9 2.2 l(Membrane Journal)

Vol. 33 No. 3 June 2023, 127-136 Print ISSN: 1226—0088

Online ISSN: 2288-7253
DOI: https://doiorg/10.14579/MEMBRANE_JOURNAL 2023.33.3.127

Slsl A TEA-A27} 230 HBE HBMA| A 45T
AT A o) o B

RAEEU S oA ek, ragFista o v x| 3-8kt
(20234 62 199 A, 20239 6€ 23U 74, 2023 6¥ 23Y AH)

Characterization of Fuel Cell Stack Using Hydrocarbon Polymer-Silica Composite Membranes
Hyun Woo Kang*, Doo Sung Hwang**, Chi Hoon Park™>", and Young Moo Lee**

*Department of Energy Engineering, Gyeongsang National University, Gyeongnam 52828, Republic of Korea
**Department of Energy Engineering, Hanyang University, Seoul 04763, Republic Of Korea
(Received June 19, 2023, Revised June 23, 2023, Accepted June 23, 2023)

_|O

L € ATAE 4o 2ge A 2 Aens s2 dei 2ad 18dd gy DS .
AL Y asel v TadA DA 2 FRHE Anel fyol 29 A5d) £09 4L

so] fel 2l ERTHE Ado] HAUSHAT) tkol §HE SAAAE A5 A
SAAIE 5] BT A FASAT, To} ol £F B 240 b R g HEE
sl 71 omE 29 B WEHE ASAAIE BAV} IS, ol T w4e 28 74 as Y ApE
ANE BT 5 AN0P, meA 28 £ A 2 74 asel Aee AR 4 A FUF 42 ACKE 9
2 9 9 4 208 HAse Aol Zasis e o £ eItk vAlskos el Batete Ao #8712 25 W
ol el 45 ehfo] AA A ALgel A4l BRT A5 2% ACE BRA

ol gh

:10 . Fo
ot of

rulo

%A&QL&

Abstract: In this study, the electrochemical performance of a 5-layer fuel cell stack using silica composite membranes
as polymer electrolyte membranes was evaluated. It was observed that the flow rate of the fuel gases plays a crucial role in
stack performance, particularly being mainly dependent on the flow rate of hydrogen. Increasing the flow rate of oxygen re-
sulted in negligible changes in performance, whereas an increase in the flow rate of hydrogen demonstrated performance
improvements. However, this led to an imbalance in the ratio of hydrogen to oxygen flow rates, causing significant degrada-
tion in stack performance and durability. A decline in stack performance was also observed over time due to the degradation
of stack components. This phenomenon was consistently observed in individual unit cells. Based on these findings, it was
emphasized that, in addition to optimizing the performance of each component during stack operation, it is important to op-
timize design and operating conditions for uniform flow rate control. Lastly, the developed silica composite membrane was
assessed to have sufficient performance for application in actual fuel cell systems, exhibiting a performance of over 25 W
based on maximum power.
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Table 1. (a) Total Cycle Procedure (b + c). (b) Activation
Procedure. (c¢) I-V Curve Measurement Procedure

No Step Load Time (hr)
1 Rest OoCcVv 2
2 Activation Step-V 1
3 Measurement Step-1 0.5
4 Rest, Cooling OoCVvV 2
(a)
No. Step Load (V) Range (V)  Time (min)
1 Rest OoCVv 10
2 Step-V -0.05 0.9-0.2 7
3 Rest ocv 10
4 Step-V -0.05 0.9-0.2 7
5 Rest OoCVv 10
(b)
No Step Load (A) Range (V)  Time (min)
1 Rest oCcv 10
2 Step-1 0.5 0-5 20
3 Step-1 2.5 5-175 10
4 Rest oCcVv 10

(c)
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Fig. 2. (a) Total stack performance, (b) comparison between stack and single cell performances (average voltage = Total volt-
age / # of cell). The areas in pale blue color and pale magenta indicate those of activation polarization and ohmic resistance,

respectively.
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