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Abstract : Hydrogen infrastructure is expanded to realize the hydrogen economy, necessitating precise sensing technology
for the safe management of hydrogen, which has a wide explosive range. This study proposed two types of hydrogen gas
sensors based on volumetric and pressure analysis. The sensors accurately measured the hydrogen uptake and diffusivity of
polymers charged under high-pressure conditions. The performance evaluation showed a stability of 0.2 % and a resolution
of 0.12 wt - ppm, with a response time of less than one second, allowing precise detection of hydrogen concentrations
ranging from 0.1 wt - ppm to 1400 wt * ppm. The sensors also featured adjustable sensitivity, resolution, and measurement
range. Measurement results from both sensors were consistent within the uncertainty range. The proposed system enabled
real-time monitoring and characterization of hydrogen gas and is expected to contribute to safe infrastructure operation and

the advancement of the hydrogen economy.

Key words : Volumetric analysis(F-3] -4]), Manometric analysis(%3 £-4]), Hydrogen(5=4>), Uptake("3 1=, Diffusivity
(ZHIE), Polymer(215-2})
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Table 1 Composition ratio and density of polymer. Unit :
phr(parts per hundred rubber, indicating the weight
(g) of each composition per 100 g of polymer

matrix)
Sample HDPE NBR | EPDM
S60 H60
Polymer matrix 100 100 100
Silica (S 175) 60
Filler Carbon black - 60
(N330)
Crosslinking Sulfur 1.5
agent Peroxide ) 1.5
Zinc oxide 3 5
Stearic acid 1 1
Density (g/cm’) 0.919 1.192 1.071
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(a) High-pressure H, enrichment system

(maximum 10 MPa)

(b) Volumetric analysis method

(c) Manometric analysis method

Sped
[oadi:;@n Rubber seal S.Dec,'me’? 0-ring seal
o
Stainless steel 316 Specimen —
chamber Graduated
Pressure cylinder

Bombe ; | ‘

Specimen

Water level

o+ P(1),V(t) P(t),T(t)
Specimen

Data logger

Logger
container

Fig. 1 A volumetric and manometric analysis system was used to measure the hydrogen gas released by a specimen after
exposure to high-pressure gas and decompression. (a) The specimen is charged with gas in the high-pressure chamber
supplied from H, high pressure bombe. (b) After decompression, the specimen is placed in the upper air space of the
graduated cylinder. The cylinder is submerged in a water container and H, emission measurements are conducted. (c)

After decompression, the specimen is placed in the specimen container together with data logger. The blue area in (b)

represents the water. The blue circles in (b) and (c) indicate the hydrogen gas emitted from the charged sample
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Fig. 2 (a) An application of the diffusion analysis program for determining H, uptake and diffusivity based on Eq. (6). (b) The
results are replotted to illustrate the hydrogen uptake (C..) and diffusivity (D) obtained using the diffusion analysis

program
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Fig. 3 Diffusion parameters of sheet-shaped (a) HDPE, (b) NBR S60 and (c) EPDM H60 specimens were determined using the
volumetric analysis method. (a) to (c): The measured hydrogen gas volume (gray filled circle) was derived from the
water level, and the emitted hydrogen mass concentration (black open square) was obtained from the measured gas
volume, expressed in units of wt « ppm for the three specimens. The data indicated by black open squares were
compensated for the time delay period. The curve line represents the fitted results based on Eq. (6), with H, diffusivity
(D) and the total H, uptake ( C.,) indicated by the black arrow. Here, T is the thickness of the sheet-shaped specimen
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manometric analysis method. (a) to (c): The measured hydrogen pressure (gray filled circle) was measured from the data
logger, and the emitted hydrogen mass concentration (black open square) was obtained from the measured gas pressure,
expressed in units of wt * ppm for the three specimens. The data indicated by black open squares were compensated for
the time delay period. The curve line represents the fitted results based on Eq. (6), with H, diffusivity (D) and the total
H, uptake ( C.,) indicated by the black arrow. Here, T is the thickness of the sheet-shaped specimen
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Table 2 H, solubility and diffusivity for three polymers

Solubility [mol/m® - MPa] | Diffusivity [x10'° m%s]

Specimen Specimen
Method
HDPE NBR EPDM HDPE NBR EPDM
S60 H60 S60 H60

VM 4.09 21.7 34.0 3.36 2.15 2.11

MM 4.13 21.4 32.8 3.32 1.90 1.98

Table 3 Performance comparisons for two sensor systems
with volumetric and manometric analysis sensing

system
Performance Volum.etric analysis Manom.etric analysis
sensing system sensing system
Sensitivity 16.43 wt - ppm/mL  11.96 wt * ppm/hPa
Resolution 0.08 wt - ppm 0.12 wt * ppm
Stability <02% <02%
Measuring range  Max. 1500 wt - ppm  Max. 1400 wt * ppm
Response time <Is <ls
FOM 0.4 % 0.6 %
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