wo 2010/071586 A1 I 0K OO0 0RO O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
24 June 2010 (24.06.2010)

o>

(10) International Publication Number

WO 2010/071586 A1

International Patent Classification:
C22C 29/04 (2006.01)

(51

(21) International Application Number:

PCT/SE2009/051448

(22) International Filing Date:
17 December 2009 (17.12.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
0802600-7 18 December 2008 (18.12.2008) SE
(71) Applicant (for all designated States except US): SECO

TOOLS AB [SE/SE]; ., ., S-737 82 Fagersta (SE).

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): JANSSON, Bo [SE/
SE]; Hagen, Norrbraten 116, ., S-711 98 Ramsberg (SE).
Zackrisson, Jenni [SE/SE]; Dalavigen 50, S-737 47
Fagersta (SE). PERSSON, Tomas [SE/SE]; Malmgatan
27B, ., 8-774 33 Avesta (SE).

Agent: HAGGLOF, Henrik; Sandvik Intellectual Prop-
erty AB, S-811 81 Sandviken (SE).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

[Continued on next page]

(54) Title: CERMET

Figure 1.

(57) Abstract: The present invention relates to a titanium based carbonitride alloy containing Ti, Nb, Ta, W, C, N and Co. The al-
loy contains - Co 7 to 21 wt % - W 14 to 20 wt % - Ta 5 to 11 wt % - Nb 2 to 7 wt % and, - Ti 33 to 50 wt % whereby the overall
N/C weight ratio is 0.6 to 0.75, the Ta/Nb weight ratio 1.8 to 2.1, the relative saturation magnetization 0.60 to 0.90 and the mag-
netic coercivity He= ( 18.2-0.2*Co wt%) +/- E kA/m, where E is 2.0. The invention also relates to a method of making said alloy.
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Cermet

The present invention relates to a sintered carbonitride alloy
with Ti as main component and a cobalt binder phase, which has im-
proved properties particularly when used as tool material for
steel and cast iron cutting. More particularly, the present inven-
tion relates to a carbonitride-based alloy of specific composition
and controlled relative saturation magnetization and coercivity
for optimal combination of abrasive wear resistance, toughness and
resistance to plastic deformation.

Titanium-based carbonitride alloys, so called cermets, are
widely used for metal cutting purposes. Compared to WC-Co based
materials, cermets have excellent chemical stability when in con-
tact with hot steel, even if it is uncoated, but have substan-
tially lower toughness. This makes them most suited for finishing
operations, which generally are characterized by limited mechani-
cal loads on the cutting edge and a high surface finish require-
ment on the finished component.

Cermets comprise carbonitride hard constituents embedded in a
metallic binder phase generally of Co and/or Ni. The hard con-
stituent grains generally have a complex structure with a core,
most often surrounded by one or more rims of other composition. In
addition to Ti, group VIa elements, normally both Mo and W, are
added to facilitate wetting between binder and hard constituents
and to strengthen the binder phase by means of solution hardening.
One or more of group IVa and/or Va elements, e.g. Zr, Hf, V, Nb
and Ta, are also added in all commercial alloys available today.
Cermets are produced using powder metallurgical methods. Powders
forming binder phase and powders forming hard constituents are
mixed, pressed and sintered.

During recent years many attempts have been made to control
the main properties of cermets in cutting tool applications,
namely toughness, wear resistance and plastic deformation resis-—
tance. Much work has been done especially regarding the chemistry
of the binder phase

Us 6,344,170, US 6,344,445 and US 6,325,838 relate to a sin-
tered body of a carbonitride alloy with titanium as main component
with improved properties when used as cutting tool material. This
has been achieved by combining a carbonitride based hard phase of

specific chemical composition with an extremely solution hardened
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Co binder phase. By optimizing composition and sintering process
in the Ti-Ta-W-C-N-Co system improved toughness and resistance to
plastic deformation are accomplished. The two parameters that are
used to optimize toughness and resistance to plastic deformation
are the Ta- and Co-contents. The use of pure Co-based binder is a
major advantage over mixed Co-Ni-based binders with respect to the
toughness behavior due to the differences in solution hardening
between Co and Ni.

Uus 7,332,122, and US 7,157,044 are similar. They relate to a
titanium based carbonitride alloy containing Ti, Nb, W, C, N and
Co. By replacing Ta in US 6,344,170 by Nb and carefully control-
ling the amount of undissolved Ti(C,N) cores a further optimiza-
tion of technological properties has been achieved. More particu-
larly, said patents relate to a carbonitride-based hard phase of
specific composition, for which the amount of undissolved Ti(C,N)
cores 1s optimized for maximal abrasive wear resistance, while the
Co and Nb contents are simultaneously optimized to give the de-
sired toughness and resistance to plastic deformation.

It is an object of the present invention to design and produce
a cermet material with specific composition and controlled rela-
tive saturation magnetization and coercivity for optimal combina-
tion of abrasive wear resistance, toughness and resistance to
plastic deformation.

This has been achieved by working with the alloy system Ti-Ta-
Nb-W-C-N-Co. A set of limitations has been found rendering optimum
combination of abrasive wear resistance, toughness and resistance
to plastic deformation for the intended application areas.

Fig. 1 shows the microstructure in detail and Fig. 2 shows the
microstructure in a lower magnification of an alloy according to
the invention as observed in back scattering mode in a scanning
electron microscope in which

A depicts undissolved Ti(C,N)-cores

B depicts a complex carbonitride phase sometimes surrounding
the A-cores and

C depicts the Co binder phase.

According to the present invention it has unexpectedly been
found that optimum combination of abrasive wear resistance, tough-
ness, resistance to plastic deformation and work piece surface
finish for the intended application area has been achieved by op-

timizing the amount of carbo-nitride formers dissolved in the Co
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based binder, the ratio between Ta and Nb and the hard constituent
grain size. The content of dissolved carbo-nitride formers in the
binder phase may be expressed by the S-value, the magnetic satura-
tion of the sample divided by the magnetic saturation of the same
amount of pure Co as in the sample. The S-value depends on the
content of dissolved metals in the binder phase and increases with
decreasing amount of solutes. The sintered grain size of the hard
constituents may be expressed by the magnetic coercivity.

The Co content must be chosen to give the desired properties
for the envisioned application area. This is best achieved by a Co
content of 7 to 21 wt%. In a first embodiment the Co-content is 8
to 15 wt% and, particularly, for fine machining applications the
Co content must be 8 to 10 wt% and for applications requiring bal-
anced resistance to plastic deformation and toughness 12 to 15
wt%. In a second embodiment requiring higher toughness the pre-
ferred Co content is 15 to 20 wt%.

The W content must be 14 to 22 wt%, preferably 16 to 19 wt%.

The Ta content must be 5 to 11 wt%, preferably 6 to 9 wt%.

The Nb content must be 2 to 7 wt%, preferably 3 to 5 wt%.

The Ti content must be 33 to 50 wt%, preferably 37 to 47 wt%.

The ratio between added Ta wt% and Nb wt% must be 1.8 to 2.1.

The overall N/C weight ratio in the sintered alloy must be in
the range 0.6 to 0.75.

The C content must be adjusted such that the relative satura-
tion magnetization is within 0.60 to 0.90, preferably 0.65 to
0.80.

The average grain size expressed by the magnetic coercivity
depends on the amount of Co added and must be Hc=(18.2-0.2*Co w%)
+/- E kA/m, where E is 2.0, preferably 1.5, and most preferably
1.0.

For certain machining operations requiring even higher wear
resistance it is advantageous to coat the body of the present in-
vention with a thin wear resistant coating using PVD, CVD, MTCVD
or similar techniques.

In another aspect of the invention, there is provided a method
of manufacturing a sintered titanium-based carbonitride alloy.
Hard constituent powders of TiCyNqi_4, having x in the range 0.45-
0.55 and an FSSS grain size of 1 to 2 um, TaC, NbC and WC are
mixed with powder of Co to a composition within the limits given

above and pressed into bodies of desired shape. Sintering is per-—
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formed in a Np-Ar atmosphere, having a total pressure of 10-40
mbar and a partial pressure of Ny of 0.5 to 4 mbar, at a tempera-
ture in the range 1370-1500°C for 0.5-1 h. It is within the pur-
view of the skilled artisan to determine by experiments the condi-
tions necessary to obtain the desired microstructure according to

this specification.

Example 1

Three powder mixtures of nominal composition (wt%) Ti 46.4, Ta
8.2, Nb 4.2, W 17.1, Co 9.0, N 6.1 and a N/C ratio of 0.69(Alloy
A, invention), 0.74 (Alloy B, reference) and 0.64 (Alloy C, refer-
ence) were prepared by wet milling of

TiCp s5oNp.50 with a grain size FSSS of 1.25 pm

TaC, grain size 2.1 um

NbC, grain size 2.0 pm

WC grain size 2.5 pm

Co grain size 0.80 pum

Pressing aid, PEG.

The powders were spray dried and pressed into SNUN120408 in-
serts. The inserts were dewaxed in H; and subsequently sintered in
a No-Ar atmosphere, total pressure of 10 mbar and a partial pres-
sure of Ny of 1 mbar, for 1.0 h at 1480°C which was followed by
grinding and conventional edge treatment. Polished cross sections
of inserts were prepared by standard metallographic techniques and
characterized using scanning electron microscopy. Fig. 1 and Fig.
2 show a scanning electron micrographs of such a cross section,
taken in back scattering mode. The porosity was determined accord-
ing to ISO 4505 standard. Magnetic properties were determined by

standard methods.

Relative Coercivity |[Micro- Macro-
magnetic kA/m porosity porosity
saturation * %

Alloy A 0.70 17.5 AQ02-B0O0-CO00 0

Alloy B 0.43 15.0 AQ06-B02-C00 0

Alloy C 0.95 19.0 AQ02-B02-C00 4

** pnumber of pores >25 um per cm’
The porosity levels of Alloy B and Alloy C, which are outside
the preferred relative magnetic saturation range, are detrimental

for the toughness.
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Example 2

Six powder mixtures were prepared by wet milling of raw mate-—
rials according to Example 1. For Alloy H and Alloy I a coarser
TiCp s5oNp.50 with a grain size of 3.5 pm was utilized.

The nominal composition (wt$%) 1s shown in the following table

Co T1 Ta NDb W N C
Alloy D|13.5 43.4 7.7 4.0 rest 5.8 8.0
Alloy E|[13.5 43.6 7.7 4.0 rest 5.8 8.6
Alloy F|[18.0 40.8 7.2 3.7 rest 5.4 8.0
Alloy G|18.0 41.0 7.2 3.7 rest 5.4 8.5
Alloy H|20.0 39.0 7.0 3.6 rest 5.2 7.3
Alloy I/20.0 39.5 7.0 3.6 rest 5.2 7.8

Sintered inserts were prepared and analyzed according to

Example 1. The results are found below:

Relative Coercivity [ Micro- Macro- HV10

magnetic kA/m porosity porosity

saturation * %
Alloy D 0.45 16.0 AQ02-B06-C00 6 1640
Alloy E 0.75 16.1 AQ00-B0O2-C00 0 1640
Alloy F 0.76 14.7 AQ00-BO0O-CO00 2 1530
Alloy G 0.94 14.7 AQ6-B04-CO0O0 2 1510
Alloy H 0.52 12.7 AQ0-B0O4-COOQ 10 1470
Alloy I 0.69 13.2 AQ01-BO1-C00* | O 1470

* AQ01 indicates porosity level in between A00 and A02
* B0l indicates porosity level in between B0O0 and B02

** pnumber of pores >25 um per cm’

The porosity levels of alloys outside the preferred relative
magnetic saturation range are higher and, thus, detrimental for

the toughness.

Example 3

Inserts of type DCMT 11T304 of alloys D and E according to example
2 were prepared. The magnetic properties of alloy E is within the
present invention. However, the saturation magnetization of alloy

D is outside. The inserts were used for turning of steel S$S1672 at
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vc=200 m/min, £=0.10 mm and ap=0.25 mm. The surface roughness of
the work piece, Ra, was monitored as a function of cutting time.
At shorter times, <5 min the Ra value was similar for the two al-
loys, 1.2 um. After 1 h of turning the Ra value for alloy D was
3.3 uym and for alloy E 1.8 pm. The considerably better surface
finish of the work piece for alloy E is due to a better resistance

to wear.

Example 4

Cutting tests utilizing inserts of type DCMT 11T304 of alloys G
(outside invention) and F (according to invention) in a high
toughness demanding work piece were done with following cutting
data:

Work piece material: DIN42Cr4l

Cutting speed=220 m/min,

Feed=0.2 mm/r,

Depth of cut=0.4 mm and

with coolant.

Result: Life time in number of passes, average of six edges.
Alloy G: 18

Alloy F: 28

Example 5

Plastic deformation resistance for the two alloys D (outside in-
vention) and E (according to invention) was investigated in a
turning test.

Work piece material: $S2541

depth of cut=1 mm, feed=0.3 mm/r, cutting time=2.0 min

The resistance to plastic deformation was determined as the maxi-
mum cutting speed at which no plastic deformation of the edge was
detected.

Result: maximum cutting speed, average of two edges.

Alloy D: 240 m/min

Alloy E: 310 m/min

From the examples above it is clear that inserts produced accord-
ing to the invention have both substantially improved toughness

and deformation resistance.
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Claims

1. A titanium based carbonitride alloy containing Ti, Nb, Ta,
W, C, Nand Cocharacterized in that the relative satu-
ration magnetization is 0.60 to 0.90, preferably 0.65 to 0.80, and
the magnetic coercivity Hc=(18.2-0.2*Co wt%) +/—- E kA/m, where E
is 2.0, preferably 1.5.

2. A titanium based carbonitride alloy according to claim 1
characterisedin containing

- Co 7 to 21 wt¥%,

- W 14 to 20 wt$%,

- Ta 5 to 11 wt¥%,

- Nb 2 to 7 wt%, and

- Ti 33 to 50 wt%.

3. A titanium based carbonitride alloy according to claim 2
characterisedin containing
W 16 to 18 wts%,
- Ta 6 to 9 wt%,
- Nb 3 to 5 wt%, and
- Ti 37 to 47 wt%.

4., A titanium based carbonitride alloy according to claims 2
or 3characterisedin containing

- Co 8 to 15 wt%.

5. A titanium based carbonitride alloy according to claims 2
or 3characterisedin containing

- Co 15 to 20 wt%.

6. A titanium based carbonitride alloy according to any of
claims 2 to 5 characterisedin an overall N/C weight
ratio of 0.6 to 0.75.

7. A titanium based carbonitride alloy according to any of
claims 2 to 6 characterisedina Ta/Nb weight ratio of
1.8 to 2.1.

8. A titanium based carbonitride alloy according to any of the
preceding claims ¢ h ar acter isedin being coated with a
thin wear resistant coating using PVD, CVD, MTCVD or similar
techniques.

9. Method of manufacturing a sintered titanium-based carboni-
tride alloy containing Ti, Nb, Ta, W, C, N and Co by mixing hard
constituent powders of TiCy4Nj_y having x in the range 0.45-0.55
and an FSSS grain size of 1 to 2 upm, TaC, NbC and WC with powder

of Co to a composition and pressing into bodies of desired shape,
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sintering in a Np-Ar atmosphere, c h ar acter i s e d said
atmosphere having a total pressure of 10-40 mbar and a partial
pressure of N; of 0.5 to 4 mbar, at a temperature of 1370-1500°C
for 0.5-1 h.
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Figure 2.
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