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Abstract

As the hydrogen fuel cell market is expanded starting from hydrogen electric vehicle and power generation field, the demand
for fuel cells and hydrogen increases recently. Therefore, research works on fuel cell durability and fuel efficiency are required
in order to activate the fuel cell market and commercialization. A dead-ended anode system was used in this study to optimize
the fuel cell performance and fuel efficiency. The effect of purge condition according to the applied current and hydrogen
supply pressure on the fuel cell performance were evaluated. In addition, the influence of water back diffusion on the different
electrolyte membrane thickness was analyzed. The accumulated water was purged with a solenoid valve in the case of 3%
voltage decrease in the dead-ended anode system. The experiment was performed with the hydrogen supply pressure of
0.1~0.5 bar and purge duration of 0.1~1 second. A maximum fuel efficiency of 98.9% was achieved under the purge duration
of 0.1 s and hydrogen supply pressure of 0.1 bar with a NR 211 (25.4 um) membrane. However, the fuel cell performance
decreased in a long-term operation due to some frequent flooding. The fuel efficiency and purge interval increased due to
decreased back diffusion rates of the water and nitrogen with a NR 212 (50.8 um) membrane.

Keywords: Polymer electrolyte membrane fuel cell, Dead-ended anode system, Fuel efficiency, Purge strategy

1. M = A8dAE= 1A o] Ao, 8ol Fof A ouA Yo o]
o] 7ksste] Aol 5438 Adetal ok A Az

F Lol A F2ut3)9) A 9} 22 3 FAV) tlFEEA 2 (polymer electrolyte membrane fuel cell, PEMFC)+ -2 25 25
3 AAAedA el digk A57F s e gtk 53] i AlE A7) folatr FalEd wiEo] fla 371E Hss 5 Qe

T Corresponding Author: University of Ulsan,
School of Chemical Engineering, Daehak-ro 93, Nam-gu, Ulsan 44610, Korea
Tel: +82-10-5444-2833 e-mail: jbkim@ulsan.ac.kr

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

687

o1& T o) FEE A 71, 1/ W We] A o
54 mAgow 24 v rh13). ARAA) 27] AeFel A
A BYAE TET 4 AR AN B ARAA) TS 3
wal] $I% ATk B A Yk ARAA FE Fu)
W AFEF A7 L Bot] Mg ASHOR Yol Y,



oY
N

688

Wk ol 2} bipolar plate, gas diffusion layer 52 AZHA] FAH QA
WS Fato] st el 78k Qleh4.5). sHAInt s

Aol AastaA ARE AMEE A0 o7t WAk Sk S
o] 49 7HFo] Tt RoR dSHn) T 710 ydr|dz

Hlwste] oA Aol F53 Aolng, AgdA9] s Ui
A Eol] A8 A= IFFH FAlo] A8 o]8EgES FolV]
gk Wete e Eofof gt

TREAEENA A8AAY F4 Fw PHS dA(flow through
anode system)2} B%17](dead-ended anode system)@ T--Eth G
AelME FAa70 ool 48 e 7E2E T4 1EdS WA
Hste] 12~1.59 42 H= F4AF FHHARL @AM E T4
=9 o] WGl 3ol E YHoR Ius }‘ji O]/‘W
Ql AR olgas =&
© ARAR M= BFdA FamoR AFulEE %O] =25
o] A% 1*] 9] Hgto] =314 2
[9,10]. A -3k Aloll ea=roll Eo] FAHEA E7- FAeM=
A7F A=07 wdslA] Feto] ArdA9] A Bt %ﬁ"éﬁﬂﬁ
tH11-13]. Flooding &7 o. % I8t 37|15 &7+
F AGeE fHo] 'ha ¥218 S8k
Al(membrane electrode assembly, MEA)2] 43}5 715A1Z1tH 14-16].
weba] F712Q1 viE 7S ARgste] Fsto] paTel FAE =9
i Al FEE A 2dstolof stk TR wiE &1t

WA e a QAR QA b e 4 AR

L_

ol
B
ol
ﬂF
=
)
3
&
I
r.\o.\l.':
oy
9
)
=
=
i)

Pﬂzi “i.“d% XS%‘

g o]
BEE w0l ARAAY es FAE] S8kl WiE 23S FHA
skt et otk o5 2RI A wliE A AR 22 A
gro] AnAA 9 et el d&FE vIRITH17-20]. 3 A
Ao & 2ree) b gl Foh el 2 4 239 7 gt
AE it =9 flooding¥ WiEe] FIE WIFITH21,22]

w ATelME ARdA Y ded FAlshaA F4 R ol EE
= T Slete] @RI A o b 23l it flood-

27
O

ing 5424 W% el e I3
3 29 ws el WE A
3} Qe o gEES B

EER S R

_OL
32

o .—\1
)
E
it

2.4 o
2.1. EREX] " M= HE
ARAXE] AsS Frkeb] flste] A= 748 PYC (Johnson
Matthey 40 wt% Pt/C)$} Nafion (Sigma Aldrich 5 wt%)¥} SHFS
&3}35}0] Nafion ionomer 3Fo] 30 wt% 7} B == A %3t} Ultra
Z}7} | h 59k AA S slurry S 4 2 wyk
SHAth Azt slurry S decal 7S AHE-510] polyamide-imide (PAI)
2ol 30 ColA 3 mysE B3 Fofl 24 h F<F Ad-2ollx] 1313
ot A A= dajdeks 130 C, 13.5 MPaolA] 4 mingt & §F
2kS Elsto] whbd = X4€5]—jﬂ(MEA).§— AZ3FR 1, Fuje] 2ok
3712 025 mg/em?, 4=l 0.15 mg/em?7} H|T= 3591t} o)
2] Table 19 F2]3t A3} o], FCT cell 25 cm?*Z ©]§3}0] A%
3k MEA S} 714 241539 BC, SGL)¥ silicone fabric gasketS FH
3k, 80 kgf + cm torque® A ASFITH

sonication¥} stirring=

22. YT 2Rl B

7F AIAE
HIFA AR oF= @817 B=elA flooding @ purge 545 37}

23kt Ml 30 & H 6 &, 2019

X

A

Table 1. Standard Condition of Dead-ended Anode System

Unit cell spec. and test condition Value
Unit cell FCT cell
Active area (cm®) 25
Membrane NR 211
GDL 39BC
Pt loading of anode/cathode (mg/cm?) 0.15/0.25
Flow field Serpentine
Tightening torque (kgf * cm) 80
Temperature (C) 65
Anode inlet pressure (bar) 0.3
Operating current (A) 10
Stoichiometry of air 2
Relative humidity of Hy/air (%) 0/90
Air flow rate i
Mo flowrate
A== vrer . < | T T e —
DAQ

Analysis purge condition |

Load
e Loader

Cell voltage

|
| Anode outlet pressure

Solenoid valve control

Figure 1. Schematic diagram of experimental system.
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Figure 2. Effect of purge duration on fuel cell performance with
dead-ended anode system at 400 mA/cn’.
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Table 2. Purge Interval, H, Loss and Fuel Efficiency of PEMFC for Anode Inlet Pressure

H, pressure (bar) Purge interval (s) H, loss at purging (mL) Fuel efficiency (%)
0.5 528.95 40.39 93.82
0.3 345.21 25.23 94.08
0.1 234.98 442 98.41
0.75 1.0 0.75 1.0 3000
—— Cellvoltage Cell voltage
Anode outlet pressure — — — Andoe outlet pressure 2500
0.73 0.8 0.73 Flow rate 08
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= ] = 12000
S on 06 & £ or — 0s & g
@ 1] 4] | E ~
=gﬂ,os&a 04 E Eoss I— 04 E e g
G 4 @ © @ z
= £ - £ {10 3
| ] ('8
0.67 0.2 0.67 \ { 0.2 500
N
0.65 0.0 0.65 l'—l 0.0 0
0 5 10 15 20 25 30 0 1 2 3 4 5
Time (min) Time (s)
(a) (®

Figure 3. Purge characteristic with dead-ended anode system at 0.3 s purge duration (a) purge cycle (b) voltage, anode pressure, and H, flow
rate variation during purge.
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Figure 4. Effect of purge duration on fuel efficiency at 400 mA/cm’ (a) H, flow rate during purge (b) purge interval, H, loss and fuel efficiency.
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Figure 5. Effect of H, pressure on cell performance and fuel efficiency with 0.3 purge duration at 400 mA/cm’ (a) purge cycle (b) H, flow rate
during purge.
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Table 3. Purge Interval of PEMFC for Purge Duration
Membrane Purge interval (s)
Purge duration (s) 0.1 0.3 0.5 1
NR 211 561.12 606.44 668.42 749.16
NR 212 337.59 345.21 368.22 564.93
0.74 20
——t
0.72 0 NR 212 -
W E‘ 15
0.70 | E
= 0.68 g
2 10
.5? 0.74 ..2
o —— NR212 S
=
o

o

0.70 WW I
0.68 ‘ ‘ - ‘ ‘ 0 s ‘
0 5 10 15 20 25 30

0.1 03 05
Time (min) Pressure (bar)

(a) (b)

Figure 6. Effect of membrane thickness on cell performance with 0.3 s purge duration and 0.3 bar H, at 400 mA/cm’® (a) purge cycle (b) purge
interval.
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Figure 7. Purge interval under different anode pressure and purge duration at 400 mA/cm’ (a) NR 211 membrane (b) NR 212 membrane.
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Figure 8. Fuel efficiency of fuel cell at different anode pressure and purge duration at 400 mA/cm (a) NR 211 membrane (b) NR 212 membrane.
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Figure 9. Purge cycle with 0.3 s purge duration and 0.3 bar H, at different current density (a) NR 211 membrane (b) NR 212 membrane.
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Figure 10. Purge interval with 0.3 s purge duration and 0.3 bar H, at different current density (a) NR 211 membrane (b) NR 212 membrane.
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T FH G AN FH gEol eSS g Site] o
T Ao] adtel Fit oFE 0.1 bar Z31A HlE AIRES 03
s SIS W AR ol8EES 9841% /M EU F AL, A
WE A oR Qlste] A el webdsidlth s o ¢
HE = Aol WiE A VM 5 AR ds E4F
o] 23] S7Fete] 0.5 bar ZAAoA AR o] §HES 93.82% %
A

AsiAer A Aol whe] $AZE FAZTS Agol F7kst
o] ARAA L] Aol v SopgARE, = AN E w9 A
20 gt g o] Amidx e Ao] HdH R fAH3)
I AR o]SEERE ¥Y T Qe e RIS

Fab A5 A& St Fab el wAlel 4 2ol s
HiE A AR ol 8EES AR AP BAAR Fat AR
7hseTE 20 At SR STls] ARaiA el Aol w4t
kil HiE ZHAo] fridle] AR olgmfo] Hasiinh AR
2] ah gfo] SRtk 24 Fhol] Eelio|= MEE o] 83
HE 71 EAlel aaQl 2wl 7ol et Ae #elst

o] =2 AR EAIAIN T A A%t FAA] FEBAA S
AP o7 NS whol 3w o7 AN aAE: AA) - ESS7)
gk U4 FAIE Al T-5AFA(P0002068)].
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