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Abstract >> Polyether ether ketone (PEEK) composite including tungstophos-

phoric acid(TPA) membranes have been intensively investigated for polymer
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electrolyte membrane water electrolysis (PEMWE) and thus covalently linked sul-
fonated polyether ether ketone (CL-SPEEK) with captured TPA composite mem-

branes were prepared and characterized. Sulfonated polyether ether ketone
(SPEEK) was prepared in sulfonation of PEEK and was cross-linked with 1,4
diiodobutane. The carbonyl group of SPEEK was reduced with NaBH4 and 3-iso-
cyanatepropyltriethoxysilane (ICPTES) was added. The TPA captured composite
was prepared in reaction of TPA with 3-mercaptopropyltrime thoxysilane (MPTMS).
The polymer composite membranes showed better thermostability and electro-
chemical properties than SPEEK. The membranes were prepared by sol-gel cast-
ing method. The polymer composite membrane featured 0.1285 S/cm of proton
conductivity at 80°C and outstanding durability.

Key words : PEMWE(ZL 2 X} Maff & 2t 4 M3fj), SPEEK(&E 3t E2|0f|H 2o HEH E),
Covalently linked(&-& Z %), Proton conductivity($4A 0|2 ML)
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Fig. 1. Schematic preparation procedure CL-SPEEK/Captured
TPA membrane

30% $+E SPEEK-30(SP30)E A|Z=akacy.

2.2 CL-SPEEK/Captured TPA Z§at &4y
A|z% SPEEK-30(SP30)°] 3-isocyanatepro pyl-
triethoxysilane (ICPTES, 99%, Sigma aldrich) 0.89
mLE 718k 7hi Sites TSI 1 °]5 TPA
£ 30 wine] &R Frhstel FUsH £l @
T AES SE8| ik AlA Foh ik S g4
H3PO4(99%, Samchun pure chem.) 1 mL%} 3-mer-
captopropyltrimethoxysliane (MPTMS) 0.64 mLE
H7h 3 ol 24417 Sk AHHAA Z) 1 Tho
1,4-diiodobutane (99%, Sigma aldrich)-& ©]-8-3] 34|
7+ B9t 7Hst &, 438 Uk glass plate©]| sol-gel
SR o R uE 70C oA 24X7F 59F ZARAIA cast-
ing stk A7 SR w2 Hol Qe AuVE
AE7|2 28A717] 48 IM HaSOs 4ol 244]
7kl Yith AAJg CL-SPEEK/Captured TPA -3}
2He) g W 9 BAEES Fig 1o Yehilth

2.3 CL-SPEEK/Captured TPA =3t EA

SPEEKE R A2 3} 18X} Z+ 287|159 &

Q) olRE ISP Sistel Mol £ B4

Vol. 28, No. 1, February 2017

Rl
A
rr
Ho
02
£¢)

N
a
™
oN
HT
02
Ho

Vel
ofT
oz
o
Hol
—
~0

SPEEK

SO.CI PEEK-SO,Cl1

SO.Li  PEEK-SO,CI-SO,Li

Transmittance|[ %]

SOH
CL-SPEEK

1500 1400 1300 1200 1100 1000 900 800 700
Wavenumber[cm™]

Fig. 2. FT-IR spectra of SPEEK, SPEEK-SO,CIl, SPEEK-
S0O,CI-SO.Li and CL-SPEEK membranes
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Fig. 3. FT-IR spectroscopy of CL-SPEEK/Captured TPA com-
posite memebrane
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Fig. 4. TGA data of CL-SPEEK/Captured TPA composite
membrane

Table 1. EDXS of CL-SPEEK/Captured TPA membrane com-
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Content (%) C (0) S Si \\%
CL-SPEEK 69.2 1253 | 45 - -
HSPEEK/Captured TPA | 59.2 1298 | 6.4 | 34 1.2
MSPEEK/Captured TPA | 48.1 | 43.0 | 5.7 | 3.0 1.1
LSPEEK/Captured TPA | 58.7 | 32.5] 53 | 2.3 1.2
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Fig. 5. SEM image of CL-SPEEK/Captured TPA composite
membranes (a)~(c) SEM image of plane-view, (d) cross-sec-
tion view
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Table 2. Bleeding out of TPA in accordance with CL-SPEEK/
Cs-TPA/Captured TPA/ membranes

TPAin | Bleeding | Bleeding
membrane | out TPA | out TPA
(8 () (%)
CL-SPEEK/TPA 0.0688 0.0069 10.07
CL-SPEEK/Cs-TPA 0.1014 0.0031 3.18
CL-SPEEK/Captured TPA| 0.5931 0.0158 0.012

CL-MSPEEK/Captured TPA, CL-LSPEEK/Captured
TPAC] thgt AFShfjo+A4 Zefjzolr}. =sf A 2
AYoHA| El+= radicalo] oJste] Hho] &A4S 7] uf
woll 2] Adso] AslsiAl ok eEE Ak} W
FHE SN Fa% 54 % shfolth olRAR
7} 5HAl @8 CL-SPEEK®] 7-%- 3247 Le}
Wich. DS gto] S7HERE HolAlE A4S
23tk 7 ol $= DS glo] £718H4-5 -SOH 15
o) Bl B4 £ Bolgrli Selo] 27t
w31, Fof| Qs Ful7h S7He 9 Abo]of| Fenton -§
ofo] v 2 A%alo] wlo] WA HalEhs Ao B
Sk 91o) Az 3 Hu b Asho] §
2 2k CL-LSPEEK/Captured TPA composite mem-
brane 2. = 1844 A]7to]|ct.

3.3 CL-SPEEK/Captured TPA S| &
£4d

Y] i o] HEES PFAIZI7] AsiA
TPAE H7ISHAEETPA:= ol Hiet a7l =7I
izl FAIRE ARGA] B Ho2 oA B A&
F4fo] alofirt. o] A& A4S W] SehA
TPAQ] 9ol Cso& st 1g|al o
WO 2= TPAS RAQl SPEEKS}L A2 AlA
122 WA s sk

Table 2= CL-SPEEK/TPA, CL-SPEEK/Cs-TPA,
CL-SPEEK/Captured TPA composite membrane©]|
gt A& S4= dehd #olv. CL-SPEEK/TPA
E3uHt; CL-SPEEK/Cs-TPA7} T W2 &8-S
H &3, CL-SPEEK/Captured TPA+= $]9] 2tR ) H
W2 0.012%9] HEs2 EAvh

o] TPA, Cs-TPAE #7}5F= A Xt} SPEEKY]

o

rl

=

» BREADNOL{RIEE] =2

TPAZ AZA7IE Plo] BE2 PAskd] o
o ypios weke
4. 4 2

SeaAd S Ao we Az 9
3 AMAYolE Zehad EA] PEEKE 3719
DS(72~75%: High, 62~65%: Medium, 52~55%: Low)
2 sulfonationE 3}o] SPEEKE A| %35}t A =35t
SPEEKE 2 &dAA 7] fi3] &dAE W7t
593 71 o]% silane #|2¢] ICPTES, MPTMS®}

[e]
sofch. $le] 1 2 7] ol 14-diiodobu-

Azo Adlrh

a1 =2 ©

CL-SPEEK/Captured TPA E3uko] 79 H&Qt
o] F7ksto] 2413 24 = c
Joo Z2n3| us|st

/\ooe o

WHEE 4146%2 7P =2 FE 7RI
Afghfiad E=7E 7]E2] CL-SPEEK Htufict

o 2 W82 B9l DSgho] S7hads Alst

H-dol favdhe AdE 2L, agoH 7P F
E3take. 1844X)7E0 & CL-LSPEEK/Captured TPA

27

2 A9 20169E AT AR fdor
Fhatol | 2] 7|44 7FA(KETEP) 9] ]S Hho} 423}

H|28H M1S 20174 28



3t o1 FAYUTHNO. 20153010041750).

References

1. M. Conte, A. Iacobazzi, M. Ronchetti, and R. Vellone,

"Hydrogen economy for a sustaina ble development : state
of the art and tehchnol ogical perspectives', J. power
sources, Vol. 100. 2001, pp. 171-187.

. S. H. Kang, “Analysis of the World EnergyStat us and
Hydrogen Energy Technology R&D of Foreign Countries”,
Trans. of the Korean Hydrogen and New Energy Society,
Vol. 18, No. 2,2007, pp. 216-223.

. S.M.J. Zaidi, S. D. Mikhailenko, G. P. Robertson, and M. D.
Guiver, "Proton Conduc ting Composite Membrane from
Polyether ether ketone and Hetero-poly acids for Fuel Cel 1
Applications", J. Membr. Sci., Vol. 173, 2000, pp. 17-34.

. Z. Jiang, X. Zhao, Y. Fu, and A. Manthiram, "Composite
membranes based on sulfonated poly(ether ether ketone)
and SDBS-adsorbed graphene oxide for direct methanol
fuel cells", J. Mater. Chem., Vol. 22,2012, pp. 24862-24869.
. V. Ramani, H. R. Kunz, J. M. Fenton, "Stabilized
heteropolyacid/Nafion composite membranes for elevated
temperature/low relative humidity PEFC operation”,
Electrochimica Acta, 50(5), 1181-1187(2005).

. S.Y. Oh, T. Yoshida, G. Kawamura, H. Muto, M. Sakaiand
and A. Matsuda, "Proton Conductivity and fuel cell property
of composite electrolyte consisting of Cs-substituted hetero
poly acids and sulfonated poly (ether-ether ketone)", J.
Power Sources, 195, 5822-5828 (2010).

Vol. 28, No. 1, February 2017

7.

12.

13.

AR - 2HR - YUK - YDY - BN - HEE 23
I

Uma Thanganathan, Masayuki Nogami,"Synthesis of
mixed composite membranes based polymer/HPA: Electro-
chemical performances on low temperature PEMFCs",
Journal of Membrane Science 411-412(2012), 109-116.
H. Seo, "Synthesis and characterization of covalently
cross-linkedSPEEK/Cs-substituted Mosia/Ceria membranes
with Mosia for water eletrolysis”, Trans. of the Korean
Society of Hydrogen Energy, Vol. 26, No. 6, 2015, pp.
524-531.

. Shaoguang Feng, Yuming Shang, guoshum Liu, Wenqi

Dong, Xiaofeng Xie, Jingming Xu, V. K. Mathur, "Novel
modification method to prepare crosslinked sulfonated
poly(ether ether ketone)/silica hybrid membranes for fuel
cells", J.Power Sources, 195. 6450-6458(2010).

. Coe Wadelin, M. G. Mellon, "Extraction of Heteropoly

Acids", Anal. Chem., 25 (11), 1668-1673(1953).

. Louis. Trudell, D. E Boltz, "Indirect Ultraviolet Spectro-

photometric Determination of Silicon.", Anal. Chem., 35
(13), pp 2122-2124(1963).

Wenjie SUI, Wenjie ZH AO, Xing ZHANG, Liguang QIN,
Shusen PENG, Xuedong WU, Qunji XUE, "Influence of
TEOS Content on Anti-corrosion Property of Mercapto
Functional Organic Silane Based Sol-gel Coatings on
Copper Alloy Surface", Journal of Chinese Society for
Corrosion and Protection, Vol. 36 52-58.

Matachowski L., Drelinkiewicz A., Lalik E., Mucha D., Gil
B., Brozekmucha Z., "The influence of reagent used for the
precipitation of Cs2HPW12040 salt on its textural and
catalytic properties.”, Microporous and Mesoporous
Materials, 144, 46-56(2011).

Transactions of the Korean Hydrogen and New Energy Society <<





