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Published papers
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Report:

Diamond tools are state of the art in grinding and cutting of hard materials as natural stone and concrete [1-
3]. The sintered metal matrix serves as a boundary matrix for the embedded diamond. The diamonds are
primarily responsible for the grinding process. Therefore the bonding type of the diamonds in the metal
matrix is of essential relevance because the interfacial region has to bear up the mechanical forces at each
diamond particle [4]. It is of fundamental interest to gain information about this interfacial area e.g. if it
consists of metal carbides, solid solutions of carbon in metal, or even graphite. In addition to cobalt which is
often used as matrix material nowadays also many alternative materials as iron, copper, chromium and nickel
are used as a constituent of the metallic matrix.

At beamline ID13 x-ray diffraction (XRD) studies were performed in order to investigate the interfacial area
between diamonds and metal matrices in diamond tools. Using a FreLon 4M camera with 2048 x 2048 pixel
of 50x50 pm? size we were able to gather all Bragg reflection caused by parallel lattice planes with dyq >=
1.2 A. To achieve high spatial resolution even within the small interfacial area the beamsize was chosen to
125 nm in vertical and 150 nm in horizontal direction. As all measurements were performed at room
temperature it was adequate to fix the single diamond grains on a capillary cone end.

Samples Co Co Cr Cr Fe
mech chem mech chem mech

Quantity 2 5 3 2 2
of samples

Table 1:Quantity of measured samples.

In table 1 all investigated samples are listed. Co, Cr, and Fe indicate which matrix material was used. “mech”
indicates that the diamond grains were extracted out of the metallic matrix by mechanical treatment, “chem”
that chemical treatment in form of nitric acid washing was used. Each counted analysed sample was



investigated by performing grid scans at 5 to 6 different positions on each sample. In figure 1 an optical
microscopy image of a diamond grain fixed on a capillary cone end is shown. The XRD scans were
performed alongside the orange arrows.

Figure 1: Microscopy image of a diamond fixed on a capillary. The scan positions and directions are shown in orange.

In figure 2 two diffraction patterns, one caused by iron-diamond (left) and one by chromium-diamond (right)
interfacial area, are shown exemplarily. This raw data exhibits two interesting features. In the left image a
weak but nearly homogenious Debye-Scherrer ring can be identified. This indicates that a significant amount
of small polycrystallites is present within the small scattering volume. This may be due to the presence of
graphite because the graphitisation of the diamond during the sintering process was observed in former
studies. In the right diffraction pattern this Debye-Scherrer ring can not be observed. The dominating
scattering signal is caused by strong Bragg reflections that are located within a ring at higher scattering
angles. These reflections may be due to chromium carbides as chromium is known to be highreactive in
forming carbides. Data analysis is still in progress.
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Figure 2: Diffraction pattern of iron diamond (left) and chromium diamond interfacial area (right).

As a conclusion it can be stated that this experiment was succesfull. We were able to perform XRD analysis within the
diamond metal interfacial areas of different samples using three matrix materials (cobalt, iron, and chromium).
Therefore, we are optimistic that the data taken at beamline ID13 will reveal the structural information about the
composition of the interfacial area between diamond and metal matrices in diamond tools, e.g. if the interfacial areas
consist of solid solutions of carbon in metal, pure metal matrices, graphite or metal carbides.
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