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Abstract: The TiN, TiAIN, and TiAISiN coatings were prepared on YT14 cutting tool surface with CAIP
(cathode arc ion plating), the surface morphologies and phases were analyzed with FESEM (field emission
scanning electron microscopy), and XRD (X-ray diffraction), respectively, and the coating parameters such as
3D surface micro-topography, grain size, surface height, hierarchy, profile height, and power spectral density,
etc, were measured with AFM (atomic force microscope). The results show that the phases of TiN, TiAIN, and
TIAISIN coatings are TiN, TiN+TiAIN, TiN+Si,N,+TiAIN, respectively, while the surface roughness S, of TiN,
TIiAIN, and TiAISIN coatings is 75.3, 98.9, and 42.1 nm, respectively, and the roughness depth S, is 209, 389,
and 54 nm, respectively, the sequence of average grain sizes is TIAIN>TiIN>TiAISIN. The surface bearing index
S,; of TiN, TiAIN, and TiAISiN coatings is 0.884, 1.01, and 0.37, respectively, and the sequence of surface
bearing capability is TIAIN>TiIN>TIAISIN. At the lower wavelength (10%-10% nm), the power spectral densities
have a certain correlation, and the sequence of TIN>TIAIN>TIAISIN, while the correlation is low at the higher

wavelength (>10° nm).
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1 Introduction

With the development of high efficiency and
high precision machining, surface coating technology
has been more widely used, as a chemical barrier
and thermal barrier, the coating prevents the inter
diffusion and chemical reaction between the tool
and the workpiece, and the crescent wear is reduced.
Comparing with the uncoated cutting tool, the coating
may improve tool life by 3-5 times, meanwhile, the
cutting speed increases by 20%-70%, and reduces the
tool consumption cost by 20%-50%, and improves
machining precision by 0.5-1 class'. As the first
generation of cutting tool coating, the affinity between
TiN coating and metal is small, the application range
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of cutting process is wide, the maximum working
temperature can reach 500 ‘C* . TiAIN coating is
formed by adding Al element to the TiN coating,
which can increase the working temperature to 800
‘C, and Al,O, formed by the high temperature cutting
can effectively improve the wear resistance and the
oxidation resistance®®. TiAISiN coating prepared
by CAIP (cathodic arc ion plating) with the Ti/Si
composite target formed by doping Ti target in pure
Si can further improve the hardness, hot hardness and
oxidation resistance at high temperature, the maximum
working temperature can increase up to 1 100 C®
8 The material surface structures and properties are
researched by using atomic interactions with atomic
force microscope (AFM), of which the resolution can
reach nanometer level™, the 3D data of the surface
morphology such as particle size, hierarchy, surface
height and power spectral density, etc, can be obtained
by calculation. At present, the relative researches are
concentrated on cutting performance, wear-friction
performance of high temperature, oxidation properties
and corrosion resistance of TiN, TiAIN, and TiAISIiN
coatings at home and abroad™®*?, while the surface
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microscopic morphologies of TiN, TiAIN, and TiAISIiN
coatings have less been researched. The TiN, TiAIN,
and TiAISiIN coatings were prepared on the surface
of YT14 cutter with CAIP in this study, the surface
morphologies, phases and microstructure evaluation
parameters of TiN, TiAIN, and TiAISiN coatings
were firstly analyzed with FESEM, XRD and AFM,
respectively, which provided a basis for the applications
of TiN, TiAIN, and TiAISiN coatings on cutting tool
surface modification treatment.

2 Experimental

The substrate material was YT14 cutting tool
material with the chemical compositions(wt%) as
follows: WC 78, TiC 14, Co 8, the flexural strength=
2 200 N/cm?, hardness=82 HRA. After degreasing and
sand blasting, the samples were cleaned with ultrasonic
in acetone solution, dehydrated with anhydrous ethanol
and dried in a constant temperature oven in turn. The
coatings were plating on a PVT coating machine, the
targets of Ti/Ti with the purity of 99.99%, Ti/Al with
the purity of 99.99%, and Al/TiSi with the Ti purity
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of 80% and Si purity of 20% were adopted to prepare
TiN, TiAIN, and TiAISIiN coatings, respectively,
the technological parameters are shown as follows:
vacuum degree of 3x10~* Pa, furnace temperature of
500 °C, reaction gas of N,, plating time of 150 min, and
protection gas of N,. After annealing at 180 °C for 2 h,
the samples were cleaned with acetone on a KQ2200DE
CNC ultrasonic cleaner, obtaining the required samples.
The morphologies and phases of TiN, TiAIN, and
TiAISIN coatings were analyzed with a SUPRAS5 type
FESEM and a D/max2500PC type XRD, respectively,
and the surface morphology, grain size, hierarchy,
surface height, profile height and power spectral density
were analyzed with a CSPM5500 type AFM.

3 Results and discussion

3.1 Surface morphologies, EDS and XRD
analysis
Figs.1 (a), (c) and (e) show the surface
morphology of TiN, TiAIN, and TiAISiN coatings,
respectively, the sequence of surface quality was
TIAISIN>TIN >TiAIN according to the particle sizes
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Fig.1 Surface morphologies and EDS analysis of TiN, TiAIN, and TiAISiN coatings: (a) TiN coating morphology; (b) EDS analysis of A
particle; (c) TiIAIN coating morphology; (d) EDS analysis of B particle; (¢) TiAISiN coating morphology; (f) EDS analysis of C particle
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on the coating surfaces. Some white particles of
solidified materials appeared on the surfaces of three
coatings, the EDS analyses indicated that the particles
were composed of Ti element, as shown in Figs.1 (b),
(d) and (f). This was because the metal ions were shot
on the cathode surface during the deposition to cause
partial metal melting and erupting, and combined into
the small particles at high temperatures and attached to
the coating surface, which had a certain effect on the
coating surface roughness™, the pits on the coating
surfaces were due to the bombardment of polarized
ions under high pressure™.

Fig.2 shows the XRD analysis results of TiN,
TiAIN, and TiAISIN coatings, it can be seen that the
composition of TiN coating was relatively single,
mainly composed of TiN, there was a small number of
non completely reacted Ti, the TiN phase of the (111)
crystal plane had a preferred orientation, as shown in
Fig.2 (a). The TiAIN coating was composed of TiN
and TiAIN phases, as shown in Fig.2 (b), of which the
phase of TiAIN was formed by Al replacing Ti of the
TiN, therefore, the TiAIN phase also had a preferred
orientation of (111) crystal plane. The substrate phases
were also detected, which was due to the diffusion
of the substrate elements into the coating surface in
the process of deposition. The TiN, Si;N,, and TiAIN
phases were detected in the TiAISiIN coating, of
which the Si;N, phase would generate SiO, at high
temperature, which improved the wear resistance of the

(b)
Fig.3 AFM morphologies of TiN (a), TiAIN (b), and TiAISiN (c) coatings
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coating.
3.2 AFM morphologies

Fig.3 shows the AFM morphologies of TiN,
TiAIN, and TiAISIN coatings in the sampling range
of 20 000 nmx20 000 nm. The surface roughness
S, of TiN, TiAIN, and TiAISiN coatings was 75.3,
98.9 and 42.1 nm, respectively, as shown in Table
1, the corresponding square deviation of S, was 107,
136, and 79.7 nm, respectively, the sequence was
TIAIN>TIN>TIAISIN, of which the surface roughness
of TiAISIN coating was the minimum, while that
of TiAIN coating was the maximum. The surface
roughness of TiAIN coating formed by adding Al
element into TiN coating increased, which was because
the Ti atoms of TiN were replaced by Al atoms that
caused the molecular volume increase. While the Si
element was added into the TiAIN coating, the surface
roughness decreased, less than the surface roughness
of TiN coating, which was because the adding of Si
element was the role of grain refinement™. S, and S,
were the characterizations of the convex peak shape on
the coating surface, which was directly related to the
surface contact mechanical behavior and had a direct
influence on the friction and wear behaviors™. Sy was
a simple quantitative evaluation of the profile bearing
length ratio curve shape, the surface skewness S, of
TiN, TiAIN, and TiAISiN coatings was 0.563, 0.365,
and 4.05 nm, respectively, and the corresponding
surface kurtosis S,, was 5.95, 5.62, and 39.2 nm,
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respectively, the S,, values of three coatings were
more than 3, as the leptokurtic curve, the sequence of
the above two parameters was TiAISIN>TIN>TiAIN.
The values S,, and S,, were the smaller, the supporting
performance of coating surface was better™, it can be
seen that the sequence of supporting performances was
TIAIN>TIN>TIAISIN. The profile maximum height
value of S, was the distance between profile peak line
and valley line in the sampling range, S, was the ten
point height value, the sequence of the two parameters
was TIAIN>TIAISIN>TIN. The bigger the parameter
value was, the greater the coating surface fluctuated,
and also the worse the mechanical properties showed™”.

Table 1 Amplitude parameters of TiN, TiAIN, and

TiAlSiN coatings
P TiN TiAIN  TiAlSiN
arameters coating  coating  coating
Average roughness of S,/nm 753 98.9 42.1
Mean square root of S/nm 107 136 79.7
Surface skewness of S,/nm 0.563 0.365 4.05
Surface kurtosis of S, /nm 5.95 5.62 39.2
Peak-peak of S/nm 854 1 960 1730
Ten point height of S,/nm 852 1 830 1520

Table 2 Grain size parameters of TiN, TiAIN, and
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Fig.4 shows the particle scale distribution of TiN,
TiAIN, and TiAISIN coating surfaces. The particle scale
parameters of three coatings are shown in Table 2, the
particle number of TiN, TiAIN, and TiAISiN coatings
was 833, 791, and 963, respectively, the corresponding
particle area was 2.346x10°, 2.456x10°, and 1.895x10°
nm’, respectively, the sequence of particle scale was
TiAIN>TIN>TiIAISIN. According to the Hall-Petch
equation, it was indicated that the smaller grains had
the higher hardness, which was beneficial to reducing
the friction coefficient and wear extent.

3.3 Height analysis

Fig.5 shows the surface height distributions of
TiN, TiAIN, and TiAISiN coatings. The sequence
of high dispersion degree of three coatings was
TIN>TIAIN>TIAISIN, respectively. The height
distribution of the TiN coating was most close to the
Gauss distribution, of which supporting capacity was
the best, the surface distribution was more dispersed,
the surface supporting length rate on the surface profile
increased, the convex of coating surface was slower,
which was helpful to improve the supporting capacity
and wear resistance of the coatings, and the sequence
of the supporting capacity of three coatings was TiN >

TiAISiN coatings TiAIN >TiAISIN.
Parameters TiN TiAIN  TiAISIN Fig.6 shows the hierarchy analysis chart of three
coating coating coating . . ..
coatings, which was another statistical form of surface
Total number of particles 833 791 963 .
Average area/nm’ 2 346x10°  2.456x10° 1.895%10° height value, the three curves were smgoth, e}nd all
Average diameter/nm 546.7 559.2 491.2 the courses were processed as the rule, without impact
Average height/nm 106.8 163.4 76.54 rocess!*®
Maximum height/nm 433.5 904.9 1046 P o
Minimum height/nm 6.8 15.94 18.24 The section length of 15 000 nm were selected to
analyze the coating, the obtained profiles are showed
(a) (b)
Fig.4 Grain size analysis of TiN (a), TIAIN (b), and TiAISiN (c) coating surfaces
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Fig.5 Surface height analysis of TiN (a), TIAIN (b), and TiAISiN (c) coatings
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Fig.8 Power spectral density analysis of TiN (a), TiAIN (b), TiAISiN (c) coatings, and contrast of power spectral density (d)

in Fig.7, where S, was the reduced wave crest height,
the representing peak was contact of friction pairs
on initial wear, this part would usually be worn out
in the running-in stage. S, was the core roughness
depth, during the normal wear the part was mainly
worn by load, which affected the lubricant and wear
debris, mainly relating to the performance of removing
debris™. S, was the reduced trough depth, bearing
after normal wear, which had little effect on the wear
mechanism of the coating. Fig.7 (a) shows the profile
height analysis of TiN coating, including S, of 347
nm, S, of 209 nm and S, of 173 nm, of which surface
bearing coefficient S,; was 0.884. Fig.7 (b) shows the
profile height analysis of TiAIN coating, including
Sek 0f 208 nm, S, of 389 nm, S, of 111 nm, of which
the surface bearing coefficient S,; was 1.01. Fig.7 (c)
shows the profile height analysis of TiAISiN coating,
including S, of 91.3 nm, Sk of 54 nm, S, of 15 nm,
of which surface bearing coefficient S;; was 0.37.
From the above analyses, the sequence of S, was
TIAIN>TIN>TIAISIN, the surface bearing coefficient
S,; was also the same as that of S,, and the sequence of
surface bearing properties of TiN, TiAIN, and TiAISIN

coatings was TIAIN>TIN>TiAISIN, which was
consistent with the results of the height analysis.
3.4 Power spectrum density

Table 3 Power spectral density parameters of TiN,
TiAIN, TiAlSiN coatings

p . TiN TiAIN TiAISIN

arameters coating coating coating

Total power 6.35x10°  1.85x10"  1.14x10°
Mean square root/nm 79.7 136 107

Cursor's power/nm”  4.95x10°  1.46x10°  9.49x10°

Fig.8 shows the distributions of power spectral
density of three coatings, the corresponding parameters
are shown in Table 3, the total power of TiN, TiAIN,
and TiAISiN coatings was 6.38x10° 1.85x10"
and 1.14x10* nm® within the scope of assessment,
respectively, and the corresponding surface wavelength
distribution was 60-3x10°, 80-6x10*, and 70-4x10* nm,
respectively, as shown in Figs.8 (a)-(c). Therefore,
the wavelengths of three coatings surfaces were not
concentrated on one place, when the wavelength
changed at the horizontal axis, the power spectrum
peak appeared no obvious, which indicated that the
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morphologies of the coating surfaces were caused
by random factors in the course of processing, there
were no fixed rules, as for anisotropic. Fig.8 (d)
shows the contrast of power spectral density of three
coatings, near the low wavelength of 10*-10° nm, the
power spectrum density of three coatings had certain
correlation, while at higher wavelength >10° nm, the
correlation was low™**",

Selecting the linear part of the data (wavelength
A<103.2), for fitting straight line, three equations can
be obtained as follows:

y,=2.587 8x—5.753 3 @)
y,=2.331 2x—4.845 9 )
y;=2.466 3x—5.676 6 ®)

where y=logP, x=logA.

For the low wavelength, the coating power
spectral density P and wavelength 1 had the following
relationships.

For the TiN coating

P:102.587 8logl—5.753 3 (4)
For the TiAIN coating

P:102.331 2logi—4.8459 (5)
For the TiAISIN coating

P=102.466 3log/.—5.676 6 (6)

From Eqgs.(4)-(6), it can be seen that at the same
low wavelength, the sequence of power spectrum
density was TIN>TIAIN>TiAISIN.

4 Conclusions

a) The TiN, TiAIN and TiAISIN coatings
are mainly composed of TiN, TiAIN+TiN,
TiN+Si;N,+TiAIN phases, respectively, and the main
composition of white particles on the TiN, TiAIN and
TiAISIN coating surfaces is Ti element.

b) The sequence of surface quality of the TiN,
TiAIN, and TiAISIN coating is TIAISIN>TIN>TIAIN,
the sequence of Sy and S, size is TIAISIN>TIN>TiAIN,
and the sequence of S, and S,; size is
TIAIN>TIN>TIAISIN, while the sequence of surface
bearing performance is TIAIN>TIN>TIAISIN.

¢) The sequence of power spectral density of the
TiN, TiAIN, and TiAISiN coatings at low wavelength
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(10%10° nm) is TiIN>TIAIN>TIAISIN, while at higher
wavelength (>10° nm) the correlation is low, the
surface wavelength has not formed a regional focus,
and the power spectrum diagram has no obvious peak
appeared, as anisotropy.
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