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Abstract: In this study, we developed a three-channel system for the simultaneous measurement of hydrogen gas volume,
based on a coaxial capacitor electrode and volumetric analysis. The system employs a coaxial capacitor composed of a
copper rod placed at the center of a graduated cylinder and a conductive film attached to its outer surface. Hydrogen gas
released from a polymer sample displaces the water inside the sealed cylinder, causing a change in water level, which
is translated into a change in electrical capacitance. By establishing a calibration curve correlating capacitance and gas
volume, real-time quantification of hydrogen was achieved. The ideal gas law was then applied to calculate the number
of moles and mass fraction of hydrogen. Furthermore, by analyzing time-dependent volume changes with a custom-devel-
oped diffusion analysis program, the solubility and diffusion coefficient of hydrogen in the polymer sample were accu-
rately determined. The system demonstrated high precision (within 0.2%), a wide measurement range (0.15-1500
wt-ppm), and rapid response time (less than 1 second), with strong agreement was observed when compared to webcam-
based and differential pressure methods. Additionally, the proposed principle is expected to be applicable to the real-time
measurement of other pure gases, such as He, N,, O,, and Ar.
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Diffusion Analyser V2 - NBR cylinder & MPa(TF compensated)R. diff
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Figure 1. An application of diffusion analysis program for determining H, uptake and diffusivity using Eq. (4).
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Figure 2. Diagram of three-channel volumetric measurement system with three coaxial cylindrical capacitive electrodes in three cylinders and
a frequency response analyzer (FRA) with a GPIB interfaced with a programmed PC. Blue area in cylinder is water in water containers and

cylinders.
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Figure 3. Entire procedure of the acquisition of the diffusion parameters for a cylindrical NBR polymer specimen by using coaxial cylinder
capacitive electrodes and an FRA: (a) Pre-calibration result described as a second order polynomial equation between the water volume and
capacitance by quadratic regression; (b) Time-dependent water level converted from the capacitance, with black and blue circles corresponding
to the capacitance and water volume, respectively; (c) Water volume converted to emitted hydrogen gas volume and then to hydrogen emission
in units of wt-ppm through Eq. (3); (d) Diffusivity, D, and total uptake, C,, determined using a diffusion analysis program and Eq. (4). The
black line in (d) is the total compensated emission curve obtained by restoring the missing content caused by the time lag.
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Table 1. Performance Test of Three Measurement Systems with Three Coaxial Capacitive Electrodes

Performance Cap electrode 1 Cap electrode 2 Cap electrode 3
Specifications R, =0.8 mm R, =0.8 mm R, =12 mm
P R,=5.0 mm R,=4.0 mm R,=2.5 mm
Sensitivity 9.2 pF/mL 11.7 pF/mL 21.9 pF/mL
Resolution 1.0 wt-ppm 0.59 wt-ppm 0.15 wt-ppm
Stability 0.11% 0.14% 0.20%
Measurable range 1500 wt-ppm 1365 wt-ppm 477 wt-ppm
Response time ~1s ~ls ~ls
FOM 0.3% 0.4% 1.0%
R’ 0.999 0.999 0.995
_— 450 T T T T T 8 T L) T T T
E_ (a) Cylinder-shaped NBR at 6 MPa H, exposure o~ (b) Cylinder-shaped NBR at 6 MPa H, exposure
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Figure 5. Comparisons of various measurement techniques for the (a) hydrogen emission content; (b) diffusion coefficient. Two systems indi-
cate the capacitive electrodes with different radii presented in Table 1. Two horizontal lines are averaged hydrogen emission content and dif-

fusivity.
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