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Resear ch Progress and Challenges of Aqueous Aluminum lon Batteries

XU Pengshuai, GUO Xingming, BAI Ying, WU Chuan
(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aluminum metal delivers great theoretical gravimetric capacity and volumetric capacity, high abundance and low cost.
Aqueous electrolytes are widely used in many kinds of metal ion batteries because of their high ionic conductivity and low
flammability. Aqueous aluminum ion batteries have been developed rapidly in recent years. This review introduced the optimization
of aluminum metal anode, the selection of electrolytes and the research progress of electrode materials. In addition, some challenges

in aqueous aluminum ion batteries and possible solutions were also discussed.
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Fig. 1 Standard potentials (vs. standard hydrogen electrode),
specific capacities, cation radii, and abundances of
clements in the Earth’s crust for common metal
elements in electrochemistry
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(a) Schematic diagram of Al deposition/dissolution!'!
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(b) Electrochemical impedance spectroscopy!"!

TAL: Al treated by AICl3/[EMIm]CI ionic liquid.
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(c) Profiles of voltage versus time!"!
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Fig. 2 Schematic diagram of Al deposition/dissolution and profiles of voltage versus time and electrochemical impedance

spectroscopy of symmetric Al batteries
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(d) Electrochemical impedance spectra of anatase TiO; electrode in different electrolytes
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Fig. 3 Cycling performances of the FeVO, electrode and cyclic voltammetry (CV) curves and electrochemical impedance spectra of

materials
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Tablel Basicpropertiesof electrolytesfor aqueousaluminum ion batteries

Solubility/ ~ Concentration/ Ionic conductivity/ Electrochemical
Category Electrolyte 0 N . Reference
(g, 100g H,0) (mol'L™) (mS-cm ) window/(V vs. Ag/AgCl)

Liquid electrolytes AlICl3 45.8 1.0 170 -0.35~1.6 [23,25]
AI(NO3)3 73.9 1.0 210 0.26~1.55 [23,25]
Aly(SOy); 36.4 0.5 85 —0.50~1.00 [23,25]
Al(CF;S03); 273.1 5.0 26 —1.00~1.65 [25]

Electrolytes with 2.0 mol/L Al(CF3S0s);

functional additives +0.5 mol/L MnSOy4

Gel polymer electrolytes  Poly(vinyl alcohol)-Al(NO3);

Gelatin—polyacrylamide—Al(NOs); 20 [17]
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Table2 Electrochemical performances of electrode materialsfor aqueous aluminum ion batteries

. Current density/ Capacity/ Capacity retention/%
Electrode material Current collector Electrolyte N O Reference
(Ag)) (mA'h'g’) (Cycle number)
CuHCF Ti 1.00 mol/L AI(NOs)3 0.05 55 [28]
CuHCF Ti 0.50 mol/L Al(SO4)3 0.40 41 55 (1000) [29]
K,CoFe(CN)s Ti 1.00 mol/L AI(NOs); 0.10 50 76 (1 600) [30]
FeFe(CN)g Ti 5.00 mol/L Al(CF5S0s); 116 61 (100) [25]
KNHCF C 5.00 mol/L Al(CF3S0s); 0.02 47 52 (500) [31]
Graphite nanosheets C Aly(SO4)3/Zn(CHCOO), 0.50 80 94 (200) [32]
Graphite 1.00 mol/L AICl3 0.50 95 19 (100) [33]
Graphite “Water—in—salt” AlCl; electrolyte 0.50 165 95 (1000) [34]
TiO, nanospheres Ni 1.00 mol/L AICl; 183 97 (25) [40]
Graphene(G)-TiO, Stainless steel 0.25 mol/L AICl; 6.25 50 64 (125) [22]
G-TiO, Stainless steel 0.50 mol/L AICl; 6.25 40 100 (90) [42]
TiO,/carbon nanotube Ni 1.00 mol/L AICl; 170 94 (100) [41]
Xerogel-V,0s C 1.00 mol/L AICl3 0.06 120 63 (13) [43]
Mn;04 C 5.00 mol/L Al(CF3SOs)3 0.03 467 58 (60) [47]
a-MnO, C/Ti 2.00 mol/L Al(CF3S03); 0.10 380 44 (40) [13]
Birnessite-MnO, Stainless steel 2.00 mol/L Al(CF5SOs)s+ 0.10 530 60 (65) [48]
0.50 mol/L MnSO,4
MoO3 Graphite film 1.00 mol/L AICl; 2.50 680 25 (20) [23]
G-MoOs Graphite film 1.00 mol/L AICI3(H,O/diglyme) 2.50 314 84 (400) [50]
Na;Vo(POy)s 0.10 mol/L AICl3 0.06 100 40 (20) [52]
FeVO, Ti 1.00 mol/L AICl; 0.06 350 10 (20) [21]
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