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ABSTRACT
The major three resources like Air, Water and
Food have been polluted and are seeking a special
attention for their originality which has to be
reestablished. The present research was investigated using
dulce powder as a potential biosorbent for the removal of
titan yellow. The operating parameters involved are
agitation time, biosorbent size and pH of the solution,
initial concentration of solution, dosage of biosorbent and
temperature of the solution. The optimization was also
incorporated using Central Composite Design (CCD).
The optimum size of biosorbent is 53 m, pH was
obtained at 6.0 and initial concentration of Titan yellow is
20 mg/L were compared using one factor at a time with
CCD. The kinetics and isotherm studies are also studied
along with thermodynamic study.
Keywords – CCD, Titan yellow, dulce powder.

1. INTRODUCTION
With every drop of water you drink, every breath you
take. Water has been used since antiquity as a symbol by
which to express devotion and purity. “Water is needed
for almost every aspect of energy production, from
digging up fossil fuels to refining oil and generating
power and the amount of water consumed by the sector is
on track to double within the next 25 years, according to
the International Energy Agency. Contrary to the past,
our recent developed technological society has become
indifferent to this miracle of life. Our natural heritage
(rivers, seas and oceans) has been exploited, mistreated
and contaminated. In developing nations, however, the
search for safe drinking water can be a daily crisis.
Within the next few decades, the lack of freshwater in
certain areas of the globe will intensify and cause one of
the greatest challenges to the world’s population. 70.8%
from earth’s surface is represented by water only 2.7% is
fresh water and 0.46% can be directly utilized [1]. This
domestic water consumption is dwarfed by the demands
of agriculture and ecosystems, even in wealthy countries
where per capita domestic water consumption greatly

exceeds these figures [2]. To cover all these requirements
and to avoid water stress, experts generally agree that
about 1,000 cubic meters of freshwater precipitate per
year is needed [3]. Water pollution due to toxic heavy
metals released by industrial activities is a serious
environmental and public health issue because they tend
to remain indefinitely circulating and eventually
accumulating throughout the food chain. [4,5]. Various
conventional processes, such as chemical precipitation,
membrane filtration, ion exchange, reverse osmosis,
evaporation and electrolysis, are usually applied to the
treatment of industrial drainage. However, the application
of such processes is often limited because of technical or
economic constraints.[6] The main disadvantages are the
high cost of implantation and operations for
concentrations below 100 mg/L[7]. Therefore, new
technologies with acceptable costs are necessary for
reduction of the heavy metal concentration in industrial
drainage.

2. EXPERIMENTAL PROCEDURE
The present experimentation is carried out both batchwise and column, on biosorption of Titan yellow dye
from aqueous solutions on the biosorbent – Dulce powder
powder .
The experimental procedure consists of the following
steps:
2.1 Preparation of the bisorbent
2.2 Characterization of biosorbent
2.3 Preparation of the stock solutions
2.3 Studies on Equilibrium Biosorption Process
2.1. Preparation of the bisorbent
Dulce fruit waste peel was collected from local fruit
vendor, Visakhapatnam. The collected biosorbent was
washed with water several times until the dirt particles are
removed and finally washed with distilled water. The
biosorbent was dried in sun light for fifteen days, cut into
small pieces, powdered and sieved. In the present study,
the obtained powder was used as biosorbent without any
pretreatment.
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2.2 Characterization of biosorbent
Biosorption of Titan yellow dye using Dulce powder
powder has many affecting factors which include
characterization (FTIR, XRD, SEM), Biosorbents were
characterized by FTIR spectrometry using Spectrum GX
of Perkin Elmer, XRD patterns were recorded from 10 to
700 For SEM studies, the dried powders and the
corresponding loaded powders were first coated with
ultra-thin film of gold by an ion sputter JFC-1100 and
then were exposed under a Japanese make electron
microscope (JEOL, JXA-8100) equilibrium studies
(agitation time, biosorbent size, pH, initial concentration,
biosorbent dosage, temperature), Isotherms (Langmuir,
Freundlich, Temkin), Kinetics (Lagergren First Order,
Pseudo Second Order), Thermodynamics (Entropy,
Enthalpy and Gibb’s Free Energy) and Optimization
using Central Composite Design. XRD patterns were
recorded from 10 to 700.
2.3 Preparation of stock solution:
The standard stock solution of titan yellow dye (1000
mg/L) was prepared by dissolving 1.0 g of 99.9 %
analytical grade Titan yellow dye in 1000 mL of distilled
water. The concentration of dye in the aqueous solution
was varied from 20 to 200 mg/L by diluting the stock
solutions with required quantity of deionized water. The
pH of the working solution was adjusted using either 0.1
N HCl or 0.1N NaOH.
2.3 Studies on Equilibrium Biosorption Process:
The biosorption was carried out in a batch process by
adding a pre-weighed amount of the Dulce powder
powder to a known volume of aqueous solution for a
predetermined time interval in an orbital shaker. The
procedures adopted to evaluate the effects of various
parameters via. Agitation time, biosorbent size, pH, initial
concentration, biosorbent dosage and temperature of the
aqueous solution on the biosorption of Titan yellow dye
were evaluated using single step optimization process

3
4
5

2

Parameter
Agitation time,
t, min
pH of the
aqueous
solution

20, 50, 100, 150 and 200
10, 20, 25, 30, 35, 30, 50,
60 and 80
283, 293, 303, 313 and 323

.
3. RESULTS AND DISCUSSIONS
In the present investigation, the prospectives of two
sorbents namely Dulce powder powder and Dulce powder
were evaluated to estimate their performance for the
decolorization of Titan yellow dye present in aqueous
solutions. The effects of parameters on decolorizationof
T.Y dye were measured, data consisting of contact time,
sorbent size, pH of the solution, initial concentration,
sorbent dosage and temperature.
3.1. Sorption of Titan yellow dye using Dulce powder
3.2 Effect of contact time
The equilibrium contact time is determined by plotting
the % dye decolorization of IC dye against contact time
as shown fig. 3.1 for the interaction time intervals
between 1 to 180 min. Duration of equilibrium dye
decolorization is defined as the time required for dyes
concentration to reach a constant value during dye
decolorization. The % dye decolorization is increased
briskly up to 30 min reaching 55 %. Beyond 30 min, the
% sorption is constant indicating the attainment of
equilibrium conditions.The maximum percentage of
sorption is attained at 30 minutes. Therefore, all other
experiments are conducted at this optimum contact time
The maximum percentage of sorption is attained at 30
min of contact and becomes constant after 30 min
indicating the attainment of the equilibrium with 53 μm
size of 10 g/L sorbent dosage mixed in 50ml of aqueous
solution(C0=20 mg/L)[8-14].

Table 1.Experimental conditions for biosorption of TY dye
S.N
o.
1

Initial dye
concentration,
Co, mg/L
Initia
Biosorbent
dosage, w, g/L
Temperature, K

Values Investigated
5, 10, 15, 20, 25, 30, 30,
50, 60, 90, 120, 150 and
180
2, 3, 3, 5, 6, 7 and 8
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Sorbent = Dulce powder
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60

50

40
% decolorised
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dP = 53 m
pH = 6
Co = 20 mg/L
w = 10 g/L
T = 308 K
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Fig3.1 Effect of contact time on % dye decolorization
of IC dye

3.3.3. Effect of pH
pH controls dye decolorization by influencing the surface
change of the sorbent, the degree of ionization and the
species of biosorbate. The effect of pH of aqueous
solution on % dye decolorization of IC dye is shown in
fig.3.3. In the present investigation, IC dye decolorization
data are obtained in the pH range of 2 to 8 of the aqueous
solution (C0 = 20 mg/L) using 0.5 g of 53 μm size
sorbent.The % sorption of IC dye is increased drastically
from 42% to 68 % as pH is increased from 2 to 4 and
beyond the pH value of 4 it decreased.
The increase in sorption capacity at higher pH may also
be attributed to the reduction of H+ ions which complete
with IC dye lower pH. This is the reason for higher
sorption of IC due in the pH range of 4. At pH higher
than 4, precipitation of IC dye occurred and sorption is
reduced [30-39].
1.6

80
Sorbent = Dulce powder
IC dye uptake
% decolorisation of IC dye

% decolorisation of IC dye

75

3.3 Effect of sorbent size
The variations in % dye decolorization of IC dye from the
aqueous solution with sorbent size are obtained. The
results are drawn in fig.3.2 with percentage dye
decolorization of IC dye as a function of sorbent size.The
percentage sorption is increased from 42 % to 55 % as the
sorbent size decreases from 152 to 53 μm.This
phenomenon is expected, as the size of the particle
decreases, surface area of the sorbent enhances.The
equilibrium with 30 min of time 10 g/L sorbent dosage
mixed in 50ml of aqueous solution(C0=20 mg/L)[15-29] .
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Fig. 3..2 % Dye decolorization of IC dyeas a function
of sorbent size

Fig. 3.3 Observation of pH along with % dye
decolorization of IC dye
3.4. Effect of initial concentration
The experiments were carried out using various
concentrations of IC dye in the aqueous solution under
the optimum size, pH values and equilibrium contact
time. The effect of initial concentration of IC dye in the
aqueous solution on the percentage dye decolorization of
IC dye is shown in fig.3.4.The percentage sorption of IC
dye is decreased from 68 %to 40 % with an increase in C0
from 20 mg/L to 200 mg/L.The equilibrium with 30 min
of time 10 g/L sorbent dosage with 53 μm size mixed in
50ml of aqueous solution [40-49].
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3.6 Effect of Temperature
The effect of temperature on the equilibrium dye uptake
was significant. The effect of changes in the temperature
(283, 293,303, 313, and 323) on the IC dye uptake is
shown in Fig.4.40. When temperature was lower than 303
K, IC dye uptake increased with increasing temperature,
but when temperature was over 303 K, the results were
more or less constant.
The increase in the percentage sorption with the rise in
temperature may be due to the increase in chemical
interaction between IC dye ions and further increase to
323 K is marginal from 303K. High temperature favors
the diffusion of dye molecules in the internal porous
structure of surface. The equilibrium with 30 min of time
25g/L sorbent dosage with 53 μm size mixed in 50ml of
aqueous

% decolorisation of IC dye
IC dye uptake, mg/g

% decolorisation of IC dye

75
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70
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0
0
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Initial concentration of IC dye solution, mg/L

Fig. 3.4 Variationof initial concentration with % dye
decolorization of IC dye
3.5 Effect of sorbent dosage
The percentage dye decolorization of IC dye is drawn
against sorbent dosage for 53 μm size sorbent in fig.3.5.
The percentage sorption increased with increase in
sorbent dosage.
The sorption of IC dye increased from 68 % to 88 % with
an increase in sorbent dosage from 0.5 to 1.25g
(25g/L).The change in percentage decolorization of IC
dye is marginal from 88 % to 93 % when ‘w’ is increased
from 1.25 to 4 g. Hence all other experiments are
conducted at 1.25 g dosage. The equilibrium with 30 min
of time 4 pH with 53 μm size mixed in 50ml of aqueous
solution [50-59].
105

Solution. The sorption capacity of dye is increased at
higher temperatures, which indicates that sorption of dyes
in this system is an endothermic process [60-69].
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Fig. 3.5 Dependency of % dye decolorization of IC dye
on sorbent dosage

Fig.3.6 Effect of temperature on % dye decolorization
of IC dye
3.7 Equilibrium isotherm models
Langmuir, Freundlich and Temkin models are used to
find the equilibrium relationships between the sorbents
and the sorbate. For all these models, non-linear
regression methods are followed to obtain the isothermal
constants.
The Langmuir relationship is hyperbolic and the equation
is
qe/qm = bCe / (1+bCe)
Equation can be rearranged as
(Ce/qe) = 1/(bqm) + Ce/qm
From the plots between (Ce/qe) and Ce, the slope 1/ (bqm)
and the intercept (1/b) are calculated. Further analysis of
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Langmuir equation is made on the basis of separation
factor, (RL) defined as RL = 1/ (1+bCe)
The equation obtained ‘n’ Ce/qe = 0.0880 Ce + 4.56451
with a good linearity (correlation coefficient,
R2~0.99488) indicating strong binding of IC dye to the
surface of dulce powder.

3.0
Sorbent = Dulce powder
b[0] = -0.2714745447
b[1] = 0.4129126739
r ² = 0.9335831928

2.5

R

1.5

-0
.7
81
8;

Sorbent = Dulce powder
15

0.
61
47
140

Fig. 3.7 Langmuir isotherm for % dye decolorization
of IC dye
Freundlich isotherm:
Freundlich presented an empirical dye decolorization
isotherm equation, that can be applied in case of low and
intermediate concentration ranges. It is easier to handle
mathematically in more complex calculations.
The Freundlich isotherm is given by
qe = KfCen
Where Kf (mg) represents the sorption capacity when dye
equilibrium concentration and n represents the degree of
dependence of sorption with equilibrium concentration
Taking logarithms on both sides, we get
ln qe = ln Kf+ n ln Ce
Freundlich isotherm is drawn between ln Ce and ln qe. The
resulting equation has a correlation coefficient of
0.99148.
ln qe = 0.6147 ln Ce - 0.7818;
The ‘n’ value in the above equations satisfies the
condition of 0<n<1 indicating favorable sorption.

12
Sorbent = Dulce powder

0.
99
96

120

Ce, mg/L

Fig. 3.8 Freundlich isotherm for % dye decolorization
IC dye
Temkin isotherm:
Temkin and Pyzhev isotherm equation describes the
behavior of many sorption systems on the heterogeneous
surface and it is based on the following equation
qe= RT ln(ATCe)/bT
The linear form of Temkin isotherm can be expressed as
qe= (RT/ bT ) ln(AT) + (RT/bT) ln(Ce)
The equation obtained for IC dye sorption is
qe = 2.7971 ln Ce – 5.4081 with a correlation coefficient
0.9996.
The best fit model is determined based on the linear
regression correlation coefficient (R).
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Fig. 3.9 Temkin isotherm for % dye decolorization of
IC dye
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It is found that sorption data are well represented by
Temkin isotherm with higher correlation coefficient of
0.9996, followed by Langmuir and Freundlich isotherms
with correlation coefficients of 0.99488 and 0.99148
respectively[70-84].

Kf = 0.457582
mg/g
n = 0.61472
R2 = 0.99148

0.0

Based on regression coefficients (great that0.99) and the
similarity between calculated and experimental qe values,
the best kinetic model for adsorption of lead and copper
was identified as pseudo-second order model. The best fit
of the experimental data to the pseudo second order
suggest that the adsorption process is a chemical sorption
involving valence forces through sharing or exchange of
electrons between the sorbent and the sorbate.
The order of biosorbate – biosorbent interactions have
been described using kinetic model.
Traditionally, the first order model of Lagergren finds
wide application. In the case of sorption preceded by
diffusion through a boundary, the kinetics in most cases
follows the first order rate equation of Lagrangen:
(dqt/dt)= Kad (qe – qt) where qe and qt are the amounts
adsorbed at t, min and equilibrium time and Kad is the rate
constant of the pseudo first order sorption.
The above equation can be presented as
∫ (dqt /(qe – qt) )= ∫ Kad dt
Applying the initial condition qt = 0 at t = 0, we get
log (qe – qt) = log qe – (Kad/2.303) t
log (qe – qt) = 0.0711 - 0.0183 t
Plot of log (qe–qt) versus‘t’ gives a straight line for first
order kinetics, facilitating the computation of adsorption
rate constant (Kad).

-0.4

R 2 =0
.9704
dP = 53 m

-0.6

pH = 6
Co = 20 mg/L
w = 10 g/L
T = 308 K

-0.8

AT = 0.144646
L/mg
bT = 915.4882
R2 = 0.9996

3.8 Kinetics of dye decolorization
Psudo first order, second order and intra-particle
diffusion kinetic models have been used to describe the
rate of metal ions uptake. Pseudo first and second order
plots are shown in Figs. 3.10 to 3.11. The rate constants
and correlation coefficients are indicated in Table 4.19.

log (q
e -qt ) =
-0.01
83 t +
0.071
1

-0.2

-1.0
-1.2
0

5

10

15

20

Agitation time, t, min

Fig. 3.10 first order kinetics for % dye decolorization
of IC dye
pseudo second order kinetic equation:
(dqt/dt) = K (qe – qt)2 is applicable,
where ‘K’ is the second order rate constant.
The other form of the above equation is:
(dqt/(qe–qt)2)= Kdt
1/ x = K x + C
C = 1/ qe at t = 0 and x = qe
Substituting these values in above equation, we obtain:
1/( qe – qt) = Kt + (1/qe)
Rearranging the terms, we get the linear form as:
(t/qt) = (1/ Kqe 2 ) + (1/qe ) t.
(t/qt) = 0.0183 t + 0.0711.
The pseudo second order model based on above equation,
considers the rate -limiting step as the formation of
chemisorptive bond involving sharing or exchange of
electrons between the sorbate and sorbent. If the pseudo
second order kinetics is applicable, the plot of (t/qt)
versus ‘t’ gives a linear relationship that allows
computation of qe and K.
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Table – 3.1 Isotherm constants (linear method)
Langmuir
Freundlich
Temkin
isotherm
isotherm
isotherm
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Fig. 3.11 second order kinetics for % dye decolorization
of IC dye
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In the present study, the kinetics are investigated with 50
mL of aqueous solution (C0= 20 mg/L) at 303 K with the
interaction time intervals of 1 min to 180 min. Lagragen
plots of log (qe-qt) versus contact time (t) for
decolorization of IC dye the sorbent size (53 μm) of dulce
powder in the interaction time intervals of 1 to 180 min
[85-94].
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g
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Table–3.2 Equations and rate constants
Order
Equation
Rate
constant

-0.30

-0.80
-0.85

Lagergren
first order

log (qe-qt) = –
0.01837 t +0.0711

0.042145
min-1

0.9704

Pseudo
Second
order

t/qt = 1.1561 t +
6.5319

0.2046
g/(mgmin)

0.8484

-0.90
3.096

3.195

3.300

3.413

3.534

1/ T x 103, K

3.9. Thermodynamics of dye decolorization
sorption is temperature dependant.
In general, the
temperature dependence is associated with three
thermodynamic parameters namely change in enthalpy of
sorption ((∆H), change in entropy of sorption (∆S) and
change in Gibbs free energy (∆G).
The Vant Hoff’s equation is
log (qe /Ce) = ∆H/(2.303 RT) + (∆S/2.303 R)
log (qe /Ce) = – 1.0627 (1 / T) + 2.8866
Where (qe/Ce) is called the sorption affinity.
If the value of ∆S is less than zero, it indicates that the
process is highly reversible. If ∆S is more than or equal
to zero, it indicates the reversibility of process.
The negative value for ∆G indicates the spontaneity of
sorption. Whereas the positive value indicates is non
spontaneity of sorption.
Experiments are conducted to understand the sorption
behavior varying the temperature from 283 to 323 K. The
Vant Hoff’s plot (fig. 3.12) for the sorption data obtained
for IC dye using Dulce powder [95-109].
The values are
G = -17002.9,
H = 20.34767and
S = 55.27014

Fig 3.12 Vantoff's plot for % dye decolorization of IC
dye
3.10 Optimization of the parameters using CCD
In order to determine an optimum condition for IC
dyedecolorization, the parameters having greater
influence over the response is to be identified. In the
present study, the relationship between four independent
variables and percent of IC dye decolorized fitted well
with the quadratic model.The regression equation for the
optimization of medium constituents: % decolorization of
IC dye (Y) is function of the pH (X1), Co (X2), w (X3), and
T (X4).
The effects of four independent variables (sorbent dosage,
initial concentration of IC dye in aqueous solution, pH
and temperature) on IC dye sorption are analyzed using
Central Composite Design (CCD) [110-119].
The optimum conditions for the four independent
variables on the extent of IC dye sorption are formed
within the quadratic model.
Regression equation for the optimization of sorption is
% sorption of IC dye(Y) is function of pH of aqueous
solution (X1), initial IC dye concentration (X2), dosage
(X3), and Temperature of aqueous solution (X4).
The multiple regression analysis of the experimental data
has yield the following equation:
Y = –1562.29 – 25.28 X1 + 2.18 X2 + 5.67 X3 + 9.96 X4 –
3.52 X12 – 0.08X22 –0.08X32 – 0.02 X42 - 0.05 X1X2 +
0.000 X1X3 – 0.01 X1X4 + 0.01 X2X3 + 0.000 X2X4– 0.01
X3X4
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Table–3.4 Results from CCD for IC dyedecolorization
by Dulce powder
Run No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

% sorption of IC Dye
Experimental
Predicted
84.68
84.67
85.52
85.56
86.18
86.15
85.79
85.80
82.82
82.81
84.22
84.17
85.38
85.40
85.54
85.51
83.39
83.40
84.72
84.69
84.89
84.93
84.98
84.97
80.66
80.63
82.38
82.39
83.32
83.27
83.78
83.78
80.69
80.71
77.69
77.71
87.02
87.00
83.89
83.95
84.09
84.11
86.98
86.99
86.08
86.10
87.48
87.50
93.3
93.30
93.3
93.30
93.3
93.30
93.3
93.30
93.3
93.30
93.3
93.30

Each contour plot represents a number of combinations of
two test variables with the other variable maintained at
zero levels. The maximum percentage dye decolorization
of cadmium is indicated by the surface confined in the
smallest curve (circular or elliptical) of the contour plot.

Fig. 3.13 pareto Chart

Regression equation for the optimization of sorption is
% sorption of IC dye(Y) is function of pH of aqueous
solution (X1), initial IC dye concentration (X2), dosage
(X3), and Temperature of aqueous solution (X4).
The multiple regression analysis of the experimental data
has yield the following equation:
Y = –1562.29 – 25.28 X1 + 2.18 X2 + 5.67 X3 + 9.96 X4 –
3.52 X12 – 0.08X22 –0.08X32 – 0.02 X42 - 0.05 X1X2 +
0.000 X1X3 – 0.01 X1X4 + 0.01 X2X3 + 0.000 X2X4– 0.01
X3X4

www.ijsret.org

Fig.3.14 Normal Probability Plot
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Figs. 3.15 (a)-3.15 (f) represents the contour plots for
the optimization of % dye decolorization of IC dye
using Dulce powder
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1377.62

1531.55

3.11 Characterization of dulce powder
3.11.1 FTIR spectrum of untreated dulce powder
FTIR spectrum for un treated powder is shown in fig
4.50(a). A broad band at 623.12 cm-1 is due to the
presence of 2,4 benzene deformation out of phase. The
broad absorption peaks at around 771.40 cm−1 indicates
the presence of Weak benzene ring deformation.The band
at 1060.33cm-1due to C–H bending vibrations. The band
at 1322.94cm-1 denotes presence of –CH2 bending
vibrations. The band at 1379.86cm-1due to the presence
of –CH2 bending vibrations. The band at 1443.46cm1
suggests the presence of C–N stretching. The band at
1532.14cm-1 due to the presence of Amide N–H bending
vibrations. The band at 1642.80cm-1 indicates the
presence of Oleifinic C = C and Carbonyl C = O
stretching. The band at 2926.84cm-1 due to the presence
of -CH2 stretching vibrations.the band at 3397.53cm-1
due O-H-stretching modes. The shifts in FTIR peaks are
shown in table-4.25.

1642.63

25
303
88

2372.43

25.8310
303.8257
93.478

2926.26

20

3381.77

19.1251

100

Experimental
4

95

CCD
3.9006

Transmittance [%]
85
90

Variable
pH of aqueous solution
Initial IC dye
concentration, mg/L
Sorbent dosage, w, g/L
Temperature, K
% biosorption

3.11.2 FTIR spectrum of IC dye treated Dulce powder
FTIR spectrum for treated powder is shown in fig 4.50(b).
Broad band at 622.02 cm-1 suggests 2,4 benzene
deformation out of phase. The band at 774.07 cm-1 is due
to the presence of Weak benzene ring deformation. The
band at 1059.88 cm-1 indicates the presence of C–H
bending vibrations. The band at 1277.03 cm-1 denotes the
-SO3 stretching. Broad band at 1377.62 cm-1 suggests –
CH2 bending vibrations. The band at 1443.46cm-1due to
the presence C–N stretching. The band at 1531.55cm1
suggests the presence of Amide N–H bending vibrations.
The band at 1642.63cm-1 due to the presence of Oleifinic
C = C and Carbonyl C = O stretching. The band at
2372.43cm-1 indicates the presence of C  N in the
polyacrylnitrile. The band at 2926.26cm-1 due to the
presence of CH2 stretching vibrations. the band at
3381.77cm-1 due to O-H-stretching modes[120-129]. The
shifts in FTIR peaks are shown in table-4.25.

80

Table-3.7 Comparison between optimum values from
CCD and experimentation

500

95

100

Fig. 3.16 (b) FTIR spectrum of IC treated Dulce
powder

Transmittance [%]
75
80
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Table-3.8 Shift of FTIR peaks for untreated and IC
dye treated Dulce powder
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Fig. 3.16 (a) FTIR spectrum of untreated Dulce
powder
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5
6
7
8
9

1060.33
1059.88
1322.94
1277.03
1379.86

10
11
12
13

1377.62
1443.46
1443.46
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14
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1531.55
1642.80

16
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2926.84
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C–H bending vibrations
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-SO3 stretching
–CH2
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–CH2
bending
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C–N stretching
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Amide N–H bending
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Amide N–H bending
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Oleifinic C = C and
Carbonyl C = O
stretching
Oleifinic C = C and
Carbonyl C = O
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CH2
stretching
vibrations
C  N in the
polyacrylnitrile
O-H-stretching modes
CH2
stretching
vibrations
Fig. 3.17 (a) XRD spectrum of untreated dulce
powder.

O-H-stretching modes

3.11.3 XRD spectrum of untreated dulcepowder
X-ray diffractogram of the untreated dulce powder is
observed and the XRD pattern does not exhibit apparently
crystalline nature. The peaks at 2θ values of 19.13, 18.70,
15.58, 15.91 and 18.53 corroborate the presence of
C36I6N12S3Zn3, F39S69Se4, C16AlCuF36O4P8, CS2O7 and
Co2H33N10O18S4.
Their corresponding d-values are
0.9413, 0.9248, 0.9212, 0.9008 and 0.8936.

3.11.4 XRD spectrum of treated dulce powder
XRD patterns of IC dye treated with dulce show very
spiky and clear peaks and exhibit absolutely amorphous
nature. The peaks at 2θ values of 13.43, 14.60, 16.32,
19.59 and 12.23 corroborate the presence of
C36I6N12S3Zn3, Cs6InP3S13.5, As2F12S8, CF20O4Te4 and
F20Kr5Sb2 (graphite). Their corresponding d-values are
0.9342, 0.9345, 0.9254, 0.9141 and 0.9123 respectively
[130-134].
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7. The thermodynamic investigation reveals:the
endothermic nature of sorption (∆H =
9.533362 J/mole). irreversibility of sorption
(∆S = 17.00458 J/mole-K) and increased
randomness at the solid/solution interface.
8. The spontaneity and feasibility of sorption
(∆G = -5227.88J/mole).
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