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Abstract

A systematic study on the effect of annealing temperature on the hardness of Tungsten carbides (WC) coatings
were deposited by RF magnetron sputtering onto steel substrate (XC70) was carried out in this study. The as
deposited coatings were heat treated in vacuum at temperature range between 500-1000 °C for 25 minutes.
The mechanical properties of these coatings were investigated by Vickers microhardness tests at different
applied loads and penetration depth of the indenter into the coatings. The microhardness tests were carried
out as a function of applied loads between 10 - 1000 g, annealing temperature in the range of 500-1000 °C,
and penetration depth of the indenter up to 25 pm. The microhardness of the coatings was found to decrease
as a function of applied load and the penetration depth. The microhardness initially increases and thereafter
decreases as the annealing temperature increases.

Keywords: Microhardness, WC, steel (XC70), Coating, Mechanical properties.

1. INTRODUCTION

Tungsten carbide is a material used for a number of industrial applications and it is characterised by its high strength,
toughness and hardness. Deposition of the tungsten carbide coatings on different materials have shown to enhance the
tribological properties such as surface hardness and toughness significantly and the materials systems have shown to out-
perform many steel product equivalents [1-4]. Many refractory borides, carbides and nitrides have shown to improve the
mechanical properties of different materials employed for the industrial applications. Tungsten carbides (WC and W,C)
are among these refractory materials and are characterized by: i) a relatively high hardness reaching ~2200Kg / mm? and
3000Kg / mm? respectively, ii) a very high melting temperature (= 2800 °C), iii) a low coeflicient of thermal expansion
[5], iv) an extremely high modulus of elasticity and good thermal conductivity [6, 7]. WC and W ,C are extra hard com-
pared to the base metal W having hardness of the order of 360 Kg / mm? The present study reports the variation of the
microhardness of WC and W ,C coatings as a function of the applied load, penetration dept and annealing temperature.

2. EXPERIMENTAL

Tungsten carbide coatings were deposited by RF magnetron sputtering on steel substrate (XC70) using WC target. The
substrate temperature was kept at 500°C and the pressure for the deposition was 107 mbar and the deposition time is
35 minutes. The details of the thin film deposition is samilar to procedure reported in the literature [8]. The thickness
of the tungsten carbide coatings is about 5 pm approximated from the time of the deposition. The as deposited samples
[W (5 pm)/XC70] were heat treated in vacuum at temperature range (500-1000 °C) for 25 min [9]. Thereafter the films
were subjected to the microhardness measurements by Vickers micro-hardness tester applying the load in the range of
between 10 g and 1000 g. Similar procedure were adopted to characterize the thin films at different annealing tempera-
tures applied load and the penetration depth of the indenter.

3. RESULTS AND DISCUSSION

Fig. 1 shows the variation of the microhardness of the samples as a function of the annealing temperature. It is clear that
the microhardness increases rapidly to 700 ° C, then rapidly decreases to 900 ° C. and then slowly increases. The value
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of the microhardness of the non-annealed sample is 312 kg / mm?* (comparable to that of solid tungsten). However, after
annealing, the microhardness values are distinct; the microhardness becomes maximum and reaches 720.61 kg / mm?
and then decreases rapidly to 391.91 kg / mm? at 900 ° C. The increase in the micro-hardness is thought to be due to the
decrease in the grain size of the coatings [8]. From this temperature, the hardness slowly increases to 442.02 kg / mm? at
1000 ° C. It is noted that the values of the microhardness throughout the annealing temperatures are lower than those of
the WC solid masses (-~ 2200 kg / mm?*) And W,C (- 3000 kg / mm?). The growth of the microhardness of the coatings,
especially above 800 ° C, is certainly due to the formation and growth of the WC and W,C carbide. The increase in the
hardness beyond 1000°C is due to the formation of the hard grains of WC and W,C due to annealing at 1000°C
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Fig.1: Variation of the microhardness as a function of the annealing temperature

Fig. 2 shows the variations in the microhardness of the samples as a function of the applied load. One notices that the
curves have almost the same pace. They decrease rapidly when the applied load increases to ~ 0.3 Kg, which can be called
critical load and then slowly decrease to 1 Kg with values very close. The microhardness takes values on the surface of the
samples that are greater than those of volume, whatever the annealing temperature: For the unannealed sample. Howe-
ver, on the bearing, that is to say by volume, it is less than 200 kg / mm?, a value comparable to that of the substrate.
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Fig.2: Variation of microhardness as a function of the applied load after annealing ar 700 °C for 25 min.

For samples annealed between 900 and 1000 ° C, the microhardness is considerable at the surface, whereas on the plates,
it decreases but does not reach the value 200 Kg / mm?. This is mainly due to the presence of tungsten carbides at the
interface (coating / substrate), as evidenced by X-ray diffraction [9].

Fig. 3 Shows the variations of the microhardness as a function of the depth of penetration of the indenter. It can be noted
that the microhardness in all cases decreases from the free surface to the volume, a rapid decrease to certain depths and
then the decrease becomes slow. This change in rate of decrease is due to the effect of the substrate on the micro-hardness,
and when the depth is large, the values of the microhardness obtained are very close to that of the substrate [10, 11]. It
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is also noted that the depth after which the hardness decreases slowly, depends on the annealing temperature.
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Fig.3: Variation of microhardness as a function of penetration depth after annealing ar 700 °C for 25 min.

4. CONCLUSION

The samples of tungsten films deposited on steel substrate (XC70) were subjected to heat treatments in vacuum at vari-
ous temperatures from 500 -1000 °C for 25 minutes duration. The annealing temperature greater than or equal to 700
°C promotes the reaction between the constituents of the sample; W and substrate; The microhardness samples decreases
with increasing the applied load and the depth of penetration until substrate. The growth of the microhardness of the

coatings, especially above 800 ° C, is certainly due to the formation and growth of the W,C carbide and has interesting
mechanical characteristics.
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