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Abstract

Pumpkin peel (Cucurbita pepo L.) and bracts of plantain flower (Musa acuminate) are cellulosic and bio-degradable agricultural
wastes available in abundance. This paper is aimed at assessing their potential as adsorbents by modifying into activated carbon
for the adsorption of turquoise blue dye (TB). The performance was evaluated by altering the adsorption parameters such as pH,
dosage, temperature, and initial dye concentration. The batch adsorption experiments were carried out with a fixed RPM and
suitable contact time with different temperature ranges. The adsorbents were characterized using FTIR and SEM techniques.
Adsorption isotherm study was also carried out. Adequate samples were withdrawn during the experiments to find out the
concentration of dye that is adsorbed using a UV-vis spectrophotometer. From the studies, it is observed that the adsorption
efficiency of pumpkin peels (PP) is higher than that of bracts of plantain flower (BP) and found to be promising alternatives for
the removal of dye. Adsorption studies were modeled using Freundlich and Langmuir adsorption isotherms, and it was well fitted
with Langmuir isotherm. ANN result showed that Levenberg-Marquardt (LM) algorithm was the best model bearing coefficient
of regression (R*=0.9968) and mean square error (MSE =0.00013), on the dye removal. These results are very promising and, in
our opinion, establish a milestone to a vital research field.
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1 Introduction Effluents of dyeing industries are a complex variable mixture
of many polluting substances, which induce organic load and

Dyes are used as coloring agents in various types of industries  color which tends to destroy the total ecosystem in surface water

such as chemical, textile, pharmaceutical, leather, papers, and
food [1]. A high amount of toxic substances generated by these
industries are discharged into lakes or streams without any suit-
able treatment, which affects photosynthetic activity as well as
groundwater quality and also leads to soil pollution [2—4].
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bodies. Direct disposal of these effluents provoke severe envi-
ronmental problems and inhibit many metabolic reactions [5]. If
this pollution continues, then the surface water quality goes to
the level at which it will not be used for any purpose. So under
this situation, it has become urgent to think of an alternative.
Currently, the major methods used for treating dye contain-
ing textile wastewaters are physical and chemical processes
such as chemical precipitation, air stripping, oxidation, floc-
culation, sedimentation, ion exchange, and adsorption.
Among the above techniques, adsorption is considered to be
most preferred owing to its effectiveness towards the removal
of toxic pollutants [6]. Adsorption by activated carbon is use-
ful in wastewater treatment, but its high cost limits its usage
[7, 8]. Hence, it is necessary to search for comparatively al-
ternate low-cost natural adsorbents from waste materials.
Recently, agricultural by-products were identified as econom-
ical and efficient adsorbents for the removal of different kinds
of pollutants [9]. Previous studies were done by using numer-
ous agricultural wastes such as sugarcane bagasse [10],
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tomato plant root [11], sugar beet pulp [12], pineapple
leaf powder [13] date stone, palm trees [14], water hy-
acinth [15], banana stalk waste [16] Indian rosewood
sawdust [17], commercial activated carbon [18] and
granular kohlrabi peel [19], Curcuma longa [20],
Manikara zapota [21], princess tree leaf [22], coir pith
[23], almond shell [24], peach stone [25], and also com-
posts of neem leaves and water hyacinth [26, 27]. The
use of bracts of plantain flower and pumpkin peel for
the removal of turquoise blue dye (TB) is minimal [28,
29]. Moreover, the above-said wastes do not have any
economic values and are generated in abundant quantity.
Therefore, the above wastes were used as alternate ad- i . . . . , -

sorbents for the removal of turquoise blue from aqueous 0 30 60 90 120 150 180
solution by adsorption process. Time (mins)

Over a decade, artificial intelligence was widely
employed in adsorption modeling studies for the under-
standing of interaction between different variables [30].
But there is only a few information available towards
the application of ANN for the prediction of adsorption
system [31]. The objectives of the present study are to
examine adsorption characteristics of BP and PP powder
by batch process and to assess their maximum permis-
sible adsorption capacity using Langmuir and Freundlich
isotherms and potential applications of utilizing them as
low-cost adsorbents and to validate the adsorption effi-
ciency of the above adsorbents by using ANN model.
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2.1 Preparation of adsorbate solution Fig. 1 Effect of pH on PP and BP

TB dye, a cationic compound purchased from Merck, is
used as an adsorbate. 1 g of TB dye is dissolved in
1000ml of de-ionized water to prepare a stock solution
of 1000 mg I"" and further diluted to make practical 100
solutions of desired concentrations such as 100 mg 1™,

80 mg 1", 60 mg I'', 40 mg 1'', and 20 mg I''.

Absorbance was measured with a UV-visibility spectro- 80 J
photometer (SHIMADZU-DRS Kyoto-Japan) at a maxi- = S ——e
mum wavelength of 663nm for turquoise blue. "

2.2 Preparation of adsorbents

% removal
L

The domestic wastes, namely, pumpkin peels (PP) and bracts 40 4 =— PP
of plantain flower (BP) were collected locally, washed numer- B
ous times with double distilled water, and left sundried.
Carbonization of pumpkin peels (PP) and bracts of plantain 20 T T T T
flower (BP) was carried out at a temperature of 500°C [32] in a oo 08 10 18 20 28 30
KSL-1700X-A3 muffle furnace. The so prepared adsorbents dose (g/L)

were preserved in a container for further studies. Fig. 2 Effect of adsorbent dosage on to PP and BP
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Fig. 4 Effect of temperature on (a) PP and (b) BP
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Fig. 5 FTIR spectrum for PP before and after adsorption
2.3 Characterization of PP and BP

Characterization of the adsorbents PP and BP powder is done
by FTIR (Thermo Nicolet, AVATAR 330 spectrometer). The
Fourier transform infrared analysis reveals the information
about various functional groups present in PP and BP within
the range of 400-4000 cm™'. The final concentration of the dye
solution after filtration was measured by using a double beam
UV-visibility spectrophotometer (SHIMADZU-DRS Kyoto-
Japan) at a maximum wavelength of 663 nm for turquoise blue.
Surface morphology of adsorbents PP and BP were studied by
using a Jeol JSM 6390 scanning electron microscope (SEM).

2.4 Adsorption studies

The effects of various parameters on adsorption were determined
by conducting adsorption studies in batch mode with 50 ml of
turquoise blue dye medium in a 250 ml glass container contain-
ing 1g of adsorbent by varying the solution pH (2-10),
adsorbent dosage (0.4 g 1" to 2.0 g I'"), initial dye
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Fig. 6 FTIR spectrum for BP before and after adsorption
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Fig. 7 (a) Langmuir plot of TB adsorption onto PP. (b) Freundlich plot of TB adsorption onto PP

concentration (20 mgl™ to 100 mgl™), and temperature
(303K, 313K, and 323K) on adsorption of turquoise
blue dye using pumpkin peel and bracts of plantain
flower powder. By using an orbital shaker (REMI-CIS
24BL) at 300°C, the solution is kept agitated at 120rpm
for 60 min. The concentrations of turquoise blue dye
before and after treatment were measured using a spec-
trophotometer at a wavelength of 663nm. The adsorp-
tion capacity of the adsorbent and percentage removal
of dye was calculated by using the relation.

V(Co—C.
0, = V(Go=Ce) (1)
m
%Removal = (CO_C‘?) x 100 (2)
Co

where Cy and C, are the initial and equilibrium concentration
of the solution in mg/L, and V is the volume of adsorbate
solution in m is the mass of adsorbent in g.

2.5 Isotherm and kinetic studies

The isothermal equations used in this analysis are the linear and
non-linear regression methods of Freundlich and Langmuir iso-
thermal equations. Different forms of linearized equations have
been studied in Langmuir Isotherm. In the sorption process, ki-
netic study helps to predict the type of mechanisms involved.
Lagegren’s pseudo-first-order and pseudo-second-order kinetic
equations were used to obtain kinetic data from the adsorption
process. Biosorption energy tests were performed using a known
measure of nut husk in 250 mL jars containing 50 mL color
arrangements. On an orbital shaker (REMI-CIS 24BL) at

Fig. 8 (a) Langmuir plot of TB 03
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Table 1 Isotherm constants for TB adsorption onto PP
Temperature Langmuir isotherm parameters

qm (mg/g) K, (Limg) R
303K 111 0.45 0.92
313K 140 0.68 0.95
323K 179 0.85 0.96

Freundlich isotherm parameters

Ky(mg/g) (L/g) n R
303K 3.148 2.59 0.98
313K 2.77 3.1 0.92
323K 1.826 45 0.91

120 rpm at a steady temperature (30 °C), the jars were upset for
various time stretches (0-60 min).

2.6 Artificial neural networks

A non-conventional tool for adsorption modeling that is
in use for a decade or so is the ANN. ANN models
have three layers, such as input, hidden, and output
layers that can uptake inputs and can estimate output.
ANNSs are widely used nowadays due to their simplicity
towards simulation, prediction, and modeling ANN’s
can identify and replicate root cause and consequence
connections over multiple training of input and output
data, even for complicated systems. ANN is of signifi-
cance since it has consistent, lively, and sizeable capa-
bilities in depicting the non-linear relationships among
input and output variables in fixing complicated envi-
ronmental engineering problems [31-33].
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Fig. 9 First-order kinetic model for TB adsorption onto PP and BP

The estimation of TB dye from wastewaters using PP and BP
is complex; hence, the artificial neural network tool was consid-
ered in this research [34]. The ANN model shown in Fig. 1,
which can be used to forecast the interaction between inputs
and output layers, is based on three distinct layers of input, hid-
den, and output layers known as neurons. The nodes are
employed as neurons of ten in the hidden layer and one in the
output layer. Levenberg Marquardt (LM), Bayesian regulariza-
tion (BR), and Scaled Conjugate Gradient (SCG) algorithms
each with 1000 iterations were employed. Regression analysis
for the factors as inputs and % removal as output was performed
using neural networks in MATLAB R2018b software. All of the
data is divided randomly into two groups, namely, learning and
testing. The data sets 70% (20), 15 % (5), and 15% (5) were used
in training, validation, and testing the data, which involves the
input parameters pH, initial concentration, adsorbent dose, and
temperature as datasets for training (70%) and others for valida-
tion and testing. The % removal is taken as output.

The findings of the study using networks and their training
were compared based on mean square error (MSE) and the
coefficient of determination (R?) that are shown as:

N 2
MSE = I/N ;1 (|ypre,i_yexp,i|)
N
5 ; (ypre,i_yexp,i) (3)
=15
Z (ypre,iiyavg,i)

1

where ypre, ; and yeyp, ; Were the predicted and the experimental
values of the ANN model, N was the number of data points,
and y,.,, ; was the average of the experimental value.

3 Results and discussion
3.1 Effect of pH

The effect of pH on adsorption of TB by the two adsorbents,
namely, PP and BP powder is shown in Fig. 2a, b. The pH of
the solution was altered from 2 to 10 by using 0.1N sodium
hydroxide and 0.1N hydrochloric acid solution with 50 mg/1
as initial dye concentration and 0.5 g/l as adsorbent dose ag-
itated at 120 rpm at room temperature. Maximum removal
efficiency was attained at pH 6 (86% for PP and 83% for
BP) as at this pH the surface of the adsorbent becomes nega-
tively charged and favors the lifting of cationic dye due to
increased electrostatic forces of attraction [35, 36]. A lower
removal efficiency for PP (52.45%) and BP (33%) was
attained at a pH of 2. This may be due to the electrostatic
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Table 2 Isotherm constants for TB adsorption onto BP
Temperature Langmuir isotherm parameters

4 (Mg/g) K, (L/mg) R
303K 120 0.21 0.902
313K 140 0.55 0.924
323K 169 0.67 0.897

Freundlich isotherm parameters

Ky (mg/g) (L/g) n R
303K 3.148 1.54 0.867
313K 2.77 1.28 0.894
323K 1.826 1.02 0.910

repulsion between the adsorbent surface and dye molecules at
lower pH and also the concentration of H* ions decreases as
the pH value increases, which increases the number of nega-
tively charged sites [37-39] and so there was a decrease in
removal efficiency above pH 6. Therefore, TB dye removal by
the adsorbents PP and BP powder are favored at pH 6. Hence,
the remaining experiments were performed at this pH.

3.2 Effect of adsorbent dosage

Adsorbent dose occupied a significant role in the removal of
color. The amount of adsorbent was varied from 0.4 gI' to2 g
1! by keeping pH at 6, with an optimum dye concentration of
100 mg I"" under an equilibrium time of 60 min and at a
temperature of 30 °C. Figure 3 depicts the effect of adsorbent
dosage on dye removal. It is evident that the removal efficien-
cy increases with an initial increase in the adsorbent dose and
in case of further addition beyond optimum dosage leading to
the decrease of sorption capacity [40]. As adsorption sites get
overlapped/saturated, there is a reduction in sorption due to
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Fig. 10 Second-order kinetic model for TB adsorption onto PP and BP

@ Springer

less contact with the dye molecules onto the adsorbent surface
[41]. The sorption capacity declined from 20.03 mg/g to 3.84
mg/g (PP) and from 18.24 mg/g to 3.5 mg/g (BP), whereas the
removal efficiency increases from 50.14% to 78.8% (PP) and
from 48.78% to 75.12% (BP). Comparing the percentage re-
moval and at other dosages, the optimum adsorbent dosage for
sorption is taken as 2 g 1.

3.3 Effect of initial dye concentration

Figure 4 shows the percentage removal of TB dye for PP and
BP powder at different initial concentrations (20 mg 1, 40 mg
1", 60mg 1", 80 mg I, and 100 mg I"' with contact time onto
adsorbents at different time intervals from 10 min to 60 min by
maintaining pH at 6 and adsorbent dose at 2 g I'". With in-
creasing initial dye concentration, the dye uptake capacity
increased and the percent removal decreased. The decrease
in the percent removal of TB was evident with PP (78.57%)
and BP (63.01%), at 20 mg I"' and at 100 mg I"', it was
observed as PP (52.32%) and BP (42%). The original number
of dye molecules at the lower concentration was greater than
the available surface area [42, 43]. The initial adsorption was
thus independent of the dye molecules’ initial concen-
tration. However, the available surface area of the ad-
sorbent gradually decreases at a higher concentration,
and thus the dye’s adsorption percentage depends on
the initial dye concentration [44, 45].

3.4 Effect of temperature on PP and BP

Figure 5a, b represents the percentage removal efficiency of
PP and BP at the temperature ranges 30°C (303K), 40°C
(313K), and 50°C (323K), respectively. The effect of temper-
ature on the adsorption rate of TB dye was investigated by
contacting 50 mL of dye solution with 2 g I'' of PP and BP.
The diffusion of the adsorbate molecules is caused by a rise in
the adsorbent particle’s temperature leading to a reduction in
the aqueous medium’s viscosity. The amount of dye absorbed
increased from 4.5 mg/g to 21 mg/g for PP and from 3
mg/g to 22 mg/g for BP, indicating the process is en-
dothermic [46]. It is due to the interaction between the
functional group, the particles favor adsorption at high
temperature. Therefore, the variation in temperature will
alter the adsorbate equilibrium capacity.

3.5 FTIR analysis

FTIR spectrum of PP before and after the adsorption process
is shown in Fig. 6. Before the adsorption process of pumpkin
peel powder, the peak at 3346.89 cm™ represents the occur-
rence of amines. At 2917.7 cm™ and 2853.17 cm’', the de-
duced peaks were due to the stretching of C-H bonds, which
indicates the presence of alkanes. The peaks at 2235.09 cm™
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Table 3  Kinetic parameters for adsorption of TB onto PP and BP powder
Kinetic models Parameters PP BP
q. (mg/g) 8.281 8.431
Pseudo-first-order model ky (min™) 0.01598 0.01503
R 0.9371 0.9529
q. (mg/g) 21.459 20.964
Pseudo-second-order model ky (min™h) 1.6x10™ 1.25x107*
R 0.979 0.9709

indicate the presence of nitrile. The decreasing intensity of
peaks between 1739.48 cm™' shows the presence of alkynes.
After the adsorption process, the peaks shown at 3767.26 cm™
shows the presence of alcohol and at 2917.77cm™ shows the
presence of alkanes by the stretching of the C-H bond. The
peak 2373.94cm™ and 2289.09 cm™ indicate the nitrile group.
2100.1cm’, 1996¢cm’™", and 1849.4cm™ indicate alkynes and
aromatics group.

From Fig. 7, which shows the FTIR spectrum for BP before
and after adsorption with TB dye solution, it can be deduced

10 27 SEI

20kV ¥ X5,000° 5pm

that the peak at 3624.55 cm™' represents the occurrence of
alcohol by the stretching of O-H. The N-H stretching at
3355.53 cm’! indicates amines, alkanes, and nitrile were at
2923.56 cm™' and 2431.8cm™. The peak at 2187.85 cm™ at-
tributes to alkynes. After the adsorption process, the peak at
2922.02 cm™ represents alkanes responsible for stretching of
the C-H bond at 2867.02cm™". The peak at 2206.17cm™
shows the nitrile group. These functional groups play a major
role in the adsorption of turquoise blue dye on to the bracts of
plantain flower powder particles.

T20kv  X3,000%

(d)

Fig. 11 SEM analysis for (a) PP powder before adsorption, (b) PP powder after adsorption, (c) BP powder before adsorption, and (d) BP powder after

adsorption
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Fig. 12 ANN architecture for LM, BR, and SCG algorithms

3.6 Adsorption isotherms

In the design of adsorption systems, adsorption isotherm is of
significance and also to understand the optimization of pro-
cess conditions. The relationship between the adsorbate and
the adsorbent in the solution is described as an isotherm. Two
important isotherms selected in this study are the Freundlich
and Langmuir isotherms for a deeper interpretation of the
adsorption data obtained. The equilibrium data in the dye con-
centration of 50 mg I"', optimum pH at 6, and temperature
varying at 303K, 313K, and 323K were fit into the isotherms.
The below-mentioned isotherm expression examined the
equilibrium data with the help of the following equations.
Langmuir isotherm

qm K c,

ge=1+""c (4)
Freundlich isotherm
de = Kfcel/n (5)

In Langmuir isotherm, g, is the maximum sorption capac-
ity (mg/g), and K is the Langmuir constant correlated to the
energy of adsorption (L/mg). The Langmuir constants ¢,, and
K; were calculated from the slope of the plot between 1/g,
versus 1/C,. The Langmuir isotherm assumes that the surface
of'the adsorbents having homogenous binding sites with equal
adsorption capacity lies in a single layer [47].

Where K (mg/g) and n are Freundlich constants linked to
adsorption capacity and intensity of adsorbents, g,, is the max-
imum sorption capacity (mg/g). The Freundlich constants K,
and n were calculated from the intercept and slope of the plot
between log g, and log C..

Figure 8a, b represents the Langmuir and Freundlich plots
for TB dye onto Pumpkin peel powder at a constant temper-
ature of 30°C (303K), 40°C (313K), and 50°C (323K). The
experimental results thus obtained were analyzed using the
Freundlich and Langmuir isotherm. It is evident that the equi-
librium data is well fitted with the Langmuir isotherm than
compared to the Freundlich isotherm model. The sorption
isotherm constants for TB adsorption onto PP along with cor-
relation coefficients, R? values are listed in Table 1.

@ Springer
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Figure 9a, b represents the Langmuir and Freundlich
curves for TB adsorption onto BP powder. The plots indicate
that the data satisfies Langmuir isotherm better than
Freundlich isotherm. That is because of the application of
Langmuir isotherm that every site of adsorption is equal and
that a particle’s ability to bind there is independent of whether
the neighboring sites are occupied or not and after a layer of
adsorbate molecules is established on the adsorbent surface,
the adsorbent is saturated. Equilibrium isotherm constants for
TB dye adsorption onto BP along with correlation coeffi-
cients, R? values are shown in Table 2.

3.7 Kinetics of adsorption process

To choose optimum operating conditions for design purposes, the
kinetics of adsorbate uptake is significant. The adsorption kinetics
mainly explains the adsorbate uptake rate and regulates the residual
time of the entire process of adsorption [48]. The adsorption mech-
anism and potential rate control steps such as chemical reaction,
diffusion control, and mass transport process are investigated using
kinetic models. Two kinetic models viz, pseudo-first-order, and
pseudo-second-order models, were used to evaluate the experi-
mental results in the present analysis. The sorption kinetics were
carried out at a temperature of 323K, pH of 6, and 50 mg "' of TB
on an adsorbent dose of 2 g I for 60mins.

3.7.1 Pseudo-first-order kinetic model
For lower concentration of the pseudo-first-order kinetic mod-

el of Lagergren is more suitable [49] and the linear form of
Lagergren eqn. is

by (6)

log(ge—qt) = log ge———

Table 4 MSE and R for LM, BR, and SCG algorithms

Algorithm  Samples MSE R?
Training  Validation  Testing

LM 20 5 5 0.00013  0.9968

BR 20 5 5 0.1354 0.6646

SCG 20 5 5 0.0782 0.7054
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where ge and gt (mg/g) are the adsorption capacities at equi-
librium at time ¢, respectively, &; (min’l) is the rate constant of
the pseudo-first-order model. The rate constant k; and ge
values can be obtained from the plot of log (ge-g?) versus time
shown in Fig. 10, and the constants are given in Table 3.

3.7.2 Pseudo-second-order kinetic model
The second-order kinetic model expresses the kinetics of ad-
sorption by the following linear equation:

1 t

t
r_ v 7
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Fig. 13 Regression for LM algorithm

The second-order rate constant &, (g/mg. min-1) and ¢,
values are calculated from the slope and intercept of the linear
plots of #/q, vs. t shown in Fig. 11, respectively, and the con-
stant values are given in Table 3. The values show that in
contrast to the plot of a pseudo-first-order model, the plot of
the second-order model yields straight lines. It is also clear
from the correlation coefficients (R?) that for the adsorption
process the second-order kinetic model is followed.

3.8 Scanning electron microscope analysis

The surface morphological functionalities of the activated car-
bon derived from pumpkin peel and bracts of plantain flower

Validation: R=0.84635

T T T T
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powder before and after the adsorption process were analyzed
by the scanning electron microscope, as shown in Fig. 12a—d.
SEM analysis was done for the two adsorbents to study its
morphology during the adsorption process. PP and BP pow-
ders have a significant number of heterogeneous pores for the
dye to be captured and adsorbed. It is clear that the surface of
PP and BP is covered with a layer of dye [50].

3.9 Artificial neural network (ANN)

ANN modeling studies were performed using MATLAB
R2018 b software. ANN model has three layers, such as input
layer (independent variables), hidden, and output layers (de-
pendent variables) that can uptake inputs and can estimate
output. The architecture of the network employed is shown
in Fig. 1. ANNs are widely used nowadays due to their sim-
plicity towards simulation, prediction, and modeling. ANNs
can identify and replicate root cause and consequence connec-
tions over multiple training of input and output data, even for
complicated systems. The hidden and output layers had inter-
connected elements called neurons and are ten and one in

Training: R=0.63724

numbers. pH, initial concentration, adsorbent dosage, and
temperature were used as input parameters of the neural net-
work to predict the removal efficiency as output. The regres-
sion parameters for each case were predicted in training, test-
ing, and validation, respectively.

Levenberg-Marquardt (LM), Bayesian regularization
(BR), and Scaled Conjugate Gradient (SCG) algorithms each
with 1000 iterations were employed. Regression analysis for
the factors as inputs and % removal as output was performed
using neural networks in MATLAB R2018b software. The
architecture of the three (input, hidden, and output) layered
network employed is shown in Fig. 1. LM, BR, and SCG
algorithms each with 1000 iterations were employed. 30 data
sets obtained from experiments were used in this study. Out of
30 data sets, 70% (20), 15 % (5), and 15% (5) samples were
used in training, validation, and testing the data.

The findings of the study using networks and their training
were compared based on mean square error (MSE) and the
coefficient of determination (R?) that are shown as:

MSE = I/NZ?;] (|ypre,i_yexp,i|>2 (8)

Test: R=0.83781
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Fig. 14 Regression for BR algorithm
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! ZZV:I <ypre,i_yexp,i>

R =
£ (s )

©)

where ypre, ; and yeyp,, ; Were the predicted and the experimental
values of the ANN model, N was the number of data points,
and yay,, ; Was the average of the experimental value.

The best regression parameters and MSE that were
given in Table 4 show that LM has the least MSE
among the three algorithms. Figures 13, 14, 15 show
the regression plots for LM, BR, and SGR algorithms.
Also, it is evident from Table 4 that the regression
value (R2 = 0.9968) for the LM algorithm was more
suitable for the current study. The experimental and
predicted dye removal (%) on PP and BP were given
in Table 5.

Training: R=0.65086

< 100

+

®

o

&

= 50

N

«

(—]

' o

—

-

S

3 -

o 50},

-50 0 50 100
Target

Test: R=0.82113

Output ~= 0.68*Target + 20

50

-50 0 50 100
Target
Fig. 15 Regression for SCG algorithm

As shown in the Fig. 13 models for training, validation, and
testing of 30 datasets in the LM algorithm, the ANN model
obtained a good relationship from the training data for opti-
mized structure and performed reasonably well in validation
and testing, although there is some dispersion of data. Overall,
the ANN model performed satisfactorily in the experimental
dataset for batch adsorption.

3.10 Thermodynamic studies

Thermodynamic studies were carried out in order to determine
the conditions of equilibrium and spontaneous processes, and
the thermodynamic parameters such as the change in enthalpy
(AH®), change in entropy (AS®), and change in free energy
(AG®) values were calculated from the following relations.

AG® = —RTInK; (10)
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Table 5 Experimental and

predicted removal (%) using Run pH Initial conc. Adsorbent Temp.  Removal Removal with  Removal with

ANN (LM) no. (mg/L) dose (gm/L) (K) time (min) PP (%) BP (%)

Exp Pre Exp Pre
Training
1 2 20 0.4 303 30 60.71  59.11 6455  66.12
2 2 40 0.8 313 30 67.87 63.65 7655 77.34
3 2 60 12 323 30 70.19  70.11 5027 5233
4 4 40 0.8 303 60 45.65 4134 5643 5698
5 4 40 1.6 313 60 3376 4487 6832 68.75
6 4 60 2.0 303 60 66.31 6721 4531  46.87
7 4 80 2.0 323 60 7529  71.11  51.67 5433
8 6 100 2.0 303 60 87.44 8923 7998  80.35
9 6 80 0.4 303 60 79.23  83.56 78.67 76.34
10 6 60 0.8 313 60 75.15 7890 6732 68.74
11 6 20 1.2 313 30 5434 5323 4503 4534
12 6 100 2.0 323 60 8134 8145 8514 8532
13 8 20 0.4 303 60 75.35 7333 7934  78.09
14 8 40 0.4 303 60 69.34 7156 6643 6534
15 8 60 0.8 313 60 4587 4830 56.17 4523
16 8 80 1.6 323 60 54.87 5764 6412 62.64
17 10 60 1.6 303 60 60.12 5830 5833 5724
18 10 80 1.2 313 60 64.31 6445 6135 6054
19 10 100 0.8 323 60 4756 57.65 4493 4415
20 10 20 0.4 303 30 51.38 4895 5778  56.83
Testing
1 4 20 0.8 303 30 63.21 67.55 7837 7636
2 6 40 2.0 303 60 89.54 9245 8858 85.34
3 6 60 2.0 313 60 7832 7844 81.60 81.34
4 6 80 0.4 323 45 67.87 6722 6443 65.12
5 8 40 1.2 303 30 56.09 5534 47.06 47.21
(o) (o] (e}
AG® = AH°-TAS (11) of entropy change (AS®) shows there is an increase in ran-
. . domness during adsorption of TB onto PP and BP [52, 53].
K, —— AH n AS°® (12) The reaction is endothermic indicated by positive value of
g RT ' R

where R is the universe gas constant (8.314 x 107 KJ mol 'k),
K is Langmuir constant at a temperature 7.

The values of AH® and AS® can be calculated from the
slope and the intercept of the plot of In K; versus 1/T and
the values obtained are given in Table 6.

From the table, it is seen the negative values of free energy
change (AG®) indicate the nature of the adsorption process is
spontaneous [51]. Also, the AG® values decrease with the
increase in temperature showing the favorability of the ad-
sorption process at higher temperatures. The positive value

Table6 Thermodynamic parameters for adsorption of TB onto PP and
BP powder

Adsorbent  AH° (KJ/mol) AS° (J/mol/k) AG° (KJ/mol)

303K 313K 323K
PP 6.16 27.82 -2.257 -2.565 -2.812
BP 7.73 32.23 -1.997 -2435 -2.637

@ Springer

change in enthalpy (AH").

4 Conclusion
The following conclusions are derived from the study,

(1) The activated carbon obtained from the agricultural res-
idues such as pumpkin peel (PP) and bracts of plantain
flower (BP) powder could be used as potential adsor-
bents for the removal of turquoise blue (TB) dye from
aqueous solutions

(2) The SEM analysis exhibits the presence of rough and
porous structure on the surface and FTIR confirms the
main functional groups present on the surface of the ad-
sorbents responsible for the adsorption process

(3) The highest removal efficiency was achieved at the op-
timum parameters at pH of 6, adsorbent dosage of 2 g1,
initial dye concentration of 100 mg 1", at a contact time
of 60 mins, and temperature being at 323Km, and it is
concluded that PP is a better adsorbent on comparing
with BP
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C))

(&)

(6)

The experimental results showed a better fit with
Langmuir isotherm than Freundlich isotherm. And the
Kinetics of adsorption followed pseudo-second-order
model than pseudo-first-order model

ANN was considered to be an effective model for
explaining the adsorption mechanism of TB dye onto
PP and BP because of the lower MSE and higher R*
between the predicted and experimental data

From results of the temperature effect and thermodynam-
ic studies revealed that the process is endothermic, spon-
taneous, and physio-sorption
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