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Abstract
The material used for manufacturing of dental implantation prostheses is cobalt-chromium alloy. The follow-
ing study presents a new heat treatment technology for dental implantation prostheses. Specimens were cre-
ated with the innovative technology of 3D printing. The brittleness of specimens subjected to heat treatment 
with parameters recommended by the manufacturer made it necessary for us to reconsider the heat-treating 
process. After changing given heat treatment processes, tensile and hardness tests were performed. From 
these tests, the optimal heat treatment process technology was chosen.
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1. Introduction
In recent decades, cobalt-chromium alloys have 

been widely used in casting molds due to their out-
standing corrosion resistance, bio-compatibility, 
and strength [1–3]. Over the years, cobalt-chromi-
um (Co-Cr) alloys have shown remarkable versa-
tility and durability as orthopaedic implant mate-
rials [4]. Co-Cr alloys are also used in dental prac-
tice e.g. abutments (superstructures), crowns, and 
bridges [5]. These alloys provide the best balance 
between mechanical strength and wear resistan-
ce. Moreover, their corrosion resistance is also re-
markable [6–10]. In the dental field, conventional 
lost-wax casting techniques have been used for 
decades. However, these techniques are suscep-
tible to human errors [11]. The production of den-
tal implants is common with conventional met-
hods, for example casting technology [12]. Preci-
sion casting and forging still belong to conventio-
nal methods in terms of implant manufacturing  
[13]. On the other hand, additive manufacturing 
technologies are becoming even more widespre-
ad in the production of dental implant prostheses 
[14]. To make SLM technology suitable for imp-
lant or prosthesis manufacturing, certain condi-

tions must be met. The mechanical and chemical 
properties of the layers created with laser melting 
of particles must match strict requirements [15]. 
Mechanical properties and corrosion resistance 
of alloys processed with SLM (Selective Laser Mel-
ting) were studied [16]. Moreover, the strength of 
the adhesion bond between the ceramic material 
and Co-Cr alloy was also examined [17].

2. Materials and methods

2.1. Materials used
Type 5, ISO 22674, and ISO 9693-1 dental Co-Cr 

alloy were used. The chemical composition (% by 
weight) of cobalt-chromium is shown in Table 1. 

Table 1. Chemical composition of Co-Cr alloy

Element % by weight

Cobalt (Co) 63.9

Chromium (Cr) 24.7

Tungsten (W) 5.4

Molybdenum (Mo) 5.0

Silicon (Si) 1.0
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2.2. 3D printing of specimens
Co63.9Cr24.7W5.4Mo5.0Si1.0 (%) alloy can be 

the material of choice for implants and pros-the-
ses created with additive manufacturing pro-
cesses. Test specimens were manufactured with 
a Sisma Mysint 3D printer. 3D printing is carri-
ed out with LMF (Laser Metal Fusion) techno-
logy. This technology requires a specific printing 
strategy. It contains support structures for heat 
dissipation. A programmable furnace for addi-
tional heat treatment was installed nearby the 
printing unit. Furthermore, a dedicated software 
and milling machine was available for precision 
post-processing. Additive manufacturing is prece-
ded by a digital model design. 3D printing is an 
additive manufacturing technology during which 
the metal-powder layers are added layer by layer, 
and the specimens are created with the structu-
red fusion of these layers. The specimen model 
was designed in a 3D virtual environment and 
was followed by the printing process that lasted 
approximately four hours. After printing, speci-
mens are removed from the machine and then 
separated from the building platform. The heat 
dissipating support material, which connects the 
specimens with the disc, is removed afterwards. 

2.3. Heat treatment
Following the 3D printing procedure, specimens 

were subjected to heat treatment with parame-
ters recommended by the manufacturer. Figu-
re 1. shows the given heat treatment parameters 
obtained from the manufacturer. Heat-treating 
consists of three phases: heating, soaking, and 
cooling. The proper heat-treating technique is 

Figure 1. Heat-treating process provided by the ma-
nufacturer

chosen based on the size, geometry, material, and 
quality requirements of the given part. Hereby, 
the most important technological parameters can 
be defined, such as heat-treating temperature and 
cooling method.

3. Experiments
Using heat treatment parameters recommended 

by the manufacturer resulted in a brittle struc-
ture, which led to the fracture of some printed 
specimens. The heat-treating process parameters 
were changed after this. As a first approach, the 
heat treating temperature was changed. Numbers 
in Table 2 label the following: number 1 indica-
tes the heat treatment process provided by the 
manufacturer with a maximum temperature of 
900°C. Numbers 2 and 4 represent heat-treating 
processes with a maximum temperature of 900°C. 
Numbers 3 and 5 mark 1050°C as the maximum 
temperature. At numbers 3 and 5, process times 
were changed. Here, all three phases of heat 
treatment were extended in time. 

Changes were determined based on metallogra-
phic and experimental data.

Heat treatment marked with number 1 follows 
manufacturer’s recommendations. Based on the-
se experiments, number 4 shows the best solu-
tion so far, where fracture strain was increased 
the most. Thus, elastic modulus decreased, whi-
ch meant the reduction of the brittleness of the 
whole structure. Figure 2. shows the process di-
agram for heat treatment labelled with number 
4. Number 5 heat treatment had a temperature 
of 1050°C with a holding time of 118 minutes. No 
major differences were discovered, but surface 
oxidation occurred. 

AHardness tests were then performed on the 
specimens. Rockwell hardness was measured in 
different points of the samples. Table 3. shows 
average hardness values characterizing the spe-
cimens. 

Table 2. Mechanical properties obtained after testing

Num-
ber

Tensile 
strength  

(Mpa)

Fracture 
strain

(%)

Elastic mo-
dulus 
(Mpa)

1 923 7.4 39 180

2 1041 7.2 47 362

3 1095 7.5 45 302

4 1003 16.06 33 804

5 1097 12.05 34 742
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Table 3. shows the highest average hardness for 
the specimen marked with number 4. Hardness 
values measured on specimen number 4 also sho-
wed the lowest standard deviation. Other sam-
ples showed higher standard deviations during 
hardness tests. The next step of our research is 
influenced by the cause of these values.

4. Conclusion

Different heat treatment processes were presen-
ted in this study. Our goal was to obtain such me-
chanical properties for the additively manufactu-
red cobalt-chromium alloy specimens that match 
dental requirements as precisely as possible. El-
astic modulus, which provides information about 
the stiffness of the material, decreased. The study 
is going to be continued with the examination of 
different heat-treating processes. Partial results 
were achieved.

References 
[1] Davis J. R.: Nickel, cobalt and their alloys. Materi-

als. Park (OH), ASM International, 2000.
[2] Nasab M. B., Hassan M. R., Sahari B. B.: Metallic 

biomaterials of knee and hip: a review. Trends in 
Biomaterials and Artificial Organs, 24/2. (2010) 
69–82.

Table 3. Mechanical properties measured

Number Hardness (HRC)

1 37.37

2 42.3

3 40.04

4 44.88

5 44.4

Figure 2. Heat treatment process

http://medind.nic.in/taa/t10/i2/taat10i2p69.pdf
[3] Malayoglu U., Neville A.: Mo and W, as alloying 

elements in Co-based alloy: their effects on er-
rosion-corroison resistance. Wear, 259. (2005) 
219–229.
https://doi.org/10.1016/j.wear.2005.02.038

[4] Monroy K., Delgadio J., Ciurana J.: Study of the 
pore formation on CoCrMo alloys by selective la-
ser melting manufacturing process. Procedia En-
gineering, 63. (2013) 631–369.
https://doi.org/10.1016/j.proeng.2013.08.227

[5] Wataha J. C., Schmalz G.: Dental alloys. In: Bio-
compatibility of Dental Materials. (eds.: Schmalz 
G., Arenholt-Bindslev D.). Springer, Berlin, Hei-
delberg, 2009. 221–254.
https://doi.org/10.1007/978-3-540-77782-3_8

[6] Kalpana S. Katti: Biomaterials in total joint rep-
lacement. Colloid Surface B: Biointerfaces,  39/3. 
(2004) 133–142.
https://doi.org/10.1016/j.colsurfb.2003.12.002

[7] Hsu H. C., Lian S. S.: Wear properties of Co-Cr-
Mo-N plasma-melted surgical implant alloys. 
Journal of Materials Processing Technology, 138. 
(2003) 231–235.
https://doi.org/10.1016/S0924-0136(03)00077-3

[8] Okazaki Y., Gotoh E.: Comparison of metal release 
from various metallic biomaterials in vitro. Bio-
materials, 26/1. (2006) 11–21.
https://doi.org/10.1016/j.biomaterials.2004.02.005

[9] Lin H. Y., Bumgardner J. D.: In vitro biocorroison 
of Co-Cr-Mo implant alloy by macrophage cells. 
Journal of Orthopaedic Research, 22/6. (2004) 
1231–1236.
https://doi.org/10.1016/j.orthres.2004.04.005

[10] Hsu R. W-W., Yang C.-C., Huang C.-., Chenb Y.-S.: 
Electrochemical corrosion studies on Cr-Co-Mo 
implant alloy in biological solutions. Materials 
Chemistry and Physics, 93/2-3. (2005) 531–538.
https://doi.org/10.1016/j.matchemphys.2005.04.007

[11] Eggbeer D., Ribb R., Williams R.: The compu-
ter-aided design and rapid prototyping fabrication 
of removable partial denture frameworks. Proce-
edings of the Institution of Mechanical Engine-
ers. Part H: Journal of Engineering in Medicine, 
219/3. (2005) 195–202.
https://doi.org/10.1243/095441105X9372

[12] Dourandish M., Simchi A., Godlinski D.: Rapid 
Manufacturing of Co-Cr-Mo Implants by Three-Di-
mensional Printing Process for Orthopedic Appli-
cations. Iranian Journal of Pharmaceutical Scien-
ces, 4/1 (2008) 31–36.
https://pdfs.semanticscholar.org/9eef/39e-
3f5ccb9b96171911b399044c201b66f12.pdf

[13] Bertol L. S., Júnior W. K., da Silva F. P., Kopp C. A.: 
Medical design: Direct metal laser sintering of Ti-
6Al-4V. Materials & Design, 31/8. (2010) 3983–3988.
https://doi.org/10.1016/j.matdes.2010.02.050

[14] Senthilkumaran K., Pandey P. M., Rao P. V. M.: 
Influence of building strategies on the accuracy of 

http://medind.nic.in/taa/t10/i2/taat10i2p69.pdf%0D
https://doi.org/10.1016/j.wear.2005.02.038%0D
https://doi.org/10.1016/j.proeng.2013.08.227
https://doi.org/10.1007/978-3-540-77782-3_8
https://doi.org/10.1016/j.colsurfb.2003.12.002
https://doi.org/10.1016/S0924-0136%2803%2900077-3%0D
https://doi.org/10.1016/j.biomaterials.2004.02.005%0D
https://doi.org/10.1016/j.orthres.2004.04.005
https://doi.org/10.1016/j.matchemphys.2005.04.007
https://doi.org/10.1243/095441105X9372
https://pdfs.semanticscholar.org/9eef/39e3f5ccb9b96171911b399044c201b66f12.pdf
https://pdfs.semanticscholar.org/9eef/39e3f5ccb9b96171911b399044c201b66f12.pdf
https://doi.org/10.1016/j.matdes.2010.02.050


Kulcsár K., Kónya J. – Acta Materialia Transylvanica 1/2. (2018)100

parts in selective laser sintering. Materials & De-
sign, 30/8. (2009) 2946–3294.
https://doi.org/10.1016/j.matdes.2009.01.009

[15] Takaichi A., Nakamotoc T., Jokod N., Numorab 
N., Tsusumib Y., Migitab S. et al.: Microstructures 
and mechanical properties of Co-29Cr-6Mo alloy 
fabricated by selective laser melting process for 
dental applications. Journal of the Mechanical 
Behavior of Biomedical Materials, 21 (2013) 67–75.
https://doi.org/10.1016/j.jmbbm.2013.01.021

[16] Nan X., Xian-Zhen X., Jie C., Bin W.: Metal-ce-
ramic bond strength of Co-Cr alloy, fabricated by 
selective laser melting. Journal of Dentistry, 40/6. 
(2012) 453–457.
https://doi.org/10.1016/j.jdent.2012.02.006

[17] Davis J. R. (Ed.): Cobalt-Base Alloys. In: Hand-
book of Materials for Medical Devices. ASM In-
ternational, Ohio, 2003. 31–37.

https://doi.org/10.1016/j.matdes.2009.01.009
https://doi.org/10.1016/j.jmbbm.2013.01.021
https://doi.org/10.1016/j.jdent.2012.02.006

