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Abstract 
The use of cutting fluids in mechanical machining operation is important to make 
cutting easy, produce low surface roughness, increase the rate of productivity, and 
alleviate the negative effect on work environment and operators. In this project the 
effect of using different cutting fluids on the surface roughness of aluminum alloy 
(T6-6061) was studied. The experiment involved the use of constant cutting parame-
ters (cutting speed of 860 rpm, depth of cut at 1.5 mm, and feed rate of 0.12 
mm/rev). Three local cutting fluids: mineral used oil, kerosene, and natural used oil 
(refined sunflower oil) mixed with water at different ratios (5%, 10%, 15%, 20%, and 
25%) were used to study their effect on the surface roughness compared to a com-
mon lubricate oil used in the cooling process. Results revealed that mineral used oil 
gave the lowest (best) roughness coefficient at 5% water ratio followed by lubricate 
oil. Kerosene and natural oil had the highest roughness coefficients. Mineral oil 
could be recommended for use with local cutting machines reducing the huge 
amounts of waste oil produced in the country. 
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1. Introduction 

Lubricants or cutting fluids are oils and or fluids used to facilitate the motion of cutting 
machines. The purpose of using lubricating materials is to minimize friction and wear 
between interacting surfaces and to improve resulting surface finish, and increase tool 
life. In addition oils are used to decrease heat, prevent corrosion, transfer power, and to 
remove wear particles. Cutting fluids are of three main types: mineral, semi-synthetic, 
and synthetic. Generally lubricants are mixed with specific ratio of water to enhance 
lubricating oil to increase the coverage of surface and to decrease effect of temperature 
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(resist thermal breakdown). However, water is a good conductor of heat but its boiling 
temperature is low and cause rusting of moving parts and therefore it is not a good lu-
bricant [1]. 

Cutting fluids, if not properly handled, may cause health hazards including skin dis-
eases, exposure to heavy metals, and respiratory problems due to inhalation of toxic 
materials. When inappropriately discharged, cutting fluids can also cause serious envi-
ronmental problems such as water resources pollution In addition, cutting fluids cost 
more than cutting tools [2] [3]. 

Being biodegradable and non-toxic, the use of vegetable oils as lubricants offers effi-
cient way of minimizing waste and reducing health hazards. Many researchers studied 
the use of different types of vegetable oils such as rapeseed, canola, and coconut oil as 
an alternative for mineral oil [4]. 

Many scientists tested different type of lubricants and their effect on surface rough-
ness of different surfaces. For example different types of sunflower vegetable oils were 
test compared to two commercial types. The use of such oils was reported to decrease 
surface roughness value at varying spindle speeds and feed rates during cutting [5]. In 
another study sunflower oil was compared to standard lubricant on brass alloys. Natu-
ral oil (sunflower) results were comparable to that of the standard lubricant with its 
advantage of having lower cost [6]. The effect of minimum quantity lubrication (MQL) 
on tool wear and surface roughness used for cutting steel was also investigated. The 
concept of MQL is important since the use of waste fluids is an important issue in mi-
nimization of hazard waste [7]. 

The objective of this work is to determine the influence of vegetable and mineral 
used oils as cutting fluids on surface roughness aluminum alloy during the use conven-
tional turning machine. 

2. Materials & Methods 
2.1. Aluminum in General 

Aluminum is one the most common metals in Earth’s crust, and the second in manu-
facturer industry. Aluminum alloy T6-6061 is widely used in the industry such as 
transportation components, machinery equipment, bicycle frames, and fly fishing reels. 
The mechanical properties of 6061 depend greatly on the temperature, or heat treat-
ment of the material. Young’s Modulus is (69 GPa) regardless of temperature. Moreo-
ver, T6 temper 6061 has an ultimate tensile strength of at least (300 MPa) and yield 
strength of at least (241 MPa). More typical values are (310 MPa) and (275 MPa), re-
spectively. In thicknesses (6.35 mm) or less, it has elongation of 8% or more; in thicker 
sections, it has elongation of 10%. T651 temper has similar mechanical properties. The 
typical value for thermal conductivity for 6061-T6 at 77˚F is around 152 W/m K. A 
material data sheet defines the fatigue limit under cyclic load as (100 MPa) for 
500,000,000 completely reversed cycles using a standard RR Moore test machine and 
specimen. Note that aluminum does not exhibit a well-defined “knee” on its S-n graph, 
so there is some debate as to how many cycles equates to “infinite life”. Also note the 
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actual value of fatigue limit for an application can be dramatically affected by the con-
ventional de-rating factors of loading, gradient, and surface finish (chemical composi-
tion of aluminum alloy is shown in Table 1). 

2.2. Surface Roughness Measurement 

Surface roughness is a component of surface texture. It is calculated by the deviations in 
the direction of the normal of a real surface from its ideal form. If these deviations are 
large, the surface is rough; if they are small, the surface is smooth. There are many dif-
ferent roughness parameters in use, but Ra is by far the most common one. Although a 
high roughness value is often undesirable, it can be difficult and expensive to control in 
manufacturing. Decreasing the roughness of a surface will usually increase its manu-
facturing costs. This often results in a trade-off between the manufacturing cost of a 
component and its performance in application. Surface roughness (Ra) is the arithmetic 
average of the roughness profile RT-10 roughness tester (SM Metrology Systems) and 
cut off number was 0.8 mm and resolution of 0.001 μm. 

2.3. Treatments 

Aluminum alloy (T6-6061) was cut into 100 mm length with a diameter of 20 mm. 
Lathe machine was used with 860 rpm spindle speed, 0.12 mm/rev feed rate, and 1.5 
mm depth of cut. Natural used oil, mineral used oil, kerosene, and lubricate oil were 
mixed with varying ratios of water (5%, 10%, 15%, 20%, and 25%) were used as cutting 
fluids.  

Obtained results showed that mineral used oil had the best surface roughness value 
(@ 5% water ratio) therefore this oil was tested at higher spindle speed (1400 rpm) us-
ing the same feed rate and depth of cut. Surface roughness at cutting speed 1400 rpm 
spindle speed, 0.12 mm/rev feed rate, and 1.5 mm depth of cut was then used for min-
eral used oil and lubricate oil at varying ratios of water (5%, 10%, 15%, 20%, and 25%). 
Values of surface roughness are given in Table 2.  
 
Table 1. Chemical composition of aluminum alloy T6-6061. 

Elemental content 
Minimum Maximum 

Weight (%) 

Silicon 0.4 0.8 

Iron - 0.7 

Copper 0.15 0.4 

Manganese - 0.15 

Magnesium 0.8 1.2 

Chromium 0.04 0.35 

Zinc - 0.25 

Titanium - 0.15 

Other elements no more than 0.05% each, 0.15% total 

Remainder Aluminum 95.85 - 98.56 

a. Sample of a Table footnote (Table footnote is dispensable). 

https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Chromium
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Table 2. Surface roughness at cutting speed 1400 rpm. 

Water:Fluid Ratio Lubricate Oil Mineral Used Oil 

0 1.5  

5  0.98 

10  1.04 

15  0.96 

20  1.15 

25  1.2 

3. Results & Discussion 

Surface roughness of the work material fluctuated and increased slightly with water 
fluid ratio (Figure 1). The graphical relationship shown in Figure 1 was the average 
value of three measurements taken every time the experiment was stopped. Figure 1 
also shows that the range of surface roughness value for each coolant condition varies. 
For example, the ranges of surface roughness were between 0.845 μm to 4.14 μm. For 
vegetable (natural) used oil coolant, the ranges of surface roughness were between 3.08 
μm to 4.14 μm. With mineral used oil, the ranges of surface roughness were between 
0.845 μm to 1.1 μm, for kerosene, the range values of surface roughness were between 
1.88 μm to 2.3 μm and for new trade mark lubricate oil; the range values of surface 
roughness were between 1.6 μm to 2.02 μm.  

The best (lowest roughness) roughness values were obtained in mineral used oil 
(0.845 μm) at 5% water: fluid ratio, lubricate oil (1.6 μm) at 5% water: fluid ratio, kero-
sene (1.88 μm) at 25% water: fluid ratio, and vegetable oil (3.08 μm) at 15% water: fluid 
ratio. The highest surface roughness in natural used oil was (4.14 μm) at 10% water: 
fluid ratio, kerosene (2.3 μm) at 5% water: fluid ratio, lubricate oil (2.02 μm) at 25% 
water: fluid ratio, and Mineral oil (1.1 μm) at 25% water: fluid ratio. 

Increasing the (water: fluid ratio) yielded inconsistent results regarding the value of 
the surface roughness. Chipping was not performed since aluminum has plasticity na-
ture and there was no fragmented chips were observed; only continuous long chips 
were resulted during cutting process. According the obtained results the best roughness 
was obtained in mineral used oil at 5% water: fluid ratio using cutting speed of 860 rpm 
and depth of cut of 1.5 mm and feed rate of 0.12 mm/rev). Therefore based on these 
results; the cutting speed was increased to 1860 rpm using the same depth of cut and 
feed rate. The observed changes in surface roughness were increased from 0.98 μm to 
about 1.2 μm (Table 2). 

The temperature could have increased gradually with speed, feed and depth of cut. In 
an earlier work (Mishra, 1969) it was explained that cutting forces decrease with speed 
and that since quantity of heat is the product of force and velocity it follows that more 
heat will be generated with increase in speed. Also at low cutting speeds the principal 
factor affecting tool-chip interface temperature is the deformation at the shear zone,  
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Figure 1. Effect of different types of coolants and water: fluid ratio on surface roughness. 

 
while at high cutting speeds the tool-chip friction is the important factor in the inter-
face temperature. Natural used oil performed the worse than the other used coolants, 
this is may be due heterogeneous nature of this lubricant, presence of solid particles 
coming from burned organic materials (food), and presence of fatty acids [8] which 
could have effective effect as boundary lubricants were also burned. Moreover, there 
was intermittent flow during pumping, and the oil did not cover fully surface. Kerosene 
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on the other hand, performed better than the used natural oil probably due its volatile 
nature which made penetration to the tool-work piece interface faster and hence better 
heat reduction. Kerosene is not lubricant and performed the third in terms of surface 
roughness after lubricate and used mineral oil and this may be due to dryness of the 
surface after repeated use which in term increased surface roughness compared to 
mineral and lubricate oil. 

When the speed was increased, the rate of heat reduction capability obtained in this 
work most probably was decreased and therefore the surface roughness increased [9]. 
Still the obtained results were comparable to lubricate oil. Based on the study, it was 
conducted that influence of machining conditions on surface roughness concluded that 
the significant effects for surface roughness was cutting speed. The study showed that 
coolant concentration does not significantly affect the surface roughness. Machining at 
lower cutting speed resulted in better surface roughness. 
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