P-6

PVdAF/SPEEK/TiO2 3lo|B gt vt #=E§za ves Ao|dy

Water Swelling and Methanol Transport Behaviour of
PVdF/SPEEK/TiO; Hybrid Membrane

Abstract : A series of inorganic—organic hybrid membranes were
prepared with a systematic variation of titanium dioxidenanoparticles
content. Their water uptake, methanol permeability and proton
conductivity as a function of inoranic oxide content were investigated.
The results obtained show that the inorganic oxide network decreases
the proton conductivity and water swelling. It is also found that increase
in inorganic oxide content leads to decrease of methanol permeability. In
terms of the morphology, membranes are homogeneous and exhibit a
good adhesion between inorganic domains and the polymer matrix. The
propefties of the composite membranes are compared with the standard

nafion membrane.

1. A&

Hojargol Ak @A) wet AT AX Y AE-2 7|2AA ouA 2 zZHgut
Z A, a2 FAME AR deE A8 A (direct methanol fuel cell,
DMFO) & J#3AA 882 12 717 235 d89) AFo] $olsz
LALEI} PolM 2A¥EI} sHedtteE FAAE 7R Qo olel wat A
dge dgAXY g A7 d8AXe] Z42te] Fopel dis AFHer @
Asn Yok AW vlge Audx Fo2H  Nafione AEAo] Fos 33
o] ot Hige] AF2xe] ARYH BE JAF B, EF Y AT,
8] 717, Methanol crossoverq a3L 7IX3x Qi 71 & A3
Methanol crossovers LEE HEES ALEE AF A58 7] AboldA
dojupi= w7 A F7L LA E8o] ZAHT dsrt JFHHY cathode
E FAAA ouR AE&H AA AHE Aol FoJEH. ol A MELR 1
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B2 Aggozyd JAF Zxe €3 ¢AAMol £L& PEEK (poly ether
ether ketone)¥ AE3IA#A SPEEK (sulfonated poly ether ether krtone) 2.
2 9o AxAS 2R FUAd. 23y sulfonation®® A FHE Acidic
groupl & Q&) water swelling®ltt Membrane weeks& F7}stAl 84 o]+
PVAFE #7118t 1 A%E 24N § At £ AFAE TiOE H7hshod
0, 2.5, 5, 7.5, 10wt.%) H&E 5R=9} water swelling ¥ ZEZE IEE
o] HslE FAs U

2. 48
2.1 A8 2 A

Poly (ether ether ketone) (PEEK 450 PF)<& Victrex0. Ti(OiPr) & AM&3}
R AEFA A& FAH(EFIH 95~98%)2 T3 AHE3t3, PVAFAIE
°]Poly (vinylidene fluoride—co—hexafluoropropylene) (PVdF—HFP) & A}&
3tgith. €] N—methyl-2 —pyrrolidinone (NMP)+ <l Aldrich Chemicals
Apg3l . TiOz+= ethanol® titanium isopropoxides A3l sol—gel S
2 AFHUT

2.2. SPEEK (sulfonated poly ether ether ketone)$ A%

HA PEEK 12g& 100ToA 24A13F 7 }_’\]7] oS e FAE 200meel] 5
5CAlA  24A1F  FF wubet  §3jr]7l=dl o]wWe] DS(Dgree of
sulfonation) & 57%°|th. 38 §qS A2l Hrisha i<k Jzo] A7IA
Hed o] FMES FFHFFE TR AFEHEA pHZF FACl8 HHE JAE
S AZANY. Y SPEEKE 1342 A2oA 2447 A=A & 50T
A 3A1ZF, 70TlA 3A1ZF 135ColA 7AE 22 AZFA

2.3. Membraned A|F

WA A2 dxA]Z] SPEEKS 5d3 %2 PVAF-HFPE ¥ 1 NMPe| &
HAA 2442 AE mubsch, avkEd §98 SPEEKE 7]#2%  TiO:9
wt.% (0, 2.5, 5, 7.5, 10wt.%) & €83ty 150&7t sonicationd]Fo] TiO,
9 47t £ o] mEA EAHA g /‘1]7}7‘] E30] 4A EFEYLE F
ool HFol A2oA 24412 TG AE A F 70TlA 5412, 100T A
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5A1ZF 120ColA 1247 A= g,
2.4. TiO:9] Az

2 AFoA AEE TiO:x sol-gel3AS Y8t £33 ethanold 1919
v &2 TS (total 100m) FA7AE FRIsHEA a2k A, o7
Titanium isopropoxide 8mé$} ethanol 92mE Este] ®E £9& MU

FHA mEksith, o] e fHL filtering F AZAIA 100me sizeZ
A &gt

2.5. 54 £4

Membrane? EW JHE dolry] $3ke] JEOL 6400F FAE o] &3
SEM<& =431, PEEKelA SPEEKZ9 F+x3& W3E dotr7] s FT-IR
=743t Membrane? FE&FF $83& ¢otR7] A3 water swelling
ZA3t=1 membraned lemX1lemE 120CHTAA 24417 AZRAIZ 39
9T o]&4 2 o] 43 membraned] 283 80 E3HEE o7 Fu, 24
b Fo) B FEE HEE AAR F FAE oA A, B HAEE 39
A &3t YA ol 43 vEe FHEE A4 IMY HEEE S
A Ao WES AR o] 3Y T BT ZEE
HWAE 10-107 Hz Alolg) MF4¢k 50— 500mVe] Ao

3.1 Membrane morphology

B AFoA do}jZ membraned] FAE dFHoZ 50mBFEE VERAUTH
Fig. 1914 B #9} Zo] (a)&= SPEEKS PVAF% H7tg &, nAAgE
TiOz7b A7FEA &2 membraned FHHolZ (b)~(e)v TiO9 TFS A
Z7} A17] B9 membraneo]th, FnAoE (D9 12.5%9 TiO &L 713
membrane?] EAE TASGT. otdfld AXNES AAFHCE BA HE TiO9
ko] Z7}3te] whel membraned EWe TiO7t FAASZE UHEH o Y
FEXES ¢+ Uk

KX
T

r.{
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(a)

) e
Fig. 1. Scanning electron micrigraph of PVdF/SPEEK/TiOscomposite
membrane.

(@)0.0% TiO2, (b)2.5%,(c)5.0%, (d)7.5%, (e)10.0%, ()12.5%

3.2. FT-IR

PEEKe|X SPEEKZ ¢ 7z7 #W3E %olnr] 98 FT-IRS &A%t
Fig. 2014 Yebd 2} o] 3500~3000(cm™") ) IAtole| A acidic groups
g4 + YL, 1500~1000(cm™) Abeleld s E}EE ¢ 5 AT o}
#e] 182 PEEKelX SPEEKZY Fxw®sE 7oz HHS Aol W
A7) gede] acidic group WA S £ sulfonation®& & 4= Atk [21]
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Fig. 2. FT-IR of PEEK & SPEEK
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3.3. Water swelling &

ZA membraneO3#} Nafion?] Zo]& Fig. 3o YeErit}. water swelling
o] A (2] & o]&3te] +& & o

Water swelling = ( Wyet = Wary) / Wary X100 [2]
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g
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4 N o—sg,
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o}
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Fig. 3. Water swelling of PVAF/SPEEK composite membranes as a

function of the TiO; weight percentage.(@) Nafion membrane
(21.6%), (O) SPEEK/PVdF—-TiO; composites

Wuet & Warys= membraned AZA 32 FA o]},

Nafiond swelling® 21.6wt.%°]3 ZEXmembrane2 TiO7} 0.0%Y¢ =
29.47%°NA TiO&Fo] Frigte] wet vlald oz ZAdte 10.0%7F I
& ) 14.58%% HAPE vEFRUH

3.4. Vg e BEE

g £ EE Fig. 4904 RiEgsl 2o] TiOg2 &Fo] F/Hg4F Aes §F
A= ZAAse AES Jebdch B EAL water awelling®d ZT2E EE%-
o 7ol BlEA g 7AadA Bk AL 2.32x10 %ai/s2] Nafion® 1158}
wlZahE 0.1.0X 10 eri/s~3.33 X 10 %cri/s AtololiA UEl}E RoZ Hol o
g T35 g3t HAEE o a73YS YeEFUT

35 XT2E A%
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Fig. 4. Methanol permeability of PVdF/SPEEK composite membranes as a
"~ function of the TiOy weight percentage.

Table 1. Water Swelling and Methanol permeability of PVAF/SPEEK/TiO-
hybrid membrane

TiO;content Water swelling Methanol permeability
(wt.%) (%) - Fig.3. (E6cm/s) - Fig.4.
0.0 29.47 3.00
2.5 28.21 1.20
5.0 22.27 0.52
7.5 17.77 0.19
10.0 14.58 0.10
0.011 f
Q__'\
E 0.009 }
E 0007 } .,
2 .
& 0005 | =
'g 0.003 | S
© oo | - R - _
-0.001 . .
1 1 3 5 7 9 1

%% TiO; (wiw)

Fig. 5. Proton conductivity of PVdF/SPEEK composite membranes as a

function of the TiO2 weight percentage
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4. 4 &

XA 39 PEEK (sulfonated poly ether ether ketone) ol PVdF$} TiOp A 7}ell
& water swelling® methanol permeabilityd E4& ZAMESch Ti08 &
gko] Z=7}3b wlegl zZ4ze] %% wE A o7 AAFTE Hth water swelling
methanol permeability®] %] d4go] we} DMFCS TEx As) Zozg
Ag e 583 Aog Btk I8y proton conductivityZtb Holxle EAHZ
Ti0,9) EAA AEErlRorg B2 AN S BAdFE A5 EFY F77
Fgog Ao B

ghoz o ATWHL ALAS T AL 5 A EAE FAY Azxse A T
AL Fol B¢ #7822 DMFCE membrane2 2 Ag & & Y= st Ao
%o 28] FAojt}, '

°

ALY 2

B ATE AAARY A AP A R FRATFT FIAEL vtol
o AEY AT ATHE FYHYS.
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