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Fig.4 Electrochemical characterization of T-Nb,Os//AC LICs: (a) charge-discharge curves, (b) rate performance, (c) cycle performance at

10 C (1 C =220 mA-g™"), (d) charge-discharge curves at different bending angles, (e) comparison of energy density and power

density with other devices, and (f) device schematic
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Fig.5 Synthesis of porous TiNb,O; nanotubes (a), SEM image of porous TiNb,O; nanotubes (b), charge-discharge curves of the

TiNb,O-//graphene LICs at different current densities (c), and capacitance retention of TiNb,O7//graphene LICs at 1 A-g™ (d)[3z]



551

Z A JRRE A

T A AR ST *347 «

L) NbOg AR . 2014 4F, Fan 25 AR A
T 5 e T 3D 2 4L LiNbO; 44K 4 4
W, AR AR R, 16 0.5 Avg”! HLIRS
JEF 200 KTGH)GUEA 190 mA-g' IR E. BT
LiNbO; #b, Jian % NUH4E 2011 4E3f0E 7 5 B
LiNbsOg Gt A L, %4 R0 A 75 i 7 6 B (N7 —
Nb*), 0 B A AL A B (389 mAhg!). [FFE
NaNbO;*, K NbeO,, B 7 fit Ly i A i . H
B R, BAREAT RIE R (L, Na, K)-Nb-O HL#Z M T
M A, PILA L R I GG R, SRR
MBS T HL A AR AR

3 (H, Li, K)-Ti-Nb-O

TES S T, B T 45 WL Nb,Os, M-Nb-O
PIRZEF RIS, (H, Li, K)-Ti-Nb-O X285 28 11
R it e S B AT T4 IE . FL7E 2006 4F Pralong %5
NI K,CO50 NbyOs 55 TiO, Jy J5UkE, 3 ik il A
BT KTiNbOs, FF4r IMA R ERFI LiOH/LINO;
4% HTiNbOs F1 LiTiNbOs, iX 2 Flbf R} #f 2 1 L 5= A
£ IL T A N AR S5 R . o6t HTINDOs HEAT FiLAL,
A, A 1.0~3.0 V i TAEX KB 5, SR aa i)
RS RIS R AR, HYHETE 1.0 V RUF,
SN SR, TR 1.0~3.0 V1) A HL R S A A
TAZMRHRIRLE M. 2019 4F, Yuan 2 A7
MEr g2, JFEAT B 1A B S N A T 4R
Hy.0:K.0sTINDOs K £F 4. £ 0.5 C FIfEERT, Bif#
208 150 ARG, il 2% A7 o] (R FFAE 123.7 mAh-g,
HAHORRERFEFR (4 85.8%), JFH, %KL
FHAMRMERMER, /£5 CF, Loy
IEF] 93.9 mAh-g. IXFE R RN M R AR
E AT A R B 5 1 H 25 2% AR R

4 2 &

A

Be JE S AL W 8 FE Nb,Os . M-Nb-O il (H, Li,
K)-Ti-Nb-O %5, i T H B ARt s, e i
AN g TR KM G . BTk 2 B AL
FEME, i, eI E TAEHRE (>1.0 V vs Li'/LD
A LA ] SEL 5% BRI ARG f i) AR, 1 DR L 1) 22
Ak 7R K 2 e S A A ) T B I IRON R R A
U], HILAEREAK LT o] 208 . SR, EATT#s
A7 [ AR S5 Lk, BEAS T e Tl 2=t e N H
TEA K 1) R S v Nk — S5 AR M RE I 9K Ak LA K 5 e
MRS G, FFIE I 45 MO0 B i B8 R A AL 4 F A A
B AR, AT P B 1 R A I IE AR Bl
4 AN F) 1) AL

%30k
[1] Cheng Xinbing, Zhang Rui, Zhao Chenzi et al. Chemical
Reviews[J], 2017, 117(15): 10 403

References

[2] Li Wangda, Song Bohang, Manthiram A. Chemical Society
Reviews[J], 2017, 46(10): 3006
[3] Wang Faxing, Wu Xiongwei, Yuan Xinhai et al. Chemical
Society Reviews[J], 2017, 46(22): 6816
[4] Liu Chaofeng, Zhang Changkun, Fu Haoyu et al. Advanced
Energy Materials[J], 2017, 7(1): 1 601 127
[5] Xia Qiuying, Yang Hai, Wang Min et al. Advanced Energy
Materials[J], 2017, 7(22): 1 701 336
[6] Deng Bohua, Lei Tianyu, Zhu Weihua et al. Advanced
Functional Materials[J], 2018, 28(1): 1 704 330
[7] Li Shengyuan, Wang Ting, Lian Jiabiao et al. Nanotechnology
[J], 2018, 30(2): 025 401
[8] Wang Rutao, Lang Junwei, Zhang Peng et al. Advanced
Functional Materials[J], 2015, 25(15): 2270
[9] Sun Hongtao, Li Mei, Liang Junfei et al. Science[lJ], 2017,
356(6338): 599
[10] Yan Litao, Rui Xianhong, Chen Gen et al. Nanoscale[J], 2016,
16: 8443
[11] Kong Lingping, Cao Xiaodong, Wang Jitong et al. Journal of
Power Sources[J], 2016, 309: 42
[12] Li Shuang, Xu Qian, Uchaker E et al. Cryst Eng Comml[J],
2016, 18(14): 2532
[13] Griffith L, Kent J, John M et al. Journal of the American
Chemical Society[J], 2016, 138(28): 8888
[14] Kyungbae Kim, Sang-Gill Woo, Yong Nam Jo et al.
Electrochimica Acta[J], 2017, 240: 316
[15] Lubimtsev Andrew A, Paul R C Kent, Bobby G et al. Journal
of Materials Chemistry A[J], 2013, 47(1): 14 951
[16] Chen Dongchang, Wang Jenghan, Chou Tsungfu et al.
Journal of the American Chemical Society[J], 2017, 139(20):
7071
[17] Liu Xiaodi, Liu Guangyin, Chen Hao et al. Journal of
Physics and Chemistry of Solids[J], 2017, 111: 8
[18] Yang Huiling, Xu Henghui, Wang Libin et al. Chemistry-A
European Journal[J], 2017, 23(17): 4203
[19] Zhang Songmin, Wu Jiawen, Wang Jitong et al. Journal of
Power Sources[J], 2018, 396: 88
[20] Fu Shida, Yu Qiang, Liu Zhenhui et al. Journal of Materials
Chemistry A[J], 2019, 18(7): 11 234
[21] Kong Lingping, Zhang Chuanfang, Zhang Songmin et al.
Journal of Materials Chemistry A[J], 2014, 42: 17 962



- 348 -

Mty @A RS TR

%50 %

[22] Zhang Chuanfang, Beidaghi M, Naguib M et al. Chemistry of
Materials[J], 2016, 28(11): 3937

[23] Kong Lingping, Zhang Chuanfang, Wang lJitong et al.
Scientific Reports[J], 2016, 6: 21 177

[24] Wang Jingjie, Li Hongsen, Shen Laifa et al. RSC Advances[J],
2016, 75(6): 71 338

[25] Kong Lingping, Zhang Chuanfang, Wang Jitong et al. ACS
Nanol[J], 2015, 9(11): 11 200

[26] Hu Lei, Luo Lijie, Tang Lingfei et al. Journal of Materials
Chemistry A[J], 2018, 21(6): 9799

[27] Lin Chunfu, Wang Guizhen, Lin Shiwei et al. Chemical
Communications[J], 2015, 51(43): 8970

[28] Tang Kun, Mu Xiaoke, Van Aken Peter A et al. Advanced
Energy Materials[J], 2013, 3(1): 49

[29] Cheng Qiushi, Liang Jianwen, Zhu Yongchun et al. Journal
of Materials Chemistry A[J], 2014, 41(2): 17 258

[30] Yang Chao, Deng Shengjue, Lin Chunfu et al. Nanoscale[J],
2016, 44(8): 18 792

[31] Han Jiantao, Goodenough John B. Chemistry of Materials[J],
2011, 23(15): 3404

[32] Li Hongsen, Shen Laifa, Wang lJingjie et al. Journal of
Materials Chemistry A[J], 2015, 32(3): 16 785

[33] Wang Xianfu, Shen Guozhen. Nano Energy[J], 2015, 15: 104

[34] Jiao Xinyan, Hao Qingli, Xia Xifeng et al. Journal of Power
Sources[J], 2018, 403: 66

[35] Yang Chao, Yu Shu, Lin Chunfu et al. ACS Nano[J], 2017,
11(4): 4217

[36] Pinus I, Catti M, Ruffo R et al. Chemistry of Materials[J],
2014, 26(6): 2203

[37] Yang Chao, Zhang Yelong, Lv Fan et al. Journal of Materials
Chemistry A[J], 2017, 42(5): 22 297

[38] Zhu Xiangzhen, Fu Qingfeng, Tang Lingfei et al. ACS
Applied Materials & Interfaces[J], 2018, 28(10): 23 711

[39] Son ] T. Electrochemistry Communications[J], 2004(6): 990

[40] Pralong V, Reddy M Anji, Caignaert V et al. Chemistry of
Materials[J], 2011, 23: 1915

[41] Fan Qi, Lei Lixu, Sun Yueming. Nanoscale[J], 2014, 13:
7188

[42] Jian Zelang, Lu Xia, Fang Zheng et al. Electrochemistry
Communications[J], 2011, 13: 1127

[43] Yan Tong, Ding Rui, Ying Danfeng et al. Journal of Materials
Chemistry A[J], 2019, 40(7): 22 884

[44] Wang Xiangwei, Zhai Yunyun, Kuang Chuxia et al. Materials[J],
2019, 12(2): 262

[45] Colin J F, Pralong V, Caignaert V et al. Inorganic Chemistry
[J1, 2006, 45: 7217

[46] Colin J F, Pralong V, Hervieu M et al. Journal of Materials
Chemistry[J], 2008, 18: 3121

[47] Yuan Yu, Yu Haoxiang, Cheng Xing et al. ACS Applied
Materials & Interfaces[J], 2019, 11: 9136

Progress of Nb-based Oxide Anode Materials Toward Lithium-ion Capacitors

Qin Li, Zhu Shuhao, Liu Yang, Hou Linrui, Yuan Changzhou
(University of Jinan, Jinan 250000, China)

Abstract: Among the existing anode materials for lithium-ion capacitors (LICs), Nb-based oxides are considered as one of the most
promising anode materials. This review takes Nb,Os, M-Nb-O (M = Ti, Cr, Ga, Fe, Zr, Mg, Li, Na, K, etc.) and (H, Li, K)-Ti-Nb-O group
anode materials as examples, and introduces the advantages of niobium-based oxides as anode materials for LICs, the energy storage
mechanism, synthetic methods. Moreover, the existing problems for each material currently and corresponding solutions are proposed,
which will promote their further development and applications in the field of emerging energy storage devices.
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