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In order to improve the comprehensive performance of titanium alloy, the mechanical ball milling method was used
to optimize the preparation of composite powder by different ball milling time, rotation speed and SiCp content.
SiCp/TC11 composites were prepared by selective laser melting (SLM) technology. The results show that the milling
speed, time and SiC content have an effect on the morphology, size and distribution of the composite powder.
Compared with TC11, the hardness of the composite prepared by SLM process is 426,723 HV, which is increased by
15,10 %, and the enhancement effect of SiCp is successfully realized.The research results provide a theoretical basis

for obtaining high-quality aerospace titanium alloy parts.
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INTRODUCTION

Titanium matrix composites have gradually become
the focus of research in recent years. Titanium matrix
composites can combine the high strength and plasticity
of matrix titanium alloy with the advantages of high
modulus and high wear resistance of reinforcement, so
as to make up for the shortcomings of titanium alloy,
improve performance and broaden the application in
aerospace field[1]. Selective laser melting technology is
a rapid prototyping technology of metal powder. The
technology is based on the forming concept of °
discrete+accumulation ‘. The high-energy laser beam
melts the automatically laid powder layer by layer ac-
cording to the path specified by the layered software,
and finally forms a nearly completely dense metal part.
It has the advantages of fast forming speed, short pro-
duction cycle, complex shape parts and low cost. In re-
cent years, many scholars have done a lot of research on
SLM manufacturing titanium matrix composites. Attar
et al.[2] in-situ synthesized TiB reinforced titanium ma-
trix composites by selective laser melting technology.
After testing, it was found that the grain was signifi-
cantly refined, and the microhardness, compressive
strength and wear resistance were significantly im-
proved. Tang et al.[3] added 3 wt.% TiC to Ti6Al4V and
formed it by SLM. It was found that there were a large
number of granular and strip eutectic TiC phases, with
microhardness of 487 HV and ultimate tensile strength
of 1 565 Mpa. Pan et al.[4] prepared TiBw/Ti compos-
ites by SLM, and observed unique nanomesh TiB
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whiskers in the microstructure, and the strength of the
composite reached 851 Mpa.

The preparation of composite powder is a key step
in SLM forming composite materials, because the uni-
formity of composite powder mixing, particle size, dis-
tribution, adhesion, agglomeration and content have a
great influence on the next forming process, and ulti-
mately affect the mechanical properties of the material.
High-energy ball milling is a common preparation
method for composite powders. Ball milling can dis-
perse the agglomeration of reinforcements, but it also
reduces the sphericity of matrix powders and has a neg-
ative impact on the fluidity of composite powders.
Therefore, the optimization of ball milling parameters
is the premise of good formability of SLM. In this pa-
per, nano-silicon carbide particles were used as rein-
forcements and TC11 titanium alloy was used as matrix.
Composite powders were prepared by adjusting plane-
tary ball milling process and different contents of rein-
forcements. Titanium matrix composites were prepared
by selective laser melting process. Compared with
TC11 sample, the mechanical properties are improved,
which provides a theoretical and technical basis for ob-
taining titanium matrix composites with excellent com-
prehensive properties.

EXPERIMENTAL MATERIALS AND METHODS

The SiCp/TC11 nanocomposites prepared in this pa-
per are composed of spherical titanium alloy powder
with particle size of 15-53 pm and polygonal silicon
carbide powder with average particle size of 500 nm. It
can be seen from Figure 1 (a), (b) that TC11 powder
generally presents a nearly regular spherical shape,
smooth surface, no other impurities, and has good wet-
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2 [Element] _wt% | wi% Sigma
4 45.92 0.32
a 215 0.12
si 51.89 0.31
Mn 0.00 0.06
Fe 0.04 0.06

fAk: | 100.00

Figure 1 Scanning electron microscopy microstructure (SEM): (@) TC11, (b) SiC; Energy Dispertsive
spectrometer analysis (EDS): (c) TC11, (d) SiC

tability, SiCp powder presents irregular polygon, which
is conducive to adhesion. Figure 1 (c),(d) shows that the
main component of TC11 is Ti, the main components of
SiC are Si and C.

The experimental scheme of this experiment is as fol-
lows: First, appropriate amount of TC11 and SiCp pow-
der was weighed on an electronic balance and put into a
ceramic pot to get mixed powder. Secondly, the agate ball
is added into the ceramic pot, and different ball milling
process parameters are used on the ball mill to obtain the
mixed powder after ball grinding. Scanning electron mi-
croscopy (SEM) and X-ray diffraction (XRD) were used
to observe the microstructure and phase analysis. Finally,
appropriate printing parameters were selected to print 8 x
8 x 8 mm samples. The density and microhardness of the
composites were measured.

RESULTS AND ANALYSIS

In order to explore the influence of ball milling pa-
rameters on the powder, 0,5 % SiCp was selected for
mixed powder preparation. The powder and agate ball
were weighed and placed in a ball mill tank according
to the mass ratio of 1:4, and the ball milling speed and
time were changed.

Figure 2 shows the micro-morphology of the pow-
der at different rotation speeds and times. It can be seen
from the figure that SiCp successfully adhered to the
matrix after 8 hours of ball milling, and no SiCp aggre-
gates were found in the titanium powder, indicating that
the reinforcement was well dispersed in the titanium
powder. However, compared with the original micro-
scopic morphology of TC11, different ball milling
speeds have a great influence on the morphology of the
powder. As the speed increases from 100 r/min to 300 r/
min, the powder begins to undergo severe plastic defor-
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mation from the ‘spherical-cake-flaky*, the powder sur-
face breaks, and many fine, broken and irregular parti-
cles are also visible. As the ball milling time gradually
increased from 4 h to 8 h, the surface of the powder
changed from smooth to rough. The analysis shows that
with the increase of rotational speed, the ball mill
changes from low energy state to high energy state. In
unit time, the impact and contact frequency between
powder and powder, powder and ball are obviously im-
proved, which leads to the plastic deformation of tita-
nium powder particles with larger particle size due to
external forces such as extrusion, friction and collision.
At the same time, some small, fragmented and irregular
parts are dropped. With the increase of ball milling
time, the number of collisions between powders in-
creases, the hardness of SiC particles is larger, and it is
an irregular triangle. During ball milling, SiC particles
constantly collide with the surface of titanium powder,
which makes the smooth surface rough, scratches and
pits appear. When conditions permit, SiC particles are
inserted into the surface of titanium powder and suc-
cessfully attached. Figure 3 is the XRD diffraction pat-
tern at different rotational speeds. Compared with the
pattern without ball milling, there is no new diffraction
peak, which also shows that there is no reaction be-
tween the powders during the ball milling process and
no other substances are generated.

Figure 4 is the morphology of the mixed powder
with different content. It can be observed from the dia-
gram that with the continuous increase of SiCp content,
the surface of the powder changes from flat to rough,
and there are many pits and scratches. This is because
during the ball milling process, with the increase of the
content, the contact of titanium powder with SiC parti-
cles becomes more common, and the hard SiC particles
continue to collide in one contact, rubbing the surface

METALURGIJA 63 (2024) 1, 61-64



Figure 2 SEM of the mixed powders at different milling
parameter.
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Figure 3 X-ray Diffraction(XRD) patterns of mixed powders
with different milling speeds

of the titanium powder, making the surface rough. After
increasing to 1 %, the agglomeration of SiCp appears
on the surface of the titanium powder.

Figure 5 is the XRD pattern of the four groups of
schemes. It can be seen from the diagram that the differ-
ent SiC content also has a certain influence on the re-
finement of titanium powder. With the increase of SiC
content, the diffraction peak of titanium gradually wid-
ened. According to the Scherrer formula, the widened
diffraction peak will reduce the grain size, that is, the
refinement of particles. This is because the hard SiC
constantly collides with the surface of the titanium
powder, making the surface rough. In the process of ball
milling, the friction between the titanium powder and
the titanium powder, the titanium powder and the agate
ball is increased, which is beneficial to the deformation
and fragmentation of the powder. At the same time, the
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Figure 4 SEM images of mixed powders with different SiCp
contents

nano-scale SiC has a large specific surface area, has a
large activity, and has a great polarization and attraction
to the surrounding media. When the titanium powder
has a crack due to external force, SiC can enter quickly,
rub in the crack, accelerate the further expansion of the
crack, and crush the titanium through continuous circu-
lation, so as to achieve the purpose of refinement.

o a-Ti
¢-SiC
* A
L .
A a A A s
- A . 0 %SiCp
=
E
B 0,25 %SiCp
'g A A A
2
= 0,5 %-SiCp
N M Nt
A “ 1 %-SiCp|
e o~ PR——
T T T T T T T T T T T T
30 40 50 60 70 80 90
20/degree

Figure 5 XRD patterns of mixed powders with different SiCp
contents

Analysis of mechanical properties

The ball milling parameters were selected as fol-
lows: speed 200 r/min, time 6 h, ball-to-powder ratio
4:1, SiCp content 0,5 %. It can be seen from Figure 6
that the powder is spherical, SiCp is evenly distributed
in the matrix, and the powder meets the SLM molding
requirements.

The printing parameters of laser power of 170 W,
scanning speed of 1 100 mm/s, spacing of 0,1 mm and
forming layer thickness of 30 um were selected. Strip
printing strategy was adopted and the sample of 8 x 8 x
8 mm was printed by rotating 67 ° layer by layer. At the
same time, TC11 powder printing sample was used as
control test. The density of SiCp/TC11 and TC11 sam-
ples measured by drainage method reached more than
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Figure 6 Powder after ball milling

99,36 %, which also showed that the forming quality of
the samples under this printing parameter was good.
The microhardness of the sample was measured by
VH1102 micro Vickers hardness tester. The results are
shown in Figure 7, Compared with the pure TC11 sam-
ple, the average hardness of the TC11 reinforced by
SiCp increased by 15,10 %. This is because after adding
SiC to TC11, the interface reaction between SiC and
TC11 occurs and a new phase is formed. The reaction
equation is:

SiC + Ti — TixSiy + TiC

The in-situ generated TiC and other hard intermetal-
lic compounds provide more deformation resistance for
the deformation of the material, which can effectively
improve the bonding strength between the silicon car-
bide particles and the matrix, thereby improving the
mechanical properties of the composite.
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Figure 7 Microhardness of sample
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CONCLUSIONS

(1) With the increase of ball milling speed and time,
the powder will undergo plastic deformation and the
surface becomes rough. No other substances were pro-
duced during the ball milling process. The addition of
SiCp is beneficial to the refinement of the powder.

(2) Under the ball milling parameters of 200 r/min,
6 h, ball-to-powder ratio of 4:1 and SiCp content of
0,5 %, SiCp uniformly adhered to the TC11l matrix
without agglomeration, and the composite powder had
good sphericity.

(3) Under the same SLM parameters, the SiCp/
TC11 sample has a higher microhardness than the TC11
sample, which is increased by 15,8 %. The reason for
the increase is that TC11 and SiC in situ form hard met-
al compounds such as TiC.
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