
Why use Addi�ve Manufactured MMCs?

Addi�ve manufacturing is one of the fastest growing design and produc�on processes in the world and has only 
begun to scratch the surface of its enormous poten�al. It offers end-users the ability to efficiently develop 
prototypes and produc�on parts without the need to invest in costly tooling and molds, produce near net shape 
parts with complex features and consolidate parts to increase strength, reduce weight, and simplify design and 
assembly. Even with these compelling benefits, AM is s�ll an emerging industry and has many obstacles to 
overcome to fully mature as a widely used manufacturing op�on. Limited AM material op�ons are one cri�cal 
obstacle to widespread AM adop�on. 

Addi�ve manufactured MMCs offer end-users several key benefits compared to tradi�onally produced MMCs. 
The small melt pool produced in laser powder bed fusion (L-PBF) is beneficial for producing a repeatable and 
uniform microstructure. Produc�on costs can be reduced because the net shape produc�on minimizes materials 
waste and reduces finishing requirements. Design improvements enabled by addi�ve manufacturing have been 
shown to result in significant energy and environmental savings during the service life of the component. 
Addi�onal energy savings result from elimina�ng the need to melt excess material, further reducing waste and 
emissions. Users can also realize savings in personnel, reduc�ons in dedicated floor space for manufacturing, as 
well as the ability to carry less inventory.

Rising commercial demand for high-performance materials from automo�ve, aerospace and marine industries is 
expected to remain a key driving factor for the MMC market. For example, the need for automo�ve curb weight 
reduc�on to increase fuel-efficiency and reduce pollu�on is expected to influence MMC usage in automo�ve 
produc�on. The introduc�on of addi�ve MMCs could significantly boost MMC demand by allevia�ng historical 
challenges in manufacturing complexity, cost, and �me.

Why haven’t MMCs been available in addi�ve manufacturing?

Addi�ve manufacturing is celebrated for its process versa�lity and freedom to fabricate complex components 
and consolidate designs that would tradi�onally require welding and joining of many parts, but customers have 
precious few freedoms in metal-based material choices. Today, tradi�onal manufacturing offers over 5,000 
metal-based materials choices, while commercial AM metal-based materials are primarily limited to select alloys 
of maraging steel, stainless steel, cobalt-chrome, Inconel, �tanium, and aluminum. Metal matrix composites 
were not on the AM list of available materials because exis�ng AM processes could not adequately produce near 
net shape components with near full rela�ve density with good mechanical performance. Efforts to print many 
commonly used tradi�onal alloys have also been unsuccessful due to the same difficul�es. 

Is it possible to 3D print MMCs?

Elementum 3D has demonstrated an innova�ve process termed reac�ve addi�ve manufacturing (RAM) to 
successfully fabricate complex metal matrix composites parts. The RAM process can overcome the obstacles 
typically faced during development of AM materials. Elementum 3D’s RAM process u�lizes in-situ chemical 
reac�ons to produce advanced materials that outperform exis�ng printable materials. Elementum 3D’s RAM 
process can use exis�ng AM equipment by u�lizing a RAM feedstock material and custom processing parameters. 
Elementum 3D has shown that the RAM process enables ‘unprintable’ aluminum alloys including 2024, 6061, 
and 7075 to become readily printable as metal matrix composites. Elementum 3D’s 2024 aluminum matrix MMC 
exhibits 2.3x the yield strength, 1.7x the ul�mate tensile strength, 1.4x the elas�c modulus, and 3.8x the wear 
resistance of AlSi10Mg, the only widely used aluminum alloy for L-PBF AM. Figure 1 provides an example of the 
capabili�es and complexi�es enabled by RAM materials.

 

Early research results have demonstrated success with fabrica�on of fully dense nickel superalloy MMC parts 
with excellent microstructures free of microcracking. Results also indicate the process to be applicable to 
fabrica�on of components from composites with matrices of nickel, Inconel 625, and Inconel 718. Significantly, it 
was found that the RAM process produced MMCs with improved microstructures compared to the commercial 
base alloys. An example of a RAM produced Inconel 625 MMC micrograph exhibi�ng significantly reduced 
microporosity is shown next to a micrograph of an industry standard Inconel 625 in Figure 2. 

   

 

In addi�on to reduced microporosity, the forma�on of the reinforcing ceramic par�culates resulted in MMC parts 
that were significantly harder than the base alloys which is indica�ve that the MMC material will have improved 
strength compared to the base superalloys. Further more, the high thermodynamic stability and high mel�ng 
temperature of the reinforcing ceramic lends itself to improved high temperature performance compared to the 
base alloys

The marriage is revived

Materials are the life blood of addi�ve manufacturing and Elementum 3D’s RAM technology is energizing the AM 
industry. The introduc�on of MMCs op�mizes the already mind-blowing benefits of AM by improving the 
performance of exis�ng applica�ons and making it possible to produce new applica�ons that were previously 
impossible.
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Addi�ve manufacturing 
enables part complexity 
such as the integrated 
cooling channels in this 
stator vane. 

LEFT - Blade printed with 
Elementum 3D’s RAM 
metal matrix composite. 

RIGHT - Blade printed with 
a standard alloy that is not 
well suited for addi�ve.

  
 

Scanning electron micrographs of 
3D printed commercial Inconel 
625 and 3D printed RAM Inconel 
625 MMC. The RAM produced 
part exhibited greatly reduced 
porosity compared to the 3D 
printed Inconel 625 alone. The 
improved microstructure of the 
RAM produced materials, as 
compared to cast and 3D printed 
superalloy alterna�ves, makes 
Elementum 3D’s superalloy MMC 
an enabling and highly desirable 
material f2r the marketplace. 
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High-performance metal matrix composites for AM can 
provide significant and disrup�ve benefits to industry, 
military, and environment. Imagine the transforma�ve 
effect MMCs can provide through reduced weight, 
improved s�ffness, higher specific strength, increased 
use temperature, and improved life. MMCs materials 
take advantage of the benefits of addi�ve manufacturing 
by enabling fabrica�on of complex components, reduc-
ing fabrica�on and transporta�on energy requirements, 
reducing waste, and elimina�ng dies, molding, and 
tooling. By reducing the number of individual MMC 
components and therefore the number of connec�ng 
structures required for a part assembly, the weight of 
the assembly can be reduced. Component weight 
reduc�on will result in reduced fuel consump�on and 
emissions as well as increased performance and 
payloads. 


