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The purpose of this study was to determine the bioactivity of Co-Cr disks manufacturing by Direct 
Metal Laser Sintering (DMLS) process. The Co-Cr samples realized by DMLS process were coated 
with hydroxyapatite (HA) obtained by sol-gel method to improve the bioactivity of the implants. 
The Co-Cr samples coated with hydroxyapatite were immersed in simulated biological fluid (SBF 
1x) for 14 days. Co-Cr powder (ST2724G) was used to manufacture the samples by DMLS process 
for investigation of the bioactivity. The fourth samples of Co-Cr were sintered by DMLS process 
and two samples supported a post-treatment process in electrical furnace for 30 minutes to 800oC. 
The four samples were coated with one or two layers of hydroxyapatite (HA) obtained by sol-gel 
method. For microstructural investigations, as well as for quantitative and qualitative chemical 
analyses scanning electronic microscopy (SEM) coupled energy-dispersive X-ray spectroscopy 
(EDS) was used. The phase composition of the samples was investigated by X-ray diffraction 
(XRD). After immersion in SBF for 14 days, it can be remarked the growth of hydroxyapatite on 
the surface of all sintered samples. The microstructures were different in function of number of 
hydroxyapatite layers deposited on samples. 

 

 
 

INTRODUCTION* 

Direct Metal Laser Sintering DMLS is an 
accurate technology that is excellent for 
reproducing fine feature detail. This metal 3D 
printing technology is ideal for smaller prototypes, 
high-temperature applications, and custom medical 
and dental parts.1-8 

Direct Metal Laser Sintering DMLS process 
uses a laser as the power source to sinter powdered 
material (typically metal), aiming the laser 
automatically at points in space defined by a 3D 
model, binding the material together to create a 
solid structure. The technology fuses metal powder 
into a solid part by melting it locally using the 
                                                            
* Corresponding author: baila_d@yahoo.com 

focused laser beam. Parts are built up additively 
layer-by-layer, typically using layers 20 
micrometers thick. This process allows for highly 
complex geometries to be created directly from the 
3D CAD data, fully automatically, in hours and 
without any tooling. The powders used in DMLS 
manufacturing are different steels: Inconel 625, 
Inconel 718, cobalt chrome, aluminum and 
titanium.9-15 

Orthopedic implant or mandible implant was 
manufactured by DMLS process, using Ti6Al4V 
powder. The implants realized by DMLS process, 
reduce weight and stimulate better bio-factor 
delivery.16 

Hydroxyapatite coatings are of great 
importance in the biological and biomedical 
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coatings fields, especially in the current era of 
nanotechnology and bioapplications. With a 
bonelike structure that promotes osteointegration, 
hydroxyapatite coating can be applied to otherwise 
bioinactive implants to make their surface 
bioactive, thus achieving faster healing and 
recovery. In the contact zone of the implant with 
bone, the presence of phosphates of calcium grains 
favors the mineral kernel on bone.   In addition to 
applications in orthopedic and dental implants, this 
coating can also be used in drug delivery.17-19 Some 
authors have realized some titanium alloy Ti6Al4V 
sintered by Selective Laser Sintering SLS process 
and coating with hydroxyapatite.20-21  

In this work, experimental researches concerning 
the bioactivity of Co-Cr alloy sintered by DMLS 
process and coated with hydroxyapatite obtained by 
sol-gel method were carried out. The results obtained 
here were comparatively analyzed with other data on 
the same topic reported in the literature.  

EXPERIMENTAL 

1. Samples preparation 

In this work were manufactured dental implants 
materials with bioactive behavior in bone tissue, 
using Co-Cr powders (ST2724G) by direct metal 
laser sintering (DMLS) process and coated with 
hydroxyapatite obtained by sol-gel method. The Co-
Cr alloy powders used for DMLS manufactured 
present the chemical composition: 54.31 %Co; 
23.08%Cr; 11.12% Mo, 7.85% W, 3.35% Si and Mn, 
Fe < 0.1%. The mechanical properties of Co-Cr alloy 
powder used in DMLS process are: elastic limit 0.2% 
(Rp0.2) = 815 MPa; elongation at break = 10%; 
Vickers hardness = 375 HV 5; elastic module =  
229 GPa; volume mass = 8.336 g/cm3; corrosion 
resistance < 4 µg/cm2; thermal expansion coefficient 
= 14.5*10-6 K-1. The samples are projected by 
SolidWorks program and save like «stl» file. The 
samples are sintered using Phenix Systems machine 
type PXS & PXM Dental, the fiber laser (P = 50 W, λ 
= 1070 nm), manufactured volume is 100x100x 
80 mm, machine dimensions are L = 1.20 m;  
l = 0.77 m; H = 1.95 m. Machine soft used is Phenix 
Dental. The sintering temperature is 1300oC and the 
nitrogen gas is used for process. 

The sol-gel synthesis was performed taking into 
account the procedure reported by Fathi and 
Hafini.22 They used this preparation of the sol for 
deposition of HA on titanium implants. Thus, the 
phosphoric pentoxide (P2O5, Merck) was dissolved 
in absolute ethanol to form a 0.5 mol/L solution. 
Calcium nitrate tetrahydrate [Ca(NO3)2

.4H2O,Merck] 
was also dissolved in absolute ethanol to obtain a 

1.67 mol/L solution. The solutions were mixed in a 
molar ratio of Ca/P =1.67 and homogenized on a 
magnetic stirrer for 48 hours, to make the sol. 
Hydroxyapatite were deposited by dip coating 
method onto disks of 1cm diameter and 1mm 
thickness obtained by rapid prototyping. Before 
coating deposition, all substrates were washed with 
distilled water and alcohol. The metal substrates 
were dip coated at room temperature with the 
precursor solutions with constant speed of 
immersion and lifting of 50 mm/min. The 
substrates were maintained in solution 60 seconds. 
After deposition, the coated samples were dried for 
a few minutes and thermally treated in two steps: 
at 80 ºC for 16 hours and at 600 ºC for 1 hour. The 
thermal treatment was carried out in an electrical 
furnace in air atmosphere. After treatment, samples 
were slowly cooled to room temperature.23, 24  

Four Co-Cr alloy samples sintered by DMLS 
process and coated with hydroxyapatite obtained 
by sol-gel method were prepared in order to study 
the bioactivity in simulated biological fluid SBF 
for 14 days.  Two Co-Cr alloy sintered samples 
were subjected to a post-sintering thermal 
treatment at 800oC for 30 minutes. 

 

 
Fig. 1 – Sintered samples manufactured by DMLS process and 
coated with HA: a-sintered sample coated with 1 layer of HA, 
b-sintered sample coated with 2 layers of HA, c-sintered 
sample with a post-sintering thermal treatment and coated 
with 1 layer of HA, d-sintered sample with a post-sintering 
        thermal treatment and coated with 2 layers of HA. 

 
Four samples, similar from the point of view of 

thermal processing and with different number of 
coatings were prepared:  the first sample was only 
sintered by DMLS process and coated once with 
HA obtained by sol-gel method, the 2nd sample was 
only sintered by DMLS process and coated twice 
with HA, the 3-rd sample was sintered by DMLS 
process followed by post-sintering thermal 
treatment and coated once with HA and the 4th 
sample was prepared identically to the third one 
but it was coated twice with HA obtained by sol-
gel method. The as-prepared samples are presented 
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in Fig. 1. The four sintered samples coated with 
HA were immersed in simulated biological fluid 
for 14 days to determine the bioactivity and, 
consequently, the possibility that the medical 
implants to adhere fast to the bone. 

2. Samples characterization 

SEM, EDS and XRD techniques were used in 
order to investigate the sintered samples obtained 
by DMLS process. Bioactivity of Co-Cr alloys 
sintered samples was evidenced after immersion in 
SBF for 14 days. 

The morphological investigations and the 
chemical elemental analyses of samples were 
performed using a scanning electron microscope 
QUANTA INSPECT F with field emission gun 
(FE-SEM), with a resolution of 1.2 nm, coupled 
with an energy-dispersive X-ray spectrometer with 
a resolution of 133eV at MnK. The areas of 
interest were analyzed qualitatively by micro 
compositional X-ray spectrometry. 

XRD analysis was performed by means of a 
PAnalytical Empyrial X-ray diffractometer that 
uses characteristic CuKα radiation (wavelength  
λ = 1.541874). Diffraction pattern acquisition was 
performed in Bragg-Brentano geometry. XRD 
patterns were recorded in the 20-95 ° 2theta with 
0.02° step and the step acquisition time of 100s. 

For mineralization assay, four sintered samples 
coated with HA obtained by sol-gel method were 
incubated in synthetic body fluid (SBF1x) at  
pH = 7.4, adjusted with tris(hydroxy-methyl) ami-
nomethane (Tris) and hydrochloric acid (HCl), for 
14 days, under sterile conditions, in containers 
with 45 mL of the incubation medium at 37ºC. The 
 

incubation medium was changed every 48 h. After 
incubation, the specimens were rinsed with 
distilled water to remove any traces of salts from 
the surface and dried at 40ºC for 24 h. The com-
position of SBF1x is presented below: 142.19 mM 
(Na+); 2.49 mM (Ca2+); 1.5 mM (Mg2+); 4.2 mM 
(HCO3

-); 141.54 mM (Cl-); 0.9 mM (HPO4
2-);  

0.5 mM (SO4
2-); 4.85 mM (K+). 

RESULTS AND DISCUSSION 

1. Sintered disc sample of Co-Cr alloy by DMLS 
process without post-sintering thermal 

treatment process and coated with 1 layer  
of hydroxyapatite obtained by sol-gel method 

The microstructure of the first sintered sample 
of Co-Cr alloy obtained by DMLS process, without 
post-sintering thermal treatment and coated with 1 
layer of hydroxyapatite, before and after 
immersion in SBF, is presented in the FE-SEM 
images of Fig. 2a, b. 

For the first sample, the fine layer of hydroxyapa-
tite on the surface of the Co-Cr alloy sintered sample 
can be noticed (Fig. 2a). The hydroxyapatite present 
equiaxed grains, polyhedron - like shape (Fig. 2a) 
and a size of around 100 nm. The layer of 
hydroxyapatite is uniform. After immersion in SBF, 
FE-SEM images show a uniform, fine-grained layer 
of hydroxyapatite with an average grain size of  
40 nm (Fig. 2b). 

In Fig. 3 the results of EDS analysis for the 
sample before and after immersion in SBF were 
presented. In Fig. 3b, EDS analysis show an 
increasing amount of hydroxyapatite.  

 

      
                                                                         (a)                                                      (b)           

Fig. 2 – FE-SEM images of sample sintered by DMLS process and coated 1 layer with HA: 
(a) before immersion in SBF and  (b) after immersion in SBF (80000). 
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(a) 

 

 
(b) 

Fig. 3 – EDS analysis of sintered sample by DMLS process and coated 1 layer with HA: 
(a) before immersion in SBF, (b) after immersion in SBF. 
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(a)      (b) 

Fig. 4 – XRD patterns of the sintered sample obtained by DMLS process and coated with 1 layer of HA: (a) before immersion in SBF 
and (b) after immersion in SBF. 
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XRD analysis shows a mixture of peaks 
corresponding to hydroxyapatite and Co-Cr alloy, 
(Fig. 4a).  Ca5HO13P3 present a hexagonal 
structure, with reference code 04-008-4763, P63/m 
space group, 176 space group number.25 After 
immersion in SBF, one can observe an increase of 
hydroxyapatite amount by XRD analysis, (Fig. 
4b).26 EDS and XRD analyses present a little bit 
more hydroxyapatite after immersion in SBF. 
Remark the new type of fine-grained HA, 
consisting of grains with irregular and elongated 
shapes and with average size of 40 nm, obtained 
after immersion in SBF. 

3. Sintered disc sample of Co-Cr alloy by DMLS 
process with post-sintering thermal treatment 

process and coated with one layer  
of hydroxyapatite obtained by sol-gel method 

The second sintered sample of Co-Cr alloy 
obtain by DMLS process, supported a post 
treatment process in the furnace at 800oC, during 
30 minutes and was coated with 1 layer of 
hydroxyapatite is presented by SEM images in Fig. 5. 
The second sample present zones with 
concentrations of hydroxyapatite deposited on the 
sintered sample of Co-Cr alloy. Hydroxyapatite 
present irregular rod form and grain size is around 
200 nm, (Fig. 5a). The layer of hydroxyapatite is 
uniform. After immersion in SBF, SEM images 
show a continuity of the hydroxyapatite film and 
compact zones of HA with grain size of 30 nm, 
Fig. 5b. Can be remarked new grains of HA that 
forms after immersion in SBF. 

EDS analysis present the uniformity of the 

increasing of Ca and P lines comparing with lines 
of Co and Cr. In Fig. 6b, EDS analysis show a 
growth quantity of hydroxyapatite. The new type 
of very fine HA with irregular and elongated form 
and size grain of 40 nm, obtained after immersion 
in SBF, was observed. 

In Fig. 7a is presented XRD pattern of sintered 
sample, after a post treatment and coated with one 
layer of HA. XRD presents a growth of quantity of 
HA after immersion in SBF during 14 days, like in 
Fig. 7b. 

4. Sintered disc sample of Co-Cr alloy by DMLS 
process without post-treatment process and 

coated with 2 layers of hydroxyapatite obtained 
by sol-gel method 

In Fig. 8 is presented the SEM images for the 
third sintered disc sample of Co-Cr alloy obtained 
by DMLS process, without post treatment process 
and coated with 2 layers of hydroxyapatite. 

For the third sample the layer is thicker, the 
hydroxyapatite deposition is very fine, existing 
some concentration zones, like in Fig. 8a. The 
layer of hydroxyapatite is uniform. After 
immersion in SBF, SEM images show a uniform 
layer of nanostructured hydroxyapatite Ca5HO13P3. 
In Fig. 8b are presented EDS analysis for the 
sample before and after immersion in SBF. 

EDS analysis presents a growth quantity of 
hydroxyapatite, Fig. 9b. XRD analysis presents a 
growth of hydroxyapatite quantity, after immersion 
of third sample in SBF, like in Fig. 10b. The new 
generations of HA grains formed, more fines, with 
irregular and elongated form were observed. 

 

             
 (a)           (b) 

 Fig. 5 – FE-SEM of sintered samples with a post treatment and coated with1 layer HA obtained by sol-gel method: (a) 
before immersion in SBF, (b) after immersion in SBF (X 80000). 
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 (a)  

 

 

(b) 

Fig. 6 – EDS analysis of sintered sample with a post treatment and coated with one layer of HA obtained by sol-gel method: (a) 
before immersion in SBF, (b) after immersion in SBF. 
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(a)             (b) 

Fig. 7 – XRD analysis of sintered samples supported a post treatment and coated 1 time with HA: (a) before immersion in SBF, (b) 
after immersion in SBF. 
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(a)                  (b) 

Fig. 8 – FE-SEM images of sample sintered by DMLS process and coated with 2 layers of HA: 
 (a) before immersion in SBF; (b) after immersion in SBF (X 80000). 

 

   
(a)   

      

 

(b) 

Fig. 9 – EDS analysis of sample sintered by DMLS process and coated with 2 layers of HA: 
 (a) before immersion in SBF, (b) after immersion in SBF. 
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(a)            (b) 

Fig. 10 – XRD analysis of sample sintered by DMLS process and coated with 2 layers of HA: 
 (a) before immersion in SBF; (b) after immersion in SBF. 

 
5. Sintered disc sample of Co-Cr alloy  

by DMLS process with post-treatment process 
and coated with 2 layers of hydroxyapatite 

obtained by sol-gel method 

SEM images present the fourth sintered disc 
sample of Co-Cr alloy manufactured by DMLS 
process, after post treatment process in the furnace 
at 800 oC, during 30 minutes and coated with  
2 layers of hydroxyapatite like in Fig. 11. 

The fourth sample after deposition of HA, has a 
thick layer of hydroxyapatite, present in SEM images 
Fig. 11 a. The layer of hydroxyapatite is uniform.  

After immersion in SBF, hydroxyapatite present 
concentration zones with porous shells forms and 
fines grains of 44 nm, like in Fig. 11 b. 

After immersion in SBF, the sample is covered 
with a new layer of hydroxyapatite; the quantity is 

great, like in XRD analysis, Fig. 13 b. EDS 
analysis shows low lines of Co and Cr existing 
underneath the HA layer, which means that has a 
thick layer of HA, like Fig. 12 a, b. 

In the case of the first and third sample, a 
remarkable amount of HA after immersion in SBF 
cannot be observed.  After immersion, the main 
peaks corresponding of HA (triad from diffraction 
angles 2 theta = 31-33o) have a very slightly larger 
than before immersion in SBF. 

The peaks corresponding to the Co-Cr alloy are 
2 theta = 44.39o and 46.95o. Increasing the HA 
amount as a result of immersion in SBF appears 
highlighted clearly in EDS and XRD analyses in 
case of samples 2 and 4, characterized by post-
treatment-sintering. 

 

       
                                                           (a)                                                                 (b)   

Fig. 11 – FE-SEM images of sintered sample treated and coated with 2 layers with HA: 
(a) before immersion in SBF; (b) after immersion in SBF (X 80000). 
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(a)  

 

 

(b) 

Fig. 12 – EDS analysis of sintered sample, after post treatment and coated with 2 layers with HA obtained by sol-gel:  
(a) before immersion in SBF, (b) after immersion in SBF. 
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                                                      (a)                   (b) 

Fig. 13 – XRD of sintered sample, after post treatment and coated with 2 layers of HA obtained by sol-gel method: (a) before 
immersion in SBF; (b) after immersion in SBF. 
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CONCLUSIONS 

Direct Metal Laser Sintering process is a 
modern technology and is used in different 
industries, inclusive in medicine industry. DMLS 
process permits the manufacture of different 
medical implants, microsurgical medical 
instruments. This technique realizes personalized 
pieces with a great precision and faster than other 
process. The implants must present good 
mechanical resistance, good corrosion resistance 
and a good bioactivity. 

An implant must present good mechanical 
resistance and at the same time must have a porous 
structure to the surface, necessary to permit growth 
bone tissues in the pores for a better adherence 
with the environmental tissues. In the paper, the 
samples sintered by DMLS process were coated 
with hydroxyapatite Ca5HO13P3, obtained by sol-
gel method.  The sintered samples coated with two 
layers of HA, present a thick and uniform film of 
HA. Concerning the bioactivity of the sintered 
samples coated with hydroxyapatite obtained by 
sol-gel method, the uniformity and fine layers of 
hydroxyapatite evidenced by SEM can be 
remarked. After immersion in SBF, a growth of 
hydroxyapatite quantity was remarked, using EDS 
and XRD analysis.  

The new generation of hydroxyapatite that 
appears after immersion in SBF is very fine with 
irregular and elongated form and present 
nanometric size. The layer of hydroxyapatite 
formed after immersion in SBF is uniform. After 
SBF test, the sintered samples coated two times 
shown a thicker layer of HA. The SEM and EDS 
show the fine structure of HA with nanometrical 
grain size formed after immersion in SBF.  

The hydroxyapatite formed after immersion in 
SBF is uniform and the implants have a better 
adherence to the bone. The adherence to the bone 
means faster healing of the patient. 
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