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INTRODUCTION: Selective laser melting (SLM) is 

an additive manufacturing process, which enables 

high cooling rates leading to the formation of non-

equilibrium phases, e.g. of glassy structures [1-3]. 

The process has a significant advantage compared 

to casting technologies: it facilitates large-scale 

glassy components almost without limitations 

regarding design and geometry. Ti-based metallic 

glasses produced by SLM are interesting as new 

implant materials because of their improved 

mechanical (high yield strengths, low Young’s 

moduli) properties compared to clinically used Ti 

or Ti6Al-4V [4]. But the corrosion resistance of 

bulk glass formers is limited and concepts for 

improvements in combination with surface 

biofunctionalization have to be developed.  

METHODS: Gas-atomized powder (particle sizes 

10-90 µm) of the Ti47Cu38Zr7.5Fe2.5Sn2Si1Ag2 glass-

forming alloy was used for sample preparation in a 

SLM50 (H) (Realizer). The relative densities were 

determined with the Archimedean principle and 

with µ-CT. The microstructure of the samples was 

checked by XRD and SEM. The thermal behaviour 

and the mechanical properties were investigated 

with DSC and compression testing, resp. Resulting 

fracture morphologies were analysed with HR-

SEM. Corrosion studies were conducted in 

Ringer’s solution at 310 K using electrochemical 

polarization analysis. Electrochemical nano-

structuring was successful in acidic media under 

potentiostatic control. The properties of BMG 

parts produced by SLM were compared with as-

cast fully glassy samples of the same composition.  

RESULTS: The XRD diffraction patterns of both 

as-cast and SLM samples showed broad scattering 

maxima which are typical for a glassy phase. Also 

the DSC traces of the different as-prepared states 

revealed complete conformity concerning the 

characteristic features of metallic glasses, i.e. glass 

transition temperature Tg, supercooled liquid 

region Tx and some exothermic reactions starting 

at Tx, indicating a successive transformation into 

different crystalline phases. The measurements of 

the relative density yielded to a mean value of 

98.6%. Additional µ-CT analysis revealed small 

pores (ø = 10-30 µm) within sample cross sections. 

Table 1 shows typical mechanical data obtained 

from true compressive stress-strain curves. The as-

cast specimen had higher fracture strengths and 

displayed serrated flow, a typical feature in the 

plastic regime of metallic glasses. In contrast, the 

SLM samples failed at lower stress and without 

any plastic deformation. This resulted from defects 

induced during the laser melting process which 

indicates the need for further improvement of the 

technology. Both cast and SLM processed BMG 

samples exhibited low free corrosion rates in 

synthetic body fluid. But due to their high Cu 

content, they suffer from pitting and a low re-

passivation ability. Electrochemical surface 

modifications are effective regarding Cu depletion 

in near-surface regions and the generation of 

surface nano-porosities which are expected to be 

beneficial for improved biofunctionality.    

Table 1. True stress-strain values compression of 

glassy Ti47Cu38Zr7.5Fe2.5Sn2Si1Ag2 samples (2 mm 

diameter) prepared by casting and SLM. 

 Young’s 

modulus 

[GPa] 

Comp. 

strength 

[MPa] 

Fracture 

strain  

(%) 

As-cast 100±5 ≈2000 ≈1.8 

SLM 100±5 1690±50 - 

 

DISCUSSION & CONCLUSION: It was 

demonstrated that Ti47Cu38Zr7.5Fe2.5Sn2Si1Ag2 

samples with fully glassy structure and complex 

geometries can be fabricated with SLM. Presently 

existing residual porosities of SLM parts cause 

premature failure under pressure, but this can be 

resolved by further optimisation of processing 

parameters. Low free corrosion rates are promising   

for implant applications but pitting is problematic. 

Electrochemical treatments effectively improve 

surface properties towards better biofunctionality. 
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