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SOFC (Solid Oxide Fuel Cell) stack ¢FdA% Hr7lekE 9 Hrhazr =28 9sle] 9] dArda o
TEES BAsien, £4& 33 &8 AlPFECR SOFC sack P/ds AldS AASHITE Aol ARE-
% SOFC stack-2 (F)u] 3t oA A2 2= XX & 2 cell stack(Z84H % 110.25 cmzlceII)O]ﬂ, B =
A A|2Fek SOFC stack $HA4ds B7F A& AREsHTh 71985 AlIE, AFRAYEAD A, 3428 A8
2 HEHE APe AAEtgon, 1 A iy stacke] ZgiEES 65.6 W(L4L V, 465 A, 422 mA/cmd),
A% 623 W(L57 V, 40 A, 363 mA/cm’) & LERt O 7hAeZo] 18-S BRIstgith E3h, Hahuso|
iste] 2% ool MH o R ZElo] RAIE= AL RIS ol 24 2= 750l ZFsK40 A)
W H4REYE A)olAe) FEL 2k 62 Wt 16 W SR B 78 Falo] naslEdadze] 1)
P ARG $PEE Al Fskedl Z]ofstaRt gk

o

Fao] : AR ARA, AR, L8, AAGUA, A7

Abstract - The code and standards related to fud cells were andyzed to derive the SOFC(Solid Oxide
Fud Cdl) sack safety performance evauation items and evaluation methode. Safety performance eviuation
of the SOFC gtack wes tested by quoting derived test items The stack used in the tegt is an anode-supported
type 2 Cdl stack (Active surface area : 220cm) manufactured by MICO Inc, and SOFC stack safety
performance evauation system used for the test is self-manufactured. We conducted a leskage tedt, current
voltage charecteristic tedt, rated output test , and power response characteridtics test . In the safety
performance evaluation test, the stack showed no gas leskage, the maximum output and rated output was
recorded to 65.6 W(1.41 V, 465 A, 422 mA/cnt), 62.3 W(L57 V, 40 A, 363 mA/cnt). In the power
response characterigtics test verified that the output is kept stable within two seconds. At the maximum
load (40 A) and the minimum load (8 A), the output was recorded 62 W and 16W in 750°C. This study
will contribute to the universdization and to provide much safe environment of operating the solid oxide
fud cdl sysem.

Key words : Solid oxide fuel cel, Fuel cell, Stack, New & Renewable energy, Safety evaluation
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Table 1. Comparing installation area of solar, wind and

fuel cells
Ingtallation area
Fuel cdll 179 m/MW
Solar 19,800 m /MW
Wind 39,600 m/MW
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Table 2. Types of fuel cells according to operating temperature

Low-temperature type High-temperature type
Fuel cdl PEMFC PAFC MCFC SOFC
Operating Temp. 50~100C 150~250C 650 700~1000C
Efficiency 35% 40% 47~60% 55~70%
Power output. Few kw Few hundred kW Dozens of MW Few MW
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Table 3. The list of solid oxide fuel cell codes and standards

=

)
[>
1
-0,

N
ox,
ol
ot
N
re
-
w

SOFC stack =
SOFC stack2] ¢t N% E:?;Ei 7HHP— 95te] =
W9 AmHA AL HAAds Bk T
T14E £4319 ) Table 32 SOFC AR A AlA
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Nation Code and Standards H| 3L
IEC 62282-7.2 Test methods - Single cell and stack performance tests for solid oxide fuel sack
. cdls
International
IEC 62282-3-100 Stationary fuel cell power systems - Safety System
u.s ASME PCT-50 Fuel cell power systems performance System
JS C 8841 Small solid oxide fuel cell power systems System
Japan
JS C 8842 Single cell and stack - Performance test methods for solid oxide fuel cell — stack
KGS AB 934 Facility/Technical/Inspection code for manufacture of gas fuel cells System
Korea Test methods - Single cell and stack performance tests for solid
KS C IEC TS 62282-7-2 ge &t P stack
oxide fuel cells
EU EN IEC 62282-7-2 Test methods - Single cell .and stack performance tests for solid sack
oxide fue cels
CAN/CSA-C22.2 ) )
Canada NO.62282-2 Fuel cell technologies — Part 2-7 : Fuel cell modules System
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192852 Recommended practices for SOFC products
and systems evaluation (ZAALSEARZIR] AE
9 Alad B s B AWy S et
Stk

2= AR o 7 Bl LAELY ) Table 49
g2 st

Teble 50f stagel A@aSol dhste] #24 A
S ZAES UEeERdH Aotk “KGS AB934”, “JS C
8841", “JIS C 8842"¢f w2 stage-19] AZ2=H
AL 9 BPAE =S} A 30 min of
) F 347 o4 glstel 24 ShEs, HehA
5 AHe A Aelz el okst (30 min of

) F AR EE AYRES A SED AGAA
=45teS YA o] glrh. SOFC stack 7] 04 5A]
3ol AFL “KGS AB934”, “JIS C 8841", “JS C

8842" ol = stackel] Tat 7| WA o] HAlE|o] 91X
oFom, “CAN/CSA-C22.2 N0.62282-2"¢] A %A}
A AL OB A YAY P2 A9 27
gkel 10% ol W9lE fAstI, g A%
A AR EE Aol dHon AAFHES o
AlEo] Qe

Stage-29] R5PHE SHAHY 49 "JS C 88T,
“JS C 8842" FZo] Sl5hel AZAYA FAIG 2
o= AFRAL 4Fste] FALA 204 081}
Qrsrsta, AAed W BEEE AL 2 147
% 38] o]4 WHEate] AASEE FHska ek
“EN.Nr 192852 (IEAY o= HZASAzA0|A 84

H

2-2. SOFC stack HAls 7t o4 QMg EE WYysln HEESE JALHR
SOFC stack 4% % SbdAs ol = - o 7 8F 4h9] 20%= A3l JZ9x Az Su i
A9 BAS e 13714 BAFES ©& shgrh.  SHAAIZLS ZH 16X1%F ol A, 78] ol 4 MRt
E=Z% 13744 9] gHE50] SOFC stack 2F/d-5<ll HAskaL lek dHESE Al “EN.Nr 192852 (IEA)”
F Aol disl EA5te] AdYES 3714 stage o FAH5HE] 200%= 10047 AASH, o] w9
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Table 4. SOFC stack test items by stage
Stage Test items
1 Rated output , |-V characteristics, Lesk
2 Power response characteristics, Overload, Therma cycle
3 Thermal shock, Short circuit, Differentia/Internd pressure. Shutdown parameters
(Voltage, Pressure, Temp., Fue/Air cut)
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Table 5. Test operation condition by stage-1

Leak test
Code &
JS C 8841, JS C 8842 KGS AB934 CAN/CSA-C 22.2 No. 62282-2
Standard
Temp. 20£5C 20£5C -
Pressure N2 4.2 kpa or é$§1412Tf;ashES§?§t? Maximum operating pressure
1.1 Times the operating pressure ' P 9 pereing p
pressure
Choice of test methods, Pressure dro < 5 mi/min,
Leak check ' P, < 70 ml/hr < Indication value
Detector, Leak flow or bubble check
(Pressure drop < 10%)
Rated output test
Code & JS C 8841, JS C CAN/CSA-C 22.2 No.
Standard 8842 IEC-62282 -7-2 KGS AB934 62282-2
Stalnl!lzamlon 30 min - > 30 min -
Time
Condition Rated operating condition
Interva >3 hr - 3 hr -
Meei?;;e's“mt Electrical outout | Electrical outout |Electrical Outout (Indication value < +10%)|  Electrical outout
-V test
Code & JS C 8841, JS C 8842 IEC-62282-7-2
Standard
Std)l!lzatlon 30 min i
Time
Condition Rated operating condition (OCV (Open circuit voltage))
Measurement Current, Voltage, (Average value)
Items ' a8, o
5lE], dF7] HALEX= 100TCo|st2 st 103] He = B84 {:/;}% 3lolsh, “CAN/CSA-C22.2

o] A} HHESl = 2 UAFslal Q). Table 60 Stage-2
o] ANFFEE APz dhste] JephAoH?.

Stage-32] WA E-S “JS C 8831" i “CAN/
CSA-C22.2 N0.62282-2" o] A= YIA| & Q] HAE
P AAYY L3z AASt=F A
Q1 HIAEL 18 o]AF 7} A3 T AFero

o] 2431} o|n “JS C 8831"01]/\1L Jps

bl 3

J[Nt

N0.62282-2" of| /| = oFA &} 2] o] ZHE o] HE 3lol3}
T2 3}al 9lch “IEC 62282-3-100 01]/\1% A3 et
g8 25 o] w2 FASkAL 17 o4 71etsle
1082 oA} oFelS SA|BtEE WAEaL Qleh Xkt
A WA AT Aol fAFSH, B
71YAI R H]5s } A AT ek SERAE
“JS C 8831"¢] A2 HAE 272 AxYALQ]

KX
T

KX
T
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Table 6. Test operation condition by stage-2

Power response characteristics test

Code & Standard JS C 8841, JS C 8842. EN.Nr 192852 (IEA)
30 min > 8 hr
Stabilization Condition
Rated operating condition
Target load Indication value £ 2% -
Full load 1 hr (Indication value ) 16 hr (Recommend value)
Min lord 1 hr (Indication vaue ) 16 hr (Recommend vaue) load (20%)
Interval 3 Time 7 Time (Recommend vaue)
Overload Test
Code & Standard CAN/CSA-C 22.2 No. 62282-2 EN.Nr 192852 (IEA)
Full load Manufacturer indication value Load 200%
Operating time Manufacturer indication vaue 100 hr (Recommend value)
Check items Rupture, Transform, etc. Cedl voltage
Thermal cycle test
Code & Standard JS C 8341, JS C 8342, |EC-62282-7-2 EN.Nr 192852 (IEA)

Stabilization condition

Manufacturer indication value

Operating condition

Manufacturer

Min temp. Indication value

Interval

Cathode: N, based H,, Anode: Rated condition

< 100°C (Recommend value)

10 Time (Recommend value)

AANHE 222 5131 9o, “CAN/CSA-C22.2
N0.62282-2" ol = A A Az AJe 23y
=R Fojglon, F 17 BT bHAR| o] A5
o] 22 ol B Elojoirt. FY 8-S Table 7
o Yehf Ak, Stage-39] 7194 AEe A
o, orel, &= & gjda o] tat AdT ¢iw Y
Abze 7h0] Zpeho] o]at AlF o U=o]Zch WA
AeIdE=2 A3 AR AP “IEC 62282-3-100",
“CAN/CSA-C22.2 N0.62282-2", “KGS AB934” 4
“JS C 8841, “JIS C 8842 2] A4 EX ¢4
Az AN A A28 QbAAA] ZHE o HE gl
32 5ol Q1o m, “IEC 62282-3-100", “CAN/CSA-

ox ot
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Table 7. Test operation condition by stage-3-1

Internal pressure test

Code & Standard |EC-62282-3-100 JS C 8831 CAN/CSA-C 222 No. 62282-2
Test pressure 3 Times the operating pressure 1.3 Times the operating pressure
Pressurize for more than 1 minute
Test condition and keeping that pressure 10 |Pressurize for more than 1 minute and then descend to normd pressure.
minute more
Test gas Operating gas, Dry-Air, Inert gas
Check items Rupture, Transform, etc (Physicad damage) Safety device operation
Differential pressure test
Code & Standard JS C 8831 CAN/CSA-C 22.2 No. 62282-2
Test pressure 1.3 Times the operating differential pressure.
Test condition Pressurize for more than 1 minute and then descend to normal pressure.
Test gas Operating gas, Dry-Air, Inert gas
Check items Leak flow rate < 10% in Indication value. | “ootr Tr:;ijbozciém?g;al‘;?z
Short circuit test
Code & Standard JS C 8831 CAN/CSA-C 22.2 No. 62282-2
Test condition Manufacturer indication condition Rated operating condition
Check items Safety device operation
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Table 8. Test operation condition by stage-3-2

Shutdown parameters test (Voltage, Pressure, Temp.)

Code & Standard |EC-62282-3-100 CAN/C;'Z;Z:_ZZZ'Z No KGS AB934 JS C 8841, JS C 8842

30 min <

Stabilization condition, - - - Reted Operating Congition

46 Categories 13 Categories 14 Categories

Shutdown parameters
Including mechanical, Electrical and environmental hazard Parameters

Check items Safety device operation (system)

Shutdown parameters test(Fuel/Air Cut)

Code & Standard JS C 8831 CAN/CSA-C22.2 No 62282-2

Stabilization condition Manufacturer indication vaue Rated operating condition

Fuel Gas: H, or Manufacturer indication gas,

Test gas Oxidizing gas Mixed gas (8 : 2, O, : Ny)

Fuel gas, Oxidizing gas

Check items Safety device operation (system)
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Table 9. Operation condition of SOFC stack

Heating Rated operating Cooling
Furnace Temp. RT to 750C 7507T(x1C) 750C to RT
Heating & Cooling rate >1¢/min - >1C/min
H2: 0.4 LPM /cel, O2: 1.6 LPM/cell, N2: 0.4 LPM/cell
Gas flow rate
Dry Wet Dry
Humidifier 28T (3% H:0)
Load Open circuit voltage 40 A Open circuit voltage
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