CO Catalytic Oxidation Using Laser-Assisted Gold Nanoparticles
Supported on Activated Carbon

Parisa Vahdatkhah"”*, Mansoureh Ganjali*, Monireh Ganjali*, S.K. Sadrnezhaad*

Department of Materials Science and Engineering, Sharif University of Technology, Azadi
Ave., 14588-9694, Tehran, Iran

*Corresponding Author: parisa.vahdatkhah@gmail.com &
@
Abstract Q

Gold nanosparticles (AuNPs) that have been extensively studié last decade will

supporte activated carbon (AC) for efficient Co catalytic oxiddtion. jTo avoid oxidation and
well-controlled size and shape distribution (<10 nm), AyNRs be synthesized in pure
acetone using not more than 4.8 J/cm? of Fiber laser o‘%nsity to ablat a gold target
surface. The prepared AuNPs were indicated by UY-Vi troscopy and Zeta potential
measurments. The laser ablation method (LAM) iform and homogenous AuNPs
with a Gussian curve of UV-Visible absorpti at 530 nm. Large negative Zeta
potential of AUNPs showed a good stabilityith sing any additives/surfactants. In this
paper, design and fabrication results Q—plane' type AUNPS/AC catalyst were
characterized by FESEM. According :

of 71 nm were successfully
AUNPs/AC catalyst for CO_0xid

. characterized AuNPs with mean diameter
% onto AC. Finally the catalytic activtity of
jon Wefe studied.
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1- Introduction

Superior conductivity, easy transfer of electrons, adjustable optical and electrical
properties, biocompatibility and high catalytic activity have increased attraction of AuNPs for
various applications [1-5]. The immense efforts of researchers have been focused on gold
nanoparticles-based catalysts due to the high activity of AuNPs for low temperature
hetreogeneous oxidation ractions [6]. In order to obtain high catalytic activity, AuNPs are
generally dispersed on support materials, among which activated carbon (AC) age cagamonly
used. The main reasons to use of activated carbon as a catalyst support are that thesstab Mgy of
AC in acidic or basic environments and catalyst recycling. Moreover, from a persp8gtive of
microscopy studies, carbon is an almost ideal support because of its low atomic number [7].

Numerous studies based on Au catalysts were performed on the &O oxidation [8,9],
oxidation of alcohol and suger [10,11] and ozone decomposition at roo prature [6].

The overall performance of a supported AuNPs catalyst high on the size and

(30

shape of the AuNPs, the structure and properties of supports, § d-support interface
interactions [12]. Several methods have been proposed to a ABKIPs onto the activated
carbon (AC). Coprecipitation (CP), deposition-precipitati co-sputtering and liquid-
phase grafting [8] can be basically attended. Although the%nlques have been developed to
prepare AUNPs/AC catalyst, they do not allow preci nigal over these parameters. Pulsed
njalternative and returnable physical
efo'well-controlled size and shape of NPs

laser ablation (PLA) method in pure liquid medi
technique to fast prepare noble metal nanoaprticle
absolutely without helping the specific catalyst91 3%,

The present study is aimed at investiga e fabrication, characterization and catalytic
activity laser assisted AuNPs in spheri pe on AC for CO oxidation. Subsequently a sol
immobilization method provides co rface by Au NPs.

2- Materials and Metho
2-1- Synthesis of AuNPs

To synthesize pur Id NPs of the target material (1 cm® Au cubic), a fiber pulsed laser
(wavelength (A=1. was used by (PLA) method. Componential, dimensional and
structural studies s are availabled in our published articles [13,14].

A commeagi Au bulk cubic of 99.99% was immersed in 30 mL of pure acetone and
stirred for i ile the laser beam was focused on its surface in regular condition (at room

temperatufe and“one atmosphere of air pressure). An extra irradiation of 20 min could be a
benefi tunate to more reduce sizes of the AuNPs synthesized.

iber pulsed laser power and spot size were 0.4 W and 72 pm of the laser beam on the
sample surface respectively. To avoid scattering the laser beam and disturbance of the ablation
process, the laser power density did not exceed 4.8 J/cm?,

2-2- Preparation of AUNPsS/AC catalyst

The proposed procedure for preparation of the AuNPs/AC catalyst is followed in
pretreatment the carbon for 12 h in a 6 M HCI solution, filtering and washing several times with
distilled water carry on until the washing pH between 6 and 6.5 be obtained. The preteated AC
was dried for ~6 h at 150°C in air. To preparing the AuNPs/AC sensors, with highly sensitive,
fast responding and high active gold catalysts, briefly the nanogolds colloidal solution of 0.3
g/ml was mixed with the AC of 0.1 g while were stirred in continure by a stirring speed of 800
rpm in 2 h. Finally, the supported AC was then dried in air until the acetone evaporated.
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2-3- Characterization of AUNPs/AC catalyst

The UV-Vis measurements were completely discussed in the noted refrences. The Zeta
potential of prepared AuNPs was measured on a Nano ZS (red badge) ZEN 3600 device
(Malvern Instruments, Malvern, UK). Morphology and average size of AuNPs in spherical
shape, supported on AC were characterized by field emission scanning electron microscopy
(FESEM, MIRA TESCAN operating at 15 kV). The catalytic activity of AUNPs/AC was
determined using a custom built flow reactor to monitor the conversion of carbornymongxide to

carbon dioxide. '\

3- Results and Analysis
3-1- UV-Vis of fabricated AuNPs by laser ablation

The formation of gold nanoparticles was confirmed by using UV -Adsi pectra (Figure
1). Gaussian curve with absorbance peak was obtained 530 nm, rev mojenous NPs of
with the average size of less than 10 nm. @
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‘@ 1. An absorption spectra of Au NPs using LAM.
3-2- Zeta poteptid) of fabricated AuNPs by laser ablation
Figure the Zeta potential histogram of the ablated AuNSs which have -39.5+11.2
mV. The ge dividing line between stable and unstable suspensions is generally taken at
aither V or -30 mV. Particles with Zeta potentials more positive than +30 mV or more

-30 mV are normally considred stable. Therefore the synthesized AuNPs by laser
ablationfave large negative Zeta potential which no tendency to flocculate.
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Figure 2. Zeta potential (mV) of fabricated AuNPs by laser aw

3-3- FESEM image of AuNPs supported on AC

Morphology and particle size of the AuNPs supported
FESEM. Image analysis was done by “Image j” software. Fj
shperical AuUNPs, which shown with arrows, are succusfu
agglomerated particles with larger sizes, which show
size distribution of characteristic AUNPs with meajgd

ere characterized by
3 Jllustrates the characteristic

ported onto AC. However, the
jrcles, can be seen onto AC. The

Frequency

Diameter (nm)

SEM HV: 15.00 kV WD: 4.950 mm MIRAW TESCAN
View field: 2.167 ym  Det: InBeam 500 nm f
SEM MAG: 100.00 kx Date(m/dfy): 02/16/13 IROST n

N‘ Figure 3. FESEM image and size distribution of AUNPs supported on AC.

3-4- AUNPs/AC catalyst formation

In order to evaluate the activity of the AuNPs supported onto AC, we performed a simple
carbon monoxide oxidation reaction. Figure 4 shows a plot of the conversion ratio versus
temperature. AuNPs dispersed onto AC active for CO oxidation at temperature below 500°C.
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Figure 4. Plot of catalytic activity (CO conversion ratio) versus teWré (°Q).
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4- Conclusion

This study shows the utility of laser ablation meth rds the formation of supported
catalytic gold nanoparticles. On the basis of the r€sulis e higher pure small-sized Au
nanoparticles with dimension less than of 10 n erg_fabricated. In the present work has
empirically been demonstrated, this approach is o@cally active for the oxidation of carbon
monoxide.
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