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Abstract The influence of hot-pressing temperature on

catalytic activity and the performance of proton exchange

membrane fuel cells (PEMFCs) was investigated

using current–voltage (I–V) polarization, electrochemical

impedance spectroscopy (EIS) and cyclic voltammetry

(CV). EIS provided detailed information on the contribu-

tion, from high to low frequencies, of internal impedance

(Rs), interfacial impedance (Rif) and reaction impedance

(Rrxn). The ohmic resistance of the cell (RX) was estimated

from the I–V diagram for comparison with the Rs and Rif

impedances. The Rif is useful for diagnosing catalytic

activity and interpreting PEMFC performance. A cell was

hot-pressed at 125 �C (near the transition temperature of

Nafion), an optimum temperature for lowest ohmic resis-

tance and total impedance in response to a maximal

catalyst-specific activity.

Keywords Proton exchange fuel cell � Electrochemical

impedance spectroscopy � Interfacial impedance �
Catalyst activity � Hot-pressing temperature

1 Introduction

Proton exchange membrane fuel cells (PEMFCs) have

received increasing attention because of their high-energy

efficiency in stationary, mobile and transportation appli-

cations [1–5]. A membrane electrode assembly (MEA) is

the key power generating material of PEMFCs. Much

effort has been expended in the evaluation of the MEA’s

diffusion layer, catalyst layer and membrane to improve

PEMFC performance. Hot pressing is a simple way to

assemble the anode, cathode and membrane for good

interfacial contact between the electrodes and membrane.

Hot-pressing has become a preferred way to prepare MEAs

for PEMFCs. Some hot-pressing parameters (temperature,

pressure and time) inevitably influence MEA preparation

and the subsequent performance of the fuel cell. However,

the effect of the parameters on the catalytic activity of

MEAs and on PEMFC performance of has not been

studied.

In the literature [6–14], MEA is commonly prepared by

hot pressing under the following conditions: a temperature

range of 120–195 �C, a pressure range of 2–200 kg cm-2

(196–19,614 kPa), and a duration of 50–300 s. It was

reported that hot pressing might have led to the dehydration

of the Nafion membrane, which inhibited fuel cell start-up

and caused irreversible performance loss [15]. Dehydration

of Nafion membranes becomes a problem when fuel cells

operate at elevated temperatures ([100 �C) [16]. By con-

trast, in MEA preparation, a high temperature during hot-

pressing ensures tight contact between the electrode and
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the membrane. However, theoretical understanding of the

electrochemical mechanism is still lacking.

The I–V curve is a popular method for evaluating the

performance of fuel cells. This technique has been exten-

sively used to find the optimum parameters for fabricating

a PEMFC with high electric power density. A typical I–V

curve of fuel cells is divided into three regions (active,

ohmic and mass-transfer limiting regions) to describe the

polarization [17–20] based on the magnitude of the current

density. Although this usefully illustrates estimated fuel

cell performance, the I–V curve provides no detailed

information on impedances from electrochemical kinetic

effects on the MEA components.

Electrochemical impedance spectroscopy (EIS) is a

powerful tool to explore the kinetic mechanisms [21]. In

the performance of PEMFCs, EIS measures impedance

spectra and indicates electrochemical mechanisms. In our

previous study [22], we simulated EIS data and on the basis

of this simulation, we proposed a set of equivalent circuit

elements that were satisfactory for illustrating the electro-

chemical kinetics of fuel cells and the individual

contribution of MEAs. The impedances in the equivalent

circuit consist of three groups. Group I (in response to high

frequencies) is the impedance at the catalyst–Nafion

ionomer interface. Group II (in response to medium

frequencies) is the impedance due to electrochemical

reactions. Group III (in response to low frequencies) is the

impedance from the adsorption/relaxation of CO. It is

interesting that the interfacial impedance (Group I) was

almost constant, regardless the increase of discharging

current in the identical MEA [22].

In this study, we investigate the effects of the hot-

pressing temperature on the catalytic activity and the per-

formance of a fuel cell. In addition to the I–V technique,

EIS technology is used to investigate the temperature effect

and the electrochemical kinetics of a PEMFC at a variety

of hot-pressing temperatures are discussed. We use a

modified version of our previously-proposed equivalent

circuit for investigating the temperature effect. The cata-

lytic activity is evaluated by cyclic voltammetry (CV) for

confirmation.

2 Experimental

2.1 Preparation of the electrodes/MEA

The catalyst-coated thin gas diffusion layer, called gas

diffusion electrode (GDE, LT-120EW), was supplied by

E-tek (E-TEK Division, New Jersey, U.S.A.). An electro-

catalyst layer (30 wt% Pt/Vulcan XC-72 carbon black;

112 m2 g-1 surface area; E-TEK) was applied to carbon

cloth at 0.5 mg cm-2 Pt loading. The GDE was sprayed

with a Nafion solution (containing 5 wt% Nafion iono-

mers), and dried overnight in an oven at 80 �C to control

the uniform loading of Nafion (i.e., 1.0 mg cm-2).

Nafion 112 (DuPont, Delaware, USA) was used as the

proton exchange membrane. Prior to its service, each

membrane was boiled in 10% hydrogen peroxide for 8 h to

remove organic contaminations. It was then boiled in

deionized water (DI) for 2 h, and boiled in 1 M sulfuric

acid for 8 h to remove metallic impurities and ensure its

H-form. The membrane was finally rinsed in boiling DI

water for 2 h before use.

To fabricate a cell, one piece of the treated Nafion 112

was placed between two electrodes (anode and cathode

were identical, with 0.5 mg cm-2 Pt loading and an active

area of 10.89 cm2), and they were placed in a hot press

where the pressure was maintained at 50 kgf cm-2 and the

temperature increased in stages of 75, 100, 125 and 150 �C

for 3 min. A half-cell electrode was prepared by the same

procedure, but only one electrode was used with the pre-

treated membrane in the hot press.

2.2 Evaluation of the electrodes/MEA

2.2.1 Characterization of I–V polarization and estimation

of impedances

Two Teflon gaskets were used to hold the MEA, and they

were sealed tightly by screwing on the graphite plates

engraved with a serpentine flow channel. Two pieces of

gold-plated stainless steel plates were in close contact

outside the graphite plates for collecting the electric cur-

rent. A test station (Beam Inc., Taiwan), consisting of a

temperature controller, humidification chamber, mass flow

meter, and electronic load (10 V, 60 A), was set up to

operate the single cell and make necessary measurements.

An I–V diagram was constructed by monitoring the current

with stepwise loading of the voltage that decreased by

0.025 V from the open circuit potential in each step and

was maintained at that level for 30 s. The measurement

was continued until the cell voltage reached 0.25 V.

EIS was carried out under open circuit potential

and monitored by a galvanostat/potentiostat (AutoLab PGS

TAT30, ECO Chemie BV, Netherlands) equipped with a

frequency response analyzer (FRA2 module). A two-elec-

trode system was employed to conduct the EIS so that the

original anode (fed with hydrogen gas) also acted as a

reference (the dynamic hydrogen electrode (DHE)) that

could be connected with the counter electrode to the

electrometer. The cathode (fed with air) was connected to

the working electrode of the potentiostat. The impedance

spectra were measured potentiostatically, through input-

perturbed sine waves with an amplitude of 10 mV within a

frequency range of 20 kHz–10 mHz. Analysis and curve
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fitting of the data were done with Z-View software

(Scribner Associates, Inc., North Carolina, USA).

While conducting I–V and EIS measurements, the

atmospheric pressure was controlled during the operation

of the PEMFC: humid hydrogen was fed to the anode

(stoichiometry: 1.5) at 75 �C, and humid air was fed to the

cathode (stoichiometry: 2.0) at 65 �C. All experimental

runs were conducted thermostatically at 60.0 ± 0.1 �C.

2.2.2 Measurement of catalytic activity using cyclic

voltammetry (CV)

The catalytic activity of the half-cell electrode (with

identical anode and cathode) was measured by the poten-

tiostat/galvanostat. Pt-foil (with 99.99% purity) served as

the counter-electrode, and a saturated calomel electrode

(SCE) coupled with the Luggin-Haber probe served as the

reference electrode. During testing, nitrogen gas was con-

tinuously purged (with a flow rate of 150 ml min-1) on the

backside of the electrode, which was immersed in 0.5 M

H2SO4 to avoid interference from oxygen reduction. The

CV plot scan rate was 20 mV s-1 scanning forward from

50 to 1,400 mV (vs. standard hydrogen electrode, SHE)

then inverse. Temperature was controlled at 60 ± 0.1 �C.

2.3 Characterization of the Nafion

A differential scanning calorimeter (DSC, Q-10 TA Instru-

ments, Delaware, U.S.A.) was employed to characterize the

membrane. Roughly 10 mg of pretreated Nafion was placed

in an aluminum pan, purged with nitrogen gas and heated to

20 �C min-1. Indium was used as a calibration standard. The

DSC Standard Data Analysis Program (version 4.0, supplied

by TA Instruments Thermal Analyst 2000 system) was

employed to analyze the DSC traces.

3 Results

3.1 The performance of PEMFC

Figure 1 shows the polarization curves at 60 �C for a

PEMFC in which the electrodes were fabricated under

different hot-pressing temperatures. Comparing the curves

in Fig. 1, we found that the performance of the PEMFC

was determined by the hot-pressing temperatures: the

performance improved when the hot-pressing temperature

was increased from 75 to 125 �C). However, performance

worsened when the hot-pressing temperature was increased

from 125 to 150 �C. The cell hot-pressed at 125 �C dis-

played the best performance (revealing the lowest potential

drop in all the regions of activation, ohmic and concen-

tration polarizations).

Figure 2 shows the electrochemical impedance spec-

troscopy with open circuit potential at 60 �C for a PEMFC

fabricated at different hot-pressing temperatures. The

Nyquist plot depicts a distorted capacitive semicircle on the

upper plane. Point Rs, where the capacitive loop at the

highest frequencies intersects with the horizontal axis,

indicates the internal impedance of the cell. Rs remained

constant (ca. 0.03 ohm), although the MEA was fabricated

under various hot-pressing temperatures. The distorted

capacitive loop in the positive imaginary plane (in the first

quadrant) may be ascribed to the impedance from charge

transfer in the electrochemical reaction in the three-phase

zone. The diameter of the distorted capacitive loop related

to PEMFC performance. The smaller the diameter of the

loop, the better is the performance. The loop reduced in

size as the temperature was increased from 75 to 125 �C.

However, it grew in size when the hot-pressing temperature
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was increased from 125 to 150 �C. Figure 2 clearly shows

that the MEA fabricated at 125 �C had the smallest loop.

The cell with the smallest loop performed best and a small

loop implies that the impedance is less. On the basis of this

fact, we presumed that the MEA fabricated at a hot-

pressing temperature of 125 �C has the greatest catalytic

activity. The higher catalytic activity may be ascribed to

the greater surface area induced by the reactive catalysts.

3.2 Catalytic activity evaluated using half cell testing

The reactive surface area of the electrodes is usually

evaluated using cyclic voltammetry. Figure 3 is the cyclic

voltammogram for the half-cell electrode fabricated under

different hot-pressing temperatures. The activity of the Pt

catalyst is estimated by integrating the anodic peak that is

responsible for the hydrogen adsorption at potentials

ranging from 0.05 to 0.4 V (vs. SHE). The area for the

peak, responsible for hydrogen adsorption, increases as

hot-pressing temperature increases from 75 to 125 �C, and

it decreases with additional increases, from 125 to 150 �C.

4 Discussion

4.1 Effect of hot-pressing temperature evaluated

by EIS and I–V curves

In our previous study [22] on the mechanism of direct

methanol fuel cells (DMFCs), we proposed a schematic

model coupled with one set of equivalent circuits to inter-

pret the possible impedances included in the performance of

DMFC (i.e., internal (Rs), interfacial (Rif) and electro-

chemical impedances (Rrxn)). The fabrication of a DMFC

and a PEMFC is quite similar, and their reaction is governed

by a similar mechanism, except that different fuels are fed

to the anode (methanol for DMFC and hydrogen gas for

PEMFC). The equivalent circuit formerly proposed for

DMFC would benefit from a better understanding of the

PEMFC mechanism, with some modification.

Figure 4 shows a modified equivalent circuit delineating

the PEMFC mechanism. Rs is the internal impedance of the

PEMFC. Two R–Q circuits, Rif/Qif and Rrxn/Qrxn, are

responsible for the interfacial and electrochemical reac-

tions, respectively. The constant phase element (CPE, Q) is

used in place of the capacitance element (C), unlike the

previous model, for a better fit between the experimental

data and theoretical calculations, following similar, previ-

ous work [23].

The data of different impedances in the simulated

equivalent circuit were evaluated and re-plotted against the

hot pressing temperature, as shown in Fig. 5. We found that

Rtotal (summation of Rs, Rif and Rrxn) was minimum at

125 �C. The profile of Rtotal seemed to be determined by that

of Rif and Rrxn. The Rs arising from ionic and electronic

resistivity in the PEMFC remained constant (0.0025

ohm cm-2) regardless of the hot-pressing temperature.

The interfacial impedance (Rif) is thought to closely

correlate with the reactive area of reactant-catalyst-
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electrolyte interfaces, where electrochemical reactions take

place. An increase in the reactive area leads to a decrease in

the interfacial impedance. The relationship between elec-

tric resistance and resistivity is as follows:

R ¼ q
l

A
ð1Þ

where q is the electric resistivity; l, the length; and A, the

cross-sectional area of the materials. In Fig. 5, Rif was

minimum at 125 �C. This implies that the Pt catalyst

exposes a maximum reactive area to electrochemical

reactions in the three-phase zones when the electrode has

been hot-pressed at 125 �C. As a result, the impedance of

electrochemical reaction (Rrxn) should be similar, and

reduce to a minimum. Then, the overall electrochemical

impedance can be resolved into Rif and Rrxn. Once the

interfacial area of the catalyst is determined by the hot-

pressing temperature, Rif, and consequently Rrxn, is fixed.

In other words, the performance of a fuel cell is determined

partially by the catalytic activity, and the catalytic activity

is governed by its reactive area, depending on the hot-

pressing temperature during cell fabrication. Advanta-

geously, introducing Rif helps explain the contribution of

the reactive interfacial area in the three-phase zones to the

electrochemical reactions.

An attempt was made to understand the effect of hot-

pressing temperatures on the electrochemical polarization

of the cell, in particular, the reaction mechanism in the

region of the three-phase interfaces. As mentioned earlier

in Sect. 3.1, the electrochemical polarization of a cell

includes three kinds of polarization: activation, ohmic and

mass transport. The overall polarization in the single cell

can be described in the following mathematic equation

[19]:

E = E0 � b log i� iRX �m expðniÞ ð2Þ

Here, the first term on the right (E0) is the open circuit

potential. The second (b log i) is the Tafel term corre-

sponding to the voltage loss caused by activation; b is the

Tafel slope. The third term, iRX, is the linear potential drop

term due to ohmic resistance (RX); RX is the resistance

between the electrode and electrolyte. The final term,

m exp(ni), is responsible for the potential loss due to

concentration polarization; m and n are parameters having

units of potential and the reciprocal of current density,

respectively. Kim et al. [18] discussed the parameters m

and n and suggested that they are functions of current

density. In this study, we concentrated our attention on the

linear region caused by ohmic polarization. The experi-

mental conditions were delicately controlled to avoid

interference arising from activation and concentration

polarizations. By feeding the cells with sufficient concen-

trations of the reactants, we could ignore the contribution

of concentration polarization. On the other hand, it is

known that the activation process of a fuel cell is pre-

dominantly controlled by the kinetics of oxygen reduction

reaction (ORR) on the cathode. The kinetics in turn

depends on the characterization of the Pt catalyst. The

contribution of activation polarization could be kept

unchanged if only one kind of Pt catalyst was invariantly

loaded. As previously mentioned, an experimental concern

is that the effect of hot-pressing temperature on the

polarization would be confined to the linear ohmic region.

The effect of hot-pressing temperature on linear polar-

ization will now be discussed in greater detail. According

to Eq. 2, RX data could be evaluated using a linear

regression technique to fit the ohmic region on the curves

shown in Fig. 1. The slopes on the linear region of the

curves are equal to RX. Figure 6 is a plot showing the

dependence of RX on the hot-pressing temperature.

The magnitude of RX was the least at 125 �C. When a

summation of Rs and Rif (estimated from Fig. 4) was

co-plotted in Fig. 6 to compare with RX, their magnitudes

are approximate at constant hot-pressing temperatures. In

other words, RX evaluated from the linear region of the I–V

curve could be further visualized as a summation of Rs and

Rif through EIS investigation. Since Rs almost remained

constant throughout the range of hot-pressing temperatures,

Rif may provide a diagnosis of ohmic polarization in

PEMFC performance.

Referring to Fig. 5, we find that the temperature-depen-

dency of Rtotal is mainly determined by Rrxn and Rif. The

magnitude of the component impedances decreases in the

order Rrxn [ Rif [ Rs. This is based on the assumption that

Rrxn plays a major role in the contribution of kinetics. In

our previous discussion, we inferred that the interfacial

impedance (Rif) directly correlates with the area of reactant-
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catalyst-electrolyte interfaces, where electrochemical reac-

tions take place. This implies that the magnitude of

Rrxn is determined by Rif. Therefore, electrochemical

kinetics is eventually governed by Rif and it provides a

diagnosis of the catalytic activity in the performance of

PEMFCs.

4.2 The catalytic activity evaluated by cyclic

voltammetry

The dependence of catalytic activity on hot-pressing tem-

peratures in the fabrication of half-cell electrodes could be

reconfirmed by cyclic voltammetry. The catalytic activity

is usually represented in the form of the electrochemical

surface area (ECSA). The ECSA of the Pt-catalyst was

estimated by integrating the broad peak (in the range of

0.1–0.4 V vs. SHE) responsible for adsorption of hydrogen

in the cyclic voltammograms (Fig. 3). The charge area

under the H2 adsorption peak can be integrated by sub-

tracting the nonfaradic charge from the anodic peak to

evaluate catalytic activity. It is believed that the charge was

2.20 9 10-4 C cm-2, which was required to adsorb atomic

hydrogen on the smooth Pt surface. The ECSA of the

catalyst can be calculated with the following equation [24]:

Figure 7 displays the variation of ECSA for the Pt-cat-

alyst with various hot-pressing temperatures. It increases

rapidly from 4.09 to a maximum of 18.84 when the tem-

perature is increased from 75 to 125 �C, and then decreases

to 8.67 at even higher temperatures (150 �C). It is inter-

esting that the profile of ECSA shown in Fig. 7 is the

inverse of the profile of Rtotal (i.e., Fig. 6.). The maximum

catalytic activity (the highest ECSA) but the minimum

Rtotal, Rif and Rrxn are obtained at 125 �C. As mentioned

earlier, the catalyst with greater interfacial area is more

reactive and has less resistance. As a result, the catalyst

hot-pressed at 125 �C is presumed to have the greatest

interfacial surface and the highest catalytic activity.

4.3 Thermal characterization of the Nafion membrane

(Nafion 112)

The purpose of the hot-pressing process is to fabricate a

reactive MEA in which the components (the electrode and

membrane) are tightly combined. The performance of the

MEA is influenced by temperature, pressure, and duration.

In this study, all the parameters were fixed within only a

short range of temperatures (from 75 to 150 �C). The low

variation in temperature caused no notable change in the

catalyst and carbon properties. However, the structure and

property of the polymer (Nafion 112) changed more. The

thermal proprieties of Nafion were investigated using a

differential scanning calorimeter (DSC).

Figure 8 shows the DSC curve for Nafion 112 in H-form

with nitrogen gas purged. Two thermal relaxation peaks are

above room temperature. The first one is at 50–140 �C and
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the second (the weak endothermic peak) at 140 to 200 �C.

According to some investigators, the first peak corresponds

to water desorption from the ionic cluster and is considered

to be the glass transition temperature (Tg) for the poly-

meric matrix [25, 26]. Through TA Universal Analysis, we

found the Tg of Nafion 112 to be 127.6 �C. The second

peak corresponds to the melting of crystalline regions.

After further increasing the temperature to above 250 �C,

the Nafion-H membrane degraded, according to another

thermal analysis (Thermo-gravimetric Analyzer, TGA).

We conclude that the optimal hot-pressing temperature

is 125 �C. According to DSC analysis, this temperature

approaches the Tg of Nafion 112. It is logical to choose a

temperature approaching the Tg of the selected membrane

for hot-pressing in MEA fabrication. Under temperatures

just a little less than the Tg of the membrane, the polymer

was soft enough to combine tightly with the catalyst. This

behaviour supplied the greatest interfacial area for the

electrochemical reaction to proceed with the highest cata-

lytic activity.

5 Conclusions

Hot-pressing plays an important role in the preparation of

MEAs for PEMFCs. Temperature selection becomes a

significant issue when pressure and duration are fixed. The

optimum temperature is 125 �C, at a pressure load of

50 kgf cm-2 for 3 min. EIS provided detailed information

on the contribution, from high to low frequencies, of

internal impedance (Rs), interfacial impedance (Rif) and

reaction impedance (Rrxn). The Rs remained invariant, but

the Rrxn revealed a trend similar to Rif. The magnitude of

Rif was significantly determined by the interfacial area

between the Nafion and the catalyst where the electro-

chemical reaction occurred. An MEA fabricated at the

optimum temperature (125 �C) reaches the minima of Rif

and Rrxn. Minimal interfacial and reaction resistances

imply the highest surface area of the catalyst that will result

in a maximum of catalytic activity. Ohmic polarization

fitted with linear regression on the linear region, yielding a

separation of Rif from Rs. This separation confirms the

major contribution of Rif. On the whole, Rif provides a

useful diagnosis for the catalytic activity and performance

of PEMFC. DSC analysis showed that the optimum hot-

pressing temperature should be chosen at the temperatures

approaching the glass transition temperature (Tg) of the

membrane. Under optimal temperature, the catalyst and

membrane combine best to provide a maximum electro-

chemical area at the interfacial interface, resulting in the

highest catalytic activity.

Acknowledgements We gratefully acknowledge the financial sup-

port by the Taiwan Power Research Institute, Taiwan Power

Company, under contract number T5469410021.

References

1. Gonzalez ER, Srinivasan S (1984) Int J Hydrog Energy 9:215

2. Srinivasan S, Dave BB, Murugesamoorthi KA, Parthasarathy A,

Appleby AJ (1993) Fuel cell system D: overview of fuel cell

technology. Plenum Press, New York

3. Costamagna P, Srinivasan S (2001) J Power Sources 102:242

4. Prater KB (1996) J Power Sources 61:105

5. Cleghorn JC, Ren X, Springer TE, Wilson MS, Zawodzinski C,

Zawodzinski TA, Gottesfeld S (1997) Int J Hydrog Energy

22:1137

6. Song JM, Cha SY, Lee WM (2001) J Power Sources 94:78

7. Gamburzev S, Appleby AJ (2002) J Power Sources 107:5

8. Frey T, Linardi M (2004) Electrochim Acta 50:99

9. Yoon Y-G, Lee W-Y, Park G-G, Yang T-H, Kim C-S (2004)

Electrochim Acta 50:709

10. Lim C, Wang CY (2004) Electrochim Acta 49:4149

11. Cho EA, Jeon U-S, Ha HY, Hong S-A, Oh I-H (2004) J Power

Sources 125:178

12. Lee H-K, Park J-H, Kim D-Y, Lee T-H (2004) J Power Sources

131:200

13. Yang B, Fu YZ, Manthiram A (2005) J Power Sources 139:170

14. Pan M, Tang HL, Jiang SP, Liu Z (2005) Electrochem Commun

7:119

15. Zawodzinski TA Jr, Springer TE, Uribe F, Gottesfeld S (1993)

Solid State Ionics 60:199

16. Blom DA, Dunlap JR, Nolan TA, Allard LF (2003) J Electro-

chem Soc 150:A414

17. Srinivasan S, Ticianelli EA, Derouin CR, Redondo A (1988) J

Power Sources 22:359

18. Kim J, Lee SM, Srinivasan S, Chamberlin CE (1995) J Electro-

chem Soc 142:2670

19. Squadrito G, Maggio G, Passalacqua E, Lufrano F, Patti A (1999)

J Appl Electrochem 29:1449

20. Chu D, Jiang R (1999) J Power Sources 80:226

21. Bard AJ, Faulkner LR (2000) Electrochemical methods: funda-

mentals and applications, 2nd edn. Wiley, New York, pp 368–387

22. Lai C-M, Lin J-C, Hsueh K-L, Hwang C-P, Tsay K-C, Tsai L-D,

Peng Y-M (2007) Int J Hydrog Energy 32:4381

23. Hsu N-Y, Yen S-C, Jeng K-T, Chien C-C (2006) J Power Sources

161:232

24. Ralph TR, Hards GA, Keating JE et al (1997) J Electrochem Soc

144:3845

25. Moore RB, Martin CR (1988) Macromolecules 21:1334

26. de Almeida SH, Kawano Y (1999) J Therm Anal Cal 58:569

J Appl Electrochem (2009) 39:1067–1073 1073

123


	Influence of hot-pressing temperature on the performance �of PEMFC and catalytic activity
	Abstract
	Introduction
	Experimental
	Preparation of the electrodes/MEA
	Evaluation of the electrodes/MEA
	Characterization of I-V polarization and estimation of impedances
	Measurement of catalytic activity using cyclic voltammetry (CV)

	Characterization of the Nafion

	Results
	The performance of PEMFC
	Catalytic activity evaluated using half cell testing

	Discussion
	Effect of hot-pressing temperature evaluated �by EIS and I-V curves
	The catalytic activity evaluated by cyclic voltammetry
	Thermal characterization of the Nafion membrane (Nafion 112)

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


