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Abstract

In the present work, we report the synthesis ofiljimano metal oxides such as Zinc /Copper Oxide v
novel dry synthetic methods such as thermal decsitipp of oxalate precursor. The synthesis route
involves facile solid-phase mechanochemical adtivedf a physical mixture of simple copper/zindsand
oxalic acid, followed by calcination of the as-gnouoxalate precursors at 450 X-ray powder
diffractometry (XRD), infrared spectroscopy (FTIRnd scanning electron microscopy (SEM) were used t
the thermal spectroscopic, structural, morpholdgibaracterization and surface area determinatfahe

product respectivelyAn average nanocrystallite size of 5.0 nm was olkethifor Zn/Cu, as estimated by the
Scherrer’s equation.
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1. Introduction

The interest in nanomaterials has increased imtgears because of their unique physical
and chemical properties [1]. Thexperimental conditions used in the preparationthefse
materialsplay an important role in the particle size of greduct. For thigseason, a great variety
of experimental methods have been usethe production of nanoparticles, such as thegal
technique [2,3], techniques that use liquid ammonia as solventgddi others. Bimetallic
nanoparticles are of wide interest since they leadany interesting size-dependent electrical,
chemical, and optical properties. They are paridulimportant in the field of catalysis since
they often exhibit better catalytic properties thieir monometallic counterparts [5]. Shineteal
and Ghodakeet al. have reported the oxalate precursor based ptatipi method in order to

*Corresponding author: Ali Reza Jafari
Islamic Azad University, Tonekabon Branch
Tonekabon, Iran.

Tel +984517728020

Email Micro6190@Hotmail.com



www.SID.ir

34 Int.J.Nano. Dim 1(1): 33-40, Summer 2010

prepare nanosized ferrites [6,7]. Retcal. have reported an oxalate co-precipitation metiood
synthesis of ferrites using a mixture of water aidohol as medium in order to avoid the
precipitation of metal oxalates during synthesjs [8

ZnO is of significant importance due to its eleniooand optical properties. It is a wide band
gap Eg _ 3.3 eV) metal oxide semiconductor with piezoeleand optical properties in the UV
range [9,24]. It crystallizes in the wurtzite stwe and display spiezoelectric properties when its
c-axis is oriented perpendicular to a substrate.thigrreason, it is found in many electroacoustic
applications such as sound sensors, SONAR emdtetsletectors, and pressure transducers. ZnO
is used as the clear top electrode in solar calishes potential in the area of information storage
as a piezoelectric memory device [9,24].

Copper oxide (CuO)/copper (1) oxide/cupric oxidea semiconducting compound with a
monoclinic structure. CuO has attracted particatéention because it is the simplest member of
the family of copper compounds and exhibits a rasfgeotentially useful physical properties such
as high temperature superconductivity, electrometation effects and spin dynamics [10,11]. As
an importantp-type semiconductor, CuO has found many diversei@ns such as in gas
sensors, catalysis, batteries, high temperaturersapductors, solar energy conversion and field
emission emitters. In the energy-saving area, gneansferring fluids filled with nano CuO
particles can improve fluid viscosity and enhanbermal conductivity [12]. CuO crystal
structures possess a narrowband gap, giving upbftocatalytic or photovoltaic properties as
well as photoconductive functionalities [13]. Cu—grass) alloys have been used for coins and
ornamental purposes since the beginning of metpli[ir4,15].

Cu—Zn based catalysts are well known to enhande tathalytic activity and selectivity in
the synthesis of alcohols by hydrogenolysis ofyfaitids [16]. A recent study showed that the
formation of Cu—Zn alloys is a significant steptiie methanol synthesis over Cu/ZnO catalysts
[17]. Cu—Zn alloying has been well investigatedthe bulk and several reports on the chemical
reactions and phase transformations in this sysiave been published [18,19]. Few attempts to
control the evolution of different phases during #ynthesis of nanocrystalline Cu—-Zn alloys by
MA have been reported [20,21]. Nanocomposites ofAuparticles have been prepared by
condensing Zn vapor onto pre-formed Cu nanopasticlehich were prepared by the gas
condensation technique [22,23]. The formation ¢ #n layer was assumed to occur via a
heterogeneous nucleation mechanism where the Copasditles acted as nuclei for the
condensation of the Zn vapor [22]. The final namtipi@ composition revealed that Zn is present
as ZnO as a result of the slow oxidation treatn@stabilize the double-layer nanoparticles [22].

In this work, we report the synthesis of intermeaZnO / CuO nanoparticles using by
thermal decomposition of oxalate precursor metloodhe first time.

2. Materials and methods

All the chemical reagents used in our experimerdgsevof analytical grad and were used as
received without purification. The starting matésiavere: Copper nitrate (Merck), Oxalic acide
(OA) (Merck), Zinc acetate (Merck), Ethanol (MercKjnc acetate and Copper nitrate were added
to ethanol in a two neck flask giving a 0.3 M bkmution. The temperature was raised t0°50
and after 30 min of continuous stirring, oxalicch@DA) was rapidly added to the solution. The
molar ratio Zn/Cu:OA was 1. The system was kep5@Gf® under reflux for 2 h and a blue
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precipitate was obtained; then the resulting viscgel was dried at 8% overnight. The dried
Zinc/Copper oxalate was ground and calcined at°456r 2 h. XRD patterns were recorded by a
Bruker D8-Advance Diffractometer using CuaKradiation A=1.5406A). Fourier transform
infrared (FT-IR) spectra were recorded on a Bruigectrophotometer in KBr pellets. Surface
morphology of product was characterized by usinGan Scan MV2300 scanning electronic
microscopy (SEM) with an accelerating voltage ok30

2.1. Mechanism of thermal decomposition of AP

The thermal decomposition of AP (Thermal decompmsibf ammonium perchlorate) is a
complex process, which contains hundreds of chedotions. AP has been extensively studied by
YU Zongxue’s group [25] and they proposed a medrarfor the decomposition of AP. At low
temperature, the products of thermal decomposdfgoure AP are Nk H,O and a small amount
of N,O and Q. During the high-temperature stage of AP decontjposiHCI, HO, N,O, NH;,
Cly, NO, G, NG, and a small amount of C}Gre formed. Based on this mechanism we propose
the following route for the decomposition of AP:

1. Atlow temperature:

NH4C|O4 — NH4+ + C|O4_

NH4+ + C|O4_ — NH3 + HC|O4

4HCIO, — 2CIO; + 2CIO + 3Q + 2H,0

2NHs; + 20, — N,O + 3H,0 < NH4sNO3 + H,O

2. At high temperature:

4HCIO; — 2ChL + 50, + 2CIG, + 2H,0
2Clh + 2H,0 — 4HCI + G,

2NH;z + 2CIQ, — N,O + Ch + 3H,0
N2O + O, — NO + NG

3. Results and discussion

Figure ldisplays a typical XRD pattern of the nano crystalZnO / CuO prepared with
oxalate decomposition route. These results revedldlthough the ZnO peaks are more evident,
two phases (CuO and ZnO) co-exist. In this waypvapose that the oxide prepared corresponds
to the (ICDD card no. 26-0571).

All its diffraction peaks can be readily indexedagure face-centered cubic (fcc) structure
(space group: Fd3m [227]) of Zn/ Cu normal spimi¢h lattice parameter a = 8.08370A (ICDD
card no. 42-1467). The average crystallite sizeS)6f the nanocrystals were calculated using the
Debye-Scherer Equation from the major diffracti@algs.

C.S= KA /p.co® .
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Fig.1. XRD spectra of the ZnO/CuO product obtained aftdcination at 45¢ for 2 h

Where K is a constant equal to 009js the wavelength of Cu Kradiation,f is the full
width at half maximum (FWHM) of the diffraction gea radiant and is the Bragg angles of the
main planes.

CS =(0.9 x0.15418)/(0.0218 x cos 13.05) = 6.53 nm
CS = (0.9 x0.15418) /(0.0412 x cos 16.8) = 3.56 nm
(6.53+3.56)/2=5.0nm

The average crystallite size of the Zn/Cu nanoglartvas 5.0 nm.

Figure 2displays the FTIR spectra of the mixed oxide preauand of the product powders
obtained by calcination of the precursor in ai4&0° for 2 h. The shoulder at 3861 chis
present in the spectrum of the product obtained5& ", is evidence (O-H) water tensional
tremble and concurrent, while such evidence of mggais visible in the spectrum of the product
obtained at 450F. The absorptions at 2362 chpresent in the spectrum of the product obtained at


www.SID.ir

Jafari etal. 37

450° have been assigned to (C-H) tensional. The shoatdE624 crit* is present in the spectrum
evidence of (O-H) water tremble bendy and noncaeatr The shoulder at 1458 This present
in the spectrum evidence of (N-O) tremble. The #feuat 1384 cit is present in the spectrum
evidence of (C-O) tremble and the shoulder at 988 and 608 ciT are presents in the spectrum
evidence of (O-C-0O) tensional tremble and (M-Ojrtioée respectively.
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Fig.2. FTIR of ZnO/CuO products obtained after calcimasi at 450° for 2 h

SEM micrographies of the mixed oxide samples bhoave inFigure 3 It is only possible to
observe clusters. This indicates that the partitdeneter of these products is less than 10 nm,
which agrees with the value estimated from XRD data
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SEM MAG- 10.00 kx ~ DET. SE Detector
HV: 30.0kV DATE: 11/01/02 10 um Wega ©Tescan
WVAC: Hivac Device: TS5136MM Digital Microscopy Imaging

SEM MAG: 2000 kx  DET: SE Detector
HV 300KV DATE: 11/01/02 5 um Vega ETescan
VAG: Hivae Device: TS5136MM Digital Microscopy Imaging

HY. 30.0 kv DATE: 11/01/02 2um Vega ©Tescan
VAG: Hivac Device: TS5136MM Digital Microscopy Imaging

Fig.3. SEM micrographs of ZnO/CuO products obtained afédcinations at 45§ for 2 h
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4. Conclusion

In this work we synthesized binary nano metal ox&leh as Copper/Zinc Oxide via
different methods as thermal decomposition of degteiecursor. The Zn/Cu systems have spinel
phase in face centered cubic (fcc) crystallitecitme. SEM and XRD data lead to the following
particle diameters: <10nm for ZnO/CuO.
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