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ABSTRACT –The aim of this work is to investigate the 

effects of TiB2 and TiN coatings with modified cutting 

insert on tool wear when turning AISI 1017 carbon steel. 

TiB2 is favourable in metal machining as it can reduce 

cutting adhesion. In this work the influence of coating 

materials in tool wear has been investigated. Through a 

set of experiments, modified cutting insert coated with 

TiB2 exhibited about 24-33% improvement in tool wear 

compared to TiN coated insert. The results from this 

study show that TiB2 coating can be used as coating 

material for cutting tool but further research on tribology 

and sustainability along with cutting dynamics study are 

prerequisites for commercial application of this coating 

material in the mainstream. 

 

1. INTRODUCTION 

The knowledge of tool wear is essential for an 

optimisation of the cutting process. In turning, tool 

failure is an important factor that affects productivity and 

manufacturing efficiency. That is the reason one of the 

major objective of cutting research is the assessment of 

tool wear and prediction of tool life. The factors 

evaluation has to verify the technological performance 

and the claimed performance from an economic and 

environmental viewpoint.  

The high resistance of the material, deformation 

hardening, which occurs during processing and a low 

thermal conductivity coefficient affects the tool 

negatively during the cutting process [1].  In order to 

solve the problems which are encountered during the 

machining of these materials, researchers have come up 

with several suggestions. The most significant of these 

solutions is coating of the cutting tool [2].  

The hardness values of the coatings, low friction 

coefficients, and thermal specifications affect the 

processing performance positively. Therefore, the usage 

life of the tool particularly with reduced thick of insert, 

directly affects the cost of machining and product quality, 

has been increased [3]. Metal refractory ceramic material 

Titanium diboride (TiB2) has been investigated by 

several studies because of its high hardness 

characteristics, high melting point and corrosion resistant 

properties and improve cutting adhesion [4,5].   

Thus, this paper is an early study in investigating 

the effect of coating types (TiN and TiB2) on tool life and 

surface roughness using reduced thick insert during 

turning process.  

2. METHODOLOGY 

2.1   Workpiece material and cutting inserts 

This study was conducted in accordance with ISO 

3685 [6]; the work piece material was AISI 1017 carbon 

steel. The nominal composition (wt.%) given as C:0.15; 

Mn:0.3; P:0.04; S:0.04; and Fe:remainder. The properties 

of an AISI 1017 are low hardenability and tensile carbon 

steel which could offer high machinability, high strength, 

high ductility, and good weldability. The mechanical 

properties of the tested material are shown in Table 1. 

 

Table 1 Mechanical properties of AISI 1017. 

Ultimate Tensile 

Strength (MPa) 

Modulus of 

Elasticity (GPa) 

Hardness 

(HB) 

405 190 116 

 

Turning carbide inserts with no chip breaker and 6% 

cobalt were used. A customised reduced thick of insert, 

similar to ISO designation CNMN 120108, was coated 

with TiN and TiB2 using Physical Vapor Deposition 

(PVD) technique. The tool holder used in the test has ISO 

designation of VBMT 160408. 

 

2.2    Cutting trials 

Continuous turning test on AISI 1017 carbon steel 

bar were performed on HAAS SL40 CNC lathe machine 

that has a continuous variable spindle speed which 

particularly useful during the machining of bars with 

different diameters at the same cutting speed.  

 

2.3   Flank wear and surface roughness 

measurement 

The average and maximum flank wear lands, was 

measured by using a Dino-Lite optical microscope with 

a magnification ranging from 50 to 220 times. The 

International Standards Organisation (ISO 3685) [7] has 

suggested a standard for tool life testing. Surface 

roughness measurement was performed using surface 

roughness profiler MarSurf-PS1 based on ISO 4287 

where the value was measured with a cut-of length of 5.6 

mm. Ten dimensional values were measured at random 

point 

 

3. RESULTS AND DISCUSSION 

3.1   Progressive flank wear 

Figure 1 shows the relationship between flank wear 

of uncoated, TiN and TiB2 coated cutting insert and 
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useful cutting life. From the Figure 1 TiB2 shows the 

highest performance due to exhibit the lowest rate of 

flank wear compared to others. TiB2 coatings possess 

superior of hardness and inferior of brittleness that offer 

a great coating layer compared to TiN coating [8]. TiB2 

coating is stable and superhard because of the B-B type 

bonding. In addition, TiB2 coating is an electrical 

conductive refractory material with a high melting point 

that is beneficial in high temperature machining [9]. 

Thus, comparison of wear properties in this study 

revealed TiB2 coating resist better to abrasive wear 

compared to TiN by low tool wear rate [10].  

 

  
Figure 1 Flank wear curve. 

 

3.2   Surface roughness 

Figure 2 shows the surface roughness obtained in 

machining AISI 1017 using indexable uncoated, TiB2 and 

TiN coated cutting inserts when cutting parameters were 

kept constant. It is extremely difficult to precisely 

measure the end of tool life based on the progress of the 

surface roughness alone. However, it is observed that 

rapid surface increments exhibited by uncoated tool, TiN 

coated tool and TiB2 coated tool after 61 min, 74 min and 

110 min, respectively.  

 

 
Figure 2 Surface roughness curve. 

 

Moreover, the surface roughness, Ra generated at 

the region of rapid increment were 3.5 µm for all cutting 

insert. At this region, the coating layers were observed to 

be worn out and delaminated. It is seen from this 

experiment the cutting tool coated with TiB2 could 

extend the qood quality surface roughness for about 24-

33% than TiN coated tool. It is identical to the tool life 

results from A. Bordin,A. Ghiotti [11] that TiB2 coating 

may improve cutting tool life. 

 

4. CONCLUSION 

In this paper, deposition of TiN and TiB2 coating 

using PVD techniques for cutting insert have been 

discussed. The performance particularly in flank wear 

and surface roughness for cutting insert have been 

investigated. TiB2 coating exhibit superior performance 

due to its properties of excellent wear resistance in high 

temperature during machining.  
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