Polym. Korea, Vol. 49, No. 4, pp. 499-511 (2025) ISSN 2234-8077(Online)

https://doi.org/10.7317/pk.2025.49.4.499

42t 9|9 olo|X] &4 22[&EE oSt STMVI gwE HSAOIE 7in

[ =
EPDM TEX 28HRlo] 4 7|4 &3 ¥ ST S8 1S MY

e i s e e e e e ST e e s B B e o T S R i i s e | L Pl E 5
wragk Al g3l T s A A, He Sl st A st
(20259 29 3Y H<, 20259 39 199 44, 20254 39 209 A

Development of Measurement Technology for Uptake and Diffusivity of Hydrogen Gas

in Peroxide-Crosslinked EPDM Polymer Composites Blended with Fillers using
Image Analysis Algorithm of Cylinder Water Level

Ji Hun Lee***™®  Sang Koo Jeon**, Myung Chan Choi***, and Seung Yeon Kim****

*Department of Measurement Science, University of Science and Technology, Deajeon 34113, Korea

**Hydrogen Energy Materials Research Center, Korea Research Institute of Standards and Science, Daejeon 34113, Korea

*¥% Rorea Institute of Materials Convergence Technology, 152, Danggamseo-ro, Busanjin-gu, Busan 47154, Korea
*EEE Department of Electronic Engineering, Kyung Hee University, 1732 Deogyeong-daero, Giheung-gu,
Yongin, Gyeonggi-do 17104, Korea
(Received February 3, 2025; Revised March 19, 2025; Accepted March 20, 2025)

T AE 71eS ST Hdl 90 MPa®] 319t 4 $elA L

{1 A-E e W1 F7ho] Yo qFe Ao o3| it
. ZAATH, ol 4 7k Fale] FT )
Fetct. olgf st Hu WalE AAzke R SAer] 8, Ay WF 259 FH] 79 o|nXE ¥ EAEhs 4L
25 JiEst] 918 AEEA AAZ =4 = Q) 79 W), S Fu) Wsl do|HE 7o R o d71Al AE
RS Agste] MEE T4 7A|Y] & FE AT ol& A e e A TR g 285to g
B2 aRje] i SR IS IR UIE k. olg|gl 71eE o] &ste] AL Al B S
$3 FRE S} A7 A7 g HlEATe]= 7kalE ethylene propylene diene monomer(EPDM) E-34] 12
= 5L 0] W3kl tigk EPDM &Afe] i S 2 SHbes 2-90 MPa 7H4] 54
ol digt 4 TAFH A AAE ATk g EPDM IExF 54A1] &
a 9 o] S ZASITH EPDM 5449 Fujsist ¢4 S % SAs
Apolol kel A1 AV LAEJL, R IEA aAe] WEe £A FAFI MiEE o HHIAE

Abstract: Polymer O-rings are used for gas sealing in high-pressure hydrogen vessels and transfer pipes at hydrogen
refueling stations. In this study, a technique was developed to measure the hydrogen uptake and diffusivity of these poly-
mer O-ring materials. After hydrogen is charged into the polymer material under high-pressure hydrogen environments
up to 90 MPa, the pressure is reduced, and the material is placed into the empty space of a cylinder partially submerged
in water. Due to the pressure difference, the hydrogen inside the polymer material is released. The released hydrogen
causes a decrease in the water level inside the cylinder, corresponding to an increase in the hydrogen gas volume. To mea-
sure these volume changes in real-time, an algorithm that analyzes the brightness of the crescent-shaped water level image
inside the cylinder was developed, allowing for precise real-time tracking of the water level. Using the volume change
data, the amount of released hydrogen gas in moles is calculated by applying the ideal gas law. By applying this data
to a self-developed diffusivity analysis program, the hydrogen uptake and diffusivity of the polymer material can be quan-
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titatively evaluated. This technology was applied to evaluate hydrogen uptake and diffusivity in peroxide-crosslinked eth-
ylene propylene diene monomer (EPDM) composites containing carbon black and silica fillers. The relationship between
filler types and the hydrogen uptake/diffusivity of EPDM composites, was measured across a pressure range of 2 MPa
to 90 MPa. The effects of fillers and pressure on hydrogen uptake and diffusivity were studied. Additionally, the cor-
relation between the physical stability of EPDM composites and their hydrogen uptake/diffusivity was investigated. A
positive proportional relationship was found between the volume expansion of the EPDM composite and the hydrogen
uptake/diffusivity, while a negative proportional relationship was observed between the polymer's density and its hydro-

gen uptake/diffusivity.

Keywords: image analysis algorithm, polymer, hydrogen uptake, hydrogen diffusion, uncertainty, volumetric measurement.
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Table 1. Chemical Compositions of Peroxide-crosslinked EPDM Polymer Composites Blended with HAF CB, SRF CB, and Silica

Fillers
Composites EPDM ZnO St/A HAF N330 SRF N774  Silica S-175  Si-69 PEG DCP TAC
EPDM Neat 100 3.0 1.0 1.5 1.0
EPDM H20 100 3.0 1.0 20 1.5 1.0
EPDM H40 100 3.0 1.0 40 1.5 1.0
EPDM H60 100 3.0 1.0 60 1.5 1.0
EPDM S20 100 3.0 1.0 20 1.5 1.0
EPDM S40 100 3.0 1.0 40 1.5 1.0
EPDM S60 100 3.0 1.0 60 1.5 1.0
EPDM Si20 100 3.0 1.0 20 1.6 0.8 1.5 1.0
EPDM Si40 100 3.0 1.0 40 32 1.6 1.5 1.0
EPDM Si60 100 3.0 1.0 60 4.8 2.4 1.5 1.0

St/A: Stearic acid, DCP: Dicumyl peroxide (crosslinking agent), TAC: Triallyl cyanurate, Si-69: Silane coupling agent, PEG: Polyethylene glycol.
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Figure 1. A procedure for evaluating hydrogen uptake and diffusivity using volumetric measuring system with cylinder and image analysis
algorithm.
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Figure 3. Diffusion analysis program for evaluating hydrogen uptake and diffusivity using Eq. (5).
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Figure 4. Application example of diffusion analysis program.
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