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Abstract-This article presents a theoretical study of the interactions of the drug Metronidazole (Mt) interca-
lated in interlaminar Montmorillonite (MMT), where the geometry optimization was done by the Forcite
module of the Materials studios 7.0 software, modifying the cations (Ca2*, Mg*, Na*, K*, Fe**, Li*) of MMT.
The results obtained after the geometrical optimization of Mt in MMT are differentiated according to the type
and nature of intercalation cations and the number of MMT layers. This article also shows that montmorillo-
nite is a good way to test or improve the dissolution of the drug, but taking into account the nature, such as the
type of cation used in montmorillonite and the number of layers of clay. According to our study, we can
choose the best cation of clay that meets our interests and determines our strategy of working in the field of
clays and drugs. The exothermic reactions are predicted by the interactions between the drug molecules and
each cation and by the electrostatic force created between the layers.

Keywords: Electrostatic force; Montmorillonite; molecular simulation; intercalation in Montmorillonite;

interlayer cation.

Metronidazole is an antibiotic drug used to
treat different kinds of infections. It is available
in oral, rectal, vaginal and topical preparations.
Metronidazole is commonly used for vaginal
infections for which pregnant women require
treatment. It has been available in the market for
more than 40 years. Metronidazole is also known
as Flagy (Burtin, 1995). Due to its effectiveness,
Metronidazole is considered as a prime drug for
several pathologies (Lam et al., 2001). The need
for safe, therapeutically effective, and patient
compliant drug delivery systems continuously
leads researchers to design novel tools and
strategies. Clay minerals play a very crucial role
in modulating drug delivery (Joshi et al., 2009).
Clays are common ingredients in pharmaceutical

products as both excipients and active substances.
Clay minerals are naturally occurring inorganic
cationic exchangers and so they may undergo
ion exchange with basic drugs in solution.
Smectites, especially, montmorillonite (MMT)
and saponite, have been commonly studied
because of their higher cation exchange capacity
compared to other pharmaceutical silicates (such
as talc, kaolin and fibrous clay minerals) (Aguzzi
et al., 2007). Clay minerals have continuously
attracted attention for the possibility of modifying
their layered structure by intercalation, thus
creating new materials, such as adsorbents (Wu
et al.,, 2001), catalysts (Ji et al., 2004),
nanocomposite precursors (Maiti et al., 2002)
and materials with attractive electric or optical

#*Corresponding Author Email : samira.djefaflia@yahoo.com
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properties (Chashechnikova et al., 2005). Among
possible layered solids, the smectite group of
layered clay minerals (especially
montmorillonite) provides attractive features,
such as large surface areas, swelling behavior
and ion exchange properties. Clay minerals are
part of a family of layered materials, which have
important environmental and engineering
applications (Van Olphen, 1977; Teng, 1974;
Bleam, 1993). Montmorillonite clay belong to
the smectite group, and composed of silica
tetrahedral sheets layered between alumina
octahedral sheets. The imperfection of the crystal
lattice and the isomorphous substitution induce
a net negative charge that leads to the adsorption
of alkaline earth metal ions in the interlayer space.
Such imperfection is responsible for the activity
and exchange reactions with organic compounds.
Montmorillonite also contains dangling hydroxyl
end groups on the surfaces (Kong et al., 2010).
It has large specific surface area and exhibits
good adsorption ability, cation exchange capacity,
standout adhesive ability, and drug-carrying
capability. Thus, it is a common ingredient as
both the excipient and active substance in
pharmaceutical products (Khalil ez al., 2005). The
intercalation of organic species into layered
inorganic solids provides a useful and convenient
route to prepare organic-inorganic hybrids that
contain properties of both the inorganic host and
organic guest in a single material (Wang et al.,
2008). In recent years, smectite clays intercalated
by drug molecules have attracted great interest
from researchers since they exhibit novel physical
and chemical properties (Mohanambe et al.,
2005). Computer simulations have become an
important tool to study the interfacial structures
of clay materials. (Greenwell et al., 2006)
reviewed the use of computer simulations of clay
minerals and pointed out that molecular
simulation techniques can provide direct
information on the swelling stability and
interlayer structure of clay minerals (Whitley et
al., 2004; Karaborni et al., 1996; Chavez-Paez
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et al., 2001; Liu et al., 2006; De Pablo et al,
2005; Chavez et al., 2004; Rutkai et al., 2008).
Recently, molecular modeling has been
recognized as an efficient method for
understanding the interlayer microstructure of
clay minerals (Xi et al., 2005; Bergaya et al.,
2006; He et al., 2006; Lagaly, 1981; Vaia et al.,
1994; Othmani-Assmann et al., 2007). A previous
study (Wu et al., 2015) was devoted to the
influence of intercalated cations on the organic
interaction of montmorillonite, where molecular
simulation was carried out under the “CASTEP”
module of Materials Studio 6.0 Software to study
sorption sites of Na*, K*, Mg?, Ca? and Fe* on
Montmorillonite. Based on the approach
presented in (Wu et al., 2015), the purpose of
this paper was to study the interaction of
Metronidazole (Mt) in the montmorillonite clay
medium with exchange site cations.

Materials and Methods

We started by investigating the clay model
MMT where its unite formula is ALSi,O
(OH),Ca0.5 in the lattice 3D triclinic.
Montmorillonite with the interlayer cations Ca*,
Mg?, Na*, K*, Fe**, Lit are represented by Ca-
MMT, Mg-MMT, Na-MMT, K-MMT, Fe-MMT
and Li-MMT, respectively. Geometry
optimization of all the prepared models was
carried out in Materials Studio 7.0 software
(Materials Studio. Accelrys Software Inc., San
Diego., 2013) under the Forcite module (Accelrys
Software Inc. 2012), using the Universal Force
Field (Rappé et al., 1992). This force field was
previously used successfully for the modeling of
organic compounds in the interlayer space of
phyllosilicates (Klika et al, 2004; HoleSova et
al., 2009; Klika et al., 2009). Materials Studio is
now being used effectively over more than a
decade for numerous different applications across
a range of physical and chemical sciences and
almost every industrial sector (Reinier et al.,
2015). Materials Studio Forcite is an advanced



2019] Metronidazole Drug Delivery: Theoretical Investigation of the Intercalation in the Interlayer

classical molecular mechanics tool that allows
fast energy calculations and reliable geometry
optimization of molecules and periodic systems
(Accelrys Software Inc. 2012). The Forcite
simulation was performed on Metronidazole in
the montmorillonite medium. The interactions
between Mt and MMT medium and their cations
were studied.

The crystallographic parameters for the single
layer cell are oo = 0.518 nm, b = 0.898 nm, ¢ =
0.15 nm and o = = y =90°, but for the two
layers cell are a = 0.518 nm, b = 0.898 nm, ¢ =
2922 nm and oo = B =y = 90°. For the super
cell, the parameters are a = 1.554 nm, b = 2.694
nm, ¢ = 5.845 nm and oo = § =y = 90°. In this
study, we created super cell (3x3x4). Before
starting the optimization, the distances between
the reference atom of MMT (R.MMT) and the
nitrogen atom of Metronidazole (N.Mt), and the
left cation and the right cation of interlayer space
of montmorillonite were calculated. The values
of these distances are R MMT and N.Mt = 0.256
nm, RMMT and left cation = 0.492 nm, RMMT
and cation right = 0.624 nm (Figs. 1, and 2).

Based on the selected cation, the values of
theses parameters were modified (case of a single
layer and between two layers), as listed in (Table
1). Fig. 3 illustrates the geometries obtained.

Fig. 1. Calculation of the distances between the atoms
selected and the reference mark of MMT. (State initial
before optimization in the single layer cell), face (1a) and
side (1b).

() (d)

Fig. 2. Calculation of the distances between the atoms
selected and the reference mark of MMT. (State initial
before optimization in the two-layer cell), face (2c) and
side (2d).

Results and Discussion

The results indicate that the distances
between the selected atoms increase compared
to the initial state (before optimization). The
molecule of Metronidazole is a little distant from
Fe-MMT and it is far from Mg-MMT and Na-
MMT, on the other hand it is very far from Li-
MMT, Ca-MMT and K-MMT where
Metronidazole is partially removed from the cell
of MMT.

Even the distances between the cations and
the Montmorillonite are increased, such that the
cations are far from MMT except the right cation
Ca?* and cation right Fe** and cation left K* are
not very far. However, the right cation Li* 18
close to the MMT almost half the distance, and
the left cation Fe** is far from MMT almost three
times the initial distance. There is a different
repulsion depending on the nature of the cation.
(Fig. 4) represents the face and side geometries
of the different cells of MMT (two layers) with
its cation and the molecule of Metronidazole. As
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Table 1. Distance values after geometric optimization in the case of a single layer:

R.MMT-N.Mt R.MMT-left R.MMT-right
(nm) cation (nm) cation (nm)
Mt + Ca-MMT 0.893 0.891 0.642
Mt + Mg-MMT 0.669 0.870 0.893
Mt + Na-MMT 0.600 0.869 0.814
Mt + K-MMT 0.906 0.540 0.852
Mt + Fe-MMT 0.584 1.214 0.693
Mt + Li-MMT 0.710 0.891 0.351

Mt+Ca-MMT Mt+Mg-MMT Mt+Na-MMT

Mt+Fe-MMT Mt+Li-MMT

Fig. 3. Geometrical optimization by the module of Forcite
of Metronidazole in Montmorillonite with different
interlayer cations, Mt+Ca-MMT, Mt+Mg-MMT, Mt+Na-
MMT, Mt+K-MMT, Mt+Fe-MMT, Mt+Li-MMT in the
single layer cell. For all species, N, C = gray, H = white,
Al = pink, O=red, Si = yellow, Na, K = purple, Li =
mauve, Mg, Ca =green, Fe = violet.

shown in (Table 2), the distances values are large
after the optimization. However, the molecule of
Metronidazole (Mt) is removed slightly from the
MMT and partially removed from the cell of Ca-
MMT, Mg-MMT and Na-MMT. It came out of
the square from the cell of K-MMT, Fe-MMT
and Li-MMT. All the cations are away from the
MMT and exit from the cell except that the left
cation Na* is very close to the MMT, and the
right cation Mg* is a little distance away and
remained in the cell. We note that the molecule
of MMT move away from the cell, except in the
Mt+Na-MMT and Mt+Mg-MMT where it stays

in the cell. On the energetic side, the results
obtained agree to each other of each cell of the
different cations of a single layer or two layers.

The energy outcomes are grouped in the
following tables (Tables.3-6) and this is followed
by their graphical representations (Figs.5-8).

We observe that the total enthalpies are the
total energies and they have very large positive
values. The non-bonded energies and van der
Waals against the electrostatic energies are zero
in all cells except Mt + Li-MMT, which has a
large negative value. After optimization almost
all energy values are reduced, but the values of
enthalpies, non-bonded energies and van der
Waal’s are reduced from very large to small
values. The values of the enthalpies after the
optimization are positive except for the enthalpy
of Mt + Li-MMT, which is negative. The enthalpy
of Mt + Li-MMT is negative and accordingly
there is an exothermic reaction, thus a loss of
heat in this reaction consequently a bond
formation, and the electrostatic energy of this
cell is highly negative value before and after
optimization (-3186.77 to -3498.71 kcal mol™),
Therefore, there is attractive interaction between
the molecules of this cell. Van der Waal’s energies
and non-bonded energies are also reduced to
small negative values as well as weak attractive
interactions because the small values of these
energies occur in each cell except in the Mt +
Li-MMT cell, where the energies non-bonding
and van der Waals have larger values.

These led us to explain that the cation of Li*
is responsible for large polarizability. This
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Mt+Na-MMT face and side

i

Fig. 4. All geometrical optimizations by the module of
Forcite of Metronidazole in Montmorillonite with differ-
ent interlayer cations Mt+Ca-MMT, Mt+Mg-MMT,
Mit+Na-MMT, Mt+K-MMT face and side, Mt+Fe-MMT,
Mi+Li-MMT face and side in two layers cell, illustrated
face and side. For all species, N = blue, C = gray, =
white, Al = pink, O =red, Si = yellow, Na, K = purple, Li
= mauve, Mg, Ca = green, Fe = violet.

produces a difference of two dipoles or charges
and therefore gives two different signs for
attractive interaction. This is also compared with
the distances of Mt + Li-MMT where we have
found that the molecule of Metronidazole is not
too far from the MMT and also the left cation
Li*, on the contrary, the right cation Li*, is
approaching the MMT to almost half of the initial
distance and thus there is a real reaction in this
cell. On the other hand, the energies in the case
of two layers, we observe that the electrostatic
energies before the optimization have large
negative values. Enthalpies, non-bonding and van
der Waal’s energies have large positive values.

After optimization the enthalpies are
decreased to negative values in all cells as shown
in (Fig. 3 and 4) and the values are as follows:
Mt + Ca-MMT (-1511.90 kcal mol™), Mt + Mg-
MMT (-1538.79 kcal mol™), Mt + Na-MMT (-
1519.37 kcal mol?), Mt + K-MMT (-1503.24
kcal mol?), Mt + Fe-MMT (-1546.44 kcal mol
1, Mt + Li-MMT (- 1530.13 kcal mol"). We can
deduce that the number of layers influences on
the reactions between the layers, because before
the optimization we have found that the
electrostatic energies are not zero so there are
interactions between the molecules, and after the
optimization enthalpies are decreased to small
negative values, so there is an exothermic reaction
in every cell of two layers.

The non-bonded and van der Waals energies
are decreased but they are large negative values,
so there are attractive interactions in the cells of
each cation. We conclude that the reaction from

Table 2. Distance values after geometric optimization in the case of a two layers cell.

R.MMT-N.Mt R.MMT-left R.MMT-right
(nm) cation (nm) cation (nm)
Mt+Ca-MMT 0.729 1.129 1.095
Mt+Mg-MMT ()56 0.686 15873
Mt+Na-MMT 0.548 0.768 0.383
Mt+K-MMT 1.048 1.138 1.485
Mt+Fe-MMT 0.993 0.919 0.884
Mt+Li-MMT 1.050 1.185 1.151
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Table 3. All energies before geometrical optimization in a single layer cell.

Energy (kcal mol™) Mt+Ca-MMT ~ Mt+Mg-MMT  Mt+Na-MMT ~ Mt+K-MMT Mt+Fe-MMT  Mt+Li-MMT
Total enthalpy 13258847671 13258847579 13258847559 13258847649 13258847551 13258844357
Total energy 13258847671 13258847579 13258847559 13258847649 13258847551 | 3258844357
Valence energy 3032.50 3032.50 3032.50 3032.50 3032.50 303250
Bond 800.45 800.45 800.45 800.45 800.45 800.45
Angle 2226.37 2226.37 2226.37 2226.37 2226.37 2226.37
Torsion 5.60 5.60 5.60 5.60 5.60 5.60
Inversion 0.06 0.06 0.06 0.06 0.06 0.06
Non-bonded energy 13258844639 13258844547 13258844526 13258844617 13258844518 13258841324
van der Waals 13258844643 13258844551 13258844531 13258844621 13258844522 13258844515
Electrostatic 0 0 0 0 0 -3186.77
Table 4. All energies after geometrical optimization in single layer cell.

Energy (kcal mol™) Mt+Ca-MMT Mt+Mg-MMT Mt+Na-MMT Mt+K-MMT Mt+Fe-MMT Mt+Li-MMT
Total enthalpy 2064.36 2025.25 2022.04 2075.76 2022.22 -1420.24
Total energy 2064.36 2025.25 2022.04 2075.76 2022.22 -1420.24
Valence energy 2140.09 2102.67 2103.88 2140.30 2102.18 2116.82
Bond 81.61 77.94 79.40 81.21 79.14 59.81
Angle 2044.92 2020.02 2019.13 2045.82 2019.27 2050.35
Torsion 5.54 4.67 5.30 5.20 375 6.51
Inversion 8.01 0.03 0.04 8.06 0.01 0.15
Non-bonded energy -75.73 -77.41 -81.84 -64.54 -79.96 -3537.07
van der Waals -71.47 -73.30 =779 -60.40 -75.93 -34.33
Electrostatic 0 0 0 0 0 -3498.71
Table S. Energies before geometrical optimization in two layers cell,

Energy (kcal mol™) Mt+Ca-MMT Mt+Mg-MMT Mt+Na-MMT Mt+K-MMT  Mi+Fe-MMT Mt+Li-MMT
Total enthalpy 13258845019 13258844929 13258844910 13258844999 13258844902 13258844922
Total energy 13258845019 13258844929 13258844910 13258844999 13258844902 13258844922
Valence energy 5757.58 5757.58 5757.58 5757.58 5757.58 5757.71
Bond 1321.87 1321.87 1321.87 1321.87 1321.87 1321.88
Angle 4422.62 4422.62 4422.62 4422.62 4422.62 442261
Torsion 10.48 10.48 10.48 10.48 10.48 10.61
Inversion 2.60 2.60 2.60 2.60 2.60 2.60
Non-bonded energy 13258839261 13258839171 13258839152 13258839242 13258839145 13258839164
van der Waals 13258844564 13258844474 13258844455 13258844544 13258844447 13258844442
Electrostatic -5295.98 -5295.98 -5295.98 -5295.98 -5295.98 -5271.41

MT with the MT depends of number of the layers
and nature of cation. We chose Na* to study the
super cell of Mt + Na-MMT. (Fig. 9) represents
the supercell Mt + Na-MMT before optimization
and table 7 summarizes the distances before and
after the optimization of Mt + Na-CMM super
cell.

We observed that before optimization, the
Metronidazole molecules were introduced in a

flat and horizontal position and in parallel with
the Montmorillonite, and even the cations were
classified in parallel in lines (Fig. 9), but after
the optimization the molecules of the
Metronidazole Mt became perpendicular to
Montmorillonite, and the cations did not remain
in lines but they did a zigzag form as shown in
(Fig.10). The results of the energies are collected
in (Table 8).
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Energy (keal/mol)
OE+10
SEH0
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26410
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Fig. 5. Energies before geometrical optimization in a

single layer cell.
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Fig. 6. Energies after geometrical optimization in a single

layer cell.

Energy (keal/mol)

9E410
8E+10
76410
6E+10
SEHI0
4E410 | &
3E410 |
26410
1E410

0
-1E410

vl ME4LI-MMT
MtsFe-MMT

w—— MK -MMT
Mt+Na-MMT

i MtsMg-MMT

s Mt4+Ca-MMT

Fig. 7. All energies before geometrical optimization in
two layers cell.
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30000

-40000

e ME+LI-MMT
~ Mt+Fe-MMT
i Mt4K-MMT
MtsNa-MMT
= Mt+Mg-MMT

e Mt+Ca-MMT

Fig. 8. All energies after geometrical optimization in two

“layers cell.

Table 6. Energies after geometrical optimization in two layers cell.

Energy (kcal mol™)

Mt+Ca-MMT Mt+Mg-MMT Mt+Na-MMT Mt+K-MMT Mt+Fe-MMT Mt+Li-MMT

Total enthalpy
Total energy
Valence energy
Bond

Angle

Torsion

Inversion
Non-bonded energy
van der Waals
Electrostatic

-1511.90
-1511.90
4193.88
117.04
4066.20
9.90
0.73
-5705.78
-104.49
-5594.14

-1538.79
-1538.79
4188.62
116.22
4061.77
10.45
0.16
-5727.42
-101.00
-5619.53

-1519.37 -1503.24 -1546.44 -1530.13
-1519.37 -1503.24 -1546.44 -1530.13
4190.68 4197.32 4188.72 4192.64
56 117.47 115.80 115.58
4060.10 4068.52 4060.52 4066.47
14.60 10.19 11.94 10.13
0.70 NS 0.45 0.44
-5710.05 -5700.57 -5735.16 -5722.717
-99.60 -96.76 -93.73 -92.34
-5603.68 -5596.89 -5634.71 -5623.72

Table 7. Distance before and after geometric optimiza-

tion in the super cells of Mt+Na-MMT.

Distance between atoms (D) (A) Before After
R.MMT and N.Mt 0.498 0.723
R.MMT and left cation Na* 0517 0.695
R.MMT and right cation Na* 0.624 0.874

We observed that the distances between atoms
are large after optimization. The positions of the
molecules and the atoms changed and removed

but these are well organized and well determined
in the super-cell. The results of all energies before
and after geometrical optimization of supercell
Mt+Na-MMT are displayed in (Fig. 11 and 12).

The energies, given in the (Table 8), of super-
cell Mt + Na-MMT, indicate that enthalpy or
total energy and also non-bonded energy and van
der Waal’s have large positive values before
optimization compared to other energies, and the
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Table 8. Energies before and after geometrical optimization of super cell Mt+Na-MMT.

Energy (kcal mol-1)

Super cell Mt+Na-MMT
before optimization

Super cell Mt+Na-MMT
after optimization

Total enthalpy 477318415023.60 -27304.23
Total energy 477318415023.60 -27304.23
Valence energy 107224.33 76285.75
Bond 26254.56 2087.29
Angl‘e 80614.51 73999.12
Torsan 261.35 192.76
Inversion 93.89 6.57
Non-bonded energy 477318307799.26 -103589.98
van der Wa}als 477318403059.10 -1828.42
Electrostatic -95110.03 -101611.75

0% 1,02 02" o2 0% o0

Ld S b

kb

0®1 . 08:.0% o8 0% o

Sl

02 1.08ca?" 080

Fig. 9. The super cells of Mt+Na-MMT before optimiza-
tion face and side.

electrostatic energy has a large negative value,
and after optimization, the energies are decreased,
but the total enthalpy is decreased to -
27304.23kcal mol-1 a large negative value, so
the reaction is exothermic, and the non-bonded
and van der Waals energies are decreased to
negative values. We also observed that the
electrostatic energy is negative and is greatly
diminished to -101611.75 kcal mol-1, and the
electrostatic energy of a system of charges,
initially supposed to be far from each other,
corresponds to the work required provide to bring
these charges to their final positions. Therefore,
there are attractive interactions in the super cell

that produce a reaction in Montmorillonite with
Metronidazole.

P =
S RSP IR
L SRR .,',wg."“,w'

tion face and side.

Energy (keal/mol)
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Fig. 11. Energies before geometrical optimization of su-
per cell Mt+Na-MMT.

Conclusion

The geometry optimization with the module
of Forcite of the software Materials studio 7.0,
on the molecule of Metronidazole (Mt) in the
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Fig. 12. Energies after geometrical optimization of super
cell Mt+Na-MMT.

medium of clay montmorillonite (MMT) by
changing the cations (Ca*, Mg*, Na*, K*, Fe**,
Li*) of MMT showed that the nature of the cation
of the clay influences the reaction between Mt
and MMT and the number of the layers. It has
been demonstrated that the number of layers was
an impact factor on the interactions between the
molecules in the inter-space of the cell. This paper
also shows that montmorillonite is a good
medium for testing or improving the dissolution
of the drug but taking in the account the nature,
such as the type of cation used in montmorillonite
and the number of clay layers.
According to our study, we can choose the best
cation in the clay that meets our interests and
determines our working strategy in the field of
clays and drugs.
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Abstract-Nowadays the wastes of the steel from the manufacturing sectors are producing in very large

quantity. However, industries are not able to reutill

Therefore, In the present study,
Jforced with waste steel chips an
was observed in the copper-
strength were improved by u
Tensile strength for Cu/5 wr.

se these wastes as it is not fruitful for these industries.
an attempt was made to developed copper-based composite material rein-
d TiB, (Titanium diboride). Uniform distribution of reinforcement particles
based matrix material. Mechanical properties such as hardness and tensile
tilizing 5 wt. % waste steel chips and 5 wt. % TiB, in copper-based matrix.
% steel chips composite and Cu/5 wt. % TiB, composite was found to be 220

MPa and 215 MPa respectively. Hardness was found to be 35 BHN and 45 BHN for Cw/5 wt. % steel chips

composite and Cu/5 wt. % TiB, composite respectively.

Key words: Copper, waste steel chips, reutilize, composite; TiB,

Copper is denoted by Cu and it is a chemical
element. It is ductile, higher electrical conductive
and plentiful metal with useful properties. It has
high corrosion resistance and easily joined
(Alaneme, 2016). Now copper is also used to
manufacture jewellery and ornament and also
used as winding for motor, radio and TV sets.
However, it was observed that the mechanical
properties of copper are comparatively low as
compared to steel. Steel manufacturing industries
produced lots of waste scrap (Pavlovic, 2011).
These scraps can be reused in various sectors.
Steel is an alloy of iron and carbon and some
other elements. It is composed of iron (Fe) with
the little amount of carbon. Unalloyed steel
contains from 0.002% to 2.1 % carbon. It is used
in the modern construction, automobile machine,
and weapon, building, needles and electronics.
There are different types of Steel eg. carbon steel,
alloy steel, stainless steel and tool steel. Steel is
lighter than wood. Reinforcement is the action
or process of reinforcing or strengthening

(Nadoushani, 2015). It refers to an amplify its
behaviour, but this term is also sometimes used
to denote an amplification of memory.
Strengthening effect may be measured as a higher
frequency of the behaviour. Positive
reinforcement provides a desirable stimulus. The
stimulus is associated with wanting and liking.
There is also negative reinforcement, which is
characterized by taking away an undesirable
stimulus (Du, 2009 Sapate, 2008). Table 1

showed a summary of copper-based composite
with outcome results.

Pollution from the industry and agricultural
waste is one of the most serious issues all over
the world (Nagdev, 2018). Recycling or reuse of
by-products (waste) is a goal to be achieved under
the current economic and ecological crisis. The
reuse of waste leads to saving energy and raw
materials reduce environmental pollution and risk
factors for public health and so on. The solid
organic or inorganic wastes have been used as

*Corresponding Author Email : spdglb@gmail.com
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Table 1. Copper-based composite materials and their utilities

Author’s Name

Material Used

Results Outcome and Conclusions

(Pavlovic, 2011)
(Bingcheng, 2015)

(Du, 2009)
(Sapate, 2008)

(Burri, 2014)
(Liang, 2019)
(Cho, 2019)
(Gladkovsky, 2019)

(Kavaliauskas, 2019)

(Afifeh, 2019)

(Gorbatyuk, 2019)

(Nazeer, 2019)

(Zhang, 2019)

(Zhou, 2019)

(Liu,Q. 2019)

(Liu, R. 2019)

(Thankachana, 2019)
(Chen, 2019)
(Dong, 2019)

(He, 2018)

(Wang, 2019)

Copper
Copper matrix

Textile-reinforced concrete
SiC particles

Carbon fiber reinforced
plastics

Copper/TiB whiskers and

Copper/TiB, particles composite

Copper-diamond composite
materials

Sandwich copper/steel
composites

Graphite-copper composites

Nanostructured copper
matrix composite
Copper-Molybdenum
Composite

Copper-graphite composites

Graphene/copper composite

Cu-ALO,-Ag composite

Diamond/copper composites

with Mo,C in-situ nano-coating

Graphite/copper composites

Cu/(25% AIN + 75% BN)
composite

Diamond/Copper composites
W-Cu composites

Copper matrix composites
reinforced by graphene
nanosheets

Graphene/copper composites

Resistance level of reinforced concrete composite was examined.
The polymers were used for the replacement of fine aggregates with
copper

The flexural property of the BTRC was increased.
The initially proposed general utilised method was employed for
single phase Cu.

In the absence of the baking the v properties produces the carbon
fibre.

Casting defects reinforcement clusters and shrinkage porosities that
formed during the end stage of solidification were eliminated.

Particle size in electrodeposited composite materials strongly affect
the microstructure of the metal matrix

Sandwich composites have higher strength properties as compared to
initial copper in 1.8-3.5 times

Increase of copper content in initial powder from 2 to 60%, the
microhardness of graphite copper composite coatings is reduced by
about 2 times, while the plasticity increase from 11 to 19% is
observed

The yield strength, ultimate tensile strength, and hardness of the 96%
deformed copper matrix composite increased

The introduction of the additional operations in the Mo-Cu
composite technology process improve characteristics of the
produced materials, and to increase the yield up to 85%

Graphite and graphene oxide mesh size (3500um) gave

good results compared with mesh sizes 500 um and 1000 pwm

The yield strength (380 +5 MPa) and tensile strength (412/=7 MPa)
of 1.5/vol % graphene/copper composite were 74% and 30% higher
than that of pure Cu

The annealing treatment has insignificant impacts on EC of Cu AL O,
without Ag

The relative density and thermal conductivity increased with the
thickening of Mo,C coatings, while the coefficient of thermal
expansion decreased with the thickening of Mo,C coatings.

Large size graphite flake is the most promising heat dissipation fillers
for Cu matrix composites, due to the high TC in two-dimensional
plane and the good orientation in matrix

Results demonstrated an increase in mechanical properties with
respect to increase in the amount of particle dispersion
Understanding the thermal conductivity of Diamond/Copper
composites by first-principles calculations

This critical review presents and discusses the current progress of W-
Cu composites

The tribological performances were improved dramatically with
increase of graphene nanosheets content

The addition of graphene increased the thermal and electrical
conductivities, tensile and yield strengths, and hardness of the
composites, but led to defect formation in the graphene due to the
thermal expansion mismatch between graphene and copper
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reinforcement material in the development of
composite. All obtained composites present very
good physical-mechanical properties: high
hardness, good strengths at abrasion and the
compressive strengths. They also have good
thermal stability at high-temperature variation and
high stability in different aggressive media
(Ropota, 2013). Table 2 shows various waste

materials used in the development of composite
material.

It is observed from the literature review that
very few researchers developed copper-based
composite material using waste steel chips
reinforcement material. However, (Alaneme,
2016) developed Cu/steel chips composite
material and observed mechanical properties. But,
they did not compare its property from copper/
TiB, composite material. Keeping these facts in
mind, in the present investigation, an attempt
was made to utilize the waste steel chips in the
development of copper-based composite material
as reinforcement. Comparative study of waste
steel chips as reinforcement in copper with Bk
was also carried out to observe the waste steel
chips addition in the copper matrix material.

Materials and Methods

Copper-based composite materials reinforced
with various ceramic particles and industrial
waste can be developed by various casting
techniques. In this study, the copper-based
composite material was developed using stir
casting technique. Stir casting technique is one
of the simplest techniques to develop the metal
matrix composite. Copper matrix materials were
melted in muffle furnace inside the crucible. Ball
milled waste steel chips as reinforcement material
was added in melt matrix material as shown in
Figure 1. Figure 2 shows the schematic diagram
of Cu/TiB, composite development. The obtained
microstructure of Cu/5 wt. % waste steel chips

and Cu/TiB, composite were showed uniform
distribution.

Results and Discussion

Development of aluminium based composite
material by using various ceramic reinforcement
materials and its characterization was one of the
most common trends in material science
engineering. Nowadays, copper is used in various

Table 2. Waste material as reinforcement material in the development of composite

Author’s Name Waste Composite Properties Examined
Reinforcement
(Saurabh, 2015) Urea Nanoclay Polymer Composites XRD, FTIR, SEM and SEM-

(Agbeleye, 2017) clay
(Jabareen, 2018)
(Liu, Y. 2019)

(Asgari, 2019) SiC
(Erdodan, 2019)

(Vigneshwaran, 2019) Red mud

Coated clay

corn stalk waste

Slag wastes

(NCPCs) Loaded with Urea
Aluminium 6063 alloy — clay
(Al-clay) composites
antimony oxide-coated clay/
polypropylene composites
corn stalk waste as potential
reinforcement in polymer
composites

AZ91 magnesium-alloy chips/SiC
Epoxy composite filled with
industrial wastes

Red mud as a filler and sisal

EDX
Tribological properties

Thermal, structural and

tensile properties

Chemical, surface morphological
and mechanical performances

Mechanical properties
Friction and wear behavior

fibre as the reinforcement in
a polyester matrix Mechanical
strength and water absorption.
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sectors where high strength and hardness were
required. But, due to its low ductility and strength,
it was a big challenge to use it in industrial
application. However, nowadays various
researchers developed copper based composite
with various reinforcement material and showed
that cooper based composite materials mechanical
properties could be improved by using various
reinforcement materials.

Figure 3 showed representative SEM

micrograph of Cu/5 wt. % steel chips metal
matrix composite. Microstructure results showed
the fair distribution of waste steel chips in the

copper base matrix material. Microstructure
results also showed that waste steel chips in
powder form can be used successfully in the
copper-based matrix material. Figure 4 showed
the SEM image of the surface morphology of
Cu/5 wt. % steel chips after the electrochemical
test in 3.5 wt% NaCl solution.

Steel Chips

Steel Chips
Fig. 3. SEM micrograph of Copper/5 wt. % Steel Ma-
chining Chips

) \ 4 3 &1‘ § ¢ A 3
Fig. 4. SEM image of the Surface Morphology of Cw/5
wt. % Steel Chips after the Electrochemical Test in 3.5
wt% NaCl Solution

Alaneme, (2016) also analyzed the corrosion
behaviour of Cu/S wt. % steel chips metal matrix
composite. They reported that corrosion of the
stainless steel reinforced copper matrix
composites in chloride media began at the copper
matrix at sites independent of the stainless steel
fibers or stainless steel/copper interface. They
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noted that pitting of the stainless steel fibers only
appeared much later. This they held was a good
indication of sound bonding at the interface

between the stainless steel fibers and the copper
matrix.

Figure 5 shows the microstructure image of
Cu/5S wt. % TiB, composite material. Weight of
TiB, percentage varied from 2.5 % to 10 %.
Agglomeration was observed in Cu/7.5 wt. %
TiB, composite and Cu/10 wt. % TiB, composite.
Uniform distribution can be observed InECu.S
wt. % TiB, composite. Comparative study of
tensile strength and hardness for 5 wt. % steel
chips and TiB, are shown in Figure 6. Tensile
strength for Cu/5 wt. % steel chips composite
and Cu/5 wt. % TiB, composite was found to be
220 MPa and 215 MPa respectively. Hardness

TiB, TiB,

Agglomeration of Reinforcement Aggl ion of Rei

Fig. 5. Microstructure of Copper/5 wt. % TiB, Composite
Material

| 250
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Fig. 6. Mechanical Properrrt{es of Cu/5 wt. TS‘;eelEths
Composites and Cu/5 wt. % TiB, Composites

was found to be 35 BHN and 45 BHN for Cu/5
wt. % steel chips composite and Cu/5 wt. %
TiB, composite respectively. For the same
percentage of reinforcement, the tensile strength
of 5 wt % waste steel chips reinforced composite
showed higher value. However, the hardness of
Cu/5 wt. % TiB, composite was higher than Cu/
5 wt. % steel chips composite.

Conclusions

Following conclusions can be drawn from
the exhaust literature review.

1. Copper-based composite materials can be

developed by using waste steel chips and TiB,
reinforcement particles.

2. Waste steel chips and TiB, with 5 wt. % in

the copper matrix showed very less amount
of porosity.

3. Tensile strength and hardness of copper-based
composite material were significantly

improved by adding 5 wt. % waste steel chips
and TiB, as reinforcement.

4. For the same percentage of reinforcement,
the tensile strength of 5 wt % waste steel
chips reinforced composite showed higher
value. However, the hardness of Cu/5 wt. %

TiB, composite was higher than Cu/5 wt. %
steel chips composite.
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Synthesis of Chitosan-g-Biomass Ash/Graphene Oxide Nanocomposite
for the Removal of Copper and Chromium from Industrial Waste Water

SHIVANGI OMER¥*, AJAY SINGH AND SHALINI UPADHYAY

School of Applied and Life Sciences, Uttaranchal University, Dehradun Uttarakhand, India

Abstract-Biomass ash (BA) obtained as a byproduct from biomass feedstock shows adsorption capacity for
heavy metals and could be economical and environment friendly adsorbent. Chitosan (Cs) and Graphene
oxide (GO) are efficient adsorbent for removal of dyes, metal ions and toxic compounds. When biomass ash
is used as nanocomposite formation along with Chitosan and Graphene Oxide then its adsorption capacity
is enhanced. In the present work, Chitosan grafted Biomass ash on Graphene oxide base nanocomposite
adsorbent (Cs-g-BA/GO) is synthesized for the effective removal of Cu (II) and Cr (VI) metal ions present in
industrial waste water. They were characterized by FTIR, UV, FESEM and adsorption was studied by em-
ploying AAS with variables like pH, Adsorbent dose and contact time. The results showed that Cs-g-BA/GO
nanocomposite is an efficient adsorbent with 69.5 % for Cu(ll) and 74.7 % for Cr (VI) at pH 4.5 and 5
respectively. The optimum adsorbent dose was 0.12 g I at pH 5 with removal efficiency was 80.0 % and 82.6
% for Cu (II) and Cr (VI) respectively at a contact time of 90 min. Chitosan-g-Biomass ash/ Graphene oxide
nanocomposite was significant adsorbent for the removal of Cu(Il) and Cr(VI) metal ions present in waste

water.

Keywords: Adsorption, Decontamination, Grafting, Heavy metal, Industrial affluent.

Toxic heavy metals when discharged into
water resources are serious threat to environment
and human health due to which it is important to
remove them from industrial waste water.
Adsorption mechanism serves as a good option
for the removal of heavy metals (Xu e? al., 2018;
Rautaray et al., 2003). The adsorption capacity
of adsorbent depends on their chemical stability
and high surface area as well as the functional
groups present on its surface which represents
the binding site to the adsorbate (Ali, 2016; Dula
et al., 2014).

Biomass ash obtained as byproducts from
biomass feed-stocks show adsorption capacity for
heavy metals (Lei ez al., 2014; Li et al., 2013,
Omer et al., 2019). Their compositions vary
widely (Table 1). The global growth of biomass
is evaluated between 112 and 220 billion ton yr!

and produces about 95-97% of the world’s
bioenergy (Vassilev et al., 2012; Demirbas 2005;
Fouilland et al., 2010; Zhang et al., 2010). The
presence of heavy metals in industrial effluents
is widespread in many regions of India including
Uttar Pradesh, Uttarakhand, Delhi, Madhya
Pradesh (Singh et al., 2006).

Organic polymers such as chitosan(Al,
2016), sodium alginate (Park et al., 2004),
inorganic adsorbents such as activated carbon
(Acharya et al., 2009), magnetite (Chowdhury
et al, 2010) and recently graphene oxide (GO)
(Kumar et al., 2013) have been used as
adsorbents. Since GO is difficult to separate from
treated water, it is bonded with organic materials,
such as chitosan, and calcium alginate
(Chowdhury et al., 2014; Sheng et al., 2016) to
enhance its adsorption property. Chitosan being

*Corresponding Author Email : shivangiomer @ gmail.com; shivangiomer @ uttaranchaluniversity.ac.in
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a natural biosorbent causes the fine sediment
particles to bind together and is removed during
sand filtration. So, GO-chitosan nanocomposite
is prepared to overcome obstacles related to
adsorbent separation and removal of metal ions
such as lead ions (Fan et al, 2013), chromium
(Debnath et al, 2014) and other pollutants.
Adsorption capacity of biomass ash towards
heavy metals is increased after appropriate
modification (Silva and Pissetti, 2014; Omer et
al., 2019). The modified materials with
nanostructures more efficiently remove heavy
metals from industrial wastewater (L etant et al.,
2014; Singhand Omer, 2018).

Kirti er al., 2018 reported enhanced
adsorption activity of bionanocomposites of
biomass- Cassia fistula multi-functionalized
along with iron oxide nanoparticle (SPION).
Hosseinzadeh and Ramin, 2018 reported that a
modified composite material of GO with
ethylenediamine onto chitosan backbones showed
high Cu® sorption capacity, which is easily
separable because of its attachment with magnetic
nanoparticles. Another modification has been
reported in Poly (vinyl chloride) by cross linking
of multifunctional amines (Singh et al., 2010;
Singh and Rawat, 2013). Metal ions can also be
sensed by sensors which can also be utilized for
the removal of heavy metals present in industrial
effluents (Upadhyay and Singh, 2019).

Material and Methods

In this study, we synthesized a new adsorbent
namely, biomass ash-chitosan-graphene oxide
nanocomposite by modification of biomass ash
with graphene oxide to combine the adsorption
properties onto chitosan backbone for separable
convenience, with Glutaraldehydeas cross-linking
agent. The batch experiments had been carried
out to measure the removal efficiency of
synthesized nanocomposite for the removal of
chromium and copper ions present in industrial
waste water. For this, biomass Ash was collected
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from local iron foundry, confectionary and
Hindustan National Glass and Industries Ltd.,
Rishikesh. Graphite powder was procured from
Rankem and chitosan from Hi Media
Laboratories.

Modification of Biomass Ash

In order to maintain a uniform size of
Biomass ash (BA), it was mechanically riddled
and sieved through 80 mesh and 120 mesh.
Biomass was frequently rinsed with distilled
water and dried at 100°C. Six gram of BA was
mixed with 7.2 g solid NaOH. The mixture
grounded into fine powder in order to carryout
bleaching process. The mixture was kept at 600°C
in muffle furnace for 2 hrs under N, atmosphere.
Then, 60 mL of deionized water was added and
mixture was heated at 100°C for 75 hrs.

Preparation of chitosan support and cellulose
immobilization

Activation of chitosan molecule in acetic acid
medium: Chitosan solution was prepared by
dissolving 2.5 g of chitosan powder into 2% v/v
of acetic acid solution under ultrasonic stirring
for 1 hr at room temperature following the
procedure described by Sheng et al. (2016). Then,
2g of modified BA was added to acetic acid
activated chitosan Solution at 60°C in hot plate
for 2 hrs. Biomass turned dense and coated with
Chitosan at 60°C, and then impregnated for 2
hrs.

Preparation of GrapheneOxide

Graphene oxide (GO) was prepared as
reported previously (Hummers and Offeman,
1958),2 g of graphite powder was mixed with
1.0 g of NaNO, and 50 mL of H,SO,, and stirred
for 30 min at 4'C. After stirring, 10 g of the
K,Cr,0, was added as an oxidizing agent to
oxidize flake graphite for functionalization and
continuous stirred for 120 mins at 35 + 3°C.
Then after, 100 mL of water was added with 50
mL of 30 % H,0, and stirred for 15 min at 100°C.
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The color of the mixture turned yellow from thick
dense brownish paste. The mixture was
sequentially washed and filtered with 100 mL of
5% HCI solution to remove extra MnO, and
sulfate ions present in the mixture. Separated and
dried at 40 = 5°C in an oven.

Preparation of Cs-g-BA/GO Nanocomposite

To prepare a nanocomposite, 0.5 g of
obtained GO homogenously dispersed in 30 mL
of water was added to Chitosan grafted Biomass
ash mixture with continuous stirring for 6 hrs
and stored overnight at room temperature. A
dense black colored suspension was obtained. 5
mL of deionized water was added and stirred for
15 mins by which a uniform suspension of GO/
BA grafted by Chitosan was obtained and
crosslinked by addition of 5 mL of 25% (v/v)
Glutaraldehyde as a crosslinking agent (Ali
M.E.A., 2018), at 50°C for 3 hrs. A dense, thick
and crosslinked product was obtained which was
filtered and washed with deionized water and
then dried at 40 = 5°C in an oven.

Instrumentation

Calibration curve was drawn for Cs-g-BA/
GO Nanocomposite with blank solution of Cu
(CH,C00), and K, Cr,0. by UV-Visible
Spectrophotometer (Systronics). Fourier
transform infrared (FT-IR) spectra of Cs-g-BA/
GO Nanocomposite and biomass ash were
recorded using FT-IR spectrometer (Perkin-Elmer
100) at the frequency between 4000 and 625 cm
I The surface morphology of nanocomposite was
studied by Scanning Electron Microscope (Zeiss
Ultra Plus 4322). After the equilibration, the
residual concentration of Cu(Il) and Cr(VI) was
determined by Perkin Almer Atomic Absorption
Spectrophotometer (AAS-200).

Batch Adsorption Experiments

Synthetic waste water (Cu, Cr) were prepared
by dissolving Cu (CH,CO0), (0.01 g/l) and
K. Cr,0, (0.01 g/l) separately in double distilled

water and parameters such as pH, adsorbent dose
and contact time were optimized. For each metal,
100 mL of solution with initial concentration of
10 mg/L. were stirred together with 1.2 g/L. of
adsorbent in 100 mL Erlenmeyer flasks in pH
range from 2.0 to 8.0. To optimize adsorbent
dose, different concentrations of Cs-g-BA/GO
adsorbent (0.7, 0.8, 1.0, 1.2, 1.3, 1.5 g/l) were
added to each metal solutions under mechanical
agitation at 30°C with shaking at 222 rpm for 12
hrs. Contact time were studied with interval upto
240 mins. The initial pH value of the Cu** and
Cr® solutions were adjusted by adding 1:1 HCI
and 1% NaOH solutions. The supernatants were
filtered with 0.45 pm membrane and Cu (II) and
Cr (IV) concentrations in aqueous phase were
determined by  Atomic  Absorption
spectrophotometry.

The absorbed concentration of heavy metal
onto Cs-g-BA/GO at the equilibrium (q,, mg/g)
and % adsorption were determined by Eq(1) and
Eq(2) respectively (Abdullah., 2018) -

(Co_ Cc) xV

e - (D)
m

% adsorption = o 6100 2

Where V is the volume of the solution (1), m
is the mass of the adsorbent (g), Co and Ce are
the initial and equilibrium concentrations of
heavy metals in aqueous solution (mg/L),
respectively.

Results and Discussion

UV adsorption studies

Fig. 1(a) and (b) shows UV-Visible spectra of
Cs-g-BA/GO nanocomposite, at different
concentration of metal solutions in water at 280
nm for Cu (CH,COO,) and 490 nm (for K,Cr,0,)
regions, which typically grasp attention for changes
takes place in Cu (CH,COO), and K Cr,0, solution
before and after adsorption by nanocomposite.
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Cu (CH,C00), Curve Before and After Adsorption | SEM analySIS
Cs-g-BA/GO nanocomposite }

Fig. 2 represents SEM images of Biomass
ash (a, b) and Cs-g-BA/GO nanocomposite (c,
| d). The presence of graphene nanosheets in
nanocomposite is observable in microscopic
images. Images was recorded in accelerating
voltage of 15-20 kV in various magnifications.
Energy Dispersive x-ray (EDX) diffraction was
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Fig. 2. SEM images of: (a) Biomass ash, (b) Biomass ash (High magnification), (c) and (d) Cs-g-BA/GO nanocomposite
with GO nanosheets, (e) and (f) Polymeric material over GO nanosheets, (g) EDX spectrum of elemental analysis

composition of Cs-g-BA/GO nanocomposite.
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of Carbon (53.55%), Oxygen (38.58%), Sodium
(5.10%) with high content (Table 2).

Table 2. Elemental composition of Cs-g-BA/GO
nanocomposite obtained by EDX

Element

Weight (%) Atomic (%)
C 44.06 31558
(@) 42.28 38.58
Na 8.04 5.10
Al 1.52 0.82
Si 321 1.67
Ca 0.38 0.14
Fe 0.52 0.14

FT-IR analysis

FT-IR Spectroscopy is a well-known
significant tool for analyzing functional group
present in the nanocomposite. Fig. 3(a, b)
represents the interaction among Chitosan,
Biomass ash and GO because of functional group
like amino and hydroxyl groups present in
chitosan moiety which contains polycationic
nature. It is also leads to electrostatic attraction
and hydrogen bonding between Chitosan,
Biomass ash and GO present in nanocomposite.
It produces homogenous dispersion and increased
adhesion capability of composite with metal ions
(Ali MEE.A., 2018). In the spectrum Fig.3(b)
shows major characteristic peaks at 3306 cm!,
which is due to the N-H and O-H groups present
in chitosan moiety and GO. A new peak appear
2940 cm for the C-H stretching vibration. The
peak appear at 1655 cm™ corresponding mainly
to C=0 stretching and N-H deformation band,

Table 3. pH and Adsorbent Dose of various adsorbents
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Fig. 3. IR spectrum of — (a) Biomass Ash (b ) Cs-g-BA/GO
nanocomposite.

for amide II of the péptide bond (kemp, W.,
Palgrave 3 edition). The characteristics peaks
at 1564, 1411, 1023 cm™ supports a synthetization
of new material. On the other hand, the peak at
1023 cm corresponding to a single Si—O—Si
band (Launer, P. J. 2013). At the end the peaks
corresponding to 620, 463 cm! are related with
Fe—O bond and A1-0/Si-O asymmetric stretching
vibrations, respectively (Shopska Maya., 2013).

Effect of pH

The studies indicate that the surface of
biomass ash is a negatively charged, which is
transient and significantly depends on the pH of
the solution (Xu L et al, 2018). Various studies

show the effect of pH on adsorption of heavy
metal are (Table 3).

The adsorption of Cu?* and Cr® on the Cs-g-

S.No. Adsorbent pH Adsorbent dose (g/1) References

L Crosslinked Chitosan 5 0.1 Huang et al., 2012

2. Coal Fly Ash 5 0.08 Javadian et al., 2013

3 Fly ash 6 10 Sheng et al., 2016

4. Biomass Ash 6 23.9 XuL. etal, 2018

5. Chitosan 6 0.25 Maity et al., 2018

6. Chitosan-CDTA-GO 36 2 Ali et al, 2018

74 Coal fly ash/Chitosan 3 - Zang et al., 2018

8. Magnetic Chitosan/ GO 8 - Hosseinzadeh et al., 2018
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BA/GO nanocomposite was analyzed and found
to be pH-dependent. The pH ranges from 2 to 7
was used to study and effective removal occured
at pH 4.5 for Cu(Il) and at pH 5.0 for Cr(VI)
after reaching at equilibrium at a initial adsorbent
dose of 120mg/100 mL at room temperature and
pH higher than 6, minimal changes occured. The
metal solutions become alkaline as
nanocomposite is deposited in acidic condition
(pH 5), and as it attains to equilibrium the pH of
the solution reached to neutral. It may be due to,
the amino, hydroxyl and amide group present in
Cs-g-BA/GO nanocomposite were readily ionized
and interacted with metal ions leading to change
in pH immediately in basic range. As the
adsorption interaction occured and reached to
equilibrium, again flipping of pH occured from
basic range to neutral.

Synthesis of Chitosan-g-Biomass Ash/Graphene Oxide Nanocomposite for the Removal
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With the increase of pH, the negative charge
on the surface of the material is improved, leading
to improve the electrostatic force between
adsorbent and adsorbate. The maximum
adsorption efficiency of Cu?** and Cr® were
observed pH 4.5 and 5 respectively can be
attributed to precipitation of Cu?* and Cr® ions
on surface of Cs-g-BA/GO nanocomposite (Fig.
4 (a).

Effect of adsorbent dose

The range of adsorbent dose were 0.07, 0.08,
0.10, 0.12, 0.13 and 0.15g respectively at a
contact time of 60 min at pH 5 (Fig. 4b). The
results showed that the removal efficiency of
Cu(Il) and Cr(VI) were increased with the
increase the adsorbent dose. The maximum
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Fig. 4. Effect of (a) pH, (b) Adsorbent dose, (c) Contact time on adsorption of Cu(Il) and Cr(VI) onto Cs-g-BA/GO

nanocomposite
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removal efficiency obtained at a dosage of 0.12
g/l with 80% removal of Cu (IT) ions and 82.6%
of Cr(VI) ions respectively.

Effect of Contact time

Fig. 4(c) represents the influence of contact
time on Cu(II) and Cr(VI) adsorption. Appropriate
time is required to interact nanocomposite with
metal ions. The range of contact time for study
was upto 240 minutes. The maximum biosorption
efficiency was obtained at a contact time of 120
minutes with percent removal of 60.69% for

Cu(Il) ions and 64.85% for Cr(VI) ions
respectively.

Conclusion

In the present study, Cs-g-BA/GO
nanocomposite was synthesized in which biomass
ash were co-polymerized with chitosan and
formed a composite on a base of graphene oxide,
in order to enhance its adsorption efficiency. It
was characterized by FTIR, UV, FESEM and
SEM-EDX and AAS with the variables such as
pH, adsorbent dose and contact time were

o
0 CForZ hrs ®

Activated ®
with Acetic Acid H;N
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optimized. The obtained results showed that Cs-
g-BA/GO nanocomposite was an efficient
adsorbent with removal efficiency of 80.0 % for
Cu (I) and 82.6 % for Cr (VI). Optimum
adsorbent dose of 0.12 g/l was obtained at a pH
4.5 for Cu(Il) and pH 5 for Cr(VI). The optimized
contact time of 90 mins was obtained for
maximum removal. Overall, Cs-g-BA/GO
Nanocomposite was found to be effective and
efficient adsorbent for the removal of Cu(Il) and
Cr(VI) metal ions present in waste water.
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Abstract-Egg shells are one of the solid waste which contribute significantly to environmental pollution by
its smell, provides the perfect habitat for flues, damage the nearby environment and also causes some aller-
gies to people working nearby areas when kept for longer time. The novelty of this work is utilization of the
waste egg shells in an environment friendly way. Researchers have studied the use of various biomaterials
for soil fertility, However there is little report available on the use of egg shells. In the present study it was
found that the waste egg shells contain AL,O,, SiO,, SiO,, CaO, MnO, Fe,0, Zr0,, Cl, K0, etc. which are the
essential macro and micronutrients for plants. So waste egg shells can be used as plant fertilizer due to
presence of 95% of calcium carbonate which is a potent source of lime to neutralize the pH of acidic soil. It
was also found that Vigna mungo L. seeds were grown better in egg shell treated soil that is 10 mm larger

than the plant grown in control. From this research, it can be concluded that waste egg shells can fulfil the

mineral requirement for the growth of Vigna mungo L. plants as it enhanced the nutrient level in soil.

Key words: Egg shell, Major and minor nutrient, Acidic soil, Fertilizer, Plant growth

Agriculture is one of the important livelihood
in various countries. Due to the use of chemical
pesticides and fertilizers, the nature of the soil
changes (such pH decreases, accumulation of
heavy metals etc.). Thus there is a need to use
biomaterials in agriculture that may not only
improve the quality of crops but also the quality
of the land. Use of waste biomaterials may help
reduce the cost also. Environmental pollution at
different sites are greatly influenced by the
consumption pattern and habits of waste
management (Vaccari et. al., 2019).
Implementation of waste hierarchy should be
needed to manage the waste statistics to reach
the circular economy (Ana et al., 2019). The
total amount of waste generated throughout the
world is around 3.2 billion tons, out of which
70% of waste is not recycled or reused (Tisserant
et. al., 2017). On the other hand use of bio
fertilizer is environment friendly and also helps

to increase the soil fertility for better production
and yield of crop. As eggshell powder is a
stabilizing materials which improves the
properties of soil (Ok et al. 2011), these can be
used as biofertilizer in the crop field to decrease
the plant diseases and improve the productivity
of soil.

Egg shells contain significant amount of
calcium thus fulfils the amount of calcium in
plant. So the use of waste egg shells as an
alternative source for correcting soil fertility as a
bio-fertiliser and also can reduce the
environmental impact favoured by the disposal
of this by-product. Therefore the present research
work was conducted to study the Response of
waste egg shells to soil fertility and its impacts
on the growth of Vigna mungo L. seedling. The
main objectives of this present work is egg shells
can supply nutrients to the plant and also helps
maintain the pH balance of the soil. It being a
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waste biomaterial, involves less cost and creates
less problems to the environment.

Materials and Methods

Soil samples were collected from mango
garden of Centurion University of Technology
and Management, Bhubaneswar, Odisha, India,
with having lattitude 20.1756° N and longitude
85.7066° E at 18 cm soil depth using a neat and
clean soil auger with four replicates. The samples
were collected in polyethylene bags and properly
labelled. Then the collected soil samples were
taken to the laboratory then sterilized and
properly packed in polythene for avoiding
microbial contamination and preserved the soil
and further analysis has been done as per standard
procedure (Saeed and Rafiq, 1980). Then the
samples were dried in sun light for about twenty
four hour and again dried in an oven at 105°C till
complete dehydration. The sample was ground
in a mortar pestle then passed through 0.5 mm
sieve which was required for elemental analysis.
Then the soil samples preserved properly for
further analysis. Waste egg shells were collected
from different fast food shops and vending zone
near Centurion University of Technology and
Management, Bhubaneswar, Odisha, India. The
physico-chemical parameters of soil like pH,
electrical conductivity (E.C.) were measured by
electro-potentio method, soil moisture percent
(%), water holding capacity were measured by
gavimetric method and elemental content (A1203,
Si0,, Si0,, CaO, MnO, Fe,0,, Zr0,, Cl, K,0
etc.) of both soil and waste egg shells were
analyzed using XRF spectroscopy.

Uniform sized healthy seeds were sterilized
with 0.1% HgCl, for about five minutes and then
washed several times with tap water followed by
distilled water. The sterilized seeds were
germinated in different concentration of egg shell
treated soil along with control soil. Seeds were
allowed to germinate at room temperature (28 +
2°C) in darkness for five days. The number of
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seed germinated in each treatment was counted
and radical lengths were also measured.

Percentage of germination was calculated as:

Number of seeds germinated
Germination (%) = x 100
Total number of seeds shown

According to Chou et al. (1978), The
percentage of phytotoxicity of the metal was
calculated by the formulae:

Redicle length of control — Radicle length of test
Phytotoxicity (%) = x 100

Radicle length of control

According to Baki and Anderson ( 1973),
Seedling vigour indices were calculated as:

Vigour index = Germination percentage X
Length of the embryonic axis

As per the formula proposed by Turner and
Marshal (1972), The tolerance indices of the
seedlings were calculated as:

: Radicle length of seed in test
Tolerance index =

Radicle length of control .

Statistical Analysis: The statistical
implication of various chemical composition of
PH, electrical conductivity, water holding capacity
and percentage of moisture contents were studied
utilizing co-variance matrix by Matlab software.
The ratio of the final (egg shell mixed soil) values
of various parameters and before addition of egg
shell were used for the analysis. The p-value less
than 0.05 implies significant contributions.

Results and Discussion

Changes in physico-chemical properties of
soil : The physico-chemical parameters like pH,
electrical Conductivity (E.C.), soil moisture
content (%), water holding capacity and different
elements/compound contents of a garden soil and
garden soil treated with waste egg shells were
analysed and both the results were compared
(Table 1, 2 and 3).
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In this present study, pH of the garden soil
sample was found to be increased from 6.54 to
7.38 which is greatly significant change after
addition of waste egg shells. Electrical
conductivity of the soil sample under
consideration was found to be 0.82 mS/cm. The
electrical conductivity of soil treated with waste
was found to be 0.85 mS/cm which depicted the
small increase from initial soil. After addition of

waste, Soil moisture was found to be increased
from 11.00 % to 11.50% which was not
significantly changed. The amount of water that
soil can hold is very important for plant growth.
The water holding capacity of garden soil and
egg shell mixed garden soil were found to be
157.54 ml/kg and 159.32 ml/kg respectively,
small increment was found in waste treated soil
which is very useful for plant growth. Different

Table 1. Comparison between different physico-chemical parameters of garden soil and egg shell mixed garden soil

Parameters Unit Garden soil Egg shell+ Garden soil p-value
pH 6.542+0.052 7.384+0.012 0.0007
Elecrtrical conductivity (E.C) mS/cm 0.820+0.003 0.854+0.004 0.0004
Water Holding Capacity ml/kg 157.542+0.582 159.321+0.562 0.2321
Moisture Content % 11+0.572 11.502+0.564 0.949

Values of four replicates + SEM

Table 2. Comparison between the amount of compounds present in garden soil and egg shell waste mixed soil

Elements/ Unit Garden soil Garden soil mixed p-value
compound with egg shell waste

Eu,0, % 0.065+0.004 0.079+0.002 8.902
ALO, % 15.712+0.063 18.714+0.003 3.220
SiO, % 66.184+0.062 61.18+0.006 7250
PO, % 1.034+0.002 1.011+0.001 0.078
K,0 % 1.446+0.005 1.964+0.005 1.300
CaO % 0.138+0.003 4.336+0.002 1.632
TiO, % 1.544+0.023 1.812+0.014 7.740
MnO % 0.145+0.003 0.210+0.003 2.730
Fe,0, % 6.213+0.031 9.216+0.009 1.010
Zr0, % 0.145+0.003 0.212+0.002 4.620
SO, % 0.663+0.002 0.365+0.008 5.635
Cl % 0.193+0.002 0.195+0.006 0.126
VO, ; % 0.033+0.002 0.033+0.003 0.380
Cr,0, % 0.019+0.009 0.024+0.002 0.007
NiO % 0.007+0.001 0.011+0.001 0.004
CuO % 0.010+0.002 0.010+0.001 0.404
ZnO % 0.014+0.003 0.018+0.001 0.008
Ga,0, % 0.003+0.001 0.004+0.001 0.008
As,0O, % 0.001+0.001 0.002+0.001 0.008
Rb,0O, % 0.014+0.002 0.013+0.001 0.107
SrO % 0.013+0.002 0.012+0.003 0.243
Y,0, % 0.003+0.001 0.006+0.001 0.011
Nb,O, % 0.004+0.001 0.005+0.001 0.011
SnO, % 0.0094+0.001 0.009620.001 0.195

Values of four replicates = SEM
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clemental content of the soil was also analysed.
It was found that the different elemental content
like Eu,0,, ALQ,, K.0, CaO0, TiO,, MnO, Fe,0,,
Zr0,, Cl, Cr,0,, NiO, ZnO, Ga.0 As O, Y.0

; , 2 3’. ; & 3 23
Nb203 and SnO2 mncreased with addition of waste

egg shells which could enhance the soil fertility
and help in better plant growth. From Table 3, it
was observed that SiO, has significant
contribution on PH, electrical conductivity, water

holding capacity and percentage of moisture

content. However, for electrical ¢

onductivity
EuZOB, A1203, SiO2 and Fe203 were found to have

significant effect. So it can be concluded that the
Wwaste material can neutralize the pH of soil,

which is more beneficial for plants rather than
garden soil.

Impact of waste on the germination and
growth parameters of Vigna mungo L. :
Germination of seed is the most important stage
of plant growth and it can be used as a reference
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for plant development and an indication for early
response of plants. The percentage of germination
was found to be increased by increasing the
weight of waste products. The percentage of
germination of seeds from control to 1000 mg/L
were found to be increased from 84.76 to 94.02
(Fig. 1). Similarly seedling vigour indices and
tolerance indices were found to be increased
whereas the percentage of phyto-toxicity was
found to be decreased with increasing
concentration of waste egg shells (Fig. 2). The
root and shoot lengths of germinated seeds were
also found in an increasing trend with increasing
concentration of waste egg shells (Fig. 3). As
Egg shell enhances the soil nutrient content, so
it was shown better result in terms of germination
and growth of Vigna mungo L. seedling. From
several reports it was found that the waste egg
shell contains high amount of calcium carbonate
(Ahmad et al. 2012), which acts as an

Table 3. Co-variance in PH, E.C., WHC and moisture content due to addition of different elemental content

pH EiE. WHC Moisture content

Eu203 0.561979 0.026774 0.610822 2.478555
Al203 0.111676 0.013308 0.128016 0.091534
Si02 0.033375 0.015007 0.04266 0.001072
P205 4.976447 1.486622 6.049847 3.022245
K20 0.301597 0.382959 0.507031 3.167559
CaO 44.09678 15.40223 54.42798 28.74302
TiO2 0.111189 0.076062 0.15891 0.77601

MnO 1.38049 0.356077 1.652623 1.33225

Fe203 0.095122 0.031185 0.119763 0.282564
Zr02 0.652879 0.767311 0.985689 2.937339
SO3 0.310143 0.096054 0.389275 1.02125
Cl 2.510271 0.443347 2.926425 2.642958
V205 4.132004 2:581377 5.650841 12.14887
Cr203 10.8212 0.845753 11.98291 33.15438
NiO 20.6631 1.929348 21.63686 61.0416
CuO 19.50786 2.232461 21.39317 66.05747
Zn0O 2.571503 5.526185 5.502548 63.44039
Ga203 41.30437 9.748988 49.95293 53.56193
As203 66.7112 16.95091 79.29292 116.5596
Rb203 1.492264 2.883432 2.72692 1.241556
SrO 32.20585 8.681182 39.47683 55.2179
Y203 12.50398 15.26622 7.004074 124.4064
Nb203 5.361765 1.250462 6.501779 9.491284
Sn0O2 4.399699 0.945894 4.621647 10.80847
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Fig. 3. Impact of waste egg shells on growth of the Vigna
mungo seedlings after 15 days of treatment

immobilizing agent to fix the metals in the soil
(Ok et al. 2011). Some metals like iron, copper
and zinc are essential for plants and animals.
The availability of some metals such as copper,
zinc, iron, manganese, molybdenum and nickel
varies from region to region and such metals are
essential micronutrients (Arzoo and Satapathy,
2017). According to Ok et. al, (2011) and Ahmad
et. al. (2012), egg shell was used for fixing of
lead (Pb) and cadmium (Cd) in acidic soils, which
ultimately increased the pH of soil towards its
neutrality. As the egg shell fixes different
beneficial micro or macronutrients in soil that
small amount of different metals enhance the
plant growth like nickel in Macrotyloma
uniflorum (Arzoo et. al., 2014), cobalt in Vigna

mungo L., cadmium in Triticum aestivum (Kalita
et. al., 1993), Chromium in Salvia sclera (Corradi
et. al., 1993), food waste in peanut crops (Daud
et. al., 2016), cobalt and zinc in Penisetum
americanum and Parkinsonia acculata (Terry,
1981). which argue the confirmation of the result
that found in this research that egg shells enhance
growth of Vigna mungo seedling due to presence
of different micro or macro nutrient.

Conclusions

Waste egg shells can be used as fertilizer
due to presence of 95% of calcium carbonate
and is a potent source of lime which neutralize
the pH of acidic soil. The green gram seeds were
grown better in egg shell fertilized soil that is 10
mm larger compared to the plant grown in
control. So from this research it can be concluded
waste egg shells can fulfil the mineral
requirement for the plant’s growth. Moreover, it
is an excellent organic manure for better growth
and development of Vigna mungo L. plants.
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Abstract — The study of molecular interaction using ultrasonic technique in aqueous dextran solution having
concentrations range (0.10%, 0.25%, 0.50%, and 0.75% and 1%) with 6(M)urea has been carried out at
four different frequencies IMHz, SMHz, 9MHz, 12MHz and a fixed temperature 308 K. The thermo-acoustic
parameters such as Acoustic impedance (Z), Adiabatic compressibility ( p), Intermolecular free length (Lf),
Relaxation time (7 ) and Gibb’s free energy (AG) are evaluated from the deliberate estimations of Ultrasonic
Velocity speed (U), Density (p) and Viscosity (7). The molecular interaction present in the liquid solution
such as dipole-dipole association, hydrogen- bonding, acceptor-donor, and electrostriction is analyzed based
on these parameters. These acoustic parameters are utilized to get to and clarify the nature and quality of the

molecular interaction of dextran with urea.

Key words: Dextran, Acoustic impedance (Z), Adiabatic compressibility (), Intermolecular free length (L,).

Introduction

The ultrasonic technique is extensively used
in scientific research due to their commercial
application in the field of medical science. In
this, direct interaction of the ultrasonic wave with
the material takes place. This plays an important
role in the investigation of molecular interactions,
material Characterization, physicochemically
behavior, and so on. This assumes a significant
job in the improvement of molecular sciences.
The ultrasonic investigations are utilized to
predict intermolecular interactions and estimate
the thermodynamic properties of liquids solution.
The ultrasonic technique in polymeric solutions
is an incredible and powerful apparatus for the
investigations of polymer arrangement and the
behavior of polymer chain in an ultrasonic field.
These studies have drawn the attention of many
researchers (Ali et al., 2002; Thirumaran and
Jayakumar, 2009). The maximum applications
of polymeric materials in different fields have

necessitated investigations of the molecular
interactions of polymers and solvents (Panda and
Mahapatra, 2018; Panda and Mahapatra, 2018;
Panda and Mahapatra, 2016; Panda and
Mahapatra, 2016; Panda and Mahapatra, 2015).
Utilizing the deliberate estimations of sound
velocity, density, and viscosity, the
thermodynamic parameters like Gibb’s free
energy (AG) as well as acoustical parameters
like acoustic impedance (Z), adiabatic
compressibility (f), intermolecular free length
(L,) and relaxation time (t) etc., can be
calculated.

In this paper the authors have given
information regarding nature of polymer-solvent
interaction and the effects of concentration on
the molecular interaction of dextran in urea have
been studied. In continuation of ourprior work
on various concentration of solute and solvent
(Panda and Mahapatra, 2018; Panda and
Mahapatra, 2018; Panda and Mahapatra, 2016;
Thirumaran and Jayakumar, 2009; Rajagopal, K.

*Corresponding Author Email : subhraraj4u@gmail.com
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and Chenthilnath 2010; Panda and Mahapatra,
2014), we have made a further endeavor to
contemplate efficiently the physical-chemical
behavior of dextran in urea. The behavior of
dextran in urea has been examined with the help
of ultrasonic interferometer working at constant

temperature 308 K at different frequencies 1MHz,
SMHz, S9MHz, 12MHz.

A study is carried out in the aqueous solution
of dextran having concentrations range (0.10%,
0.25%, 0.50%, and 0.75% and 1%) with 6(M)
urea at different frequencies (IMHz, 5MHz,
OMHz and 12MHz), ultrasonic velocity is
measured and related parameters are calculated
at 308K using density and viscosity. The
outcomes give subjective data with respect to
nature and quality of the particles interactions
between solute and solvent in the liquids
solutions. The chemicals used in the work have

wide applications in medicine and pharmaceutical
industry.

Dextran is a complex, branched
polysaccharide made of numerous glucose atoms
made out of chains of fluctuating length (from
10 to 150 kilodaltons). Dextran, a water-soluble
polymer, is an o-D-1, 6-glucose connected glucan
with side chains 1-3 connected to the backbone
units of the polymer. Dextran have incredible
potential for applications in different nourishment
items as conditioners, stabilizers, bodying
specialists or related uses. Dextran have
numerous other potential applications, for
example, emulsifying and thickening operators,
high-consistency gums, explosives, de-flocculants
in paper items, optional recuperation of oil, oil
penetrating muds and soil conditioners. The
existences of dextran in numerous soils and their
security to impact the binding of soil particles
have been noted. Extra work is accounted for
managing the impact of molecular weight ranges
of dextran polymers on soil molding, including
information on the influence of the structural
branching of dextran polymers. Checked
adjustment of soils, up to 60% improved plant
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seedling development, and up to 70% better crop
yield, have been shown with soils containing
explicit dextran items.

Urea is a mineral that is only stable in an
arid environment. The structure of urea the carbon
is attached to oxygen by a double bond where as
it is attached to two NH, with single bond each.
Urea is utilized in numerous multi-segment strong
compost details. Urea is exceptionally dissolvable
in water and is in this manner likewise entirely
appropriate for use in manure arrangements.

Experimental Section

Materials

The solution prepared in distilled water as a
solvent for preparing the dextran solution at
different concentrations. Dextran of molecular
weight 70,000 utilized as a solute, is of analytical
reagent grade, made by HI Media Laboratories
Private Limited, India. Solvent 6(M) urea is an
analytical reagent grade, made by Fisher scientific
used in this state throughout the experiments.

Measurements
(a) Velocity Measurement

The speed of the ultrasonic wave in the
solution has been measured utilizing an ultrasonic
interferometer, working at 11 various frequency
supplied by M/s Mittal Enterprises, New Delhi
(Model M-84). The measuring cell of the
interferometer is a specially structured twofold
walled vessel with an arrangement for
temperature constancy. An electronically worked
advanced steady temperature shower provided by
M/s Mittal Enterprises, New Delhi, (Model SSI-
03spl) working in the temperature range -10 °C
to 85 °C with an precision of + 0.1K has been
utilized to circulate water through the external
jacket of the twofold walled estimating cell
containing the test fluid.

The expression used to determine the
ultrasonic velocity is
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u =2d/T (m/s)
= 2dxv
= A x v(Here-2d=A)

Where, v is the frequency of the generator
which isused to excite the crystal; (In the present
investigation, different frequency frequencies
(1MHz, 5MHz, 9MHz and 12 MHz
interferometer was employed) d- Separation
between the reflector and crystal; T. Travel time
of ultrasonic wave.

(b) Density Measurement

The densities of the solution were estimated
using a 10 mL Pycnometer bottle. The
Pycnometer bottle with the investigational
solution was submerged in a temperature-

controlled water shower. The density was
Wy
estimated using the equation P2 = ~P1

Where, w, = weight of distilled water, w, =
Weight of investigational solution, p, = Density
of water, p, = Density of investigational solution.

(c) Viscosity measurement

The viscosities of the solution were estimated
using Ostwald’s viscometer standardized with
distilled water. The Ostwald’s viscometer with
the investigational solution was submerged in a
temperature-controlled water shower. The time
of flow was measured using an advanced
stopwatch with a precision of 0.01 s. The
viscosity was calculated using the equation,

il C_:) (E)

Where, 1, = Viscosity of distilled water, n, =
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Viscosity of solution, p, = Density of distilled
water, p, = Density of investigational solution.

, t, = Time of flow of water, t, = Time of
flow of investigational solution.
Theoretical Aspect

The data’s of ultrasonic velocity, density and
viscosity leads to determination of various
thermo-acoustical parameters, using standard
formula.

Acoustic impedance z = u.p

1
Adiabatic compressibility 5 = e

Kt

Intermolecular free length Lr = B 7 &

4n

Relaxation time & ST
pu?

Gibb’s free energy AG = kT 1r1k—:T here p

density, U velocity, ¢ viscosity KT is the
temperature dependent constant. KT =
(93.875+0.375T) x10® ‘T’ is the absolute
temperature; ‘k’ is the Boltzmann’s constant and
‘h’ is the Planck’s constant.

Results and Discussion

The experimental values of density, viscosity
and speed of 6(M) urea with aqueous dextran
and calculated acoustic parameters at frequencies
1MHz, SMHz, 9MHz, 12MHz for temperature
308 K. in different concentration of dextran have
been presented in Tables 1 to 4 and Figs. 1 to 12.

Urea, being a molecular substance, does not

Table 1. Values of p and 1 of dextran solution in 6(M) urea.

Concentration
0.10% 0.25% 0.50% 0.75% 1%

p n p n P n p n p n
kgm?® 10°N.sm? kgm?® 10°Nsm? kgm® 10°N.s.m? kgm® 107 N.s.m? kg.m? 107 N.s.m?

Temp. (K)

308 1075°3 0965 1076.0  0.990 1076.8 1.036 1078.0 1.054 1079.2 1.073
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Table 2. Values of U and Z of dextran solution in 6(M) urea.
Conc. U m/s Z 10° kg-m?/s

IMHz SMHz 9MHz 12MHz IMHz SMHz 9MHz 12MHz
0.10% 1623.0 1616.5 1613.7 1615.0 1.745 1.738 1735 1.737
0.25% 1624.3 1619.0 1615.5 1617.0 1.748 1.742 1.738 1.740
0.50% 1626.0 1621.0 1618.0 1619.0 75 1.745 1.742 1.743
0.75% 1627.5 1622.5 1619.0 1621.0 1.754 1.749 1.745 1.747
1% 1629.0 1623.0 1619.5 1621.0 1.758 1352 1.748 1.749
Table 3. Values of B and L, of dextran solution in 6(M) urea.
Conc. B (10 m2/N) L, (10"°m)

IMHz SMHz 9MHz 12MHz IMHz SMHz 9MHz 12MHz
0.10% 3.531 3.559 3.571 3.566 3.761 3.776 3.782 3.779
0.25% 3.523 3.546 3.561 3.554 3.756 3.769 Sl 3773
0.50% 3.513 3.534 3.548 3.543 3.751 3.763 3710 3.767
0.75% 3.502 3.524 3.539 3.530 3.745 3.757 3.765 3.760
1% 3.492 3.518 3.533 3.526 3.740 3.754 3.762 3.758
Table 4. Values of Tand AG of dextran solution in 6(M) urea
Conc. T (1013 5) AG 102°kJ/mol

IMHz SMHz 9MHz 12MHz IMHz SMHz 9MHz 12MHz
0.10% 4.542 4.578 4.594 4.587 197.56 199.05 199.69 199.39
0.25% 4.650 4.680 4.701 4.692 201.91 203.12 203.92 203.57
0.50% 4.853 4.883 4.901 4.895 209.82 210.96 211.64 211.41
0.75% 4.923 4.954 4.975 4.963 212.47 213.61 21441 213.95
1% 4.996 5.033 5.054 5.045 215.16 216.52 217.32 216.98

dissociate into ions. These attractive forces are
called intermolecular forces, which are more
fragile than the covalent bonds between the atoms
within the molecule. It is seen that ultrasonic
velocity speed rises with rise in concentration
(vol. %) of aqueous dextran in urea (Fig. 1) and

ls VEL\C/);:ITY =TV
—8— 5MHz
CONCENTRATION | 27 0%
—3%— 12MHz
1630

VELOCITY

1610

1620 1
l
1615 i
0.

109%0.25%0.50%0.75%
CONCENTRATION

1%

N J

Fig. 1. Plots of ultrasonic velocity with concentration

furthermore acoustic impedance (Fig. 3), showing
the rise in stiffness of the solution and hence
association. The relationship in the constituent
atoms include because of the expansion of urea
prompts an opening of hydrogen bonds like that
actuated by an increment in temperature this is

( VELOCITY _._0‘10%1
Vs —&—0.25%

FREQUENCY —&— 0.50%

1630 —%—0.75%

—— 1R

1625

VELOCITY
=
o
~
o

1615

1610 Y—rn—0u
1MHZ 5SMHZ 9MHZ12MHZ
FREQUENCY

NG ot
Fig. 2. Plots of ultrasonic velocity with frequency
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Fig. 3. Plots of acoustic impedance with concentration
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Fig. 4. Plots of acoustic impedance with frequency

on the grounds that the size of dextran is more
than the size of water particle. Hence higher the
size more will be polarizibility. So the process
may lead to strong interaction forces.

The ultrasonic velocity gradually decreases
with increasing frequency (Fig.2) and also
acoustic impedance (Fig.4), indicating stiffness
of the solutions decrease and hence dissociation
but the trend is reverse at higher frequency
(12MHz). This is because of the facts that,
number of dextran molecules decrease and hence
more polarized molecules are not available for
strong interaction, means dextran molecules
migrate, this behavior is typical for polymer
solutions, this process leads to weak interaction
force. Whereas opposite trend observed at higher
frequency.

Adiabatic compressibility shows the reverse
effect as compared to ultrasonic velocity. It is
seen that adiabatic compressibility () diminishes
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with an expansion in the concentration of aqueous
dextran in urea (Fig. 5). The rising compression
of water around the dextran particles brings about
a diminishing in the compressibility of solutions.
The lessening in compressibility infers that there
is an inclination of molecular relationship in the
framework with an expansion in solute
concentration. It is seen that adiabatic
compressibility increments with expanding
frequency (Fig. 6). When frequency increases,
the interaction between the molecules in the
solution changes, causing a structural change and
hence an increase in adiabatic compressibility

The intermolecular free length depends on
adiabatic compressibility and shows similar
behavior to that of adiabatic compressibility and
reverse to that of ultrasonic speed. It shows that
free length decreases with increase in
concentration of aqueous dextran in urea (Fig.7).
This implies that breaking of polymer dextran
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> 3.620 Vs R e i
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g 3570
[~
s
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o
<
]
<
(=)
<. 3470

0.10%0.25%0.50%0.75% 1%

\id CONCENTRATION V.

Fig 5. Plots of adiabatic compressibility with concentra-
tion
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Fig 6. Plots of adiabatic compressibility with frequency
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by mixing urea and gets associated in the
structure by electrostriction in this way
diminishing the free space accessible. Diminished
estimation of free length shows structure
advancing behavior of dextran molecule. From
figure 8 as the frequency increases the
intermolecular free length gradually increases
indicating weak interaction among constituent
molecules. This is because; number of dextran
molecules decrease and more polarized molecules
are not available for strong interaction. This leads
to weakening of intermolecular interaction, and
is reverse in case of higher frequency (12MHz).

Fig. 9 Relaxation time (t) rises with risein
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Fig 7. Plots of intermolecular free length with concentra-
tion
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Fig 8. Plots of intermolecular free length with frequency

concentration of dextran in urea. This shows the
presence of molecular interaction in the solution.
Relaxation time (1) gradually increases as
frequency increases. This is due to change of

excitation energy to translational energy. it is
proposed that, the particles get rearranged
because of co-operative process [19-20].
Relaxation time is the time taken for the
excitation energy to show up as translational

energy and it depends on concentration and
impurities.

Gibb’s free energy signifies the mobility of
the medium. Higher mobility, higher will be the
entropy; lower will be the free energy. Fig. 11.
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Fig. 9. Plots of relaxation time with concentration
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Fig. 10. Plots of relaxation time with frequency

o~
GIBB'S FREE ENERY ¢ 1MHz
VS —— 5MHz
CONCENTRATION | —&— 9MHz
220 } —— 12MHz
& |
& 1
10 |
Bl
w00 |
o
e
v |
190 e i ~ e
0.10%0.25%0.50%0.75% 1%

CONCENTRATION b,

Fig. 11. Plots of Gibb’s free-energy with concentration
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It is seen that Gibb’s free energy rises with rise
in the concentration of dextran in urea indicating
the mobility of the molecule is low i.e. highly
ordered, due to outstanding salvation. With the
increase of frequencies Gibb’sfree energy
gradually increase and it signifies, a shorter time
is required for rearrangement of molecules in
the solution.

Conclusion

Ultrasonic velocity speed, density, and
viscosity have been determined experimentally
for aqueous dextran solution with urea solution
at various frequencies in constant temperature.
By using these values various thermo acoustic
parameters are calculated by using the standard
formula. It is observed that ultrasonic studies
provide the molecular interaction that is present
between solute and solvent. This is a clear
indication of intermolecular interactions because
of hydrogen bonding among the solute and
solvent molecules.
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