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Abstract. The paper proposes a method of obtaining oxide nanopowders in a solar reactor
using the solar energy (solar physical vapor deposition). The proposed method is a new method
of obtaining nanopowders. Taking into consideration that the properties of the materials change
once they get to nanodimensions it is desirable to obtain nanomaterials starting from base
materials. Because of the properties that nanomaterials provide, the demand has grown in the
last period of time. Also the last few years provided a various number of nanomaterials used in
different fields of research. Among the materials that were obtained by SPVD there can be
reminded the MoS,, the MoS, doped with Zn, CeO, doped with Zr. The CeO, is used in
applications such as catalysis, gas sensor, fuell cell as well as optical additives. All of the
obtained nanopowders were analyzed and characterized by X-Ray diffraction (XRD) and by
scanning electron microscopy (SEM) in order to acquire the information about the
crystallography and morphology considering the reactions parameters that were used in
obtaining the nanopowders. From the X-Ray diffraction can be concluded in the case of the
CeO, that doping occurred. By controlling the reactions parameters the end result is different in
therms of obtained morphology of the nanopowders. All of the above elaborated nanopowders
can be deposited in the form of thin films by laser ablation method in order to obtain better
properties of the base material.

1. Introduction

Because of the raised interest in nanomaterials different methods for obtaining nano scaled materials
have been developed. This paper focuses on obtaining nanopowders by a different, less used method
known as SPVD (solar physical vapor deposition) [1]. Obtaining techniques vary and can include
chemical or physical vapor deposition, precipitation methods, sol-gel and hydrothermal methods [2-5].
By SPVD there have been obtained different nanopowders including pure ZnO and Bi,0; doped ZnO
with better electrical properties than other nanopowders obtained by the same method [6]. Also by the
same process there have been obtained Al-doped ZnO nanopowders and it has been noticed that when
the amount of Al is smaller the crystallite size is smaller [2].

When switching to nano-dimension materials properties change, making them more appropriate for
use in many applications such as electronics, automotive, construction industries and chemical. The
interest in materials with nano-dimensions is rapidly increasing because of the large scale of
opportunities that are provided by the materials properties. One of the advantages in using the solar
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furnaces is the fact that the used energy for the reaction is solar energy which has unlimited resources.
The solar furnaces uses a solar beam concentrated by mirrors in order to melt down the target which is
then vaporized and then reaches a cold support where it remains in order to be collected at the end of
the process. In order to have the best end result, studies concerning the orientation of the mirrors of a
solar furnace have been carried out by different researchers. Because it is hard to realize a mirror in the
needed size, the solution is to use a large number of smaller mirrors that would direct the energy
towards the target [7-8]. Manufacturing of different nanopowders by solar physical vapor deposition
has shown the possibility of obtaining the desired nanoscale meanwhile controlling the composition
and the morphology at the same time.

The elaboration of the nanopowders has been performed in France, Font-Romeu in one of the solar
furnace, named Heliotron. The "heliotron" solar furnace is one of the 12 furnaces built in Odeillo-Font
Romeu and is made out of mobile plane mirrors which capture the sun light and reflects its radiation
toward a parabolic concentrator. The parabolic mirrors focus on a reactor containing a glass flask in
which the reaction occurs using solar energy. Inside the glass flask the reaction can take place under
an inert gas, the atmosphere being controlled. The advantage of the method is that nano-sized crystals
are obtained, the disadvantage being the fact that it needs perfect weather conditions and that it takes
several hours to complete the reaction. Due to the properties they have, Al doped ZnO and pure ZnO
have been elaborated by this technique. As applications can be reminded the gas sensors, electrodes
and piezoelectric devices [9-10].

The paper aims to obtain CeO, and ZrO, doped CeO, nano-powders starting from micro scaled
powders. Choosing these powders was made according with the applications they have as fuel cell, gas
sensors, free radical scavenger and optical additives [11]. The CeO, can also be used to deposit thin
films due to the properties and applications the thin layer would have in corrosion prevention,
photocatalysis, electrochemical cells, microelectronics, optical devices, thermal coatings and
biomaterials. These applications become possible due to the transition to nanoscale. For better results
in the chosen application close inspection for surface defects such as oxygen vacancies needs to be
carried out. Using the tetravalent Zr as the doping agent for CeO, increases the oxygen storage
capacity and using the trivalent Zr increases CeO, conductivity. Another factor that influences the
layers thickness is considered to be the interaction that the Ce atoms have with the substrate [12-13]

2. Experimental procedure

Pure and Zr doped CeO, powders with a general formula of (CeO,)(ZrO,), were prepared by solar
physical vapor deposition (SPVD). In this formula x/y represents the molar atio of the two powders.
The paper presents 2 compositions: Ceg gsZrg.0s0,x and Ceg 7572150, obtained by this method.

The SPVD process consists in a material being melted under concentrated solar beam inside a solar
reactor. As the name suggests, the power source is the energy from the sun. The process took place in
Odeillo-Font Romeu in France in one of the 12 solar furnaces. The solar furnace consists of a plane
mirror field named "heliostat" and a parabolic mirror, or concentrator as it can be seen in (figure 1a).
The plane mirror captures the sun radiation and directs it to the parabolic concentrator. At the focus of
the parabolic concentrator is placed the solar reactor "heliotron" which is composed out of a glass
balloon inside which the controlled atmosphere can be maintained. The used target is the powder that
we want to obtain in nanoscale, that prior to the process has been prepared in a press of 14.7 to 19.6
kN in order to obtain the initial pills. The pressure inside the balloon depends on the material and on
the atmosphere. While the reaction takes place vapor of materials are condensed either on a cold
metallic support or on a ceramic filter attached to the glass balloon as presented in (figure 1b). The
"heliotron" associates both processes, the collecting on the metallic support and on the filter which
increases the quantity of the obtained powder and decreases the condensation process on the balloon
walls. The gas flux is regulated as to be in the desired parameters, being higher at low pressures
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Figure 1. (a) Solar furnace in PROMES Laboratory France, Font-Romeu, Odeillo , (b) 2kW solar
concentrator with "heliotron" reactor during reaction.

One of the advantages of this method is that there is obtained a direct synthesis of nanopowders.
The disadvantage consists in the long period of time necessary in order to complete the process of
about 1 to 2 hours in perfect sunny conditions.

All the powders involved in the process were characterized both by X-Ray Diffraction with the
X'Pert Pro Mrd diffractometer and by scanning electron microscopy with the Quanta 200 3D
electronic microscope.

The X-Ray diffractions were carried out in the 10°-90° 26 interval, each taken step having the a
value of 0.013°(20). The link between the diffraction angle 6 and the wavelength is given by Bragg's
relation:
n-A=2-d"-sinf, where :

n - positive integer

A - wavelength of the rays

d - the spacing between layers of atoms

0 - the angle between the incident rays and the analyzed surface

The diffractometer works according to Debye-Scherrer principle's, data being transmitted and
interpreted by a computer with a dedicated software for this equipment , X'Pert Data Collector, X'Pert
High Score Plus and X'Pert Data Viewer, results beeing presented as diffractions. The diffractometer
has an X Ray tube with an Cu ka anode, A=1.54 A, to which a 45kV tension has been applied at an
intensity of 40mA. The used radiation was Cu ka1 with a wavelength of 1.54060 A and Cu ka2 with a
wavelength of 1.54443 A.

All SEM analysis were carried out in High Vacuum module, at working pressure between 50 - 60
Pa, using the LFD (Large Field Detector). The accelerating voltage of the scanning electron
microscope was of 20kV. All of the XRD and SEM analysis were carried out at "Gh. Asachi"
Techincal University of lasi, Romania.

3. Results and discussion

The XRD pattern of the base CeO2 powder is presented (in figure 2.a) and shows the position of the
peaks, information about the crystallographic parameters and confirms the system it crystallizes in,
cubic with 5.4037x5.4037x5.4037 cell. Also the XRD provides information about the Miller indices
and about the FWHM values (in figure 2.b). We see in figure 3 and in figure 4 the XRD pattern for the
Cey.95Z10.050,2.x and Ceg 75721250, powders. As can be seen some differences appear when the doping
occurs, especially for the nanopowder with a higher quantity of dopant, Ceg 75Zr 250
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Figure 2. (a) XRD pattern of the CeO, powder, (b) FWHM for the CeO, powder.

In the next figure (figure 3) we observe the CeygsZr0s0,.x were the doping occured, being visible
that the peaks are slightly different and less higher compared to the analyzed base powder. The system

it crystallizes is cubic, with 5.3890x5.3890x5.3890 cell.
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Figure 3. (a) XRD pattern for the Ce95Z1.050,.x, (b) FWHM for the Ce 9571 050, powder.
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The more notable difference can be seen in Figure 4 for the Ce 521,50, Where the presence of
some peaks of Zr appears, the system it crystallizes in is cubic, with 5.4100x5.4100x5.4100 cell.
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Figure 4. (a) XRD pattern for the Cey 7521 250,.4, (b) FWHM for the Ce 75710250, powder.
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For all the CeO, powders SEM analysis have been carried out. All of the results are presented in
the next 3 figures (figure 5, figure 6 and figure 7). As can be seen after the SPVD process the
dimmension of the particle size has smaller values. For both obtained nanopowders Ceg 9571 950, and
Cey.75Z19250,. the particle size is between 38 and 75nm which proves the fact that the transition to
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nanoscale occured along with the doping of the powders. In the nanopowders we can observe
agglomeration of grains with spherical morphology.

Figure 5. (a) CeO, powder
(b)CeO, after SPVD
process.

Figure 6. (a) Ce0.952r0,0502_
x powder (b) Ceg95Zr0,050,.
x after SPVD process.

Figure 7. (a) Ceo,7SZr0,2502_
x powder (b) Ce.75Z1¢.2502.
after SPVD process.

4. Conclusions

All of the solar physical vapor depositions were carried out in a 2kW solar furnace which includes a
"heliostat", a concentrator and a solar reactor "heliotron". The solar reactor is positioned in the direct
beam of the parabolic mirror thus making the reaction possible. The materials were prepared in the
shape of pills in one press in order for the reaction to take place. The nanopowders were synthesized
through SPVD from the initial powders with the following composition CegsZrg0sO0,x and
Cey.75Z19250,.4. After the SPVD, Ce 9571 9502« and Cey 757150, nanopowders were obtained with a
particle size is between 38 and 75nm which proves the fact that the transition to nanoscale occured
along with the doping of the powders. The obtained nanopowders will be used to obtain the targets in
order to deposit them as thin films through laser ablation. The study will continue with the analysis of
the thin films deposited taking into consideration all the applications that the CeO, can be used in,
such as corrosion prevention, optical devices, thermal coatings and biomaterials.
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