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Abstract

The purpose of this work is developing of the mdtliar producing the composite powd&igAl4V-
Al,O5) suitable for use in additive technology (AT). Timethod involves surface modification of metal
powders as a second phase in a planetary mixerofijeet of the study was mode of modification: Hg t
speed of rotation of platform and container; 2)etiof modification; 3) the mass ratio of the Ti6AI4V
powder, AlO; powder and Zr&fraction (mixing agent).

The efficiency of modification of powder was estteth by the optical analysis of the surface of the
composite powders. The results of the study shahegresence on the surface of a sufficient amofnt
Al,Os; powderfor production of composite materials.

The assessment of the feasibility of the producedposite powders in AT performed by comparing the
composite powders with Ti6Al4V powder used in seleclaser melting. The shape analysis showed that
the composite powder has a spherical shape ofditielps that allows using this powder in AT.

1. Introduction

The additive technologie¢Selective Laser Sintering/Melting (SLS/SLM), Elect Beam Melting
(EBM), Direct Metal Deposition (DMD)are widely used for producing metal details in \anbw. In
comparison with conventional metal part fabricatieohnologies SLM have some advantages, such as:
ability to produce of details with complex 3D shael internal cooling channels; cheapness anditapid
of single or low volume production of complex shaparts (surgical and dental implants, design
prototype); minimal quantity of production residsidtor the development of additive technologies it is
necessary to expand the range of used materiats 0Otine most promising directions is the creatbn
products from composite materials.
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Ti and Ti-based alloys havegh corrosion resistance, high strength and lomsig. It explains using Ti-
based alloys in aircraft manufacturing, automotaral aerospace industrifowever Ti has several
disadvantages. The main are insufficient heat teesie andwear resistanceFor improvement of
operational properties often use of composite rnasefl-7]. Al,O; is well-known hard material with
high melting temperature. The combination of phgisproperties of Ti and ADs is promising [8-10]. In
this work the method of producing the Ti6Al4V-8k composite powder by using the SLM technology

is developed.

2. Resear ch methodology
The proposed method of production of composite mswdcludes modification ofi6Al4V powder
surface by mechanochemical treatment. The task eegmosition second phase {8%) without

deformation spherical shape of parti€iéAl4V powder. The subject of work was the mode of treatm
The modification was carried out by using the ptanemixer KURABO Mazerustar kk250 (Fig. 1).
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Figure 1. Scheme of modification.

The mixture of TiGAI4V powder, A}O; powder andZrO, fraction (mixing agentwas used in the
mechanochemical treatmenthe result the treatment depended on technologimales of planetary
mixer and weight rate of mixture components. Pataraef modification presents in Table 1.

Table 1. The modes of modification.

The
Rotation Rotation | Weight ‘0 yr]t(iaon of proportion of | Weight of
Mode speed of | speed of of the I?hepTiG ALV the ALOs the Processing
platform, | container, | mixture, . powder in fraction time, min
powder in the :
rpm rpm g mixture. % the mixture, | (ZrO,), g
’ %
1 1580 1460 10 95 5 10 2
2 1580 1460 10 95 5 10 7
3 1580 1460 10 95 5 10 15
4 1700 1580 10 95 5 10 2
5 1340 1220 10 95 5 15 3
6 1580 1460 10 95 5 15 3

For characterization of surface modification qyatitanning electron microscopy JSM-6400LV was used

(Fig.2).
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The criterions were used for evaluation of techgiglal mode:

1) The homogeneity of composite powder (efficiemfymodification). The structure and mechan
properties of product in AT depend on homogeneityused powderThe experiment showed that
composite powder®btained by using mos 1, 5 have insufficienhomogeneit. Apparently it is
connected with short processing t (modes 1, 5) and low rotation spe@tbfles 5). Other modes allow
obtaining composite powders with acceptable homeige
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Figure 2. Images ofcompositepowders (scanning electron microscope <6400LV):a —mode 1, b —
mode2, ¢ — mode 3, d — mode 4, e — mode 5nfede6
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2) The shape of composite powder. Metal powderATAY) is characterized by the spherical shape of
particles. The experiment showed that modes of fiation insignificant affect on shape of particles
Even increase processing time (mode 3), rotatieedgmode 4) or weight of thmixing ageni{mode 5,

6) did not lead to significant deformation of peles.

3) The time of the treatment. The productivityrigobrtant parameter of process. The modes 1, 4-6 hav
the maximal productivity.

For estimation of powder shape ISO Roundness paeameas chosen. The optical analyzer OCCHIO
500 nano was used for determination of powder roass(Fig.3). The assessment of the suitability of

the produced composite powders for using in AT dei®rmined by comparing the composite powders
with Ti6Al4V powders that used in selective laseaziting.
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Figure 3. 1ISO Roundness of Ti6AI4V-AD; composite powders (modes 1-6) in comparison with
commercial Ti6AI4V powder (MTT Technologies Ltd.)

According to the analysis results, we might coneltitht the shape of particles of the composite posvd

(mean ISO Roundness are from 65.86% to 74.82%gnifgiantly differ to the shape of particles of the
commercial Ti6AI4V powder (mean ISO Roundness it6%) that it is suitable for AT, especially for
selective laser melting. The composite powder abthiwith using mode 6 is characterized by the lbghe
mean ISO Roundness (74.82%).

As result research was chosen mode 6 for producbwiposite powder. This mode is characterized by
high productivity and allows obtaimnomogeneousomposite powder with mean ISO Roundness
(74.82%).
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3. Conclusions

The production method for composite powders is ldgeas. The proposed method includes modification
of the surface of metal powders as a result ohtaehanochemical treatment. The mode of treatmesit wa
chosen. The shape of the resulting composite popaeicles is nearly spherical. The homogeneity of
resulting composite powder is sufficient. The omai composite powder can be use in AT.
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