered structure of
,B-FeC204-2H20[24](c); chain arrangement in y-MnC204-2H20[23 ](d); octahedral MOg(e); Metal coordination and ribbonlike

motif present in the structure of CuC,04(f), a-ZnC,04-2H,0(g), and ﬂ-ZnC204[25](h)
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Table 1 Comparison of crystal structure parameters for TMOxs
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TMOxs

Lattice parameter

Space group alA b/A c/A a/(°) Q) /(%) VIA?
a-FeC,042H,0 C2/c 12.060 5.550 9.804 90 127.97 90 517.3
p-FeC,042H,0 Ccem 12.260 5.570 15.480 90 90 90 1057.1
o-MnC,04-2H,0 C2/c 11.998 5.6469 9.985 90 128.34 90 530.6
-MnC,0,4-2H,0 P2,2,2, 6.262 13.585 6.091 90 90 90 518.2
a-ZnC,0,4-2H,0 C2/c 11.812 5.402 9.919 90 127.72 90 500.6
p-ZnC,0, P21/n 5.831 5.123 5.331 90 113.20 90 146.4
CuC,0,4-xH,0 Pnnm 5.403 5.571 2.546 90 90 90 76.6
a-NiC,042H,0 C2/c 11.775 5.3328 9.833 90 127.21 90 491.84
p-NiC,04:2H,0 Ccem 11.842 5.345 15.716 90 90 90 994.75
a-CoC,042H,0 C2/c 11.707 5.4487 9.6477 90 126.155 90 496.89
S-CoC,0,4-2H,0 Ccem 11.8772 5.4193 15.6236 90 90 90 1005.58
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Fig. 3 Phase evolution and TEM bright-field image (right) of NiC,0,-2H,0/rGO composite electrode upon lithiation
(reduction) and delithiation (oxidation)™*((a); TEM images and SAD patterns of SnC,0,/rGO during discharge, charge, and
after extensive cycles and schematic electrochemical reaction of SnC,0,/rGO composite during cycles”*(b); FTIR spectra and
XPS spectra (right) of Mng33C004;C,0, electrodes measured at a pristine state[37](c); TEM images of Mng33Co047;C,04
electrodes under pristine state (left) and cycled for 30th (right)°”(d); differential capacity maps of FeC,0, electrode
galvanostatically cycled 100 times at 0.5 A/g7(e); CV curves of common-FeC,0, at different sweep rates”*/(f); normalized

contribution ratio of capacitive (white region) and diffusion-controlled (pink region) capacities at different scan rates”**(g)
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Fig. 4 Schematic illustration of one-dimensional SnC,0, and SnO, formation[SI](a); Self-assemble process of SnC,0,

nanosheets grown on tin substrate by anodization””(b); Evolution of y-Fe,0; mesoporous hollow spheres’(c); Proposed

mechanism for formation of metal (Cu, Ni) oxalate nanorods”*(d); TEM images with different morphologies”™ >*((e)—(f));

three-dimensional (3D) interlayered structure which is maintained by hydrogen bonding”’Y(g); Multilayer framework of

FeC,0, after losing crystal water”*i(h)
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Table 2 Comparison of electrochemical performance for TMOxs anode materials

Electrode Capacity/ Retention/ Cycle Current density
material Morphology Shape (mA-h-g ") % number or rate Ref.
Cocoon-shape 825 64.05 100 1C
FCC204 [65 ]
Rod-shape 906 68.35 100 1C
Nano-rod 959 59.97 100 1C
CoC,0, i AT [33]
Nano-sheet 741 48.81 100 1C
CoC,04 Nanoribbon 590 65.56 70 1C [68]
CuC,04'xH,0 Cylinder-like shape 970 105 100 200 mA/g
[62]
CuC,0,4xH,0 Rod-like shape 849.3 70.75 100 200 mA/g
FeC,0, Elongated-shape ~400 48.78 75 2C [11]
FeC,0, Nanoribbon ~300 35 70 1C [32]
Nanorod 800 - 200 1C
CoC,04 [64]
Nanosheet 800 - 200 1C
CoC,04 Rod-like 506 - 100 1C [45]
NiC,04'2H,0 Nanorod 598 - 100 500 mA/g [35]

MnC,0, Microtube 925 - 100 1000 mA/g [74]
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Recent progress in lithium storage mechanism and performance
regulation strategies for transition metal oxalates

ZHANG Ke-yu"?, CUI Ding-fang"*, GAO Geng"?, ZHANG Li-bo', YANG Bin"?,
DAI Yong-nian"?, YAO Yao-chun"*

(1. Faculty of Metallurgy and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. National Local Joint Engineering Laboratory of Lithium Ion Battery and Material Preparation Technology,
Kunming University of Science and Technology, Kunming 650093, China;
3. Yunnan Chihong International Germanium Industry Co., Ltd., Qujing 655011, China)

Abstract: Transition metal oxalates (TMOxs) exhibit great application potential as anode materials for high-energy
density in lithium ion batteries, because of their higher electrochemical capacity, more excellent rate performance,
and environmental friendliness. However, the lower electronic conductivity and slower migration of Li" cause the
formation of plenty of electrochemical production (metal nanoparticles and oxalate matrix) with reaction activity
during the initial cycles, which creates larger irreversible capacity. In addition, a certain degree of disorder for their
three-dimensional (3D) multi-layered structure can result in the collapse and crack around the edge of layer in
micro- or nano-particles and shorten the cycling life of electrode materials. Furthermore, because of the similar
temperatures for decomposition and losing crystalline water, the complete utilization of TMOxs is also challenged
by the difficulty to obtain 100% free water material through dehydration. This paper detailedly reviews various
crystal structures of TMOxs. Based on the understanding of confronting challenges and energy storage mechanism
for TMOxs, such as the conversion reaction and interface characteristics during cycling, the modified strategies,
especially in controlling of morphologies and micro-nano structure and elevating the electrochemical reactive
activation for outcoming, are deeply analyzed. This paper also provides wide reference for promoting the
fundamental researching and commercial application of high-energy TMOxs as anode materials in lithium-ion
batteries.

Key words: transition metal oxalate; energy storage mechanism; conversion reaction; micro-nano structure

regulation; lithium ion batteries; research progress
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