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Modeling and Output Feedback Distributed
Control for an Absorption Packed Column

M. Selatnia *, R. llloul ° & M.S. Boucherit?

Summary- This work consists of modeling, simulation and
multiple models control of an industrial absorption packed
column designated to remove CO,, from natural gas. The
multiple models approach is an elegant way of turning
nonlinear problems into linear ones. In this paper, we used the
output feedback distributed control (ODC) coupled with local
linearization of the model of the absorption packed column.
We compared the results with those obtained with the
traditional PID control and the results were satisfactory.
Keywords: multiple moadels, PDC  conirol,
methyldiethanolamine  (MDEA) — absorption  packed
column, LM, lyapunov function.

l. [NTRODUCTION

he absorption packed column is a
Tphysicoohemical separation unit largely used in the

chemistry industry. It consists of a tube where we
send gas mixtures in order to separate one or more
compounds from the principal mixture. It is largely used
for the separation of acid gases (CO,, H,S) from natural
gas.

The model presented in this paper is a dynamic
model of the absorption packed column and consists of
a set of non linear partial differential equations; it is
elaborated starting from considerations on CO, and
MDEA mass balance in gas and liquid phases and
considers also the energy balance [2]. We finally obtain
a non linear distributed parameters system.

Few studies were carried out on modelling and
controlling the absorption column. Crosby and Durbin
[3] studied the performance of a state controller. Roffel
[4] developed a sub-optimal output controller with state
inequality constraint. Darwish and Fantin [5] used a
decentralized control with pole placement. Petrovsky [6]
developed a multivariable Pl regulator. Najim [7]
developed a self-adjusting regulator in the case of CO,
absorption by a diethanolamine solution and also
multilevel learning control [8]. It took again the problem
later on with predictive control [9].

Few studies have also been published
concemning the modelling and simulation of CO,
absorption by aqueous solutions of MEA or MDEA on
pilot and industrial columns [10-12].

For the model developed in our study, it
seemed interesting for us to use the multiple models
approach for the control of the absorption packed

Author o o p. Laboratoire De Commande Des Processus Ecole
Nationale Polytechnique dAlger, BP 182 Avenue Hassen Badi,
El Harrach. e-mail: mouradselatnia@yahoo.fr

column because it enables us to obtain good
performances for complex dynamics processes. We
develop in first stage the PID regulation to compare the
performances of the classical techniques with the
performances of the Takagi-Sugeno multiple model
approach.

1. MODELING AND OPEN LooOP
SIMULATION OF THE INDUSTRIAL ABSORPTION
PackeD COLUMN

The absorption packed column presented here
is located at Khrechba and is part of the In Salah Gaz
project [17], it removes CO, from natural gas by using
an aqueous solution of methyldiethanolamine (MDEA)
as a washing liquid, It is a packed type column
measuring 8 meter height and 4 meter in diameter with
Pall rings to improve the surface of contact between
phases. For a better elimination of CO, from the natural
gas, the liquid flow (water+ MDEA) is counter-current
with gas flow. The working pressure and temperature
are respectively 71.5 bar at 55°C [2].

At contact between liquid and gas phase
occurs on the surface of the Pall rings, CO, passes from
the gas phase to the liquid phase; this diffusion is
accelerated by chemical reaction of CO, with the MDEA
in the liquid phase. The liquid flow (water+ MDEA) and
the CO, concentration in the gas mixture are
respectively selected as control variable and output
variable.

Figure 7 The absorption packed column of In Salah
Gas (ISG)
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a) Model Equations
In order to simplify the model, the following
assumptions are done [2,13]:

e There is no resistance in gas phase
e The reaction between CO, and MDEA is fast (Ha>5)
e Axial dispersion is negligible in the gas phase and
the liquid phase

e The MDEA does not pass in gas phase

The mass balance on an elementary section dz
of the column for CO, in the gas phase is written
[2,13,14]:

Quantity of aqueous solution at input
Z = quantity of aqueous solution at the output

(z+dz) + quantity of aqueous solution transferred from
the liquid phase to the gas phase + accumulation.

Which gives:

dCAg
(GCAQ)Z = (GCAg)z+dz +@Sdz+ STdZ (1)

Where G (m3/s) is the volumetric gas flow, ¢
the CO, flow transferred from the gas phase to the liquid
phase, S the section of the column and C,, (mol/m®) the
CO, concentration in the gas phase. Given Uz=G/S
(m/s) the gas flow velocity, we obtain then:

dc dC

The chemical reaction between CO2 and the
MDEA is [10-12]:

CO, + RR,NCH; + H,0 - RR,NCH," + HCO," 3)
The reaction rate rA has the following form [14,15]:
r,=kC, Cg (4)
Where Kk is the constant for reaction rate [14,15]:

k = 2,96105 exp( — =222

) (5)

CAL is the CO, concentration in the liquid phase
and CBL the MDEA concentration in the liquid phase.
The mass balance for CO, in the liquid phase gives
finally:

¢ =[kC, Cq] 6)

Which means that the totality of CO, transferred
to the liquid phase reacts with the MDEA.

The mass balance for the MDEA in the liquid
phase gives:

dc
(LCq), = (LCq) 11, ~ [k Cy Cgl] SdZ‘STBl dz (7)

2014 Global Journals Inc. (US)

Where L is the volumetric liquid flow. By taking
account of (5) and noting by UL = L/S (m/s) the mean
liquid flow velocity, we obtain:

0,5 _

_9Cq 8)
dz dt

Our absorption packed column is finally
described by the following set of partial derivative
equations:

oC oC
Ug A9 4 Q=- A9
0z ot (9)
0Cpg. 0Cg
U, -p=
oz ot

The procedure to compute flow ¢ is given in [2]
according to [14-16].

We have finally to consider the boundary
conditions which for gas phase are the CO,
concentration at the column bottom or input
concentration CAGe and for liquid phase the MDEA
concentration at the column top or input concentration
CBLe.

0 CAge

(10)
CBL‘z:h

=Cale

Chemical reactions within the industrial column
induces a strong heat emission and the appearance of a
temperature gradient throughout the column; the
temperature variation is approximately 5°C between the
input and the output of the column, which leads us to
establish an energy balance in order to describe the

temperature changes which affects the various
concentrations along the column [16]:

o T ahy(m-T,) o, ”

g

oz [Zcpgicgi} ot

aT, aT,

—u, 2L ZCD = [am2,r, - ahy, (T, -T,) )=

With:

C¢& concentration in gas phase at the interface (mol/m?)
¢': concentration in liquid phase at the interface (mol/m?)

cp:  Specific heat in the gas phase at the interface
(J/mol .K)

hg, : coefficient of heat transfer (convection) (J/m2.K.s)
T.: Liquid temperature (K)

Tg: Gas temperature (K)

AHr: enthalpy of the reaction (J/mol)

cp’: specific heat in the liquid phase at the interface
(J/mol .K)



We finally take into account the boundary
conditions for the temperature which are the
temperatures for gas and the liquid at the column input.

oT,

T, 0=T,. . —|, 0=

g | z=0 ge 62 | =0 (12)

T|..n=T 6Tg| =0

I |z=h — le ? az z=h
b) Mocde! valication

A test was carried out on our industrial

absorption column to compare the output CO,

concentration given by the model with the real one and
this for a step input variation of 10 t/h. the data were
collected on a horizon of 6800 seconds. The results are
grouped in figure 2 where we represent respectively, the
flows of MDEA and gas at the output and then the
concentrations of CO, at the column output either
experimental or given by the model [2].
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Figure 2 Output CO, Concentrations from the system
and the model

We note that the model dynamics of the CO,
concentration at the column output agree with the
experimental results.

c) Open loop Simulation of the inaustrial colurmnn

By considering the equations (2) and (8), the
dynamic model of the absorption column is that of a
nonlinear, distributed parameters system. The results
from open loop simulations are presented in figures 3
and 4.

°
®

—

o 100 200 300 400 500 600 700 800 900
time (secondes)

ation of CO2 (mole %)

0 100 200 300 400 500 600 700 800 900
time (secondes)

Figure 3 Output CO, Concentration for an input step
disturbance of =5 % on gas concentration

031

entration of CO2 (mole %)

700 800 900

ation of CO2 (mole %)

100 200 300 400 500 600 700 80 900
time (secondes)

Figure 4 : Output CO, Concentration for an input step
disturbance of =10 % on gas flow

Simulations show that the system is stable. It
presents a dead time in response to a step input
disturbance on the CO, concentration due to the gas
propagation along the absorption column.

I11. P1D REGULATION OF THE INDUSTRIAL

ABSORPTION PACKED COLUMN

We apply a PID regulation to the dynamic
model of our absorption packed column. We choose a
sampled control with a sampling period of 10 seconds.
The reference for the input CO, concentration is
0.25mole %, which corresponds to a concentration of
7.05 mole CO,/m® .The parameters of the PID regulator
were optimized using trial and error.

© 2014 Global Journals Inc. (US)

5 (C) Volume XIV Issue III Version I H Year 2014

&

&

| of Researches in Engineering

Global Journa



(C) Volume XIV Issue III Version I H Year 2014

[
S

gimeerin

&

Global Journal of Researches in En

Figure. 5 . Output CO, Concentration and washing
liquid flow for an input step disturbance of £5 % on gas
concentration

yyyyyyyyy

[rm—

Figure 6 Output CO, Concentration and washing liquid
flow for an input step disturbance of = 10 % on gas
flow

The simulation results are satisfactory; the PID
regulator cancels the permanent error and ensures a
quick response due to the derivative action. The
regulation shows a net asymmetrical behaviour between
responses to positive and negative step input
disturbances due to the strong non linearity of the
relationship between the input and the output

IV.  MuLTIPLE MODELS CONTROL OF THE
INDUSTRIAL ABSORPTION PACKED
COLUMN
a) Introduction
The multiple models is a non linear modeling
technique which allows to achieve a good compromise

between precision and model complexity. In the light of
the numerous work related to it in recent years [18],

2014 Global Journals Inc. (US)

[19], [20], it arises a great interest, especially in
applications dealing with simulation and control. It can
also be seen as a particular fuzzy modeling technique
[21], [22], corresponding to a Takagi Sugeno (TS)
approach [23]. A TS model is a composed of a finite
number of linear models connected with non linear
functions called membership functions and verifying the
convex mapping property (i.e. they are non negative and
their sum is equal to 1). It allows us to solve various
problems of control, observation and diagnosis for non
linear systems with linear techniques.

The approach associated with multiple models
in control is known as the Parallel Distributed
Compensation (PDC) [24]. This method is based on a
set of linear controllers designed for each linear model,
and stability of the overall closed loop is guaranteed via
a Lyapunov function common to all the linear models.

In this paper, we identify the absorption packed
column as a multiple model of the TS type and
proposes a control  based on Output feedback
Distributed Control (ODC).

b) Problem formulation

i. The Multiple model approach
The multiple models have three basic
structures: Coupled states (TS), uncoupled states [25]
and hierarchical structure. The coupled states Structure
(TS) is the most popular in the analysis and synthesis of

the multiple models. It is written in the following form:
y(®) = X 1 (2(1)) Cix(t)

x(t) € R"being the state vector, u(t) € R™the
input vector, y(t) € RPthe output vector z(t)e R is the
decision variable or premises and the
matrices A; ER™™ , B,€R™™ |, etC,€ERV"Vi=
1, ....., M are constant and supposed to be known.

The activation function or membership function
u;(z(t) determines the degree of activation of the i"
local model. It allows a progressive passage from this
model to the other close local models. These functions
can depend of the measurable variables of the system
(the input and output signals) or of the non measurable
variables of the system (the states). They can be of
triangular or Gaussian form and satisfy the properties of
convex mapping:

{x(ﬂ = Y, 1 (z(£) (Ax(£) + Byu(t)) (14
y(@ = XL i (z() Cix(t)

The multiple models can be viewed as universal
approximators since any nonlinear system can be
approximated by a multiple models representation with
sufficient accuracy and this simply by increasing the
number of sub-models. In practice, a reduced number
of sub-models can be sufficient to obtain a satisfactory



approximation, and we can use the tools of linear
systems analysis to achieve this goal.

There are three approaches largely used in the
literature allowing us to obtain a TS model: Identification,
transformation by nonlinear sectors [26], or linearization.
This last one is used in this work (figure 7).

Coensequent part )
) (L )
'

<‘ Premise part
A}

Figure 7 :PDC control for TS multiple models

Using convex analysis for regulator synthesis,
the multiple models allows us to obtain control laws by
the simultaneous resolution of a finite number of Linear
Matrix Inequalities (LMI). In this case, the number of LMI
inequalities is polynomial with respect to the number of
local models. Thus, it is advisable to minimize the
number of local models to limit the conservatism of the
method.

In the case of TS multiple models, this
technique of regulator synthesis corresponds to the
PDC method, It supposes that all the linear sub-models
are at least stabilizable. Subsequently, they will also be
supposed controlled.

Given the TS model given by equation (13), a
control law resulting from PDC synthesis will thus be the
combination of linear control laws for each sub-model,
given by:

u(t) =-x" lﬂl(z(t))Fi‘x(t)

Applying this control law to the TS multiple
model, we obtain in closed loop:

{x(t) = (A, — B,F)x(t)
y(@) = C,x(®)
Or, in a more explicit way:

{(©) = 2L XL 1 (20) 1y (2(0) (A; — BiF )x(t) (16)

The stability conditions for the closed loop
system amounts to find a control gain Fj such that the
derivative of the candidate Lyapunov function
associated with the system is negative. Stabilizing the
system thus amounts to solve the following problem:

(14)

(15)

Find a positive definite matrix P and Fi matrices,
=1., M such that:

(Az - Bze)TP + P(Az - Bze) <0 (17)

We notice that this inequality is non linear with
respect to P and Fi. By using the congruence of the
symmetrical full row matrix:

X=p1 (18)
We get:
XA", + A,X — XF,"BT, - B,F,EX <0 (19)

By using the bijective variable change

M, =FX,i=1,..,M, (20)
The problem becomes LMI in variables X and Mi.
yij :XATi_MTjBTi‘}'AiX_BiM <0 (21)
We finally get:
] =1Hi (Z(t))ﬂ] (Z(t))ylj (22)

And we can express the following result:

Theorem 4.1 [24] Given a continuous TS model, the
PDC control law (14) and the vij, if it exists a positive
definite matrix X and Mi matrices, such that (21) is
satisfied for all i,j=1,..., M, then the closed loop is
overall asymptotically stable. Moreover, if the problem
has a solution, the gains of the PDC control are given
by:

Fi = 1\41')(_1
And the PDC control is:
u(®) = =XM1, (z(©))Fx(t)

If ;, =F,Vvi=1,..,M, then we define a linear
control law. In practice, to determine the matrix P and
the control gain F, we have to solve (21) for all
ij=1,..,M. In the particular case where the multiple
models verify the positive co linearity of the input
matrices, thais:

(23)

(24)

B, =B,Vi €1, (25)

The closed loop multiple models system of (16)
is rewritten without the crossing terms BiF;:

x(@) = XM, (2(0)(A; — BiF)x(t) (26)

The stability conditions of theorem 4.1 reduce
then to the stability of the dominant models: P>0,

Substituting Bi by B, the control law leads to
similar conditions.
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c)  Multiple models identification

The structural identification of a multiple models
representation consists in the determination of the local
models structures and the operation zones (or validity
zones) for each local model [25]. The local models can
be of various structures but in general we use simple
structures, such as linear models.

The identification leads to a family of functions
parameterized by the parameters vector 9, defining the

structure of the i local model, and the parameters

Jo = L5040 9O = 150 [0 - 2, 00 (500, 8) £ (00.0,)]|

In order to simplify the model, we choose linear
sub-models of ARX type (auto regressive with

n exogenous inputs) with 3 inputs  (system MISO):
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. Liquid Flow Ul [ton/h]
o Gazflow Ug [ton/h]

vector g characterizing the zone of validity of this local

model. The parametric estimate consists in determining
for each local model /the parameters vector:

o=[e" ']

The parametric estimation (also called training)
is done on the basis of minimization of a functional
binding the inputs and outputs system to the
characteristics parameters of the model.

(28)

e Input CO, concentration Cge [mol%]

The choosen local models are second order
ones, they are written in the following form:

Cosi (t +1) = Ay Cys () + A Gy (¢ = 1) + BUI(8) + CU, (£) + D Cye () + P, + €,(t + 1) (29)
With:
i=7.... M: local model indices Training data
Cgsi(t+1) :output (concentration of CO,) of local model i 05 , ,
e (t+1) : Gaussian white noise oa i
A, A, , B, C, D, P, : parameters of local model i é 03 bl TR
We choose Gaussian membership functions & ., \.hf \ h« k{\ i Mr ﬁw Jv i “n P»\\
with the decision variable being the system output at ! 'R L W‘J A
time t. 01y 500 1000 1500 2000 2500 3000
The expression of the membership function is: o predition error
o (Cgs®=c)? < 005 T —H
exp fi— ) ES
w;(Cgs (©), [e1,01) = Z—r (B0 £ o Jﬁuﬁw
M o (Cgs®—c)) S
I exp L) 5
@ -0.05 T
- Where ¢; is the mean. anq o the. standard 0.1 s o PP p_— p— 000
deviation for the Gaussian membership function time [sec]
The global identification diagram is: , o .
Figure 9 Training with the ARX structure
— . Validating data
X L os — i L
o 0 ~ /
elu, ¥ ,q7) i ! —; = 0.02 /‘\
R WA SR ATV NV AV/AAN
g 0.01 \/ \V/ \[\ \V‘ \/ \V[

Modéle
local M

Figure 8 Structure of the multiple models identification
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Figure 70 :Validating with the ARX structure



d) Implementation of the method and simulation
results

The decision variable z(t) is in our case the state

vector x(t) output gas concentration of the industrial

column  Cye x(£) = [C,s () Cps (t — 1)]T A multiple
models with four sub-models can easily be obtained in
the form:

x(t) =Xl (x(t))(Ai — B;F;)x(t) (31)

With the memberships functions u;(x(t)) either
triangular or Gaussian. The parameters of the four
models are:

A= Cogran ) A2 = (oo

__ (05339
Ay = (—0.2304

_ (18937
Az = (0.3093

(32)
B, = (—0.0006) B, = (—0.0006) B; = (—0.0006)

1
B4 = (_00006)C1 = Cz = C3 = C4 = (0)

And the Output Feedback Distributed Control (ODC) is:
U () = =2 i (Cgs (t)) Fix(t) + Uy,

U, is the liquid flow velocity, and Uy, the mean
flow velocity corresponding to the choosen operating
point of the column.

The F, feedback gains are determined by
resolution of LMI in order to ensure good regulation
performances, less than a 0.25% variation of CO,
around the operating points.

The selected gain is finally F; = [980 985 995 1002] t/h

i. Closed loop simulation

Case (a): triangular membership functions

The column simulation shows us the output CO,
concentration for step input disturbances on either the
gas flow or the CO,concentration. The evolutions of the
output CO, concentration and the corresponding control
are on figures 11,12 and 13.

(33)

8 % 8% ¥ ® 4 &8 9
e e

5 % ® W ® 4 8§ 9 [ T T I
e efend

Figure 117 : Output CO, Concentration and washing
liquid flow for a step input disturbance of = 5 % on
gas concentration

Figure 12 : Output CO, Concentration and washing
liquid flow for a step input disturbance of = 10 % on
gas flow

Figure 13 : Output CO, Concentration and washing
liquid flow for a step input disturbance of = 5 % on gas
concentration and = 10 % on gas flow

Case (b). Gaussian membership functions

The evolutions of the output CO, concentration
and the corresponding control are on figures 14, 15 and
16.

Figure 714 : Output CO, Concentration and washing

liquid flow for a step input disturbance of = 5 % on gas
concentration
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Figure 15 : Output CO, Concentration and washing
liquid flow for a step input disturbance of = 10 % on
gas flow

e ey

Figure 76 : Output CO, Concentration and washing
liquid flow for a step input disturbance of = 5% on gas
concentration and = 10 % on gas flow

V.  DISCUSSIONS

The oscillations of the output CO, concentration
for the industrial column are mainly due to fuzzy control,
but the operating point of is quickly reached in less than
50 seconds . We note on all the curves (5, 6 and 11-16)
that disturbance is always rejected with both PID and
ODC regulation. But comparison of the peak values as
well as the oscillations show us that ODC control acts
more quickly than PID control.

VI. CONCLUSION

In this paper, a TS multiple models obtained by
linearization was used for the regulation of an industrial
absorption packed column used for gas washing. We
take a reduced number of submodels, four, to ease
identification. The results obtained with output

2014 Global Journals Inc. (US)

distributed feedback (ODC) are better than those by
classical PID regulation, for a method which is not
significantly complicated. Further investigations will be
undertaken in the use of multiple models in control,
multiple observers and multiple models in systems
diagnosis.
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Corrosion Inhibition of Mild Steel in AQueous
Solutions using Nonionic Surfactants

A.S. Fouda® A. M. Attia ° & A. M. Rashed ?

Abstract- The inhibiting effect of nonionic surfactant of Tween-
20 and 60 on the corrosion of mild steel in 0.5 M HCI was
studied by weight loss, potentiodynamic polarization,
electrochemical impedance spectroscopy (EIS) and
electrochemical frequency modulation (EFM).techniques The
results show that inhibition efficiency increases with increasing
the inhibitor concentration, while it decreases with increasing
the temperature. The adsorption of Tweens on the mild steel
surface obeys the Langmuir adsorption isotherm. The effect of
temperature on the corrosion behavior of mild steel was also
studied at four temperatures ranging from 25 to 55°C the
thermodynamic parameters were calculated and discussed.
The values of free energy of adsorption for investigated
Tweens were calculated. It was found the adsorption process
is spontaneous and increases, in the same direction as
inhibition efficiency. Polarization curves show that Tween-20
and 60 is mixed-type inhibitors but the cathode is more
polarized than the anode. The results obtained from chemical
and electrochemical techniques are in good agreement.
Keywords. corrosion inhibition, mild steel, HCL, tween
20 and 60.

. INTRODUCTION

orrosion is a fundamental process playing an

important  role in economics and safety,

particularly for metals. The use of inhibitors is one
of the most practical methods for protection against
corrosion, especially in acidic media [1]. Most Well-
known acid inhibitors are organic compounds
containing nitrogen , sulfur, and oxygen atoms. Among
them, surfactant inhibitors have many advantages such
as high inhibition efficiency, low price, low toxicity, and
easy production [2-6]. lonic surfactants have been used
for the corrosion inhibition of ™" [7-12], copper [13],
aluminum [14-16], and other metals [17, 18] in different
corroding media. The adsorption of the surfactant on the
metal surface can markedly change the corrosion-
resisting property of the metal [19, 20] and so the study
of the relations between the adsorption and corrosion

inhibition ~is  of  great  important.  Nonionic
surfactants  have  shown a high inhibition
efficiency for iron in both HC [l21, 22] and
H,SO, [23] solutions. Nonionic  surfactants were

studied as corrosion inhibitors for different metals and
in different media by several authors [24-28]

Authora p: Department of Chemistry, Faculty of Science, El-Mansoura
University, Egypt. e-mail: asfouda@mans.edu.eg

Author o. Department of Chemistry, Faculty of Science, Benha
University, Benha, Egypt.

As a nonionic surfactant, Tween 20 and 60 have
rarely been studied as inhibitors for mild steel in HCI. For
this reason, the objective of the present work is to
investigate the inhibition action of Tween 20 and 60 in
05 M HClI at 25-55 °C wusing chemical and
electrochemical techniques.

II.  EXPERIMENTAL METHODS

a) Materials

Tests were performed on mild steel of the
following composition (weight %):0.15-0.20 % C, 0.60-
0.90 % Mn, 0.04 % P, 0.05 % S, and the remainder Fe

b) Inhibitors

Tween 20 and 60 obtained from Shanghai Chemical
Reagent Company of China and used as received.
Table 1 shows the molecular structure of the Tweens. It
is obvious that Tweens are O-heterocyclic compounds.
The main functional group is hydroxyl. The molecular
weights of Tweens are also high because of a number
of units CH,CH,0.

© 2014 Global Journals Inc. (US)
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Table 7. The names and molecular structures of the investigated Tweens

Cpd.
P Name Structure
No.
o
HZC/ \THCHZOCO(CHZ)100H3
1 Tween 20 HOHC\‘/CHO(CHZCHZO)nCHZCHZOH
OH
o
HZC/ \CHCHZOCO(CHZ)mCHg
2 Tween 60 HOHCYCHO(CHZCHZO)nCHZCHZOH
OH

c) Solutions

The aggressive solutions, 0.5 M HCI were
prepared by dilution of analytical grade HCI (37%) with
bi-distilled water. The concentration range of the
inhibitors used was 20-120 ppm

d) Gravimelric measurerments

Seven parallel mild steel sheets of 2.5 x 2.0 X
0.06 cm were abraded with emery paper (grade 320-
500-800) and then washed with bidistilled water and
acetone. After accurate weighing, the specimens were
immersed in a 250 ml beaker, which contained 250 ml of
HCI with and without addition of different concentrations
of Tween-20 and 60.

All the aggressive acid solutions were open to
air. After 3 h, the specimens were taken out, washed,
dried, and weighed accurately. The average weight loss
of seven parallel mild steel sheets could be obtained.
The inhibition efficiency (%IE) and the degree of surface
coverage ,0, of Tween-20 and 60 for the corrosion of
mild steel was calculated as follows [29],

%IE = 0 x 100 = [W° — (W/W°)] x100 (1)

Where W° and W are the values of the average
weight loss without and with addition of the inhibitor,
respectively.

e) Polarization measurements

Polarization experiments were carried out in a
conventional three-electrode cell with a platinum counter
electrode and a saturated calomel electrode (SCE)
coupled to a fine Luggin capillary as the reference
electrode. The working electrode was in the form of a
square cut from mild steel embedded in epoxy resin of
polytetrafluoroethylene (PTFE) so that the flat surface
was the only surface in the electrode. The working
surface area was 1.0x1.0 cm. Tafel polarization curves

2014 Global Journals Inc. (US)

were obtained by changing the electrode potential
automatically from -600 to +300 mV at open circuit
potential with a scan rate 5 mVs™. Stern-Geary method
[30] used for the determination of corrosion current is
performed by extrapolation of anodic and cathodic Tafel
lines to a point which gives log i, and the
corresponding corrosion potential (E,,) for inhibitor free
acid and for each concentration of inhibitor. Then i,
was used for calculation of inhibition efficiency and
surface coverage () as below:

% lE = e X 100 = [1_ (icorr(mh) / icorr(free) ] X 100 (2)

Where e @Nd gomin are the corrosion
current densities in the absence and presence of
inhibitor, respectively.

Impedance measurements were carried out in
frequency range from 100 kHz to 10 mHz with amplitude
of 5 mV peak-to-peak using ac signals at open circuit
potential. The experimental impedance were analyzed
and interpreted on the basis of the equivalent circuit.
The main parameters deduced from the analysis of
Nyquist diagram are the resistance of charge transfer Ry
(diameter of high frequency loop) and the capacity of
double layer Cy4 which is defined as:

Cd\ :1/ (2 T fmax Rct) (3)

The inhibition efficiencies and the surface
coverage (0) obtained from the impedance
measurements are defined by the following relation:

IE% = 0x 100 = [1- (R°,/R.)] X100 (4)

Where R°; and R, are the charge transfer
resistance in the absence and presence of inhibitor,
respectively.

Electrochemical frequency modulation, EFM,
was carried out using two frequencies 2 and 5 Hz. The
base frequency was 0.1 Hz, so the waveform repeats



after 1 s. The higher frequency must be at least two
times the lower one. The higher frequency must also be
sufficiently slow that the charging of the double layer
does not contribute to the current response often; 10 Hz
is a reasonable limit. The Intermodulation spectra
contain current responses assigned for harmonical and
intermodulation current peaks. The larger peaks were
used to calculate the corrosion current density (i), the
Tafel slopes (B, and B,) and the causality factors CF-2&
CF-3[31].

The electrode potential was allowed to stabilize
30 min before starting the measurements. All the
experiments were conducted at 30 =*= 1°C.
Measurements were performed using Gamry Instrument
Potentiostat/Galvanostat/ZRA. This includes a Gamry
framework system based on the ESA 400. Gamry
applications include DC105 for corrosion
measurements, EIS300 for electrochemical impedance

computer for collecting data. Echem Analyst 5.58
software was used for plotting, graphing, and fitting
data.

[11. RESULTS AND DISCUSSION

a) Weight loss measurements

The weight loss-time curves of mild steel with
the addition of tween 60 in 0.5 M HCI at various
concentrations is shown in Fig. 1 as an example. The
curves of Fig. 1 show that the weight loss values of mild
steel in 0.5 M HCI solution containing Tween 60
decrease as the concentration of the inhibitor increases;
i.e., the corrosion inhibition strengthens with the
nonionic surfactant concentration. This trend may result
from the fact that the adsorption of surfactant on the
mild steel increases with the increase of inhibitor
concentration thus the mild steel surface is efficiently
separated from the medium by the formation of a film on

spectroscopy and EFM 140 for electrochemical jig surface [32].
frequency modulation measurements along with a
22 _m
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Figure 7 - Weight loss-time curves of mild steel in 0.5 M HCI in the absence and presence of different concentrations
of tween 60 at 25°C

b) Potentiodynamic polarization measurements

Figure 2 shows the anodic and cathodic Tafel
polarization curves for mild steel in 0.5 M HCI in the
absence and presence of varying concentrations of
tween 60 at 25°C as an example. The effect of
temperature on the IE % for Tweens was studied using
this technique. From Fig. 2, it is clear that both anodic
metal dissolution and cathodic reduction reactions were
inhibited when Tweens were added to 0.5 M HCI and
this inhibition was more pronounced with increasing
inhibitor concentration. Tafel lines are shifted to more
negative and more positive potentials with respect to the
blank curve by increasing the concentration of the
Tweens. This behavior indicates that the undertaken
additives act as mixed type inhibitors [33, 34]. The
results show that the increase in inhibitor concentration

leads to decrease the corrosion current density (i), but
the Tafel slopes (B, B.).are approximately constant
indicating that the retardation of the two reactions
(cathodic hydrogen reduction and anodic metal
dissolution) were affected without changing the
dissolution mechanism [35-38] (Table 2).
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Table 2 The effect of inhibitor concentration on the free corrosion potential (E..,), corrosion current density (izor),
Tafel slope (B., B.) , inhibition efficiency(IE%) , degree of surface coverage (©) ,corrosion rate (C.R) , for the

corrosion of mild steel in 0.5 M HCI at 25°C

Conc., | -E,rmVvs [ - CR,
Comp. ppm COS"CE uAcgrrh'2 mvg;b‘1 mV'csjé:a'c‘1 © IES6 umy?
Blank 0.0 484 4256 118 89 0.000 | 00.0 4940
20 486 162.2 104 79 0619 | 619 1883
o 40 486 157.9 106 82 0.629 | 63.0 1833
< 60 477 141.0 103 73 0.669 | 66.9 1637
§ 80 478 136.0 106 80 0.680 | 68.0 1579
= 100 485 115.2 97 75 0729 | 729 1337
120 474 103.7 105 70 0.756 | 756 1204
20 457 115.3 106 69 0729 | 73.0 1339
3 40 455 98.91 103 67 0.768 | 76.8 1148
§ 60 450 91.8 107 69 0.784 | 784 1066
= 100 447 85.56 105 65 0.799 | 80.0 993
120 452 84.12 104 69 0.802 | 802 976
-1.0—+
15 o
20 ] - -'"-.:_. ':,w
25 -
] - o
801 _,:;;v" = blank
§ s %, & © 40pom
T 0] "‘v,‘ = + 60 ppm
—= 1 - R 80 ppm
8 454 " S » 100 ppm
50 i 120 ppm
55 R
_60_- .
-6.5 ] T r T T T r T
0.7 -0.6 -0.5 -0.4 -0.3
E.V(vs.SCE)

Figure 2 Potentiodynamic polarization curves for corrosion of mild steel in 0.5 M HCI in the absence and presence
of different concentrations of tween 60 at 25°C

¢) Electrochemical impedance spectroscopy (EIS)
measurements

The effect of inhibitor concentration on the
impedance behavior of mild steel in 0.5 M HCI solution
at 25°C is presented in Fig. 3a. The curves show a
similar type of Nyquist plots for mild steel in the
presence of various concentrations of Tween 60. Similar
curves were obtained for Tween 20 (not shown). The
existence of single semi-circle showed the single charge
transfer process during dissolution which is unaffected
by the presence of inhibitor molecules. Deviations from
perfect circular shape are often referred to the frequency
dispersion of interfacial impedance which arises due to
surface roughness, impurities, dislocations, grain
boundaries, adsorption of inhibitors, and formation of
porous layers and in homogenates of the electrode

2014 Global Journals Inc. (US)

surface [39, 40]. Inspections of the data reveal that each
impedance diagram consists of a large capacitive loop
with one capacitive time constant in the Bode—-phase
plots (Fig.3b). The electrical equivalent circuit model is
shown in Fig. (4). It used to analyze the obtained
impedance data. The model consists of the solution
resistance (R,), the charge-transfer resistance of the
interfacial corrosion reaction (R,) and the double layer
capacitance (Cg). Excellent fit with this model was
obtained with our experimental data. EIS data (Table 3)
show that the R, values increases and the C, values
decreases with increasing the inhibitor concentrations.
This is due to the gradual replacement of water
molecules by the adsorption of the inhibitor molecules
on the metal surface, decreasing the extent of



dissolution reaction. The high (R, values, are generally
associated with slower corroding system [41, 42].

The decrease in the C, can result from the
decrease of the local dielectric constant and/or from the
increase of thickness of the electrical double layer
suggested that the inhibitor molecules function by

adsorption at the metal/solution interface [43]. The % IE
obtained from EIS measurements are close to those
deduced from polarization measurements. The order of
inhibition efficiency obtained from EIS measurements is
as follows: Tween 20 > Tween 60.

Table 3 . EIS data of mild steel in 0.5 M HCI and in the absence and presence of different concentrations of Tweens

at 25°C
Conc., Rer Can o
Comp. ppm Qcm? uFcm™ 0 IE%
Blank 00 25.67 151.4 0.000 00.0
20 79.05 92.0 0.675 67.5
I 40 82.47 83.1 0.689 68.9
§ 60 85.57 76.9 0.700 70.0
= 80 104.9 746 0.755 755
100 117.0 71.8 78.1 78.1
20 152.4 98.2 0.832 83.2
3 40 193.9 90.3 0.868 86.8
é 60 2151 89.0 0.881 88.1
E 80 233.4 84.9 0.890 89.0
100 248.5 84.2 0.897 89.7
60 —
= (blank)
e (20ppm)
A (40ppm)
v (60ppm)
> > < (80ppm)
L i, T > (100ppm)
e » < < »
o > b ANT\IN\L < »
E N LA 0% 4",y < >
< i’ ®eAY < >
g .AvAv < 4
N 204 [ ) < >
o AV <
@ AV < >
oy < '»
\ [ ¥\4 <
O_ T T T T T T T T t‘ K‘ 1
20 40 60 80 100 120 140
.., ohmem?
«  (Dblank) 1
. < (20 ppm) + 40
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100 Iy, Bge > (100 ppm) .l}
_ T L ~0
[S -:Xxv‘: _-"‘,
S B S
B8 ‘:5.': Qtv —-20
'gj - >1::.E§;» - 13’
................. 4‘::.13: :3? 1
-------- E% ltx' -..- ’i'
a'!; of - -60
o .
001 01 1 10 100 1000 10000 100000 1000000

Freq (hz)

Figure 3 Nyquist (a) and Bode (b) plots for mild steel

in 0.5 M HClI in the absence and presence of tween 20 at

25°C
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a) Electrochemical

> VAN A o
RE. R= Rt E.
il
alpha

Figure 4 . Electrical equivalent circuit model used to fit the results of impedance

frequency  modulation

(EFM)

compounds and the inhibition efficiencies increase by

measurements

The EFM is a nondestructive corrosion
measurement technique that can directly give values of
the corrosion current without prior knowledge of Tafel
constants. Like EIS, it is a small ac signal
Intermodulation  spectra  obtained  from EFM
measurements are presented in Fig. (5 a, b) are
examples of mild steel in 0.5 M HCI solutions devoid of
and containing 100 ppm concentrations of Tween 20 at
25°C. Similar intermodulation spectra were obtained for
other tween (not shown). Each spectrum is a current
response as a function of frequency. The calculated
corrosion kinetic parameters at different concentrations
of the investigated compounds in 0.5 M HCI at 25 °C
(isorr Bar Bey CF-2, CF-3 and |E %) are given in Table (4).

From Table 4, the corrosion current densities
decrease by increasing the concentration of investigated

increasing investigated concentration of the investigated
compounds. The causality factors in Table 4 are very
close to theoretical values which according to EFM
theory should guarantee the validity of Tafel slopes and
corrosion current densities. Values of causality factors in
Table 3 indicate that the measured data are of good
quality. The standard values for CF-2 and CF-3 are 2.0
and 3.0, respectively. The deviation of causality factors
from their ideal values might due to that the perturbation
amplitude was too small or that the resolution of the
frequency spectrum is not high enough also another
possible explanation that the inhibitor is not performing
very well. The obtained results showed good agreement
of corrosion kinetic parameters obtained with the EFM,
Tafel extrapolation and EIS methods.

Table 4 : Electrochemical kinetic parameters obtained by EFM technique for mild steel in the absence and presence
of various concentrations of tweens in 0.5 M HCl at 25°C

Conc., icorr , : CR,
Comp. M ;zAmgm‘2 mVlci:Icec‘1 mVl::iaec‘1 CF-2 CF-3 0 IE % mmy’’
Blank 00 4548 59 67 1.42 216 | - | 176.4
20 262.0 89 102 1.91 298 0.424 42.4 101.6

I 40 2426 85 102 1.92 3.86 0.467 46.7 94.21
§ 60 234.3 85 103 1.92 3.09 0.485 485 90.88
= 80 196.6 86 105 1.93 3.20 0.568 56.8 76.24
100 180.2 86 105 1.94 2.86 0.604 60.4 69.90

20 151.7 92 97 2.41 2.90 0.666 66.6 58.84

3 40 125.6 95 98 242 3.41 0.724 72.4 48.69
§ 60 115.2 94 102 1.79 275 0.748 74.8 44.67
Z 80 107.5 91 112 1.85 3.64 0.764 76.4 41.69
100 104.9 92 103 1.82 2.90 0.769 76.9 40.68
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Figure 5 . EFM spectra for mild steel in the absence and presence of different concentrations
of tween 20 in 0.5 M HCI

e) Adsorption isotherms
Organic molecules inhibit the corrosion process
by the adsorption on metal surface. Theoretically, the

adsorption process can be regarded as a single

laqy T+ XHZO(Sur) _—

Where x is known as the size ratio and simply
equals the number of adsorbed water molecules
replaced by a single inhibitor molecule. The adsorption
depends on the structure of the inhibitor, the type of the
metal and the nature of its surface, the nature of the
corrosion medium and its pH value, the temperature
and the electrochemical potential of the metal-solution
interface. Also, the adsorption provides information
about the interaction among the adsorbed molecules
themselves as well as their interaction with the metal
surface.

The values of surface coverage, 6, for different
concentration of the studied compound at different

substitutional process in which an inhibitor molecule, |,
in the aqueous phase substitutes an "x" adsorbed on the
metal surface [44,45] vis,

lsun T+ XH2O(aq) 5)

temperatures have been used to explain the best
isotherm to determine the adsorption process.

By far the results of investigated Tweens were
best fitted by Langmuir adsorption isotherm. Figures 6
and 7 show the plotting of C/8 against C at different
temperatures for Tween 20 and 60, respectively. These
plots gave straight lines with unit slope indicating that
the adsorption of investigated Tweens on mild steel
surface follows Langmuir adsorption isotherm [46]:

C/8=1/K+C 6)

Where C is the concentration of inhibitor, 8 the
fractional surface coverage and K is the adsorption

© 2014 Global Journals Inc. (US)

(C) Volume XIV Issue III Version I H Year 2014

<]

&

| of Researches in Engineering

Global Journa



Global Journal of Researches in Engineering (C) Volume XIV Issue III Version I E Year 2014

equilibrium constant related to the free energy of
adsorption AG®, as [47].

K = 1/55.5 exp (-AG®,/ RT) (7)
Where R is the universal gas constant, T is the
absolute temperature. The value 555 is the

concentration of water on the metal surface in mol/ L.

The calculated AG®, values, using Eq. (7),
were also given in Table 5. AG®,y is expressed in kJ
mol™ of Org,q. The negative values of AG®,,, ensure the
spontaneity of the adsorption process and the stability
of the adsorbed layer on the mild steel surface. It is well
known that values of AG®, of the order of 40 kJ mol™ or
higher involve charge sharing or transfer from the
inhibitor molecules to metal surface to form coordinate
type of bond (chemisorption); lower indicate a
physisorption [48,49].

The calculated AG°,4 values are in the range
38.6-41.9 kJ mol" indicates, therefore, that the
adsorption mechanism of the investigated compounds

on mild steel in 0.5 M HCI solution is a simple physical
adsorption. The higher negative values of AG®,
indicate that these inhibitors are strongly adsorbed on
the mild steel surface. Moreover, |AG®,.| of
investigated compounds decreases in the order Tween
60 > Tween 20.This is in good agreement with the
ranking of inhibitors efficiency obtained from the
different investigated techniques. The higher values of K
for tween 20 and 60 are 1.04x10°, 1.71x10° M
respectively; indicate stronger adsorption on the mild
steel surface in 0.5 M HCI solution. The strong
interaction of inhibitor with mild steel surface can be
attributed to the presence of O atoms and n-electrons in
the inhibitor molecules. Lagrenee et al [50] have
reported that the higher K value (> 100 M"), the
stronger and more stable adsorbed layer is forming
which results in the higher inhibition efficiency.

Figure 6. Langmuir adsorption isotherms for
tween 20 for corrosion of mild steel in 0.5 M HCI at
different temperatures

0.00016 — = tween 20 (25C°)
1 e tween 20 (35C°)
0.00014 | tween ;8 E45§');) /
v tween 55
E > /:
0.00012 - / -
- v /
0.00010 - /.
= |
< 0.00008
[&) |
0.00006 %
- /
/
e
i —
0.00004 v%
1 -
0.00002
0.00000 0.00002 0.00004 0.00006 0.00008 0.00010
C.M

Figure 6 Langmuir adsorption isotherms for tween 20 for corrosion of mild steel in 0.5 M HCI at different

temperatures

0.00016 = Tween 60(25°C)

] e Tween 60(35°C)

0.00014 - A Tween 60(45°C)

] v Tween 60(55°C)
0.00012
0.00010
= |
< 0.00008
O ]
0.00006 -
0.00004
0.00002

000002 000004 000006 000008 000010 000012
CM

Figure 7 Langmuir adsorption isotherms for tween 60 for corrosion of mild steel in 0.5 M HCI at different
temperatures

© 2014 Global Journals Inc. (US)



7 Thermodynamic parameters
Thermodynamic parameters are important in
studying the inhibitive mechanism. The values of
enthalpy of adsorption, AH%. and entropy of
adsorption, AS®,,, were obtained from the plot of AG®,4
versus T and from the basic thermodynamic equation
8):
AGPads = AHCads - T ASPads (8)

AH°, . obtained were -10.9 and -18.9 kJ mol
for Tween 20 and 60 respectively. The negative sign of
AH°,_,. obtained indicates the exothermic nature of the
corrosion process [51] which indicates that % IE
decreases with increasing the temperature. Generally,
an exothermic process signifies either physisorption or
chemisorption while endothermic process is attributable
unequivocally to chemisorption [52]. In an exothermic
process, physisorption is  distinguished  from
chemisorption by considering the absolute value of a
physisorption process is lower than 42 kJ mol™ while the
adsorption heat of a chemisorption process approaches
100 kJ mol™ [53]. In the present case, the absolute value
of the heat of adsorption is lower than 42 kJ mol”
approaching the typical value of physisorption. The
values obtained for AS®,,, were 90 and 70 J mol'K™ for
Tween 20 and 60 respectively. The negative values of
AS®,,s mean that the process of adsorption is
accompanied by decrease in entropy. It might be
explained as follows: before the adsorption of Tweens
onto the mild steel surface, the chaotic degree of mild
steel surface was high, but when inhibitor molecules
were orderly adsorbed onto the mild steel surface, as a
result, a decrease in entropy [54].

g) Effect of temperature

The effect of temperature on the rate of
corrosion of mild steel in 0.5 M HCI containing different
concentration from tween 20 or tween 60 was tested by
potentiodynamic polarization measurements over a
temperature range from 25 to 55°C.

The effect of increasing temperature on the
corrosion  rate  (i,,) and |IE obtained from
potentiodynamic polarization measurements.

The results revealed that, on the increasing
solution temperature there is an increase of i, while |E
decrease for all compound used. The activation energy
(E’) of the corrosion process was calculated using
Arrhenius equation:

k = Aexp (-Ea’/ RT) 9)

Where k is the rate of corrosion, A is the
Arrhenius constant, R is the gas constant and T is the
absolute temperature.

Figure 8 present the Arrhenius plot in the
presence of 40 ppm from investigated Tweens. E’,
values determined from the slopes of these linear plots

are 21.8, 31.3 and 35.1 kJ mol™*for blank, tween 20 and
tween 60 respectively. The linear regression (R?) is close
to 1 which indicates that the corrosion of mild steel in
0.5 M HCI solution can be elucidated using the kinetic
model. The values of E", for inhibited solution is higher
than that for uninhibited solution, suggesting that
dissolution of mild steel is slow in the presence of tween
and can be interpreted as due to physical adsorption
[55]. It is known from Eq. 6 that the higher E", values
lead to the lower corrosion rate. This is due to the
formation of a film on the mild steel surface serving as
an energy barrier for the mild steel corrosion [56].

Enthalpy and entropy of activation (AH", AS") of
the corrosion process were calculated from the
transition state theory:

(ior) = (RT/ Nh) exp (AS'/R) exp (-AH/RT) (10)

Where h is Planck’s constant and N is
Avogadro's number. A plot of 10g (ige/ T) vs. 1/ T for mild
steel in 0.5 M HCI at 80 ppm from investigated
compounds, gives straight lines as shown in Figure 9.
Values of AH" are, 8.5, 12, 14.2 kJ molfor blank, tween
20 and tween 60, respectively and these values are
positive. This indicates that the corrosion process is an
endothermic one. The entropy of activation is large and
negative and in the range 97.3 to 110.9 Jmol'K™". This
implies that the activated complex represents
association rather than dissociation step, indicating that
a decrease in disorder takes place, going from reactants
to the activated complex [52].

© 2014 Global Journals Inc. (US)
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h) Scanning electron microscopy (SEM) studies
Scanning electron microscopy (SEM) was
employed to study the surface morphology of mild steel
surface. The sample was studied after etching and \ or
24 hrs immersion in the test solution, in both cases after
mechanical polishing. Figure [10(a)] reveals the
microstructure of polished mild steel before placing it in
the test solution. The scan shows that a solid and
homogeneous surface is found. Figure [10 (b)]
illustrates the effect of 0.5 M HCI on mild steel sample
after 24 hrs immersion at 25°C, it appears that the
presence of general corrosion (a large number of
vacuoles with different sizes). Figure [10 (c)] exhibit the
effect of 100 ppm tween 20 in 0.5 M HCI, it obvious that
the presence of thin protection layer on mild steel
surface and the surface becomes more smoother than
that appears in case of HCI acid alone. On comparing
Figure [10 (d)] which illustrates the effect of 100 ppm
tween 60 in 0.5 M HCI at 25°C on mild steel sample, it
appears that the disappearance of vacuoles and the

© 2014 Global Journals Inc. (US)

formation of an adsorbed film on mild steel surface due
to adsorption of the tweens lead to high corrosion
inhibition at this concentration. This confirms with the
previous results obtained from electrochemical studies.



Figure 10 : SEM photographs of mild steel, (a) before immersion, (b) after corrosion in 0.5 M HCI, (c) in presence of
100 ppm tween 20 and (d) in presence of 100 ppm tween 60 in 0.5 M HCI solution at 25°C

1) Mechanism of corrosion inhibition

The adsorption may be the result of one or
more of three types of interactions [53] namely;
electrostatic attraction between charged molecules and
charged metal, coordination of the unshared pairs of
electron on the molecule to the metal atom, and
involvement ofmt electrons of the inhibitor molecule in
coordination process. From the observations drawn
from the different methods, one can conclude that the
inhibitor is adsorbed on mild steel surface forming a
barrier film and protect substrate against corrosion in
0.5 M HCI solution. The inhibitive action of Tween
compounds could be attributed to the adsorption of
their molecules on mild steel surface forming a barrier
between the bar metal and the corrosive environment.
The surface activity of Tween compounds as well as the
presence of function groups, such as carbonyl group, in
their structures facilitates such adsorption. The
surfactant molecules adsorb on the metal surface via
their function groups, by van der Waals force. In
addition, the main hydrophilic part,
CHO(CH,CH,0),CH,CH,-OH, of Tweens 20 and 60
attacks the mild steel surface while the main
hydrophobic part CHCH,OCO(CH,),,CH,; of Tween 20
and CHCH,OCO(CH,),,CH, for Tween 60 extend to the
solution face and they repel the aqueous aggressive
anion away from the metal surface and therefore inhibit
the corrosion reaction. When Tweens adsorbed on
metal surface, coordinate bond might be formed by
partial transference of electrons from the polar atom (O
atom) of Tweens to the metal surface.

In general, inhibition of different tween
compounds depends on their structures. The inhibition
efficiency increases in the following order: T 20 < T 60.

This sequence reflects the effect of type of the
fatty acid included in the tween formula, on their
inhibitive action, since all tween compounds are mainly

polyoxyethylene sorbitane combined with alkyl chain of
different fatty acids which determine the tween number.
Now, one can rewrite the above sequence, according
the alkyl chain as following. Laurate (C12) < stearate
(C18)

This new sequence illustrates the effects of both
hydrocarbon length and presence of a double bond in
the inhibitor structure. Thus, the inhibition efficiency
increases as the number of carbon atoms in the alkyl
chain increases.

IV. CONCLUSIONS

It was found that the percentage inhibition
efficiency depends on the concentration, temperature
and chemical structure of Tweens and the inhibition
efficiency is in the order: Tween 60 > Tween 20. The
inhibition efficiency increases as the length of the tween
hydrocarbon chain is increased. Polarization curves
demonstrate that the examined Tweens behave as
mixed type inhibitors. The results of EIS indicate that the
double layer capacitance decreases with respect to the
blank solution when these inhibitors are added; this fact
may be explained on the basis of adsorption of these
inhibitors on mild steel surface. The adsorption of
investigated Tweens on mild steel surface in HCI
solution follows Langmuir adsorption isotherm. The
negative values of AG°,,, show the spontaneity of the
adsorption of Tweens on mild steel surface. The
percentage inhibition efficiency of Tweens obtained from
the weight loss, potentiodynamic polarization curves,
EIS and EFM techniques are in good agreement.
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Development and Properties of Hybrid
Composites

G. Meenambika Bai “& H. Raghavendra Rao °

Abstract- The Flexural and tensile properties and Scanning
electron Microscope analysis of Aramide/Onion/Glass fibers
Reinforced Epoxy Hybrid composites were studied. The effect
of alkali treatment of the Aramide/Onion/Glass fibers on these
properties was also studied. These properties found to be
higher when alkali treated glass fibers were used in the hybrid
composites. The elimination of amorphous hemi-cellulose with
alkali treated leading to higher crystallinity of the Aramide/
Onion/Glass fibers with alkali treatment may be responsible for
these observations. The author investigated the interfacial
bonding between Aramide/Onion/Glass reinforced epoxy
composites. The effect of alkali treatment on the bonding
between Aramide/Onion/Glass composites was also studied.
Keywords.: aramide fiber, glass fiber, onion fiber, epoxy
resin, SEM flexural properties, chemical resistance,
tensile properties, hybrid composites.

. INTRODUCTION

everal studies on the composites made from
Sepoxy matrix and natural fibers onion, jute, wood,

banana, sisal, cotton, coir and wheat straw were
reported in the literature. Jindal (1) reported the
development of bamboo fiber reinforced plastic
composites using araldite (CIBA CY 230) resin as matrix.
Though bamboo is extensively used as a valuable
material from times immemorial (because of its high
strength and low weight), the studies on this fiber
reinforced plastics re meager. Inthe present work, the
aramide, onion & glass fiber reinforced high
performance epoxy hybrid composites were developed
and their Flexural and tensile properties with fiber
content were studied. The author investigated the
interfacial bonding between Aramide, onion, glass
reinforced epoxy composites. The effect of alkali
treatment on the bonding between Aramide, onion,
glass composites was also studied.

I1. MATERIALS AND METHODS

a) Materials

High performance epoxy resin LY 556 and the
curing agent hardener HY 951 system were used as the
matrix. Onion fiber were procured from local area. Some
of these fibers were soaked in 1% NaOH solution for 30
min. to remove any greasy materials and hemi-cellulose,
washed thoroughly in distilled water and dried under the

Author o o Department of Mechanical Engineering G. P.
Engineering College, Kurnool-518002, India.
e-mails: meenasonu2@agrmnail.com, hanchaterrao@grmail.corm

sun for one week. The fibers with a thickness of 0.3mm
were selected in the mat form. The glass chopped
strand mat was used in making the hybrid composite
percentage.

b) Preparation of mould

For making the composites, a moulding box
was prepared with glass with 200mmx200mmx3mm
mould (length x width x thickness)

[11. PREPARATION OF THE COMPOSITE

AND THE TEST SPECIMENS

The mould cavity was coated with a thin layer of
aqueous solution of poly vinyl alchol (PVA) which acts
as a good releasing agent. Futher a thin coating of hard
wax was laid over it and finally another thin layer of PVA
was coated. Each coat was allowed to dry for 20 min at
room temperature. A 3mm thick plate was made from
the epoxy and hardener taken in the ratio of 100 and 10
parts by weight respectively. Then the moulding box was
loaded with the matrix mixture and onion & glass fiber in
random orientation (with varying percentage) and was
placed in a vacuum oven which was maintained at
1000c for 3 hours to complete curing. After curing the
plate was removed from the moulding box with simple
tapering and it was cut in to samples for flexural test with
dimensions of 150mmx20mmx3mm are cut as per
ASTM  specifications. For comparison sake the
specimen for matrix material were also prepared in
similar lines. For Scanning electron microscope analysis
the cryogenically cooled and fractured specimen
surfaces were gold coated and the fractures surface
was observed using scanning electron microscope.

IV.  TENSILE AND FLEXURAL LOAD
MEASUREMENT
The tensile and flexural modulus were

determined using M/S Instron 3369 Model UTM. The
cross head speed for flexural test was maintained at
10mm/min respectively. In each case 5 samples were
tested and the average values are reported.
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V. Eroxy COMPOSITES

a) Sem Analysis

To probe the bonding between the
reinforcement and matrix, the Scanning electron
micrograms of fractured surfaces of aramide, onion,
glass reinforced epoxy composites were recorded.
These micrograms were recorded at different
magnifications and regions. The analysis of the
micrograms of the composites prepared under different
conditions is presented in the following paragraphs.

b) Untreated Onion Fiber

The micrograms of fractured surfaces of
untreated onion fiber are presented in figure 2 (a), (b),
(c&d). Figure 2 (a) & (b) represents the fractograms at
two regions with a magnification of 100X. Figure 2(c) &
(d) and the fractograms at these regions at
magnification of 200X. From all these micrograms it is
evident that fiber pullout is observed, indicating a poor
bonding between the fibers. When the interfacial
bonding is poor, the mechanical properties of the
composites will be inferior. All the mechanical properties
of the glass/onion fiber composites studied indicate that
these properties are the least for these composites with
untreated onion fibers. The poor adhesion is indicated in
figure 2 supports this observation.

© 2014 Global Journals Inc. (US)
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Figure . SEM of untreated Onion fiber (a) and (b) at two regions 100x magnification

The fractograms of alkali treated bamboo fiber
are presented in fig 3(a), (b).these fractograms were
recorded at two different regions and 100X and 200X
magnifications. From these micrograms it is clearly
evident that the surface of the fiber becomes rough on
alkali treatment. The elimination of hemi-cellulose from

(@)
Figure . SEM of treated Onion fiber (a)

CHEMICAL RESISTANCE OF
COMPOSITES

VI.

The chemical resistance of the composites was
studied as per ASTM D 543-87 method. For chemical
resistance test, the acids namely concentrated
hydrochloric acid (10%), concentrated nitric acid (40%)
and glacial acetic acid (8%), the alkalis namely aqueous
solutions of sodium hydroxide (10%), ammonium
hydroxide (10%) and sodium carbonate (20%) and the

the surface of the bamboo fiber may be responsible for
the roughening of the surface. Here, though the bonding
is improved, fiber pullout is reduced. Thus the alkali
treatment improved the bonding. This is in accordance
with the mechanical properties of these composites.

(o)

and (b) at two regions 100x magnification

solvents- Benzene, carbon tetra chloride, toluene and
water were selected. In each case, ten pre-weighted
samples were dipped in the respective chemicals under
study for 24 hours, removed and immediately washed
thoroughly with distilled water and dried by pressing
them on both sides by filter papers. The final weight of
the samples and % weight loss/gain was determined.
The resistance test was repeated for ten samples in
each case and the average values reported.

Chemicals Matrix Composite
40 % nitric acid +0.2876 +0.27541
10% Hydrochloric acid +0.9365 +0.35491
8% Acetic acid +0.3365 +2.4679
10% sodium hydroxide -0.4761 -2.2191
20% sodium carbonate +0.747 -3.7756
10% Ammonium Hydroxide -0.3243 -2.9985
Benzene -1.321 -1.346
Toluene -0.491 -2.340
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Carbon tetrachloride
Water

-1.124
-1.112

+4.4858
-1.634

VII.  CONCLUSION

The hybrid composites of onion/glass fiber
reinforced epoxy were made and their Flexural
properties and SEM analysis studied. The effect of alkali
treatment of the bamboo fibers on these properties was
studied. These hybrid composites were found to exhibit
good Flexural properties. The hybrid composites with
alkali treated onion fibers were found to possess higher
flexural properties. The elimination of amorphous weak
hemi-cellulose components from the Bombay fibers on
alkali treatment may be responsible for this behavior.

VIII. RESULTS AND DisCUSSION

The variation of Flexural strength with the ratio
of percentage glass/onion fiber in these composites is
presented in fig-1, fig-2. In this case also the hybrid
composites are found to have good Flexural properties.
In the case of maximum strength, the values vary
between 60 to 213 MPa. The Flexural strength of these
composites are found to be enhanced when alkali
treated bamboo fibers were used in the hybrid
composites. Similarities observation was made by
Varada Rajulu et al (2-9) and Srinivasulu et al (10) in the
case of some onion composites and polymer coated
onion fibers.
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The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

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

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

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

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

Board.

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

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

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

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

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

The following entitlements are applicable to individual Fellows:

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

K'& -0

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

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

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

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

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

Other:

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

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

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

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

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

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

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

Note :

”

Vil

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

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

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

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

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

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

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

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

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

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

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

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

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

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

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

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

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

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

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

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

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

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

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

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

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

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

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

Introduction:

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

Explain the value (significance) of the study

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

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

Approach:

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

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

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

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

Procedures (Methods and Materials):

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

Materials:

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

e If use of a definite type of tools.

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

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

®  Describe the method entirely

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

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

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

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

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

What to keep away from

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

Results:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

rejected.

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

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

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

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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