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Abstract—Chemical vapor deposition (CVD) diamond coated 

cutting tool has excellent cutting performance, it is the most ideal tool 

for the processing of nonferrous metals and alloys, composites, 

nonmetallic materials and other difficult-to-machine materials 

efficiently and accurately. Depositing CVD diamond coating on the 

cemented carbide with high cobalt content can improve its toughness 

and strength, therefore, it is very important to research on the 

preparation technology and cutting properties of CVD diamond coated 

cemented carbide cutting tool with high cobalt content. The 

preparation technology of boron-doped diamond (BDD) coating has 

been studied and the coated drills were prepared. BDD coating were 

deposited on the drills by using the optimized parameters and the SEM 

results show that there are no cracks or collapses in the coating. 

Cutting tests with the prepared drills against the silumin and aluminum 

base printed circuit board (PCB) have been studied. The results show 

that the wear amount of the coated drill is small and the machined 

surface has a better precision. The coating does not come off during 

the test, which shows good adhesion and cutting performance of the 

drill. 

 

Keywords—Cemented carbide with high cobalt content, CVD 

boron-doped diamond, cutting test, drill.  

I. INTRODUCTION 

ITH the continuous development of the automotive, 

military, electronics and aerospace industries, 

high-silicon aluminum alloys, composites, titanium alloys, 

fiber-reinforced plastic and other difficult-to-cut materials have 

more and more applications [1]. Practice shows, in the 

high-speed cutting of these difficult-to-cut materials, 

high-speed steel and cemented carbide tools wear seriously, so 

there is an urgent need for less wear, longer service life, higher 

precision new tools. Diamond coating has a vast tool 

application in cutting difficult-to-cut materials due to its 

outstanding physical and chemical properties, such as the 

highest hardness, low friction coefficient, chemical inertness 

and wear resistance [2]. The well-adherent diamond coating is 

competent for machining these difficult-to-cut with high 
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efficiency and precision, which will prolong cutting tool life 

and improve production efficiency remarkably [3]-[6]. 

Substrate materials have a very significant impact on the 

diamond nucleation, growth, morphology, even the structure 

and membrane-based binding force. Cemented carbide is 

currently the most widely used research tool material which has 

broad application prospects. By controlling the content of the 

cobalt binder, tools of different toughness and strength can be 

obtained. The cemented carbide tools may also have complex 

shapes, such as drills, cutters, and be widely applied in many 

fields. Co binder phase in the cemented carbide tool material is 

detrimental to diamond nucleation and growth in the CVD 

process, which will result in the catalytic formation of graphite. 

Therefore, the pretreatment procedures prior to diamond 

deposition are necessary to eliminate or reduce the negative 

effect of Co binder in tool substrate. Among those pretreatment 

procedures, selective removal of Co on cemented carbide tool 

surface by chemical etching is commonly used in industry. At 

the same time, the thermal expansion coefficient of WC is 

different from that of diamond, after coating deposition the 

thermal stress will reduce the adhesion strength. 

At present, cemented carbide materials with Co binder less 

than 6 wt.% are usually selected as substrates for diamond film. 

The pretreatment methods used currently are focused on the 

cemented carbide substrate with low Co content. As the 

toughness and strength of cutting tools increase with the 

increase of Co content, which improve the cutting 

performances of the tools. The cutting tool with high strength 

matrix and high wear resistant coating is more suitable for 

machining difficult-to-cut composite materials [7], [8]. The 

boron-doped diamond (BDD) is prepared by a dynamic 

introduction of boron during the growth process. The 

introduction of the boron atoms in the diamond can make the 

diamond become semiconductor material even conductor, and 

therefore the BDD film has been widely used and researched in 

the field of microelectronics and electrochemistry [9]-[11] 

compared to the application in the tool [12]-[15]. Studies have 

shown that an appropriate amount of boron dopant can refine 

diamond grains, reduce film stress, improve film quality and so 

on [16]. In this paper, the BDD diamond films were deposited 

on cemented carbide drills with high Co content for the first 

time and the prepared drills proved to have better cutting 

performance than those original drills. 

II. EXPERIMENT DETAILS 

Φ3.2 mm WC-10 wt.% Co drills (YG330) were used as the 
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substrates. Before deposition, pretreatments were done to 

reduce the catalytic effect of Co binder on the nucleation during 

the growth of film. The pretreatments include abrading, 

chemical etching and seeding. Chemical etching procedure is a 

two-step process, in which Murakami solution (K3Fe(CN)6: 

KOH:H2O=1:1:10) was used to attack the cemented carbide for 

30 min and then the remained Co was removed with aqua regia 

(HNO3:HCl=1:3) for 2-4 min. The two-step method handles 

only part of the drill to maintain the strength of the drill shank. 

Then, the samples were cleaned ultrasonically in deionized 

water. In the end, the seeding process lasts for 20 min in the 

diamond acetone suspension.  

The boron-doped diamond coating was deposited on the 

cemented carbide drills in the home made hot filament 

chemical vapor deposition (HFCVD) system with CH4 and H2 

as reacting gas, the boron dopant is B2H6. The total gas flow 

rate was about 400 sccm and the flow rate of CH4 gas was kept 

at 8 sccm at the diamond nucleation stage and 4 sccm at the 

diamond growth stage. The B/C ratio is 3000 ppm. The 

working pressure was kept at 2.5 kPa in the reacting chamber. 

Tungsten filament temperature was in the range of 

2100-2300°C and the substrate temperature was about 800°C 

measured with a K-type thermocouple. Deposition time lasted 

about 5 hours.  

The phase composition of the deposited diamond films was 

characterized by LABRAM-HR Raman spectroscopy. The 

light source was an argon ion laser with a wavelength of 514.5 

nm. The surface morphology was determined using SEM 

system (S3400). 

In this paper Rogers 6010 aluminum base microwave PCB is 

selected as the work piece. Recently, the aluminum base 

micro-wave PCB is used as a high frequency microwave 

communication device, which is composed of resin, reinforced 

materials, copper foil and aluminum base. The microwave PCB 

has wide application foreground in communication, medical 

treatment, military, instrument and other fields for its a series of 

excellent performances [17]. The micro-wave PCB needs high 

machining accuracy and surface quality. The dielectric layer of 

the microwave PCB has two phase–the polytetraflouroethylene 

(PTFE) and ceramic powder. It is a typical difficult-to-machine 

material because the ceramic particle bonded with PTFE has 

high strength and hardness [18]. 

In our drilling experiment, traditional drills and BDD drills 

are used to machine aluminum base microwave PCB (Rogers 

6010,75mm×90mm) and Al-Si composite materials (silicon 

content of 50%) respectively. The diameter of the drill was 

3.2mm and BDD drill was prepared as mentioned above. The 

machine tool (Z5125) is vertical drilling made by Dahe tool 

factory. The cutting speed is 1250 r/min and feed rate is 0.02 

mm/r. First we drilled through-holes with depth of 5 mm on the 

microwave PCB; then used the same drill machined blind- 

holes on the aluminum-silicon composites with depth of 3 mm. 

III. RESULTS AND DISCUSSION 

The chemical quality of as-deposited boron-doped diamond 

film is evaluated by Raman spectroscopy. The Raman spectrum 

of the BDD film is shown in Fig. 1. 
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Fig. 1 Raman spectra of the BDD films 

 

Sharp peak at 1332 cm
−1

 corresponded to the sp
3
 bonding of 

diamond can be detected from undoped diamond films, 

indicating the high phase-purity polycrystalline diamond. As 

for boron-doped diamond films, the diamond characteristic 

peak at 1332 cm
−1

 downshifts to 1328 cm
−1

 due to the slightly 

boron doping, and peak at 1562 cm
−1

 is attributed to the 

graphitic carbon (G peak). This shift, as well as the specific 

asymmetric peak shape is due to the Fano interaction [19]. The 

broad bands around 486 cm
−1

 and 1206 cm
−1

 may well be 

associated with the actual boron incorporation in the lattice. 

Their position agrees well with the two maxima of the phonon 

density of states (PDOS) of diamond [20]. 

 

 

 

 

 

Fig. 2 SEM micrograph images of the boron-doped diamond deposited 

on the WC-Co drills: (a) main edge flank ; (b) enlarged view of (a); (c) 

minor cutting edge; (d) enlarged view of (c); (e) spiral groove; (f) 

enlarged view of (e); (g) main cutting edge; (h) enlarged view of (g) 

 

The morphology of as-deposited boron-doped diamond films 

examined by SEM is compared in Fig. 2. All various parts of 
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diamond films exhibit faceted crystallites. Figs. 2 (a), (b) show 

a continuous boron-doped diamond film with well-defined 

polycrystalline facets due to the<100><111>texture on the 

surface of the main edge flank, it is estimates that the grains 

size were about 1-2 µm; The diamond on the minor cutting edge 

is also have good quality and prominent angular particles with a 

layer of the impurities covering on the surface; Diamond 

particles on central spiral groove are spherical-crystals 

clustered together. It can be seen clearly that these small grains 

size were about 1 µm under high magnification; Diamond films 

on the main cutting edge and chisel have no cracks or coating 

peeling phenomenon. 
 

 

 

 

Fig. 3 SEM micrograph images of worn samples after the machining 

test: (a) original drill, main cutting edge; (b) BDD drill, main cutting 

edge; (c) original drill, minor cutting edge; (d) BDD drill, minor 

cutting edge; (e) original drill, chisel edge; (f) BDD drill, chisel edge 

 

The above SEM views show the wear morphology of the 

drills after drilling 25 holes. Figs. 3 (a), (b) show the main 

cutting edge of the original drill wears severely, for the BDD 

drill some residue is left on the cutting edge after the drilling 

and some grains is worn. There are also some grease and 

impurities on flank; minor cutting edge flank of the original 

drill is covered with residue and damaged someplace, whereas 

the BDD drill exhibit good adhesion and no damage or wear 

found; Figs. 3 (e), (f) show the wear of the chisel edges have 

little difference. 
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Fig. 4 Relationship curve between the number of holes and the flank 

wear after drilling  

 

Fig. 4 shows the relationship curve between the number of 

drilled holes and its flank wear. A1-A10 denote the first 1-10 

holes drilled on aluminum base microwave PCB, B1-B15 

represent the next 1-15 holes drilled on the Al-Si composites. 

The wear of the two kinds of drills increase relatively flat 

when drilling PCB whereas increase dramatically when drilling 

composites. When drilling the first three holes the amount of 

wear of the coated drill is slightly higher than the original drill, 

which was due to the rough surface of the coating; then from 

the fifth hole to the end of the experiment, the amount of wear 

of the BDD drills is smaller than the original drills and the 

coated drills show better wear resistance. 
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Fig. 5 The relationship curve between the roughness and the number of 

holes drilled 

 

The relationship between roughness and the number of 

drilled holes are illustrated in Fig. 5. The view shows that when 

drilling the first hole, the roughness is almost the same, whereas 

with the increase in the number of the drilled holes, the surface 

roughness also increases greatly and compared with the BDD 

drill, the roughness of the hole drilled by the original drill 

increases rapidly, particularly when machining the 

aluminum-silicon composite materials. Overall, the roughness 

of holes drilled by the coated drills is smaller than the holes 

drilled by the original drills. This is because an appropriate 

amount of boron in the diamond improves the adhesion of 

diamond coatings, refines grains and reduces the surface 

roughness. Meanwhile, the boron atoms can stabilize the 

surface of the film and enhance oxidation resistance, heat 

resistance and mechanical properties of the coating. These 

reasons explain the excellent drilling performance of the 

boron-doped diamond drills. 
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