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Abstract
As different branches of industry use Laser Beam Melting (LBM) and more and more materials can be
produced with it, this technology goes in and out of focus of production technologies in an industrial
environment. A big advantage of LBM is the possibility of building very complex parts and therefore
minimizing the need for raw material. The effects of this, such as lightweight-design, resource-efficient
production and reduction of manufacturing time, can even be increased if material can be used locally defined
in a part, so that one part does not have to consist of one material per fabrication-process, but at least two. Since
LBM is a powder-bed-based process, the implementation of this idea is possible by adopting the conventional
delivery device and the manufacturing process itself.
In this paper the results of a multi-material process are shown and the influences of different material properties
on the manufacturing process are derived.
Introduction

Building direction

In recent years multi-material has been in the scope of different research groups all over the world,
especially in case of additive manufacturing. Thus far there are already ways to build multi-material parts out of
plastic, using this technology for example, by using fused layer modeling (FDM) or stereolithography [1]. Also,
in the case of parts made of metal, there are many approaches using laser powder depositioning, for example
[2]. Even for powder-bed-based technologies there are many investigations being done concerning the powder
depositioning [3–5, 5–7]. However, there is a big difference in the understanding of multi-material, especially in
the case of laser beam based powder-bed fusion (LBM). They all have in common the combining of different
materials, but vary in the way two or more materials are joined during the manufacturing process. In order to
understand multi-material, Figure 1 shows the different kinds, as well as a mono-material part to more clearly
point out the differences.
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Figure 1: Parts categorized by the meaning of multi-material
A 2D Hybrid part differs from a mono-material part in the material of the substrate, which is the basis
for the build-up process. While a mono-material process uses the same material for powder material as for the
substrate, a 2D Hybrid process builds on a different material. It is also possible to use a conventionally
manufactured part as substrate and start the additive building processes there. Hence, it is called a hybrid part,
since different manufacturing techniques are used [8]. One example is shown by Fu et al. who built a copperbased alloy on a steel substrate [9]. One step further is to use LBM for production of both parts and build one
material on top of the other. So a 2D Multi-material part can be produced, like Sing et al. has done [10]. This is
called a 2D Multi-material part since the change of material occurs only in one dimension perpendicular to the
building platform in direction of building. The highest level of multi-material parts consist of multiple materials
distributed arbitrarily in the part in all dimensions – a 3D Multi-material part.
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No matter what type of multi-material part is going to be built, the building process is influenced, since
all materials vary in their material properties. Therefore the process parameters need to be adapted. A 3D Multimaterial part has even more influence, since the process chain has to be modified in order to allocate and
solidify different materials. In the next sections a methodical approach to build a 3D Multi-material part is
shown using a copper-based alloy and tool steel 1.2709.
Experimental Setup
There are different approaches for integrating the second powder within the process in order to build a
3D Multi-material part [11]. An approach based on the conventional delivery device was used for this work,
supplemented by a suction-module [3, 12, 13]. The process steps is shown in Figure 2.
Low ering Building
Plat f orm

6.

1.

Solidif icat ion 5.
M at erial B

Pow der Delivery
M at erial A

2.

4.

3.

Pow der Delivery
M at erial B

Solidif icat ion
M at erial A

Removing unsolidif ied
M at erial A

Figure 2: Process steps of the multi-material-LBM Process
After delivering and solidifying the material A, the non-solidified particles get removed via a suctionmodule. Afterwards the second powder of material B is delivered and solidified. This powder remains in the
building chamber for the rest of the building process.
For this study an SLM 250HL machine from SLM Solutions was used. It is equipped with a fiber laser
with a maximal power of 400 W and focal diameter of 100 μm. In addition, the following gas-atomized powder
materials were utilized: Tool steel 1.2709 (X3NiCoMoTi18-9-5) [14] with a normal distribution between 10 and
45 μm, and 2.1293 CuCr1Zr (in the following called CCZ) [15], with a normal distribution between 20 and 45
μm. Both materials have a spherical shape. The chemical contribution of each material is shown in Table 1 and
Table 2. Every sample was built with a layer thickness of 30 μm. The specimens were examined under a Nikon
SMZ 1000 light microscope and a Keyence VK-9710 laser microscope. The density of the mono-material was
tested using two different methods. First, the Archimedes method was used, which considers the entire
specimen. Additionally, the porosity of polished samples was examined by microscopic analysis to get a
comparability for the multi-material parts, which cannot be tested by the Archimedes method due to the
unknown ratio of different materials [16, 17]. The material distribution within a 3D Multi-material part was
measured with an EDX-System of Brucker Quantax 70 via a Hitatchi TM 3030 Plus scanning electron
microscope.
Table 1 Chemical composition of 1.2709
C
Mo
≤0.03
5.0

Ni
183.0

Co
10.0

Ti
1.0

Fe
rest

Table 2 Chemical composition of CCZ
Cr
Zr
0.5-1.2
0.03-0.3

Fe
≤0.08

Si
0.1

other constituents
≤0.2

Cu
rest
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Methodical Approach
In order to produce parts with a high density and to derive relationships and influences of the process, a
methodical approach represented in Figure 3 was used.
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Figure 3: Methodical approach for building 3D Multi-material parts
First of all, the mono-materials are qualified for the LBM process. Based on existing publications for
1.2709 [7, 18] and CCZ [9, 19, 20], the proceeding promoted by [21] was used. However, as information
already existed, building of single lines and areas was skipped and only the hatch spacing, scan speed and laser
power were varied in the field of the presented parameters.
In a second step, parts with two 2D material transitions, which look like sandwich structures, are built to
investigate the influence of different material properties on the transition area, e.g. the metallurgical appearance.
At the same time, parts with a mixture of both materials are produced to analyze the resulting material
distribution and defining parameters for a transition area when building 3D multi-material parts. Here laser
power and scanning speed are varied based on the evaluated mono-material-parameters, so that the resulting
energy corresponds to the material distribution. There were three different mixing ratios under research, shown
in Table 3.
Table 3 Mixing composition for building the mono-material parts with mixed powder
CCZ
1.2709
25%
75%
50%
50%
75%
25%
These parts will also be analyzed by EDX and later compared to results of the 3D Multi-material parts in
order to analyze the composition of the overlap area.
Finally, the 3D Multi-material parts are built. Based on the knowledge gained from previous
investigations and a pretest published at EuroPM 2017 [12], 3D Multi-material parts were built using the found
parameters. The pretests have already shown that it is necessary to have an overlap between both material areas
in order to build a connecting part [12]. Thus the following parts were all built using the found parameter sets
and have an overlap of 0.2 mm (Figure 4, left). The focus of investigation is on the building order, the material
solidification order and the cleanliness of each material area. In this case the building order means that the inner
material – the core – or the surrounding material – the shell – is solidified first (Figure 4, right). The
solidification order represents if 1.2709 or CCZ is first solidified. In the context of 3D Multi-material
fabrication, cleanliness means alien particles of Material A within the area of Material B or vice-versa.
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Figure 4: Left: Representation of overlap C between two different materials A and B; Right: Representation of
building order in case of 3D Multi-material parts
Results and Discussion
Mono-material
Parameter analyses were performed and based on the need of high relative densities to reach good mechanical
properties, the parameter set with the highest densities were used. Re-melting of the CCZ is necessary as a
consequence of the limited laser power by 400 W and the goal of a good surface [12]. The parameter are shown
in Figure 5.
Table 4 Optimized parameters with density results from the Archimedes method [12]
Material
1.2709
CCZ

Hatch spacing
(mm)
0.105
0.125

Scan speed
(mm/s)
600
600

Laser power (W)

Re-melting

200
400

No
Yes

Relative density
(%)
100.00 ± 0.22
99.28 ± 0.25

Figure 5 shows images of 1.2709 and CCZ made by a laser microscope. Both samples are produced
using the mentioned parameters.

Figure 5: Images made by a laser microscope. Right: 1.2709 part etched with Nital. The arrow represents a
melting line; Left: CCZ part etched with FeIIICl
While the image of the 1.2709 shows clear visible the melting lines, they are not visible in CCZ. This is
due to the high heat conductivity of CCZ [15] and the re-melting strategy, which might cause a heat treatmentlike process and therefore homogenizes the grain structure of the part.
2D Multi-material
During the manufacture of 2D Multi-material parts, the focus was on the transition areas. Figure 6 shows an
overview of one part per building order as well as a magnification of each transition area.
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Figure 6: Images of sections of 2D Multi-material transitions in build-up direction. Pictures on the right for the
transition area are etched. Arrows point at crack within the steel area. The images of the transition area of the
building-order 1.2709 – CCZ – 1.2709 are etched.
The transition area for each kind of transition is similar in both building orders. In the case of CCZ1.2709, it is stricter and there is almost no mixture of the materials. This is in contrast to what occurs for the
transition of 1.2709-CCZ. This has already been found in the case of laser welding of copper and stainless steel
by Chen et al. [22]. They called it a “fusion welding mode” if there is a mixture of melt as a consequence of
both materials being briefly in a liquid phase and therefore able to mix up. As a consequence of both materials
being in a liquid state, fewer cracks occur within this kind of building order, since the liquid copper is also able
to fill up the cracks. This is equivalent to melting copper on top of steel. A “welding-brazing-mode” occurs only
if the steel is liquid, representing the welding part of the joint, and the copper remains in a solid phase,
representing the brazing part of the joint. For 2D Multi-material LBM this is equivalent to fusing steel on top of
copper.
Focus on the etched images of the transition CCZ – 1.2709 shows melting lines in the copper area,
although only in a small area above the transition. After this small area there are no more melting lines visible
and the sample looks to the same as the images of the Mono-material process. In the 2D Multi-material process
the differences in the thermal conductivity caused by the influence of 1.2709 might give the melting line more
time for cooling and therefore make the melting lines visible.
Mono-material with mixed powder
By building parts with mixed powder the influence of the material on the parameter and the resulting
material composition can be determined. The parameters were varied between the known set for the original
powders represented in Table 4 corresponding to the material mixture. The parameters with the best relative
densities are shown in Table 5.
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Table 5 Parameters and relative density of samples with mixed powder
Material
1.2709
(%)
25
50
75

CCZ
(%)
75
50
25

Hatch spacing
(mm)

Scan speed
(mm/s)

Laser power
(W)

Re-melting

Relative density
(%)

0,115
0,118
0,125

600
600
600

300
333
400

No
No
Yes

99,96
99,98
99,99

It can be seen that the parameters vary from the single-origin parameters because of the different material
properties. However, there is a bigger influence of the CCZ than the 1.2709, since the parameters, and therefore
the fed energy, tends to be more similar to the parameters of CCZ.
3D Multi-material
The following Figure 7 shows 3D Multi-material samples built with different building-order and
solidification-order.
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Figure 7: Images of polished samples with varying solidification- and building-order
There are visible differences in the quality of the parts depending on the solidification-order but no
influences of the building-order. Since many cracks occur in the shell while first solidifying CCZ, this does not
happen when 1.2709 is the first material solidified. There can be two reasons for this. First, corresponding to the
results from the 2D Multi-material parts and from Chen et al. [22], both materials are in a solid phase while
merging and therefore internal stresses in the material are reduced, if CCZ is solidifying second. The other
possibility for the absence of cracks is that alien particles act as a source for cracks. That is why EDX-analyses
were performed to analyze the distribution of Fe and Cu within the samples. These two elements were chosen
since they represent the main part of each material. Results are shown in Figure 8.
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Figure 8: EDX analyses of 3D Multi-material samples with different building- and solidification order. Fe is
shown in blue and Cu in red: The black squares show the area of the core
It can be seen that the 1.2709-powder can be removed more easily than the CCZ, since all images
contain traces of Cu, while Fe is only in the area where it should remain – especially if this powder is delivered
first. This supports the assumption that Fe-particles within the CCZ-part support the formation of cracks, since
they might not become molten properly and therefore remain solid.
It is conspicuous that in all cases the second delivered material is distributed over the entire sample. This
can occur since the roughness of the first solidified material is too high and the second delivered powder fills up
the gaps. The other possibility is that the first solidified material shrinks while solidifying [23] and the
difference to the expected layer thickness gets filled up. In this case the cross-contamination will increase as the
height of the part increases. However, both assumptions will be analyzed in future investigations.
Conclusion and Outlook
A methodical approach was presented showing the procedure for building a 3D Multi-material part.
After qualifying the CCZ and 1.2709 for the Mono-material process and therefore are able to build parts with a
higher relative density of 99.5%. In a next step 2D Mutli-material parts were built showing the influence of the
solidification-order on forming cracks in the steel. In the case of building CCZ on top of 1.2709 the quantity of
cracks is decreased, since both materials are in liquid phase when CCZ becomes molten, since it requires more
energy for melting, which leads to a mixture of both materials. The building of parts with mixed powder
showed the influence of alien particles within the base material, since each mixture requires a different set of
parameters for building parts with a high rel. density. In future investigations this set of parameters will be used
for the transition area to build parts with a specific material distribution in this area. In a final step, 3D Mutlimaterial parts were built using the parameters from the Mono-material process. Depending on the solidificationorder, the cracks occurred within the steel area for the same reason as they did within the 2D Multi-material
parts. Alien particles, especially of CCZ, were found within the other area by using EDX analyses. Two
possible reasons – the shrinkage of the melting pool and the roughness of the first delivered material – will be
investigated in future research.
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