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Abstract: High-operating-temperature fuel cells such as SOFCs require primary insulation that can withstand
high temperatures in a hydrogen atmosphere under DC voltage. Design concepts of insulation for high-capacity
fuel cells accompanied by high stack voltage have not yet been developed. In this study, primary insulation are
investigated for electric insulation properties and material degradation under the requisite conditions. At tempera-
tures of 600-850 °C, increased leakage voltage and decreased partial discharge inception voltage and breakdown
voltage were observed in hydrogen compared to air, because hydrogen combustion was generated by a hydrogen
leak from the part of the insulation where the gas seal was broken. The high temperatures degrade the materials
of the insulation and the high-voltage electrode as well as the insulation performance. It is necessary to study these
kinds of data systematically and inspecting the degradation effects over the long term.
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Fig. 1 Cross section of test specimen.
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Fig. 3 Temperature independence of leakage current in air and

hydrogen at 0.05 MPaG.

108 BEER VOL.12

BEOEDSHER I N, 2O eh b, RNERICELT
ZHLWBHRE DR E W 2 L0355 h o 72,
UAZENMEIE & Wl U 72 s 1L 7B it i % FH W C ST
R [Q] %Ko, BEAIEEE ¢ [S/m] ~#E L7z, M
ROBELIBLR 13, BRURBEDN—HTH D LIET 5o
WAL S () [m*], < HWRE dr [m] OO dR [Q]
PEFNIHERM SN TR EALEIN, IoaxfoLd
DI be §Thbb,
b dr
R_Lm_Laﬂﬂ (1)
S () : Wik (= 2a0) [m?*],

~N

a
b
/

D FEEOEND S OBiEE [m],
D MO PNEE 143 X 107° [m],
D FEMEFOIEE 157 x 107° [m],
D FHAFEOE X 200 x 107 [m]

THdo 1IZOWTIE, T T —S—IRE % 4
LC B e L CwARSE—Ele LTHW .
(1) &b BLRUREREL,

T (2)
27lR  a

LEtREN S, o DIREICHT 25, 7L—=7 2D

XEVKRAD I CRENDLOB—BWTHL Y,

o

Ell
a=aoexp(—kT) (3)
B

o, - BHERT [S/m],
E, &M b A vF— [J],
ky » Ry = v [J/K],
T s [K]
X 4 12 A A E T 0.05 MPaG. 500 V COESIRENE &

Temperature (°C)
850 800 750 700 650 600

—_
el
T

© Arr

1 F A\A\ AH, |
AL

f

0.01 t L i i .
9 10 11

Inverse temperature 1 /T (1074/K)

Electrical conductivity ¢ (uS/m)

F4 ZRHLCKFES0.05MPaG. 500V TOERZEED
mEKFE
Fig. 4 Temperature dependence of electrical conductivity at
500 V in air and hydrogen at 0.05 MPaG.

NO.3 2013



T DUAFE 2 7R KFE AR OESUREEE X 225U
NCEREHHTREL o Twh, T2, HEDOKEE
AL AV F— 1T YT 225, KFEAREIZIE 700 C
fHEZ B E 2L THIRAITH L Tw 5 2 &35 h
b0 TNEY, CORMETHEEX = ALPEILLZZ L
PHELE I NS,

2.3 MBHES SVEBRBEAORE

600 C. 700 C. 800 C TD 2% & K#FEH AMMIENC
xt3 % B4 i B AR TR T ) OS2 2 2 X
5127776 0.05MPaG Tid 600 CTIlZBWT, KEDHAIC
WO BERBEIL L 016 KV, #MiFAIEET$ 022kV 22
RUTHARTIERLS o7z, HEZ 80T ETRIFTWL L,
225U BT R B AR B & OSHAR B 5 1 B it A
TL7zo FAKEITBWT, 600CE 700 CTIxZIEE
KEBZEIRONZVWD OO, 800 T2k 2 LMjHDOEE
ST Lz —J B AEN % ERSE5 &, K
FCEMEEMEIMET LAzDIh L, B5 Tl L 72,
0.15 MPaG Ti&. 600 C D&k 55 B B Aa 13X 225U Hx
TO045kV, #MFFMBIEEEIZ054kV & HIKL B> 720
2RI BT EEHESE ML 72013, EFRBIUHREL
HIKFNHARTHIR TIIMREERE S W & ST
. BILCTHHEMEOMWINTHo7272bEZbND, BE
DYBEIBET LI LEHME LT, EEOAZHEALT
JFEINZH 3 2 KIETOMBEZMWE L7z 25 ORER
5 IR T . ZZROBE L FRICEND LT 5105
T, WEEOHMAPBD 5z LA L, BRI TH
O AN ERE R ICHESs TIRF L TWA 2
EDFR Do il TOMBGHIEREE T, BERER S>>
BFESAFESONTVEHY | BRI TSI EED
FAED RO BRIE Z O TVWA I E 2R LTV, 2K
TOFESEFIZE) MBEED ERIZ. MEZFOH DB L
) =27 AR & 25 HOREIHERM SN D, $iC
KRFETOET] LA CTHBIEIE T 3 24581, KETHB
T 5 =7 FmBINE S MBS AR E S HFG LD
LERIND,

2.4 KRICLFIETRIEHENANORE

b 2.2k 2.3 MITR LA & 9 ITRFEBHAREI I, 2
SUTHATRIIC 4 213 & MR, #520 BUE AR TEIE,
MARUIEBIE DI T A0 bilze T, MERb H & 4
B L OBIBIRFDO@ANZE D IREAE 725 L
RN BRI AV U CORFEATRAL, KRB 358 L 7
7230 EHERIT & 2o AKERBEHGIFIZ B % RBRiA o AR
B B 2% B 6 1277370600 T 0.05MPaG 1254 C,

Partial discharge inception voltage (kV)

Breakdown voltage (kV)

Pressure (MPaG)

X5 EMAREMBEELBBFFREEDES. KFRHLUVER
EHE&FHE
Fig. 5 Air, hydrogen and nitrogen pressure independence of
partial discharge inception voltage and breakdown
voltage.

FAikx (VD) O PREREZELTVWDL I 0
SUKRFBRBEOEANE X THhD ZENHLNTH L, 72,
e A AT % BT CORFIREAIETI20E - THEEM B
IR 7 BHIANE S5 T Ao KFED BRFEKIELE X 580
~600CEENTEBY, TN LOWMETKIEKRELZED
52 EiRMENZWY, X o T, 600 T L TOMERBIKHL,
R HCE IR MBI ERE O T, ISR ERRSE
BB & 5 BT CORFT 2 EE EAPRE EE 2 5
N5, 700 T2 % & ARFREDIRTHEKILAD > TV b,

HEIEM VOL12 NO.3 2013 109



;5 *E'J- Contribution

600 °C, 0.05 MPaG 700 °C, 0.05 MPaG

600 °C, 0.10 MPaG 700 °C, 0.10 MPaG

600 °C, 0.15 MPaG 700 °C, 0.15 MPaG

X6 KREHEEFO/INBEFAETELOEE
Fig. 6 Photographs of outside of insulation surface when
hydrogen is supplied to a test specimen.
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