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ABSTRACT 

The challenge for nanotechnology application in automotive lubrication is the difficulty in dispersing the nanoparticles in lubricating 

oils. Some factors have a direct influence on the dispersion of particles, such as size and shape, which are controlled by the chosen 

synthesis method. In addition, the use of covers and dispersant agents aid the dispersion of nanoparticles in lubricating oils. In this 

work studied the effect of different amount of energy given during the synthesis of nanoparticles in microwaves, in order to observe 

its influence on the dispersion size and shape of nanoparticles. They were covered with oleic acid, as well disperse in toluene, 

improving nanoparticle dispersion. The dispersion in of nanoparticles in oil was observed by physical characteristic, spectroscopy in 

the visible ultraviolet (UV/VIS) and micrographs (MO). The results showed that the synthesis with higher amount of energy 

generated a smaller particle size and better dispersion in oil. However the nanoparticle shape is not influenced by energy amount. 

The use of Oleic acid and toluene improved the dispersion of the nanoparticles in the lubricant oil as observed in the results of UV/ 

VIS by biggest interparticle distance. 

Keywords: Nanoparticles, synthesis energy, dispersion in oil. 

 

Alavancagem sobre a síntese e dispersão com nanopartículas de CuO em óleo 

lubrificante 
 

RESUMO 

O desafio para aplicação de nanotecnologia em lubrificação automóvel é a dificuldade em dispersar as nanopartículas em óleos 

lubrificantes. Alguns fatores têm uma influência direta sobre a dispersão de partículas, tais como tamanho e forma, que são 

controladas pelo método escolhido de síntese. Além disso, o uso de tampas e agentes dispersantes auxiliam na dispersão de 

nanopartículas em óleos lubrificantes. Neste trabalho foi estudado o efeito de diferentes quantidades de energia dada durante a 

síntese das nanopartículas em micro-ondas, a fim de observar a sua influência sobre o tamanho e a forma da dispersão de 

nanopartículas. Eles foram cobertas com ácido oleico, assim dispersar em tolueno, melhorando a dispersão de nanopartículas. A 

dispersão em de nanopartículas em óleo foi observada por característica física, espectroscopia no ultravioleta visível (UV/VIS) e 

micrografias (MO). Os resultados mostraram que a síntese de com maior quantidade de energia gerada uma dimensão de partícula 

mais pequena e melhor dispersão em óleo. No entanto, a forma de nanopartículas não é influenciada pela quantidade de energia. A 

utilização de ácido oleico e tolueno melhorou a dispersão das nanopartículas no óleo lubrificante como observado nos resultados de 

UV / VIS por maior distância interpartículas. 

Palavras-Chave: nanopartículas, síntese de energia, dispersão em óleo. 

 

 

I. INTRODUCTION 

 

The friction reduction and anti-wear action of nanoparticles in 

lubricant have been reported as colloidal effect, rolling effect, 

protective film, and third body mechanisms [1]. However, the 

information about the tribological properties of nanofluids is still 

contradictory and in some cases the nanofluids show poorer 

behavior than the base fluid [2]. 

http://www.itegam-jetia.org/
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Moreover, considering that nanofluids have different 

characteristics depending on several parameters (e.g. material, 

methodology of synthesis, size, shape and dispersion 

methodology of the nanoparticles) a huge research effort is 

required to identify and optimize nanofluids in relation to their 

application. To understand the behavior of nanoparticles and 

improve or to develop new applications are necessary to realize 

some investigations about the parameters that have influence on 

the stability and dispersion of nanoparticles.  

The methodology of synthesis of nanoparticles by hydrothermal 

reactions assisted by microwaves has successful reported for to 

increasing the reaction kinetics, formation of metastable 

products, obtaining mono or polycrystals and synthesis of high 

purity product [3]. With this method is possible still the easy 

manipulation of parameters of the synthesis, such as energy 

(radiation) and temperature [4]. In the meantime in this method 

the growth rate of the products is too high for nanoparticles and, 

almost always, the product presents narrow particle size 

distribution as a consequence of fast and homogeneous 

nucleation [5]. 

Dispersing nanoparticles in oils is indeed a developing field of 

interest that provides promising multifunctional materials, for 

example for new lubricants with high tribological performance. 

But, this is not an easy task due the inorganic nanoparticles have 

poor disperse capacity therein [4].  

The size of the particle is another factor that needs attention to anti 

wear additives in oils, which may affect the type of nanoparticles 

action mechanisms in lubricants.  Smaller nanoparticles have been 

reported best results in applications with oils, due to their easy 

interaction with the surfaces of the friction pairs to form a surface 

protective film. When they are small and spherical shape, these 

nanoparticles are more likely to roll between the surfaces and 

change the sliding friction for a mixing of sliding and rolling 

friction.  Thus, it is expected to find a relationship between the 

amount of energy given in the synthesis of nanoparticles on the 

size, since the power and the temperature of the synthesis could 

directly impact this parameter. In this work, we focus on 

investigation of the influence of synthesis energy on the size and 

dispersion of nanoparticles in oils. 

 

II. EXPERIMENTAL AND METHODS 

II.1. SYNTHESIS AND CHARACTERIZATION OF 

NANOPARTICLES 

CuO nanoparticles were prepared from alcoholic solution of 

copper acetate, with 2 mmol of copper acetate monohydrate were 

dissolved in 40 mL of ethanol; and an alcoholic solution of 

sodium hydroxide, being 8 mmol of NaOH dissolved in 40 ml of 

ethanol with the same stoichiometric ratio. In a teflon reactor 

were mixed 10 mL of each solution then inserted into the 

microwave reactor (Panasonic NN562BK) with a variation of 

energy conveyed in the synthesis of: Synthesis A: power of 99 

Watts for 140 s with ON / OFF pulse 20 to 10 s, the pulse being 

repeated nine times to make it possible to maintain the mixture at 

constant temperature of 80 ° C; Synthesis B: power of 396 Watts 

per 140s, with a pulse on / off / on / off 30s, 20s, 10s and 20s 

pulse with repeated nine times to make it possible to maintain the 

mixture at constant temperature of  70°C.; Synthesis C: power of 

495 Watts 15s with an average reaction temperature of 70 ° C.  

After this procedure, for all synthesis the reactor was cooled to 

15 ° C for 5 min and it was recovered the solution. The 

nanoparticles were collected from these suspensions by 

centrifuging at 3600 rpm for 5min.The collected material was 

washed several times with hot water and ethanol. Then, they 

were dried at 60 ° C for 2 h or until complete evaporation of 

ethanol. All synthesis was performed in triplicate. 

Finally, the nanoparticles were coating to minimize the 

agglomeration by recover with 0.01g of oleic acid to 0.2g of CuO 

nanoparticles, which were added to 20ml of ethanol. The mixture 

were stirred for 2h at 60 °C and then centrifuged for 10 minutes. 

Finally, they were dried for 2 hours or until complete evaporation 

of the ethanol. Afterwards, the produced samples were 

characterized by X-ray diffraction (XRD) and scanning 

electronic microscopy (SEM). The X-ray diffraction analyses 

were carried out using a XRD- 6000 powder diffractometer with 

Cu Kα radiation, operating at 30 kV and 30m, in the range from 

20°  to 70º with 0.02º/ min 

Subsequently, the crystallite size was calculated using the 

Scherrer's  equation: 

                       Dhkl = kλ/β cos θ                                         (1) 

 

Where Dhkl is the crystallite size, k is the sphere shape factor 

(0.89), θ is the angle of the diffraction, β is the full width at half - 

maximum (FWHM) of the peak and λ is the wavelength of X-ray 

(1.54056Å). 

II.2. DISPERSION ANALYSIS 

The nanoparticle dispersion in oil was analyzed by two methods: 

visual analyze in optical microscopy and using UV-VIS 

spectroscopy. The nanoparticles were added in PAO and 2 mL of 

toluene to 8 ml of PAO with magnetic stirring for 6h at 20 ° C. 

After stirring this solvent was evaporated in a stove at 70 ° C for 

24 h. Then the suspensions were analyzed by optical microscopy 

(500x magnification) and UV-VIS spectroscopy. In the latter, the 

scan was performed in scan range 190 a 1100nm in UV-VIS-

1650Pc spectrophotometer Shimadzu. 
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III. RESULTS AND DISCUSSIONS 

 

III.1 CHARACTERIZATION OF NANOPARTICLES 

The Figure 1 shows the diffraction patterns of the samples. For all 

synthesis pure phases were obtained and all diffraction peaks 

indexed to the mono- clinic structure with space group Cc (CuO) 

with the low intensity peaks with angles within the limits that 

characterize 35.7 to 38.5° according [6],[7] and  [8]. For [9] and 

[10] concluded that narrow and intense peaks seen in the XRD 

suggest that the material has high crystallinity and purity. 

 

 
Figure 1: XRD spectrum to all synthesis. 

 

All estimated particle sizes were below 10 nm.  The time and 

voltage parameters used for synthesizing B resulted in average 

size of 9 nm. When the voltage is increased for the synthesis of 

C, the average size was 4 nm. With lower voltage and longer 

time exposure to radiation in the synthesis A, the average size 

resulted in 5.5 nm. According [11] suggested that the treatment 

and manipulation of the microwave parameters synthesis have 

the ability to control the particle size. In our case, the smaller 
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particle sizes occur for power and exposure time manipulations 

which result in higher average temperatures throughout the 

synthesis. When the manipulation of these parameters results in a 

lower average temperature throughout the synthesis, the particle 

size was increased. This result corroborate those found by [12]  

and [8] when he used the same reaction group with synthesis 

temperature around 60 °C. The XRD analysis suggests that the 

method was effective in producing CuO nanoparticles with 

repeatability and reproducibility. 

From Figure 2 have the micrographs of Samples CuO. Note the 

smaller agglomeration of particles when the power was increased. 

With the largest increase in power (C synthesis) it is possible to 

identify particles in spherical shape. 

 

A) 10%W -80°C     200X 

 

10%W -80°C        1000X 

 

10%W -80°C       5000X 

 

B) 40%W -70°C    200X 

 

40%W -70°C       1000X 

 

40%W -70°C     10000X 

 

C) 50%W -80°C    200X 

 

50%W -80°C       1000X 

 

50%W -80°C     10000X 

 

Figure 2: Micrographs CuO nanoparticles. 

The smallest of agglomeration-like flakes particles are achieved in 

larger powers of synthesis, and were also achieved in the work of 

[13]. In their studies they found VO2 nanoparticles with low 

aggregation with the maximum power used in the synthesis 

(600W). A reason for this phenomenon was described by [14] 

justified by the increased surface enrichment due to thermal 

motion of liquid molecules in the field of microwave radiation. 

The author suggests that manipulation of microwave synthesis 

parameters may reduce the particle size and increase uniformity of 

materials. Accordingly, the power increase in the synthesis 

provided more homogeneous particles due to the increased surface 

enrichment.  Authors like [2],[8] obtained nanoparticles of CuO 

minimum size but with considerable agglomeration visible in the 

SEM images for metal oxides. According [7], synthetized CuO 
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nanoparticles with 800 W of power and obtained particles of low 

agglomeration. 

III..2 PHYSICAL DISPERSION ANALYSIS 

The results nanoparticle dispersion in PAO is shown in “Fig. 03”. 

The poor dispersion of nanoparticles in oils is justified by the 

ease of agglomeration that nanoparticles present by reason of 

their high surface tensions [15]. 

A)10%-80°C 

 
 

B) 40%W -70°C 

 
C) 50%W -80° 

 
    Figure 3: Suspensions of 0,1% w CuO in PAO. 

Homogeneous particles of the NNP C showed better dispersions 

so it was not possible to identify the presence of agglomerates of 

these nanoparticles in the micrograph, only microdroplets of 

PAO were observed. These result indicate that nanoparticle C 

had higher solubility with the oil, when used toluene as 

dispersant agent. The homogeneous characteristic of particles 
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directly influenced the dispersion in oil as described by [14]. 

However, the agglomeration is still persistent for NNP A and B, 

since it is still possible to see the particulate in the micrographs 

with optical increased 500x. For [16] found poor dispersion of 

MoS2 in vegetable oil and paraffinic oil without use of surfactant 

and they suggested that the verification of nanoparticle 

dispersion in the oils needs to be carried out to recommend its 

deployment in long term stationary applications.  

III.3 SPECTROSCOPY DISPERSION ANALYSIS 

The dispersion analysis by UV vis “Fig. 04” confirms that all 

nanoparticles are indeed cupric copper oxide because copper 

nanoparticles should show a characteristic peak of plasmon 

resonance at around 600nm [17],[18],[6] and [19]. The absence 

of strong band plasmon absorption at that wavelength proves the 

effectiveness of the synthesis of copper oxides formation. This 

result converges with the results shown in the XRD spectra 

shown above. This analysis also suggests that the particles 

exhibit behavior spherical his result converges with the results 

shown in the XRD spectra shown above. This analysis also 

suggests that the particles exhibit behavior of spherical particles 

by the lack of a second absorption band. According [20] non-

spherical particles must present two oscillations, a transverse and 

another longitudinal, generating two absorption bands.  

The resonance plasmon spectrum (SPR) of samples show 

characteristic band of copper oxide in the spectral region 

between 240 -300 nm, corroborating the results of [21],[22] and  

[23]. 

The largest intensities of peaks found to A and C nanoparticles 

indicate a decreased particle-particle and larger interparticle 

distances, so that these are more well-spaced [24][28]. 

 

 
Figure 4: Suspensions of 0,1% w CuO in PAO. 

  

In case NNP B suspension the particles are destabilized, when 

this occurs the original extinction peak will decrease in intensity 

due to the depletion of stable nanoparticles), and often the peak 

will broaden or a secondary peak will form at longer wavelengths 

(due to the formation of aggregates) [29]. For larger particles the 

oscillations are small and decrease with increasing size [25]; 

[26]. For [27] attribute the decrease of absorbance peaks to the 

large degree of particle aggregation. 

 

.
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IV. CONCLUSIONS 

 

All the parameters investigated in this work was effective in 

producing CuO nanoparticles with repeatability and 

reproducibility. The smaller particle sizes occur for power and 

exposure time manipulations which result in higher average 

temperature throughout the synthesis.  

The homogeneous and less agglomerated particles were 

found when the power was increased. Nanoparticles smaller 

showed better dispersion in oil when used toluene in the method 

to the addition. The manipulation of microwave synthesis 

parameters may reduce the particle size, increase uniformity of 

materials and affect the agglomeration of particles in oils. 

The highest power condition (495W) was more effective in 

improving the dispersion of the nanoparticles either alone or 

when added in oils. 
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