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Abstract. Results of researches of structure and properties of the nanostructured carbon coatings deposited
on a polyurethane substrate are presented in article. Possibility of application of the scanning probe micro-
scope methods and sclerometer method for quality control of the nanostructured carbon coatings is shown.
The results of researches showing that the nanostructured carbon coatings deposited on polyurethane have
high degree of adhesion to a substrate, reduce porosity of surface and increase its durability and wear re-
sistance, increase elasticity and coefficient of restitution at deformation are given.

1 Introduction

In developing of biomedical materials one of the most
important the problem is a biological compatibility
which is caused by influence of the biological environ-
ment on a material and influence of a material on sur-
rounding fabrics. Materials suitable for these purposes
are the polymers steady against influence of biological
environments, and also not undergoing metabolic de-
struction in an organism.

At the present time absolutely biocompatible poly-
meric material doesn't exist. The main groups of poly-
mers which are using in medicine aren't deprived in this
regard a set of shortcomings. Thus, need of search of
such way of protection of biomedical materials which
would keep their positive properties for a long time is
obvious, and at the same time would provide their sterili-
ty and biological inertness, ompenensemoro with their
functional purpose.

Biological compatibility of carbon with sp-
hybridization of atoms is a priori predicted by Rouf R.
et Williams D. in 1975 [1]. Besides, the oriented layers
of sp-carbon are capable to change lattice parameter, i.c.
are labile, pass ions and molecules of liquids, working as
the molecular filter. The last property is explained by
van der Waals' interaction of chains among themselves
that does possible their drawing apart at interaction with
molecules and ions [2-3]. Other major property of coat-
ings based on linear acetylenic carbon (LAC) is unique-
ness of their mechanical properties: adhesions; durability
and elasticity [4-6].

Actively being applied in medicine polyurethane is
among polymers. One of scopes of polyurethane is their
use at production of the artificial ventricles of heart
(AVH) for left ventricle assists systems (LVAS) and
artificial heart (AH) devices.

Primarily, the choice of polyurethane is due to its
physical and mechanical properties: elasticity or rigidity,

: Corresponding author: blv_vlsu@mail.ru

mechanical strength, transparency. Besides that, the fol-
lowing factors are taken into account: manufacturability
of production and low labor intensity of processing, the
possibility of sterilization of the final product made from
the selected material.

However purely technical polyurethane — biological-
ly active material, and it can't be used for products of
medical appointment. The polyurethane used in medi-
cine, has own polymeric structure and contains high per-
cent of the additives providing decrease in their toxicity
and demanded mechanical properties. Therefore it is
necessary to use such methods of preparation of a mate-
rial which would keep demanded mechanical character-
istics and provided biocompatible properties of a materi-
al.

One of solutions of this problem is modification of
surface layer of the main material. For modification of
surfaces of polymers, including AVH it is used or textur-
ing of [7] surfaces, or depositing various on a chemical
composition and the nature of coatings [8, 9]. Thus, one
of the perspective directions on creation of biomedical
materials with high mechanical properties and biocom-
patible indicators is modifying of surfaces of polymers
due to formation of single-layer, multilayered, simple or
difficult chemical composition coatings.

In this work results of researches of physico-
mechanical and adhesive properties of the carbon coat-
ings deposited on a surface of polyurethane for its fur-
ther application as a material for production of AVH are
described.

2 Materials and Methods

Carbon coating thickness ~ 500 A, deposited on polyure-
thane VITUR PF TM-0333-95 by ion plasma deposition
method. VITUR PF TM-0333-95 was selected as materi-
al, which have a positive toxicological certificate issued
by FGBI “All-Russian Scientific and Research Organiza-
tion for Medical Engineering” of Federal Service on sur-
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veillance in healthcare” (Moscow, Russia). The basic mechanical properties of a surface the method of a
physico-mechanical properties of these materials are measuring indentation according to recommendations of
shown in the table 1. the international standard ISO 14577, and also a

sklerometer method is realized. The sklerometer method
has a several advantages than cave-in methods at meas-
urement of hardness of films at a nanoscale [10].

Table 1. The basic physico-mechanical properties of
VITUR PF TM-0333-95

Mini- Scratching with variable loading gives the chance to de-

Ultimate Shore mal Stress at Fermine at the same time some parameters Qf a film With—
tensile Elongation| hard- tear 100 % In one measuring procedpre: area of elastic }nteractlor},
strength, at boreak, ness, re- strain, threshold 10ad1qg at Whlch plastic dgformatlon, condi-
MPa % method | sis- MPa tions film peeling begins. Comparative researches of
A tance, physico-mechanical characteristics of an initial surface

30 380 55 l\i/z “(;m 5 of polyurethane and sample with the put covering it was

made on the scanning nanohardness tester "NanoScan-

The structure of deposited LAC film is shown in fig- 3D". The Berkovich tip of indenter was applied to me-
ure 1. chanical tests.

484 3 Results

————— Micrographs of polyurethane surfaces received by means
of SEM are presented in fig. 2. Application of this meth-
od of research allows assuming only that result of depo-
sition on polymer surface of the thin film having non-
continuous which quantity decreases with increase in
thickness of a coating is formed.

Obviously, that this technique of research of such
coatings (films) is low-informative and demands applica-
tion of other methods of structural researches, for exam-
ple — scanning probe microscopy (SPM).

Fig. 1. The model image of deposited LAC film structure

The structural analysis and measurement of physico-
mechanical properties was carried out on a scanning
electron microscope (SEM) "Quanta 200 3D", atomic-
force microscope (AFM) "NTEGRA Aura", scanning
nanohardness tester "Nanoskan-3D". The main differ-
ence of scanning nanohardness tester of the "Nanoskan"
series from classical scanning probe microscopes (SPM)
is application of a piezo-ceramic probe sensor with high
bending stiffness of the cantilever. Using of the reso-
nance oscillation mode allows exercising control of con-
tact between probe and surface in two parameters:
change of amplitude and oscillation of a probe. The res-
onant operating mode of a probe provides high stability
of amplitude and frequency of oscillation and guarantees Fig. 2. Micrographs (SEM) of polyurethane surface: a) without
soft contact between probe and material surface during film; b) with LAC deposited film
scanning process. On the basis of the scanning nano-
hardness tester "Nanoskan-3D" for measurements of

AFM-image of a surface samples with film and with-
out coating are presented in fig. 3. The presented images
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have distinctions, confirming coatings about existence surface with the deposited coating: maximum roughness
on a polyurethane surface. The flat and volume image of depth (Rmax) — 147.843 nm; arithmetic average of the
a sample with a carbon film is submitted in fig. of 3 ¢, d. absolute values of the roughness profile (Ra) — 11.931

nm; average maximum height of the profile (Rz) —

i 2’;’; | 125.573 nanometers.
’ The method of a measuring indentation obtained data
0.8 20 on values of hardness, the elasticity module, and coeffi-
cient of elastic restoration. Range of the maximum load-
0,6 15 ings at an indentation was from 100 uN to 5 mN. Feature
of studied materials is the high coefficient of restitution
0.4 10 at the indentation, reaching ~ 95%. This effect is mani-
— fested in the fact that the load curve on the «load-
. " indentation» chart almost coincides with the discharge
’ curve (fig. 4).
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Fig. 4. Correlation between load P and depth of indentation h
nm for coated polyurethane substrate
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Fig. 3. AFM-images of polyurethane surface: a) without film; b)

b-d) with LAC deposited film ] ]
Fig. 5. Mechanical properties of research samples (the load

The analysis of the surface relief of sample allowed range: 0,1 to 5 mN): a) hardness; b) Young’s modulus
determining main parameters of microroughnesses of
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At the same time, the values of the module of elastic-
ity calculated on the same experimental data (fig. of 5 b),
show considerable (1.5-2 times) module excess on a sur-
face with a coating.

The presented data (fig. 6) show that essential dis-
tinction of mechanical properties is observed with a
depth of indentation less than 1 pm. This size is connect-
ed with a ratio of depth of an indentation and film thick-
ness: with a depth of indentation of the indenter, a film
comparable to thickness measured value generally is
defined by properties of a substrate. At the same time,
the measured module of elasticity of a surface with a
film remains to higher, than at an initial material at
depths of indentation of the indenter, many times ex-
ceeding film thickness. It testifies that the coating keeps
elastic properties and doesn't destroy at large relative
deformations.

The sklerometer method was applied to research of
durability and adhesive properties of coating with varia-
ble loading. Scratches about 75 pm length were put on
surfaces of samples, load changed from 0 to 5 mN. The
scratch test of polyurethane without coating leads to
formation of scratches with indistinctly outlined edges
up to 500 nm in depth. Similar experiment on a sample
with a covering (fig. 6) doesn't lead to essential defor-
mation of a surface, except for flows at the end of
scratch with the maximum loading 5 mN, connected,
apparently, with partial transfer of a material on a sur-
face. Thus film flaking from a substrate that speaks
about good adhesive properties of a covering isn't ob-
served.

25um

Fig. 6. AFM-image of surface sample with LAC after variable
load scratch test: 0 to 1 mN (left) and 0 to 5 mN (right)

4 Conclusions

Results of the conducted researches of a relief and phys-
ico-mechanical properties of coverings on the basis of
LAC deposited on polyurethane, the SPM methods, a
nanoindentation and sklerometer method show that de-
posited coatings reduce porosity of a surface, increase its
durability and wear resistance, increase elasticity and
coefficient of elastic restoration at deformation. The
coating has high degree of adhesion to a substrate and
doesn't exfoliate at mechanical influence. It is shown that
the SPM methods, a measuring indentation and sklerom-

eter method can be used for quality control of carbon
coatings on products from polyurethane.
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