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Abstract
 

The aim of this study was to evaluate the usefulness 

2 layers deposited by two methods - atomic 

layer deposition (ALD) and sol-gel, on the surface 

of stainless steel 316LVM used in application of 

cardiovascular implants. In assessing the suitability 

of the proposed methods to modify surfaces of the 

analysed steel, authors carried out tests of mecha-

nical, electrochemical and physical properties. The 

austenitic steel 316LVM was chosen and subjected 

to the following surface modifications: electrochemical 

polishing, chemical passivation and application of the 

2 layer using both methods – ALD and sol-gel. 

These methods were proposed for research, because 

they are most commonly used in the case of applying 

surface layers to implants. Based on the obtained 

results, it was observed that regardless of the method 

2 layer has beneficial effect on 

examined properties compared to control. Moreover, 

2 layer deposited by ALD is 

characterized by the most preferred combination of 

mechanical, physical and electrochemical properties. 

The layer obtained by this method is characterized 

by a higher critical force, which causes delamination 

of the layers, higher resistance to pitting corrosion 

and higher water contact angle (hydrophobic cha-

racter), which is a desirable phenomenon in the case  

of implants used in the circulatory system, resulting 

in lower adsorption of proteins and blood clothing. 

Proposing of suitable variants of surface treatment 

using the ALD and sol-gel methods is of perspective 

importance. It will contribute to the development of 

technological conditions with specified parameters 

for the production of oxide coatings on implants used 

in the cardiovascular system.

Keywords: 2, ALD, sol-gel, 316LVM, mechanical 

and electrochemical properties 

 



14

-

 

-

 

-

 

-

 

-

-

 

-

2  

 

-

-

-

-

2

2 -

 

Introduction

treatment of cardiovascular pathologies. Most likely it is 

caused by increasing awareness of the importance of blood 

of the operating circulatory system phenomena, as well as 

the research cooperation of doctors and engineers allowed 

for modelling of structures and biological processes associ-

ated with blood circulation. There are various methods of 

treatment of cardiovascular system disorders currently used, 

including surgical implantation. The coronary stents are 

the most common group of implants in terms of application 

[1-3]. However, their use entails two fundamental problems 

associated with clotting and restenosis. The designing 

of physical and chemical properties of the surface layer  

of the implants is indicated in order to reduce these negative 

still have not been achieved. In the literature, little space is 

of silica layer was proposed due to the fact that depending 

adhesion to the metallic substrates, very high biotolerance 

and increased corrosion resistance in comparison to un-

coated materials [4-5]. The literature indicated a number of 

containing silicon on the surface of metallic biomaterials 

[6]. There are still many unresolved issues such as selec-

tion of appropriate parameters of coating technology and 

of their behaviour under conditions of implantation and 

prolonged contact with the tissue environment during use 

The main advantage of these methods is the possibility of 

obtaining coatings at low temperatures. Therefore, the au-

thors propose a comparison of selected functional properties 

2 

studies. Then the surface treatment was conducted, which 

consisted of the following processes: electrochemical pol-

was carried out in phosphoric and sulfuric acids bath until 

-

mended for implants. Then the samples were subjected 

to chemical passivation in 40% nitric acid. These are the 

basic stages of development of functional properties of 

2 layer ap-

2 using sol-gel method was applied with the following 
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were used as precursors. The parameters of the application 

2 

were selected based on previous studies of the authors [10], 

2 layer (about 
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In order to assess the suitability of the use of analysed 

layers, as part of the work the mechanical, physical, and 

The study of the layer adhesion was carried using scratch 

test in order to evaluate the mechanical properties of the 

2 layer [11]. The test involved the performance of the 

scratch on samples surfaces using penetrator – Rockwell 

diamond cone – with gradually increasing load. The critical 

force, which is a measure of layer adhesion, is the smallest 

normal force resulting in the loss of adhesion of the coat-

determined based on: the record of the changes in acoustic 

microscopic observations performed on light microscopy. 

The study was performed for increasing load Fc  

and the following operational parameters: speed load  

vs t 

-

erties was carried out, which involved the performance of 

the research of resistance to pitting corrosion using po-

 

The study was conducted according to the recommendations 

-

-

 

-

 

The potential change was followed in the direction of the 

kor 

was determined based on the obtained curves and the 

-

ally, the corrosion current density ikor was determined from 

the formula (1). This study was carried out in the sample 

 

Ikor  

-

cal properties, which contained the surface wettability tests. 

of Owens-Wendt method. The contact angle measurements 

in drop volume of 1.5 µl at room temperature. The tests were 

recorded drop images.
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2 was observed, 

which is responsible for causing delamination of layers and 

2

of the layer applied by sol-gel method was much lower and 

2 layer, there was no acoustic 

emission signal, which indicates that the binding energy 

between the layer and the substrate is too low. Furthermore, 

in any case, the continuous plastic perforation of the layer 

was observed.

The obtained results of potentiodynamic tests are 

2

method, showed no hysteresis loop and the presence of 

 

in comparison to the breakthrough potential, providing good 

2 using 

initial state contributed to a preferred improvement of the 

corrosion resistance and reduction of the activity of tested 

layers in a corrosive environment. There was observed an 

kor -

ance Rp, while reducing the corrosion current ikor  

2

2
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However, the authors [13] reported that studies of the im-

-

tion, which surface has been subjected to electropolishing 

presence of a hysteresis loop between the breakthrough 

b

cp

hand, the authors [10] reported that the corrosion resistance 

2 is adversely affected 

current density.

and 4. One of the most important properties of the material 

is its hydrophilicity, which is determined by contact angle 

measurement. This material property affects the adsorption 

of different molecules on the surface, which is related to the 

surface energy. It was found, based on the obtained results, 

that the samples with surfaces after electrochemical polish-

ing and passivation are hydrophilic with high surface wet-

av 

value of contact angle of the implants after electrochemi-

cal polishing and passivation. They found an increase in 

the wettability after a certain residence time of the implant 

kor tr Rp cm2 ikor
2

initial state
-211.7 ± 63.5

1262.5 ± 0.7 1075.0 ± 21.2 0.017 ± 0.005

sol-gel
-13.7 ± 22.0 1223 ± 0.6 0.054 ± 0.008
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This indicates for a change in the surface property into 

2 layer applied using 

sol-gel method the increase in the surface wettability was 

found, which is disadvantageous for biomaterials used in 

2 

-

tional properties was found. Moreover, it was observed 

2

by the most preferred combination of mechanical, physical 

and electrochemical properties. In this case, the increased 

adhesion of the tested layer to the substrate was observed, 

material under conditions of implantation and prolonged 

2  

2 

2  
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crucial to perform the analysis of the surface layer of the 

biomaterial in terms of wettability, which allows to evaluate 

the behaviour of blood cells. The results obtained from con-

tact angle measurements are very favourable in the case 

protein adsorption, which restricts the blood clotting process. 

However, in the case of sol-gel method, the hydrophilic 

surface was observed, which is disadvantageous due to the 

cellular adhesion to the surface of the biomaterial. The use 

the safety of the implant. In order to obtain more completed 

2 

studies including hemolysis. The results will provide basis 

-

-

effectiveness of the treatment of cardiovascular system 

occurring on the surface of the implant in contact with blood.

The project was funded by the National Science Centre 

granted under decision No 2014/13 /D/ST8/03230.
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