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Abstract  Solid oxide fuel cell (SOFC) has been regarded as one of the promising energy conversion technologies since it
provides higher efficiency and lower pollution than conventional power systems. How to improve the SOFC efficiency is one
of the focus issues in both industry and academia. Besides, when industrial-size SOFC is operated at high fuel utilization
(Unel) to achieve high efficiency, the Ni anode in the downstream region may be locally oxidized due to the high oxygen
partial pressure. Thus, operating conditions for both high efficiency and anode safety are required. In this work, a method for
the measurement and evaluation of SOFC efficiency was established. By comparing the test results under different conditions
(current, fuel flow rate, and temperature) with high fuel utilization, it was found that at the same fuel utilization, the voltage
decreased as the current increased. Therefore, the lower current is beneficial for higher efficiency, while the higher current is
beneficial for higher power. The relationship between voltage fluctuation and local oxidation of anode during operation at
high fuel utilization was also studied. After analyzing the critical condition of Ni oxidation, the cell output voltage higher than
the critical electromotive force of Ni oxidation was proposed as the safe operating condition to prevent local oxidation of
anode. Based on the cell samples and test parameters used in this work, it was found a high efficiency of over 50% was cor-
responding to the fuel utilization range of 77% to 90%. And the maximum electrical efficiency was always corresponding to
Urnet=87.10%. Although the operating conditions corresponding to the maximum efficiency of SOFC cells or stacks with
different materials, structures, and fabrication processes may vary, the measurement and evaluation methods, as well as the
judgment of the safe operating condition proposed in this study, are still helpful. In practical application, the operating condi-
tions could be determined based on such testing results according to the importance of efficiency, power and long-term stabil-
ity.
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Figure 1 (a) I-V curve and (b) EIS result of the cell at 720 ‘C with 1 L*min ' H, and 3 L*min "' air
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Figure 2 Change of voltage with time at decreasing fuel flow rate under
constant current operation of (a) 10, (b) 20 and (c) 30 A
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Figure 4 Voltage test results under different fuel utilization compared

to the iso-efficiency curves of 35%~55% [The shaded region is the oper-
ating conditions with high efficiency (>50%) and high power (>15 W)]
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constant current operation of (a) 20 and (b) 30 A at different temperatures
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Figure 7 Voltage test results under different fuel utilization compared

to the iso-efficiency curves of 35%~55% at different temperatures (720,

750 and 800 °C) [The shaded region is the operating conditions with high
efficiency (=>50%) and high power (> 15 W)]
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2019 4R FARIE AT, {H 12 T AE 4141 H e 47
K76 PR BRI R L6 00 T8, SO
BERE TR IS BRI T B ORI 2 T 0 %
AT,

R2 AFEBELR T B R R BB

Table 2 Voltage fluctuation under different fuel utilizations

AV/mV*
Fuel utilization/%

10A 20A 30A
63.34 7 2 2
69.68 15 3 3
77.42 40 14 8
87.10 57 49 35
99.54 73 85 100

4 AV="Vnax— Vimin, which reflects the voltage fluctuation.
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Figure 8 Changes of voltage and the real part of 10 kHz impedance
over time at a high fuel utilization (99.54%)

The test conditions were 720 ‘C, 10 A, and 0.07 Lemin ! H,.
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Table 3 Voltage fluctuation (AV) under different fuel utilizations

20A 30A

Fuel utilization/%

800 C 750 ‘C 720 C 800 C 750 C 720 C

69.68 5 5 6 4 4 4
77.42 8 15 23 5 5 7
87.10 13 41 53 19 33 45
99.54 38 61 73 45 62 63

4 AV="Vnax— Vnin, which reflects the voltage fluctuation.
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Figure 9 Changes of voltage and the real part of 10 kHz impedance
over time at a high fuel utilization (87.10%)

The test conditions were 800 ‘C, 30 A, and 0.24 Lemin ! H,.
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Table 4 Parameters and evaluation of conditions with high efficiency (>50%) and high power (>15 W)

No. Temperature/C E*IV Current/A Upel"/% U IV Power/W 17515"/% Evaluation of this condition

Before degradation (1* day)

1 720 0.744 20 77.42 0.814 16.28 50.31 U> E*, Higher power

2 720 0.744 20 87.10 0.761 15.23 52.92 U> E*, Higher efficiency

3 720 0.744 30 87.10 0.726 21.78 50.47 U<E*, not safe enough
After degradation (7" day)

4 750 0.730 20 87.10 0.760 15.20 52.83 U> E*, Better for stability

5 800 0.706 20 77.42 0.813 16.27 50.26 U>E*, Higher power

6 800 0.706 20 87.10 0.774 15.48 53.81 U>E*, Higher efficiency

7 800 0.706 30 87.10 0.750 22.49 52.10 U>E*, Higher power & efficiency

4 critical electromotive force of Ni oxidation, *Fuel utilization, “Cell voltage, “Electrical efficiency

FIFH 2N 87.10%) [FIH i 2 rm Th R fl s R, SR,
AR, B, A RS S E
KRS AT I AR P I g B4, Rk, T 4 (750 °C.
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Table 5 Testing parameters

Fuel flow rate of dry Hy/(L*min ')

Fuel utilization/%

10A 20A 30A
63.34 0.11 0.22 0.33
69.68 0.10 0.20 0.30
77.42 0.09 0.18 0.27
87.10 0.08 0.16 0.24
99.54 0.07 0.14 0.21
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