BONDING OF DIAMOND BY REFRACTORY METAL COATING
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Diamond is notoriously difficult to firmly attach to the matrix body of a tool. In most diamond tools, single crystal
diamond grit or polycrystalline diamond bodies are mechanically held to the matrix body. As a result the peformance is
limited because of the loose attachment of the diamond to the matrix. By properly applying a refractory metal coating,
diamond can be firmly attached to the matrix body. Significant improvement in performance has been observed using this
method in applications of diamond saw blades (single crystal) and diamond drill bits (polycrystalline).

1. Introduction

Synthetic diamond products are very successful
in petroleum and mining drill bits for earth-boring
applications. Typically, such products may vary
somewhat in their character, one product being
characterized as an unleached product, polycrystal-
line in nature, having a temperature thermal sta-
bility up to 700°C". This synthetic diamond
product itself is usually formed by diamond-to-
diamond bonds and is carried on a substrate which
can be cemented to tungsten carbide. This product
usually contains cobalt as a solvent/catalyst for
the formation of diamond-to-diamond bonds. The
presence of cobalt results in a limited temperature
stability of the diamond. This cemented carbide-
backed polycrystalline diamond, PCD, is usually
mounted to the bit body by brazing at low tempera-
tures to avoid diamond degradation.

Another form of PCD is an unbacked leached
product”?®, which may have porosity of up to
15%. However, it may not be as impact resistant as
desired in some applications. This product is stable
up to 1200°C. The temperature stability of these
PCD products offers the advantage that they can
be processed during the infiltration of the matrix
material used to form the bit body without de-
grading the diamond. They can also be exposed to
higher temperatures in the cutting action of the
PCD.

However, thermally stable PCD are only com-
mercially available in small sizes with certain

geometric limitations. These thermally stable PCDs
can only be anchored mechanically in their matrices
with very small amounts of protrusion, and are
easily lost after 1/3 to 1/2 of the PCD is exposed.

Premature pull-out of diamond from its matrix
has also been noticed in other diamond tool
applications, such as sawblades, dressing tools,
and grinding wheels.

In most of these applications, diamond grits
were used and mechanically held in the matrix.
After 50% of the diamond was exposed as the
surrounding matrix worn away, the diamond grits
were then pulled away from the matrix by friction
force.

It was the purpose of this work to develop a
coating on diamond, especially on thermally stable
PCD, to better utilize PCDs with greater exposure
and better life, and also to make larger pieces of
thermally stable PCD with flexible geometry in
petroleum or mining drill bits.

Coatings on diamond have been attempted by
many tool manufacturers to increase diamond
retention in service. For example, Farkas” coated
diamond grit with Ti or Zr by mechanically mixing
metal powder with diamond, then heating the
mixture up to 850°C-900°C for 10~ 15 minutes to
generate a thin layer of carbide on the diamond.
This carbided diamond was then overcoated with a
thick layer of Ni to protect the titanium carbide
from oxidation.

Naidich et al” and Pipkin® reported coating
diamond particles with Ti, Mo, W and Cr elements
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A new cutter design concept, utilizing chemically-
bonded PCD with a combination of brazed PCD
compacts in drill bits, enables workers at Eastman
Christensen® to drill successfully through sandy,
abrasive formations and into sandy formations
that are heavily interbedded with shale stringers.
The rate of penetration is comparable to that using
conventional PCD bits, but with much longer life.

7. Other coating chemistry

Naidich et al.” also reported bond strength
measurements on other coating systems on dia-
monds. They indicated that Cr, Mo and Ti have
better adherence to diamond than W. However, Cr
and Ti elements are very sensitive to oxidation
even in the presence of graphite at high tempera-
tures. It is very difficult to utilize the chemical
bonding to diamond generated by these coatings in
an economical way.

8. Summary

(1) W-coating on PCD does generate chemical

bonding and retain diamond longer.

(2) Optimum W-coating thickness has to be
applied to prevent binder penetration.

(3) Observable W-diamond reactions start at
1000°C.

(4) Larger sized and flexibly shaped thermally
stable PCD can be made by coating and bonding
technology.
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