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Effect to Fillers for FKM (Fluorocarbon rubber) Gasket in Fuel Cell Stack
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CRFEE 1 FHAT ARAA 288 AR ARRAL HT W 2] gle] v S Awns] sl
e 0 Aes FAAE AHESel 1S WStk o9 WEhE I AEE PEMFC (polymer electrolyte

membrane fuel cell)®] 753735 Fe]dto] A} Adulfol tist A7187Fe AABHlh 7kAAed 71 a7 s = o5 4
T E2ES, 1000 h7HA 9] A7 7R 15% olake] 3t 545 Btk thekst SAAE AHES siget 1 Als
2 7S AFSE, AAA] 7FAA T} 7820 Abel @] Wg-8-S FEM (finite element method)S AA18He] 24 0.2 MPa]l
A #Hd 2.5 MPad 0= oS lTh

The rubber was compounded with carbon black and silica series-filler to examine the effects of the various rubber fillers
on a gasket material’s suitability and fuel cell stack conclusion. The evaluation of a long term heat resistance and oil resist-
ance of the mixed rubber material was performed considering at the drive environment of PEMFC. Test results of com-
pression set for the most influencing property of gasket showed that it was about less than 15% at long term of up to
1000 h. In this experiment, FEM analysis is carried out about the rubber material’s properties depending on each filler
and the stress which is produced when a gasket is contracted by using various filler. Sealing force was expected to max-
imum 2.5 MPa from minimum 0.2 MPa by using FEM (finite element method) at stacking gasket to gasket.
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SOFC (solid oxide fuel cell)Z =0} 7ldte] &= a1 qlrh2-4]. Ao AE&rE B awt A1 159 wide] "olA|n, 4
ATHAA AB(fuel cell stack)el FFEE Wk 7k~ 2 WZ4rt Zke] Aol Yol A7t Aol g Zo® dEA qlrh
N2 FEHAU, AZE Aole AL WAE] AsIA 7k (gasket) by, QPG Fhe 1FAIRS] AR, AR, AE 59 5
o] AMEHIL §lom, Aol golsta g EAe] s Tt AL e FHosh, AYL BHo7 sh= AAAY] FHAE AR
£53 QIHH3]. 1Y 7EAAE A5V =2 PAFC, MCFC, skl Wel Aol Fo3 qolo] & £ 9tk
SOFCell= #go] agtsht, Absal, 74 WA A, Folg B £ AFelA= PEMFC A8 3% 7k Q75 AR5

AlAEO0RZ H&o| HEHI 9E DMFC, PEMFCOAE iAol

L [e)
e AR S18ted, 7hEEd(carbon black)? AEl7Rel 2
5% ARE QAT gk %

=i
=
THAAL BEA mE nFARY] B4 AsH ol uwE 3F ska
Ao AL Bslth uFAES] B4 A% KS M 65184l uf
2} Hrrslglon, 13 7pAzlo] BPPe| WX E EA W WE A tf

T WAIA A} (e-mail: bkhur@pos.co.kr)

86



ARAA 28 FAAE BaTF] Qo] FAA TRl e 4T 87

Table 1. Typical Properties of FKM Polymer (For801HS)

| Gasket Groove [ Stacking
Result g _ o
Fluorine content (wt%) 66 4-F0.1 ‘ 2.00.1 ; 4 ﬁn.us_ll 248 E ;\
Mooney viscosity (ML 1+ 10@121 C) 38 \ = i r
Figure 1. Structure of gasket, groove and stacking of gaskets.
Table 2. Typical Properties of Fillers
Particle size AR FH A0S ALSIGIt
Trade Name Maker
(nm)
N330 26~30 24. 22F, 3™ Y 7
N550 40~48 DC Chemical 7t Ao AT obgE 35 AEE 2 hEYTESE
Carbon black N770 61~100 (compression set) 3718 ABAS o8] &el4, BshAQl 545
o ZLElod AT ORI A]S Lo Bgla EAly [<Z} H T ol
N990 201 ~500 Carncorb 31"%?% et ng o | Ee4 549 U, 35,
AA o] 3letA EXe] yl= o] A% =23
Anhydrous silica Celite N219 6800 Celite AR LH_ ¢ 1_ 154 5792] 971 KS M 65189) ]D?ﬂ el
hvdrous silica Niosil E74P 2500~3500  Niooon sil of AAjstglon, H7h 5 PEMFCY 425 5o 1este] A
i ous silica 1pst -~ 1ppon suica - - - = =
White b o Ak W ALS ) S 5T S YES 1000 h

filler  Coated silica VM56 2000~8400 Hoffmann Mineral

Anhydrous silica Aerosil 200 12000 Degusa

341 FEM (finite element method)S E3to] FHa3F3AT]

2.4 o

2.1. =

B Aol AMESE B4 31F= Solvay solexisAlS] For80IHSE Al
43139t} Polymer®] £/ catalogueE 3113}] Table 1] UERY
Atk HEEAl 9 7FEEARE Kyouwarle] MgO$t DupontAHS]
VPA#2E AHESISITE T3dAl 7H2E9e] A gt Ax
el wel BRE 8% ARSIt

FHZER] N330, N770, N770, N9907} 427kl Celite N219,
Nipsil E74P, VMS56, Acrosile 2005 AHg-sto] wighs AASISITH
B Aol ARge A9 40l tisiA= Table 26 HERASIT

2.2. Formulation2| M%
FAAE 1 T w4 S AR Ae
548 HAtk JA8dA AgE TN AR we ded 2

= b
= [e)
WAl I WaEER, g9 AFexE U AR 1FAR
£ WE1 O A4S AuET] fldted, dfHer FHAY FRE
al

=
Halo] 1 dks AAsIGith SAA FRE dE2A AAgE uF
AE2 FCH, FCF, FCS, FCM, FCC, FCN, FCV, FCAZ %7]3}1,
A% formulation Table 39 YERTE

N

3. =3 9 AIgHEe| HiE
2 (F) Al AZSE 8] open millS o]t on, A7
A, FARAA, A, FRAld £22 F983Ith Open
millelA9] ZAAAE dguio] 28-S 3 mingt AAEoH, 1
Qo] WiFgA T4l Seto® st Fate] s o]FoAEE
A5 A&

AgAL 180 CollA 8 mint press cures AAIEFI 2™, 200 C
ol 4] 22 h post cureE AAISFIT) Press cure time ToyoseikiAl]
theometers S48 A9E vigoR F23 7tart dojd = &

% AA30M, post cure time PFIF AFARI Solvay solexis

rlo

ot

Alaksict.

2.5. FEM 3l{A]

7k2A0] ARAA] A" AAHE wWe] Ay SAS AA A4
sfo] 1 SAS AulRE Zlo] 7P £ oluy, AEE AR A%
o} k= oflgo] wErh mWEA] FEM 3i14& Fslo] ASshe W
Hol dg] o]&FH1 ity 7kAA W BPPY groover A& g
w2} AFEE JIA P E NominalS T4HCE Min, Max® U7o] 3|4
sl Est AHE U FTHET AAAY TlEdd wE Min,
Nominal, Max@ o] AAJskelek 14 7] thdte] Figure 13}
Table 4ol YERYSILL 14 27 4209, groove-gasket, gasket-
gasket Ato]8] whEATE 0.2% AMYSISITH

3.1. M= 7| M
Aesael Qe uet 19E s
Aet 452 olgslel EAF WTAR BAL Table 5o Leh

ARE SSE FEE S Slslel FUF FAAS R ¥
o zRYomE, e 859 ARE s4~55E 422 Uehig)
o FUR AEE uol: WAL FEEAS LT Fo] e}
Al FAAE A AR QAT 7315tk Anhydrous silica
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FHEEE 9 Aggts ARgste] Mgt sFel tiste] uid 4] 3
71E AAEIIT. 54 PEMFCY AMEZAS A2elx] 80 C A%
B ou), 7IEx1o® Frtsbr] flste] 100 Celld B7He Arlskgich
[8]. Figure 20l Al7bH ZA=wigks YeRlidth. Figure 28} 2] 8%
EF 1000 h7EA9] 7] H7telA AR +5 olule 5%k gk
Atk o]AL ol 97t BAuFo Fart HaelEs o 97
A7 9SS HolFa ok B4 B4 1% 200 T ol 1
oA FA Eall7F SRR, 100 CelA<] 1000 h7HA9] 7t

fo Mz nlo

J. Korean Ind. Eng. Chem., Vol. 19, No. 1, 2008



88

Table 3. Formulations
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Formulation FCH

FCF

FCS

FCM FCC FCN FCV

FCA

For 801Hs
MgO
VPA#2
N330
N550
N770
N990
Celite N219
Nipsil E74P
VM56
Areosil 200

100

Table 4. Tolerance of Width, Height, Compression
ing Ratio for Gasket and Groove

Ratio and Fill-

Min. Nominal Max.
Width (mm) 1.9 2.0 2.1
Gasket
Height (mm) 0.55 0.60 0.65
Width (mm) 24 24 2.5
Groove
Height (mm) 0.19 0.20 0.21
compression ratio % 4.55 14.17 22.31
filling ratio % 79.62 97.09 112.62
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Figure 2. Change of hardness for heat aging at 100 C.
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Figure 3. Change of hardness against water at 90 TC.
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Figure 4. Change of volume against water at 90 C.
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Table 5. Typical Properties of Compounds within Fillers such as Carbon Black, Silica
FCH FCF FCS FCM FCC FCN FCV FCA
Hardness (point) 55 55 55 54 55 55 55 54
Tensile stress (kgf/cmz) 98 109 103 89 80 81 95 117
Elongation (%) 300 300 340 290 385 330 293 360
specific gravity 1.83 1.83 1.83 1.83 1.84 1.84 1.87 1.85
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Figure 5. Change of hardness against coolant within 50 wt% water at
90 TC.
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Figure 6. Change of volume against coolant within 50 wt% water at

90 C.
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Figure 7. Change of hardness against sulfuric acid sol. (pH = 2) aging
test at RT.
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Figure 8. Change of volume against sulfuric acid sol. (pH = 2) aging
test at RT.
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Table 6. Compression Set at 100 C
Times FCH FCF FCS FCM FCC FCN FCV FCA
2h 6 3 3 5 6 6 8 11
70h 6 6 7 7 8 8 9 13
168 h 7 7 9 7 8 8 9 14
250 h 7 8 9 8 8 10 10 14
500 h 10 8 9 8 8 11 10 14
1,000 h 11 10 10 10 13 12 10 16
| un M ™ v | E bin, Noetw ™
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Figure 9. Prediction of contact normal stress and equivalent cauchy stress.
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