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"Hybrid technologies for woodworking tools modificat ion "

The aim of the project
Development  of  the  surface  treatment  technolog y  of  high speed   steel   
woodworking   tools   that   will   ensure   their superiority over unmodified HSS 
tools and will allow at least to equalize the durab ility of modified HSS tools with 
that of unmodified carbide tools at lower market pr ices.
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� Requirements for hard coatings on woodworking tools
� Chromium nitride

� The effect of carbon on the properties of CrN
� PVD deposition system 
� The results of investigations of monolayer coatings

� Why multilayer coatings?
� The results of investigations of multilayer coatings
� Industrial tests results
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Requirements for hard coatings on woodworking tools

•high chemical stability
•good mechanical properties

low interaction 
of coating –workpiece system

•high mechanical and fatigue strength
•high impact resistance
•high temperature and thermal shock resistance
•low thermal conductivity

high hardness and toughness

• similar nature of chemical bonding in the coating and
• substrate material
• similar coefficient of thermal expansion

high adhesion
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� - Cr2N                   gggg- CrN

High corrosion resistance

High wear resistance

< 700 oCWorking temperature

High oxidation resistance

2,3
Coefficient of thermal linear
expansion � [10-6 K-1]

12
Coefficient of thermal
conductivity [W/mK]

310Young’s modulus E [GPa]

0.4-0.9
Coefficient of friction (dry) 
against steel

Parameter gggg - CrN

Hardness [GPa] 18

chromim

• nitrogen

Chromium nitride
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J. Almer et al., Thin Solid Films 385 (2001) 190

Cr68C8N24 - Si3N4 
Cr68C8N24 - Al2O3
Cr67C19N14 - Si3N4
Cr67C19N14 - Al2O3

T. Polcar et al. Vacuum 80 (2005) 1139/37
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� similar coefficient of 
friction at RT and 400 
C,

� wear rate decreases with 
temperature increase,

� hardness increases after
annealing,

Indications for CrCN

dependent on the 
carbon content in 
CrCN

Goal of the technological and research studies -
determination the optimal carbon content due to CrCN
properties
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PVD system
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Monolayer coatings

C

chromim

• nitrogen
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Monolayer coatings
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Monolayer coatings

Load - 30 N

Velocity – 0.5 m/s

Room temperature

Humidity - about 50 %

Friction distance - 1500 m. 

Counterpart – Al2O3 ball

diameter - 10 mm, 

hardness ~15 GPa, 

Ra < 0,03� m.
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Monolayer coatings - conclusion

Because of the lowest coefficient 
of friction and wear rate of the
CrCN coatings, further works will 
be carried out for the coatings 
with 10 at.% of carbon

15/37



Why multilayer coatings?

The ability to design the coating of often contradictory properties, for 
example such as high hardness and ductility.

Construction of such coating allows differentiation of the properties of 
each layer, changing the chemical and phase composition and 
structure of the coating, eg. the number, thickness and sequence of
individual layers.
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Possible structures of tribological coatings.

Why multilayer coatings?

� > 100 nm
By selecting a suitable 
combination of materials for 
the multilayered structure it is 
possible to improve the 
resistance against wear, 
corrosion, oxidation.

S. Hogmark, S. Jacobson, M. Larsson, Wear 246 (2000) 20–33

Coating

Substrate

Coating

Substrate
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CrCN/CrN multilayer coating

CrCN
CrN

(1:1)

(1:2)

(1:5)

constant bilayer thickness
variable thickness ratio of the layer in bilayer

constant thickness ratio of the layer in bilayer
variable bilayer thickness

� 1

� 2

� 3

� 1 >� 2>� 3

�

N� - 6 N� – 4 ÷ 32
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Multilayer coatings - constant bilayer thickness
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Multilayer coatings - constant bilayer thickness
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Multilayer coatings - constant bilayer thickness

Monolayer
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Multilayer coatings - wear



Adhesion – scratch test & Calo test
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Adhesion – scratch test & Calo test
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Multilayer coatings with various bilayer thickness
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Adhesion – Daimler-Benz test
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The aims of the industrial tests

The assessment of  the suitability of CrCN/CrN multilayer coatings for 
woodworking tools, the effect of the coating:
- on tool life, 
- on the surface state of machined wood.

27/37



28/37

Industrial tests

8 %Moisture
pineWood

10 m/minFeed speed
1 mmCutting depth
36 m/sCutting speed

3Number of knives in 
cutterhead

114 mmCutterhead diameter
40 mmTool length

Planer knifeTool

Bottom spindle 
shaper

Machine tool
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Industrial tests
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Industrial tests
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Industrial tests – planer Hydromat 23 (Weinig)

Tool length 160 mm
Number of knives in 
the cutterhead 6
Cutting speed 38 m/s
Feed speed 40 m/min
Cutting depth 0.7 mm
Wood pine
Moisture 12 %
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Hardness of uncoated tool
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Hardness of uncoated tool
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Wood surface quality
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Final remarks

CrCN coatings show the lowest wear rate at about 10 at. % carbon content 

CrCN/CrN multilayer coating with (1:1) thickness ratio o f the layers in
bilayer reveals the 4 times lower wear rate when compared to  monolayer
coating

CrCN/CrN multilayer coating improves woodworking tool s „life time”

CrCN/CrN multilayer coating allows for higher surfa ce quality of wood 
products.
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Thank you
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