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Fig. 1 SEM morphology of precursors obtained with different molar ratios of ZnCl, to SnCl,' 5H,0: (a—c) at low magnification and
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(d—f) at high magnification
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Fig. 2 XRD patterns of precursors obtained with different molar
ratios of ZnCl, to SnCl,*5H,0
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Fig.3 SEM morphology of products obtained with different molar ratios of ZnCl, to SnCl," 5H,0O:

®2:1, &fF

(a—c) at low magnification and (d—f) at high magnification
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Fig. 5 Cyclic voltammetry curves (a) and constant current charge-discharge curves (b) for ZnSe/SnSe@C composite
obtained with molar ratio of ZnCl, to SnCl,"5H,0 of 1:1
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Preparation and Electrochemical Properties of Cubic ZnSe/SnSe@C
Composites for Sodium Ion Battery Cathode

LEI Yunping', LI Aimin%, FENG Li%, DONG Yaqian?*?, ZHANG Yaohui?**

(1. Shanxi Provincial Department of Natural Resources, Taiyuan 030024, China; 2. Shanxi Institute of Geological Survey Co.,
Ltd., Taiyuan 030024, China; 3. School of Energy and Power Engineering, North University of China, Taiyuan 030024, China)

Abstract: Nano-cube ZnSn(OH), precursor was prepared by hydrothermal reaction at room temperature with zinc
chloride, tin tetrachloride and sodium hydroxide as raw materials and polyethylene glycol-4000 as additive. Cubic ZnSe/
SnSe@C composites were prepared by carbon coating the precursor with dopamine hydrochloride and high temperature
selenization. The microstructure and phase composition of the composites prepared under different molar ratios of zinc
chloride to tin tetrachloride (1:1, 1:2, 2:1), as well as their electrochemical properties as anode materials for sodium
ion batteries were studied. The results show that when the molar ratio of zinc chloride to tin tetrachloride was 1:2 and
2:1, there were aggregated nanoparticles in the composites, and no carbon uniformly coated cube particles were found.
When the molar ratio of zinc chloride to tin tetrachloride was 1:1, the cube had a regular shape and evenly dispersed,
whose surface was uniformly coated with a layer of carbon. The phase of all composites consisted of ZnSe and SnSe, and
had a good crystallization. After cycling for 40 cycles at the current density of 100 mA « g ', the mass specific capacity

' and the

of the composite under zinc chloride to tin tetrachloride molar ratio of 1:1 still maintained 410 mA «h+ g~
Coulomb efficiency was about 94.6 %, which was significantly higher than those of the composites prepared under zinc
chloride to tin tetrachloride molar ratio of 1:2 or 2:1. After cycling for 200 cycles at a high current density of 1 A+ g ',
the mass specific capacity of the composite prepared under the zinc chloride to tin tetrachloride of 1:1 could still reach
330 mA «h«g ', and the Coulomb efficiency was close to 100%,indicating excellent cyclic stability. Compared with
those of zinc chloride to tin tetrachloride molar ratio of 1:2 or 2:1, the composite prepared under zinc chloride to tin
tetrachloride molar ratio of 1:1 had lower charge transfer impedance and faster ion diffusion rate, and showed excellent
electrochemical performance.

Key words: cubic 7ZnSe/SnSe@C composite; anode material; sodium ion battery; electrochemical performance

MO/ MO MO NENNENNEN NN NN NENNENNENNENNEANEINENNENNENNENNEN MO NEANENNENNEN NS NN NENNES MO NENNENNONNEN NN NN NENNENNENNEN MO NENNENNEN NN NENNON NN

3%

CHLBR TARRATRL ) 223580 FIF 1977 4, i LM RHIE
FERTA B W £, A EPUR TR 2= S MR 22 1)
& E NAMA T R AT A S T AR AR 55 5 A 7= 1 EI’J
Ll H AR, S oL R E RN B SRR R
(CSCD) I HIF] . rh ERMHE O], RCCSE HrE 0
AP B 2 AR A PR e D4R 4R ) S IR T
CHLR T AR A AL ) 24 b B NS 5 & B R LA S
JEMRE AL T AR, RS A MR AL e RO AL T
PR RL B ST 5E SOy AR, B2 B 2538 i
ST B RLR T2 R BE BN L 9kb B i
;77 P BRAALL S EE AL | SRR AT AR, T B S
BHE P A T R S EAR AR R S% ., Ik,
CHLB T AR AR ) 2% R U B N AN GE 30T, HE T “Hb4
BRI TR “FRAT S SR« T AR
TR WMl S m Rl L EHE
ZEN T REA R,

CHLAE T /2 M B ) 24 3% K16 F, 4 H 20 H
K, B B AR oE G SR 1 RR ) % A ISSN 1000-3738, [
N4t — 3% 2k R4 5 CN 31-1336/TB, [ Fr ] )

BAFIC W TRE47 4 ) 2025 EMEIT IR E

i 4 % 1% (CODEN)  JGCAEL. & Py 4% 1 5 B J=)
(F‘JTUZZIS?'J%Z THBI AT, MR AR T 4-221, KATH
3070/ WF, 36070/ 4F, I LABEZEWEAR VT 1) 5 A% PR AT &
S I RITT B I 55, I R PDF A% 5, Jl i
E-mail &R 25523, 1T R 4 90 78 / 47, LEHEIE 9% FIAI,
H IR & AT 10 KA F
RIRIT | RILILFE | RBRFIBT& |

FRPIAL : hitps://jxgecl.mat-test.com/

W ZHbHE . 3T T T XCHRHR R 99 5, 54

200437

YRR : 021-65556775-368, 021-65541496;
mem(@mat-test.com

KATHR: 021-65556775-311, 021-65527634
wm(@mat-test.com

JA5ER : 021-65556775-319, 021-65544943;
admem(@mat-test.com

(AR T A2H A ) 4 4537
67



