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Prof. (Dr.) Satya Prakash Panda 

M.A., L.L.B., Ph.D. 

Chairman, GGI,Gunupur 

 

 
 
 
 

MESSAGE 
 

 

It gives me immense pleasure to know that the Department of Electronics Engineering (ECE & 

EIE), GIET Main Campus Autonomous, Gunupur is organizing a two days “International 

Conference on Future Trends in Engineering, Management, Science and Technology” 

(ICFTEMST-19) during 5th & 6th January, 2019 in GIET Main Campus. A large number of national 

& international experts, delegates, academicians and research scholars are participating in the 

international conference and will deliberate on the topic “Future Trends in Engineering, 

Management, Science and Technology”, which plays a major role in meeting the demands of 

modern world that seeks continuous improvement in academic performance. The international 

conference is being organized to facilitate meaningful interaction among the Academician and 

R&D Institutions. 

It is an exceptional platform for all concerned to update their knowledge and share their expertise 

during the conference and I do hope that the delegates and participants will be highly benefited 

out of the international conference. 

I wish the ICFTEMST-19 a grand success. 

 

 

 

Dr. Satya Prakash Panda 

Chairman, GGI, Gunupur 
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Prof. (Dr.) Chandra Dhwaj Panda 

M.A., M.Phil., Ph.D.  
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MESSAGE 
 

 

I am extremely delighted to know that the Department of Electronics Engineering (ECE & EIE), 

GIET Main Campus Autonomous, Gunupur is organizing a two days “International Conference 

on Future Trends in Engineering, Management, Science and Technology” (ICFTEMST-19) 

during 5th & 6th January, 2019 in GIET Main Campus. 

Trends in Engineering, Management, Science and Technology have undergone a drastic change in 

the last decade and continue to do so. The new technologies in Engineering, Management and 

Science have changed the old world to a new and upgraded dimension. In this competitive era, 

these new age techniques are bound to keep us ahead.  

Large number of experts from reputed national & international institutes have agreed to deliver 

the keynote address, invited talks and chair the technical sessions during the conference along 

with many research papers from different institutes to be presented by the research scholars and 

academicians across the country. I am confident that the delegates, research scholars, faculty 

members and participants will certainly be benefited from the deliberation of the international 

conference. 

I wish the international conference a grand success.      

          

            

Dr. Chandra Dhwaj Panda 

Secretary, GGI, Gunupur 
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Prof. (Dr.) Jagdish Panda 

B.E., M.Tech., Ph.D. 

Vice-Chairman & Director, GGI, Gunupur 

 

 
 
 

MESSAGE 
 

 

 
I am glad to know that the Department of Electronics Engineering (ECE & EIE), GIET Main 

Campus Autonomous, Gunupur is organizing a two days “International Conference on Future 

Trends in Engineering, Management, Science and Technology” (ICFTEMST-19) during 5th & 

6th January, 2019 in GIET Main Campus. 

In today’s technical scenario the importance of Engineering, Management, Science and 

Technology & their advances need to be over emphasized. In such conferences the students and 

faculty members get a wonderful opportunity to come across the latest technologies through 

deliberation of experts from reputed institutions. 

I wish the international conference a roaring success. 

 

 

 

 

Dr. Jagadish Panda 

Vice-Chairman Director, GGI, Gunupur 
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Prof. (Dr.) Senthil Kumar K. 

B.E., M.E., Ph.D., MIST, MIE, MISHRAE 

Principal, GIET (Autonomous), Gunupur 
 

 
 
 

MESSAGE 
 

I am extremely happy and also it gives me immense pleasure that the Department of Electronics 

Engineering (ECE & EIE), GIET Main Campus Autonomous, Gunupur is organizing a two days 

“International Conference on Future Trends in Engineering, Management, Science and 

Technology” (ICFTEMST-19) during 5th & 6th January, 2019. 

I hope and wish that this international conference will be a platform for knowledge transfer from 

a number of quality papers from student’s community, research scholars, industry and academia 

from various regions of the state and across the country. GIET Main Campus Autonomous, with 

the mission of producing quality engineers, is making every effort to impart state-of-the-art 

engineering education to its students. The output of the international conference will definitely 

throw light on the latest technologies. 

I congratulate and convey my good wishes to Prof. Subhrajit Pradhan, the Convener and the team 

members of the international conference for the success of this great event. 

 

 

 

Prof. (Dr.) Senthil Kumar K. 

Principal, GIET (Autonomous), Gunupur 
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Dr. N. V. Jagannadha Rao 

M.Com., MBA, Ph.D.    

Dean, GGI, Gunupur 
 

 

 
 
 

MESSAGE 
 

I am delighted to know that the Department of Electronics Engineering (ECE & EIE), GIET Main 

Campus Autonomous, Gunupur is organizing a two days “International Conference on Future 

Trends in Engineering, Management, Science and Technology” (ICFTEMST-19) during 5th & 

6th January, 2019 in GIET Main Campus. 

The international conference will provide a forum for pooling the knowledge and experience of 

participants from the nationally reputed scientific and research institutions in the area of 

Engineering, Management, Science and Technology. 

I congratulate all the organizers on this novel endeavor & wish it a grand success! 

 

 

 

 

Dr. N.V. Jagannath Rao 

      Dean, GGI, Gunupur 
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Prof. Subhrajit Pradhan 

B.E., M.Tech.,(Ph.D.) 

Head, Dept. of Electronics Engineering, 

GIET Main Campus Autonomous, Gunupur 

 

 
 
 

MESSAGE 
 

A warm greeting to all! I am immensely happy that we the Department of Electronics Engineering 

(ECE & EIE), GIET Main Campus Autonomous, Gunupur are organizing a two days “International 

Conference on Future Trends in Engineering, Management, Science and Technology” 

(ICFTEMST-19) during 5th & 6th January, 2019. 

Under the noble guidance of our management we continue to march on the way of success with 

confidence. The sharp, clear sighted vision and precise decision making powers of our 

management has benefited our college to stay competitive in the present techno world with a 

remarkable position in India. 

The dedicated staff members and disciplined students are the real value addition to our college. 

The role of students in building the nation cannot be overlooked and they are trained in all 

aspects to become  successful engineers and good citizens, This type of conference becomes a large 

window through which our students can peep into  the modern technological world. 

I take the opportunity to congratulate the staff members and students of our department, 

participants from our colleges and other colleges for their untiring efforts in organizing and 

participating in this Conference and wish the conference all the success in the way of providing 

better observation, result and its future implementation for the benefit of academicians, 

researchers & students community. 

Output of this conference will be definitely a contribution to the process of national growth in 

terms of building a strong engineering & technology platform. 

 

 

                                                                                                                                   Mr. Subhrajit Pradhan 

Convener, ICFTEMST-19 
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THE INSTITUTION: 

  Gandhi Institute of Engineering and Technology, Gunupur was established in the year 1997, with 
a motto to provide quality engineering education in a high disciplined environment with international 
standard, along with character building of students who will able to stand up to the  challenges of the 
present employment market. 

It has produced the state of the art equipment for various laboratories, consequently drawing 
appreciation from the university, AICTE as well as the state Governments. It boasts of a highly educated, 
experienced and dedicated team of professors and lectures. 

It endeavor to impart quality education, has earned it ISO 9001:2000 certification. It has added 
another feather in it’s cap obtaining the accreditation from NBA committee of AICTE, New Delhi. In a step 
further ahead, it becomes the only college in Easter India and Second to India to acquire 3.28 CGPA out of 
4 point grade system by NAAC (UGC) for its internationals standard education. 

It was started with an intake of 200 students in 4 branches with a motto of providing quality 
engineering education in a highly disciplined environment. In less than a decade it become a citadel of 
engineering education in Eastern India having 1050 intake with 10 B. Tech. and 6 M. Tech. courses. It has 
been regarded as Modern Gurukul by the students, alumni’s, faculties and all distinguished visitors for its 
learning environment, faculties, infrastructure and the facilities. It has the approval for admission of 
Foreign Nationals and Persons of Indian Origin (PIO’s) also. 

  All the programs of engineering are approved by AICTE, New Delhi & State Govt. of Odisha. It is 
affiliated to Biju Patnaik University of Technology, Odisha. The institute has got Autonomous status in 
the year 2017. The institute has consistently excelled in academics, placements & extracurricular 
activities.    

 

THE DEPARTMENT: 

The department of EIE was established in the year 1997 and ECE was established in the year 
2000. The department consists of highly qualified and experienced faculty members with well equipped 
laboratories to provide high quality technical education to the students. The department comprises of 
Analog & Digital Electronics Circuits, Electrical & Electronics Measurement, Microprocessor & 
Microcontroller, Instrumentation Device System, Analog & Digital Communication Technique, Digital 
Signal Processing, Control System Engineering, VLSI Design, Microwave Engineering and Process Control 
& Instrumentation laboratories. All the laboratories are equipped with modern and sophisticated 
instrument and simulating software’s like PROTEOUS, EXPRESS PCB, XILINX, TANNER TOOL, LABVIEW, 
MATLAB, and FEKO. Most of these are custom design to facilitate better demonstration hands on practice 
and easier understanding for the students. Some of these laboratories cater the basic needs of other 
branch students also. 

In addition to above, Program Logic Control (PLC) & Distributed Control System (DCS) provide 
better exposure among the students to reach the expectation of industry. Antenna and Radar System are 
useful to carry out the research work for both students and faculty members. Digital Signal Processing 
and Fiber Optics are useful for creative and innovative project work. 

The department provides various value added course like Certified Automation Courses (PLC, 
DCS, SCADA, HMI, & DRIVES), Embedded System, VHDL Programming, MATLAB & LABVIEW training, PC 
Interface Robotics Programming, PCB design. 

Department is regularly conducting National and International Conference, Seminars, 
Workshops and Faculty Development Programs in associate with AICTE to enhance the technical ability 
of faculty members. Department is also inviting reputed persons from IISc, IITs, NITs, various reputed 
Universities and Industries to give an exposure to the grey areas and current technologies. 

We are members of various National and International Organization like IE(I), ISTE, ISOI, IETE 
for knowledge sharing of students and faculties. In order to conduct different performances such as 
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Seminars, Workshops, Tech-Fests & Social Welfare activities, department has their own students 
association named as ENIAC for EIE branch and EONYX for ECE branch. 

 

THEME OF THE CONFERENCE: 

The ICFTEMST-2019 aims to offer a golden opportunity to bring together professors, 
researchers and scholars around the globe to deliver the latest innovative research results and the most 
recent developments. The ICFTEMST-2019 is a forum to exhibit, discuss and exchange the latest 
technological trends and ideas in different areas of science and technology among the academia, research 
and industrial professionals. The main aim is to pro-vide the platform for discussing the recent 
development in communication, management and information technology that will be beneficial for 
society. 

 

 
KEY NOTE SPEAKERS: 
 
 Dr. Deben Das 

Professor, Department of Mechanical Engineering, 
College of Engineering and Mines, 
University of Alaska Fairbanks, Fairbanks, Alaska, USA 

 
 Dr. Sanjay K. Behura 

Research Assistant Professor and Associate Member of the Graduate Faculty, 
UIC Department of Chemical Engineering 
Faculty Fellow, UIC Honors College, 
University of Illinois, Chicago, US 

 
 Dr. Sasmita Nayak 

Postdoctoral Research Associate, Department of Chemical Engineering, 
College of Engineering, 
University of Illinois, Chicago, US 

 
 Dr. Lalit Mohan Patnaik 

Honorary Professor, Department of Electronic Systems Engineering, 
Indian Institute of Science, Bangalore, Karnataka 
INSA Senior Scientist 
Adjunct Professor, National Institute of Advanced Studies, Bangalore, Karnataka 

 
 Dr. Jayashankar Das 

Joint Director, 
Gujarat Biotechnology Research Centre (GBRC) 
Department of Science & Technology (DST), 
Government of Gujarat, Gujarat 

 
 Dr. B. V. R. Gupta 

Retd. Professor, Department of Mechanical Engineering, 
AU College of Engineering (A), Andhra University, Visakhapatnam, Andhra Pradesh 

 
 Dr. P. S. Avadhani   

Principal and Professor, Department of Computer Science and Systems Engineering, 
AU College of Engineering (A), Andhra University, Visakhapatnam, Andhra Pradesh  

 
 Dr. D. Sri Rami Reddy 

Professor, Centre for Biotechnology, Department of Chemical Engineering, 
AU College of Engineering (A), Andhra University, Visakhapatnam, Andhra Pradesh  
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 Dr. Narasimha S. Malladi 

Faculty & Research Associations with KL deemed to be University, Jawaharlal Nehru 
Technological University, Kakinada, Godavari Institute of ET in India, Penn State University, 
University of South Alabama, and Alabama School of Math and Science in US. 

 
 Dr. Siba Sankar Mohapatra 

Professor, Department of Mechanical Engineering, 
National Institute of Technology, Rourkela, Odisha 

 
 Dr. Bidyadhar Subudhi 

Professor, Department of Electrical Engineering, 
National Institute of Technology, Rourkela, Odisha 

 
 Dr. Gananath Dash 

Retired Professor, Department of Physics, 
Sambalpur University, Sambalpur, Odisha 

 
 Dr. Biswajit Satpathy 

Professor, Department of Business Administration, 
Sambalpur University, Sambalpur, Odisha 
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Professor, Department of Physics, 
Berhampur University, Berhampur, Odisha 

 
 Dr. S. M. Ali 

Director, The Institution of Engineers (India), Kolkata, West Bengal 
 
 Dr. Bijayananda Patnaik 

Assistant Professor, Department of Electronics and Telecommunication Engineering, 
International Institute of Information Technology, Bhubaneswar, Odisha 

 
 Dr. Suvendu Rup 

Assistant Professor, Department of Computer Science & Engineering, 
International Institute of Information Technology, Bhubaneswar, Odisha 

 
 Dr. Nalini Kanta Barpanda 

Reader, Department of Electronics, 
Sambalpur University Institute of Information Technology, Sambalpur, Odisha 

 
 Dr. Krishna Chandra Patra 

Assistant Professor, Department of Electronics, 
Sambalpur University Institute of Information Technology, Sambalpur, Odisha 

 
 Dr. Arun Kumar Pujari 

Assistant Professor, 
Indian Institute of Petroleum & Energy, 
AU College of Engineering (A), Andhra University, Visakhapatnam, Andhra Pradesh 

 
 Dr. Narayan Sahoo 

Assistant Professor, Department of Electronic Science, 
Berhampur University, Berhampur, Odisha 
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GENERAL CHAIRS: 
 
 Dr. Santanu Kumar Nayak 

Retired Reader, Department of Electronic Science, 
Berhampur University, Berhampur, Odisha 

 
 Dr. Sudhansu Sekhar Nayak 

Retired Reader, Department of Physics 
                 S. K. C. G. Autonomous College, Paralakhemundi, Odisha 
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ABSTRACT: Boron is useful for various industrial activities. It is widely used in glass industry and detergent industry. 
It is also an important micro nutrient for the plants to vegetate but if its concentrations is high, then it has toxic 
effects. The objective of this study is to investigate by using cashew nut shell waste as an alternative adsorbent for the 
removal of boron ions from aqueous solutions. The effect operating variables such as pH, solution temperature, initial 
metal ion concentration and adsorbent dose on the adsorption of boron by using cashew nut shell waste as an 
adsorbent has been investigated in a batch method. The single and combined effects of operating parameters have 
been analyzed using response surface methodology (RSM). A 24 full factorial central composite experimental design 
has been employed. Analysis of variance (ANOVA) showed a high coefficient of determination value (R2 = 0.8879) and 
satisfactory prediction second-order regression model has been derived. The optimum operating conditions have been 
determined as temperature, 32.66 C; initial feed concentrations, 23.44 mg/l; adsorbent dose, 3.96 g/l and pH, 5.29. At 
optimum adsorption conditions, the percentage removal of adsorption of boron from waste water has been found to 
be 86.7759%. 
 
Keywords: Adsorption; Removal of Boron; RSM; Optimization 

 
 

Introduction 
Development of suitable technology to remove the toxic compounds of boron from different waters is a 
pressing goal over the entire world because of wide spreading of this element in both natural waters and 
waste waters [1]-[6]. Boron exist in a number of minerals form, in nature mostly calcium and/or sodium 
borates, such as colemanite (2CaO.3B2O3.5H2O), ulexite (Na2O.2CaO.5B2O3.16H2O), tinkal 
(Na2O.B2O3.10H2O), etc. [7]. 

There is a wide variety of application by using Boron like fertilizers, insecticides, corrosion 
inhibitors in anti-freeze formulations for motor vehicle and other cooling system, buffers in pharmaceutical 
and dyestuff production, and the use of boron compounds for moderator in nuclear reactor, where 
anthropogenic water-soluble boron compounds are discharged to aqueous environment. Boron is normally 
in very low amounts in soil and irrigation waters, but it accumulates very fast in soils irrigated with boron-
containing wastewaters because of difficulty of washing it. Boron compounds passing to soil, surface waters 
and ground waters form many complexes with heavy metals, such as Pb, Cd, Cu, Ni, etc. and these complexes 
are more toxic than heavy metals forming them. As per the WHO standard the permissible limit is   below 
0.3 mg/l boron for the quality of drinking water [8]. 

In plant there exist a little boron deficiency and boron toxicity in plants [9]. Boron has been shown to 
play a role in carbohydrate metabolism, sugar translocation, pollen germination, hormone action, and 
membrane structure and function [10]. 

In aqueous environments, boron is mainly present as boric acid and partially as borate ions 
according to the dissociation reaction (Ka =6×10-10, pKa 9.1) as shown in the following equation [8]: 

)1()()( )()(42)(3 aqaqaq HOHBOHOHB  

The use of boron-selective resins seems to have still the highest importance among several methods 
of boron removal from aqueous solutions. Some studies on application of flying ashes or natural sorbents, 
inorganic adsorbents show boron selective resins based on macroporous polystyrene matrices with N-
methyl glucamine ligand as the best sorbent. Simonnot et al. have reviewed the methods of boron removal 
from drinking water. Among them, they have pointed that the use of boron-selective resins is the most 
efficient one [11]-[19]. Numerous researchers studied boron removal and/or recovery from wastewaters. 
Amberlite IRA 743, a boron specific resin, was used in boron removal from geothermal waters containing 19 
mg/l boron and it was found that 99% of boron from geothermal water could be removed [20]. 
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In this study focuses given on boron removal by means of adsorption process. Effects of several 
parameters such as, initial solution concentration, pH, and amount of adsorbent on boron removal from 
wastewater have conducted by batch process.  
 

Materials and methods 
Preparation of adsorbent 
The cashew nut shell waste has been collected from the nearby area of where waste is generated and a big 
problem for disposal. The adsorbent was prepared by crushing air dried cashew nut by manually to reduce 
into smaller particles. To reduce the moisture content the crushed cashew nut particles were then sun dried 
for 15 days. The material was then grinded into finer particles with different particle diameters. The course 
powder was separated by using screening and then it is regrinded. The most common particle fractions 
were A(50-150 μm), B(150-300 μm) and C(300-500 μm) diameters. In this study, fraction A was used 
throughout the experiments. Fourier transform infrared (FTIR) and energy dispersive x-ray (EDX) spectra 
of the adsorbent were recorded on Perkin- A Perkin-Elmer GX2000 FTIR spectrometer adapted with Perkin-
Elmer auto image microscope system and JSM 5800LV, Vantage 6, analytical systems with 130 eV detector 
(JEOL, Tokyo, Japan), respectively. Samples for FTIR were prepared by diluting the adsorbent to 5 %   KBr 
solution  and cast in disks for analysis. Analysis of standards and simulated samples was done using an 
AA140 atomic absorption spectrometer, linked to a HP Compaq with an HP L1906 monitor.  
 

Method of experiment 
Boron stock solution (1000 mg/l) was prepared and then dissolved in an appropriate quantity of boric acid 
(H3BO3) in distilled water, and then by diluting this solution the working solutions were prepared. Batch 
experiments were carried out taking adsorbent (1g) with 50 ml of boron solution (5.0 mg/l ) taken in a 
stoppered glass bottle at pH 4-10. The pH was adjusted to the desired level with NaOH and HCl solutions. 
The samples were agitated at constant speed and a temperature controlled agitator for fixed time until 
equilibrium is achieved. Thereafter, samples are centrifuged by a mechanical centrifuge and supernatant 
liquid was analyzed for boron ion spectrophotometrically using iodine monochloride method. The 
experiments were carried out at different initial concentration of boron and adsorbent dosages.  

Batch adsorption experiments were performed by contacting different doses of adsorbent with 
different initial concentration of aqueous solution in normal pH . During experimentation  continuous 
agitation was provided with a constant speed for better mass transfer with high interfacial area of contact. 
The remaining concentration boron in each sample after adsorption at different time intervals was 
determined by atomic absorption spectroscopy. The boron concentration retained in the adsorbent phase 
was calculated according to  

W

VCC
q eo

e

)(
                                                                                                                          (2) 

where C0 and Ce are the initial and equilibrium concentrations (mg/l) of boron solution respectively; V is the 
volume (l); and W is the weight (g) of the adsorbent. Two replicates per sample were done and the average 
results are presented. 
Response surface methodology (RSM) based central composite design 

Response Surface Methodology (RSM) is a statistical method that uses quantitative data from 
appropriate experiments to determine regression model equations and operating conditions [21]. RSM is a 
collection of mathematical and statistical techniques for modeling and analysis of problems in which a 
response of interest is influenced by several variables [22].  

The CCD is widely used for fitting a second-order model. By using this method, modeling is possible 
and it requires only a minimum number of experiments. It is not necessary in the modeling procedure to 
know the detailed information since the mathematical model is empirical. Generally, the CCD consists of a 2n 
factorial runs with 2n axial runs and nc center runs (six replicates). These designs consist of a 2n factorial or 
fraction (coded to the usual ±1 notation) augmented by 2n axial points (±α, 0, 0, . . . , 0), (0,±α, 0, . . . , 0), . . . , 
(0, 0, . . . ,±α) and nc center points (0, 0, 0,. . ., 0) [23]. Each variable is investigated at two levels. Meanwhile, as 
the number of factors, n increases, the number of runs for a complete replicate of the design increases 
rapidly. In this case, main effects and interactions may be estimated by fractional factorial designs running 
only a minimum number of experiments. Individual second-order effects cannot be estimated separately by 
2n factorial designs. Therefore, CCD has been used in this study. The responses and the corresponding 
parameters were modeled and optimized using analysis of variance (ANOVA), which was used to estimate 
the statistical parameters by means of response surface methods. 
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Basically, this optimization process involves three major steps, which are performing the 
statistically designed experiments, estimating the coefficients in a mathematical model and predicting the 
response and checking the adequacy of the model. 

).,,.........,,( 321 nXXXXfY                                                                                          (3) 

where Y is the response of the system and Xi is the variables of action called factors. The goal is to optimize 
the response variable (Y). It is assumed that the independent variables are continuous and controllable by 
experiments with negligible errors. It is required to find a suitable approximation for the true functional 
relationship between independent variables and the response surface [24]. 

Since the experimental sequence has been randomized in  to minimize the effects of the 
uncontrolled factors. The response has been used to develop an empirical model that correlates the 
response to adsorption of boron from aqueous using prepared adsorbent in a batch process variable using a 
second-degree polynomial equation as given by Eqn (4). 
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Where Y is the predicted response, b0’, the constant coefficient, bi, the linear coefficients, bij, the interaction 
coefficients, bii, the quadratic coefficients and Xi, Xj are the coded values of process variables. The number of 
tests required for the CCD includes the standard 2n factorial with its origin at the center, 2n points fixed 
axially at a distance, say α, from the center to generate the quadratic terms, and replicate tests at the center; 
where n is the number of variables. The axial points are chosen such that they allow rotatability [25], which 
ensures that the variance of the model prediction is constant at all points equidistant from the design center. 
Replicates of the test at the center are very important as they provide an independent estimate of the 
experimental error. For “n” number of independent variables, the recommended number of tests (N) at the 
center is six [26]. Hence, the total number of tests (N) required for the three independent variables is given by 
Eqn 5: 

306)42(222 4

c

n nnN                                                                                 (5) 

Once the desired ranges of values of the variables are defined, they are coded to lie at ±1 for the 
factorial points, 0 for the center points and ±α for the axial points. The codes are calculated as functions of 
the range of interest of each factor (Table 1) [27]. 
 

Statistical analysis 
The statistical software package Design-Expert, Stat-Ease, Inc., Minneapolis, USA, has been used for 
regression analysis of the removal of boron and to plot response surface and ANOVA to estimate the 
statistical parameters. 
 

Results and discussion 
FTIR and EDX analysis of adsorbent 
First in order to identify functional groups present on the waste that could be responsible for the removal of 
heavy metal species ,the FT-IR spectrum (Figure 1) of cashew nut shell waste was undertaken. The 
spectrum of the adsorbent was measured within the range of 4000-600/cm. The absorption peak around 
3466/cm which indicates the existence of O-H groups. The peaks observed at 2921/ cm can be assigned to 
stretching vibration of the C-H group. The absorption peaks at 1734, 1643 and 1036/cm are associated with 
the presence of C=O, C=C and C-O, respectively. The EDX spectrum obtained for cashew nut shell is shown in 
Figure 2. The elemental distribution of cashew nut shell waste shows high percentage levels of Al, Mg and Si 
elements with potential to form organometallic compounds which might be responsible for the tough elastic 
properties exhibited by the cashew nut shell powder. 
Development of regression model equation 
To develop a correlation between four operating variables of adsorption of boron from aqueous solution 
CCD has been used. In Table 2,the complete experimental range and levels of independent variables are 
given. Experimental error have been identified in the Runs 25-30 which is at the center point. According to 
the sequential model sum of squares, the models have been selected on the basis of the highest order 
polynomials where the additional terms are significant and the models are not aliased. The quadratic model 
has been selected as suggested by the software. Experiments were planned to obtain a quadratic model 
consisting of 24 trials plus a star configuration (α = ±2) and their replicates at the center point. The design of 
this experiment is given in Table 3 together with the experimental results. The maximum adsorption of 
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boron was found to be 89%. Regression analysis has been performed to fit the response function of 
adsorption of boron. The model expressed in Eqn (2), where the variables take their coded values, 
represents percentage adsorption (Y) as a function of temperature (X1), pH (X2), Initial feed concentrations 
of boron (X3) and adsorbent dose (X4). The final empirical model in terms of coded factors for adsorption of 
boron (Y) is shown in Eqn (6) . 
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The positive and negative sign indicates the synergistic and antagonistic effect. 
 

Statistical analysis 
Equation (2) has been used to visualize the effects of experimental factors on adsorption of boron and their 
response surface plots have been presented in (Figures 6–11). Checking the adequacy of the developed 
model is an important part of the data analysis procedure as the approximating model would give poor or 
misleading results if it were an inadequate fit. This is done by looking at the residual plots which are 
examined for the approximating model. The normal probability and studentized residuals plot is shown in 
(Figure 3) for adsorption of boron. In (Figure 4), residuals show how well the model satisfies the 
assumptions of the ANOVA, whereas the studentized residuals measure the number of standard deviations 
separating the actual and predicted values. Figure 3. shows that neither response transformation was 
needed nor there was any apparent problem with normality. Figure 4 shows the studentized residuals vs. 
predicted adsorption of boron. Actual values are the measured response data for a particular run, and the 
predicted values are evaluated from the model and are generally by using the approximating functions. The 
general impression is that the plot should be a random scatter suggesting the variance of original 
observations is constant for all values of the response. If the variance of the response depends on the mean 
level of Y, then this plot often exhibits a funnel-shaped pattern. This is also an indication that there was no 
need for transformation of the response variable. 

The actual and the predicted values of adsorption (in percentages) are shown in Figure 5. Actual 
values are the measured response data for a particular run and the predicted values are evaluated from the 
model and are generated by using the approximating functions. From Figure 5, the values of R2 and R2

adj 
have been found to be 0.8879 and 0.7834 respectively. The predicted R2 of 0.8879 is in reasonable 
agreement with the R2

adj of 0.7834. Adequate precision measures the signal to noise ratio. The ratio of 9.497 
obtained in the present study indicates an adequate signal as the  ratio greater than 4 is desirable..  Thus, the 
developed model can be used to navigate the design space. The fair correlation coefficients might have 
resulted by the insignificant terms in Table 4 and is most likely due to four different variables selected in 
wide ranges with a limited number of experiments as well as the nonlinear influence of the investigated 
parameters on process response. The F-value for the model is found to be 8.49, which implies that the model 
is significant. There is only 0.01% chance that a “Model F-Value” this large could occur due to noise. Value of 
“Prob > F” less than 0.0500 indicate model terms are significant. In this case X2X4, X3X4, X1

2, X2
2, X3

2 are 
significant model terms.  
Combined effect of pH, adsorbent doses, temperature and initial concentration on percentage 
removal of boron 
To investigate the effects of the four factors on the adsorption of boron, the RSM has been used and three-
dimensional plots were drawn. On the basis of the ANOVA results obtained, pH and adsorbent dose have 
been found to have significant effects on the rate of adsorption with adsorbent dose imposing greatest on 
rate of adsorption. pH, on the other hand, imposes the least effect on the response. The quadratic effects of 
temperature, initial concentration, pH are significant terms and the effects are considered moderate. The 
interaction effects between X2X4, X3X4 are significant terms and also have been considered moderate. The 
adsorption response surface graphs are shown in (Figure 6–11). 

Figure 6 shows the three-dimensional response surfaces which were constructed to show the two 
variables (temperature and pH) on the adsorption of boron at initial concentration of boron 40 mg/l and 
adsorbent dose 4g/l. It can be seen from the Figure 6 that the adsorption is the function of temperature. It 
increases exponentially with increase in temperature up to 35 C and then decreases exponentially when 

temperature is more than 35 C. The increase in metal uptake with increasing temperature may be due to 
either higher affinity of sites of metal or an increase in number of binding sites on carbon. The percentage 
adsorption is slightly affected by the pH. The adsorption of boron increases exponentially up to pH 6 and 
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then starts decreasing. A maximum adsorption of 64% was determined at an initial concentration of 40 mg/l 
and adsorbent dose of 4 g/l. 

The combined effect of initial concentration and temperature on adsorption of boron at pH 6 and 
adsorbent dose 4g/l is shown in Figure 7, the three-dimensional response surfaces. It is observed from 
Figure 7 that the adsorption increases with initial concentration. A maximum adsorption of 83% was 
determined at pH 6 and adsorbent dose 4g/l. Figure 8 shows the three-dimensional response surfaces, the 
combined effect of adsorbent dose and temperature on adsorption at initial concentration of 40 mg/l and 
pH of 6. It can be seen from Figure 8 that with increase in adsorbent dose, the adsorption of boron increases 
linearly. A maximum adsorption of 72% was determined at initial concentration of 40 mg/l and of pH 6.  

The three-dimensional response surfaces of the combined effect of initial concentration of boron 

and pH on adsorption of boron at temperature 30 C and adsorbent dose of 4g/l are shown in Figure 9. A 

maximum adsorption of 80% was determined at temperature 30 C and adsorbent dose of 4g/l. Figure 10 
shows the combined effect of pH and adsorbent dose on adsorption of boron at a constant temperature of 

30 C and initial concentration of 40 mg/l. It is observed that percentage removal of boron increases sharply 
with increase in adsorbent dose because as the adsorbent dose increases, the number of adsorbent particles 
increases and thus more boron is attached to their surfaces. A maximum adsorption of 72% was determined 

at temperature of 30 C and initial concentration of 40 mg/l. 
Figure 11 shows the combined effect of adsorbent dose and initial concentration of boron on 

adsorption of boron at a temperature of 30 C and pH of 6. It can be seen that the maximum adsorption of 

87% was determined at temperature 30 C and pH of 6. 
Optimization by response surface modeling 
The optimum process parameters to maximize the adsorption of boron from the mathematical model 
equations have been developed. The quadratic model equations were optimized using quadratic 
programming (QP) to maximize adsorption of boron within the experimental range studied. The optimum 
region on the pH and temperature for adsorption of boron are shown in (Figure 12). The optimum 
production conditions (Table 5) for adsorption of boron by using the novel adsorbent were determined as 
temperature 32.66 C, initial feed concentration of boron 23.44 mg/l, adsorbent dose 3.96 g/l and pH 5.29 to 
achieve the maximum adsorption of boron 86.7759%, compared to 80.926% which was maximum 
adsorption in the tests conducted.  
 

Conclusion 
RSM based CCD and QP were used to develop the model by experimental data and influence of process 
parameters on adsorption of boron from waste water optimized respectively. Temperature, initial feed 
concentrations, adsorbent dose and pH are the four process parameters used for this consideration. 
Mathematical model equations are derived for adsorption of boron from waste water by using sets of 
experimental data. Three-dimensional response surface plots, which are the result of simulations from the 
models, are presented to describe the effect of the process variables on the adsorption of boron. Predicted 
values obtained using the model equations were in very good agreement with the observed values. Taking 
advantage of the QP, temperature of 30.98 C, initial feed concentration of boron 23.45 mg/l, adsorbent dose 
of 3.69 g/l and pH of 6.01 have been determined as optimum levels of the process parameters to achieve the 
maximum adsorption of boron of 84.4%, compared to 80.926% which is maximum adsorption in the tests 
conducted. The results in this paper indicate that optimization by using RSM; CCD and QP can be useful in 
improving the adsorption capacity of boron from waste water. 
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Figure 1: FT-IR spectrum of cashew nut shale waste 

 

 
Figure 2: EDAX spectrum of cashew nut shale waste before use 
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Figure 3: The studentized residuals and normal percentage probability plot of adsorption of boron from 

waste water. 
 

 
Figure 4: The predicted adsorption of boron from waste water and studentized residuals plot. 

 

 
Figure 5: The actual and predicted plot for adsorption of boron from waste water. 
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Figure 6: The combined effect of PH and temperature on adsorption of boron at constant initial 

concentration of 40 mg/l and adsorbent dose of 4 g/l . 
 

 
Figure 7: The combined effect of temperature and initial concentration on adsorption of boron at constant 

PH 6 and adsorbent dose of 4 g/l . 
 

 
Figure 8: The combined effect of temperature and adsorbent dose on adsorption of boron at constant PH 6 

and initial concentration of 40 mg/l . 
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Figure 9: The combined effect of initial concentration and PH on adsorption of boron at constant 

temperature of 30 C and adsorbent dose of 4g/l . 

 
Figure 10: The combined effect of adsorbent dose and PH on adsorption of boron at constant temperature of 

30 C and initial concentration of 40mg/l . 

 
Figure 11: The combined effect of adsorbent dose and initial concentration on adsorption of boron 

at constant temperature of 30 C and PH of 4g/l . 
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Figure 12: The optimum region on the PH and initial feed concentration for adsorption of boron. 
 

Table 1. 

Actual value and corresponding coded value of the variables 

Code Actual level of variable 

-  Amin 

-1 [(Amax + Amin)/2]-[(Amax - Amin)/2β] 
0 (Amax + Amin)/2 
+1 [(Amax + Amin)/2]+[(Amax - Amin)/2β] 
+  Amax 

 

Table 2 
Level of indepndent variables 

Variables Symbol -α -1 0 +1 + α 

Temperature ( C) X1 10 20 30 40 50 

PH X2 2 4 6 8 10 

Initial feed concentration (mg/l) X3 10 20 30 40 50 
Adsorbent dose (g/l) X4 1 2 3 4 5 

 

Table 3 
Experimantal design matrix and response 

  
Coded level variable 
 

Actual level variable 
 

 
OEE 

 
Run X1 X2 X3 

X4 
X1 X2 X3 

X4 
Y 

1 -1 -1 -1 -1 20 4 20 2 37.826 

2 +1 -1 -1 -1 40 4 20 2 51.95 

3 -1 +1 -1 -1 20 8 20 2 5.86 

4 +1 +1 -1 -1 40 8 20 2 15.631 

5 -1 -1 +1 -1 20 4 40 2 36.549 

6 +1 -1 +1 -1 40 4 40 2 62.9164 

7 -1 +1 +1 -1 20 8 40 2 28.461 
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8 +1 +1 +1 -1 40 8 40 2 27.5478 

9 -1 -1 -1 +1 20 4 20 4 63.127 

10 +1 -1 -1 +1 40 4 20 4 68.254 

11 -1 +1 -1 +1 20 8 20 4 47.3652 

12 +1 +1 -1 +1 40 8 20 4 48.698 

13 -1 -1 +1 +1 20 4 40 4 38.386 

14 +1 -1 +1 +1 40 4 40 4 42.5265 

15 -1 +1 +1 +1 20 8 40 4 43.357 

16 +1 +1 +1 +1 40 8 40 4 44.514 

17 -  0 0 0 10 6 30 3 18.8523 

18 +  0 0 0 50 6 30 3 33.13 

19 0 -  0 0 30 2 30 3 68.672 

20 0 +  0 0 30 10 30 3 23.824 

21 0 0 -  0 30 6 10 3 81.456 

22 0 0 +  0 30 6 50 3 57.102 

23 0 0 0 -  30 6 30 1 80.926 

24 0 0 0 +  30 6 30 5 79.2 

25 0 0 0 0 30 6 30 3 79.19 

26 0 0 0 0 30 6 30 3 79.19 

27 0 0 0 0 30 6 30 3 79.19 

28 0 0 0 0 30 6 30 3 79.19 

29 0 0 0 0 30 6 30 3 79.2 

30 0 0 0 0 30 6 30 3 79.243 
 

Table 4 
Analysis of variance (ANOVA) for response surface quadratic model for removal of boron from aqueous 
solution. 

Source 
Sum of 
Squares 

 Degrees 
Of 

freedom 
Mean 

Square 
F 

Value 
p-value 
Prob > F 

 Remarks 
 Remarks 

Model 13682.92 14 977.3517 8.490535 < 0.0001 significant 

X1-Temperature ( C) 334.969 1 334.969 2.909972 0.1086  

X2-PH 2200.276 1 2200.276 19.11443 0.0005 significant 

X3-Initial Concentration of  
 As (III) (mg/l) 166.224 1 166.224 1.444035 0.2481  

X4-Adsorbent dose  
(g/l) 661.8623 1 661.8623 5.749788 0.0299 

significant 

X1 X2 92.21425 1 92.21425 0.801092 0.3849 
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X1 X3 0.009846 1 0.009846 8.55E-05 0.9927 
 

X1 X4 88.32193 1 88.32193 0.767278 0.3949 
 

X2 X3 281.44 1 281.44 2.444951 0.1388 
 

X2 X4 434.538 1 434.538 3.774957 0.0710 
 

X3 X4 661.3628 1 661.3628 5.745449 0.0300 
significant 

X12 6699.823 1 6699.823 58.20329 < 0.0001 
significant 

X22 3061.409 1 3061.409 26.59534 0.0001 
significant 

X32 633.798 1 633.798 5.505986 0.0331 
significant 

X42 122.2302 1 122.2302 1.061849 0.3191  

Residual 1726.661 15 115.1107     

Lack of Fit 1726.659 10 172.6659 384128.7    

Pure Error 0.002248 5 0.00045     

Cor Total 15409.58 
29 

      
 

Table 5 
Model Validation 

    Adsorption of boron (%) (Y) 

Temperature  
( C)(X1) 

PH (X2) Initial Concentration 
 (mg/l) (X3) 

Adsorbent  
dose (g/l) (X4) 

Predicted Observed 

32.66 5.29 23.44 3.96 86.7759 80.926 
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An analysis on task Load Balancing in Linux operating System on  multi-
core architecture 

 
Subhasis Mishra1 & P. Sudheer Babu2 
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ABSTRACT: As the computing moves toward large-scale multi-core processors (also called Chip Multi-Processor, 
CMP), the quantity of cores on a chip increases dramatically. With the advent of multi-core processors, parallel 
execution of multiple tasks has become a common practice. In order to fully utilize these processing cores, load 
balancing has become one of the most important factors that shows performance measures of multi-cores. Various 
scheduling algorithms have addressed this issue considering multi-core systems. This paper is an attempt to analyze 
load balancing in multi-core platform, rather than focusing on naive load-balancing scheme for equally balanced CPU 
usage, it tries to minimize the cost of task migration. We have focused Linux kernel as open source O.S. because of its 
popularity and large scale use. We have proposed some improvement areas in Linux load balancing for multi-core 
platform.  
 
Keywords:  

 
 

Introduction 
Performance improvement achieved by clock speed of a single CPU results power consumption problems 
[2,3]. Increasing the core architecture has been widely used to resolve the power consumption problem as 
well as to improve performance [4]. In embedded systems, the multi-core architecture is having advantage 
over single core architecture [5].As the number of core grows, the need to ensure effectiveness of utilization 
of the processing cores becomes essential. This is the need for the research and development for a well 
engineered operating systems load balancer for these multi-core processors.  
Modern operating systems utilize SMP scheduler, synchronization [6], interrupt load-balancer, affinity 
facilities [7, 8], CPUSETS [9], and CPU isolation [10, 11]. These functions help running tasks adapt to system 
characteristics very well by considering utilization of CPU.Some people have tested and improvements in 
traditional O.S. like Linux on high core platform and concluded there is no reason to shun the adaptabili ty 
issues of traditional O.S. even on multi core platform in near future. Due to the easy availability as open 
source and large scale use of LINUX OS we have adapted this for the research.  
 

Multi-core Architecture 
A multi-core processor is a single computing component with two or more independent processing cores 
which reads and executes program instructions. Multi-cores can run multiple instructions simultaneously, 
increasing overall speed for programs like parallel computing.  
Most processor vendors have multi-core products, e.g. Intel Quad- and Dual-Core Xeon, core 2 duo, i3,i5,i7, 
AMD Quad- and Dual-Core Opteron, Sun Microsystems UltraSPARC T1 (8 cores), IBM Cell, Intel Xeon E7-
2820 (8 cores), AMD FX-8150 (8 cores) etc. 
Below Figure 1 shows a multi-core architecture with two nodes. One node is based on Non Uniform Memory 
Access (NUMA) based design and other is based on Symmetric Multi Processing (SMP) based design. In 
NUMA memory access times of cores can be different where as in SMP memory access times of cores are 
similar. Each core has similar structure in both nodes and has it's private L1 cache. Two nodes can be 
connected through interconnection network like mesh, bus, and ring network. 



UGC Approved: 43602                                                                                                e ISSN 2348 –1269, Print ISSN 2349-5138 
http://ijrar.com/                                                                                                                                                                   “ICFTEMST-19”                              

    14         IJRAR- International Journal of Research and Analytical Reviews                                                   Special Issue 

 
Figure 1: This Figure shows multi-core architecture with two nodes 

 
Linux OS Scheduling in Multicore Architecture: 
The Linux scheduler is a preemptive priority-based algorithm with two priority ranges - Real time from 0 to 
99 and a nice range from 100 to 140. 
When a multithreaded application is run with four threads (or even four serial applications), Linux will 
schedule those threads for execution by assigning each one to a CPU core. Without being explicitly told how 
to do this scheduling, Linux may decide to: 

1. run thread0 to thread3 on core0 to core3 on socket0 
2. run thread0 and thread1 on core0 and core1 on socket0, and run thread2 and thread3 on socket1 
3. run thread0 and thread1 on core0 only, run thread2 on core1, run thread3 on core2, and leave core3 

completely unutilized 
4. any number of other nonsensical allocations involving assigning multiple threads to a single core 

while other cores sit idle 
 

It should be obvious that option #3 and #4 are very bad for performance, but the fact is that Linux will 
schedule the multithreaded job (or multiple single-thread jobs) this way if threads behave in a way that is 
confusing to the operating system. 
Linux Load Balancing 
In multi-core systems efficient load balancing is very important for achieving high performance and 
reducing scheduling latency when many tasks are running concurrently. It can offer competitive advantage. 
Here we have will discuss about Linux load balancing policy and it's limitations and an improved version of 
load-balancing by name operation zone based load-balancer developed by researchers. The current SMP 
scheduler in Linux kernel periodically executes the load-balancing operation to equally utilize each CPU core 
whenever load imbalance among CPU cores is detected. Such aggressive load-balancing operations incur 
unnecessary task migrations even when the CPU cores are not fully utilized, and thus, they incur additional 
cache invalidation, scheduling latency, and power consumption. If the load sharing of CPUs is not fair, the 
multicore scheduler [26/12] makes an effort to solve the system‘s load imbalance by entering the procedure 
for load-balancing [27]. Figure 1 shows the overall operational flow when the SMP scheduler [28] performs 
the load-balancing. 

 
Load-balancing operation on Linux. 
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At every timer tick, the SMP scheduler determines whether it needs to start load-balancing or not, based on 
the number of tasks in the per-CPU run-queue. At first, it calculates the average load of each CPU [30].If the 
load imbalance between CPUs is not fair, the loadbalancer selects the task with the highest CPU load [31], 
and then lets the migration thread move the task to the target CPU whose load is relatively low. Before 
migrating the task, the load-balancer checks whether the task can be instantly moved. If so, it acquires two 
locks, busiest->lock and this_rq->lock, for synchronization before moving the task. After the successful task 
migration, it releases the previously held double-locks [32]. The definitions of the terms in Figure are as 
follows [33] [34]: 

 Rebalance_tick: update the average load of the runqueue. 
 Load_balance: inspect the degree of load imbalance of the scheduling domain [35]. 
 Find_busiest_group: analyze the load of groups within the scheduling domain. 
 Find_busiest_queue: search for the busiest CPU within the found group. 
 Move_tasks: migrate tasks from the source runqueue to the target run-queue in other CPU. 
 Dequeue_tasks: remove tasks from the external run-queue. 
 Enqueue_tasks: add tasks into a particular CPU. 
 Resched_task: if the priority of moved tasks is higher than that of current running tasks, pre-empt 

the current task of a particular CPU. 
 

At every tick, the scheduler_tick() function calls rebalance_tick() function to adjust the load of the 
run-queue that is assigned to each CPU. At this time, load-balancer uses this_cpu index of local CPU, this_rq, 
flag, and idle (SCHED_IDLE,NOT_IDLE) to make a decision. The rebalance_ tick() function determines the 
number of tasks that exist in the run-queue. It updates the average load of the run-queue by accessing 
nr_running of the run-queue descriptor and cpu_load field for all domains from the default domain to the 
domain of the upper layer. If the load imbalance is found, the SMP scheduler starts the procedure to balance 
the load of the scheduling domain by calling load_balance() function. It is determined by idle value in the 
sched_domain descriptor and other parameters how frequently loadbalancing happens. If idle value is 
SCHED_IDLE, meaning that the run-queue is empty, rebalance_tick() function frequently calls load_balance() 
function. On the contrary, if idle value is NOT_IDLE,the run-queue is not empty, and rebalance_tick() 
function delays calling load_balance() function. For example, if the number of running tasks in the run -
queue increases, the SMP scheduler inspects whether the loadbalancing time [36] of the scheduling domain 
belonging to physical CPU needs to be changed from 10 milliseconds to 100 milliseconds. When 
load_balance() function moves tasks from the busiest group to the run-queue of other CPU, it calculates 
whether Linux can reduce the load imbalance of the scheduling domain. If load_balance() function can 
reduce the load imbalance of the scheduling domain as a result of the calculation, this function gets 
parameter information like this_cpu, this_rq, sd, and idle, and acquires spin-lock called this_rq->lock for 
synchronization. Then, load_balance() function returns sched_group descriptor address of the busiest group 
to the caller after analyzing the load of the group in the scheduling domain by calling find_busiest_group() 
function. At this time, load_balance() function returns the information of tasks to the caller to move the tasks 
into the run-queue of local CPU for the load-balancing of scheduling domain. The kernel moves the selected 
tasks from the busiest run-queue to this_rq of another CPU. After turning on the flag, it wakes up 
migration/* kernel thread. The migration thread scans the hierarchical scheduling domain from the base 
domain of the busiest run-queue to the top in order to find the most idle CPU. If it finds relatively idle CPU, it 
moves one of the tasks in the busiest run-queue to the run-queue of relatively idle CPU (calling move_tasks() 
function). If a task migration is completed, kernel releases two previously held spinlocks, busiest->lock and 
this_rq->lock, and finally it finishes the task migration.dequeue_task() function removes a particular task in 
the run-queue of other CPU. Then, enqueue_task() function adds a particular task into the run-queue of local 
CPU. At this time, if the priority of the moved task is higher than the current task, the moved task will pre-
empt the current task by calling resched_task() function to gain the ownership of CPU scheduling.As we 
described above, the goal of the load-balancing is to equally utilize each CPU [37], and the load-balancing is 
performed after periodically checking whether the load of CPUs is fair. The load-balancing overhead is 
controlled by adjusting frequency of load-balancing operation,load_balance() function, according to the 
number of running tasks in the run-queue of CPU. However, since it always performs load-balancing 
whenever a load imbalance is found, there is unnecessary load balancing which does not help to improve 
overall system performance for the following reasons. 
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1. Direct cost: the load-balancing cost by checking the load imbalance of CPUs for utilization and 
scalability in the multicore system 

2. Indirect cost: cache invalidation and power consumption 
(a) cache invalidation cost by task migration among the CPUs 
(b) power consumption by executing more instructions according to aggressive loadbalancing 
3. Latency cost: scheduling latency and longer non-pre-emptible period 
a) scheduling latency of the low priority task because the migration thread moves a number of tasks to 

another CPU [38] 
b) longer non-preemptible period by holding the double-locking for task migration 

 

Adaptive Task-Core Ratio Load Balancing Strategy 
Current operating systems are designed in such a manner where each processing core is assigned a 

task queue (runqueue) and where a static variance load balancer is implemented; the variance between the 
numbers of tasks on the processing cores‘ runqueues is predetermined during system startup. When this 
preset variance is detected, the load balancer will trigger tasks migrations. Using the Linux operating system 
as a reference, it is generally set to 25% variance (denoted by the imbalance value of 125). Effectively, the 
load balancer will trigger tasks migrations when the ratio between two runqueues is greater than 5:4. In 
such a setting, when there are a low number of tasks, as typically will be on a dedicated system, it will 
unnecessarily trigger tasks running concurrently and 1 task completes its allocated epoch (time slice in a 
multi-tasking system), the ratio between that runqueue and any others will be 3:2, or a 50% variance. when 
the tasks are evenly distributed among the four cores, minimal or no migration occurs but when there is just 
an imbalance of 1 task in the system, it triggers numerous tasks migrations. Beyond 16 tasks, the ratio of any 
additional tasks will not trigger migration as the ratio will be greater than 5:4. The migrations that are 
recorded are for the initial migration of the tasks by the load balancer to a less busy processor. Tasks in the 
Linux operating system are created initially on the first processor. It should also be noted that the number of 
cross cache migration consistently amounts to approximately 67% of the migration which indicates that the 
default Linux operating system load balancer gives no preference for same cache processing core migration 
[41]. 
It is observed that the time variance between the Adaptive Load Balancer and the Linux native 
implementation ranges between -2% to 1.5% which is considered as not significant and the overhead is less. 
For more refer [48]. 
 

Future Work 
In this section we have discussed approaches to improve Linux load balancing for scalable multi-core 
architecture. 

 Test Linux's different parts like network handling, memory management, file descriptor 
management, scheduling, protection & security etc. with different benchmarks. 

 Test Load balancing Algorithm with benchmark with and without static option to check whether 
statically linking shared libraries can result in any benefit of total throughput. 

 Test the effects of Cache access like Cache miss and coherency using Cache Profiling tools. Cache 
profiling tools (Oprofile, perf) can be used to understand cache behavior (like cache misses) while 
running benchmarks and hence can be used to reduce number of misses by improving code or 
providing a better cache design. Also if Linux memory management has any role on Cache misses 
and coherency then that can be analyzed to check whether it is optimized or not. If it not optimized 
then it can be improved. One may work on this topic in coming days. For details refer to [49]. 

 Test Linux with serial benchmarks (major portion of benchmarks is inherently serialized like one 
instruction depends on previous instruction) to predict how Scheduler will perform in real life 
serialized applications. 

 

Conclusion 
Load balancing is important to achieve full utilization of the cores in multi-core architecture. We have found 
some area of opportunities to make load balancing scheduling of Linux for multi-core architecture. While a 
lot of work has been done in this area, and Linux works reasonable well for a variety of workloads today, 
improving scheduling further is a ongoing process that needs constant effort. 
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ABSTRACT: In automobile industry the sheet metal plays a vital role to manufacture various components. More or 
less defects are associated in several processes with different components during its manufacturing from the sheet 
metal. Crack edge defect is a common and distinguished defect among them. Therefore dominant this defect is that the 
issue of quality further and a study of relevant factors is completed during this paper.  
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1. INTRODUCTION 
Sheet metal forming is used in various industrial production sectors like: Automobile   (e.g. doors, hoods, 
fenders) , Craft trade (e.g. wings, fuselage) , Household product manufacturing industry (e.g. sinks, cookware 
hoods, freezers), etc.. Another components are factory made from sheet like: levers, brackets, hooks, patch, 
throttle bracket, etc..  Sheet parts and tools area unit bit by bit finding their in depth usage within the 
automobile industries because of their convenience in varied shapes yet as sizes. The producing method 
(Figure-1) of those parts area unit very tough and sophisticated because of the precise demands of precise 
dimension specification. 
More dductility of materials are produced by using standard sheet metals through forming technique and 
normally it begins failure by the localized necking area at the edge of the flange [1] . The metal at the neck 
zone shows an unstable deformation by following a plane strain state till ductile fracture takes place [2]. In 
hole-flanging by SPIF, a sheet with pre-cut hole generated through forming tool  followed by a pre-
established mechanical phenomenon and slowly produces a swish spherical rim as known as round flange. 
The metal of the sheet material is deformed and accomplished with the combination of stretching as well as 
bending   [ 3] . 
Press tools are devices to provide sheet parts in mass quantities by punching, notching, lancing, bending, 
shaving, drawing, embossing, coining and trimming. Fundamentally, punching operation comprises of the 
sheet cutting by mechanical induction of shearing tensions employing a rigid punch and die [4]. One in every 
of the foremost vital needs of the cutting method is that the quality of the sheared edge , that is affected not 
solely by the material characteristics, however conjointly by the method parameters like: die clearance and 
sharpness of the cutting edges [5]. A versatile flanging methodology supported the single-point progressive 
sheet forming (ISF) technology was represented [6] by utilizing simple toolbars with tapered shoulders in 
an exceedingly two-stage procedure.  
Round hole-flanging was considered as a stretch flanging with concave bending line. Till date, so many 
researchers presented their works on various flanging processes. A work published on stretch/shrink 
flanging [7] on open edges of two dimensional plates and a systematic study on hole-flanging was presentd 
[8]. Wherever [9] worked out on the fine hole flanging with wall reduction throughout forming, while the 
deformation features, formability, forming load, etc [10] were examined  to check the arched flanging on 
non-planar sheets . The stretch flanging method is considerably suffering from varied geometrical, material 
and process parameters [11-14].  
Not only the punch-die clearance but also primary flange length are key parameters that effects on the 
boundary crack and strain circulation on the radius of  die profile in the flange. 
Commonly three distinct steps are concerned in the manufacturing as: (a) cut the sheet metal into a precise 
sizes and shapes (b) pattern of cutting metal to the required shape through various operations such as 
bending, stamping, rolling, welding and punching (c) the last step endow with the finished product and 
make it ready for use. 
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Figure-1: Various manufacturing steps usage in sheet metal 

 

2. BENDING, FLANGING AND HEMMING IN INDUSTRIAL APPLICATION 
The Bending is because of plastic deformation of a sheet metal about a linear axis. Plane strain as well as the 
localized deformation area unit obtained on the axis. Bending could also be the foremost operation in the 
sheet metal forming, however it’s quite complex; neutral surface ' shifting, springback when unloading, 
strain hardening, and cutting at the deformation regions are briefly studied. Varied varieties of common 
bending processes, that area unit air bending, V-die bending, U-die bending, wiping die bending, double die 
bending, and rotary die bending. 
Flanging is a type of forming operation and a slim strip at the edge of a sheet is bent on a straight or curved 
line. If the contour radius (radius = one /  curvature) of the deformation corner is infinite, then this 
operation is one quite plane strain bending, or a lot of usually,  wiping die bending. Compared to plane strain 
bending, flanging is applied on the perimeters of elements , and therefore the projection length is 
comparatively little. Typical bend angle in flanging is 90° and one to four degrees recovery may be found 
when unloading because of springback development. 
In hemming the edge of the sheet is folded to 180° or more and additionally increasing the stiffness of the 
part, hemming method conjointly eliminates acute edges, improves look and  joins components. 
A number of automotive interior and exterior panels (Figure-2) are shaped through press brake bending or 
flanging, then joined by hemming.  

 
Figure-2 :  Bent, flanged and hemmed parts on a car 

 

Sorted by area shapes : a flat or a arc apparent  and edges , a straight line or a curve, flanges may be 
generated from altered surfaces as shown in figure-3.  Flanging is the aboriginal footfall in hemming 
process, hems may be analysed with the aforementioned classification. It is noticed  from figure-(B) and (C), 
that a flat sheet is angled over a ambit and a non-straight border is obtained. Figure- (D) and (E) shows a 
arced area is angled to a plane; therefore, stretching or shrinking in ambit occurs because of the initial sheet 
curvature. These flanging cases begin in the automotive door panel as in Figure-2. 
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Figure-3 : Geometric shape conversion model of surface to flanging 

 

In stretch flanging tension is major along the top portion of the flange and lesser close to die profile radius in 
circumferential direction(Figure-4). Initial flange length is one among the key parameter of stretch  stretch 
flanging process. Prediction of strain and trimline are often  analysed by using two different models for 
axisymmetric and non-axisymmetric stretch flanging process. 

 
 Figure - 4: Flangeability and crack edge 
 

3. BASIC PARAMETERS FOR PROCESSING 
3.1.  Parameter affect on the edge  
The essential parameters (Figure-5) that affect the blanked edge quality and hole expansion ratio, 
flangeability are (i) punch-die clearance (ii) blank holder pressure (iii) punch tip geometry (iv) punch 
velocity (v) hardness of blanked/pierced edge (vi) surface quality of the blanked/pierced edge (vii) tool 
wear/radius (viii) sheet material/thickness.   

 
  Figure-5: Parameters in the blanked edge 
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The average circumferential strain   (𝐞) =  
 𝐝𝐟− 𝐝𝐢 

𝐝𝐢
  

Where,  e = Strain ;  
             di = Diameter of the hole extrusion ; 
             df = Diameter of the edge after hole extrusion  
 
Some distinct characteristics were shown by the sheared edge. Fractures, burnishing, rollover, burrs, and 
work hardening with in the flanking area were gripped. Work hardening gives edge crack or brittle fracture. 
This will tear instantaneously from the stress concentration around the cracks during the product 
functioning.  
3.2.  Effect of punch-die clearance 
Proper clearance between the punch and die is crucial due to : 

a) Large abundant punch and die clearance leads to additional change deformation wherever punch 
enters the fabric and an outsized burr on the die aspect. 

b) There will be a bottom change deformation round the hole wherever the punch enters the fabric 
due to proper clearance between the punch and die. There may be a nominal burr.  

c) There may be a requirement of secondary shear of the material to form the hole because of 
insufficient die clearance. This secondary shear is at the outlay of tonnage .So additional tonnage is 
required to make the hole and a supplementary strip force is necessary to remove the punch may 
result in premature punch failure or breaking of the punch. 

The punch is same as of the die opening with some clearance. Punch pushes the material into the die 
opening when it moves downwardly. The sheet metal is affected by tensile as well as compressive stresses. 
As a result of this a larger value of stresses are generated at the edges of punch and die . So, the material will 
start cracking there. Various zones of fracture on the material are shown in figure-6(a) and 6(b). If the 
clearance between the punch and the die is fruitful then the cracks are starting from edges and the rupture 
will takes place. 
If the clearance is larger or smaller then cracks will not meet. Instead of that material will be dragged and 
torn through the die to. Hence burr is developed.  Punch is the master piece in punching operation where as 
clearance should be added in die. The normal clearances per side of the die are given below for different 
kinds of material in terms of thickness, t: 

Table-1 : Normal clearances per side of the die 
Sl. No. Material type Normal clearances (c)  
1 Brass and soft steels   5%  of  t  
2 Medium steel 6%  of  t 
3 Hard steel 7%  of  t 
4 Aluminum 10%  of  t 

  
Therefore die and punch alignment is based on manufacturing process as well as final assembly of the tool. 
Right alignment of die & punch decides the part quality. 

 
Figure- 6(a) Crack initiation stage 

 
Zone- 1: Elastic stage 
Zone-2 : Elastoplastic stage 
Zone-3: Elasto plastic stage with damage of matterial occurs 
Zone-4 : Propagation of cracks lead to final rupture. 
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Figure- 6(b): Various zones 

 
The amount of the minimum die clearance is bent on the basis of the amount advantage of the allotment to 
be blanked using the press tool. If the element to be blanked as an example, a washer, the burr unseen close 
to the sheared edge and also the secondary shear fashioned on the opposite aspect would not have an effect 
on the essential operator of the washer. Therefore, the minimum die clearance assigned for the press tool 
that produces the washer will be less. On the other hand , the minimum die clearance ought to be larger for a 
essential product. 
3.3.   Influence  of  flange  length  on  edge  crack 
Edge cracking would-be in real components are vary significantly with the edge condition of the part as well 
as the amount of deformation that the flange instills into the edge itself. However, there are some useful 
indicators to the potential for part geometry to origin an edge crack. 
Edge cracking (Figure-7) is just a failure in the sheet metal created by the pattern of a stretch flange. Stretch 
flange is defined as a flange from initial shape to finished shape cause the free edge of the metal to stretch. It 
is recognized that stretch flanges are due to the situation: extruded holes, flanges in wheel arch of car, cowl 
hems in the hood and deck-lid of car, or any flange where the plan view radius of the flange has its center 
outside the bend. The sheet metal will be trimmed to a curved edge prior to the flanging operation on these 
types of flanges. So, the material on the free edge of the flange has to stretch from the original length 
because of the trimmed metal is flanged downward and it has during the trimming operation to take on the 
new edge length  as identified by the plan of the finished flange. 

 
Figure-7: Edge crack  and stretching 

 

The quantity of stretching in the flange termed as engineering strain( e) can be calculated by estimating the 
difference in the edge length before and after the flanging, and then dividing it by the original edge length. 
The difference in arc length of the trim edge initial and the trim edge final can be estimated by using the plan 
view radii of the initial trim line and the plan view of the flange. The calculation in the given figure-8 as 
shown below, it is assumed that the plan view radius of the initial trim is corresponding to the final plan 
view radius minus the intended length of the flange. 

 
Figure-8 :  plan view radius of the initial trim, final plan view radius and intended length of the   

 flange 
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Once the strain/stretching in the edge of the flange is predicted then only the issue on the amount of 
stretching is likely to be calculate as a result in failure. If the strain calculated (e) is more than the total 
elongation then the flange will experience edge cracks, otherwise process modifications is required. 
3.4.   Bending of sheet metal 
In bending the ductility of the sheet metal is an important mechanical property. For low ductility, the 
minimum angle ambit is larger. Similarly, accompaniment of biaxial accent in angle arena may as well abate 
ductility on alien fibers. Accompaniment of biaxiality reaches only when width to thickness (w/t) ratio value 
reaches to 8. The analytical ache appropriate for fracture only beyondwhen w/t ratios decline. Slim sheets 
suffer crack at the edge due to more stress than at center.  

                  
Figure-9 : Sheet metal parts and Bending of flange geometry 

 

4. EDGE  CRACK  PREVENTIVE 
A blanked edge industrial accident will be added by adjusting the tolerance, designing an acceptable contour 
of the apparatus and compassionate the automated backdrop of the sheet metal area.  
The approval among the shearing bite and the die definitely affects the bend condition. It determines the 
bend characteristics and the burning ring will boss the profile. It says that apparatus activity is proportional 
to the clearance. 
The bend could crop a contour that is absolutely burnished if a bound approval is maintained during 
blanking and that would decline its need to fracture. A bound approval is acclimated if a beeline bend is 
required. Here, the apparatus activity will be abbreviated due to the sharp contact among the apparatus 
with the blank. 
If the bend is accountable to consecutive basic operations, plan hardening is bigger to micro-cracking. 
Conversely, if approval is loose, the bend will accept a openhanded rollover field and a micro-cracks that 
actualize a aciculate edge. The apparatus activity can be maximized here. 
Shaving method can be used to remove the defective section of  blanked edge and exhibit burrs as well as 
micro-cracks produced throughout blanking. It can be done at a station prior to forming. A skinny slice is cut 
out from the sheared edge. On the other hand, shaving will lead to problems like: scratches, and die damage.  
Excessive clearance dishes the blank and produces long, stringy burrs all round the edge. The appliance of 
correct clearances can lead to a blank free from burrs, and with the burnished section of its edge extending 
to the best potential depth. Die clearance can be calculated on the basis of feed strip material and its 
thickness. 
To prevent the premature failure (fracture or crack) there is a requirement of design revision during the die 
development process. This leads to a systematic approach in optimal tool design to produce the desirable 
edge profile.  
 

CONCLUSION 
Sheet metal is sheared and undergoes the manufacturing process to give a predictable profile. The punch 
will be engaged and it pulls the material in downward direction during shearing. As the punch continuously 
go through the material and it shear the upper zone of the sheet metal. Result of which the material is locked 
between the punch and the die. So a burnished zone is fractured or separated completely. 
The stretch flanging method is appreciably afflicted by assorted geometrical, actual and action parameters. 
The punch-die approval and antecedent border breadth are capital ambit which accept above furnishings on 
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the bend able area and ache administration forth die contour ambit in the flange. It is a key important for a 
designer to calculate the stretch prospective in the flange edge while using the allotment sketches or assets 
and accept to see that e = (l)/(Rf-l)  is more than total elongation. Otherwise the designer have to design 
alternative flange or alternative process. 
In manufacturing industry sheet metal forming requires a continuous improvement in the materials, new 
innovative forming methods, the tooling and the manufacturing equipment. 
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ABSTRACT: This investigation reports the aftereffects of a trial contemplate on mechanical properties of ordinary 
and metakaolin concrete with and without steel fiber. To build up the metakaolin strengthened concrete, Ordinary 
Portland concrete was partially mixed with metakaolin 3%,6%,9%,12%,15%,18% by weight of the aggregate cement 
content. Steel fiber with length 50 mm and diameter 0.70 mm is used to deliver fiber strengthened concrete by 
partially including 0.25%, 0.5%, and 1% by weight of the binder content.  All tests were conducted at the end of 7 
days, 28, 56 days of curing period. It was discovered that for substitution of metakaolin and steel fiber, the 
compressive strength and Split tensile strength were enhanced up to 9% substitution and declined after that. It gives 
the greatest strength at 9% of substitution of metakaolin and steel fiber. Furthermore, water absorption test was also 
conducted for different substitutions of metakaolin& steel fiber. 
 
Keywords: metakaolin, steel fiber,compressive strength, split tensile strength, water absorbtion 

 
 
I. Introduction 
 Concrete is one of the greatest inventions 
in the field of construction industry, with nearly 
three billion tons used worldwide consistently. It 
has a wide range of applications since it offers 
noteworthy strength at a tolerably negligible 
exertion. Nowadays, concrete is prepared easily in 
huge quantities by mixing the three locally 
available ingredients. Admixtures are finely 
ground solid materials that are used to replace 
some part of the binder to form a strong mix. 
These materials react exothermically with 
hydrating cement to form a good bond. 
Notwithstanding their positive ecological effect, 
admixtures may enhance mechanical properties, 
and strength.  
Wild et al., 1996) announced outcomes on quality 
improvement of concrete, where cement was 
partially supplanted with metakaolin (5% to 
30%). (Poon,2006) contemplated the mechanical 
and toughness properties of metakaolin and silica 
fume concrete and discovered that the execution 
of the metakaolin utilized in this investigation was 
better than the silicafumeas far as quality 
improvement of concrete. (Kinuthia, 2006) did the 
research on the utilization of red muds and 
metakaolin as a pozzolana for cements. They 
discovered that the utilization of metakaolin as 
fractional bond substitution material in mortar 
and cement has produced good results. (Guneyisi, 
2007) examined on the utilization of metakaolin 
as a beneficial establishing material to enhance 
the execution of concrete. The outcomes showed 
that it expanded the qualities of the concrete in 

differing extents, depending mostly on the 
substitution level. (Lin et al., 2008) assess the 
mechanical properties of concrete based 
composites and discovered that the mix of steel 
fibers and silica smoke can enormously expand 
the mechanical properties of bond-based 
composites. (Katkhud et al., 2009) completed an 
analysis by supplanting cement with various rates 
of silica fumes at various consistent water-
cementproportion. They reasoned that ductile, 
compressive and flexure strengths expanded with 
silica fume. 
 

II. Materials Used 
Cement 
It is a binder which is used to bind the raw 
materials i.e. coarse aggregate, fine aggregate and 
admixtures. In the present work, we have taken 
ordinary Portland cement which is known as 
purest form of cement whose properties are given 
below 
Fine aggregate 
It is naturally found sand, obtained by passing 
through 4.75 mm sieve. As per IS classification, 
sand are proportioned from zone I to zone IV 
according to their properties. in our project, sand 
that we used is from zone IV. Its properties are 
mentioned below 
Coarse aggregate 
These are the naturally occurring stones which 
retains on 4.75 mm sieve. We have taken 20 mm 
size aggregates in our work whose properties are 
given below. 
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Metakaolin 
It acts as an admixtures which is formed by 
heating the clay mineral kaolinite at a 
temperature range from 700-1000ᵒC. This process 
is called calcination. Its physical & chemical 
properties are given in table no. 4 & 5 
 
Steel fibers 
Steel fibers enhance the tensile property of 
concrete and increase the crack resistance of 
concrete. Its properties are given in table no. 6 

Table 1 

S.n  
Properties of materials 
Material   Specific gravity Remarks  

1. Cement 2.94 ---- 

2. Fine aggregate 2.53 ---- 

3. 

Coarse aggregate  
(10 mm) 
Coarse aggregate  
(20 mm) 

2.78 
 
2.91 

---- 

4. Cement 2.94 ---- 

5. Metakaolin 2.86 ---- 
 

Table 2 

S. 
no.  

Sieve size analysis of Coarse aggregates 
Sieve 
size 
(mm) 

% 
retained 

Cumulative 
% Retained 

% 
Passing  

1. 40 0.00 0.00 100.00 

2. 20 0.60 0.61 99.39 

3. 10 73.50 74.12 25.88 

4. 4.75 22.90 97.03 3.02 
 

Table 3 
S. 
no.  

Sieve size analysis of fine aggregates 
Sieve size  Retained Passing  

1. 10 mm 0 100 

2. 4.75mm 0.797 99.20 

3. 2.36mm 0.766 99.23 

4. 1.18 mm 5.908 94.09 

5. 600 micron 10.535 89.46 

6. 300 micron 54.773 45.22 

7. 150 micron 26.357 73.65 

8. Pan 1.154  

 

Table 4 
S. 
no. 

Physical properties of Metakaolin 

Constituent  Proportion  Remarks  

1. 
Pozzolan Reactivity  
mgCa(OH)2 / gm 

902 – 1200 ---- 

2. 
BET Surface Area 
 m2 / gm 

14.2 – 17.5 ---- 

3. Average Particle size 2.7micron ---- 

S. 
no. 

Physical properties of Metakaolin 

Constituent  Proportion  Remarks  

4. Brightness (ISO) 70± 2 ---- 

5. 
Bulk Density  
(Gms / Ltr) 

300 to 325 
---- 
 

6 Specific gravity 2.86 ---- 

 

Table 5 

S. 
no. 

Chemical properties of Metakaolin 

Constituent Proportion Remarks 

1 SiO2 45 – 55.5% ---- 

2 Al2O3 38 - 42% ---- 

3 Fe2O3 0.47% ---- 

4 TiO2 0.86to 1.6% ---- 

5 CaO 0.02% ---- 

6 MgO 0.09% --- 

7 K2O 0.34% ---- 

8 Na2O 0.21% ---- 

9 L.O.I. ≤2 - 3% ---- 

 

Table 6 

S. 
no.  

Properties of steel fiber 

Property     Remarks  

1 Fiber type 
Hooked  
steel fibers 

---- 

2 Fiber length 50mm ---- 

3 Tensile strength 1125N/mm2 ---- 

4 Young’s Modulus 2x105 MPa ---- 

5 Density 7800 kg/m3 ---- 

6 Aspect ratio 71 ---- 

7 Diameter 0.7 mm ---- 

 

 
Figure 1. METAKAOLIN 

 

 
Figure 2. STEEL FIBER 
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III. RESULTS & DICUSSIONS 
Water absorption test 
It specifies the water absorption percentage of 
different cubes and cylinders 
Graphs 
Water absorption of cubes for 7 days of curing 

 
 

Water absorption of cubes for 28 days of 
curing 

 
 

Water absorption of cubes for 56 days of 
curing 

 
Compressive strength 
 Compressive strength for different cubes with 
different substitutions of metakaolin for different 
curing periods i.e. at 7, 28, 56 days were 
calculated. 
Graphs  
Compressive strength of cube shown below for 
7 days of curing for different metakaolin 
replacements 

 
 

Compressive strength of cube shown below for 
28 days of curing for different metakaolin 
replacements 

 
 

Compressive strength of cube shown below for 
56 days of curing for different metakaolin 
replacements 

 
 

Split tensile strength 
Split tensile strength for different cubes with 
different substitutions of metakaolin for different 



FUTURE TRENDS IN ENGINEERING, MANAGEMENT, SCIENCE AND TECHNOLOGY “ICFTEMST-19” 
Organized by Dept. of ECE & EIE,Gandhi Institute of Engineering and Technology (Autonomous) 

Special Issue                                                  IJRAR- International Journal of Research and Analytical Reviews   29 

curing periods i.e. at 7, 28, 56 days were 
calculated. 
Graphs  
Split tensile strength of cube shown below for 
7 days of curing for different metakaolin 
replacements 

 
 

Split tensile strength of cube shown below for 
28 days of curing for different metakaolin 
replacements 

 
 

Split tensile strength of cube shown below for 
56 days of curing for different metakaolin 
replacements 

 
 

Compressive strength of cube for different 
metakaolin replacements& steel fibers for 7 
days of curing 

 
 

Compressive strength of cube for different 
metakaolin replacements & steel fibers for 28 
days of curing 

 
 

Split tensile strength of cube for different 
metakaolin replacements & steel fibers for 7 
days of curing 
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Split tensile strength of cube for different 
metakaolin replacements & steel fibers for 28 
days of curing 

 
 

IV. CONCLUSION 
 Partial replacement of metakaolin 

increases the mechanical properties of 
concrete. The maximum compressive 
strength was found as 49.43N/mm2 and 
maximum split tensile strength was found 
as 12.21 N/mm2. 

 The compressive strength and split 
tensile strength were increased up to 9% 
of partial replacement of metakaolin.  

 Addition of steel fibers to the metakaolin 
concrete results higher compressive 
strength as well as split tensile strength.. 

 Addition of steel fibers results 
remarkable improvement in mechanical 
properties of concrete This may happens 
due to increasing of bond strength 
between concrete and steel fiber. 

 The water absorption capacity of concrete 
was decreased as the percentage of 
metakaolin replacement increases. 

 The more will be the water absorption of 
the concrete the less will be its strength. 
Water absorption capacity of the concrete 
is inversly varies with the mechanical 
properties of concrete. 
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ABSTRACT: In This Paper, we present a Comparison of Bi-Concave, bi-Convex and Rectangular Patch Antenna Has 
Been Done. Some Perturbation Has Been Done In The Rotman Lens Structure Which Led To A Biconcave And Biconvex 
Lens Structure And That Structure Has Been Implemented In The Patch Geometry. The Entire Proposed Antenna Is 
Designed On FR4-Eproxy Substrate With Height Of 1.6 Mm And Relative Permittivity Of 4.3 Having Thermal Condition 
0.3. The Compact Size Of The All The Three Proposed Antenna Is 76*58mm2.Parametrical Study Is Performed To 
Optimize The Different Antenna Parameter. All The Three Proposed Antenna Has Been Designed To Operate At The 
Frequency 5.9Ghz Which Is Assigned The Application Of Both IEEE Standard 802.11p And WLAN .The Simulation Has 
Been Carried Out Using CST Studio Suite (Computer Simulation Technology). The S parameter, VSWR, 3D-Antenna 
Gain, 3D-Directivity and Surface Current Distribution Has Been Calculated. 
 
Keywords: Bi-Convex Patch, Bi-Concave Patch, Rectangular Patch, S11, VSWR, CST Studio Suite. 

 
 

Introduction 
Recently many antennas have been developed for different frequency band with different application to get 
benefit from the newly evolved antennas which include small size and wide band [1]. Different shapes has 
been taken into account like biconvex, crescent moon, star shaped have been introduced for the log periodic 
implementation for different range of frequencies [2].  In the year of 2016 the modification of Rotman lens 
has been done and implemented which led to perturbed elliptical structure for 50GHz application [3,4]. 
Similarly in the recent year Rotman lens has been modified to a biconcave lens structure for Ku Band 
application [5]. In the year of 2016 and 2017 some modification has been done in biconvex patch for 
different range of frequency with different applications [6-8]. In the year 2018 some perturbation has been 
done in circular patch at 5.9 GHz application. Some modification has been done in the conventional 
rectangular patch for 5G application for different range Application [9-11]. The geometry of Rotman lens 
was varied from designer to designer, in this paper the proposed antenna has been designed for 
λ=50.84mm. 
1.1 Antenna Design 
At first the design of Biconcave lens and Bi-convex patch antenna having substrate fr4(lossy)material is 
used. Substrate has been designed 76*58 mm2  and the feed line is the width of 3.00 mm. After getting the 
overall idea about the Rotman lens structure the patch structure is designed such a way that it will have a 
bi-convex as well as bi-concave lens structure . We have designed the patch such a way that the maximum 
distance between both the arc will be equal to the wave length λ=50.84mm obtained from the design 
frequency 5.9GHz. After complete the Bi-concave and Bi-Convex Structure ,rectangular Patch has been 
designed such a way that it will also having the same substrate material and having the width and length of 
the substrate is 76*58 mm2. All the design done using CST (computer Stimulated Technology). After that 
comparison has been done in all the structure. 

 
Fig 1 Structure of the Bi-covcave Patch Antenna     Fig-2 Structure of the Bi-covex Patch Antenna 
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Fig-3 Structure of the Rectangular Patch Antenna 

 

1.2 Mathematical Formulae 
The effective dielectric constant of the substrate is given as [12] 

𝜖𝑒𝑓𝑓 =
𝜖𝑟+1

2
+

𝜖𝑟−1

2
 1 + 12

𝑤

h
 

−1

2         (1) 

 
The basic relation between the cut off frequency and the dielectric substrate is given as follows: 
 

 𝑓𝑡 =
160

𝜋
 √

2

𝜀𝑟−1
tan−1 𝜀𝑟         (2) 

 
 Where h is the thickness of the substrate taken into mm.  
The normalized extension of the length and width are can be calculated using the below Formulae   

W =    
C

2fr√
(εr +1)

2

        (3) 

 
Here h is the height of the substrate that is 1.6 mm . 
 

Leff  =    
C

2fr √εeff
       (4) 

 

∆L = 0.412h
 εeff +0.3  

W
h

+0.264 

 εeff −0.258  
W

h
+0.8 

       (5) 

 
L = Leff    − 2∆L         (6) 
 

2  Results 
At first the CST Software[13] used and as per the requirement ,the design was done and simulated for the 
results . Then the simulation was done and results were analyzed at resonant frequency.  
2.1 S Parameter 

 
Fig-4 Return loss(S11) of the Bi-Concave(red),Bi-convex(green) and rectangular Patch(blue) proposed 

Antenna 
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2.2 VSWR 

 
Fig-5 VSWR of the Bi-Concave(red),Bi-convex(green) and rectangular Patch(blue)  proposed Antenna 

 

2.3 Gain 

 
Fig-6  Gain Radiation Pattern of  Bi-concave Antenna 

 

 
Fig-7  Gain Radiation Pattern of Bi-convex  Antenna 
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Fig-8  Gain Radiation Pattern of  Rectangular Antenna 

 

2.4 Directivity  

 
Fig-9  Directivity Pattern of  Bi-concave Antenna 

 

 
Fig-10  Directivity  Pattern of  Bi-convex Antenna 
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Fig-11  Directivity Pattern of  Rectangular Antenna 

 
2.5 Surface Density  

 
Fig:10 Surface Current Distribution of Bi-concave antenna 

 

 
Fig:10 Surface Current Distribution of Bi-convex antenna 

 

 
Fig:10 Surface Current Distribution of Rectangular  antenn 
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3 ANALYSIS OF RESULT 
From all the three proposed antenna has been observed that Bi-concave Structure which has Return loss it 
can be observed that the resonant frequency is in the desired rage i.e. 5.9GHz and the VSWR is nearly equal 
to 1which is   the ideal value. Other two structures the resonant frequency is come across nearly at GHz and 
other parameters also very low as compare to Bi-Concave Structure. 

Sl. 
No 

 
Proposed Patch 

 Antenna 

Obtained Results From CST  

Resonant  
frequency 

(GHz) 

Return Loss 
(dB) 

VSWR Gain(dB) 
Directivity 

(dB) 

1 Bi-Concave  5.8 -26.423 1.105 0.06 7.842 

2 Bi-Convex 6.98 -17.1 1.32 -1.31 7.904 

3 Rectangular 6.96 -26.32 1.107 -1.469 6.999 

 

Conclusion 
The proposed biconcave patch antenna has the resonant frequency at 5.8 GHz which is suitable for WLAN 
for Wireless access in vehicular environments (WAVE). Proposed antenna has the High return loss and 
compact in size. 
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ABSTRACT: Deviations in macroscopic parameters, such as intermolecular free length, fL , acoustic impedance, 

Z , free volume, fV , change in entropy, S , excess Gibb’s free energy of activation for viscous flow, 
EG*

,  

excess enthalpy, 
EH  of an acidic organophosphorous nuclear extractant (DEHPA) with three monocarboxylic acids 

viz. acetic acid, propionic acid and n-butyric acid at 303.15 K and p = 0.1MPa were computed from experimental 
ultrasonic velocity, density and viscosity data, presented in the previous work. The compositional variation of 
deviation/ excess functions is correlated to Redlich-Kister type polynomial equation to derive binary coefficients and 
estimate standard errors between the experimental and calculated data. The variations of excess / deviation functions 
with composition of DEHPA are interpreted in terms of molecular interaction in the mixtures. Furthermore, 1H NMR 
spectra of  pure DEHPA and its binary mixtures with monocarboxylic acids at a constant volume have been reported 
to assess molecular interactions at microscopic level and correlated with their acoustic responses. 
 
Keywords: DEHPA; Binary liquid mixtures; Deviation functions; Redlich-Kister equation; 1H NMR spectra 

 
 
1. Introduction 
Physico-chemical properties of liquid mixtures consisting of polar-polar as well as polar-apolar components 
finds application in industrial and technological processes [1-3]. Di (2-ethylhexyl) phosphoric acid (DEHPA) 
is one of the most widely used and characterized extractant, used alone or in combination with other 
synergistic extractants for recovery of uranium, thorium, chromium, copper, nickel, scandium etc. from their 
ores [4, 5]. Furthermore, the extraction efficacy of the extractant (/DEHPA) is improved with the addition of 
suitable organic modifier/ diluents for greater dispersal and more rapid phase disengagement with respect 
to their relative concentrations [6, 7].  As such it is necessary to study the behavior of DEHPA with several 
organic liquids in the molecular level that can be used in choosing suitable modifier, improving the 
extraction efficacy.  Ultrasonic and spectroscopic routes [8, 9] play an important role in the study of 
molecular interactions between components of liquid mixtures in macroscopic and microscopic level 
respectively. In continuation to our ongoing research on physico-chemical properties of binary mixtures of 
DEHPA with modifier [10-12], we have reported here a correlation between acoustic (/macroscopic) and 1H 
NMR (/microscopic) studies [13, 14] for assessment of molecular interactions between components of 
binary system of DEHPA with three monocarboxylic acids, viz. acetic acid, propionic acid and n-butyric acid.  
 

2. Experimental 
2.1.  Materials 
All the chemicals used in this investigation are of analytical reagent grade. The chemicals with their purities 
and other specifications are given in Table 1. The binary liquid mixtures (DEHPA + monocarboxylic acid) 
over entire mole fraction range of DEHPA were prepared in air-tight bottles by mass measurement. 
Adequate precautions were taken to avoid evaporation and environmental damages.  

Table 1.  Provenance, CAS number and purity of pure components. 
Chemical name Molar mass     (g mol-1)  Provenance CAS number  Mass fraction purity 
Acetic acid 60.05 Sigma-Aldrich 64-19-7 ≥ 0.998 
Propionic acid 74.08 Fluka 79-09-4 ≥ 0.995 
n-Butyric acid 88.11 Sigma-Aldrich 107-92-6 ≥ 0.990 
D2EHPA 322.43 Spectrum 298-07-7 ≥ 0.980 

 
 
 



UGC Approved: 43602                                                                                                e ISSN 2348 –1269, Print ISSN 2349-5138 
http://ijrar.com/                                                                                                                                                                   “ICFTEMST-19”                              

    38         IJRAR- International Journal of Research and Analytical Reviews                                                   Special Issue 

2.2.  Methods 
The detailed procedure for measurements of density ( ), ultrasonic velocity (U), and viscosity  ( ) of 

liquid mixtures are the same as described in our earlier work [11, 12]. All above measurement of , ,U  

for each sample were done thrice at T = 303.15K and at p = 0.1 MPa and average values in each case were 
reported. The temperature was controlled within ± 0.1K using thermostatic bath for measurement of all 
properties. The uncertainties in ultrasonic velocity, density, viscosity, temperature, pressure and mole 
fraction are same as our earlier report [11, 12]. The reliability of experimental measures of  , ,U  were 

ascertained by comparing the experimental data for pure liquids with the corresponding literature values 
[15, 16] and the agreement between the experimental and the literature value was found good. No further 
purification of these chemicals was carried out.  

1H NMR spectra of all samples were recorded on a Bruker Advance (400 MHz) spectrophotometer 

(at NISER, Bhubaneswar) using deuteriochloroform (CDCl3) as solvent and tetramethylsilane (TMS, ppm = 
0) as an internal standard. Chemical shifts of interest i.e. hydrogen atom of –OH group of DEHPA in all binary 
mixtures at a constant volume (monocarboxylic acids: DEHPA:: 1:9) are reported using peak pick facility 
[13, 14]. 

 

3.  Results and discussion 
3.1.   Acoustic properties 
The values of intermolecular free length (Lf), acoustic impedance (Z) and free volume (Vf) were computed 
from the measured values of ultrasonic velocity (U), density (ρ) and viscosity (η) of binary mixtures of 
DEHPA and monocarboxylic acids, viz. acetic acid, propionic acid and n-butyric acidby using standard 
relations [17-19]. The values of all parameters are presented in Table 2. The deviations in intermolecular 

free length ( )fL , acoustic impedance Z  and free volume fV  are computed using the following 

standard relations [ 17, 18] and displayed graphically in Figs. 1-5. 

TXYTXYTXY id ,,,               (1) 

where Y and Yid denote different acoustic parameters, i.e. ZL f , and fV  in real and ideal mixture, 

respectively and all three terms, as indicated, refer to same mole composition and temperature. 

        Furthermore, change in entropy ( S ), excess Gibb’s free energy of activation for viscous flow   (
EG*

) 

and excess enthalpy (
EH ) were evaluated by using standard expressions [20-22]. 

The above deviation / excess function )/( EYY  were fitted to Redlich-Kister equation [23] 

    

j

j

j XaXXY
3

0

222 211                (2) 

where E

ff

E GSVZLYY *,,,,)(/ and HE. The values of polynomial coefficients aj were 

determined by least square method and are reported along with the corresponding standard deviations 
between the experimental and calculated values of the respective functions in Table 3. 
The standard deviation was calculated using the relation  

  
212 )/()()( pnYYY calobs

                            (3) 

where n is the number of experimental data points and p is the number of smoothening coefficients (here p 
= 4) 
 All experimental parameters such as density, ρ, ultrasonic velocity, U, and viscosity, η increases 
nonlinearly in n-butyric acid mixture, while the density follows opposite trend in both acetic and propionic 
mixtures with increase in mole fraction of DEHPA (Table 2). The values of derived parameters such as Lf  and 
Vf show a non-linear decreasing trend while that of Z exhibits an increasing trend with mole fraction of 
DEHPA in all the three mixtures. Such a trend of above parameters shows the compression in the volume of 
the binary mixture. With addition of DEHPA to the monocarboxylic acid, the smaller acid molecules may 
trap in the voids of DEHPA structure which gives rise to a denser packing of molecules, resulting in an 
increase of ultrasonic velocity in the mixture. The ultrasonic velocity in a liquid mixture is influenced by 
physico-chemical behavior through intermolecular free length, acoustic impedance, free volume and other 
parameters [17]. The increase in ultrasonic velocity in these mixtures is attributed by the decrease in the 
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value of Lf and Vf and so increase in the value of Z [19, 20]. It indicates the presence of specific molecular 
interactions between component molecules in all three mixtures. 
Table 2. Experimental values of Ultrasonic velocity (U), density ( ), viscosity (η) and calculated  
values of intermolecular free length (Lf), specific acoustic impedance (Z) and free volume (Vf) of  
monocarboxylic acids + DEHPA at 303.15 K. 

Mole fraction 
X2 

U 
m s-1 

 
kg m-3 

  
mPa s 

Z  10-6 
Nm-3s 

Lf 1011 
M 

Vf   103 
m3 mol-1 

acetic acid + DEHPA 
0.0000 1095 1034.0 0.884 1.132 5.889 2.289 
0.0796 1129 1008.6 1.574 1.139 5.779 1.762 
0.1382 1150 998.8 2.292 1.149 5.709 1.234 
0.2186 1174 990.7 3.386 1.163 5.615 0.932 
0.3103 1196 984.2 4.872 1.177 5.531 0.720 
0.3968 1214 979.3 6.604 1.189 5.462 0.593 
0.4788 1228 975.5 8.198 1.198 5.410 0.525 
0.5297 1236 973.6 9.118 1.203 5.381 0.493 
0.6234 1249 970.5 11.092 1.212 5.333 0.448 
0.6891 1258 968.5 12.578 1.218 5.300 0.421 
0.7384 1264 967.5 13.668 1.223 5.278 0.406 
0.8068 1272 965.7 15.202 1.228 5.249 0.390 
0.8905 1281 964.1 16.884 1.235 5.217 0.375 
0.9592 1288 962.5 18.494 1.240 5.193 0.361 
1.0000 1293 961.3 19.288 1.243 5.177 0.359 

propionic acid + DEHPA 
     0.0000 1121 981.8 0.868 1.101  5.906 3.306 

0.0668 1150 978.9 1.394 1.126 5.768 2.305 
0.1278 1171 976.6 1.986 1.144 5.670 1.750 
0.2286 1200 973.8 3.022 1.169 5.541 1.336 
0.3182 1220 971.9 4.286 1.186 5.453 1.024 
0.4677 1245 968.9 6.968 1.206 5.352 0.705 
0.5096 1251 968.2 7.792 1.211 5.331 0.651 
0.5879 1261 966.8 9.486 1.219 5.292 0.570 
0.6584 1268 965.7 11.008 1.225 5.266 0.514 
0.7068 1272 964.9 12.082 1.227 5.252 0.485 
0.7594 1276 964.1 13.304 1.230 5.237 0.454 
0.8140 1280 963.4 14.496 1.233 5.223 0.430 
0.8783 1285 962.5 16.078 1.237 5.205 0.403 
0.9378 1289 961.9 17.588 1.240 5.190 0.381 
1.0000 1293 961.3 19.288 1.243 5.177 0.359 

n-butyric acid + DEHPA 
0.0000 1174 954.0 1.296 1.120 5.722 2.542 
0.0532 1185 954.6 1.784 1.131 5.665 1.918 
0.1098 1198 953.3 2.592 1.142 5.604 1.390 
0.1892 1215 956.1 3.578 1.162 5.523 1.074 
0.2612 1227 956.8 4.602 1.174 5.467 0.909 
0.3278 1238 957.5 5.698 1.185 5.417 0.766 
0.4066 1248 958.2 7.172 1.196 5.369 0.651 
0.5002 1257 958.8 8.886 1.205 5.329 0.556 
0.6095 1266 959.5 11.212 1.215 5.289 0.476 
0.6884 1272 959.9 12.896 1.221 5.265 0.437 
0.7405 1276 960.2 14.014 1.225 5.248 0.418 
0.8096 1281 960.5 15.378 1.230 5.225 0.397 
0.8811 1283 960.8 16.806 1.233 5.218 0.380 
0.9342 1289 961.0 17.792 1.239 5.193 0.372 
1.0000 1293 961.3 19.288 1.243 5.177 0.359 
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 Standard uncertainties u are u (T) = ± 0.1K, u (p) = ± 1kPa, u (X2) = ± 2 x 10-4 and the combined 
expanded uncertainty U (level of confidence = 0.95 with a coverage factor, k = 2) in density, ultrasonic 
velocity and viscosity measurements were U (ρ) = ± 2 x 10-3 g cm-3, U (U) = ± 0.5 ms-1 and U (η) = ± 1.0 %, 
respectively.     
        The deviation functions, ΔLf (Fig. 1) and ΔVf (Fig. 2) are negative for entire range of composition in all 
the binary mixtures, both reaching minimum at low mole fraction. The negative values of ΔLf and ΔVf  denote 
that the liquid mixture is less compressible than the pure liquids forming the complex as molecules in the 
mixture are more tightly bound than the pure liquids [18]. The marked difference between molar volume 
(about three times) between DEHPA and monocarboxylic acids favours fitting of component molecules into 
each other’s structure, thereby reducing volume of mixtures that may result negative values of ΔLf and ΔVf. 
This refers structural readjustment in the liquid mixtures towards a less compressible phase of fluid and 
closer packing of molecules. The negative values of ΔLf  and ΔVf  infer that the sound waves cover longer 
distance due to decrease in intermolecular free length as a result of H-bond formation between unlike 
molecules [17, 18]. The degree of interaction is decreased in the order, propionic acid > acetic acid > n-
butyric acid. It further supports the positive variation of ΔZ (Fig. 3) with entire range of DEHPA mole 
fraction [19, 20].     
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Figure 1. Deviation in intermolecular free length             

( ) vs mole fraction (X2) of DEHPA. 
Figure 2. Deviation in free volume ( ) vs mole 

fraction (X2) of DEHPA. 

 
Figure 3.  Deviation in specific acoustic impedance              

( ) vs mole fraction (X2) of DEHPA. 
Figure 4. Deviation in excess enthalpy ( ) vs 

mole fraction (X2) of DEHPA. 
 

The negative values of excess enthalpy, (Fig. 4) also suggest strong bonding between 
components of liquid mixtures [8, 20, 22]. The excess enthalpies are influenced by two opposing effects, (i) 
liberation of heat (exothermic) due to hydrogen bonding between the components of liquid mixture, (ii) 
absorption of heat (endothermic) due to depolymerisation of self associated monocarboxylic acids by 
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