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COATED MILLING INSERT AND METHOD 
OF MAKING IT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCES T 0 RELATED 
APPLICATIONS 

The present application is a reissue of US. Pat. No. 
6,177,178 B], which is a national stage application of 
PCT/SE96/O1577?le Nov. 29, 1996, and which claims the 
bene?t ofpriority to Swedish Application No. 9504304-8 
?led Nov. 30, 1995. 

BACKGROUND OF THE INVENTION 

The present invention relates to a coated cutting tool 
(cemented carbide insert) particularly useful for wet and dry 
milling of low and medium alloyed steels, with raw surfaces 
such as cast skin, forged skin, hot or cold rolled skin or 
pre-machined surfaces. 
When milling low and medium alloyed steels with 

cemented carbide tools, the cutting edge is worn according 
to different wear mechanisms, such as chemical wear, abra 
sive wear, adhesive wear and by edge chipping caused by 
cracks formed along the cutting edge, the comb cracks. 

The comb crack formation is particularly severe when wet 
milling is employed (using coolant). Coolant and work piece 
material may penetrate and widen the comb cracks and the 
edge will start to chip. A chipped edge will generate a bad 
surface ?nish of the machined component. 

Di?‘erent cutting conditions require different properties of 
the cutting insert. For example, when cutting in steels with 
raw surface zones, a coated cemented carbide insert must 
consist of a tough carbide and have very good coating 
adhesion. When milling in low alloyed steels the adhesive 
wear is generally the dominating wear type. Here preferably 
thin (1*3 pm) CVD- or PVD-coatings have to be used. 

Measures can be taken to improve the cutting perfor 
mance with respect to a speci?c wear type. However, very 
often such action will have a negative effect on other wear 
properties. 

The in?uence of some possible measures is given below: 
1.) Comb crack formation can be reduced by lowering the 

binder phase content. However, such action will lower 
the toughness properties of the cutting inserts which is 
not desirable. 

2.) Improved abrasive wear can be obtained by increasing 
the coating thickness. However, thick coatings increase 
the risk for ?aking and will lower the resistance to 
adhesive wear. 

3.) Milling at high cutting speeds and at high cutting edge 
temperatures requires a cemented carbide with a rather 
high amount of cubic carbides (solid solution of 
WC-TiC-TaC-NbC). Such carbides will more easily 
develop comb cracks. 

So far it has been very di?‘icult to improve all tool 
properties simultaneously. Commercial cemented carbide 
grades have therefore been optimized with respect to one or 
few of these wear types and hence to speci?c application 
areas. 

Swedish patent application 9501286-0 which corresponds 
to US. Ser. No. 08/616,012, herein incorporated by refer 
ence discloses a coated cutting insert particularly useful for 
dry milling of grey cast iron. The insert is characterized by 
a straight WC-Co cemented carbide grade and a coating 
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2 
including a layer of TiCxNyOZ with columnar grains and a 
top layer of ?ne grained textured (X-Al2O3. 

Swedish patent application 9502640-7 which corresponds 
to US. Ser. No. 08/675,034, herein incorporated by 
reference, discloses a coated turning insert particularly use 
ful for intermittent turning in low alloyed steel. The insert is 
characterized by a WC-Co cemented carbide body having a 
highly W-alloyed Co-binder phase and a coating including a 
layer of TiCxNyOZ with columnar grains and a top layer of 
a ?ne grained, textured (X-Al2O3. 

Swedish patent application 9503056-5 which corresponds 
to US. Ser. No. 08/703,965, herein incorporated by 
reference, discloses a coated turning cutting tool particularly 
useful for cutting in hot and cold forged low alloyed steel. 
The insert is characterized by a WC-Co cemented carbide 
body having a highly W-alloyed Co-binder phase and a 
coating including a layer of TiCxNyOZ with columnar grains 
and a top layer of a ?ne grained, (X-Al2O3. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of this invention to avoid or alleviate the 
problems of the prior art. 

It is further an object of this invention to provide a coated 
cutting tool particularly useful for wet and dry milling of low 
and medium alloyed steels. 

In one aspect of the invention there is provided a cutting 
tool insert for milling low and medium alloyed steels with or 
without raw surfaces during wet or dry conditions compris 
ing a cemented carbide body and a coating wherein said 
cemented carbide body comprises WC, 8.6*9.5 wt-% Co 
and 0.2*1.8 wt-% cubic carbides of Ta, Ti and Nb, with Ti 
present on a level corresponding to a technical impurity, and 
a highly W-alloyed binder phase with a CW-ratio of 
0.78*0.93 and said coating comprises 

a ?rst (innermost) layer of TiCxNyOZ with x+y+z=1, with 
a thickness of 0.1*1.5 pm, and with equiaxed grains 
with size <0.5 pm 

a second layer of TiCxNyOZ with x+y+z=1, with a thick 
ness of 1*6 pm with columnar grains with diameter of 
<5 pm and 

a layer of a smooth, ?ne-grained (0.5i2 pm) K-Al2O3 with 
a thickness of 0.5i5 pm. 

In another aspect of the invention, there is provided a 
method of making a milling insert comprising a cemented 
carbide body and a coating comprising a WC-Co-based 
cemented carbide body with a highly W-alloyed binder 
phase with a CW-ratio of 0.78*0.93 with 

a ?rst (innermost) layer of TiCxNyOZ with x+y+z=1, with 
a thickness of 0.1*1.5 um, with equiaxed grains with 
size <0.5 pm using known CVD-methods 

a second layer of TiCxNyOZ with x+y+z=1, with a thick 
ness of 1*6 pm with columnar grains with a diameter 
of about <5 pm deposited by MTCVD-technique, using 
acetonitrile as the carbon and nitrogen source for 
forming the layer in a preferred temperature range of 
850*900o C. and 

a layer of a smooth K-Al2O3 with a thickness of 0.5i5 pm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The FIGURE is a micrograph in 10,000>< magni?cation of 
a coated insert according to the present invention in which 

Aicemented carbide body 
BiTiCxNyOZ-layer with equiaxed grains 
CiTiCxNyOZ-layer with columnar grains 
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DiK-Al2O3-layer With columnar like grains 
EiTiN-layer preferred, could be an option. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

It has noW surprisingly been found that by combining 
many different features, a cutting tool for milling With 
excellent cutting performance in loW and medium alloyed 
steel With or Without raW surface Zones both in Wet and dry 
milling can be obtained. The cutting tool according to the 
invention shoWs improved properties With respect to many 
of the Wear types earlier mentioned. 

The milling cutting insert according to the invention is: a 
cemented carbide body With a highly W-alloyed binder 
phase and With a Well-balanced chemical composition and 
grain siZe of the WC, a columnar TiCxNyOZ-layer, a 
K-Al2O3-layer, a TiN-layer and optionally folloWed by 
smoothening, the cutting edges by brushing the edges With, 
e.g., a SiC based brush. 

According to the present invention, a milling tool insert is 
provided With a cemented carbide body With a composition 
of 8.6495 Wt % Co, preferably 8.7495 Wt % Co, most 
preferably 8.8494 Wt % Co, 0241.8 Wt % cubic carbides, 
preferably 0441.8 Wt % cubic carbides, most preferably 
0541.7 Wt % cubic carbides ofthe metals Ta, Nb and Ti and 
balance WC. The cemented carbide may also contain other 
carbides from elements from group IVb, Vb or VIb of the 
periodic table. The content of Ti is preferably on a level 
corresponding to a technical impurity. The average grain 
siZe of the WC is in the range of about 152 um, preferably 
about 1.7 pm. 

The cobalt binder phase is highly alloyed With W. The 
content of W in the binder phase can be expressed as the 

[CW-ratio=MS/(Wt % Co 00161)] CW-razi0=MS/(wz % 
C0><0.016]), Where MS is the measured saturation magneti 
Zation of the cemented carbide body in hAmZ/kg and 
Wt % Co is the Weight percentage of Co in the cemented 
carbide. The CW-value is a function of the W content in the 
Co binder phase. A loW CW-value corresponds to a high 
W-content in the binder phase. 

It has noW been found according to the present invention, 
that improved cutting performance is achieved if the 
cemented carbide body has a CW-ratio of 0.784093, pref 
erably 0.804091, and most preferably 0.824090. The 
cemented carbide may contain small amounts, <1 volume %, 
of n-phase (M6C), Without any detrimental effect. From the 
CW-value, it folloWs that no free graphite is alloWed in the 
cemented carbide body according to the present invention. 

The cement carbide body may contain a thin (about 5425 
um) surface Zone depleted in cubic carbides and often 
enriched in binder phase according to prior art such as 
disclosed in Us. Pat. No. 4,610,931. In this case, the 
cemented carbide may contain carbonitride or even nitride. 

The coating comprises 
a ?rst (innermost) layer of TiCxNyOZ With x+y+Z=1, 

preferably Z<0.5, With equiaxed grains With siZe <0.5 
um and a total thickness <1.5 um and preferably >0.1 
pm. 

a layer of TiCxNyOZ With x+y+Z=1, preferably With Z=0 
and x>0.3 and y>0.3, With a thickness of 146 um, 
preferably 245 pm, with columnar grains and With an 
average diameter of about <5 um, preferably 0.142 pm 

a layer of a smooth, ?ne-grained (grain siZe about 0.542 
um) Al2O3 consisting essentially of the K-phase. 
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4 
HoWever, the layer may contain small amounts, 143 
vol-%, of the 0- or the ot-phases as determined by 
XRD-measurement. The Al2O3 -layer has a thickness of 
0.55 pm, preferably 0.542 um, and most preferably 
0.5415 um. Preferably, this Al2O3-layer is folloWed by 
a further layer (<1 um, preferably 0.1%).5 pm thick) of 
TiN, but the A1203 layer can be the outermost layer. 
This outermost layer, Al2O3 or TiN, has a surface 
roughness Rmaxé 0.4 pm over a length of 10 pm. The 
TiN-layer, if present, is preferably removed along the 
cutting edge. 

According to the method of the invention, a WC-Co 
based cemented carbide body is made With a highly 
W-alloyed binder phase With a CW-ratio according to above, 
and a content of cubic carbide according to above, and a WC 
grain siZe according to above, and preferably Without a 
binder phase enriched surface Zone, a ?rst (innermost) layer 
of TiCxNyOZ With x+y+Z=1, preferably Z<0.5, With a thick 
ness of <15 um, and With equiaxed grains With siZe <0.5 um 
using knoWn CVD-methods. 

a layer of TiCxNyOZ x+y+Z=1, preferably With Z=0 and 
x>0.3 and y>0.3, With a thickness of 146 um, preferably 
245 pm, with columnar grains and With an average 
diameter of about <5 um, preferably <2 um, using 
preferably MTCVD-technique (using acetonitrile as the 
carbon and nitrogen source for forming the layer in the 
temperature range of 70049000 C.). The exact 
conditions, hoWever, depend to a certain extent on the 
design of the equipment used. 

a smooth Al2O3-layer essentially consisting of K-Al2O3 is 
deposited under conditions disclosed in eg EP-A-523 
021 Which corresponds to Us. Pat. No. 5,674,564, 
herein incorporated by reference. The Al2O3 layer has 
a thickness of 0.545 um, preferably 0.542 um, and most 
preferably 0.5415 um. Preferably, a further layer (<1 
um, preferably 0.1405 um thick) of TiN is deposited, 
but the A1203 layer can be the outermost layer. This 
outermost layer, Al2O3 or TiN, has a surface roughness 
Rmax§04 um over a length of 10 pm. The smooth 
coating surface can be obtained by a gentle Wet 
blasting of the coating surface With ?ne-grained 
(4004150 mesh) alumina poWder or by brushing 
(preferably used When TiN top coating is present) the 
edges With brushes based on, eg, SiC as disclosed, 
eg, in SWedish patent application 9402543-4 Which 
corresponds to Us. Ser. No. 08/497,934, herein incor 
porated by reference. The TiN-layer, if present, is 
preferably removed along the cutting edge. 

The invention is additionally illustrated in connection 
With the folloWing Examples Which are to be considered as 
illustrative of the present invention. It should be understood, 
hoWever, that the invention is not limited to the speci?c 
details of the Examples. 

EXAMPLE 1 

A. A cemented carbide milling tool in accordance With the 
invention, inserts of style SEKN 1204 AZ With the compo 
sition 9.1 Wt-% Co, 1.25 Wt-% TaC, 0.30 Wt-% NbC and 
balance WC, With a binder phase highly alloyed With W, 
corresponding to a CW-ratio of 0.86 Were coated With a 0.5 
pm equiaxed TiCN-layer (With a high nitrogen content 
corresponding to an estimated C/N-ratio of 0.05) folloWed 
by a 4 pm thick TiCN-layer With columnar grains by using 
MTCVD-technique (temperature 8854850o C. and CH3CN 
as the carbon/nitrogen source). In subsequent steps during 
the same coating cycle, a 1.0 pm thick layer of A1203 Was 
deposited using a temperature 9700 C. and a concentration 
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of H28 dopant of 0.4% as disclosed in EP-A-523 021 Which 
corresponds to Us. Pat. No. 5,674,564. Athin (0.3 um) layer 
of TiN Was deposited on top, according to known CVD 
technique. XRD-measurement shoWed that the Al2O3-layer 
consisted of 100% K-phase. The cemented carbide body had 
a WC grain siZe in average of 1.65 pm. The coated inserts 
Were brushed by a nylon straW brush containing SiC grains. 
Examination of the brushed inserts in a light microscope 
shoWed that the thin TiN-layer had been brushed aWay only 
along the cutting edge, leaving there a smooth Al2O3-layer 
surface. Coating thickness measurements on cross sectioned 
brushed samples shoWed no reduction of the coating along 
the edge line except for the outer TiN-layer that Was 
removed. 

B. A strongly competitive cemented carbide grade in style 
SEKN 1204 from an external leading carbide producer Was 
selected for comparison in a Wet milling test. The carbide 
had a composition of 9.0 Wt-% Co, 0.2 Wt-% TiC, 0.5 Wt-% 
TaC, 0.1 Wt % NbC balance WC and a CW-ratio of0.95. The 
WC-grain siZe Was 2.5 pm. The insert had a coating con 
sisting of a 6 pm TiCN layer and a 0.3 pm TiN layer. 
The insert from A Was compared against the insert from 

B in a Wet milling test in a medium alloyed steel (HB=310) 
With hot-rolled surfaces. TWo parallel bars, each having a 
thickness of 35 mm, Were centrally positioned relative to the 
cutter body (diameter 100 mm), and the bars Were placed 
With an air gap of 10 mm betWeen them. 

The cutting data Were: 

Speed=160 m/min, 
Feed=0.20 mm/rev 

Cutting depth=2 mm, single tooth milling With coolant. 
A comparison Was made after milling 1200 mm. Variant 

A, according to the invention, shoWed no comb cracks and 
variant B shoWed 14 comb cracks. After milling 1800 mm, 
variant B broke doWn due to a lot of chipping and fracture 
betWeen the comb cracks. Variant A, according to the 
invention, lasted 4200 mm, corresponding to an effective 
tool life of 11 min compared With about 4 min for variant B. 

EXAMPLE 2 

A. A cemented carbide milling tool in accordance With the 
invention, inserts of style SEKN 1204 AZ With the compo 
sition 9.1 Wt-% Co, 1.23 Wt-% TaC, 0.30 Wt-% NbC and 
balance WC, With a binder phase highly alloyed With W 
corresponding to a CW-ratio of 0.85 Were coated With a 0.5 
pm equiaxed TiCN-layer (With a high nitrogen content 
corresponding to an estimated C/N-ratio of 0.05) folloWed 
by a 3.7 pm thick TiCN-layer With columnar grains by using 
MTCVD-technique (temperature 8854850o C. and CH3CN 
as the carbon/nitrogen source). In subsequent steps during 
the same coating cycle, a 0.9 pm thick layer of A1203 Was 
deposited using a temperature 9700 C. and a concentration 
of H28 dopant of 0.4% as disclosed in EP-A-523 021 Which 
corresponds to Us. Pat. No. 5,674,564. (A thin (0.3 pm) 
layer of TiN Was deposited on top according to knoWn 
CVD-technique. XRD-measurement shoWed that the A1203 
layer consisted of 100% K-phase. The cemented carbide 
body had a WC grain siZe in average of 1.6 pm. 

B. A strongly competitive cemented carbide grade in style 
SEKN 1204 from an external leading cemented carbide 
producer Was selected for comparison in a Wet milling test. 
The carbide had a composition of 11.0 Wt-% Co, 0.2 Wt-% 
TaC, 0.3 Wt % NbC balance WC and a CW-ratio of0.90. The 
insert had a coating consisting of a 0.5 um equiaxed TiCN 
layer, 2.0 pm TiCN columnar layer, 2.0 pm K-Al2O3-layer 
and a 0.3 pm TiN-layer. 
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6 
C. A strongly competitive cemented carbide grade in style 

SEKN 1204 from an external leading carbide producer Was 
used. The carbide had a composition of 7.5 Wt-% Co, 0.4 
Wt-% TaC, 0.1 Wt % NbC, 0.3 Wt % TiC balance WC and a 
CW-ratio of 0.95. The insert had a coating consisting of a 0.5 
pm equiaxed TiCN-layer, 2.1 pm columnar TiCN-layer, 2.2 
pm K-Al2O3-layer and a 0.3 pm TiN-layer. 

Inserts from A Were compared against inserts from B and 
C in a Wet milling test in a loW alloyed steel (HB=190) With 
hot rolled surfaces. The bars Were, as very common 
extremely rusty due to outdoor stocking. TWo parallel bars 
each of a thickness having 32 mm Were centrally positioned 
relative to the cutter body (diameter 100 mm), and the bars 
Were placed With an air gap of 10 mm betWeen them. 

The cutting data Were: 

Speed=150 m/min, 
Feed=0.20 mm/rev 

Cutting depth=2 mm, single tooth milling With coolant. 
The insert C broke after 1100 mm, the insert B broke after 

2150 mm and the insert A, according to the invention, broke 
after 2400 mm. 

In this test all coatings Were of similar type, and the major 
difference Was on the cemented carbide. The results shoW 
that the coated cemented carbide according to the invention, 
exhibited longer tool life than tWo important competitor 
grades containing less and more binder phase resp than the 
coated grade according to the invention. 

EXAMPLE 3 

A. A cemented carbide milling tool in accordance With the 
invention, inserts of style SEKN 1204 AZ With the compo 
sition 9.1 Wt-% Co, 1.23 Wt-% TaC, 0.30 Wt-% NbC and 
balance WC, With a binder phase highly alloyed With W 
corresponding to a CW-ratio of 0.86 Were coated With a 0.5 
pm equiaxed TiCN-layer (With a high nitrogen content 
corresponding to an estimated C/N-ratio of 0.05) folloWed 
by a 3.7 um thick TiCN-layer With columnar grains by using 
MTCVD-technique (temperature 8854850o C. and CH3CN 
as the carbon/nitrogen source). In subsequent steps during 
the same coating cycle, a 1.1 pm thick layer of A1203 Was 
deposited using a temperature of 9700 C. and a concentration 
of H28 dopant of 0.4% as disclosed in EP-A-523 021 Which 
corresponds to Us. Pat. No. 5,674,564. Athin (0.3 um) layer 
of TiN Was deposited on top according to knoWn CVD 
technique. XRD-measurement shoWed that the Al2O3-layer 
consisted of 100% K-phase. The cemented carbide body had 
a WC grain siZe in average of 1.7 pm. The coated inserts 
Were brushed by a nylon straW brush containing SiC grains. 
Examination of the brushed inserts in a light microscope 
shoWed that the thin TiN-layer had been brushed aWay only 
along the cutting edge leaving there a smooth Al2O3-layer 
surface. Coating thickness measurements on cross-sectioned 
brushed samples shoWed no reduction of the coating along 
the edge line except for the outer TiN-layer that Was 
removed. 

B. A strongly competitive cemented carbide grade in style 
SEKN 1204 from an external leading carbide producer Was 
used. The carbide had a composition of 8.0 Wt-% Co, 1.9 
Wt-% TaC, 0.2 Wt % NbC, 0.2 Wt % TiC balance WC and a 
CW-ratio of 0.85. The insert had a coating consisting of a 1.1 
pm TiN layer and 3.3 pm TiC layer. 

C. A strongly competitive cemented carbide grade in style 
SEKN 1204 from an external leading carbide producer Was 
used. The carbide (had a composition of 10.0 Wt-% Co, 2.0 
Wt-% TaC, 0.2 Wt % TiC, balance WC and a CW-ratio of 
0.90. The insert had a coating consisting of a 0.5 pm 



US RE39,884 E 
7 

equiaxed TiCN layer, 3.3 um TiCN columnar layer, 0.7 pm 
K-Al2O3-layer and a 0.5 pm TiN layer. 

Inserts from A Were compared against inserts from B and 
C in a dry milling test in a loW alloyed steel (HB=290) With 
pre machined surfaces. A bar With a thickness of 180 mm 
Was centrally positioned relative to the cutter body (diameter 
250 mm). 

The cutting data Were: 

Speed=204 m/min, 
Feed=0.22 mm/rev 

Cutting depth=2 mm, single tooth milling dry conditions. 
Insert B broke after 5000 mm after comb crack formation 

and chipping. Insert C broke after 5400 mm by similar Wear 
pattern and insert A Was stopped after 6000 mm Without 
other visible Wear than a feW small comb cracks. 

The principles, preferred embodiments and modes of 
operation of the present invention have been described in the 
foregoing speci?cation. The invention Which is intended to 
be protected herein, hoWever, is not to be construed as 
limited to the particular forms disclosed, since these are to 
be regarded as illustrative rather than restrictive. Variations 
and changes may be made by those skilled in the art Without 
departing from the spirit of the invention. 
What is claimed is: 
1. A cutting tool insert for milling loW and medium 

alloyed steels With or Without raW surfaces during Wet or dry 
conditions comprising a cemented carbide body and a coat 
ing Wherein said cemented carbide body comprises WC, 
8.6*9.5 Wt-% Co and 0.2*l.8 Wt-% cubic carbides of Ta, Ti 
and Nb, With Ti present on a level corresponding to a 
technical impurity, and a highly W-alloyed binder phase 
With a CW-ratio of 078*093 and said coating comprises 

a ?rst (innermost) layer of TiCxNyOZ With X+y+Z=l, With 
a thickness of 0.l*l.5 um, and With equiaxed grains 
With siZe <0.5 pm 

a second layer of TiCxNyOZ With X+y+Z=l, With a thick 
ness of li6 um With columnar grains With diameter of 
<5 um and 

a layer of a smooth, ?ne-grained (0.5i2 um) K-AI2O3 With 
a thickness of 0.5i5 pm. 

2. The milling insert of claim 1 Wherein the cemented 
carbide has the composition of 8.8*9.4 Wt-% Co and 0.4il .8 
Wt-% carbides of Ta and Nb. 

3. The milling insert of claim 1 Wherein the CW-ratio is 
from 0.82%).90. 

4. The milling insert of claim 1 further comprising an 
outermost TiN-layer Which has been removed along the 
cutting edge. 

5. A method of making a milling insert comprising a 
cemented carbide body and a coating comprising coating a 
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8 
WC-Co-based cemented carbide body With a highly 
W-alloyed binder phase With a CW-ratio of 078*093 With 

a ?rst (innermost) layer of TiCxNyOZ With X+y+Z=l, With 
a thickness of 0.l*l.5 um, With equiaxed grains With 
siZe <0.5 um using knoWn CVD-methods 

a second layer of TiCxNyOZ With X+y+Z=l, With a thick 
ness of li6 pm with columnar grains With a diameter 
of about <5 um deposited by MTCVD-technique, using 
acetonitrile as the carbon and nitrogen source for 
forming the layer in a preferred temperature range of 
850*900o C. and 

a layer of a smooth K-AI2O3 With a thickness of 0.5i5 pm. 
6. The method of claim 5 Wherein said cemented carbide 

body has a cobalt content of 8.8*9.4 Wt-% and cubic 
carbides of Ta and Nb. 

7. The method of claim 5 Wherein the CW-ratio is from 
0.82*0.90. 

8. The method of claim 5 further comprising an outermost 
TiN-layer Which is removed along the cutting edge. 

9. The cutting tool insert of claim 1 Wherein in the ?rst 
(innermost) layer of TiCxNyOZ, Z<0.5 and in the second layer 
of TiCxNyOZ, Z=0, X>0.3 and y>0.3. 

10. The cutting tool insert of claim 1 Wherein the insert 
contains an outermost layer of TiN With a thickness of [>1] 
<1 um. 

11. The method of claim 5 Wherein in the ?rst (innermost) 
layer of TiCxNyOZ, Z<0.5 and in the second layer of 
TiCxNyOZ, Z=0, X>0.3 and y>0.3. 

12. The method of claim 5 Wherein the insert contains an 
outermost layer of TiN With a thickness of <1 um. 

13. The cutting tool insert of claim 1 wherein the 
CW-ratio is 0.80*0.9]. 

14. The cutting tool insert ofclaim 1 wherein an average 
grain size of WC is in the range ofor about ].5*2.0 ,um. 

15. The cutting tool insert of claim 1 wherein a surface 
roughness ofthe layer ofK-Al2O3 is less than or equal to 0.4 
,um. 

16. The cutting tool insert ofclaim 10 wherein a surface 
roughness of the outermost TiN-layer is less than or equal to 
0.4 ,um. 

17. The method of claim 5 wherein the CW-ratio is 
0.8%09]. 

18. The method ofclaim 5 wherein an average grain size 
of WC is in the range ofor about ].5*2.0 ,um. 

19. The method ofclaim 5 wherein a surface roughness of 
the layer ofK-Al2O3 is less than or equal to 0.4 ,um. 

20. The method ofclaim 12 wherein a surface roughness 
ofthe outermost TiN-layer is less than or equal to 0.4 ,um. 

* * * * * 


