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Abstract—Amorphous metals which are synonymously 
called metallic glasses form a rather young group of engi-
neering materials. Compared to crystalline metals they offer 
unique combinations of properties: tensile strength, hard-
ness, elastic strain, resistance against corrosion and abrasive 
wear are rather high. In order to minimize crystal growth, 
rapid solidification from the liquid phase is required. High 
cooling rates are a characteristic property of the additive 
manufacturing technology Laser Beam Melting in Powder 
Bed (LBM). This paper shows first results of processing 
Ti50Cu32Ni15Sn3 by LBM. Unlike many other alloys with 
high glass forming ability, it does not contain costly rare 
earth elements. No literature is known to the authors about 
LBM of this material. Because relative density close to 100 
% is a prerequisite for producing parts with high mechani-
cal performance, a parameter study was conducted varying 
scan speed, hatch distance and laser power in wide ranges. 
The obtained samples are characterized by metallographic 
sections, hardness measurements and X-ray diffraction. 
Apart from reaching high relative densities, a wide variation 
in Vickers hardness over the length of samples was found. It 
corresponds to the locally different thermodynamic condi-
tions. Apart from introducing a new material with promis-
ing properties to the manufacturing technology of LBM, this 
might open up a new approach to modify mechanical mate-
rial properties in a single work piece made from uniform 
powder by adapting LBM process parameters. Both the 
range of applications for LBM as well as the range of geom-
etries producible from amorphous metals might be expand-
ed.  

Index Terms—Additive Manufacturing, Amorphous Metal, 
Laser Beam Melting, Pyrometer, Ti-Cu-Ni-Sn  

I. INTRODUCTION 
The development of metallic glass goes back to 1960 

when P. Duwez et al. achieved amorphous metal by rapid 
quenching of liquid Au75Si25 [1]. Since then, numerous 
alloys have been researched for their glass forming abili-
ties, usually being composed of three or more chemical 
elements. The cooling rates required for glass formation, 
also called vitrification, depend strongly on alloy compo-
sition and can be as low as 0,1 K/s for Palladium-based 
alloys. Amorphous metals based on Zirconium have al-
ready been commercialized. Such alloying components 
are either costly on their own (e.g. Pd) or because of their 
strong chemical attraction to Oxygen (e.g. Zr) which re-
quires special precautions for processing.  

Technologies to produce bulk metallic glasses are e.g.: 
Oxide-fluxing, Melt spinning, Mechanical alloying, Va-
pour condensation, Diffusion induced amorphization in 
multilayers, Ion beam mixing, Hydrogen absorption, In-
verse melting or injection casting. All suffer from severe 

restrictions to create complex geometries as well as pro-
vide sufficient cooling rates for large parts. In this context, 
dimensions over 1 mm are considered large. Manufactur-
ing such a material additively through LBM might offer 
higher geometric freedom.  

As a compromise between material cost, handling ef-
forts and glass forming ability, the alloy 
Ti50Cu32Ni15Sn3 was chosen for these experiments. 
According to [2, 3, 4, 5, 6], it offers interesting mechani-
cal properties in compression testing such as an elastic 
strain limit of 1.8 %, a plastic deformation of 4 % and 
compressive strength of about 2000 MPa. This gives it an 
impressive strength to weight ratio and potential for light-
weight structures. According to [7] required minimum 
cooling rate should be in the order of 10! K/s, which could 
be reachable in the LBM process. The critical cooling rat 
is calculated from (1) and (2) according to [7].  

 

                 (1) [7] 
 

                  (2) [7] 
 
"m: Glass forming ability criterion 
Tx: Onset crystallisation temperature 
Tg: Glass transition temperature 
Tl: Liquidus temperature 
Rc: Critical cooling rate 
 
Pauly et al. have recently published experimental re-

sults from LBM of an iron-based amorphous metal, yet 
with the main focus on showing the feasibility in principle 
[8].  

II. MATERIALS AND METHODS 

A. Powder Material 
The Ti50Cu32Ni15Sn3 powder used for the experi-

ments was atomized in an Argon atmosphere by Nanoval 
GmbH, Berlin. Results of the suppliers’s particle size 
distribution measurement are shown in Figure 1. To en-
sure homogeneous powder layer recoating in LBM, the 
fraction from 20-50 #m was separated by vibration siev-
ing under inert atmosphere. Only the sieved powder was 
used for LBM experiments. For qualitative assessment of 
the particle sizes, scanning electron microscopy (SEM) 
was employed. 
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Figure 1.  Particle size distribution measured by powder supplier [9] 

B. LBM Processing 
An SLM 50 LBM machine from the manufacturer Re-

aLizer GmbH is used for the experiments. It features a 
rotational recoater with a flexible silicone rubber lip in 
contact with the powder and a single-mode Yb:YAG fiber 
laser with a wavelength of 1070 nm and a maximum out-
put power of 100 W. The manufacturer specifies a mini-
mum focus diameter of 10 #m. Build platforms made of 
99.5 % pure aluminium are used because of their high heat 
conductivity. To ensure homogeneous powder coating and 
sufficient connection of the first molten layer, the build 
platforms were blasted with corundum (Al2O3) particles 
driven by pressurized air. The process chamber is flushed 
with recirculating and filtered Argon.  

The practical process of LBM is approached step by 
step with increasing complexity. Firstly, thin walls built 
from vertically overlapping single melt tracks are pro-
duced and analyzed, secondly cuboids on the platform. No 
contour scanning and no effort to optimize surface rough-
ness is made, as it is of secondary interest for this re-
search. The layer thickness is constant at 30 #m and the 
platform not heated. 

Laser power, hatch distance and scan speed are varied. 
As there are no previous results from literature that could 
give an orientation for this alloy, a wide range of line 
energies is covered, as shown in Figure 3. For Laser Pow-
er, values of 40 W, 60 W, 70 W, 80 W and 100 W, for 
Scan speeds, 10 different values between minimum 40 
mm/s and 800 mm/s are used. Hatch distances of 20 #m 
and 50 #m are used. Figure 2 gives an overview over the 
50 parameter combinations used for thin wall experi-
ments. Figure 3 shows the Line energies resulting from 
these values in a logarithmic scaling. For stronger statis-
tics, 5 thin walls of each parameter combination with 5 
mm length each are built. After visual inspection of the 
results, the parameters which have led to the most homog-
enous thin walls are selected for choosing parameters for 
the cuboid samples in the next step. 

For the production of cubic samples with an edge 
length of 5 mm, the scan direction is alternated by 90° 
parallel to the X and Y axis of the machine coordinate 
system from layer to layer – so called alternating scan-
ning. The cuboid samples are rotated 45° around the verti-
cal z-axis of the machine coordinate system, as can be 
seen in Figure 5. As a result, scan vectors for hatching 
vary in length from almost 0 mm in the corners of a cube 
like in Figure 6, up to 7 mm in the diagonal. No more 
complex scan strategies such as e. g. stripes or chess-
board patterns are used. Figure 5 shows the arrangement 
of cuboid samples on the platform. 

 
Figure 2.  Investigated parameter field of scan speeds and laser power 

 
Figure 3.  Line energy for the thin walls in a logarithmic scale 

 
Figure 4.  Arrangement of 5 mm long thin walls on the build platform 

  
Figure 5.  Arrangement of 5 mm-cuboid samples on the build platform  

 
Figure 6.  Scan vectors rotated 45 degrees to cube edges 
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C. Analysis 
For thermal analysis, a high speed pyrometer IMPAC 

IMGA 740-LO from the manufacturer LumaSense Tech-
nology GmbH is used. It offers a sampling rate of 100 
kHz. According to the equipment data sheet, the InGaAs 
detector is sensitive in a range from 200 °C to 1000 °C, 
corresponding to a spectral range from 1.58 #m to 2.2 #m 
of heat radiation wave length. The pyrometer optics are 
set up laterally, that means a stationary spot is observed. 
During LBM, the focus of the processing laser repeatedly 
passes through the measurement spot of the pyrometer. 
This spot is of elliptical shape due to the angled mounting 
position of the pyrometer optics, the two axes being 0.5 
and 0.6 mm long. Because of the heterogeneous nature of 
the material in the measurement spot – partially loose 
powder, melt as well as resolidified metal – the true effec-
tive emissivity is not easy to determine. Emissivity does 
not only depend on temperature and state of aggregation, 
but also on surface roughness. In this paper, the emissivity 
is approximated as a constant value of 1. 

For etching the metallographic samples, the following 
etachant is used: 1000 ml H2O, 8 ml HNO3, 2.5 ml HCl 
and 7.5 ml HF.  

Vickers hardness is measured with a Fischerscope 
H100VP device and the corresponding control software 
Win HCU. A force of 500 mN is built up over a ramp of 
20 s duration, held stable for 5 s and released again over 
20 s.  

 
Figure 7.  location of hardness measurements on horizontal microsec-

tion 

As shown in Figure 7, hardness measurememts are 
conducted along the diagonals of the horizontal cross 
sections of cuboid samples. 

For X-Ray diffraction (XRD), a Seifert Stress-Analyzer 
XRD 3003 device is used. The detection angle is varied 
from 20° to 162° in steps of 0.02°. The Diameter of the 
XRD measurement spot is 1 mm. The samples for XRD 
measurements have been grinded and polished in the same 
way as those for metallographic etching. 

III. RESULTS AND DISCUSSION 

A. Powder Characterization 
The sieved powder particles are analyzed in SEM, as 

shown in Figure 5. The particles appear mostly spherical 
in shape with smooth surfaces. Only few particles smaller 
than 20 #m are detected, indicating the desired effect of 
sieving. Satellite particles are also rare, so no detrimental 
effects on the powder layer recoating is to be expected. 

B. Thin Walls 
Most homogeneous thin walls have been produced with 

line energies from 466 J/m to 800 J/m. An example of a 
platform with thin walls of different quality is shown in 
Figure 9. 

 
Figure 8.  SEM picture of sieved powder used for LBM 

 
Figure 9.  Thin walls of 5 mm length on the platform 

For building cubes, scan speeds between 100 and 
500 mm/s, laser powers between 60 W and 100 W and 
hatch distances of 25 #m and 50  #m are used. 

C. Cubes 
During building cubes on platform, a strong tendency 

towards balling is observed with many parameter combi-
nations. The respective cuboid samples could not be con-
tinued after a few layers because the recoater got stuck 
there. The balling effect is most prominent in the corners 
of the cuboids. During the LBM process, an afterglow of 
these corner areas could be observed with the naked eye, 
indicating a strong heat accumulation. The best produced 
samples are shown in Figure 10. 

The square cross-sections of the samples had been 
hatched not in parallel to the sample edges, but under a 
45° angle. As an effect, scan vector length differs from a 
maximum of 7 mm in the diagonal to a minimum of close 
to 0 mm in the corners. 

Figure 11 and 12 show etched horizontal microsections 
of cuboids, magnified from the center and the corner of a 
sample, respectively. Apart from some pores and cracks, 
relative density seems to be close to 100 %, which is a 
necessary requirement for high strength mechanical parts. 
The scan pattern with an angle of 45° towards the cuboids 
edges is easily found in the etchings. The corners of the 
cuboids look fundamentally different to the center areas: 
Here, no melt tracks can be identified, the porosity is 
higher and the microstructure seems to be nano-
crystalline, appearing grey in Figure 12. A similar micro-
structure can be observed on the borders of overlapping 
melt tracks.  
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Figure 10.  Best results in cubes on platform highlighted in the red 

frame, marked 1, 2 and 5 

Figure 11.  Etched horizontal microsection, center of sample 

 
Figure 12.  Etched horizontal microsection, corner of sample 

D. X-Ray diffraction 
The results from x-ray diffraction measurement in the 

center of a polished cuboid sample are shown in Figure 
13. Sharp peaks can be found which indicate crystallinity 
[8]. Because of a lack of comparison data for the specific 
alloy processed here, no further statement is possible.  

 
Figure 13.  X-ray diffraction spectrum 

E. Hardness Measurement 
Vickers hardness measured from three different cubes 

manufactured with different LBM parameters shows a 
consistent course depending on the distance from the 
samples’ center. In the corners of the samples, average 
hardness is below 400 HV. In the center, average hardness 
is about 700 HV. This might be caused by a lower crystal-
linity in the center. The values in the samples’ center 
might correspond to high strength. 

 
Figure 14.  Hardness measured at horizontal microsection 

F. Pyrometer Analysis 
The observation of an afterglow in the corners of cu-

boid samples is confirmed by the results of pyrometer 
measurements shown in Figure 15 and 16: the temperature 
in the corner is much higher than in the center of samples, 
building up over multiple passings of the laser focus. Each 
time the laser focus passes through the pyrometer spot, it 
causes a sharp peak in the radiation temperature. The 
interval between two consecutive passings becomes short-
er over time due to the 45° rotation of the hatch vectors. 
Also the geometry is expected to have an influence on the 
heat conditions: the loose powder surrounding the corner 
should act as a thermal insulator compared to the solidi-
fied metal in the samples’ center.  

100 !m 

100 !m 
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Figure 15.  Radiation temperature measured in the center of a sample 

cube during LBM build-up 

 
Figure 16.  Radiation temperature measured in the corner of a sample 

build up under identical conditions as in Figure 15 

IV. CONCLUSION AND OUTLOOK 
By conducting parameter studies for processing 

Ti50Cu32Ni15Sn3 powder in Laser Beam Melting 
(LBM), it is proven that cuboid samples with 5 mm edge 
length can be built with relative density close to 100 %. 
Etched Microsections give a very much different visual 
impression in the corners of samples compared to their 
center. They can be interpreted as higher crystallinity in 
the corners. The XRD analysis implies crystallinity in the 
samples’ centers, too, by well-defined peaks in the spec-
trum. Further interpretation is prohibited by lack of XRD 
reference data for this specific alloy. Hardness measure-
ments show promising values around 700 HV in the center 
of the samples, declining towards 400 HV in the corners 
of the samples. This correlates with the different cooling 
conditions due to the geometry and the applied scan strat-
egy: Cooling rates in the center should be increased by the 
surrounding resolidified metal compared to the corners 
with more surrounding powder. The powder bed has a 
lower heat conductivity than solid metal.  

This might be used in the future to intentionally modify 
mechanical properties of structural parts built by LBM of 
TiCuNiSn alloys with adapted scan strategies. Research is 

ongoing to distinguish effects of the sample geometry 
from those of scanning strategy. 

An issue in the produced samples that is not acceptable 
for mechanically strong parts is the occurrence of cracks 
and pores. This must be adressed in future research in 
order to build Mechanical characterization is in tensile and 
compressive tests is to be performed in the next step. 
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