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Bio-solar Cells Mimicking Photosynthesis for Green
Energy
J. Annie Sheeba and Savitha Santosh
Scientists, Division of Crop Production, ICAR- Central Institute for Cotton Research, Nagpur

Abstract
Increasing energy demand has led to the increased emission
of carbon dioxide into the environment due to burning of fossil
fuels, resulting in catastrophic climate change. Scientists are now
trying to mimic nature to produce clean and inexpensive energy
with less carbon dioxide emission. One such effort is production
of electricity and hydrogen by artificial or bio-engineered
photosynthesis. A basic bio-solar cell mimics photosynthetic light
and dark reactions. The concept is based on the optical
absorptive properties of photosynthetic pigments. The processes
involved are photon collection, energy conversion and CO 2
sequestration. Photons are absorbed by chlorophyll molecules.
Excited electrons are pulled from the triplet excited-state
chlorophyll and trapped in a positively charged site. Chemical
processes such as synthesis of glucose and other carbohydrates
are driven by trapped electrons. A conductive material is
sandwiched between layers of chlorophyll to conduct electrons
and produce electric current and hydrogen. This electric current
and hydrogen thus produced – when combined by bioenergetic
energy converters and CO2- fixing enzyme reactors – generate
NADPH and ATP. Bio-solar cells are generally made from
spinach chloroplasts and algal/bacterial chlorophylls. The
electrical output efficiency of bio-solar cells is lower than that of
semiconductor cells. Furthermore, there are many challenges in
the production of bio-solar cells. However, this is one of the most
promising areas in green energy development.
Keywords— Bio-solar Cells, Photosynthesis, Green Energy

I.

INTRODUCTION

Global energy demand is steadily rising in concurrence with
the increase in human population. Currently, fossil fuels
provide around 80% of the world’s energy [1]. Burning of
fossil fuels releases enormous amount of CO2 into the
atmosphere, increasing global warming. Hence scientists are
in pursuit of producing energy with reduces emission of
greenhouse gases. One such effort is to develop bio-solar cells
which mimic nature to supply greener energy. The average
energy provided by the sun is approximately 1,000,000
Terawatt (TW) against a yearly demand of just 14 TW, i.e. 1
hour of sunlight falling on earth provides energy
approximately equivalent to the gross amount of energy used
by man in a year [2]. Photosynthesis generates an annual dry
biomass of 100 billion tons and mean energy storage of
approximately 100 TW, with just 0.1% of energy conversion
efficiency. Mimicking photosynthesis to produce non-
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polluting renewable energy using bio-solar cells involves
production of robust artificial systems which can split water
efficiently using energy from sunlight and release hydrogen or
use the hydrogen released to reduce CO2 to liquid form of
fuels. With the recent advancements in the understanding of
the molecular mechanism of the water-splitting complex and
photosynthetic energy conversion, multidisciplinary efforts are
being taken up to develop bio-solar cells with increased
energy conversion efficiency of at least 10% [3].
II. PHOTOSYNTHESIS – A BLUEPRINT FOR BIOSOLAR CELLS
During photosynthesis, photosynthetic pigments in plants trap
photons with a wider range of wavelengths – from visible and
near-infrared regions. The pigments are arranged in a unique
way to channel the photon energy into reaction centres with
higher efficiency. The energy from sunlight is converted into
electrochemical energy in the reaction centre which drives the
production of carbohydrates from water and CO2. The process
of photosynthesis includes light and dark reactions. Light
reactions involve photosystem I (PSI; P700) and photosystem
II (PSII; P680) which are located in the thylakoid membrane
of the chloroplasts. Sunlight absorbed by the antenna
molecules are efficiently funneled into the PSII reaction centre
where charge separation occurs, generating electrical energy
from light energy. A radical pair state of P680.+P700.- will be
formed where P680 is a reaction-centre chlorophyll a
molecule and pheo is a pheophytin a molecule. Splitting of
water is mediated by P680.+ produced in PSII. A catalytic
centre comprising a cluster of four manganese ions and a
calcium ion (Ca2+) donates electrons to P680.+ to split water
molecules. Four electrons are required for splitting of water
into dioxygen and reducing equivalents; this implies that PSII
should trap four photons for the reaction.
Equation 1:

The electrons from Pheo.– are transferred through cytochrome
b6f and plastocyanin to PSI (P700), where the electron is
further excited by P700 to generate a redox potential of -0.7 V.
Therefore sufficient energy is accumulated to generate the
reducing equivalent nicotinamide adenine dinucleotide
phosphate (NADPH2) and adenosine triphosphate (ATP). The
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reducing equivalents and ATP thus produced are utilized for
synthesis of carbohydrates.
Equation 2:

Adding equation 1 and 2 gives the overall reaction of
photosynthesis

Although the energy conversion efficiency of natural
photosynthesis is low, it can serve as a blueprint for newgeneration bio-solar cells. In plants, two photosystems act in
tandem to drive splitting of H2O and CO2 reduction. The same
can be done in artificial systems with higher efficiency. In
plants the photosystems compete for light of the same energy
level and the infrared photons are left without use. In artificial
photosynthesis, cutoff wavelengths of 700 and 1100 nm can
be used in tandem so that infrared photons can also be
harnessed effectively [4].
III. BIO-SOLAR CELLS
A bio-solar cell is basically made of a coating of
photosynthetic pigments, which when exposed to sunlight
produce electrical energy (Fig. 1). Although there are different
types of bio-solar cells, they are generally made from reaction
centres of photosynthetic bacterium Rhodobacterium
sphaeroides [5], spinach [6] or the cyanobacteria Synechocystis
sp. PCC 6803 [7]. The reaction centres are coated on the
surface of a carbon electrode. An aqueous electrolyte is applied
to provide plant-like conditions. To ensure that the device is
complete a counter electrode is used. When sunlight strikes the
reaction centres, they release electric charge. The electrodes
adhering to the reaction centre collect the negative charge, and
the ions present in the electrolyte transfer the positive charge to
the counter electrode. Thus the two electrodes develop an
electrical potential and supply electrical energy similar to a
battery [8].

The bio-solar cell generates electricity throughout day and
night. Researchers were able to generate a maximum power
density of 0.9 mW m-2 from a bio-solar cell through photoc
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reactions of Synechocystis sp. PCC 6803[7]. Mershin and his
colleagues extracted the PSI (P700) from plants, stabilized
them using surfactant peptides and coated them onto a glass
substrate which produced electric current when exposed to
sunlight [8]. In addition to generation of electricity, polymers
with higher efficiency can be synthesized by coupling bio-solar
cells with CO2-fixing enzyme reactors [9].
IV.

CONCLUSION

Bio-solar cells have the potential of being used in a broad
range of wireless applications, especially in remote areas. As
their performance is low, they are not being used widely in
commercial applications. But considering the reduction in
emission of green house gases biosolar cells are viable
alternative to fossil fuels. Also with recent advancements in
bio-solar cells, with self-assembly and self-repairing
properties, the efficiency can be improved greatly.
As Mershin implies, within a few years a villager from a
remote location without electricity would just have to take a
bag of chemicals that stabilize the photosystem I molecules,
mix them with anything green and paint it on the roof to start
producing power which could light lanterns and charge cell
phones [10]. This scientific achievement was envisioned by
Professor Giacomo Ciamician around a century ago in 1912 as
follows “On the arid lands there will spring up industrial
colonies without smoke and without smokestack; forests of
glass tubes will extend over the plains and glass buildings will
rise everywhere; inside of these will take place the
photochemical processes that hitherto have been mastered by
human industry which will know how to make them bear even
more abundant fruit than nature, for nature is not in a hurry
and humankind is” – published in Science [11]and his vision is
being made a reality by the discovery of bio-solar cells.
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Abstract

The “volume” of a tensor is the product of the component
dimensions n1, n2 . . . n d and Therein lies thecurse of
dimensionality. Undoing the “curse of dimensionality” in
any particular area of applications will undoubtedly lead
to new technologies and have far-reaching implications
throughout mathematics and computational science and
engineering. In a very practical sense, multilinear algebra
and an appropriate approximation theory are critical to
the advancement of mathematics in applications where the
curse of dimensionality is the main obstacle. In this paper
we discuss algorithms for the reduced rank regression
problem and algorithms for the computation of the best
multilinear rank approximation of tensors. Tensor and
multilinear algebra is an area that attracts more and more
attention because of the multidimensional structure of the
collected data in various applications. Two classification
algorithms are given based on the higher order singular
value decomposition (HOSVD).
Keywords— Tensorization;tensor decomposition; Tensor network;
tensor matricization

I.

INTRODUCTION

In many respects, the “tensor” grand challenge is to enable
solutions to the grand challenge problems confronting datadeluged researchers in other fields. Funding initiatives for
tensor related research should be considered a priority given
current levels of support for information technology,
biotechnology, climate modeling, and other critical areas that
require sophisticated modeling and the analysis[11] of large,
multidimensional datasets. By regarding tensors as tools for
describing mathematical objects in high dimensions, it is clear
that the development of computational multilinear[5] algebra
should parallel the development of analytical tools for spaces
of high dimension In many fields of science, engineering, and
economics large amounts of data are stored and there is a need
to analyze these data in order to extract information for
various purposes. The development of mathematical models
and algorithms is of key importance. Tensor algebra has many
similarities but also many striking differences with matrix
algebra - e.g., determining tensor rank is NP-hard, while low-
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rank tensor factorization is unique under mild conditions.
Tensor factorizations have already found many applications in
signal processing (speech, audio, communications, radar,
signal intelligence, machine learning) and well beyond.
Tensors are becoming increasingly important, especially for
analyzing big data

II. TENSORS
Tensors are geometric
objects
that
describe linear
relations between geometric vectors, scalars, and other
tensors. Elementary examples of such relations include the
dot product, the cross product and maps. Euclidean,
often used in physics and engineering applications and
scalars themselves are also tensors. [1] The concept of a
tensor of order two is often conflated with that of a matrix.
Tensors of higher order[11] do however capture ideas
important in science and engineering, as has been shown
successively in numerous areas as they develop. A matrix
is a dataset indexed by two indices, say (r, c) for (row,
column). A tensor is a dataset indexed by three or more
indices, say ( i , j, k, · · · ). The term tensor has a different
meaning in Physics, however it has been widely adopted in
recent years to describe what was previously known as a
multi-way array. Matrices are two-way tensors, and they
are special because it turns out that there is an interesting
dichotomy between two-way and three- or higher-way
tensors, with the latter sharing common algebraic
properties which are simply very different from those of
matrices.
In numerical linear algebra, matrix computations and other
mathematical sciences we mostly use quantities as vectors X є
R n and matrices A є R m x n for many different purposes.
Vectors are usually elements of a vector space and matrices
represent linear operators [8] with respect to some basis.
Matrices also represent measured data, as a digital image or a
collection of sensor signals. A vector is written as a one
dimensional array of numbers and single index is used to
address its entries. Similarly, a matrix is written as a two
dimensional array of numbers whose entries are accessed with
two indices. An order n tensor A є RI1 x…x In is a generalization
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of these algebraic objects to one with n indices. Vectors and
matrices are in fact first and second order tensors,
respectively. The dimension of A along the different modes
[10] is given by Ii. Tensors are often found in differential
geometry where they most of the time (if not exclusively)
represent (abstract) multilinear [5] operators[8]. In this paper
tensors will, most of the time, constitute multidimensional
data arrays, which we want to analyze, model and extract
information from. The main research topics are to analyze the
basic properties of tensors, generalize the existing linear
algebra theory to include tensors and construct efficient
algorithms. The connection to applications is often very close.
III TENSOR MATRICIZATION
Another concept that is useful when working with tensors is
the notion of matricizing, unfolding or flattening of a tensor.
This is an operation for transforming a given multidimensional
array into a matrix. For example a 3-tensor A є R Ix J x K can be
reshaped to form matrices of dimensions I x JK, J x IK or K x
IJ and each matrix has columns. Different matrices, with
respect to column pivoting, will be obtained depending on
which order the tensor fibers in each case are taken into the
matricized forms.

b (t i) = X a(t i) + e(t i); i = 1; 2; : : : ;N
where the unknown regression matrix X є R m x p is constrained
to have
rank (X) = k < min(m; p)
The vectors b(ti) є R m and a(ti) є Rp are measurements at
different time steps ti and e(ti) are the corresponding errors. It
is assumed that e (ti) is temporally white noise, normally
distributed with unknown covariance matrix E(e(t)e(t)T).
Gathering all the measurements we can write the regression
model as
B = XA + E; rank(X) = k;
where B = [b(t1) b(t2) : : : b(tN)], A = [a(t1) a(t2) : : : a(tN)]
and correspondingly for E. Without the rank constraint [3] on
X, it would be straightforward to transform to the model by
means of vectorization. Having the rank[3] constraint one can
consider to minimize the difference in Frobenius norm, i.e.
min rank(X) = k

||B – XA||F :

B. Determinant minimization problem
A. Linear systems of equations and linear regression models
Linear systems of equations is one of the most common
problems encountered in scientific computing
To solve
Ax = b
Where A є R m x n and b є R m are given and x є R n is
unknown. Of course, if the vector b is not in the range space of
A the equation will not have a solution. If this is the case, one
computes a solution X such that AX is, in some measure, the
best approximation to b. Mathematically we write
min ||AX –b||
where the norm is often the Euclidean. This problem occurs
naturally when one wants to fit a linear model to measured
observations. Then the number of measurements is larger than
the number of unknowns, i.e. m > n and we have an over
determined set of linear equations. The approach to minimize
the residual r = AX - b is sound since it is interpreted as to
minimize the influence of the errors in the measurements [11].
An alternative way to approach the problem is to relate the
observation vector b to the unknown vector X using the linear
statistical model

which, under certain circumstances, gives the maximum
likelihood estimate for the reduced-rank regression model[14],
In the derivation of this problem there are several assumptions
on the data that are justified due to the existence of enough
noise in the measurements. The effects of the assumptions are
that the determinant cannot be made equal to zero no matter
how we choose X. Thus, the most simple case where B = XA,
which trivially gives det (B - XA)(B - XA)T = 0, cannot be
solved by this approach. Our objective was to determine the
different scenarios where the determinant minimization
criterion fails, in the sense that it does not give a well defined
solution, and generalize the minimization criterion in order to
obtain a well defined solution in all cases.
To clarify the problem with the determinant criterion, we
recall that the determinant
of a matrix F є R m x m can be written as
det (F) = ∏ σi
where σ i are the singular values[1]of F. If now the matrix F
depends on some variables X, in particular if we set
F(X) = (B - XA) (B - XA) T
Then

AX = b + є
where we introduce the vector є containing random errors. It is
assumed in the standard model that the entries єi are
uncorrelated, have zero mean and the same variance, i.e.
E (є) = 0; V(є) = σ2 I; where E(є) denotes the expected value
and V(є) denotes the variance.
A related model is linear reduced-rank regression,
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Min det(B - XA)(B -XA)T

det (F(X)) = ∏ σi (F(X))
The singular values[1]σi (F(X)) now depend on X and zeroing
one singular value of F(X) would zero the determinant. One
can, in certain cases, zero the determinant by simply setting
parts of the matrix X to zero. The rest of the matrix would be
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undetermined, nonetheless the determinant is minimized but
with no solution of substance.
.
C Generalization to rank reduction and volume minimization
Zeroing one singular value is not sufficient for computing a
solution. We propose an approach to continue and zero as
many singular values as possible. In addition one should also
minimize the product of the rest of the singular values that
cannot be zeroed. Mathematically we write the generalization
as follows.
Min rank(X)=k
rank(F(X))=r
Min vol(F(X)) r min = min rank(X)=k rank(F(X));
where the volume of a matrix is defined as the product of the
nonzero singular values .
If
rank (F) = r
then
vol (F) = ∏ σ i

components of an order 2 tensor T could be denoted Tij
wherei and j are indices running from 1 to n, or also by Tij.
Whether an index is displayed as a superscript or subscript
depends on the transformation properties of the tensor,
described below. The total number of indices required to
uniquely select each component is equal to the dimension of
the array, and is called the order,degree or rank of the tensor.
Just as the components of a vector change when we change
the basis of the vector space, the components of a tensor also
change under such a transformation. Each tensor comes
equipped with a transformation law that details how the
components of the tensor respond to a change of basis. The
components of a vector can respond in two distinct ways to
a change of basis where the new basis vectors
are
expressed in terms of the old basis vectors
as,

Where σ1…. σr are the nonzero singular values. The tools for
analyzing, but also computing the solution to, the generalized
minimization problem are the singular value decomposition
[2] (SVD).

Here Ri j are the entries of the change of basis matrix, and in
the second expression the summation sign was suppressed:
this is the Einstein summation convention, which will be used
throughout this article The components vi of a column
vector v transform with the inverse of the matrix R,

Theorem (SVD). Any given matrix A є R m x n can be
factorized as
A = UXV T
m X m
where U є R
; V є R n X n are orthogonal
m x n
matrices[7] and Σ є R
is a diagonal matrix with the
nonnegative entries σ1≥…σ min (m n): The matrices U and V are
called the left and right singular matrices, respectively, and σ i
are the singular values.

where the hat denotes the components in the new basis. This
is called a contravariant transformation law, because the
vector transforms by the inverse of the change of basis. In
contrast, the components, wi , of a covector (or row
vector), w transform with the matrix R itself,

Theorem (HOSVD). Any 3-tensor A є R I x J x k can be
factorized A = (U; V; W) x S;
Where U є I R x I , V є R J x J , and W є R K x K, are orthogonal
matrices, and the tensor S є R I x J x K is all-orthogonal: the
matrices [7]<S, S>-I , i = 1; 2; 3; are diagonal, and
||S(1; :; :)|| ≥ ||S(2; :; :)|| … ≥ 0
||S(:; 1; :)||≥||S(:; 2; :)||…≥ 0
||S(:; :; 1)|| ≥ ||S(:; :; 2)||… ≥ 0
are the 1-mode, 2-mode, and 3-mode[10] singular values, also
denoted σi(1), σi(2) σi(3)
.
IV AS MULTIDIMENSIONAL ARRAYS
Just as avector in an n-dimensinal space is represented by a
one-dimensional array of length n with respect to a given
basis , any tensor with respect to a basis is represented by a
multidimensional array. For example, a linear transformation
is represented in a basis as a two-dimensional
square n × n array. The numbers in the multidimensional
array are known as the scalar components of the tensor or
simply its components. They are denoted by indices giving
their position in the array, as subscript and superscript,
following the symbolic name of the tensor. For example, the
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This is called a covariant transformation law, because the
covector transforms by the same matrix as the change of basis
matrix. The components of a more general tensor transform
by some combination of covariant and contravariant
transformations, with one transformation law for each index.
If the transformation matrix of an index is the inverse matrix
of the basis transformation, then the index is
called contravariant and is traditionally denoted with an
upper index (superscript). If the transformation matrix of an
index is the basis transformation itself, then the index is
called covariant and is denoted with a lower index
(subscript).
V TENSOR NETWORKS
Emerging technology is Tensor Decompositions (TDs) [4] and
Tensor Networks (TNs) via low-rank matrix/tensor
approximations. The challenge is how to analyze large-scale,
multiway data sets[13]. Data explosion creates deep research
challenges that require new scalable, TD and TN algorithms.
Tensors, which are multi-dimensional generalizations of
matrices provide often a useful representation for such data.
Tensor decompositions (TDs)[9] decompose data tensors in
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factor matrices, while tensor networks (TNs) represent higherorder tensors by interconnected lower-order tensors. A tensor
network aims to represent or decompose a higher-order tensor
into a set of lower-order tensors and 3rd-order tensors called
cores or components which are sparsely interconnected. In
other words, in contrast to TDs, TNs represent decompositions
of the data tensors into a set of sparsely (weakly)
interconnected lower-order tensors. Recently, the curse of
dimensionality for higher-order tensors has been considerably
alleviated or even completely avoided through the concept of
tensor networks (TN) .
If a tensor network is a tree, i.e., it does not contain any cycle,
each of its edges splits the modes of the data tensor into two
groups, which is related to the suitable matricization of the
tensor. If, in such a tree tensor network, all nodes have degree
3 or less, it corresponds to anHierarchical Tucker (HT)
decomposition.
VI. TENSORIZATION AND QUANTIZATION
Curse of Dimensionality - The term curse of dimensionality, in
the context of tensors, refers to the fact that the number of
elements of an Nth-order (I X I X… X I) tensor, IN, grows
exponentially with the tensor order N. Tensors can easily
become really big for very high order tensors since the size is
exponentially growing with the number of dimensions (ways,
or modes). For example, for the Tucker decomposition the
number of entries of a original data tensor but also a core
tensor scales exponentially in the tensor order, for instance,
the number of entries of an Nth-order (R X R X…X R) core
tensor is RN. If all computations are performed on a CP tensor
format and not on the raw data tensor itself, then instead of the
original IN raw data entries, the number of parameters in a CP
representation reduces to NRI, which scales linearly in N and I
. This effectively bypasses the curse of dimensionality,
however the CP approximation may involve numerical
problems, since existing algorithms are not stable for highorder tensors. At the same time, existing algorithms for tensor
networks, especially TT/HT ensure very good numerical
properties (in contrast to CPD algorithms), making it possible
to control an error of approximation i.e., to achieve a desired
accuracy of approximation The curse of dimensionality can be
overcome through quantized tensor networks, which
represents a tensor of possibly very high-order as a set of
sparsely interconnected low-order and very low dimensions
cores.

.VII.CONCLUSIONS
In this paper we generalize the determinant minimization
criterion for the reduced rank regression problem into
dimensionality reduction[6] of the objective matrix and then
volume minimization, where volume of a matrix is defined as
the product of its nonzero singular values.
In this paper we discuss two classification algorithms based on
higher order[11] singular value decomposition (HOSVD)
Tensor networks can be considered as a generalization and
extension of TDs and are promising tools for the analysis

ISSN NO: 2454-1958

[11]of big data due to their extremely good compression
abilities and distributed and parallel processing. Overall, the
benefits of multiway[12] tensor analysis methods can be
summarized as follows:
“Super” compression of huge multidimensional, structured
data which admits a low-rank approximation via TNs of highorder tensors by extracting factor matrices and/or core tensors
of low-rank and low-order and perform all mathematical
manipulations in tensor formats (especially, TT and HT
formats). A compact and very flexible approximate
representation of structurally rich data by accounting for their
spatio-temporal and spectral dependencies. Opportunity to
establish statistical links between cores, factors, components
or hidden latent variables for blocks of data. Possibility to
operate with noisy, incomplete, missing data by using
powerful low-rank tensor/matrix approximation techniques. A
framework to incorporate various diversities or constraints in
different modes and thus naturally extend the standard (2-way)
CA methods to largescale multidimensional data.
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Abstract—The present study aims to remove chromium (VI)
from electroplating industry’s wastewater using aluminium
silicon dioxide (ASD) as an adsorbent. The preliminary
investigation involved physicochemical analysis of the
wastewater and structural characterization of the adsorbent
using FTIR, SEM, EDS, XRD and BET analysis. Batch
adsorption experiments were performed to study various
parameters like adsorbent dosage, pH, contact time,
temperature, and RPM while effect of varying bed height,
diameter and flow rate were investigated in column studies to
evaluate the adsorption capacity of ASD. The adsorption data
obtained was validated to both Langmuir and Freundlich
models. The best removal efficiency of 96.11% of Cr (VI) was
observed at pH 4. Removal of Cr (VI) increased from 73.33% to
96.69% with increasing adsorbent dosage from 0.5 g/L to 10
g/L. The removal rate of Cr (VI) ions increased with increase in
contact time and remained constant after an equilibrium time of
150 min. The results show that ASD is an alternative low cost
adsorbent for removal of Cr (VI) ions in wastewater of
electroplating industry.
Keywords— Adsorption, Chromium (VI), Electroplating Waste
Water, aluminium silicon dioxide.

I. INTRODUCTION
A large number of heavy metals are generated every year by
industries that have contaminated water bodies. With the
advent of green chemistry heavy metal pollution has received
considerable attention. Heavy metals in wastewaters have a
detrimental effect on human health and are also hazardous to
the environment; therefore their removal before waste water
discharge is apparent [1]. Chromium is one of most common
ISSN NO: 2454-1958

toxic metals often found in effluents discharged from
industries involved in paints, pigments, dyes, textiles, leather
tanning, electroplating, metal finishing, nuclear power plants
and chromate preparation [2]. Chromium exists in several
oxidation numbers but only chromium (III) and chromium
(VI) are stable enough to occur in the environment. The
hexavalent form is found to be more toxic than the trivalent
one [3]. The toxicity studies reveal that inhalation and
retention of Cr (VI) containing material can cause damage to
internal organs [4]. Further, skin contact of chromium (VI)
compounds can also lead to skin diseases [5].
The toxicological impact of chromium (VI) initiates from its
oxidizing ability as well as formation of free radicals during
the reduction of Cr (VI) to Cr (III) occurring inside the cell
[6]. Many physicochemical methods for heavy metal removal
from aqueous solution have been developed. These methods
include precipitation, adsorption, electrochemical deposition,
reverse osmosis, ion exchange, coagulation and solid-phase
extraction [7]. Adsorption using commercially available
activated carbon has always been in the forefront for the
removal of heavy metals from the effluent waste waters.
However cost effective viable options have been attempted by
various researchers [8-10]. Aluminium Silicon dioxide
(ASD), a mesoporous adsorbent has a large surface area-tovolume ratio and uniformly shaped pores, with active sites
enabling it to be used for ions detection and removal from
aqueous media. The advantages of ASD included high
permeability, rapid mass transfer, and simple preparation
with variable chemistries. [11]. The study focuses on the
efficiency of using ASD as an alternative adsorbent in
removing
chromium ions from a local electroplating
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wastewater considering parameters like effect of adsorbent
dose, pH, contact time, initial metal ions concentration,
temperature etc.

the Si-C bond while peak at 1103 cm-1 may be due to
stretching vibration of Si-O-Si bond. The N2-BET analysis
showed surface area of 219.023 m2/g of ASD as shown in
N2-BET summary.

II. MATERIALS AND METHODS
A. Physicochemical analysis of electroplating wastewater
The effluent sample was collected from S.V. Metal Finishers
Pvt. Ltd, Dhayari, Pune, Maharashtra, India. The sample was
collected and subjected to chemical analysis which shows that
the sample is yellow in color with a pH of 1.66, COD content
3260 ppm and chromium 194.33 ppm.
B. Characterization of Adsorbent
The adsorbent ASD was characterized by SEM analysis,
XRD, EDS, FTIR and N2-BET to understand its surface
morphology,
crystallography,
chemical
composition,
functionality and surface area.
C. Preparation of Stock solution
A stock solution (1000 mg/L) of Cr (VI) was prepared by
dissolving K2Cr2O7 in distilled water. For adsorption
experiments, Cr (VI) solutions (100 mg/L) were prepared
from the stock solution by dilution.

(a) before adsorption
(b) after adsorption
Fig. 1 SEM image of ASD

D. Spectrophotometric analysis of Chromium (VI)
A 0.25% solution of diphenylcarbazide in 50% acetone was
prepared initially. 1 ml of this complexing reagent was added
to the standard solutions containing 20-80 mg/L of Cr (VI)
and estimated on a UV-visible spectrophotometer (make-UV
1800-Shimadzu) at 540 mµ[12].
E. Adsorption Isotherm studies
For the adsorption isotherm studies, 100 ml of the wastewater
containing adsorbent dose of 0.5-15 g/L was shaken in
reagent bottles for 8 hours. The results obtained were
validated to both Freundlich and Langmuir isotherm models.

(a) before adsorption
(b) after adsorption
Fig. 2 XRD of ASD

F. Methodology
Batch and Column experiments were carried out to study the
effect of different parameters like effect of adsorbent dose,
pH, contact time, rpm, initial metal ions concentration,
column diameter, flow rate, varying bed height, etc.

III. RESULTS AND DISCUSSION
G. Characterization of the adsorbent
SEM images show the surface morphology of adsorbent
ASD before and after adsorption. Before adsorption the
surface texture appears to be dense and cloudy while after
adsorption the appearance is in the form of agglomerates as
shown in Fig 1 (a) and (b). The XRD in Fig 2 (a) and (b)
shows significant spacing at a 2ɵ value of 36,⁰42⁰, 45⁰ and
66⁰ corresponding to Al, Si and Cr respectively. In the FTIR
as shown in Fig 3, the peak at 2316 cm-1 is characteristic of
ISSN NO: 2454-1958

Fig. 3 FTIR of ASD
Savitribai Phule Pune University, Dpt of Chemistry
Quantachrome® ASiQwin™ © 1994-2013, Quantachrome
Instruments v3.01
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BET summary
Slope = 15.803
Intercept = 9.765e-02
Correlation coefficient, r = 0.999778
C constant = 162.823
Total pore volume = 1.329e+00 cc/g for pores smaller than
1081.9 Å (Radius) at P/Po = 0.99106
Average Pore Size summary
Average pore Radius = 1.21364e+02 Å

Fig. 6 :Effect of varying adsorbent dose
H. Adsorption Isotherm studies
The isotherm data was subjected to both Freundlich and
Surface models
Area = and219.023
Langmuir
showedm²/g
a better fit for the latter with
2
an R value of 0.9812 as shown in Fig 4 and 5.

J. Effect of pH variation
The pH of the solution affects the functional groups on the
metal chemistry. Fig shows the removal of Cr (VI) at varying
pH range applying an initial constant Cr (VI) concentration
of 100 mg/l, adsorbent concentration of 1g/L and contact time
of 240 min. The maximum adsorption of Cr (VI) ions was
observed at pH 4.0 (96.11%) and significantly decreased by
increasing the pH. (Fig 7)

Fig 4: Langmuir adsorption isotherm

Fig. 7: Effect of pH
K. Effect of contact time
The effect of contact time on the removal efficiency of a Cr
(VI) was studied by varying contact time from 15 min to 480
min. The results show that adsorption capacity increases with
increase time and attain equilibrium in 150 min as 91.06%.

Fig 5: Freundlich adsorption isotherm
I. Effect of adsorbent dose
The result showed that the removal efficiency increased
gradually as the adsorbent dose was increased. Chromium
showed a removal efficiency of 73.33% at a dose of 0.5 g. and
96.69% for a dosage of 10 g. (Fig 6).

Fig. 8: Effect of varying contact time
L. Column studies
Column study was carried out by varying bed height of 4cm,
8 cm and 12 cm with flow rates of 3,5 and 10 ml/min and
ISSN NO: 2454-1958
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column diameter of 10,20 and 25 mm. The removal
efficiency was found to be maximum with a column diameter
of 25 mm, flow rate of 3 ml/min and a bed height of 12 cm as
shown in Fig 9, 10 and 11.
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Abstract: Coal is one of the precursor for manufacturing
of activated carbon . It is the chief source of carbonIn
this paper coal was optimized at different condition for
the preparation of activated using chemical activating
agent KOH. Different parameters were used for
optimization
are
temperature,
Concentration,
Impregnation ration and time. .The samples were
characterized by Iodine value. Yield was also

calculated. It was found that temperature has inverse
relation with the yield; best condition was optimized at
8000c for 1 hr.Thecondition can be used for the further
work in the preparation, and can offer the best
condition for the commercial preparation.

I.INTRODUCTION

pollution control. As a result, cost of activated carbon
is also growing depending on the application.
Designing ways for the production of activated
carbon through economic ways is the need of the
hour. A range of low cost, easily available, carbon
rich and low ash precursors and sources are being
explored for the production of carbon materials. Most
of the commercial activated carbons are either coal
based [7, 8] or situation necessitates the need for the
exploration of new sources of carbon materials with
desired physico chemical properties namely, high
specific surface area, micro or meso porosity or both,
depending on the end application, surface
functionality, thermal stability, carbon purity,
adsorptive capacity and chemical composition
(inherent or induced presence of hetero atoms like B,
N, S and P) Conventionally, activated carbon is
produced from carbonaceous source material such as
wood, peat, coal, and wastes of vegetable origin (e.g.
nutshells, fruit stones). In this, coal used as a raw
material

Activated carbons are a highly porous form of solid
carbon produced from carbonaceous raw materials
using chemical or physical activation method. They
have been employed over the last few decades in a
wide numbers of application on an industrial scale,
including technologies for the purification of gases,
the removal of organic pollutants from water, as a
catalyst or a catalyst support in catalytic processes,
and as electrode material in electrochemical devices
and process.[10] Generally, activated carbon is mainly
a microporous solid but, in addition to micro pores, it
contains meso and macropores, which are very
important pores in facilitating access of the adsorbate
molecules to the interior of carbon particles. Gas
adsorbing carbon usually have more micropores,
while liquid adsorbing carbons have significant
mesopores, which is importance due to the generally
larger size of liquid molecules. Because activated
carbon from the liquid phase are mostly employed in
purification purposes, it is of importance to
investigate the preparation of activated carbon. The
demand for activated carbon is increasing owing to
the increased utility of the carbon materials in
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II.MATERIALS & METHODS
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Raw material was obtained from the nearby colliery.
It was washed with acid and then distilled water. The
material was air dried and used for activation.
Calculated amount of the coal was taken in the silica
crucible. each time. The sample was activated by
using different parameters
concentration - 20%,40%,60%,80%
temperature - 6000 C, 7000 C, 8000 C ,90000
Impregnation ratio:1:1 ,1:2,1:3,1:4
Time: 1hr,2hr, 3hr, 4 hr
III.CHARACTERISATION
Prepared activated carbon was characterised by
Iodine value.
Iodine No. = X *D
--------M
X = A - ( 2.2 B * ml of Na2S2O3 )
-------------------------------------M
Weight of sample (grams)

Where,
X/M = mg adsorbed per gram of carbon
A = N1 * 12693.0
B = N2 * 126.93
N1 = Normality of Iodine Solution

3
60
65.71% 650
4
80
42.00% 390
It is evident from the table that as concentration
increases there is increase in the Iodine value

Table:2 showing Temperature
Sample

Temp

% yield

Iodine
value

1
6000c 75.71%
500
2
7000c 46.00%
531
3
8000c 41.42%
545
4
9000c 37.14%
413
Table 2 shows that with the increase in temperature
% yield reduces.
Table:3 showing Time
Sample

Time

% yield

Iodine
value

1
2
3
4

1 hr
2 hr
3 hr
4 hr

44.00%
32.85%
30.00%
24.00%

424
399
382
342

Table 3 shows that with the increases in the time
Iodine value also reduces
Table:4 showing Impregnation ratio
Sample

Ratio

% yield

Iodine
value

1
2
3
4

1:1
1:2
1:3
1:4

36.57%
30.00%
36.28%
62.57%

435
573
425
558

N2 = Normality of sodium thiosulphate
It is evident from the table 4 that 1:2 is the best
optimised ratio for activation.

C = Residual filtrate normality
D = Correction Factor.

V.CONCLUSION
IV.RESULT & DISCUSSION
Table:1 showing concentration
Sample

Conc.

% yield

Iodine value

1
2

20
40

63.28%
59.14%

498
512
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Methods of activation of carbon materials have
opened up a new avenue to tune the structural,
textural, morphological and surface properties of
carbon materials to suit to the problem in
environmentally benign activating agents with mild
reaction conditions need to be developed. The sphere
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of usefulness of carbon materials increases manifold
with the progress in the activation recipes
. Along with the increase of the amount of KOH, the
adsorption capacity of resulted activated carbons
increases.
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Abstract: The pure and Eu3+ doped BiVO4 phosphor has
been synthesized by solid state method and characterized
by
X-ray
powder
diffraction
(XRD).
The
photoluminescence (PL) property of this phosphor is
studied, which shows the characteristic broad green
emission due to VO43- group and sharp orange peak due
to Eu3+ ion on excitation in the broad charge transfer
band in the near UV region. The Photoluminescence
results show that the prepared phosphor may be a good
candidate for lamp industry.
Key words: Inorganic compound, chemical synthesis, Xray diffraction, luminescence.

I.INTRODUCTION
The broad and intense charge transfer (CT) absorption
band of vanadate compound in the near UV region is
capable of efficiently capturing the emission over a
large range of wavelength. This property makes
vanadate compounds applicable to various types of
white light emitting diodes (WLEDs) and flat panel
displays (FPDs) [1-2]. Researchers were paying much
interest towards the synthesis of solid state material
such as vanadate [3] doped with rare earth ions owing
to its outstanding quality of long wavelength emission
property and excellent chemical stability. Among
these phosphors, yttrium vanadate (YVO4) is the best
phosphor, which passes high luminescence efficiency
for doping the rare earth ions. It also provides a large
band gap and substitute Y3+ sites, on which rare earth
ions can easily substituted without the need of any
additional charge compensation. YVO4:Eu3+ phosphor
have been used as red emitting phosphor in cathode
ray tubes (CRTs) and many display device
applications [4-6].To obtain a good color rendering
property for lighting devices the broad band
luminescence in the visible light region is so effective.
Recently we have reported some vanadate based
phosphor which passes good luminescent properties
[7-10].Till date lot of work was done on the structural,
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dielectric, pyro and ferroelectric properties of bismuth
vanadate [11-13]. But very little attention had paid
towards the study of luminescence properties of
bismuth vanadate phosphor. In this paper we had
studied the photoluminescent properties of pure and
Eu3+ doped BiVO4 phosphor prepared by solid state
method.
II.EXPERIMENTAL
The sample BiVO4 was synthesized using a high
modified solid state reaction technique. The high
purity
(99.99%)
starting
materials
were
Bi(NO3)3.5H2O,NH4VO3 and Eu2O3. The doping
concentration of Eu was 0.1,0.3,0.5 and 1 m%.
Stiochiometric amounts of reagents were thoroughly
mixed and ground using an agate mortar. The reaction
mixture was taken in a high – purity silica crucible
and slowly heated in a furnace at 300 0C for 1 hr and
at 700 0C for 24 hr respectively, then cooled down to
room temperature to obtain white powder.
The phase composition and phase structure
were characterized by X-ray diffraction (XRD)
pattern using a PAN – analytical diffratrometer. The
photoluminescence properties of the phosphors
(excitation and emission) were measured using a
shimadzu RF-5301 PC spectrofluorophotometer at
room temperature.
III.RESULTS AND DISCUSSION:
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excitation and emission line of VO43- group and Bi3+
ion were at the same level and due to this the
excitation and emission bands of both combine with
each other.

Fig.1 XRD pattern of BiVO4 host lattice
Compared with ICDD file 00-012-0293
Fig.1 shows the X-ray diffraction (XRD) pattern of
BiVO4 and it agrees well with ICDD no. 00-0120293. This shows that the final product was formed in
crystalline, homogeneous form and that the solid state
reaction of the mixture took place well. Fig.2 shows
the pure host lattice of (BiVO4) has a blue-green
broad band emission (λexc.=348 nm) with a peak at
538 nm (fig.3).This emission band has a broad
excitation spectrum in the 310-390 nm wavelength
region. The observed excitation (fig.2) and emission
(fig.3) bands corresponds to O2-2pV5+ 3d charge
transfer bands (CTBs) localized within the
tetrahedrally coordinated (VO4)3- group. It is well
know that Bi3+ can be used as activator, as well as a
sensitizer of luminescence. Many researchers have
studied the luminescent properties of Bi3+ ion as an
individual activator and as an sensitizer [14-18] in
which Bi3+ effectively transfers its energy to the
another activator ion. Bi3+ gives emission from the
UV to red region of the wavelength spectrum, and this
emission depends on the host lattice in which Bi3+ was
incorporated [16,17].The broadness of excitation and
emission band can be explained properly on the basis
of the emission from VO43- group and Bi3+ ion. As it
can be seen from fig.2 and fig. 3 , the excitation and
emission lines of VO43- group and Bi3+ ion were
nearly in the same region of the wavelength spectrum
due to this these lines where got overlap with each
other and got merge together and due to this the
broadness of both bands increases. The excitation
inVO43- group is arises due to 1A1 sate to 1T1 gives
excitation Ex1 and 1A1 sate to 1T1 gives excitation Ex2
due to these the broad band excitation is observed.
Same is the case for emission, emission arises from
3
T2 to 1A1 and 3T1 state to 1A1 gives an extraordinary
smooth broad band in bluish green region (fig.4). Bi3+
gives excitation from 1S0 1P1 transition and emission
in green region due to the transition 3P11S0. The
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Fig. 2 Excitation spectrum of BiVO4 (Pure)
phosphor monitored at λem.=538 nm

Fig. 3 Emission spectrum of BiVO4 (Pure) phosphor
excited at λexc.=348 nm
Fig. 4 and fig. 5 shows the excitation and emission
spectrum of BiVO4:Eu3+ phosphor with the detected
wavelength of 598 nm. A broad excitation band
centered at 342 nm is attributed to the charge transfer
band (CTB) of VO43- group in BiVO4 host. The
narrow excitation lines appeared at longer wavelength
corresponds to the characteristic of ff transition of
Eu3+ ion. This narrow lines assigned to the 7F05L6
(394 nm). Fig.5 shows the PL emission spectrum of
BiVO4 : 0.5 m% Eu3+ obtained under the excitation
of λexc.=342 nm. The strong broad band at 537 nm
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accompanying the sharp peak at 598 nm was
observed. The broad band centered at 537 nm (green)
is due to the combine contribution of VO43- and Bi3+
ion. The sharp peak at 598 nm is due to 5D07F1
magnetic dipole transition of Eu3+ ion. Generally, Eu3+
ion gives two characteristic emission peaks due to
magnetic dipole transition in orange region and
electric dipole transition in red region of wavelength
spectrum. But in the present host Eu3+ ion was unable
to show its complete characteristic peak because the
combine effect of VO43- and Bi3+ ion was more and
due to this emission from Eu3+ ion was get dominated.
That means in the influence of VO43- and Bi3+ ion the
first magnetic dipole transition of Eu3+ ion was
allowed and the second electric dipole transition was
in forbidden state. Thus Eu3+ ion gives only one sharp
peak at 598 nm (orange). Various emission intensities
of BiVO4: Eu3+ was shown in inset fig.5 plotted
against the concentration of Eu3+. As we could see
from this figure, the most intense peak was observed
at a concentration of 0.5 m% and then the intensities
decreased gradually owing to the energy transfer
between the neighboring Eu3+ ions, which was
corresponds to the quench of the emission of Eu3+ .

Fig. 4 Excitation spectrum of BiVO4:0.5 m%
Eu3+phosphor monitored at λem.=537 nm
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Fig. 5 Emission spectrum of BiVO4 : 0.5 m%
Eu3+ phosphor excited at λexc.=342 nm
From the luminescent properties of BiVO4 phosphor it
can be seen that there is a well coordination between
VO43- group and Bi3+ ion due to which VO43- group
effectively transfers its energy to Bi3+ ion. In result of
that excitation and emission bands get shifted towards
the higher wavelength side (fig.2 and fig.3). When an
impurity Eu3+ ion was inserted in BiVO4 host Eu3+
tries to occupy suitable position inside the host to
create the luminescent centers. As in the energy
transfer case from VO43- group to Bi3+ ion the emitted
photons from VO43- were completely absorbed by the
Bi3+ ion and the emission which was observed is due
to Bi3+ ion. That means VO43- group transfers it
energy nonradiatively to the Bi3+ ion but the emitted
photons from Bi3+ ion were not completely absorbed
by Eu3+ ion due to this Eu3+ ion was unable to show
its both characteristic peak. And therefore in fig.5,
there observed a broad band at 537 nm (green) having
shoulder at 470 nm (bluish green) and a sharp band of
Eu3+ ion at 598 nm (orange). That means in this case
the magnetic dipole transition (orange) of Eu3+ ion
was allowed transition and electric dipole transition
was forbidden.
IV CONCLUSION
Luminescent material BiVO4:Eu3+ was successfully
prepared by solid-state method. PL emission spectrum
showed strong green and orange emission. The
formation of compound was confirmed by X-ray
diffraction pattern. The PL excitation spectrum is
composed of CTB of VO43- group and excitation lines
of Eu3+ ions. The strongest excitation lines appeared at
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342 nm, which indicate that this material may be an
excellent candidate for NUV w-LED applications.
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Thermoelastic behavior of a temperature
sensitive rectangular plate
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Abstract − This present paper is concerned with the
determination of thermal deflection of simply supported
rectangular plate for a medium with thermo sensitive
material property. The plate of thickness h is subjected
to arbitrary initial temperature on the upper face with
lower face at zero temperature. The results are obtained
and illustrated numerically.
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INTRODUCTION

In the present problem, an attempt is made to study the
inverse transient thermoelastic problem to determine the
unknown temperature gradient, temperature distribution
and thermal deflection of the plate occupying the space
𝐷: 𝑥, 𝑦, 𝑧 ∈ 𝑅3 ∶ ∶ 0 ≤ 𝑥 ≤ 𝑎, −𝑏 ≤ 𝑦 ≤ 𝑏, 0 ≤ 𝑧 ≤
ℎ with the known interior heat flux. Finite Fourier sine
transform, Marchi-Fasulo transform and Laplace transform
techniques are used to find the solution of the problem.
Numerical estimate for the temperature distribution on
upper plane surface is obtained.
2. STATEMENT OF THE PROBLEM
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T   
T   
T 
T
    (T )
  (T )
    (T )
  (  C ) (T )
x 
x  y 
y  z 
z 
t
(1)

T  T ( x, y, z, t ) is temperature, t is actual
time,  (T ) is the thermal conductivity of the material,
which is a function of temperature,  is the density and
C is the specific heat.
Where

subject to the initial and boundary conditions
T ( x, y, z,0)  0 (2)

T ( x, y, z, t )x 0

T ( x, y, z, t )x a

 0 (3)
 0 (4)


T ( x, y, z , t ) 
 0 (5)
T ( x, y, z , t )  k1

y

 y  b


T ( x, y, z, t ) 
T ( x, y, z, t )  k2
  0 (6)
y

 y b
 T ( x, y, z, t ) 
(7)

 0
z

 z 0

T ( x, y, z, t )z h  g ( x, y, t ) (unknown)

(8)

Inverse transient heat conduction problem
We consider Cartesian coordinate system, such that the
plate occupies the space 𝐷: 𝑥, 𝑦, 𝑧 ∈ 𝑅3 ∶ ∶ 0 ≤ 𝑥 ≤
𝑎 , −𝑏 ≤ 𝑦 ≤ 𝑏, 0 ≤ 𝑧 ≤ ℎ with the known interior heat
flux. The unsteady-state equation of three-dimensional
heat transfer considering temperature-dependent of material
properties, can be expressed as [1]
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the interior condition

 T ( x, y, z, t ) 
 f ( x, y, t ) (known), 0    h (9)


z

 z 
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Equations (1) to (9) constitute the mathematical
formulation of the problem under consideration.

  *
T
  (T )
x 
x

Expression for the deflection
According to the classic theory of plate bending, a small
deflection is defined as small compared with the plate
thickness. The equation expressing the relationship
between the plate without external load and its deflection in
the case with small deflection can be defined as [7]
 2MT 2MT
 4
 4
 4
D11 4  2 ( D22  D66 ) 2 2  D11 4   

2
x
x y
y
y 2
 x





(10)
in which
h

E( z) 2
z dz,
1  2
0

D11  

h

D66  
0

 E( z) 2
z dz,
1  2
0

D22  

E( z) 2
z dz (11)
1

 ( z)E( z)
T zdz (12)
1


0

MT  

where  is the deflection of the plate mid surface, h is
the plate thickness, E is the Young’s modulus,  is the
Poisson ratio,  is the thermal expansion coefficient and

T is the temperature increment relative to some reference
temperature under consideration and where stresses are
zero if the plate is undeformed. Since the spatial variation
in Poisson ratio is of much less significance than that in the
Young’s modulus, we assume henceforth that  is a
constant while E and  are functionsdependent on z
position. This assumption commonly made in the literature
on FGM [5-6], leads to considerable mathematical
simplification.

It is convenient first to introduce non dimensional variables
and mechanical properties as follows:

( x , y, z ) 

( C) ,
 ,
 ,
(  C )* 
* 
0
(  C )0
0

0 t
( x, y, z )
,   2 (13)
h
h

 : non
*

*

specific heat),

respectively; and

C

*

: non dimensional

0 ,  0

and

T0

are

typical values of thermal conductivity, thermal diffusivity
and reference value of temperature, respectively. We will
now consider the case where material constants E ,  and
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x 0

 0 (16)

x a

 0 (17)


T ( x , y , z , ) 
 0 (18)
T ( x , y , z , )  k1

y

 y b

 T ( x , y , z , ) 

 0
z

 z 0

T ( x, y, z , )

z h

(19)

(20)

 g ( x , y, )

(unknown)

(21)
the interior condition

 T ( x , y , z , ) 
 f ( x , y , )


z

 z 

(known),

(22)

Introducing a Kirchhoff variable transformation which
earlier was used for analysis of a heat transfer equation [2]
and [1] in equation (14) with in accordance to the material
properties under consideration as
T

 (T )   * (T , z ) dT 
0

*

dimensional density,

T ( x, y, z , )
T ( x, y, z , )

(23)

where  ,  ,  and (  C ) represents the non
dimensionless thermal conductivity, thermal diffusivity,
Fourier number (non dimensional time) and heat capacity (
*

T ( x , y, z ,0)  0 (15)

0  h

II.REFORMULATION OF THE PROBLEM

* 

(14)
Subjected to the initial and thermal boundary conditions


T ( x , y , z , ) 
0
T ( x , y , z , )  k 2

y

 y b

h

T
T0

   *
T    *
T 
T
    (T )
    (T )
  (  C )* (T )
y  z 
z 

 y 

h

and the resultant thermal momentum is expressed as

T 

the thermal expansion coefficient  are functions of the
coordinate z . We assume that the normalized unsteadystate equation of heat transfer as

give a complete linearization of the heat conduction
equation (for detail see Appendix A).
As a result we obtain equation (14) in non dimensionless
form with variable  as

 2  2  2 1  (24)



x 2 y 2 z 2  * 

Special Issue Tech-Ed 2016 (International Conference)

Page 21

where

 *  1 C *

is

the

normalized

thermal

diffusibility of the material for the plate.

 4k
g ( x , y , )  
 a

subjected to the initial and thermal boundary conditions

  0 (25)

  
 sin( px )
 l 0 m 0 n 0



  f (m, n, )e k  p

2



 an 2 l 2 (   )

 Pn ( y )   cos( l h ) 

 

 n   cos( l  ) 

d 

0

 x 0  0

(34)
wherel, m, n are the positive integers and  l are positive

(26)

 x a  0

roots of the equation

(27)

an

theeigen values


  k1
0
y y b

cos( l  )  0 ,
are the solutions of the equation

 a cos(ah )   sin(ah ) 
1

1

2

cos(ah )   2 a sin(ah )



(28)

  k2


0
y y b

=

 a cos(ah )  

(29)


0
z z 0

2

 

sin(ah )  1 cos(ah )  1a sin(ah )

,

(30)

f (m, n, ) 

 z h  g ( x , y, )

b

 f (m, y, ) P ( y ) dy

,

n

b

(unknown)
b

n   Pn 2 ( y ) dy

(31)

b

the interior condition


 f ( x , y , )
z z 

2

(known),

0  h

Pn ( y)  Qn cos(an y )  Wn sin(an y )

Qn  an (1   2 ) cos(an b)  (1   2 ) sin(an b)

(32)
III.SOLUTION OF THE PROBLEM
Determination
of
the
temperature
function

T ( x , y, z , ) and the unknown temperature gradient
g ( x , y, ) of the inverse heat conduction problem
By applying finite Fourier sine transform , Marchi-Fasulo
transform and Laplace transform and their inverses to the
equations (22) to (32), one obtains the expressions for the
unknown temperature gradient and temperature distribution
respectively are as

Wn  (1  2 ) cos(anb)  ( 2  1 )an sin(anb)
Equations (3.1) and (3.2) are the desired solutions of the
given

problem

with

1  2  1

and

1  k1,  2  k2 .

 P ( y )   cos( l z )  
 4k    
 k  p 2  an 2 l 2 (   ) To determine T ( x , y , z , ) form equation (33), we
    sin( px )  n
d 
  cos(  )    f (m, n, )e
a


  l 0 m 0 n 0
l
 n 
 0
approximate the dependent coefficients of thermal

conductivity  (T ) [15] by applying the
transformation with prescribed precision as
(33)

inverse

T ( x , y, z , )  ( x , y, z , ) / Gm,n
(35)
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and in similar way

g ( x , y , )

can be obtained as

w

g ( x , y, )  gˆ ( x , y, ) / Gm,n
(36)

2w 2w

 0 at x  0, a and x  b, b
x 2 y 2

that the edge of the rectangular plate is fixed and clamped
is

where inverse transformation Gm,n ( z ) is well explained
in the Appendix A. Substituting equation (33) in equation
(35), one obtains the required solution for temperature

T ( x , y , z , )

distribution function

for unsteady-state

 
 P ( y) 

w( x , y , )   wmn sin( px ) n

m 0 n 0
n



(40)

heat conduction as
Using the equations (4.1) and (4.2) in (2.1), one obtains
 1
T ( x , y , z , )  
 Gm , n

 4k 
  sin( px )
 a  l 0 m0 n0





  f (m, n, )e k  p

2







 an 2 l 2 (   )
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d 

4kE
D(1   )a

  f (m, n, t )e  k  p
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  l h sin( l h )  cos( l h )  1 


  2 ( p 2  a 2 ) cos( h ) 
n
l
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 an 2  l 2 ( t t  )

dt 

0

(41)
Finally one obtains the expression for thermal deflection as



  f (m, n, )e k  p

2



 an 2 l 2 (   )
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w( x , y ,  ) 

4kE
D(1  )a

 sin( px )   Pn ( y )   l h sin( l h )  cos( l h )  1 





l 2 ( p 2  an 2 )
l 0 m0 n 0 
l
   n 







   cos(  ) 

0


  f (m, n, )e k  p

(38)

2



 an 2 l 2 (   )

d 

0

IV.DETERMINATION OF THERMAL
DEFLECTION
we consider the deflection of a FGM plate subjected to
three-dimensional unsteady temperature change as given in
equation (10). In solving equation (10) for an FGM plate
with all edges fixed and clamped,
 4kE      sin( px ) 

 
M T ( x , y , )  
 a  l 0 m0 n0  cos( l  ) 



  f (m, n, t )e k  p

2




 Pn ( y )  h

  zˆ cos(l z )dz 


 n  0


 an 2 l 2 ( t t  )

dt 

(42)

SPECIAL CASE
Set
(5.1)
Applying finite Fourier sine transform and Marchi-Fasulo
transform to the equation (5.1) one obtains

f (m, n, t ) 

0

(39)
We assume that the solution of equation (39) satisfying
condition

f ( x, y, t )  (1  e t )(x 2  ax)( y 2  b) 2 ( y 2  b) 2





4(k1  k2 ) (1  et ) (1) m  1
p3

 (anb) cos 2 (anb)  cos(anb) sin(anb) 


2


a
n


(5.2)
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Substituting the value of (5.2) in the equations (3.1), (3.2)
and (4.4) one obtains





 (a ) cos 2 (an )  cos(an ) sin(an ) 

  n
2

a
n



  
(a b) cos 2 (anb)  cos(anb) sin(anb)
1
 16k 
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2
2
2
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 a 
l 0 m0 n0



(6.1)

0

 P ( y )   cos( l h)  t
 k  p 2  an 2 l 2 ( t t  )
t 
 
  n
dt 
  (1  e )e
 n   cos( l  )  0

T ( x, y, z, t )









 
l 0 m 0 n 0

(1)

m

m

 sin(1.57mx)

1

3

 Pn ( y)  cos( l z ) 



 n  cos(0.5 l ) 

(5.3)



(a ) cos
  
(a n b) cos 2 (a n b)  cos(a n b) sin(a n b)
 16k 
m
)  n
T ( x, y, z, t )  
sin( px
(k1  k 2 ) (1)  1
2
3
p an
 a 
l 0 m 0 n 0





2



(an )  cos(an ) sin(an ) 

2

an


  (1  e t  )e 0.86 p
1

 P ( y )   cos( l z ) 
 k  p 2  an 2 l 2 ( t t 0)
t 
 
  n
(
1

e
)
e
dt 


cos(


)
l
 n 
0
w( x, y, t )
t



(5.4)
w( x, y, t ) 

 (a b) cos 2 (anb)  cos(anb) sin(anb) 
16k (k1  k2 )E   

(1)m  1  n

2

D(1  )a l 0 m  0 n  0
p3an









2



 an 2 l 2 (1t  )



 

(1)

l 0 m 0 n 0

dt 

(6.2)



 1  sin(1.57mx) 


m
 cos(0.5 l ) 
m

3

 Pn ( y) 


 n 



  h sin( l h)  cos( l h)  1  sin( px)  Pn ( y )  t
2
2
2


  (1  e t  )e  k  p  an l (t t )
 l

 cos(  )  
l 2 ( p 2  an 2 )
l
n

0



(5.5)

  sin( )  cos( )  1 
  l 2 l 2 2 l 
 l ( p  an ) 
dt 
 (a ) cos 2 (an )  cos(an ) sin(an ) 
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(6.3)
V.NUMERICAL RESULTS
Numerical calculations have been carried out for the
Aluminum plate.

Set

16kE
  2k (k1  k2 )   ,  
D(1   )ab

The
, a

= 2, b = 1, =0.5, h =1, t = 1sec and
k= 0.86 and   25.5  10 ,
equations (5.3) to (5.5) one obtains
6

g ( x, y, t )









 

(1)

l 0 m0 n0
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m

m

3

unknown

temperature

gradient,

temperature

distribution and thermal deflection on upper plane surface
of a three dimensional rectangular plate have been

E  6.9  1011

in

obtained, when the interior heat flux and the other
boundary conditions are known, with the aid of finite

 sin(1.57mx)

1

VI.CONCLUSION

sine transform, Marchi-Fasulo transform and
 Pn ( y)  cos(l )Fourier




)
 n  cos(0.5lLaplace
transform techniques. The results are obtained in
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the form of infinite series. The series solutions converge
provided we take sufficient number of terms in the series.
The expressions (6.1) to (6.3) are represented graphically.

The other non dimensionalthermomechanical properties of
the functionally
graded material along local position, z can be expressed
as

g * ( z )   g mi gci  f m ( z ) g m* (T )  1 f m ( z ) gc* (T )
(82)

The expressions for temperature distribution and deflection

pˆ  g mi gci

where
that are obtained can be applied to the design of useful
structures or machines in engineering applications.

,

g mi

&

constants of two homogenous
temperature, respectively.

g ci

are the material

materials

at

room

Inverse transformation: We substitute equation (81) in
equation (21) to obtain the inverse transformation of
equation (21) as
T

 (T )  
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volume fraction and the material properties are assumed to
be constants for each layer. Then the following
approximation is obtained

Gradation relations [1] - The volume fraction distribution
of metal obeying simple power law with exponent p̂
given as [1]

f m ( z )  1  z pˆ

pˆ  0

for

(79)
where f m (z ) is the local volume fraction of metalin a
functionally graded plate

p̂

is a parameter that describes the volume fraction of
metal. The thermal
conductivity of the functionally graded material dependent
on z position is
expressed using the thermal conductivities of metals,
and of ceramics,

m ,

c

with the volume fractions of metals

f m (z )

, and

ceramics, 1  f m ( z ) as follows:

 ( z )  m ( z ) f m ( z )  c ( z )(1  f m ( z ))
(80)
The non dimensional thermal conductivity of the
functionally graded material
along local position, z can be expressed as

* ( z )   mi ci  f m ( z ) *m (T )  1 f m ( z )*c (T )
(81)
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Gmn

and

Tmn

in a thin layer where the

Gmn   mi ci  f m ( z )  *m (T ) dT   1  f m ( z )  *c (T ) dT

APPENDIX A:

and



ci  f m ( z ) *m (T )  1 f m ( z ) *c (T ) dT 

T

T

0

0

(84)
Thus non dimensional thermal conductivity and other non
dimensionalthermomechanical properties can be obtained
as a polynomial equation as
k

k

k

i 0
k

i 0

i 0

*f   a fiT i ,  *f   b fiT i , E *f   c fiT i ,

 *f   d fiT i

(85)

i 0

Therefore, the values of

Tmn

related to the known

Gmn

are analyzed numerically as the roots of the polynomial
equation (84).

APPENDIX B:
Material Properties [1] - In the present study, we have
considered a model of a ceramic-metal-based FGM, in
which alumina is selected as the ceramic and nickel as the
metal.
Table 1. Thermo-mechanical properties of alumina and
nickel at room temperature
Property
Alumina
Nickel
Thermal
conductivity
28.2
90.1

i [W / mK ]

Thermal

diffusivity
6

8.3

22.3

 i [10 m / s]
2
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Thermal expansion coefficient

5.4

14.0

360.0

218.0

6

 i [10 / K ]
Young’s

modulus

Ei [GPa]
Poisson’s

ratio

 i []

0.23
0.31

The non dimensional values of their thermo-mechanical
properties are defined as

*f   f  fi ,  *f   f  fi , E *f  E f E fi ,
 *f   f  fi , ( f  c, m)
(85)
where the subscript c denotes ceramic (alumina) and m
metal (nickel).
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Abstract:The available timber supply of the world is
shrinking. The trend is toward lowerquality and more
expensive timber for the manufacture of wood products.
Bamboo is one of the oldest building materials used by
mankind. The bamboo culm, or stem, has been made into an
extended diversity of products ranging from domestic
household products to industrial applications. The existing
ore such as iron and

Manisha Joshi
Priyadarshini College
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steel and their various form are limited. Bamboo materials
are unstable when subjected to high moisture and humidity.
With increasing the life of bamboo by chemical treated and by
using suitable adhesives for joining those bamboos we used it
for the industrial purpose as a set upfor the
machines.Bamboo is Eco-Friendly and can not give the bad
effect to the environment.
Keyword:Adhesives, particleboard, composite, habitat.

I.Introduction
In Southeast Asia, tropical timber logs, and most of the
tropical wood-based products, have been either banned
or discouraged from many European markets, as well as
other parts of the world. End-users of wood-based
products have realized the serious danger to the
environment if certain natural forest stands are depleted.
In the Northwestern U.S. timber harvests are less than
half of their levels of just ten years ago. Increasing public
pressure to reduceharvesting on private lands in the
Southeast has raised legal issues over landowner rights.
Bamboo has phenomenal growth rate potential,
with some species growing at a rate of 15 to 18 cm daily,
with maximum height in just four to six months [8].
Some bamboo species can grow to over 30 meters high
and have a diameter of 40 to 60 cm. There are about
1,200 species of bamboo in the world. Historically,
bamboo has been used in its natural form for light frame
construction and furniture, and as a fiber feedstock for
pulp and paper. Several researchers had studied bamboo
as a raw material for particleboard [9, 15], strandboard
[13] and composite beams [12]. None of these studies
have addressed the bamboo-adhesive interaction.
Bamboo products are food containers, skewers,
chopsticks, handicrafts, toys,furniture, flooring, pulp and
paper, boats, charcoal, musical instruments andweapons.
In Asia, bamboo is quite common for bridges,
scaffolding and housing,but it is usually a temporary
exterior structural material. In many overly
populatedregions of the tropics, certain bamboos supply
the one suitable material that issufficiently cheap and
plentiful to meet the extensive need for
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economicalhousing Bamboo shoots are an important
source of food, and a delicacy inAsia. In addition to its
more common applications, bamboo has other usesfrom
skyscraper scaffolding and phonograph needles to slide
rules, skins ofairplanes, and diesel fuels. Extractives
from various parts of the plant have beenused for hair
and skin ointment, medicine for asthma, eyewash,
potions for loversand poison for rivals. Bamboo ashes
are used to polish jewels and manufactureelectrical
batteries. It has been used in bicycles, dirigibles,
windmills, scales,retaining walls, ropes, cables and
filament in the first light bulb. Indeed, bamboohas many
applications beyond imagination.
II.Taxonomy, Resources and Habitat
Bamboo is a perennial, giant, woody grass belonging to
the group angiosperms [18] and the order monocotyledon
[7]. The grass family Poaceae (orGramineae) can be
divided into one small subfamily, Centothecoideae, and
five
large
subfamilies,
Arundinoideae,
Pooideae,
Chloridodeae, Panicoideae, andBambusoideae. In
distinction to its name, bamboos are classified under
thesubfamily Bambusoideae [18, 19]. Wang and Shen
[20] stated that there are about60 to 70 genera and over
1,200 – 1,500 species of bamboo in the world.
Some examples ofbamboo genera are Bambusa,
Chusquea,
Dendrocalamus,
Phyllostachys,Gigantochloaand Schizostachyum. Most of
the bamboos need a warm climate, abundant moisture,
and productivesoil, though some do grow in reasonably
cold weather (below –20oC)[12]
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Bamboo is quite adaptable.Some bamboo species from
one country have been introduced to other countries.The
most popular and valuable bamboo species in Asia,
Phyllostachyspubescencesor the Moso bamboo has been
grown successfully in South Carolina and some
other Southeastern states in America for more than 50
years [12]. Bamboos arealso adaptable to various types
of habitat. They grow in plains, hilly and
highaltitudemountainous regions, and in most kinds of
soils, except alkaline soils,desert, and marsh [12]
III.Morphology and Growth
Morphologicalcharacteristics of bamboo. Bamboo is
divided into 2 major portions, the rhizomes andthe
culms. The rhizome is the underground part of the stem
and is mostlysympodial or, To a Much Lesser Degree,
Monopodial. The upper ground portion of the stem,
called the culm. It is the portion of thebamboo tree that
contains most of the woody material. Most of bamboo
culms arecylindrical and hollow, with diameters ranging
from 0.25 inch to 12 inches, andheight ranging from 1
foot to 120 feet [14]. It is without any bark and has a
hardsmooth outer skin due to the presence of silica [6].
The culm is complimented bya branching system, sheath,
foliage leaves, flowering, fruits and seedlings.
Bamboo is distinguishable from one another by the
differences of these basicfeatures, along with the growth
style of the culm, which is either strictly erect,erect with
pendulous tips, ascending, arched or clambering. Several
publishedmaterials
extensively
described
the
morphology and structure of bamboo [11,12]
Bamboo is a fast growing species and a high
yield renewable resource.Bamboo growth depends on
species, but generally all bamboo matures quickly. It is
suggested that with a good management of the bamboo
resource, the
cutting cycle is normally 3 years. bamboo mature inabout
3 to 5 years, which means its growth is more rapid than
any other plant on
the planet.
IV.Harvesting Technique
The basic cultivation and harvesting methods for
plantation bamboo havebeen not satisfactory and
systematic.Harvesting technique of wild bamboo has not
yet been well established. There isno consideration for its
final intended usage when bamboo is harvested. The
highinitial moisture content of bamboo may easily cause
splitting. The uncertainty of
age of the harvested bamboo will create problems in
processing and utilization.Some of the factors that should
be taken into consideration for the improvementof the
harvesting technique are age, desired quality, and the
properties of the enduses.
V.Chemical Composition and Natural Durability
The selection of bamboo species for various applications
is not only related to physical and mechanical properties
but also to the chemical
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Composition.Thebamboo culms are holocellulose (6070%), pentosans (20-25%), hemicelluloses and lignin
(each amounted to about 20-30%) and minor constituents
like resins,tannins, waxes and inorganic salts. The
proximate chemical compositions ofbamboo are similar
to those of hardwoods, except for the higher alkaline
extract,ash and silica contents.
The carbohydrate content of bamboo plays an
importantrole in its durability and service life. Durability
of bamboo against mold, fungaland borers attack is
strongly associated with the chemical composition .In
producing material such as cement-bonded particleboard,
chemical content (starchand sugar) will retard the
absorption rate of H2O+ ion on the cement
mineralsurfaces and will slow down the setting reaction.
The bambusa vulgaris contains glucose 2.37%, fructose
2.07% andsucrose 0.5%. The total sugar before and after
soaking was 4.94% and 0.28%respectively. This study
showed that by the technique of soaking the sugar
contentcould be reduced below 0.5%, a permitted level
for the production of cement bonded particleboard. This
study explained that a bamboo sample that
containedmore than 0.6% total sugar will produce low
quality cement-bondedparticleboard, unless treated.
VI.Physical and Mechanical Properties
Physical and mechanical properties of bamboo depend
on the species, site/soil and climatic
condition, silvicultural treatment, harvesting technique,
age, density, moisturecontent, position in the culm, nodes
or internodes and bio-degradation [11]. Manystudies had
been carried out in order to highlight and observe these
fundamental
characteristics, as well as to maximize bamboo
utilization [3, 7, 11, 12]. Age and height donot
significantly affect moisture content. The range of green
moisture content was57% to 97%. Younger bamboo
showed higher moisture content compared to an older
bamboo it could be the effect of the thick wallfiber and
higher concentration of vascular bundle of the older
bamboo. There wasno significant difference for density
along the culm height of the 3-year-old culm.The radial
and tangential shrinkage ranges from 5.4% to9.5% and
6.4% to 20.1% respectively. The older bamboo (3-yearold) is moredimensionally stabled compared to the young
ones (1-year-old). The 1-year-old16
bamboo was observed to shrink more at an average of
15% to 22%.
The mechanical properties varied significantly
withage and culm location. Shear, compression parallel
to grain, and bending stress atproportional limit
increased gradually with age and height. The specific
gravity of bamboo varies from about 0.5 to 0.79, and this
would make the density about 648 kg/m3 (40.5 lb/
ft3)[10]. Density is the major factor that influences
themechanical properties, and it is closely related to the
proportion of vascularbundles. Shear, compression
parallel to grain, bending at proportional limit and The
observation is that asmoisture content decreases the

Special Issue Tech-Ed 2016 (International Conference)

Page 28

mechanical properties increase, and as the
densitydecreases the mechanical properties also
decrease. This behavior is similar tomechanical
properties of wood.

flames at very high temperatures; do not worry if a lit
cigarette but falls on a board: not only will it not burn,
but it won’t stain either.

VII.BAMBOO IS ECO-FRIENDLY
The prefinished bamboo parquet forms a successful
synthesis of beauty, practicality and cost reduction
Anyone who has already chosen a bamboo – for their
own home, for their office, or for a busy local premises –
is able to recognise its essential qualities. Here are 8
reasons for you why you should choose bamboo floors:
1. Natural beauty:Bamboo is an exclusively natural
product; all of our floorings are made from pure, noble
wood without any second rate woods or coloured
surfaces; this will make the atmosphere at home both
cosy and relaxing, as well as healthy. As it is a natural
material, it provides a cool touch in summer, and a warm
feeling in the winter.
2. Extremely durable: bamboo has a level of hardness
which is superior to most other types of wood used for
parquets and is able to boast exceptional mechanical
properties (strong and light - also known as “natural
steel” - a high modulus of elasticity, low shrinkage
levels, a considerable amount of stability); all of which
results in a durable floor with a stunning appearance,
meaning you need no longer worry about any more lines
or scratches.
3. Price: convenience is a key factor when it comes to
the final choice of flooring. Bamboo flooring made from
the same quality produces less expensive.
4. Resistant to stains and liquids:Bamboo parquet is
easy to clean and has a tendency not to absorb any dirt
because the special finish provide.
ECO-SYSTEM OF A BAMBOO FOREST
5.Environmentally friendly:There’s no deforestation,
bamboo is a grass which grows freely.
6. Resistance to moisture:Bamboo is characterised by
its high resistance to moisture and has less well known
antibacterial properties (moth and mould proof,
hypoallergenic).
7. Stability:If it has been well processed, this material
has remarkable stability, which means that when
compared to other types of wood, this parquet is able to
better withstand expansion and contraction due to
changes in either humidity or in temperature.

Bamboo dimensions and distribution:The bamboo is
an evergreen plant which is highly vigorous. It is a
graminaceous plant whose size varies considerably
among different species (from just a few centimetres up
to 40 metres in height) and is particularly widespread in
Asia and America, less so in Africa and Oceania, and not
at all in Europe. It lives both in the cold climates of
Siberia, and in tropical climates.
Some species (including Mao bamboo) grow extremely
quickly (up to a metre a day), however it is most
common for them to grow at approximately 5-10 cm per
day.

8. Fire resistant:The burning point of bamboo is
higher than in other woods, and will only develop into
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Wood and bamboo, the differences: the difference
which we find most interesting between wood and
bamboo is that it spreads into the environment via an
underground network of rhizomes (roots) from which
new shoots emerge constantly. The bud develops into a
culm, and reaches its maximum height and thickness
over one single season (3 to 4 months), before it then
hardens and increases in density over the following 3-4
years. The culms of Mao bamboo are harvested after four
to five years of life, and once they have reached their
maximum content of lignin and cellulose they become
very similar to wood. From year six onwards, the plant is
open to attack from fungi and moulds which penetrate
into the pulp and which force it to decompose. Therefore,
there is a window period (typically from year four to
year six) during which it can be cut for subsequent use
within the construction industry. Once it has been cut,
the stem does not grow any further, however culms do
continue to grow and sprout from the ground as part of a
new cycle of continuous forest reproduction. It is
therefore not possible to cut down an entire forest or to
cultivate all of the bamboo, as only certain stems are
suitable for cutting, and others may be either too young
or inappropriate for this purpose.
Renewable resources: from here, it is evident that the
fundamental difference with regards to sustainable
timber forest and a bamboo forest is that with the former
a section, either “in full” or in part of it is intended to
grow back over a period of time, albeit over a long
period, whereas for the latter only an amount of
“interest” is taken due to the continuous and steady
growth of new culms year after year . This results in the
forest being trimmed by around 20% on an annual basis.
In fact, it is common practice in forest management to
write the year of birth on each plant so that that particular
plant and not the following one may be cut at the correct
time, which may only have a lifespan of two years. It is
precisely for this reason that it is interesting to note that
mountains covered in bamboo are never devastated by
deforestation, but remain intact.
Underground soil structure: another interesting aspect
relating to the ecosystem of a forest or plantation is that
the ground below the bamboo is flooded to a depth
ranging from between 70 and 100 cm which forms a
genuine underground structure with rhizomatous roots all
linked together and compact, and which provides an
excellent sealing of the subsoil thus preventing soil
erosion during downpours. For this reason, they are used
throughout the world on slopes and steep terrains which
are at risk of landslides, and moreover, because they are
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able to absorb any rainwater which is retained inside the
stem.
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Analysis Of Bhandewadi Dump Yard Soil
Dr. R. D. BatraMrs.MadhuriBais
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Abstract: Soil pollution is the major problem in
today’s time. It is the matter of concern for the society
and in fact for the country. In the present paper soil
samples were collected from four different locations
from the Bhandewadi,(Nagpur)dumping yard. Soil
pH, Moisture, Silica, Phosphorus, Potassium ,and
Sodium content were analysed. It was found that with

Department of Chemistry
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duration carcinogens were added which leads to
human health hazards . The results point to the fact
that the action of leachate penetration leads to the
increase in the plasticity of the soil.. This may be
useful to carryout land development activities in order
to meet the land requirement for urbanization.
Kewords:soilsample,PH,Silica, Carcinogen,Leachate,
These can damage the normal activities and ecological
balance in the underground soil.

I.INTRODUCTION
Urban activities generate large quantities of city
wastes including several Biodegradable materials (like
vegetables, animal wastes, papers, wooden pieces,
carcasses, plant twigs, leaves, cloth wastes as well as
sweepings) and many non-biodegradable materials (such
as plastic bags, plastic bottles, plastic wastes, glass
bottles, glass pieces, stone / cement pieces). On a rough
estimate Indian cities are producing solid city wastes to
the tune of 50,000 - 80,000 metric tons every day. If left
uncollected and decomposed, they are a cause of several
problems such as
• Clogging of drains: Causing serious drainage problems
including the burst / leakage of drainage lines leading to
health problems.
• Barrier to movement of water: Solid wastes have
seriously damaged the normal movement of water thus
creating problem of inundation, damage to foundation of
buildings as well as public health hazards.
• Foul smell: Generated by dumping the wastes at a place.
• Increased microbial activities: Microbial decomposition
of organic wastes generate large
quantities of methane besides many chemicals to pollute
the soil and water flowing on its
surface
• When such solid wastes are hospital wastes they create
many health problems: As they may have dangerous
pathogen within them besides dangerous medicines,
injections.
Underground soil in cities is likely to be polluted by
• Chemicals released by industrial wastes
• Decomposed and partially decomposed materials of
sanitary wastes
Many dangerous chemicals like cadmium, chromium,
lead, arsenic, selenium products are likely to be deposited
in underground soil. Similarly underground soil polluted
by sanitary waste generates many harmful chemicals.
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II.MATERIALS &METHODS:
Soil samples were collected at a depth of 1 m below
ground surface from six different locations inside the
Bhandewadi,(Nagpur)dumping yard. The decomposed
soil - solid waste which was dumped more than 15 years
ago were collected from locations 1, 3 and 4. Sample 2 is
obtained from the area that is being dumped at present. .
Soil pH,,Moisture,,Silica,Phosphorus,Potassium ,and
Sodium wae analysed furthur

III.CHARACTERISATION:
Determination of pH of soil:
1 gm of soil sample was taken it is washed with distilled
water and soil suspension is prepared .PH is calculated by
using PH meter. measurement was done in triplicate.
Determination of soil moisture:
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Clean dried crucible was taken, and weighed about 1 gm
of soil sample was transferred and weighed. It was kept in
oven at 105-1100C for 1 hour without lid. It was taken out
and kept in desiccators with lid cooled and weighed
again.
Determination of SiO2 in HCl soil extract:
Transfer the residue made free from chloride along with
the filter paper into a silica crucible. Dry the filter paper
and residue in an oven and ignite the residue on strong
flame for about an hour. Occasionally stir the mass in the
silica crucible with a glass rod. Cool the residue in
desiccator and weigh.
Formula:%SiO2=
(𝑀𝑎𝑠𝑠 𝑂𝑓 𝐼𝑔𝑛𝑖𝑡𝑒𝑑 𝑅𝑒𝑠𝑖𝑑𝑢𝑒 𝑖𝑛 𝑔𝑚 −𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡𝑒 𝑒𝑚𝑝𝑡𝑦 𝑐𝑟𝑢𝑠𝑖𝑏𝑙𝑒 )×100
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑔𝑚

gm
After heating the weight
of petridish

44.24

18.44

35.51

22.31

It is evident from the table -1 that moisture content
increases with the time as sample 1,3,4 remains longer
time under the soil so its retention capacity increases.
Table-2:Silica content of soil
Sample no.
Mass of soil sample in
gm
Mass of empty crucible
Mass of ignited residue
in gm
PERCENTAGE
OF
SiO2(%)

1
10

2
10

3
10

4
10

37.32
40.49

46.43
49.43

44.62
47.61

33.25
36.24

31.7

30

29.9

29.9

Determination of phosphorus in acid extract of soil:Phosphorus is precipitated ammonium phosphomolybdate
by 20 ml of 5% ammonium molybadate solution then it
was dissolved in standard sodium hydroxide excess
NaOH was back titrated by using 0.1 N H2SO4tand let it
remain on water bath for 30 min. solution
Formula:-

Table-3 : PH content of soil
Sample no.

1

2

3

4

PH

8.31

8.60

8.29

8.79

Table-3 shows that there is not much variation in PH
with the time and location.

(𝐴−𝐵)×𝐶×𝑇×100

% of Phosphorus in soil=

Table-2 shows that as the sample were taken from
different location there may be changes in the silica
concentration of the soil.

𝐴×𝑊

B –volume of H2SO4used for back titration
C –volume of NaOH
T -total volume of HCl extract prepared in ml
A -ml extract taken for precipitation
W - mass of soil in gm taken for the precipitation of the
HCl

Table-4:: Phosphorus content of soil
Sample no.
Phosphorus
content (%)

1
1.1592%

2
2.4398

3
1.27%

4
2.8577

5: Potassium content of the soil
Determination of Sodium and Potssium content of
soil:Sodium and potassium content of soil is determined by
flame photometer by using blank solution.

1

RESULT & DISCUSSION:
Table- 1: Moisture content of soil
Sample no.
Weight in gm .of the
sample taken
Preweighedpetridish in
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1
1

2
1

3
1

4
1

48.48

17.67

35.60

21.52

2

3

4

sa
mp
le

M
g/
L

Und
ilute
d
126

Dil
ute
d
50

Und
ilute
d
50

Dil
ute
d
0

undi
lute
d
178

dil
ute
d
10
2

undi
lute
d
178

dil
ute
d
10
2

Table-6: Sodium content of soil
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3.

Sample

1

2

3

4

Mg/L

2000

1362

1818

1818S

4.
Table-7: showing PH, Moisture, Silica content,
Phosphorus, Potassium , Sodium content:
Sodium
content
(mg/l)

Potassium
Samp
le no.

Moistu

PH

re

Silica

Phospor

conte

us

nt

content

content
Mg/L
Undil
uted

1

2

3

4

8.3

44.24

31.7

1.1592

1

g

%

%

8.6

18.44

0

g

30%

%

8.2

35.51

29.9

1.2738

9

g

%

%

8.7

22.31

29.9

2.8577

9

g

%

%

5.

dilu
ted

6.

126

50

2000

50

0

1362

178

102

1818

332

102

1818

2.4398

7.
8.

9.
It is evident from the table 4, 5and 6 that with maturity
there is not much changes in phosphorus content while
potassium and sodium increase to the large extent.

10.

IV.CONCLUSION :
The optimum moisture content has increased with a
decreased in the maximum dry density. silica,
phosphorus, potassium, sodium was found in a higher
permissible limit hence, these soils was carcinogenic and
human health hazardous . The results point to the fact that
the action of leachate penetration has lead to the increase
in the plasticity of the soil. Samples 1 and 3 which has
been under dump load for a longer period of time is more
plastic than sample 2 which has been recently dumped.
This may be useful to carryout land development
activities in order to meet the land requirement in urban
areas and improving the quality of suburban environment
in the vicinity of the dump yard sites

11.

12.

13.
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Abstract—The present study aims to remove chromium (VI)
from electroplating industry’s wastewater using aluminium
silicon dioxide (ASD) as an adsorbent. The preliminary
investigation involved physicochemical analysis of the
wastewater and structural characterization of the adsorbent
using FTIR, SEM, EDS, XRD and BET analysis. Batch
adsorption experiments were performed to study various
parameters like adsorbent dosage, pH, contact time,
temperature, and RPM while effect of varying bed height,
diameter and flow rate were investigated in column studies to
evaluate the adsorption capacity of ASD. The adsorption data
obtained was validated to both Langmuir and Freundlich
models. The best removal efficiency of 96.11% of Cr (VI) was
observed at pH 4. Removal of Cr (VI) increased from 73.33% to
96.69% with increasing adsorbent dosage from 0.5 g/L to 10
g/L. The removal rate of Cr (VI) ions increased with increase in
contact time and remained constant after an equilibrium time of
150 min. The results show that ASD is an alternative low cost
adsorbent for removal of Cr (VI) ions in wastewater of
electroplating industry.
Keywords— Adsorption, Chromium (VI), Electroplating Waste
Water, aluminium silicon dioxide.

I. INTRODUCTION
A large number of heavy metals are generated every year by
industries that have contaminated water bodies. With the
advent of green chemistry heavy metal pollution has received
considerable attention. Heavy metals in wastewaters have a
detrimental effect on human health and are also hazardous to
the environment; therefore their removal before waste water
discharge is apparent [1]. Chromium is one of most common
ISSN NO: 2454-1958

toxic metals often found in effluents discharged from
industries involved in paints, pigments, dyes, textiles, leather
tanning, electroplating, metal finishing, nuclear power plants
and chromate preparation [2]. Chromium exists in several
oxidation numbers but only chromium (III) and chromium
(VI) are stable enough to occur in the environment. The
hexavalent form is found to be more toxic than the trivalent
one [3]. The toxicity studies reveal that inhalation and
retention of Cr (VI) containing material can cause damage to
internal organs [4]. Further, skin contact of chromium (VI)
compounds can also lead to skin diseases [5].
The toxicological impact of chromium (VI) initiates from its
oxidizing ability as well as formation of free radicals during
the reduction of Cr (VI) to Cr (III) occurring inside the cell
[6]. Many physicochemical methods for heavy metal removal
from aqueous solution have been developed. These methods
include precipitation, adsorption, electrochemical deposition,
reverse osmosis, ion exchange, coagulation and solid-phase
extraction [7]. Adsorption using commercially available
activated carbon has always been in the forefront for the
removal of heavy metals from the effluent waste waters.
However cost effective viable options have been attempted by
various researchers [8-10]. Aluminium Silicon dioxide
(ASD), a mesoporous adsorbent has a large surface area-tovolume ratio and uniformly shaped pores, with active sites
enabling it to be used for ions detection and removal from
aqueous media. The advantages of ASD included high
permeability, rapid mass transfer, and simple preparation
with variable chemistries. [11]. The study focuses on the
efficiency of using ASD as an alternative adsorbent in
removing
chromium ions from a local electroplating
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wastewater considering parameters like effect of adsorbent
dose, pH, contact time, initial metal ions concentration,
temperature etc.

the Si-C bond while peak at 1103 cm-1 may be due to
stretching vibration of Si-O-Si bond. The N2-BET analysis
showed surface area of 219.023 m2/g of ASD as shown in
N2-BET summary.

II. MATERIALS AND METHODS
A. Physicochemical analysis of electroplating wastewater
The effluent sample was collected from S.V. Metal Finishers
Pvt. Ltd, Dhayari, Pune, Maharashtra, India. The sample was
collected and subjected to chemical analysis which shows that
the sample is yellow in color with a pH of 1.66, COD content
3260 ppm and chromium 194.33 ppm.
B. Characterization of Adsorbent
The adsorbent ASD was characterized by SEM analysis,
XRD, EDS, FTIR and N2-BET to understand its surface
morphology,
crystallography,
chemical
composition,
functionality and surface area.
C. Preparation of Stock solution
A stock solution (1000 mg/L) of Cr (VI) was prepared by
dissolving K2Cr2O7 in distilled water. For adsorption
experiments, Cr (VI) solutions (100 mg/L) were prepared
from the stock solution by dilution.
D. Spectrophotometric analysis of Chromium (VI)
A 0.25% solution of diphenylcarbazide in 50% acetone was
prepared initially. 1 ml of this complexing reagent was added
to the standard solutions containing 20-80 mg/L of Cr (VI)
and estimated on a UV-visible spectrophotometer (make-UV
1800-Shimadzu) at 540 mµ[12].

(a) before adsorption
(b) after adsorption
Fig. 1 SEM image of ASD

E. Adsorption Isotherm studies
For the adsorption isotherm studies, 100 ml of the wastewater
containing adsorbent dose of 0.5-15 g/L was shaken in
reagent bottles for 8 hours. The results obtained were
validated to both Freundlich and Langmuir isotherm models.
F. Methodology
Batch and Column experiments were carried out to study the
effect of different parameters like effect of adsorbent dose,
pH, contact time, rpm, initial metal ions concentration,
column diameter, flow rate, varying bed height, etc.

(a) before adsorption
(b) after adsorption
Fig. 2 XRD of ASD

III. RESULTS AND DISCUSSION
G. Characterization of the adsorbent
SEM images show the surface morphology of adsorbent
ASD before and after adsorption. Before adsorption the
surface texture appears to be dense and cloudy while after
adsorption the appearance is in the form of agglomerates as
shown in Fig 1 (a) and (b). The XRD in Fig 2 (a) and (b)
shows significant spacing at a 2ɵ value of 36,⁰42⁰, 45⁰ and
66⁰ corresponding to Al, Si and Cr respectively. In the FTIR
as shown in Fig 3, the peak at 2316 cm-1 is characteristic of
ISSN NO: 2454-1958
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Fig 5: Freundlich adsorption isotherm
Fig. 3 FTIR of ASD
Savitribai Phule Pune University, Dpt of Chemistry
Quantachrome® ASiQwin™ © 1994-2013, Quantachrome
Instruments v3.01

I. Effect of adsorbent dose
The result showed that the removal efficiency increased
gradually as the adsorbent dose was increased. Chromium
showed a removal efficiency of 73.33% at a dose of 0.5 g. and
96.69% for a dosage of 10 g. (Fig 6).

BET summary
Slope = 15.803
Intercept = 9.765e-02
Correlation coefficient, r = 0.999778
C constant = 162.823
Total pore volume = 1.329e+00 cc/g for pores smaller than
1081.9 Å (Radius) at P/Po = 0.99106
Average Pore Size summary
Average pore Radius = 1.21364e+02 Å

H. Adsorption Isotherm studies
The isotherm data was subjected to both Freundlich and
Surface models
Area = and219.023
Langmuir
showedm²/g
a better fit for the latter with
an R2 value of 0.9812 as shown in Fig 4 and 5.

Fig. 6 :Effect of varying adsorbent dose
J. Effect of pH variation
The pH of the solution affects the functional groups on the
metal chemistry. Fig shows the removal of Cr (VI) at varying
pH range applying an initial constant Cr (VI) concentration
of 100 mg/l, adsorbent concentration of 1g/L and contact time
of 240 min. The maximum adsorption of Cr (VI) ions was
observed at pH 4.0 (96.11%) and significantly decreased by
increasing the pH. (Fig 7)

Fig 4: Langmuir adsorption isotherm

Fig. 7: Effect of pH
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K. Effect of contact time

% Removal Vs Bed Height
70
68

% Removal

The effect of contact time on the removal efficiency of a Cr
(VI) was studied by varying contact time from 15 min to 480
min. The results show that adsorption capacity increases with
increase time and attain equilibrium in 150 min as 91.06%.
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64
62
60
58
56
0
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Bed Height (cm)

Fig. 11: Effect of bed height
IV. CONCLUSION
The removal of Cr (VI) from solution is strongly dependent
on pH of the solution, adsorbent dosage, initial Cr (VI)
concentration, and contact time. The maximum adsorption of
Cr (VI) at 96.11% was obtained at pH 4.0, adsorbent dosage
of 10g and contact time 150 min.

Fig. 8: Effect of varying contact time
L. Column studies
Column study was carried out by varying bed height of 4cm,
8 cm and 12 cm with flow rates of 3,5 and 10 ml/min and
column diameter of 10,20 and 25 mm. The removal
efficiency was found to be maximum with a column diameter
of 25 mm, flow rate of 3 ml/min and a bed height of 12 cm as
shown in Fig 9, 10 and 11.
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Abstract: Lasers in Medical Science has established itself
as the leading international journal in the rapidly
expanding field of medical applications of lasers and
light. It provides a forum for the publication of papers on
the technical, experimental and clinical aspects of the use
of medical lasers, including lasers in surgery, endoscopy,
angioplasty, hyperthermia of tumours, and photodynamic
therapy. We have mention in this minor research paper
the essential use of Laser in medical Field, advantages
,disadvantages as well as effectiveness and many things
regarding to the medical science.

therapy in medical science, types of laser , pros, cons
and many things regarding to the laser therapy.

KeyWords:Metamorphosis,Influence,Proselytisation,Pros,
Cons.

Argon Laser - produces heat or burns.
Diode Laser - produces heat or burns.
YAG Laser - used for cutting thin membranes or holes
in tissues.
Eximer Laser - used for cutting.
The eye surgeon will use the proper laser, depending
on the disease.
RISKS AND COMPLICATIONS
Some drugs or natural herbs can make the skin very
sensitive to light, such as St. John's Wort.
The risks and complications of each procedure are
different, depending on the condition being treated
and the nature of the laser treatment.

I.INTRODUCTION
The laser is a potential tool for medical treatment and
medical research.The beam of light from a laser,being
very small and of high intensity, can be use to sterlize
or cauterize minute areas of human tissue.
Experiments have been made using the devices in eye
surgery in order to weld or suture,animal tissues.
One of the problem in modern surgery is to develop a
technique for treating extremely small areas of
human tissue.A laser beam,focused in spot,can form a
sort of invisible surgen’s knife.By accurately focusing
the beam tissue between the desired area and the
surface would not in any way to affected.The laser is
a relatively new medical tool;Its use is presently
limited to experimentation and investigation.
Today ,people are highly influenced by the new trends
in technology and development in science through
the new invention and research in the field.We have
mentioned in this minor paper , About laser , laser
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Lasers in OphthalmologyThe term "LASER"
standsfor Light Amplified Stimulated Emission
of Radiations. Lasers are forms of light that can hold a
huge amount of energy. The light can focus the
energy on a target. That energy can be in the form of
heat or can be used for cutting.Thereare four types of
lasers used in eye surgery:

Laser in cancer treatment:
What is laser therapy, and how is it used in cancer
treatment?
Laser therapy uses high-intensity light to treat cancer
and other illnesses. Lasers can be used to shrink or
destroy tumors or precancerous growths. Lasers are
most commonly used to treat superficial cancers
(cancers on the surface of the body or the lining of
internal organs) such as basal cell skin cancer and the
very early stages of some cancers, such as cervical,
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penile, vaginal, vulvar, and non-small cell lung
cancer.

their health care provider about whether laser therapy
is appropriate for them.

Lasers
also
may
be
used
to
relieve
certain symptoms of cancer, such as bleeding
orobstruction. For example, lasers can be used to
shrink or destroy a tumor that is blocking a
patient’s trachea (windpipe) or esophagus. Lasers also
can be used to remove colon polypsor tumors that are
blocking the colon or stomach.

What are the disadvantages of laser therapy?

Laser therapy can be used alone, but most often it is
combined
with
other
treatments,
such
as surgery, chemotherapy, or radiation therapy. In
addition, lasers can seal nerve endings to reduce pain
after surgery and seal lymph vessels to reduce
swelling and limit the spread of tumor cells.

Laser therapy also has several limitations. Surgeons
must have specialized training before they can do
laser therapy, and strict safety precautions must be
followed. Laser therapy is expensive and requires
bulky equipment. In addition, the effects of laser
therapy may not last long, so doctors may have to
repeat the treatment for a patient to get the full
benefit.
What does the future hold for laser therapy?
In clinical trials (research studies), doctors are using
lasers to treat cancers of the brain andprostate, among
others.

What types of lasers are used in cancer treatment?

How Do Lasers Work in Dentistry?

Three types of lasers are used to treat cancer: carbon
dioxide (CO2) lasers, argon lasers, and
neodymium:yttrium-aluminum-garnet
(Nd:YAG)
lasers. Each of these can shrink or destroy tumors and
can be used with endoscopes.

What Are the Pros and Cons of Using a Laser in
Dentistry?

CO2 and argon lasers can cut the skin’s surface
without going into deeper layers. Thus, they can be
used to remove superficial cancers, such as skin
cancer. In contrast, the Nd:YAG laser is more
commonly applied through an endoscope to treat
internal organs, such as the uterus, esophagus, and
colon.
Nd:YAG laser light can also travel through optical
fibers into specific areas of the body during LITT.
Argon lasers are often used to activate the drugs used
in PDT.
What are the advantages of laser therapy?

Lasers have been used in dentistry since 1994 to treat
a number of dental problems. Yet, despite FDA
approval, no laser system has received the American
Dental Association's (ADA) Seal of Acceptance as an
alternative to more traditional treatment. That seal
assures dentists that the product or device meets ADA
standards of safety and efficacy, among other things.
The ADA, however, states that it is cautiously
optimistic about the role of laser technology in the
field of dentistry. These lasers are different from the
cold lasers used in phototherapy for the relief
of headaches, pain, and inflammation.
Still, some dentists are using lasers to treat:
Tooth decay. Lasers are used to remove decay within
a tooth and prepare the surrounding enamel for receipt

Lasers are more precise than standard surgical tools
(scalpels), so they do less damage to normal tissues.
As a result, patients usually have less pain, bleeding,
swelling, and scarring. With laser therapy, operations
are usually shorter. In fact, laser therapy can often be
done on an outpatient basis. It takes less time for
patients to heal after laser surgery, and they are less
likely to get infections. Patients should consult with
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of the filling.
Gum disease. Lasers are used to reshape gums and
remove bacteria during root canal procedures.
Biopsy or lesion removal. Lasers can be used to
remove a small piece of tissue (called a biopsy) so
that it can be examined for cancer. Lasers are also
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used to remove lesions in the mouth and relieve the

Lasers do not eliminate the need for anesthesia.

pain of canker sores.

Laser treatment tends to be more expensive --

Teeth whitening. Lasers are used to speed up in-

the cost of the laser is much higher than a dental

office teeth

peroxide

drill. Lasers can cost between $39,000 and

bleaching solution, applied to thetooth surface,

$45,000, compared to about $600 for a standard

is ''activated" by laser energy, which speeds up

drill.

whitening

procedures.

A

of the whitening process.

Pros

About Cancer , the curability of cancer depends
on stages of cancer as per T.N. M. Classification
of cancer .Early the stage curability rate
increases.

Compared to the traditional dental drill, lasers:

T.N.M. Classification Of Cancer :

May cause less pain in some instances, so

T.=Tumour

What Are the Pros and Cons of Using a Laser in
Dentistry?

reduces the need for anesthesia

N.=Node

May reduce anxiety in patients uncomfortable
M.=Metastasis.

with the use of the dental drill
Minimize bleeding and swelling during soft
tissue treatments
May preserve more healthy tooth during cavity
removal
Cons
The disadvantages of lasers are that:
Lasers can't be used on teeth with fillings
already in place.
Lasers can't be used in many commonly
performed dental procedures. For example,
lasers can't be used to fill cavities located
between teeth, around old fillings, and large
cavities that need to be prepared for a crown. In
addition, lasers cannot be used to remove
defective crowns or silver fillings, or prepare
teeth for bridges.
Traditional drills may still be needed to shape
the filling, adjust the bite, and polish the filling
even when a laser is used.
ISSN NO: 2454-1958

Conclusion
As we all know that many new trends are
emerging in science and technology. Since the
conventional treatment till to new technology in
laser therapy proselytisation of science and
technology is taking place. Though new
technology in laser therapy is considered as
boon for medical science but it is also true that it
may be harmful also. About the possibility of
recovery in Piles ,so We can not surely says that
Laser therapy must be curable. According to the
experts, sometimes it may be faile.According to
the overall study and information ,it has proved
that Cancer may be curable if we use this
therapy in early stages of Cancer .
Sometimes Laser therapy acts itself as a
carcinogen .Since the conventional way of laser
therapy till today’s new trends in technology ,
this is ametamorphosis of medical science and
technology. Further study is required to over
come the side effects of laser therapy and cost
affordability to the ordinary patients of India.
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Abstract--The

objective of present study is to investigate
Copper adsorption from aqueous solution by Delonix regia fruit
pod (DRFP) The sorption capacity of DRFP was investigated as
a function of pH, agitating speed, initial Cu(II) concentration
and adsorbent concentration. The efficiency of copper uptake
by the used DRFP increases with a rise of solution pH,
adsorbent concentration, agitating speed and with a decline of
initial Cu(II) concentration. The biosorption process was very
fast; 92.65% of Cu(II) removal occurred and equilibrium was
reached at around 40 min and maximum removal obtained at
pH of 3. The surface characterstics of prepared carbon have
been discussed using SEM, FTIR and XRD. The results
indicate that by Delonix regia can be employed as a low cost
alternative to commercial adsorbents in the removal of
copper(II) from water and wastewater.
Key words--Heavy metals, bioadsorbent.

I. INTRODUCTION
Heavy metal pollutions often are generated from many types
of industry, such as electroplating, metal plating, batteries,
mining, pigments, stabilizers, alloy industries, and sewage
sludge, where the main constituents include copper, lead,
nickel, chromium, and so on. Adsorption with activated
carbon is one of the most effective techniques for the
treatment of such heavy metal containing wastewater.
International growing demand of this adsorbent, mainly due
to their usages in environmental mitigation applications, has
led to a search for new, available low-cost feedstock with
renewable character.
Unlike organic pollutants, heavy metals are nonbiodegradable materials and hence are accumulated in living
organisms by food chains. Some metals such as Cd, Hg, Ag
and Pb can become extremely toxic for the cycle of living
beings. The others such as Cu, Zn, Mn, Fe, Ni and Co are
essential for plant and animals in little quantities but when
present in excess concentrations above certain limits, can be
very harmful to living organisms [1]. The main sources of
copper pollution are metal cleaning and plating baths, pulp,

ISSN NO: 2454-1958

paper board mills, wood pulp production, the fertilizer
industry, etc. The World Health Organization (WHO)
recommended a maximum acceptable concentration of
Cu(II) in drinking water of 1.5 mg L−1[2]. Copper may be
found as a contaminant in food, especially shellfish, liver,
mushrooms, nuts, and chocolate. Briefly, any processing or
container using copper material may contaminate the product
such as food, water or drink [3].
Conventional methods for removing dissolved heavy metal
ions include chemical precipitation, chemical oxidation or
reduction, filtration, ion exchange, electrochemical
treatment, application of membrane technology and
evaporation recovery. However, these technology processes
have considerable disadvantages including incomplete metal
removal, requirements for expensive equipment and
monitoring system, high reagent or energy requirements or
generation of toxic sludge or other waste products that
require disposal [4,5]. Adsorption, an alternative technology
for conventional wastewater treatment, has received
considerable attention for the development of an efficient,
clean and cheap technology. In this study, widely available
Delonix regia fruit pod is used for the biosorption of Cu(II)
ions which is known to be major contaminant at many sites
around the world.
II. MATERIALS AND METHODS
Preparation of activated carbons
The raw material was collected, crushed into small pieces,
washed with water and dried under sunlight for two days.
Here carbonization is done at 400oC for 3 hours, followed by
cooling at room temperature. After that the carbons were
washed with double-distilled water to remove the excess
acid and dried at 150oC for 12h. These activated carbons
which are prepared from fruit pod of Delonix regia.
Preparation of Cu(II) solution Adsorbate
A standard stock solution of cupric sulfate pentahydrate,
each milliliter of which contained 4 mg of copper, was made
by dissolving 15.7160 grams of the salt in distilled water,
adding 1 ml of concentrated sulphuric acid, and accurately
diluting to 1 liter. To produce color system varying volumes
of the standard copper solution in a 100 ml volumetric flask
were just neutralized with 13 M ammonium hydroxide,
diluted to the mark with 3M ammonium hydroxide, and
thoroughly shaken [6].
Chemicals and equipment
All reagents used were of AR grade. Deionized double
distilled water was used throughout the experimental studies.
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ACS reagent grade HCl, NaOH and buffer solutions (E.
Merck) were used to adjust the solution pH. An Elico (LI129) pH meter was used for pH measurements. The pH
meter was calibrated using buffer standard solutions of pH
4.0, 7.0 and 9.2. Fourier transform infrared
spectrophotometer (multinuclear FT NMR Spectrometer
model Avance-II (Bruker)) was used to analyze the organic
functional groups of the biosorbent. The metal
concentrations in the samples were determined using
spectrophotometer. Wide angle X-ray diffraction (WAXD)
patterns of powder DRFP sample was recorded on an X-ray
diffractometer (Panalytical's X'Pert Pro), by using Cu Kα
radiation (λ=1.54060 Å) at 45 kV and 4 mA . Scanning
Electron Microscopy (JEOL/EO) was used to study the
surface morphology of the biosorbent.
Batch adsorption experiments
Batch adsorption experiments were carried out by agitating 2
g of the ECTB samples with 100 ml of Copper(II) solutions
of desired concentrations at room temperature using an
orbital shaker operating at 150 rpm. The effect of initial
metal ion concentrations was carried out by shaking 100 ml
Copper(II) solutions of desired concentrations (2.00, 4.00,
8.00, 16.00, 24.00, 32.00, 40.00 mg/l) with 2 g of the
adsorbent. The sample was then filtered using Whatman No.
42 filter paper and analyzed for the concentration of metal
ions remaining in the solution using spectrophotometer.
All the investigations were carried out in duplicate to avoid
any discrepancy in experimental results and metal solution
controls were kept throughout the experiment to maintain
quality control. The percentage of metal and the amount of
metal adsorbed by the biomaterial was computed using the
equation:
% Removal =

( C0− Ce )
Ce

× 100

Amount adsorbed (qe ) =

(1)

( C0− Ce )
m

×V

X-ray diffraction: XRD pattern of the DRFP shown in Fig. 2
illustrates the presence of a significant amount of amorphous
material due to lignin and tanninin the sample.
Infrared spectroscop: The FTIR spectra of DRFP Fig. 3,
showed the presence of many functional groups, indicating
the complex nature of DRFP biosorbent as shown in table 1.
TABLE 1
Wavelength
(cm-1)

Possible Assignment

3666

O-H stretch, free hydroxyl

Alcohol phenol

3539

O-H stretch, free hydroxyl

Alcohol, phenols

3430
3203
2866

O-H stretch, H-bonded
O-H stretch
C-H stretch

Alcohol, phenols
Carboxylic acid
Alkanes

2769

H-C=O; C=H stretch

Aldehydes

1611

N-H bend

I amines

1369
1099

C-H rock
C-N stretch

Alkanes
Aliphatic amines

Functional Group

Influence of Ph: It is well known that pH of the medium is
most important factors that influence the biosorption process
[3]. The pH level affects the network of negative charge on
the surface of the biosorbing cell walls, as well as
physicochemsitry and hydrolysis of the metal. Percentage
removal of the metal ion as a function of pH is shown in the
Fig: 4. It has been observed that under highly acidic
conditions (pH≈2.0) the amount of metal removal was small,
while the sorption had been increased with the increase in
pH from 3, then decreased in the range 4.0 to 5.0. The lower
removal efficiency at low pH is apparently due to the
presence of higher concentration of H+ in the solution which
competes with metal ions for the adsorption sites of the
biosorbents. With increase in pH, the H+ concentration
decreases leading to increased metal uptake.
Fig 1

(2)

Where, C0 = initial concentration of metal solution in mg/l
Ce = equilibrium concentration of metal in mg/l
m = mass of the adsorbent in grams
V = volume of test solution in litres
III. Result and discussion
Characterization of the biosorbent
Scanning electron microscop Scanning electron microscope
has been widely used to study the morphological features of
the biosorbent. Study of the SEM micrographs of DRFP
showed in Fig. 1 indicated the presence of asymmetric pores
and open pore structure, which may provide high internal
surface area and a rough structure on the surface of DRFP,
which is favorable for biosorption of Cu(II) from aqua
solutions.
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Effect of biosorbent dose: Biosorption of Cu(II) onto DRFP
was studied by changing the quantity of sorbent from 0.1 to
5g in the test solution while maintaining the initial
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% Removal
90.00
% Removal

concentration 40 mg/ml and contact time 2 h constant.
Biosorption of Cu(II) as a function of biomass shown in Fig.
5, indicates the effect of sorbent dose on the Cu(II)
biosorption by DRFP. Obviously, the biosorption efficiency
increased as the sorbent dose increased, but it remained
almost constant when the sorbent dose reached 2g. This may
be explained by the following analysis. When sorbent ratio is
small, the active sites for binding metal ions on the
adsorbent surface is less, so the adsorption efficiency is low;
when biosorbent dose increased more metal ions were
adsorbed. Thus it results in the increment of adsorption
efficiency until saturation.

89.50
89.00
88.50
% Removal

88.00
87.50
0.00 2.00 4.00 6.00
Adsorbent Dose (g)

Fig 2

IV. Conclusion
The experimental investigation concluded that DRFP could
be used as potential sorbent, for the removal of Cu(II) from
aqueous solution. The batch study parameters; pH of
solution, biomass concentration were found to be effective
on the biosorption processes. The maximum biosorption
capacity of Cu(II) was 7.216 mg/g by DRFP. The DRFP
biomass can be used as alternative biosorbent for treatment
of waste waters containing Cu(II) ions.
Fig 3
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Abstract — Recent developments of nanotechnology gained
importance in agricultural research. Nano porous zeolites (nanozeolite) are aluminosilicates and its unique diffusion, ion
exchange with catalytic properties to be exploited in
environmental applications. In our study, nano-zeolite was
utilized for fabrication of nano-fertilizer carrying N which is and
referred as nano-zeourea. Different characterisation techniques
of nanomaterials provided major contributions to the
development of nano science and technology in agriculture
applications. However, Raman spectroscopy is a suitable nondestructive technique for in situ study of molecules structural
information and assesses the changes in the bond polarizing
ability with substitution reactions. The main objective was to
study the structural pattern changes of nano-zeolite after
impregnation with urea. Raman Shifts were measured in solid,
powdered, dried samples of nano-zeolite and nano-zeourea using
Raman Spectroscopy (R-3000 QE TM) at room temperature
under dark conditions. Chemo-metric and data interpretation
analysis of spectral shifts done by combination approach of
empirical and tabular data of published research papers. It
revealed marked differences in finger prints of nano-zeolite
structure with highest SiO4 containing different alkaline ions
along with nine bands at 395, 456, 518, 570, 806, 1108, 1150, 1458
and 1643 cm-1. The Raman Shifts at 1458 cm-1 are considered as
CH2 bend frame work bands. On impregnation nano-zeourea
fertilizer reflections with eight bands and were observed at 458,
520, 587, 806, 851, 1008, 1458 and 1646 cm-1. The bands 400 to
600 cm-1are strong structural vibrations of T-O-T (T=Al, Si) of
both nanomaterials. However the shifts present at 1646 cm-1 by
the bending modes C=N on nano-zeourea. Interactions of amine
group of urea and nano-zeolite formed and produced vibrations
.The hydrogen and oxygen bonding changed the functional
groups peak of nano-zeourea. Shifts in spectral bands confirmed
that the N loaded on nanoporous structures. Our study suggests
that Raman Spectroscopy is a potential to study the nutrient
adsorption pattern in nano-fertilizers.
Keywords— Nano-fertilizers; Nano-zeolite; Nitrogen; Raman
Spectroscopy
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I.

INTRODUCTION

Soil scientists are quite aware of the importance of clays in
deciding the fertility of soils. When the size gets reduced, the
surface area increased exponentially thereby more adsorptive
surface area for nutrient exchange. Nano-fertilizers are
nutrient carriers and their carrier material is in nano-dimension
(10-9 m) or any material with pore size less than 0.4 to 2 nm
termed as nano porous structures [1]. The processes or products
evolved through nanotechnological approaches are quite
précised to deliver nutrient input without any losses vis-à-vis
environmental safety [2]. For instance, one gram of zeolite
clay has a specific surface area of 40 m2 g-1while the same
clay has the specific surface area of 120 m 2 g-1 when it is
reduced to a nano-dimension[3]. Such a phenomenal increase
in surface area facilitates greater retention and release of
nutrients.
Higher dose of nitrogenous and phosphate fertilizers usage
adversely affects the soil and water system. Nano-zeolites are
aluminosilicates and its unique diffusion, ion exchange with
catalytic properties to be exploited in environmental
applications [4]. They are alkaline in nature and presence of
honey comb and varied size cavity able to trap the nutrients.
This mechanism could be used in novel fertilizer development.
Among the different nitrogenous fertilizers, urea carries 46%
N which is water soluble in nature and it is availability on
subsidized rate increases the use of urea in commercial
agriculture. Thus, incorporation of urea in nano porous zeolite
will lead nano-fertilizer. Hence, in our present study and
nitrogen nano-fertilizers synthesized using two substrates such
as nano- porouszeolite and urea are utilized. Impregnation
technique and simple liquid crystallization are exploited [5].
Nano-zeolite and fabricated fertilizer (nano-zeourea)
characterized using Raman Spectroscopy to study structural
changes on N adsorption.
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Raman Spectroscopy is a suitable non-destructive technique
forin-situ study of molecules structural information and which
assesses the changes in the bond polarizing ability with
substitution reactions.It uses the inelastic monochromatic light
scattering of two photons. It depicts and monitors the finger
prints of non-polar molecules with symmetric vibrations
without any release of heat. It facilitates to identify molecule
spectral bands of minerals even 1000 ppm on single exposure
of 4µm sized particles [6-7]. It has become popular in recent
years in bio-medical and engineering studies due to the
development in instrumentation, and user friendly with simple
sample preparation used for solid, liquid and gas samples [8].
Presence of bright sunlight, high moisture content, oil, organic
polymers and inorganic materials hinders the raman shifts.
Use of different sources of laser, filter notches and charge
couple device detectors (CCD), short wavelengths helped for
characterization of nano-materials. Some Raman spectroscopy
studies reported that the urea, iodine trapped on different clay
minerals [9-10]. The results obtained from Raman
spectroscopy and Infra red was complementary [11]. The main
objective was to study the structural pattern changes of nanozeolite after impregnation with urea.
II.

MATERIALS AND METHODS

Fine size nanoporous zeolite (Nano-zeolite) used in this study
was clinoptilolite and purchased from Singhal Chemicals,
Ahmedabad, Gujarat. Its basic structural characteristics are
unit cell formula (Na, K, Ca) 2 Al3 (Al, Si)2 Si13 O36 .nH2O
with monoclinic crystal system, C2/m space group and physiochemical analysis (Table 1). Nano zeolite based fertilizers
were fabricated under ambient conditions by impregnation and
simple liquid immersion hydrothermal technique [5] at
Department of Nano Science & Technology, Tamil Nadu
Agricultural University, Coimbatore.Both samples were finely
ground and required precautions were taken to reduce noise
defects of vibrational bands such as impurities and others
defects. It is non-sensitive to water. Sometimes presence of
moisture more than 4% will hinder the spectrum hence
samples were pre dried in oven at 100 °C for 90 minutes to
record the spectral fingerprints of molecules [12]. High light
intensity or stray light can often interrupt the spectral data
hence measurement must be carried out under dark room.
Raman Shifts / scattering cross sections were measured in
powdered samples of nano zeolite and nano-zeourea using
Raman Spectroscopy Model (R-3000 QE TM).The laser
wavelength was 785 nm produced by a diode solid state laser
operated at 100 mW at the source. The machine was set in the
spectral range of 200-2000 cm-1 for qualitative and quantitative
informations. The powder dried zeolite and nano zeolite were
kept in a polybag vials were spread to an extent of 1 cm2 and
raman probe was placed on the sample pockets without
exposing the sample directly to the probe[11]. It does not
require any special sample preparation and measures spectral
bands within10 seconds of exposure. After data retrieval the
refined graphs [11] were prepared using origin 6.0 version.
Chemo-metric and data interpretation analysis of spectral
shifts and spectral stripping done by combination approach of
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empirical and tabular data of published research papers [6-10,
14].

III. RESULTS AND DISCUSSION
Both nano-materials characterized using Raman Spectroscopy
(Figure 1-2).The changes of Raman shifts were observed and
interpreted by combination approach. The effect of impregnation
of urea on nano zeolite was recorded. Nano-zeolite exhibited
sharp characteristic of Raman shifts between 390 - 1650 cm-1.
There were nine spectral shiftsobserved at 395, 456, 518, 570,
806,1108,1150,1458 and 1643 cm-1. It revealed marked
differences in nano-zeolite structure with highest SiO4
containing different alkaline ions. It was recorded the low
frequency range of lattice internal vibrations (395 cm-1). The
Raman shifts 456 cm-1caused by Si-O-Si rings of functional
group. The shifts 518 and 570 cm-1 provided the structure as ring
(4R) of four membered. Four- membered rings (4R) are smallest
building block, which exhibited the shift bands 518- 570 cm-1
with the corresponding T-O-T of 136 angle degree where,
T=(Si,Al) vibration frequency of spectrum. In addition the
spectral shifts 806 cm-1 was attributed to stretching Al-OH
vibrations. The spectral shifts at 1108 cm-1caused by
fundamental modes of (Al, Si) O tetrahedral and
1150 cm-1 are caused byC-O-C asymmetric vibrations. The
spectral shifts at 1458 cm-1 are considered as CH2 bend frame
work bands. The spectral shifts present at 1643 cm-1 by the
bending modes of water in nano-zeolite. Nano-zeolite mineral
reflections exhibited the spectral shifts 456 cm-1 caused by SiO-Si rings of functional group. The shifts 518 and 570 cm -1
provided the structure as ring (4R) of four membered. The
data are in conformity with the observations [13, 15].
Nano-zeourea fertilizer exhibited strong sharp scattering
reflections characteristicsbetween 450 - 1650 cm-1 Raman
shifts. It exhibited eight Raman shifts and were observed at
458, 520, 587, 806, 851, 1008, 1458 and 1646 cm-1. It reveals
marked differences in nano-zeourea structure with highest
SiO4 containing different alkaline ions on impregnation. The
Raman shifts 458 cm-1 caused by Si-O-Si rings of functional
group. The shifts 520 and 587cm-1 provided the structure as
ring (4R) of four membered. Four- membered rings (4R) are
smallest building block, which exhibit the Raman shift band
520 and 587 cm-1 with the corresponding T-O-T of 136angle
degree where T = (Si, Al).In addition, the shifts 806 cm-1 was
attributed to stretching C-O-C vibrations. The shifts 851 cm-1
was attributed to stretching O-O vibrations. The Raman shifts
at 1008 cm-1 caused by fundamental modes of (Al, Si) O
tetrahedral vibrations. The Raman shifts at 1458 cm -1
considered as CH2 bend frame work bands. The shifts present
at 1646 cm-1 by the bending modes C=N on nano-zeourea. The
shifts present at 1646 cm-1 by the bending modes C=N on nanozeourea. Interaction of urea and adsorbents formed and
produced vibrations. These interactions may involve by
vander waals forces. The addition of polymer (10 per cent) on
impregnation influenced the hydrogen and oxygen bonding
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and also changed structural raman shifts of fabricated
fertilizers. This structural changes and increased space might
be helped in the nitrogen adsorption capacity of nano-zeolite.
Similar results were recorded on urea intercalation with
structural changes on kaolinite by [9-10] on iodine molecules
trapped in zeolite of nano channels.
IV. CONCLUSION
Raman Shifts in spectral bands between nano zeolite and
nano-zeourea confirmed that the N loaded on nano porous
structures. However the data interpretation carried out with
empirical combination approach, our results illustratesthat
Raman Spectroscopy is a potential to study the nutrient
adsorption pattern in nitrogen nano-fertilizers and use of
nanomaterial in agriculture applications.
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Table 1.Physio-chemical analysis of Nano-zeolite

Property
Nanozeolite

Size(nm)

Colour

90-500

White

pH

EC

Property

Nanozeolite
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(1: 6.25 ratio)

(dSm-1)

8.14

0.06

Moisture
(%)

Bulk Density

Particle Density

(Mg m-3)

(Mg m-3)

12

0.69

0.89

Calcium

Magnesium

Sodium

Pore space (%)

Volume
(ml)

25

1

CEC
( cmol(p+) Kg-1)
56

1.3

12
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Si :Al
ratio
0.97-4.6
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Fig.1. Raman Shifts of the nano-zeolite (cm-1)
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Fig.2. Raman Shifts of the nano-zeourea (cm-1)
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Abstract:As the need for remote operation of
electronic devices continues to increase, power for these
devices becomes more of a concern. Remote
applications are powered mostly by batteries that are
either recharged or changed on a regular basis. The
more remote the location is, the bigger the challenge
becomes of replacing these batteries. The focus of this
paper is to identify how to get the maximum power out
of a solar panel to power a remote application. The
Maximum Power Point Converter is essentially a DCto-DC converter, where the DC input voltage is a solar
panel and the output voltage is Vmp. The intent of the
converter is to show how to take the solar panel and

generate a voltage capable of recharging a battery. Also
we are also embedding here the track as well as non
track power analysis in combination with charger to
provide specific cost effective solution. Although the
chemistry of the battery and how to charge the battery
properly are extremely important to the actual design,
in this paper we are representing how to use all this
solar power system economically by virtue of socio
economic things to make better digital India.

Keywords:
Embedded.

PV,

Batteries,

Charger,

Convertors,

rather than AC source that may save hundreds of
I.INTRODUCTION

mega watts power every day. To extend the battery
lifetime and keep system components hazard-free, it

The implementation of a paper of this multimode

includes exact battery-level sensing, charging-current

power save (MPS) system is to ensure continuous

controlling by microcontroller unit (MCU) and a

output current to load in residential application

cumulative DC/AC MPPT (Maximum Power Point

utilizing both Photovoltaic (PV) energy and AC Grid.

Tracking) charges to congregate maximum PV

Utility interfacing PWM converter designed here to

energy from AC Solar Modules. Investigation on

operate by both solar energy and storage batteries

improvement

that highly satisfies the necessity in rural areas where

optimization of overall system operation assent to

National Grids are hardly available and power cut

intend usage recommendation in this exposition.

problem reduces the effectiveness of MPS. Solar

Computer simulations and experiment results show

energy gets priority here to charge storage battery

the validity of this proposed system to have high
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of power-interfacing control and
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power conversion efficiency and low harmonic

miniature amount, harvested AC will not be reflected

distortions.

to Grid which is left open for future.

Gigantic population and comprehensive electrical
energy consumption have made power crisis one of
the gravest national problems in the developing

II.REVIEW OF PAPER & DEVELOPMENT IN
THE SUBJECT

countries like India. Excessive demand of power is

Paper focuses towards the development of a utility

always difficult to meet and as a result national

interface solar power converter to supplement deficit

economy is being hampered severely due to this

in Grid power supply for a water pumping system

deregulation of electricity. Alternative power sources

used in rural home of Indian villages. The power

that can deliver output currents in absence of grid

supply system will be comprises of solar (PV) array,

supply are now automatic choices in home grid-

PWM converter incorporating PWM control strategy,

connected system. In urban areas, MPS (Instant

energy storage battery devices, submersible pump

Power Supply) system is being used massively to

and water storage tank(s) etc. The model of the

cope up with load shedding. But in the large context,

system need to be designed for its optimal operation

it is worsening the situation roughly since it

and a prototype solar power converter unit need to be

consumes huge power from grid to charge its storage

developed to drive a pump motor. The Life cycle cost

battery. Unfortunately most MPS system has poor

evaluation of the solar power converter can be

charge controlling mechanism which makes it a

compared with conventional DG set. This may results

massive power consumer. Now-a-days, the practical

in a cost effective system with a 60% - 70% grid

cost of solar panel and the consumers’ awareness to

power saving.

preserve AC power have stimulated the demands of
high effective Grid connected power sources. Starting

III.STATUS OF SUBJECT , IT SIGNIFICANCE

from the utilization of solar energy and digital power

& ITS SOCIAL RELEVANCE

conversion application, this paper demonstrates such
a solution of implementing PV energy in existing
isolated MPS system. When AC main fails, converter
section will provide uninterrupted AC power supply
which should be maintained by the storage batteries.
These storage batteries will be charged efficiently by

Starting with the benefits to Rural &
Remote public of our India solarenergy also
concerns for all throughout the nation. With the
further expansion in paper work this system can be
applied throughout world also. In a broad gauge this
paper will useful for:-

the solar source(s) when sunlight is available
regardless of the AC line status. While, in dark night

1) Common Public-Rural, Remote and all.

or cloudy weather AC grid source will charge the

2) Energy department-Local & National both .

batteries. These are schematically represented in

3) Tax and excise department- Local &

Table 1. Since PV array of medium capability has
been used in this prototype, usage of PV energy here
are only restricted to charge the battery and being
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National both.
Objective:-
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The paper shall be greatly useful as in social,

MCU unit which ensure uninterrupted output power

economical& power concerns with its objectives as

based on the available input. This pre-programmed

stated below :

section intelligently not only maintains maximum AC

1.

2.

Study of user demand of pump and

output power with greater efficiency but also DC

lightening load profile in a rural house of

supply to small DC load that may reduce pressure of

Indian villages.

AC output. The following sub-sections give the

Development of optimal design of solar

details of entire system.

power converter module consisting of PV
array, Battery, PWM Inverter and PumpMotor etc.
3.

Prototype development of utility interface
solar adaptive Power converter unit.

Fig2. Solar charger Controller
Input power section allows three different sources of
energy

2. Methodology:

like

grid

line,

storages

battery

and

Photovoltaic energy (controlled by MPPT charge
controller). To minimize the burden on the grid line,
the system is designed as follows: when Grid supply
is present, switching circuitry gets informed about its
availability from AC main sensing section and passes
AC main’s signal to converter output socket. In
absence of AC grid supply, switching circuitry takes
DC input from storage battery and turns on converter
Fig1. Proposed MPS System

circuit i.e. composition of oscillator, MOS driver,
output amplifier and transformer section and AC low-

The proposed system schematically showed in Fig. 1

pass filter. Oscillator section generates 50 Hz MOS
driver signal that gets amplified, sent to converter

basically consists of three tiers:

transformer
a)

MOSFET

switching

and

transforms into AC and injects AC energy to the AC-

Input power section,

b) Intelligent processing section and
c)

using

side output connection. Such periodical switching
ON/OFF of MOSFET starts an alternating current

Output power section.

with 50Hz frequency at primary winding of step-up
The core part of this system is the intelligent
switching circuit which is composed of PIC based

transformer that results in 220V AC supply at the
secondary winding. All these functionalities are done
here by implementing PIC 16f72 MCU unit that
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resembles the change-over section of commercial

much frequent, almost 80% of available solar energy

MPS section implementing by analog circuitry.

are being left unused. To utilize such power, this
system contains an output pin that supplies additional

IV.INTELLIGENT PROCESSING AND

DC power to small loads likes in mobile charging

BATTERY CHARGING SECTION

application, DC fan, DC light, DC iron, electric
filters etc. This output DC power is obviously

In absence of solar energy, it is mandatory to use AC

regulated in MPPT charge controller section to

mains to charge storage battery. But, in daytime, it

ensure safe and maximum usages. Here we also

prefers solar energy to AC grid in battery charging

implemented a fine adjuster of output DC voltage

for power saving purposes. To ensure maximum

level to power large possible and even tiny loads. A

possible PV energy, some intelligence is applied in

voltmeter is also integrated for this purpose at the

this proposed system. With a regular charge

output section to make this as user-friendly as

controller, if the batteries are low at say 12.4 volts,

possible.

then a 100 watt solar panel rated at 6 amps at 16.5
volts (6 amps times 16.5 volts = 100 watts) will only

VI.MPPT CIRCUIT DESCRIPTION

charge at 6 amps times 12.4 volts or just 75 watts,

This circuit utilizes a power BJT (Bipolar Junction

losing 25% of panel’s capacity. Proposed MPPT in

Transistor) that works like a step-down converter.

this case compensates for the lower battery voltage

The circuit operation can be divided into two modes.

by delivering closer to 8 amps into the 12.4 volt

Mode 1 begins when transistor is switched on. The

battery maintaining the full power of the 100 watt

input current which rises flowing through filter

solar panel. The intelligent charging section involves

inductor, filter capacitor and load battery. And Mode

three level of charging like absorption level charging,

2 begins when transistor is switched off. The

bulk level charging and float charging. A bulk level

freewheeling diode conducts due to energy being

charging is maintained for initializing charging

stored; inductor current continues to flow

process for a discharged battery. When Battery

through inductor, capacitor and load. Diode current

voltage exceeds a critical level, charge controller

falls until transistor is switched on again in the next

maintains adsorption level charging. A full charged

cycle. Here switching frequency is 25 KHz. Inductor

battery gets only float level charging that maintains

should be 160uH that was measured using following

trickling current (i.e. one tenth of full charge current)

calculations:

causes available solar energy being unused.
L = { Va×(Vs-Va)} / f ×Vs× ( peak to peak ripple
current)
V.OUTPUT POWER SECTION
Implementing
previous

such

section,

configuration
maximum

described
utilization

in

Here, Vs=Input voltage, Va= required input voltage,

of

f=frequency. And capacitor is 200 μF. The Equation

photovoltaic energy is not yet confirmed practically.

is

In semi-urban areas, where load-shedding are not
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C = peak to peak ripple current / 8×f× peak to peak
ripple voltage

In this circuit the main intelligence is to measure the
voltage of PV supply and battery immediately when
the transistor is being switched off. For this,
switching duty cycle would be measured from
following equation and well-configured transistors
should be used according to exact duty cycle. If k is
the duty factor, then:
Va=kVs or, k=Va/Vs

Fig.4 Flowchart
It is suggested to employ absorption level charging
for 1 hour to achieve best performance of it. This
system indicates that MPPT charging section
employs for both Photovoltaic energy and AC
supply. So, MPPT charging is also needed in such
case of usage of AC from National Grid in
Bangladesh. Converter section is being decided
intelligently to switch according to the availability of
Fig3 Stand-alone photovoltaic lighting

Grid supply. In presence of AC main, MCU will

VII.SOFTWARE

switch on AC converter portion and in absence, it

The entire procedure done by the system may be

will turn on DC converter being run by solar PV

described in a software flowchart shown in

energy.

figure below that schematically reflects the

VIII.CONCLUSION

facilities provided by it. The whole work is being

The initial concept for this design has been modified

monitored by MCU that controls the switching

to make it more relevant to industrial practices and

action and exact voltage level charging. Based

needs. The most significant change would be the

on available charges in storage battery, MCU

addition of the wireless capability. This adjustment is

unit switches three-layer charging i.e. Bulk level

believed to be a major value added to the paper. This

charging when battery voltage is less than 80%,

feature allows the user to not only remotely monitor

Absorption level charging when charge is

the status of the system, but to record and store

between 80-99% and Float level charging when

historical data. Again, this provides live monitoring

battery is in full charged state.

in addition to creating a database of environmental
situations and the systems condition in response to
them. Live and historical data is of great value to
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both industrial and paper entities. Over time both

[8] [Chung et al., 2003] Henry Shu-Hung Chung,

could benefit from learning about how atmospheric

K.K Tse, S.Y. Ron Hui, C.M. Mok,

conditions affect the efficiency of the photovoltaic

M.T. Ho, “A novel maximum power point tracking

system. Meanwhile, live monitoring would be

technique for solar panels using a

inherently useful for maintenance and alerting the

SEPIC or Cuk converter”, IEEE Transactions on

user of any status issues, significantly reducing down

Power Electronics, Volume

time and unnecessary field surveys.

18, Issue 3, May 2003 Page(s):717 – 724.
[9] [Konar and Mandal, 1991] A.Konar and A.K
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Abstract
GdPO4:Eu red-emitting phosphors are synthesized by
the solution combustion method. The influence of
annealing temperature and Y3+ substitution on the
photoluminescence properties of (Gd1-xYx)0.94PO4:Eu0.06
(x=0, 0.25, 0.5, 0.75, and 1.0) phosphors is studied. The
(Gd1-xYx)0.94PO4:Eu0.06 phosphors annealed at 1150 0C
show the stronger emission intensity and more efficient
red emission in comparison with those annealed at
10000C . The emission intensity and color purity of (Gd1xY x)0.94PO4:Eu0.06 phosphors are improved with an
increase of Y3+ content. The tetragonal structure is
desirable for improving the emission characteristics of
(Gd1-xYx)0.94PO4:Eu0.06 phosphors. We demonstrate that
Y0.94PO4:Eu0.06 may be applicable as a red phosphor in
PDP.
Keywords: Plasma display panel (PDP), Phosphor,
Luminescence, Phosphate, SEM.

I.INTRODUCTION
The performance and stability of a plasma
display panel (PDP) depend strongly upon the quality
of phosphors. Recently, considerable attention has
been paid to improve the photoluminescence (PL) of
PDP phosphors [1–6]. At present, (Y,Gd)BO3:Eu3+ is
used as a red-emitting phosphor for PDP. A drawback
of this phosphor is the intense emission peak in the
orange region, thus resulting in poor color purity [2].
In addition, Y2O3:Eu3+ phosphor with better red color
purity has been considered as a strong candidate, but
its luminescence efficiency is insufficient [7].
Consequently, the development of new materials is
the most important issue for practical application of
high-quality PDP phosphors.
Phosphate compound is one of the most attractive
inorganic phosphors, largely owing to the ability of
the tetrahedral PO43– group to bond with other
structural units. Eu3+ doped (Gd,Y)PO4 is of great
interest as a red-emitting phosphor in PDP because
of its high PL efficiency and good chromaticity [8].
ISSN NO: 2454-1958

Compared to silicate, borate, and other oxide-based
PDP phosphors, the excitation spectra of phosphatebased phosphors exhibit high absorption in vacuum
ultraviolet (VUV) region (100-200 nm) [9]. Recently,
we reported the PL properties of nano-sized
(Gd,Y)PO4:Eu3+ phosphors annealed at 13000C [8].
The concentration of Y3+ strongly affected the
emission wavelength and intensity. The high
annealing temperature (13000C) led to an
agglomeration in some powders and significantly
enlarged

powder

size. These powder

characteristics are unfavorable for obtaining high
brightness and resolution due to low packing densities
and high scattering of light [10].
In order to solve these problems, in this study,
synthesized (Gd1-xYx)0.94PO4:Eu0.06 powders are
annealed at low temperatures (1000 and 1150 0C ) and
then VUV luminescence properties of the annealed
phosphors are investigated. Here, we discuss the
crystal structure and PL properties of the phosphors
with respect to annealing temperature and Y3+
substitution.
II.EXPERIMENTAL
The (Gd1-xYx)0.94PO4:Eu0.06 (x=0, 0.25, 0.5, 0.75,
and 1.0) phosphors were synthesized by the solution
combustion method in accordance with the recipe
used in the previous study [8]. The starting powders,
Y2O3 (99.99%, High Purity Chemicals), Gd2O3
(99.99%,
High
Purity
Chemicals),
and
Eu2O3(99.99%, High Purity Chemicals), were
separately dissolved by HNO3 to form the Y3+,
Gd3+, and Eu3+ nitrates, respectively. An appropriate
amount of (NH4)2HPO4 (99 %, Junsei) and citric
acid (C3H4(OH)(COOH)3; EP, Duksan Pure
Chemical) was dissolved in deionized water. The
molar ratio of metal nitrates to citric acid was adjusted
to 1:1. The obtained solutions were mixed together
and then heated slowly on a hot plate at ~3000C ℃
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until excess water was evaporated to form highly
viscous gel precursors. On further heating, the
precursors spontaneously ignited to produce
voluminous phosphor powders. Finally, the
synthesized phosphors were annealed at 1000 and
1150 ℃ for 4 h in air.
The crystal structure and crystallinity of the
annealed phosphor powders were characterized with
an X-ray diffractometer (XRD; Rigaku RINT2000)
using Cu Kα radiation (λ=0.15418 nm) at a scanning
step of 0.010 in the 2θ range from 100 to 600. The PL
spectra of the phosphors were obtained with a spectrofluorophotometer (PSI) equipped with a D2 flash
lamp. The emission spectra were taken by exciting at
VUV (147 nm). All the measurements were
conducted at room temperature.
III.RESULTS AND DISCUSSION
Figs. 1(a) and (b) show XRD patterns of the (Gd1Y
)
x x 0.94PO4:Eu0.06 phosphors annealed at 1000 and 1150
0
C , respectively. The XRD patterns do not show the
presence of the starting materials and impurity phases,
but show the formation of single phase, indicating
high purity and good crystallinity. The crystal
structure depends strongly on the Y3+ content and
annealing temperature. For low Y3+ contents
(0≤x≤0.25), the annealed (Gd1-xYx)0.94PO4:Eu0.06
phosphors crystallize in the monoclinic monazite
structure, with the space group P21/n1, irrespective of
annealing temperature [11,12]. In addition to the
monoclinic monazite structure, the annealed
(Gd0.5Y0.5)0.94PO4:Eu0.06 phosphors with x=0.5
show the tetragonal xenotime structure, belonging to
the space group I41/amd [13-15]. However, the (Gd1phosphors annealed at 11500C
xY x)0.94PO4:Eu0.06
contain more tetragonal xenotime phase in
comparison with those at 1150 0C .
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Fig. 1. XRD patterns of the (Gd1-xYx)0.94PO4:Eu0.06
phosphors annealed at (a) 1000 and (b) 11500C .
For high Y3+ contents (x≥0.75), the monoclinic
monazite phase is totally disappeared and all the
peaks are well indexed as the tetragonal xenotime
phase [16]. There are no characteristic peaks related to
the Eu dopant. This indicates that the incorporation of
Eu3+ ion into the host matrix does not cause any
significant changes to the crystal structure.
Furthermore, the patterns of the (Gd1-xYx)0.94PO4:Eu0.06
phosphors annealed at 1000 and 1150 0C ℃ are quite
similar to those obtained from the samples annealed at
1300 0C except the (Gd1-xYx)0.94PO4:Eu0.06 phosphors
with x=0.5 [8]. The (Gd1-xYx)0.94PO4:Eu0.06 phosphors
annealed at 1000 and 1150 0C contain more
monoclinic monazite phase in comparison with those
at 13000C . These results indicate that the higher
annealing temperature accelerates the phase transition
from the monoclinic monazite structure to the
tetragonal xenotime structure.
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Fig. 2. Excitation spectra of the (Gd1-xYx)0.94PO4:Eu0.06
phosphors annealed at (a) 1000 and (b) 1150 0
C.
The excitation spectra of the(Gd1-xYx)0.94PO4:Eu0.06
phosphors annealed at 1000 and 1150 0C are shown
in Figs. 2(a) and (b), respectively. The incorporation
of Y3+ leads to an increase in excitation intensity, and
the annealing temperature scarcely affects the
wavelength of excitation peaks. The excitation bands
originate from the interband transitions of host lattice,
say, PO43- [17-19]. It is apparent that the intense
excitation bands in VUV region are consistent with
the wavelength of excitation source in PDPs (147
nm). In this respect, (Gd1-xYx)0.94PO4:Eu0.06
phosphors are possible candidate for PDP
applications.
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Fig. 3. VUV emission spectra of the (Gd1-xYx)0.94E
u0.06PO4 phosphors annealed at (a) 1000 and
(b) 1150 ℃.
Figs. 3 (a) and (b) exhibit the PL emission spectra
of the (Gd0.5Y0.5)0.94PO4:Eu0.06 phosphors
annealed at 1000 and 1150 ℃, respectively. We can
find that annealing temperature and Y3+ substitution
significantly influence the emission characteristics.
The characteristic emission bands observed are caused
by the efficient 5D0→7Fj (j=1 and 2) transitions of
Eu3+. The emission intensity is dependent on the
symmetry of the local environment of the Eu3+ ions
and can be described in terms of the Judd-Ofelt theory
[20]. The emission intensity of the samples annealed
at 1150 ℃ is stronger than that at 1000 ℃. This is
because the higher annealing temperature facilitates
the crystallite growing process, improves the
crystallinity, and reduces the defects in the powders
which act as the luminescence quenching centers [2123].
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The PL characteristics of the phosphors at 1150 ℃ are
favorable for obtaining high brightness and resolution
in comparison with that at 1300 ℃, which is caused by
high packing density of phosphor powders and low
scattering of light [10].
IV CONCLUSIONS

Fig. 4. Emission intensity of the (Gd1-xYx)0.94PO4:
Eu0.06 (0≤x≤1.0) phosphors.

For low Y3+ contents (0≤x≤0.25), the emission
intensity caused by the 5D0 → 7F1 transition (585600 nm) is much stronger than that caused by the
5D0→7F2 transition (610-629 nm), indicating that the
phosphors emit a mixture of orange and red light. This
is because Eu3+ ions have centro-symmetrical
environment in the host lattice [24, 25]. The 5D0 →
7F1 and 5D0 → 7F2 transitions are responsible for
orange-red and red light emissions, respectively [18].
On the other hand, for high Y3+ contents
(0.75≤x≤1.0), dominant emission peaks are observed
at 586-600 and 610-625 nm. It is obvious that by
increasing the Y3+ content, the emission intensity
peaking at orange region becomes weak, whereas that
at red region becomes strong. This may be due to the
fact that symmetry of the local environment around
Eu3+ ions is lowered by substituting the Y3+ [24, 25].
The Y3+ ions introduced in the Gd3+ lattice increase
the degree of disorder in the host lattice and decrease
the local symmetry of Eu3+ ions.
The ratio of the emissions caused by the 5D0 →
7F1 and 5D0 → 7F2 transitions, (5D0 → 7F2)/( 5D0
→ 7F1), for the phosphors annealed at 1000 and 1150
℃ is shown in Fig. 4. The ratio becomes larger with an
increase in Y3+ content. This means that as the Y3+
ions replace the Gd3+ ions, emitted red color purity is
improved. The phosphors with high Y3+
(0.75≤x≤1.0), having tetragonal structure, offer
improved red color purity. It is also worthy to point
out that the ratio of the Y0.94PO4:Eu0.06 annealed at
1000 and 1150 ℃ is much higher than that at 1300 ℃,
i.e., 1.25, 1.40, and 0.916 for 1000, 1150, and 1300
°C, respectively [8]. The Y0.94PO4:Eu0.06 annealed
at 1150 ℃ show smaller powder size and better PL
characteristics in comparison with that at 1300 ℃ [8].
ISSN NO: 2454-1958

We
successfully
synthesized
(Gd1xYx)0.94PO4:Eu0.06 (x=0, 0.25, 0.5, 0.75, and 1.0)
phosphors with a good crystallinity and powder
characteristics by the solution combustion method.
The annealing temperature and Y3+ substitution
strongly affected the crystal structure and PL
characteristics.
The
(Gd1-xYx)0.94PO4:Eu0.06
phosphors with low Y3+ contents (0≤x≤0.25) and
high Y3+ contents (0.75≤x≤1.0) crystallized in the
monoclinic monazite structure and the tetragonal
xenotime structure, respectively. The two crystal
structures coexisted in the (Gd1-xYx)0.94PO4:Eu0.06
phosphors with x=0.5. The emission intensity and
color purity of (Gd1-xYx)0.94PO4:Eu0.06 phosphors
were substantially improved when Gd3+ ions are
replaced by Y3+ ions. The strongest and intense red
color
emission
was
obtained
for
the
Y0.94PO4:Eu0.06 phosphor annealed at 1150 ℃,
which had the tetragonal xenotime structure. The
tetragonal xenotime structure was desirable for
enhanced color purity. The value of (5D0 → 7F2)/(
5D0 → 7F1) for the Y0.94PO4:Eu0.06 phosphor
annealed at 1150 ℃ was larger than that annealed at
1000 and 1300 ℃. It is important to control precisely
the annealing temperature and Y3+ content of the
(Gd1-xYx)0.94PO4:Eu0.06 phosphors for enhanced
PL characteristics.
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ABSTRACT
PAC (Poly Aluminium Chloride) is a coagulant and has
different characteristics from other cationic inorganic
products used in water treatment. This paper describes the
performance evaluation studies of ECORITE PAC– 2010 of
M/s. Shriram Consolidated Limited (DSCL) as a coagulant.
It was observed that ECORITE PAC – 2010 acts as a good
coagulant over a wide range of turbidity and produces larger
and more rapidly settleable flocs than the alum. It also
describes the comparative studies of ECORITE PAC-2010
and alum in the removal some heavy metals (Fe, Mn, Cd, Cr,
Pb and Hg) from waters of different alkalinity. The heavy
metal removal efficiency of alum and ECORITE PAC-2010
show a similar trend over a different range of alkalinity of
the test water.
Key Words: ECORITE PAC-2010, Coagulants, Heavy
metals, alkalinity

1.INTRODUCTION
Coagulants are those substances which are capable of
removing colloidal impurities from water, and
coagulation is the process by which such removal is
brought about. Alum has been traditionally used as a
coagulant in water treatment for over hundred years. It is
commonly available, relatively inexpensive and has long
been recognized as a successful compound for removal
of colour and turbidity from water supplies. However,
more recently attention has been directed to alternative
coagulants in water treatment in efforts to reduce
residual aluminium in finished water, minimize sludge
production and eliminates post precipitation of
aluminium residues in the distribution systems 1.The
Poly Aluminium Chloride is an effective coagulant for
removal of turbidity2,5., organic matter3,6, humic acid7,
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leachates8, heavy metals etc and treatment of municipal
waters and waste wasters9.
The performance evaluation of Poly Aluminium
Chloride (PAC) vis-a-vis alum as a coagulant in water
treatment has been reported in this paper. The PAC
investigated in this study was ECORITE
PAC – 2010 a product from M/s Shriram Consolidated
Limited (DSCL). It is a coagulant which is claimed by
M/s DSCL to be the latest generation Poly Aluminium
Chloride based liquid coagulant/flocculant manufactured
at Kota (Rajasthan) in India for the first time using stateof-the art technology imported from Italy.
The study involved extensive Jar Test experiments on
different waters of natural origin as well as those
prepared under laboratory conditions. The data generated
in these investigations are presented in this paper.
MATERIALS & METHODS
Preparation of Coagulant Solution
The working alum solution was freshly prepared by
dissolving 10 gm of alum (ferric alum grade 2 ISI
specification) in one litre of distilled water. For making
1% solution of ECORITE PAC –2010 the dilution of this
coagulant was done with distilled water on daily basis.
The neat ECORITE – PAC 2010 was dosed by using a
micro syringe.
Sampling
A large volume of raw water sample was collected at a
time for the studies so that all the portions tested will be
from the same source for a series of experiments. About
30 litres of water sample was collected each time to
permit the requisite series of Jar Test of six portions
each.
Jar Test Equipment
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All the laboratory tests were carried out using Phipps and
Bird Multiple Stirring Device (Jar Tester) equipped with
stirring paddles and provision for controlled mixing. The
floc size and its settleability were observed in
illuminating device at the base of the apparatus.
Test Conditions
Measured volumes [1000 ± 10mL] of samples were
flocculated using the Jar Test apparatus in 1000 ml
beakers. The beakers ware placed in position on the Jar
Tester. The motor of the paddled stirrer was started.
After the addition of coagulant in each beaker
simultaneously, rapid mixing was maintained at 100 ±
10 rpm (rotations per minutes) for 30 seconds followed
by slow mixing at 25 ± 5 rpm for 10 minutes. At the end
of stirring period, the beakers were removed slowly from
the Jar Tester platform and the contents of the beaker
were allowed to settle for 20 minutes. For each series the
Jar Tests were repeated and average value of turbidity
recorded to eliminate subjective errors. The criteria used
for the evaluation of the efficiency of the coagulants
were settled water turbidity and visual appearance of
flocs.
Test Waters
The test waters of different alkalinities were prepared in
tap water by adding appropriate volumes of sodium
bicarbonate solution. The test waters were spiked with
suitable volumes of heavy metals solutions for studying
the effectiveness of heavy metals removal by alum and
ECORITE PAC-2010.
The test waters used for turbidity removal studies were
natural waters or synthetic waters. The natural waters
studied were river water collected from Kanhan river. In
those natural waters where different turbidity ranges are
studied, the highest turbid water was tested first. This
highly turbid water was allowed to settle for some time
and then supernatant was withdrawn. This supernatant
has the same physico-chemical characteristics as the
original raw water except less amount of suspended
solids. Thus less turbid water of same source of natural
water could be obtained. The same procedure was
adopted for getting lesser turbid waters of different
ranges from the same natural water of high turbidity.
The synthetic waters were prepared by preparing
artificial turbid solutions.
Analytical Methods
All the analytical estimations were done as per the
procedures described in the 20th Edition of Standard
Methods4. Nephelometric method was used for making
turbidity measurements. This method is based on

ISSN NO: 2454-1958

comparison of intensity of light scattered by the sample
under defined conditions with the intensity of light
scattered by a standard reference suspension under the
same conditions. The instrument used for the turbidity
measurements was Hach 2000A Turbidimeter. The
alkalinity of the water samples was determined by
titrimetric method and heavy metals were estimated by
Jobin Yvon ICP Spectrometer and Coleman Mercury
Analyser.
Heavy Metal Removal Studies
Jar Test experiments were performed on synthetic
waters of different alkalinities prepared in distilled
water. The test water was spiked with 1 mg of Fe and
Mn and 0.55 mg of Cd, Cr, Pb and Hg. The dose of
coagulant applied to the test water was 100 mg/L, 200
mg/L and 300 mg/L. Different sets of test water were
subjected to Jar Test experiments as described earlier.
The settled water was filtered through Whatman 42 filter
paper and then analysed for heavy metals by Jobin Yvon
ICP spectrometer and Coleman Mercury Analyser.
The results of heavy metals removal at test water
alkalinity of 250 mg/L, 300 mg/L, 600 mg/L and 1000
mg/L as CaCO3 are presented graphically in Fig. 1. It is
observed that there is considerable amount of reduction
in the levels of metals in the test water which is
subjected to Jar Test conditions without the addition of
alum and ECORITE PAC-2010, indicating that under
the existing pH and alkalinity conditions these heavy
metals get precipitated as their corresponding insoluble
complex salts. The removal of heavy metals may
therefore, be attributed to the combined effect of
coagulation as well as precipitation occurring at the pH
and alkalinity conditions of the test water. It is further
observed that the removal of heavy metals is enhanced
with the increase in the alkalinity of the test water.
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Fig. 1.Heavy Metal Removal Studies By Alum and
ECORITE PAC 2010 at Different Test Water
Alkalinities
Conclusions
ECORITE PAC- 2010 acts as a good coagulant over a
wide range of turbidity. It produces larger and more
readily settleable flocks than alum at different test water
turbidities. For different raw water turbidities on an
average the dose required for ECORITE PAC- 2010 is
50% that of alum when it is dosed by preparing 1%
aqueous solution, whereas the dose is 40% that of alum
if dosed neat. Slight haziness is observed in the water
treated with 1% solution of ECORITE PAC-2010, where
as it is very clear when dosed neat. The results obtained
in the study showed that the consumption of alkalinity
and drop in the pH is more in case of alum than with
ECORITE PAC-2010.
The studies with ECORITE PAC-2010 and alum show
similar trends in removal of heavy metals from different
test water in the alkalinity range of 250 mg/L to 1000
mg/L as CaCO3.Heavy metal removal efficiency
increases with increase in alkalinity of test waters.
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Abstract:
The density, ultrasonic velocity and viscosity at
temperature 303K have been measured in the binary
system of Cinnamaldehyde with polar liquid acetone.
From the experimental data, various acoustical
parameters such as adiabatic compressibility (βa),
intermolecular free length (Lf), free volume (Vf),
relaxation time (τ), Classical Absorption (α/f2), Real
Volume (XΓ) and Gibb’s free energy (ΔG) were
calculated.These derived thermodynamic parameters
highlight the role of Cinnamaldehyde with polar liquid
acetone and its influence with concentrations and
temperature. It has been observed that, weak dispersive
type intermolecular interactions are confirmed in the
system investigated.
Keywords: Ultrasonic velocity, Acoustical parameters,
Molecular interactions, Cinnamaldehyde, Acetone and
binary liquid mixtures.

I.

Introduction:

In the present investigation, binary system
of Cinnamaldehyde with acetone, both are polar
liquid. Liquid mixtures consisting of polar and nonpolar components are of immense importance. When
two or more liquids are mixed, there occur some
changes in physical and thermodynamic properties
because of free volume change, change in energy and
change in molecular orientations. There are many
approaches and spectroscopic techniques such as Xray crystallography, chromatography, NMR, EPR,
vibration and Raman spectroscopy, neutron & light
electronically operated digital constant temperature
water bath has been used to circulate water through
the double walled measuring cell made up of steel
containing the experimental solution at the desire
temperature. The density of pure liquids and liquid
mixtures was determined using pycknometer by
relative measurement method with an accuracy of
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scattering, circular dichroism (CD), IR and ultrasonic
velocity measurements used to determine structure
and molecular interactions occurring in the solutions.
Among these techniques, ultrasonic velocity
measurements have been found to be most powerful
tool in the investigation of structure and molecular
interactions occurring in the liquid mixtures. The
measurement of ultrasonic velocity gives valuable
information about the physical properties and
strength of molecular interactions in the mixtures.
The ultrasonic study of liquid and liquid mixtures has
been employed in understanding the nature of the
molecular interactions in pure components and their
mixtures [1-6].
In the present investigation, we report the
experimental studies of u, ρ and η and the results of
derived thermodynamic parameters like adiabatic
compressibility (βa), intermolecular free length (Lf),
free volume (Vf), Classical Absorption (α/f2), Real
Volume (XΓ) and Gibb’s free energy (ΔG) at
temperature 303K.
II. Experimental Details:
Solutions of different concentration were
prepared for this binary system of Cinnamaldehyde
with acetone. The ultrasonic velocity (U) in liquid
mixtures which prepared by taking purified AR grade
samples, have been measured using an ultrasonic
interferometer (Mittal type, Model F-81) working at
4MHz frequency and at temperature 303K. The
accuracy of sound velocity was ±0.1 ms-1. An
±0.1Kgm-3. An Ostwald’s viscometer was used for
the viscosity measurement of pure liquids and liquid
mixtures with an accuracy of ±0.0001NSm-2. The
temperature around the viscometer and pycknometer
was maintained within ±0.1K in an electronically
operated constant temperature water bath. All the
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precautions were taken to minimize the possible
III. Results and Discussion:
Using the experimental data of ultrasonic
sound density, velocity and viscosity, various
acoustical
parameters
such
as
adiabatic
compressibility (βa), intermolecular free length (Lf),
free volume (Vf), relaxation time (τ), Classical
Absorption (α/f2), Real Volume (XΓ) and Gibb’s free
energy (ΔG) were calculated by the following
equations (1-7).
βa = (U2 ρ)-1

….. (1)

Lf = KTβa 1/2

….. (2)

Vf = (Meff U/ηK)3/2

..… (3)

τ = 4/3 η βa

..… (4)

(α/f2) = 8𝜋2 η/3ρU3

..… (5)

XΓ = Meff/ρb
ΔG = - KB T ln (h/τ KB T)

..… (6)
.… (7)

Where, KT is the temperature dependent constant, K
is constant equal to 4.28*109 in MKS system, KB is
Boltzmann constant (1.3806 x 10-23 JK-1), T is the
temperature, h is Planck constant (6.626 x 10-34 Js),
Meff = Σ ximi, where xi is the mole fraction and mi is
the molecular weight of the component.
The measured parameters viz., ultrasonic
velocity (U), density (ρ), viscosity (η) and calculated
parameters such as adiabatic compressibility (βa),
intermolecular free length (Lf), free volume (Vf) and
relaxation time (τ) for the system: Cinnamaldehyde
+ Acetone
at temperature 303K and 4MHz
frequency are given in Table-1.
Table-2 presents the relaxation time (τ),
Classical Absorption (α/f2), Real Volume (XΓ) and
Gibb’s free energy (ΔG) with respect to
concentrations of Cinnamaldehyde in Acetone at
temperatures 303K at 4MHz frequency.
Table-1 shows that, velocity increases with
concentration of Cinnamaldehyde in acetone. This
indicates that strong interaction observed at higher
concentrations. The density values also have the

Mole fraction
of
Cinnamaldehyde
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ρ
(kg/m3)

U
(m/s)

experimental error.
same trend with velocity in the system. Viscosity
decreases in system, suggesting thereby more
association between solute and solvent molecules.
The adiabatic compressibility determines the
orientation of the solvent molecules around the liquid
molecules. From the Table-1 it is observed that, the
adiabatic compressibility and free length decreases
with increase of mole fraction of the solute in system.
This may lead to the presence of specific molecular
interaction between the molecules of the liquid
mixture. Intermolecular free length is the distance
between the surfaces of the neighboring molecules.
Decrease in intermolecular free length in system
leads to positive deviation in sound velocity and
negative deviation in compressibility. This indicates
that the molecules are nearer in the system.
Free volume is very important factor in
explaining the variations in the physiochemical
properties of liquids and liquid mixtures. Free
volume increases with increasing mole fraction of the
solute in system. The increase in free volume in
system shows that the strength of interaction
increases gradually with the increase in solute
concentration. It represents that there is weak
interaction between the solute and solvent molecules.
Also, the observed increased values of Vf are due to
close association between solute and solvent. Thus, a
progressive increase in
free volume in
Cinnamaldehyde + Acetone binary mixtures clearly
indicates the existence of molecular interaction, due
to which the structural arrangement is considerably
affected. [7-11].
Table-2 shows that, the relaxation time (τ)
decreases with increasing mole fraction of the solute
in system.
This also indicates the significant
interactions in the system. Classical Absorption (α/f2)
is decreasing, but Real Volume (XΓ), Gibb’s free
energy (ΔG) are increasing. The increase in Gibb’s
free energy value confirms the availability of
intermolecular interaction [12-15].
Table 1: The experimentally measured values of
Velocity (U), Density (ρ), Viscosity (η) and the
calculated values of Adiabatic compressibility (βa),
Intermolecular free length (Lf), and free Volume (Vf)
with respect to concentrations of Cinnamaldehyde in
Acetone at 303K and 4MHz frequency.

η*10-3
(CP)

βa *10-10
(Pa-1)

Lf *10-10
(m)

Vf *10-7
(m3mol-1 )
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in Acetone

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

782.00
809.22
828.14
846.24
864.52
881.10
896.23
911.10
931.36
968.10
998.00

1182.33
1180.00
1255.66
1279.33
1306.42
1330.00
1370.66
1402.33
1430.66
1449.00
1473.33

T=303K
0.3604
0.3351
0.3085
0.2711
0.2495
0.2178
0.1923
0.1789
0.1603
0.1531
0.1422

9.148
8.875
7.659
7.220
6.777
6.416
5.939
5.581
5.246
4.920
4.616

0.6225
0.6132
0.5696
0.5531
0.5359
0.5214
0.5016
0.4863
0.4714
0.4565
0.4422

2.098
2.659
3.728
5.203
6.747
9.364
12.94
16.26
21.43
25.27
31.15

Table 2: Relaxation time (τ), Classical Absorption (α/f2), Real Volume (XΓ) and Gibb’s free energy (ΔG) with
respect to concentrations of Cinnamaldehyde in Acetone at 303K at 4MHz frequency.
Mole fraction of
Cinnamaldehyde in Acetone

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

τ*10-12
(s)

α/f2* 10-15
Nps2m-1

XΓ
Mole

ΔG
*10-20
KJ mol–1

0.4396
0.3965
0.3150
0.2610
0.2255
0.1863
0.1523
0.1331
0.1121
0.1004
0.0875

7.3317
6.6268
4.9474
4.0228
3.4032
2.7626
2.1908
1.8721
1.5454
1.3667
1.1714

0.0294
0.0310
0.0328
0.0346
0.0363
0.0380
0.0397
0.0414
0.0427
0.0433
0.0441

48.58
48.78
49.24
49.62
49.91
50.29
50.70
50.97
51.31
51.53
51.80
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IV. Conclusion:
The existence of type of molecular
interaction in solute-solvent is favored in system,
confirmed from the U, ρ, η, βa, Lf, Vf and τ data.
Ultrasonic velocity, density and viscosity have been
measured for the binary mixture of Cinnamaldehyde
+ Acetone at 303K and 4MHz frequency. The
variation in ultrasonic velocity (U), density (ρ) and
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viscosity (η) and other related thermodynamic
parameters such as adiabatic compressibility (βa),
intermolecular free length (Lf), free Volume (Vf),
relaxation time (τ), Classical Absorption (α/f2), Real
Volume (XΓ) and Gibb’s free energy (ΔG) data at
various concentrations and at temperature 303K in
the binary solution of Cinnamaldehyde with Acetone
shows the variation to be non-linear. Consequently
ultrasonic velocity of system increases depending on
concentration of Cinnamaldehyde. The observed
increase of ultrasonic velocity indicates the solutesolvent interaction. The non linear behavior confirms
the presence of solute-solvent, solvent-solvent and
dipole-dipole interactions. The non-linear variation of
ultrasonic velocity and adiabatic compressibility on
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the mole fractions of the component liquid in a liquid
mixture is due to the H-bonding nature of the binary
liquid system. For the observed molecular
interaction, hydrogen bond formations are
responsible for the heteromolecular interaction in the
liquid mixture. This provides useful information
about inter and intra molecular interactions of the
mixture as existing in the liquid systems.

[7]
[8]
[9]

References:

[13]

[1]

Blitz J, “Fundamental of Ultrasonics, Butterworths”,
London, 1963, pp 117.

[2]

Palaniappan L. and Karthikeyan V., Indian J. Phys.,
2005, 79(2), 155.
Nithiyanantham S. and Palaniappan L., Acta Ciencia
Indica, 2006, 37(3), 382.
Nithya R., Mullainathan S. & Rajasekaran R., E J. of
Chem.,2009,6(1), 138.
Nithiyanantham S. and Palaniappan L., Metals
Materials and Processes, 2008, 20(3), 203.
Satya Narayanamurthy M., Curr. Sci., 1964, 33, 364.

[3]
[4]
[5]
[6]

ISSN NO: 2454-1958

[10]
[11]
[12]

[1]

[2]

Suryanarayana C. V., J. Acoust Soc India, 1983, 13, 9.
Fletcher A., J. Phys Chem., 1969, 73, 2217.
Samuel Ebinezer B. and Palaniappan L., J. Phy Sci.,
2007, 18(1), 11.
Palaniappan L. and Velusamy V., Indian J. Pure Appl.
Phys., 2004, 42, 591.
Jerie K., Baranowski A., Przybylski J. and Glinski J, J.
Mol Liq., 2004, 111, 25.
Bedare G. R., Bhandakkar V. D. and Suryavanshi B. M,
International Journal of Research in Pure and Applied
Physics,2013, 3 (3), 20-22.
Bedare G. R., Bhandakkar V. D. and Suryavanshi B. M,
IOP Conference Series: Materials Science and
Engineering 42 (2012) 012028
Bedare G. R., Bhandakkar V. D. and Suryavanshi B. M,
Indian Journal of Pure Applied and Industrial Physics,
2013, 3(1), 63.
Bedare G. R., Bhandakkar V. D. and Suryavanshi B. M,
International Journal of Innovation in Science and
Mathematics (IJISM), 2.2 (2014): 213-214.

Special Issue Tech-Ed 2016 (International Conference)

Page 68

Red emitting A2Mg4(PO4)3Cl:Eu3+(A=Na and K)
halophosphate phosphor
P. K. Naktode1, K.N. Shinde1,*, N.S. Kokode2, and S.J. Dhoble3
1
N.S. Science and Arts College, Bhadrawati-442902, India
2
N.H.College, Bramhapuri -441206,India
3
Department of Physics, RTM Nagpur University, Nagpur -440033, India
*Corresponding author: kartik_shinde@rediffmail.com

satisfactory red phosphors for the w-LED applications are not
available.

Abstract:The Eu3+activated phosphate based phosphors prepared by
combustion synthesis, characterized by XRD (X-ray diffraction),
SEM (Scanning electron microscopy) and photoluminescence
techniques, has been reported. Photoluminescence (PL) excitation
spectrum of A2Mg4-x(PO4)3Cl: Eux3+ (A=Na and K) (0.1  x  1.0)
phosphors show the excitation peaks ranging from 370 to 400 nm
due to 4f→4f transitions of Eu3+ ions. PL emission spectra of Eu3+
ion under 396 nm and 397 nm excitation gives PL emission at
613-615 nm (red) due to 5D0 7F2 transitions, 597-598 nm
(orange) emission due to 5D0  7F1transitions, respectively. The
370–400 nm is Hg-free excitation which is characteristic of solidstate lighting phosphors. Hence, PL emission in trivalent
europium may be efficient photoluminescent materials for solidstate lighting phosphors.
Keywords:- Halophosphate; phosphor; XRD; photoluminescence;
LED.

INTRODUCTION
At present, great progress is made on white light
emitting diodes (w-LEDs) for the high efficiency, long
lifetime, saving energy consumption, and environmentfriendly characteristics. There are two methods to generate
white light using LEDs. One is to combine the emission from
a blue LED with a longer wavelength, such as yellow
(YAG:Ce), that has been down converted from phosphors.
Another approach is combination of a near-UV LED (370–410
nm) with red, green and blue phosphors. The latter approach
may be the most convenient way to obtain high quality wLEDs [1,2]. However, phosphors with excitation spectra
matching the near-UV excitation are rare. For achieving this
approach, it is imperative to develop new effective phosphors
suitable for 370–410 nm excitations. Many researchers have
been conducted in order to develop new red phosphors
suitable for UV-LED excitations [3–6]. However, up to now,

Eu3+ ion is expected to be one of the promising that
provide optical devices in red color regions and many
investigations have been conducted in various compounds [78]. Phosphates are a type of promising host materials for their
easy-synthesis, low-cost and chemical/thermal-stabilities over
a wide range of temperatures (400–800 ◦C) [9].
In the search for red-emitting phosphors with high
efficiency and proper CIE chromaticity coordinates, the Eu3+
activated phosphors are primarily considered. The major
emission of Eu3+ usually shows an intense red or orange light
due to the transition of 5D07F1 or 5D07F2, respectively,
which depends on the structure of the phosphor host, and it
mainly shows sharp 5D07F2 red-emission lines around 610–
625 nm when Eu3+ ions occupy the lattice sites without centrosymmetry. To find novel efficient red emitting LED
phosphors, the choice of the host is another key factor.
Phosphate compounds have been widely studied due to their
stability, various crystal structures, and relatively easy
preparation [10]. Halophosphate have been paid intense
attention because of their excellent properties. Among halo
based phosphors, halophosphate phosphors have attracted
tremendous attention due to their intense luminescence
intensities, high emission efficiencies and wide application
fields in displays and UV devices [11-16].
In this article, we report the synthesis and
characterization of intense red-emitting A2Mg4-x(PO4)3Cl:
Eux3+ (A=Na and K) (0.1  x  1.0) phosphor powders. Our
work shows that A2Mg4-x(PO4)3Cl: Eux3+ (A=Na and K) (0.1 
x  1.0) has a strong absorption peak at 395 nm and gives
intense red emissions at 613 nm, which offers an excellent
possibility for solid-state lighting especially for w-LED
applications.

Experimental
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The Eu3+ activated A2Mg4-x(PO4)3Cl, (A=Na and
K) phosphors were prepared via combustion synthesis. The
starting AR grade materials (99.99% purity) were taken where
sodium nitrite (NaNO2), potassium nitrate KNO3, ammonium
di-hydrogen phosphate NH4H2 (PO4), magnesium nitrate
Mg(NO3)2, ammonium chloride (NH4Cl), europium oxide
Eu2O3 and urea used as fuel. In the present investigation,
materials were prepared according to the chemical formula
A2Mg4-x (PO4)3Cl: Eux (A=Na and K) (0.1  x  1.0). Eu3+ ions
were introduced as Eu (NO3)3 solutions by dissolving Eu2O3
into dil. HNO3 solution for the preparation of A2Mg4-x
(PO4)3Cl: Eux (A=Na and K) phosphor. After mixing all
reagents about 15 min, and we will get a homogeneous
mixture and transferred into a furnace preheated at 6500C and
the porous products were obtained. The photoluminescence
measurement of excitation and emission were recorded on the
Shimadzu RF5301PC spectrofluorophotometer. Emission and
excitation spectra were recorded using a spectral slit width of
1.5 nm. The prepared host lattice was characterized for its
phase purity and crystallinity by X-ray powder diffraction
(XRD), using a PAN-analytical diffractometer (Cu–Kα
radiation).

Chemical reaction are as follows
2NaNO2+4Mg (NO3)2+3NH4H2 (PO4) +NH4Cl+ NH2CONH2+
x/2(Eu2O3)Na2Mg4x(PO4)3Cl+8NH3+8NO2+H2O+CO2+11.75 x/2 O2↑
2KNO3+4Mg (NO3)2+3NH4H2 (PO4) +NH4Cl+ NH2CONH2+
x/2(Eu2O3)Mg4-x(PO4)3Cl+8NH3+10NO3+H2O+CO2+11.75
x/2 O2↑
Results and discussion
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Fig.2: X-ray diffraction (XRD) patterns of K 2Mg4 (PO4)3Cl phosphor
powder

The XRD pattern of the powder was recorded on
an X-ray diffractometer using Cu-Kα radiation (1.54060 nm)
and at a scanning scan step time of 10.3377 s. Fig.1 and 2
show the XRD pattern of A2Mg4-x (PO4)3Cl, (A=Na and K)
prepared at 650 °C combustion synthesis. The most common
use of powder (polycrystalline) diffraction is chemical
analysis. This can include phase identification (search/match),
investigation of high/low temperature phases, solid solutions
and determinations of unit cell parameters of new materials.
The XRD pattern did not indicate presence of the constituents
like, (NaNO2), KNO3, NH4H2 (PO4), Mg(NO3)2, (NH4Cl),
Eu2O3 and other likely phases, which are an indirect evidence
for the formation of the desired compound. These results
indicate that the final product was formed in crystalline and
homogeneous form. Each different crystalline solid has a
unique X-ray diffraction pattern which acts like a
“fingerprint”. Phases with same chemical composition have
different XRD patterns [17]. We infer that the obtained
material is unknown composition. With respect to this result, a
further study will continue.

Scanning electron microscopy (SEM)
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Fig.1: X-ray diffraction (XRD) patterns of Na2Mg4 (PO4)3Cl phosphor
powder.
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Fig.3: SEM patterns of Na2Mg4 (PO4)3Cl: Eu3+ phosphor powder.

Fig.5:Fig.4: SEM patterns of K2Mg4 (PO4)3Cl: Eu3+ phosphor powder

The particle size distribution of the phosphor is an
important factor for its application in WLEDs. Fig. 3-4 show
the SEM images of A2Mg4-x (PO4)3Cl: Eux3+ (0.1  x  1.0)
(A=Na and K) phosphors with various concentrations of Eu 3+
ions prepared by combustion synthesis at 650 0C. A SEM
study was carried out to investigate the surface morphology
and crystallite sizes of the synthesized A2Mg4-x (PO4)3Cl: Eux3+
(0.1  x  1.0) (A=Na and K) phosphor powders. An average
crystallite size is in the sub-micrometer range (0.5µm-1µm).
In the combustion synthetic process, we found the optimal
shape and size of the phosphor using only the synthetic
temperature. The surfaces of the foam showed many cracks
and pores formed by the escaping gases during the combustion
reaction. Most particles showed sizes of a few micrometers.
These results indicate that the final product is in crystalline
forms. Typical morphological images are represented in Fig.
3-4. The particles possess foam-like morphology. Combustion
synthesis is a method based on the principle that once a
reaction is initiated under heating, an exothermic reaction
occurs that becomes self-sustaining within a certain time
interval, resulting in a powder as final product, so solution
combustion synthesis has the advantage of rapidly producing
fine and homogeneous powders.
Photo luminescent properties of Na2Mg4-x(PO4)3Cl: Eux3+
(0.1  x  1.0)

ISSN NO: 2454-1958

Excitation spectrum Na2Mg4 (PO4)3Cl: Eu3+ phosphor
monitored at 615 nm

The excitation spectrum by monitoring 5D0–7F2
emission of Eu3+ in Na2Mg4(PO4)3Cl:Eu3+ phosphor is given in
Fig. 5. The narrow peaks located at wavelengths longer than
396 nm, which is caused by the characteristic 7F0-5L6
transition of Eu3+ [18].

Fig.6:- Emission spectra of Na2Mg4-x(PO4)3Cl: Eux3+ phosphor (0.1  x 
1.0) (excited at 396 nm).

Fig.6. shows the emission spectra of Na2Mg43+
7
(PO
)
Cl:Eu
x
4 3
x (0.1  x  1.0) under direct excitation the F0–
5
3+
L6 transition of Eu at 396 nm. The Na2Mg4-x(PO4)3Cl:Eux3+
(0.1  x  1.0) is composed of a series of linear spectra.
Typical linear emission peaks of Eu3+ can be observed in the
range of 575–650 nm and ascribed to the transition 5D0 level
to 7F1, 7F2 levels of Eu3+, respectively. The emission spectra of
Na2Mg4-x(PO4)3Cl:Eux3+ (0.1  x  1.0) phosphor in general,
Eu3+ has dominant peaks in the emission spectra in many host
matrices. The peaks located at 615 (red) corresponds to the
hypersensitive transition 5D0  7F2 (615 nm) and another
peaks located at 598 nm (red-orange) is due to the transition
5
D0  7F1 (598 nm) [19]. It is well-known that the 5D0→7F1
transition belongs to the magnetic dipole transition which
scarcely changes the crystal field strength around the Eu3+ ions
and this transition is independent of the symmetry and the site
occupied by Eu3+ ions in the host [20]. While the transition of
5
D0→7F2 belongs to a forced electric dipole transition and its
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intensity is very sensitive to the site symmetry of the Eu3+
ions. Thus, the ratio of R=5D0→7F2 /5D0→7F1 can measure the
distortion from the inversion symmetry of the Eu3+ ion local
environment [21-23]. To be an orange/red component of the
tri-color phosphors, the color purity of this phosphor is
satisfied. Thus it can be a good candidate as a red component
for solid state lighting based on LED.
Photo luminescent properties of K2Mg4-x (PO4)3Cl: Eux3+ (0.1
 x  1.0)
The photoluminescence excitation and emission
spectra of K2Mg4-x(PO4)3Cl: Eux3+ (0.1  x  1.0) are depicting
in Fig. 7 and 8, respectively .The excitation spectrum by
monitoring 5D0–7F2 emission of Eu3+ in K2Mg4(PO4)3Cl
phosphor is given in Fig. 7. The narrow peaks located at
wavelengths longer than 397 nm, which is caused by the
characteristic 7F0-5L6 transition of Eu3+.

Conclusions
In the present work, the Eu3+ ions activated
A2Mg4-x (PO4)3Cl: Eu3+ (A=Na and K) (0.1  x  1.0)
phosphors have been synthesized by the facile combustion
synthesis. The formation of these compounds was confirmed
by the XRD technique. SEM images show foam like
morphology with average crystallite size in sub-micrometer.
The PL emission is strongly observed in the red region of the
spectrum due to transition of Eu3+ ions in the K2Mg4-x
(PO4)3Cl: Eux3+ (0.1  x  1.0) phosphors. The strong red
emission is observed in K2Mg4 (PO4)3Cl: Eu and Na2Mg4
(PO4)3Cl: Eu 0.5 m% phosphor by near UV excitation.
Therefore, new synthesis by low cost and easy technique
prepared novel phosphors, which could be useful as red
component in near UV LED applications. Orange/red
emission observed in K2Mg4 (PO4)3Cl: Eu3+ and Na2Mg4
(PO4)3Cl: Eu3+ nanophosphors due to transitions from 5D0
excited states to 7FJ (J=0–4) ground states of Eu3+ ions under
the 397 nm and 396nm and it is more favorable of solid state
lighting.
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Abstract
The glasses of the compositions of 60V2O5–(40-x) P2O5–x
B2O3, x = 5, 10, 20, 30 and 35 mol % were prepared by a
conventional melt-quenching method. The x-ray powder
diffraction patterns at room temperature show that all samples
are amorphous in nature. The AC conductivity is analyzed by
different processes, which can be attributed to the correlated
barrier hopping (CBH) model amongst the several models.
Keywords— conducting glass; hopping model; melt quenching.

Introduction
Now adays, phosphate-based glasses are widely studied due
to their appealing fundamental properties and technological
importance such as membrane in batteries [1] and laser
materials [2], piezoelectric materials [3], luminescence [4],
ceramics, and ionic conductors [5]. Transition metal oxide
glasses have been studied because of their interesting
semiconducting properties, which is due to the hopping of
polarons from the higher to the lower valence states of the
transition metal ions [6]. Phosphate glasses hold abundant
advantages such as high thermal conductivity, low melting and
softening temperature and high thermal expansion coefficient
over silicate and borate glasses [7]. V2O5 glasses are known to
contain V4+ and V5+ ions where the electrical conduction was
attributed to the hopping of 3d1 unpaired electron from V4+ to
V5+ site, which induces a polarization of the vanadium ion
around it and forms a polaron. The vanadate glasses has
received greater attention as a new branch in semiconducting
glasses because of its wider glass-forming region in the phase
diagram, and its possible technological applications in
threshold switching, memory switching, electrical threshold,
electrochemical batteries, and optical switching devices [8].

by a conventional melt-quenching method. The AR grade (SD
fine, india) chemicals were used in this investigation, which
were weighed and mixed together. This mixture was
homogenized and melted in silica crucible in a furnace at 900
C for 3 h and the melt was stirred to remove CO2. After
melting, the mixture was poured out onto a nonmagnetic
stainless steel plate so that the sheet sample had a thickness of
up to 3mm. To avoid internal strains, the sample was annealed
at 200 C for 1 h. The XRD pattern of powder sample was
recorded on a XRD Philips PW 1830 using CuKα radiation (λ
= 1.54 Å) in the range 20−80. The temperature dependence
of AC conductivity (σ) was measured using LCR meter,
Agilent Technology, Singapore, the operating voltage was 1V.
The measurements were performed in a frequency region of
20 Hz to 1MHz and a temperature range of 303–473 K.
Result and Discussion
XRD Analysis
Fig. 1 shows the usual XRD patterns of all glass
samples. As there was no distinguishing peak which
corresponds to any crystalline stage, therefore it can be
inferred that the prepared samples are amorphous in nature.

The aim of this work is to prepare the glasses with
composition V2O5–P2O5– B2O3. In this paper we have reported
electrical transport mechanism of above mention glasses.

Fig.1 XRD of glass samples

Experimental
The glasses of the compositions of 60V2O5–(40-x)
P2O5–x B2O3, x = 5, 10, 20, 30 and 35 mol % were prepared

ISSN NO: 2454-1958

Special Issue Tech-Ed 2016 (International Conference)

Page 74

Theory Used for the Investigation of the Conduction
Mechanism
In order to find the predominant conduction mechanism of
the AC conductivity of V2O5–P2O5– B2O3 glasses, we suggest
the some suitable model for the conduction mechanism in
consideration of the several theoretical models with s
comportment. These different models are:
(i) The overlapping-large polaron tunneling (OLPT) model, in
which the exponent s decreases with increasing temperature to
a minimum value upto certain temperature and then increase
with increasing temperature [9]. (ii) The non-overlapping small
polaron tunneling (NSPT) model. In this the exponent s
increases with increasing temperature [10]. (iii) In the quantum
mechanical tunneling (QMT) model, in which the exponent s is
almost equal to 0.8 and somewhat increases with increasing
temperature or it is independent of temperature [11]. (iv) The
correlated barrier hopping (CBH) model, the exponent s
decrease with the increase in temperature [12].

Conclusions
The glasses of the compositions of 60V2O5–(40-x)
P2O5–x B2O3, x = 5, 10, 20, 30 and 35 mol % were prepared
by a conventional melt-quenching method. In XRD patterns
of glass samples there was no distinguishing peak which
corresponds to any crystalline stage, therefore it can be
inferred that the prepared samples are amorphous in nature.
The variation of the exponent "s" as a function of
temperature indicates that the value of "s" decreases with
temperature, which suggests that the CBH model is the
appropriate model to characterize the electrical conduction
mechanism in these glass systems.
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Fig. 2 showed the variation of the exponent "s" as a
function of temperature. It indicates that the value of "s"
decreases with the increasing temperature. This result suggests
that the CBH model is the appropriate model to characterize
the electrical conduction mechanism in these glass systems.
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Abstract:
Laser
therapy
for
Diabetic
Retinopathy(DR) was the first intraocular treatment
for preventing blindness in patient with diabetes.
Although inherently destructive laser therapy
remarkably effective in preventing visual loss &
preserving vision for long term.This review will
describe briefly the current techniques and discuss in
detail the reported side-effectsand potential
complications of laser therapy and alternative
treatment which may take place of laser therapy in
preventing last stage (Prliferative)DR.
Key words: Photobbiomodulation ,Proliferative and
Non proliferative Diabetic Retinopathy

I.INRODUCTION
In medicine, lasers offer surgeons the ability
to work very precisely.They can focus on a
small area and damage less of the
surrounding tissue.Laser photocoagulation
for diabetic retinopathyis currently the
standard of care.Diabetes Mellitus(DM) is a
metabolic disorder of multiple aetiology
characterised by chronic hyperglycaemia
with disturbances of carbohydrate,fat and
protein metabolism resulting from defects in
insulin secretion, insulin action or
both.Diabetic Retinopathy ,Nephropathy,and
Neuropathy
are
the
microvascular
complication of DM results from chronic
hyperglycaemia can be prevented or delayed
if
chronic
hyperglycaemia
is
reduced..However,
laser
therapy
is
expensive ,
blood suger dependent
response and it may also require repeated
treatments. So,good hyperglycaemic control
is the ultimate goal of every stages of
microvascular complications.
In the Hoard of indian medicine
ISSN NO: 2454-1958

(Ayurveda),some medicine (Drug) contains
the active principle (Chemicals) which may
control the blood suger level in diabebetic
patient and also inhibits the factors which
creats the complication like retinopathy.
The term photobiomodulation
therapy
means
the
applicationof
electromagnetic radiation within the red and
infrared spectrum over injuries and to
stimulate healing and pain relief within
those tissues.All living creatures need light,
air, food and water to function normally Sir
Issac Newton was the first to separate light
with the prism to discover the visible
spectrum.This is when the Danish medical
Dr.Nils Finsen was awarded the Nobel Prize
for successfully treating tuberculosis ,
rickets, lupus vulgaris with ultraviolet
light.This is the first evidence in history that
an artificial light source was used in a
therapeutic application.
LASER-Light Amplification by Stimulated
Emission of Radiation

Dr.Mark Blumenkranz provides a broad,
sweeping review of the advances in laser
research for therapeutic applications in
ophthalmology.Dr Blumenkranz discusses
the pioneers who discovered the use of light
for photocoagulation in the eye and later
proved both its safety and efficacy with the
advent of argon laser systems.
Laser therapies are medical treatments that
use focused light.Laser light is a very special
kind of light . Unlike most light sources , it
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is tuned to very specific wavelengths.This
allows it to be focused into powerful beams.
Laser light is so intense it can be used to
shape diamonds or cut steel.
In madicine , lasers offer surgeons the ability
to work very precisely . They can focus on a
small area and damage less of the
surrounding tissue.Patients who have laser
therapy may experience less pain, swelling
and scarring than with traditional
surgery.However,laser
therapy
is
expensive.It may also require repeated
treatments.
Most of the eye disease explained in
sushruta samhita are secondary to the
complications of primary systemic diseases.
From above background , the DM , which
affects almost every system in the body. It
associated with long term complications
involving eyes, kidneys, nerves, blood
vessels etc. .Loss of sight is a very real
possibility for a person with uncontrolled
diabetes, but it can be prevented with early
detection and intervention. Diabetes is
widely accepted as the most common
cause of avoidable loss of vision in people
of working age in developed countries. The
good news is that diabetic retinopathy can be
detected reliably through effective screening
programmes and early intervention can
prevent or help reduce loss of vision.
The current classification divides Diabetic
Retinopathy into 2 stages-1, NDPR (Non Proliferative
Diabetic
Retinopathy
2, PDR (Proliferative Diabetic Retinopathy )
In NIDDM (Non Insulin Dependent
Diabetes Mellitus).

India ,
Retinopathy was detected in 52% of patients
With NIDDM of over 25 years
duration .NPDR was seen in 41.7% and
PDR in 10.3% .
Large randomised clinical trials of
individuals with Type-1 and Type -2
Diabetes have conclusively demonstrated
that a reduction in Chronic hyperglycaemia
prevents or delays retinopathy , neuropathy
and nephropathy.
In Ayurveda ,sushruta samhita –Nisha
(Turmeric)and Awla yog ,used in prameha
(DM).The basic pathology of DR is micro
vascular changes or damage and the
culprits are hyperglycaemia, Increasing level
of AGE’s(Advanced glycosylation end
products) and Angiogenesis. By searching
the hoard of ayurveda, Nisha and Amalaki,
contains the
properties to reduce
AGE’s
,hyperglycemia
and
Angiogenesis .
Sushruta The Father of
Surgery, explained the eye diseases in a
separate
chapter
called
“UTTARTANTRA” and
the most
mysterical thing is that, he named its first
chapter is “ Aupadravika adhyay”.The word
aupadravik means “ Complications”.

Pathogenesis of Microvascular disease
Though hyperglycaemia is an important
factor,the mechanism of such diverse
cellular and organ dysfunction is
unknown.Four prominent theories have been
proposed.
1,AGEs theory
Increased

intracellular

Prevelence of Diabetic Retinopathy

glucose

In India, 2000’s the prevalence of diabetes
mellitus was 12-19% in urban and 4-9% in
rural population and prevalence of Diabetic
retinopathy was 18-27% .
After 11-13years of diagnosis of DM the
prevalence of NPDR is 23% and 16years
after -60% . Only 3% patients had PDR after
11 or more years after onset of NIDDM. In

Non enzymatic glycosylation of intra
-extracellular protiens by interaction of
glucose with Amino acid group of protiens
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Formation of AGEs.
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to-cataract
formation
Neropathy ,Retinopathy

,

AGEs
serum level increased
3,Protein kinase pathway
AGEs shown to crosslink
(e.g.collegen.extracellular matrix

protein
protein)
Accelerate--

Increased
intracellular glucose

Atheroscerosis , Glomerular dysfunction ,
Reduce
Nitric oxide,Induce endothelial dysfunction
and matrix composition
AGEs binds to
special receptors in endothelial cells,
macrophages & cultured mesangial cells
TGF-

B

Formation of Diacylglycerol

Activation of
protein kinase C (PKC)
Mediates
-TGF-B1
,
Angiogenesis
-2
,
VEGF(Vascular
endothelial growth factor), MAPK(Mitogen
protein activated kinase)

and

ECM synthesis

Mediates sclerosis

2,Sorbitol pathway (Polyol ppathway)
Increased
Intracellular glucose

4,Hexosamine Pathway
Aldose
reductase

Increased
intracellular glucose

Converted to sorbitol
Sorbitol increase
Alters Redox potential
,
increased cellular osmolality, generates
oxygen sp

Increased AGEs
dysfunction

formation,

other

Flux through the Hexose pathway ,
which generate Fructose-6P

May alter function by glycosylation of
-Glycosylation
Proteins such as Endothelial NO synthesis
-Proteoglycation production
Or changes in gene expression of TGF-B or
Plasminogen activator inhibitor(PAI-1)

Leads
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Turmeric contains anti angiogenic factors
and awla contains factors which inhibits
AGEs
Mechanism of PRP laser therapy
Although still
not
completely
understood , the mechanisms by which
retinal neovascularization are thought to
improved oxygenation of the retina due to
retinal layer thining with subsequent
improved oxygenation from the choroid (the
vascular layer of eye ball).Destruction of
ischemic retinal tissue preventing the further
release of angiogenic growth factors and an
higher vascular to viable retina ratio, thus
improving retinal oxygenation.
Manual
Manual
application application
of PRP at of PRP with
slit lamp
Indirect
laser
delivery
system
Size(on
500
400-500
retina)
microns
microns
with
20D,28D,or
30D
indirect lens
Exposure
0.1sec
0.05
to
0.1sec
Intensity
Mild white Mild white
destribution edges
1 retinal burn
burn width
apart
No.of
1to 3
Sitting
Wavelength Green
or Green
Yellow
DRCR.net Standard guidelines
Side-Effects of LASER therapy
Although highly effective at
reducing vision loss when applied in a
timely and appropriate manner
1,Pain -Some patients experience discomfort
or pain in rare cases , retrobulbar anesthesia
reqired.
2,Devlopment or Worsening of macular
edemas
ISSN NO: 2454-1958

3,Visual fields loss
4,Loss of color vision
5,Reduction in night vision
6,Reduction in contrast sensitivity
And also the cost ,1sitting rates atleast
2000-5000Rs
\
Economic Burden Due to Diabetes
The cost of diabetes care is high and is
escalating world wide. It is estimated by the
WHO that the global expenditure for
diabetes care would increase from 234billion
in2007 to 411billion in next 20 years. The
WHO estimates, based on lost productivity
due to diabetes , heart diseases and stroke
together show that over the next 10years lost
national income in billions of USD will
amount to 555.7 in china, 303.2 in Russian
Federation , 336.6 in India ,49.2 in Brazil
and 2.5 in Tanzania.
The median expenditure in India had risen
from
INR
4200(USD95)
to
INR
9000(USD203) between 1998 to 2005 .The
indirect cost is more difficult to assess and is
much higher than the direct cost. The
proportion of annual income spent on health
care is about 25% to30% by the poor
people .The cost increases many fold when
diabetic complication are present.
Conclusion
All people with DM are at
risk .The longer a person has diabetes,
higher the risk of developing DR.Early
detection ,education &research are the key
to prevent visual impairement/blindness
from DR.More & more research studies
required on indian medicinal drug to
overcome the effectivity and cost burden
due to diabetes.Physicians should be aware
of side effects and complications so as to
help guide their treatment choices and to
properly educate their patients.about laser
and the potential complications and
side-effects
/despite
of
excellent
outcomes.And we conclude that laser
therapy is gold standard therapy for last
stage of DR i,e,Proliferative DR and not for
Non proliferative DR.
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8.National Diabetes Retinal Screening
Grading System and Referral Guideline
2006…New Zealand
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Abstract:A basic investigation is the adsorption of hexavalent
chromium metal ion from waste water on activated carbon
prepared from bark of Tamarindus indica. The experiment
was conducted employing batch adsorption system. The
influence of different experimental parameters such as effect
of pH, contact time, adsorbent dosage and initial Cr(VI) ion
concentration were evaluated. The maximum adsorption of
Cr(VI) on adsorbent was found at pH value of 5.5. The
removal of hexavalent chromium from aqueous solution
increases with increase in contact time and equilibrium was
attained at 180 min. Further on increasing adsorbent dose,
there was increase of Cr(VI) removal. The optimum adsorption
(88.50%) was noticed at 6.0 g/l of adsorbent dose. The increase
in initial concentration of Cr(VI) led to decrease in the
percentage of removal of Cr(VI). This investigation verifies
that the newly prepared activated carbon from the bark of
Tamarindus indica, can be used as a cost effective, valuable
adsorbent for removal of hexavalent chromium from aqueous
solution and thus can be successfully applied for waste water
treatment.
Key Words: Adsorption, Tamarindus indica (TI), Hexavalent
chromium, batch experiment, Activated carbon

Introduction
Several industries like paper and pulp, metal plating,
leather tanning, fertilizers etc. and mining activities have
increased the concentration of toxic metal contamination
in water and waste water around the world1. The removal
of heavy metal contaminants from aqueous solutions is
one of the most important environmental concerns
because few metals are biorefractory and toxic to many
life forms2. Metals which are significantly toxic to human
beings and ecological environments include chromium,
copper, lead, mercury, cadmium, nickel, iron etc3. These
heavy metals are toxic to aquatics flora and fauna even in
relatively low concentration. Some of these are capable of
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being assimilated,
organisms4,5.

stored

and

concentrated

in

Chromium(VI) is one of the most strategic and critical
material having wide range uses in various industries.
Chromium and its compound are widely used in
electroplating, leather tanning, dyeing, metal processing,
wood preservatives etc. Cr(VI) is toxic and carcinogenic3.
It is quite soluble in the aqueous phase almost in the
entire pH range and mobile in the natural environment.
The carcinogenic action and toxicity of chromium is
based on its state. Chromate anion causes the cancer and
it also produces gastrointestinal disorder, dermatitis and
ulceration of skin in human7. The regulations for
limitation of chromium concentration in water should be
highlighted and emphasized in every country due to its
dangerous toxic effects. The guideline for acceptable
limits for chromium in water differs from country to
country. World Health Organization (WHO) recommends
a maximum permissible level of 50 µg/l for Cr(VI) in
drinking water 8 while National Institute of Occupational
Safety and Health (NIOSH) recommends reduced
permissible limit i.e. to 10 - 3 µg/l 9.
Several treatment technologies have been
developed to remove chromium(VI) from water and waste
water. Common methods include chemical precipitation,
ion exchange, membrane separation, ultrafiltration,
electrocoagulation, solvent extraction, sedimentation,
reverse osmosis, dialysis and adsoption10. However these
conventional methods have certain major disadvantages
such as incomplete removal, high operating cost etc.
Amongst these, adsorption onto commercial activated
carbon is well established and effective technique. But it
is highly expensive since most of the activated carbons
are obtained from non renewable sources like coal,
lignite, peat etc. It is a growing need to derive the
activated carbon from cheaper and locally available waste
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materials. Several research workers used different low
cost adsorbents from agriculture wastes such as coconut
coir pith, sawdust, rice husk, banana pith, cotton seed
hulls, apples waste, sugarcane bagasse, peanut hull etc.
for the removal of Cr(VI) from water and waste water. In
spite of several researches adopted for various low cost
adsorbents, there is still a need to develop suitable &
more economical adsorbents for the removal of Cr(VI)
from polluted water. The present studies were carried out
for the removal of Cr(VI) from aqueous solution using
activated carbon derived from bark of Tamarindus indica
which one of the largest families of flowering plant
belong to Fabaceae family. It is extensively used in
Ayurveda, Unani and Haemeopathic medicine and has
becomes a cynosure of modern medecine11. The activated
carbon derived from the bark of Tamarindus Indica was
characterized by FTIR and scanning electron microscopy
(SEM) studies. Batch isothermal equilibrium method was
conducted at 303K to evaluate the efficiency of newly
developed adsorbent for removal of Cr (VI) from the
aqueous solution. Experiments were carried out to
evaluate effect of pH, adsorbent dosage, contact time and
initial Cr(VI) concentration. The newly developed
activated carbon have been proved to be very good
adsorbent which can be successfully used for removal of
hazardous hexavalent chromium from aqueous solution.
Materials and Method
Chemicals
The chemicals used in the investigation were of either
analytical or chemically pure grade and procured from
Merck (Mumbai, India).
Preparation of Activated Carbon from the bark of
Tamarindus indica (TIAC):
The bark of Tamarindus indica tree was collected from
the local area. The bark was cut into small pieces, washed
with tap water to remove the sand particles and then
treated with formaldehyde to avoid release of any colour
of bark into aqueous solution. Then, it was washed
several times with deionized water and sun dried for 6
days. After drying, the bark was subjected to pyrolysis
process for carbonization using Muffle Furness at 8009000C for 7 to 8 hrs so that volatile constituents were
removed and residue was converted into a char. The char
was then subjected to microwave activation in microwave
oven. The input power of microwave equipment was set
at 360 W for 30 min. The resulting activated carbon
particles were ground and sieved in 120-200 mm size.
This activated carbon was then washed with double
distilled water and dried at 105oC for 3 hrs and stored in
air tight bottle.
Characterization of TIAC
Characterization of TIAC was done by FTIR (Fig.1) and
SEM (Fig.2)
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Adsorption Studies:
Working standards were prepared by progressive dilution
of stock solution of Cr(VI). Removal of Cr(VI) using
TIAC was carried out by batch equilibrium method. The
influence of various parameters such as effect of pH,
contact time, adsorbent dosage and initial Cr(VI) ion
concentration were studied. The effect of pH and effect of
contact time was studied by taking 50 ml of Cr(VI)
aqueous solution having concentration 25 mg/l. 5 g/l was
the adsorbent dose taken during the experiment. The
effect of adsorbent doses was studied by varying
adsorbent amount from 1-10g/l with Cr(VI) concentration
25mg/l while effect of initial concentration of Cr(VI) was
studied by changing concentration from 10-100mg/l with
adsorbent dose of 5g/l at 300C. The residual
concentrations were measured using atomic absorption
spectrophotometer using an air acetylene flame.
Result and Discussion
Characterization of TIAC
FTIR of TIAC is presented in fig.1. The broad band
between 3100 -3700 cm-1 indicates the presence of
dissociated or associated –OH groups on the adsorbent
surface. The band at 3443.16 cm-1 is indicating -OH
stretching due to the existence of surface hydroxyl groups
and chemisorbed water. The position and asymmetry of
this band at a lower wave number indicates the presence
of strong hydrogen bonds. The peak at 1632.64 cm -1
appears to be due to stretching vibration of C=O in
carboxylic acid group (-COOH). The band observed at
lower wave number i.e. at 584.16 cm -1 may be due to
aliphatic C-I stretching.
Fig 2 represents SEM image of TIAC. It is evident from
the picture that TIAC has highly porous structure. The
significant number of pores may be result of proper
activation of TIAC. It can be noticed that activation
process was successful in creating well-developed pores
on the surface of the material having finely defined walls
surrounding the pores. The SEM micrograph indicates
that the pores were made up of cylinder like tubes which
would easily capture and retain the metal ions from
aqueous solution. The pore size was found to be 3.82µm.
Therefore it can be concluded that TIAC may be
classified as miso-porous type activated carbon.
Effect of pH
The effect of pH on the adsorption of Chromium(VI) by
TIAC was studied at pH values of 1 to 8. TIAC (5g/l) was
suspended in 50 ml of solution containing 25 mg/l of
Cr(VI) metal ions. From Fig.3, it is clear that the removal
of Cr(VI) increases with an increase in pH from 1.0 to 5.5
and it is optimum value. The percentage of adsorption
increases from 65 to 88.60 % as pH was increased from 1
to 5.5. The percentage of adsorption decreases steadily to
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83% when pH was increased above 5.5 and it was further
decrease to 70% as pH was raised to 8.
Effect of Contact Time
Adsorption experiments were conducted as a function of
contact time and results have shown in fig.4. It can be
observed that Cr(VI) removal ability of TIAC increased
with increase in contact time before equilibrium was
reached. Other parameters such as dose of TIAC, pH of
solution and initial concentration was kept optimum. It
can be seen from Fig.4 that Cr(VI) removal efficiency
increased from 43% to 90% when contact time was
increased from 60 to 180 min. Optimum contact time for
TIAC was found to be 180 min. Cr(VI) removal
efficiency remained nearly constant after 180 min i.e.
equilibrium time.
Effect of Adsorbent Dosage
Fig.5 shows the effect of dosage on the removal of Cr(VI)
which was studied by varying the amount of TIAC from
0.5 to 10 g/l while keeping other parameters (pH, contact
time and initial concentration) constant. It is clear from
the figure that percentage of removal of Cr(VI) increased
with the increase in the amount of TIAC and it was found
to be maximum (88.5% ) at 6.0 g/l of dose. This was due
to availability of more adsorbent as well as more
availability of surface area. It indicates that by increasing
the TIAC dosages, the adsorption efficiency for Cr(VI)
removal increases. After 6 g/l dose of TIAC, the
adsorption efficiency remained constant because the
maximum adsorption set in and amount of Cr(VI) ion
present in the solution bounded to adsorbent remains
nearly constant after this dose.
Effect of initial metal ion concentration
The effect of initial metal ion concentration on the
percentage removal of hexavalent chromium by TIAC has
shown in fig.6. It can be seen that the percentage removal
of Cr(VI) decreases with the increase in initial Cr(VI)
concentration. In this study, the experiment was
performed to study the initial concentration effect in the
range 10 to 100mg/l. The adsorbent dose was maintained
5g/l. The result shows the decrease in removal from 90 to
39 %. This can be justified by the fact that adsorbent have
limited number of active sites which are saturated beyond
certain concentration of adsorbate.





aqueous solution. Adsorption was found to pH
dependent. Above pH 5.5, decline in Cr(VI)
removal was noticed.
The increase in percent removal capacity for
Cr(VI) was observed with increase of adsorbent
dose and contact time. Maximum removal is
89% for 6.0 g/l dose and 180 min. of contact
time.
The activated carbon under present investigation
can be successfully employed for Cr(VI)
abatement from contaminated water and thus can
be used for water/ wastewater treatment.

Fig. 1: FT-IR Spectrum of Tamarindus Indica
Activated Carbon (TIAC)

Fig. 2 : Scanning electron micrograph of the TIAC at
1500 x

Conclusion
 The activated carbon derived from the bark of
Tamarindus indica was successfully prepared
and characterized employing FTIR and SEM
studies.
 The newly developed activated carbon has high
porous structure and excellent surface area.
 TIAC was most effective for Cr(VI) removal. At
pH 5.5, 89% of Cr (VI) was removed from
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Fig.3.Effect of pH on Cr(VI) adsorption
Fig.4.Effect of Contact time on Cr(VI)
adsorption

Fig.5. Effect of Adsorbent doses on Cr(VI)
adsorption Fig.6. Effect of concentration on Cr(VI)
adsorption
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Abstract—
Calcium Hexaferrites with substitution
CaFe8Zr2Co2O19 and CaFe6Zr3Co3O19 are synthesized by a novel
synthesis technique ‘The Microwave Induced sol-gel combustion
route’. Precursors in nitrate form are used which are
accompanied with urea as a fuel to carryout exothermic reaction.
The known sol-gel technique is reported to have many
advantages to improve for structural, electrical and magnetic
parameters over old traditional techniques of synthesis. The
magnetic particles produced by conventional methods are
reported to have larger particle size than those produced by solgel technique. This sol-Gel technique is improved by replacing
conventional heating furnace by Microwave source of specific
frequency. The Microwave Induced sol-gel combustion route
assures higher homogeneity, reduced particle size and more
sustained electric and magnetic properties. To study structural
properties of the synthesized samples, X-ray diffraction (XRD)
of samples is carried out. Diffraction data is analyzed using
Reitveld quantitative analysis executed by computer software
Maud version 2.03. Lattice parameters ‘a’ and ‘c’ of the
synthesized samples are calculated. The crystallographic results
show the compounds are of the family of hexagonal ferrites.
Structural studies have confirmed the space group of samples to
be P63/mmc. Transmission Electron Microscopy (TEM) is done
to study morphology of the samples and to estimate particle size.
TEM analysis confirms the particle size in the nanorange of 50 to
100nm.
Keywords—Hexaferrites; Microwave Induced; XRD; TEM;
Nanosize

I.
INTRODUCTION
Nano materials especially M-type ferrites grabbed a special
importance in modern technoscientific era owing to their
improved electric and magnetic characteristics. Hexagonal
ferrites especially M-type ferrites have been proved to be the
promising candidates due to their ease of applicability in high
density recording media, microwave absorption devices,
magneto-optic recording media, etc.[1]. Wide range of
possible compositions of these ferrites were synthesized by
various preparational techniques with different substitutions
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[2] .Ferrite is a very important class of magnetic oxides which
contains magnetic ions arranged in such a manner that it
produces spontaneous magnetization while maintaining good
dielectric properties. The present module of research aims to
develop a systematic method which facilitates the production
of ultra fine hexagonal ferrite particles especially in nano scale
and to find possible ways of improving their behavioral
characteristics. Many efforts have been devoted to control
structural properties of M-type magnetoplumbites merely by
the substitution of trivalent or coupled divalent & tetravalent
cations into the mother base of these ferrites[3,4]. The calcium
hexaferrits attracted the attention as they have been less
studied and have magnetic properties comparable to BaM or
SrM hexagonal ferrites [5].
There are many procedures for synthesis. The known sol-gel
technique is reported to have many advantages for structural,
electrical and magnetic parameters over old techniques like
solid state method, co-precipitation, Hydro-thermal synthesis,
Glass crystallization, etc. [6]. The magnetic particles produced
by conventional methods are reported to be larger than those
produced by this technique. This technique is improved by
replacing conventional heating furnace by scientific
microwave source of specific frequency, hence the name ‘The
Microwave Induced sol-gel combustion route’ [7,8]. The
microwaves form a part of a radio spectrum the frequency
ranges from 1 GHz to 30GHz is known as microwaves. This
frequency range which is known as microwaves has
applications in different areas like communication, remote
sensing, industrial and biomedical. In this method Microwave
oven is used to initiate the combustion of sol-gel of the
precursors formed.
II.

EXPERIMENTAL PROCEDURE

The large number of preparation methods have been reported
earlier for the synthesis of ferrites. The known sol-gel
combustion technique has many advantages to synthesis
substituted magnetoplumbites by virtue of simplicity in
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operation, low anneal or calcine temperature, short reaction
rate [9]. In addition sol-gel combustion route gives ultra fine
powder of nanoparticles with better particle size distribution,
excellent chemical homogenetty and probability of of forming
single domain structure[10]. Also the nano size of the particles
helps to reduce the noise produced in magnetic data storage
devices which occur due to displacement of domain
boundaries [ 11]
In the present research module ,samples of M-type
substituted hexaferrites, CaFe8Zr2Co2O19 and CaFe6Zr3Co3O19
are synthesized. The reactive oxidants such as Ca(NO3)2, Fe
(NO3)2.9H2O, Co(NO3)2.6H2O, ZrO(NO3)2.H2O were dissolved
into an unionized distilled water at the temperature of 50oC for
15-20min, urea is used as fuel which gives requisite energy to
initiate exothermic reaction. The gel produced is then kept for
an hour in the room temperature and then it is heated in the
digitally controlled microwave oven of 2.54GHz for 15-20
min, The gel get burnt and finally gets converted in
homogeneous powder. The sample is then sintered by giving
sporadic moderate heat treatments. The samples so produced
are then kept in humidity free atmosphere in air tight
compartment. The percentage yield of the ferrites produced is
statistically analyzed to be approximately to 17% of the total
stoichiometric of oxidants and fuel used.
The structural characteristics of the samples are
studied by X-ray Diffraction(XRD), Transmission electron
spectroscopy (TEM).

Fig. 1. (a) X-ray powder diffraction patterns of CaFe8Zr2Co2O19

Fig b

Fig 1. (b) X-ray powder diffraction patterns of CaFe 6Zr3Co3O19

III.

RESULT AND DISCUSSION
Table (1) X-ray powder diffraction data of CaFe 8Zr2Co2O19

A. X-ray Diffraction studies
The diffraction patterns of samples are taken with Philips
X’pert Diffractometer and Cu K radiation with wavelength
=1.542 Å. Fig 1 (a) and Fig 1 (b) shows the intensity graphs
for samples CaFe8Zr2Co2O19 and CaFe6Zr3Co3O19 respectively.
The data is analyzed by comparing the patterns with JCPDS
standards. Using 2, observed d-values and intensity
calculations, d-value is recalculated and (hkl) planes are
finalized. The data in table (1) and (2) confirms the formation
of single phase hexagonal ferrites.
Lattice parameters a and c are found to be 5.8256 Å and
22.1244 Å respectively for CaFe8Zr2Co2O19 and 5.8234 Å. and
22.1286 Å for CaFe6Zr3Co3O19 respectively. The space group of
samples is observed to be P63/mmc.

2θ

hkl

dcal

dobs

I/Io

24.115

(006)

3.687402

3.6874

32.2

33.145

(113)

2.708903

2.7006

100

35.56

(200)

2.522303

2.5225

82.3

33.56

(107)

2.678358

2.6681

14.5

40.81

(109)

2.209844

2.2093

23.5

49.46

(0012)

1.843701

1.8413

35.8

54.025

(216)

1.693658

1.696

34.5

62.335

(2012)

1.488451

1.4883

25.5

63.905

(2200)

1.456251

1.4555

22.5

Table (2) X-ray powder diffraction data of CaFe 6Zr3Co3O19

Fig a
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2θ

hkl

dcal

dobs

I/Io

24.11

(006)

3.688004

3.6882

33.4

29.985

(106)

2.976863

2.9776

12.2

31.66

(112)

2.815639

2.8238

14.9

33.11

(113)

2.708158

2.7034

100

35.575

(200)

2.521437

2.5215

81.7

40.78

(0010)

2.212801

2.2109

14.9

49.425

(0012)

1.843999

1.8425

34.9

54.03

(2106)

1.693257

1.6958

33.4

56.845

(1013)

1.612761

1.6183

10.6

57.49

(3004)

1.608345

1.6017

12.2
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62.36
(307)
1.484166

1.4878

36.3

1.4553

21

63.915

(220)

1.455751
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B. TEM characterization
Transmission electron micrographs (TEM) are taken by
Philips Model CM 200.Fig. 2 (a) and Fig. 2 (b) shows the TEM
images of the samples CaFe8Zr2Co2O19 and CaFe6Zr3Co3O19
respectively.

Induced sol-gel combustion route’.The X-ray diffraction
studies confirm the formation of hexaferrites and the values of
lattice constants a & c of the sample supports this confirmation.
Structural studies have confirmed the space group of samples
to be p63/mmc. From TEM analysis, particle size is found to
be in nano range. Microwave combustion route used in this
research assures higher homogeneity, nonosized particles and
thereby expected to give more sustained electric and magnetic
properties. The reduction of particle size of hexaferrites to
nanorange helps to improve many magnetic and electric
properties mentioned earlier. Further magnetic and electrical
studies will help to know in detail about the magnetic character
of the nanosized sample. It is known that the nanohexaferrites
with such special magnetic properties are highly useful in
various aerospace and military applications.[12, 13]
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Abstract
Concrete, is second highest consumption material in
the world after water. And day by day the industrialization
grows faster over worldwide and uses of cement are increases.
More use of cement means more use of argillaceous and
calcareous which cause the depletion of natural sources on
earth. Concrete produce 6% carbon dioxide in the
environment increase air pollution and also increases the
temperature due to heat of hydration. This cause serious
problem to the environment and health also. It also increases
the green- house gas emission which is ultimately caused for
Global warming. So, now a days it is very popular to use
many admixtures having pozzolonic properties in the
concrete. To replacing cement, sand and aggregate in the
concrete and enhancing the properties of concrete, minimize
the waste disposal problem and save natural material on earth.
In this study the effect of ground granulated blast furnace slag
and micro-silica on the various mechanical properties of
concrete.

Prof. Nilesh P. Shende
B.D.C.E., Sevagram
nilesh21aug1988@gmail.com

impermeability characteristics as well as improved resistance
to corrosion and sulphate attack. As a result, the service life of
a structure is enhanced and the maintenance cost reduced.

1.2 Micro-silica
Micro-Silica is an amorphous (non-crystalline)
polymorph of silicon dioxide, silica. It is an ultrafine powder
collected as a by-product of the silicon and ferrosilicon alloy
production and consists of spherical particles with an average
particle diameter of 150 nm. The main field of application is
as pozzolonic material for high performance concrete.
Micro-silica concrete are enhancing the properties of concrete,
improving durability, enhancing constructability and to
produce high performance concrete.

Keywords
Ground Granulated Blast Furnace Slag, Micro-Silica/Silica
Fumes, Compressive Strength, Flexural Strength, and
Workability.

1. Introduction
Supplementary cementitious materials are finely
grounded solid materials which are used to partially
replacement of cement in concrete mixtures. It may be
naturally occurring, manufactured or man-made waste. The
usage of GGBS and Micro-silica is very popular now a days is
because both contain higher % of silica and having
cementitious properties. Concrete with GGBS and Microsilica are not only enhancing the properties of concrete but
also improve the strength characteristics and many other
properties of concrete.

1.1 GGBS
Ground Granulated Blast Furnace Slag (GGBS) is
a by-product of the steel industry. Blast furnace slag is
defined as “the non-metallic product consisting essentially of
calcium silicates and other bases that is developed in a molten
condition simultaneously with iron in a blast furnace.”
GGBS is a latent hydraulic binder, i.e. when mix with water,
it slowly set and hardened. GGBS concrete has better water
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2. Literature review
Md. Safiuddin et al (2006)
The aim of this paper is to present several well
known supplementary cementing materials such as silica
fume, fly ash, ground granulated blast-furnace slag, rice husk
ash and high reactivity metakaolin, which have been used
extensively in the production of high performance concrete.
Supplementary cementing materials are very useful to
produce high performance concrete with high strength and
good durability, enhance the durability of high performance
concrete due to improved transport properties. Further
research is needed to clarify the effect of supplementary
cementing materials on drying shrinkage and deicing salt
scaling resistance.[1]

Ajay Verma et al (2012)
Pozzolanic admixtures are siliceous or aluminous material
which is themselves posses little or no cementitious value but
will in finely divided form and in the presence of water
chemically react with calcium hydroxide liberated on
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hydration at ordinary temperature to form compounds
possessing cementitious properties. In this experiment amount
of using micro-silica are adding 0%, 5%, 10%, 15% by wt of
cement in concrete. Because of finer it gives micro filler
effect, greatly reduces the permeability and improves the
aggregate bond in micro-silica concrete. It is seen that from
this paper strength of concrete is increases 25% comparatively
to plane cement concrete. Micro-silica concrete decreases
void in concrete and air pollution.[2]
B. Damodhara Reddy et al (2012)
fly ash replacement level maximum upto the 60% for mass
concrete construction. Sample of concrete was made by using
the admixtures fly ash, RHA, GGBS in various % and check
this sampling for Acid test, alkaline test, Sulphate test and
compare the strength of ordinary Portland cement and
Portland slag cement. OPC with 15% replacement of mineral
admixtures like fly ash, ground granulated blast furnace slag,
micro-silica and RHA with and without super plasticizer, the
loss in compressive strength in Acid Test is significant but the
effect is insignificant in the case of fly ash in Alkaline Test
and the effect is insignificant in case of GGBS in Sulphate
Test. With the addition of the admixtures along with OPC, the
weight losses are relatively more when compared to PSC.[3]
Dasari Venkateswara Reddy et al (2012)
The weight density of concrete increase with
Increase in the steel fiber content. Super plasticizer with
dosage range of 0.75 to 1.80% by weight of cementations
materials has been used to maintain the adequate workability
of silica fume concrete and silica fume with steel fiber
concrete mixes. The compressive strength increases
significantly due to addition of silica fume compared with
normal concrete. The maximum increase in compressive
strength was up to 15.84% and 15.68% at 28 days and 90 days
of curing for 8% of silica fume replaced by PPC cement. The
compressive strength increases with the addition of steel fiber
was marginal as compared with silica fume concrete. The
flexural strength increases significantly due to addition of
steel fiber with 8% silica fume than normal concrete with and
without days and 90 days Compressive strength and
relationship at 0 %, 4% 8% 12% Silica Fume diameters.[4]
Mohd. Nadeem Qureshi et al (2013)
The higher strength was obtained from water cured
specimens for all types of alkali contents. The optimum alkali
content (K2O + Na2O) was found to be 10.41 % with a
SiO2/(K2O+Na2O) ratio of 0 .76. The maximum strength of
50.20 MPa was obtained from water cured sample having
10.41 % alkali content. The oven curing is more sensitive for
alkali activated slag. Curing conditions had a significant effect
on the mechanical behavior in the hardened state of alkali
activated slag paste. The compressive strength of the alkali
activated blast furnace slag paste can be controlled by
judiciously choosing the curing conditions.[5]
B. Damodhara Reddy et al (2013)
Out of all the various combinations of both ordinary
Portland cement and Portland slag cement with partial
replacement by micro-silica with super plasticizer and without
super plasticizer the best one is OPC+10% Microsilica+Super plasticizer as it is showing resistance to acid
attack, alkaline attack and sulphate attack and showing
increase in the compressive strength as the age prolongs up to
one year duration also.[6]
Dona Maria Joseph et al (2013)
In this paper the concrete was made with the
admixtures such as High alumina cement, OPC, M-Sand,
Coarse aggregate and Super plasticizer SP430 for accelerating
the strength and prolong setting time. These mix concrete
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helps to extended 100 minutes the initial setting time which
helps to batching, placing, and finishing at the site. This
blended cement will set fast that the time between initial and
final set is found to be about 10-12 minutes. Strength
development rate after hardening is fast and after 3 days of
curing, compressive strength exceeding 28.8 Mpa and 26.51
Mpa for cube and cylindrical specimens were obtained. This
is similar to what the conventional concrete achieves in 28
days. Nearly 20% of compressive strength of Portland cement
is increased by using M-Sand for river sand in conventional
concrete.[7]
Balakrishnaish D. et al (2013)
In this paper we understand important of concrete at
Elevated temperature. Concrete is used for the construction of
high-rise buildings, nuclear reactors, pressure vessels, storage
tanks for hot crude oil & hot water and coal gasification &
Liquefaction vessels increases the risk of concrete being
exposed to elevated temperatures. Concrete is most suitable to
resist the high temperature because of its low thermal
conductivity. It shows that concrete was made with silica
fumes, fly ash, finely ground pumice, oil fuel ash, rice husk
ash cause decrease in compressive strength, tensile strength,
modulus of elasticity, ultrasonic pulse velocity at elevated

temperature also different W/C ratio and Curing condition
also decreases the mechanical properties of concrete .
Polypropylene fibers in concretes reduced the explosive
spalling of concretes at elevated
Temperatures.[8]

Magudeaswaran p et al (2013)
High performance concrete has been used more
widely in recent years due to the increasing demand for
durable concrete in an attempt to extend in service life and
reduce maintenance cost, superior mechanical properties and
the significant economic savings offered by high performance
concrete. The conclusion if drafted from this paper is to
increase the compressive strength iby13.9 % for the
replacement of cement by 10%fly ash and 5% silica fume
mix. Split tensile strength is increased by 12.15% for the
replacement of cement by 15% fly ash and 7.5% silica fume
mix. Flexural strength increased by 16% for the replacement
of cement by 15% fly ash and 7.5% silica fume mix.[9]
Shelorkar Ajay P. et al (2013)
Suitable pozzolonic material metakeoline, microsilica, GGBS, fly ash, metakaoline and admixture
Viscocrete10R (W) was used to making high grade concrete
and tested for Compression strength, water permeability, rapid
chloride permeability and modulus of elasticity. Result are
drawn from that Compressive strength of ordinary Portland
cement replaced pozzolanic material concrete specimens was
higher than the plain concrete (control mix) specimens at all
the ages. Depth of water penetration reduced for metakaoline
higher than other pozzolanic material. Rapid chlorides
permeability values in coulombs of control concrete are
higher than other pozzolanic material. Out of these four
pozzolanic material metakaolin proved the suitability as a
replacement material for cement at a level of 8 %.[10]
Vikas Srivastava et al (2014)
OPC+H2O → CSH (Calcium Silicate Hydrate) + Ca(OH)2
When added micro-silica, silicon dioxide react with calcium
hydroxide and produce more aggregate binding.
Ca(OH)2 + SiO2 → H2O + CSH
More amount of Ca(OH)2 in concrete becoming to weaker
concrete strength The addition of silica fume reduces
workability. However, in some cases it improves the
workability. Silica fume inclusion increases the compressive
strength of concrete significantly (6-57%). The increase
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depends upon the replacement level .The tensile and flexural
strength of silica fume concrete is almost similar to the
referral concrete.[11]
Praveen Nayak S.et al (2014)
From the study of this paper, it can be inferred
based on compressive strengths of alccofine are better than
micro silica at the same addition level of concretes.
Compressive strength increases with addition of micro silica
and alccofine upto 13.36% addition level/replacement level
and then starts decreasing. Flexural strengths performance of
alccofine is higher than the micro silica. The optimized
content of both micro silica and alccofine was found to be at
around 13.36% addition level based on the study.
The behavior of splitting tensile strengths of concrete with
micro silica is better compared to concrete with alccofine at
the same addition level. Impact Strengths of micro silica is
slightly better then alccofine.[12]
J. M. Shrishaila et al (2014)
High performance self compacting concrete is huge
development in the building industry because of its good
properties such as more freedom to design, save compaction,
good flow ability, greater strength, filling ability. By adding
GGBS and Micro-silica to enhancing the properties of
concrete. It improves not only the compression strength but
also flexural strength of concrete. But the flexural strength is
comparatively less improved than the compressive strength of
a high performance of concrete.[13]
Dr. D. V. Prasad Rao et al (2014)
Nano materials are now being introduced as
supplementary materials to improve the performance of
concrete. Nano-Silica (NS) is a Nano-sized, highly reactive
amorphous material. With the addition of micro- silica and
Nano-silica improve the bond strength with aggregate and
also compressive strength of concrete. It can reduce the
cement content in the concrete and to make economical. But
only 1.5 % of Nano-silica are allowed after that increasing the
% of it decreases the strength of concrete.[14]
Umesh Shrama et al (2014)
Micro-silica concrete is widely used in industrial
structures exposed to an array of chemicals aggressive. In the
alimentary industry the exposure comes from fat acids and
other acids, detergents, etc. In the chemical industry there is
exposure from mineral acids, phosphates, nitrates,
petrochemicals, etc. Micro-silica concrete is therefore
invaluable in the industrial and agricultural sectors. Silica
fume is a material which may be a reason of Air Pollution this
is a byproduct of some Industries use of micro-silica with
concrete decrease the air pollution. Silica fume also decrease
the voids in concrete. Addition of silica fume reduces
capillary. Absorption and porosity because fine particles of
silica fume reacts with lime present in cement.[15]
Surayteja M. et al (2015)
In this paper evaluate the mechanical properties of
concrete with adding various admixture and different curing
condition. It shows that taking the 6% Micro-silica and 15%
GGBS with lime curing of 56 days gives the highest
compressive strength it acts as a accelerated curing. Lime
curing is very effective and increase 20% compressive
strength comparatively to normal curing. It also gives the
good flexural strength in lime and resin curing. The optimum
20% of GGBS gives the good compressive strength and after
that it will decrease the strength. and ultrasonic pulse velocity
test result also improve with lime curing.[16]
Shaikh Saidujama et al (2015)
In this Portland cement is partially replace with
ultrafine fly ash and ultrafine ground granulated blast furnace
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slag. Fly ash improves performance and quality of concrete.
Fly ash affects the plastic properties of concrete by improve
workability, reduces water demand. It is observe that
compression strength is higher at 28 days by adding 2.5% of
ultrafine fly ash and 2.5% ultrafine ground granulated blast
furnace slag. Workability of trial mix was tested initially at
the placing time and after that it is tasted foe about 30 min, 60
min. and 90 min,120 min. respectively and it is observe that
H7 sample i.e. 2% of GGBS and 2% fly ash 230mm initially,
215mm after 30 min, 205mm after 60 min, 200mm after
90mm, 130mm after 120mm.[17]
Nagraj M et al (2015)
The Strength gained by HVGGBS concrete is less &
the setting time is more compare to OPC. The early age
strength of HVGGBS concrete depends on the temperature as
the temperature increases the strength also increases. As the
concentration of sodium hydroxide & the ratio of sodium
silicate to sodium hydroxide increases the strength of
HVGGBS Concrete increases. From structural point of view,
GGBS replacement enhances lower heat of hydration, higher
durability and higher resistance to sulphate and chloride attack
when compared with normal ordinary concrete.
After 28 days the strength gained by HVGGBS Concrete is
80%-90% of OPC and the strength goes on increasing with
time. The Split Tensile strength gained by HVGGBS Concrete
after 28days is about 7% of the compressive strength. The
Flexural Strength gained by HVGGBS Concrete is 40% of
Split Tensile strength. [18]
Paweena Jariyathitipong et al
When blast furnace slag is used partly as a binder in
concrete, it improves the resistance of concrete to chloride
ions and sulphate attack. But the carbonation speed of
concrete is faster compared with concrete with ordinary
Portland cement. Therefore, those properties such as
carbonation, resistance to chloride ions, resistance to sulfate
attack and drying shrinkage and resistance to freeze and thaw
are improved when the blast furnace slag sand is used in
concrete. [19]
C. M. Dordi
Use of fine and microfine mineral additives in high
performance concrete is a must to have improved
characteristics both in fresh and hardened states. Microfine
ground granulated blast furnace slag is the preferred material
in fly ash based high strength concrete as it has three distinct
advantages such as improving workability and its retention in
fresh state and durability and high strength in hardened
state.[20]

3. Conclusion on literature review








Uses of Micro-silica in concrete increases strength
of concrete 25% comparatively normal concrete.
Making concrete more economical reduces air
pollution, decreases void in concrete.
Maximum compressive value get by adding 8%
Micro-silica in concrete after curing of 26 and 90
days.
Highest compressive strength is obtained 6% microsilica + 10% GGBS with lime curing of 56 days.
Also attributes good flexural strength and ultrasonic
pulse velocity.
Micro-silica and GGBS gives better performance to
making high performance self compacting concrete.
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By analyzing the experimental results of high
strength fiber reinforced concrete, the addition of
10% of Silica fume and 10%Metakaolin with 2% of
steel fibers has achieved the maximum compressive
strength.
Mix design allows upto the 60% of fly ash, 20%
micro-silica and GGBS to making high strength of
concrete.
Concrete with GGBS resist the sulphate and
chloride attacks but carbonation speed is faster
compared to normal concrete.
Compression and flexural strength of concrete is
improved by using 1mm diameter instead of 0.5mm
diameter of steel fiber and gives adequate
workability by adding superplsticizer around
0.75%-1.85% by the weight of cement.
Modulus of elasticity of concrete of silica fume
concrete is similar but increases the bond strength of
concrete.
Uses of GGBS more than 10% in Portland slag
cement reduces strength rapidly.
Uses of Nano-silica in concrete upto the 1.5% after
that strength of concrete reduces with varying % of
micro-silica.

4. Methodology













First to collect the material cement, fine aggregate,
coarse aggregate, micro-silica and GGBS with their
chemical properties.
To find specific gravity of cement, sand and
aggregate, soundness of cement, initial and final
setting time of cement, impact strength of
aggregate. Water absorption of sand and aggregate.
Prepare mix design for normal concrete and mix
concrete with GGBS and Micro-silica as per IS
10262:2009.
Measure workability of concrete with slump cone
apparatus.
Casting cubes and beam for different w/c ratio and
different ratio of GGBS and micro-silica as
replacement of cement as per of this review paper
study.
Do the curing of this cubes and beam for
7days,28days,1month,3month with normal curing
and lime curing for getting higher compressive and
flexural strength.
Compare the result and draw the graph for different
result.
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