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A PEEK medical implant and a method of formation of surface layers on medical implants
rystalline silicon carbonitride coating (5) - a-SiCN(H) or
SiCN(H)
wherein the surface layer (2) comprising the coatings (3,
4, 5) is formed through argon Ar+ ion etching in an atmosphere containing precursors of carbon, nitrogen, silicon and argon as carrier gas in the temperature within
the range between 22°C and 100°C, at pressure in a
working chamber within the range between 0.1 and 2
milibar with the use of chemical vapour deposition from
gas phase with the use of chemical reactions with the
use of current-generated plasma or microwave-generated plasma.
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(57)
The subject of the invention is a medical implant,
in particular an element of a mechanical heart valve,
made from polyetheretherketone, characterised in that it
has a gradient surface layer (2), comprising the following
coatings from the base of the implant:
- an amorphous hydrogenated nitrogen doped carbon
coating ( 3)
- a-C:N:H ;
- an amorphous or amorphous-nanocrystalline hydrogenated nitrogen and silicon doped carbon coating (4) a-C:N:H(Si) or C:N:H(Si);
- an amorphous or nanocrystalline or amorphous-nanoc-
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Description
[0001] The invention relates to a medical implant, in
particular an element of a mechanical heart valve and a
method for formation of surface layers on medical implants, in particular on elements of mechanical heart
valves made from polyetheretherketone.
[0002] The main element of a mechanical heart valve
is a movable disc which opens in the blood stream which
is also a closing mechanism of a heart valve. Discs of
this type and other medical implants are made of various
materials including polymers, for instance, of polyetheretherketone with a trade name PEEK, polyoxymethylene known as Delrin, polytetrafluoroethylene known as
Teflon. Moreover, pyrolytic carbon is also known to be
used as an external layer formed on polycrystalline
graphite or titanium and its alloys with a layer of nanocrystalline diamond - NCD, formed according to the patent
description PL 186562. Coatings of amorphous hydrogenated carbon - a-C:H, also nitrogen a-C:N:H, are also
used as well as layers of amorphous hydrogenated silicon carbide - a-SiC(H), used, for instance, on the surface
of stents.
[0003] The applied materials should be highly resistant, ensure minimum resistance to blood flow, they
should be resistant to friction wear, mechanically resistant, resistant to degradation and sterilization as well as
biocompatible which means they should have the lowest
possible impact on the morphological elements of the
blood and endothelial cells surrounding the valve, they
should carry minimum risk of thrombogenesis and eliminate adsorption of blood elements. Therefore, the materials selected for making a mechanical valve, as well
as the structure thereof, are the essential prerequisite for
its song life.
[0004] The invention relates to a medical implant, in
particular an element of a mechanical heart valve, made
of polyetheretherketone. The essence of the invention is
that the implant has a gradient surface layer comprising
the following coatings from the polyetheretherketone
base:
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deposition from the gas phase with the use of chemical
reactions with the use of curreiit-generated plasma or
microwave-generated plasma.
[0005] The gradient layer is a layer in which the concentration of the substance forming the layer in relation
to the base substance increases continually in the direction where the gradient points. According to the invention
the concentration of the substance forming the surface
layer in relation to the base substance decreases continually to 0 in the direction from the surface towards the
base.
[0006] It is preferable that the overall thickness of the
gradient surface layer does not exceed 1000 n-m. The
content ratio of the number of atoms of carbon to nitrogen
can range from 9 to 4 throughout the layer and the concentration of hydrogen in the layer is no more than 30%
of the number of atoms, The concentration of silicon in
the direction perpendicular to the polyetheretherketone
base to the external surface of the layer increases from
0 to maximum 25% of the number of atoms.
[0007] In a preferred embodiment the thickness of the
coating a-C-N:H is no more than 40% of the thickness of
the gradient surface layer, preferably 37.5%, the thickness of the a-C:N-H(Si) or C:N:H(Si) coating does not
exceed 55% of the thickness of the gradient surface layer,
preferably 50% and the thickness of the a-SiCN(H) or
SiCN(H) coating does not exceed 20% of the gradient
surface layer, preferably 17.5%.
[0008] Moreover, the gradient of the increasing concentration of silicon is directed towards the surface of the
layer and the gradient of concentration of nitrogen and
carbon is directed towards the polyetheretherketone
base.
[0009] Another invention relates to the method for formation of surface layers on medical implants made from
polyetheretherketone, in particular on elements of mechanical heart valves. The essence of the invention is
that on a prepared implant a gradient surface layer is
formed, which surface layer comprises the following coatings starting from the polyetheretherketone base:
-

-

-

an amorphous nitrogen doped hydrogenated carbon
coaling - a-C:N:H;
an amorphous or amorphous-nanocrystal line nitrogen and silicon doped hydrogenated carbon coating
- a-C:N:H(Si) or C:N:H(Si);
and amorphous or nanocrystalline or amourphousnanocrystalline silicon carbonitride coaling - a-SiCN
(H) or SiCN(H);

wherein the gradient surface layer comprising the above
coatings is formed as a result of argon ion etching of the
implant in the atmosphere containing precursors of carbon, nitrogen and silicon and argon as carrier gas in the
temperature within the range between 22 °C and 100°C
at pressure in the working chamber within the range between 0. and 2 millibar with the use of chemical vapour
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an amorphous hydrogenated nitrogen doped carbon
coaling - a-C:N:H;
an amorphous or amorphous-nanocrystalline hydrogenated nitrogen and silicon doped carbon coaling
- a-C:N:H(Si) or C:N:H(Si);
and an amorphous or nanocrystalline or amorphousnanocrystalline silicon carbonitride coaling - a-SiCN
(H) or SiCN(H);

by argon ion etching of the implant in the atmosphere
containing precursors of carbon, nitrogen and silicon as
well as argon as carrier gas in the temperature within the
range between 22°C and 100°C, at pressure in a working
chamber within the range between 0.1 and 2 millibar with
the use of chemical vapour deposition from gas phase
with the use of chemical processes with the use of current- generated plasma or microwave-generated plas-
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ma.
[0010] In a preferred embodiment the etching should
be carried out in the temperature within the range between 30°C and 60°C, most preferably 40°C.
[0011] It is also recommendable that the etching is carried out at pressure within the range between 0.2 millibar
and 0.4 millibar.
[0012] The surface layer of the proposed structure adheres well to the base. Gradient silicon carbonitride SiCxNy(H) coatings have better tribological and biological
properties in contact with blood compared to other known
layers. The layer whose thickness is up to 1000 nm can
be formed on elaborately shaped elements. The method
according to the invention to form said gradient surface
layers with the external hydrogenated silicon carbonitride
coating containing: carbon, nitrogen, silicon and hydrogen of different concentration formed by PACVD method
which is a method of chemical vapour deposition from
gas phase with the radio-frequency or microwave current
activation of the reactive atmosphere. The formed layers
adhere well to a polyetheretherketone base and the friction coefficient thereof is reduced nearly threefold in relation to non-modified polymer. The so formed layer also
reduces adhesion of platelets and aggregates of blood
platelets.
[0013] A medical implant and a method for formation
of surface layers on medical implants are presented in
more detail in the following embodiments and in the enclosed drawing which shows a schematic cross section
of a fragment of the mechanical heart valve with schematic coatings of the gradient surface layer.
[0014] Disc 1 of the mechanical heart valve is made
from polyetheretherketone and has an external gradient
layer 2 comprising the following coatings from the polyetheretherketone base: an amorphous hydrogenated nitrogen doped carbon coating 3 - a-C:N:H approximately
300 nm thick, an amorphous hydrogenated silicon doped
carbon coaling 4 - a-C:N-H(Si) approximately 400 nm
thick and an external amorphous silicon carbonitride
coating 5 - a-SiCN(I-1) approximately 100 nm thick. The
ratio of the number of carbon atoms to the number of
nitrogen atoms in the gradient layer is approximately 6,
and the hydrogen content is 25% of the number of atoms.
Moreover, the concentration of silicon in the direction perpendicular towards the polyetheretherketone base increases from the base towards the surface of the layer
frog 0 to approx. 23.5 % in the number of atoms, Furthermore, the nitrogen and carbon concentration gradient is
directed towards the polyetheretherketone base.
[0015] In alternative embodiments the amorphous hydrogenated nitrogen and silicon doped carbon coating 4
- a-C:N:H(Si) may be replaced with an amorphous-nanocrystalline hydrogenated nitrogen and silicon doped
carbon coaling - C:N:H(Si). Additionally, the amorphous
nanocrystalline silicon carbonitride coating 5 - a-SiCN(H)
may be replaced with a nanocrystlline or amorphous-nanocrystalline silicon carbonitride coaling - SiCN(H).
[0016] In further of the invention the thickness of the
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layer 2 may be up to 1 000nm, wherein the thickness of
the coating 3 a-C:N:H may be up to 40% of the thickness
of the layer 2, the thickness of the coating 4 a-C:N:H(Si)
or C:N:H(Si) may be up to 55% of the thickness of the
layer 2, and the thickness of the coating 5 a-SiCN(H) or
SiCN(.lX) may be up to 20% of the thickness of the layer 2.
[0017] Additionally, in further embodiments of the invention the ratio of the number of atoms of carbon to the
number of atoms of nitrogen in coatings of the layer 2
may range between 9 and 4, and the concentration of
hydrogen may be up to 30 % of the number of atoms.
The concentration of silicon in direction perpendicular
towards the polyetheretherketone base towards the surface of the external layer may rise to the maximum of
25% of the number of atoms.
[0018] The gradient surface layer of a medical implant
made from polyetheretherketone, for example a disc of
a mechanical heart valve, another element of a heart
valve or another medical implant made from polyetheretherketone is formed in the following way. First, an
implant is mechanically machined and degreased by ultrasonic cleaning in acetone. Then the so prepared implant undergoes argon Ar+ ion etching in an RFCVD
chamber which is a chamber for chemical vapour deposition from gas phase by radio-frequency generated plasma, whose work parameters are for example: frequency
13.56 MHz, and power 400 W. After that the implant undergoes a process of chemical vapour deposition from
the gas phase with the use of chemical reactions in reactive environment containing precursors of carbon, nitrogen and silicon, respectively: CH4, N2, SiH4 in the
presence of argon as carrier gas activated by high frequency current - 13.56 MHz, 400 W, at pressure within
the range between 0.2 and 0.4 millibar, at the temperature of 40°C during 30 minutes.
[0019] Alternatively, instead of using an RFCVD chamber an MWCVD chamber may be used which means that
an implant may undergo etching in a chamber for chemical vapour deposition from the gas phase with the use
of microwave generated plasma, whose work parameters are for example: frequency 2.45 GHz, power 2 kW.
[0020] In other embodiments of the method an implant
undergoes the process of chemical vapour deposition
from the gas phase at the temperature within the range
between 22°C and 100°C, and pressure in the working
chamber within the range between 0.1 and 2 milibar.
[0021] The scope of protection includes implants
whose selected surfaces comprise a gradient surface
layer in variants described above, in particular at least
surfaces designed to be in contact with blood.

Claims
55
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1.

A medical implant, in particular an element of a mechanical heart valve, made from polyetheretherketone, characterised in that it has a gradient surface
layer ( 2 ), comprising the following coatings from the
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base of the implant:
- an amorphous hydrogenated nitrogen doped
carbon coating ( 3 ) - a-C:NIH;
- an amorphous or amorphous-nanocrystalline
hydrogenated nitrogen and silicon doped carbon coating ( 4 ) - a-C:N:H(Si) or C:N:H(Si);
- an amorphous or nanocrystalline or amorphous-nanocrystalline silicon carbonitride coating ( 5 ) - a-SiCN(H) or SiCN(H);
wherein the gradient surface layer comprising
the above coatings is formed as a result of argon
ion etching of the implant in the atmosphere containing precursors of carbon, nitrogen, silicon
and argon as carrier gas in the temperature within the range between 22°C and 100°C at pressure in a working chamber within the range between 0.1 and 2 millibar with the use of chemical
vapour deposition from gas phase with the use
of chemical reactions with the use of currentgenerated plasma or microwave-generated.plasma
2.

The implant according to claim 1 characterised in
that the overall thickness of the gradient surface layer ( 2 ) is maximum 1000 nm, and the ratio of the
number of carbon atoms to the number of nitrogen
atoms is within the range between 9 and 4, and the
concentration of hydrogen in the layer is maximum
30 % of the number of atoms, and the concentration
of silicon in the direction perpendicular to the polyetheretherketone base towards the surface of the
layer increases within the range from 0 to maximum
25% of the number of atoms.

prises the following coatings from the polyetheretherketone base of the implant:

4.

5.

The implant according to claims 1 or 2, characterised in that the thickness of the coating ( 3 ) a-C:N:
H does not exceed 40% of the thickness of the gradient surface layer ( 2 ), preferably 37.5 %, the thickness of the coating ( 4 ) a-C:N:H(Si) or C:N:H(Si)
does not exceed 55% of the thickness of the gradient
surface layer ( 2 ), preferably 50 %, and the thickness
of the coating ( 5 ) a-SiCN(H) or SiCN(H) does not
exceed 20% of the thickness of the gradient surface
layer ( 2 ), preferably 17.5 %.
The implant according to one of the claims 1-3, characterised in that the gradient of the increasing silicon concentration is directed towards the surface of
the layer, whereas the gradient of nitrogen and carbon concentration is directed towards the polyetheretherketone base.
A method for formation surface layers on medical
implants made from polyetheretherketone, in particular on elements of mechanical heart valves, characterised in that on the prepared implant a gradient
surface layer is formed and said gradient layer com-

- an amorphous hydrogenated nitrogen doped
carbon coating - a-C:N:H;
- an amorphous or amorphous-nanocrystalline
hydrogenated nitrogen and silicon doped carbon coating - a-C:N:H(Si) or C:N:H(Si);
- an amorphous or nanocrystalline or amorphous-nanocrystalline silicon carbonitride coaling - a-SiCN(H) or SiCN(H)
by argon Ar+ ion etching of the implant in an
atmosphere containing precursors of carbon, nitrogen, silicon and argon as carrier gas at the
temperature within the range between 22°C and
1.00°C, at pressure in a working chamber within
the range between 0.1 and 2 milibar with the use
of chemical vapour deposition from gas phase
with the use of chemical reactions with the use
of current-generated plasma or microwave-generated plasma.
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6.

The method according to claim 5 characterised in
that the etching is carried out at the temperature
within the range between 30°C and 60°C, most preferably 40°C.

7.

The method according to claims 5 or 6, characterised in that the etching is carried out at pressure
within the range between 0.2 millibar and 0.4 millibar.
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