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Abstract: This work compares the performance of palm and shea butter oils based cutting fluids, mineral oil and dry 
machining during turning operation of AISI 1033 steel. The results revealed that the interface temperature 
increases with increased cutting speed during the turning operations. Thicker and more continuous chips were 
formed when cutting fluids were used as compared to dry machining. Based on these results, the use of vegetable oil 
based cutting fluids enhanced the cutting performance, and thus will increase the durability of the cutting edge of 
the tool and its service life. 
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Proizvodnja i određivanje efekta tečnosti za hlađenje i podmazivanje na bazi biljnog ulja pri struganju AISI 
1033 čelika. U ovom radu je izvršeno upoređivanje efekta tečnosti za hlađenje i podmazivanje na bazi palminog i 
shea maslca pri struganju AISI 1033 čelika. Rezultati pokazuju povišenje temperature rezanja sa povećanjem brzine 
rezanja. Prilikom korišćenja pomenutih tečnosti za hlađenje i podmazivanje primećena je deblja i kontinualna 
strugotina u odnosu na suvu obradu. Shodno rezultatima se dolazi do zaključka da korišćenje tečnosti za hlađenje i 
podmazivanja na bazi biljnog ulja potpomaže poboljšanju reznih performansi i produžava postojanost alata. 
Ključne reči: tečnost za hlađenje i podmazivanje na bazi biljnog ulja, mineralno ulje, obradak-alat, struganje  
 
1. INTRODUCTION  
 
      Cutting fluids are basically applied during 
machining processes based on their cooling and 
lubrication effects as well as their ability to take away 
formed chip from the cutting zones. The cooling effect 
of the fluids is very critical in order to reduce the 
effects of temperature on cutting tool and machined 
workpiece, while the lubrication effect will result into 
low friction coefficient between work piece cutting tool 
and cutting tool-chip interfaces and thereby cause easy 
chip flow on the rake face of cutting tool [1, 2, 3]. This 
friction usually resulted in heat generation at the 
interfaces, which in turn decreases the tool service life, 
increases surface roughness, decreases the machining 
productivity and quality of metal cutting [4]. 
Furthermore, the effect of the formed chip on the 
machined surface would be eliminated if the chips are 
quickly taken away from the cutting zone. This will 
result into better surface roughness and less built-up 
edge during machining operation [2, 3].  
 Various approaches have been adopted in order to 
protect the cutting tools either by reduction or 
elimination of friction at the different interfaces during 
machining operation [4]. However, one of the most 
commonly used methods to protect the cutting tools 
from generated heat during machining is the 
application of cutting fluids. The cutting fluids reduce 
the friction at the interfaces and thus improve the 
material removal rates. Mineral or petroleum oil based 
cutting fluids are commonly employed in practically all 
machining processes due to their high production levels 
in the world.  According to Glenn and Antwerpen [6], 
in 1998 alone, approximately 2.3 x 109 liters of cutting 

fluids was used in the machining operations and its cost 
around $ 2.75x109. North America had a big ratio, 
followed by Asian continent and then European 
continent which was in the third order [7]. However, 
the adverse effect of these petroleum oil based cutting 
fluids on the environment and the safety of the users 
are some of the drawback for their continuous 
application in machining processes [5, 7-10].  
Efforts to find suitable eco-friendly and hazard free 
alternatives to conventional mineral/petroleum oil 
based cutting fluids have led to the development of 
vegetable oil based cutting fluids for machining 
processes. Vegetable oils occur naturally and they have 
been identified as a reliable source of environmentally 
friendly cutting fluids. Previous studies have shown 
that vegetable oil based cutting fluids can extend the 
tool service life, improve surface finish and enhance 
the machining productivity [11, 12].  Other benefits of 
these oils include their good resistance to shear, low 
volatilities as manifested by their high flash points, 
high lubricity resulting in lower friction losses, high 
viscosity indices, which are about twice those of 
mineral oils [13].  
 Several authors have investigated the use of 
naturally occurring vegetable oils as cutting fluids 
during machining operations [14-17]. Obi et al., [13] 
investigated the use palm oil, groundnut oil, shear 
butter oil and cotton seed oil as cutting fluids in the 
turning operation of aluminum under varying spindle 
speeds, feed rates and depths of cut. They reported that 
these vegetable oils can replace the conventional 
soluble oil in the machining of aluminum as they 
exhibited good cooling behaviour at the work piece-
tool interface. The use of the vegetable oils also 
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resulted into improved surface finish and reduction of 
chip thickness ratio.  The work of Bhowmik et al., [15] 
focused on the comparison between the effects of the 
application of vegetable based cutting fluids including 
Groundnut oil, Neem Oil and Soya oil and 
conventional oil on the turning operation of mild steel 
on lathe machine. Their results revealed that samples 
machined with vegetable-oil based cutting fluid 
displayed fine surface morphology after machining, 
which indicates improved surface finish compared to 
conventional cutting fluids. Adekunle et al. [14] also 
investigated the use of groundnut and melon oils as 
cutting fluids during machining of mild steel on a 
conventional lathe machine. They reported that the 
cooling ability of melon oil was better than that of 
groundnut oil, while the mineral oil was found to 
extract heat most. The chips formed using vegetable oil 
coolants were observed to be more ductile and 
continuous than those obtained using mineral oil 
cutting fluid.  
 The assessment of suitability of vegetable oils 
(palm oil and groundnut oil) as base oil in cutting fluids 
with other additives was examined by Odusote and 
Kolawole [16]. The oil additives were emulsifier (9% 
Sodium Petroleum Sulphonate); anticorrosive (6% 
synthetic ester); bactericide (5% derivative of triazine, 
C3H3N3); and, antioxidant (2% lemon extract).The 
performance of these vegetable oil based cutting fluids 
compared with petroleum oil based fluid (supa oil) and 
dry machining under varying spindle speeds, feed rates 
and depths of cut was carried out during drilling 
operation of mild steel on Computer Numeric 
Controlled (CNC) milling machines using a 10 mm 
HSS drill bit. Their results showed that the vegetable-
based oils performed similarly better due to their good 
lubricity, viscosity, cooling behaviour and wetting 
ability compared with the petroleum oil based fluid. In 
the present study, the possibility of improving the 
cutting tool performance during turning operation on 
mild steel through the use of shea butter and palm oils 
with additives as alternative cutting fluids to mineral oil 
was investigated. The temperature generated at the 
cutting interfaces and the effects of the vegetable oils 
fluids on the chip formation during machining were 
studied.  
 
2. MATERIALS & METHODOLOGY 
 
 The materials used in this study include four (4) 
pieces of cylindrical steel samples of 25 mm diameter 
and 130 mm in length, lathe machine of maximum 
speed of 2000 rpm and 755 HP, stop watch, vernier 
caliper, MS6500 K-Type thermocouple, MBEB094816 
Mastech digital multimeter, titration apparatus, digital 
weighing balance, oven, Ostwald viscometer, 
thermometer, CLEVELAND Open Cup flashpoint 
tester, cryostat, and LABTECH pH meter. This study 
focused on dry machining, and the use of vegetable oils 
(groundnut and shea butter) based as well as 
conventional mineral oil (supa oil) based cutting fluids.   
 Shea butter (trigyceride) and oil of palm nut (Elaeis 
guineensis) were purchased from a local market in 
Ilorin, Kwara State, Nigeria. These oils were melted 

and sieved to remove any foreign dirt. The oils were 
later placed in an oven at 120 °C to remove any 
moisture. Trans-esterification process was carried out 
on the shea butter to make it oily at all temperatures, 
while the Free Fatty Acids (FFA) of both the Shea 
butter and palm oils were then determined. The results 
are presented in Table 1. 
 
2.1 Transesterification of the shea butter 
 150 ml of shea butter was measured into a clean 
conical flask, while 120 ml of methanol was added to 
it. The mixture was kept at 60 °C for about 30 minutes 
and thoroughly stirred until it becomes homogenous. 
1.5 ml of H2SO4 was added to the mixture under 
continuous stirring at same temperature for 1 hour and 
left for another 30 minutes. The FFA content of the 
new oil was determined, and the above procedure was 
repeated until the FFA value becomes lower than 1%. 
Then, the shea butter was in its liquid state but could 
still solidify after some time due to interaction with the 
environment. 

Parameters Palm Oil Shea butter 

% Moisture content 2.77 1.23 

Density (g/ml) 0.865 0.876 
pH value 4.43 4.945 

% FFA content 6.67 10.96 

Table 1. Properties of Palm and shea butter oils 
 
2.2 Preparation of the Vegetable Oil-Based Cutting 
Fluids 
 The additives, such as Jatropha curcas (JC) leaves 
extract to serve as corrosion inhibitor and the mixture 
of strawberry and lemon fruit to serve as antioxidant, 
were mixed with the oils in the proportion shown in 
Table 2 to produce a cutting fluid of 225 ml by volume. 
0.5 g of emulsifier, sodium tripolyphosphate (STPP), 
was also added to prevent separation of the mixture. 
Some properties such as flash point, fire point, cloud 
point, pH value, saponification value of the prepared 
vegetable oil-based cutting fluids were carried out 
using CLEVELAND Open Cup flashpoint tester, 
Cryostat, LABTECH PH Meter, respectively for each 
test. The results obtained are presented in Table 3.  

Cutting 
Fluids 

% 
Base 
Oil 

% 
Anticor
rosive*  

% 
antioxida
nt+ 

Total % 

Palm 
oil 

66.67 11.11 22.22 100 

Shea 
butter 

66.57 11.11 22.22 100 

Table 2. Constituents of the cutting fluids 

*Jatropha curcas leaves extract, +Strawberry and 
Lemon fruit mixture. 
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Parameters Palm  
Oil-based 

Shea butter 
Oil-based 

Physical state at 30 °C Liquid  Liquid 
Colour Red Butter 
Density at 30 °C (g/ml) 0.8745 0.8885 
Kinematic viscosity at  
30 °C (Pa s) 

4.27 4.01 

Flash point (°C) 210 210 
Fire point (°C) 280 255 
pH-value 4.43 4.95 
Cloud point (°C) 21 26 
Saponification Value 140.25 280.5 

Table 3. Physical properties of vegetable oil-based 
cutting fluids 

 
2.3 Machining of the work piece samples 
 Prior to machining, the chemical composition of the 
work piece is obtained using optical emission 
spectrometer and the result is given in Table 4. Turning 
of the steel samples was carried out on a conventional 
lathe machine using a 10 x 200 mm HSS cutting tool at 
an ambient environment of 29 °C. High speed steel 
(HSS) cutting tool is used because of its suitability for 
use with all types of cutting fluids [4]. Four test 
specimens were machined using dry machining and 
three different cutting fluids on each sample. The 
cutting fluids, which were applied through flooding, 
were shea butter-based, palm oil-based and mineral oil-
based (supa oil).  
 Each of the test specimens was mounted on the 
machine and turned through depth of 0.5 mm, 1.0 mm 
and then 1.5 mm. The temperature of the work pieces 
were first measured on the machine at a constant 
cutting speed of 108 rev/min and feed rate of 0.25 
mm/rev at varied depth of cut for each specimen. Later, 
the cutting speeds were varied as the feed rate also 
varies for each constant depth of cut. For chip thickness 
determination, machine speeds of 108 rev/min, 140 
rev/min, 350 rev/min and 470 rev/min were used at 
feed rate of 0.25 mm/rev on each of the test specimens.  
 
Elements Sample  

(wt %) 
 

Elements 
Sample 
(wt %) 

C 0.3320 Ca 0.0001 
Si 0.2070 As 0.0005 
P 0.0510 Sn 0.0022 
Mn 0.7580 Cr 0.1181 
S 0.0451 Al 0.0013 
Ni 0.1067 Pb 0.0005 
Cu 0.3002 W 0.0065 
Co 0.0126 Zn 0.0013 
V 0.0193 Fe 98.039 
Table 4. Chemical Composition of the AISI 1033 steel 
sample (wt. %) 
 
2.4 Interface Temperature Measurement 
 The thermocouple was attached to the rake side of 
the tool location on the workpiece to take measurement 
of the change in temperature on the position during the 
turning operation from the multimeter readings as 
illustrated in Fig. 1. 

 
 

Fig. 1. Interface Temperature setup. 
 
3. RESULTS AND DISCUSSION 

3.1 Chemical composition of the samples 
 The chemical composition of the steel sample used 
for the current study is given in Table 4. The result 
showed that the carbon and manganese content of the 
sample are 0.33 wt% and 0.76 wt%, respectively. This 
indicates that the sample belongs to the class of plain 
carbon steel, that is, mild steel [17]. Mild steel find 
application in automobile components such as 
crankshafts, gears, connecting rods and valves [18]. In 
most of these applications, machining of the 
components is very critical. 

3.2 Variation of Interface temperature with cutting 
speed 
 Figure 2 shows the variation of temperature of the 
cutting tool-workpiece interface with spindle speed 
using different cutting fluids. The ambient temperature 
was 29 °C. The results revealed that the interface 
temperature increases with increased cutting speed 
during dry machining and with the use of all the cutting 
fluids except shea- butter based fluid. This may be due 
to increased friction between the tool and workpiece 
during increased spindle speed. The figure also 
revealed that the trend of all the curves is such that low 
cutting speeds lead to minimal heat generation as 
shown by low interface temperature reading. It can 
therefore be inferred that to minimize energy 
consumption, low cutting speed and feed rates must be 
used. In addition, all cutting parameters must be 
selected at their low levels to obtain optimum 
machining and maximum tool life. Ojolo et al. [17] and 
Odusote and Kolawole [16] have also shown that using 
lowest machining parameters in conjunction with 
appropriate cutting fluids will improve the tool service. 

The figure also revealed that highest interface 
temperature was constantly obtained during dry 
machining due to low adhesion between the workpiece 
and cutting tool. Hassan et al. [18] reported that the 
adhesion of two surfaces loaded together over some 
part of their contact is one form of surface interaction 
causing frictions, wearing and generation of excessive 
heat without protector. Palm oil gave highest interface 
temperature compared with other cutting fluids at all 
cutting speed indicating that it may not be suitable to 
use as lubricant during machining. However, the 
conventional cutting fluid tends to have the lowest 
interface temperature at low spindle speed while shea 
butter oil-based cutting fluid gave the lowest interface 
temperature during high spindle speed machining. This 
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may be due to better wettability of shea butter oil. 
Odusote and Kolawole [16] after relating the 
phenomenon to wettability in their groundnut oil study, 
stated that it can be conveniently said that shea butter 
oil-based and the conventional oil may have had almost 
the same wettability at lower cutting speeds, but there 
is better perceived thermal stability of shea butter oil-
based due to its higher viscosity index which makes it 
more fluidic at high temperature using higher cutting 
speed. Shea butter oil-based competitive performances 
with the conventional oil may be due to its good 
viscosity even at higher temperatures. This 
performance may also be related to the presence of 
surface active agents such as stearic acid and halogens, 
such as chlorine which help to reduce surface energy of 
a liquid and increase its wetting ability or oiliness [15]. 
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Fig. 2. Varying spindle speed at constant depth of cut  

of 1.0 mm and feed rate of 0.25rev/mm. 
 
3.2 Variation of Interface temperature with depth of 
cut 
 The variation of interface temperature of the cutting 
tool-workpiece with depths of cut at constant low 
spindle speed and feed rate using different cutting 
fluids is given in Fig. 3. The figure shows that the 
interface temperatures were higher during dry 
machining.  
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Fig. 3. Varying cut depth at constant spindle speed  
           108 rev/min and feed rate 0.25rev/mm 
 
 The figure also shows that among other fluids, palm 
oil produces the highest temperature variation while 
conventional coolant temperature variation is lowest. 
However, due to the damaging influence of 
conventional cutting fluid on the environment such as 
surface water and groundwater contamination, air 
pollution, soil contamination and consequently, 

agricultural product and food contamination, its poor 
biodegradability and the need for safe of users, the 
competiting shea butter oil-based cutting fluid of closer 
range would be highly recommended. 
 Fig. 4. presents the variation of interface 
temperature of the cutting tool-workpiece with depths 
of cut at constant high spindle speed and feed rate using 
different cutting fluids. The figure shows that nature of 
the interface temperature varies higher in dry 
machining. Shea butter is seen to have the lowest 
temperature variation due to its viscosity which enables 
it to have capability of spreading more readily than 
other fluids at high temperature.  
 Cutting fluids are essentially applied to reduce heat 
generated by the tool and workpiece in order to 
improve the service life of the tool and also not to alter 
the microstructure of the workpiece. Hence shea butter 
oil-based has a potential to replace the soluble oil in 
metalworking processes.  
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Fig. 4. Varying cut depth at constant spindle speed  
           470 rev/min and feed rate 0.25 rev/mm 
 
3.4 Chip Formation 
 Figs. 5-8 represent the pictorial view of the chips 
formed using each cutting fluids during machining of 
the workpiece. All the cutting fluids formed continuous 
chips during high speed machining of workpiece as 
shown in Figs. 5-7, while the chips obtained during dry 
machining were discontinuous (Fig. 8) as a result of 
high heat generation in the cutting zone which also 
makes the chip brittle [14]. The chips formed during 
machining using shea butter oil-based cutting fluid was 
more continuous compared with those from dry 
machining and other cutting fluids indicating better 
lubrication effect. Cutting fluid with better lubrication 
effect usually resulted in low friction and allows easy 
chip flow on the rake face of cutting tool [4].  The 
chips formed using shea butter oil-based cutting fluid 
was not only continuous but ductile as shown in Fig. 6. 
The chip formation results, as shown in Figs. 5-8, 
indicate that the vegetable oil based cutting fluids have 
better lubrication effect on the workpiece than the 
mineral oil and dry machining. Adekunle et al. [14] 
investigated chip formation of machining mild steel 
using groundnut oil and melon oil as the cutting fluid 
and reported cutting fluids that produces more of 
continuous and more ductile chips produces less wear 
on cutting tool.  
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Fig. 5. Chip formed with the use of conventional 

cutting fluid  
 

 
Fig. 6. Chip formed with the use of shea butter-based 

cutting fluid 
 

 
Fig. 7. Chip formed with the use of palm oil-based 

cutting fluid. 
 

 
Fig. 8. Chip formed during dry machining. 

3.5 Chip thickness  
Table 5 shows the chip thickness of the machine 
workpieces using different cutting fluid at a low spindle 
speed and a high spindle speed. On the overall, the 
values obtained when palm oil-based was used as 
cutting fluid was the highest indicating high lubricating 
ability. The thick chips were most likely formed as a 
result of the better relative ease of slide between tool 
and workpiece with palm oil-based that has higher 
oiliness. In addition, it is noted that average thickness 
values of chips formed at a relative low cutting speed 
108 rev/min are consistently higher than those obtained 
at 350 rev/min except during dry machining. High 
values of chip thickness means better rate of metal 
removal and this is desirable to complete machining at 
a lesser time [4]. Lowest chip thickness was obtained in 
dry machining due to high friction. Thus, cutting fluids 
greatly influence the size of chips that are formed 
during any metal working process. The low thickness 
of dry machined samples may be due to ease of 
fracturing as a result of striking of the chips with the 
workpiece. Although, this may be advantageous if the 
target is to obtain chips that would not tangle with 
cutting tool. However, balance has to be made to 
choose between quick machining and operator safety 
[5, 7-10]. These results therefore revealed that the level 
of cutting speed has a significant effect on the 
workpiece temperature. In addition, an increase in 
cutting speed is always accompanied by a reduction in 
chip thickness as shown in Table 5. 

Cutting 
Fluids 

Chip thickness 
(mm) at  
108 rev/min, 
0.25mm/rev,  
1.5 mm depth 

Chip thickness 
(mm) at  
350 rev/min,  
0.25 mm/rev,  
1.5 mm depth 

Dry 
machining 

0.54 0.72 

Conventional 
oil 

0.83 0.60 

Palm  
oil-based 

1.10 0.80 

Shea butter 
oil-based 

0.94 0.86 

Table 5. Variation in chip thickness using different 
cutting fluids and parameters 

 
4. CONCLUSIONS  

 
The results from this study have shown potentialities of 
locally sourced, ecology-friendly vegetable oil-based 
cutting fluids to replace the non-biodegradable and toxic 
petroleum based cutting fluids as machining fluids for 
mild steel. Even with slight modifications and deliberate 
but careful alterations in some of the components of such 
oils, better performing cutting fluids could be obtained. 
The study was able to reveal the following: 
 The ability of vegetable oil-based cutting fluids to 

reduce the interface temperature offers a 
competitive performance with that of conventional 
soluble oil, as shown by the narrow temperature 
difference between the values obtained using shea 
butter based-oil and that of conventional soluble oil. 
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 The continuous and ductile chips formed using shea 
butter oil-based cutting fluid indicate that vegetable 
oil-based cutting fluids produce less wear on cutting 
tool thereby possible maximizing of tool life during 
machining process. 

 The chips thickness produced using palm oil-based 
and shea butter oil-based as cutting fluid was 
highest at low and high spindle speed respectively, 
probably due to their better lubricating ability, 
especially at elevated temperature. This allows 
easier and deeper penetration of cutting tool into 
workpiece and better metal removal rate. 

 Vegetable oil based cutting fluid is an 
environmental and user friendly fluid which can 
serve a suitable replacement for the non-
biodegradable and toxic petroleum based cutting 
fluids as machining fluids for mild steel. Dry 
machining consumes more time than machining 
using any form of cutting fluids probably due 
reduced tool performance in the absence of cutting 
fluids.  
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