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Properties
Abstract
Purpose: The aim of this paper was to investigate mechanical properties both of sintered carbides WC-Co
type and sialon tool ceramics with wear resistance ternary coatings Ti(B,N) type deposited by the cathodic arc
evaporation process (CAE-PVD).
Design/methodology/approach: The microhardness tests of coatings were made using the ultra microhardness
tester. The grain size of investigated coatings was determined by the Scherrer method. Tests of the coatings
adhesion to a substrate material were made using the scratch test. There was investigated the roughness of both
uncoated and coated surface multi-point inserts. Wear mechanism observations, after the scratch test, were
carried out by the scanning electron microscope with EDS attachment.
Findings: This paper presents that studied PVD coatings deposited on sintered carbides and sialon tool ceramics
have an effect on increasing hardness surface of tools. Moreover, the results achieved after the investigation
shown that a coating obtaining on tool ceramics has bigger grains and a smaller adhesion to substrate rather than
a coating on sintered carbides. Furthermore, the investigations were shown that both single and double-sided
delamination was a principal defect mechanism during the scratch test.
Practical implications: The gradient Ti(B,N) coating carried out on multi point inserts (made on sintered
carbides WC-Co type) can be used in the pro-ecological dry cutting processes without using cutting fluids.
However, application of this coating to cover sialon ceramics demands still both elaborating and improvement
adhesion to substrates in order to introduce these to industrial applications.
Originality/value: The paper presents some researches of gradient Ti(B,N) nanocrystaline coatings deposited
by CAE-PVD method on sintered carbides and sialon tool ceramics.
Keywords: Mechanical properties; Wear resistance; Tool materials; Thin and hard coatings
Reference to this paper should be given in the following way:
L.A. Dobrzański, M. Staszuk, K. Gołombek, M. Pancielejko, Properties of Ti(B,N) coatings deposited
onto cemented carbides and sialon tool ceramics, Journal of Achievements in Materials and Manufacturing
Engineering 41/1-2 (2010) 66-73.

66

Research paper

© Copyright by International OCSCO World Press. All rights reserved. 2010

Properties

1.	
Introduction
1. Introduction
Cutting tools, which work in most cases in the conditions
of load mining undergo a wear. One of the most important
methods is a deposit both hard and against wear coatings, which
increases a life operating of machine edges [1-16,18]. One of
methods generally uses in the industrial usage is the cathodic arc
evaporation CAE-PVD [1-3,6,7,16,18].
The paper presents the results of continuity researches of
a ternary coating Ti(B,N) obtained on sintered carbides and sialon
tool ceramics. The detail analysis of influence parameters on
a obtained structure of this coating was presented in work [1].
The investigations presented in a previous work were shown that
a obtained coating on sintered carbides and sialon tool ceramics,
had a fine grained structure comply with a T zone and III zone
according to a Thornton’s model. The topography observation
is shown occurrence of numerous drops of evaporated target, what
is a disadvantage of obtained coatings. Both the analysis of phase
composition by XRD method and the research of thin foil were
shown mainly occurring isomorphic phase with a titanium nitride
TiN [1].

2.	
Experimental
2. Experimental
The investigations were carried out on the multi-point inserts
uncoated and coated by the Ti(B,N) gradient PVD coating. Inserts
were made by both sintered carbides WC-Co and sialon tool
ceramics. Coating was obtained by the cathodic arc evaporation
method using a system Dreva Arc 400 (Fig. 1). Detailed
conditions depositing process is given in the work [1].

Fig. 1. PVD system Dreva Arc 400
Thickness of coatings were measured with using the kalotest
method. An average number of 5 craters were carried out in each
sample in order to determine a coating thickness.
The roughness measurements Ra of both uncoated and coated
samples surfaces of investigating coatings were carried out with
using a profile measurement gauge Surftronic 3+ Taylor Hobson
company. There was made an assumption of both a testing length
Lc = 0.8 mm and an accuracy measurement ±0.02 µm.

The microhardness of investigated materials was determined
with using a Vickers method. The microhardness of substrates
was measured with using a classic Vickers method. The applied
load was equal 3N according to a PN-EN ISO 6507-1:2007
standard. The microhardness investigations were carried out with
using a dynamic Vickers method in a way of load – unload.
Applied load was not exceed 0.5 N, what rejects an influence
substrate on a measurement result of micro hardness coating.
The substrate adhesion to substrate was determined on the
basis on investigation of the Scratch Test using a Revetest device
of CSEM company. There were applied the following
investigation parameters such as: a load range 0 - 100 N, a rate of
increment load 100 N/min, a shift indenter rate 10 mm/min,
a sensitivity detector acoustic emission equals 1.
The observation of formed scratch as a result of the Scratch
Test was carried out with using the scanning electron microscope
DSM 940 of Opton company.
The chemical concentration changes of the coating
components, both perpendicular to their surface and in the
transition zone between the coating and the substrate material
were evaluated in virtue of tests carried out in the GDOS-750
QDP glow discharge optical spectrometer from Leco Instruments.
The following operation conditions of the spectrometer Grimm
lamp were fixed during the tests: lamp inner diameter – 4 mm;
lamp supply voltage – 700 V; lamp current – 20 mA; working
pressure – 100 Pa.

3.	Results
3. Results
The results of thickness investigations obtained coatings are
presented in Table 1. It was found that a coating obtained
on substrate from sintered carbides shows bigger thickness rather
than a coating obtained on substrate from sialon ceramics.
The reason of getting thicker coating on sintered carbides is a
possibility of connect a accelerating voltage to substrate of this
type. The connecting voltage bias causes bigger rate of increasing
coating on sintered substrates rather than on does not polarized
ceramic substrate.
As result of microhardness investigations of sintered carbides
and sialon ceramics, both uncoated and coated investigated
coatings it was found that microhardness growth of surface layer
multi-point inserts after deposited investigating coatings (Table 2,
Fig. 2). It was found too that microhardness of coatings obtained
on sintered carbides is higher rather than on sialon ceramics. This
is indubitable bound up with a structure obtained coatings. As it
was shown in work [1] the structure of obtained coating Ti(B,N)
on sintered carbides substrate is ultra-fine-grained and comply
with a (IV) according to the Thornton’s model. However, the coat
structure obtained on sialon shows a structure comply with a III
zone according to the Thornton’s model. The differences into
Table 1.
Thickness of investigated coatings
Substrate
Coating
Sintered carbides
Sialon ceramics

Ti(B,N)

Thickness, µm
1.8
1.3
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Table 2.
Grain size of investigated coatings and microhardness of investigated samples
Microhardness, HV
Grain size,
Substrate
Coating
nm
min. value
max. value
mean value
Sintered
Uncoated
1789
1865
1826
carbides
Ti(B,N)
21
2633
3049
2951
Sialon
Uncoated
1990
2080
2035
ceramics
Ti(B,N)
57
2284
3067
2676

Standard
deviation
26.87
158.52
31.81
356.85

Table 3.
Critical load and roughness of investigated samples
Substrate

Coating

Critical load
Lc, N

Sintered
carbides
Sialon
ceramics

Uncoated
Ti(B,N)
Uncoated
Ti(B,N)

34
13

Roughness, Ra, µm
min. value
0,06
0.20
0,06
0.18

a structure of both coatings it is necessary to connect with
a possibility of polarization substrate, what was written in paper
[1]. These results confirm also a measurement of size grain
realized by the Scherer’s method. This test confirms that
a Ti(B,N) coating obtained on sintered carbides presented
smaller size grains (21 nm) in comparison to a coating obtained
on sialon ceramics (57 nm) (Table 2, Fig. 2).
It was found that an increase of surface roughness, after
deposited coatings (Table 3) on the basis of surface roughness
investigations Ra multi-point inserts on sintered carbides and
sialon ceramics, both uncoated and uncoated inserts. The
increase of surface roughness is connect with a occurrence
solidified drops of metal (Fig. 4), what is a characteristic
feature for coatings obtained by the cathodic arc evaporation
method.
The value of critical load which is a measure of adhesion
coatings to surface from sialon ceramics and sintered carbides
was determined by the Scratch Test (Table 3, Fig. 3). In a case
of obtained coatings Ti(B,N), it was not possible to determine
a critical load on basis of acoustic emission AE figure

Fig. 2. The comparison between microhardness inserts on
sintered carbides and sialon ceramics, both uncoated and
deposited Ti(B,N) coating and a grain size investigated coating
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max. value
0,06
0.46
0,06
0.34

mean value
0,06
0.29
0,06
0.25

Standard
deviation
0
0.12
0
0.06

Confidence
interval for
Į=0.05
±21.84
±128.83
±25.86
±290.01

Confidence
interval for
Į=0.05
±0
±0.13
±0
±0.07

(Figs. 6, 7). In the consequence of this the critical load was
determined on the basis of scratch observation, which was
formed during a test. Observation was realized onto light
microscope coupling with a measurement device. As a result
of investigation it was found that a Ti(B,N) coating presents
better adhesion to substrate on sintered carbides rather than on
sialon ceramics. Both a adhesion and also a small diffusion
displace of chemical elements inside a connection zone (which
is a result of ion implantation about huge energy falling on a
negative polarized substrate) have an effect on coating
adhesion to substrate on sintered carbides. The investigation
results obtained with using the glow discharge optical
spectrometer confirm this (Fig. 5). High of energy ions falling
on polarized substrate causes numerous phenomena’s such as:
a local increase of temperature, acceleration of
chemisorptions, intensification of surface diffusion processes
and in the surface depth, there can also occur a ion penetration
into not a big depth (about a few nm) and partial atomization
of atoms a depositing coating [17,18].

Fig. 3. The comparison between critical loads Lc and thickness
of coatings deposited on sintered carbides and sialon ceramics
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Fig. 4. Surface topography of the Ti(B,N) coating deposited on
cemented carbide
a)

Fig. 5. Changes of constituent concentration of the Ti(B,N)
coating and a sintered carbide substrate material
b)

Fig. 6. a) Acoustic emission (AE) and friction force Ft as a function of the normal load Fn for the Ti(B,N) coating on sintered carbides,
b) the Scratch failure pictures of the Ti(B,N) coating on sintered carbides at Lc (opt) = 34 N, mag. 200x
a)

b)

Fig. 7. a) Acoustic emission (AE) and friction force Ft as a function of the load Fn for the Ti(B,N) coating on sialon ceramics, b) the
Scratch failure pictures of the Ti(B,N) coating on sialon ceramics at Lc (opt) = 13 N, mag. 200x
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b)

c)
d)

X3

X2
X1

e)

f)

Fig. 8. a, b, c) Characteristic failure of the Ti(B,N) coating deposited on sintered carbides developed during the adhesion scratch test,
d) X-ray energy dispersive plot the area X1 as in figure c, e) X-ray energy dispersive plot the area X2 as in a figure c, f) X-ray energy
dispersive plot the area X3 as in a figure c
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a)

b)

X1

d)

c)

e)

X2

f)

Fig. 9. a, b) Characteristic failure of the Ti(B,N) coating deposited on sialon ceramics developed during the adhesion scratch test, c) X-ray
energy dispersive plot the area X1 as in a figure b, d) X-ray energy dispersive plot the area X2 as in a figure b. Maps of superficial
distribution chemical elements from areas as in a figure a: e) Ti - area with a coating, f) Si - area without a coating
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Adhesion investigations of coatings to substrate by the
Scratch Test simulates some conditions occurred during a
machining. This research takes into account an influence on
normal force and a friction force. The observation results of
damages formed as a result of adhesion investigations by the
Scratch Test are presented in Figures 8 and 9. The single and
double-sided delamination (occurs after exceed a critical load) is a
dominant mechanism of damaged coating. Furthermore, it was
found a dent in a central side of scratch in a case of coating
obtained on sintered carbides. The cracks in a shape of arc are
caused by coating tension during an investigation. It was not
found any a plastic strain of coating in a case of obtained coating
on sialon ceramics, but only some brittle spallings of coating. This
is undoubtedly connected with a higher substrate hardness and
lower thickness and lower adhesion of coatings to a ceramic
substrate. Observed mechanism of damages in each cases was
confirmed by realized EDS analysis (Figs. 8 d, e, f, 9 c, d, e, f).

4.	Summary
4. Summary
The investigation results of obtained coating properties
Ti(B,N) by the cathodic arc evaporation method on substrates on
both sintered carbides and tool sialon ceramics. Micro hardness
coated multi-point inserts distinct increased and was in the range
from 2676 to 2951 HV. In a case of coating on sintered carbides
the hardness increase of surface layer in compare with a substrate
without coat is equal 60%. It was found a surface roughness
increase after deposited a coating what was connected with
a occurrence of evaporated solidify metal drops on the samples
surface. The adhesion investigations of coatings to substrates
shows that a obtained coating presents better adhesion to substrate
on sintered carbides rather than on sialon ceramics. This has
undoubtedly a connection with a possibility polarization of
carbides substrate and consequently lower thickness of coatings.
Numerous investigations [3,5,12,19] show that loss of coating
adhesion to a substrate is not necessity connect with a coating
removal. The investigations presented in this paper show that
investigated coating was expired both single and double sided
delimitation, but inside a scratch was indented in a substrate
a coating material. In a case of coating on sintered carbides it
shows some tracks of plastic tension, but in a case of coating on
sialon ceramics there are shown on it some brittle spalling.
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