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ABSTRACT

Polysulfones (udel) was chemically functionalizeg b
bonded functional groups to the main chain throu
chemical reaction and investigated for use as prot
conducting fuel-cell membranes. The resulting ioamsn
were cast into membranes and properties such
thermal stability, ion-exchange capacity, protc
conductivity and water sorption were evaluated. T
modified polymers were characterized by nucle
magnetic resonance (NMR) and infrared spectrosce
(FT-IR). Thermo gravimetric analysis (TGA) show tth:
these membranes are thermally stable up to 4807C
dry air, which implying that they have a good padin
to be used as the membranes for high-temperatuké F
fuel cells. Under anhydrous circumstances, ior
conductivity of the membrane hit the highest peilue
of 7.94x10° at 160 °C related with the activatiol
energy of 11.6 kJ mdlfor proton transport. The surfact 52 — T T T .
morphology of the formed membrane was examin % e &b 10321§M g e & 3
using atomic force microscopy and scanning electic.. i

microscopy.
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1. INTRODUCTION

Proton exchange membrane fuel cells (PEMFCs) arddtest promising energy producers designed fer th
future century. At the present capable of providpmver for a variety of wide applications from e
electronics, automotive transportation and militdgvices. Proton exchange membrane fuel cells irergé
have a high power density, its ability to provideianic path for protons to travel from the anodéhe cathode,
moderately efficient in their conversion of chenhienergy to electrical energy, low operating terapares and
low greenhouse gas emissiofig!

Electrolyte is one of the main parts of fuel callproton exchange membrane fuel cell electrolgtimithe form

of plastic which made from polymery molecule anebwn as membrane. The majority of common polymer
electrolyte membranes used in fuel cells applicatiare perfluorinated polymer membranes, e.g. Dtéon
Nafion membranes. These membranes consist of aplydbic fluorocarbon backbone and hydrophilic suitfo
pendant side chains. The structures of Nafion nekeicro phase-separated morphology of membrangs an
thus they exhibit excellent thermal, mechanica] electrochemical propertie¥.

Although the problems of Nafion are high cost, highthanol crossover through membranes and low proto
conductivity at high temperature (low humidity cimstances) so Nafion is unstable at high temperdtecause
conduct proton only in presence of water which tinthe fuel cell operating temperature to be leas 80°C®
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The development of innovative membrane for use uml fcells which can function at a temperature
range >100°C is a highly attractive objective fesearchers’!

In recently there have been extensive researchtefiow to find another fuel cell membrane that steble at
high temperature, low cost, and possess simildopeance as the standard Nafion membr&n8. For several
years a number of Polymers have been investigateshgively for their possible as membrane matetials
polymer electrolyte membrane fuel cell. Researdugs have bought to improve the existing matedald to
find substitute polymer that posse’s similar perfance as the standard Nafion membréte.

Aromatic polymers like polysulfones are future ssment of perfluorinated materials; these mateniabt
most of the specifications of the fuel cell memiesrspecifically high protonic conductivity, statyilin oxidant

and reducing, excellent mechanical, thermal, amanital stability ™!

The low cost and easiness of processing have alilesmany research groups all over the world tagogn
their properties and characteristics. Most of a@é polysulfones, udel has been mostly reportedhen
literature. The reason is that; this polymer isubtd in a group of organic solvents compared toeioth
polysulfones like radel, which enables to use diif¢ reactions for the chemical modification such a
Electrophilic substitution and nucleophilic reactic™ Chemical modification of the polysulfones by
introducing new reactive functional groups to thairmchain proved to be a useful way to change their
properties, such as thermal behaviour, conductifiéxibility and mobility and increase the readtvof the
main chain that permit further chemical reacti¢ts®

A number of reviews have been reported on the otemiodification of polysulfone by different mecligms
for the introduction of functional groups onto tpelysulfone backbone. The modification of polysuKois
mostly based on adding various functional groupshsas carboxylic, fluorine, and methyl chloride the
aromatic ring, and by through sulfonation, nitratiand lithiation!" ¢!

To achieve the research objective, we are focusingeveloping new proton electrolyte membrane phame
water. Some heterocyclic compounds, such as imid&Zbhave been reported having high proton conducting
ability. Imidazole has conventional many creditstamdergoes a very similar behaviour toward pndtothat of
water, as well as amphoteric molecules, hydrogemed changeable networks, and self-dissociatiompaoed
with perfluorosulfonic polymer membranes in whidte tproton conductivity depends seriously on humidit
PEMs based imidazdf® may allow fuel cell operation above 100°C withthe need of humidification, which
could minimize or eliminate some of the key diffioes facing PEM fuel cells, including CO poisoniagd the
management of water, heat, and pressure. In thik,wee focusing the development of polymer membsane
capable at low humidity PEMFCs application based pmtysulfones - imidazol-1-yl 4-methylbenzoate
functionalize.

Recently the use of imidazole and its derivativagehbeen considered by many researckérs! Membranes
obtained by attaching the imidazole unit to showd atiff aromatic side chains controlled water ptéo the
membrane. By placing the cohesion of the hydrophehain-chain polymer phase was retained despite the
formation of a highly water-swollen phase. Placihg imidazole units on side chains proved partityla
beneficial to retain reasonable water uptakes gt HECs. Subbaraman, et'd@ and Kim et al*? shows that
replacement of water by N-heterocycles in Nafiormhene can significantly improve the proton conilifgt

of these membranes under anhydrous conditionsalzold also acts as a proton donating groups thrélugh
dissociation of the proton from the -NH groupimidazole. Theconductivity of liquid imidazole was reported
as high as 1&S/cm at the melting point of 90°€%  The imidazole grafted polymer shows noticegiteon
conductivity at high temperature without externahtidification.

2. EXPERIMENTAL SECTIONS
2.1 Materials

Polysulfone (Udel) polymers were purchased fromv&plAdvanced Polymers and dried at 100 °C under
vacuum before use. Chloromethyl benzoic acid andamole was purchased from Sinopharm Chemical Reage

Co. Ltd., China and used as received. Stannicctdtsade (SnCj) as a catalyst, N, N-dimethyl acetamide

(DMACc) Hydrochloric acid, and methanol were purathgrom commercial source and used in the synthesis
Each reagent were purchased from commercial veraharsised without further purification unless sfedi

2.2 The modification of polysulfones (PSF)

The modification of PSF was carried out accordm@theme 1. In the first step, PSF was functioedliwith
methyl benzoic acid side chains through the follgyyprocedures. In the 250 mL three neck bottleskflahich
completely dried, equipped with a magnetic stiaed condenser, 80 ml of dimethyl acetamide (DMAG@sw
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added and 2g of polysulfones (PSF). Make sure @k 5 totally dissolved then add 10g of chlorométhy
benzoic acid (CMBA) and 0.18g of Tin (IV) chlorid€eep it in 70 °C with reflux condenser and stigrfor 24h,
to maintain Friedal-Crafts between CMBA and PSF.

The resulting solution was poured into ethanol urglering to get the precipitation. The polymeegipitate
was filtered and rinses with Dilute Hydrochloricif.do remove Tin (V) chloride. After that wash wiethanol
and DI water and finally dry in vacuum oven to dans$ weight of PSFMBA.

2.3 Membrane preparation

One gram of PSFMBA copolymer was dissolved in Ndifethyl acetamide (DMAc) as solvent to prepare a
10% (w/v) solution of PSFMBA. Then 2 gram of Imidéz was then added in slight excess, and the neixtias
stirred at room temperature for 2 hrs. The resgl§iolution was cast on a pre-cleaned glass subsirat heated

in the open air at 80 for 24 h and 108 for another 24 h to remove the solvent. The fregitepared
membranes were immer- sed in water for at least 20get rid of any solvent residues and other irities, and
were then dried in vacuum at ®For 24 h. The membrane was ion-exchanged in a G- solution for at
least 24 h, and then washed repeatedly in distilater until constant pH was reached. The thickdéghe
prepared membranes was between 100 angui30

SnClz, stirring

_—
24hrs,70°C

25°C,under stirring, 2hrs @

scheme 1.Chemical modification of polysulfones

2.4 Membrane characterization

The structural characterizatiotH NMR and *C NMR was performed using BRUKER DRX400MHz
spectrometer with dueturated dimethylsulfoxide (DDA&) as the solvent of all modified polysulfones and
deuterated chloroform for the unmodified polysutfen

Fourier transform infrared spectroscopy (FTIR) gtofl the membranes was performed using (FT-IR, Raak
FTS 300) with a resolution of 4¢hifrom 400 crit to 4000 crt as a means of investigating the chemical
behavior of the various structures.

The water uptake was calculated by weighing the bmarme under both hydrated and dry situations. Hirest
membrane is immersed in water for24 h, and therisadrying the surfaces with tissue paper and Wig to
get the mass of the wet membrane (Wwet). After, tthet membranes were dried in vacuum af&Sor 15h
before determining the mass of the dry membraneryyv@ihe water uptake was then calculated as:

Wat fake (%) Wiwet) — Widry) 100
ater uptake(%) = x

The proton conductivity of membranes can be measilme AC impedance spectroscopy. Two platinum
electrodes were placed on the same face of membridmae were sandwiched between two PTFE sheets.
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Conversely, it is generally easier to determine tm@me conductivities by measuring the resistandbdrplane

of the membrane. This method allows for higher amtde easily measurable resistances and a simpsiéedp.
The distance between the two electrodes was 1.3nopedance data were collected in the frequencgerdr*

— 10 Hz at amplitude of 100 mV. The membrane condustifd, S cm?) is calculated from the impedance data
by using the following equation.

b
B b

Wheres is the distance between two electrodes (cm)thieghickness of membrane (cm), w is the widthhef t

membrane and R is the membrane resistance obtiaoradhe AC impedance data.

Thermo gravimetric Analysis (TGA) was performedngsiElemental Analysis system (GmbHVarioEL) and
NETZSCH STA 449 F3 Jupiter® thermal analyzer, reipely. The TGA heating rate was 10°C per min.roye
temperature range of 50-9@Qunder nitrogen atmosphere.

The surface morphology of the formed membrane wesnéed using atomic force microscopy (AFM,
Nanoscope V) under tapping mode. To determinedtbgibution of Imidazole inside the membrane, siag
electron microscopy (SEM, JEOL JSM-5610LV equippéth Energy Dispersive Spectrum Analyzer) of the
cross-sectional direction of the membrane was pmdd. The sample for cross-sectional SEM images was
obtained by fracturing it in liquid nitrogen

4. RESULTS AND DISCUSSION

Thermal stability of the membranes is a signifigarperty that indicates the durability under foell operation.
The analysis was investigated by thermo gravimataoalysis (TGA) by heating the membranes at hgatte
of 10 °C/min under Bland the results are shown in Figure 1. The membshiosved a total weight loss
0f~10.01%, over the temperature range of 150 -235Ms weight loss is due to removal of the residuater
that is bound with the hydrophilic imidazole moésij attributed to thermal desorption of physisorvater and
traces of residual organic solvents, respectifatyn the hydrophilic character of the membrane gnedsolvents
used in the synthesis. Beyond this temperaturelatige weight loss occurred around 480 — 560°C &/hgrthe
material experiences a rapid weight loss due tonthedecomposition of imidazole group. The membrstmawvs
a total weight loss about 57% at this stage
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Figure 1 Thermo-gravimetric analysis curve of imidaole-1-yl 4-methylbenzoate-psf

The material further degrades gradually over thgprature range above 600 °C, 2.21% weight loss
corresponds to the main polymer chain decomposifibis temperature is higher than that of benzoyl
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(difluoromethylene-phosph- onic acid) P$fand Imidazolium functionalized polysulfone. Framese results,
it is concluded that, the membranes are thermtdlyis within the temperature range for PEMFC apilims.
The water uptake of PEMs has a considerate effect@mbrane conductivity and mechanical properfi&é” a
high degree of water absorption is needed in ot@@nsure high proton conductivity. The behaviopafton-
conducting ionomers containing water provides mimébrmation on how the material will behave undeelf
cell conditions. Membranes with small water uptaigpically have low proton conductivity, while the
mechanical strength is compromised in membrands toi high water sorption and if the water absorpis
too high, the dimensional stability will suffer attte membrane may disintegrate due to the sweinegsure.
The result of swelling shows that water sorptiom@eased with the increase of the concentratfamimazole
group content, which is contributed by the strogdrbphilicity of the imidazole group in the polymeackbone.
The Water up take experiment shows that the ammiuntiter absorbed by the membrane &£4€43 %.

FTIR spectroscopy was used to characterize theymly synthesized. The FTIR spectra of the unmatidied
modified polymer are shown in Figurel. Typical FT8pectra of methyl benzoic acid-psf and imidazoid-4-
methylbenzoate are shown in Figure 2(b) and (Qaetsvely.

Characteristic bands at 1705 trim Figure 2 (b) and (c) were assigned to C=0 atiig from benzoic acid.
These observations indicated the successful ggatimmethyl benzoic acid units onto PSF. These peak
missing in figure 2(a).

Characteristic bands at 942 ¢ni063 cnit and at1635 crhin Figure 2 (c) were assigned to (N-0), (N-C) and
(C=N) stretching, respectively. These observatimaécated the successful grafting of imidazole oniethyl
benzoic acid-PSF. Compared with the unmodified pdfgnes, these additional peaks are absEfits.

The'H NMR spectra of PSF, MBA-PSF and PSF- imidazol-#ynethylbenzoate are shown in Figure 3(a),
3(b), and 3(c) respectively, confirmed the sucaddsfroduction of the benzoic acid and imidazadldeschains
onto polysulfones.

©
o
=
1o
=
75}
=
©
=
a
- — T T T — — T — T o T T T
600 750 900 1050 1200 1350 1500 1650 1800 1950

wave number cm’
Figure 2 FT-IR spectra of psf (a), mba-psf (b) andmidazol-1-yl 4-methylbenzoate-psf

'H NMR signals arising from the methyl protonséatl.6 ppm and from the aromatic protonssat7.24-7.8
ppm for all modified and unmodified polysulfonegvBral new peaks are present in the spectrum ofpsha
figure 3(b) a®=8.4-8.64 ppm, the peaks corresponding to Hydregems on the benzoic acid. In addition, new
signals arose @=7.9 — 8.1 ppm in (spectrum c) figure 4, which aseribed to the protons of the imidazole.

The **C NMR spectra of PSF, MBA-PSF and PSF- imidazol-Z-ynethylbenzoate are shown in Figure 4a, b
and c respectively. The presence of the benzoit grciup is recognized by the new peak8=dt27.6, 129, 133,
and 172 ppm respectively in figure 4b. Shifts agsfrom the carbon atom carrying the nitrogen werend at
8=139 ppm, 139.8 and 118.3 ppm in figure 4c. Btthand **C NMR spectra showed that the psf had been
functionalized with imidazol-1-yl 4-methylbenzoas preferred.
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Figure 4" CNRM spectrums of psf (a), mba-psf (b) and imidae-1-yl- 4 - methyl

benzoate —PSHKc)

The activation energy for ion-migration (Ea) watimated from the linear regression of log (conduity) vs.
1000T* as shown in Fig. 5, assuming an Arrhenius perfoeaThe ion transport activation energy (Ea) fer t
polysulfones-imidazol-1-yl 4-methylbenzoate funofitizes membrane was calculated using the following
equation;

Eab xR

Where b is the slope of the line regression of(Bgri*) vs. 1000T (K™ plots, and R is the gas constant (8.31
JK mol™). The Ea of the PSF - imidazol-1-yl 4-methylberteomembranes is 10.6kJ mblThese values are
higher than the (Ea) of Nafion®-115 (6.00 kJmMplIThis shows that imidazole ion mobility in thesembranes

is more sensitive to temperature than proton mimman Nafion®-115.

The proton conductivity of membranes was well dateal with the temperature. As increasing the teatpee,
the proton conductivity of membrane was better.
-38 4

-4.0 -

S S
o B N
1 1 |

Log (conductivity) /Scm’”

o b
o o]
1 1

-5.2

. ; , :
2.2 2.4 2.6 2.8 3.0 3.2 3.4
10%(T/K)™

Figure 5.Temperature dependent anhydrous proton caductivity of imidazole-1-yl- 4 - methyl benzoate —
PSF
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The morphology of the psf-imidazol-1-yl 4-methylzeate membrane was studied and SEM images are
presented in Fig. 6. The surface view of the membrelearly shows a smooth and homogeneous membrane
surface which indicates the infiltration of imidézdn polymer back bone is successfully.

The homogeneity of the surface of these membramefirms that the polymer are dispersed well andetlige no

incompatibility among the materials used [29]. Tegree of substitution (DS), i.e., the number désthains
per repeat unit of the PSF, was evaluated by iatiEgr and comparison of thel NMR signals arising from the
methyl protons at=1.6 ppm and from the aromatic proton$=f.24—7.8 ppm.

Figure 6 SEM analyses of 10% (a) and 5% (b) (v/iw)famidazole-1-yl-4-methyl benzoate —psf
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Figure 7 AFM analyses of imidale-1-yl-4-methyl benzoate —PSF

5. CONCLUSION

In most cases, it was difficult to obtain more tlare side chain per repeating unit of the polysdfaue to
problems of reactivity connected with sterical lmantte and side reactions. We have prepared an renisyd
polymer electrolyte membranes material based orysptibne ionomers with imidazole-1-yl- 4 - methyl
benzoate units placed on pendent aromatic sidenghay using an effectual two-step grafting procedur
Chloromethyl Benzoic acid ligand (CMBA) was bondedthe side chains of polysulfones (psf) givinglary
carboxylic acid-functionalized polysulfones viadtal-Crafts reactions between polysulfones andrahiethyl
benzoic acid and then imidazole was grafted oretwbic acid through polymer reaction .

For controlling of the fabricated membrane propsrtithe number of side chains per repeat unit ¢f W&s
achieved by adjusting of the experimental pararsefidne chemical reaction between chloromethyl bieracid
and imidazole was confirmed by NMR and FTIR to deiee the degree of substitution. Such reactionairigul
the membrane water uptake, swelling ratio, lon Bxge Capacity and conductivity that strongly dependn
the degree of substitution of imidazole.

The integrated imidazole moieties can be immoddim the proton conducting membrane and can gutcasn
transporting media under elevated temperature aitfiydrous conditions and increase the water upthe,
thus the conductivity. At high temperature the lwagge proton transfer is induced by the structural
reorganization of incorporated imidazole moieties ¢he proton conductivity increases with the terapge.
The anhydrous proton conductivity of 7.940° s/cm at 160 °C related with the activation enevfyL1.6 kJ
mol™ for proton transport was observed. For the futupek, in order to advance the fuel cell performaand
stability, we are focusing on triazole and its dafives to improving the mechanic strength of paym
backbones and adjusting local mobility of side nbafor the triazole-acids copolymers will be imjaot and
effective methods to reach the target.
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