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This paper describes the ceramic coating of diamond grains in order to achieve tight bonding and easy handling in air.
Three types of commonly used grains natural diamond, synthetic blocky diamond and synthetic irregular diamond, are
tested. TiC ceramic is selected as the coating material, applied by the CVD process. Then, using coated irregular diamond
grains, a vitrified bonded diamond wheel is manufactured and grinding performance is tested. Results obtained are as
follows; (1) the adherence strength of TiC ceramics varies with the type of diamond, and it becomes greater in the order of
synthetic blocky diamond, natural diamond and synthetic irregular diamond, (2) TiC film on irregular diamonds prevents
oxidation mass loss up to 800°C in air, (3) the bending strength of coated irregular diamonds bonded with borosilicate
glass is larger than that of bare irregular diamonds, (4) a vitrified bonded wheel with coated irregular diamonds has been

grinding performance on ceramic materials.

1. Introduction

Diamond grains coated with nickel or copper
are used for resin bonded diamond wheels for their
high bonding strength. Unfortunately, however,
these coating metals flow and cause loading during
grinding, and these coated grains are not suitable
for vitrified bonded diamond wheels. It is also well
known that diamond is etched away in air at high
temperatures. In this study, in order to get high
bonding strength of diamond grains with other
materials and to make them easy to handle in air,
ceramic coatings on diamond grains are examined.
Furthermore, vitrified bonded wheels are manu-
factured with these coated grains and the grinding
performances are tested.

2. Coating conditions

Three types of diamond grains, natural grains,
synthetic blocky grains and synthetic irregular
grains,were used as substrates. Their sizes were
approximately 400 um, 400 ym and 250 pum,
respectively. TiC ceramic was selected as the coat-
ing material, because it adheres tightly to graphite
surfaces. Coating experiments were carried out by
the CVD method using an out-heating furnace; 0.2

g grains were spread in a mono-layer in a molyb-
denum boat. For carbide tools, the optimum film
thickness has been reported as 5-8 um. Con-
sidering the difference of the thermal expansion
coefficient between diamond and TiC, in this
study, the film thickness was determined as about
3 um. The coating condition obtained from the
Scotch-tape test of adherence strength is shown in
Fig. 1.
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Fig. 1. Optimum TiC coating conditions.

3. Results and discussions

3.1 Adherence strength of the TiC film

The adherence strength of the TiC film on
diamonds was estimated by the Scotch-tape test.
SEM observations of diamonds after this test are
shown in Fig. 2; on blocky diamond surfaces,

Science and Technology of New Diamond, edited by S. Saito, O. Fukunaga, and M. Yoshikawa, pp. 463-467.
©by KTK Scientific Publishers / Terra Scientific Publishing Company, 1990.






466 H. Tokura and M. Yoshikawa | Ceramic Coating on Diamond Grains and Its Application

min, the surfaces were fully covered with etch pits.
TiC coating was then carried out on the surface,
but the adherence strength could not reach that of
irregular diamond. It can be said that the adher-
ence strength does not always depend on the
diamond surface state.

In order to make clear the difference in adher-
ence strength of TiC film on diamond surfaces,
microstructures of the films were observed by
SEM. The observations of synthetic grains are
shown in Fig. 3. The TiC microstructure on an
irregular diamond looks fine-grained and poly-
crystalline, while the film on a blocky one shows a
columnar structure.

3.2 Oxidation behavior of the coated diamonds
If TiC film wholly covers a diamond surface, it
is possible to prevent diamond oxidation and it is
easy to handle the diamond in air at high tempera-
tures. In order to investigate the oxidation resis-
tance, both coated and bare irregular diamonds
were exposed in air at 800°C for 1 hour. SEM
observations of these grains after exposure are
shown in Fig. 4. It is clear that the coated grains
keep their former state and that bare grains are
eaten away severely by air. Between coated dia-

Table 1. Influence of cold press conditions on wheel structure

Type C-1  Type C-2  Type C-3
Bond content Poor ————— — Rich
Firing temperature Low ——— — High
Compacting pressure Low —— — High

Table 2. Influences of hot press conditions on wheel structure

Type H-1 Type H-2
Bond content Poor ——— — Rich
Firing temperature High —————— Low
Compacting pressure Low ————— High

Table 3. Grinding conditions

Workpiece Al Os, SiC, SizN,4
Wheel speed 1500 m/min
Table speed 4 m/min

Depth setting 10 um/ pass
Grinding fluid Soluble type

monds, mass loss by heating of blocky grains is
larger than that of irregular ones. This relation
may depend on the adherence strength of the TiC
film.

3.3 Application to a grinding wheel

In order to estimate the effectiveness of TiC
coating on a vitrified bonded wheel, TiC-coated
irregular grains with the greatest adherence strength
were bonded with borosilicate glass by changing
the bond contents. The bending strength of com-
pacted specimens by the hot press process is shown
in Fig. 5. This shows that the bending strength
with coated grains is larger than that with bare
grains at every bond content. The same results
were obtained on the compacted specimen by the
cold press process. These results signify that TiC
coating can improve the bonding strength of dia-
mond grains.
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grains compared with that by bare grains.
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Thereupon, varying bond content, firing temper-
ature and compacting pressure, vitrified bonded
diamond wheels bonded with borosilicate glass
were manufactured. Their typical structures ob-
served by SEM and their schematic drawings are
shown in Figs. 6 and 7. In these figures, “aggregate”
means diamond and alumina grains added as a
diamond concentration buffer. The volume of
alumina grains is the same as that of diamond
grains.

By the cold press process, three typical structures
are obtained and by the hot press process two
types are obtained. The bending strength of Type
C-1 is too small and the aggregate and pore
distributions of Type C-3 are not uniform; there-
fore, these two types are not suitable for grinding
wheels. Type C-2 has a uniform structure and a
large porosity, more than 25%; it is suitable for
grinding wheels. Both Type H-1 and Type H-2,
obtained by the hot press process, have quite small
porosities and high bending strengths, and are also
suitable for grinding wheels.

The influences of manufacturing conditions on
wheel structure are summarized in Tables 1 and 2.

Grinding performances were tested by grinding
ceramic materials under the conditions shown in

Table 3. The grinding performances on silicon
nitride with a Type C-2 wheel are shown in Fig. 8.
(a) shows the relation between grinding length and
residual stock removal and (b) shows the relation
between grinding length and grinding wheel wear.
It is found that the wheel with TiC coated grains
has less residual stock and less wheel wear than
that with bare grains. It is clear that the wheel with
TiC-coated diamond grains has good grinding
performance. These advantages have something to
do with the larger bending strength shown in Fig.
S.

5. Conclusion

TiC ceramic coating on three commonly used
types of diamond grains were carried out by the
CVD process. By using coated irregular diamond
grains, which had the largest adherence strength,
vitrified bonded diamond wheels were manufac-
tured and the grinding performance was tested. It
was determined that a vitrified bonded wheel with
coated irregular diamonds is good for grinding in
ceramic material processing, and TiC ceramic
coating is advisable as a surface treatment for
diamond grains.



