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Use of Sugar Cane Bagasse Ash as Partial
Replacement of Cement in Concrete — An
Experimental Study

Jayminkumar A. Patel * & Dr. D. B. Raijiwala °

Absiract- India is the second largest in major sugar producing
countries after Brazil. Due to that there is increase in bagasse
as a by product from the sugar mill. Bagasse is the fibrous
residue of sugar cane after crushing and extraction of juice.
Sugar cane bagasse ash is the waste product of the
combustion of bagasse for energy in sugar factories. Sugar
cane bagasse ash is disposed of in landfills and is now
becoming an environmental burden. In this experimental
research work concrete cubes, beams and cylinders of M25
grade were casted and tested to examine various properties of
concrete like workability, compressive strength, split tensile
strength, modulus of elasticity and flexural strength. Sugar
cane bagasse ash was partially replaced with cement at 2, 4, 6
and 8 % by weight of cement in concrete. From the results we
can conclude that optimum amount of sugar cane bagasse
ash that can be replaced with cement is 6% by weight without
any admixture.

Keywords: sugar cane bagasse ash, cement, concrete,
replacement, properties.

l. [NTRODUCTION

modern lifestyle, alongside the advancement of
technology has led to an increase in the amount

and type of waste being generated, leading to a
waste disposal crisis. Several issues exist regarding
reducing waste. A key environmental issue is waste
incinerators, furnaces for burning trash, garbage and
ashes. These incinerators produce 210 different dioxin
compounds plus mercury, cadmium, nitrous oxide,
hydrogen chloride, sulphuric acid and fluorides.
Produced also in incinerators is particulate matter
that is small enough to remain permanently in the
lungs. Additionally, waste incinerators generate
more CO, emissions than coal, oil, or natural
gas-fuelled power plants. For years, scientists and
researchers have been searching for possible solutions
to environmental concerns of waste production and
pollution. Many have found that replacing raw materials
with  recycled materials reduces our depen-
dency on raw materials in the construction industry.

Author o« : M. Tech Student, Applied Mechanics Department, S. V.
National Institute of Technology, Surat, Gujarat, INDIA-395007.

e-mail: jayminpatel8811@gmail.com

Author o : Associate Professor, Applied Mechanics Department, S. V.
National Institute of Technology, Surat, Gujarat, INDIA-395007.

e-mail: draijiwala@yahoo.co.in

The problem of waste accumulation exists worldwide,
specifically in the densely populated areas. Most of
these materials are left as stockpiles, landfill material or
illegally dumped in selected areas. Large quantities of
this waste cannot be eliminated. However, the
environmental impact can be reduced by making more
sustainable use of this waste. This is known as the
“Waste Hierarchy”. Its aim is to reduce, re use, or
recycle waste, the latter being the preferred option of
waste disposal. Fig. 1 shows a sketch of the waste
hierarchy.

Prevent waste

Waste Hierarchy Recycle waste

Re-use Waste

Reduce the amount of waste

Figure 1 : Sketch of Waste Hierarchy

A waste management plan directs the
construction activities towards an environmentally
friendly process by reducing the amount of waste
materials and their discard in landfills. The
environmental and economic advantages that occur
when waste materials are diverted from landfills include:

a) Conservation of raw materials;
b) Reduction in the cost of waste disposal; and
c) Efficient use of the materials.

Sugar cane is one of the major crops grown in
over 110 countries and its total production is over 1500
million tons. In India sugar cane production is over 300
million tons/year that cause around 10 million tons of
sugar cane bagasse ash as an un-utilized and waste
material. In India, a large amount of sugar cane bagasse
from sugar mills is available. For each 10 tonnes of
sugar cane crushed, a sugar factory produces nearly 3
tonnes of wet bagasse. Since bagasse is a by-product
of the sugar industry, the quantity of production in each

© 2015 Global Journals Inc. (US)
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year is in line with the quantity of sugar cane produced.
Sugar cane bagasse is partly used at the sugar mill as
fuel for power generation. However, the bagasse ash
has been considered being a waste, which causes the
problems of disposal. For instance, the landfills of
bagasse ash are still the problem of power plants
because the waste of ash is currently not useful for any
works. Furthermore, if the sugar cane bagasse is
burmed under the controlled temperature and
atmosphere, the bagasse ash will be a highly reaction.
The bagasse ash with high silica content could also be
used as pozzolans. Bagasse ash is recently accepted
as a pozzolanic material which is obtained as a by-
product of the sugar industry. However, the study of
using bagasse ash as a pozzolans is not well-known
especially the effects of LOI of bagasse ash on the
compressive strength and sulphate resistance. A survey
from many sources in Thailand found that LOI of
bagasse ash is very high (larger than 10%) and well over
the limit for pozzolans in concrete. Bagasse ash
contains amorphous silica and displays good
pozzolanic properties, but its uses are limited and most
of it is disposed in landfills. Moreover, sugar factories
use different process of burning and collecting which
affects the physical and chemical properties of the ash.
To overcome environment effect and utilisation of sugar
cane bagasse ash study has been done to replace the
cement with sugar cane bagasse ash in concrete and
result reported in this paper.

After the extraction of all juice sugar from
sugarcane, about 40-45 percent fibrous residue is
obtained, which is reused in the same industry as fuel in
boilers for heat or power generation leaving behind 8 -10
percent ash as waste, known as sugar cane bagasse
ash (SCBA). In this study we try to use sugar cane
bagasse ash in concrete and reduce environmental
problem and waste disposal problem.

Figure 2 : Sugar cane bagasse and Sugar cane
bagasseash

[I.  MATERIALS USED IN EXPERIMENTAL
WORK

The materials used in this study are:

Cement: The most commonly used cement in concrete
is ordinary portland cement of 53 Grade conforming BIS
12600-1989(2009).

© 2015 Global Journals Inc. (US)

Fine Aggregate: Locally available free of debris and
nearly riverbed sand is used as fine aggregate. The
sand particles should also pack to give minimum void
ratio, higher voids content leads to requirement of more
mixing water. In the present study the sand confirms to
zone | as per Indian standards. (BIS: 10262, BIS: 383).
The specific gravity of sand is 2.62. The bulk density of
fine aggregate is 1715 kg/m?®.

Coarse Aggregates: The crushed aggregates used were
20mm and 10mm nominal maximum size and are tested
as per Indian standards and results are within the
permissible limit. (BIS: 10262, BIS: 383). The specific
gravity and bulk density of 10mm and 20 mm aggregate
are 2.74 and 2.79 and 1472 kg/m*® and 1438 kg/m?
respectively.

Water: Water available in the college campus
conforming to the requirements of water for concreting
and curing as per BIS: 456-2000.

I

LT

Figure 3 : Checking Sugar cane bagasse ash taken from
sugar mill and removing unburned particles

Chemical analysis of SCBA: Sugar cane bagasse ash
collected for experimental work was tested for the
chemical compound at Pollucon laboratories PVT LTD,
Surat. Chemical compound result of bagasse ash is
follow:

Table 1: Chemical composition of SCBA

Chemical compound | Abbreviation %
Silica SiO, 68.42
Aluminium Oxide AlLO, 5.812
Ferric Oxide Fe,O, 0.218
Calcium Oxide Ca0o 2.56
Phosphorous Oxide P,Os 1.28
Magnesium Oxide MgO 0.572
Sulphide Oxide SO, 4.33
Loss on Ignition LOI 15.90

Table 2 : Chemical composition of SCBA

Chemical compound | Abbreviation | mg/kg
Sodium Oxide Na,O 1621
Potassium Oxide K,O 9406
Manganese Oxide MnO 244
Titanium Oxide TiO, 240
Barium Oxide BaO 23.73




I1I.  EXPERIMENTAL WORK

For the experiment work M25 grade of concrete
was used. Water cement ratio was taken as 0.49
throughout work. Sugar cane bagasse ash was oven
dried before use to remove moisture. Total 60 no's of
cube of size 150*150*150 mm, 8 no’s of beam size
500*100*100 mm, 8 no’s of cylinders size 150mm
diameter and 300mm height specimen were casted.
Cast iron moulds of standard sizes were used for
casting cubes, cylinders and beams. The specimens
were demoulded after 24 hours from the
commencement of casting and submerged under water
till the time of testing.

Figure 4 : Specimen after casting putting for dry for 24
hours

a) Compression Testing
Compression testing of cubes was done on
compression testing machine having capacity of
3000kN. Compressive strength of sugar cane bagasse
ash contain concrete cubes was determined after 7, 14,
28 and 56 days moist curing as per BIS 9013-1978.

>

Figure 5 : Compression testing of concrete cubes
specimen before and after testing

b) Flexure Testing

Flexural strength test is done as per BIS:516-
1959. Beams are tested for flexure in Universal testing
machine as shown in figure. The axis of the specimen is
aligned with the axis of the loading device. The
specimen is loaded till it fails and the maximum load
applied to the specimen during test is noted.

-
R
N
bl
<
2
=i
=
2
-

Figure 6 : Testing of beam for flexural strength and
sample after testing

c) Modulus of Elasticity

Testing of modulus of elasticity was done on
automatic compression testing machine having capacity
of 3000KN. Cylinders were placed with ring having
digital dial gauge attached which transmitting signal to
the computer. Centre of the ring was coinciding with the
centre of cylinder.

Figure 7 : Testing of modulus of elasticity of concrete
cylinder and sample after testing

© 2015 Global Journals Inc. (US)
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USE OF SUGAR CANE BAGASSE ASH AS PARTIAL REPLACEMENT OF CEMENT IN CONCRETE

AN EXPERIMENTAL STUDY

d) Split Tensile Test

Testing for split tensile strength of concrete is
done as per BIS 5816-1999. The test is conducted on
automatic compression testing machine of capacity
3000kN as shown in fig. The cylinder is placed
horizontally — between the loading surfaces of
compression testing machine and the load is applied fill
failure of the cylinder. During the test the plates of the
testing machine should not be allowed to rotate in a
plane perpendicular to the axis of cylinder.

Figure 8 : Split tensile testing of concrete cylinder and
sample after testing

IV.  RESULTS AND DISCISSION

Workability

A high quality concrete is one which has
acceptable workability (around 6.5 cm slump height) in
the fresh condition and develops sufficient strength.
Basically, the bigger the measured height of slump, the
better the workability will be, indicating that the concrete
flows easily but at the same time is free from
segregation. Maximum strength of concrete is related to
the workability and can only be obtained if the concrete
has adequate degree of workability because of self
compacting ability. The results show that unlike the 0%
SCBA concrete, all investigated SCBA mixtures had high
slump values and acceptable workability. This may be
due to the increasing in the surface area of sugarcane
ash after adding sugar cane bagasse ash that needs
less water to wetting the cement particles.

Table 3 : Workability of fresh concrete

% SCBA in Concrete Slump (mm)
0 74
2 122
4 148
6 171
8 180
> Compressive strength of sugar cane bagasse

ash contain concrete cubes was determined after 7, 14,
28 and 56 days moist curing

40 1

35 +

30
25 -
20 -

15 -

Compressive Strength (N\mm?)

m7 Days

m 14 Days
m 28 Days
m 56 Days

0% SCBA 2% SCBA

4% SCBA
% SCBA in concrete

6 % SCBA 8 % SCBA

Graph 1- Comparision of compressive strength result of specimen at 7, 14", 28" and 56" day
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Table 4 : Concrete specimen testing results after 28 days with variation of SCBA in concrete

Sample % of SCBA Compressive Split Tensile Flexural Moduly§ of BuII§
Designation in concrete Strength Strength Strength Elasticity Densnsy
MPa MPa MPa MPa Kg/m
J1 0 32.46 2.96 5.94 22840 2582.60
J2 2 33.20 3.51 6.15 21390 2516.74
J3 4 34.00 3.56 7.05 20600 2471.85
J4 6 35.60 3.64 8.85 18710 2438.21
J5 8 34.30 3.53 6.60 17480 2417.32
> With the combination of current experimental  variation of sugar cane bagasse ash contain replaced

results with previous results [8]. We can get the below
graph of compression strength of concrete with the

with cement in concrete.

40 1

35

30

25

20

15

10

Compressive strength N/mm?

0%
SCBA

2%
SCBA

4%
SCBA

5%
SCBA

6 %

SCBA

Variation of % SCBA partial replaced with cement

B 7 Days

m 14 Days
m 28 Days
B 56 Days

8%
SCBA

10%
SCBA

15%
SCBA

20%
SCBA

Graph 2- Compression strength of concrete cubes with variation of % of SCBA

V. CONCLUSION

Results we obtained from the experimental work
shows that sugar cane bagasse ash can be replaced
with cement in concrete. Pulverized bagasse ash is a
suitable pozzolanic material for use in concrete. From
the experimental results we can conclude that
replacement of sugar cane bagasse ash with cement
can be up to 10% by the weight of cement without
significant loss in strength of concrete. But the optimum
amount of sugar cane bagasse ash that can be
replaced with cement is 6% to get maximum strength of
concrete. With 6% replacement of sugar cane bagasse
ash, compressive strength increase 9.67% compare to

normal concrete after 28 days of curing. After 6%
replacement of sugar cane bagasse ash there is
decrease in strength of concrete with increase of
replacement of sugar cane bagasse ash. Also split
tensile strength and flexural strength increase with 6%
replacement of sugar cane bagasse ash compare to
normal concrete. Also sugar cane bagasse ash can be
use as admixture in concrete due to high % of silica
present in it. The above results show a beneficial
application of the use of sugar cane bagasse ash and
reduce the environment problem and also minimize the
requirement of land fill area to dispose sugar cane
bagasse ash.
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Recent Trends for the Devolopment of UWB
Microstrip Patch Antennas

Agni Venkata Krishna® & A.Jhansi Rani®

Absiracl- The ultra wide band (UWB) circular microstrip
antennas are devoloped and simulated for wide band
communication applications.In these a circular radiating
aperture is made available for broad band characteristics.The
proposed antennas consists of the vertical and horizontal
elements of L-type probe fixed at front and back portion of the
substrate respectively.These antennas are excited by a
microstrip line which is connected to a vertical component of
the L-type probe and electromagnetically couples the signal to
the horizontal component of the L-type probe.This new
concept of placing a couple of triangular slots at the top of the
antenna is proposed to enhance the bandwidth from 83.1% to
99.15% is achieved.

I. [NTRODUCTION

ireless communication is progressing to exhibit
VVvery huge rise and wide implementation in a

broad variety of applications.Wide bandwidth
antennas are receiving more attention because a single
antenna can cover various applications.Ultra wide
band(UWB) is necessary for several applications as it
exhibits numerous advantages,like less complexity and
low expense,reluctant to severe multipath and
jamming[3] .Federal communications commission(FCC)
approves the frequency band (3.1-10.6 GHz ) is
occupied by the UWB radio system.

The designing of a printed slot antenna is a
desireable solution for bandwidth improvement ,rather
than increasing anenna size and thickness to overcome
the bandwidth limitation of the microstrip patch antenna
and thus making suitable for ultra wide band (UWB)
applications[2].

This paper presents two wide band circular slot
planar bidirectional antennas with L-type probes.A new
concept of placing two triangular slots at the top of the
antenna to enhance the bandwidth is also proposed in
this paper.

I1. ANTENNA DIMENSIONS AND DESIGN

A circular microstrip antenna is as shown in
fig1(a&b). The antenna uses a 0.1mm FR4-epoxy
substrate with a relative permittivity (g) of 4.4 and

Author —a:  Assistant  professor Dept. of Electronics and
Communications, DMSSVH College of Engineering, Machilipatnam,
India. e-mail: vk_fire@yahoo.com

Author o: Professor Dept, of Electronics and Communications, VR
Siddhartha Engineering College, Vijayawada,India.

e-mail: jhansi9rani@gmail.com

dielectric loss of 0.02.The dimensions of the substrate
are L, =100mm and L, = 100mm .The centre of the
ground plane has a circular slot with radius R of
36mm.The L-shaped probe has horizontal and vertical
components placed at front and backside of the
substrate.The length of the vertical probe L, = 26mm
and 1mm wide (W,).The vertical probe is extended to
the edge of the substrate through an inductively
matched microstrip feed line of 118Q with a width (W)
of 0.4mm and length (L,) of 13.56mm long to impedance
match the 50Q coaxial cable.The horizontal component
of the L-type probe is 27mm long (L;) and 1mm wide
(W,). A 3.4mm long patch (L) with a width of W; =
2mm is placed at the end of the vertical probe,which
could enhance the capacitance between the vertical and
the horizontal elements of the L-type probe[4].
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Fig. 1: Microstrip patch Antenna with circular slot

[1I.  RESULTS

The simulation of the antenna is done in Ansoft
HFSS version 13.0.The front view of UWB circular
microstrip patch antenna in HFSS is shown in fig2(a)
and the S;; characteristics are shown in fig2(b). The
Sy; characteristics exhibits broad bandwidth of 81.1%
(3.9GHz-9.3GHz) at < —10dB.

The antenna generates bidirectional radiation
pattern,since it is a slot antenna. The radiation patterns
are shown for various phi values of 0,30 and 60degrees
at 24GHz in fig3(a),figd3(b) and fig3(c)respectively.
Simulation of geometries for antenna performance
optimization is started with a circular patch antenna and
end up with another circular patch antenna with

triangular slots.
The front view of UWB circular microstrip patch

antenna with triangular slots in HFSS is shown in fig4(a)
below and the S;; characteristics are shown in fig4(b).

© 2015 Global Journals Inc. (US)

The S;icharacreistics exhibits broad bandwidth of
99.15% (3GHz-8.9GHz) at < —10dB.The bidirectional
radiation patterns are shown for various phi values of
0,30 and 60degrees at 2.4GHz in fig5(a),figh(b)and
fig5(c) respectively.
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Fig. 5 (a) . Radiation pattern of circular patch antenna with triangular slots for frequency=2.4GHz and phi=0deg

© 2015 Global Journals Inc. (US)

HFSSDesign

Curve nfo
m— rETotsl
Setupd : LastAdaptive
Freg="2 4G Phldeg




=120

-180

HF 55Design

e

Curve Info
— rETotsl
Setup? : Lastddaptive
Frem 240G H'E;:l:ﬁ

— 80

Fig. 5 (b) : Radiation pattern of circular patch antenna with triangular slots for frequency=2.4GHz and phi=30deg

HF 55Design

Curve Info
— rEfatal
Setupl : Lasthdaptive
Freq=2 4GHz H'Eg:ea]

e

Fig. 5(c) : Radiation pattern of circular patch antenna with triangular slots for frequency=2.4GHz and phi=60deg

IV. CONCLUSION

Circular slot Wide band antennas having L-type
probes are proposed in this work.The two proposed
antennas are suitable for the UWB applications mainly
for wireless communicatons and they found to exhibit
excellent return loss  characteristics.The  circular

microstrip patch antenna could achieve a simulated <-
10dB S;; bandwidth of 83.1% and the circular microstrip
patch antenna with triangular slots could achieve a

simulated <-10dB bandwidth of 99.15%.With these
techniques the draw back of the reduced bandwidth that
the conventional microstrip antennas usually exhibits is
completely reduced to a great extent.
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Design and Feasibility Analysis of Commercial
Silver-Based Solvent Extraction of Omega-3
Pufa

Kirubanandan Shanmugam ®, Andrew Neima® & Adam A. Donaldson®

Absiract- Afish oil processing facility was designed and
evaluated for the annual extraction of 2.5 ktonnes of Omega-3
polyunsaturated fatty acids from 18/12EE fish oils by liquid-
liquid solvent extraction through the use of a silver-based
solvent. Using experimentally derived extraction efficiencies
obtained with commercial 18/12EE fish oil, a plug-flow reactor
configuration is proposed to significantly reduce silver solvent
inventory requirements relative to conventional batch
processes, corresponding to an initial capital reduction of
~$40 milion at this scale. Evaluation of the proposed
facilityresulted in capital costs of $4.9 million, annual operating
costs of $7.7million, and a yearly gross revenue of $21.0
milion.  Considering the expensive solvent used, the
profitability of the proposed process is highly dependent on
the amount of solvent required to fill the vessels, and on the
recovery efficiency following de-complexation of the Omega-3
and silver ions. Depending on market conditions, a number of
recovery methods are discussed and evaluated, with specific
emphasis placed on chemical, thermal or electrolytic methods.
Keywords: EPA/DHA, fish oils, solvent extraction, silver,
omega-3, processdesign, solvent inventory.

.  BACKGROUND
Omega—S polyunsaturated fatty acids (PUFA) are

becoming more commonly  useddietary

supplements, as studies have shown positive
human health impacts resulting from regular
consumption of Omega-3 PUFA [1].Studies by
Robertson et al.[2] and Kromhoutet al.[3] have shown
that people who have a high intake of Omega-3 fatty
acids often show decreased risks of cardiovascular and
inflammatory diseases. With the increased usage of
Omega-3 PUFA, production requirements of high-purity
products  with  eicosapentaenoic  acid  (EPA)/
docosahexaenoic acid (DHA) contents exceeding 55%
have also increased. In the process of extracting
Omega-3 PUFA, fish oil ethyl ester (EE) is used as the
feedstock, which contains complex mixtures of fatty
acids with varying degrees of unsaturation. A number
of processes designed to concentrate and
separate Omega-3 PUFA from fish oils are being
exploredin an effort to improve extraction efficiency and

Author a o p : Laboratory of Multiphase Process Engineering-
Department of Process Engineering and Applied Science, Dalhousie
University, PO Box 15000 Halifax, Nova Scotia, Canada B3H 4R2
e-mails: kr922811@dal.ca, andrew.neima@dal.ca,
adam.donaldson@dal.ca

it is important to determine which of these processes
would be economically viable for large-scale production.

Previously reportedseparation methods for
extracting Omega-3 PUFA from fish oils include
adsorption chromatography, molecular distillation,
enzymatic splitting, low-temperature crystallization,
supercritical fluid extraction and urea complexation.This
work analyzes the feasibility of an industrial Omega-3
recovery process using silver-based solvent extraction
as the separation method. One advantage of using
solvent extraction is the ability to obtain a high purity
product while being able to recover and reuse the
solvent to minimize material costs, compared to more
expensive techniques such as supercritical fluid
extraction. Another advantage is the ability to perform
the separation at moderate temperatures and pressures,
compared to other methods which require significant
changes in temperature/pressure to isolate the Omega-
3 PUFA. Urea precipitation has been a commonly
employed method of extracting Omega-3 PUFA from
fish oils.However, the extraction efficiency of urea
precipitation is lower than that of solvent extraction, and
may lead to the formation of toxic byproducts.

While previous work in this field has focused on
extraction of Omega-3 PUFA from synthetic mixtures of
EPA and DHA [4-6], it is desirable to determine the
feasibility of extracting Omega-3 directly from winterized
18/12 EE fish oils. This work concentrates on the
conceptual design and economic feasibility analysis of
an industrial extraction process using a silver-based
solvent to selectively separate the Omega-3 PUFA from
natural fish oils. Solvent extraction using a silver-based
solvent is a commonly used technique for purification of
fatty acid ethyl esters, which utilizes the complexation
between the double bonds of EPA/DHA and silver ions
[5,6]. Belarbiet al.[4] achieved success with this
separation technique in a laboratory setting using
idealized mixtures of EPA and DHA, and a desire to
expand on this work led to the completion of laboratory
experiments to study the effectiveness of silver-based
solvent extraction using 18/12 EE fish oils [7].The results
from these laboratory experiments using a mini-fluidic
reactor and a continuously stirred tank reactor
(CSTR)showed that the recovery of Omega-3 PUFA in
silver-based liquid-liquid extraction (LLE) was greater
than 75%, enabling the design of a conceptual industrial
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sized application of this process. This work compares
the extraction capability and economic viability of a
batch-wise process using three CSTRs with those of a
continuous plug-flow reactor (PFR)which offers inventory
reduction opportunities. The two processes are identical
apart from the reactors and downstream surge tank,
and so from an economic standpoint, the main
difference is in the capital cost and operating cost of the
different types of reactors, as well as the solvent
inventory cost for filling the reactor vessels.

In practical silver-based solvent extraction, it is
economically important to recover and reuse/sell the
silver as part of the process. In this work, three solvent
recovery and recycle methods have been analyzed and
compared from an economic perspective:multi-effect
evaporation, electrochemical oxidation, and chemical
reaction-based recovery of silver. In the analysis, it was
assumed that all of the silver nitrate and silver oxide
remains in the aqueous phase, allowing it to be
recovered from a single process point and tobe fed
back to the reactor.

[I. LiQuUID-LIQUID EXTRACTION OF OMEGA-
3 PUFA USING A SILVER NITRATE
SOLVENT

Solvent extraction is a common mass transfer
operation used for separation of various biological
compounds from their feedstocks [8-10]. In this
application of solvent extraction, the silver ions in the
silver nitrate solvent undergo a fast reversible chemical
reaction in which they form complexes with the five and
six unsaturated sites in EPA and DHA, respectively. This
silver-based solvent extraction of highly unsaturated
fatty acids was proposedon a laboratory scale as a new
method by Yazawaet al. [11] and has since been
explored by a number of other authors using idealized
extraction systems and lab-scale analyses [12].

The reported experiments on extraction using
silver salts have primarily focused on laboratory based
separation of Omega-3 PUFA from synthetic EPA/DHA
mixtures at mini/micro scale and in batch processes.
There remains a need however, for validation of an
industrial process aimed at extracting and concentrating
Omega-3 fatty acids from natural fish oils. The
proposed application of silver-based solvent extraction
in this report consists of five main steps. First, the
heterogeneous fatty acid oil mixture is sent to a reactor
where it is contactedwith a silver salt solution to form an
emulsion including an aqueous phase and an organic
phase. In the aqueous phase, the silver ions form
complexes with the double bonds of EPA and DHA,
increasing the miscibility of these compounds in the
aqueous phase. These complexes are of the charge-
transfer type where the EPA/DHA acts as an electron
donor and the positive silver ion acts as an
electronacceptor [13]. Next, hexane orhexene is added

2015 Global Journals Inc. (US)

as an emulsion-breaker, which separates the organic
phase from the aqueous phase inside a gravity settler.
The aqueous phase is then extracted either by mixing it
with a displacement liquid or increasing the temperature
of the aqueous phase to at least 30°C, or a combination
of the two methods. The aqueous phase is then diluted
with water or extracted with supercritical CO, to
dissociate the complex, where the silver ions’ affinity for
the double bonds of EPA/DHA is no longer strong
enough to hold the complex in the aqueous phase. In
the final step, the diluted aqueous phase containing the
silver nitratesolution is separated from the concentrated
Omega-3 fatty acids — the desired product of the
process. The silver is recovered by a variety of chemical
precipitation processes and either sold or regenerated
and recycled into the extraction process after verifying
the concentration and purity of silver nitrate solution.

The mechanism by which the silver ions and
double bonded compounds form complexes has been
the subject of significant scientific research; however
quantitative data such as equilibrium constants exist for
only a small number of short chain mono- and di-olefins
[14]. As the Omega-3 fatty acids of interest have five
and six double bonds, there is a need for experiments
producing quantitative data related to these
compounds. The stability of a complex with an organic
compound decreases with the increasing chain length.
Generally, the rate of complexation is very rapid but the
complexes are unstable and exist in equilibrium with the
free form of the olefin. The coordination forces between
Omega-3 PUFA and silver ions are weak, and these
properties of complexation between a double bond and
a silver ion are favorable for use in chromatography/LLE
[13].Due to the high cost of silver, it is important to
accurately determine the ratio of silver ions to DHA and
EPA moles required to form the complexes. For the
purpose of this work, it was assumed that a silver ion is
required for each double-bond:

1 mole of DHA (356g) + 6 moles of silver ions
of DHA-Ag complex

1 mole of EPA (330g) + 5 moles of silver ions = 1 mole
of EPA-Ag complex

1 mole

[11. CASE DESCRIPTION

Mukoma [15] developed a hierarchical
procedure for conceptual process design, which has
been applied to compare the economics of the CSTR
system with the PFR system. The following economic
analysis is based on a fish oil processing facility capable
of processing ten tons of fish oils per shift, where one
shift is assumed to be eight hours. A simplified
conceptual process diagram is shown in Figure 1,
demonstrating an integrated process of three main
operations involved in the production of EPA/DHA-Ethyl

Esters  (EPA/DHA-Et):  solvent  extraction,  de-
emulsification and de-complexation for the recovery and

recycle of silver nitrate to the solvent extraction process.



In Figure 1, the oil layer leaving the first gravity settler is
a combined stream of a residual oil layer which does not
form an emulsion or complex with the silver nitrate
solution, and an organic phase dissolved in hexane,
referred to as fraction 1. The hexane-free oil layer is the
combination of the residual oil and fraction 1, after the

Silver-Based *
Solvent

Extraction esters and AgNO;

Separation of
Oil Phase and
Aqueous Phase

hexane is boiled off in a distillation column. The aqueous
layer exiting the bottom of the gravity settler contains the
majority of the Omega-3 content as well as the silver
nitrate solvent. The organic Omega-3 PUFA stream
leaving the second distillation column is referred to as
fraction 2.

Reaction between AgNO; and fish oil ethvl esters
+ Mass transfer limited, fast and exothermic reactions
* FEnhanced mixing and good contacting between fish oil ethvl

Demulsification | Oil Layer
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~,
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4

Organic
Fractions

L

DHAFPA-Ft + AgNO; ——3 DHAFPA:Ag™ Complex + Fish Oil-Et
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Figure 1 . Overview of silver-based solvent extraction of Omega-3 PUFA from fish oil EE

The two distillation columns in the process were
simulated in  UniSim to determine the energy
requirement to evaporate the hexane out of the oil and
organic phases, and recycle the hexane back to the
process. Anevaporator which could potentially be used
to recover and recycle the AgNO, solution was also
simulated in UniSim for the same purpose. In a
conservative approach to this economic analysis, the
evaporator was modeled as a single-effect evaporator.
In an industrial process, the unit would be operated as a
multi-effect evaporator as this multi-effect configuration
maximizes efficiency and steam economy.

a) Comparison between Batch
Processes
Previous research by Kamioet al. [5,6] using a

plug-flow micro reactor demonstrated that contact times

and  Plug-Flow

of 10-20 seconds was sufficient for the system to reach
equilibrium after contacting the silver salt solution with
pure synthetic DHA and an organic carrier (heptane).
Experiments completed with commercial raw trans-
esterified fish oils using a mini-fluidic reactor in a
laboratory setting demonstrated that a ~36 second
residence time was more than sufficient to reach
equilibrium. [7] This resulted in an 80 to 90% pure
EPA/DHA product being formed, comparable to that in
abatchsystem after 15 minutes. This mini-fluidic reactor
would scale commercially as a double pipe heat
exchanger to be considered as plug flow reactor.
Similardistribution ratios between the aqueous AgNO,
extraction phase and the organic carrier (hexane in
these experiments) were alsoreported by Teramotoet
al.[16]
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The yield of Omega-3 PUFA from each product
stream of LLE in both the plug flow reactor system and
the batch reactor system are detailed in Table 1. The
weight percentages of Omega-3 in each stream were
taken as an average often experimental measurements;
five from the batch system and five from the plug flow
reactor system at various contacting times. The weight
percentages were then used to determine the recoveries
of Omega-3 in each stream, which were normalized to
account for some material loss in the experimental
measurements. Table 1 shows that the Omega-3 PUFA
recovery in the mini-fluidic contacting system is 75.0%

based on laboratory experiments, which is only slightly
lower than that in the idealized batch process where the
Omega-3 PUFA recovery is 76.5%. The Omega-3 purity
in the organic layer was found to be close to 80%.
Based on the results from these laboratory experiments,
a conceptual process design for LLE of Omega-3 PUFA
in the PFR configuration has been developed. The mass
balance and sizing of equipment in the conceptual
industrial sized process have been completed based on
these laboratory yields of Omega-3 PUFA from fish oil
ethyl esters.

Table 1 : Recovery of Omega 3 PUFA from each stage of LLE experiments

Product Stream Ff)t;/e?{rz;[e On\;,(te%/a-S Omegi-i.’, Flpw Rate Normalized OTega—3
(kg/min) % (kg/min) recovery (%)
18/12 Fish Oil EE Feed 20.67 30.9 6.39 100.0
Residual Oil from Gravity
Settler 3.0
PFR system 13.48 0.40 6.9
Batch system 9.84 0.30 45
Oil Layer (Fraction 1) 24.8
PFR system 0.94 0.23 4.0
Batch systemn 2.27 0.56 8.5
Hexane-Free Qil Layer 58
(Residual Oil + Fraction 1) ‘
PFR system 14.42 0.83 141
Batch system 12.12 0.70 10.5
Organic Layer (Fraction 2) 79.3
PFR system 5.54 4.39 75.0
Batch systerm 6.39 5.07 76.5

In order to compare the batch process with the
continuous mini-fluidic reactor process, the batch
process has been designed so that in one eight-hour
shift, the same amount of fish oil ethyl ester feedstock
can be processed as in eight hours of operation in the
continuous system. In the batch process, in order to
minimize equipment size and cost, it is assumed that
three CSTRs are operated in parallel to meet the
equivalent capacity of the PFR process. Figure 2 shows
the proposed batch process with eight-hour batch sizes
indicated for the industrial process. The CSTR products
are recombined into one stream and sent to the storage
tank, which is blanketed with nitrogen to avoid oxidation
of Omega-3 PUFA. In the plug-flow system, the fish oil
ethyl ester feedstock is continuously fed to the reactor
along with the concentrated AgNO; solvent, after which
the mixture is sent to a gravity settler in continuous
operation. After this stage, the post-extraction
processing is performed in continuous processes which
have equivalent flow rates in both systems.The
conceptual process flow diagram for the continuous
plug-flow reactor system is displayed in Figure 3.
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The application of mini-fluidic based extraction
of Omega-3 PUFA using a concentrated silver nitrate
solution is promising because of its simplicity, short
residence time within the reactor and improved mixing
compared to conventional systems. As can be seen in

Figure 2 and Figure 3, the yield of Omega-3 PUFA is
roughly 25% of the fish oil ethyl ester feedstock fed to
the LLE reactor (78 to 82% recovery), which means for a
processing rate of ten tons of fish oil per shift, roughly
2.5 tons of Omega-3 PUFA can be produced.
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Figure 3 : Process flow diagram for Omega-3 PUFA extraction in continuous plug-flow reactor system using silver-
based solvent extraction

© 2015 Global Journals Inc. (US)



o

Global Journal of Researches in Engineering ( ] ) Volume XV Issue V. Version I H Year 2015

b) Recycle or Generation Method for Silver Nitrate
Solution

Silver-based solvent extraction of Omega-3
PUFA from fish oil ethyl esters is an expensive process
due to the high cost of silver nitrate salts; minimum $US
300 per kg in July 2015 [17], if bought in large
quantities. Silver nitrate is used because it is effective in
the separating the Omega-3 PUFA from the fish oils,
however practical recovery of silver nitrate or generation
of new silver nitrate solution via a cost-effective process
iS necessary to minimize the operating cost of the
process and make the process economically feasible on
an industrial scale. As part of the process, some of the
silver nitrate in the diluted aqueous phase will naturally
oxidize forming Ag,O. The simplest option for
regenerating AgNO, solution to be used in the LLE
reactor is to sell any Ag,O that precipitates, and buy new
AgNO; with which to make up the necessary volume to
be fed to the reactor. This is the method on which this
economic analysis is based, however other options
include recovery processes to avoid the buying and
selling of expensive silver compounds. The feasibility of
this buy-and-sell method in an industrial process would
greatly depend on the market price of these silver
compounds.

Available processes for the recovery of silver
nitrate solution include purifying the silver nitrate stream
by using a multi-effect evaporator (MEE), chemically
removing the silver from the solution so that it can be
recovered and regenerated, and recovering the silver
nitrate by electrolysis using copper electrodes. Rawat
[18]reported experimental recoveries of silver nitrate
from laboratory waste solutionsof 85-91% for five
samples, using a combination of ion exclusion and ion
exchange procedures. Murphy [19] further developed
several chemical reaction-based recovery techniques,
reporting experimental recoveries of greater than 98%.
For the purpose of this economic analysis, it was
assumed that the majority of the unrecoverable silver
losses would be in the small amount of silver oxide that
dissolves in the dilute water stream, preventing it from
being converted back into silver nitrate. This quantity of
silver loss was determined from the solubility of silver
oxide in water to be ~78 g/min. While this is only a small
fraction of the original mass of silver, the expensive price
of buying new silver nitrate to replenish the original
solution results in an annual operating cost of US $29.6
million, and so an efficient solvent recovery method
should be used to avoid these losses.

The first solvent recovery method considered is
that in which the silver nitrate stream is attempted to be
purified, first by evaporating most of the water out of the
diluted solution in a multi-effect evaporator (MEE) to
bring the solution to the desired 50 wt.% AgNQ;. In this
process, the significant thermal energy and the
possibility of increased oxidation of silver nitrate as the
temperature is increased is concerning. Using a single
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effect evaporator, with a 20% additional energy
requirement for preheating the water to its boiling point,
~706,000 tonnes of steam would be required annually.
This results in an annual operating cost of the single
stage evaporator, assuming 24 hours per day operation
for 350 days per year, of ~US $5.60 million. This is
significantly lower than the US $29.6 million required to
replenish the silver losses with new silver nitrate solution.
The use of a multi-effect evaporator could further reduce
this energy requirement to less than 50% of that of a
single-effect evaporator. The benefit to this technique is
that there would be limited use of chemicals relative to
the other options for recovery of silver nitrate.

The second silver nitrate recovery option would
be to chemically remove the silver nitrate by purposefully
oxidizing all of the silver, causing it to precipitate out as
Ag,O. This could be done by reacting the silver nitrate
solution with sodium hydroxide or potassium hydroxide,
forming sodium (or potassium) nitrate, solid silver oxide
and some additional water. The solid silver oxide would
precipitate out of the solution and collected via filtration,
thus eliminating the energy requirement from the first
solvent recovery method. This silver oxide would then
be stored and reacted with nitric acid (HNO,) as needed
to regenerate silver nitrate solution. One disadvantage
to this method is the creation of a NaNO,waste stream
containing a significant portion of the water from the
diluted aqueous phase, which would then need to be
treated and concentrated. This process would likely still
require a multi-effect evaporator to concentrate the
sodium nitrate solution. In addition, the nitric acid would
need to be purchased in this option. A simplified flow
diagram of this process is shown in Figure 4.
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Figure 4 : Process design for the concentration of silver nitrate solvent solution by evaporation

An alternative to purchasing the nitric acid
would be to use the sodium nitrate stream to generate
nitric acid for the process. This could be done by
reacting NaNQO, with sulphuric acid (H,SO,) to produce
HNO, and NaHSO,. The disadvantage with any of these
methods is that a byproduct will be generated in any
case, with either NaHSO, or NaNQO; requiring disposal.
The relative advantage of reacting the sodium nitrate
with sulphuric acid would depend on the availability of
the two acids in the region of operation.

Finally, the third silver nitrate recovery method
considered is to electrochemically extract the silver
through the use of copper electrodes as shown in
Figure 5. In this process, the silver would deposit on the

copper electrode, with some copper metal dissociating
into the solution, forming Cu(NQ,),. This copper nitrate
can then be heated to 180°C, which converts the
compound to copper oxide (CuQ), releasing NO, and
O, gases. The NO, gas can then be passed through
water, which generates nitric acid to be used in the
process. This reaction also produces NO, which can be
bubbled through water to produce additional HNO,. As
with the chemical removal and recycle of silver, this
method produces a stream requiring further processing
— where CuO is converted back to elemental copper.
This reaction is relatively slow, and would therefore
require a large amount of copper in an industrial system
to sufficiently handle the large throughput required.

Nitric acid
20LPM
AgNOj3 solution AgO l
1000 LPM g~ precipitated
E— L. 54 kg/min
Precipitation Filtration Reactor
— Nitric oxide
NaOI;IOSL-:luuon \ vapours to
= g NaNDs AENDS Scmbbef
solution 1 80 kg/min
Reactions Involved: Concerltrated Concentration by
~ AgNOs :
2AgNQ; +2NaOH ———» Ag,O + 2NaNQ; + H;O i Evaporation (MEE)
solution
Ag0+2HNO; ——» 2AgNO: +H,0
Water
Process Conditions: 4250 LPM

AgNO; concentration: 80 kg/m?

Figure 5 : Process design for the concentration of silver nitrate solvent solution by electrochemical extraction using
copper electrodes
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Other solvent recovery methods include a
chemical reaction-based method involving salt,
producing a silver chloride precipitate, which can then
be converted to sodium nitrate to be used in the LLE
reactor. This option is likely not viable for large scale
production as it would involve the use of large quantities
of harmful halides, which would then have to be
processed and removed safely. Another option is to
reduce the silver solution using formic acid, producing
silver nitrate and sodium formate. This is also an
unlikely option for large scale operation due to the toxic
and harmful nature of the formic acid involved and the
production of a formate stream which would require
additional processing.

[V. DISCUSSION AND EVALUATION

The feasibility of this industrial-sized process
depends greatly on the purchase and sale price of the
compounds involved. For example, if the price and
demand of silver oxide is high relative to the price of
silver nitrate, it may be economically beneficial to sell the
silver oxide precipitate and purchase new silver nitrate
solution, rather than trying to recover the original
solution. Furthermore, the price of sulphuric acid, nitric
acid, sodium nitrate, and sodium bisulfate (NaHSO,) all
affect which process is the most economically efficient
to apply to an industrial sized plant. Currently, Tianjin
Yinlida Chemicals Co., Ltd. [20] is advertising an
average bulk price of silver oxide (99% purity) of ~US
$1000/kg, while the price of silver nitrate from the same
company is advertised at ~US $750/kg.Recognizing
that there would be operating costs associated with the
units in an industrial plant, it appears likely that selling
the silver oxide and purchasing new silver nitrate would
be economically viable. This method eliminates the
need for a multi-effect evaporation unit to evaporate a
large quantity of water, requiring a significant energy
input which would hinder the feasibility of the process
from an economic standpoint.

a) Solvent Inventory Comparison

In the process of liquid-liquid extraction of
Omega-3 PUFA, the use of concentrated 50 wt.% silver
nitrate solution as a solvent is expensive and minimal
consumption is important in order to decrease the
operating cost of the extraction process. Based on the
process design, the required solvent inventory for the
continuous plug-flow system is much less than that for
the batch process. Due to the continuous nature of the
PFR, the necessary reactor volume is much smaller. In
both designs, it is assumed that the reactor and the
gravity settler will be filled at all times. This means that
for the batch process (Fig. 2), 120,000 kg of AgNO,
solution would be required, as 20,000 kg are required
for each of the three CSTRs, and then that same amount
is required to fill the gravity settler. Comparing this to
the continuous design, where the mass of solvent
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required to fill the reactor and settler was determined by
knowing the flow rate of AQNO; solution and the vessel
capacities. For the reactor, with a residence time of 36
seconds (Fig. 3), 82.2 kg of AgNO; solution would fill the
reactor. For the gravity settler in the continuous
process, using a conservative estimate of ten minutes
for the residence time, 1370 kg of AgNQO, solution would
fill the settler. Thus the continuous process requires
only 1452.2 kg of solvent inventory — roughly 1% of that
required for the batch process. Based on this
information, the operating cost of the continuous
process would decrease by requiring less solvent for the
liquid-liquid extraction process.

Silver nitrate comprises 50 wt.% of the solution
and using a standard bulk cost of AgQNO, of ~$750 per
kg, the cost of the silver nitrate in the batch process
would be ~3$40 million, while that in the continuous
process would be ~$484,000.

b) Operating Cost and Energy Requirement

In solvent extraction of Omega-3 PUFA from fish
oil ethyl esters, there are several units requiring energy
to heat, cool or cause a phase change to the various
streams in the process. The first of these units is the
distillation column which takes the hexane carrier and
the oil phase as input and raises the temperature to the
boiling point of hexane (68.5°C), effectively separating
the oil phase from the organic carrier.  For this
economic analysis, it was assumed that steam would be
used to heat the mixture to the boiling point and
evaporate the hexane. The LLE reaction is
approximately isothermal, operating at 10°C, and so it
was assumed that the hexane/oil mixture would enter
the distillation column at this temperature. To obtain the
specific heat capacity of the mixture, a mass average
specific heat capacity between the oil and the hexane
was calculated. For this calculation, the specific heat
capacity of the oil fraction was assumed to be that of
vegetable oil at 10°C, reported by Clark et al.[21]. After
the mixture reached the boiling point, only the hexane
fraction would then need to be evaporated. This
resulted in the calculation of an energy requirement for
the column, from which the amount of low pressure
steam (LPS) required to supply the necessary heat to
the column was calculated. A study done by the United
States Department of Energy[22] reports that the cost of
LPS is approximately $3.00/klb, from which the
operating cost of this distillation column could be
calculated. The flow rates used in this calculation are
shown in Figure 2.

The next unit requiring a significant amount of
energy input in this process was the second distillation
column, which again evaporates hexane for recycle,
separating the organic carrier from the desired Omega-3
PUFA product. The energy requirement calculation for
this unit was done similarly to that of the first distillation
column, with the properties of the Omega-3 fatty acids



replacing those of the oil in the first column. Sathivel
[23] reported experimentally observed specific heat
capacities in the range of 0.8-2.3 kJ/kg-K for red and
pink salmon oils. Research by Young [24], Moradet
al.[25] and the Fisheries and Aquaculture Department of
the Food and Agriculture Organization of the United
Nations [26] all report fish oil specific heats between
2.1-2.5 kd/kg-K at 25°C. Further research by Sathivel
[27] showed that the specific heat of catfish visceral oil
is between 1.7-2.0 kJ/kg-K. For this analysis, an
Omega-3 PUFA specific heat capacity of 2.0 kJ/kg-K
was assumed. It was determined that the annual cost of
steam required to heat the distillation columns is
~$26,700, assuming continuous, 24 hours per day
operation for 350 days per year.

Once the hexane streams leave the distillation
columns, they are recycled back into the process. The
hexane leaving the distillation column must be
condensed and cooled to 10°C before recombining with
the process solutions. It was assumed that cooling
water would be used to condense the hexane and lower
the temperature from its boiling point to approximately
40°C. The cooling water was assumed to enter the heat
exchanger at 30°C and leave at 45°C. After this initial
cooling, refrigerated cooling water would be used to
achieve the rest of the heat transfer. The temperature
change of the refrigerated cooling water was assumed

to be ~11°C. Using a cost of water of $0.020/m® and a
refrigeration cost of $4.00/GJ,the annual cost of cooling
water for the proposed facility is ~$50,100.

c) Economic Comparison between Plug-Flow and
Batch Systems

For this economic evaluation, correlations from
Seideret al. [28],Turtonet al. [29], and Ulrich [30] were
used, corrected for a Chemical Engineering Plant Cost
Index (CEPCI) of 573.4 for January, 2015. These
correlations provide an estimate of the cost of the major
unit operations, equipment and materials involved in the
proposed facility, which can be used as a basis for
estimating the potential profitability of the plant.

A summary of the grass-roots fixed capital
investment (FClgg), the manufacturing cost (COM,) and
the revenues expected from the proposed process are
outlined in Table 2, for both the CSTR and PFR systems.
For this analysis, a selling price of $8.00/kg Omega-3
PUFA was assumed. The selling price of Omega-3
PUFA of $8.00/kg represents an average of various
products, grades and quantities available, with prices
ranging from $4.00/kg to higher than $12.00/kg.
Furthermore, it was assumed that the profit gained by
selling the silver oxide precipitate and buying new silver
nitrate would be consumed by the processing of the
dilute silver nitrate waste stream.

Table 2 : Summary of key parameters in economic comparison between PFR and CSTR systems

Equipment $ Millions — PFR $ Millions -
System CSTR system

Grass-roots fixed capital investment by equipment type

Pumps 0.850 0.850

Heat exchangers and reactors 0.271 1.531

Towers (Distillation columns) 0.448 0.448

Vessels and storage tanks 1.124 2.704
Raw Materials 2.248 41.956
Total FClgn 4.941 47.489
Cost of Manufacturing

Direct manufacturing cost (DMC) 6.021" 6.021"

Fixed manufacturing cost (FMC) 0.935 1124

General expenses (GE) 0.712 0.747

Total COM less depreciation (COMy) 7.668 7.892
Revenues

Omega-3 PUFA sales (2.625 ktons at 8000%/ton) 21.000 21.000

*This cost is based on a single-effect evaporator. In an industrial process, multi-effect evaporation would reduce this

cost greatly.

The data in Table 2 shows clearly that the
biggest difference in cost between the CSTR system
and the PFR system is the raw materials cost, which is
mainly comprised of the solvent inventory cost for silver
nitrate. The 99% reduction in solvent inventory provides
the PFR system with a distinct advantage over the CSTR
system in terms of potential profitability in an industrial-
sized process. Furthermore, the PFR system has a
lower grass-roots fixed capital investment, due mainly to

the smaller reactor and gravity settler required for the
continuous process. With annual revenues of ~US $21
million from the sale of Omega-3 PUFA, a cost of
manufacturing of ~US $7.9 million, and a fixed capital
investment of ~US $47.5 million, the CSTR process
would likely not be economically viable on an industrial
scale. Conversely, the PFR system has a cost of
manufacturing of ~US $7.7 million, a moderate fixed
capital investment of ~US $4.9 million and the same
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revenues as the CSTR design, more
economically feasible.

The economic analysis completed in this work
was done assuming that all silver oxide precipitated
could be sold and silver nitrate purchased at the prices
listed previously. This work aimed to compare the
feasibility of the plug-flow reactor system to that of the
CSTR system, and in both processes, the same solvent
recovery/generation system would be applied. If the
solvent was recovered and recycled via chemical
reaction-based methods using sodium hydroxide and
nitric acid, the profitability of the process would depend
highly on the selling price of the chemicals involved in
the process. Likewise, if the solvent was recovered via
electrochemical oxidation using copper electrodes, the
purchasing price of copper would be important to the
potential profitability of the proposed plant.

making it

V. CONCLUSIONS

The proposed facility offers a practical method
of extracting Omega-3 PUFA from fish oil ethyl esters on
an industrial scale by solvent extraction in a continuous
plug-flow reactor using a silver-based solvent. The
economic analysis presented in “Economic Analysis and
Discussion” demonstrates that the profitability of this
process is highly sensitive to the selling price of silver
oxide and silver nitrate, as well as efficiencies in the
solvent recovery operation. The economic benefit to the
proposed plug-flow reactor configuration is that the
solvent inventory required for this continuous system is
much smaller than that of the batch process, as the
vessels can be built much smaller. Due to the high cost
of silver-based compounds, any reduction in solvent
inventory results in significant savings related to raw
material costs.  Considering the increased global
consumption of Omega-3 fatty acids and the research
into the health benefits of these products, there is an
increasing need for an economically viable process of
producing Omega-3 PUFA on an industrial scale. While
additional research into silver recovery methods and
deactivation rates is required to implement this design
into an industrial-sized plant, there is an incentive for
continuing to pursue efficient methods of recovering
Omega-3 directly from fish oil feedstock.

VI.  ACKNOWLEDGEMENTS

The authors would like to acknowledge financial
support for this work from the Natural Sciences and
Engineering Research Council of Canada, grant 449352.

REFERENCES REFERENCES REFERENCIAS

1. Endres, S.; Ghorbani, R.; Kelley, V.E.; Georgilis, K.;
Lonnemann, G.; van der Meer, JW.M.; Cannon, J.;
Rogers, T.S.; Klempner, M.S.; Weber, P.C;
Schaefer, E.J.; Wolff, S.M.; Dinarello, C.A. (1989).
The effect of dietary supplementation with n-3

2015 Global Journals Inc. (US)

10.

11.

polyunsaturated fatty acids on the synthesis of
interleukin-1  and tumor necrosis factor by
mononuclear cells. New England Journal —of
Medicine, 320 (5), 266-271.

Robertson, T.L.; Kato, H.; Gordon, T.;Kagan, A
Rhoads, G.G.; Land, C.E.; Worth, R.M.; Belsky, J.L.;
Dock, D.S.; Miyanishi, M.; Kawamoto, S. (1997).
Epidemiologic studies of coronary heart disease
and stroke in Japanese men living in Japan, Hawaii
and California: Coronary heart disease risk factors in
Japan and Hawaii. American Journal of Cardiology,
39, 244-249.

Kromhout, D; Bosschieter, EB.,; de
LezenneCoulander, C. (1985). The inverse relation
between fish consumption and 20-year mortality
from coronary heart disease. New England Journal
of Medicine,312, 1205-1209.

Belarbi, E.H.; Molina, E.; Chisti, Y. (2000). A process
for high yield and scaleable recovery of high purity
eicosapentaenoic acid esters from microalgae and
fish oil. Enzyme and Microbial Technology,26, 516-
529.

Kamio, E.; Seike, Y.; Yoshizawa, H.; Ono, T. (2010).
Modeling of extraction behavior of docosahexaenoic
acid ethyl ester by utilizing slug flow prepared by
micro reactor. AIChE Journal, 56 (8), 2163-2172.
Kamio, E.; Seike, Y.; Yoshizawa, H.; Matsuyama, H.;
Ono, T. (2011). Microfluidic ~ extraction  of
docosahexaenoic acid ethyl ester: comparison
between slug flow and emulsion. Industrial &
Engineering Chemistry Research, 50 (11), 6915-
6924.

Shanmugam, K.; Donaldson, AA.; (2015).
Extraction of EPA/DHA from 18/12EE fish oil using
AgNQOz(aq): composition, vyield and effects of
solvent addition on interfacial tension and flow
pattern in  mini-fluidic  systems. Industrial &
Engineering Chemistry Research. (In Review).
Lembke,P., 2018. Production techniques for
Omega-3 concentrates. In; De Meester, F. et al,
editors. Omega-6/3 Fatty Acids: Functions,
Sustainability ~Strategies and Perspectives.New
York:Springer Science & Business Media. 353-364.
Rubio-Rodriguez, N.; Beltran, S.; Jaime,l.; de Diego,
SM.; Sanz, M.T.; Carballido, J.R. (2010).
Production of Omega-3 polyunsaturated fatty acid
concentrates: A review.Innovative Food Science &
Emerging Technologies, 11, 1-12.

Shahidi, F.; Udaya, N.W. (1998). Omega-3 fatty acid
concentrates: nutritional aspects and production
technologies.Trends in Food Science Technology,9,
230-240.

Yazawa, K., 1995 Purification of highly unsaturated
fatty acids, AA, EPA, DHA. In: Kayama, M., editor.
Highly ~ Unsaturated  Fatty  Acids.  Tokyo:
Kouseisyakouseikaku Co. Ltd.1-10.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Li, M.; L, T. (2008). Enrichment of Omega-3
polyunsaturated fatty acid methyl esters by ionic
liquids containing silver salts. Separation Science
and Technology, 43 (8), 2072-2089.

Traynham, J.G.;Sehnert,M.F. (1956). Ring size and
reactivity of cyclic olefins: Complexation with
aqueous silver ion. Journal of the American
Chemical Society, 78, 4024-4027.
Nikolova-Damyanova, B., 1992 Silver ion
chromatography and lipids.  In:Christie, W.W.,,
editor. Advances in Lipid Methodology — One. Ayr:
The Oily Press. 181-237.

Mukoma, P.; Hildebrandt, D.; Glasser, D.; Coville, N.
(2006). Synthesizing a process from experimental
results: A Fischer-Tropsch case study. Industrial &
Engineering Chemistry Research,46 (1), 156-167.
Teramoto, M.; Matsuyama, H.; Ohnishi, N.;
Uwagawa, S.; Nakai, K. (1994). Extraction of ethyl
and methyl esters of polyunsaturated fatty acids
with aqueous silver nitrate solutions. Industrial &
Engineering Chemistry Research,33, 341-345.
Wuhan Well Sailing Industry and Trade Co., Ltd., —
Product categories, 2015.Retrieved from
http://wellsailing.en.alibaba.com/productlist.html.
Rawat, J.P.; Kamoonpuri, .M. (1986). Recovery of
silver from laboratory waste. J. Chem. Educ. 1986,
63 (6), 537-538.

Murphy, J.A.; Ackerman, A.H.; Heeran, J.K. (1991).
Recover of silver from and some uses for waste
silver chloride. Journal of Chemical Education, 68
(7), 603-604.

Tianjin Yinlida Chemical Co., Ltd. — Products, 2015.
Retrieved from http://yinlida.guidechem.com/.

Clark, P.E.; Waldeland, C.R.; Cross, R.P. (1946).
Specific heats of vegetable oils from 0° to 280° C.
Industrial and Engineering Chemistry, 38 (3), 350-
353.

U.S. Department of Energy. (2014). How to
calculate the true cost of steam. Washington: U.S.
Government Printing Office.

Sathivel, S. (2005). Thermal and flow properties of
oil from salmon heads. Journal of the American Oil
Chemists’ Society,82 (2), 147-152.

Young, F.V.K. (1986). The chemical & physical
properties of crude fish oils for refiners
&hydrogenators. Fish Oil Bulletin, 18, 1-18.

Morad, N.A.; Kamal, AAM.; Panau, F.; Yew, TW.
(2000). Ligquid specific heat capacity estimation for
fatty acids, triacylglycerols, and vegetable oils
based on their fatty acid composition. Journal of the
American Oil Chemists’ Society,77 (9), 1001-1005.
Graham, J.; Johnston, W.A.; Nicholson, F.J. (1992).
Ice in fisheries — the cooling rate of fish.Technical
Report No. 331. Fisheries and Aquaculture
Department of the Food and Agriculture
Organization of the United Nations (FAO), Rome.

27.

28.

29.

30.

Sathivel, S.; Prinyawiwatkul, W.; Negulescu, .1
King, J.M. (2008). Determination of melting points,
specific heat capacity and enthalpy of catfish
visceral oil during the purification process. Journal of
the Oil and Fat Industries,85 (3), 291-296.

Seider, W.; Seader, J.; Lewin, D. (2004). Product
and process design principles: Synthesis, analysis
and evaluation. New York: Wiley.

Turton, R.; Bailie, R.C.; Whiting, W.B.; Shaeiwitz, J.A.
(1998).Analysis, synthesis, and design of chemical
processes.Upper Saddle River: Prentice Hall.

Ulrich, G.D. (1984).A guide to chemical engineering
process design and economics. New York: Wiley.

© 2015 Global Journals Inc. (US)

Global Journal of Researches in Engineering ( | ) Volume XV Issue V Version I m
g g (J)






GLOBAL JOURNALS INC. (US) GUIDELINES HANDBOOK 2015

WWW.GLOBALJOURNALS.ORG



FELLOWS

FELLOW OF ASSOCIATION OF RESEARCH SOCIETY IN ENGINEERING (FARSE)

Global Journals Incorporate (USA) is accredited by Open Association of Research

Society (OARS), U.S.A and in turn, awards “FARSE ” title to individuals. The 'FARSE'

title is accorded to a selected professional after the approval of the Editor-in-Chief L\
/Editorial Board Members/Dean.

FARSE accrediting is an honor. It authenticates your research activities. After recognition as FARSE, you
can add 'FARSE' title with your name as you use this recognition as additional suffix to your status. This
will definitely enhance and add more value and repute to your name. You may use it on your
professional Counseling Materials such as CV, Resume, and Visiting Card etc.

The following benefits can be availed by you only for next three years from the date of certification:

FARSE designated members are entitled to avail a 40% discount while publishing their
research papers (of a single author) with Global Journals Incorporation (USA), if the
same is accepted by Editorial Board/Peer Reviewers. If you are a main author or co-
author in case of multiple authors, you will be entitled to avail discount of 10%.

Once FARSE title is accorded, the Fellow is authorized to organize a
symposium/seminar/conference on behalf of Global Journal Incorporation (USA).The
Fellow can also participate in conference/seminar/symposium organized by another
institution as representative of Global Journal. In both the cases, it is mandatory for
him to discuss with us and obtain our consent.

You may join as member of the Editorial Board of Global Journals Incorporation (USA)

& after successful completion of three years as Fellow and as Peer Reviewer. In addition,
it is also desirable that you should organize seminar/symposium/conference at least
once.

We shall provide you intimation regarding launching of e-version of journal of your stream time to

—

time.This may be utilized in your library for the enrichment of knowledge of your -

students as well as it can also be helpful for the concerned faculty members. g“-" @

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



The FARSE can go through standards of OARS. You can also play vital role if you have
any suggestions so that proper amendment can take place to improve the same for the
benefit of entire research community.

ournals Rescarch

As FARSE, you will be given a renowned, secure and free professional email address
with 100 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, _
Spam Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc. w

The FARSE will be eligible for a free application of standardization of their researches.

Q Standardization of research will be subject to acceptability within stipulated norms as
i .the next step after publishing in a journal. We shall depute a team of specialized
HWBresearch professionals who will render their services for elevating your researches to

next higher level, which is worldwide open standardization.

The FARSE member can apply for grading and certification of standards of their <
educational and Institutional Degrees to Open Association of Research, Society U.S.A. Y
Once you are designated as FARSE, you may send us a scanned copy of all of your L.-Jf"“
credentials. OARS will verify, grade and certify them. This will be based on your "--'-.Z_'_*_'_f};";;_'}';"
academic records, quality of research papers published by you, and some more ~/
criteria. After certification of all your credentials by OARS, they will be published on your Fellow Profile
link on website https://associationofresearch.org which will be helpful to upgrade the dignity.

The FARSE members can avail the benefits of free research podcasting in Global

) '-'i_.' Research Radio with their research documents. After publishing the work, (including
8B s
-:( :-. published elsewhere worldwide with proper authorization) you can upload your

Lyloiral . . e .
a=nzpaacH aaoiz research paper with your recorded voice or you can utilize chargeable services of our
professional RJs to record your paper in their voice on request.

The FARSE member also entitled to get the benefits of free research podcasting of
their research documents through video clips. We can also streamline your
conference videos and display your slides/ online slides and online research video
clips at reasonable charges, on request.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook



The FARSE is eligible to earn from sales proceeds of his/her
researches/reference/review Books or literature, while publishing with Global
Journals. The FARSE can decide whether he/she would like to publish his/her research
in a closed manner. In this case, whenever readers purchase that individual research
paper for reading, maximum 60% of its profit earned as royalty by Global Journals, will

be credited to his/her bank account. The entire entitled amount will be credited to his/her bank
account exceeding limit of minimum fixed balance. There is no minimum time limit for collection. The
FARSE member can decide its price and we can help in making the right decision.

The FARSE member is eligible to join as a paid peer reviewer at Global Journals L%
Incorporation (USA) and can get remuneration of 15% of author fees, taken from the =3 )
author of a respective paper. After reviewing 5 or more papers you can request to

transfer the amount to your bank account.

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN ENGINEERING (MARSE)

The "MARSE ' title is accorded to a selected professional after the approval of the
Editor-in-Chief / Editorial Board Members/Dean.

The “MARSE” is a dignified ornament which is accorded to a person’s name viz. Dr. L\
John E. Hall, Ph.D., MARSE or William Walldroff, M.S., MARSE.

MARSE accrediting is an honor. It authenticates your research activities. After becoming MARSE, you
can add 'MARSE' title with your name as you use this recognition as additional suffix to your status.
This will definitely enhance and add more value and repute to your name. You may use it on your
professional Counseling Materials such as CV, Resume, Visiting Card and Name Plate etc.

The following benefitscan be availed by you only for next three years from the date of certification.

~ MARSE designated members are entitled to avail a 25% discount while publishing their
- research papers (of a single author) in Global Journals Inc., if the same is accepted by
our Editorial Board and Peer Reviewers. If you are a main author or co-author of a
group of authors, you will get discount of 10%.

As MARSE, you will be given a renowned, secure and free professional email address

with 30 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, Spam w
Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



We shall provide you intimation regarding launching of e-version of journal of your

=/ [ | stream time to time.This may be utilized in your library for the enrichment of
5./@/ knowledge of your students as well as it can also be helpful for the concerned faculty

members.

The MARSE member can apply for approval, grading and certification of standards of )
their educational and Institutional Degrees to Open Association of Research, Society _. &=

US.A. 5y

Once you are designated as MARSE, you may send us a scanned copy of all of your
% credentials. OARS will verify, grade and certify them. This will be based on your
academic records, quality of research papers published by you, and some more

criteria.

It is mandatory to read all terms and conditions carefully.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook



AUXILIARY MEMBERSHIPS

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.

The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five
board members preferably from different streams. The Board will be recognized as “Institutional
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind ——
peer reviewed paper at their end to the board for the verification and to get ‘fafsssa
recommendation for final stage of acceptance of publication. ;

2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions .
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so VA
that proper amendment can take place for the benefit of entire research community.\/@/
We shall provide details of particular standard only on receipt of request from the{']

Board.

The board members can also join us as Individual Fellow with 40% discount on total

fees applicable to Individual Fellow. They will be entitled to avail all the benefits as

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.

Journals Rescar

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

VI



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.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘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
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

VI
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3. Submission of Manuscripts,

4. Manuscript’s Category,
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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
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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
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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.
®  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.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XIX



®  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 If 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.

e 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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