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ABSTRACT KEYWORDS
Composite polymer el ectrolyte membranes made of sulfonated polyether SPEEK;
ether ketone (SPEEK) polymer host and montmorillonite (MMT) ceramic MMT;
fillers(2-10 wt.%), was prepared by a solution casting method. The charac- DMFC;
teristic propertiesof the SPEEK/MMT composite polymer membraneswere Composites;
investigated using thermo gravimetric analysis (TGA), dynamic mechani- Polymer Electrolyte.

cal analysis (DMA), scanning electron microscopy (SEM), and the AC
impedance method. The SPEEK/MMT composite membrane showed good
thermal and mechanical properties and appreciable ionic conductivity in
theorder of 10-® Scm. Dueto theincorporation of theinorganicfiller, there
is a decrease in the ion exchange capacity (IEC) when compared to the
pristine SPEEK which was 2.20 mequiv/g. Though the ionic conductivity
decreased with increasing content of MMT, thereis animprovement inthe
mechanical properties with theintroduction of MMT. The tensile strength
of virgin SPEEK was 24.6 M Pa, whereas the composite with 10% MMT
showed 40.1 MPa. The incorporation of MMT into the SPEEK matrix en-
hanced the resistance to the permeation of methanol. The selectivity ratio
of the composite membranes werewell ahead of pristine SPEEK indicating
its suitability for DMFC. It was revealed that the addition of MMT fillers
into the SPEEK matrix could markedly improve the el ectrochemical proper-
ties of the composite membranes; which can be accomplished by asimple
blend method. Asaresult, the SPEEK/MMT composite polymer appearsto
be a good candidate for the DMFC applications.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION Amongthediversefud cdls, theproton exchangemem-

branefuel cells (PEMFCs) offer advantages of high

Inthelast oneto oneand half decade, fuel cellsare  power density, low operating temperature (60-100°C)
extensively studied as one of the new energy conver-  with consequent rapid start up and dynamic response.
sion devices* 2 for gpplicationssuch astransportation, However, the major barriers of PEM fuel cellsusing
small portabledeviceslikemobile phone, laptop etc.  hydrogen asafud includesproduction, distribution, stor-
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age, humidification etc. Alsothevery low flash point of
hydrogen (-423 F) causesincreasing concerns about
thesafety issuesof hydrogen. All theselimitationsen-
abled researchersto think of other fuelsthat can be
eadly oxidized. Direct oxidation fuel cellsusingliquid
methanol asafuel hasaready attracted intensivere-
search’®8, Thereare many typesof fuel cellslike Pro-
ton Exchange Membrane Fuel Cdll (PEMFC), Alka-
line Fud Cell (AFC), Solid Oxide Fuel Cell (SOFC),
Molten Carbonate Fuel Cell (MCFC), PhosphoricAcid
Fuel Cdll (PAFC). Among the different types of fuel
cells, direct methanol fuel cells(DMFCs) are one of
themost promising candidateto providethestrongim-
petusfor technologica expansionduetotheir low tem-
perature operation, fast startup, and high specific power
density which makesit suitablefor portabledevices,
mobile phones, and automoabiles.

Oneof thekey component that determinesthe effi-
ciency of thefud cdll istheproton exchangemembrane
(PEM) which not only actsasamediumfor thetrans-
portation of protonsbut also asabarrier that prevents
mixing of thefuel gases (hydrogen and oxygen). The
currently developed fuel cell technology isbased on
perfluoro sulfonic acid membranesase ectrolytes, such
as Nafion®"9 which exhibits many attractive proper-
tieslikeexcdlent proton conductivity, hightherma and
mechanical stability. The commercialization of the
Nafion® membranewas severely affected dueto the
drawbackslike (i) high cogt, (ii) non eco-friendly na-
ture, (i) high cross-over of methanol especiadly inthe
case of Direct Methanol Fuel Cell (DMFC), (iv) de-
pendence on relative humidity in maintaining proton
conductivity, (v) lossof proton conductivity at €levated
temperatures, etc. To overcomethese shortcomingsas-
sociated with theNafion® and other smilar perfluorinated
membranes, several hydrocarbon based aromatic poly-
merswere considered for the synthesisof PEM. Itin-
cludes sulfonated polyether ether ketone (SPEEK )12*
12 sulfonated polyphenyl ene oxide (SPPO)**14 and
sulfonated polybenzimidazol €517, In all the above
cases, theionic conductivity at higher temperatures (>
100°C) must be improved which implies that better
water retention at higher temperaturesisan absolute
requirement. In thiscontext, in order to enhancethe
water retention property of the polymer electrolyte
membranesand a so to improvethe stability of such
Research & Reotews On

membranes, variousinorganicfillerssuchasslica, tita:
nia, zeolites, montmorillonite(MMT) have been added
into the polymer systemg*#21. Among thevariousaro-
matic hydrocarbon based polymers, sulfonated
polyether ether ketone (SPEEK) has been demon-
strated to exhibit stable performance that is compa-
rableto Nafion® inafuel cdl at 50°C for more than
4300 hourg?. In order to enhance the proton conduc-
tivity of SPEEK, theincorporation of severd inorganic
heteropolyacidswere considered?*3, J.H.Chang et
a2 reported SPEEK fuel cell membranesincorpo-
rated with MMT with a specia effort to reduce the
methanol permesbility.

Montmorilloniteisavery soft phyllosilicate group
of minerdsthat typically forminmicroscopic crystals,
forming a clay. Montmorillonite, a member of the
smectitefamily, is2:1 clay, meaningthat it has 2 tetra-
hedral sheets sandwichingacentral octahedral sheet.
The particles are plate-shaped. MMT haslarge sur-
faceareas(220-270 m?g?) and anegativelayer charge.
Its proton form possessesaproton conductivity of 10
4 §emat room temperature®. Recently MM T hasbeen
used toimprovethe performances of Nafion?3+3 and
SPEEK polymer el ectrolyte membranes® with aspe-
cid effort toreducethe methanol permeability.

In concise, the PEM hasto servethree purposesin
aDMFC, (i) it hasto be stable under the operating
conditionsemployed, (ii) it hasto provide high proton
conductivity and (iii) it needsto havealow permeabil -
ity for methanol®. But one of the serious problemsthat
limit thecommercidization of DMFCsisthecross-over
of methanol fromtheanode (whereitisfed) tothecath-
odethrough the polymer el ectrolyte membrane. The
cross-over of methanol serioudly affectstheoveral cell
performance.

Inour current investigation, wemade an attempt to
characterize of SPEEK membranesincorporated with
variousamountsof unmodified MMT. Various proper-
tieslikelEC, Water and methanol absorption, durabil-
ity, mechanical properties, methanol permeability and
proton conductivity were determined. Theselectivity
ratio of thecompositewith 10% MMT was8.60x 10°
Sscm@whichisvery wdl better than pristine SPEEK
with 1.93 x 10° Sscm . All the composite membranes
were stableupto 200°C for a successful application as
PEM inDMFC. TheT . valuesof various composite

. -
A Tudéan Journal



RREC, 3(4) 2012

Srinivasan Guhan and Dharmalingam Sangeetha

131

membraneswere obtained from theDMA studies.
EXPERIMENTAL

Materialsand chemicals

PEEK was procured from Victrex, England and
wasdried overnight at 100°C before use. The organic
clay montmorillonite (MMT) waskindly supplied by
Sigma-Aldrich, USA. Sulfuricacid wasprocured from
Merck, N-Methyl pyrollidone (NM P) and methanol
wasobtained from SRL Chemicals, India

Sulfonation of PEEK

Inatypical process, about 10g of dry PEEK was
takeninathree-necked RB flask. Then ca culated quan-
tity of sulfuric acid was added and the contents of the
flask werevigoroudy stirred at room temperature. Af-
ter Six hours, the contentsof theflask were poured into
alargeexcessof crushedice. Theinnumerable number
of fibresthat wasformed wasrecovered by filtration. It
wasthen washed plenty of timeswith deionised water
until the pH of the wash water fallsbetween 6.5 and
7.0. Itwasthen driedinan oven at 90°C for 10 hours.
Theresulting product isthe sulfonated form of polyether
ether ketone (SPEEK).

Prepar ation of composite membrane

Theproceduregivenby Y. F. Lin et al® wasfol-
lowed. To preparethe compositemembrane, adesired
amount of unmodified MMT was added to a4 wt%
SPEEK solution (SPEEK dissolvedinNMP). Itisthen
allowed for stirring and degassed by ultrasonication.
The solution was poured onto aclean petri dish. The
solutionwaskept inahot air ovenat 90°C for 12 hours.
The composite membranewas obtained in theform of
a clear, pale brown, transparent membrane. It was
peded off from the petri dish and wasstored for further

TABLE 1: Membrane code and composition of composite
membranes

% Composition

Membrane Code SPEEK-MMT
SM 0 100:00
SM 2 98:02
SM 4 96:04
SM 6 94:06
SM 8 92:08
SM 10 90:10
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investigation. Thethicknessof themembraneswasmain-
tained at 60 p. The variations in the composition of the
different compositesaregiveninTABLE 1.

Inthe coding given for thecomposite membranes,
SMX, Sstandsfor SPEEK, M standsfor MM T and X
denotesthe dosage of MMT in the composite mem-
brane.

Characterization

Proton NMR spectrawere obtained with Bruker
HX-NMR spectrometer. In order to avoid the peaks
dueto the solvent, deuterated dimethylsulfoxidewas
used asthe solvent.

Theionexchange capacity (IEC) indicatesthenum-
ber of milli equivadentsof ionsin 1gof thedry polymer.
It was determined by titration method. The membrane
initsacid form wasweighed and then soaked at room
temperaturein an agueous solution containing alarge
excessof KCI inorder to extract all the protonsfrom
themembrane. The e ectrolyte solution wasthen neu-
tralized using avery dilute Na,CO, solution of known
concentration (0.01N). The EW (equivalent weight)
vaueswerecal culated fromthedry we ght of themem-
branedivided by the volume and the normality of the
Na,CO,solution. The | EC vaueswereexpressed as
number of meg. of sulfonic groupsper gramof dry poly-
me.

The amount of solvent intake by the membranes
was studied. Thedried membraneswerewei ghed and
soaked inwater and methanol separately and alowed
to get equilibrated at room temperaturefor 24 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,

M., —M
SW=—"% "9 100

dry
Where,
M, = Weight of wet membrane,
My, = Weight of dry membrane.
The number of water molecules per sulfonic site
(M) can be determined by the following equation,

_(Mwa_Mdry)/M
B M. IEC

dry

water
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Eva uation of methanol permesbility wascarried out
using anin-houseglassdiffusion cell, which consisted
of two compartments. Initially one compartment (Cell
A =50 ml) wasfilled with asolution of methanol in
deionized water (20% methanol). The other cell (Cell
B =50 ml) wasfilled with del onized water. Themem-
brane was clamped between the two compartments.
The solution in each compartment was continuously
stirred by means of magnetic stirrersto ensure uniform
concentration. Themethanol concentration was deter-
mined by refractometer. The concentration of methanol
incdl B asafunction of timeisgiven by

A DK
Ce) =V_TCA (t-to)

WhereC, and C, arethe concentrations of metha-
nol incell Aand cell B respectively. A, LandV  arethe
areaof the membrane, thickness of themembraneand
volumeof methanol incell B respectively. D andK are
themethanal diffus vity and partition coefficient between
themembrane and adjacent sol ution respectively. The
product DK isthe methanol permeability, which was
calculated from the slope of the straight-line plot of
methanol concentration vs permesationtime.

Themeasurementsof proton conductivity, o (S/cm)
of the membranes were carried out using Autolab
Potentiostat Gal vanostat impedance anayser at ambi-
ent temperature and 100% RH. Membraneswith re-
quired dimens onswere cut and pre-treated with 0.01N
sulphuric acid and kept in water for 100% hydration.
Then it was placed between two silver electrodeswith
anareaof 1.33cm?withauniform pressureapplied to
holdthesystem. Thecdll set-upisAg/MMT + SPEEK/
Ag.

Theresistance offered by the membranewas cal-
culated and then converted to conductivity valuesusing
theformula;
o=L/(RxA)

Where, 6 is the conductivity in S/cm, R is the resis-
tance offered by themembranein ohms, L isthethick-
ness of the membranein cm and A isthe areaof the
membranein cny?.

XRD measurementswereperformed usng an X’
Pert Pro diffractometer. The dried samples were
mounted on an a uminium sampleholder. Thescanning
angleranged from 1° to 80° with a scanning rate of 2°

Rescarch & Reotews On

per min. All the spectrawere taken at ambient tem-
peratures (25+2 ° C).

The surface morphol ogy of the composite mem-
braneswasinvestigated using Scanning Electron Mi-
croscope (JEOL 6360 instrument). A piece of mem-
branewas vacuum sputtered with athin layer of Gold
prior to SEM examination.

Thedynamic mechanicd measurementsweremade
using the Dynamic Mechanical Analyzer 242Cinstru-
ment supplied by NETZSCH, Germany. Thetempera-
tureranged from RT to 240°C with the heating rate of
5°C/min.

TGA andyssismainly carried out to determinethe
thermal stability of the composite membranes. The
changeinwe ght of themembranewithincreaseintem-
perature at aheating rate of 20°C/min in the range of
thetemperature between 30°C and 800°C is followed
usingaSDT Q600 US analyser.

The mechanical properties were obtained from
Hounsfield Universal Testing Machine. The samples
werecut intoasizeof 5mm x 50 mm asreported by D.
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Figurel1: Mechanism of durability testing
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H. Jung et al®. The cross head speed was set at a
constant speed of 10 mm/min. For each testing reported,
at least three measurements were taken and the aver-
agevaluewasreported.

For testing the durability of the composite mem-
branes, thefollowing procedurewas adopted. Initialy,
a4 ppm ferrous ammonium sulfatein 3% H,O, was
freshly prepared and the temperature of the solution
wasmaintained a 80°C. The composite membrane with
the dimension of 0.5cm? was cut and soaked in the
solution. Thetimerequiredfor the physical disintegra-
tion of thecompositemembraneiscarefully noted down
and reported. Thereaction isexpected to occur by free
radical mechanism and the probable mechanism is
showninFigurel.

RESULTSAND DISCUSSION

Theprocessof sulfonationisconsidered to bethe
most important stage during the synthesis of the poly-
mer electrolyte. It not only providesthe exchangeable
protonsto make the polymer capable of exchanging
ions, especially protons but a so increasesthe hydro-
philicity of the polymer ectrolyte. Anincreaseinthe
hydrophiliccharacter ishighly gppreciableasit increases
thewater uptake capacity which inturnincreasesthe
proton conduction, the most characteristic property for
the polymer eectrolyteto beusedinfue cells. Though
on onehand anincreaseinthehydrophilic character is
desired, ontheother handtoo much of sulfonation could
lead to dissolution of theelectrolyteitsalf inwater.

TheH-NMR spectraof SPEEK sampleisshown
in Figure 2 and the numbering of various protonsis
shown in Figure 3. Asexpected, the aromatic proton
resonancesignalsareobservedintherangeof 7- 7.75
ppm. The H, protons appear as adoublet at 7 ppm.
H_.and H_ appear asadoublet at 7.15 ppm. Themul-
tiplet at 7.8 correspondsto H, protons. Inthe spectra,
theH .. of theunsubstituted hydroquinonering of PEEK
repeat unit appearsasacharacteristicsinglet at 7.2617,
The presence of asulfonic acid group causes anew
peak at 7.51 which canbeassignedto H_..

Theionexchange capacity (IEC) vauesof thevari-
ous composite membranesweregiveninFigure4.

Though the IEC valueswerefound to be decreas-
ing with the content of MMT inthecomposite, al the

—= Pyl Peper

(o]

HC_ Hs Ha H HA He H, Hs Hy Hi Ha
4 o pnt H—E"*U(C'{H—ﬁ M,
He H: Hg Ha HA Hs x He Hs Ha Ha Hg

50 H
Figure2: Proton assgnment in *H-NMR

H, H.

T L) T
8.3 ppnB.0 7.8 ppm

T 1 T
7 ppm 73 7.2 71 pom
Figure3: IH-NMR Spectraof SPEEK

2.2

xi15
1]
o
&
= 105
=

195

L8

0 2 4 b =1 10
Percentage Composition of MMT, %awiw
Figure4: | EC of compositemembranes

8 -
= 74
LK
E- ? Water Absorption
S g
=
& 3 Methanol Absorption
=
E,
2 4
51

V]

o 2 i 5 a 10

Percentaze Composition of MMT, %W/W
Figure5: Water and M ethanol Absor ption

composite membranesexhibit an IEC vauebetter than
Nafion® 117 which was reported to be 0.91 mequiv/
g, Actually, the protonsthat are availablein the sul-
fonic acid groupings of SPEEK wereresponsiblefor

theexchangeof ions. When theconcentrationof MMT
ey Research & Reotews On

A Tudéan Journal



134

Composite membranes of sulfonated polyether ether ketone and montmorillonite

RREC, 3(4) 2012

Full Paper ==

isincreased in the composite, the concentration of
SPEEK decreases and in other words, the effective
concentration of thesulfonic acid groupings decreases.
Thisobvioudy account for thelowering of IEC vaues.

Thewater/ alcohol absorption resultsweregivenin
Figure5.

Thewater content hasgreat effectson the proper-
tiesof el ectrolytemembrane. A highwater content can
facilitatethetransport of protons, but too much water
absorptionresultsinmechanically lessstablemembrane.
Thewater uptake of Nafion® 117 wasreported to be
28.51%0*Y andin the case of the compaosite membranes,
the water absorption wasfound to beincreasing with
increasing content of MMT. It iswell-known that the
inorganicfiller iscapable of storingalot of water with
it. Thewater uptakeisvery crucial asitisclosely re-
lated to the proton conducting ability™. The methanol
absorption wasadsofoundtofollow asimilar trendlike
water absorption. The number of water mol ecules per
sulfonicste(A) inthecaseof pristine SPEEK wasfound
tobe?7.

Themethanol permegbility isaseriousfactor which
reducesthe efficiency of thefuel cell particularly inthe
case of Direct Methanol Fuel Cell (DMFC). Theper-
meation not only allowsthe methanol fuel to the ca-
thodic compartment but dso mixing of thefue withthe
incoming gas at the cathode. Thisdrastically reduces
theperformance of thefud cell. With anincreaseinthe
MMT loading, themethanol permesbility decreasesand
theresultsareshownin TABLE 2.

TABLE 2: Methanol Permeability and Sdlectivity Ratio of the
composite membranes

Membrane Methanol Permeability, Sele_ct|v|ty

Code 10°® cm?/s Ratio, 1305
Sscm’
SM 0 6.8 1.03
SM 2 15 7.07
SM 4 1.1 7.36
SM 6 0.8 7.75
SM 8 0.6 8.50
SM 10 0.5 8.60

Thismay be dueto the dispersion of theinorganic
fillerinthecompositemembranethat preventsmethanol
from transferring through the membrane. Thedecrease
inthemethanol permesbility makesthesecompositeasa
possiblelow cost alternativeto Nafion® 117 for appli-

cationsasan dectrolytemembranein DMFC.
Research & Reotews On

Proton Conductivity, mS/cm

o z = B ] 10
Percentage Composition of MMT, %W
Figure6: Proton conductivity of themembranes

Theresultsof the proton conductivity aregivenin
Figure®.

The proton conductivity of Nafion® 117 wasre-
portedto be2.95x 102 S'cm. The proton conductivity
of the composite membranes tendsto decrease with
the addition of MMT asreported elsewhere®®. The
water uptake plays an essentia roleinionomer mem-
brane properties. The swelling behavior isclosely re-
lated to the proton conductivity®3. Thoughthewater
uptakeismorefor the compositewith higher MM T
content, the proton conductivity was found to be de-
creasing with thedosage of MMT. A possiblereason
that could beattributed to the reduction in the proton
conductivity isthat, asthe content of MMT isincreased
inthecomposite, theeffective concentration of SPEEK
and hence the SO,H groupings decreases. The pro-
tonsof the sulfonic acid groupingsare mainly respon-
siblefor the proton conductivity. Thiscould be more
clearly understood through Figure 7. Asthe IEC de-
creasesthereisagradual reductioninthe proton con-
ductivity also.
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Proton Conductivity, mSicm
Figure7: 1EC vsProton Conducitivity

Ané€ectrolyte membraneinaDMFC should have
two important properties; the proton conductivity should
be ashigh aspossibleand themethanal diffusionshould
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beaslow aspossble. That isto say, thehigher theratio
of proton conductivity to methanol permeability (re-
ferred to asthe selectivity ratio), the better the mem-
braneis. The selectivity ratios of pristine SPEEK as
well asthe compositemembranesaregivenin TABLE
2. Thepristine SPEEK dectrolytemembraneexhibited
asdlectivity ratio of 1.93 x 10° Sscm® whilethe com-
posite membranes exhibited ahigher ratio. The higher
selectivity ratio of the composite membranesindicate
that they are better suitable asel ectrolyte membranes
for DMFC.

Figure8 showsthe XRD patternsof SPEEK, MMT
and two representative composite membranes with
variouscompositions. It wasreported earlier that PEEK
issemi-crystalling“®. However, SPEEK isamorphous
perhaps due to the introduction of the sulfonic acid
groups, which may induce disorderlinessto the poly-
mer structure. Itiswell-knownthat MMT iscrystalline
innature.

o

Counts /s

» _J(_‘I._*A.,m i J\-,{JLW i
=) =0 o]

Fosition 25 {(deg-)
Figure8: XRD pattern of a) SPEEK, b) MMT, c) SM 4and d)
SM 8

(L]

From thediffraction patterns, it was observed that
the sharp crystalline peaksat 26 < 40° in pure MMT
becamelessprominent inthecompostemembrane. The
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Figure9: SEM image of a) SPEEK b) SM 4 ¢) SM 8and d)
MMT
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MMT nanos zed particlesobtained fromthecrystdline
partsof theorigina materid diffuseingde SPEEK poly-
mer chains and produce particul ate nanocomposite
membranes.

The SEM images of SPEEK and two representa-
tivecompositemembranesaregiveninFigure9.

The SEM image looks dense, clear and homog-
enousindicating homogeneity inthedispersion of the
MMT particles seen as solid spotsinthe SEM images
into thepolymer matrix. Even at higher magnifications,
the composite membranes showed no fissureswhich
may be dueto the high boiling sol vent used for the cast-
ing purpose. Theevaporation of NM P solvent (boiling
point 203°C) was performed at 90°C indicating a very
dow process of evaporation. Ontheother hand, if the
evaporation wasdoneat afaster rateor if alow boiling
solvent isused, fissurescould be observed!. The com-
posite membranesappear to be pores-freceven at higher
megnification.

TheDMA spectraof SPEEK and two composite
membranesaregivenin Figure 10.

y, ()

iam &

Loy

) %

20 B 150 2 250

Figure10: DMA pattern of a) SIPEEK, b) SM 4andc) SM 8

Thetangent delta(tan d) is the dissipation factor
whichisdefined asthelossmodulusover storagemodu-
lus. Thisparameter providesanindicationof thestrength
of thematerid’s ability to store and dissipate energy. A
high tangent deltavalueindicatesthat the material is
dissipating most of the energy supplied toit and hence
the material s possess ahigh damping propertiesand
viscous behaviour. On the other hand, alow tangent
deltaindicatesthat the material is storing most of the
energy suppliedtoit and hence show low damping prop-
ertiesand el astic behaviour. The peak of the tangent

deltaplot asafunction of temperature providesaless
Research & Reotews On

ambiguousva ue of glasstrangtion temperaturewhen
compared to DSC.

The DMA resultsshowed that theglasstransition
temperature (Tg) of SPEEK membrane was around
200°C, which was consistent with the results previously
reporteds 48, OnintroducingMMT particlesintothe
SPEEK matrix, the T, of theresulting composite de-
creasesto alower temperature. Thismay beduetothe
weakening of the polymer chai nsbecause of theincor-
poration of theMMT particlesinto thepolymer matrix.

The TGA spectraof SPEEK and two representa
tive composite membranes (SM 4 and SM 8) were
giveninFigure11. Inthecaseof SPEEK, athreestage
degradation wasobserved. Theinitia lossupto 175°C
may be attributed to theloss of physically and chemi-
cally bound water along with traceamount of residual
solvent. Theweight lossthat occurs between 200°C
and 375°C may be due to the loss of sulfonic acid group-
ings. The penultimatewe ght [ossfrom 450°C to 600°C
may be correl ated to the main chain degradation of the
polymer backbone. Theinorganicfiller inthe case of
composite membraneare stable upto avery hightem-
perature. Becauseof thishighthermd stability, thecom-
posite membranes also follow a similar trend like
SPEEK. However, theresiduethat remainsafter 800°C
in the case of composite membranesare higher than
that of SPEEK membranewhichisaclear evidencefor
theexistenceof aninorganic material inthemembrane
under investigetion.

Ui Weisht Lioas
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Figurel1l: TGA spectraof a) SPEEK, b) SM 4and c) SM 8

Thetensile strength and percentage el ongation at
break of thevariouscompositemembranesaregivenin
TABLE 2. Thereisanincreaseinthetensile strength
withincreaseinthe content of MMT. Onepossiblerea
sonfor thiskind of behaviour inthe mechanica proper-
tiesmay be dueto thevery good compatibility among
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the condgtituentsof the composi tethusmaking the mem-
branedtiffer. Asaresult, anincreaseinthetensile prop-
erty was observed.

Inthedurability study, thetimetakenfor the phys-
cd disintegration of the various composite membranes
was studied and theresultsare shownin Figure 12.

et (5]
(= in Fa in

Duwrability, houry

o
in

[}

2 3 < 5 G

Percentage Composition of MMT, %
Figure12: Durability of compositemembranes

The probable mechanism of thisaccel erated stabil-
ity study involvestwo stepsasshowninFigure 1. Inthe
first step, Fe** attacks peroxide to generate the free
radica OH-. The second stepistheattack of the gener-
ated freeradical onthe SO,H group. Itisevident from
the Figurethat thereisagradua decreaseinthewith-
standing ability of the compositeswithincreaseinthe
MMT content. The possiblereason could bethat the
continuity inthe polymer matrix islost dueto theintro-
ductionof MMT particlesbetween thepolymer chains.

CONCLUSION

In the present study, composite membraneswith
SPEEK asthe host polymer matrix and MMT asthe
inorganicfiller weresynthes zed. Thecompositemem-
braneswerefound to bemechanicaly stable. The XRD
patterns and the SEM images reveal ed good compat-
ibility between the constituents of thecomposite. The
prepared membraneswerefound to bethermaly stable
upto 225°C, which is highly suitable for DMFC appli-
cations. Although the water retention capacity of the
composite membraneswereincreased dueto thein-
troduction of MMT inorganic particles, theproton con-
ductivity was found to be decreasing due to the fact
that thereisan effective decreasein the number of ex-
changeable protons (SO,H protons). However, the
proton conductivity wasin the order of 10° S/cmand

= Pyl Paper

the salectivity ratios of thecomposite membraneswere
higher when compared to pristine SPEEK. Thepres-
enceof MMT hasd soinfluenced themethanol absorp-
tion and the composite membraneswere better candi-
datesfor DMFC.
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