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Abstract. Plasma spray been used in recent years to coat metallic materials used in diverse applications such:
metallic implants, cutting tools, and in metallurgical processes, as well asin the aerospace industry and so on. In the
present study carried out spraying of a mixture of Ta205 (10g) + Al (2.14 g) using an atmospheric plasma torch with
a power of 7.5 kW. The coatings deposited on stainless steel substrate 304 without rotation (0 to 6000 rpm) with
distances of 30 and 50 mm. To ensure total reduction of Ta205 through the aluminothermic process used was a ratio
of the mass of the powder with 5% excess Al in the analysis of X-ray diffraction (DRX) revealed Ta pure and
impregnated Al and oxides of Ta and Al. It was possible to check the surface morphology of the coating through the
analysis of MEV. The analyses of DRX confirm the formation and production phase Ta oxides in all conditions
studied, aswell as residues of Al, showing that there was no overall consumption of aluminiumin the process.
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1. INTRODUCTION

Tantalum is a material very attractive to the industry in general by adding very interesting properties, such as
high melting temperature, high ductility, corrosion resistance and thermal and electrical conductivity significant
[1], and to combine excellent mechanical properties. The most important applications of the use of tantalum
capacitors in manufacturing occur electrolytic [2], in coating of cutting tools (TaC) [3-4], catalysis [5] in medical
applications[6] in glass special high refractive index for optical use[7], and alloys corrosion-resistant [8].

Tantalum powders are principally used for the production of electrolytic capacitors, by having a thin oxide
layer formed on the surface of the particles of tantalum with excellent dielectric properties [9]. Ta metal can be obtain
by reduction of their oxides of elements such as C, Si, Ca, Mg and Al [10], [11] and [9]. In the case of Al, the
reaction is so-called aluminothermic reduction. The commercia process for the production of tantalum reduced to
K2TaF7 [11].

In auminothermy, conventional aluminium reacts with TaOs with the product Ta and Al,Os. The reaction
occurs with an external source of heat, but the spread is strongly exothermic [12]. The main difference between the
method of spraying for plasma torch and conventional methods is that in the plasma, each particle of the mixture of
(TaxOs + Al) heated individually by energetic collisions of the specimens present in the plasma. In the conventional
method, the reaction propagatesin the mass layer and then all the powder material melted.

In this paper, we present a variant of the aluminothermic reduction process which uses an atmospheric
plasma torch with a power of 7.5 kW with a plasma gas flow and entrainment of the powder respectively equal to
201 /minand 6 | / min as a source of exothermic heat. We used a mixture of TaOs and Al (in a stoichiometric ratio
of mass extrapolating the amount of aluminium in 5%) to ensure total reduction of TaOs. The powder mixture was
sprayed at distances of 30 and 50 mm with the substrate at rest and rotating (6000 RPM), in order to obtain
coatings with greater cohesion and uniformity. The characterization studies were performed using the techniques of
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scanning electron microscopy (SEM) to observe the morphology of the coatings and X-ray diffractometer
(XRD) for the identification of crystal phases.

2. MATERIALSAND METHODS

Were used in this work a mixture of powders of aluminium (Al) and tantalum pentoxide (TaOs) in a mass
ratio with a stoichiometric excess of 5% of Al This powder mixture was milled for 6 hours in a mill High energy,
Fritsch model Pulverisette 7. Were used as substrate disks 304 stainless steel with dimensions of 19 mm diameter and
1 mm thick.

Before spraying by plasma torch, the substrates were previoudy sandblasted with particles of SiO2
with an average diameter of 450 microns was performed immediately after cleaning the surface of the substrate 304
with absolute alcohol in ultrasonic agitation to remove organic contaminants surface. An initial roughness Ra = 2.3
mM was obtained on the substrate determined with the aid of a model surtronic profilometer Taylor Hobson of
the mark 25. The resulting powder mixture of T&O5 (10g) + Al (2.14 g) was asperjido by atmospheric plasma torch,
which power was 7.5 kW and the flow of the plasma gas and carrier powder were respectively 201 / min 6 | / min
Fig. 1.

Figure 1 - Experimental apparatus used for coating of TaxOs+ Al

For the deposition of coatings obtained from the plasma torch was used 0.5 g of powder mixture with the
substrate distances of 30 mm and 50 mm and with rotating the substrate and at rest. Table 1 shows the conditions
used in this work.

Table1 - Conditions projection of Ta,Os + Al powders

Distance Substrate Temperature Rotating substrate
(mm) Q) (RPM)
30 600 standby
30 600 6000
50 600 standby
50 600 6000

The substrate temperature was obtained through a pre-heating with the plasma torch. To measure the
temperature used a Chromel-alumel thermocouple inserted into the bottom of the substrate with the sample port at
rest. The substrate was coupled to the shaft of a motor 6000 rpm.

The surface morphology of the coating was examined using a scanning electron microscope Philips model
XL 30 ESEM. For the characterization of crystalline phases was performed using a X-ray diffractometer Shimadzu
XRD - 6000 model with CuKa radiation. The diffraction was performed with a scanning angle, 6 - 28 between 20° -
90° with aspeed of 2 ° / min.
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3. RESULTS.

The micrograph of the powder mixture of Ta205 with Al milled for 6 hoursin high-energy mill, shows that
the larger particles are about 36 micrometre (Fig. 2). This value is the arithmetic average of the diameters of the larger
particlesshown in fig. 2, obtained using the image analysis software, I mage-Pro P

£

Figure 2 - micrograph of Ta0Os + Al - milled for

The surface morphology of the coatings obtained under the different experimental conditions shown in the
micrographs Fig. 3.
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Figure 3 - Electron micrograph of the coatings produced in different conditions. (a) Fixed - 30mm, (b) Fixed -
50mm, (c) rotating - 30mmand (d) rotating - 50mm.
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In a more detailed observation can be seen that the samples in rotation-fused particles had a higher scattering in
the samples at rest, as indicated by the micrographs of Figure 3 (¢) and 3 (d). However, there is no significant
differences related to the preheating. These differences have only been observed with analysis by X-ray diffraction, as
shown in Fig. 4, where there is a greater tendency for phase tantalum (Ta) samples with the rotation of the substrate.
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Figure 4: Analysisof X-ray diffraction of the samples sprayed. T1 - rotating 30 mm, T2 - Fixed to 30 mm;
T3 - rotating 50 mm; T4 - fixed 50 mm

The analysis of X-ray diffraction (XRD) carried out (fig. 4) shows the diffraction patterns of the four
conditions used in this work. It can be observed the presence of aluminium oxide, Al-Os; resulting from
aluminothermic process. The tantalum pentoxide this shows that not al of it was reduced resulting residue oxides.
However, most of the structure is composed of pure tantalum metal. This analysis was similar to that obtained by
Mendes[13].

4. CONCLUSION.

1. The milling produced particles containing both reagents, forming a large contact area. This increases the
reactivity of the mixture and facilitatesthe spread of the reaction. Each particle reacts separately.

2. Atmospheric plasmatorch may be used to promote the aluminothermic reduction of tantalum oxide.

3. The SEM analysis shows that the rotation substrates, were used with a higher level of cast Al and impregnated
RT.

4. The identification of the crystalline phases performed by X-ray diffraction (XRD) was similar, or may be
different for quantitative analyses.

5. REFERENCES.

[1] Andrade MLA, LMS Cunha, Silva MC, and tantalum: making relevant Brazilian Mining, Metallurgy and
Bulletin of the partnership between BNDES and FINAME BNDESPAR, 2002, No. 04.

[2] 1CT-niobium-tantalum Institute International Center, Available at: http://www.tanb.org, accessed October 25,
2005.

[3] 11. Park, TH Okabe, Y. Waseda J. Alloys Compd., 280 (1998), pp. 265-272

[4] SK Kim, BC Cha. The deposition of thin films of tantalum nitride by DC magnetron sputtering. Thin Solid
Films, 475 (2005), pp. 202-207

[5] CM Visinescu, R. Sanjines, F. Lévy, V. Marcu, VI Parvulescu. Tantalum doped titania photocatalysts:

9153



ISSN 2176-5480

22nd International Congress of Mechanical Engineering (COBEM 2013)
November 3-7, 2013, Ribeirdo Preto, SP, Brazil

Preparation by dc reactive sputtering and catal ytic behavior. J Photochem Photobiol A: Chem 174 (2005), pp. 106-
112

[6] T. Balgi, R. Govindaiah, MK Sharma, Y. Purushotham, A. Kumar, Prakash TL. Sintering and €electrical
properties of tantalum anodes for capacitor applications. Mater Lett, 56 (2002), pp. 560-563

[7] Sandin HRZ, Pinatti DG, CA Baldan, RA Conte, Dainesi CR, CA Nunes. Processing of niobium and its alloys by
reduction Aluminothermic and subsequent melt and refine by electron beam. In: Annual Symposium of ACIESP on
science and technology in niobium, S&o Paulo, FINEP/ ACIESP, 1995, p. 1-9.

[8] A. Awasthi, Y. J Bhatt, N. Krishnamurthy, Y. Ueda, SP Garg. The reduction of tantalum and niobium
pentoxides with silicon in vacuo. Alloys Compound J, 315 (2001), pp. 187-192

[9] M. Baba, Y. Ono, RO Suzuki. Preparing tantalum and niobium powder their oxides by reduction in
calciothermic CaCl melt. Solid J Phys Chem, 66 (2005), pp. 466-470

[10] A. Agulyansky. Potassium fluorotantalate capable of dissolved solids and melted. J. Fluorine Chem 123
(2003), pp. 155-161

[11] CA Nunes, DG Pinatti, A. Robin. Nb-Ta alloys by Aluminothermic reduction of Nb 2 O 5/ Ta2 O 5 mixtures
and electron beam melting. Int J Refract Met dura mater, 17 (1999), pp. 305-314

[12] X. Zhe, CA Dioka, A. Hendry. Reduction Aluminothermic zirconia. J. Eur Ceram Soc, 25 (2005), pp. 695-
702

9154





