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Study of Proton Diffusion Behavior in Nafion Membrane
Based on Dissipative Particle Dynamics
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Abstract; The purpose of this paper is to study the diffusion behavior of protons in Nafion 117
membrane and its optimal hydrated form. Based on the dissipative particle dynamics ( DPD) ,the
mesoscopic model of proton transfer in Nafion 117 membrane is built by Materials Studio soft-
ware. The radial distribution function and diffusion coefficient are obtained by the mesoscopic sim-
ulation method. The results show that the water channels are interconnected to form a transfer
channel of hydrated proton if the water content of Nafion 117 membrane reaches a certain degree.
Increasing the water content of Nafion 117 membrane and increasing the temperature are conducive
to the diffusion behavior of hydrated protons. The optimal transfer form of the hydrated form is
H,0" (H,0), in Nafion 117 membrane. The results provide an important basis for improving the
performance of all vanadium flow batteries.
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Fig.1 Molecular structure of Nafionl17 membrane
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Fig.2 Molecular structure of Nafion117 monomer
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Fig.3 Structure of bead A
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Fig.4 Structure of bead B
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Fig. 5 Structure of bead C
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Fig. 6 Coarse graining structure of Nafion
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Fig.7 Structures of four hydronium ions
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Hrr Vo IR R HRFL W, W, |
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Table 1 Related parameters of bead W,

PET X} X a;

A-B 0.448 105. 46
A-C 0.538 105.76
A-W, 3.104 114.15
B-C 0.041 104.13
B-W, 1.502 108.91
C-W, -2.088 97.17

xR2 W, HKTHESH
Table 2 Related parameters of bead W,

BRFXT Xij aj;

A-B 0.874 106. 86
A-C 0.054 104.18
A-W, 7.660 129.05
B-C 1.110 107. 63
B-W, 4.498 118.71
C-W, -8.030 77.74

R3 W, KTMHAESE
Table 3 Related parameters of bead W,

BT X Xij a;

A-B 0.695 106.27
A-C 0.307 105.00
A-W, 8. 446 131.62
B-C 0.940 107.07
B-W, 5.165 120. 89
C-W,; -8.616 75.83

R4 W, BRTHXSH
Table 4 Related parameters of bead W,

BRTXS Xij a

A-B 0.84 106.75
A-C 1.70 109.56
A-W, 7.38 128.13
B-C 3.62 115. 84
B-W, 4.62 119.11
Cc-Ww, -15.37 53.74

W, BEF17E 278 K 288 K 308 K 318 K
I P AR ASES R 5 ~ 4 8 P,
x5 T=278 K,W, Bk THESY
Table 5 Related parameters of bead Wywhen 7'=278 K

b2 0] Xij a;

A-B 0.396 105.29
A-C -0.204 103.33
A-W, 8.010 130. 16
B-C 0.300 104.98
B - W, 5.040 120.48
C-W, -8.600 75.88
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£6 T=288 K,W, Bk FAHESH
Table 6 Related parameters of bead W,when 7 =288 K

b7 ) Xij a;

A-B 0.514 105. 68
A-C 0.210 104. 69
A-W, 8.280 131.08
B-C 0.756 106.47
B-W,; 5.170 120.91
C-W,; -8.200 77.19

RT T=308 K,W, Bk TFHXSH
Table 7 Related parameters of bead Wywhen 7 =308 K

B X% Xij ay

A-B 0.276 104.90
A-C -0.264 103. 14
A-W, 8.260 131.01
B-C 0.504 105. 65
B-W, 4.900 120.02
C-W, -7.960 77.97

x8 T=318 K,W, Bk FHHXESH
Table 8 Related parameters of bead Wywhen 7 =318 K

SR Xij aj

A-B 0.378 105.24
A-C 0.156 104.07
A-W, 8.076 130.41
B-C 0.515 105. 68
B-W,; 5.052 120.52
C-W,; -8.388 76.57
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