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In order to explore properties of various rubber compounds after thermal aging under the condition similar to the operating
environment of a fuel cell-stack, heat resistance and compression set of those compounds were investigated for a long term
operation in H,SO4, H,O, and LLC (ethylene glycol : HO =50 : 50) solution. It was assumed that aging Acrylonitrile buta-
diene rubber (NBR) and Elthylene Propylene diene rubber (EDPM) compound in the solution resulted in discoloration as
time passed. It was also found that hydrolysis was developed on the Silicone rubber (VMQ) compound intentionally aged
under acidic condition by means of TGA, SEM, and EDS analysis.
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Table 1. Formulation of Rubber Compounds Used

Ingredients NBR EPDM VMQ FVMQ FKM
N32/DN2850 30/70 - - - -
KEP960/KEP2320 - 30/80 - - -
KE9%41 - - 100 - -
FE261U - - - 100 -
E60C - - - - 100
N550 / DOP 40/10 30/0 - - 4/0
ZnO 5 5 - - -
MgO / Ca(OH), - - - - 3/6
DCP / C-8 - 5/0 0/2 0/2 -
Sulfur/TT/CZ 0.5/1/1 - - -

Total 157.5 150 102 102 113
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Table 2. Mechanical Properties of Various Rubber Compounds for
Gasket

NBR EPDM VMQ FVMQ FKM

Hardness (shore A) 54 53 40 63 52
Tensile Strength (kgf/cmz) 150 145 73 77 74
Elongation (%) 400 450 290 280 230
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Table 3. Low Temperature Property of Various Rubber Compounds

NBR EPDM VMQ FVMQ FKM

TR10 (TC) 24 (1) 47 (1) -48 (£1) -51 (£1) -16 (x1)
100 ‘
O-ring Dia. 3.1 - ®
804 | Compression rate 25%
Temp. 150 (NBR:120 ) o
3 il
® 60
» ./
c
o
X .
8 40 .
a A
£ —=— NBR " e
3 5l | EPDM . Y
—A—VMQ 7’?/:/'
—v— FKM —
10 100 1000
time(hrs)

Figure 1. Compression set (%) of the O-rings at a fixed temperature
in aging oven as a function of time.
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Figure 2. Hardness changes of rubber compounds aged in aging oven
at 100 C.
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Figure 3. Tensile strength of samples aged in aging oven at 100 T.
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Figure 4. Elongation changes of rubber compounds aged in aging oven
at 100 C.
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Figure S. Volume changes of rubber compounds immersed in 0.1 vol%
H,SO; solution at 80 C.
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Figure 6. Volume changes of rubber compounds immersed in pure H;O
at 80 TC.
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Figure 7. Volume changes of rubber compounds immersed in
(Ethylene glycol : H,O=50 : 50) at 80 C.

ok webA, olefet Wi
o] #r}
Figure 59} 740] HySO4ellMi= EPDME A1 4W 87} A2] g3 NB
2 oF TR @AkE 19l R VMQE 7 A4 <] Zji
e o= VMQ2 = AlEo] Bate] olsto] AstEGl7] Wi
2 FH9h xR S0 fluoros -3 FVMQ ®Widkgo] 4
AlRE el mE gk v Sed AoE e
AZA] A= gl ARl W WY EE Eo] B4
th AN Ame AdEE 2ol dEiME By SAS fAskelok
ST}, Figure 6= &l tish B2 A3& YRStk NBRo] 7t
Aoz A3} AA Z7Fekal EPDMS ¢kl Absals 5o
WA= o2 FAETh mEkA] £ el EuE g3 1
A = Aow Wk
AL Aadeks ARk AsAHg AR AT
ol tf gt VA& sk 21 B3k sk Aejolrt. Fgdlo) o
g F-5e) ot w3t ARHA] AlAE AAY FEAsE £
3} Figure 79 235 23 EPMD, VMQ, FKM 115+ Z713kal
NBRI} FYMQ+= FAIEE AL YERLT
Figure 8°lli= H,0%} HoSO4 A1EHS HAAI7|3L w=3ha|Tto] A
shAA] ool sl AelE WERISITE NBR3 EPDMO] HoSO,¢l 4]

aAEAL AT Beshe

i
HN

:a o mu

x—l

o
3+,

$

il

5
3}
st

B

-



153

0h 168 h
HO |
NBR
H.SO,
HO | s i
EPDM
HaSO, |
H,0 e b |
VMQ =
H,SO, | = i ww
H,0 wil o
FVMQ — —
1,50, ||, | E |
H:0 | n
FKM ' —
HzSO4 ...... 7| ﬁ

Figure 8. Color changes of aging fluid after a certain period of time.
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Figure 9. TGA curves of VMQ samples before and after exposure to
0.1 vol% H,SO; solution at 80 C.
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Table 4. Atomic Concentration and C and O Ratios to Si on the
Surface of Fresh and Aged VMQ Samples

Atomic Concentration (%) Ratio to Si

Sample
C (0} Si C/Si O/Si
Initial 15.24 53.16 31.60 0.48 1.70
After 1 week 17.14 56.31 26.55 0.65 2.10
After 3 weeks 19.15 57.92 22.93 0.83 2.53
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