BB 5E -5 B

Materials Research and Application

2021,15(3):196-202,209

http://mra. jjournals. cn

Email: clyjyyy@ gdinm. com

X EHE:1673-9981(2021)03-0196-08

— T B S o A L A R AL
P F 40 8 T B 3t £ AR

M i,k fR.EF

PRI R R SRR IR B, ) M T AR GE R B S AERE SR R B SR E L) AR )T 510006

-

A A

AR A T B B R

F R VL VR T AR — R UK B B P BB T S TR T bR S B S
W) 2Rl b T 7 200 B8 25 0 o S E 0  FFHE BE 7 ML D0 50 mA /g R A BT LA ) 279
mA - h/g, 23 500 [EIE R IG Ho % 5 06 RE SRS 84 6% + 16 MUHR 0 B 1 506 1 T BR A A 25 5 2 900K 25
AR B b/ 2 6 e R o P ARG Ok 9 % 2 T L 0 4 A 5t R I AE 0
25 Al L T ELAR 10 B e b A 0 T o 0 R T — OB 0 S AR B —

SRBRIR - B AR I IR BT 1G B 5 B 1 HL 3 s SRR A )

HE 45 %S TKO MERARIRED: A

5138 B L B T2 S0 — ol AT SRR R O REUDR A B T T B B T M SO A RHLT DL AR 5 45 T . 2021415

(3):196-202,209.

CHEN Tong,ZHANG Wei, WANG Xuewen. A simple solvothermal synthesis of sea urchin-like bismuth sulfide for potassium
anode[ J]. Materials Research and Application,2021,15(3):196-202,209.

BRHEATREE B 2 T vl R
B 1 A 3 A A 3R A AR T B A
A BR L RE B T LA B R SR R B
43 (Sn, Sb, Bi) b B8 0 BA W T 09 B
AR DU A . B Al B 40 K B R L AT B 4 K
P UK (AR SFIEAR S R B X AL L gk s Tl
T R F AL A AR . R TR A B 4 Kb R
A e O T AR RO R B 25 K L DTS R T AT S e
W PERE. i T AR A 41 1 i 3t T T A BIF T ARG
PR 7 P A P 1 v Tt b A AR B AR B )
I 119 49F 72 AT 55

BB AL G W1 RE B TR TR 2
N HRAE WA SRR . — R A2 H A A% Th A R 8 Y

I 75 B #5:2021-03-22

23 [A) 9B TR A AE o BLOs & A8 1 i Al
REAL AL T P47 T (100) FA R} 1T 1 195 A~ 3% 22 1) FH
B 1l B S 1 J2 Z 18] B A B MR £ B8 & A% 14 )
JERARME T T A A R T e s 5y —
ANRE R IR B, Xy Al B g A0 38 2 e Al B B T
4 lm Bis TRt — 22 5808 1 kA e RO K
LA SRR A K Bl X Pl A S B
o JSE T AL A /N TR R T A R Y R DR AR G R S
B4 R Bl B R A3 Tal el i BOCE 2, X
Peft TR AR 9 2 T RE P 5 R BT RE IR B A L AT L
AEFRATTA A BT 3 I 1) RE ISR FL ) 5 5K B AL
BN KRG A R S AT AR 25 4 1 BRI A
[Fi 14 A1 B T A 396 5 v A7 e 6 . S BRI 5 HL A o7 I

X

EEWE EHK A RPHAEEG (51920105004 5 7 448 Sk Ak 15 0 56 6 BF 58 5 8 T H (2020A1515110401)
YEE R« PRI (1993 —) 5 35 ST AL 3 0L, TS5 1 O 81 7 S M A4 RE LB 41K Emall: 121511665@qq. com



H15E H3M

WRIE o 2 - — A7 B0 AR BT 1 B HECIR B 10 B T B T e S SRR B R 197

N8l J) 2k A fEE— A R g Li 48 AW R BLS,/
MoS, @ NC S fFi &b, Se Bl T R 1B 2 B ik 2 A A
by /B R RS A BB B R, Salimi 45 A 3 %
POT ¥k A R TE B0 4R AL B N K T Sl i AL
Dou & A58 220 B3R B 77 i s KRB AR 7 K 2 R i Ak
B3 i AT BRI S Z A BL S, @C FH T Hi AL 4k
IEM. Tang % A5 3 5B 5] A = B RA1E N
B o T 38 A Ak A BB AL B P TR S
AR KL

ABIF A B 17 0 00 7 R0 A A B TR AR O i
JIELHR: 4 B T B0 A Sy 0 25 7 v Sl 70 AR A L L 4 T IF 5
1K A JECR A R G 1 i S S L L. 25 R R L 5
T 45 K A7 ) T 52 B0 H Aof 18 DRH A B PR B A e 1R
VLA 4 Ak BN 14 Bl I 1 i R 55 B A B0 1 3 L 25
BRI IR B AR B f B b R, 7E HL I 50
mA/g %M T A B LLIAE 279 mA - h/g, &
500 G I 5 25 i BE AR FF 84. 620, -3 A

Precursor

Hydrothermal

BB BN 0. 0308 90 1y H EE A BT 1t s 1
TR TR B

1 XInEkH

1.1 BERBLEHFAH &

4 150 mg (1 FK A R B (BiCNO;) . 5H, O) Al
750 mg I = HER (H,BTCO) 7E % I T 43 HLZE 60
mL 7 (DMF : MeOH= 4 : 1) [ &%+ 17
TP FE, SR G A 1 mmol 4 BRBK . T B E 40
min, Ff 5 TR S 638 WA J5 R 5 78 B R U
WA 42, 78 160 "CTR AR 24 h 5 B LIk
55 MeOH 3% — K EtOH Y% =R & a
16 80 CHYH A AR T4 6 h M3 Bk K. &
XRD F3 . £5 2] 19 58 €08y K 4 4l AH 1 Bi, Sy (PDF =
84-0279). & 1 Sy NHAR B Ak B 5 10t A s AL,

BT R A B TR R
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1.2 BipAaRSNHK

T A 2 JE e R O A i R AT TR A 1 e S
¥ R RS0 CR2032 41 411 H 1t L 78 78 1 | F
ER P TS TAERMCN ERE N 12 mm 1Y BB
W s BTG PE A RE LS H R SR (Super-P) DL KR T 3%
FHEHMCMOILL 7+ 2+ 1 HBl 4 £ 8Tk
H, CMC /K 2K 45 R, Bl IS 280 B S 0F 1 1
SRR A R T b e B A AR 70 CCTF T
12 h J5 Y8 4% 12 mm Ay 8 Fr . X R B A 1 42
R VR RS R T 2 1M KIFST OB Bk Tt 7 i
BRER ), B R B S B B A 4k (Whatman) . FH 35
(Neware) HL it ] 3 28 48 %) fi b 25 17 78 700 HR 706 34 1
fiE 3 S A% Ze kAR i L i ] AUTOLAB i fb22 T
YR 7 200 T FEAT 08 PR 2 ik (CV) J i b 24 B
Fritk (EIS) .

2 BRSUE

2.1 MR RAE

i 3k A 5 9 R IR R L A R Bi-MOF £ A=
HE A IR IR A0 B Ak B T G R L K R B T AR AE
DMF 5 MeOH ¥ ¥ H » i 1o i IR (1 K fig 580 S*
BB, 9F 5 BT BE4E ) BLS, . B #E H,BTC (1)
T B K A [ A 4iE K L 2% 347 21 5% 2 49 A% i JECIR
BiAbSs . EE A H,BTC B hm A, W) 2 BE 315 41k
(4 6 Bi-MOF . {41 48 Hi g % o RE & 25 17 6
W25 ¥ FNTE 25 B9 R AE , & 2 S AS [) K Bt 8] R ) 78
HECER A5 Ak B 1 31 4 P B . AR 2 BT AL Bi, Sy 3l i
24 h KIS J5 ¥ AT S0 IR R ER . Bt 2 K B
] B ZE K L 2 K R ] S 2 h B 2 & 0T BLE B IR
R BB A Bl 38 T 2 2 58 B - (R I8 2 ] DL HE SRR



198 MoR o x5 MM 2021

HE 24 h X6 FOMR BRE % W7 42 R BRI B XK 24 h 1979 Bi. Sy BEAT — R B RAL,
vt RRCER T2 3 o 32 i R /NI 20 Gl A xR IR R R AR ANIET 3 B, ML 3 Ca) i L i IECAR i A i
R R WK IS ] 24 b oAy i 7K B ). HAEN 1.8~2.4 pm. JNIE 3Ch) 5 JEAR % Ak 4

(a) (c)

B2 TR K A IR] F A RECR B A s 1 4 il v 5 [
() 0.5 h;(b) 1 h;(e) 2 h;(d) 4 h;(e) 6 h; (D 8 h;(g) 12 h;(h) 18 h; (i) 24 h

Fig. 2 SEM images of sea urchin-like structure of Bi,S; with different hydrothermal time
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Fig. 3 Characterization of sea urchin-like Bi,S; after 24 h of hydrothermal treatment

(a) and (b) are SEM images of Bi;S; sea urchin-like microspheres; (c¢) XRD spectrum of Bi,S; sea urchin-like
microspheres; (e) and (f) are TEM images; (g) HRTEM image of Bi,S; sea urchin-like microspheres and the
corresponding elemental mapping images of (h) S and Bi; ()S; (j)Bi
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Fig 4 Raman spectra and XPS spectra of sea urchin-like bismuth sulfide

(a) Raman spectrum of Bi,S; sea urchin-like microspheres; (b), (c)and (d) are XPS spectrums of Bi,S; sea urchin-like microspheres
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Fig. 5 Electrochemical properties of sea urchin-like Bi,S;

(a) cyclic voltammograms curves of Bi, S; sea urchin-like at scan rate 0. 1 mV/s; (b) GCD curves of the Bi,S; sea urchin-like at 50

mA/g in the voltage rage of 0. 01-1.6 V; (c) cycling test at current density 50 mA/g; (d) at various current densities cycling test;

(e) GCD curves of the Bi, S; sea urchin-like at various current densities in the voltage rage of 0. 01-1. 6 V; (f) cycling test at current

density 200 mA/g after 500 cycles; (g) cycling test at current density 500 mA/g after 800 cycles
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Fig. 6

Ex-situ XRD of the bismuth sulfide electrode material collected during the first cycle charge and discharge (a),

(b) the TEM lattice diagram of the first cycle discharge up to 0.1 V and (¢) is correspond to the TEM lattice

diagram of the first cycle charge up to 1.6 V, (d) corresponding to the reaction mechanism schematic
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Table 1 Chemical formula of the reaction mechanism between sea urchin-like bismuth sulfide and potassium metal
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A simple solvothermal synthesis of sea urchin-like
bismuth sulfide for potassium anode

CHEN Tong,ZHANG Wei, WANG Xuewen
School of Materials and Energy, Guangzhou Key Laboratory of Low-Dimensional Materials and Energy
Storage Devices , Guangdong University of Technology, Guangzhou 510006 ,China

Abstract: A sea urchin-like Bi,S; material was synthesized by a simple solvothermal method for potassium
ion battery anode. The results show that this material can effectively improve the cycling performance of
the potassium anode. At a current density of 50 mA/g, the capacity can reach 279 mA + h/g, and the
specific capacity can still be maintained at 84. 6% after 500 cycles. The bismuth sulfide sphere itself has a
thorn-like structure, which greatly inhibits the volume expansion in the process of potassiumization/
depotassization. The shorter diffusion distance can also improve the contact area of electrolyte. The sea
urchin-like Bi, S, provides a potential anode material for potassium ion battery anode, which is a very
promising material.

Key words: bismuth-based materials; sea wurchin-like bismuth sulfide; potassium ion batteries;

anode materials





