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Fig.2 Schematic of charge and discharge curve of Li-S battery
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Table 1 Comparison of metal selenide used as a cathode material for Li-S batteries

Sulfur load/ Electric current

Cycle

Initial/after-cycle specific Decay rate of capacity

Anode material ) . References
mg <m’ density/C number discharge capacity/mAh g per cycle/%
S/MoSey/N-rGO 1.1 0.2 100 1028/887 0.137 [35]
S/MoSe,/MoO; 2.3 0.5 500 1100/848 0.046 [36]
Layered
SING/WSe, 1 1 500 923/750.4 0.037 [38]
S/WSe151/CNTs 15 1 1000 988.5/741 0.025 [39]
S/NiCo,Se, 1 3 2000 705.8/480 0.016 [46]
Unlayered S/CoSe,/C 1 2 700 658.2/363 0.064 [47]
S/FeSe,/G 15 1 700 950/684 0.04 [48]
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Table 2 Comparison of metal selenide used as diaphragm modified material of Li-S batteries

Initial/after-cycle Decay rate of

Diaphragm modified Sulfur Electric current
) Cycle number specific discharge capacity per References
material load/mg €m’ density/C .
capacity/mAh g cycle/%
S/ZnSe/C 1.3 1 1000 1026/608 0.04 [57]
S/CoSe,/G 1 4 984/503 0.097 [58]
S/Sh,Ses/rGO 1.8 1 979.2/847 0.027 [60]

IS o X e A A Dy 7 o 5 v [R] e iz I B A A T g
MR SRR T — R, etk Re
BB LB T A ok T R R 5, IR 9 A S Ak RE A
BRGSO T S % .

X S 73 < Jss S A A0 A D SRR P R SR A R
PERERIE T — N3k, 3k 2 pros, i B 5 A A 6 )8
il P 27 8 I S AR P T PO B 7 R R L L IR A
URES WIAR G PR T T AL B 2 8 DA S 5 8 S il 0 V5 I
Mo Jg I _E SR TG L

A A P e ) N AT DL 3 PR AR 2
WD T 5 T RIS, T < e 08 A0 40 5 P o e A
ABURT BLORFF — 5 19 s E, T HL REAT R ) AR AL
JS2,  ACE A HEL U P A 2 T

4 RBEEERIEE

L BN TMDCs i — R, BfAHE
K2 BE . S 4F 1) S LR S SR R BN BE . B
bh, WAL R R 5 T, RS RS L
R = Yrai Ky, XIRME T 45 1A 2R B A ok
D 2 AL I FeAL R 5, SO AR e IR L A o
e S S AR e M. XS Bl PR B R A AL )
A5 LA S R A0 A N LA e B T

AR A B IR LU A R S e, (Ha2
E A [F) S bR S 38 B% B AA AR 2 R, 125G, WM
sz OB HhE] PR ) 2 A SR AE IE O 2 TA] R
B, ERBCEE P RARIZK: H=, WM LS



EXE o OERSE: U B RAT AR B i b i T

° 2951 -

M FRMEZES. T AR, LK, e

Ji A A 0 e L Rt I AR A R B R I ) R P R

BHFEATIRME T — B LA . BRI R g T -
(1) B HANAR LN K

M SRDE, =4 2 LA 9K B R REAS IR
IR G AU K, 9 79 BER R 1A

(2) AT 5%

#jd Cu, Co, Ni, Mn & dELEICEKL O, N
AR B T B O YR I <G R A AL Y 5 2% T LU 2K
e v AL 1

(3) GBI

TE IR < R A AL ) i B SN BREE, WA

FEEL T AR, B e U < R A A ) B LA A
(4) B EH
T T AR IR AR B RIS AN R LT 5 A
TR, A R U e A B AL S R
B, WEEREMACEI A WINIT G, EAE
FLAL S A RE N TSR A AR K 0, B 2R
BHIT TAEH AW IR R 51240 .
2EHk  References
[1] Bruce Peter G, Freunberger Stefan A, Hardwick Laurence J
et al. Nature Materials[J], 2012, 11: 19

[2] Larcher D, Tarascon J M. Nature Chemistry[J], 2015, 7(1): 19

[3] Evers Scott, Nazar Linda F. Accounts of Chemical Research[J],
2013, 46(5): 1135

[4] Chen Lin, Shaw Leon L. Journal of Power Sources[J], 2014,
267: 770

[5] Rosenman Ariel, Markevich Elena, Salitra Gregory et al.
Advanced Energy Materials[J], 2015, 5(16): 1

[6] Manthiram Arumugam, Fu Yongzhu, Chung Shengheng et al.
Chemical Reviews[J], 2014, 114(23): 11 751

[7] Tang Hanting, Yang Jinlong, Zhang Guanxing et al. Nanoscale[J],
2018, 10(1): 386

[8] Yang Yuan, Zheng Guangyuan, Cui Yi. Chemical Society
Reviews[J], 2013, 42(7): 3018

[9] Chen Hongwei, Wang Changhong, Dong Weiling et al. Nano
letters[J], 2015, 15(1): 798

[10] Xu Na, Qian Tao, Liu Xuejun et al. Nano Letters[J], 2016,

17(1): 538
[11] Parke Caitlin D, Teo Linnette, Schwartz Daniel T et al.

Sustainable Energy & Fuels[J], 2021, 5(23): 5946
[12] Hussain Shahid, Yang Xiaoyong, Aslam Muhammad Kashif

et al. Chemical Engineering Journal[J], 2020, 391: 123 595

[13] Zhou Jie, Liu Xiaojing, Zhou Jianbin et al. Nanoscale

Horizons[J], 2019, 4(1): 182

[14] Wang Dezhi, Yan Jiang, Su Boyu et al. Chemical Engineering
Journal[J], 2017, 330: 102

[15] Qi Wentao, Jiang Wen, Xu Fan et al. Chemical Engineering
Journal[J], 2020, 382: 122 852

[16] Ma Lianbo, Chen Renpeng, Zhu Guoyin et al. ACS Nano[J],
2017, 11(7): 7274

[17] zhang Yingji, Yao Shanshan, Zhuang Ruiyuan et al. Journal
of Alloys and Compounds[J], 2017, 729: 1136

[18] Dai Chunlong, Lim Jin-Myoung, Wang Mingiang et al.
Advanced Functional Materials[J], 2018, 28(14): 1 704 443

[19] Chen Tao, Ma Lianbo, Cheng Baorui et al. Nano Energy[J],
2017, 38: 239

[20] Wang Yuankun, Zhang Ruifang, Chen Xu et al. Energy
Storage Materials[J], 2019, 16: 228

[21] Peng Hao, Zhang Tianpeng, Shao Wenlong et al. Applied
Surface Science[J], 2021, 569: 150 935

[22] Hou Yaping, Mao Hongzhi, Xu Ligiang. Nano Research[J],
2017, 10(1): 344

[23] Tan Chaoliang, Zhang Hua. Chemical Society Reviews[J],
2015, 44(9): 2713

[24] Zhao Xu, Wang Hong’en, Yang Ying et al. Energy Storage
Materials[J], 2018, 12: 241

[25] Henckel Danielle A, Lenz Olivia M, Krishnan Kannan M
et al. Nano Letters[J], 2018, 18(4): 2329

[26] Zhang Yejun, Gong Qiufang, Li Lun et al. Nano Research[J],
2015, 8: 1108

[27] Xu Zhenglong, Kim Jang-Kyo, Kang Kisuk. Nano Today[J],
2018, 19: 84

[28] Fang Ruopian, Zhao Shiyong, Sun Zhenhua et al. Advanced
Materials[J], 2017, 29(48): 1 606 823

[29] Wild M, O’Neill L, Minton G et al. Energy & Environmental
Science[J], 2015, 8(12): 3477

[30] Cheng Xinbing, Huang Jiagi, Zhang Qiang. Journal of the
Electrochemical Society[J], 2018, 165(1): A6058

[31] Zhu Mengnan, Luo Zhigao, Pan Angiang et al. Chemical
Engineering Journal[J], 2018, 334(15): 2190

[32] Liang Jieyuan, Li Xiaoxiao, Pan Baojun et al. 2D Materials[J],
2019, 6(2): 025 003

[33] zZhang Linlin, Chen Xiang, Wan Fang et al. ACS Nano[J],
2018, 12(9): 9578

[34] Kirubasankar Alakrishnan, Palanisamy Pazaniraja, Arunachalam
et al. Chemical Engineering Journal[J], 2019, 355(1): 881

[35] Wong Hoilun, Ou Xuewu, Zhuang Minghao et al. ACS
Applied Materials & Interfaces[J], 2019, 11(22): 19 986


https://www.nature.com/articles/nmat3191?proof=t
https://www.nature.com/articles/nchem.2085
https://pubs.acs.org/doi/abs/10.1021/ar3001348
https://www.sciencedirect.com/science/article/pii/S0378775314008040
https://onlinelibrary.wiley.com/doi/10.1002/aenm.201500212
https://pubs.acs.org/doi/10.1021/cr500062v
https://pubs.rsc.org/en/content/articlelanding/2018/nr/c7nr06731c
https://pubs.rsc.org/en/content/articlelanding/2013/cs/c2cs35256g
https://pubs.rsc.org/en/content/articlelanding/2013/cs/c2cs35256g
https://pubs.acs.org/doi/abs/10.1021/nl504963e?journalCode=nalefd&quickLinkVolume=15&quickLinkPage=798&selectedTab=citation&volume=15
https://pubs.acs.org/doi/abs/10.1021/nl504963e?journalCode=nalefd&quickLinkVolume=15&quickLinkPage=798&selectedTab=citation&volume=15
https://pubs.acs.org/doi/10.1021/acs.nanolett.6b04610
https://pubs.rsc.org/en/journals/journalissues/se#!recentarticles&adv
https://www.sciencedirect.com/science/article/abs/pii/S1385894719330104
https://d.wanfangdata.com.cn/periodical/71a61ce79b5f2a5b6da846f7be3f2f9f
https://d.wanfangdata.com.cn/periodical/71a61ce79b5f2a5b6da846f7be3f2f9f
https://www.sciencedirect.com/science/article/abs/pii/S1385894717312743
https://www.sciencedirect.com/science/article/abs/pii/S1385894717312743
https://www.sciencedirect.com/science/article/abs/pii/S1385894719322624
https://www.sciencedirect.com/science/article/abs/pii/S1385894719322624
https://pubs.acs.org/doi/10.1021/acsnano.7b03227
https://www.sciencedirect.com/science/article/pii/S0925838817333029
https://www.sciencedirect.com/science/article/pii/S0925838817333029
https://onlinelibrary.wiley.com/doi/10.1002/adfm.201704443
https://www.sciencedirect.com/science/article/pii/S221128551730352X
https://www.sciencedirect.com/science/article/pii/S2405829718302666
https://www.sciencedirect.com/science/article/pii/S2405829718302666
https://www.sciencedirect.com/science/article/pii/S0169433221019930
https://www.sciencedirect.com/science/article/pii/S0169433221019930
https://link.springer.com/article/10.1007/s12274-016-1326-0
https://pubs.rsc.org/en/content/articlelanding/2015/cs/c4cs00182f
https://www.sciencedirect.com/science/article/pii/S2405829717304063
https://www.sciencedirect.com/science/article/pii/S2405829717304063
https://pubs.acs.org/doi/10.1021/acs.nanolett.7b05213
https://link.springer.com/article/10.1007/s12274-014-0590-0
https://www.sciencedirect.com/science/article/pii/S1748013217305182
https://onlinelibrary.wiley.com/doi/10.1002/adma.201606823
https://onlinelibrary.wiley.com/doi/10.1002/adma.201606823
https://pubs.rsc.org/en/content/articlelanding/2015/ee/c5ee01388g
https://pubs.rsc.org/en/content/articlelanding/2015/ee/c5ee01388g
https://d.wanfangdata.com.cn/periodical/081df363086ae4613ab601e69d2026bd
https://d.wanfangdata.com.cn/periodical/081df363086ae4613ab601e69d2026bd
https://www.sciencedirect.com/science/article/abs/pii/S1385894717320806
https://www.sciencedirect.com/science/article/abs/pii/S1385894717320806
https://iopscience.iop.org/article/10.1088/2053-1583/aafa48
https://pubs.acs.org/doi/10.1021/acsnano.8b05466
https://www.sciencedirect.com/science/article/abs/pii/S1385894718316607
https://pubs.acs.org/doi/10.1021/acsami.9b03246
https://pubs.acs.org/doi/10.1021/acsami.9b03246

* 2952 -

L E A e

52 3%

[36] Hao Qiuyan, Cui Guoliang, Zhang Yongguang et al.
Chemical Engineering Journal[J], 2020, 381: 122 672

[37] Wang Peng, Sun Fanghan, Xiong Shenglin et al. Angewandte
Chemie International Edition[J], 2022, 61(7): €202 116 048

[38] zhang Chaoqi, Fei Ban, Yang Dawei et al. Advanced
Function Materials[J], 2022, 32(24): 220 1322

[39] Li Haojie, Xi Kai, Wang Wei et al. Energy Storage Material[J],
2022, 45: 1229

[40] Qi Jing, Wu Tianli, Xu Mengyao et al. ACS Applied
Materials & Interfaces[J], 2021, 13(33): 39 186

[41] Li Jiabao, Yan Dong, Lu Ting et al. Chemical Engineering
Journal[J], 2017, 325: 14

[42] Li Wei, Zhou Min, Li Haomiao et al. Electrochemistry
Communications[J], 2015, 60: 74

[43] Xu Xiaowei, Ge Yuancai, Wang Mang et al. ACS Applied
Materials & Interfaces[J], 2016, 8(28): 18 036

[44] Fan Haosen, Yu Hong, Wu Xinglong et al. ACS Applied
Materials & Interfaces[J], 2016, 8(38): 25 261

[45] Lu Xiaoli, Zhou Xinyi, Yang Qin et al. Journal of Colloid
and Interface Science[J], 2021, 600: 278

[46] Zhang Chaogi, Zhang Ting, Du Ruifeng et al. Advanced
Functional Materials[J], 2019, 29(34): 1 903 842

[47] Yuan Bo, Hua Di, Gu Xingxing et al. Journal of Energy
Chemistry[J], 2020, 48: 128

[48] Sun Weiwei, Li Yuejie, Liu Shuangke et al. Chemical

Engineering Journal[J], 2021, 416: 29 166

[49] Chung Shengheng, Han Pauline, Singhal Richa et al.
Advanced Energy Materials[J], 2015, 5(18): 1

[50] Balach Juan, Jaumann Tony, Klose Markus et al. Advanced
Functional Materials[J], 2015, 25(33): 5285

[51] Zhang Zhiyong, Lai Yanqing, Zhang Zhian et al. Solid State
lonics[J], 2015, 278: 166

[52] Shaibani Mahdokht, Akbari Abozar, Sheath Phillip et al. ACS
Nano[J], 2016, 10(8): 7768

[53] Xiao Zhubing, Yang Zhi, Wang Lu et al. Advanced Materials[J],
2015, 27(18): 2891

[54] Kong Weibang, Yan Lingjia, Luo Yufeng et al. Advanced
Functional Materials[J], 2017, 27(18): 1

[55] Ghazi zahid Ali, Xiao He, Abdul Mugsit Khattak et al.
Advanced Materials[J], 2017, 29(21): 1 606 817

[66] Fan Chaoying, Zheng Yanping, Zhang Xiaohua et al.
Advanced Energy Materials[J], 2018, 8(18): 1 703 638

[57] Zhang Xingyuan, Lv Xiaoli, Wei Chunguang et al. Applied
Surface Science[J], 2021, 568: 150 952

[58] Yuan Hong, Peng Hongjie, Li Boquan et al. Advanced Energy
Materials[J], 2019, 9(1): 1 802 768

[59] Lu Xiaoli, Zhou Xinyi, Yang Qin et al. Journal of Colloid
and Interface Science[J], 2021, 600: 278

[60] Tian Yuan, Li Gaoran, Zhang Yongguang et al. Advanced
Materials[J], 2020, 32(4): 1 904 876

Transition Metal Selenides in Lithium-Sulfur Batteries
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Abstract: Lithium-sulfur batteries have gotten to be a hot inquire about subject due to their tall hypothetical particular capacity
(1675 mAh g™) and energy density (2600 Wh kg™). Focal points such as plenteous sulfur assets, non-toxicity and natural invitingness
moreover make lithium-sulfur batteries one of the foremost promising vitality capacity frameworks. In any case, the destitute electrical
conductivity of sulfur, the “transporting” of polysulfide between anodes and the contrast in thickness between sulfur and its diminishment
items are still issues that restrain its application. Related studies have appeared that transition metal selenides have great electrical
conductivity. Based on their polar characteristics, transition metal selenides can accelerate the energy of redox responses, restrain shuttle
effects, and improve the electrochemical properties of lithium-sulfur batteries. This paper mainly reviews the applications of transition
metal selenides in lithium-sulfur battery cathode materials and separators, and presents a viewpoint on research direction and development
of transition metal selenides in lithium-sulfur battery applications.
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