
www.jespublication.com Page No:342 

Vol 11, Issue 7,July/ 2020 

 ISSN NO: 0377-9254                                  

  

 

 

   
 

 

Study the Effect of Various Nanofluids in Different Machining 

Process: A Review 

Anamika Tiwari1, Anurag Singh2 and Deepak Agarwal3 

1 M.Tech Student, IET, Dr. Rammanohar Lohia Avadh University, Ayodhya, U.P., India. 

(Email Id: arpita10194@gmail.com) 
2Assistant Professor, IET, Dr. Rammanohar Lohia Avadh University, Ayodhya, U.P., India. 

(Email Id:shanu3736@gmail.com) 
3Assistant Professor, IET, Dr. Rammanohar Lohia Avadh University, Ayodhya, U.P., India. 

(Email Id:deepagg23me@gmail.com) 

Abstract: Various nanofluids (the particles of 

metal or non-metal of dimension 10^-9m are 

mixed with base fluid like water or 

conventional base fluid like mineral oil or in 

vegetable oils) are used in various machining 

like drilling, milling, grinding, and turning 

for increasing thermal conductivity, good 

surface finish, good lubricating property and 

rheological properties improvement of the 

machined surface. During conventional 

machining various machining processes used 

various minerals/vegetable oils which only act 

as lubricant and also cause adverse effect on 

environment and health of workers. Before 

use of nanofluids small size (macro or micro 

particles of metal or non-metal) are used into 

the oils for increasing thermal conductivity 

but problem of clogging takes place. Hence 

due to small sized nanoparticles in basefluid 

together reduces the clogging problem along 

with reduction of tool wear, thrust force, 

surface roughness, power consumption, 

cutting temperature and coefficient of 

friction. MQL in which coolant is blended in 

with packed air or wet fog and ideal splashing 

is done over tool and work piece interface and 

MQL-nanofluid approaches in machining 

processes are also discussed in this paper. The 

summary and conclusions are also presented 

on basis of data collected and some area for 

future research is also identified. 
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1. Introduction 

Expanding the heat dissipation zone is a basic 

prerequisite during the cutting procedures as it 

could offer compelling outcomes regarding 

cutting device life, vitality utilization, and 

production rates. The ordinary strategy for 

expanding the heat scattering for a few 

mechanical applications has concentrated on 

expanding the heat interaction region; however, 

it arises with an issue of the thermal 

administration framework size [1]. Along these 

lines the use of standard coolant occurs in metal 

cutting process in order to fabricate 

effectiveness, work quality, etc but we notice 

that conventional fluids just acts lubricating oil 

but appropriate decrease in temperature did not 

takes place, moreover, conventional fluid 

produce adversarial effect on heath of expert and 
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working condition [2]. So for growing the warm 

conductivity rate huge scope or little scope 

particles are used in conventional fluid so these 

particles extension in standard fluid reduced 

down the temperature yet some issue rises with 

them which are as following: Clogging of 

particles, pressure drop and rough surface finish 

due to plugged up particles among tool and work 

piece interface. 

So the need of nanometer size (<10^-9) particles 

rises as they are extraordinarily little in size thus 

no plugging up and better surface fulfillment  

obtained [3].  

However, in 1995, Choi built up a recently 

inventive class of thermal conductivity liquids 

that relies upon suspending nanoscale particles 

of metallic source with a normal molecule size 

of under 100nm into conventional heat transfer 

liquids and gave such sort of liquids the name 

"nanofluids" [4] 

Nanofluid: Nanofluid is the mix of base liquid 

or ordinary fluids(water, mineral oil, vegetable 

oil, glycol, and so on.) we are utilizing for our 

grease in our conventional time with the nano-

sized particles for example the particles of size 

10^-9m (Metal oxide: Aluminum oxide, and so 

on, Stable metal: Cu, Au, Carbon: carbon 

nanotube, precious stone, graphite, fullerene, 

Polymer: Teflon ) [5] 

[6] Graphical report regarding the research work 

of cooling fluid and sustainable (eco-friendly) 

machining approximate data of last 20 years 

presents that the cooling fluid research works are 

performed earlier and works on sustainable 

fluids starts nearly 2007-2008 and data are as 

below in figure 1: 

 

 

Fig.1 Graphical report regarding the research work of cooling fluid and sustainable (eco-friendly) 

machining approximate data of last 20 years [6] 

Minimum Quality Lubrication 

A few analysts inspected that the employment of 

cutting liquids insufficiently impacts the climate 

and human wellbeing similarly. Along these 

lines, the assembling businesses are searching 

for a method which limits the use of oils all 

through the metal slicing process because of 

budgetary and environmental anxieties [7]. 

Consequently, an effective arrangement of 

coolant work is requested that all the while 
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lessens the utilization of coolants and improves 

the efficiency—here MQL (coolant is blended in 

with packed air or wet fog and ideal splashing is 

done over tool and work piece interface) comes 

out as a substitute which can be mulled over in 

detail to get the favored objective and is much 

better than dry, flood method of cutting as 

shown in figure 2 [2]. 

Types of MQL techniques 

There are two types of MQL cooling technique: 

1. External MQL cooling/lubrication 

technique: Application of fine cool mist 

(a mixture of air and oil in aerosol form) 

through an external nozzle. 

2. Internal MQL cooling/lubrication 

technique: Supply of aerosol in internal 

passage to supply mist. 

 

 

 

 
 

Fig. 2.a. Comparison of cutting force at different cutting conditions with machining time, b. Comparison 

of average surface roughness at different cutting conditions[2] . 

 

2. Impact of nano‑enriched cutting 

liquids  

Researchers saw that mixing of nanometer-sized 

particles in the base fluid can possibly improve 

the various properties of the mixed fluid. 

Parameter of machining execution depends for 

the most part upon the lead of nanofluid under 

vacillated working/machining conditions. The 

various parameters look like Nanoparticle's 

obsession in base fluids, Nanoparticle's shape, 

size, sprinkle ramble heading, partition of 

shower and oil mode. For perfect execution, 

thought of all of these parameters (appropriate 

worth) during the decision of the nanofluid is 

crucial. In light of the accessible writing, use of 

nanofluids and impact of their parameters on 

different metal evacuation forms are discussed 

in the following: 

Table.1. Study of the Effect of Nanofluid as Cutting Fluids in Drilling Process 

References Nano 

Particles 

Base Fluid Concentration 

of NP’s in Base 

Fluid 

Size 

(nm) 

Nanofluid Effect on Drilling Process 

[8] Al2O3 Soybean oil 1.5vol% 20 Drilling torque and thrust forces lowers as compared 

to dry and wet drilling situations and increment in 
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no. of drilled holes. 

[9] TiO2 Soluble oil 0.3, 0.6, 1.0 

wt% 

20 Increases the cooling, lubricating and heat transfer 

coefficient.  

[10] MWCNT Hydrogenated 

oil 

22, 50, 100 ppm 10-12 Cutting fluids thermal conductivity increases rapidly 

as particles of MWCNT is added in base fluid.  

[11] ND Paraffin oil and 

vegetable oil 

1.0, 2.0vol% 30  Paraffin oil-1% ND 

 Vegetable oil-2% ND 

Reduces the drilling torque and thrust 

forces occur more in vegetable oil. 

[12] ND Vegetable oil 1.0, 2.0vol% <100 Reduction in torque, force and cavity formation and 

increment the life of tool. 

[13] ND Vegetable oil 0, 2, 4vol% <100 Reduces the power consumption and torque during 

drilling process. 

 

During drilling process, researchers use different 

concentration of NP’s in basefluid  with 

different size or shapes and they obtained that 

the drilling torque, force, power consumption 

and thrust force decreases while thermal 

conductivity, lubricating property, number of 

drilled holes increased. During drilling 

compressed air MQL is evacuated with wet fog 

MQL henceforth surface completion of opening 

expanded and flank wear of tool decreased and 

in profound gap penetrating effectively chip 

expulsion happens with this MQL strategy. The 

below graph in figure 3 shows the  tool wear 

progression during drilling of gaps with Flood, 

MQL, MQL Nanofluid [14]: 

 

Fig.3 Tool wears progression during holes drilling with Flood, MQL, MQL Nanofluid[14] 

 

Table.2. Study of the Effect of Nanofluid as Cutting Fluids in Milling Process 

References Nano 

Particles 

Base Fluid Concentration 

of NP’s in Base 

Fluid 

Size 

(nm) 

Nanofluid Effect on Milling Process 

[15] SiO2 ECOCUT SSN 322 

mineral oil 

0.2, 0.5, 1.0 

wt% 

5-15 Minimum cutting forces and cutting 

temperature at 0.2 wt% of SiO2 in 
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basefluid. 

[16] SiO2 ECOCUT SSN 322 

mineral oil 

0.2, 0.5, 1.0 

wt% 

5-15 A thin protective film formed between 

tool and work interface and hence 

minimize surface roughness.  

[17] MoS2 ECOCUT HSG 905S 

oil 

0.2, 0.5, 1.0 

wt% 

20-60 0.5wt% gives the best surface condition 

for machining but when we increase 

concentration up to 1 wt% surface 

roughness also increases.  

[18] MoS2 ECOCUT HSG 905S 

oil 

0.2, 0.5, 1.0 

wt% 

20-60  Minimum forces at 1wt% 

MoS2, 4 bar and 30º nozzle 

angle, 

 Best surface finish at0.5wt%, 

4 bar and 60º nozzle angle. 

[19] TiO2 Deionized Water  1.5 wt% 40 Lesser chips, Higher cooling rate 

and good lubrication  

[20] TiO2 Deionized Water 0.5, 1.5, 2.5, 3.5, 

4.5vol% 

40 2.5vol% of TiO2 produces lowest tool 

wear.  

[21] TiO2 Ethylene Glycol 0.5, 1, 1.5vol% 50 TiO2 nanofluid application with EG 

enhances tool life by 40.55% as 

compared to conv. water-soluble 

coolant.   

 

By the use of different NP's in conventional 

liquid builds the milling proceess execution as 

far as bringing down the force, powers and 

vitality and the utilization of nanofluid with 

spout of thin stream and high pressure air with 

25% decrease notice in utilization of oil. [22] 

Cutting temperature diagram in regards to 

processing activity at various centralization of 

Al2O3 with activity parameters feed ( 

0.2mm/tooth), profundity of cut (1mm) and 

cutting rate (140m/min) is plotted beneath in 

figure 4 and tells about the warm scattering 

property by various convergence of Al2O3 are 

 

Fig.4 Cutting temperature at different concentration of Al2O3 in basefluid [22] 

 

Table.3. Study of the Effect of Nanofluid as Cutting Fluids in Turning Process 

References Nanoparticles Base Fluid Concentration 

of NP’s in Base 

Size 

(nm) 

Nanofluid Effect on Turning 

Process 
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Fluid 

[23] Al2O3 SolCut (SO) 0.2, 0.4, 0.6 wt% <50 Cutting forces and tool wear minimizes 

due to low µ value of Al2O3 

[24] Al2O3 Deionized Water 0.1vol% 40  Less tool wear obtained 

 Chip curling minimized 

 Low coefficient of friction 

[25] Graphite LB2000 

PriEco6000 

0.1, 0.5 wt% 35 Even at high speed, less value of cutting 

forces and temperature obtained with 

graphite NP’s. 

[26] Al2O3 MoS2 

Graphite 

Vegetable oil 3.0 wt% 40 Good performance recorded as 

compared to thermal carrying capacity 

of graphite is high. 

[27] SiO2 Mineral oil 0.2, 0.5 1.0 wt% 5-15 Lowest tool wear and very fine surface 

finish obtained at 0.5 wt% SiO2 NP’s in 

basefluid. 

[28] CuO Water 0.5, 1.0, 2.0, 3.0, 

4.0, 5.0, 6.0, 7.0, 

8.0vol% 

<100 1% CuO NP’s conc. gives no variation 

in temperature profile and hence tool 

life increases. 

[29] Ag Distilled Water 0.5vol% - 0.5vol% Ag NP’s reduces the 

Temperature, surface roughness & 

cutting forces. 

[30] MWCNT Distilled Water 0.2vol% 10-20 Reduction in cutting forces & surface 

roughness by 5-8% & 9-22% 

respectively with MWCNT. 

[31] Nanoboric acid SAE-40 oil and 

coconut oil 

0.25, 0.5, 1.0, 2.0, 

3.0, 4.0, 5.0 wt% 

50 Reduction in cutting temperature, 

increase in tool life & surface finish. 

[32] Nanoboric acid Coconut oil 0.25, 0.5, 0.75, 1.0 

wt% 

50 Reduction in cutting temperature, 

increase in tool life & surface finish. 

[33] MoS2 

GF 

Cu 

CuO 

Calcium-based 

Grease 

1, 3, 5, 10, 20 wt% 

0.2, 0.5, 1, 3, 5 

wt% 

1, 3, 5, 10, 20 wt% 

1, 3, 5, 10, 20 wt% 

1000 

150 

200 

48 

Among all NP’s, the 10 wt% Cu 

particles have lowest value of tool wear 

and finest surface finish. 

 

As the grouping of NP expanded in base liquids, surface finish improved because of the arrangement of a 

meager defensive film among tool and work material surfaces and furthermore by decrease of the 

coefficient of grinding results decrement in cutting power and tool wear. 

 

Table.4. Study of the Effect of Nanofluid as Cutting Fluids in Grinding Process 

References Nano-particles Base Fluid Concentration of 

NP’s in Base 

Fluid 

Size 

(nm) 

Nanofluid Effect on Grinding 

Process 

[34] Al2O3 TRIM E709 oil 1.0 wt% <100 As wearing of wheel reduced, so 

surface finish increase and 

temperature decrease and G- ratio 

improved. 

[35] Al2O3 

ND 

Paraffin oil 2.0, 4.0vol% 30 and 

150 ml 

ND particles are much better than 

Al2O3 because of its good 
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of each lubricating property grinding force 

reduced. 

[36] Al2O3 Deionized Water 0.5 wt% 10 0.5 wt% Al2O3 with water 

(deionized) improve heat carrying 

capacity as compare to water. 

[37] Al2O3 

MoS2 

Deionized Water 

Canola oil 

1.0 wt% 

1.0vol% 

10 

70 

 Low coefficient of 

friction. 

 Reduction in grinding 

force. 

 Grinding temperature 

reduced. 

[38] Al2O3 Palm oil 0.5, 1, 1.5, 2, 2.5, 

3, 3.5, 4vol% 

50 Energy consumption and force ratio 

reduced at 1.5vol% of Al2O3 in 

Palm oil. 

[39] MoS2 Paraffin oil, 

soybean oil and 

CANMIST oil 

5.0, 20 wt% <100 As number of MoS2 particle 

increases, the grinding ratio 

increases and good surface finish 

obtained. 

[40] MoS2 Soybean oil 5.0, 20 wt% <100  Less coefficient of friction 

obtained 

 G-force and G-ratio 

increased  

[41] MoS2 Soybean oil 2.0, 8.0 wt% <100 Lowest value of temperature 

obtained at 8 wt% of MoS2 and fore 

ratio also reduced to a great extent. 

[42] MoS2 Soybean oil, Palm 

oil, Rapeseed oil 

and Paraffin oil. 

2.0, 5.0 wt% 50 Best lubricating property with MoS2 

NP in different oils. 

[43] CNT SAE 20W40 oil 0.2vol% 1-2 Average surface roughness and Root 

Mean Square value improved by 

adding CNT basefluid (mineral oil). 

[44] MWCNT SAE 20W40 oil 0.2vol% 10-20 Nano-sized surface quality 

improved by MWCNT. 

[45] MWCNT Deionized Water 0.6, 0.8, 1.0, 1.2, 

1.4vol% 

50  Wheel wear reduced. 

 Material removed from 

work piece increased. 

 G- Force reduced.  

 Good surface finish 

obtained. 

[46] Ag 

 

ZnO 

Deionized Water 10, 20, 30vol% of 

colloidal Ag 

0.01, 0.1 0.5vol% 

ZnO 

25 

 

10 

Spreading property and lubricating 

property of ZnO is good. 

[47] CNT-MoS2 Synthetic oil 2, 4, 6, 8,10, 

12vol% 

30 Mixing of CNT-MoS2 gives: 

 good surface finish 

 better  G-ratio 

[48] MoS2 

ZnO2 

Polycrystalline 

Diamond 

Soybean oil 2, 4, 6, 8,10vol% 50  6vol% nanofluid has less 

energy consumption and 

G-force value. 

 ZrO2 behaves as bearing 

during grinding. 
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Ordinary liquid has no or exceptionally less 

warm conductivity and warmth move rate and 

consequently by the utilization of NP's in 

customary liquid improve crushing execution by 

decreasing surface unpleasantness, temperature, 

granulating power and G-proportion as the NP's 

carries on as a metal roller among haggle 

surface. Carbon NP with dispersant(5 gm in 

1000ml) utilized then Carbon NMQL conditions 

can give superb grease and cooling, which lead 

to high surface quality, little pounding powers 

and minor subsurface harm when contrasted 

with the dry, flood and MQL granulating 

conditions. While in grinding, successful use of 

cutting liquid is finished by setting spout point 

and separation of spout from which spraying of 

nanofluid is done on work piece surface. 

Therefore, surface roughness and grinding 

power diminished and G-proportion increments. 

So along these lines granulating decreases the 

expense of assembling and increment the 

efficiency and yield of machining process. 

[49] G-ratio approximate variation with different 

method of lubrication is show in following 

figure 5 as: 

 

Fig.5 G-ratio variation with different method of lubrication [49] 

3. CONCLUSION 

The review paper presents a synopsis of 

some significant distributed research deals 

with use of different nanofluid in various 

metal expulsion process like drilling, 

milling, turning and grinding. The survey 

article likewise portray the different 

parameters like Nanoparticle's focus in base 

liquids, Nanoparticle's shape, size, splash 

spout direction, separation of shower and oil 

mode. From writing audit, it is discovered 

that different properties (surface completion, 

warm conductivity, and so on) are gotten at 

suitable fixation as it were. Besides, NP's in 

basefluid together diminishes the instrument 

wear, push power, surface unpleasantness, 

power utilization, cutting temperature and 

coefficient of erosion. The following 

conclusion drawn from the literature review- 

 NP's makes metal roller impact among 

instrument and work piece and 

consequently lessens grating, push 

power, burr arrangement, and expanded 

smaller scale penetrated gaps quality.  

 1 and 2vol% of ND in oil decreases the 

torque, power and pit development and 

builds the life of hardware and 4vol% of 

ND in oil diminishes the force 

utilization and torque during process.  

 Lowest instrument wear and fine surface 

completion acquired at 0.5 wt% SiO2 in 

basefluid and least cutting powers and 
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temperature at 0.2 wt% of SiO2.  

 Ethylene glycol-based TiO2 nanofluid 

expanded the device life by 40.55 % and 

0.5vol% Ag NP's decreases: 

Temperature, surface unpleasantness 

and cutting powers. NP's warmth move 

rate or warm conductivity upgrade (%) 

in ethylene glycol (EG) is more than 

basically by water as a basefluid.  

 The surface unpleasantness was most 

elevated (0.321 μm) when 0.5% Al2O3 

nano-particles were blended in with 

palm oil and then at 2.5% Al2O3 the 

base surface harshness (0.262 μm) and 

of course the surface harshness 

expanded and arrived at 0.312 μm. At 

the point when 1wt% of Al2O3 of size 

30nm is blended in with vegetable oil 

then the base surface unpleasantness 

was 0.354 μm and force utilization is 

0.528 kW. 

 By utilizing Al2O3 with Soybean oil 

and Vegetable oil we found that by 

utilization of soybean oil the amount of 

penetrated openings expanded yet by 

vegetable oil the nature of bored gap 

improved. Nanoparticles make a metal 

roller impact between the device and 

work piece that decrease the contact and 

push powers and thus flank wear, the 

external corner harm, and the breaking 

of the drilling instrument diminished 

and proficiently drilling done by Al2O3 

nanofluid. 

 Carbon NP with dispersant(5 gm in 

1000ml) utilized then Carbon NMQL 

conditions can give superb grease and 

cooling, which lead to high surface 

quality, little pounding powers and 

minor subsurface harm when contrasted 

with the dry, flood and MQL 

granulating conditions. 

 

 4. FUTURE SCOPE 

 By the application of cooling 

liquid/nanofluid in machining, work 

piece get good surface finish because of 

different property upgrade like high 

thermal conductivity, great greasing up 

property and rheological properties of 

nanofluid. In any case, the properties 

can be improved by changing different 

parameters like NP's size, shape, focus, 

stream rate, spray nozzle angle and 

distance of spraying. The drawbacks of 

utilizing nanofluids are that it gives 

negative effect on condition and 

worker's health and cost is additionally 

high. Along these lines, degree is there 

for scientists to develop modified 

nanofluid which are eco-friendly and 

cheaper. Another promising territory is 

to make/test the mix of various kinds of 

nanoparticles (hybrid nanoparticles) so 

as to improve the outcomes with respect 

to metal removal rate, surface, thermal 

conductivity and various other different 

properties 
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