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Abstract-Mono/multi-layer coatings like TiN, TiC, TiAIN, Al2O3, TiB2 etc. on carbide cutting tool inserts have a 

significant success in machining of ferrous materials and its alloys in dry condition. In the present scenario, most 

of the aerospace and automotive industries faced problem for the selection of correct cutting tools towards the 

machining of nonferrous materials like aluminium and its alloys. In this context an experimental study has been 

carried out to know the cutting performance of various cutting tool inserts along with the diamond cutting tools 

prepared in our hot filament chemical vapour deposition (HFCVD) reactor for machining of Al-Si alloy in dry 

condition. Finally from the test result, it is confirmed that due to low chemical inertness, small rise in cutting 

force and improved surface finish diamond cutting tool inserts exhibited better performance in all aspects as 

compared to the other cutting tools. 

 

Index Terms- Diamond coated tools, built-up edge, adhesion, machining.  

 

 
1. INTRODUCTION 

 
In recent years performance of carbide cutting 

tools has been improved by Chemical Vapour 

Deposition (CVD) method. As a result high quality 

coatings by CVD technique on different carbide tools 

were used for various industrial applications [1-2]. But 

due to the poor adhesion between carbide material and 

diamond coating, built-up-edge (BUE) formation takes 

place on the rake surface [3]. This may tends to the 

work surface become rough. So to make an effective 

cutting tool, the adhesion strength between the carbide 

inserts [4] and diamond film should be improved.   

Aluminium alloys has wide range of application 

in automobile and aerospace industries due to its high 

strength to weight ratio. Carbide tools like WC, TiC, 

TiN, SiC, and Al2O3 have proved their primacy for 

high speed machining of ferrous materials in dry 

environment. But due to the high chemical affinity 

towards iron and its alloys diamond coated tools are 

not suitable for machining ferrous materials. In case of 

Al-Si alloys, silicon in the matrix of aluminium makes 

the material difficult to machine due to abrasive 

action. During machining these materials, built-up 

edges (BUE) are easily formed, by conventional 

carbide tools. Diamond having a poor weldability to 

such materials gives a very good surface finish 

without any built-ups [5-8]. 

In high speed machining the use of cutting fluids not 

only debase the atmosphere but also increase the 

production cost about 5-15% [9]. So dry machining 

has been extensively studied during last few years 

[10]. 

Investigations reported that in dry machining of 

AlZnMgCu2 alloys by conventional carbide tools 

large BUE was formed on the rake face which 

extended to flank face [11].Coatings such as TiAIN, 

CrN and TiN are not free from this weak point. It was 

already depicted in several earlier studies that with the 

application of MoS2 on the top layer of coated tool, 

BUE formation could be significantly reduced [12]. In 

this context several investigations have been made on 

the different coating materials with Al-based alloys. 

However findings are insufficient and contradictory. 

The present study intended to evaluate the cutting 

performance of different carbide tools along with the 

diamond tool prepared and developed in our own 

HFCVD reactor owing to the cutting force developed, 

flank wear, BUE formation, nature of chips formed 

and surface finish of the work material. 

 

 

 

2. EXPERIMENTAL DETAILS 
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Present work is carried out to evaluate the 

machinability of Al-12% Si cast bar with 

commercially available coated tool inserts and 

diamond coated tool insert developed in our own 

HFCVD machine. The detail description of tool grade, 

geometry and coating method is shown in Table 1; 

whereas Table 2 shows the specification of work-piece 

and machining parameters. 

 

Table 1.Detail description of tool grade, tool geometry 

and coating method 

Turning 

tool 

insert 

SPUN 120308 

Tool 

geometry 

Tool orthogonal clearance: 0
0
, +6

0
, +12

0
, 

Rake angle:  -6
0
, 0

0
, +6

0 

 

 

Sl. No. Coating materials 
Coating 

types 
Grade 

Tool 1 WC Received k 10 

Tool 2 TiB2coated carbide 

inserts  

PVD k 10 

Tool 3 TiC coated carbide 

inserts  

CVD k 10 

Tool 4 TiN coated carbide 

inserts 

CVD k 10 

Tool 5 Al2O3coated carbide 

inserts 

CVD k 10 

Tool 6 Diamond (Prepared 

and developed in 

our own HFCVD 

reactor, coating 

thickness≈5µm) 

Diamond k 10 

 

Table 2. Specification of work-piece and machining 

parameters 

Work material Cast Al-Si bar 

Dimension Φ100×600 mm 

Cutting speed 314 m/min. 

Feed 0.1 mm/rev. 

Depth of cut 0.5 mm 

Environment Dry 

 
The received WC+6% Co inserts were chemically 

etched with HCL+HNO3+H2O at a ratio (1:1:1) for 20 

minutes followed by seeding with diamond powder 

(0.25-1 µm) by ultrasonic agitation to roughen the 

surface as well as to enhance the nucleation densities. 

The parameters used for diamond deposition are 

chamber pressure of 2.66 kPa, substrate temperature 

of 700 
0
C, CH4 / H2 ratio 0.5 / 100 and deposition time 

of 8h with a coating surface layer of  5µm. The 

surface roughness of all carbide inserts before 

machining is shown in Fig. 1. In the diagram, diamond 

coated inserts exhibited highest surface roughness 

followed by TiB2 tool displayed the lowest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Surface roughness of all cutting tool inserts 

used before machining 

The performance of all cutting tools along with the 

CVD coated tools are evaluated by machining Al-Si 

bar in a turret lathe in dry environment for 2 minutes. 

Both the axial (Fx) and tangential force (Fz) are 

measured and recorded by 3-D piezoelectric 

dynamometer (KISTLER 9257B Switzerland) with the 

help of LabView software 8.6.1(USA). 

During the machining process rise of cutting force, 

width of flank wear, BUE formation, eradication of 

cutting edge and nature of chips formed are measured. 

After machining, each cutting inserts are cleaned with 

NaOH solution and SEM pictures are taken at the tip 

for more study. 

 

3. RESULTS AND DISCUSSION 

 

At the commencement of machining with Al-

12%Si alloys, discontinuous chips are formed with 

uncoated and coated carbide tools. On the other hand, 

continuous chips with regular shape and no BUE are 

formed by diamond coated tool from the beginning. 

The chips are curling in nature with the smooth flow 

on the rake face.  

Scanning Electron Microscope (SEM) pictures in 

Fig. 2 illustrates the condition of tool tips after turning 

of Al-12%Si alloy for 2min. As indicated in the figure, 

the tip of the diamond coated tool undergoes flaking in 

both rake and flank region during machining. 

Conversely it is seen that less amount of BUE is 

formed as compared to other tools. It is also eminent 

that silicon particles are abrasive in nature which 

impact on the cutting edge cause flaking during high 

speed machining.  

The magnitude of cutting forces after turning of 

Al-12%Si alloy by different cutting tools is shown in 

Fig.3. As demonstrated in the figure there is low rise 

in cutting forces from the beginning, however within 
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2min. cutting forces reached somewhat higher value. 

So it can be revealed from the figure, coating like TiC 

or Al2O3 are not advantageous over the uncoated tool. 

It is evident from the test result, diamond coated tool 

displayed the lowest magnitude of cutting forces 

throughout the machining. 

Width of flank wear in terms of BUE for various 

cutting tools is shown in Fig.4 in which diamond 

coated tool clearly represents the ability for machining 

of Al-Si alloy. 

 

Machining of Al+12%Si bar Time: 2min. 

Tool 1 Tool 2 

  

 

 

 

Tool 3 Tool 4 

  

 

 

 

Tool 5 Tool 6 

 

 

 

 

 

 

 

 

 

Fig.2. SEM micrograph illustrates the condition of 

cutting tool tips after turning of Al-12%Si alloy for 2 

min. 

To gain more information about the interaction at 

the contact region between different cutting tools and 

work material all inserts are treated ultrasonically with 

NaOH solution for 2 minutes and analyzed by SEM. 

SEM micrograph in Fig.5 clearly revealed that 

adhered particles are totally removed by chemical 

treatment and there is no sign of erosion marks on the 

rake surface; relatively grinding marks are clearly 

visible. It is further visualized from the SEM pictures 

that TiC and TiN coatings are substantially removed 

from both flank and face of the tool, but in case of 

Al2O3 and TiB2 coated tools, small coating erosion is 

detected. 

During the turning of Al+12%Si work-piece, chip 

morphology in the Fig.6 clearly indicates that, in most 

of the cutting tools, discontinuous chips are formed 

except diamond coated tool. In case of diamond 

coated tools, chips are somewhat curled in nature with 

smooth flow along rake face. 

 

 

 

 

 

 

 

 

 

 

 
Fig.3. Magnitude of cutting forces developed during 

turning of Al+12%Si bar after 2min. by different 

cutting tools. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Width of flank wear during turning of 

Al+12%Si bar after 2 min. by different cutting tools. 

 
Fig.7 shows the under-face of the chip produced 

by uncoated tool after turning of Al-Si bar for 2 

minutes. As revealed from the figure, poor surface 

finish was observed due to strong adhesion between 

Al-Si with Co and WC. On the other hand, steady 

straight scratch marks with smooth surface finish were 

produced by the diamond cutting tool due to its non-

sticking characteristics. 

 

 
Machining of Al+12%Si bar Time: 2min. 

Tool 1 Tool 2 
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Tool 5 Tool 6 

 

 

 

 

 

 

 

 

Fig.5.SEM images showing the condition of cutting 

tool tips during machining of Al+12%Si bar after 2 

min. and cleaning with NaOH solution. 

Machining of Al+12%Si bar Time: 2min. 

Tool 1 Tool 2 

  
 

 

 

 

Tool 3 Tool 4 

  

 

 

 

Tool 5 Tool 6 

 

 

 

 

 

 

 

 

Fig.6.Morphological analysis of chips during 

machining of Al+12%Si bar after 2 min. of machining. 

 

 

 

 

 

Tool 1 Tool 6 

 
 
 
 
 

 

Fig.7. SEM micrographs of the chip under face of 

rolled Al-Si bar produced by uncoated and diamond 

coated carbide inserts after machining for 2 minutes. 

4. CONCLUSION 

 In case of machining ferrous materials, 

uncoated WC tools and TiB2, TiC, TiN ,Al2O3 

tools which are already proved their efficiency 

in dry condition,  could not succeed to produce 

favourable results against Al-Si alloys due to 

edge built-ups and rise of cutting forces. These 

built-ups are produced adverse result on the   

surface finish of the work material. 

 From the test result it is concluded that width of 

flank wear is more for all cutting tools as 

compared to the diamond cutting tool. This is 

due to the low chemical inertness and anti-

welding characteristics of the diamond coating 

which proved its superiority over other cutting 

tools. 

 Cutting performance of diamond coating on 

WC inserts may be further enhanced by 

improving the adhesion strength and reduction 

of surface roughness on the coated surface. 
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