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Abstract Bipolar fuel cell (BPFC) is a new kind polymer electrolyte membrane fuel cell (PEMFC) with acidic-alkaline
bipolar interface formed by acidic and alkaline polyelectrolyte both used in one cell. BPFC has shown some novel character-
izations: (1) water generated at the bipolar interface would provide the possibility to devise self-humidification over the entire
cell, which would simplify the water manager system; (2) alkaline cathode with facilitated electrokinetics allows for the use
of lower catalyst loading or non-noble catalysts, such as silver and nickel. In our previous work, the effect of bipolar mem-
brane electrode configuration on the cell output performance was evaluated and the optimal configuration was achieved. The
BPFC with optimal membrane electrode configuration has been operated under completely self-humidifying conditions for
prolonged periods successfully. However, there exists a big gap with the cell performance between BPFC and the state-of-art
PEMFC. In order to improve the fuel cell performance, optimization of the membrane electrode configurations and further
advances in fabricating bipolar interface had been conducted in our previous work. Another issue that affects the performance
of the fuel cell is the structure and composition of the catalyst layer. Since the oxygen reduction reaction (ORR) at cathode
influenced the fuel cell performance a lot, the improvement of electrode was mainly focused on the cathode catalyst layer. In
the present work, thin hydrophilic electrode and thick hydrophobic electrode were used as cathode for BPFC. The influence
of ionomer binder, quaternary ammonium polysulfone (QAPSF) in thin hydrophilic electrode and polytetrafluoroethylene
(PTFE) in thick hydrophobic electrode, concentration on BPFC performance was studied. The results indicated that the opti-
mal content of QAPSF in thin hydrophilic cathode was 20 wt%, and the peak power density of BPFC reached to 186.1
mW/cm? at 25 “C without humidification. While the PTFE in the thick hydrophobic cathode was also 20 wt% with a peak
power density of 461.5 mW/cm?® at 40 “C without humidification. Due to the high demand of alkaline cathode for drainage,
the thick hydrophobic electrode behaved better than thin hydrophilic electrode in BPFC.

Keywords cathode catalyst layer; polytetrafluoroethylene; quaternized polysulfone; polyelectrolyte membrane; bipolar fuel
cell
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e, WTLAZE 75 Al 80 CHYS M F R TS AaEialT
240 h. ZRVTZ EIB RS DR R AR, 7R 80 CIITG
M RA 116 mW/iem®. BRI RGN CEIBHERT
BPFC HIA4T1E, (B2 BPFC A ¥ £ R #MEAR o)
B RfR .

N T $E BPFC [t gE, FRATTEZ AT TAE+
Wit T DR o590 & — AR S SR ST BPFC, %f
AN TR BUR S T 2 7R 1) b b 4D R A7 A A L b BB R AT
T ARG, WERRBL, KRR M E AR R PH R
A B AR (X T A AT 7K AR B SR S THT 1 BPFC-PPA
(B 1) i PERERtE, 50 CHI & KM IhRIEE] 180
mW/em?. Ff HiZ# A BPFC 7] LAZE &= I6 TS 40F Fha
SEIZAT 100 h, BA BRI H @RS, B2 1wt
TAE, XF# PPA %Y BPFC MEREH TR A$ETH, (H5 % H
FAI IR 232 i IR L L s (Proton Exchange Membrane Fuel
Cell, f&Fr PEMFC)/ 4 H M ReAH LU AT R AFAE 22 7.

PEM PEM AEM

Anode Cathode

Bl 1 BPFC-PPA BISUMARL IR &
Figure 1 Schematic of bipolar fuel cell with a PPA form
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(QAPSF)ZEAE B A0 2 okl 25 750N mT AR i fie AL 2=
BT SFHEE, aEAFIMFIHE, HEERTS
B, 2% B oK PE SRR T AR HEK, e SR
BH 77, KRB syb i AE®L T SR DU 9 2 4 (PTFE)/E N
RREE RIS, TEAIE M & & T o] O i1k 2 o s K 1L
T, AR SARRIK AR, $e e B AR 1 R
T PTFE BEASHMATE T, 2 M PTFE 238 XM
102 IR AR Ak, ¢ B8 55 fE AL 3G 7 R, AT B
MR R RED) DRI, 1k 2 Foht 45 7 0 A 28R 2 ot
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2.1 ERFE/KERF QAPSF £ Exf BPFC MAEME
U]

BPFC-PPA R XUAR A} v b s R AR 25 v, B 2
FLHLAR 3 A BT IR 54 QAPSF 5 Pt b7, Pt &
B F SR A AL S AL R 5 K 19 ) BT ZE B OH -, Tfd
QAPSF [ F EE 216 Ol . Big Lo, ftEBARk
QAPSF [ &, W OH AL ek, Faith x4k
B R DR RO, (HE, 21 QAPSF &1k
{3 2 FLBR A AR ) S A Ad e, AT 7K ) HE AT A
O HITH. Rk, FHRBEMEBR A& QAPSF
BB T BT U AR R H vt P £ 5 1k A A EE .
R, ATAERF T HEAZ F IR AR QAPSF & &(10
Wt%, 20 wt%, 30 wt%, 40 wt%)fHs i B AR (4 Blic N
PPA-1, PPA-2, PPA-3, PPA-4, L3 1)%f BPMFC #iith
PERE A2,

21 AT P £ H DU AN [R] QAPSE & &
FOKHRMGEHERE. NERITLVEH, BEEMENLE
QAPSF & = M m, 42 rEEARB 8 m, M
QAPSF &8 10 wt%H 1) 9.1 pum 0 £ & 84 40 wt%
B 15.6 pum. SRT, AR PYILERE K&
BN R E R, M QAPSF E &N 10 wt%H (1)
123 nm F[£ % 55840 wt% 124 nm. iX— 5 145 3
TR E O 45 R FRAE 45 JR (1) SRR SAIE
R 1 A[F QAPSF 7k f 88 J22 52 7K HUBR 1) SO0 445 K5

Table 1 The micro-structure of thin layer hydrophilic electrode with
different QAPSF content

QAPSF % &/wt% 10% 20% 30% 40%
AR PPA-1  PPA-2 PPA-3  PPA-4
AL 2T 4 B /um 9.1 11.3 13.2 15.6
HEAL 2P FL4%/nm 123 101 78 24
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Figure 2 The SEM images of cathode catalyst layer with different
QAPSF content

(a) 10 wt%, (b) 20 wt%, (c) 30 Wt%, (d) 40 wt%.

3a B B A% HF AR [A] QAPSF 75 ) BPFC 7£ %
TSR AR A il 26 Bt D et 25, MBI T LUE
H, 24 QAPSF FEBRIE IR B & 24 10 wit%h, =i
ZE T HLI A R B R K Th RN 113.5 mW/em?,
24 QAPSF & EIGINE] 20 wt%, HL i KTh R % ik
B KME N 186.1 mW/em?, iX /& K4 QAPSF 7 & )4
g THEAER OH BT16 S6e /1, BB B
SFHBTH 0.87 Qeem® FEAKE] T 0.73 Qeem’(B 3b). 4
Mk QAPSF & it — P4 I 2 30 wt%H, BPFC [
PV B K ) %6 5% T T PR A, X2 f T ik 211 QAPSF
fEH AL 2 I FLAR A FLBR 2 AR /N, SARL R fe ) T 1%,
TN BB AR AR A AR K, b %) [ A% FET 5 I 21
T 2.84 Qeem’. 24 QAPSF & &4 40 wt%olf, — 5Tt
1 QAPSF 2™ 5 [ AR I FL R AN FLAR, &R
KEVESAEFR I /1(Re=8.27 Qeem?), 7 — 5 R &

) i 1 A 4 5 R e R o A B T PR A R 7
FILFH 2, DAL He v B o e s S ek, R R R K TR
A 21.5 mW/em®, {0 QAPSF & &4 20 wt%ftf
1) 11.6%. LA E&E SRR, 24 QAPSF b Mt AR 1 & &
920 W%, BURRARRL R LA B AP it R, =R
N e A AR A B 186.1 mW/em?®,

22 EREkiERZED PTFE §8% BPFC MAEMS
1)

BPFC-PPA T X3 SRRk i, b 7 SF AR 0] A4 XK ST A
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Figure 3 (a) [-V and power density curves of BPFC with different
QAPSF content in cathode catalyst layer; (b) electrochemical impedance
spectra of BPFC with different QAPSF content in cathode catalyst layer.
Operating condition: the flow rates of hydrogen and oxygen were 20 mL/min,
0% relative humidity at 25 ‘C

SRR ERIK S, SR EKIERZEY SU/ER T4 53
FE L ) B BE A, AT IR B el 36V DD RE. IXERRATTZ
B AOE7E b E A3 BE s {82 i T B AR BRI 3R &
VISR, A4S FIth AR K R BCR I P2 AR [ 2 RK 4y
ASREIRGH P HE H Bt Ah, B RBA AR <K 43 F
PERE T %, Wit R EZ15/K i), PTFE AT 7E AR Y
R K FLIE, AR T E R 2 R K, A
MRS ko A “7KAE” . SAT PTFE BEA S HFHA
SET, PTFE FIIIA S BROK 034 i e AR iR R a i A, B
RV PERE. BT ARG ZEX G K FEAR H PTFE (1 & =T
Ak, SR 8 AE H R SR T iR B 5 50 QAPSF, 14
#—A> OH &M %%, S~ 1 5% PTFE & &% BPFC [
s, AHFFH & T URORE PTFE & 810 wt%, 15
wt%, 20 wt%, 25 wt%) [ & 2 158 K H (5 5 oy
PPA-P-1, PPA-P-2, PPA-P-3, PPA-P-4, & I 2).

% 2 NUUFARIE PTFE & & 1))5 )2 1K Bk 00
dEE. WNRFTLUEH, BEENE PTFE S &1
s, HEAZ MR ARIE M, M PTFE & &4 10 wt%
B 21.3 um B0 25508 25 wt%l ] 29.8 um. AR,
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Table 2 The micro-structure of thick layer hydrophobic electrode with
different PTFE content

PTFE & &/wt% 10% 15% 20% 25%

H AR AR IC PPA-P-1 PPA-P-2 PPA-P-3 PPA-P-4
HEALZ 35 )5 B /um 21.3 23.5 26.4 29.8
HEALZ T2 FL 4% /nm 211 188 163 135

HEALZE I FFLENIBES PTFE & 238N ik,
M PTFE & & A 10 wt%HT[#) 211 nm J/NE & 2R 25
wt%H ) 135 nm. XFEEER 1 fIgk 2, aTRLR B, & PTFE
MK 5 & QAPSF HISE7K H R OU 45 K4 A7 B 8. 22
S, I ETK EAR I JE B I R R T oK AR, RAE
REWE ST KBRS T
SRIK AL E - FLAR.

NT R EAF PTFE & &8 2 /K AL Z 15
KM, AKZEPUANARIA PTFE & &ML 2 ERERS
B pi g, SR 4 Fros. JEWMZET PTFE &
BN 10 wt%i, HERmEM AN 92.6°. BEE B
PTFE & & 0380, AR A At ABrE n; >4 PTFE
TN 25 W%, HAZAl A IAE] 145.7°. Hfl o p R
< I JELZ M F R () K T RS B, ) B R vtk p
ARGy BIHE RIS AE FEAR YR (9 B

150-
|}
1401 P
< 1301 .7 = -
) .
S 120- .
P
£ 110 ,
© 100 ,
of
10 15 20 25

PTFE content/wt%

Bl4 AN[F PTFE & & IR KBl P v AR 28 T 42 o A 1) HE R
Figure 4 The contact angle of water droplet on cathode catalyst layer
with different PTFE content

5 LT 40 CREMLEF PTFE & &#XT BPFC
B vERe s, ANEIHET BUE H, PPA-P-1 S HL
Wi KR %R Ry 271.7 mW/em?®. %5 PTFE & &
Jin, BPFC (1340t Th R 3 0, 2] PPA-P-3 Hf H H b K
B N F) 461.5 mW/em?. {H&FE% PTFE & &1
BE—DIEIME] 25 wi%hf, B iR K ) 2% R T
B 3153 mW/em®. XA RESE R A—J7 1 PTFE & A
w, MR PTFE GZE(E, FRAC T LIS AN,
F—Ji & PTFE & &id m, A2 1 FLAR A E FE 1Y
i, FEUEALZ A R IR OR; BEAh, PTFE S &K
T, fH A R B K RE R R, SRR 2 1K 4
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Figure 5 [-V and power density curves of BPFC with different PTFE
content in cathode catalyst layer

Operating condition: the flow rates of hydrogen and oxygen were 15 mL/min,
0% relative humidity at 40 C

2.3 BREFKBRSEEREKARE BPFC FrINA
EbEs

Bl 6 MR R G & e 1 R S K Bk 5 R E 1
K LR 3 B R AR IR ) BPFC B et fe il xe e, e
EIRT A, 4R A S JZ MK AR, BPFC B Hb i oK
B ThE )y 461.5 mW/em?, B ZAL T DL E 55K s bk
YENBAMZ BPFC K% H P E(243.6 mW/em?). 1 H.,
K F v )2 55 K Az I, BPFC 7E K HL I X (7 > 580
mA/em?®) H I T B Rk ZE M Ak, X2 BT AR SRR,
St KR BARG T AR B A R )k, B T
FERRR ). TifE )R E MK ek, BT PTFE JEA T &
IKFLIE, AT DIAR PR PR: B AR =25 B K HE 38 e A A
KA I, PR E XS E] 3a FIE S, W]
PLiE—5F H, K& PTFE B2 /KE K BPFC 1
T KA QAPSF /K AR I H it PERE, 1% 15 B AE XUA)
SRRk B Y P BA WO HEZK R SR B v, SR R E K
PR S T Rt R A HE PR B SE A TR 34 AT 5T R R K A
1LJZH PTFE & 88 20 wtlt), 78 Fy i 1 & 1)
BT TR SRR L@, F BPFC (1)
iy HH 1 B I SRR T

3 g

AL CLH R SRR AR B 22 B K AR AR BPFC
BRIERIMR, RGHE T HERK T QAPSF &,
JEEKMEALZ T PTFE & 80 b PEBERORZ M. 4521
R, R K R A7 AR A R R S S
e, FEATTEHN 20 wi%. AMER AW & REKE
SRRl P AR R 1 5 5 1 mT DA AL S
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Figure 6 Comparison of performance for BPFC with different kinds of
polymer binder in cathode

Operating condition: the flow rates of hydrogen and oxygen were 10 mL/min,
0% relative humidity at 40 C

F SR B R T, B AR R . (R R
T R A 2 A AR R K M o, AR b 7E K
TR P HE K TG B AR KA . SAh, 2
PER AV AT, 45 10 77 R A 26 B AR
TR TR AR B, 5INTE/KFR PTFE AT
BPFC 7E K FLLET Lt P 3 22 /K AR, 77 Bk A it 1)
WEMAL, WL B m i Re. HEd E S E
(1] PTFE 82> SEUEIMER AR IF 2R PR 2
JELJZ M 7K B o PTEE (18 808 20 wt%olR B jth gy 1 g
wAE, 75 40 C. AIRRI&AM T SO D)% A
F 461.5 mW/em®. BB AR HEK B R B, TR
JZ 17K AR AR T Z 2K AR 7E BPFC HH A L34

4 SCIGERSY

AHFFE R AR R AN 2 emX 2 em. ERPEHLRR
(R 2% 7V N BIUE B 1 50 wit% Pt/C fEALFTI(E-TEK 2
Al) 5 5 wt% Nafion™ ¥ (Dupont 2 &) F R A 155
Je IFE B PR 48(Toray A &) FHET, H Pt kA
0.5 mg/em?, TiHEAL 2 o Nafion® 1584 20 wt%, RJE
W5 11 45 1 (1) LB R TR 94 200 L 1.7 wit% Nafion™ &
T A BRI FE AR, 782 535 AR B H B ) 1) 5% 7 92 9 B
& 1) PYC LTS QAPSF(RI K2 MR A7 -4
PRAL) A IR A 3 ) JE iR 7R B R AR T, Hoh P
fIEEAN 0.5 mg/em?, DAL BRI RAEM &R, {f
FLAEBR I FE AR AR AL 2 5 23 AR 10 wit%e, 20 wt%, 30
wt%, 40 wt%, 85 FE AR R IR 50 pL 2 wt%
QAPSF VAW, TEHZ)2.0 pm JEHRIEREZ, B 4% A B
HL A% 2> HiC A PPA-1, PPA-2, PPA-3, PPA-4.

JE 2 188 7K B PR R I S T VA R RS
PYC fENMEALT, I/ 58 Al K Ja i N BT 75 =
PTFE FLi. @8R35 51T U A S2K 5 7E 40 C
BISIRREY 82 b, AES P RSB EE
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%14 0.5 mg/em?®, T PTFE &2 518 10 wt%, 15
wit%, 20 wt%, 25 wt%, FTXS N HLAR 433 A PPA-P-1,
PPA-P-2, PPA-P-3, PPA-P-4, U113 2. 2 Ja 4 il 4% ¥ FL AR
7E 350 CHEMEAR SN HAAEL 30 min. Zid #AbFEE,
PTFE 4 Rl f £F 4E4b, TEMEAL)ZE T R — A1 7K P 4%,
PErm AR T K RE 77, 38 BIARAL s B SR RN =P K %
WHEEM H P, 75 40 CA M FTERG K AR R IR 50
uL 2 wt% QAPSF ¥, HtT 30 min, UL QAPSF #&
N 025 mg/em® (FEAEALZETEEA 17%), MififEfEk
JE R A B E R TR ) O &I I 48, 58 ik
HLRR A 10 2 ) ST AR AL

FERRTE FA R T A 50 pL 1.7 wt% Nafion® K,
SR JE K5 Nafion212 JE7E 135 °C. 4 MPa 2k R #UE
90 s. fFFHWEE SERMBIIR T 200 pL 1.7 wt%
Nafion®5 K [ 1 FE B 7E % 3 .4 MPa 251 74 £ 90 s
5% BPFC-PPA 7 it e A 28 {1111,

AL 2 E RN SEH JEOL JSM-7500 H ¥ 494
EMBE(HAF), SAFREY & E M E B E it
1TEE, KHReE At Ak 2 R T2 &0, fL
B AR ERZAR R, it E LA

A E R K AR KRAEE Dataphysics 2
A OCA 20 A RUATRE fi A7 AR, ) P [l A i o vk
MR AR PTFE 2 2 (5 rE AR A 1 J2 2 T 1 42k
1, R RN SRR, B /K B (AR R
MR, SR RILIEAS, R TR
RN, R T I/ NE IR, KRR 10 L, W
WA R 25 C.

PRRL L PEREDCK A Greenlight G20 ik R4,
LAY 22 B0 R4 7 22 IVIUMSTAT Ha Ak 2% TAE S 58 RR.
S5 R RV R A pih 20K R R A A YE B D T i R R
(Open Circuit Voltage, fEiFKOCV)ZE 0.2V, FHH#HERN S
mV/s. KU ERBARL F A2 P BT i K IVIUMSTAT
2 TAESE AT, R A TR, Ari sy
Fl% 1 MHz~0.1 Hz, /%~ 10 mV.

Bt

TR UK 27 HE AR 8% LL R U 1 - ARt e i
SRR BRE B 7 SR B B 3R P
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