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Figure 1 SEM and the corresponding EDS mapping
images of SPAN

2.2 SPAN WIZEHIRIE

M PAN SPAN FYZT AN 638 (P 2 (a) ) ]
PIE W miRmAL)E PAN () C=N (2241 ecm™")
FEPY 2 SPAN B T C =N HRAFIg (1 424
1233 cm™') . C=C $FfEIE (1495 em™) .C—C ¥
fEWE (1358 em™) LA K 55 3 M IR Bl 4 AE 0%
(801 em™ )" YLl PAN 7E S, HY/E T i@ it

(c) CILE



72 S BN

FoAR (T D

2022 4

Mo S A S A R M E RS . 53 4h ,SPAN Ht C—S
B (665 cm™ 1940 cm™") A1 S—S 8 (511 em™)
AR UL TS DA IR A B A 0% 3 5 2R ik mE A A
%, SPAN 72 3% & (& 2(b)) AT Lk — 20
M S—S ## (471 em™ 1 933 em™) Al C—S 4
(310,368,806 cm™" ) WY A 75, MLAM, #E 1 324,
1 544 em™" 4b AT DL B AR ARG T E AL D 0 FLA
Ak G Vg, UL SPAN &4 Ttk

14951233 940 665
135&

— SPAN
310
368
1471 806
f 1933

SPA

V4

A 2041 3 5;1 %

'@W

2400 2000 1600 1200 800 400

300 600 900 120015001800

B H/em! P2 /cm
(a) LL5ME (b) L8 HE

2 PAN.SPAN HJZL5h i [E #0 SPAN By HL £ 1% B
Figure 2 FTIR spectrum of PAN, SPAN and Raman
spectrum of SPAN
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Figure 3 XRD patterns and TGA curves of S;, SPAN
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Figure 4 Chemical structures of CMC and PVDF
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Figure 5 FTIR spectrums of Super P, SPAN,
CMC, PVDF, CMC-SPAN and PVDF-SPAN
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Figure 6 CV curves of CMC-SPAN and PVDF-SPAN
electrodes at 0. 1 mV/s
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Figure 7 Rate performance of CMC-SPAN and
PVDF-SPAN electrodes

K18 24 0.1C F10.5C HL % BT CMC-SPAN
1 PVDF-SPAN ML I PERE, 76 0. 1C Y H
T E T AG P 100 B J5 , CMC-SPAN HL H i) il
b2 1058 mAh/g, & B ARFF R N 90. 7% ; i
PVDF-SPAN HLH (5L HL H 455 89 715 mAh/g, %5
HORFRAUN 62. 8% K THi# . RIMf7E 0.5C
(4 785 L 25 R, CMC-SPAN HL G ¥R 100 8 J5
A 822 mAh/g WL HL 25 8, 25 i DR R o
ik 75. 6% ; i PVDF-SPAN HL 2 Y B4 287 mAh/g
MITICHL b2 &, A R B, R RN
45.5% , ¥R 45 R R B, A T PVDF
RS, CMC Zh45 570 vl L& 35 3 &5 SPAN B4R
F 75 B R P RS E M
2.5 zhhEmik

KA BB AR 2 15 43 0 il .8 CMC-SPAN Fil
PVDF-SPAN HLB A1 25 T3 HUR K (D) , LUIR
FERGE XS SPAN HLAL 2 S W 8l 12 152 0, 1819

GBS AE S T R R T 1E BROME R R 1Y 52 ) B 5 73
2 500f 100
~ - o CMC(Hh 2t hL)
T 2000 A PVDF(ELAR) 80 o
2 | o0l o CMC(FER %) &
g 1500 » PVDF (FEH38(%) {60 #
B 1 000 = -405
& M
¥ 500t '20%
0 20 40 60 80 100
BT B B
(a) 0.1C
2000F
A 100
_ o CMC(HL 1)
7, 16007 APVDF(LLZHL) {80 =
: o CMC(FEAR 2% %) ey
< 1200) 2 PVDF (FEH:3) 160 3
= 800 i
& ——
3 4007 20
0 20 40 60 80 100
TR B
(b) 0.5C

B 8 CMC-SPAN #1 PVDF-SPAN H 4R 19 1& 3 14 &
Figure 8 Cycling performance of CMC-SPAN and
PVDF-SPAN electrodes
5 CMC-SPAN Fl PVDF-SPAN #£ A [ £ 4 2 [

(0.20.0.25.0.30.0.40 mV/s) FHJ CV gk,
M Randles-Seveik 2 =71 & DK+, I, =
2.65 x10°N"°AD **V**C ., Hvr 1,y Cv il
2 Y DR R R, mA 5 IV R R RN A O L
H(SPAN FBHHL 2) 5 A HH IR, em?®; V S 4
W, mV/s; CK+WEE,%{4§EPE@%$%¥%QE(EX
0.8) ,mol/L; D . 5 115 69 8 88 7 9 i R 4K,

2
cm /s,
ot peak 1 peak 1
v 02}
o o
= —020mV/s| 2 —020mVis
§ 0.6 —025mVis § 02} —025mV/s
120 ey —030mVis peak2  — 030 mV/s
A8, o, 0A0mVis| o ogp, | —040mVs
0 051.01520253035 0 0510 1520 25 3.0
HUE/V HUE/V

(a) CMC-SPAN (b) PVDF-SPAN

9 CMC-SPAN #1 PVDF-SPAN H 1k % K [E
HETH CV #H £
Figure 9 CV curves of CMC-SPAN and PVDF-SPAN
electrodes at different scan rates
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Figure 10 Linear fitting of peak currents versus square
root of scan rates for CMC-SPAN and PVDF-SPAN

electrodes
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Figure 11 Nyquist plots of CMC-SPAN and PVDF-SPAN
electrodes
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PVDF-SPAN electrodes after 100 cycles
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lent sulfur for stable room temperature potassium-sulfur

Effect of Binders on the Performance of SPAN Cathode

for Potassium-sulfur Batteries

YUN Zimeng, LIU dandan, HUANG Jiajia

(School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract. Owing to the large radius of potassium ions, the SPAN cathode suffers large volume change during
the cycling process, which causes structure collapse and serious capacity fade. Herein, the effects of sodium
carboxymethyl cellulose (CMC) and polyvinylidene fluoride (PVDF) on the electrochemical performance of
SPAN cathode in K-S battery were investigated, and the reason of CMC binder improving the electrochemical
performance of SPAN cathode was further explored by kinetic test and SEM test. The rate performance test
results showed that the SPAN electrode prepared by CMC binder displayed capacity of 1 256, 1 161, 1 058,
946, 716, 538 mAh/g at 0. 1C, 0.2C, 0.5C, 1C, 2C, 3C. And the capacity remained 1 253 mAh/g when
the current density returns to 0. 1C, which was far better than the rate performance of SPAN electrode pre-
pared by PVDF binder. Besides, the cycle performance test results showed that the SPAN electrode prepared
by CMC binder could deliver a high reversible capacity of 822 mAh/g after 100 cycles at 0. 5C, corresponding
to a high capacity retention of 75. 6%. The mechanism test results showed that benefit from the abundant oxy-
gen-containing active functional groups in the CMC structure which could not only strengthen chemical interac-
tions with active materials, alleviate the volume change of SPAN cathode during the charge/discharge process,
but also accelerate the transport of potassium ion. The SPAN electrode prepared by CMC binder demonstrated
a high rate performance and cycle performance compared to the case of PVDF binder. The finding of this study
provided an effective strategy to restrain the volume expansion of potassium-sulfur batteries, to maintain the
stability of the conductive network inside the electrode, thereby to improve the rate performance and cycle sta-
bility.

Keywords: sulfurized polyacrylonitrile; potassium-sulfur batteries; sodium carboxymethyl cellulose; polyvi-

nylidene fluoride; binder



