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Abstract: Two-layer diamond-hard alloy plate is the cutting element of the drill bit and consists of a layer of polycrystalline diamond

compact (PDC) binded with the superhard alloy substrate (WC-Co). 

In PDC cutter developed in FSBI TISNCM the plate of  PDC, 2-3 mm thick and up to 18 mm in diameter, is bonded with a substrate of 

WC-Co, forming the working element of the drill bit. PDC consists of a diamond frame with grains of 20-10 microns impregnated with a 

binder metal Co. The ratio of the diamond fraction and the binder metal, as well as the size of the diamond grains vary, depending on the 

specifications. The entire PDC cutter is manufactured using high pressure and high temperature technology. The surface of the PDC plate is 

ground and polished to the required values. 

Full-scale tests of PDC cutters showed that their impact strength and wear resistance are determined by the quality of the contact 

layer between the PDC and the substrate. 

The paper presents the results of the study of the mechanical characteristics of PDC cutters, as well as the microstructure, element and 

phase composition and defects of the contact layer of PDC with substrate. 
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1. Introduction

Superhard materials [1] are widely used in processing tools, 

among them the most well-known are Polycrystalline Diamond 

Compact (PDC) and Polycrystalline cubic Boron Nitride (PcBN). 

PcBN tools are mainly used for the treatment of iron-based hard 

alloys, while PDC are more commonly used for the treatment of 

highly abrasive non-ferrous alloys and composites. 

It is known that polycrystalline synthetic diamond (such as 

"Carbonado") belongs to the hardest material known to man. Its 

characteristics are close, and, in some cases, exceed the 

characteristics of a single diamond crystal, which is 10 times harder 

than steel, 2 times harder and 10 times more resistant to wear than 

tungsten carbide. In this case, the polycrystalline diamond is 20 

times stronger in compression than granite, while having the lowest 

coefficient of friction and the highest thermal conductivity of all 

known materials. 

PDC tools are now actively used in the drilling of mineral 

resources for the search and production of hydrocarbons [2]. The 

basic tool of drilling equipment is the milling bit of rotary drilling 

(Fig. 1, a), the cutting elements (Fig. 1, b) of which move along the 

bottom of the well and cut the rock.  

(a)   (b) 

Figure 1. The working part of the milling drill bit (a) and PDC 

cutters (b) 

Although the cost of bits equipped with PDC-cutters is a few 

percent of the total cost of the well,   the drilling speed, the number 

of flights and the maximum length of well penetration, which 

determine the economic indicators of well development, depend on 

the quality of the cutting arms of the bits and their wear resistance. 

The improvement of the cutting elements of drill bits and service 

mechanisms improve stabilization of motion and reduce the 

vibration of the drill bit to facilitate rapid and efficient drilling. 

The energy of rock drilling is determined by the necessary 

destructive effect. Of all the major rock failure mechanisms, cutting 

is more efficient because rock tensile strength is less than 

compressive strength [3]. 

2. PDC-cutters made in TISNCM

PDC drill bit is a modern high-performance drilling tool for 

rotary drilling. PDC bits are drilled faster by cutting and consume 

less energy than rock chisels. The body of the diamond drill bit is 

equipped with PDC cutters, which destroy the rock cutting action, 

which is most effective when drilling hard stone. PDC cutters are 

developed and manufactured using the latest technology for drilling 

water, oil and gas wells or geothermal wells. They are a multi-

component system, which includes: a) the diamond grains 

themselves, b) the binding phases used in the sintering process of 

the cutting PDC-elements and C) the method of connecting the 

diamond elements with the tool body. All elements require high-

quality performance.  Cutting elements are subject to severe 

abrasive-erosion wear conditions, causing heating to a high 

temperature. Not only the wear resistance of the PDC composite is 

crucial for the functional quality of the tool, but its thermal stability, 

thermal conductivity, impact resistance, thermal fatigue, strength 

and fracture toughness are equally important [3]. These properties 

determine the suitability of the diamond composite tool for the 

mining industry. 

 PDC cutter consist of diamond crystal grains, fused together 

with the participation of a metal "catalyst", which is usually cobalt. 

It also binds the PDC plate to the tungsten carbide substrate. 

Without cobalt, much higher pressures and temperatures would 

have to be applied to form a PDC compact, which today can not be 

applied in the field of mass production. However, the presence of 

cobalt in PDC cutters creates a problem when they are heated by 

intense abrasive friction during bit operation. First, the cobalt 
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expands much more than the diamond, and destroys the PDC. 

Secondly, when heated, cobalt graphitizes diamond [4]. 

In PDC cutters developed in FSBI TISNCM the plate of PDC, 

2-3 mm thick and up to 18 mm in diameter, is bonded with a

substrate of hard alloy, forming the working element of the drill bit.

PDC consists of a diamond frame with grains of 20-10 microns

impregnated with a binder metal. The ratio of the diamond fraction

and the binder metal, as well as the size of the diamond grains vary,

depending on the specifications. The PDC cutters are manufactured

using high pressure and high temperature technology. The surface

of the PDC plate is ground and polished to the required values.

Full-scale tests of PDC cutters in PDC bits have shown that 

their strength, wearability, and especially heat resistance, are 

determined by the quality of the contact layer (interface)  between 

the PDC and the substrate. 

The paper presents the results of the study of the mechanical 

characteristics of PDC cutters, as well as the microstructure, 

element and phase composition and defects of the contact layer of 

PDC. 

Development of two-layer diamond plates is one of the tasks 

of creating in Russia a modern competitive on the world market of 

domestic production of tools for the manufacturing industry, oil and 

gas production and construction. 

In 2017, at the Vyngapurovskoye field of Gazprom Neft in 

the Yamal-Nenets Autonomous district, pilot tests of the PDC bit 

with the first domestic polycrystalline diamond cutters were 

successfully carried out. A tool developed by the Samara company 

"Volgaburservis" and equipped with Russian cutters in the 

development and production of FSBI "TISNCM" designed to drill 

vertical, directional and horizontal wells in soft rocks with 

intercalations of medium-hard rocks. This corresponds to the 

conditions of construction of most of the wells in the November 

region of YANAO. The tests showed high wear resistance of the 

new equipment. The pilot section of the well with a length of 2237 

m was passed without damage and loss of cutters, demonstrating 

good handling and high mechanical speed of penetration. 

3. Studies of the interface characteristics of PDC

cutters

We carried out a detailed study of the profiled interface on 

two samples of PDC cutters, as a non-destructive method of 

acoustic microscopy (AM), and on the plates 4 mm thick  cut from 

the central part of PDC cutters. In the latter case, the phase 

composition of the boundary layer material (x-ray method), the 

microstructure and the defect of the layer (AM method) were 

determined; optical images of the interface section were obtained 

and the profilometry of vertical cuts of PDC cutters was carried out. 

Fig. 2 shows pictures of the whole PDC cutter (a) and cut vertically 

in the center of the sample (b). 

The results of the studies showed that the characteristics of 

the two samples of PDC cutters differ slightly. So below are the 

data for one of the two studied samples of PDC cutters. 

 (a)  (b) 

Figure 2. The whole PDC cutter (a) and with the cut out 

central part of the PDC cutter (b) 

 3.1. The study of the profiled boundary layer 

(interface) by means of acoustic microscopy 

The principle of the acoustic microscopy is well known 

[5-6]. Acoustic microscopy is used to measure the local values of 

ultrasonic velocities (microacoustic technique) and to visualize the 

bulk microstructure of a sample (scanning acoustic microscopy). 

The waveform of the reflected signal is an ultrasonic A-scan. 1D- or 

2D- scanning of the probe beam over the specimen surface results 

in the raster-formation acoustic images (В- and С-scans, 

respectively). A SIAM Scanning impulse acoustic microscope 

(50  200 MHz), designed and fabricated in the AM-laboratory of 

Emmanuel’s Institute of Biochemical Physics, Russian Academy of 

Science, was used to make the measurements.  Ultrashort probing 

ultrasonic 30-40 ns pulses were used for the measurements.  

Figures below represent the A- B- and C-scans. Scanning of 

whole samples was carried out from the side of the diamond layer. 

Figure 3.  А- и B-scans of the sample No.1 PDC cutter 

Figure 4. C-scans: subsurface microstructure of the diamond 

layer (C1) and the profiled interface (C2) of the sample PDC cutter  

The C1-scan is obtained using parts of the A-scans array 

representing the reflected acoustic signals (100 MGz frequency 

echoes) from the subsurface layer of the sample. The C2-scan 

represents the 50 MGz echoes from the profiled interface of the 

diamond layer and substrate.  

The AM images of the interface revealed the presence of 

defects in the form of pores, which are displayed on the AM images 

in the form of bright white dots.  The study of the microstructure of 

the PDS cutters allowed to identify samples with an unsintered 

layer. An example of such a defect is shown in Fig. 5.  

Figure 5.  Sample of PDC cutter with defective (unsintered) 

cutting edge 
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4. Study of the  PDC cutters vertical cuts

From the central part of the samples, plates with a thickness 

of 4 mm were cut using an electric spark machine (Fig.2). 

Cutting began from the PDC  layer and was carried out at a 

constant speed. The cut surface was polished after cutting. 

4.1. Optical images of cross section PDC cutters 

Optical images with different magnification of sections of 

two PDC cutters are shown in Fig. 6 and Fig.7. 

Figure 6. Sample №1. The thickness of the PDS layer in the 

center is 1.55 mm. The thickness of the interface is 44–75 µm. 

Figure 7. Sample №2. The thickness of the PDS layer in the 

center is 1.45 mm. The thickness of the interface is 50–70 µm. 

Figures 6 and 7 show optical images of the interface in 

central part of the two PDC cutters.  Optical studies have shown 

that the interface consists of two layers approximately equal 

thickness ≈ 35 µm. Both samples on the interface show defects in 

the PDS layer, and their size in the sample number two is 

noticeably smaller. 

4.2. Profilometry 

Three-dimensional images of the surface were obtained 

using the optical profilometer Sneox (manufacturer Sensofar). 

Three-dimensional images of the surface relief obtained by 

confocal optical profilometry. The method consists in obtaining a 

series of photos with a strong contrast in the focal plane of the 

measured sample and their cross-linking with depth reference. 

Images with high contrast and spatial resolution are obtained 

through the use of a point aperture limiting the flow of 

background scattered light emitted from the non-focal plane of 

the lens. 

The size field of the obtained images 877x660 µm, 

resolution 1360х1024. 

Figure 8. Profilometer images of cut surface directly after 

cutting 

The profilometer image shows that the interface is 

represented as a groove with a depth of about 20 µm and a width 

of 140 mkm (Fig.8). This is due to the fact that during 

electrospark cutting at a constant speed, the burning of the 

interface material occurs more intensively. It can be concluded 

that the interface has less strength than the diamond layer and the 

substrate. 

The study of profilometry images after polishing the 

sample allowed to determine the thickness and depth of the 

interface. Figure 9 shows an example of one of the 10 

profilometry drawings performed on two samples. 

Figure 9. Profilometer images of cut surface after polishing 

The study of the interface by the profilometry method 

found that the width of the boundary layer lies in the range from 

49 to 25 µm, and the depth from 2.0 to 1.1 µm. 

The profilometer images show defects in the form of a "weak" 

pore penetrating into the diamond layer. These defects are also 

visible on the AM images of both the full contact layer (the 

profile interface ) and the vertical section of the PDC cutter 

(hereinafter). 

4.3.  AM image of the PDC cut 

Figure 10 shows the AM image of the subsurface layer of 

two samples. 
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Figure 10. Cut of sample # 1. AM image of a subsurface layer 

500 µm thick lying at a depth of 1 mm. 

Figure 11. Cut of sample # 1. AM image of the subsurface layer 

2 mm thick 

Figure 12. Cut of sample # 2.AM iImage of the subsurface layer

500 µm thick lying at a depth of 840±10 µm. 

5. Conclusion

The study of the interface of a two-layer PDC/WC-Co plate 

revealed the presence of defects in the PDC layer. These defects, 

as a rule, in the form of pores up to 50 µm in size, are visible 

both on the AM images of the whole interface and the slice, and 

on the images of profilometry.  AM flaw detection interface of 

the whole PDC cutter will reject the PDC cutters before 

connecting them to the bit. 

. 
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