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Company 
We, CMMC GmbH from Chemnitz, specialise in the production and processing of AMC 
materials. From a university spin-off, the original idea (development of a casting process) 
has now been massively expanded. In addition to the foundry sector, we now also serve the 
additive manufacturing market (3D printing, coating technology, etc.). 

https://www.cmmc-engineering.com/ 
https://www.linkedin.com/company/cmmc-gmbh/ 

CMMC: „Nichts leichter als das!“ – „Nothing easier than that.“ 

https://www.cmmc-engineering.com/
https://www.linkedin.com/company/cmmc-gmbh/


  page 2 of 8 

AMC-Materials 
The abbreviation AMC stands for aluminium matrix composite. These are therefore 
composite materials, a combination of at least two different materials that are mixed 
together on a microscopic level. This is the difference to material composites, which are a 
combination on a macroscopic level.  

The following is limited to ‘particle-reinforced aluminium alloys’, as these represent the 
company's business purpose. These materials are therefore mixtures of an aluminium alloy 
and microscopically small particles or powders. The powders are intended to 
improve/modify one or more properties of the base alloy: 

− Strength and energy absorption 
− stiffness 
− wear resistance 

− corrosion resistance 
− thermal properties 
− electrical properties 

Applications include, in particular, all applications which, due to the above-mentioned 
properties, have not previously allowed the use of aluminium as a lightweight construction 
material. These can be developed using AMC materials: These include, for example, brake 
discs, pistons, ballistic plates, ... 

General Information 
This document provides a brief overview of the activities of CMMC GmbH in the field of AMC 
materials. The focus is on materials development. The structure could be organised in a 
variety of ways; in the following, a structure by process has been chosen: 

− Casting metallurgical production of AMC and its properties 
− Activities in the field of AMC powder 
− Sinter metallurgical production of AMC 
− Further investigations (forming tests, ballistic tests, ...) 

Casting metallurgical production and processing of AMC 
We specialise in the production of AMC using casting metallurgical processes. In addition to 
conventional stir casting, a new casting process is being developed for this purpose, which is 
currently protected by two patents.  

Our company has practical experience with the following materials: 

− AlSi9Mg + SiC F320 
− AlSi9Mg + SiC F400 

− AlSi9Mg + SiC F600 
− AlSi9Mg + Graphene 
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Figure 1: AlSi9Mg + SiC F320, produced by casting 
metallurgy. 

 
Figure 2: AlSi9Mg + SiC F600, produced by casting 
metallurgy, note the higher magnification due to the 
smaller particles. 

The aim of the first four material combinations is to massively increase the wear resistance 
of the underlying aluminium alloys. The mechanical strengths play a subordinate role; it is 
sufficient if minimum values are achieved. Figure 1 and Figure 2 each show an AlSi9Mg alloy 
with the reinforcing component SiC in grain sizes F320 and F600. By default, we set the 
reinforcement content to approximately 20 vol%. The former composite is mainly produced 
by us for the moulding of cast components: Either for our own prototype castings (Figure 3 
and Figure 4), or in ingot form for delivery to external foundries (Figure 5 and Figure 6). The 
material achieves yield strengths of around 120 MPa and tensile strengths of around 130 MPa. 
The values, which appear quite moderate at first glance, are due to the relatively large 
reinforcing particles (aim: to increase wear resistance). Compressive loads can therefore be 
absorbed significantly better. The AMC material shown with a SiC size of F600 is still in the 
development phase. In addition to wear properties, strength is also being addressed here. 
Significant increases can be achieved in gravity die casting and with heat treatment.  

 
Figure 3: Hand-shaped sand mould for prototype 
casting. 

 
Figure 4: Finished cast bevel gear made of our AMC 
material. 
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Figure 5: Compact AMC ingots for experimental 
melting furnaces. 

 
Figure 6: Standard AMC ingots of one ton ready for 
delivery to foundries. 

 

Figure Figure 7 shows an alloy produced by us with the reinforcement component SiC with a 
grain size of F400. This material is produced by us, among other things, as a starting material 
for atomization. For use as a starting material for atomization, a higher reinforcement 
content of up to 30% by volume can be set. The mechanical properties that can be expected 
in sand casting are shown in Table 1 . 

Table 1: Mechanical properties AlSi9Mg + 20 vol.% SiC F400, sand casting, as cast. * Reduction of wear volume 
compared to the unreinforced alloy in the ball-on-disc test. 

Rm (MPa) 130 
Rp0,2 (MPa) 120 
E (GPa) 70..80 
HBW 2,5/62,5 79 MIN 
wear reduction* (%) 40..50 

 

 
Figure 7: Casting metallurgically produced AMC in the micrograph: AlSi9Mg + SiC F400 



  page 5 of 8 

Activities in the field of AMC-compound-powder 
Since 2023, we have been providing our customers with an AMC material as a composite 
powder. The microstructure of this is shown in detail in Figure 8 . The powder can be used for 
coatings or for component production using additive processes or sintering technologies. 
Composite powders have the following advantages over trivial powder mixtures: 

- Wetting between the reinforcement component and the matrix has already been 
established. This means that the parameters for the already known processing of 
aluminum powders can be easily used. Massive temperature increases (formation of 
undesirable phases, dissolution of the reinforcement component) are obsolete. 

− SiC is an extremely hard substance: When handling the powder, massive signs of 
wear and tear occur on the machines. In the composite powder, this ceramic is 
enclosed in the soft Al matrix – the problem does not exist.  

− There is no segregation during transport or handling.  

 
Figure 8: AMC composite powder of AlSi9Mg + SiC F400 with different particle sizes 

Coating technology 
Our AMC composite powder can be applied to various materials by means of thermal 
spraying. The main area of application is the production of wear protection coatings. It is also 
possible to coat dissimilar materials, such as cast iron, with the AMC composite powder. 
Possible difficulties in the bond between layer and substrate can be countered by means of 
so-called adhesion promoters (intermediate layers).  

Figure 9 shows an example of an AMC layer on a cast substrate made of the casting alloy 
AlSi9Mg. Note the very good bonding between the substrate and the coating. This 
technology makes it possible to have a component that is still ductile and cost-effective to 
manufacture, which is only provided with a protective coating on the surfaces exposed to 
wear. 
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Figure 9: AMC Schicht auf einem gegossenen Substrat aus der Gusslegierung AlSi9Mg. 

Sintering metallurgical processes 
Together with a partner of us, we have experience in the production of AMC of the following 
compositions: 

− AlSi10Mg + SiC 
− AlSi10Mg + Al2O3 
− AlSi10Mg + 17-4PH (Al-steel-

composite) 

− Sintering our AMC composite 
powder 

− Al99,7 + Graphene 
− AlSi10Mg + Graphene 

 
Figure 10: Virtually non-porous solid material spark-plasma-sintered from our AMC composite powder. Sintering 

temperature 500 °C, 50 MPa pressure. 

Figure 10 shows the microstructure of a spark-plasma-sintered body made of our AMC 
composite powder. In contrast to the use of a powder mixture of identical composition, a 
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more homogeneous and practically non-porous microstructure could be achieved. And this 
at 500 °C, almost 50 K below the usual sintering temperature for trivial powder mixtures.  

In addition, a large number of different material combinations can be produced by sintering 
the powder mixtures mentioned above.  

Further activities 
Forming of AMC materials 
In initial pilot tests, we were able to show that AMCs are fundamentally formable. An AlSi7Mg 
alloy with SiC F400 as a reinforcement component was used. These blanks were formed into 
the shape of a piston by means of drop forging at 400 °C. The result is shown in Figure 11 . 

 
Figure 11: AMC material formed into a piston. 

 

These first basic tests prompt us to pursue material development in the direction of 
formable AMC (based on wrought aluminium alloys). In the future, the matrix alloy will be 
changed in the direction of a hybrid alloy system, which will allow both casting and forming 
processing steps. 

Suitability tests of AMC materials as bullet protection 
In the defence sector, lightweight construction is becoming increasingly important: not only 
for civil personal protection, but also for air-deployable military equipment. Aluminum 
alloys alone cannot provide sufficient performance. A composite, on the other hand, 
promises significantly better performance with still low density. We have subjected plates 
made of our material to initial firing tests. Individual examples are shown in Figure 12 . 

It should be noted that the AMC material does not fragment when cast and that the 9 mm 
calibre was successfully defended against. 

Sandwich constructions consisting of different materials, such as AMC and Kevlar/aramid 
and/or steel, are conceivable. The decisive factor is the weight reduction of the overall 
structure while maintaining or even improving the properties. 
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In addition to bullet resistance, there are also initial discussions about using the material as 
under-vehicle protection in order to protect the floor structure of vehicles (including 
batteries) and compensate for deformations in the event of shell detonation thanks to the 
increased stiffness. Blasting tests are still pending. 

 
Figure 12: Impact tests of our AMC material (top row: casting condition; bottom row in T6 heat treatment 

condition). 

 

Continuous Casting 
Our current research activities are focussed on the production and processing of AMC 
materials using continuous casting. The activities are focussed on finding a suitable matrix 
alloy, working out the appropriate particle content and finding the optimum continuous 
casting parameters. We use a vacuum continuous casting machine with moulds from 14 mm 
to 70 mm in diameter. The aim is to provide continuously cast semi-finished products for 
further processing, mainly in forming processes. In this context, we are researching and 
developing the transfer of AMC production from cast alloys to wrought alloys.  


