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Introduction 
The process of implantation as a process interferin
the human body requires protection against bacteria
attack (for example against Staphylococcus
of bacteria) that may cause the septic bone infection 
Due to the increasing resistance of bacteria to ant
there is a necessity of developing research on alte
antibacterial agents increases [2]. An example of su
an agent may be zinc [3], which has not only good 
efficacy against Gram-positive and Gram
bacteria but it also has biological properties that
are beneficial to the human body [4]. In order 
to incorporate zinc into implant material, the plasma 
electrolytic oxidation (PEO) can be used. During this 
process the bioactive, porous oxide layer is formed
 
Materials and Methods 
Ti-15Mo alloy surface was treated by plasma electrolyt
oxidation process in three different baths. All thre
of them consisted of 0.1 M Ca(H2PO
additives were used: ZnO, Zn3(PO4)2

of Zn3(PO4)2 and Ca3(PO4)2. During the PEO process the 
applied voltage was 150-300 V and the current density 
was 150 mA/cm

2
. Using a scanning electron microscope 

equipped with energy dispersive X-Ray spectroscopy 
(Phenom Pro-X) the surface morphology, roughness 
and chemical composition of the oxide coatings 
was determined. The chemical composition was also 
determined by the XPS technique. The surface wettabil
was determined using water contact angle 
measurements (DataPhysics, OCA 15EC, Germany). 
In order to investigate the antibacterial properties of zinc 
containing Ti-15Mo oxide layers, the bacteria adhesion 
test was carried out using bacteria strains: refere
Staphylococcus aureus (ATCC 25923), clinical 
Staphylococcus aureus (MRSA 1030), reference 
Staphylococcus epidermidis (ATCC 700296) and clinical 
Staphylococcus epidermidis (15560). 
 
Results and Discussion 
FIG. 1 presents the 3D SEM image of Ti
surface after PEO process in bath containing Ca(H
and ZnO. The pores and increased surface roughness 
visible on the images are the effect of PEO treatment
EDX analysis showed that the highest Ca/Ti and Ca/P 
ratio was obtained for the Ti-15Mo alloy surface anodised 
in condition of applied voltage 300 V and this value 
of voltage was chosen as the most optimal for the 
following tests. The wettability of Ti-15Mo alloy surface 
was measured and it changed after PEO process. 
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The process of implantation as a process interfering with 
the human body requires protection against bacteria 

Staphylococcus group 
bacteria) that may cause the septic bone infection [1]. 

Due to the increasing resistance of bacteria to antibiotics, 
there is a necessity of developing research on alternative 
antibacterial agents increases [2]. An example of such 

zinc [3], which has not only good 
positive and Gram-negative 

bacteria but it also has biological properties that 
beneficial to the human body [4]. In order 

incorporate zinc into implant material, the plasma 
ion (PEO) can be used. During this 

process the bioactive, porous oxide layer is formed [5,6]. 

15Mo alloy surface was treated by plasma electrolytic 
oxidation process in three different baths. All three 

PO2)2 but different 
 or the mixture 

. During the PEO process the 
300 V and the current density 

. Using a scanning electron microscope 
Ray spectroscopy 

X) the surface morphology, roughness 
chemical composition of the oxide coatings 
determined. The chemical composition was also 

determined by the XPS technique. The surface wettability 
water contact angle 

measurements (DataPhysics, OCA 15EC, Germany). 
investigate the antibacterial properties of zinc 

15Mo oxide layers, the bacteria adhesion 
test was carried out using bacteria strains: reference 

(ATCC 25923), clinical 
(MRSA 1030), reference 
(ATCC 700296) and clinical 

FIG. 1 presents the 3D SEM image of Ti-15Mo alloy 
process in bath containing Ca(H2PO2)2 

and ZnO. The pores and increased surface roughness 
visible on the images are the effect of PEO treatment. 
EDX analysis showed that the highest Ca/Ti and Ca/P 

15Mo alloy surface anodised 
condition of applied voltage 300 V and this value 

voltage was chosen as the most optimal for the 
15Mo alloy surface 

was measured and it changed after PEO process.  

The water contact angles decreased for surfac
anodised in all three investigated baths resulting in 
increasing the wettability of materials. The XPS survey 
spectra confirmed the presence of calcium, zinc, ti
phosphorous and oxygen in PEO layer. The bacteria 
adhesion tests showed that all thr
surfaces indicate bacteriostatic effect against 
(ATCC 25923, MRSA 1030) 
700296, 15560). The amount of adhered bacteria 
decreased 10-100 times comparing to the reference 
bacteria concentration (~1	10

6

FIG. 1. 3D SEM image of Ti
(300 V, 150 mA/cm

2
) treatment in 0.1 M Ca(H

with an addition of 10 g/L ZnO.
 
Conclusions 
Ti-15Mo alloy surface was modified by PEO in baths 
containing zinc compounds in order to 
oxide layers with bioactive and bacteriostatic prop
As a result of PEO process, the roughness and wettabil
of Ti-15Mo surface increased. The presence of zinc 
in oxide layer was confirmed by the XPS technique. 
Obtained oxide layers with incorporated zinc indica
the bacteriostatic effect. 
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The water contact angles decreased for surfaces 
all three investigated baths resulting in 

wettability of materials. The XPS survey 
spectra confirmed the presence of calcium, zinc, titanium, 
phosphorous and oxygen in PEO layer. The bacteria 
adhesion tests showed that all three types of investigated 
surfaces indicate bacteriostatic effect against S. aureus 

 and S. epidermidis (ATCC 
700296, 15560). The amount of adhered bacteria 

100 times comparing to the reference 
6
 CFU/mL). 

 
FIG. 1. 3D SEM image of Ti-15Mo surface after PEO 

) treatment in 0.1 M Ca(H2PO2)2 bath 
with an addition of 10 g/L ZnO. 

15Mo alloy surface was modified by PEO in baths 
containing zinc compounds in order to obtain porous 
oxide layers with bioactive and bacteriostatic properties. 
As a result of PEO process, the roughness and wettability 

15Mo surface increased. The presence of zinc 
oxide layer was confirmed by the XPS technique. 
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