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ABSTRACT

A review of theliterature on the properties of Poly (oxy-1, 4-phenyleneoxy-1, 4-phenylenecarbonyl-1, 4-phenylene)
(PEEK) and synthesis and characterization of SPEEK membranesfor fuel cell applicationispresented. This paper
provides an overview of the properties of general PEEK and synthesis and properties of sulfonated PEEK
compositions membrane for fuel cell application. Based on this paper, PEEK is a high performance aromatic
thermoplastic resin that can be used in different applications and sulfonated PEEK is the best alternative for
Nafionmembranes.  © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

PEEK isan abbreviation for PolyEtherEther-K e-
tone, ahigh performancelinear aromatic semi-crystal-
lineengineering thermaopl astic which hasahigh melting
temperature of 649°F (343°C). It has a glass transition
temperature at 289°F (143°C). The material was in-
vented and patented in 1978 by the Imperial Chemical
Industries (ICl) Company!. PEEK ’s characteristics
include high temperature performance, excellent wear
properties, superior chemica resistance, hydrolytic sta
bility and outstanding toughness and strength. PEEK
grades offer chemical and water resistancesimilar to
PPS (PolyPhenylene Sulfide), but can operateat higher
temperatures. PEEK can beused continuoudy to 480°F
(250°C) and in hot water or steam without permanent
lossinphysica propertiesandisadimensiondly stable
material that offersan excellent tensilerating withan
operating temperature up to 500°F (260°C). For hos-
tileenvironments, PEEK isahigh strength dternativeto
fluoropolymers. PEEK ishalogen freeand carriesa

UL 94V-0 flammability rating and exhibitsvery low
smoke and toxic gas emission when exposed to flame
contributing toimproved workplace safety. It has ex-
cellent chemicd resistancetoadmost al organicandin-
organic chemicasandisextremey resstant tohigh lev-
elsof gammaradiation for along-term bundling solu-
tion. Hydrolysisresstanceishigh even at el evated tem-
peratures. PEEK meets many aerospace, automotive,
fire, smokeand toxicity, food/water, and military ap-
provasand standards. And unfilled PEEK isapproved
by the FDA for food contact applications (since 1998).

OO0

PEEK chemical structure

Fuel cell fiedisthemost investigated field of the
eco-friendly energy sourcefor the next generation and
thedevel opment of aproton exchanged ectrolyte mem-
branewhichisanindispensablepart for theactua driv-
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ing of thefuel cell can beachieved by solvingthe prob-
lemsregarding thetechnical aspect intechnical field.
Among the portable el ectronic equipments of thefuel
cdll gpplication, thedirect methanol fuel cell (DMFC)
isthemost accessbleand promising. Thedirect metha:
nol fud cell (DMFC) offersthepotentid of high-energy
efficiency and near-zero emissonsin comparisontoin-
ternal combustion engine. The methanol crossoveris
thekey problemfor thedirect methanol fuel cell among
conductivity, thestability and the thicknessof themem-
brane. The most common proton exchange membrane
for thedirect methanol fuel cell isNafionwhichisa
perfluorosulfonic acid-type electrolyte membrane.
Whilethe perfluoro-typepolymer dectrolytemembrane
provideshigher conductivity and chemicdly sability, the
performance of themembraneisloweredinalongtime
running becausethe membraneisthick and thedegree
of methanol permegbility isreatively high, thereforethe
membranea so hasproblemsin practica applications.
Generally, thethinner membraneleadsto thesmaller
TABLE 1: Presentsphysical property information that is

based ontypical valuesof thebase PEEK resin aswell astest
resultsobtained from actual film testing.

Test Units  ASTM Test Result
M echanical
Tensile Strength @ yield psi D882 17.400
Elongation @break 06 D882 Co
Tensile Modulus psi D882 391.500
Flexural Modulus psi D790 531.000
Tear Strength — prop. E_ - D1004 35
Tl

Thermal
Continuous Use Temp - UL °E — 464
Heat Deflection Temperature o .
@264 psi F D643 330
Melt Temp - DSC " F - Hd4
Glass Transition Temp °F D3418 289
Flammability — — FTM =1
UL Rating - UL94 % D2863 : 23
L.O.l Dmax E662 1
NBS Smoke
Electrical Ohms D257 1.8x10°
Surface Resistivity Vimil D149 3200
Dielectric Strength @.003" 1KHz D150 3 20
B:;{?ﬁf!c Constant 10KHz D150 0.0026

pation Factor
Other

" ) — D792 1.256
Specific Gravity D570 ;
Water Absorption %/24hr _ 05
Refractive Index - -
Haze % D1003 0.4
Area Factor In?/1b/mil - 20.900
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over-voltage by theresistance, and theheavier equiva
lent weight providesthesmadler ion conductivity. There-
fore, the thinner polymer electrolyte having lighter
equivalent weight isthe preferabl e el ectrolyte mem-
brane. However, amembranehaving anexcessvey thin
thicknessraises not only the problem of mechanical
strength, but al so the problem of methanol crossover,
which permitsthe permeation of gasfor each pole of
the cell from one poleto the other pole through the
membrane, which leadsto consderablelossof the per-
formanceof thefuel cell.

Inthisregard, therecent investigation haveincreas-
ingly concerned with the polymer e ectrolyte compos-
ite membrane whi ch hasreduced thickness. The poly-
mer eectrolytecompositemembraneshave proper sup-
portsand mechanicd propertiescomparableto Nafion
membrane. Further, advanced countries, suchasUSA,
Japan and European countrieshave carried out anum-
ber of investigations, however, resulting in no promi-
nent outcome, and if any, theresultswould betightly
secured, thereforeit isnot easy to accesstheinforma-
tion. For example, theMax-Plank ingtitute, German has
investigated thedevel opment of polymer membranewith
PEEK.

Widewater channelsare provided by aggregation
of hydrophilic domainsin hydrophilic polymer inthe
presence of water whichisgenerated fromthedriving
of fud cdl anditisknown that such achannd iscaused
by high hydrophilic-hydrophobic minute phase separa:
tion associated with hydrophilic sulfonic acid groups
and hydrophobic tetafl uorobackbones. Consequently,
methanol and water areeadly transported across mem-
branesthrough those channels. On that occasion, the
methanol transported from anode to cathode causes
the oxidation reactionto take place not only in anode
but also in cathode, resulting in defects such aslow
performance of 35%intota, mixed potential, and loss
of fuel. Further, the high water permeability lowersthe
performance of the cathode. Therefore, it isnecessary
to develop anovel membranewhichisnot expensive,
and to solvethetechnical problemssuch asmethanol
crossover whichistherepresentative defect of the pre-
existing Nafion membrane, sability at high temperature
and conductivity. High proton conductivity and low
methanol crossover of sulfonated polyether ether ke-
tones (PEEK) and their compositesquaify these mem-
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branesto be considered asan aternativefor applica-
tioninDMFCs.

PEEK GRADES

PEEK (Unfilled)

Thisgenerd purposegradeisunreinforced and of -
fersthe highest elongation and toughnessof al PEEK
grades. Unfilled PEEK isavailablein sheet and rod
formsinnaturd (avery light brown or tan) color (Fig-
ure.2) andisalso availablein black. Black PEEK is
ideal for instrument componentswhere aestheticsare
important, aswell asfor sed componentswhereductil-
ity andinertnessareimportant. All unfilled PEEK grades
comply with FDA regulation 21CFR 177.2415for re-
peated food contact.

PEEK (30% Glassfilled)

Theaddition of glassfiberssignificantly reducesthe
expansion rate and increasestheflexural modulus of
PEEK. Thisgradeisideal for structura applications
that requireimproved strength, stiffness, or stability,
especially at temperatures above 300°F (150°C).
GlassHilled PEEK islight brown or tanin color.

2 q ||~ PEEK-TPI F
*¥ 7| —— TPLPEEK o
25 H-=PEEK .f >

Dimension Change (%)

0 50 100 150 200 250 300
Temperature (°C)
Figure2

PEEK (30% Carbon filled)

The addition of carbon fibers enhancesthe com-
pressive strength and stiffnessof PEEK, and dramati-
calylowersitsexpansonrate. It offersdesignersopti-
mum wear resistance and load carrying capability ina
PEEK -based product. Thisgrade provides 3" times
higher therma conductivity than unreinforced PEEK —
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dissipating heat from the bearing surfacefaster. Car-
bon-filled PEEK isblack incolor.

PEEK (Bearinggrade, ketron HPV)

Thisgradeof PEEK, containing carbon fiber rein-
forced with graphite and PTFE |ubricants, offersthe
lowest coefficient of friction and thebest machinability
for al PEEK grades. Bearing grade PEEK hasan ex-
cdllent combination of low friction, low wear, highlim-
iting PV, low mating part wear, and easy machining.
Bearing grade PEEK isblack or dark grey in color.

Other specialty gradesnow available

High-temperature PEEK HT, bearing gradeKetron
HPV, static-dissipative Semitron ESd 480, Ceramic-
Filled PEEK, and T-SeriesPEEK -PBI (d so, these new
medical grades. PEEK-LSG, PEEK-CA30 LSG,
PEEK-GF30 LSG and PEEKCLASSIX LSG)

Thermal stability

Practica usetemperaturefor any |oad-bearing ap-
plication of asemi-crystdlineresnistypicdly limitedto
itsTgdueto dgnificant dimensiond changesandlossin
stiffnessabovethe Tg. For PEEK, such practical use
temperature under load is around 150°C. This defi-
ciency can beimproved by the addition of reinforce-
mentssuch asglassfibersand minerd fillers. Unfortu-
nately, these changes, whileimproving one property,
adversely affect other properties. For example, addi-
tion of glassfibersincreasesweight, reducesflow and
induces ani sotropy in molded parts. In someinstances
thefiber additivescaninterferewith thesurface smooth-
ness of the shaped parts causing uneven surface prop-
erties. Addition of reinforcingfiller to PEEK canalso
makeit difficult to extrudethinfilmsandfibers.

Another gpproachtoimprovethepractical usetem-
peratureof PEEK isto blendit with ahightemperature
(e.g., Tg>200°C) amorphous resin. Many blends of
PEEK withresnssuch aspolyetherimides, polyimides
and aromatic sulfones have been reported®4. Blends
of PEEK with apolyetherimide (e.g., ULTEM* 1000
resin) havebeen extensively studied®8. ULTEM 1000
and PEEK formamiscibleblend acrosstheentirecom-
position space as evidenced by one-phase morphol -
ogy and by asingle Tg. Suchahigh extent of miscibility
dowsdownthecrystdlization of PEEK and theseblends
aremoreor lessamorphous as processed under typi-
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cal conditions. Upon annealing at temperatures above
the Tgof PEEK, crystallization of PEEK isfeasible®.
Recently anew thermoplastic polyimide polymer
(TPI) hasbeen commerciaized by SABIC Innovative
PlagticsasEXTEM* UH resin®, |tisthehighest glass
trangition temperature, amorphousthermoplasticresin
avalablecommercidly. EXTEM UH resin offersgood
dimensiona stability, high temperature strength, creep
resistance and flame resistance. A new classof high
temperature TPI-PEEK blendshasbeen devel oped by
aloying PEEK withthenew EXTEM UH resin. PEEK
isnot fully misciblewith thisnew TPI and the blends
demonstrate atwo-phase morphol ogy and two Tg’s.
One of the advantages of these phase-separated
EXTEM UH-PEEK blendscompared tothe ULTEM-
PEEK blendsisthat PEEK can crystdlizefast and no

= Y feroreview

annealing of partsisneeded. PEEK alsoimprovesthe
melt processability of the THl. These TPI-PEEK blends
combine strengths of both PEEK and TPI to perform
inthemaost demanding environments, specificdly ingp-
plicationsrequiring acombination of hightemperature
mechanicd performanceand dimensond gability. These
blendsaredesignedtofill theperformancegapfoundin
many of today’s high temperature materials with ability
to perform at temperaturesintherange of 150-275°C.
Co-efficient of therma expanson of PEEK improvesa
littlewiththeaddition of the TPI (below the PEEK Tg).
Substantialy lower expansion (i.e. better dimensiona
stability) isseen for the TPI-PEEK blends abovethe
PEEK TgasshowninFigure2.Typica datasheet prop-
erties of TPI-PEEK blends compared to PEEK are
showninTABLE 2.

TABLE?2
ASTM Testing — PEEK — PEEK

PROPERTY
Tensile Modulus,23°C MPa 4300 4200 4100
Tensile Strength,23°C MPa 100 90 95
Flexural Modulus,23 °C MPa 4000 3800 3300
Flexural Strength,23°C MPa 170 160 170
Izod Impact,unnotched,23°C L NB 640 1230

iy
| zod impact,notched,23°C i 590 32 48

iy

m

CTE,23°C to 125°C, flow it?.':}; 47 44 39
HDT,0.45MPa,3.2mm (as-mol ded) °C 156 260 280
HDT,1.82MPa,3.2mm (as-mol ded) °C 146 160 230
Density - 1.32 1.34 1.38
Limiting Oxygen Index (LOI) % 35 41 42

PEEK excellent thermal propertiesareattributed
to thestability of the aromatic backbone, which makes
up the bulk of the monomer unit™*? Theheat of com-
bustion of PEEK, measured using Oxygen Bomb Calo-
rimetry, is31.28 kJ/g.*® However, in areal fire sce-
nario, the polymer leaves a substantial (~70%) char
residue. Specific Heat Release Ratefor Severa Poly-
mersisshownin Figure 314

PEEK hassuperior therma degradation resistance,
with a continuous use temperature of 260°C and a
melting point of 343°C. The onset of thermal degrada-
tion resulting in mass loss occurs between 575-

580°C.18 Asshownin TABLES3, thisnumberisquite
noteworthy in comparison to the other polymerslisted.

Methodsof film production

PEEK as ahigh performance, aromatic thermo-
plastic resin can bemelt extrudedinto both amorphous
and crystdlinefilms PEEK hasahigh meting tempera
tureandistypically processed at melt temperatures of
between 380-400°C (710-750°F).while these oper-
ating temperaturesare much higher than most conven-
tional polymer processes, PEEK can be run on such
equi pment whit afew miner modification. Themost Sg-
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nificant aspect is to upgrade the heater bands to be
cgpableof running a thishightemperature. Singlescrew
extrudersare used for melting the polymer and forma
thinfilmthrough acasting diewith appropriate thick-
ness. Theproduct is passed through aseries of heated
rollersto formthefinal film product. The actua tem-
perature of the rollersis the key process parameter
which determineswhether thefilmisamorphousor crys-
taling™.

1800 —+—+—+—+———+—+—"—+ 1T+t
Polyethylene

1600 +
1400

Polypropylens

1200

1000
800 |- ABS
600 | PMMA
400 |
=14 J
L \

PEEK
PBI
S200 [

400 b vty | T N I R
0 50 100 150 200 250 300

Heat Release Rate (J/g-K)

Time (secends)

Figure3
TABLE3

Decomposition

Polymer Onset Temperature (°C)
Polyethylene (PE) 335
Polypropylene (PP) 3’8
Polyvinyl chloride (PVC) 200
Polystyrene (PS) 285
Polymethyl methacrylate (PMMA) 170
Polyethylene terephthlate (PET) 283
Polycarbonate (PC) 420
Polytetrafluoroethylene (PTFE) LT
PolyEtherEtherK etone (PEEK) 5§75

Sulfonated PEEK

Sulfonation isadesirable and versatile process,
which can be used to ssmultaneously render the poly-
mer proton conductiveaswell ashydraophilicin nature.
Sulfonated polymers can be prepared intheform of a
freeacid (-SO, H), asalt (e.9.,-SO,-N&’) or an ester
(-S03R)1¢l, Thedegree of sulfonation canbecontrolled
asdesired and the polymers can be sulfonated in the
initid stagesof synthesisor intheir find form. Introduc-
tion of clustersof hydrophilic sulfonicacid groupsinthe
hydrophobic PEEK matrix yields selectiveregionsof
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water absorption (withlimited swelling), and good pro-
ton conduction.

Prepar ation of sulfonated Polymer

According to proceduresdescribed inthelitera
ture*”, the polymer (60g) was dissolved in 95-97%
H2S04 (330ml) at room temperature for 24hrs and
raised to 70°C for 20mins. The reaction temperature
wasdecreased to 60°C and the reaction mixture stirred
for afurther 6 hrs. The sulfonated polymer was pre-
cipitatedin 51 water, filtered off and washedin (1) 1 M
HCl at 80°C and (2) H20 at 50—-60°C until a pH of 7
wasdtaned. The polymer wasdried to constant weight
at 80°C.

Membraneformation

A polymer solution was prepared by dissolving
SPEEK inNMPinaratio of 0.12 (weight/volume).
Thesolutionwasstirred at room temperaturefor at least
threedays. In case of poorly dissolving polymers (low
degree of sulfonation), the solution washeated to 120
°C for 3 h. Polymer membranes were prepared by a
casting and sol vent evaporation process*®. Before cast-
ing, aglassplate was cleaned with NM P followed by
acetone. Then, afilmof polymer solutionwascast with
a0.6 mm doctor blade. The solvent was evaporated
by drying in an oven at 70 °C for 20 h followed by
dryinginavacuum oven (100 °C/<100 mbar) for 20 h.
Themembranes, which adhered totheglassplates, were
soaked inadeionized water (DI water) bathfor 2h. In
thisstep, the remai ning solvent wasdiminated and the
membraneswere peeled off from theglassplate. Pro-
tonationwascarried outin 1M HCI for 1.5hfollowed
by soaking the membranesagain in DI water for 2 h.
Themembraneswereair dried and stored until further
characterization. Thethickness of themembranesvar-
ied between 30 and 40 pm.

I on exchange capacity and degree of sulfonation

Theion exchange capacity and the degree of sul-
fonation of the polymersand themembranes are deter-
mined by titration. In addition the DS of thepolymersis
measured by NMR. Huang et al .[** reported akinetic
study on the sulfonation of PEEK. DSwasrelated to
sulfonationtimewith:

—In(1 — DS) = K x C.H2504 x t.sulfonation (1)
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Thisisvalid with the assumption that the sulfona-
tionisasecond order reaction and that at first all mono-
mersmust be sulfonated (DS = 1) beforefurther sub-
stitution on the sulfonated monomers can take place.
The concentration of sulfuricacidinthesolutionisob-
viously much higher than the concentration of PEEK
andis18.0 M (assumption: 96 % H2S04). When—In
(1-DS) isplotted against sulfonation time, alinear de-
pendency must befound accordingto Eq.1. Thereac-
tionrate coefficientis3.13-10-3 L mol-1 h-1. Huang et
al. found 5.05-10-3 L mol-1 h-1 (at 36 °C) with the
sulfonation of PEEK (Victrex, 38.400 g mol-1, pow-
der). They first solved the PEEK powderin1hat 22
°C and found an intercept with the y-axis at—In (1-DS)
=0. The presented experimentd dataare obtained with
PEEK pdlets, wherealonger dissolvingtimeisexpected
in comparisonto PEEK powder (presentedinlitera-
ture). Theintercept withthex-axisin Figure4.3is5.1
h. representing the practical dissolving timefor PEEK
pelletsat 35°C.

1 0 T T T T T "
0 data: Ds(tsulfonation) -8

. 08f linear fit B .
) I 5 i
a 0.6 g
ns I
£ 04 .

0.2} L .

, '-.ln('I-DS) =0056t, . -0290]

0 4 8 12 16 20 24

tsulf{:nation [h]
Figure4

Deter mination of ther eaction r ate coefficient

The sulfonation proceedswith dissolving PEEK in
sulfuricacid at 25 °C followed by sulfonation at a cer-
tain sulfonationtemperature. Thisisasimilar approach
asdescribed by Do et d.1 In thedissolving step, sul-
fonation takes placeto asmall extent. Theamount of
ion exchangeablegroupsis measured with titration and
is0.177 mmol g-1. DSand IEC of thefina membranes
asafunction of the sulfonationtemperature are shown
inFigure5. Thereisalinear relationship in that tem-
peratureinterval andthe DS can bewell controlled or

= Y feroreview

predicted. Inall casesthe valuesmeasured by NMR
aredlightly higher. With adifferent titration method
Huang et a.119 determined valueswhich areconsis-
tent with the presented results. It isremarkable, that
they d so observed aconstant difference between both
methods, but indl casesthetitration vauesweredightly
higher. For dl further caculations, thetitration values
areused. Reasonsfor thisare:

e A lower measureable DSlimit withtitration and,
therefore, avoiding difficultiesof dissolving low
sulfonated polymers in case of NMR sample
preparation.

e Time, effort and expenses, because the NMR-
measurements are performed externally and the
titration measurementsin our own laboratory.

e Expected complications when these polymers
should be compared to inorganic-organic hybrid
materids, wheredissolvinginasolvent in case of
NMR sample preparation is complicated or not
possble
Thereaction rate coefficient isdependent ontem-

perature and therefore described by theArrheniusequa

tion:

Ea
K =Koe ® - InK =InK, — == @)
T T o T T T3 L.
80 [ = Titration _E
70+ e 12.0 “g
= 60} K 118 B
w v {16 E
Q 50t R 1 :
o 1l
W 112
L 1
30+ 411.0
35 40 45 50 55 60
Tsulfonation [ncl

Figure5
FTIR analysis

Figure 6 showsthe FTIR spectraof sulfonated and
unmodified PEEK membranesfromwhichit canbeseen
that the sharp peaks, due to monosubstitution occur-
ring at 700, 780 cm?, and noti ced with the unsulfonated
PEEK disappeared after sulfonation. Appearance of
new peak at €20 cm'?, indi cating parasubstitution, was
observed. Thisshowsthat after sulfonation, the—SO_H

—r—,  \lBCromolecules
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groupsareIntroduced at the paraposition only. A peak
at 1360 cnm?, identified in the spectrais due to the
asymmetric stretching of the S=O bond?!. The sym-
metric vibration of thisbond producesthe characteris-
tic split band of absorbanceat 1150 and 1185 cm™ No
other significant changes were observed in other re-
gions,

||
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Figure6
Water absor ption

It isknown that the presence of water facilitates
proton transfer and i ncreases the conductivity of solid
polymer dectrolytes. Theenhancement of hydrophilic-
ity by sulfonation of PEEK polymer can bedetermined
by absorption of water in the SPEEK membraneasa
function of sulfonationtime. Figure 7 showstheplotsof
water uptake and methanol uptake of SPEEK against
the sulfonation time. It can be noticed that the water
uptakeincreaseslinearly with degree of sulfonationand
reachesamaximum of 67% after the polymer was sul-
fonated for aperiod of 80 hrs.

Thewater absorptionincreased gradudly, whenthe
sulfonationtimeranged between 5-12 hrsand very rap-
idly theregfter. Thismay bedueto theformation of clus-
teredionomersinthehighly sulfonated polymer. Clus-
tered ionomersabsorb more water, therefore, alarge
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water uptakeis suggestive of the presence of ion-rich
regionswhereprotontransfer isparticularly rapid?.
Unlikewater absorption, not much changewasevi-
denced in the case of methanol absorption. It clearly
indicatesthat the sulfonated polymer isnot highly per-
meableto methanol even at higher degrees of sulfona
tion thereby ensuring ahigh efficiency of methanol utili-

zdion.
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Figure?7
M echanical properties

Thetenslestrength of thesulfonated polymer isre-
ported in Figure 8 and el ongation at break percentin
TABLE 4. It can be observed that thereisadecrease
inthetenslestrength of PEEK , and an enhancementin
percent e ongati on after sulfonation. Thisreduction may
be attributed to the increasing degree of substitution
with sulfonation, which causesthe swdling of the poly-
mer. Thisswelling permitsincreased chain movements
whichinturn makesthe polymer softer and moreflex-
ible. Thisgreater chain movement meansthat the mate-
rial changesfrom glassy state (hard and brittle) to rub-
bery state (flexibleand soft), thereby reducing theten-
slestrength and € ongation under stress. Onincreasing
theduration of sulfonation, areductioninthetensile
strength of the polymer was evidenced. PEEK, sul-
fonated for aperiod of 12 hrsshowed atenslestrength
of 168 N/mm?, and an elongation of 20%. TABLE 2
givesthetenslestrength and percent e ongation at bresk
for different sulfonationtimes.

Conductivity measurements

Theproton conductivity in water measuredwiththe
platinumwireconfiguration (PWC) issmilar but dways
higher than the values measured with the spring tips
configuration (STC) theaverage value of the absolute
difference between both methodsis4.6+0.6 m S.cm-
1. Thisdeviationisdedicated to differencesin experi-
menta setup and membrane geometries.
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TABLE4
Duration of Tensile Elongation
sulfonation (h) strength(N/mm? at break(%)
6 205 32
8 181 33
10 174 27
12 168 20

Prior to conductivity measurements, the SPEEK
membranewasfully hydrated. Theinfluenceof tempera:
tureontheconductivity of SPEEK membrane, sulfonated
for aperiod of 12 hrs(with adegree of sulfonation of
60%) in comparisonto commercialy used Nafion 117,
isshowninFigure9. The conductivity of Nafion 117
increased steeply in therange of 30-40°C from 0.086
t0 0.1 0 S.cm* and then gradually in the range of 40-
100°C and showed a conductivity of 0.17 S.cm™ at
100°C. On the other hand, the conductivity of SPEEK
increased dowly intherangeof 30-50°C from 1.2 x 100
2S.cmtto 2.5x 102 S.emt, morerapidly between 50
-100°C, at trained a maximum conductivity of 5.8 x 10r
2S.cmr! at 100°C, and dropped gradually thereafter.
Thisriseandfall of conductivity suggeststwo compet-
ing trends, one, which enhancesthe conductivity and
other that reducesit. Asionic conductivity of electro-
Iytesisingenera thermally stimulated, arisein proton
conductivity with temperatureisexpected. Thefall in
conductivity curveaboveacertain temperature suggests
that dehydration of polymer occursduring measurement.
Joneset a attained aconductivity of 0.04 S.cm™ for a
65% sulfonated PEEK at 100°C/100%R.H.

CONCLUSIONS

Thewater uptake, proton conductivity, and metha
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nol permegbility for sulfonated PEEK membraneswith
different DSwerediscussed. The membrane thermal
stability up to 250 °C makes them suitable candidates
for fuel cell applications. Theproton conductivity isalso
sufficiently highfor fue cells. It wasdemonstrated that
thewater uptake of themembranesincreased within-
creasing temperatureand DS. The degree of sulfona
tion must be controlled and terminated as soon asthe
most desirablel EC and mechanica strength areatained,
sincetheresulting enhanced hydrophilicity canlead to
increased softness of the polymer, irreversible sweling,
and solubility inwater which arenot desirable. Sulfona
tion of PEEK for aduration of 12 h at 55°C appears
viableasit yieldscomparatively good |EC vaues (0.9
meg/g), water sorption of 33% and aproton conduc-
tivity a 80°C (0.046 S.cm™) which are comparableto
Nafion 1 17 respectively (IEC-0.863, water absorp-
tion 30%, proton conductivity at 30°C-0.07 S.cm™).
The desulfonation/ decomposition of SPEEK occursat
360°C, which indicates that SPEEK can be safely used
at operating temperaturesnormally recommended for
PEMFC. However, thelongterminsitu stability in par-
ticular, of SPEEK membranesin DMFCsstill needsto
be assessed in practice, to establish that it can bede-
ployed asasuitabledternativeto commercidly Nafion
membrane.
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