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Abstract:

Diamond films were deposited on the cemented carbide WC-15%Co
substrates by a hot-filament chemical vapor deposition reactor. The
substrate surfaces were chemically pretreated with the two-step etching
method, using first Murakami reagent for 1-3 min., and afterwards an HNO3:
HCI=1:1 solution for 10-40 min. . It is indicated that the Co content of the
substrate surfaces could be reduced from 15% to 0.81-6.04% within the
etching depth of 5-10 j^rri, and the surface roughness of the substrates was
increased up to Ra=1.0 ^m, the substrates hardness was decreased from
89.0 HRA to 83.0 HRA after the two-step etching. It is observed that the
morphologies of the diamond films on the WC-15%Co substrates emerge in
various shapes. The indentation testing shows that the good adhesion
between diamond film and the substrate after HF CVD deposition could be
obtained.
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1.Introduction:

Diamond coatings offer the possibility of superior wear resistant, low friction
and chemically protective coatings '1]. At present, the most of the efforts
were concentrated on diamond coatings on low cobalt grades of cemented
carbide tools (typically<6%). R. Bichle et al. found the nucleation rate of
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diamond to decrease with increase in cobalt content in the range of 3%-10%
cobalt with minimum nucleation for a cobalt content exceeding 6% [2]. This
led many researchers to concentrate on diamond coatings only on low
cobalt content cemented carbide grades, typically in the 3%-6% range, but
due to lack of toughness, low cobalt grades of cemented carbide tools are
not always the best choice for heavy metal removal and interrupted cutting
or in metal forming dies. CVD diamond films are brittle when deposited on
low cobalt substrates and are not robust enough to endure high mechanical
shock[3].

Since higher percentage of cobalt is extensively used in the metal cutting
and metal forming industries, diamond coatings on these grades are also of
equal importance. Hence, an attempt was made in this investigation to
develop the suitable chemical surface pretreatments matched with HF CVD
deposition conditions for adherent diamond coatings on the higher cobalt
grades of cemented carbide tools. The goal is to determine the optimal
condition of the chemical surface pretreatments on cemented carbides
(WC-15%Co) for achieving a good-quality diamond film on the substrates.

2. Experimental:

The substrates used in the study were WC-15%Co of dimension
9.0x5.5x3.0 mm3. After the samples were ground to the surface roughness
of Ra=0.2 jxm, the substrates were pretreatments with the two-step etching
methods, using first Murakami-solution for 1-3 min., and afterwards an
HNO3:HCI=1:1 solution for 10-40 min, then they were ultrasonically cleaned
in acetone and weighed in an electronic balance for loss in weight due to
etching. The electronic balance could measure weight loss upto 10~5 g. A
hot-filament reactor as described elsewhere [4] was used for the deposition
of diamond film. The substrate bottom temperature (700 °C ±5) was
measured by a Ni-Cr-Ni thermocouple placed in the bottom of substrate.
Further experimental conditions are: total pressure=30-60 torr, CH4/H2
content=0.5-1%, deposition time, 6 hr. After the etching, the surface
roughness and hardness of the substrates were measured by SE-30C and
Rockwell testers, respectively, as well as the depth and content of the
substrate Co-depleted region were detected by SEM with integrated EDX
FinderiOOO analysis of cross-section of the samples. The morphologies of
the diamond film were examined by a scanning electron microscope
KYKY-2800. A Rockwell indenter was used to apply discrete loads to the
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diamond film until surface cracks could be observed. An X-ray
diffractometer (Simens D-5000) was applied to examine the crystal
structure. A Renishaw System RM-1000 Raman spectrometer was used for
chemical quality evaluation by Raman characterization.

3.Results and discussion:

The changes of weight loss and hardness of the substrates after the two-
step etching are shown in Fig. 1. It is clear that the weight loss is
increased and hardness is decreased with etching time increase whether
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-weight loss:3'Murakami

- hardness:1'Murakami

- hardness:3'Murakami
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Fig.1 Relationship of the weight loss and hardness with etching time

in first or second step, it is because that the etching reaction lead to a
loose structure of the substrates, but the first step etching has less
affection as compared with the second one due to a weak reaction
with the substrates in Murakami solution. The surface roughness of
increase from Ra=0.2 |̂ m to Ra=1.0 ^m is observed for the same reason.

Fig. 2 shows that the Co contents of the substrate surface were obviously
decreased from 15% to 0.81-6.04% within the etching depth of 5-10 urn
with etching time increase in second step. As it is known, the substrates
consist of Co and WC phases, and the WC content is higher to about 85%
Although the Co phase in the substrates is easy to be etched by various
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acids, WC phase is highly resistant to the acids. If only using the one-step
etching method to deplete Co, WC grains would hinder the Co phase to be
etched in the depth of the substrate []. Hence, the two-step etching method

3' Murakami*10' HC1/HN03

3' Murakami+40' HC1/HN03

Distance from surface

Fig.2 Relationship of the Co content with the distance from surface

should be used to effectively remove Co for higher Co content carbide
grade, first using the Murakami reagent which is found to be ideal as it
attacks only WC grains leaving the cobalt unaffected, then the various acids
to deplete Co phase[3].

Fig. 3 shows the XRD patterns of diamond film on WC-15%Co sample. A
slight preference towards {111} orientation can be observed in Fig. 3, which
is corresponding to confirmed by SEM micrograph, as shown in Fig. 4. The
preference towards {111} orientation of diamond films can be explained by
the surface free energy (y)of diamond crystal which is expected to be
anisotropic because of the orientation of the bonds and is calculated by the
following equation[6]:

y ftW=3E A /(8d0
2 /h2+k2+l2)

where E and d0 denote respectively the energy and the length of the C-C
bond in diamond, while A represents the maximum of the Miller indices of
h, k and I, especially y 100: Yn0: Y m=1:1/ /2~: 1/ /3~, where y 100, Y HO
and y m represent the surface free energy of {100},{110} and {111} facets,
respectively. The ratio is the kind of equilibrium form. According to this, the
{111} surface of diamond has the smallest surface free energy.
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Fig.3 XRD patterns of diamond film on WC-15%Co sample

Fig.4 SEM micrograph of diamond film on WC-15%Co sample

The SEM images of spherolithicm and polygon ballas diamond were
observed with the pretreatments of the second step etching time of 10 and
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20 min. in solution HNO3:HCI=1:1, as shown in Fig.5 (a) and (b),
respectively. Unlike the prism diamond (shown in Fig.4), the forming of the
spherolithic and polygon ballas diamond morphology is due to higher
concentration of carbon atmosphere at the substrate surface, which is
concerned with higher Co content left at the substrate surface and
deposition conditions. The higher concentration of carbon atmosphere at the
substrate surface, the more probability of forming spherolithic ballas
diamond.

(a) (b)

Fig.5 SEM image of spherolithic (a) and polygon (b) ballas
diamond film on WC-15%Co sample

Fig. 6 shows a typical Raman spectrum for the diamond film obtained in this
work. A sharp peak at 1335 cm"1 indicates that the deposited films are
good-quality polycrystalline diamond.

The indentation tests allow the evaluation of film adhesion in terms of the
coating-substrate interface toughness [8J. Indentation test results were
interpreted by analyzing the SEM images of the damage produced in the
diamond films. The smallest load necessary to produce the first cracks was
used as a measurement of film adhesion f9]. Fig. 7 shows the SEM
micrograph of the imprint obtained by Rockwell (100kg) indentation of the
diamond film grown on the WC-15%Co substrate, which did not result in any
cracking and indicated a good adhesion between the diamond film and the
substrate.
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Fig.6 Raman spectrum with a sharp peak at 1335 cm"1 for
the diamond film on WC-15%Co sample

Fig.7 SEM micrograph of the imprint obtained by Rockwell (100kg)
indentation of the diamond film grown on the WC-15%Co substrate

4. Conclusions:

Diamond films were deposited on the cemented WC-15%Co substrates,
which were chemically pretreated with two-step method. The experimental
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results show the following conclusions.
(1) After the two-step etching, it is indicated that the Co content of the

substrate surfaces could be reduced from 15% to 0.81-6.04% within the
etching depth of 5-10 fim, the surface roughness of the substrates was
increased up to Ra=1.0 u.m, and the substrates hardness was decreased
from 89.0 HRA to 83.0 HRA.

(2) It is observed that the morphologies of the diamond films on the
WC-15%Co substrates emerge in various shapes.

(3) The indentation testing shows that the good adhesion between diamond
film and the WC-15%Co substrate after HF CVD deposition could
obtained.
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