FRmES: 10384 B K%
8. 20620141151388 uDC

B r3

7 i VAR 'S
{73 B ARI B it R BA B T3 SR BR Ul 2 &
MERERT ST

Preparation and Properties of Low Swelling Anion

Exchange Membranes for Fuel Cells

REER

WS L R #H K
S A A S T N
HXRZEM: 2017 F A
WX AN 2017 £ A
FaT M 2017 £ A

BMBERNE TR
P 5] A

2017 % H



BIIAXFFAIL R eI A

AN ZAZHY AR SOEA NAE T ITHET N L 5E BT TR -
ANER G S5 H A NBEER D2 R IBEFCRCR . BIAESC
DA 207 SR AR B, JRAF R RIE AN (R TR 70 L RS

ML (BA7)D.

FHL, BRI SCON( )UREE (A1) HY
WEFCRER, SRA5( YR ()22 B s g = A B B, A

~

SRR = e, (WEAE L L5 WIHE TR R 2
AT NEESER = AFK, RGN AR, nELAER A . )

FIN (R4):
£ H



BIIAFEFMIRICEERE R FER

2N T 2B 1A ARAE e A RS 2 0 4% 1 47 S8 )
S R T S TS, 1 R 3 T B LR A2 2
Yo ST (AEART RN B TRR), 0V B SCHE N | Tk 22 8
BB PA I . 0. AR R TR 2 R SN A
-2 R SO T MR TR, 42 B S FObR B A L
Gt SRRBZED . A EN S R T A A AL

KR SOR T+

() LAETRHRES R oW SR E RS Ee s, T
FOF B, fREEE R B

()2 MRE, B R

GFPE LA E AR S 5 4 TN B F AR (R 2 SO S
C T TR 2 2 B M2 R0 S0, R | TR R 2R B
L ISR S I A TFEAI S, IR RIS 1, BN
TFRERIE L, BIER] R )

FHIN (4):



HE

5T A R T (PEMFCS) A EL, 91 8 78 4 IEEHA R} i Vb (AEMIFCs) ]
HA R 0 AR R BEE T PUrb 8 R DR 1 &R AL (0 R B AR SE)
M85 R 1EAN AEMFCs %045, BB T3S B (AEMS) [ B 5 43 19
BHAR [ MR S8 T HIVE ] . 78 AEMs 1, OH HIE 507 il /& M ST R% 21 B A,
SIRBREIE 75 Ta A R, BRI AT DA 280 G RORH R FE 3 B0 P I R AR B0 . R
I, OH7E/KH AXTER Fm KT HY, 33 AEMSs [ H 53R IR Al 21 T 758 3
JRIK o AT RUZT &, HTRAT AR S R s TR A &
(IEC)MIBHES FacHufifi . RT, IEf IEC ¥ (it BE K, AT R LA LI
TﬁmﬁT%&%ﬂﬁﬂm%mmﬁﬁ'xzﬂ%T%%*ﬂAmmﬁﬁ%x%
RO EEAY), 308 I AR R 285 AL AN BRI FE RGOS 2R

B, B R 2 K e B T A (PVIIL) R L it 2R R (Br-PES-Br) [A] (1)
Menschutkin JRZ, il 8 H— R 51 B A m LSRR AR E 1R 251 38 Rk L 2 91
BT AR E(PES/IPVIIL-X) o JRT /1 BB (AFMYBIE SR B, Bk K SRR & Pt
HISIAAERE T PVIIL bSR/KIBRME &7 (58 G, MNITTAE PES/PVIIL-x i P TE B 2
IO 43 2 45 R AN S T3 . X1 PES/PVIIL-0.4 i %, 80 T K, HEHH
785 mS-cm™. £ 60 T HEATHIE I Y] PES/PVIL-0.4 JI5 (1 T 2% HL H
1.039V, TEHJE N 190 mA em2 i, & E| i KIhR % E 109.5 mW €m™2.

Hovk, I 1-98 OB TR (Br-6-QA) I A B B ANk r 14
(]2, 4, 6-=(— W& 3 B R D BEAL SRS W) (DFHF-TA-X) b, #1148 7 —F& 4
LA 5 T e e 6 1 SRR N I B8 1 58 40 (DFHF-TQA-X) . 3L,
R VI 22 7R i Eh B TP S0 N R 3k 1 BB 51K B 1 X K 2R 2, DFHF-
TQA-x JE IR R th R BT 73 B S5 M AN B FiliE . B AR, ZJEAE(R 1EC (1)
0L T REBUS 55 HL 5 3 . 4T DFHF-TQA-0.75 Jiii i & , 3 IEC A 1.31 meq-g°
L, f£80°C FHIHSH N 76.1mS-cm?. A, DFHF-TA-X fRid B A 54T iR i
VR FRE M, T FAERT B AR

KRB WORL b, PR TR, IR






Abstract

Anion exchange membrane fuel cells (AEMFCs) are drawing more attention than
proton exchange membrane fuel cells (PEMFCs) owing to their faster electrokinetics,
higher catalyst resistance to carbon monoxide and wider choice of non-precious metal
catalysts (e.g. Ni, Co and Ag). As a critical component in AEMFCs, anion exchange
membranes (AEMS) play a role in separating the fuel and oxygen and simultaneously
transferring hydroxide ions. Better than PEMSs, the migration of hydroxide ions inside
AEMs starts from the anode to cathode, and is opposite to the diffusion direction of fuel,
effectively preventing the fuel crossover of AEMs and facilitating the full utilization of
fuels. However, the inherent lower mobility of OH"than H™ makes it hard to improve
the conductivity of AEMs to the level of PEMSs. This makes it particularly necessary to
design efficient polymer structures with high ionic exchange capacity (IEC).
Paradoxically, many more hydroxide conduction groups introduced to the polymer
electrolytes usually result in high water uptake, excessive membrane swelling and poor
mechanical stability. To disentangle the conductivity/swelling dilemma in AEMs, it is
essential to fabricate AEMs with well-designed microstructure which promotes the OH"
conduction efficiency. Here, we prepared two types (macrocrosslinked-type and side-
chain-type) of AEMSs, and investigated the structure-property relationship of the
membrane.

First of all, a series of novel macrocrosslinked imidazolium-based anion exchange
membranes (AEMSs) with high hydroxide conductivity and dimensional stability were
synthesized by crosslinking poly(vinyl imidazole) ionic liquid with bromide-terminated
poly(ether sulfone) via Menshutkin reaction. The contiguous imidazolium cations along
the polyolefin backbone are found to aggregate and connect to form continuous
hydroxide transport microchannels by the introduction of long hydrophobic poly(ether

sulfone) chain as evidenced by atomic force microscopy (AFM). As a consequence, a



high hydroxide conductivity of 78.5 mS-cm™ was achieved for the crosslinked
PES/PVIIL-0.4 membrane at 80 <C. Fuel cell test using the PES/PVIIL-0.4 membrane
exhibits an open circuit voltage of 1.039 V and peak power density of 109.5 mW ¢m™
at the current density of 190 mA €¢m2 at 60 <C.

Furthermore, a series of fluorine-containing poly(arylene ether sulfone)s with
multifunctionalized flexible pendant ammounium cation (DFHF-TQA-x) was
synthesized by grafting hydroxyl-bearing trifunctional moieties 2,4,6-tri(dimethyl
aminomethyl)-phenol (TDAP) into fluorine-bearing poly(ether sulfone) matrix,
followed by functionalization with bromine-bearing (u-bromoalkyl)trimethyl
ammonium (Br-n-QA). The incorporation of the multi-functionalized pendant
ammounium cation facilitates the aggregation of the ionic clusters leading to the
formation of hydrophilic/hydrophobic microphase separation and microchannels. As a
result, an enhancement of OH" conductivity in low IEC can be achieved. The as-
synthesized AEMs not only possess higher mechanical properties and ion conductivity,
but also lower water uptake and swelling than traditional AEMs with monofunctional
ammonium cation. Specially, the DFHF-TQA-0.75 membrane with the highest IEC of
1.31 meqg-g* achieves the OH" conductivity of 76.1 mS-cm™ at 80 °C. Moreover, the

membranes also exhibit good alkaline and thermal stability.
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