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Abstract— The effect of cutting tool coating material and 

coating process has long been an issue in understanding 

mechanics of machining. Tool coating material has 

significant influence on chip formation, heat generation, tool 

wear, surface finish and surface integrity during machining. 

This Review paper presents a survey on variation in tool 

coating material i.e. TiN, TiCN, TiAlN, AlCrN and their 

effect on tool wear, tool wear mechanisms and surface 

roughness. 
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I. INTRODUCTION 

Coated tool have compound material structure, consisting of 

the substrate covered with a hard, anti-friction, chemically 

inert and thermal isolating layer, approximately from one to 

few micro-meters thick. As such, coated tools compared to 

uncoated ones, offer better protection against mechanical 

and thermal loads, diminish friction and interactions 

between tool and chip and improve wear resistance in a 

wide cutting temperature range. Austenitic stainless steels 

are characterized by a high work hardening rate, low 

thermal conductivity and high resistance to corrosion. 

Stainless steels are known for their resistance to corrosion. 

But their Machinability is more difficult than the other alloy 

steels due to reasons such as having low heat conductivity, 

high BUE tendency and high deformation hardening 
[1, 

10]
.The high tool wear and poor surface finish are common 

problem in machining of   austenitic stainless steel 
[2, 9, and 10]

. 

II. COATING PROCESS 

Surface coating of tribological applications is associated 

with deposition temperature ranging from room temperature 

to over 1000
0
C. The coating thickness ranges from microns 

to several millimeters. Typically, the atomistic methods 

produce the thinnest coating. Some methods involve high 

deposition temperatures that may give undesired phase 

transformations, softening or shape change of the coated 

component. An important benefit of PVD and CVD 

processes is the high flexibility as to composition and 

structure of the coatings, and these processes are today 

successfully utilized to coating a large variety of mechanical 

components. 

A. Physical Vapor Deposition: 

Physical vapor deposition (PVD) covers a broad family of 

vacuum coating processes in which the employed material is 

physically removed from a source by evaporation or 

sputtering. Then, it is transported by the energy of the vapor 

particles, and condensed as a film on the surfaces of 

appropriately placed parts under vacuum. Chemical 

compounds are deposited by either using a similar source 

material, or by introducing reactive gases (Nitrogen, 

oxygen, or simple hydrocarbons) containing the desired 

reactants, thus reacting with metal from the PVD source. 

Typical deposition temperatures range from 150 to 500 
0
C. 

B. Advantage of PVD Coating Process: 

Deposition temperature range 150 to 500
0
C. PVD films can 

be produced without any chemical interaction with the 

substrate. PVD coated tool is used for medium finishing and 

finishing operation. The thin film layer produces by PVD 
[13]

. 

III. LITERATURE REVIEW 

R.J.Talib et al (2013) 
[3] 

studied the turning performance of 

the cutting tool inserts in dry machining was conducted at 

cutting speed of 60 mm/min, feed rate of 0.06 mm/rev and 

depth of cut at 1.0 mm on Carbon steel. It was observed that 

the TiCN has reduced the friction coefficient from 0.45 to 

0.17. Turning test result shows that the TiCN-coating with a 

thickness of 15.1 µm, the tool life has been increased more 

than 9 times. 

Samir K. et al (2007) 
[4]

 studied wear mechanisms 

and tool performance of Cemented carbide inserts TiAlN 

PVD coated inserts during wet and dry machining of AISI 

4140 steel. The analysis based on the experimental results 

lead to strong evidence that conventional coolant has 

retarded effect on TiAlN coating under high speed 

machining. Micro-wear mechanisms under dry cutting (i) 

Cutting speed at 410 and 360 m/min sliding wear, coating 

spelling, micro-fatigue, and micro-abrasion (ii) Cutting 

speed at 310, 260 and 210 m/min micro-abrasion, micro-

fatigue, coating spelling, massive metal adhesion resembling 

a built up edge structure. Micro-wear mechanisms under wet 

cutting (i) Cutting speed at 410 and 360 m/min micro-

attrition, micro-thermal crack and edge chipping (ii) Cutting 

speed at 260 and 210 m/min micro-attrition and micro 

adhesion. The best performance of TiAlN coated inserts 

under study dry cutting with any cutting speeds less than 

260 m/min. 

Yueh-Jaw Lin et al (2008) 
[5]

 studied wear 

progressions and tool life enhancement with AlCrN PVD 

coated cemented carbide inserts in high-speed dry and wet 

steel lathing on SAE 4140 steel. It is found that 260 m/min, 

Alcrona (AlCrN) performs near 95% better in tool wear than 

TiAlN coated carbide tool under the same machining 

conditions. Tensile fracture is less severe in the case of wet 

machining as compared to dry machining. While using 

coated inserts for machining under dry condition at higher 

speeds, high levels of micro-abrasion is noticed. Tip 

breaking, crater wear, and metal adhesion for the coated 

insert under wet machining at 410 m/min. It was also 

revealed that part of adhered metal would be plucked away 

taking grains of tungsten carbide and binder from the cutting 

insert material. Therefore, thermal pitting, micro adhesion 
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and low levels of micro abrasion came into picture. Thus, 

micro-fatigue, micro-abrasion, and micro-adhesion wear 

mechanisms are activated under wet condition, while high 

levels of micro-abrasion can be observed under dry 

condition implicated. 

Renato Francoso de Avila et al (2006)
 [6]

 studied 

the performance of uncoated and coated carbide tools (ISO 

grade K10) with a 3µm thick monolayer of TiN (produced 

by PAPVD) when continuous turning AISI 8620 steel. The 

cutting parameters used were: cutting speed of 300 m/min, 

feed rate of 0.25 mm/rev and depth of cut of 1 mm. The TiN 

coated carbide tool outperformed the uncoated tool with 

regard to the crater wear resistance, providing lower width 

and depth. 

Renato Francoso de Avila et al (2006)
 [8]

 studied 

the performance of uncoated and coated carbide tools (ISO 

grade K10) with a 3µm thick monolayer of TiN (produced 

by PAPVD) when continuous turning AISI 8620 steel. The 

cutting parameters used were: cutting speed of 300 m/min, 

feed rate of 0.25 mm/rev and depth of cut of 1 mm. The TiN 

coated carbide tool outperformed the uncoated tool with 

regard to the crater wear resistance, providing lower width 

and depth. 

P.C. Jindal (2003) 
[7]

 studied the performance of 

PVD applied TiN, TiCN and TiAlN coated cemented 

carbide tools in turning. Coated tools were evaluated in 

turning of Inconel 718, medium carbon SAE 1045 steel, and 

ductile iron at low and high cutting speeds. TiAlN coated 

tools showed the best metal cutting performance, followed 

by the TiCN and TiN coated tools. The superior 

performance of the TiAlN coated tools, which was even 

greater at higher speeds, is related to the coating's higher 

resistance to abrasive and crater wear. These characteristics 

are a result of the higher hot hardness and oxidation 

resistance of TiAlN at the temperatures normally 

encountered at the tool tip during machining operations. 

R.M’Saoubi et al (2013) 
[8]

 studied the wear 

characteristics of PVD coated (TiN, TiSiN, TiAlN, AlCrN) 

polycrystalline cubic boron nitride (PCBN) cutting tools 

were compared to those of uncoated PCBN during single 

point turning of case hardened steel 16MnCr5. Post-cutting 

observations of the worn insert were performed using high 

resolution field emission gun scanning electron microscope 

in combination with focus ion beam and analytical 

transmission electron microscopy. In particular, a 

remarkable tendency for TiN to exhibit plastic deformation 

was revealed while TiSiN exhibited a more brittle behavior 

evidenced by adhesive wear and micro chipping, TiAlN and 

AlCrN on the other hand exhibited less work piece 

adhesion. 

Ihsan Korkut et al (2004) 
[9]

 studied determination 

of the optimum cutting parameter when dry turning of AISI 

304 austenitic stainless steel using (TiC/TiCN/Al2O3/TiN) 

multilayer coated cemented carbide cutting tools. A 

decrease in tool wear was observed with increasing the 

cutting speed up to 180 m/min. A further increasing cutting 

speed 210 m/min tool wear started to increase at this cutting 

speed. Surface roughness was also decrease with increased 

with increasing cutting speed. This can be attributed to the 

presence of built-up-edge at lower cutting speed. In 

homogenous distribution of chip thickness at the lower 

cutting speed may also indicate the variation in the cutting 

forces and this may be another reason for poor surface finish 

due to force fluctuations.  

Zafer Tekiner et al (2004) 
[10]

 studied the effect of 

cutting parameters on surface roughness, flank wear and 

built up edge in turning of AISI 304 austenitic stainless steel 

with WC ISO P10 cemented carbide tool for the experiment. 

The increase of cutting speed and the decrease of flank wear 

can be seen. The flank wear is decrease while feed rate is 

rising from 0.2 to 0.25 mm/rev; and then it is starting to 

increase when it is rising 0.3 mm/rev. Surface roughness 

values obtained from at 165 and 180 m/min cutting speeds 

were little higher than the one obtained from at 150 m/min. 

The effect at the feed rate values on surface roughness, the 

values from 0.2 and 0.25 mm/rev are close to each other. On 

the other hand, the surface roughness value was observed 

higher than the others. They were seen that cutting speed 

increased and built up edge value decrease and feed rate 

increase built up edge value increase.  

G. Skordaris et al (2014) 
[11]

 studied the effect of 

mono and multilayer PVD films on the cutting performance 

of coated cemented carbide insert. The overall film 

thickness was approximately 8 µm. The film structure 

consists of one, two and four layers. The number of layer 

increases, the film hardness grows. Increased number of 

layers of the latter film improves significantly its brittleness 

and tool life.  

W.Y.H. Liew (2010) 
[12]

 studied the performance of 

TiAlN/AlCrN nano-multilayer coated, TiAlN single-layer 

coated and uncoated carbide tools in low-speed milling 

STAVAX (modified 420 stainless steel) under flood and 

mist lubrication. In machining STAVAX with a hardness of 

40 HRC, the coated tool subjected to delamination, attrition 

and abrasive wear throughout the duration of testing. During 

machining STAVAX with a hardness of 55 HRC, three 

distinct stages of tool wear occurred, (i) initial wear by 

delamination, attrition and abrasion, followed by (ii) 

cracking at the substrate and (iii) the formation of individual 

surface fracture at the cracks which would the enlarge and 

coalesce to form a large fracture surface. The TiAlN/AlCrN 

coated tool exhibited higher resistance against delamination 

and abrasive wear than the TiAlN coated tool. The cracking 

resistance and hardness of the coating and oxidation of the 

coating during machining appeared to have significant 

influences on the resistance of the tool against these wear 

mechanisms. A longer cutting distance was required to 

cause TiAlN/AlCrN coated tool to crack and fracture. This 

was due to the substrate receiving greater protection against 

cracking and fracture as a result of the coating being 

removed at a slower pace by abrasion and delamination. The 

likeliness of the uncoated tool to chip crack and fracture, 

and the severity of abrasion increased with an increased with 

an increase in the hardness of the work piece. Poor surface 

finish observed using TiAlN coating compared to 

TiAlN/AlCrN coating. 

IV. CONCLUSION  

This paper has presented a brief review on effect of coating 

material and number of coating layer in machining 

operation. From above study it was found that the coating 

material and number of coating layer affects the tool flank 

wear during cutting. Increasing coating layer tool flank wear 

decreases. Feed rate increase tool life decrease and surface 
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finish increase. PVD coating process was better for thin and 

multilayer coating process. During machining of SS304 

Built up edge and poor surface finish produces during 

machining 
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