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Microwave Polyol Synthesis of Pt/C Catalyst and its Application to

Hydrolysis of Sodium Borohydride
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Abstract: XC-72 carbon supported Pt catalyst was prepared by using a microwave heated ethylene glycol method and
characterized by transmission electron microscopy (TEM) and X-ray diffraction (XRD). For comparison, the same Pt/XC-
72 catalyst was also prepared by conventional heated ethylene glycol method. TEM image showed that microwave syn-
thesized Pt nanoparticles were uniformly dispersed on the surface of carbon and had a narrow size distribution. The aver-
age particle sizes of Pt nanoparticles synthesized with microwave irradiation and conventional heating method are 2.7 and
3.7 nm, respectively. The Pt/C catalysts exhibited four diffraction peaks that are indexed to the {1 1 1}, {2 0 0}, {2 2 0},
and {3 1 1} planes of Pt. Their catalytic performances were evaluated by hydrolysis of sodium borohydride. The micro-
wave synthesized Pt/XC-72 catalyst exhibited higher catalytic activity than that synthesized with conventional heated eth-

ylene glycol method.
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1. INTRODUCTION

Recently, the hydrolysis of sodium borohydride (NaBH,)
has attracted considerable attentions as a hydrogen source for
proton exchange membrane fuel cells (PEMFCs) owing to its
combined advantages [1]. To control the hydrogen genera-
tion rate, the precious catalysts, such as ruthenium nanopar-
ticles [2,3], resin-supported ruthenium [4,5], and LiCoO,
supported platinum [6], have been demonstrated to exhibit
high activities in the hydrolysis reaction. It is obvious that
the nano-sized metal particles would be very difficult to re-
cover and handle at industrial level. It was also found that
the ion-exchange resin beads supported Ru catalyst were
broken up into fine particles and gave rise to uncontrollable
generation of hydrogen when a high concentration of NaBH,
(20%) was used [7].

Carbons are stable in both acidic and basic media and
make them among the most attractive supports for hydrolysis
reaction in which the catalysts are usually exposed to a hot
caustic environment. It has been found that Pt metal catalysts
supported on Vulcan XC-72R carbon [8] and activated car-
bon [9] displayed excellent hydrogen generation perform-
ances in hydrolysis of NaBH,. To improve the metal particle
dispersion, the polyol (most commonly ethylene glycol)
process has been used in preparing carbon supported Pt cata-
lysts for fuel cell applications [10, 11].

In this study, Pt nanoparticles supported on carbon were
prepared by the ethylene glycol (EG) process. To thermally
activate EG, microwave irradiation was adopted. The as-
prepared catalyst was thus used to catalyze the hydrolysis of
sodium borohydride. The particle size distribution, average
diameter and the catalytic performance of the microwave
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synthesized Pt/C catalyst were compared with that prepared
with conventional heated EG method.

2. EXPERIMENTAL SECTION
2.1. Catalyst Preparation

Pt/C catalyst was prepared by microwave heating of EG
solutions of Pt salt. Vulcan XC-72 carbon (Cabot Corp.,
Specific surface area (BET) = 235 m’/g) was used as the
support. The synthesis was carried out with the aid of an
industrial microwave oven (Nanjing Jiequan Microwave
Equipment Co. Ltd, 700W). As a typical process for the syn-
thesis of Pt/C catalyst with the Pt loading of 15 wt%, 400 mg
of Vulcan XC-72 carbon was added in 100 ml of EG and
ultrasonicated for 30 min. Then, 10 ml of H,PtCls/EG (60
mg Pt) was slowly added. The further treatment was per-
formed by slow addition of 2 M NaOH/EG solution until the
pH value of the mixture was adjusted to above 12 and ultra-
sonicated. The suspension was exposed to microwave irra-
diation at 170 °C for 1 min, and then cooled to room tem-
perature. The product was recovered by centrifugation and
dried in a vacuum oven at 80 °C for 10 h. For comparison,
the Pt/C catalyst was also prepared by heating of EG solu-
tions of Pt salt with an oil bath at 130 °C for 3 h. The Pt/C
catalysts prepared by microwave irradiation and oil bath
methods are denoted as Pt/C-M and Pt/C-O, respectively.

2.2. Catalyst Characterization

XRD analyses were performed using a Rigaku diffracto-
meter (D/max-2400 X) with a Cu Ka radiation source.

Transmission electron microscopy (TEM) images were
recorded on a JEOL JEM-2000EX microscope operated at
100 kV. Particle size distributions for the catalysts were ob-
tained by manually measuring 100 particles from the micro-
graphs. The number-averaged particle diameter d,, was cal-
culated by the following formula:
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where n;is the number of particles with diameter d..
2.3. Catalyst Testing

The catalytic activity of Pt/C catalysts was determined by
measuring the amount of hydrogen generated from the
NaOH-stabilized aqueous NaBH, solution. In a typical batch
hydrogen generation experiment, 10 ml 5 % NaBH,~1 %
NaOH solution was initially put into the flask. The starting
point of the reaction is defined as the time when a certain
quantity of Pt/C catalyst was added to the flask. The solution
temperature was kept constant within the range of the set
value £ 0.2 °C using a water bath. During the catalytic hy-
drolysis reaction, a flowmeter was adopted to record the cu-
mulative volume of the generated H,. For a successive ex-
periment, a tubular reactor was adopted. A certain amount of
catalyst was placed in the reactor prior to the reaction. The
system was sealed, and then 10% NaBH,—5% NaOH solution
was pumped from a storage tank into the reactor with a cer-
tain flow rate (4-6 mL min'). The generated hydrogen, the
by-product and the residual reactant solution were imported
into a gas-liquid separator. The rest processes were similar to
the intermittent reactions.

3. RESULTS AND DISCUSSION
3.1. Characterization of Pt/C Catalysts

Fig. (1). shows the TEM images of both the microwave
and oil bath prepared Pt/C catalysts. It can be observed that
the microwave prepared Pt nanoparticles are uniformly dis-
persed on the surface of carbon. The Pt particle size distribu-
tion of Pt/C-W and Pt/C-O catalysts is shown in Fig. (2). As
shown in Fig. (2), the microwave synthesized Pt nanoparti-
cles have a narrow particle size distribution raging from 1.0
to 5.0 nm, with the average diameter of about 2.7 nm. The Pt
nanoparticles prepared with conventional heating (oil bath in
this study) method, by comparison, have a relatively broad
particle size distribution raging from 1.0 to 7.0 nm, with the
average diameter of 3.7 nm.

Fig. (3). shows the powder XRD patterns of Pt/C-W and
Pt/C-O catalysts. The diffraction peak at 26 = 25° could be
attributed to the graphite structure (002) of XC-72 carbon.
For both Pt/C-M and Pt/C-O catalysts, the nanocomposites
exhibit only characteristic diffraction peaks of the face-
centered cubic platinum. The major peaks centre at 260 =
39.7°(111),45.6° (2 0 0), 67.4° (2 2 0), and 80.5° (3 1 1).
The average crystallite sizes for the Pt/C-W and Pt/C-O cata-
lysts, calculated by Scherrer’s formula, are 3.1 and 4.0 nm,
respectively. These data are comparable with those obtained
by TEM images.

It is generally agreed that the size of metal nanoparticles
is determined by the rate of reduction of the metal precursor.
At high temperatures, ethylene glycol is decomposed to yield
in situ reducing species, CH;CHO, for the reduction of the
metal ions to metallic particles [12]. The formation of Pt
nanoparticles initiates from the following reactions in EG
solution under microwave heating [13].

CH,OH - CH,OH — CH;CHO + H,0 (1)
4CH,CHO + Pt*" — Pt + 4H" + 2CH;COCOCH; )
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Fig. (1). TEM images of (a) Pt/C-W and (b) Pt/C-O catalysts.
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Fig. (2). Histograms of metal particles diameters for (a) Pt/C-W
and (b) Pt/C-O catalysts.
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Fig. (3). Powder XRD patterns of (a) Pt/C-W and (b) Pt/C-O cata-
lysts.

Unlike the convectional conductive heating with an in-
herent heterogeneous temperature distribution, the micro-
wave irradiation can provide fast and uniform heating
through dielectric losses [10]. The fast heating by microwave
accelerates the reduction of the metal precursor and the nu-
cleation of the metal clusters. It is obvious that the fast nu-
cleation of the metal clusters restrains the further growing of
metal clusters, and thus promotes the formation of small par-
ticles. It has been suggested that the carbon surface may con-
tain sites suitable for heterogeneous nucleation and the pres-
ence of a carbon surface also interrupts particle growth [14].
On the other hand, the homogeneous microwave heating of
liquid samples can generate a more uniform environment for
the nucleation and growth of metal particles, and this of
course contributes to the resulting narrow particle size distri-
bution. In a word, the small particle size and the homogene-
ous size distribution of Pt/C-W catalyst are ascribed to the
rapid reduction of the metal salts and the formation of metal-
lic nuclei in the mixture of EG solution facilitated by micro-
wave irradiation. It is worth to note that most researchers

Xu et al.

used domestic microwaves to complete the heating in the
polyol process [10,15,16], one major deficiency of which is
that the temperature of the mixture of polyol solution, plati-
num salt and support, may vary with the volume of the mix-
ture, irradiation time, the power of the oven, etc. In contrast
to, we use an industrial microwave with an infrared ther-
mometer sensor, by which the temperature of the mixture
can be easily observed, and therefore a satisfactory control of
the reduction temperature realized.

3.2. Catalytic Activity

Catalytic activities of the Pt/C nanocomposites for hy-
drogen generation from hydrolysis of NaBH, were investi-
gated in a batch manner and the results were shown in Fig.
(4). As seen in Fig. (4), the Pt/C-W catalyst prepared by mi-
crowave irradiation method compares favorably with the
Pt/C-O catalyst, suggesting the small particles size and high
dispersion of Pt metals for Pt/C-W catalyst play a very im-
portant role for the improvement in catalytic activity.
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Fig. (4). Accumulated hydrogen production at 25 °C using 0.020 g
of Pt/C-W and Pt/C-O catalysts.

To estimate whether the as-prepared catalyst is suitable
for application in a hydrogen generator, its successive hy-
drogen generation performance was also investigated. Fig.
(5). shows the successive hydrogen generation performances
of Pt/C-W catalyst for a 10%NaBH4—5% NaOH solution and
constant catalyst loading. When the solution was pumped to
the reactor at a rate of 4 ml'min', the hydrogen generation
rate increased drastically in the first few minutes due to the
contact between the sodium borohydride and the catalyst,
and then reached a maximum steady value. However, when
the feeding flow rate was increased to 6 ml'min ', the hydro-
gen generation rate increased first and then decreased until a
steady value was obtained. The steady hydrogen generation
rate is close to that at the feeding flow rate of 5 ml-min .
These results suggested that a higher feeding flow rate may
induce an insufficient reaction.

The H, generation rate as a function of time for 10 wt.%
NaBH, solutions and constant feed of 4 ml/min was shown
in Fig. (6). When feeding the NaBH, solution into the reactor
containing 2 g of Pt/C-W catalyst by switching on the pump,
the H, starts to generate. After about 8 min, the H, genera-
tion rate reaches a constant value. By switching off the
pump, the H, generation ceases rapidly.
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Fig. (5). Successive hydrogen generation as a function of time at
different feeding flow rates using 2 g of Pt/C-W catalyst.
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Fig. (6). Response of hydrogen production over Pt/C-W catalyst at
feeding flow rate of 4 ml/min.

4. CONCLUSIONS

Pt nanoparticles supported on XC-72 carbon were pre-
pared by a heated ethylene glycol process. The characteriza-
tion results showed that a microwave assisted heating
method can synthesize Pt nanoparticles with small particle
size and better dispersion over the carbon support, which are
mainly ascribed to the rapid reduction of the metal salts and
the formation of metallic nuclei in the mixture of EG solu-
tion facilitated by microwave irradiation. The as-prepared
Pt/C-W catalyst exhibited high performance for hydrogen
generation from hydrolysis of NaBHj,.
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