20067046125 A1 | IV V-0 0O 00 0

=

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 May 2006 (04.05.2006)

lﬂb A0 0 O OO

(10) International Publication Number

WO 2006/046125 A1l

(51) International Patent Classification:
CO04B 35/5831 (2006.01)  B23B 27/14 (2006.01)

(21) International Application Number:
PCT/IB2005/003221

(22) International Filing Date: 28 October 2005 (28.10.2005)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

$2004/0721
$2004/0722

29 October 2004 (29.10.2004)
29 October 2004 (29.10.2004)

1IE
1IE

(71) Applicant (for all designated States except US): ELE-
MENT SIX (PTY) LTD [ZA/ZA]; Debid Road, Nuffield,
1559 Springs (ZA).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CAN, Nedret
[TR/ZA]; 29 Lotus Road, Sunwardpark, 1459 Boksburg
(TR). ANDERSIN, Stig Ake [SE/SE]; Enebacken 28,
S-91532 Robertsfors (SE).

(74) Agents: DONALD, Heather, June et al.; P O Box 454,
0001 Pretoria (ZA).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, 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,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CUBIC BORON NITRIDE COMPACT

(57) Abstract: A CBN compact comprises CBN and a matrix phase incorporating a secondary hard phase selected from TiCN, TiC,
TiN and mixtures and solid solutions thereof and a maximum amount of titanium diboride where the XRD peak height of the (101)
titanium diboride peak (after background correction) is less than 12% of the peak height of the (111) CBN peak.



WO 2006/046125 PCT/IB2005/003221

CUBIC BORON NITRIDE COMPACT

BACKGROUND OF THE INVENTION

This invention relates to cubic boron nitride (CBN) abrasive compacts.

Boron nitride exists typically in three crystalline forms, namely cubic boron
nitride (CBN), hexagonal boron nitride (hBN) and wurtzitic cubic boron
nitride (wBN). Cubic boron nitride is a hard zinc blend form of boron nitride
that has a similar structure to that of diamond. In the CBN structure, the
bonds that form between the atoms are strong, mainly covalent tetrahedral
bonds.

CBN compacts comprise sintered masses of CBN particles. When the CBN
content exceeds 80 percent by volume of the compact, there is a
considerable amount of CBN-to-CBN contact. When the CBN content is
lower, e.g. in the region of 40 to 60 percent by volume of the compact, then
the extent of direct CBN-to-CBN contact is limited.

CBN compacts will generally also contain a binder phase such as
aluminium, silicon, cobalt, nickel, and titanium.

When the CBN content of the compact is less than 70 percent by volume
the matrix phase, i.e. the non-CBN phase, will generally also comprise
another hard phase, a secondary phase, which may be ceramic in nature.
Examples of suitable ceramic hard phases are carbides, nitrides, borides
and carbonitrides of a Group 4, 5 or 6 (according to the new IUPAC
format) transition metal, aluminium oxide, and carbides such as
tungsten carbide and mixtures thereof. The matrix phase constitutes
all the ingredients in the composition excluding CBN.

CONFIRMATION COPY
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CBN compacts may be bonded directly to a tool body in the formation of a
tool insert or tool. However, for many applications it is preferable that the
compact is bonded to a substrate/support material, forming a supported
compact structure, and then the supported compact structure is bonded to
a tool body. The substrate/support material is typically a cemented metal
carbide that is bonded together with a binder such as cobalt, nickel, iron or
a mixture or alloy thereof. The metal carbide particles may comprise

tungsten, titanium or tantalum carbide particles or a mixture thereof.

A known method for manufacturing the CBN compacts and supported
compact structures involves subjecting an unsintered mass of CBN
particles together with powdered matrix phase, to high temperature and
high pressure conditions, ie. conditions at which the CBN is
crystallographically stable, for a suitable time period. Typical conditions of
high temperature and pressure which are used are temperatures in the
region of 1100°C or higher and pressures of the order of 2 GPa or higher.
The time period for maintaining these conditions is typically about 3 to 120

minutes.

CBN has wide commercial application in machining tools and the like. It
may be used as an abrasive particle in grinding wheels, cutting tools and
the like or bonded to a tool body to form a tool insert using conventional
electroplating techniques. CBN may also be used on bonded form as a
CBN compact. CBN compacts tend to have good abrasive wear, are
thermally stable, have a high thermal conductivity, good impact resistance
and have a low coefficient of friction when in contact with a workpiece. The
CBN compact, with or without substrate, is often cut into the desired size
and/or shape of the particular cutting or drilling tool to be used and then
mounted on to a tool body utilising brazing techniques.

CBN compacts are employed widely in the manufacture of cutting tools for
finish machining of hardened steels, such as case hardened steels, ball-
bearing steels and through hardened engineering steels. In addition to the

conditions of use, such as cutting speed, feed and depth of cut, the
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performance of the CBN tool is generally known to be dependent on the
geometry of the workpiece and in particular, whether the tool is constantly
engaged in the workpiece for prolonged periods of time, known in the field
as "continuous cutting”, or whether the tool engages the workpiece in an

intermittent manner, generally known in the field as "interrupted cutting".

Depending on the workpiece geometry, it is common for the CBN tool to
experience both continuous and interrupted cutting within a process cycle
and furthermore, the ratio of continuous to interrupted cutting varies widely
in the field. After extensive research in this field it was discovered that
these different modes of cutting place very different demands on the CBN
material comprising the cutting edge of the tool. The main problem is that
the tools tend to fail catastrophically by fracturing or chipping, exacerbated
by an increasing demand in the market for higher productivity through
increased cutting speeds. This typically results in a reduced life of the tool
which necessitates regular replacement of the tool. This in turn, typically
results in an increase in production costs, which is disadvantageous. It is
desirable to develop improved CBN-based materials that function more
efficiently e.g. that exhibit improved failure resistance and wear strength.

US 6,316,094 discloses a CBN sintered body in which CBN particles of a
single average particle size are bonded through a bonding phase. A
powdered composition is sintered to produce the sintered body. This
powdered composition is made using various mixing methods such as
ultrasonic mixing and attrition milling. In US 6,316,094, attrition milling is

claimed to be the poorest mixing method.

US 4,334,928 discloses a boron nitride sintered compact comprising CBN
particles and various titanium containing compounds. The titanium
containing compounds are typically pre-reacted and formed into a sintered
compact which is then crushed. The CBN compact further contains CBN
having a single average particle size. Relatively low temperatures are used

in the sintering process to produce the CBN compact.
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SUMMARY OF THE INVENTION

According to the present invention, a CBN compact comprises CBN and a
matrix phase incorporating a secondary hard phase selected from TiCN,
TiC, TiN and mixtures and solid solutions thereof and a maximum amount
of titanium diboride where the XRD peak height of the (101) titanium
diboride peak (after background correction) is less than 12% of the peak
height of the (111) CBN peak, preferably less than 10% of the CBN beak
height and more preferably less than 5% of the CBN peak height.

Further according to the invention a peak, as measured in XRD analysis,
for the titanium-based secondary hard phase has a Full-Width-Half-
Maximum (FWHM) value of at least 0.2 degrees 2 theta, preferably at least
0.25 degrees 2 theta, more preferably at least 0.3 degrees 2 theta.

The CBN compact typically contains 35 to 75 volume %, preferably 35 to 65
volume %, of the CBN.

The matrix phase may further comprise a binder phase. The binder phase
may be aluminium. It will be appreciated that aluminium may exist as
aluminium or as bonded forms of aluminium, such as aluminium nitride,
aluminium diboride, titanium aluminide and/or combinations thereof. The
matrix phase may further comprise tungsten carbide and/or Al,Os.

According to a further aspect of the invention, there is provided a tool insert

containing a CBN compact as defined above.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention relates to CBN compacts, more specifically, to a
CBN compact comprising CBN and a matrix phase incorporating a titanium-
based secondary hard phase and a very low amount of titanium diboride,

as defined above.
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Titanium diboride is typically present in the CBN compact as a result of the
reaction between CBN and the secondary hard phase which contains
titanium compounds such as titanium carbonitride. The TiB, typically acts
as a bonding agent between the CBN grains and the secondary hard phase
grains. However, if there is too high an amount of titanium diboride in the
CBN material, the abrasion resistance of the material will typically increase;
whereas the fracture and chipping resistance will decrease. The increase in
abrasion resistance of a CBN material with high TiB, content is possibly
due to high hardness of TiB,. The decrease in fracture and chipping
resistance is possibly related to the anisotropy of material thermal
expansion coefficient. Since TiB, has a hexagonal crystal structure, (CBN,
AIN, titanium carbonitride all have cubic crystal structure), TiB, introduces
residual stress between the CBN and the secondary hard phase material
due to the anisotropy of the thermal expansion coefficient. This leads to a
weakening of the interface between the CBN and the secondary hard
phase, resulting in a loss of strength and hence a substantial performance
loss in applications where fracture and chipping resistance are required.

The present invention is the first to recognise the problem and solves it by
reducing the TiB, content between CBN and secondary hard phase grains
to a level where the performance of the material can be optimised. These
optimal levels of TiB, in the CBN compact have been quantified using the
X-Ray diffraction peak height ratios of TiB, to the measured peak height of
the CBN in the material.

Another aspect of this invention is that the CBN material contains
secondary hard phase which exhibits high XRD peak broadening. The XRD
peak broadening of the secondary hard phase (at low diffraction angles)
~indicates that this phase has a very fine grain size and also contains
variation in chemistry. These unique aspects improve the material
properties and thus provide enhanced performance in applications where
high cutting edge chipping and fracture resistance is required. The
character of secondary hard phase were defined by using the Full-Width-
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Half-Maximum (FWHM) measurements of the XRD peaks of the secondary
hard phase material.

X-ray examination of the CBN compact materials was carried out using a
vertical diffractometer fitted with Cu radiation with generator settings of 40
kV and 45 mA. Typically XRD scans were carried out between 20 to 65
degrees 2 theta range, with a step size of 0.02 degrees 2 theta, with 5
seconds per step. Collected XRD scans were background-corrected and
Ka-2 striped before FWHM measurements. FWHM measurements were
done after curve-fitting the data and determining peak position. FWHM
measurements were done on the titanium carbonitride, titanium nitride and
titanium carbide peaks with (111) and (200) planes. Peak heights were
measured directly after identifying the peak position. CBN peak height was
measured on the (111) plane; whereas TiB; height was measured on (101)

plane.

The CBN compact of the invention is made by making a mixture of the CBN
particles and the matrix phase, in powdered form. The CBN particles in this
mixture may be unimodal, i.e. all of the CBN particles have a similar
average particle size or multimodal, i.e. the CBN particles are made up of a
mixture of particles of at least two average particle sizes. When the CBN
is multimodal, the CBN is preferably bimodal, i.e. the CBN consists of

particles with two average particle sizes.

The matrix phase may further comprise a binder phase, such as but not
limited to aluminium. It will be appreciated that aluminium may exist as
aluminium or as bonded forms of aluminium, such as aluminium nitride,

aluminium diboride, titanium aluminide and combinations thereof.

Where titanium carbonitride is the secondary hard phase, it may be
substoichiometric i.e. Ti(CixNy)y, where X shows the solid solution
concentration of the nitrogen with respect to the carbon; and y shows the
ratio of the total carbonitride species with respect to the titanium. Typically
prior to sintering the TICN may be pre-reacted with the binder phase
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e.g. aluminium when present. This will lead to a reaction product of
stoichiometric titanium carbonitride, titanium aluminide and any

unreacted phases.

It has been found that one way of achieving a fine particle size of the
secondary hard phase is to use attrition milling in producing the mixture of
CBN and matrix phase. Attriton mills consist of an enclosed grinding
chamber with an agitator that rotates at high speeds in either a vertical or
horizontal configuration. Milling media used are typically in the size range
0.2 to 15mm and, where comminution is the objective, milling media
typically are cemented carbides, with high density. The high rotational
speeds of the agitator, coupled with high density, small diameter media,
provide for extremely high energy. Furthermore, the high energy in
attrition milling results in high shear in the slurry, which provides for very
successful co-dispersion, or blending of powders. Attrition milling typically
achieves finer particles and better homogeneity of materials in the sintered
compact than other methods such as conventional ball mills, tumbling ball
mills, planetary ball mills, agitated or stirred ball mills. This is particularly so
when attrition milling is used in a “two step” procedure whereby the
secondary phase and the binder phase when used are milled using
attrition milling to produce a fine mixture, which typically consists of nano-
sized particles, generally having a particle size of between about 200 to
about 500nm particles. The resultant fine mixture and the CBN particles

are further subjected to attrition milling to produce a homogenous mixture.

The advantages of using the “two step” attrition milling process is that
typically a very fine starting material for sintering is obtained. The finer
secondary hard phase and binder phase grains preferably have high
specific surface area and therefore reactivity, leading to very good
sintering between the CBN and secondary hard phase particles. Likewise,
the small size of the secondary hard phase particles gives them high
specific surface area, and hence good binding between secondary hard
phase particles as well. In addition, the small size of the secondary

hard phase particles results in a more homogenous compact which,
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when the compact is used in the formation of a tool insert, typically

results in better performance of the tool insert.

The mixture of CBN and powdered matrix phase is subjected to
elevated conditions of temperature and pressure at which CBN is
crystallographically stable to produce a CBN compact. Such conditions

and methods are well known in the art.

However, it will be appreciated that other effective methods may be
utilized to produce a CBN compact according to the present invention
and that the method of producing such a compact is not limited to that

mentioned above.

The CBN content of the compact was determined in the following manner:
A sample piece was cut using wire EDM and then polished. The polished
surface of the CBN compact was analysed using a Scanning Electron
Microscope. Back-scatter electron images at a suitable magnifications,
3000, 5000 and 7000 times magnifications were selected depending on the
estimated average grain size of CBN. (If the average grain size is less than
one micron, 7000 times magnification was used; if the average CBN grain
size is greater than 1 micron and less than 2 microns, 5000 times
magnification is used. If the average grain size greater than 2 micron and
less than 3 micron, 3000 times magnification was used.) At least 30

images were used in order to statistically represent the sample.

The collected grey scale images were analysed in steps. First, the grey
scale image was electronically processed to identify CBN grains in the
image. This processing involved using a threshold grey scale value for
CBN to convert grey scale image into a binary image, where CBN grains
were identified as one phase. The remaining phase is the matrix phase
(non-CBN phase). Then, the total area of all of the identified CBN grains
was measured and the percentage area of total CBN is calculated for each
image. The average value of CBN area is then calculated by taking the
average of all the measurements from typically more than 30 images. The
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CBN area percentage is taken to correspond with the overall CBN content

of the material.

The matrix phase may further comprise tungsten carbide and/or Al;Os
These materials typically function as grain growth inhibitors that
prevent/reduce grain growth of the secondary hard phase particles during

high pressure and high temperature sintering.

CBN compacts of the present invention have particular application as tool
inserts for the machining of hardened steel, hot and cold working tool steel,
die steel, case hardened steel, high speed steel and ductile grey cast iron
However, it will be appreciated that the applications of the CBN compacts

of the present invention are not limited to those listed above.

EXAMPLES
The invention will now be illustrated by the following non-limiting examples:

Example 1

A sub-stoichiometric titanium carbonitride powder Ti(Co7No.s)os Of average
particle size of 1.4 micron was mixed with Al powder, average particle size
of 5 micron. The mass ratio between Ti(Co7Nos)os and Al was 90:10. The
powder mixture was pressed into a titanium cup to form a green compact
and heated to 1025°C under vacuum for 30 minutes and then crushed and
pulverized. The powder mixture was then attrition milled for 4 hours. A
CBN powder mixture, containing about 30wt% CBN with an average
particle size of 0.7 micron and the remaining CBN with an average particle
size of 2 micron, was added into the slurry at a certain amount to obtain an
overall 65 volume percent CBN. The CBN-containing slurry was milled and
mixed for an hour using attrition milling. The slurry was dried under
vacuum and formed into a green compact and was sintered at 55 kbar
(5.5GPa) and about 1300°C to produce a CBN compact.
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According to X-ray diffraction analysis, the sintered material contained
besides CBN and titanium carbonitride, small amounts of TiBz, AIN, Al2Os
and WC. The XRD TiB, peak height from the (101) plane expressed as a
percentage of the CBN peak height from the (111) plane, was 3.68%. The
FWHM value of the titanium carbonitride peaks of the (111) and (200)

planes were 0.315 and 0.331 degrees of 26, respecitively.

The CBN content measured by image analysis was 53.4 percent by area as
an average of analysis of 40 backscatter electron SEM images taken at a
5000 magnification. The percent by area is substantially the same as the

volume percent.

Example 2

A sub-stoichiometric titanium carbonitride powder Ti(Co7Noa)os Of an
average particle size of 1.4 micron was mixed with Al powder, average
particle size of 5 micron. The mass ratio between Ti(Cy7Nos)os and Al was
90:10. The powder mixture was pressed into a titanium cup to form a
green compact and heated to 1025°C under vacuum for 30 minutes and
then crushed and pulverized. The powder mixture was then attrition milled
for 4 hours. A CBN powder mixture, containing about 30wt% CBN with an
average particle size of 0.7 micron and the remaining CBN with an average
particle size of 2 micron, was added into the slurry at a certain amount to
obtain overall 45 volume percent CBN. The CBN-containing slurry was
milled and mixed for an hour using attriton milling. The slurry was dried
under vacuum and formed into a green compact and was sintered at 55
kbar (5.5GPa) and about 1300°C to produce a CBN compact.

According to X-ray diffraction analysis, the sintered material contained
besides CBN and titanium carbonitride, small amounts of TiBs, AIN, Al,O;
and WC. The XRD TiB, peak height from the (101) plane expressed as a
percentage of the CBN peak height from the (111) plane, was 4.19%. The
FWHM (full width half maximum) value of the titanium carbonitride peaks
for the (111) and (200) planes were 0.522 and 0.582 degrees of 20,

respectively.
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The CBN content measured by image analysis was 38.5 percent by area as
an average analysis value from 50 backscatter electron SEM images taken
at a 5000 magnification. The percent by area is substantially the same as
the volume percent.

Example 3

A sub-stoichiometric titanium carbonitride powder Ti(CosNos)o.s Of average
particle size of 1.4 micron was mixed with Al powder, average particle size
of 5 micron, using tubular mixer. The mass ratio between Ti(Co5Nos)0.s and
Al was 90:10. The powder mixture was pressed into a titanium cup to form
a green compact and heated to 1025°C under vacuum for 30 minutes and
then crushed and pulverized. The powder mixture was then attrition milled
for 4 hours. A CBN powder mixture, containing about 30wt% CBN with
average particle size of 0.7 micron and remaining CBN with average
particle size of 1.4 micron, was added into the slurry at a certain amount to
obtain overall 55 volume percent CBN. The CBN containing slurry was
milled and mixed for an hour using attrition milling. The slurry was dried
under vacuum and formed into a green compact and was sintered at 55
kbar (5.5GPa) and about 1300°C to produce a CBN compact.

According to X-ray diffraction analysis, the sintered material contained
besides CBN and titanium carbonitride, small amounts of TiB3, AN, Al;O3
and WC. The XRD TiB, peak height from the (101) plane expressed as a
percentage of the CBN peak height from the (111) plane, was 2.52%. The
FWHM (full width half maximum) value of the titanium carbonitride peaks

for the (111) plane were 0.593 degrees of 26.

The CBN content measured by image analysis was 48.1 percent by area
based on the average from the analysis of 40 backscatter electron SEM
images taken at a 5000 magnification. The percent by area is substantially

the same as volume percent.
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Example 4

A sub-stoichiometric titanium carbide powder TiCo g of average particle size
of 1.4 micron was mixed with Al powder, average particle size of 5 micron.
The mass ratio between TiC,s and Al was 90:10. The powder mixture was
pressed into a titanium cup to form a green compact and heated to 1025°C
under vacuum for 30 minutes and then crushed and pulverized. The
powder mixture was then attrition milled for 4 hours. A CBN powder
mixture, containing about 30wt% CBN with an average particle size of 1.4
micron was added into the slurry at a certain amount to obtain an overall 50
volume percent CBN. The CBN-containing slurry was milled and mixed for
an hour using attrition milling. The slurry was dried under vacuum and
formed into a green compact and was sintered at 55 kbar (5.5GPa) and
about 1300°C to produce a CBN compact.

According to X-ray diffraction analysis, the sintered material contained
besides CBN and titanium carbide, small amounts of TiB, AN, AlO3 and
WC. The XRD TiB, peak height from the (101) plane expressed as a
percentage of the CBN peak height from the (111) plane, was 4.88%. The
FWHM value of the titanium carbonitride peaks of the (111) and (200)
planes were 0.392 and 0.389 degrees of 26, respectively.

The CBN content measured by image analysis was 43.98 percent by area
as an average of analysis of 45 backscatter electron SEM images taken at
a 5000 magnification. The percent by area is substantially the same as the

volume percent.
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CLAIMS

1. A CBN compact comprising CBN particles and a matrix phase
incorporating a secondary hard phase selected from TiCN, TiC, TiN,
mixtures and solids solutions thereof and a maximum amount of
titanium diboride where the XRD peak height of the titanium
diboride (101) peak, after background correction, is less than 12%
of the peak height of the (111) CBN peak.

2. A CBN compact according to claim 1, wherein the XRD peak height
of the titanium diboride (101) peak, after background correction, is
less than 10% of the (111) CBN peak height.

3. A CBN compact according to claim 1 wherein the XRD peak height
of the titanium diboride (101) peak, after background correction, is
less than 5% of the (111) CBN peak height.

4, A CBN compact according to any one of the preceding claims,
which is manufactured from a composition containing 35 to 75
volume % of CBN.

5. A CBN compact according to any one of the preceding claims,
wherein a XRD peak for the secondary hard phase has a full width

half maximum value of at least 0.2 degrees 2 theta.

6. A CBN compact according to any one of claims 1 to 4 wherein a
XRD peak for the secondary hard phase has a full width half
maximum value of at least 0.25 degrees 2 theta.

7. A CBN compact according to any one of claims 1 to 4, wherein a
XRD peak for the secondary hard phase has a full width half
maximum value of at least 0.3 degrees 2 theta.
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8. A CBN compact according to any one of the preceding claims,
wherein the secondary hard phase is TiICN.

9. A CBN compact according to any of the preceding claims, wherein
the matrix phase further comprises a binder phase that is aluminium

or an aluminium-based compound.

10. A CBN compact according to any one of the preceding claims,
wherein the matrix phase further comprises tungsten carbide and/or
AlLOs.

11. A tool insert containing a CBN compact according to any one of
claims 1 to 10.
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