
Tehnički vjesnik 27, 2(2020), 583-588                                                                                                                                                                                                             583 

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                                                                                                                       https://doi.org/10.17559/TV-20170624152700 
Preliminary communication 

 
 

Contact Angle Measurements at the Interface of Co-Cr Alloy Sintered by DMLS and Coated 
with Hydroxyapatite 

 
Diana-Irinel BĂILĂ, Cătălin ZAHARIA, Oana-Cătălina MOCIOIU 

 
Abstract: The purpose of this paper consists in the evaluation of the contact angle at the interface of Co-Cr sintered samples by DMLS process. The sintered samples 
supported a post treatment and were coated by HA using sol-gel method and were immersed in simulated biological fluid SBFx1 for 7 days. The Co-Cr (ST2724G) sintered 
disks by Direct Metal Laser Sintering (DMLS) process using a Phenix Systems machine, were coated by hydroxyapatite sol-gel method for improving the bioactivity of dental 
implants. KSV CAM 101 apparatus is used for static contact angle measurements performed on dried films. After wetting angle determination, we can notice that the sintered 
samples of Co-Cr alloy, which supported a post treatment, after DMLS process show better roughness surfaces and the layers of HA are uniformly deposited. The contact 
angle values are very important to characterize the surfaces and the roughness of the solid materials used for implantology. In this paper, the contact angles at the interface 
between Co-Cr sintered disks coating with HA and distilled water reveal a hydrophilic character. Scanning electronic microscopy SEM and EDS techniques were employed 
for morphological investigation of the sintered samples manufactured by DMLS process. They were also used for semi-quantitative and qualitative chemical and 
metallographic analyses. 
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1 INTRODUCTION 
 

Biomaterials are biocompatible synthetic or natural 
compounds used for the replacement or augmentation of 
biological tissue. The dental implant operation represents a 
very great and complex series of mechanical and chemical 
environmental conditions. 

Systematization of custom dental implant applications 
has led to the creation of a database that contains examples 
of the use of the technique DMLS - Direct Metal Laser 
Sintering, from image acquisition (CT), to obtaining the 3D 
virtual models, to produce real models.  

A direct contact with the bone must contain 
hydroxyapatite as the bioactive phase with 
osteoconductive role to permit a better osseointegration.  

The medical implants require a hydroxyapatite coating 
as bioactive phase, with an osteoconductive role, that in the 
direct contact with the bone permits a better 
osseointegration [1-9]. 

The external surface will be over 20% HA and the 
content gradually decreases.  

A decrease of more than 5% HA from one layer to 
another is not allowed, due to the risk of interlayer cracking 
increases. 

The hydroxyapatite presents a low mechanical 
resistance. Due to this cause, the concentration of 
hydroxyapatite in the implant material is limited, 
especially if the implant supports high mechanical loads.  

The biocompatible and the bioactive properties of 
hydroxyapatite can be recovered in functional systems 
such as metal substrates coated with hydroxyapatite, 
hydroxyapatite strengthened (reinforced) polymeric fibers 
or metal - in particular titanium or Co-Cr alloys, or sintered 
materials in Co-Cr alloy powder and hydroxyapatite. 

The bioactive phase has an osteoconductive 
importance, because it allows the formation of new 
generation of calcium phosphates and permits a better 
integration of the dental implants of Co-Cr alloy in the 
bone tissue. 

Distilled water was used to determine the hydrophilic 
character of the Co-Cr alloy used for dental applications. 

Co-Cr alloys and Ti alloys are frequently used for the 
implants manufacturing.  

Both materials are biocompatible and can be used for 
manufacturing medical implants because they are not toxic 
for the human body [1-9]. 

Direct Metal Laser Sintering process consists in 
sinterisation by laser automatically at points in space, in 
relation to 3D model, realizing the binding powder and 
determining a solid structure.  

The technique DMLS is successfully used for 
manufacturing dental restorations, like dental crowns, 
bridges and chapels. 

The Co-Cr alloys powder has good engineering 
properties, good corrosion resistance and allows a good 
cleaning (like the glass). 

The Co-Cr powder used in DMLS process presents a 
spherical form of the grains and the grain size is 
approximatly 20 microns [12-19]. 

The spherical form of grains permits a better 
sinterisation and a better powder flow. 

The coating with HA sol-gel permits an improvement 
of bioactivity of dental implants in the bone tissue and 
permits mineral kernel in bone. 

After immersion in SBF, the emergence of new 
nucleation sites of calcium phosphates can be noticed and 
the formation of new hydroxyapatite mineral. 

The aim of our work consists in the evaluation of the 
contact angle at the interface of Co-Cr alloy samples and 
hydroxyapatite in order to establish the comportment in the 
simulated biological fluid [20-24]. 
 
2 MATERIALS AND METHODS 
 

The samples material used in this paper is Co-Cr 
powders (ST2724G) manufactured by Direct Metal Laser 
Sintering (DMLS) process. 

The powder ST2724G shows the following 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 the Co-Cr alloys are as 
follows: 
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- 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 gcm-3 

- Corrosion resistance < 4 μg/cm2; 
- Thermal expansion coefficient = 14.5*10-6 K-1. 

The sintered disks by DMLS process have a thickness 
of 1 mm and a diameter of 10 mm. 

The sintered disks were designed in Solid Works and 
saved like "stl" file. 

The DMLS process was performed using a Phenix 
Systems machine, type PXS & PXM Dental.  

The Phenix Systems machine has the following main 
characteristics: the fiber laser P = 50 W, λ = 1070 nm, 
manufactured volume is 100 × 100 × 80 mm, machine 
dimensions are L = 1,20 m; l = 0,77 m; H = 1,95 m.  

The machine uses Phenix Dental soft. The sintered 
process is realized at the temperature of 1300 °C and in the 
presence of nitrogen gas for 30 minutes.  

The samples were slowly air cooled. 
Two samples were introduced in the furnace to realize 

a post treatment of 800 °C during 30 minutes and slowly 
cooling in the air to obtain a better mechanical resistance. 

Four DMLS sintered samples of Co-Cr were 
mechanically polished and coated with HA sol-gel method. 

The samples were cleaned with distilled water and 
alcohol before coating deposition.  

The four samples sintered by DMLS technique were 
coated with hydroxyapatite by sol-gel method. The sol-gel 
process was realized after the technique of Fathi and Hafini 
[10]. 

P2O5, Merck was dissolved in absolute ethanol to 
obtain a 0,5 mol/l solution.  

Ca(NO3)2
.4H2O, Merck was dissolved in absolute 

ethanol to realize a 1,67 mol/l solution.  
The homogenization of the solutions was realized on a 

magnetic stirrer, in a molar ratio of Ca/P = 1,67; for 48 
hours, to make the sol-gel transition. 

The sintered samples were immersed in the precursor 
solutions using a constant speed of immersion and lifting 
of 50 mm/min.  

The samples were introduced in solution for 60 
seconds. 

Then, the coated sintered disks were dried for 10 
minutes and supported thermal treatment in an electrical 
furnace in air atmosphere.  

The thermal treatment was realized in two steps: for 16 
hours at 80 °C and 1 hour at 600 °C. The sintered disks 
were slowly cooled to 20 °C [11]. 

The presence of calcium phosphates on the surface of 
the dental implants increases the bioactivity behaviour by 
formation of new hydroxyapatite and favours a better 
osseointegration of the implants within the bone. 

The four samples were immersed in simulated 
biological fluid SBF at pH = 7,4, for 7 days, adjusted with 
tris (hydroxy-methyl) aminomethane (Tris) and 
hydrochloric acid (HCl), in sterile conditions, using the 
containers of 45 mL for incubation medium at the 
temperature of 37 °C. 

The simulated biological fluid solution was changed 
every 48 h. After immersion in SBF the samples were 

rinsed with distilled water and were dried at 40 °C for 24 
h. 

The SBF1x solution has the following chemical 
composition: 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+). 

The contact angle was determined at the interface of 
Co-Cr alloy samples sintered by DMLS technology and 
coated with hydroxyapatite by sol-gel, using a contact 
angle apparatus, made in Finland. 

KSV - CAM 101 apparatus is used to determine the 
surface and interfacial tension, the static and dynamic 
contact angles and the surface free energy of solids. 

In this paper, KSV CAM 101 apparatus was used for 
static contact angle measurements performed on dried 
films. Ultrapure water droplets were used with a drop 
volume of 20 μl. The measurement of each contact angle 
was made within 10 s after each drop to ensure that the 
droplet did not soak into the compact. The contact angles 
reported were the mean of 5 determinations. Smaller 
contact angles correspond to increased wettability. Four 
specimens of Co-Cr sintered samples manufactured by 
DMLS technology and coated with HA by sol-gel were 
used. 

Meniscus formed immediately after the surface was 
viewed through a stereoscopic microscope, the optical 
beam was deflected horizontally by a mirror precision.  

The resulting image was processed on a computer 
software to measure the wetting angles. 

The morphology and semi-quantitative analysis of 
sintered disks were investigated by scanning electron 
microscope QUANTA INSPECT F equipped with electron 
gun with field emission -FEG (field emission gun) with a 
resolution of 1.2 nm and X-ray spectrometer for energy 
dispersion (EDS) with a resolution of 133 eV at MnK.  

The chemical composition of the sintered samples was 
realized with images of secondary electrons and 
backscattered electron images, the bright contrast micro 
areas contained heavy elements (no. Atomic large) and the 
dark contrast of light elements was employed. The areas of 
interest were analysed qualitatively by micro 
compositional X-ray spectrometry.  
 
3 RESULTS 
3.1 Determination of Contact Angles for the Sintered 

Samples of Co-Cr Coated with HA 
 

In Fig. 1 there are presented the Co- Cr sintered disks 
by DMLS technology and coated with hydroxyapatite, 
using sol-gel method.  

The probes were immersed in simulated biological 
fluid for 7 days. Then the probes were prepared for 
determining the contact angle curvature. 

The contact angle curvature for a 3D drop is given by 
Young-Laplace equation and is non-linear [1-3]. 
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This equation permits to determine the 3D shape of 

drop and represents the energy minimization method. The 
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wetting angles are obtained in laboratory in proper 
conditions using clean solid surfaces and purified liquid, 
like distilled water.  

The contact angles are very sensitive to contamination 
noticed in the variation of the values obtained, and some 
degrees of difference existed. 
 

 
Figure 1 Sintered disks of Co-Cr by DMLS technology and coated with HA by 

sol-gel 
 

 
Figure 2 Contact angle curvature for the sintered sample 1 

 
The contact angle is very sensitive to the chemical 

composition of alloy, the oxide layer or contaminant 
existing on the surface and this is remarked in the value 
obtained with their variations, using the system KSV - 
CAM 101. 

The drop shape presented in Fig. 2 shows the angle 
measurement of nearly 89,8° and in Fig. 3 shows the 
stabilisation of curvature angle in time, at 65°. 

That shows that the first sample of Co-Cr sintered by 
DMLS process without post treatment process and which 
was coated with one layer of HA and immersed in SBF for 
7 days presents a hydrophilic surface. 
 

 
Figure 3 Variation of contact angle curvature in time for the sintered sample 1 

 
The contact angle curvature for the sample of Co-Cr 

sintered by DMLS, without post treatment and coating 
twice layers with HA and immersed in SBF for 7 days is 
shown in Fig. 4 and can remarked the hydrophilic 
characteristic is very pronounced. 

The variation in function of the time for the wetting 
angle curvature for sample 2 is presented in Fig. 5. For Fig. 

4 the angle is nearly 59,5° and after a minute the angle is 
stabilized to 51,5°, like in Fig. 5. 
 

 
Figure 4 Contact angle curvature for the sintered sample 2 

 

 
Figure 5 Variation of contact angle curvature in time for the sintered sample 2 

 
The contact angle curvature for the sintered sample 3 

is presented in Fig. 6. 
The sample 3 of Co-Cr alloy was sintered by DMLS 

process, supported a post treatment in the furnace at 800 
°C during 30 minutes, then one layer was coated with HA, 
and immersed in SBF for 7 days.  

The wetting angle for the sample 3 is nearly 65°. The 
sample 3 shows a pronounced hydrophilic property. 
 

 
Figure 6 Contact angle curvature for the sintered sample 3 

 
In Fig. 7 one can determine the variation of wetting 

angle curvature in time and after a minute the curvature is 
stabilized to 52,8°. 

The contact angle curvature for the sintered sample 4 
is presented in Fig. 8.  

The sample 4 of Co-Cr was sintered DMLS, supported 
a post-sintering treatment and was coated with two layers 
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of hydroxyapatite and then was introduced in SBF for 7 
days. 
 

 
Figure 7 Variation of contact angle curvature in time for the sintered sample 3 

 
 The contact angle for the sample 3 is nearly 75,2°, like 

in Fig. 8 and after a minute the angle is stabilized to 45°, 
like in Fig. 9. 

The sintered sample 4 has a very pronounced 
hydrophilic property. 
 

 
Figure 8 Contact angle curvature for the sintered sample 4 

 

Figure 9 Variation of contact angle curvature in time for the sintered sample 4 
 
3.2 SEM and Mapping Analysis of Co-Cr Alloy Sintered 

Samples by DMLS and Coated With HA 
 

The morphological investigations and chemical 
elemental analysis of the four DMLS sintered samples 
were realized by SEM and mapping analysis. A very fine 
uniform layer of HA with equiaxed grains between 40 - 100 
nm is presented in the sintered sample 1.  

The mapping of the sintered sample 1 is shown in Fig. 
11 and the majority presence of Co, Cr, W, Ca, P and other 
chemical elements can be remarked. 

 
Figure 10 SEM analysis of the sintered sample 1 

 
The SEM analysis of sintered sample 2, like in Fig. 12, 

reveals a compact film of HA with irregular and elongated 
grain form, between 30 - 40 nm. In Fig. 12 one can notice 
few Co-Cr spherical grains after the cleaning process in 
DMLS. 
 

 
Figure 11 Mapping of sintered sample 1 

 

 
Figure 12 SEM analysis of the sintered sample 2 

 

 
Figure 13 Mapping of sintered sample 2 

 
The mapping of sintered sample 2 presents the uniform 

distribution of Ca, P, Co, Cr, W and other elements (Fig. 
13).  
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Figure 14 SEM analysis of the sintered sample 3 

 
The SEM analysis of sintered sample 3 is shown in Fig. 

14 and the thin layer of nanostructured hydroxyapatite can 
be remarked. 

The mapping of the sintered sample 3 is presented in 
Fig. 15 and the presence of Co, Cr, W, Ca, P and other 
chemical elements as well as the uniform distribution can 
be determined. 
 

 
Figure 15 Mapping of sintered sample 3 

 
The SEM analysis of sintered sample 4 is shown in Fig. 

16 and one can remark the fine deposition of HA film, with 
grain forms between 40 - 70 nm. 
 

 
Figure 16 SEM analysis of the sintered sample 4 

 
The mapping of the sintered sample 4 is realized in Fig. 

17 and the aglomeration with hydroxyapatite is very 
pronounced. 
 

 
Figure 17 Mapping of sintered sample 4 

 
4 CONCLUSIONS 
 

The static wetting angle is measured for quality 
control, in research domain and for development of 
product. The static contact angle determinations are used 
in domains ranging from printing to oil recovery and 
implants coatings. 

The static contact angles were determinated in this 
paper, using four sintered samples of Co-Cr alloy, by 
DMLS technology. Two samples 3 and 4 supported the 
post treatment in the furnace to 800°C, during 30 minutes 
and two samples 1 and 2 were used without post treatment. 
Two samples were coated with one HA layer by sol-gel 
method, and the samples were coated with two layers of 
HA. Then the four samples were immersed in SBF, during 
7 days. 

All four sintered samples show a hydrophilic 
behaviour due to the HA layers. The two samples coated 
with two layers of HA present an accentuated hydrophilic 
behaviour. The layers of HA deposited on the sintered 
samples are uniform, and that is remarked after the 
mapping and SEM analysis. 

The sintered samples of Co-Cr that supported a post 
treatment, after DMLS process, due to wetting angle value 
present a better roughness surfaces and the layers of HA 
are uniformly deposed. 

The contact angle values of the four sintered samples 
determine the chemical homogenous and topographic 
smooth. 

For coating implants, the contact angle values play a 
vital role to determine a precise characterization of the 
surfaces of the solid materials, because the roughness 
surfaces are very important for the medical implants. 

In our case, the wettability was determined using 
distilled water to calculate the homogenous chemical 
composition, surface uniformity. The wettability behavior 
is very important for adherence of the medical implants in 
the bone tissue. The more hydrophilic material allows a 
better adherence in the bone tissue, that means the sample 
4 permits a better osseointegration, after implantation to 
the bone tissue. 

Wettability of implant surfaces is important to be 
evaluated for 3D printing and for characterizing the cell-
biomaterial interactions. 
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