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Biodegradable oils that were derived from the nature are 
renewable sources that may substitute the petroleum-
based and synthetic oils. However, the highly viscous 
Jatropha oil draws upon unsatisfactory lubrication 
performance in the machining process. Thus, in this study, 
the chemically modified Jatropha oils with and without the 
hBN nanoparticles additive were tested on an orthogonal 
cutting process as a metalworking fluid. The oil viscosity, 
cutting force (Fc), cutting temperature (Tc) and tool-chip 
contact length (Lc) are the criteria being evaluated. The 
results show that MJO+0.05wt.% hBN posed high viscosity 
index which correlates with the low Fc, Tc and Lc. This 
increases its potential for implementation as a green 
metalworking fluid for a sustainable machining process. 

 
 
1.0 INTRODUCTION 

In the lubricant industry, synthetic oil has been commonly utilized as lubricants for many 
industrial applications. However, the synthetic oil is found not readily biodegradable, thus 
jeopardizing the environmental sustenance, such as pollution, toxic byproducts and etc. 
Compared to vegetable oils that are 80% to 95% biodegradable, some synthetics lubricants may 
pose low biodegradability of up to 70% to 95%. The good physical properties of vegetable oils 
that are comparable or better than synthetic oils are commendable but is still lacking in terms of 
their lubrication performance that correlates with the poor thermal and oxidative stabilities. In 
addition, vegetable oil possesses high freezing points and viscosity (Syahrullail et al., 2013). High 
viscosity leads to high friction thus corresponds with the poor tribo-mechanical interactions 
during the machining processes (Amiril et al., 2019a). 
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Chemical modification process or oil structure alteration is found as one of the best solution 
to enhance the vegetable oil performance (Masood et al., 2012). Apart from that, the addition of a 
various type of additive will also improve its lubrication performance. In recent studies, the usage 
of nanoparticles have been found to improve the lubrication performances of the base oils (Dai et 
al., 2016; Sharma et al., 2018). They found that the addition of nanoparticles increased the 
lubricant efficiency by providing the rolling mechanism of nanospheres; tribofilm formation and 
mending effect because of the minimal size of the additive particles. 

This study investigates the performance of modified Jatropha oils with and without 
nanoparticles additive as the cutting fluid during the orthogonal cutting process. The results are 
then compared with the commercial synthetic ester-based cutting fluid. The viscosity properties 
of all samples were measured and the orthogonal cutting performances in terms of cutting force, 
cutting temperature and the tool-chip contact length were assessed. 
 
 
2.0 EXPERIMENTAL PROCEDURE 
 
2.1 Sample Preparation 

A chemical modification was performed on the crude Jatropha oil (CJO) with the intention of 
improving the low thermal and oxidative stabilities of the vegetable oil. The lubricant derived 
from the CJO is called modified jatropha oil (MJO). It was produced through a transesterification 
process at a molar ratio of 3.5 to 1 (jatropha methyl ester (JME) to trimethylolpropane (TMP)).  
The reaction was regulated for 8 hours and mixed with 1% w/w sodium methoxide as the catalyst 
and at the reaction temperature of 120°C. This molar ratio was selected as it offers better 
lubrication properties (Talib and Rahim, 2018). Next, a 0.05wt.% hexagonal boron nitride (hBN) 
nanoparticles with a diameter of  100 nm was mixed into the MJO. The mixing process was 
performed by using a magnetic stirrer on a hotplate at 700 rpm and at a temperature of 60 °C for 
30 minutes. The kinematic viscosity and viscosity index of the samples were measured according 
to ASTM  D445 and ASTM D2270. The viscometer was immersed in the heated lubricant at 40°C 
and 100°C. A commercially available synthetic ester-based cutting fluid, Unicut Jinen (SE) was 
used as a controlled sample for data comparison. 

 
2.2 Machining Process Evaluation 

Figure 1(a) shows the orthogonal cutting process on the NC lathe machine (Harrison - Alpha 
400). The experiment used uncoated carbide inserts, SPGN120308 and was mounted on the 
modified tool holder, type CSDPN 2525M12. Both tool holder and cutting insert were fixed on the 
dynamometer, Kistler 9257BA for measuring the cutting force. The dynamometer was connected 
to the multichannel amplifier and the cutting force data was recorded by using the Dynoware 
software.  The workpiece material used was AISI 1045 with a diameter of 150mm and thickness 
of 2mm. The experiment was performed under minimum quantity lubrication (MQL) conditions 
at the air pressure of 0.4MPa and the flow rate was kept at 0.16 l/hour. The nozzle with an orifice 
diameter of 2.5 mm was located 45° of angle and approximately 8 mm to the cutting edge as 
shown in Figure 1(b). The MQL system created oil mist that are projected from the nozzle into the 
cutting zone to cool and lubricate the tool-chip interfaces. The maximum cutting temperature was 
captured at the cutting zone by using a thermal imager, FLIR i7. The FLIR i7 is manually handled 
to record the heat image during the machining process. The orthogonal cutting processes were 
conducted according to the parameters shown in Table 1. After the machining process, the tool-
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chip contact length was observed using tool maker’s microscope at the tool insert’s rake face. The 
mean value of the tool-chip contact length was measured.  

 

 
Figure 1: Orthogonal cutting setup. 

 
Table 1: Orthogonal cutting parameters. 

Description Values 
Cutting speed, Vc (m/min) 350 
Feed rate, fr (mm/rev) 0.08 
Width of cut, d (mm) 2 

 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Oil Viscosity Analysis 

The viscosity of oil influenced the formation of a thin sacrificial layer at the metal contacts that 
acts as a friction and wear reducer during the machining process (Amiril et al., 2017). Table 2 
displayed the results of kinematic viscosity, ν and viscosity index, VI of all samples. Synthetic ester 
(SE) posed the highest kinematic viscosity value of 19.05 mm2/s at 40°C and the lowest kinematic 
viscosity value of 4.33 mm2/s at 100°C. A huge gap difference between both the ν at 40°C and 
100°C of the SE was corresponded to the lowest VI value of the SE at 139. 

However, the kinematic viscosity value of MJO at 40°C becomes lower due to the chemical 
modification process. The viscosity index value for MJO was 196 which is 41% higher compared 
to the SE. This phenomenon is probably because of the composition of the oil has changed during 
the transesterification process (Wan et al., 2015). In addition, the long carbon chain of MJO is 
between 16 and 18 and is higher compared to the SE which has only between 8 and 10 (Talib et 
al., 2017). This had significantly affected the viscosity at 100°C and also the viscosity index value. 
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Table 2: Viscosity values. 

Samples 
Kinematic viscosity 
at40°C, ν (mm2/s) 

Kinematic viscosity 
at 100°C, ν (mm2/s) 

Viscosity 
index 

Synthetic Ester (SE) 19.05 4.33 139 

MJO 16.87 4.49 196 

MJO+0.05wt.% hBN 17.13 4.66 211 

 
The presence of 0.05wt.% of hBN nanoparticles in the MJO had significantly improved the 

viscosity index (211) by 7 to 52% compared to the MJO and SE. It is shown that the addition of 
the hBN nanoparticles in the MJO has successfully increased the kinematic viscosity values at 40°C 
(17.13 mm2/s) and at 100°C (4.66 mm2/s). The high viscosity index of MJO+0.05wt.% hBN was 
strongly affected by the lower thermal expansion coefficient of the hBN particles of 1x10-6/oC 
(Abdullah et al., 2014). The high viscosity index of MJO+0.05wt.% hBN will provide a stable 
lubrication film within the operating temperature range. The same finding could be seen in a 
study of Farhanaha and Syahrullail  (2016) which indicated that the present of additive in 
vegetable oil formed a more stable film with changes in the temperature, thus resulting in higher 
VI value. To add on, at high viscosity index, the viscosity of oil dropped considerably slower and 
remained as fluid as the temperature gradually increased. 
 
3.2 Evaluation of Orthogonal Cutting Experiment 

From Figure 2(a) and 2(b), synthetic ester (SE) displayed the highest cutting force (491 N) and 
cutting temperature (239ᵒC) compared to others. This phenomenon was due to the lowest 
viscosity value of SE than the other lubricants which also contributed to the formation of the worst 
lubrication film at the tool-chip contact surfaces. The low viscosity index of SE attributed to 
inadequate lubrication film and thus increased the friction and generated high heat at the tool-
chip contact surfaces. 

Nonetheless, it could be observed that the cutting force and cutting temperatures of MJO were 
lower than that of SE by 9% and 5%, respectively. This situation was due to sufficient lubrication 
film on the contact surfaces. The length of fatty acid (C16 to C18) provided strong lubrication film 
that tends to reduce the friction and offered greater adsorption potential of the lubricant 
molecules on the metal surfaces (Zhang et al., 2015). In addition, the high viscosity index of MJO 
(196) would result in noticeably less loss of oil volume from vaporization. The previous study has 
shown that the layer of lubrication film could reduce the friction that resulting in good lubrication 
effect (Talib et al., 2018, 2017). 
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      (a)                         (b) 

Figure 2: (a) Cutting force results; (b) Cutting temperature results. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Schematic diagram of lubrication film of MJO+0.05wt.% hBN (Talib et al., 2019). 
 

Table 3: Tool-chip contact lengths. 

Samples Contact Length, Lc (mm) 

Synthetic Ester (SE) 0.612 

MJO 0.436 

MJO+0.05wt.% hBN 0.415 

 

 
Figure 4: Tool-chip contact length on the cutting inserts. 
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The tool-chip contact length was measured on the tool insert’s rake face after the machining 
process. Table 3 shows the mean results of the tool-chip contact length after being lubricated by 
the different cutting fluids. Figure 4 shows the optical image of the rake surfaces of the cutting 
inserts after the orthogonal cutting process. It can be seen from these results that the different 
cutting fluids (SE, MJO and MJO+0.05wt.% hBN) have affected the tool-chip contact length and 
they corresponded with the cutting force and cutting temperature results that have been reported 
in this study. The cutting force, temperature and the contact length are strongly affected by the 
different cutting fluids being applied on the cutting zone (Amiril et al., 2019b). With the decrease 
of the length ratio between the MJO and SE, it can be seen that MJO+0.05wt.% hBN posed the 
highest improvement of tool-chip contact length reduction of up to 32 % compared to the SE. 

Furthermore, the results that show the lowest cutting force (383 N) and cutting temperature 
(210 ᵒC) was when using the MJO+0.05wt.%hBN cutting fluid. The presence of 0.05wt.% of the 
hBN nanoparticles tends to provide sufficient lubrication film at the contact surfaces. The 
formation of effective lubrication film increased due to the rolling effect of the nanoparticles that 
helps separating the chip from the cutting insert surfaces during the machining process. This 
phenomenon affect the friction reduction mechanism as can be seen in Figure 3. Moreover, hBN 
nanoparticles provided the sliding surfaces with rolled particles thus altering the sliding friction 
into rolling friction which has helped reducing the heat generated on the metal contacts 
(Fernandes et al., 2013). 

 
 

4.0 CONCLUSION 
It can be concluded that the presence of hBN nanoparticles ( Ø100 nm) at 0.05wt.% has 

significantly intensified the kinematic viscosities of the MJO as well as its viscosity index value. 
The high viscosity index of the MJO+0.05wt.% hBN (211) provided excellent lubrication effects 
which reduces the cutting force, cutting temperature and the tool-chip contact length during the 
machining process. MJO+0.05wt.% hBN could replace the usage of synthetic ester as a sustainable 
metalworking fluid as well as diminishing the strong dependency on petroleum-based lubricant 
for a more sustainable machining operation. 
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