\.a
a,"c,\
‘o - ’.;.;.' “u w
. 4‘* ‘Qwﬁ:'a“- - ‘.“.§$\$
. L)

& &
I.I\‘Q r.{t‘ ‘q -
- LN W W .h % v -
Ry, N 12) (19) (CA CMAaNnuac- lcathn
e T e T, =
‘e ~:\'.‘4‘0.}.\ ‘“a‘\\\. “l\ \'
'c "‘\\I\(’\'.‘l .\‘0.:‘0'\‘l:'o‘l '\ -
‘\'{a{c\‘--‘-\‘q .\ ‘q";‘-..\"n \tS\ LY -
AR AN AT R A e TE el \
- X - \\v. . “.‘\~. a‘_. \\'q 'y 4 . - »’
= uy, .‘- ‘\x‘.\\o :\‘a"o ‘0‘ :c

RN,
OFFICE DE LA PROPRIETE B AN CANADIAN INTELLECTUAL
INTELLECTUELLE DU CANADA } PrROPERTY OFFICE 2 260 334
\ (21) (Al) i ’

22y 1999/01/25

43) 1999/07/27
(72) COLLINS, John Lloyd, GB

(72) DUFFERWIEL, Graeme David, GB

(72) WORT, Christopher John Howard, GB

(72) SWEENEY, Charles Gerard, GB

(71) DE BEERS INDUSTRIAL DIAMOND DIVISION (PROPRIETARY)
LIMITED, ZA

51) Int.C1.° B24D 3/18

30) 1998/01/27 (9801708.0) GB

54 SOUDAGE D’UNE BRIQUETTE DE DIAMANT SUR UN
SUBSTRAT EN CARBURE METALLIQUE
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(57) A method of bonding a diamond compact comprising a polycrystalline mass of diamond and a bonding phase
which contains free-silicon to a substrate 1s provided. The method includes the steps of contacting a surface of the
compact with carbon or nitrogen or a mixture thereof under conditions suitable to cause free-silicon i the surface to
react with the carbon and/or nitrogen and thereafter bonding that surface to the substrate, preferably by means of a
braze. In a preferred form of the invention, the surface which 1s bonded to the substrate 1s acid cleaned after contact of
that surface with carbon or nitrogen or a mixture thereof.
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ABSTRACT

A method of bonding a diamond compact comprising a polycrystalline mass of
diamond and a bonding phase which contains free-silicon to a substrate 1s
provided. The method includes the steps of contacting a surface of the compact
with carbon or nitrogen or a mixture thereof under conditions suitable to cause
free-silicon in the surface to react with the carbon and/or mitrogen and thereatter
bonding that surface to the substrate, preferably by means of a braze. In a
preferred form of the invention, the surface which 1s bonded to the substrate 1s

acid cleaned after contact of that surface with carbon or nitrogen or a mixture

thereof.
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placed between layers of the braze alloy. The nickel shim was used to

compensate for the difference in thermal expansion between the compact

and carbide.

The brazed pieces were then subjected to a shear strength test as described
above. The highest shear strength obtained was 167,1N/mm°. Not only
was the shear strength obtained much lower than that for the SYNDAX 3®
pieces treated according to the invention, but the scatter of the results was

greater.

Brazing of SYNDAX 3® pieces, as described above, was repeated except
that they were tinned prior to brazing to the substrate. This did not improve

the shear strength which remained below 172,368N/mm’.
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BACKGROUND OF THE INVENTION

This invention relates to a method of bonding a diamond compact to a

cemented carbide substrate.

Diamond compacts consist of a polycrystalline mass of diamond produced
under diamond synthesis conditions. Diamond compacts have a high
diamond content, for example, higher than 80 percent by volume, and
generally contain a second or bonding phase. An example of a second or
bonding phase is one which contains silicon, with or without a diamond
catalyst/solvent. The silicon will be present largely as silicon carbide,

although some residual elemental silicon will also be present.

Diamond compacts are brittle and are generally bonded to a substrate,
particularly a cemented carbide substrate, for cutting and other similar
operations. Bonding of silicon-containing diamond compacts to substrates
presents problems. Where a braze 1s used for the bonding, the strengh of
the braze joint can be reduced by impurities which diffuse from either the
substrate or the compact into the braze layer. More particularly, for silicon-
containing compacts, even minute quantities of residual, unreacted free-
silicon from the binder phase reacts preferentially with the braze producing

a highly inconsistent and weakened braze joint between the compact and the

substrate.
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ARY OF THE 1 NTION

According to the present invention, a method of bonding a diamond compact
comprising a polycrystalline mass of diamond and a bonding phase which
contains free-silicon to a substrate includes the steps of contacting a surface
of the compact with carbon or nitrogen or a mixture thereof under
conditions suitable to cause free-silicon In the surface to react with the

carbon and/or nitrogen and thereafter bonding that surface to the substrate,

preferably by means of a braze.

The source of the carbon may be graphite or amorphous carbon or it may be
produced in situ by decomposition or pyrolysis of a carbon-containing gas,

e.g. a hydrocarbon. A silicon carbide or sub-carbide compound will be

formed.

The source of nitrogen may be solid or gaseous and a silicon nitride or sub-

nitride compound will be formed.

The invention has particular application to diamond compacts comprising a
polycrystalline mass of diamond particles present in an amount of 80 to 90
percent by volume of the compact and the bonding phase present in an
amount of 10 to 20 percent by volume of the compact, the bonding phase
consisting essentially of silicon or silicon carbide or a combination thereof.

An example of such a compact 1s that described 1n US Patent
No. 4,793,828. An example of a commercially available form of such a

compact is that sold under the trade name SYNDAX 3®.
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In one preferred form of the invention, the surface of the diamond compact
which is bonded to the substrate 1s acid cleaned after contact of the surface
with the carbon or nitrogen, or muxture thereof and before bonding to the
substrate. The acid treatment is preferably carried out with a strong acid
such as sulphuric acid or chromic acid and more preferably with fuming
sulphuric acid. It has been found that the presence of an oxidising agent
such as a nitrate improves the acid cleaning. Thus, a typical acid cleaning
may involve the steps of treating the diamond compact surface with the acid
in the presence of an oxidising agent and thereafter washing the acid cleaned

surface with water, e.g. deilonised water.

Where a braze 1s used to bond the treated diamond compact surface to the
substrate, any known commercially available braze may be used. Examples
of such brazes are a titanium/copper/silver braze (e.g. T14,5%, Cu 26,7%,
Ag 68,8%) and a silver/copper/indium braze (e.g. Ag 75%, Cu 20%,
In5%).

The substrate will generally be a cemented carbide substrate. Cemented

carbide substrates are known in the art and comprise a mass of carbide
particles, for example, tungsten carbide particles, bonded into a hard,

coherent form by means of a binder metal such as cobalt, iron, nickel or an

alloy containing one or more of these metals.

DESCRIPTION OF EMBODIMENTS

An embodiment of the invention will now be described. A plurality of

SYNDAX 3® pieces were cleaned and immersed in a carbon-containing
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environment in a vacuum furnace substantially free of oxygen. The
environment may also be an inert gas such as argon, substantially free of
oxygen. The carbon-containing environment may be provided by a
graphite-powder filled refractory boat, or by means of a stream of
hydrocarbon, e.g. butane, which decomposes to produce carbon. The
SYNDAX 3® pieces were maintained at a temperature of 950°C in this
environment for a period of time. Free-carbon diffused into the surface of
the SYNDAX 3® pieces reacting with the free-silicon in the surfaces to
form silicon carbide or sub-carbide compounds. This reaction or surface
passivation took place to a depth of about 1pum. The diffusion process is
temperature and time dependent; low temperatures requiring longer times to
achieve the same amount of diffusion. Typical reaction conditions are
950°C for 30 hours when the SYNDAX 3® pieces which were immersed in

graphite powder and held under a vacuum of less than 1 x 10 mbar.

The SYNDAX 3® pieces were then acid cleaned. The acid cleaning

involved the following steps:

(1) Sulphuric acid was heated until fuming and the samples then
added to the fuming sulphuric acid and left for a period of
typically 10 minutes.

(11) An oxidising agent such as potassium nitrate was added and
the pieces left tfor a further period, again typically of 10
minutes.

(ii1) The pieces were removed from the cleaning medium and
placed 1n deilonised water, decanted and the steps repeated

with more deilonised water. Washing with deionised water
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has the effect of reducing the total 10n concentration to avoid

precipitation of 1onic species on the SYNDAX 3® surfaces,
(iv)  The cleaned and washed pieces were placed 1n a solvent such

as acetone and ultrasonically cleaned for a period of typically

5 minutes. The pieces were removed from the solvent.

The thus treated SYNDAX 3® pieces may now be brazed to a cemented

carbide substrate using any commercially available braze.

A batch of 50 SYNDAX 3® pieces were treated in the manner described
above. Thereafter, the pieces were brazed to tungsten carbide substrates in a
reducing atmosphere of argon/hydrogen (95% / 5%). The braze used was a
titanitum/copper/silicon braze alloy. The shear strength of the bonds
achieved was thereafter tested using a standard shear strength testing
machine. It was found that 48 of the samples had a shear strength higher
than 172,368N/mm’ while 33 of the samples exceeded a shear strength of
241N/mm’. The lower of the two shear strength limits is a minimum that
the market will accept, whilst the higher of the shear strength Iimits is one

which 1s considered most desirable by the market.

The excellent shear strengths obtained are to be contrasted with those
obtainable using known methods of cleaning and/or treating SYNDAX 3®
pieces. SYNDAX 3® pieces were etched m a 50/50 concentration of
hydrofluoric/nitric acid to remove free silicon present in the sample
surfaces. 30 samples in all were prepared and the samples were then brazed
to cemented carbide substrates in a reducing atmosphere ot argon/hydrogen

(95% / 5%) using a titanium/copper/silicon braze alloy. A nickel shim was

TR A AR S N LA PRI A i Ol A AT A SN N UL N T RO T S ALY LA AR B it e e I T AT B ST AT T MM A S AT I AT AP A LALL B e d o PP ) AR O b = A0 Tl it UL s e e e



CA 02260334 1999-03-11

THE EMBODIMENTS OF THE INVENTION IN WHICH AN
EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE
DEFINED AS FOLLOWS

1. A method of bonding a diamond compact comprising a
polycrystalline mass of diamond and a bonding phase which contains
free-silicon to a substrate includes the steps of contacting a surface of
the compact with carbon or nitrogen or a mixture thereof under
conditions suitable to cause free-silicon in the surface to react with

the carbon and/or nitrogen and thereafter bonding that surface to the

substrate.

2. A method according to claim 1 wherein bonding of the surface of the

diamond compact to the substrate 1s achieved by means of a braze.

3. A method according to claim 2 wherein the braze is selected from

titanium/copper/silver and silver/copper/indium brazes.

4. A method according to claim 1 wherein the source of carbon is
selected from graphite, amorphous carbon, and carbon produced by

the decomposition or pyrolysis of a carbon-containing gas.

S. A method according to claim 1 wherein the surtace of the diamond
compact 1s acid cleaned after contact of the surface with carbon or

nitrogen or a mixture thereof and before the surface 1s bonded to the

substrate.
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11.

12.

13.
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A method according to claim 5 wherein the acid is a strong acid.

A method according to claim 6 wherein the acid is selected from

sulphuric and chromic acids.

A method according to claim 6 wherein the acid is fuming sulphuric

acid.

A method according to claim 5 wherein the acid cleaning is carried

out 1n the presence of an oxidising agent.

A method according to claim 9 wherein the oxidising agent is a

nitrate.

A method according to claim 1 wherein the substrate is a cemented

carbide substrate.

A method according to claim 11 wherein the cemented carbide is

cemented tungsten carbide.

A method according to claim 1 wherein the diamond compact
comprises a polycrystalline mass of diamond present in an amount of
30 to 90 percent by volume of the compact and a bonding phase
present 1n an amount of 10 to 20 percent by volume of the compact,
the bonding phase consisting essentially of silicon or silicon carbide

Oor a combination thereof.
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