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The hardmetal composites are generally produced from powders of tungsten carbide (WC) and of
metal elements, belonging to group 8-10 of the periodic table, which are mixed together by wet
milling. News processes, alternatives to milling, have been developed, aiming a higher
uniformity of the metallic binder distribution in WC based composites, together with other
technological benefits [1, 2]. One of those methods consists of the sputter deposition of metal
binder onto the WC powder leading to powder particles coated with the metallic elements. The
particles coating showed to be chemically and morphologically very uniform and possesses a
nanocrystalline structure and improved surface properties, such as powder’s flowability, pressing
behaviour, sinterability and thermal reactivity [3].

In this study stainless steel (SS) 304 AISI coatings (10 wt.%) have been sputter-deposited onto
WC powder particles (average particle size of 9 um). Figs.1-a and 1-b present SEM micrographs
of WC powder particles before and after the sputter-deposition, respectively. The roughening of
the particle surface after sputtering, in Fig. 1-b), comes from the columnar growth and
nanocrystalline morphology of the SS coating (Fig. 1-b, inset). The roughening is observed on all
particle surfaces. Accordingly, the cross section of a coated particle (Fig. 1-c) shows a thin
coating layer (~200 nm), surrounding the WC core particle. These observations clear show that a
good coverage of the particle surfaces and a high uniformity in the distribution of the SS binder
in the whole compact can be achieved by the sputtering technique.

The SS coating was observed to keep covering the WC particles after heating up to 600°C, with
some reduction of its roughness. However, at higher temperatures, the uniformity of the binder
distribution will be something lost as can be observed in the SEM micrograph of a sintered
compact (obtained from the coated powder after pressing and sintering at 1325°C, during 3h at 20
Pa), presented in Fig. 2. The X-ray maps of elements in the same figure shows that Fe and Cr are
now concentrated in some regions among the WC grains. Ni is present in lower amount than Fe
and Cr and it isn’t so clear the concentration of this element in those regions. Although the
regions that contain most of the binder elements are well dispersed in the compact, the original
distribution of these elements in thin coatings surrounding the particles was effectively lost.

The lost of uniformity is caused by viscous deformation of the metallic binder, when the eutectic
temperature is attained (T>1150°C) and by the reaction between the WC and the metallic
elements of the binder, forming (T>800°C) a carbide eta-phase, (M,W)sC, [3]. In the sintered
sample, almost all the binder elements are contained in this phase with an approximate
stoichiometry of (Fe;3Nig3)(CrosW25)C, as determined by EDS (Table 1) and confirmed by
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electron microprobe analysis (EMPA). Additionally, XRD analysis showed that this phase
possesses a nanocrystalline structure with 26 nm of cristallite size.

Interesting mechanical properties were found in these samples, high hardness, together with a
good toughness [4], despite the fact that almost all the metallic elements are contained within the
eta-phase, a hard but non-ductile, fragile phase. These unexpected properties were attributed to
the relative improvement of the uniformity of the binder distribution, when compared with
conventional prepared samples, and to the nanocrystalline structure of the eta phase, remnant of
the original nanostructure of the coating [4].
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Fig. 1. SEM micrographs taken from (a) non-coated WC particle surface (b) coated WC particle
surface and (c) cross section of a coated particle with the iron concentration profile.

4 Map data
4 MAG: 3000 x__HV: 15.0 KV WD: 16.0 mm

Table 1- Local point EDS analysis
(atomic percentages).

Point W Fe Cr Ni
A 43.00 | 40.15 | 10.56 6.29
B 44.61 | 39.05 | 11.03 5.32
C 49.18 | 35.65 9.69 5.48

Map data
MAG: 3000 x_HV: 16.0 KV WD: 150 mm MAG: 3000 x HV: 16.0 k¥ WD: 15.0 mm.

Fig. 2. SEM micrograph of a sample sintered at 1325°C and respective X-ray maps of elements.
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