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appl Etat FOHIN hitdercpatings shoul d be found which might give an even better
performance for certain applications with tools, especially with cutting
and formng tools or conponents, especially with conponents used for
conbustion engines. 35 3 of transition nmetals |ike niobium tantalum

nol ybdenum and/ or tungsten. Optionally nmetalloids Iike silicon and/or boron
can be added to further increase the hardness and decrease the wear of
tool s and nechani cal conponents runni ng under the described extrene condi -
5 tions. The new fam |y of coatings increases the service life of tools and
reduces the costs of replacing nechanical conponents and/or re-sharpening
expensi ve cutting tools by influencing chip formation process,
consequently, an increased productivity would be reached due to higher
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4 pul sed bias power supply The entire description and drawi ngs of the RCS
equi pnent can be found under US appl. no. US 2002/0053322. To deposit the
inventive coatings on a variety of workpieces, the 5 previously cleaned
wor kpi eces were nmounted, according to their dianeter, either on

doubl e-rotating or, for dianeters under 50 nm on triple-rotating substrate
carriers. Radiant heaters installed in the coating system heated up the
wor kpi eces to a tenperature of about 5000 C and, with a bias voltage of
-100 to -200 V applied in an Ar- 10 gon atnosphere at a pressure of 0.2 Pa,
t he wor kpi eces sufaces were subjected to etch polishing with Ar-ions. The
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limted because most transition metals have nmuch | ower capacity than
chromumto stabilize the Bl structure in the presence of |arge anounts of
al um num atons. Another factor affecting the solubility of solute TM atons
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strengt heni ng. I ndeed, depending on the nature of the transition 6 netal
alloy utilized solute atons may restrict or not the novenent of



30 the texture and structure of a protective hard filmis, technol ogically,
very desirabl e because the shape of the stress field varies significantly
fromone application to the next. A so, unlike ref. 037, here the preferred
orientation is predomnantly controlled by the stoichionetry of the
coatings. The main structural arrangenents 35 that can be achi eved by the
conpositions clained in this invention age represented schematically in
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Al Cr bagggbfd]oaﬁn%%ecsggﬁ%%%eu?toﬁeg ?]\fl\rﬁ?%{l/éed %tg %f%yl ng %éN%% fb, Wor
Ta. In other words, by including transition mstals fromgroup Vb and VIb
bei ng heavi er than chrom um The best results can be reached when the
‘atomi c concentration of these elenents is between 2 and 10 percent of the
nmetallic part, however an 30 atom c concentration as |low as 1 percent and
as high as 20 percent woul d be possible. The presence of these alloying

el ements ultimately ensures good solubility, an increased hardness, and an
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pulsed bias power supply The entire description and drawings of the

RCS egquipment can ke found under US appl. no. U 2002/0053322.

To deposit the inventive coatings on a variety of workpieces, the

previously cleaned workpleces were mounted, according te their di-

ameter, either on double-rotating or, for diameters under 50 mm, on

triple-rotating substrate carriers. Radlant heaters installied in the
coating system heated up the workpieces to a temperature of about

500° ¢ and, with a bias voltage of ~100 to -200 V applied in an ar-

gon atmosphere at a pressure of 0.2 Pa, the workpieces sufaces were

subjected to etch polishing with Ar-ions. The coating system is op-
erated in a low pressure argon atmosphere utilizing at ls=ast two
metal or metal alloy targets with at least temporarily addition of

at least one reactive gas, applying at the substrate a negative

voltage.

A workpiece, for the purpose of this invention, is being defined as

having a body made from stesl, high speed steel, hardmestal, cemented
carbide, or any other suitablie metal or ceramics. An example for a

workpiece may be a tool for high temperature and/or dry tooling op-

eration, Examples for tocls are a cutting tool, a drill, a reamer, a

a hob, a mill, an endmill, a ball nose mill, a
injection mold, a stamping

broach, an insert,
forming tool, a die casting mold, an
a deep drawing tool, a forging die. Besides toolg the inven-
g. for heavy duty, high tem-

tool,
tion can be applied to components, .
perature, insufficient lubrication and/ or dry running conditions.

Such components comprise a tappet, a component of the valve train, a

bucket tappet, a wvalve lever, a rocker arms, a pin, & piston pin, a

roller follower pin,

tem, an injection needle, a gear,

a boit, a component of a fuel inijection gys-
a pinion gear, a plunger, a piston

ring. This listing is not terminating, further embcodiments and ap-

plicaticons of the invention are possible and can be defined by a man

skilled in the art.

In the experiments relating to this invention, twoe of the six depo-

sition sources were used to include a ductile TIN adhesgion layer

(around 0.3 um thick). Some of the experiments were repeatsed using

life criterion: Monentum shut down
land VS > 0,3 mm) Experinent Nr. All oy
Composition by EDS (at. % Meters Al'loy. Elem Titanium

34
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miscellaneous adhesion layers like Ti, Cr and CrN and a similar per-
formance was reached. The remaining four sources were utilized to
deposit the main functional layer using cugtonized sintered alumi-
num-chromium-transitional metal targets and the ion plating deposi-
tion process. Alsc, in some of the experiments, the main functional
layer was co-~deposited by combining an AlCr alloved with a transi-
tion metal and an AlCr containing silicon or boron. During the depo-
sition, the sources were run at a power of 3.5 kW while the partial
pressure of the nitrogen gas was maintained at approximately 3.5 Pa.
10  Also, a substrate bias of -100V wag applied during the deposition to
enhance the ion bombardment process on the substrates. The deposzi-
tion time was always adjusted so that for all different coating com-
positions, the thickness of the functional layer was around 4 pum.

A total of ten customized compositions for the sintered targets were

prepared. The aluminum atomic content for all the targets of all the
One customlzed composition was com-

15
compositions was fixed at 70%.
posed of 30 at. % Cr, eight customized compositions were composed of
25 at.% Cr and 5 at.% of Ti, Y, V, Nb, Mo, W, S and B, respec-
tively, and one composition was composed by 20 at.% Cr and 10 at.%
Mo. The composition of the coatings correlated rroportionally to the

20
compositional analysis of the targets used {(as it is shown in exam-

ples 1 through 4).
The desired cubic crystal structure for an ALCrN coating containing

small amounts of alloying elements is represented in figure 1. In a
25 pure AICrN coating, the NaCl (B1) crystal structure is composed of
anion nitrogen atoms 1 as well ag of alumipum 2 and chromium 3 atoms
that compete for the available cation positions. TIn theory, with the
addition of small amounts of a different transition metal {(TM) 4,
the lattice structure should get glightly distorted due to the dif-

ference in atomigc size and electronegativity. Also, the amount of

30
golid solution sclubility would be limited because most transition
metals have much lower capacity than chromium to stabilize the Bl
structure in the presence of large amounts of aluminum atoms. An-
other factor affecting the solubility of solute TN atoms i1g the
35 atomic radius difference between the TM and aluminum and chromium

which should not be larger than 15% to achieve real golid solution

strengthening. Indeed, depending on the nature of the transition



22 30 19.4 15 *: denotes state of the art coatings. c: denotes conparative

exanpl es Exanple 1 shows the increased tool lifetinme in neters of AICrN
based coatings conpared to industrially used TiCN, Ti AIN and Al TiN coat- 20

ings. Al CrNbN, AlCrWN and Al Cr MoN can be very beneficial when applied to a
ductile type substrate |i ke high speed steel because they provide a surface

of high hardness and an adequat e adhesi g on. 11 Exanple 2: Drilling Tool
Steel Cutting tool: Drill HSS (S 6-5-2), Diameter D = 6 nm Wrk piece: Tool

Steel X 21Q6x1 12y o l}‘t}h%%osﬁﬁ@*@sf@%éw%é%a&%@t&f no'iO%hE: {H%veﬁr%%@d vy

=35 mMmn Feed rate f = mm Dri_l | hol e de rrmf
Cool i ng: ERfI $19Rea0h0ns dgg i F‘l‘F%GU&FW%ﬂaGﬁlCW‘?ﬁﬁPH%%EF

(correl at eshwi x-hraw di br-akri16n qﬁgﬂtey\ﬁaran\iBﬁieé’s@raﬁ e« X prr-bRefdrsNos Al | oy
Elem Al'l Oyvglrlee?y_rof (%E&,m E‘% =N co OSIS a:?e Q}/wlrzl{:)% ( 1gur§s%;/\év%f61 %ﬂwx,ccepa em

1A|on El em mcoatlng

tion of ALCrvl, the coatlngs showed a dlstlnct Bl gtructure similar
o the one expacted for cubic ALCrN. This fact underscores the im-
portance of the‘atomic radius and electronegativity of the alloyving
element not only on the solubility of the solute TM atoms but on the
gtructural phase stability of the overall crystal structure. So, the
10 differences in the measured lattice parameters can indeed provide us
unigue information about the structural effects of transition metal
The XRD experiments show that in the cage of AILCrTiN and
the lattice parameter is slightly larger but similar to pure

in the casze of AICrNDN and AICrMoN, the lattice has

doping.
AlCrvN,

ALCrN. However,
while maintaining a Bl crystal

AICrHIN and AlCrZrN, the

15 slightly expanded {around 0.02 &)
structure. However, in the case of Al1CTYN,
T™'s are expected to have very small solubility due to their rela-

tively large atomic size. In this case, the result is an amorphisa-

tion of the microstructure, as shown in figure 2 for ALCCrYN.

another effect of transition metal doping into an ALCKN Bl-structure
texture during film growth. Thig

with the XRD pattern for AlLCINbN

20
can be the development of a (200)
is what occurred, for instance,

(figure 2) which shows a (200) preferred orientation in comparison

o the more polyerystalline structure exhibited by pure ALCLN. - In
the diffraction ratio QI (dafined as the ratic of the dif-
plane with respect to the diffrac-

ig shown for the AICErN and for

25 figure 3,
fraction intensity for the {200)

tion intemsity of the {111) plane)
Increasing the molybdenum content in an

Contrcliing

two ALICrMoN compositions.
A1CrN with a Bl-gtructure resulted on higher 0f ratios.

30 the texture and structure of a protective hard film is, technologi-

very desirable because the shape of the stress field wvarieg
unlike ref,

cally,
gignificantly from one application tec the next. Also,

[B], here the preferred orientation is predominantly controlled by

the stoichiometry of the coatings.
that can be achieved by the compositions claimed in this inventioen

The main structural arrangements

35
are represented schematically in figure 4. In Figure 4(a}, a poly-

crystalline f£ilm composed of randomly oriented crystallites 6 are



48 34 18 50 11 Ti AIN* 29 33 38 -64 12 AITi N 23 40 37 73
13 AICrN * 43 26 31 92 14 AICrYN

7

grown on top of a cemented carbide or a steel subgtrate 5. A second
possibility is that a textured film is grown on a substrate 5, being

the portion of crystallites oriented in a particular plane 8 is sev-

eral factors greater than the disoriented ones 9. The third posgsi-

5 ble microstructural arrangement (figure 4 (¢)) can be achieved by
co-depositing a metalloid ({either 8i or B} leading to the Fformation
of covalently bonded nitrides and to the creation of a separate
amorphous or semi-crystalline phase 12 that surrounds the crystal-
lites 11 with the resulting further increase in hardness.

Hardness tests of the deposited hard lavers were conducted with a
instrument using a

19
Fischerscope HI100 depth-sensing microhardness
test load of 50 mN. In addition, the residual stress was calculated
by measuring the curvature of thin planar steel substrates by the
three point bend test before and after the deposition. The plot in

15 figure 5 shows the values obtained for a variety of ALCriN composi-~

tions. Results in figure 5 indicate a beneficial strengthening ef-

fect when low amounts of Nb, Mo and W are alloved into AICrN without
any further increase in the residual stress of the coating.‘ This
surprising mechanical behavior can be in part explained by the

20 mechanisms of so0lid solution hardening and the solubility of these

elements into BlwAlC.er cbhserved in our experiments as explained

above,

Another important coating property in high speed or high feed cut-

ting applications and in machining of austenitic stainless steels
25 and titanium and nickel alloys 1is the resigtance of a coating to
oxidaticon at high teinperatures and the characteristics of the third
body layer that forms between coating and workpiece material during
cutting that can influence the chip formation process. To investim
gate the oxidation behavior of the alloyed AICrN coatings, annealing
experiments in flowing air du;r:ing' one heour at 2002C were carried

These experiments were followed by secondary ion mass spec-

30

cut.
trometer depth profile analysis of the oxidized surface layers. Fig-

ure &{a) iliustrates the depth profile for a typical oxidation be-

havior of a standard AILCIN coating with the formation of both chro-
35 mium and aluminum oxides. This tyvpical behavior was exhibited not
only by the unalloyed ALCYN coating but by the AlCrTin coating as

well. Nevertheless, scme of the alloved AILCrXN coatings had a ten-



5 43 21 30 72 15 ACGVNL V 4 22 30 84 16 ACrNbN No 5 42 21
32 110 17 AICrWN 4 22 31 102 18 AACrMN M
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dency to form mostly chromium oxides as it can be inferred from fig-
ure 6(b). This indicates a poor oxidation resistance behavior gince
chromium oxides are generally weaker and less resistant te corrosion

than aluminum oxides, and therefore they can be easily removed dur-
This oxidation behavicr was
On the othsr hand, AlCrNbN,

5 ing cutting and/or molding processes.
observed in AlCrYN and ALCrVN coatings.
AICrMo¥, and AILCCWN coatlngs showed a more optimal oxidation behav-
ior {(ghown in Ffigure 6(c)), where the amount of aluminum in the

cuter oxidized layer is similar teo the aluminum content of the

10 unoxidized part. This indicates the formation ¢f stiff passive alu-

minum oxides which can be very desirable in many cutting applica-

ions.

Since the temperature of application of the new improved ALCrIN
15 c¢oatings is meant to be high, the wear resistance of the deposited
layer was studied using a bkall-on-disc test using a hard alumina
ball counterface at high temperzture and measuring the wear on the
coating after a predetermined number of cycles. In figure 7, the
wear rate of a variety of AlLCrXN coatings is shown in comparison to
20 TiAlN, ALTIN and ALCrN. The regsults also indicate that ALCrWN have
the lowest wear of the set, even lower than the one corresponding to

the pure ALCrN coating.

Based on the mechanical test results that were -just presented, the

25 behavior of AlCr based coatings can be further improved by the ai~
loying of Nb, Mc, W or Ta. In other words, by including transition
metals from group Vb and VIb being heavier than chromium. The best
results can be reached when the atomic concentration of these ele-
ments is between 2 and 10 percent of the metallic part, however an
atomic concentration as low as 1 percent and as high as 20 percent
The presence of these alloying elements ulti-

an increased hardness, and an opti~

30
would be possiblie.
mately ensures good solubllity,
mal high temperature oxidation behavior. This decreases the ahra-

sive, diffusion and oxidational wear of coated mechanical components
35 and cutting tools at high temperatures. Similar results were also
reached by the addition of small amounts of metalloids like silicon

and/or boron and should alsc consegquently be reached by analogous



4 43 22 30 109 19A1CrNbBN No 2 43 20 32 107 20AICrMoBN M 2 3 42
21 32 114 21A1C/vioSIN Mo Si 3 3 42 22 30 116 * : denotes state of the
art coatings. c: denotes conparative exanples 15 Exanple 2 shows the
conparison of various Al Cr XN coatings in HSS coated drills. Main tool life
criterion is the standardi zed nunber of drilled holes over the coatings

t hi ckness until a predeterm ned nmaxi mum ponmentumis reached. The best
coefficient of performance was shown by No, Wand M all oyed Al Cr-based

coatlngs. aliloyed carbides, carbonitrides, carbon oxides, etc. Hence, the ac-
tual invention refers to novel coatings and corresponding coated

tools and compeonents, having the coating the following global compo-

siltion:
All-‘a—b-—cua cra Xy Sic Bd Z
wWhere:

10 X is at least one element from Nb, Mo, W, Ta;
Z means N, ¢, CN, NO, CO, CNO;
0.2 <= a <= 0.5
0.01 <= b <= 0.2
0 <= ¢ <= 0.1

15 0 <= d <= (.1

It is further possible to deposit g¢gradient ceatings for instance

with an Al-content increasing toward the surface, either by using
two types of targets with different Al/Cr ratics or, starting with a

Cr and Cr and or Cr/N bonding layer, bridging about a progressive

20
change in layer composition for inmgtance by a continous or stepwise
adjustment of the corresponding target output in a coating chamber
equipped with both Cr and AICr targets. The important fackor for in-
dustrial application of this type of of coatings ig the ability to
25 reporducibly adjust the process parameters essentially over the en-

tire progression of the coating process and thus the entire thick-
ness of the film. Minor compositional fluctuations occuring for in-
stance on a single- or multiple rotation substrate carriercan be ad-

ditionally utilized for producing a nanostructure over part or all

3G of the thickness of the lyeer, i. e. for lamination in the nanc or

micrometer range.



-MIling low all oyed steel - sem finishing Cutting tool: end

12 Exanple 3:

m |l carbide, diameter D = 8 mm Nunber of teeth z = 3 Wrk piece: carbon
steel 0Ok45, DIN 1.1191 5 Cutting Paraneter: Cutting speed v, = 400 mmn
Feed speed vf = 4776 mmim n Radi al depth of cut a, = 0,5 nm Axi al depth of
cut a, = 10 mm 10 Cooling: Emul sion 5% Process: down mlling Tool life
criterion: width of flank wear land VB 5,0,12 mm Experinent Ni. A loy Elem

1 Alloy Elem 2 Chem cal Conposition by 1IEDS (at. % Flank War Al |l oy.
Elem 1 A lmymflem: RiTiingCor Gobliafden 15€aghamy. 22 TIiCN * - - - 48 - 34

1 *
18 0.140 z%uy:éi"gl\ltool: end Mill H55 roughing, diameter D = 10mm, Number of

teath z = 4
Work piece: Tool Steel, X 40 CrMoV 5 1, DIN 1.2344 (36 HRC)

5 Cutting parameter:
Cutting speed v, = 60 m/min (5§ = 159%2 1/min),
Feed rate  fz= 0.05 mm/U (£ = 318.4 mm/min)
Radial depth of cut a, = 3 mm
Axial depth of cut a, = 5 mm

10 Cooling: Emulsion 5%

Process: down milling
Tool life criterion: Momentum shut down (correlates with width of

flank wear land VB > 0,3 mm)

Experiment Alloy Chemical Composition by EDS (at. %) Meters
Nr. Elem, Alloy. | Titanium | Aluminum | Chromium | Carbon | Nitrogen until
Elem. Torque
max
[en]
I TICN * - 48 - - 34 18 8.1
2 TIAIN * ' - 20 33 B - 38 5.5
3 AITIN * - 23 40 - - 37 8.0
4 AICTN * - - 43 26 - 31 15.1
5 AICrYN* Y 5 - 43 21 - 30 12.6
6 AICLVN © v 4 - 44 22 - | 30 13.3
7 AICTNBN ¥b 5 - 42 21 - 32 18.7
8 AICFWN W 4 - 44 22 - 3 18.0
9 AlCrMoN Mo 4 - 43 22 - 30 19.4

15
*: denotes state of the art coatings. ©: denotes comparative examples

Example 1 shows the increased tool lifetime in meters of AICKrN based
coatings compared te industrially used TIiCN, TiAIN and AlTIN coat-
26 ings. AILCrNbN, ALCrWN and AlCrMoN can be very beneficial when ap-
plied to a ductile type substrate like high speed steel because they

provide a surface of high hardness and an adequate adhesion.
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15

20

38 0.110 24 AITiN 23 40 - - 37 0.130 25 AICrN *

*
0.050 26 ACCYNc Y 5

11

Example 2: Drilling Tool Steel
Cutting teol: Drill HSS (S 6-5-2), Diameter D = § mm
Work piece: Tocl Steel X 210 Cr 12, DIN 1.2080 {230HB)

Cutting parameter:
Cutting speed v, = 35 m/min
Feed rate £ = 0,12 mm
Drill hole depth 2z = 15 mm, blind hole

Cooling: Emulsion 5%

Tool life criterion: Momentum shut down

edge wear VBc > 0,3 mm

43 21 30 0.100 27 AACCNON Nb _ 5 -

{correlates with width of

Experiment Nr. ; Alioy | Alloy Chemical Composition by BDS (at. %) Wear life
Elem | Elem. { Alloy. | Alloy | Ti Al Cr C N {(holes/ um
1 2 Flem. | Elem. coating thick-
1 2 ness)
10 TICN * - - - - 48 - - 34 18 50
i1 TIAIN * - - - -2 | 33| - - 38 64
12 AITIN * - - - - 23 | 40 - - 37 73
13 AICIN * - - - - - 43 26 - 31 92
14 AICTYN Y - 5 - - 43 21 - 30 72
15 AICrVN © A% - 4 - - 44 22 - 30 84
16 AICrNBN Nb - 5 - - 42 21 - 32 10
17 AICrWN W - 4 - - 44 22 - 31 102
18 AlCrMoN Mo - 4 - - 43 22 - 30 108
19AICTINDBN Nb B 2 3 - 43 20 32 167
20AICTMoBN | Mo B 2 3 - 42 21 32 1i4
21AICMoSIN Mo Si 3 3 - 42 22 30 116

*: denctes state of the art coatings.

Example 2 shows

ccated drills. Main toeol 1life criterion is the standardized number
of drilled holes over the coatings thickness until a predetermined

maximum momentum is reached. The best coefficient of performance was

shown by Nb,W and Mo alloyed AlCr-hased coatings.

“: denotes comparative examples

the comparison of wvarious ALCrXN coatings in HSS

42



32 0.050 28 AAICCVWN W 4 - 43 22 - 30 0.060 29 AICCMON M - 4 43 20 32
0.065 30 ACCVVEN WB 2 3 42 21 32 0.030 31 AICCNbSIN Nb Si 2 42 22 30
0.050 15 *: denotes state of the art coatings. c:. denotes conparative
exanpl es Exanple 3 shows a conparison of the tool |life of coated cenented
carbide end mlls during finishing of plain carbon steel. Wile

12

Example 3: -Milling low alloyed steel - sgemi finisghing
Cutting tool: end mill carbide, diameter D = 8§ mm,
Number of teeth z = 3
Work piece: carbon steel Ck45, DpIN 1.1181
5 Cutting Parameter:
Cutting speed v, = 400 m/min
Fead speed ve = 4776 mm/min
Radial depth of cut a2, = 0,5 mm
Axial depth of cut a, = 10 mm
10  Cooling: Emulsion 5%

Proceas: down milling
Tool life critericn: width of flank wear land VB = (0,12 mm

Experiment Nr, | Alloy | Alloy Chemical Composition by EDS (at. %) Flank Wear

Elem | Elem. | Alloy. | Alloy | Ti | Al Cr C N after 150m
1 2 Eh;m. Ei;m. (mm).
22 TiCN * - “ - - 48 - - 34 18 0.140
23 TiAIN * - - - - 28 | 33 - - 38 0.110
24 AITIN * - - - - 23 | 40 - - 37 0.130
25 AICIN * - - - - - 43 26 - 31 0.050
26 AICrYN© Y - 5 - - 143 ] 21 - 30 0.100
27 AICINDN Nb - 5 - - 42 21 - 32 0.050
28 AICFWN W - 4 - - 43 22 - 30 0.060
259 AICrMoN Mo - 4 - - 43 20 - 32 0.065
30 AICFrWBN W B 2 3 - 42 24 - 32 0.030
31 AICYNBSIN | Nb Si 2 3 - 42 22 - 30 0.050

15 *; denotes state of the art coatings. “: denotes comparative examples

Example 3 shows a comparison of the tool life of coated cemented
carbide end mills during finighing of plain carbon gteel. While
standard industrially used layer systems, such as TIiCN, TialN and
20 AlTiN coatings show a high flank wear after a tool life of 1f = 150
m, fools coated with coatings’ combinations based on the formula
All-a-b-c-8 Cra Xb SicE exhibited significantly lower wear. These
results indicate that Alia.p.ca C¥a Xp Si. Z coatings can adeguately

resist the high induced thermal impacts of high speed machining

25 processes.



standard industrially used |ayer systens, such as TiCN, Ti AIN and 20 Al Ti N
coatings show a high flank wear after a tool life of If = 150 m tools
coated with coatings' conbinations based on the foinula All-a-b-c-d Cra Xb
SicZ exhibited significantly |l ower wear. These results indicate that era Xb
Sib Z coatings can adequately resist the high induced thermal inpacts of

hi gh speed machi ning 25 processes. 13 Exarrpl e 4. - MIling of austenitic

stainless steel - roughing Cutting tool: 3end mill carbide, Dianeter D = 10
mm nunber gf teeth z wor k. piece ten i nl el X6
Cr Nl MOTi 59‘ E’ §4Drn fﬁﬁu?g Cuttlllng pazr'%?r’%%er é%]fstt%gﬁ sﬁg%%hﬁ{ge— 67 mMmn

Feed rate ft = 0,033 mm 10Radi al depth of cut at = 6 mnAX| al depth of cut
at = 9 nm @Qei:irﬂggito&[m'eﬁji% 5%eraass;alad@wernﬁu i1RgmA00l life criterion:
wi dth of flank wear né‘{ng % mﬂ415 Experiment Nr. Alloy Elem Chem cal
Conposi tion by EDS (&f"7*9%° NE‘?%'?’I%zuntl | failure Aloy. Elem Titanium

Al um num Chrorinirc€ardsshedN ticogerinl8ds HHEN X ¢ A8iMeBY 1¥81222,3BxNi Al N

29 33 _ 38 43571
Cutting parameter:
Cutting speed ve. = 67 m/min
Feed rate £, = 0,033 mm
10 Radial depth of cut a, = 6 mm
Axial depth of cut a, = & mm
Cooling: Emulsion 5%

Process: down milling
Tool life criterion: width of flank wear land VB = 0,2 mm

15

Experiment Alloy Chemical Composition by EDS {at. %) Meters

Nr. Elem. | Alloy. | Tifanium | Aluminam | Chromium | Carbon | Nitrogen | until failure
E_iern.

32 TICN* - - 48 - - 34 18 2

33 TIAIN® - - 29 33 - - 38 15.5

34 AITIN* - - 23 ‘ 40 - - 37 31

35 AICIN* - - - 43 26 - 31 21

36 AICtNBN Nb 5 - 42 21 - 32 43.5

37 AICrMoN Mo 4 - 43 22 - 30 39.5

38 AICTWN W 4 - 44 22 - 31 43.0

*: denotes state of the art coatings.

Example 4 shows the comparison in tool life of coated cemented car-
bide end mills against stainiess steel for four industrially used
20 hard layer systems. Machining of stainlessz steel is a very difficult
process due to its high toughmess of this material, tendency to work
harden and to adhere to the tool. The best results in terms of tool
life were reached using AICrNbN, AlCrMoN and ALCrWN coatings. This
increased tool life could be related to both an increase in hardness
25 at high temperatures and the good oxidation behavior exhibited with
the use of Nb, Mo and W alloyed ALCrN systems, conseguently incrsas-—

ing the wear resistance.



43 26 31 21 36 AICrNbN Nb 5

15.5 34 AITi N* 23 40 37 31 35 AICrN* - -
30 39.5 38 AAICCWN W4 - 44 22 31

42 21 32 435 37 AACCMN Mo 4 43 22 -
*. denotes state of the art coatings. Exanple 4 shows r}‘?gfr conpari son
i'7il ess st eel

43.0 :
in tool life of coated cenented car- bide end nmills against s
for four industrially used 14

Claims:

1. A workpiece having a surface wherein at least parts of szid sur-
face are coated with a wear resistant hard coating compriging a

coating of the following composition

Alﬁ-a_b-c_d Cr. X, Si.Bs Z, where

X is at least one element from Nb, Mo, W or Ta;

Z 1s one element or compound from N, C, CN, NO, CO, CNOC;

and 0.2 <= a <= (.5 ; |
0.01 <= b <= 0.2 ;
0 <= ¢ <= 0.1 ;
0 <= @8 <= 0.1
where, if the wear resisiant hard coating is a coating of the group: Alps;CRoa:Nbg 7N,

Als 55CT0 2600 06N, Alg 52CRg.31M0g 07N,
the workpiece is not a workpiece of the group:
forgoing jaw, MM flowdrili, slot punch.

2. A workpiece according to claim I having a body made from steel,

high speed steel, hardmetal, cemented carbide, or any other

metal or ceramics.

A workpiece according to clazim 1 wherein the workpiece is = togl

for high temperature and/or dry tocling operation.

A workpiece according to claim 1 wherein the workpiece is & tool,

a drill, a reamer, & broach, an insert, a hob, a

a cutting tool,
mill, an endmill, a bell nose mill, a forming tool, a die casting

mold, an 4injection mold, & stamping tool, a deep drawing tocl, a
forging die,
A workpiece according to cleim 1 whereir the workpiece is a com-

ponent for heavy duty, high temperature, insufficient lubrication

and/ or drv running conditions.

€. & workplece according to claim 1 wherein tha workpiesce is a com-

ponent, a tappet, a component of the valve train, = tappet, a
bucket tappet, a valve lever, a rocker arms, & pin, a piston pim,

a roller followsr pin, 2 bolt, & component of a fuel injection



20 hard layer systens. Machining of stainless steel is a very difficult
process due to its high toughness of this material, tendency to work harden
and to adhere to the tool. The best results in ternms of tool life were
reached using Al CrNbN, Al CrMN and Al CrWN coatings. This increased t[_?_%'
life could be related to both an increase in hardness 25 at hi ghm'lCS
tenperatures and the good oxi dation behavior exhibited with the use of Nb,
M and Walloyed Al CrN systens, consequédtly increasing the wear

resi stance. ps:14 1., A ' ayi surface wherein at |east
parts of said %% a’ccja\anajfJDL <64 egle\%mg’%ﬁ g é%%? %egf‘%%oélmgeﬁ’é'rc? 823 THy &
conprising a &&atdthging. the foll owing conposition All a b ¢ dCr4SitEd 2,
where X is at |east one element fromNb, Mo, Wor Ta; is one el enent or
conmpound from N, C, CN, NO CO ,CNO7 and 0.2 <= a <= 0.5 ; 0.0l <= b <=10.2
.0 <= C <Z-0FYY grogess 9T 19eRGSAFES Ff LRRSWERP Mashstaftear ¥<Bating is a
coati ngsof théipr aupa ArGpeRCROWBANDE 0FNet ALBsH5m=026M00 €94h Iyb, Mo,

Al 0. e2CR0. 31MH0 t i J SN rkpie f e..gr : rgoi ng
P HIM Tl oulri 12 sht paroh cind S S ERUERE, 80 b i il ne S
body made fromidstledl <= i g SPeedC stlesF, P e et all <cewrerit édicarbicded or any

other metal Of- GERANES by atA1WREKRINGCRoAGHEAREI NI (her Ll Aiamid Whgkeln the
wor kpl ace is a tqol for hlagH ts%n erature, and/ or dréntoollng operation. 4. A

wor kpl ace accoidithy TGCF4i FEERSTE e WBPKPTECca™i % 19"t BBFSSUEecifti ng
tool, & drillgoraakeamieyreartfifldatly aanieamerto eethaobor angtizlb| allay eaghni |1, a
bal | nose m lgletsawgit% %nﬂealsq_ol:em;%rgrflfaa%tti!iggox{%lfdagai% Il grﬁé 1,0 :Lx!'ed’ a
stanping tool, a deep drawing tool, a forging die S RAWor pl"ece “accordi ng
to claim1l wiFei ﬁpﬂllf{éﬂm%§g@cfélﬁs§rat%MG%¢ﬂV@f weliwsigvy duty, high
tenperature, insufficient lubrication and/ or dry running conditions. 6. A
wor kpl ace ac ding to clai | wherein the workpiece is_a conponent, a
tappet, a Bgon%én%ﬂ%egf; ?(fféjrgléﬁl%etot g‘_i‘lﬁrf l;76'1 ‘E’%%%’é(ﬂ:h% BICkeYe tH5pet , 23 val ve
| ever,15a rockergar mg, aapgitnal oygisston qf abedt 13¢5 Pol | ower pin, a bolt, a
conponent of a fuel injection N CSLEP 15 system an injection needle, a
gear, a pinion gear, a plunger, a piston ring. 7. PVD process for

deposi ti ng -afVF eFSCEHH G I ISiEE Bef- 2757 F?nsonwﬁelvﬁ%ﬁ’kﬁgéc%%bs\%ﬁ% X is at

| east one el eperdge Lomigh, vNO, Wor Ta; Z is one el enent or conmpound from
N, C CN, NO CO CNO and 0.2 <= a <=0.5; 001 <=b<=0.2; 0<=c <=
0.1 ; 0 <=d<=0.1, whereby at | east one workpiece is installed in a
vacuuf codfi Agp oystrers ardosding §y stlerimss7 opewhtetbyl hha dtoWepsessur e ar -
10gon at nosphergut idizkog at ;heast two netal or netal alloy tar- gets with
at least tenporarily addition of at |east one reactive gas, applying at the
substrate a negative vol tage. 8. PVD process according to claim7, .
wherby the reactive gas is ni- 15trogen at a partial pressure of about 3.5
Pa. 9. PVD process according to claim7 to 8, whereby the substrate voltage
is -100 V. 20 10.PVD process according to clainms 7-9, whereby the at | east
two targets conprise Al and Cr.



