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Abstract 
 
Aluminium alloys are very steady materials due to its high mechanical 

strength as compared to hard machined materials. The strength/weight ratio 

of aluminium alloys is very high therefore they can easily replace cast iron 
and steel for fabrication of different components. Decades earlier the 

pollution in the environment was much less as compared to now a days , so 

the pollution that was created during flood lubrication was not  considered. 
But if we consider today’s environment, there is a lot of  pollution in the 

environment which is caused due to industrial pollution and pollution due to 

vehicle emissions . Therefore the focus of researchers has been diverted 

towards the environment friendly machining and cost effective machinining 
of  alloys and other different materials . in the past few years , researchers 

have shown intense interest in searching the different ways, i.e Minimum 

Quantity Lubrication (MQL ) in order to reduce the pollution created during 
Machining . So far as MQL machining of Aluminium alloys are concerned , 

coolants of  different types , flow rates of these coolants and turning 

parameters play a very important  role. In this paper a brief study of MQL 
Turning of aluminium alloys is presented along with the different techniques 

used to improve the output parameters such as tool wear , surface roughness 

and cutting forces  etc and to make the MQL machining process more 

environment friendly and more effective.   
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1 Introduction 
 

Aluminium alloys are well known for their high strength/weight ratio, 

therefore they can easily replace cast iron and steel for fabrication of 
different components. Main alloying elements in aluminium alloys include 

copper, magnesium ,silicon , zinc and tin . Classification of aluminium alloys 

consists of casting alloys and wrought alloys . Further categorization of these 

alloys include non heat treatable alloys and heat treatable alloys . so far as the 
application of aluminium alloys are concerned , they are widely used in the 

building structures and other parts in which corrosion resistance and light 

weight is required such as aerospace components and automobile 
components such as cylinder blocks and crank cases. If we leave the 

aluminium alloy unprotected , a white layer of  aluminium oxide is 

developed  on its surface to protect it. Galvanic corrosion also occurs if there 
is presence of moisture in the atmosphere and aluminium alloys are put in 

electrical contact with other metals. Elastic modulus of aluminium alloys  is 

around 70 Gpa.  and this value is approximately 1/3rd that of steels and steel 

alloys . when aluminium is heated  ,it melts without glowing red first as it 
happens in case of steel. Thermal conductivity of aluminium is high and co-

efficient of thermal expansion is also high [9]  

There are different identification systems used  for wrought aluminium 
alloys and cast aluminium alloys . An identification of  wrought aluminium is 

done with a 4 digit number which tells us  about the alloying element. The 

first digit Tells us about the dominant alloying elements, the second if it is  

distict from 0 –tells us that there  is  a deviation of the alloy, and the 3rd and 
4th digits tells us about the particular alloy of the series. Brief introduction of 

6000 series and 7000 series is given below  

 In 6000 series aluminium alloys there is magnesium and silicon . 

Their Machining is easy and also they are weldable. These alloys can be 
precipitation hardened, but not upto very high strengths. In 6000 series only 

6061 is the aluminium alloy which is mostly used.  

 In aluminium alloys of 7000 series,   zinc is the dominant 

alloying element. These Alloys  can also be precipitation hardened and also 
upto the  maximum strengths among all the  aluminium alloys. Their ultimate 

tensile strength may reach up to 700 MPa. Most alloys of 7000 series also 

contain magnesium as well as copper. 

 
 

 

 

https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Precipitation_hardened
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Table 1: Main series of workable aluminum alloys  according to the Aluminum 

Association [12] 
 

Series        dominant  alloying elements 

10XX       pure aluminum of purity greater than 99 %               

                      which cannot be heat treated 
20XX    heat treatable Copper 

30XX      Manganese which cannot be heat treated 

40XX     Silicon which cannot be heat treated 

50XX     Magnesium which cannot be heat treated 
60XX     heat treatable Magnesium and heat treatable Silicon  

70XX     heat treatable Zinc 

80XX     Other different elements 
 
  Table 1 provides Main series of workable aluminum alloys according to the 

Aluminum Association. 

           

2 Machining of Aluminium Alloys 
 

Aluminium alloys as compared to steel are having 1/3
rd

 density and their 
elasticity is also one third as compared to steels[10] . Corrosion resistance of 

aluminium alloys is also very high , co-efficient of friction is also high , 

magnetic neutrality is also very high , but they are having  low melting 
point[11]. When we machine any ductile material like aluminium without 

using coolant then large tool-chip constant area is formed due to which there 

are greater cutting forces and heat generation is at the interface of  tool-

workpiece is also high. If we talk about chips , it generated stringy and long 
chips and also the surface finish is very poor . also the shear strength of 

aluminium is relatively low , therefore the aluminium is machined relatively 

easily. When aluminium alloys are machined in dry conditions cutting forces 
produced are low as compared to ferrous alloys are concerned such as steel. 

Increase in the cutting speed at the time of  turning  normally reduces the 

cutting forces  due to the fact that   the shear stress in the primary shear zone  
and  secondary shear  region decreases with the increase in the  cutting speed  

and  also due to fact that at higher speed the cutting temperature also 

increases and the  material becomes more ductile at higher temperature .But 

as we increase the speed then there will be excessive increase in the 
deformation rate as a result of which there is increase in the cutting forces. 

Also there is  excessive  flank wear of the tool at very high cutting speeds 

,because there is existence of hard particles in the aluminium alloys . But 
Minimum quantity lubrication technique can control this problem. With 

increase in the cutting Depth & feed rate , Cutting forces normally increases . 

Cutting forces in the aluminium alloys are  also greatly  influenced  by  the  

geometry of the tool and also by the Geometric changes in the tool due  of  
built up edges and tool wear  [1] .  
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Flank wear can be brought to lower vaue , surface finish can be improved 

and the cutting forces can be decreased by adopting various dressing 
techniques of  cutting edges of tool  

 

3 Temperature Generations during Machining of Aluminium 
Alloys  
 

During machining when a  tool is brought near the workpiece , there is 

high heat and temperature Generation takes place  at the tool-workpiece 

interface  due to friction  at  the tool -workpiece  interface . This  high  
temperature at the tool-workpiece material  interface is undesirable because 

of  the following reasons. 

1.  High temperature during cutting contribute to microstructural 

alteration in the workpiece 
2.  High temperature during cutting also contribute excessive tool 

wear 

3.  It also results in the  Sticking of the workpiece on the tool edges 
4.  It also increases the ductility of the material which as a  result 

produces longer chips [2,3] 

As the cutting speed increases, Temperature at the tool –workpiece 
interface also increases and consequently the heat generated also increases.  

Typically the Temperature may reach upto 750 °C in many machining 

processes. The higher cutting temperatures are obtained with the alloys 

having higher mechanical strengths. Also the presence of hard materials such 
as Si, SiCp, and Al2O3p in the alloys also results in the elevated 

temperatures because these hard materials produce intermittent friction when 

comes in contact with the tool [4,5].  In order to reduce this cutting 
temperature , a  flood lubrication sytem  is used  in which  the coolant is 

made to flow  continuously  at the tool-workpiece  interface  during 

machining . These coolants take away the heat generated during machining 

and hence solve the purpose of controlling the Temperature and hence the 
heat generated. But the flood lubrication system are having various 

disadvantages which are listed below.[6] 

1.  Wetting and dirtiness of the shop floor. 
2.  Environmental pollution and health hazards. 

3.  Corrosion and  Contamination Problems. 

4. Need of storage,Requirement of  additional floor space, pumping 
system, recycling and disposal of coolant . 

Due  to problems with dry machining and flood lubrication system , an 

intermediate method known as Minimum Quantity lubrication method  

comes into existence which diverted the focus of  many  researchers  to  do a 
research in this  emerging  field to establish  Environment friendly and 

economical  Machining  of  Alloys and  other materials[13-19] .  
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MQL Conditions are capable of producing the results as good as  with 

that  of  flood lubrication conditions [7].  So it is very clear from the above it 
is clear that temperature and  heat generated plays  very crucial role in the 

machining of  alumimium alloys  , so it is very important  to control the 

temperature at the tool-workpiece interface   within specified limits during 

MQL Machining of  Aluminium alloys. So in order  to accomplish this task  , 
latest techniques  can be used along with MQL Machining such as  use of  

Nitrogen gas  and  use of  Ranque-Hilsch vortex tube. As per the Literature 

review ,not enough work has been  done  so far on  these  techniques  to 
control the Temperature and Heat Generated  during MQL Machining of  

Aluminium Alloys.  So here is a brief  introduction of  Ranque Hilsch  vortex 

tube. 
 

4 Ranque-Hilsch Vortex Tube  
 

It is Mechanical Device that divide a compressed gas in two parts  , one 

is hot stream and the other is cold stream. Figure 1 shows Vortex tube 

technology 

             
Figure 1: Vortex tube technology 

 

It was initially discovered by Ranque but unable to gain much popularity 

due to thermodynamic inefficiency . Years after that,  it was reestablised by 

Hilsch with more detailed explanations , so it is known as Ranque-Hilsch  
Vortex Tube The gas coming as a  hot stream   is very hot and may reach the 

temperature of  about  200 °C.  The gas which is coming  out as a cold stream  

may reach the temperature  of  −50 °C . The unique feature of  the vortex 
tube is that it is not having any moving parts. Compressed  gas  at very high 

pressure is Tangentially injected  into a  swirl chamber and  in then 

accelerated  to a high  rotation rate. There is a conical zone at the edge of the  
tube.  Due  to this conical zone , only the gas near the outer shell of the tube 

is allowed to escape out  and the  remaining gas is  forced to come back  in 

an  inner  vortex of  reduced diameter .  The  Thermal process involved in the 

vortex  tube  is  explained  below [8,9]  

https://en.wikipedia.org/wiki/Celsius
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1. The  Incoming  compressed  gas is expanded adiabatically  due to 

which cooling takes place  and the heat content is converted  into  rotational 

Kinetic Energy  . The sum of all  enthalpies remains conserved. 

2. Heat Recuperation effect  occurs between the  fast  peripheric 
rotational flow and  slow rotating axial flow . so the heat  transfer takes place  

from the  axial to peripheric flow.  

3. By the process of viscous dissipation . the  Kinetic Energy of  rotation 
is  converted  into heat .  so the tempertature of the gas at the periphery is 

greater as compared to  incoming gas . 

4. Some of the hot gas at the periphery  leaves from the  outlet  and  
carries the excess heat along with it  

5. The remaining gas twists towards the  outlet which is cold and on the 

way its heat energy is conceyed  to the peripheric flow  , so the gas at the axis 

loses its heat and become very cold . This cooled gas leaves at the cold outlet 
axially [8]               

So  the  concept of  vortex tube  can be  used  along with the MQL 

Machining of  Aluminium Alloys , The cooled gas from the cold outlet can 
be made to pass  through the  tool-workpiece interface  and its effects can be 

analysed  on tool wear, MRR , Surface Roughness  and  aerosol generation.  

Not much research has been done so far in this direction. Few researcher 

have done the research using vortex tube during machining. The outcomes 
further Improved if RHVT is used along with NGMQL. Also by 

Simultaneous RHVT-NGMQL system a precision surface finish and 

minimum flank wear of 26micrometer can be achieved. In other Research 
paper “Coupled effects of vortex tube hybrid cooling with minimal quantity 

reinforced nanoparticle lubricants in turning NiTi alloys” Ahmad Nabil 

Mohd Khalil found out that the technique of hybrid cooling in which the 
lubricant is used along with the chilled compressed air coming out of vortex 

tube showed better results during turning of NiTi Alloys so far as tool wear 

and Cutting forces are concerned.  

In one more research article “Analyzing machining parameters for 
commercially pure titanium (Grade 2), cooled using minimum quantity 

lubrication assisted by a Ranque-Hilsch vortex tube” Guru Raj Singh  me to 

conclusion that by using RHVT along with the MQL process results in 
enhancement  in Surface finish and reduction in cutting forces and Reduction 

in Cutting force and cutting power. From the above discussion it is obvious 

that  the use of  Vortex tube  cooling  gives very significant results  during 
MQL machining of  alloys and other materials but so far as Aluminium 

alloys which belong to 6000 & 7000 series are concerned , not much research 

has been done so far. 
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5 Nitrogen Gas Assisted MQL 
  

Nitrogen is a chemical element having symbol N and having atomic 

numbers as 7 . liquid nitrogen is a cryogenic liquid , when it is insulated in 
containers properly , it can be transported from one place to another without 

much evaporative loss . liquid  nitrogen is mainly used as a refrigerant . It is 

also used to cool central processing units and other devices in computers that 
produces more heat . so we can conclude that liquid nitrogen  is  used as as a 

cooling agent , because of its cooling properties . As during machining of  

alloys , there is high heat generation at the interface of  tool-workpiece , so 
liquid nitrogen can be used as cooling agent during MQL Machining of  

Aluminium Alloys . Few researcher have done experimentation  by using 

liquid nitrogen along with MQL machining . In his paper “Influence of  

Ranque-Hilsch vortex tube and nitrogen gas assisted MQL in the precision 
turning of AL 6061-T6 “  Mozammel Mia  found out that nitrogen gas 

assisted MQL is better than  Dry Machining and  Machining with only 

nitrogen gas. In another research paper “The Assist Effect of Nitrogen 
Atmosphere on MQL Cutting Performance” Hiroo Shizuka Found out that 

nitrogen aided cutting helps in reduction of  oxidation of chips and the tool. 

He also concluded that  oil-nitrogen mist cutting method also result in 

reduced tool wear.  
 

6 Conclusion and Future Scope 
 

From the above Discussion we have come to conclusion that  Aluminium 

alloys are very Important  alloys because of their widespread applications in 

various fields. But High Temperature and Heat Generated  during machining 
of Aluminium alloys is undesirable and it needs to be controlled during 

machining  of  Alloys and other materials . So the above discussion can be 

summarized as follows 
1. Dry machining of  alloys generate high temperature at the tool-

wokpiece interface which affect various output parameters like cutting force , 

MRR, Surface Finish . 
2. Flood cooling method used for temperature control has various side 

effects such as Air Contamination, storing, pumping and disposing problems 

of  lubricants . 

3. MQL Technique gives the results comparable to that of Flood 
lubrication , But not much research has been done so far as MQL Machining 

of Aluminium Alloys are concerned. 

4. Ranque-Hilsch vortex tube assisted MQL Machining can be 
effectively used to control the Heat Generated during Machining. Not much 

research has been done in this area and it opens the avenue for future 

researchers. Future study can be conducted by using vortex tube along with 
the MQL Machining of Aluminium Alloys and to analyse the results by  
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using various types of  Lubricating oils and to optimize the parameters which 

provides best output parameters like cutting force , MRR, Surface , chip 

morphology , tool wear etc. 

5. Nitrogen assisted MQL Machining  can be effectively used to control 
the heat generated during machining and also reduces tool wear and also 

provides good lubrication 
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