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Abstract
In this study, graphene supported PtCo electrocatalysts were synthesized via microwave assisted polyol reduction
method with varying irradiation temperatures and their performance were evaluated as cathode electrodes in polymer
electrolyte membrane fuel cells (PEMFCs). The impact of microwave irradiation temperature on the structural,
morphological, and electrochemical properties of the catalysts was systematically investigated. Among the synthesized
catalysts, the sample prepared at 170 °C (PtCo/G-170) exhibited the highest performance, acheiving a peak power
density of approximately 520 mW/cm? and an ECSA value of 87.3 cm*g. These results demonstrate that the
microwave-assisted synthesis method yields a more effective nanoparticle dispersion compared to conventional heating

method, significantly enhancing the electrocatalyst's efficiency.

1.Introduction

The important characteristics of polymer electrolyte
membrane fuel cells (PEMFC) like high energy efficiency, low
temperature operation and zero emission make them promising
clean energy devices [1-3]. The problems that are encountered
in their widespread commercialization is the high cost due to
the use of precious metal electrocatalysts and limited
durability, due to sluggish Kinetics of oxygen reduction
reaction (ORR) [4,5]. There are tremendous research on
overcoming these limitations, i.e. alloying Pt with transition
metals (Co, Ni, etc.) for enhancement of ORR characteristics
and decreasing the cost with the reduction of noble metal
amount [6-8]. PtCo alloys exhibit high catalytic activity and
stability under acidic PEMFC conditions [9], where the
activity and durability are affected not only by the morphology
of the catalyst but also the nature of the support material.

Graphene is denoted as an ideal support for noble metal
electrocatalysts with its large specific surface area, excellent
electrical conductivity, mechanical strength, and chemical
stability [10-12]. Due to increased metal-support interaction
and uniform distribution, there is an enhancement in the
catalytic activity where graphene is used as a support.
Moreover, the catalyst preparation method has a significant
impact on morphology and catalytic activity. Conventional
synthesis methods, such as chemical reduction under reflux,
often lead to particle aggregation, broad size distribution, and
incomplete alloy formation, limiting the catalyst’s efficiency.
Microwave-assisted synthesis has recently gained attention as
an efficient and sustainable alternative due to its rapid
volumetric heating, reduced reaction times, and improved
control over nanoparticle growth [13-15]. By providing

homogeneous thermal energy, microwave irradiation
promotes uniform nucleation and prevents excessive particle
growth, enabling the formation of finely dispersed and well-
alloyed nanoparticles on graphene supports.

In this study, we report the synthesis of PtCo/graphene
composite electrocatalysts via a microwave-assisted polyol
method and evaluate their performance as cathode catalysts in
PEMFCs. The effects of synthesis temperature on the
structural, morphological, and electrochemical properties of
the catalysts are systematically investigated. The results
demonstrate that the microwave-assisted approach not only
enhances nanoparticle dispersion and alloy formation but also
significantly improves fuel cell performance compared to
conventional methods. This work highlights the potential of
microwave-assisted synthesis in designing high-performance,
graphene-supported electrocatalysts for next-generation
PEMFC applications.

2.Experimental

Graphene samples were obtained from CealTech (Norway).
Chloroplatinic acid hexahydrate (H2PtCls:6H20, >99.9%),
cobalt(ll) chloride hexahydrate (CoCl.-6H20, >98%), ethylene
glycol (EG, 2>99%), Nafion® solution (5 wt%), and
isopropanol (>99.5%) were purchased from Sigma-Aldrich
and used without further purification. Ultrapure water
(resistivity 18.2 MQ-cm) was used throughout all experiments.
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2.1 Synthesis of PtCo/Graphene Catalysts

PtCol/graphene catalysts were synthesized using a microwave-
assisted polyol reduction method. First, 160 mg of graphene
was dispersed in 10 mL of ethylene glycol (EG) via
ultrasonication for 1 h to ensure homogeneous suspension. In
a separate container, 79 mg of H2PtCls:6H2O and 20 mg of
CoCl2'6H20 were dissolved in 1 mL of EG under
ultrasonication for 10 min. The metal precursor solution was
then added dropwise to the graphene suspension under
magnetic stirring. The resulting mixture was transferred into
Monowave 400 microwave reactor (Anton Paar) and heated to
90 °C under continuous stirring. After the reaction, the product
was cooled to room temperature, filtered, and washed
thoroughly with ethanol and deionized water. The obtained
black powder was dried under vacuum at 80 °C overnight. For
comparison, additional samples were synthesized at 110 °C
and 170°C, and a control sample was prepared using a
conventional reflux method at 170 °C for 8 hours.

The morphology and particle size of the catalysts were
analyzed using transmission electron microscopy (TEM,
JEOL JEM-2100F). X-ray diffraction (XRD) patterns were
recorded on a Rigaku Miniflex 600 diffractometer using Cu
Ko radiation (, = 1.5406 A) to confirm alloy formation.
Elemental mapping and compositional analysis were
performed using energy-dispersive X-ray spectroscopy (EDS)
coupled with scanning electron microscopy (SEM, Phenom
XL).

The electrochemical analysis was performed on the Fuel Cell
Test Station (Scribner Associates). Cathode electrodes were
prepared by spraying the catalyst ink onto the gas diffusion
layer (GDL, Sigracet 29 BC) till 0,2 mg/cm? loading was
achieved (Fig. 1). For the anode side, 0,6 mg/cm? of %20 Pt/C
was coated on the gas diffusion layer (Sigracet 29 BC). The
membrane electrode assembly was prepaed by hot pressing the
anode and cathode electrodes with the membrane (Nafion XL).

Fig 1. The prepared electrocatalyst and coated gas
diffusion layer

3. Results and Discussion

The SEM and TEM images of the graphene support before
catalyts preparation step is shown in Fig 2.

Fig 2. The SEM and TEM images of graphene support

Graphene-supported PtCo catalysts were synthesized via
microwave-assisted processing at sequential temperatures of
90 °C, 110 °C, and 170 °C to investigate the effect of synthesis
temperature on catalyst properties. Moreover, the polyol
reduction with conventional reflux method was applied, to
investigate the effect of microwave heating. The EDS analysis
of the graphene-supported PtCo catalyst is presented in Fig. 3.
The EDS spectrum confirms a Pt:Co atomic ratio of
approximately 1:1 and a homogeneous distribution of both
elements on the graphene support
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Fig 3. EDS sprectrum of graphene supported PtCo catalysts

The XRD patterns of the catalysts synthesized via
conventional reflux and microwave-assisted polyol methods at
different temperatures (90 °C, 110 °C, and 170 °C) shows that
all samples exhibit diffraction peaks characteristic of face-
centered cubic (fcc) Pt, indicating the formation of Pt-based
alloy structures. Notably, samples synthesized at higher
microwave irradiation temperatures (170 °C) demonstrate
slight peak shifts compared to those produced under reflux
conditions, suggesting lattice contraction due to cobalt
incorporation into the Pt lattice. This structural modification,
typically associated with PtCo alloy formation, was further
supported by the calculated lattice parameters, which were
lower than that of pure Pt (3.92 A) and consistent with reported
values for PtCo alloys (3.85-3.89 A). These findings confirm
that microwave-assisted synthesis at elevated temperatures
promotes alloying and produces well-dispersed nanoparticles
on the graphene support.

The TEM images of graphene supported catalysts prepared by
microwave sysnthesis at 90, 110 and 170 °C and conventional
reflux method are shown in Figure 5.

Fig 5. TEM images of the catalysts prepared at 90, 110. 170°C
by microwave irradiation and conventional reflux,
respectively.

The microstructural evidence indicates that microwave
irradiation facilitates uniform nucleation and controlled
growth kinetics, resulting in a homogeneous dispersion of
catalyst nanoparticles on the support, whereas conventional
reflux heating leads to non-uniform thermal gradients and
pronounced particle agglomeration.

The electrochemical specific surface area (ESCA) of the
prepared electrocatalysts by conventional reflux method and
microwave assisted synthesis at 90, 110 and 170 °C are
calculated from the cyclic voltammograms reported at 60 and
80 °C are listed in Table 1.



Table 1. The electrochemical specific surface area (ESCA)
values of the electrocatalysts.

ESCA (cm?/g)
Temperature 60 °C 80 °C
PtCo/G-Reflux 51,59 62,70
PtCo/G-90 49,20 42,85
PtCo/G-110 67,46 69,04
PtCo/G-170 80,95 87,30

Fuel cell performance tests of the prepared electrocatalysts
were performed under H2/O2 gases with 1.2:2.0 stoichiometric
ratio, under humidified conditions at 80 °C. Fig 6, represents
the polarization curves of the catalyts prepared by microwave
assisted synthesis at 90, 110, 170 °C and conventional reflux
method.
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Fig 6. Polarization curves of graphene supported PtCo
electrocatalysts

According to the polarization and power density curves, the
PtCo/G-170 catalyst exhibited the highest cell performance,
delivering a peak power density of 520 mW cm™2, while
PtCo/G-110 reached 410 mW c¢cm™. In contrast, the PtCo/G-
90 and conventionally synthesized PtCo/G-Reflux catalysts
exhibited significantly lower power densities of approximately
330mWem2 and 230 mWem™, respectively. A direct
comparison between the Reflux-derived catalyst and the
microwave-synthesized PtCo/G-170 clearly indicates a
substantial improvement (>500 mW cm™) in the latter,
particularly in the mid-to-high current density region of the
polarization curve. This demonstrates the superior catalytic
activity and enhanced efficiency of the microwave-assisted
PtCol/Graphene catalyst relative to its conventionally prepared
counterpart.

In terms of high-current-density operation, PtCo/G-170
maintained a power density of approximately 520 mW cm2

even at 1.3 Acm™, confirming its excellent electrochemical
stability under heavy load conditions.

From an electrochemical perspective, the improved
performance is attributed to the synergistic effects of the PtCo
alloy and the graphene support. The incorporation of Co
enhances oxygen reduction reaction (ORR) Kkinetics by
modifying the Pt electronic structure, while the graphene
support improves electron  conductivity, suppresses
nanoparticle agglomeration, and mitigates corrosion-related
degradation. Consequently, the catalyst exhibits stable
performance at high current densities, indicating
homogeneous nanoparticle dispersion, strong structural
integrity, and sustained catalytic activity over extended
operation. These findings demonstrate that the microwave-
assisted synthesis route yields a high-performance and durable
PtCo/Graphene catalyst, outperforming conventionally
synthesized materials in terms of power density, stability, and
ORR activity.

4- Conclusions

This study has demonstrated that the production of
PtCo/graphene-based cathode catalysts via a microwave-
assisted synthesis method offers significant technical and
economic advantages over conventional methods. Microwave
irradiation enables rapid and uniform heating without the need
for high temperatures or prolonged processing, thereby
substantially reducing synthesis time, lowering energy
consumption, and minimizing production costs. Furthermore,
the catalysts produced using this method exhibit enhanced
electrochemical performance due to characteristics such as
smaller particle size, uniform metal dispersion, and well-
defined crystal structure. However, for the widespread
commercialization of such high-performance systems, cost-
effective production processes must be scalable and applicable
at the industrial level.
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