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ABSTRACT KEYWORDS
Polymer composites of Sulphonated Poly Ether Ether Ketone (SPEEK)- Sulphonated poly ether
Mont Morrilonite clay (MMT) with varying concentrationsof MMT, were ether ketone (SPEEK);
considered as materialsfor synthesizing Polymer Electrolyte Membranes Mont morrilonite clay
(PEM). The MMT was added to check for variations in the mechanical (MMT);
stability, solvent absorption and proton conductivity of the composites Polymer electrolyte mem-
with virgin SPEEK. The membranes were cast from solution using N-Me- branefuel cell (PEMFC);
thyl-2-Pyrrolidone (NMP). FT-IR confirmed the presence of sulphonic acid Membrane electrode
groups in the membranes and X-Ray Diffraction (XRD) confirmed the assembly (MEA);
amorphous nature of the composites. Scanning Electron Microscopy Proton conductivity;
(SEM) showed good dispersion and distribution of the MMT particles Virgin SPEEK.

without any agglomerations. Thermal analysis confirmed thermal stability
of the composite membranes upto 200°C and tensile test measurements
showed higher tensile strength for the composites than virgin SPEEK.
Electrochemical Impedance (EIS) showed an increase in proton conduc-
tivity for the composites when compared to virgin SPEEK. After charac-
terization, Membrane Electrode Assembly (MEA) was fabricated with
Nafion, SPEEK, SPEEK-MMT for performance evaluation of the mem-
branes. The composites showed higher current density when compared
to virgin SPEEK and Nafion. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION cgpability to perform at high operating temperatures*2.

Thus, an aternate energy system seemsnecessary in

Nafion provesto beardiablePEM for fud cellsas  thiseraof sustainabledevel opment and greentechnol -

it hasvery good proton conductivity, water absorption,  ogy asthe energy derived from the existing resources
durability and dimensiond stability. However, Nafion,  proveto be potential poisonsand pollutants. Sul pho-
withitsfluorine backbone can beacausefor concern  nated Poly (Ether Ether Ketone) membraneshavebeen
intermsof high cost, environmenta factors, andpoor  investigated extensivel y3 asalternativesfor Nafion
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primarily dueto theflexible ether-ether linkage, good
water absorption, moderate proton conductivity and
ability to perform at temperaturesupto 180°CE4, most
importantly, SPEEK membranesarelessexpensive.
Ability towithstand thereductive environmentsin the
fuel cell and good mechanical propertiesbecomeim-
portant cons derationsfor PEM. Thesecan beachieved
by preparing composites of SPEEK with inorganic
materials, which can be uniformly dispersed in the
SPEEK matrix. Many research works based on com-
positesof SPEEK andinorganic materiassuch asTiO,
SPEEK-Boron Orthophosphate® composites have
resulted in membraneswith good chemical resistance,
high thermo-oxi dative stability, good mechanica srength
and being less expensive. SPEEK-PANI composite
membranes, which showed, reduced methanol uptake
upto four timeslower than Nafion 117 and reasonable
electrochemical dataand therma properties®.
Thecurrent researchamsat developing dternaive
PEM using SPEEK-MMT compositesand aresynthe-
Szed andtestedfor the gpplication assPEMsin PEMFC.
MM Tissdlected dueto the presenceof hydrogen bond-
ing, whichisexpected to provideexce lent mechanical
dahility andflexibility tothemembranes Moreover, MM T
isprovento haveexcelent water absorption capabilities,
which canhaveadirect and positiveeffect ontheproton
conductivity of the polymer el ectrolyte membranég”.
SPEEK-MMT compositeis expected to show better
propertiesthanvirgin SPEEK intermsof tendlegrength,
initial decompaositiontemperature, solvent absorptionand
Proton conductivity.
Theobjectivesof the present work are
» Synthesis of virgin SPEEK and SPEEK-MMT
compositemembranes
» Testing of compositesfor IEC, solvent absorption
and chemicd gability
» Characterization of compositesusing FT-IR, XRD,
TGA, SEM, EIS,UTM
> Fabrication of MEA and performanceevauaionin
PEMFC

EXPERIMENTAL

M aterialsand methods

(a) Sulphonation of PEEK
PEEK powder, 150X F, was purchased from Victrex
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(England) Sulphuric acid, Anaytical reagent, was pur-
chased from Nice Chemicas(India). A known quantity
of PEEK powder wastaken in around bottom flask
and reacted with 150 ml sulphuric acid for 3 hourg?8
with continuous stirring using amagnetic stirrer. The
reaction wasterminated at theend of 3hoursinanice
bath and the resulting Sul phonated PEEK (SPEEK)
fibreswerewashed in doubledistilled water to neutral
pH. and dried at 60°C for 3 hours in a hot air oven!?#,
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Figurel: Sulphonation of PEEK molecule.

(b) Synthesisof SPEEK and SPEEK-MMT com-
positemembraned’®l

Surface modified MMT powder was purchased
from SigmaAldrichand NMP (AR Grade) from Nice
Chemicals. For the preparation of the membrane, the
following procedure was adopted. SPEEK wasdis-
solved in NMP at room temperature and theresulting
solution wasstirred for few hours. The homogenous
ol ution obtained wasthen filtered and cast onto aclean
dry petri dish. The contentsof the petri dish are heated
to 60°C for afurther 24 hours. The membranesthus
obtained were palebrownin colour.

For the composites, measured quantity of MMT
wasdispersed in NM P and the solution was stirred for
2 hours. The MMT dispersion was then added drop
by drop into the SPEEK in NM P solution and there-
sulting mixturewasstirred for 4 hourstill it turned ho-
mogeneous’d. Thishomogeneous sol ution was cast
onto aclean petri dish and the contentsweredriedin
theoven at 60°C for slow evaporation of the solvent to
avoid any fissuresin thefina membrane. After the sol-
vent had evaporated, the membranes were peeled of f
from the container, treated with 0.5N H_SO,, and
washed with deionized water. A set of four different
compogiteswith varying concentrationsof 98%SPEEK -
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2%MMT, 4%MMT, 6%MMT, 8%MMT were syn-
thesized using the aforementioned technique. Thesyn-
thesized membraneswere of 80-100u in thickness.

(c) Fabrication of membraneelectr odeassembly
(MEA)“8

The procedure for preparing aMEA adhered to
standard protocols. Carbon VVulcan X C-72 was pur-
chased from Precision Scientific, Coimbatore. Pt on
Vulcan XC-72 was purchased from Precision Scien-
tific, Coimbatore. 60% Teflon disperd on waspurchased
from SigmaAldrich. Isopropyl Alcohol (IPA) was pur-
chased from Rankem Chemicals.

Purification of themembrane

Teflonization of the porouscarbon cloth
Carbonization of theteflonized carbon cloth
Catdyst layer first stage coating

Catalyst layer second stage coating

Hot pressing of the electrodes on themembrane

(A) Purification of themembrane

Purification of themembraneisvery crucid and must
be performed beforethe preparation of MEA. Initidly,
al membranesareallowedto boil in3%H,O, for 45
minuteswhich removestheimpuirities, if any, present
onthesurface of themembrane. It isthen washed thor-
oughly with distilled water and boiled for 30 minutesin
10% H_SO, toremoveany inorganicimpuritiesand to
get themembranein acomplete protonated form. Fi-
naly, the membraneiswashed with boiling water to
remove any excessacid present on the surface of the
membrane and and themembranearedried.

(B) Teflonization of the porouscarbon cloth

For thetefl oni zation process, a60% Teflon disper-
soninwater availablecommercialy isprocured andis
further diluted with deionised water intheratio of 1.5.
Thecarbon dothishighly porousin natureandisdipped
intheabovedispersonfor 30 seconds. Thenitisplaced
inamufflefurnaceat 350°C for 3 hours. The process
of teflonizationimprovesthe hydrophobicity of the car-
bon cloth.

(C) Carbonization of theteflonized carbon cloth

Thisisdsocdled astheGasDiffuson Layer (GDL).
Initidly Vulcan X C-72 (3mg/cm?) ismixed with 3ml of
de onised water and sonicated for 10 minutes. The soni-
cation isdoneto obtain afine dispersion of the carbon

TMoOO®>»
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particles. Then 2-3ml of isopropyl acohol isadded and
sonicated againfor 10 minutes. Finaly, adrop of Teflon
dispersionisadded, mixed and immediately coated on
the carbon cloth by meansof abrush. Theclothisthen
kept inamufflefurnaceat 350°C for 3 hours.

(D) Catalyst layer first stage coating
(1) Anode

Thecatayst usedisPt dispersed in carbon. For the
first stage, the amount of Pt taken is0.125 mg/cm?.
The required amount of the catalyst isweighed and
mixed with 3ml of water and sonicated for 10 minutes.
Then 1-2 drops of IPA isadded and soni cated for an-
other 10 minutes. Findly, onedrop of Teflondispersion
isadded, mixed with the help of apainting brush and
coated immediately on the carbonized cloth. Itisthen
heated inamuffle furnace at 350°C for 3 hours.

(2) Cathode

Thefirst layer of catalyst was coated as donefor
anode.

(E) Catalyst layer second stage coating
(1) Anode

For the second stage, the amount of Pt taken is
0.125 mg/cn. Therequired amount of thecatalystis
weighed and mixed with 3 ml of water and sonicated
for 10 minutes. Then 1-2 dropsof S-PEEK solutionis
added and then coated immediately onthecarbon cloth
over thecatalyst layer coated during thefirst stage. Itis
thendried inahot air oven at 80°C for 4 hours. The
el ectrode obtai ned after drying can be used asthe an-
odefor thefabrication of the MEA.

(2) Cathode

For the second stage, the amount of Pt taken is
0.375 mg/cn?. Therequired amount of thecatalystis
weighed and mixed with 3 ml of water and sonicated
for 10 minutes. Then 1-2 dropsof S-PEEK solutionis
added, mixed and coated immediately on the carbon
cloth over thecatalyst |ayer coated duringthefirst stage.
Itisdriedinanovenat 80°C for 4 hours. The electrode
obtained isthe cathode that can be used for thefabri-
cation of the MEA.

(F) Hot pressing of the electrodes on the mem-
brane

On either side of the membrane, asolution of S-
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PEEK inNMPisapplied and theed ectrodes are placed
onether side. Itishot pressed at 80°C for 45 seconds
with aload of 0.5 tonnes. The two electrodes stuck
onto the membrane after the hot pressing treatment.
Theresulting assembly istheMembrane ElectrodeAs-
sembly.

Theabove MEA isusedinthe PEMFC for perfor-
manceevauation.

Characterization

() Fourier transforminfrared spectroscopy (FTIR)

The IR spectra (450 — 4000 cm-1) for the dried
membraneswererecorded with aPerkin EImer FT-IR
spectrometer with an accuracy of £0.001 cm™at 25+
2°C. The samples were dried at 100°C for an hour
before recording the spectrum.

(b) X-ray diffraction (XRD)

XRD measurementswereperformed usingan X’
Pert Pro diffractometer. The dried samples were
mounted on an a uminium sampleholder. Thescanning
angleranged from 1° to 80° at a scanning rate of 2° per
min. All the spectrawere taken at ambient tempera-
tures (25+ 2°C).

(c) Scanning electr on microscopy (SEM)

The surface morphol ogy of the el ectrolyte mem-
braneswasanadysed usng SEM (Hitachi S—3400 N).
The sampleswere cut into sufficient size and sputter
coated with gold to make the samples el ectro conduc-
tive. The sampleswere then analyzed under vacuum
condition at an accelerating voltage of 10KV.

(d) Thermogravimetricanalysis(TGA)

TGA andysisismainly carried out to determinethe
thermal stability of the composite membranes. The
changeinweght of themembranewithincreaseintem-
perature at aheating rate of 10°C/min in the range of
thetemperature between 30°C and 500°C is followed
using aSTA 449 F1/F3 Jupiteranalyzer. All theruns
were carried out under nitrogen atmosphere.

(e) Universal testing machine (UTM)

ThetensiletestingisdoneaccordingtoASTM D
638, (TypeV) wherein the polymer composite samples
arecut in dumbbell shapewith specified dimensions.
Hounsfield UTM wasused for the purpose. Thetesting

wasdonein standard |aboratory atmosphere of 23°C
Research & Reotews On

+2°C and 50 + 5 % relative humidity at a crosshead
speed of 10 mm/minand 500 N force.

(f) lon exchange capacity (I EC)®#

Theionexchange capacity (IEC) indicatesthenum-
ber of milliequivaentsof ionsin 1g of thedry polymer.
It was determined by titration method. The membrane
inits protonated form waswel ghed and then soaked in
an agueous solution containing alargeexcessof KCl in
order to extract al the protons from the membrane.
The el ectrolyte solution wasthen neutralized using a
very dilute Na,CO, sol ution of known concentration
(0.01N). The EW (equivalent weight) valueswere cal-
culated from the dry weight of the membranedivided
by thevolume and the normality of theNa,CO, solu-
tion. Thel EC va ueswere expressed asnumber of meg.
of sulphonic groups per gram of dry polymer.

IECiscdculated usngtheformula,

Titer value(in ml) x Normality of thetitrant (Na2CO3)
Weight of thedry polymer membrane(in grams)

(g) Solvent absor ptionid

The amount of solvent intake by the membranes
was studied. Thedried membraneswerewe ghed and
soaked inwater and methanol separately and alowed
to get equilibrated at room temperaturefor 40 hours,
above which the weight was constant. The swollen
membranes were then quickly weighed after blotting
the surfacewater and the values noted. The swelling
degree was determined using theformula,

IEC=

where,
M, = Weight of wet membrane,
M, = Weight of dry membrane.

(h) Dur ability of membranes®

For checking thedurability of thed ectrolytemem-
branes, thefollowing procedurewasadopted. Initially
a4ppm ferrous ammonium sulfatein 3% H,0O, was
freshly prepared and the temperature of the solution
wasmaintained at 80°C. The electrolyte membrane with
thedimension of 0.5cm?was cut and soaked inthe so-
lution. Thetimerequired for thephysical disintegration
of the membrane was noted down and reported. The
reaction is expected to occur by free radical mecha-
niam.

. -
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(i) Electrochemical impedance spectr oscopy (EI'S)

The proton conductivity measurementswastaken
using an aternating current impedance spectroscopy
device over afreguency range of 1-10’hz with 50-
500mV oscillating voltage using asolatron gain phase
analyzer. Filmshaving 13mm diameter, sandwiched
between two stainless steel block electrodeswith ~3
kg/cm2 pressure, were placed in an open, tempera-
ture-controlled cell. Thefilmswereprevioudy hydrated
by immersion for 24 h at room temperature. Thecon-
ductivity o of samplesinthetransversedirection was
cd culated from theimpedance data, using therel ation-
ship o = d/RS where d and S are the thickness and
face areaof the membrane sample, respectively, and
derived fromthelow intersection of thehigh frequency
semi-circle on acomplex impedance planewith the
Re(2) axis. The impedance data were corrected for
the contribution from empty and short-circuited cell.

(j) Performanceevaluation

All the sampleswere subjected to testingin rea
time PEM FC environment with hydrogen gasasfuel.
Standard fuel cell grade graphite plates and copper
current collectorswere used for thispurpose. Theout-
put voltage and the current were measured with amul -
timeter under different resistancesas|oads.

RESULTSAND DISCUSSIONS

FTIR

Shown below arethe comparative FTIR spectra
of SPEEK and the various compositions of SPEEK -
MMT composites.

FTIR measurements

All thefive spectraexhibit an absorption peak at
approximately 1580 c ¥ as aresult of C=C stretch-
ing and an absorption peak at 1680 cm owing to the
C=0 gretching. Thecharacterigtic stretch for O=S=0
groupisintheregion of 1050 c¥, The experimental
values coincidewith the datafrom literature® asthe
peaksfor SPEEK at 1077cm® and 1021 cm® confirm
the presence of O=S=0 groups. Similarly, theblends
of 2% MMT show stretching at 1075 cm* and 1018
cnriconfirming sulphonation. The4% MMT and 7%
MMT blends showed similar stretching at 1080 cm'®

—= Pyl Peper

and 1022 cm™, all of which corroborated the
sulphonation of the polymers.
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Figure2: FTIR of SPEEK and SPEEK-M M T composites.
XRD

From theabovefigure, wefind that theintensity of
the peak decreases from SPEEK to the blend. If the
intensity of pesk isgreater, thenthecrystalinenatureis
greater inthe sample. We can concludethat asthe con-
centration of MM T increases, theamorphous nature of
themembranedsoincreasesa ongwithit. Amorphous
compounds havetheir atoms separated wide gpart pro-
viding excellent mechanica strength and durability to
themembranes. The SPEEK-MMT membranesthus
potentialy possess higher mechanica propertiesdueto
itsincreased amorphous character.

—— SPEEK

2%MMT
4%MMT
6%MMT
‘ 8%MMT

350

300

250 4

] MWMMMM L

150 4 N )
WWWW%WWWM"

— 1T * E - I~ 1 - & 1 & 1
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20
Figure 3 : XRD patterns of SPEEK and SPEEK-MMT
composites.

SEM

The SEM images|ook dense and clear. Theinor-
ganic content waswel | dispersed inthe organic matrix
and the membranes appeared to be pores-freeeven at
higher magnification. Surface of the membraneswas
found to be smooth. Theevaporation of NM P solvent
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(boiling point 202°C) was performed at 80°C indicat-
ing avery dow process of evaporation.

Firg'u.ré4: SEM -imag4esof V|rg|n SPEEK membrane (Ieft)
SPEEK-2%MMT composite(right).

TGA

Careful evauation of thethermogram of thecom-
posite membrane revealsatrend similar to SPEEK.
Three-stage decomposition was observed for the com-
posite membranes. Thefirst weight lossoccured be-
tween 30°C and 150°C and is due to the evolution of
physicdly and chemically bound water moleculesalong
with trace amountsof solvent. MM T nanoclay isvery
well known to hold alarge amount of water. Hencethe
lossismaximumfor compostewith8% MMT andmini-
mum for compositewith 2% MMT. Second weight loss
occured between 200°C and 250°C and this is due to
thelossof sulphonic acid groupsfromthe main chain.
Thethird weight lossthat occured after 400°C may be

Rescarch & Reotews On
(o

attributed to theinitial degradation stage of the poly-
meric backbone. The membranes are sover 200°C
which issufficient for successful operationinthefuel
cell environment. Thefinal weight lossabove 400°C
could be dueto the decomposition of the polymeric
backbone.
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Figure 5 : Mass residue vs. temp plot of SPEEK-MMT
composites.

UTM-tensile test

Thetenslestrength showed alinear decreasewith
decreaseinthecompaosgition of MMT, wheress, the per-
centage el ongation showed adecrease with decrease
inthe content of MMT.AsSMMT chains can strongly
associatethrough their—OH groupings by H-bonding,
their contributionto tengle strength and percentage el on-
gation, therefore, might bemoresignificant than that of
SPEEK. Hencg, itisinferred that the content of MMT
mainly decidesthetensile strength aswell as percent-
age el ongation of themembrane.

] #Tensile..
| 4% Elongation
0 2 4 6 8

Concentration of MMT, %
Figure6: %Elongation and tenslestrength of SPEEK-MMT
composites.
I on exchange capacity (I EC)

Theresultsfrom the measurementsof |EC values
for SPEEK and composite membranesareshownin
thetable below. In order to explainthetrendsseenin
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TABLE 1, the presence and amount of available H*
ionsin sulphonic acid groupsthat directly influencethe
conductivity of the membranesisnoted. Asthecom-
position of MMT in the compositeincreases respec-
tively, thereisadecreasein the number of effective
replaceable protons. Theeffectiveamount of SPEEK

= Pyl Paper

rability of membrane) of the membrane. The peroxide
test is considered as an accelerated stability testing
method.

TABLE 2: Solvent absor ption valuesfor membr anes.

M ethanol uptake (%)

Membrane Water uptake (%)

decreases, with anincreasein the content of MMT in ?PEEK 9-52 14.40
the case of composite. 296-MMT 26.67 14.97
4%-MMT 28.57 15.52
TABLE 1: IEC valuesof SPEEK-MMT composites. 6%-MMT 28,59 15.60
Membr anes |EC (meqg/g) 8%-MMT 28.57 15.58
S PEEK L72 In the present study, the durability decreaseswith
2% MMT 1.65 . .
anincreasein theamount of MM T nanoclay content.
4% MMT 1.59 . .
In composites, it isrecognized that the space between
6% MMT 1.54 . . :
the polymer matrix isoccupied by theMMT particles—
8% MMT 1.47

Solvent absor ption

Water and Methanol, both polar in nature, were
thetwo solventsusedin thisaspect of the product char-
acterization. Itisknown from the prior work reported
intheliterature that increased water uptakeleadsto
increase in the conductivity of the membrane. How-
ever, beyond athreshold (> 30% to 40%), the benefit
of increased conductivity isoffset by the onset of me-
chanica degradation of themembrane. Kegpingthisin
mind, thefollowing observations may be noted from
thebelow table.

In comparing the water uptake of Nafion®117,
whichisknownto be 38%9, for the composite mem-
branes, uptoacertainlevel of MMT, anincreaseinthe
percentage of MMT increasesthewater (and metha-
nol) uptake. Theseresultsare cons stent with thefact
that MMT particlesare cgpableof storingahugequantity
of water (and methanol). Increasingthe% MMT any
further seemsto have no effect on water (or methanol)
uptake. Weinfer the reason for thisasthe uptake hav-
ing reached asaturationlevel.

Based on the above, the recommendation isthat
compositeswith%MMT between 6% and 8% beused
for optimal water (and methanol) uptake.

Durability studies

Chemical and mechanica degradation expectedly
have an adverse effect on the durability of the mem-
brane. The stability studies of the membranetowards
peroxide solutionsgive anideaabout thelifetime (du-

asaresult of this, thereislossof continuity inthe poly-
mer. It may be argued that though thereis someinter-
actionbetweenMMT and theindividua polymer chains,
that interaction may not besufficient tohold al the poly-
mer chainstogether. Thereisapossibility for thechains
to break at positions where MMT is present, which
may bedueto thelossin continuity of thepolymer chain.
Aswearemore concerned about thephysica disinte-
graionof thepolymer matrix intheperoxidesolution, it
isexpected that the durability of the membranes may
decreasewithincreaseintheconcentrationof MMT in
thecomposite.

TABLE 3: Durability of SPEEK membraneswith PEES
blends.

Membrane Time for disintegration
SPEEK 3 hours 15 minutes
2%-MMT 3 hours
4%-MMT 3 hours
6%-MMT 3 hours
8%-MMT 2 hours 55 minutes

Proton conductivity

Theproton conductivity decreaseswith theincreas-
ing composition of MMT in themembrane. Within-
creasing MMT, the exchangeable H* ions (SO,H
groups) decreasesin the sample, but animportant as-
pect to note hereisthewater absorption capability of
MMT. Weter playsanimportant rolein the proton con-
ducting property of the PEM. It itself possesses ex-
changeable H* ions and supportsthe effective trans-
port of the ions across the membrane. Hence, even
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though the amount of SO,H groupsdecreaseswithin-
creesing MMT, the proton conductivity increases ow-
ingtothehigh hydrophilic character of MMT. Thepro-
ton conductivity of the 6% composite and 8% com-
positeisamost equd tothat of the previoudy reported
vaueof Nafion.

r N w
=7 -] (=]
1 1 1

N
i
1

AN

2.04 P

Proton Conduclivity (S cm'z) x 107
L]

0 2 4 6 8
Composition of MMT in SPEEK (in weight %)

Figure7: Proton conductivity SPEEK-MMT composites.

TABLE 4 : Load vs Current values for SPEEK-MMT
composites.

Current Measured (A)

Lf)a d . Composites
() Nafion  SPEEK
2% 6% 8%
0.0 0.38 0.45 068 070 0.72
0.5 0.30 0.27 044 042 0.38
1.0 0.24 0.19 032 031 025
15 0.21 0.14 026 025 0.20
2.0 0.17 0.11 022 021 0.16
25 0.16 0.09 019 018 0.14
3.0 0.14 0.08 017 016 0.12
35 0.13 0.07 015 014 0.10

Perfor manceevaluation

Fromtheabovetabulations, itisclear that, SPEEK -
MMT composites possessthe potential of performing
better than NafioninaPEMFC environment. More-
over, the voltage measured for the 220MMT and
6%0MMT compositemembranes (values) arecloseto
that of Nafion. Fromthe TABLE 4, thecurrent vs. load
data, we seethat the current obtained for different |oads
in the case of 2% and 6% compositesare higher than
that of Nafionand virgin SPEEK membranes. Thiscan
be attributed to the water absorption capability of the

composite membranes. However, beyond 6%0MMT,
Research & Reotews On

thevoltage decreasesand current dataareamost equal
to Nafion. Thisconcludesthat an optimized level of
MMT in SPEEK enhancesthe performanceof the poly-
mer membrane owing to the good water absorption.
Fromtheaboveresults, itisvalid to say that, SPEEK -
2%MMT and SPEEK-6%MMT isaviabledternative
Nafionfor PEMs.
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—u— Nafion
— o —SPEEK-6% MMT
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| ]

Load (Ohms)

Figure8: Comparativeplot of current vs.load for nafion and
SPEEK -6% M M Tcomposites.

CONCLUSIONS

From the results documented, it can be can con-
cluded that 6wt % SPEEK-MMT compositesare good
candidatesfor Polymer ElectrolyteMembraneFue Cdls
(PEMFC’s) owing to their good water uptake, excel-
lent proton conductivity and good thermal stability.
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