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ABSTRACT

The removal of congo red dye was found to be 99.9% removal at the optimum contact time 130
minutes at pH4 of the synthetic solution at a dosage of 6g/1000ml and at an agitation rate of
150rpm.From the design perspective the results were subjected to modeling of two domains, isotherm
(Langmuir, Freundlich and Temkin) modeling and kinetic (Pseudo First order, Pseudo Second order
and Intra particle Diffusion) modeling. Further after the adsorption studies post characterization was
carried out on the nanoparticles using Field emission gun scanning electron microscopy — EDAX
analysis, FTIR and TEM analysis. From the observation of the results it was confirmed that both lead
and zinc has been adsorbed to cobalt ferrite and manganese ferrite nanoparticles in significant amount.
Regeneration studies has been attempted for the Vertical Scale Bed Removal from the cobalt ferrite
nanoparticles by showing the variation in time of contact and the normality of sodium hydroxide and
it was noted that the re-extraction of the contaminant was found to be linear with the above operating
parameters. To check the efficiency of the selected adsorbent the continuous mode Vertical Scale Bed
studies were carried out for synthetic lead, zinc and congo red dye solutions by varying bed depth and
flow rate.
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INTRODUCTION

A fixed bed Vertical Scale Bed is used most
commonly for contacting wastewater with the
adsorbent. Fixed bed Vertical Scale Beds can be
operated singly, in series, or in parallel. The
advantage of a down flow design is that
adsorption of organics and filtration of
suspended solids is accomplished in a single
step. Although up flow fixed-bed reactors have
been used, down flow beds are used more

commonly to lessen the chance of accumulating
particulate material in the bottom of the bed,
where the particulate material would be difficult
to remove by backwashing. If soluble organic
material is not maintained at a high level, more
frequent regeneration of the adsorbent may be
required. Lack of consistency in pH, temperature,
and flow rate may also affect performance of
contactors.

J Popul Ther Clin Pharmacol Vol 30(15):e199-e215; 06 June 2023
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

el99



Performance Evaluation of Heavy Metal Removal through Vertical Scale Bed Adsorption Process

Metal Adsorption Process

The fixed bed Vertical Scale Bed was fabricated
using pyrex glass tube of 2.0 cm inner diameter
and 20.0 cm height. The sampling ports were
provided at four different depths to facilitate
collection of samples. The Vertical Scale Bed
performance of Pb(ll),Zn(ll) and congo red dye
adsorption onto nanosorbents Cobalt ferrite and
manganese ferrite were studied at different bed
depths of 3cm, 6cm, 9cm, and 12cm. The flow
rate of 5ml/minute was maintained throughout
for the heavy metals where as for Congo red dye
the Vertical Scale Bed was operated at 5ml/min
and 10ml/min. The Vertical Scale Bed was
packed with the adsorbent for a total depth of
16cm. The metal and dye solutions were
introduced into the Vertical Scale Bed bed by the
gravity flow and the desirable flow rate were
adjusted. Samples were collected from all the
ports at regular interval of 10 minutes and
analyzed for residual lead & zinc and congo red
dye concentration. The experiments were
conducted till the adsorbent gets exhausted.

The study also focus on the feasibility of using
Thomas model and Yoon Nelson model to
predict the performance of an adsorber bed
packed with the nano structured adsorbent.
Further simulation study in MATLAB using the
concept of Feed Forward network and regression
analysis using SPSS software was carried out for
Congo red dye Vertical Scale Bed studies using
cobalt ferrite nanoparticles as an asorbent at a
flow rate of10ml/min.

Lead And Zinc Removal From Itsprepared
Synthetic Source Using Cobalt Ferrite And
Manganese Ferritenanoparticles

Effect of Bed Height — Lead Removal Using
Cobalt Ferrite Nanoparticles

In order to find out the effect of bed height on the
breakthrough curve, the adsorbate solution
having Lead concentration 50mg/L, pH 5.19 flow
rate 5SmL/min was passed through the adsorption
Vertical Scale Bed by varying the bed height.
Figure 5.1 presents the performance of
breakthrough curves at bed heights of 3, 6, 9,
andl2cm.
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FIGURE 1: Effect of bed height on the
breakthrough curve

Itis evident from the Figure 5.1 that the steepness
of the breakthrough curve was a function of bed
height. With increase in bed height, the
throughput volume was increased which might
be due to higher contact time. At a relatively
lower contact time, the curve was steeper
showing the faster exhaustion of the bed. The
higher uptake of Pb (II) was observed at the
beginning of the fixed-bed Vertical Scale Bed,
but the concentration of Pb (Il) in the effluent
rapidly increased after breakthrough volume or
breakthrough time. The upper bed depth gets
saturated earlier than lower bed depth. As can be
seen in Figure 5.1, the breakthrough volume was
102, 202, 302 and 360 ml at bed depths of 3, 6, 9
and 12 cm, respectively. The breakthrough curve
followed a characteristic ,,S* shape profile which
was associated with the size of the cobalt ferrite
nanoparticles and its unique structural
arrangement.

Application of Thomas Model

The experimental data were fitted to the Thomas
model to determine the Thomas rate constant
(ktw) and maximum solid phase concentration
(9e)-The krn and e value were calculated by
plotting In(Co/Co- Ci) against ,,t* using values
from the Vertical Scale Bed experiments. From
the regression coefficient and other statistical
parameters, it is concluded that the experimental
data fitted well to the Thomas model. krnand
gevalues decreased with increase in bed height.
The well fit of the experimental data on to the
Thomas model indicated that the external and
internal diffusion were not the rate limiting steps
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(Figure5.2).
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FIGURE 2: Experimental and theoretical
breakthrough curve from Thomas Model at
different bed height

Application of Yoon Nelson model

A simple theoretical model developed by Yoon —
Nelson was applied to investigate the
breakthrough behavior of Lead on the cobalt
ferrite nanoparticles. The values of ,,Kyn™ and ,,7*
were estimated from the plot between In (C/Co-
Cv) versus,t* using values from Vertical Scale
Bed experiments at different bed heights. The
values of “Kyn” were found to decrease with
increase in  bed height, whereas the
corresponding values of ,,*“ increased Figure 3.
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FIGURE 3: Experimental and theoretical
breakthrough curve from Yoon Nelson Model at
different bed height

Effect of Bed height - Lead removal using
Manganese ferrite nanoparticles

In order to find out the effect of bed height on the
breakthrough curve, the adsorbate solution

having Lead concentration 50mg/L, pH 5.19 flow
rate SmL/min was passed through the adsorption
Vertical Scale Bed by varying the bed height.
Figure 5.4 presents the performance of
breakthrough curves at bed heights of 3, 6, 9, and
12cm. It is evident that the steepness of the
breakthrough curve was a function of bed height.
With increase in bed height, the throughput
volume was increased which might be due to
higher contact time. At a relatively lower contact
time, the curve was steeper showing the faster
exhaustion of the bed. The higher uptake of Pb
(1) was observed at the beginning of the fixed-
bed Vertical Scale Bed, but the concentration of
Pb (I) in the effluent rapidly increased after
breakthrough volume or breakthrough time. The
upper bed depth gets saturated earlier than lower
bed depth. As can be seen, the breakthrough
volume was 30, 52, 102 and 170 ml at bed depths
of 3,6, 9 and 12 cm, respectively Figure 4.
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FIGURE 4: Effect of bed height on the
breakthrough curve

Application of Thomas Model

The experimental data were fitted to the Thomas
model to determine the Thomas rate constant
(ktw) and maximum solid phase concentration
(9e). The krnand gevalue were calculated by
plotting In(Co/Co- Ci) against ,,t* using values
from the Vertical Scale Bed experiments. From
the regression coefficient and other statistical
parameters, it is concluded that the experimental
data fitted well to the Thomas model. krnand
gevalues decreased with increase in bed height.
The well fit of the experimental data on to the
Thomas model indicated that the external and
internal diffusion were not the rate limiting steps
Figure 5.
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FIGURE 5: Experimental and theoretical
breakthrough curve from Thomas Model at
different bed height

Application of Yoon Nelson model

A simple theoretical model developed by Yoon —
Nelson was applied to investigate the
breakthrough behavior of Lead on the manganese
ferritenanoparticles. Thevaluesof,,Kyn“and,,t"we
reestimatedfromtheplot between In (Ci/Co-Cy)
versus,,t* is using values from Vertical Scale Bed
experiments at different bed heights. The values of
“Kyn” were found to decrease with increase in bed
height, whereas the corresponding values of t*
increased Figure5.6.
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FIGURE 6: Experimental and theoretical
breakthrough curve from Yoon Nelson Model at
different bed height

Effect of Bed Height - Zinc Removal Using
Cobalt Ferrite Nanoparticles

In order to find out the effect of bed height on the
breakthrough curve, the adsorbate solution
having Zinc concentration 50mg/L, pH 5.19 flow
rate 5SmL/min was passed through the adsorption

Vertical Scale Bed by varying the bed height.
Figure 7 presents the performance of
breakthrough curves at bed heights of 3, 6, 9,
and12cm.
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FIGURE 7: Effect of bed height on the
breakthrough curve

It is evident from the Figure 7 that the steepness
of the breakthrough curve was a function of bed
height. With increase in bed height, the
throughput volume was increased which might
be due to higher contact time. At a relatively
lower contact time, the curve was steeper
showing the faster exhaustion of the bed. The
higher uptake of Zn (Il) was observed at the
beginning of the fixed-bed Vertical Scale Bed,
but the concentration of Zn (1l) in the effluent
rapidly increased after breakthrough volume or
breakthrough time. The upper bed depth gets
saturated earlier than lower bed depth. As can be
seen in Figure 7, the breakthrough volume was
210, 270, 330 and 590 ml at bed depths of 3, 6, 9
and 12 cm, respectively.

Application of Thomas Model

The experimental data were fitted to the Thomas
model to determine the Thomas rate constant
(krw) and maximum solid phase concentration
(ge). From the regression coefficient and other
statistical parameters, it is concluded that the
experimental data fitted well to the Thomas
model. krnand gevalues decreased with increase
in bed height. The well fit of the experimental
data on to the Thomas model indicated that the
external and internal diffusion were not the rate
limiting steps Figure5.8.
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FIGURE 8: Experimental and theoretical
breakthrough curve from Thomas Model at
differentbedheight

Application of Yoon Nelsonmodel

A simple theoretical model developed by Yoon —
Nelson was applied to investigate the
breakthrough behavior of zinc on the cobalt
ferrite nanoparticles. The values of ,,Kyn* and ,,7*
were estimated from the plot (Figure 5.9)
between In (C/Co-Cy) versus ,t* using values
from column experiments at different bed
heights. The values of “Kyn” were found to
decrease with increase in bed height, whereas the
corresponding values of ,,7* increased.
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FIGURE 9: Experimental and theoretical
breakthrough curve from Yoon Nelson Model at
different bed height

Effect of Bed Height — Zinc Removal Using
Manganese Ferrite Nanoparticles

In order to find out the effect of bed height on the
breakthrough curve, the adsorbate solution

having Zinc concentration 50mg/L, pH 5.19 flow
rate SmL/min was passed through the adsorption
Vertical Scale Bed by varying the bed height.
Figure 5.10 presents the performance of
breakthrough curves at bed heights of 3, 6, 9, and
12cm. It is evident from the Figure 10 that the
steepness of the breakthrough curve was a
function of bed height. With increase in bed
height, the throughput volume was increased
which might be due to higher contact time. At a
relatively lower contact time, the curve was
steeper showing the faster exhaustion of the bed.
The higher uptake of Zn (I1) was observed at the
beginning of the fixed-bed Vertical Scale Bed,
but the concentration of Zn (Il) in the effluent
rapidly increased after breakthrough volume or
breakthrough time. The upper bed depth gets
saturated earlier than lower bed depth. As can be
seen in Figure 5.10, the breakthrough volume
was 150, 230, 230 and 350 ml at bed depths of 3,
6, 9 and 12 cm, respectively.
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FIGURE 10: Effect of bed height on the
breakthrough curve

Application of Thomas Model

The experimental data were fitted to the Thomas
model to determine the Thomas rate constant
(ktw) and maximum solid phase concentration
(9e). The krnand gevalue were calculated by
plotting In(Co/Co- Ci) against ,,t* using values
from the Vertical Scale Bed experiments. From
the regression coefficient and other statistical
parameters, it is concluded that the experimental
data fitted well to the Thomas model. krnand
gevalues decreased with increase in bed height.
The well fit of the experimental data on to the
Thomas model indicated that the external and
internal diffusion were not the rate limiting steps
Figure 11.
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FIGURE 11: Experimental and theoretical
breakthrough curve from Thomas Model at
different bed height

Application of Yoon Nelson model

A simple theoretical model developed by Yoon —
Nelson was applied to investigate the
breakthrough behavior of zinc on the manganese
ferrite nanoparticles. The values of ,,Kyn“and ,,
were estimated from the plot between In (Ci/Co-
Cy) versus ,,t* using values from Vertical Scale
Bed experiments at
differentbedheights. Thevaluesof “Kyn"and,,t“we
refoundtodecreasewith increase in bed height,
Figure 12.
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breakthrough curve from Yoon Nelson Model at
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Congo Red Dye Vertical Scale Bed Studies
Using Cobalt Ferritenanoparticles

Influence of the Combination of Bed Height
and Flow Rate of the Congo Red Dye Solution
The results showed that the shape and gradient of
the breakthrough curve was slightly different
with the variation in bed depth. The higher uptake
of Congo red dye was observed at the beginning
of the fixed-bed Vertical Scale Bed, but the
concentration of Congo red dye in the effluent
rapidly increased after breakthrough volume. The
upper bed depth gets saturated earlier than lower
bed depth. At a flow rate of 5mL/min the
breakthrough volume was 270 ml, 360 ml, 540
ml and 640ml at the bed depth of 3, 6, 9 and 12
cm, respectively. The breakthrough time was 52,
72,102 and 122 minutes at the bed depth of 3, 6,
9, and 12cm respectively. The bed capacity
exhausted at 950 ml, 1050 ml, 1150 ml and 1350
ml for bed depth of 3, 6, 9, 12 cm respectively.

At a flow rate of 10mL/minThe breakthrough
volume was 102 ml, 252 ml, 273 ml and 356 ml
at the bed depth of 3, 6, 9 and 12 cm,
respectively. The bed capacity gets exhausted at
1000ml, 1040ml, 1230ml and 1710ml for bed
depth of 3, 6, 9 and 12 cm.The breakthrough time
was 16, 24, 28 and 36 minutes at the bed depth of
3, 6, 9, and 12cm respectively.It was observed
that breakthrough generally occurred faster with
higher flow rate. The reason is that at higher
flowrate, the rate of mass transfer increased, thus
the amount congo red dye adsorbed onto the unit
bed height (mass transfer zone) increased. In
addition, the adsorption capacity was lower as
due to insufficient residence time of the solute in
the Vertical Scale Bed and diffusion of the solute
into the pores of the adsorbent, therefore the
solute left the WVertical Scale Bed before
equilibrium occurred (Figure 5.13, Figure5.14).
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Application of Thomas Model

The experimental data were fitted to the Thomas
model to determine the Thomas rate constant
(ktn) and maximum solid phase concentration
(ge). The krnand gevalue were calculated by
plotting In(Co/Co-Ct) against ,t* using values
from the Vertical Scale Bed experiments. From
the regression coefficient and other statistical

parameters, it is concluded that the experimental
data fitted well to the Thomas model. krnand
gevalues decreased with increase in bed height.
The well fit of the experimental data on to the
Thomas model indicated that the external and
internal diffusion were not the rate limiting steps
Figure 15 and Figure 16.
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Application of Yoon-Nelson Model

A simple theoretical model developed by Yoon —
Nelson was applied to investigate the break
through behavior of congo red dye on the cobalt
ferrite nanoparticles. The values of ,,Kyn™ and ,, 7"
were estimated from the plot between In (C4/Co-
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time{min)

Yoon nelson model

Cy) versus,t* using values from Vertical Scale
Bed experiments at different bed heights. The
values of “Kyn”and ,,7* were found to increase
with increase in bed height at both the flow rates,
Figure 5.17 and Figure5.18.

FIGURE 17: Experimental and theoretical breakthrough curve from Yoon-Nelson Model at a flow
rate of 5SmL/min
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TABLE 1: Breakthrough time, and breakthrough volume for lead absorption using cobalt ferrite
nanoparticles and manganese ferrite nanoparticles

Process Adsorbate: Lead

Parameters

Flow rate Adsorbent: Cobalt ferrite | Adsorbent Manganese Ferrite

:5mL/min Nanoparticles Nanoparticles
Bed Depth|Breakthrough Breakthrough Breakthrough Breakthrough
(cm) time (min) \volume (mL) time (min) volume (mL)

3 22 102 8 30

6 43 202 12 52

9 64 302 23 102

12 72 360 34 170

TABLE 2: Breakthrough time and breakthrough volume for Zinc adsorption using Cobalt ferrite

nanoparticles and Manganese ferrite nanoparticles

Process Adsorbate: Zinc

Parameters

Flow rate Adsorbent: Cobalt ferrite |Adsorbent Manganese Ferrite
:5mL/min Nanoparticles Nanoparticles

Bed Depth |Breakthrough Breakthrough Breakthrough Breakthrough
(cm) time (min) volume (mL) time (min) volume (mL)

3 41 210 32 150

6 54 270 44 230

9 65 330 45 230

12 105 590 71 350
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TABLE 3: Breakthrough time and breakthrough volume for Congo red dye adsorption usingCobalt
ferrite nanoparticles at a flow rate of 5SmL/min

Process Parameters Adsorbate: Congo Red Dye

Flow rate :5mL/min Adsorbent: Cobalt ferrite Nanoparticles

Bed Depth (cm) Breakthrough time (min) Breakthrough volume (mL)
3 52 270

6 72 360

9 102 540

12 122 640

TABLE 4: Breakthrough time and breakthrough volume for Congo red dye adsorption usingCobalt
ferrite nanoparticles at a flow rate of 20mL/min

Process Parameters Adsorbate: Congo Red Dye

Flow rate :10mL/min Adsorbent: Cobalt ferrite Nanoparticles

Bed Depth (cm) Breakthrough time (min) Breakthrough volume (mL)
3 16 102

6 24 252

9 28 273

12cm 36 356

TABLE 5: Thomas model constants for adsorption of lead and zinc using cobalt ferrite and
manganese ferrite nanoparticles

Waste Adsorbent Bed depth  |[KTH Je (MY/g) R2
treated (cm) (mL/min.mg)
3 0.00074 1.55 0.972
6 0.00064 1.33 0.969
Cobalt ferrite 9 0.0004 1.13 0.930
12 0.0004 1.004 0.844
Lead _ 3 0.00068 3.35 0.928
nganese ferrite 6 0.00056 1.855 0.961
9 0.00062 1.519 0.935
12 0.0006 1.525 0.947
3 0.00082 2.099 0.907
6 0.00068 1.312 0.970
Cobalt ferrite ) 0.00076 1.049 0.973
12 0.00068 0.970 0.963
Zinc _ 3 0.00052 3.025 0.884
nganese ferrite 6 0.00052 2.107 0.968
9 0.00046 1.52 0.961
12 0.0005 1.43 0.922

TABLE 6: Yoon Nelson model constants for adsorption of lead and zinc using cobalt ferrite and
manganese ferrite nanoparticles

Waste Bed KYN
treated |Adsorbent depth(cm) |(L/min) (min) Je (MY/g) R2
3 0.037 68.45 1.55 0.972
_ 6 0.032 117.37 1.33 0.969
Cobalt ferrite g 0.020 149.35 1.13 0.930
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12 0.020 176.85 1.004 0.844

Lead 3 0.006 482 18.53 0.918
nganese ferrite |6 0.005 534.2 10.27 0.960

0 0.006 607.83 7.79 0.932

12 0.005 956.2 0.19 0.949

3 0.041 92.36 2.09 0.907

6 0.038 138.57 1.57 0.973

Cobalt ferrite |9 0.034 115 0.87 0.970

_ 12 0.034 170.94 0.97 0.963
Zinc 3 0.026 78.65 3.025 0.907
nganese ferrite |6 0.026 109.57 2.107 0.970

0 0.023 118.60 1.52 0.973

12 0.025 148.88 1.43 0.963

TABLE 7: Thomas model constants for adsorption of Congo red dye using cobalt ferrite
nanoparticles

Flow rate | Adsorbent Bed depth KTh ge (Myg/g) R2
(cm) (mL/min.mg)

3 0.00060 2.8 0.907

Cobalt ferrite 6 0.00060 1.8 0.913

5 mL/min 9 0.00068 1.4 0.928
12 0.00063 1.3 0.951

3 0.00115 2.4 0.976

10 Cobalt ferrite 6 0.00116 1.4 0.979
mL/min 9 0.00146 1.3 0.989
12 0.00095 1.2 0.964

TABLE 8: Yoon Nelson model constants for adsorption of Congo red dye using cobalt ferrite
nanoparticles

Bed depth [KyN
Flow rate  |Adsorbent (cm) (L/min) (min) de (Mo/g) R2
3 0.032 08.31 2.68 0.836
6 0.036 134.55 1.75 0.913
5 mL/min Cobalt ferrite 9 0.041 167.75 1.45 0.928
12 0.038 207.13 1.32 0.951
3 0.069 44.65 2.43 0.976
6 0.070 54.3 1.41 0.979
10mL/min  (Cobalt ferrite 9 0.088 75.93 1.32 0.989
12 0.057 99.43 1.26 0.964

Evolution Of Neural Network model

Feed forward method is a systematic method for
training multilayer artificial neural network. This
is the most commonly used method, because of
its relatively simple mathematical proof and good
generalization capabilities. The difference
between the network output and the expected
output is determined .

Input Data
Time of contact, Volume of the sample treated,

absorbance, bed depth of the adsorbent, are taken
as input parameters.

Output Data
The output parameter used is the percentage of
removal measured from the experiments
conducted in the laboratory under various
conditions.
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Training the Network

The purpose of training is to adjust the network
weights such that the network produces the
desired output in response to the input patterns.
In the training stage the input and output patterns
are presented to the neural network. The ANN is
trained using the feed forward method. During

the training the input data (Time, volume
absorbace and depth) and the corresponding
output data (percentage of removal) were fed
with shuffling to cover the entire operating range.
Training data set for the adsorbent cobalt ferrite
on the removal of Congo red dye is given in the
following table:

TABLE 9: Network Training Data

Percentage removal
S.No [Time olume (mL) Absorbance Depth (cm) (Experimental)
E (Ce)
1 10 50 0.000 6 100
2 170 850 1.618 6 0
3 90 450 1.578 6 7.16
4 180 900 1.618 3 0
5 80 400 1.528 6 11.3
6 20 100 0.000 6 100
7 110 550 1.618 6 0
8 200 1000 1.618 9 0
9 140 700 1.565 12 9
10 120 600 1.105 12 35
11 100 500 1.618 3 0
12 90 450 1.595 3 2.5
13 170 850 1.618 9 0
14 10 50 0.000 3 100
15 170 850 1.618 3 0
16 150 750 1.589 12 3
17 50 250 0.032 12 94.1
18 70 350 1.492 3 17.5
19 10 50 0.000 9 100
20 60 300 0.194 12 85.1
21 80 400 1.532 3 54
22 100 500 0.728 12 56.6
23 40 200 0.025 9 95.8
24 200 1000 1.618 3 0
25 80 400 0.268 12 75
26 120 600 1.618 3 0
27 50 250 0.098 9 93.3
28 30 150 0.012 9 97.6
29 180 900 1.618 12 0
30 30 150 0.456 3 69
31 40 200 0.678 3 59.1
32 130 650 1.618 6 0
33 160 800 1.618 3 0
34 150 750 1.618 3 0
35 110 550 1.618 3 0
36 20 100 0.206 3 83.3
37 170 850 1.618 12 0
38 100 500 1.518 9 12.5
39 10 50 0 12 100
40 110 550 1.583 9 6
41 120 600 1.592 9 1.30
42 70 350 0.204 12 81.6
43 50 250 0.956 3 41.6
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44 130 650 1.618 9 0

45 30 150 0 12 100
46 70 350 1.497 6 17
47 20 100 0 12 100
48 60 300 0.206 9 83.3
49 140 700 1.618 9 0

50 60 300 1.138 3 30
51 130 650 1.534 12 16.6
52 150 750 1.618 9 0

53 180 900 1.618 9 0

54 140 700 1.618 6 0

55 180 900 1.618 6 0

56 130 650 1.618 3 0

57 20 100 0 9 100

Testing the Network

During testing, a new input pattern is presented
and the output of the ANN is computed, which
when compared with the target or actual output,
should provide an excellent replica with
minimum forecast error. The testing mode was
selected and the number of layers and size of each
layer from input to output were specified. The
programme was run to generate the output.
Outputs of ANN were compared with the

corresponding experimental output to determine
the modelling efficiency. The results obtained
from the feed forward network were compared
with  similar results obtained from the
experimental observations. It was observed that
the neural network output was found to be 85%
nearer to the experimental output. The typical
results obtained for the adsorbent Cobalt ferrite
nanoparticle on the removal of Congo red dye is
given in the table

TABLE 10: Network Testing Data

S.No [Time [Volume |Absorbance [Depth | E(Ce) N(Ce) Error E(Ce)-
N(Ce)

1 160 800 1.618 6 0 0 0.00
2 30 150 0.194 6 85 72.01 12.99
3 40 200 0.028 12 95.3 81.1 14.20
4 200  |1000 1.618 12 0 0 0.00
5 140 700 1.618 3 0 0 0.00
6 160 800 1.598 12 1 0.9 0.10
7 150 [750 1.618 6 0 0 0.00
8 110 550 0.895 12 50 42.75 7.25
0 160 800 1.618 9 0 0 0.00
10 30 400 0.956 9 35.3 30 5.30
11 200  |1000 1.618 6 0 0 0.00
12 90 450 0.56 12 66.6 57 9.60
13 60 300 0.958 6 24.4 20.02 4.38
14 120 600 1.618 6 0 0 0.00
15 90 450 1.245 9 23.8 20.1 3.70
16 100 500 1.585 6 5.3 4.5 0.80
17 40 200 0.389 6 75 64.01 10.99
18 70 350 0.685 9 56.6 48.01 8.59
19 50 250 0.664 6 61 51.95 9.05

Regression Analysis
Further regression analysis were done for the
Vertical Scale Bed studies of congo red dye

removal using cobalt ferrite nanoparticles using
SPSS software where Time, volumn, absorbance
and depth were taken as independent parameters
J Popul Ther Clin Pharmacol Vol 30(15):e199-e215; 06 June 2023.
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and the removal were taken as dependent
parameter. A regression equation was drawn
relating the input and output parameters. From
the regression analysis using SPSS software the
regression coefficient value was found to be
0.986 which represents the SPSS output
exhibited a close level of relation with the
experimental output when comparing to the
above mentioned Neural Network output.

Further, Regression analysis indicated that
absorbance and the constant value 94.874
revealed a better level of significance 0.000
among the independent parameters. Tis constant
value represents and indicates that the other
unaccounted independent parameters like surface
area of the adsorbent, coefficient of permeability
etc could have played a vital role in determining
the level often counter.

TABLE 11: A comparative table showing the experimental Results, MATLAB Result and SPSS

Result
Time [Volume  |Absorbance Depth  |E(Ce) N(Ce) SPSS
OUTPUT

160 800 1.618 6 0 0 -.0.032
30 150 0.194 6 85 72.01 84.89
40 200 0.028 12 95.3 81.1 96.76
200 1000 1.618 12 0 0 2.38
140 700 1.618 3 0 0 -1.24
160 800 1.598 12 1 0.9 2.433
150 750 1.618 6 0 0 -0.33
110 550 0.895 12 50 42.75 44.78
160 800 1.618 9 0 0 0.576
80 400 0.956 9 35.3 30 39.46
200 1000 1.618 6 0 0 1.167
90 450 0.56 12 66.6 57 65.07
60 300 0.958 6 24.4 20.02 38.13
120 600 1.618 6 0 0 -1.23
90 450 1.245 9 23.8 20.1 21.74
100 500 1.585 6 5.3 4.5 0.226
40 200 0.389 6 75 64.01 73.02
70 350 0.685 9 56.6 48.01 56.07
50 250 0.664 6 61 51.95 56.17

TABLE 12: Regression analysis for congo red dye adsorption using Cobalt Ferrite Nanoparticles

Unstandardized Standardized 95% Confidence
Coefficients Coefficients t- Interval for B
Model B Std. ErrorBeta value [Sig. |Lower Upper
Bound Bound
1 (Constant) 94.874 14.402 - 21.555 |.000 [85.543 104.205
ime — X .006 .009 .047 .665 516 |-.013 .025
/Absorbance - 4.450 -1.029 - .000 -71.810 -52.943
X2 62.376 14.017
Depth — X3 203 433 .017 470 .645 |-.714 1.120
TABLE 13: Regression model Summary sheet
Change Statistics
R isted R Std. Error off _
Model R Square [Square  fthe Estimate [R F Sig.
Square  [Change |[dfl [df2 |Change
Change
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1 .993 986 .983 4.3856554

.086

366.401 (3 (16 |000

Equation: Percentage Removal (Y)=94.874+0.006X1-62.376X+0.203X3

The coefficient of determination R? value shows
that these variables when put together explain the
variations of Y to the extent of 98.6%.

CONCLUSIONS

The prepared cobalt ferrite nanoparticles were
subjected for the removal of colour from the
synthetic wastewater by considering congo red
dye a contaminant of concern. The removal
efficiency of 98% was achieved at the optimum
contact time of 130minutes, adsorbent dosage
was found to be 0.10 g/50ml, the optimum pH
and initial lead concentration was found to be 4
and 60 mg/ L respectively. And finally the
optimum speed was found to be 150 rpm.
Langmuir and Temkin isotherms fitted well
revealing that there is possible of homogenous
multilayer adsorption. Pseudo first and second
order Kinetics gave a very good fit among the
kinetics considered. The Vertical Scale Bed
studies were carried out at different flow rates
5ml/min and 10ml/min. The Vertical Scale Bed
data were subjected to Thomas and Yoon Nelson
Model and it was observed that the adsorption
capacity decreases from 2.8 mg/g to 1.3 mg/g and
2.4 mg/g to 1.2mg/g for the above two flow rates
as the filtration depth increases.
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