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Wear and/or friction reduction by using molybdenum nitride based coatings

The present invention relates to coatings for attaining reduction of wear or reduction of
friction on surfaces of components. Such components for example can be used in the
automotive sector or precision components (i.e. highly engineered components) sector. In this
regard the components can be for example piston pins, cam followers or piston rings or nozzle:

needles.

The use of molybdenum coatings or molybdenum comprising coatings is well known. The use
of molybdenum nitride as wear reduction coating on surfaces of components is in particular

well known.

The behavior of the interface between the substrate surface of the component and the
molybdenum nitride coating is however still today unsatisfactory and insufficient for meeting

the current industrial requirements during application of the so coated components.

This has been especially observed when the substrate material to be coated is not hard
enough, it means in this context that the substrate material has a hardness for example

between 50-65 HRC, in any case not higher than 65 HRC.

Figure 1 shows a picture of a coated surface after Rockwell indentation HRC, where the
hardness of the substrate is between 50 and 65 HRC and the substrate is coated with MoN.
Ring-shaped fracture of the MoN coating can be clearly observed surrounding the HRC

Rockwell indentation.

It is possible that the observed ring-shaped fracture has been produced as a consequence of
the big difference between the hardness and Young’s modulus of the MoN coating and the
hardness and Young's modulus of the substrate material. it is supposable, because actually
the hardness and Young’s modulus in the molybdenum nitride coating are considerable higher
in comparison with the substrate, and consequently it is possible that the substrate has been
considerably deformed during the application of the indentation load, while the MoN coating

has been less deformed net and therefore the MoN coating cracked.

For this reason this can be in particular a big problem when variable loads (interrupted load)

are applied on the coated substrate of the component.

CONFIRMATION COPY
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Essentially this problem can be avoided by using substrates having a higher hardness, such as
e.g. substrates made of cemented carbide. However the components used in many
automotive applications are made of materials which have Rockwell hardness lower than 65

HRC.

The objective of the present invention is. to modify the molybdenum nitride coating and/or
the substrate surface to be coated in order to improve the contact between substrate surface
and MoN coating when the substrate exhibit a hardness of 65 HRC or lower and the coated

substrate is subjected to load or especially to interrupted load.

In particular it is intended that the inventive solution makes possible that no ring-shaped
fracture lines are produced during Rockwell indentation by conduction of HRC Rockwell tests
in substrates coated with MoN based coatings when the substrate hardness is lower or equal

to 65 HRC.

The objective of the present invention is attained by providing a component having a coated
surface according to claim 1. Preferred embodiments of such components are described in

claims 2 to 6.

Such components having a coated surface according to the present invention can be
manufactured by using a method according to claim 7. A preferred method is described in

claim 8.

According to a first possible solution the component surface to be coated with the MoN
coating is previously modified by subjecting it to a nitriding process in order to increase the
substrate surface hardness before depositing the MoN coating. Afterwards the MoN coating
is applied on the component surface which was previously hardened by nitriding as mentioned
above. The MoN coating can be deposited for example by using a reactive PVD process.

Preferably a reactive arc PVD process is used for depositing the MoN coating on the hardened

component surface. It is a special advantage of the used method that the nitriding processs of

the substrate and the coating process are done in one machine. This guarantees a good
adhesion between the nitriding layer and the coating without formation of a white layer. The
MoN coating can be deposited exhibiting a hexagonal phase or a cubic phase or a mixture of

hexagonal and cubic phases.
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Figure 2 shows a picture of a surface coated according to the above mentioned first possible
solution and afterwards was tested according to the standard HRC Rockwell test. In this
picture it is clear to see that no ring-shaped fracture lines surrounding the Rockweli

indentation can be observed.

According to a second possible solution the component surface to be coated is coated with a
modified MoN coating. In this case it is not necessary to modify previously the component
surface to be coated. The modified MoN coating according to this second possible solution
exhibits a multilayer structure, which comprises alternate deposited layers of MoN and layers
of CrN. Especially good results i.e. Rockwell indentations without ring-shaped fracture lines or
further adhesive failures were in particular observed by using this second possible solution
when the thickness of the multilayer coating was about 4 to 5 pm. Also in this case the MoN
layers can be deposited exhibiting a hexagonal phase or a cubic phase or a mixture of
hexagonal and cubic phases. It might be however that for a specific application less coating
thickness is suitable because the load in a real application might be not as high as in the HRC

Rockwell test. In this case a thickness of for example 2 um might be enough.

The MoN and CrN layers can be deposited for example by using a reactive PVD process.

Preferably a reactive arc PVD process is used for depositing the MoN and the CrN layers.

According to a preferred embodiment of the presént invention the component surface to be
coated is coated with a modified MoN coating, wherein the MoN coating is modifyirg ied by
adding Cr. In this case it is also not necessary to modify previously the component surface to
be coated. The modified MoN coating according to this embodiment of the present invention
is a Cr containing MoN coating exhibiting a monolayer structure and having chemical
composition given by the formula MoxCryN, where x and y correspond to the coefficients of
Mo content and Cr content in atomic percentage, respectively, when only Mo and Cr are
considered, and so x+y is considered to be 100 at%. Preferably 5 <y 50. More preferably 20 <
y 40. The Cr content in the MoxCryN can be varied along the thickness of the MoxCryN layer.

Since as described in the first possible solution the component surface to be coated with a
MoN coating must be previously nitrided and standard nitriding processes are conducted at
temperatures of 450 °C or higher, only components made of materials which can resist such
temperatures can be treated in this manner. In this regard, the second possible solution

(MoN/CrN multilayer) and the above mentioned preferred embodiment of the present
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invention (MoxCryN) involves the advantage that the coating process can be conducted at
temperatures of 200 °C and no nitriding step is necessary; hence components made of

temperature sensitive materials can be treated, like for example piston pins.

Since the thickness of the individual layers of a multilayer coating comprising MoN and CrN
layers as described in second possible solution can depend strongly on the geometry i.e. of
the form and dimensions of the surface of the component to be treated as well as the position
of the component surface to be coated in relation to the coating source during coating
process. Consequently it could be complicated to produce such multilayer structures if the
component to be treated has a complex geometry. In this regard, the preferred embodiment
of the present invention involves the advantage that only a monolayer must be deposited.
Furthermore this preferred embodiment involves the advantage that surprisingly with lower
coating thicknesses of the MoxCryN layer, i.e. already with thickness of about 2 um it was
possible to obtain very good results and pictures of the treated surface after HRC Rockwell
test. The HRC Rockwell test showed no ring-shaped fracture lines with 2 um coating thickness
and also not any sign of adhesive failure, while in the case of using a MoN/CrN multilayer a

thickness of about 4 um was necessary.

However as already mentioned above it might be, that in a real automotive application also a

2 um thick MoN/CrN Multilayer solution would work.

It was observed that in some cases a further improved contact in the context of the present
invention was attained by providing an adhesion layer made of CrN. This adhesion layer was
deposited for example before depositing the MoN coating according to the first possible
solution or before depositing the modified MoN coating according to the second possible
solution, or before depositing the MoxCryN monolyer according to the above mentioned
preferred embodiment of the present invention, respectively. The CrN adhesion layer is
preferably provided having a layer thickness of at least 30 nm. The thickness of the CrN

adhesion layer preferably between 0.05 um and 1 um.
Examples:

Example 1

A qualified reference sample made of 1.2842 19MnCrV8 with hardness 64 HRC before coating

(following referred to as QRS) test piece having a steel surface and a piston pin were coated
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with a coating comprising a first layer consisting of CrN, which was deposited as adhesion
improving layer, and a MoxCryN monolayer according to the present invention was deposited
onto the CrN layer. The CrN layer was deposited by evaporating two Cr targets by using Arc
PVD techniques in a nitrogen containing atmosphere. MoxCryN layer was also deposited by
means of a reactive Arc PVD process. For depositing the MoxCryN layer two targets comprising
Mo and two targets comprising Mo were evaporated by using Arc PVD techniques in nitrogen
comprising atmosphere. The desired element composition of the MoxCryN layer was adjusted
by varying the arc current at the targets operated as cathodes. The element composition of
the MoxCryN layer was measured by EDX and it was determined that y was approximately 34
at%. The thickness of the CrN and MoxCryN layer was also measured and it was determined
that it was 0.4 pm for the CrN layer and 2 pum for the MoxCryN, respectively. No nitriding

treatment was performed before coating.

With the intention of comparing the inventive coated surfaces with not inventive coated
surfaces, a QRS and a piston pin were toated with a MoN coating (including a thin CrN

adhesion layer) without performing previously a nitriding treatment -
Afterwards corresponding Rockwell tests were carried out on all coated surfaces.

The pictures of the tested surfaces after Rockwell indentation are shown in figure 3. Fig. 3a
and 3b on the left side show the coated surface of the QRS (on the top) and the piston pin (on
the bottom), respectively, which were only coated with a MoN coating. Fig. 3c and 3d on the
right side show the coated surface of the QRS {on the top) and the piston pin (on the bottom),
respectively, which were coated according to the above described example of the present

invention.

Neither ring-shaped fracture lines nor any sign of adhesive failure were observed on the

surfaces coated according to the present invention.

Example 2

Anozzle needle was coated with a coating comprising a first layer consisting of CrN, which was
deposited as adhesion improving layer, and a MoxCryN monolayer according to the bresent
invention was deposited onto the CrN layer. The same method as described in example 1 was
used for depositing the coating in this example. Only the arc current at the Cr targets was

adjusted to be 20 Amperes higher during deposition of the MoxCryN monolayer in order to
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obtain a higher Cr content in comparison with example 1. The thickness of the CrN and
MoxCryN layer was measured and it was determined that it was 0.7 pm for the CrN layer and

2.3 um for the MoxCryN, respectively.

Afterwards corresponding HRC Rockwell tests were carried out on the coated surface of the

nozzie needle.

A picture of the tested surface after Rockwell indentation is shown in figure 4. Neither ring-

shaped fracture lines nor any sign of adhesive failure were observed.
Particularly good results were observed with 20<y<40.

The components coated according to the present invention can be produced by using any PVD
technique. For example the MoxCryN layer can be deposited by means of a reactive PVD
process. The reactive PVD process can be a reactive Arc PVD process, wherein during
deposition of the MoxCryN at least one target comprising Mo and Cr or at least one target
comprising Mo and at least one target comprising Cr are evaporated by using Arc PVD

techniques in an atmosphere comprising nitrogen as reactive gas.

However the methods for producing coated components according to the present invention

are not limited by this description.

The surfaces of the components coated according to the present invention exhibit additionally
very good tribological properties, in particular concerning wear resistance and reduced

friction.
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Claims

1. Component comprising a surface coated with a coating comprising a MoxCryN layer,
where x and y correspond to the coefficients of Mo content and Cr content in atomic

percentage, respectively, when only Mo and Cr are considered, and so x+y = 100 at%.

2. Component according to claim 1, characterized in that 5 at% <y < 50 at%
3. Component according to claim 1, characterized in that 20 at% <y <40 at%
4, Component according to any of the previous claims 1 to 3 characterized in that the

coating comprises a CrN layer deposited between the surface of the component and the

MoxCryN layer.

5. Component according to any of the previous claims 1 to 4 characterized in that the

component is an automative component or a precision component.

6. Component according to any of the previous claims 1 to 5 characterized in that the

surface of the component which is coated has a hardness equal or lower than 65 HRC.

7. Method for producing a component according to any of the previous claims, wherein

the MoxCryN layer is deposited by means of a reactive PVD process

8. Method according to claim 6 characterized in that the reactive PVD process is a reactive
Arc PVD process, wherein during deposition of the MoxCryN ét least one target comprising
Mo and Cr or at least one target comprising Mo and at least one target comprising Mo are
evaporated by using Arc PVD techniques in an atmosphere comprising nitrogen as reactive

gas.
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