CHARACTERISTICS OF CVD DIAMOND COATED INSERTS
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Characteristics of CVD diamond-coated cemented carbide inserts were investigated. Diamond coatings were made by the
hot filament CVD method. Four kinds of cutting tests, welding resistance, wear resistance, shock resistance and
machining factory performance tests, were performed. Results of these tests indicate that CVD diamond-coated inserts
are effective for machining nonferous metals (especially aluminum and copper), and graphite in spite of some problems in
adhesion strength between the diamond and cemented carbide.

1. Introduction

Diamond is the hardest material known and has
been widely used in many industrial applications,
such as grinding tools and polishing powders.
Diamond is either obtained in block form by
mining or is synthesized in powder form by ultra
high pressure techniques. Therefore, diamond on
inserts is either in single crystal or sintered form.

In 1982, Matsumoto et al." reported that dia-
mond could be formed on nondiamond substrates
by CVD methods. Since then, there has been much
research and development of these techniques, i.e.,
studies on the reaction mechanism®, on new syn-
thetic methods™* and on applications’®. In these
applications, a CVD diamond-coated insert is
expected to have new properties which are not
seen in a cemented carbide insert or in other
ceramic-coated inserts. However, there have been
no reports of systematic studies on the use of CVD
diamond films as wear-resistant coatings for
inserts.

The purpose of the present work is to investigate
the characteristics of CVD diamond-coated cement-
ed carbide inserts.

2. Experimental

Diamond coatings were made by the hot fila-
ment CVD method. Figure 1 shows a schematic
picture of the hot filament CVD diamond-coating
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Fig. 1. Schematic picture of CVD diamond coating apparatus.

apparatus used in this study, in which H, and CH,4
were used as source gases. The diameter of the
inner quartz tube is 200 mm and the size of the
substrate holder, which is made from molybdenum,
is 70 mm in diameter. Three filaments were made
by winding 0.3 mm tungsten wire into 2 mm
diameter 50 turn coils, and these were placed over
the center of the substrate holder. They were kept
at the center of the vacuum chamber which could
be evacuated to 10~ Torr before reaction.
Cemented carbide throw-away inserts (94% WC-
6% Co and 97% WC-3% Co, CIS:SPP422) were
used as substrates. The surfaces of the inserts were
finished on a No. 180 diamond grinding wheel.
The substrates were placed on the holder, the
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Table 2. Results of machining factory performance tests
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Conditions
Work : Deicast aluminum alloy
Tool : DNPA432
Speed: 1800m/min
Feed : 0.3mm/rev
Depthofcut: 0.2mm~5mm

Results
Cemented carbide insert (K10)
96 pieces/corner
Diamond coated insert
280 pieces/ corner
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Conditions
Work : Deicast aluminum alloy
Tool : SPP321
Speed: 125m/min

Results
Cemented carbide insert (K10)
10 000 picses/ corner
Diamond coated insert
50 000 pieces/corner

Bearing of sintered copper alloy
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Conditions
Work : Sintered copper alloy
(Cu-10%Sn)
Tool : SPP422
Speed: 55m/min (3 200rpm)
Feed : 0.05mm/rev
Depth of cut: 0.2mm

Results
Sintered diamond insert
2000 pieces/ corner
Diamond coated insert
200 000 pieces/corner

b 1000 1

Conditions
Work : Graphite
Tool : SNC43B2G
Speed: 200~300m/min
Depthofcut: 3 mm

Results
Cemented carbide insert (K10)
40 pieces/ corner
Sintered diamond insert
210 pieces/corner
Diamond coated insert
210 pieces/ corner

Wear resistant parts

3054
Grainding
wheel

Diamond coated
parts

Results
Cemented carbide parts (K10)
3 days/exchange
Diamond coated parts
14 days/ exchange
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From these results, it is said that diamond
coating is effective in prolonging the life of tools in
many machining operations.

4. Conclusions

(1) CVD diamond-coated inserts possess good
welding resistance in turning pure aluminum and
aluminum alloys. The surface of the work machined
by a diamond-coated insert is very smooth and has
regular feed marks. Therefore, diamond-coated
inserts are suitable means of obtaining good
finished surfaces of pure aluminum and aluminum
alloys.

(2) CVD diamond-coated inserts possess good
wear resistance in the turning of hard materials
such as high Si aluminum alloys and semi-sintered
ceramics.

(3) The shock resistance of diamond-coated
inserts is great enough for relatively mild cutting
conditions. However, diamond layers were torn
off in very hard milling conditions. It seems to be

necessary to increase the adhesion strength between
the diamond layer and the substrate in order to use
them in any milling conditions.

(4) Machining factory performance tests data
indicate that the lives of tools with diamond-
coated inserts are 3 to 5 times longer than those of
uncoated ones.

From these results, we can conclude that there
are many applications of diamond-coated inserts
for the machining of nonferous materials.

REFERENCES

1) S. Matsumoto, Y. Sato, M. Kamo, and N. Setaka, Jpn. J.
Appl. Phys. 21, L183 (1982).

2) M. Tsuda, M. Nakajima, and S. Oikawa, Proc. 8th Int.
Symp. on Plasma Chemistry, 2453 (1987).

3) A. Sawabe and T. Inuzuka, Appl. Phys. Lett. 46, 146
(1985).

4) S. Matsumoto, J. Mater. Sci. Letters 4, 600 (1985).

S) N. Kikuchi and H. Yoshimura, New Diamond, New
Diamond Forum, 1988, 42 p.

6) N. Fujimori, ibid., 36 p.



