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Abstract - Earthquake is one of the most terrifying and 
damaging phenomena of nature the after effects are terrible, 
during an earthquake, an abundance quantity of energy is 
pumped into the structure. The damage degree of the 
structure is determined by the way that this energy is 
consumed. The main purpose of a structural design is based on 
guaranteeing the safety and functionality of the designed 
buildings, in order to avoid collapse by allowing the structural 
elements to take and dissipate energy 

The current study focused on the seismic response of high rise 
RC structures along with structural systems bordering on 
shear wall and fluid viscous dampers at various location. The 
building is analyzed, accordance with Indian standard code IS 
1983(Part1) 2002, seismic zone V and medium soil. Equivalent 
static method and Response Spectrum has been employed for 
each model, ETABS software is used to examine the effect of 
structural systems on seismic parameters. From the results it’s 
concluded that building with shear wall at core and dampers 
at edge have time period of 54%. Lateral displacement of 38% 
in x direction and 40% in y direction story drift of 48.4% 
.Hence shear wall at core and dampers located at edges can be 
used in RC multi-story buildings to reduce the response 
effectively  

 
Key Words:  ETABS, lateral load, dissipate energy, 
structural systems, Response spectrum, story drift, story 
displacement, dampers, Fluid viscous damper etc.  
 

1. INTRODUCTION  

India is developing country with a population of 
1,380,004,385 (nearly 139 crores) according 2020 census. 
This rapid increase in population and low land  availability  
have forced engineers  to go for high rise building even in 
high seismicity zones. 

Tall buildings are exposed to vibrations caused by 
seismic activity and wind speed due these forces huge 
displacement and moments are generated which lead to 
ultimate failure of in structure. The adobe and time of 
occurrence of earthquake are unpredictable, this 
categories them as ruin natural phenomenon.  

Earth wavering caused by tectonic plates 
induce flouting and evolution which swifts energy 
rapidly discharge inside earth. During earthquake 
abundance amount of energy is pumped to structures, 

which forces the structure to sway. The extreme force 
produced through the earthquake is determined by 
extent of damage in the building The intensity Of  
damage of structures can be reduce to by adopting various 
structural systems like Shear walls, dampers, bracing, etc. 
which are usually used to oppose forces.  

Dampers are the devices or any materials which 
are employed to absorb vibrations. Seismic dampers are 
mainly designed to dissipate these vibration so as to 
reduce the response of structures. The RC shear walls are 
relatively rigid in their individual plane. These transmit 
vibration throughout body to resist the failure. 

1.1 Fluid Viscous Dampers 
 

The function of this device follows principle based 
on flow of fluid through orifices; in a various structural 
applications these instruments are mounted. To withstand 
pressure of seismic and improve response of structure 
generally passive energy dissipation device is used. 

Damping force is produced by flow of fluid which 
shifts from one case to the other case within cylinder as 
piston slip during earthquake. Therefore mechanical energy 
is transformed to thermal causing expansion and contraction 
of fluid. Generally highly viscous fluid like a compound of 
silicone or a similar kind of oil is filled in cylinder of a piston 
head along with orifices. While the damper undergoes 
compressive force it reduces the volume of fluid in cylinder 
due to motion of piston rod.  

Viscous dampers deliver a force which can always resists the 
structure motion. This force stays directly proportional 
to0relative0velocity0bet1ween 0ends of0damper.iThe 
damping equation stands as follows:  

𝐹 = 𝐶|𝑢  |𝛼sgn(𝑢  ) = 𝐶𝑉𝛼  
Where:  

▪ F: damping force 
▪ C: coefficient of damping 
▪ V: velocity  
▪ 𝛼: Damping exponent that can range from 

0.01 to 1.00. (Linear behaviour equal to 1.00). 
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1.2 Shear wall 
 

Shear walls are vertically positioned supports additionally 
to slabs, beams and columns, capable of resisting the lateral 
loads. They start at the beginning of foundation and runs 
from end to end of the structure. The thickness of the shear-
walls of size in the range ofi150mm to 400mm depending on 
vertical elevation of the structure. RCC shear wall has high in 
plane stiffness, at the same time resist massive horizontal 
masses and support gravity masses in the direction of 
orientation of the walls, thereby serving merits in most of 
the engineering Structural applications and reducing the risk 
of damage in structure. Shear walls in addition gives a lateral 
stiffness to avoid the roof or floor on top commencing 
excessive side-sway. 

 

2. OBJECTIVES 
 

 To analyse the high rise buildings for seismic 
response, with and without FVD and shear wall.  

 To study the variations in time period for different 
structures with combination of shear wall and FVD. 

 To determine the optimum location for shear wall 
for a building. 

 To determine displacements, storey drift, base 
shear variations in the structure due to introduction 
of FVD and shear wall. 

 

3. METHODOLOGY 
 

 The forces and response of structures during 
seismic excitations analysed by employing response 
spectrum method. Analysis of the response spectrum (RSA) 
is an approach mainly used for design of buildings. 
Conceptually this method is an alternate form of modal 
analysis, i.e. Response History Analysis (RHA) by modal 
decomposition that benefits from the properties of the 
theory of response spectra. The goal of the approach is to 
provide fast peak response assessments without having to 
undergo historical response analysis. This is very important 
because the response spectrum analysis (RSA) is dependent 
on a set of quick and simple calculations. This approach is 
approximate in nature but is very beneficial because it 
makes the use of response spectrum to explain seismic 
hazard in a very comfortable manner. 

 4. MODEL DISCRIPTION  

  A multistory of G+14(15) reinforced cement 
concrete(RCC)  framed structures  with plan of  5184 m2.The 
structures is analyzed in ETABS software using  response 
spectrum method for Indian standards .The structure 
presumed  to be located Bhuj, Gujarat which lies in seismic 
and  cyclone  prone areas 

 
 
 

Table -1: Building details 

 
 

 

 
 
 
 

Geometric Details   

Plan dimensions 35 X25 m 

Type of building plan Regular  

Height of building (m) 45 

No of stores 15 

Material properties  

Grade of concrete M 30.0 

Grades of steel  Fe 500 

density of concrete 25.0lKN/m3 

Density of brick 19.0KN/m3 

Section properties  

Beams size (mm) 230x500 

Column size (mm) 600 x600 

Slab thickness (mm) 150 

Seismic properties  

Seismic zone  (IS 1893-2002) V 

Seismic zone factor (Z) 00.36 

Importance factor (I) 01.5 

Response reduction factor(I) 5.0 

Soil type  II 

Damping ratio 0.05. 

Link properties FVD  

Translational mass(kg) 44 

Force (KN) 250 
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Fig -1: Plan of building 

 
Fig -2: 3D view of building 

 
5. RESULTS 
 

A. Time Period 
 

 
Chart -1: Time period values in X and Y direction 

 
 

 

Table -2: Time period values in X and Y direction 
 

         

 

 

 

 

 

 

 

 

 

 

B. Base Shear 

Table -3: Base shear along X and Y direction 

 

 

Chart -2: Base shear along X direction 
 
 
 

Type of building X Y 

BB 5099.33 4997.38 

DAM 4389.97 4240.11 

SWE 6776.45 6678.74 

SWC 8773.72 8683.74 

SWEDM 4162.34 4116.97 

SWCDM 6512.76 6426.75 

Type of 

building 

Time period in X0direction Time period in Y 

direction 

BB 3.841 3.765 

DAM 2.113 2.093 

SWE 2.844 2.803 

SWC 2.207 2.184 

SWEDM 1.943 1.932 

SWCDM 1.758 1.746 
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Chart -3: Base shear along Y direction 

C. Story Drift 
Story drift can be outlined as relative transverse 

displacement with respect to rates, i.e. above or below them: 
according to Clause No. 7.11.1 of IS 1893 (Part 1): 2002, the 
Story drift in any story owing a particular design oblique 
forces with a partial load0factor 01.0 shall not outstrip 0.004 
times the story elevation. Regardless of column axial 
deformations, diagonal and girder deformations, drift in 
edifice frames is an outcome of flexural and shear 
mode0contributions. Maximum permissible drift is 12 mm 
per modelled story height of 3 m E.g. Maximum permissible 
drift = 0.004 x 3000 = 12 mm. 

 

Chart -4: Story Drifts along X Direction 

 

Chart -5: Story Drifts along Y 0Direction 
 

Table -4: Story Drifts along X 0Direction 
 

Story Drifts along X0directiOn 

STO
RY 
NO 

RCC DAM SWE SWC SWED
M 

SWCDM 

15 0.0013
6 

0.00406
8 

0.00325
1 

0.00353
6 

0.00380
6 

0.00348
3 

 14 0.0020
2 

0.00412
4 0.0035 

0.00368
1 

0.00385
5 

0.00352
2 

13 0.0027
9 

0.00418
1 

0.00377
8 

0.00378
1 

0.00390
4 

0.00355
5 

12 0.0035
3 

0.00422
5 

0.00407
8 

0.00387
5 

0.00393
9 

0.00357
3 

11 0.0041
8 

0.00423
6 0.00436 

0.00393
8 

0.00394
3 0.00356 

10 0.0047
4 0.00420 

0.00459
5 

0.00395
9 

0.00390
4 

0.00350
9 

 9 0.0051
9 

0.00410
4 0.00476 

0.00392
7 

0.00380
9 0.00341 

8 0.0055
5 

0.00393
6 

0.00483
4 

0.00383
1 

0.00364
9 

0.00325
5 

7 0.0058
2 

0.00368
6 

0.00479
9 

0.00366
3 

0.00341
4 

0.00303
9 

6 0.0059
9 

0.00334
6 

0.00463
5 

0.00341
5 

0.00309
7 

0.00275
5 

5 0.0060
6 

0.00290
7 0.00432 0.00308 0.00269 

0.00239
8 

4 0.0059
7 

0.00236
1 

0.00382
9 

0.00265
1 

0.00218
7 0.00196 

3 0.0055
8 0.0017 

0.00312
8 

0.00211
9 0.00158 

0.00143
2 

2 0.0045
6 

0.00091
3 

0.00218
1 

0.00148
3 

0.00085
6 

0.00079
1 

1 0.0021
3 

0.00000
0 

0.00090
6 

0.00067
8 

0.00000
0 

0.00000
0 

0BA
SE 

00.000
0 0.00000 

0.00000
0 

0.00000
0 

0.00000
0 

0.00000
0 
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Table -5: Story Drifts along Y 0Direction 

 

D. Lateral Displacement  
According to IS 1893-2002, permissible 

deflection is calculated as h/250, where ‘h’ is total 
height of edifice in millimeters (mm). Adopting the 
above practice, the displacements in X and Y command 
essential be inside 180mm.i.e. (45000 / 250 = 180) 
where 45000 mm is the height of construction 

Table -6: Lateral displacements along X direction 
 

 

 

 

 

 

 

 

 

 

 

Story Drifts along Y 0Direction 

1ST

ORY 

NO 

RCC DAM SWE SWC SWED

M 

SWCD

M 

15 0.0014

5 

0.0041

4 

0.003

365 

0.003

608 

0.0037

69 

0.003

522 

14 0.0021

2 

0.0041

9 

0.003

613 

0.003

75 

0.0038

19 

0.003

56 

13 0.0028

9 

0.0042

4 

0.003

887 

0.003

848 

0.0038

7 

0.003

592 

12 0.0036

4 

0.0042

8 

0.004

184 

0.003

938 

0.0039

08 

0.003

607 

11 0.0043

0 

0.0042

9 

0.004

461 

0.003

998 

0.0039

15 

0.003

592 

10 0.0048

6 

0.0042

5 

0.004

691 

0.004

014 

0.0038

78 

0.003

538 

9 0.0053

3 

0.0041

5 

0.004

849 

0.003

977 

0.0037

86 

0.003

436 

8 0.0056

9 

0.0039

7 

0.004

915 

0.003

875 

0.0036

29 

0.003

278 

7 0.0059

6 

0.0037

2 

0.004

871 

0.003

701 

0.0033

97 

0.003

058 

6 0.0061

3 

0.0033

7 

0.004

697 

0.003

448 

0.0030

83 

0.002

771 

5 0.0061

9 

0.0029

3 

0.004

37 

0.003

106 

0.0026

8 

0.002

41 

4 0.0060

8 

0.0023

8 

0.003

867 

0.002

67 

0.0021

8 

0.001

969 

3 0.0056

7 

0.0017

1 

0.003

153 

0.002

132 

0.0015

75 

0.001

438 

2 0.0046

2 

0.0009

2 

0.002

193 

0.001

489 

0.0008

54 

0.000

794 

1 0.0021

4 

0.0000

0 

0.000

908 

0.000

679 

0.0000

00 

0.000

000 

Base 0.0000

0 

0.0000

0 

0.000

000 

0.000

000 

0.0000

00 

0.000

000 

Lateral displacements along Y direction 

Story 
No 

RCC DAM SWE SWC SWEDM SWCDM 

15 201.16 145.62 174.07 144.7 133.029 121.693 

14 196.83 133.21 163.98 133.87 121.722 111.127 

13 
190.48 120.64 153.14 122.62 110.264 100.448 

12 181.80 107.91 141.48 111.08 98.653 89.673 

11 170.89 95.059 128.92 99.266 86.93 78.852 

10 157.99 82.186 115.54 87.273 75.187 68.075 

9 143.34 69.435 101.47 75.23 63.553 57.46 

8 127.43 56.99 86.924 63.3 52.195 47.152 

7 110.36 45.066 72.178 51.675 41.309 37.318 

6 92.488 33.909 57.564 40.57 31.118 28.144 

5 74.098 23.79 43.474 30.228 21.867 19.831 

4 55.529 15.007 30.363 20.909 13.827 12.601 

3 37.282 7.879 18.763 12.899 7.288 6.693 

2 20.273 2.752 9.304 6.504 2.563 2.381 

1 6.421 0 2.725 2.036 0 0 

Base 0 0 0 0 0 0 
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Chart -6: Lateral displacements along X direction 

 

Chart -7: Lateral displacements along Y direction 
 

6. CONCLUSIONS 
 

1. The fundamental time period decreases with 
increasing story stiffness due to presence0of 
different1 structural1 systems such as shear-wall 
and fluid viscous dampers. 
 

2. The 1time period of edifice with is shear wall at1 
core iand0dampers is 54.23% less in ix-direction 
and 53.62% in0y-direction comparison to0others 
model. 
 

3. Base-shear is increased by 20% for0building 0with 
shear0wall1 at1 core and dampers0on comparison 
with bare-building. 
 

4. Lateral10displacement of edifice with shear wall 
at1 core and0dampers at0edges is abridged by 
38.5%, shear-wall and dampers at edges is 31%, 
shear wall at core is 27.2%, and shear-wall at edges 
is 013% and0for edifice with only dampers at1 
edges0is 026.7% in0x-direc1tion in comparison to 
bare building. 
 

5. Lateral0displacement1 of edifice with shear-wall 
at1 core and0dampers at1 edges is abridged by 
0040%, shear-wall and dampers at edges is 033%, 
shear-wall at core is 28%, shear-wall at edges is 
015% and for edifice with only dampers at edges is 
27.6% in0y-direction in comparison to bare 
building.  
 

6. Maximum storey drift is obtained for edifice with 
shear-wall at1 core in company with dampers at1                  
corners is 048%(10.71 mm), with shear-wall and 
dampers at edges is 035% (11.82mm), shear-wall at 
core is 034.2% (12.03mm), shear-wall at edges is 
020%(14.5mm)  and  edifice with only  dampers at1 
corners 030% (12.7mm) along0x-direction. 

Lateral  Displacement along X direction 

ST
O

RY 
N
O 

RCC DAM SWE SWC SWED
M 

SWC
DM 

15 196.4
4 

143.96
7 

170.85
6 

142.85
7 

133.89
6 

120.7
2 

14 192.3
5 

131.76
3 

161.10
5 

132.24
9 

122.47
8 

110.2
7 

13 186.2
6 

119.39
2 

150.60
4 

121.20
5 

110.91
4 

99.70
8 

12 177.8
8 

106.84
7 

139.27
1 

109.86
1 99.203 

89.04
2 

11 167.2
8 94.171 

127.03
6 98.236 87.387 

78.32
5 

10 154.7
3 81.462 

113.95
6 86.422 75.558 

67.64
3 

9 140.5
3 68.861 

100.17
2 74.544 63.846 

57.11
6 

8 124.9
5 56.55 85.892 62.763 52.419 

46.88
7 

7 108.3
0 44.743 71.391 51.27 41.473 

37.12
2 

6 90.85
3 33.684 56.994 40.281 31.231 

28.00
6 

5 72.87
8 23.646 43.09 30.034 21.94 

19.74
2 

4 54.70
3 14.924 30.131 20.793 13.869 

12.54
9 

3 36.80
8 7.841 18.645 12.84 7.307 6.669 

2 20.07
6 2.74 9.261 6.483 2.569 2.373 

1 6.385 0 2.719 2.034 0 0 
0B
ase 0 0 0 0 0 0 

Table -7: Lateral displacements along X direction
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7. Maximum storey drift is obtained for edifice with 
shear-wall at core in company with dampers at 
corners is 49.08%(10.71 mm), with shear-wall and 
dampers0at edges is 036%(11.7mm) , shear-wall at 
core is 035.15%(12.04mm),shear-wall at edges is 
020.59%(14.70mm) and edifice with only dampers 
at corners is 030.67%(12.8mm) along0y-direction. 
 

8. 1By comparison of lateral displacement, maximum 
story drift, and time period for edifice with shear-
wall at core in company with dampers at1 corners 
provides effective results. 
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A B S T R A C T

From last two to three decades, the world is facing the threat of finding treatment for Cancer. This disease is
striking almost ten million people every year throughout the world. Anticancer drugs are those which are used to
cure malignant disease i.e. Cancer. These anticancer drugs are available in different forms including alkalyting
agents, hormones and anti metabolites. Various examinations reveals that, there will be a adjacent relationship
between the characteristics of alkanes and the anticancer drugs viz. Boiling point, melting point, enthalpy etc.
with their chemical structures. In this proposed work, various topological indices are defined on some anticancer
drugs to help the researchers to know the physical characteristics and chemical reaction associated with them. We
also discuss the QSPR analysis of thirteen degree based topological indices. Further, we showcase that the
characteristics have good correlation with physico-chemical characteristics of anticancer drugs.

1. Introduction and terminologies

Cancer is the rapid growth of abnormal cells in the human body.
Carcinogens are the substances that causes cancer. A carcinogen is a
chemical substance with certain molecules in tobacco smoke. It has a
potential to spread to other parts of the body. Some of the symptoms of
this disease includes lump, abnormal bleeding, prolonger cough, weight
loss etc. Main causes for this malignant disease are chewing tobacco,
obesity, bad diet, laziness, more intake of alcohol. This dangerous disease
can be cured by several treatments like surgery, radiotherapy, chemo-
therapy, hormone therapy, targeted therapy and more. Anticancer drugs
are those which are used to cure the disease so called cancer, which in-
cludes alkylates and metabolites. The chemical graph theory is a disci-
pline of mathematical chemistry that deals with the chemical graphs
which shows chemical system. The chemical graph theory offers defining
topological indices on anticancer drugs. In this work, several drugs are
taken and using the degree based calculations, few topological indices
are defined on various anticancer drugs to determine physical charac-
teristics and chemical reactions associated with them [1,2,3].

Topological indices are the important attributes to analyse the
physico-chemical characteristics of chemical compound structures. There
are five different types of topological indices: Degree, distance, eigen-
value, matching and mixed. In this work degree based topological indices

are stated on anticancer drugs. Generally, the chemical compound is
represented as a graph where the elements denote vertices and the bonds
connecting them denote edges. In a similar fashion, these anticancer
drugs under this study are considered as chemical compounds and the
said topological indices are defined. Graph theory offers some tools like
QSAR, QSPR and QSTR where chemists or pharmacists use these data for
further research work.

In this work, further we discuss QSPR analysis of said topological
indices. We also show that the characteristics obtained are highly
correlated with the characteristics of anticancer drugs using linear
regression [4,5,6,7,8,9].

In theoretical chemistry drugs are represented as molecular graphs
where vertex represents an atom and each edge represents link between
the two atoms. Consider G (V, E) be a molecular graph with vertex and
edge set respectively. The graphs considered are simple graphs with no
cycle formation and multiple edges [4,10,11,12].

Definition 1.1. Estrada et al. in [13] proposed degree-based topological
index ABC and defined as

ABCðGÞ¼
X

e¼vw2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
dv þ dw � 2

dvdw

r
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Definition 1.2. Ghorbani et al. in [14] proposed ABC4 index and can be
stated as,

ABC4ðGÞ¼
X

e¼vw2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
sv þ sw � 2

svsw

r

Definition 1.3. The Randic index [15] proposed by Milan Randic and
can be stated as

χðGÞ¼
X

e¼vw2EðGÞ

ffiffiffiffiffiffiffiffiffi
1

dvdw

r

Definition 1.4. The sum-connectivity index is proposed by Zhou and
Trinjstic [16], and is defined as

SðGÞ¼
X

e¼vw2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

dv þ dw

r

Definition 1.5. The GA index is proposed by Vukicevic et al. [17] as

GAðGÞ¼
X

e¼vw2EðGÞ

2
ffiffiffiffiffiffiffiffiffi
dvdw

p
dv þ dw

Definition 1.6. The GA5 index proposed by Graovac et al. [18] and is
stated as

GA5ðGÞ¼
X

e¼vw2EðGÞ

2
ffiffiffiffiffiffiffiffi
svsw

p
sv þ sw

Definition 1.7. The first and second Zagreb indices are proposed by
Gutman and Trinajestic [19], as

M1ðGÞ¼
X

e¼vw2EðGÞ
ðdv þ dwÞ

M2ðGÞ¼
X

e¼vw2EðGÞ
ðdv:dwÞ

Definition 1.8. Fajtlowicz proposed Harmonic index in [20] as,

HðGÞ¼
X

e¼vw2EðGÞ

2
dv þ dw

Definition 1.9. Shirdel et al. in [21] proposed the hyper Zagreb index
and is stated as,

HMðGÞ¼
X

e¼vw2EðGÞ
ðdv þ dwÞ2

Definition 1.10. Fath-Tabar et al. in [22] proposed the third Zagreb
index as

ZG3ðGÞ¼
X

e¼vw2EðGÞ
jdv � dwj

Definition 1.11. Furtula et al. in [23] proposed the forgotten topological
index and is stated as

FðGÞ¼
X

e¼vw2EðGÞ

�ðdvÞ2 þðdwÞ2
�

Definition 1.12. In chemical graph theory, there are some new degree-
based graph types, which plays an important role in finding total surface
area and heat-formation of various chemical compounds. These graphs types
are as follow Symmetric division index [24],

SSDðGÞ¼
X

e¼vw2EðGÞ

�
P
Q
þQ
P

�

where, P ¼ min [dG(v),dG(w)] and Q ¼ max [dG(v),dG(w)]

2. Degree based topological indices in QSPR studies

Here we defined 13� based topological indices, Atom-bond connec-
tivity index ABC(G), Fourth atom-bond connectivity index ABC4(G),
Randic index χ(G), Sum-connectivity index S(G), Geometric-arithmetic
index GA(G), Fifth Geometric arithmetic index GA5(G), First Zagreb
index M1(G), Second Zagreb index M2(G), Harmonic index H(G), Hyper
Zagreb index HM(G), Third Zagreb index ZG3(G), Forgotten index F(G),
Symmetric Division index SSD(G) for modelling Five representative
physical properties [Boiling point (BP), Melting point (MP), Enthalpy (E),
Flash point (FP), Molar refraction (MR)] of the 17 anticancer drugs from
Amathaspiramide-E to Tambjamine-K. The values for these properties are
taken from Chem Spider. The above mentioned degree based topological
indices and the experimental values for the physical and chemical
properties of 17 anticancer drugs (Figure 1) are represented in Tables 1,
2, and 3 respectively.

From the data of above Tables 2 and 3, it has been found that all the
data values are normally distributed. Hence the regression model is
suitable test to adopt and analyse the data.

3. Regression models

The above table data shows normally distributed values. Hence the
study used regression analysis for the calculation purpose. Here we have
checked the linear regression model as below

P ¼ A þ B(TI) (1)

where P is the Physical property of anticancer drug, A is a constant and B
is the regression coefficient and TI represents the topological index.
These were calculated using SPSS software for the values of five physical
properties and the thirteen topological indices of seventeen anticancer
drugs.

Using (1), we can get the different linear models for the defined de-
gree based topological indices, which are as follows.

1. Atom-bond Connectivity index ABC(G):

BP ¼ 232.702 þ 18.457 [ABC(G)] (2)

MP ¼ 97.481 þ 6.385 [ABC(G)] (3)

E ¼ 46.017 þ 2.385 [ABC(G)] (4)

FP ¼ 105.864 þ 9.791 [ABC(G)] (5)

MR ¼ 27.349 þ 3.590 [ABC(G)] (6)

2. Fourth Atom-bond Connectivity index ABC4(G):

BP ¼ 242.956 þ 24.290 [ABC4(G)] (7)

MP ¼ 84.818 þ 9.517 [ABC4(G)] (8)

E ¼ 46.834 þ 3.081 [ABC4(G)] (9)

FP ¼ 114.955 þ 12.640 [ABC4(G)] (10)

MR ¼ 27.134 þ 4.889 [ABC4(G)] (11)

3. Randic index χ(G):

BP ¼ 207.524 þ 31.676 [χ(G)] (12)

MP ¼ 75.233 þ 12.437 [χ(G)] (13)

E ¼ 42.806 þ 3.966 [χ(G)] (14)

FP ¼ 89.052 þ 17.119 [χ(G)] (15)

MR ¼ 19.758 þ 6.397 [χ(G)] (16)

4. Sum-Connectivity index S(G):

BP ¼ 219.568 þ 29.619 [S(G)] (17)
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Figure 1. Molecular structures of anticancer drugs.
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MP ¼ 86.175 þ 11.026 [S(G)] (18)

E ¼ 45.580 þ 3.682 [S(G)] (19)

FP ¼ 97.414 þ 15.829 [S(G)] (20)

MR ¼ 22.568 þ 5.950 [S(G)] (21)

5. Geometric-Arithmetic index GA(G):

BP ¼ 276.572 þ 12.115 [GA(G)] (22)

MP ¼ 90.640 þ 5.053 [GA(G)] (23)

E ¼ 51.708 þ 1.5 [GA(G)] (24)

FP ¼ 134.852 þ 6.163 [GA(G)] (25)

MR ¼ 31.169 þ 2.552 [GA(G)] (26)

6. Fifth Geometric-Arithmetic index GA5(G):

BP ¼ 226.669 þ 14.157 [GA5(G)] (27)

MP ¼ 81.299 þ 5.563 [GA5(G)] (28)

E ¼ 45.953 þ 1.745 [GA5(G)] (29)

FP ¼ 109.675 þ 7.234 [GA5(G)] (30)

MR ¼ 25.435 þ 2.784 [GA5(G)] (31)

7. First Zagreb index M1(G):

BP ¼ 232.771 þ 2.686 [M1(G)] (32)

MP ¼ 100.234 þ 0.913 [M1(G)] (33)

E ¼ 46.094 þ 0.334 [M1(G)] (34)

FP ¼ 106.537 þ 1.414 [M1(G)] (35)

MR ¼ 28.756 þ 0.511 [M1(G)] (36)

8. Second Zagreb index M2(G):

BP ¼ 250.418 þ 2.138 [M2(G)] (37)

MP ¼ 109.887 þ 0.692 [M2(G)] (38)

E ¼ 48.129 þ 0.266 [M2(G)] (39)

Table 1. Various Anticancer drugs with its physico-chemical properties.

S.No. Drugs BP MP E FP MR

1 Amathaspiramide E 572.7 209.72 90.3 300.2 89.4

2 Aminopterin 782.27 344.45 114

3 Aspidostomide E 798.8 116.2 436.9 116

4 Carmustine 309.6 120.99 63.8 141 46.6

5 Caulibugulone E 373 129.46 62 179.4 52.2

6 Convolutamide A 629.9 97.9 334.7 130.1

7 Convolutamine F 387.7 128.67 63.7 188.3 73.8

8 Convolutamydine A 504.9 199.2 81.6 259.2 68.2

9 Daunorubicin 770 208.5 117.6 419.5 130

10 Deguelin 560.1 213.39 84.3 244.8 105.1

11 Melatonin 512.8 182.51 78.4 264 67.6

12 Minocycline 803.3 326.3 122.5 439.6 116

13 Perfragilin A 431.5 187.62 68.7 214.8 63.6

14 Podophyllotoxin 597.9 235.86 93.6 210.2 104.3

15 Pterocellin B 521.6 199.88 79.5 269.2 87.4

16 Raloxifene 728.2 289.58 110.1 394.2 136.6

17 Tambjamine K 391.7 64.1 3190.7 76.6

Table 2. Various Anticancer drugs with Topological Indices values.

Drugs ABC(G) ABC4(G) χ(G) S(G) GA(G) GA5(G) M1(G)

Amathaspiramide E 10.773 9.079 7.112 7.076 14.403 11.748 70

Aminopterin 24.65 18.96 15.23 15.68 32.700 33.630 162

Aspidostomide E 18.813 11.346 12.35 13.00 17.548 26.906 148

Carmustine 7.847 6.775 5.757 5.482 10.634 10.738 46

Caulibugulone E 10.664 8.342 6.736 6.946 14.574 18.966 72

Convolutamide A 24.463 19.369 17.93 17.74 35.702 34.208 167

Convolutamine F 10.773 8.616 7.113 7.077 14.403 14.599 70

Convolutamydine A 12.016 8.962 7.93 7.544 16.273 15.753 88

Daunorubicin 32.295 22.564 17.89 18.89 40.190 33.116 216

Deguelin 23.398 17.507 13.91 14.80 31.954 32.5264 168

Melatonin 12.865 9.676 8.203 8.419 17.493 17.809 84

Minocycline 26.081 19.093 15.54 16.12 34.271 35.014 184

Perfragilin A 12.992 9.836 7.968 8.171 17.172 17.491 90

Podophyllotoxin 22.02 16.42 12.95 13.86 30.090 30.53 158

Pterocellin B 19.027 11.250 11.69 12.93 26.452 20.788 132

Raloxifene 26.956 20.862 16.58 17.5 37.234 37.684 182

Tambjamine K 14.28 9.654 9.203 9.419 19.493 19.774 92
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FP ¼ 116.671 þ 1.115 [M2(G)] (40)

MR ¼ 34.562 þ 0.391 [M2(G)] (41)

9. Harmonic index H(G):

BP ¼ 218.618 þ 32.191 [H(G)] (42)

MP ¼ 79.495 þ 12.656 [H(G)] (43)

E ¼ 44.375 þ 4.011 [H(G)] (44)

FP ¼ 96.112 þ 17.286 [H(G)] (45)

MR ¼ 20.814 þ 6.610 [H(G)] (46)

10. Hyper Zagreb index HM(G):

BP ¼ 242.453 þ 0.508 [HM(G)] (47)

MP ¼ 109.795 þ 0.161 [HM(G)] (48)

E ¼ 47.199 þ 0.063 [HM(G)] (49)

FP ¼ 111.462 þ 0.267 [HM(G)] (50)

MR ¼ 30.608 þ 0.097 [HM(G)] (51)

11. Third Zagreb index ZG3(G):

BP ¼ 247.098 þ 16.151 [ZG3(G)] (52)

MP ¼ 102.564 þ 5.462 [ZG3(G)] (53)

E ¼ 47.108 þ 2.087 [ZG3(G)] (54)

FP ¼ 109.841 þ 8.890 [ZG3(G)] (55)

MR ¼ 38.887 þ 2.703 [ZG3(G)] (56)

12. Forgotten index F(G):

BP ¼ 269.670 þ 0.865 [F(G)] (57)

MP ¼ 123.820 þ 0.257 [F(G)] (58)

E ¼ 50.889 þ 0.106 [F(G)] (59)

FP ¼ 125.652 þ 0.453 [F(G)] (60)

MR ¼ 33.304 þ 0.172 [F(G)] (61)

13. Symmetric Division index SSD(G):

BP ¼ 253.080 þ 5.425 [SSD(G)] (62)

MP ¼ 94.601 þ 2.054 [SSD(G)] (63)

E ¼ 48.291 þ 0.683 [SSD(G)] (64)

Table 3. Various Anticancer drugs with Topological Indices values.

Drugs M2(G) H(G) HM(G) ZG3(G) F(G) SSD(G)

Amathaspiramide E 81 6.767 343 12 180 35.667

Aminopterin 185 14.53 786 32 416 80.33

Aspidostomide E 186 11.767 778 22 406 55

Carmustine 48 5.533 202 8 106 25.331

Caulibugulone E 86 6.5 358 10 186 29.5

Convolutamide A 167 17.205 793 21 419 86.583

Convolutamine F 81 6.767 522 12 432 29.167

Convolutamydine A 109 6.738 468 20 250 40.083

Daunorubicin 270 16.919 1146 38 606 101.666

Deguelin 208 13.4 878 28 462 76.166

Melatonin 96 7.933 402 14 210 40.666

Minocycline 229 14.567 970 30 512 89

Perfragilin A 110 7.5 466 16 246 44

Podophyllotoxin 198 12.47 824 22 428 70.66

Pterocellin B 161 11.4 664 16 342 58.999

Raloxifene 215 16.2 890 24 460 83

Tambjamine K 104 8.933 434 14 226 44.667

Table 4. Correlation coefficients.

Index Boiling Point Melting Point Enthalpy Flash Point Molar Refraction

ABC(G) 0.826 0.726 0.810 0.733 0.913

ABC4(G) 0.789 0.762 0.777 0.679 0.903

χ(G) 0.819 0.767 0.804 0.740 0.941

S(G) 0.821 0.747 0.802 0.735 0.938

GA(G) 0.728 0.745 0.708 0.620 0.872

GA5(G) 0.794 0.779 0.761 0.672 0.889

M1(G) 0.849 0.727 0.836 0.754 0.919

M2(G) 0.844 0.698 0.837 0.749 0.877

H(G) 0.806 0.756 0.788 0.723 0.941

HM(G) 0.827 0.663 0.818 0.737 0.895

ZG3(G) 0.837 0.731 0.810 0.735 0.797

F(G) 0.744 0.559 0.730 0.664 0.841

SSD(G) 0.815 0.767 0.804 0.720 0.904

The significance of bold numbers denote highest correlation value.
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Figure 2. Physico-chemical properties with topological indices.

Table 5. Statistical parameters for the linear QSPR model For ABC(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 232.702 18.457 0.826 32.119 0.000 significant

Melting Point 15 97.481 6.385 0.726 13.381 0.003 significant

Enthalpy 16 46.017 2.307 0.810 26.772 0.000 significant

Flash Point 16 105.864 9.791 0.733 16.221 0.001 significant

Molar Refraction 17 27.349 3.590 0.913 75.573 0.000 significant

The significance of bold numbers denote highest correlation value.

Table 6. Statistical parameters for the linear QSPR model For ABC4(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 242.956 24.290 0.789 24.649 0.000 significant

Melting Point 15 84.818 9.517 0.762 16.580 0.002 significant

Enthalpy 16 46.834 3.081 0.777 21.267 0.000 significant

Flash Point 16 114.955 12.646 0.679 11.977 0.004 significant

Molar Refraction 17 27.134 4.889 0.903 66.079 0.000 significant

The significance of bold numbers denote highest correlation value.
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Table 7. Statistical parameters for the linear QSPR model For χ(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 207.524 31.676 0.819 30.638 0.000 significant

Melting Point 15 75.233 12.437 0.767 17.167 0.001 significant

Enthalpy 16 42.806 3.966 0.804 25.674 0.000 significant

Flash Point 16 89.052 17.119 0.740 16.907 0.001 significant

Molar Refraction 17 19.758 6.347 0.941 116.4160.000 0.000 significant

The significance of bold numbers denote highest correlation value.

Table 8. Statistical parameters for the linear QSPR model For S(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 219.568 29.619 0.821 31.014 0.000 significant

Melting Point 15 86.175 11.026 0.747 15.172 0.002 significant

Enthalpy 16 45.580 3.682 0.802 25.326 0.000 significant

Flash Point 16 97.414 15.829 0.735 16.448 0.001 significant

Molar Refraction 17 22.568 5.950 0.938 109.935 0.000 significant

The significance of bold numbers denote highest correlation value.

Table 9. Statistical parameters for the linear QSPR model For GA(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 276.572 12.115 0.728 16.912 0.001 significant

Melting Point 15 90.640 5.053 0.745 14.93 0.002 significant

Enthalpy 16 51.708 1.5 0.708 14.098 0.002 significant

Flash Point 16 134.852 6.163 0.620 8.735 0.010 Significant

Molar Refraction 17 31.169 2.552 0.872 47.644 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 10. Statistical parameters for the linear QSPR model For GA5(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 226.669 14.157 0.794 25.640 0.000 Significant

Melting Point 15 81.229 5.563 0.779 18.506 0.001 Significant

Enthalpy 16 45.953 1.745 0.761 19.266 0.001 Significant

Flash Point 16 109.675 7.234 0.672 11.526 0.004 Significant

Molar Refraction 17 25.435 2.784 0.889 56.261 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 11. Statistical parameters for the linear QSPR model For M1(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 232.771 2.686 0.849 38.616 0.000 Significant

Melting Point 15 100.234 0.913 0.727 13.472 0.003 Significant

Enthalpy 16 46.094 0.334 0.836 32.541 0.000 Significant

Flash Point 16 106.537 1.414 0.754 18.503 0.001 Significant

Molar Refraction 17 28.756 0.511 0.919 81.435 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 12. Statistical parameters for the linear QSPR model For M2(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 250.418 2.138 0.844 37.243 0.000 Significant

Melting Point 15 109.887 0.692 0.698 11.405 0.005 Significant

Enthalpy 16 48.129 0.266 0.837 32.841 0.000 Significant

Flash Point 16 116.671 1.115 0.749 17.849 0.001 Significant

Molar Refraction 17 34.562 0.391 0.877 50.156 0.000 Significant

The significance of bold numbers denote highest correlation value.
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FP ¼ 117.165 þ 2.870 [SSD(G)] (65)

MR ¼ 31.147 þ 1.058 [SSD(G)] (66)

4. Conclusion, study implications, limitations and future study

4.1. Conclusion

The Table 4 and graphs (Figure 2) indicates the correlated values of
Physico-chemical properties of anticancer drugs with the defined degree

based topological indices. It can be observed that M1(G) ¼ 0.849 index
shows higher significant positive correlation with Boiling point (BP),
when compared with other indices.

Similarly GA5(G) ¼ 0.779 index gives positive correlated value with
melting point (MP). In case of enthalpy, M2(G) shows highest correlated
value i.e. r ¼ 0.837.

Flashing point (FP) offers highest correlated value of 0.754 from the
physico-chemical properties.

Based on molar refraction (MR), χ(G) and M2(G) indices depicts
highest positive correlation value i.e. r ¼ 0.941.

Table 13. Statistical parameters for the linear QSPR model For H(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 218.618 32.191 0.806 27.735 0.000 Significant

Melting Point 15 79.495 12.656 0.756 16.024 0.002 Significant

Enthalpy 16 44.375 4.011 0.788 22.892 0.000 Significant

Flash Point 16 96.112 17.286 0.723 15.343 0.002 Significant

Molar Refraction 17 20.814 6.610 0.941 115.783 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 14. Statistical parameters for the linear QSPR model For HM(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 242.453 0.508 0.827 32.364 0.000 Significant

Melting Point 15 109.795 0.161 0.663 9.413 0.010 Significant

Enthalpy 16 47.199 0.063 0.818 28.407 0.000 Significant

Flash Point 16 111.462 0.267 0.737 16.689 0.001 Significant

Molar Refraction 17 30.608 0.097 0.895 60.345 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 15. Statistical parameters for the linear QSPR model For ZG3(G).

Physical Properties N A b r F p Indicator

Boiling Point 17 247.098 16.151 0.837 35.057 0.000 Significant

Melting Point 15 102.564 5.462 0.731 13.733 0.003 Significant

Enthalpy 16 47.108 2.087 0.810 26.767 0.000 Significant

Flash Point 16 109.841 8.890 0.735 16.490 0.001 Significant

Molar Refraction 17 38.887 2.703 0.797 26.072 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 16. Statistical parameters for the linear QSPR model For F(G).

Physical Properties N a b r F p Indicator

Boiling Point 17 269.670 0.865 0.744 18.0619 0.001 Significant

Melting Point 15 123.82 0.257 0.559 5.462 0.038 Significant

Enthalpy 16 50.889 0.106 0.730 15.942 0.001 Significant

Flash Point 16 125.652 0.453 0.664 11.012 0.005 Significant

Molar Refraction 17 33.304 0.172 0.841 36.186 0.000 Significant

The significance of bold numbers denote highest correlation value.

Table 17. Statistical parameters for the linear QSPR model For SSD(G).

Physical Properties N a b r F p Indicator

Boiling Point 17 253.080 5.425 0.815 29.571 0.000 Significant

Melting Point 15 94.601 2.054 0.767 17.119 0.001 Significant

Enthalpy 16 48.291 0.683 0.804 25.633 0.000 Significant

Flash Point 16 117.165 2.87 0720 15.055 0.002 Significant

Molar Refraction 17 31.147 1.058 0.904 66.734 0.000 Significant

The significance of bold numbers denote highest correlation value.
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Hence it can be remarked that all the physical and chemical proper-
ties of anticancer drugs are positively correlate with the defined degree
based topological indices.

Tables 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17 shows the
regression model of various physico-chemical properties. It can be
observed that the regression model value r is more than 0.6 and p value
shows less than 0.05. Hence it can be concluded that all the physico-
chemical properties are highly significant.

4.2. Study implications

The work implies that these anti-cancer drugs may be considered for
further study by pharmacists and chemists in designing the drugs using
these topological indices values. May be the composition of these drugs,
like the combinations may be tried for different ailments based on the
range of the topological indices that are determined in the study. As the
correlation coefficient has been found for the topological indices, the
positively high correlated drugs may be considered for the combination
of design of novel drugs.

4.3. Limitations

As the range of topological indices are not published by chemists
anywhere in web/internet, the mathematicians may not be able to decide
upon the values they obtain for different chemical compounds whether
the compounds the researchers chose have future study or not. The best
solution for this would be a joint venture of the study in future may be
carried out by both mathematicians/statisticians and chemists/
pharmacists.

4.4. Future study

In a similar fashion, a study may be carried out for different chemical
structures and a conclusion may be given based on their topological
indices range. May it be benzene structure or polymers or any chemical
compounds can be taken for future study. A multidisciplinary project
may be taken up by various disciplines researchers for a better result.
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Topological indices are very important parameters in the QSPR study. In this paper a novel topological index
named as RS2- index has been introduced. Further, we carry QSPR analysis for the set of octane isomers. The
QSPR study reveals that the performance of RS2- index is better than the M1(G),M2(G),M1(G) and M2(G).

Keywords
Topological indices, QSPR-analysis, octane isomers.

AMS Subject Classification
05C90, 05C35, 05C12.

1Department of Mathematics, Jain Institute of Technology, Davanagere- 577003, Karnataka, India
and affiliated to Visvesvaraya Technological University, Belagavi, Karnataka.
2,3Department of Mathematics, Bapuji Institute of Engineering and Technology, Davanagere- 577004, Karnataka, India
and affiliated to Visvesvaraya Technological University, Belagavi, Karnataka.
*Corresponding author: 2dr.nsbasavaraj@gmail.com; 1mcshanmukha@gmail.com; 3kn.anil5340@gmail.com
Article History: Received 27 October 2019; Accepted 18 November 2019 c©2020 MJM.

Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

2 QSPR Analysis RS2(G)- Index . . . . . . . . . . . . . . . . . . . . . 105

3 Linear Regression Models . . . . . . . . . . . . . . . . . . . . . . . . 105

4 Quadratic Regression Models . . . . . . . . . . . . . . . . . . . . 105

5 Logarithmic Regression Models . . . . . . . . . . . . . . . . . . 105

6 Results and Discussions . . . . . . . . . . . . . . . . . . . . . . . . . 106

7 The Correlations of RS1(G) with the Physico-chemical
Properties of Octane isomers . . . . . . . . . . . . . . . . . . . . . 106

8 The Correlations of M1(G) with the Physico-chemical
Properties of Octane isomers . . . . . . . . . . . . . . . . . . . . . 108

9 The Correlations of M2(G) with the Physico-chemical
Properties of Octane isomers . . . . . . . . . . . . . . . . . . . . . 110

10 The Correlations of M1(G) with the Physico-chemical
Properties of Octane isomers . . . . . . . . . . . . . . . . . . . . . 111

11 The Correlations of M2(G) with the Physico-chemical
Properties of Octane isomers . . . . . . . . . . . . . . . . . . . . . 113

12 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

13 Acknowledgment. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .115

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

1. Introduction
Let G = (V,E) be a graph. The number of vertices of G

we denote by n and the number of edges we denote by m,
thus |V (G)| = n and |E(G)| = m. The degree of a vertex v,
denoted by dG(v).

The complement of a graph G, denoted by G, is a simple
graph on the same set of vertices V (G) in which two vertices
u and v are connected by an edge uv, if and only if they are
not adjacent in G. Obviously, E(G)∪E(G) = E(Kn), and
m = |E(G)| = n(n−1)

2 −m. For undefined terminologies we
refer the reader to [3].

There are two invariants called the first Zagreb index and
second Zagreb index [1, 2, 4–6] defined as

M1(G) = ∑
u∈V (G)

dG(u)2

and

M2(G) = ∑
uv∈E(G)

dG(u)dG(v),

respectively.

In fact, one can rewrite the first Zagreb index as

M1(G) = ∑
uv∈E(G)

[
dG(u)+dG(v)

]
.
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Noticing that contribution of nonadjacent vertex pairs
should be taken into account when computing the weighted
Winer polynomials of certain composite graphs (see [1]) de-
fined first Zagreb coindex and second Zagreb coindex as

M1(G) = ∑
uv/∈E(G)

[
dG(u)+dG(v)

]

M2(G) = ∑
uv/∈E(G)

dG(u)dG(v),

respectively.

It follows directly from the definition of second Zagreb
coindex achieve its smallest possible value of zero. Therefore,
throughout this paper, to avoid trivialities, we assume that the
graphs considered have second Zagreb coindex value at least
one.

Recently Hosamani et. al.,[9] have put forward ten novel
topological index S2(G) = ∑

uv∈E
dG(u)|dG(u)|+dG(v)|dG(v)|.

Based on this concept, here we considering the reciprocal
version of S2(G). Which is defined as follows:

RS2(G) =
1

∑
uv∈E

dG(u)|dG(u)|+dG(v)|dG(v)|

.

2. QSPR Analysis RS2(G)- Index

Now, we are interested in to check the chemical applica-
bility of RS2(G) of molecular graph G. For this reason, we
are interested to carry QSPR analysis of RS2(G) with the set
of octane isomers. The following statistical models have been
used for the study:

• Linear Model: P = a(RS2(G))+b

• Quadratic Model : P = a(RS2(G))2 +b(RS2(G))+ c

• Logarithmic Model: P = a+b ln(RS2(G))

where P is a physical property, a,b and c are constants.

Here we have examined the chemical applicability of the
RS2-index and compared the values with the so called de-
gree based topological indices, namely, first Zagreb index
M1(G), second Zagreb index M2(G), first Zagreb coindex
M1(G) and second Zagreb coindex (M2(G)), for modeling ten
representative physical properties [boiling points(BP), molar
volumes (mv) at 20◦C, molar refractions (mr) at 20◦C, heats
of vaporization (hv) at 25◦C, surface tensions (st) 20◦C and
melting points (mp), acentric factor (AcentFac) and DHVAP]
of octane isomers. The values are compiled in Table 1 [8].

3. Linear Regression Models
In this section we consider the linear regression models

for RS2(G), M1(G), M2(G), M1(G) and M2(G) as follows:

bp = 106.090+15.401(RS2(G))

Heatso f vaporization = −222.798+12.047(RS2(G))

TC = 282.929+13.520(RS2(G))

PC = 26.948−1.122(RS2(G))

S = 98.878+13.213(RS2(G))

D = 0.742−0.059(RS2(G))

Radius = 1.403+0.458(RS2(G))

HVAP = 37.829+1.573(RS2(G))

MV = 160.257+1.649(RS2(G))

AF = 0.283+0.107(RS2(G))

DHVAP = 8.545+1.175(RS2(G))

4. Quadratic Regression Models
In this section we consider the quadratic regression models

for RS2(G), M1(G), M2(G), M1(G) and M2(G) as follows:

bp = 16.912(RS2(G))2−1.581(RS2(G))+109.337
hv = 7.986(RS2(G))2 +4.028(RS2(G))−221.265
tc = 17.159(RS2(G))2−3.623(RS2(G))+282.233
pc = 3.291(RS2(G))2−4.395(RS2(G))+26.104

s = 25.445(RS2(G))2−12.182(RS2(G))+96.539
d = −0.234(RS2(G))2 +0.175(RS2(G))+0.776
r = 0.147(RS2(G))2 +0.310(RS2(G))+1.463

hvap = −11.530(RS2(G))2 +13.049(RS2(G))+40.33
mv = 5.835(RS2(G))2−3.798(RS2(G))+159.296
a f = 0.154(RS2(G))2−0.047(RS2(G))+0.274

dhvap = 0.854(RS2(G))2 +0.320(RS2(G))+8.607

5. Logarithmic Regression Models
In this section we consider the linear regression models for
RS2(G), M1(G), M2(G), M1(G) and M2(G) as follows:

bp = 116.930+3.481(RS2(G))

Heatso f vaporization = −213.886+3.190(RS2(G))

TC = 293.843+4.566(RS2(G))

PC = 26.410+0.018(RS2(G))

S = 109.392+4.299(RS2(G))

D = 0.689−0.027(RS2(G))

Radius = 1.730+0.108(RS2(G))

HVAP = 38.246−0.390(RS2(G))

MV = 161.883+1.002(RS2(G))

AF = 0..365+0.032(RS2(G))

DHVAP = 9.413+0.310(RS2(G))
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6. Results and Discussions
The correlation coefficient(r) values for the above men-

tioned physical properties of octane isomers with RS2(G)-
index gives interesting results. Start from the linear regression
models, The r values ranging from 0.022to0.597, where as
the r value for the quadratic regression model ranging from
0.032to0.602 and for logarithmic regression model the range
of r value is 0.036to0.687.

The correlation coefficient(r) values for the physical prop-
erties of octane isomers with M1(G)- index as follows: Start
from the linear regression models, The r values ranging from
0.038to0.862, where as the r value for the quadratic regres-
sion model ranging from 0.053to0.862 and for logarithmic
regression model the range of r value is 0.050to0.859.

The correlation coefficient(r) values for the physical prop-
erties of octane isomers with M2(G)- index as follows: Start
from the linear regression models, The r values ranging from
0.014to0.902, where as the r value for the quadratic regres-
sion model ranging from 0.042to0.902 and for logarithmic
regression model the range of r value is 0.014to0.897.

The correlation coefficient(r) values for the physical prop-
erties of octane isomers with M1(G)- index as follows: Start
from the linear regression models, The r values ranging from
0.038to0.862, where as the r value for the quadratic regres-
sion model ranging from 0.029to0.861 and for logarithmic
regression model the range of r value is 0.053to0.862.

The correlation coefficient(r) values for the physical prop-
erties of octane isomers with M2(G)- index as follows: Start
from the linear regression models, The r values ranging from
0.027to0.848, where as the r value for the quadratic regres-
sion model ranging from 0.031to0.862 and for logarithmic
regression model the range of r value is 0.043to0.865.

For model (1), the RS2(G)- index shows minimum correla-
tion with molar volume and the maximum correlation with the
DHVAP of the octane isomers, the M1(G) shows minimum
correlation with HVAP and the maximum correlation with
AF, the the M2(G) shows minimum correlation with HVAP
and the maximum correlation with AF, the M1(G) shows min-
imum correlation with HVAP and the maximum correlation
with AF and finally the M2(G) shows minimum correlation
with HVAP and the maximum correlation with entropy.

For model (2), the RS2(G)- index shows minimum correla-
tion with molar volume and the maximum correlation with the
DHVAP of the octane isomers, the M1(G) shows minimum
correlation with MV and the maximum correlation with AF,
the the M2(G) shows minimum correlation with TC and the
maximum correlation with AF, the M1(G) shows minimum
correlation with HVAP and the maximum correlation with AF
and finally the M2(G) shows minimum correlation with TC

and the maximum correlation with entropy.

Finally, for model (3), the RS2(G)- index shows minimum
correlation with HVAP and the maximum correlation with
the D of the octane isomers, the M1(G) shows minimum
correlation with MV and the maximum correlation with AF,
the the M2(G) shows minimum correlation with TC and the
maximum correlation with AF, the M1(G) shows minimum
correlation with MV and the maximum correlation with AF
and finally the M2(G) shows minimum correlation with TC
and the maximum correlation with entropy.

7. The Correlations of RS1(G) with the
Physico-chemical Properties of Octane

isomers
The correlation coefficient of RS2(G) with above men-

tioned physical properties are depicted in the following fig-
ures.
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8. The Correlations of M1(G) with the
Physico-chemical Properties of Octane

isomers

The correlation coefficient of M1(G) with above men-
tioned physical properties are depicted in the following fig-
ures.
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9. The Correlations of M2(G) with the
Physico-chemical Properties of Octane

isomers

The correlation coefficient of M2(G) with above men-
tioned physical properties are depicted in the following fig-
ures.
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10. The Correlations of M1(G) with the
Physico-chemical Properties of Octane

isomers

The correlation coefficient of M1(G) with above men-
tioned physical properties are depicted in the following fig-
ures.
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11. The Correlations of M2(G) with the
Physico-chemical Properties of Octane

isomers

The correlation coefficient of M2(G) with above men-
tioned physical properties are depicted in the following fig-
ures.
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12. Conclusion
The results of QSPR studies reveals that the regression

models (1)-(3) are the most significant models to predict the
physicochemical properties of molecular graphs.
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ABSTRACT 

Cement, sand and combination are simple desires for any production industry. Sand is a top cloth used 

for instruction of mortar and urban and which performs a first-rate function in blend design. This paper 

presents six different types of fine aggregates which are differentiated according to the availability, Mode of 

generation or preparation and raw generation. The main objective of this research is to define the priority of 

these materials with respect to its compressive strength. Here, Each Fine aggregate is using completely for the 

concrete matrix to knew the individual performance against compressive strength after 7, 14 and 28 days of 

curing. Defining the material property of each fine aggregate as per BIS was done at laboratory and according to 

standards fine aggregates are classified and differentiated.  

Keywords: Sand, Alternative Material, Quarry Stone Dust, Physical Properties, Mechanical Properties.

I. INTRODUCTION  

Concrete requirements specify the best combination necessities essential to reap homogeneous, doable and 

sturdy concrete of good enough strength. The use of overwhelmed sand is commonly restrained because 

of the excessive cement paste extent had to reap a good enough workability of concrete. 

The quantity of extra paste content material relies upon on form, texture, grading and diploma of fineness of the 

sand. Mechanical houses of concrete containing great sand rely upon paste composition, paste volume, 

the bodily traits of the sand debris and the character of the paste–mixture interface. The growth of water call 

for of concrete mixtures produced via way of means of the unfavourable results of form and texture of 

sand may be mitigated the use of a high-variety water-lowering admixture. Several research on high-

strength concrete (HSC) had been evolved with the goal of reading the impact of 

coarse mixture from extraordinary mineralogical re assets. 

However, few researches had been conducted at the impact of sand from extraordinary re assets and the codes 

only consist of short necessities for great aggregates. The impact of fineness and form and floor texture 

of great aggregates on mechanical houses is often now no longer a aspect in traditional concretes, even 

though those houses may also motive an growth with inside the water call for. For those concrete, the hydrated 

cement paste and the transition area across the mixture are noticeably weak. Consequently, the water/cement 

(w/c) ratio controls the mechanical houses of concrete for the equal diploma of hydration. In 

many mixture quarries produce herbal sand from extraordinary mineralogical re assets. The most 

important goal of these studies is to offer records approximately the results of fineness and form and texture 

of great mixture with those observations how the electricity varies from extraordinary great aggregates 

on clean and hardened houses of concrete. 

 

Objectives  

 

Use of eco-friendly materials is an important consideration for sustainable development. An attempt 

was made, in the present study, asses the compressive strength of six types of fine aggregates to get 

the followings. 

 

 To achieve desired Compressive strength obtained from each type of fine aggregates. 
 To make the priority out of all fine aggregates based on their Compressive strength. 
 To suggest better fine aggregate for the application of road pavements. 
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II. MATERIALS USED   

The ingredients of concrete are 

A. Cement 

It is one of the maximum crucial elements of concrete. It acts as a binder detail with inside the concrete. Indian 

Standards (IS) mark forty three grade cement (IS mark forty three grade approach that the 

compressive power of cement is forty three MPa) of ACC Brand cement changed into used for all mixes. Testing 

of cement was conducted as per IS: 8112 [Bureau of Indian Standards (BIS) 1989]. 

B. Fine aggregate 

Here, six types of fine aggregates are used as filler material. There are as follows 

1. IS Sand 

2. River Sand 

3. Manufacturing Sand 

4. Foundry Sand 

5. Bottom Ash 

6. Construction and Demolition Waste 

1. IS Sand 

This Indian standard sand IS 650 is made of local Natural Silica sand(Silica Content 99%) having a 

water content material decrease than0.1%. that Constituent Grains of this sand are uncrossed and of 

rounded form. It is packaged in 25kg. 

2. River Sand 

River sand was used as fine aggregate. The sand was confirming to Zone II of IS 383-1978 [17]. The bulk 

density and specific gravity of the fine aggregate were 1.41 and 2.62. 

3. Manufacturing Sand 

M sand approximately 20 to twenty-five in line with cent of the general manufacturing in every crusher unit 

is neglected because the waste cloth quarries dirt. The perfect percent of the substitute of sand with the M 

sand dirt is fifty five in line with cent to seventy five in line with cent in case of compressive electricity. 

The unique gravity of the Manufacturing sand is 2.46. 

4. Foundry Sand 

Foundry sand India ranks fourth in phrases of general foundry manufacturing (7.eight million tonnes) in step 

with the forty second Census of World Casting Production of 2007. Foundry sand which could be 

very excessive in silica is often discarded via way of means of the metallic enterprise. Currently, there's no 

mechanism for its disposal, however global research say that as much as 50 in line with cent foundry sand 

may be applied for most cost-efficient and sustainable improvement of concrete. The unique gravity of the 

Manufacturing sand is 2.49. 

5. Bottom Ash 

Aggregates offer electricity and sturdiness to the concrete. Bottom ash is used because 

the satisfactory aggregate. Coarse aggregates of 20mm length had been used and 

the unique gravity became 2.40. 

6. Construction and Demolition Waste 

Construction and Demolition waste there is no documented quantification of quantity of production and 

demolition (C&D) waste being generated in India. Municipal Corporation of Delhi says it is gathering 4,000 

tonnes of C&D waste day by day from the metropolis which quantities to nearly 1.five million tonnes of 

waste yearly with inside the metropolis of Delhi alone. Construction and demolition waste generated via way 

of means of the development enterprise and which posed an environmental venture can simplest be 

minimized via way of means of the reuse and recycling of the waste it generates. 

C. Coarse aggregate 
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Machine crushed granite was used as coarse aggregate. The proportions of aggregate was passing 12.5mm 

sieve and retaining on 10mm sieve which consisted of 60%, while the aggregate passing 10mm sieve and 

retaining on 4.75mm sieve was 40%. The aggregate particles have been tested for the different properties, as 

per IS2386 part IV. 

D. Water 

By the process of hydration, cementious material reacts with water and form a paste. This cement paste fills the 

voids and makes the aggregate together. Low water cement ratio makes a durable, strong concrete. High water 

cement ratio makes high slump concrete.  

E. Super plasticizers 

This is an extra component in concrete. This can also additionally or might not be used. Super plasticizers can 

be used with inside the concrete to decorate a few homes like strength, durability, workability, 

to increase or lower placing instances etc. Here, percentage of dosage of super plasticizer is 1.25% which is 

obtained from marsh cone test for cement paste. 

III. METHODOLOGY 

Experimental Investigations 

The experimental program was designed to evaluate the compressive strength of M30 grade concrete with six 

varieties of fine aggregates. The experimental work involved casting and testing of a total of 54 specimens. The 

specimens of standard cubes (150mm X 150mm X 150mm) were casted. All the specimens were tested in 

Universal Testing Machine for respective curing periods of 7, 14 and 28 days.  

Mix design 

Mix Design is a manner of selecting appropriate factor substances of concrete and determining their relative 

proportions as economically as viable that would fulfill the favored residences of fresh and hardened concrete 

as well. In this research work, IRC 44-2017 mix design procedure is used for M-30 grade concrete for the 

application of road pavement uses. Mix design was done for every type of fine aggregates and the mix 

proportion obtained is tabulated bellow. 

Table 1. Various types of fine aggregates with proportion 

Sl.no Type of fine aggregate Mix Proportion 

1 IS Sand 1:1.96:3.34 

2 River Sand 1:1.93:3.34 

3 Manufacturing Sand 1:1.81:3.34 

4 Foundry Sand 1:1.83:3.34 

5 Bottom Ash 1:1.76:3.34 

6 Construction and Demolition 

Waste 

1:1.80:3.34 

Quantity of each material obtained after mix design for each fine aggregates are tabulated bellow: 
Table 2. Quantity of mix for all types of fine aggregates 

Ingredient’s IS Sand River 
Sand 

M- Sand Foundry 
Sand 

Bottom Ash C & D 
Waste 

Cement 360 360 360 360 360 360 
Fine Aggregates 700.11 689.58 647.40 655.31 631.68 644.84 

Coarse Aggregates 1193.81 1193.81 1193.81 1193.81 1193.81 1193.81 

W/ C Ratio 0.421 0.421 0.421 0.421 0.421 0.421 
Water 150.58 150.58 150.58 150.58 150.58 150.58 

Super 
Plasticizer 

4.46 4.46 4.46 4.46 4.46 4.46 
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IV. RESULTS AND DISCUSSION 

Relation between characteristic compressive strength for the concrete mix for 7, 14 & 28 days. 

The quantity of amount required for casting every dice specimen thinking about the design blend as M30 grade 

(cement: fine aggregate: coarse aggregate) as per IRC 44-2017 specifications & tested for its strength for 7, 14 & 

28 days strength for different fine aggregates in which the compressive strength by testing under compressive 

testing machine has given below.  

Table 3:- Comparison of compressive strength in concrete specimens for 7 days in N/mm2 

 
Sl.no 

 
Different 

fine aggregates 

Target Compressive 
Strength for 7 days(N/mm2) 

Average 
Compressive 

Strength in (N/mm2) Load Strength 
 
1 

 
IS Sand 

790 35.11  
35.55 830 36.88 

780 34.66 
 
2 

 
River Sand 

670 29.77  
30.07 700 31.11 

660 29.33 
 
3 

 
M-Sand 

580 25.77  
26.14 610 27.11 

570 25.33 
 
4 

 
Bed Ash 

560 24.88  
25.92 600 26.66 

590 26.22 
 
5 

 
Foundry Sand 

410 18.31  
19.73 480 21.33 

440 19.55 
 
6 
 

 
C & D Waste 

 

450 20.00  
18.66 400 17.77 

410 18.22 

 

 

 

Figure 1:- Graphical representation of Compressive Strength v/s Different fine aggregates at 7 days 
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Table 4:- Comparison of compressive strength in concrete specimens for 14 days in N/mm2 

 

Sl.no 

 

Different fine 

aggregates 

Target Compressive Strength 

for 14 days(N/mm2) 

Average Compressive 

Strength in (N/mm2) 

Load Strength 

 

1 

 

IS Sand 

890 39.55  

40.44 910 40.44 

930 41.33 

 

2 

 

River Sand 

870 38.66  

39.55 910 40.44 

890 39.55 

 

3 

 

M-Sand 

900 40.00  

38.81 850 37.77 

870 38.66 

 

4 

 

Bed Ash 

850 37.77  

37.77 870 38.66 

830 36.88 

 

5 

 

Foundry Sand 

700 31.11  

31.99 750 33.33 

710 31.55 

 

6 

 

 

C & D Waste 

 

700 31.11  

30.51 690 30.66 

670 29.77 

 

 

Figure 1:- Graphical representation of Compressive Strength v/s Different fine aggregates at 14 days 

Table 5:- Comparison of compressive strength in concrete specimens for 28 days in N/mm2 

 
Sl.no 

 
Different fine 

aggregates 

Target Compressive 
Strength for 28 
days(N/mm2) 

Average Compressive 
Strength in (N/mm2) 

Load Strength 
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1 IS Sand 980 43.64 48.76 
1120 49.11 

 
2 

 
River Sand 

970 43.11 
 

42.51 
980 43.55 
920 40.88 

 
3 

 
M-Sand 

910 40.44 
 

40.44 
890 39.55 
930 41.33 

 
4 

 
Bed Ash 

920 40.88  
39.69 

 
870 38.66 
890 39.55 

 
5 

 
Foundry Sand 

730 32.44 
 

33.44 
770 34.22 
760 33.66 

 
6 
 

 
C & D Waste 

 

690 30.66 
 

31.99 
770 34.22 
700 31.11 

 

 

Figure 1:- Graphical representation of Compressive Strength v/s Different fine aggregates at 28 days 

V. CONCLUSION 

In this present study six varieties of fine aggregates are taken and basic properties of each material is tested 

and tabulated and also This study experimentally investigated the compressive strength of each material  for 7, 

14 and 28 days of curing. Priority obtained by compressive strength results are as follows. 

 The Compressive strength of IS sand it shows that the highest strength and C &D waste show lower 

strength  as compared to all six verities of compressive strength of concrete. 

 The Compressive strength of all six verities of concrete shows decreasing in Compressive strength in 

sequence of orderly First IS Sand, River Sand, Manufacturing Sand, Bed ash, Foundry Sand and C&D Waste.  
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Abstract - Distillery industries are one of the oldest and 
heavy polluting industries in India, Categorized into red 
category under MoEF. They produce highly categorized Total 
solids, COD, BOD, and Colour. Research work has been 
carryout by reviewing the various research papers by 
considering the electrocoagulation treatment process to 
study the removal efficiency of COD, Colour, using four 
different electrodes viz Al-Al, Fe-Fe, Gr-Gr and Zn-Zn with 
variable parameters like electrolysis time, voltage and 
maintain pH constant and electrode distance is 3cm. The 
comparative study between electrodes Al-Al is more 
effective in the removal efficiency of COD 95%, Colour 98% 
at pH9, Voltage 20V, electrolysis time 90 min, than Fe-Fe, 
Graphite, and Zinc electrodes. Correspondingly the 
comparative analysis between Al-Al and Anodized 
Aluminum, Anodized Aluminum is to be more effective in 
removal of COD 96% and Colour 94% at pH 7, Voltage 20V, 
Electrolysis time 150 min. and electrode distance 2cm. 
Distillery spent wash discharge leads serious impact on the 
environment, thus process has been proved the effective 
removal of Colour and COD.  

Key Words: Electrocoagulation, Aluminium, Iron, Zinc, 
Graphite, Anodized Aluminium, etc 

1. INTRODUCTION 

Distillery spent wash is unwanted residual liquid waste 
produced during alcohol production. India is a larger 
manufacturer and also consumer of sugar in the world (4). 
The generation of spent wash is mostly due to the Molasses 
based distillery along with their product (alcohol). Distillery 
spent wash are one of the main industries which release 
huge quantities of more strength wastewater which has 
more potential towards causing water pollution India 
produce huge quantity of spent wash whose disposable into 
water bodies or land causes a number of environmental 
complications. Spent wash generally characterized with an 
unpleasant odor and recalcitrant dark brown colour (11). 

The spent wash effluent sample was collected from Samson 
Distilleries and Chemicals Limited, located nearby the city of 
Davanagere, Karnataka, India. The collected effluent was 
immediately brought to the laboratory and stored in the 
refrigerator at 4 °C (4) until further use in order to avoid any 
deterioration in the physico-chemical properties of the spent 

wash. Distillery spent wash is containing greatly maximum 
COD, Suspended solids, Inorganic impurities, and other 
impurities. 

1.1 ELECTROCOAGULATION 

Electrocoagulation is a technique used for the treatment of 
wastewater, electro means application of electrical charge to 
water, and coagulation is the process which change the 
charge of surface particle by permitting the suspended 
matter to form agglomeration. The process is performed by 
application of an electric current across metal electrode that 
are submerged in water. It is an advanced and most 
economical water treatment technology. A simple method 
and most effective in removing various heavy metals, organic 
substances, metalloids, etc. The metal consumption from the 
anode with simultaneous establishment of hydroxyl ions and 
hydrogen gas taking place at the cathode (12). 

Electrocoagulation experiments were conducted by batch 
reactor. The electrochemical cell consists of two plain 
electrodes (5cm *5cm*0.5cm) of Al-Al, Fe-Fe, Graphite, and 
Zinc electrodes were taken. Immersed in distillery spent 
wash taken in 1.5L volume of a beaker. The experiments 
were carried out by varying time, voltage, and kept constant 
pH, and electrode distance at 3cm. 

1.2 ANODIZATION 

Anodization is an electrolytic passivation evolution used to 
expand the thickness of common oxide coat on a superficial 
level metal slice. The process is called anodizing in light of 
the fact that the portion to be dealt with structures the anode 
terminal of an electrical circuit. Anodizing rises the corrosion 
resistance and wear obstacle, and gives improved bond to 
paint groundwork and pastes than exposes metal. 
Experimental equipment used to produce anodized 
Aluminum oxide shown in below Figure1 
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Figure1: Experimental equipment used to produce 
anodized Aluminum oxide (11). 

Anodization of aluminum is formed by exothermic response 
on the fringe surface of aluminum or aluminum 
combinations with the early nuclear oxygen made by the 
electrolysis of a watery electrolyte. The electrolyte could be 
acidic arrangements like sulfuric acid, chromic acid, 
phosphoric acid and oxalic acid. The arrangement of 
Anodized Aluminium Oxide layer is subject to the electrolyte 
synthesis, anodization time, selected voltage, temperature 
and pre-treatment techniques and pore size is likewise 
constrained by treatments like dipping in acidic electrolyte 
after the anodization procedure. The commendable 
corrosion resistance of pure aluminum is mainly owing to its 
liking for oxygen. This outcomes in the creation of an 
extremely dainty however relentless oxide film which covers 
the surface when a recently cut bit of metal is presented to 
the environment (13). 

1.2.1 PREPRATION OF ANODIZED ELECTRODE  

The Nano pores Anodized Aluminium Oxide structures were 
electrochemically created from Al sheet substrates by 
utilizing a two-advance anodizing process. The 
electrochemical arrangement contained 0.2 to 1M H2SO4 
corrosive, an anode (a pre-rewarded Al sheet of 
measurement 10cm x 5cm x 0.3cm) and a cathode (a Pb 
plate of measurement 10cm x 5cm x 1cm) most commonly.  

2. RESULTS AND DISCUSSION 

The qualities of Distillery Spent Wash were obtained and the 
experimental outcome on treatment of Distillery Spent Wash 
using Al-Al, Fe-Fe, Graphite, Zinc and Anodized electrodes by 
various researcher using previous research papers. The 
values given below are the predicted values and the various 
parameters monitored under electrocoagulation process are 
given below. 

 

 

 

2.1 INITIAL CHARECHTERSTICS OF DSW 

Table -1: Initial Characterization of DSW 

SL NO PARAMETERS UNIT VALUES 

1 pH - 3-4.8 

2 TDS mg/L 90,000-
150,000 

4 Turbidity NTU 3,800 

5 Conductivity µs/cm 40,000 

6 Colour pt.co 3,26,000 

7 EC Ms/cm 23 

8 Total hardness mg/L 1000-1300 

9 Total alkalinity mg/L 1300-1800 

10 Chlorides mg/L 8000-8400 

11 COD mg/L 135000 

 
2.2 COD AND COLOUR REDUCTION BY 
ELECTROCOAGULATION USING Al-Al, Fe-Fe, GRAPHITE, 
AND ZINC ELECTRODE 

 

Figure 2: Maximum Removal efficiencies of Fe-Fe 
electrodes at pH 8, 3cm electrode distance, 15 volts and 

150 min time interval 

 

Figure 3: Maximum Removal efficiency of Al-Al electrodes 
at pH9, 3cm electrode distance, 20 volts and 90 min time 

interval 
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Figure 4: Maximum Removal efficiencies of zinc electrode 
at pH 8, 3cm electrode distance, 5 volts and 60 min time 

interval 

The above graphs are taken from the review values by 
various researcher papers initially the graphs go on 
increasing at the maximum time 90min, further it may 
probably decrease, these are the predicted values. The 
colour removal efficiency was not found by using Graphite 
electrodes and maximum COD removal efficiency found to be 
85 % at pH 7, voltage 8V, time interval 90min.  

2.2 COMPARISON OF REMOVAL EFFICIENCY 

 

Figure 5: Graph depicting Comparative removal efficiency 
of colour employing plain Al-Al and Anodized Al-Al 

electrodes. 

The variation in Colour removal efficiency were observed for 
plain Al-Al and Anodized Al-Al electrodes with different time 
interval are shows in the Figure 5. 89% of Colour was 
removed with plain Al-Al electrode and 94% of colour was 
removed with Anodized Aluminium at pH 7,150 minutes, 
20V and distance 2cm. Results shows that the removal 
efficiency of Colour is more with Anodized Aluminium 
electrode compared to Aluminium electrode. At neutral pH 
there was maximum removal of colour removal efficiency 
were observed in Anodized electrode. 

 

Figure 6: Graph depicting Comparative removal efficiency 
of COD employing plain Al-Al and Anodized Al-Al 

electrodes 

 The variation in COD removal efficiency were observed for 
plain Al-Al and Anodized Al-Al electrodes with different time 
interval are shows in the Figure 6. 91% and 96 % of COD was 
removed with plain Al-Al electrode and Anodized aluminium 
electrode respectively, at the condition of 150minutes, 20V, 
pH 7 and 2cm distance. The maximum removal efficiency of 
COD was observed in Anodized aluminium electrode at pH 7.  

3. CONCLUSION 

The comparative study between all four electrodes Al-Al is 
more effective in the removal efficiency of COD 95%, Colour 
98% at pH9, Voltage 20V, electrolysis time 90 min, than Fe-
Fe, Graphite, and Zinc electrodes. Anodised electrode used in 
Electrocoagulation can be adopted for the attainment of 
higher efficiency. The comparative analysis between Al-Al 
and Anodized Aluminium electrodes shows aluminum oxide 
to be more effective with removal efficiency of COD 96% and 
Color 94% at a constant pH7, Voltage 20V, Electrode 
distance of 2cm and at a 150 minutes electrolysis time. 
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Abstract. Now a day Electric vehicles (EV) are called future vehicles in place of internal 
combustion engines because of their working with pollution free and more efficient. This paper 
reviews various control strategies of induction motor drives (IMD) for EV applications. 
Efficiency and performance are the major considerations in selecting control algorithms for 
induction motor drives. Basically there are scalar control and vector control methods for IMDs. 
Scalar control technique has drawback of low performance. Conventional direct torque control 
(DTC) technique is one of the most preferable control technique for controlling torque and flux 
independently. But due the lower switching frequency in direct torque control leads to more 
flux ripple and torque ripples and it leads lower performance of induction motor drives. 
Keywords. Electric vehicle, Induction motor drive, direct torque control. 
 

 
1. Introduction 
In present days environment concerned research is going in a rapid manner to solve our environment 
issues such as increase of carbon dioxide level, depletion of ozone layer. Year by year there is rapid 
increase in production of Internal Combustion (IC) engine vehicles which increases pollution in the 
environment, so that there is increase in design and development of electric vehicle in automotive 
industries to replace IC engine vehicles. 

In addition to reduced pollution in the environment, electric vehicle gives good performance in 
terms of its efficiency & torque [1]. The only disadvantage of EV is its cost [2]. Due to the 
environment concern and less fuel consumption EV are attractive than conventional IC engines [3].For 
better efficiency of EV, it is necessary to choose motor drive and its control techniques properly. This 
means electric motor drive system is very much important and it is like heart of the entire electric 
vehicle system. The following figure 1 represents the block diagram of various parts of electric vehicle 
system [4]. 

 
Figure 1.Block diagram representation of electrical vehicle system 

In the above fig (1), controller part, power converter part and electric motor part represents core of 
the drive of the EV. It consists of electric vehicle control system and battery management system 
works together to reduce power consumption [1, 5]. The motor that we choose must have following 
basic requirements which are [1]. 

Controller 
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converter 
Wheel 
drive 

Brake 
command 

Mechanical 
transmission 

EV 
motor 
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i. High power density and high torque density 
ii. Low losses 

iii. Good controlling property 
iv. Better dynamic performance 
v. Rugged and simple in structure 

vi. Low cost 

In earlier research DC motor are preferably used in EV applications due to simple in controller 
design and their characteristics are well matched for electric vehicle motor. With the increase in the 
research advancement of controlling technique, induction motor comes into the main frame for 
choosing as drive motor for electric vehicle applications [6]. It is commutator less motor, it is highly 
reliable, rugged and maintenance free [7]. Even though it has more advantages than dc motors, it has 
some drawbacks like nonlinear characteristics due to this, analysis becomes complex [8, 9] and flux in 
the induction motor is not measurable [10].To overcome these drawbacks, few control strategies are 
presented [11] and it compares among conventional controllers and intelligent controllers with respect 
to torque ripples. Simultaneously to reduce the torque and flux ripples and to improve the dynamic 
response Field Oriented Control (FOC) is established [8]. This technique decouples the torque and 
flux to get fast dynamic torque response [12-14] and it improves the performance of the drive system. 
FOC algorithm is very much sensitive to parameter variation with respect to temperature variation, 
which leads to reduced performance [15].  

To overcome the limitations of FOC, DTC was explained by TAKANASHI [16] & 
DEPENBROCK [17]. In DTC control signals are calculated directly for the inverter [18-20]. But this 
conventional DTC has drawbacks like more torque ripple and flux ripples in low speed region and 
various switching frequency, due to this torque and flux are not fully controllable [21-23].Many 
modern control techniques are invented for controlling the two main parameters; those are torque and 
flux of IM for electric vehicle applications. In this paper section II deals with modelling of induction 
motor, section III explain about basic design concept of DTC, section IV deals with different control 
algorithm and section V ends with conclusion. 
 
2. Modelling of induction motor 
Analysis of induction motor is little complex due to its nonlinear characteristics. The better way to 
analyse the three phase induction motor is 2-phase model expressed by � and �. The equations that 
represents the induction motor are along � and � axis are [24][25]    
 

��� �
�����	
��
�	

� �

��
���
� �� ���� � ���� ��� ������ ������� � �� ���� � ���� � ����� ��������� � � �� ��� � � �  

  ! � �����	
��
�	
�+


��
�� ���� �� ����" �� " �  

 ! #$��$�	%   (1) 

 
Here �, �s and �r are called +ve constants 
 & �' ()���* +,- � .����s� /0120 

 The following are the equations for torque and moment of inertia ---------------------------------------------------------345 � 67����� � 8�	��	9    (2) 
 ---------------------------------------------------------: �;�� � <= � 3>? � 3@   (3) 
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The transformation from three phases to two phases can be done by 

ABCBDE=FG1H I" �"1JG �"1G� JH1G �FH1GK LMNMOMPQ   (4) 

 
�� Direct Torque Control�
Direct torque control of induction motor is initially proposed by Takahashi and Depenbrock in 1980s 
decade. It works on principle of direct use of control signals for power semiconductor switches of 
voltage source inverter. As pulse width modulation is absent in DTC, so that control strategy is simple. 
Figure 2 Shows electromagnetic torque and stator flux are independently controlled by hysteresis 
comparators. The outcomes of these two comparator decide the switching signals from switching 
table. It gets its attention because of its simplicity. The basic block diagram [1] which represents DTC 
is shown in figure 2. 

 
 

Figure 2. Basic representation of Direct Torque Control 
The design of control technique (DTC) is mainly depending on determination of torque and stator 

flux linkages depend on these equations. The equation for electromagnetic torque 3> is given by  
 ------------------------------------------------------------3R � ST UVWXYZ � WXY[-\      (5) 

 -----------------------------------------------------------7�� � ]V^�� � �����\_`     (6) 
 -----------------------------------------------------------WYZ � ]6aYZ � /YXYZ9bc     (7) 

Where 
 P=number of poles 
 7=flux linkage 
 ��d=quadrature axis stator current 
 ���=direct axis stator current 
 Rs=stator resistance 
 ^�� � Quadrature axis stator voltage 
 ^�d �Direct axis stator voltage 
The following equations (8) & (9) used to determine the magnitude and angle of stator flux linkage 
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-7e � FV7�f � 8�d\  
  
 (8) 

 -------------------------------------------------------g � cNhi� �j�dkl��    (9) 

It can be selected directly the stator voltage vector based on comparison between reference and 
actual values of torque and flux linkages according to the conventional switching table [1]. Even 
though DTC has more advantages over other control techniques, it has some draw backs like it 
generates more torque and flux ripples. To reduce or avoid these ripples many control algorithms are 
introduced for induction motor drives. 
 
4. Control Algorithms 
There are various control techniques for induction motor drives in electric vehicle applications. They 
are i) Proportional Integral (PI) controller  ii) PID controller  iii) Sliding mode controller (SMC)     iv) 
Fuzzy logic controller (FLC)   v) Neural network controller  vi) Model predictive controller        vii) 
Hybrid controllers., and more. Few important algorithms are reviewed here. One can choose the better 
algorithm for controlling of induction motor drives. This paper [1] concludes that sliding mode control 
is well suited for electric vehicle compared to conventional proportional integral and fuzzy logic 
controller. This paper explains how efficiency and performance can be improved by using sliding 
mode controller. This paper also compares the two torque control techniques they are indirect FOC 
and Direct torque control. [26-29]proposes SMC which will increase the performance of the IM drive 
as compared to PI controllers [30,31] explains combination of SMC and FLC gives better dynamic 
characteristics compared to PI and FLC controller alone. In this paper [32] he proposes new controller 
called neural network based DTC  to reduce the settling time and improve the performance of 
switched reluctance motor where he reduced the torque ripple of margin of 1%.This paper [33] 
explains the online optimization technique to vanish the flux and torque hysteresis band. It is better 
performance than conventional DTC as it uses the predefined switching table. This paper explains how 
torque ripple can be educed using Predictive torque control (PTC) and analysis of speed response and 
torque ripple in the induction motor which is used in electric vehicles. Due to the complexity in 
calculation, settling time is more in PTC as compared to conventional DTC. He explained with result 
that percentage of torque ripple and current total harmonic distortion (THD) are less in PTC compared 
to conventional DTC. 

 This paper gives increase in torque and speed response of switched reluctance motor by choosing 
voltage vector using look up table based DTC [34]. The authors [35] proposed DTC for induction 
motor drives based on lookup table. By proper selection of switching table values, it is possible to 
improve the performance and dynamic behaviour of induction motor based electric vehicles. This 
paper also utilizes the regenerative braking where partial energy from the motor is used to charge the 
battery. This paper [36] proposes Artificial Neural Network (ANN) controller to reduce both torque 
and flux ripples by considering proper values for input and feedback through online mode. By using 
both simulation and practical it explains that proposed controller is more efficient than conventional 
controller. This paper [37] improvises the transient analysis by using ANN controller but no changes 
in torque and flux ripples. This paper [38] replaces neural controller instead of switching table and 
hysteresis controller to reduce the torque and flux ripples. 

In this paper [39] authors explains the three different control strategies for induction motor drive 
based EV applications which are DTC space vector modulation (DTC-SVM), conventional DTC and 
FOC algorithms. By using DTC-SVM it has been noted that stator current ripples considerably 
decreasing hence it improves the dynamic performance of induction motor drives. [40] In this paper 
fast dynamic response of induction motor drive for electric vehicle is achieved by DTC-SVM in the 
place of voltage source inverter. This[41] paper explains on intelligent controller which is called an 
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better controlling technique for switched reluctance motor which reduces the overshoot time and also 
improves torque response of the drive system.  
The following Table 1 gives comparison between five different controllers by considering different 
parameters.  

Table 1.Comparison among different controllers.[1, 2, 42-49] 

Parameter/ 
technique 

Conventional 
DTC 

SMC based 
DTC 

DTC-MPC Fuzzy based 
DTC 

ANN 
based 
DTC 

Torque& flux 
Ripple          high medium less Very less Very less  
 
Torque 
response          high high high Very high Very high  
 
Current THD          high less less less less 

 
Switching 
loss          high average less less less  
 

By considering above table we can say that conventional direct torque control algorithm has more 
torque and flux ripples compared to other algorithms. Depending upon parameter selection and 
application it is feasible to select particular algorithm for induction motor drives. 
 
5. Conclusion 
This paper reviews various control strategies available for IM based electric vehicle applications. The 
major objective of the review was to lower the flux ripple and torque ripples of induction motor drive 
and intern enhancing the performance of electric vehicle. The control techniques like conventional 
DTC, SVM-DTC, SMC-DTC, Fuzzy based DTC and ANN DTC are compared for dynamic response, 
torque ripple and flux ripple, total harmonic distortion and switching frequency.. These algorithms 
have their own advantages and drawbacks. The table 1 gives comparison among various algorithms. 
Therefore selection of these algorithms for induction motor is based on cost, accuracy and application. 
Fuzzy logic controller is used where the system behaviour is more complicated and semantic rules are 
necessary to explain the system.  Compared to FLC artificial neural network is good for modelling in 
this conditions as ANN is more suitable for controlling nonlinear devices. As induction motor has a 
nonlinear model and therefore ANN is highly suitable for controlling induction motor drive in 
electrical vehicle. 
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ABSTRACT 

A concise survey of the nanorobots that are 

right now utilized in biomedical designing to fix 

different sorts of infections is being introduced. 

In the unique situation, we are completing a 

writing review for the therapy of malignant 

growth utilizing the nano-innovation idea. How 

we have picked is the association of 

nanotechnology and medication. The blend of 

nanotechnology into medicine is likely going to 

get some new challenges helpful treatment. 

Nanorobot is an amazing vision of medication in 

the future. The most excellent nanomedicine 

incorporates the use of nanorobots as little scope 

trained professionals. Headway in 

nanotechnology may permit us to construct fake 

red platelets called Respirocytes equipped for 

conveying oxygen and carbon dioxide atoms 

(i.e., elements of normal platelets). Respirocytes 

are nanorobots, little mechanical contraptions 

proposed to take a shot at the nuclear level. 

Respirocytes can give a short replacement to 

trademark platelets on the occasion of an 

emergency. Thusly respirocytes will change the 

treatment of coronary ailment. We can envision 

a day when you could implant billions of these 

nanorobots that would skim around in your 

body. A champion among the most reasonable 

and practically feasible achievements is the 

remedy for development which is one of the 

essential communities of this work. Nanorobots 

could convey and convey a lot of hostile to 

disease drugs into carcinogenic cells without 

hurting sound cells, lessening the results 

identified with flow treatments. 

 

Keywords-- Artery, Cancer, Coronary, Medicine, 

Nanorobots, Treatment 

 

 

INTRODUCTION 

 

 In this section, we give a brief 

introduction to what are nanobots?  Nanobots à la 

Michael Crichton's Prey and other sci-fi 

contraptions of nanoscale robots don't exist (yet).  

Not to be mistaken for these anecdotal nanorobots, 

for clinical nanotechnology analysts a nanorobot, 

or nanobot, is a well-known term for atoms with an 

interesting property that empowers them to be 

customized to do a particular assignment. These 

nanobots are a reality and are in effect effectively 

investigated and created. 

An always expanding number of 

examination bunches are misusing programmable 

self-get together properties of nucleic acids in 

making objectively planned nano shapes and 

nanomachines for various employments. That is the 

reason one of the most effectively investigated 

territories of nanorobotics today includes DNA 

gathering, especially a strategy called DNA 

origami (see underneath for additional subtleties). 

In the next few paragraphs, we present what is 

nanorobotics. How about we start with certain 

rudiments: Robotics can be characterized as the 

hypothesis and utilization of robots, an independent 

electronic, electric, or mechanical gadget, to such 

exercises as assembling. 

Scale that robot down to a couple of 

billionth of a meter and you are talking 

nanotechnology advanced mechanics; nanorobotics 

in short. The field of nanorobotics unites a few 

controls, including nanofabrication measures 

utilized for creating nanomotors, nano actuators, 

nanosensors, and actual demonstrating at 

nanoscales. 

Nano robotic control innovations, 

including the get together of nanometer-sized parts, 

the control of natural cells or particles, and the 

kinds of robots used to play out these assignments 

likewise structure a segment of Nano robotics.  

For example, analysts have interpreted the self-

sufficient development directions of Nano motors 

into controlled surface highlights that carry a wind 

to customary static optical manufacture 

frameworks, which sets up a beginning phase 

approach for a Nano robotics stage for 

nonmanufacturing (Fig. 1). 
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Figure 1: Nano robots which are Used to Attack the Cancerous Cells. 

 

OVERVIEW 

 

Nanotechnology robots are quintessential 

NEMS (Nano electro mechanical frameworks) and 

raise all the significant issues that must be tended 

to in NEMS configuration: detecting, incitation, 

control, correspondences, power, and interfacing 

across spatial scales and among natural and 

inorganic materials. Because of their size, 

tantamount to natural cells, Nano robots have a 

huge range of possible applications in fields, for 

example, ecological checking or medication. In any 

case, scientists today generally utilize the term 

Nano robot to depict atoms with an extraordinary 

property that empowers them to be modified to 

complete a particular assignment.  We will portray 

a versatile robot (Nano robot) that can be made 

with existing innovation that can be utilized to 

search out and pulverize hostile tissue inside the 

human body that can't be gotten to by different 

methods. The development and utilization of such 

gadgets would bring about various advantages. It 

would give either a fix or possibly a method for 

controlling or decreasing the impacts of various 

diseases nanotechnology can profoundly build our 

alternatives for anticipation, determination, and 

therapy of malignancy. Nanotechnology may 

likewise be valuable for creating approaches to kill 

disease cells without hurting sound, neighboring 

cells Nanotechnology utilizes remedial specialists 

that target explicit cells and convey their poison in 

a controlled, time-delivered way [3]. 
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Figure 2: Removal of cancer by surgery using the conventional method. 

 

CONVENTIONAL METHODS OF CANCER 

THERAPY TREATMENTS 

 

The vast majority with the disease gets a 

medical procedure, chemotherapy, radiation 

treatment, or other customary treatments sooner or 

later during therapy, and many will have a mix of 

these therapies. Infusion of medications influences 

both malignant and nondestructive cells in ordinary 

techniques. In this way, the primary kinds of 

malignancy therapy incorporate Surgery, Radiation 

Therapy, Chemotherapy, Immunotherapy, Targeted 

Therapy, and Hormone Therapy [4] (Fig. 2). 

 

DRAWBACKS & ADVANTAGES 

 

Focal points of Nano robots over Conventional 

Medical Techniques: Nano robotics has been meant 

to defeat the accompanying disadvantages of 

ordinary clinical procedures. 

 Entry points hurt tissue layers, which set 

aside a serious long effort to mend.  

 Excruciating sedation is utilized to restrict the 

torment generally, yet it is just for a brief 

timeframe.  

 Fragile medical procedures, for example, eye 

a medical procedure don't have a 100% 

achievement rate. 

 In any of the obtrusive procedures, the 

patient's life is absolutely in the possession of 

the administrator or specialist, or doctor. It is 

hazardous, as one mix-up could spell 

catastrophe. 

 Researchers and analysts are functions on a 

more vigorous, dependable, and bio-viable 

methodology. Rather than relieving the 

outside, they intend to safeguard the body 

from within. That is the place where clinical 

Nano robots come in. The significant 

favorable circumstances of this innovation 

give are  

 Negligible or no tissue injury.  

 Impressively less recuperation time.  

 Less post-treatment care is required. 

 Nonstop observing and analysis from within.  

 Fast reaction to an abrupt change.  

Some additional highlights of Nano robotics. 

Would likewise empower us to do the 

accompanying:  
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 It can store and handle past information, 

recognize designs, and subsequently, help to 

foresee the beginning of a disease.  

 It can direct remotely or according to the 

program, focusing on explicit areas. 

 It can convey payloads, for example, drugs, 

or solid cells to the particular site.  

 They can explore through common organic 

pathways; subsequently, it very well may be 

redone (and frequently more sturdy) to body 

cells fabricated remotely. 

 Hindrances of Nano robotics.  

 At the point when diverse Nano robots are 

embedded to fix various sicknesses, the 

bunches might be framed inside the body.  

 The establishment cost is very high. 

THE MODERN TECHNOLOGY USED TO 

CURE CANCER THERAPY 

 

 Nanotechnology utilizes remedial 

specialists that target explicit cells and convey their 

poison in a controlled, time-delivered way. As a 

needle is a today used to infuse prescription into 

the patient's circulatory system, tomorrow, Nano 

robots could ship and convey substance specialists 

straightforwardly to an objective cell. Nano killer 

(i.e., Nano robot) could discover and fix harmed 

organs, recognize and demolish a tumor mass. 

They would have the option to convey their 

positions, operational statuses, and the achievement 

or disappointment of the treatment as it advances 

[6].  

 

 
Figure 3: Nano robots moving inside the bloodstream in the veins/capillaries to destroy the cancerous cells. 

 

The utilization of functional Nano robots 

for medical services and medical procedure 

instrumentation is an arising innovation considered 

as a serious item at present being developed to 

arrive at the commercial center in the coming a 

very long time with possibly wide biomedical 

applications. The progressing improvements of 

sub-atomic scale gadgets, sensors, and engines are 

anticipated to empower tiny robots with 

measurements similar to microbes. Ongoing 

advancements in the field of bimolecular figuring 

and Nano electronics hardware have shown 

emphatically the attainability of handling rationale 

assignments by bio-PCs, which are promising 

strides to empower Nano processors with a 

progressively multifaceted nature. Studies in the 

feeling of building biosensors and Nano-dynamic 

gadgets, which is needed to empower handy Nano 



 

5 Page 1-6 © MAT Journals 2020. All Rights Reserved 

 

Volume-5, Issue-3 (September-December, 2020) 

 

 

Journal of 

Analog and Digital Devices  

 

www.matjournals.com 

 

robot activity and movement, have been progressed 

as of late as well. Also, traditional protests 

identified with the genuine plausibility of 

nanotechnology, for example, quantum mechanics, 

warm movements, and rubbing, have been thought 

of and settled and conversations about the 

assembling of Nano devices are growing up. 

Creating Nano scale robots presents troublesome 

manufacturing and control difficulties. The 

advancement of complex coordinated Nano 

systems and assembling of gadgets with elite can 

be all around explored and tended to through PC 

supported assembling examination, helping make 

ready for later utilization of Nano robots in 

biomedical designing issues (Fig. 3). 

 

 
Figure 4: Nano robots inside the bloodstream. 

 

The authors worked on the Nano issues. 

Nano medicine offers the possibility of ground-

breaking new apparatuses for the treatment of 

human illnesses and the increase of human natural 

frameworks. Diamonded-based clinical Nano 

robotics may offer significant upgrades in 

capacities over common natural frameworks, 

surpassing even the enhancements conceivable 

through tissue designing and biotechnology. Nano 

robots with totally counterfeit parts have not been 

acknowledged at this point. The dynamic territory 

of exploration in this field is centered around sub-

atomic machines, which are completely motivated 

by nature's method of doing things at a Nano-scale. 

One illustration of the utilization of 

nanotechnology in medication is the nanomedical 

gadget known as respirocytes, planned by Feyman 

in 1995-1996 [1-6] (Fig. 4). 

Again explained the applications. He 

expects to copy all the significant elements of the 

most well-known cells in the human body, the red 

platelet. The respirocytes are fake red platelets 

containing tiny diamondoid pressure tanks that can 

be worked up to 1000atm of pressure. This cell is 

an empty, circular nanomedical gadget of 1 micron 

in width, a lot more modest than red cells. The 

respirocyte is worked of 18 billion masterminded 

underlying iotas and holds an extra 9 billion 

particles when it is completely stacked. It 

comprises three fundamental stockpiling tanks; one 

for oxygen (up to ~1.5 billion atoms), another for 

carbon dioxide (up to ~1.5 billion particles), and a 

third tank for counterbalance water (up to ~6 

billion particles), built with diamondoid 

honeycomb. 

Finally, advantages were presented. It is 

intended to work in a way that it can convey over 

multiple times more respiratory gases than an 

equivalent volume of characteristic red platelets. 

Another intriguing illustration of a basic 
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nanorobotic application that gives a one of a kind 

super-biological ability is the clottocyte, counterfeit 

mechanical platelets [4-5]. The colonocytes are 

capable to work simply like some other platelets. 

Notwithstanding, the fake platelets could stop 

human seeping inside 1 second of actual injury 

even indecently huge wounds. Clottocytes may 

play out a coagulating capacity that is equal in its 

fundamentals to that performed by natural platelets 

yet at just 0.01% of the circulation system 

centralization of those cells or 20 Nano robots per 

cubic millimeter of serum. In other words, Nano 

robotic clottocytes reaction would be around 

multiple times more compelling as coagulating 

specialists than an equivalent volume of regular 

platelets. 

 

CONCLUSION 

 

 In this research w.r.t. the Nano 

technological oriented paper, we have introduced a 

short audit of the Nano-robots that were being 

utilized in the biomedical designing or restoring of 

the deadliest illness on the planet, i.e.., the 

malignancy. Nature has made nanostructures for 

billenia. Organic frameworks are current evidence 

of atomic nanotechnology. As opposed to focusing 

our eyes on the far future, let us start presently by 

making some real working gadgets that will permit 

us to fix probably the most dangerous infirmities 

referred to, just as advance our capacities 

straightforwardly, instead of as the results of 

different advances. There will be a day while 

wiping out disease cells are simple an out-quiet 

operation and are only a survey paper, which fills 

in as a reason for all the understudies, resources as 

a base for completing the exploration in this 

energizing field of nanorobotics. 
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Abstract 1,3-bis(1-Phenylethyl) urea was investigated as

a good corrosion inhibitor for carbon steel by electro-

chemical techniques in 1 M HCl at a temperature range of

305–335 K. The investigation was done by electrochemical

techniques such as potentiodynamic Tafel polarization and

impedance spectroscopy. The calculated corrosion inhibi-

tion efficiency of inhibitor increases with their increasing

concentrations. The Tafel polarization method reveals that

the inhibitor acts as mixed type inhibitor. The inhibition

effect of inhibitor attributed due to the adsorption on sur-

face of carbon steel from 1 M HCl. The adsorption of

inhibitor obeys the Langmuir’s adsorption isotherm. The

activation parameters indicate that the adsorption process is

exothermic in nature. The scanning electron microscopic

measurement gives a visual idea about the formation of

protective layer on carbon steel surfaces, which retards the

corrosion process.

Keywords 1,3-bis(1-Phenylethyl) urea � Inhibitor �
Electrochemical measurements

Introduction

Corrosion is a chemical process, which destruct the metal

and alloys either by direct chemical or electrochemical

reactions under the corrosive environment. The carbon

steel is one of most important alloys of iron due to their

superior thermal and mechanical characteristics. Therefore,

carbon steel was used in enormous industrial and structural

applications such as acid pickling, acid cleaning, acid

descaling and oil-well acidizing [1, 2]. So, under these

conditions acids provide an aggressive environment for

corrosion of carbon steel. To avoid the metal dissolution

due to the attack of corrosion is controlled by various

techniques such as protective coatings, cathodic protection

and corrosion inhibitors. Among those corrosion control-

ling techniques, use of corrosion inhibitors is the most

convenient and practical method to retards the corrosion

[3, 4].

Corrosion inhibitors are heterocyclic organic molecules,

which are having electron-rich species such as N, S, O and

p-electrons in heterocyclic ring system in its structure and

are favor to act as a corrosion inhibitor due to the

adsorption on surface of the metal [5]. Therefore, the

adsorption of the inhibitor on surface of carbon steel which

retards the corrosion. The present work concentrates on the

inhibitory effect of 1,3-bis(1-phenylethyl) urea for carbon

steel at a temperature range of 305–335 K in 1 M HCl by

electrochemical measurements and SEM analysis. Ther-

modynamic and activation parameters can study the

variation of inhibition efficiency with increasing tempera-

ture, and scanning electron microscopic method was used

to discuss the surface analysis.
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Experimental

Carbon Steel

Commercially available carbon steel was procured for all

the corrosion inhibition experiments. The composition of

the carbon steel is described in Table 1.

The strips of carbon steel with the dimension of

4 9 1 9 0.1 cm3 were used for corrosion inhibition stud-

ies by weight loss method. The electrochemical

measurements were done by the same strip with 1 cm2;

area of the metal surface was exposed (rest part was

insulated by epoxy resin).

Corrosion Inhibitor

The selected inhibitor 1,3-bis(1-phenylethyl) urea is a

novel urea derivative; it was commercially purchased from

Sigma-Aldrich pvt. India limited. It is a colorless amour-

phous derivative and highly soluble in hydrochloric acid.

This inhibitor was selected for the current inhibition studies

for carbon steel due to its non-toxicity and which are

having electron-rich species such as N, O and p electrons in

heterocyclic ring system. These species in the molecule

facilitate adsorption onto the surfaces of carbon steel and

reduces the corrosion. Hence, this molecule may behave as

a good corrosion inhibitor for carbon steel in 1 M HCl. The

inhibitor was dissolved in 1 M hydrochloric acid with the

concentration range of 20-80 ppm as inhibited solution was

used for all the experiments and molecular structure of

inhibitor is shown in Fig. 1.

Electrochemical Measurements

A conventional three electrode system (i.e., carbon steel

strip as working electrode, platinum electrode as counter

electrode and SCE as reference electrode) was connected to

an electrochemical Compastat.e10800 (Ivium Technolo-

gies, Netherland) for all the corrosion experiments. The

potentiodynamic polarization measurements were docu-

mented at the scan rate of 1 mV/s in the given potential

values. The electrochemical impedance spectra were

recorded by an AC signals with amplitude of 1 mV/s at

corrosion potential within the frequency range of 100–

0.1 kHz.

Scanning Electron Microscopic Measurement (SEM)

The surface morphology of carbon steel was carried out by

scanning electron microscopy (JEOL JSM-840A model).

The SEM micrographs were recorded without and with the

optimized inhibitor concentration of 100 ppm in 1 M

hydrochloric acid solution.

Results and Discussions

Electrochemical Tafel Polarization Measurements

The potentiodynamic polarization behavior of carbon steel

without and with the various concentration of inhibitor is

shown in Fig. 2. The corrosion parameters by electro-

chemical polarization method viz, corrosion current density

(icorr), corrosion potential (Ecorr), anodic Tafel slope (ba),
cathodic Tafel slope (ba) and inhibition efficiency are

reported in Table 1.

The following expression is used to calculate the inhi-

bition efficiency (gp) of the inhibitor for carbon steel in

1 M hydrochloric acid as,

gp ¼
i0 � i

i0
� 100

where i0 and i are the corrosion current densities without

and with the inhibitor, respectively. Results found by the

Tafel polarization measurements (Table 1), the corrosion

current density and corrosion rate decreases with the

increasing concentration of 1,3-bis(1-phenylethyl) urea in

1 M hydrochloric acid solution. This indicates that the

increasing concentration of inhibitor forms a protective

layer onto the carbon steel surfaces, which retards the

corrosion. As a result, there is an increasing inhibition

efficiency by the addition of inhibitor in 1 M hydrochloric

acid solution. The displacement of Ecorr for inhibited

solution with respect to that of uninhibited solution (i.e.,

Blank) was found less than 85 mV that inhibitor is

Table 1 The composition of the low carbon steel

Elements C Mn P S Fe

Percentage 0.35 0.032 0.028 0.03 Remaining

Fig. 1 Molecular structure of 1,3-bis(1-phenylethyl) urea
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considered as mixed type, which retards the both anodic

and cathodic reactions [6, 7]. There is change in bc with

minor extent with the increasing concentration of inhibitor

reveals that there is a decreasing the hydrogen liberation

due to the surface coverage on metal surface by the inhi-

bitor molecules. And also the change in ba may be reducing

the reduction reaction due to the adsorption of inhibitor

onto the surface of carbon steel from bulk of the solution.

Electrochemical Impedance Spectroscopic (EIS)

Measurements

EIS is a significant method for the study of corrosion

inhibitors, and results found this method are more consis-

tent. The Nyquist plots found from this measurement are

shown in Fig. 3, and the data obtained from EIS mea-

surement are fit to an equivalent circuit as shown in Fig. 4

to compute the corrosion parameters. The computed

parameters viz, polarization resistance (Rp), double layer

capacitance (Cdl) and inhibition efficiency are reported in

Table 2, and the following expression was used to calculate

the inhibition efficiency of the inhibitor for carbon steel in

1 M hydrochloric acid,

gp ¼
RP � R0

P

Rp

� 100

where RP and R0
P are the polarization resistance for carbon

steel corrosion without and with the inhibitor, respectively.

The Nyquist’s graphs as shown in Fig. 3 are made up of

a set of semicircles with a high-frequency capacitive loop

and low-frequency inductive loop. The computed corrosion

parameters reveal that the addition of inhibitor increases

the diameter of the semicircles, describes the polarization

resistance (Rp), which retards the metal corrosion. The

increasing Rp values with the addition of inhibitor reduce

the corrosion of carbon steel in 1 M hydrochloric acid

through the adsorption process. Therefore, the inhibitor

molecules adsorbed onto the surfaces of carbon steel

Fig. 2 Tafel plots for carbon steel without and with the different concentrations of 1,3-bis(1-phenylethyl) urea at temperatures of (a) 303 K (b)

313 K (c) 323 K (d) 333 K

J Fail. Anal. and Preven.

123



decrease the value of double layer capacitance (Cdl). The

decreasing Cdl value suggests increasing the thickness of

the double layer which protect the metal by the attack of

corrosion [8].

Adsorption Parameters (Table 3)

The inhibitory action of selected inhibitor for this current

study attributed to the adsorption onto the carbon steel

surface from 1 M hydrochloric acid solution. The mode of

adsorption was investigated by the help of adsorption iso-

therm, which explains about the interaction inbetween

inhibitor and surface of the metal. The current inhibition

action takes place by the adsorption of inhibitor by fitting

Freundlich adsorption isotherm. The calculated values of

surface coverage (h) are reported in Table 2, and then draw

a graph of h against the concentrations of inhibitor (milli

moles) as shown in Fig. 5, and calculated adsorption

parameters are reported in Table 4.

The values of Kads (Table 4) can be computed from the

slope (Kads = 1/C) of the straight lines on the h axis. The

Fig. 3 Nyquist plots for carbon steel without and with the different concentrations of 1,3-bis(1-phenylethyl) urea at temperatures of (a) 303 K

(b) 313 K (c) 323 K (d) 333 K

Fig. 4 Equivalent circuit to fit electrochemical impedance

spectroscopic data
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adsorbed inhibitor molecules onto the surface of the carbon

steel are represented by the value of Kads. The increasing

values of Kads decide the increasing the inhibition action

for the metal by the better adsorption. Therefore, as on

temperature increases from 305 to 335 K, which decreases

the values of Kads, this effect may be the fact that the

inhibition effect of inhibitor decreases due to the increasing

the temperature. After that, the value of free energy change

of adsorption DG0
ads calculated by the following expression

as,

DG0
ads ¼ �lnðKads � 55:5Þ � R� T

where R is the universal gas constant with the value of

8.314 kJ/Kg/K and T is the temperature in K. The mea-

sured values of DG0
ads are tabulated in Table 4, the negative

value of DG0
ads is an indication of spontaneous adsorption

of inhibitor with stabilized adsorbed layer onto the surface

of carbon steel [9].

The value of DG0
ads also explains about the mode of

adsorption by the inhibitor onto the carbon steel surfaces

from bulk of the solution. There are two possible modes of

adsorption; one is the electrostatic interaction between the

inhibitor and surface of the carbon steel (i.e., physisorp-

tion), and another mode is the inhibitor adsorbed

chemically onto the carbon steel surfaces (i.e.,

chemisorption). The chemisorption process involves the

following points as,

• The replacement of water molecules from the surface of

carbon steel by the inhibitor molecules

Table 2 Corrosion parameters found by electrochemical Tafel polarization measurement for carbon steel without and with the different

concentrations of 1,3-bis(1-phenylethyl) urea at a temperature range of 305–335 K

Temp.

(K)

Concentration of

1, 3-bis(1-phenylethyl)

urea

(ppm)

Corrosion

potential

Ecorr

(V)

Corrosion current

density

icorr

(10�6 A cm�2)

Corrosion

rate

m

(mpy)

bc
(mV/

decade)

ba
(mV/

decade)

Inhibition

efficiency

gp
(%)

305 Blank � 0.511 0.196 26.85 � 5.29 7.18 –

20 � 0.517 0.134 15.74 � 5.35 6.08 31.63

40 � 0.513 0.102 13.72 � 5.98 7.25 47.95

60 � 0.508 0.097 12.19 � 5.91 7.62 50.51

80 � 0.511 0.055 11.18 � 5.51 7.89 71.93

315 Blank � 0.502 0.210 40.50 � 5.64 9.45 –

20 � 0.512 0.140 27.30 � 6.25 9.38 33.33

40 � 0.506 0.102 22.30 � 5.82 9.68 51.42

60 � 0.521 0.085 21.25 � 7.24 10.62 59.52

80 � 0.512 0.062 17.30 � 5.87 11.08 70.47

325 Blank � 0.595 0.241 60.50 � 6.30 8.83 –

20 � 0.500 0.180 47.00 � 5.94 6.89 25.31

40 � 0.518 0.142 33.20 � 5.13 6.94 41.07

60 � 0.514 0.126 30.00 � 5.13 7.61 47.71

80 � 0.520 0.075 24.70 � 5.42 7.69 68.87

335 Blank � 0.504 0.340 73.50 � 5.44 5.98 –

20 � 0.509 0.277 70.05 � 5.82 6.84 18.50

40 � 0.510 0.246 46.98 � 5.73 6.23 27.64

60 � 0.512 0.227 43.17 � 5.27 6.18 33.23

80 � 0.512 0.138 32.47 � 5.52 6.63 59.41

Fig. 5 Langmuir’s adsorption isotherm
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• The electronic interaction between p electrons from the

inhibitor molecule and vacant d orbital of the surface of

carbon steel.

If the value of DG0
ads is more than � 40 kJ/mol, the

adsorption of inhibitor occurs only through the

chemisorption. Suppose DG0
ads values lie in between

� 20 kJ/mol and � 40 kJ/mol, the adsorption occurs

through the both physisroption as well as chemisorption

[10, 11]. In the present work, we found DG0
ads value is

around � 30 kJ/mol. Hence, the adsorption process is the

mixture of physisorption and chemisorption. At the same

time, the DG0
ads value is close toward � 40 kJ/mol and

indicates that the adsorption may occur predominantly in

chemisorption process.

A graph of 1000/T versus DG0
ads /T is shown in Fig. 6,

the slope value is described as enthalpy of adsorption

DH0
ads, and entropy of adsorption DS0

ads was calculated by

the following equation,

DS0
ads ¼

DH0
ads � DG0

ads

� �

T

The computed values of DH0
ads and DS0

ads are reported in

Table 4. The negative value of DH0
ads suggests that the

adsorption process of inhibitor molecule is an exothermic

in nature. The positive value of DS0
ads reveals that the

reactions suffer a loss of degrees of freedom during the

complex formation. And also the increasing in entropy is

the indication of decreasing the inhibition effect as

temperature increases from 305 to 335 K.

Activation Parameters

The study of the influence of temperature on the action of

inhibitor for carbon steel corrosion in 1 M hydrochloric

acid was investigated by the data obtained by Tafel

polarization measurement (Table 1) at 305–335 K. From

the results, we can observe in the temperature range of

305–335 the inhibition efficiency gradually decreases with

the increasing temperature [12]. This observation was

investigated by activation parameters by the help of

Arrhenius and Transition plots. The significant activation

parameter such as apparent activation energy (E�
a) was

computed by the following Arrhenius equation as,

ln mCorr ¼ lnA� E�
a

RT

Table 3 Thermodynamic parameters

Temperature

(K)

Kads

(kJ mol�1) DG0
ads (kJ mol�1)

DH0
ads

(kJ mol�1) DS0
ads (kJ mol�1)

305 1084 � 27.90 � 16.90 0.0360

315 966 � 28.51 0.0368

325 961 � 29.41 0.0384

335 941 � 30.25 0.0398

Fig. 6 Graph of 1000/T vs. DG0
ads

Fig. 7 Arrhenius plot
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where mCorr is the corrosion rate, R is the universal gas

constant, T is temperature in K and A is the Arrhenius pre-

exponential factor. A graph of mCorr versus 1000/T provides

a set of straight lines which are having slope of � E�
a

R
and

intercept of ln A is described in Fig. 7. The calculated

values of E�
a and A are reported in Table 3.

The values of E�
a and A for inhibited solutions are higher

than that of the uninhibited solution. This is attributed due

to the addition of inhibitor hinders the metal dissolution in

1 M hydrochloric acid due to the adsorption onto the sur-

faces of the carbon steel. And also the value of E�
a for the

corrosion in the absence and the presence of various con-

centrations of 1,3-bis(1-phenylethyl) urea is greater than

20 kJ/mol and is an indication of the whole process of

Table 4 Corrosion parameters found by EIS measurement for carbon steel without and with the different concentrations of 1,3-bis(1-

phenylethyl) urea at a temperature range of 305–335 K

Temperature

(K)

Inhibitor concentration

(ppm)

Polarization resistance

Rp (X cm2)

Double layer capacitance

Cdl

(lF cm�2)

Inhibition efficiency

gz
(%)

Surface coverage

(h)

305 Blank 51.00 0.0287 –

20 96.72 0.0275 47.27 0.472

40 102.3 0.0255 50.14 0.501

60 120.1 0.0196 57.53 0.575

80 182.00 0.0163 71.97 0.719

315 Blank 17.81 0.0649 –

20 25.45 0.0615 30.01 0.300

40 33.92 0.0535 47.49 0.474

60 47.79 0.0274 62.73 0.627

80 57.95 0.0192 69.26 0.692

325 Blank 10.58 0.0312 –

20 14.61 0.0249 27.58 0.275

40 17.83 0.0296 40.66 0.406

60 19.21 0.0262 44.92 0.449

80 32.85 0.0156 67.79 0.677

335 Blank 6.05 0.0627 –

20 6.91 0.0382 12.41 0.124

40 7.56 0.0342 19.94 0.199

60 9.51 0.00029 36.39 0.363

80 16.9 0.00013 64.18 0.641

Table 5 Activation parameters for carbon steel in the absence and

the presence of various concentrations of 1,3-bis(1-phenylethyl) urea

at the temperature range of 305–335 in 1 M hydrochloric acid

Inhibitor

concentration

(ppm)

Apparent

activation

energy

(Ea*)

(kJ/mol)

Arrhenius

pre-

exponential

factor

(kJ mol�1)

Enthalpy

of

activation

(DH*)

(kJ mol�1)

Entropy of

activation

(DS*)

(J mol�1K�1)

Blank � 29.23 27.30 � 105 26.85 � 15.62

20 � 43.33 40.12 � 107 40.40 � 10.86

40 � 35.09 13.79 � 106 32.42 � 14.13

60 � 35.43 21.42 � 106 33.00 � 13.99

80 � 31.31 19.05 � 106 27.76 � 16.14

Fig. 8 Transition state plot
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corrosion inhibition is controlled by surface reaction

(Table 5).

The transition state equation as shown in below equation

describes the variation in enthalpy (DH�Þ and entropy

(DS�Þ of activation as,

ln mcorr

T
¼ ln

Rh

Nh
þ DS�

R

� �
� DH�

R

where h is the Planck’ constant, N is the Avogadro’s

number. The graph of ln ðmCorr=TÞ against 1000/T is

described in Fig. 8. Therefore, the plot provides a set of

straight lines with the slope equal to DH�. The ?ve value

of DH� suggests that the metal dissolution reaction is

endothermic in nature in the absence and the presence of

inhibitor. And also the increasing DS� values indicate that

the activated complex in the rate determining step char-

acterizes a dissociation rather than association; it means

that there is a decrease in disordering takes place going

from reactants to activated complex [13, 14].

Scanning Electron Microscopic (SEM) Measurement

The surface characterization of the carbon steel was

investigated by SEM as described in Fig. 9. The SEM

micrographs of carbon steel strip in 1 M hydrochloric acid

have large number of pits due to the attack of corrosion.

But the same strip after the immersion of optimized unin-

hibited solution avoided by the attack of corrosion due to

the formation of protective layer on metal surface by the

inhibitor molecules.

Conclusions

• The inhibition efficiency of 1,3-bis(1-phenylethyl) urea

for carbon steel increases with increasing concentration

as on 20–80, but it decreases with increasing temper-

ature as on 305–335 K.

• The inhibition efficiency of inhibitor attributed due to

adsorption process and the present investigation obeys

the Freundlich adsorption isotherm model.

• Adsorption parameters reveal that the inhibitor acts as

mixed type and adsorbed spontaneously to retards the

corrosion process.

• SEM micrographs visually give an idea of inhibition

effect due to the formation of protective film on carbon

steel surfaces.
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Abstract
The present study describes the use of 4,5,6,7-tetrahydro-1,3-benzothiazole incorporated azo dyes as anti-corrosive agents 
and dissolution protection of mild steel from 1 M HCl solution. The inhibition efficiency of the azo dyes is determined by 
potentiodynamic polarization technique and electrochemical impedance spectroscopic studies. Based on these experimental 
results, it is noted that, the azo dye T1 is an effective inhibitor and the inhibition efficiency of the azo dyes is found to be 
in the following order T1 > T2 > T3. From the polarization measurements, it is noted that, these azo dyes are mixed type of 
inhibitors in 1 M HCl. The inhibition efficiency was increased as the concentration of the inhibitors increased and attains a 
maximum value of 83.81% for T1 at 2.5 ppm concentration. The quantum chemical study was used to explain better about 
the structural and electronic effects in relation to the inhibition efficiencies. Further, the surface morphology of the tested 
mild steel samples was examined by scanning electron microscopy and energy-dispersive X-ray analysis with and without 
inhibitors in 1 M HCl solution. The results of the analysis showed the effective corrosion inhibition properties after the 
deposition of the inhibitors on to the metal surface.

Keywords  Azo dye · Benzothiazole · Corrosion inhibition · Quantum studies

1  Introduction

Azo colorants are the important class of organic molecules 
having –N=N– chromophoric group in their structures and 
found to have a variety of applications in different fields [1, 
2]. Azo dyes were the largest used molecules among the 
class of dyes and pigments due to their variations in the 
chemical structure and method of applications which are 
quite simple. The presence of heterocyclic ring systems in 

their structure exhibits a wide spectrum of colors and there-
fore they found to have applications in various fields such 
as the textile industry, designing of optical storage devices, 
non-linear optical (NLO) materials, and also in many bio-
logical reactions [3–7]. Due to their high thermal stability 
and sensitivity, they are widely used in the design of photo 
switches, electro-optic modulators [8–11], chemo sensors, 
and photochemical molecular switches [12].

From the literature survey, it is observed that many 
of the organic colorants were used as effective corrosion 
inhibitors to protect the metals from the aggressive media 
[13]. Particularly, the heterocyclic azo dyes were used to 
be efficient inhibitors for metals to avoid corrosion from 
acid solutions [14, 15]. It is an important and effective 
protection technique and is widely used in chemical, petro-
leum, and other industries. There are a good number of 
organic inhibitors widely using throughout the world, but 
some of the compounds fail to act effectively to protect the 
surface of the metals and also they can cause severe envi-
ronmental problems due to toxicity, lack of inhibition effi-
ciency, high cost in the production. Therefore, researchers 
are trying to overcome these impeding challenges and to 
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improve the efficiency of the inhibitors [16, 17]. The pro-
tective coatings, cathodic protection, use of organic inhibi-
tors, etc. are the important corrosion control techniques to 
avoid corrosion of the surface of the metals and also helps 
in avoiding the metal dissolution [18, 19]. Among those, 
the use of heterocyclic compounds as corrosion inhibitors 
is the most convenient and practical method to control 
the corrosion [20]. Normally the heterocyclic compounds 
containing N, S, O, and P atoms and aromatic conjugated 
systems permit the lone pair of electrons and π-electrons to 
adsorb on to the metal surface, respectively [21]. Adsorp-
tion is a physico-chemical phenomenon wherein the 
loosely bound electrons on the heteroatoms of the inhibi-
tor interact with the d-orbitals of the metal and forms a 
protective film on to the metal surface thereby protect the 
metal surface from corrosion [22–24]. The experimental 
techniques in the development of corrosion inhibitors are 
more effective but their mechanism of inhibition to prevent 
the corrosion of metallic surfaces from the external fac-
tors was not studied in detail [25]. Usually, the mechanism 
of action was illustrated by the nature of the protecting 
layer developed on the metal surface and the inhibition 
efficiency of the adsorbed compounds.

To achieve maximum inhibition efficiency of the applied 
compounds and to develop effective corrosion inhibitors, 
chemists have tried to explain the mechanism through 
molecular modeling (Quantum Chemical Calculations). 
Such theoretical methodologies are to provide a detailed 
explanation from the experimental techniques to find out 
the effective inhibition mechanism of the inhibitors [26]. 
Quantum chemical methods played a very significant role 
not only to develop effective corrosion inhibitors but also 
used in the study of the inhibition mechanism. Some of the 
parameters such as EHOMO, ELUMO, electronegativity, elec-
tron affinity, global hardness, etc. signify the structural prop-
erties of the heterocyclic molecules, then the comparison 
of these structural properties with the experimental results 
will have an influence on the mechanism of corrosion inhibi-
tion [27, 28]. Therefore, these theoretical studies will greatly 
help to design and develop efficient and eco-friendly corro-
sion inhibitors for the protection of metals and alloys from 
aggressive media.

From all these extensive observations, we have attempted 
to synthesize novel azo dyes and their corrosion inhibitory 
effect over mild steel in 1 M HCl solution by electrochemi-
cal and quantum chemical methods. The chemical structures 
of all the newly synthesized azo dyes were elucidated by 
various physico-chemical techniques. The electrochemical 
measurements include potentiodynamic polarization and 
electrochemical impedance spectroscopy (EIS) and quan-
tum chemical calculations were done by the PM3 method. 
Further, the corrosion inhibition efficiency evaluated from 
the above experimental techniques was compared with the 

quantum chemical study and they were discussed in detail 
at the end of the results and discussion section.

2 � Experimental

All the solvents and chemicals used in the present study 
were analytical grade (AR) and purchased from Sigma-
Aldrich Chemical Company and used without further puri-
fication. The completion of the reaction was monitored by 
thin-layer chromatography and performed on silica gel plates 
purchased from Merck. Melting points of the synthesized 
compounds were determined by using an electro-thermal 
melting point apparatus and are uncorrected. UV–Vis spec-
tra were recorded on Elico-SL 164 double-beam spectro-
photometer in the range 200–800 nm using ca. 10−6 M solu-
tion in four different solvents like ethanol, tetrahydrofuran, 
N,N-dimethyl formamide, and dimethyl sulfoxide. FT-IR 
spectra of the compounds were recorded as KBr pellets on a 
Perkin-Elmer-spectrum RX-IFTIR instrument in the region 
4000–400 cm−1. The 1H NMR spectra were recorded on the 
FT-NMR spectrometer model Bruker Avance II, 400 MHz 
using DMSO-d6 as solvent. ESI–MS spectra of the com-
pounds were recorded on a mass spectrometer equipped with 
electrospray ionization (ESI) source having a mass range of 
4000 amu in quadruple and 20,000 amu in Tof. The quantum 
chemical parameters of the azo dyes were obtained in the 
gas phase from the parametric method 3 (PM3) by using 
Hyperchem 7.5 package program.

2.1 � Synthesis of 4,5,6,7‑Tetrahydro‑1,3‑benzothia‑
zol‑2‑amine (2)

The starting material 4,5,6,7-tetrahydro-1,3-benzothiazol-
2-amine (2) was synthesized as per reported literature [29, 
30]. To the hot solution of cyclohexanone (4.5 mL, 0.05 mol) 
in 25 mL ethanol, thiourea (6 g, 0.1 mol) and iodine (12.7 g, 
0.05 mol) were added and the reaction mixture was stirred 
for 5 h at reflux temperature. Then the reaction mixture was 
cooled to room temperature and 100 mL distilled water was 
added. The obtained solution was basified by the addition 
of aqueous ammonia and extracted with ethyl acetate. The 
organic layer (ethyl acetate layer) was washed several times 
with water and then finally filtered to remove insoluble sol-
ids. The ethyl acetate extract was concentrated to two-third 
of its volume and we obtained pure red syrup as the final 
compound.

Red syrup, yield: 82%, m.p. 62–65 °C, IR (KBr, cm−1): 
3364 (NH), 2963 (aliphatic CH2), 1625 (C=N). 1H NMR 
(DMSO-d6, ppm): 6.63 (s, 2H, NH2), 2.51–2.36 (d, 4H, 
CH2), 1.70 (s, 4H, CH2). Anal. Calcd. For C7H10N2S: C, 
54.51; H, 6.54; N, 18.16. Found: C, 54.47; H, 6.12; N, 18.02. 
MS: 155 m/z (M+1)+.
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2.2 � General Procedure for the Synthesis of Azo Dyes 
(T1–T3)

A 2 mmol of the well-cooled solution of 4,5,6,7-tetrahydro-
1,3-benzothiazol-2-amine (2) in 5 mL HCl was added drop 
wise into the previously cooled solution of sodium nitrite 
in 2 mL H2SO4 (nitrosyl sulphuric acid) and was kept on 
an ice-salt bath till the reaction mixture was attained the 
temperature 0–5 °C. After completion of the addition, the 
reaction mixture was stirred continuously for 2 h to com-
plete the diazotization. The resulting reaction mixture was 
then poured into the ice-cold solution of coupling compo-
nents (2 mmol) (a–c) in acetic acid (8 mL). Furthermore, 
the reaction mixture was stirred for an additional 2 h in the 
ice-salt bath. The pH of the reaction mixture was maintained 
at 5–6 by adding the required volume of saturated sodium 
bicarbonate solution. The obtained product was collected 
by filtration, washed with cold water and finally, the product 
was dried. The pure compounds (T1–T3) were obtained by 
recrystallizing in ethanol [31]. The schematic representation 
of the synthesis of azo dyes was depicted in Scheme 1.

2.2.1 � Synthesis of 4‑[3a, 4 5,6,7,7a‑hexahydro‑1,3‑benzo‑
thiazol‑2‑yldiazenyl]‑5‑methyl‑2‑phenyl‑2, 4‑dihy‑
dro‑3H‑pyrazol‑3‑one (T1)

Orange-red solid, yield: 72%, m.p. 193–5 °C, IR (KBr, 
cm−1): 3065, 1801 (C=N), 2938 (Ar-H), 1661 (C=O), 
1495 (N=N), 1158, 838 (C=S). 1H NMR (DMSO-
d6, ppm): 7.92–7.91 (d, 2H, Ar-H), 7.43–7.39 (t, 2H, 

Ar-H), 7.22–7.18 (t, 1H, Ar-H), 2.72–2.68 (d, 4H, CH2), 
2.33 (s, 3H, CH3), 1.87 (s, 5H, CH2). Anal. Calcd. For 
C17H17N5OS: C, 60.16; H, 5.50; N, 20.63. Found: C, 
59.96; H, 5.46; N, 20.25. MS: m/z 340 (M+1)+.

2.2.2 � Synthesis of 4‑Hydroxy‑3‑[4,5,6,7‑tetrahydro‑1,3‑ben‑
zothiazol‑2‑yldiazenyl]‑2H‑chromen‑2‑one (T2)

Brick red solid, yield: 78%, m.p. 196–8  °C, IR (KBr, 
cm−1): 3434 (OH), 3061, 1814 (C=N), 2932 (Ar-H), 
1663 (C=O), 1465 (N=N), 1247 (C–O), 1180, 867 
(C=S). 1H NMR (DMSO-d6, ppm): 7.97–7.95 (d, 1H, 
Ar-H), 7.51–7.49 (t, 1H, Ar-H), 7.21–7.19 (t, 1H, Ar-H), 
7.17–7.13 (d, 1H, Ar-H), 2.72–2.65 (d, 4H, CH2), 1.84 (s, 
4H, CH2). Anal. Calcd. For C16H13N3O3S3: C, 58.70; H, 
4.00; N, 12.84. Found: C, 58.43; H, 5.62; N, 12.67. MS: 
m/z 328 (M+1)+.

2.2.3 � Synthesis of 5‑[4,5,6,7‑Tetrahydro‑1,3‑benzothia‑
zol‑2‑yldiazenyl]‑2 thioxodihydropyrimidine 4,6(1H, 
5H)‑dione (T3)

Dark red solid, 75%, m.p. 192–4 °C, IR (KBr, cm−1): 3043 
(NH), 2940 (Ar-H), 1683 (C=O), 1480 (N=N), 1149, 852 
(C=S). 1H NMR (DMSO-d6, ppm): 12.59 (s, 2H, NH), 2.7 
(s, 2H, CH2), 2.60 (s, 2H, CH2), 1.79 (s, 5H, CH2). Anal. 
Calcd. For C11H11N5O2S2: C, 42.71; H, 3.58; N, 22.64. 
Found: C, 42.68; H, 3.43; N, 22.13. MS: m/z 310 (M+1)+.

Scheme 1   Synthesis of azo dyes (T1–T3) 
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2.3 � Corrosion Inhibition Measurements

The inhibition effect of synthesized azo dyes (T1–T3) on 
the corrosion of mild steel in 1 M HCl solution was studied 
by both experimental and theoretical methods. The work-
ing electrode (mild steel strip), the counter electrode (plat-
inum) and a reference electrode (SCE) were used for the 
measurements. The mild steel strip (working electrode) was 
mechanically cut into 1 cm × 1 cm × 1 cm dimensions with 
an exposed area of 1 cm2 and the rest of the area was coated 
with Araldite resin. Before performing the electrochemical 
measurements, the mild steel strip was abraded by different 
grade emery papers from 100 to 2000, finally washed with 
acetone and dried. The commercially available mild steel 
strips (composition in  %: C = 0.16, Mn = 0.35, Si = 0.016, 
P = 0.01, S = 0.029, Cr = 0.06, Cu = 0.1 and the remaining is 
Fe) were used for all the experimental methods [32–34]. The 
various concentrations of inhibitor solutions were prepared 
in 1 M HCl solution.

The experimental methods such as potentiodynamic 
polarization and electrochemical impedance spectros-
copy were carried out by an electrochemical work station 
CHI608D with the three-electrode system at 303 K. Before 
the start of each electrochemical measurement, the working 
electrode was allowed to stand for about 30 min to establish 
the open circuit potential (OCP). In the potentiodynamic 
polarization measurement, the potential/current curves were 
recorded at a scan rate of 0.001 Vs−1 with respect to OCP. 
Impedance measurements were recorded with an AC signal 
at an amplitude of 5 mV at OCP in the given frequency 
range from 100 kHz to 10 mHz. The quantum chemical 
calculation of the inhibitors was performed in the gaseous 

phase using parametric method 3 (PM3) by the Hyper Chem 
7.5 package program.

2.4 � Investigation of surface morphology

The mild steel samples were used for the surface analysis 
and immersed in 1 M HCl solution in the absence and pres-
ence of inhibitors (T1–T3) for 4 h. After 4 h of immersion, 
the samples were washed with distilled water and dried. 
Then the samples were studied for their surface morphology 
with the help of scanning electron microscopy (SEM). The 
elemental composition on the surface of the samples was 
evaluated by energy-dispersive X-ray (EDX) spectroscopy 
(GEMINI, Ultra 55).

The entire experimental program was shown in the form 
of flowchart as depicted in Fig. 1.

3 � Results and Discussion

The present work mainly focuses on the design of novel 
heterocyclic azo dyes by conventional diazo-coupling reac-
tion of 4,5,6,7-tetrahydro-1,3-benzothiazol-2-amine (2) with 
three coupling components such as 5-methyl-2-phenyl-2, 
4-dihydro-3H-pyrazol-3-one (a), 4-hydroxy-2H-chromen-
2-one (b) and 2-thioxodihydropyrimidine-4,6(1H, 5H)-dione 
(c) at 0–5 °C and to measure the corrosion inhibition effi-
ciency on mild steel in 1 M HCl solution by experimental 
and theoretical methods. All the newly synthesized azo dyes 
were characterized by various analytical and spectroscopic 
techniques. The physical and analytical data of the azo 
dyes are presented in Table 1. The structures of the newly 

Fig. 1   Flow chart for the syn-
thesis, structural characteriza-
tion and anti-corrosion behavior 
of azo dyes (T1–T3) 

Characterization

Synthesis, Characterization and anticorrosion behavior of mono azo dyes derived from 
4, 5, 6, 7-tetrahydro-1, 3-benzothiazole

Synthesis of mono azo dyes by the 
simple diazo-coupling reaction in 

the acid medium at 0-5 oC

C
or

ro
si

on
 in

hi
bi

tio
n 

ex
pe

ri
m

en
ts

Electronic 
spectra

Electrochemical Tafel’s 
Polarization Measurement

Quantum Studies

FT-IR 
spectra

Electrochemical Impedance 
Spectroscopic (EIS) Measurement

NMR 
spectra

Surface morphological studies 
(SEM and EDX)

LC-MS 
spectra



Journal of Bio- and Tribo-Corrosion             (2020) 6:9 	

1 3

Page 5 of 17      9 

synthesized azo dyes were found to be in good agreement 
with the spectral data.

The presence of a typical carbonyl functional group in 
all the synthesized azo dyes (T1–T3) was confirmed by 
the infrared spectra are displayed at the 1661–1683 cm−1 
region. The spectra showed the existence of azo (–N=N–) 
group at 1465–1495 cm−1 in all the dyes [35]. The aro-
matic CH stretching vibrations and C=S groups in all the 
compounds appeared in the region 2932–2940 cm−1 and 
1149–1180 cm−1, respectively. The absorption band of the 
OH group in compound T2 appeared at 3434 cm−1 region.

In the 1H NMR spectra of dyes (T1–T3) recorded in 
DMSO-d6 displayed signals of the respective protons based 
on their chemical shifts and multiplicities. In the 1H NMR 
spectra of T1 and T2, the aromatic protons have resonated in 
the region 7.92–7.18 and 7.97–7.13 ppm respectively. In the 
spectra of all azo dyes (T1–T3), the protons appeared in the 
region 2.70–1.79 ppm corresponds to the aliphatic protons 
of the tetrahydro benzothiazole moiety. Furthermore, the two 
NH protons of the thiobarbitone ring in the compound T3 
appeared as a singlet at 12.59 ppm.

The ESI-mass spectra of azo dyes (T1–T3) have been 
recorded for their mass spectral studies and their tentative 
mass spectral fragmentation is given in Schemes 2, 3 and 
4. The mass spectra of the azo dyes showed molecular ion 
peaks equivalent to their molecular mass along with other 
fragment peaks. The mass spectra of synthesized azo dyes 
T1, T2 and T3 exhibited their molecular ion peaks recorded 

at m/z 340, 328 and 310 respectively. From the above spec-
tral studies, it is noted that the obtained spectroscopic results 
are in accordance with the proposed chemical structures of 
the synthesized azo dyes.

3.1 � Electronic Absorption Spectra and Substituent 
Effect

Generally, the polarity of the solvent molecules and the elec-
tronic substituents present on the diazo components influ-
ence the values of the absorption maxima (λmax). Therefore, 
in order to measure the effect of solvent polarity on the elec-
tronic spectra of the azo dyes, we recorded their absorption 
spectra (Figs. 2, 3, and 4) in four different solvents (Ethanol, 
tetrahydro furan, N,N-dimethyl formamide, and dimethyl 
sulphoxide) in the range 200–800 nm at ~ 10−6 M concentra-
tion and the results obtained are presented in Table 2. Form 
the electronic spectral results it is evident that, the absorp-
tion spectra of the azo dyes (T1–T3) in different solvents 
exhibited absorption maxima in the region 365–442 nm due 
to π → π*or n → π* transition of the azo group. From Table 2, 
it is observed that, as the polarity of the solvent molecules 
increases (Ethanol > THF > DMF > DMSO), the value of 
λmax also increases indicating a bathochromic shift in all the 
studied azo compounds. For example, in the case of etha-
nol, the observed values of λmax for the compounds (T1–T3) 
are in the range of 364–366 nm. In the case of THF, DMF, 
and DMSO the wavelengths of absorptions of compounds 

Table 1   Physical and analytical data of the synthesized azo dyes (T1–T3) 

Compounds Mol. formula Mol. (wt) M. P. (oC) Color Elemental analysis (%) calc (found)

C H N

T1 C17H17N5OS 339.41 193–5 Orange-red 60.16 (59.96) 5.50 (5.46) 20.63 (20.25)
T2 C16H13N3O3S3 327.35 196–8 Brick red 58.70 (58.43) 4.00 (5.62) 12.84 (12.67)
T3 C11H11N5O2S2 309.36 192–4 Dark red 42.71 (42.68) 3.58 (3.43) 22.64 (22.13)

Scheme 2   Tentative mass spectral fragmentation of the azo dye T1
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(T1–T3) appeared in the range of 367–378, 384–394, and 
439–442 nm, respectively. Therefore, from our studies, it 
is inferred that the polarity of the solvents will play a cru-
cial role in the interpretation of the electronic spectra of the 
studied azo dyes. Particularly, in more polar solvents the 
λmax significantly shifted towards longer wavelengths. This 
observed bathochromic shift of molecules can be attributed 
to the interaction of solvent molecules with the lone pair of 
electrons on the nitrogen atom of the azo group that causes 

extended conjugation via increased polarity [36]. The dif-
ference in the value of λmax for the studied azo dyes can be 
attributed to the electron releasing and withdrawing proper-
ties of the substituents present on the conjugated system. 
By the close observation of Table 2, the introduction of 
electron-donating –H, –CH3 and –C6H5 groups in the ben-
zene ring resulted in a bathochromic shift in all the solvents. 
Electron withdrawing substituents caused hypsochromic 
shift when there is a change of polar to non-polar solvents 

Scheme 3   Tentative mass spectral fragmentation of the azo dye T2

Scheme 4   Tentative mass spectral fragmentation of the azo dye T3
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[37]. In the present case, the presence of methyl and phenyl 
groups in the compound T1 showed a stronger bathochromic 
shift nearly in all solvents than T2 and T3. This is a result of 
the effective interaction of the solvent molecules with the 
compounds demonstrate that different substituents on the 
benzene ring significantly change the extent of conjugation 
in the molecules. From the above discussion, it is concluded 
that both the polarity of the solvent and electronic effects are 
the two major factors that will directly influence the posi-
tion of the absorption maxima in the electronic spectra of 
the organic molecules. Therefore, an increase in the solvent 
polarity and enhancement of electron density on the diazo 
component will significantly produce a bathochromic effect 

i.e., shifts in the absorption maxima towards longer wave-
length was observed.   

3.2 � Corrosion Inhibition Studies

3.2.1 � Polarization Measurement

The polarization curves for mild steel in 1 M HCl are given 
in Fig. 5. Form polarization curves, the electrochemical 
parameters such as corrosion potential (Ecorr) and corrosion 
current density (icorr) values were calculated by the Tafel plot 
analysis. Cathodic and anodic Tafel slopes (βc and βa) are 
calculated by the extrapolation of the linear part of the Tafel 
lines. Table 3 consists of computed corrosion parameters by 
polarization measurement [38]. The inhibition efficiency of 
the inhibitors was calculated by the following expression,

By the close observation of results obtained by the Tafel 
polarization method (Table 3), the corrosion current density 
and rate of corrosion mild steel gradually decreases with 
the increasing of inhibitors concentration because of which 
are gets adsorbed on the surface of mild steel. Therefore, 
the inhibition efficiency (ηp) increases with the increase of 
inhibitor concentrations.

The corrosion potential (Ecorr) of the inhibited solu-
tion with respect to the uninhibited solution is less than 
80 mV. This result is an indication of the inhibitor acts 
as mixed type (both anodic and cathodic), because of the 
displacement in Ecorr is less than ± 85 mV, the inhibitor is 
considered as mixed type. The cathodic Tafel slope (βc), 
changes with a minor extent with the increase of inhibitor 

(1)�P =
i
0
Corr

− iCorr

i
0
Corr

× 100.

Fig. 2   Electronic spectrum of compound T1

Fig. 3   Electronic spectrum of compound T2

Fig. 4   Electronic spectrum of the compound T3
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concentration is an indication of the hydrogen evolution 
(reduction) was controlled by the surface coverage by the 
inhibitor. The corrosion rate of the inhibitor gradually 
increases with the increasing concentrations of inhibi-
tors due to the adsorption of inhibitor onto the surface of 
mild steel. The change in anodic Tafel slope (βa) may be 
reducing the reduction reaction due to the adsorption of 
inhibitor on the mild steel surface. The inhibitor T1 shows 
the maximum inhibition efficiency of 81.53% for 2.5 ppm 
of the inhibitor from the bulk of the solution than T2 and 
T3. This is attributed due to the inhibitor T1 get adsorbed 

strongly on mild steel surfaces than that of the adsorption 
of the other two inhibitors (T1 and T2).

3.2.2 � Electrochemical Impedance Spectroscopy (EIS)

The corrosion behavior of mild steel in 1 M HCl media 
in the absence and presence of the inhibitors (T1–T3) was 
studied by EIS after immersion for 30 min at 303 K. The 
typical Nyquist’s and Bode plots obtained for the uninhib-
ited and inhibited acid solution containing synthesized azo 
dyes in various concentrations are presented in Figs. 6 and 

Table 2   Electronic spectral 
data of the azo dyes T1-T3 in 
different solvents

Compounds λmax (nm) logε

Ethanol THF DMF DMSO Ethanol THF DMF DMSO

T1 366 378 389 442 5.91 5.79 5.95 5.53
T2 364 368 384 439 5.85 6.04 5.57 5.83
T3 365 367 394 441 5.92 5.79 5.97 5.55

Fig. 5   Tafel plots for the mild steel in the presence and absence of various concentrations of azo dyes (T1–T3) in 1 M HCl at 303 K
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Table 3   Electrochemical Tafel polarization parameters for mild steel in the absence and presence of azo dyes (T1–T3) in 1 M HCl at 303 K

Compounds Inhibitor concn. 
(ppm)

Ecorr (V) icorr (µA cm−2) Corrosion rate 
(mpy)

βc (mV/dec) βa (mV/dec) Inhibition 
efficiency 
(ηp (%))

T1 Blank − 0.112 0.065 47.28 6.592 7.494 –
0.5 − 0.131 0.059 23.92 7.365 7.453 9.23
1.0 − 0.100 0.051 18.50 6.699 9.467 21.53
1.5 − 0.155 0.025 16.42 6.859 9.862 61.53
2.0 − 0.147 0.022 12.45 5.241 6.996 66.15
2.5 − 0.167 0.012 10.12 5.564 7.235 81.53

T2 Blank − 0.112 0.065 48.92 6.592 7.494 –
0.5 − 0.118 0.060 43.38 6.579 7.557 7.69
1.0 − 0.174 0.051 24.84 5.664 7.656 21.53
1.5 − 0.161 0.037 15.46 6.645 9.918 43.07
2.0 − 0.155 0.033 10.07 6.366 8.487 49.23
2.5 − 0.155 0.021 7.42 7.423 9.633 67.69

T3 Blank − 0.112 0.095 47.28 6.592 7.494 –
0.5 − 0.172 0.075 18.70 4.997 6.191 21.05
1.0 − 0.166 0.066 14.73 7.548 8.670 30.52
1.5 − 0.161 0.065 13.08 7.782 8.882 31.57
2.0 − 0.169 0.053 13.60 6.761 7.684 44.21
2.5 − 0.176 0.041 8.062 7.085 9.846 56.84

Fig. 6   Nyquist plots for the corrosion of mild steel in the absence and presence of different concentrations of azo dyes (T1–T3) in 1 M HCl at 
303 K
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7, respectively. The electrical layer developed on the steel 
surface can be shown by the electrical equivalent circuit 
diagrams to model the metal/solution interface. The model 
used for the fitting of the EIS results is shown in Fig. 8. EIS 
parameters such as charge transfer resistance which is equal 
to polarization resistance (RP), double-layer capacitance 
(Cdl), surface coverage and inhibition efficiency are calcu-
lated and reported in Table 4. The Nyquist plots (Fig. 6) con-
sist of semicircles with their centers on the real axis. These 
are described as polarization resistance (RP). The RP value 
increases with the increase in the inhibitor concentrations. 
These semicircles are not perfect, and there is a frequency 
dispersion effect due to the roughness and inhomogeneity 
nature of the working electrode (mild steel). The increase 
in RP value is an indication of the corrosion inhibition of 
mild steel due to the formation of the protective layer by the 
adsorption of inhibitor molecules onto the surface of the 
mild steel. The decrease in the Cdl values (Table 3) with the 
addition of inhibitor is attributed due to the increase in the 
electric double layer on the metal surface [39]. The inhibi-
tion efficiency of the compound T1 shows maximum due to 
the strong adsorption onto the mild steel surface.

The Bode plots as depicted in Fig. 7 show that the imped-
ance values over the whole frequency range increased 

greatly with increasing the inhibitor concentration. It can 
be obtained from Bode phase plots that the corrosion pro-
cess taking place at the electrode surface has two relaxa-
tion time constants. One is related to the relaxation of an 
electrical double layer capacitor, and the other is associated 
with the relaxation process of the adsorbed inhibitor. It is 
also observed that increasing the concentration of inhibitor 
results in an increase in the maximum phase angle, which 
indicates inhibition of the corrosion process [40]. The inhib-
itor T1 shows the highest phase angle around 80° for 2.5 ppm 
of the inhibitor from the bulk of the solution than T2 and 
T3. This is attributed due to the inhibitor T1 get adsorbed 

Fig. 7   Bode plots for the corrosion of mild steel in the absence and presence of different concentrations of azo dyes (T1–T3) in 1 M HCl at 
303 K

Fig. 8   Equivalent circuit used to fit the EIS results



Journal of Bio- and Tribo-Corrosion             (2020) 6:9 	

1 3

Page 11 of 17      9 

strongly on mild steel surfaces than that of the adsorption 
of the other two inhibitors (T2 and T3).

3.2.3 � Quantum Chemical Measurement

Quantum chemical analysis is a powerful tool, which is 
used to design the structural study of the molecules as 
corrosion inhibitors using the distribution of electron 
density for different molecular geometries. The highest 
occupied molecular orbitals (HOMOs) and lowest unoccu-
pied molecular orbitals (LUMOs) are the orbitals together 
referred as frontier molecular orbitals (FMOs) will play 
an important role in determining the electronic density on 
the molecule and to compare most of the physical proper-
ties with the energy difference between these HOMO and 
LUMO. They are also referred to as electron donor and 
acceptors respectively. The difference in energy between 
the HOMO and LUMO will play an important role in 
obtaining the various parameters like chemical reactivity, 
kinetic stability, polarizability, dipole moment, and opti-
cal properties of the molecules. The energy gap between 
HOMO and LUMO is small indicating the energy required 
to promote an electron from HOMO to LUMO is less, then 
the molecule becomes more reactive, having low kinetic 
stability and highly polarizable. Therefore, the electron 
density on the whole molecular system will be greatly 
increased and thus more reactive towards any molecular 
reactions. If the energy gap is high, the promotion of an 
electron from HOMO to LUMO is difficult and therefore 

the molecule will be less reactive, kinetically stable and 
less polarization. This indicates that the molecule has less 
electron density and become less reactive towards chemi-
cal reactions. Further, the HOMO and LUMO correspond 
to ionization potential and electron affinity of a molecule. 
Overall, the ability of a molecule that means potential-
ity can be expressed in terms of some parameters such 
as chemical potential (α), hardness (η) and Electrophilic-
ity index (ѡ) and these parameters were evaluated from 
HOMO–LUMO energies obtained from PM3 method and 
their mathematical expressions were represented below,

where I and A are electron affinity and ionization potential 
and which are given by the expressions,

(2)Energy gap (ΔE) = EHOMO − ELUMO,

(3)Electronegativity (�) =
(I + A)

2
,

(4)Chemical potential (�) = −
(I + A)

2
,

(5)Hardness (�) =
(I − A)

2
,

(6)Electrophilicity index (�) =
�
2

2�
,

Table 4   Electrochemical 
impedance spectroscopic 
parameters for the corrosion of 
mild steel in the absence and 
presence of azo dyes (T1–T3) in 
1 M HCl at 303 K

Compounds Inhibitor concn. 
(ppm)

Polarization resistance 
RP (Ω cm2)

Double-layer capacitance 
Cdl (µF cm−2)

Inhibition 
efficiency 
(ηz (%))

T1 Blank 30.63 289.1 –
0.5 36.19 40.51 15.36
1.0 45.91 34.55 31.71
1.5 52.65 26.25 41.82
2.0 142.52 25.67 78.50
2.5 189.21 23.37 83.81

T2 Blank 30.63 249.1 –
0.5 76.60 244.2 60.01
1.0 81.46 134.4 62.40
1.5 122.56 66.27 75.00
2.0 147.72 51.98 79.26
2.5 154.78 50.42 80.21

T3 Blank 28.53 289.1 –
0.5 30.90 183.3 7.67
1.0 86.42 136.5 66.70
1.5 92.55 107.9 69.17
2.0 123.45 49.59 76.88
2.5 132.93 53.20 78.53
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The optimized molecular structures of the inhibitors 
(T1–T3) are as shown in Fig. 9 and Table 5 is the computed 
quantum chemical parameters for the inhibitor molecules. 
The structures of HOMO and LUMO are presented in 
Figs. 10, 11 respectively.

Inhibitor molecules are adsorbed on the metal surface by 
the donor–acceptor interactions between inhibitor molecules 
and metal surface. EHOMO relates the electron-donating abil-
ity of the inhibitor and higher values of EHOMO indicate high 
tendencies of inhibitor molecules to donate electrons to the 
acceptor molecules. ELUMO relates the ability of a metal/mol-
ecule to accept electrons and the lower value of ELUMO indi-
cates the easier acceptance of electrons from the metal sur-
face [41]. The molecules with lower ΔE values give higher 
inhibition efficiencies because the excitation energy gap is 
more polarizable and is generally associated with chemical 
reactivity [42]. Lower ΔE values aid an electron transfer 
process between inhibitor molecules and mild steel surface.

The calculated ΔE values for the inhibitors are justify-
ing the results. The inhibition efficiency of these inhibitors 
decreased with an increase in ΔE values. Zhang et al. studied 
the corrosion inhibition performance of imidazoline phos-
phate and they found ΔE value of 8.838 eV with inhibition 
efficiency of 95% [43]. Nataraj et al. studied few organic 
compounds and they found ΔE values of 8.13 eV 6.56 eV, 
5.47 eV for HYD, TAD, TRD respectively [44]. Gener-
ally, in the previous studies, corrosion inhibition efficiency 

(7)Electron affinity (I) = −ELUMO,

(8)Ionization potential (A) = −EHOMO.

decreased with an increase in ΔE values. The inhibitor T1 
shows maximum inhibition efficiency due to a higher ΔE 
value of 8.0 eV. Dipole moment (μ) is another important 
parameter to decide the adsorption inhibitor molecule on 
the mild steel surface. Higher dipole moment increases 
the adsorption of inhibitors on the mild steel surface and 
increases the inhibition efficiency. The calculated dipole 
moment (μ) of T1 is 6.23 D. The quantum studies concluded 
that comparatively T1 is the better corrosion inhibitor than 
T2 and T3.

3.2.4 � SEM and EDX Analysis

To understand the type of interaction between the metal 
surface and the deposited organic inhibitor, the tested steel 
samples were examined by SEM and EDX techniques and 

Fig. 9   Optimized molecular structures of azo dyes (T1–T3) 

Table 5   Calculated quantum chemical parameters for the azo dyes 
(T1–T3) by PM3 method

Electronic parameters T1 T2 T3

EHOMO (eV) − 8.78 − 9.07 − 9.33
ELUMO (eV) − 1.26 − 1.45 − 1.33

EHOMO–ELUMO (eV) 7.53 7.62 8.00
Electronegativity (χ) 5.02 5.26 5.33
Chemical potential (α) − 5.02 − 5.26 − 5.33
Hardness (η) 3.76 3.81 4.00
Electrophilicity index (ѡ) 3.35 3.63 3.55
Ionization potential (A) 8.78 9.07 9.33
Electron affinity (I) 1.26 1.45 1.33
Dipole moment (µ) D 6.23 3.14 3.14
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Fig. 10   Structures of HOMO energy states of azo dyes (T1–T3) 

Fig. 11   Structures of LUMO energy states of azo dyes (T1–T3) 
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the surface morphology was analyzed in the absence and 
presence of inhibitors (T1–T3) at ambient temperature. The 
SEM images of the mild steel with and without the presence 
of inhibitors were recorded and are depicted in Fig. 12. From 
the analysis of SEM images of the steel sample in 1 M HCl 
solution (as shown in Fig. 12 Blank) in the absence of inhibi-
tors exhibited rough surface and damaged due to the corro-
sion by aggressive media. In the same Fig. 12 the images T1, 
T2 and T3 are showing smooth surface due to the deposition 
of the inhibitors on to the steel surface and protect it by cor-
rosion. This effective deposition of the inhibitors on to the 
metal surface often explained by the interaction between 
the iron and the electron-rich species in the azo molecules. 
These groups block the metal sites against corrosion and 
helpful in protecting the surface of the metal by metal dis-
solution caused by the acid solution [45].

The energy-dispersive X-ray analysis (EDX) was car-
ried out to evaluate the elemental composition of the 
coated inhibitors on to the metal surface. The spectra were 
recorded after 2 h immersion of the steel samples with and 

without inhibitors in 1 M HCl solution. The results of the 
EDX analysis were obtained in terms of Weight (wt%) 
and Atomic (at.%) percentages of elements obtained from 
steel samples in the absence and presence of inhibitors 
(T1–T3) are shown in Table 6. The analysis of Table 6 
indicated that, the peak corresponding to the oxygen atom 
in the presence of inhibitors was gradually decreased as 
compared to the steel samples without inhibitors. This sug-
gests that, the inhibitors on the steel samples will not allow 
forming the iron oxide on the metal surface while the per-
centage of O on the steel without inhibitors (Blank) is 
more. So, the EDX analysis will reveal the effective coat-
ings on the metal surface in turn suggesting the enhanced 
inhibition efficiency as the azo dye molecule adsorb on to 
the metal surface. Finally, it is the presence of inhibitors 
that protects the surface from the aggressive or acid solu-
tions, as also indicated by the SEM images. These two 
morphological evaluations signify the effective adsorp-
tion of inhibitor molecules on the steel surface forming a 
protective film [46–48].

Fig. 12   The SEM images of the steel samples recorded in 1 M HCl with and without inhibitors (T1–T3) at room temperature
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4 � Conclusion

The present work describes the synthesis of four novel dis-
perse azo dyes derived from 4,5,6,7-tetrahydro-1,3-benzo-
thiazole and their corrosion inhibition behavior over the mild 
steel in 1 M HCl solution. From overall observations, the 
following conclusions were made.

•	 The chemical structures of the newly synthesized azo 
dyes (T1–T3) derived from 4,5,6,7-tetrahydro-1,3-ben-
zothiazole were elucidated by various physico-chemical 
techniques.

•	 All the studied azo compounds showed efficient cor-
rosion inhibition properties in 1 M HCl solution. The 
inhibition efficiency was increased with the increase of 
inhibitor concentration.

•	 From the polarization measurements, it is concluded that 
the azo dyes are behaving as a mixed type of inhibitors 
affecting both anodic and cathodic corrosion processes.

•	 EIS study revealed that polarization resistance increases 
relatively and double-layer capacitance decreases with 
increasing inhibitors concentration.

•	 Among the studied compounds, T1 exhibited maximum 
inhibition efficiency of 83% at 2.5 ppm of inhibitor in 
1 M HCl compared to T2 and T3.

•	 The quantum chemical studies strengthening the experi-
mental results for corrosion protection study. T1 shows 
lesser ΔE value (7.53 eV) and a higher dipole moment 
(μ-6.23 D) shows that higher inhibition efficiency.

•	 The SEM and EDX analyses were carried out to study 
the surface morphology and elemental composition on 
the surface of the mild steel in the absence and presence 
of the inhibitors in the 1 M HCl solution. The results 
indicated that the effective adsorption of the azo dyes on 
the surface of the metal and the EDX also confirmed the 
interaction of the atoms of the inhibitors with the iron.

From the overall study, it is concluded that the present 
work described the effective corrosion inhibition properties 
of the newly synthesized azo dyes by both experimental and 
theoretical methods. The present work mainly carried out to 
understand the how heteroatoms containing organic systems 
enhance the corrosion inhibition in an aggressive medium 

at room temperature. The recent developments showed that 
some of the organic compounds can also be more effective 
in controlling the corrosion at elevated temperatures. So that 
our future aim is to design the compounds to act as efficient, 
eco-friendly corrosion inhibitors for metals and alloys to 
protect form the aggressive media at higher temperatures.
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Abstract: Chemical graph theory is a discipline of graph theory deals with the study of chemical 

compounds using simple connected graphs. In computational chemistry, the properties of chemical 

compounds are determined using a numerical value called the topological index. Topological indices 

are widely applicable in QSAR and QSPR modeling. In this proposed work, we have used topological 

index like Neighborhood Dakshayani index on nanostructures called Carbon nanotube and Boron 

nitride nanotubes. Carbon nanotube has its various applications in air and water filtration, field 

emission, and biomedical applications. Boron nitride nanotubes are used in aerospace to automotive 

and defense to biomedical.  

Keywords: Nanostructures; Neighborhood Dakshayani indices; Carbon nanotubes; Boron nitride 

nanotubes. 

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Graph theory is used in almost all fields of studies. Chemical graph theory deals with 

the discussion of chemical compounds using simple graphs. The graph G includes vertices and 

edges such that chemical compound atoms can be represented by vertices and the links between 

the atoms as edges. The total graphs number of edges in association with the vertices known 

as the degree of a vertex. The chemists use graph theory as a computing measure to determine 

the organization of chemical compounds since the valency of an atom is the degree of a vertex. 

The chemical graph theory offers the study of characteristics of chemical compounds. The 

topological indices are the numerical quantities used to determine the properties of chemical 

compounds. In the molecular graph, the vertices are denoted as atoms, and the edges are 

denoted by the links connecting the vertices. Chemical graph theory has its application in the 

development of chemical science and medical science. The mathematical chemistry offers 

several topological indices used in QSAR/QSPR study. For the discussion of topological 

indices, see [5, 6, 13, 14, 15, 17]. 

Nanosystem includes various organic and inorganic compounds that are responsible for 

their characteristics whose size varies from 1 to 100 nm. Examples of nanostructures include 

nano-torus, nanotubes, etc. So far, the work has been done on neighborhood degree-based 

indices in [8, 9, 10, 11, 16]. In this proposed work, we use a few defined degree-based 
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topological indices such as the first and second neighborhood Dakshayani indices, the first and 

second hyper neighborhood Dakshayani indices, and the minus and square neighborhood 

Dakshayani indices on nanostructures like carbon nanotube and boron nitride nanotube [4, 7]. 

Here we have considered finite, simple, and connected graphs. Consider a graph G with 

a set of vertices and edges V (G) and E(G), respectively. The degree of a vertex w is denoted 

by dG(w). The set of all vertices adjacent to w are called the open neighborhood of w and 

denoted by NG(w). The closed neighborhood of w is the set NG[w] = NG(w) ∪ {w}. The set 

NG[w] is the set of closed neighborhood vertices of w. Let DG(w) = dG(w) + ∑ 𝑑𝐺(𝑤) 𝑣∈𝑁𝐺(𝑤)  

be the degree sum of closed neighborhood vertices of w. 

Definition 1.1. The first and second neighborhood Dakshayani indices are stated as 

ND1(G) = ∑ [𝐷𝐺(𝑣) +  𝐷𝐺(𝑤)],𝑣𝑤∈𝐸(𝐺)  ND2(G) = ∑ [𝐷𝐺(𝑣) 𝐷𝐺(𝑤)] 𝑣𝑤∈𝐸(𝐺)  

Definition 1.2. The first and second hyper neighborhood Dakshayani indices are stated 

as 

HND1(G) =∑ [𝐷𝐺(𝑣) + 𝐷𝐺(𝑤)]2,𝑣𝑤∈𝐸(𝐺)  HND2(G) = ∑ [𝐷𝐺(𝑣)𝐷𝐺(𝑤)]2
𝑣𝑤∈𝐸(𝐺)  

Definition 1.3. The Minus and Square neighborhood Dakshayani indices of a graph 

G is stated as 

MND(G) =  ∑ ∣ [𝐷𝐺(𝑣) −  𝐷𝐺(𝑤) ∣],𝑣𝑤∈𝐸(𝐺)  QND(G) =∑ ∣ [𝐷𝐺(𝑣) − 𝐷𝐺(𝑤)]2 ∣𝑣𝑤∈𝐸(𝐺)  

Definition 1.4. The F1 neighborhood Dakshayani index of a graph G is stated as 

𝐹1𝑁𝐷(𝐺) = ∑ [𝐷𝐺(𝑣)2 +  𝐷𝐺(𝑤)2]  

𝑣𝑤∈𝐸(𝐺)

 

For the computation of topological indices on nanostructures, see [1, 2, 12]. In this 

paper, we carry forward the work done in [3] by using Neighborhood Dakshayani indices on 

carbon nanotube and Boron- nitride nanotube. 

2. Materials and Methods 

Our main results consist of degree-based neighborhood topological indices of carbon 

nanotubes and boron nitride nanotubes. To calculate the results, vertex partition, edge partition,  

analytical techniques, graph-theoretical tools, and a sum of degrees of neighbor methods are 

used.  

3. Results and Discussion 

3.1. Boron-nitride graph. 

In inorganic chemistry, the boron-nitride graph is a simple, connected, and planar 

graph. The symbolic representation of boron-nitride is BN. The BN horizontal and vertical 

rings of are p × p. 2p2 + 4p is the order of graph, O|G| and is as shown in Figure 2 and 3p2 + 4p 

− 1 is the size of the graph E|G|. The 2D BN graph is classified as Cubic BN and Hexagonal 

BN. In this proposed work, the hexagonal BN graph is considered. The BN consists of boron 

and nitrogen atoms, joined alternatively to form a hexagonal structure. The hexagons are 

formed such that an equal number of atoms of Boron (B) and nitrogen(N) are involved in the 

formation. 0.145 nm is the bond-length between the atoms. The angle between Boron-

Nitrogen-Boron or Nitrogen-Boron-Nitrogen is 120◦. The hexagonal BN structure consists of 

a single layer and is found in nanotubes. 

The edge classification based on the neighbor sum of the degrees of the end vertices of 

each edge of BN(G) is denoted in Table 1. 
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Figure 1. 3 × 3, hexagonal Boron nitride graph. 

 

 
Figure 2. p × p, hexagonal Boron nitride graph. 

 

Table 1. The edge partition of BN(G) For p ≥ 2. 

E(v,w) 

Where vw ∈ E(G) No. of Edges 

E(4,5) 4 

E(5,5) 2 

E(5,7) 8 

E(6,7) 8(p − 2) 

E(7,9) 4(p − 1) 

E(9,9) (p − 1)(3p − 5) 

Theorem 2.1. The first neighborhood Dakshayani index of hexagonal boron nitride nano-tube 

graph {BNT(G)} for p ≥ 2 is 54p2 + 24p − 34 

Proof. 

ND1(G) = ∑ [𝐷𝐺(𝑣) +  𝐷𝐺(𝑤)] 𝑣𝑤∈𝐸(𝐺)  

  = E(4,5) (4 + 5) + E(5,5) (5 + 5) + E(5,7) (5 + 7) + E(6,7) (6 + 7) + E(7,9) (7 + 9) 

+ E(9,9) (9 + 9) 

  = 4(9) + 2(10) + 8(12) + (8p − 16)(13) + (4p − 4)(16) + (3p2 − 8p + 5)(18) 

  = 54p2 + 24p – 34. 

Theorem 2.2. The second neighborhood Dakshayani index of hexagonal boron nitride 

nanotube graph {BNT(G)} for p ≥ 2 is 243p2 − 60p − 109 

Proof. 

ND2(G) = ∑ [𝐷𝐺(𝑣)𝐷𝐺(𝑤)]  𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 × 5) + E(5,5) (5 × 5) + E(5,7) (5 × 7) + E(6,7) (6 × 7) + E(7,9) (7 × 9) 

+ E(9,9) (9 × 9) 

= 243p2 − 60p – 109. 

Theorem 2.3. The first hyper neighborhood Dakshayani index of hexagonal boron nitride 

nanotube graph {BNT(G)} for p ≥ 2 is 972p2 − 216p − 500 

Proof. 

HND1(G) = ∑ [𝐷𝐺(𝑣) + 𝐷𝐺(𝑤)]2  𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 + 5)2  + E(5,5) (5 + 5)2+ E(5,7) (5 + 7)2 + E(6,7) (6 + 7)2 + E(7,9) (7 + 9)2 

+ E(9,9) (9 + 9)2 
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= 972p2 − 216p – 500. 

Theorem 2.4. The first hyper neighborhood Dakshayani index of hexagonal boron nitride 

nano-tube graph {BNT(G)} for p ≥ 2 is 19683p2 − 22500p + 4355 

Proof. 

HND2(G) =∑ [𝐷𝐺(𝑣)𝐷𝐺(𝑤)]2  𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 × 5)2 + E(5,5) (5 × 5)2 + E(5,7) (5 × 7)2 + E(6,7) (6 × 7)2 + E(7,9) (7 × 9)2 

+ E(9,9) (9 × 9)2 

= 19683p2 − 22500p + 4355. 

Theorem 2.5. The minus neighborhood Dakshayani index of hexagonal boron nitride 

nanotube graph {BNT(G)} for p ≥ 2 is 16p − 4 

Proof. 

MND(G) =  ∑ ∣ [𝐷𝐺(𝑣) −  𝐷𝐺(𝑤)] ∣    𝑣𝑤∈𝐸(𝐺)  

= E(4,5)|(4 − 5)| + E(5,5)|(5 − 5)| + E(5,7)|(5 − 7)| + E(6,7)|(6 − 7)| + E(7,9)|(7 − 9)| 

+ E(9,9)|(9 − 9)| 

= 16p – 4. 

Theorem 2.6. The square neighborhood Dakshayani index of hexagonal boron nitride 

nanotube graph {BNT(G)} for p ≥ 2 is 24p + 4 

Proof. 

QND(G) =∑ ∣ [𝐷𝐺(𝑣) − 𝐷𝐺(𝑤)]2 ∣ 𝑣𝑤∈𝐸(𝐺)  

= E(4,5)|(4 − 5)2 | + E(5,5)|(5 − 5)2 | + E(5,7)|(5 − 7)2 | + E(6,7)|(6 − 7)2 | + E(7,9)|(7 − 9)2 | 

+ E(9,9)|(9 − 9)2 | 

= 24p + 4. 

Theorem 2.7. The F1 neighborhood Dakshayani index of hexagonal boron nitride nano-tube 

graph {BNT(G)} for p ≥ 2 is 486p2 − 96p − 214 

Proof. 

F1 ND(G) =∑ [𝐷𝐺(𝑣)2 + DG(𝑤)2] 𝑣𝑤∈𝐸(𝐺)  

= E(4,5)(42 + 52) + E(5,5)(52 +52)  + E(5,7)(52 +72) + E(6,7)(62  + 72) + E(7,9)(72  + 92) 

+ E(9,9)(92 +92)  

= 486p2−96p−214. 

3.2. Carbon nanotube graph. 

The carbon nanotube (CNT) graph is a simple, connected, and planar graph, as depicted 

in figure 3 and figure 4. The CNT consists of two sets of rings viz. vertical and horizontal rings. 

The first one consists of p vertical rings, and the other one consists of p − 1 horizontal rings. It 

consists of 4p2 + 4p − 1 vertices, and 6p2 + 3p − 2 edges. The CNT’s have a diameter 

approximately equal to 1 nm. The structure of CNT affects the length and angle between the 

carbon atoms. In our work, we considered the p × p, (p=q) rectangular section of the CNT 

graph for all p ≥ 3. 

The edge classification based on the neighbor sum of the degrees of the end vertices of 

each edge of CNT(G) is denoted in Table 2. 
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Figure 3. Carbon nanotube graph. 

 
Figure 4. Carbon nanotube graph with p=3. 

Theorem 3.1. The first neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 108p2 – 14p − 40 

Proof. 

ND1(G) = ∑ [𝐷𝐺(𝑣) +  𝐷𝐺(𝑤)] 𝑣𝑤∈𝐸(𝐺)  

      = E(4,5) (4 + 5) + E(5,5) (5 + 5) + E(5,7) (5 + 7) + E(5,8) (5 + 8) + E(6,7) (6 + 7) 

+ E(7,9) (7 + 9) 

 + E(8,8) (8 + 8) + E(8,9) (8 + 9) + E(9,9) (9 + 9) 

= 4(9) + 2p(10) + 8(12) + (4p − 4)(13) + (4p − 10)(13) + (2p − 1)(16) + (2p − 2)(16) 

+ (4p − 4)(17) + (6p2 − 15p + 7)(18) 

= 108p2  – 14p – 40. 

Table 2. The edge partition of CNT(G) For p ≥ 3. 

E(v,w) 

Where vw ∈ E(G) No. of Edges 

E(4,5) 4 

E(5,5) 2p 

E(5,7) 8 

E(5,8) 4(p − 1) 

E(6,7) 2(2p − 5) 

E(7,9) (2p − 1) 

E(8,8) 2(p − 1) 

E(8,9) 4(p − 1) 

E(9,9) 6p2 − 15p + 7 

 

Theorem 3.2. The second neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 486p2 − 295p − 132 

Proof. 

ND2(G) = ∑ [𝐷𝐺(𝑣)𝐷𝐺(𝑤)] 𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 × 5) + E(5,5) (5 × 5) + E(5,7) (5 × 7) + E(5,8) (5 × 8) + E(6,7) (6 × 7) + 

E(7,9) (7 × 9) 
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 + E(8,8) (8 × 8) + E(8,9) (8 × 9) + E(9,9) (9 × 9) 

= 486p2 − 295p – 132. 

Theorem 3.3. The first hyper neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 1944p2 − 112p − 546 

Proof. 

HND1(G) =  ∑ [𝐷𝐺(𝑣) + 𝐷𝐺(𝑤)]2 𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 + 5)2 + E(5,5) (5 + 5)2 + E(5,7) (5 + 7)2 + E(5,8) (5 + 8)2 + E(6,7) (6 + 7)2 

+ E(7,9) (7 + 9)2 + E(8,8) (8 + 8)2 + E(8,9) (8 + 9)2 + E(9,9) (9 + 9)2 

= 1944p2 − 112p – 546. 

Theorem 3.4. The first hyper neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 39366p2 − 46843p + 390 

Proof. 

HND2(G) = ∑ [𝐷𝐺(𝑣)𝐷𝐺(𝑤)]2 𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (4 × 5)2 + E(5,5) (5 × 5)2 + E(5,7) (5 × 7)2 + E(5,8) (5 × 8)2 + E(6,7) (6 × 7)2 

   + E(7,9) (7 × 9)2 + E(8,8) (8 × 8)2 + E(8,9) (8 × 9)2 + E(9,9) (9 × 9)2 

 = 39366p2 − 46843p + 390. 

Theorem 3.5. The minus neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 12p + 10 

Proof. 

MND(G) =  ∑ ∣ [𝐷𝐺(𝑣) −  𝐷𝐺(𝑤)] ∣    𝑣𝑤∈𝐸(𝐺)  

= E(4,5)|(4 − 5)| + E(5,5)|(5 − 5)| + E(5,7)|(5 − 7)| + E(5,8)|(5 − 8)| + E(6,7)|(6 − 7)| 

 + E(7,9)|(7 − 9)| + E(8,8)|(8 − 8)| + E(8,9)|(8 − 9)| + E(9,9)|(9 − 9)| 

= 12p + 10 

Theorem 3.6. The square neighborhood Dakshayani index of Carbon nano-tube graph 

{CNT(G)} for p ≥ 3 is 16p + 24 

Proof. 

QND(G) =∑ ∣ [𝐷𝐺(𝑣) − 𝐷𝐺(𝑤)]2 ∣ 𝑣𝑤∈𝐸(𝐺)  

= E(4,5)|(4 − 5)2 | + E(5,5)|(5 − 5)2 | + E(5,7)|(5 − 7)2 | + E(5,8)|(5 − 8)2 | + E(6,7)|(6 − 7)2 | 

 + E(7,9)|(7 − 9)2 | + E(8,8)|(8 − 8)2 | + E(8,9)|(8 − 9)2 | + E(9,9)|(9 − 9)2 | 

= 16p + 24. 

Theorem 3.7. The first neighborhood Dakshayani index of Carbon nanotube graph 

{CNT(G)} for p ≥ 3 is 972p2 − 538p − 282 

Proof. 

F1 ND(G) =∑  [𝐷𝐺(𝑣)2 + DG(𝑤)2]    𝑣𝑤∈𝐸(𝐺)  

= E(4,5) (42 + 52) + E(5,5) (52 + 52)  + E(5,7) (52 + 72) + E(5,8) (52 + 82)  + E(6,7) (62 

+ 72)  

 + E(7,9) (72 + 92)  + E(8,8) (82 + 82)  + E(8,9) (82 + 92)  + E(9,9) (92 + 92)  

= 972p2−538p−282. 

4. Conclusions 

 In the proposed work, we have calculated the values of Neighborhood Dakshyani 

indices for nanostructures such as hexagonal boron nitride nanotubes and carbon nanotubes. 

The results obtained are used to analyze the properties of nanotubes. Using Neighborhood 

Dakshyani indices to determine the properties of nanostructures includes various applications 

in biomedical, aerospace, water filtration, etc. 
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1. Introduction 

Let 𝐺 = (𝑉, 𝐸)  be a  simple graph with |𝑉| = n and |𝐸| = m. Let ∆= deg  (𝑣1) ≥

deg  (𝑣2) ≥ deg(𝑣3), … , ≥ deg(𝑣𝑛) = 𝛿 be vertex degree sequence and let ∆′= 𝜎(𝑣1) ≥

𝜎(𝑣2) ≥ 𝜎(𝑣3) ≥, … , 𝜎(𝑣𝑛) = 𝛿′  𝑏𝑒 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟ℎ𝑜𝑜𝑑 𝑑𝑒𝑔𝑟𝑒𝑒 sequence of G respectively. 

Where 𝜎(𝑢) = ∑ deg (𝑣)𝑣𝜖𝑁(𝑢)  and 𝑁(𝑢) = {𝑣\𝑢𝑣 ∈ 𝐸(𝐺)}. S(G) and L(G) denote the 

subdivision and line graph of G, respectively.  

A Topological Index of a graph is a numerical value that is invariant under the 

automorphism of graphs. Due to numerous applications in chemistry as a molecular structure 

descriptors, topological indices gained considerable popularity in the field of mathematical 

chemistry. These topological indices are used in QSAR/QSPR [1, 4, 12, 16, 17] studies to 

predict the physicochemical characteristics and biological activities of chemical compounds 

using a molecular graph. Topological indices can be classified into several distinct categories. 

One of the widely used group is the so-called degree-based topological indices. A large number 

of degree-based topological indices have been studied so far [2-10,13-15,18], and references 

are cited therein. 

The most studied topological indices are the Zagreb indices. 

𝑀1 (𝐺) = ∑ 𝑑𝐺(𝑣)2
𝑣~𝑢                                    (1) 

𝑀2(𝐺) = ∑ 𝑑𝐺(𝑣)𝑑𝐺(𝑢)𝑣~𝑢                             (2) 

The Sanskruti index [11] is defined as  

𝑆(𝐺) = ∑ (
𝑣𝑖𝑣𝑗

𝑣𝑖+𝑣𝑗−2𝑣𝑖~𝑣𝑗
)3                                    (3) 

Motivated by the previous research on Sanskruti index, here we propose the following 

topological indices: 

• Generalized Reciprocal Sanskruti Index: 
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ℛ𝒮(𝐺)∝  = ∑𝑣𝑖~𝑣𝑗
(

𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
)∝

                            (4) 

• For ∝= 1, 

ℛ𝒮(G) = ∑𝑣𝑖~𝑣𝑗
(

𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
)                         (5) 

• Randic type reciprocal Sanskruti index: 

𝑅𝑇 = ∑
1

𝑣𝑖𝑣𝑗
𝑣𝑖~𝑣𝑗

                                        (6) 

• Reduced Sanskruti index: 

𝑅𝑆𝐼 = ∑
𝑣𝑖+𝑣𝑗

𝑣𝑖𝑣𝑗
𝑣𝑖~𝑣𝑗

                                    (7) 

In this paper we are intrested to work on the reciprocal sanskruti index for ∝= 3. Which 

is defined as follows: 

ℛ𝒮(𝐺)3  = ∑𝑣𝑖~𝑣𝑗
(

𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
)3

                   (8) 

Whenever we introduced a new topological index, it is mandatory to check its 

applicability in chemistry as a molecular structure descriptor. Therefore, in the following 

section, we investigate the applicability of ℛ𝒮(𝐺)3 index. 

2. Materials and Methods 

2.1. On chemical applicability of the RS(G)^3-Index. 

Here we have examined the chemical applicability of the reciprocal Sanskruti 

ℛ𝒮(𝐺)3 − index and compared the values with the Sanskruti 𝒮(𝐺) − index for modeling the 

physical and chemical properties [boiling points(BP), molar volumes (mv) at 20∘C, molar 

refractions (mr) at 20∘C, heats of vaporization (hv) at 25∘C, surface tensions (st) 20∘C and 

melting points (mp), acentric factor (AcentFac), and DHVAP] of octane isomers. The 

ℛ𝒮(𝐺)3 was tested using a data set of octane isomers found at 

(http://www.moleculardescriptors.eu//dataset.htm). The values are compiled in Table 1. 

Table 1. Physico-chemical properties of octane isomers. 

Alkane AF DHVAP BP TC PC S D 𝑹𝒎
𝟐  −𝚫𝑯𝒇 −𝚫𝑯𝒗 

n-octane  0.3978 9.915 125.70 296.20 24.64 111.67 0.7025 2.0449 208.6 41.49 

 2M  0.3779 9.484 117.6 288.0 24.80 109.84 0.6980 1.8913 215.4 39.67 

 3M  0.3710 9.521 118.9 292.0 25.60 111.26 0.7058 1.7984 212.5 39.83 

 4M 0.3715 9.483 117.7 290.0 25.60 109.32 0.7046 1.7673 210.7 39.64 

 3E  0.3624 9.476 118.5 292.0 25.74 109.43 0.7136 1.7673 210.7 39.64 

 22MM  0.3394 8.915 106.8 279.0 25.60 103.42 0.6953 1.6744 224.6 37.28 

 23MM  0.3482 9.272 115.6 293.0 26.60 108.02 0.7121 1.6464 213.8 38.78 

 24MM  0.3442 9.029 109.4 282.0 25.80 106.98 0.7004 1.6142 219.2 37.76 

 25MM  0.3568 9.051 109.1 279.0 25.00 105.72 0.6935 1.6449 222.5 37.85 

 33MM  0.3225 8.973 112.0 290.8 27.20 104.74 0.7100 1.7377 220.0 37.53 

 34MM  0.3403 9.316 117.7 298.0 27.40 106.59 0.7200 1.5230 212.8 38.97 

 2M3E  0.3324 9.209 115.6 295.0 27.40 106.06 0.7193 1.5525 211.0 38.52 

 3M3E  0.3068 9.081 118.3 305.0 28.90 101.48 0.7274 1.5212 214.8 37.99 

 223MMM  0.3008 8.826 109.8 294.0 28.20 101.31 0.7161 1.4306 220.0 36.91 

 224MMM 0.3053 8.402 99.24 271.1 25.50 104.09 0.6919 1.4010 224.0 35.14 

 233MM  0.2931 8.897 114.8 303.0 29.00 102.06 0.7262 1.4931 216.3 37.27 

 234MMM  0.3174 9.014 113.5 295.0 27.60 102.39 0.7191 1.3698 217.3 37.75 

2233MMMM  0.2552 8.41 106.5 270.8 24.50 93.06 0.8242 1.4612 225.6 42.90 

Surprisingly, we can see that the correlation coefficient value of ℛ𝒮(𝐺)3 for the boiling 

points of octane, the isomer is 𝑟 = 0.701, whereas for 𝒮(𝐺) the correlation coefficient value 

is 𝑟 = 0.366. Similarly for other physical properties of octane isomers such as heats, critical 
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temperature, critical pressure, density, entropy and mean radius, the correlation coefficient 

value for ℛ𝒮(𝐺)3 is 𝑟 = 0.670, 0.473, 0.636, 0.810 and 0.687 respectively, where as for 

𝒮(𝐺) the correlation coefficient value is 𝑟 = 0.435, 0.010, 0.611, 0.857 and 0.669 

respectively. Clearly, the reciprocal Sanskruti index ℛ𝒮(𝐺)3 shows a better correlation than 

𝒮(𝐺). In Figure 1, the correlation coefficient of ℛ𝒮(𝐺)3 and S(G) are depicted. 

 
Figure 1. Correlation coefficient. 

3. Results and Discussion 

3.1. Mathematical properties of ℛ𝒮(𝐺)3. 

Since, (
𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
)3 is equal for all edges if a graph G is regular or biregular. Therefore we 

have the following axillary results: 

Proposition 1. For any r-regular graph G, 𝑆3(𝐺) =
4𝑛(𝑟2−1)

3

𝑟11  

Proof. Let G be a r-regular graph. Then for every 𝑣 ∈ 𝑉(𝐺), 𝑣𝑗 = 𝑟2. Further, every r-regular 

graph containing 
𝑛𝑟

2
 edges. Therefore we have,  

ℛ𝒮(𝐺)3  = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)

3

 

= 
𝑛𝑟

2
(

𝑟2+𝑟2−2

𝑟4 )3 

= 
4𝑛((𝑛−1)2−1)

3

𝑟11  

Proposition 2. 

(a) For a complete graph 𝐾𝑛, 𝑆3(𝐾𝑛) =  
4𝑛((𝑛−1)2−1)

3

(𝑛−1)11  

(b) For cycle graph 𝐶𝑛, 𝑆3(𝐶𝑛) =  
27𝑛

512
 

(c) For path graph 𝑃𝑛, 𝑆3(𝑃𝑛) =  
27𝑛+47

512
 

(d) For the wheel graph 𝑊𝑛, 𝑆3(𝑊𝑛) = (𝑛 − 1)[(
4𝑛−6

3(𝑛−1)2)
3

+ (
𝑛+8

𝑛+5
)

3
] 

(e) For complete biparatite graph 𝐾𝑟,𝑠; 2 ≤ 𝑟 < 𝑠, 𝑆3(𝐾𝑟,𝑠) =
8(𝑟𝑠−1)3

𝑟𝑠5  

Proof. (a) and (b) follows by Proposition 1, putting r = n-1 and r =2 respectively. 

(c) Let V(Pn)={v1, v2, v3,……,vn} where v1 and vn are pendent vertices of Pn. Then for every 𝑣 ∈

𝑉{𝑣1, 𝑣𝑛}, 𝑣𝑗 = 4  𝑎𝑛𝑑 𝜎(𝑣1) = 5 = 𝜎(𝑣𝑛). Since 𝐸(𝑃𝑛) = 𝑛 − 1, therefore, we have 
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ℛ𝒮(𝑃𝑛)3  = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3

 

= (n-3)(
4+4−2

42 )
3
+2(

2+3−2

2×3
)

3
 

=
27𝑛+47

512
 

(d) Let V(Wn)={v1, v2, v3,……,vn}where v1 is a central vertex of  Wn. Then for every 𝑣 ∈

𝑉\{𝑣1}, 𝑣𝑗 = 𝑛 + 5  𝑎𝑛𝑑 𝜎(𝑣1) = 3(𝑛 − 1). Since 𝐸(𝑊𝑛) = 2(𝑛 − 1), therefore, we have 

ℛ𝒮(𝑊𝑛)3  = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3

 

=(𝑛 − 1) (
3(𝑛−1)+(𝑛−1)−2

3(𝑛−1)2 )
3

+ (𝑛 − 1) (
(𝑛+5)+(𝑛+5)−2

(𝑛+5)2 )
3

 

=(n-1)[ (
4𝑛−6

3(𝑛−1)2)
3

(
𝑛+8

𝑛+5
)

3
] 

(e) Let 𝑉(𝐾𝑟,𝑠) = 𝑣1 ∪ 𝑣2 where 𝑣1 = {𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑟} and 𝑣2 = {𝑣𝑟+1, 𝑣𝑟+2, 𝑣𝑟+3, … , 𝑣𝑠}. 

Clearly, every 𝑣 ∈ 𝑣1, 𝑣𝑗 = 𝑟𝑠 and 𝑢 ∈ 𝑣2, 𝑣𝑖 = 𝑠𝑟. Since 𝐸(𝐾𝑟,𝑠) = 𝑟𝑠  

therefore, we have  

ℛ𝒮(𝐾𝑟,𝑠)
3

 = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3

 

= 𝑟𝑠 (
𝑟𝑠+𝑠𝑟−2)

𝑟𝑠2 )
3
 

=
8(𝑟𝑠−1)3

𝑟𝑠5  

We need the following well-known results to obtain bounds for 𝑅𝑆(𝐺)3. 

Lemma 1 ([19]). Let ai, i = 1,2,3,…,m be a positive real number sequence. Then for any real 

𝑟, 𝑟 ≥ 1 𝑜𝑟 𝑟 ≤ 0, the following inequality holds 

∑ 𝑎𝑖
𝑟𝑚

𝑖=1 ≥ 𝑚1−𝑟(∑ 𝑎𝑖
𝑚
𝑖=1 ).                                    (9) 

Equality holds if and only if 𝑎1 = 𝑎2 = ⋯ = 𝑎𝑚. 

Lemma 2 ([20]). Let ai and bi, i=1,2,3,…,m be a positive real number sequences. Then for any 

real 𝑟 ≥ 0 the following inequality holds 

∑
𝑎𝑖

𝑟+1

𝑏𝑖
𝑟

𝑚
𝑖=1 ≥  

(∑ 𝑎𝑖) 𝑚
𝑖=1

𝑟+1

(∑ 𝑏𝑖) 𝑚
𝑖=1

𝑟                                       (10) 

Equality holds if and only if  
𝑎1

𝑏1
=

𝑎2

𝑏2
= ⋯ =

𝑎𝑚

𝑏𝑚
. 

3.2. Bounds for 𝑅𝑆(𝐺)3. 

Next, we have the following lower bound for 𝑅𝑆(𝐺)3 in terms of maximum degree and 

the size of a graph G.  

Theorem 3. For any graph G without isolated vertices,  

𝑅𝑆(𝐺)3 ≥ 8𝑚(
1

∆2 −
1

∆4)3                                 (11) 

𝑃𝑟𝑜𝑜𝑓. Let G be graph without isolated vertices of size m and maximum degree ∆. Since for 

any 𝑣 ∈ 𝑉, 𝑣𝑗 ≤ ∆2. Therefore, we have, 

𝑅𝑆(𝐺)3 = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3 ≥ 𝑚 (

∆2 + ∆2 − 2

∆4
)

3
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= 8𝑚 (
∆2 − 1

∆4
)

3

 

=8𝑚 (
1

∆2 −
1

∆4)
3
 

In the following results, we obtain lower bound for 𝑅𝑆(𝐺)3 in terms of maximum 

degree ∆. 

Theorem 4. For any n-vertex graph G and maximum degree ∆,we have 

𝑅𝑆(𝐺)3 ≥
8(∆4−1)

3

∆12(∆2+1)3                                                         (12) 

Proof. Let G be a n-vertex graph with a maximum degree ∆, we have  

ℛ𝒮(𝐺)3  = ∑𝑣𝑖~𝑣𝑗
(

𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
)3                             (13) 

= ∑𝑣𝑖~𝑣𝑗
(

𝑣𝑖𝑣𝑗−1

𝑣𝑖𝑣𝑗
)3(

𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗−1
)3                           (14) 

Since (𝑣𝑖 − 𝑣𝑗)
2

≥ 0, therefore it is easy to check that  

     
𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗−1
=

1

𝑣𝑖+1
+

1

𝑣𝑗+1
.                                                 (15) 

Since 𝑣𝑖 ≤ ∆2 therefore (15) becomes 

   
𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗−1
=

1

∆2+1
+

1

∆2+1
                                       (16) 

Employing (16) in (14), we get 

𝑅𝑆(𝐺)3 ≥ (
∆2∆2 − 1

∆4
)

3

(
2

∆2 + 1
)

3

 

 =
8(∆4 − 1)3

∆12(∆2 + 1)3
 

Theorem 5. Let G be a graph without isolated vertex. Then  

𝑅𝑆(𝐺)3 ≥
(𝑅𝑆𝐼 − 2𝑅𝑇)3

𝑚2
 

Proof. Let G be a graph without isolated vertex. Then set 𝑟 = 3, 𝑎𝑖 =
𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
 where the 

summation is performed over all edges of G then (9) is transformed into  

∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3 ≥ 𝑚1−3 ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)3 

≥ ( ∑

𝑣𝑖~𝑣𝑗

𝑣𝑖+𝑣𝑗

𝑣𝑖𝑣𝑗
− ∑

𝑣𝑖~𝑣𝑗

2

𝑣𝑖𝑣𝑗
)3 

= 
(𝑅𝑆𝐼−2𝑅𝑇)3

𝑚2  

Theorem 6. Let G be a graph without isolated vertex with size at least 2.  

Then  

𝑅𝑆(𝐺)3 ≤ (2𝑀2 − 2𝑚)3(𝑅𝑇)3 

Proof. Observe that the following identity holds  

2𝑀2 − 2𝑚 = ∑

𝑣𝑖~𝑣𝑗

(𝑣𝑖+𝑣𝑗) − 2𝑚 

=∑𝑣𝑖~𝑣𝑗
𝑣𝑖+𝑣𝑗 − 2 
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(2𝑀2 − 2𝑚)3 = ∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)

3

(
1

𝑣𝑖𝑣𝑗
)

3  

Set  𝑟 = 2,  𝑎𝑖 =
𝑣𝑖+𝑣𝑗−2

𝑣𝑖𝑣𝑗
 and 𝑏𝑖 =

1

𝑣𝑖𝑣𝑗
 in (10), we get 

∑

𝑣𝑖~𝑣𝑗

(
𝑣𝑖+𝑣𝑗 − 2

𝑣𝑖𝑣𝑗
)

3

(
1

𝑣𝑖𝑣𝑗
)

3 ×
1

𝑣𝑖𝑣𝑗
≥

(∑𝑣𝑖~𝑣𝑗
(

1
𝑣𝑖𝑣𝑗

))

3

(∑𝑣𝑖~𝑣𝑗

1
𝑣𝑖𝑣𝑗

)
2  

(2𝑀2 − 2𝑚)3𝑅𝑇 ≥
𝑅𝑆(𝐺)3

(𝑅𝑇)∈
 

                                                               𝑅𝑆(𝐺)3 ≤ (2𝑀2 − 2𝑚)3(𝑅𝑇)3. 

4. Conclusions 

 Inspired by the work on the Sanskruti index, the reciprocal Sanskruti index is proposed. 

The value of the reciprocal Sanskruti index is calculated for octane isomers. The chemical 

applicability is compared to model the physical and chemical properties of octane isomers. The 

reciprocal Sanskruti index gives better results than the Sanskruti index.  

Funding 

This research received no external funding. 

Acknowledgments 

This research has no acknowledgment. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Anil Kumar, K.N.; Basavarajappa, N.S.; Shanmukha, M.C. QSPR analysis of Alkanes with certain degree 

based topological indices. Malaya Journal of Mathematik 2020, 8, 314-330, 

https://doi.org/10.26637/MJM0802/0003.  

2. Estrada, E. Atom–bond connectivity and the energetic of branched alkanes. Chemical Physics Letters 2008, 

463, 422-425, https://doi.org/10.1016/j.cplett.2008.08.074. 

3. Fath-Tabar, G. Old and New Zagreb Indices of Graphs. MATCH - Communications in Mathematical and in 

Computer Chemistry 2011, 65, 79-84. 

4. Randic, M. Quantitative Structure-Property Relationship: boiling points and planar benzenoids. New. j. 

Chem. 1996, 20, 1001-1009. 

5. Furtula, B.; Graovac, A.; Vukic̆evic′, D.; Augmented Zagreb index. Journal of Mathematical Chemistry 

2010, 48, 370-380. 

6. Aslam, A.; Bashir, Y.; Ahmad, S.; Gao, W. On Topological Indices of Certain Dendrimer Structures. ADS 

2017, 72, 559-566, https://doi.org/10.1515/zna-2017-0081.   

7. Gutman, I. Selected properties of the Schultz molecular topological index. Journal of Chemical Information 

and Computer Sciences 1994, 34, 1087-1089, https://doi.org/10.1021/ci00021a009.  

8. Gutman, I.; Furtula, B.; Vukićević, Ž.; Popivoda, G. On Zagreb Indices and Coindices. Match 2015, 74, 5-

16. 

9. Harary, F. Graph Theory. Addison-Wesely, Reading Mass 1969. 

10. Hosamani, S.M.; Basavanagoud, B.; New upper bounds for the first Zagreb index. MATCH Commun. Math. 

Comput. Chem. 2015, 74, 97-101. 

https://doi.org/10.33263/LIANBS94.15951601
https://nanobioletters.com/
https://doi.org/10.26637/MJM0802/0003
https://doi.org/10.1016/j.cplett.2008.08.074
https://doi.org/10.1515/zna-2017-0081
https://doi.org/10.1021/ci00021a009


https://doi.org/10.33263/LIANBS94.15951601  

 https://nanobioletters.com/ 1601 

11. Hosamani, S.M. Computing Sanskruti index of certain nanostructures. Journal of Applied Mathematics and 

Computing 2017, 54, 425-433, https://doi.org/10.1007/s12190-016-1016-9.  

12. Hosamani, S.; Perigidad, D.; Jamagoud, S.; Maled, Y.; Gavade, S. QSPR Analysis of Certain Degree Based 

Topological Indices. Journal of Statistics Applications & Probability 2017, 6, 1-11, 

https://doi.org/10.18576/jsap/060211.   

13. Liu, B.; Gutman, I. Upper bounds for Zagreb indices of connected graphs. MATCH - Communications in 

Mathematical and in Computer Chemistry 2006, 55, 439-446. 

14. Hayat, S.; Imran, M.; Liu, J.-B. Correlation between the Estrada index and π-electronic energies for 

benzenoid hydrocarbons with applications to boron nanotubes. International Journal of Quantum Chemistry 

2019, 119, https://doi.org/10.1002/qua.26016.   

15. Chen, J.; Liu, J.; Guo, X. Some upper bounds for the atom–bond connectivity index of graphs. Applied 

Mathematics Letters 2012, 25, 1077-1081, https://doi.org/10.1016/j.aml.2012.03.021. 

16. Shanmukha, M.C.; Basavarajappa, N.S.; Anilkumar , K.N. Predicting physicochemical properties of octane 

isomers using QSPR approach. Malaya Journal of Matematik 2020, 8, 104-116. 

17. Shanmukha, M.C.; Basavarajappa, N.S.; Shilpa, K.C.; Usha, A. Degree-based topological indices on 

anticancer drugs with QSPR analysis. Heliyon 2020, 6, 1-9, https://doi.org/10.1016/j.heliyon.2020.e04235. 

18. Usha, A.; Ranjini, P.S.; Lokesha, V.; Harish. Bounds of Harmonic index. Contemporary Studies in Discrete 

Mathematics 2018, 2, 1-4. 

19. Nadeem, M.F.; Zafar, S.; Zahid, Z. On topological properties of the line graphs of subdivision graphs of 

certain nanostructures. Applied Mathematics and Computation 2016, 273, 125-130, 

https://doi.org/10.1016/j.amc.2015.10.010. 

20. Ranjini, P.S.; Veera, L.;  Rajan, M.A..; Raju, M.P. On the Shultz index of the subdivision graphs. Advanced 

Studies in Contemporary Mathematics (Kyungshang) 2011, 3, 279-290. 

 

 

https://doi.org/10.33263/LIANBS94.15951601
https://nanobioletters.com/
https://doi.org/10.1007/s12190-016-1016-9
https://doi.org/10.18576/jsap/060211
https://doi.org/10.1002/qua.26016
https://doi.org/10.1016/j.aml.2012.03.021
https://doi.org/10.1016/j.heliyon.2020.e04235
https://doi.org/10.1016/j.amc.2015.10.010


Vol:.(1234567890)

Journal of Materials Science: Materials in Electronics (2020) 31:7226–7231
https://doi.org/10.1007/s10854-020-03295-w

1 3

Frequency dependence of AC conductivity and dielectric properties 
evaluation of in‑situ prepared polyaniline/manganese dioxide 
composite

Yankappa A. Kulakarni1 · M. R. Jagadeesh2 · Sahebagouda Jambaladinni3 · H. M. Suresh Kumar4 · 
M. S. Vasanthkumar5 · S. Shivakumara6

Received: 23 December 2019 / Accepted: 21 March 2020 / Published online: 6 April 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
In the present study, polyaniline/manganese dioxide (PANI/MnO2) nanocomposite has been synthesised by in-situ redox 
method. MnO2 nanostructures are formed in PANI matrix via simple redox reaction between KMnO4 and aniline monomer 
at ambient conditions. The composite formation, structural and morphological changes in MnO2 and PANI/MnO2 were 
characterised by Fourier transform infrared spectroscopy (FT-IR), powder X-ray diffraction (PXRD) and scanning electron 
microscopy (SEM) analysis. The PXRD and FT-IR patterns of the PANI/MnO2 nanocomposites confirm the presence of 
⍺-MnO2 nanostructures in polymer matrix. SEM images of the composite showed that MnO2 nanostructures were dispersed 
uniformly in polymer matrix. AC conductivity and dielectric properties of MnO2 nanostructures and PANI/MnO2 nano 
composite were studied in the frequency range 10–100 MHz. AC conductivity of the nano composite obeyed the power law 
indicating the universal behaviour of disordered structures.

1  Introduction

Conducting polymers are the class of organic materi-
als with a potential application in many technologies 
including energy storage [1], molecular recognition [2], 

electromagnetic interference shielding [3], electrochemical 
sensors [4] and opto-electronic devices [5]. The conduct-
ing polymers have conjugated structures consisting of an 
alternate single and double bonds which is one of the basic 
requirement for the electrical conductivity. During oxidative 
polymerisation process, some of the pi-bonds are broken, 
releasing electron which further increases their conductiv-
ity [4, 6]. The electron transport in polymeric materials has 
become an area of interesting research because these mate-
rials have great potential for the fabrication of solid-state 
devices. There are many conducting polymers including 
polypyrrole, polythiophene, ploy(3, 4-ethylenedioxythio-
phene), Polyaniline, etc., reported in literature and these 
polymers have been used in various applications [1, 3–5]. 
All these conducting polymers exhibit highly redox behav-
iour in the presence of heteroatom and polymer conjuga-
tion present in the respective polymer [4]. Moreover, these 
kind of polymers were used as electrode materials to study 
sensors and catalytic applications [4, 5, 7]. Among all con-
ducting polymers, polyaniline (PANI) has attracted many 
researchers due to its high conductivity, unique conduc-
tion mechanism, easy preparation, simple polymerization, 
good thermal stability and environmental friendly impact 
[4, 5, 7]. PANI has been used as a conducting mediator 
material to contact between the atoms present in most of 
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the semiconductor metal oxides [3, 4]. PANI has been used 
to enhance the electrical conductivity of metal oxide and 
increases overall performance of the electrode material [1, 
4, 5]. There are several authors have been reported to synthe-
size nanocomposites using conducting polymer with metal 
oxide nanostructures such as ferrates, ZnO, MnO2, SnO2, 
TiO2, etc. [7–16] to enhance the electrical conductivity of 
nanocomposites.

Among the available metal oxides, manganese dioxide 
received much attention due to its potential applications in 
various fields [17–20]. Manganese dioxide is cheap, abun-
dantly available, and relatively non-toxic in nature [17–21]. 
MnO2 possesses different crystallographic forms such as α-, 
β-, γ-, δ- and ε- type made of [MnO6] octahedral with dif-
ferent connectivity. Among these crystallographic forms, α- 
(tunnel type structure) and δ-MnO2 (layered type structure) 
are great interest and these materials have been reported 
for supercapacitor, sensor and battery applications [18–21]. 
One of the disadvantages of the manganese dioxide is poor 
conducting nature. The poor conducting nature of manga-
nese dioxide can be further improved by the introduction 
of organic conducting matrix such as conducting polymers 
[21, 22]. Extensive research reports have been published 
in the literature to improve the conductance of manganese 
dioxide using conducting polymers [20–22]. The nano-
structured PANI/MnO2 composites exhibit enhanced per-
formance compared to pure manganese oxide [22]. PANI/
MnO2 nanocomposites have been received greater interest 
due to low cost and environmentally friendly nature.

To the best of the author’s knowledge, AC conductivity 
studies on PANI/MnO2 nanocomposites are rarely reported. 
There are many methods available in the literature for the 
preparation of PANI/MnO2 nanocomposites including 
chemical and electrochemical synthetic routes. In the pre-
sent study, an attempt has been made to prepare PANI/MnO2 
nanocomposites by using simple reduction–oxidation reac-
tion at ambient conditions. Herein, the simultaneous oxi-
dation of aniline to polyaniline and reduction of KMnO4 
to MnO2 (VII to IV) and as a result of this redox reaction, 
MnO2 nanoparticles embedded in polyaniline matrix thus 
form PANI/MnO2 nanocomposites [22]. Thus, polyaniline 
acts as conducting support to the poor conducting MnO2 
and further increases the performance. The resultant nano-
composite has been subjected to AC impedance spectros-
copy to test the material conductivity behaviour at room 
temperature.

2 � Experimental

2.1 � Preparation of polyaniline/manganese dioxide 
nanostructures

All chemicals used were of analytical grade and they were 
used as received. In a typical preparation of polyaniline/
manganese dioxide (PANI/MnO2) nanocomposite, 3.16 g of 
KMnO4 was dissolved in 250 mL of distilled water [7]. To 
the above pink-coloured solution, 1 mL of aniline monomer 
was added upon stirring for about 30 min. The pink-coloured 
solution disappears and a blackish-brown coloured precipi-
tate was formed indicates the reduction of Mn (VII) to Mn 
(IV). At the same time, aniline gets oxidized to polyaniline, 
the obtained precipitate was washed with large amount dis-
tilled water for several times followed by ethanol. Finally, 
filtered and dried at 100 °C overnight. For the preparation 
of pure MnO2 nanostructures, the as-prepared PANI/MnO2 
nanocomposite was heated at 600 °C for 3 h under air atmos-
phere. The prepared samples were used for further physico-
chemical characterization and electrical properties studies.

2.2 � Characterization methods

Powder X-ray diffraction (XRD) patterns of the precur-
sor and the final products were recorded using Bruker 
D8 advance diffractometer with monochromatized Cu Kα 
(λ = 1.5418 Å) incident radiation as the source. IR absorp-
tion spectrum was recorded in a FT-IR spectrum 1000 
PERKIN ELMER spectrometer on dried sample using KBr 
pellet. Brunauer–Emmett–Teller (BET) surface area and 
pore size distribution of the samples were measured using 
Micromeritics surface area analyzer model ASAP 2020. The 
microscopy studies were examined by using scanning elec-
tron microscopy (SEM, FEI Co. model Sirion). AC conduc-
tivity and dielectric properties of the samples were carried 
out using Agilent 4294A analyser.

2.3 � Preparation of electrodes and AC conductivity 
measurements

Room temperature AC conductivity properties of samples 
were examined using Agilent 4294A precision impedance 
analyser in the frequency range 10 Hz to 100 MHz. The 
voltages across the known range resistor and the DUT are 
measured and the impedance of the latter can be estimated. 
A variable frequency signal source section generates the 
test signals applied to the material being investigated. For 
impedance measurements, the samples were prepared in 
circular geometry with 10 mm diameter and 1 mm thick-
ness and were coated with the silver on both sides. For 
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measurements, the copper wire contacts were drawn from 
the silver-coated surface using fine enamelled copper wire 
of grade 38 AWG (0.1 mm diameter) and conductive silver 
paint.

3 � Results and discussion

The X-ray diffraction patterns (XRD) of the pure MnO2 
nanostructures and PANI/MnO2 nanocomposite are shown 
in Fig. 1. The diffraction patterns of PANI/MnO2 nanocom-
posite exhibit three broad peaks at 12.6°, 37.5° and 65.1° 
(2θ) corresponding to (110), (211) and (002) reflection 
planes of MnO2, respectively. The two broad diffraction 
peaks at 19.34° and 24.9° correspond to (010) and (200) 
reflection planes of PANI in PANI/MnO2 nanocomposite 
revealing the poor crystalline nature of the sample [18, 20, 
22]. The series of diffraction peaks for pure MnO2 at 12.7°, 
18°, 37.4°, 42°, 49.8°, 56°, 60.2°, 65.3° and 69.6° degree 
correspond to (110), (200), (310), (211), (301), (411), (600), 
(521), (002) and (541) reflection planes, respectively, index-
ing the tetragonal structure (space group I4/m) of ⍺-MnO2 
phase with lattice constants of a = 9.8172 and c = 2.8582 
which are in good agreement with the reported values refer-
ring to JCPDS card number 44-0141 [18, 19, 22]. The dif-
fraction peaks are sharp and intense, indicating that upon 
heating the PANI/MnO2 nanocomposite sample at 600 °C 
under air atmosphere, the amorphous phase is converted to 
crystalline phase. Moreover, the PANI present in composite 
was removed by heating at 600 °C and hence pure form of 
MnO2 was obtained at the end. The obtained samples were 
used for the further characterisation.

To know intermolecular interactions, the prepared sam-
ples were subjected to Fourier transform infrared spectro-
scopic (FT-IR) technique. The prepared PANI/MnO2 nano-
composite and pure MnO2 samples were recorded in the 

range 4000 to 450 cm−1 and are shown in Fig. 2. The bands 
at 1569, 1506, 1290 and 820 cm−1 of PANI are assigned 
to the C=C stretching vibrations of quinoid and benzenoid 
rings, the C–N stretching vibration and C–H out of plane 
bending vibrations, respectively [22]. The broad absorption 
band at 3380 cm−1 in the spectra of both materials can be 
assigned to the O–H stretching vibration. The absorption 
band at 500 cm−1 is ascribed to the contribution of the Mn–O 
vibrations that confirms the formation of MnO2 [21, 22]. The 
PANI/MnO2 nanocomposite spectrum shows all the absorp-
tion bands due to MnO2 (500 cm−1) and absorption bands 
due to PANI (1569, 1506, 1290 and 820 cm−1) that confirms 
the existence of PANI in PANI/MnO2 nanocomposite.

To evaluate the surface area and porous nature of 
the PANI/MnO2 nanocomposite and MnO2 nanostruc-
tures, N2 adsorption–desorption isotherms were recorded 
(Fig. 3a). The specific surface area was calculated using the 
Brunauer–Emmett–Teller (BET) method from adsorption 
branch of isotherm in p/po range of 0.1–0.2. The isotherms 
of all samples resemble type IV isotherm with hysteresis 
in the p/po range of 0.5–0.99 [19, 20]. The adsorption–des-
orption loop indicates the presence of mesopores in the 
samples. Barrett–Joyner–Halenda (BJH) curves from des-
orption branch of isotherms are presented in Fig. 3b. The 
as-prepared PANI/MnO2 nanocomposite exhibits pores with 
a pore size distribution of 9.3 nm, whereas pure MnO2 nano-
structures exhibit large pore of 35 nm. The BET surface area 
is 203 m2 g−1 highlighting the overall formation of PANI/
MnO2 nanocomposite. For the pure MnO2 nanostructures 
sample prepared at 600 °C, the surface area was found to be 
low (18 m2 g−1) due to increased crystallinity.

Surface morphology notably influences the properties of 
the materials. The scanning electron micrographs (SEM) of 
PANI/MnO2 nanocomposite and pure MnO2 nanostructures 
are shown in Fig. 4. PANI/MnO2 nanocomposite (Fig. 4a) 
is spongy in nature without clear boundary of particles. 
This is due to the amorphous nature of the material, which 
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is reflected in the XRD pattern (Fig. 1). The morphology 
image of PANI/MnO2 nanocomposite clearly reflects that 
the whole MnO2 is covered with PANI. Upon heating at 
600 °C, the morphology of PANI/MnO2 composite interest-
ingly changes into clear crystalline MnO2 nanoplatelets. The 
morphology changes from particles to platelet nanostruc-
tures as observed in Fig. 4b.

4 � Conductivity studies

Figure 5 shows the variation of AC conductivity as a function 
of frequency for pure MnO2 nanostructures and PANI/MnO2 
nanocomposite. At higher frequencies, more than 80 MHz, the 
conductivity increases because of the contribution of polarons 
which are moving along shorter distances in the polymer 
chain. The increasing AC conductivity at higher frequencies is 
attributed to charge motion in the amorphous regions and this 
supports the presence of isolated polarons and bipolarons in 
this region [9–11]. It is observed from the figure that the con-
ductivity of the PANI/MnO2 nanocomposite and pure MnO2 
nanostructures remains constant up to 10 kHz and thereafter, 
the conductivity of PANI/MnO2 nanocomposite increases 

steeply, which is the characteristic feature of disordered mate-
rials. At high frequencies, AC conductivity increases due to 
the contribution of polarons, which are moving along smaller 
and smaller distances in a polymer chain [4]. Increase of AC 
conductivity at higher frequencies is due to the charge motion 
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in the amorphous region and this supports the presence of iso-
lated polarons in this region. The high conductivity of about 
0.0009 S cm−1 is for the sample PANI/MnO2 nanocomposite 
whereas conductivity 0.0005 S cm−1 is observed for the pure 
MnO2 nanostructures.

Figure 6 shows the variation of real part of impedance (Zʹ) 
as a function of frequency varied from 50 Hz to 100 MHz 
at room temperature. The pattern shows the variation of Z’ 
as a function of frequency in the low-frequency region fol-
lowed by the saturation in the high-frequency region. The 
decrease in magnitude of Zʹ is with increase in frequency 
for both pure MnO2 nanostructures and PANI/MnO2. This 
suggests the presence of polarization behaviour in the mate-
rial, such as electronic, dipolar and orientation polarization. 
It can be observed from the plot that conductivity of PANI/
MnO2 nano composite is more than that of pure MnO2 nano-
structures. The Zʹ values merge at high frequency due to the 
release of space charge as a result of reduction in barrier 
properties of the material and are responsible factor for the 
enhancement of AC conductivity of the PANI/MnO2 nano-
composite material.

Figure  7 presents the variation of imaginary part of 
impedance (Zʹʹ) as a function of frequency. The imaginary 
part of impedance (Zʹʹ) decreased with increase in frequency 
in both the cases. The higher electrical resistance of pure 
MnO2 nanostructures may be due to the absence of the PANI 
polymer chain. On the other hand, the electrical resistance 
dramatically decreased in the case of PANI/MnO2 nanocom-
posite which may be due to the presence of conducting PANI 
polymeric chains [16]. In PANI/MnO2, the PANI facilitat-
ing the charge carrier motion, decreases the resistance and 
increases conductivity.

The complex impedance analysis is another approach to 
predict electrical properties of the material and it is shown in 
Fig. 8. The resistive nature of the sample with semicircular 

arcs was observed. The X-axis represents the real part, while 
y-axis shows the imaginary part of the Nyquist plot. From 
these plots, it is clearly seen that the contribution of PANI in 
PANI/MnO2 nanocomposites exhibit more conductivity than 
the pure MnO2 nanostructures. On the other hand, the pure 
MnO2 nanostructures exhibit maximum resistance than that 
of the PANI/MnO2 nanocomposites which indicates that in 
the presence of PANI the resistivity of MnO2 decreased and 
conductivity increased [21, 22].

5 � Conclusions

Porous PANI/MnO2 nanocomposite was prepared under 
ambient conditions. It was found that the change in mor-
phology, crystal structure of PANI/MnO2 nanocomposite 
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when heated at high temperature and it was converted to 
crystalline pure ⍺-MnO2. There was a notable change in the 
electrical properties for PANI/MnO2 nanocomposite, and 
pure MnO2 nanostructures were observed. The AC electri-
cal conductivity of PANI/MnO2 nanocomposite is found to 
be more than the pure MnO2 and the conductivity increased 
as a function of increase in frequency. The high electrical 
conductivity of PANI/MnO2 nanocomposite is due to the 
conducting polymer support to the MnO2. As the synthesis 
method is simple and cost effective, the synthesis method 
can be used to prepare PANI/MnO2 nanocomposite in large 
scale.
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Abstract: Countries like India, Canada, Malaysia, etc. are 

multilingual in nature. People in multilingual countries have 

habituated to use several languages. Due to the increased 

number of multilingual speaker identification system 

applications, the interest in the area has grown notably in recent 

years. The accuracy of speaker recognition system is severely 

degraded if training and testing speech languages are different. 

In speaker recognition area, researchers have made many 

attempts to tackle language mismatch issues. Choosing a suitable 

feature extraction method for obtaining appropriate information 

using speech signal is an essential task. This paper reports a 

concise experimental review of ten feature extraction techniques 

for the multilingual scenario. The monolingual, crosslingual and 

multilingual speaker identification studies are carried out using 

randomly selected 50 speakers from the IITG multi-variability 

speaker recognition (IITG-MV) database. Comparative results 

indicate that subband centroid frequency coefficients (SCFC), 

linear frequency cepstral coefficients (LFCC) and multitaper Mel 

frequency cepstral coefficients (MFCC) features are considerably 

more useful in all the speaker identification. Further, concluding 

any relation to speaker identification performance in the 

language mismatch environment is identification as the 

distribution of speakers in different languages is non-uniform. 

Keywords: Speaker identification, monolingual, cross lingual, 

multilingual, LPCC, MFCC, IMFCC, LFCC, RFCC, multitaper 

MFCC, SCFC, SSFC, GMM-UBM. 

I. INTRODUCTION 

Speaker recognition is one among the important problems 

in speech signal processing. Speaker recognition system, 

carry out either speaker verification or speaker identification 

tasks [1], [2]. The speaker identification task results in the 

best match for an unknown voice from the database, 

whereas speaker verification task is either to accept/reject a 

claimed identity. Based on the languages used for the study, 

speaker recognition can be done in monolingual,crosslingual 

and multilingual modes [3]. In the monolingual mode, same 

language is considered for both training and testing. In 

crosslingual speaker recognition, training and testing are 

carried out with different languages. In multilingual mode, 

speaker-dependent models are trained using single language 

and tested for several languages [3], [4]. Monolingual and 
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crosslingual speaker recognitions are a subset of 

multilingual speaker recognition. 

In [5], speaker discriminative power of Mel frequency 

cepstral coefficients (MFCC), anti-MFCC, and linear 

frequency cepstral coefficients (LFCC) was examined using 

telephone speech data. It was demonstrated that LFCCs 

perform considerably better than MFCCs for speaker 

recognition systems using the nasal and non-nasal consonant 

broad phonetic regions. MFCC performs better in the lower 

frequency region, but in the higher frequency regions, it 

does not capture speaker characteristics effectively and 

hence its performance degrades [6]. 

A new speaker recognition system was introduced based 

on MFCC and back-propagation neural networks [6]. It was 

observed from the results that proposed system was feasible 

and fairly successful. A robust speaker recognition system 

based on multi-stream features (spectral centroid frequency 

and power normalized cepstral coefficients) was proposed in 

[7]. Three types of fusion technique were introduced and 

com-pared. Results proved the effectiveness of proposed 

multi-stream features for speaker recognition system. In [8], 

a new type of feature was proposed based on gammatone 

frequency cepstral coefficients (GFCC) by introducing 

technologies like multitaper estimation, smooth amplitude 

envelope, mean subtraction, variance normalization and 

autoregressive moving average filter. The experimental 

results using TIMIT database showed that under different 

noise and different signal-to-noise ratio, the proposed GFCC 

performs better than the MFCC. 

For multilingual countries, the impact of different 

languages on speaker recognition system needs to be 

studied. Non-availability of the standard multilingual 

database for Indian languages is the major difficulty for 

carrying out speaker recognition research in 

multilingual/language mismatched scenario. In this 

direction, a study on the effect of language mismatch on 

speaker identification and speaker verification task was 

carried out in [9]. The speech data (100 speakers) was 

recorded in three languages, viz., the local language of 

Arunachal Pradesh, Hindi, and Indian English. It was 

studied that the impact of language variability in intra-group 

and inter-group were nearly same. A study in [10], focused 

on the speaker recognition performance under language 

mismatch environment. 

Further, the consequence of language mismatch was also 

described for a single language and multiple languages 

together.  
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The experiments were demonstrated using 13 Indian 

languages. It was observed that the impact of language 

mismatch was less significant in speaker identification task 

compared to speaker verification. Literature reveals that the 

most of the investigations are restricted to a single language 

environment. It is essential to know which type of feature is 

more beneficial for a multilingual speaker recognition. In 

this work, we provide a brief overview of the feature 

extraction techniques for speaker identification systems. 

Following this overview, we will experimentally compare 

10 front-end speech features for multilingual speaker 

identification using Gaussian mixture model with universal 

background model (GMM-UBM).  

In the rest of this paper, Section 2 describes the different 

front-end feature extraction techniques for speaker 

recognition. A database used for the study and the 

experimental setups are provided in Section 3. Section 4 

discusses the monolingual, crosslingual and multilingual 

speaker identification results. The paper concludes in 

Section 5. 

II. FEATURE EXTRACTION TECHNIQUES 

2.1 Linear prediction cepstral coefficients (LPCC) 

The cepstral features obtained from either filter-bank 

approach or a linear prediction analysis are relatively treated 

as state-of-the-art front-end features for speaker 

identification. In linear prediction (LP) speech analysis, 

every sample is approximated as a linear weighted sum of 

the past speech samples. In LPCC, the power spectrum is 

computed from the smoothed auto-regressive power spectral 

estimate instead of the periodogram estimate technique. The 

order of the linear prediction analysis denotes the number of 

peaks in an all-pole model. The predictor coefficients𝑎𝑘 are 

transformed into robust cepstral coefficients. The 

relationship between predictor coefficients, 𝑎𝑘 and cepstral 

coefficients, 𝐶𝑛 is characterized by the following recursive 

relation [11] given as: 

𝐶𝑜 = 𝑙𝑛 𝐺    (1) 

𝐶𝑛 = 𝑎𝑛 + ∑ (
𝑘

𝑛
) 𝑐𝑘𝑎𝑛−𝑘 ;   1 ≤ 𝑛 ≤ 𝑝𝑛−1

𝑘=1   (2) 

Where𝐺 is the gain factor in the LP model, n is an index 

and 𝑝 is the LP order. 

2.2 MFCC 

The MFCC feature extraction method consists of 

windowing (Hamming) the signal to minimize the spectral 

distortion, applying the discrete Fourier transform (DFT) to 

obtain the magnitude frequency response. To compute the 

log energy, frame magnitude spectra is multiplied with the 

set of Mel-scale triangular filters. Finally, inverse discrete 

cosine transform of filter bank coefficients is calculated to 

get the cepstral coefficients. The mapping of perceived 

frequency (𝑓𝑚𝑒𝑙  in mels) with respect to the physical 

frequency (𝑓 in Hz) scale is given by [12]: 

𝑓𝑚𝑒𝑙 = 2595 𝑙𝑜𝑔10 (1 + 
𝑓

700
)   (3) 

2.3 Sine-weighted cepstrum estimator (SWCE) 

multitaper MFCC 

From a statistical perspective, the MFCC feature 

extraction using windowed DFT is not favorable due to 

large variance of the spectrum approximation [13]. Efforts 

have been made to improve the MFCC robustness. A study 

in [13]-[15] described the multitaper MFCC feature 

extraction technique for speaker recognition. In order to 

lower the variance of the MFCC estimator, multiple window 

(multitaper) spectrum estimates was used. In multitapering 

technique, analysis frame is passed through different 

window functions and the final spectrum estimate was 

computed using a weighted mean of the individual sub-

spectra. Every individual spectral contribute to a final 

spectral envelope for each component. 

Thomson multitaper [16], multipeak multitaper [17] and 

SWCE multitaper [18] are the popular multitapering 

techniques. In [13], it was described that the choice of the 

number of tapers 𝐾 was more important than the choice of 

multitaper type. Further, the best results were obtained for 

3≤ 𝐾 ≤8. Our previous results showed that the SWCE 

multitaper MFCC (𝐾 = 6) can be used to improve the 

speaker identification performance for language mismatched 

scenario [4]. In this work, SWCE multitapers are used with 

𝐾 = 6 windows. The weights employed in the SWCE 

multitaper method are described by the following closed-

form expression [13]: 

 
Figure 1: SWCE method for six sine tapers, 𝐩 is the 

taper number and 𝐍 = 256 window length. 

𝜆(𝑝) =  
𝑐𝑜𝑠(

2𝜋(𝑝−1)

𝐾 2⁄
)+1

∑ (𝑐𝑜𝑠(
2𝜋(𝑝−1)

𝐾 2⁄
)+1)𝐾

𝑝=1

 ∶ 𝑝 = 1 … … … … 𝐾 

 (4) 
The Figure 1 shows the sine tapers of the SWCE 

multitaper method for 𝐾 = 6. 

2.4 τth - order MFCC 

A novel type of windowing technique to extract MFCC 

features for speaker recognition task was presented in [19]. 

The new window technique uses differentiation in the 

frequency domain property of discrete time Fourier 

transforms. Let 𝜔(𝑛) be the Hamming window function, the 

proposed window function (𝜔(𝑛)) for τth - order is obtained 

as: 

𝜔̂(𝑛) = 𝑛𝜏𝜔(𝑛)     (5) 
Then windowed speech frame is described as: 

 𝑥̂(𝑛) =  𝜔̂(𝑛)𝑥(𝑛)   (6) 

where𝑥(𝑛) is a raw speech frame. The Hamming window 

can be analyzed as zero order window (τ= 0) of proposed 

family. Figure 2 shows the frequency and time domain 

representation of 𝜔̂(n) window function for 160 samples. In 

this work, τth - order MFCC are computed for τ = 2. 
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2.5 Inverted Mel frequency cepstral coefficients 

(IMFCC) 

In [12], IMFCC features were proposed for speaker 

identification. IMFCC features efficiently capture high-

frequency formants, which are neglected by the 

conventional MFCC. In IMFCC, the complete filter bank 

structure is inverted so that  

the upper-frequency width averages by more precisely 

located filters and in the lower frequency range lesser 

number of widely located filters are utilized. Inverted Mel 

scale (𝑓𝑚𝑒𝑙) is defined as [12]: 

 

𝑓𝑚𝑒𝑙 = 2195.2860 −  2595 𝑙𝑜𝑔10 (1 + 
4031.25−𝑓

700
) 

  (7) 

2.6 LFCC 

Based on the theory of human speech production, several 

speakers specific information connected with the vocal tract 

structure, mainly, length of the vocal tract are distributed 

more in the higher frequency region. Hence, linear 

frequency scale may offer various benefits in speech/speaker 

recognition in comparison with the conventional Mel 

frequency scale. In this direction, a study in [20] compared 

the LFCC and MFCC features using the NIST speaker 

recognition evaluation (SRE) 2010 extended-core task 

database. Results using SRE10 showed that the LFCC 

constantly perform better than the MFCC due to its higher 

recognition for the female subjects. The feature extraction 

methodology of LFCC is almost similar to MFCC. The only 

difference is that the Mel-scale filters are replaced by linear 

space triangular filter bank [21]. 

 
Figure 2: Frequency and time domain representation of 

𝛚̂(n) window function for 160 samples. 

2.7 Rectangular filter-bank cepstral coefficient (RFCC) 

RFCC feature was originally proposed for robust 

automatic speech recognition in noisy/Lombard speech 

conditions [22]. In [22], RFCC features were used as one of 

the front end features for the 2012 NIST SRE. It was studied 

that the overall recognition performance was very 

successful. The RFCC feature extraction technique is 

inspired by perceptual linear prediction cepstral features 

[22]. In RFCC extraction, integration is carried out using a 

rectangular window and the filters spaced in linear scale 

[21]. 

2.8 All-pole group delay function (APGDF) 

The significance of phase-based features for speaker 

verification was investigated in [23]. In that work, group 

delay function was used to derive the speaker-specific 

features from the phase spectrum. It was mentioned that the 

group delay features using all-pole models can be utilized to 

compute phase information for speaker verification task. 

Speaker verification results using NIST 2010 SRE dataset 

showed that the group delay techniques are useful under the 

high vocal effort. Further, group delay features were 

comparable to usual magnitude spectrum-based MFCC 

features. The group delay function τ(𝑥) for the speech signal 

𝑠(𝑛) can be obtained as derived in [23], [24]: 

𝜏(𝑤) =  (
𝑆𝑅(𝑤)𝑋𝑅(𝑤)+ 𝑆𝐼(𝑤)𝑋𝐼(𝑤)

|𝑆(𝑤)|2 ) (8) 

where 𝑆(𝑤) is a Fourier transform of 𝑆(𝑛), 𝑋(𝑤)is a 

Fourier transform of 𝑥(𝑛),𝑥(𝑛)= 𝑛𝑠(𝑛), | 𝑆(𝑤)| is the 

magnitude spectrum, 𝑆𝑅(𝑤) is a real part of 𝑆(𝑤),𝑆𝐼(𝑤) is 

an imaginary part of 𝑆(𝑤), 𝑋𝑅(𝑤) is a real part of 𝑋(𝑤)and 

𝑋𝐼(𝑤) is an imaginary part of 𝑋(𝑤). 

2.9 Sub band centroid frequency coefficients (SCFC) 

Attempts have been made to obtain the alternative to the 

cepstral features that should provide information for 

speech/speaker recognition. In this direction, Paliwal [25], 

investigated a few formant type features for speech 

recognition. In [26], SCF was used for text-independent 

speaker authentication as a complement to cepstral based 

features. It was concluded that spectral subband centroids 

(SSC) perform somewhat better than MFCC features and 

also combining SSC with MFCC features enhance the 

performance of the authentication system in both clean and 

noisy environments. Further, SCFC includes complementary 

knowledge related to subbands which are not present in 

cepstral features. 

Let 𝑆[𝑛] represent a speech frame, for 𝑛 = 0,1,…,𝑁 - 1, 

and 𝑆[𝑓] correspond to the speech frame spectrum. Further, 

𝑆[𝑓] is split into K number of subbands and each subband is 

described as upper frequency edge (𝑢𝑘) and lower frequency 

edge (𝑙𝑘). 𝑊𝑘 [𝑓]Denotes the frequency-sampled response of 

the filter. SCF defined as the weighted average frequency 

for a given subband [27]. The 𝑘thsub band spectral centroid 

frequency 𝐹𝑘 described as [25]-[27]: 

𝐹𝑘 =  
∑ 𝑓|𝑆 [𝑓]𝑊𝑘 [𝑓]|

𝑢𝑘
𝑓=𝑙𝑘

∑ |𝑆[𝑓]𝑊𝑘[𝑓]|
𝑢𝑘
𝑓=𝑙𝑘

    (9) 

2.10 Sub band spectral flux coefficients (SSFC) 

In [28], spectral flux based features were used for speech 

and music discrimination task. Spectral flux determines the 

frame-to-frame variation of speech in the power spectrum 

[28]. It is computed between normalized power spectrum of 

consecutive frames using the Euclidean distance measure 

[21].  

Recently, a new feature called SSFC features are used for 

synthetic speech detection. It was mentioned that the SSFC 

features contain information connected to spectral flux in 

different subbands.  

Experimental results showed that the SSFC features were 

useful compared to other spectral features considered for the 

study. The subband spectral flux (SSF) of the 𝑖thsubband of 

the 𝑚th speech frame is [21]: 

𝑆𝑆𝐹𝑚
𝑖 =  ∑ ‖𝑆𝑚̅(𝑘) − 𝑆𝑚̅−1(𝑘)‖2𝑊𝑖(𝑘)𝑁 2+1⁄

𝑘=1  (10) 
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where𝑊𝑖(𝑘) denotes the spectral window function used to 

find the frequency response of 𝑖thsubband,𝑆𝑚̅(𝑘) is the 

magnitude of 𝑘th frequency element of the normalized power 

spectrum of 𝑚th frame and N is the number DFT bins.  

Then SSFCs are obtained by applying logarithmic 

compression and DCT on SSFs. 

III. DATABASE AND EXPERIMENTAL SETUP 

All the experiments are carried out using the IITG multi-

variability speaker recognition (IITG-MV) database. The 

speech data was collected using different speaking styles, 

sensors, environments and languages from 200 speakers 

[29].  

The recording was carried out in the wide varieties of 

acoustic environments (office, corridors, hostel rooms, 

laboratories, etc.). The speech data are collected in multi-

sensor (five different sensors), multilingual (any of the 

favorite Indian language and Indian English) and multi-style 

(reading and conversational styles) conditions. The 

languages include Indian English, Hindi, Tamil, Kannada, 

Oriya, Malayalam, Assami and so on [30]. The speech 

signal was sampled at 8000 Hz and 16 bits depth. For this 

work, 50 speakers (20 female and 30 male) in the IITG-MV 

database is used.The UBM was built using diagonal 

covariance matrices. To build the gender independent UBM, 

first 18 speech _les from enroll data of all the speakers 

(nearly two hours) of YOHO database [31] is used. The 

GMM model parameters (mean vector, mixture weights, and 

covariance matrix) were measured using the expectation 

maximization iterative algorithm. Maximum a posteriori 

technique is used to build the speaker-dependent models 

(GMM) by considering only the mean parameters of the 

UBM [29]. Speakers are modeled using GMMs with 16, 32, 

64, and 128 mixtures. 

The number of speakers (50) and speech duration (20 s) is 

kept constant throughout the experiment to perform a 

relative comparison of monolingual, crosslingual and 

multilingual speaker identification results using different 

feature extraction techniques.  

For feature extraction, analysis window of 20 ms duration 

with 10 ms intervals was considered. The dimension of all 

the features is 13 (excluding 0th coefficient). 

IV. SPEAKER IDENTIFICATION RESULTS 

In this section, the speaker identification results are 

discussed in different languages, viz., monolingual, 

crosslingual and multilingual.  

The best results in each condition (Pi) are highlighted.  

Note: A/B indicates training in language ‘A’ and testing 

with language `B'; `multi-language' includes Kannada, 

Assami, Bengali, Telugu, Tamil, Malayalam and Oriya.  

Table 1-3 give the performance of LPCC, MFCC, 

multitaper MFCC, τth- order MFCC, IMFCC, LFCC, RFCC, 

APGDF, SCFC and SSFC for monolingual, crosslingual and 

multilingual speaker identification.  

Some of the observations from the speaker identification 

experiments are as follows: 

 

Table 1: The monolingual speaker identification 

performance using different features and GMM-UBM 

classifier. 

Training/ 

Testing 
Features 

Gaussian mixtures 
Pi 

16 32 64 128 

 

 

 

 

E/E 

LPCC 76 74 84 86 86 

MFCC 64 74 78 84 84 

multitaper MFCC 72 78 82 82 82 

τth - order MFCC 70 76 82 80 82 

IMFCC 60 64 64 74 74 

LFCC 66 70 76 84 84 

RFCC 62 70 72 78 78 

APGDF 68 68 78 76 78 

SCFC 72 84 86 86 86 

SSFC 64 68 76 78 78 

 

 

 

 

H/H 

LPCC 70 74 80 82 82 

MFCC 74 74 78 80 80 

multitaper MFCC 78 78 84 82 84 

τth - order MFCC 70 74 80 82 82 

IMFCC 62 68 68 76 76 

LFCC 76 80 78 84 84 

RFCC 66 70 78 80 80 

APGDF 64 72 78 76 78 

SCFC 72 78 82 82 82 

SSFC 70 76 80 76 80 

• The results indicate that the recognition performance 

of 86% is achieved for LPCC and SCFC features when 

training and testing are done in English language 

(E/E). 

• The multitaper MFCC and LFCC features give the 

highest performance of 84% when training and testing 

are done in Hindi language (H/H). 

• The results indicate that the recognition performance 

of 80% is achieved for multitaper MFCC, τth- order 

MFCC and SCFC features when training is done in 

English language and tested with Hindi language 

(E/H). 

• The SCFC features give the highest performance of 

78% speaker when training is done in Hindi and tested 

with the English language (H/E). 

• The results show that the recognition performance of 

82% is achieved for τth - order MFCC, LFCC and 

SCFC features when the training is done in English 

and testing with multi language (E/multi). 

• The LPCC features give the highest performance of 

82% when training is done in Hindi and testing with 

multi language (H/multi). 

• In the majority of the cases, monolingual speaker 

identification performs better as compared to 

crosslingual and multilingual scenario. These results 

clearly indicate that the effect of languages on speaker 

identification. 

• The performance of multilingual based speaker 

identification system is better than that of the 

crosslingual, but poor compared to the monolingual 

system. 

• The recognition performance significantly degraded in 

crosslingual may be due to the deviation in fluency and 

stressing of few words when the same person speaks 

different languages.  

• Further, due to dissimilar prosodic and phonetic 

models of the languages [32]. 

• The SCFC performs better in the majority of the 

speaker identification 

experiments. 
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• The speaker recognition performance using LFCC and 

multitaper MFCC features was also found satisfactory 

as compared to other features. 

• Concluding any relation for speaker identification 

performance in each language is difficult since the 

distribution of speakers in different languages is non-

uniform [10]. 

Table 2:  The cross lingual speaker identification 

performance using different features and GMM-UBM 

classifier. 

 

V. CONCLUSION AND FUTURE WORK 

In this work, an extensive study with different feature 

extraction techniques for monolingual, crosslingual and 

multilingual speaker identification was performed. Results 

indicated that the SCFC, LFCC, and multitaper MFCC were 

useful. Future work shall include exploring the combination 

of features for speaker identification for language mismatch 

condition. 

Table 3:  The multilingual speaker identification 

performance using different features and GMM-UBM 

classifier. 
Training/ 

Testing 

Features Gaussian mixtures Pi 

16 32 64 128 

 

 

  

 

E/Multi 

LPCC 64 70 80 76 80 

MFCC 60 68 74 78 78 

multitaper MFCC 70 74 78 80 80 

τth - order MFCC 70 76 82 80 82 

IMFCC 64 68 74 76 76 

LFCC 64 70 80 82 82 

RFCC 68 74 80 80 80 

APGDF 66 66 74 76 76 

SCFC 68 74 80 82 82 

SSFC 68 74 78 78 78 

 

 

 

 

H/Multi 

LPCC 70 80 82 80 82 

MFCC 66 70 78 76 78 

multitaper MFCC 64 66 76 78 78 

τth - order MFCC 64 70 76 80 80 

IMFCC 60 64 70 74 74 

LFCC 70 70 78 80 80 

RFCC 58 68 74 70 74 

APGDF 62 64 70 72 72 

SCFC 64 72 80 76 80 

SSFC 58 66 78 78 78 
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Abstract
Major e-Commerce service provider offers additional product recommendation to its customers, while they access the appli-
cation, and enough evidence existing that such recommendations are cost effective for both consumer and service provider. 
For maximizing profit and to satisfy the user, existing e-Commerce platforms use long-term context for recommendations. In 
actual scenario, the recommendation can aid the user for other reason such as when the product is reminded of recent interest 
in or, point customer to currently discounted items. Furthermore, user preference changes over time due to weather, location, 
etc. As a result, the recommendation must be made based on the present behavior of the ongoing session. Many research 
based on location and session-based approaches has been presented to forecast user’s next-item requirement. However, these 
models are not efficient, as they are designed either to model short-term or long-term preferences. Recently, some hybrid 
recommendation algorithms have been presented to model both short-term and long term, but these models are designed 
considering static behavior and finds difficulty in revealing the correlations among behaviors and items. Furthermore, these 
models do not consider location-centric information for performing recommendation. To overcome the above-mentioned 
challenges, our research work presents hybrid location-centric prediction (HLCP) model by considering the dynamic behavior 
traits of users. HLCP model can learn both short-term and long-term context efficiently. Experiment results show that HLCP 
attains significant performance over existing models in terms of mean reciprocal rate (MMR) and hit rate (HR).

Keywords  Bayesian personalized recommendation · Deep learning · Feedforward neural networks · Recommender system · 
Recurrent neural network

1  Introduction

The popularity of e-Commerce has strongly driven the popu-
larity of recommendation systems. The practice has proven 
that robust and accurate recommendations would enhance 
both satisfaction for consumers and revenue for service pro-
viders. Furthermore, the growth of the Internet and smart-
phone technology has resulted in the transformation the way 
people shop. People buy more and more products online 
through the Internet rather than performing traditional shop-
ping. e-Commerce offers its user with the prospect of brows-
ing enormous amount of product collections, being updated 

with the latest information, creating a wish list for a future 
purchase, comparing prices, and enjoying an enhanced ser-
vice based on user specific customization. This led to the 
growth of the digital market with high competitiveness that 
allows the customer to move from one e-Commerce service 
provider to others if their requirement is not satisfied [1]. As 
a result, e-Commerce buying pattern of a customer requires 
strong consumer behavior understanding when they browse 
through website or apps, along with, it has to identify the 
reason for the recent purchase of or not, an item [2]. Obtain-
ing this behavior information will aid e-Commerce applica-
tion to offer a more customized or personalized service to 
consumers, retaining consumer [3] and increasing profits [4]. 
However, identifying consumer’s behavior and the reason 
that motivates their purchase practice is a very difficult task.

The e-Commerce application offers consumers with a 
broad feature of navigation actions and choices. That is, con-
sumers can move freely across wide variety items categories, 
use different searching paths to select a particular item, or 
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use a different strategy to purchase items, for example. In 
general, when the customers are logged in, the cookies or 
web server logs store the customer information in an ordered 
way. The most useful of customer’s behavior is concealed 
in these web server logs, which must be identified and ana-
lyzed. An efficient analysis can aid to enhance the applica-
tion content and structure [5], to recommend an item or rec-
ognize user specific interest with respect to particular item 
set [8], and to adapt and customize item [6, 7]. For instance, 
data mining has shown their significance in identifying pat-
tern using log files. The objective is to identify usage traits 
and explore the consumer’s area of interest.

Various approaches and designs have been productively 
applied in the area of e-Commerce, such as clustering, clas-
sification, association rule, and sequential pattern or trait. 
In the majority of the application area, these approaches are 
utilized in conjunction with process mining methods. Such 
methods are part of BI (business intelligence) field and are 
applied to explore hidden pattern and its relationship with 
data using a specific algorithm [9]. An e-Commerce appli-
cation is an open environment, where almost any consumer 
behavior is probable. This elasticity makes identify con-
sumer behavior a challenging task [10]. The existing model 
focused on designing consumers liking based on their histor-
ical selection of products and always neglect the sequential/
trait information. It is important to consider that consumer 
preference changes with respect to the user’s behavior traits. 
Subsequently, rather than considering one type of behavior 
such as clicking on items in apps and purchasing in e-Com-
merce and there are many trait cases with multiple behav-
iors towards a product such as clicking, purchasing, adding 
to favorites, and so on. Therefore, it is necessary to model 
dynamic behavioral traits and collaboratively predict what 
a consumer will prefer or choose next under a particular 
behavior.

Recently, some efforts have been put into developing pre-
diction methods with sequential information [11–14]. How-
ever, to the best of our knowledge, none of the existing meth-
ods are designed for modeling traits with dynamic behaviors. 
In addition, if we directly treat different behaviors towards 
one item as different elements in traits, or simply neglect 
the differences among behaviors, the state-of-the-art meth-
ods will have difficulty in revealing the correlations among 
behaviors and items. In [15–17] used machine learning and 
a multi-layer network such as recurrent neural networks 
(RNN) [30, 31] for time or session behavior-based next-item 
recommendation. RNN is a natural choice to solve this prob-
lem and have been productively used for sequence-based 
recommendation problem in the state-of-the-art methods 
such as translation, speech recognition, signal processing, 
and time series forecasting. In the recommendation system, 
recurrent neural networks have been applied recently to the 
session-based recommendation environment with efficient 

outcome [30]. The advantages of the recurrent neural net-
work over the state-of-the-art similarity-based methods for 
recommendation is that they can productively learn the 
whole session of consumer interaction such as click, views, 
etc., aiding in increased accuracy over the state-of-the-art 
model. However, for behavior prediction tasks, the state-
of-the-art recurrent neural network-based prediction model 
does not conform to complex real situations, particularly for 
the most recent features in historical traits [17, 30, 31]. Since 
the nature of the recommendation task involves large output 
spaces (due to a large number of items), poses distinctive 
challenges that need to be taken into consideration as well 
when modeling an efficient recommendation model consid-
ering dynamic behavior traits which are not fixed.

For overcoming above research challenges, the proposed 
work aims to build an efficient customer centric recom-
mender system using dynamic behavioral traits of users 
considering location-centric information. First, we capture 
the features of diverse categories of behaviors in past his-
torical traits, and then, our model considers to use behav-
ior-specific transition matrices. Second, we design Hybrid 
Location-Centric Prediction (HLCP) model as a recurrent 
structure to obtain long-term contexts in traits. It models 
several elements in each hidden layer and uses location-cen-
tric transition matrices to obtain short-term contexts of the 
past history of user traits using feedforward neural network. 
Then, Bayesian personalized ranking model is used to maxi-
mize the objective function of learning of HLCP model. Our 
HLCP model not only can model the refined features of the 
most recent items in traits, but also can work with long-term 
contexts with a recurrent architecture.

The existing recommendation model is designed consid-
ering either short-term or long-term context. However, the 
proposed recommendation model is designed considering 
both short- and long-term context. Furthermore, the existing 
recommendation model is designed considering static user 
behavior, and for modeling, location-centric recommenda-
tion location history is used. In general, user preference or 
behavior changes from time to time and with respect to loca-
tion. Thus, it is important to model to consider dynamic 
behavior and location information of the user. As a result, 
the existing model cannot be applied for performing loca-
tion-centric-based item recommendation. However, the pro-
posed hybrid recommendation can extract long-term user’s 
location information using RNN model and short-term con-
text user’s location information using feedforward neural 
network. In the existing model time, stamp information is 
used to extract session or time centric information. How-
ever, in the proposed model time, stamp information is used 
to extract location information and along with time centric 
information is extracted. For carrying out experiment Tmall 
data set is used. The Tmall data set is composed of infor-
mation such as item id, user id, buys, clicks, session spent, 
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time stamp information, etc. Thus, location information can 
be extracted from Tmall data set, as it provides timestamp 
information. For evaluating the recommendation model, 
hit rate and mean reciprocal rate are considered. Since it is 
a widely used parameter to evaluate the recommendation 
model, the proposed recommendation model attains good 
performance in terms of hit rate and mean reciprocal rate 
when compared with the existing model.

The research contribution as follows:

•	 To the best of our knowledge, no prior work has been 
considered for predicting dynamic behavioral traits of 
users considering location-centric information of the 
user.

•	 Designing of hybrid recommendation model, namely, 
HLCP for modeling both short-term and long-term con-
texts.

•	 HLCP model can not only be used for location-based rec-
ommendation, but also used recommending add posting 
location on a website or application.

•	 HLCP model attains good performance in terms of HR 
and MMR over existing hybrid recommendation model.

The rest of this paper is organized as follows. In Sect. 2, 
literature survey is presented. In Sect. 3, the proposed hybrid 
location-centric e-Commerce recommendation model using 
dynamic behavior trait of customers is presented. In the 
penultimate section, an experimental study is carried out. 
The conclusion and future work are described in the last 
section.

2 � Literature survey

This section presents an extensive survey of the various 
state-of-the-art e-Commerce recommendation system, tech-
nique, its advantage, and disadvantages. In [20], showed 
extensive work is carried out to model long-term behavior 
analysis. Then, showed that the existing model is designed 
using dimensionality reduction methods applied to the 
user-item interactions of historical data. Furthermore, they 
showed the importance of modeling the short-term behavior 
of the user. Thus, they analyzed the RNN model on both 
long-term and short-term recommendation cases and identi-
fied the suitable parameter for stacked RNN with layer nor-
malization and tied item embeddings.

In [21], showed using location histories (i.e., location-
based social networks) will aid better understanding of cus-
tomers preferences. They presented a location-based prefer-
ence aware recommendation model, where user preference 
is learned using user location history and social sentiments 
are obtained from location histories of the local authori-
ties. They aimed to address data sparsity issues using offline 

and online recommendations using the iterative model. In 
the offline method, each user’s personal preferences are 
weighted hierarchy and depict user knowledge of a particular 
location with respect to the different categories of locations. 
In the online model, it chooses local knowledge that matches 
customer preference using the candidate selection method. 
Finally, top-k ranked location is recommended for the user.

In [22, 23] showed user activity (behavior) changes with 
respect to location. In [22], introduced spatial behavior 
information as the hidden factor capturing both users’ behav-
ior and location preferences using Multi-task Context-Aware 
RNN (MTC-RNN). The MTC-RNN is modeled to combine 
both sequential dependency and temporal regularity of spa-
tial behavior information. Similarly, [23] considered both 
spatial and temporal contextual information for modeling 
user behavior and are used for forecasting future location 
of the user. They showed that tensor factorization suffers 
from cold start problem for forecasting future behavioral 
event and factorizing personalized Markov chain is designed 
considering robust independence assumption among differ-
ent factors, which limits its performance. Thus, the RNN 
model performs better than tensor factorization and factor-
izing personalized Markov chain. However, all these meth-
ods have a problem in incorporating geographical distance 
and continuous time interval. For addressing, they presented 
Spatial–Temporal RNN. Their model can incorporate spa-
tial context and local temporal in each layer with session-
specific transition matrices for the varied time period and 
distance-specific transition matrices for varied geographic 
distances.

In [24], showed point of interest [25] recommendation 
has attained wide interest due to the rapid growth of Loca-
tion-Based Social Networks (LBSNs). The LBSN aid in 
obtaining both explicit (such as users’ moving trajectories) 
and implicit information of user’s personal preference and 
corresponding life patterns based on different contexts (such 
as geographical locations and time). Here, they presented 
Attention-based RNN (ARNN) to offer an explicable recom-
mendation system using sequential check-in information of 
the respective customer rather than using frequency visit, a 
distance parameter, and social relationship. ARNN uses a 
deep neural network (DNN) [17] to offer recommendations 
utilizing past visiting behavioral traits rather than showing 
top-N recommendations.

Recently, a number of hybrid recommendation models 
are presented by combining two different learning methods 
to present efficient recommendation model. In [26] pre-
sented a hybrid collaborative method by combining gra-
dient boosting method and k-nearest neighbor algorithm. 
The k-nearest neighbor algorithm is used to filter similar 
item and customer and gradient boosting is used to forecast 
user’s rating for the products. In [27] presented the recom-
mendation model to solve data sparsity, cold start problem 
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by improving collaborative filtering using fuzzy clustering. 
Fuzzy clustering is used for performing user classification 
based on user context, and then, collaborative filtering is uti-
lized to recommend items for similar customers. In [28], pre-
sented a hybrid algorithm, where customers are first filtered 
(dimension reduction) based on the customer’s profile [29]. 
Then, clustering is performed on these filtered data using the 
k-means clustering algorithm. Finally, the nearest neighbor 
for active users is identified and builds recommendations 
by identifying the most common items from established 
clusters of subscribers. In [30], showed the recommender 
system is generally designed considering long-term prefer-
ence profiles. However, in the real-time recommendation 
model aids consumer for getting a better discount that they 
are interested in or point the visitor to discounted items. 
Here, they presented a systematic statistical model to ana-
lyze what is best for designing efficient recommendation 
algorithm such as the overall popularity of the products in 
the last few days, including their match with the consumer’s 
shopping interests in the earlier sessions, as well as informa-
tion about discounts. Using this information, they presented 
a novel hybrid model by combining the neighborhood-based 
method with DNN to forecast the importance of items for a 
respective shopping session.

From an extensive survey conducted, it can be seen most 
of the existing recommendation model is designed for mod-
eling either short-term or long-term behaviors of users. Very 
limited work is carried out considering both short-term and 
long-term context [20, 30]. Furthermore, in the Markov 
chain-based model, the components are independently 
combined. Thus, it assumes a robust independence assump-
tion among multiple features. On other side, [20, 21] are 
designed using RNN model [31].

Recurrent neural network model considers that the 
temporal dependency changes predictably along with the 
location in traits and is designed considering static user 
behavior. Thus, they are efficient in modeling short-term 
context. Along with, very limited work is carried out con-
sidering modeling location-centric prediction. Thus, there is 
a requirement to develop a new recommendation model that 
can model both short-term and long-term contextual behav-
ior traits of the user by building location-centric transition 
matrices to proving location-centric-based recommendation 
model which is presented in next section below.

3 � Hybrid location‑centric e‑commerce 
recommendation model using dynamic 
behavior trait of customer

This section presents a hybrid location-centric e-Com-
merce recommendation model using dynamic behavior trait 
of customers. The work aims to build an efficient hybrid 

location-centric prediction (HLCP) model for e-Commerce 
that models both short-term and long-term contexts con-
sidering the dynamic behavior of the user. First, the system 
model of HLCP is described. Second, we describe the detail 
of the RNN model and how it is used to model the long-term 
context. The behavior of user changes rapidly (short-term) 
when they are exposed to a new environment. That is when 
user travels to a different country (location) their priority 
changes. Similarly, user preference changes rapidly when 
certain ads are posted to a certain location of the applica-
tion user interface (AUI). Thus, the RNN model cannot be 
applied to model such a short-term context. Then, this work 
describes the working structure of the feedforward neural 
network for modeling short-term context in dynamic behav-
ior trait of the user. Furthermore, this work describes the 
static behavior modeling such as a customer will just view 
the list of item and spend some time on an e-Commerce 
website. Along with, we also considered more dynamic 
behavior such as user will view, click, buys, spend some 
time, etc. on an e-Commerce website. Then, we also show 
how this dynamic behavior model is used in proposed HLCP 
model. Finally, we will show how Bayesian personalized 
ranking is used for learning the recurrent neural network for 
predicting behavior trait of e-Commerce customer.

3.1 � System model

The basic architecture of recommendation model is com-
posed of the following modules, such as behavior log mod-
ule, a model analysis module, and recommendation algo-
rithm module. Behavior log module: this is used to store 
various kinds of consumer behaviors, such as item rating 
and browsing history. Model analysis module: this is used to 
analyze probable consumer interest based on user behavior 
traits log. Recommendation algorithm: this is used to estab-
lish the products which consumers are interested, and then 
recommend them to the respective user.

Let considers a set of items such as clothes, furniture, 
computer accessories, etc. as follows:

where un depicts the number of items considered and set of 
users such as male, female, children, etc. as follows:

where vn depicts the total number of user considered. This 
work considers e-Commerce application, which is composed 
of the following behavior such as:

where c1 depicts click stream, c2 depicts added items to cart 
list, c3 depicts adding to favorite list, and c4 depicts pur-
chased items.

(1)U
{

u1, u2,… , un
}

,

(2)V =
{

v1, v2,… , vn
}

,

(3)C =
{

c1, c2, c3, c4
}

,
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Similarly, in the application usage pattern there exist:

Behavior such as installing application, browse items, etc. 
Then, the task is to predict what users will purchase in the 
future using the proposed hybrid design.

3.2 � Recurrent neural network architecture

The recurrent neural network architecture is composed of 
multiple hidden layers. The hidden layer information of the 
recurrent neural network is dynamic in nature with respect to 
behavioral traits, where the pattern is repetitive. Thus, recur-
rent neural network faces problems in identifying (learning) 
short-term contexts in behavioral traits.

The RNN model is composed of an input layer, multiple 
hidden layers, and output layers, along with inner weight 
matrices. The activation parameter of the hidden layers is 
obtained as follows:

where iv
�
∈ �

e depicts the hidden illustration of user v at 
location � in a trait, swv

�

∈ �
e depicts the illustration of the 

�
th input item of user v . The activation function is repre-

sented by f (i) and transition matrix of the present item is 
represented as follows:

and the previous status is represented as follows:

D can obtain users’ present behavior and X  can propagate 
traits signals. Equation (5) shows executed iteratively to 
obtain or compute the status of each location in traits. The 
architecture of the recurrent neural network is shown in 
Fig. 1.

3.3 � Short‑term context modeling

As described in the previous section, RNN is not efficient in 
learning short-term contexts in behavioral traits. For modeling 
such case, this work presents a feedforward neural network 
(FFNN) with a solitary linear hidden layer. Therefore, in this 
work, it is considered a deterministic model. Using FFNN 
for behavior trait prediction problem, the absolute prediction 
representation of traits is constructed based on items input 
and transition matrices at each location. The next location is 
a linear prediction can be depicted using following equation:

(4)C =
{

c1, c2, c3
}

.

(5)iv
�
= f

(

Xiv
�
+Dswv

�

)

,

(6)D ∈ �
e

(7)W ∈ �
e.

(8)iv
�
=

o−1
∑

j=0

Djswv
�−j
,

where Dj ∈ �
e∗e depicts the transition matrix for the respec-

tive location in a behavior trait, and o is the number of com-
ponents modeled in a trait. The architecture of the FFNN 
model to model short-term contexts in behavioral traits is 
shown in Fig. 2.

Here, each location in the sequence is modeled with a pre-
cise transition matrix. In general, FFNN finds difficulty in effi-
ciently learning long-term contexts in behavioral traits.

3.4 � User static behavior modeling

This section presents the static behavior model that captures 
both long- and short-term context in the past data traits simul-
taneously, rather than one component in each hidden layer in 
the recurrent neural network. This working model takes multi-
ple components in each hidden layer and adds location-centric 
matrices into the RNN structure, which is described in Fig. 3.

Let us consider a user v , the hidden description of the user 
at the location � in a trait can be evaluated as follows:

(9)iv
�
= Xiv

�−1
+

o−1
∑

j=0

Djswv
�−j
,

Fig. 1   Architecture of the RNN model

Fig. 2   Architecture of the FFNN model



184	 Iran Journal of Computer Science (2019) 2:179–188

1 3

where o is the number of input items considered or used in 
each layer of HLCP; in this work, we call it an adaptive size. 
The location-centric transition matrices are given below:

Equation (10) obtains the influence factor of short-term 
contexts, that is, the jth item in each layer of HLCP, on 
consumer behavior, and the feature of consumer’s long-term 
history is learned using recurrent neural network architec-
ture. In addition, if we consider only one input for each layer 
and set the adaptive size o = 1 , the outcome of HLCP will 
be similar to RNN neglecting the non-linear activation func-
tion. An important thing to be seen here is when the traits are 
shorter than the adaptive size or the predicted location is at 
the very initial segment of a trait, that is, � < o . Therefore, 
Eq. (9) can be reformulated as follows:

where iv
0
= u0 , representing the preliminary status of con-

sumers. The preliminary status of the entire consumer must 
be similar. Since individual information does not come into 
picture when the consumer does not select an item. This 
consideration vo aid in addressing the cold start problem.

3.5 � User dynamic behavior modeling

Let us consider a case, where a user will click, add to cart 
and purchasen item. Similarly, they will use the applica-
tion, use it and then uninstall the application. Therefore, it is 
important to model multi or dynamic behavioral traits of the 
user for collaborative prediction of user future choice under 
precise behavior. Considering the case, we can neglect a dif-
ferent kind of behavior, or just considers different behavior 

(10)Dj ∈ �
e∗e.

(11)iv
�
= Xiv

0
+

�−1
∑

j=0

Djswv
�−j
,

towards one product as different components in the state-of-
the-art model. However, it is difficult to design and obtain 
correlation among such dynamic behavior towards a par-
ticular product. In this work, we consider behavior-based 
matrices to obtain features of different kind of behaviors. 
Then, the illustration of subscriber v at location � can be 
computed as follows:

where Ncv
�−j

∈ �
e∗e depicts a behavior-based transition 

matrix design with respect to behavior on the jth product of 
subscriber v . An important thing to be seen here is if there 
is only one kind of behavior, then the behavior-based matri-
ces can be eliminated. LCP can obtain the underlying fea-
tures of whether of different kinds of behavior in past traits. 
Furthermore, by computing whether subscriber v would 
perform behavior c on product w at traits location � + 1 can 
be obtained as:

where tv
�
 depicts the illustration for the current position of 

subscriber v at the traits position � , static hidden representa-
tion vv ∈ �

e and containing dynamic representation iv
�
.

3.6 � Learning of hybrid location‑centric prediction 
model

Bayesian personalized ranking model [32] is a pairwise 
ranking method used for the implicit feedback informa-
tion. The Bayesian personalized ranking has been used as 
an objective parameter that is widely applied for learning 

(12)iv
�
= Xiv

�
+

o−1
∑

j=0

DjNcv
�−j

rv
�−j
,

(13)zv,�+1,c,w =
(

tv
�

)U
Ncsw =

(

iv
�
+ vv

)U
Ncsw,

Fig. 3   Architecture of HLCP: 
HLCP is modeled to capture 
both short-term and long-term 
contexts in behavior trait
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recurrent neural network for predicting behavior trait of 
e-Commerce customer. In general Bayesian, personalized 
ranking considers that a customer desires a chosen set than 
a negative one. That is, it aims to maximize the probability 
using below equation:

where w′ depicts negative features, h(y) is a non-linear func-
tion selected using below equation:

Thus, by considering negative log likelihood, the fourth 
coming objective function can be minimized equivalently 
as follows:

where � depicts regularization power control parameter and 
�1 = {V , S,X,D,N} depicts parameter to be computed. The 
experiment is conducted to evaluate the outcome of HLCP 
shows significant performance which is experimentally 
proven in the next section in terms of Hit Rate (HR) and 
Mean Reciprocal Rank (MRR) performance.

4 � Simulation result and analysis

This section presents a performance evaluation of the pro-
poseHLCP recommendation model over existing hybrid 
recommendation model [30]. The existing model combines 
the nearest neighbor and RNN algorithm [31] to construct 
a hybrid recommendation model considering static user 
behavior. On the other side, the developed model combines 
RNN with feedforward neural network. Then, the RNN 
learning is performed with maximizing objective function 
using BPR [12, 32]. The HLCP and the existing hybrid 
model is implemented using python programing language.

For performance evaluation, Tmall data set [18] is con-
sidered. The Tmall data set is collected from Tmall [19], one 
of the biggest online shopping websites in China. It contains 
about 200,000 shopping records belonging to 1000 users on 
10,000 items. The temporal information of the data set is 
extracted based on the day level. It is composed of four dif-
ferent categories of behaviors such as purchasing, clicking, 
and adding to the shopping cart and adding to favorites. It 
suits for the task of multi-domain collective prediction on 
multi-behavioral traits. The data set obtained is preprocessed 
into training and test set. We considered four test cases, 
where, in each case first 70% of data is considered for train-
ing, and the remaining 30% of data is considered for testing. 
The regularization parameter � is set to 0.01. Then, on these 
test cases, we aim to predict what users will purchase in the 

(14)p
(

v, l + 1, c,w ≻ w�
)

= h
(

zv,l+1,c,w − zv,l+1,c,w�

)

,

(15)h(y) =
1

1 + e−y
.

(16)K1 =
∑

log
(

1 + e−(zv,l+1,c,w−zv,l+1,c,w� )
)

+
�

2
�2

1
,

future. The performance of the prediction task carried out 
using HLCP recommendation and existing hybrid model is 
evaluated in terms of hit rate (HR) and mean reciprocal rate 
(MRR).

4.1 � Hit rate performance evaluation

This section presents performance evaluation based on the 
accuracy of the HLCP model and existing hybrid model. 
The performance of both models is evaluated in terms of HR 
which is tabulated in Table 1. The average hit rate perfor-
mance attained by the proposed HLCP model over existing 
hybrid model is shown in Fig. 4 considering the top-10k 
recommendation. From Fig. 4 and Table 1, it is seen that the 
proposed hybrid model attains significant performance when 
compared with the existing model in terms of HR consider-
ing top-10k recommendation/iteration. Similarly, an experi-
ment is conducted considering top-20k recommendation, as 
shown in Table 2. The average hit rate performance attained 
by the proposed HLCP model over existing hybrid model is 
shown in Fig. 5 considering the top-20k recommendation. 
The outcome shows that the HLCP model attains significant 
performance than the existing model in terms of HR.

Table 1   Hit rate@10 performance attained for Tmall data set

Baseline Met-
ric@ 10

Existing hybrid model [30] Proposed HLCP
HR HR

Case 1 0.0001745 0.0755046
Case 2 0.00006747 0.09454
Case 3 0.000066649 0.08828
Case 4 0.00007379 0.08357
Average 0.00009560225 0.08547365

Fig. 4   Average hit rate performance attained by the proposed HLCP 
model over the existing model considering the top-10k recommenda-
tion
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4.2 � Mean reciprocal rate performance evaluation

This section presents performance evaluation based on the 
accuracy of the HLCP model and existing hybrid model. 
The accuracy performance of both models is evaluated in 
terms of MRR which is tabulated in Table 3. The average 
MRR performance attained by the proposed HLCP model 
over existing hybrid model is shown in Fig. 6 considering 
the top-10k recommendation. From Fig. 6 and Table 3, it 
is seen that the hybrid model attains significant perfor-
mance when compared with the existing model in terms of 

MRR with top-10k recommendation/iteration. Similarly, 
the experiment is conducted with a top-20k recommenda-
tion, as shown in Table 4. The average MRR performance 
attained by the proposed HLCP model over existing hybrid 
model is shown in Fig. 7 considering the top-20k recom-
mendation. The outcome shows that the HLCP model 

Table 2   Hit rate@20 performance attained for Tmall data set

Baseline Metric@ 20 Existing hybrid model 
[30]

Proposed HLCP

HR HR

Case 1 0.0002811 0.10107
Case 2 0.000168 0.1228
Case 3 0.0001466 0.11577
Case 4 0.0001106 0.11098
Average 0.000176575 0.112655

Fig. 5   Average hit rate performance attained by the proposed HLCP 
model over the existing model considering the top-20k recommenda-
tion

Table 3   Mean reciprocal rate@10 performance attained for Tmall 
data set

Baseline Met-
ric@ 10

Existing hybrid model [30] Proposed HLCP
MRR MRR

Case 1 0.0000391 0.0339255
Case 2 0.00001299 0.044203
Case 3 0.0000129 0.40099
Case 4 0.000022547 0.03830414
Average 0.00002188425 0.12935566

Fig. 6   Average mean reciprocal rate performance attained by the pro-
posed HLCP model over the existing model considering the top-10k 
recommendation

Table 4   Mean reciprocal rate@20 performance attained for Tmall 
data set

Baseline Metric@ 20 Existing Hybrid Model 
[30]

Proposed HLCP

MRR MRR

Case 1 0.0000461 0.03568
Case 2 0.00001926 0.046157
Case 3 0.0000169 0.0420215
Case 4 0.0000249 0.040191
Average 0.00002679 0.041012375

Fig. 7   Average mean reciprocal rate performance attained by the pro-
posed HLCP model over the existing model considering the top-20 k 
recommendation
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attains significant performance than the existing model 
in terms of MMR.

4.3 � Results and discussion

The overall result attained shows the efficiency of the hybrid 
model, namely, HLCP when compared to the state-of-the-art 
models [12, 17, 30–32]. The significant results attained are 
due to consideration of location-centric-based item recom-
mendation model with the dynamic behavior of the user by 
proposed design. Whereas the existing model is designed 
with static behavior of user and location-centric information 
is neglected by the state-of-the-art models.

5 � Conclusion

The work presents an efficient recommendation model for 
e-Commerce industries. This hybrid recommendation model 
considers location-centric information and dynamic behav-
ior of the user. No other existing research has considered 
the dynamic behavior of user and location-centric-based 
recommendation model. The Hybrid model is designed 
by combing RNN with FFNN for modeling short term and 
long term, respectively. Then, BPR is used maximizing 
learning objective function of HLCP model. The HLCP is 
designed as a recurrent structure to obtain long context in 
traits and it models several elements in each hidden layer 
and uses location-centric transition matrices to obtain short-
term contexts of the past history of user traits. Our HLCP 
model not only can model the refined features of the most 
recent items in traits, but also can work with long-term con-
texts with a recurrent architecture considering the dynamic 
behavior of users. The experiment is conducted to evalu-
ate the performance of HLCP over exiting hybrid model. 
The outcome shows that an average hit rate performance of 
0.00009560225 and 0.08547365 for top-10k recommenda-
tion is attained by the proposed HLCP and existing hybrid 
model, respectively. Similarly, for top-20k recommendation 
an average hit rate performance of 0.000176575, 0.112655 is 
attained by HLCP and existing hybrid model, respectively. 
Furthermore, an average mean reciprocal rate performance 
of 0.00002188425, 0.12935566 for top-k recommendation 
is attained by HLCP and existing hybrid model, respectively. 
Similarly, for top-20k recommendation an average mean 
reciprocal rate performance of 0.00002679, 0.041012375 is 
attained by HLCP and existing hybrid model, respectively. 
The overall result attained shows significant performance 
attained by HLCP over the existing model in terms of 
MMR and HR. The future work would consider evaluat-
ing under different data set such as Movielens, Amazon, 
Youchoose etc. Furthermore, consider incorporating time 

centric information for behavior analysis for attaining effec-
tive recommendation.
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Abstract. The Antlion algorithm (ALO) is used here for solution of energy
management problem. This algorithm is compared with particle swarm opti-
mization (PSO), genetic algorithm (GA) and BAT algorithms. The need of
energy management increases as the power system loses more power due to
wrong management of power. The energy management in industrial loads can
save more for industry. Due to the recent tariff plans by Indian government
makes the energy management mandatory in the industry to save the peak time
load. Many management techniques are provided by the researchers. The seg-
regation of loads to fixed, shiftable and uninterruptable load makes the man-
agement of load easy but when it is planed hourly it is not easy to schedule. The
proper constraints also have to be considered to make the scheduling more
practical. So, the problem is formulated and solved using meta-heuristic tech-
niques in MATLAB.

Keywords: Ant-lion optimization � Particle swarm optimization �
Genetic algorithm � BAT algorithm � Energy management system

1 Introduction

There might be a huge increase in energy demand in 2020 as per [1]. This shows the
requirement of power. So, there is a huge need in optimal power scheduling, renewable
resources base power generation [2] etc. Based on renewable resources the smart grids
play important role. It uses the recent technologies to communicate between the cus-
tomer and the generator [3]. The advanced metering concepts improves the optimal
power delivery to the homes with smart meters.

Another important factor is demand side management for improving the power
deliver [4]. This concept uses a program which gives incentives to the customer if they
are avoiding peak load. It communicates in two-way and it keeps informing the smart
grid regarding pricing, load on utility, load shedding and any failures. Each customer
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can choose their load timing. The user comfort also should not be spoiled due to the
scheduling. So, there is a tradeoff between cost of energy and user comfort.

To give solution to the above problem the energy management problem is for-
mulated and solved for industrial load. In this paper the new ant-lion optimization
algorithm [8] is implemented to solve this energy management issue and compared
with PSO [6], GA [6] and BAT [7] algorithm.

2 Problem Formulation

In the energy management recent technology play important role. As the power of each
devices are known already, the switching of the load can be done easily. In [5] the
embedded scheduler is done for EMS system. Recent smart meters can transfer data
two way. So, it transfers between customer and utility. The data can be transferred
between, pricing signal from the energy market and the load demand. The architecture
of EMS system for an industry is shown in Fig. 1.

Fig. 1. Proposed system

Table 1. Load type

Load type Devices Power in Kwh Hours operated

Fixed load Furnace 5 16
Refrigerator 4.5 19
Air conditioner 7.2 14

Shiftable Driller 3.5 13
Water heater 2.5 17
Water pump 0.8 14
Fans 0.7 16

Uninterruptible Tank cleaner 3.5 10
Lights 1.5 5
Dryer 1.4 4
Mixer 1 20
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Table 1 shows the load type and separated it as fixed, shiftable and uninterruptable
and 11 loads are considered with its power rating and operating hours.

2.1 Fixed Devices

UðtÞ ¼
X
fa2Fap

X24
t¼1

qfa � cfaðtÞ
 !

ð1Þ

where a = {1, 2,…,n} and t = {1, 2,…, 24}.
cfa(t) is ON/OFF state of the appliance in that timeslot.

2.2 Shiftable Devices

VðtÞ ¼
X
sa2Sap

X24
t¼1

qsa � csaðtÞ
 !

ð2Þ

where csa(t) is the ON/OFF state of the appliance in that hour. Our focus is to
minimize the per hour cost of each appliance, as a result the overall cost will be
reduced.

2.3 Uninterruptible Devices

WðtÞ ¼
X

uia2UIap

X24
t¼1

quia � cuiaðtÞ
 !

ð3Þ

UIap is the set of un-interruptible appliances such that uia�UIap and uia is the power
rating of each appliance. The total power consumption W of this category appliances
can be calculated using Eq. 3.

2.4 Energy Consumption Model

The total energy consumption of all the devices in each hour can be calculated using
the following equation.

PTðtÞ ¼
P

fa2Fap

P24
t¼1

qfa � cfaðtÞ
� �

þ P
sa2Sap

P24
t¼1

qsa � csaðtÞ
� �

þ P
uia2UIap

P24
t¼1

quia � cuiaðtÞ
� �

ð4Þ
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2.5 Energy Cost Model

CT ¼
XT
t¼1

ðPðtÞ � kðtÞÞ ð5Þ

Where k is pricing signal used in our work.

3 Antlion Algorithm

The hunting behavior of antlion is formed as algorithm for optimization solutions. Here
ants are the population as per the power system term it is control signal. Here, Prey is
the objective function. The hunting of objective function with random walks of the
control signal, building the control traps, entrapment of population, catching the
objective function and rebuilding the trap as known as control and rebuild new pop-
ulation are the different steps involved in it. The algorithm is given below,

Step1: randomly populate the ants and antlions
Step2: calculate control error or fitness function
Step3: find the antlion which finds prey faster and name it as elite.
Step4: while the stop criteria are not satisfied then,

Do (for loop) every ant as below,
Roulette wheel selection of antlion
Update C and D using below equations,

ct ¼ ct

I

dt ¼ dt

I

Create a random search and normalize it using

X tð Þ ¼ 0; cumsum 2r t1ð Þ � 1ð Þ; cumsum 2r t2ð Þ � 1ð Þ; . . .:cumsum 2r tnð Þ � 1ð Þ½ �

Xt
i ¼

Xi � aið ÞX di � cið Þ
dti � aið Þ þ ci

Update the position of each ant using

Anti ¼ Rt
A þRt

E

2

end for
Calculate the fitness of all the control variables
Replace the antlion with the corresponding ant if the
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Antliontj ¼ Antti if f Antti
� �

[ f Antliontj
� �

Update elite if newer is fitter
End the while

4 Results and Discussion

The data is collected in local sugar factory in Karnataka. The Karnataka tariff is
provided in Table 2. The average cost of electricity taken is Rs. 3.50. The scheduling is
done as per the load data available. There are 11 loads considered and it is separated as
fixed, shiftable and uninterruptable. Fixed load cannot be scheduled. Shiftable can be
scheduled at any time. Uninterruptable can be scheduled without switching it off
intermittently.

There are four algorithms used for solving the problem. GA, PSO, BAT and ALO.
These four algorithms used here and solutions are shown in the figures. Figure 2 shows
the convergence of all the four algorithms. Tables 3, 4, 5 and 6 shows the scheduling in
that ‘1’ means on and ‘0’ means off. The electricity tariff in India is shown in Fig. 3.

Table 2. Tariff in Karnataka, India

Time of day Tariff

22.00 h to 06.00 h (−) 125 paise per unit
06.00 h to 18.00 h 0
18.00 h to 22.00 h (+) 100 paise per unit

Fig. 2. Compared cost function
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Fig. 3. BESCOM electricity tariff

Table 3. GA Algorithm results

Time 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Hours 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fixed 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

Load 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0

Shiftable
1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0

Load 1 1 1 1 1 0 1 0 1 0 1 1 1 0 1 0 1 0 0 1 1 1 1 1

type
load 0 1 0 0 1 1 1 1 1 0 1 1 1 0 1 0 1 0 1 1 0 0 1 0

0 1 0 1 0 0 1 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1 0
1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Un-interruptable
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0

Table 4. PSO Algorithm results

Time 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Hours 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fixed
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

Load 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0

Shiftable
1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0

Load 1 1 1 1 1 0 1 0 1 0 1 1 1 0 1 0 1 0 0 1 1 1 1 1
load 0 1 0 0 1 1 1 1 1 0 1 1 1 0 1 0 1 0 1 1 0 0 1 0

type 0 1 0 1 0 0 1 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1 0
1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Uninterruptable
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0

Table 5. BAT Algorithm results

Time 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Hours 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fixed
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

Load 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0

Shiftable
1 1 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 0 1 1

Load 0 0 1 1 1 1 1 0 1 0 0 1 1 1 1 0 1 0 1 1 1 1 1 1
load 0 1 1 1 1 0 0 1 1 0 0 0 0 1 0 1 1 1 1 1 0 1 1 0type 1 1 0 1 1 1 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 1 1 0

1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Uninterruptable
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
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Table 7 shows the final cost value with execution time. It shows that ALO algo-
rithm shows the best result with lesser cost and time.

5 Conclusion

The industrial loads are considered here for energy management problem. The loads are
separated as different types by considering the requirement of the industries like fixed,
shiftable and uninterruptable. Then the cost formula is formulated as objective function
and the type of load are considered as constraints. The problem is solved by four
different algorithms and the results are graphed and tabulated. Finally, the Ant-lion
algorithm is identified as solution for this energy management problem.
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ABSTRACT--- In this paper, authors made an attempt to 

implement the active noise control technique (ANC) to decrease 

the amplitude of noise communicating through the environment 

using an electro-acoustic (EA) system with the help of 

measurement sensors such as microphones and output actuators 

such as loudspeakers.  In general, the noise signal is generated 

from ambient; therefore, it is easy to detect the noise in the 

vicinity of its source. The main objective of developing the ANC 

system is to generate an “anti-noise" that reduce the unwanted 

noise in a desired quiet region using an appropriate adaptive 

filter. The simulations were performed in the MATLAB 2015 

environment and satisfactory results were obtained using the 

proposed technique. The problem under study is different from 

traditional adaptive noise cancellation techniques in two ways. 

Firstly, it is not possible to measure the desired response of a 

signal directly measured; only the signal with reduced magnitude 

is present. Secondly, the ANC system is required to take into 

consideration the secondary loudspeaker-to-microphone error 

(LME) path in its adaptation. 

1. INTRODUCTION 

In case of electrical noise cancellation, Adaptive 

filters are mostly used wherein the desired signal 

is considered as a filter output. In control 

applications, the adaptive filter serves as a 

controller with the capability to control the 

dynamic systems containing actuators and 

amplifiers. In such types of systems, estimate (anti 

sound) is considered as the electrical quantity 

received from a dynamic system. Since dynamic 

system exists between the filter output and 

estimate, the selection of adaptive filter is done 

with utmost care. In this work, the ANC technique has 

been proposed to reduce the magnitude of an unwanted 

noise communicating through the environment using an EA 

system using measurement sensors such as microphones and 

output actuators such as loudspeakers.  As we know that the 

noise signal generally comes from environment; therefore, it 

is possible to detect the noise close to its source. The 

ultimate goal of developing the ANC is to attenuate the 

noise signal in a desired quiet region by using an “anti-
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noise" that could be produced using an appropriate adaptive 

filter. After implementation of the proposed technique, the 

simulation results were obtained   in MATLAB and the 

results seems to be quite satisfactory. The problem under 

study is different from traditional adaptive noise 

cancellation techniques in two ways. Firstly, it is not 

possible to measure the desired response of a signal directly 

measured; only the signal with reduced magnitude is 

available. Secondly, the ANC system is required to take into 

consideration the secondary LME path in its adaptation. 

2. METHODOLOGY USED & RESULTS 

In control applications, the adaptive filter is used as a 

controller with the capability to control the dynamic systems 

containing actuators and amplifiers. In such sort of systems, 

estimate (anti sound) is considered as the output signal 

received from a dynamic system. Since dynamic system 

exists between the filter output and estimate, the selection of 

adaptive filter is done with utmost care. In this case, a 

conventional adaptive LMS algorithm is found to be 

unstable due to the delay provided by the forward path [1, 

2]. The x-LMS algorithm is well known adaptive filter 

algorithm that has proven its worth for active control (AC) 

applications [3]. LMS algorithm is the foundation of filtered 

x-LMS algorithm, which is illustrated by Figure 1. In this 

algorithm, a forward path is introduced between the input 

signal and the algorithm for the adaptation of the coefficient 

vectors [3, 4]. 

 

 
The implementation of active noise control technique is 

discussed as follows step by step: 
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(a) The Secondary Communication Path 

(b) Determination of Secondary Propagation Path 
(SPP) 

(c) SPP Design 

(d) Performance evaluation of SPP Estimate 

(e) The Primary Communication Path 
(f) The Noise Cancellation 

(g) ANC Using the Filtered-X LMS  

(h) Residual Error Signal (RES) Spectrum 

(a) The Secondary Communication Path 

SPP is considered as the path that is followed by anti-

noise from the output loudspeaker to the error microphone 

(LTEM). A LTEM impulse response of frequency range 160 

- 2000 Hz was produced with a filter of length 0.1[1-2]. In 

order to perform this operation, a sampling frequency of 

8000 Hz was used. 

 

 
Figure 2:  Impulse Response of True SPP 

(b) Determination of SPP  

In the ANC system, first we calculate impulse response of 

the secondary communication path.  This step is generally 

implemented before controlling the noise through generation 

of random signal. It is obtained from the output loudspeaker 

in absence of noise.  To accomplish this, the random signal 

of 3.75 seconds time duration along with the measured 

signal at the error microphone was generated [3]. The 

impulse response of secondary path is illustrated in Figure 2. 

(c) SPP Design 

Most often, the length of the secondary communicating 

path filter is not equal to the length of the actual secondary 

communicating path. It does not require being so for an 

effective control in major active noise control techniques. A 

secondary filter with a length of 250 taps was used. This 

was used in response to an impulse response that has the 

length of 31 msec.  While any adaptive FIR filtering 

technique may be used to perform it, the LMS algorithm is 

mostly preferred due to its reliability, robustness and higher 

efficiency [4-6]. The secondary path impulse response is 

plotted and illustrated in figre2. The output response of the 

normalized LMS filter is presented in Figure 3. 

 

 
Figure 3: Output Response of Normalized LMS Filter   

(d) Performance evaluation of SPP Estimate 

The accuracy of the SP impulse output response is 

calculated from the plot that depicts the coefficients of both 

the actual and approximated path.  However, it was not 

possible to estimate the actual output of the tail accurately. 

The ANC system remains unaffected due to this error while 

deployed for a particular task [7].The output impulse 

response for a secondary communicating path is displayed 

as figure 4. 

 

 
Figure 4: Output Impulse Response for Secondary 

Communicating Path 

 

(e) The Primary Communicating Path   

A linear filter was designed for the cancellation of noise 

in the propagation path. For this, the impulse response was 

generated that is shown in Figure 5 in the band of 200-800 

Hertz. 
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Figure 5: Output Response of Primary Communicating 

Path  

(f) The Noise Cancellation 

In our research work, a typical active noise control 

application was applied by synthetically generating 7.5 

seconds of an ambient noise [8]. The spectrum of the sound 

was also generated. The plot for the power spectral density 

(PSD) of the estimated noise is given in Figure 6. 

 

 
Figure 6: PSD of the Estimated Noise  

(g) ANC Using the Filtered-X LMS  

 The filtered-X LMS algorithm is very popular adaptive 

system for ANC. In this we approximated the secondary 

path to yield an electrical output response which get mixed 

with the noise at the error sensor. Here, we get the noisy 

signal.  In this, a controller filter length of about 44 msec 

with a size of 0.0001 has been incorporated for this signal 

[9, 10]. The resulting algorithms tend to converge after 5 

seconds. With the error signal, the output volume level is 

decreased significantly. The output response of Filtered 

LMS is illustrated in Figure 7. 

 
Figure 7: ANC Using the Filtered LMS Adaptive 

Controller  

 (h) REC Spectrum 

After having compared the spectrum of the RE signal 

with the original one, we found that most of the periodic 

components were suppressed highly. The noise cancellation 

was not done equally over all frequencies range; however, 

this is acceptable for real-world systems applied to ANC 

systems [19-20]. PSD plot of original and suppressed noise 

signal is given in Figure8. 

     

 
Fig. 8: PSD of the Original and suppressed Noise Signal  

3. CONCLUSION 

In the current work, a filter of 0.1 seconds duration was 

generated for SSP by using a LTEM impulse response 

having band limit range from 160 - 2000 Hz. A sampling 

frequency of 8000 Hz was used in this. To approximate the 

secondary propagation path, 3.75 seconds of random noise 

signal was activated along with the detected signal at the 

microphone. SPP was designed using a secondary 

communicating path filter with a length of 250 taps, in 

response to an impulse signal 31 milliseconds duration. The 

LMS filter has been employed here due to its better 

performance and robustness. The output and error illustrated 

by different figures demonstrates that the algorithm 

converges after running 10,000 iterations. For creating the 

primary propagation path, a filter with a length of 0.1  
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seconds was employed using an input-to-error microphone 

impulse response in the frequency range of 200 - 800 Hz. In 

our research work, a typical ANC application has been 

applied by synthetically generating 7.5 seconds of an 

ambient noise.   
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Abstract: In the present study, turning of two grades of
composites such as ZA43 silicon carbide and ZA43 silicon
carbide and graphite was carried out. The fabrication of
both categories of composites were done using stir cast-
ing technique. The silicon carbide of grit size 60µm with
concentration of 5%was reinforced for one category of the
composite and for the other grade of composite, 5% silicon
carbide and graphite were added. Thus fabricated materi-
als were turned on a conventional lathe using coated car-
bide tools (SNMG). Dry turning of the fabricated composite
was carried out with varying cutting parameters. Measure-
ment of cutting force was done for the both compositions
of fabricated materials using lathe tool dynamometer. It
was observed that, whilemachining composite containing
silicon carbide and graphite, tool experience more cutting
force than composite containing silicon carbide alone.

Keywords: Hybrid metal matrix composites, turning,
coated carbide tool, graphite, cutting force

1 Introduction
Aluminiummetalmatrix composites findwide range of ap-
plications in the field of automobile industries, aerospace
applications, defence etc. due to their excellent proper-
ties such as light weight, high strength, wear resistance,
strength – weight ratio, strength to cost ratio and low ther-
mal expansion [1]. A lot of efforts have been made to mix
the hard particulates such as SiC, Al2O3, B4C into alu-
minium based MMCs. Literature survey reveals that, SiC
is the best reinforcement for aluminium based MMCs due
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to its chemical affinity towards the aluminium and forms
a good bond with the matrix without developing inter-
metallic phase. Nowadays, due to increased industrial re-
quirement of engineeringmaterials which are having high
strength and high wear resistance, hybrid MMCs are devel-
oped [2, 3]. The main factor that prevents embracing the
MMCs is the difficulty in machining them due to high abra-
sive and intermittent nature of the reinforcements. Gener-
ally MMC components are mostly manufactured near to
the close dimensions and then machined to the final di-
mensions and final surface finishes. Conventional tool ma-
terials such as high speed steel cannot be used for the ma-
chining of MMCs because of the rapid tool wear. Coated or
uncoated carbide tools and ceramic tools sustain the tool
wear significantly and are best choice for themachining of
MMCs [4–7].

Zinc andAluminiumbased alloys have very goodwear
resistance properties which are comparable with proper-
ties of cast iron. Commercially available ZA alloy has 27%
of aluminium which has favourable properties. When the
presence of aluminium in the alloy increased to 43%, the
wear resistance and hardness increases, at the same time
fluidity and elasticity decreases. Adding the ceramic par-
ticulate particles to such a highwear resistant alloymakes
the resultant alloy to have superior wear resistant prop-
erty [8–11]. Machining such composite with commercially
available tool is very difficult because of hard reinforce-
ment. The important factor which influence the tool life
is supply of lubrication during the machining process. In-
stead of applying fluid externally for machining process,
solid lubricant is introduced into the matrix during fab-
rication stage itself so that the friction during machining
process get reduced and life span of cutting tool improves.
Adding graphite to ZA alloy reduces the tool wear at all
working conditions because it offers less coefficient of fric-
tion between work piece and tool [12].

In this paper importance is given to analyze the de-
velopment of cutting force during the machining of MMC.
When an alloy alone comes in contact with the cutting
tool during the process of machining, forces developed on
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the cutting tool is somewhat predictable. But when the re-
inforcements embedded in the same alloy come in con-
tact with the tool forces acting on the tool become un-
predictable. The soft matrix phase in the matrix deforms
plastically easily and show good machinability character-
istics, whereas the hard reinforcement phase behaves un-
naturally. Many researchers have studied and presented
their ideas theoretically and experimentally regarding the
cutting force developed while machining these heteroge-
neous materials.

Anandakrishnan and Mahamani [13] investigated on
machinability of Al6061-TiB2 MMC fabricated through flux-
assisted synthesis. The result shows that higher reinforce-
ment ratio produces higher tool wear, surface roughness
andminimizes the cutting forces. Increase in cutting force
and the rate of flank wear with depth of cut and feed rate
was observed. PauloDevim [14, 15] investigated onmachin-
ability of Al-356 reinforcedwith SiC composite. Dry turning
was done using PCD tools. The results of the work show
that feed rate affects the surface roughness and cutting
speed affects the cutting force.

Manna and Bhattacharya [16, 17] worked on machin-
ability characteristics of aluminium MMC reinforced with
SiC particles. Turning was done using rhombic coated and
uncoated carbide tools and investigated the effect of feed
rate, cutting speed and depth of cut on cutting force was
analyzed. The results shows that increase in cutting force
with the increase in feed and decrease in cutting speed.
Chou [18] worked on the MMC and investigated the effect
of speed and feed on cutting force. The results of the study
reveal that the cutting force was decreased with increase
in cutting speed and increased with increase in feed rate.

Kishway et al. [19, 20] investigated on MMC and ob-
served that the linear increase in the cutting force with
the feed rate and decrease in cutting force with the cut-
ting speed. Rajaneesh and Sadashivappa [21] analysed the
cutting forces developed while machining the MMC using
ceramic tool. The results of study reveal that increasing
depth of cut, particle size and volume fraction increase
the cutting force significantly and increasing cutting speed
cause the decrease in cutting force. Suhas Joshi et al. [22,
23] developed amathematical model in order to determine
the cutting forces developed during the machining of alu-
minium based MMC reinforced with SiC. According to the
model, the reinforcement particles present in the MMC
are responsible for the variation in values of cutting force
during machining. Zhang [24] developed a mathematical
model to predict the cutting force and thrust force while
machining theMMC reinforcedwith hard particulates. The
cutting force was considered that it consist of components
due to formation of chips, ploughing and particle fracture,

anddisplacement.Merchant’s shear plane theory, slip line
field theory and Griffith theory were used for the calcula-
tion of these components respectively. The study revealed
that the cutting force developed due to ploughing and par-
ticle fracture is much more less than the cutting force de-
veloped due to chip formation. Sikdar [25] proposed the
similar type of model to determine the cutting force devel-
oped while machining the MMC reinforced with hard par-
ticulates by considering particle fracture force, ploughing
force and frictional characteristics at tool- chip and tool-
work interfaces. The effect of volume fraction of reinforce-
ments in the MMC on cutting force can also be calculated
using this model. In this model, only 3% cutting force and
15% thrust force variationwasobservedbetween the exper-
imental and mathematical values.

Looking at the observations proposed by the various
researchersmentionedabove, it is clear that there is a lot of
scope for the analysis of machinability of MMC reinforced
with hard particulates using various types of cutting tools.
In this paper, effect of graphite andmachining parameters
on cutting force development duringmachining of two dif-
ferent categories of materials was compared.

2 Materials and testing
The composition of zinc aluminiummatrix alloy is as given
in the Table 1.

Both the categories of composites were fabricated by
stir casting method. The setup of stir casting is as shown
in Figure 1. The weighed amount of metal as per the al-
loy composition is taken in the crucible and heated above
the melting temperature of aluminium till whole mass in

Table 1: Composition of matrix in their weight percentages

Element Al Cu Mg Zn
Percentage (wt.) 43 2.5 0.02 Rest

Figure 1: Stir casting mechanism for casting MMC
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Figure 2: a) SEM image of Un-hybridised MMC b) SEM image of hybridised MMC

Table 2: Cutting tool inserts specifications

Tool specification Tool image
Coated Tungsten Carbide – SNMG – 090308 (Kennametal WIDIA Tool)
Square insert with 9mm × 9mm square, thickness of 3mm and 0.8mm corner radius – Normal clearance
of 0∘ – Tolerance of nose height ±0.08 – ±0.18, Tolerance of inscribed circle ±0.05 – ±0.15, Tolerance of
thickness ±0.13, Double sided chip breaker. Triple layer CVD coated with Al2O3, TiN and TiCN.

Table 3: Selection of machining parameters and their levels

Parameters Units Level 1 Level 2 Level 3
Speed m/min 95 125 175
Feed mm/rev 0.05 0.1 0.15

Depth of cut mm 0.25 0.50 0.75

the crucible come to liquid phase. To have unhybridized
composite, pre heated silicon carbide particles (60 µm, 5%
by weight) were introduced in to the molten matrix and
stirred well using coated stainless steel blade at a speed
of around 600 rpm. The coating to the stainless blade was
done to prevent the diffusion of bladematerial in to thema-
trix material. To have hybridized material, to the molten
matrix, pre heated silicon carbide (60 µm, 5% by weight)
and graphite (10 µm, 5% by weight) powder both were in-
troduced and stirred.

The preheating of the SiC and graphite was done to im-
prove the wettability of the composite. A small percentage
of magnesium was added into the liquid metal which will
also help to increase the wettability [26, 27]. The stirring
was done for the uniform distribution of reinforcing mate-
rials in to the molten matrix. Thus stirred mass was trans-
ferred to suitable metallic dies and allowed for solidifica-
tion.Oncematerial attain the room temperature, specimen

were removed from the dies and subjected to further test-
ing conditions. The fabricated specimen bear dimensions
with 300 mm length and 54 mm diameter.

Microscopic study of the MMCs was carried out using
Scanning Electron Microscope (SEM) to know the distri-
bution of the reinforcing particles in the matrix. SEM im-
ages of the composites are shown in Figure 2(a) and 2(b).
The distribution of the particles was found uniform and at
some portions clustering of Graphite and SiC particles was
observed.

The main aim of the study is to compare the cut-
ting force development while machining hybridised and
un-hybridised composites in order to identify the effect
of Graphite on the cutting force development. Dry turn-
ing test was done on both categories of materials us-
ing coated carbide tool multilayered coated carbide insert
SNMG 090308 K15 with TiN, TiCN, Al2O3, and TiN coating.
The specifications of the cutting tool used in the experi-
mental work is given in the following Table 2. For each trial
fresh edge of the tool insert was used to turn a length of
75 mm. The cutting force (Fx) was measured during turn-
ing process using lathe tool dynamometer and the values
were recorded and compared. The machining parameters
considered for the experimentation and their correspond-
ing levels are presented in Table 3.
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3 Results and discussions
The force required to shear off thematerial plastically from
the workpiece depends on various factors such as hard-
ness, composition and microstructure of the material to
be machined, type and material of the cutting tool used,
heat generated during machining and machining parame-
ters. Experiment was done to determine the cutting force
developed duringmachining process by considering three
cutting parameters such as speed, feed and DOC. For each
trial, the cutting force was measured by keeping any two
parameters as constant and third parameter was varied.
Experiment was carried out both on hybridised and un-
hybridised composites and graphs were plotted and com-
pared to determine the effect of graphite on cutting force.

3.1 Effect of depth of cut on cutting force

Figures 3(a), (b), and (c) show the variation of cutting force
with DOC for constant feed rate of 0.05 m/rev and cutting
speeds of 95m/min, 125m/min and 175m/min respectively
for both hybridised (HC) and un-hybridised (UHC) com-
posites. The graph clearly indicates the increasing trend
with increase in depth of cut. Similarmachining tests were
done on fabricated composite specimen keeping feed con-
stant and varying cutting speed at three different levels
as mentioned earlier. In all the cases of experimentation,
upon increase in the depth of cut, increased cutting force
is noticed. Same trend is noticed even for hybridized com-
posite with higher cutting force. Approximately 30% in-
crease in the cutting force is noticed between two consec-
utive depth of cuts and nearly 20% increase in the cutting
force between unhybridized andhybridized compositema-
terial. When the DOC increases, tool penetrates more into
theworkpiece and hence therewill bemore area of contact
between the workpiece and tool. This results more friction
between the two surfaces which causes increase in cutting
force. The cutting force developed at higher depth of cut is
more for hybridised composites than un-hybridised. The
reason for higher cutting force for hybridized composite is,
addition of graphite as a secondary reinforcement along
with SiC which increases the hardness level of the compos-
ite [12]. Increased material hardness certainly offers high
resistance for the material deformation. The presence of
more reinforcement concentrationpacked inside themetal
matrix impinges the cutting tool inturn increases the cut-
ting force.

Figure 3: Variation of cutting force with depth of cut, (a) cutting
speed 95 m/min, feed 0.05 mm/rev (b) cutting speed 125 m/min,
feed 0.05 mm/rev (c) cutting speed 175 m/min, feed 0.05 mm/rev

3.2 Effect of feed on cutting force

During the machining process, feed rate has great influ-
ence on variation in cutting force. The machining tests
were done on both the categories of materials with increas-
ing feed viz. 0.05 mm/rev, 0.1 mm/rev and 0.15 mm/rev re-
spectively by keeping constant depth of cut of 0.25mmand
three cutting speeds as mentioned earlier. The following
graphs were plotted considering recorded values of the ex-
perimental work.
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Figure 4: Variation of cutting force with increasing feed rate (a)
cutting speed 95 m/min, depth of cut 0.25 mm (b) cutting speed 125
m/min, depth of cut 0.25 mm (c) cutting speed 175 m/min, depth of
cut 0.25 mm

By observing the trend, it is clear that increase in the
cutting force is noticed for increase in the feed rate. For
a cutting speed of 95 m/min and constant depth of cut of
0.25 mm and for the feed of 0.05 mm/rev, cutting force no-
ticed was 290 N.When feed is increased to 0.1 mm/rev, cut-
ting force was increased to 390 N and further increasing
feed to 0.15 mm/rev, cutting force was increased to 440
N. This increasing trend recorded for unhybrid composite
material. With same set of machining conditions, hybrid
composite specimen was turned and cutting force values
were recorded. The values were 370 N, 430 N and 570 N re-

spectively for 0.05 mm/rev, 0.1 mm/rev and 0.15 mm/rev
feed. Similar machining trials were executed for cutting
speed of 125 m/min and 175 m/min. In all the cases, ap-
proximately 20% to 25% increase in the cutting force val-
ues were noticed between unhybridized and hybridized
composite materials. As the feed rate increases, the rela-
tive movement between the tool and workpiece along the
workpiece length increases. Tool tries to advance through
the hard phase of the workpiece resulting in cutting force
development. The variation in the cutting force is because
of hard reinforcement phase in the composite material.
The hybrid composite offers higher resistance for the de-
formation compared to unhybrid composite. This may be
due to the presence of dual reinforcement in the matrix
which shows still higher resistance to the deformation
compared to unhybrid composite material. Packing of re-
inforcements takes place in the unit mass of matrix alloy
which leads to increased hardness which inturn increases
the cutting force.

3.3 Effect of cutting speed on cutting force

To study the variation of cutting force with variation of cut-
ting speed, both feed and depth of cut is kept constant
for each set of machining trial and cutting speed is var-
ied. All the three cutting speeds 95 m/min, 125 m/min and
175 m/min were employed and variation is studied. Fig-
ure 5 shows the variation of cutting force for varying cut-
ting speed.

The feed of 0.05 mm/rev and depth of cut of 0.25 mm
with all three cutting speeds shows declining trend of cut-
ting force. For 95 m/min, 125 m/min and 175 m/min, the
cutting force development for unhybridized composites
were 290 N, 275 N, 260 N respectively. By observing the
variation it is clear that cutting force decreases with in-
crease in cutting speed. Same machining tests were done
on hybridized composite specimen and similar declining
trend was recorded. For the cutting speed of 95 m/min,
125 m/min and 175 m/min, the cutting force developed
was 370 N, 350 N, 300 N for hybridized composite respec-
tively. Approximately 25% to 30% variation in the cutting
force was noticed between hybridized and unhybridized
composite material machining. Similar experimental tri-
als were done by varying feed and results were recorded.
The declining trend may be due to the fact that the rise
in temperature while machining the composite increases
with the increase in cutting speed. At elevated temperature
levels, the matrix phase becomes soft, hence the force re-
quired to cut the metal will be less. It can also be observed
from the graph that the cutting force developed for hy-
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Figure 5: Variation of cutting force with increasing cutting speed (a)
feed 0.05 mm/rev, depth of cut 0.25 mm (b) feed 0.1 mm/rev, depth
of cut 0.25 mm (c) feed 0.15 mm/rev, depth of cut 0.25 mm

bridised composite is more compared to the un-hybridised
composite. This may be due to the increased friction dur-
ing machining process leading to higher temperature de-
velopment. As cutting temperature increases, the force re-
quired to deform the material decreases. The hybridized
composite develops higher cutting force at lower temper-
ature and lower cutting force at higher temperature. The
presenceof graphite in thematrixmay reduce the toolwear
during themachining processwhere as it increases the cut-
ting force.

4 Conclusions
The present paper deals with fabrication of hybridized
and un-hybridized composites i.e. ZA43 alloy reinforced
SiC particulate composite and ZA43 alloy reinforced SiC
and graphite composites. Both the categories of materials
were machined with coated carbide tool under selected
set of machining conditions.Whilemachining, the cutting
force wasmeasured using three axis lathe tool dynamome-
ter. Forces developed are compared and conclusions are
drawn as follows.

1. The depth of cut has direct effect on the cutting force
development. As depth of cut is increased, cutting
force increases correspondingly. The cutting force
developed during machining of hybridized compos-
ite was higher compared to un-hybridized compos-
ites for a particular depth of cut.

2. The variation of feed during machining has direct
impact on the cutting force. The value of the cutting
force increases with the increase in feed rate. The
cutting force developed during the machining of hy-
bridized composite was higher than as obtained dur-
ing the machining of un-hybridized composite for
the same feed.

3. The cutting speed affects the cutting force in declin-
ing way. For both the types of composites, the cut-
ting force developed during the machining tends to
decrease with the increase in cutting speed. The de-
velopment of higher cutting force was observed for
hybridized composite over the un-hybridized com-
posite.

4. By observing and analysing all the results obtained
during the machining of both the types of compos-
ites, it was obvious that the addition of graphite into
the matrix phase as the secondary reinforcing ele-
ment increases the cutting force for all the experi-
ments conducted.
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Abstract: Natural fibers are considered to have potential use as reinforcing material in polymer matrix 

composites because of their good strength, stiffness, low cost, less weight and environment friendly. The interest 

in natural fiber-reinforced polymer composite materials is rapidly growing both in terms of their industrial 

applications and fundamental research. They are renewable, cheap, completely or partially recyclable, 

inexpensive, moderate weight, eco-friendly and biodegradable. In the present work an effort has been made to 

study the mechanical properties of Areca shell fiber, Areca palm powder and Epoxy reinforced natural 

composites. It is found from the result that, the mechanical properties of tensile, flexural and impact test of 

treated areca shell fiber composites is more compared to untreated areca shell fiber composites. In compression 

and hardness test the untreated areca shell fiber composites have shown better results than compare to treated 

areca shell fiber composites. From the investigation it is better identified that mechanical properties of Areca 

shell fiber and Areca palm powder composites shown better strength properties compared to commercially 

available Nuwood. 
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I. Introduction  
 A Composite Material is a macroscopic combination of two or more distinct materials, having a 

recognizable interface between them. Composites are used not only for their structural properties, but also for 

electrical, thermal, tribological, and environmental applications. Modern composite materials are usually 

optimized to achieve a particular balance of properties for a given range of applications. Given the vast range of 

materials that may be considered as composites and the broad range of uses for which composite materials may 

be designed, it is difficult to agree upon a single, simple, and useful definition. The resulting composite material 

has a balance of structural properties that is superior to either constituent material alone. The improved 

structural properties generally result from a load-sharing mechanism. Although composites optimized for other 

functional properties (besides high structural efficiency) could be produced from completely different 

constituent combinations than fit this structural definition, it has been found that composites developed for 

structural applications also provide attractive performance in these other functional areas as well. Thus, 

composites typically have a fiber or particle phase that is stiffer and stronger than the continuous matrix phase. 

There are, however, exceptions that may still be considered composites, such as rubber-modified polymers, 

where the discontinuous phase is more compliant and more ductile than the polymer, resulting in improved 

toughness. Similarly, steel wires have been used to reinforce gray cast iron in truck and trailer brake drums [1].                                                              

 

1.1 Natural Fiber Reinforced Composites 

The interest in natural fiber-reinforced polymer composite materials is rapidly growing both in terms of 

their industrial applications and fundamental research. They are renewable, cheap, completely or partially 

recyclable, and biodegradable. Plants, such as flax, cotton, hemp, jute, sisal, kenaf, pineapple, ramie, bamboo, 

banana, etc., as well as wood, used from time immemorial as a source of lignocelluloses fibers, are more and 

more often applied as the reinforcement of composites. Their availability, renew ability, low density, and price 

as well as satisfactory mechanical properties make them an attractive ecological alternative to glass, carbon and 

man-made fibers used for the manufacturing of composites. The natural fiber containing composites are more 

environmentally friendly, and are used in transportation (automobiles, railway coaches, aerospace), military 

applications, building and construction industries (ceiling panelling, partition boards), packaging, consumer 

products, etc [2-4].Therefore natural fibers (sisal, areca, etc.) have attracted the attention of scientists & 

technologists for application in consumer goods, low cost housing and other civil structures. It has been found 

that these natural fiber composites possess good mechanical properties with low specific mass, better electrical 

resistance, good thermal & acoustic insulating properties. Despite the attractiveness of natural fiber reinforced 
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polymer matrix composites they suffer from lower modulus, lower strength & relatively poor moisture 

resistance compared to synthetic fiber reinforced composites such as glass fiber reinforced plastics [5]. 

 

 

1.2 Natural Areca Shell Fibers 

Among all the natural fiber-reinforcing materials, areca appears to be a promising material because it is 

inexpensive, availability is abundant and a very high potential perennial crop. It belongs to the species Areca 

catechu L., under the family palmecea and originated in the Malaya peninsular, East India. Major industrial 

cultivation is in East India and other countries in Asia. In India, areca nut cultivation is coming up on a large 

scale basis with a view to attaining self sufficiency in medicine, paint, chocolate, Gutka, etc. It is estimated that 

about 6 Lakh tonnes of areca husk is available in south West-India The husk of the Areca is a hard fibrous 

portion covering the endosperm. It constitutes 30–45% of the total volume of the fruit. Areca husk fibers are 

predominantly composed of hemicelluloses and not of cellulose. In Table 1 the chemical composition of Areca 

fibers is shown along with few known fibers. Areca fibers contain 13 to 24.6% of lignin, 35 to 64.8% of 

hemicelluloses, 4.4% of ash content and remaining 8 to 25% of water content. The fibers adjoining the inner 

layer are irregularly lignified group of cells called hard fibers and the portions of the middle layer contain soft 

fibers. Table 1 compares the chemical composition of Areca fiber with some other important natural fibers. 

Areca fiber is highly hemicellulosic and is much greater than that of any other fibers. Coir has higher lignin 

content than fibers. Therefore extensive planning for the disposal of this material is required. The present use of 

this highly hemicellulosic material is as a boiler fuel when sufficiently dried. However for the use of these fibers 

as a reinforcing material for composites, a study of the chemical and physical characteristics is required [6] and  

[7]. 

 

Table 1 Chemical composition of natural fibers 
Fiber Lignin % Cellulose % Hemicellulose % 

Areca 13-24.6 ---- 35-64.8 

Maize Stalk 10-13 38-42 21-23 

Coir 40-45 32-43 0.15-0.25 

Sisal 10-14 66-72 12 

Banana 5 63-64 19 

 

 
Fig. 1 Areca shell fiber and powder 

1.3 Areca Palm (Areca Catechu) 

Among all the natural fiber-reinforcing materials, betel palm appears to be a promising material 

because it is inexpensive, availability is abundant and a very high potential perennial crop. It belongs to the 

species Areca catechu L., under the family palmecea and originated in the Malaya peninsular, East India. Major 

industrial cultivation is in East India and other countries in Asia. In India betel palm is used in the preparation of 

the Tiffin plates unlike paper plates. Betel palm powder is predominantly composed of cellulose and 

hemicelluloses. Betel palm contain 35.91% of cellulose, 26.6% of hemicelluloses, 16.6% of lignin, 9.19% of ash 

content and remaining 11.7% of moisture content. 

 

1.4 Epoxy Resins 

Epoxy resins are a class of thermoset materials used extensively in structural and specialty composite 

applications because they offer a unique combination of properties that are unattainable with other thermoset 

resins. Available in a wide variety of physical forms from low-viscosity liquid to high-melting solids, they are 

amenable to a wide range of processes and applications. Epoxies offer high strength, low shrinkage, and 

excellent adhesion to various substrates, effective electrical insulation, chemical and solvent resistance, low 

cost, and low toxicity. They are easily cured without evolution of volatiles or by-products by a broad range of 

chemical specie. Epoxy resins are also chemically compatible with most substrates and tend to wet surfaces 

easily, making them especially well suited to composites applications. Epoxy resins (ER) are one of the most 

important classes of thermosetting polymers which are widely used as matrices for fiber-reinforced composite 
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materials and as structural adhesives.The three basic elements of an epoxy resin formulation that must be 

understood when selecting a thermoset system are the base resin, curatives, and the modifiers. When 

formulating an epoxy resin for a particular use, it is necessary to know what each of these components 

contributes to the physical and mechanical performance of the part during and after fabrication [1]. Epoxy resin 

is a widely used polymer matrix for advanced composites where good stiffness, dimensional stability and 

chemical resistance are required.  

 

1.5 Problem Identification  
The interest in natural fiber reinforced polymer composite materials is rapidly growing both in terms of 

their industrial applications and fundamental research. They are renewable, cheap, completely or partially 

recyclable, and can be incinerated at the end of their life cycle for energy recovery as they possess a good deal 

of calorific value. They are also very safe during handling, processing and use. Therefore focus on the natural 

fibers than that of the other is given as more research work has not been done on areca palm powder and areca 

shell fiber reinforced composite. It looks hard to define a problem before doing an experiment. In the present 

work an effort has been made in order to prepare the composites using areca shell fiber and areca palm powder 

as reinforcement materials and study the mechanical properties such as tensile, compression, flexural, impact 

and hardness of that prepared polymer matrix composites. 

 

II. Materials And Specimen Preparations  
2.1 MATERIALS 

 In the present work following materials have been used for the preparation of specimens as per 

requirements. The methodology used for the preparation is also explained. 

 

2.1.1 Matrix Material 

Epoxy resin is widely used in industrial application because of their high strength and mechanical 

adhesiveness characteristic. It is also good solvent and has good chemical resistance over a wide range of 

temperature. The purpose of using this as Epoxy is that, it is having a medium viscosity, non-crystallizing epoxy 

material, with room temperature curing properties. Atul Ltd. Lapox L–12 and hardener K–6 purchased from 

Yuje Marketing, Bangalore, India, is used in the present investigation. The purpose of using hardener is it acts 

as curing agent. The weight percentage of hardener used in the present investigation is in the ratio of 10:1. 

 

2.1.2 Reinforcement Materials 

 Reinforcements can be both natural and man-made. Many materials are capable of reinforcing 

polymers. Some materials, such as the cellulose in wood, are naturally occurring products. Most commercial 

reinforcements are manmade. As opposed to common metal materials, fibers have anisotropic properties. In this 

work Areca shell fiber is used as reinforcement material and betel palm powder used as a filler material. 

 

2.1.3 Areca shell fiber 

The Areca fibers obtained from Areca shell. In the extraction process first, the shell was soaked in 

water for 1 days to soften the fibers. The soaking process loosens the fibers and can be extracted out easily. 

Finally, the fibers were washed again with water and dried at room temperature for about 3 days. The dried 

fibers are designated as untreated fibers. These fibers are cut to short fibers (5-10mm) for the preparation of 

composites. The density of Areca shell fiber is found to be 1.05 g/cm
3
. The chemical composition of Areca shell 

fiber used in the present work was found to be as shown in Table 2. 

 

Table2. Chemical composition of Areca shell fiber 
Composition Weight in % 

Cellulose ------ 

Hemicellulose 35-64.8 

Lignin 13-26 

Moisture content ------ 

Ash ------ 

 

2.1.4 Areca palm powder 

The betel palms are available in local region. The collected betel palm were dried in atmosphere (Sun 

light) for duration of two weeks and subsequently broken into small pieces. It is then converted in to fine 

powder form with a grinder. The formed powder was sieved and grain size chosen in the range of 425 to 500 

microns randomly. The density of betel palm is found to be 0.81 g/cm
3
. The chemical composition of betel palm 

powder used in the present work is shown in Table 3. 
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Table 3 Chemical composition of Areca palm powder 
Composition Weight in % 

Cellulose 35.91 

Hemicellulose 26.6 

Lignin 16.6 

Moisture Content 11.7 

Ash 9.19 

 

 2.2 ARECA SHELL FIBER TREATMENT 

Chemical treatment on Areca shell fiber will usually remove the moisture content thereby increasing its 

strength and also enhances the mechanical properties. This treatment clears all the impurities and also stabilizes 

the molecular orientation. In view of this, the Areca shell fiber used in the preparation of the composite is 

pretreated with acidic solutions. Based on the literature, the Areca shell fiber is treated with acidic solutions 

namely HCl (Hydrochloric acid) which have 0.1 normality. The treatment is made for time duration of 5hours. 

After chemical treatment the Areca shell fiber was washed thoroughly with deionised water to remove the 

residues of the chemical content in it. The washed Areca shell fiber is dried at room temperature. 

                  

2.3 FABRICATION 

The fabrication of present work done by following steps, 

 Moulds were prepared to fabricate the specimens as per the requirements of the tests to be conducted 

 The inner surface of the mold was initially smeared with a releasing agent to prevent the composites from 

sticking on to the mold wall 

 Areca palm powder, Areca shell fiber (in chopped form) with Epoxy and hardener were mixed in a 

container and stirred well for 5 – 7 minutes 

 The prepared mixture is poured in to the prepared moulds 

 The samples so prepared are kept for drying for a duration of 48 hours at room temperature 

 After drying the samples were cut in accordance with ASTM standards and Specimens are prepared as per 

requirements 

 

Table 4 Details of combinations used for preparation of composite specimens 
Specimen Code Specimen Composition 

 Epoxy Resin Areca Shell Fiber Areca Palm   Powder 

Untreated Areca Fiber And Areca Palm Powder 

Untreated F5% P20%  75%            05%              20% 

Untreated F10% P15%         75%           10%               15% 

Untreated F15% P10%         75%           15%              10% 

Treated Areca Fiber And Untreated Areca Palm Powder 

Treated F5% P20%         75%            05%              20% 

Treated F10% P15%         75%            10%              15% 

Treated F15% P10%         75%            15%              10% 

 

2.4 SPECIMEN PREPERATION 

The composite specimens prepared were marked for required dimensions and then cut to the markings 

using a wire saw. The cut edges of composites were finished with emery paper in order to bring them to the 

exact size. Specimens of different sizes required for different tests according to ASTM standards were made 

ready. The test specimen along with their dimensions and standards for different tests are discussed below. 

 

2.4.1 Tensile Test Specimens 

Tensile test specimens were prepared according to ASTM D3039 standard. The photographic view of 

specimen is shown in Fig. 2 below. The specimen used is a rectangular bar of length 250mm, width 25mm and 

thickness 6.5mm. 

 

 
Fig. 2 Tensile Test Specimens Prepared by ASTM standards 
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2.4.2 Compression Test Specimens 
 Compression test specimens were prepared according to ASTM D695 standard. The photographic view 

of specimen is shown in Fig. 3 below. The specimen used is a rectangular bar of length 25.4mm, width 12.7mm 

and thickness 12.7mm. 

 
Fig. 3 Tensile Test Specimens as per ASTM standards 

 

2.4.3 Flexural Test Specimens 

 Flexural test specimens were prepared according to ASTM D790 standard. The photographic view of 

specimen is shown in Fig. 4. The specimen used is a rectangular bar of 130mm length, 25mm width and 6.5mm 

thickness. 

 

 
Fig. 4 Flexural test specimens as per ASTM standards 

 

2.4.4 Impact Test Specimens 

 Impact test specimens were prepared according to ASTM D256 standard. The photographic view of 

specimen is shown in Fig. 5.The specimen used is a rectangular bar of 63.5mm length, 10mm width and 10mm 

thickness. 

 

 
Fig. 5 Impact test specimens as per ASTM standards 

 

2.4.5 Hardness Test Specimens 

 Hardness test specimens were prepared according to ASTM D785 standard. The photographic view of 

specimen is shown in Fig. 6. The specimen used is a rectangular bar of 10mm length, 10mm width and 6mm 

thickness. 

 

 
Fig. 6 Hardness test specimens as per ASTM standards 

                                    

III. Experimental Setup And Result Discussion 
The experimental set has been made to conduct different experiments to find out different mechanical 

properties. In present work Universal Testing Machine was used For Tensile test, Flexural strength and 

compression test, Charpy test to analysis of Impact strength and vicker Hardness machine to know hardness. 

In fig. 7 shows that different testing setup to analysis mechanical properties of natural composites. 
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Fig. 7 UTM and other testing set to find mechanical properties of natural composites 

 

Analysis of the mechanical behaviour and moisture absorption of composites are the most important 

aspects. Performance testing of mechanical behavior and moisture absorption of composites depend on the 

nature of matrix material, the distribution and orientation of the reinforcing fibers, the nature of the fiber-matrix 

interfaces. Even small changes in the physical nature of the reinforcement for a given matrix may result in 

prominent changes in the overall mechanical behaviour and moisture absorption of composites.  

 

3.1 MECHANICAL BEHAVIOUR OF COMPOSITES 

In the present work, the mechanical behaviour of the composites was investigated by conducting the 

Tensile, Compressive, Flexural, Impact and Hardness tests. The tensile, compressive, and flexural tests were 

carried out by using Universal Testing Machine. The Izod test was done using impact testing machine and 

hardness (Rockwell hardness B) tester for finding the hardness value. The Machinability test for finding the 

roundness of the different compositional composite materials is carried out by using Profile Projector. The 

composite specimens which were prepared according to the ASTM standards tested for each property. The three 

different composition contents by weight ratio used are F05% P20%, F10% P15% and F15% P10% with epoxy. 

 

3.1.1. Effect of Load on Tensile Strength of Natural Composites 

 

 
Fig. 8 Effect of Un–treated fiber content on the tensile strength of natural composites 

 

The effect of Un–treated fiber content on the tensile strength of all the combination of composites is 

shown In Fig. 8. It is evident from Fig. 8 that as the load goes on increasing the deformation increases. 

Maximum load of 15.4kN was observed in un–treated composite specimen having composition F10% P15% 

compared to other two specimens. The specimen with the composition indicated above withstands maximum 

part of load and by consequence raise the tensile strength of composite material. This might be the reason that 

the matrix material is well distributed with the fiber and filler particles. However, for 15% fiber composite the 

tensile strength decreases as it might be due to the presence of the void content [5]. These voids are expected to 
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be due to the proper squeezing pressure which had not been applied on the top surface of the material which 

might have caused the generation of voids and also during the exothermic reaction between matrix and 

reinforcement material at the rate of high temperature condition the gas absorption capacity will be more. This 

will also influences the generation of voids. 

 

 
Fig. 9 Effect of HCl–treated fiber content on the tensile strength of natural composites 

 

The Fig. 9 shows the effect of HCl–treated Areca shell fiber with three different combinations on the 

composite specimens. From the Fig 9  it can be observed that the composite specimen with the composition of 

F10% P15% sustain more load 15.6kN and more deformation compare to the other two specimens with 

compositions of F05% P20% and F15% P10% sustain loads up to 15.2kN and 15.5kN respectively. The 

specimen with composition of F15% P10% has high tensile strength compare to other two compositions of 

specimens because of high fiber content. The effect of alkali treatment improves the fiber strength, fiber matrix 

adhesion and the performance of the natural fiber composites by removing the natural and artificial impurities as 

well as softens the fiber which will gives high tensile strength to the fiber. This observation indicate that the 

fiber rich reinforced composites will sustain more tensile load and at the same time the chemical treatment of 

areca shell fiber allows rich bonding with the Palm powder filler by soaking the fibers in a known concentration 

of HCL.  

 

 
Fig. 10 Comparision of tensile strength of un–treated and treated specimens   of three different combinations 

 

The tensile properties of untreated and treated composites at different percentages of fiber and filler 

contents are shown in Fig. 10.Comparision of the untreated fiber composites, with the acid-treated fiber 

composites on observation indicate that there is no much variation in the tensile load. The composition of F10% 

P15% treated and untreated composites sustain the load of 15.6kN and 15.4kN respectively. This is due to the 

well segregation of the filler and fiber particles with the matrix and also the interfacial bonding between the 

fiber and matrix is high. Un-treated composites sustain more load in the order of their composition F10% P15% 

as first, F05% P20% as second and F15% P10% as the last compared to the treated composites again in the 

order F10% P15%, F15% P10%, F05% P20% respectively. The results indicate that, increase in tensile strength 

in treated fiber content composite assumed to be due to the increase in fiber percentage which resists the pull 

out.  
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3.1.2 Effect of Load on Compressive Strength of Natural Composites 
 

 
Fig. 11 Effect of Untreated fiber and untreated filler content on the compressive strength of natural composites 

 

The compression strength of un-treated composite at three different percentage compositions of fiber 

and filler content is shown in the above Fig. 11. It is observed from the figure that 20% of the betel palm filler 

content composite exhibited high compressive load of 24.5kN and more deformation. After reaching the yield 

load of about 17kN, the composites start to deform at faster rate. This situation is assumed to be due to the betel 

palm filler content particles strengthening the interface adhesion with the matrix and fiber materials, high fiber 

matrix compatibility and wetting [27]. And also presumed that the matrix material which is distributed over the 

surface of the solid particles of the untreated fiber which gives high brittleness to the composites. 

 

 
Fig. 12 Effect of Treated fiber and untreated filler content on the compressive strength of natural composites 

 

In Fig. 12 shows the relation between the load and displacement for treated composite of different 

combinations under compressive load. The Fig. 12 clearly shows that load bearing capacity of the composite 

with treated 10% fiber content is comparatively higher than the other two composites which sustained a load of 

23.75kN and its compressive strength is also higher than the rest of the composites. It may be due to high fiber-

matrix compatibility, good fiber-matrix interaction.  

 

 
Fig. 13 Comparison of compressive strength of un–treated and treated Specimen of three different combinations 
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The compressive strength of three different combinations of natural composites both un–treated and 

treated is shown in the Fig.13 The un-treated composite with 05% fiber content observed to be having more 

compressive strength compared to the treated ones. This might be due to the chemical treatment effect on the 

fiber content. Hence the composite with treated fiber content is exhibiting decrease in compressive strength. The 

composite with un-treated content of composition (F05% P20%) shows more load absorbing capacity compared 

to the treated composite of composition (F05% P20%). This might be due to the betel palm filler content 

particles strengthening the interface adhesion with the matrix and fiber materials, high fiber matrix compatibility 

and wetting. 

 

3.1.3 Effect of Load on Flexural Bending Strength of Natural Composites 

The flexural strength of un-treated composite at three different percentage compositions of fiber and 

filler content is shown in the Fig. 14. The figure clearly indicates that, the variation in weight fraction of filler 

contents does not have greater effect on the load bearing capacity and the ability to withstand bending of the 

composites. The composite with F10% P15% shows maximum flexural load of 16.1kN and less deformation 

and F05% P20% composition composite shows comparatively less load and more deformation 

 

 
Fig. 14 Effect of Un–treated fiber content on the flexural strength of natural composites 

 

It may be due to the reason that the improper segregation of the fiber and filler particles with the matrix 

material. The composite with composition of F15% P10% has shown more deformation at the yield point than 

the other two composites. This might be due to the reason that the fiber will deform more compare to the 

composite with more percentage of betel palm powder as filler. The upper portion of composite will first 

undergo compression and bottom portion of the composite will then deform under tension [4]. 

 

 
Fig. 15 Effect of Treated fiber and untreated filler content on the Flexural strength  of natural composites 
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The Fig.15 shows the results of flexural strength testing of chemical treated specimens with different 

combination of composites. Fig. 5.8 shows that flexural strength increases with increase in Areca fiber content 

composite. The flexural strength decreases with increase in filler percentage. It was observed that 10% volume 

of treated fibers composite had a higher flexural strength than 05% & 15% treated composites due to high fiber-

matrix compatibility, good fiber-matrix interaction & wetting. It is reasonable that enhanced fiber-matrix 

interaction due to high fiber-matrix compatibility and alkali treatment at 10% fabric content will lead to an 

increased transfer of stress from matrix to fibers and thus flexural strength increases. At 10% volume of treated 

fibers composite, value of the flexural strength was found to be higher and optimum than the untreated 

composites. This was because alkali treatments have been proven effective in cleaning fiber’s surface by 

removing impurities from fibers, decreasing moisture sorption, enabling mechanical bonding and thereby 

improves matrix reinforcement interaction. Thus the alkali treatment enables and improves the fiber fitness, 

adhesive characteristics of the surface of the areca fibers, fiber-matrix polar interaction & wetting, hence surface 

offers a good fiber-matrix interface adhesion and an increase in the mechanical properties [27, 24]. 

 

 
Fig. 16 Comparison of flexural strength of un–treated and treated Specimen of three different combinations 

 

In Fig.16 shows the treated fiber having a more flexural load and deformation compared to the 

Untreated ones. From the Fig 5.9 it is observed that, the composition of F10% P15% Untreated and Treated 

composites have higher flexural load than other two composites. At 10% volume of treated fibers composite, 

value of the flexural strength was found to be higher and optimum than the untreated composites. This may be 

due to alkali treatments that had been proven effective in cleaning fiber’s surface by removing impurities from 

fibers, decreasing moisture sorption, enabling mechanical bonding and thereby improves matrix reinforcement 

interaction. Thus the alkali treatment enable and improves the fiber fitness, adhesive characteristics of the 

surface of the areca fibers, fiber-matrix interaction & wetting, hence surface offers a good fiber-matrix interface 

adhesion and an increase in the mechanical properties [27, 24]. 

 

3.1.4 Effect of Load on Impact Strength of Natural Composites 

 
Fig. 17 Variation of impact strength of the untreated and treated three different combination natural composites 

        

It clearly shows the comparable results of impact strength for un– treated and treated of three different 

combination composites. Generally impact strength found to increase with the increase of the fiber content and 

the maximum impact value was observed in the untreated fiber content of 15%. In case of treated combination it 

was observed that 10% of fiber content of the composite had higher values of the impact strength than 05%, and 

15% volume of treated fiber composites. Higher impact strength of treated composites is due to a better 
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mechanical interlocking of the fiber-matrix, which results in the fracture of fiber at the crake-plane with less 

fiber pullout. As the alkali treatments have been proven effective not only in cleaning fiber’s surface by 

removing impurities & hemicellulose from fibers but also will render the fiber surface coarser leading to better 

interface and interlocking between fibers and matrix blend [27]. From the above result 20% filler content of 

treated and untreated composites have lesser impact strength is due to the presence of so many filler ends in the 

composites, which could cause crack initiation and hence potential composite failure [20].  

 

3.1.5 Effect of Chemical Treatment on the Hardness Value of Natural Composites 

 
Fig. 18.Variation of Hardness value of the untreated and treated composites for three different combinations 

             

From Fig.18 it can be observed that the hardness value increases with increase in filler content of 

composite. This is due to proper distribution of filler material; due to interaction of the filler with fiber in the 

interfacial bonding the ductile viscous is turned to brittle in nature. This is causing a continuous increase in the 

hardness with the increase in filler content. The 10% fiber content composite has shown a lower trend in 

hardness. This is due to the fact that the fiber becomes the predominant than the base material and as the 

percentage of fiber increases, the interaction between the fibers inside the composite increases i.e. there will be 

higher fiber to fiber contact which leads to poor interfacial bonding between the fiber and the matrix. Due to this 

poor interfacial bonding effective load transfer may not take place and leads to quick failure and such reduction 

in strength may be attributed to increasing porosity and air void which brought about insufficient compaction of 

the high fiber content mixture. The untreated fiber content composite shows maximum hardness value i.e., 49 

compared to the treated composite. This might be due to the presence of high loading solid particles embedded 

with untreated areca shell fibers. 

 

Table 5 Comparision Of Commercial Nuwood With Untreated And Treated Areca Shell Fiber And Areca Palm 

Powder – Epoxy Resin Natural Composites 
Composite Tensile 

Strength in N 

Compressive 

strength in N 

Flexural 

strength in N 

Impact strength 

in J/mm2 

Hardness 

in (RHNB) 

                              Untreated Areca Fiber And Areca Palm Powder 

Untreated F5% P20% 15200       24500     15700     0.0225       49 

Untreated F10% P15% 15400       22000     16100     0.0225      42.5 

Untreated F15% P10% 15100       21800     15200     0.0243      45.5 

                        Treated Areca Fiber And Untreated Areca Palm Powder 

Treated F5% P20%   15200       21900    13800   0.03625      38.5 

Treated F10% P15%   15600       23750    16300   0.051225      37 

Treated F15% P10%   15500       21500    15400   0.036225      39 

Commercial Nuwood   2200       2000        225   0.189        2 

 

IV. Conclusion  
Based on the results of the experimental investigation the following conclusions are drawn. 

 The amount of areca shell fiber content positively affects the tensile strength of composites. The treated 

specimen with F10% P15% composition found to have a greater tensile load of 15.6kN and tensile strength 

of 0.123kN/mm
2
 

 The compressive load of the untreated specimen with composition F05% P20% shown greater value of 

24.5kN and greater compressive strength of 0.145kN/mm
2
 

 The flexural load of the composites increases with increase in the amount of Areca shell fiber content. The 

treated specimen with F10% P15% composition found to have more flexural load of 16.3kN and Flexural 

strength of 0.100kN/mm
2
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