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Fig. 4 Examples of a) PBO network and b) Pry-PBO 

network gels, pre-films, and films.
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Fig. 5 Thermogravimetric analysis results for a) PBO network films and 

b) Pry-PBO network films.
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Fig. 6 Dynamic mechanical analysis results for a) PBO network and 

b) Pry-PBO network films.
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Table 1
PBO network Pry-PBO network

TPC/TMC, PYCC/TMC 9/1 8/2 7/3 8/2 7/3

Apparent density (g/cm3) 0.80 0.86 0.94 0.83 0.88

Porosity (%) 48 44 39 46 43

Modules (GPa) 1.40±0.39 3.04±0.19 2.15±0.52 1.38±0.18 0.91±0.08

Breaking strength (MPa) 33.1±4.89 83.5±15.7 40.9±10.8 25.5±9.80 32.1±13.9

Breaking elongation (%) 3.30±0.59 4.67±1.44 2.95±1.41 2.69±1.29 4.96±1.86

Phosphoric acid / network*1 3.7 3.5 2.9 3.2 3.0

PA doping level*2 9.0 8.4 6.9 7.7 7.2

Phosphoric acid / network*1 of 
Methanol-washed film

1.5 1.5 1.4 1.6 1.2

PA doping level*2 of 
Methanol-washed film

3.6 3.7 3.5 6.4 3.0

*1 The phosphoric acid contents was calculated with reference to the original film weight, using the following Equation.

𝑇ℎ𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑖𝑐 𝑎𝑐𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 =
𝑇ℎ𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑖𝑐 𝑎𝑐𝑖𝑑 𝑑𝑜𝑝𝑒𝑑 𝑓𝑖𝑙𝑚 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑇ℎ𝑒 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑓𝑖𝑙𝑚 𝑤𝑒𝑖𝑔ℎ𝑡

𝑇ℎ𝑒 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑓𝑖𝑙𝑚 𝑤𝑒𝑖𝑔ℎ𝑡

*2 The PA doping level was calculated using the following Equation.

𝑇ℎ𝑒 𝑃𝐴 𝑑𝑜𝑝𝑖𝑛𝑔 𝑙𝑒𝑣𝑒𝑙 =
𝑇ℎ𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑖𝑐 𝑎𝑐𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡/98

𝑇ℎ𝑒 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑓𝑖𝑙𝑚 𝑤𝑒𝑖𝑔ℎ𝑡/236.23 𝑜𝑟 237.22

98 : molecular weight of phosphoric acid
236.23 : molecular weight of PBO unit
237.22 : molecular weight of Pry-PBO unit



Fig. 7 Conductivities of PBO network and methanol-washed PA-

PBO network films.

1.E-10

1.E-09

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

2.3 2.5 2.7 2.9 3.1 3.3

160 130 70100 3050
Temperature [℃]

C
o

n
d

u
c
ti
v
it
y
 [

S
/c

m
]

1000/T [K-1]

PA-PBOnetwork(TPC/TMC=7/3)

PA-PBOnetwork(TPC/TMC=8/2)

PA-PBOnetwork(TPC/TMC=9/1)

PBOnetwork(TPC/TMC=7/3)

TPC/TMC 9/1 8/2 7/3

Activation energy (eV) 0.43 0.49 0.60

Activation energy (kJ/mol) 41 48 58



Fig. 8 Conductivities of PBO network film, 

PA-PBO network film, and Nafion®.
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Fig. 9 Conductivities of Pry-PBOnetwork and methanol-washed PA-Pry-

PBOnetwork (PYCC/TMC = 8/2 and 7/3) films.
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Fig. 10 Conductivities of Pry-PBOnetwork film, PA-Pry-PBOnetwork 

film (PYCC/TMC = 8/2, 7/3), and Nafion®.
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