DIAMOND COATING OF SHEARING TOOLS USING BURNING GAS FLAME
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A newly developed diamond coating method by using an oxyacetylene flame is applied to a WC-Co alloy substrate used
for a shearing tool. The coating was compared with that obtained by the conventional thermal CVD method, both
coatings being evaluated for their adhesion strength both qualitatively and quantitatively. Although the diamond coating
from the present method has proved to be an excellent anti-abrasive thin film, it also has a problem yet to be solved, in
that it still has inadequate adhesion strength as compared with diamond coating by the thermal CVD method.

1. Introduction

The first successful gas phase synthesis of dia-
mond was achieved with the thermal filament
CVD method using methane gas as the raw
material". Since then, various synthesizing methods
have been proposed, such as microwave plasma
CVD, DC plasma CVD and the plasma jet method,
among others. These methods are characterized by
the use of a vacuum chamber since they require
low pressure conditions from about 5 to 200 Torr.
In contrast to this, the present method” is quite
different in that it needs no vacuum chamber; it
can be realized under atmospheric conditions.

The authors have published some papers”* on
diamond coated tools made using thermal filament
CVD and applied to shearing; the tools have
proven to be of excellent durability. To check the
feasibility of the present method and investigate
the difference in adhesion strength between the
present method and the thermal filament CVD
method, commercial WC-Co alloy substrates were
coated with diamond using both methods. They
were subjected to both qualitative and quantitative
adhesion tests; the former being conducted using a
shear tester and the latter using a scraping tester,
the basic principle of which has been previously
applied” to evaluate the adhesion strength of paint
coatings.

2. Diamond coating by the use of burning gas
flame

2.1 Coating procedure of a WC-Co alloy sub-
strate

Figure 1 explains the principle of the present
burning flame diamond coating method. In Fig.
1(a), the torch (a commercial oxyacetylene cutting
torch) has a perfectly combusting flame. The
present method is characterized, as shown in Fig.
1(b), by employing an acetylene-rich flame as the
burning flame. As shown, the flame includes a
clear “acetylene feather”. Acetylene gas flow was
so metered as to yield an acetylene feather with a
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Fig. 1. Schematic view of the burning gas flame method for
diamond coating.
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diamond coating by the “burning gas flame”
method is still inadequate.

4. Quantitative evaluation of the diamond coating
by means of a scraping adhesion tester

4.1 Principle of the tester

Figure 6 shows the schematic of the scraping
adhesion tester, the basic principle of which was
developed by W. K. Asbeck in 1970” as a
“hesiometer” to be used for the evaluation of paint
coating adhesion, and which has been rehighlighted
by the authors” in an effort to find an adhesion
tester to apply to diamond coatings. As shown, a
scraper blade made of WC-Co alloy and having a
rake angle of a of 15°, a relief angle § of 30° and a
width B of 1.2 mm is fixed in position and the
coated substrate, which is pressed toward the
scraper by means of a spring, is moved downward
relative to the scraper blade. The pressing force F
of 284N has been chosen from the fact that an
excessively large F will cause breakage of the
scraper itself, while an excessively low F will cause
overriding of the scraper, even if scraping is started
from the location where there is no coating. On an
X-Y recorder, the sliding distance (L mm) is
recorded on the X-axis, the load required for
scraping (P kgf) is recorded on the Y'1-axis and the
signal obtained from an AE sensor (count number/
sec) is recorded on the Y2-axis. Upon measure-
ment, first the sliding resistance (P, kgf) of the
scraper against the hard substrate is recorded, and
then the net load AP kgf is calculated, after mea-
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Fig. 6. Schematic illustration of a scraping type tester.
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Fig. 7. Values of adhesion strength (Fmean) of the diamond
coatings.

suring P, by the equation AP=P— P,. Thus, the
adhesion strength is expressed by the amount of
unit mean scraping work Fumean (=A Pmean/ B).

4.2  Results of the adhesion test

Examples of the values of the diamond coating
adhesion strength made by the present method are
shown in Fig. 7; those made by the conventional
thermal filament CVD method are also shown for
the purpose of comparison.

As anticipated from the fact that the present
diamond coating has a low qualitative adhesion
strength judging from the above-described shear
test, the quantitative adhesion was actually relative-
ly poor, i.e., the adhesion of the present diamond
coating is about 50-70% of that of the conven-
tional diamond coating.

5. Conclusion

A ball-like diamond coating has been applied to
a WC-Co alloy substrate by the use of a burning
gas flame, and evaluated for its adhesive strength,
first qualitatively by means of a shear tester and
then quantitatively by means of a scraper-type
adhesion tester. The results show that although the
present diamond coating as used for an anti-wear
member has the same excellent performance as the
conventional diamond coating, the adhesive
strength of the former has yet to be improved; the
improvement should be pursued by reexamination
of burning conditions, the choice of substrate
materials, etc.
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