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THE APPLICANT AND NOMINATED PERSON IS THE
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(57) Claim

1. A cemented carbide button for rock drilling
having a working surface and domprising a core and a
surface zone surrounding the core whereby both the surface
zone and the core contain WC and a binder phase based on at
least one of cobalt, nickel or iron and in addition the
core contains eta-phase characterised in that:

(1) the core extends to the top working
surface of the button; '

(ii) the‘cq#e containsg from 2% to 60% by
volume of eta-phase;

| (iii) the eta-phase has a grain size of
0.5-10 pm; | |

(dv) ~ the width of the core is 10%-65% of
the cross—section of the cemented carbide body; and
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(v) the concentration of the binder phase
'in the surface zone increases in a direction towards the
core to at least 1.2 times the binder phase concentration
of the eta-phase core.

7. Method of manufacturing a cemented carbide button
havinygy the features defined in any one of claims 1 to 6
comprising the steps of:

(i) milling and pressing a powder
comprising WC with substoichiometric
carbon content and a binder phase
based on at least one of cobalt,
nickel or iron to form a pressed
button;

(ii) sintering the pressed button to form

a sintered button; and

(iii) subjecting the sintered button to a
partially carburising heat treatment.

8. Method of rock drilling with a cemented carbide
button having the features defined in any one of claims 1
to 6, wherein the cemented carbide button is brought in
connect with rock and the button moves relative to the rock
whereby material is removed from the rock.
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COMPLETE SPECIFICATION
STANDARD PATENT

Applicant(s):
SANDVIK AB

Invention Title:

CEMENTED CARBIDE BODY WITH INCREASED
WEAR RESISTANCE

The following statement is a full description of this
invention, including the best method of performing it known
to me/us: e '
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"The present invention relates to cemented carbide buttons
useful in tools for rock drilling, mineral cutting, oil dril-
ling and in tools for concrete and asphalt milling.

In EP-A-182759 cemented carbide buttons are disclosed with
a core with finely and evenly distributed eta-phase embedded in
the normal alpha + beta - phase structure, and a surrounding
surface zone with only alpha + beta - phase. (Alpha = tungsten
carbide, beta = binder-phase,'e.g;,'cobalt and eta = MgC, M;2C
and other carbides, e.g., Co3zW3C). An additiomal condition is
that in the inner part of the surface zone situated close to
the core the cobalt-content is higher than the nominal content
of cobalt and that the cobalt-content in the outermost part of
the surface zone is lowex than the nominal and increases in the
direction towards the coxe up to a maximum usually at the eta~-
phase core. . :

Cemented carbide buttons according to the mentioned paﬁent
application have given increased performance for all cemented
carbide grades normally used in rock drilling. ’

When drilling with buttons according to the above mentioned

patent the cobalt-poor surxface layer is successively worn away.
The cobalt-rich intermediate layer, when exposed, is worn more
rapidly than the suxxounding ireas and a crater is formed, fig
1.3. As a result, the risk for sPaliing is increased and at the
same time the drilling rate is dacreased. At c¢ontinued wear the
eta-phase core is exposed and the button then assumes a more
rounded cap shape, fig 1.5. The wearing through of the cobalt-
rich intermediate zone is particularly critical in rotary
cruéhi‘ng drilling with chisel shaped or conical buttons which
are'not reground. In orxrder to avoid too deep a crater in the
button the thickness of the etaphase-free surface zone is kept
to a minimum. The iisk,is then that the cobalt-poor surface
zZone peels off and expose the ¢obalt-rich part with a resulting

rapid wear. The button thereby quickly loses several mm in pro-

trusion height. The protrusion and shape of the button influ-
ence the drilling properties, in particular the penetration

rate.
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According to the invention it has now turned out that but-
tons where the etaphase core extends out to the very top
working surface of the button give longer life and increased
drilling rate, particularly in rotary crushing drilling, per-
‘cussive drxilling in soft rocks and in mineral cutting. The
etaphase core is not crushed due to that it is protected by the
surface zone free of etaphase, whose outex part is under com-
pressive stress.

The invention is described with reference to the following
figures in which a - etaphase core, b - cobalt-rich zone and ¢
- ¢cobalt-poor zone. '

Fig 1 shows a button made according to known technique, in
which:. '

1.1 Unworn button.

1.2 Wear only in the cobalt-poor etaphase free surface
zone.

1.3 Wear through the cobalt-rich intermediate zone.
1.4 Continued wear - the button has changed shape.

1.5 The etaphase core clearly exposed.

Fig 2 shows buttons according to the invention in various
embodiments,. namely:
2.1 Coniczal butten, symmetrical etaphase core.
2.2 Spharical butten, asymmetrical etabhase core.
2.3 Chisel-shaped button, symmetrical eta-phase core.

The etz-phase core contains at least 2 % by volume, prefe-
rably at least 5 % by volume of eta-phase but at the most 60 %
by volume, preferably at the most 35 % by volume. The eta-
phase shall be finegrazined with a grain size of 0.5 - 10 um,
preferably 1 - 5 um, and be evenly distributed in the matrix of
the normal WC-Co-structure. The width of the eta phase core
shall) be 10 - 95 %, preferably 25 - 75 & of the cross section
of the cemented carbide body. The etaphase core extends to the
very top (working) surface of the button. Normally, the posi-
tion of the core is symmetrical, ‘but for certain locations of
the button in a drill, e.g., as peripheral button, the core may
suitably be in an asymmetrical position in the butten.

1%
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The binder phase content in the zone free of eta-phase in-

creases in the direction towards the eta-phase core up to a
maxﬁmum usually at the eta phase core of at least 1.2 times,
préferably at least 1.4 times, compared to the binder phase
content in the centre of the eta phase core.

‘In addition, the top surface of the button may have a thin
surface layer 10-100 pum thick free of etaphase.

The invention can particularly be used in grades with 10-25
£ by weight cobalt for rotary crushing drilling, but also in
grades with 5-10 % by weight cobalt for percussive drilling in
softer rocks and in grades with 6-13 % by weight cobalt for mi~
neral tools. The WC-grain size can vary.from 1.0 jim up to 10 pm
preferably 2-8 pm. .

The cobalt-portion in the eta-phase can completely or
partly be replaced by one of the metals iron or nickel i.e. the
etaphase itself can contain one or morxe of the iron group me-
tals in ¢ombination. ‘

Up to 15 % by weight of tungsten in the alfaphase can be
replaced by one or more of the metallic carbide former Ti, 2r,
Hf, V, Nb, Ta, Cr and Mo.

Cemented carbide bodies accoxding to the invention are ma-
nufactured according to powder metallurgical methods: milling,
pressing and sinterxring. By starting from a powder with sub-
stoichiometric composition with respect to carbon an etaphase
containing cemented carbide is obtained during the sintering.
This is after the sintering given a carburizing heat treatment.
The top surface of the button is protected from carburisation
by a thin layer of, e.g., Aly03.

The invention also relates to a method of rock drilling at
which a cemented carxbide button having an etaphase core is
brought in contact with rock and the button moves relative to
the ‘xock, whereby material is removed from the rock. According
to the invention the etaphase core is already from the begin-
ning of the drilling in contact with the zrock.

Buttons with a c¢onical top were pressed using a WC-10 wt$
cobalt powder with 0.2 £ by weight substoichiometric carbon-
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content (5.3 % by weight carbon instead of 5.5 & by weight).
These were sintered at 1450°C under standard conditions. After
sintering the diameter of the buttons was 14 mm. The top sur-
face of the buttons was covered by a CVD-layer of Al303. The
buttons were then heat treated in a furnace containing'CO/Hz
atmosphere at 1400°C for 4 hours.

' The buttons manufactured in this way comprised a 4 rmm wide
surface 20ne free of eta-phase and a core with a diameter of 6
mm containing finely dispersed eta-phase. The core extended to
the top surface of the button, (fig. 2.1). The cobalt-content
at the surface of the cylindrical part was measured to be 5 %
by weight and just outside the eta-phase-core 16 % by weight.

Example 2

fﬁuttons with a chisel-shaped top were pressed using a WC-15
wt% cobalt powder with a 0.4 % by weight substoichiometric car-
bon~content (4.8 % carbon instead of 5.2 %). The bu%tons were
sintered at 1410°9C under standard conditions. After sintering
the diameter of the buttons was 12 mm. The buttons weie covered
by a thin layer of graphite-slurry except from the top surface
which was coated with a thin layer of Alj;03-slurry. The buttons
were then heat treated in a furnace containing Hy; atmosphere at
1400°9C for 2 hours. '

The buttons manufactured in this way comprised a 3 mm wide
surface zone free of eta-phase and a ¢coxe with a diameter of 6
mm containing finely dispersed eta-phase. The core extended to
the top surface of the button, (fig. 2.3). The cobalt-content
at the surface of the cylindrical part of the button was measu-
red to be 7 % and just outside the eta-phase-core 25 %.

Example 3 :

:Drilling in an opan pit mine with roller bits.
Machine: Bucyrus Erie 4SR. Feeding pressure was 30 ton and ro-
tation 60-85 rpm. Holes with a depth of 20 m were drilled.

Bit: 9 7/8° CS 3. S
Rock: Biotite gneiss-mica slate.
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Variant 1. Buttons according to Example 1.

Variant 2. Buttions according to EP-A-182759 with an average co~
balt-content of 10%.

Result:
Variant - Life length Index Rate ¢f penetration Index
m m/h
1 1210 106 i8 139
2 1145 100 13 100

The bit according to the invention has reached longer life
but above all higher penetration rate.

Example 4

In raise boring, rolls equipped with cemented carbide but-
tons are used. The buttons have a chisel shaped top and the-
rolls are scrapped when the buttons are worn flat.

On a raise-head (diameter 2.5 m) a roll with cemented car-
bide buttons (diameter 22 mm) according to the invention was
tested. A test-roll with standard buttons was placed diametri-
cally to the former roll. ; ' 4

Rig

Robbins 71R.

| Drilled shaft : 1S5S m.

Rate of penetration : 0.9 m/h

Variant 1. Buttons according to the invention with a diamster
of 22 mm and a surface zone free of eta-phase of 5 mm. The co-
balt-content close to the outer surface of the kutton was 8 %
and in the cobalt-rich part of the surface zone it was 22 %.
The nominal cobalt-content was 15 %.

Variant 2. Standard buttons with a cobalt—conteht of 15 %.

Variant 3. Buttons accoxding to EP-A-182759 with an average co-
balt-content of 20 $. The thickness of the eta-phase free sur-
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fac; zone was 4 mm.
Resﬁlt 3
‘The remaining button-protrxrusion for variant 1 was 6 mm and
for variant 2 was 3.5 mm. The buttons according to wvariant 2
$ had in addition a more rounded top. The surface zone free of
eta%phase of the buttons according to variant 3 was spalled in
an early stage and the remazining button-protrusion was 3 mm.

Example 3
Test with oil drill bits on an "on shore rig-".

The bits were tested in an area with abrasive formations
containing sandstone and limestone.
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Bit dimension = 7 7/8".
Type of buttonrns : Chisel shaped.
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Variant 1. In row 1 buttons according to the invention with. a
nominal c¢cobalt-content of 8%. In the other rows buttons accor-
ding to EP-A-182759 with a nominal cobalt-content of 15 %.

- Variant 2. In row 1 buttons according to EP-A-182759 with a no-
‘e’ © minal cobalt-content of 8%. In the other rows buttons accordzng
ferecl to E P-A-182759 with a nominal cobalt-content of 15%.

JUCEPS S G

©«2§¢ Variant 3. Standard buttons with a cobalt-content of 8% in Tow
wee 1 and 15% in the other rows.

S . s PO i St et T

Result:
Variant  Number Drilled Index Rate of penetration Index
30 meters m/h
1 3 485 178 8.3 184
2 3 389 143 6.4 142 I
3 5 273 100 4.5 100 3
35 '

The distinctly better result of variant 1 is a consequence ?
of the increased wear résistance thus leading to a maintained
chisel shaped top of the buttons in row 1.
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‘ varfant 2. Cemenced carbide according to EP-A-182759. Nominal

' Example 6

'Trenching in tarmac road for laying gas pipe line.

Machine: Rivard 120. 12 ton band tractor with one trenching
wheel, diameter 2 m, equipped with totally 80 cutting tools.

Wheel width : 0.25 m.
Rotation speed of the tool: 10 m/s.
Trench depth ' : 1 m.

Tool positioning: The standard=- and the test vaviants were

placed in such a way that a fair judgement of properties could
be made.

Type of butten: Diameter 18 mm with a conical top and a
length of 30 mm, brazed into standard tools.

Variant 1. Cemented carbide according to the invention. A nomi-
nal cobalt-content of 1l1l%, the same zone distribution as in va-
riant 2 but the eta-phase reached the top surface of the but-
tonl

cobalt-content 11%, the surxface zone free of eta phase was 5 mm

in which thée cobalt-poor part was 3 mm and the cobalt-rich pazrt
was 2 mm. ' '

A i e RN PN e -

Variant 3. Standard cemented carbide with 11% cobalt and the
WC-grain size 4 um.

S KA v iy T

About 100 m3 road was cut, the asphalt was 0.1 m thick, the ;
intermediate layer containing bricks, sand and limestones was

0.3 m thick and the ground below contained sand, pebblas and
some parts of limestone.
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Res(allt :
Variant Height wear 1Index Failures Number of tools
m

1 4.2 250 0 20

2 5.4 182 3 20

3 9 100 4 40
Exaﬁnle_l

Drifting in a limestone mine with drill bits, diameter 55

mm, equipped with buttons, diameter 11 mm.

Drilling machine : COP 1038 HB.
Feeding pressure : 60 bar.
Rotatich pressure 60 bar.
Hole depth : 4.4 m.

Variant 1. Buttons according to the invention. Nominal cobalt-
centent 6%. The uiameter of the eta-phase coxe was 6 mm and the
core reached the top surface of the button. The button had a

conical top.

Variant 2. Buttons according to EP-A-182759 with the same size
of the eta-phase core as in variant 1. Nominal cobalt-conterni:

6% and a c¢onical top.

Variant 3. Standard buttons with €% cobalt and a spherical top.

Resuﬁt:

Variant Life length 1Index Rate of penetration Index

m m/min

1 1685 13 2.3 153
2 1320 116 1.9 127
3 1142 100 - 1.5 . 100
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THE CLAIMS DEFINING THE INVENTIONS ARE AS FOLLOWS:

1. A cemented carbide button for rock drilling

having a working surface and comprising a core and a

surface zone surrounding the core whereby both the surface
5 zone and the core c¢ontain WC and a binder phase based on at

least one of cobalt, nickel or iron and in addition the

core contains eta-phase characterised in that:

(1) the core extends to the top working
surface of the button;

10 (1ii) the core contains from 2% to 60% by
volume of eta-phase;

characterised in that the core is asymmetrically located in
2. the button.

(iii) the eta-phase has a grain size of
e o 0.5-10 pm;
o "o (iv) the width of the core is 10%-65% of
.:2°§ 15 the cross-section of the cemented carbide body; and
o eo0 L1
FELE (v) the concentration of the binder phase i
" in the surface zone increases in a direction towards the i
core to at least 1.2 times the binder phase concentration f
of the eta-phase core. i
L ] s “
e | !
Jeece. 20 2. Cemented carbide button according to claim 1 §
) i
i
{

3. Cemented carbide button according any one of
esee claimsg 1 or 2 characterised in that the core contains from ;.
se « 25 5% to 35 % by volume of eta-phase. 3
¢t
4. Cemented carbide button according to any one of é

claims 1 to 3 characterised in that the eta-phase has a N
grain size of 1-5 |m and is evenly distributed invthe

- . '2 : i staff/ahleen/keep/28222 92 spec.jsb2 29.6
1 : :
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5. Cemented carbide button according to any one of
claims 1 to 4 characterised in that the width of the core
is 25% to 75% of the cross-section of the cemented carbide
5 body.
6. Cemented carbide button according to any one of
; claims 1 to 5 characterised in that the concentration of
H binder phase in the surface zone increases in the direction
9 towards the core to at least 1.4 times the binder phase g
10 content in the eta-phase core. '
7. Method of manufacturing a ceme:nted carbide button
having the features defined in any one of claims 1 to 6
) comprising the steps of:
Cl (i) milling and pressing a powder
Q(‘f 15 comprisgsing WC with substoichiometric :
3
et carbon content and a binder phase ;
based on at least one of cobalt,
nickel or iron to form a pressed o
Futton; : : f
20 (i1) sintering the pressed button to form C
a sintered button; and
et (iii) subjecting the sintered button to a
g g . o o
partially carburising heat treatment.
tece 8. Method of rock drilling with a cemented carbide
ctee
o 25 button having the features defined in any one of claims 1
< to 6, wherein the cemented carbide button is brought in
connect with rock and the button moves relative to the rock
whereby material is removed from the rock. :

}:‘\ e '1;::‘ . staff/ahleervkeep/28222.92.spec.jsb2' 29.6 -
I,;.(.‘ AN . ) X i
! B . 4
\o > 8 BN

‘..,-ﬁ:“"yr (\:(’\:;y o




10

< 2\
L LS
&S &

- 11 -

9. A cemented carbide button for rock drilling
substantially as herein described with reference to any one
or more of the accompanying drawings.

10.
button substantially as herein described wich refersnce to

A method of manufacturing a cemented carbide
any one or more of the accompanying drawings.

DATED THIS 29TH DAY OF JUNE 1995
SANDVIC AB

By its Patent Attorneys:
GRIFFITH HACK & CO

Fellows Institute of Patent

Attorneys of Australia

staff/ahleenvkeep/28222.92:spec.jsb2 <29.6




ABSTRACT

According to the invention there is now provided a ceuented
carbide button for rock drilling comprising a core and a sur-
face zone surrounding the core whereby both the surface zone
and the core contains WC '(alpha-phase) and a binder phase base&
on at least one of cobalt, nickel or iron and that the core in
addition contains eta-phase. The invention is characterized in
that the eta phase c¢ore extends to the very top working surface
of the buttoh and as result longer life and higher drilling
rate are obtained particularly for rotary crushing drilling,
cutting d_rilliné and percussive drilling in soft rocks. '

Fig. 2
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