JASNG

Journal of Applied Sciences and Nanotechnology, Vol. 2, No. 3 (2022)

Journal of Applied Sciences and Nanotechnology

Journal homepage: https://jasn.uotechnology.edu.ig/

Deep Understanding of the Mechanism and Thermophysical
Properties of Prepared Nanofluids Lube Oil Stock-60 with Al2O3 NPs

!Alyaa M. Awad, *Khalid A. Sukkar*, ?Dalia M. Jaed
!Department of Chemical Engineering/University of Technology — Iraq

ZPetroleum Research and Development Centre/ Ministry of Qil — Iraq

Article information Abstract

Atrticle history: Iragi petroleum refineries produce large quantities of base lubricating
Received: November, 01, 2021 oils (lube oils). Managing the influence of nano-additives on the lube oil
Accepted: March, 25, 2022 nanofluids is required deep understanding to explain the resulting new

Awvailable online: September, 10, 2022

specifications of produced nano-lubricants. The present study
investigated the effect of Al.O; NPs addition on the thermal properties

Eﬁmngzockm of lube oil stock-60. Different mass additions of 0.25, 0.65, 1.05, 1.45,
Nano-lubricant, and 1.85 wt.% of Al,Os NPs at operating temperatures of 20-50°C were
Viscosity index, evaluated. Also, the thermal conductivity coefficient of the prepared
Thermal conductivity, nanofluid was studied at the full range of the experimental temperatures
Flash and pour point (20-50°C). It was noted that the addition of Al,Os NPs improved the

thermal properties of the prepared nano-lubricant due to the high thermal

Kiglrifsﬁ?gjll(?(grp‘umor: conductivity of the added AIl,O; NPs. Moreover, the greatest

khalid.a.sukkar@uotechnology.edu.ig improvement in the thermal conductivity of modified nano-lubricating
oil was 13.02% at added AlOs; mass fraction of 1.85%. The results
indicated that the viscosity index of the prepared nano-lubricant was
improved dramatically with Al,Os NPs addition increase at measured
standard temperatures of 40 and 100°C. The viscosity index of lubricant
nanofluid is increased up to 2.46% at a weight fraction of 1.85%. The
flashpoint increased by 1.33, 3.54, 5.75, 7.52, and 9.73% for mass
fraction of 0.25, 0.65, 1.05, 1.45, and 1.85 wt.%, respectively.
Furthermore, the highest flashpoint value was 248°C of prepared
nanofluid lube oil with 1.85 wt.% of Al,Os; NPs. Finally, the produced
nano-lubricating oil has high operating quality with economic
feasibility. Furthermore, an accurate correlation for predicting the
viscosity of both types of nano-lubricants was provided.

DOI: 10.53293/jasn.2022.4394.1107, Department of Applied Sciences, University of Technology
This is an open access article under the CC BY 4.0 License.

1. Introduction

Base lube oils are the main constituent of lubricating oil which comprise more than 90% of the lubricating oil
composition. Anti-corrosion and anti-wear materials, for example, are commonly added to lubricating oils to
enhance their characteristics [1-3]. All of these additions are the result of increased operational costs. Moreover,
enhancing energy conservation in the internal combustion engines required a high-quality lubricity system for
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engine moving parts [2,4]. All internal combustion engines used lubricating oil to prevent friction, corrosion, and
overheating of moving parts and reduce their abrasion caused by continuous contact [5-8]. Accordingly, from a
technical point of view, enhancing lube oil quality with nano-additives will reduce the manufacturing costs of
lubricating oil and provide high lubricity performance [9-14]. The addition of nanomaterials into lubricating oil
improves their specifications due to the unique properties of these materials and their specific shape and size
[14,20]. Then, the produced nano-lubricants will have enhanced viscosity, rheological properties, and thermal
conductivity [21-23]. Rajkumar et al. [24], Dalkili¢ et al. [25], and Choi et al. [26] observed that the nano-
lubricating oil has a high ability to form an oil thin film. This film will adhere to the moving parts for a longer
time and provide superior protection against wear and friction problems. Many authors studied the influence of
nanomaterial additions on the rheological properties of lubricating oil. Vakili-Nezhaad [27] studied the effect of
multi-walled carbon nanotubes on the viscosity index of the lubricating oil different nano-additions from 0.01 to
0.2 wt.%. They observed that the viscosity index of the nano-lubricant increased by 14.6% at 0.2 wt.%. Sepyani
et al. [28] observed that adding ZnO NPs into engine oil (SAE 50) increases the viscosity of nano-lubricating oil
by 12% at a volume fraction of 1.5 wt.%. Rashed [29] tested the tribological behaviour of the lubricating oils type
20W-50 and 15W-50 by adding SiO, NPs and TiO, NPs at different temperatures of 40, 80, and 100°C. The authors
showed that the lubricant oils' friction coefficient and wear rate were reduced for TiO, NPs addition of 1.0% wt.,
while nano-lubricating oil with SiO, NPs does not significantly improve the tribological behavior. Wu et al. [30]
investigated the antiwear ability of diesel engine lubricating oil by adding a nano-lanthanum hydroxide/ graphene
oxide mixture. They observed that the nano-addition combination enhanced the efficiency of the nano-lubricant
significantly. Rashed [31] improved the tribological properties of Al,O; NPs/20W-50 lubricating oil. The authors
indicated that the lowest coefficient of friction was obtained at nano-addition of 0.4 wt.% and operating
temperature of 50 °C. Furthermore, the thermal conductivity and surface properties of nano-lubricants improved
dramatically in these types of nanofluids. Then, the engine efficiency will have increased due to low consumed
energy and long operating lifetime [32-34]. Also, nano-lubricants reduced the amounts of consumed fuel in
automobiles due to the efficient heat transfer process and good lubricity of moving parts [4,8,13]. Furthermore,
the preparation of nanofluid from the addition of suspension nanomaterials into the base fluid leads to an apparent
enhancement in the thermal performance of these fluids [5,35]. This enhancement is attributed to the Brownian
motion of nanoparticles in the base fluid, which improves the heat transfer mechanism. Saedinia et al. [36] studied
the thermal conductivity of nanofluid type CuO NPs/oil at laminar flow conditions. The volume fraction of nano-
addition was in the range of 0.2-2%, and the operating temperature was in the range of 24-70°C. The authors
observed that the most significant enhancement in thermal conductive was 18% at 2% of nano-addition at 70°C.
Ahmadi et al. [37] investigated the addition of MWCNTSs into (20W50) lubricating oil at volume fractions of 0.1,
0.2, and 0.5% and temperature of 20°C. The results revealed that the most significant improvement in thermal
conductivity was 22.7% at the volume fraction of 0.5%. Agarwal et al. [38] prepared different nanofluids by
mixing CuO NPs with engine lubricating oil in varying volume fractions of 0.25-2% at different operating
temperatures (10—70°C). The authors observed that the thermal conductivity of nano-lubricating oil improved by
19%. Also, Sukkar et al. [39] measured the flashpoint of the CuO NPs and TiO, NPs nano-lubricating. The authors
noted that the flashpoint increased by 12.62% and 9.3% for nano- lubricating oil of CuO NPs and TiO, NPs,
respectively. Accordingly, nanomaterials into lubricating oil produced nanofluids with high thermal conductivity,
high tribological performance, and stable lubricity. Evaluating the rheological behavior of nano-lubricating oil
required more understanding to explain the mechanism of variation of viscosity, thermal conductivity, flashpoint,
and pour point [40-42]. Additionally, no previous work deals with enhancing specifications of base lube oil with
nano-additives. Therefore, this research aims to develop a comprehensive mechanistic understanding of the effects
of Al,O3; NPs concentration on the thermophysical properties of base lube oils (stock 60).

2. Mechanism of Prepared Nano-lube Oil Operations

The behaviour of nano-lubricants depends upon their thermophysical properties. Usually, the thermophysical
properties of the nano-lubricant are directly affected by the physical and chemical structures of the nano-lubricant,
which themselves are affected by various parameters such as operating temperature, the volume fraction of NPs,
particles size, surface area, atomic and chemical structure. Also, in many cases, the preparation method of nano-
lubricant plays a significant role in the final specifications of the product [5,17,40]. The numerous techniques
involved in improving the thermophysical and tribological characteristics of nano-lubricants are depicted in Figure
1. Brownian motion [43], particle agglomeration [44], clustering [45], interfacial layer [46], and other factors
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impact the thermophysical characteristics of nano-lubricants. In addition, dispersed nanoparticles have a role in
tribological quality enhancement through mending, polishing, ball bearing, and third body mechanisms [46-50].
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Figure 1: Graphical performance of various mechanisms involved with nano-lubricant [47].

3. Experimental Procedure

3.1. Materials

The lube oil base stock-60 was used as the base fluid in the present investigation and obtained from the vacuum
distillation unit, Al-Daura Refinery, Baghdad, Iraq. Table 1 summarizes the general specifications of the stock-60
lubricating oil. Also, Al,O; NPs (with a purity of 99.6 %, density of 2.33 g/cm?, a particle diameter of 28 nm, and
surface area of 144 m?/g) were imported from C.S.M. Tech. Company.

Table 1: The general specification of the base lube oil (stock 60).

Property Value
Kinetic viscosity (cSt) at 100 °C 8.45
Kinetic viscosity (cSt) at 40 °C 64.89
API gravity 28.9
Density at 15 °C ( g/cm®) 0.893
Flash point (°C) 228
Color (ASTM) 3.5
Pour point (°C) -3.2
Viscosity index 102

3.2. Synthesis of hano-lube oil

The Al,O3 NPs were dispersed in the base lubricating oil (stock-60) to obtain high desperation nano-lubricants.
Accordingly, Al,O; NPs at different nano-additions of 0.25, 0.65, 1.05, 1.45, and 1.85 wt.% were mixed with the
base lubricating oil. Then, the required amount of the Al.O; NPs was carefully weighed using an accurate
electronic digital balance and then mixed with the base lubricating oil in two steps. The first one is achieved by
combining the produced nanofluid with a mechanical mixer for 30 minutes. In the second step, the nanofluid is
exposed to an ultrasonic bath (P120-Elmasonic) for 1 hr. The sonication method was achieved at 40°C and 20 kHz
[16,18,22,31]. Figure 2 summarizes the schematic diagram of the nanofluid (nano- lubricating oil) preparation
stages.
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Figure 2: Schematic diagram of preparation stages of the nano- lubricating oil.

3.3. Measuring of Viscosity and Viscosity Index

The viscosity index of parent oil and nano-lubricants at different concentrations of NPs was measured using
Stabinger viscometer (SVM 3000). First, the kinematic viscosity (k) of parent and nano-lubricants were
measured to varying concentrations of added Al,Oz NPs (0.25, 0.65, 1.05, 1.45, and 1.85 wt.%.) at standard
operating temperatures of 40 and 100°C. For reliability, and error reduction, each test is repeated three times,
and the mean value is considered. Then, the kinematic viscosity was measured at standard characteristics
temperatures of 40°C and 100°C. Accordingly, the base oil and nano lubricants viscosity index was calculated
using the following equation, based on standard ASTM D-7042 [10,22] and ASTM D-2270 [6,15,24].

VI = [:=1] x 100 (1)

Where U, L, and H are the oil’s kinematic viscosity at 40 °C, the values of kinematic viscosity at 40 °C for oils
of viscosity index 0, and 100, respectively, which have the same kinematic viscosity at 100 °C. Furthermore,
when the kinematic viscosity at 100 °C is in the range of 2—70 cSt, then the values of L and H are taken from
ASTM D-2270 tables. On the other hand, when the kinematic viscosity > 70 cSt, the values of L and H are
estimated from the following correlations:

L =0.8353 k?+ 14.67 k — 216 )

H =0.1684 k? + 11.85 k — 97 3)

where, k is the kinematic viscosity at 100°C of the engine lubricating oil whose viscosity index is to be evaluated.

3.4. Thermal Conductivity of Prepared Nano-lube Oil
In the present experimental part, the thermal conductivity of nano-lubricating oils was measured to study their
capability to deliver heat transfer. The KD2 Pro, a portable device, was used to characterize thermal properties
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based on the hot wire technology. This device was located at the Polymer Engineering Department, University of
Babylon. This instrument has a probe of 1.3 mm diameter, cable length 50 cm, and 60 mm long. A high accuracy
water bath was used for temperature control during each measurement. Table 2 illustrates the main specifications
of the KD2 Pro analyzer, and Figure 3 shows the schematic representation of the thermal conductivity measuring
system. The thermal conductivity was tested at different concentrations of Al,O3; NPs (0.25, 0.65, 1.05, 1.45, and
1.85 wt.%) and various operating temperatures of (20, 30, 40, and 50°C).

Table 2: Specifications of thermal conductivity measuring system.

Property Value
Power (Volt) 3
Measurement Range (W/m.°C) 0.1-2
Accuracy (%) 3
Speed of Measurement (min) 2
Operating Temperature (°C) 5-50

Water bath Temperature

Figure 3: Schematic representation of the thermal conductivity measuring system.

3.5. Measuring of Flashpoint and Pour Point

The lube oil and nano-lube oil flashpoints were measured using the standard test method of Cleveland open cup
for flash and fire points (model: FP92 5G2, USA) according to ASTM D-92 with a maximum error of £2%. On
the other hand, the pour point of nano-lubricating oils was tested using an automatic cloud and pour point device
(CPP 5GS, USA) depending on ASTM D-97. Also, the XRD apparatus (Shimadzu 6000) and FE-SEM (JEOL-
7610F) are used to identify the structural and morphological specifications of Al,O3 NPs.

4. Results and Discussion

4.1. Identification of Al,Os NPs

Figure 4 shows the XRD measurements of the crystalline structures of the Al,Os NPs. Then, from this figure, it
can be noted that the Al,Os; NPs have a high crystalline structure with high purity due to present the general
standard peaks in the structure. For example, the constant standard characteristics peaks of Al,O3; NPs at 26° were
36.5,39.12, 42.8, 45.1,53.4, 57.8, 64.4, 68.6, 74, and 77.29°. Also, from the results of the XRD pattern, the Al,O3
NPs in the current study have the same key characteristics peaks of standard Al.Oz NPs of PDF-Card-00-048-
1548.
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Figure 4: The XRD results of the crystalline structure of Al,O3 NPs.

Also, the morphological properties specifications of the Al,O3 NPs were analyzed using FE-SEM images. Figure
5 reveals the morphological feature of the Al,O3 NPs. The results indicated that the nanoparticles are spherical.
This shape provided excellent rolling specifications for the lubricity of moving parts required for internal
combustion engines. Furthermore, the morphological results pointed to that the primary average particles size of
Al;O3 NPs was 28 nm. Additionally, it can be observed that most Al.O; NPs are agglomerated before disperse in
the base stock lubricating oil [10,14,27].

SEM MAG: 3.00 kx | ~ WD:7.01 mm MIRA3 TESCAN
SEM HV: 15.0 kV
Date(m/dly): 10/02/21 SUT - FESEM

Figure 5: The morphological surface topography of Al.O; NPs by FE-SEM.

4.2. Viscosity-Index of Nano-lube Oil

Evaluating the viscosity index (V1) is an essential step to understanding the influence of nanomaterial addition on
the rheological behaviour of lubricating oil. This index can be obtained from the results of kinematic viscosity at
standard operating temperatures of 40 °C and 100 °C according to equation (1). Table 3 illustrates the changes in
the viscosity index with the concentration of added Al.Os NPs. Then, the results in this table indicated that the
viscosity index increased with nano-additions. Accordingly, for both standard temperatures of 40 and 100 °C, it
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was noted that as the kinematic viscosity of the prepared nano-lubricant increased, the viscosity index of these
lubricants was undergone an apparent increase. The maximum viscosity index was at 2.46% at nano-addition of
Al,O3 NPs of 1.85 wt.%. Additionally, Figure 6 illustrates the changes in the viscosity index with a concentration
of added Al.O; NPs. The results show that the viscosity of nano-lubricating oil increases with increasing the
concentration of added Al>Oz NPs. This behaviour can be attributed to the Brownian motion of nanoparticles that
allows collision of nanoparticles and then make the particles narrow to each other. Accordingly, in this case, the
system tends to form clusters of Al.O; NPs attracted to each other due to strong van der Waals forces between
them. Then, as the concentrations of nanoparticles recorded higher numbers, more collisions between
nanoparticles are produced, and big clusters are formed. Furthermore, an increase of the cluster size leads to a
clear increase in the shear stress of the nanofluid and then increases the viscosity of lubricating oil previous
investigations by researchers Dalkili¢ et al. [25] and Sepyani et al. [28] have validated these findings.

Table 3: The measured VI values of nano-lubricating oil at various additions of Al,O3 NPs.
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Figure 6: Influence of Al,Os; NPs additions on the viscosity index.

4.3. Thermal Conductivity of Nano-lube Oil

The thermal conductivity measurements were achieved to evaluate the ability of Al,Os NPs to improve the thermal
specification of base stock lubricating oil. The results of the measured thermal conductivity of base lubricant and
nano-lubricants are shown in Figure 7. The results indicated that the nano-lubricants have higher thermal
conductivity values than the base stocks lubricating oil. Then, it can be seen that, with increased Al,Os; NPs
additions, the thermal conductivity of the prepared nano-lubricants increased. These results are related to the high
thermal conductivity of the AlI203 NPs compared to that of the parent engine lubricating oil. According to the
results of many authors, the properties of the base fluid and the added nanoparticles are the two key factors in
determining the final specifications of nano-lubricant [16,22,29]. Also, the results in Figure 7 indicated that the
values of thermal conductivity increase with operating temperature increase. For example, the highest thermal
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conductivity value was recorded at a temperature of 50°C and nano-addition of 1.85% of Al.Oz NPs. It is essential
to mention here that one duty of engine oil is to cool the engine down, and then it is suggested that the nano-
lubricants with 0.25 wt.% concentration of Al,O3; NPs a suitable for engine lubricity due to enhanced heat transfer
properties and thermal conductivity. Dey et al. [14], Ali et al. [17], and Dambatta et al. [20] indicated that the
thermal conductivity of a nanofluid is a key factor that determines the lubricity performance of engine lubricating
oil. Higher thermal conductivity of a lubricant means the heat transfer process occurs at a greater rate, and better
cooling is achieved. The performance of nano-lubricant is related to the concentration, size, shape, and
thermophysical properties of added nanomaterials [3,8,30]. The mechanisms of the effect of thermal conductivity
on the thermal specification of nanofluids can be related to the Brownian motion of nanoparticles in the system
[33-37]. Moreover, according to the collision of theory, the Brownian motion usually improves with thermal
conductivity, and a solid-solid conduction heat transfer can be achieved. Also, as the thermal conductivity of nano-
lubricants increases with motion, the convective heat transfer mechanism will be highly effective [11,20,22].
Finally, the stability of the prepared nano-lubricating oils (nanofluids) was evaluated for 60 days.
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Figure 7: The influence of operating temperature and Al,O3 NPs additions on the thermal conductivity value of

nano-lube oils.

Figure 8 shows a photograph of the parent and nano-lubricating oils at different additions of Al,Oz NPs. It was
observed a high stable and high dispersion of Al,Os; NPs in the base stock lubricating with testing time. In other
words, the high stability of nanomaterials within the bulk lubricants is attributed to the high dispersion provided
by the ultrasonic mixing step. Accordingly, utilizing the ultrasonic dispersion technique enhanced Al;Os; NPs in
the base stock lubricating oil with a more uniform distribution with time. Many publications pointed to the high
influence of the sonication method on nanofluid stability [5,8,12,25-27]. Finally, it is essential to mention here
that the thermal conductivity of lubricants plays a dominating role in determining their heat transfer and cooling
behaviour. However, the low thermal conductivity of conventional base lubricant oils limits their performance.
Recent researches show the application of nanoparticles as thermal conductivity improvers. Thus, nanoparticles
have played an important role in improving the efficiency of internal combustion engines, reducing maintenance
requirements and more extended service periods for lubricants, and improving fuel economy in automotive
[21,30,42].
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Figure 8: Testing nano-lubricants stability for 60 days at different Al,O; NPs additions.

4.4, Evaluation of Flashpoint and Pour Point

Flashpoint and pour point determine the high and low-temperature abilities of lubricants. Flashpoint is the
temperature at which lubricant vapour starts burning and then gets extinguished, thus limiting its high-temperature
abilities [1-6]. From an operating point of view, the flashpoint is a major property for lubricating oil inside the
internal combustion engine due to its direct interaction with operating and environmental temperatures. Table 4
exhibits the values of flashpoints at five various mass fractions. This table shows that the flashpoints of nano-
lubricants were enhanced dramatically with the Al.Os NPs additions. Then, the flashpoint increased by 1.33, 3.54,
5.75, 7.52, and 9.73% for nano-additions of 0.25, 0.65, 1.05, 1.45, and 1.85 wt.%, respectively. Also, it was seen
that the highest flashpoint value was 248°C at Al,Os NPs addition of 1.85 wt.%. Accordingly, in this case, the
ability of lube oil toward ignition increased due to increasing thermal conductivity with a concentration of nano-
additions. Consequently, the improved flashpoint can be considered an advantage in improving the lubricity of
base lube oil. This is in good agreement with previous research [7,8,18,33-38].

Table 4: Variation of flash point at various Al,O3 NPs concentrations.

No. Al;,O3 NPs (wt.%0) Flash Point (°C) Increment (%)
1 0 228 | e
2 0.25 229 1.33
3 0.65 234 3.54
4 1.05 239 5.75
5 1.45 243 7.52
6 1.85 248 9.73

Additionally, the pour point refers to the lowest temperature at which oil stops flowing and thus becomes important
for low-temperature surroundings. Table 5 shows the impact of the Al.O; NPs additions on the pour point
temperature of the lube oil. The result indicated that the pour point values of nano-lube oils decreased with
increasing of AlOz NPs additions in comparison with the base lube oil. The reduction in the values of the pour
point of nano-lube oil is related to the significant thermophysical properties of Al,Os NPs. This table noted that
the best concentration of Al,O3; NPs addition was 1.45 wt.%, which provides an acceptable pour point of -5.7°C
with the enhancement of 90%. This concentration represents the perfect nano-addition with no agglomeration of
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Al;03 NPs inside the engine. Therefore, temperature reduction decreases the convenient movement of
nanoparticles; furthermore, the effectiveness of the nanoparticles decreases due to the agglomeration of the
nanoparticles at higher concentrations. Moreover, nano-addition of more than 1.05 wt.% of Al,O; NPs is not
favourable due to no higher change in the pour point value have been observed. It is essential to mention that as
the operating temperature was reduced, the lubricating oil motion will be restricted with the increasing nano-
addition due to agglomerated NPs.

Table 5: Variation of pour point at diverse concentrations of the Al,O3; nano-lubricants.

No. Al;O3 NPs (wt.%) Pour Point (°C) Reduction (%)
1 0 32 -
2 0.25 -4.1 36.67
3 0.65 -4.3 43.33
4 1.05 -5.4 80
5 1.45 -5.7 90
6 1.85 -5.9 96.7

4.5. Effect of Temperature and VVolume Concentration on Relative Viscosity of Nano-lubricant

The relative viscosity (?) of nanofluids may be used to indicate the fluctuation of dynamic viscosity of nano-
Bf

lubricants at different temperatures for both nano-additives. For example, Figure 9 shows the relative viscosity of

Al;O3 nano-lubricants at different temperatures (40°C, 60°C, 80°C, and 100°C), as well as different Al.Os solid
fractions. As seen in Figure 9, the relative viscosities vary significantly as temperature changes.
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Figure 9: Relative viscosity of Al.Os nano-lubricant versus temperature in various mass fractions.
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Also, Figure 9 demonstrates that when the temperature rises from 40°C to 60°C, the relative viscosity of Al,O3
nano-lubricant with various five mass fractions decreases significantly, but relative viscosity values soon begin to
fall increase as the temperature rises to 80°C and 100°C. When the temperature rises above 80°C, the agglomeration
of spherical nanoparticles of alumina oxide, which are perpendicular to the direction of the fluid flow during the
viscosity measurement process and thus work to increase the relative viscosity compared to the base fluid, rather
than decrease, where the nanospheres work on sliding the fluid layers over each other, causes the relative viscosity
to increase. The aggregation disintegrates due to weak intermolecular adhesion forces [48-50]. Furthermore,
Minitab optimization and statistical program version 19 was used to fit the curves of nano-lubricant experimental
data. Then, the following predicted mathematical correlation equations (number 4) were achieved to represent the
present experimental results. This equation is dependent on the temperature and volume fraction, and the viscosity
of the Al.03 nano-lubricant.

Hr = 13.321-10.11 T 0942 + 0,251 $147 @

Where W, ¢, and T are the relative viscosity of Al.Os; nano-lubricant, mass concentration, and temperature,
respectively. These correlations may be used at temperatures ranging from 40 to 100 °C, with mass fractions
ranging from 0.25 to 1.85 %. To test the correctness of the correlation above, Figure 10 compares experimental
data with data obtained by the proposed correlation at various temperatures. The absence of variation between
these two data groups implies that the recommended correlation for predicting these nano-viscosity lubricants is
pretty accurate.
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Figure 10: Comparison between Experimental data and correlation outputs with various mass fractions at
T=40°C, T=60°C, T=80°C, and T=100°C.

5. Conclusions

The rheological and thermal characteristics of base stock-60 lubricating were improved successfully by adding
Al;O3 NPs. The kinematic viscosity of nano-lubricating oil showed an apparent increase with increasing mass
fraction of Al.O; NPs additions. Also, the viscosity index rises dramatically with the rise in the concentration of
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Al,O3 NPs as measured at standard temperatures of 40 and 100 °C. The highest value of viscosity index was 2.46%
at Al,Os NPs addition of 1.85wt.%. Moreover, the experimental results indicated that the thermal conductivity of
nano-lubricating oil increased as the operating temperature increased with nano-addition. Furthermore, it is
suggested that the nano-lubricants with nano-addition of 0.25 wt.% are more suitable for engine lubricity due to
enhanced heat transfer properties and thermal conductivity. The flashpoint indicates the quality and operating of
the lubricant oil in hot seasons and especially at the highest temperatures. By adding nanoparticles, the flashpoint
increment from 228 °C to 248 °C. This advantage enhances the nano-lubricant oil performance at high
temperatures. The results of the pour point show that the lube oil performance has improved in lower temperatures.
The best mass fraction of nano additives was 1.05 wt.%, giving a pour point of -5.4 °C with an enhancement of
80%. This fraction represents a good nano-addition with no agglomeration of alumina oxide inside the engine.
Under these conditions, this nano-lubricant can be used in state base oil at lower temperatures. The experimental
data were then fitted using the curve fitting approach. To forecast the relative viscosity of nano-lubricant,
new correlations were developed. Relationship of s in the other direction with temperature. A novel
experimental correlation for estimating the relative viscosities of nano-lubricants of each kind of nanomaterial was
presented. With acceptable accuracy, the suggested correlation could anticipate nano-lubricant dynamic viscosity.
The correctness of the recommended models was determined by comparing the data to the correlation outputs.
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