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Synthesis and Characterization of Covalently Cross-Linked
SPEEK/Cs-substituted MoSiA/Ceria Composite Membranes with
MoSiA for Water Electrolysis
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Abstract >> To improve the electrochemical and mechanical characteristics, engineering plastic of the sulfonated
polyether ether ketone (SPEEK) as polymer matrix was prepared in the sulfonation reaction of polyether ether
ketone (PEEK). The SPEEK organic-inorganic blended composite membranes were prepared by sol-gel casting
method. It was loaded with the highly dispersed ceria and cesium-substituted molybdosilicic acid (Cs-MoSiA) and
1,4-diiodobutane which was cross-linking agent contents of 10 pL. Cs-MoSiA was added to increase proton
conductivity. Ceria (CeO,) was used as a free radical scavenger which degrade the membrane in polymer electrolyte
membrane water elctrolysis (PEMWE). In conclusion, CL-SPEEK/Cs-MoSiA/Ceria 1% composite membrane showed
high proton conductivity 0.2104 S/cm at 25°C which was better than Nafion 117 membrane.

Key words : PEMWE(2LA] 1152} A dut =23l), SPEEK(&E3} E2] o 28| 242),
Cs-MoSiA(Cs-substituted MoSiA), Ceria(Cerium(IV) oxide, Af|2]o}), radical scavenger(Ztt]Zt 27

1l AY)

1. M 2 Al 7152 0f| J&FE vk 1of Hiel i F
A A3}Holn] A& o AR7PsEF dFolt) &
AlA 80% olFe] ouAl= st RN 35 48 Akl ARgeled] dHEls FAMES o)

ok shdRe] AR AejA, BEH0R A4t = mol,
FF= 71A1AL Qlek 53] skl Rl A Y E FAE AR WY S sl s WA
+ OARIEHAN(COy) = AF-2d3E of7]sh A Al TEo s oS 2 irP), I 2 1EA A

Z] u}

: A ot =3 (PEMWE: polymer electrolyte membrane
Corresponding author : chungjh@mju.ac.kr
P g & J water electrolysis)HH2- ¢ =28 AR ofA 715
Received : 2015.11.23 in revised form: 2015.12.15 Accepted : 2015.12.30 B
Copyright (© 2015 KHNES o] 7Fsdte] mEo| =of 7FeH|ES AoFd 5= 9L

524



MoOSIAE 0|85t =438 3-8-7]3L SPEEK/Cs-MoSiA/Ceria 23} 1t A= W Al At 525

P, &4 PEMWE9]| 1152} A3)2 u}o 2 Nafion”
o] 714 o] o851l 3Ir}. sHA|ut Nafion" 3} -2
HELA TS 1B} AR vk 1204 TE0|
s &4 Lw7t 80°Co|elE AgtEc) Eal =
° 743} HibA Al BAR A& Algo] 24
T} AR ulo]

3152191 PEEK

a2 1 Az

A
AT A4 e
_Q_

7 STk glet e e
e Fua7] 9 BESaAE
8%

(poly ether ether ketone)E ©|
sl st 48 715 A

] Z(free radical) 25-€] A3}2 o2 R 53}7] Q3)
radical scavenger 3¢S = Cerias 73t 73|
4 23 uke A)zelel B4 Belstyr”.

P. Trogadas 52 Nafion”o| Ceria (Cerium Oxide,
CeO)2 05, 1, 3 w%2] H}E 371510 MEA (membrane
electrode assembly)2] H37} 2slES 7H261o] Ceria
7} free radical scavenger= ZM-3H& &HolslSith.
Ceria (CeOy)= th2A &< AtgHEo]H, Cerium
Ce™, Ce"" ABMIENS 2= Bdoln T ALSIAY

4T Abeleke Hhgol 47 dofdth ol
EX O radical scavengerZ4 - gict

lm £ rlo

T et e )

Ce
T2 ceriar= 424 O] HEET) W2 FAoltt
o]& RUsH7] Y3l HPA (heteropoly acid)E & 7}5}
of £ o] RAEEE FAAALE D. Zhao 5V
Cesium*|8FE] HPAE ceriao] 2% A7 Nafion”o]
W7isto] ol LHEES} 2715 Belshalnt.
HPA:= keggin 125 71 =2 A EQ) o] &4
=2 e Bdolt e} Bl tfat fel
7} 27] el 47 G2k HPAS] §52 1}
93 MoSiAS] a4 0|25 Cs o202 ZThAIR
t}. Cesium 2|3+ MoSiALE Eof th3t =7} 7+
25lo] ARA o R o] AT EE A ZPY,
28] A 715 A uho] A efrizo] ol gk

N

£ 93l ceria FH7to) W2 o] 2AEE TAE HY
317] 93} Cs-MoSiA7} 2% CeriaZ A|Z5}0] 0.5,
1~4 wt%= Z7}8Fal T (immersion) 2.2 Cesium
S Z]get CL-SPEEK/Cs-MoSiA/Ceria x wt% 3}
Fe A% shick

FUI

=

2. 84 o

2.1 CsyH4-xSiM012040/Ceria®l gt

T AAY S AA CsdHaxSiMo1204/Cerias
Al z3tck

0.005 M Cs,COs (99.9%, Sigma Aldrich) 828 7.5 mL
£ Ceria (<25 nm, Sigma Aldrich) 0.2 gof] 5% 1 mL
&g Hojmy Wyl A Zr}h S = o
o=l 5 golo]
b e S, ol B $94 A A1
11 300°Cof| 4] 2 h 52F 3}Ax(calcination)A| A E<&
S AR AAZT.

0.008 M MoSiA (HsSiMo1204nH,0, 99.99% pure,
Strem) 8- 4 mLE Cs,CO;E -4 A]Z] Ceriao] &
D1 mLe] £E2 "ojman wwk A)7Ick fole
B Wojmel ¥ 12A WS T =S 1 h
o o WG AIAZL, Wito] By £91E 300°CAA
2 h §OF 3}AA)A CsiHaxSiMo120405 loading A]71
CeriaZ Az,

lo

TEA B g 4 QER | h &

P

2.2 x| DEX} M ool ME

2.2.1 SPEEK (sulfonated PEEK)2Q| A=

PEEK (Victrex)E 24 h E<F 100°Co]| 4] A %5}o]
o o] =R o3| AAT $ ARSIt PEEK ]
benzene 112]2] HE -SO;HZ 2| 3k5}7] ¢Jto] A
017] Flof| Al HaSO; (95%, Junsei) 400 mLoj| PEEK

20 g& 91 250 ipme] L£EZ 50°Col|A] 12 h E<t

A26d A6Z 20154 12



A1) Z9ick 71 5, HiSOs0] 98] §aEl PEEK
84 AL Ffoo] Fof HAXIck FAo] B
ZRSE S8 ARt pH 70| HES

3 3, S8 AAS $I5te] 100°Co)A] 24 h 59k 3

2.2.2 SPEEK-S0,CI-S0,Li2| M=

Az SPEEK 12 g2 Thionyl Chloride (SOCl, 90%,
Samchun pure chem.) 200 mLoj| £H43] &a)A]17] &
DMF (HCON(CH;),, 99.5%, Junsei) 3 mLE g1l 60°C
oA 3 h F¢F wHkRtt) Hhg- 5 29| SOCLw %
W75 olgsto AAstA YT F7E B L&
A= THF (C4HsO, 99%, Junsei) 20 mLof| 234171
3 iso-propyl alcohol ((CHs),CHOH, 99.5%, Samchun
pure chem.) & 713} WAAA Zodek. WAE 18
£ ofg] ¥ AL o122] SOCLE A|AsH | ¢
ol 919] AEARS THFO &-3fl, Al&lsh= = o
W RhESE & 25°Co] g Ax7|oA] 24 h F<t
7Azx38lo] SPEEK-SO.Cl& A|25}%Th

SPEEK-SO,Cl-S- F-551] A]# SPEEK-SO.CI-SO.Na
& Az37] $5to] AlzH SPEEK-SO.Cl 8 g& 2 M
Sodium sulfite (NaSOs, 98%, Sigma Aldrich) 8-
200 mLofl @it 80°Cof| 4] wikst 24 h 5k Bk
AlA =k W 3 A S ReES AEH
= ol-gsto] 253l

HE 31995 SPEEK-SO,Cl-SO,Na2] Na'& Li'2
Z3ksl7] Y5+ 7 wt% Lithium chloride (LiCl, 98%,
Junsei) 8- 200 mLof| AFEALE YL 3 h F¢F BEEA|
A, doftl IRAE SRR ofe W AT o
O] HhES AARE 5 Zsr1olA 24 h 52t A

Zoto] F& 3k SPEEK-SOCI-SO,LiE A|=31%tk
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Fig. 1 Schematic preparation procedure of polymer electro-
lyte membrane of CL-SPEEK/Cs-MoSiA/Ceria membranes
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3.1.1 FT-IR spectroscopy
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Fig. 2 FT-IR spectroscopy of CL-SPEEK/MoSiA, CL-SPEEK/
Cs-MoSiA and CL-SPEEK/Cs-MoSiA/Ceria 1% mem brane
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3.1.2 Thermal stability
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Fig. 5 Water contents and swelling ratio of CL-SPEEK/Cs-
MoSiA/Ceria x wt% (x=0.5, 1~4) membrane
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Table 1-2 CL-SPEEK/MoSiA, CL-SPEEK/Cs-MoSiA,
CL-SPEEK/Cs-MoSiA/Ceria x wt% (x=0.5, 1~4) #
a2 =] 289 Uehhsic

CL-SPEEK/Cs-MoSiAZH] MoSIA 21&-8-2 CL-SPEEK/
MoSiAYtE T} A ZFA81e] 10.92%%2 A= Qich
CeriaZs A7}st 22 CL-SPEEK/Cs-MoSiA/Ceria 0.5
wit%7} 1.864% = 7HY =2 & WA auE vE
WAL, =2t 2 W& Ceria 3] 5715 MoSiA

Table 1 Bleeding out of MoSiA in various membranes
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properties| MoSiA in membrane Bleeding out of MoSiA Bleeding out of MoSiA
sample [g] gl [%0]
CL-SPEEK/MoSiA 0.9892 0.9467 95.91
CL-SPEEK/Cs-MoSiA 0.1596 0.1745 10.92
CL-SPEEK/Cs-MoSiA/Ceria 0.5% 0.1044 0.0019 1.864
CL-SPEEK/Cs-MoSiA/Ceria 1% 0.0969 0.0035 3.629
CL-SPEEK/Cs-MoSiA/Ceria 2% 0.0758 0.0056 7.507
CL-SPEEK/Cs-MoSiA/Ceria 3% 0.1013 0.0136 13.48
CL-SPEEK/Cs-MoSiA/Ceria 4% 0.103 0.0236 22.94
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