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Summary
Diamond coated cutting tools are of increasing importance in the fields of high
speed cutting, dry machining or machining of special materials such as MetalMatrix-Composites. A well known problem is the poor adhesion of diamond
films on hard metals due to the Co- or Ni-binder that catalyzes the formation
of graphite. Several methods - such as the application of intermediate layers
or mechanical or chemical pretreatment of the hard metal substrate - have
been developed to overcome this effect. Usually chemical pretreatmentis used
in order to reduce the concentration of binder phase on the surface that is to
be coated. Surprisingly pretreatment with agents such as Murakami's solution
result in improved adhesion and nucleation of diamond films while the
concentration of the binder phase on the surface is enhanced. This
"contradiction" can be explained by proving that the surface is converted into
a very thin oxide/hydroxide film.
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1.

Introduction

In recent years considerable progress has been achieved in the coating of
hard metal cutting tools with diamond films. Apart from several other aspects
(see e.g. /1,2/), problems due to the difference in thermal expansion
coefficients of diamond and hard metal as well as the detrimental effect of the
binde phase - usually Co - on the formation of diamond films /3/ had to be
solved. Several solutions using mechanical or chemical pretreatment of the
substrate or special interlayers have been reported (see e.g. [4-22]); common
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to all these approaches is the aim to reduce the Co-content on the substrate
surface. However, one of the well established and successful methods, the
pretreatment of the substrate with Murakami's solution [20-22], turned out to
enhance the Co-concentration on the surface [20,23]. This appears to be a
contradiction to existing models.
1.

Experimental Details

Commercial hard metal cutting tool inserts (THM SNMQ 120 408 containing 6 %
Co-binder) were chosen as sample for the basic experiments. After the usual
cleaning procedures these samples were etched with Murakami's solution for
different periods of time. Thereafter the cutting tool inserts were coated with
diamond, and the nucleation or adhesion of the diamond coatings was
determined.
In addition model experiments on hard metal cutting tool inserts as well as on
pure Co samples have been carried out. Apart from etching with Murakami's
solution electrolytic etching has been applied as well.
The Co content was determined by energy dispersive X-ray analysis (EDX)
within the probing depth typical for this technique (a few micrometers). Apart
from this, especially surface modifications were investigated by X-ray
photoelectron spectroscopy (XPS) using Al Ka-radiation. Additionally the etchant
was analyzed by ICP-mass-spectroscopy in order to monitor possible reaction
products.
2.

Results

3.1 Treatment of WC/Co with Murakami's solution
Hard metal cutting tool inserts were - after the usual precleaning - etched with
Murakami's solution. Subsequently the samples were investigated by means
of a scanning electron microscope (SEM) to characterize the morphology of
the surface; additionally the Co content was determined using quantitative
energy dispersive X-ray analysis (EDX). The results are shown in Fig. 1; one
finds a nominal Co-concentration of 6 % in the untreated sample and an
enhanced Co-content of 8.2 % after treatment with Murakami's solution.
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Fig. 1: EDX - analysis of a treated and an untreated sample
The XPS spectrum of a typical sample after 20 s etching (and subsequent
cleaning in distilled water) is given in Fig. 2. Apart from a significant
contamination of the surface (the O peak at 531 eV and the C peak at 287 eV)
one finds as the main peaks the 4d and 4f peaks of W at 257/245 eV and
36/34 eV respectively, the Co 2p1/2/2p3/2 at 794/778 eV and the Co 3s/3p at

Binding energy [eV]

Fig. 2: XPS-Spectrum of a sample after 20s of etching
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103/63 eV, but it should be mentioned that the positions of the Co-peaks are
shifted to higher energies by 2 eV with respect to the pure metal reference
spectra [24]. The oxygen is adsorbed and not chemically bound; this can be
proved by heating the sample (inside the XPS equipment) to a temperature of
573 K where the oxygen reacts with the Co to form Co O, as the XPS spectra
show.
Although it has been stated that Murakami's solution does not influence the Co
[22], in the following especially the Co peaks will be investigated.
A comparison of the Co 2p peaks of the sample before and after etching
shows a chemical shift of about 1 eV towards lower energies after etching,
additionally the left peak has broadened, Fig. 3:
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Fig. 3: Spectra of an etched and an unetched WC - samples
Since the peaks of W and C did not shift but remain in the same position, it can
be excluded that these elements are partners of chemical reaction. Thus it can
be concluded that Co is influenced by Murakami's solution, but the question for
the nature of the chemical reaction remains. Consequently the following
experiments concentrate on the behavior of cobalt.
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3.2 Treatment of Co with Murakami's solution
First Co-films ca. 100 nm thick were sputtered onto glass substrates and
treated with Murakami's solution for 10 sec, 30 min and 23 h. No enhancement
of the Co signal in the remaining solution could be detected by ICP-mass
spectroscopy and no reduction of the thickness of the Co film by optical
spectroscopy. To exclude an influence of film structure, the residual gas
pressure of the sputtering equipment was systematically varied between
3,5*10"7 mbar and 1,5*10 mbar, but no difference between these samples
could be observed.
Secondly Co films were deposited on Si substrates and their surfaces were
investigated by XPS.
Fig. 4 shows the spectrum of a Co film as deposited; one finds the dominating
Co 2p peak as well as the 3s and 3pi /2 peaks in accordance with the reference
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data I2AI. In the following the structure of the 2p peaks will be considered in
detail. In Fig. 5 a sample treated 18 h with Murakami's solution is depicted and
can be compared to the untreated one. Even here no chemical shift is
detectable, the same result is obtained when the 3s and 3p peaks are
considered. The untreated Co-sample as well as a sample treated with
Murakami's solution for one day were then coated in a hot filament reactor at
the usual conditions, but no diamond film could be deposited. Thus it has to be
concluded that the surface of the Co has not been modified by Murakami's
solution - in contrast to the findings on WC-Co samples.
3.3

Etching of Co in presence of other materials
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Fig. 5: Spectrum of a sample etched for 18 h in Murakami's solution
To solve this puzzle, a Co film (on a glass substrate) was etched together with
a hard metal sample. The effect could be observed with bare eyes: the Co film
peeled of at points of contact with the cutting insert (after 24 h etching) and a
bulk Co sample changed its color at that part of the surface which was in
contact with the cutting tool insert. To elucidate which component of the cutting
tool insert was responsible for this effect, the experiment was repeated with
pieces of W and C; only the W led to the same result as the WC-Co.

HM76

V. Buck et al.

543

15" International Plansee Seminar, Eds. G. Kneringer, P. Rodhammer and H. Wildner, Plansee Holding AG, Reutte (2001), Vol. 2

The XPS spectra of the Co2p-peaks are compared in Fig. 6.
After etching the peaks are shifted about 1 eV towards lower energies
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Fig. 6:Spectra of Co sample unetched and Co + WC etched
compared to pure Co, but due to the 2 eV shift to higher energies - with
respect to pure Co - of the untreated hard metal, this is the same effect as
occurs when the hard metal has been etched; Fig. 7 summarizes this result.
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Fig. 7: Co-peak shift of the binding energy
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To prove this effect, a Co coated Si substrate was etched with Murakami's
solution having only one half of its area in contact to WC then (after rinsing with
distilled water) it was coated with diamond (in a hot filament reactor at the usual
conditions). The results are shown in Fig. 8: the upper part shows significantly
less nuclei than the lower pretreated part.

3.4

Electrolytic etching

To elucidate the influence of W on the etching process, electrolytic etching has
been applied; in addition to Murakami's solution (10 g KOH + 10 g K3 [Fe(CN)6] +
100 ml H2O), Na2 CO3 (5g Na2CO3 +100 ml H2O) and KOH + Na2 CO3 (10 g
KOH + 6 g Na2 CO3 + 100 ml H2O) were used.

Fig. 8 SEM Image of a diamond coated Si sample
First of all it could be observed, that Murakami's solution etches significantly the
WC-phase not only without applied potential (as is well known), but even when a
voltage is applied. But the essential fact is, that at a potential of about 1.45 eV
passive films on the Co have been obtained - similar to the usual etching with
Murakami's solution.
Especially the performance of diamond coatings after electrolytic etching was
similar to that after etching with Murakami's solution.
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3.

Discussion

An unusual behavior of passive Co has already been reported by HEUSLER
[25]. It is due to a thin film - only existing at positive potentials - consisting of
an inner Co (II) oxide-phase and an outer spinel-phase. There is no evidence
for a similar duplex layer on any other passive metal.
Cobalt is active at potentials below U = 0.15 V. At potentials between
U = 0.15 V and U = 0.7 V in the region of primary passivity a layer is formed
which - for thermodynamic reasons - can only consist of Co (II) oxide or the
respective hydroxide. The film thickness increases only slightly from 2.0 nm at
U = 0.45 V to 2.5 nm at U = 0.86 V. Above U := 0.9 V a layer is formed on top
of the first layer showing strong optical absorption. It consists of a spinel phase
Co2O4 [26] with a composition that can vary between Co3O4 and Co2O3; the
change occurs at a voltage of U = 1.22 V. At even higher potentials the
formation of Co OOH and CoO2 would be thermodynamically possible. The
thickness of the outer layer increases proportionally to the applied voltage up
to 37 nm at U = 1.65 V. The dependence of film thickness on the pH-value is
shown in Fig. 9.
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Electrolytes containing complexing ligands with metal-ions produce a
significantly more negative potential (for example, Cu in cyanid-solutions
produces a negative potential to the hydrogen-electrode instead of producing
the usual positive value because a complex-ion [Cu(CN)2] is formed).
Murakami's solution contains a complexing ligand, too, namely the Fe(lll)
(CN)6. A simple measurement of the potential of a Co-W-element and a CoMurakami-W-element shows a difference greater than 0.7 V, this is sufficient
for an anodic oxydation of Co. Thus it has to be concluded that Co is covered
by a protective layer after treatment with Murakami's solution.
4.
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