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Abstract

In this study, we investigated Terasil blue dye absorption on modified rice
husk through batch and continuous trials. In continuous mode includes
experimental tests in an inverse fluidized bed tegnique at various times and
under various operating conditions (bed height, initial concentration, and
varying flow rate) were investigated. The effect of various factors like pH,
contact time, agitation speed and particle size on the removal efficiency (%)
the Terasil blue dye were thoroughly investigated. The maximum removal
efficiency (%) was achieved up to pH 7.0. Removal efficiency (%) increased
with increasing contact time. The maximum removal efficiency (%) was
achieved at 200 RPM (rate per minute). Increasing in the particle size caused
decreased in the removal efficiency (%). In batch experiments the
Freundlich, and Temkin models showed good agreement with R? value while
the Langmuir model had moderate agreement. The value of ge is 1.73 mg/g
under specific conditions; the Langmuir model provides g-max of 0.0078
mg/g and K-L of 0.0801 L/mg.Ongoing tests conducted in an inverse
fluidized bed offer valuable insights into the hydrodynamic behavior of the
system.

The collected data effectively demonstrates the variations in pressure drops
and bed heights. There is a positive correlation between bed height and fluid
velocity, suggesting a significant association within the dynamics of
fluidized beds.

These experimental results by combining with computational data will offer
deep insight to the phenomena of adsorption and will provide practical
applications for enhancing the efficiency of adsorption system in the fields of
environmental and chemical engineering.

Keywords: Rice husks, Hydrodynamics, Fluidization velocity, and Artificial Neural Network (ANN).
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1. INTRODUCTION

This study explains the hydrodynamic characteristics and applications of liquid-solid inverse fluidization in
various configuration like sloped walls or tapering top section. Inverted fluidized reactors have vast applications
in oil water separation, biofilm cultivation, and reduction of COD, BOD, TOC levels. The minimum
"fluidization™ is crucial and depends on the fluid flow system's elements and characteristics [1, 2].

Water stands as a fundamental element supporting all life on our planet, underscoring its unparalleled
importance [3]. Nonetheless, the escalating challenges of global water contamination have become increasingly
urgent, fueled by rapid industrialization, population growth, and climate change [4]. A stark forecast suggests
that by 2025, freshwater scarcity could affect up to 50% of the world’s population, surging to a staggering 75%
by 2075 [5]. Pollution due to industrial discharge and urban activities creates hazardous contaminants, which
lead to human health risk and disturbing ecosystems. The significance of wastewater treatment looms large,
particularly in sectors like textiles, notorious for their substantial water consumption and pollution footprint. To
put it into perspective, a mere 0.5 kg of textile products demands a staggering 80 L of water [6]. Disturbingly,
the textile industry alone accounts for the direct release of 2% of all dyes into aquatic ecosystems, posing both
health and environmental risks [7, 8].

In inverse fluidized bed reactor with three phases hydrodynamics promote solid fluid fluidization. Fluidization
mainly depend upon gas’s larger diameter. In this method the breakdown of wastewater depend largely on
treatment duration, gas velocity, height-to-width ratio and settled waste volume to treatment area volume
(Vu/Vy) [15]. The three phases hydrodynamics had a lower minimum fluidization voidage than two-phase
structure. The wetting agent had great impact on performance of inverse fluidized bed reactor as it decrease the
minimum fluidization velocity [16]. The rectangular three-phase "inverse fluidized bed" investigation
discovered that temperature directly influences bed voidage or heat transfer coefficient. Bed voidage, gas
velocity, and fluid velocity promote heat transmission [17-19].

In the current study, modified rice husks as an adsorbent was developed. The modified rice husks is then
employed as an adsorbent in inverse fluidized bed reactors which can present an eco-friendly and cost-effective
approach to wastewater treatment. The modified rice husks was then utilized to remove Terasil blue dye. In this
study, both batch and continuous trials were used. The hydrodynamic behavior of the modified rice husk in
inverse fluidized beds was also investigated. This research also investigate correlations between fluid velocity,
pressure drops, and bed heights. The effect of various factors like pH, contact time, agitation speed, particle size,
adsorbent dosage on the dye removal efficiency(%) were also investigated. Different adsorption models like
Langmuir, Freundlich and Temkin were also employed to deeply investigate the kinetics of dye adsorption. This
insight contributes to optimizing the efficiency of the proposed wastewater treatment method for practical
applications.

2. METHODS AND MATERIALS
2.1. Method: Research Design

This research study mainly concentrates on the development of an adsorbent created from modified risk husks
for efficient removal of Terasil blue dye from industrial wastes utilizing inverse fluidized bed reactor. This
investigation focuses on the influence of various parameters like pH, contact time, agitation speed, particle size
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and adsorbent mass on the removal efficiency (%) of the Terasil blue dye. Different adsorption models like
Langmuir, Freundlich and Temkin mainly focus on the kinetics of adsorption process. This study include detail
setup of the experimental setup for the development of modified rise husks and their employment as adsorbent
for the removal of Terasil blue dye. This study also include sampling procedures and data collection using
statistical tools. Data analysis will be carried out using help of figures and tables. The discussion will be for the
interpretation of results, comparing of results with literature findings and future practical applications. The
conclusion of this study will be brief summarization of the key findings, exploring significance of the results
and future implications.

2.2. Preparation

To evaluate the color intensity and behavior of Terasil blue dye, a spectral analysis was performed. The
absorbance or transmittance properties of the dye solution were measured across a range of wavelengths using a
UV-Vis spectrophotometer. This analysis provided insights into the dye's optical characteristics and aided in
determining its initial color density. A sample was collected and centrifuged at each time point, and the
remaining concentration of adsorbed dye in the fluid stage was acquired after 5 minutes of centrifuging. To
determine the quantity of dye adsorbed by rice husk powder, the starting and last dye concentrations in the
aqueous solutions were measured, and the changes were calculated.

2.3. Batch Experiment Study

Experimental work on terasil blue dye adsorption using rice husk as the adsorbent was conducted in batch mode,
varying parameters such as pH, temperature, dose level, metal ion concentration, and contact time. Optimal
adsorption conditions were determined by adjusting pH (3.0 to 7.0 at 25°C) with a starting dye concentration of
40 mg/L in a 120 mL solution. The higher dye concentration aimed to minimize variability in results, ensuring
efficient adsorption and reproducibility in the experimental work. The contact time of 60 minutes was kept with
a rice husk powder quantity of 0.5-2.5 g/L. The experiment system was continuously stirred for 60 minutes to
ensure achieving the equilibrium.

2.4. Kinetic and Adsorption Study

The adsorption of terasil blue dye onto rice husks can be modeled using a variety of different models. One
common model is the Langmuir isotherm, which assumes that the adsorption of dye onto the rice husks is a
reversible process that follows a linear relationship. Experiments were conducted to investigate equilibrium
isotherms for optimizing the design of the Terasil blue dye removal system from wastewater. These
investigations was based on data obtained from the adsorbent dose study.

2.5. Statistical analysis

The Model is based on ANN (ANN network) as well as SPSS through the parameters extracted from the
practical and not only on the rice husks. A comparison is made between the three (practical, ANN and SPSS)
and optimization selection. There are a number of other models that can be used to describe the adsorption of
terasil blue dye onto rice husks. The choice of model depends on the specific experimental conditions and the
desired level of accuracy.

3. Results and Discussion

3.1. Removal Efficiency (%) of the modified rise husks

The study found that the adsorption capacity of rice husk for Terasil blue dye rises with higher dye
concentration and sorbent dosage. The maximum adsorption occurs with activated rice husk at a sorbent dosage
of 10.0 g/l and a Terasil blue dye concentration of 25.0 mg/l. The adsorption kinetics aligns with a pseudo-
second-order model, suggesting that the process is governed by the diffusion rate of terasil blue dye molecules
into the rice husk pores. The removal efficiency (%) of the modified rise husks for the removal of Terasil blue
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dye was investigated using different parameters like pH, contact time, agitation speed, particles size.

The effect of pH on the removal of Terasil blue dye with modified rise husks thoroughly investigated. The
investigation was made from pH (3 to 9.0) in order to find maximum removal efficiency. As shown in Table 1
and Figure 1 (A) the maximum removal efficiency of 89.58 % was achieved at pH 7. At pH 3, the dye
concentration in the solution after adsorption was 5.96 mg/L. Particles absorbed 14.04 mg/L dye, resulting in
70.21% clearance efficiency [20]. The table also shows data for different pH levels, revealing how pH affects
adsorption. In general, this data helps researchers determine the best pH settings for color removal using
Modified Rice Husk particles. The efficacy of adsorption is affected by the agitation speed; a higher RPM
(Rotation Per Minute) leads to better removal. The data as shown in Table 1 displays Modified Rice Husk
particle studies to determine the optimal agitation velocity for Terasil blue dye removal. Adsorbent, contact
time, temperature, and starting dye concentration were constant in the tests [21]. There are numerous RPM
agitation speeds and their effects. The "Agitation Speed (RPM)" column records the solution and adsorbent's
spinning rates. The dye concentration in the solution after adsorption is Ce (mg/L). This number falls as
agitation speed increases, indicating dye removal efficiency. Under various agitation speeds, the "Amount
Absorbed (mg/L)" parameter measures dye elimination and adsorption. At 150-minute contact time
concentration of Terasil, blue dye was 7.74 mg/L. The levels dropped to 4.51 mg/L after 180 minutes. The
lowest concentration (2.48 mg/L) of dye achieved at 200 minutes contact time, which is the maximum removal
efficiency of the adsorbent. Similarly, dye adsorption onto particles increased proportionally, increasing removal
efficiency. An estimated 61.32% of the dye was removed after 150 minutes. System efficiency increased to
77.47% after 180 minutes and 87.59% at 200 minutes [24]. Removal efficiency was 84.87% at 210 minutes. The
solution's dye concentration decreased during the experiment. This concentration drop shows that Rice Husk
particles removed the color. The removal effectiveness is better for larger particles. The Rice Husk particles
have proven effective as adsorbents for this purpose. Particles between 1.18 and 2 mm had 94.10% dye
clearance efficiency. At 3.35-4.25 mm, particles were 90.20% efficient, whereas at 2-3.35 mm, they were 92.3%
efficient. The above percentages show how well different particle sizes remove Terasil blue color from water.
This data Table 1 and Figure 1 (D) helps scientists choose the best particle size for practical applications,
ensuring dye removal from contaminated water sources [25] Another important factor is the adsorbent mass; at
greater concentrations and masses, the removal effectiveness may reach as high as 97.15 per cent. The results
provide light on how to maximize dye adsorption efficiency.

Table 1: Effect of different factors on the adsorption of Terasil blue dye onto Modified Rice Husk particles

pH Ce (mg/L) Amount Absorbed (mg/L) | Removal Efficiency (%)
3 5.96 14.04 70.21
4 4.64 15.36 76.78
5 4.02 15.98 79.92
6 3.77 16.23 81.46
7 2.08 17.92 89.58
8 2.28 17.72 88.61
9 2.25 17.75 88.74
'(Ag;ts/lt)ion speed Ce (mg//L) Amount Absorbed (mg/L) | Removal Efficiency (%0)
125 2.68 17.32 86.62
150 2.02 17.98 89.91
200 1.55 18.45 92.23
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250 1.63 18.37 91.92
Time (min) Ce (mg/L) Amount Absorbed (mg/L) | Removal Efficiency (%0)
120 11.88 8.12 40.6
159 7.74 12.26 61.32
180 451 15.49 77.47
200 2.48 17.52 87.59
210 0.03 16.97 84.87
A t M .
(gc);lsorben ass Ce (mg/L) Amount Absorbed (mg/L) | Removal Efficiency (%6)
0.5 11.34 8.66 56.72
1 12.55 7.45 62.74
2.00 14.87 5.13 74.36
3.00 18.74 1.26 93.70
4.00 19.43 0.57 97.15
Particle Size (mm) Removal Efficiency (%)
1.18 2 94.10
2-3.35 92.3
3.35-4.25 90.20
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Fig. 1 Effect of various factors on removal efficiency (%) of Terasil blue dye adsorption on Modified Rice Husk
particles (A) pH (B) Time (C) Agitation speed (D) Particle size

3.2. Comparative investigation of current and previous adsorption
models

Table 2 compares the current and previous models’ removal effectiveness for varied adsorbent masses (W) and
Terasil blue dye concentrations. The present model outperforms its predecessor in terms of removal efficiency
in every single instance. For example, the removal effectiveness is 56.72% in the new model, up from 46% in
the prior model, for a mass of 0.5 g and a concentration range of 11.34-13.50 mg/L. This trend holds for more
mass-concentration pairings, further demonstrating that the present approach consistently achieves better
removal efficiency under different circumstances.

Table 2: Comparison for removal efficiency by current and previous model

Removal(%0) by o
W(g) Concentration(mg/I) Rem_OVal(/O) by
current model Previous model
0.5 11.34-13.50 56.72 46
1 12.55-9.50 62.74 62
2 14.87-6.75 74.36 73
3 18.74-4 93.70 84

3.3. Equilibrium isotherms for adsorption of Terasil blue dye

Adsorbent concentration (g/L) is the amount of rice husk dissolved in one litre of water, showing its density.
The concentration of terasil blue dye is presented as in mg/L of water. The rate constant K (min”-1) measures
the adsorption process in minutes raised to the power of minus one. An increased rate constant means more
adsorption [26]. A statistical indicator called the "r value" measures experimental data-theoretical model
agreement. A correlation coefficient (r) around 1 implies a strong relationship between observed and anticipated
values. Using activated rice husk at 5.0 g/l adsorbent and 5 mg/I dye, the first experiment yielded a rate constant
(K) of 0.013 min”-1 and a r value of 0.90. The model fits well with this r-value [27]. The table shows data on
different quantities of adsorbents and dye, allowing researchers to compare the terasil blue dye adsorption of
untreated and citric acid-treated rice husks. These insights are important for practical applications, especially
where water dye and pollution removal are crucial. The column shows the solution's original terasil blue dye
concentration. At equilibrium, Qe is the amount of dye adsorbed per unit mass of adsorbent [2]. The Ce/Qe
column shows the quotient of the original dye concentration by the equilibrium dye adsorption. The logarithm of
the dye's initial concentration is "log (Ce)". The column shows the solution's original terasil blue dye
concentration. At equilibrium, Qe is the amount of dye adsorbed per unit mass of adsorbent. The Ce/Qe column
shows the quotient of the original dye concentration by the equilibrium dye adsorption. The logarithm of the
dye's initial concentration is "log (Ce)". Adsorption occurs when molecules of a substance connect to the surface
of a solid [28].

Table 3: Data for Langmuir, Freundlich and Temkin Adsorption models

Ce Qe Ce/Qe log c. log q. Inc,
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11.34 1.73 6.555 1.05 0.24
12.55 0.75 16.73 1.99 -0.125 2.53
14.87 0.25 59.48 1.172 -0.602 2.7
18.74 0.042 449.19 1.273 -1.376 2.93
19.43 0.015 1295.33 1.29 -1.824 2.967
1400 A - 0.5 B
1200
0.0
1000
y= 127.00685x-1588 67043
s 800 p2_ g go371 & 03
3 o :
104 y= .0.23521x+2 88151
400 R*= 0.985476
200 -{ -1.5
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o 1 y= 0.0657x+1.7005
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Fig. 2 Different adsorption models for Terasil blue dye (A) Langmuir (B) Freundlich and(C) Temkin models

3.4. Effect of pressure drop and bed height on the fluid velocity

Figure 3 displays pressure drop (AP) data for masses of 0.04 kg and 0.06 kg at different velocities and bed
heights. The "Superficial fluid velocity U (m/s)" represents fluid flow, whereas "Bed Height 10 (cm) Mass of
0.04 (kg)" and "Bed Height 20 (cm) Mass of 0.06 (kg)" reflect experimental circumstances. From this data,
Figure 3 may show the link between bed height and surface fluid velocity, revealing system fluid dynamics.
Pressure drop data helps explain system behavior at varied velocities and bed heights.

Pressure decreases and rises with fluid velocity. This suggests that when fluid velocity rises in the Rice husk
particle bed, flow resistance increases, raising pressure drop. In fluid dynamics and engineering, this connection
helps scientists and engineers understand how factors like particle size and fluid velocity affect fluid dynamics
in various systems. By studying these patterns, researchers may create safer, more efficient systems for
operations like filtration and fluidized bed reactors [29]. The offered information describes an experiment to
determine the relationship between inverse fluidized bed height and fluid velocity. The experiment used 1.18-2
mm particles. Bed height rises with fluid velocity, showing a positive association. This knowledge is valuable in
chemical engineering because it helps explain fluid-solid interaction dynamics, which are crucial to many
processes and applications.
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Fig. 3 Superficial fluid velocity vs (A) Pressure drop and (B) Bed height

Figure 4 shows the adsorption of a chemical over time at different concentrations, bed heights (L), and flow
speeds. The data show concentration (C) and ratio of C to beginning concentration (C/Co) with time. From these
data, Figure 4 may show how adsorption bed height affects the process. The data helps optimize system
adsorption by showing how bed height affects substance adsorption

o
O os —&— 40 mg/L O os
= = —#8—-0.10m
- 020m
0.4 4
/ e / A D30m
o2 / 021/ /A
4 /
T E— 0.0
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@ — Flow rate (16.0 L/h)

S0 11‘)0 150 ’ 200
Time (min)

Fig. 4 Adsorption data at (A) different initial concentration, (B)different bed height and (C) Flow rate

Figure 5 shows trials comparing real removal efficiency (RE) to ANN model predictions. Different experiments
are in each row. The "Actual RE (%)" column provides the observed removal efficiency, whereas the "Predicted
RE (%)" column gives the ANN model's prediction. Root Mean Square Error measures model accuracy in the
"RMSE (%)" column. Figure 5, created using this data, and presumably shows the ANN model's experimental
outputs, showing its ability to forecast removal efficiency for various tests. This code uses a simple Artificial
Neural Network (ANN) model to teach the computer to find patterns in data. Consider the data as a large book
with pages for each trial. Starting with data organization is the first step. A virtual robot called the Artificial
Neural Network (ANN) model, is then created and supplied with structured data. These situations teach the
robot how pH levels and particle sizes affect substance clearance. Learning involves seeing exemplars and
understanding linkages [30].
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Fig. 5 Experimental Outputs from the ANN Model

Table 4 displays experimental data for two sets with target values, fitted values, and actual data points. Figure 6,
constructed from the data, is likely a representation of the experimental data with parameters prediction,
illustrating how well the fitted values align with both the target and actual data points. The figure provides a
visual comparison of the model's predictions against the observed data, offering insights into the accuracy and
performance of the model in capturing the underlying patterns and relationships in the experimental data.
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O Data O Data /
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8

8
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Fig. 6 Experimental data with parameters prediction

Figure 7, the regression model clearly shows that the target, 100 epoches, the target get fit with the data at the
All data portion where the RMSE is 0.8187% and this is the least value that get.
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Table 4: Comparison Model of ANN with RSM

Avrtificial Neural Network Response Surface Methodology
Experiments Actual RSM
Actual ANN (%) Predicted RMSE (%) Predicted RMSE (%)
(%)
Bed Expansion 68.67 0.60 86.87 0.1
Pressure Drop 92.78 0.88 2643.69 1.7

4. CONCLUSION

The comprehensive investigation of the adsorption of Terasil blue dye onto rice husk that has been changed,
including several experimental approaches such as batch, continuous, and predictive modelling, provides
significant knowledge regarding the complex mechanisms involved in this adsorption phenomenon. The
numerical values obtained from experimentation, along with their observed fluctuations, play a crucial role in
enhancing our understanding of adsorption mechanisms. Furthermore, these findings have practical significance
for applications in environmental and chemical engineering. The present study has yielded significant findings
about the adsorption of Terasil blue dye onto modified rice husk. However, there are various potential areas for
further investigation and development, which could contribute to a more comprehensive understanding of
adsorption processes and improve their practical use.

While the study explores efficient dye removal and water treatment using rice husks in inverse fluidized bed
reactors, there is a notable gap in understanding the long-term stability and reusability of the adsorbents.
Additionally, the study lacks an in-depth analysis of the economic feasibility and scalability of the proposed
wastewater treatment system. Future research should focus on optimizing the regeneration process of the
adsorbents to enhance their sustainability and economic viability. Investigating the potential integration of
renewable energy sources to power the inverse fluidized bed reactors could further enhance the environmental
friendliness of the water treatment system. Moreover, exploring real-world applications and addressing the
challenges associated with large-scale implementation would contribute to the practicality of this innovative
approach in wastewater treatment.
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