IERZEFR

Chinese Journal of Engineering

BT E SR AR ZnSnO,,/CE Wil S kAR
Ha Atk MREk PO #4645 AR e LA FRIRE

Synthesis and performance of ZnSnO,/C composites as anode for lithium-ion battery

YUE Hongwei, XING Ruobing, GENG Zhuangzhuang, TIE Weiwei, ZHU Congxu, XIE Wenhe, CHEN Shujun

FIHASC:

LU, T UK, TOHEAE, SR, RS, B, PRIBGR . #1LE1 fL it OB B ZnSn0/CAZ S il & S PERE(D). TRl
27412, 2024, 46(1): 81-88. doi: 10.13374/j.issn2095-9389.2022.12.16.001

YUE Hongwei, XING Ruobing, GENG Zhuangzhuang, TIE Weiwei, ZHU Congxu, XIE Wenhe, CHEN Shujun. Synthesis and
performance of ZnSn0,/C composites as anode for lithium—ion battery[J]. Chinese Journal of Engineering, 2024, 46(1): 81-88. doi:
10.13374/1.issn2095-9389.2022.12.16.001

TEZR AL View online: https://doi.org/10.13374/j.issn2095-9389.2022.12.16.001

AT ARG HA SCEE

Articles you may be interested in

TCHRAE 5 e P RE P S o SO R BT
High—performance anode materials based on anthracite for lithium—ion battery applications

TRRISE224. 2020, 42(7): 884  https://doi.org/10.13374/j.issn2095-9389.2019.07.11.005
e M RBAE 25— F It SRR — UL A SRR B A R B L

Synthesis of MnO/reduced graphene oxide composites as high performance anode materials for Li-ion batteries

TRERIEEM. 2017, 39(3): 407 hitps:/doi.org/10.13374/j.is5n2095-9389.2017.03.013
FATHORET SRR A RE/ A0 SRS MORHR i 4 S AR g 1 st ) 10

Preparation of silicon/graphite/carbon composites with fiber carbon and their application in lithium—ion batteries

TAERF2AR. 2019, 41(10): 1307 hitps:/doi.org/10.13374/1.issn2095-9389.2019.06.08.001
3DHTEPER LT IE AR ) i 5 SR g

Preparation and performance of 3D—printed positive electrode for lithium—ion battery

TAERIEAR. 2020, 42(3): 358 https:/doi.ore/10.13374/1.i5sn2095-9389.2019.10.09.006
BT R G B R A IR S TR LAl T

Online estimation of the state of charge of a lithium—ion battery based on the fusion model

TAERRE2AR. 2020, 42(9): 1200  https:/doi.org/10.13374/j.issn2095-9389.2019.09.20.001
ST B ISP AR T SO C A, T
Lithium—ion battery state of charge estimation based on a robust H __ filter

TARERFEAR. 2021, 43(5): 693 https:/doi.org/10.13374/j.issn2095-9389.2020.09.21.002


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2022.12.16.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.07.11.005
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.03.013
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.06.08.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.10.09.006
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.09.20.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.09.21.002
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.09.21.002

TREREAA, 45 46 4, 55 110 81-88, 2024 4F 1 H
Chinese Journal of Engineering, Vol. 46, No. 1: 8188, January 2024
https://doi.org/10.13374/j.issn2095-9389.2022.12.16.001; http://cje.ustb.edu.cn

B - Y B AR ZnSnO,/C B AW H 4 51k Bk

E2ARD, FRERD, BOHERED, 8B 4D, KB, XA, BB

D VR BB TS MR BE, 755 461000 2) {5 PRI 2% Be 9 2 1 AR 42 B, 15 B 464000
DAl {5 /E#, E-mail: chenshj16@163.com

B E BENESESYEN R AR AR E A SIS A AR S R M. £ e
PR DA BIARAEE S, CAZ B T T 2 M. AUFSTR F— 2 TR K R & T AL 1 ZnSn0; & A M kH(ZnSn0,/C) . F
HEM R T B, B BT DR X SR B 6RE . X 26 F B85 o B R iE i 78 50 H DU 3 55— R 5 SR AE
TR IT VRS R BRI 5 . AR L 45 4 0 R L e R BE R AT 40T R Ak 2 IR SR 2 Y A O R At A A R
ZnSn04/C & & B AR B AE AR YEBENL T 41 ZnSnO, FLHL. 75 200 mA-g ' UL E T, ZnSn04/C &2 & B4 200 WAGHF 5 7T W 4 4k
A[ik 1274.9 mA-h-g', BIE7E K AL 5000 mA-g ' T4 500 IRAGHAISR LML 663.2 mA-h-g ' BT AR b8 i, (RIS (B R 30
HOfE ek RE . P05 Mg MR BEJH B F ZnSnO,/C & A4 B HAT w1 i F 38 1 C R T3 Al 1 5 bk, A R FHL 1
e, T LI R T ARV S TG e 22 18] RO o v L, 4 0 TS 1 RO TR 8 5 (W) A R G 7 )2 T A5 5 5% b ZnSnO, 7 iR i R
TR R TFARBUE AL A RO 77, BREAE— R REE LA ZnSnO; ZEAE PR A2 Hh A A1 2B .

XHEIR BIREE; i BAMIE ik BRI

SHAS  TQ174,TQLS52

Synthesis and performance of ZnSnO5/C composites as anode for lithium-ion battery

YUE Hongwei”, XING Ruobing”, GENG Zhuangzhuang”, TIE Weiwei", ZHU Congxu”, XIE Wenhe®, CHEN ;S‘hujun”M

1) College of Chemical and Materials Engineering, Xuchang University, Xuchang 461000, China
2) College of Physics and Electronic Engineering, Xinyang Normal University, Xinyang 464000, China
BLCorresponding author, E-mail: chenshj16@163.com

ABSTRACT Being one of the ternary metal oxides, different zinc stannate (ZnSnOs;) nanostructures, including nanoparticles,
nanowires, nanocubes, and nanosheets, have been synthesized and investigated for various applications, such as catalysts, phonics,
sensors, piezoelectric, pyroelectric, and lithium-ion batteries (LIBs). The ZnSnO; has received immense attention as potential anode
materials for LIBs due to their high theoretical specific capacity, moderate intercalation and delithiation potential, abundant reserves, low
cost, high safety, and environmental protection. In this study, a carbon-coated ZnSnO; composite (ZnSnOs/C) was prepared using a one-
step in situ hydrothermal method with glucose as a carbon source. The microscopic morphology of the as-prepared materials was
observed using scanning electron microscopy and transmission electron microscopy. X-ray diffraction, Raman spectra, and X-ray
photoelectron spectroscopy were used to analyze the phase composition and structure of the composite. The electrochemical properties
were investigated through constant charge—discharge tests, cyclic voltammetry, and electrochemical impedance spectroscopy. When used
as anode materials of LIBs, the prepared ZnSnO;/C composite electrode exhibited excellent lithium storage performance with an
improved cycling performance and high capacities. A specific capacity value of 1274.9 mA-h-g"' for ZnSnO+/C composite is much

higher than that of pure ZnSnOj; electrode (491 mA-h-g ") after 200 cycles at a current density of 200 mA-g . The ZnSnO,/C electrode
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retained a discharge capacity of 663.2 mA-h-g™' even after 500 cycles at a high current density of 5000 mA-g', exhibiting excellent rate
capability. Such remarkable electrochemical properties of the ZnSnOs/C composite are preferable to those of complex and costly
ZnSnOs-based composites reported previously. The superior lithium storage performance of the ZnSnO;/C composite is attributed to the
synergistic effect between the carbon coating on the surface and ZnSnOj; nanoparticles. Moreover, the composite exhibits the following
attributes: (1) High conductivity of the carbon in the ZnSnO5/C composite can considerably enhance the conductivity of the electrode for
facilitating electron transmissions. (2) The structure of nanoparticles can reduce the diffusion distance of Li* and provide a large
electrode-electrolyte contact area for high Li" flux across the interface, leading to a high reversible specific capacity. (3) The ZnSnO;
nanoparticles and flexible carbon layer can generate a double buffering structure to retard the huge volume expansion of active materials
during repeated charge—discharge cycles. (4) More importantly, the carbon coating layer can avoid side reactions by preventing direct
contact between the ZnSnO; hollow cubes and electrolytes and inhibiting the agglomeration of ZnSnOj; during the cycling process. Thus,
this research may provide a new avenue for synthesizing bimetal oxide with a core—shell structure for high-performance energy storage

materials, considering the simple principles involved in its preparation.
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Fig.1 (a) X-ray diffraction pattern and (b) Raman spectrum for the synthesized pure ZnSnO; and ZnSnO;/C composite
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Fig.5 CV curves of (a) pure ZnSnOj; and (b) ZnSnO5/C composite electrodes at a scan rate of 0.1 mV-s'; galvanostatic discharge—charge profiles of
(c) pure ZnSnO5 and (d) ZnSnOs5/C composite at a current density of 200 mA-g '

3000 @ 2500 ®)
a L ]
] * ZnSn0,/C : %22283/(3
~ 2007 = ZnSnO, ~ 2000 [ >
50 o0 o 1C=1000 mA-g!
= 2000 = I
: < 1500 [*0.02C
g 1500 & 200 mA-g™! E | -;Qagggoo 0.5 C.o 0.2 C i
> > - 8000000080 1.0C 20C 800(‘000"
5 o 5 1000 EEHH Qoooococoa%,\o" o
2 < - EED 000
g § DEEDDDDDDDDDD =O0ooooood
500 il 500 L IDDDDDDDDDHDDDDDDDDDD
0 . . . 0 . . . .
0 50 100 150 200 0 10 20 30 40 50
Cycle number Cycle number
800 -
1500 p (¢) (d) ZnSnO,/C ZnSnO;,
- 50th cycle—" o /Sch cycla
~ " 100th cycle ¥ 100th cycle
7, 1200 600 ., A
'J:: I i - v A
T 900 | g .o . R
E :[? 400 me v a
L]
g 600 | 7 N
% i A'.:A Addaa, v AA
2
“ 300 O B Pondr, CPE W,
o . . . . o . . g
0 100 200 300 400 500 0 200 400 600 800 1000

Cycle number Z'/Q

Bl 6 & ZnSnO; Fl ZnSnOs/C & 3 HUMAE UL A 200 mA-g ' WK () JEERMERERN (b) i ARG FAERE; (¢) ZnSnO5/C HIFLAE 5000 mA-g ' KH
TARE T RYRAEFAERE; (d) 4l ZnSnO; Fl ZnSnO4/C &5 RMMAEA B ERREUR M2 BTG, 1 A80b B
Fig.6 (a) Comparative cycling behaviors at 200 mA-g ' and (b) rate capabilities at different current densities for pure ZnSnO; and ZnSnO-/C composite;

(c) long-term cycling performance of ZnSnO,/C composite at 5000 mA-g'; (d) electrochemical impedance spectra of pure ZnSnO; and ZnSnO5/C
electrodes after different cycles, and the inset shows the corresponding equivalent electrical circuit
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Table 1 Comparison of the electrochemical performance of the electrodes based on ZnSnO; material

Ref. Electrode material Current density/(mA-g™) Cycles Capacity/(mA-h-g™) Voltage window/V
[11] ZSO@NC nanocomposite 2100000 1300(? 0 Zgz 0-2.5
[12] ZnSnO;3—C hollow microcubes 100 50 703 0.01-3.0
[13] ZnSnO5-C hollow microcubes 100 50 705 0.01-3.0
[14] Sandwich-like ZnSnO;@C 100 200 1107 0.01-3.0
[15] ZnSnOz@reduced graphene oxide 100 100 745.4 0.01-3.0
[18] ZnSnO5/C nanofibers 100 100 586 0.01-3.0
[19] ZnSnO3;—1GAs 100 200 780 0.01-3.0
[20] H-ZnSnO;@C 100 100 817 0-3.0
[21] ZnSnO3/rGO 100 100 718 0.01-3.0
[23] ZnSnOj/reduced graphene oxide 100 100 713 0.01-3.0
[26] ZnSnO;@C/rGO 100 45 1040 0.01-3.0
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