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Abstract: Nanoparticle Pd/C catalyst was prepared by a microwave-assisted polyol process
(MAPP).Ethylene glycol was used as reducing agent. The Pd/C catalyst was characterized by
transmission electron microscopy(TEM) and X-ray diffractometry(XRD). The catayst was
spherical and homogeneously dispersed on activated carbon carrier with particle size about 5-7nm.
Electrochemical analysis results shows, Pd/C catalyst exhibits higher reactivity toward
electrocatalytic oxidation ethanol in alkaline electrolyte, compared to commercial Pd/C (Johnson
Matthey Co.).

Introduction

Direct alcohol fuel cells (DAFCs) are very attractive nowadays 2. It was considered as possible
power sources for the electronic devices and electromobiles”. Ethanol proves to be a promising
option as fuel due to its high energy density and environmental friendship ', and it can be easily
mass-produced by the fermentation of the raw materials of sugars® "%,

The electroactivity of anodic material is one of the main factors affecting the practical use of
DAFCs. Platinum electrode has high catalytic activity for the oxidation of ethanol, but the widely
application of Pt electrode as anode is limited by the high cost of platinum 9. If the DAFCs can be
achieved in an alkaline medium instead of an acidic media, the kinetics of the fuel cell will be
significantly improved °*!. According to the research report, Pd is a good electrocatalyst for
ethanol oxidation and shows higher activity than that of Pt in alkaline medium & <.

Recently, nano palladium has received a great deal of attention due to some outstanding
advantages, such as significantly large surface area and high stability!?. In this work, Pd/C catalyst
was successfully prepared by a microwave-assisted polyol process (MAPP)!!.

Experimental

All reagents were analytical reagent grade. Palladium(ll) chloride was from the Shanghai Fine
Chemical Material Research Institute (China); 5% Nafion solution was from DuPont Co. Ltd (USA);
Vulcan XC-72 was purchased from Cabot Co.Ltd. (USA);the water used in the experiments was
double distilled and deionized. Preparation of the XC-72carbon: XC-72carbon was placed in5M
HNOs solution with continuously stirring.

Preparation of palladium catalyst™: Pd/C (20 wt% Pd) catalyst was prepared through a
microwave-assisted polyol process (MAPP). Briefly, 40 mg of XC-72carbon was dispersed into a
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mixture solution of 25mL ethylene glycol and 5 mL isopropyl alcohol under ultrasonic treatment for
2 h. Then, amount of PdCI,/EG solution was added and continuously stirred for 2 h. The mixture
was adjusted to pH value of about 12.00 by adding 1 mol L™ NaOH/EG solution, fed with argon
gas for 15 min, then heated in a microwave reactor for 1Imin. Down to room temperature, 0.1 mol
L HNO3s/H,0O solution was added to adjust pH value to 3-4, continuously stirring for 12 h. Finally,
the mixture was filtered and washed repeatedly with ultrapure water. The product was dried in a

vacuum oven for 8 hat 60 °C.

The structures of samples were characterized by a Bruker D8-Advance Powder X-ray
diffractometer with Cu Ka radiation(A=0.154059 nm).TEM images were characterized with a
JEM-2100FHR-TEM model using an accelerating voltage of 80 and 200 KV. All electrochemical
measurements were performed using a CHI660C Electrochemical Analyzerin a standard
three-electrode cell.

5mg electrocatalyst sample was ultrasonic dispersion in the mixer solution which contains 1mL
ethanol and 120 pL 5% Nafion solution. 5uL of the ink was loaded on the glassy carbon disk
electrode (4 mm in diameter) and dried it in argon atmosphere.

Electrochemical measurements were carried out in a standard three-electrode electrochemical
cell. The glassy carbon disk electrode made by above-mentioned procedure was used as the
working electrode. A piece of Pt foil (1 cm?) and Hg/Hg.Cl, were used as the reference electrode
and the counter electrode (Pt electrode), respectively.

The cyclic voltammetry (CV) tests were carried out in the 1 mol L NaOH +C,HsOH
solution.After pure nitrogen gas (99.99%) was bubbled through the solution for 30min, the
experiments conducted a continuous CV cycling with the scan speed at 0.05 V s'and the potential
rangeisfrom-1.0t0 0.1 V.

Results and Discussion

Fig. 1shows the X-ray diffraction (XRD) patterns of the Pd/C (20% Pd) catalyst. The diffraction peaks
of Pd/C can be observed and their 26values of 40.11° 46.64° 68.11° 81.97° and 86.60°, is
corresponding to planes of (111), (200), (220), (311), and (222) respectively. Thisis very coincident
with JCPDS No0.65-6174. There are no other obvious peaks than the five peaks, indicating that the
metal Pd was successfully supported on the activated carbon carrier.
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Fig.1 XRD patterns of Pd/C catalyst Fig. 2 TEM image of Pd /C catalyst
TEM images of Pd/C (20% Pd) catalyst is shown in Fig.2. Pd nanoparticles with excellent
uniformity and homogeneously dispersed on activated carbon carrier can be observed and the
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average particle size isaround 5-7 nm.

The cyclic voltammetric curve of Pd/C catalysts in 1mol-L™*C,HsOH+1mol-L™*NaOH at room
temperature is shown in Fig. 3.To have a fair comparison, the commercial Pd/C catalyst (Johnson
Matthey Co.) was also including this figure. The potential range is from —1.0 to 0.1V and the scan
rate was50 mV-s . During the forward scan there is a oxidation peak which is corresponding to the
oxidation of newly chemisorbed materials coming from ethanol adsorption.At higher potentials, the
formation of PdO retards the further adsorption of the reactive material and leads to a significant
reduction in the current. During the negative scan, the as-formed PdO will be reduced to a
catalytically active Pd, this will leading to the recovery of the EOR current. From Fig.3 it can be
seen that compared with the current density on Pd/C (J M), the current density on Pd/C catalyst is
significant higher.The peak current densities for Pd/C catalyst and Pd/C (J M)are 28.8and 17.4
mA-cm 2, respectively. It showsthat the Pd/C catalyst as a better catalytic activity for C,HsOH.
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Fig.3 Voltammetric curves of Pd/C catalystsin Fig. 4 Voltammetric curves of Pd/C catalyst in
1 mol-L*C,HsOH+1 mol-L *NaOH solution 1 mol-L™* NaOH solution

Fig.4 shows the cyclic voltammetry of Pd/C catayst and Pd/C (JM) in ethanol solution in the
alkaline media. It can be seen from Figure 4 that they exhibit significantly higher anode and cathode
current densities. During the forward scan the oxidation peak at the lower anode potential is due to
the formation of the adsorbed hydroxyl OH ads, which is related to the formation of PdO at the high
positive potential. During the cathodic scan, the PdO layers are reduced and the reduction peaks is
about —0.35V. Obviously, Pd/C catalyst shows a larger redox peak area than the commercial Pd/C
(M) which indicated good electrochemical activity.
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Fig.5 Chronoamperometry curves of Pd/C catalystin 1 mol-L*C,HsOH+1 mol-L *NaOH solution
Chronoamperometry measurements were conducted to evaluate the electrocatalytic stabilities of
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the catalysts in 1 mol-L™*C;HsOH+1mol-L*NaOH and the data were shown inFig.5. A lower
potential (-0.4 V) was used to mimic catalyst deactivation.The results show that during a long
duration, the current density exhibits a small attenuation at the applied constant potential.lt can be
seen that after3600sthe current densities on the Pd/C catalyst and Pd/C (J M) are 2.3 and 1.5
mA-cm 2, respectively, indicating that towards C,HsOH oxidation in the alkaline media the Pd/C
catalyst has better stable electrocatalytic activity than commercial Pd/C (JM).

Conclusions

20 wt% nanoparticle Pd/C electrocatalyst was prepared by microwave-assisted polyol process.
Ethylene glycol was used as reducing agent. Pd/C catalyst have small average diameter (5-7 nm)
and homogeneously dispersed on activated carbon carrier. Electrochemical analysis results shows,
Pd/C catalyst exhibits higher reactivity toward electrocatalytic oxidation ethanol in alkaline
electrolyte, compared to commercial Pd/C (JM Co.)
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