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Abstract- Paper gives overview about the sustainable metal working fluids working, advantages and disadvantages. Their 
implementation is also discussed along with their limitations. Further advanced research shows use of new fluids for cutting 
operations such as liquid nitrogen technology, supercritical carbon dioxide process and use of vegetable oil as coolants for 
cutting operations. These all can be employed as Minimum Quantity Lubrication Technique [M.Q.L.]. Its main aim is to 
eradicate the wastage and disposal of fluids and also to reduce the illness caused to workers along with the damage caused to 
environment. They are compressed in the form of liquid or gas in a compressor and then with the help of nozzle they are 
directly sprayed on the work piece. 
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I.  INTRODUCTION 
 
Metal-cutting fluid is an indispensible additive which 
is used in metal-cutting process and performs 
functions of cooling, cleaning, anti-rust etc. They 
increase life of cutter along with production 
efficiency. All this ensures a prolonged life of the 
machine along with providing it stability and 
reliability during working conditions. In short they 
can be defined as “The fluids which are used during 
metal-cutting operations for reducing the amount of 
heat produced during friction”.   
During sustainable manufacturing the cost of the 
equipments used increases because the availability of 
natural resources and environmental quality for future 
generation needs to be preserved. Thus it can be said 
that metal-cutting fluids play an important role in 
sustainable manufacturing strategy. Sustainable 
metalworking fluids also called as “Cutting Fluids” 
while performing the general functions of cutting 
fluids such as lubricating chip-tool and tool-work 
piece interfaces, reducing the excess heat from work 
piece and cutting zone etc. their main advantage is 
that they do not harm the environment nor do they 
deplete the natural resources available. While the 
above mentioned functions can justify the usage of 
cutting fluids, their basic functions are to provide 
lubrication and cooling during any heat producing 
activity of the work piece.  The total cost of cutting 
fluids is 7-17% of total machining process. Although 
cutting fluids are used for cooling and lubrication at 
the end of this there is a need to eliminate them. The 
major categories of cutting fluids used in industry are: 
neat cutting oils, water-soluble fluids and gases. 
A major problem associated with oil based cutting 
fluids is their tendency to release harmful gases and 
oil mist. In addition to this the micro-droplets 
produced by water cutting fluids irritate the mucous 
of the human respiratory system and cause further 
infections. The cutting fluids are also susceptible to 
contamination by micro-organisms which leads to 
potential health problems for workers such as 

infection, breathing in of bio-aerosols or dermal 
contact with biocides utilized to control biological 
growth. The National Institute for Occupational 
Safety and Health (N.I.O.S.H.) estimates that 1.2 
million workers involved in various machining 
activities such as foaming and different metalworking 
operations are exposed to the cutting fluids yearly. If 
these cutting fluids are directly disposed into water 
bodies they carry large amount of toxic metals such 
as cobalt and lead into the surrounding environment 
along with a heap of chemicals such as corrosion 
inhibitors, surfactants and chlorinated fatty acids that 
pose utmost environmental risks. Responsible 
handling of used or waste fluid is needed to avoid 
contamination of different water bodies such as 
rivers, lakes, groundwater etc. 
 
Their handling requires pre-treatment or treatment of 
the waste cutting fluid but even then there maybe 
environmental issues associated with chip or work 
piece fluid carry off.  It can also be noted that the pre-
treatment or treatment it can be much more expensive 
than the price of the fluid itself. Therefore this 
method is not always effective and disposal in such 
cases may lead to unintentional pollution of water 
bodies. 
To overcome the problem of elimination and other 
health problems associated with conventional cutting 
fluids the M.Q.L. technique was introduced. The 
amount of cutting fluid used is in the range of 10-
100milliliters.This is supplied along with compressed 
air through a nozzle to lubricate and reduce the 
temperature and friction at the contact area of the 
chip-tool. In M.Q.L., the amount of residue of 
lubricant on the chip, work piece and tool holder is 
less which makes their cleaning easier and cheaper as 
compared to conventional cutting fluids. By taking 
into consideration nozzle pressure, number of pulses 
and amount of cutting fluid in each pulse during 
M.Q.L. cutting operation we can achieve high quality 
components. For better quality high pressure nozzle is 
generally selected.  
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II. DETAILS EXPERIMENTAL   
 
2.1. M.Q.L. Testing for drilling operation 
By making use of vegetable oil as M.Q.L. lubricant 
for drilling of cast aluminum silicon alloys, it was 
concluded that tool life can be increased by 
optimizing pressure of cutting fluid, volume of flow 
and location of feed nozzle. Experimental results of 
dry, M.Q.L. and flood-lubricated conditions during 
drilling of AA1050 aluminum concluded that cutting 
power and specific cutting force were high for dry 
milling but M.Q.L. and flood-lubricated conditions 
did not show much variation and also had similar 
surface finish results. Study of height of the burr 
under dry machining, M.Q.L. at flow rate of 
30ml/hour and flooding in the drilling was carried 
out. It was found that for the dry drilling smallest burr 
height was obtained and for M.Q.L. systems the 
largest was obtained.  
 

 
Fig.2.1.Various MQL Systems  

 
2.2. External and Internal M.Q.L. Feed 
The efficiency with which cutting fluid functions are 
performed under minimum quantity lubrication 
conditions, are influenced by the methods by which a 
fluid is added to the machining system. There are 
basically two methods by which the fluid can be 
applied. The first one is externally through the use of 
separately secured nozzles. The second one includes 
through channels which are built in the tool 
internally. 
For operations such as sawing, end and face milling 
and turning external supply method is used. When the 
ratio of 1/d is less than 3 then this method can be used 
for operations like drilling, reaming, tapping and 
boring. However there can be problems in this 
method if the parameters exceed this limit which can 
lead to replacement of tool several times to be wetted.  
  Comparatively internal feed method proves to be 
advantageous for drilling, reaming and tapping 
operations where 1/d ratio tends to be large. This 
guarantees that there is cutting fluid is always 

available close to the cutting edge and geometric 
clearance issues inherent supply to pipes and nozzles. 
One-channel and two-channel supply systems are also 
available. Separate feeding to the spindle of air and 
water are done which are then combined to form an 
aerosol just ahead of the cutting edge in case of two-
channel system. Every supply system has limitations 
on the amount of fluid that can be supplied to the 
cutting zone and also system selection depends 
majorly on the process need.  
 
2.3. M.Q.L. Testing for Milling Operation 
 An analytical model was prepared to predict 
the work piece temperature in peripheral milling in 
order to understand better the role of cutting fluids as 
coolants. Assuming heat transfer by means of natural 
convection during dry milling and using an inverse 
heat transfer method, the heat source strength was 
calculated. The amount of heat which was transferred 
to the work piece in the operation could be estimated 
using the cutting power data.  Then, the heat fraction 
for the set of wet milling tests is assumed to be same 
as the counterpart in the dry tests. With this the heat 
source strength can be estimated again, and now by 
using the cutting power and the heat fraction data, the 
convection coefficient of the cutting fluid can be 
estimated based on the temperature data.  
 
III.RESULTS AND DISCUSSION 
 
3.1. Minimum Quantity Lubrication  
 

 
Fig.5.1. Minimum Quantity Lubrication 

 

M.Q.L. which is also knows as semi-dry machining is 
quite similar to dry machining. M.Q.L. requires only 
a small amount of cutting fluid to be delivered 
accurately or precisely to the cutting surface. Almost 
all of the lubricant is used in the cutting process is 
either deposited on the equipment or vaporized from 
heat. Hence, there is absolutely no wastage of cutting 
fluid generated only that very small quantities may 
require a bit of extra cleaning and a room with proper 
ventilation facilities. Fluid selection is an important 
process for M.Q.L. because the fluid used must be a 
superior fluid such as vegetable or synthetic oil. Even 
though the costs of these superior fluids are higher it 
eliminates the need for costly fluid recycling and 
disposal services. This technique maybe an ideal 
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option as there is elimination of fluid waste and also 
the benefits of using oil is maintained, but the specific 
fluid delivery method for individual facilities requires 
an extremely proper understanding of the technical 
aspects of M.Q.L. which make it difficult or 
unfeasible to use this method  

 
Fig.2.2. Volume of material removed (v=260 m/min, f=0.14 

mm/rev, a=1 mm, a=0.5 m) 
 

 
Fig.2.3. Tool life at different cutting speeds (f=0.14 mm/rev, 

a=1 mm, a=0.5 mm) 
 
3.2. Liquid Nitrogen Technology  
Another option which can be considered is use of 
liquid nitrogen over vegetable oil or synthetic oil as 
this is cheap and also can perform the same duties of 
traditional cutting fluids by maintaining a constant 
low temperature and flow rate. Also because of its 
low temperature it enhances the finish quality and 
tool life. Liquid nitrogen is cheaper alternative for 
facilities because it is abundantly present in the air 
and also the cutting chips have no residual oil on 
them. This is safe to use as it harmlessly evaporates 
in the atmosphere.  
 Newly developed cutting technology uses liquid 
nitrogen technology in order to create cutting tool 
cooling equipment that eliminates the need for 
conventional oil coolants. Coupling of nitrogen with 
carbon dioxide is found to eliminate environmental 
problems associated with the traditional petroleum-
based flooded lubricant systems.  Therefore, this 
method is also used as an alternative. However, 
because of extremely low temperatures there is 
danger of causing frostbite and also non-combustible 

explosions due to pressure increases from warming. 
They can compromise or affect tolerances of tool in 
certain machining operations due to substantial or 
considerable temperature gradients. 
 
CONCLUSIONS 
 
Cutting fluids play an important role in machining 
operations. Hence, it is of utmost importance to use 
these fluids with good properties, conditions and also 
to know the kind of changes which proceed in the 
system and cause their formation. Monitoring system 
which is described in this article is simple to use and 
allows reducing changes of fluids properties, and 
improving production with reduction of cutting 
fluids. 

It can be concluded that metal working fluids can be 
designed according to the goals of sustainable 
manufacturing. It shows that these goals cannot be 
fully achieved if we use water-based metal working 
fluids or gas-based metal working fluids. For 
achieving these goals we should switch to minimum 
quantity lubrication system. Especially gas based 
minimum quantity lubrication system should be used 
because they lower the health risks and also 
environmental emissions which pollute the 
environment. There are also no disposal problems of 
these fluids. An extensive examination of the 
functions of cutting fluids and interactions with other 
machining system components has led to a general 
understanding of the roles that cutting fluids play in a 
metal cutting process. A model for the formation and 
behavior of cutting fluid mist has been presented. 
Health issues associated with exposure to cutting 
fluid mist have been discussed. Novel approaches 
have been identified that can be utilized to eliminate 
or greatly reduce the amount of fluid that is needed 
for a machining operation. Novel approaches have 
also been proposed to eliminate or control cutting 
fluid mist for those situations in which, for the short 
term, a cutting fluid is deemed to be a necessary 
process requirement. 
                            
Minimum quantity lubrication techniques represent 
another growing class of environmentally adapted 
lubricants (EALs). Due to this they face technical and 
economic barriers to implementation. Requirement of 
new delivery systems unlike those which are used in 
aqueous systems is one parameter which needs to be 
considered carefully. Therefore, unless environmental 
and health costs are considered, many companies 
have considered it costly for switching from their 
current system. The capital investment in this 
technique is very high. 
Minimum quantity lubrication techniques represent a 
growing class of environmentally adapted lubricant 
(EALs). Due to this they face technical and economic 
barriers to implementation and they need new 
delivery systems dissimilar to those used for aqueous 
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systems. Hence, until and unless environmental and 
health costs are considered, many companies have 
considered it costly and problematic to switch from 
their current system. Also the capital investment 
which is required for this technique is quite high. 
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