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Fig. S1 Proton conductivity of amino PBI membrane (different amino-modified degree is 

0.95:0.05, 0.9:0.1, 0.85:0.15, 0.8:0.2). 

Fig. S2 Vanadium concentration curve of AmPBI-MOE (the degree of graft (DG)= 10 %, 20 %, 

30 %, 40 %,). 



 

 

 

 

Fig. S3 The oxidative stability of the AmPBI-MOE-PIL-5 membranes. 

 

 

 

 

 

 

Thermal stability 

Thermogravimetric analysis (TGA) test of all the membranes has been performed to 

track their thermal stability, and shown in Fig. S4. For the pristine AmPBI membrane, 

the weight loss appeared under the temperature of 550 °C, which is because of PBI 

chain breakage. About the AmPBI-MOE membranes, new significant weight loss 

appears at 250-500 °C, which is assigned to the degradation of side chain. 

It is known that the thermal stability of PIL is lower than that of the polymer matrix. 

As the temperature increases, the weight of the composite film gradually decreases 

due to the decomposition of PIL. However, all the membranes exhibit enough thermal 

stability to be applied in VRFBs. 



 
Fig. S4 Thermal stability of composite membranes. 

 

 

 

 

 




