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Study on Internal Reforming Characteristic of 1 kW Solid Oxide Fuel Cell Stack
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TCorresponding author :
yjchoi_rist@rist.re.kr Abstract >> This paper presents the performance characteristics of a 1 kW solid

_ oxide fuel cell (SOFC) stack under various internal reforming and fuel utilization
Ez\iies';’zd Zi\lﬂ;ﬁgl;m? conditions. The Research Institute of Indusztrial Science & Technology (RIST) de-
Accepted 30 August, 2017 veloped the 9-cell stack using a 20x20 cm” anode supported planar cell with an

active area of 324 cm?>. In this work, current-voltage characteristic test, fuel uti-
lization test, continuous operation, and internal reforming test were carried out
sequentially for 765 hours at a furnace temperature of 700°C. The influence of
fuel utilization and internal reforming on the stack performance was analyzed.
When the 1 kW stack was tested at a current of 145.8 A with a corresponding fuel
utilization of 50-70% (internal reforming of 50%) and air utilization of 27%, the
stack power was approximately 1.062-1.079 kW. Under continuous operation
conditions, performance degradation rate was 2.16%/kh for 664 hours. The in-
ternal reforming characteristics of the stack were measured at a current of
145.8. A with a corresponding fuel utilization of 60-75%(internal reforming of
50-80%) and air utilization of 27%. As fuel utilization and internal reforming ratio
increased, the stack power was decreased. The stack power change due to the
internal reforming ratio difference was decreased with increasing fuel utilization.
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Nomenclature

i . efficiency, %

P . stack power, kW

Q : lower heating value of fuel, kW

18] . utilization, %
Subscripts

el . electrical

f . fuel
1. M E

AAASHE AR AR (solid oxide fuel cell, SOFC)
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Fig. 1. SOFC stack components
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Table 1. |-V characteristic - resulting values

Current Voltage Power Power density
4) V) W) (Wrem’)
324 8.583 282.0 0.097
64.8 8.160 5315 0.182
97.2 7.789 758.5 0.260
129.6 7.472 970.5 0.333
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Fig. 3. I-V characteristic of 1kW class SOFC stack

Table 2. Gas flow rates at various fuel utilization conditions
Fuel Anode Cathode

utilization| g, CH, CO, H,0 Air
(%) | (SLPM) | (SLPM) | (SLPM) | (g/min) | (SLPM)
50 9.81 2.45 3.00 4.41
55 8.92 223 2.73 4.01
60 8.18 2.04 2.50 3.68 86.55
65 7.55 1.89 2.31 3.39
70 7.01 1.75 2.14 3.15
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Table 3. Stack performance under various fuel utilization
conditions

Fuel Stack
utilization Voltage Power Efficiency
(%) V) (kW) (%)
50 7.405 1.079 36.16
55 7.399 1.078 38.05
60 7.383 1.076 43.37
65 7.340 1.070 46.55
70 7.288 1.062 49.88
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Fig. 4. Effect of fuel utilization - stack voltage and electrical
efficiency
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Fig. 5. Stack performance during continuous operation
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Table 4. Results of continuous operation - cell voltages
Cell Voltage (V)

Time
(h) Cell | Cell | Cell | Cell | Cell | Cell | Cell | Cell | Cell
1 2 3 4 5 6 7 8 9
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Fig. 7. Stack performance change during various internal re-
forming conditions
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Table 5. Stack performance under various internal reforming conditions

Fuel Internal reforming 50% Internal reforming 60% Internal reforming 70% Internal reforming 80%
utilization | \pjtage | Power |Efficiency | Voltage | Power |Efficiency| Voltage| Power |Efficiency | Voltage | Power |Efficienc
g 5 & y g 5 & y
(%) MV | &W) | (%) V) | &W) | (%) MV | &W) | (%) V) | &W) | (%)
60 7272 | 1.062 42.83 7.209 | 1.053 43.32 7.151 | 1.045 43.90 7.122 | 1.041 44.04
65 7.242 | 1.058 46.08 7.181 | 1.049 46.80 7.132 | 1.042 47.40 7.087 | 1.036 48.11
70 7.187 | 1.050 49.34 7.142 | 1.043 50.14 7.107 | 1.039 50.92 7.064 | 1.032 51.85
75 7.113 | 1.039 52.27 7.070 | 1.033 53.12 7.062 | 1.032 54.24 7.016 | 1.025 5491
7.30 Slope = -0.01063 —8— Internal reforming 50% '_:L.ﬂ \;Ll i%g %ﬁ‘lf_‘ Fig- 90" ]%E}LH 9\11—/} Ojio]‘g‘
\ ~&— Internal reforming 60% = = — - o=
725 ~ e o E 60%E 702 WRIHAE 50% 3 80%cl|A] ]
- o \ A 280 1062 kWt 1.041 kKWE 21 W 2fo]=
s ) JAENY
A 29T, AROIEE T%E J|EoR URALE
e T 50% 2 80%0f|42] A EELe 1.039 kWl 1.025
s L g \*\\\ \\\\ N -
g 70 \\**g . kW= 14 W #}o]& Ho] dRo]gEo| &242 1
o N
% s \\\: A wsto] w2 Aol Aol AL
™~ 2otk WRALE 50-80% WlelH Aiol8E
7.00

60 65 70 75
Fuel utilization (%)

Fig. 8. Stack voltage and fuel utilization at various internal re-
forming conditions
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Fig. 9. Stack power and fuel utilization at various internal re-
forming conditions
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