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(57) ABSTRACT

The present mvention relates to a method of making a
cemented carbide with submicron WC grain size with a

powder metallurgical technique 1including milling, pressing
and sintering. The method includes milling all components
except WC for about three hours, then adding the WC pow-
der and milling for about ten additional hours. In this way a
cemented carbide powder with acceptable low compacting
pressure 1s obtained.
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METHOD OF MAKING A CEMENTED
CARBIDE POWER WITH LOW
COMPACTING PRESSURE

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

CROSS-REFERENCES 10 RELATED
APPLICATIONS

The present application is a veissue of U.S. Pat. No. 6,273,

930 Bi, filed on Apr. 4, 2000, which claims the benefit of

priority to Swedish Application No. 9901216-3 filed Apr. 6,
1999.

FIELD OF THE INVENTION

The present invention relates to a submicron cemented
carbide powder with low compacting pressure, particularly
usetul for cutting tool 1nserts for turning, milling and drilling
steels and stainless steels.

BACKGROUND OF THE INVENTION

Cemented carbide 1s made by wet milling of powders
forming hard constituents and binder phase to a slurry, dry-
ing the slurry generally by spray drying, tool pressing the
dried powder to bodies of desired shape and finally sintering.
During sintering the bodies shrink about 20% linearly. The
shrinkage depends on pressing pressure, WC grain size, WC
grain size distribution and Co-content. Pressing tools are
expensive to make and are therefore made for a standard
shrinkage such as 18%. This shrinkage 1s obtained by choos-
ing a particular pressing pressure. However, 1 the grain size
1s submicron or finer the pressing pressure 1s relatively high,
250300 MPa. A high pressing pressure 1s not desirable
because of the risk of pressing cracks 1n the pressed bodies
and abnormal wear and even risk of pressing tool failure. It 1s
therefore desirable to find methods of reducing the pressing,
pressure when making submicron cemented carbides.

SUMMARY OF THE INVENTION

It has now surprisingly been found that a submicron
cemented carbide powder with an apparent reduced com-
pacting pressure at a predetermined weighing in exhibiting
no more than 18% shrinkage can be made from powder mix-
tures having submicron hard constituents with narrow grain
s1ze distributions which are conventionally milled at greatly
reduced milling times.

According to the present invention, a method of making a
powder comprising a plurality of compounds including hard
constituents and a binder phase, the powder having a low
compacting pressure, the method comprises the steps of:

(1) premilling a mixture of components which does not
include the WC for more than 2 hours;

(1) adding the WC to the mixture of step (1) and milling
for approximately 10 hours; and

(111) drying the milled mixture to obtain a powder.

DETAILED DESCRIPTION OF THE INVENTION

According to the invention there 1s now provided a submi-
cron cemented carbide powder with the desired low com-
pacting pressure <200 MPa, preferably <175 MPa at 18%
shrinkage and excellent compacting properties for cutting
tool 1serts comprising WC and 6-15 wt-% Co, preferably
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8—12 wt-% Co and less than 1 wt-% Cr, preferably 0.2-0.6
wt-% Cr and/or less than 1 wt-% V, preferably 0.2—0.6 wt-%
V.

The WC-grains have an average grain size in the range
0.2-1.0 um, preferably 0.4-0.6 um with no WC grains
greater than 1.5 um.

The W-content 1n the binder phase can be expressed as the
“CW-rat10” defined as:

CW-ratio=M_/(wt % C0*0.0161)

where M _ 1s the measured saturation magnetization of the
sintered cemented carbide body in [kA/m] 24Am*/kg and wt
% Co 1s the weight percentage of Co 1n the cemented car-
bide. The CW-ratio 1n mserts according to the invention shall
preferably be 0.80-1.0, and most preferably 0.80-0.90. The
amount of W dissolved in binder phase 1s controlled by
adjustment of the carbon content by small additions of car-
bon black or pure tungsten powder.

According to the method of the present invention, the
milling procedure i1s started with a >2 hours, preferably
about 3 hours, pre-milling step including wet milling 1n etha-
nol with cemented carbide milling bodies of all components
except of WC such as grain growth inhibitors, carbon black
or tungsten powder, binder metal and pressing agent, respec-
tively. The pre-milling step i1s followed by a turther final
milling step of about 10 hours with the WC powder
included. The amount of milling bodies during the pre-
milling and final milling shall be such that the weight ratio
milling bodies: WC powder 1s about 4—7. The cemented car-
bide powder 1s then dried preferably by spray drying,
pressed to 1nserts and sintered.

WC-powder with submicron grain size distribution
according to the invention with no grains greater than 1.5 um
1s prepared by milling/sieving such as 1n a jetmill-classifier.
According to the present invention, a mimimal change in
grain size and/or grain size distribution results from the final
milling step.

EXAMPLE 1

A submicron cemented carbide powder with the composi-
tion including WC and 0.5 weight % Cr, 0.4 weight % V and
10 weight % Co with a grain size of 0.4 um were produced
according to the mvention. The milling was carried out 1n
cthanol (0.3 1 fluid per kg cemented carbide powder) ina 30 |
mill with 120 kg milling balls. The batch size was 20 kg. An
initial milling step was carried out with all components
added (C,C,, VC and Co) except WC for approximately 3
hours. Furthermore, 0.4 kg (2 weight %) lubricant, was
added to the slurry and the carbon content was adjusted with
carbon black such that a binder phase alloyed with W having
a CW-ratio of 0.85 1s obtained. The milling procedure was
then completed with a 10 hour final milling step with the raw
WC matenal included. A well deagglomerated WC, d,,_=0.4
um (jetmilled and sieved) was used. After spray drying,
inserts of the type N151.2-400-4E were compacted and sin-
tered according to standard practice. A compacting pressure
of 165 MPa (18% shrinkage) and excellent inserts with no
crack tendencies were obtained. Furthermore dense sintered
structures with no porosity and hardness HV3=1800 were
obtained.

EXAMPLE 2

Cemented carbide tool mserts of the type N151.2-400-4 E
were produced 1n the same way as 1n Example 1 but with the
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composition having 0.5 weight % Cr, 0.3 weight % V and 8
weight % Co. The same result as in Example 1 was obtained

except that a compacting pressure of 170 MPa (18%
shrinkage) and a hardness of HV3=1890 resulted.

EXAMPLE 3

Cemented carbide tool inserts of the type N151.2-400-4 E
were produced 1n the same way as 1n Example 1 but with the
composition having 0.5 weight % Cr, 0.3 weight % V and 10
weight % Co and a grain size of 0.6 um. The same result as

in Example 1 was obtained except that a compacting pres-
sure of 160 MPa (18% shrinkage) and a hardness of HV3-

1740 resulted.

EXAMPLE 4

Cemented carbide standard tool inserts ol the type
N131.2-400-4 E were produced with the same chemical
composition, average grain size of WC and CW-ratio as 1n
Example 1 but from powder manufactured with conven-
tional ball milling techniques and with a milling time of 80
hours. Roughly the same physical properties (porosity A0O;
HV3=1820) were obtained as in Example 1, but a consider-
ably higher compacting pressure resulted, 290 MPa, (18%
shrinkage) and because of this iserts with pronounced crack
and chipping tendencies were obtained.

The foregoing has described the principles, preferred

embodiments and modes of operation of the present mnven-
tion. However, the invention should not be construed as

being limited to the particular embodiments discussed. Thus
the above-described embodiments should be regarded as
illustrative rather than restrictive, and 1t should be appreci-
ated that variations may be made in those embodiments by
workers skilled 1n the art without departing from the scope
of the present invention as defined by the following claims.

I claim:

1. A method of making a submicron cemented carbide
powder comprising a plurality of components including sub-
micron WC and binder metal, the powder having a low com-
pacting pressure, the method comprising the steps of:

(1) pre-milling a mixture of components which does not
include the WC for more than 2 hours;

(1) adding the WC to the mixture of step (1) and milling
for approximately 10 hours; and

(111) drying the milled mixture to obtain a powder.
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2. The method of claim 1, wherein the mixture of compo-
nents 1n step (1) comprises grain growth inhibitors, at least
one ol carbon black and tungsten powder and a pressing
agent.

3. The method of claim 2, wherein the mixture of compo-
nents 1n step (1) 1s wet milled 1n ethanol.

4. The method of claim 1, wherein the premilling step (1)

1s performed for approximately 3 hours.

5. The method of claim 1, wheremn step (111) comprises
spray drying.

[6. A submicron cemented carbide powder having a com-
pacting pressure of less than 200 MPa to obtain no more than
18% shrinkage upon sintering.}

[7. The powder of claim 6, where in the compacting pres-
sure is less than 175 MPa.]

[8. The powder of claim 6 having a composition compris-
ing 6—15 wt. % Co, less than 1 wt. % Cr and/or less than 1
wt. % V]

[9. The powder of claim 8, having a composition compris-
ing 8—12 wt. % Co, 0.2-0.6 wt. % Cr, and/or 0.2-0.6 wt. %
V]

[10. A submicron cemented carbide powder having a
compacting pressure of less than 200 MPa to obtain no more
than 18% shrinkage upon sintering the cemented carbide
comprising:

WC grains having an average size of 0.2—-1.0 um.}

[11. The powder of claim 10, wherein the WC grains have
an average size of 0.4-0.6 um, with no WC grains greater
than 1.5 um.]

[12. A densified sintered cutting tool insert made from the
powder of claim 6.]

[13. The insert of claim 12 having a CW ratio expressed

ds.

CW-ratio=Ms/(wt. % Co0*0.016)

where Ms 1s the saturization magnetization of a sintered
body made from the powder in kA/m, the CW ratio 1s
0.80-1.0]
[14. The insert of claim 13, wherein the CW ratio is
0.80-0.90.]

[15. The insert of claim 14, having essentially no porosity
and a hardness of at least 1740 HV3.]
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