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1. ABSTRACT

Sputter coatings are used industrially as hard coatings for
protection of tools and tool devices against w=zar and corrosion’.

The nost significant objectives of this project were the
devel opnent of coatings based on new target materials and the
optimzation of the l[ifetinme of cutting tools by neans of tool design
according to the properties of the new coatings.

Sintered targets with variable chem cal conposition based on tungsten

al loyed with titanium, nickel, chrom um and other netals were used
to deposit thin filnms as nitrides, carbides and carbonitrides.

The study of the deposition conditions was carried out initially in
a |l aboratory equipnment. This work lead to the construction of a
prototype with simlar characteristics to a high rate sputtering
system :

Thin films were deposited over high speed steel. and cenented carbide
cutting tools with standard and. |later with optimzed geonetries. The
deposition conditions in the” prototype were optimized for grinded
(cutting tools) and polished (sanples)” surfaces, establishing the
standard process paraneters.

Sanpl es coated with GOLD-TiN, SILVER-TiN and Ti CN were supplied by
means of industrial production of standard ccatings deposited from
a titaniumtarget. The study of the coating Properties. was carried
out in view of the optimzation of the target chem cal conposition.
Each target alloy was used to ‘produce coatings for cutting tools to
acchieve higher lifetine and an optinmal wear behavi our during
servi ce.

Conparative studies were carried out on a Fin-on-disc equipnent,
establishing the relationship. between the wear rate and the friction
coefficient of the sputtered coatings. The: study of the wear
behaviour Was carried out at room tenperature, as well as at
tenperatures up to SO0 degrees Celsius for high speed steel coated
sanples and up to 600 degrees Celsius for cenmented carbide coated
sanpl es.

A fretting test equipnment was used to complete the study of the wear
behavi our of the coatings at room tenperature.

The wear behavi our of the new devel oped coatings was studi ed under
real cutting conditions using coated high speed steel taps and thread
formers and cenented carbide mills and '‘drills. According to the
properties of the optimzed coatings, new tool geonetries were
devel oped. Finally, the cutting conditions were.optimized for the
tools with new geonetries



2. | NTRCDUCTI ON

The aim of the project was to devel op new coated cutting tools
With better cutting performances than those obtained by conventiona
coatings and tool geonetries. Two inportant objectives should be
reached, concerning the deposition of WGC-/N M (Me=Metal) coati ngs
and the adjustnent of the tool geonetries to the properties of the
new devel oped coati ngs.

The definition of the target chem cal composition, which | eads
to the optimal film properties, as high hardness and tenacity, high
tenperature and abrasive wear resistance, low friction coefficient
and high deposition rate, was certainly the rost important Subj ect
‘to be analysed.

A first study on the deposition conditions was carried” out in
a laboratory ‘equiprment, where different target materials were used,
establishing simltaneously the basic work for the definition of a PvD
coating equipnent with characteristics similar to “an industria
system The conception of the sputtering system included a planar
magnetron cathode, an ion beam source positioned in front of that
cathode and a rotational substrate holder. This systemallows the
coating deposition using sinultaneously the ion beam source to
I ncrease the plasma ionisation.

The vacuum equiprment with an ultimte pressure under 10-6 mbar
wor ks at pressure values under 3 X 10-3 nbar and at deposition rates

up to 0,35 pm/min. in order to guarantee the purity, O the coating
chem cal conposition and the rentability of taie deposition process.

The application of coatings to” cutting tcols |eads generally to
severe alterations of the cutting conditions. For adjusting these
conditions to achieve the best results, it was necessary to acquire
conplete’ basic data for standard tools coated under standard
conditions and establish the relationships between the coating
properties and the cutting conditions and the tool geonetries
depending on the tool and worked materials:

Standard tool geonetries were used to optimze the pre-heating,
etching and deposition conditions in the prototype equipnent and to
study the influence of the coating properties and f£ilm thickness on.
t ool geometry. and on their cutting performances.

The correlation of the film properties with the wear phenonena
was investigated, in order to devel op new citting tool geonetries
designed’ for optinmm surface treatnent and nanufacturing
productivity. These tools shoild work at high cutting speed and feed
rates, also W thout | ubri cant or cool ant. :



3. TECHNI CAL DESCRI PTI ON
3.1. SELECTION OF THE BASE MATERI AL FOR THE COATI NG

The deposition conditions were initially optimzed, when

reactive sputtering froma pure tungsten target. The study of the

i nfluence of the elenents nitrogen and carbon on the” properties of
the films showed that the increase of nitrogea flow rate makes the
filmnore. oriented in (110) direction and decreases the coating
hardness,” specially when the w,N phase is present. Scratch-test
results have shown that WN films fail always cohesively, firstly by
tensile cracking and after by chipping. The structure of WO N filns

is different, where the phase WC carbi de was detected. This phase is
isomorphous of ww.

In addition to the element tungsten, a prelimnary selection of
the netallic elenments for the target material was carried out, using
chromum nickel and titaniumto analyze the influence of the ‘second
metallic elenent. The study was carried out ir non-reactive node to
conpare the results with those of anorphous ard crystalline WC Co.

The deposition of w-c-Ni coatings have stown that the addition
of N leads to the amorphization of the films when its content in the
fil movercones a thresold value cf 5 % atomicz. In this system was
detected the presence of. ''free” Ni. The crystallisation mechanisms
wer e observed depending on the chemical composition: for N < 9 at%
two phases wc + w,c are formed and for higher ni contents an initial
precipitation of WC + NI occurs.

In conparison to previous results obtained with the system w-c-
Co, films deposited from w-C-Cr, w-C-Ni and W-C-Ti targets present
adhesive failures and | ower cohesive critical |oads. The hardness of
these films is | ower than that of crystalline WC-Co filnms and
slightly higher than anmorphous WC Co films. The adhesive critical
| oad increases with increasing titani um conteat and with increasing
negative substrate bias.-Any i nfluence of the chrom umcontent “or of
the substrate bias on the film properties cohesive and adhesive
critical loads, as well as on the microhardness, could be found for
w-c-cr fil ms.

The norphol ogy of’ the films sputtered froma pure tungsten
target in a reactive atnosphere is nmore conpact than that of the w-
Ti-N films. No signs of nitrides could be detected in filns of the
WN system where nitrogen was found only in a selid solution. The
reactivity of tungsten in the plasma environnent is very |ow conpared
wth that of titanium w-Ti-N films present nitrides in their
structure at the same nitrogen/argon ratio levels as for the WN
system



3.2. ADJUSTMENT OF THE DEPOSI TI ON CONDI TI ONS OBTAI NED
I N THE LABORATORY eguipMeExnT TO THE PROTOTYPE

The concept for the prototype considered some sSpecial features:
- each sanple to be treated can be rotated with constant speed
- the sanples are preheated by neans of electron bombardement

- ‘the sputter cl eaning process i s acchieved very easily by nmeans of
inversion of the substrate tension

- during the deposition of filns it is possible to variate the
di stance between cathode and substrate

- the ion beam source can also contribute to increase the ionization
level, when working sinultaneously with the magnetron cathode. *.

The deposition conditions were optimzed concerning the
“influence of the ultimate pressure on the coating properties and the
i nfl uence of the pre-heating and ion etching paranmeters on the
surface roughness and on the mechanical properties of the $oatings.

T“he influence of the ultimate pressure on the coating properties
was studied conmparing the results of the hardness and scratch tests,
obtained on filns deposited after the deposition chamber have. been
evacuated during different times. The results show that both hardness
and scratch” test critical loads increase with decreasing ultimte
pressure. In order to achieve reasonable resu’.ts and sinultaneously
to satisfy the industry requirenment of |ow evacuation tine, the
deposition was carried out at an ultinmate pressure of 7.5*10™° nbar.

It was observed that the surface roughness of the coatings
varies ras a function of the pre-heating and etching tine. The
substrate tenperature shows an almost |inear proportionality to the
pre-heating time up to a tenperature of about. 500° C. The electron
bonbar dnment of the substrate during the pre-heating procedure has *“.
any influence on the substrate roughness. However, when the substrate
was pre-heated, the final values of the substrate roughness were
hi gher than those obtained for the sane etching conditions but
W t hout previous substrate pre-heating. This leads to the concl usion,
that the substrate tenperature has an influence on the nobility of
the surface atons increasing the sputtering (etching) rate with
i ncreasing tenperature.

The optimal value of the substrate roughness to acchieve the
best mechani cal properties is a mean value of 0,09 pm Rmz.



3.3. OPTIMZATION OF THE TARGET CHEM CAL COMPOSITION

The influence of the el enent nitrogen-and of the substrate bias
were studied when depositing films froma w-ti target with 10 = 2o
and 30 weight % titani um content. /

‘1" he study of thin filns deposited from the target with 10 weight’
% titanium showed that the substrate bias voltage during film
deposition influences the properties of tre WTi-N filns. The
i ncrease of the substrate bias gives rise to dense filnms and
decreases the nitrogen atomic content in the f£film. Concerning the
mechani cal properties, small variations were «detected when changi ng
the substrate bias.

The elenent nitrogen is very inportant. The norphol ogy of the
films is typically columar not depending on the nitrogen flow rate.
The film structures ranged from the tungsten phase up to,
tungsten/titaniumnitride phases. Increasing the nitrogen content of
the £film, increases as well its conpactness. The conditions
corresponding to the transition between struc:ures Wi thout and with
formation of nitrides present the best conprom ses between hardness
and adhesi on val ues.

Simlar studies were carried out using reactive gas cH, and both

CH, and N,. Coatings containing carbon had aigher hardness (4000
Vickers) but |ower scratch-test critical loads.

The study of the films deposited fromthe target with 20 weight
% titani um showed that the nitrogen content of these films is higher
than bevor, for the same N,/ar flex rate. wThis is due to the higher
reactivity of titaniumtowards nitrogen in comrarision Wi th tungsten.
The results of the scratch-test show lower values for the cohesive

and adhesive critical loads, as weil as the hardness of the filns
(3200 Vickers)

Simlarity as before, the stucy of the films deposited from the
target with 30 weight % titanium showed that the increase of the
titanium content in the target lead to a decrzase of the values for
the filmhardness (2200 Vickers) and for  the scratch-test critical
| oads.

The norphol ogy of the filns iS similar with those deposited from
targets with lower titanium content and the nitride phase could be
as well detected for values over 23 & nitrogen content.

Concerning the deposition conditions it was confirned that the
deposition with the ion gun switch-cd on, this means with increased
plasma ionisation, |eads to better film properties.



Under consideration of the results obtained with the different

WTi targets and once the user demands for TiRIN coatings were

grow ng, the influence of the elenment aluminium in the target
chem cal conposition was studied. For this purpose a sintered target
W th w-Ti-al (75-20-5) weight % was used to deposit filns on high
speed steel “and cenented carbide tools.

For this study only N, was used as reactive gas. The hardness
achi eved wvalues up to 2400 Vickers, the scratch-test critical loads
obt ai ned were excellent and no signs of adhesive failure were
detected. The deposition conditions selected for coating the cutting
tools gave rise to conpact films presenting the nitride phase.

Once the target” materials used -in this project are very
expensive in their production nethods, tests were also carried out
with a Ti-cr (50/50% target produced by means of vacuum plasma
spraying. The study was limted to the analysis of the influence of
the ‘target production process on the deposition conditions and
chem cal conposition of the deposited fil ns.

During the deposition tests any plasnma instabilities were
observed on the target surface. Different n,/a: flow rates were used
The results concerning the chemical compositicn show that the plasma

spraying process is an alternative to the sintering production
met hod.



3.4. COATI NG CHARACTERI ZATI ON

The chem cal conposition of the coating depend not only on the
percentage of the respective elenents ‘involved in the deposition
process, but also on other technological paranmeters, as the bias
vol tage; deposition tenperature, total.pressure in the vacuum chanber
and deposition rate.

Conparing the results of the cutting tests wth the val ues
obtained for film hardness and scratch-test critical |oads any
relationship could be established.

The study of the wear behaviour of those coatings carried out
with the pin-on-disc equipnment can be resumed as follows:

- the high tenperature wear resistance is “directly linked to the
cutting tool endurance. life. The best results should correspond to
the | ower average depth of the wear scar

- The high tenperature friction coefficient should be as low as
possi bl e, average value and stability

- The honogeneity of the wear scar at the end of the friction test

Sone coatings could be optimzed to fullfill the three previous
criteria.

“The cutting tests under real conditions lead to results, which
should be conpared with those of the theoretical studies.
Unfortunately any relationship was found, only one deposition test

with a good high tenperature friction coefficient achieved gut
results.

The results of the fretting experinents seem to have a better
relationship to the cutting tests under real ccnditions. The coatings
wth lower friction coefficient had the best results deposited on
cenented carbi de mills ‘and working wi thout lubricant (air cooling}).
The coated high speed steel taps did not show this result wth
evidence. :



3.5. CHARACTERIZATION OF COATI NGS DEPOSI TED
BY | NDUSTRI AL PROCESS

The influence of the sanple hardness on the neasured val ue for
the coating depends extrenely on coating thickness and on the
substrate hardness. This influence was studied for stainless steel,
hi gh speed steel and cenented carbi de.

The study of the surface roughness was carried out for different
initial values. The coating induces a |ower surface roughness for the
sanpl es with higher roughness values. On the opposite, very snooth
surfaces get higher roughness, when coated. This depends on the type
of coating, as well as on the film deposition rate. A decrease of the
deposition rate favorises the film growth mechani sms and i ncreases
the coating quality.

The morphology of WTi-N coatings deposited” when increasing
substrate bias and conparative an industrial SILVER~TiN coating with
hi gh nitrogen atomc content in the film show that the film growth
structure for .SILVER-TiN i S not evident, but .for the W-Ti-N film a
typi cal columar growth can be observed.

Variations of the, deposition parameters in the industrial
equi pment were carried out for conparative purposes. The deposition
paranmeters. were changed according to the working conditions, once the
i nfluence of the deposition rate and of the rrgon partial pressure
should be studied. The nitrogen flow rate was al so changed when
deposi ti ng SILVER-TiN coati ngs.

The results of these conparative studies showed that:

1) Wen changing the deposition rate from2,0 up to 3,5 nm/sec
or the Argon partial pressure from1,3 Up to 2,2 x 10-3 mbar, any
i nfluence of the deposition rate could be detected, as well as of the
Argon partial pressure, on the hardness and on the surface roughness
of the GOLD-TiN coating

2) when changing the deposition rate from 1,2 Up to 11,0 nm/sec
the hardness of the SILVER-TiN coating increases. At higher
deposition rates there is a formation of hot spots, on the target
surface, due specially to unpurities of the vaccum athmosphere.

3) The deposition of TiCN was done usi ng CH4 and C2H2. Wen
increasing the Argon partial pressure, the formation of arcs on the
target surface can be avoided. For a pressure above 2,0 x 10-3 nbar
the plasma can be kept stable 'during a |ong time (film thickness up
to 5 mcrons). when decreasing the deposition rate, the plasma gets
nmore stable and the hardness of the, coating increases.



3.6. DEVELOPMENT OF A muwnrirayer COATI NG SYSTEM

The devel opment of a new coating based on a typical multilayer
systemsimlar to TiCN (titanium carbonitride) was carried out, once
the results obtained with WC NM coatings were not satisfying.

The influence of the nost inportant technological paraneters on
the coating properties was studied, as well as the chenical
conposition and the structure of the different |ayers.

The chemical conposition of the functional coating was controled
by neans of the reactive gas flow, which influence on the
microhardness Of the films was studied.

The influence’ of the target load (deposition rate) on the
microhardness IS ‘very significant for values under 20 WcnZ'. Above
this limit, the vickers hardness keeps its wvalie constant (2800 NV).

The substrate bias has any influence on tae filmgrowth, on the.
surface’ roughness and on the adherence of the coating for val ues
above 80 and up to 150 Volt.



3.7. DEVELOPMENT OF NEw CHARACTERI ZATI ON METHODS

Two tests were developed to try to get nmore information about
film stresses and film strength, as well as to characterize the
adhesion of the coating to the substrate:

csT  CRACK STRENGIH TEST

This test can be descri bed as a Bend-Break-Test of, brittle
materials. For this purpose, a soft substrate material with |ow
hardness is coated with a film of specified thickness. The surface
Is |oaded by the dianond indenter of a vVickers microhardness
measurenent equi pment. Wth increasing load, a linit value is reached
whi ch induces the filmto break through into the substrate.

The devel opment of the CST test and the definition of the test
conditions were realized using aluminium alloy sanples, as, substrate
material, and nultiple |ayer coatings were deposited with variable ,
thi ckness up to 50 pm for Silver-TiN.

SST - SOFT SCRATCH TEST

Scratch testers use a dianond indenter and are used to nmeasure
a theoretical adhesion (the critical ‘load Lc) quality of thin filns.
Any kind of relation can be established between the measured critical
| oad values and the results of the lifetine tests with cutting tools,.
as well as any kind of relation can be established between critical
| oad and the nmeasured hardness val ues.

The coating structure and hardness are inportant factors; which
have a great influence on the critical |oad values obtained wth the
di anond scratch tester.

The nethod proposed to test the adhesion quality of thin filns
is very simlar, but instead of a dianond indenter here a cenented .
carbide indenter is used.

The study of the working conditions when using the SST equi pnent
was done, using high speed steel and cenented carbide substrates. The
coating thickness was chosed at three |evels, depositing approx. 3,
5and 7 pm for single and nmultiple layer coatings.

The SST load range was defined at stages 0, 1, 2 and 3
(equival ent to 250, 500", 750 and 1000g) . The relativ nmovement of the
cemented carbide indenter is carried out in two ways: in one way to
obtain a surface pressure under an angle of 75° and in the opposite
way to obtain shear forces under an angle of 15°.



3.8. WEAR CHARACTERI ZATI ON AND GEQOVETRY DEVELOPMENT

The wear behaviour of the cutting tools shows, as expected, that

the critical regions are the cutting edges for both cenmented carbide
end mlls and HSS taps. The friction surfaces of the cutting tools,

which are in contact with the worked material during service, gre
also critical regions, as the ‘free angle side of the cutting edge.

The nost significant aspects to be considered for the geonetry
definition are certainly the creation of stable cutting edges, the
optim zation of the surface roughness and the increase of the

substrate material strenght. The coating gives a higher protection
to the cutting edge, increases the material strenght of the substrate
surface and decreases the friction coefficient.

To calculate the exact profile of cenmented carbide cutting tools
to be devel oped or optimzed, a software programme was used, which
allows to calculate the optimal profile for.the tool, t0o simulate a
cutting tool "and to design the profile” ‘for the grinding wheel, wth
whi ch the designed tool will be produced. Different types Of drills
were tested coated with standard coatings. This devel opment showed
the influence of the coating properties on the tool geonetry. ,

The results-of the cutting tests with different PVD coatings and

special surface treatnments of high speed steel taps show the
dependency of the tool wear behaviour from those paraneters.

Qher tests run to determne the torque ty thread form ng using
taps fromtype FORMEX With different poligon fornms and with an
oxinitriding surface treatnent. The results have shown that “with a
flat poligon form the torque is higher than that of a pointed form
The lifetime for both k’inds of poligons Was sjnilar.



3.90 ANALYSIS OF THE EFFECT OF SUPPLEMENTARY COATI NG THI CKNESS

Certainly there is a difference between 3ss taps or formers on
one side and cemented carbide drills and end mills on the other side.

Wth increasing coating thickness, the lifetime of the cutting
tools increases proportionally. For any kind o# tool there a thresold
for the coating thickness, which should be estimated.

HSS taps are sensible to variations of the coating thickness for”
films W th hi gher roughness, but not as nuch as-by formers.

The devel opnent of heat on the contact surface during service
| eads to the disruption of the lubricant f£ilm. Under this working
conditions, the properties of the coating can change, as well as the
structure of the substrate material. The adherence of the coating to
the substrate can be |ost. '

Cenmented carbide tools need thicker coatings for better
protection of the cutting edges. cThe |inmits for the coating thickness
are different for drills and for end mlls.

Drills can be coated with a filmthickness higher then 3 ym and
the "lifetime still increases, depending on ths worked naterial.

The conmmon material used for cutting tests was heat treatable
tool steel, for which the coating thickness should acchi eve val ues
up to 4,0 mcrons. For working general structural steel a coating
thickness up to s microns can be used with very good lifetine.
results. Wth increasing ‘strentgh of the worked material the coating
t hi ckness nust Dbe decreased.

\



3.10. CUTTING TOOLS. WTH NEw GEOMETRIES AND wew COATI NGS

Cemented carbi de for tool production was cbtained fromdifferent
producers. The specifications were done correspondi ng 'to the type of
tool to be tested considering the worked material.

A new cenented carbide quality for tool production was optim zed
and the study of the wear behaviour of coated tools was carried out.

The new cenented carbide type i s CERMETS, which has other
chem cal and nechani cal properties as usual standard materials, as
better wear resistance, higher chemcal stability, higher resistance
agai nst tenperature differences and |ower bend strenght.

Wth the purpose to use CERMETS for tool production it was
necessary to adjust the tool geometry to the nechanical properties
of that material. Tests of mill cutters With two, three, four and six
flutes were carried out, leading to better lifetime of the tool
compared Wi th conventional cenented carbide.

New geonetries for standard tools were used for further
devel opment. Thes’ e tools were coated and testad, in such a way that
the geonetrical limts could be defined for those tools.

Coated tools with —new geonetries were produced and tested
uncoated and coated with standard coatings, as well as with the new
devel oped multilayer coating. Tests were carried out with coated
cenented carbide drills and HSS taps and- formers.

The optim zation of the coating properties | ead to deposition
tests with standard end mills and new developed drills, as well as
for new designed taps and formers. Mainly, an interlayer at the’
begi nning of the deposition process was introduced tO increase the
adherence of the coating to the substrate. Also switching on the ion
gun during the deposition increases the guality of the coating.

The, best results were achieved by the multilayer coated tools
for emul sion coolant and by WC N-Me coated tools for air cool ant.

Working with coated HSS taps and formers, | ow torque val ues and
high lifetime of the WC NMe coated taps could be acchieved.

The coating thickness distribution depends on the deposition
conditions, which can be optimzed for that purpose, but the nost
I nportant aspect is certainly the tool geonetry.

Considering the tool geonetry and the functional surfaces, where
the wear is nmore significant, it is not possible to influence the

coating thickness distribution by means of changing the tool
geometry.



4. RESULTS AND CONCLUSI ONS

The results acchieved with the new develcped W-C/N-Me coati ngs
showed a continous positiv devel opnent considering the life-time of
the cutting tools. -The optimzation’ of the target chem ca
composition and of the respective deposition conditions |ead to very
significant results, specially those related with the cenented
carbide end nills. These were tested under real cutting conditions
and showed di fferent wear behaviour when. using | ubricant or only
press air as cool ant..

Coatings containing tungsten seem to have better high
tenperature wear resistance, also conpared with sone standard
coatings. Under dry cutting conditions, the life-tine could be
increased up to 200 % also when using the ‘optinized SILVER-TiN and
MULTI LAYER coati ngs.

The best results were acchieved With coatings deposited from a
W(70)-Ti(30) target. Nitride coatings acchieved the best results
under dry cutting conditions and carbonitride coatings using enul sion
as coolant and’ |ubricant.

Once nore could be confirned that with increasing titani um
content the quality of the coating, increased s.milarily. On the other
hand, the introduction of aluminium in the chemical conposition of
the target leads to a decrease of the coating quality.

The results acchieved with coated HSS taps and formers were not
very promising. The higher life-time of the tools was acchieved wth
coatings deposited also fromthe %(70)-Ti(30) target. Wth nitride
and carbonitride coatings some good results were acchieved. The life-"
time was |ower than that of the standard coatings and acchi eved not
more than 75 ¢ of the reference val ues.

For high speed steel taps the cutting forces can be reduced.
Resumng the results of the tests, means the surface treatments the
clanp friction and tool wear can be reduced and the tap tine life
I ncreased.

The quality of the devel opment departments, concerning the
characterization of hard coatings during service could be increased.
Many lifetine tests were carried out wth cutting tools, to create
the standard basic data for industrial applications and for further
devel opnents of coatings.



The devel opment of new characterization methodes for thin filns
was very useful and the results show very interesting relations to
practical applications. The quantification of these parameters gave

new inpul ses to the project. The pin-on-disc and fretting tests, as
wel | as the crack strength and the soft scratch tests, can be used

nore often in the future.

The devel opnment of new tool geonetries lead to better results
of the lifetime with standard coatings. For these purposes a new
multilayer coating was devel oped and deposited on cenmented carbide
end mlls and drills, which can be conmercialized. '«

The devel opment of WC N-Me coatings lead to the optimzation
of the chemcal conposition of the target. qn. fi|ps denncitad from

the target W,Ti have very good adhesi on and cohesion properties, high
hardness and low friction coefficient val ues.

Wth the new multilayer coating followirg advant ages could be
acchi eved:

- higher strength than the other coatings, which allows to use it “for
cutting tools working under interrupted cuttiag conditions

- highék tenperature resistance than the standard Gold-TiN coati ng,
i.e. higher cutting speed and feed rate are possible

- higher abrasive wear resistance than the standard TiAlN coating .

- lower affinity to titanium nickel or brass,



