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Abstract
Hard coatings of tungsten carbides have been obtained by the deposition of tungsten thin layers, on steel substrates (containing 0.7% wt.
carbon), according to the cathodic magnetron sputtering held at temperature of 500°C. It is established by X-rays diffraction that, in the
temperature range 500-800°C, no formation of tungsten carbides was observed. However, the annealing at a temperature greater than or
equal to 900°C promotes the reaction between the constituents of the samples (W, Fe, C) and hence the formation of W2C carbide. No other
compounds were detected. The micro-hardness measured by Vickers tests, increases with the rise in temperature, particularly from 900°C.
The morphology of the surface samples depends on the temperature and duration of thermal annealing.
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1. Introduction
Carbides, particularly of the transition metals, have a
number of valuable properties, which make them the most
promising materials for use in various new fields of
technology [1]. They are widely used in cutting tools, tools
resistant to wear, abrasive and hard coatings [2]. They are
also used for catalytic applications, (similar to the noble
metals) [3]. Tungsten carbide is one of these carbides
throughout these years. The coatings of pure tungsten
carbide, or alloyed with cobalt or iron tungsten carbide,
exhibit high wear resistance and low friction [4,5].
Furthermore, their hardness at high temperatures is out
standing [6]. Tungsten carbide is also highly corrosionresistant in acidic media. Owing to its high-temperature
stability, chemical inertness and good electrical
conductivity, tungsten carbide is a promising thin film
diffusion barrier material for the microelectronic devices
designed to function at sustained elevated temperature and
in hostile environments [7].
The investigation of thin layers for hard coatings or
electrical applications requires the preparation of a
homogeneous material. However, tungsten carbide exists in
different phases, most important are WC and W2C [8].
Although the W2C phase is unstable below 1300°C [8],
normally a mixture of both WC and W2C was found by

most of the thin layer techniques like sputtering [9,10] and
reactive sputtering [11,12], chemical vapor deposition
(CVD) [13], solid-phase reaction [14] and ion beam
synthesis [15].
In the present work, we have formed thin hard coatings
of tungsten carbides. The samples are thin layers of
tungsten deposited by RF magnetron sputtering on steel
substrate. The samples were submitted to thermal annealing
in vacuum, at various temperatures (500-1000°C). The
formation of tungsten carbides, the evolution of the
microstructure and the morphology of the surface of
samples were followed by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The measurements
of micro-hardness were carried out by Vickers tests.

2. Experimental
One series of samples (thin layer of tungsten / steel
substrate XC70) are prepared. The thin layers of tungsten
(6 µm) are deposited by RF magnetron sputtering in a
vacuum 10-7 mbar at 500°C.
After the deposition process, samples (W layer &
substrate) were submitted to thermal annealing in vacuum,
at various temperatures (500-1000°C) and during different
times.
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3. Results and discussion

a

3.1 Analysis by X-rays diffraction (XRD)
Figure 1 shows the XRD patterns for the samples. The
spectrum of the not-annealed samples shows the existence
of only one phase of W, represented by 3 peaks with 40.6°,
73.6° and 115.16°, corresponding to the plans (110), (211)
and (222) respectively. On the other hand the annealing
during 30min at 700°C samples does not make any
structural modification compared to the state “not
annealed”, where we noted the existence of the three peaks
of W with a texture of the layer according to the direction
<222>.
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Fig. 1: XRD spectra of the samples [W (6µm)/XC70]: before (a) and after
annealed during 30 min at 700°C (b), 900°C (c) and 1000°C (d).

d
However, the annealing of 30 min at 900°C, allows the
observation of new peaks with the disappearance of two
peaks of tungsten W(110) and W(211). These new peaks
indicate the formation of two new phases: the binary phase
W2C and ternary Fe3W3C.
The annealing of 30 min at a higher temperature, 1000°C,
does not change anything in the composition of samples,
except that it supports the growth of the phases formed
previously (W2C and Fe3W3C).

3.2. Study of surface morphology
The study of the morphology of the samples by SEM also
shows that the surface morphology of samples changes
with the time and the temperature of annealing.

Fig.2: SEM surface images of the samples [W (6µm)/XC70]: before (a)
and after annealed during 30 min at 700°C (b), 900°C (c) and 1000°C (d).

The figure 2 illustrates the images obtained with the SEM.
In the case not-annealed and annealing at 700°C during 30
min (fig. 2.a & b) the surface of the samples is relatively
smooth, but it presents small white particles. After an
annealing with 900°C during 30 min (fig. 2.c), the surface
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morphology changes with the appearance of the cracks on
the surface of the samples W (6µm)/XC70.
The annealing at 1000 ° C for 30 min caused a remarkable
increase of the cracks (fig. 2.d). This may be related to the
reaction between the substrate and the thin layers of W

3.3. Micro-hardness measurements
Figure 3 shows the variation of microhardness (Hν) of the
samples as a function of annealing temperature. It is clear
that micro-hardness increases slightly with annealing
temperature. The value of micro-hardness of not-annealed
sample equals 312 kg/mm2 (value comparable to that of
solid tungsten) [8]. However, after annealing the values of
microhardness are distinct: for example the samples
annealed at 900°C for 30 minutes increased the
microhardness up 392 kg/mm2. At 1000°C/30min microhardness was maximum and takes the value 442 kg/mm2.
This increase is due, probably, to the formation and growth
of W2C carbide. On also note that the values of
microhardness throughout the annealing temperatures are
lower than those of massive carbides WC (~2000 kg/mm2),
[16,17] and W2C (~ 3000 kg/mm2), [17].
460

W(6µm)/XC70

440

2

Hν (kg/mm )

420
400

11

References
[1] R. Koc, S. K. Kodambaka, Journal of the European Ceramic Society
20 (2000) 1859.
[2] J. Esteve, E. Martinez, G. Zambrano and P. Prieto, Superficies &
Vacio, 9 (1999) 276.
[3] C. Liang1, F. Tian1, Z. Wei1, Q. Xin and Li Can, Nanotechnology,
14 (2003) 955.
[4] K.A. Taylor, Thin Solid Films 40 (1977) 189.
[5] E. Eser, R.E. Ogilvie, K.A. Taylor, J. Vac. Sci. Technol. 15(2) (1978)
396.
[6] P. Dubcek, N. Radic, O. Milat, S. Bernstorff, Surface and Coatings
Technology 151/152 (2002) 218.
[7] H.-Y. Yang, X.-A. Zhao, M.-A. Nicolet, Thin Solid Films 158 (1988)
45.
[8] H. Romanus, V. Cimalla, J.A. Schaefer, L. Spie, G. Ecke, J. Pezoldt;
Thin Solid Films 359 (2000) 146.
[9] G. Keller, R. Erz, I. Barzen, M. Weiler, K. Jung, H. Ehrhardt;
Vacuum 41(4/6) (1990)1294.
[10] P. Gouy-Pailler, Y. Pauleau , J. Vac. Sci. Technol. A 11(1) (1993) 96.
[11] N. Radic, B. Grzeta, O. Milat, J. Ivkov, M. Stubicar, Thin Solid Films
320 (1998) 192.
[12] P.K. Srivastava, V.D. Vankar, K.L. Chopra, Bull. Mater. Sci. 8(3)
(1986) 379.
[13] C. M. Kelly, D. Garg, P.N. Dyer; Thin Solid Films, 219 (1992) 103.
[14] Y. Hatano, M. Takamori, K. Matsuda, S. Ikeno, K. Fujii, K.
Watanabe; Journal of Nuclear Materials 307/311 (2002) 1339.
[15] H. Weishart, V. Heera, W. Matz, W. Skorupa, Diamond Rel. Mater. 6
(1997) 1432.
[16] Pierson, Hugh O., Handbook of Chemical Vapor Deposition (CVD):
Principles, Technology, and Applications, Published in the United
States of America by Noyes publications, 1992
[17] Stephen W. H. Yih, Chun T. Wang, “Tungsten: sources, metallurgy,
properties, and applications” Plenum Press, New York ,1979.

380
360
340
320
300
500

600

700

800

900

1000

Temperature (°C)
Fig. 3: Variation of the micro-hardness in function of the temperature of
annealing.

4. Conclusion
According to the results obtained in this study, we can
conclude that it is possible to work out hard tungsten
carbide coatings by indirect method consists the coating of
a steel substrate, rich in carbon by a layer of tungsten, then
the annealing of together to support the diffusion of carbon
and the formation of carbides with tungsten. The thermal
annealing of the samples leads to the formation of the
carbide W2C but with a lower growth rate for the thin layer
of thickness 6 µm. The morphology of surface and the
micro hardness also depends on the thicknesses of the thin
layers of tungsten.
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