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ABSTRACT

In this paper a self-developed polycrystalline diamond coating was done on tungsten carbide (WC) tool insets by 
using simple thermal chemical vapor deposition technique. The growth of these diamond films has been carried out 
at ~900 ºC temperature. The as-grown polycrystalline diamond films on the surface of tungsten carbide tool inserts 
have been characterized using Raman spectrometer and scanning electron microscope (SEM). The morphological 
studies reveal that the as-grown diamond films are of high crystalline quality. The as-grown diamond films possess 
compressive stress. The micro-hardness indentation test of the as-grown diamond films on WC tool inserts and bare 
have also been done and it has been found that the Vicker’s hardness of the as-grown diamond WC tool inserts is found 
to be 1423.32 HV which is 29% better than the un-coated tools.
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INTRODUCTION

In wide range of machining applications tungsten carbide is used as tool inserts material. Tungsten carbide is 
highly suitable for very difficult to cut materials, alloys of aluminium-silicon, cast iron, and metal-matrix composites 
(Köpf et al., 2001). Diamond is known for its highest hardness among all the naturally known and available materials, 
but it also has plenty of other properties like Chemical inertness, low coefficient of friction, high resistance to the wear, 
along with high thermal conductivity. Because of all these properties diamond has been the center of attraction for 
cutting tools for the application in machining industries. The most commonly used material in machining industry for 
cutting tool is tungsten carbide (WC) (Jeyapandiarajan and Xavior, 2019, Rana et al., 2021).

Diamonds have unique set of properties which makes it ideal for protective coating on the cutting tools (Gäbler 
et al., 2000). The majority used cutting tool substrate material in the machining of plastics, aluminium composite and 
fiberglass is Tungsten Carbide (WC) (Dai et al., 2000, Ullen et al., 2020). Deposition of thin polycrystalline diamond 
films on WC tool insets would significantly improve the various properties viz. wear resistance, tool life, cutting 
performance and precision machining and will reduce machining cost, (Kuo et al., 1996, Endler et al., 1999).

Chemical Vapour Deposition (CVD) is the most commonly used approach for depositing the diamond coatings 
directly onto the substrates (Hintermann, 1996, Mallika and Komanduri, 1999). An effective and efficient way for 
improving the physical properties of tungsten carbide substrate WC + 6 wt.% Co (WC6) is to coat it with diamond 
surface layers using Chemical vapour deposition (CVD). Occasional poor adhesion of coating to the selected substrate 
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material and the development of cracks within either the interface or the coating, has always been the major obstacle 
while tapping the full potential of the chemical, mechanical and tribological properties of CVD diamond layers. 
Although the graphitization situated at the interface is induced by the binder phase Co which, has been the major 
reason behind the terrible untimely failure of adhesion of the developed diamond coatings on carbide tools (Chen 
and Narayan, 1993). Well defined compressive stresses compensate external thermal and mechanical loads during 
the service, which forestall the generation and propagation of cracks in the deposited diamond coatings. But then, the 
film delamination will occur if the compressive internal stresses become high (Nesladek et al., 1995, Gunnars and 
Alahelisten, 1996]. As mentioned by researchers, the chemical vapour deposition (CVD) method is used to produce 
diamond film coatings (DC) on the selected tungsten carbide substrate to increases the wear resistance as well as 
durability of the carbide tools. It also significantly reduces the coefficient of friction between the coated tool and 
produced chips. Also, DC prevents corrosion and erosion of tool, reduces the built-up edges as well as the heat 
produced, while improving the treated surface’s quality (Dumpala et al., 2015). This is true, in the field of defense and 
aerospace applications, where high-precision processing of materials is used. Formation of two or multilayered DCs 
achieves the increase in the adhesion of the coating to the substrate while improving the cutting properties of the tool.

Previous researchers described the deposition of a nanocrystalline diamond layer from above (Catledge et al., 
2000, Sun et al., 2009, Dumpala, et al., 2014), while writing on the properties and deposition of the two-layer micro/
nanocrystalline composite diamond coatings, with this coating configuration, high elasticity and low roughness of 
nanocrystalline diamond layers can be used together with the good adhesion to the selected substrate material and high 
hardness of microcrystalline diamond layers (Dumpala et al., 2015). To increase the thermal conductivity and prevent 
the cracking one can use multilayer DCs additionally (Schäfer et al., 2006).

In the present work, we demonstrate a fresh approach to develop the polycrystalline diamond films on the WC 
tools inserts. The polycrystalline diamond films are of high adhesion and crystallinity. Good adhesion and crystallinity 
make these materials more suitable for the machine industry.

EXPERIMENTAL

In the present work, tungsten carbide tools were coated with polycrystalline diamond films at atmospheric pressure 
using thermal chemical vapor deposition method. The substrates were cleaned prior to diamond deposition and then 
loaded in the thermal CVD system. The experiment was carried out at atmospheric pressure and ~900ºC in the thermal 
CVD. Sugarcane bagasse was used as a carbon precursor for the growth of diamond on WC substrates with a mixture 
of Ar/H2to carry the effluent gases. The rich gas phase chemistry of the effluent gases produced by pyrolysis of 
sugarcane bagasse as mentioned in (Krishnia and Tyagi, 2018, Krishnia et al., 2018) is responsible for diamond 
growth. The morphology of both bare and after diamond growth WC substrates was studied using scanning electron 
microscope (Hitachi TM3000). The diamond growth was also confirmed by capturing the Raman spectra using 
Micro-Raman spectrometer Renishaw via model (514 nm). The micro-hardness of the samples was evaluated using 
indentation method by using Fischerscope HM2000s (Lal and Singh, 2018, Bansal et al., 2021). 

RESULTS AND DISCUSSION

The morphology of the polycrystalline diamond films on WC tools inserts was determined using Scanning Electron 
Microscopy (SEM). The SEM micrographs were captured at different locations and magnifications as shown in Figure 
1 (b & c). The quality of the films on the overall tool surface is almost same and the areas of highly crystalline quality 
with faceted growth have been shown in inset of Figure 1 (b) inset. It is clearly evident from Figure 1(a) that there 
absence of any faceted structure on the surface of the bare WC tool insert whereas this faceted growth can be seen in 
Figure 1 (b & c).
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Figure 1. (a) Bare WC tool inert, the inset shows the absence of any faceted structure before diamond deposition,
(b & c) diamond coated WC tool inserts where a clear faceted growth on surface can be seen.

Raman spectroscopy was used to investigate the quality of the diamond coatings. Figure 2 shows the Raman 
spectrum of the diamond coated WC tool insert. The D and G band lies at 1338 and 1576 cm-1 respectively. After 
deconvolution it has been found that the sp3 content in the films is more and ID/IG is found to be 1.11. The blue shift 
of the D band from its signature position i.e. 1332 cm-1 of natural diamond may be due to the compressive stress in 
the coating (Sein et al., 2003,Tang et al., 2001, Krishnia and Tyagi, 2018, Krishnia et al. 2018) which arises as a result 
of the tool geometry as well as mismatch in thermal coefficients of both diamond and tungsten carbide.
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Figure 2 Raman spectra of diamond coated WC tool inserts

The micro-hardness testing has been done using indentation. During indentation the indenter (diamond coated/
uncoated tool) is allowed to indent into the surface and the surface profile after indentation is measured so as to 
test hardness. The indentation test allows the evaluation of the diamond coating film adhesion on the WC substrate 
surface (Polini et al., 2000). The Vickers Hardness evaluated after the indentation is shown in Figure 3: and the values 
are found to be 1103.1 and 1423.32 HV for both un-coated and diamond coated tool respectively. The loading and 
unloading profile diagrams obtained during the indentation testing with the indentation mechanism is shown in Figure 
4 (a-c).

Figure 3 Vickers hardness values of uncoated and diamond coated WC tool inserts.



52 CVD Diamond Coated Tungsten Carbide (WC) Tool Inserts

Figure 4 Loading and unloading profile diagrams for (a) uncoated and (b) diamond coated pins with (c) indentation 
mechanism for micro-hardness testing.

CONCLUSION

In this study, we have coated the WC tool inserts with diamond using thermal-CVD system. The coating has been 
achieved by using sugarcane bagasse. The surface morphological studies reveal growth of very good quality and 
crystallinity diamond films. The thicker and good quality of diamond coating over the tool surface is supposed to give 
the tool inserts better tool life as well as better machining quality. The Vickers hardness of the tool inserts is found to 
be 1423.32 HV for diamond coated tool inserts which is 29% better than the un-coated tools.
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