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Abstract

Objectives: To evaluate the efficacy of chemically synthesized Lima Beans
Carbon (LBC) in removing Auramine Yellow (AY) dye from aqueous solutions
through adsorption. Methods: LBC was chemically synthesized and character-
ized using BET isotherm analysis for surface area and pore volume, SEM, EDX,
and FTIR for structural insights. Kinetic experiments and various isotherm tests
were conducted to validate and evaluate the adsorption process. Findings:
The LBC adsorbent demonstrated a high adsorption performance for AY dye
removal from aqueous solutions. BET isotherm analysis indicated a suitable
surface area and pore volume for effective adsorption. Characterization using
SEM, EDX, and FTIR confirmed the structural capacity of LBC for dye absorp-
tion. Kinetic experiments validated the adsorption nature, and isotherm tests
comprehensively evaluated the adsorption process, confirming LBC's high effi-
ciency. Novelty: Utilizing Lima Beans Carbon for effective Auramine Yellow dye
removal from water.

Keywords: Adsorption; Lima Beans Carbon; Auramine Yellow dye; Adsorption
Isotherm; Kinetic studies

1 Introduction

Allliving things that depend on clean water are seriously threatened by water pollution,
which is still an issue from earlier periods. People and animals may be harmed by
changes in water’s physical and chemical characteristics (. Water pollution occurs
when harmful substances, including chemicals, waste, and toxic materials, enter water
bodies, degrading the water quality and making it unsafe for use. Pollutants can come
from various sources, such as industrial discharge, agricultural runoff, sewage, and
urban waste. Heavy metals are metallic elements with high densities, atomic weights,
or atomic numbers. When they enter water systems, they pose severe risks due to
their toxicity, persistence, and bioaccumulative nature. Unlike organic pollutants, heavy
metals do not degrade in the environment and can accumulate in the tissues of living
organisms, magnifying in concentration as they move up the food chain. Industrial
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effluents from large-scale production and rapid industrial expansion have resulted in the widespread use of clean water for
manufacturing and cleaning, which has led to the release of numerous contaminants into natural water bodies, including
bacteria, heavy metals, dyes, and non-degradable components®. Innovative and economical treatment methods are becoming
increasingly necessary to solve this problem ). Adsorption is a popular technology for treating primary water contaminants
because of its effectiveness and the benefit of not creating secondary sludge, among its many other benefits. This research uses
Lima Beans Carbon (LBC) powder-activated carbon to remove Auramine Yellow (AY) dye from the water. Lima beans play a role
in sequestering and emitting carbon through their growth and cultivation. By implementing sustainable agricultural practices,
their positive impact on carbon sequestration can be maximized, contributing to efforts to mitigate climate change. Therefore, it
was determined that this substance should be utilized to eliminate the AY dyes from the water. Batch mode of adsorption studies
was carried out and several characterization techniques were used to assess the generated adsorbent material’s performance.

2 Materials and method
2.1 AY and LBC preparation

In one liter of distilled water, 100 mg of Auramine Yellow dye was dissolved to produce a concentration of 100 mg/L, which was
then used to set up the stock solution. Following up to ten hours of sun drying, the sample was heated to 200°C for twenty-four
hours in a muftle furnace. Before being used for batch experimental investigations, the adsorbent material was first heated to
80°C in an oven.

2.2 Characterization of LBC

At-196°C, nitrogen adsorption was used to measure the surface area of LBC. Using Brunauer-Emmett-Teller (BET) analysis, the
surface area of the activated adsorbent was determined after it was heated to 300°C for five hours to eliminate gas molecules.
With a 4 cm™! interval and 20 scans, FTIR analysis was carried out between 400 and 4000 cm™!. Pollutant presence on the
adsorbent surface was confirmed by scanning electron microscopy (SEM), and targeted pollutant adsorption on the LBC surface
was validated by energy dispersive X-ray (EDX) analysis.

2.3 Isotherm and Kinetic Studies

2.3.1 Langmuir and Freundlich isotherm

Based on the supposition that chemical processes mediate the binding mechanism between AY dye and LBC adsorbent, the
study explains the adsorption changes process. Equation (1) is the linear equation that represents this isotherm investigation.
The Freundlich model is used to describe the adsorption of solutes from a liquid onto a solid surface. It is particularly useful
for characterizing adsorption processes where the adsorption capacity is not uniform across the surface, which is often the case
with heterogeneous surfaces. Equation (2) expresses the linear form of this model.
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2.3.2 Pseudo-first-order and Pseudo-second-order studies

A solid adsorption capacity was determined and assessed using this model in the context of solid and liquid systems. According
to this concept, the driving force and the metal ion desorption are exactly related. Equation (3) expresses the linear form of this
model. The effectiveness of the AY dye removal process has been evaluated using the pseudo-second-order study, predicated
on the idea that the quantity of copper ions adsorbed is directly proportional to the active site availability in activated sawdust
charcoal adsorbent. Equation (4) may be used to define the equation for this model.
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3 Results and Discussion

3.1 Batch adsorption studies

3.1.1 Impact of pH and adsorbent dose
For 60 minutes at 30°C, 1 g/L of LBC was added to a solution containing 20 mg/L of AY dye in the first experiment. A pH range
of 2.0 to 7.0 was used to test the effectiveness of metal ion adsorption. As seen in Figure 1 a, the largest quantity of AY dye was
found to adsorb efficiently at very low pH conditions. Metal ions from the synthetic solution adsorb less readily when pH rises.
The adsorption rate can be increased at low pH levels by the efficient reaction of positively charged ions with negatively charged
particles®. In particular, it was shown that, in this batch sample, about 65% of the AY dye concentration was adsorbed at an

ideal pH of 2.0.

With 0.1 to 1 g/L of LBC dose adjustment, the experiment was conducted with the ideal pH set to 2.0, 20mg/L of AY
concentration, and contact time of 1 hour at 25°C. The effect of AY dye absorption is seen by changing the adsorbent dosage in
Figure 1b. When the adsorbent reached a dosage of 0.6 g/L, there was an abrupt drop in the dye absorption that had previously
been rapid. Pollutants from the aqueous solutions are taken up more readily by the adsorbent at greater dosages because there
are more active sites available. At the ideal dosage of 0.6 g/L, around 65.05% of the AY dye was eliminated. Beyond this point,
the concentration gradient plateaued or decreased at higher dose levels, resulting in reduced AY dye uptake®.

3.1.2 Impact of varying the dye concentration and contact time
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Fig 1. Impact of AY uptake (a) pH, (b) adsorbent dose, (c) initial concentration, (d) contact time
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This experiment examined the effect of AY dye absorption by LBC adsorbent, with the AY dye concentration in synthetic
solutions varied from 20 to 100 mg/L, 1 hour of reaction time at 30°C. The ideal pH for the investigation was 2.0, and the
LBC concentration was 0.6 g/L. By altering the dye concentrations in aqueous solutions, Figure 1c shows the effects of AY
adsorption. It was shown that at lower AY dye solution concentrations, the most adsorption happened. This is probably because
the adsorption capability of LBC is limited at greater dye concentrations because of the reduced accessibility of dynamic places
in LBC®.

The investigation was carried out at an optimal pH of 2.0, 20 mg/L of AY dye level, and LBC concentration of 0.6 g/L in the
experiment where the contact duration between AY dye solution and LBC adsorbent was varied from 10 to 180 minutes. The
changes in adsorption efliciency about contact time are shown in Figure 1d. The active sites in the LBC were high, and the dye
absorption was initially fast”). There were fewer available sites for further adsorption as a consequence of the contaminants
that gradually occupied these active sites over time. As a result, as the image illustrates, the effectiveness of AY dye absorption
declined after 90 minutes®.

Adsorbent Characterization

A thorough view of LBC is shown in Figure 2a and b, which show images taken at different working distances of 10 ym
and 5 pm before and after auramine yellow uptake. The adsorbent surface in Figure 2a first shows a lot of active sites and
irregular pores, both of which are good for adsorbing contaminants from aqueous media. These energetic spots and openings
are packed with pollutants after being exposed to an auramine yellow solution, as seen by the SEM picture in Figure 2b, which
makes a layer visible on the surface of the adsorbent. When saturation was reached—as evidenced by the absence of additional
adsorption changes the procedure was finished®. Analogously to SEM examination, auramine yellow was adsorbed using
LBC adsorbent, and EDX analysis was carried out both before and after. The EDX pictures of the biochar adsorbent before and
after auramine yellow adsorption are shown in Figure 2¢ and d. The surface of the biochar displayed a variety of chemical and
metallic constituents, most notably carbon in large numbers, as well as oxygen, calcium, and other elements '), After saturation
with the synthetic solution, an EDX picture (Figure 2 b) verified that auramine yellow had been adsorbed on LBC, viewing the
occurrence of aluminium, potassium, and chromium in addition to carbon and oxygen(“).

To determine the functional groups that were present in the LBC adsorbent, FTIR analysis was performed. As shown in
Figure 2e and f, evaluations were conducted on charcoal adsorbents that had been activated chemically as well as naturally.
Carbonyl group ring vibrations are responsible for the raw adsorbent’s noticeable peak in Figure 2a, which was seen at 1602
cm™ 12), The largest peak in Figure 2f, which was caused by symmetrical bending, showed stretching vibrations of O-H groups
at 2924 cm™. Furthermore, a peak at 1595 cm™! revealed bending vibrations of CH,, and a wide band extending to 3390 cm™
suggested the existence of water and alcohol functional groups with different stretching vibrations ). The fact that peaks start to
fade at 1092 cm™! indicates that -COO stretching occurred. At40 kV and 250 mA, CuK-« radiation was used in X-ray Diffraction
(XRD) examination to examine the crystalline structure of the adsorbent material. For the raw and activated LBC adsorbents,
respectively, the XRD peaks are shown in Figure 2 g and h. The activated LBC charcoal showed substantial improvements in
intensity and crystalline structure as compared to the raw adsorbent ). A good match was found between the activated LBC
charcoal’s XRD pattern and peaks at 26 values that corresponded to 160, 240, 280, 311, 395, and 480, or 80, 110, 60, 40, 35, and
20 hkl planes, as appropriate. Its structural properties and crystallinity are confirmed by these measurements, which show a
crystalline nature for the adsorbent material with high intensities !*.

Isotherm studies

The linear plots of this isothermal study are shown in Figure 2 a, and the process of dye removal has been examined by monolayer
or multilayer process using this study. The values of this isothermal model were intended from the linear plots and the values of
each constant were listed in Table 1. Referring to the table, the separation parameter value is 0.38, which is in the range between
0 to 1 and may confirm the favorable adsorption process‘!®). Also, higher regression values (R?) indicate the applicability of
the isothermal model.

The process of heterogeneity was assessed using this isothermal study based on the linear plots. The Freundlich isotherm
study’s linear plot, which yielded the values for the slope and intercept, is displayed in Figure 2b. Both the adsorption capacity
and adsorption intensity were computed using these values. Table 1 lists the 30°C values of the Freundlich isotherm constants.
A value of 3.125 for the adsorption capacity was discovered, falling between 0 and 1. It is also confirmed that the Freundlich
isotherm model is applicable by the regression value being larger than 0.95. So, the LBC adsorbent’s absorption of auramine
yellow is heterogeneous and involves multilayer adsorption.
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Fig 2. Characterization of LBC (a, b) SEM, (¢, d) EDAX, (e, f) FTIR, (g) XRD

Table 1. Constants of various isotherm models for AY adsorption

S. No. Model Parameters Isotherm constants
Qnax 10.283
L. Langmuir Ry, 0.381
R? 0.9704
Ky 2.831
2. Freundlich n 2.621
R? 0.992

https://www.indjst.org/ 5103


https://www.indjst.org/

Gayathri et al. / Indian Journal of Science and Technology 2024;17(48):5099-5106

Kinetic studies

Linear graphs of (qe - q) vs (t), as shown in Figure 2 ¢, were used to evaluate the kinetics of Auramine yellow adsorption by
LBC adsorbent. The model variables were calculated and they are shown in Table 2. These plots’ kinetic rate constants (k) and
regression values (R?) show that they match well with the adsorption process. The applicability of the model in chromium
adsorption is confirmed by the linear plot’s regression value, which is more than 0.95. Regression analysis also showed that the
adsorption process had achieved equilibrium 7).

As seen in Figure 2d, linear plots of (t/q) vs (t) were used to investigate the second-order kinetics. The different constants
of this kinetic model are displayed in Table 2, where a high regression value is noted. The values of (qe) computed using the
linear equations were in good agreement with the results acquired via experimentation. These results demonstrated that the
second-order kinetics matched the adsorption process effectively, pointing to the adsorption saturation point inside the system’s

bounds ¥,

Adsorption thermodynamics

Figure 3 showed different dye concentrations from 20 - 100 mg/L, along with the thermodynamic study of AY dye adsorption
using LBC. The thermodynamic constants were calculated from the plot and listed in Table 3. It was discovered that the enthalpy
change (AHo) values were positive, signifying that the process of AY dye adsorption onto LBC is endothermic ). Nonetheless,
the adsorption appears to be spontaneous under the investigated conditions, based on the negative values of the Gibbs free
energy change (AGo). Moreover, throughout the AY dye adsorption process with LBC adsorbent, Table 3’s positive entropy
change (ASo) results show a rise in the disorderliness of the solid and liquid phases .
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Fig 3. (a, b) Langmuir and Freundlich Isotherm, (c, d) PFO and PSO Kinetics, (e¢) Thermodynamic plots
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Table 2. Adsorption kinetic constants for AY removal using LBC

S. PFO PSO
AY dye level
No. K(min!) de> cal R? K Qe cal h R?
(mg/g) (g/mg.min)  (mg/g) (mg/g.min)
X103
1. 20 0.041 3.21 0.95 21.41 5.13 0.15 0.97
2. 40 0.059 7.04 0.96 19.38 9.48 0.17 0.95
3. 60 0.072 10.23 0.97 13.53 10.64 0.24 0.97
4. 80 0.063 13.82 0.96 10.49 13.84 0.27 0.95
5. 100 0.051 17.38 0.95 8.18 19.53 0.34 0.96
Table 3. Adsorption thermodynamics of AY removal using LBC
Gibbs Energy (AG,) kJ mol!
]&;Zeizli::ztration AH,KJ mol ! AS,J mol! 20°C 40°C L 6:’)) CI 80°C
20 72.297 162.765 -15.201 -11.634 -9.853 -7.285
40 39.462 89.479 -11.592 -9.482 -7.034 -6.384
60 18.446 41.831 -9.293 -6.349 -5.895 -4.895
80 11.756 29.761 -6.353 -4.839 -3.473 -3.027
100 8.592 21.162 -4.685 -3.253 -2.845 -2.348

Desorption studies

Concentrated sulfuric acid was used in desorption experiments to recover the AY dye absorbed by LBC at different
concentrations between 0.1 N and 0.4 N. It was found that the recovery of AY dye was remarkably effective, especially with when
increase in acid concentration 2?2, Above this dose, the reduction rate was decreased slowly. When 0.3 N H,SO,, was added,
AY dye recovery reached a saturation point; when equilibrium was attained, there was no further rise in ion regaining *-2).
In particular, 93.27% of AY was recovered from the used adsorbent in our experimental investigation using 0.3 N H,SO acid.
Later, the recovered AY dye was used in additional experimental research.

4 Conclusion

Lima Bean Carbon (LBC) adsorbent was used to study the biosorption of auramine yellow (AY) dye from synthetic solutions.
LBC eliminated 65% of the AY dye concentration when the ideal parameters were met, which included pH 2.0, 0.6 g/L of
adsorbent dosage, and a 90-minute contact period. Both the Langmuir and Freundlich model isotherms were followed by
the adsorption process, suggesting heterogeneous monolayer/multilayer adsorption. Furthermore, LBC’s absorption of AY dye
followed both PFO and PSO models. Positive and negative numbers from thermodynamic analysis indicated that there was
some degree of uncertainty in the interactions between the solid and liquid during the adsorption process. Strong sulfuric acid
was employed to desorb the AY dye.
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