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Prediction of Volumetric and Viscometric
Properties of Acetophenone —
Ethylchloroacetate Binary Mixture at
303K & 323K with different Model Analysis

M. Sathiyamoorthy “ & Dr. Mazda Biglari ©

Abstract- In this present investigation the volumetric properties
and viscosity of the acetophenone ethylchloroacetate liquid
binary mixture were determined. The properties were found as
a function of mole fraction and at a temperature of 303 K and
323 K. The excess molar volumes and ultrasonic velocity are
also determined. It is used to predict the intermolecular
interactions in the process calculation, pipe design and
automobile fuel section. The kinematic viscosities of this
mixture were analyzed with four different models namely
McAllister, Krishnan-Laddha, Jouyban-Acree and Redlich-
kister. The different properties were plotted against mole
fraction of the liquid mixtures at various compositions and
temperatures.

Keywords: viscosity, density, ulfrasonic  velocity,
acetophenone, ethylchloroacetate, volumetic properties.

. INTRODUCTION

iquid mixtures have attracted considerable
Lattention due to their unusual behavior. In chemical

process industries, material are normally handled
in fluid form and as the consequence, the physical,
chemical, and transport properties of fluids assume
importance. Fluid mixtures in process industries are
often separated into their components by mass transfer
operations. Design of such operations requires
quantitative estimation of the properties of fluid mixtures.
Recently there has been considerable progress in the
studies on intermolecular interactions and the internal
structure of liquid mixtures. Thus data on some of the
properties associated with the liquids and liquid mixture
like density, viscosity and ultrasonic velocity find
extensive application in solution theory and molecular
dynamics. These results are necessary in chemical,
electrochemical, biochemical and kinetic studies.

a) Thermo Physical Properties

Thermo physical properties of liquid mixtures
have extensive practical applications in day to day life.
Any problem connected with heat, momentum and
mass transfer entails knowledge of thermo physical
properties and their variation with temperature.

Author a o Faculty Engineering, Department of Chemical Engineering,
Higher Colleges of Technology, Al Ruwaris, United Arab Emirates.
e-mall: sathyachemical@gmail.com

The data on some of the thermo physical
properties associated with the liquids and liquid
mixtures find applications in solution theory and
molecular dynamics (Mchaweh et al 2004). These
results are necessary for interpretation of data obtained
from thermo chemical, electrochemical, biochemical
and kinetic studies (Kenart et al 2000). These are
needed in many engineering problems such as process
calculations, simulations and pipe design and
automobile fuel selection. The automobile fuel has to be
checked for the consistency of its properties before it is
supplied to the engine. The thermo physical properties
of liquid mixtures like density, viscosity, refractive index,
surface tension and ultrasonic velocities are often
applied for calculations of other parameters
characterizing binary and ternary liquid mixtures.

i. Density

Density belongs to the group of most useful
intensive physiochemical properties widely applied
studies of pure liquids and liquid mixtures. It behaves as
an additive volumetric property for ideal solutions.
Results of many experimental works show that the
analysis of deviation from density as a function of the
composition of the mixture is more useful for studies of
intermolecular interactions in liquid mixtures that the
analogous examination of changes of density. The
knowledge of density of liquid mixtures is necessary for
calculations of other properties like viscosity and thermo
acoustical parameters.

ii. Viscosity

Viscosity is not a simple additive property. It is
an important transport property for process design in
petroleum, petrochemical and other chemical industries
involving fluid transportation, mixing, agitation, filtration,
heat exchange and concentration. The investigation of
viscosity can be a powerful tool for characterization of
interactions present in the mixtures.

iii. Ultrasonic Velocity
The ultrasonic studies are extensively used to
estimate the thermodynamic properties and predict the
intermolecular interaction of liquid mixtures. Ultrasonic
velocity of binary liquid mixtures could be related either
to size and shape of the molecules or to the entropy

© 2015 Global Journals Inc. (US)
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effect because of volume and space filling effects with
mixing processes. The principle used in the
measurement of velocity is based on the accurate
determination of the wavelength in the medium. The
high frequency generator generates variable frequency,
which excites the quartz crystals. The excited quartz
crystal generates ultrasonic waves in the experimental
liquid. The liquid will serve as an acoustical grating
element when ultrasonic waves passes through the
ruling of the grating, successive maxima and minima
occurs, satisfying the condition for diffraction. Ultrasonic
waves are high frequency mechanical waves. Ultrasonic
velocity in a medium depends inversely on density and
the compressibility of the medium. The variation in the
ultrasonic velocity of the liquid mixtures increases or
decreases of intermolecular free length of mixing and
vice versa.

iv. Intermolecular Forces

Intermolecular forces are electrostatic forces of
attraction that exist between an area of negative charge
on one molecule and an area of positive charge on a
second molecule. Intermolecular forces are a secondary
method of holding a solid state structure together. As
the name implies, these are forces that exist between
molecules. Bonds exist within molecules. For reasons
that will not be discussed here, intermolecular forces are
only associated with systems that use covalent bonding
within the molecules. Intermolecular forces are not

encountered in systems that employ ionic bonding.
Some elements, such as the noble gases, exist with
intermolecular  forces and no bonding at all
Intermolecular forces exist in three different levels of
strength. The differing strengths are a function of the
magnitude of the areas of charge that hold them
together. These three different forces are Hydrogen
bonding (the strongest), Dipole-dipole forces, London
dispersion forces (the weakest). Two of the
intermolecular forces are associated with polar
structures Hydrogen bonding and Dipole-dipole forces.
One of the intermolecular forces is associated with non
polar structures is London dispersion forces.

b) Models based on viscosities of pure component

i. McAllister moae/

The Eyring’s theory of absolute reaction rates
was used to develop a model to predict the viscosity of
liquid mixtures. Mcallister (1960) proposed a model
which assumes the free energy of activation for viscosity
are additive on mole fraction basis.

From Eyring’s Theory v = h,/A,A;\2e%T
Y =(n/m)e 8G/RT

McAllister used the above equation for binary
liquid mixtures considering various interactions between
the molecules in one plane. The size ratio of the 2
molecules should be less than 1.5.

In v = Xj 3 |n1)1 + 3 X12 X2 |n1)12 +3X1X22|n1) 21 + X2 3 InD2 -

IN(X; +X%,mM,/mM;) +3x%; 2%, IN(( 24 my/m; )/3) + 3x,%,2 In(1+2m,/m,)/3) + X, * In(m,/m,)

The above equation is McAllister equation based on three body model. It contains 2 constants namely
U, and u,,. The constants can be evaluated using least square method.

ii. Kirshnan-Laddha model

Krishnan and Laddha (1963) have proposed an equation to predict the viscosities of binary liquid
mixtures based on Eyring’s theory of absolute reaction rates.

NV =X INv; 4+ XN, - 2.303%X, (A4 B(X- X5)) — IN(Xqp1 +XMy) +%4INM; 4%, In M,

The constants can be evaluated if the viscosity
data is available for binary system at a particular
temperature using least squares method.

ii. Jouyban-Acree mode/

Jouyban proposed a model for correlating the
viscosity of liquid mixture at various temperatures.
In Dm = len Dj + X2 In U2 +(X1X2 /T) Z a‘ (Xj' X2)‘ )

Where v ,,, v y,and v , are the viscosities of the
mixture and solvents 1 and 2 at temperature T,
respectively. Ajare the model constants.

¢) Models based on excess properties

i. Redlich-Kister mode/
Redlich and Kister have proposed an equation
to predict deviation in excess values of binary liquid
mixtures. The equation is as follows

2015 Global Journals Inc. (US)

Y =X % Zay (X %)
Where, Y refers to V Eor &n

d) Models based on ultrasonic velocity

Sound speed by Jacobson’s free length theory
‘Jacobson (1952) is calculated using the following
formula.

I
Ut=k/ lf(mix)p”zexp

Where k is the Jacobson’'s constant
(k= (93.875+0.375t) 10®% and depends only on
temperature and |, is intermolecular free length of
mixture.

Vandeal vangeal (1969) ideal mixing relation is
compared from the following formula.

U= [(X,/myU®+Xo/Maus”) (%M +Xm,)]



Where x, and x, are mole fractions and u; and
U, is speed of sound of acetophenone and benzene
respectively. The sound speed in the mixture is given by
impedance dependence relation “shipra and parsania
(1995) as

U=z 4222 )/ (61 P17+ p2)]

Where y z and p; are the mole fractions,
impedance and density of the ™ component
respectively.

[I.  EXPERIMENTAL SETUP & PROCEDURE

The aim of this research is to measure the
density and Viscosity of the Acetophenone
Ethylchloroacetate binary mixtures at two different
temperatures (303, and 323) K and over the entire
composition. These values have been used to calculate
the excess molar volume (VF), deviation in viscosity (An).
The Viscosity values were fitted to the models of
McAllister, Krishnan-Laddha and Jouyban-Acree. The
excess values were (like excess molar volumes,
deviation in viscosity) fitted to Redlich-Kister type
equation to obtain their coefficients and standard
deviations. The experimental setup has been shown in
the figure 1.

a) Viscometers

Capillary viscometers are the most commonly
used instruments for Newtonian liquids. Most glass
capillary viscometers are operated by force of gravity.
Because of small driving force this class of devices is
useful for low viscosity liquids ranging from 0.4 to 16000
centistokes. Glass capillary instruments are low stress
instruments the shear stress ranges from 10 to 500
dynes/cm?® The principle of these instruments is derived
from viscometer originally used by Ostwald.

The Kinematic viscosities were measured at the
desired temperature using Ostwald viscometer as
shown in Figure 2. The time was measured with a
precision of 0.01s and the uncertainty in the viscosity
was estimated to be less than 0.0003mpa.s. Ostwald
viscometer was previously calibrated using water. In the
viscometer a sample of liquid was charged from tube 1
to bulb C, so that level in the arm stands at the mark.
The viscometer with the sample is immersed in a water
bath so that it attains the desired temperature. Suction is
applied so that liquid is drawn up to mark ‘A’ through
bulb D. The efflux time of the liquid between marks A
and B is noted after releasing the vacuum. The liquid
mixture was charged into the viscometer. After the
mixture had attained bath temperature, flow time has
been determined. The above steps were continued and
reported. The kinematic viscosity was obtained from the
working equation

v = at b/t

Where the two constants a and b were obtained
by measuring the flow time t of benzene.

b) Pycnometer

Pycnometer is a vessels with capillary necks in
which volume of liquid is weighed. The volume is
determined by weighing the vessel filled with water at
definite temperature. Densities were determined by
using 25cm?® bicapillary Pycnomete. The quantity of
liquid is adjusted so that the liquid meniscus is at the
mark on the horizontal capillary while the other arm is
completely filled. Tilting the completely filled unit slightly
makes this adjustment and drawing liquid slowly from
other capillary by touching a piece of filter paper to it.
The Pycnometer filled with air bubble free experimental
liquids was kept in a transparent walled water bath
(maintained constant to = 0.01K) for 15 minutes to
attain  thermal equilibrium. The precision density
measurements were within =0.0003g.cm™.

c) Thermostatic bath

Water bath was used for maintaining a constant
temperature during the testing. It was capable of
controlling temperature with an accuracy of +0.01°C.

a) Experimental Procedure

The charge for viscometer was prepared by
taking 20 cc of the solution obtained by mixing the two
liquids in different proportions. The thermostat was set
to the desired temperature. After it had been cleaned
and dried the viscometer was immersed in the bath so
that the mark A is at least 2 cm below the surface of the
bath liquid. The liquid

P

\V i

TC

U

VP MR

Figure 7 Experimental setup
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Figure 2 : Oswald  Figure 3 Oswald Sprengel
viscometer pycnometer

VI-Viscometer ~ TC-Temperature  controller,
V-Control valve MP-Monaobloc pump VP - Vacuum pump
mixture was charged into tube 1 of the viscometer so
that the air bubbles were absent and the level in this arm
stood at the mark at the bulb when the temperature was
attained. After the sample had attained the bath
temperature it was blown up to a point 2cms above the
mark A and the liquid was allowed to flow freely and
time required for the liquid to flow from top to bottom
mark was taken as the flow time. The above steps were
continued and an average of 5 sets of flow time was
reported. The stop watch used had an accuracy of 0.01
sec.

The chemicals used in this investigation are:
e Acetophenone.
e Ethylchloroacetate.
The purities of the compounds were checked by

comparing the measured densities and viscosities with
those reported in the literature.

i. Properties of Chemicals - Acetophenone
o Acetylbenzene
e 1-Phenylethanone
e Phenyl methyl ketone
o Methyl phenyl ketone

a. Structure

b.Description
Colorless liquid, sweet, ailmond odor

c. Uses
In perfumery to impart an orange-blossom-like
odor, catalyst for polymerization of olefins, in organic
synthesis, especially as photo sensitizer.

ii. Properties of Chemicals - Ethylchloroacetale
e Chloroacetic acid, ethyl ester
e Ethyl Chloro ethanoate

a. Structure

o

fﬂOJv““

b. Description

Colorless liquid, mobile liquid, extremely
irritating, pungent, fruity odor, lachrymator.
c. Uses

Solvent, organic syntheses, military poison, vat

dyestuffs.

Table 7 : Properties of pure components

S.No. Properties Unit Acetophenone Ethylchloroacetate
1 Formula - CgHgO C,H,CIO,
2 Molar mass Kg/kmol 120.15 122.55
3 Melting Point °C 20 -26
4 Boiling Point °C 201.7 144
5 V.Pressure mmHg 0.3 5

Saturation
6 Concentration ppm 1300ppm 13160ppm
7 Critical Temp °C 428 345
8 Critical Press mmHg 3.8 37.4
9 Density Kg/m?® 1.027 1.15
10 Solubility in Water g/lL 55 Insoluble
11 Viscosity cp 2.28 2.93x10°
12 Surface Tension g/s? 39.8 31.7
13 Refractive index - 1.5339 1.4235
14 Heat of Vaporization  kJ/mol 49.0 49.4

© 2015 Global Journals Inc. (US)



[1I.  RESULTS & DISCUSSIONS

Assuming the shapes of the molecules are
spherical, the size ratio of the molecules is given by the
formula

r/ry = [(My/M) (po/pi)] "

For McAllister model the size ratio should be
less than 1.5.
Where,

r,, I, are the radius of the component 1 and 2

p 1 peare the density of the pure component 1 and 2
M,, M, are the molecular mass of component 1 and 2
Ethylchloroacetate/Acetophenone =0.9897

Since the size ratio for binary system is less
than 1.5, so the system was considered for McAllister
three-body model. McAllister model, Krishnan and
Laddha model were tested with experimentally obtained
viscosity data for the binary and ternary mixtures at
30°C, 50°C for the following mixtures.

Ethylchloroacetate (1) + Acetophenone (2)

The respective binary and ternary constants v;,,
v,;, were determined by the method of least squares for
each system. With these constants viscosity was then
calculated for binary and ternary systems at each
composition. The deviation of experimental value from
the predicted was calculated as follows.

Percentage Deviation, d = ((VepV caic)/Veac) 100

Standard Deviation was calculated using the
relationship,

SD = (Z (Vexp - Vca\c)Q/ (N'm)W/Q

Where,

N-Number of data points, m — Number of coefficients

The binary viscosity and density values are
used to calculate viscosity deviation using the
relationship

An=n12-(x;n; + X, N )

The density values have been used to calculate
excess molar volume using the formula

VE _ My + XoMy) / P = XqMy/ Py —Xo My/ P

Results of Present Investigation show that
McAllister model, Joubyan-Acree can be used to predict
viscosity of binary mixtures. Redlich- Kister equation can
be used to predict Excess molar volume of binary liquid
mixtures.

a) Discussion

Deviation of physical property of liquid mixtures
from the ideal behavior is the measure of the interaction
between the molecules which is attributed to either
adhesive or cohesive forces.

McAllister equation, Krishnan-Laddha equation
and Jouyban-Acree equation were tested with the
experimentally obtained data at 30°C and 50°C. The
constants were obtained by the method of least
squares. With these constants the viscosity values were
calculated at each composition. The calculated values
agreed with the experimental values with a high degree
of precision for McAllister model compared to Krishnan-
Laddha model. The viscosity of a mixture strongly
depends on entropy of the mixture, which is related to
liquid structure and enthalpy; and consequently to
molecular interactions between the components of the
mixtures.

The variation of An and VE with mole fraction of
Ethylchloroacetate for the system Ethylchloroacetate (1)
+ Acetophenone (2) was studied at 30°C and 50°C
respectively. The excess molar volume and deviation in
viscosity were fitted with Redlich - Kister type equation.

For the mixtures without strong interactions the
viscosity deviations are negative. According to this, V &
is the result of contributions from several opposing
effects. This may be divided arbitrarily into three types
namely, physical, chemical and structural. Physical
effects contribute to positive term of VE. The chemical or
specific intermolecular interactions result in a volume
decrease and contribute negative values to VE. The
structural contributions are mostly negative and arise
from interstitial accommodation and changes in free
volume. The actual volume change therefore depends
on the relative strength of these effects.

The VE values were for found to be negative.
Negative values of VF suggest specific interaction
between mixing components. Ethylchloroacetate is a
weak dipolar molecule, with a dipolar moment of 2.69.
Whereas Acetophenone is strong dipolar molecule, with
a dipole moment of 3.028. Oxygen group in
Acetophenone is attracted towards the Chlorine group in
Ethylchloroacetate, which forms dipole-dipole bond. The
negative deviations in viscosity over the whole
composition range suggest that in these mixtures, the
forces between unlike molecules are lesser than the
force between like molecules.
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Table 2 : Determination of Excess Molar Volume At 303K

5 g g
c (&)
o £:%_ 2.5 3.8 835 8%5 &
z O @ T 20 >w E E QO © 9 o QO ® =
s £EHg® T o 279 287 28% 83 =
2 2 o~ g 8 £5 <> Sao<
= O o
1 0 0.947 0 1.4969 1.41831 0
2 0.1089 1.000 -4.4368 1.1523 1.15287 -0.2596
3 0.2151 1.002 -2.4388 1.1222 1.12489 -0.2068
4 0.3199 1.006 -0.7810 1.058 1.06580 -0.1887
5 0.4223 1.047 -0.3277 1.015 1.06300 -0.1522
6 0.5231 1.064 -3.0682 0.9312 0.99135 -0.1574
7 0.6224 1.072 -1.8051 0.8809 0.94454 -0.1302
8 0.7191 1.058 1.65118 0.8474 0.89722 -0.0882
9 0.8144 1.085 0.82216 0.8273 0.89786 -0.0339
10 0.9086 1.094 1.8223 0.787 0.86145 -0.000
11 1 1.132 0 0.7164 0.81114 0

In this work density (p), viscosity (u) and

ultrasonic velocity
ethylchloroacetate as well as binary mixture constituted  mixture studied in this project.
by these two chemicals at temperatures of 303k and

2015

Table 3 . Determination of isentropic compressibility, molar volume, intermolecular free length at 303 K

(u)

323k respectively. The literature survey showed that no
of pure acetophenone and measurements have been previously reported for the

[)
5T 2 © ® »
= o 9 — @
58 2o T2. 23%. 5v ,E_.8 FeE
T @8 B3¢ £2g%z CE sSBe BIX
0¥ §2 g5 t82% TE E35x 38%
E’ﬁ o< %>D 2@_}\2 (_go —%_j g%‘;
=2 g > £ =

()

0 0.9475 1478 4.8287 126.860 4.559 1400.78
0.10 1.0005 1430 4.8850 120.390 4.586 1431.11
0.21 1.0024 1472 4.6040 120.405 4.452 1475.53
0.31 1.0069 1396 5.0903 120.107 4.681 1406.43
0.42 1.0473 1364 5.1261 115.698 4.698 1429.35
0.52 1.0646 1340 5.2249 114.036 4.743 1427.41
0.62 1.0722 1403 4.7365 113.435 4515 1504.58
0.71 1.0588 1324 5.3812 115.086 4.813 1402.69
081 1.0853 1222 6.1662 112.478 5.153 1326.67
0.90 1.0946 1390 4.7256 111.725 4510 1521.93

1 1.1322 1188 6.2494 108.191 5.187 1346.01
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Table 4 . Predicted kinematic viscosities of ethylchloroacetate + acetophenone mixture at 303 K

c T IDR VAN FLT
% z @ e ) ) ) % Deviation
S g 8 -1 1 1 -1 °
D = O ms ms ms ms
S © £
= (@)
u|=|_'|' " s_1 UVAN s uIDR " s-l
0 1478 1478.4 1478 1478  -1.538x10™ 0 0
0.1089 1430 1441.49 1448 1430 0 -1.227 -0.7698
0.2151 1472 140695 1444 1472 0 1.924 4.6229
0.3199 1396 137419 1464 1396 1.628x107 -4.624 1.6451
0.4223 1364 1343.37 1510 1364 0 -9.656 1.5949
0.5231 1340 131412 1589 1340 1.696x107' -15.64 2.0296
0.6224 1403 1286.31 1714 1403 1.62x10" -18.70 9.0865
0.7191 1324 1260.14 1915 1324 0 -30.81 5.1307
0.8144 1222 1235.18 1435 1222 0 -14.86 -1.0349
0.9086 1390 121129 1304 1390 0 6.615 14.786
1 1188 1188.8 1188 1188 0 0 -1.9x10

Table 5 . Predicted absolute viscosities of ethylchloroacetate + acetophenone mixture at 303 K

5 g
S
é =, dg . Ypred (CS) Ypred (cS) Yored (cS)
8ETXZ Yo (CS) (McAllister (Jouyban- Acree (K-L model)
545 Model) Model)
(@] <
s O
0 1.4969 1.5268 1.4969 1.4969
0.1089 1.1523 1.9793 1.1862 1.1864
0.2151 1.1222 1.84683 1.0538 1.0540
0.3199 1.0585 1.3875 1.0666 1.0668
0.4223 1.015 0.9373 1.0478 1.0481
0.5231 0.9312 0.6241 0.9555 0.9558
0.6224 0.8809 0.4437 0.8637 0.8640
0.7191 0.8474 0.3607 0.8286 0.8289
0.8144 0.8273 0.3529 0.8294 0.8296
0.9086 0.787 0.4347 0.7931 0.7933
1 0.7164 0.7164 0.7164 0.7164

Table 6 . Predicted excess molar volume, isentropic compressibility (ks) , intermolecular free length(l;)
by (R-K model) for the mixture at 303 K

IDR

VAN

% Deviation

uE’fﬁ’ u _1 u _1 u B UFLTm S_1 uVAN ms.1 IDR i 5-1
ms ms ms ms

0 1478 14784 1478 1478 -1.538x10™" 0 0
0.1089 1430 1441.49 1448 1430 0 -1.227 -0.7698
0.2151 1472 1406.95 1444 1472 0 1.924 4.6229
0.3199 1396 137419 1464 1396 1.628x10 -4.624 1.6451
0.4223 1364 1343.37 1510 1364 0 -9.656 1.5949
0.5231 1340 1314.12 1589 1340 1.696x10™ -15.64 2.0296
0.6224 1403 1286.31 1714 1403 1.62x10™ -18.70 9.0865
0.7191 1324 1260.14 1915 1324 0 -30.81 5.1307
0.8144 1222 1235.18 1435 1222 0 -14.86 -1.0349
0.9086 1390 121129 1304 1390 0 6.615 14.786

1 1188  1188.8 1188 1188 0 0 -1.9x10™
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Table 7 . Predicted ultrasonic velocity deviation for A Ethylchloroacetate +Acetophenone mixture at 303 K

‘6 -o% 'Yexpt (CS) 'Ypred (CS) Ypred (CS) Ypred (CS)
5 _a (McAllister ~ (Jouyban- Acree  (K-L model)
el z § z Model) Model)
= W =
T S
(@] e
S O
0 1.4969 1.5268 1.4969 1.4969
0.1089 1.1523 1.9793 1.1862 1.1864
0.2151 1.1222 1.8463 1.0538 1.0540
0.3199 1.0585 1.3875 1.0666 1.0668
0.4223 1.015 0.9373 1.0478 1.0481
0.5231 0.9312 0.6241 0.9555 0.9558
0.6224 0.8809 0.4437 0.8637 0.8640
0.7191 0.8474 0.3607 0.8286 0.8289
0.8144 0.8273 0.3529 0.8294 0.8296
0.9086 0.787 0.4347 0.7931 0.7933
1 0.7164 0.7164 0.7164 0.7164

/able 8 Determination of Gibbs free energy for Ethylchloroacetate + Acetophenone mixture

Molefraction of Ethyl Gibbs free Gibbs free energy at
Chloroacetate (x,) energy at 303K 323K
0 9.222 -6.3311
0.1089 -457.120 -688.87
0.2151 -326.553 -546.015
0.3199 -279.174 -453.261
0.4223 -194.740 -384.524
0.5231 -224.702 -374.524
0.6224 -180.233 -266.613
0.7191 -98.368 -105.783
0.8144 18.107 -139.395
0.9086 67.268 0.3919
1 -4.204x10° -1.142x10°°

Table 9 : Determination of Excess Molar Volume At 323 K

5 g g

o L) S o 0 [0) c ~
o 258 _ 2 3 o.%° BEs 2% £8g
Z §£3xT =& TLE EQE 988 982
v L= @ O 275 Lo 29 23 £

59 o - e 8 =5 s T Sa<

= O D
1 0 0.92 0 1.3832 1.2831
2 0.1089 0.982 -4.7043 0.9647 0.9481 -0.3356
3 0.2151 1.000 -4.36 0.9379 0.9382 -0.2816
4 0.3199 1.005 -2.5525 0.8949 0.9000 -0.2448
5 0.4223 1.042 -4.366 0.8474 0.8832 -21443
6 0.5231 1.22 -4.2074 0.7836 0.8323 -0.2015
7 0.6224 1.069 -2.7041 0.7568 0.8096 -0.1527
8 0.7191 1.055 1.1099 0.7467 0.7881 -0.0892
9 0.8144 1.083 0.3193 0.6828 0.7399 -0.0806
10 0.9086 1.093 1.5366 0.6694 0.7317 -0.0224
11 1 1.130 0 0.6222 0.7031 0
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. Predicted kinematic viscosities of ethylchloroacetate + acetophenone mixture at 323 K

q6 -.a_-') 'Yexpt (CS) 'Ypred (CS) 'Ypred (CS) 'Ypred (CS)
5 _ % (McAllister (Jouyban- Acree (K-L model)
g L%‘ é z Model) Model)
© O
[e] c
= O
0 1.3832 1.4108 1.3832 1.3832
0.1089 0.9647 1.7765 0.9768 1.6401
0.2151 0.9379 1.4981 0.8992 1.5207
0.3199 0.8949 0.9798 0.9276 1.2388
0.4223 0.8474 0.5697 0.8590 1.1215
0.5231 0.7836 0.3307 0.7721 1.0689
0.6224 0.7568 0.2111 0.7454 0.9602
0.7191 0.7467 0.1673 0.7427 0.8230
0.8144 0.6828 0.1776 0.7033 0.7314
0.9086 0.6694 0.2693 0.6572 0.6802
1 0.6222 0.6222 0.6222 0.6222

Table 17 : Predicted absolute viscosities of ethylchloroacetate + acetophenone mixture at 323 K

)
58 5 0 2 -~ 9 s
<! <) 8 = 2 c
i) S S & @ £ Z9¢3%
S8 34® 387, put
5 T L E © Oo 08w
=0 = ®© g = c O %
o =, S Q e O s 8
= c =< > = = =

o] S S

0 1 1.2831 0
0.1089 0.8911 0.9481 -2.4435
0.2151 0.7849 0.9382 -1.0878
0.3199 0.6801 0.9000 -0.7456
0.4223 0.5777 0.8832 -0.4900
0.5231 0.4769 0.8323 -0.4735
0.6224 0.3776 0.8096 -0.3662
0.7191 0.2809 0.7881 -0.2719
0.8144 0.1856 0.7399 -0.4012
0.9086 0.09144 0.7317 -0.1819

1 0 0.7031 0

Table 12 : Predicted excess molar volume for ethylchloroaacetate + acetophenone mixture at 323 K

Molefraction of Ethyl VE(pred) (R-Kmodel) An (pred)
Chloroacetate(x,) (cc/gmole) (R-K model)
0 9.222 -6.3311
0.1089 -457.120 -688.87
0.2151 -326.553 -546.015
0.3199 -279.174 -453.261
0.4223 -194.740 -384.524
0.5231 -224.702 -374.524
0.6224 -180.233 -266.613
0.7191 -08.368 -105.783
0.8144 18.107 -139.395
0.9086 67.268 0.3919
1 -4.204x10° -1.142x10°®
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Table 13 - Parameters of McAllister constant for ethylchloroaacetate + acetophenone at 303 K & 323 K

Temperature A B SD
303K -2.25 -1.434 0.4662
323K -30111 -2.307 0.4807

Table 714 :Parameters of the Krishnan and Laddha constants and standard deviations for the viscosity of
ethylchloroaacetate + acetophenone at 303 K & 323 K

Tem

TE A Al A, Aq A As As SD
303K 2.27 -0.8 -3.2 0.79 0.28 0.95 - 0.0406
323K 4.49 3.255 5.099 -3.51 -0.8 0.23 0.2 0.473

Table 15 - Parameters of the Jouyban Acree constants and standard deviations for the viscosity of
ethylchloroaacetate + acetophenone at 303 K & 323 K

Tem

T (Kg’ Ao A A A A A A SD
303K -1906 605.5 2111 -556 -200 -66 - 0.0370
323K 4605 4645 -3474 3901 47 .4 -207 -19 0.0003

Table 16 - Parameters of the Redlich Kister constants and standard deviations for the viscosity of
ethylchloroaacetate + acetophenone at 303 K & 323 K

Temp

303K 8.89 -6.563 -9.66 6.84 1.32 -024  -0.54 0.596
323K 13.0 -8.493 -14.6 9.09 2.46 -0.56 -0.86 0.042

Table 17 :Parameters of the Redlich Kister constants and standard deviations for the excess volume of
ethylchloroaacetate + acetophenone at 303 K & 323 K

Tem

TR A A A, A Al A A SD
303K 207 -187 -298 208.02 1032 -194 -11.9 1.214
323K 173 -179 -236 192 80.17 11.51 16.61 0.993

Table 18 - Parameters of the Redlich Kister constants and standard deviations for the Isentropic compressibility (Ks),
intermolecular free length (Lf) of ethylchloroaacetate + acetophenone at 303 K & 323 K

A A A As Al A A 5D
Kex10m?N"  -358 21 3932 2167 -57 -05 2244 356
LF X10-11m -353 18 3979 2057 65 -23 2115 313

© 2015 Global Journals Inc. (US)



PREDICTION OF VOLUMETRIC AND VISCOMETRIC PROPERTIES OF ACETOPHENONE — ETHYLCHLOROACETATE BINARY

MIXTURE AT 303K & 323K WITH DIFFERENT MODEL ANALYSIS
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Figure 4 . Plot of mole fraction of ethylchloroacetate Vs density of mixtures at 303K
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Figure 5 : Plot of mole fraction of ethylchloroacetate Vs density of mixtures at 323K
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Figure 6 Plot of mole fraction of ethylchloroacetate Vs viscosity of mixtures at 303K
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PREDICTION OF VOLUMETRIC AND VISCOMETRIC PROPERTIES OF ACETOPHENONE — ETHYLCHLOROACETATE BINARY
MIXTURE AT 303K & 323K WITH DIFFERENT MODEL ANALYSIS
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Figure 7 . Plot of mole fraction of ethylchloroacetate Vs viscosity of mixtures at 323K
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Figure 8 Plot of mole fraction of ethylchloroacetate Vs viscosity deviation at 303K & 323K
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PREDICTION OF VOLUMETRIC AND VISCOMETRIC PROPERTIES OF ACETOPHENONE — ETHYLCHLOROACETATE BINARY
MIXTURE AT 303K & 323K WITH DIFFERENT MODEL ANALYSIS
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Figure 70 : Plot of mole fraction of ethylchloroacetate Vs ultrasonic velocity 303K
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Figure 12 Plot of mole fraction of ethylchloroacetate Vs Isentropic compressibility
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Figure 13 : Plot of mole fraction of ethylchloroacetate Vs Intermolecular free length

IV. CONCLUSION

Viscosities and densities for the binary liquid
mixture of Ethylchloroacetate and Acetophenone
system was found out as a function of mole fraction at
atmospheric pressure and at temperatures of 303K
and323K. From the density and viscosity data, the
values of excess molar volumes (VF) and the viscosity
deviations (An) were determined at 303K and 323K.
Excess molar volumes (VF) and the viscosity deviations
(An) were used to predict the intermolecular interactions
in the mixtures.  McAllister’'s three-body-interaction
model, Krishnan-Laddha model and Jouyban-Acree
model were used to correlate the kinematic viscosity of
the systems. The excess volume and viscosity deviation
data were fitted by means of the Redlich-kister equation.
It was found that in all cases the experimental data
obtained, matches with the McAllister model and
Redlich-Kister equation with a high degree of precision.
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S oo @9 o 2 o
> (0]
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Water Melon Seed as a Potential Coagulant for
Water Treatment

[.M. Muhammad®, S. Abdulsalam®, A. Abdulkarim® & A.A. Bello®

Abstract- This paper reports the potential of watermelon seed
as a natural coagulant for water treatment. It was aimed at
identifying watermelon seed as a possible replacement for
alum and other synthetic polyelectrolytes in treating water.
Laboratory scale studies using jar test experiments were
performed on medium turbid water to determine the effect of
dosage, pH stirring time and speed on coagulation. Resulis
obtained showed that at dosage of 0.1g/L, pH of 7.0, stirring
time of 8 minutes and mixing speed of 100rpm, optimal
removal of turbidity was obtained. The reduction in turbidity
was below the world health organizations (WHO)
recommended value of 5NTU, however the best colour
removal was not up to the WHO recommended value of
40TCU. When used in combination with alum, it caused
unfavourable changes in the pH of the treated water however
with 20% alum as coagulant aid, the best colour and turbidity
removal at acceptable pH was obtained, with residual turbidity
of 0.89 NTU and residual colour of 15TCU at a pH of 6.50. The
results showed that watermelon seed can be used as a natural
coagulant for water treatment.

Keywords: water melon, seed, coagulant, turbidity,
colour, water treatrment.

L. [NTRODUCTION

ater supply is a basic need required for living
V\/creatures and human being specifically.

Developing countries and third world countries
are facing potable water supply problems because of
inadequate financial resources. The cost of water
treatment is increasing and the quality of river water is
not stable due to suspended and colloidal particle load
caused by land development and high storm runoff
during the rainy seasons. During the rainy seasons the
turbidity level increases and the need for water
treatment chemicals increase as well, which leads to
high cost of treatment which the water treatment
companies cannot sustain. As a result, the drinking
water that reaches the consumer is not properly treated
(Muyibi et al., 2009). Therefore, it is of great importance
to find a natural alternative for water coagulant to treat
the turbidity. In this world the amount of resources
available to living creatures are limited. Safe drinking
water is essential to the health and welfare of a
community, and water from all sources must have some
form of purification before consumption (Arnoldsson et
al., 2008).

Author o o p @. Department of Chemical Engineering, Abubakar
Tafawa Balewa University, Faculty of Engineering & Engineering
Technology, Abubakar Tafawa Balewa University, Bauchi, Nigeria.
e-mail: idrismisau@gmail.com

Drinking water treatment involves a number of
combined processes based on the quality of the water
source such as turbidity, amount of microbial load
present in water and the others include cost and
availability of chemicals in achieving desired level of
treatment (Muyibi ef a/, 2009). Conventional methods
used for purification of water include coagulation,
sedimentation, filtration, aeration and also chemical
treatment.

In drinking water treatment, the coagulation
process is used to destabilize suspended particles and
to react with organic materials in the raw water. Proper
coagulation is essential for good filtration performance
and for disinfection by product (DBP). Common
coagulants are aluminium sulphate, ferric chloride, poly-
aluminium chlorides and synthetic polymers. The use of
coagulants such as alum is one of the commonest
methods employed and it reduces the repulsive force
between particulate matter, encouraging particle
collision and floc formation (Moramudaii and Fernando,
2001).

Recent studies have indicated a number of
serious drawbacks linked to the use of aluminium salts
such as Alzheimer's disease associated with high
aluminium residuals in treated water, excessive sludge
production during water treatment and considerable
changes in water chemistry due to reactions with the
OH- and alkalinity of water. In addition, the use of alum
salts is inappropriate in some developing countries
because of the high costs of imported chemicals and
low availability of chemical coagulants (Adejumo et al,
2013). In addition, monomers of some synthetic organic
polymers such as acrylamide have neurotoxicity and
strong carcinogenic properties and because of this,
there has been considerable interest in the development
of natural coagulants which are safe for human health
and biodegradable (Ghebremichael, 2004).

A number of studies have pointed out that the
introduction of natural coagulants as a substitute for
metal salts may ease the problems associated with
chemical coagulants. Using natural coagulants instead
of aluminium salts might give advantages, such as lower
costs of water production, less sludge production and
ready availability of reagents. There are also some
disadvantages such as increased concentration of
nutrients and chemical oxygen demand (COD) in the
treated water due to the organic nature of this type of
coagulants (Daniyan et al,, 2011).
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Among plant materials that have been tested
over the years, the seeds from Moringa oleifera have
been shown to be one of the most effective primary
coagulant in water treatment or purification. Moringa
oleifera is the best natural coagulant discovered so far
that can replace aluminium sulphate (alum), which is
used widely for water treatment around the world (Ali ef
al, 2010). Recently, however, there has been a
resurgence of interest in natural coagulants for water
treatment in developing countries. For this purpose the
greatest degree of attention has been focused on the
seed of Moringa oleifera from Sudan, Nirmali seed in
India, mesquite bean and in Venezuela, red bean and
common bean, sweet corn and so on. These natural
coagulants can be used alone or as a substitution for
chemical coagulants and flocculants. They can be used
for reducing turbidity and microorganisms in water, for
water softening and for dewatering sludge (Mirjana ef
al., 2010).

Large populations in rural and semi-urban areas
of Africa have no access to clean drinking water.
Waterborne diseases, though a global health threat, is a
feature of developing countries whose populace are
compelled to use turbid and contaminated water for
domestic purposes. The removal of colloidal and
suspended particles present in water would be
extremely beneficial as it would assuage the majority of
problems associated with turbidity. Conventionally,
removal of the colloids in water could be achieved by
coagulation, using certain chemical coagulants like
certified alum. For many developing countries, this
treatment process is not feasible because of the high
costs involved and the difficulty in assessing chemical
coagulants including alum. Moreover, recent studies
have pointed out the health threats arising from the
consumption of residual aluminium present in water,
such as Alzheimer's diseases and neurodegenerative
illness.

This paper aimed at investigating the potential
of water melon seed as a coagulant for water treatment.
This material was selected because the watermelon
seed has high protein content and some authors have
considered that the active coagulant agents in plant
extract are proteins. The objective of this study is to
determine the potential of watermelon seed as a natural
coagulant, and investigate ~ the  coagulation
characteristics of its crude protein extracts.

[I.  MATERIALS AND METHODS

a) Materials
Materials used in this work included watermelon
seed cake (coagulant), N-hexane, Gubi Dam raw water

in Bauchi-Nigeria, Distilled water, Soxhlet extractor,
Digital pH meter, Electronic weighing balance,
thermometer, drying oven, electric hot plate, flocculator,
beakers, pipette, turbidimeter, conductivity meter, and
stop watch (timer). All reagents used are of analytical
grade.

b) Methods

i. Water melon seed (coagulant) preparation

Fresh seeds of watermelon (Citrullus /anatus) of
the cucurbitaceae family were obtained from the local
market (Muda Lawal) in Bauchi, Bauchi State, Nigeria.
The fruits were sliced open using a clean stainless steel
laboratory knife. The seeds were washed severally with
water, sun-dried for a week, sorted to remove bad ones,
shelled and ground with a high speed laboratory electric
blender, packed in an air tight container. 150g of the
crushed seeds were then packed in a thimble and
placed in a soxhlet extraction apparatus. 500ml of the n-
Hexane was used to extract oil from the crushed seed in
the column. The apparatus was left running for about
6hours and stopped when the extraction was complete.
The cake was then washed with distilled water to
remove residual n-Hexane, dried in an oven till constant
weight and then sieved. The finer particles were then
used as the coagulant.

ii. Sample water collection
The raw water sample was collected from Gubi
dam, located in Bauchi state, North-East of Nigeria. The
water was collected from the side of river by immersing
a plastic container until it was full. The cap was inserted
while it was still underway. The water was then treated
using the prepared coagulant.

iii. Water quality tests

a. Turbidity
Turbidity of the water sample was measured
before and after treatment using a turbidimeter in
accordance with the international method of water
quality measurement and the results recorded.

b. Total Solid

Sample of the raw water was taken in 100ml
beaker. A clean and dry crucible was weighted empty
and the sample was then poured into it and reweighed.
The respective weights were recorded and the crucible
together with the sample water were then placed on a
hot plate at 1040C to evaporate the water. When all the
water evaporated, the crucible was allowed to cool
down and reweighed together with the residue. The total
solid present was then calculated using the equation:

TS = 100(A - B)/200mI Where:

A = weight of (crucible + water) - weight of crucible empty

B = weight of (crucible + residue)
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c. Total Suspended Solid (T5S)

Sample of the raw water was 100ml in a sample
bottle. The weight of a dry filter paper was taken empty
and the sample water was then filtered and the residue
dried at 35-400C in an oven. The new weight of the filter
paper plus residue is then taken. The difference in the
weight of the filter paper empty and with residue after
drying was calculated and divided by total volume of
sample.

a. Total Dissolved Solid (TDS)

This was obtained by taking the difference
between TSS and TS or two-thirds of the conductivity
using the conductivity meter.

e pH

The pH of the samples was taken using an

electronic pH meter.

. Colour
Colour of the water sample was carried out
before and after treatment using a turbidity meter.

g. Jar test

The jar test apparatus was used to carry out
coagulation and flocculation on the water samples. Six
1litre beakers were used to study the effect of coagulant
dosage on coagulation, the effect of pH on coagulation
and the effect of stirring time and speed on coagulation.
The following parameters were then measured on the
filtrate after the coagulation was completed; turbidity,
colour, flocs weight, TDS and conductivity. Six different
weights of the coagulant were placed in each beaker,
the first having 0.1g, and the remaining five varying from
0.1-0.6g at 0.1g interval in order to determine the
optimum dosage. The raw water sample was then
added to make up the 250ml mark and the jars were
then placed in the jar test kit and the stirrers lowered into
each. The stirring speed was set at 150rpm for rapid
mixing for 2 minutes and 80rpm 8minutes for slow
mixing. After this was completed the samples were
allowed to settle and the flocs filtered using a filter paper
and the parameters listed above were measured on the
filtrate. From the results obtained the dosage with the
best results in colour and turbidity removal was taken as
the optimum.

The procedure above was used again, however
a dose of 0.1g was maintained in all six beakers. The pH
was varied from 6.0-8.5 by the addition of few drops of
1M NaOH into the beakers to make it alkaline. A few
drops of 1M H2504 solution was also added in the first
beaker to make it slightly acidic at 6.0. The same speed
and stirring time was used as above and the parameters
listed above were measured after the coagulation-
flocculation and filtration process. The pH at which the
best turbidity and colour removal were observed at was
taken to be the optimum pH for coagulation.

Effect of coagulant dosage was also studied.
The optimum dosage of 0.1g was used in all the
beakers. The stirring speed was then varied ranging

from 50rpm-300rpm at 50rpm interval. After the
coagulation-flocculation process was completed for
each, the samples were then filtered and the filtrate was
used to test for the parameters. The same was done to
determine the optimum stirring time, using the optimum
speed to determine the best stirring time. The stirring
time was varied at 2 mins, 5 mins, 8 mins, 10 mins and
15 mins for each beaker. After the coagulation-
flocculation process was completed, the samples were
then filtered and the filtrate was used for the tests (1-6).

[11.

The physicochemical properties of the raw
water sample used in this study are presented in Table
1. From Table 1, the turbidity value of raw water was with
the range of 50-150 NTU which is classified as medium
turbidity water (Doerr, 2005).

Table 7 :Initial raw water properties

RESULTS AND DISCUSSIONS

Parameter Initial WHO
Result Standard

Temperature (°C) 26.7 25-30

pH 6.82 6.5-8.5
Conductivity (uS/cm) 347 1400 Max.
Total dissolved 171 933 Max.

solids (mg/L)

Turbidity (NTU) 63.5 5 Max.

Colour (TCU) 330 15 Max.

From Table 1, it can be seen that the turbidity
and the colour are above the WHO’s recommended
value for good quality drinking water. Hence the need
for treatment. However, all other components are within
the accepted value and safe without treatment.

a) Effect of dosage on coagulation

Table 2 shows the results of the effect of
coagulant dosage on coagulation. The dosages were
varied from 0.1g/L - 0.6g/L for each sample treated. The
settling time of 15 minutes was used and the samples
filtered as longer time periods were observed for
complete settling to take place.

Table 2 : Effect of coagulant dosage results

g o —_ =
S = €3 5 3
S o 8B 85 P B35 &£
PN 20 § 59 &£ BE <=
[¥5) © Qo ol ?)p) » = Z =1
0 = c 3 S~ 0O
0 o o ()] = o
a [ &) = O
1 0.1 26.2 6.34 342 170 7.59 50
2 0.2 26.5 6.44 356 178  8.39 55
3 0.3 26.5 6.52 322 167 10.69 80
4 0.4 26.4 6.49 334 165 11.68 90
5 0.5 26.4 6.40 373 186 12.71 90
6 0.6 26.3 6.36 385 193 1498 120
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At varying coagulant dosages, the effect on
constituent parameters is shown above in Table 2. At
varying dosage no significant changes were observed
on pH, temperature, conductivity and TDS for the water
sample ftreated with watermelon seed cake as
coagulant, however, there was a notable decrease in the
turbidity of the water sample after treatment. The
observation on pH and conductivity made in this present
study were in accordance with previous studies on
coagulation and flocculation ability of some seeds
(Ndabigengesere et al., 1995). The greatest decrease
was seen at the dose of 0.1g/L of raw water which
reduced the turbidity from 63.5 to 7.58. This value is still
above the WHO recommended level of 5NTU however
according to Arnoldsson et al.(2008), the optimal
dosage for a specific water is defined as the dosage
which gives the lowest turbidity in the treated water
therefore the optimum dosage is 0.1g/L. At this dosage
the efficiency of the coagulant in removing colour was
also highest, reducing the colour from 330 to 50 TCU.
This value is still large in comparison with the WHO
recommended standard of less than 15TCU or PCU.

According to the findings of Ordonez et al.
(2010) and Alo et al. (2012), it indicated that with
increase of coagulant the conductivity increases
however, this is finding is in agreement with their own as
seen in Table 2 above.

b) Effect of pH on coagulation

Table 3 shows the results obtained when the pH
of the raw water sample was varied to study the effect of
pH on coagulation.

Table 3 : Effect of pH on coagulation results at dosage
of 0.1g/L of watermelon seed cake

o > -~ 2 5
2 5 3§ =2z ©
) © ~ 5 E < =
z %_ o O 59 S = =
o) o T o 5 =
5 53 A B R
it &) = E &)
1 6.0 24.4 1726 863 5.28 40
2 6.5 24.7 1588 795 7.47 50
3 7.0 24.8 1660 831 4.23 45
4 7.5 24.6 351 177 5.13 40
5 8.0 24.7 406 203 4.69 45
6 8.5 24.6 413 206 5.76 55

In the coagulation—flocculation process, pH is
very important since the coagulation occurs within a
specific pH range for the coagulant (Othman et al.,
2008). In this study a small range of pH, between 6.0 for
slightly acidic medium and 8.5 for slightly alkaline
medium was selected. Figure 1 shows the pattern
followed by the effect of pH on water turbidity using
watermelon seed coagulant.
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Figure 7. plot of turbidity against pH showing the effect
of pH on turbidity removal

It can be deduced from Fig. 1 that, variation of
the water pH resulted in a 5 degree polynomial curve
with R2 value of 1. pH of between 7-7.5 provides better
response in turbidity.

60 |y _6.666x"+202.9% - 2297.5 + 11466x - 21237
55 | R?=0.997
2 50 -
e
§ 45 —
S 40 A
Q
35
30 T T T 1
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Figure 3 : Plot of colour against pH, showing the effect
of pH on colour removal

According to Seyrig and Shan (2007), the
probable reason why different pH provides different
colour is that, the colour-producing substances in water
behave inconsistently. pH adjustment may cause a
change in the ionization of the colour molecule with
corresponding effects on bond lengths and
configurations and thus light absorption.

c) Effect of stirring time on coagulation at constant
adosage

Table 4 shows the results obtained when the

effect of stirring time on coagulation was studied by

varying the stirring time at a constant coagulant dosage.

Table 4 : Effect of stirring time on coagulation at
coagulant dosage of 0.1g/L

— (0] — —
£ 5 =2 . d )
o E ‘E . ZE © '-%S 2
Z - I 8O SS E BSE =
B @ a o 3D =z 5
£ 5 5= 8 2% 38
= = o [ o
1 20 76 237 421 211 462 65
2 50 755 237 424 212 489 55
3 80 759 237 418 209 377 40
4 100 753 237 423 211 408 50
5 120 7.47 237 411 206 417 45
6 150 7.26 237 462 230 557 70




It can be seen from Table 4 that, the effect of
stirring time on coagulation and as with the effect of
dosage, the results obtained showed no significant
changes in pH or temperature. The temperature
remained constant, over a range of stirring time. Stirring
time of 2-15min was used to show this. The TDS values
obtained were still below 300 mg/L which are excellent,
it has its highest value at the highest stirring time. Also
at stirring time of 8min a turbidity value below the WHO
recommended value was obtained, best colour removal
of 40 TCU.

a) Effect of mixing speed on turbidity and colour

From Table 5, the effect of mixing speed on
coagulation was observed to only have a moderate
effect on the coagulation process. This is in accordance
with the findings of Othman et al., (2008).

Table 5 : Effect of mixing speed on coagulation
at dosage of 0.1g

100 - y=-3E-09x° + 3E-06x* - 0.000x3 + 0.132x2 - 9.03x + 270
R2=1
S
o
e
~ 50 w/\
3
o
<)
o
0
0 100 200 300 400

Mixing speed (rpm)
Figure 5 . Effect of mixing speed on colour removal

Also at 250rpm the turbidity and colour removal
is least and best at stirring time of 100rpm with lowest
turbidity value of 5.23 and colour value of 50TCU. No
significant changes were recorded at speeds of 150 and
200rpm for both colour and turbidity. It can therefore
mean that the lower mixing speed may improve the
removal of turbidity due to reduced shearing of the flocs

— © > . = 5 during initial formation which is in agreement with the
£ 5 se = E (L;), findings of Ebeling et al (2004).
c = © - o ~
§ 3 = 2L 35 E .%-‘ - e) Effect of the combination of coagulant and
Q g s3 & ol S coagulant aid on water treatrment
9] [ o = = O Table 6 shows the results obtained after
T 50 719 262 387 91 527 55 coagulation when alum was u;ed as a coagulant aid
5 100 732 262 403 201 523 50 and watermelon seed cake being used as the primary
3 150 7.42 261 404 202 557 60 coagulant.
4 200 745 26.3 418 209 6.17 60 . ;
Table 6 : Effect of coagulant + coagulant aid on water
5 250 7.51 26.3 368 184 790 75 Qt]reatment 9
6 300 7.58 26.4 433 216  6.01 60
In determining the effect of stirring speed on a 5 ;6 . 5
range of 50-300rpm at an interval of 50 rpm was f('_ﬁ s £_-32 E 3
chosen. Slight changes were observed for the pH and S o X T =] ‘g E E’ E =
temperature values, however the pH after coagulation D E = o g 9 E & S ’g
remained more neutral than acidic or alkaline. There was > g 8 = E 2 0
no much difference in the temperature change from the S 2 P ©
original to that after coagulation; therefore there is no ©
marked effect on temperature. The TDS and conductivity 1 100% C 726 255 419 211 679 20
values show a steady increase in their trend however, at 2 80%C+20%A 6.50 254 472 236 0.89 15
speed of 250rpm there was a shgrp declme in turbidity 3 B0%CL40%A 609 256 478 238 047 5
with the trend following a polynomial law (Fig. 4).
4  40%C+B60%A 463 255 564 284 1.04 5
10 + y=—2E—10x5+1E—07x“—4E—R(25=x31+0.005x2—0.359x+13.41 5 20%C+80%A  4.46 256 646 392 1.04 0
;:_T 8 1 6 100%A 421 256 873 437 095 5
=
= 6 Where:
-
T 4 - A: Aluminium sulphate
e}
é 5 | C: Natural coagulant
The various coagulant combinations in Table 6
0 was used to treat the raw water sample (Gubi Dam raw
0 100 200 300 400 water).

Mixing speed (rpm)

Figure 4 : Effect of mixing speed on turbidity removal

Results shown in Table 6, indicated significant
changes in pH. With an initial raw water pH of 6.82, the
sample with 100% watermelon cake, the pH recorded
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was 7.26 which is neutral and well within the range of
WHO standards. However steady increase in alum
concentration showed a steady decline from neutral to
acidic Fig. 6). This is in consonance with the results of
Adejumo, et al., (2013) that showed that the pH of the
water treated with natural coagulants (MO seed powder)
was within the recommended WHO standards. At alum
concentrations of only 40% the pH value had a
significant shift towards acidic region and well within the
recommended WHQO standards. At concentrations of
60% and above, the pH was observed to become very
acidic. This is also in consonance with the findings of
Nwaiwu and Bello (2011) which showed that at alum of
only 20% significant drop in pH was observed and at
80% the treated water was already acidic.

y =0.032x + 3.894

R?=0.937
4 ®

pH
O R, N W H U1 ON
&

0 50 100 150
%weight of watermelon seed cake coagulant
in coagulant + alum mixture

Figure 6 . Graph showing the effect of coagulant
combination on pH of water

When the quantity of watermelon seed cake
was more than the quantity of alum in any water sample
treated, the pH reduction was within the WHO approved
range of 6.0 to 8.5 but the reverse was the case when
alum was either in equal quantity or greater amount than
Watermelon seed cake in combination. In practical
terms, this indicates that when using Watermelon seed
cake alongside alum in water purification, the optimum
combination should not necessitate further chemical
addition for pH correction. This means that the quantity
of alum in the combination should not exceed the
quantity of Watermelon seed cake. The quantity of alum
should be based on and should be a percentage of the
Watermelon seed cake dosage suited for the water in
question. Therefore a concentration of 20% alum is
acceptable.

IV. CONCLUSION

From the study on the effects of pH, dosage,
stirring speed and time, an optimum pH of 7.0, optimum
dosage of 0.1g/L, optimum speed at 100rpm, and
stirring time of 8 minutes were obtained respectively.
Also, when watermelon seed cake was used in
combination with alum higher colour and turbidity
removal were observed, going as high as 100%

2015 Global Journals Inc. (US)

clarification of colour. However the recommended ratio
for the combined coagulant dose was 80% watermelon
seed powder and 20% alum as best water treatment
was obtained. This therefore establishes that
watermelon seed powder as a natural coagulant can be
more efficient when used with 20% alum as a coagulant
aid. From the results obtained, watermelon seed has
been found to be a potential natural coagulant for
surface water treatment. Medium turbid water from Gubi
dam was used as case study and a good efficiency of
about 89% was obtained.

V. RECOMMENDATION

Based on the results obtained, the following
recommendations were provided:

It is recommended that further research should
be carried out on pilot scale water treatment using
watermelon seed as coagulant and alum as coagulant
aid.

It is also recommended that more research on
highly turbid water as using the water melon seed
powder as coagulant.

It is recommended that more natural sources
should be investigated for potential coagulation abilities.
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Levenberg — Marquardt’s Algorithm used for
PID Controller Parameters Optimization

Ahmed S. Abd El-Hamid “, Ahmed H. Eissa® & ALy Radwan”

Abstract- The determination of parameters of controllers is an
important problem in automatic control systems. In this paper,
the Levenberg Marquardt (LM) Algorithm is used to effectively
solve this problem with reasonable computational effort. The
Levenberg Marquardt (LM) Algorithm for optimization of three
term (PID) controller parameters with dynamic model of pH
neutralization process is presented. The main goal is to show
the merits of Levenberg Marquardt algorithm optimization and
to determine its suitability in the area of control systems.
Lastly, the application of this approach to the calculation of the
parameters of PID controller shows that the Levenberg
Marquardt (LM) algorithm has a better dynamic performance
of pH neutralization process.

Keywords: parameters optimization, PID controller, pH
neutralization  process, levenberg marquardt (LM)
algorithm.

I [NTRODUCTION

n mathematics and computing, the Levenberg-
Marquardt Algorithm (LMA), also known as the
damped least-squares (DLS) method, is used to solve
non-linear least squares problems. These minimization
problems arise especially in least squares curve fitting.
The LMA interpolates between the Gauss—Newton
Algorithm (GNA) and the method of gradient descent.
The LMA is more robust than the GNA, which
means that in many cases it finds a solution even if it
starts very far off the final minimum. For well-behaved
functions and reasonable starting parameters, the LMA
tends to be a bit slower than the GNA. LMA can also be
viewed as Gauss-Newton using a ftrust region
approach. The LMA is a very popular curve-fitting
algorithm used in many software applications for solving

generic curve-fitting problems. However, as for many
fitting algorithms, the LMA finds only a local minimum,
which is not necessarily the global minimum [1]. The
primary application of the Levenberg-Marquardt
algorithm is in the least squares curve fitting problem:
given a set of m empirical datum pairs of independent
and dependent variables, (xi,yi) optimize the
parameters B of the model curve f(x,B) so that the
sum of the squares of the deviations becomes minimal.

S = Y [y - F BP
i=1

The Levenberg-Marquardt (LM) algorithm is an
iterative technique that locates the minimum of a
multivariate function that is expressed as the sum of
squares of non-linear real-valued functions [4, 6].

In the other hand, a common problem in control
system design is establishing the appropriate value of
controller gains. In general a low value of gain produces
a slow system response, while high gain values can
cause an excessively-oscillatory response with the
possibility of instability. Somewhere between these
extremes is a value of gain that produces the best
system response. The essential function of a feedback
control system is to reduce the error, e(t) between any
variable and its demanded value to zero as quickly as
possible. Therefore, any criterion used to measure the
quality of system response must take into account the
variation of the error over the whole range of time. Four
basic criteria are in common use:

Integral of absolute error (IAE) = ["|e(t)|dt

Integral of squared error (ISE) = fooo{e(t)}2 dt

Integral of time multiplied by absolute error (ITAE) = fow tle(t)|dt

Integral of time multiplied by squared error (ISE) = f0°° t{e(t)}dt

For any of the possible criteria, the best
response corresponds to the minimum value of the
chosen criterion. Note that in all cases it is either the
absolute error or the squared error which is involved,
straightforward integration of the error would produce
zero result, even if the system response was a constant
amplitude oscillation. IAE is often used where digital
simulation of a system is being employed, but it is

Author o o p: National Research Center, Engineering Division, Dokki,
Cairo, Egypt. e-mail: ahmednrc64@gmail.com

inapplicable for analytical work, because the absolute
value of an error function is not generally analytic in
form. This problem is overcome by the ISE criterion. The
ITAE and ITSE have an additional time multiplier of the
error function, which emphasizes long-duration errors,
and therefore these criteria are most often applied in
systems requiring a fast settling time [3, 5].

In this paper, the shape of the complete closed
loop response, from time t = 0, until steady state has
been reached, could be used for the formulation of a
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dynamic performance criterion. The simple criteria of
this category are based on the entire response of the
process and the integral of the Square Error (ISE)
criterion used here, where

ISE = f “e2(0)dt = f e - YOV de (1)
0 0

Where e(t) = Y, (t) - Y(t) is the deviation
(error) of the response from the desired set point.

The ideal continuous time domain PID controller
for a SISO process is expressed in the Laplace domain
as follows:

K.
G(s) =K, +?‘+de 2)

q2(buffer) :NaHCO;

gi(acid) :HNOy+H,CO; l

With K, = proportional gain, K; = integral time
constant and Ky = derivative time constant.

II.  MATHEMATICAL MODEL OF PH
NEUTRALIZATION PROCESS

Consider a pH neutralization process as shown
in Fig. 1. The flow rates of acid, buffer, base and effluent
streams are denoted by qq, g2, q3, and q,, respectively.
Output of the process is the pH value of the effluent
stream, and the flow rate of base stream, q; is the
control input. A dynamic model is derived using the
conservation laws and reactions equilibrium. The
modeling assumptions include perfect mixing, constant
volume of the neutralization tank (V), and complete
solubility of the ions involved. The chemical reactions in
the system are as follows [8]:

qs(base) :NaOH+NaHCO;

¢ =

q4(effluent)

e

Fig. 7 : pH neutralization process

H,CO; & H* + HCO;
HCO5 o H* + CO%
HNO; > H* + NO3

NaHCO; > Na* + HCO3

NaOH - Na*™ + OH™

The equilibrium constants for these reactions

are.
_ [HCOF1[H*]
= TH,c0,]
_ [CO3N[H"]
= TTheosT

Kw = [H*] 4+ [0H"] + [c037]

The chemical equilibrium equations are
modeled using the reaction invariant concept. For this
system, concentrations of reaction invariants are defined
as:

x; = [NO3]
x, = [Na*]

x3 = [H;CO3] + [HCO3] + [CO57]

(Us)

Denoting, y = pH the ions neutrality balance in
the tank results the following static equation:

h(x,y) = —x1 + %3 + X363 + 107 — 107 PKw =0

2 + 10PK2—y
€3 = 11 10PKz—7 + 10PKi+PK2—2y

(3)

PKl = —lOglo Ka1
PKZ = —loglo Kaz

The dynamic equations are given by:

4
% = qvl(wll —x) + qVZ(Wm —x1) +q73(°(1_x1) (4)
dx q q q

diz

pral %(Wm —x3) + %Z(WB —x3) + q73(°<3— x3) (6)

Where:

V: Volume of the mixing tank, ml

Kw: Dissociation constant of water, 10~
Ka;: ith dissociation constant of acid

w;: Concentration of the ith species in the process
stream, mol/l



wy;: Concentration of the ith species in the acid stream,
mol/l

wy;: Concentration of the ith species in the buffer
stream, mol/|

q;: Flow rate of acid, buffer and base stream in
simulation, ml/s

o¢;: Concentration of the ith species in the titrating
stream, mol/I

x;: Reaction invariant of ith species, mol/l
y: Process variable, pH
u: Flow rate of the titrating stream, ml/min or ml/s

[11. SIMULATION RESULTS

The closed loop control system was solved
using Levenberg-Marquardt’s optimization approach
with sampling time of 0.001 s. The simulation method

combines SIMULINK module for pH neutralization
model and M-file for LMA approach. A list of M-file
programs used in the paper is provided in Appendix 1
and 2. Figure (1 and 2) show the responses of the pH
neutralization obtained with change in pH set point. The
optimal gains of PID controller are calculated to
minimize the error function which described in equation
(2). Also the values of gains of PID controller are plotted.
The response of pH value tends to set point value with
minimum steady state error and the values of gains tend
to minimum values once the error reaches to zero value.
Figure (3) show the change in set point from pH = 6 to
7, noticed that the spike value of manipulated variable
(gz) and the values of gains (Kp and Ki) tend to
increasing while the gain (Kd) tends to decreasing. In
other hand, figure (4) show the change in set point from
7 to 6, the value of manipulated variable (qs;) and the
value of gains (Kp, Ki and Kd) tend to decreasing.

Levenberg-Marquardt PID Parameters
7 1 T T T T T T T
c qel |
6 g0-5 "o
T / g O "'"00oooOooooouoouoouoouououuouoou
Q
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— 0 5 100 150 200 250 300 350 400
o pH setpoint 100_. T T T T T T T
4 I I
0 5 100 150 A0 X0 N0 B 40 .% soft, |
Time (min) o | by
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Fig. 1 : Simulation results of PID controller and values of parameters
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Fig. 2 : Simulation results of PID controller and values of parameters
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Fig. 3 : Simulation results of PID controller and values of parameters



Levenberg-Marquardt

7T

— M
====" pHsetpoint

4 I I
0 50 100 150 20 250 300 350 400

Time (min)

g3 (ml/s)
—
S S

N

0 50 100 150 200 250 30 30 40
Time (min)

Ki gain

Kp gain

PID Parameters

05{\ T T T T T T T

0OOO

ol 9%000000000000000000 CpoOoooooooooooooooooooooa
_05 1 1 1 1 1 1 1

0 50 100 15 200 250 300 30 400
400 T T T T T T T
200+ .

-200

Kd gain

10

¥

+
+
R
#
1 1 1 1 1 1 1

0 5 100 150 200 250 300 350 400

+
*y
*4
. R ias iz tLi LN TR TRRSR IR PR RN
. *#*
1 1 1 1 1 1 1

0 5 100 15 20 250 300 30 40
Time (min)

Fig. 4 : Simulation results of PID controller and values of parameters

4. W.Wang, J. T. Zhang and T. Y. A. Chai, “Survey of

IV. CONCLUSION

The paper presents an application of the
Levenberg-Marquardt Algorithm (LMA) to optimization of
parameters (Kp, Ki, Kd) of the PID controller structure
according to minimum of integral square error. The
simulated results were obtained of parameters by
means of computer program implemented in Matlab
software. As an example, the optimization of parameters
of PID controllers with reference to a ph Neutralization
process was presented.
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APPENDIX (1)

%Determination of PID controller prameters using "Levenberg-Marquardt %Algorithm"”

%Step 1: Write an M-file tracklsg.m.
function [Kp,Ki,Kd] = phpidL2015k
ph2015 % Load the simulink model
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kO = [0 0 Q]; % Set initial values of parametrs

% %% % % %% % %% % %o %6 % % Yo %o % % Y% %o % % Yo %o %o %o Yo % %o %o %6 % % Yo %6 % % Y% %o % % Y% %o % %o Yo %o %o %o %6 % % % %6 % % % % % %
% %% % % %% % % %% %

%%%Create or edit optimization options structure

options = optimset('‘Algorithm',levenberg-marquardt',' Display','iter',...

TolX',1e-5,"TolFun',1e-9,TolCon',1e-6);

k = Isgnonlin(@tracklsq, kO, [], [], options);

Kp = k(1); Ki = k(2);Kd = k(3);

function F = tracklsq(k)

Kp = k(1);
Ki = k(2):
Kd = k(3);

%% % % %% % %% % % %% % % %% % Yo % % % Y% %6 % % % % % %o % % % % %6 % % Yo %o % % Y% % % % % % % %o % % % % %6 % % % % % % %
%% % % %% % % %% %

% Choose solver and set model workspace to this function

%Step 2: Invoke optimization routine.

simopt = simset('solver','odeb',SrcWorkspace','Current’);

[txy1,y2,y3] = sim(ph2015',[0 400],simopt);

%% %% %% % %o % % %o Yo% % % Yo %o % %o %o % % Yo %o % %o Yo %o % Yo Yo Yo % %o Yo Yo % Yo Yo %o % Yo %o % %o Yo %o % Yo Yo %o % % Yo %o % % %o % % Y%
%% % % %% % % %% %

%F = set point - actual value; % Compute error value

F =y2-y1;

end

%

% Put variables back in the base workspace
Kp = k(1)

Ki = Kk(2)

Kd = k(3)

%% %% %% Yo %o %Yo % Yo %o Yo Yo Yo Yo % Yo %o Yo Yo Yo Yo %o Yo Yo Yo Yo Yo Yo %o Yo %o Yo Yo Yo Yo % Yo %o Yo Yo Yo Yo %o Yo %o Yo Yo Yo Yo %o Yo %o Yo Yo Yo Yo %o Yo
%% %% %% %% % Y%
%plot(tout,yout,'r' tout,yset,-b";
% Set axes and labels.
%axis([0 30 -1.6 1.6]); xlabel(Time"); ylabel(Amplitude);
clf reset
subplot(2,1,1),plot(t,y1,r' t,y2,-.b''LineWidth',2);
title(levenberg-marquardt’)
legend({'pH','pH setpoint'},'Location','SE','FontSize',8')
xlabel(Time (min)','FontSize',12")
ylabel('pH','FontSize',12)
grid on
subplot(2,1,2),plot(t,y3,'r,'LineWidth',2);
xlabel('Time (min)','FontSize',12))
ylabel('q3 (ml/s)','FontSize',12)
grid on
end

© 2015 Global Journals Inc. (US)



APPENDIX (2)

% Read Mat. Files of PID gains

% Ki(First number, second number)first number points to raw number
% second number points to col. number

%

load ki.mat; %# assume this contains a matrix called ki
load kp.mat

load kd.mat

fori=1:1:51 %# numbers of columns

x(i) = ki(1,i); %# numbers from all rows, column 1, into X
x1(1) =kp(1,i);

x2(i)=kd(1,i);

y(i)= ki(2,i); %# numbers from all rows, column 2, into Y
y1()= kp(2,);

y2(i)y=kd(2,i);

subplot(3,1,1),(plot(x,y,'0));
title('PID Parameters','FontSize', 12"
ylabel(Ki''FontSize',12)
subplot(3,1,2),(plot(x1,y1,'+");
ylabel(Kp','FontSize', 12)
subplot(3,1,3),(plot(x2,y2,"*");
xlabel('Time (min)','FontSize',12")
ylabel(Kd''FontSize',12)

end
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Institutional Fellow of Open Association of Research Society (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).

The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E.
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.
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The IBOARS can initially review research papers of their institute and recommend
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can also be helpful for the concerned faculty members.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.
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can also get an opportunity to join as member of the Editorial Board of Global Journals
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‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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