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Abstract

Aqueous tin-based batteries have attracted considerable attention due to their high safety and low
cost. However, the Sn anode suffers from “dead Sn” accumulation, dendrite growth, and hydrogen
evolution reaction during the plating/stripping process, which severely limits its cycle life. Herein,
nickel chloride (NiCl2) is introduced as a cationic additive into a tin methanesulfonate (Sn(CH3S03)2)
electrolyte. The results show that Ni* forms an electrostatic shielding layer on the Sn electrode sur-
face via electrostatic adsorption. This shielding layer effectively reduces the nucleation overpoten-
tial (by approximately 5 mV) and promotes uniform and compact Sn deposition. In the Cu//Sn asym-
metric cell, the NiClz-containing electrolyte achieves over 2800 stable cycles at 10 mA cm-2 and 1
mAh cm-2, with an average Coulombic efficiency of 99.92%. In the TCBQ//Sn full cell, a capacity re-
tention of 71% is maintained after 3000 cycles at 10 C rate. This work demonstrates the first appli-
cation of cationic electrostatic shielding to aqueous Sn anodes, providing a simple and effective elec-
trolyte design strategy for high-performance Sn-based batteries.
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Figure 1. Schematic illustration of Sn deposmon morphology without (left) and with (right) NiCl» additive
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Figure 2. Compact Cu//Sn asymmetric battery
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Figure 3. Characterization of solvation of different electrolytes (a) Raman curve; (b) Infrared curve
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Figure 4. Characterization of adsorption behavior of additives on tin electrodes (a) Differen-
tial capacitance curve; (b) XPS spectra
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Figure 5. Characterization of interface dynamic behavior (a) Tafel curve; (b) CA curve; (c) LSV curve; (d) EIS curve; (e) Polarization
curve; (f) CV curve
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Figure 6. (a) SEM image of the copper electrode after 10 cycles in BE-NiClz electrolyte; (b) SEM image of the copper electrode
after 10 cycles in BE electrolyte; (c) Digital photo of the asymmetric cell Cu//Sn after 100 cycles
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VAl NiCLy A I 8 S b Fo 8/ B Pl PR R S R, 2 3% 1 55453 X Cu//Sn AN RRea i, DL
WRCER(CE)RIEB VIRV R wivE . & 7(a), 7€ 10 mA ecm 2. 1 mAh em 2 44EF, & NiCl, HUfRR
TR AT 2800 ¥k, “F¥J CE 1A 99.92%, 1M %S HAANLERFZ) 1500 (K 7(b)). HMZEETFE 20 mA
em 2 i, & NiCl, B E 3R 5500 ¥, CE N 99.93% (1 7(c)), = EH4UXAEFR 1200 k(K 7(d)). #
MRS 2mAhem 2, & NiCl, A LAZE 10 mA em 2 FLR B ROEHA L 1200 7%, CE f£4F 99.93%
( 7(e)), A EAMLAELE 5 mA cm™ FEFE 600 R IR(E 7(6). XFFRHIBAFZMNA A, & NiCl, FibR &)
£ 40 mA cm 2 NREIBAT, I H & HIRE S MRS T A, M2 EAE 10 mA em 2 I EP H I B
WA FE DR R it 5 375 i F 2 2 3806 8(a)) o PR T BH B - B INFRI R 35 %, % e T MgClaw NaCl #1 AICI;
R RO =F BRI EIA R EE, TESE T F B BRI RS A R0, (A AEIA 77 dr 50 3dh T NiCl,, #]
REE T3 7P A% . FLAr 25 B S K AR AT I 22 SR s M) 1 ST B 8 B2 S5 RE PR (1) 8(b)~(d))o DA B2 2R
R, PHESF RN I AR S T B T s LB IS, T SR g, SR N R B Sn? YRR
e, GRS S EK . Fodh NiCl 78 98 e B N 35 0508 1 8 S i, 0k 1 @1 e v
R E R . KR a K KRG RIBSRIE T AT AT e iR .
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Figure 7. Under the conditions of 10 mA cm™2 and 1 mAh cm™?; the long-term cycling performance of (a) BE-NiCl: electrolyte
and (b) BE electrolyte, Under the conditions of 20 mA ¢cm™2 and 1 mAh ¢m™2, the long-term cycling performance of (¢) BE-
NiCl; electrolyte and (d) BE electrolyte, Under the conditions of 10 mA c¢m™ and 2 mAh cm™, the long-term cycling perfor-
mance of (¢) BE-NiCl: electrolyte, Under the conditions of 5 mA cm™2 and 2 mAh cm™2; the long-term cycling performance
of (f) BE electrolyte
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Figure 8. (a) Rate performance of symmetric cells, Under the conditions of 10 mA c¢cm™ and 1 mAh cm™, the long-term
cycling performance of different electrolytes (b) BE-0.1 M AICl; electrolyte; (c) BE-0.1 M MgClz electrolyte; (d) BE-0.1 M
NaCl electrolyte
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MgCl, BB FN(d) 0.1 M NaCl B &K EATE IR 1 E

3.5. ARhnFRI $Ek 2 Fe it RE AU RZE

NPT NiCly et H AR I SE BRI 7, 2026 T TCBQ//Sn A Hith. IR 22 R (1A 9(a))R M,
NiZ B 5] AR TCBQ IEM I TN/ AL, IRl B4 FH AR b T SRR T . 4 R A 22 1% e U
R(E 9(b) &R, BE-NICLAKZRAE 0.2, 1. 2. 6. 12 A g ! FIIELAEES BN 140, 133, 129, 120, 110
mAh g™, BT IRt A2, SR 12A g IKEE 1 Ag I, NiZEi b b 5 B AR R 133
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mAh g, ETTAMAMN 123 mAh g, R\HLEF RIFRERm MG E . o, SR
I 7 R 2R R R E M &, RZ008 0.83 V, U S EILRARDN, X R Bl s Mgl 1y 3k
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Figure 9. Electrochemical performance of TCBQ//Sn Full battery with BE and BE-NiCl; electrolytes (a) CV curve; (b) Rate
performance; (c) The GCD diagram of the full cell using BE-NiClz electrolyte, Long cycle performance of TCBQ//Sn full
battery (d) Long cycle at 10 C current density; (e) Long cycle at 30 C current density; (f) Long cycle at 10 C current density
(positive electrode active loading material 10 mg cm™2)
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