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Effect of the smallest microwave-synthesized Cu:S nanoparticles with surfactant

templates on improving the properties of engine oil
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! Department of Chemistry, Central Tehran Branch, Islamic Azad University, Tehran, lran

’F aculty of Medicine, Iran University of Medical Sciences, Tehran, Iran

Abstract

In this study, the preparation and identification of Cu,S nanoparticle was, carried out using the microwave
method, and the effect of irradiation time, power, and surfactant on particle size was investigated. The sample was
characterized by XRD measurements, field emission scanning electrondnicroscopy (FE-SEM), Fourier transform
infrared (FT-IR), and ultraviolet-visible (UV-vis). Also, the results of FE-SEM on nanoparticles prepared with
four surfactants, EDTA, sorbitol, citric acid and' PEG400 showed that nanoparticles synthesized with PEG400
surfactant have the smallest size. Then, the effect.0f microwave power on the size of Cu,S nanoparticles was
investigated at three powers of 700, 500 and 900 W."And the FE-SEM results showed that Cu,S nanoparticles
have the smallest size at 500 W. To investigate the effect of time on the size of Cu,S nanoparticles, the experiments
were repeated at times of 3, 5 and»10 minutes, and the FE-SEM results obtained from this stage showed that after
10 minutes, Cu,S nanopafticlesshave the smallest size. Also, the effects of the prepared Cu,S nanoparticles on the
thermal conductivity (K), density and viscosity of engine oil were investigated. The results obtained from this
research show that the increase in thermal conductivity compared to the base oil indicates that these nanoparticles

improve the heat transfer ability and operation of engine oil in harsher temperature conditions.
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1. Introduction

Engine oil has reciprocal effects such as reducing the amount of friction between parts and engine
coolant. One of the methods of further reducing friction inside the engine can be done by distributing
nanoparticles in the engine oil. Considering the role of nanoparticles as fillers, their addition tesengine
oil causes filling of the impure surfaces of engine components and reducing the effect of friction and
wear, and consequently lowering the engine temperature. This effect of nanoparticles, together with the
lubricating role of engine oil, reduces fuel consumption and exhaust pollutantsdn vehicles:

By moving from microparticles to nanoparticles, we encounter changes in somephysical properties,
two of which are the increase in the surface area to volume ratio and the entry of particle size into the
realm of quantum effects. The increase in the surface area to volume ratio that occurs gradually with the
decrease in particle size causes the behavior of atoms located on'the particle surface to prevail over the
behavior of internal atoms. This phenomenon affects the properties of the particle in isolation and its
interactions with other materials. Increasing<the surface area greatly increases the reactivity of
nanoparticles because the number of molecules or atoms present on the surface is very large compared
to the number of atoms or molectiles present in the bulk of the sample, such that these particles have a
strong tendency to agglomerate [1]. Researchers conducted numerical and experimental investigations
on the fluid flow and<heat transfer properties of several nanofluids comprising Si02 [2], ZnO [3], CuO
[4], AlxOs3 [5,6], and silver [7] nanoparticles. They evaluated characteristics such as viscosity, thermal
conductivity, and the impacts of viscous dissipation.

The nanoparticles examined in this study are copper sulfide [8-11], which is due to its excellent
propetties, including strong thermal conductivity CuxS (chalcocite) is a p-type semiconductor which lies
in an optimum range for solar energy conversion [12], solar cells [13], catalysis [14], efficient photo

catalyst [15], biosensors [16] and potential applications in optoelectronics devices [17]. Hence, efforts
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were made to find out new methods for the synthesis of CuxS nanostructures with different morphologies
such as nanoparticles [18], nanowires [ 19], nano plates [13] and can be synthesized by different methods
such as sonochemical [20], microwave [21], hydrothermal, and sol-gel [22]. Nowadays, template-
assisted methods for nano materials (NMs) synthesis are an emerging field for researcherss=These
methods enable precise control over the morphology, dimensions, composition, and enhanced properties
of NMs [23-26]. The physical and chemical properties of NMs can vary significantly depending on the
type of surfactants [27]. Many efforts have been devoted to designing of novel synthetic route to fabricate
Cu2S nanostructures with controlled shape and size. In 2003, Liao and his colléagues successfully
prepared copper sulfide nanorods using a microwave method in 20 minutes at a power of 650 W [9].
These nanorods had a diameter of 5-10 nm. The group used sodiuni nitrate trihydrate and thioacetamide
as starting materials and sodium dodecyl sulfate (SDS) as surfactant. In 2007, Tangtom and his
colleagues were able to prepare spherical coppér sulfide nanostructures using a microwave method under
controlled conditions [10]. In 2010, Li and his.colleagues successfully prepared clustered copper sulfide
nanostructures using a solvothermal method. In this method, copper nitrate trihydrate and thiourea were
used as starting materials and ethylene glycol as a solvent [11]. Double-fold snowflake copper sulfide
(Cu2S) was prepared via a template and surfactant-free method using dimethyl sulfoxide (DMSO) as a
solvent [21].

The methods of fabrication NMs have a significant impact on the properties of these materials. [28].
Conventignal methods for synthesizing nanomaterials are not fast enough and environmentally friendly
enough to meet'the growing demand for semiconductor nanomaterials [29]. Therefore, new methods for
preparing and controlling the size and shape of copper sulfide nanostructures that are rapid and
environmentally safe need to be developed [30,31]. Synthesis using microwave (MW) irradiation has

shown significant improvements in purity, size, and other product properties compared to traditional
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heating. Microwave irradiation directly affects the composition of the mixture and converts
electromagnetic energy into heat through molecular interactions, thereby providing uniform heating
throughout the synthesis process [32-34]. A large number of reactions in organic and inorganic synthesis
have been studied using this method. These include radioisotope synthesis [35], fullerene chemistry[36],
homogeneous [37]/heterogeneous catalysis [37,38]. Many review articles have covered almost all aspects
from accelerated synthesis rates, microwave effects, to microwave equipment [39—42].

Based on a literature review, there is little information examining the effeet of adding nanoparticles
to base fuel. In this study, the preparation and identification of CuzS nanostructuresywere carried out by
microwave method, and the effect of changing various reaction conditions; including surfactant, power
and time, was investigated to achieve optimal conditions (spe€ific size and morphology) in the
preparation of nanoparticles. Then, the effect of the smallest synthesized Cu,S nanoparticles on the

thermal coefficient of engine oil and its performance was investigated.

2. Experimental
2.1. Materials
Ethanol (99.9 % Sigma Co.) were used as received, without further purification. Other compounds

used were prepared from MERCK company. In this research, Behran Tarash engine oil was used.

2.2. Apparatus

Phase identification of the fabricated sample was carried out by a Holland Philips X-ray diffraction
CuKot(d=1.5417 A) in the radiation range of 20°-80°. Scanning electron microscope images were
recorded by TESCAN Company model MIRA III made in the Czech Republic. The presence of surface

functional groups in the prepared samples was analyzed by Fourier transform infrared spectrometer (FT-
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IR) THERMO Company model AVATAR made in the United States. Spectrophotometric measurements
were conducted using an UV-VIS Shimadzu 2101 spectrophotometer equipped with a Acermate 486
SX/25D computer and thermostically matched 10-mm quartz cells. A vacuum Dry Oven model made by
Yamato Company is also used. Density and viscosity measurements were performed with the device -
SVM3000 model - Anton Paar, made in Germany. Thermal Analyzer KD2 Model Dragon,Ultrasonic

Bath Machine Rayan Sanat Technology Co. and Ultrasonic Probe-Misonix Model.

2.3. Synthesis of CusS nanostructures

Studies show MW method can produce catalyst with large surface area, pore volume, pore width as
well as enhancing the crystal growth [43]. Microwave power density is an important parameter for
determination of crystal structure and surface area including réduce the particle size along with band gap
while generating many site defects which centribute in hindering electron-hole from recombine and
aiding charge carrier migration. Also, the size of the nanoparticles has a significant role to play in their
applications. The role of the irradiation.time was considered as the primary concern to regulate the size
and possibly the shape of the syfithesized nanoparticles. In this study, the effect of various factors on
particles size are investigated.

In general, Copper sulfatésolution (0.01 moles) and then one of the surfactants to the test container.
We adjust the pH with, 1 N NaOH solution and adjust the pH to the range of 5, which results in the
formation‘ot yellow precipitates. Then, we add 0.1 M thiourea solution to the solution in the first test
container andrifradiate in the microwave at different powers and with a time pattern of 30 seconds on
and 70,séconds off. After the sample cools, we pass the solutions through filter paper and wash the
precipitates with distilled water several times. We perform the same steps for the other four surfactants

[sorbitol (A1), citric acid (A2), PEG400 (A3) and EDTA (A4)].
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This experiment is performed in three stages:
Step 1. Investigating the effect of surfactants on particle size and selecting the best surfactant by
producing nanoparticles with the smallest size (at 600 watt and 3 minutes).
Step 2. After selecting the best surfactant, investigating the effect of power on particle size
Step 3. After selecting the best power, investigating the effect of time on particle size.

The formation mechanism of copper sulfide nanostructures is shown in (Fig. 1);

fc 2530
N2 "
CuSO.5H,0 —adaton | mm of “ RC:;‘;S jJJJ ":‘A
2393 2 )
+ ST cus
Cu 2

Fig. 1. Formation mechanism of copper-sulfide nanostructures.

Step 2: In this step, as in the first step, we prepare solution'A3 (meaning the solution before the irradiation
step), then we divide the sample into three parts to conduct an experiment to investigate the effect of
power on particle size with PEG400 surfactant. Then we irradiate the samples with three powers of 500
watt (B1), 700 watt (B2) and 900 watt (B3) and a time of 3 minutes. Then, as in the first step, we perform
the operation of smoothing and drying the sediments and perform the FE-SEM test for the three sediments

obtained.

Step 3: In this step, we prepare solution A3 (meaning the solution before the irradiation step) as in the
first'and second steps. Then we divide the sample into two parts to conduct an experiment to investigate
the effect of time on particle size with PEG400 surfactant. Then we irradiate the samples with a power
of 500 watts for two times of 5 minutes (C1) and 10 minutes(C2). Then, as in the previous steps, we
perform the operation of smoothing and drying the sediments and perform the FE-SEM test for the two

sediments obtained.
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2.3. Applied experiments
2.3.1. Measurement of thermal conductivity, viscosity, and density on nanofluid prepared from
synthesized copper sulfide in engine oil

In this research, due to the high accuracy and high speed of the transient hot wire methodgwe use
the KD2 Pro thermal analyzer and the KS1 sensor to determine the thermal conductivity of nanofluids.

Fig.2 KD2 shows the Pro thermal analyzer and schematic diagram of the device.

(a)

(b)

Thermometer

Probe
) kD 2 Pro

/Magnem nanofluid | l‘

Permanent magnets

Fig. 2. Thermal analysis by KD2 pro.

First, we prepare 2 nanofluids with a concentration of 0.1 and 0.5 percent by weight prepared from
copper sulfidemanoparticles in base oil and place each of the two nanofluid samples in a magnetic stirrer
for one hour, Then, first, we disperse the copper sulfide nanoparticles in the oil in an ultrasonic bath. If
the sample is not dispersed, we use ultrasonic probe for the dispersion operation to obtain a uniform
nanofluid. Only the nanofluid made with a concentration of 0.5 percent by weight was dispersed with an

ultrasonic probe device. At this stage, the samples are ready to perform the electrical conductivity test.
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First, we measure the conductivity of the base oil as a control and then we measure the conductivity of

the made nanofluids.

2.3.2. Viscosity and density measurement test

First, we prepare a nanofluid sample with a concentration of 0.5% by weight prepared from copper
sulfide nanoparticles in engine oil and place each of the two nanofluid samples in a magnetic stirrer for
one hour. Then, we first disperse the copper sulfide nanoparticles in the oil 4n an ultrasonic probe to
obtain a uniform nanofluid. Then, the viscosity of the nanofluid was measuredsusing an Anton Paar
device, and we also measured the base oil at temperatures of 40 and 100 °C, and we also measured the

density at temperatures of 15 and 40 °C.

3. RESULTS AND DISCUSSION
3.1. Structural analysis
3.1.1. X-ray diffraction (XRD) results

The crystal structure and purity of the obtained product are determined by the XRD method. Figure
2 shows the X-ray diffractionpattefn of the samples synthesized with different surfactants with
irradiation at a powerof 500'W and a temperature of 10 minutes. The peaks of this pattern are reported
in the range of 02 frem 10 to 80 degrees. All the peaks reported in this pattern are completely
distinguishable from each other, which is in good agreement with the data reported in the articles
according to Figure 3. This pattern shows broad peaks originating from the (102), (110), (103), (112) and
(201)4attice plane, which are very close to those reported for hexagonal chalcocite Cu,S (JCPDS card
26-1116) with the P63 space group and a primitive unit cell with a =3.961 A and ¢ = 6.722 A. There is a

peak at 46.74, which is a characteristic peak for Cu,S [44]. Broadening of the peaks indicates the



nanocrystalline nature of the material. The crystallite sizes of the samples were estimated from XRD

patterns and Debye—Scherrer formula:

D.=KJ/ Bcosf

where 1 is X-ray wavelength (=1.54 A), 6 is the Bragg diffraction angle, and £ is the full wid

half

maximum (FWHM) of the peak appearing at the diffraction angle of theta. The ave&

diameter of the obtained products was about 9 nm.
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Fig. 3. XRD rn o Cu,S structure for the sample synthesized with sorbitol(a), PEG 400 (b) EDTA(c)

ctants with irradiation at 500 watts and temperature for 10 minutes.

3. I%’i Spectrum

The FT-IR spectrum of nanoparticles is shown in Fig. 4. Because nanoparticles have a high surface-
to-volume ratio, they absorb moisture in the laboratory and the bands related to the absorbed water are

observed in their FT-IR spectrum. The band at 3417.69 cm™ is related to the stretching and bending

10
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vibrations of the (H-O) groups of water. The absorption band at 1638.14 cm™ and 1103.04 cm™ are also

related to C=0 and C-O bonds respectively. The band at 1414.08 cm! is related to the (C-N) thiourea.
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Fig. 4. FT-IR pattern of Cu,S nanoparticles from the sample synthesized with PEG 400 surfactant with

irradiation at 500 W and temperafure for 10 minutes.

3.1.3. UV-Visible Spectroscopy

Fig. 5 shows the absorption spectra of CuzS nanostructures synthesized with different surfactants at
500 watts and 10 minutes. To obtain an absorption spectrum of copper sulfide, first weigh 0.005 grams
of the sample powder and then add if to 10 cc of water as a solvent. This solution is so-called dispersed
by an ultrasonic devicetuntil the distance between the nanoparticles reaches atomic size and a
homogeneous and uniform solution is obtained. By doing this, the incident beams of the spectrometer
will encounter a homogeneous cross-section of particles, and with this dispersion, the agglomeration of
nanoparticles will be prevented to an acceptable extent, and as a result, a more desirable absorption
spectrum will be obtained. In the samples in question, as shown in the figure, a sharp absorption peak is
shown 1in the region of 190-350 nm, which, according to the existing patterns in Fig. 5 shows the
formation of Cu,S in samples A1, Az, and As. The optical properties were measured using UV-vis

spectrophotometry.

11
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Fig. 5. UV-vis absorption spectrum of the Cu,S structure correspo? ple PEG 400 (a), sorbitol
(b) EDTA (c) surfa

Compared with bulk Cu,S, which has a tiomonset at about 1020 nm [45], the absorption edge of

obtained Cu,S nanostructures exhibit a blue-s ich is attributed to the quantum confinement of charge

carriers in the nanoparticles [46]. \

3.2. Investigation of the effe s nt on the size of copper sulfide nanoparticles:
In this study, fourSur nts were used and the results were compared under different conditions.

The morpholo% ostructure of the products were further investigated by FE-SEM. The FE-

SEM ima

D

ers comprised of nanoplates with hexagonal morphology (Figures 6-9).
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SEM MAG: 50.0 kx Det: InBeam il e v B I MIRA3 TESCAN
WD: 4.74 mm Bi: 7.00 1pm
View field: 4.15 ym Date(m/dly): 05/10/22

Fig. 6. FE-SEM images of sample Al-sorbitol surfactant - irradiateéd under 600 watts for 3 minutes.

SEM MAG: 25.0 kx Det: InBeam MIRA3 TESCAN

WD: 4.74 mm B8I: 7.00 2 pm
View field: 8.30 ym Date(m/dly): 05/10/22

Fig. 7. FE-SEM images of sample A2 - citric acid surfactant - irradiated under 600 watts for 3 minutes.

3.3. Effect of power on the size of copper sulfide particles
To investigate the effect of power on particle size, 500, 700 and 900 W power was applied for 3

minutes. FE-SEM images obtained from the scanning electron microscope of samples B3, B2, and B;

13
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SEM MAG: 10.00 kx Det: InBeam | | |

WD: 4,67 mm Bl: 7.00 5 pum
View field: 20.8 pym Date{m/dly): 05/12/22

Fig. 8. FE-SEM images of sample A3 - PEG400 surfactant - irradiated,under 600 watts for 3 minutes.

SEM MAG: 50.0 kx Det: InBeam | | MIRA3 TESCAN

WD: 4.57 mm Bl: 7.00 1pm
View field: 4.15 pm  Date{m/diy): 05/12/22

Fig. 9. FE-SEM images of sample A4 - EDTA surfactant - irradiated under 600 watts for 3 minutes.

(Figures 10-12) and it was concluded that the nanoparticles at the power of 500 W have a better

distribution than the other two powers and the particle size is smaller than the other two powers. The

14



power is higher than the optimal energy for preparing copper sulfide nanoparticles, and due to the active

surface of the nanoparticles, large and cohesive masses are produced from them.

&

“ \ R .
g - ‘ 4
| L
SEM MAG: 2.00 kx Det: InBeam MIRA3Z TESCAN

WD: 475 mm BI: 7.00 20 ym
View fleid: 104 pm |Date{mJ/dly): 06/16/22

s

Fig. 10. FE-SEM images of sample Bl- under 500 Wrpower irradiated for 3 minutes.

&
% !
b # o~ s p o i
SEM MAG: 2.00 kx Det: InBeam | MIRAS TESCAN

WD: 4.82 mm Bl: 7.00 20 ym
View field: 104 pm  Date{mJdly): 06/16/22

Fig. 11. FE-SEM images of sample B2- under 700 W power irradiated for 3 minutes.

15
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SEM MAG: 2.00 kx Det: InBeam MIRA3 TESCAN
WD: 4,90 mm Bl: 7.00 20 pm
View field: 104 pm Date{midiy): 06/16/22

Fig. 12. FE-SEM images of sample B3- under 900 W power irradiated for 3 minutes.

3.4. Investigating the effect of time on the size of copper sulfide nanoparticles
To investigate the effect of time on parficle size, studies were repeated at 3, 5, and 10 minute intervals.
FES-EM images obtained from the scanning electron microscope of samples Ci, Cz, and B (Figures 13 and

14).

SEM MAG: 50.0 kx Det:inBeam | | | MIRA3 TESCAN
WD: 6.59 mm BI: 7.00
View fiold: 4,15 ym  Date(midly): 07/24122

Fig. 13. FE-SEM images of sample C1- under 500 W power that was irradiated for 5 minutes.

16
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SEM MAG: 50.0 kx Det: InBeam
WD: 6.66 mm BI: 7.00
View field: 415 pm Date(midly): 07/24/122

Fig. 14. FE-SEM images of sample C2- under 500 W power that was irradiated for 10 minutes.

3.5. Determining particle size using ImageJ software
Using scanning electron microscope images of the studied samples and using Image J software, the

size of the nanoparticles was determined and compared (Figures 15-17).

Average: 63 nm
::r:grec;?e;gior 6 » / Standard deviation: 13

\
N\
|j.t1,

Size (nm)

Frequency

@ 4 -
40 50 80 70 0 %0 100 110

Size (nm)

. Average: 90 nm
»] ; ! Standard deviation: 25

Citric ACID-600 w-3 min

Average: 93 nm
Standard deviation: 15

; "
] /
| -4
g
1
\
; 5 f
P— — \
0 120 40 w LY 0
L] L] 10 120 “ %0 180
Sze (nm)
Size (nm)

Fig. 15. Scanning electron microscope image of A1, A, A3 and A4 samples - Nanoparticle size analysis with

Image] software.

17
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PEG 400- 500 W- 3 MIN PEG400-700 W-3 MIN

69.788 nm

79.256 nm 84.032 nm

SEM MAG: 200 kx Det: InBeam | MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam L1 MIRAZ TESCAN|

WD: 4.75 mm BI: 7.00 200 nm WD: 4.82 mm BI: 7.00 200 nm
View field: 1.04 pm  Date(m/dly): 06/16/22 View field: 1.04 ym  Date(midly): 06/16/22

PEG400-900W-3 MIN

70.338 nm

gl

51.966 nm

96.252 nm

70.338 nm

Det: InBeam MIRA3 TESCAN
BI: 7.00 200 nm
1.04 ym  Date(m/dly): 06/16/22

Fig. 16. Scanning electron microscope image of' B1, B2 and B3 samples - Nanoparticle size analysis with Image

J software.

According to the images obtained from the scanning electron microscope of samples A1, A2, A3,
and A4, the particle size was determined and compared using ImageJ software. It was concluded that
with. PEG400 surfactant, better particle distribution and smaller nanoparticles were formed (Fig. 15).

According to the images obtained from the scanning electron microscope of samples B3, B2, and
B1, the particles size was determined and compared using ImagelJ software Fig. 16. It was concluded
that the nanoparticles at the power of 500 W have a better distribution than the other two powers and

the particle size is smaller than the other two powers. The power is higher than the optimal energy for

18
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PEGA400-500W-5 MIN — PEGA00 - 500 W - 10 MIN

25.116 nm

92.715 nm

94.533 nm
39.995 nm

40.978 nm
58.174 nm 38.995 nm

SEM MAG: 200 kx Det: InBeam | MIRA3 TESCAN]| SEM MAG: 330 kx Det: InBeam | MIRA3 TESCAN
WD: 6.59 mm BI: 7.00 200 nm WD: 6.67 mm BI: 7.00 100 nm

View field: 1.04 pm Date(m/dly): 07/24/22 View field: 0.629 pm  Date(midly): 07/24122

Fig. 17. Scanning electron microscope image of C1, C2 samples - Nanoparticle size analysis with Image J

software.

copper sulfide nanoparticles, and due to the active surface of the nanoparticles, large and cohesive masses
are produced from them.

According to the images obtained from.the scanning electron microscope of samples C2, C1 and B1,
the particle size was determined and compared using Image] software (Figures 16 and 17). It was
concluded that at this stage, the time of 10 minutes is the best possible time due to having enough time

for the formation and separation of particles.

3.6. Thermal conductivity measurement results

In general, nanoparticles have attracted much attention due to their significant enhancement of the
thermal conductivity of fluids Considering that metallic solids and their oxides, as well as carbon
structures; have higher conductivity than fluids, the idea of dispersing solid particles in fluids to increase
fluid conductivity was born by Eastman and Koblinsky. They consider the main factor effective in the
abnormal increase in the conductivity of nanofluids to be effective, which can be used to explain the

abnormal behavior of nanofluids. Here, we will only mention a few of these: 1-Brownian motion of

19



nanoparticles, 2-Nanolayers formed at the boundary between nanoparticles and the base fluid, 3-Nature
of heat transfer in nanoparticles and investigation of phonon transport, and 4-Effect of nanoparticle

clustering.

Thermal conductivity measurement results of base oil (Behran oil), nanofluids made ofseopper

sulfide nanoparticles in Behran oil with a concentration of 0.1 and 0.5 weight percent. results/of
measuring the thermal conductivity of the base oil and the nanofluids prepared study at a
concentration of 0.1 % (L) and 0.5 % (H) by weight are shown in Fig. 18. A , the thermal
conductivity coefficients have increased by an average of 3% compared e

0.135%

0.133

0.132

0131

0.130

Thermal conductivity coefficient{w/m k)

Fig.18. comparison of the uctivity coefficients of nanofluid prepared from copper sulfide with base

oil at concentrations of 0.1 and 0.5 wt%.

Resu e ng viscosity at two temperatures of 40 and 100 °C for 0.5 % by weight nanofluid
made of ¢ ulfide in base oil and base oil (Table 1, Figure 19). Adding 0.5 % by weight of copper
sulfi oparticles to the base oil increased the viscosity by 0.18 % at 40 °C and by 0.67 % at 100 °C.

As expected, the viscosity of all samples decreased with increasing temperature. When spherical

20



nanoparticles are added to the oil, the nanoparticles are placed between the oil layers and slightly reduce

the ease of movement of the fluid layers over each other, resulting in a slight increase in viscosity.

Table 1. Viscosity measurement at two temperatures of 40 and 100 °C for 0.5 % by weight ¢

opper s e
nanofluid in Behran oil.
Sample specifications Viscosity @ 40°C Viscosity @ 100°C i

Base oil 23.36 4.628
Nanofluid 5 % by weight 23.95 4.789 m?/s
Viscosity @40°C Vﬁsi 100 °C

A 685

L
e
o

4.659

e
el
b=

[
)
s

4,628

base oil H

viscosity(mm2/s)

ity of base oil and nanofluids made from copper sulfide nanoparticles with a

ration of 0.5% by weight at temperatures of 100 and 40°C.

d of base oil and nanofluids made from copper sulfide nanoparticles with a concentration

of 0.5:% by weight was investigated and compared at temperatures of 15 and 40 °C. The results are

shown in Table 2 and Fig. 20. According to the results, the density increased by 0.0 3% at 15 °C and by
0.02 % at 40 °C.
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Density @ 15 °C Density (@ 40 °C

0.86745 0.85125
o674 0.8674 0.8512

0.8512

086735
08673 085115

0.86725
0.8672
0.86715

0.8511

1.85105

Density(mg/L
Density(mg/L

0.8671 0.851

0.8671 0.851
0.86705

086 0.85095
0.86695

0.8509
base oil H

base oil

Fig. 20. Comparison of the density of base oil and nanofluids made from copper s @ oparticles with a
concentration of 0.5% by weight at temperatures of 15 °

Table 2. Density measurement at two temperatures of 15 and 40 ° by weight nanofluid.
Sample specifications Unit
Base oil g/ml
Nanofluid 0.5 % by weight g/ml

High oil temperature accelerates the oxidation rate of the base oil, so that according to the Arrhenius
equations, for every 10 °C incredse i erating temperature of the oil, the oxidation rate of the oil
doubles, causing its visco i e. Also, the base oil contains light and volatile substances that
evaporate if the temperature exceeds the allowable limit, causing the viscosity of the oil to increase.

Therefore, it can be said that increasing the thermal conductivity of the in order to increase its resistance

to temper es is an important parameter in improving its performance.

4.C ion
Nanofluids exhibit higher stability compared to traditional fluids due to the size-dependent

phenomenon and random motion of nanoparticles known as Brownian motion. The ultrafine shape of
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nanoparticles enables unrestricted fluid flow in a microchannel, resulting in smoother flow. The use of
nanoparticles increases engine performance for several reasons:

1. Reducing the size of the thermal transfer system, which increases with the increase in the energy
density of nanoparticles, and consequently increases engine performance.

2. Nanoparticles act as a catalyst in the combustion process and have a beneficial effect.on
combustion parameters. The particles increase the momentum density, hence increasing therate of fuel
injection into the combustion chamber, and consequently improving engine performance.

In this study, copper sulfide nanoparticles were used to produce nanofluidssThe production of
copper sulfide nanoparticles using the microwave method was tested and investigated to find the best
power and time and to investigate the effect of surfactants on the size of copper sulfide nanoparticles.

The general advantages of microwave mediated synthesis ever conventional ones are (1) reaction
rate acceleration as a consequence of high heating rates, (2) wide range of reaction conditions, that is,
mild conditions or autoclave conditions, (3) high reaction yields, (4) reaction selectivity due to different
microwave absorbing properties, (5) €xeellent control over reaction conditions, and (6) simple handling,
allowing simple and fast optimization of experimental parameters.

Controlling the parameters affecting the synthesis of nanoparticles, including the use of surfactants,
pH, experimental environment, reaction temperature, etc., plays an important role in the quality of
nanoparticle synthesis.;Nanoparticles with smaller size and greater dispersion (non-agglomeration) have
higher quality. Surfactants play an important role in the morphological and structural characteristics of
the particles formed. Copper sulfide nanoparticles with the smallest particle size according to FE-SEM
images,were obtained at a power of 500 W and a time of 10 minutes with PEG-400 surfactant as the best

surfactant.
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Then, the thermal conductivity of nanofluid prepared from copper sulfide with base oil at
concentrations of 0.1 and 0.5 wt % was investigated and compared .By reviewing the results obtained, it
was concluded that the thermal conductivity in the nanofluid made with copper sulfide in base oil at a
concentration of 0.1 percent by weight increased the thermal conductivity by 1.54 percent compared to
the thermal conductivity of the base oil, and also in the nanofluid made with copper sulfide and baseoil
at a concentration of 0.5 percent by weight, the thermal conductivity increased by 3.08 percent compared
to the thermal conductivity of the base oil. Since the thermal conductivity of affluid indi€ates its ability
to absorb and transfer heat, and considering the future of lubricants and the harsheéreperating conditions,
due to factors such as the shrinking volume of engines and the consequent decrease in oil volume and its
viscosity, as well as the increase in the operating time of engines at their maximum power, all of which
lead to an increase in engine operating temperature and, consequently, an increase in oil temperature, it
can be said that if nanoparticles are added to.€ngine oil; in a constant load state, the engine will be able
to operate at lower temperatures, and in a constant temperature state, the engine will be able to operate

at higher loads or in more severe conditions.
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