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The paper presents the results of investigations on the tribological properties of cutting tools after ion
implantation. The research focused on the inserts made out of nitride ceramics 1S9 (Si,N, with additives) and
combined ceramics IN22 (ALO, + TiCN) available on the market. The inserts rake surfaces were covered
with yttrium and rhenium coatings by means of ion implantation with different dozes. Both unimplanted and
coated surfaces underwent tribological tests of the block-on ring type. The experiments demonstrated that, in
general, ion implantation with rhenium (Re") and yttrium (Y™) provided a decrease in surface friction forces.
In the case of IN22 ceramics, both rhenium and yttrium ions improved wear resistance of cutting inserts. On
the other hand, Re" implantation provided the best wear resistance of the IS9 ceramics.

implantacja jonow, test tribologiczny, zuzycie, tarcie, narzedzie skrawajace.

Artykut opisuje wyniki badan wlasciwosci tribologicznych narzgdzi skrawajacych po implantacji jonéw. Ba-
dania dotyczyly narzedzi wykonanych z ceramiki azotkowej 1S9 (Si,N, + dodatki) i ceramiki mieszanej IN22
(ALO, + TiCN), dostepnych na rynku. Na powierzchnie natarcia naniesiono powtoki itru i renu metodg im-
plantacji jonéw o réznych dawkach. Pokryte i niepokryte powierzchnie zostaly poddane testom tribologicz-
nym w parach typu rolka—klocek. Badania wykazaty, ze generalnie implantacja jonow renu (Re') i itru (Y™)
zmniejsza sily tarcia na powierzchni. W przypadku ceramiki IN22 iony zaro6wno renu, jak i itru zwickszyty
odpornos¢ ptytek skrawajacych na zuzycie. Z drugiej strony, najlepsza odpornos¢ na zuzycie ceramiki 1S9
zapewnity jony renu.

resistance can be changed with the ion beam irradiation
[L. 6]. Ion implantation effects surface contour,

The wear conditions of different cutting tools have
a huge effect on production cost, energy consumption,
and carbon emission, so they should not be ignored
[L. 1]. The wear of the cutting tools depends on their
tribological properties [L. 2], vibration [L. 3], cutting
forces [L. 4], cooling conditions [L. 5], etc. Some
reports demonstrated that almost all physico-mechanical
properties of the tool material responsible for its wear

microhardness, micro-, and submicro-structures, as well
as the chemical composition of surface layers of cermet
hard alloy tools and high-speed steel tools [L. 7]. Ion
implantation seems to be especially advantageous for
the cutting tools apply to hard to machine alloys [L. 8].
It is stated that ca. 85% of cemented carbide tools are
coated, and nanostructured PVD coatings very quickly
found wide applications in this area [L. 9].
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In the previous study, yttrium ions were implanted
on the surface of the cemented carbide cutting inserts
with TiN coatings. Results demonstrated their improved
cutting performance in terms of reduced cutting forces
and wear parameters [L. 10]. The present study is focused
on tribological properties of the ceramic cutting tool
materials after yttrium and rhenium ion implantation.

MATERIALS AND METHODOLOGY

In the research, the cutting inserts type TNGA 160408E
(IS9) and TNGA 160408T (IN22) produced by ISCAR
were used. They were made out of nitride ceramics 1S9
(Si,N, with additives) and combined ceramics IN22
(ALO, + TiCN), respectively. The initial inserts are
shown in Fig. 1.

The rake surfaces of the inserts were implanted with
the ions using a TITAN device equipped with a spark
source of metal vapour MEVVA type (Metal Vapour
Vacuum Arc). The implantation involved ions of yttrium
(Y") and rhenium (Re"), and parameters of the processes
are shown in Table 1. The implantation procedure and
its assessment with scanning electron microscope EVO
MA10 were performed in the Polish National Centre of
Nuclear Research (NCBJ).

Fig. 1. Cutting inserts TNGA 160408E (IS9) and TNGA
160408T (IN22) produced by ISCAR

Rys. 1. Plytki skrawajace TNGA 160408E (IS9) oraz TNGA
160408T (IN22) firmy ISCAR

Table 1. Parameters of the ceramic inserts with ion
implantation
Tabela 1. Parametry implantacji plytek 2z  ceramiki
narzedziowej
. Ion
No.| Insert material Ton doze Energy
type
1 T.N.GA 16040.8E Re" | 1x10'7 ion/cm? | 65 keV
nitride ceramics 1S9
TNGA 160408E Y* | 1x10" ion/cm?
2 nitride ceramics IS9| Y* |2x10'7 ion/cm? 65 keV
TNGA 160408T
3 |combined ceramics | Re" |1x10'7ion/cm? | 65 keV
IN22
Y+
TNGA 160408T 1 & 11510 7 ion/em
4 | combined ceramics e , | 65keV
IN22 2x10'7 ion/cm’

There are many methods and devices designed to
evaluate tribological characteristics of PVD coatings
[L. 11]. The increase in forces during machining has
an impact on the tool life [L. 12], so it was necessary
to perform tests on friction forces before and after ion
implantation of cutting tools. Tribological tests were
performed with a T-05 device produced by Institute of
Sustainable Technologies at National Research Institute
in Radom [L. 13]. The T-05 device is a block-on ring
type wear tester designed for evaluation of lubricants,
engineering materials, and coatings, especially those of
the highly loaded machine elements. It provides sliding
or oscillating movement with a sliding velocity up to 5.5
m/s at a frequency up to 8 Hz and a normal load up to
3150 N.

The experiments were performed in the conditions
required in the project VAMAS (Versailles Project on
Advanced Materials and Standards) performed by the
participants from G-7 countries, Poland and Finland,
and in the Program COST Action 516 [L. 14]. Namely,
there was a sliding speed of 0.1 m/s under a 10 N
load. In our research, however, the load was increased
up to 100 N because of high loads in the real work
conditions of a cutting edge. Environmental conditions
were supervised, and the experiments were made in
a humidity of 50% at a temperature of 23°C.

In the tester, the roller was used made out of the
bearing steel LH15/1.3505/100CR6 according to the
standard PN-EN ISO 683-17:2015-01. The roles of
fixed blocks samples simulated the inserts made out of
ceramics IN22 or IS9. They were pressed with certain
force P against the roller rotating in one direction with
certain rotational speed, as shown in Fig. 2. The contact
S was non-conformal (line), and the hemispherical
insert ensured steady distribution of the pressure in
the contact zone. A thermocouple was used to measure
the temperature of the block. The friction couple was
inserted in the reservoir, which enabled tests both with
and without a lubricating liquid. In order to fix the
examined cutting inserts in the device T-05, special
adaptive holders were made, as shown in Fig. 3.

a)

Fig. 2. The friction couple of the block-on ring type:
a) scheme [L. 15], b) 3D view [L. 16], 1 — flat
surface sample, 2 — roller, 3 — hemisphere insert,
4 — sample holder

Rys. 2. Skojarzenie ,rolka—klocek™: a) schemat [L. 15],
b) model przestrzenny [L. 16], 1 — klocek ptaski
(prébka), 2 —rolka (przeciwprobka), 3 — wktadka pot-
kulista, 4 — uchwyt probki
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Fig. 3. Adaptive holder for triangle cutting insert
tribological test
Rys. 3. Uchwyt specjalny do trojkatnych ptytek skrawajacych

Tribological tests were performed in the following
conditions:
— Rotational speed n = 56 rpm, which resulted with
sliding speed ca. v = 0.1 m/s for the roller diameter
D = 37 mm, according to the following equation:

————— ~52[rpm] )

where

— pressing force P =100 N,

— friction path § = 100 m,

— the number of cycles, i.e. rotations of the roller
N = 860, according to the following equation:

S 100

N=—=——~860[— 2
D m-0.037 -l )
where
— testing time ¢ ~ 1000 s, according to the following
equation:
N 860
=—=——~1000[s 2
n 52:60 L<] @

where the lubricator was 5% water emulsion B-Cool
655 (chlorine-free semisynthetic coolant with mineral
oil added) produced by Blaser Swisslube AG.

RESULTS AND DISCUSSION

After the ion implantation procedure, the rake surfaces
of the inserts were checked for qualitative assessment.
The maps of respective substances Y and Re were
obtained with the points representing them with higher
density and brightness in the areas with higher substance
content. Figure 4 shows examples of the Y and Re
distribution maps on the ceramic surfaces.

In was found that the obtained distribution of
coating elements was similar for both examined ceramic
materials. Presence and steady distribution of ions Y*
and Re" were asserted on both IN22 and IS9 cutting
inserts surfaces.

Examples of the yttrium and rhenium distribution
on the cutting inserts rake surfaces

Rys. 4. Przyktady rozktadu pierwiastkow itru i renu na po-
wierzchni natarcia plytek skrawajacych

From each tribological test, reports were generated
with obtained values of friction force /7, total linear wear
d, and sample temperature 7 versus time ¢. The values d
and 7 did not changed significantly during the tests, with
d changes almost undistinguishable and a 7 increase
ca. 10°C for each sample. The friction force graphs
are shown in Figs. 5-6 for the tests without lubricator,
and in Figs. 7-8 with lubricating liquid specified in the
previous section.
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Fig. 5. Graphs of the friction without lubricant for
IN22 ceramics/LH15 steel (IN22 — unimplanted,
Rel — 1x10Y ion/cm?; Y1 — 1x10' ion/cm?;
Y2 - 2x10"ion/cm?)

. Przebieg sily tarcia w skojarzeniu ceramika IN22/stal
LHI15 w warunkach tarcia suchego (IN22 — nieimplan-
towana, Rel — 1x10"7 jon/cm? Y1 — 1x10" jon/cm?,
Y2 —2x10"jon/cm?)
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Fig. 6. Graphs of the friction without lubricant for
IS9 ceramics/LH15 steel (IS9 — unimplanted,
Rel - 1x10V ion/cm?; Y1 - 1x10" ion/cm?;
Y2 - 2x10"ion/cm?)

Rys. 6. Przebieg sily tarcia w skojarzeniu ceramika IS9 /stal
LH15 w warunkach tarcia suchego (IS9 — nieimplan-
towana, Rel — 1x10'7jon/cm?; Y1 — 1x10" jon/cm?;
Y2 —2x10"7jon/cm?)
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Fig. 7. Graphs of the friction with lubricant for IN22
ceramics/LH1S steel (IN22 — unimplanted, Rel —
1x10" ion/cm?; Y1 — 1x10" ion/em?; Y2 — 2x10"
ion/cm?)

Rys. 7. Przebieg sily tarcia w skojarzeniu ceramika IN22/
stal LH15 ze smarowaniem (IN22 — nieimplantowa-
na, Rel — 1x10"7 jon/cm?; Y1 — 1x10" jon/cm? Y2 —
2x10'7jon/cm?)
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Fig. 8. Graphs of the friction with lubricant for IS9
ceramics/LH15 steel (IS9 — unimplanted, Rel —
1x107ion/cm?; Y1 — 1x107ion/cm?; Y2 —2x10"ion/
cm?)

Rys. 8. Przebieg sily tarcia w skojarzeniu ceramika 1S9/
stal LH15 ze smarowaniem (IS9 — nieimplantowana,
Rel — 1x107jon/cm?; Y1 —1x10"7jon/cm?; Y2 — 2x10"7
jon/cm?)

As can be seen in the presented graphs, the rhenium
(Re") and yttrium (Y*) ion implantation caused better
stability in the friction dynamics, especially in the
initial phase of work. The highest instability performed
unimplanted 1S9 ceramics with oscillations of 10, 20,
and even 30 N in the graph in Fig. 6. The highest values
of friction force F,> 70 N were registered in the case of
unimplanted IN22 ceramics without lubrication, Fig. 5.
On the other hand, the lowest and the most stable friction
force between 12 and 40 N revealed IS9 ceramics with
yttrium coating (Y* 2x10"7 ion/cm?) during ¢ = 800 s of
test. Even though, in some cases, the initial friction force
appeared to be higher for implanted surfaces, in general,
ion implantation with rhenium (Re") and yttrium (Y™)
provided a decrease in friction forces.

A decrease in the friction forces resulted with
substantially smaller wear of the implanted surfaces. The
inserts after tests underwent qualitative analysis with
a laboratory microscope Carl Zeiss JENA with a digital
camera HDCE-XS5 and software Scopelmage 9.0 (X5).
Figures 9—10 present photographs of worn IN22 inserts
with and without coatings after tests without lubricant,
and Figs. 11-12 show respective surfaces of IS9 inserts.

Fig. 9. View of the worn IN22 surface after tests without lubricant: a) unimplanted, b) implanted with Re* 1x10'7ion/cm?
Rys. 9. Zuzycie powierzchni IN22 po testach bez smarowania: a) nieimplantowana, b) implantowana ionami Re* 1x10"7 ion/cm?
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Fig. 10. View of the worn IN22 surface after tests without lubricant implanted with yttrium: a) Y* 1x10" jion/cm?,
b) Y* 2x10" ion/cm?

Rys. 10. Zuzycie powierzchni IN22 implantowanej jonami itru po testach bez smarowania: a) Y* 1x10" jon/cm?
b) Y* 2x10" jon/cm?

Fig. 11. View of the worn IS9 surface after tests without lubricant: a) unimplanted, b) implanted with Re* 1x10'" ion/cm”
Rys. 11.  Zuzycie powierzchni IS9 po testach bez smarowania: a) nieimplantowana, b) implantowana ionami Re” 1x10'7ion/cm?

Fig. 12. View of the worn IS9 surface after tests without lubricant implanted with yttrium: a) Y* 1x10' ion/cm?,
b) Y*2x10"ion/cm?

Rys. 12. Zuzycie powierzchni IS9 implantowanej jonami itru po testach bez smarowania: a) Y* 1x10' jon/cm?
b) Y 2x10'" jon/cm?
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Qualitative analysis of the worn surfaces gives
insight into the merits of ion implantation and the
complexity of the phenomena and the properties of each
material. Therefore, in the case of IN22 ceramics, it can
be assumed that both rhenium and yttrium ions improved
its wear resistance, since the unimplanted surface
revealed the most extensive wear features. It seems also
appropriate to assume that rhenium and yttrium ions
implanted in a doze of 1x10!7 ion/cm? ensured a quite
similar degree of wear protection. A higher doze of
Y™ ions (2x10'7 ion/cm?) provided substantially better
results with a visibly smaller worn area.

However, the abovementioned observations could
not be extended to the IS9 ceramics. Here, a smaller
doze of yttrium ions (1x10 ' ion/cm?) seemed to
have no substantial effect; therefore, that area and the
appearance of the worn surface show little difference
from the unimplanted material. A doubled doze of Y*
ions provided substantial improvement, and the worn
area appears to be narrower and shallower. However, the
rhenium implanted surface looks better in every respect,
so it can be assumed that Re" implantation provided the
best wear resistance of the 1S9 ceramics.

Keeping in mind the latest reports on the new
ceramic nanostructured composites [L. 17, 18], more
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that cutting performance of TNGA 160408 cutting
tools inserts made out of oxide ceramics IN22 as well
as nitride ceramics 1S9 may be improved by means of
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the latter one prolongs the lifetime of an expensive
cutting insert.
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