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Applications of CrAlN ternary system in wood machining of medium density
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a b s t r a c t

Nowadays, medium density fibreboard (MDF) composite wood is more and more used in the furniture

industry to replace bulk wood such as oak, beech, etc. Indeed, this material presents good mechanical

properties, is easy to machine, homogeneous, exists in different dimensions (thickness, etc.), is cheaper

than bulk wood and finally can be covered by an adhesive decorative coat.

Nevertheless, even if this material is homogeneous, it is abrasive enough to tend to the breakdown of

the conventional carbide tools employed during its routing process. That is why it is necessary to improve

the wear resistance of these tools. One solution is to protect them with a hard coating.

The present study deals with the development of ternary CrAlN hard layers obtained by PVD method

on carbide tools employed in second transformation of wood. CrAlN coatings have been optimized and

then applied on carbide tools in routing of three types of MDF: standard, waterproof and fireproof. The

aim of these wood machining tests was first to define the ability to be machined of the three kinds

of MDF and second to compare the effectiveness of CrAlN coatings during the routing tests of these

materials.

1. Introduction

The MDF is a panel of medium density fibreboard; known also

as the medium, this panel is made from wood fibres and a syn-

thetic binder. The use of MDF panels is increasing because of its

good mechanical qualities, the easiness to be machined and its abil-

ity to receive numerous finishes. Moreover, the MDF is a recent

industrial material which has many advantages; it is a homo-

geneous panel in three dimensions, aesthetic because of its fine

texture, cheaper than bulk wood and it is available in various

thicknesses.

The MDF panels qualities allow many and varied applications

in three areas: the interior design as acoustic elements, floor-

ing laminates, various skins, mouldings, friezes and baseboards;

the furniture industry: kitchen, bathroom, libraries, cupboards and

small furniture; and finally the arrangement of: offices, shops or

reception areas.

However, MDF panels are abrasive, resulting in substantial tools

wear of tungsten carbide. Indeed, when machining these materi-

als, high friction forces are generated at the interface tool/MDF.

As a consequence, the WC grains become detached from the edge

causing the wear of the cutting tool.
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Several studies have been carried out in order to first under-

stand the different mechanisms contributing to cutting edge wear

of tungsten carbide tools during MDF machining [1,2], second to

improve tool life using hard coatings [3,4], cryogenic treatment [5]

or different kinds of tungsten carbide [6]. Nevertheless, no study

has been conducted to define the machining ability of different

types of MDF. Actually, according to the application, the MDF can

be standard (E) (used in dry environments), waterproof (H) (used

in humid environment) or fireproof (M) (intended for the use in dry

environments subjected to regulatory fire safety).

The aim of this work was first to define the machining ability of

these three types of MDF, second, hard coatings of CrAlN have been

optimized by magnetron sputtering and then applied on carbide

inserts employed in routing of MDF, to try to improve their service

life.

2. Experimental

2.1. MDF machining tests

The experiments were performed using a three-axis industrial

RECORD1 SCM S.p.A CNC router. Fig. 1 represents the tool-holder,

the cutting procedure and the WC–Co tool geometry used in this

work.

The MDF plates were 600 mm long, 200 mm width and 19 mm

thick. For each machining test, the cutting conditions were 2 mm

http://www.sciencedirect.com/science/journal/00431648
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Fig. 1. (a) The tool-holder and the MDF cutting procedure and (b) the WC–Co tool

geometry.

radial engagement and 5 mm axial engagement along the plate

length. These conditions give 170 m of linear cutting distance. Wear

measurements were made at the end of each cutting test. The final

distance of MDF cutting was 1530 m, which requires nine tests. The

cutting rate was 38 m/s, the rotation rate was 18,000 rpm and the

feed rate was 15 m/s.

The cutting tools used in this study were cemented tungsten

carbide inserts (WC–2% Co) 50 mm long, 12 mm width and 1.5 mm

thick. The cutting edge angle was 55◦. The evaluation of wear was

made by measuring the nose width (NW) using an optical micro-

scope as shown in Fig. 2. This method has been used in different

studies [7,8]. Several measurements were made along the cutting

edge and an average value was calculated.

2.2. Coatings deposition and characterizations

The deposition of the CrAlN coatings, with different Al atomic

percent, was carried out by a dual RF magnetron sputtering sys-

tem (NORDIKO type 3500–13.56 MHz). A pure Cr and a pure Al

target were used. To vary the Al content in the CrAlN films, we

first fixed the Cr applied voltage at −900 V and we made a vari-

ation of the Al one (−300, −500, −700 and −900 V), then we

fixed the Al applied voltage at −900 V and we made a varia-

tion of the Cr one (−500 and −700 V). The working pressure was

about 4 �bar, the plasma discharge contained 80% of Ar and 20%

of N2 and the deposition time was 90 min. In addition to car-

bide inserts, different kinds of substrates were employed: silicon

10 mm × 10 mm (for internal stress and thickness measurements),

SiO2 10 mm × 10 mm (for nanoindentation: NHT from CSM Instru-

ments with a Berkovitch indenter, sinusoidal mode employed (1 Hz

of frequency and 1 mN of amplitude), max load 10 mN, load and

Fig. 2. Evaluation of the wear of the tool’s edge by measuring the nose width (NW).

unload rate 5 mN/min)) and 90CrMoV8 steel (La Forézienne-MFLS,

FranceTM) samples frequently used for tools in wood machining

20 mm × 20 mm to conduct pin-on-disk tests with an applied load

of 5 N, a 100Cr6 ball of 5 mm diameter with an alternative friction

each 8 s and a tests duration of 10 min to determine and compare

the friction coefficient of the layers. Before deposition all the sub-

strates were ultrasonically cleaned in ethanol. The Cr and Al targets

and the samples were then etched 5 min in Ar plasma by RF and DC

(−1000 V) discharges, respectively. The carbide tools were CrAlN-

coated on both sides. The morphology and the composition of MDF

samples and CrAlN coatings were determined by scanning elec-

tron microscopic (SEM) observations and EDS microanalyses (Jeol

JSM-5900 LV).

3. Results and discussion

3.1. CrAlN deposition and characterization

Table 1 gives the different properties of the synthesized CrAlN

coatings. The Al content contained in CrAlN films varies between

5 and 51 at.%. We can note that in the CrAlN deposited films, the

hardness varies between 15 and 36 GPa which is more than the con-

ventional Cr–N system [9] or the WC–Co substrate (16 GPa) [10].

Besides, a high Young modulus (which varies between 331 and

520 GPa) has been calculated (same results were obtained by Kim

and Lee [11]), which is good for an application of these layers on

WC–Co substrates which have a Young modulus of 640 GPa [12].

Furthermore, the CrAlN layers present a high coefficient of fric-

tion (0.6–0.75) as observed in a previous study [13]. Brizuela et al.

[14] showed that the friction coefficient of CrAlN coatings varied

between 0.42 and 0.55 during pin-on-disc tests applying a load of

0.98 N to an AISI 52100 steel ball of 10 mm diameter, at a constant

sliding speed of 0.1 m/s under controlled humidity of 50%. However

the coefficient of friction stays below the substrate one of 1.0 which

was determined with pin-on-disk on a sample with a high rough-

ness (Rt close to 1 �m). As a consequence, the cutting forces during

the routing process with coated tools will be lower than the ones

with an unmodified tool. Low residual stresses (between −1.1 and

−3.58 GPa) as obtained by Reiter et al. [15] were determined, which

promotes good adhesion of the CrAlN layers. In addition, these low

Table 1
Properties of CrAlN deposited films.

Al applied

voltage (−V)

Cr applied voltage (−V) Al content (at.%) Thickness (�m) Hardness (GPa) Young’s modulus (GPa) Friction coefficient Residual stress (GPa)

CrAlN

300

900

5 2.1 26 410 0.6 1.1

500 13 2.5 26 410 0.65 1.52

700 28 2.7 23 380 0.7 1.43

900

30 3 35 460 0.65 3.58

700 44 2 15 331 – 1.13

500 51 2.14 36 520 – 1.62



Fig. 3. Variation of the nose width as a function of the cutting length of standard

MDF for tungsten carbide inserts coated with different CrAlN films.

values of residual stresses will enable us to deposit thick films.

Finally, the CrAlN films thickness varied between 2 and 3.6 �m

which avoids rounding the cutting edge and leads to good mechan-

ical and tribological properties.

3.2. Machining of MDF

CrAlN-coated carbide tools with different Al content were tested

in standard MDF routing (Fig. 3). We can observe that the CrAlN-

Fig. 4. The nose width vs the cutting length after the routing of the three types of

MDF with conventional tools.

coated carbide insert with 5 at.% of Al performed the best which

means that this layer protects the tool more than the others. In fact

with increasing of Al, the nose width value increases. According

to Bobzin et al. [16] this can be explained because the aluminium

nitride films have a higher friction coefficient than the chromium

nitride ones. So, it seems that the aluminium nitride content

in CrAlN films increases with the Al content. Consequently, the

cutting forces increase which explains the variation of the nose

width of the carbide coated inserts. After these tests, we chose

CrAlN films with 5 at.% of Al content to be applied on carbide

Fig. 5. EDS analysis of: (a) standard, (b) waterproof and (c) fireproof MDF.



Fig. 6. SEM morphological images of the three types of MDF.

inserts dedicated to the machining of waterproof and fireproof
MDF.

Fig. 4 shows the tool nose width as a function of the cutting
length during the routing of the three types of MDF. We clearly see
that the fireproof MDF (M) is much more abrasive than the others,
the standard (E) and waterproof (H) ones. Indeed, after 1530 m of
cutting, the nose width is about 188 �m for the fireproof MDF (M)
while it is around 45 and 30 �m for the standard (E) and waterproof
(H) ones respectively. In the milling of MDF, Sheikh-Ahmad et al. [7]
obtained 170 �m of nose width after 1525 m of cutting while Bai et
al. [17] obtained a value of 70 �m after 1500 m of cutting. However,
we do not know which type of MDF was used in their studies. It is
worthy of note that after 1530 m of cutting, we are always in the
steady wear phase for both standard and waterproof MDF, in the
contrary, we move on to the severe wear phase only after 850 m
of cutting of fireproof MDF, which shows that this material is very
abrasive.

Fig. 5 represents the EDS composition microanalysis of different
MDF studied. The overall analysis gives the same composition for
the three types of MDF. Unlike, the local analysis shows the presence
in addition to fibreboards, of foreign elements such as calcium, met-
als, silicon and phosphorus, which explains the abrasive behaviour
of MDF panels.

In addition to the composition analysis, a comparison between
the SEM morphological images from the different types of MDF
were obtained (Fig. 6). We observed that the standard and water-
proof MDF have the same morphology, while the fireproof one
shows a higher degree of impurities. One can suppose that this dif-
ference in the degree of impurities is the reason for the high value
of the nose width obtained when machining this wood composite
material.

To improve the wear resistance of tungsten carbide tools dur-
ing the routing of MDF, the above mentioned CrAlN coatings
(5 at.% of Al) have been applied on them. Fig. 7 shows the results
obtained during routing of the three types of MDF using unmod-
ified and modified carbide tools. We can observe that the CrAlN
films reduced the nose width during the fireproof and standard MDF
machining.

Indeed, after 1530 m of cutting, the value of the nose width
decreases from 45 to 26 �m for the standard MDF and from 188
to 148 �m for fireproof MDF. We can conclude that for the rout-
ing of the fireproof MDF, the tool was well protected by the CrAlN
layer and more wear resistant. As a matter of fact, we can see that
we machine around 1.5 times more than with a conventional tool
in this case. Even if the effectiveness of the CrAlN layer was obvi-
ous as in the case of the standard MDF, we cannot conclude on
its protection against wear because as this material is not abra-
sive enough, we should cut enough meters to be after the steady
wear phase of the tool, such experiments are in progress today.
Indeed, as the CrAlN-coated tool is more wear resistant than the
unmodified one during its lapping we can expect that it would

be also the case after 5000 or 10,000 m of cutting. It is worthy
of note that we are always in the steady wear phase for the stan-
dard and waterproof MDF as opposed to the fireproof MDF where
we passed the severe wear phase in both cases, with or without
CrAlN film. As far as the waterproof MDF is concerned, no improve-
ment of the wear resistance was observed: the nose width was
in the order of 35 �m in both cases. We can suppose that as this
material is not very abrasive, like the standard one, the difference
in behaviour comes from the difference of composition of these
two MDF. EDS microanalyses revealed that the waterproof MDF
presents Ti or Pb elements while the standard one presents in
some places Si element. This difference of composition could be
the reason why the CrAlN coating was effective in the case of the
routing of the standard MDF but not in the case of the waterproof
one.

Fig. 8 shows SEM micrographs and EDS analysis of CrAlN WC–Co
coated tool tested during routing of waterproof MDF. The EDS anal-
ysis confirms the presence of W and Co on the tool edge (Fig. 8a),
of Cr and Al in the coating and of all of these elements in addi-
tion to C and O in a zone between WC–Co and CrAlN coating.
However, it is not possible to know whether there was forma-
tion of new materials (oxides or carbides, etc.) during routing of
MDF.

Based on the SEM images we suppose that during cutting pro-
cess, the first contact occurs between the coating, which protects
well the cutting edge, and the MDF plate. The good adhesion of the
layer on the carbide inserts permits to decrease the detachment
of WC grains from the tool edge and as a consequence the wear
resistance increased.

Fig. 7. Comparison of the obtained results during routing of the three types of MDF
with unmodified and modified carbide tools.



Fig. 8. SEM micrographs and EDS analysis of CrAlN WC–Co coated tool and tested during routing of waterproof MDF: (a) of the cutting edge, (b) of the CrAlN film and (c) in a
zone between WC–Co and CrAlN coating.

4. Conclusion

In this study three kinds of MDF were studied in order to define
the machining ability of each one. In addition, CrAlN films with
different Al content have been applied to try to improve the wear
resistance of the tungsten carbide used in the routing of MDF. Based
on the results presented above, the following conclusions were
reached:

1. The increase of Al content in CrAlN films decreases the wear
resistance of the coated-carbide inserts. Indeed, the carbide
insert CrAlN-coated with 5 at.% of Al gives the smallest value of
nose width.

2. The fireproof MDF is more abrasive than the standard and the
waterproof ones. Actually, after 1530 m of cutting, the nose width
is about 188 �m for the fireproof MDF while it is approximately
45 and 30 �m for the standard and waterproof ones respectively.

3. When compare the standard, the waterproof and the fireproof
MDF, this last one has the highest degree of impurities and we
suppose that it can be the reason of the abrasive behaviour of
this material.

4. The use of CrAlN film with 5 at.% of Al improves the wear resis-
tance of carbide inserts during the routing of standard and
fireproof MDF but not in the case of the waterproof one.
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