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Abstract

Additive manufacturing (AM) can fabricate intricate structures that are infeasible or uneconomical for con-
ventional manufacturing methods. Its unique capabilities have motivated emergence of several printing tech-
nologies and extensive research in material adoption in particular ferrous-, Ti-, and Ni-based alloys. Meanwhile,
the large freezing range and high reflectivity of aluminum, a lightweight structural material, greatly reduce
aluminum’s compatibility with AM. The incompatibility roots from aluminum’s unstable behavior in the rapid
cyclic thermal conditions in AM and its poor interaction with laser. This hinders the development of laser-based
aluminum AM and deteriorates the existing lack of lightweight structural materials in the intermediate tem-
perature range. Aluminum matrix composites (AMCs) have great potential to serve as thermally stable light-
weight structural materials, combining lightweight nature of aluminum matrix and strength of reinforcement
phases. However, fabrication of AMC largely uses conventional methods, achieving only moderate volume
fraction of reinforcement while having limited part complexity compared with AM. To address these chal-
lenges, in situ reactive printing (IRP) is adopted as a novel AM method, harnessing the reaction product of
dissimilar elemental powder mix to fabricate AMC with an ultra-high volume fraction of intermetallic rein-
forcement. In this study, the effect of titanium addition to elemental aluminum feedstock powder is system-
atically studied on different aspects, including material processability, microstructural features, and mechanical
performances. The results show that IRP can overcome the incompatibility between AM and aluminum and
produce AMC with exceptional volume fraction of reinforcements and outstanding stiffness enhancement when
compared with existing AM aluminum alloys and other AMCs.

Keywords: additive manufacturing, in situ reactive printing, aluminum matrix composite, high volume fraction
intermetallic, lightweight material

Introduction Materials commonly used in conventional manufacturin,
processes are being adopted in AM, such as stainless steels,
ADDITIVE MANUFACTURING (AM), with its capability to the Inconel family,> various titanium alloys, and some alu-
fabricate complex structures with significantly reduced ma-  minum alloys.*® Aluminum alloys, although widely used as a
terial waste, has claimed more and more market shares in the  lightweight structural material in conventional manufacturing
field of manufacturing. Fusion-based methods such as pow-  processes, lack a similar scale of adoption and development in
der bed fusion (PBF) and direct energy deposition (DED) are =AM compared with other alloys mentioned before. High re-
more widely adopted among various metal AM methods. flectivity and large solidification range of most aluminum al-
While PBF excels in higher precision, DED is better for loys are challenges in processing these alloys using AM.”
larger build volumes as well as easier adaptation to multi- While aluminum AM is challenging, it has potential to
material prints. Despite their differences and drawbacks, the overcome limitations of conventional cast aluminum alloys.
established material repository available for stable prints and  The coarsening and dissolving of precipitates result in lack of
its continued development are undeniably major contributors  thermal stability in conventional cast aluminum alloys to
to increasing adoption of both PBF and DED methods. perform as structural materials in the range of 200°C—450°C,
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which is currently filled by ferrous-, Ti-, and Ni-based alloys.®
AM has shown some potential in creating alloys with a
moderate volume fraction of thermally stable precipitates to
fill the gap of high temperature lightweight structural material.

Current methods are limited to using alloys with additions
such as Ce, Zr, Mn, and Fe to achieve a moderate volume
fraction of reinforcement.® In addition to thermal stability,
the introduction of reinforcements increases stiffness of AM
aluminum, minimizing undesirable deflection in structural
applications, especially for those requiring high precision.
Although bimetallic materials can also be used for stiffness
modifications, their fabrication is largely limited to metallic
intermetallic laminates, which lacks dimensional freedom
comparing to powder-based AM.°

To address these challenges and limitations, we propose
““In situ Reactive Printing”’ (IRP), a novel processing method
based on current AM processes, to fabricate metal matrix
composite that encompasses refined and dispersed in situ
reaction product from using elemental powder mix as feed-
stock. Printability improvement as well as property en-
hancements root from an intermetallic phase formed via
reactions in matrix material during printing. During IRP,
elemental powders of dissimilar chemistry will react with
each other under the influence of rapid heating and cooling
that are unique to AM. In comparison with conventional
manufacturing methods, the rapid solidification in AM could
be beneficial to achieve refined reaction products, 19 \hile the
Marangoni effect-driven high flow velocity in the melt pool’
could result in the dispersion of secondary phases in the
matrix material.

We added titanium powder to pure aluminum powder in
IRP feedstock powder mix to modify the laser absorptivity of
aluminum. This is aimed to promote better fusion of the
powder and more stable melt pool. Adding titanium powder
also enables reaction forming reinforcement intermetallic
phase that enhances the material’s mechanical properties
such as stiffness. To achieve high volume fraction of inter-
metallic phases, elemental powder mix is used instead of pre-
alloyed powder. Using elemental powder removes the alloying
step and overcomes the low solubility problem of titanium in
alurninurn,12 which means more intermetallic reinforcement
phase can form in IRP.

Elimination of alloying step also avoids the presence of
intermetallic phases in feedstock material, which can be
challenging to process in AM due to their high melting
temperature and brittle nature. While adding elements such as
Fe, Ni, and Cu has been studied in the literature to improve
AM of aluminum by in sifu alloying, the focus of those
studies is on alloying with aluminum and the formation of
intermetallics is rather a by-product.'*>~'> Alternatively, the
enhancement of AM aluminum in the current work is
achieved through creating a metallic—intermetallic composite
material, aiming to possess characteristics that are superior to
the parent aluminum matrix with the addition of titanium
aluminide reinforcements.'®

In this work, the concept of IRP and its effect on print-
ability of aluminum in AM are discussed. The microstructure
of samples printed with various mixing ratio of Ti/Al is
studied. Direct correlation is found between feedstock pow-
der mixing ratio and reinforcement volume fraction in as-
printed samples. Tunability of mechanical performance of
titanium aluminide-reinforced aluminum matrix composite
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(AMC) is shown using microhardness testing and na-
noindentations. Results demonstrate that material in current
work has a superior volume fraction of intermetallic rein-
forcement compared with other competing aluminum alloys
or AMCs while pushing the envelope of stiffness improve-
ment in AM-processed aluminum to a new level.

Materials and Methods

Sample preparation

Elemental powder mix of commercially pure (CP) tita-
nium and CP aluminum was used as feedstock for IRP. CP
titanium powders of particle size 45 to 106 um from AP&C
and CP aluminum powders of particle size 45 to 150 yum from
Valimet were mixed in stainless steel vials for 30 min using
SPEX8000 mixer/mill. The mixing vial was argon-filled to
prevent oxidation of powders. Thirty minutes of mixing was
performed in three 10 min intervals to reduce powder heating.
Mixed powders showed good homogeneity, and no powder
lumps were present (Supplementary Fig. S1d).

No ball milling media was used in the mixing process to
avoid excessive aluminum powder deformation and forma-
tion of powder lumps that were observed in prior testing with
use of milling media (Supplementary Fig. Sle). Powder was
mixed with titanium content in weight percent of 10wt%,
20wt%, 30wt%, and 40wt% to systematically study the effect
of powder composition on final print composition and mi-
crostructure. Powder clumps were discovered post-mixing on
some occasions and were broken up thoroughly before being
added into the powder feeder for printing.

IRP was performed on a FormAlloy X2 DED system
equipped with an IPG Nd:YAG continuous wave fiber laser
with 500 W max power at spot size of 1.2 mm. Build chamber
was purged with argon to reduce oxygen level to below
100 ppm. Samples of 20x 8 x2 mm were printed on CP-Ti
substrates for each powder mix using rectilinear infill scan
strategy with hatch spacing of 0.6 mm and angle offset of
+67° and —67° in alternating layers with 0.2 mm layer height
(Fig. la, b). The optimization criteria for print parameters
were chosen to minimize pore and crack formation in printed
samples.

At high energy densities, in situ reaction forms large pat-
ches of intermetallic, which is prone to cracking due to their
brittle nature and presence of residual stresses. However, low
energy density causes lack of fusion and therefore large
number of pores in samples. The print quality was examined
by optical imaging of polished section of each printed sam-
ple. Optimal print parameters were determined to be 300 W
for laser power, 1500 mm/min for scanning speed, and vol-
umetric feed rate of 0.93 cm®/min (calculated using apparent
density of elemental powders). All print parameters were
held constant for printing the final samples used in this study.
The samples are denoted by TilO, Ti20, Ti30, and Ti40
corresponding to their titanium content in the powder mix.

Material characterization

For compositional and microstructural studies, all samples
were sectioned into multiple pieces along the width (8 mm
edge) using a high-speed diamond saw and polished to
0.02 um with colloidal silica solution. Optical microscopic
(OM) images of 50 x magnification were taken for all samples
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FIG. 1. Images of as-printed Ti/Al AMC samples’ (a) top view, (b) side view, (¢) image of attempted CP-Al print on CP-
Ti substrate. Stitched optical microscope images of the cross section of (d) Til0, (e) Ti20, (f) Ti30, and (g) Ti40 samples.
AMC, aluminum matrix composite; CP, commercially pure. Color images available online.

to check for macroscopic cracks and pores. Scanning electron
microscopy (SEM) scans using scanning electron and back-
scattered electron (BSE) detectors were performed on all
samples with 25 keV beam voltage. All electron microscopy
and further energy-dispersive X-ray spectroscopy (EDS)
scans were performed in a Tescan Mira Field Emission SEM.
BSE image of samples from each powder mix was analyzed
with the Image]J threshold function to determine the volume
fraction of secondary phases in the aluminum matrix using
their gray value histograms.

Lower and higher bounds of the threshold were held con-
stant for the analysis. Electron backscatter diffraction (EBSD)
analysis was performed on a Til0 sample near the center of the
cross section for phase identification and grain size measure-
ments. The EBSD data were collected using an Oxford AZ-
TEC EBSD system with a Nordlys EBSD camera at 15kV and
0.25 um step size over a scan area of 250% 190 um. X-ray
diffraction (XRD) analysis was performed on the polished
surface of Ti30 samples with 2-theta values ranging between
10° and 90° to confirm the composition of the secondary
phases in the aluminum matrix. Ti40 samples were excluded
from the analysis due to the presence of detrimental cracks.

Samples used for SEM, BSE, EDS, and XRD character-
izations were further tested for mechanical characteristics.
One polished sample piece was randomly selected from the
sectioned pieces of Til0, Ti20, and Ti30 samples for mi-
crohardness testing using a Nanovea digital microhardness
tester with a Vickers indenter tip. Indent force of 980.7 mN
and hold time of 20 s were used for all indentations with a
0.4 mm spacing between adjacent indentations. Modulus of
elasticity of each sample was calculated using the rule of

mixtures, with modulus of elasticity of Al, Ti, and TiAl3
taken as 69, 120, and 216 MPa, respectively.17

Experimental validation for modulus of elasticity was
performed on a polished section of Til0 sample using
Alemnis nanoindenter equipped with a Berkovich indenter
tip. Constant strain rate of 0.1 s~! was used for the loading and
unloading of all nanoindentations with 400 mN peak load and
no holding. Experimental elasticity was calculated from the
average of the second-order polynomial fit and power law fit
on the initial unloading curve in the range of 2% from peak
displacement to 40% from zero displacement (Supplemen-
tary Fig. S2).

Results and Discussion
Improvement in printability of aluminum

Adoption of aluminum in AM has been hindered by
properties including low absorptivity and a large solidifica-
tion range.'® These cause a detrimental effect in the form of
unstable melt pool and solidification cracking. Multilayer
prints of CP-Al were attempted in the current study to un-
derstand the difficulties in aluminum AM, and the result
shows evidence of melt pool instability from material balling
as well as visible solidification cracks (Fig. 1c). As printed
Til0, Ti20, and Ti30 samples, however, show a great im-
provement in printability, evident from their near-fully dense
structure with no cracks and minimal to no porosities
(Fig. 1d-f). This improvement is attributed to two major
factors: better local thermal conditions during printing and
the circumvention of solidification cracks.
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The addition of Ti powder in the feedstock contributes to
better thermal conditions via increased laser absorption
compared with pure aluminum powder. This increase is
supported by results from theoretical calculations, which
shows that the titanium powder has an absorptivity almost
eight times that of aluminum powder in DED conditions.
The calculations model powder particles in various condi-
tions, including isolated spheres illuminated by a uniform
laser beam, which resembles the DED process. Enhancing
aluminum powder particles with both surface-coated and
embedded nano-sized reinforcing materials can also reduce
the reflectivity of aluminum, improving the printability of
aluminum and resulting in better mechanical performance.'’

However, powder enhancement is considerably more
complicated and requires a special technique for powder
feedstock fabrication, which renders IRP a cost-effective
alternative for increasing the printability of aluminum pow-
der. In addition, the negative enthalpy of mixing of titanium
and aluminum,”® accompanied by the negative formation
enthalpy of Ti/Al intermetallic phases,”' means additional
energy is released into the melt pool. While the addition of
titanium powder improves the thermal conditions during
heating and melting of feedstock powder, the mixing and
reactions unique to IRP improve the thermal conditions of the
melt pool during cooling, which helps mitigate the solidifi-
cation cracking problem often induced by localized high
cooling rate in AM processes.

In addition to melt pool stabilization and reduction of so-
lidification cracking problem, IRP also avoids reinforcement
agglomeration, which is common in conventional AMC
production. Reinforcement agglomeration is still a present
challenge in creating a high volume fraction intermetallic-
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reinforced metal matrix materials using AM since agglom-
erates reduce the surface area of intermetallic powder and
cause unfused volume or microcracks.?” By using elemental
powder mix as feedstock, IRP eliminates intermetallic ag-
glomeration and thus enables the production of AMC mate-
rial with a much higher reinforcement volume fraction. The
increased intermetallic volume fraction threshold has a great
potential in improving mechanical performance, which is
discussed in detail in the Mechanical Performances section.
Moreover, a convective heat transfer phenomenon com-
mon to AM, Marangoni effect,”® promotes the mixing of
molten aluminum and titanium. This promoted mixing is in
excellent agreement with the dispersed arrangement of in-
termetallic reinforcement (Fig. 2a), which is further dis-
cussed in the Dual-Phase Reinforcements and Tunable
Intermetallic Volume Fraction section. However, a threshold
still exists for the intermetallic volume fraction in AMC
printed with IRP. When said threshold is surpassed, macro-
cracks form in a large volume of connected intermetallic
reinforcement, as shown in Ti40 samples (Fig. le).

Dual-phase reinforcements and tunable intermetallic
volume fraction

The cross sections of Ti10, Ti20, and Ti30 samples show a
unified microstructure of aluminum matrix material with
intermetallic reinforcements formed from in situ reactions
and embedded unmelted titanium particles (Fig. 2a). Inter-
metallic reinforcements are formed primarily in needle
shapes (middle arrow) while the remaining small portion
consists of groups of near-equiaxed shapes arranged in a
single profile (top arrow). No preferred orientation is present
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FIG. 2. EDS images of area around a retained titanium particle with dendritic reinforcing phases including (a) SEM (the
arrows mark different intermetallic morphologies), (b) overlay of Ti and Al distribution, (¢) Al distribution, and (d) Ti
distribution. (e¢) XRD result of Ti30 sample with major peaks identified. EDS, energy-dispersive X-ray spectroscopy; SEM,
scanning electron microscopy; XRD, X-ray diffraction. Color images available online.
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for the acicular reinforcement phase. Intermetallic is also
present at the interface of unmelted titanium particle and the
matrix (bottom arrow).

EDS was performed on Ti30 samples to confirm that the
secondary phase present in aluminum matrix is indeed in-
termetallic compound (IMC) of titanium and aluminum, as
shown in the image of titanium and aluminum distributions
overlayed (Fig. 2b). However, the Ti-Al binary phase dia-
gram indicates that several types of IMCs can be formed
between titanium and aluminum, including TiAl, TiAl,,
TiAls, TibAls, and TisAL** To identify the type of IMC
present in the system of the current study, XRD was per-
formed on Ti30 samples, which contain the highest amount of
IMC in the matrix (Fig. 2e). The peaks in the XRD result
match well with TiAl; peaks. According to the Ti-Al binary
phase diagram, TiAl; is the most probable reaction product
when aluminum is abundant (more than 62wt%).25

In addition, TiAlj is the most favorable reaction product in
the current system both from thermodynamics and from dif-
fusion kinetics standpoints. At estimated DED melt pool
temperature of 2000K, which is more than the melting tem-
perature of titanium, the free energy of formation of TiAl; is
—19,619 J/mol, much lower than that of TisAl and TiAl, which
are —16,218 and —3858 J/mol, respectively. It is important to
note that TiAl, and Ti,Als, the other possible titanium alu-
minides, can only form through reactions involving TiAl as
one of the reagent, thus are omitted in comparison of free
energy of formation.”*2® The formation enthalpy of TiAl, is
—2.96 kJ/mol, also much lower than that of TizAl and TiAl,
which are —0.67 and —1.52 kJ/mol, respectively.?’ These evi-
dence indicate that the main reaction between titanium and
aluminum is as follows:

Ti + 3A1(L) "  TiAlL

The retained titanium particles are most likely a result of
insufficient melting during processing and thus not included
in the main reaction formula. Extensive experimental studies
on diffusion couple/metallic intermetallic laminates as well

as reactive sintering of titanium and aluminum also uphold
the conclusion that TiAls is the most favorable IMC formed
between aluminum and titanium at high temperature (around
and above the aluminum melting temperature) with an
abundance of aluminum.?’~°

As-printed Til0O, Ti20, and Ti30 samples were all near-
fully dense without cracks but show visibly different amounts
of acicular intermetallic reinforcement in the OM images.
BSE images were taken to analyze the composition quanti-
tatively using image analysis (samples of BSE images are
shown in Fig. 3b—d). Thresholding of the BSE images to
identify the different morphological phases was performed
using the ImageJ over/underthreshold function. The brightest
phase in the BSE images was identified as retained titanium
particles, and the dark background was identified as alumi-
num matrix while the remaining of the image was identified
as the intermetallic phase (Supplementary Fig. S3).

The volume fraction of retained titanium particle was
taken directly from the gray value histogram, whereas the
volume fraction of intermetallic is calculated with its gray
value histogram percentage over the sum of the intermetallic
phase and the matrix material. The results from the image
analysis (Fig. 3a) show that Ti20 and Ti30 samples have
high intermetallic volume fractions (55-60%) unattainable
with other types of AMCs. The result also clearly indicates a
correlation between the titanium content in the feedstock
powder mix and the volume fraction of acicular interme-
tallic reinforcement as well as that of the retained titanium
particles.

It is worth noting that comparing with the trend of volume
fraction of retained titanium particles, volume fraction of
intermetallic reinforcement shows much less increase in re-
sponse to titanium addition when titanium content in feed-
stock is already high. This plateau phenomenon in the
tunability of the intermetallic volume fraction hints the ma-
trix reaching saturation. Small patches of intermetallic
(marked by arrows) in BSE image of Ti30 samples (Fig. 3d)
confirm the matrix being incapable of forming additional
disperse acicular reinforcements.
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FIG. 3. (a) Intermetallic volume fraction versus Ti weight percentage from the image analysis. BSE images of micro-
structures for (b) Til0, (¢) Ti20, and (d) Ti30 (the arrows mark small patches of intermetallic) at the same magnification. BSE,

backscattered electron. Color images available online.
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FIG. 4. (a) Hardness result; BSE images of indents on (b) Til0 and (c) Ti30 with respective scale bars (grey lines marks post-
indent features of interest detailed in section: Mechanical performances); and (d) Ashby plot of normalized stiffness (against pure Al)
versus reinforcement volume fraction of different types of aluminum alloy/matrix composite. Readers are encouraged to explore the
web version of this article for best visualization of these figures. *Elastic modulus calculated theoretically using the rule of mixture.

Coolr images available online.

Mechanical performances

Hardness results show expected correlation with interme-
tallic volume fraction as well as plateau similar to that shown
in the trend of intermetallic volume faction (Fig. 4a). All
hardness values are taken from the average of 15 valid in-
dents (indents that are not in the vicinity of unmelted particle)
per sample. In addition, BSE images were taken post-indents.
Fractures of acicular intermetallic phase (indicated by
marking in red in Fig. 4b) and shifts of matrix material (in-
dicated by marking in orange in Fig. 4c) were observed near
some indents. In addition, to compare the stiffness of mate-
rials in the current study with those of the existing aluminum
alloys and AMCs, the nanoindentation technique was used to
determine the elasticity of Til0 samples.

The peak load was chosen to create an indentation large
enough to represent the composite material as a whole, thus
avoiding false results from localized properties of matrix or
reinforcement materials alone. The result of 119.8 £5.9 GPa
elastic modulus was obtained from average of five indents on

the tested TilO sample. The theoretical elasticity of TilO
samples was also calculated using the rule of mixture,
yielding 124.4 GPa with average intermetallic volume frac-
tion measured before. Comparison between experimental
measurement and theoretical calculation of TilO sample
elasticity showed <4% error, confirming that the rule of
mixture is applicable to AMC in the current study. Therefore,
elasticity values for Ti20 and Ti30 samples were calculated
using the rule of mixture due to loading limit of the na-
noindentation setup.

The combined results of stiffness measurement and cal-
culation are plotted in an Ashby plot (Fig. 4d) with other
data points compiled from the relevant literature.>' ® The
Ashby plot shows that previous studies on aluminum AM
have brought the volume fraction of reinforcement close to
the level achieved by conventional manufacturing of AMCs
while moderately increasing stiffness. Additionally on the
same Ashby plot, the current state of the art in terms of high
reinforcement volume fraction achieved in both AM
(marked by green dotted line) and conventional methods
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FIG. 5. (a) Phase map of EBSD analyzed region with Al, Ti, and TiAlz indexed in grey, respectively. (b) IPF-z from
EBSD analysis with black and grey index shown on bottom right. (¢) Size distribution of matrix aluminum grains. EBSD,
electron backscatter diffraction; IPF, inverse pole figure. Color images available online.
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(marked by orange dotted line) is presented as reference
values for comparison.™

AMC:s fabricated with IRP shows even further improve-
ment in volume fraction of intermetallic reinforcement up to
60% as well as in stiffness when compared with existing
alloys and AMCs. In addition, comparing with cast AMCs,
higher cooling rate in AM results in the finer scale interme-
tallic in AMCs fabricated with IRP. This intermetallic re-
finement could be more beneficial for mechanical property
enhancement, complimentary to volume fraction increase
from 42% in cast AMCs to 60% in AMCs fabricated with
IRP. Refined grain size is also observed in the matrix alu-
minum as shown in the inverse pole figure from EBSD
analysis (Fig. 5b) with distribution of intermetallic phase
shown in the phase map (Fig. 5a).

Six hundred eighty-six grains in the matrix aluminum were
detected in the EBSD analysis, with the average grain size of
14.75 £4.38 um for the 100 largest grains (Fig. 5c), whichis a
good representation of grain size to help eliminate noise from
smaller features/indexing errors. This shows great grain re-
finement in AMCs produced with IRP in comparison to av-
erage grain size of 200-500 pm in as-cast wrought aluminum
alloys or average grain size of 100-150 um in cast ingots of
commercial purity aluminum.*"*** This refinement in alu-
minum grain size is likely due to combined effect of fast
solidification as well as formation of TiAl;, which can pro-
mote nucleation events and reduce grain growth. This is also
supported by the data available in the literature, suggesting
that TiAl; can act as heterogeneous nucleation sites in grain
refinement of CP aluminum.*?

While the ultra-high volume fraction of intermetallic re-
inforcement undoubtedly contributes to the stiffness en-
hancement, it also lends itself to improving the thermal
stability of the printed AMC given the high melting tem-
perature of TiAlz. Furthermore, the low solubility of titanium
in the aluminum matrix material is expected to inhibit rein-
forcement coarsening at an elevated temperature. In addition,
the matrix aluminum shift indicated by the ripple around the
indentation (marked region in Fig. 4c) also shows some re-
tained ductility from aluminum being the matrix material. In
addition, the tunability of mechanical characteristics from
different mixing ratio of the feedstock also allows in situ
compositional adjustment using powder-based DED AM,
giving the designer much more freedom to create compo-
nents with site-specific properties.

Conclusions

This study presents IRP as a novel method to fabricate
tunable titanium aluminide (TiAls)-reinforced AMC capable
of reaching intermetallic volume fraction up to 60%. The
successful production of AMC with enhanced properties
demonstrates that IRP can harness the rapid cyclic thermal
conditions of AM to form reinforcing reaction product in situ.
The obtained AMC material with large amount of refined and
well-dispersed secondary phases also shows evident im-
provement in AM processability of aluminum. Different
feedstock compositions were tested to systematically study
the effect of powder composition on final print composition
and microstructure. Feedstock containing 10wt%, 20wt%,
and 30wt% titanium showed printability improvement and
compositional tunability.

Feedstock containing 40wt% titanium showed detrimental
through-height cracks, revealing maximum intermetallic
capacity of aluminum matrix. Mechanisms contributing to
printability improvement and microstructure features of
AMC fabricated with IRP are feedstock laser absorption
enhancement, exothermic mixing of elemental material
leading to the formation of intermetallic reinforcements. Fi-
nally, IRP is experimentally shown in the current study to
achieve a much higher volume fraction of intermetallic and
consequently higher stiffness than that of other aluminum
alloys or AMCs. These promising results encourage future
investigations on macroscale mechanical performances such
as tensile, fatigue, and wear properties as well as thermal
stability of this alloy system. While the current study focuses
on the Ti/Al material couple, we believe that IRP is appli-
cable to other material systems to create metal matrix com-
posites with enhanced mechanical performance from high
volume fraction of intermetallic reinforcement.
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