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Abstract : In this study, a description procedure of WTi nanoparticles produced by DC magnetron sputtering in
a plasma-gas-condensation cluster source is presented. After optimizing the parameters of the nanoparticles’
formation, they were characterized by Scanning Electron Microscopy (SEM), Energy Dispersive Spectrometer
(EDS), X-ray Diffraction (XRD) and Transmission Electron Microscopy (TEM). The deposition Rate of the
nanoparticles is 240 nm/min, which is relatively high, and their diameters ranged between 20 — 60 nm. All
analyzed samples contain oxygen as confirmed by EDS analysis. XRD and TEM analyses emphasize the
crystalline structure of the nanoparticles with a dominant a- W phase structure.
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l. INTRODUCTION

Recently, hybrid metallic nanoparticles (NPs) have been widely used in enormous applications. Their
size dependent on physical and chemical properties made them excellent candidates for optical, electrical,
magnetic, biomedicine and chemical applications [1-3]. For examples, they can be used as catalysis reaction due
to their high surface to volume ratio. Also, they were used in photovoltaic cells, sensors, memories, lithium
batteries, single electron devices as quantum dots and spintronic applications [4-9]. Moreover, ceramic solar
thermal absorber stacks-based structure on metal oxides and metal nanoparticles such as tungsten or titanium
nanoparticles show an excellent thermal stability and high oxidation resistance [10].

Nanoparticles can be produced using different methods and process, such as gas condensation,
chemical vapor synthesis, solvothermal decomposition, mechanical milling, chemical precipitation, Sol-Gel
technique, electrodeposition, molecular beam epitaxy, ionised cluster beam, liquid metal ion source,
consolidation, gas aggregation of monomers chemical precipitation in presence of capping agents and
magnetron sputtering [1,9,11-13]. In general, the growth rate of nanoparticles varies widely according to used
material [14], but the chemical processes have higher production rate and generally less purity comparing with
physical methods such as sputtering. However, the selection method of nanoparticles depends on the wanted
application.

In this paper, a magnetron sputtering based nanocluster source by gas condensation with Ar as
sputtered gas was used to produce tungsten titanium nanoparticles (WTi), which can be used in ceramic solar
radiation absorbers for high temperature applications. These absorbers are usually a multilayer stack, whit two
absorption layers, consisting of hybrid metallic nanoparticles (PNs) embedded in a ceramic matrix, with a high
and low metal volume fraction (e.g W, WTi or other metals). The formation conditions and controlling
parameters of WTi nanoparticles are studied in detail, such as the nozzle diameter between main and sputtering
chambers, the applied current to the target, the distance between target surface and nozzle (growth region) and
working pressure. Morphology, microstructure, crystalline structure, and chemical composition of resulting
nanoparticles were studied by Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy
(EDS), X-ray Diffraction (XRD) and Transmission Electron Microscopy (TEM).
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1. MATERIALS AND METHODS
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Figure 1: Schematic figure of the nanoparticles production system.

WTi nanoparticles were produced by DC magnetron sputtering in a gas aggregation chamber and were
deposited on p-doped Boron Si (100) (used for SEM, EDS and XRD), and on CF 400-Cu grids carbon film, 400
mesh copper (used for TEM). Fig. 1 presents the schematic figure of the deposition system where the
depositions were performed. The system is divided into two main parts: i) the main chamber that contains the
substrates holder. This chamber is equipped with a vacuum system that can reach a base pressure of 1x10-4 Pa,
and ii) the gas aggregation chamber that contains a magnetron supported with water cooling system as shown in
the figure. The two chambers are connected by a nozzle with two apertures with diameters 2.5 mm and 4 mm,
respectively, to guarantee the flow direction of the cluster beams toward the main chamber due to pressure
differences. The depositions were performed by applying a current density of 2.7 mA/cm2 on a W: Ti (90:10)
at.% composite target of 69 mm in diameter. Ar was used as sputtering gas with flow of 14 sccm resulting a
working pressure of 0.43 Pa and 1.1 Pa in the main and the aggregation chambers, respectively. The deposition
times on grids and on Si substrates were 5 s and 10 min, respectively. Before the deposition, silicon substrates
were ultrasound cleaned in acetone and in alcohol for 15 min.

Scanning electron microscopy analysis was performed in a NanoSEM-FEI Nova 200 (FEG/SEM)
equipment, to determine the coatings’ thickness and morphology of the thick layers deposited on Si substrates.
EDS analyses were performed with the electron beam of the SEM and a EDAX - Pegasus X4M system. The
measurements were randomly performed on the sample surface with an acceleration voltage of 25 keV. The
crystalline structure of the coating was studied using X-ray diffraction employing a Bruker AXS Discover D8,
operating with CuKa radiation. X-Ray diffraction measurements were performed using a 3° incidence angle.

TEM analysis were performed using high resolution Energy Filtered 200 kV Transmission Electron
Microscope HR-(EF)TEM JEOL 2200FS of the RNME-UA, supported on the long standing Schottky emission
gun SEG and the high precision slow scan SCCD camera, offers state-of-the art analytical electron microscopy
at 0.19 nm point/ 0.10 nm lattice resolution of TEM image and in-column Omega filter technology that allows
users to obtain energy filtered images (EF-) with inelastic scattering, plasmon or chemical bond contrast, and
electron energy loss spectra (EELS) for enhanced elemental and chemical analysis and mapping, equipped with
energy dispersive X-Ray microanalysis /EDS.

1. RESULTS AND DISCUSSION

3.1 Chemical composition and structure of thick layer of WTi nanoparticles

The cross-section of thick films of WTi nanoparticles deposited on Si substrates is shown in Fig. 2a
and b. The morphological nanoparticles features and the sizes is almost inhomogeneous and it is similar to pure
W nano-particles studied by Acsente et al. [9]. The deposition rate of WTi nanoparticles is 240 nm/min, which
is slightly high. The chemical composition of this film evaluated by EDS (Table 1) reveals that the O at.% in the
film is high due to the high base pressure in the aggregation chamber. As a result, the residual oxygen can easily
be incorporated in the grown WTi nanoparticles. The purity can be improved by having a better base pressure in
the aggregation chamber.
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Figure 2: a) Cross-section SEM image of thick film of WTi nanoparticles with b) a magnified zone. c) X-ray
diffraction pattern of the thick layer of WTi nanoparticles deposited on Si substrate for 10 min.

Table 1: Chemical composition of WTi nanoparticles thick layer deposited on Si evaluated by EDS analysis.

W at.% Ti at.% O at.%
42 28 30

X-ray diffraction (XRD) pattern is shown in Fig. 2c. The coating exhibits the combination of dominant
crystalline structure of a- W with the highest peak intensity located 6 ~ 40° and [3-W phase structure. The peaks
are not very intense due to the partial formation of W and Ti oxides, which are also detected in the X-ray
diffraction pattern.

3.2 TEM analysis

A low magnification TEM image of the WTi nanoparticles is shown in Fig. 3a and b. The obtained
nano WTi particles have different sizes and shapes with particles diameters ranged between 20- 60 nm (Fig. 3b).
The shapes are irregular and/or even not symmetric, showing that these clusters are the result of the aggregation
of several smaller nanoparticles. Further structural analysis of those nanoparticles was achieved using high-
resolution transmission electron microscopy (HRTEM) images as shown in Fig. 3c. The analysis informs the
features of the lattice fringes with dominant and clear interplanar space corresponding to (110) a- W phase,
confirming the crystalline nature of the W nanoparticles, which agrees well with the XRD analysis of the thick

layers deposited on Si substrate.
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Figure 3: a) and b) Low magnification of the TEM image of WTi nanoparticles, ¢) High-resolution
transmission electron microscopy (HRTEM) and d) TEM energy dispersive microanalysis of X-Rays/EDS of
WTi nanoparticles deposited on CF 400-Cu grids for 5s.

Additionally, the energy dispersive spectrometer (EDS) mapping shown in Fig. 3d indicates that the
produced nanoparticles mainly consist of W, Ti and O with good agreement of EDS analysis of the thick layer
as presented in Table 1. A very thin oxide layer forms at the surface of the particles, which explains the more
transparent parts of the boundaries of the nanoparticle [9].

IV. CONCLUSION
Several parameters of WTi nanoparticles production by DC sputtering in a nanocluster source are
studied to determine the best conditions for the nano-particles formation and for aggregation, controlling their
shapes, sizes and structure. The resulting nanoparticles have high deposition rate 240 nm/min, and their
diameters ranged between a 20- 60 nm. The produced nanoparticles contain high concentration of oxygen as
confirmed by EDS analysis. XRD and TEM analyses confirm the crystalline structure of the nanoparticles with
the dominant a-W phase structure.
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