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Sugarcane bagasse: an important lignocellulosic substrate
for production of enzymes and biofuels
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Abstract

Sugarcane bagasse (SCB), a by-product of sugarcane industry,
and lignin (17%) with low ash content. Being produced in Jarge quantities by sugar industries, it is a gre:.n challenge _for
environment because it is mostly burnt in-open or either disposed improperly causing environmental pollution. Ducf to rich
source of fermentable sugars, it is used as a substrate for producing microbial enzymes and biofuels. Secondly, high fuel
prices, limited fossil fuel reserves, and environment pollution due to burning of fossil fuels have also highlighted the need
for renewable and sustainable sources of energy such as biofuels. Sugarcane bagasse is a renewable, easily available, and
cost-effective alternative for synthesis of biofuels and various mjcrobial enzymes in submerged (SmF) as well as solid-state

fermentations (SSF). However, for biofuel production, the main hindrance in utilizing bagasse is the requirement of large

amount of enzymes for conversion of lignocellulosic biomass into fermentable sugars. Therefore, there is an utmost need
ne bagasse followed by

for the production of enzymes using cost-effective and easily accessible substrates such as sugarca
f carbohydrate polymers into fermentable sugars for biofuels. However, the
micellulose into easily fermentable sugars. Therefore,

is a rich source of cellulose (45%), hemicellulose (32%),

utilizing these enzymes for saccharification o
presence of lignin hampers the saccharification of cellulose and he
pretreatment reduces lignin content of sugarcane bagasse and makes cellulose and hemicellulose easily accessible for enzy-

matic hydrolysis. Enzymatic hydrolysate can be further fermented to biofuels using aerobic and anaerobic microorganisms.

Keywords Lignocellulosic biomass Cellulolytic enzymes - Pretreatment - Fermentation - Value-added products

Abbreviations
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~==cane production of 306 million tons per year [1]. Sugarcane

S ) 3 S . H
Qibg,(j«_‘;ﬁagyse (SCB) is the main by-product of sugar industry,
# whichi$produced in huge amount, i.e., 100 million tons per
dia. About 50% of SB is utilized in the generation
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Cellulase Production by Myceliophthora thermophila in Solid State

Fermentation and Its Utility in Saccharification of Rice Straw
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Abstract: Optimization of cellulase production by thermophilic mould Myceliophthora thermophila BITLRMDU3
was studied in solid state fermentation. Myceliophthora thermophila produced maximum cellulase (45.81 U/g DMR)
at substrate to moisture ratio of 1:3 with 5-d old inoculum at water activity 0.95, ammonium sulfate (0.5%) and PEG
20000 (0.5%) at 45 °C using “one variable at a time” approach. Further supplementation of Tween-20 (0.5%) and
K,HPO, (0.25%) enhanced the cellulase production (56.06 U/g DMR) by M. thermophila in SSF. Optimization of
saccharification by partially purified cellulase of M. thermophila (20 U), liberated maximum reducing sugars at pH 5.0
(185.56 mg/g substrate) and 60 °C (190.83 mg/g substrate) after 24 h (203.91 mg/g substrate) from sodium carbonate
pretreated rice straw as compared to untreated biomass. Liberated reducing sugars were higher in sodium carbonate
pretreated rice straw than untreated rice straw.

Keywords: Rice straw, M. thermophila BITLRMDUS3, Optimization, Cellulase, Sodium carbonate, Saccharification

1. Introduction and renewable carbon sources for biofuels due to release of
) ) various fermentable sugars after their hydrolysis. Utilization
Renewable biofuels have been emerged as an effective  of 50rq-residues for valuable products at industrial scale

ecological and economical alternative in spite of conven-  somewhat decreases the problem of environment pollution
tional fossil fuels nowadays !, In this view, lignocellulosic  due to their improper practice of disposal and open burning @,
substrates i.e., agro-residues are highly preferred as potential ~ Cellulolytic enzymes promote the breakdown of cellulosic
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Study of shell effects in fusion fission dynamics
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Introduction

The discovery of nuclear fission in 1938 co-
incided with the seminal developments of the-
orics of quantum mechanics in the 1930s. To
explain the newly discovered phenomena the-
oretical work based on classical and quantum
physics was invoked, and the best minds of
the time worked in the problem. It was evi-
dent that in order to explain the asymmetric
mass split, quantum shell effects play the key
role in the dynamics governing fusion fission.
Various theories were proposed to explain the
data from numerous experimental results with
light /heavy ion induced fission as well as spon-
tancous fission.

As physics progressed experimentally as
well as theoretically, the periodic table got
extended (currently stretching upto 118 cle-
ments), and human kind was introduced to
super heavy elements (SHE), which are ele-
ments with proton numbers more than 104.
Classically, elements with more than 104 pro-
tons should not exist as the fission barrier
would have been zero, and the element would
undergo spontaneous fission. However, it is
again the quantal shell effects which stabilizes
these elements and the SHEs are formed with

)

gl
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unique properties,

For the formation of the SHES, nuclear reac-
tions using heavy ions are used. Two types of
nuclear fusion reactions are used for the syn-
thesis of SHEs: cold fusion and hot fusion.
In cold fusion rcactions doubly magic nucleus
208Ph is used as a target along with the suit-
able choice of projectile, while in hot fusion
reactions doubly magic projectile #Ca is used
on actinide targets. The selection of magic nu-
clei i.e., the number of shell closures in the tar-
get projectile combination has been a subject
of intense scrutiny, with multiple experiments
being carried out at accelerator facilities all
over the world, C. Siemencl, et al. [1] showed
that for reactions involving heavy jons the
competing quasi-fission process which hinders
the formations of SHE, is comparatively lower
for reactions involving magic target-projectile
combinations. However, the change in the fu-
sion fission dynamics due to the change in
magicity in the target projectile combination
is not clearly understood. In order to eluci-
date that, a set of experiments were carried
out with target projectile combinations which
would involve a change in magicity. However
the relative contribution of quasi fission in the
xcactlons is cxpect.c.d to be absent as the cho—

ATh, populatnd through three
s, (i) *0+2%8Pb , where both
and projectile 160 being dou-
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Introduction

The study of heavy ion induced fusion-
fission reactions is a thrust arca of nuclear sci-
ence research for — the production of super
heavy elements and to understand the mech-
anism of fusion fission reaction dynamics. A
major hurdle in the super heavy elements for-
mation is the Quasi-Fission (QF) or non com-
pound nucleus fission. A large number of ex-
perimental studies were performed to under-
stand the fusion fission dynamics of heavy ion
induced reactions in A &~ 200 mass region [1-
4]. Fusion fission dynamics of interacting bi-
naries depends on various entrance channel
parameters, such as, product of projectile and
target charge, Z,Z;, entrance channel mass
asymmetry, N/Z ratio of reaction partencrs,
projectile — target deformation etc. These en-
trance channel parameters play a key role in
deciding the path of a heavy ion induced fu-
sion fission reaction starting from interaction
phase till it scissions. Fission fragment mass
distribution, angular distribution and mass
angle correlation are considered as the sensi-
tive tools to investigate the presence or ab-
sence of QF in a given reaction. In the csent
work, we have performed mass a

A
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tion study of fission fragments produced in the
reaction ?88i + 19°Gd populating 188Pt com-
pound system at various excitation energies.

Experimental Details

The experiment was performed using the
General Purpose Scattering Chamber (GPSC)
facility at Inter University Accelerator Cen-
tre, New Delhi. Pulsed beam of 28Si from
Pelletron accelerator, in the laboratory en-
ergy range of 120 - 140 MeV, was bom-
barded on 16°Gd target having thickness of
220 pg/em?. The target was fabricated on
20 pg/em? carbon backing. Fission fragments
were detected using two large area (16 cm x
11 em ) multiwire proportional counters (MwW-
PCs), mounted on each arm of the chamber.
Complete details of the experimental setup are
given in ref. [1].

Analysis and Results

The calibrated position and time of flight
(TOF) information from the two MWPCs
were uscd to obtain the emission angles of the
fission fragments. The time difference method
was used to extract the masses of complemen-

Qeg;;@‘&‘e[éo otary fission fragments (5],
AN
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Probing on crystallographic structural and surface morphology of b

hydrothermally synthesized MoS, nanoflowers consisting of nanosheets
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ARTICLEINFO ABSTRACT

Keywords: Hydrothermally synthesized MoS; were obtained and their morphological characteristics were ascertained via
Molybdenum disulfide electron microscopy. Field emission scanning electron microscope (FESEM) micrographs revealed the formation
:::2:‘:‘!:: . R of nano-flowers by accumulation of nanosheets. The Transmission electron microscopy ('I'EM). revealed the
Hyd.rothe:rma_l nanosheets to be of ~100 nm length and ~5 nm in edge width. X-ray diffraction pattern analysis s!'mwet'i the
Structural model formation of 2H polymorph of MaS,, having a long range stacking of about 14 (002) lartice p]anes.m'a smg_‘,lf
Electron microscopy : ! crystallite. The Fourier transform infrared (FT-TR) spectroscopic analysis revealed the presence of bridging S,

ligands. Energy dispersive spectroscopy (EDS) analysis associated with the SEM indicates the presence of no
other elements except Mo and § in the material. Visualization of atomic structural model and intense lattice plane
has been carried out and correlated with crystallographic results. Such findings can be considered as important
precursors in both experimental elementary aspects and theoretical approach towards the application-oriented
research for crystallographic analysis of nanostructures.

interaction between them and thus the distance between the layers are
prone to easy manipulation by methods such as exfoliation [3,11-12].

Introduction

Nanostructured transition metal chalcogenides such as metal oxides
(cobalt oxide (Co304), nickel oxide (NiO), vanadium oxides (VO,,
V205)) and metal sulfides (cobalt sulfides (CoS, Co3S4, CosSg), copper
sulfides (CuS, Cu,S), iron disulfide (FeS2), nickel sulfides (NiS, Ni3Sy),
tin sulfide (SnSy), tungsten disulfide (WS3)) have increasingly become
an area of special interest in both fundamental research and applied
disciplines [1-10]. Largely because of the promise shown by them for a
broad range of applications; these materials for decades have captured
the attention of the research community. An intriguing aspect of these
transition metal chalcogenides is their ‘well-known two-dimensional
(2D) structure in which a plane (M) of transition metal element (e.g.,
Mo, Ta, Ti, V, W, Zr etc.) and twq planes (X) of the chalcogenides (e.g., S,
Se or Te) are arranged periodically in a hexagonal structure with a
layered X-M-X sandwiched composition [11-16]. Similar to graphene
these kinds of layers are held together by weak van der Waals's

* Corresponding authors.

E-mail addresses: bhitesh@niow.ac.in (H. Borkar), njitendragl 27@gmail.com (J. Gangwar),
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Author(s).

Amongst various layered transition metal sulphides (LTMSs), nano-
structured molybdenum (IV) sulfide (often referred to as molybdenum
disulfide; MoS3) materials have often received the most attention due to
their unique physicochemical features such as simple 2D structure, ease
of processing, inexpensiveness, and more importantly, close structural
analogy to graphene nanosheets and a large number of potential appli-
cations [21-27]. The layered structure or 2D morphologies of MoS; have
found potential for a varieties of applications such as electronic devices
[1,5,8,36-39], sodium ion batteries [2,18,19], lithium jon batteries
[25], hydrogen evolution reaction [1 2,22,27,30,34,35], solar cells [ 14,
water filtration [15,24,46], electrochemical capacitors (17,20,23], lu-
bricants [29], sensors [40,41] and in clectromagnetic wave absorption
[42,43].In fact, shielding from harmful electromagnetic waves is a po-
tential application for such 2D nanostructures with high specific surface
area and good carrier mobility [44-47].
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ARTICLEINFO ABSTRACT

Keywords: In this report, the monovalent cations of sodium and potassium are doped into the ZnO matrix to explore for
Monovalent cation resistive switching. The structural analysis confirms that Na* and K* cations are incorporated into the interstitial
Resistive switching sites of ZnO lattice. The Na* and K* doped ZnO thin films (NZO and KZO) have exhibited improved transparency
‘;nnéxspa:mcy slightly higher than 80 % for the wavelength range 400-1000 nm. Hall and impedance measurements confirms
Heterostructure that resistance of the thin films increased after incorporation of Na* and K* cations into the ZnO lattice. The

fabricated NZO and KZO thin films-based memory devices exhibited bipolar resistive switching phenomenon
with excellent ON/OFF ratio of 10, endurance of ~ 100 cycles, and charge retention of 10* s in both the resistive
states. These results imply that NZO and XZO films to have enormous potential to serve as an efficient resistive

switching device.

1. Introduction

The present era of artificial intelligence (AI) and the internet of
things (IoT) needs large data for various applications such as high-speed
information transfer between the processor and the memory unit.
However, the limited bandwidth of processor-memory in the present
device architectures unavoidably results in deterioration of the perfor-
mance of the system, which g're'alhy hamper the positioning of Al algo-
rithms on energy-limited IoT devices [1]. Complementary
metal-oxide-semiconductor (CMOS) technology has been used for the
fabrication of processor-memory systems and is dedicated to
SRAM-based computing in-memory to perform various operations. Low
memory density and high leakage power of CMOS-based SRAMs barely
accommodate for data-intensive applications. Therefore, CMOS-based
memory devices have poor energy efficiency for big data handling and
the internet which requires fast memory scaling is now a central focus of
the electronics industry. To overcome this issue, there is a necessity to
search for a new generation of memory nanodevices. The resistance
random access memories (ReRAMs) or Resistive switching (RS)
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memories can be alternative for next generation nonvolatile memories
which may be equivalent to the CMOS technology and have capabilities
of high switching speed and low-power consumption for operations
[2-5]. The memristive phenomena is based on resistive switching
initally predicted by Prof. Leon.Chua [6] and experimentally verified by
researchers at Hewlwtt Packard (7], Memristive devices are based on
resisdve switching (RS) phenomena wherein memory conditions depend
on resistive switching state and electrical biasing conditions. The RS
phenomenon has several advantages in the field of memory devices such
as very high-speed switching, higher endurance, high charge retention
potentiality, higher scaling capability, and low power consumption [2,
4]. These aspects make RS devices have extraordinary application in the
field of non-volatile random-access memory and memristors. Owing to
these properties, the RS memories or ReRAMs have become comple-
mentary to the CMOS technology [2, 1,5,8]. Although, RS has got
considerable approach towards material exploration, still there are
modifications of controlled parameters required at the electrode/oxide
interface. To mention a few, the effect induced by Joule heating effect or
by electroforming interaction of conductive filaments formed during the
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Electric field mocdulated photoluminescence in ferroelectric ceramics for ey

Photosensitive device applications
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ARTICLE INVO ABSTRACT

Keywonls:
Yerroelectrie
Photoluminescence
Electrie field

The degree of freedom controlled by clectronle excltatlons In ferroclectrics provldes Innovatlve opportunitics for
Informatlon processing and optoclectronies. In the eurrent work, clectrieally modulated photoluminescence (PL)
has been demonstrated In Pbys(Lloslo.5)x(Zry .y TIy)Oy (PLBZT) for x = 0.3-0.5 and y=0.80, respectively. The
primary appronch was made directly to modulate the PL property by applylng an external clectric field In an (a-

sl way. However, the modulatlon of PL 15 possible In perovskite oxldes when the distortion of structural
symmetry arose under externnl clectrical blay in purteularly ferroclectries, Implylng reversible and dynamic
tuning of PL emission, Hence, there Is emergence of new channels where radintive and/or forbidden transltions
arlse from the positlonnl disorder of the system under the appliention of an external electric ficld. These studies
establish the reallzation of tunable Pl ferroclectric ceramies with high repeatability, flextbility, and faster
response towards designing advanced light switching devices.

1. Introduction v

Spectroscopie tuning of photoluminescence (PL) is a subject of in-
terest becnuse of its enormous applications in opticnl waveguides,
lighting display, biomedicine, and medical imaging [1,2]. To under-
stand the tuning of PL, energy transition is the most common phenom-
enon that needs to be explored. To date, the most common practice to
get enhanced/decrensed in PL response Is by introducing luminescent
centers Into the host matrices by conventional chemical method Le.
ex-situ process, Therefore, crystallographic structure and its symmetry
play a crucial role in influencing the PL emission [3,1). Morcover, It Is
challenging to tune the PL under external stimuli such as pressure,
temperature, electric and magnetic ficlds. This restricts the tuning of
luminescence intrinsically and its related extended applications, The
variation of PL in solids could be recognized by the energy transitions of
materinls and crystal field theory, Composition variation is onc of the
methods where the modified PL response can be achieved for particular
materials. In general, phase transformations of inorganic materlals are
casily achievable by modifying stoichliometric calculations, From a de-
vice point of view, it's always desired to tune the property under any
external stimulus that can alter the physical properties such as centro-
symmetric, plezostriction, electrostriction Including several other
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propertles. Becnuse of such a scenarlo, polar matertals can cfficiently .

respond to any external stimulus, In particular, centrosymmetric crystals
react to external Incliement, break the centrosymmetric, and show
ferroelectric, ferromagnetic, and piezoclectric properties. Hence, there
Is a stringent need to find a pathway for variation of PL response by an
external electric field which can modify the PL. Therefore, the PL
property associated with photo-ferroclectrics Is the center of attraction
nowadays because of its glant multifunctional applications in the
lighting Industry, memory technology, and enormous blo-medical ap-
plications [5].

In ferroelectric materials, the electro-mechanical properties of the
lattice are strongly correlated with polarization and crystal structure
that makes it ready to transform under electric field [0]. Hence, is ex-
pected to break the crystal symmetry, and might affect the PL response.
So, exclusive phenomena are correlated to the electric polarization and
Interaction with light that gives rise to the large photostriction [7) and
the electrical control of the photovcltale response [8]. The concurrence
of photostriction In ferroelectric/magnetic materials has been used to
change ferroics properties by light [9,10] and memory cells based on
electrically can be controlled by polarization-dependent photo-
conductance [11-13]. Therefore, optically controlled polarization
would be capable of fast switching the polar alignment in the direction
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Abstract

This paper reports the formation of flower-like hierarchical molybdenum disulfide (MoS,)
nanoparticles following a simple one-step hydrothermal process with varying temperatures (200 °C
and 220 °C). The as-synthesized particles were examined crystallographically by X-ray diffraction
(XRD) method which revealed the formation of hexagonal MoS, (2H-MoS,) and that the crystallite
size of the particles increased with increasing hydrothermal temperature. Surface morphological
characteristics of the particles were investigated by a field emission scanning electron microscope
(FESEM) and interesting details were revealed such as the rounded 3D flower-like microstructure of
the MoS, particles and the petals of the flowers were composed of platelets built up by stacked-up
MoS; nanosheets. With the increase in hydrothermal temperature, the interlayer spacing of stacked
layers of intense (002) plane is slightly decreased although the crystallinity of the material is improved.
Both diameter and thickness of the nanoflowers and the nanoplatelets increased twice with increasing
the temperatures. A visual crystallographic perspective was presented through simulation of 3D
wireframe unit cell associated with the individual lattice planesas observed in the XRD pattern of the
samples. In addition, a plausible growth mechanism is proposed for the formati e obtained

1. Introduction

nanostructured materials based on metal chalcogenides such as metal-oxides, -sulfides, - eleni itrides with
controlled morphology have attracted enormous interest that has steadily grown worldwide because of their exotic
properties that are important for various innovative applications [ 1-12]. In recent years, intensive research has been
devoted to producing high-quality 2D and 3D metal sulfide (CoS,, FeS,, MoS,, NiS,, SnS;, and WS,) nanostructures
of various morphologies e.g. nanoparticles, nanoflowers, nanosheets, nanospheres and nanolamellar morphology
[2, 6, 13—18]. Among the widely known metal sulfides, molybdenum disulfide (MoS,) isa naturally occurring, well-
defined two-dimensional (2D) layered material that has been reported to be an excellent material capable of various

©2022 The Author(s). Published by IOP Publishing Ltd Gv'/ RS
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Effect of Annealing on Structural, Compositional and Optical Properties of

Composite ZIO Thin Films
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ABstracl

In this work, the structyyal, compositional and optical properties of composite zinc indium oxide (ZIO), thin films
8rown on glass substrates using thermal vapor evaporation technique have been investigated for two different ratios
of ZnO:In,0,=90:10 and 80:20 wt.% at room temperature. The films so obtained were annealed for 2 h at 500°C. The
Z1O flms are amorphous before annealing and become crystalline after annealing for both the ratios, as revealed by
the X-ray diffraction patterns. The study of the composition of the surface and oxidation states present there in made
by using X-ray photoelectron spectroscopy, also provides information about the binding energies of deposited
materials. The effect of thermal annealing on these mixed oxide thin films has also been studied by using UV visible

Spectroscopy. The optical band gap is found to increase on annealing the ZIO thin films.

Keywords: Composite Z1O thin films, Optical band gap, XPS, XRD.

Introduction

Thin films of Zinc oxide (ZnO) are superior choice for
optical applications due to their excellent properties. It is
non toxic and reasonably less rare. It has tunable
clectronic conductivity (Biswal etal., 2014). Itshows high
degree of transparency for UV-vis electromagnetic
radiation (Kumar et al., 2004).ZnO has common uses in
flat panel screen (Chae,2001),in piezoelectric devices, as
photocatalysts (Chang etal.,2016), as antimicrobial agent
(Lefatshe et al., 2017),in photovoltaic devices (Sharma et
al., 2015), and in electrode applications such as in light
emitting and absorbing devices (Liu et al., 2010). For
surface depositionit does not require very high substrate
temperature (Muchuweniet al., 2016). By doping of some
materials the optical performance of these materials can
be made more appropriate for application in several
optoelectronic devices. This may happen due to change
in their crystal structure on doping with impurities
(Moditswe et al., 2016). Several researchers have
examined the properties of ZnO doped with different
doping elements, including indium, aluminum (Bedia et
al., 2015), copper (Muiva et al., 2011), fluorine
(Ariyakkani et al., 2017), cobalt (Dhruvashi and
Shishodia, 2016)tin (Sanchez-Juarez et al., 1998), iron
(Chavaand Kang, 2017) and a few doping elements.

In its pure form, Zind oxide is very resistant and

researchers are making efforts to enhance its optical
properties with deliberate doping. Dopant selection
should be based on the ionic size and electro negativity,
since both factors determine the effectiveness of the
dopant element higher valence (group I1I) elements are
generally preferred to improve the properties of ZnO
like optical properties. Thin films of optimized zinc
oxide are doped with indium and investigated for its
effect on the structural, optical and electronic properties
of thin films of ZnO. On the other hand Indium Oxide
(In,0,} is well- known transparent conducting oxide and
prepared both in the form of powder and thin films. It
finds application in solar cells, sensors, opto-electronic
devices and as a useful electrode material (Hartnagel et
al., 1995) and (Lewis and Paine, 2000) and (Elliott, 2005).
Recently it has been studied for its properties in different
Nano structure shapes, such as spherical (Kim and Park,
2004), rods, wires (Yu et al., 2004) and Nano tubes (Zhuet
al., 2004), where the focus has been mainly on
preparationindifferentshapes and their applications.

Zinc indium Oxide (Z1O) is a useful binary oxide for
research in view of its practical application. With change
of doping percentage of indium oxide in Zinc oxide, a
change in optical band gap of ZIO is observed, as

reportedin (Jain et al., 2010). The ¢ present work
is to synthesis high quality~ iI_rB@gfeg ixed oxides
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Abstract

In this work, we demonstrate the visualization of atomic arrangement of crystal structures and lattice planes of 2H-phase of MoS:
nanocystalline material prepared via inexpensive hydrothermal method. The phase identification and crystallography information
are examined through powder X-ray diffraction lechnique and VESTA-3D theoretical tool, The associated crystal planes are
created and displayed. This work is to be useful in modern structure-property relationships.

Introduction

Progress over the past decades has been made for
understanding  of manifold aspects of MaoS,
nanomaterials, including its processing, growth
mechanism and structure-property relations. Based
upon the coordination cnvironments, MoS; crystal
exhibits both stable phase (2H-MoS;) and various

* metastable phases (1T, 1T°, IT”, 1T'", 1M, 3R and

etc.), where the letters T, H and R correspond to
trigonal, hexagonaliand rhombohedral, respectively
and the digits indicate the number of monolayers in
unit cell. The tunable crystallographic structure of
nano MoS; materials has arouscd significant rescarch
interests among distinct scientists, engineers and
rescarchers. Either experimental or theoretical works
have extensively studied about the crystal structure
information however they tum the attention to
probably crystallographic, atomic and/or electronic
structure analysis and synthetic approaches involve
sophisticated instruments and chemical precursors, A
simple and safe strategy to synthesize MoS,
nanomaterial, therefore, is essential for technological
applications and fundamental understandings about
the visualization of distributions of atoms and lattice
planes in unit cell at atomic level.

Herein, 2H-MoS: nanocrystalline  material
prepared by unique hydrothermal approach and

- theoretic predictions for crystallography properties

such as phase identification, crystallinity, orientation
factor and 3D-visualization of the crystal lattice plane
is summarized. ‘

Synthesis of Nanocrystalline MoS,

MoS; nanocrystalline material was synthesized by
a safe and facile hydrothermal method using
(NH4)6M07024-4H,0 and NH,CSNH, as starting

DAE SSPS 2021

material. In a typical procedure, 1.2 and 2.2 gm of
(NH4)sM07024-4H,0 and NH:CSNH,, respectively
were dissolved in 40 ml Millipore water under
continuous stirring for 1 hour. Afier that, the formed
solution was transferred into stainless stecl Teflon-
lined autoclave and further kept at 240 °C for 6
hours. After natural cooling, resultant black
precipitate was washed four times with Millipore
water and absolute cthanol and lastly dried in oven at
80 °C for 24 hours to produce black MoS; powder.

Characterization of Nanocrystalline MoS,

Structural analysis was carried out using X-ray
diffraction (XRD; PAN analytical X'pert  pro,
Netherlands) with Cu-ka radiation (A = 1.54 A) in the
20 range of 10-70°. 3D-visualization of crystal
structure and lattice planes was created through
Visualization for Electronic and STructural Analysis
(VESTA) software.

Results and Discussions

Fig. 1 (a) shows the XRD pattern of the as-
synthesized MoS: material. As shown in Fig. 1(a),
XRD patien demonstrate (002), (101), (103) and
(110) crystal planes are observed which confirmed
the crystalline structure of 2H phase of MoS; with
hexagonal crystal system (8.G.: P63/mme, @ = b =
3.14 and ¢ = 12.54 A, standard JCPDF No.: 01-075-
1539). The prominent peak intensity corresponds to
(002) plane reveals the maximum numbers of atoms
are aligned in z-direction. Inset in Fig. 1 (a) shows the
hexagonal crystal structure of MoS: indicating
stacking layers of molybdenum (Mo) atoms lie in z-
plane and sulfur (S) atoms situated in between these
layers and form covalent bond with neighboring Mo
atoms resulting crystalline 2H-MoS, steweture. Fia. 1
(b) indicates the crystallite size (g,)smﬁﬂﬂrm aé\iuu
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1. Highlights

» This book chapter covers the fundamental concepts of different conducting polymers-bused
metal oxides heterostructures. 7 o

+ Formation mechanism is proposed to generate polymers (including PANi, PEDOT, PTh, and
PPy)—metal oxides heterostructures (PMOHs) systems.

* Crystallographic characteristics and various nanoscaled morphologies are then briefly

enclosed.
* The PMOH also explored their probable applications in gas sensors and supercapacitors.

2. Introduction

2.1° Trends of polymer—metal oxide heterostructures

Both energ), and environmental issues, clean energy storage/conversion, and pollutant-
free air and water are the persistent problems yet for the modern society in the 21 cen-
tury that affected the ecosystem as well as significant damage to the human olfactory
and respiratory system (Bairi et al., 2015; Chen et al., 2010; Fischer et al., 2007; Gang-
war et al,, 2013; Gong et al., 2010; Chmiola et al., 2006; Mallouki et al., 2007; Masar-
apu et al., 2009; Miller & Simon, 2008; Ram et al.. 2020; Sassin et al.. 2010: Sharma
et al., 2008; Taccola et al.. 2013). Owing to the preference and usage of highly
combustible, explosive, irritating, and toxic gases such as liquefied petroleum gas
(LPG), compressed natural gas, ammonia (NH3), hydrogen sulfide (H»S), and many
other related gases, the frequency of accidental explosion has risen due to the
increase in leakage of gases (Amita et al., 2020; Bai et al., 2014; Bandgar, Nay:
Mane, et al., 2015a; Das and Sarkar, 2017; Dhawale et al,, 2010; Gong et alg”

Metal Oxide-Bused Ileterostructures. hu]»:l/dul.umflﬂ.liJlﬁlll‘)73-ll-323-t\'524].3_(:()(;()3.5 Z ; /
Copyright © 2023 Elsevier Inc, All rights reserved,
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Abstract
Soil erosion of fluvial landscape is a worldwide problem,

which affects the agrarian society the most. The tectonically

uplifted fluvial deposits of Yamuna-Chambal are facing the worst form of soil erosion in India. About half of the study arca

comes under the gully and ravine affected area. The encroac
serious socio-econoniic challenges to the society of the regio

hment of cultivable land by gully and ravine network is posing
n. To assess the magnitude and intensity of soil loss, the region

needs better methods for soil erosion. GIS based soil erosion modelling have this potential. In present study, an atternpt has
been made to estimate the soil loss rate by using Morgan-Morgan-Finney Model and GIS. It has been found that the average
annual soil loss rate is 18.20 t ha™! year‘[ in the study area. The highest rate of soil loss (above 70 t ha—1 ycar“) have been
estimated in unconsolidated flood deposits & steep slop part of gullies. The lowest soil loss rate (4.0 tha~! year™') have been
identified in densely forested land followed by intensify cropped area of the region. Due to the undulating surface and high
intensity of rainfall in a short period of time, the transport capacity of running water in this region is very high. Although
seasonal vegetation cover is a major protection against erosion, the weathering nature of the soil and steep slopes provide
significant amounts of erosive material here. Land management and degree of slope favouring low erosion in intense cropped
field in the study area. The Morgan-Morgan-Finney model and Geographic Information System is used to identify potential
soil erosion risk zones, that can be used to prepare a land management plan for the region.

Keywords Lower Chambal region - Soil erosion modelling - Morgan-Morgan—Finney model - Geographic information

system

Introduction

Removal of soil material commonly by wind and water is
known as soil erosion. It is a type of soil degradation in
which the physical, chemical and biological qualities of the
soil are sacrificed. Soil removal has substantially affected
one third to half of the world's agricultural land. (Pimentel
et al. 1995; Lal 2000, 2006 and Morgan 2005), that directly
have an effect on livelihood of rural society (Lal 1985; Kerr
1997). Due to onsite effects of land degradation, about 2% of

5 Hemant Kumar
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gross domestic production or 7% of value of agricultural out-
puts are losing annually by South Asian nations like India,
Pakistan, Bangladesh, Nepal, Bhutan Sri Lanka, Iran, and
Afghanistan (World Soil Resources Reports 1994). Soil ero-
sion is encroaching new land, hence posing serious threat to
human food security, environment and sustainable develop-
ment (Pimentel 2000).

In India, soil erosion is widespread over half (53%) of its
total geographical area (NCA 1976). The annual loss of soil
in India is about 16.4 tha™" year™! (Jain et al. 2001; Srinivas
et al. 2002a; Pandey et al. 2009). Major regions of svil ero-
sion in form of gully and ravine are spread along banks of
Yamuna, Chambal, Mahi and in Shiwalik Himalayan belt
(Kothyari 1996). There are 3.67 million hectares area under
effect of gully erosion in India (Mircea 1999). Formation
of ravines are worst form of land degradation in semi-arid
region of India whose foremost effects are on land quality

and economic scenario of the people of the region (Paki
2012). Loss of top fertile soil resultant in 1o loss\ok 5o
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