——

C = Vol. 35, No. 6, 425-430 (2022)

mposItes DOI: http://dx.doi.org/10.7234/composres.2022.35.6.425
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

High Temperature Tensile Stress Behavior of Hydrogen Vessel
Composite Materials for Hydrogen Fuel Cell Bus

Hyunseok Yang*, Woo-Chul Jung*, Kwang Bok Shin**, Man-Sik Kong™'

ABSTRACT: In this study, the mechanical properties of the pressure vessel composite exposed to the thermal
environment were evaluated to establish the standard for high temperature static pressure test of the pressure vessel
for hydrogen bus. As the tensile strength of the composite material approaches the glass transition temperature of the
epoxy resin, the strength decreases due to the deterioration of the epoxy resin. In addition, it was confirmed that the
tensile strength increased again due to the post-curing of the epoxy resin during long-term exposure. Therefore, the
accelerated stress rupture test conditions of the pressure vessel for the hydrogen bus should be set based on the epoxy
resin properties of the carbon fiber composite material.
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Fig. 1. Continuous durability test of hydrogen pressure vessel [1]

A S04 URRlES] 2ot de] i
42 28] 2A ol ekl o8] 7hddol w2
A 7kxolBg2 SR Ha Qle) 53 %% A, 4
Aol = FASEA A A 7E = ofof sk, I
AL A 9 Sy e A A |
712 WEohe ARG E 21 ‘°1°lc et mhebA
A JEE7] W FEel oiR ol HAETF 28
3, o] 93] I1SO 15869, FMVSS 304, GTR No.13, SAE
J2579 52| A Ald 7]zl wheh =3sfof gt

Fig. 13} ZFo] GTR No.13]| A|AJH a7k 98719
Hrds A5 F 12 AU AR 8719 9Fehd
2 FRAE 85°C(+5°C) = A 8haL, AE-E 9] 125%
o] e FELE 1,00047F Ft WA ES Ask= A

oltH1]. AHEA F AREYEE AlshaL AlH2= 85°C
o] 7|&2 FH of5Hol sl AR =i d ARsA}
g urHIEE 7|Eo 2 A H A L,000AZF 4] o
i3t Bedt 71ee gle AAolnh AA FujollA e e
S A2 583kl @8l GTR No.139| 7]&of whe} A]
ot Qloeu Ao agAdat A=A o] aejrt dast
E3] a2t IE AR 7S AEE 919 Al
3 4 glolg AL AE3} ASlo|t}. EEl A AL U
Fg71ol et e A AF L] 1,000AZE G4 2=
Qs Al AlgEo] AFs] 28 Bk ofu ), aH A
U719 AA F7rE QAT AIFHE B AL %‘i‘;

£

913l 74 A1 AlQko] W Aol th FA A oz 4

1 R8I Fig 29} o] 3 1 SH0 B
4 QleH2). Sl Al Bk g BEh olujet Seh
efolu 2 THH Type 4 §712 A3kl 43, 4%
Foln, S 20| = 488 o golch. 487
i S BRI 712 Type 1, 29] F4A10H
Aol BATE A B, 2 50l D B,

ool e® 5o A B4, M4oh Aok 5 4 54

ﬂﬁir{o l>
oo o2 T

27| A
e ] YA
N
347 87| a
Typel | (=, ¢20|m)
oo - dagaped
Fiberghass,
B4% 87| a
+
Tpe2 | gelug
2euz 4
HELE
2to|
Type 3 +
Bayg
SEEE
Eaag
2ol
Type 4 +
BANR
HE G2

Fig. 2. Classification by type of hydrogen pressure vessel [2]
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Fig. 3. Tensile test specimen

Fig. 4. Exposure environment for tensile test: (a) room tempera-
ture and (b) thermal environment in oven
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Table 1. Result of tensile strength and elongation measurement

Samples Tensile strength (MPa) Elongation (%)
Holding time
600 hr 800 hr | 1,000 hr | 600 hr 800 hr | 1,000 hr
Exposure
Temperature
RT 2,671.25 1.7
85 25351 | 2539.7 | 2,852.9 16 1.7 g |
95°C 24118 | 25026 | 2,576.3 16 1.6 y )
105°C 24099 | 2467.7 | 2,569.4 1.6 16 g o |
115°C 23915 | 23883 | 25295 16 16 16
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Fig. 5. Comparison of mechanical properties of composite by exposure temperature and time: (a) tensile strength, (b) elastic modulus,

(c) Poisson’s ratio, and (d) elongation
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(d)

Fig. 7. Microstructure of carbon fiber composites; (a) surface
before exposure, (b) exposed surface at 115°C for 1,000
hours, (c) fracture image before exposure, and (d) fracture
image after exposure at 115°C for 1,000 hours
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