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Figure 1 (A) Raman spectra and (B) ionic conductivity curves measured with different concentrations of CH;COONH, and

CH;COONa solutions (color on line)
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Figure 2 (A) XRD pattern, (B) TG curve, and (C, D) SEM images of MnO,/CNTs (color on line)



HLAb22 (). Electrochem.) 2022, 28(1), 2102231 (4 of 10)

R, ZZIABSRLR CNTs FIS 0 5.7%,
3.2.2 NTP/C 25 STESR

[ 3(A) NTP/C i) XRD fii5f 14  FE 5 7E 20
= 14.5°,20.3°,20.9°,24.3°,25.6°,29.3° ,32.4°4b 1}
LIS BE AT 0, W0 B SR E SRR A
(JCPDS No.85-2265) —% , % A HAth A4 04 i BH, %
W14 ) NTP/C 45 fhbhly 4l e, I 3(B) ke
ATEZS Y TG #iZk, 76 400 ~ 800 °C AYTELIE
Bl RE R TN 3.3%, R BRS8N
3.3%, [ 3(C,D)4& NTP/C () SEM [&l, i] LI %<
FIRE A 2 FORGLRR Y TR A | B4R 24
5 wm ZE A5 1 I RAR S5 F TR
3.3 B EaElk

P b2 R 7 1 2 i P i VR P L 2 P R 1Y
— I HE S, 4(A) LR 2 H (LSV)
£ 0.2 mV -s! B T 43 500 43 25 mol <L i
CH,COONH, ¥ # .25 mol-L" ) CH,COONH, 5 5
mol - L i CH;COONa 1R 7K % W11 HEL Ak~ A e
T 1, R v R T AR S T M i TR R AR A AE
T AR (000 3 2% B 30 LS A 22 DA ]

>

Intensity/(a.u.)

| NaTi,(PO,);-JCPDS No.85-2265

I R T 11T AR VRl TR VR I T

10 20 30 40 50 60 70 80
2-Theta/deg.

DINREE B R A /KR AT S/ AT 48U iy A 21 4K
A, B H AR E) 2.1 V vs. Ag/AgCl BT & L
PIREARE) -1.8 V vs. Ag/AgCl, THIRGVARIN AL
SEREE R O ALK F) 3.9 VT K B 20 i oL (B
£.-0.63 V, M 0.59 V,vs. Ag/AgCl), i FHIFH
TR A /KW BH B 7 5 7K 501 2 8] (9 A B AE
FHIE oK G B 12240 BEAR A fK o3+ 8 R
7K ) IE B B K 43 T 1 1 K 53 i
PN LA IR BN SRR R E T O
H¥, 25 mol-L* 1) CH;COONH, ¥ & 1Y Hi. 1k 2#
B 2 3.5V, IE 4(B) &7 = HM AR ZR Fr i
4 MnO,/CNTs 5 NTP/C 7EiR & /KIEW P 1) CV
Mgk, ZFLMEMER IR ,02 mV-s! FHHE T
MnO,/CNTs (1) CV i1 £ 7 I fL e DX ] P o 0
LB A AR R | R I AT o8 5 1T NTP/C 7
-0.71/-0.80 V &b Hi BIXFFRAY AL I8 il | X X 4 Ak
I S TP/ Tid A5G, 2R U] NTP/C 77K F LUK
HX Na® HA AT A 74

i — 20 I IE 1E AU RHETR A /K i
A2EPERE 2 B PRI A LA T PE i se e i, 4

Weight/%

200 400 600 800
Temperature/°C

B 3 NTP/C [{J(A)XRD i, (B)TG HiZAI(C,D)SEM K (IMZRRZIET)
Figure 3 (A) XRD pattern, (B) TG curve and (C, D) SEM images of NTP/C (color on line)
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(A, B) MnO,/CNTs, (C, D) NTP/C. (color on line)
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Figure 6 Electrochemical performance of MnO,/CNTsIINTP/C aqueous full cell. (A) CV curves, (B) time-voltage curves, (C) gal-
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Figure 7 Impedance spectra of full cell before and after dif-

ferent cycles (the inset is an equivalent circuit) (color on line)
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Figure 8 SEM images of the positive and negative electrodes. (A, B) MnO,/CNTs, (C, D) NTP/C
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Acetate Solutions with 3.9 V Electrochemical Stability Window as
an Electrolyte for Low-Cost and High-Performance Aqueous
Sodium-Ion Batteries

Dao-Yun Lan, Xiao-Feng Qu, Yu-Ting Tang, Li-Ying Liu, Jun Liu’
(Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

Abstract: Low-cost and high-safety aqueous sodium-ion batteries have received widespread attention in the field of large-scale
energy storage, but the narrow electrochemical stability window (1.23 V) of water limits the energy density of aqueous sodium-ion
batteries. The “water-in-salt” strategy which uses the interaction between cations and water molecules in the solution can inhibit
water decomposition and broaden the electrochemical stability window of water. In this work, two types of low-cost salts, namely,
ammonium acetate (NH,CH;COOH) and sodium acetate (NaCH;COOH), were used to configure a mixed aqueous electrolyte for
aqueous sodium-ion batteries. The solution consisted of 25 mol - L' NH,CH;COOH and 5 mol-L* NaCH,;COOH, used as an aque-
ous electrolyte, exhibited a wide electrochemical stability window of 3.9 V and high ionic conductivity of 28.2 mS-cm™. The com-
posite of layered manganese dioxide and multi-wall carbon nanotubes (MnO,/CNTs) was used as a positive electrode material, while
the carbon-coated NaTi,(PO,); with NASICON structure was used as a negative electrode material. Both of these electrode materials
had excellent electrochemical performances in the aqueous electrolyte. A full cell achieved an average working voltage of about 1.3
V and a discharge capacity of 74.1 mAh-g* at a current density of 0.1 A -g". This aqueous sodium-ion battery displayed excellent
cycling stability with negligible capacity losses (0.062% per cycle) for 500 cycles. The safe and environmentally friendly aqueous
acetate electrolyte, with a wide electrochemical stability window, showed the potential to be matched with positive materials having
higher potential and negative materials having lower potential for further improving the voltage of aqueous sodium-ion batteries and

promoting the development of aqueous batteries for large-scale energy storage technology.

Key words: sodium ion battery; aqueous electrolyte; ammonium acetate; water-in-salt
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