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Vegetable oils are highly captivating substitutes for petroleum-based oils 

and synthetic oil. However, the high viscosity of vegetable oil leads to poor 

lubrication performance. Thus, in this study, the chemically modified 

jatropha oils with and without the hBN nanoparticles additive were used as 

the metalworking fluid during the orthogonal cutting process. The 

performances were evaluated in terms of oil viscosity, cuttin force and 

cutting temperature. The results show that MJO+0.05wt.% hBN posed high 

viscosity index which correlates with low cutting  force and cutting 

temperature. It has the potential to replace the usage of synthetic ester as the 

sustainable metalworking fluid corresponds to the green machining process.   

 
1. Introduction 

Synthetic oil has been commonly used as 

lubricant. Recently, the environmental issue 

starts to arise as synthetic oil is not readily 

biodegradable. Synthetics lubricant shows low 

biodegradability of 70% to 95% compares to 

vegetable oil which is 80% to 95%. Vegetable 

oil composes good physical properties to replace 

synthetic oil but its lack in term of performances 

which correlate with poor thermal and oxidative 

stability. In addition, vegetable oil high in terms 

of freezing points and viscosity [1]. High 

viscosity leads to high friction thus correspond 

with the poor machining performance.  

Chemical modification process which 

relates to the alteration of oil structure is the best 

solution to enhance the vegetable oil 

performance [2]. Apart from that, the addition of 

a various type of additive also improved oil 

performance. The recent study has explored the 

usage of nanoparticles to improve lubricant 

performance [3-4] 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. 

 In this study, the modified jatropha oils 

with and without nanoparticles additive were 

used as the metalworking fluid during the 

orthogonal cutting process. Both samples were 

compared with the commercial synthetic ester. 

The viscosity properties of all samples were 

measured and the orthogonal cutting 

performances in terms of cutting force and 

cutting temperature were evaluated.  

 

2. Experimental Procedure 

 

2.1 Sample Preparation 

The crude jatropha oil (CJO) was 

chemically modified to improve the lack of 

thermal and oxidative stability of the oil. The 

modified jatropha oil (MJO) were produced 

through transesterification process at a molar 

ratio of 3.5:1 (jatropha methyl ester (JME): 

trimethylolpropane (TMP)).  The reaction was 

regulated for 8 hours and mixed with 1% w/w 

sodium methoxide, CH3ONa as the catalyst at 

the reaction temperature of 120oC. This molar 

ratio was selected as it offers better lubrication 

properties [5]. Further, the MJO was mixed with 

0.05wt.% hexagonal boron nitride (hBN) 
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nanoparticles with a diameter of 100 nm. The 

mixing process was conducted using a magnetic 

stirrer 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 40oC and 100oC. The samples were 

compared with commercial synthetic ester (SE), 

Unicut Jinen. 

 

2.2 Machining Process Evaluation 
Figure 1(a) shows the orthogonal cutting 

process through NC lathe Alpha 400. The 

experiment used uncoated carbide inserts, 

SPGN120308 and was mounted at the modified 

tool holder, type CSDPN 2525M12. Both tool 

holder and insert were fixed on the dynamometer, 

Kistler 9257BA to measure the cutting force 

value. The dynamometer was connected to the 

multichannel amplifier and the cutting force data 

was recorded by using 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 kept at 0.16 

l/hour. The nozzle was located 45° of angle and 

approximately 8 mm to the cutting edge as shown 

in Figure 1(b). The MQL mist was projected from 

the nozzle to the cutting to cool and lubricate the 

tool-chip interface. In addition, the maximum 

cutting temperature was captured at the cutting 

zone using the thermal imager camera FLIR i7. 

The FLIR i7 is manually handled to capture the 

image during the machining process was analysed 

through the FLIR Tools software. The 

performances of all samples were operated at 

constant parameters as shown in Table 1. 

 

3. Results and Discussion 

 

3.1 Oil Viscosity Analysis 

The viscosity of oil reflected the formation 

of the thin lubrication film at contact surfaces 

that prevents friction and wear during the 

machining process. Table 2 displayed the results 

of kinematic viscosity and viscosity index of all 

samples. It can be seen that synthetic ester (SE) 

posed the highest kinematic viscosity value of 

19.05 mm/s2 at 40°C and the lowest kinematic 

viscosity value of 4.33 mm/s2 at 100°C. A huge 

different gap between both kinematic viscosity 

values at 40°C and 100°C of SE correspond with 

the lowest viscosity index value (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 41% higher compare to 

SE. This phenomenon is probably because of the 

composition of the oil has changed during the 

transesterification process [6]. In addition, the 

long carbon chain of MJO which between 16 

and 18 compared to SE which was between 8 

and 10 [7] had significantly affected the 

viscosity value.  

The presence of 0.05wt.% of hBN 

nanoparticles in MJO-based oil improved the 

viscosity index (211) by 7 to 52% compared to 

MJO and SE. Meanwhile, the addition of hBN 

nanoparticles in MJO increased the kinematic 

viscosity values at 40°C (17.13 mm/s2) and at 

100°C (4.66 mm/s2). The high viscosity index of 

0.05wt.% hBN significantly affected by the 

lower thermal expansion coefficient of hbN 

(1x10-6/oC) [8]. The high viscosity index of 

MJO+0.05wt,% hBN will provide a stable 

lubrication film within the operating 

temperature range. To add on, at high viscosity 

index, the viscosity of oil dropped considerably 

slower and remained as fluid as the temperature 

decreased. 

 

 
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 

 

Table 2: Viscosity values. 

Description Synthetic 

Ester (SE) 
MJO MJO + 

0.05wt.

% hBN 
Kinematic 

viscosity at 40°C, ν 

(mm/s2) 

19.05 16.87 17.13 

Kinematic 

viscosity at 100°C, 

ν (mm/s2) 

4.33 4.49 4.66 

Viscosity Index 139 196 211 

 

3.2 Orthogonal Cutting Performance 

From Figure 2(a) and 2(b), it can be seen 

that synthetic ester (SE) displayed the highest 

cutting force (491 N) and cutting temperature 

(239 ᵒC) compare to others. This phenomenon 

was due to the lowest viscosity value of SE 

which formed the worst lubrication film at the 

tool chip contact surfaces. The low viscosity 

index of SE attributed to inadequate lubrication 

film thus increased the friction and generated 

high heat at the tool chip contact surfaces.  
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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. 

 

4. Conclusion 

In can be concluded that the presence of 

hBN nanoparticles at 0.05wt.% significantly 

enhanced the viscosity properties by increasing 

the viscosity index value. The high viscosity 

index of MJO+0.05wt.% hBN provided 

excellent lubrication film which tends to reduce 

the cutting force and cutting temperature during 

the machining process. MJO+0.05wt.% hBN 

has the potential to replace the usage of synthetic 

ester as the sustainable metalworking fluid 

corresponds to the green machining process.  
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