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Abstract 

 
JIS FCD 700 cast iron is a common material used in 

automotive application and machining is an important 

secondary process in the modern automotive components 

production. For this reason, the machinability of JIS FCD 

700 cast iron by using chemical vapour deposition (CVD) 

coated titanium nitride (TiN) carbide cutting insert was 

investigated. The turning tests were carried out with two 

set of cutting parameters and performed under flood 

lubrication condition with two types of lubricants. 

During the cutting process, the wear on the cutting 

inserts were studied and analysed. Chips produced in the 

machining were also collected and analysed. This study 

revealed that, within the cutting parameter under 

investigation, abrasion is the predominant wear 

mechanism, and was followed by attrition, built up edge 

(BUE) and plastic deformation,. The cutting insert was 

subjected to three stages of tool wear, i.e. (i) rapid wear, 

(ii) uniform wear and (iii) drastic wear that led to tool 

failure. Cutting insert had longest tool life when 

performed with 120 m/min of cutting speed, 0.3 mm/rev 

of feed rate and 0.6 mm of depth of cut under 

commercialised emulsified water-based coolant, and had 

shortest tool life when carried out with 220 m/min of 

cutting speed, 0.2 mm/rev of feed rate and 2.0 mm of 

depth of cut under palm oil based MWF 67 coolant.  
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1. INTRODUCTION 

 

The cutting of metal is the major metal shaping process 

in the production of engineering components and 

machining process affected the surface quality and 

dimension accuracy of the products (Bisu et al., 2009; 

Groover, 2007; Juneja & Sekhon, 2003; Kalpakjian, 

1995). In turning, the ease of the process and quality of 

the products were affected by the cutting parameters, tool 

geometry, material of the tool, material of the workpiece, 

tool wear and chatter (Cakir et al., 2007; Luo et al., 2005; 

Senthilkumar et al., 2006; Zhong et al., 2006). Several 

researchers also had reported that suitable combination of 

the geometry of cutting tool, cutting parameter and 

cutting fluid may improved the quality of the machined 

surface, prolong the tool life and enhance the machining 

process (Choudhury & Rao, 1999; Ghani et al., 2002).  

 

A thin layer of hard coating can be deposited on 

the surface of a cutting tool to prolong the tool life (Cakir 

et al., 2007). Physical vapour deposition (PVD) and 

CVD are the most common methods use to produce 

coating layer on a carbide substrate. TiN is a popular 

hard coating in cutting tool application, where it has low 

coefficient of friction, high strength, good wear 

resistance, and high adhesivity to carbide substrate. As a 

result, TiN coating (gold colour) is able to improve the 

tool life of high speed steel and carbide cutting tool in 

high cutting speed and feed rate, where the tool wear is 

significantly lower than uncoated cutting tool 

(Kalpakjian & Schmid, 2006). 

  

In the past, cutting fluid had been widely used in 

the machining process to lubricate the cutting zone 

(Baradie, 1996a, 1996b; Bartz, 2001; Brinksmeier et al., 

1999). Traditionally, copious amount of coolant was 

flooded over the chips and rake face of cutting tool. 

However, dry machining and nearly-dry machining had 

become more attractive to the metal cutting industry in 

the past decades. The lubrication methods such as dry 

machining, chilled air lubrication, and minimum quantity 

lubrication had minimizing the usage of traditional 

coolant where tradition coolant had negative effects to 

the operator’s health and environment (Alves & De 

Oliveira, 2008; Ko et al., 1999; Sreejith & Ngoi, 2000). 

 

 Cast iron is a popular material in engineering 

components production due to its good machinability, 

where it is also a common material used in automotive 

application (Benedicts, 1997; Creese, 1999). In this study, 

the wear progression and wear mechanism of TiN coated 

carbide tool in turning of FCD 700 cast iron was 

investigated in flood cutting condition. 

 

2. METHODOLOGY 

 

In this study the commercialised TiN coated carbide 

insert (DNMG 432 EUX or DNMG 150408N-UX) 

obtained from Sumitomo (Sumitomo, 2009) were used. 

Figure 1 shows the cross-sectional of the insert and 

sequential layers of the coating. The outmost layer of the 

coating was a TiN layer, followed by a layer of Al2O3 

and finally, a layer of TiN/TiCN on the substrate. The 

carbide inserts used were a 55° diamond shape insert 

with 4.76 mm of thickness. The nose radius of the insert 

was 0.8 mm, the inscribe circle and insert hole diameter 

were 12.7 mm and 5.16 mm respectively. The tool holder 
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used was DDJNR 2020K 15. The geometries of the 

carbide insert and tool holders are shown in Figures 2 

and 3 respectively.  

 
Figure 1: cross-sectional of the insert and sequential 

layers of the coating 

 

 
55° diamond shape insert 

Thickness (s) is 4.76 mm 

Inscribe circle (d)  is 12.7 mm 

Nose radius (Re) is 0.8 mm 

Insert hole diameter (d1) is 5.16 mm 

 

Figure 2: The geometry of the tool insert. 

 

 
 

Figure 3: The geometry of the tool holder. 

 

 The workpiece used in this study was JIS 

(Japanese Industrial Standard) FCD 700 cast iron. The 

composition of the workpiece is wt% 3.0-4.6 % C, 1.6-

2.5% Si, 0.2-0.6 % Mn, 0.02-0.05% Mg, 0.0004-0.090 % 

Zr, 0.01-0.06 % Sn and Cu, balance Fe (SOOM, 2008). 

The minimum tensile strength and minimum yield 

strength of this cast iron were both 700 N/mm
2
 and the 

ductility of the cast iron was 2%. 

 

All machining tests were carried out using 

Colchester 600 Tornado T4 lathe machine in flood 

cutting condition. Two types of lubricant were used, i.e. 

(i) a commercialised emulsified water-based coolant with 

9% concentration of Shell Dormus BL oil (D) and (ii) a 

palm oil based MWF 67 cutting fluid (P). Two set of 

cutting parameter were used; (i) 120 m/min of cutting 

speed, 0.3 mm/rev of feed rate and 0.6 mm of depth of 

cut, and (ii) 220 m/min of cutting speed, 0.2 mm/rev of 

feed rate and 2.0 mm of depth of cut. 

 

 The width of wear on the flank face (VB) was 

measured after every 20 seconds of cutting times. The 

width of wear on the flank face of the insert was 

determined using Mitutoyo Toolmakers Microscope. The 

wear mechanism of the insert was examined under 

scanning electron microscope (SEM) after the flank wear 

was exceeded 0.3 mm. The machining tests will be 

stopped if the tool is subjected to catastrophic failure or 

after the flank wear was exceeded 0.3 mm. The 

determination of the tool life and procedures to carry out 

this study was based on ISO 3685. 

 

3. RESULT AND DISCUSSION 

 

The TiN coated carbide insert experienced the longest 

tool life when turning FCD 700 cast iron using 

emulsified water-based coolant at 120 m/min of cutting 

speed, 0.30 mm/rev of feed rate and 0.6 mm of depth of 

cut. The shortest tool life encountered when turning of 

FCD 700 cast iron using palm oil based MWF 67 coolant 

at 220 m/min of cutting speed, 0.20 mm/rev of feed rate 

and 2.0 mm of depth of cut. The tool life of the TiN 

coated carbide inserts were tabulated in table 1.  

 

Table 1: The tool life of the TiN coated carbide inserts. D 

indicating that the cutting tests were carried out using 

commercialised emulsified water-based coolant with 9% 

concentration of Shell Dormus BL oil and P indicating 

that cutting tests were carried out using palm oil based 

MWF 67 cutting fluid. 

 

 
 

3.1 Progression of Wear 

 

The progression of the wear on cutting insert initiated 

with the delamination of the coating on the tool edge. 

Initially, in the early stage of machining, the layer of TiN 

coating on the tool edge was worn out, and this will lead 

to the formation of carbo-nitride (CN). The carbo-nitride 

will then form a harder layer of TiN/TiCN coating. The 

layer of TiN/TiCN was the last layer of coating and 

removal of this layer of coating would then expose the 

carbide substrate (Venkatesh, 1980). The wear of the 
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cutting insert in turning FCD 700 cast iron can be 

divided into three stages; (i) rapid wear on cutting edge 

at the beginning of the cutting process, (ii) uniform wear 

and (iii) drastically wear leading to failure of the insert, 

as show in Figures 4 and 5. Similar finding had been 

reported by Che Haron et al.( 2001).  

 

 
 

Figure 4: The wear progression in experiments D1 and 

P1.  

 

 
 

Figure 5: The wear progression in experiments D2 and 

P2.  

 

During the machining process, the chips showed 

various different of colours. The colour of the chips is 

very depending on the degree of oxidation, and the 

degree of oxidation is affected by the cutting temperature. 

Heat is generated during cutting process and this 

increased the cutting temperature. The generated heat 

would then transfer into chips produced and increased 

the temperature of the chips. Oxidation would take place 

on the surface of chips when the chips were exposed to 

atmosphere at high temperature, creating a purple-blue 

oxide layer on the chips’ surface (Zhang & Guo, 2009). 

In flood lubrication, the coolant prevented the chips from 

dation in atmosphere (Rahman et al., 2003), thus the 

colours of the chips were silver-black, which are 

consistent with the colour of the workpiece material. All 

chips collected in this study were silver-black as shown 

in Figure 6, which similar with the colour of the 

workpiece material. This showed that surface oxidation 

does not occur on the chips. Therefore, indicating that 

flood lubrication could effectively prevent the oxidation 

on the chips surface. 

 

 
 

Figure 6: Samples of the chips collected, showing its 

shapes and colours. 

 

 It was found that the chips produced in 

experiments D1 and P1 were smaller than chips produced 

in experiments D2 and P2. This was due to lower the 

depth of cut used in experiments D1 and P1 than in 

experiments D2 and P2. In all the experiment conducted, 

the desired full-turn chips were produced. According to 

Nelson & Schneider (2001), the production of this type 

of chip is almost as good as the production of half-turn 

chip.  

 

3.2 Wear Morphology of the cutting tool 

 

Worn out cutting inserts were examined using SEM to 

characterise the wear mechanism occurred on the cutting 

edge after reaching the limits of wear criterion (VB =0.3 

mm) as shown in Figures 7-10. Generally, the formation 

of grooves was observed, and dominant for the caused of 

the wear mechanism on the flank face. Grooves formed 

were due to abrasion wear. During the machining process, 

rubbing of hard particles and work material will abrade 

the cutting tool, and consequently segregate the carbide 

particles from the substrate, which lead the formation of 

grooves (Stephenson & Agapiou, 1996).  Beside abrasion, 

adhesion (attrition), built-up-edge (BUE) and plastic 

deformation had also governed the wear mechanism on 

the insert.   

 

Figures 7 and 8 show the adhesion of the work 

material at the edge of the cutting tool which lead to the 

formation of BUE. BUE was commonly occurred when 

machining ductile material at low cutting speed, and may 

promote edge chipping when it was detached from the 

tool (Stephenson & Agapiou, 1996). During machining, 

small particles would be welded and adhered on the tool 

surface. The detached of these tiny particles from the tool 

surface will remove the carbide particles and responsible 

for cavities formation. The phenomenon of the formation 

of cavities was known as attrition wear (Stephenson & 

Agapiou, 1996). High temperature and high stress were 

generated during the machining process had weakened 

the tool edge and hence led to plastic deformation at the 

tool edge (Ghani et al., 2004). Plastic deformation 
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changed the shape of the cutting tool and thus the 

dimensional accuracy. 

 The thermal stress and abrasive wear caused the 

layers of coating to be cracking and subsequently 

delaminated (Che Haron et al., 2001).  Oxidation and 

diffusion wear would take place at the cutting zone 

where high temperature was generated. This is confirmed 

when numerous amount of ferrous (Fe) and oxygen (O) 

elements were detected on the substrate using EDX 

analysis as shown in Figure 11. The diffusion of the 

ferrous material into substrate and oxidation of the cobalt 

binder had weakened the bonding of the carbide substrate. 

The weakened tool edge caused the edge chipping more 

likely to take place (Stephenson & Agapiou, 1996). 

 

 
 

Figure 7: SEM of the cutting insert used in Test D1 after 

reaching the limits of tool life criterion. 

 

 
 

Figure 8: SEM of the cutting insert used in Test P1 after 

reaching the limits of tool life criterion. 

 

 
 

Figure 9: SEM of the cutting insert used in Test D2 after 

reaching the limits of tool life criterion. 

 

 
 

Figure 10: SEM of the cutting insert used in Test P2 after 

reaching the limits of tool life criterion. 

 

 The commercialised emulsified water-based 

coolant contains sodium sulphonate with 1-5 % of 

concentration (Shell Material Safety Data Sheet, 2006). 

After the removal of coating, the free sulphur particles 

from the sodium sulphonate may induce chemical 

reaction with the cobalt binder of the substrate. The 

chemical reaction between cobalt and sulphur produced 

cobalt sulphite that weakened the bonding of the 

substrate, leading to more pronounce and rapid wear. 

This was proved when sulphur elements had found in the 

substrate when EDX was performed after the cutting test. 

 

 



Regional Tribology Conference  

Bayview Hotel, Langkawi Island, Malaysia, 22-24 November 2011 

 

97 

 

 
 

Figure 11: Spectrum of the EDX analysis of the cutting 

tool used to carry out test P1. 

 

 

4. CONCLUSION 

 

The TiN coated carbide insert wear progression can be 

divided into three stages in the turning of FCD 700 cast 

iron, started with rapid wear, followed with uniform wear 

and finally drastic wear which lead to tool failure. The 

colour of the chips reflected the degree of surface 

oxidation on the chips, and in this study silver-black in 

colour chips were collected, which indicate flood 

lubrication could effectively prevent the chips surface 

form oxidation. It was that the abrasion wear had 

governed the wear mechanism, followed by attrition 

wear, BUE, and plastic deformation. Edge chipping, 

surface fracture, oxidation and diffusion wear had least 

influences on the tool wear. Cutting insert had the 

longest tool life when turning FCD 700 cast iron with 

120 m/min of cutting speed, 0.3 mm/rev of feed rate and 

0.6 mm of depth of cut using commercialised emulsified 

water-based coolant, and had the shortest tool life when 

turning FCD 700 cast iron with 220 m/min of cutting 

speed, 0.2 mm/rev of feed rate and 2.0 mm of depth of 

cut under palm oil based MWF 67 coolant. The 

commercialised emulsified water-based coolant was 

found better in prolong the tool life compare to palm oil 

based MWF 67 coolant. 
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