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Abstract. This paper reviews the recent progress and applications of nanoparticles in lubricants
as a coolant (cutting fluid) for grinding process. The role of grinding machining in manufacturing
and the importance of lubrication fluids during material removal are discussed. In grinding
process, coolants are used to improve the surface finish, wheel wear, flush the chips and to reduce
the work-piece thermal deformation. The conventional cooling technique, i.e., flood cooling
delivers a large amount of fluid and mist which hazardous to the environment and humans.
Industries are actively looking for possible ways to reduce the volume of coolants used in metal
removing operations due to the economical and ecological impacts. Thus as an alternative, an
advanced cooling technique known as Minimum Quantity Lubrication (MQOL) has been
introduced to the enhance the surface finish, minimize the cost, to reduce the environmental
impacts and to reduce the metal cutting fluid consumptions. Nanofluid is a new-fangled class of
fluids engineered by dispersing nanometre-size solid particles into base fluids such as water,
lubrication oils to further improve the properties of the lubricant or coolant. In addition to
advanced cooling technique review, this paper also reviews the application of various
nanoparticles and their performance in grinding operations. The performance of nanoparticles
related to the cutting forces, surface finish, tool wear, and temperature at the cutting zone are
briefly reviewed. The study reveals that the excellent properties of the nanofluid can be beneficial
in cooling and lubricating application in the manufacturing process.

1. Background

In recent years, the increased requirement for product quality and precision has demanded the use of
high-performance grinding technology, particularly in automotive and semiconductor industries. These
have also necessitated an enhanced grinding process which capable of providing near optimal yield with
respect to productivity, precision and cost. In general, the goal of manufacturing processes is to
maximize the production rate to the specified product quality bounds and simultaneously reduce the
production costs. In precision manufacturing industries, components that require precise tolerances and
smooth finishes are typically manufactured by the grinding process. Figure 1 shows the representative
of the grinding machine setup. Grinding process guarantees the final accuracy and surface quality of any
produced parts [65,66]. However, the energy consumption for the removal of a unit volume of material
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in grinding is typically higher than other machining processes. One of the major limiting factors in
grinding production rates are the thermal damage [31]. The most severe damage that usually occurs on
the grinded work-piece is the ‘work-piece burn,' where discoloration and blemishes can be observed on
the work-piece [37]. Also, during the grinding process the surface microstructure of the material
expected to change due to the increase in the working temperature. These microstructure changes
eventually vary the hardness of the material and subsequently results in detrimental internal stresses.
This internal stress creates a higher tensile stress on the workpiece surface that leads to a reduced fatigue
life [12]. As a result, it decreases the service life, reliability of the produced parts and the precision of
the grinding wheels [66]. Also, while machining a high strength material, the working temperature rises
with the speed and load of the cutting tool used, this decreases the tool strength leading to a quicker tool
wear [11]. Besides, the dulling (removal of the worn grains to develop the new cutting points) drives the
formation of scattering marks on the work-piece surface upon machining which later affects the surface
quality of the workpiece. However, this damage can be reduced by the application of a coolant to aid in
removing the heat created by the work piece-tool interaction. The primary objective of lubricators is to
decrease the amount of friction between two sliding surfaces and to maintain the work piece surface
property without any alteration or damages [31,47].

The suitability of using coolants in abundance to cool and lubricate machining processes become one
of the most crucial subjects in the manufacturing industry. In metalworking operations, application of
the coolants is involved in processes such as cutting (separation of the metal from the workpiece in the
form of chips) and abrading (rubbing away the surface by friction). The coolants also used to protect the
machined surface from corrosion. Usually, coolant is applied directly to the grinding zone to limit the
heat generation. The fluid accomplishes this by reducing the amount of friction in the grinding zone
through its lubrication properties which minimize the cutting forces thereby saving the energy [58].
These results in an increased of cutting tool life (grinding wheel) and capacity utilization. Thus the
production is kept consistently at a high level in terms of quality and efficiency [3]. Thus, a proper
selection of coolant is crucial to eliminate the heat effectively and efficiently [23]. In addition, the cutting
fluid also helps to flush the produced chips from the grinding process [18]. Whereby improper chip
removal could clog and damage the wheel. Also, the forces and energy input would substantially
increase due to clogging and would result in heat input to the work-piece [22].

The conventional mechanism of applying the coolant is known as flood coolant system, where a large
quantity of coolant continuously impinges on the rake face of the tool [28]. The conventional flood
delivery method is as shown in Figure 2. This mechanism has several drawbacks such as high cost, high
pumping power requirement, and limited practical usefulness. Due to the large fluid delivery, an
extensive amount of hazardous mist is generated during grinding process which contributes to health
and environmental hazards. However total elimination of this conventional coolant delivery is not
recommended because for high depth machining it would shorten the tool life [16]. Another drawback
that is associated with conventional flood coolant mechanism is that the hefty amount of fluid would
bound its way to the machining surface owing to the chips and swarf obstruction [59].

Figure 1. Nllustration of whole grinding machine set-up.
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Figure 2. Conventional fluid delivery system (Flood Coolant system).

There are two alternatives available for flood coolant mechanism. One is known as dry grinding and
another is near dry grinding (minimum quantity lubrication, MQL). Dry grinding utilizes no cutting
fluid, as such, it is not recommended for machining hard materials due to the high heat generation. Since
there is no coolant used, the transfer the heat from the contact zone is disrupted resulting in severe
thermal damages on the ground surface of the material. These also increase the grinding energy and
grinding forces, wear of the grinding wheel, low material removal rate (low depths of cut) and reduced
surface integrity compared to conventional flood delivery mechanism [27].

Whereas, MQL is a technique of supplying a minute quantity of cooling lubricant to the zone or
contact point so that the applied amount of coolant can be reduced immensely while retaining the cooling
and lubrication effects that are absent in dry machining [56]. MQL helps in reducing the friction at the
tool-workpiece interface. MQL technique produces the best surface finish, and improved tool life
compared to dry grinding [36]. MQL with oil shown to produce better surface finish than MQL-water
grinding [63].

As to date, many researches have reported on the effect of different cooling techniques using
conventional cutting fluid in the different machining process. However, there is limited or no
comprehensive review available on the effect of MQL using conventional and nanoparticle enhanced
cutting fluid in grinding machining. Thus, this paper targets to provide a review focusing on the use of
Nano fluids in grinding applications. Present work aims to review the effect of MQL using different
Nano fluids and conventional cutting fluid on grinding machining operation.

2. Minimum Quantity Lubrication (MQL)

MQL technique implicates the application of a small quantity coolant dispensed to the tool-work
piece interface by compressed air flow. MQL grinding refers to the delivery of a minute quantity of fluid
following an aerosol mechanism to the grinding zone for cooling and lubricating the work piece. The
MQL lubrication system is as shown in figure 3.

Fluid—

Reservoir

Compres#d A
Figure 3. Minimum quantity lubrication (MQL) system.
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In MQL system, a compressor is used to supply the air at high pressure. The fluid chamber is
connected to a small diameter flexible tube. This tube is made to pass through a roller type flow
controller which permits small amount of fluid to flow at high pressure and velocity. The compressed
air entering into the inlet port produces pressure to cause the fluid to flow continuously to the mixing
chamber through the controller at a constant rate. The air and the cutting fluid then mixed in the mixing
chamber so that the mixture of cutting fluid and air impinged at a high velocity through the nozzle on
the tool-work piece interface. The schematic and working mechanism of the MQL set-up is shown in
figure 4. In MQL technique, the typical flow rate for the coolant is 10—100 ml/h [33] compared to flood
machining which is 30000-60000 ml/h [17].

Grinding wheel

LM )L spray nozzle

Atomised spray
(alr+liquid droplet)

Figure 4. Schematic of MQL Set-Up in Grinding,

Numerous advantages have been reported for the MQL grinding compared to the conventional
technique and dry grinding. The cooling and lubrication performance of the grinding fluid is the key to
the success of MQL grinding process. As to date, numerous studies related to MQL have been carried
out to investigate the effectiveness of this technique. Most of the investigators have indicated that
minimum quantity lubrication (MQL) technique is the best alternative to flood cooling in machining.
Moreover, the MQL technique also enhances the surface finish, reduces the cost, reduces the impact on
the environment and the health of the operating persons. In grinding process, it was shown that MQL
provides low friction with the development of thin-film layer lubrication between the tool and workpiece
which significantly reduces the tool wear and cutting forces.

Da Silva et al. [13] have studied the effect of surface integrity for minimum quantity lubricant
(MQL). This technique showed superior effect in the grinding process in terms of surface integrity
(roughness, residual stress, microstructure and micro hardness). It was observed that surface roughness
values substantially reduced with the use of the MQL technique, probably due to excellent properties of
lubricity and also no significant clogging of the grinding wheel pores was found. Despite of high residual
stress value obtained, MQL technique did not negatively affect the surface integrity after Grinding.

Tawakoli et al. [62] studied the role of MQL in grinding soft and hardened steel. It was observed
surface roughness was higher in grinding the soft steel. Whereas improved surface roughness in grinding
hardened steel. MQL technique shows reduction in the cutting force in both cases which has led to lesser
wheel warn out, improved wheel life.
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3. MQL Techniques Using Conventional Cutting Fluid

Application of MQL in machining has emerged as an alternative for reducing excessive use of cutting
fluid and cost saving with in a more economical way. This section discusses use of conventional cutting
fluid with MQL and its influence on machining parameters in grinding machining process based on
available research works done. [63] have investigated an MQL grinding or near dry grinding (NDG)
system. In this system, an air—oil mixture called an aerosol is fed into the wheel-work zone. Compared
to dry grinding, MQL grinding substantially enhances cutting performance in terms of increasing wheel
life and improving the quality of the ground part.

In general, the use of synthetic oil is used widely been used in researches done and gives better results
than the vegetable oil [24]. [51] studies the effect of grinding 17CrNi6-6 steel.it seen that MQL shows
better residual stress when CBN wheel is used. It was shown that MQL does not affect the surface
integrity. Anand et al. [4], investigated grinding of Pre-Sintered zirconia using synthetic oil with water
soluble oil. It was reported that, MQL showed reduced grinding force and lesser wheel warn out.
However, the G-ratio was better in wet condition. Tawakoli et al. [61] found that MQL with oil produced
better surface than the MQL-water grinding. Rodriguez, Hildebrandt and Lopes [45] in their study
noticed that MQL using lower flow rate less than 120ml/h exhibit bad surfaces and higher wheel wear.

MQL reduces specific grinding energy thus also providing efficient lubrication in able to control the
thermal deformation occurring on the work piece and able to give good surface quality then the flood
grinding [8]. Belentani et al. [10] found out that MQL not only improves surface roughness but also
helps in disrupting the air barrier formed around the rotating wheel thus lower grinding power obtained.
Numerous advantages were found for MQL grinding compared with the conventional technique and dry
grinding. The cutting fluid parameters along with the summary of MQL influence on cutting parameter
performances is briefed in Table 1.



IOP Publishing

10.1088/1757-899X/342/1/012078

iCITES 2018

i:

Materials Science and Engineering 342 (2018) 012078 do

IOP Conf. Series

-posruum . (s AAOLL __000¢ (Og) 12919702
S/ §'9C . Surpuud | pue Ap-IV9 8 omdmung ¢
100[qo jo 1oAe[ doj je uopeWIOJOp [eULIAY) . ) . S edIN 90 y/[u 0 . uewfop
PUE 9010] SUIIND PAONPAI U PAINQLIUOD Sty TOIN §0-¢0 s -Aip pue TOW LLAony | 098 — (OF) ‘000€ 29 olom
’ ’ ’ wnuey, OITA - (DIN) T
: [SIo10T
"TOW Aq poonpoxd /i 0€ ‘0T Surpun3 Kopre 1odns 1o 1O | ‘Ayanuweuystry] 29
sdiyo  pojEsuo puv poYely UL SUIpubis 60 ¢ 49 W09 | _ip pue O Quoou pIiNg ‘ueaeyderelelt
A1ip ueyy soouewrojrod 19peq seonpoxd TOIN ‘90 ‘v°0 0t PPUETIOW | ISL1 1 pIA 4o 4 ,:.E.Mm/
B (1e918 UoNeIUIIU0D
jJos Jo Surpuus ouly Joj pasn SI AOE<U.MMMM poof¥ uogres %S Y8 JeOLIqn] rsﬁmwmwﬁ_%m
Sursn b:m.sd.oomoasm neg .wEﬂ.Ecw A1p 01 uey) 000¥ 0c or’s s L0 ot pue TOIN mwﬂbm EﬁoWMMMNo“ HM % ‘esreqd
uondwnsuod 1omod Jo uononpar smoys ¢ : ‘TuTyey ‘Ieqe
! Jo uononp us TOINVD 06 “SH3D weryeg ZboISH ey “19qes
KII3)ut Qde)INS AY) J09)Je
L6 pon 4t oo ey ot soane onprent | - | 2| - | wme pool pas | g uosmao o | (LEEE DG
1010q smoys ‘.HOE O Uey) ssons _msww& pue TOW 9-9INIDLI | PUe 10 000SOIIA ’ m&ﬁ neg
10139q seonpoid uors[nwa [10 YIm Surood poorq
‘uondwnsuod L [10 9[qe1a3oA [ehL10z ‘sodo]
1omod Q1ow pue Ieam [YM IUSIY ‘sseuyInox . 9918 OOYIUAS-TUID ,
SORILINS P < ! : e d . ur/u 670 0¢ 94 edN 970 e @Nﬁ TONW ! . a, oS % Ipueiqap[iH
JINS Peq JO SULID) UI Seduewniojrad Jomrajur 2. pue 09 ‘0¢ 0¥<Y ISIV J[qIOSTWI TR A\ ZonSupoy
PANQIYXD Y/[WOT] UL} eI MO[J JomO[ M TOIN ol ‘IO 2IqeIesoA '

*91e1 3u1[00d 12y31y sey TOIN 2Inssaid 0q L y/[u 8100 [991s [10 [ocI 10T
pue ajex pinfy paseasour yim ydop 1e] uoprey ww . St 001 o 08¥ ‘09¢ Jom puw .O pa[eauue | O1aYIuAs uo paseq ‘Sueyyz 2 ‘noyyz,
poonpar yim Anenb aoeyms 1an0q pasnpord TOW | <0 O TEL opzont PieION OFISISIV | JUB[00d VEOI-AIN | ‘T'T ‘udy ‘Sueny

. 0¢ pue uonenuasuod [¥lL10C
UONIPUOD 1oM UE19maq (uruwuy/ur) 94 m::w Sz 0T poor¥ BIUODIIZ 96 Jo ‘ueaeySerekeli A

Sem OTJeI-0) PUR YSTUTJ Q0BJINS Y], ‘JNO UTeM [93YM : 9¢ ‘T€ . Ieq 9 /[ 0Sg : : . ;
1SS pue 2010y Surpuns padnpar pamoys TON 01 pue ‘97 ‘7T sl PUETOW | PaIRIIIS-21d | [10 A[qn[os Jorep B weprgoruny
o 89% T ‘01 PUE [IQ o1dyIuAg ‘puruy

TOIN pautogradino poory ‘o jo yidop [TlLT0T
10y31y 1y ‘o jo yydop 1osso] ur Ayfenb ooeyns € | ozo1 edIN €0 y/[w 04 TON Koy 110 2BRUIUAS | “ziui % “OWe[D)
Sﬁo& pue ssouySnox aoejIns B%E .@soﬁ TON g9 AVIVOLL F1qn(os FILM ,o_um:o.mE PALS

9P O[IPIN 2d
‘110 103582 21nd 03 paredwod 6917HD <

) [vcl L10T Suem

ssouy3noI 9oeJINs I19))9q pue AJIoud Jurpuln 000§ 0€ 01 ed]N 970 y/[w og QPOJN | powreu Koffe [10 10ISBD) Supwy 1 ‘on
oy1oadg I9SS9] SMOUS S[I0 dseq PIXIA JO 3s() Ppaseq-ToyoIu ® Uz r1-ong

(uru/wur) (s/ur) () danssaad 2181 mog —
sSurpurg paads paads | ) jo pmp/are TON uonedLIqN| N pmq Sunn) s1oyny
olqeL, | RIYM | daq TON ’

‘s3urpury doueurioyrod Sururyoew pue SurpuLis 10y uoneoLqn| Jo opow ‘sojowered Sururgoew pue JOIN ‘spimpj Sumnds Jo Arewrwing ‘[ d[qeL




IOP Publishing

10.1088/1757-899X/342/1/012078

iCITES 2018

i:

Materials Science and Engineering 342 (2018) 012078 do

IOP Conf. Series

“UONOLIY TUIPULIS AU} SAONPAI
Apuanbosqgns ‘ouoz Surpund oY) oyur Junenauad

. ; [zly10t
O Jo sopnred st Aun oy jo Aypiqedes UL/ ww 811005 POO] PRIy %
ay 0} panquyIe yorym arnjeradway jo uononpar 009 - . - u/1 08 0201 ISIV - . .
, " ) ‘e € 0 pue TOW PIYOIN "tuTyeIqp
ur sdjey osfe TOIN "peads Sumno pasearour yPIm 00S ‘00% X
3 3 . wiryey [npqy
poonpar are sed10j Surpun oy, ‘JUR[O0D POO[F
03 ueyy armeradwo) doeyINs sednpar TON JO SN
‘paure}qo 1omod SuIpuLis 1omo[ sny) [2ym 110 Jo syred (011
Sunejo1 oY) punote pourioj Iorreq Jre Sundnisip U/ W Gl pue ¢:1 ‘1] . 01l710C
ur sdjey 3 -uopeouqn SUI00d [BUONIUIAUOD GL'0 pue 0g - ed 8°0 - | Bunooo 1AM Ovey :Jo suonzodoxd oy HNSSPH %
o . : : o i PUe TON | ISIV/AVS y 3 ULIEE)) “Jotunf
) UBY) JBOM [99UM SOSBAIOdP UI Iojem JO S'0°ST0 ur 10 9[qejeSoa .
. . saun, ‘TuBIuA[g
uonIppe YIm ‘ssauy3noy doejns soaoxdur TON 199eM IIM TOIN
*Ky1renb aoejns poo3 9AIS 03 9[qe pue 2031d JI0Mm
9y} uo SULLINOO0 UOT)BUWLIOJOP [BULIAY) 9Y) [OIUOD UONEIUIDUOD
0} 9[qe ur uomneouqn] juddyje Surpraoid osfe UTUL/T % ST .
sny) A510ud Surputis dyroads seonpar TOIN "au0z SL'0 pue 0¢ - edN 90 | ¥ m.b TOW sau [aais Qim [o 9[qnjos Eﬁ%ﬁ EMH%MMU
Sumno ayy woiy sdiyo Juraowdr 10} d[qisuodsar | ‘050 ‘ST0 8701 xLC ovey ISIV OTJOYIUAS-TUWIAS ¥ PALS g
SI JUB[00D POO[} JI MO[J JO el ydiy ayJ, I-FIA onewing)
'SSQUYINOT 90kJINS 19332q Seonpoid Jue[00d POOT]
10800 9031d JIoM-[aayMm pue SrEIos E.Hmw Hﬂw@%ﬁﬁ
ammeradwd) Y3y e Auedoid Anpqe Ajouqny s ) w uonIpuod (e ) ) :_Nc. o M e1a50n ;__mmww 10z
surejn1 TOIN Jo 9sn ‘Surpuuid ysiury ur pasjard 00c 0¢ 0c Ymrost A1 pue TOIN eocv H,V L . ,s S%®
ue A)penb ooeyms 10ySiy sonpoid TON JO 9sn vurame 110 PYORI0IPAY 1yBopeS ‘e
P ) ) ‘[10 o1nAYIUAS
“ssao01d
Sumno oy o) suone[oso posodwiradns oYy [091s
£q peonput 109330 Surdder-fues oy Aq pourerdxa st ; e . w doot 66VES o 189 rmé%w_mm
(ssouy3noI 1omo[) YsIuly adejIns ul juawrasoxdur 00t 0t | 0£-01 dN S0 /1 og I AIATON -gg pue nodaIR)),, [0NSe) : OV_ - L
QATIE[I 9], "SUIpULIS AIp UBY) YSTUL} 90JINS Ia)3oq Kofre [oo1u ¥ oyeed
pue soo10j Surpuns paonpar pamoys osfe TOIN
S90NPAI J09)j° uoneILIqN]
oy ‘ouoz Surpuri3 woij Aeids TOIA JO 20URISIP AU}
19ss9[ 9y, "o[o1 jueyrodwr ue sAejd suoz Jurpund UOTBIIUAIUOD
5 : . Teq L pue Yoot adoo1 910001 § ‘
) WOy 90UBISIp 9[ZZOU 9], "dUOZ JOBIUOD 0001 0¢ 0T e ‘e ¢ . IO SUSDIE %§ e ut jonsen [szlsT0T ‘PEPeH
Ul UoNeIoudd Jedy SIOMO[ UYOIym 9010) SulpuLid vee 0s0c | JLA4A"ION patspIey SdX o[nuks
s20npar TOIN IPA0IOJA “UONIPUODd AIp Ul Uey)
TOIN Suisn 19139q pasoxdwir ssauy3noy 2dejIng
‘SSH Mel
S[09)s pIey Jo Surputis 0c ‘cg 31000 1AM ‘S[991s [00} 1o [¥¥isioc
10J [nJasn arow sem JOIN 'S0I0§ [enuadue) Iy € 0¢ ‘0T < Ieq ¢ y/[w Og1 : PUE TOI 2 ‘Surreaq uergeg wamm ‘pepey 2
PAONPAI PuUE JUAIDIFA0D UOTIOLIY 9y} Paonpal TOIN ‘uoqred ’ “ruyey ‘rerqey
PIIN




IOP Publishing

10.1088/1757-899X/342/1/012078

iCITES 2018

i:

Materials Science and Engineering 342 (2018) 012078 do

IOP Conf. Series

*Kyrenb ooejIns

Ay} paAodwr 9OUR)SIP I[ZZOU JO ASBAIOU] "SADIOJ /[ . (91D001) [19]010C
[ewou pue Jurpuud [enuedue} pue ssoUYINOI 1 St ‘0¢ 0¢ Em mrvﬁwm 001 ‘0S . .wooc 19918 110 TOW 0€202 ‘Iy3opes %
v'ET £1p “TON INJO4NMVH
Qoejans jsomo] poaonpoid ‘s[aym oY) pIemo) ‘0T pauapIeH ‘pepeq ‘TjoyeMmE],
Tern3ue 1as 9[IyM ‘o[zzou TOIN poorJ ‘A1p “TON
[0
110 pa30e1001pAY [eIouUI LM Ajpenb om (913001 | 110 110 omoypuks [£9]TT0T
ooejs 1saq peonpoid JON ‘s[to Auew Suowry € 0¢ 0¢ Teq ¢ 4/ 0ot A1p “TOW 9918 10 wu.xom.uoo%\ms ‘ry3opes %
soSewep doeyIns pue $a010§ SUIPULIS Y PAONPAY pauaprey : 10 [eIoumN ‘pepeq ‘rjoyemef,
Tom vhmmwm [ovlzioc
‘S[elIojelll I9)0s 10§ S[qelnoAe] IO\ SI°69 S¥ ‘6T SI'S edN 0 /i ge A1p TOW | “SNH s1ea1s o 1S4 ‘oyereq %
wowwoy noaIe)) [onse) | “yezoreg ‘ueSIop
TENH 2 TN 1S4
TOIN YIM POPIOIAT 9IoM SANTBA SSAUYINOT .. . . . $ [L]z10T ‘oyereg
doeyns  1omo[ pue armerndwo) Suipuus Mo S1°¢9 Y SIS ediNl 70 g/ g¢ wﬂ%ﬁw%ww Soﬂ%%ﬁ%ﬂﬂﬂ 3 “Yezoreg
} oﬂ/%ww 0S edIN S0 U/ €9°0 TON (81 O¥H) Jueonqn] on_AoﬂMw [9¢lzioe
‘0006€ pue 88°[ [9918 €3S ) uywrl
. [10 9[qeIToA : :
0000€
'SSQUYSNOI AJBJINS PUL 2JI0) - ORI le1l€10T
Surpunsd [ewIou se [[om Se [erjuague) oY) paonpal 01 0¢ 81 - ' TOW | SumeourSud [10 TeISUTI ‘ueyreg %
Swpuus w TOW pousisop Aqewndo Jo as 0orse £0TIV ‘my3opes ‘muewg
'ssouy3nol (916102
ooepns pue ammjerddwd) ‘seoroy Jurpuud oy) .
. . T/ Teq | YOOl pooy |  Aojfe odns [0 TOW | ‘yunueuysy %
paonpar A[qerapisuod TOIA 2Inssaid e pue djex 60 0¢ O oo e .
O[3 [10 TOIN. 9 BUISEIOUF £q PAAIYSE 3G PN0D 978¢ 9 pue ‘y ‘g 08 ‘09 £1p “JOIN | 16L [ouoou] P yoaw) c?éwﬁﬂwm\/
$SQUYSNOI QJBJINS PUB 9210 FUIPULIS WNWIUTIA vd
*SUIpuLIS JoM [RUOTUSAUOD URY) 10}19q JoU Su11000 0918
y3noyy Surpund A1p uey) urjood 19139q papraoid . ST ) 1 pauopiey 29 | [IO IS JIOYIUAS [92l€102
pue 3ulpuns jom pue AIp 0} paredwod se s90I0f s 0t ‘I ‘¢ Wy MNOO‘E 1909 Ao[[e | pue 10 9[qeIaZ9A ‘Ipey 2 pepeH
Surpuusd pue ssouyInol 9oeJIns Ay} paonpar TON pue TOW wnuuny




iCITES 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 342 (2018) 012078 doi:10.1088/1757-899X/342/1/012078

4. Role of Nanoparticles in Nano-fluid Machining

Recently, the inclusive of nanoparticles in conventional lubricants has shown remarkable improvement
in thermo-physical, heat transfer capabilities, reduction in the coefficient of friction, wear effect to
enhance the efficiency, and reliability of machined part [47,48]. The friction force at the tool chip
interface normally increases due to tool wear which leads to increment in the cutting force and friction
force. It is noted that by adopting to the Nano lubricants at the tool chip interface, the coefficient of
friction can be reduced. It is believed that nanoparticles deposits on the friction surface and compensate
for loss of mass, which called ‘mending effect’. Due to porous nature of spherical nanoparticle, it could
impart high elasticity and enhances the gap at tool to work-piece interface. Some particles have rolling
effects and some are sheared due to high pressure at the cutting zone. The shape of particles changes
due to high compression. With increasing the concentration of nanoparticles the degree of shaping and
shearing increases. For this reason, Nano lubricants are able to reduce the cutting force with less power
consumption [49,50]. Nanoparticles in the mineral oil impart their effect by combined effect of rolling
and sliding at the tool-chip interface. This effect reduces the coefficient of friction. The lubrication
mechanism is shown in figure 5.
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Figure 5. (a). Rolling effect. (b) Protective film (c) Mending effect (d) Polishing effect [34].

Nano-fluid is a new class of fluids engineered by dispersing nanometer size solid particles into base
fluids such as water, lubrication oils. Nanoparticles have much higher and stronger temperature
dependent thermal conductivity, and enhanced heat transfer coefficients at very low particle
concentration. These are the key parameters for their enhanced performance in many of the machining
applications. Their ball bearing effect lubrication at the cutting zone through formation of film layer
which reduces friction between the contact surfaces thereby reducing cutting force, temperature and tool
wear [41,49]. Also, the addition of nanoparticles into base fluid can enhance their convective heat
transfer coefficient, lubricating properties, and wettability apart from their tribology, and wear
characteristics. The excellent properties of the Nano-fluids makes them very attractive in cooling and
lubricating application in manufacturing. The application of various nanoparticles and its performances
in metal cutting operations with respect to the cutting forces, surface finish, tool wear and temperature
at the cutting zone are evaluated and highlighted.

5. MQL Using Nano-fluid in Grinding Process

In the MQL lubrication process, the coolant or lubrication medium used is posed certain restrictions
especially at very high cutting speeds where the lubricating oil tends to evaporates as it strikes the
already heated cutting tool at elevated temperature. Desire to compensate for the shortcomings of the
lubricating medium in the MQL technique led to the introduction of nanoparticles in the cutting fluids
for use in the MQL lubrication process. Nano-fluids has emerged as a promising solution to this problem.
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Friction, and wear result in the increase of energy consumption, and reduction in the life of
mechanical parts [54,50]. Friction is a principal cause of wear and energy dissipation. Moreover high
temperature generations at cutting zone affects the work-piece dimensional accuracy and surface quality
[72,73]. It has been reported in various studies that nanoparticles introduction in cutting fluids led to
excellent machining performance in reduction of cutting forces, reduced tool wear, reduced cutting
temperature and improved surface finish of the work piece thereby increasing productivity and reduction
of hazards to the health of personnel and the environment better than the pure or conventional MQL
process [57]. Nano lubricant confers rolling action of billions of nanoparticles at the tool chip interface
thereby reducing friction and thermal deformation of the work piece in addition to less consumption of
lubricating oil. Hisakado et al. [29] added copper and nickel nanoparticle into paraffin and to investigate
its frictional properties. It showed that coefficient of friction reduced by 18%. This finding shows that
nanoparticle improves the anti-wear and friction reducing performance of lubrication oil. Nanoparticle
size and concentration are two important parameters that affect grinding performance.

Lee et al. [34] studied micro grinding on of a tool steel under four lubrication media (Nano-diamond
of 2 level concentration, Nano-Al,O; of 2-level concentration, dry air and pure MQL of the paraffin
based oil. Nanoparticle concentration considered are 2% vol. and 4% vol. while particle size of 30nm
and 150nm selected for both Nano-diamond and Nano-Al,Os, shows that the smaller particle size surface
roughness enhanced producing smoother surface than the larger particle. Optimizing the nanoparticles
concentration leads to better surface roughness and reduced grinding force. [52] studied grinding of
titanium alloy using silicon carbide wheel with different lubrication media and with water based Al,O;
nano-fluid of 1% and 4% concentration. It was reported that grinding forces reduced using Nano cutting
fluid with lower nanoparticle concentration. However, the surface finish was improved with increased
nanoparticles concentration. [64] compared the performance of MQL with vegetable oil with
MQL+Vegetable oil+ AlO; nanoparticle in machining Inconel 600alloy.The experiment resulted
temperature, surface roughness and tool wear were reduced under the MQL with 6% vol. of ALLO3
particle). Mao, Huang, Zhou, Gan and Zhang [38] investigated study of Nano-fluid (Al,Os/water) in
grinding of hardened AISI 52100 steel. It was found that addition of Al,Os nanoparticle into deionized
water helps in reducing grinding force. Setti et al. [53] continued the research comparing the
performance of two different Nano-fluid (Al,Os/water, and CuO/water) in grinding of Ti—-6Al-4V using
MQL system. It showed that Al,Os/water reduction in friction coefficient due to its ability to form and
prevent tribo films on the work-piece surface. The lotus effect of titanium and Al,Os lead to effective
flushing of debris thus improved the grind ability by reduction friction, temperature from grinding zone.

Kalita et al. [32] studied that surface-grinding test were performed on ductile iron work pieces using
an aluminum oxide wheel and impingement of advanced Nano lubricants, consisting of organic
molecules with phosphide intercalated-MoS; Nano particles (<100nm), was observed the effectiveness
of Nano lubricants measuring reduction of 45-50% in the grinding force and 48-55% in the reduction in
the abrasive wheel wear than MQL with paraffin lubricant. Zhang et al. [69] evaluated MoS»
nanoparticles in three different oils (soybean, palm and rapeseed oil) as base fluid.it showed that the
optimal concentration range of MoS; nanoparticle is 6% which showed excellent lubricating property
which have reduce specific grinding energy and lower coefficient of friction. Zhang et al. [68] extended
the research by investigating surface quality under MQL grinding of Ni-based alloy with MoS,, CNT
and Mix (MoS,+CNT). It showed that Mix MQL showed the best surface quality followed by MoS.,
and CNT. It is also observed increase of Nano concentration lowers grinding force ratio (G) which
improves the lubrication and surface quality.

Prabu and Vinayagam [43] carried out experimental studies to evaluate the impact of using Nano
lubricants containing MWCNT and SAE20W40 oil with MQL technique during grinding process on
work piece (AISI D2 tool steel) for surface smoothness. It was observed specimen sparked using
MWCNTs have better surface finish, reduced micro cracks and better surface morphology [70]. The
surface smoothness was evaluated using surface roughness meter and atomic force microscope (AFM).
The MWCNT and SAE20W40 oil improved its surface quality to Nano level from micro level. [42]
extended the study on surface characteristic of AISI D2 tool steel in grinding process but using SWCNTs
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in SAE20W40 oil base fluid as the Nano lubricant. The fractal dimension and surface roughness were
measured. It was found that under the fractal dimension and the roughness are decreased when without
using Nano fluid. However, under presence of Nano fluid with optimum speed of the grinding wheel,
the surface was even and smooth. CNTs increases the heat carrying capacity and thermal conductivity
of the lubricating oil and thus prevents any damage to the work piece. [53] studied the effect of CuO,
and Al,O3 Nano-fluids with different concentration in MQL grinding of Ti—-6Al-4V on grinding force,
surface roughness and wheel morphology. It is observed that Al,Os offered significant reduction in the
coefficient of friction due to its ability to form and prevent tribo film in ground surface. AlO3; Nano-
fluid improved the grindability of Ti—-6Al-4V with conventional abrasive wheel by reducing friction,
temperature, favoring effectively grain fracturing, ideal chip formation and effective flushing out of
debris from grinding zone.

[39] studied the effects of Nano-fluid MQL combined with ultrasonic vibration on surface grinding.
Seen that the lubricants with MoS; additives show significant improvement in grinding performance by
lowering the grinding forces and the force ratio. Normal force is reduced by around 25% and tangential
force is reduced by around 50% compared to dry grinding, and it also produces smaller forces than flood
cooling. The reduction can be attributed to penetration MoS, NP into the grinding interface. It is found
that using UAG with MoS; Nano-fluid MQL lead to significant improvement in the surface roughness.
Improvement in surface is due to the fact that the grit motion with low friction in horizontal vibration
creates a higher chance of cutting the peaks of the surface. [60,70] investigated grinding of Inconel 718
of two different Nano particle (Ag/water and ZnO/water) under SQL mode. It is observed that addition
of NPS in DI water have further improved in further convection in the higher grinding zone temperature.
The thermal load on the abrasive grits is improved by the high heat carrying capacity and improved
lubricity of the Ag and ZnO Nano-fluids. Low grinding forces, smaller friction coefficient, minimal
sticking of debris over alumina grits, and better ground surface have been observed in the case of
grinding with ZnO Nano-fluids. This is due to the spreading nature of the ZnO. The wheel wear is almost
invisible when ZnO Nano-fluid is used. This is due to better wettability of the ZnO NF. [35] investigated
heat transfer performance of MQL grinding of Ni-based alloy GH4169 with different Nano-fluid (MoS,,
SiO, PCD, CNT, ALLOs and ZrO,,) which palm oil as MQL base fluid. Nano-fluid with high thermal
conductivity is believed to have good heat transfer performance. CNT have stated the highest thermal
conductivity when added with to base fluid. It is observed that SiO have the lowest grinding force
followed by MoS, and PCD Nano-fluids.

However, CNT have the lowest grinding temperature, thus CNT has the best heat transfer
performance compared to other Nano-fluids analyzed. [66,71] further investigated the lubricating
property of different Nano-fluid (MoS,, SiO,, ND, CNTs, a- Al>O3, and ZrO,) in MQL grinding of 440C
steel ball. It showed that Al,O3; Nano-fluid has the best antifriction property contributing the best surface
morphology. Based on the frictional test and grinding experiment the Diamond, ND nanoparticle can
cause grinding and polishing effect on the work piece surface during plane grinding. The Al,O3, MoS,
and Si0O, nanoparticles however are suitable as friendly addictive’s of base oil. Wang et al. [65] studied
on the effect of using different concentration of Al,Os on surface quality specific energy and wheel
morphology in MQL grinding Ni-based alloy GH4169. Different volume concentrations (0.5%, 1.0%,
1.5%, 2.0%, 2.5%, 3.0%, 3.5%, and 4.0%) of Al,Os nanoparticles were added into palm oil. Al>O;
nanoparticles can form thin protective oil films on the grinding wheel and work piece surface. These
films improve the tribological performance of grinding wheel/work piece interfaces significantly.it is
observed that as Nano-fluid concentration in base oil increases, the force ratio and specific grinding
energy decrease first and then increase, reaching the minimum at 1.5% vol. At 2.5% vol., the wearing
loss of the grinding wheel is the lowest. Best tribological performance is gained when the Nano-fluid
concentration is 2% vol. However further increase of vol. % than 2%, could have possibly increase the
thickness of lubricating film but it will not reduce the friction and wearing loss. At 2% vol. is where the
largest wetting area and lubricating effect occurs.
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6. Conclusion

This paper has presented a review of research activities carried in the application different types of
cutting fluid and Nano-fluid based cutting fluid with the help of the MQL lubrication technique. This
paper reviews MQL lubrication technique in the grinding machining process. A brief description and
mechanism of the MQL technique and systematically discussing its effect on performance in the
grinding process are also presented. There is enough literature which clearly reveals that MQL system
provides better performance than dry machining. So MQL is found to be promising alternative for
flooded and dry machining due to their environmental friendly characteristics. Researcher have done
inclusive review on the application of Nano-fluid in grinding process. Different type of nanoparticles
which benefits in grinding were reviewed. The nano fluid has gained significant attention due to its
capability to enhance the heat transfer and lubrication performance. Nano fluid MQL was proven to
reduce the coefficient of friction and wear effect by enhancing the efficiency and reliability of machine
tools. MQL gave the best performance in terms of the surface roughness, feed forces, tool wears and
surface quality. Very few records can be seen in the literature indicating more experimental research
that is needed to ensure maximum performance of using nano fluids as a coolant in grinding process.
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