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Direct Metal Laser Sintering (DMLS) is a method of additive manufacturing (AM), which builds metal parts in a 

layer by layer procedure based on a CAD template. The melting of metal powder by an energy beam and successful 

mastering of the whole manufacturing procedure requires complex management. Physical and chemical metallur-

gical phenomena occur during melting of the material and the final microstructure depends on many factors. This 

study investigates the microstructure of struts depending on their distance from the building platform. It is known 

that metal powder does not allow the dissipation of heat in the same way as molten material due to gas interstitial 

volume between the spherical particles. Metallography and micro-hardness were investigated on maraging steel 

1.2709. Different melting strategies are recognizable in the macroscopic structure of metal alloys. Interesting facts 

have been discovered, for instance lose molten group or change of hardness depending on a shape of metal cells. 

In generally, significant differences were not found between individual specimens. 
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 Introduction 

DMLS technology, which is one of the methods of 
Metal Additive Manufacturing (MAM), can produce high 
quality parts. This production is based on the melting of 
metal powder by a laser beam. This method allows the 
production of complex metal parts directly from 3D soft-
ware models without using sometimes expensive tools 
such as moulds, dies and cutting tools. 

In recent years, certain branches of the mechanical en-
gineering industry have been increasing the weight of 
components. Metal Additive Manufacturing (MAM) 
opens new possibilities in the production of complicated 
components like lattice structures. Since the manufactur-
ing is less constrained by the limits of traditional tech-
niques, printed components can be smaller and more 
complicated. This is one of the reasons why the interest 
in additive manufacturing continues to grow. 

The outcome of literature search is that Metal Addi-
tive Manufacturing (MAM) provides metal parts which 
often have much finer grains than molten or cast micro-
structures. Generally, this is attributed to very fast solidi-
fication of laser heated material. This happens due to the 
rapid conduction of heat from the molten zone into the 
surrounding metal.[1] There have already been researches 
that have been dealt with a investigation of influence of 
focused energy beam on the hardening of a metal sub-
strate. [11] 

Some materials are suitable for manufacturing using 
DMLS. This study is focused on W.Nr. 1.2709 maraging 
steel, which is an iron-nickel steel alloy with low carbon 
content. This alloy is used in applications where high 
strength and minimal changes of dimension are required. 
To achieve its strength and hardness, the maraging steel 
should be treated with an aging heat treatment. [6]  

MAM products are characterized by their mechanical 
properties, which are affected by the settings of the pro-
cess parameters. Some of these relationships are the focus 
of articles by Kempen et al. [7] and Yasa et al. [6], who 
studied the change of the integrity of materials produced 

with different combinations of process parameters. They 
describe how the laser power and scan speed affect me-
chanical properties and the structure of materials made 
from  
maraging steel 300. 

C. Yan et al. deal with the microstructure and mechan-
ical properties of lattice structures. The material in their 
study was aluminium alloy. They found that compression 
strength and micro-hardness decreases as the unit size in-
creases. The author notes for instance an increase in the 
compression strength by about 31% for 3 mm unit cell 
size compared with 5 mm size. In this case, the volume 
fraction was fixed at 15%. The Vickers microhardness for 
a 3 mm cell unit size showed a 15% increase over the 7 
mm cell unit. The microstructure becomes finer as the 
size of the cell unit decreases. [4] 

The influence of processing conditions on strut 
structure was observed by Ch. Qui. It was found that the 
strut diameter increases with laser power due to the incre-
ase of the molten pool width. The porosity of molten alu-
minium alloy was largest at intermediate scanning spe-
eds. Some combinations of scanning speed and laser 
power cause violent interactions between the laser beam 
and the molten track. This leads to increased surface rou-
ghness and internal porosity.[10] 

Heat dissipation is generally very important for the re-
sulting internal structure of a moulded, cast or laser-
melted material, as [8], [9] and [2] prove in their research. 
These conclusions only confirm that DMLS is a complex 
physical metallurgical process. [3] It is well known that 
unmelted loose powder does not allow the dissipation of 
heat in the same way as molten material due to the gas 
interstitial volume between particles. In this context, a 
molten layer further from the platform could solidify un-
der different conditions from a layer closer to zero level. 

According to the research, this issue has not been dealt 
with in much detail for maraging steel. Therefore, this 
study investigates whether structural changes happen de-
pending on the distance of the layer from the building 
platform. The experiment was performed on W.Nr. 
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1.2709 maraging steel lattice structures, which were pro-
duced by DMLS. The cell unit for the structures was a 
“Schoen Gyroid” manufacture was stopped at several lev-
els from the building platform. The aim of the study was 
to find and describe structural differences between cross-
sections of the levels. Detailed metallographic analyses 
with hardness measurements were carried out. 

 Material and Methods 

The observed maraging steel (W.Nr. 1.2709) belongs 

into an iron-nickel steel alloy with low carbon content. 
The material composition is shown in Table 1. Powder for 
production of porous specimens was delivered by the 
EOS Company, which calls this material EOS Mara-
gingSteel MS1. The porous specimens were produced by 
manufacturing systems on EOS M 290. This device uses 
Yb-fibre laser for melting metal powder that reaches ma-
ximum power of 400 W. Processing conditions of mate-
rial printing were predefined by EOS. These parameters 
were set according the profile EOS DirectTool and the 
height of each layer was 40 µm.

Tab. 1 The material composition of EOS MaragingSteel MS1 [12] 
Wt [%] Ni Co Fe Mo Ti Al Cr Mn P S C Si 
MS1 17-19 8.5-9.5 rest 4.5-5.2 0.6-0.8 0.05-0.15 <0.5 <0.1 <0.01 <0.01 <0.03 <0.1 

 
Cell unit size and volume fraction are the basic param-

eters of lattice structures. The cell unit is defined by the 
lateral length of the cubic cell unit. The volume fraction 
of the solid phase expresses the percentage of the cell 
space which is filled by the material. [5] For the purpose 
of the experiment, both of the parameters were set as con-
stant. The volume fraction was 7.3% and the cell size was 
set at 5 mm. The set of samples consists of 3 levels (see 
Figure 1). The distance between adjacent levels was 10 
mm and the first level was 4 mm from the building plat-
form plane. The samples were inclined about 5° from the 
vertical position in the process chamber. The struts on the 
upper surfaces of the samples had variable cross-sections. 
This procedure makes it easier to observe structural 
changes at different locations in the samples. The manu-
factured samples reached the typical quality of MAM and 
had no defects detectable by the naked eye. 

 
Fig. 1 Height levels of samples 

 
Metallographic specimens were prepared by mount-

ing the samples in conductive resin. The top and bottom 

of the three porous specimens were analysed by light mi-
croscope Olympus BX 51. More detailed views of the mi-
crostructure were taken using a Zeiss Crossbeam Auriga 
scanning electron microscope. The observed areas of the 
specimens were polished and etched with 3% Nital. There 
were six specimens in total, which were also subjected to 
micro-hardness measurements (HV 0.01) using a UHL 
VMH-002V. 

 Metallography and micro-structure 

Figure 2 (left) shows the strut microstructure on the 
bottom side, i.e. the side cut from the building platform. 
The location of the struts on this specimen side was clos-
est to the building platform. Individual molten tracks are 
recognizable on the figure and the border between the 
core and skin is evident (see the arrow). The core of the 
sample is the solid volume of the constructional part that 
is surrounded by the skin layer. Both of these sample parts 
require different methods of melting. The contour is 
formed by only one laser track. Meanwhile, the core is 
hatched using other process parameters. The angle be-
tween the molten tracks in two neighbouring layers is 67° 
as seen from the raster in the strut core. A detail of the 
core is shown in Figure 2 on the right. The microstructure 
of the thin strut is very similar to the volume material pro-
duced by the same printing technology. An exception is 
the multiple edge of the track that was observed in Figure 
2 on the right (see the arrow). A detail of image from 
SEM in Figure 3 shows that fine cells are growing across 
this multiple edge/border. 

 
Fig. 2 Metallography of lattice strut; left – a clear border between the core and skin of the strut; right – the multiple 

edge of the track



February 2019, Vol. 19, No. 1 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

indexed on: http://www.scopus.com 39  

 

Fig. 3 Detail of the multiple edge of molten track 
 
Melting of the upper sides finished at various levels. 

Therefore, there could be a possibility of microstructural 

change due to reduced cooling rate. It is well known that 
the dissipation of heat is less effective in unmelted pow-
der with the gas interstitial volume between particles than 
in molten material. In this context, a molten layer further 
from the platform could solidify under different condi-
tions from a layer closer to zero level. Figure 4 provides 
a look at the microstructures at 4 mm (level 1) and 24 mm 
(level 3). However, significant differences were not found 
in the microstructure of the individual specimens. 

Free powder grains and groups of grains which did not 
hold together with the rest of the strut were commonly 
observed, as can be seen in Figure 5 on the left. Partially 
melted particles of the metal powder were in the edge 
zone of the strut, see Figure 5 on the right. The initial den-
dritic microstructure is evident inside the unmelted parti-
cle (see the arrow). Only full melting of the basic sub-
strate and a high speed of the cooling can lead to the for-
mation of the fine-grained structures which are typical for 
MAM of maraging steel. 

 

Fig. 4 Metallography of specimens; left – level 1 (4 mm); right level 3 (24 mm) 

 

Fig. 5 Particles; left - loose molten group; right - swallowed particles with original dendritic structure

 Micro-hardness 

Micro-hardness HV 0.01 was measured to determine 
the effect of the cooling rate on the homogeneity of the 

material in the lattice structures across the cut of a gyroid 
strut. The results were very similar at the bottom and top 
of the three porous specimens. Figure 6 shows the values 
measured at the bottoms of the specimens. 
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Fig. 6 Micro-hardness HV 0.01 of lattice specimens 

 
According to the results, the edges of the struts do not 

have different properties from the strut middles. Individ-
ual levels are not different from each other. The micro-
hardness for individual specimens are given in Table 2 
where the arithmetical values and standard deviation 
('SD') are listed. 

Tab. 2 The results of hardness measurement 
Specimen Top Bottom 

1 
357 HV 0.01; 
SD = 21 HV (level 1) 

355 HV 0.01; 
SD = 13 HV 

2 
308 HV 0.01; 
SD = 15 HV (level 2) 

361 HV 0.01; 
SD = 14 HV 

3 
377 HV 0.01; 
SD = 15 HV (level 3) 

357 HV 0.01; 
SD = 8 HV 

 
In general, the local deviations in measurement were 

likely caused by pores which are present in the immediate 
vicinity of the apex of the puncture. However, the average 
micro-hardness is constant across the specimens except 
for specimen two at the top. There seems to be a reflection 
of the soft conductive resin into the measurements, since 
the metal base of the strut was very thin. The arithmetic 
hardness value was determined on 361 HV 0.01 (s= 16 
HV 0.01). The measured hardness for specimen 2 at the 
top was not considered. 

 
Fig. 7 Regions of micro-hardness measurement 

 
It was further observed that the microstructure of a 

particular area could affect local hardness. For the same 
loading conditions, the hardness of the elongated cells 
(see puncture No.1 in Figure 8) was generally slightly 
higher than the hardness of the neighbouring areas of 
equiaxed cells (see puncture No.2 in Figure 8). 

 
Fig. 8 Regions with different micro-hardness 

 Conclusion 

This study investigated the microstructure and me-
chanical properties of 1.2709 maraging steel lattice struc-
tures at different levels from the building platform. Dif-
ferences in microstructures were expected depending on 
the distance of the melted layer from the building plat-
form due to the reduced heat transfer from the melted 
area. The smaller conductivity of the metal powder 
caused increasing temperatures in individual layers at a 
greater distance from the building platform. This is at-
tributed to deteriorating heat transfer from the currently 
melted layer over the unmelted powder with the rising 
layer. 

Therefore, structural changes to the maraging steel 
lattice structures were investigated at several levels from 
the building platform and detailed metallographic anal-
yses with hardness measurements were carried out. 

The microstructure of the thin molten material is very 
similar to the volume material made with the same or sim-
ilar printing technology. In the result, a fine-grained 
structure was confirmed, which is in line with articles 
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from Kempen et al. [7], Yasa et al. [6] and C. Yan et al. 
[4]. 

Two strategies of laser melting were observed on the 
metallurgical specimens; the contour and the core strat-
egy. The contour forms the visible external surface of the 
struts and is melted by only one laser track. Meanwhile, 
the core is the centre of the struts and the hatching is ro-
tated in two neighbouring layers by about 67° from each 
other. This laser strategy should provide metal material 
with advantageous mechanical properties. 

In all the specimens, elongated grains were contained 
in the fine-grained microstructure and there were no signs 
of higher porosity than is common for this steel classifi-
cation produced by AM. A bigger count of free unmelted 
powder particles and their molten groups were found on 
the surface of the cell lattice structures. There were also 
partially melted particles which were firmly connected to 
the strut surface, but an initial dendritic microstructure 
with coarse grains was found inside them. The formation 
of these particles is attributed to the sharp angle of the 
building direction, which is determined as the slope 
melted the surface to the building platform. Complica-
tions occur when the building direction is less than 40°. 

The same microstructures were observed in all of the 
metallurgical specimens. Micro-hardness measurement 
of the strut material depends on the local structure. This 
means that micro-hardness is influenced by the shape of 
the cells, cell size and, last but not least, by local defects 
such as pores. This conclusion did not support the effects 
of the distance from the building platform on the mechan-
ical properties of the gyroid struts. This suggests that 
changes in the ability of heat transfer of the powder have 
a negligible effect on the microstructure. The temperature 
changes in individual layers (at heights from the building 
platform of 4 mm, 14 mm and 24 mm) were not high 
enough to affect the microstructure. Structural changes 
could occur at a greater print height. 
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