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Covid-19 and Nanoform Zinc Oxide Interaction: A Forcite Module of

Materials Studio Software Study
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I Scientific and Technical Research Center in Physicochemical Analysis, BP 384, Bou-Ismail

Industrial Zone, RP 42004, Tipaza, Algeria.

? Faculty of Science and Technology, Mohamed Cherif Messaadia University, B.P 1553 Souk-Ahras, Algeria

[Znic oxide is a commonly occurring mineral in soils. Soil is also ultimate sink for engineered
nano-Zn0O. In view of Covid-19 Pandemic and that nano-ZnO is reported to have damaged or
destroyed genetic make-ups in living cells in plants, this paper has been commissioned to

explore the potential use of nano-ZnO to control the virus by destroying its genetic structure
— Chief Editor]

Abstract — In this article, by using the Forcite module of Materials Studio software, we studied the interac-
tions between ZnO as a magic material because of its versatile applications, where the Zinc oxide NPs are
used in biomedicine like biomedical imaging, drug delivery, gene delivery, and bio sensing potential, On the
other hand, nano-ZnO is reported to have damaged or destroyed genetic make-ups in living cells in plants;
and Alanine because it is one of the 20 amino acids mainly present in the peptide chains of proteins, and
because of its exceptional properties, in the goal of knowing their interactions to estimate the interactions of
ZnO with the coronavirus. The results of geometric optimization showed that there are very strong interac-
tions between ZnO and Alanine where the structure of ZnO got distorted by releasing Zn** ions. The release
of Zn** ions in the middle of proteins Leads to the Zinc fingers. The abundance of Zn** ions in the medium of
proteins leads to the abundance of proteins of Zinc fingers, which have a lot of influence on the proteins and
its structures apart from a few more advantages. We conclude that the interactions of ZnO with proteins
could find a way to destroy viruses, especially novel coronavirus (Covid-19).

Keywords: Alanine; Coronavirus; nanotechnology; nano-zinc; Protein Data Bank; zinc fingers; ZnO

nanoparticles

Nanotechnology has revolutionized the
commercial application of nano sized minerals
in the fields of medicine, engineering,
information, environmental technology pigments,
food, electronics appliances, biological and
pharmaceutical applications and many more. This
is also been used as a recent tool in the fields of
biology (molecular and cellular), biotechnology,
mineral nutrition, physiology, reproduction,
pharmacology etc, in both animal and human
models. Furthermore, it can be used for pathogen

detection. Thus, there are diversified areas and
use of nanotechnology including the science and
engineering of agriculture, animal and food
systems (Swain et al., 2016).

Recently, biomedical nanomaterials have
received more concerns because of their
prominent biological characteristics and
biomedical applications. With the development
of nanomaterials, metal oxide nanoparticles show
promising and far-ranging prospect for
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biomedical field, especially for antibacterial,
anticancer drug/gene delivery, cell imaging,
biosensing, and so on (Mishra et al., 2017)

Among metal nanoparticles (NP) annually
produced, by volume, nano zinc oxide (nZnO) is
the third highest globally produced nano metal
after nano SiO, and nano TiO, (Piccinno et al.,
2012). The sudden rise in the demand in zinc
oxide nanoparticles (ZnO NP) is mostly attributed
to its better antibacterial properties than the
conventional ZnO (Padmavathy et al., 2008).

Zinc Oxide is considered to be a magic
material because of its versatile applications. Zinc
oxide NPs are used in biomedicine like
biomedical imaging, drug delivery, gene delivery,
and bio sensing potential (Zhang et al,, 2013).
The ZnO is used in ceramics, as filler in rubber
and plastics, cosmetics, electrical and
optoelectronic devices, and pigments (Srivastava
et al, 2012). ZnO NPs less than 100 nm are
considered to be relatively biocompatible, which
support their biomedical applications and
represent a powerful property in promoting the
biomedical research.

Zinc oxide NPs, as a new type of the low-
cost and low-toxicity nanomaterial, have attracted
tremendous interest in various biomedical fields,
including anticancer, antibacterial, antioxidant,
antidiabetic, and anti-inflammatory activities, as
well as for drug delivery and bioimaging
applications (Rasmussen, et al., 2010 ; Zhang, et
al., 2015 ; Kim, et al., 2017 ; Xiong, 2013).

Zinc oxide NPs have emerged a promising
potential in biomedicine, especially in the fields
of anticancer and antibacterial fields, which are
involved with their potent ability to trigger excess
reactive oxygen species production, release zinc
ions, and induce cell apoptosis. In addition, zinc
is well known to keep the structural integrity of
insulin. So, ZnO NPs also have been effectively
developed for antidiabetic treatment. Moreover,
ZnO NPs show excellent luminescent properties
and have turned them into one of the main
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candidates for bioimaging (Jiang, et al., 2018).

Despite all this technology and innovation in
the field of medicine and nanoscience, the science
remains powerless in front of the coronavirus
which threatens the world and humanity.

In recent times, several life threatening
viruses have emerged. They have been
responsible for causing significant human
mortality, in addition to raising serious public
health concerns worldwide. The coronaviruses
represent a global threat that does not recognize
international borders. Coronaviruses are
enveloped viruses responsible for up to 30% of
mild respiratory tract infections and atypical
pneumonia in humans.

Coronaviruses infect birds and many
mammals, including humans. The respiratory
tract, gastrointestinal organs, and neurological
tissue are the most common targets for
coronaviruses, but other organs including the
liver, heart, kidneys, and eyes may also be
affected (Escor et al, 2001 (a, b)). Epithelial
cells are the main targets of coronaviruses
(Alonso et al., 2002 (a, b)). Widely distributed
cells such as macrophages are also often infected
with coronaviruses.

Coronavirus is an enveloped positive-sense
RNA virus, which is characterized by club-like
spikes projecting from its surface. Although
coronavirus is commonly associated with acute
respiratory infections in humans, its ability to
infect multiple host species and a variety of
diseases makes it a complex pathogen (Fung et
al., 2019). The frequent interactions of wild
animals with humans make them a common
source of zoonotic infections. Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV)
and Middle Eastern Respiratory Syndrome
Coronavirus (MERS-CoV) are zoonotic
pathogens that can cause severe respiratory
diseases in humans (Luk et al, 2019; Ramadan
et al.,, 2019). CoVs are members of two
subfamilies: Coronavirinae and Torovirinae, from
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the family Coronaviridae, hich in turn is from
the order Nidovirales (De Groot, 2011).

The Coronavirinae subfamily is further
classified into four main genera: a-coronavirus,
b-coronavirus, g-coronavirus and d-coronavirus,
based on the International Committee for
Taxonomy of Viruses. HCoV-229E and HCoV-
NLG6 belong to the -coronavirus, HCoV-HKU1,
SARSCoV, MERS-CoV and HCoV-OC43 are a-
coronaviruses, and both genera infect only
mammals. a-Coronavirus and #-coronavirus
mostly infect birds, but some can infect mammals
as well (Woo, et al., 2012). Based on current
sequence databases, it has been discovered that
all human CoVs have animal origins: SARS-CoV,
MERS-CoV, HCoV-NL63 and HCoV-229E are
considered to have originated in bats; HCoV-
OC43 and HKUI probably originated from
rodents (Su, et al., 2016, Forni, et al., 2017).

The coronaviral genome encodes four major
structural proteins: the spike (S) protein,
nucleocapsid (N) protein, membrane (M) protein,
and the envelope (E) protein, all of which are
required to produce a structurally complete viral
particle (Masters, et al., 2006, Mortola, et al.,
2004, Wang, et al., 2017). More recently,
however, it has become clear that some CoVs do
not require the full ensemble of structural proteins
to form a complete, infectious virion, suggesting
that some structural proteins might be dispensable
or that these CoVs might encode additional

Covid-19 and Nanoform Zinc Oxide Interaction: A Forcite Module of Materials Studio
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proteins with overlapping compensatory functions
(DeDiego, et al., 2007, Mortola, et al., 2004,
Kuo, et al., 2003, Ortego, et al., 2007, Ruch, et
al., 2012, Siu, et al., 2008). Individually, each
protein primarily plays a role in the structure of
the virus particle, but they are also involved in
other aspects of the replication cycle.

The replication of CoV begins with the
binding of its spike protein (S) on the cell-surface
molecules of the host. This receptor recognition
is important for initiating virus entry into the
host cells, thereby playing a major part in the
tissue and host species tropism of viruses. The
receptors used by all human CoVs are known:
aminopeptidase N by HCoV-229E (Yeager, et al.,
1992); 9-Oacetylated sialic acid by HCoV-OC43
and HCoV-HKU1 (Huang, et al., 2015, Butler, et
al., 2006]; angiotensin-converting enzyme 2
(ACE2) by SARS-CoV (Li, et al, 2003); and
HCoV-NL63 (Li, et al., 2007, W, et al., 2009)
and dipeptidyl peptidase 4 (DPP4) by MERS-
CoV (van Doremalen, et al., 2014).

Members of the Coronaviridae family infect
a wide range of animal species in nature and
most are limited in their host range (Masters, ef
al., 2013). Human coronaviruses including OC43,
229E, NL63 and HKUI are generally associated
with self-limiting respiratory tract infections
(Masters, et al., 2013, Gralinski, et al., 2015).
However, in the past 12 years, two outbreaks of
severe respiratory tract infection, SARS and

BRI,

Fig. 1. Medical animation of coronavirus and coronavirus microscopic photo respectively.
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MERS, have been caused by animal
coronaviruses that have crossed the species
barrier. Despite the severe disease and high case
fatality rate associated with SARS and MERS,

coronavirus vaccines and antiviral drugs are not
yet available.

The workers have characterized the
presentation of Middle East Respiratory
Syndrome (MERS) (Al-Tawfiq, et al., 2017) and
Severe Acute Respiratory Syndrome (SARS)
(Lim, et al, 2004) to aid clinical teams in the
recognition, diagnosis and management of these
cases. Now with the emergence of a novel
coronavirus (CoV) from Wuhan, China
(tentatively named as 2019-nCoV by The World
Health Organization — WHO), (Lu, ef al., 2020,
Bogoch, et al., 2020) similar clinical, diagnostic
and management guidance are required.

In view of this problem of this virus which
threatens humanity and the world, and according
to the efficacy of ZnO nanoparticles in the
medical field, we have made a theoretical study
on the interactions between ZnO and Alanine,
because Alanine is one of the 20 amino acids
mainly present in the peptide chains of proteins,
where the corona virus attacks living cells which
are made up of amino acids and proteins.

We used Materials Studio 7.0 simulation
software for this modeling.

Fig. 2. The geometry of ZnO (a) single cell, (b) super cell.
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Materials Studio is now being used effectively
over more than a decade for numerous different
applications across a range of physical and
chemical sciences and almost every industrial
sector (Reinier et al, 2015). Materials Studio
Forcite is an advanced classical molecular
mechanics tool that allows fast energy
calculations and reliable geometry optimization
of molecules and periodic systems (Accelrys
Software Inc. 2012). The Forcite simulation was
performed the interaction between ZnO and the
Alanine as a protein.

Materials and Methods

Geometry optimization of all the prepared
models was carried out in Materials Studio 7.0
software (Materials Studio. Accelrys Software Inc.,
San Diego., 2013) under the Forcite module
(Accelrys Software Inc. 2012), using the Universal
Force Field (Rappé et al., 1992). We started by
investigating the ZnO in the lattice 3D hexagonal,
where the crystallographic parameters for the
single cell are o = 0.324 nm, b = 0.324 nm, ¢ =
0.520 nm and o = 8 = 90°, y=120° (Fig. 2a).

In our study, for best optimization we must
build super cell of ZnO. For the new super cell
(3x3x3), the parameters are a = 0.974 nm, b =
0.974 nm, ¢ = 1.561 nm and o = B = 90°, y =
120° (Fig. 2b).
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The second component of this study is
Alanine.

Alanine (abbreviations [UPAC-IUBMB: Ala
or A) is an o-amino acid whose L-enantiomer is
one of 22 proteinogenic amino acids, encoded
on messenger RNAs by codons GCU, GCC, GCA
and GCG. Alanine is an amino acid that goes
into the composition of proteins.
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It is characterized by an aliphatic apolar side
chain. It is, along with serine, leucine and glycine,
one of the most common amino acids in proteins.

The Alanine is in the lattice 3D
Orthorhombic, and the crystallographic
parameters for this single cell are oo = 0.603 nm,
b=1.234nm, c=0.578 nm and o. = 3 =y = 90°.

Fig. 3. The geometry of Alanine molecule, single cell respectively.

For the geometrical optimization of the two
components ZnO and Alanine, we have made an
insertion of the molecules of the Alanine cell in
the super cell of ZnO.

Before starting the optimization, we
calculated the distances between the atoms of Zn
and the atoms of oxygen, and also the angles
between them (Figs. 4, 5) super cell ZnO only,
and (figs.6) super cell ZnO+Alanine.

NB. The measurements of the distances and
angles before optimization are the same for the
ZnO super cell with or without Alanine.

We notice that the distances between Zn and
O before the optimization are identical and equal
in the vertical direction of the super cell, and the
atoms of Zn and O in the horizontal surface
formed a very organized hexagonal structure and
the distances and even the angles are identical
(Figs. 4, 5, 6). The distances between Zn and O
are identical and equal D,  vertical = 0.199nm
and D, . horizontal = 0.197nm.

The angles are also identical and equal, the
angles in the vertical way = 108,044° and the
angles in the horizontal way = 110,860°.

Fig. 4. The distances and the angles between Zn and O in the vertical way of the super cell ZnO respectively.
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Fig. 5. The distances and the angles between Zn and O in the surface horizontal of the supercell ZnO successively.

Fig. 6. The distances and the angles between Zn and O in the vertical way of the super cell ZnO+Ala, the distances and
the angles between Zn and O in the surface horizontal of the super cell of ZnO + Alanine respectively, before optimi-
zation. For all species, C = gray, H = white, O = red, Zn = mauve, N = blue.

The ZnO building is well organized and well  also the positions of Alanine molecules are
structured. changed in the super cell which means, there is a
reaction between the atoms of ZnO and Alanine.

Results and Discussion The results are illustrated in the following

; figures:
The results indicate that the distances and

angles between atoms are completely changed; ~ After the geometrical optimization the
distances in the vertical direction are completely

Fig. 7. The distances and the angles between Zn and O in the vertical way of the super cell ZnO+Ala successively. After
optimization. For all species, C = gray, H = white, O = red. Zn = mauve, N = blue.
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changed (distances are increased, and others are
decreased), the angles also certain angles are
decreased and others are increased.

The distances between Zn and O in the
hexagonal surface are very changed and the well-
organized hexagonal shape of ZnO is distorted,
and the identical angles of the hexagonal shape
are changed completely (Fig. 8).

The energy outcomes are shown in the
(Table 1).

On the energetic side, the results given in the
(Table 1), of super cell ZnO+Ala, indicate that
enthalpy or total energy and also non-bonded
energy and van der Waal’s have large values
before optimization compared to other energies,
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but after the optimization these previous energies
are decreased, in the another hand the energies
of bond, angle, torsion and inversion are very
increased, because the bonds and angles are
changed and the structure is deformed (Figs.7,
8), the bonds and the angles are in need of
energies to make the deformation, this is why
these energies are high.

Even the Alanine molecules are changed their
positions in the ZnO super cell after the
optimization which meant a reaction between
ZnO and Alanine has happened, so this reaction
influenced the whole ZnO super cell either in its
structure or in energy rating according to the
results obtained in this study.

Fig. 8. The distances and the angles between Zn and O in the surface horizontal of the super cell of ZnO + Alanine
successively, after optimization. For all species, C = gray, H = white, O = red, Zn = mauve, N = blue.

Table 1. Energies before and after geometrical optimization of super cell ZnO+Ala.

Energy (kcal mol|) Super cell ZnO+Ala Super cell ZnO+Ala
before optimization after optimization

Total enthalpy 806644589.30 7292.20
Total energy 806644589.30 7292.20
Valence energy 1039.81 4676.45
Bond 919.97 3231.66
Angle 117:29 1302.82
Torsion 2.54 6.573
Inversion 0.001 135.39
Non-bonded energy 806643549.49 2615.74

van der Waals 806643553.08 2619.33
Electrostatic 0.00 0.00




As well, in the (Fig. 9) we observed that
after optimization, the Zn molecules have
disappeared from the structure of ZnO in the
super cell, therefore the reaction of ZnO with
Alanine deforms the structure of ZnO and cause
ions of Zn** to be released.

In our study we chose Alanine because, it is
one of the 20 amino acids mainly found in the
peptide chains of proteins, and because of its
exceptional properties where: Alanine (Ala) has
propensity to form alpha helices but can also
occur in beta sheets and is generally equivalent
to simply truncating a side chain back to the beta
carbon, which is the first side chain atom. The
beta carbon position depends upon the back done
dihedral angles of the polypeptide so is really
part of the main chain structure of the protein.
Thus, Alanine is generally an accepted single
residue first choice for mutational scanning
because it retains the beta carbon but no other
side chain chemistry, and also known by their
use in molecular biology scanning.

Further in molecular biology, Alanine
scanning is a technique used to determine the
contribution of a specific residue to the stability
or function of given protein (Morrison, et al.,
2001) Alanine is used because of its nonbulky,
chemically inert, methyl functional group that
nevertheless mimics the secondary structure
preferences that many of the other amino acids
possess. Sometimes bulky amino acids such as

50 CLAY RESEARCH

[Vol. 38

valine or leucine are used in cases where
conservation of the size of mutated residues is
needed. Alanine Scanning was used to determine
simultaneously the functional contributions of 19
side chains buried at the interface between human
growth hormone and the extracellular domain of
its receptor (Weiss, et al., 2000).

After the simulation and release of Zn*" ions,
and the existence of these ions in the protein
environment, we talk about the zinc finger and
its role with proteins. The abundance of Zn?*
ions in the medium of proteins leads to the
abundance of proteins of Zinc fingers.

The zinc finger was first recognized 15 years
ago as a repeated zinc-binding motif, containing
conserved cysteine and histidine ligands, in
Xenopus transcription factor IITA (TFIIIA)
(Miller, et al., 1985). Since that time, numerous
other zinc binding motifs have been identified
and designated as zinc fingers. These vary widely
in structure, as well as in function, which ranges
from DNA or RNA binding to protein—protein
interactions and membrane association.

A zinc finger is a small protein structural
motif that is characterized by the coordination of
one or more zinc ions (Zn*") in order to stabilize
the fold. Originally coined to describe the finger-
like appearance of a hypothesized structure from
Xenopus laevis transcription factor I1IA, the zinc
finger name has now come to encompass a wide
variety of differing protein structures (Klug, et

] 5

I

Fig. 9. The position of the molecules of Alanine in the super cell ZnO before and after optimization successively. For
all species, C = gray, H = white, O = red, Zn = mauve, N = blue,
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al., 1987). Xenopus laevis TFIIIA was originally
demonstrated to contain zinc and require the
metal for function in 1983, the first such reported
zinc requirement for a gene regulatory protein
(Hanas, et al., 1983, Berg, 1990) It often appears
as a metal binding domain in multi- domain
proteins (Berg, 1990).

Zinc finger proteins are among the most
abundant proteins in eukaryotic genomes. Their
functions are extraordinarily diverse and include
DNA recognition, RNA packaging, transcriptional
activation, regulation of apoptosis, protein folding
and assembly, and lipid binding. Zinc finger
structures are as diverse as their functions.

Structure in 3D:

Fig. 10. Structure in 3D of the coronavirus 229E with the
protein and the ion of Zn** (in green sphere).

Table 2. Data of the protein and the coronavirus 229E.
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Structures have recently been reported for many
new zinc finger domains with novel topologies,
providing important insights into structure/
function relationships. In addition, new structural
studies of proteins containing the classical
Cys2His2 zinc finger motif have led to novel
insights into mechanisms of DNA binding and to
a better understanding of their broader functions
in transcriptional regulation. We take an example
of CoV-229E coronavirus that infects humans, to
see the interactions of Zn** with the molecules
of the coronavirus and protein chains, according
to the PDB (Protein Data Bank).

Fig. 11. Zoom on the Zn?**.

As illustrated in the preceding figures from
the PDB, Zn*' in the reaction medium between
the protein and the coronavirus, it interacts with
the molecules of the chains, especially with the
oxygen and nitrogen atoms.

Molecule Chains Sequence Length Organism Gene Names

Aminopeptidase N A,B 906 Homo sapiens ANPEP (APN,
CD13, PEPN)

Spike protein (C5i0) 145 Human coronavirus 229E S

Table 3. Data of the ligand Zn**

Ligands (ID) Chains Name / Formula / InChI Key 2D Diagram &

Interactions
Zn A, B ZINC ION In*
Zn

PTFCDOFLOPIGGS-UHFFFAOYSA-N

Ligand Interaction
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Fig. 12. The interaction of the ligand Zn?* with the mol-
ecule of the protein and the coronavirus 229E.

Conclusion

The geometric optimization of ZnO with
Alanine using the Forcite software module of
Materials Studio showed that there are very strong
interactions between ZnO and Alanine which led
to deform the structure of ZnO and to release
ions of Zn**. We did this study in order to estimate
the interactions between ZnO and the coronavirus,
hoping to find a solution for this deadly virus. In
fact this study showed us that it has a chance.
The release of Zn?' in the protein environment
allows us to talk about the proteins of Zinc
fingers, the latter their functions are
extraordinarily diverse and include recognition
of DNA, conditioning of RNA, transcriptional
activation, the regulation of apoptosis, the folding
and assembly of proteins and lipid binding. The
structures of zinc fingers are as diverse as their
functions. Structures have recently been reported
for many new zinc finger domains with new
topologies, providing important information on
structure / function relationships. In addition, new
structural studies of proteins containing the
classical zinc finger motif Cys2His2 have led to
new insights into DNA binding mechanisms and
a better understanding of their broader functions
in transcriptional regulation, therefore the
abundance of Zn* in the medium of proteins to
the abundance of proteins of the Zinc fingers. It
can help influence the coronavirus and its
structure.

References

Accelrys Software Inc. 2012: Forcite program. San
Diego, CA.

Alonso, S., Izeta, A., Sola, L and Enjuanes, L.
2002a. Transcription regulatory sequences
and mRNA expression levels in the

coronavirus transmissible gastroenteritis vi-
rus. J. Viral. 76: 1293-1308.

Alonso, S., Sola, L., Teifke, J., Reimann, L., Izeta,
A., Balach, M., Plana-Duran, J., Moormann,
R.J. M. and Enjuanes, L. 2002b. In vitro and
in vivo expression of foreign genes by trans-
missible gastroenteritis coronavirus-derived
minigenomes. J. Gen. Viral. 83: 000-000.

Al-Tawfiq, J.A., Alfaraj, S.H., Altuwaijri, T.A.,
Memish, Z.A. 2017. A cohort-study of pa-
tients suspected for MERS-CoV in a referral

hospital in Saudi Arabia. J Infect. 75(4):378—
2

Berg, J.M. 1990. Zinc fingers and other
metalbinding domains. Elements for interac-
tions between macromolecules. The Journal
of Biological Chemistry. 265 (12): 6513—6.

Bogoch, LI, Watts, A., Thomas-Bachli, A., Huber,
C., Kraemer, M.U.G, Khan, K. 2020. Pneu-
monia of unknown etiology in Wuhan, China:
potential for international spread via com-
mercial air travel. J Travel Med. doi:10.1093/
jtm/taaa008

Butler, N., et al. 2006. Murine encephalitis caused
by HCoV-OC43, a human coronavirus with
broad species specificity, is partly immune-
mediated. Virology. 347: 410-421

DeDiego, M.L., Alvarez, E., Almazan, F., Rejas,
M.T., Lamirande, E., Roberts, A ., et al. 2007.
A severe acute respiratory syndrome
coronavirus that lacks the E gene is attenu-
ated in vitro and in vivo. J Virol. 81(4) : 1701—
13,

De Groot, R.J. 2011. Family Coronaviridae. In
Ninth Report of the International Commit-



2019]

tee on Taxonomy of Viruses (King, A.M.Q.
et al. eds). Elsevier, Oxford. 806-828.

Escors, D., Ortego, J., Laude, H. and Enjuanes, L.
2001a. The membrane M protein carboxy
terminus binds to transmissible gastroenteri-
tis coronavirus core and contributes to core
stability. J. Viral. 75 : 1312-1324.

Escors, D., Ortego, J., Laude, H. and Enjuanes, L.
2001b. Organization of two transmissible
gastroenteritis coronavirus membrane protein
topologies within the virion and core. J. Vi-
ral. 75: 12228- 12240.

Forni, D., Cargliani, R., Clerici, M., Sironi, M.
2017. Molecular evolution of human
coronavirus genomes. Trends Microbiol. 25:
35-48.

Gralinski, L.E., Baric, R.S. 2015. Molecular pa-
thology of emerging coronavirus infections.
J Pathol. 235:185-195.

Hanas, J.S., Hazuda, D.J., Bogenhagen, D.F., Wu,
F.Y., Wu, C.W. 1983. Xenopus transcription
factor A requires zinc for binding to the 5 S
RNA gene. The Journal of Biological Chem-
istry. 258 (23) : 14120-5.

Huang, X. et al. 2015. Human coronavirus HKU1
Spike protein uses O-acetylated sialic acid
as an attachment receptor determinant and
employs hemagglutininesterase protein as a
receptor-destroying enzyme. J. Virol.
89:7202-7213.

Jiang, J., Pi, J. and Cai, J. 2018. The Advancing
of Zinc Oxide Nanoparticles for Biomedical
Applications, Bioinorganic Chemistry and
Applications. (3): 1-18

Kim, S., Lee, S. Y. and Cho, H. J. 2017. Doxoru-
bicin-wrapped zinc oxide nanoclusters for the

therapy of colorectal adenocarcinoma.
Nanomaterials. 7(11): 354.

Klug, A., Rhodes, D. 1987. Zinc fingers: a novel
protein fold for nucleic acid recognition. Cold
Spring Harbor Symposia on Quantitative

Covid-19 and Nanoform Zinc Oxide Interaction: A Forcite Module of Materials Studio 53

Biology. 52: 473—82.

Kuo, L., Masters, P.S. 2003. The small envelope
protein E is not essential for murine
coronavirus replication. J Virol. 77(8):4597—
608.

Li, W,, et al. 2003 . Angiotensin-converting enzyme
2 is a functional receptor for the SARS
coronavirus. Nature. 426:450-454

Lim, W.S., Anderson, S.R., Read, R.C. 2004.
SARS Guidelines Committee of the British
Thoracic Society; British Infection Society;
Health Protection Agency. Hospital manage-
ment of adults with severe acute respiratory
syndrome (SARS) if SARS re-emerges—up-
dated 10 February 2004. J Infect. 49 (1):1-
7e

Lu, H., Stratton, C.W., Tang, Y.W. 2020. Outbreak
of pneumonia of unknown etiology in Wuhan
China: the mystery and the miracle. J Med
Virol. doi:10.1002/jmv.25678.

Luk, HK.H., Li, X., Fung, J., Lau, S.K.P., Woo,
P.C.Y., 2019. Mol ecular epidemiology,
evolution and phylogeny of SARS
coronavirus. Infect. Genet. Evol. 21-30.

Masters, P.S. 2006. The molecular biology of
coronaviruses. Adv Virus Res. 66: 193-292.

Masters, P.S., Perlman, S. 2013. Coronaviridae.
In Field s Virology, edn 6th. Edited by Knipe,
Howley. Wolters Kluwer/Lippincott Williams
& Wilkins Health. : 825-858.

Materials Studio. Accelrys Software Inc., San Di-
ego. Note that some of these codes were also
offered as part of the Cerius 2 application that
preceded Materials Studio; 2013. Available
from http://accelrys.com/products/materials-
studio/

Miller, J., McLachlan, A.D., Klug, A. 1985. Re-
petitive zinc-binding domains in the protein
transcription factor IITA from Xenopus oo-
cytes. EMBO J. 4: 1609-1614.

Mishra, "B’ K, Mishra'’ H. “Ekielski, A.,




54 CLAY RESEARCH

Talegaonkar, S. and Vaidya, B. 2017. Zinc
oxide nanoparticles: a promising
nanomaterial for biomedical applications.
Drug Discovery Today. 22 (12) : 1825-1834.

Morrison, K.L., Weiss, G.A. 2001. Combinatorial

alanine-scanning. Curr Opin Chem Biol. 5
(3): 302-7.

Mortola, E., Roy, P. 2004. Efficient assembly and
release of SARS coronavirus-like particles

by a heterologous expression system. FEBS
Lett. 576(1-2):174-8.

Ortego, J., Ceriani, J.E., Patifio, C., Plana, J.,
Enjuanes, L. 2007. Absence of E protein ar-
rests transmissible gastroenteritis coronavirus

maturation in the secretory pathway. Virol-
0gy. 368(2) : 296-308.

Padmavathy, N., Vijayaraghavan, R. 2008. En-
hanced bioactivity of ZnO nanoparticles- an
antimicrobial study. Sci Technol Adv Mater.
9:1-7.

Piccinno, F., Gottschalk, F., Seeger, S., Nowack,
B. 2012. Industrial production quantities and
uses of ten engineered nanomaterials for
Europe and the world. J Nanopart Res. 14:
1109-20.

Ramadan, N., Shaib, H. 2019. Middle East respi-
ratory syndrome coronavirus (MERSCoV):
A review. Germs. 9: 35-42.

Rappé, A.K., Casewit, C.J., Colwell, K.S.,
Goddard IIT, W.A. and Skiff, W.M. Uff.1992.
A full periodic table force field for molecu-
lar mechanics and molecular dynamics simu-
lation. J. Amer. Chemical Soc. 114 (25) :
10024-10035.

Rasmussen, J.W., Martinez, E., Louka, P., and
Wingett, D. G 2010. Zinc oxide nanoparticles
for selective destruction of tumor cells and
potential for drug delivery applications, Ex-
pert Opinion on Drug Delivery. 7(9) : 1063—
1077.

Reinier L.C. Akkermans, Neil A. Spenley and

[Vol. 38

Struan H. Robertson, 2015. Monte Carlo
methods in Materials Studio. Molecular
Simulation. 39(14-15): 1153-1164.

Ruch, T.R., Machamer, C.E. 2012. The coronavirus
E protein: Assembly and beyond. Viruses.
4(3) : 363-82.

Sarivastava, R. 2012. Synthesis and Characteriza-
tion Techniques of Nanomaterials. Interna-

tional Journal of Green Nanotechnology. 4:
17-27.

Siu, Y., Teoh, K., Lo, J., Chan, C., Kien, F., Escriou,
N., et al. 2008. The M, E, and N structural
proteins of the severe acute respiratory syn-
drome coronavirus are required for efficient
assembly, trafficking, and release of virus-
like particles. J Virol. 82 (22) : 11318-30.

Su, S., Wong, G, Shi, W,, Liu, J., Lai, A.CK., Zhou,
J., Liu, W, Bi, Y., Gao, GF. 2016. Epidemi-
ology, genetic recombination, and pathogen-

esis of coronaviruses. Trends Microbiol. 24:
490-502.

Swain, P. S., Rao, S. B.N,, Rajendran, D,
Dominic, G, Selvaraju, S. 2016. Nano zing,
an alternative to conventional zinc as animal

feed supplement: A review Animal Nutrition
2: 134-141.

van Doremalen, N, et al. 2014. Host species re-
striction of Middle East respiratory syndrome
coronavirus through its receptor, dipeptidyl
peptidase. J. Virol. 88: 9220-9232.

Wang, C., Zheng, X., Gai, W., Zhao, Y., Wang, H.,
Wang, H., etal. 2017. MERS-CoV virus-like
particles produced in insect cells induce spe-
cific humoural and cellular immunity in

rhesus macaques. Oncotarget. 8(8) : 12686
94,

Weiss, G.A., Watanabe, C.K., Zhong, A., Goddard,
A., Sidhu, S.S. 2000. Rapid mapping of pro-
tein functional epitopes by combinatorial ala-
nine scanning. Proc. Natl. Acad. Sci. U.S.A.
97 (16): 8950-4.



2019]  Covid-19 and Nanoform Zinc Oxide Interaction: A Forcite Module of Materials Studio 55

Woo, P.C. ef al. 2012. Discovery of seven novel
mammalian and avian coronaviruses in the
genus deltacoronavirus supports bat
coronaviruses as the gene source of
alphacoronavirus and betacoronavirus and
avian coronaviruses as the gene source of
gammacoronavirus and deltacoronavirus. J.
Virol. 86: 3995-4008.

Wu, K., etal. 2009. Crystal structure of NL63 res-
piratory coronavirus receptor binding domain
complexed with its human receptor. Proc.
Natl. Acad. Sci. U. S. A. 106: 19970-19974

Xiong, H. M. 2013. ZnO nanoparticles applied to

bioimaging and drug delivery, Advanced
Materials. 25(37): 5329-5335.

Yeager, C.L., et al. 1992. Human aminopeptidase
N is a receptor for human coronavirus 229E.
Nature. 357: 420-422.

Zhang, Y., Nayak, T. R., Hong, H., and Cai, W.
2013. Biomedical applications of zinc oxide

nanomaterials. Current molecular medicine,
13(10): 1633-1645.

Zhang, Z.Y. and Xiong, H. M. 2015. Photolumi-
nescent ZnO nanoparticles and their biologi-
cal applications. Materials. 8(6): 3101-3127.

(Commissioned: 14 February 2020; Received: 01 March 2020; Accepted: 20 April 2020)



Clay Research, Vol. 38, No. 2, pp. 56-62 (2019)

Clay Mineralogical and Geochemical Evidences of Lateritic Weathering
at about 2.2 Ga prior to the Evolution of Life on Earth
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Abstract — This study incorporates a well-developed lateritic profile occurring within the Aravalli Super-
group sediments of 2200 Ma-1850 Ma age from Rajasthan, Western India. The lateritic paleosol exposed in
a 60 m query was studied for field characteristics, clay mineralogy, and geochemical features to assess
weathering and paleoclimatic conditions during Precambrian. The paleosol is marked by intense weather-
ing with deep-red and light orange colours, massive to friable blocky structure, which progressively grades
down to unaltered dolomite in the lower most part. The X-ray diffraction studies of the total clay (<2 um) and
the fine clay (<0.2 um) fractions of the lateritic paleosols are characterized by 74°, 3.58 A°, 3.52 A°, and
3.034° mineral assemblage dominated by the kaolinite and anatase in large amounts. Other clay minerals
include halloysite, mixed layers of kaolinite-halloysite, and calcite-veterite in small proportions. The energy
dispersive X-Ray spectrometry (EDS) analysis of a few concretions show large scale enrichment of Al, Fe
and Ti and the losses of the Ca, Mg, Na, and K during weathering and formation of the clay minerals. These
features provide the evidence of intense weathering conditions under hot-humid climate leading to the for-

mation of laterite prior to evolution of life on Earth at about 2.2 Ga.

Keywords: Aravallies, Evolution of life, Laterization, Precambrian, Weathering.

The term “laterite” was first described by
Francis Buchman (1807) as a hard iron rich
material cut for building in western peninsular
India. Over the last 200 years this term has
become a topic of intense research and debate
(Schellmann, 1986; Pendleton, 1936; Kellogg,
1949; Nahon and Tardy, 1992). This was
described as an intense subaerial weathering
product whose Fe and/or Al content is higher
and Si content is lower than in the parent rocks
(Schellmann, 1986). Others have described the
laterite as the product of intense weathering made
up of mineral assemblages that may include iron
or aluminium oxides, oxyhydroxides or
hydroxides, kaolinite and quartz, generally
forming under tropical conditions (Pendleton,
1936; Kellogg, 1949; Nahon and Tardy, 1992).

In general, a lateritic profile is characterized by
a massive, blocky, vesicular, cellular,
concretionary and/or conglomerate zone overlying
a mottled zone, pallid zone and weathered zone
dominated by a large and variable proportions of
iron and alumina oxides (Schellmann, 1986:
Pendleton, 1936; Kellogg, 1949; Nahon and
Tardy, 1992).

In the modern tropical condition, the laterites
can form through direct weathering of feldspar
(Anand et al, 1985) or by neosynthesis as a
product of hydrolysis (De Kimpe et al., 1961;
Rengasamy et al., 1978) or by the intermediate
mica stage (Gilkes and Suddhiprakarn, 1979).
The X-Ray diffraction (XRD) analysis of the
modern tropical laterites suggest it is dominated
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by the kaolinite mineralogy (Chandran et al.,
2005). If the kaolinite is derived from the basaltic
soils, mostly it is poorly ordered structure, and if
it from the granite and sedimentary rock, it shows
ordered structure (Hart et al., 2002). In term of
environment, hydrating environment are
favourable for the formation of poorly ordered
kaolinite (McFarlane, 1976) and if the elevation
and precipitation increases, a gradual dominance
of well-ordered kaolinite has been reported from
an altitudinal sequence (Darwish and Zurayk,
1997). Crystallinity of kaolinite generally
decreases as length of the dry season decreases
(Hughes and Brown, 1979). It was reported that
planner kaolinite transforms to tabular halloysite
by hydration and exfoliation
paleoenvironments (Singh, 1996).

in wet

Precambrian laterite or paleosols are
considered as one of the most important sources
of information about the oxygenation in Earth‘s
early atmosphere and the oxidation state of the
Precambrian environment in which they formed.
(Holland, 1984; Retallack,1984; Furian et al.,
2002). This is based on the analogy that
weathering is the near surface process and occurs
in contact with hydrosphere, atmosphere and
lithosphere in the past as well as in recent times
(Wilding and Lin, 2006). Therefore, clay
mineralogy and geochemistry of the paleosols
reflect the nature of the atmosphere at the time
of weathering and pedogenesis. Precambrian
laterites/paleosol has been reported by various
workers all around the globe (Reimer,1986;
Gutzmer and Beukes,1998; Furian et al., 2002;
Beukes et al., 2002; Crowe et al., 2013). Some
of the workers have shown the evidences of the
earliest signature of biomass similar to modern
tropical environments in the pallid zone of the
lateritic profiles (Gutzmer and Beukes,1998;
Beukes et al.,, 2002). The widespread occurrence
of the laterite in the southern and the central India
range in age from late Cretaceous to early Tertiary
on the basis of magnetic and paleolatitudinal
studies (Schimdt et al., 1983; Kumar, 1986).

Clay Mineralogical and Geochemical Evidences of Lateritic Weathering ¥

Despite the fact that Indian Plate has
remained an integral part of the all major
geological events throughout the geological
history since its origin, which must include the
laterization and weathering processes during
Precambrian time. However, there are no reports
of the Precambrian laterite occurring in India.
This study reports the lateritic weathering within
the Aravalli Supergroup which is the direct
product of the early Proterozoic weathering at
about 2.2 Ga. X-ray diffraction analysis of the
clay minerals and the geochemical characters
based on EDS analysis of different horizons of
the lateritic profile from Aravalli Supergroup of
sediments has been carried out to understand the
weathering characteristics, paleoenvironments
and pedogenesis during the formation of the
laterite in the Precambrian time.

Geological Settings

The Aravalli Supergroup (AS) of sediments
overlies basement i.e. is deposited over the
Banded Gneissic Complex (BGC) with an
erosional unconformity (Fig. 1). The AS is
characterized by a thick pile of less
metamorphosed but complexly folded
Paleoproterozoic sediments and basic volcanics.
Traditionally this is subdivided as Lower, Middle
and Upper Aravalli Groups (Heron, 1953; Roy,

Fig. 1. (@) Location of study area in India, (b) General
geological map of the Aravalli Supergroup and the loca-
tion of the lateritic profile within Debari Formation
(marked as *) (after Heron, 1953, Roy et al.,1988).
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1988). This study is related to Debari Formation
occurring within the Middle Aravalli Group of
sediments. The Debari Formation lithology is
mainly defined by the quartzite, the phyllite and
the carbonate facies, which correspond to near
shore shelf sedimentary environment (Sinha-Roy
et al., 1993b). This study is related to a ~15
meter thick deep red, orange and ochre lateritic
profile occurring within Debari Formation near
Sar Village, Udaipur, Rajasthan.

Materials and Methods

In the Present study, the ~15 m lateritic profile
was subsampled horizon wise for clay mineralogy
and geochemical analysis. The particle size
fractionation was carried out following the
guideline by Jackson (1979). Accordingly, air-
dried samples containing no particle larger than
2 mm were treated for removal of excess salts
and CaCO, by Sodium Acetate and further with
Sodium Citrate Dihydrate, Sodium Bicarbonate
and Sodium Dithionite to removal of free iron
oxides. The silt (50-2 um), total clay (<2 um)
and fine clay (<0.2 um) fractions were
fractionated following the size segregation
procedure (Jackson, 1979). The oriented total and
fine clay fractions were subjected to X-ray
diffraction (XRD) analysis using a Philips
diffractometer Ni-filtered CuKow radiation at a
scanning speed of 2°20/min.

The clay samples were saturated with Ca and
K, solvated with ethylene glycol, and heated to
110, 300, and 550°C and subjected to XRD
studies for characterization of different clay
minerals. Mineral identification was done by
following the criteria of Jackson (1979) and
Wilson (1987). Semi-quantitative estimation of
the clay minerals was carried out following Gjems
(1967) and Kapoor (1972). In addition, the
scanning electron imaging as well as energy
dispersive X-Ray spectrometry (EDS) were
applied to thin section of the samples to obtain
mineralogical and chemical data of the samples

using a Scanning electron microscopy (JCM-6000
Plus Versatile Benchtop SEM) equipped with an
energy dispersive X-Ray spectrometer at Delhi
University.

Results

Macromorphological features of the Precam-
brian Laterite

The ~15 m profile is characterized by colour
variation from very light orange colour to deep
red colour (10R), pisolitic concretions and
nodules of 4-5 mm to 20-30 mm size and
concentric features (Fig. 2). The horizons show
excessive mottling and vary from soft to very
hard in nature. These paleosols are also marked
by massive to blocky structure.

Fig. 2. (a) Outcrop of the Precambrian laterite Debari
Formation, (b) Enlarged view of the lateritic profile show-
ing the zone of pisolitic concretions, (¢) Hand specimens
of the laterite showing rounded to sub-rounded deep red
colour concretions and nodules.
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Clay mineralogy of the Precambrian laterites

The X-Ray diffraction pattern (XRD) of the
total clay fractions (<2 im) show strong and sharp
peaks for 0.71 nm, 0.358 nm, 0.352 nm and 0.303
nm minerals (Fig.3a). On glycolation there is a
slight broadening of the 0.71 nm peak and in K-
saturated and heating from 110° C to 550° C, the
intensity of the peak 0.71 nm is almost similar
till 330° C, which collapses at 550° C (Fig. 3a).
The XRD features of the fine clay fraction (<0.2
im) are similar to the total clay fraction with
(Fig. 3b). The total and fine clay fraction
corresponds to dominance of kaolinite and
anatase in large amounts. Other clay minerals
include halloysite, mixed layers of kaolinite-
halloysite, and calcite-veterite in small
proportions (Fig. 3 a, b).
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Fig. 3. (a) XRD of total clay, (b) XRD of the fine clay of
the laterite (a: Ca saturated, b: Ca saturated and
glycolated, c: K saturated at 25°C, d: K saturated and
heated to 110°C, e: K saturated and heated to 330°C, f: K
saturated and heated to 550°C).

Energy Dispersive X-Ray (EDS) spectrum of the
pisolitic nodules

Energy Dispersive X-Ray (EDS) spectrum
which was carried out for a few critical pisolitic
concretions for the light buff white point and
dark red to orange parts are characterized by
several peaks corresponding to 0.5 KeV,1.4
KeV,1.7 KeV, 4.5 KeV, 5.8 KeV and 6.3 KeV
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(Figs. 2 a-d). These peaks correspond to Ti, Fe,
Al, Si, Mn elements in large amount and minor
concentration of Mg, Na, Ca elements (Figs. 4 a-
d). The dark red to orange concentric layers is
characterized by the dominance of SiO, (42.5%),
Al O, (35.6%), FeO (17.5%) and others including
Na,0, MgO, K,0, CaO, and MnO in <1% (Figs.
4 a, ¢). Whereas, the light buff white concentric
layers are characterized by the dominance of TiO,
(60.7%), and FeO (37.5%), while others including
SiO,, ALO,, Na,0, MgO, K,O, Ca0O, and MnO
occur in minor amounts as <1% (Figs. 4 b, d).
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Fig. 4. EDS analysis for the dark red to orange parts (a)
and light buff white point (b) and corresponding peaks in
(¢) for the dark red to orange part and in (d) for light buff
white point.

Discussion

For the purpose of discussion, in general a
laterite profile is defined as a ferruginous and
aluminous massive, blocky, vesicular, cellular,
concretionary and or conglomeratic zone
overlying a mottled zone, pallid zone and
weathered zone (Firman, 1994). The ages of the
geological record that contain well-developed
lateritic profiles show varying ages with the oldest
records from Precambrian Shields such as those
from Australia (Firman, 1994) and South Africa
(Gutzmer and Beukes, 1998; Beukes et al., 2002).
These profiles define the oldest weathering record
of the Earth which occur as sporadically within
the modern regolith on account of subsequent
erosions and the evolution of newer profile
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(Gutzmer and Beukes, 1998; Beukes e al., 2002).
However, this study provides the first evidence
of well-preserved lateritic profile within
Paleoproterozoic sediments of 2.2 Ga age from
India. The reported lateritic paleosol is underlain
and overlain by shallow marine sediments. This
suggest uplift and resurrection of the marginal
parts of the Aravalli Carton for prolonged
duration and subaerial weathering leading to the
formation of lateritic profiles within the Debari
Formation of the Aravalli super group.

The clay mineralogy of the Precambrian
laterites reported from Australia and South Africa
show extensive kaolinization of the parent
material under extreme weathering conditions
(Gutzmer and Beukes, 1998; Beukes ef al., 2002).
In addition to the kaolinite, the laterites from
South Africa show pisoliths with large amount
of hematite, pyrophyllite, and anatase in small
amounts (Gutzmer and Beukes, 1998). The
lateritic profile reported here form Aravalli’s
shows similarity with the early Proterozoic laterite
from South Africa in terms of morphology with
pisoliths, large amount of kaolinite and presence
of anatase. This kind of clay mineral assemblage
suggests diagenetic or metamorphic alteration of
a kaolinite rich material with variable amount of
Al-, Fe-, and Ti-oxides, which defines the modern
laterite (Bardossy and Aleva, 1990).

The geochemical characters of the pisoliths
based on EDS analysis show that light or buff
white layers show enrichment of TiO, (60.7%),
and FeO (37.5%), but depletion of SiO,, ALO,,
Na,O, MgO, K,0, CaO, and MnO (<1%). This
pattern of depletion is comparable to the bleached
zone of the modern laterite (McFarlane, 1976).
Whereas, the dark red layers are enriched in SiO,
(42.5%), Al,O, (35.6%), FeO (17.5%) and large
depletion of Na,O, MgO, K,0O, CaO, and MnO
(<1%). This is also in confirmation of the deep
red iron and alumina rich parts of the modern
laterite (McFarlane, 1976). Both the light and
dark layers of the pisoliths show very low
concentration the Na, K, Ca, Mg elements and

[Vol. 38

suggest extreme leaching and intense weathering
and laterization (Maynard, 1992).

The Paleoproterozoic lateritic profile reported
here from Aravalli Supergroup is very significant
for the paleoenvironments information of the
early life, oxygenation and evolution of the Earth.
The lateritic profile reported here shows its
widespread occurrence in several other parts in
similar stratigraphic settings, which indicates a
mature landscape that was conducive for the early
Proterozoic laterization in the Aravallies. The
occurrence of the laterite in different continents
e.g. Australia, South Africa, and India suggest

widespread and global scale laterization at 2.0 to
2:2.Ga.

The modern laterite formation normally
occurs in warm humid tropical to subtropical
climates with rainfall >1000mm and temperature
in the range 22 to 25 °C (McFarlane, 1976:
Chandran, et al., 2005). In view of the widespread
occurrence of the laterite within the Aravalli’s
and its stratigraphic correlation with those in
Australia and South Africa suggest a strong
possibility of a supercontinent during 2.2 Ga in
tropical parts with highly oxidising conditions
that allowed the lateritic paleoweathering.

Conclusions

This study provides the first record of well-
preserved lateritic profile within Paleoproterozoic
sediments of 2.2 Ga age from Aravalli
Supergroup. This indicates prolonged subaerial
weathering in tropical to subtropical conditions
and the formation of lateritic profiles within the
AS.

The pisoliths with alternate light and dark
concentric layers, clay mineral assemblage
dominated by the kaolinite and small amounts of
Anatase, enrichment of AlLQ,, FeO,, and TiO,
and extensive depletion of Na, K, Ca, and Mg
suggest extreme weathering conditions similar
to those in modern laterites.
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The  widespread occurrence the
Paleoproterozoic laterite in Aravallies and its
stratigraphic correlation with those in Australia
and South Africa suggests global scale laterization
under tropical conditions and highly oxidizing
atmosphere at about 2.2 Ga.
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Petrological Characterization of Residual Quartzites Associated With
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Abstract: Kadavur Anorthosite Complex (KAC) is composed of undeformed plutonic intrusive emplaced into
a complex structural set up made up of quartzite. Many more studies have been carried out on the KAC as it
is a typical massive anorthositic pluton with its associated rocks ranging from gabbroic to anorthositic rock
with chilled marginal contact with the structural quartzites. It is a convoluted geological terrain to delineate
its genesis and lithological categorization. In the field the quartzites occur as compositional banding with
gneissic fabrics and at places it has witnessed the recrystalline granulose texture. Here in this study a de-
tailed field and petrological correlation have been carried out to understand its characterization and com-
prehensive lithological grades. The detailed petrological studies indicate that the quartzite type rocks can be
classified petrologically with four distinct variations of rocks of its kind. The constituent minerals in the
quartzite such as sillimanite, ferruginous minerals and mica group of minerals i.e biotite and muscovite are
the prime factors for the classifications of the said rock.

Keywords: Classification of minerals; Kadavur Anorthosite Complex (KAC); mineral assemblage; petrogra-

phy; quartzite.

The Kadavur Complex (KC) situated in one
of the largest exposed Neoproterozoic granulite
terrain has been a subject of well known research
due to the exceptional geologic history. It occurs
as a distinct structural feature in the Southern
Granulitic Terrain (Asaiman et al., 2020). This
study focuses on the petrological characterisation
of the quartzites and its type rocks occurring n
the Kadavur area. The study area, Kadavur
Complex, occurs as a distinct structural feature
known as Kadavur Structural Complex (KSC) in
the northern part of Madurai block of Southern
Granulite Terrain (SGT). The Kadavur Structure
Complex hosts the Kadavur Anorthosite Complex
which is composed of anorthosite, anorthositic-
gabbro, gabbroic anorthosite, quartzite and chilled
margined gabbro. Quartzites are the major rock
type occur as residual hills forming the structural
complex and encircle the Kadavur basin around

the anorthositic and gabbroic rock formations.
Due to the exceptional structural setting of the
area, it is known as Kadavur basin and
structurally termed as Kadavur Structural
Complex (KSC). Generalized petrological
descriptions of Southern Granulite Terrain have
been published in many works in which Kadavur
Complex has been noticeably explained that
mainly included the composition of rock types
and its structural aspects. SGT is composed of
multiple blocks divided by shear zones. Among
them, Madurai block remains peculiar due to the
distinct magmatic and metamorphic history. The
Kadavur structural complex falls in the northern
part of Madurai block. The block can further be
divided into eastern and western block which is
differentiated by north south trending thrust
according to Kalian et al., (1979). Northern block
can also be differentiated from the southern block
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based on metamorphic grade, change in structural
style and lithological variations which can also
be observed. Many studies have been carried out
to delineate the structural and petrological history
of the KC, but adequate geological data that can
be used to differentiate and understand the
Complex is lacking and significance of which
are not well understood as well. As the residual
hills are mainly composed of quartzite,
understanding the geological aspects and
differentiating the quartzite type rocks using the
petrological studies in the area are important
which will help to know the mineral assemblages

and textural characteristics of the quartzite and
its type rocks.

GEOLOGICAL SETTING

Regional Geology

The Kadavur complex is situated in the
Madurai Block (MB) that occupies the largest
portion of the Southern Granulite Terrain (SGT)
and represents a composite middle to lower
crustal domain (Figure 1). Madurai block has a
fundamental part in characterizing the Proterozoic
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Fig. 1. Location map of the study area modified after
Ishwar-Kumar et al., (2013)
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geodynamic evolution of the SGT due to its
distinct deformational activities and metamorphic
processes occurred in the block which also gave
rise to the formations and occurrence of Kadavur
Complex. The block is also differentiated by
many shear zones formed which acted a key role
in the geological history of the terrain. The
Kadavur complex has therefore showcased the
characteristics of the Madurai block including

multiple deformations and metamorphic
activities.

Geology of Kadavur complex

The study area Kadavur is located in the north
of Madurai block, at 10°35°03.67"N,
78°11°44.64"E in the state of Tamil Nadu,
Southern part of India. It falls about 35 km south
of the Palghat Cauvery Shear Zone (PCSZ).
Kadavur is a taluk located in the Karur district
of Tamil-Nadu state, India. Petrologically the
Kadavur Complex is composed of anorthosite,
anorthositic-gabbro and gabbroic anorthosite at
the center or core of the basin and at the margin
composed of chilled marginal gabbro and
quartzite forms around them in the area
(Subramaniam A.P. 1956, Amithabha Sarkar et
al., 1987) (Figure 2). The distinct occurrence of
anorthositic rocks in the study area is a
geologically an interesting feature which attracts
many geologists in the world. Due to the
contrasting structure of the Kadavur area formed
by the anorthositic and gabbroic rocks encircled
by the residual hills of quartzite and its associated
rock, the area is termed as Kadavur Structural
Complex (KAC) (Asaiman S ef al., 2020). And
it measures approximately 22 km from eastern
periphery to western end and 17 km northern to
folded zone to south upto Ayyalur. Field
observations made during the detailed field work
carried out in the study area show that the rock
exposures exhibit foliations, lineations and
assemblages of essential minerals and selected

samples were collected for detailed petrographical
observations.
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Fig. 2. Geological map of the study area modified after
Kumar R.S. (2000)

Structural Framework

The study area retains complex structural
history and hence it has undergone several phases
of deformations during its formation. Kadavur
structural complex is composed of well deformed
rock which preserves structural characteristics
even in the quartzite and other associated
lithologies (Figure 3). Senthil Kumar R.(2000)
stated that the quartzite occurs as distinct circular
hill ridges and form the oldest rock type of the
area, which is evidently observed in the field.
Strong structural features like foliations, mineral
lineations and types of folds are observed in the
majority of the country gneissic rocks and
quartzites in the the structural basin of the study
area. As quartzite occurs at the peripheral part of
the basin and due to the resistance towards
weathering occurs as residual hills. These residual
quartzites preserves complex deformation and
structural characters, it has not exhibited the
specific structural characters even though the rock
possesses foliations. At some places the
anorthosite suit of rocks also witnesses the latter
deformational regime. These anorthosite is
intrusive into the gneisses and contacts wherever
exposed shows some degree of silicification
marked by the appearance of quartz intrusion K-

feldspar and formation of myrmekite
(Arumugham M. et al., 1998). The authors also
suggested that the anorthosite around the Kadavur
Complex is a diapiric intrusion which stated that
the anorthosite is forced into the brittle overlying
rocks of quartzite. Plavsa D ef al, (2015) has
differentiated the quartzite of Kadavur complex
as foliated strongly foliated quartzite. The study
of regional scale has given classical evidence for
a poly deformation history which include refolded
folds and variable mineral lineations. The KSC
has witnessed minimum of three generation of
regional deformation resulting asymmetric fold
and fabric suggesting the impact of dextral and
sinistral impacts on the quartzites. Overprinting
of structural deformations can be well noted in
the quartzite complex.
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Fig. 3. Structural map of the study area (Asaimani S. et
al., 2020)

Petrology and Mineralogy

Introduction

The Kadavur Structural Complex is
predominantly composed of quartzite. It forms
the part of the Proterozoic Madurai block of
Southern Granulite Terrain in the peninsular
India. The Madurai block is bounded by Palghat
Cauvery Shear Zone in the north, Trivandrum
block and Nagercoil block in the south part. The
formation and geological history of the Madurai
block remains peculiar to other terrains in the
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peninsular India. It has undergone multiple types
of deformations and metamorphism and has
recorded extreme crustal metamorphism at
ultrahigh temperature conditions. Due to the
typical formations, Madurai block is characterized
by the presence of metasedimentary rocks and
charnockites (Santhosh et al., 1992; Bartlett et
al.,1995; Jayananda et al., 1995a). As Kadavur
Complex is mainly composed of metasedimentary
rocks of quartzite, a detailed study of quartzite
has to be carried out. To attain this, understanding
the metasedimentary rocks in Madurai block is
necessary for the study.

Metasedimentary rocks of Madurai block

Metasedimentary rock, formed due to the
depositional and solidification processes of the
sediments and further was subjected to high
pressure and temperature, is abundantly seen in
most of the geological terrains in the world.
Peninsular India is also composed of
metasedimentary rocks and is mainly divided into
Dharwar Craton (DC) and Southern Granulite
Terrain (SGT). Metasedimentary rocks are
evident in the DC and SGT. Madurai block in
the SGT are mainly formed by the
metasedimentary rocks. Most of these rocks have
undergone multiple deformations and
metamorphic activities at different stages.

Metasediments that host and form the
structure of Kadavur is composed of quartzite
which occurs as residual hill where the other
country rocks like hornblend-biotite gneiss are
found in the ground level of contour.

Classification of quartzite complex

Quartzite is a major rock type in Kadavur
and seen at peripheral part of the area composed
of residual hills. The Kadavur quartzites are found
as compositional banding rocks. It is exposed
mainly in the hill parts of Kadavur Complex.
Depending on the petrological features the
quartzite can be broadly classified. The protolith
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of these rocks are same since it have undergone
similar metamorphic and structural activities
which resulted the distinct geological features of
the area.

The classification of the quartzite type rocks
is a complex approach since delineating the
genesis of these rocks is not so feasible. Generally
the SiO,, the chemical compound of quartz in all
of its modification is inert by which the quartz
becomes nonreactive with most of other
substances. This distinct characteristic also helped
the mineral to be one of the most abundant in
the earth. The protolith of quartzite tends to be
same due to the geological processes. Most
quartzites form during the orogeny mainly
occurred at convergent plate boundaries. In the
light of the mountain-building processes, the
sandstone which is mostly composed of quartz is
metamorphosed into quartzite when it undergoes
deep burial during the process. Since these
processes occur at the plate boundaries, the newly
formed rocks experience folding and faulting due
to the compressional forces and it results in
thickening the crust into the mountain ranges.
Hence, this is main reason for the occurrence of
quartzite in the residual hill seen as distinct relief
around the Kadavur Structural Complex.

So these quartzites formed by the former
processes tend to exhibit the discrete
characteristic features. It is mainly based on the
compositional differentiations by which the
quartzites possess different mineral as an essential
or dominant component. Due to the presence of
quartz as essential minerals in the quartzite, the
classification of quartzite was attempted based
on the occurrence of other accessory minerals
present considerably from the type locations.

Sillimanite-quartzite

It is a medium to coarse-grained buff coloured
rock which is mainly composed of quartzite and
sillimanite minerals. In the field the sillimanite
quartzite exhibits well defined foliation. It also
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exhibits well aligned mineral lineation. Though
the sillimanite cannot be identified with the naked
eye they are found to be aligned with the foliar
fabric of the rock (Figure 4A). Sillimanite, the
silicate mineral is often seen as colourless to
yellow-green colour. It appears as greasy or silky
luster with medium specific gravity. It is formed
due to the regional high temperature
metamorphism which has evidently occurred in
the various parts of the Madurai blocks. Quartz
is buff white to gray coloured medium grained
mineral seen in the area. As a typical type mineral
its elongation and deformational imprints can be
observed at places like Mamanniyur,
Mamanathupatti and Valayapatti villages (Sentil
Kumar R. 2000).

Muscovite-quartzite

It is fine to medium grained rock and mainly
composed of quartz and muscovite minerals. It
is massive in nature in which muscovite minerals
are seen colourless and yellow-brown coloured.
Excellent cleavage in one direction is the
distinguishing feature of the muscovite in hand
specimen as well as in the field. It shows white
streak and non-metallic luster. It can be easily
identified by splitting the mineral into thin
flexible transparent sheets. The rock is also
termed as fucsite quartzite due to the presence of
chromium rich variety of the mineral in the
muscovite group (Figure 4B). It is light to grey
to pale greenish coloured rock with alternating
bands of quartz and muscovite minerals. Among
the minerals present in the rock, the muscovite
minerals sometimes define the orientation and
foliation direction of the rock which occasionally
shows gneissic texture.

Biotite-quartzite

It is medium to coarse grained rock mainly
composed of quartz and biotite mineral (Figure
4C). Boitite may also be seen as tabular texture
in the rock. It is seen as black to green and brown-
black coloured with the excellent cleavage as

the distinguishing properties. It also possesses
low hardness and specific gravity. The linear
arrangement of the biotite minerals exhibited in
the rock characterizes the foliation of the rock
and occasionally indicate that the rocks show
gneissose texture. It can also be termed as banded
biotite quartzite since the boitite is seen as banded
structure in the rock. A minimal amount of garnet
as well as muscovite can also be observed in the
rock.

Banded ferruginous quartzite

The quartzite of the type is common in the
study area. It is fine to medium grained reddish
brown coloured rock exhibiting the banded
structure (Figure 4D). The distinct appearance of
banding and colour occuring in the rock is due
to the presence of quartz and iron rich minerals..
So the banding of the rock represents a typical
primary sedimentary structure formed by the
metamorphic activities of sandstone into
quartzite. The banded ferruginous quartzite occur
as continuous layer of formation or seen as
isolated structures all along the circular ridges of
quartzite type rocks in the Kadavur Structural
Complex. The type location of the rock can be
seen near Ponnaiyaru dam. It can be easily
identified in the study area by their distinctive
appearance of alternative banding with brownish
colour and characteristics of weathering. The
contrasting colour of the rock is due to the
presence of iron rich minerals and specific
mineral identification of the iron oxide minerals
can be done by the petrographical studies.

In general, quartzites are metamorphic rocks
in which quartz is the essential mineral (Figure
4E). Quartzites are the metasedimentary
formation of the region that may be derived from
siliceous sediments. Hence quartzite occurs as
patches with high relief as they are resistant to
the weathering. As the quartzite have undergone
multiple processes of geological activities both
in metamorphic and structural aspects, the rock
have resulted structural and textural
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Fig. 4. Field occurrence and rock type photographs of representative samples. A) Foliated Sillimanite quartzite. B)
Muscovite quartzite. C) Biotite quartzite with joints pattern. D) Banded ferruginous quartzite .E) Quartzite showing
lenticular texture .F) Quartzite with folded mafic enclave

characteristics. They have been deformed as
folded, faulted and even shearing in the area
(Figure 4 E & F). Weathering is a common

noticeable process exhibited in the study area
that the rock shows the typical two sets of joints
pattern causing the rise of rate of weathering.
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Result and Discussion

Petrography of rocks

Petrography enables the optical consideration
of quartzite and its type of rocks exposed in
Kadavur Complex which helps to attain the
information about the mineral assemblages and
textural characteristics of the rock. It even
delineates the evolution of the rock and the stages
of its formation. In the light of the petrological
studies, classification of quartzite based on the
different textures and accessory minerals present
in the rock has been attempted. Many classical
work have been carried out describing the
generalized description of Southern Granulite
Terrain and further Madurai block (Rama Rao,
1945; Pichamuthu, 1979; Howie, 1955;
Subramanian, 1967). And more detailed
petrography and its subsequent mineral chemistry
have also published in recent works (Raith et
al.,1983; Chacko et al., 1987; Brown et al., 1992;
Ravindrakumar and Chack., 1994; Srikandappa.,
1993, 1996; Santhosh, 1996; Mohan, 1996; Satish
Kumar, 2000; Ravindra Kumar 2005). But very
less studies have been carried out concentrating
on the north eastern part of Madurai block
especially quartzites of Kadavur complex. And
none of the given works helps to attain the
complete information due to the complexity of
the study area Kadavur in structural and
petrological aspects as well. So the present study
aims to emphasize the important petrographic
features of the quartzite and its type rocks in the
study area.

Microscopic observations were made and
photomicrographs were prepared using Olympus
BX53 petrological microscope attached with a
camera. It is equipped with double illuminators
for viewing the thin sections under both refractive
and reflective mode. An imaging software
Cellsens was used along with this for snapping
quality images of the sample sections. Detailed
petrographic analysis of major rock types were
carried out. Number of thin sections covering

quartzites, its type of rocks and other adjacent
rock types were prepared by conventional
methods. The petrography of each thin section
was studied under the petrological microscope.

Sillimanite-quartzite

The medium to fine grained massive rock
with quartz and sillimanite are seen as essential
minerals. Microscopic study indicates that the
rock exhibits granulose texture in which
sillimanite is observed as it is entrapped between
the grains of quartz which shows equi-granularity
(Figure 5 A & B). Sillimanite is seen as needle
and tabular shaped which also exhibits as
inclusions and along the quartz grains such that
the distinct appearance of the mineral helps to
identify easily in the quartz matrix.

Sillimanite is found to occur nucleated around
the quartz grain boundaries. In some of the
sections the sillimanite occurs inside the quartz
grain as well. It can be identified by pleochroic
to non-pleochroic character of sillimanite and
quartz respectively.

Mineral assemblages of the rock are
Qtz+ Sill+Mag+Zrn

The rock is composed essentially of quartz
and sillimanite with minor amount of magnetite,
ilmenite and zircon. The quartz is non-pleochroic
and cleavage absent mineral showing wavy
extinction in cross nicol. Zircon grains are present
in very minimal amount which is also seen as
elongated resemblance to the sillimanite mineral.
Opaque mineral observed in the thin section of
the rock is magnetite and ilmenite showing
isotropic characters. Considering these
characteristic features of the rock including the
mineral assemblage and specific textures, the rock
was classified as sillimanite quartzite.

Muscovite quartzite

The rock exhibits medium to fine grained
euhedral to subhedral texture. It shows distinct
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appearance of the minerals that quartz is seen as
essential mineral and muscovite shows well
formed crystals and pale green colour. The
arrangement of muscovite minerals are seen as
flakes. So the rock possesses granulose texture
which has equi-granularity (Figure 5 C&D).

The mineral assemblages of the rock are
Qtz+Ms+Mag+Zrn

The granulose texture of the rock is defined
by the presence of the essential mineral quartzite
which is a non-pleochroic cleavage absent
mineral. The muscovite shows perfect cleavage
and parallel extinction. Magnetite and ilmenite
rarely seen are the opaque minerals in the thin
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section. High relief, strong interference colour
and elongated to rounded shape help to identify
zircon easily which is a very common accessory
mineral in a vast type of rocks. The rock is so
termed as muscovite quartzite due to the presence
of muscovite mineral preferably higher amount.

Biotite quartzite

The microphotographs of the thin section
shows it is granulose texture formed due to the
composition of equidimentional minerals. It
shows moderately to strong deformed and non-
foliated appearance. Biotite sometimes shows
linear arrangement in the matrix. The mineral
assemblages of the rock are:

Fig. 5. Representative microphotographs of mineral assemblages and textures of the samples. A & B) Sillimanite
quartzite exhibiting minerals present and metamorphic textures in open and cross nicol respectively. C & D) Muscovite
quarizite with muscovite mineral embedded in quartz as matrix, seen in open and cross nicol.
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Qtz+Bt+Ms+Op+Zrn

The rock is essentially composed of quartz.
Biotite is also observed as flakes formed as
essential mineral. Quartz is colourless, cleavage-
absent, non pleochroic, low relief and refractive
index is 1.55, Anisotropic, wavy extinction, low
interference colour. Biotite is brown to black
coloured mineral with perfect cleavage seen as
micaceous cleavage (Figure 6 A&B). Opaque
mineral seen in the thin section is magnetite and
zircon is observed due to the high relief and
elongated shape. Since biotite is seen as
considerable amount in the thin section of the
rock, it is termed as biotite quartzite.

Banded ferruginous quartzite

It is a common rock type seen in the study
area. The thin section of the rock shows the
minerals are arranged in a linear form from coarse
to fine grained minerals. The rock exhibits
granulose texture. The grained texture results
phaneritic texture in the rock. The grains are
subhedral that partial formation of crystal faces
are seen (Figure 6 C&D).

The mineral assemblages of the rock are,
Qtz+Rt+Zm+Op

Quartz is the essential mineral in the rock. It
is an anisotropic mineral with non-pleochroic and

Fig. 6. Representative microphotographs of mineral assemblages and textures of the samples. A & B) Biotite quartzite
exhibiting the minerals present with the texture in open and cross nicol respectively. C & D) Banded Ferruginous
Quartzite with quartzite as matrix mineral and magnetite as ferruginous mineral seen in open and cross nicol system
respectively.
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colourless mineral. The accessory minerals
included in the rock are opaques which are
magnetite seen as small inclusions within the
quartz grain. Rutile seen as deep red to brown
coloured with high relief is also observed as small
grains appeared as inclusions within the quartz
grain. The arrangement of the minerals seen in
the thin section of the rock supported to be termed
and named as banded quartzite.

Conclusions

Extensive petrographical studies of quartzites
and its types in the Kadavur Structural Complex
in the northern part of Madurai block of SGT
have been attempted for identifying
their mineral assemblages and textural
characteristics for further characterization of those
residual rocks. The quartzite which occurs as
residual hills are complex in its composition and
characterization thus making it difficult to
classify. They generally occur at the places as
compositional banding of rocks. These
compositional bands vary from place to place in
the study area. At places two of these types of
classified units are found together where some
of the classified unit dominate at certain localities.
Based on the detailed petrographical studies the
contrasting four broad units of quartzite rocks
have been identified. The quartzite which is
composed of sillimanite other than quartzite in
the rock is classified as Sillimanite-quartzite.
Muscovite minerals are seen along with quartz
and the rock is termed as Muscovite-quartzite. A
type of quartzite possesses biotite in a
considerable amount which is classified as
Biotite-quartzite. And presence of ferruginous
minerals is observed as arranged in the linear
form along with the typical composition of
quartzite. This type of quartzite is classified as
Banded ferruginous quartzite. Therefore
petrographical studies of the different types of
residual quartzite in the study area are important
to establish the textural characteristic properties
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and their mineral assemblages of various types
of its kind.
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Thermochemical Conversion of non-Food Feedstock of Moringa oleifera
Seed Bio-Oil to the Biodiesel and its Blends with n- Butanol-diesel and
Utilization of Glycerol Obtained as By-product
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Abstract - The Present work aims to produce of biodiesel from Moringa oleifera by Thermochemical conver-
sion (TCC) and purification, utilization of glycerol. 30% (w/w) bio oil and high yield of biodiesel was achieved
by the TCC process. The execution of biodiesel was expanded by the mixes with butanol-diesel
(Biodiesel+Butanol+Disesl) in various extents. The obtained biodiesel and its blends were characterised by
ASTM. Crude glycerols were obtained as a by-product from the methyl ester of Moringa oleifera seeds.
H.PO, H,SO, HCI and HNO, were used for the purification of crude glycerol. Purified glycerol was
characterised by the density, alkalinity, ash content, Moisture content, FT-IR etc. study confirmed the purifi-

cation and formation of glycerol.

Keywords: Bio oil; Biodiesel; Biofuel; Moringa olifera; Thermochemical Process.

Biodiesel is highly biodegradable, renewable
fuel than the fossil fuel, can be used directly in
diesel engine without any engine modification
(Dwivedi and Sharma 2016). Biodiesel is a
mixture of monoalkylated esters of the long chain
fatty acids, which can be produced by different
feedstocks such as vegetable oils, animal oils,
edible or non-edible seeds with acid, base,
enzymatic or heterogeneous transesterification
process with methanol (Jon, 2005; Knothe, 2005;
Joshi and Negi, 2017). Biodiesel can be used
unadulterated (Foglia, Jones & Phillips 2005; Hu
et al., 2004) or blended with petro diesel, butanol
or alcohols lead to reduces the emission
characteristics and increases the engine
performance without any engine detoriation (Qi
et al., 2009; Aydin and Ilkilic, 2010; Kumar et
al., 2018). The arrangement of biodiesel and cost
is straightforwardly reliant on the level of oil
substance of the feedstock (Bozbas, 2008; Joshi
and Kumar, 2016).

Thermochemical conversion (TCC) is a
process in which biomass is converted in hot
compressed water to a liquid crude bio oil
(Yunuskhan et al., 2014). Literature reported that
the thermochemical (TCC) or hydrothermal
liquefaction (HTL) technique is the most
effectively for the production of biodiesel from
algae (Demirbas, 2011). Thermochemical or
liquefaction extracts the more bio oil from the
high lipid-content biomass.

Crude glycerol is obtained as a principle by-
product from biodiesel, which is approximately
10% wt of vegetable oil (Dasari et al., 2005).
Glycerol was produced amid the transesterification
after that detachment procedure in which the base
layer of the unrefined glycerol, that contains water,
salt, seed hues and also with the traces of
triglycerides (Hajek and Skopal, 2010). Glycerine,
or glycerol, finds several applications in the
manufacturing of surfactants, solvents, polymers,
medicines, cosmetics foods and industrial
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purposes (Hajek and Skopal 2010; Tan, Aziz and
Aroua 2013; Pagliaro 2013). The Moringaceae
1s a solitary sort group of oilseed trees with 14
known species of these, Moringa oleifera, which
runs in range from 5 to 10 m, is the most broadly
known and used (Sousa et al., 2014; Sengupta
and Gupta, 1970). The Moringa oleifera are most
accessible in northwest India, Malaysia,
Bangladesh, Africa, South America and Arabia,
and so on (Morton, 1991). The M. oleifera contain
70% of fatty acids (Du et al., 2013).

Materials and Methods

Material

Seeds of M. oleifera were collected from the
local areas of Uttar Pradesh, India. The Chemicals
were of an analytical reagent grade, that is, n-
hexane, methanol (99.5%), butyric acid, Nitric
acid, Sulfuric acid, hydrochloric acid, ethanol
(99.5%), potassium hydroxide (85%), Wij
Solution, purchased from Sigma Aldrich.

Thermochemical Conversion
Transesterification, fatty acid profile

(TCO),

In thermochemical conversion (TCC) the
M.oleifera seeds were dried and crushed into fine
grined powder. The fine grined powder (2.5g),
desired amount of deionised water and Na,CO,(2
wt. %), were placed in stainless steel reactor.
The reactor was kept in muffle furnace with
temperature range 250 °C- 350 °C, pressure 5-10
Mpa andtime 30-60 minutes in the absences of
oxygen (Wanga et al., 2013; Ataban et al., 2013).
After this reactor was opened and pour the
content in beaker and add n-hexane for the
recovery of all product fractions. Filter it and
reject the solid biochar (residue). The liquid bio
oil was placed in rotatory evaporator at 40 °C for
2 hrs for the removal of n hexane.

A three neck round bottom flask were used

as a reaction reactor for the transesterification
process. The aggregate extricated bio oil were
transesterified into FAMEs by potassium
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methoxide in the presence of CaO catalyst
(activated) for 2.5 hrs (Kafuku et al., 2010).
Stored the methyl ester at -8 to -10 °C for the
prevented the humiliation Fatty acid methyl esters
(FAMEs) were analysed using GC-MS (Bale et
al., 2015).

The characterization of biodiesel and its
blends like iodine value, saponification value,
specific gravity, acid value, diesel index, FFA,
high heating value, long chain saturation factor,
specific gravity (40 °C), Corrosion etc obtained
from M.oleifera seed oil were determined
according to ASTM D-6571 specifications. Flash
points were determined by Pensky-Martens closed
cup apparatus. Cetane Number (CN), degree of
unsaturation (DU), Oxygen stability (OS), Long
Chain Saturation Factor (LCHF), Cold filter
plugging property (CFPP), high heating value
(HHV) affects the biodiesel quality and can be
calculated by the empirical formulas (Kafuku et
al., 2010; Bale et al, 2015; Agarwal and
Rajamanoharan, 2009; Sanchez and Encinar, 2015)

Blend Preparation

This study focused on making blends of M.
oleifera biodiesel in different proportions ratios
to enhance the execution of fuel for the decrease
of unsafe emissions. The proportions of blending
is denoted as M. oleifera methyl ester 2% + n
butanol 5% + diesel 93% (M2% + B5% + D93%),
M. oleifera 5% + n butanol 10% + diesel 85%
(M5% + B10% + D85%), M. oleifera 20% + n
butanol 20% + diesel 60% (M20% + B20% +
D60%), M. oleifera 50% + n butanol 45% +
diesel 5% (M50%tB45%+D5%) (Khan et al.,
2016; Arora et al., 2016; Kumar et al., 2018).
Blends were prepared using a hot plate with

- magnetic stirrer at room temperature for five

minutes.

Separation, Purification and Characterization of
Glycerol

The obtained by product of glycerol was
melted at 45 °C- 55 °C. Acidified the crude
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glycerol with H,PO, (0.IN), HNO, (0.IN), HCI
(0.IN) and H,SO, (0.IN) until pH level reached
3-4. Three layers were obtained. Separated the
middle layer of glycerol and neutralize with KOH
(IN) (Nanda et al., 2014; Priya and Brijesh,
2016). Neutralize glycerol was further treated by
solvent extraction process followed by the
addition of 0.2g charcoal.

Analysis of glycerol

The crude and purified glycerol were analysed
by the density (at room temperature), pH (1 g
sample in 50 mL of deionized water), Alkalinity,
Soap content (Ishak and Ramlil, 2015; Ardi and
Aroura, 2015; Pal and Chaurasia, 2016), Ash
Content, UV-Visible spectrophotometer (A 500
nm), FT-IR and GC-MS.

Results and Discussion

Physico-chemical analysis of Fatty acid biodiesel
and its blends

The bio oil yield of 30wt % was achieved by
the thermochemical conversion (TCC). The
presence of GC-MS study of FAMEs exhibit that
the presence of unsaturated fatty acids (poly) were
the prime section of fatty acids obtained C22:2,
C22:3 along with C13:1, C16:1 and C16:0 (Table

1).

methyl-e 5317 (31.848)

100+
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The following results were obtained from
physico-chemical study of the test methyl ester
of M.oleifera (Table 2) as per the specification
of Standard ASTM D6751.0n the investigation
of methyl ester, density and specific gravity of
M.oleifera based biodiesel meet with the
specification. Cloud, Pour point and flash point
is ideal for the fuel conditions. Kinematic
viscosity (KV) is quite high and shows the low
oxidation stability, affect the engine performance
and low load carrying potential (Franscisco et
al., 2010; Ramos et al., 2009; Islam ef al., 2013).
Iodine Value appraises the level of unsaturation
showing polymerization of glycerides leads to
the cold start property and complete combustion.
Cold flow plugging properties (CFPP) are used
to analyse performance of biodiesel at low
temperature, once fuel cease to flow, CFPP is
reached and engine will not be work (Hoekman,
2009). Above experimental data shows that the
CFPP is -16 °C and oxygen stability is 6.8h
specified the approximately good quality bio-
based fuel. Moisture content is quite high and
affects the calorific value and also the
performance of engine. Corrosion test is negative
for fuel. The calculated value of CN, DU, HHV,
AV, SV give the information of biodiesel for the
fluidity, fuel performance and ignition quality.

The characterization of blended biodiesel
with n-butanol and diesel fuel were analysed

S

| 204 300 313527 341 36 37 401 415 429 481 475 489

\
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Fig. 1. GC-MS analysis of Methyl Ester

Table 1. Fatty acid composition of M. oleifera seed oil

Solvent Fatty acid Composition (wt %)
PUFA MUFA SFA
Chloroform: Methanol (2:1) 68 - 30 20
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(Table 3) and observed that the performance of
M2+B5+D93 among all the fuel compositions.
M2+B5+D93 is highly oxidation stability,

Table 2. Physico-chemical Properties of the methyl ester

CLAY RESEARCH

minimise the gum forming, resistance to
corrosion, easily fluidity and floats on water. The
percentage composition of M2+B5+D93 is used

[Vol. 38

Properties Biodiesel ASTM D 6751
Oil content (w %) 30 2
Density (at 30°C) 0.8745 0.875-0.90
Free Fatty acids 4.024 0.020
Specific gravity ( at 30°C) 0.87830 0.88
Kinematic viscosity (at 40°C) 29.29 1.9-6.0
Acid number 5 <0.8
Saponification value 0.112 0.80 (max)
Todine value 9.8982 —
Flash point (°C) 110 100-170 °C
Cloud point (°C) 0%E -15to 16
Pour point (°C) 290G -3to 12
Aniline Point (°F) 59 =

API Gravity 29.6066 =
Diesel Index 17.467 40
Ash Content 13 0.20
Moisture Content (%) 40 0.05
Copper Strip Corrosion 1 3 (max)
Sulfated ash (wt. %, max.) 0.001 0.020
Degree of Unsaturation (%) 47 =
Cetane Number (CN) 48 47 (Min)
Long Chain Saturation Factor (LCSF) 0.0 -
High Heating Value (HHV) 49.27 -

Cold Filter plugging Property (CFPP) -16 =
Oxygen Stability (h) 6.8 3 (max)

Table 3. Physico-chemical Properties of the Percentage of Blended Biodiesel with Butanol and Diesel

Properties M2+B5+D93  MS5+B10+D85  M20+B20+D60  MS50+B45+D5
Density (at 30 °C) 0.8157 0.8065 0.8431 0.8529
Specific gravity (at 30 °C) 0.8467 0.8192 0.8100 0.8212
Kinematic viscosity (at 40 °C) 5.8 762 7.8 8.9
Acid number 0.6 152 23 2.8
Saponification value 0.112 0.1008 0.0896 0.00899
Todine value 4.0608 3.4263 3.6801 4.1442
Flash point (°C) 110 112 143 146
Cloud point (°C) -10 -9 -5 -8
Pour point (°C) -15 -14 -10 -10
Aniline Point (°F) 60.8 64.4 68.2 70
API Gravity 36,61 41.23 43.19 44.12
Diesel Index 21.650 261652 29.455 29.55
Moisture Content (%) 2.3 215 3.1 1.6
Ash Content 0.01 0.01 3 2
Corrosion 1 1 3 3
Sulfated ash (wt. %, max.) 0.01 0.01 0.12 0.18
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as a replacement to conventional diesel fuel
among all the fuel compositions i.e.
MS5+B10+D85, M20+B20+D60, M50+B45+DS5.

Characterization of Glycerol

Thompson and He (2012) reported that the
crude glycerol contains 30% glycerol, 50%
methanol, 13% soap, 2% moisture and 2-3 %
other impurities. The obtained crude glycerol was
found to be approximately 36% with low organic
matter H” 50% and low ash content but high
moisture contained (Table 4).

Table 4. Characterisation of Glycerol

Properties Crude Purified
Glycerol Glycerol
Organic Matter (wt%) 50 1.11£0.02
pH 15 4
Color Yellow-Brown Colourless
Odour Odourless Odourless
Density (at 30 °C, g/mL) 0.9632 0.9632
Pour Point e -10°C
Alkalinity 10 0.5
Flash point 60°C 91°C
Ash Content (wt %) 1% 0.1
Moisture (wt %) 10 1

After the purification of crude glycerol, the
purified glycerol dominantly with H,PO,. All the

Thermochemical Conversion of Non-food Feedstock of Moringa oleifera Seed Bio-Oil 79

properties pH, density, organic matter, moisture
content and ashes are similar with pure glycerol
(Table 4). On the UV-Visible study of Purified
glycerol is 0.0291 (least absorbance) for H,PO,
at A 500 nm revealed that the crude glycerol
(yellow-brown) is purified to glycerol
(Colourless) (Table 5).

Table 5. UV-Visible spectroscopy absorbance (A 500) for
different acids

Acid Absorbance (457 nm)
HNO, 0.107
HCI 0.169
H,SO, 0.170
H,PO, 0.0291

The presence of various functional group
were analysed by the FT-IR (Fig. 2).

In FT-IR spectra the peaks 1580 cm™, 1740
cm’!, and 3050 cm! were absent showing
confirming the removal of soap and other
impurities (Fig. 1).

Conclusions

In this study, an integrated concept of
producing methyl ester from the non-edible seeds
of M. oleifera by the thermochemical conversion

360 81em1, 23,8387

2r 783.32em1. 20 n\n/
261"
= / f
o 2270.556m1, 24 41HT
229
201
184
161 838.220m-1, 16.67Y
14 950.38cm-1, 16.81
-
ES
124 888 20cm-1, 14.77%
101 1644.37¢me1, 10.97%T 11.00%7
81
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2428 50em 1, 1.42%T 10999401, 4 31%T
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Fig. 2. FT-IR Spectra of Purified Glycerol
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(TCC) and utilization of waste glycerol was
investigated. From the above experimental
observations, the following conclusion can be
drawn:

e The higher yield of bio oil was achieved by
the TCC as compared to the Soxhlet
extraction.

e The presence of catalyst increases the rate
and production of biodiesel.

e Biodiesel was synthesized from M.oleifera
used as a feedstock and to make blends with
conventional diesel fuel without engine
modification.

e The percentage composition of M2+B5+D93
is used as a replacement to conventional
diesel fuel among all the fuel compositions
ie. M5 + B10 + D85, M20 + B20+D60,
M50 + B45 + DS and M2 + B5+D93 was
found to be a more suitable and sustainable
blended eco-friendly fuel.

e The test result indicated that the obtained
biodiesel and its blends have high oxidation
stability, corrosion resistance, and high
fluidity due to the addition of n- butanol.

e Purified Glycerol has excellent pour point
as compared to other mineral oils.

e The crude glycerol can be most efficiently
purified by the H,PO, among all the other
acids due to no precipitation was formed by
H,PO, and remarkable enhance the
commercial aspect of the utilization of the
glycerol.
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Abstract - Clay nanoparticles are widely available and inexpensive natural resources with many features
such as a large specific surface high mechanical.As a result, they have attracted more than special attention,
in particular for the fiber reinforcement materials based onpolymers.The morphology and reactivity of clay
nano-reinforcements can be set by varying the weight fraction of nanoclay in the epoxy matrix. The compos-
ite interfacial shear strength, which reflects the load transfer efficiency between the fiber and the matrix
determined by drag—out test for glass fiber or carbon fiber reinforced nanoclay epoxy matrix at room tem-
perature cured. clay-based with advanced mechanical properties relies on scale control molecular proper-
ties between clay and polymer matrix. The degree of layer exfoliation was shown by scanning electron

microscopy and X-ray diffraction measurements.

Keywords: Carbon fiber; Glass fiber; Interfacial shear strength; Nano-kaolinate; Single fiber drag-out test.

Introduction

Polymer composites have been used in a wide
variety of industrial applications, such as
automobiles, furniture, and construction for its
advantages compared to metal materials, such as
their lower cost, low density, chemical resistance,
high strength-to-weight ratio, less damage to
processing equipment, and good relative
mechanical Properties (Al et al., 2016). Inorganic
particles-polymer nanocomposites including clay
mineral polymer nanocomposites (CPN) have
attracted great attention during the past three
decades because they often exhibit remarkable
thermal, mechanical, and barrier properties.
Compared with each individual constituent, these
inorganic particles-polymer nanocomposites
combine the best properties of both phases,
yielding potential performance well beyond those
of each individual constituent material (Jawaid
et al., 2016). Kaolinite is a dioctahedral 1:1 layer
clay mineral with an idealchemical formula of

Al Si,O(OH),. Its layer was constituted by
superposition and bonding of a Si tetrahedral
sheet with an Al octahedralsheet. Although both
montmorillonite and kaolinite possess plate-like
structures, their cohesive energies between layers
differ significantly. Kaolinite has no intercalated
charge-balancing cations because of littleor no
isomorphous substitution in the tetrahedral and
octahedral sheets, unlike montmorillonite.
Adjacent layers are linked by hydrogen bonds
which makes delamination or the direct
intercalation of kaolinite with inorganic and/or
organic molecules much harderthan those of
swelling (Tunney and Detellier, 1996; Wegst et
al., 2015). For the same reason, it is also hard to
functionalize the surfaces of kaolinite leading to
poor dispersion in polymer matrices. To solve
these problems, a silylation reaction was
performed on ground kaolinite and was
successfully incorporated in the polymer without
resorting to the intercalation of highly polar, small
molecules in kaolinite under severe reaction
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conditions (Xia er al., 2010). The effect of such
a functionalized kaolinite on epoxy curing was
also evaluated by Tao et al. (Tao et al., 2014),
who found that the addition of functionalized
kaolinitecould decrease activation energy and
accelerate the curing reaction of epoxy resin.

The study of the interaction between the fiber
and the polymeric matrix in a composite plays
an important role because it influences both the
physical and mechanical properties of the final
materials. In particular, the adhesion—that is the
ability to transfer stresses across the interface is
often related to a combination of different factors
such as the interface thickness, the interphase
layer, the adhesion strength, and the surface
energy of the fibers (Pisanova et al., 2001).

The mechanical behavior of reinforcement
materials not only depends on the mechanical
properties of the reinforcement and matrix but
also on the adhesion between them. The adhesion
often is regarded as the third phase in a composite
material. It depends on whether or not the
adhesion is related to an interface which
influenced by the interaction between
reinforcement and matrix (Teklal ez al., 2018).

Materials and Methods
Experimental procedure

Materials

E-glass,carbon fiber /epoxy/nanoclayare the
nanostructured U-shape specimens used in this

a

[Vol. 38

study. The resin polymer used as a matrix is low
viscosity epoxy adhesive (SIKADUR® 52) with
two parts, part A (Resin) and part B (Hardener)
(Sika Australia Pty. Ltd.). The nanoclay particles
used in this investigation are nanokaolinite
AlSi,0,(OH),, 80 nm, the six U-specimens
matrices of different weight fraction used are 0,
1, 3,5, 7, 12 wt %, each specimen matrix has
been reinforced once using glass fiber and once
again using carbon fiber with fiber diameter 0.03
pm.

Specimen preparation

For preparation matrix resin, the
nanokaolinite particles with different weight
fraction are mixed by ultrasonic stirrer with epoxy
resin (part A) for 90 min and then the mixture is
stirred slowly with the hardener (part B) for 10
min, the nanoclay epoxy polymer poured in U-
shaped polysiloxane specimen Figure 1. Where
the E-glass or the carbon fibers with embedded
lengths of 3 mm, 4 mm, 5 mm have been fixed.
The U-shaped specimens were cured for a week
at room temperature.

Tensile test

A tensile test and interfacial shear stress

(Figure la, b, c) tests were performed using an
Instron Universal

Testing Machine (ESM 301) the displacement
drag-out rate were kept to 0.04 mm/min. Three
specimens were tested for each composition. The
maximum interfacial shear strength was

Fig. 1. (a) U-shaped polysilicone molds. (b) U-shaped specimens. (¢) Instron ESM301
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calculated by following the procedure described
by Nuriela et al. (2005), The maximum pull-out
force (P) were recorded and P is the component
of (P ) as shown in Figure 2.

Fig. 2. Force equilibrium for drag-out configuration.

The interfacial shear stress calculated by
equation (7) in reference 10 at the deviation point
the maximum average interfacial shear stress at
failure (1) using:

P
T
(2mf1e)
Where 1, is the radius of the fiber and I_is
the length of a microbond specimen, the

maximum average interfacial shear stress at
failure for specimens.

Results and Discussions

The drag-out experimental data in Figures 3
and 4 shown in Table 1, the results were as the
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weight percentage of nanoclay increased, the
interfacial shear strengths of the samples also
increased as compared with pure epoxy matrix,
the maximum increment by 3wt% in the shear
strength when compared with other weight
percentages. The decrease in interfacial shear
strength was however less in specimen with
nanoclay epoxy matrix in comparison to specimen
with pure epoxy matrix and for all embedded
lengths.

The important factors in determining good
adhesive strength at the interface are the interface
flaws and the surface energy of the reinforcement
is close to or higher than the surface energy of
the polymer matrix. This results in the substrate
surface and the adhesive having strong force
between them. If a substrate has low surface
energy compared to the epoxy, then the epoxy
matrix will be attracted to itself rather than to
the reinforcement this characterized by having
the epoxy bead up on the surface rather than
spreading out and wetting the reinforced surface.
To investigate the crystallographic structure of
fiber-reinforced epoxy nanocomposites, XRD was
carried out in a Labx, XRD-6000 shimsdzu
diffractometer at a voltage of 40 kV and a current
of 30 mA with CuKa radiation (A= 1.5406 A"),
employing a scanning step size 0.02° in the 2¢
ranging from 5° to 80°. The XRD results indicate
an increase in d-spacing between the plateletsof
nanoclay. The d-spacing of the inter-gallery

Table 1. Maximum interfacial shear stress (6) (MPa) calculated by equation (1) for different embedded lengths and

nanoclay weight fraction.

Interfacial shear strength (MPa)

Specimen Pure epoxy 1wt% 3wt% Swit% Twt% 12wt%
(1, mm) matrix nanoclay nanoclay nanoclay nanoclay nanoclay
epoxy matrix ~ epoxy matrix  epoxy matrix  epoxy matrix  epoxy matrix
Glass fiber 31, 0.4609 25155 2.5696 1.7499 1.72 0.6168
Glass fiber 41_ 0.0893 1.596 2.2239 1.9318 1.8223 0.609
Glass fiber 51 0.2723 1.8826 3.482 1.002 0.5835 0.3937
Carbon fiber 31, 0.5493 1.2909 4.525 1.494 1.324 0.935
Carbon fiber 41_ 0.5359 3.607 5.0925 4.7443 3.6159 1.8185
Carbon fiber 51_ 1.6433 1.9994 2.6564 3.6937 3.4953 1.3543
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spacing was determined using Bragg’s Law. The
X-ray diffraction for the pure and different weight
fractions in figure 5 showed same peak pattern
as in the pure epoxy, there was a little shift in
peak position relative to the pure epoxy peak
patterns, which indicatea change in the polymer
network structure.

The d-spacing, Table 2 for the pure epoxy
and nanoclay-epoxy matrix showed an increase
of approximately 2.8% for nanoclay weight
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Fig. 5. XRD patterns of pure epoxy matrix and epoxy —
nanoclay matrix from 1 wt% to 12 wt %.
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fraction 1% and 3% and decreasing 5.99% for
weight fraction 12%, the increases in the d-
spacing allow the epoxy molecules to penetrate
between the clay sheets to promote strong
intercalation of the nanoclay platelets in the
epoxy. The absence of the clay peaks in the
nanoclay epoxy samples can be attributed to the
higher layer spacing and a small amount of the
clay platelets in the epoxy. Ultrasonic stirrer for
the 3 wt.% nanoclay showed a significant
difference in interfacial shear in all kind of fibers
strength this improvement this indicates that
3wt% addition of nanoclay is optimum to get
better adhesion.

Table 2. X-ray diffraction parameters for the pure and
nanoclay matrices.

Specimen 2 © (deg.) Intensity (cps) d-space (nm)
pure 18.5872 198 0.476985
1% 18.1280 144 0.488963
3% 18.0681 205 0.490570
5% 18.5872 1675 0.476985
7% 19.7835 168 0.448403
12% 19.8233 151 0.447512

When the silicate layers are completely and
uniformly dispersed in a continuous epoxy
polymer matrix, exfoliated nanocomposites are
obtained. Exfoliated nanocomposites show
greater phase homogeneity than intercalated
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nanocomposites. Each nano layer in an exfoliated
nanocomposite contributes fully to interfacial
interactions with the matrix. EDX measurements
were performed with scanning electron
microscope XFlash® 6 | 100 Energy Resolution:
133 eV (Mn Ko) at 100,000 cps, the elemental
phases and chemical composition of nanoclay
epoxy matrix was carried out, and the results
shown in figure 6 are listed in Table 3.

EDX analysis reflected the composition of
the hybrid organic-inorganic polymer composite,
containing carbon, oxygen, silicon, aluminum,
and magnesium, the nanoclay-epoxy chemical
elements and its distributions. EDX show the
presence of Al, Si and O elements in nanoclay,
which is due to the clay phase (Alumina and
Silica layered structure), further, EDX progress
reports permit the estimation of the quantity of
the elements in terms of atomic and weight
percentages of all samples given in Table 3. The
analysis shows an increase in C atom percentages
for 3% weight percentage nanoclay over pure
epoxythis due to the presence of long chains of
epoxy in the sample. In the presence of Cloisite
30B in epoxy, Figure 6 shows the carbon and
oxygen atom distributions on a specimen of epoxy
with different nanoclay percentage. The EDX
results shown in Table 3, regarding silicon,
aluminum, and magnesium atom distributions,
further support the observation of aggregates of

Table 3. EDX analysis of pure epoxy matrix and epoxy — nanoclay matrix from 1 wt% to 12 wt%.

Element Epoxy pure Epoxy — nanoclaywt%

Owt% 1wt% 3wt% Swit% Twt% 12wt%
C 5510 61.95 64.37 57:23 52.95 49.60
N 13.29 5.65 4.52 3.74 3.68 3.60
O 31.61 17.28 14.83 17.46 17.18 15.08
Na - 1202 LAl 1.20 1.30 1.36
Mg - 1871 1.46 1.67 2:59
Al - 262 3193 4.72 5.98 7.43
Si - 5:76 7.62 11.34 14.00 17.07
Cl - 1.78 1.03 Iyl 1.62 1.70
K - 0.73 0.64 0.64 0.70 0.81
Ca - 0.70 0.44 0.49 0.93 0.77
Total 100% 100% 100% 100% 100% 100%
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silicate in the samples EDX analysis.

Conclusions

e Preparation methods for specimens allow the
matrix to be in phase-separated, intercalated
or exfoliated structure.

e The mechanical properties of the resulting
nanocomposites are greatly improvedin
comparison with pure polymer matrix to the
homogeneous and fine dispersion of the
sheetsnanoclay in the polymer matrix and
strong interfacial interactions between these
twoconstituents.

¢ The dispersion of clay particle in the epoxy
matrix is dependent on the mixing time
parameter. It is important that achieving
evenly clay particle-dispersed
nanocomposite as much as synthesizing
exfoliated nanocomposite.

e The steady-state crack propagation values
at interface of nanoclay filled epoxy
composites were found to surpass the bulk
polymer fracture energy.

e For matrix with 3 wt% nano clay the

interfacial shear strength at fiber-matrix
bonding strength was sufficiently high.
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