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Abstract – The selective laser melting (SLM) is the additive
manufacturing method of custom-designed parts. The used
materials and the applications are various, including medicine.
The titanium and its alloys are materials for which the
dimensional quality, surface smoothness and no or extremely
low porosity are difficult to reach. In this paper, the successful
attempt to obtain by SLM the individually designed prosthetic
bridges is described. The desired elements were obtained by the
proper design, the adjustment of laser equipment parameters
and necessary surface post-treatment.
Index Terms: selective laser melting, prosthetic bridges,
titanium alloys

1. INTRODUCTION
The additive manufacturing technology based on the
melting of metallic powders has recently become important
to obtain different parts of medicine of titanium and its
alloys. It is widely used to obtain various details, also for
medicine [1]. Among different methods, the selective laser
melting (SLM) seems particularly suitable as it may result in
very complex parts and structures in short time and as
low-expense. However, the proper CAD/CAM design,
development of an appropriate stl. file and an adjustment of
proper laser treatment parameters are much more difficult for
titanium alloys than for stainless steels or Cr-Mo alloys based
on own experiences of authors.
The two dominant research and application directions are:
(i) development of laser treatment procedures for different Ti
alloys and (ii) development of custom-design and made
(personalized) medical parts. For both directions, the most
important is obtaining the model specimens, or CAD/CAM
prepared medical parts of the proper dimensional quality,
smooth surface, and very low porosity. Suitable examples
have been presented in new research reports as shown below.
Chen et al. [2] applied the SLM to make various medical
parts of the Ti-6Al-4V solid parts. Chen et al. [3]
manufactured by SLM the Ti-6Al-4V porous implants of
human cortical bone and cancellous bone by SLM. The parts
of biomedical titanium alloy (Ti–24Nb–4Zr–8Sn) scaffolds
were also fabricated by SLM [4]. Zhou et al. [5]
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demonstrated a novel titanium alloy (Ti–5.5Al–3.4Sn)
melted by 140 W laser power at 400 mm/s scan rate. Fischer
[6] manufactured the Ti-26Nb alloy by SLM. Ishimoto et al.
[7] produced Ti–15Mo–5Zr–3Al alloy products by SLM.
Wei et al. [8] made by SLM another Ti-5Al-2.5Sn - Ti alloy.
As the last example, Yan et al. [9] developed new
biocompatible Ti-15Ta-xZr (1.5, 5.5, 10.5 and 15.5 wt%)
alloys fabricated by selective laser melting.
The titanium implants made by SLM include the hip joint
implants, knee implants, maxillofacial implants, dental
implants, and prosthetic foundations and bridges. The SLM
was used to make the dental implants [10]. The patient fitted
titanium denture base plates [11] were fabricated by
integrating the technologies of computer-aided design and
computer aided manufacture (CAD/CAM) and rapid laser
forming (LRF). In other work [12] the thin titanium alloy
frameworks for a complete maxillary denture were made
with SLM.
Here the SLM was used to fabricate the prosthetic
foundations and bridges for dental crowns made of not yet
investigated for such purpose titanium alloy. So far such
foundations are produced by precision milling of Co-Cr alloy
or by the 3D printing using the corundum ceramics. The first
solution is time-consuming and leaves a lot of metallic
wastes; the second brings out the foundations of nice quality,
but very expensive and brittle. This paper is aimed to show
our results in the manufacturing of dental prosthetic bridges
and to demonstrate the appropriate process determinants.
II. EXPERIMENTAL
The Ti-13Nb-13Zr alloy was investigated at it possess
acceptable biocompatibility, is corrosion-resistant, has
desired tensile and fatigue strength, has an elastic modulus
approaching that of a bone and contains neither Al nor V,
elements claimed to be toxic for humans and animals.
The alloy powder was manufactured from the
Ti-13Zr-13Nb wire. The powder was produced by plasma jet
spraying. The obtained spherical powder was sieved and
separated into different fractions. The melting was performed
with the Realizer100 equipment.
The prosthetic foundations and bridges were made based
on real scans of patients` mouths followed by the
development of specific stl. files for laser work.
The selective laser melting process was carried out at
various values of laser power 50-75W, 0.19 mm of the laser
beam spot size, the single layer thickness of 25 µm and base
plate temperature of a 150ºC.
The finishing treatment of ready prosthetic parts included
the sand and glass bead blasting and their oxidation. The
assessment of the final shape, CAD/CAM, and melted parts
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accordance, and surface quality dimensions were
investigated with the naked eye, light microscopy, scanning
electron microscopy, profilometry and computer
microtomography (µCT).
III. RESULTS AND DISCUSSION
Fig. 1 demonstrate the examples of prosthetic foundations
made by SLM method. Such results were obtained after
many trials and attempts as the characteristics of final part are
very sensitive to the proper change in basic machine stl. file.
The laser equipment manufacturers are not obliged to deliver
these machine manufacturing files, and all producers of
personalized implants of any specific alloy must step-by-step
reach the best file contents. Our original solution is under
patent. What may be discovered, there are some adjustment
parameters: laser power in the range of 45-85 W,
the spot size of the laser 0.19 mm, layer thickness 25 µm,
oxygen level inside the chamber 0.2%, argon as technical
atmosphere, the temperature of base plate 150°C. The base
plate was made of technical titanium. The dimensional
quality was at the acceptable level.
Fig. 2 and Fig. 3 show bridges after SLM and after heat
treatment (Fig. 2) and after sand-blasting (Fig. 3).
The results obtained after SEM (Fig. 4) and after CT (Fig.
5) examinations prove that applied surface treatment
parameters are suitable for these elements. The whole
process manufacturing of prosthetic foundations and bridges,
and oxidation procedure are currently under patent.

Fig. 3. View of prosthetic foundation after sand-blasting
a)

b)

Fig. 4. The SEM images of the prosthetic foundation surface:
before sand and glass bead blasting (a) and after sand and
glass bead blasting (b)

Fig. 5. The results of investigation of internal structure of the
prosthetic crown by µCT

Fig. 1. View of the various prosthetic foundations with
supports on the base plate directly after sintering process

Fig. 2. View of base plate with prosthetic foundations after
heat treatment in argon atmosphere

The selective laser melting of the single foundations made
of titanium alloy has encountered a single problem, the
proper adjustment of many laser treatment parameters, as
shown above. For example, too high scan rate resulted in no
melting of some grains, too great grains demonstrated low
cohesion of adjacent grains, etc. Another problem was the
correspondence of dimensions of CAD/CAM and melted
specimens, difficult to reach because of an application of an
alloy composed of three elements of different melting
temperature and diffusivity, demonstrating the high shrink
and no homogeneity.
For bridges, another problem became important. The
bridges possessed the curvature different that of CAD/CAM
model because of thermal stresses. Therefore, this problem
was taken into account at the design stage.
Finally, the melted specimens were rough and possessed
low corrosion resistance. The sand-blasting with low grain
SiO2 suspension eliminated the roughness problem, and
prosthesis oxidation (parameters currently under patent
process) resulted in an excellent corrosion protection.
In Fig. 6 an example of the ready-to-use prosthetic
foundation is presented.
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Fig. 6. View of the ready-to-use prosthetic bridge made
of Ti-13Zr-Nb with ceramic coating
IV. CONCLUSIONS
The selective laser melting can be used to obtain the
prosthetic foundations and bridges of the Ti-13Zr-13Nb alloy
very precisely.
The achievement of dimensional accuracy needs the
adjustment of laser treatment parameters and proper design.
Sand-blasting can achieve the smooth surface and proper
oxidation – the corrosion resistant surface.
REFERENCES
[1] L.C. Zhang, H. Attar, “Selective laser melting of titanium alloys and
titanium matrix composites for biomedical applications: A review,”
Advanced Engineering Materials, vol. 18, 2016, pp. 463-465.
[2] L.Y. Chen, J.C. Huang, C.H. Lin, C.T. Pan, S.Y. Chen, T.L. Yang, D.Y.
Lin, H.K. Lin, J.S.C. Jang, “Anisotropic response of Ti-6Al-4V alloy
fabricated by 3D printing selective laser melting”, Materials Science and
Engineering A, vol. 682, 2017, pp. 389–395.
[3] L.Y. Chen, J.C. Huang, C.H. Lin, C.T. Pan, S.Y. Chen, T.L. Yang, D.Y.
Lin, H.K. Lin, J.S.C. Jang, “Anisotropic response of Ti-6Al-4V alloy
fabricated by 3D printing selective laser melting”, Materials Science and
Engineering A, vol. 682, 2017, pp. 389–395.
[4] Y.J. Liu, X.P. Li, L.C. Zhang, T.B. Sercombe, “Processing and properties
of topologically optimised biomedical Ti–24Nb–4Zr–8Sn scaffolds
manufactured by selective laser melting”, Materials Science and
Engineering , vol. 642, 2015, pp. 268–278.
[5] Y. Zhou, S.F. Wen, B. Song, X. Zhou, Q. Teng, Q.S. Wei, Y.S. Shi, “A
novel titanium alloy manufactured by selective laser melting:
Microstructure, high temperature oxidation resistance”, Materials and
Design, vol. 89, 2016, pp. 1199–1204.
[6] M. Fischer, D. Joguet, G. Robin, P. Laheurte, “In situ elaboration of a
binary Ti–26Nb alloy by selective laser melting of elemental titanium and
niobium mixed powders”, Materials Science and Engineering C, vol. 62,
2016, pp. 852–859.
[7] T. Ishimoto T., K. Hagihara. K. Hisamoto, T. Nakano, “ Crystallographic
texture control of beta-type Ti–15Mo–5Zr–3Al alloy by selective laser
melting for the development of novel implants with a biocompatible low
Young's modulus”, Scripta Materialia, vol. 132, 2017, pp. 34–38.
[8] Wei K., Wang Z., Zeng X., “Preliminary investigation on selective laser
melting of Ti-5Al-2.5Sn β-Ti alloy: From single tracks to bulk 3D
components”, Journal of Materials Processing Technology, vol. 244,
2017, pp. 73–85.
[9] Y. Yan, Y. Yuan, L. Ouyang, L. Li, “ Improved mechanical properties
of the new Ti-15Ta-xZr alloys fabricated by selective laser melting for
biomedical application”, Journal of Alloys and Compounds, vol. 688,
2016, pp. 156-162.
[10] B. Gao, J. Wu, X. Zhao, H. Tan, “Fabricating titanium denture base
plate by rapid laser forming”, Rapid Prototyping Journal, vol. 15, 2009,
pp. 133-136.
[11] Y. Yang, J.-B. Lu, Z. Y. Luo, D. Wang, “Accuracy and density
optimization in directly fabricating customized orthodontic production by
selective laser melting”, Rapid Prototyping Journal, vol. 18, 2012, pp.
482-489.
[12] M. Kanazawa, M. Iwaki, S. Minakuchi, N. Nomura, “Fabrication of
titanium alloy frameworks for complete dentures by selective laser
melting”, Journal of Prosthetic Dentistry, vol. 112, 2014, pp. 1441-1447.

Tomasz Seramak is Ph.D. of Technical
Sciences
in
field
of
Machine
Construction and Operation, Gdansk
University of Technology, Faculty of
Mechanical Engineering (2003). M.Sc.
and Eng. in Machine Construction and
Operation with specialization in Machine
Technology (1992). The Assistant
Professor at GUT. So far he has
published 16 papers. Participant in 16
national and international scientific
conferences in field of new technology
and materials (e.g. metallic porous
structures, 3D printing). Head of Biomaterials Laboratory, Center of
Advanced Technologies CZT Pomerania. Member of the Polish Society of
Materials Science and research groups PGV and BIOMAT. The research
leader in the project on the 3D printing of titanium dental prosthetic
foundations. He also works as the executor in 3 national projects applying to
manufacture the porous structures of titanium alloy for medical applications
and to design the new type of 3D printer. His most important achievements is
an implementation of 3D printing method in biomedicine. Reviewer of
papers sent to, e.g. Advances in Materials Science and Acta of
Bioengineering and Biomechanics.

Katarzyna Zasinska is Ph.D. of
Technical Sciences in field of Materials
Engineering, Gdansk University of
Technology, Faculty of Mechanical
Engineering (2017). M.Sc. in Mechanical
–
Medical
Engineering
with
specialization in Design, Exploitation and
Diagnostics, Gdansk University of
Technology, Faculty of Mechanical
Engineering (2012). Eng. in Management
&
Production
Engineering
with
specialization
in
Engineering
of
Manufacturing and Maintenance of
Machines, Gdansk University of
Technology, Faculty of Mechanical
Engineering (20112). The Assistant Professor at GUT. She works as
executor in 2 national projects. The projects develop the 3D printing of
titanium prosthetic foundations and designin of new type of 3D printer. She
has published 9 papers. Participant in 10 national scientific conferences in
field of new technology and materials (e.g. metals modification by ion beam,
3D printing) and tribology (e.g. wear characteristics of metallic
biomaterials). Member of research group BIOMAT and PGV. Scholarships
in project - Advanced PhD.
Jerzy Andryskowski is the Head of the Prosthetic Laboratory Jer
Andryskowski, one of the greatest and innovative at Pomerania voievodship.
The main coordinator of a number of R&D projects.

21

www.ijntr.org

