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Experiments and characterization of the materials 

Table S1 A comparison of the characteristics of aluminum metal with those of other 
metals

Table S2 The capacity and voltage of AIBs cathode materials reported in literature. 
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Figure S1. Electrochemical performance of the ionic liquids electrolytes composed of 
AlCl3/[EMIm]Cl=1.3 in molar ratio. Galvanostatic discharge/charge measurements, 
Current density: 0.1 mA/cm2, Discharge time: 1 h. Charge cut-off voltage: 0.5 V.
(a) Voltage versus test time profile. (b) Current versus test time profile. (c) A typical 
curve of Voltage versus test time profile. (d) A typical curve of Current versus test time 
profile. (e) Coulombic Efficiency for Al deposition/striping. The initial efficiency could 
reach up to 96.2%, then, after several activation cycles, Coulombic efficiency close to 
100% can be achieved.
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Figure S2. Electrochemical performance measurements of cathode ACC/PVPI in coin 
cell, because of corrosion caused by electrolytes, the measurements are uncontrollable. 
(a)-(c) Voltage and Current versus time profiles of different samples. 



Figure S3. A schematic illustration of Al/I2 battery in Swagelok cell. 
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Figure S4. TG analysis of PVPI power and ACC/PVPI electrode.



Figure S5. Characterization of the commercial PVPI. (a)-(b) SEM image of primary 
PVPI particles. (c) Electronic image of elemental mapping images. Elemental mapping 
images of the PVPI particles for carbon (d); iodine (e); nitrogen (f) and oxygen (g). (h) 
EDS of the PVPI particles. 



Figure S6. (a)-(c) SEM images of PVPI after ball milling. (d-g) the elemental mapping 
images of the ball-milled PVPI for carbon (d); iodine (e); nitrogen (f) and oxygen (g). 
After ball milling, the average size of PVPI particle decreased.



Figure S7. Optical photographs of ACC/PVPI after freeze-dry for 12 h. (a)-(b) pros 
and cons.



Figure S8. (a)-(b) SEM image of ACC/PVPI after freeze-dry. (c) Electronic image of 
elemental mapping images. (d)-(h)the elemental mapping images of ACC/PVPI after 
freeze-dry for carbon; fluorine; iodine; oxygen and nitrogen, respectively.



Figure S9. (a) The chemical formula of poly(vinylpyrrolidone)-iodine complex.
(b)-(c) Wide range CV curves of the Al/I2 and Li/I2 cell with a scan rate of 0.1 mV/s. 
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Figure S10. (a) Typical discharge/charge curves of the ACC/I2 cathode. (b) Discharge 
and charge curves of the Al/I2 battery at a constant current rate of 0.2 C based on 
ACC/PVPI cathode.
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Figure S11. Raman spectra of ACC/PVPI cathode at different states in the wavelength 
range of 1200–1800 cm-1.
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Figure S12. Electrochemical characterization of the blank active carbon cloth (ACC). 
(a) Discharge/charge curves of the ACC. (b) CV curves of the ACC with a scan rate of 
0.1mV/s. The capacity is calculated based on the mass of ACC. This capacitive storage 
of ACC is about 15～20 mAh/g in different current rate. Note: in order to be compared 
with rate performance of the as-prepared ACC/PVPI, 1C=211mA/g, i.e. the theoretical 
capacity of iodine.
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Figure S13. (a) Cycling performance of Al/I2 battery at 0.8 C. (b) Typical galvanostatic 
charge/discharge curve of Al/I2 battery at 1 C in certain cycles. (c) Comparison of rate 
performance with previous report. (d) Cycling performance of Li/I2 battery at 0.2 C.
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Figure S14. (a) Discharge/charge voltage and current profiles of the Al/I2 battery in 

300 h at 0.6 C. (b) Calculated formation energy of for different metal ions in Mm+(PVP-

I3
–)m (M = Li, Mg, Al) products.
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Figure S15. (a)-(c) Electrochemical Impedance Spectrum (EIS) of the anode electrode 
symmetrical cell, the cathode electrode symmetrical cell, Al/ ACC/PVPI battery, 
respectively. (d) CV curves of the as-prepared ACC/PVPI electrode at different scan 
rates. (e) Close up view of CV curves at 0.1 mV/s. (f) the relationship between the peak 
currents and scan rates. 
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Figure S16.Raman of the corresponding point marked in Figure 4g in the wavelength 
range of 80–1840 cm-1.



300 400 500 600 700
Raman Shift (cm-1)

349

Al2Cl7
- Al2Cl7

-

 

 

 

 fresh
discharged
 charged

AlCl4
-

EMI+

312 437 597

In
te

ns
ity

(a
.u

.)

Figure S17. Raman spectra of the AlCl3/[EMIm]Cl ionic liquids electrolytes in 
different states with a molar ratio of AlCl3/[EMIm]Cl=1.3.



Figure S18. (a) SEM image of ACC/PVPI after fully charged. (b) EDS of the ACC/ 
PVPI after fully charged. (c) Electronic image of elemental mapping images. (d)-(f)the 
elemental mapping images of ACC/PVPI after fully charged for carbon, iodine and 
fluorine, respectively.



Figure S19. SEM images of Al anode before discharge/charge cycling. (a)-(b) SEM 
images of Al anode. (c) Electronic image of elemental mapping images. (d) the 
elemental mapping images of the Al anode for aluminum. (e) EDS of the Al anode and 
(f)-(j) another region characterization. Two different regions characterization results 
confirm that some aluminum oxide still exist on the surface of Al anode. 



Figure S20. SEM images of Al anode after fully discharged and charged. (a)-(c) SEM 
images of Al anode after fully discharged. (d) EDS of the Al anode after fully 
discharged. (e)-(h) The elemental mapping images of the fully discharged Al anode for 
aluminum, chlorine, carbon and oxygen. (i) SEM images of Al anode after fully 
charged, indicating the dendrite free of Al during the deposition/stripping.
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