Online ISSN : 2249-4596
Print ISSN : 0975 1
DOI: 10.1740

GLOBAL JOURNAL

Chemical Engineering

R
Liquid-Rich Shale (LRS) Biofuels as Lubrication Qil

Highlights

Dynamic Sorption of Alizarin Photocatalytic Microreactor System

-

Discovering Thoughts, Inventing Future

VOLUME 17 ISSUE 2 VERSION 1.0

©2001-2017 by Global Journal of Researches in Engineering, USA



&

GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: C
CHEMICAL ENGINEERING




GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: C
CHEMICAL ENGINEERING

VOLUME 17 ISSUE 2 (VER. 1.0)

OPEN ASSOCIATION OF RESEARCH SOCIETY



© Global Journal of
Researches in Engineering.

2017.

All rights reserved.

This is a special issue published in version 1.0
of “Global Journal of Researches in
Engineering.” By Global Journals Inc.

All articles are open access articles distributed
under “Global Journal of Researches in
Engineering”

Reading License, which permits restricted use.
Entire contents are copyright by of “Global
Journal of Researches in Engineering” unless
otherwise noted on specific articles.

No part of this publication may be reproduced
or transmitted in any form or by any means,
electronic or mechanical, including
photocopy, recording, or any information
storage and retrieval system, without written
permission.

The opinions and statements made in this
book are those of the authors concerned.
Ultraculture has not verified and neither
confirms nor denies any of the foregoing and
no warranty or fitness is implied.

Engage with the contents herein at your own
risk.

The use of this journal, and the terms and
conditions for our providing information, is
governed by our Disclaimer, Terms and
Conditions and Privacy Policy given on our
website http://gl obaljournal s.us/terms-and-conditior/
menu-jd-1463/

By referring / using / reading / any type of
association / referencing this journal, this
signifies and you acknowledge that you have
read them and that you accept and will be
bound by the terms thereof.

All information, journals, this journal,
activities undertaken, materials, services and
our website, terms and conditions, privacy
policy, and this journal is subject to change
anytime without any prior notice.

Incorporation No.: 0423089
License No.: 42125/022010/1186
Registration No.: 430374
Import-Export Code: 1109007027
Employer Identification Number (EIN):
USA Tax ID: 98-0673427

Global Journals Inc.

(A Delaware USA Incorporation with “Good Standing”; Reg. Number: 0423089)
Sponsors:Open Association of Research Society
Open Scientific Standards

Publisher’s Headquarters office

Global Journals® Headquarters

945th Concord Streets,

Framingham Massachusetts Pin: 01701,
United States of America

USA Toll Free: +001-888-839-7392
USA Toll Free Fax: +001-888-839-7392

Offset Typesetting

Global Journals Incorporated
2nd, Lansdowne, Lansdowne Rd., Croydon-Surrey,
Pin: CR9 2ER, United Kingdom

Packaging & Continental Dispatching

Global Journals Pvt. Ltd.
E-3130 Sudama Nagar, Near Gopur Square,
Indore, M.P., Pin:452009, India

Find a correspondence nodal officer near you

To find nodal officer of your country, please
email us at local@globaljournals.org

eContacts

Press Inquiries: press@globaljournals.org

Investor Inquiries: investors@globaljournals.org
Technical Support: technology@globaljournals.org
Media & Releases: media@globaljournals.org

Pricing (Including by Air Parcel Charges):

For Authors:
22 USD (B/W) & 50 USD (Color)

Yearly Subscription (Personal & Institutional):
200 USD (B/W) & 250 USD (Color)



EDITORIAL BOARD

GLOBAL JOURNAL OF RESEARCH IN ENGINEERING

Dr. Ren-Jye Dzeng Dr. Eric M. Lut

Professor Ph.D,,

Civil Engineering Structural Engineering

National Chiao-Tung University Department of Civil

Taiwan & Environmental Engineering

Dean of General Affairs Syracuse University, USA

Ph.D., Civil & Environmental Engineering

University of Michigan, USA

Ph.D., Dept. of Mechanics and Mathematics, Ph.D. Mechanical Engineering & Materials Science,
Moscow University Duke University, US

Moscow, Russia Assistant Professor College of Engineering,
Bell Laboratories Nanyang Technological University, Singapore

Physical Sciences and

Engineering Research Division, USA

Dr. Pangil Choi Dr. Pallav Purohit

Ph.D. Ph.D. Energy Policy and Planning

Department of Civil, Environmental, and Construction Indian Institute of Technology (IIT), Delhi
Engineering Research Scientist,

Texas Tech University, US International Institute for Applied Systems Analysis

(IIASA), Austria

Dr. Iman Hajirasouliha Dr. Zi Chen

Ph.D. in Structural Engineering Ph.D. Department of Mechanical & Aerospace
Associate Professor, Engineering,

Department of Civil and Structural Engineering, Princeton University, US

University of Sheffield, UK Assistant Professor, Thayer School of Engineering,

Dartmouth College, Hanover, US

Ph.D., Department of Electrical Engineering, Ph.D., Industrial Engineering at University of Perugia
Hong Kong Polytechnic University, (Italy)
Department of Automatic Control, "Automotive Design" at Engineering Department of

Beijing University of Aeronautics and Astronautics, China Messina University (Messina) Italy.



Dr. Joaquim Carneiro Dr. Maurizio Palesi

Ph.D. in Mechanical Engineering, Ph.D. in Computer Engineering,
Faculty of Engineering, University of Catania

University of Porto(FEUP), Faculty of Engineering and Architecture
University of Minho, Italy

Department of Physics, Portugal

Dr. Hai-Wen Li Dr. Cesar M. A. Vasques

Ph.D., Materials Engineering Ph.D., Mechanical Engineering
Kyushu University Department of Mechanical Engineering
Fukuoka School of Engineering, Polytechnic of Porto
Guest Professor at Aarhus University, Japan Porto, Portugal

Dr. Wei-Hsin Chen Dr. Stefano Invernizzi
Ph.D., National Cheng Kung University Ph.D. in Structural Engineering
Department of Aeronautics Technical University of Turin,
and Astronautics, Taiwan Department of Structural,

Geotechnical and Building Engineering, Italy

Dr. Saeed Chehreh Chelgani Dr. T.S. Jang

Ph.D. in Mineral Processing Ph.D. Naval Architecture and Ocean Engineering
University of Western Ontatrio, Seoul National University, Korea
Adjunct professor, Director, Arctic Engineering Research Center,
Mining engineering and Mineral processing The Korea Ship and Offshore Research Institute,
University of Michigan Pusan National University, South Korea

Belen Riveiro Dr. Jun Wang
Ph.D., Ph.D. in Architecture, University of Hong Kong, China
School of Industrial Engineering Urban Studies
University of Vigo, Spain City University of Hong Kong, China

Dr. Bin Chen Dr. Salvatore Brischetto
B.Sc., M.Sc., Ph.D., Xi’an Jiaotong University, China. Ph.D. in Aerospace Engineering, Polytechnic University of
State Key Laboratory of Multiphase Flow in Power Turin and
Engineering in Mechanics, Paris West University Nanterre La Défense
Xi’an Jiaotong University, China Department of Mechanical and Aerospace Engineering,

Polytechnic University of Turin, Italy



Dr. Francesco Tornabene Dr. Wesam S. Alaloul

Ph.D. in Structural Mechanics, University of Bologna B.Sc., M.Sc.,
Professor Department of Civil, Chemical, Environmental Ph.D. in Civil and Environmental Engineering,
and Materials Engineering University Technology Petronas, Malaysia

University of Bologna, Italy

Dr. Togay Ozbakkaloglu Dr. Sofoklis S. Makridis

B.Sc. in Civil Engineering B.Sc(Hons), M.Eng, Ph.D.
Ph.D. in Structural Engineering, University of Ottawa, Professor Department of Mechanical Engineering
Canada University of Western Macedonia, Greece

Senior Lecturer University of Adelaide, Australia

Dr. Paolo Veronesi Dr. Ananda Kumar Palaniappan

Ph.D., Materials Engineering B.Sc., MBA, MED, Ph.D. in Civil and Environmental
Institute of Electronics, Italy Engineering,
President of the master Degree in Materials Engineering Ph.D. University of Malaya, Malaysia
Dept. of Engineering, Italy University of Malaya, Malaysia
Dr. Maria Daniela Dr. Zhen Yuan
Ph.D. in Aerospace Science and Technologies B.E., Ph.D. in Mechanical Engineering
Second University of Naples University of Sciences and Technology of China, China
Research Fellow University of Naples “Federico IT”, Ttaly Professor, Faculty of Health Sciences, University of Macau,
China

Dr. Charles-Darwin Annan Dr. Hugo Silva
Ph.D., Associate Professor
Professor Civil and Water Engineering University Laval, University of Minho
Canada Department of Civil Engineering

Ph.D., Civil Engineering
University of Minho, Portugal

Dr. Stefano Mariani Dr. Jui-Sheng Chou

Associate Professor Ph.D. University of Texas at Austin, U.S.A.

Structural Mechanics Department of Civil and Construction Engineering
Department of Civil National Taiwan University of Science and Technology
and Environmental Engineering, (Taiwan Tech)

Ph.D., in Structural Engineering
Polytechnic University of Milan, Italy



Dr. Shaoping Xiao Dr. Fausto Gallucci

BS, MS Associate Professor

Ph.D. Mechanical Engineering, Northwestern University Chemical Process Intensification (SPI)
The University of Iowa Faculty of Chemical

Department of Mechanical and Industrial Engineering Engineering and Chemistry

Center for Computer-Aided Design Assistant Editor

International J. Hydrogen Energy, Netherlands

Dr. Vladimir Gurao Prof. (LU) Prof. (UoS) Dr. Miklas Scholz

Associate Professor Cand Ing, BEng (equiv), PgC, MSc, Ph.D., CWEM, CEnv,
Ph.D. in Mechanical / CSci, CEng,

Aerospace Engineering FHEA, FIEMA, FCIWEM, FICE, Fellow of IWA,
University of Miami VINNOVA Fellow, Marie Cutie Senior Fellow,
Engineering Technology Chair in Civil Engineering (UoS)

Wetland systems, sustainable drainage, and water quality

Dr. Adel Al Jumaily Dr. Houfa Shen

Ph.D. Electrical Engineering (AI) Ph.D. Manufacturing Engineering, Mechanical Engineering,
Faculty of Engineering and I'T Structural Engineering
University of Technology, Sydney Department of Mechanical Engineering

Tsinghua University, China

Dr. A. Stegou-Sagia Dr. Kitipong Jaojaruek

Ph.D. Mechanical Engineering, Environmental B. Eng, M. Eng
Engineering School of Mechanical Engineering D. Eng (Energy Technology, Asian Institute of
National Technical University of Athens Technology).

Kasetsart University Kamphaeng Saen (KPS) Campus
Energy Research Laboratory of Mechanical Engineering

Dr. Jalal Kafashan Dr. Haijian Shi

Mechanical Engineering Ph.D. Civil Engineering
Division of Mechatronics Structural Engineering

KU Leuven, BELGIUM Oakland, CA, United States



Dr. Omid Gohardani Dr. Burcin Becerik-Gerber

Ph.D. Seniot Aerospace/Mechanical/ University of Southern Californi

Aeronautical Engineering professional Ph.D. in Civil Engineering

M.Sc. Mechanical Engineering DDes from Harvard University

M.Sc. Aeronautical Engineering M.S. from University of California, Berkeley

B.Sc. Vehicle Engineering M.S. from Istanbul Technical University

Orange County, California, US Web: i-lab.usc.edu

Asistant Professor, Maritime Univeristy of Szczecin Ph.D., (IT) in Faculty of Engg. & Tech.

Szczecin, Poland Professor & Head, Dept. of ISE at NMAM Institute of
Ph.D.. Eng. Master Mariner Technology

Web: www.mendeley.com/profiles/maciej-gucma/

Dr. Vivek Dubey(HON.) Dr. Minghua He

R (et st Department of Civil Engineering
Tsinghua University

Beijing, 100084, China

MS (Mechanical Engineering)
University of Wisconsin
FICCT

Editor-in-Chief, US
editorUS@globaljournals.otg

Ph.D. Electrical Engineering Ph.D. Dep. Cartographic and Land Engineering,
The Pennsylvania State University University of Salamanca, Avila, Spain

121 Electrical Engineering Fast

University Park, PA 16802, US

Dr. Alex W. Dawotola Dr. Fentahun Moges Kasie

Hydraulic Engineering Section, Department of mechanical & Industrial Engineering,
Delft University of Technology, Institute of technology
Stevinweg, Delft, Netherlands Hawassa University Hawassa, Ethiopia

Dr. M. Meguellati Dr. Ciprian LAPUSAN
Department of Electronics, Ph. D in Mechanical Engineering
University of Batna, Batna 05000, Algeria Technical University of Cluj-Napoca

Cluj-Napoca (Romania)



Dr. Zhibin Lin Dr. Chao Wang

Center for Infrastructure Engineering Studies Ph.D. in Computational Mechanics
Missouri University of Science and Technology Rosharon, TX,
ERL, 500 W. 16th St. Rolla, Us
Missouri 65409, US

Dr. Shun-Chung Lee Hiroshi Sekimoto
Department of Resources Engineering, Professor Emeritus
National Cheng Kung University, Taiwan Tokyo Institute of Technology, Japan

Ph.D., University of California, Berkeley

Dr. Philip T Moore Dr. Steffen Lehmann

Ph.D., Graduate Faculty of Creative and
Master Supervisor Cultural Industries

School of Information PhD, AA Dip

Science and engineering University of Portsmouth, UK

Lanzhou University, China

Dr. Gordana Colovic Dr. Yudong Zhang

B.Sc Textile Technology, M.Sc. Technical Science B.S., M.S., Ph.D. Signal and Information Processing,
Ph.D. in Industrial management. Southeast University
The College of Textile — Design, Technology and Professor School of Information Science and Technology at
Management, Belgrade, Serbia Nanjing Normal University, China
Dr. Xianbo Zhao Dr. Philip G. Moscoso
Ph.D. Department of Building, Technology and Operations Management
National University of Singapore, Singapore, IESE Business School, University of Navarra
Senior Lecturer, Central Queensland University, Australia Ph.D in Industrial Engineering and Management, ETH
Zurich

M.Sc. in Chemical Engineering, ETH Zurich
Link: Philip G. Moscoso personal webpage



CONTENTS OF THE ISSUE

A w =

Vi.
Vii.
Viii.

Copyright Notice
Editorial Board Members
Chief Author and Dean
Contents of the Issue

Using Biofuels as Lubrication Qil. 7-6

Synthesis of Polymers by a Solar Photocatalytic Microreactor System. 7-16
Dynamic Sorption of Alizarin Red S by Fixed Bed Activated Carbon. 17-25
A Simulation Study of the Factors that Impact Gas-Oil Ratio (GOR) Behavior
in Liquid-Rich Shale (LRS) Reservoirs. 27-43

Fellows

Auxiliary Memberships

Process of Submission of Research Paper
Preferred Author Guidelines

Index



N2 GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: C
CHEMICAL ENGINEERING

Volume 17 Issue 2 Version 1.0 Year 2017

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4596 & Print ISSN: 0975-5861

Global Journals Inc.

Using Biofuels as Lubrication Oil
By Sabah Alali, Meshal Aldaihani, Waleed Abuhaimed & Khaled Alanezi

Abstract- As environmentalconcerns grow, vegetable oils arefinding their way into lubricants for
industrialand transportation applications.These oils offer significant environmentalbenefits with respect to
resourcerenewability and biodegradability, as wellas providing satisfactory performance in awide array of

applications.
This paper aims to determine the properties of different biofuel lubricants prepared from vegetable

oils. The investigations of temperature and viscosity propertiesof the lubricating oil were established and

their effect on the property changes of the lubricant.
Experiments are created based on SVM test machine, the results shows density, absolute
viscosity, and kinematic viscosity of three vegetable oils, the tested oils are Palm, Corn, and Almond oils.
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Using Biofuels as Lubrication Ol

Sabah Alali “, Meshal Aldaihani °, Waleed Abuhaimed ?, Abdulgader Alfuraij ® & Khaled Alanezi*

Abstract- As environmentalconcerns grow, vegetable oils
arefinding their way into lubricants for industrialand
transportation  applications.These oils offer significant
environmentalbenefits with respect to resourcerenewability
and biodegradability, as wellas providing satisfactory
performance in awide array of applications.

This paper aims to determine the properties of
different biofuel lubricants prepared from vegetable oils. The
investigations of temperature and viscosity propertiesof the
lubricating oil were established and their effect on the property
changes of the lubricant.

Experiments are created based on SVM test
machine, the results shows density, absolute viscosity, and
kinematic viscosity of three vegetable oils, the tested oils are
Palm, Corn, and Almond oils.
Keywords:  biofuels,  lubricants,
environment.

vegetable  oils,

[. INTRODUCTION

he use of natural fats and oils by man date back to
Tvery ancient times.Fats and oils have specific

chemical properties which make them very useful
as lubricants. Vegetable, animal and marine sourcesare
the main sources of natural fats and oils and their
chemical naturewouldmake them very useful in many
applications. Fats and oils are naturally occurring
substancesthat consist predominantly of mixtures of
fatty acidesters derived glycerol [1].

Vegetable oils are a renewable energy source in
that they are created from plants that can be regrown
and they consist mainly of tri-esters of straight-chained,
mostly unsaturated fatty acids with glycerol. [2, 3].What
distinguish these vegetable oils is that they have higher
levels of biodegradability and lower toxicity than
conventional mineral or synthetic oils. Therefore, these
biofuels can be utilized with ease in cars and other
places since they do not require muchchemical or
physical property changes. Many scientists believe that
the use of biofuels as carbon neutral would be beneficial
to the environment since the carbon produced when
burning them is offset by the carbon consumed by the
plants they came from. Research suggests that using
biofuels would help in reducing carbon emissions by 50-
60%. They are other benefits for using vegetable oilsas
biofuels, for example biofuels from vegetable oils have a
very low volatility, good high lubricity and high viscosity
index, as well as lower cost than most synthetic oils [4,
5, 6]. Many researches have pointed out that the use of

Author a o p @ ¥ Chemical Engineering Technology Department,
College Of Technological Studies (CTS), P.O. Box 42325, Shuwaikh,
70654, Kuwait. e-mail: sas.alali@paaet.edu.kw

biofuels as lubricants has its own drawbacks for
example using land for biofuel crops this will mean less
land for food production. Also, vegetable oils have low
thermal and oxidative stabilities, narrow viscosity range
and higher pour points than both mineral or synthetic
oil-based lubricants, that's why vegetable oils have a
limited use as lubricants and their use in the industry is
not yet extensive [7, 8, 9].

e Lubricant's performance for a certain systemis a
very important characteristic that should be
quantified and it can be determined by carrying out
specific experimental tests. The lubricity of a
substance is not a material property whichcannot be
measured directly. The lubricity of the fuel is an
indication of the amount of wear or scarring which
happens between two metal parts covered with the
fuel as these metal parts come in contact against
each other. Low lubricity fuel may cause high wear
and scarring and high lubricity fuel may provide
reduced wear and longer component life. Biofuels
such as vegetable oils are used as lubricants,
specifically, when there is a leakage of equipment or
where the system is designed tofunction by loss
lubrications.  Systems, such as:Open gear
lubricants, arming, mining, and forestry equipment,
hydraulic oils etc.

The viscosity index (VI) is a very important
property of the biofuels, which is a relative measurement
in change of base fluid viscosity between 40°C and
100°C. The viscosity index indicates the change in
viscosity over an extended temperature range. It is well
documented that vegetable oils display very high
viscosity indices (VI) compared to mineral oils. Also,
vegetable oils can afford higher flash points as
compared to mineral oils[10].

Vegetable oils are high-performance base oils
which are extracted from coconut, palm and soy.These
vegetable oilsare considered as lubricants and they are
compatible withadditives currently used in thelubrication
industry. These vegetable oils have many advantages
such as: low cost, acceptable low-temperature
properties, and acceptable oxidative and
thermalstability. Fattyacids are normally contained in
some vegetable oils and it would improve its lubricity,
forexample fatty acids that exist in the palm oil, tend to
cling to metal surfacesmore effectively than mineral oils
andtherefore provide improved lubricity.The research
main point is using biofuels as light lubricant with low
heat applications like joints, track, bearings. So,the
experiments were carried out at various temperatures

© 2017 Global Journals Inc. (US)
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and the results showed thatoil viscosity will change with
temperature, so the temperature range is the main point.

Table (1): Several types of vegetable-based lubricants developed for industry applications (11)

Canola ail Hydraulic oils, tractor transmission fluids, metalworking fluids, food grade Iubes,
penetrating oils, chain bar lubes

Castor il Gear lubricants, greases

Coconut oil Gas engine oils

QOlive ol Automotive lubricants

Palm il Rolling lubricant,-steel industry, grease

Rapeseed oil Chain saw bar lubricants, air compressor-farm equipment, Biodegradable greases

Safflower oil Light-colored paints, diesel fuel, resins, enamels

Linseed oil Coating, paints, lacquers, varnishes, stains

Soybean oil Lubricants, biodiesel fuel, metal casting/working, printing inks, paints, coatings, soaps,
shampoos, detergents, pesticides, disinfectants, plasticisers, hydraulic oil

Jojoba ail Grease, cosmetic industry, lubricant applications

Crambe oil Grease, intermediate chemicals, surfactants

Sunflower oil Grease, diesel fuel substitutes

Cuphea ail Cosmetics and motor oil

Tallow ol Steam cylinder oils, soaps, cosmetics, lubricants, plastics

The experimental data obtained of vegetable
oils showed that low values of kinematic viscosities at
40°C but higher values of kinematic viscosities at 100°C
(12) with higher viscosity index range from 203 to 263.
Also, vegetable oilsviscosity showed much variation
over temperature range and have instability and poor
temperature properties. Results showed that corn oil
and soybean oil were more viscous at high
temperatures than synthetic oil.

II. THE SVM MACHINE

Absolute and kinematic viscosity measurements
procedure were used to find the viscosity with
temperature relationship from different bio-fuels. The
device shown in figure (1) is the SVM 3000 and its
measuring process depends on torque and speed
measurements. The SVM 3000 uses a rotating magnet
which produces eddy current field.

Figure (1): SVM 3000 device

© 2017 Global Journals Inc. (US)




soft iron ring
magnet

hall effect sensor

tube (constant speed)
rotor (measured speed)
copper casing

sample

Figure (2): SVM 3000 measuring unit main components

[1I.  DATA AND RESULTS

Experiment and results are created based on
certain procedure related to SVM3000 machine. Corn,
Palm, and Aimond oils were tested based on Absolute
viscosity, kinematic viscosity, and density. The oll
samples are taken from commercial oil products
available in market, the test is done in College of
Technological Studies (CTS) in PAAET (Public Authority
of Applied Education and Training-Kuwait).

The first group of results showed the relation
between temperature and oil specific gravity as shown
in figure (3). The results show that as the temperature
increases a decrease in the Corn, Palm, and Aimond
oils specific gravity was noticed. Therefore, it can be
deduced that the specific gravity of these vegetable oils
(density) is dropped with increasing temperature.

0.93
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L 1
o>
2 d 1=
SH)>

0.91

Specific Gravity

0.9

0.89

0.88
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2 d 1=
SH>
3 d | =
3 d 1
' d | =
3 d 1
3 d |z
3 d |
® >

20 40 60 80 100

Temperature [C°]

¢ PALM OIL
B ALMOND OIL
A CORN OIL

The relation between vegetable oils specific
gravity and temperature is linear, by using regression
the linear relation is obtained for all oils (Corn, Palm, and

Figure (3): Bio Fuel (oils) Specific gravity vs. temperature

Almond). In figure (4) all types of Bio fuels have the

same linear inclination (slope), so the behavior of the
tested Bio-fuels with temperature is the same if the view
point is the oil density or specific gravity.
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Figure (4): Linear Regression of Bio Fuel (oils) Specific gravity vs. temperature
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Figure (5): Bio Fuel (oils) absolute viscosity vs.

The oil and new engine oil viscosity is
mathematically simulated in sixth order polynomial using
Excel software, the mathematical equation is in the form:

u=a,+a;T +a,T? + asT3 + a,T* + asT> + agT®

© 2017 Global Journals Inc. (US)
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Figure (6): Palm oil absolute viscosity vs. temperature
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Figure (7): Almond oil absolute viscosity vs. temperature
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+162.24

50
40

30 Corn Oil

——Poly. (Corn Qil)
20
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10
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Temperature [Co]

Figure (8): Corn oil absolute viscosity vs. temperature

Figure (6) shows mathematical modelling of
Palm oil with temperature, the polynomial of absolute
viscosity is of order six, also figures (7) and (8) show
mathematical model of Corn and Almond oil, the
coefficients of all oil polynomials are obtained.

IV.  CONCLUSIONS

Different vegetable oils were tested using
SVM3000 viscosity machine, this paper aims to create
viscosity modelling of these vegetable oils. The tested
oils are Palm, Almond, and Corn, the experimental
results obtained are oil absolute viscosity, kinematic
viscosity, and specific gravity. A sixth order polynomial
for absolute viscosity was obtained to show the oil
mathematical model, also a linear equation is created
using Excel software for the tested vegetable oils
specific gravity with temperature.
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Synthesis of Polymers by a Solar Photocatalytic
Microreactor System

Mohammad F. Abid *, Raid N. Howyeen °, Hiba M. Abdulla ®, Mohamed H. Hilal ® Ahmed S. Hamod*
& Abeer Sameer®

Abstract- The present work aimed to study the feasibility of
microreaction process for polyaniline synthesis under solar
light. A chemical method to prepare polyaniline is presented in
which a continuous operated solar photocatalytic microreactor
is utilized to promote the polymerization of aniline. The
photopolymerization method yields a polymeric material that
has been scanned by electron microscopy (SEM). Results
showed that the initial operating temperature has a positive
impact on the rate of polymerization but affects negatively the
yield of polyaniline. The yielded of polyaniline is decreased as
LHSV of the microreactor increased. An optimum
(oxidant/aniline) molar ratio of about1.25 is found to give the
maximum vyield of polyaniline.Comparison  between
microreactor’s performance and performance of previous
published works were presented. Results of the present study
confirmed the feasibility of the solar microreaction process for
synthesis of polymeric materials.

Keywords: microreaction; solar irradiation; continuous
process; photocatalysis; polymerization.

[.  INTRODUCTION

Dolyaniline (PANI) has been considered a valuable
electric-conductive polymer due to its superior

characteristics of conductivity, stability, different
structures, feasible cost and other excellent
performance (Benabdellahet al., 2011). PANI has been
applied in many industrial fields such as LED, electrode
manufacturing, isomerization of electro-materials,
electrodes of storage batteries, enzyme fixation and etc.
Langer et al. (2001). PANI has been synthesized by
different methods such as chemical, co-mixing of
solution, and co-blending by agitation (Malinauskas,
2004). The synthesis of PANI using ammonium
persulfate (APS) as oxidizing agent was demonstrated
by (Stejskal, 2002).Silver nitrate (AgNO,) was used as
oxidizing agent for aniline polymerization in the aqueous
solution of HNO3 by (Blinovaet al., 2009). The effect of
light adsorption on the macroscopic structure of
polymer  was investigated  theoretically  and
experimentally by (Daset al., 2005). They concluded that
polymerization of aniline is induced by light of suitable
wavelength. A minimization in the time of aniline
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polymerization under UV-irradiation was reported by
(Gustavoet al., 2010). Most the production processes of
polyaniline are using batch mode (Kulkarniet al., 2015).
(Kulkarniet al. (2015) have useda spiral microreactor for
the continuous production of polyaniline nanoparticles
ofsize of 2453 nm from a mixture of 0.04 M
concentration of aniline and 0.05 M concentration of
AgNOBSas oxidizing agent They reported that AgNO,acts
as a mild oxidizing agent and it was found to be more
effective for obtaining nanosize of PANI particles. The
effects of neutron and gamma radiations on the
electrical, optical, chemical and structural properties of
PANI for the same batch were studied by (Sonkawadeet
al., 2010). They reported that PANI samples showing
increase in conductivity after radiation. They observed
the formation of new bands after irradiation which may
be due to the cross-linking of polymer chain after
irradiation.

Recently, microreaction process has been
evolved as a novel technology which has been utilized
to establish new concept for design, trouble shooting,
and control in many fields of industry (Saliéet al. 2012,
Rebrovet al., 2003;Kusakabe, 2002). It is well-known that
countries of the Arabian Gulf have received solar
incident energy for almost 300 day per year. The
measured average incident UV-energy is 45 W.m? — 64
W.m?2 for class UV-A, and for class UV-B, the average
VU-solar energy is 0.19 W.m? - 0.33 W.m?(ISERC,
2012). This makes it promising to use the UV-solar
energy for many environmental and industrial
applications such as wastewater treatment and
synthesis of polymeric materials. Solar irradiation for
desulfurization of gas oil in a Y-shaped catalytic
microreactor was utilized by (Abid, 2015). He
investigated the effect of different operating variables
(e.g., concentration of dibenzothiophene, liquid hour
space velocity, initial feed temperature, and hydrogen
peroxide: dibenzothiophene ratio) on the reactor
performance. He reported that the percentage removal
of sulfur in the Y-shaped microreactor was 65% in
approximately 9 (min) comparing to 340-400 (min) in a
batch reactor of macroscopic scale used for
desulfurization operation of gas oil.

Aniline in 1 M HCL solution could be
polymerized using (APS) as oxidant through two steps.
The first is the oxidation to form PANI (emeraldine)
hydrochloride. The second step is the deprotonation in
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ammonium hydroxide solution to yield PANI -emeraldine
base (Faris, 2007; Sapurina and Stejskal, 2010). An
overview on formation of image with PANI by photo-
induced reaction was presented by (Kobayashi et al.,
1998). They proposed that photogenerated holes on the
irradiated surface of the sensitizer could oxidize the
aniline derivatives initiate polymerization while the metal
complexes reduced by the photogenerated electrons
and precipitated on part of the sensitizer which needed
to regenerate (flushed) after periods of operating time.
The fractional degradation (x) of aniline was calculated
according to equation 1. The percentage yield of PANI
was calculated on the basis of the unreacted aniline and
estimated according to equation 2:

Co—C (t) (1)
Co

Where Coand C(t)are the initial and instantaneous

concentration of aniline in solution, respectively.

% PANI y/e/o’= we%'g‘ht of ‘PANI prodTl.‘ced %100 (2)
Initial weig ht of aniline

The aim of the present study was to design,
fabrication and application of a photocatalytic
microreactor for a continuous operation of PANI
synthesis under incident solar energy. Another objective
was to investigate the influence of the operating
variables (e.g., APS/aniline molar ratio, inlet mixture flow
rate, and initial feed temperature) onthe morphology of
the produced aniline and also on performance of the
microreactor.

Aniline conversion (x) =

[I. MATERIALS AND METHODS

a) Materials
Chemicals used in the present study are: TiO,
(80% (w/w) anatasa, average particle size 20nm, and

specific surface area 60+10 m?/g) was supplied from
Xinyue Chemical Co., China and used as a sensitizer.
Aniline (99% w/w) was obtained from Thomas Baker
Chemicals. Ammonium peroxydisulfate((NH,),S,0g, 98%
w/w) was purchased from Fluke Chemical Co. Cobalt (Il)
chloride-6-water(CoCl,.6H,0) was obtained from Merk
and used as an electron acceptor. Hydrochloric acid
(36% w/w) and caustic soda (Flakes) were obtained
from Bayer. Water used was obtained from the RO
plant.

b) Methods

i. Analytical methods

UV-Visible spectrophotometer type Shimadzu
(UB-1201 PC) was used to record the UV-Vis spectrum
of aniline in HCI. Scanning electron microscope (SEM)
(Model: Inspect 50S, supplied by FEI-USA) was used to
test the deposition process of photo-catalyst
nanoparticles on the microchannel and also to examine
the surface morphology of the polyaniline produced. To
construct a calibration curve of aniline concentration vs.
light absorbance, using UV-Vis spectrophotometer,
different amounts of aniline (0.0027, 0.005, 0.0107,
0.032, 0.054, 0.086 and 0.107 mmole) is dissolved in 10
ml of 1 M HCI, respectively. Figure 1 illustrates the
obtained calibration curve of aniline in HCI.
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Figure 1: Calibration curve of aniline in HCI

III.  MICROREACTOR DESIGN AND

FABRICATION
Diffusion concepts were used to correlate the
microreactor s dimensions with the time scales of mass

and heat transports according to the following equations
(Wegenget al., 1996; Branebjerget al., 2005):
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where
I: length of travelling, = time, L: diffusion distance, y:
thermal diffusivity of liquid, D,,; mass diffusivity, U: fluid
speed
The design steps of the microreactor are found
elsewhere in (Abid, 2015; Al-Raie, 2005; Wang et al.,
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2013; Yong and Sangmo, 2003). Figure 2 shows the
dimensions of the reactor pattern as designed and
schemed using 2D AUTOCAD software. CNC milling
machine type C-tek, at the workshops of the University
of Technology (UOT), was used to fabricate the
microreactor which was consisted of two parts, the
upper one was made of a transparent elastic polymer
and the lower one was made of aluminum alloy.

O AN ()

R4

D) YY) T

16.25

o5

@

Figure 2: 2D AUTOCAD schematic of the microreactor, (a) lower part and (b) upper part (all dimensions are in mm)

a) Catalyst
To enhance the polymerization reaction, TiO,
particles were deposited onto the microchannel of the

lower part of microreactor as follows (Abid, 2015):

1. The microchannel was first washed with a 5 wt% of
caustic soda solution.

2. In a 25 ml beaker, half gram of TiO, catalyst was
added to a mixture of 5mL (5 %  w/w HNO,) and
10 mL of 50% (w/w) methanol. The mixture was
intensively homogenized with a magnetic stirrer at
400 rpm.

3. After 30 minutes of agitation, a syringe was used to
draw a 5 ml of the well-dispersed mixture and
injected it into the microchannel. The microchannel
which was filled with suspension allowed drying at
120°C for two hours into an electric oven.

4. The deposition process could be carried several
times so as toavoid naked batches. Microchannel
was scanned using SEM (model Inspect S50, S/N
9922650, FEI Company, USA). Scanning procedure
was carried out at the Department of Applied
Sciences, UOT.

b) Experimental setup

Figure 3a and Figure 3b show a schematic and
an image of the experimental setup, respectively. The
experiments were carried out under solar light and being
repeated under indirect solar irradiation conditions by
installing the experimental setup under shadow.The
operating conditions (i.e., APS: aniline molar ratio, inlet
mixture flow rate, and initial feed temperature) are kept
the same so as to obtain a fair comparison between the
two cases.200 mL of a mixture of aniline in HCI was
contained in a 250 mL graduated glass bottle
connected to a micropump (model 200.015.230.016 by
Williamson Co., England) via a regulating valve. Another
250 mL glass graduated bottle contained 200 mL of
APS in HCI with 0.2 g of (CoCl,.6H,0) was connected to
a second micropump. Temperature of the two bottles
was kept constant by a temperature-controlling water
bath. The mixtures into the two bottles were kept in good
homogeneity by placing the water bath on a magnetic
stirrer as shown in Figure 3a. The suction valves were
calibrated against the level in each container, so
different flow rates could be delivered to the
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SYNTHESIS OF POLYMERS BY A SOLAR PHOTOCATALYTIC MICROREACTOR SYSTEM

microreactor separately in each run. The feed reactants
fed to the microreactor via the two micropumps. The
initial feed temperature was measured by two mercury
thermometers immersed into the bottles.Microreactor
effluent was collected in a graduated 500 mL container.
After passing through the microreactor, the solution was
collected in a product vial containing 1 M NH,OH for
converting polyaniline hydrochloride to a polyaniline

base. Reaction mixture was filtered under vacuum and
washed with ethanol and then dried at 60 ‘C for 6 h to

obtain PANI emeraldine salt (ES) as a green powder. Al
containers and tubing outside the microreactor were
shielded from UV-exposure. Flowrates of 0.75, 1, 1.5,
and 2 L.min™" were used which correlate to 6.9, 5.2, 3.46,
and 2.6 min residence times, respectively. Each run was
repeated at different molar ratios of (APS: aniline).

0,
i

Aniling

Sampling

NH,)25,Qs

@

Figure 3 a: Schematic diagram of the experimental setup

1: Magnetic stirrer with temperature-controlling bath; 2: Micropumps; 3: Microreactor; 4: Product collector

(@)

IV. EXPERIMENTAL DESIGN

The experimental runs were designed using the
factorial method which has a high reliability. Real values
of the controlled variables (F) such as (initial feed
temperature, mixture flow rate, and molar ratio of APS:
aniline) and their corresponding levels (Le) are shown in

© 2017 Global Journals Inc. (US)

(0)
Figure 3 b: Images of the experimental setup (a) and microreactor (b)

Table (1). Each experiment was repeated twice to get
accurate results.



Table 1: Selected levels and factors

Real variables
F Initial feed ,
temperature Mixture flow rate[ml. | (Aps: aniline)

Le [°C] min~] [molar ratio]
1 25 0.75 0.8

2 5 1.00 1.0

3 15 1.2

4 2 1.4

V. RESULTS AND DISCUSSION coating was approximately calculated by estimating the

a) Catalyst deposition

As can be seen in Figure 4 (a and b), the third
coating with TiO, nanoparticles onto the microchannel
lead to complete coverage. The total thickness of

actual weight of TiO, nanoparticles used for coating, the
area covered, and the known bulk density of dried
nanoparticles. The total thickness was approximately
estimated to be 6 um.

Figure 4: SEM images of different coatings of nanoTiO,, after 1st coating (left) and after 3rd coating (right)

b) Morphological Analysis

Figure (5) shows the morphology of PANI
powder synthesized under indirect solar light at 25°C
and under direct solar light at 5 and 25 °C, respectively.
As can be seen in Figure (5a) a surface of porous
structure composed mainly of granular sharp edges in
size ~ 15 um. Figure (5b) shows a granular sharp edge
surface but with less porosity. This may be attributed to
the effect of solar irradiant which indicated that the
morphology of the conducting polymer is strongly
dependent on the irradiated excitation wavelength
(Sonkawade, 2010; de Barros et al. 2003). Micrograph
of Figure (5¢) shows an agglomeration of nano-crystals
in size ~ 2 to 4 um. This agglomeration may be
increased as the operating temperature is reduced
further (Faris, 2007). The SEM micrographs of Figures
(5b) and (5c) confirmed that the morphology of PANI
depends on the solar incident energy and initial feed

temperature used for the preparation. The data reported
by (Faris, 2007;Mattoscet al., 1994) indicated that
decreasing of synthesis temperature may give a
polymer of shorter chains with higher molecular weight.
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Figure 5: SEM micrographs of produced samples (a) Upper left: indirect solar light at 25 °C; (b) Upper right: direct
solar light at 25 °C; (c) down middle: direct solar light at 5 °C

c) Influence of solar incident energy on polymerization
process

Figure (6) plots the effect of solar irradiant
intensity on normalized aniline concentration at different
reaction time at (oxidant-to aniline molar ratio ~ 1.25
and LHSV= 0.145 min™). As can be seen in Fig.6, the
photpocatalytic process affects negatively the time span
of polymerization and positively impacted the yield of
PANI. Table 2 list the influence of solar incident energy

and initial feed temperature on % vyield of the
microreactor at 11.5 min of polymerization time. It could
be observed that solar incident irradiation enhanced the
average vyield by 5% over that of indirect solar while the
average time of polymerization is reduced by 17%. The
polymerization time was reduced by 20 to 27% when
increasing temperature from 5 to 25 °C under indiect
solar and direct solar, respectively.

—e— 25 C direct solar
—=—5 C direct solar
——25 C inderct solar
—e—5 C inderict solar

Polymerization time (min)

20 25

Figure 6: Effect of solar intensity on normalized aniline concentration at different reaction time at (molar ratio of APS:
aniline=1.25, and LHSV=0.145 min™)

© 2017 Global Journals Inc. (US)



Table 2: Effect of solar energy and initial feed temperature on yield at 11.5 min of polymerization time

Direct solar Indirect solar
Temperature [°C] 5 25 5 25
yield [%] 76.5 94 53 64

d) Influence of LHSV and Initial feed temperature

The effect of LHSV and initial feed temperature
on vyield of polyaniline synthesized under solar light is
illustrated in Figure 7. As can be observed, yield is
reduced as LHSV is increased while initial feed
temperature shows a different image. The explanation
for these trends is that increasing LHSV resulted in
decreasing retention time of reactant in the
photocatalytic microreactor, consequently the rate of
oxidation within the reactor is reduced. The yield of

polyaniline is reduced from 94.0 to 84.2% as LHSV is
increased from 0.145 to 0.385 min™ at temperature of 25
°C. The influence of initial feed temperature on
polyaniline yield could be also seen in Figure 7. The
yield increased from 94.0 to 95.1% as the temperature is
reduced from 25 to 5 °C at LHSV= 0.145 min™". As can
be observed, at lower temperature, the increase of
polyaniline yield was predominant. This could be due to
the molecular chains which have less structural defects
at lower temperature.

96
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94 |
93 |

592—

>91

Z90 -

a9 -
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86 |
85 T T
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0 0.1 0.2

LHSV (1/min)

0.3 04 0.5

Figure 7: Variation of polyaniline yield against LHSV at different initial feed temperature and APS-to-aniline molar ratio
=125

e) Influence of (APS: aniline) molar ratio on yield

Figure 8 shows the influence of (APS: aniline)
molar ratio on polyaniline yield. As can be seen when
the APS: aniline ratio gradually increased, the yield of
PANI increases correspondingly keeping other operating
parameters unchanged. The vyield reaches maximum
value (i.e., 95.1%) after then further increase in molar
ratio resulted a gradual decreasing of vyield. It is
expected that all the aniline which consumed by
thereaction at the ratio higher than 1.25 would not
increasethe yield but may cause its decrease because
the over- oxidationmay convert part of the PANI to
quinone. Furthermore, color of the filtrate solution was
changed from green-blue to purple when the APS:
aniline ratio was more than 1.25: 1. This could be an
indication that chain of polyaniline begin to break up.
These results agree well with the findings of (Natalia et
al., 2007; Adams et al., 1996).
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Figure 8. Influence of (APS: aniline) molar ratio on the yield of polyaniline at different initial operating temperature and
LHSV = 0.145 min”

) Comparison of performance between present study
and previous published works

Comparison of performance between present
study and previous published works of (Faris, 2007;
Adams et al., 1996; Rodolfo etal.,2005; Gordanaet al.,
2006) is presented. Different operating temperatures to
synthesis chemically polyaniline with APS at equal molar
ratio of (aniline: oxidant) and 1mol/L hydrochloric acid in
a stirred batch reactor was used by (Faris, 2007). He
reported yields of (86.4, 89, and 90.4%) at operating
temperatures of (25, 0, and -25 °C), respectively. The
Synthesis of polyaniline (PANI) catalyzed by soybean
peroxidase (SBP) at 1°C in either aqueous or partially
organic media in a batch stirred reactor was studied by
(Rodolfo et al.,2005). They claimed a yield of 71% at the
optimum conditions of their experimental run. Gordana
et al. (2006) investigated the kinetics of aniline
polymerization in acid solution with ferric chloride as
oxidant. They performed the polymerization in a special
electro-cell batch reactor at 25 °C. They reported a

maximum yield of 50%. The oxidative chemical
polymerization of aniline in hydrochloric acid solution at
low temperature was studied by (Rodolfo et al.,2005).
They reported that among the reaction parameters
studied which affected the molecular weight and yield of
the polymer were: (a) reaction temperature; (b) solution
pH at the start of the reaction; (c) molar ratio of oxidant:
aniline; (d) total reaction time. They concluded that
polyaniline of high molecular weight may be obtained by
carrying out the polymerization at low temperatures,
typically between - 25 and - 30 °C which required the
use of an inert solute (lithium chloride was the preferred
choice) to keep the aqueous reaction medium mobile.
They reported that molecular weight (daltons) and
yield% of synthesized PANI were (13300010000,
94.2%), (1530009000, 97.5%), (1380007000, 94.9%)
at reaction temperature -20, -25, -30 respectively and
reaction time of approximately 15 h. Table 3 summarizes
the results obtained by different authors.

Table 3: Comparison of performance between present study and previous published works

Substrate Process Type of reactor | Retention time, [min] Yield [%] reference
Chemical (APS) batch 120 (0 °C) 89 Faris (2007)
Enzymatic (SBP) o Rodolfo
+H,0, batch 480 (1 °C) 71 etal. 2005
Electrochemical Batch 180 (25 °C) 50 Gordanaet
Aniline (FeCI3) electro-cell al., 2006
; ~900 942,975,949 | Adamsetal.
Chemical (APS , ; ,
(APS) bateh (-20, -25, -30 °C) (respectively) 1996
Solar photocatalysis S-shaped 14.5 (5 °C) 95 Present work
(APS) microreactor
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V. CONCLUSION

The present work aimed to study the feasibility
of microreaction process for PANI synthesis under solar
light. The chemical polymerization of aniline in agueous
HCI solution with APS as the oxidant was investigated in
a continuous operated solar photocatalytic microreactor
with  TiO, nanoparticles as photocatalyst. The
performance of the system was studied at different
operating conditions (e.g. initial feed temperature,
LHSV, and (APS/aniline) molar ratio). Scanning electron
microscopy (SEM) was used to test the surface
characteristics of the polymeric material produced. It
was shown that surface morphology of PANI samples
affected by solar incident energy characterized by
reduced surface porosity. This could improve the
conductivity of the polymer as confirmed by other
published data. Results showed that initial temperature
has positively affected the rate of polymerization but it
affects negatively the yield of polyaniline, yield of
polyaniline was decreased as LHSV of the microreactor
increased, and an optimum (APS: aniline) molar ratio of
1.25 was found to give the maximum yield of polyaniline.
Results indicated that solar incident irradiation
enhanced the average yield by 5% over that of indirect
solar while the average time of polymerization was
reduced by 17%. The polymerization time was reduced
by 20 to 27% when increasing temperature from 5 to 25
°C under indiect solar and direct solar, respectively.
Data of batch reactors from published literature were
used for performance comparison with the present
work. Results showed that the solar microreaction
system offered an excellent result (i.e., a yield of 95%
under solar light at 5 °C within 14.5 min.) compared with
other published data presented in this study. Results of
the present work confirmed the feasibility of the
microreaction process for analine polymerization under
solar irradiation.
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Dynamic Sorption of Alizarin Red S by Fixed
Bed Activated Carbon

Ali Benhmidene ¢, Khaoula Hidouri °, Hedi Ben Amor ? & Bechir Chaouachi ©

Absiract- Dynamic removal of Alizarin Red S (RAS) by
activated carbon Norit GCA830 has been experimentally
studied in fixed bed column. We can predicted the value of
column parameters as a function of inlet solution dye
concentration, flow rate and bed height. A static study has
been first conducted, from which maximum adsorption
capacity is defined; it's of 385mg/g. Both Freundlich and
Langmuir models were found to fit the sorption isotherm data
well. For dynamic experimental study; series of column tests
using activated carbon were performed to determine the
breakthrough curves with varying the bed height, inlet solution
dye concentration and flow rate. Adsorption capacity in fixed
bed is defined from breakthrough curves is similar of that
defined in static study. In addition adsorption capacity of fixed
bed is correlated in function of operating conditions cited
above. The kinetic model “Bed Depth Service Time” (BDST) is
another method used to defined the adsorption capacity of AC
in fixed bed in addition of other kinetic parameters such as
constant kinetic, the thickness of mass transfer zone and the
velocity of migration of adsorption zone. According to
operating conditions the adsorption capacity is mostly depend
of residence time.

Keywords: alizarin red S, norit GCA830, fixed bed,
adsorption capacity.

[. [NTRODUCTION

ue to the rapid urbanization and rapid growth of
Dindustrialization, large quantities of waste
containing pigments and dyes are discharged
into the receiving aquatic environment.|t is expected that
the dyeing industry is responsible for the release of 100
tons of dyes per year into the environment,
contaminating rivers and springs [1]. Of these dyestuffs,
5-10% is lost in industrial effluents, and consequently,
wastewater treatment is one of the biggest problems we
face today [2]. In fact, due to ineffective treatment
processes, the presence of these dyes will have a
negative impact on environmental life in general [3].
Knowing that synthetic dyes are not biodegradable and
toxic in nature; their presence in the aquatic ecosystem
hinders the growth of biota and affects the food web [4].
In addition, long term human exposure to dye pollutants
increases the risk of tumours, cancers, cerebrovascular
and lung diseases [5].
Nowadays, several industrial sectors use dyes
in their product such as leather, textiles and food
processing industries, there is a primary concern of
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decolorization and treatment of wastewater [6]. In
addition to adsorption which has been widely used,
there are various methods of physical and chemical
treatment for organic dyes. The most important
treatment processes are coagulation and flocculation
[7], photodegradation, biosorption, oxidizing agents,
membrane and ultrafiltration.  The  advantages,
disadvantages and limitations of each technique have
been widely studied by many researchers [8-10].
However, those technologies are costly, less
effectiveand lack adaptability to a wide range of dyes
present in the wastewaters. As a technique obeyed by
environmental rules, capable of eliminating a wide range
of contaminants even at very low concentrations [11],
the adsorption processes presents the most preferable
method for the purification of water from synthetic dyes
[12,13].

The adsorption studies are generally divided
into two parts. The first is the batch adsorption. It has
the advantage to provide useful data and parameters on
the adsorbent and the adsorbent-adsorbent mass
transfer mechanism such as the maximum adsorption
capacities and the kinetic constants as well as the type
of the isotherm inducing the type of kinetics controlling
the adsorption process [14, 15]. The second technique
is that of continuous adsorption, for which the effluent to
be treated flows over a bed of active charcoal or other
adsorbent placed in a fixed bed. This process is also
necessary for access to practical operational information
[16-18]. During the adsorption on a fixed bed, the
columns can be placed in series or in parallel. In this
area, small column studies are started to simulate the
potential performances of adsorption, and then the
results obtained will be extrapolated in large scale
columns or reactors [19,20].

In addition to the kinetic parameters, the
adsorption capacity of activated carbon in a fixed bed is
of great practical importance because it makes it
possible to evaluate the efficiency of the fixed bed with
respect to the elimination of the contaminants [21]. This
was the subject of several studies. Different methods
have been used to access this parameter. We
distinguish among others, those who use the curve of
breakthrough [22,23]. In addition the BDST model and
the Clarks model are frequently used to access in this
parameter [14].

In the present work, we have carried out an
experimental study for testing the ability of Norit
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activated carbon to remove the Alizarin Red S as an
example of anionic dye. Our study is realised for static
regime in Batch reactor. However series of columns is
used in dynamic regime. The adsorption capacity of
activated carbon in static and dynamic is calculated by
using different methods for different operating
conditions.

II.  MATERIAL AND METHOD

a) The Adsorbent

In present study we used activated carbon
NORIT GCAB830; the main characteristics are extracted
from Norit Degital Library is shown in Table 1 [24].

Table 1: main characteristics of NORIT GCA830
activated carbon

Specific surface (m?/g) 1000
Molasses Index 210
min
lodine number (mg/q) 920
min
Moisture conditioning (%) 2 max
Mesh size(%) :
- Greaterthan 8mesh (2.36mm) 8 max
- Lessthan 30 mesh (0.6mm) 4 max
Abrasion number (AWWA) 75 min
Apparent density (mg/l) 0.51
Effective size (mm) 0.86
Density after backwash and drainage 0.45

(g.cm?)

b) The Adsorbate

Our study focused on adsorption of Alizarin Red
S dye by NORIT GCA 830 in batch and fixed bed
reactor. Alizarin Red S (sodium alizarin sulphonate, Cl
58005) is an antraquinone.

Figure 1 shows its chemical structure molecule:

O OH
CoCr
SO3Na
O
Fig. 1: Chemical structure molecule of RAS

The mains property of RAS is resumed in Table 2.

© 2017 Global Journals Inc. (US)

Table 2: Characteristic of RAS

Number (CI) 58005

Class anthraquinone
Molar Wight (g) 342.267
lonisation acide
Ebullition temperature (°C) 430

Fusion temperature (°C) 287-289

c) Batch equilibrium studies

The study of the adsorption of RAS by the
activated carbon NORIT GCA830 in a static condition
was carried out according to the following experimental
protocol:

1000 ml of RAS aqueous solution of variable
initial concentration are stirred with 50 mg of NORIT
GCAB830 of particle size between 0.4 and 0.63 mm at
ambient temperature. After a given stirring time,
samples were taken and then centrifuged at 3000 rpm
for 5 minutes. The supernatant is analyzed using a
spectrophotometer (HATCH DR / 2000).

d) Fixed-bed adsorption experiments
For the experiments under dynamic conditions,
we carried out experiments of adsorption in fixed bed by

using the prototype given in Figure2:

Ing

(1)Storage tank ; (2)feed pump ; (3)glass
column ; (4)activated carbon; (5) support;
(6)valves

1

o

@

Fig. 2: Fixed bed adsorption set up

Each column of inner diameter of 1.2cm,
contains a given weight of active carbon of particle size
of 0.4 to 0.63 mm, corresponding to cumulative height
respectively of 3.3, 5.3, 7.3, 9.3 and 11.3cm. The inlet
solution dye concentration is 25 mg /| to 75 mg /I and
its flow rates are 7, 15, 22.5 and 30ml/s.

I11. RESULTS AND DISCUSSION

a) Baitch equilibrium studies
In order to determine the adsorption parameters
of RAS on NORIT GCA830, the sorption isotherms of



Langmuir and Freundlich isotherms in their linearized
form were determined. We obtain right lines whose
regression coefficient (R2> 0.98).

The values of Langmuir parameters such as the
maximum adsorption capacity q,, and of the equilibrium
constant K, and their of Freundlich (K and n) are
presented in Table 3.

We can be seen that the n value is between 2-
10 the rung indicates a good favourability of sorption
[13]. According of applicability of both Freundlich and
Langmuir  isotherms, we deduce that both
heterogeneous surface and monolayer adsorption
conditions exist under the actual studied process of
sorption

Table 3: Langmuir and Freundlich parameters for RAS Adsorption

Langmuir

Freundlich

K, (I/mg)
0.13

am (My/Q) R2
384.6 0.9978

Ke n R2
78.90

2.55

b) Dynamic sorption
i.  Breakthrough curve
To obtain these curves, we followed, as a
function of the time, the evolution of the concentration of
RAS effluents at the columns exit. The curves are
represented for different height of the absorbent bed
(Figure 3.(a) ) and for three concentrations (Figure
3.(b)). The influence of flow rate on the breakthrough
curve is given in Figure 3.(c).
It can be seen that, these curves are
characterized by two particular points
- The breakthrough time t,: corresponding to the
leakage concentration C, of 0.1C, which it is
chosen arbitrarily, as the extreme value of the RAS
solution concentration at the outlet of column.

- The saturation time 1t corresponding to the
saturation of fixed bed activated carbon, where C, =
Co.

According the results illustrated in above
curves, the evolutions of breakthrough and saturation
times are function of studied parameters. From Figure
3(b), we can be seen that the breakthrough and
saturation times are all the shorter as the height of the
bed is short. However they are shorter as the initial
concentration and flow rates are high (see Figure 3(a)
and (c)).

Co =50 mg/l
F =15 ml/min

——2z=33cm

——z=53cm B
z=73cm

——2z=93cm i

T T T
0 20 40 60 80 100 120 140
Time (h)

1,0

0,8+

06+

F =15 ml/min
Z=93cm

)

04

—=—C,=25mg/l
—e—C,=50mg/l ]
C,=T75mgl

0,24

0,0 st
0 20 40 60 80 100 120 140 160

T T T T T T T
50 // 4
/
40 A 1
/
= 304 / i
B
£
S Co=50mg/l
20+ Z=93cm Bl
——F=225ml/min
104 ——F=15ml/min i
F=7.5ml/min
0 T T T T T T T
0 20 40 60 80 100 120 140 160

Fig. 3: Breakthrough curves for(a)different bed height,
(b)different inlet concentration, (c) different flow rate

In order to understand the evolution of the
breakthrough and saturation time as a function of the
studied parameters, we have plotted in Figure 4 (a) and
(b), those variations respectively versus bed height and
the reverse of flow rate. It can be seen, the increase in t,
and t, is directly proportional to the bed height (Z2), but
inversely proportional to the flow velocity. However, no
relationship could be established to describe the
evolution of t, and t, the initial concentration.
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Fig. 4: Breakthrough and saturation times versus (a) bed height (b) the reverse of flow rate.

An important result can be deduced from these
curves is that the time difference (t,-t,) is independent of
the bed height (Figure 4 (a)). Result means that the
adsorption zone height (where the concentration varies
between 0 and C,) is independent of the bed height. On
the other hand, when the flow rate increases the time
difference (t,-t;) decreases (Figure4 (b)).

ii. Assessment of adsorption capacity
Based on the breakthrough curves, the amount
of RAS adsorbed by activated carbon in the fixed bed is
calculates by using the following equation [25] :

F 't
= — — 1
q m{(c:0 C,)dt (1)

Where F is the volumetric flow and m is the
weight of activated carbon.

The integral in Eg. (1) is equal to the area
includes the ordinate axis and the breakthrough curve,
where it's calculates by using the Matlab software.
Values of adsorption capacity calculated from the
breakthrough curves at different experimental conditions
are grouped in Table 4.

Table 4: Adsorption capacity of fixed bed for different operating conditions

Bed height (m) Flow rate (ml/min) | Inlet concentration (mg/l) Adsorp(tri;;n/capacity
0.033 Bgog)
0.053 380
0.073 e 75 382
0.093 385
0053 25 2223

75 50 347.6
75 380

75 347.6

0.053 15 50 318.7
225 276

It is found that the adsorbed amount depends
of the bed height, the initial concentration and the flow
rate. As the bed height increases the liquid residence
time in the bed increases, and therefore the molecules
of RAS diffuse deeply into the adsorbent grains. This
results in an increase in the adsorbed amount which
reaches its maximum value of 380mg / g when the bed
height exceeds about 0.08m. Increasing inlet
concentration results to increase its gradient in the liquid

© 2017 Global Journals Inc. (US)

film. Consequently, an improvement of the solute
diffusion from the liquid phase to activated carbon
grains. This results in an increasing of adsorbed
amount. However, the adsorbed amount decreases,
when the flow rate increases (Figure 5). In fact, an
increase in flow rate results in a reduction in the
thickness of the liquid film around grain, which has the
effect of improving external diffusion, hence adsorption.
But at the same time there is a reduction in the



residence time and the molecules of solute doesn't
penetrate enough within the adsorbent grains. In sum, a
decrease in the adsorbed amount is observed when the
flow rate increases.

It should be noted that at zero flow velocity, the
adsorbed amount value is about 385 mg / g (see Figure
5). It is equal to that determined by the Langmuir model.

450 -

400 A
350
300
250
200
150 -
100 -
50 -
0 -
0 10 20 30 40

F (ml/min)

q(mg/g)

Fig. 5: Absorption capacity versus inlet flow velocity

As we have seen above, the adsorption
capacity of the fixed bed is a function of the inlet

concentration C,, the flow rate F and the bed depth Z. It
can be written according to Danny et al. [26] in the form:

-4 = wCFb (52)© @)
qm
Where: g, = 385mg/g is the maximum absorption
capacity.

And S is the column section.
The coefficients a, b and ¢ are the slopes of line
plotted in Figure 6 (a), (b), (c). The ordinates

at the origin are respectively C; =W.Fb.(S.Z)°;
C, =w.C3(SZ)° and C,=w.C:.F®, from which we
deduce the mean value of w.

(a)

In(1-(q/gm))

In(Co)

0 . . ; .
1 2 3 4
-1 A
- =2
E
o
S~
S 3
=)
=
= 4 - (b)
-5
In(F)
0
1 ¢ 25
. -2
E 3
S
o 4
£
5
-6
-7
In(5.2)

Fig. 6 (a), (b), (c): Determination of Equation 2
parameters

The adsorption capacity of Norit GCA830 in
fixed bed for the RAS is given by the following
expression:

q

m

1-

= 5000 (C27 % (s2) 2*)
It can be expressed as
q=2385(1-5000( C2¥.F** (s2)>%)) 3)
Figures. 7 (a), (b), (c)shows a good correlation

between the experimental values and those calculated
from Equation (3).

400 T T T T T T
350 . 4
300 4
250+ —— predicted q
Py e Experimental
g
Z 150
C,=50mg/l
1004 Z=53cm
a
o] (a)
0 T T T

T T T
0 5 10 15 20 25 30
F (mL/min)
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Fig. 7 (a), (b), (c) . Comparison of experimental and
calculated absorption capacity for (a)different flow rate,
(b) inlet concentration, (c)bed height

ii. BDST model
The present model, proposed by Hutchins [27],

yields the breakthrough concentration C, to the
breakthrough time.
q 1, .,C
t, = - In(=2-1
* Cu, kG, (cb ) “)

Where u, is the flow velocity (m/s)

According to the Equation (4), the curve t, = f(2)
is a right line called Bed Depth Service Time (BDST). Its
q
Couo
capacity when C, and u, are defined. In addition it can
define the velocity of absorption zone migration v, where

it's the reverse of slope m,.

slopeis m, = ; allowed to calculate the absorption

The ordinate at the origin C, = 1 In(& -1)
kC C,
makes it possible to calculate the kinetic constant k.
When C, and C,, are known.

In addition the thickness of mass transfer zone
Z, is defined as the length at t, =0, it given by the
following equation:

Zy =Z—£ln(g—2—1) (5)

BEST model present many advantageous such
as it reduce the experiments duration. In fact, it is
sufficient to determine the breakthrough time,

© 2017 Global Journals Inc. (US)

corresponding to the breakthrough concentration C,, (C,
= 0.1C,), at different bed height. The curves BDST
plotted at different operating conditions shown in figure
8 (a), (b) are linear (R>0.988).

120 - Co =50mg/| (a)
Cb = 10%Co
100 1 ¢ F=7.5ml/min
80 o F=15 ml/min
360 s F=22.5 ml/min o
(]
§40
0 T T T 1
20 0.02 0.04 0.06 0.08 0.1 0.12
-40 - Z(m)
1
40 F=75ml/min
120 Cb = 10%Co (b)
100 ¢ Co=25mg/l
80 -
. = Co =50 mg/I
£60
g Co =75 mg/|
.':40
20
0 T T T T \
-20 0.02 0.04 0.06 0.08 0.1 0.12
-40
Z(m)

Fig. 8: Curves BDST at(a)different flow rate and
(b)different inlet concentration

As it's shown in Figure 8(a), the variation of inlet
concentration leads to the variation of the slope m,, the
ordinate at the origin C, and the thickness of mass
transfer zone Z,. In addition, increasing the flow rate,
results in a decrease in the slope m, and the ordinate at
the origin C,, Contrary to the thickness of mass transfer
zone Z, (Figure 8(a)).

If m,, C, and Z, are defined from BDST curves,
adsorption capacity q, velocity of migration of
adsorption zone v and the kinetic constant k are defined
too, their values are shown in Table 5 for the different
operating conditions studied.



Table 5: Influence of initial concentration and flow rate on adsorption capacity g, velocity of migration of adsorption
zone v and the kinetic constant k

Co(mg/l) | ug(m/h) m(h/m) | C,(h) qmg/g) | Zo(m) | k(kg.s) | v(10° m/n)
2.92 1390 28.57 209.2 0.02 0.854 0.72
25 5.84 680 18.04 204.7 0.026 1.353 1.47
8.76 415 17.2 187.4 0.041 1.42 2.4
11.68 270 124 162.6 0.045 1.968 3.7
2.92 1155 25.515 348 0.022 0.478 0.866
50 5.84 545 14.385 328.4 0.026 0.848 1.834
8.76 332.5 14.973 300.5 0.045| 0.815 3
11.68 167.5 11.093 268.1 0.050 1.1 5.97
25 590 1390 28.57 209.2 0.020 0.854 0.72
50 1155 25.515 348 0.022 0.478 0.866
75 830 22.29 374.8 0.027 0.365 1.2

As indicated in Table 5, the absorption capacity
increases if we increase the input concentration and if
we reduce the flow rate. It reaches its maximum value of
374 mg/g for the lower flow rate studied. For the
thickness of mass transfer zone Z,, it can be seen that
it's proportional of inlet concentration and flow rate. In
fact, an increase in the flow rate reduces the residence
time of the solution in the bed and consequently the
contact time solute-adsorbent. Thus the molecules don't
penetrate enough within the adsorbent. This results in a
widening of the height of adsorption zone.

Concerning the kinetic constant k, it can be
seen that k increases as the flow rate increases. That
because, the increase in the flow rate results in a
reduction in the thickness of the film through which the
diffusion becomes faster. With respect to the influence
of the initial concentration, k decreases as C, increases.
This evolution was also observed by Danny et al. [28]
during the study of the adsorption of some metals in a
fixed bed of activated carbon.

For the evaluation of the velocity of migration of
the adsorption zone, it's clear that an increase in the flow
rate or the inlet concentration leads to an increase in the
velocity of migration and consequently the exhaustion of
the bed and the saturation of the activated carbon, all
the faster that u, and C, are higher.

IV.  CONCLUSION

In the present work, our aim is to predict the
adsorption capacity of fixed bed activated carbon Norit
GCA830 to remove Alizarin Red S. From the

experiments in Batch reactor the adsorption capacity
determine using Langmuir model is of 385 mg/g. We
are found that both model of Langmuir and Freundlich fit
well our experimental results, but the Langmuir model is
better.

For fixed bed adsorption process, the
breakthrough curves have been plotted at various inlet
dye concentration, bed height and flow rate. The

obtained results show that both breakthrough and
exhaustion times increases with the increase of bed

height and the decrease of flow rate and inlet solution
dye concentration. According the operating condition,
the maximum absorption capacity, calculated from
breakthrough curve area, is about 380mg/g. Using
breakthrough curve, the absorption capacity of fixed
bed is correlated in function of studied operating
condition as following:

The adsorption capacity estimated using the
BDST model increase with the inlet concentration where
it achieved its maximum value of 374mg/g for a lower
flow rate studied. In addition from BDST model, allowed
to define the thickness of absorption zone it's between
0.02 to 0.05m. The constant kinetic and the velocity of
migration of absorption zone estimated by BDST model
are mostly influenced by the residence time.
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A Simulation Study of the Factors that Impact
Gas-0il Ratio (GOR) Behavior in Liquid-Rich
Shale (LRS) Reservoirs

Ibukun Makinde

Abstract- The behavior of producing gas-oil ratio (GOR) in
unconventional reservoirs like liquid-rich shales (LRS) and
conventional reservoirs differ. This is mainly due to major
disparity in the permeability — ultra-low in unconventional
reservoirs in comparison to that in conventional (higher-
permeability) reservoirs. The ultra-low permeability and
porosity of shales, among other factors contribute to the
complex fluid flow mechanisms in these plays. Therefore, there
is a need for a good comprehension of the physics of flow in
liquid-rich shale reservoirs.

This paper particularly investigates how various
factors, ranging from critical gas saturation to compaction
affect producing gas-oil ratio behavior in liquid-rich shale
(LRS) reservoirs. Ten different moderately volatile and highly
volatile (near-critical) oil fluid compositions were considered.
Compositional reservoir simulations for a period of 30 years
were run on a base case multi-fractured horizontal well
(MFHW) model for each fluid type. Results showed that the
different factors had varying impacts on the production
performance and GOR behavior of LRS reservoirs — some
more influential than others. Also, the fluid type, whether
moderate or highly volatile oil, play a major role in determining
how producing gas-oil ratios (GOR) behave in a LRS reservoir.

A proper understanding of unconventional reservoir
production mechanisms is necessary for reliable reserves
estimation, production forecasting and improving oil recovery.
This work contributes to this mission and provides a better
understanding of the performance of liquid-rich shale plays.
Keywords: unconventional resources; gas-oil ratio; liquid
rich shales; volatile oil; production forecasting.

[. [NTRODUCTION

iquid-rich shales (LRS) are shale rocks that contain
Lhigh value oil and gas. Typical examples are the

Eagle Ford play in Texas and the Bakken play
in North Dakota, among several others. In recent times,
LRS reservoirs have become viable sources of oil and
gas production. Initially, the ultra-low permeability and
porosity of shale formations made producing economic
volumes of oil and gas from these reservoirs difficult.
However, technological advancement in the form of
multi-fractured horizontal wells (MFHW) has significantly
improved production from these plays.

Author: Ph.D, holds BSc and MSc degrees in Chemical Engineering
from Mendeleev University of Chemical Technology, Moscow, Russia
as well as MS and PhD degrees in Chemical Engineering from the
University of Houston, Houston, TX. He is presently a Reservoir
Engineer with Petronas. e-mail: ibukunmakinde@rocketmail.com

In oil reservoirs, when reservoir pressure drops
below the bubble point, solution gas evolves. The
degree of undersaturation, production mechanisms of
the reservoirs, fluid PVT properties and other factors
determine the rate of solution gas production. Gas-oil
ratio refers to the ratio of the volume of gas that evolves
out of solution to the volume of produced oil at standard
conditions. In the work by Beliveau (2004), there are
three major factors that impact gas-oil ratio (GOR)
performance — gas-oil relative permeability curve, the
presence of initial gas cap and the strength of any
associated aquifer. In the cases considered in this
study, gas caps were absent and there were no
associated acquifers. Solution gas drive is the primary
drive mechanism in liquid-rich shale reservoirs.

This work studies the impacts of factors and
parameters like bottomhole pressure, critical gas
saturation, degree of undersaturation, fracture half-
lengths, compaction, rock compressibility, etc. on
producing gas-oil ratio (GOR). Whitson and Sunjerga
(2012) demonstrated through the simulation of multi-
fractured horizontal wells (MFHW) that producing GOR
can be strongly dependent on the bottomhole pressure
(BHP) when permeability is very low (approximately less
than 0.001md). Also, Behmanesh et al. (2015) studied
the GOR behavior of a multi-fractured horizontal well
(MFHW) with constant BHP during linear flow. Jones Jr.
(2016) investigated variations in the producing gas-oil
ratio behavior of MFHW in tight oil reservoirs.

With a better knowledge of the behavior of
producing GOR in liquid-rich shale (LRS) plays,
forecasting of solution gas production can be possible.
Yu (2014) presented a method for forecasting solution
gas production based on predicted oil production. He
proposed a specialized plot based on a linear
relationship between the logarithm of a well’'s cumulative
gas-oil ratio (GORcum) and cumulative oil production
(Np). Makinde and Lee (2016) modified this method by
considering a power law relationship between these two
variables. Also, Makinde and Lee (2016) presented a
different approach to forecasting production from LRS
reservoirs — Principal Components Methodology (PCM),
based on the statistical data-driven technique of
principal components analysis. PCM was also used in
another study by Makinde and Lee (2016) to forecast
solution gas production from LRS reservoirs.
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[[. RESERVOIR MODEL DESCRIPTION

A 5000 ft horizontal well, with 20 hydraulic
fractures spaced 250 ft apart was modeled. The
fractures have half lengths of 150 ft and are all infinitely
conductive. Fracture width of 2 ft was used to make
simulation  easier.  Fracture  permeability was
correspondingly reduced to keep the product of width
and permeability (of fractures) at an appropriate level.
Reservoir models with the same fracture conductivity but
different fracture widths yield similar results (Alkouh et
al., 2012).

A commercial compositional simulator was
used to simulate production with ten different reservoir
fluids (moderately and highly volatile oils). Fluids 3 and 4
are near-critical fluids. The well produced for 30 years at
a minimum bottomhole pressure constraint of 1000 psia.
Logarithmically-spaced local grid refinement (LS-LGR)
was used to model pressure drop and fluid flow as
accurately as possible. Figure 1 shows a pictorial
representation of the reservoir model. Tables 1 and 2
show the reservoir data and the reservoir fluid
compositions used.

Figure 1: Basecase Multi-Fractured Horizontal Well (MFHW) Model

Table 1 Reservoir Data for MFHW Model

Permeability 0.001 md
Porosity 0.06
Re=servoir Temperature 250°F
Imitial Reservoir Pressure 5,000 psia
Depth to top of formation A0, 000 ft
Resenvoir Thickness 250 fi
Corey Relative Permeability Exponent 25
Crifical gas saturation, S 0.05
Res=idual saturation of oil {gasioil
- a2
displacement), S..o
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Table 2 Fluid Compositions

Fluid 1 Fluid 2 Fluid 3 Fluid 4 Fluid 5 Fluid 6 Fluid 7 Fluid & Fluid 9 Fluid 10
T Composition | Composition | Composition | Composition | Composition | Composition | Composition | Composition | Composition | Composition

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

CHs 5877 58.07 61.82 53.47 49.43 45.96 4378 51.93 44.42 41.52

CzHe T.57 743 791 11.45 723 5.44 5.24 5.64 9.52 6.12

CaHe 4.09 418 4.42 3.79 a.02 348 3.49 371 7.30 6.74
I-CsHan 091 0.96 1.02 - 23 077 0.81 0.56 - 1.94
N-CsHqg 2.09 1.63 1.74 4.56 3.61 1.78 1.37 1.46 379 3.03
I-CsHan 0Ty 073 0.80 - 1.80 0.66 0.63 0.67 - 1.51
N-CsH4z 1.15 0.80 0.86 2.09 1.79 0.93 0.67 0.72 1.74 1.50
CaHug 1.75 1.14 1.21 1.51 232 1.49 0.96 1.02 1.26 1.95

Cre 2176 2259 17.59 16.92 224 33.50 34938 3078 30.98 34.82

CO: 0.93 232 247 0.90 0.16 079 1.95 208 075 0.13

P} 021 015 0.16 0.30 0.87 018 013 013 0.25 0.73

Highly Volatile Qils Moderately Volatile Oils
GOR, scfibbl 3,024 3,043 4,081 3,967 2,561 1,506 1,755 2128 1,673 1,513
AP1 63.5 63.0 63.5 54.9 65.2 49.2 49.1 46.8 49.7 506
Qil FVF,
bbUsth 3.56 355 - 4.81 3.26 223 219 242 2.32 210
I[1I. SorutioN GAs DRIVE MECHANISM reservoir rock and oil. When reservoir pressure drops

LRS reservoirs under consideration in this work
are shale volatile oil reservoirs (fluids are moderately
and highly volatile oils). Solution gas drive is the primary
drive mechanism in shale volatile oil reservoirs. In this
study, the reservoir is initially undersaturated i.e., the
initial reservoir pressure is greater than the saturation
pressure (bubble point pressure). At this time,
production is mainly driven by the bulk expansion of

below the bubble point, expansion of gases dissolved in
oil provide most of the reservoir drive energy.
lllustrations of gas-oil ratio history, reservoir pressure
and gas saturation with time for one of the fluid samples
in the basecase scenario are shown in Figures 2, 3 and
4. Figure 3 is a semi-log plot of the gas-oil ratio history
to enable proper visibility of the various critical points of
production mechanism of shale volatile oil reservoirs.

6000

Shale Volatile Oil Reservoir - Solution Gas Drive Mechanism

5000

4000

GOR, scf/bbl & Pressure, psia
g
(=]

——Gas Oil Ratio

—— Ave, Reservoir Pressure

A=Y
2000 |/ !
‘ [
]
Bubble
1000
I
a 1
0 2000 4000 6000 8000 10000
Time, days

12000

Figure 2: Shale Volatile Oil Reservoir — Solution Gas Drive Mechanism
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GOR History: Solution Gas Drive Mechanism for Shale Volatile Oil Reservoir
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Figure 3: GOR History: Solution Gas Drive Mechanism for Shale Volatile Oil Reservoirs
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Figure 4. Gas Saturation vs. Time

In Figure 2, it is evident that the reservoir
pressure declines rapidly before reaching the bubble
point. Beyond the bubble point, the rate of decline slows
due to the evolution of gas. The six critical stages of the
GOR history of a well in a shale volatile oil reservoir
driven by solution gas drive mechanism shown in Figure
3 are briefly explained below:

Reservoir pressure is greater than the saturation
pressure (bubble point pressure). Here, no free gas
exists in the formation and the producing GOR s
approximately equal to the initial solution GOR (i.e.,
approximately constant GOR);

The gas saturation starts to increase forming a
“GOR hill”. Though gas is not mobile yet, there is an

© 2017 Global Journals Inc. (US)

increase in the amount of gas released from oil from
point 2 to 3 and an increasing gas saturation;

Due to the continuous rapid decline in pressure
above the bubble point, gas solubility decreases from
point 3 to 4;

The critical gas saturation is reached and gas
can flow;

At this point, the reservoir pressure decreases
below the bubble point, gas evolution accelerates and
producing GOR starts to increase rapidly;

Producing GOR is still increasing after 30 years.
For shale oil reservoirs, the producing GOR may
continue to increase for even longer due to ultra-low
permeability of shales and other contributing factors.



The producing GOR for all the fluid samples
(basecases) are compared and shown in Figure 5. They
all have a similar trend but generally, the more volatile

the fluid, the higher the producing GOR throughout the
production period.

30000

GOR Vs. Time - Volatile Qil Basecases

GOR, scf/bbl

——Fluid 1
——FFluid 2
——Fluid 3
——Fluid 4
——Fluid 5
-Fluid 6
~Fluid 7
~Fluid 8
Fluid @
——Fluid 10

10 100

Time, days

1000 10000

Figure 5: GOR vs. Time — Volatile Oil Basecases

Next, the effects of several factors and
parameters on the gas-oil ratio (GOR) behavior of multi-
fractured horizontal wells (MFHW) in shale volatile oil
reservoirs were examined.

[V.

The gas produced when reservoir pressure
drops below the saturation pressure in an oil reservoir

CRITICAL GAS SATURATION

remains immobile until it reaches a certain threshold.
This threshold is called the critical gas saturation. At and
above the critical gas saturation, gas become mobile
and begin to flow towards the wellbore. Critical gas
saturations of 5% (basecase), 10%, 15% and 20% were
considered to determine the impact on the performance
of MFHW in shale volatile oil reservoirs.

Fluid 1 - Effect of Critical Gas Saturation on GOR
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Fluid 4 - Effiect of Critical Gas Saturation on GOR
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Figure 6: Fluids 1&4 — Effect of Critical Gas Saturation on GOR

Figures 6 and 7 illustrate the impacts of critical
gas saturation on producing GOR (semi-log plots) for
Fluids 1, 4, 7 and 10. Generally, the higher the critical
gas saturation, the lower the producing GOR with time.
There is also a delay in the rise of producing GOR with
time, as critical gas saturation increases. With increasing
critical gas saturation, there is a slight dip in producing
GOR atfter the period of constant GOR. The further away
the fluid is from the critical point, the more pronounced
the dip is. Fluid 4 is a near-critical fluid, therefore, the dip

in producing GOR after the constant GOR period, is
nearly absent in these cases. This can be observed in
Figure 6.
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Fluid 7 - Effect of Critical Gas Saturation on GOR Fluid 10 - Effect of Critical Gas Saturation on GOR
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Figure 7: Fluids 7&10 — Effect of Critical Gas Saturation on GOR
V. BOTTOMHOLE PRESSURE (BHP) BHP due to the large drawdown which led to the

The wells under consideration here produce at
constant flowing bottomhole pressure (BHP). The lower
the BHP below the saturation pressure, the more the
drawdown. Cases of different constant flowing BHPs
were considered including when the BHP is equal to the
bubble point pressure. The basecase is a constant
flowing BHP of 1000 psi. The lower the constant flowing
BHP, the higher the producing GOR except for the
cases of 100 psi and below for the least volatile oil —
Fluid 10, 250 psi and below for other moderately volatile
oils and from 500 psi and below for highly volatile oils. In
these cases, the producing GOR towards the end of the
production time decreases with lesser constant flowing

production of gas reaching a peak quickly and declining
with time till the end. The more volatile the fluid, the
quicker the producing GOR reaches a peak and starts
to decline even at higher flowing bottomhole pressures.
When the constant flowing BHP is equal to the bubble
point pressure, the producing GOR remains constant
throughout the production. There is a mild increase in
producing GOR with time for the case of BHP equal to
2000 psi (slightly lower than the saturation pressure in
most of the cases). Figures 8 and 9 show the effects of
bottomhole pressure (BHP) on producing gas-oil ratio
(semi-log plots) for Fluids 1, 4, 7 and 10.

Fluid 1 - Effect of BotbomHole Pressure an GOR

GOR, sci/bbl

Time, days

Fluid 4 - Effiect of BottomHole Pressure on GOR
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Time, days

Figure 8. Fluids 1&4 — Effect of Bottomhole Pressure on GOR
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Figure 9: Fluids 7&10 — Effect of Bottomhole Pressure on GOR
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VI.  DEGREE OF UNDERSATURATION

The degree of undersaturation is the difference
between the initial reservoir pressure and the saturation
(bubble point) pressure. Cases with initial reservoir
pressures of 5000 psi (basecase), 4500 psi, 4000 psi
and 3500 psi were studied. The lower the degree of

undersaturation and vice versa. Likewise, the higher the
degree of undersaturation, the lesser the height of the
“GOR hill”. Moreover, the higher the degree of
undersaturation, the longer the period (at the start of
production) where the producing GOR remains constant
i.e., the period where the producing GOR is
approximately equal to the initial solution GOR. Figures

undersaturation, the quicker the reservoir pressure will 10 and 11 show the effects of the degree of
reach the saturation pressure. Therefore, with  yndersaturation on the producing GOR (semi-log plots)
decreasing degree of undersaturation, the producing  for Fluids 1, 4, 7 and 10. Generally, the trends are similar
GOR increases with tme and vice versa. n gl cases regardless of the volatility of the volatile oil
Correspondingly, there is a delay in the initial rise of  fiyig sample considered.
producing GOR with increasing degree of
Fluid 1 - Effect of Degree of Undersaturation on GOR Fluid 4 - Effect of Degree of Undersaturation on GOR
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Figure 10: Fluids 1&4 — Effect of Degree of Undersaturation on GOR
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Figure 11: Fluids 7&10 — Effect of Degree of Undersaturation on GOR

VII.

Drainage area is the reservoir area drained by
the well. The drainage area was varied to investigate the
effect it has on well performance in shale volatile oil
reservoirs. Apart from the basecase (Figure 1) that has

DRAINAGE AREA

an approximate drainage area of 76 acres, two other
different cases were considered — drainage area 1
(approximately 104 acres) and drainage area 2
(approximately 275 acres). Figures 12 and 13 show the
pictorial description of drainage areas 1 and 2.

Figure 12: Drainage Area 1 (Approx. 104 acres)
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Figure 13: Drainage Area 2 (Approx. 275 acres)

For the <case with drainage area of
approximately 275 acres (drainage area 2 — Figure 13),
boundary-dominated flow (BDF) is not reached in some
instances due to low permeability and the relatively large
unstimulated reservoir volume (USRV). This is the
situation especially when moderately volatile oil reservoir
fluids are present. For highly volatile oils, BDF is
observed because of higher oil mobility (less viscosity in
comparison to less volatile oils) towards the regions
close to the stimulated reservoir volume (SRV). This BDF
is followed by a late linear (or compound linear) flow
when production from the unstimulated reservoir volume
(USRV) dominates. The trend of producing GOR is
generally the same till boundary-dominated flow (as
observed on the rate-time diagnostic plots) is reached.
According to Jones Jr. (2016), for multi-fractured
horizontal wells (MFHW), producing GOR rises during
BDF because of declining pressures at the midpoint

between fractures and corresponding increase in
average gas saturation in the drainage area. This
phenomenon is observable in our results. After
boundary-dominated flow, there is a steeper rise in
producing GOR with reducing reservoir drainage area.
With increasing reservoir drainage area, it takes longer
to reach boundary-dominated flow (BDF is not even
observed in some cases depending on the volatility of
the reservoir fluid). Therefore, the larger the reservoir
area, the milder the rise in producing GOR with time.
Due to the higher mobility of highly volatile oils,
production may later be dominated by the regions
beyond the SRV (for larger reservoir drainage areas),
leading to the decline of producing GOR towards the
end of the production period (30 years in our cases).
Figures 14 to 17 show the impacts of drainage area on
rate-time diagnostic plots and producing GOR (semi-log
plots) for Fluids 1, 4, 7 and 10.
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Figure 14: Fluid 1 — Effect of Drainage Area on GOR and Rate-Time Diagnostic Plots
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Figure 16: Fluid 7 — Effect of Drainage Area

on GOR and Rate-Time Diagnostic Plots
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Figure 17: Fluid 10 — Effect of Drainage Area on GOR and Rate-Time Diagnostic Plots

VIII. FRACTURE HALF-LENGTH

Fracture half-length is the distance from the
wellbore to the outer tip of a fracture propagated from
the well by hydraulic fracturing or penetrated by the well.
It is an important completion parameter for shale
reservoirs. For these analyses, fracture half-lengths of
50 ft, 100 ft, 150 ft (basecase), 200 ft, 250 ft, 300 ft and

two other cases where the fracture half-lengths are of
different lengths, i.e. uneven configuration of fracture
lengths were considered. These two special cases were
compared separately to the basecase to determine their
impact on production performance. Figures 18 to 24
show the pictorial representations of each case apart

from the basecase (already shown in Figure 1).

Figure 18: Reservoir Model — 50 ft Fracture Half-Lengths
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Figure 19: Reservoir Model — 100 ft Fracture Half-Lengths

Figure 20: Reservoir Model — 200 ft Fracture Half-Lengths

Figure 21: Reservoir Model —

250 ft Fracture Half-Lengths

Figure 22: Reservoir Model — 300 ft Fracture Half-Lengths

Figure 23: Reservoir Model — Uneven Configuration 1 (Fracture Half-Lengths)

Figure 24: Reservoir Model — Uneven Configuration 2 (Fracture Half-Lengths)

There is a delay in the rise of producing GOR
with reducing fracture half-lengths. The shorter the
fracture half-length, the lesser the gas saturation at the
fracture faces. Also, the further away the bubble point of
the volatile oil is from the initial reservoir pressure
(degree of undersaturation), the lower the height of the
“GOR hill”. This is more noticeable for cases with highly
volatile oils. Therefore, the higher the degree of
undersaturation and the shorter the fracture half-lengths,
the lower the height of the “GOR hill”. The highly volatile
oils are closer to the critical point (two fluids are near-
critical), therefore in most of these instances, the “GOR
hill” is very low or absent during the production period.

Reservoir model with uneven configuration 1
has three of its fractures with half-lengths of 300 ft
whereas the reservoir mel with uneven configuration 2

© 2017 Global Journals Inc. (US)

has four of its fractures with half-lengths of 300ft.
Therefore, the well with uneven configuration 2 generally
produce more oil than the well with uneven configuration
1. They both produce more oil than the well with the
basecase configuration (uniform fracture half-lengths of
150 ft). The producing GOR generally follows the same
trend as already discussed in the previous paragraph.
Figures 25 and 26 illustrate the effects of fracture half-
lengths on producing GOR (semi-log plots) with time for
Fluids 1 and 10.
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Figure 25: Fluid 1 — Effect of Fracture Half-Lengths on GOR
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Figure 26: Fluid 10 — Effect of Fracture Half-Lengths on GOR

[X. FRACTURE PERMEABILITY

Fracture permeability is a measure of the ease
with  which fluids flow through the connecting pore
spaces of fractured rocks. In other words, it is a
measure of the ability of fractured rocks to transmit
fluids. Fracture permeability is directly proportional to
the dimensionless fracture conductivity, as seen in
Equation 1 below.

_ kywy
Fep = o (1)
where FCD is the dimensionless fracture

conductivity, kf is the fracture permeability, wf is the
fracture width, k is the formation permeability and xf is
the fracture half-length. In the analyses of the impacts of
fracture permeability on well performance, fracture
permeabilities of 5 md, 10 md, 20 md, 60 md, 80 md
and the basecase — 41.65 md were considered. With
reducing fracture permeability, there is a delay in the
increase of gas saturation at the fracture faces.
Consequently, there is a delay in the formation of the
“GOR hill” (delay in the initial rise of producing GOR)
and longer period of constant GOR. The reverse is the
case with increasing fracture permeability. Figures 27
and 28 show the impacts of fracture permeability on

producing GOR (semi-log plots) for Fluids 1, 4, 7 and
10.
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Figure 28: Fluids 7&10 — Effect of Fracture Permeability on GOR

X.  FRACTURE SPACING

Fracture spacing is a vital parameter to
consider during well completions. It is possible for
reservoir engineers to generate different scenarios that
can help completion engineers find the optimum
spacing necessary for their operations. Apart from the
basecase — fracture spacing of 250 ft (20 fracture
stages), four other cases were considered in this study —

100 ft (50 fracture stages), 500 ft (10 fracture stages)
and two different scenarios with uneven fracture
spacing. The cases with uneven fracture spacing are
compared to the basecase separately to investigate the
impact of non-uniform fracture spacing on shale volatile
oil well production performance. Figures 29 to 32 show
the reservoir models for the different instances. The
basecase reservoir model is already shown in Figure 1.

Figure 29: Reservoir Model — 100 ft Fracture Spacing (50 Fracture Stages)

Figure 30: Reservoir Model — 500 ft Fracture Spacing (10 Fracture Stages)

Figure 31: Reservoir Model — Uneven Configuration 1 (Fracture Spacing)
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Figure 32: Reservoir Model — Uneven Configuration 2 (Fracture Spacing)

Even though closer fracture spacing (more
fracture stages) requires a higher completion cost per
well, it eventually means better drainage of the SRV
within a shorter period (Makinde, 2014). The closer the

fracture spacing, the larger the cumulative olil
production. For highly volatile oils, cumulative oil
production starts to reduce with closer fracture spacing
later during production because of high gas saturation.

The effect of fracture spacing on producing
GOR is quite significant. The closer the fracture spacing,
the more rapid the critical gas saturation is reached.
This therefore results in higher producing GOR with time
as fracture spacing reduces. For highly volatile oils, high
gas saturation can result in very high producing GOR
towards the end of the production period.

For the special cases with uneven fracture
spacing, the well with uneven configuration 2 (15

fracture stages) has closer fracture spacing in
comparison with the well with uneven configuration 1 (12
fracture stages). This can be observed in Figures 31 and
32. Therefore, though fracture spacing is non-uniform
and since the well with uneven configuration 2 generally
has closer fracture spacing than that with uneven
configuration 1, it produces more oil (larger cumulative
oil production). Oil produced in both cases is lower than
the oil produced from the well with basecase
configuration (Figure 1). This is because they both have
lesser fracture stages than the basecase (20 fracture
stages). The impact on producing GOR is like earlier
discussed scenarios. The closer the fracture spacing,
the higher the producing GOR with time. Figures 33 and
34 show the effects of fracture spacing on producing
GOR (semi-log plots) for Fluids 1 and 10.
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Figure 33: Fluid 1 — Effect of Fracture Spacing on GOR
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Figure 34: Fluid 10 — Effect of Fracture Spacing on GOR
XI. Rock COMPRESSIBILITY the following values — 2*10-6 psi-1, 6*10-6 psi-1, 8*10-

Rock compressibility is the isothermal change in
rock volume per unit volume per unit change in
pressure. For these analyses, rock compressibility with

6 psi-1 and 4*10-6 psi-1 (basecase) were considered.
The depletion of reservoir pressure during production
causes the volume of reservoir rocks to expand.
Therefore, the higher the rock compressibility, the larger
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the cumulative oil production and vice versa. At much
higher rock compressibility values, there is a possibility
that high gas saturation may impede oil production later
during production, especially for highly volatile oils.

The impact of rock compressibility on
producing GOR (for the values considered) is not
significant. The trends are generally similar and the

higher the rock compressibility, the lower the producing
GOR with time. It is likely that the impact of high gas
saturation may alter the pattern of producing GOR at
much higher rock compressibility values. Figures 35 and
36 show the effects of rock compressibility on producing
GOR (semi-log plots) for Fluids 1, 4, 7 and 10.
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Figure 35: Fluids 1&4 — Effect of

Rock Compressibility on GOR
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Figure 36: Fluids 7&10 — Effects of Rock Compressibility on GOR

XII.  COMPACTION

Compaction is the consolidation of sediments
that results in the cementing or packing together of
grains. Compaction may lead to subsidence i.e.
sediment loading and removal of fluids from the
reservoir. It can have a tremendous impact on well
performance. For the basecase reservoir model,
compaction was not included. However, here, the

effects of compaction on shale volatile oil well
production performance were investigated. Cases of
weak compaction (constant rock compressibility of
4*10-6 psi-1), mild compaction (constant rock
compressibility of 20*10-6 psi-1) and strong compaction
(with the use of pressure-dependent compaction table
shown in Table 3) were examined in the reservoir model.
All the results were compared together with the
basecase (no compaction) results.

Table 3: Pressure-Dependent Compaction Table

Reservoir Pressure, psi Porosity Multiplier Harizar;.tﬂaﬂnl?;:grbeabiliw \-’eﬂicﬂ Iﬁt?;;:?;abi“t’r
1,000 0.2 0.2 0.2
1,500 0.2 0.2 0.2
2,000 0.2 0.2 0.z
2,500 0.2 0.2 0.z
3,000 0.4 0.4 0.4
3,500 0.5 0.5 0.5
4,000 0.3 0.3 0.3
4,500 048 0.s 0s
5,000 1.0 1.0 1.0
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As reservoir pressure depletion occurs during
production, compaction increases the pressure on the
rocks (net confining pressure) due to the weight of the
overlying sediments (overburden) and the pore fluid
pressure decreases. This increase in net confining
pressure can lead to collapse of pore spaces and thus,
efficient expulsion of hydrocarbons can take place.
Though compaction leads to reduction of porosity and
permeability, strong compaction can enhance oil
recovery significantly. The stronger the compaction, the
larger the cumulative oil production. Weak compaction
may lead to slight reduction in cumulative oil production
(slightly smaller oil production than the basecases). This
is because the slight reduction in porosity and
permeability caused by weak compaction overrides the
major compaction effect in this instance. Mild
compaction leads to more oil production than the
basecases and strong compaction results in the largest
cumulative oil production. A similar result was obtained

by Khoshghadam et al. (2015) in their study of the
impact of confined pore spaces on liquid-rich shale
reservoir performance.

Weak compaction has little or no effect on
producing GOR with time. For most cases, it is
approximately identical to the basecases (no
compaction). Mild compaction results in the reduction of
producing GOR with time as more oil is produced in this
case. For the cases with strong compaction, producing
GOR remains approximately constant throughout the
production period. This is because strong compaction
keeps the average reservoir pressure so high that it
never depletes beyond the saturation pressure. Also,
large quantities of oil were produced due to strong
compaction. Figures 37 to 40 portray the impacts of
compaction on producing GOR (semi-log plots) and
cumulative oil production for Fluids 1, 4, 7 and 10.
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Figure 37: Fluids 1&4 — Effect of Compaction on GOR
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Figure 38: Fluids 7&10 — Effect of Compaction on GOR
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Fluid 1 - Effect of Compaction on Cumulative O/l Production
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Figure 39: Fluids 1&7 — Effect of Compaction on Cumulative Oil Production
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Figure 40: Fluids 4&10 — Effect of Compaction on Cumulative Qil Production

XIII.  CONCLUSIONS

Production mechanisms of liquid-rich shale (LRS)
reservoirs may be influenced by factors or
combination of factors that include reservoir and
fluid characteristics, as well as vital completion
parameters;

Six critical stages in the GOR history of shale volatile
oil reservoirs producing by solution gas drive
mechanism were identified;

The degree of volatility of volatile oils as well as gas
saturation may have substantial impact on the
production performance and behavior of producing
gas-oil ratio in shale volatile oil reservoirs;

Sensitivity analyses have proven that the flowing
bottomhole pressure, rock compressibility, fracture
half-length,  fracture  spacing and fracture
permeability are important parameters that affect
GOR behavior liquid-rich shale reservoirs;

The degree of undersaturation of shale volatile oil
reservoirs is a major factor that influences the GOR
behavior of LRS reservoirs. With decreasing degree
of undersaturation, the producing GOR increases
with time and vice versa.

Production performance of multi-fractured horizontal
wells in a LRS reservoir is hugely influenced by the
drainage area. The nature of the rate-time
diagnostic plots are dependent on the geometry of

© 2017 Global Journals Inc. (US)

the drainage area. This, in turn, affects the GOR
behavior of LRS reservoirs.

The presence of compaction can play a significant
role in the production mechanisms of LRS
reservoirs. Strong compaction may lead to
considerably enhanced oil recovery;

The following factors or combination of these factors
may lead to constant GOR or prolonged periods of
constant GOR during production of LRS reservoirs:
High degree of undersaturation;

Flowing bottomhole pressure equal to or
approximately equal to the fluid saturation pressure;
The presence of strong compaction.
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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.
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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.
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in a closed manner. In this case, whenever readers purchase that individual research
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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.
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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.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

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

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

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

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
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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.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

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

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

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

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

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

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

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

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

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

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

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

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

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

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

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

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

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

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

Introduction:

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

Explain the value (significance) of the study

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

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

Approach:

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

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

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

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

Procedures (Methods and Materials):

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

Materials:

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

e If use of a definite type of tools.

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

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

®  Describe the method entirely

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

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

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

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

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

What to keep away from

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

Results:

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

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

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

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

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

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

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

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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