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PREFACE

The insertion of new and enhanced materials based on materials belonging to
the Nano scale in the day-by-day has growth up in a silent way. In part, a number of
works in the nanotechnology stemming of theoretical research using Density Functional
Theory (DFT) and sophisticated simulation methods; another part is associated to the
protected technologies associated to the military and patented nanomaterial and its
process. In this sense, open access to recent aspects on the nanostructures application
and properties can be reached in this book. Here, an interesting set of chapters gives
opportunity of access texts that reach process and processing of nanostructures,
applications of nanotechnology, advanced techniques to theoretical development. A broad
set of nanostructures are here covered such as, nanocrystal, superficial nanograins, inner
microstructures with nanograins, nanoaggregates, nanoshells, nanotubes, nanoflowers,
nanoroad, nanosheets, Also, reveals new investigations areas as grainboundary of
nanograins in ceramics and metals. A great number of software has been used as a tool
of development of Science and Technologies for nanotechnology COMSOL Multiphysics
5.2. Phenomena and properties has been investigated by recent or classical techniques
of materials characterization as Localized Surface Plasmon Resonance (LSPR), X-ray
photoelectron spectroscopy (XPS), Field Emission Gun Scanning Electron Microscopy
(FEG-SEM) with Energy Dispersive Spectroscopy (EDS), Raman Scattering Spectroscopy
(RSS), X ray diffraction (XRD),%Fe Mossbauer spectroscopy, UV-vis spectroscopy,
dynamic light scattering (DLS), Atomic Force Microscopy (AFM), and Field Emission
Gun Scanning Electron Microscopy (FEG-SEM). In this sense, collections of spectra
from Mossbauer spectroscopy, UV-vis spectroscopy and Infrared spectroscopy can be
found. As a matter of fact, some chapter’s item can be seemed as specific protocols for
synthesis, preparations and measurements in the nanotechnology.

| hope you enjoy your reading.

Prof. Dr. Marcos Augusto Lima Nobre



TABLE OF CONTENTS

CHAPTER 1 1

ROLLING OF 316L STAINLESS STEEL WITHROUGHROLLS: APOSSIBLE TECHNIQUE
TO OBTAIN SUPERFICIAL NANOGRAINS

Carlos Camurri
Alejo Gallegos

DOI 10.37572/EdArt_3006213611

CHAPTER 2 1

EFFECTS OF DIFFERENT ASPECT RATIOS AND JUNCTION LENGTHS ON THE
COUPLED PLASMON GOLD NANOROD DIMERS

Hafiz Zeeshan Mahmood
Umer Farooq

Usman Rasool

Noor ul Huda

Sana Gulzar

Mahmood Ali

Maryam Iftikhar

Yasir Javed

Saijid Farooq

DOI 10.37572/EdArt_3006213612

CHAPTER 3 21

AB-INITIO STUDY OF ELECTRONIC AND MAGNETIC PROPERTIES OF ZnO
NANOCRYSTALS CAPPED WITH ORGANIC MOLECULES

Aline L. Schoenhalz
Paulo Piquini

DOI 10.37572/EdArt_3006213613

CHAPTER 4 39

CONFINED WATER CHEMISTRY: THE CASE OF NANOCHANNELS GOLD
OXIDATION

André Mouréo Batista
Herculano da Silva Martinho

DOI 10.37572/EdArt_3006213614

TABLE OF CONTENTS



CHAPTER 5 67

PLASMONIC RESPONSE OF GOLD- SILICA AND SILVER- SILICA METAL CORE
NANOSHELLS BY OPTIMIZING THE FIGURE OF MERIT

Hafiz Zeeshan Mahmood
Zainab Shahid

Alina Talat

Imama Irfan

Bushra Arif

Sana Habib

Saba Munawar

Yasir Javed

Shaukat Ali Shahid

Sajid Farooq

DOI 10.37572/EdArt_3006213615

CHAPTER 6 76

AMORPHOUS MICRO AND NANO SILICA EXTRACTED FROM RICE HUSKS AND
OBTAINED BY ACIDIC PREHYDROLYSIS AND CALCINATION: PREPARATION ROUTE
AND CHARACTERIZATION

Eduardo Roque Budemberg
Elton Aparecido Prado dos Reis
Deuber Lincon da Silva Agostini
Renivaldo José dos Santos
Felipe Silva Bellucci

Aldo Eloizo Job

Daltro Garcia Pinatti

Rosa Ana Conte

DOI 10.37572/EdArt_3006213616

CHAPTER7 92

FORMATION OF METAL NANOPARTICLES BY SPUTTER DEPOSITION ON UNCD
FILMS BY NPIII INSIDE CONDUCTIVE TUBES

Nazir Monteiro dos Santos
Divani Carvalho Barbosa
Evaldo José Corat

Mario Ueda

DOI 10.37572/EdArt_3006213617

TABLE OF CONTENTS



CHAPTER 8

109

X-RAY PHOTOELECTRON SPECTROSCOPY (XPS) STUDY OF CONDUCTIVE TUBE

AFTER NITROGEN PIll

Nazir Monteiro dos Santos

Elver Juan de Dios Mitma Pillaca
Mario Ueda

Steven Frederick Durrant
Pericles Lopes Sant’Ana

DOI 10.37572/EdArt_3006213618

CHAPTER 9

125

APPLICATION OF CLAY-CARBOXIMETHYLCHITOSANE NANOCOMPOSITE-SILVER
NANOPARTICLES IN FILTERS TO TREAT CONSUMPTION WATER IN RURAL AREAS

OF CAMANA - AREQUIPA-PERU

Maria Elena Talavera Nunez
Irene Zea Apaza

Corina Vera Gonzales

Julia Zea Alvarez

Luis Rodrigo Benavente Talavera

DOI 10.37572/EdArt_3006213619

CHAPTER 10

138

NANOGRAIN  BOUNDARY PHENOMENON IN CERAMIC
MICROSTRUCTURE

Marcos Augusto Lima Nobre
Silvania Lanfredi
DOI 10.37572/EdArt_30062136110

CHAPTER 11

NANOMETRIC

150

ON SPIN HAMILTONIAN FITS TO MOSSBAUER SPECTRA
NANOPARTICLES SYNTHESIZED BY CO-PRECIPITATION

Jose Higino Dias Filho

Jorge Luis Lopez

Adriana Silva de Albuquerque
Renato Dourado Maia
Wesley de Oliveira Barbosa
Ernando Campos Ferreira
Fellipe Silva Pereira

Katia Guimaraes Benfica

DOI 10.37572/EdArt_30062136111

OF NIFE204

TABLE OF CONTENTS



CHAPTER 12 162

EFFECT OF GRAPHITE NANOSTRUTURES ON THE VISCOSITY PROPERTIES OF
BLENDS DIESEL-S10 AND BIODIESEL

Tulio Begena Araujo
Marcos Augusto Lima Nobre

DOI 10.37572/EdArt_30062136112

CHAPTER 13 172

REMOCION DE ARSENICO DE EFLUENTES ACUOSOS EMPLEANDO COMO
ADSORBENTE MAGNETITA NANOESTRUCTURADA

Orfelinda Avalo Cortez
Luis Jean Carlo Cisneros Garcia

David Pedro Martinez Aguilar

DOI 10.37572/EdArt_30062136113

CHAPTER 14 182

AVALIACAO DA MICRODUREZA DE NANOCOMPOSITOS DE MATRIZ DE ALUMINIO
REFORGCADOS COM OXIDO DE GRAFENO REDUZIDO

Daniel Andrada Maria

Andreza de Sousa Andrada Jordanio
Samuel Siqueira

Adelina Pinheiro Santos

Clascidia Aparecida Furtado

DOI 10.37572/EdArt_30062136114

CHAPTER 15 197

ROTA ECOLOGIA PARA SINTESE DE ELETRODO NANOESTRUTURADO DE ZnO
PARA SUPERCAPACITOR

Eguiberto Galego

Marilene Morelli Serna
Tatiane Yumi Tatei

Bruna Rodrigues de Lima
Rubens Nunes de Faria Junior

DOI 10.37572/EdArt_30062136115

TABLE OF CONTENTS



CHAPTER 16 212

MORFOLOGIA DE FILMES FINOS NANOESTRUTURADOS DE ZnO PRODUZIDOS
PELO METODO SILAR

Eguiberto Galego

Marilene Morelli Serna

Lalgudi Venkataraman Ramanathan
Rubens Nunes de Faria Junior

DOI 10.37572/EdArt_30062136116

CHAPTER 17 228

OBTENGAO E CARACTERIZAGAO DE NANOCRISTAIS DE CELULOSE A PARTIR DE
PAPEL RECICLADO VIRGEM E POS-CONSUMO

Jean Brito Santos
Emanoel Igor da Silva Oliveira

Nadia Mamede José
DOI 10.37572/EdArt_30062136117

ABOUT THE ORGANIZER 234

INDEX 236

TABLE OF CONTENTS



CHAPTER 12

EFFECT OF GRAPHITE NANOSTRUTURES ON THE
VISCOSITY PROPERTIES OF BLENDS DIESEL-S10 AND
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ABSTRACT: The nanotechnology can be
applied in the changing of specific properties
of functional fluids as the lubricity in fuels.
In fact, nanoparticles or nanostructures can
modify parameters as thermal conductivity
and acting as catalyst in fuels and biofuels.
The biodiesel has been added to the diesel
for the decreasing of the sulfur emission.
Furthermore, the lubricity is also decreased. In
this sense, the desulfurization processremoves

' This chapter is the translation of the chapter published in
the book: The great world of nanotechnology / Organizer
Marcos Augusto Lima Nobre. — Curitiba, PR: Artemis, 2020,
Cap. 5, p. 48.
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BIODIESEL'

molecules containing sulfur of diesel. However,
both desulfurization and biodiesel addition can
change the composition and diesel properties.
A natural expectative is that the addition of
graphite to a diesel/biodiesel composition the
lubricity can be retrieved. Taking in account,
diesel S10 and biodiesel, propriety can be
changed via addition of graphite containing
nanostructures. The viscosity of blends diesel

S10/biodiesel/graphite is analyzed from
rheological characterization.
KEYWORDS: Graphite nanostructures.

Biodiesel. Diesel. Blends. Viscosity.

1INTRODUCTION

Nanotechnology involving particles
at the nanoscale can be used in advanced
technologies for the development of mixtures
of fossil fuel and biofuel. In fact, a nanoparticle
can be defined as a particle that has any of
its dimensions on a nanoscale, between 1
and 100 nm. Diluting nanoparticles in a liquid,
a dispersion known in modern literature as
nanofluids is obtained. Several properties of
liquids can be modified, and improved, with the
use of nanotechnology, such as the properties
thermal conductivity and diffusivity, viscosity and
lubricity. All of these properties are important
when working with fuel mixtures, making it

possible to increase the quality of combustion

Chapter 12
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and mass and heat transport through combustion systems. Some key factors influence the
application of nanofluids and should be described in detail. Among them are: size of the
nanoparticles and their shapes, their composition, agglomeration, work temperature, use of
surfactants and interactions at the solid-liquid interface. Fluid viscosity should be studied in
conjunction with other rheological parameters. Rheology is an area of knowledge positioned
between physics and chemistry. The etymology of that word has a Greek origin, specifically
in the word rheo, which means to flow. The flow of a liquid compound is connected to the
laws of physics (classical mechanics, thermodynamics, etc.) and to chemical parameters
(molecular mass, molecular interactions based on secondary chemical bonds, etc.). Besides
the flow of liquids, rheology comprises the deformation of solids.

In some cases, the separation between liquid and solid behaviors is not so simple.
For example, when analyzing very viscous liquids, they end up behaving like solids, or in
the case of solids that flow when subjected to a high enough shear stress. Many other
fields of study depend directly on rheological studies for their development. Among
them we have: lubricants, paints, mineral dispersions, body fluids, cosmetics, food, glass,
polymer solutions, detergents, papers, among others. The importance of these studies
ranges from the production and transport of the reagents to the final qualities of the
product. Complex multiphase systems are part of the aforementioned applications, such
as suspensions and emulsions. Considering a fossil fuel, diesel stands out as a global
energy source. Despite the complex composition, which depends on its refinement
process, desulphurization and the oil used, on average, has 75% saturated hydrocarbons
and 25% aromatic hydrocarbons. The five predominant components in diesel are shown in
Figure 1. Most diesel molecules have linear carbon chains, consisting of 12 to 16 carbons.

Figura 1 - Molecules of the five most abundant components in diesel: (a) dodecane (C_H, ), (b) tridecane (C _H, ),

12" "26 13" 28
(c) tetradecane (C,H,,), (d) pentadecane (C,H,) e (e) hexadecane (CH,,).

Source: designed by the author.
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The preponderance of saturated hydrocarbons is accentuated by the
desulfurization process. This process works to reduce the amount of sulfur compounds
in the fuel. However, there are some deleterious effects such as the reduction of aromatic
compounds and reduction of diesel lubricity. The sulfur molecules present in diesel are
benzothiophenes, dibenzothiophenes and their derivatives. The molecules representing
these groups are shown in Figure 2.

Figure 2 - Molecules of the main sulfur compounds of diesel: (a) benzotiofeno (C,H,S), (b) 2-metilbenzotiofeno

(C4H,S), (c) 3-metilbenzotiofeno (C,H,S), (d) dibenzotiofeno (C,H,S), (e) 2,8-dimetildibenzotiofeno (CH,.S), e (f)
4,6-dimetildibenzotiofeno (CH,,S).

Fonte: designed by the author.

Biodiesel is produced from the transesterification of oils and fats, being composed
of long chain esters, methyl or ethyl, derived from fatty acids. In Brazil, most of the biodiesel
produced is derived from the transesterification of soy oil with methanol. This fuel is sold
already added to the diesel.

The predominant components in biodiesel produced by methyl route are shown
in Figure 3. Biodiesel molecules are, in general, larger than diesel molecules. Another
important difference is that, for soy biodiesel, approximately half of its molecules are from
unsaturated chains. These unsaturations cause the molecules to be non-linear, as one
can see in Figure 3. In addition, one end of the ester molecules is polar, due to the bonds
between carbon and oxygen atoms.
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Figure 3 - Molecules of the five most abundant components in methyl soy biodiesel: (a) methyl palmitate
(C,H_,0,), (b) methyl stearate (C._H..0,), (c) methyl oleate (C,H..O.,), (d) methyl linoleate (C..H.,0,) e (e) methyl

177 734 = 2 19" ‘38 T2 19" 736 2/ 19° 3472

linolenate (C,;H3,0,).

Fonte: designed by the author.

The effects of different proportions of nanostructured graphite particles on the
viscosity of mixtures of complex fluids formed by the mixture of diesel S10 and biodiesel
are discussed.

2 ANALYSIS OF VISCOSITY BY RHEOLOGY OF FLUIDS

The first rheological parameter to be defined in the study of fluids is viscosity.

Viscosity is the resistance to the flow of a fluid derived from the internal friction of one
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part of the fluid moving to another. Starting from Newton’s proposal, it is possible to

write Equation 1.

T=ny (1)

where t is the shear stress, y is the shear rate and n is the proportionality constant,
denominated dynamic viscosity or viscosity. Not all fluids exhibit the behavior described
by Eq. 1. Those that comply with Eqg. 1 are called Newtonian fluids. Other fluids are non-
Newtonian as they do not flow until a certain shear stress value is reached, known as yield
stress. A fluid that behaves like Newtonian after the application of a minimum shear stress

is denominated Bingham'’s plastic fluid. Equation 2 represents this behavior.

T =710+ 1Y (2)

where n, is the plastic viscosity and t, is the yield shear stress. Both types of fluids,
Newtonian and Bingham plastics have constant viscosity values as a function of the
shear rate. The Ostwald-De Waele (Equation 3) and Herchel-Bukley (Equation 4) models

represent fluids in which the viscosity varies as a function of the shear rate.

T=Ky" (3)

T=10+Ky" (4)

where K is the consistency index parameter and n is the flow behavior index. By Equations
3 and 4, it is noted that the Ostwald-De Waele model applies to fluids that do not need a
minimum flow stress, similarly to Newtonian fluids, while the fluids that obey the Hershel-
Bukley model are refer to liquids that require minimal tension, such as Bingham plastic
types. The consistency index parameter is equal to the viscosity presented by the fluid
subjected to a fixed shear rate, called apparent viscosity. Fluids that respect these
models and have a flow behavior index less than 1 are denominated pseudoplastics and
their apparent viscosities decrease with the increase in the shear rate to which they are
subjected. Fluids with a flow behavior index greater than 1 are denominated dilatants, as
their apparent viscosities increase with the increase in the shear rate. Figure 4 shows
rheological curves typical of fluids modeled with Equations 1, 2, 3 and 4. Some fluids have
a variable behavior over time. This phenomenon is known as thixotropy. Once subjected
to a constant shear rate, thixotropic fluids have their viscosity decreasing as a function
of time. When leaving such fluids at rest, their viscosities slowly return to the initial value,
much higher than the minimum achieved with a fixed shear rate. Fluids called rheopetics

have their viscosity increased, while they are subjected to a fixed value shear rate, which
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is why they are also known as antithixotropic. Like thixotropic fluids, rheopetic fluids
regenerate their initial viscosity values while remaining at rest. Fluids that exhibit these

types of behavior are complex in terms of shaping a law of behavior.
Figure 4 - Typical fluid curves representing Newton, Bingham, Ostwald-De Waele and Hershel-Bukley models.

Psudoplastic with
yield shear stress

Bingham

Pseudoplastic

Newton

Dilatant

Source: Araujo, 2020.

3 FUNCTIONAL DISPERSIONS

Dispersion processes and rheology of liquids with dispersed particles are of great
industrial interest, as for the production of paints and solid additives in fuels. In general,
for diluted systems, that is, with a volume fraction of solids less than 0.01 (1%), Equation 5
(proposed by Albert Einstein) serves as a model, through which the value of the viscosity

parameter can be calculated.

where ¢ represents the volumetric fraction of solids and n, represents the viscosity of the
dispersion from the viscosity n of the fluid. In the development of this model, however, the
particles considered are spherical.

In more concentrated systems, interactions between particles must be taken into

account. George Keith Batchelor built a model that considers such interactions, Equation 6.
— 2

Several expressions have been proposed after Eq. 5 and 6 to describe the viscosity

of dispersions. In common with each other and with Equations 5 and 6, the viscosity
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parameter of a dispersion should increase with the increase in the concentration of added
particles. Some studies have reported data that show results that do not fit these models.

In experiments involving complex fluids composed by blends of diesel S10 and
biodiesel, with volumetric biodiesel fractions equal to 0%, 20%, 50%, 80% and 100% in
the case, these show the behavior of Newtonian fluids for the shear rate range between
158 Hz and 263 Hz. This behavior is shown in Figure 5.

Figure 5 shows rheological curves, shear stress versus shear rate, for diesel S10,
biodiesel and diesel S10/biodiesel blends. The shear stress varies linearly as a function of

the shear rate of the blends.

Figure 5 - Shear stress versus shear rate for blends of diesel S10 and biodiesel, as a function of the volumetric
fraction of biodiesel.
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Newtonian fluid behavior is as simple as possible for fluids. From the analysis of
the behavior of the blends, it was possible to determine the values of their viscosities.
These values are listed in Table 1. When adding nanostructured graphite particles to
these blends, some results, even surprising, were obtained. To each of these samples,
proportions of graphite powder equal to 0.2%, 0.4% and 0.8% by volume were added.
All these quantities of graphite represent volumetric fractions suitable for the model
proposed by Einstein. In the same experimental conditions, the dispersions maintained
the behavior of Newtonian fluids, as can be seen in Figure 6. The results obtained for the

viscosity values of all these samples are listed in Table 1.
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Table 1- Viscosities in mPa.s of the binary blends of diesel S10 and biodiesel, with addition of graphite particles, at 29315 K.

Volumetric fraction of

Volumetric fraction of graphite (%)

biodiesel (%) 0.0 0.2 0.4 0.8
0 3.70+0.04 3.73+0.05 3.82+0.04 4.03+0.07
20 412+0.05 3.97+0.05 4.05+£0.06 4.31£0.07
50 4.62+0.03 4.48+0.04 4.54+0.05 4.84+0.07
80 5.19+0.04 5.40+0.07 5.51£0.06 5.58+0.05
100 5.69+0.05 5.92+0.06 6.01+0.06 5.89+0.07

Source: Lanfredi, 2019.

According to the data listed in Table 1, some dispersions had lower viscosity values
than solids-free fluids. This phenomenon occurs in four samples, those containing volumetric
fraction of biodiesel equal to 20% and 50% and volumetric fraction of graphite equal to 0.2%
and 0.4%. These results appear to conflict with Equation 5. However, graphite particles, due
to their molecular structure, tend to have flattened structures, such as layers or sheets.
Figure 6 - Shear stress versus shear rate for blends of diesel S10 and biodiesel, as a function of the volume fraction

of graphite. (a) blends with 0% biodiesel. (b) blends with 20% biodiesel. (c) blends with 50% biodiesel. (d) blends
with 80% biodiesel. (e) blends with 100% biodiesel.
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Figure 7 shows micrographs of the graphite powder, obtained by scanning
electron microscopy, in which it is possible to observe the nanostructures of the graphite
particles. Thin blades can be identified with a 35000-fold magnification. In the upper
image, extensive layers are identified with tenths of thickness of the size bar, 300 nm. In

the bottom image of Fig. 7, an edge shows unequivocally that nanometric layers overlap.

Figure 7 - Micrographs of the graphite powder. 35000 times magnification.

3

Source: author.

According to scanning electron microscopy (SEM) micrographs, these graphite
particles are composed of a nanostructure, composed of laminar structures of nanometric
thickness. The model of action on the viscosity of the blends is not evident, but one idea
is that the nanostructures of blades induce some type of lamellar order in the suspension.
Thus, hypothetically, after the ordering of the system subjected to shear rates in a
unidirectional way, there is a decrease in the viscosity of the analyzed complex fluids.
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