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Abstract: The objective of this work is to compare the tool performance of TiN and TiAIN coated carbides end-mills deposited by an
arc ion plating (AIP) method, using honing treatment to polish the cutting edge surface sleekly. The curve of surface roughness
versus honing time showed a rapid improvement initially and thereafter became steady, manifesting a saturation effect. The optimal
honing time related to surface roughness was determined to be approximately 20 s. As the surface roughness increased, the critical
loads reduced. At an average surface roughness (R,) of 0.028 pum, the highest critical loads of TiN and TiAIN coating layers were 98
and 114 N, respectively. Tool performances of uncoated and coated tools were conducted under high speed machining (HSM) of AISI
D2 cold-worked die steel (62 HRC). Consequently, the TiAIN coated end-mill using honing treatment showed excellent tool life

under HSM conditions.
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1 Introduction

High speed machining (HSM) process is briskly
adopted in die manufacturing due to its excellent
machining capabilities and superior coating materials.
Although the performances of tools were improved
impressively with coating materials such as TiC, TiN and
Ti-Al-N[1], severe tool damages took place in machining
highly hardened materials of die steel series[2].

Arc ion plating (AIP) process was one of the most
perspective PVD methods for industrial manufacture
because it involved a low-temperature process and a high
deposition rate[3]. In addition, it was reported that TiN
and TiAIN coating layers were dense and fairly adherent
to WC-Co substrates[4]. However, it has not been
reported yet how the honing treatment which is a sleekly
polishing process impacts the surface of tools on the
coating characteristics and tool performance.

In this study, TiN and TiAIN coatings were
deposited onto substrates and end-mill tools made of
WC-Co material by AIP technique. The XRD patterns,

SEM and AFM images, micro-hardness and critical loads
were investigated. Prior to deposition coating layer,
surface of cutting edge were polished by honing machine
and optimal conditions were determined. Cutting tests
were carried out to evaluate the performances of
uncoated and coated end-mill under high speed
machining condition.

2 Experimental

2.1 Honing process and coating deposition

The honing processes on the substrate and cutting
tool were conducted on an AERO-mirror honing machine
with a spray nozzle mounted on a rotary body (Toyo,
SMAP). Abrasive material was used as marchicon media
of alumina series (Toyo, SP—100D). The honing
conditions are presented in Table 1.

TiN and TiAIN coatings were deposited onto
substrates and end-mill tools made of WC-Co material
by AIP technique. The mechanical properties of WC-Co
material used in this experiments were as follows:
hardness of HRA 92.8, transverse rupture strength
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>4 000 (N/mm?), WC particle size of 0.8 pm and Co
content of 10% (mass fraction). The WC-Co substrates,
which were machined into disc types of d 20 mm>3 mm,
were thoroughly cleaned in an ultrasonic bath cleaner
with acetone and alcohol for 20 min. The disc specimens
were vertically hanged in the steel rack and then placed
into the vacuum chamber below the target. The purity of
Ar and N, gases used was 99.99%, and that of the Ti
target and 0.67Ti-0.33Al alloy target were 99.99%. Prior
to deposition, the surface of substrates was further
cleaned by Ar ion bombardment for 10 min. The typical
deposition conditions for TiN and TiAIN coating were
summarized in Table 2.

Table 1 Honing parameters

coolant in a vertical high-speed machining center
(MAKINO, V-55)[5]. Tool wear was measured by a
CCD camera (PULNIX, X200), which was attached to
the machine. Cutting test was started with a fresh cutting
tool, and the machining process was stopped at certain
intervals of cutting length in order to measure the flank
wear. Flank wear was obtained by the average value of
three points measured on the cutting edge within axial
cutting depth. The tool life obtained with flank wear of
0.2 mm was used as a criterion (ISO 3002/1) for a
comparative evaluation of the TiN and TiAIN coating
tools[5]. The workpiece used in the experiments was
high-hardened die steel (AISI D2, HRC 62). The
experimental conditions carried out under high-speed
cutting are listed in Table 3.

. Blasting Operating Abrasive
Air pressure/MPa | . . )
distance/mm time/s material Table 3 Cutting parameters for tool performance test
Marchicon Spindle revolution/ Feed per tooth/ Radial depth
0.6 100 0-60 media (rmin") (mm-tooth™) of cut/mm
16,000 0.05 0.05
Table 2 Typical iti ters for TiN TiAIN Axial depth of . .
. ?/plca dep0s1. ion parameters for TiN and Ti X p Cutting Tool Cutting fluid
coatings using AIP technique cut/mm
] Thickness/  Base and Ar 10 Flat end-mill (d10, 6 edge)/  None
Target Reactive gas pm pressure/Pa Uncoated , TiN, TIAIN  (Dry cutting)
Sintered (Ti, N 3 0.67 . .
Al) alloy 2 : 3 Results and discussion
Workln/i Deposmojlo . Arc N Subsltrate/l;;as 3.1 Honing phenomenon
pressure/Pa_ temperature current voltage Fig.1 shows the CCD images and AFM images of
0.1-0.15 400 90 —150 cutting tools before deposition. The AFM images

2.2 Coating evaluation

The crystal structure for coating layer was analyzed
by X-ray diffractomety (XRD, Rigaku, D/Max—2400).
The cross-sectional morphologies of both coating layers
were observed by scanning electron microscopy (Hitachi,
S—4200). The hardness was determined by using a
microhardness tester with a Knoop indentor (Matsuzawa,
MMT-7) under a load of 0.25 N. Images of tool edge
were observed by CCD camera (PULNIX, TM9701).
Surface roughness values of the substrate and the
end-mill tool were measured by atomic force microscopy
(Digital Instruments Nanoscope Illa). The adhesion
behavior of both coating layers were investigated with a
scratch tester (J&L Tech, JLST022) using a Rockwell C
diamond stylus (cone apex angle 120°, tip radius 200
um). During the scratch test, the stylus load increased
continuously up to 150 N with a loading rate of 3 N/s
and a translation speed of 0.2 mm/s. The scratch channel
was observed with an optical microscope (Olympus,
PMG3-613U W/Acc).

2.3 Cutting test
The experiments were carried out without any

indicated that the surface morphology of cutting tool
considerably depended on honing operation. The average
surface roughness (RMS) of cutting tool was calculated
from AFM images of selected areas of 3 umx3 pm. The
surface morphology of the coatings with no honing
operation (Fig.1(b)) was found to be very rough (RMS,
0.20 um). In the case of honing operation (Fig.1(d)), the
cutting tool had a greatly smooth surface morphology
(RMS, 0.07 pum), which was due to the roughness
improvement of the tool edge surface.

Fig.2 shows the curves of surface roughness of
cutting tool versus honing time. The honing curves
showed a rapid improvement initially and thereafter the
surface roughness became steady at honing time of 20 s,
manifesting a saturation effect. Familiar knees in honing
curves were reported earlier by PARKS et al[6] and YU
et al[7]. The optimal honing time under given honing
conditions was determined to be approximately 20 s with
respect to surface roughness.

3.2 Coating characterization

Typical SEM  micrographs illustrating the
cross-section views of TiN and TiAIN coating layers are
shown in Figs.3(a) and (c). Both coatings were uniformly
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Fig.1 CCD images and AFM images of cutting tool before (a) and after (b) honing
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Fig.2 Average surface roughness as function of honing time

deposited onto substrates with thickness of 2 pm.
However, both coatings had dissimilar crystallographic
orientations by XRD analysis, as shown in Figs.3(b) and
(d). TiN coating layer grew with a strong preferred
orientation (111) of a typical NaCl structure. This strong
preferred orientation (111) was commonly observed from
the TiN coatings deposited by physical vapor deposition
techniques[8]. TiAIN coating layers, however, showed
relatively multiple orientations mainly of (111), (200)
and (222) crystal planes. These changes of

crystallographic orientation with addition of Al were
reported by others[9]. The peak shifts were also noted as
a result of Al addition. The micro hardness values of TiN
and TiAIN coating layers were 27 and 32 GPa under a
load of 0.25 N, respectively.

Fig.4 shows the critical scratch load and optical
microscope images as a function of average surface
roughness value (R,). For TiN and TiAIN coating layers,
the critical scratch load decreased with increasing R,
value. This result was compatible with the trend found
by another group[10], and the highest critical loads of 98
N (TiN coating) and 114 N (TiAIN coating) were
obtained with R, of 0.028 um. In addition, it was found
that the critical load was abruptly reduced when R,
changed from 0.028 to 0.055 um, while the critical load
decreased slightly with variation of R, from 0.055 to
0.212 pum. Also, these micrographs were obtained at a
point in scratch channel with a maximum load of
approximately 114 N. No large cracks or chips were
found on the side of scratch channel.

However, the width of the scratch channel increased
with increasing surface roughness, indicating that the
substrate was more plastically deformed due to the
increase in surface roughness. Therefore, it is suggested
that the adhesion between the coating and substrate was
largely affected by both the surface morphology of the



s86 Jae-Young HEO, et al/Trans. Nonferrous Met. Soc. China 21(2011) s83—s87

® (1

26/(%)
(d)
(111)
(290) (222)
20 30 40 50 60 70 80
26/(%)

Fig.3 SEM micrographs and XRD patterns of TiN (a, b) and TiAIN (¢, d) coatings deposited by AIP technique
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Fig.4 Critical scratch load and optical microscope images as
function of average surface roughness value

coating and the surface roughness of the substrate.

3.3 Cutting performance

In order to evaluate the cutting performance of
end-mill tool under high-speed machining, six kinds of
tools were evaluated. Fig.5 shows the comparisons of
cutting performance of honing effect on uncoated sample,
TiN and TiAIN coatings. All the tool wear increased as
the cutting length increased, as shown in Fig.5(a). The
value of tool wear by honing tool was smaller than that
by no honing tool at a certain cutting length. This trend
seemed due to higher critical load, that is better adhesion
between coating layer and substrate, as shown in Fig.4.
The tool life of the cutting tools is presented in Fig.5(b).
As expected, the horned TiAIN coating tool showed the
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Fig.5 Comparisons of cutting performance with honing effect
on uncoated, TiN and TiAIN coatings

best cutting performance among the evaluated cutting
tools under high-speed machining conditions. In the case
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of non-honing, the tool life of TiAIN coating tool
increased by 35% compared with TiN coating tool. On
the other hand, the tool life of TiAIN coating tool
increased by 80% compared with TiN coating tool after
honing. Overall, the performance of WC-Co tool without
coatings was found to be very poor in high-speed cutting
conditions.

4 Conclusions

1) TiN and TiAIN coatings were deposited onto
substrates and cutting tool of WC-Co material by AIP
method. The honing curves according to surface
roughness showed a rapid improvement initially and
thereafter became steady. The optimal honing time was
determined to be approximately 20 s.

2) For TiN and TiAIN, the highest critical loads of
98 and 114 N, respectively, were obtained at average
surface roughness of 0.028 pm.

3) Adhesion between the coating and substrate was
considerably affected by both the surface morphology of
the coating and the surface roughness of substrate.

4) In the case of non-honing, the tool life of TiAIN
coating tool increased by 35% compared with TiN
coating tool, and the tool life of TiAIN coating tool
increased by 80% compared with TiN coating tool after
honing.
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