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Abstract

This research paper explores the integration of nanotechnology into Minimum Quantity Lubrication (MQL) systems for
enhancing machining processes. Nanotechnology offers a novel approach by incorporating nanoparticles into lubricants,
thereby improving thermal management, reducing friction, and enhancing overall machining efficiency. The paper reviews
recent advancements in nanofluid MQL across various machining operations such as milling, turning, grinding, and drilling,
highlighting significant improvements in tool life, surface finish quality, and environmental sustainability. Key properties of
nano-lubricants, including thermal conductivity, wettability, and tribological performance, are discussed in detail, empha-
sizing their critical role in mitigating tool wear and optimizing cutting conditions. It was also observed that nanofluid MQL
method directly aids in improving the cooling and lubrication process during machining, which leads to increasing overall
efficiency and process stability. In addition, the improved tribological properties reduce friction and wear between cutting
instruments and workpieces during the nanofluid MQL process. Hence, nanofluid MQL systems become a viable alterna-
tive to traditional machining lubrication systems in a variety of applications. Furthermore, the future prospects of nanofluid
MQL machining are explored, focusing on potential innovations and applications that could further revolutionize precision
manufacturing. Ultimately, this paper underscores the transformative impact of nanofluid MQL on modern machining prac-
tices and its potential to drive sustainable technological advancements in the manufacturing industry.
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1 Introduction remove extra material from a workpiece in order to mold it

into the desired shape is known as metal machining. Machin-

1.1 Background

The process of developing a product is referred to as “manu-
facturing.” Metals are shaped into useful products/shapes by
a variety of manufacturing processes. Using a cutting tool to
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ing methods have been there for a while and played a crucial
part in the advancement of the engineering upheaval [1-3].
There has been a lot of interest in investigating machining
processes under dry or near-dry conditions recently [4]. This
is a consequence of the fact that the cutting fluids employed in
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machining operations generate an array of problems with peo-
ple’s health and production expenses [5]. Toxic cutting fluids
cause skin irritation, respiratory difficulties, cancer, and other
disorders [6]. Based on a study carried out by the German
Social Accident Insurance, the costs of using and disposing
of cutting fluids contribute to about 16% of the overall cost
of production [7, 8]. Based on these conclusions, researchers
have emphasized that manufacturing methods in the modern
era should be in conformity with cleaner production standards
and should be free or use a minimal quantity of cutting fluids
[9-11]. However, despite the recent attempts to avoid the use
of cutting fluids, they are still widely used in machining opera-
tions as they were the main factor to increase the cutting tool
life and improve the surface characteristics [12—14]. Also, the
cutting fluids execute a wide range of tasks throughout the
metal cutting process, such as forming a coating of lubricating
oil, removing the heat generated during the machining pro-
cess, disposing of the chips generated, improving the cutting
environment, and eventually raising the quality standard of
the finished product [15, 16]. Hence, it is important to explore
new cutting technologies and lubricating methods, in order to
remove the challenges faced by conventional cutting methods
to make them environmentally friendly without compromising
the finished product quality and tool life [17-19].

1.2 Importance

In industries, a range of lubricants have been utilized to pro-
long machine life and minimize wear and friction. Metal work-
ing fluids (MWF) are lubricants used in the metal working
sector, which account for approximately 5% of all industrial
lubricants [20-22]. Use of cutting fluids in metal machining
specifically results in an increase in tool life and improved
surface quality as the cutting fluids act as a medium to perform
lubrication, provide cooling action, and aid in chip evacuation
and can boost efficiency by allowing faster cutting parameters
[23, 24]. Hence, for a sustainable machining process, which
at present gains rapid concern due to environmental problems
and depletion of natural resources [25-28], a suitable alterna-
tive to MWFs needs to be found out so that the characteris-
tics of conventional machining method cannot be abolished
[29, 30]. Because most lubricants are made of mineral oil,
which is extracted from petroleum, they are hazardous and
non-biodegradable, causing a negative impact on the environ-
ment. Furthermore, machinists in the metalworking business
have a significant likelihood of developing health problems
from prolonged exposure to mineral oil-based MWFs, such
as asthma, skin irritation, and bronchitis [31-33]. However,
dry cutting technology, which was first used in the 1990s,
completely eliminated the use of cutting fluid [34]. Several
investigations regarding the possibilities of dry machining
have been carried out in academia and industry [14, 35, 36],
offering novel application possibilities within the field of
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environmental sustainability. The realization of cleaner pro-
duction techniques has been significantly accelerated by this
[37-39]. But in dry machining, the high temperature encoun-
tered during the machining process cannot be lowered due to
the absence of a cooling medium [40, 41]. Also, dry machining
results in a higher cutting force, thermal gradient, and residual
stress, which adversely diminishes the workpiece surface fin-
ish, reduces surface integrity, and might result in a shorter tool
life [42—44]. These problems limited the use of dry machining
to the machining of soft materials only. As an alternative to
dry machining, air-cooling methods have been used which is
also an environmentally sustainable method. The air-cooling
method provides a substantial improvement over dry machin-
ing; however, it introduced new issues, such as wrinkles and
chipping [45-47]. In addition, the difficult-to-machine mate-
rials machined under the air-cooling process do not provide
satisfactory results [48, 49], which ultimately concluded that
air-cooling machining is not the optimal approach for sustain-
able machining method [50, 51]. Hence, it was concluded
by the researchers that it was impossible to eliminate MWFs
completely from the machining process. Therefore, an envi-
ronmentally biodegradable lubricant (like vegetable oils) or
quantity of lubricant used should be minimized (like Minimum
Quantity Lubrication), or use of hybrid lubricants by adding
nanoparticles in mineral oil-based lubricants to make them
environmentally friendly and safe to use for the machinists in
addition to without compromising the machining efficiency of
the method are some of the approaches proposed for sustain-
able machining [31, 33, 52-54]

1.3 Objective

Vegetable oils are increasingly being utilized as an alter-
native to petroleum-based polymeric MWFs in machin-
ing operations because of a growing interest to implement
environmentally friendly machining [55-57]. Vegetable
oils are biodegradable, non-toxic, and renewable. Addi-
tionally, they have low volatility, a high ignition point, and
good viscosity, all of which contribute to the formation of
boundary lubrication, making them suitable to be employed
in the metal machining industry as a sustainable lubricant
[58-60]. Hence, a number of investigations had been per-
formed in recent times to develop new bio-based cutting
fluids or use existing vegetable oils as a possible substitute
for mineral-based lubricants during machining operations.
Some of the prominent examples are the use of rapeseed
oil [61, 62], coconut oil [63, 64], canola oil [65, 66], sun-
flower oil [67, 68], jatropha oil [69, 70], mango seed oil [71,
72], and groundnut oil [73, 74] as a lubricant in machin-
ing operations. However, vegetable oils have one serious
inherent drawback which limits their use as a lubricant in
machining operations, and that is poor thermal and oxida-
tion stability, reduced fluid flow, and solidification chances
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machining is poised to revolutionize precision machining,
fostering innovation, efficiency, and sustainable growth in
global manufacturing.

Acknowledgements The authors would like to express their sincere
gratitude to all the people whose research and insights have provided
a valuable foundation for this work. Thank you for your significant
contributions to the field.

Author contribution Xu Moran: conceptualization.
Saood Ali: methodology, investigation, writing—original draft
preparation.
Rendi Kurniawan: writing—reviewing and editing, investigation.
Rohit Kumar Singh Gautam: validation.
Thirumalai Kumaran Sundaresan: writing—reviewing and editing.
Khursheed Ahmad: writing—reviewing and editing.

Data availability This publication is supported by multiple datasets
which are available at locations cited in the “References” section of
this paper.

Declarations

Ethics approval An ethics statement is not applicable because this
study is based exclusively on published literature.

Competing interests The authors declare no competing interests.

References

1. Hadad M, Hadi M (2013) An investigation on surface grinding
of hardened stainless steel S34700 and aluminum alloy AA6061
using minimum quantity of lubrication (MQL) technique. Int
J Adv Manuf Technol 68:2145-2158. https://doi.org/10.1007/
s00170-013-4830-3

2. SuY, GongL, LiB, LiuZ, Chen D (2016) Performance evalua-
tion of nanofluid MQL with vegetable-based oil and ester oil as
base fluids in turning. Int J Adv Manuf Technol 83:2083-2089.
https://doi.org/10.1007/s00170-015-7730-x

3. Virdi RL, Pal A, Chatha SS, Sidhu HS (2023) A review on
minimum quantity lubrication technique application and chal-
lenges in grinding process using environment-friendly nanoflu-
ids. J Braz Soc Mech Sci Eng 45:238. https://doi.org/10.1007/
s40430-023-04159-0

4. Swain S, Patra SK (2023) Advancements in cooling techniques
and its impact on machining: A review. Mater Today Proc.
https://doi.org/10.1016/j.matpr.2023.02.438

5. Gupta MK, Korkmaz ME (2023) A conceptual framework for
sustainability impact assessment in machining bohler tool steel
under hBN-enriched nano cutting fluids environment. Sustain
Mater Technol 37:¢00669. https://doi.org/10.1016/j.susmat.2023.
e00669

6. Hirudayanathan HP, Debnath S, Anwar M, Johar MB, Elumalai
NK, Mohammed Igbal U (2023) A review on influence of nano-
particle parameters on viscosity of nanofluids and machining
performance in minimum quantity lubrication. Proc Inst Mech
Eng, Part E. https://doi.org/10.1177/09544089231189668

7. Hamran NNN, Ghani JA, Ramli R, Haron CHC (2020) A review
on recent development of minimum quantity lubrication for sus-
tainable machining. J Clean Prod 268:122165. https://doi.org/10.
1016/j.jclepro.2020.122165

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Long TT, Duc TM (2018) Micro/nanofluids in sustainable
machining. Microfluid Nanofluidics, InTech. https://doi.org/10.
5772/intechopen.75091

. Ingarao G, Priarone PC, Gagliardi F, Di Lorenzo R, Settineri

L (2015) Subtractive versus mass conserving metal shaping
technologies: an environmental impact comparison. J Clean
Prod 87:862-873. https://doi.org/10.1016/j.jclepro.2014.10.
018

Kumar G, Sen B, Ghosh S, Rao PV (2024) Strategic enhance-
ment of machinability in nickel-based superalloy using eco-
benign hybrid nano-MQL approach. ] Manuf Process 127:457—
476. https://doi.org/10.1016/j.jmapro.2024.08.015

Hajibabaei M, Behnamian J (2023) Fuzzy cleaner production in
assembly flexible job-shop scheduling with machine breakdown
and batch transportation: Lagrangian relaxation. ] Comb Optim
45:112. https://doi.org/10.1007/s10878-023-01046-1

Adin MS (2024) Effects of cutting geometries and cutting
parameters on the surface roughness and kerf width of X60 steel
machined by laser beam. J Mater Eng Perform. https://doi.org/
10.1007/s11665-024-10152-y

Sen B, Yadav SK, Kumar G, Mukhopadhyay P, Ghosh S (2023)
Performance of eco-benign lubricating/cooling mediums in
machining of superalloys: a comprehensive review from the per-
spective of Triple Bottom Line theory. Sustain Mater Technol
35:e00578. https://doi.org/10.1016/j.susmat.2023.e00578
Sankaran Nair S, Prabhakaran Nair K, Rajendrakumar PK (2018)
Micro and nanoparticles blended sesame oil bio-lubricant: study
of its tribological and rheological properties. Micro Nano Lett
13:1743-1746. https://doi.org/10.1049/mnl.2018.5395

Ross NS, Mashinini PM, Rai R, Gupta MK (2023) Carbon nano
dots mixed rice bran oil as a cutting fluid for enhanced lubrica-
tion/cooling in milling of additively manufactured 316 stainless
steel. J Mol Liq 391:123200. https://doi.org/10.1016/j.molliq.
2023.123200

Sen B, Mia M, Krolczyk GM, Mandal UK, Mondal SP (2021)
Eco-friendly cutting fluids in Minimum Quantity Lubrication
assisted machining: a review on the perception of sustainable
manufacturing. Int J Precis Eng Manuf - Green Technol 8:249—
280. https://doi.org/10.1007/s40684-019-00158-6

Mahian O, Bellos E, Markides CN, Taylor RA, Alagumalai
A, Yang L et al (2021) Recent advances in using nanofluids in
renewable energy systems and the environmental implications of
their uptake. Nano Energy 86:106069. https://doi.org/10.1016/j.
nanoen.2021.106069

Said Z, Rahman S, Sharma P, Amine Hachicha A, Issa S (2022)
Performance characterization of a solar-powered shell and tube
heat exchanger utilizing MWCNTs/water-based nanofluids: an
experimental, numerical, and artificial intelligence approach.
Appl Therm Eng 212:118633. https://doi.org/10.1016/j.applt
hermaleng.2022.118633

Liu M, Li C, Zhang Y, Yang M, Gao T, Cui X et al (2023) Analy-
sis of grinding mechanics and improved grinding force model
based on randomized grain geometric characteristics. Chin J
Aeronaut 36:160-193. https://doi.org/10.1016/j.cja.2022.11.005
Afonso IS, Nobrega G, Lima R, Gomes JR, Ribeiro JE (2023)
Conventional and recent advances of vegetable oils as metal-
working fluids (MWFs): a review. Lubricants 11:160. https://doi.
org/10.3390/lubricants11040160

Kurre SK, Yadav J (2023) A review on bio-based feedstock, syn-
thesis, and chemical modification to enhance tribological proper-
ties of biolubricants. Ind Crops Prod 193:116122. https://doi.org/
10.1016/j.indcrop.2022.116122

Osama M, Singh A, Walvekar R, Khalid M, Gupta TCSM, Yin
WW (2017) Recent developments and performance review of
metal working fluids. Tribol Int 114:389-401. https://doi.org/
10.1016/j.triboint.2017.04.050

@ Springer


https://doi.org/10.1007/s00170-013-4830-3
https://doi.org/10.1007/s00170-013-4830-3
https://doi.org/10.1007/s00170-015-7730-x
https://doi.org/10.1007/s40430-023-04159-0
https://doi.org/10.1007/s40430-023-04159-0
https://doi.org/10.1016/j.matpr.2023.02.438
https://doi.org/10.1016/j.susmat.2023.e00669
https://doi.org/10.1016/j.susmat.2023.e00669
https://doi.org/10.1177/09544089231189668
https://doi.org/10.1016/j.jclepro.2020.122165
https://doi.org/10.1016/j.jclepro.2020.122165
https://doi.org/10.5772/intechopen.75091
https://doi.org/10.5772/intechopen.75091
https://doi.org/10.1016/j.jclepro.2014.10.018
https://doi.org/10.1016/j.jclepro.2014.10.018
https://doi.org/10.1016/j.jmapro.2024.08.015
https://doi.org/10.1007/s10878-023-01046-1
https://doi.org/10.1007/s11665-024-10152-y
https://doi.org/10.1007/s11665-024-10152-y
https://doi.org/10.1016/j.susmat.2023.e00578
https://doi.org/10.1049/mnl.2018.5395
https://doi.org/10.1016/j.molliq.2023.123200
https://doi.org/10.1016/j.molliq.2023.123200
https://doi.org/10.1007/s40684-019-00158-6
https://doi.org/10.1016/j.nanoen.2021.106069
https://doi.org/10.1016/j.nanoen.2021.106069
https://doi.org/10.1016/j.applthermaleng.2022.118633
https://doi.org/10.1016/j.applthermaleng.2022.118633
https://doi.org/10.1016/j.cja.2022.11.005
https://doi.org/10.3390/lubricants11040160
https://doi.org/10.3390/lubricants11040160
https://doi.org/10.1016/j.indcrop.2022.116122
https://doi.org/10.1016/j.indcrop.2022.116122
https://doi.org/10.1016/j.triboint.2017.04.050
https://doi.org/10.1016/j.triboint.2017.04.050

The International Journal of Advanced Manufacturing Technology

23.

24.

25.

26.

217.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

Antonicelli M, Piccininni A, Cusanno A, Lacedra V, Palumbo
G (2023) Evaluation of the effectiveness of natural origin met-
alworking fluids in reducing the environmental impact and the
tool wear. J Clean Prod 385:135679. https://doi.org/10.1016/j.
jelepro.2022.135679

Wickramasinghe KC, Sasahara H, Rahim EA, Perera GIP (2020)
Green Metalworking Fluids for sustainable machining applica-
tions: a review. J Clean Prod 257:120552. https://doi.org/10.
1016/j.jclepro.2020.120552

Adin MS (2024) Machining aerospace aluminium alloy with
cryo-treated and untreated HSS cutting tools. Adv Mater Process
Technol 10:2664-2689. https://doi.org/10.1080/2374068X.2023.
2273035

Adin MS, Adin H (2024) Machining eco-friendly jute fiber-rein-
forced epoxy composites using specially produced cryo-treated
and untreated cutting tools. Polymers (Basel) 16:3329. https://
doi.org/10.3390/polym16233329

Jayal AD, Badurdeen F, Dillon OW, Jawahir IS (2010) Sustain-
able manufacturing: Modeling and optimization challenges at the
product, process and system levels. CIRP J Manuf Sci Technol
2:144-152. https://doi.org/10.1016/j.cirpj.2010.03.006
Schultheiss F, Zhou J, Grontoft E, Stahl J-E (2013) Sustainable
machining through increasing the cutting tool utilization. J Clean
Prod 59:298-307. https://doi.org/10.1016/j.jclepro.2013.06.058
Elsharaky EA, Mishrif MR, El-Tabei AS, El-Tabey AE (2024)
Performance of new synthesized emulsifiers in ecofriendly metal
cutting fluid formulations. Sci Rep 14:5299. https://doi.org/10.
1038/541598-024-54636-2

Singh AK, Kumar A, Sharma V, Kala P (2020) Sustainable
techniques in grinding: State of the art review. J Clean Prod
269:121876. https://doi.org/10.1016/].jclepro.2020.121876

. Shokrani A, Dhokia V, Newman ST (2012) Environmentally con-

scious machining of difficult-to-machine materials with regard
to cutting fluids. Int J Mach Tools Manuf 57:83—101. https://doi.
org/10.1016/j.ijmachtools.2012.02.002

Liew PJ, Shaaroni A, Sidik NAC, Yan J (2017) An overview of
current status of cutting fluids and cooling techniques of turning
hard steel. Int ] Heat Mass Transf 114:380-394. https://doi.org/
10.1016/j.ijheatmasstransfer.2017.06.077

Pervaiz S, Kannan S, Kishawy HA (2018) An extensive review
of the water consumption and cutting fluid based sustainability
concerns in the metal cutting sector. J Clean Prod 197:134-153.
https://doi.org/10.1016/j.jclepro.2018.06.190

Singh H, Sharma VS, Singh S, Dogra M (2019) Nanofluids
assisted environmental friendly lubricating strategies for the sur-
face grinding of titanium alloy: Ti6Al4V-ELI. J Manuf Process
39:241-249. https://doi.org/10.1016/j.jmapro.2019.02.004

Bag R, Panda A, Sahoo AK, Kumar R (2023) Sustainable high-
speed hard machining of AISI 4340 steel under dry environ-
ment. Arab J Sci Eng 48:3073-3096. https://doi.org/10.1007/
$13369-022-07094-9

Sap S (2024) Machining and energy aspect assessment with sus-
tainable cutting fluid strategies of Al-12Si based hybrid compos-
ites. Int J Precis Eng Manuf - Green Technol 11:33-53. https://
doi.org/10.1007/s40684-023-00544-1

Adin MS, Iscan B, Baday S (2023) Machining fiber-reinforced
glass-epoxy composites with cryo-treated and untreated HSS
cutting tools of varying geometries. Mater Today Commun
37:107301. https://doi.org/10.1016/j.mtcomm.2023.107301
Farooq MU, Anwar S, Ullah R, Guerra RH (2023) Sustainable
machining of additive manufactured SS-316L underpinning low
carbon manufacturing goal. ] Market Res 24:2299-2318. https://
doi.org/10.1016/j.jmrt.2023.03.122

Lin H, Jian Q, Bai X, Li D, Huang Z, Huang W et al (2023)
Recent advances in thermal conductivity and thermal applica-
tions of graphene and its derivatives nanofluids. Appl Therm

@ Springer

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Eng 218:119176. https://doi.org/10.1016/j.applthermaleng.2022.
119176

Ding H, Rong S, Rong K, Tang J, Zhou Z, Zhang J et al (2023)
Life cycle assessment-driven collaborative optimization model
of power dry cutting for face-hobbing hypoid gear production.
J Clean Prod 385:135710. https://doi.org/10.1016/j.jclepro.
2022.135710

Masoudi S, Esfahani MJ, Jafarian F, Mirsoleimani SA (2023)
Comparison the effect of MQL, wet and dry turning on sur-
face topography, cylindricity tolerance and sustainability. Int
J Precis Eng Manuf - Green Technol 10:9-21. https://doi.org/
10.1007/540684-019-00042-3

Ms ADIN (2023) Performances of cryo-treated and untreated
cutting tools in machining of AA7075 aerospace aluminium
alloy. Eur Mech Sci 7:70-81. https://doi.org/10.26701/ems.
1270937

Demirpolat H, Binali R, Patange AD, Pardeshi SS, Gnanasekaran
S (2023) Comparison of tool wear, surface roughness, cutting
forces, tool tip temperature, and chip shape during sustainable
turning of bearing steel. Materials 16:4408. https://doi.org/10.
3390/mal6124408

JiaD, Li C, Liu J, Zhang Y, Yang M, Gao T et al (2023) Predic-
tion model of volume average diameter and analysis of atomiza-
tion characteristics in electrostatic atomization minimum quan-
tity lubrication. Friction 11:2107-2131. https://doi.org/10.1007/
s40544-022-0734-2

Zheng Yang K, Pramanik A, Basak AK, Dong Y, Prakash C,
Shankar S et al (2023) Application of coolants during tool-based
machining — a review. Ain Shams Eng. J 14:101830. https://doi.
org/10.1016/j.asej.2022.101830

Liu N-M, Chiang K-T, Hung C-M (2013) Modeling and ana-
lyzing the effects of air-cooled turning on the machinability of
Ti—6Al-4V titanium alloy using the cold air gun coolant system.
IntJ Adv Manuf Technol 67:1053-1066. https://doi.org/10.1007/
s00170-012-4547-8

Hemmat Esfe M, Bahiraei M, Mir A (2020) Application of con-
ventional and hybrid nanofluids in different machining processes:
a critical review. Adv Colloid Interface Sci 282:102199. https://
doi.org/10.1016/j.¢is.2020.102199

Korkmaz ME, Gupta MK, Ross NS, Sivalingam V (2023) Imple-
mentation of green cooling/lubrication strategies in metal cut-
ting industries: a state of the art towards sustainable future and
challenges. Sustain Mater Technol 36:¢00641. https://doi.org/10.
1016/j.susmat.2023.e00641

Molaie MM, Akbari J, Movahhedy MR (2016) Ultrasonic
assisted grinding process with minimum quantity lubrication
using oil-based nanofluids. J Clean Prod 129:212-222. https://
doi.org/10.1016/j.jclepro.2016.04.080

Laghari RA, He N, Jamil M, Hussain MI, Gupta MK, Krol-
czyk GM (2023) A state-of-the-art review on recently devel-
oped sustainable and green cooling/lubrication technologies in
machining metal matrix composites (MMCs). Int J Precis Eng
Manuf - Green Technol 10:1637-1660. https://doi.org/10.1007/
s40684-023-00521-8

Lv T, Huang S, Hu X, Ma Y, Xu X (2018) Tribological and
machining characteristics of a minimum quantity lubrication
(MQL) technology using GO/SiO2 hybrid nanoparticle water-
based lubricants as cutting fluids. Int J Adv Manuf Technol
96:2931-2942. https://doi.org/10.1007/s00170-018-1725-3
Roy S, Das A, Kumar R, Das SR, Rafighi M, Sharma P (2024)
Exploring the viability of alternative cooling-lubrication strat-
egies in machining processes: a comprehensive review on the
performance and sustainability assessment. Proc Inst Mech Eng
B J Eng Manuf. https://doi.org/10.1177/09544054241229472
Pimenov DYu, da Silva LRR, Machado AR, Fran¢a PHP, Pin-
taude G, Unune DR et al (2024) A comprehensive review of


https://doi.org/10.1016/j.jclepro.2022.135679
https://doi.org/10.1016/j.jclepro.2022.135679
https://doi.org/10.1016/j.jclepro.2020.120552
https://doi.org/10.1016/j.jclepro.2020.120552
https://doi.org/10.1080/2374068X.2023.2273035
https://doi.org/10.1080/2374068X.2023.2273035
https://doi.org/10.3390/polym16233329
https://doi.org/10.3390/polym16233329
https://doi.org/10.1016/j.cirpj.2010.03.006
https://doi.org/10.1016/j.jclepro.2013.06.058
https://doi.org/10.1038/s41598-024-54636-2
https://doi.org/10.1038/s41598-024-54636-2
https://doi.org/10.1016/j.jclepro.2020.121876
https://doi.org/10.1016/j.ijmachtools.2012.02.002
https://doi.org/10.1016/j.ijmachtools.2012.02.002
https://doi.org/10.1016/j.ijheatmasstransfer.2017.06.077
https://doi.org/10.1016/j.ijheatmasstransfer.2017.06.077
https://doi.org/10.1016/j.jclepro.2018.06.190
https://doi.org/10.1016/j.jmapro.2019.02.004
https://doi.org/10.1007/s13369-022-07094-9
https://doi.org/10.1007/s13369-022-07094-9
https://doi.org/10.1007/s40684-023-00544-1
https://doi.org/10.1007/s40684-023-00544-1
https://doi.org/10.1016/j.mtcomm.2023.107301
https://doi.org/10.1016/j.jmrt.2023.03.122
https://doi.org/10.1016/j.jmrt.2023.03.122
https://doi.org/10.1016/j.applthermaleng.2022.119176
https://doi.org/10.1016/j.applthermaleng.2022.119176
https://doi.org/10.1016/j.jclepro.2022.135710
https://doi.org/10.1016/j.jclepro.2022.135710
https://doi.org/10.1007/s40684-019-00042-3
https://doi.org/10.1007/s40684-019-00042-3
https://doi.org/10.26701/ems.1270937
https://doi.org/10.26701/ems.1270937
https://doi.org/10.3390/ma16124408
https://doi.org/10.3390/ma16124408
https://doi.org/10.1007/s40544-022-0734-2
https://doi.org/10.1007/s40544-022-0734-2
https://doi.org/10.1016/j.asej.2022.101830
https://doi.org/10.1016/j.asej.2022.101830
https://doi.org/10.1007/s00170-012-4547-8
https://doi.org/10.1007/s00170-012-4547-8
https://doi.org/10.1016/j.cis.2020.102199
https://doi.org/10.1016/j.cis.2020.102199
https://doi.org/10.1016/j.susmat.2023.e00641
https://doi.org/10.1016/j.susmat.2023.e00641
https://doi.org/10.1016/j.jclepro.2016.04.080
https://doi.org/10.1016/j.jclepro.2016.04.080
https://doi.org/10.1007/s40684-023-00521-8
https://doi.org/10.1007/s40684-023-00521-8
https://doi.org/10.1007/s00170-018-1725-3
https://doi.org/10.1177/09544054241229472

The International Journal of Advanced Manufacturing Technology

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

machinability of difficult-to-machine alloys with advanced lubri-
cating and cooling techniques. Tribol Int 196:109677. https://doi.
org/10.1016/j.triboint.2024.109677

Singh R, Sharma V (2022) Experimental investigations into
tribological and machining characteristics of A1203 and ZrO
dispersed Jatropha oil-based nanofluids. J Braz Soc Mech Sci
Eng 44:345. https://doi.org/10.1007/s40430-022-03661-1

Luo X, Wu S, Wang D, Yun Y, An Q, Li C (2024) Sustainable
development of cutting fluids: the comprehensive review of veg-
etable oil. J Clean Prod 473:143544. https://doi.org/10.1016/j.
jelepro.2024.143544

Li F, Hanson MV, Larock RC (2001) Soybean oil-divinylbenzene
thermosetting polymers: synthesis, structure, properties and their
relationships. Polymer (Guildf) 42:1567—-1579. https://doi.org/
10.1016/S0032-3861(00)00546-2

Lawal SA, Choudhury IA, Nukman Y (2012) Application of
vegetable oil-based metalworking fluids in machining ferrous
metals—a review. Int J Mach Tools Manuf 52:1-12. https://doi.
org/10.1016/j.ijmachtools.2011.09.003

Srinivas MS, Kumar D, Suvin PS, Kailas SV, Pawar SR, Roy CM
(2024) Green lubricants in action: a comprehensive performance
evaluation of groundnut oil-based cutting fluids in metal machin-
ing processes. Phys Scr 99:065008. https://doi.org/10.1088/1402-
4896/ad423f

Shashidhara YM, Jayaram SR (2010) Vegetable oils as a potential
cutting fluid—an evolution. Tribol Int 43:1073—1081. https://doi.
org/10.1016/j.triboint.2009.12.065

Qiu S, Chen B, Yang B, Tong Y, Dong W, Zhang L et al (2024) A
novel 2D/2D Mo0S2/CeO2 nanohybrid and its lubricating mecha-
nism in green rapeseed oil. J Alloys Compd 979:173450. https://
doi.org/10.1016/j.jallcom.2024.173450

. Kandeva M, Kalitchin Z, Zadorozhnaya E, Vencl A (2022) Per-

formance characteristics of lubricant based on rapeseed oil con-
taining different amounts of metal-containing additive. Ind Lubr
Tribol 74:309-315. https://doi.org/10.1108/ILT-07-2021-0259
Perera GIP, Wegala TS (2024) Improving the novel white coco-
nut oil-based metalworking fluid using nano particles for mini-
mum surface roughness and tool tip temperature. Clean Mater
11:100227. https://doi.org/10.1016/j.clema.2024.100227
Fernando WLR, Sarmilan N, Wickramasinghe KC, Herath
HMCM, Perera GIP (2020) Experimental investigation of Mini-
mum Quantity Lubrication (MQL) of coconut oil based metal
working fluid. Mater Today Proc 23:23-26. https://doi.org/10.
1016/j.matpr.2019.06.079

Jaelani A, Kurniawan DA, Habiby MNA, Prabowo, Pramono
DD, Puspitasari P (2024) Experimental analysis on tribology
properties of bio lubricant canola oil with nano powder calcium
carbonate as coolant media, 040066. https://doi.org/10.1063/5.
0198574

Sikdar S, Rahman MH, Menezes PL (2021) Synergistic study
of solid lubricant nano-additives incorporated in canola oil for
enhancing energy efficiency and sustainability. Sustainability
14:290. https://doi.org/10.3390/su14010290

Sen B, Bhowmik A, Singh G, Mishra V, Debnath S, Zairov R
et al (2024) Alumina-enriched sunflower bio-oil in machining
of Hastelloy C-276: a fuzzy Mamdani model-aided sustainable
manufacturing paradigm. Sci Rep 14:29194. https://doi.org/10.
1038/541598-024-80254-z

Danish M, Gupta MK, Rubaiee S, Ahmed A, Sarikaya M (2021)
Influence of graphene reinforced sunflower oil on thermo-phys-
ical, tribological and machining characteristics of inconel 718.J
Market Res 15:135-150. https://doi.org/10.1016/j.jmrt.2021.07.
161

Kazeem RA, Jen T-C, Ikumapayi OM, Akinlabi ET (2024)
Evaluation of formulated jatropha oil as cooling and lubricating

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

cutting fluids in turning of AISI 1525 steel employing Taguchi-
TOPSIS technique. J Bio Tribocorros 10:35. https://doi.org/10.
1007/540735-024-00836-2

Kazeem RA, Fadare DA, Abutu J, Lawal SA, Adesina OS
(2020) Performance evaluation of jatropha oil-based cutting
fluid in turning AISI 1525 steel alloy. CIRP J Manuf Sci Technol
31:418-430. https://doi.org/10.1016/j.cirpj.2020.07.004
Kazeem RA, Akinlabi ET (2024) Experimental investigation of
machine vibration rate and machine sound level in MQL turn-
ing of AISI 1525 steel employing mango oil as lubricant. Int J
Interact Des Manuf. https://doi.org/10.1007/s12008-024-02077-6
Kazeem RA, Fadare DA, Ikumapayi OM, Akinlabi SA, Akinlabi
ET (2022) Evaluation of mango kernel seed (Mangifera indica)
oil as cutting fluid in turning of AISI 1525 steel using the tagu-
chi-grey relation analysis approach. Lubricants 10:52. https://doi.
org/10.3390/lubricants 10040052

Gan CK, Liew PJ, Leong KY, Yan J (2024) Biodegradable cut-
ting fluids for sustainable manufacturing: a review of machin-
ing mechanisms and performance. Int J Adv Manuf Technol
131:955-975. https://doi.org/10.1007/s00170-024-13132-7
Subramanian S, Devadasan Racheal PA, Sathianathan RV, Raja-
gopal A (2019) Structural and dielectric properties of groundnut
oil, mustard oil and ZnO nanofluid. Iran J Sci Technol Trans A:
Sci 43:1351-1359. https://doi.org/10.1007/s40995-018-0631-8
Vasudevan B, Nagarajan L, Nachippan NM, Mahadevan S (2024)
Vegetable oils in minimum quantity lubrication: a comparative
analysis of properties and performance. Interactions 245:253.
https://doi.org/10.1007/s10751-024-02070-1

Ganesh M, Arunkumar N, Siva M, Leo GL (2024) Experimental
investigation on sustainable machining of monel using vegetable
oils as cutting fluids and machine learning-based surface rough-
ness prediction. Eng Res Express 6:045505. https://doi.org/10.
1088/2631-8695/ad7d67

Sankaranarayanan R, Rajesh Jesudoss Hynes N, Senthil Kumar
J, Krolczyk GM (2021) A comprehensive review on research
developments of vegetable-oil based cutting fluids for sustainable
machining challenges. J Manuf Process 67:286-313. https://doi.
org/10.1016/j.jmapro.2021.05.002

Rajasozhaperumal G, Kannan C (2024) Towards sustainable
machining: an experimental study of eco-friendly MQL and
its impact on machinability and future opportunities. Eng Res
Express. https://doi.org/10.1088/2631-8695/ad9889

Jamil M, Zhao W, He N, Gupta MK, Sarikaya M, Khan AM et al
(2021) Sustainable milling of Ti—-6Al1-4V: a trade-off between
energy efficiency, carbon emissions and machining character-
istics under MQL and cryogenic environment. J Clean Prod
281:125374. https://doi.org/10.1016/j.jclepro.2020.125374
Vats P, Kumar A, Gajrani KK (2024) Novel insights into conven-
tional machining of metal additive manufactured components: a
comprehensive review. Mach Sci Technol 28:866-959. https://
doi.org/10.1080/10910344.2024.2381206

Yang M, Li C, Zhang Y, Jia D, Zhang X, Hou Y et al (2017)
Maximum undeformed equivalent chip thickness for ductile-
brittle transition of zirconia ceramics under different lubrication
conditions. Int ] Mach Tools Manuf 122:55-65. https://doi.org/
10.1016/j.ijmachtools.2017.06.003

Hamdi A, Yapan YF, Uysal A, Merghache SM (2024) Investiga-
tion of MQL and CNC turning parameters on the machinability
of unreinforced polypropylene: study of surface roughness, tem-
perature, and specific cutting energy. Int J Adv Manuf Technol
130:717-730. https://doi.org/10.1007/s00170-023-12761-8
Kumar A, Sharma AK, Katiyar JK (2023) State-of-the-art in sus-
tainable machining of different materials using Nano Minimum
Quality Lubrication (NMQL). Lubricants 11:64. https://doi.org/
10.3390/lubricants 11020064

@ Springer


https://doi.org/10.1016/j.triboint.2024.109677
https://doi.org/10.1016/j.triboint.2024.109677
https://doi.org/10.1007/s40430-022-03661-1
https://doi.org/10.1016/j.jclepro.2024.143544
https://doi.org/10.1016/j.jclepro.2024.143544
https://doi.org/10.1016/S0032-3861(00)00546-2
https://doi.org/10.1016/S0032-3861(00)00546-2
https://doi.org/10.1016/j.ijmachtools.2011.09.003
https://doi.org/10.1016/j.ijmachtools.2011.09.003
https://doi.org/10.1088/1402-4896/ad423f
https://doi.org/10.1088/1402-4896/ad423f
https://doi.org/10.1016/j.triboint.2009.12.065
https://doi.org/10.1016/j.triboint.2009.12.065
https://doi.org/10.1016/j.jallcom.2024.173450
https://doi.org/10.1016/j.jallcom.2024.173450
https://doi.org/10.1108/ILT-07-2021-0259
https://doi.org/10.1016/j.clema.2024.100227
https://doi.org/10.1016/j.matpr.2019.06.079
https://doi.org/10.1016/j.matpr.2019.06.079
https://doi.org/10.1063/5.0198574
https://doi.org/10.1063/5.0198574
https://doi.org/10.3390/su14010290
https://doi.org/10.1038/s41598-024-80254-z
https://doi.org/10.1038/s41598-024-80254-z
https://doi.org/10.1016/j.jmrt.2021.07.161
https://doi.org/10.1016/j.jmrt.2021.07.161
https://doi.org/10.1007/s40735-024-00836-2
https://doi.org/10.1007/s40735-024-00836-2
https://doi.org/10.1016/j.cirpj.2020.07.004
https://doi.org/10.1007/s12008-024-02077-6
https://doi.org/10.3390/lubricants10040052
https://doi.org/10.3390/lubricants10040052
https://doi.org/10.1007/s00170-024-13132-7
https://doi.org/10.1007/s40995-018-0631-8
https://doi.org/10.1007/s10751-024-02070-1
https://doi.org/10.1088/2631-8695/ad7d67
https://doi.org/10.1088/2631-8695/ad7d67
https://doi.org/10.1016/j.jmapro.2021.05.002
https://doi.org/10.1016/j.jmapro.2021.05.002
https://doi.org/10.1088/2631-8695/ad9889
https://doi.org/10.1016/j.jclepro.2020.125374
https://doi.org/10.1080/10910344.2024.2381206
https://doi.org/10.1080/10910344.2024.2381206
https://doi.org/10.1016/j.ijmachtools.2017.06.003
https://doi.org/10.1016/j.ijmachtools.2017.06.003
https://doi.org/10.1007/s00170-023-12761-8
https://doi.org/10.3390/lubricants11020064
https://doi.org/10.3390/lubricants11020064

The International Journal of Advanced Manufacturing Technology

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Machado AR, da Silva LRR, Pimenov DYu, de Souza FCR,
Kuntoglu M, de Paiva RL (2024) Comprehensive review of
advanced methods for improving the parameters of machining
steels. J Manuf Process 125:111-42. https://doi.org/10.1016/j.
jmapro.2024.07.044

Patra SK, Swain S (2022) Effects of minimum quantity lubri-
cation (MQL) in grinding: Principle, applications and recent
advancements. Mater Today Proc 69:96-106. https://doi.org/10.
1016/j.matpr.2022.08.157

Li D, Zhang T, Zheng T, Zhao N, Li Z (2024) A comprehen-
sive review of minimum quantity lubrication (MQL) machining
technology and cutting performance. Int J Adv Manuf Technol
133:2681-2707. https://doi.org/10.1007/s00170-024-13902-3
Du F, Zhou T, Tian P, Chen J, Zhou X, He L et al (2024) Cut-
ting performance and cutting fluid infiltration characteristics
into tool-chip interface during MQL milling. Measurement
225:113989. https://doi.org/10.1016/j.measurement.2023.113989
Dubey V, Kumar Sharma A, Kumar SR (2020) Study of various
cooling methodology used in machining processes. Mater Today
Proc 21:1572-1576. https://doi.org/10.1016/j.matpr.2019.11.092
Sharma AK, Tiwari AK, Dixit AR (2016) Effects of Minimum
Quantity Lubrication (MQL) in machining processes using con-
ventional and nanofluid based cutting fluids: A comprehensive
review. J Clean Prod 127:1-18. https://doi.org/10.1016/j.jclepro.
2016.03.146

Airao J, Gupta A, Nirala CK, Hsue AWJ (2024) Bayesian neural
networks modeling for tool wear prediction in milling Al 6061
T6 under MQL conditions. Int J Adv Manuf Technol 135:2777—-
88. https://doi.org/10.1007/s00170-024-14678-2

Zhao L, Chen H, Zhang J, Xiao G, Yi M, Chen Z et al (2025)
Effect of hBN/MoS2 hybrid nanofluid minimum quantity lubrica-
tion on the cutting performance of self-lubricating ceramic tools
when machining AISI 4340. Tribol Int 201:110249. https://doi.
org/10.1016/j.triboint.2024.110249

Chu A, Li C, Zhou Z, Liu B, Zhang Y, Yang M et al (2023) Nano-
fluids minimal quantity lubrication machining: from mechanisms
to application. Lubricants 11:422. https://doi.org/10.3390/lubri
cants11100422

Pasha AA, Islam N, Jamshed W, Alam MI, Jameel AGA, Juhany
KA et al (2022) Statistical analysis of viscous hybridized nano-
fluid flowing via Galerkin finite element technique. Int Commun
Heat Mass Transfer 137:106244. https://doi.org/10.1016/j.ichea
tmasstransfer.2022.106244

Camli KY, Demirsoz R, Boy M, Korkmaz ME, Yasar N, Giasin
K et al (2022) Performance of MQL and Nano-MQL lubrication
in machining ER7 steel for train wheel applications. Lubricants
10:48. https://doi.org/10.3390/lubricants 10040048

Ramanan KV, Ramesh Babu S, Jebaraj M, Nimel Sworna Ross K
(2021) Face turning of Incoloy 800 under MQL and nano-MQL
environments. Mater Manuf Process 36:1769-80. https://doi.org/
10.1080/10426914.2021.1944191

Khanafer K, Eltaggaz A, Deiab I, Agarwal H, Abdul-latif A
(2020) Toward sustainable micro-drilling of Inconel 718 superal-
loy using MQL-Nanofluid. Int J Adv Manuf Technol 107:3459—
3469. https://doi.org/10.1007/s00170-020-05112-4

Virdi RL, Chatha SS, Singh H (2020) Machining performance
of Inconel-718 alloy under the influence of nanoparticles based
minimum quantity lubrication grinding. J Manuf Process
59:355-365. https://doi.org/10.1016/j.jmapro.2020.09.056
Naresh Babu M, Anandan V, Dinesh BM (2021) Performance
of ionic liquid as a lubricant in turning inconel 825 via mini-
mum quantity lubrication method. J Manuf Process 64:793-804.
https://doi.org/10.1016/j.jmapro.2021.02.011

@ Springer

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Shokrani A, Betts J (2020) A new hybrid minimum quantity
lubrication system for machining difficult-to-cut materials. CIRP
Ann 69:73-76. https://doi.org/10.1016/j.cirp.2020.04.027
Shokrani A, Al-Samarrai I, Newman ST (2019) Hybrid cryo-
genic MQL for improving tool life in machining of Ti-6Al-4V
titanium alloy. J Manuf Process 43:229-243. https://doi.org/10.
1016/j.jmapro.2019.05.006

Lai Z, Wang C, Zheng L, Lin H, Yuan Y, Yang J et al (2020)
Effect of cryogenic oils-on-water compared with cryogenic mini-
mum quantity lubrication in finishing turning of 17-4PH stain-
less steel. Mach Sci Technol 24:1016-1036. https://doi.org/10.
1080/10910344.2020.1815049

Korkmaz ME, Gupta MK, Boy M, Yasar N, Krolczyk GM,
Giinay M (2021) Influence of duplex jets MQL and nano-MQL
cooling system on machining performance of Nimonic 80A. J
Manuf Process 69:112-124. https://doi.org/10.1016/j.jmapro.
2021.07.039

Boy M (2022) Performance evaluation of coated ceramic tools
in nano-MQL assisted turning of powder metallurgical manu-
factured Bohler K490 steel. Sadhana 47:180. https://doi.org/10.
1007/s12046-022-01959-3

Fedai Y (2023) Exploring the impact of the turning of AISI 4340
steel on tool wear, surface roughness, sound intensity, and power
consumption under dry, MQL, and nano-MQL conditions. Lubri-
cants 11:442. https://doi.org/10.3390/lubricants11100442

Noor M, Hadi A (2023) Study of tool wear progression using
nano-hybrid Cryogenic MQL in milling titanium alloy. J Tribol
37:76-83

Nouzil I, Drummond M, Eltaggaz A, Deiab I, Pervaiz S (2023)
Experimental and numerical investigation of cooling effective-
ness of nano minimum quantity lubrication. J Manuf Process
108:418-429. https://doi.org/10.1016/j.jmapro.2023.11.020
Choi SUS, Eastman JA (1995) Enhancing thermal conductivity
of fluids with nanoparticles. International mechanical engineer-
ing congress and exhibition, San Francisco, CA (United States)
Said Z, Sundar LS, Tiwari AK, Ali HM, Sheikholeslami M, Bel-
los E et al (2022) Recent advances on the fundamental physical
phenomena behind stability, dynamic motion, thermophysical
properties, heat transport, applications, and challenges of nano-
fluids. Phys Rep 946:1-94. https://doi.org/10.1016/j.physrep.
2021.07.002

Said Z, Arora S, Farooq S, Sundar LS, Li C, Allouhi A (2022)
Recent advances on improved optical, thermal, and radiative
characteristics of plasmonic nanofluids: academic insights and
perspectives. Sol Energy Mater Sol Cells 236:111504. https://
doi.org/10.1016/j.solmat.2021.111504

Rahman MA, Hasnain SMM, Pandey S, Tapalova A, Akylbekov
N, Zairov R (2024) Review on Nanofluids: Preparation, Proper-
ties, Stability, and Thermal Performance Augmentation in Heat
Transfer Applications. ACS Omega. https://doi.org/10.1021/
acsomega.4c03279

Das SK, Putra N, Thiesen P, Roetzel W (2003) Temperature
dependence of thermal conductivity enhancement for nanofluids.
J Heat Transfer 125:567-574. https://doi.org/10.1115/1.1571080
Tawfik MM (2017) Experimental studies of nanofluid thermal
conductivity enhancement and applications: a review. Renew
Sustain Energy Rev 75:1239-1253. https://doi.org/10.1016/j.
rser.2016.11.111

Devendiran DK, Amirtham VA (2016) A review on prepara-
tion, characterization, properties and applications of nanofluids.
Renew Sustain Energy Rev 60:21-40. https://doi.org/10.1016/j.
rser.2016.01.055

Singh B, Sood S (2024) Hybrid nanofluids preparation, thermo-
physical properties, and applications: a review. Hybrid Adv
6:100192. https://doi.org/10.1016/j.hybadv.2024.100192


https://doi.org/10.1016/j.jmapro.2024.07.044
https://doi.org/10.1016/j.jmapro.2024.07.044
https://doi.org/10.1016/j.matpr.2022.08.157
https://doi.org/10.1016/j.matpr.2022.08.157
https://doi.org/10.1007/s00170-024-13902-3
https://doi.org/10.1016/j.measurement.2023.113989
https://doi.org/10.1016/j.matpr.2019.11.092
https://doi.org/10.1016/j.jclepro.2016.03.146
https://doi.org/10.1016/j.jclepro.2016.03.146
https://doi.org/10.1007/s00170-024-14678-2
https://doi.org/10.1016/j.triboint.2024.110249
https://doi.org/10.1016/j.triboint.2024.110249
https://doi.org/10.3390/lubricants11100422
https://doi.org/10.3390/lubricants11100422
https://doi.org/10.1016/j.icheatmasstransfer.2022.106244
https://doi.org/10.1016/j.icheatmasstransfer.2022.106244
https://doi.org/10.3390/lubricants10040048
https://doi.org/10.1080/10426914.2021.1944191
https://doi.org/10.1080/10426914.2021.1944191
https://doi.org/10.1007/s00170-020-05112-4
https://doi.org/10.1016/j.jmapro.2020.09.056
https://doi.org/10.1016/j.jmapro.2021.02.011
https://doi.org/10.1016/j.cirp.2020.04.027
https://doi.org/10.1016/j.jmapro.2019.05.006
https://doi.org/10.1016/j.jmapro.2019.05.006
https://doi.org/10.1080/10910344.2020.1815049
https://doi.org/10.1080/10910344.2020.1815049
https://doi.org/10.1016/j.jmapro.2021.07.039
https://doi.org/10.1016/j.jmapro.2021.07.039
https://doi.org/10.1007/s12046-022-01959-3
https://doi.org/10.1007/s12046-022-01959-3
https://doi.org/10.3390/lubricants11100442
https://doi.org/10.1016/j.jmapro.2023.11.020
https://doi.org/10.1016/j.physrep.2021.07.002
https://doi.org/10.1016/j.physrep.2021.07.002
https://doi.org/10.1016/j.solmat.2021.111504
https://doi.org/10.1016/j.solmat.2021.111504
https://doi.org/10.1021/acsomega.4c03279
https://doi.org/10.1021/acsomega.4c03279
https://doi.org/10.1115/1.1571080
https://doi.org/10.1016/j.rser.2016.11.111
https://doi.org/10.1016/j.rser.2016.11.111
https://doi.org/10.1016/j.rser.2016.01.055
https://doi.org/10.1016/j.rser.2016.01.055
https://doi.org/10.1016/j.hybadv.2024.100192

The International Journal of Advanced Manufacturing Technology

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Mohammed HA, Al-aswadi AA, Shuaib NH, Saidur R (2011)
Convective heat transfer and fluid flow study over a step using
nanofluids: a review. Renew Sustain Energy Rev 15:2921-2939.
https://doi.org/10.1016/j.rser.2011.02.019

KRS, Nair AS, KM V, TR S, Nair SC (2014) An overview of
recent nanofluid research. Int Res J Pharm 5:239-43. https://doi.
org/10.7897/2230-8407.050451

Ranga Babu JA, Kumar KK, Srinivasa RS (2017) State-of-art
review on hybrid nanofluids. Renew Sustain Energy Rev 77:551—
565. https://doi.org/10.1016/j.rser.2017.04.040

Che Sidik NA, Mahmud Jamil M, Aziz Japar WMA, Muham-
mad AI (2017) A review on preparation methods, stability and
applications of hybrid nanofluids. Renew Sustain Energy Rev
80:1112-1122. https://doi.org/10.1016/j.rser.2017.05.221
Dhinesh Kumar D, Valan AA (2018) A comprehensive review of
preparation, characterization, properties and stability of hybrid
nanofluids. Renew Sustain Energy Rev 81:1669-1689. https://
doi.org/10.1016/j.rser.2017.05.257

Gupta M, Singh V, Kumar S, Kumar S, Dilbaghi N, Said Z (2018)
Up to date review on the synthesis and thermophysical properties
of hybrid nanofluids. J Clean Prod 190:169-192. https://doi.org/
10.1016/j.jclepro.2018.04.146

Jamkhande PG, Ghule NW, Bamer AH, Kalaskar MG (2019)
Metal nanoparticles synthesis: an overview on: methods of prep-
aration, advantages and disadvantages, and applications. J Drug
Deliv Sci Technol 53:101174. https://doi.org/10.1016/j.jddst.
2019.101174

Hemmat Esfe M, Alidoust S, Hosseini Tamrabad SN, Toghraie
D, Hatami H (2023) Thermal conductivity of MWCNT-TiO2/
Water-EG hybrid nanofluids: calculating the price performance
factor (PPF) using statistical and experimental methods (RSM).
Case Stud Therm Eng 48:103094. https://doi.org/10.1016/j.csite.
2023.103094

Adnan, Abbas W, Z. Bani-Fwaz M, Kenneth Asogwa K (2023)
Thermal efficiency of radiated tetra-hybrid nanofluid [(Al , O ;
-CuO-TiO , -Ag)/water] ., under permeability effects over ver-
tically aligned cylinder subject to magnetic field and combined
convection. Sci Prog 106. https://doi.org/10.1177/0036850422
1149797

Kumar Das N, Kumar Naik P, Reddy DN, Mallik BS, Bose S,
Banerjee T (2022) Experimental and molecular dynamic insights
on the thermophysical properties for MWCNT-Phosphonium
based eutectic thermal media. J Mol Liq 354:118892. https://
doi.org/10.1016/j.molliq.2022.118892

Geng Y, Al-Rashed AAAA, Mahmoudi B, Alsagri AS, Shah-
savar A, Talebizadehsardari P (2020) Characterization of the
nanoparticles, the stability analysis and the evaluation of a new
hybrid nano-oil thermal conductivity. J Therm Anal Calorim
139:1553-1564. https://doi.org/10.1007/s10973-019-08434-y
Li Z, Kalbasi R, Nguyen Q, Afrand M (2020) Effects of sonica-
tion duration and nanoparticles concentration on thermal con-
ductivity of silica-ethylene glycol nanofluid under different tem-
peratures: an experimental study. Powder Technol 367:464-473.
https://doi.org/10.1016/j.powtec.2020.03.058

LiZ, Asadi S, Karimipour A, Abdollahi A, Tlili I (2020) Experi-
mental study of temperature and mass fraction effects on thermal
conductivity and dynamic viscosity of SiO2-oleic acid/liquid par-
affin nanofluid. Int Commun Heat Mass Transfer 110:104436.
https://doi.org/10.1016/j.icheatmasstransfer.2019.104436
Teruel M, Aguilar T, Martinez-Merino P, Carrillo-Berdugo I,
Gallardo-Bernal JJ, Gémez-Villarejo R et al (2019) 2D MoSe2-
based nanofluids prepared by liquid phase exfoliation for heat
transfer applications in concentrating solar power. Sol Energy
Mater Sol Cells 200:109972. https://doi.org/10.1016/j.solmat.
2019.109972

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Okonkwo EC, Wole-Osho I, Kavaz D, Abid M (2019) Com-
parison of experimental and theoretical methods of obtaining the
thermal properties of alumina/iron mono and hybrid nanofluids.
J Mol Liq 292:111377. https://doi.org/10.1016/j.molliq.2019.
111377

Ali N, Teixeira JA, Addali A (2019) Aluminium nanofluids sta-
bility: a comparison between the conventional two-step fabri-
cation approach and the controlled sonication bath temperature
Method. J Nanomater 2019:1-9. https://doi.org/10.1155/2019/
3930572

Judran HK, Al-Hasnawi AGT, Al Zubaidi FN, Al-Maliki WAK,
Alobaid F, Epple B (2022) A high thermal conductivity of
MgO-H20 nanofluid prepared by two-step technique. Appl Sci
12:2655. https://doi.org/10.3390/app12052655

Aguilar T, Carrillo-Berdugo I, Martinez-Merino P, Yasinskiy
A, Rodriguez-Fernandez M, Navas J (2021) Improving stabil-
ity and thermal properties of TiO2-based nanofluids for con-
centrating solar energy using two methods of preparation. J
Therm Anal Calorim 144:895-905. https://doi.org/10.1007/
$10973-020-09615-w

Ahmad S, Nadeem S, Khan MN (2022) Enhanced transport
properties and its theoretical analysis in two-phase hybrid
nanofluid. Appl Nanosci 12:309-316. https://doi.org/10.1007/
$13204-020-01634-1

Rizky MA, Permanasari AA, Sukarni S, Puspitasari P (2023)
Thermal properties measurement of MWCNTs nanofluids pre-
pared by two step method, p 040031. https://doi.org/10.1063/5.
0121311

Traciak J, Sobczak J, Zyta G (2023) The experimental study of
the surface tension of titanium dioxide—ethylene glycol nanoflu-
ids. Physica E Low Dimens Syst Nanostruct 145:115494. https://
doi.org/10.1016/j.physe.2022.115494

Amburi PK, Senthilkumar G, Nithya A (2023) Novel use of
CuO nanoparticles additive for improving thermal conductiv-
ity of MgO/water and MWCNT/water nanofluids. J Therm
Anal Calorim 148:10389-10398. https://doi.org/10.1007/
$10973-023-12374-z

Abellan-Nebot JV, Ameen KH, Khan AM, Mondragén R (2024)
Application of hybrid nanofluids in MQL assisted machining
operations: exploring synergies and establishing guidelines. Int
J Precis Eng Manuf - Green Technol. https://doi.org/10.1007/
$40684-024-00675-z

Okafor AC, Abor TK, Valiev SE, Ekengwu IE, Saka A,
Okoronkwo MU (2024) Thermal conductivity characterization
of high oleic vegetable oils based hybrid nanofluids formu-
lated using GnP, TiO2, MoS2, A1203 nanoparticles for MQL
machining. Int J] Thermophys 45:169. https://doi.org/10.1007/
s10765-024-03472-7

Cui X, Li C, Ding W, Chen Y, Mao C, Xu X et al (2022) Mini-
mum quantity lubrication machining of aeronautical materials
using carbon group nanolubricant: from mechanisms to applica-
tion. Chin J Aeronaut 35:85—112. https://doi.org/10.1016/j.cja.
2021.08.011

Mehmood T, Khalil MS (2024) Enhancement of machining
performance of Ti-6Al1-4V alloy though nanoparticle-based
minimum quantity lubrication: insights into surface roughness,
material removal rate, temperature, and tool wear. ] Manuf Mater
Process 8:293. https://doi.org/10.3390/jmmp8060293

Lotfi B, Namlu RH, Kili¢ SE (2024) Machining performance
and sustainability analysis of Al , O ; -CuO hybrid nanofluid
MQL application for milling of Ti-6Al-4V. Mach Sci Technol
28:29-73. https://doi.org/10.1080/10910344.2023.2287655
Maruda RW, Szczotkarz N, Michalski M, Arkusz K,
Wojciechowski S, Niestony P et al (2023) Evaluation of tool
wear during turning of Ti6Al4V alloy applying MQL technique

@ Springer


https://doi.org/10.1016/j.rser.2011.02.019
https://doi.org/10.7897/2230-8407.050451
https://doi.org/10.7897/2230-8407.050451
https://doi.org/10.1016/j.rser.2017.04.040
https://doi.org/10.1016/j.rser.2017.05.221
https://doi.org/10.1016/j.rser.2017.05.257
https://doi.org/10.1016/j.rser.2017.05.257
https://doi.org/10.1016/j.jclepro.2018.04.146
https://doi.org/10.1016/j.jclepro.2018.04.146
https://doi.org/10.1016/j.jddst.2019.101174
https://doi.org/10.1016/j.jddst.2019.101174
https://doi.org/10.1016/j.csite.2023.103094
https://doi.org/10.1016/j.csite.2023.103094
https://doi.org/10.1177/00368504221149797
https://doi.org/10.1177/00368504221149797
https://doi.org/10.1016/j.molliq.2022.118892
https://doi.org/10.1016/j.molliq.2022.118892
https://doi.org/10.1007/s10973-019-08434-y
https://doi.org/10.1016/j.powtec.2020.03.058
https://doi.org/10.1016/j.icheatmasstransfer.2019.104436
https://doi.org/10.1016/j.solmat.2019.109972
https://doi.org/10.1016/j.solmat.2019.109972
https://doi.org/10.1016/j.molliq.2019.111377
https://doi.org/10.1016/j.molliq.2019.111377
https://doi.org/10.1155/2019/3930572
https://doi.org/10.1155/2019/3930572
https://doi.org/10.3390/app12052655
https://doi.org/10.1007/s10973-020-09615-w
https://doi.org/10.1007/s10973-020-09615-w
https://doi.org/10.1007/s13204-020-01634-1
https://doi.org/10.1007/s13204-020-01634-1
https://doi.org/10.1063/5.0121311
https://doi.org/10.1063/5.0121311
https://doi.org/10.1016/j.physe.2022.115494
https://doi.org/10.1016/j.physe.2022.115494
https://doi.org/10.1007/s10973-023-12374-z
https://doi.org/10.1007/s10973-023-12374-z
https://doi.org/10.1007/s40684-024-00675-z
https://doi.org/10.1007/s40684-024-00675-z
https://doi.org/10.1007/s10765-024-03472-7
https://doi.org/10.1007/s10765-024-03472-7
https://doi.org/10.1016/j.cja.2021.08.011
https://doi.org/10.1016/j.cja.2021.08.011
https://doi.org/10.3390/jmmp8060293
https://doi.org/10.1080/10910344.2023.2287655

The International Journal of Advanced Manufacturing Technology

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

with Cu nanoparticles diversified in terms of size. Wear 532—
533:205111. https://doi.org/10.1016/j.wear.2023.205111
Edelbi A, Kumar R, Sahoo AK, Pandey A (2023) Compara-
tive Machining Performance Investigation of Dual-Nozzle
MQL-Assisted ZnO and A1203 Nanofluids in Face Milling of
Ti-3A1-2.5V Alloys. Arab J Sci Eng 48:2969-93. https://doi.org/
10.1007/s13369-022-07072-1

Barewar SD, Kotwani A, Chougule SS, Unune DR (2021)
Investigating a novel Ag/ZnO based hybrid nanofluid for
sustainable machining of inconel 718 under nanofluid based
minimum quantity lubrication. J Manuf Process 66:313-324.
https://doi.org/10.1016/j.jmapro.2021.04.017

Khoswan I, Abusafa A, Odeh S (2024) The Effect of Carbon
Nanotubes on the Viscosity and Surface Tension of Heat Trans-
fer Fluids—A Review Paper. Energies (Basel) 17:5584. https://
doi.org/10.3390/en17225584

Ansé6n-Casaos A, Ciria JC, Sanahuja-Parejo O, Victor-Roman
S, Gonzalez-Dominguez JM, Garcia-Bordejé E et al (2020)
The viscosity of dilute carbon nanotube (1D) and graphene
oxide (2D) nanofluids. Phys Chem Chem Phys 22:11474—
11484. https://doi.org/10.1039/DOCP00468E

Yang H, Neal L, Flores EE, Adronov A, Kim NY (2023) Role
and impact of surfactants in carbon nanotube dispersions and
sorting. J Surfactants Deterg 26:607-622. https://doi.org/10.
1002/jsde.12702

Wang X, Song Y, Li C, Zhang Y, Ali HM, Sharma S et al
(2024) Nanofluids application in machining: a comprehensive
review. Int J Adv Manuf Technol 131:3113-3164. https://doi.
org/10.1007/s00170-022-10767-2

Hemalatha J (2009) A Review of: “Nanofluids: science and
technology, S. K. Das, S. U. S. Choi, W. Yu, and T. Pradeep.”
Mater Manuf Process 24:600-1. https://doi.org/10.1080/10426
910902748057

Bobbo S, Buonomo B, Manca O, Vigna S, Fedele L (2021)
Analysis of the Parameters Required to Properly Define Nano-
fluids for Heat Transfer Applications. Fluids 6:65. https://doi.
org/10.3390/fluids6020065

Wang J, Yang X, Klemes JJ, Tian K, Ma T, Sunden B (2023)
A review on nanofluid stability: preparation and application.
Renew Sustain Energy Rev 188:113854. https://doi.org/10.
1016/j.rser.2023.113854

Dubey V, Sharma AK (2023) A short review on hybrid nano-
fluids in machining processes. Adv Mater Process Technol
9:138-151. https://doi.org/10.1080/2374068X.2022.2087315
Cicek O, Sheremet MA, Baytas AC (2023) Effect of natural
convection hybrid nanofluid flow on the migration and depo-
sition of MWCNT-Fe304 in a square enclosure. Int J] Therm
Sci 190:108318. https://doi.org/10.1016/j.ijthermalsci.2023.
108318

Xu Q, Yang G, Jia S, Wang Z, Akkurt N, Zhang H et al (2022)
Experimental study on synergistic enhancement of thermal
performance of a closed two-phase thermosyphon by a TiO2
nanofluid doped with A1203. Case Stud Therm Eng 36:102192.
https://doi.org/10.1016/j.csite.2022.102192

Talware MA, Pawar JB, Wankhade LN (2024) A review on nano-
fluid preparation, characterization, characteristics, and applica-
tions, p 020003. https://doi.org/10.1063/5.0214214

Wang Y, Li C, Zhang Y, Yang M, Li B, Jia D et al (2016) Exper-
imental evaluation of the lubrication properties of the wheel/
workpiece interface in minimum quantity lubrication (MQL)
grinding using different types of vegetable oils. J Clean Prod
127:487-499. https://doi.org/10.1016/j.jclepro.2016.03.121
Guo S, Li C, Zhang Y, Wang Y, Li B, Yang M et al (2017)
Experimental evaluation of the lubrication performance of mix-
tures of castor oil with other vegetable oils in MQL grinding of

@ Springer

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

nickel-based alloy. J Clean Prod 140:1060-1076. https://doi.org/
10.1016/j.jclepro.2016.10.073

Gaurav G, Sharma A, Dangayach GS, Meena ML (2020) Assess-
ment of jojoba as a pure and nano-fluid base oil in minimum
quantity lubrication (MQL) hard-turning of Ti-6Al-4V: a step
towards sustainable machining. J Clean Prod 272:122553. https://
doi.org/10.1016/j.jclepro.2020.122553

Yin Q, Li C, Dong L, Bai X, Zhang Y, Yang M et al (2018)
Effects of the physicochemical properties of different nanopar-
ticles on lubrication performance and experimental evaluation
in the NMQL milling of Ti—-6Al-4V. Int ] Adv Manuf Technol
99:3091-3109. https://doi.org/10.1007/s00170-018-2611-8
Das A, Pradhan O, Patel SK, Das SR, Biswal BB (2019) Perfor-
mance appraisal of various nanofluids during hard machining of
AISI 4340 steel. ] Manuf Process 46:248-270. https://doi.org/
10.1016/j.jmapro.2019.07.023

Tawalbeh M, Shomope I, Al-Othman A (2024) Comprehensive
review on non-Newtonian nanofluids, preparation, characteriza-
tion, and applications. Int J Thermofluids 22:100705. https://doi.
org/10.1016/j.ijft.2024.100705

Ferdows M, Shamshuddin MD, Salawu SO, Sun S (2022)
Thermal cooling performance of convective non-Newtonian
nanofluid flowing with variant power-index across moving
extending surface. Sci Rep 12:8714. https://doi.org/10.1038/
s41598-022-12333-y

Khan I, Chinyoka T, Gill A (2022) Computational Analysis of
the Dynamics of Generalized-Viscoelastic-Fluid-Based Nanoflu-
ids Subject to Exothermic-Reaction in Shear-Flow. J Nanofluids
11:487-499. https://doi.org/10.1166/jon.2022.1859

Sher Akbar N, Mallawi FO (2023) Numerical analysis of non-
Newtonian nanofluids under double-diffusive regimes. Front
Mater 9. https://doi.org/10.3389/fmats.2022.1078467

Anoop K, Sadr R, Yrac R, Amani M (2016) High-pressure
rheology of alumina-silicone oil nanofluids. Powder Technol
301:1025-1031. https://doi.org/10.1016/j.powtec.2016.07.040
Mahmood Hasan S, Shelton J (n.d.) Abstract Non-newtonian
rheological characteristics of oil-based metal oxide nanofluids
Amiri A, Shanbedi M, Amiri H, Heris SZ, Kazi SN, Chew BT
et al (2014) Pool boiling heat transfer of CNT/water nanofluids.
Appl Therm Eng 71:450-459. https://doi.org/10.1016/j.applt
hermaleng.2014.06.064

Chandrasekar M, Suresh S, Chandra BA (2010) Experimental
investigations and theoretical determination of thermal conduc-
tivity and viscosity of Al1203/water nanofluid. Exp Therm Fluid
Sci 34:210-216. https://doi.org/10.1016/j.expthermflusci.2009.
10.022

Bahrami M, Akbari M, Karimipour A, Afrand M (2016) An
experimental study on rheological behavior of hybrid nanofluids
made of iron and copper oxide in a binary mixture of water and
ethylene glycol: non-Newtonian behavior. Exp Therm Fluid Sci
79:231-237. https://doi.org/10.1016/j.expthermflusci.2016.07.
015

Kamila S, Venu Gopal VR (2019) Acoustics and thermal studies
of conventional heat transfer fluids mixed with ZnO nano flakes
at different temperatures. Heliyon 5:¢02445. https://doi.org/10.
1016/j.heliyon.2019.e02445

Park GC, Ali S, Kurniawan R, Ko TJ (2021) Effect of burrs on
the friction performance of hierarchical micro-dimple textured
AISI 1045 steel. J Mech Sci Technol 35:5631-5642. https://doi.
org/10.1007/s12206-021-1134-7

Ali S, Kurniawan R, Ko TJ (2021) Development of 3D Resonant
Elliptical Vibration Transducer for Dual-Frequency Micro-Dim-
ple Surface Texturing. Int J Precis Eng Manuf 22:1365-1379.
https://doi.org/10.1007/s12541-021-00551-9

Ali S, Kurniawan R, Chul PG, Ko TJ (2022) Tribological prop-
erties of hierarchical micro-dimples produced on a cylindrical


https://doi.org/10.1016/j.wear.2023.205111
https://doi.org/10.1007/s13369-022-07072-1
https://doi.org/10.1007/s13369-022-07072-1
https://doi.org/10.1016/j.jmapro.2021.04.017
https://doi.org/10.3390/en17225584
https://doi.org/10.3390/en17225584
https://doi.org/10.1039/D0CP00468E
https://doi.org/10.1002/jsde.12702
https://doi.org/10.1002/jsde.12702
https://doi.org/10.1007/s00170-022-10767-2
https://doi.org/10.1007/s00170-022-10767-2
https://doi.org/10.1080/10426910902748057
https://doi.org/10.1080/10426910902748057
https://doi.org/10.3390/fluids6020065
https://doi.org/10.3390/fluids6020065
https://doi.org/10.1016/j.rser.2023.113854
https://doi.org/10.1016/j.rser.2023.113854
https://doi.org/10.1080/2374068X.2022.2087315
https://doi.org/10.1016/j.ijthermalsci.2023.108318
https://doi.org/10.1016/j.ijthermalsci.2023.108318
https://doi.org/10.1016/j.csite.2022.102192
https://doi.org/10.1063/5.0214214
https://doi.org/10.1016/j.jclepro.2016.03.121
https://doi.org/10.1016/j.jclepro.2016.10.073
https://doi.org/10.1016/j.jclepro.2016.10.073
https://doi.org/10.1016/j.jclepro.2020.122553
https://doi.org/10.1016/j.jclepro.2020.122553
https://doi.org/10.1007/s00170-018-2611-8
https://doi.org/10.1016/j.jmapro.2019.07.023
https://doi.org/10.1016/j.jmapro.2019.07.023
https://doi.org/10.1016/j.ijft.2024.100705
https://doi.org/10.1016/j.ijft.2024.100705
https://doi.org/10.1038/s41598-022-12333-y
https://doi.org/10.1038/s41598-022-12333-y
https://doi.org/10.1166/jon.2022.1859
https://doi.org/10.3389/fmats.2022.1078467
https://doi.org/10.1016/j.powtec.2016.07.040
https://doi.org/10.1016/j.applthermaleng.2014.06.064
https://doi.org/10.1016/j.applthermaleng.2014.06.064
https://doi.org/10.1016/j.expthermflusci.2009.10.022
https://doi.org/10.1016/j.expthermflusci.2009.10.022
https://doi.org/10.1016/j.expthermflusci.2016.07.015
https://doi.org/10.1016/j.expthermflusci.2016.07.015
https://doi.org/10.1016/j.heliyon.2019.e02445
https://doi.org/10.1016/j.heliyon.2019.e02445
https://doi.org/10.1007/s12206-021-1134-7
https://doi.org/10.1007/s12206-021-1134-7
https://doi.org/10.1007/s12541-021-00551-9

The International Journal of Advanced Manufacturing Technology

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

surface by dual-frequency texturing. Friction. https://doi.org/10.
1007/s40544-022-0598-5

Esfe MH, Amoozad F, Hatami H, Toghraie D (2024) Compre-
hensive study and scientific process to increase the accuracy
in estimating the thermal conductivity of nanofluids contain-
ing SWCNTs and CuO nanoparticles using an artificial neural
network. Micro Nano Syst Lett 12:5. https://doi.org/10.1186/
s40486-023-00195-6

Li CH, LiJY, Wang S, Zhang Q (2013) Modeling and Numeri-
cal Simulation of the Grinding Temperature Field with Nano-
particle Jet of MQL. Adv Mech Eng 5:986984. https://doi.org/
10.1155/2013/986984

Hayat MA, Ali HM, Janjua MM, Pao W, Li C, Alizadeh M
(2020) Phase change material/heat pipe and Copper foam-
based heat sinks for thermal management of electronic sys-
tems. J Energy Storage 32:101971. https://doi.org/10.1016/j.
est.2020.101971

Souza RR, Gongalves IM, Rodrigues RO, Minas G, Miranda
JM, Moreira ALN et al (2022) Recent advances on the thermal
properties and applications of nanofluids: from nanomedicine to
renewable energies. Appl Therm Eng 201:117725. https://doi.
org/10.1016/j.applthermaleng.2021.117725

Barbés B, Paramo R, Blanco E, Casanova C (2014) Thermal
conductivity and specific heat capacity measurements of CuO
nanofluids. J Therm Anal Calorim 115:1883-1891. https://doi.
org/10.1007/s10973-013-3518-0

Yang M, Li C, Zhang Y, Wang Y, Li B, Jia D et al (2017)
Research on microscale skull grinding temperature field under
different cooling conditions. Appl Therm Eng 126:525-537.
https://doi.org/10.1016/j.applthermaleng.2017.07.183

Said Z, Sundar LS, Rezk H, Nassef AM, Chakraborty S, Li C
(2021) Thermophysical properties using ND/water nanofluids: an
experimental study, ANFIS-based model and optimization. ] Mol
Liq 330:115659. https://doi.org/10.1016/j.molliq.2021.115659
Said Z, Sharma P, Syam Sundar L, Afzal A, Li C (2021) Syn-
thesis, stability, thermophysical properties and Al approach for
predictive modelling of Fe304 coated MWCNT hybrid nano-
fluids. J Mol Liq 340:117291. https://doi.org/10.1016/j.molliq.
2021.117291

Gajrani KK, Suvin PS, Kailas SV, Mamilla RS (2019) Ther-
mal, rheological, wettability and hard machining performance
of MoS2 and CaF2 based minimum quantity hybrid nano-green
cutting fluids. J Mater Process Technol 266:125—139. https://doi.
org/10.1016/j.jmatprotec.2018.10.036

Koca HD, Doganay S, Turgut A, Tavman IH, Saidur R, Mah-
bubul IM (2018) Effect of particle size on the viscosity of nano-
fluids: a review. Renew Sustain Energy Rev 82:1664-1674.
https://doi.org/10.1016/j.rser.2017.07.016

Lee C-G, Hwang Y-J, Choi Y-M, Lee J-K, Choi C, Oh J-M
(2009) A study on the tribological characteristics of graphite
nano lubricants. Int J Precis Eng Manuf 10:85-90. https://doi.
org/10.1007/s12541-009-0013-4

Lee H, Lee N, Seo Y, Eom J, Lee S (2009) Comparison of
frictional forces on graphene and graphite. Nanotechnology
20:325701. https://doi.org/10.1088/0957-4484/20/32/325701
Sayuti M, Sarhan AAD, Hamdi M (2013) An investigation of
optimum SiO2 nanolubrication parameters in end milling of aer-
ospace Al6061-T6 alloy. Int J] Adv Manuf Technol 67:833—-849.
https://doi.org/10.1007/s00170-012-4527-z

Chinchanikar S, Kore SS, Hujare P (2021) A review on nanoflu-
ids in minimum quantity lubrication machining. ] Manuf Process
68:56-70. https://doi.org/10.1016/j.jmapro.2021.05.028
Yidirim CV, Kivak T, Erzincanli F (2019) Tool wear and surface
roughness analysis in milling with ceramic tools of Waspaloy:
a comparison of machining performance with different cooling

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

methods. J Braz Soc Mech Sci Eng 41:83. https://doi.org/10.
1007/s40430-019-1582-5

Yildirim CV, Sarikaya M, Kivak T, Sirin § (2019) The effect of
addition of hBN nanoparticles to nanofluid-MQL on tool wear
patterns, tool life, roughness and temperature in turning of Ni-
based Inconel 625. Tribol Int 134:443-456. https://doi.org/10.
1016/j.triboint.2019.02.027

Sirin S, Kivak T (2019) Performances of different eco-friendly
nanofluid lubricants in the milling of Inconel X-750 superalloy.
Tribol Int 137:180-192. https://doi.org/10.1016/j.triboint.2019.
04.042

Rahman SS, Ashraf MZI, Amin AN, Bashar MS, Ashik MFK,
Kamruzzaman M (2019) Tuning nanofluids for improved lubrica-
tion performance in turning biomedical grade titanium alloy. J
Clean Prod 206:180-196. https://doi.org/10.1016/j.jclepro.2018.
09.150

Singh H, Sharma VS, Dogra M (2020) Exploration of graphene
assisted vegetables oil based minimum quantity lubrication for
surface grinding of TI-6AL-4V-ELI. Tribol Int 144:106113.
https://doi.org/10.1016/j.triboint.2019.106113

Pavan RB, Venu Gopal A, Amrita M, Goriparthi BK (2019)
Experimental investigation of graphene nanoplatelets—based
minimum quantity lubrication in grinding Inconel 718. Proc Inst
Mech Eng B J Eng Manuf 233:400-410. https://doi.org/10.1177/
0954405417728311

Yasmin H, Giwa SO, Noor S, Sharifpur M (2023) Thermal
conductivity enhancement of metal oxide nanofluids: a critical
review. Nanomaterials 13:597. https://doi.org/10.3390/nano1
3030597

Selim MM, El-Safty S, Tounsi A, Shenashen M (2023) Review
of the impact of the external magnetic field on the characteristics
of magnetic nanofluids. Alex Eng J 76:75-89. https://doi.org/10.
1016/j.2€j.2023.06.018

Vinod S, Philip J (2022) Thermal and rheological properties of
magnetic nanofluids: recent advances and future directions. Adv
Colloid Interface Sci 307:102729. https://doi.org/10.1016/j.cis.
2022.102729

Hong H, Luan X, Horton M, Li C, Peterson GP (2011) Alignment
of carbon nanotubes comprising magnetically sensitive metal
oxides in heat transfer nanofluids. Thermochim Acta 525:87-92.
https://doi.org/10.1016/j.tca.2011.07.025

Hong KS, Hong TK, Yang HS (2006) Thermal conductivity of Fe
nanofluids depending on the cluster size of nanoparticles. Appl
Phys Lett 88. https://doi.org/10.1063/1.2166199

Younes H, Christensen G, Luan X, Hong H, Smith P (2012)
Effects of alignment, p H, surfactant, and solvent on heat trans-
fer nanofluids containing Fe203 and CuO nanoparticles. J Appl
Phys 111. https://doi.org/10.1063/1.3694676

Soltan YI, Nasser MS, Almomani F, Mahmoud KA, Onaizi SA
(2024) Thermal conductivity of different materials nanofluids
Nanofluids of MXenes, metal organic frameworks, and other
Nanostructured materials in heat transfer applications: review. J
Market Res 31:2723-2761. https://doi.org/10.1016/j.jmrt.2024.
07.023

Liu B, Wenhao L, Zhenmin L, Sarvar S, Fereidooni L, Kasaeian
A (2024) Performance improving of concentrated solar power
systems with nanofluids: a review based on molecular dynam-
ics. J Mol Liq 414:126052. https://doi.org/10.1016/j.molliq.2024.
126052

Sundar LS, Sharma KV, Naik MT, Singh MK (2013) Empirical
and theoretical correlations on viscosity of nanofluids: a review.
Renew Sustain Energy Rev 25:670-686. https://doi.org/10.
1016/j.rser.2013.04.003

Alsammarrai H, Ariffin MKAM, Supeni EE, Masuri SU (2023)
Numerical and experimental studies of the nanofluid charac-
teristics that effects on heat transfer enhancement: review and

@ Springer


https://doi.org/10.1007/s40544-022-0598-5
https://doi.org/10.1007/s40544-022-0598-5
https://doi.org/10.1186/s40486-023-00195-6
https://doi.org/10.1186/s40486-023-00195-6
https://doi.org/10.1155/2013/986984
https://doi.org/10.1155/2013/986984
https://doi.org/10.1016/j.est.2020.101971
https://doi.org/10.1016/j.est.2020.101971
https://doi.org/10.1016/j.applthermaleng.2021.117725
https://doi.org/10.1016/j.applthermaleng.2021.117725
https://doi.org/10.1007/s10973-013-3518-0
https://doi.org/10.1007/s10973-013-3518-0
https://doi.org/10.1016/j.applthermaleng.2017.07.183
https://doi.org/10.1016/j.molliq.2021.115659
https://doi.org/10.1016/j.molliq.2021.117291
https://doi.org/10.1016/j.molliq.2021.117291
https://doi.org/10.1016/j.jmatprotec.2018.10.036
https://doi.org/10.1016/j.jmatprotec.2018.10.036
https://doi.org/10.1016/j.rser.2017.07.016
https://doi.org/10.1007/s12541-009-0013-4
https://doi.org/10.1007/s12541-009-0013-4
https://doi.org/10.1088/0957-4484/20/32/325701
https://doi.org/10.1007/s00170-012-4527-z
https://doi.org/10.1016/j.jmapro.2021.05.028
https://doi.org/10.1007/s40430-019-1582-5
https://doi.org/10.1007/s40430-019-1582-5
https://doi.org/10.1016/j.triboint.2019.02.027
https://doi.org/10.1016/j.triboint.2019.02.027
https://doi.org/10.1016/j.triboint.2019.04.042
https://doi.org/10.1016/j.triboint.2019.04.042
https://doi.org/10.1016/j.jclepro.2018.09.150
https://doi.org/10.1016/j.jclepro.2018.09.150
https://doi.org/10.1016/j.triboint.2019.106113
https://doi.org/10.1177/0954405417728311
https://doi.org/10.1177/0954405417728311
https://doi.org/10.3390/nano13030597
https://doi.org/10.3390/nano13030597
https://doi.org/10.1016/j.aej.2023.06.018
https://doi.org/10.1016/j.aej.2023.06.018
https://doi.org/10.1016/j.cis.2022.102729
https://doi.org/10.1016/j.cis.2022.102729
https://doi.org/10.1016/j.tca.2011.07.025
https://doi.org/10.1063/1.2166199
https://doi.org/10.1063/1.3694676
https://doi.org/10.1016/j.jmrt.2024.07.023
https://doi.org/10.1016/j.jmrt.2024.07.023
https://doi.org/10.1016/j.molliq.2024.126052
https://doi.org/10.1016/j.molliq.2024.126052
https://doi.org/10.1016/j.rser.2013.04.003
https://doi.org/10.1016/j.rser.2013.04.003

The International Journal of Advanced Manufacturing Technology

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

comparison. J Adv Res Fluid Mech Therm Sci 107:1-26. https://
doi.org/10.37934/arfmts.107.2.126

Hsu CY, Satpathy G, Al Kamzari FI, Manikandan E, Ajaj Y, Al
Kindi AS (2023) Thermophysical characteristics of nanofluids:
areview. Modern Nanotechnology, Cham: Springer Nature Swit-
zerland p 337-62. https://doi.org/10.1007/978-3-031-31104-8_
15.

Igbal M, Kouloulias K, Sergis A, Hardalupas Y (2023) Critical
analysis of thermal conductivity enhancement of alumina—water
nanofluids. J Therm Anal Calorim 148:9361-9389. https://doi.
org/10.1007/s10973-023-12334-7

Mohite DD, Goyal A, Singh AS, Ansari MI, Patil KA, Yadav PD,
et al (2024) Improvement of thermal performance through nano-
fluids in industrial applications: a review on technical aspects.
Mater Today Proc. https://doi.org/10.1016/j.matpr.2024.04.083
Khan WA, Kazi SN, Chowdhury ZZ, Mohd Zubir MN, Wong
YH, Shaikh K et al (2024) Application of carbon nanofluids
in non-concentrating solar thermal collectors: a critical review
of experimental investigations. Sol Energy Mater Sol Cells
276:113046. https://doi.org/10.1016/j.solmat.2024.113046
Wadzer Y, Htwe YZN, Mamat H (2024) A review of ceramic
nanofluids and their applications. J Dispers Sci Technol 1-24.
https://doi.org/10.1080/01932691.2024.2390966

Madheswaran DK, Vengatesan S, Varuvel EG, Praveenkumar
T, Jegadheeswaran S, Pugazhendhi A et al (2023) Nanoflu-
ids as a coolant for polymer electrolyte membrane fuel cells:
recent trends, challenges, and future perspectives. J Clean Prod
424:138763. https://doi.org/10.1016/j.jclepro.2023.138763
Boiko O, Stryczewska HD, Komarzyniec GK, Ebihara K, Aoqui
SI, Yamazat M, et al (2024) Key factors enhancing the electrical
properties of nanofluids. A mini-review of the applications in the
energy-related sectors. Arch Electr Eng 1137-60. https://doi.org/
10.24425/aee.2024.152115

Kumar Sharma A, Kumar Tiwari A, Rai Dixit A, Kumar SR
(2020) Measurement of machining forces and surface rough-
ness in turning of AISI 304 steel using alumina-MWCNT hybrid
nanoparticles enriched cutting fluid. Measurement 150:107078.
https://doi.org/10.1016/j.measurement.2019.107078

Aratjo Junior AS, Sales WF, da Silva RB, Costa ES, Rocha MA
(2017) Lubri-cooling and tribological behavior of vegetable oils
during milling of AISI 1045 steel focusing on sustainable manu-
facturing. J Clean Prod 156:635-647. https://doi.org/10.1016/j.
jelepro.2017.04.061

Wang X, Li C, Zhang Y, Ding W, Yang M, Gao T et al (2020)
Vegetable oil-based nanofluid minimum quantity lubrication
turning: academic review and perspectives. J] Manuf Process
59:76-97. https://doi.org/10.1016/j.jmapro.2020.09.044

Wang X, Li C, Zhang Y, Said Z, Debnath S, Sharma S et al
(2022) Influence of texture shape and arrangement on nanofluid
minimum quantity lubrication turning. Int J] Adv Manuf Technol
119:631-646. https://doi.org/10.1007/s00170-021-08235-4
Chinnam J, Das D, Vajjha R, Satti J (2015) Measurements of the
contact angle of nanofluids and development of a new correla-
tion. Int Commun Heat Mass Transfer 62:1-12. https://doi.org/
10.1016/j.icheatmasstransfer.2014.12.009

Khandekar S, Sankar MR, Agnihotri V, Ramkumar J (2012)
Nano-Cutting Fluid for Enhancement of Metal Cutting Perfor-
mance. Mater Manuf Processes 27:963-967. https://doi.org/10.
1080/10426914.2011.610078

Singh R, Dureja JS, Dogra M, Gupta MK, Mia M, Song Q (2020)
Wear behavior of textured tools under graphene-assisted mini-
mum quantity lubrication system in machining Ti-6Al-4V alloy.
Tribol Int 145:106183. https://doi.org/10.1016/j.triboint.2020.
106183

Emelyanenko AM, Boinovich LB (2023) Effect of dispersed par-
ticles on surface tension, wetting, and spreading of nanofluids.

@ Springer

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

Curr Opin Colloid Interface Sci 68:101762. https://doi.org/10.
1016/j.cocis.2023.101762

Makhesana MA, Patel KM, Khanna N (2022) Analysis of vegeta-
ble oil-based nano-lubricant technique for improving machinabil-
ity of Inconel 690. J Manuf Process 77:708-721. https://doi.org/
10.1016/j.jmapro.2022.03.060

Traciak J, Zyta G (2022) Effect of nanoparticles saturation on the
surface tension of nanofluids. J Mol Liq 363:119937. https://doi.
org/10.1016/j.molliq.2022.119937

Dou X-Q, Zhang D, Feng C, Jiang L (2015) Bioinspired Hierar-
chical Surface Structures with Tunable Wettability for Regulating
Bacteria Adhesion. ACS Nano 9:10664-10672. https://doi.org/
10.1021/acsnano.5b04231

Misyura SY, Andryushchenko VA, Morozov VS (2023) The
influence of copper substrate temperature on the wettability of
graphene coating. Surf Innov 11:272-284. https://doi.org/10.
1680/jsuin.22.00021

Chavan D, Pise A (2019) Experimental Investigation of Effective
Viscosity and Density of Nanofluids. Mater Today Proc 16:504—
515. https://doi.org/10.1016/j.matpr.2019.05.122

Al-Waeli AHA, Chaichan MT, Sopian K, Kazem HA (2019)
Influence of the base fluid on the thermo-physical properties
of PV/T nanofluids with surfactant. Case Stud Therm Eng
13:100340. https://doi.org/10.1016/j.csite.2018.10.001

Patra AK, Nayak MK, Misra A. Viscosity of nanofluids-A
Review (2020) Int J Thermofluid Sci Technol 7. https://doi.org/
10.36963/1JTST.2020070202

Sharma AK, Tiwari AK, Singh RK, Dixit AR (2016) Tribologi-
cal Investigation of TiO2 Nanoparticle based Cutting Fluid in
Machining under Minimum Quantity Lubrication (MQL). Mater
Today Proc 3:2155-2162. https://doi.org/10.1016/j.matpr.2016.
04.121

Murshed SMS (2011) Determination of effective specific heat of
nanofluids. J Exp Nanosci 6:539-546. https://doi.org/10.1080/
17458080.2010.498838

O’Hanley H, Buongiorno J, McKrell T, Hu L (2012) Measure-
ment and Model Validation of Nanofluid Specific Heat Capac-
ity with Differential Scanning Calorimetry. Adv Mech Eng
4:181079. https://doi.org/10.1155/2012/181079

Kishore PS, Sireesha V, Sree Harsha V, Dharma Rao V, Brusly
SA (2020) Preparation, characterization and thermo-physical
properties of Cu-graphene nanoplatelets hybrid nanofluids. Mater
Today Proc 27:610-614. https://doi.org/10.1016/j.matpr.2019.12.
108

Alfellag MA, Kamar HM, Sidik NAC, Muhsan AS, Kazi SN,
Alawi OA et al (2023) Rheological and thermophysical proper-
ties of hybrid nanofluids and their application in flat-plate solar
collectors: a comprehensive review. J] Therm Anal Calorim
148:6645-6686. https://doi.org/10.1007/s10973-023-12184-3
Serebryakova MA, Zaikovskii AV, Sakhapov SZ, Smovzh DV,
Sukhinin GI, Novopashin SA (2017) Thermal conductivity of
nanofluids based on hollow y-Al203 nanoparticles, and the influ-
ence of interfacial thermal resistance. Int J] Heat Mass Transf
108:1314-1319. https://doi.org/10.1016/j.ijjheatmasstransfer.
2016.12.098

Kumar R, Ranjan N, Kumar V, Kumar R, Chohan JS, Yadav A
et al (2022) Characterization of friction stir-welded polylactic
acid/aluminum composite primed through fused filament fabri-
cation. J Mater Eng Perform 31:2391-2409. https://doi.org/10.
1007/s11665-021-06329-4

Khare JM, Dahiya S, Gangil B, Ranakoti L, Sharma S, Huzaifah
MRM et al (2021) Comparative analysis of erosive wear behav-
iour of epoxy, polyester and vinyl esters based thermosetting
polymer composites for human prosthetic applications using
Taguchi design. Polymers (Basel) 13:3607. https://doi.org/10.
3390/polym13203607


https://doi.org/10.37934/arfmts.107.2.126
https://doi.org/10.37934/arfmts.107.2.126
https://doi.org/10.1007/978-3-031-31104-8_15
https://doi.org/10.1007/978-3-031-31104-8_15
https://doi.org/10.1007/s10973-023-12334-7
https://doi.org/10.1007/s10973-023-12334-7
https://doi.org/10.1016/j.matpr.2024.04.083
https://doi.org/10.1016/j.solmat.2024.113046
https://doi.org/10.1080/01932691.2024.2390966
https://doi.org/10.1016/j.jclepro.2023.138763
https://doi.org/10.24425/aee.2024.152115
https://doi.org/10.24425/aee.2024.152115
https://doi.org/10.1016/j.measurement.2019.107078
https://doi.org/10.1016/j.jclepro.2017.04.061
https://doi.org/10.1016/j.jclepro.2017.04.061
https://doi.org/10.1016/j.jmapro.2020.09.044
https://doi.org/10.1007/s00170-021-08235-4
https://doi.org/10.1016/j.icheatmasstransfer.2014.12.009
https://doi.org/10.1016/j.icheatmasstransfer.2014.12.009
https://doi.org/10.1080/10426914.2011.610078
https://doi.org/10.1080/10426914.2011.610078
https://doi.org/10.1016/j.triboint.2020.106183
https://doi.org/10.1016/j.triboint.2020.106183
https://doi.org/10.1016/j.cocis.2023.101762
https://doi.org/10.1016/j.cocis.2023.101762
https://doi.org/10.1016/j.jmapro.2022.03.060
https://doi.org/10.1016/j.jmapro.2022.03.060
https://doi.org/10.1016/j.molliq.2022.119937
https://doi.org/10.1016/j.molliq.2022.119937
https://doi.org/10.1021/acsnano.5b04231
https://doi.org/10.1021/acsnano.5b04231
https://doi.org/10.1680/jsuin.22.00021
https://doi.org/10.1680/jsuin.22.00021
https://doi.org/10.1016/j.matpr.2019.05.122
https://doi.org/10.1016/j.csite.2018.10.001
https://doi.org/10.36963/IJTST.2020070202
https://doi.org/10.36963/IJTST.2020070202
https://doi.org/10.1016/j.matpr.2016.04.121
https://doi.org/10.1016/j.matpr.2016.04.121
https://doi.org/10.1080/17458080.2010.498838
https://doi.org/10.1080/17458080.2010.498838
https://doi.org/10.1155/2012/181079
https://doi.org/10.1016/j.matpr.2019.12.108
https://doi.org/10.1016/j.matpr.2019.12.108
https://doi.org/10.1007/s10973-023-12184-3
https://doi.org/10.1016/j.ijheatmasstransfer.2016.12.098
https://doi.org/10.1016/j.ijheatmasstransfer.2016.12.098
https://doi.org/10.1007/s11665-021-06329-4
https://doi.org/10.1007/s11665-021-06329-4
https://doi.org/10.3390/polym13203607
https://doi.org/10.3390/polym13203607

The International Journal of Advanced Manufacturing Technology

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

Puls H, Klocke F, Lung D (2014) Experimental investigation on
friction under metal cutting conditions. Wear 310:63-71. https://
doi.org/10.1016/j.wear.2013.12.020

Akmal M, Layegh KSE, Lazoglu I, Akgiin A, Yavas C (2017)
Friction coefficients on surface finish of AITiN coated tools in
the milling of Ti6Al4V. Procedia CIRP 58:596—600. https://doi.
org/10.1016/j.procir.2017.03.231

Jiang Z, Sun Y, Liu B, Yu L, Tong Y, Yan M et al (2024)
Research progresses of nanomaterials as lubricant additives.
Friction. https://doi.org/10.1007/s40544-023-0808-9

Talib N, Rahim EA (2018) Performance of modified jatropha
oil in combination with hexagonal boron nitride particles as
a bio-based lubricant for green machining. Tribol Int 118:89—
104. https://doi.org/10.1016/j.triboint.2017.09.016

Cui X, Li C, Zhang Y, Jia D, Zhao Y, Li R et al (2019) Tri-
bological properties under the grinding wheel and workpiece
interface by using graphene nanofluid lubricant. Int J Adv
Manuf Technol 104:3943-3958. https://doi.org/10.1007/
s00170-019-04129-8

Azman SSN, Zulkifli NWM, Masjuki H, Gulzar M, Zahid R
(2016) Study of tribological properties of lubricating oil blend
added with graphene nanoplatelets. J Mater Res 31:1932-1938.
https://doi.org/10.1557/jmr.2016.24

Wang Y, Li C, Zhang Y, Li B, Yang M, Zhang X et al (2017)
Comparative evaluation of the lubricating properties of vege-
table-oil-based nanofluids between frictional test and grinding
experiment. J Manuf Process 26:94-104. https://doi.org/10.
1016/j.jmapro.2017.02.001

Wang XJ, Wang ZF, Li ZZ (2013) Experimental Investigation on
Viscosity of Nanofluids. Adv Mat Res 650:134—138. https://doi.
org/10.4028/www.scientific.net/ AMR.650.134

Duan L, Li J, Duan H (2023) Nanomaterials for lubricating oil
application: a review. Friction 11:647-684. https://doi.org/10.
1007/s40544-022-0667-9

JiangZ, Sun Y, Liu B, Yu L, Tong Y, Yan M et al (2024) Research
progresses of nanomaterials as lubricant additives. Friction
12:1347-1391. https://doi.org/10.1007/s40544-023-0808-9
Samylingam L, Aslfattahi N, Kok CK, Kadirgama K, Sazali
N, Liew KW et al (2024) Enhancing lubrication efficiency and
wear resistance in mechanical systems through the application
of nanofluids: a comprehensive review. J] Adv Res Micro Nano
Eng 16:1-18. https://doi.org/10.37934/armne.16.1.118

LiJ, Chen D, Zhang H, Jiang Z, Sun K, Fan J, et al (2024) The
tribological properties of nano-lubricants and their application
on bearings: recent research progress. Int J] Adv Manuf Technol.
https://doi.org/10.1007/s00170-024-14351-8

Yasmin H, Giwa SO, Noor S, Aybar HS (2023) Reproduction
of nanofluid synthesis, thermal properties and experiments in
engineering: a research paradigm shift. Energies (Basel) 16:1145.
https://doi.org/10.3390/en16031145

Musavi SH, Davoodi B, Niknam SA (2019) Effects of reinforced
nanoparticles with surfactant on surface quality and chip for-
mation morphology in MQL-turning of superalloys. J] Manuf
Process 40:128-139. https://doi.org/10.1016/j.jmapro.2019.03.
014

Ozdemir MT, Korkmaz ME (2024) A Short Review on Mini-
mum Quantity Lubrication Method in Machining Applications.
Prabha Materi Sci Lett 3:191-203. https://doi.org/10.33889/
PMSL.2024.3.2.012

Ross NS, Ganesh M, Ananth MBJ, Kumar M, Rai R, Gupta MK
et al (2023) Development and potential use of MWCNT sus-
pended in vegetable oil as a cutting fluid in machining of Monel
400. J Mol Liq 382:121853. https://doi.org/10.1016/j.molliq.
2023.121853

Makhesana MA, Bagga PJ, Patel KM, Taha-Tijerina JJ (2023)
Effects of Machining Parameters of C45 Steel Applying

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Vegetable Lubricant with Minimum Quantity Cooling Lubrica-
tion (MQCL). Lubricants 11:332. https://doi.org/10.3390/lubri
cants11080332

Hadad M, Beigi M (2021) A novel approach to improve environ-
mentally friendly machining processes using ultrasonic nozzle—
minimum quantity lubrication system. Int ] Adv Manuf Technol
114:741-756. https://doi.org/10.1007/s00170-021-06860-7
Zaman PB, Dhar NR (2024) Current research trends in cool-
ant application for machining Ti-6Al-4V alloy: a state-of-the-
art review. Adv Mater Process Technol 1-71. https://doi.org/10.
1080/2374068X.2024.2423492

Ji C, Sheng R, Wu H, Zhou Z, Yan X, Dong L et al (2024) Bib-
liometric analysis and research trends in minimum quantity
lubrication for reducing cutting forces. Int J Adv Manuf Technol
135:4995-5033. https://doi.org/10.1007/s00170-024-14793-0
Yang Y,Guo S, SiL, Liu T, Dai Y, Yan C et al (2021) Investiga-
tion of a new water-based cutting fluid for machining of titanium
alloys. J Manuf Process 71:398-406. https://doi.org/10.1016/j.
jmapro.2021.09.046

Tanmai Sai Geetha CH, Dash AK, Kavya B, Amrita M (2021)
Analysis of hybrid nanofluids in machining AISI 4340 using
minimum quantity lubrication. Mater Today Proc 43:579-86.
https://doi.org/10.1016/j.matpr.2020.12.083

Zhang Y, Li C, Jia D, Zhang D, Zhang X (2015) Experimental
evaluation of the lubrication performance of MoS2/CNT nano-
fluid for minimal quantity lubrication in Ni-based alloy grind-
ing. Int J Mach Tools Manuf 99:19-33. https://doi.org/10.1016/j.
ijmachtools.2015.09.003

Jamil M, Khan AM, Hegab H, Gong L, Mia M, Gupta MK et al
(2019) Effects of hybrid A1203-CNT nanofluids and cryogenic
cooling on machining of Ti-6Al-4V. Int J] Adv Manuf Technol
102:3895-39009. https://doi.org/10.1007/s00170-019-03485-9
Javid H, Jahanzaib M, Jawad M, Ali MA, Farooq MU, Pruncu
Cl et al (2021) Parametric analysis of turning HSLA steel under
minimum quantity lubrication (MQL) and nanofluids-based
minimum quantity lubrication (NF-MQL): a concept of one-step
sustainable machining. Int J Adv Manuf Technol 117:1915-1934.
https://doi.org/10.1007/s00170-021-07776-y

Yildirim CV, Kivak T, Erzincanli F (2019) Influence of Different
Cooling Methods on Tool Life, Wear Mechanisms and Surface
Roughness in the Milling of Nickel-Based Waspaloy with WC
Tools. Arab J Sci Eng 44:7979-7995. https://doi.org/10.1007/
s13369-019-03963-y

Qiao G, Yang J, Zhen D, Zhang F (2024) Mechanism, cutting
performance, and tool wear of MQL milling aluminum alloys
with dual-nozzle. Int J Adv Manuf Technol 131:5845-5866.
https://doi.org/10.1007/s00170-024-13373-6

Sarkar J (2011) A critical review on convective heat transfer cor-
relations of nanofluids. Renew Sustain Energy Rev 15:3271-
3277. https://doi.org/10.1016/j.rser.2011.04.025

Sirin §, Sarikaya M, Yildirim CV, Kivak T (2021) Machinability
performance of nickel alloy X-750 with SiAION ceramic cutting
tool under dry, MQL and hBN mixed nanofluid-MQL. Tribol Int
153:106673. https://doi.org/10.1016/j.triboint.2020.106673
Mao C, Zou H, Huang X, Zhang J, Zhou Z (2013) The influ-
ence of spraying parameters on grinding performance for nano-
fluid minimum quantity lubrication. Int J] Adv Manuf Technol
64:1791-1799. https://doi.org/10.1007/s00170-012-4143-y
Setti D, Sinha MK, Ghosh S, Venkateswara RP (2015) Perfor-
mance evaluation of Ti-6Al-4V grinding using chip formation
and coefficient of friction under the influence of nanofluids. Int J
Mach Tools Manuf 88:237-248. https://doi.org/10.1016/j.ijmac
htools.2014.10.005

Wang Y, Li C, Zhang Y, Li B, Yang M, Zhang X et al (2016)
Experimental evaluation of the lubrication properties of the
wheel/workpiece interface in MQL grinding with different

@ Springer


https://doi.org/10.1016/j.wear.2013.12.020
https://doi.org/10.1016/j.wear.2013.12.020
https://doi.org/10.1016/j.procir.2017.03.231
https://doi.org/10.1016/j.procir.2017.03.231
https://doi.org/10.1007/s40544-023-0808-9
https://doi.org/10.1016/j.triboint.2017.09.016
https://doi.org/10.1007/s00170-019-04129-8
https://doi.org/10.1007/s00170-019-04129-8
https://doi.org/10.1557/jmr.2016.24
https://doi.org/10.1016/j.jmapro.2017.02.001
https://doi.org/10.1016/j.jmapro.2017.02.001
https://doi.org/10.4028/www.scientific.net/AMR.650.134
https://doi.org/10.4028/www.scientific.net/AMR.650.134
https://doi.org/10.1007/s40544-022-0667-9
https://doi.org/10.1007/s40544-022-0667-9
https://doi.org/10.1007/s40544-023-0808-9
https://doi.org/10.37934/armne.16.1.118
https://doi.org/10.1007/s00170-024-14351-8
https://doi.org/10.3390/en16031145
https://doi.org/10.1016/j.jmapro.2019.03.014
https://doi.org/10.1016/j.jmapro.2019.03.014
https://doi.org/10.33889/PMSL.2024.3.2.012
https://doi.org/10.33889/PMSL.2024.3.2.012
https://doi.org/10.1016/j.molliq.2023.121853
https://doi.org/10.1016/j.molliq.2023.121853
https://doi.org/10.3390/lubricants11080332
https://doi.org/10.3390/lubricants11080332
https://doi.org/10.1007/s00170-021-06860-7
https://doi.org/10.1080/2374068X.2024.2423492
https://doi.org/10.1080/2374068X.2024.2423492
https://doi.org/10.1007/s00170-024-14793-0
https://doi.org/10.1016/j.jmapro.2021.09.046
https://doi.org/10.1016/j.jmapro.2021.09.046
https://doi.org/10.1016/j.matpr.2020.12.083
https://doi.org/10.1016/j.ijmachtools.2015.09.003
https://doi.org/10.1016/j.ijmachtools.2015.09.003
https://doi.org/10.1007/s00170-019-03485-9
https://doi.org/10.1007/s00170-021-07776-y
https://doi.org/10.1007/s13369-019-03963-y
https://doi.org/10.1007/s13369-019-03963-y
https://doi.org/10.1007/s00170-024-13373-6
https://doi.org/10.1016/j.rser.2011.04.025
https://doi.org/10.1016/j.triboint.2020.106673
https://doi.org/10.1007/s00170-012-4143-y
https://doi.org/10.1016/j.ijmachtools.2014.10.005
https://doi.org/10.1016/j.ijmachtools.2014.10.005

The International Journal of Advanced Manufacturing Technology

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

nanofluids. Tribol Int 99:198-210. https://doi.org/10.1016/j.tribo
int.2016.03.023

Abbas AT, Benyahia F, El Rayes MM, Pruncu C, Taha MA,
Hegab H (2019) Towards Optimization of Machining Perfor-
mance and Sustainability Aspects when Turning AISI 1045 Steel
under Different Cooling and Lubrication Strategies. Materials
12:3023. https://doi.org/10.3390/mal12183023

Najiha MS, Rahman MM, Yusoff AR (2015) Flank Wear Char-
acterization in Aluminum Alloy (6061 T6) With Nanofluid Mini-
mum Quantity Lubrication Environment Using an Uncoated Car-
bide Tool. J Manuf Sci Eng 137. https://doi.org/10.1115/1.40300
60.

Safiei W, Rahman MM, Yusoff AR, Arifin MN, Tasnim W (2021)
Effects of Si02-A1203-ZrO2 Tri-hybrid Nanofluids on Surface
Roughness and Cutting Temperature in End Milling Process of
Aluminum Alloy 6061-T6 Using Uncoated and Coated Cutting
Inserts with Minimal Quantity Lubricant Method. Arab J Sci Eng
46:7699-7718. https://doi.org/10.1007/s13369-021-05533-7
YiS, LiG, Ding S, Mo J (2017) Performance and mechanisms of
graphene oxide suspended cutting fluid in the drilling of titanium
alloy Ti-6Al-4V. ] Manuf Process 29:182-193. https://doi.org/
10.1016/j.jmapro.2017.07.027

Zhou C, Guo X, Zhang K, Cheng L, Wu Y (2019) The coupling
effect of micro-groove textures and nanofluids on cutting perfor-
mance of uncoated cemented carbide tools in milling Ti-6Al-4V.
J Mater Process Technol 271:36-45. https://doi.org/10.1016/j.
jmatprotec.2019.03.021

Bai X, Li C, Dong L, Yin Q (2019) Experimental evaluation of
the lubrication performances of different nanofluids for mini-
mum quantity lubrication (MQL) in milling Ti-6Al-4V. Int J
Adv Manuf Technol 101:2621-2632. https://doi.org/10.1007/
s00170-018-3100-9

Anandan V, Naresh Babu M, Muthukrishnan N, Dinesh BM
(2020) Performance of silver nanofluids with minimum quantity
lubrication in turning on titanium: a phase to green manufactur-
ing. J Braz Soc Mech Sci Eng 42:198. https://doi.org/10.1007/
s40430-020-02277-7

Cococcetta NM, Pearl D, Jahan MP, Ma J (2020) Investigating
surface finish, burr formation, and tool wear during machining of
3D printed carbon fiber reinforced polymer composite. J Manuf
Process 56:1304—-1316. https://doi.org/10.1016/j.jmapro.2020.
04.025

Pradana YRA, Leresawan AA, Ashar AA, Aminnudin A, Sari
NP, Permanasari AA, et al (2023) The role of TiO2/water nano-
fluids for cooling medium on the carbon fiber-reinforced polymer
end milling operation, p 050004. https://doi.org/10.1063/5.01209
88

Qu S, Yao P, Gong Y, Chu D, Yang Y, Li C et al (2022) Envi-
ronmentally friendly grinding of C/SiCs using carbon nano-
fluid minimum quantity lubrication technology. J Clean Prod
366:132898. https://doi.org/10.1016/j.jclepro.2022.132898
Mughal K, Mughal MP, Farooq MU, Anwar S, Ammarullah MI
(2023) Using nano-fluids Minimum Quantity Lubrication (NF-
MQL) to improve tool wear characteristics for efficient machin-
ing of CFRP/Ti6Al4V aeronautical structural composite. Pro-
cesses 11:1540. https://doi.org/10.3390/pr11051540

Sujith S V., Mulik RS (2022) Surface Integrity and Flank Wear
Response Under Pure Coconut Oil-Al1203 Nano Minimum Quan-
tity Lubrication Turning of Al-7079/7 wt%-TiC In Situ Metal
Matrix Composites. J Tribol 144. https://doi.org/10.1115/1.
4051863

Chakma P, Bhadra D, Dhar NR (2022) Modeling and optimiza-
tion of the control parameters in machining of aluminum metal
matrix nanocomposite under CNT induced nanofluid. Mater
Today Proc 54:866-872. https://doi.org/10.1016/j.matpr.2021.
11.192

@ Springer

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

Kumar Mishra S, Ghosh S, Aravindan S (2020) Machining per-
formance evaluation of Ti6Al4V alloy with laser textured tools
under MQL and nano-MQL environments. J] Manuf Process
53:174-189. https://doi.org/10.1016/j.jmapro.2020.02.014

Das A, Patel SK, Das SR (2019) Performance comparison of veg-
etable oil based nanofluids towards machinability improvement
in hard turning of HSLA steel using minimum quantity lubrica-
tion. Mech Ind 20:506. https://doi.org/10.1051/meca/2019036
Ali MAM, Azmi Al, Murad MN, Zain MZM, Khalil ANM,
Shuaib NA (2020) Roles of new bio-based nanolubricants
towards eco-friendly and improved machinability of Inconel 718
alloys. Tribol Int 144:106106. https://doi.org/10.1016/j.triboint.
2019.106106

Elsheikh AH, Elaziz MA, Das SR, Muthuramalingam T, Lu S
(2021) A new optimized predictive model based on political opti-
mizer for eco-friendly MQL-turning of AISI 4340 alloy with
nano-lubricants. J] Manuf Process 67:562-578. https://doi.org/
10.1016/j.jmapro.2021.05.014

Das A, Das SR, Patel SK, Biswal BB (2020) Effect of MQL and
nanofluid on the machinability aspects of hardened alloy steel.
Mach Sci Technol 24:291-320. https://doi.org/10.1080/10910
344.2019.1669167

Khajehzadeh M, Moradpour J, Razfar MR (2019) Influence of
nanofluids application on contact length during hard turning.
Mater Manuf Process 34:30-38. https://doi.org/10.1080/10426
914.2018.1532091

Domingues BB, Rodriguez RL, de Souza GG, Avila BN, Rod-
rigues MDS, Ribeiro FSF et al (2023) Eco-friendly thinking
toward mitigating the greenhouse effect applied to the alumina
grinding process. Int J Adv Manuf Technol 124:2171-83. https://
doi.org/10.1007/s00170-022-10598-1

Bai X, Jiang J, Li C, Dong L, Ali HM, Sharma S (2023) Tribo-
logical performance of different concentrations of A1203 nano-
fluids on Minimum Quantity Lubrication milling. Chin J Mech
Eng 36:11. https://doi.org/10.1186/s10033-022-00830-0

Lopes JC, Talon AG, Rodrigues MDS, Moretti GB, Machado
FDC, de Souza GG et al (2023) An experimental evaluation
between pure and diluted MQL versus flood lubri-cooling
focused on cost and environmental impact. Int J] Adv Manuf Tech-
nol 129:2691-705. https://doi.org/10.1007/s00170-023-12399-6
Sato BK, Lopes JC, Rodriguez RL, Garcia MV, Mia M, Ribeiro
FSF et al (2022) Novel comparison concept between CBN and
Al203 grinding process for eco-friendly production. J Clean
Prod 330:129673. https://doi.org/10.1016/j.jclepro.2021.129673
Gupta MK, Song Q, Liu Z, Sarikaya M, Jamil M, Mia M et al
(2021) Environment and economic burden of sustainable cool-
ing/lubrication methods in machining of Inconel-800. J Clean
Prod 287:125074. https://doi.org/10.1016/j.jclepro.2020.125074
Said Z, Gupta M, Hegab H, Arora N, Khan AM, Jamil M et al
(2019) A comprehensive review on minimum quantity lubrica-
tion (MQL) in machining processes using nano-cutting fluids. Int
J Adv Manuf Technol 105:2057-2086. https://doi.org/10.1007/
s00170-019-04382-x

Patil AS, Sunnapwar VK, S. Bhole K, Ray MP, More YS (2023)
Effective cooling methods for Ti6Al4V CNC milling: a review.
Adv Mater Process Technol 9:457-506. https://doi.org/10.1080/
2374068X.2022.2094073

Ofem NL (2021) Effect of Ni-binder, PECS and MQL on face
milling of Ti-6Al-4V. Mater Manuf Processes 36:1807-1812.
https://doi.org/10.1080/10426914.2021.1960995

Khatri A, Jahan MP (2018) Investigating tool wear mechanisms
in machining of Ti-6Al1-4V in flood coolant, dry and MQL con-
ditions. Procedia Manuf 26:434-445. https://doi.org/10.1016/j.
promfg.2018.07.051

Tong Y, Ding Y, Guo W, Wang S, Cho H (2022) Heat trans-
fer and lubrication performance of palm 0il-A1203 nanofluid


https://doi.org/10.1016/j.triboint.2016.03.023
https://doi.org/10.1016/j.triboint.2016.03.023
https://doi.org/10.3390/ma12183023
https://doi.org/10.1115/1.4030060
https://doi.org/10.1115/1.4030060
https://doi.org/10.1007/s13369-021-05533-7
https://doi.org/10.1016/j.jmapro.2017.07.027
https://doi.org/10.1016/j.jmapro.2017.07.027
https://doi.org/10.1016/j.jmatprotec.2019.03.021
https://doi.org/10.1016/j.jmatprotec.2019.03.021
https://doi.org/10.1007/s00170-018-3100-9
https://doi.org/10.1007/s00170-018-3100-9
https://doi.org/10.1007/s40430-020-02277-7
https://doi.org/10.1007/s40430-020-02277-7
https://doi.org/10.1016/j.jmapro.2020.04.025
https://doi.org/10.1016/j.jmapro.2020.04.025
https://doi.org/10.1063/5.0120988
https://doi.org/10.1063/5.0120988
https://doi.org/10.1016/j.jclepro.2022.132898
https://doi.org/10.3390/pr11051540
https://doi.org/10.1115/1.4051863
https://doi.org/10.1115/1.4051863
https://doi.org/10.1016/j.matpr.2021.11.192
https://doi.org/10.1016/j.matpr.2021.11.192
https://doi.org/10.1016/j.jmapro.2020.02.014
https://doi.org/10.1051/meca/2019036
https://doi.org/10.1016/j.triboint.2019.106106
https://doi.org/10.1016/j.triboint.2019.106106
https://doi.org/10.1016/j.jmapro.2021.05.014
https://doi.org/10.1016/j.jmapro.2021.05.014
https://doi.org/10.1080/10910344.2019.1669167
https://doi.org/10.1080/10910344.2019.1669167
https://doi.org/10.1080/10426914.2018.1532091
https://doi.org/10.1080/10426914.2018.1532091
https://doi.org/10.1007/s00170-022-10598-1
https://doi.org/10.1007/s00170-022-10598-1
https://doi.org/10.1186/s10033-022-00830-0
https://doi.org/10.1007/s00170-023-12399-6
https://doi.org/10.1016/j.jclepro.2021.129673
https://doi.org/10.1016/j.jclepro.2020.125074
https://doi.org/10.1007/s00170-019-04382-x
https://doi.org/10.1007/s00170-019-04382-x
https://doi.org/10.1080/2374068X.2022.2094073
https://doi.org/10.1080/2374068X.2022.2094073
https://doi.org/10.1080/10426914.2021.1960995
https://doi.org/10.1016/j.promfg.2018.07.051
https://doi.org/10.1016/j.promfg.2018.07.051

The International Journal of Advanced Manufacturing Technology

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

compared to traditional cutting fluid. ScienceAsia 48:69. https://
doi.org/10.2306/scienceasial 513-1874.2022.024

LiM, Yu T, Zhang R, Yang L, Li H, Wang W (2018) MQL mill-
ing of TC4 alloy by dispersing graphene into vegetable oil-based
cutting fluid. Int J Adv Manuf Technol 99:1735-1753. https://
doi.org/10.1007/s00170-018-2576-7

Tiwari A, Agarwal D, Singh A (2021) Computational analy-
sis of machining characteristics of surface using varying con-
centration of nanofluids (A1203, CuO and TiO2) with MQL.
Mater Today Proc 42:1262-1269. https://doi.org/10.1016/j.
matpr.2020.12.950

Sharmin I, Gafur MdA, Dhar NR (2020) Preparation and
evaluation of a stable CNT-water based nano cutting fluid for
machining hard-to-cut material. SN Appl Sci 2:626. https://
doi.org/10.1007/s42452-020-2416-x

Huang WT, Wu DH, Lin SP, Chen JT (2014) Robust Design of
Using MWCNTSs in Minimum Quantity Lubrication. Appl Mech
Mater 670-671:11-21. https://doi.org/10.4028/www.scientific.
net/ AMM.670-671.11

Gu Y, Zhao X, Liu Y, Lv Y (2014) Preparation and Tribological
Properties of Dual-Coated TiO , Nanoparticles as Water-Based
Lubricant Additives. J Nanomater 2014. https://doi.org/10.1155/
2014/785680

Najiha MS, Rahman MM, Kadirgama K (2016) Performance of
water-based TiO2 nanofluid during the minimum quantity lubri-
cation machining of aluminium alloy, AA6061-T6. J Clean Prod
135:1623-1636. https://doi.org/10.1016/j.jclepro.2015.12.015
Park K-H, Suhaimi MA, Yang G-D, Lee D-Y, Lee S-W, Kwon
P (2017) Milling of titanium alloy with cryogenic cooling and
minimum quantity lubrication (MQL). Int J Precis Eng Manuf
18:5-14. https://doi.org/10.1007/s12541-017-0001-z

ChenJ, Yu W, Zuo Z, Li Y, Chen D, An Q et al (2021) Tribologi-
cal properties and tool wear in milling of in-situ TiB2/7075 Al
composite under various cryogenic MQL conditions. Tribol Int
160:107021. https://doi.org/10.1016/j.triboint.2021.107021
Kumar R, Bilga PS, Singh S (2021) An Investigation of Energy
Efficiency in Finish Turning of EN 353 Alloy Steel. Procedia
CIRP 98:654-659. https://doi.org/10.1016/j.procir.2021.01.170
Sredanovic B, Cica D, Borojevic S, Tesic S, Kramar D (2022)
Multi-Objective Optimization of Sustainable Steel AISI 1045
Turning Energy Parameters Under MQL Condition. Tribol Ind
44:498-507. https://doi.org/10.24874/ti.1301.05.22.07

Tuan NM, Long TT, Ngoc TB (2023) Study of Effects of MoS2
Nanofluid MQL Parameters on Cutting Forces and Surface
Roughness in Hard Turning Using CBN Insert. Fluids 8:188.
https://doi.org/10.3390/fluids8070188

Naresh Babu M, Anandan V, Muthukrishnan N (2019) Analysis
of EN24 steel in turning process with copper nanofluids under
minimum quantity lubrication. J Braz Soc Mech Sci Eng 41:101.
https://doi.org/10.1007/s40430-019-1606-1

Rapeti P, Pasam VK, Rao Gurram KM, Revuru RS (2018) Per-
formance evaluation of vegetable oil based nano cutting fluids in
machining using grey relational analysis-A step towards sustain-
able manufacturing. J Clean Prod 172:2862-2875. https://doi.
org/10.1016/j.jclepro.2017.11.127

Malladi A, Saravanan R, Gnanavel C, Rajesh S, Sekar CB,
Nagarathi DK (2022) Taguchi based parameter optimization for
cutting force reduction in SAE 1045 steel machining with nano-
fluid. Mater Today Proc 62:1325-1329. https://doi.org/10.1016/j.
matpr.2022.04.734

Khajehzadeh M, Moradpour J, Razfar MR (2019) Influence of
nanolubricant particles’ size on flank wear in hard turning. Mater
Manuf Process 34:494-501. https://doi.org/10.1080/10426914.
2019.1566619

Singh RK, Sharma AK, Bishwajeet Mandal V, Gaurav K, Sharma
A et al (2018) Effect of multi-walled carbon nanotubes based

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

nanofluid on surface roughness and cutting temperature in turn-
ing operation using minimum quantity lubrication. IOP Conf Ser
Mater Sci Eng 377:012017. https://doi.org/10.1088/1757-899X/
377/1/012017

Shuang Y, John M, Songlin D (2019) Experimental investigation
on the performance and mechanism of graphene oxide nanofluids
in turning Ti-6Al-4V. J Manuf Process 43:164—174. https://doi.
org/10.1016/j.jmapro.2019.05.005

Gugulothu S, Pasam VK (2022) Experimental investigation to
study the performance of CNT/MoS , hybrid nanofluid in turning
of AISI 1040 stee. Aust J Mech Eng 20:814-824. https://doi.org/
10.1080/14484846.2020.1756067

Haghnazari S, Abedini V (2021) Effects of hybrid A1203—-CuO
nanofluids on surface roughness and machining forces during
turning AIST 4340. SN Appl Sci 3:203. https://doi.org/10.1007/
$42452-020-04088-w

Tawakoli T, Hadad MJ, Sadeghi MH (2010) Influence of oil mist
parameters on minimum quantity lubrication - MQL grinding
process. Int J Mach Tools Manuf 50:521-531. https://doi.org/
10.1016/j.ijmachtools.2010.03.005

Kishore K, Chauhan SR, Sinha MK (2023) Application of
machine learning techniques in environmentally benign surface
grinding of Inconel 625. Tribol Int 188:108812. https://doi.org/
10.1016/j.triboint.2023.108812

Sato BK, Lopes JC, Ribeiro FSF, Rodriguez RL, Domingues BB,
de Souza HA et al (2022) Evaluating the effect of MQL tech-
nique in grinding VP50IM steel with green carbide wheel. Int
J Adv Manuf Technol 121:7287-7294. https://doi.org/10.1007/
s00170-022-09813-w

Kalita P, Malshe AP, Rajurkar KP (2012) Study of tribo-chemical
lubricant film formation during application of nanolubricants
in minimum quantity lubrication (MQL) grinding. CIRP Ann
61:327-330. https://doi.org/10.1016/j.cirp.2012.03.031

Wang Y, Li C, Zhang Y, Yang M, Li B, Dong L et al (2018)
Processing Characteristics of Vegetable Oil-based Nanofluid
MQL for Grinding Different Workpiece Materials. Int J Precis
Eng Manuf - Green Technol 5:327-339. https://doi.org/10.1007/
s40684-018-0035-4

Ni J, Yang Y, Wu C (2019) Assessment of water-based fluids
with additives in grinding disc cutting process. J Clean Prod
212:593-601. https://doi.org/10.1016/j.jclepro.2018.12.066
Liu G, Li C, Zhang Y, Yang M, Jia D, Zhang X et al (2018)
Process parameter optimization and experimental evaluation for
nanofluid MQL in grinding Ti-6Al-4V based on grey relational
analysis. Mater Manuf Processes 33:950-963. https://doi.org/10.
1080/10426914.2017.1388522

Ibrahim AMM, Li W, Xiao H, Zeng Z, Ren Y, Alsoufi MS (2020)
Energy conservation and environmental sustainability during
grinding operation of Ti-6Al-4V alloys via eco-friendly oil/gra-
phene nano additive and Minimum quantity lubrication. Tribol
Int 150:106387. https://doi.org/10.1016/j.triboint.2020.106387
Qu S, Gong Y, Yang Y, Wang W, Liang C, Han B (2020) An
investigation of carbon nanofluid minimum quantity lubrica-
tion for grinding unidirectional carbon fibre-reinforced ceramic
matrix composites. J Clean Prod 249:119353. https://doi.org/10.
1016/j.jclepro.2019.119353

Mk K, Ghosh A (2021) On grinding force ratio, specific energy,
G-ratio and residual stress in SQCL assisted grinding using
aerosol of MWCNT nanofluid. Mach Sci Technol 25:585-607.
https://doi.org/10.1080/10910344.2021.1903920

Seyedzavvar M, Abbasi H, Kiyasatfar M, Ilkhchi RN (2020)
Investigation on tribological performance of CuO vegetable-oil
based nanofluids for grinding operations. Adv Manuf 8:344-360.
https://doi.org/10.1007/s40436-020-00314-1

Awale AS, Vashista M, Khan Yusufzai MZ (2020) Multi-
objective optimization of MQL mist parameters for eco-friendly

@ Springer


https://doi.org/10.2306/scienceasia1513-1874.2022.024
https://doi.org/10.2306/scienceasia1513-1874.2022.024
https://doi.org/10.1007/s00170-018-2576-7
https://doi.org/10.1007/s00170-018-2576-7
https://doi.org/10.1016/j.matpr.2020.12.950
https://doi.org/10.1016/j.matpr.2020.12.950
https://doi.org/10.1007/s42452-020-2416-x
https://doi.org/10.1007/s42452-020-2416-x
https://doi.org/10.4028/www.scientific.net/AMM.670-671.11
https://doi.org/10.4028/www.scientific.net/AMM.670-671.11
https://doi.org/10.1155/2014/785680
https://doi.org/10.1155/2014/785680
https://doi.org/10.1016/j.jclepro.2015.12.015
https://doi.org/10.1007/s12541-017-0001-z
https://doi.org/10.1016/j.triboint.2021.107021
https://doi.org/10.1016/j.procir.2021.01.170
https://doi.org/10.24874/ti.1301.05.22.07
https://doi.org/10.3390/fluids8070188
https://doi.org/10.1007/s40430-019-1606-1
https://doi.org/10.1016/j.jclepro.2017.11.127
https://doi.org/10.1016/j.jclepro.2017.11.127
https://doi.org/10.1016/j.matpr.2022.04.734
https://doi.org/10.1016/j.matpr.2022.04.734
https://doi.org/10.1080/10426914.2019.1566619
https://doi.org/10.1080/10426914.2019.1566619
https://doi.org/10.1088/1757-899X/377/1/012017
https://doi.org/10.1088/1757-899X/377/1/012017
https://doi.org/10.1016/j.jmapro.2019.05.005
https://doi.org/10.1016/j.jmapro.2019.05.005
https://doi.org/10.1080/14484846.2020.1756067
https://doi.org/10.1080/14484846.2020.1756067
https://doi.org/10.1007/s42452-020-04088-w
https://doi.org/10.1007/s42452-020-04088-w
https://doi.org/10.1016/j.ijmachtools.2010.03.005
https://doi.org/10.1016/j.ijmachtools.2010.03.005
https://doi.org/10.1016/j.triboint.2023.108812
https://doi.org/10.1016/j.triboint.2023.108812
https://doi.org/10.1007/s00170-022-09813-w
https://doi.org/10.1007/s00170-022-09813-w
https://doi.org/10.1016/j.cirp.2012.03.031
https://doi.org/10.1007/s40684-018-0035-4
https://doi.org/10.1007/s40684-018-0035-4
https://doi.org/10.1016/j.jclepro.2018.12.066
https://doi.org/10.1080/10426914.2017.1388522
https://doi.org/10.1080/10426914.2017.1388522
https://doi.org/10.1016/j.triboint.2020.106387
https://doi.org/10.1016/j.jclepro.2019.119353
https://doi.org/10.1016/j.jclepro.2019.119353
https://doi.org/10.1080/10910344.2021.1903920
https://doi.org/10.1007/s40436-020-00314-1

The International Journal of Advanced Manufacturing Technology

325.

326.

327.

328.

329.

330.

331.

332.

grinding. J Manuf Process 56:75-86. https://doi.org/10.1016/j.
jmapro.2020.04.069

Zaman PB, Dhar NR (2019) Design and evaluation of an embed-
ded double jet nozzle for MQL delivery intending machinability
improvement in turning operation. ] Manuf Process 44:179-196.
https://doi.org/10.1016/j.jmapro.2019.05.047

G. PK, D. SR (2023) Machinability and tribological analysis of
used cooking oil for MQL applications in drilling AISI 304 using
a low-cost pneumatic operated MQL system. J Manuf Process
104:348-71. https://doi.org/10.1016/j.jmapro.2023.09.028

Pal A, Chatha SS, Sidhu HS (2020) Experimental investigation
on the performance of MQL drilling of AISI 321 stainless steel
using nano-graphene enhanced vegetable-oil-based cutting fluid.
Tribol Int 151:106508. https://doi.org/10.1016/j.triboint.2020.
106508

Raval JK, Stephenson DA, Tai BL (2020) Eftect of Oil Flow
Rate on Production Through-Tool Dual Channel MQL Dirill-
ing. Volume 1: Additive Manufacturing; Advanced Materials
Manufacturing; Biomanufacturing; Life Cycle Engineering;
Manufacturing Equipment and Automation, American Society of
Mechanical Engineers. https://doi.org/10.1115/MSEC2020-8375
Nam JS, Lee P-H, Lee SW (2011) Experimental characteriza-
tion of micro-drilling process using nanofluid minimum quantity
lubrication. Int ] Mach Tools Manuf 51:649-652. https://doi.org/
10.1016/j.ijmachtools.2011.04.005

Nam J, Kim JW, Kim JS, Lee J, Lee SW (2018) Parametric anal-
ysis and optimization of nanofluid minimum quantity lubrica-
tion micro-drilling process for titanium alloy (Ti-6Al-4V) using
response surface methodology and desirability function. Procedia
Manuf 26:403-414. https://doi.org/10.1016/j.promfg.2018.07.048
Shalimba V, Sopko B (2018) Nanofluids application in the drill-
ing process. Manuf Technol 18:493-8. https://doi.org/10.21062/
ujep/127.2018/a/1213-2489/MT/18/3/493

Naresh Babu M, Muthukrishnan N (2020) Experimental analysis
in drilling of AA 5052 using copper nanofluids under minimum
quantity lubrication. Aust ] Mech Eng 18:S15-24. https://doi.org/
10.1080/14484846.2018.1455267

@ Springer

333.

334.

335.

336.

337.

338.

Muthuvel S, Naresh Babu M, Muthukrishnan N (2020) Copper
nanofluids under minimum quantity lubrication during drilling
of AISI 4140 steel. AustJ Mech Eng 18:S151-S164. https://doi.
org/10.1080/14484846.2018.1486694

Xu J, Ji M, Paulo Davim J, Chen M, El Mansori M, Krishnaraj
V (2020) Comparative study of minimum quantity lubrication
and dry drilling of CFRP/titanium stacks using TiAIN and dia-
mond coated drills. Compos Struct 234:111727. https://doi.org/
10.1016/j.compstruct.2019.111727

Huang W-T, Wu D-H, Chen J-T (2016) Robust design of using
nanofluid/MQL in micro-drilling. Int J Adv Manuf Technol
85:2155-2161. https://doi.org/10.1007/s00170-015-7382-x
MirHosseini E, Mirjalily SAA, Ahrar AJ, Oloomi SAA, Zare MH
(2024) Experimental investigation of nanofluid lubrication on
surface roughness under MQL aluminum alloy 6061-T6 series
in drilling. Ind Lubr Tribol 76:747-758. https://doi.org/10.1108/
ILT-01-2024-0021

Makhesana M, Patel K, Mevada Y, Jain K, Patel A, Sankhla A
(2024) Experimental investigations and sustainability analysis on
the performance of vegetable oil-based MQL drilling of SS316L.
Adv Mater Process Technol 1-13. https://doi.org/10.1080/23740
68X.2024.2379112

Pal A, Chatha SS, Sidhu HS (2021) Performance evaluation of
the minimum quantity lubrication with A1203- mixed vegetable-
oil-based cutting fluid in drilling of AISI 321 stainless steel. J
Manuf Process 66:238-249. https://doi.org/10.1016/j.jmapro.
2021.04.024

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.jmapro.2020.04.069
https://doi.org/10.1016/j.jmapro.2020.04.069
https://doi.org/10.1016/j.jmapro.2019.05.047
https://doi.org/10.1016/j.jmapro.2023.09.028
https://doi.org/10.1016/j.triboint.2020.106508
https://doi.org/10.1016/j.triboint.2020.106508
https://doi.org/10.1115/MSEC2020-8375
https://doi.org/10.1016/j.ijmachtools.2011.04.005
https://doi.org/10.1016/j.ijmachtools.2011.04.005
https://doi.org/10.1016/j.promfg.2018.07.048
https://doi.org/10.21062/ujep/127.2018/a/1213-2489/MT/18/3/493
https://doi.org/10.21062/ujep/127.2018/a/1213-2489/MT/18/3/493
https://doi.org/10.1080/14484846.2018.1455267
https://doi.org/10.1080/14484846.2018.1455267
https://doi.org/10.1080/14484846.2018.1486694
https://doi.org/10.1080/14484846.2018.1486694
https://doi.org/10.1016/j.compstruct.2019.111727
https://doi.org/10.1016/j.compstruct.2019.111727
https://doi.org/10.1007/s00170-015-7382-x
https://doi.org/10.1108/ILT-01-2024-0021
https://doi.org/10.1108/ILT-01-2024-0021
https://doi.org/10.1080/2374068X.2024.2379112
https://doi.org/10.1080/2374068X.2024.2379112
https://doi.org/10.1016/j.jmapro.2021.04.024
https://doi.org/10.1016/j.jmapro.2021.04.024

	Nanoparticle-based lubrication during machining: synthesis, application, and future scope—a critical review
	Abstract
	1 Introduction
	1.1 Background
	1.2 Importance
	1.3 Objective

	Acknowledgements 
	References


