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INTRODUCTION

METHODS
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Metal matrix composites with nanoparticles as reinforcement
have been investigated during the last decades and significant
improvements in the mechanical properties such as tensile
strength, elastic modulus and wear resistance were
demonstrated. The higher performances were explained by the
cumulative contributions of different strengthening mechanisms
promoted directly or indirectly by the dispersed nanoparticles.
The high diversity of the synthesis routes of metal matrix
nanocomposites (MMnCs) gives numerous possibilities to their
development and production at industrial scale.

In this project, Silicon Carbide nanoparticles (β-nSiC) were
introduced into Titanium and Niobium matrices in order to locally
increase the hardness. Therefore, two different powder transport
systems were used; a volumetric feeder for the microscale matrix
powder and a special pulsed dense phase convey system for the
nanoparticles. The separated control of the feeding systems
allows producing MMnC with site-specific properties.

Clusters with sizes of a few microns were observed in Niobium
samples. An average Si:Nb weight ratio of 0.05 was measured at
the clusters, indicating successful incorporation of nSiC powder.

The recent emergence of Additive Manufacturing (AM) processes
could further extend the range of applications of MMnCs as it
unlocks the geometric restrictions of the traditional production
processes and offers more freedom in terms of material
combinations. Therefore, AM opens the door to the production of
unique materials accurately optimized and specifically dedicated
to given applications.
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*Figure 5: Grain orientation, image quality and phase mapping from EBSD on the
Niobium-nSiC sample.

High magnification Electron backscatter diffraction (EBSD)
mapping indicated that the refined Niobium grains separated by
the SiC clusters have almost identical orientations. The clusters
indexed as α-SiC correspond to the βα SiC transition at 2100℃.

*Figure 2: Schematics of the micropowder and nanopowder feeders.

First investigations by adding nano Alumina (nAl2O3) in Titanium
demonstrated a local hardness increase by a factor of 3!
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*Figure 6: EBSD mappings show refined Niobium grains with concentrated SiC at
their boundaries.
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Similar observations have been found with Titanium and nSiC.
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SiC nanoparticles with a higher melting point than alumina have
been used for reinforcing Ti and Nb matrices.
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The possibility to fabricate gradient materials, dissimilar materials
as well as metal matrix composites were reported last year within
a Quest project in 2019 by the same group for Niobium / Titanium
combination.
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*Figure 3: Site-specific increase of the hardness of Titanium by a factor of 3 by
adding locally nano-Alumina particles.

*Figure 1: Left - scheme and principle of the deposition process and right - picture of
the used BeAM nozzle.
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BACKGROUND
Laser Metal Deposition (LMD) offers new perspectives for the
fabrication as this technology enables the injection of different
kinds of powders at chosen locations during material fabrication.
Therefore, composites parts can be built freely within a complexshaped matrix, bringing locally new functionalities and/or
improved properties.
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*Figure 4: Left - creation of composite layers with nSiC in Titanium and Niobium thin
walls and right - optical microscope image of cross-section of a Ti-nSiC sample.
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*Figure 7: SEM images of the Titanium-nSiC sample at the transition area.

DISCUSSION
Al2O3 and SiC nanoparticles have been locally incorporated into Ti
and Nb by LMD to form MMnCs. Microhardness tests showed a
significant increase of local hardness in composite layers
demonstrating the strengthening effect. Such an approach opens
the door to new designs of medical devices where mechanical
properties can be locally improved within individual parts. More
material combinations and in-depth mechanical tests can be done
in future to find out optimized recipes for specific applications.

