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The nanotechnology offers opportunities in creating new features 
and functions because most properties are size-dependent. 
Nanostructured transition metal oxides are of great interest in the 
present research because of their interesting properties coupled 
with a variety of applications. The objective of this paper is to 
offer an introduction to the fundamentals of nanopowder 
production using solar energy, as a renewable energy, one of the 
sources that remain to be developing in the future. In our article, 
the influence of elaboration method on the morphological 
characteristics of transition metal oxides nanopowders has been 
studied. The particle size and the morphology, as critical 
properties, were determined by scanning electron microscopy 
(SEM), energy dispersive spectroscopy (EDS) and X-ray 
fluorescence (EDXRF). 

       

   

 
 

INTRODUCTION* 

The sizes and morphologies of nanomaterials 
influence the properties and applications, therefore 
many researches focus on nanomaterials elaboration. 
Metal-oxide nanoparticles have stimulated significant 
research interest in various fields including spin-
tronic, solar cells, gas sensors, ultrasonic oscillators 
or transparent electrodes in solar cells. Such 
nanostructures can not only obtain the properties 
from their bulk form such as piezoelectricity, 
magnetoresistance, chemical sensing, and 
photodetection, but also own exclusive properties 
associated with their extremely anisotropic geometry 
and size decrease.1 

The oxides based nanopowders can be 
manufactured by three generic routes: chemical, 
mechanical and gas phase synthesis The classical 
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ceramic routes in producing nano-oxide particles 
through solid state reactions at high temperature have 
many disadvantages due to the large diffusion 
distances. Therefore, new chemical methods such as 
hydrolysis, sol-gel process, hydrochemical synthesis 
or processes in gaseous phase have been developed to 
synthesize oxides nanopowders.  

Actually, nanostructured transition metal oxides 
are of great interest because of their interesting 
properties with a variety of applications.  From this 
class, zinc oxide, due to its interesting physico-
chemical properties, became a material of varied 
applications in many fields of industry. It is a 
wurtzite-type semiconductor and due to its large 
bandgap (3,37eV), is an excellent semiconductor 
material for applications considered for other wide 
bandgap materials such as GaN and SiC. 
Compared with other semiconductor materials, 
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ZnO has higher exciton binding energy (60 meV) 
and it has been studied as an optoelectronic, 
transparent conducting, and piezoelectric material. 
Then, new processes for the synthesis and sintering 
are necessary to control and optimize the chemical 
composition, constituent distribution, crystalline 
and grain sizes. 1-5 Manganese oxides (including 
MnO, MnO2 and Mn3O4) have been considered as 
the most promising transition metal oxide catalysts 
due to their strong oxygen storage/release ability 
and excellent redox properties. Particularly, MnO 
and MnO2 have attracted great interest as anode 
materials in lithium-ion batteries. Manganese 
oxides has the advantage of low cost, low toxicity, 
environmental compatibility.6-8 

The routes to prepare zinc and manganese oxide 
nanopowders reported in the literature are 
hydrothermal method, sol-gel synthesis and 
hydrolysis or pulsed laser deposition. The basic 
principle involved in our paper is the production of 
transition metal oxides nanopowders, pure and 

doped, using a solar reactor starting from 
micropowders. 

EXPERIMENTAL 

The Solar Physical Vapor Deposition, SPVD, can become 
the most known synthesis method using the renewable energy, 
the solar energy. The synthesis consists in placing of a glass 
balloon at the focus of parabolic mirror. Inside, the precursor 
material, placed on cooled support, will be melt and vaporize. 
Usually under sun energy a visible smoke appears and 
condenses on a “cold finger” (cooled copper tubes with water) 
or on a ceramic filter coupled at a vacuum pomp (see figure 1). 
The nanostructured nanopowders are collected from the 
nanoporous filter coupled to the balloon. In our experiments, 
the precursors are zinc oxide and manganese oxide 
micropowders, having a purity of 99% (purchased from 
Merck). In the case of Al and Zr-doping, 1% mol. and 2,5% 
mol. concentration was selected. The powders used for doping 
were the commercial oxide powders having a purity of 99% 
(purchased from Merck). 

In the Table 1 are presented the synthesis parameters for 
vaporization and condensation process (VC) in solar reactor.  

 
 

a)   b)     c)  

Fig. 1 – a) Solar reactor with b) ZnO nanopowders collected on cold finger and c) MnO collected on filter.  
 

 
Table 1 

Synthesis parameters 

Sample Dopant element 
concentration 

Solar Flux 

(W/m
2

) 

Pressure 
(hPa) 

VCZnO - 777 20 

VC 1Al ZnO 1% mol. Al 937 20 

VC 2.5AlZnO 2.5% mol. Al 916 20 

VCMnO - 1015 50 

VC 1ZrMnO 1% mol. Zr 951 80 

VC 2.5ZrMnO 2.5% mol. Zr 830 80 

    



 Oxide nanopowders 751 

The morphology and dimension were analysed with SU-
8230 Hitachi electron microscope in high vacuum mode, at 
15-30kV at 10 mmm working distance. The chemical 
composition was determined with an energy dispersive 
spectrometer coupled at the electron microscope. The 
manganese oxide samples obtained by SPVD were analysed 
with an Energy Dispersive X-ray Fluorescence (EDXRF) 
spectrometer in the following configuration: 30 W-
Molybdenum X-ray tube that generates a measurement spot 
with 2 mm diameter and a Si Drift Detector (SDD) with 160 
eV resolution (relative to the Mn-Kα line and an input pulse 
density of 1000 cps). For each sample, a point scan was made. 

RESULTS AND DISCUSSION 

Precursors powders 

The SEM images of zinc oxide precursor powders 
reveal morphology dependent on the dopant 
concentration (aluminum). For pure zinc oxide, the 
morphology is roads like, while in the presence of Al, 
as dopant, the morphology changes to pellets. The 
size of the nanoparticles obtained from SEM 
investigations is presented in the Table 1. 

The SEM images of manganese oxide 
precursors powders pure and doped with Zr are 
shown in figure 3. The morphology is combined 
roads and pellets. The dimensions are presented in 

Table 2. In this case, the mixture of morphologies 
can be characteristic of different type of 
manganese oxide formation during the 
vaporisation and condensation process (MnO, 
MnO2 or Mn3O4)9 very difficult to control under 
solar concentred radiation. 

Powders obtained by Solar Physical Vapor 
Deposition (SPVD)   

After SPVD elaboration, the morphologies of 
pure and Al-doped ZnO nanopowders change to 
whiskers. The determined size is presented in table 
3. This specific morphology also was reported in 
literature2 using the SPVD method, but started 
from precursors powders obtained by hydrothermal 
synthesis from Zn(NO3)2 and AlCl3. The formation 
of wiskers can be specific for vaporisation and 
condensation process of zinc oxide powders. 

The morphologies of manganese oxides 
powders, pure and doped, after solar physical 
vapor deposition process are typically octahedral 
structured, same morphologies was reported in the 
literature7-9 for nano-dimensions like is shown in 
figure 5. The table 5 presents the size of particles. 

 

a)     b)      c)  

Fig. 2. –  SEM image of (a) pure ZnO precursor powders and doped with (b) 1% mol Al (c) 2.5% mol Al.  
 

Table 2 

Size and morphology of precursors ZnO and Al-doped ZnO 

Sample Dopant Size from SEM Morphology 

ZnO - Length: about 200 nm 
Thickness: about 50 nm 

roads 

1Al ZnO 1% mol. Al Length: about 400 nm 
Thickness: about 20 nm 

pellets 

2.5AlZnO 2.5% mol. Al Length: about 600 nm 
Thickness: about 10 nm 

pellets 
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a)    b)     c)  

Fig. 3 –  SEM image of (a) pure MnO precursor powders and doped with (b) 1% mol Zr (c) 2.5%mol Zr.  
 

Table 3 

Size and morphology of MnO and Zr-doped MnO 

Sample Dopant Size from SEM Morphology 

MnO - Length: about 400 nm 
Thickness: about 20 nm 

wires, pellets 

1ZrMnO 1% mol.  Zr Length: about 100 nm 
Thickness: about 10 nm 

wires, octahedrons 

2.5ZrMnO 2.5% mol. Zr Length: about 1000 nm 
Thickness: about 50 nm 

wires, octahedrons 

 
 

a)  b)  c)  

Fig. 4 – SEM image of (a) pure ZnO nanoparticles and doped with (b) 1% mol Al (c) 2.5%mol Al after SPVD. 
 

Table 4 

Size and morphology of ZnO and Al-doped ZnO after SPVD 

Sample Dopant Size from SEM Morphology 

VC ZnO - Length: about 700 nm 
Thickness: about 20-50 nm 

whiskers 

VC 1Al ZnO Al 1% mol. Length: about 700 nm 
Thickness: about 50 nm 

whiskers 

VC 2.5AlZnO Al 2.5% mol.  Length: about 500 nm 
Thickness: about 40 nm 

whiskers 
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a) b) c)  

Fig. 5 – SEM image of (a) pure MnO nanoparticles and doped with (b) 1% mol Zr (c) 2.5%mol Zr after SPVD. 
 

Table 5 

Size and morphology of MnO and Zr-doped MnO after SPVD 

SAMPLE DOPANT SIZE FROM SEM Morphology 

VC MnO - Length: about 80 nm 
Thickness: about 10 nm 

octahedral 

VC 1ZrMnO Zr 1% mol. Length: about 200 nm 
Thickness: about 20 nm 

octahedral 

VC 2.5ZrMnO Zr 2.5% mol.  Length: about 100 nm 
Thickness: about 10 nm 

octahedral 

 
 

a)    b)  

Fig. 6 – EDS spectrum of a) 1%mol and b) 2,5%mol Al-doped zinc oxide nanopowders after SPVD. 
 

EDS determined the presence of Al like 
dopants, in figure 6 demonstrated the presence of 
dopant even after vaporization and condensation 
process. 

The XRF overlapped spectra of the SPVD 
synthesized MnO powders doped with 1, and  

2,5 mol Zr are presented in Figure 7. The spectra 
demonstrated the Zr presence in the  nanoparticle 
composition even after vaporization and 
condensation under solar energy. 
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a)   b)  

Fig. 7 – EDXRF spectra of a) 1%mol and b) 2,5%mol Zr doped manganese oxide nanopowders after SPVD. 
 

CONCLUSIONS 

The present study is about elaboration, by 
SPVD, and morphological characterization of zinc 
and manganese oxide nanopowders. The routes 
reported in the literature to prepare metal transition 
oxide nanopowders are hydrothermal method, sol-
gel synthesis and hydrolysis or pulsed laser 
deposition. The Solar Physical Vapor Deposition, 
developed in our work, based on solar energy, can 
become a useful technique for oxide nanopowders. 
Our research focuses on studies of morphology 
changes in the case of zinc oxide, pure and  
Al-doped.  The SEM images reveal a modification 
to whisker structure after SPVD process, initially 
pallets and roads like particles. In the case of 
manganese oxide, this influence is also proving by 
shifting to octahedral morphology, after SPVD 
process, at from the beginning pellets, wires and 
octahedrons. The thickness, after solar vaporisation 
and condensation, varies from 20 to 50 nm for 
zinc-based oxides, and from 10 to 20 nm for 
manganese-based oxides. The presence of 
aluminium and zirconium, used like dopants, were 
detected from EDS and EDXRF spectra. The paper 
can be a starting point for future researches to 
obtain zinc oxide and manganese oxide 
nanostructured powders using solar energy, for 

further design application like catalysts or 
semiconductors. 
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