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ABSTRACT 
In this paper recent state of art and application of minimum quantity lubrication (MQL) in machining 

processes is presented. Machining with the MQL system presents huge potential for sustainability of 

global manufacturing industry. Companies are constrained by different legal frameworks and 

regulations and they are forced to use new techniques for cooling, flushing and lubrication to be 
economically, socially and environmentally friendly. Because of this, it is interesting for scientists and 

manufacturers to adopt new technologies to improve the quality of the finished product and to 

increase the tool life with the least impact on all sustainability segments of machining process. This 
can be achieved by employing alternative techniques of cooling like MQL system as a substitute for 

traditional emulsion flood cooling. 
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1. INTRODUCTION 

The main goal of any machining process besides better productivity and lower costs is to get a high 
quality products. In addition to input cutting parameters a major contribution to the quality of final 

products and tool life have cutting fluids (CFs). The first studies of CFs in machining processes began 

in the 18
th

 century and focus were to analyze of their impact on reducing friction and temperatures in 
the cutting zone [1]. Historical development of CFs Byers has described in the book "Metalworking 

Fluids" [2]. The most commonly used CFs in machining processes still are conventional or traditional 

oil emulsions. Conventional utilization of CFs have a negative impact on the sustainability of 

machining process. In recent years special attention in manufacturing industry was paid to use of 
conventional CFs. A significant component in technological planning of machining process represents 

proper choice of type and quantity of CFs and its delivery to the cutting zone as well as proper choice 

of appropriate combination of cutting parameters, cutting tool and workpiece. The implementation of 
sustainable development in machining process involves changes in type and quantity of used 

resources as well as proper storage and disposal of industrial waste [3]. Today manufacturing industry 

use more than 2.4 million liters of different CFs [4]. The United States utilization of CFs is estimated 

at 100 million gallons annually and the current worldwide consumption is about 640 million gallons 
annually. It is estimated that 52% is used for machining processes and 31% is applied to shaping 

processes [5]. Rabiei et al. [6] estimated annual usage of CFs by European Union is around 320,000 

tones, out of which 66% is disposed after usage. Many scientific research data indicate an increase in 
production costs about 17% by using conventional CFs [7]. Particularly in technologically advanced 

countries where it is possible to determine the extent of the negative impact of CFs on environmental, 

human and economic segments of sustainable machining [8, 9, 10]. Due to the reduction of negative 
impacts and enforcement of environmental and human protection laws, the manufacturing industry 

seeks to reduce the use of conventional CFs and to have alternative and sustainable approach in 

manufacturing. Alternative techniques represent a challenge for many scientists and researchers 

because they have to fulfill all technical and economic requirements placed for achieving of main 
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machining goals. Different alternative types for cooling, flushing and lubrication like minimum 

quantity lubrication (MQL) machining can help to build a sustainable manufacturing strategy and to 
reduce costs related with the use of conventional CFs.  

 

2. MINIMUM QUANTITY LUBRICATION MACHINING 

Compared to conventional CFs the MQL technique includes to apply mixture of minimum amount of 
lubricant and air or water in form of aerosol to the cutting zone [11]. Application of MQL aerosol 

mixture to the cutting zone can be possible in two different ways. The first one is external in the case 

when the lubricant is applied from outside and another possibility is internal through the rotating 
machine tool spindle and the inner channels of the tool [12]. Machining processes like milling, turning 

and grinding can be easily implemented with external MQL systems. The internal MQL systems 

enables successful aerosol delivery to the cutting zone through the cutting tool. This makes it possible 
to drill very deep holes and use very high cutting speeds [12]. These systems can be with an external 

atomizer with single channel or with an internal atomizer with two or multiple channels. Astakhov 

[13] states that the lack of internal systems can be the influence of spindle speed and current state of 

the internal channels on continuous delivery of aerosol. To ensure smooth flow of aerosol to the 
cutting zone by multiple system it is desirable that the system is fixed. Very important parameters 

during MQL machining is type and ratio of cutting fluids and lubricant, pressure (2-6 bars), flow rate 

(5-500 ml/h), number (1-2), distance (5-30 mm) and angle (30-60) of nozzles and so on [14, 15, 16]. 
Upadhyay et al. [17] in their paper gave a detailed view of the most influence MQL parameters on the 

efficiency of these technique. Depending on the machining process, material and geometry of the 

cutting tool and workpiece, lubricant types and input parameters, scientists and researchers give a 
different understanding about implementation of MQL technique in machining process. Bashir et al. 

[18] are analyzed the influence of cutting parameters and delivery of different amounts of oil ( from 

50 ml/h to 200 ml/h) using MQL techniques on the output values of surface roughness, cutting forces 

and tool wear during milling of hardened steel AISI 4140 (40 HRC). Due to the favorable penetration 
and interaction of aerosols between cutting tool and chips during delivery of 150 ml/h effect of built 

up edge - BUE is reduced. As a result minimum value of surface roughness and cutting force are 

achieved. Khan et al. [19] confirmed that the effects of MQL during turning of AISI 9310 alloy steel 
by using vegetable oil were very successful to reduce the cutting temperature compared to 

conventional emulsion cooling. Chetan et al. [20] performed turning of Nimonic 90 and compared dry 

machining, cryogenic machining and MQL machining. The authors pointed out that indicators of the 

tool wear, surface roughness and morphology of chips due to the corresponding combination of 
cooling and lubrication of cutting zone give a favor to the application of the MQL technique. Ekinović 

et al. [21] compared the results of the cutting force and temperatures in the cutting zone during MQL 

(type: OoW: Oil on Water) and dry turning of construction steel St52-3 and nickel based super alloy 
Nimonic 263. Results confirmed that difference between MQL and dry machining goes up to 25% in 

favor of MQL machining. Nouioua et al. [22] during turning of X210Cr12 steel with multi layer 

coated cutting tool concluded that MQL technique has a positive effect on reducing friction between 
cutting tool and workpiece. The temperature in the cutting zone is reduced and consequently the tool 

wear is lower about 23.34% compared with conventional and about 40% with dry machining. Liao et 

al. [23] reported about experiments carried out using the MQL technique during milling of  Inconel 

718. The authors used different combinations of oil and water ratio in the MQL system (10:90, 40:60, 
60:40 and 100: 0) and oils with different viscosities. For all experiments the pressure was 5 bar, 

nozzles were 20 mm away from the cutting zone at an angle of 45. Oil flow for all combinations of oil 

and water ratios is 20 ml/h, 60 ml/h and 100 ml/h. The authors pointed out that with lower ratio of oil 
and water (with lower viscosity oils) during high milling with higher flow can allow more efficient 

aerosol penetration into the cutting zone. In this research, the optimum water and oil ratio and the 

flow rate which the best output performance values are obtained during milling Inconel 718 alloys are 
60:40 and 60 ml/hr. Agrawal and Patil [24] compared results of the surface roughness and tool wear 

during turning of high speed steel using MQL technique with biodegradable oil. Experimental results 

indicated that surface roughness with MQL technique is lower about 6.7%, and the tool wear about 

0.14% compared to conventional machining. Liao et al. [25] claimed that the MQL technique 
provides better results of the surface roughness at higher cutting speeds by oils with lower viscosity 

compared to conventional and dry machining during milling of increased hardness steel. On the other 

hand Calgan and Buldum [26] state that studies about influence of the MQL system during machining 
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of softer materials is of great scientific importance. Based on the current state of art it can be 

concluded that the MQL technique can be an alternative to the conventional CFs application, 
especially during high speed machining. Also it can be concluded that using high pressure for delivery 

of aerosol in the cutting zone allows better penetration into the contact zone between  tool/worpiece 

and tool/chips compared to conventional cooling. Through literature review it is evident that there are 

a lot of space to explor the influence of MQL system parameters on output values of different 
machining processes with different types of cutting tool and workpiece material in combination with 

different machining parameters. MQL techniques are rarely represented in industrial practice, and 

therefore relatively unexplored areas and it is resulting in an insufficient utilization in view of the 
opportunities what it provides. 

 

3. CONCLUSION 
In this paper, the application of MQL technique during the machining process is presented. It may be 

concluded that MQL machining process represents acceptable solution in the terms sustainability of 

machining process. Advantages of this technique is possibility of the application of vegetable 

biodegradable oils, which are desirable in the machining process. Also small amount of aerosol 
mixture during machining enables temperature reduction in the cutting zone what have a positive 

impact to reduce cutting forces, tool wear and surface roughness during machining. The costs of 

implementing and maintaining of MQL are highlighted as disadvantages of this technique. Success in 
the application of MQL systems is mainly related to boundary conditions such as type of machining 

process, material and tool geometry, the type of coolant as well as the selection of appropriate input 

cutting parameters and parameters of MQL system. The influence of the above mentioned parameters 
on the output values of the machining process using the MQL system is different and variable 

considering the wide range of possible variance of each parameter individually. During recent 

research in literature specific and uniform recommendations of the best comibantion of MQL 

paramaters have not been obtained. From the viewpoint of the lack of recommendations and concrete 
indicators related to concrete selection of MQL parameters there is possible to provide a significant 

contribution to different machining processes with combinaition of different types of cutting tool and 

workpieces. It would be useful to give concreate results for further improvement of the MQL 
technique in order to meet requirements of sustainable machining and provide clear guidelines that 

will encourage greater application of this technique in practice. 
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