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PREFACE

In this compilation, the authors discuss nanopowders, or powders with
a particle size of less than 100 nanometers. Several nanopowder types have
effectively been synthesized with potential applications as follows: Fe304
and BalFe6019 (as magnetic materials. microwave absorbent. magnetic
flmd and gel). S102 (as fillers to enhance mechanical strength), and
CaCO3 (as coating for corrosive protection, food additives, cosmetics and
drugs). This method allows for the production of high purity nanopowders
with a moderately narrow crystal size distribution and unique morphology.
Next, the innovative approaches to address the hightmng strikes and EMI
shielding effects on composite aircraft are examined. noting that composite
aircraft protection against lightning is more complex due to the anisotropic
nature of composite structure and high resistance of carbon in epoxy resins,
The authors go on to present results of studies of composite
electrochemical coatings modified by nano- and microparticles ol various
natures are presented, considering the operational properties and structural
features of main types of composite coatings. Later, recent advances in
synthesising highly ordered Titana nanotubes are explored, with regard to
selection of suitable titanium based substrate and electrolyte apart [rom
process parameters. These parameters include temperature, pH. voltage
and applications in the areas of global warming. solar energy,
photocatalytic applications, biomedical starting from implants to drug-
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eluding stents. sensors. and hydrogen storage. A chapter 1s presented on
practical ways for fabricating cost-effective equipment for deposition of
nanofilms, covering the most versatile techmques of sol-gel deposition and
sputter-coating. The authors maintain that by applying individual ingenuity
to the described frugal techniques, the reader should be able to form
nanofilms of various materials with properties taifgred to suit the intended
application. Afterwards, the authors describe the soft, hard templated, and
hierarchically ordered strategies concerning narEechnol()g}-' apphed to
fabricate porous carbon materials. Additionally, relevant advantages and
disadvantages aim to provide the vital information about the growing feld
for future energy to minimize the potential environmental risks. Moving
on, the authors introduce new research and related literature concerning the
synthesis ol cobalt diselenide (CoSeZ) nanoneedle arrays for eflicient
hydrogen evolution electrolysis. Future aspects for improving the
performance of transition metal dichalcogenide-based electrocatalytic
electrodes are also examined. Lastly. a study on formation of nanoporous
silicon and germamum layers with silver nanoparticles by low-energy
high-dose ion impatatic-n is presented. The authors suggest ion
mmplantation for the formation of nanoporous semiconductor thin layers.
which could be easily combined with the crystalline matrix for various
applications.

Chapter 1 - Nanopowders are defined as powders having a particle size
less than 100 nanometers. Due to the specific surface effect. they have
unique and different properties from powders with larger particle sizes.
The «quality of nanopowders extremely depends on the punity and
homogeneity of the grain/erystallite size. These factors are associated with
the complexity of how the nanopowders are prepared. Nanopowders are
widely available in the form of ceramic compounds, which are generally
oxides, carbonates, sulfates, and carbides. The metal-oxide ceramic
nanopowders can be prepared by simple coprecipitation. This method not
only can produce high purity nanopowders, but also with a relatively
narrow crystal size distribution and unique morphology. Those are very
crucial for any kind of application. To cite some examples, a number of
nanopowder types have successfully been synthesized with potential
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applications as follows: Fe;Os and BaFesOpn (as magnetic materials,
microwave absorbent, magnetic fluid and gel), S10- (as fillers to enhance
mechanical strength), and CaCO; (as coating for corrosive protection, food
additives. cosmetics and drugs).

Chapter 2 - This chapter reports the current state-of-the-art systems on
lightning strikes. their effects on composite atrcraft. and new techniques
available to engineers and operators to safeguard against detrimental
effects of Lightming strikes. Designing and manufacturing of composite
aircraft need advanced strategies to sustain the same degree of safety and
shelter as achieved by conductive aluminum skinned aircrafts. Researchers
and scientists have been investigating new ideas to support the
development of new mitigation, diagnosis and prognosis techniques to
overcome the mereased challenges associated with lightning protection on
composite aircraft. Lightming protection of composite aircraft is more
complex due to the anisotropic nature of composite structure and high
resistance of carbon 1n epoxy resins. A wide variety of solutions have been
available for composite aircraft against lhightning strike as composite
materials have been expanded extensively in aircraft manufacturing during
last three decades. Generally, electrically and thermally conductive
materials, such as metallic foils, metal mesh. ply-integrated interwoven
wires, continuous conductive path of low resistance materials and highly
conductive nmanoparticles and nanofilms are used to dissipate the high
density current. shockwave and heat generated during the lightning strikes.
This chapter deals with all the newer approaches to address the lightning
strikes and EMI shielding effects on composite aircraft.

Chapter 3 - The results of studies of composite electrochemical
coatings modified by nano- and microparticles of various natures are
presented. Operational properties (hardness, friction coefficient. wear- and
corrosion resistance, ete) and structural features of main types of
composite coatings are considered.

Chapter 4 - The chapter discusses the recent advances in synthesising
highly ordered Titana nanotubes with respect to selection of suitable
titamum based substrate and electrolyte apart from process parameters
such as temperature, pH, voltage and also their applications in the areas of
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global warming. solar energy, photocatalytic applications, biomedical
starting from implants to drug-eluding stents, sensors and hydrogen
storage. The superiority of electrodeposition technique over other
techniques 1s presented. Subsequently. the chapter explains the efforts
made in designing and developing titania nanotubes with considerably
mmproved properties on different structural alloys used 1n aerospace
applications by electrochemical anodization technique.

Chapter 5 - Nanofilms come under the category of two-dimensional
nanomaterials, whose thickness lies mn the range of Inm to 100nm. Owing
to thewr small thickness, they do not cause any appreciable change n
physical dimensions or weight of the underlying substrate. but facilitate a
dramatic change in its interaction with the environment. Advances in
nanofilm deposition techmques have heralded breakthroughs in various
areas, such as optical coatings for energy conversion and conservation,
fabrication of semiconductor devices. sensors, displays and so on. Apart
from their practical applications, it is only in this two-dimensional form,
that the functionality of nanomaterials can be studied at a macroscopic
scale, while the nanometer scale of thickness facilitates investigation of the
effects ol quantum confinement on various materials.

The need for exercising precise control over wvarious process
parameters generally calls for elaborate equipment for depositing
nanofilms. In addition to being expensive, the deposition equipment 1s
often optimized for some particular application and so. does not allow
much room for experimentation with various parameters. This chapter
describes practical ways for fabricating cost-effective equipment for
deposition of nanofilms, covering the most versatile techniques of sol-gel
deposition and sputter-coating. By applying individual ingenuity to the
frugal techniques described in this chapter, the reader should be able to
form nanofilms of various materials with properties tailored to suit the
intended applicca":m.

Chapter 6 - Carbon materials mostly involved in new alternative clean
and sustainable energy technologies have been playing more and more
significant role i energy storage and conversion systems, especially for
the carbon porous materials, because carbon porous matenals with
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structures can provide large surface areas for reaction, interfacial transport,
or dispersion of active sites at different length scales of pores and shorten
diffusion paths or reduce diffusion effect. Therefore. the soft. hard
templated and hierarchically ordered strategies with nanotechnology
employed to fabricate porous carbon materials are marked along with the
relevant advantages and disadvantages aim to provide the vital information
about the growing field for future energy to minimize the potential
environmental risks.

Carbon porous materials with attractive structures as 1deal candidates
for the wersatility and feasibility of application to energy storage and
conversion should not only be realized, but also much effort has to be
devoted to systematic studies on the relationship between physicochemical
properties of these materials and their performances in energy conversion
and storage to more efficiently stimulate further developments n this
fascinating area. alongside eco-technologies that will ensure minimal
environmental impact.

Chapter 7 - Hydrogen 1s a clean, storable, and high-energy density
energy carrier. which has been considered as a promising sustainable
energy alternative for meeting the global energy demand and achieving an
environmentally friendly fuel economy. Whereas water splitting 1s one of
the most promising approaches for hydrogen fuel production. As
alternatives to noble metal catalyst, e.g.. platmum, for the use mn hydrogen
evolution reaction of water splitting. transition metal dichalcogenides have
shown highly potential. Furthermore. nanostructuring is an efficient
method to 1mprove the activity of heterogeneous catalysts and the
performance of the electrocatalytic electrodes. Thus, this chapter aims to
introduce the authors” recent research about the synthesis of cobalt
diselenide (CoSe;) nanoneedle arrays for efficient hydrogen evolution
electrolysis, and the related literatures are briefly discussed. Finally, the
future aspects for improving the performance of transition metal
dichalcogemde-based electrocatalytic electrodes are also mentioned n the
end ol this chaptt:a

Chapter 8 - Experiments on formation ol nanoporous silicon and
germanium layers with silver nanoparticles by low-energy high-dose 1on
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implantation are observed. For this task Ag'-lon implantation into
monocrystalline silicone and germanium substrates at energy 30 keV with
doses from 7.3:10'° to 1.5: 10" ion/em2 was realized. Surface nanoporous
semiconductor structures were studied by suarmia electron microscopy.
imaging and energy-dispersive X-ray analysis. It i1s demonstrated that
nanoporous silicon and germanium with silver nanoparticles could be
fabricated by Ag-ion implantation. The average sizes of porous holes and
thickness of walls between porous m silicon are about 110-130 and 30-60
nm, respectively. In germanium regular holgg were not observed but silver
nanoparticles were smaller sizes. Thus, 1on implantation 1s suggested to be
used for a formation of naoporous semiconductor thin layers for industry,
which could be easily combined with the crystalline matrix for various
applications.
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Chapter 1

3
NANOPOWDERS PRODUCED FROM NATURAL

SOURCES USING THE SIMPLE
COPRECIPITATION METHOD

Malik Anjelh Bagiya', Munasir’, Mochamad Zainuri',
Zaenal Arifin’', Mashuri', Triwikantoro’,
Suminar Pratapa’ and Darminto”” g
'Department of Physics. Faculty of Mathematics and Sciences, Institut
Teknologi Sepuluh Nopember (ITS). Surabaya, Indonesia

*Department of Physics, Faculty of Mathematics and Sciences,
Universitas Negeri Surabaya (UNESA), Surabaya, Indonesia

ABSTRACT

Nanopowders are defined as powders having a particle size less than
100 nanometers. Due to the specific surface effect. they have unique and
different properties from powders with larger particle sizes. The quality

" Corresponding Author Email: darminto@physics.its.ac.id.
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2 Malik Anjelh Baqiva, Munasir, Mochamad Zainuri et al.

ol nanopowders extremely depends on the purity and homogeneity of the
grain/crystallite size. These factors are associated with the complexity of
how the nanopowders are prepared. Nanopowders are widely available in
the form of ceramic compounds, which are generally oxides, carbonates,
sulfates, and carbides. The metal-oxide ceramic nanopowders can be
prepared by simple coprecipitation. This method not only can produce
high purity nanopowders, but also with a relatively narrow crystal size
distribution and unique morphology. Those are very crucial for any kind
of application. To cite some examples. a number of nanopowder types
have successfully been synthesized with potential applications as follows:
FeiOy and BalFesOs (as magnetic materials. microwave absorbent.
magnetic fluid and gel). SiOs (as fillers to enhance mechanical strength).
and CaCOy (as coating for corrosive protection, food additives, cosmetics
and drugs).

Keywords: nanopowders. natural sources, coprecipitation method. FeiOy,
510, CaCOx

INTRODUCTION

In the past few decades, many efforts have been made to investigate
the structures and applications of both magnetic and non-magnetic
nanomaterials. Nanomaterial has a unique feature which 1s different from
the bulk form due to its specific surface effect. As the particle size of a
nanomaterial  decreases., the surface-to-volume ratio  increases.
Consequently, 1t affects the whole physical and chemical properties of the
materials. For instance, the superior physical properties of nanomaterials
include the improvement of mechanical, optical, electrical, and magnetic
properties.

The properties of nanomaterials are generally mfluenced by many
factors, such as particle size and shape, particle distribution and
morphologies, and particle 1interaction with the swrounding and
neighboring substances. It has been found that these factors can be
modified and improved through the synthesis route, how they can be
prepared. The synthesis method for obtaiming nano-sized magnetic
particles have been developed in various sizes and shapes [1-3]. Magnetic
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nanoparticles have been widely used for biomedical applications [4-10].
namely drug targeting systems [11-15]. magnetic resonance imaging
(MRI) [16. 17]. hyperthernua [18-20]. and antibacterial applications [21].
Recently. magnetic Fe;O; nanoparticles have had the possibility to be used
as wastewater purtfiers [22]. To be applied in the biomedical fields, the
nanoparticles must be non-toxic and biocompatible 1n  organic
environments. Besides, the magnetic nanoparticles should have
superparamagnetic properties since they can be magnetized easily by an
external magnetic field [23].

Studies of the structural and magneto-elastic propel"ﬂs of FezO;-based
ferrofluid and hyvdrogel as well as their applications, employing natural
iron sand as the source of raw material. have been conducted recently [24-
26]. Ferrofluid 1s a stable colloidal suspension consisting of nano-sized
magnetic particles dispersed n a liquid medium and a dispersant or surface
active agent. Generally, ferrofluids can be classified mto two types based
on the mechanism of repulsive force among magnetic particles in a liquid
medium. They are surfacted and ionic ferroflmds |27, 28]. The ion
ferrofluids can be prepared by coating magnetic particles with an ionic
surfactant, so that an electrostatic repulsive force occurs among the
magnetic particles. Depending on the liquid acidity (pH value). the particle
surface can be coated by positive or negative charges. Tetramethyl
amonium hydroxide (TMAH) 1s one 1onic surfactant having a short
molecule chain. The unbound c¢hain of TMAH can mnteract with the liquid
medium resulting in a negative repulsive force. In the case of surfacted
ferrofluids. the coated particles, by adding an oleic acid as the surfactant.
have a steric repulsive force among them in a non-polar hiquud medium.

One important parameter in determining various applications of
ferrofluids 1s wviscoelasticity. The basic property mainly depends on the
ferrofluid’s stability and magnetic properties of the dispersed particles, The
stability of the magnetic particles m a ferrofluid 1s affected by thermal
contribution [29] and equilibrium between the attraction (such as Van der
Waals and dipole interactions) and the repulsion forces (steric and
electrostatic interactions) among those particles [30]. Besides. the magnetic
particles must be dispersed homogeneously n the liqud medium. In the
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4 Malik Anjelh Baqiva, Munasir, Mochamad Zainuri et al.

nano-sized particles, each particle domain may have three possible forms,
which are primary particles, secondary particles, and a cluster of fractal
aggregation. It has been found that the magnetic behaa'w of a ferrofluid
depends not only on the primary particles, but also the secondary particles
as well as the clusters formed in the ferrofluid [24]. There are only a few
reports which mvestigate the viscoelasticity behavior of a ferroflnd. The
magnetoviscous effect of ferrofluid has shown that the viscosity might
change due to a sigmficant nterparticle interaction m the presence of a
magnetic field [31, 32].

Another advanced application of magnetic Fe;O4 nanoparticles 1s for
microwave (radar) absorbing materials [33, 34]. Additional substitution of
Mn-Co in the spinel Ni-Zrm:”rrite has shown the best absorption
characteristics with 1m11imurmaﬂectic-n losses of =25 dB at 10-12 GHz
[35]. Advanced materials of (I\Iiu_ﬁsznu_ﬁFe;;Oq)x—(BamOw)| « hano-
composites have been successfully prepared exhibiting good microwave
absorption properties in the X-band region [36]. Furthermore, it has been
found that a composite based on polyaniline (PANI) amalagnetile (FesOy)
fillers can be applied for microwave absorption at the frequency range of
12 4-18 GHz (Ku-band) [37]. It 1s noted that the ratio of polymer matrix
and magnetic fillers. the type of polymer matrix or magnetic fillers, the
shape. size, and distribution of the fillers affect strongly the conductivity,
dielectric. and microwave absorption properties of the final materals [37,
38]. Additionally, in the thin layered applications of radar absorbing
materials, it 1s revealed that the thickness of the physical layers influences
the absorption performance [39]. In the core-shell structure consisting
Fe3O, nanoparticles as a core, a strong absorption 1s detected at around 5
GHz [40]. Mashun et al. [41] have successfully synthesized
NigsZng sFe;Ou/Ag core-shell nanostructures employing natural iron sand
consisting of a dominantly FesO; phase. Recently, radar absorbing
materials in nanostructure forms have been developed [42].

So-called hexaferrite (hexagonal ferrite) has also been intensively
studied as a radar absorbing material (RAM). Regarding the ionic
substitution 1n ferrite. 1t can be classified into 6 types of ferrites: M-, 7-, Y-
. W-, X-. and U-type ferrites. BaFeppOjo nano-crystals, an M-type
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hexaferrite. have been successfully synthesized by a modified flux method
[43]. It has shown a good reflection loss 1n the Ku band (12.4 - 18.0 GHz)
[44]. Hexaferrites with cation substitution of barmum and cobalt have
shown the best performance compared to the others [43].

Substitution of Co—Mn-T1 1 the barium M-type hexaferrites
(abbreviated as BaM) has been successfully prepared by solid state
technique. The ferrites exhibit the increase of permeability and the
decrease of coercivity resulting m a significant reflection loss n X-band
frequencies [46, 47]. The replacement of Fe'' by g:netic, non-magnetic
and dielectric 10ns in BaM has led to a shift in the ferromagnetic resonance
to lower frequencies and an increase of magnetic and dielectric losses [48].
The BaM with Co-Ti or Co-Ti-Mn substitution, namely
BaCoyT'iyFerr 2019 or BaCoMnyTiFe s 4¢Oo, have been proven to
decrease magnetic coercivily significantly, and hence, a good microwave
absorption in a broad Ka bandwidth or higher frequency range has been
observed |49, 50]. Besides the improvement of magnetic properties, one
mmportant key for obtaiming high performance of RAM 1s the type of
dielectric material forming a composite. The reflection loss of polyaniline
(PAN1/BaMeFe; 0O composite has shown a shift to low [requencies from
Ku-band to X-band [51].

Development of RAM, especially in the range of high gigahertz
frequencies 1s crucial 1ssue nowadays. It 1s very important for stealth and
defense technologies. Therefore, it requires a RAM which has improved
properties, such as lightweight, broad bandwidth absorption, stronger
absorption, and so forth [39]. The structural, magnetic properties, and
microwave absorption behaviors with different Fe/Ba mole ratio in BaM
have been mvestigated [52, 53]. Designing a novel microwave absorber by
combining three type of ferrites may result in the enhanced absorbing
properties correlated to the three distinet magnetic properties [54]. The
result showed a wideband single-layer microwave abm:er with a
satisfactory reflection loss throughout Ku-band [55]. The sample having
higher magnetic susceptibility and comvity exhibits a larger microwave
absorbing ability [56]. For mstance, Zn* and Mn?' substituted samplfg
have quite wide absorption bandwidths of 4 GHz at —10 dB [57]. A
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6 Malik Anjelh Baqiva, Munasir, Mochamad Zainuri et al.

microwave-absorbing paint has been coated on a conducting aluminum
sheel to study the absorption characteristics of a linearly polanzed TE
wave at X band [58]. Saematic morphological transformation of
nanoparticles on dielectric (complex permattivity and permeability) and
microwave absorption properties have been estimated in X band
applications (8.2-12.2 GHz) [59].

Prior to the radar absorbing applications, the synthesis and principle
mechanism of BaM have been studied to improve quality and efhiciency
[60]. Solid based polymerization has been conducted to prepare
polyaniline-bartum fernte composites. It has revealed that magnetization
saturation depends on the volume fraction of ferrite in the composite,
resulting in improved magnetic properties for further applications [61]. The
improved electromagnetic-absorption was also observed in BaFe20,4/Zn0O
composites compared to the pure barium ferrite [62]. BaMgps
CoosTiroFewOe ferrite—acrvlic resin composite has been found to be one
candidate for a wideband electromagnetic cumpﬁ:)il:ity and other high
frequency applications [63]. In addition, the M-type hexaferrite of
BaCo %yoFe 50581 osFe ?10.1019  with 80% ferrite content in a
polyurethane (PU) matrix has shown good electromagnetic or radar signal
reduction [64]. Moreover, the radar absorption has also been observed in
the Polypyrrole—-BaFe 20 nanocomposite due to the possible adsorption
by non-magnetic 1ons during the polymerization process. As a result. the
magnetization decreases significantly which 1s very important for the radar
absorbing behavior [65]. The ac conductivity and the magnetic coercivity
of polyamline/BaFe;20:9 composites could be enhanced and decreased.
respectively, after coating with polyaniline [66]. Core—shell nano-
composites of barium hexaferrite (BaFe;20;0) and polyaniline have been
successfully prepared by the polymerization process. It has been found that
the microwave absorbing efficiency and frequency range changes with
increasing the thickness of the shell [67]. Dilferent sizes and shapes ol
BaFe;;0y0 manoparticles have been investigated for high-frequency
applications on printed electronics as well as for microwave absorption
technology due to improved magnetic properties [68]. Furthermore, a
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complex composite of graphene/(1—x)BaFe20,¢/Cale;O4/xCoFerOy ferrite
is one excellent candidate for microwave absorption at 7.8-12.6 GHz [69].

Up to the present. BaM has been prepared in many methods, such as
conventional ceramic techniques [70], mechanical alloyving [71], carbon
combustion [72], sol-gel |73, 74|, sol-gel combustion [75], hydrothermal
[76]. and co-precipitation methods [77-79]. In order to reduce the
production cost, iron sand containing mostly FesO, phase can be used as
one of the starting materials to synthesize BaM, instead of using
commercial products. The study of this 1ssue 1s very rare and becomes an
mteresting topic in advanced materials research.

Another oxide obtained from natural sand is silica (SiO:). One
chemical technique to purify the natural silica sand from inorganic and
organic umpurities 1s known as the alkalifussion method [80]. This method
has been successfully employed to synthesize amorphous silica (a-S10:2)
[80] and S10; crystals with different polymorphs (quartz and crystobalite
phase) [81]. In the alkalifussion method. there are three steps that should
be considered. The first step 1s preparation of sodium silicate (Na>S10;)
obtained by mixing the silica sand with NaOH. The second one is
preparation of silicic acid (S1(OH),) obtained from the reaction between
NasS10s and HCI (strong acid) to form the silica gel. The third step 1s
called the drying step. The precipitate of silica gel (Si(OH)4) 1s separated
from the acid solution and then dried to obtain $10, powders. The
coprecipitation method has also been employed to purify silica and to
obtain forsterite nanopowders from natural silica sand [82]. SiOs
nanoparticles can be used as a filler of polymeric nanocomposites for
corrosive protection [83, B4]. It i1s known that the mechanism of anti-
corrosion can be enhanced by introducing inorganic nanoparticles in the
polymeric host matrix. The incorporated inorganic nanoparticles i the
matrix may reduce porosity and offer a long zigzag diffusion path for
corrosive agents providing better barrier protection for anti-corrosive
performance [83].

Besides oxides of FesOy and S10», there s a carbonate compound that
can also be obtamed from natural resources, namely calcium carbonate
(CaCOs). In nature, CaCO; has three polymorphs. The three polymorphs
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8 Malik Anjelh Baqiva, Munasir, Mochamad Zainuri et al.

have different characteristics and physical properties. calcite, aragonite.
and vaterite. The most common polymorph 1s calcite which 1s the most
stable phase thermodynamically at ambient temperature and pressure. The
crystal system of caleite 1s rhombohedral [86]. Aragonite 1s a metastable
polymorph, which would generally change into calcite at a certain
temperature and pressure. The crystal system is orthorhombic. and this
polymorph has a needle-like and spindle-like shape [87]. The third
polymorph is vaterite, which has a hexagonal crystal system and spherical
or flower-like morphology [88, 89]. It 1s the rarest polymorph, unstable and
usually transforming to one of the more stable forms.

The micro- and nano-sized particles of calcium carbonate have great
potential for many industrial applications, such as paper [90], paint [91].
and cosmetics (personal care products) [92], due to their na-toxic and
biocompatible characteristics. Therelore, they can also be used
biomedical applications. such as drug delivery systems [93, 94| and tissue
engineering [95]. Caleite can be used as a filler or pigment due to ease of
production 1 a single phase. Composites containing polyvinyl alcohol as
matrix, and mostly calcite and aragonite as fillers, show higher mechanical
strength achieved by increasing the fillers content [ 96].

Several methods have been employed to synthesize CaCOy particles.
such as mechanochemical processing [97]. ultrasound cavitation technique
[98]. reverse mucroemulsion technmique [99]. ultrafine grinding [100],
bubbling method [101. 102]. controlled precipitation [103, 104]. and
carbonation of lime solutions in microemulsion systems [105] and in
reverse micellar systems [106]. The formation of CaCOs polymorphs 1s
influenced by many parameters, such as acidity (pH wvalue) and
temperature during reaction [107, 108], reactant concentration, and the
presence of additives and surfactants [109-112]. CaCOj; particles can be
prepared from different kind of raw materials. CaCO; nanoparticles with
aragonite phase have been successlully prepared from cockle shells [113,
114]. The research of the evolution of phase and morphology of
precipitated CaCOs synthesized by carbonation of hydrated lime has been
mvestigated [115]. Recently, Arifin and co-workers also have successfully
prepared CaCQO; particles from natural limestone by carbonation with
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different and unique morphologies [ 116]. Natural limestone has Ca content
of more than 98%, supplying Ca(OH)> solution as the starting material for
the production of precipitated CaCOs.

This chapter provides an intensive study on synthesis and physical
characterization of Fe;(y, BaM, Si0,, CaCOs and their related composites
produced from natural resources using a simple coprecipitation technique.
A particular application of the mucro/nano-particles having unique

propeﬂies 1s also discussed.

MATERIALS AND METHODS

Preparation of FesO4 Nanopowders and Fe;04-Based Ferrofluid

Fe;O4 nanopowders were prepared by the coprecipitation method
employing natural won sand as the starting material. The details of the
experimental process has been reported in a previous report [26]. The
magnetic phase was separated using the so-called magnetic separation
technique. using a permanent magnet. The magnetic iron sand was washed
to remove unwanted 1norga n impurities. Basically. the iron sand contains
dominantly Fe;O4 particles. HCI and NHsOH solutions were respectively
used as dissolving and precipitating agents for the coprecipitation method
as described in equations (1) and (2) [ 26, 117].

3Fe,0,(5)+8HCI() - 2FeCl () + FeCl () +3H,00) +3Fe,049)+ Ha@ (7
2FeCly(1) + FeCl(1)+3H,0() +8NH,0H(1) > Fe.0,(5) + SNH,CI()+ THLON (5

Fe; Oy particles were dissolved by HCI fo be FeCl; and FeCls solution
providing Fe?' and Fe’' ions which are very important for the formation of
Fe;O, phase. NHsOH solution was added wisely to the solution to
precipitate FesOy particles. The imtial acidity of the solution and the slow

reaction of precipitation allows a variation of crystalline size [118]. The
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precipitate was then washed by distilled water until reaching normal pH
value. Black nanopowders of FesO; were obtained after it was dried at
100°C for 1 h. TMAH was added as the 1onic surfactant into the precipitate
forming Fe;Os-based ferrofluid.

Preparation of BaFe2019 Nanopowders and
PANi/BaFe12019 Composites

Commercial products of BaCOs powders and Fe:Q4 nanopowders,
obtained previously from iron sand, were prepared as starting materials for
preparation of BaFe 20y nanopowders via the coprecipitation method. Zn
powders were used for doping of Bale;sOs nanopowders with x = 0.3
forming BakFe,, 7/n030s nanoparticles. Firstly, FesOs nanopowders were
heated at 600°C for 2 h to get IFe:Os powders. Each of the powders was
weighed and then dissolved by HCI solution separately. Both solutions
were then mixed together using a hot plate stirrer until it reached a
homogenous solution. NH,OH solution was titrated slowly to obtain
prf:ﬂ'zitatecl BaFe ;00 and BalFe,; 77ny309. The precipitate was washed
by distilled water, and then dried at 100°C for 1 h to get the sample
precursors. The precursors were calcinated at 1000°C for 5 h to obtain the
Barium M-type hexaferrite (BaM) phase. PANI was used as the polymeric
matrx and BaM with x = 0.3 was used for the filler with volume fraction
of 3 vol% coated onto a steel substrate. A casting method was applied to
obtain a thick layer (4 mm) of PANI/BaM nanocomposite coating on the
substrate.

Preparation of SiO2 (Silica) Nanopowders and
Al/SiO2 Nanocomposites
In order to synthesize silica powders with ligh purity from natural

silica sand, the magnetic phase must be removed by the magnetic
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separation technique using permanent magnet. A good natural silica sand
having around 65 wit% silica was used as the raw material. After the
separation process, the concentration of silica increased up to 99 wt%.
NaOH and HCI solutions were prepared to form sodium silicate (Nas>S10s)
and silica gel or silicie acid (S1(OH)y), respectively, as represented in
equations (3) to (5) [80].

$10, () + 8NaOH(1) = Na, SO, (1) + H,O()

(3)
Na, S0, (1) + HyO(1) + 2HCL(1) - 2NaCl(s) +Si(OH),, (1) s
$1(OH), (1) = 8i0,(8) + H,O) )

The use of alkali media was basically required for purifying alkah
elements of the natural sand. This 1s called the punfication step. HCI
solution was slowly added to the solution until reaching a pH value of
around 1-2. The silica gel. separated from NaCl, was formed allowing an
easy separation of both products. For the next step, the white silica gel was
washed by distilled water to remove remaining impurities, such as NaCl
and acid.

Finally, the white gel was dried and calcined at certain temperatures of
900 - 930°C to obtain ameorphous and crystalline silica powders,
respectively. Then, the silica powders were collected for further
characterization and analysis.

Al/S10:2 nanocomposites were synthesized by the simple mixing of
aluminium and S10» content (in vol.%): 0. 5, and 10 with two different
dispering agents. namely TMAH and n-butanol. for 2 h. The mixtures were
dried at 120 °C for 12 h and then pressed in a metal dye. The samples were
pre-sintered at 200°C for 0.75 h, followed by vacuum sintering at 500°C
for 2 h to obtain Al/Si10: nanocomposites.
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Preparation of CaCOs Powders and PANI/CaCOs Composite
for Coating

In the production of CaCO; powders, natural limestone was used as the
main raw material. It has been found that the limestone has a concentration
of calcium of more than 98% based on the chemical analysis [116].
However, the magnetic separation was needed to ensure the purity of
CaCO; product. CaCO; powders were synthesized by a carbonation
technique using COz gas flow to precipitate CaCOs as described m the
former papers [116, 119].

Firstly, the extracted lhimestone was dissolved by distilled water at
room temperature for 24 h. A clear solution of Ca(OH), was formed. The
top and bottom layers forming precipitate were removed because these
layers contained impurities. Flowing COs gas was conducted into the clear
solution (Ca(OH):) inducing the formation of precipitate CaCOs. Beside
the variation of calcination teygperatures. the flowing gas rate and duration
were also varied in order to study the effect on the structure and
morphologies of the resulted CaCOs powders.

PAN1/CaCO; composites were prepared by the simple mixing method
with different concentrations of CaCO; of 2.5 and 5 wt% added into the
solution of dissolved PANIL A casting method was used to obtain a thick
layer (about 100 pm) of PANI/CaCOj; composite coatings on iron (metal).
A coating of pure PANI was also prepared without the use of CaCOj;
particles.

Characterizations

X-ray [luorescence (XRF) analysis was performed to identufy the
percentage of elements in the natural sources used the main raw
material. X-ray powder diffractometry (XRD) was used to mvestigate the
phase formation and crystal structure of the synthesized powders. The
XRD was operated using CuKa source at 40 kV and 20 mA. The data were
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collected from 20 angles of 10 to 90° with the data step of 0.02. Both
amorphous and crystalline phases were 1dentified and analyzed by
commercial phase identification sofware (Crystal Impact Match software)
and the Rietveld method (Rietica software), respectively. The investigation
of the particles” morphology was carried out by scanning electron
microscopy (SEM) and tunneling electron microscopy (TEM). For the
magnetic nanopowders, vibrating sample magnetometry (VSM)
measurements were conducted to study the magnetic properties from
magnetic hysteresis curves. VSM measurements were operated at room
temperature with sweeping magnetic field from -1 to 1 T. In order to reveal
microwave absorbing behavior, vector network analyzer (VNA)
measurements e performed at room temperature, VNA data were
collected using a wide [requency range [rom 10 MHz to 20 GHz. The
mechanical properties were tested by standard compression apparatus in
order to get modulus elasticity of the sample. The corrosion rate was
measured by potentiodynamic polarization using the composites as
working electrode and Ag/AgCl as reference electrode. The Tafel plots
were recorded by sweeping the potential from equilibrium potential toward
negative and positive potentials against Ag/AgCl reference electrodes. The
electrochemical tafel slope analysis was used to evaluate the anticorrosive
performance of Al/S10: nanocomposites and PANi/CaCOs; composite
coating on stainless steel (metal) samples.

RESULTS AND DISCUSSION

Magnetoviscous Effect (MVE) of FesOu-Based Ferrofluids

Magnetic field dependence of viscosity for Fe;O4-TMAH ferrofluid 1s
shown m Figure 1. Figure 1(a) shows that the wiscosity increases with
imcreasing the magnetic field for a different added volume of TMAH 1nto
the ferroflud. The flow of ferrofluid gradually becomes slower with
mmcreasing the magnetic field because of agglomeration among FesOy
nanoparticles forming magnetic clusters. as also indicated by Ref, [120],
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The mncrease of magnetic field results in more magnetic clusters causing
more particles agglomeration [121]. Consequently, the flow of ferroflud
becomes blocked and the wiscosity increases. The effects of magnetic
nanoparticles concentration and the external magnetic field on the viscosity
of the ferrofluid have also been investigated by previous paper [122]. The
effect of temperature has also been discussed in detail [123]. It has been
suggested that the magneto-viscosity is proportional to the magnetic
particle content and also to the strength of magnetic field. Due to the
formation of chamned structures of the magnetic nanoparticles n the
presence of external magnetic field (magnetic clustering), thus the
viscosity increases providing the existence of shear resistance of the
ferrofluid [124]. In the case of increasing added volume of TMAH.
ferrofluid becomes more diluted and has a lower viscosity. The reason 1s
that adding TMAH solution into the ferrofluid can decrease the Fe;Oy
volume fraction of the ferrofluid resulting in the increase of distance
among Fei(y nanoparticles and the decrease of interaction among them.
The number of cluster and their clustering length decrease as the
concentration of TMAH as surfactant increases. Therefore. the obstruction
against the flow becomes less and the viscosity of ferrofluid decreases. In
this case. the viscosity of the ferrofluid 1s determined by the concentration
of carrier liquid (water) and surfactant (TMAH), hence. they influence the
interaction of dispersed magnetic nanoparticles | 125, 126]. In short, as can
be seen in Figure 1. the MVE phenomenon depends on the concentration
of the surfactant. A higher concentration of TMAH results in a lower
viscosity value of the ferrofluid, indicating less viscous ferrofluids and
easily to be controlled by external magnetic field. However, any changes in
the viscosity influence the ferrofluid’s stabilaty.

Although the magnetoviscous behavior of the Fe;O, based ferroflud
can be explained from the present results, it is necessary to confirm the
viscosity data using mathematical formulations. In order to clanly the
validity of magnetoviscous measurements, it 15 important to it the data
using theoretical studies. The equation used for this purpose 1s based on the
Shliomis and Morozov model as wrtten m Equation 6 [127]. To get the
relative change of viscosity values against magnetic field, the derivative
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form of Equation 6 18 needed as shown in Equation 8. Equation 8 1s
derived by assuming that the rotational viscosity mn the weak external
magnetic field o 1s equal to zero and the temperature 1s kept constant.

1 | H
An =—na’ Lrﬁz .anda = Lo k3 (6)
4 (] +a;-zf§i) kyT
A 1 [ pmH ) 1-w’c; -
EREUNT @
B (l +m® rﬁ)
A -
oo p? (8)
7
where:
«  relation between magnetic and thermal energy
n . dynamic viscosity (kg/ms)
An :  change of dynamic viscosity (kg/ms)
@ : frequency of oscilation in magnetic field (s)
m . Brownian relaxation time (s)
Lo permeability in vacuum (Vs/Am)
¢ : concentration of surfacted particles
m :  magnetic moment of particles (Am®)
ka :  Boltzmann constant (J/K)

I' : temperature (K)
H : magnetic field (A/m)

Figure 1(b) shows the magnetic field dependence of the change of
viscosity values with different concentrations of TMATI. It can be seen that
the values increase linearly with increasing square magnetic field. The data
were well fitted using the linear fitting from Equation 8. It 1s clear that
ferrofluid with high TMAH concentration, namely 3 ml of TMAH
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addition, shows faster viscosity change. It means that the ferrofluid 1s less
viscous and has a relatively longer intermolecular distance. This allows
small particles’ interaction due to the small cohesive force among the
magnetic particles in the liqud meda. If there 1s thermal change, the
energy transfer among particles 1s relatively low resulting in a small
change of viscosity value and relative stable ferrofluid. Therefore. it 1s
easier to control the ferrofluid under an external magnetic field.

a
( ) Uruld{] L] T i T T
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Figure 1. External magnetic field dependence on (a) viscosity of Fe;O, based
ferrofluids with different additional TMAH: and (b) the change of viscosity values
with different concentrations of TMAH mathematically proven by Shliomis equation.
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Fes04 and BaFe2019 (BaM) as Radar Absorbing
Materials (RAM)

XRD patterns of undoped BaM (BaFe;;0,9) and Zn-doped BaM with
x = 0.3 (BaFey; 7Z2n030y9) are shown in Figure 2. The XRD analysis has
revealed that the samples have BaM phase as the domunant phase and
Fe»Os phase as the secondary phase. The appearance of Fe2O; phase is due
to the existence of both Fe?' and Fe'' 1ons from FesQy as a raw materials.
During the precipitation process, Fe'' 1ons reacted with other raw materials
forming BaM phase, whereas the remaining Fe?' ions reacted
simultaneously forming FesOs phase [128]. As the samples were heat
treated at 1000°C, the Fe;O, phase transformed into Fe,Os phase as a stable
form. Further analysis using the Rietveld method, gave the phase
composition and lattice parameter of each sample. The refinement analysis
shows that the undoped BaM has 44% of Bale;20s and 56% of Fe:O;
phase, while the doped one has 64% of Bal ey, +/n,30s and 36% of Fe,0;
phase. For the lattice parameter, the undoped BaM has a = b =588 A and
¢=2312 A For /n-doped BaM with x =0.3, ithasa=b =589 Aandc=
23.21 A This result is consistent with the former paper [129]. The change
of lattice parameters is mdicated by the peak shift of the XRD pattern
between the undoped and doped ones to the lower angle of 20 mn the doped
sample. This is because Zn®' ions as dopant substitute Fe?' ions in the
crystal structure. The ionic radius of the Zn*' ion is larger than that of Fe''
1on. Hence, the latiice parameter expands in the doped samples.

The magnetic properties of undoped and Zn-doped BaM with x = 0.3
can b@ﬂudied from the hysteresis curves as shown in Figure 3. It was
found that there 1s a decrease of magnetic coercivity and increase of
magnetic saturation in the Zn-doped BaM compared to the undoped one.
The decrease of coercivity in the Zn-doped BaM mdicates the change of
magnetic properties from hard magnetism to soft magnetism due to the
substitution of Zn®' ion into Fe*' ion sites in the structure causing the
change of magnetic domam arrangement [130]. Zn doping on Fe sites in
the erystal structure gives the destruction of magnetic domain arrangement
of Fe ions and the weakening of the super-exchange interactions [131]. The
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soft magnetism feature simplified the mechanism a energy absorption of
the electromagnetic (EM) waves, in which the encfy required i the
magnetization process 1s relatively small because the magnetic domain 1s
easily driven by a relatively small external magnetic field. OrBhe other
hand. the increase of magnetic saturation in the doped sample 1s because
the substitution of Zn 1ons into Fe sites tends to occupy the tetrahedral sites
of the crystal structure rather than in the octahedral sites and this reduces

the negative contribution toward the magnetic saturation | 132].
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Figure 2. XRD pattems of BaFe 20, ﬂndeFe, 132143010 nanoparticles synthesized by
coprecipitation method using Fe;0, from natural iron sand as one of the raw materials.
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Figure 3. Magnetic hysteresis curve of Bale 20y and Baan 12051019 nanoparticles
synthesized by coprecipitation method using Fe;Oy from natural iron sand as one of the
raw materials.
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Figure 4 1s presenting the mformation of the reflection loss against
[requency at X-Ku band frequency range for single layer of PANI (P).
single layer of BaM (B). and double combination layers of PANI and BaM
(P-B and B-P). BaM as the magnetic filler in this present study, consists of
Fe:0); particles as the secondary phaseﬂ:‘!ased on Reft[133], it has been
suggested that Fe,Os particles have the ability to absorb microwaves with
reflection loss below the X-bayl frequency range. Therefore, in the present
result, the existence of Fe20s 1s expected not to reduce the sample’s ability
mn terms of EM waves absorption. In this research, the best reflection loss
1s provided by PANI — BaM (P-B) and BaM — PANI (B-P) as double layer
coatings, which equals to -29.1 dB at 11.6 GHz and 30.6 dB at 17.2 Glz,
respectively, This 1s due to the combination of absorption mechanism by
BaM as the maeti-: material and PANI1 as the conductive material. It 1s
known that EM waves consist of two components, namely the electrie field
components ﬂ]ﬁlhﬁ magnetic field components. which are perpendicular
to each other. To optimize the absorption of EM waves. this magnetic-
conductive coating material must have the capability to interact with
electric and magnetic fields from EM waves simultaneously resulting in
better electrical loss and magnetic loss.

o

n

-10
s BaM
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20 il
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Figure 4. Reflection loss against frequency at X-Ku band frequency range for single
layer PANI (P). single layer BaM (B). and combmation of double layers of PANI and
BaM.
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Table 1. Microwave absorbing characteristics for PANI - BaM with
single and double layers coating

Coating layer Absorption band Absorption band ;i;:::it:.{:: Ii'f:i
2 (GHz) width (GHz) '
(dB)
11.5-12.0 0.5 -5.27
BaM (B) 13.9-14.0 0.1 -3.02
17.4-18.0 0.6 -15.14
11.1-11.7 0.6 -0.76
PANI (P) 13.5-14.3 08 -4.70
17.3-17.9 0.6 -10.67
11.2-12.1 0.9 -29.09
P-B 13.8-15.0 . -19.29
16.7-17.5 038 -13.36
10.9-12.1 1.2 -24.47
B-F 13.4=14.4 1.0 -5.72
16.7-17.8 1.1 -30.63

The design of double layer coating also increases thmideni ng of the
electromagnetic wave absorption frequency. especially in the frequency
range of 8 — 18 @Hz as shown mn detail n Table 1. The widening of the
absorption band shows the effectiveness of the EM absorbing matenal fo
reduce the energy of EM waves, so that the reflected EM waves become
weak. The design of double layer coating provides the combination of EM
absorber matenials with different capabilities and absorption characteristics
on each layer, so that the wider the frequency range of EM wave
absorption, the more effective it 1s 1n its application. The double layer
coating offers an alternative design 1n addition to the use of both single
layer |54, 129] and double-layer [134] of three types substitution for M-
hexaferrites composites.

Silica (SiOz2) Nanopow ders as Filler Reinforcement and
Corrosive Protection

S10, particles in the form of amorphous and crystalline can be
synthesized from natural silica sand. An alkali fusion route has been
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conducted to obtain amorphous Si10, [80] as well as S10; crystals [81]
using natural silica sand and sodium hydroxide with a ratio of 12.5:87.5.
Basically, natural silica sand has a silicon concentration of more than 59%.
Munasir et al. [81] have shown that 8102 powders contain quartz and
cristobalite phases employing various methods. A hydrothermal technique
was also performed to achieve Si10, powders with high purity, using a
trelatively high NaOH molarity of 7 M [81]. The samples were produced by
mmmersing the sand powders with 2 M HCI for 10 h to dissolve any
unwanted elements. It has been noted that a complete removal of
mmpurities, namely caleite and microcline, results i a high punity Si0;
from natural silica sand. The particles’ morphology of the synthesized SiO,
nanopowders is given In Figure 5. Further analysis shows an average
particle size of about 20 nm.

20.0nm

Figure 3. Nano-morphology of SiQO: nanoparticles synthesized from natural silica sand,

In the past few years, SiO: nanoparticles have become a multi-
functional material which can be used as nanofillers in both polvmer and
metal matrix nanocomposites. The nanoparticles have been widely used as
a filler or reinforcer in metal matrix composites to improve the mechanical
properties and corrosive protection. However, one important issue that
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should be addressed regarding mechanical and anti-corrosive applications
1s particle distribution of filler in the matrix. This can occur due to weak
interfacial bonding between fillers—matrix and particles agglomeration. In
the present study. S10: nanoparticles were used as filler in the alumanium
matrix, forming Al/S10; nanocomposite with several volume fractions of
S10,. Generally. 810, has hydrophobic properties so that interfacial
bonding between the particles and host matrix 15 weak. In order to
overcome this problem, one may add a dispersing agent, such as TMAH
and n-butanol. It 1s expected that the dispersing agents can reduce the
hydrophobicity of Si0; nanoparticles and improve the interfacial bonding
between filler and matrix [135]. As mentioned, TMAH solution behaves as
a surfactant, and hence, it also prevents agglomeration among the
nanoparticles.

Table 2 presents filler volume [raction dependence of modulus
elasticity and corrosion rate for Al/Si10: nanocomposites with the addition
of TMAH and n-butanol as the dispersant. It can be seen that the
mechanical properties and corrosive protection of Al/S10» nanocomposites
increase with increasing volume fraction of 510, nanoparticles as filler, up
to 5 wt%. This 1s because Si10; nanoparticles as fillers have signmficant
influence on the mechanical properties and corrosive protection [83]. As
expected. the dispering agent in the Al/S10:; nanocomposite can improve
the interfacial bonding between aluminium and S10; nanoparticles and the
nano-sized fillers spread homogeneously in the aluminum matrix.
Consequently, the applied mechanical stress can be distributed uniformly
throughout the Al/Si0. nanocomposite, resulting in better mechamnical
strength. The proper dispersion of SiO: nanoparticles in the aluminium
matrix also provides a barrier protection offering a long zigzag diffusion
path to delay the time corrosive 1ons reach the inside of the nanocomposite.
The current data agrees with the data of hybrid polymeric based
nanocomposite coating systems observed by Sh. Ammar et al. [84], in
which the coating system with 2 wi% of nano-sized S10; has the best anti-
corrosive performance. However, both of these performances decrease as
the volume fraction of $10» nanoparticles exceeds 5 wi%. This 15 probably
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due to the particles” agglomeration in high filler volume fraction of S10,
nanoparticles.

Table 2. SiO; volume fraction dependence of corrosion rate and
modulus elasticity for AVSiO; nanocomposites with addition of TMAH
and n-butanol as the dispersing agents

SiOn, filler Corrosion rate (mmpy) Modulus Elasticity (GPa)
content (wt%) | TMAH n=butanol TMAH n-butanol
0 (038 0.062 33.5 233

5 (024 0.028 62.5 62.1

10 (066 ().485 52.0 50.2

It can be seen i Table 2 that introducing TMAH in the Al/Si10;
nanocomposite gives better mechanical strength and corrosive protection
compared to that of introducing n-butanol as the dispersing agent. TMAH
mm alumimium matrix influences the formation of AlLO; phase on the
surface of the nanocomposite, providing additional surface protection.

Hence, it 1s relatively stable in a corrosive atmosphere.

CaCOs Powders with Unique Morphologies and Mesopores as
Fillers for Anti-Corrosion Coating

CaCOs powders with different morphologies can be synthesized from
natural limestone. Based on the research of Z. Arifin et al. [119], it 1s
revealed that the limestone contains more than 98% CaCO; with caleite
phase. This 1s important to obtain Ca(OH), solution with high punty for
carbonation process. In this method, the formation of CaCO; phases
depends strongly on experimental parameters. such as flowing rate of CO;
gas, duration of CO; gas flowing, and processing temperature.

Figure 6 represents the micro-morphologies of precipitated CaCQOs
powders synthesized from natural limestone with different steps during
carbonation process. It is found that precipitated CaCO; with vaterite phase
is formed up to 50% mixed together with calcite phase at a slow flowing
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rate of CO» gas, as 1n the work of Arifin et al. [119]. The vaterite phase
usually precipitates i a spherical-shaped particles formed spontaneously.
This result is consistent with former papers showing spherical particle
morphology at slow flowing gas rate and low temperature of 70°C | 88].
Flaten et al. [88] have shown that the growth of vaterite particles is
mmfluenced by the presence of monoethylene glycol as surfactant. The
surfactant plays an important role in the kinetic of particle nucleation and
growth. Additionally. at low gas flowing rates, only small amounts of
COs* (derived from dissolved CO: gas in water) would react with Ca*
(from Ca(OH); solution). Due to the insufficient COs* ions and slower
absorption rate of COs, vaterite phase is more likely to be formed, instead
of calcite phase,

Figure 6. Micro-morphologies of precipitated CaCO; powders with different svnthesis
method from natural limestone resulting: (a) calcite, (b) vaterite. and (¢) aragonmite
phases.
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As the rate of flowing gas increases. the concentration of vaterite phase
decreases and transforms to calcite phase. Increasing the rate of CO; gas
flow 1in Ca(OH): solution 1s the same as increasing CO= concentration in
the solution. It has been found that the plate-like caleite was preferable to
be formed with the increase of CO; concentration [ 136]. The concentration
of calcite increased up to 100% at the rate of 10 SCFH [119]. Figure 6(a)
shows CaCOs caleite particles at flowing rate of 7 SCFH. The phase
transformation from vaterite to calcite 1s also influenced by the mitial pH
value and duration of CO: gas flow. The solution acidity 1s mainly
determined by the Ca(OH)z, as well as CO;, concentrations. The spherical
particles were formed as the imitial concentration of Ca(OH) increased up
to 0.4% (m/v) [136]. At a high pH value of 12. uregular plate-block
particles of vaterite and calcite phase were produced:. while at the normal
pH., only regular plate-block particles of calcite phase exists, as described
in the work of Arifin et af. [119]. The value of pH might change during the
carbonation process due to the formation of carbonate ion (CO5* ions) in
the solution. Therefore, 1t 1s mmportant to consider the mtial pH of the
solution in obtaining the desired morphology of CaCO; particles.

Another important parameter affecting the phase formation of CaCO;
particles 1s the processing temperature during carbonation. Arifin et al.
[119] have sucecessfully produced CaCO;s particles consisting of aragonite
and caleite phases with different concentrations using carbonation with a
certaln processing temperature. Approximately 99.2 wt% needle-like
aragonite phase has been prepared by CO; gas flow rate of 0.5 SCFH at the
relatively high temperature of 85°C. This result 1s in good agreement with
previous reports [102, 137]. A very slow flowing gas i1s one important
aspect to allow erystal growth 1n certain directions. The use of aragonite as
filler m nanocomposites is for mmproving the mechanical properties
because it has more dense particles than calcite,

PANI and 1its composites are multi-functional polymer-based
composites which have been widely used in industrial applications, defense
technology, and anticorrosive protection depending on the filler properties.
For mstance, a coating system of PANI/BaM hexaferrite 1s applied for EM
wave absorbing materials. as described previously. S10: and CaCOy
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particles as fillers in the polymeric matrix system can be applied in
automotive applications and anti-corrosive coating, respectively. A. Olad
and A. Rashidzadeh [138] have studied the anticorrosive behavior of
PANI/CaCOs composite coating on iron samples. They have found that the
composite coating with the CaCOs content of 10%w/w has the best
anticorrosive performance compared to the sample without CaCOs
particles as the filler. They also have shown that the efficiency of
anticorrosive protection decreased with increasing CaCOj; content above
20 %w/w due to the decreasing adhesion effect of composite coatings.

As mentioned, CaCO; has three polymorphs; caleite, vaterite, and
aragonite phases, In this present study, it is important to investigate the
influence of the different CaCO; polymorphs on the anticorrosive
performance in PANI/CaCO; composile coating systems. Table 3 shows
the CaCOs content dependence on the corrosion rate on PANI/CaCOs
composite coatings with different polymorphs. It can be seen that PANI
coating on the metal surface decreases the corrosion rate significantly. This
1s due to the ability to store a large quantity of charge at interface (anodic
protection mechanism) provided by the PANI based coating. It means that
it produces passivating layers with charge transfer reaction between the
metal surface and PANI. From Table 2. 1t 1s also found that the corrosion
rate decreases down to 2.5%w/w CaCOs and then increases slightly above
2 5%w/w CaCQs. The presence of CaCO; particles has a significant effect
on the decreasing corrosion rate because they build a long zigzag path for
corrosive 1ons to diffuse through the composite coating before reaching the
metal surface. However, increasing CaCQ; content causes the mcrease of
agglomeration and reduces the zigzag path i the coating layer. Hence, the
corrosion rate increases. The increase of corrosion rate 1s relatively small
up to 5% of CaCOs; content because PANI still has a role for the
passivating layer to prevent corrosive ions from penetrating the metal
surface [ 139].

The important information in Table 3 is the effect of CaCO;
polymorphs in PANI/CaCOs composite coating on metal (stainless steel)
surfaces. At high CaCOs content up to 5%, 1t 1s found that the composite
coating with caleite phase has relatively good stability on the corrosive
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environment compared to those with vaterite and aragonite phases. This is
probably because the plate-like shape of calcite particles constructs a better
barrier protection with PANI against corrosive ions.

Table 3. CaCO; content dependence of corrosion rate on PANI/CaCO;
composites coating on stainless steel with different polymorphs

Corrosion rate (x 10 mmpy)
CaCOnx T
PANI+CaCOs Polymorph

conlent | No :
bt ) PANI PANI+ PANI+ PANI+Aragon
(%ow/w) | coating : , . :

= Calcite Vaterite+Calcite ite
0 105 30 - - -
23 - - 1.0 1.5 2.0
k] - - 1.3 2.9 4.0

It has also been indicated that the mesoporous CaCOs particles have
potential application as good filler in the polymer based composite coating
for anticorrosive applications. Further study should be considered to
elucidate the anticorrosive mechanism of PANI/CaCO; composite coating
with different and unique particle morphologies.

CONCLUSION

A number of nano/micropowders have been successfully synthesized
from natural resources using the siralc coprecipitation method. namely,
Fe;Oy from natural mron sand, S10: from natural silica sand, and CaCOx
from natural limestone. We addressed general information as follows:

1. FesOy from iron sand has been applied for magnetic gel (ferrogel).
magnetic fluid (ferrofluid). and electromagnetic wave absorbing
materials. The magnetic and magnetoviscosity properties of
ferrofluid depend strongly on the magnetic particle size. its
distribution, magnetic clustering, concentration of the magnetic

nanoparticles and the amount of surfactant. The surfactant
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influences the interaction of the dispersed magnetic nanoparticles
affecting the stability of ferrofluid under the external magnetic
field. BaFe;;«/n/Oe with x = 0 and 0.3 (BaM), synthesized using
FesOy as one of the raw materials, have been successfully apphed
as a magnetic filler in the PANI-BaM combination of single and
double layer coating systems. It was found that the coating design
could be used as a material candidate for EM wave absoiption at
the frequency range of 8 - 18 GHz.

S102 nanoparticles as nano-sized fillers n aluminum matrix
forming Al/S1O; nanocomposite have been successfully prepared
by utilizing a dispersing agent, It was revealed that the mechanical
properties and the anticorrosive behavior depend on the
concentration of nanoparticles and the presence of a dispersing
agent. TMAH as the dispersing agent has an important role to
disperse the filler homogeneously and react with matrix forming
AlO; phase at the surface to improve corrosion resistance and
mechanical properties.

CaCOy particles with different morphologies can be produced by
controlling the flowmng rate of CO> gas and the processing
temperature during the carbonation technique. These parameters
control the phase formation and the particle growth. It was found
that different particle morphology of CaCO; as filler in the
PANL/CaCO; coating layer offers different corrosive resistance.
meaning a different mechanism of anticorrosive behavior. It is
suggested that the PANI/CaCO; coating layer with calcite
morphology provides more stable and better anticorrosive

prctecticn.
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