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Proton exchange membrane fuel cell (PEMFC) is ontheinost promising clean energy conversion
devices, whereas polybenzimidazole (PBI) polymer consider the potential electrolyte membrane for high
temperature. In this study, solid polymer electrolyte membranes were studied the physiochemical
occurrences siicas proton conductivity, ion transfer number, oxidative stability, tensilegstreT GA,

and FTIR analysisThe PBI copolymefl was shown the maximum proton conductivity (6.52 mS/cm)
and ion transfer number (0.9723) compared with the PBI copolgraadNafion specimens. Based on

AFM results, the PBI copolymer hadlow surface roughness and remarkable mgraimber which
favorable foion conductivity. Despite that, it had excellent chemical stability in terms of Fenton solution
and maximum weight logaeasured a#.5% after treated 200 h. The PBI copolyrhdrad high thermal

and mechanical strengths that demonstratednsile test and TGA analysis. Moreover, acid doped solid
electrolyte membranes were successfully demonstrated in singhhiet exhbited at 99.75 mW/cf

power density that can be recommended as a proton exchange membraneteEmpayiature PEMFC
application.
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1. INTRODUCTION

Nowadays, greernergy is the most desirable all over the world to protect the earth. Because
we need to consider not only the limited reserves of fossil fuel for use in the future but also the question
of CO» emission, which is directly correlated with global warmiAgcording to the aforementioned
issuesseveral researajroups [1, 2] weresuggested that the PEMFC is becoming the most popular and


http://www.electrochemsci.org/
mailto:ahsan.chem38@gmail.com
mailto:abubakar@ukm.edu.my

Int. J. Electrochem. ScMol. 14, 2019 372

alternative clean energy conversion device in the near future to use in automotive, stationary, and
portable applicationsn PEMFC, the protoexchange membrane is separdigthe anode and cathode,
which applied between the conduction of protons from one side to the other electrode side. Therefore,
the expected proton conduction rate through the membraagyisffectivefor overall cell performance.

At presentmany of researcher8,[4] are involvingin the polymer electrolyte membranes development

for PEMFC applications.

In a low operating temperature (usually < 80 °C) PEMFC, the perflsudfonic acid (PFSA,
Nafion) polymer membrane is commonly used as the electrolyte membuanéo dts low ionic
conductiveresistanceDespitethat it has some challenges, such as being expensive, having a limited
working temperature, dependent on hunyiddand inadequate for longer cell operati¢sls In high
operating temperatures (usually £280 °C), the Nafion membrane acts like a nonconductive, because
the drynes®f conduction medium gbroton exchange membrane at tteahperatures. To solve these
complexities,severalresearch groups] 7] were introduced high thermahemical stable alternative
polymeric membranes such as polyimides, polysulfones, polybenzoxazoles, PBI (polybenzimidazole),
AB-PBI, poly(2,5benzimidazole), poly(2;tr-(phenylene} 5 bibenzimidazole), pyridinbased PBI,
and sulfebased PBI, preferable for use in high temperature PEMFC applications. The chemical structure
of PBI and Nafion membranes are following as shown in Figure 1.

()

N
|
H
(b)
& £
\c4:|\c/];
F2 o 2
AN
L= N
F3C/ \0/ \(F:Z/’ \o_

Figure 1. The chemical structure of (a)lgbenzimidazole and (b) Nafion.

PBIl-based membranes have some potential advantages comwgardkfion in terms of price,
thermal, mechanical, and chemical propertiereove, the pristine PBI membrane has a low ionic
conductivity due to insufficient conduction media for proton transportation. It is only able to manage a
high proton conduction systemheneverthe membrandiasrequired amount of acid doping level
(ADL). The PB membranes are basic in nature because of having-thaibs in imidazole grouf8].
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Despite thathis type of membrane could easily be improved by the treatment of strong acids such as
HaPQy, HoSQw, HCI, HNG;, HCIO4, and so on in order to enhance gineton conductivity. Phosphoric

acid (HPQy) is the most promising candidate for proton conduction media of solid polymer electrolyte
membrane$9]. However, the excess acid doping that might be counterintuitive on the mechanical and
thermal properties ahe PBI membrane. Therefore,ist necessary to optimiztae ADL of the PBI
membrane to retain the prior criteria. In this research, the emphasis has been placed on the modificatio
by the BPQy treatment as well as physiochemical characterization of tiséng solid electrolyte
membranes.

2. MATERIALS AND METHODS

Pristine PBI polymer electrolyte membranes were purchased from the Fumatédci® o
(Germany) and Nafiomembrane supplied by the DuPont (USA). The chemical reagents, such as ortho
phosphoic acid, BO., and FeSQ@ were purchased from Sigma Aldrich (USA). All chemicals were in
analyzed grade.

Pristine PBI polymer electrolyte membranes have to requisite a less volatile solvent with a high
boiling point to support the conduction media, whithy increase the hoping of hydrogen é®imside
the membraneA research grouplO] wasexplained the Grothious mechanism in their review article
that was most likely to favor the proton transportation through the membraee?BI polymer
membranes were cut into small pieces and submerged in thepbidkphoric acid bath (85 % conc.
H:PQy) to acquirethe expected proton conductivity. Prior to the acid doping, all membranes were dried
in a vacuum oven at 110°C till a constantigi® was reached.ater, the membrane thickness was
measuredy the Mitutoye7321 (Japan) thickness gaugeaddition,the membranes were dippedan
acid bath for 34 days at ambient temperature. The membrane thickressscreased due to the gradual
penetration of acid molecules inside the membraereover the acid doped membranes were swept
by lab tissue to remove any unexpected residue, and again dried for overnight at 70°C. Prior the protor
condutivity measurement of Nafignit was immersed in DWater to make sure proton conduction
media.

The proton conductivity of all prepared membranes were measured by the Autolab Potentiostat
(AUT84976 in context to the electrochemical impedance spectroscopic (EIS) analysis. The frequency
ranges were usddom 0.10 Hz to 1MHz, amplitude 0.01 V, and the applied current range 100 nAto 1
A. Using the 50 integration with the above parameters, it formed a Nyquist plot that wasazded &be
the electrolyte resistance of that membrane. In this case, tmesPt probes were used to measure the
proton conductivity through the membrane, according to the following equatiphl(1)7].

g =sA/R Q)
whereas(l is the proton conductivity (S/cml), is the thickness of membrane (crR),
is the resistanAies otfh ememebmbamieare(r Rtheeradiusrol
sample specimen.
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It can becalculated the acid doping level (ADL) of doped PBI membrdrzsed on the ion
exchange capacity (IEC) technigus, 14} In this method, the acid doped membranes were immersed
in 2.0 M NacCl solution and kept ovaright for H ion exchange from the doped membrane. The resultant
NaCl solution was titrated by a 0.02NaOH solution. The Phenolphthalein indicator was used to detect
the end point. The membranes were titrated again and kept in a 1.0 M HCI solution for several hours.
Later, it was dried in an oven at 105°C until the constant weight was obtained. Taetb®ADL of
the doped membrameascalculated according to the following equation[(I5, 1§.

ADL= VNaoH*SnaoH Winembrane (2)
whereasYnaonis thevolume of NaOH in mISvaoris thestrength of NaOH in Molarity
andWmembrandS thedry weight of solid electrolyte membrane
The most important and simple technique usedalculatefor ion transfer numbeby the
Wagner's Polarization [17Based orthis idea, the current variation was measured in terms of time
progress througthe polarization at electrogsectrolyte interface. Theoretically, ion transfer number
and electron transfer number are commonly unity. Therefore, the ion transfieer was calculated by
the following equation (3)

ti=1- 14l 3)
whereasti is the ions transfer numhedgis the current on saturation (electronic curr
only) andl; is the total current (ionic and electronic) at starting time (t=0)

The Fenton test waserformedby the Fenton solution (4.0 % of8,, containing 4ppm of Fé
ions).The oxidative stabilit of the membrane is considetde how much weight loss % of the chemical
treated membrane. The dried pristine PBI membranes wepedlipto the Fenton solution at 70°C
temperatureinderdifferent time exposure, such as 40 h, 80 h, 120 h, 160 h, and 200 h and recorded the
percentages (%) of weight loss. Latdde membranes were thoroughly washed with DI water and dried
in a vacuum owve at 105°C for 6 hours before being weighed affn 19]

Several research grouff20, 21] weremeasured the mechanical strength of polymer electrolyte
membranes by the tensile tester. In this case, above mentioned polymer electrolyte membranes wer
meaured through the universal tensile tester machine (Instron 5567) by 30 N load cell at ambient
temperature. The sample dimensions were 80 mm x 10 mm and kept at the speed rate of 5Smm/min. Al
samples were conditioned room temperature for 2 dagsor the test.

The AFM (atomic force microscopy) images were measured by a commercial AFM system
(model: NX-10; brand: Park system; South Korea). All images were taken at 5 um x 5 um scan area and
the noncontact image processing mode. The silicon cantileverusad in the AFM system [22].

The thermal stability of PBI polymers be able teeasureby the thermogravimetric (TGA)
analysig23]. Therefore, the membranes were analyzed within a temperature range of 50 to 700°C under
isothermal heatingonditions of 10 mL min'of N>gas purging rate, and 10 mitheating rate with the
help of the PerkifElmer (STA6000) instrument. The FTIR (Fourier transform infrared spectroscopy) of
PBI copolymerl, PBI copolymes2 and Nafiormembranes were performég the PerkirEImer FTIR
instrument (Spectrum 400 AR/FT-NIR, UK) in the range of 700 to 4000 crh
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The MWCNT/Pt catalyst was dissolved in aqueous solution of isopropyl alcohol (60 vol. %).
The Nafion solution (10 wt. %) also added in the catalyst loggmtopyl alcohol solution which was
sonicated (Model: EIma/E30H) for 30 minutesattguirehomogenous catalyst solution. The catalyst
loading was conserved at 0.5 mgfand 0.7 mg/crhfor anode and cathode electrodes, respectively.

This catalyst ink wadeposited onto the gas diffusion layer (carbon paper; GDS 3250) by direct
spray technique using the spray gun (Model: Sparmax GP35) which driven by the nitrogen gas flow.
The spraying was conducted in a zigzag manner while the deposition rate was 3 tm@nd ml/min.

The solid electrolyte membranes were sandwiched between two electrodes; anode and cathode. Th
membrane electrode assembly (MEA) was fabricated using thgrésg machine which deployed at
550 psi pressure with 3 minutes under 120 t@peraturdg24, 25, 26]

3. RESULTS AND DISCUSSION
3.1 Proton conductivity

Proton conductivity is the most selective criterminsolid polymer electrolyte membrane for
PEM fuel cell. The Nyquist plot is familiarized to measure the proton conductivity of polymer electrolyte
membranes based on the EIS technique. Figure 2(a), 2(b) and 2(c) sihoguist plots for the Nafion
PBI cqpolymer1 and PBI copolyme? polymer electrolyte membranes, respectively. At high frequency
range, it was appeared a small semicircle in these plots. Figure 2(d) also represents the equivalent circu
[Rs(C[RctQ])] for the respective Nyquist plots thapoeted our previosiarticle [27].Leong [2§ showed
that the phase angle was close to zero on that stage. From the equivalent circuit components, thi
conductance®) and constant phase eleme@j ére negligible impedance, because of the impedance is
inversely proportional to the frequency. In additi®andR are also representing the ionic resistance
and charge transfer resistance of the membrane. Moreover, the semicircle shape decreased and gradus
shifted from lower frequency to the higher fregag regim, at high temperature. BecautieeRs value
(electrolyte resistance) was decreased with increase in temperature. In addition, tthestelec
resistance of NafignPBI copolymes2 was a little bit higher than the PBI copolyriemembrane.
Therefore, the PBI copolymel membrane was low electrolyte resistance at high temperature compared
with other membranes.

The conductivity of membrane was calculated by putting the value of electrolyte resi&nce (
corresponding membrane arég, (@nd thckness (), in eguation (1). In case of Nafigthe conductivity
was gradually increased in terms of temperature and the maximum ionic conductiggyred &5.29
mS/cm. In contrast, it was significantly decreasedpiweon conductivity due to the dehyation of
membrane at high operating temperatures. However,ptbton conductivity was consecutively
increased until 150 °C temperature and obsetivednaximum a6.52 mS/cm and 5.69 mS/cm for the
PBI copolymerl and PBI copolyme2 membranes, respectlye

The phosphoric acid has high possibility to change the pyrophosgloitiat high temperature
which is less conduction than the prior one. Therefore, it was reduced the proton conductivity at 175 °C
temperature of both PBI membranes. Moreover, the PBI copol¥rekowed the highest conductivity
than PBI copolymeR. Becaus, the PBI copolymet membrane was absorbed the maximum ADL
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content compared with PBI copolym2membrane which was accelerated by the conduction medium
at high temperature.
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Figure 2. The Nyquist plot of (a) Nafion(b) PBI copolymeil, (c) BBl copolymer2 membranes

respectively, and their (d) equivalent circuit fitting.

Table 1 shows the various comparisons of solid electrolyte membranes for a similar application
of proton conductivity. From the table, it is clearly seen that the PBI amgoliyn this study was in good
agreement with previous studies. Proton conductivity hugely depends on the ADL content and operating
conditions such as temperature, percentage of relative humidity (% RH). S.W. Chuang [29] measured
the proton conductivity 8.0 mS crt of acid doped PBI based membrane while ADL content was 11
mol/repeating unit at 160 °C temperature with the anhydrous condition. At similar conditions, it has been
measured the proton conductivity at 6.52 mS amd 5.69 mS crhof acid dopedPBI copolymerl and
PBI copolymes2 during in this study. This development was achieved due to properly demonstrate of

the acid curing process of proton exchange membranes.
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Table 1L A comparison of acid doped PBI basadid electrolytenembranes for HPEMFC [10].
Membrane type ADL Temp. & % of RH  Conductivity References
HsPQi-PBI 11.2 mol/repeating uni 150 °C ; anhydrous 6.52 mS crit  This work
copolymerl condition
HsPQi-PBI 11.0 mol/repeating uni 150 °C ; anhydrous 5.69 mS crit  This work

copolymef2 condition

H3:PQs-PBI/Im 11 mol/repeating unit 160 °C; anhydrous 3.0 mS crrt [29]
condition

HsPQOy-PBI 5.6 mol/repeating unit 200 °C; anhydrous 0.068 S crit [30]
condition

HsPQs-ABPBI 3.0 mol/repeating unit 180 °C; anhydrous 0.015 S crit [31]
condition

HsPQy-PBI 18.0 mol/repeating uni 180 °C; dry air 0.10 S crrt [32]

H3PQ-CsPOM/PBI 120 % mol 150 °C; 8.4 % RH  0.15S crit [33]

H:PQOs-PTFE/PBI 300 % mol 180°C;8.4%RH 0.30 S crit [34]

HsPQs-PBI 300 % to 1600 % mol 160 °C;anhydrous  0.13 S crit [35]
condition

HsPQu-pPBI 29 mol/repeating unit 150 °C; anhydrous 0.16 S crit [36]
condition

HsPQu-pPBI 8.8 mol/repeating unit 180 °C; 1 % RH 0.15 S crt [37]

HsPQu-PBI 11.0 mol/repeating uni 160 °C ; without 0.14 S crt [38]
humidity

HsPQs-PBI 20.4 mol/repeating uni 160 °C to 200 °C  0.20 S crt [39]

HsPQs-PyPBI 8.5 mol/repeating unit 160 °Cto 200°C  0.10 S crit [39]

H:PQy-ABPBI 3.1 mol/repeating unit 140 °C; 20% RH 80 mS cmt [40]

3.2 lon transfer number

The initial current (when, t =ap final current (when, t =5000 s) were taken at constant voltage
(0.5 V) applied on the polymer electrolyte membrspecimensin this case, instantaneous curnenat
measurect ambient temperature and pressure with every interval afiiten The variation of current
was recorded in terms dime exposure for the NafiprPBl copolymerl and PBI opolymer2
membranes are shownFigure 3. The applied direct curredt]potenial has migrated the ions towards

the respective electrodes resulting in an ionic current. At the initial stage, the ionic current and electronic
current, both were responsible for the total current. As being time progress, the ionic current was
gradually suppressed because of the polarization of ions at the electrode surface area and finally
stabilized the electronic current. In this study, the ion transfer number was tdu8d@@b6, 0.923 and

0.9692 for the NafionPBI copolymerl and PBI copolymeg, respectively. Although these values were
indicated that all electrolyte membranes are ionic condudiiveghe PBI copolymed was a little bit

higher than othergdowever the results of ion transfer numheasfound an agreement with the proton
conductvity of membranes.
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Figure 3. (a) An analysis of ion transfers number of membranes and (b) zoom in of (a).
3.3 Oxidative strength

The exothermal combustion of hydrogen and oxygen gasses leads to pinhole formation inside
the membrane anaccelerates the structural damage. During the operation mode such as open circuit
voltage (OCV), low humidity, staip, and down cycles are preferable to forrOH Later, this
decomposes into peroxide (HO*), hydrogen peroxide (HOO*), and reactive radicals. In addition, the
incomplete oxidation reaction of fuel combustion makes for the reactive situation of a membrane, which
is suitable for reactive radical compounds such axper@¢HO*) and hydrogen peroxide (HOO*Wu
[41] showed that these reactive radicals are mainly responsible for the polymer electrolyte membrane
degradation.Similarly, the weak bond of the membrane side such as the polymer side chain is
predominantly aticked by the peroxide radicals, which leads to membrane degradation. The PBI
copolymerl and PBI copolyme2 membranes were immersed in a strong oxidizing agent of 4% H
solution containing #pm of Fé* ions at 70°C for measuring the polymer degraaatThe membranes
were oxidized gradually along with different exposure timesna@asuredhe weight loss %, which tell
us the chemical stability of it.

From the Figure 4, it is clearly seen that the polymer degradation increases while extending the
expasure time. The PBI copolymdr membrane was exhibited better chemical stability than the PBI
copolymer2. The maximum weight loss was fourtddd % and 4.9 % after treat@@0 h by the KO-
solution for the PBI copolymet and PBI copolyme2 membranesgspectively.
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Figure 4. The chemical stability of PBI copolymé&rand PBI copolyme?2 membranes.

Yang [38] reportedthat Nafion 115 weight losses &0 % by the treatment of Fenton solution.
In addition, high molecular weighted and crlisked polymermembranes showed high chemical
stability due to their long chain and chain rigidity which refers to the stiffness of the polymer42jiao [
explained that the M group of a bulk polymer has been associated with vibration stretching that
indicates the mimhum degradation during radical oxidation of the membrane. However;thgridup
of PBI membranes is a little basic in nature that might neutralize under an acidic medium whenever acid
doping of PBI membranes is carried out, and therefore stabilize thxegeeradicals.

3.4 Tensile strength

The tensile strength was measured ofemtted and treated of Nafiand PBI membranes, at
ambient temperature. Absorbed acid has a significant effect on the mechanical strength of the PBI
membrane. A tymal stressstrain curve is showim Figure 5, and the maximum stressvere215 MPa,
1338 MPa, and 1219 MPa in terms of their respective stvagne 58.0 %, 13. % and 4.9 % for the
Nafion, PBI copolymerl and PBI copolyme2 membranes, respectively. Basedtloat illustration, it
is the big mechanical differences between the untreated and acid doped of both PBI cepayuaher
PBI copolymes2 membranes. Xiag39] showed that high ADL is directly correlated with the
plasticizing effect on the both PBI copolyrrieand PBI copolymeR polymer membranes. Therefore,
high ADL is responsible for high plasticifgroperties in the polymer. Inase of acid doped PBI
copolymerl and PBI copolyme2 membranes, the elongations wangroveddue to the plasticizing
effect,that noted as 42.8%, and 16.6 %, as well as their staéity 685 MPa and 506 MPéang 39|
reported that mechanical strength does not depend on the ADlalaat relateso the molecular weight
of a polymer and operating temperature. A high moleauéaght polymer displays more stiffness than
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the low molecular weight polymer, because of its having high bonding strength, which represents high
tensile strengthiHowever a high working temperature is lowering the mechanical strength of a polymer

membrae.
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Figure 5. Stressstrain curve of NafionPBI copolymerl and PBI copolyme?2 membranes.

3.5 Thermaproperties

The thermal properties have been investigated by the TGA analysis as shown in Figure 6.
Accordingto the TGA curve, the NafigiPBI copolymerl and PBI copolyme® (pristine or acid doped)
membranesvereweight lost in two more stages. Initially,vitasreduceda small amount of % weight
due to the evaporation of water and residual solvents, especiallygfia &cid contents peent either
the PBI copolymefl or PBI copolymef membrane. From the figure, it has seen that 3% to 4% of
weight loss for all specimens until 150°C temperature. The weight loss rate is gradually increased with
increase in temperature. In addition, the B&bolymerl and PBI copolymeR wereexhibited higher
thermal stabity than Nafionand addl doped PBI membranes. The Nafimembranaevas degraded at
250 °C.Moreover increased the temperature, it was sharply increased the loss of weight % and 18%
recorced at 400 °C temperature, whereas; the acid doped PBI membranes weight lost 10 to 11 % only.
Therefore, itis decided that the Nafiois unfavorable in high temperature opamat From the TGA
curve, it is seetthat the acid doped PBI membranes are stabi#¢ 175 °C temperature. In addition,
both PBI membranes were a mutual thermal streagti 225 °C,laterthe PBI copolymed showed
little bit higher stability than PBI copolyme2 membranes. Another interesting, whenever the
temperaturevas crossed @r 170°C, the orthophosphoric acid transforms into the pyrophosphoric acid.
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To increase in temperature, it dries out the acid from the membrane, and this development
continues up to 250°0f the temperature rises to more than 250thenthe membrangould gointo
thermal degradation. In contrast, the undoped membrane has more thermal stability thRQilzeid
doped membrane. From the aforementioned explanation, ibenayncludel that the higher ADL of a
membrane lowers the thermal stability to some extent. However, it is still good enough for working in
the temperature range of 120 to 160°C, which is a promising factor for theehiglerature PEM fuel
cell applications.

3.6 AAM images analysis

The surface roughness and topography of the polymer electrolyte membranes were studied by
the AFM technique. The detailedrface feature of the Nafipi®?BI copolymerl and PBI copolyme?
membranesreshown in Figure 7. The averagersace roughness (within 5npx 5 um scan area) was
found at0.0036 um, 0.0011 prand 0.0088 um for the Nafipi®Bl copolymerl and PBI copolyme?
membranes, respectively. Moreover, the average grain number was also coGbte8llaand 10 of the
same saa area for he Nafion PBI copolymerl and PBI copolymeR membranes, respectively.
However, the grain and surface roughness of polymers denotethe compatibility and the nature of
interface between the crystals which may refer to the charge traesifgance through the membrane.
Therefore, it may assume that the ionic conductivity of polymer electrolyte has a correlation with the
grain number and surface roughness of polymer electreigleNMoreover, the surfaceughnessnay
be enhanced theossbility of the hydrogen cross over from anode to catheldieh reducd the open
circuit voltage (OCV) of fuel cel44].
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Figure 7. AFM images of (a) Nafion(b) PBI copolymetl and (c) PBI copolyme2 membranes.
3.7 FTIR analysis

The FTIRspectra of NafionPBI copolymerl and acid doped PBI copolymgras well as PBI
copolymer2 and acid doped PBI copolym2rmembranes are shawn Figure 8, respectively.
According to thefigure, major peaks of FTIR spectngereanalyzed, and they subseqtlg detect the
functional groups of Nafigrand also defirgtthe phosphoric acid interaction inside the PBI copolymer
1 and PBI copolyme2 membranes. In case of Nafi@severaktudieq 13, 45,46] wereconductedhat
the IR spectra peakgereappeareat 1223 and 1155 ciifor C-F asymmetric and symmetric stretching,

1057 cm for -SQs stretching, 983 cmt! for C-O-C stretching and 526 cmfor -SO;F stretching
frequencies, respectively.

Moreover, the major peakgerealso appeared at 3464 and 1731 édue to the stretching ef
OH groups and water which represents the hydrogen bonding between the silanol, sulfonic groups of
Nafion and water molecules. However, the peaks of pristine PBI copeB/membrane were exhibited
at 3626 and 3054cmf or NoHp gand stretching of hydrogen b
peakswere exhibitecat 2035 crm Yfor aromatic carbotydrogen bond, 1614 cmand 1538 cmfor
C=N (double bond), as well as 1442 chand 1284 cmindicated for C=C (double bond), restigely.
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Figure 8. FTIR spectroscopwf solid electrolyte membranes.

P. H.Su[47] suggestedhat the undoped PBI copolym&r me mbr ane was N-—H
bonded N—H groups that conf i riemd3036y¢m’trebpectiveln s e r \
The stretching vibration of ar o maThe aarbo@itrddleng r o u
double bond (C=N) peaksareappreciated at 1600 and 1541 chwhereas the peaks for carbcarbon
double bond (C=H) were observed at 1478 ancbIoht L respectively48]. Later,acid doping of the
PBI copolymerl membrane, the spectra were shifted and overlapped with the gridrtephosphoric
acid interactedvi t h t he membrane in the basic site of I
3057 to 2378 cm® However, the carbenitrogen double bond (C=N) peaks were slightly shifted at
1627 and 1598 cm: The peakwas also shifted at 1490 and 1458 cifor the carborcarbon double
bond (C=H). Moreover$S.W.Chuang29] revealed that the pedér carbonc ar bon ( C—C) s
of the PBI copolymef. membrane was observed at 1167 érinally, the phosphoric acid anions peak
was appreciated at around 830 to 700 ém

3.8 Performance of single cell

The MEAs performance was investigatedtbg FV polarization curves of the single cell of
various solid polymer electrolytes as shown in Figure 9. Despite that, the active area was maintained a
5 cm x 5 cm with the catalyst loading of MWCNT/Pt electrocatalyst at the anode side at 0.5 ang/cm
the cathode side at 0.7 mgkrithe MEAs were exhibited a distinctive trend which differentiated the
MEAs performance according to their solid electrolyte membranes. The MEAs performance was
measured by the fuel cell test station. Later, it can be dbgvthe FV polarization curves and power
density curves of each MEAs.
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Figure 9b shows the overall MEAs performance which conducted at 150 °C without using a
humidifier. The PBI copolymet based MEA was attributed maximum power density at 99.75 m¥/cm
while, the PBI coplgmer-2 based MEA and Nafiobased MEA reported their power density at 85.19
mW/cn? and 68.46 mW/ci) respectively. Despite that, PBI is the better ionic conductive compared
with the Nafion at high temperature. The cell resistance predotiyirdepends on the solid polymer
electrolyte resistance. Moreover, three required processes and activities are involved in the PEMFC
system; (i) proton conduction from anode to the cathode side through the membrane, (ii) electron
transport from the currewbllector to the catalyst and contrariwise and (iii) the transport of gas reactants
and product from catalyst layer to gas chap4g| 50 .

120
o (a) —k— Nafion based MEA (b)
g —@— PBI copolymer-1 based MEA
—m— PBI copolymer-2 based MEA
L copolymer-2 based 100 .-....-..
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Figure9.1-v Pol ari zation curves (a) and power dens

Although PB and Nafion both are good ionomers which are promising for the PEMFC
application. In contrast, the PBI is yegffective at high temperaturather than the NafiorTherefore,
the PBI copolymef. based MEA is very effective under high operating temperaespite that, the
PBI copolymerl based MEA was showed better performance than the PBI copelybesed MEA
due to the high proton conductivity. However, PBI copolydrased MEA was also showed the
positive trend at high temperature while the Nafiased MEA had a different trend.

4. CONCLUSIONS

This study reports that the PBI copolynrieis the most promising candidate for higimperature
PEM fuel cell application which based itself on the physiochemical characteristics. The proton
conductivity was measured at 5.29 mS/cm, 6.52 mS/cm and 5.69 mS/cm under different temperature o
PBI copolymerl, PBI copolymef2, and Nafiormembranes, respectively. Based on this results, it was
significantly depended on the operating temperaturesiditian, the PBI copolymet membrane was
shown better chemical and mechanical strength which endorsed by the Fenton test asttastress
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curve.However TGA curves were demonstrated that the PBI membrane had excellent thermal resistance
at high temperaitre, which reveals window as polymer electrolyte membrane for futuredmgberature
PEM fuel cell applicatios
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