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Materials Characterizations: 

The samples were characterized by Fourier transform infrared (FT-IR, Thermo 

Scientific Nicolet iS20) spectroscopy. Thermogravimetric (TG) was used to explore the 

bonding state and the moisture content of PAFC. The field emission scanning electron 

microscope (FESEM, TESCAN MIRA3 GMH) and transmission electron microscopy 

(TEM, Titan G2 60-300 with image corrector) were adopted to characterize the 

morphology. The elemental distributions were determined by the energy dispersive 

spectrometer (EDS) mapping analyses, and the surface elemental valence states were 

evaluated by an X-ray photoelectron spectrometer (XPS, ESCALAB 250Xi) using the 

200 W Al Kα radiation. The X-ray diffraction (XRD) result was collected using Cu 

Kα1 radiation in the range of 2θ = 5-80° with the scanning speed of 10° min−1. 

XPS characterization of cathode material. After operation, the carbon cloth covered 

with cathode material is vacuum dried for 12 hours. Before the test, the sample was 

etched by 10 nm for two times, avoiding the surface contamination from the electrolyte.

Raman analysis of electrolyte. The sample test should be performed once the battery 

is stable (approximately 20 cycles). The sample point must be set at the same position, 

and the amount must be kept to a minimum of 2 mL each time. The test must be 

performed as soon as the sample is done.

SEM characterization of anode material. After 12 hours vacuum drying period, the 

aluminum negative electrode material should be removed, packaged, and kept for SEM 

testing.

Electrochemical measurements. The average mass loading of active material on the 

cathode is 1.5-2.0 mg cm−2. The charge/discharge tests were performed using the 

Neware BTS-53 system in the voltage range of 0.2-1.65 V. The CV curves were 

recorded using the electrochemical workstation (CHI660E) at a different scan rates. All 

electrochemical testing was performed at room temperature.



Figure S1. Schematic diagram of preparation process of PAFC electrolyte.

Figure S2. The TGA of PAFC powder after freeze-drying.

When the temperature of freeze-dried PAFC powder is changed from 50°C to 140°C, 

the water evaporates rapidly, as shown in Fig. S2. At this time, the proportion of 

physical adsorption water to the total weight of PAFC is ~50%. As the temperature 

rises, the water evaporates, but at a much slower rate, until the temperature reaches 

450°C and the weight of the water remains the same. Mainly due to the volatilization 

loss of coordination water and other chemical bond fracture, only accounted for the 

total proportion of ~13%.1-3



Figure S3. The XRD results of PAFC powder show that it has a certain crystal structure

Figure S4. The SEM results of PAFC powder showed that it had the morphology of large particle 
with the size of 29 μm.



Figure S5. a) The Fourier transform infrared (FTIR) spectroscopy of PAFC. b) Raman spectra test 
of PAFC.4, 5

Figure S6. The comparison of Raman spectra of deionized water and four electrolytes. 



Figure S7. The basic properties of NiFe-PBA, a) XRD spectrum, b) TEM image, c) TEM and 
TEM mapping, d) SEM image.

Figure S8. Thermogravimetric analysis of NiFe-PBA



Figure S9. Electrochemical impedance spectroscopy of three different electrolytes (1 M PAFC, 1 
M AlCl3@1 M FeCl3 and 1 M AlCl3) under the same cathode (NiFe-PBA) and anode (c-Al).

Figure S10. The intensity distribution of aluminum ions (a and b) and iron ions (c and d) before and 

after charging and discharging of NiFe-PBA



Figure S11 SEM image of NiFe-PBA coated carbon cloth before and after discharge

Figure S12 TEM image of NiFe-PBA coated carbon cloth after discharge.



Figure S13. Three electrodes at current density of 1.0 mA cm-2 (NiFe PBA as working electrode, 

AlN+ graphite as counter electrode, saturated calomel as reference electrode), cycle performance 

and discharge capacity.

Figure S14. Aluminum anode before electric fuel injection (EFI) (a), after EFI (b) and after 

operation(c), and the anode after operation has strong magnetism

.
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