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Effect of Temperature on Hydrogen Permeability of Ethylene-tetrafluoroethylene
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ABSTRACT: The work aims to investigate and verify the permeability of hydrogen gas through ethylene-tetrafluoroethylene
copolymer (ETFE) films in the temperature range of 0 to 50 °C. Firstly, the characteristic variable - the permeation factor
Jp» Which characterized the gas permeation rate of ETFE films, was derived based on the molecular diffusion theory.
Secondly, the permeation factor of ETFE films to hydrogen gas of different concentrations at different temperatures was
rapidly determined by the thermal conductivity method. Thirdly, the results were analyzed by combining the reaction
activation energy theory with the experimental data of the permeation factor, and the conclusion was drawn by comparing
the actual measured permeation factor f, with the theoretical calculated permeation factor F, at the same temperature.
Finally, the correctness of the results was verified by experiments. The relationship between the temperature #. and the
hydrogen permeation factor f, was as follows: at different hydrogen concentrations, the reciprocal of the absolute
temperature and the natural logarithm of f, were linearly related. At the same temperature, the actual f, was close to the
theoretical F,. In the temperature range of 0 to 50 °C, the effect of temperature on the hydrogen permeability of ETFE
films conforms to the Arrhenius equation. This study provides certain reference value for the application of ETFE films in
the field of gas permeability and protection.
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Fig.1 Schematic diagram of thermal conductivity sensor
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Tab.1 Experimental data of 1* film

10% 30% 70% 90%
1/°C fi/(mV-s™) 1,/°C fi/(mV-s™) 1/°C S/(mV-s™) 1/°C S/(mV-s7")
0.596 0.058 0.232 0.167 —0.182 0.394 0.391 0.502

10.004 0.084 10.328 0.245 10.685 0.601 10.003 0.737

20.004 0.123 20.277 0.349 20.591 0.858 20.012 1.088

25.018 0.147 25.153 0.412 25.501 1.029 24.993 1.308

30.027 0.175 30.256 0.512 30.418 1.212 29.991 1.536

40.000 0.240 40.071 0.683 40.275 1.652 40.023 2.113

50.019 0.324 50.322 0.920 50.592 2.218 50.031 2.822

x2 2EZWREE
Tab.2 Experimental data of 2 film

10% 30% 70% 90%
1./°C S/(mV-s™) 1./°C S/(mV-s™) 1/°C S/(mV-s™) 1/°C S/(mV-s™)
0.275 0.064 0.106 0.179 —0.305 0.427 0.005 0.525

10.023 0.095 10.179 0.277 10.538 0.680 10.019 0.852

20.015 0.137 20.146 0.398 20.437 0.977 20.014 1.235

25.018 0.163 25.026 0.456 25.360 1.146 25.004 1.480

30.010 0.192 30.128 0.564 30.282 1.340 30.012 1.729

40.015 0.262 39.942 0.756 40.173 1.821 40.007 2.366

50.010 0.352 50.275 1.017 50.568 2.434 50.009 3.147

x3 JEZWHE
Tab.3 Experimental data of 3* film

10% 30% 70% 90%
1/°C f/(mV-s™) 1,/°C fi/(mV-s™) 1/°C f/(mV-sT") 1/°C f/(mV-s7")
0.008 0.060 0.074 0.186 —0.422 0.418 0.006 0.523

10.036 0.097 10.180 0.271 10.480 0.650 10.013 0.827

20.001 0.139 20.230 0.381 20.464 0.939 20.004 1.194

25.026 0.164 25.154 0.440 25.440 1.120 25.008 1.429

30.009 0.194 30.320 0.536 30.414 1.305 30.003 1.662

40.008 0.265 40.193 0.734 40.415 1.765 40.002 2.265

50.015 0.356 50.670 1.004 50.942 2.342 50.006 3.009
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Tab.4 Values of E, and In A, from 1*-3* films in
Arrhenius curve

5 17 27 3
{zgrg Ea/ Ea/ Ea/
~ mol™) ™ gmory P ggmorty 4o

10% 25.674 8.435 25.125 8314 25.773 8.581
30% 25.241 9.308 25.341  9.454 24.501  9.088

70%  25.108 10.134 24.992 10.196 24.701 10.042

90% 25.665 10.605 26.006 10.857 25.466 10.606
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Tab.5 Comparison between actual f, and theoretical F, of 1% film

50% 95%
1./°C Fy/(mV-s™) f/(mV-s™") 1/°C Fy/(mV-s™) f/(mV-s™")
0.153 0.281 0.285 0.104 0.555 0.546

10.011 0.415 0.421 10.106 0.825 0.811

20.005 0.600 0.608 20.114 1.192 1.172

30.002 0.846 0.858 30.191 1.685 1.657

40.036 1.168 1.185 40.138 2.321 2.283

50.067 1.582 1.605 50.019 3.128 3.076

®6 2R, 5EiR F ATt

Tab.6 Comparison between actual f, and theoretical F of 2* film

50% 95%
1,/°C Fy/(mV-s") fi/(mV-s™) 1/°C Fy/(mV-s™) fi/(mV-s™)
0.137 0.308 0.324 0.118 0.587 0.605

10.148 0.457 0.481 10.143 0.871 0.899
20.108 0.659 0.693 20.174 1.259 1.299
30.132 0.930 0.978 30.135 1.772 1.828
40.124 1.281 1.347 40.122 2.442 2.519
50.161 1.734 1.823 50.107 3.300 3.404

xR7 3WBELERf,S5EE FoNLEE

Tab.7 Comparison between actual f, and theoretical F, of 3* film

50% 95%
t/°C Fy/(mV-s™") f/(mV-s™) 1./°C Fy/(mV-s™) f/(mV-s™)
0.113 0.333 0.319 0.125 0.620 0.599

10.142 0.492 0.472 10.128 0.915 0.884

20.182 0.709 0.679 20.155 1.318 1.273

30.132 0.994 0.952 30.191 1.853 1.790

40.166 1.367 1.310 40.134 2.542 2.456

50.132 1.840 1.763 50.188 3.430 3.314

. Tl T 45575 1P <3" R FHR TR R 4E P2 i) ETFE
32 HRWIE W, [N B 22 5, dE— B IIE T AR
N Y A AE ETFE Wi A A &I AR SO R E S5 E, 1 Ag.

4 Arrhenius J7FERYIE I, 76 17~37 [ A4 52 56 55 I Ak %8 4'Fn S'ESCIG KR
Tl EVEATISIESCE . ASYREZIG SR 4P ~5P 43 B AT Tab.8 The experiment data from membrane 4* and 5*
IR S, AR 10%E9ARE SR, SRR 4"-10% 5%-90%

—on N N 0 ! o Lo
90% HIFRIE AT, SR EII N 10.20,30.40.50 °C., t./°C fyl(mv's ) te/°C Jo/(mv-s )
R I Al S 1 2 B At o I 10.212 0.686 10.307 0.957
S ITE MBS S 13 R R — 2
SRHAR I 8 FEn B Arrhenius 75 20.146 0.930 20.355 1.361
e ohy ISR -~ 30.238 1.303 30.368 1.869

BHIE T &S ETFE MR AYB S AT & Arrhenius J7 50.217 2.323 50.828 3.316
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