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Abstract: Anion exchange membranes (AEMs) and ionomers in catalytic layers share similar molecular structures.
However, they require distinct properties, such as water uptake and gas permeability, in device applications. Additionally, the
poor viscosity of the ionomer leads to catalyst detachment, thereby shortening the lifetime of membrane electrode assembly

(MEA). To address these challenges, this study proposes in-situ crosslinking of membranes and ionomers using 1,6-
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diiodohexane and 1,2-bis(2-iodoethoxy)ethane as crosslinkers. The structural similarity of the crosslinkers enhances the
interface compatibility between membrane and catalytic layer. The ethoxy ether bonds in 1,2-bis(2-iodoethoxy)ethane further
improve the hydrophilicity and gas permeability of ionomer, boosting the performance of electrode. The crosslinked
membranes and ionomers exhibit exceptional chemical and dimensional stability in alkaline environments. MEA assembled
with crosslinked AEM and ionomer achieves a low cell voltage of 1.66 V at 1.0 A/cm? and 60 °C with stable operation for
over 800 h. These results validate the potential of in-situ crosslinking and the integrated design of membrane and ionomer for
high-performance AEM water electrolysis.
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LA SR) B (HBO) | B g (CH3D) | A FR B (K,CO5) . —H ZE LA (DMSO) . 412 4. BK (EA) . A AL #
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Y 2 CBEVEVE 2 h, Bl 258 /K R R 28 ik DL 25 Bk B 1Y) KoC O JUT A5 B ARE 80 °C BL28 HEAE
T8 24 h, 158 HD 22 BEF= W), 6 44 9 HD-PTrip. HBO 325K 724 HBO-PTrip 425 B8 [A] b, {3085 28 Bk ) 35 ey
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Fig. 1 Synthetic routes of HD-PTrip and HBO-PTrip

HBO-PTrip

132 AEM #9414  REI B LT 4 AEM: B 1.0 g TS 09 % &% (HD-PTrip 5% HBO-PTrip) ¥ fit T
19.0 g DMSO H1, 7£ 60 °C T i L i £ 8 #1813 30 min, 15 )R 5 9 1) DMSO 5 . B I 7 I 4E &
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TP L, TEOAT A 60 C T4 12 h B, B P15 B2 M 7E 1 mol/L KOH ¥ ' 72 h, M #4 A
WY T8 4384k OH, fieJa 2R B FOK BRI IR A7 & H .

133 AEI 540k é94 & 78 EiR U5 B4 W1 DMSO 15 1k 4 AN B 73508 1% 192885 (HD 5
HBO), Fe5- i+ 12 h, £E 8 R3S B AEL 23 HOH
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4.0 cm?, LA 1 mol/L KOH WA HEEL, 78 60 °C T HEATH Ak i 28 K e PRI (L i % 1.0 AJem?) o
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T ft R — A B0 IE T AR 4% T B . TN &L 3 T, RSB K 3R A W T 5 AV iR T DMSO H, i
HD-PTrip #l HBO-PTrip £:4d 60 C . 1 mol/L KOH iFW AL 5, 7 DMSO H (W & A 15 K T A P75 A, 2 B 7Y
(R BE ISR A o 3 ol S 35 A 3 700 P 3 D 2R 5 D e TR g 1 R [T 1) = 4 S R I 4, 3 0T T A 4 MBS A 5 Bl A 45
TR R E R RE
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Fig. 3 Photographs of PTrip, HD-PTrip and HBO-PTrip after

2 PTrip. HD-PTrip 5 HBO-PTrip #J FT-IR j¥%
I rip rip 43 rip {9 R dissolution in DMSO for 24 h

Fig.2 FT-IR spectra of PTrip, HD-PTrip and HBO-PTrip

22 APE MR/KZE.BRESEFREXR

A7 S 10 S W X A e 194 RUST AR M 5 K A A 7 oy BA U IR A U9, — 5 T, SR P A8 BRI 2R
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IR0 55—y T, AS R FA5 Ge W W 3508 38 B, 2 AR PR S R 0 5 | ATE B S 21 T fif /K 3 AR, 7R BR
il 2 WA R K A RIS, AR/ 7K o3 FESOAL B P9 4 o 33K —WR7K -5 K Al 2080 1 7 S5 30 5 i vh A5 31 1 5%
HERN, AN 1 B s, AER T R 32 B i PTrip, HD-PTrip A1 HBO-PTrip 4 i Ik % ( Swelling ratio) 435Il [ {1 2
14.3% F1 11.9%, RHHIE S0 R ST R ETE . 5 IC R, 15 35 T 58 1600 #4 2 A0 1ol 00 it 7K 235 ¥ B i 2 Y 7K 45 Y
%4, Wi 1K % (Water uptake) 2 17 43 S K IR 2 TH 2 60.2% F1 84.4%,

SRELERI B 51 AR T A0 OH 1 9%, 5] Ai/K HD 3269 HD-PTrip A OH L S 4[4 % 75.47 mS/em,
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# 1 PTrip. HD-PTrip 5 HBO-PTrip 7K % | 7k %5 OH L §%
Table 1 Water uptake. swelling ratio and OH™ conductivity of PTrip, HD-PTrip and HBO-PTrip

APE IEC/(mmol-g 1) Water uptakel)/% Swelling ratio®/% 62)/(1’115'01’11 1)
PTrip 2.75+0.05 21.8+1.2 20.0+0.3 153.4+6.2
HD-PTrip 2.73+0.02 60.2+2.3 14.3+0.4 75.47£3.1
HBO-PTrip 2.74+0.03 84.4+4.8 11.940.6 107.17+4.1

All membranes were tested in the fully hydrated OH form; 1) 25 °C; 2) 60 C

HMLEZ T, 5 AEZK HBO 8B 5] i) HBO-PTrip M) i B 42 i 19 2 F HL 3% (107.17 mS/em) . X FEIHH F
HBO 55 B i Bk s i 51 A, [R] I 42 85 T Grotthuss F1 Vehicle %155 715 S 8082, —J7 [, B AN 5
P A 1 3 52 P L A A TN 4%, o i A AR AR E T ORI RS s AR v A M2, o OH A BRBR AL Fr 4R 1L T
I fE &2 42230 55 —J7 I, HBO AR M 725 19 W K % (84.4% ) MBS TAERR AL T 78 /K 2> T3k, £EW
IKIREEARAUEHE T OHE R 722 I B, 3045 S0 55 T P 27 5L 6 OH- (1 il sl 4, fdi £ OH 51 ) B /K
3T B E [ O PHE R P,
2.3 APE FSRRIE

FERA A6k PN 3 1) OO TR S B e T S A%
A RS, ERAEST, SR A AFM X
FADE AT TSR, 25 R WA 4 fros, MHE A
DX S T T 5 7K 1 M4 2R T I DX )
X N T W 7K e B RK 19 5% K B 7 A1 7% . HD-PTrip 5
HBO-PTrip ¥ 5 Bt 15 W HL 3457 B SR 43 B 4544 - A

—_ -

100 nm

ORI, T4/ B LA ) T 1 e W 25 B4 () HD-PIrip 5 (b) HEO-PTrip ) AFM R
Xﬂ‘:‘F HD-PTrip( Fgl 4( a) ) ’ Fh 7 HD iéﬂ:% %ru E@ ﬁ%%% Fig. 4 AFM images of (a) HD-PTrip and (b) HBO-PTrip

5 HLAT KM, 755 B8 A R 0 1) 0 6 A X IR
SERBRIRIR, T BOE TR AR B T, AL Z T, 51 ASE/KYE HBO /Y HBO-PTrip B T8 %8, B 4E
(1% B 2030 30 X 4% (151 4(b) ) o 3k SR A HBO 43 H (0 bk S A 3% 17 S B0k 0 265 15 7K 40 T AR 25 1, 75 20 B
THFEAN H A S Az, R T 6 Y B AR 20, XA S L A A #, 5 RT SO iR HBO-PTrip HAT
1 S FL R AW, UESE T 2R /K S RSN D Ak A% i 368 3 245 ) 7 T ) S SR
24 APE MHAIEEMS 1 ksE
AEMWE il 5 7F 60~80 C Fiaf7, H MEA 7EZ4i 3 f 57K 52 1 MPa DL B BB R J7 . Rt AR5+
PF e M 5 PR B2 & AEM Fl AET SEBR R BRI 55127, SR IV Z3p A 3P40 T 2CHKHIT IS APEs By VR
TEME, G5 RUE S FR . i BAWAE 250 °C LARTHA A H B & 09 I G, R B A S i IR e 1
J12E MR P BRI T M g S P it A2 58 7 i DG BEFE RO, 18] 6 JRIR TR H L . B R R A5 IEAE S Y

100 —— 80
—— HD-PTrip
90 | —— HBO-PTrip 0r
PTrip L
& Combined water § 60
g 80 I and solvent loss S 50k
: P g
o 70 0 40+
Tg Side-linked branch 2
S 60 | &roup decomposition %" 30
9] =
~ 9 -
“ Desradationof =20 ——— HBO-PTrip
egradation o ~— 10 — HD?PTrip
the backbone skeleton —— PTrip
40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 0 5 10 15 20 25 30 35 40
7/°C Elongation at break/%
%5 PTrip. HD-PTrip 5 HBO-PTrip HJ#ER £k & 6 PTrip. HD-PTrip -5 HBO-PTrip Y124 fE

Fig. 5 TGA curves of PTrip, HD-PTrip and HBO-PTrip Fig. 6 Mechanical properties of PTrip, HD-PTrip and HBO-PTrip
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I 1-Ri AR 2R . M T R SSBR B) PTrip(BLAH5E B 4 63.8 MPa, Wi 24l 3R 4 23.7%) , HD-PTrip 7 {1 5 &
(67.5 MPa) & A7 $2 T, W21 SR BN 2 30.8%. X FZAF HD sc BRI E R A W BE A EE T 3D fh2fag ik
W% . AH S, HBO-PTrip A HLAH % T B 5 48.9 MPa, 3X — B4 n] U5 [ Tk 3 S0 1281, 255 % &, HD-
PTrip 7EMLAR R B2 7 1A B0t B0 55 %) AEMs b FH W 7 .
2.5 APE W FaE M

APE TERSMEFREE T I 0 Ak 27 o M 5 i AEMWE fiff ] 75 i B9 A% 0 484520, AHIFSE 38 8 TH-NMR &
HIBER TR AW B R LERIEZ SR T2, &l 7 Frs, ¥ HD-PTrip A1 HBO-PTrip & T 60 C |
1 mol/L KOH ¥ H =il 1500 h Ji5 , Hoilk BIRHIE 5 2 A AT R 35 8 FBE — 30, RS BT Z e S T A o 2R
VB SR W ST R IR o X )AL SR WIS ER G A B i T RS W BB A B0,

(a) HD-PTrip ) ] (b) HBO-PTrip 5 oVevs
a N a {’f
| | ; %OO* %
I_A_LA.‘_A_I After [ A S— After
hL 6.5 6.0 5.5 5.04.5 6.5 6.0 5.5 5.0 4.5
0
J— 0 LLJL A
a a
! Before |
Before
[ S E— I_A_L&_A_l
6.5 6.0 5.55.04.5 6.5 6.0 5.55.04.5
0
L L L L L L L L L 1 L L L L L L L L L 1
9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0

7 (a) HD-PTrip 5 (b) HBO-PTrip 7£ 60 °C. 1 mol/L KOH ¥ FFi2 1 1500 h R /5 A 'H-NMR 3%[&]
Fig. 7 'H-NMR spectra of (a) HD-PTrip and (b) HBO-PTrip before and after immersion in 1 mol/L KOH solution at 60 °C for 1500 h

R T 2P Ak B S B R AR RR B, SR X BTG HL T RE IS B R X AR TS BE R 1 N JT R Ak
WEHIT THWASH (K 8) o Fr A REIEYIXT Cls FEWEHEA T far HEAL IE (PTrip K IEAE A 284.8 eV, HD-PTrip £ IE
fH 2k 284.8 eV) (15l 8(a, ¢)) o EALIG ARSI PTrip 19 N1s 35K (K] 8(b) ) 43RG 5 R H AN B 8 115
S VT 402.56 €V 11X I T P 2 B FE A (NRy™), T F 399.32 €V 1 04 W) Xof 1 - e ik 7= 4y (it i
RYR ORI ) o 388 3 158 P A, JHCI M 2 e R AT 1) O B SRR Ry 77.77%, & WA RS 7 A A= T W Wl 1) SR A b
fift . MHZT, BIABK B 3CBK A HD-PTrip J& B R4 i feoe Pk (B 8(d) ) o FEMI R B BLA 214 F
HONTs 3% B AP AR R TG B 3R 20 (NRy, 402.75 V) B TR 4 L ik 91.21%, 130 i 22 19 R A R R4
BIE(399.91 eV) . X — i 3 BIXF b 22 A8 J Ml B T < J5 A7 5C B SR e Y 5 3Pk : HD Al HBO 3 i 1k 2% 58
IR = T RS R R pE B,

2.6 APEs WEHHERESEETE

£ AEMWE RN FH v, B RO A5 EL & O S i SR BB P B8, DA BT 1 FIAR ™ A2 1) Ha 28 & R RS 0. IR A
T AR R AR 1T 1 2 2 RE R AR R0, RE W B H KT (Free volume) J2 5% M SR LT T A 1) 5 it
ZHY, 3 E B K AR A (PALS) TR T &4 5 19 A AR B8 (FFV) B3 9L48, 25 Rk 9 iR .
5| A B Hi K 19 HD 1B R 325 5 I5F, HD-PTrip 19 32 B¢ R 2% fx 305, H FFV B E R E 5.94%,
ZARTRIE F 5% PTrip (19 7.08%. 3K F S8 (1 W) A5 A6 50T e 280 1) SR BEL R Bt e, fiT L AE 10° Pa RIS
BB FEE 18.85%10° em¥/(m2-d)( [ 10) o {H15 1 & A2, KAY FFV K P X, {5 HD-PTrip ) OH L & 3R
(75.47 mS/em) TSR AERFAE R AT (7K o 30T PR = SRR 2 1 W 1 S A 45 4 15 28 6 0075 3 (A Ak 85 7 A
TGRSR RN BB 4 A I R £ RO B T IR AR Bl 2 AR K O, 43, [ B3 o % 25 1Y) g A R A
PRBE T8/ OH A PR EAEH B, R, = BH B A4 % HD-PTrip 36 & FHAE AEMWE i AL B

M Z R, M5 AGEBE K H A A £ K BEEE R HBO 1E R 38 BEFI I, 54 4B i HE L3 B A anl&] 9
75, HBO-PTrip Y FFV [0l F} 2 8.48%, T 3 H A S8 15 MK U I & 24.21x103 em?/(m?+d) 3 P AH X B A
HRK I FLIE Z5H 5 A R T K F AR 5 5 1 1 09, (5 OH H 3 %61k % 107.17 mS/em,
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(b) N1s
PTrip NR,
Pyridinic N
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