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ABSTRACT

Balsamodendron caudatum-activated nanoporous carbon substances (BCNCS), derived from wood waste, can
adsorb dye from aqueous solutions. The improper disposal of dye into waste water poses risks to ecosystems. and
leads to environmental issues. This study focuses on using BCNCS waste as an adsorbent to remove Acid Orange 5.
The dye material adsorption kinetics were examined using Pseudo-First-order and Pseudo-Second-order, prototypes
and AVF is an advanced wastewater treatment system. In this procedure, the filter media migrate downward,
purifying the treated water as it flows upward. Since the filtered liquid cleans the filter during the treatment process,
no special filter media cleaning or fresh water is required. A two-stage series arrangement is used to produce
exceptionally high-quality filtrate. For reusing secondary wastewater, this approach is ideal. AVF Technology was
analyzed.
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INTRODUCTION

Water adulteration from human activities has become a major environmental concern with numerous
contributing influences. So we have to reduce the pollution. Water always contains a wide array of
inorganic and organic substances, most of which are a result of complex interactions between water, soil,
geological processes, and biological or microbiological activities in both soil and water. Commonly found
contaminants include plant debris, suspended and colloidal minerals, and protozoa. Activated carbon,
microporous structure and favorable chemical properties, is an effective adsorbent for removing color
from industrial wastewater. It is estimated that approximately 800,000 tons of dye are produced annually.
consequently, water may be regarded as a crucial component of the ecosystem.!

However, the alternative, very low-cost sorbents due to the great price and associated issues of
rejuvenation. Red mud4, hydrochar and ZnO? Arundodonax seeds®, red mud* TiO2 nanocomposite,
oryza sativa husk®, green adsorbent’, Hildegardia barter activated carbon, and TiO2 nanocomposite®,
adsorbent resin made from e-waste’ multiwalled carbon nanotubes!'®, nano-adsorbents!!, ZnO, MgO, and
FeO'?, bibliometric evaluation of nanoadsorbents'?, and nanomaterials as adsorbents'#, carbon-activated
nanomaterial®, carbon-activated nanomaterial'®, nanomaterials as adsorbents'’, metal oxides, carbon-
based nanomaterials, cellulose-based nanomaterials.'®
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EXPERIMENTAL

Adsorbent

Wood waste from Balsamodendron caudatum was gathered from different areas in Mettupalayam. The
Balsamodendron caudatum material was utilized as an adsorbent, recognized for being cost-effective,
eco-friendly, and economically viable. The wood was initially cleaned with deionized water. To improve
its adsorption capacity. To remove the attached conventional components, the dried material was treated
using H20: (50 wt / vol) for approximately 24 hours at normal room temperature. Later, it was thoroughly
rinsed with double-distilled water and heated at 125°C to eliminate any remaining moisture. A portion of
the material was then turned into carbon at 130-140°C in a muffle chamber after being soaked in water
and orthophosphoric acid for a whole day. After that, the material was heated to 600°C for 60 minutes in
a muffle furnace to activate and flatten it. To get rid of any remaining acid, the carbon that was produced
after activation was thoroughly cleaned with lots of water. After drying, the material was ground into the
appropriate particle size. BCNCS was the designation given to the finished carbon product.

NaO;;S—QN' H

Fig.-1: Structure of Acid Orange 5
Table-1: Individuality of the Dye

Collection Typical Communal Name CI No. Mwt
Acid 0OA5 Acid Orange 5 13080 375.38

Pseudo 15 Order Speed Equation
It is generally frayed as:

dq./ dt =ki(qe — qv) (1)

Pseudo 2"order equation
Pseudo 2nd-order equation is expressed such as: '

dqi/ dt=ki(qe - q)? 2)

Elovich Model Equation

It is normally stated as:?

g = 1/BIn(ef)+ 1/p Int 3)
RESULTS AND DISCUSSION

Categorizations of Sorbent
Categorizations of the sorbents were accessible in Table-2. N2 adsorption at 77K was used to measure the
BCNCS's surface area using a Noval000 Quanta Chrome Corporation. Hence, pHpzc of the BCNCS
under investigation in this test was discovered to be 4.7 based on the findings of the "pH drift"
experiment.

Table-2: Features of BCNCS

Parameter BCNCS
pH 6.7
External surface area (m%/g) 458
P zpc 4.7

Consequences of pH

The set of tests designed to determine how pH affects the adsorption phenomenon revealed that pH has an
impact on the dye in water, as well as the BCNCS surface dye, necessary sites. The amount of dye
adsorbed at the initial pH value using an acid-activated absorbent is depicted in Fig.-1. The starting dye
concentration in this experiment was set at 20 milligrams/ liter, 40 milligrams/ liter, and 60 milligrams/
liter. Colour elimination of the dye, Acid orange 5, noted at 6.7 pH in the shake flask studies. With an
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extreme dye acceptance of 98.5mg/g, pH 6.7 was shown to be the ideal level for Acid Orange 5 uptake. A
tendency of declining ge values was noted in the pH range of 5.5 to 8.0. The ge values were discovered to
be identical to the reduction in the pH alkaline range of 7.0-10.1. Reported outcomes are comparable.

Fig.-2: Consequence of P ! on Stability Acceptance of Acid Orange 5 Sorption Over BCNCS. 100 mg, V, =100 ml,
C 20 Milligram/ Liter, 40 Milligram/ Liter, and 60 Milligram/ Liter. and 30° C.

Consequence of Sorbent Dose
These investigations were all carried out at room temperature and 250 rpm continual speediness. An
increase in the dosage of adsorbent was found to result in a higher percentage of color removal.

Consequence of Original Dye Deliberation

Dye stayed stirred in equal intervals in order to conduct the kinetic tests. Contact time studies were
performed by agitating 100 ml of Acid Orange 5 solutions. The excitement speediness was kept constant
at 300 rpm. By applying the absorb BANCS dimensions, the color reduction profiles were produced.
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Fig.-3: Influence of Preliminary Deliberation of Acid Orange 5

SEM Analysis

The adsorbent shown in Fig.-3's SEM reveals that the elements are most penetrable to the surrounding air.
It was first discovered that the model's front elevation contained unidentifiable holes and grotto group
openings that would have a surface area that was significantly larger than before.?!

18rm WD

Fig.-4: SEM Examination for BCNC

Consequences of Hotness Over Dynamic Speed Constant and Speed Limits
Adsorption of acid orange 5 on BANCS stimulated nano carbon is finest defined by the 1% -order speed
calculation, as evidenced by a recession coefficient rate exceeding 0.99.
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The AVF process is equipped with sensors, actuated valves, and programmable logic controllers that
automatically switch from serial to parallel mode?? when wet weather or other predetermined operating
circumstances.

Table-3: Sorption Kinetic Speed Coefficients used for BCNCS on Different Hotness

1% Order 2" Order Elovich Typical model
.. Rate Rate o}
Initial h B
Sorbent Temperature constant 2 constant mgg! 2 B g 1 mg g~! r
1 [k1] 2[k2] & ] min
min-! mg! on min- !
30°C 0.0145 0.9365 0.0015 0.4799 | 0.1973 | 0.1346 | 0.7585 | 0.9511
BCNCS 45°C 0.0086 0.8876 0.0400 5.3134 | 0.3265 | 0.1654 | 0.4375 | 0.9277
60°C 0.0345 0.6236 0.0045 0.1668 | 0.6546 | 0.2348 | 0.5476 | 0.9907

Morden Methodology for Removal of Acid Orange 5

Opening Feed and Overview to the AVF System

After being pumped into the AVF units, the Acid Orange 5 feed enters the system by flowing downhill. o
To ensure a uniform distribution of flow, influence is supplied at the top of the system and progressively
moves downward into the media bed via a network of feed radials.

Mounting Flow through Downward-Moving Media Bed

Flowing upward via a media bed that moves downward, Effective contact between the Acid Orange 5 and
the media is made possible by the influent flowing upward via the media bed that moves downward. The
media bed's nano-porous carbon (BANCS) efficiently absorbs pollutants by adsorbing both organic and
inorganic contaminants, such as Acid Orange.

Waste Collection and Clean Filtrate Exit
The clean, polished waste moves upward and exits at the top of the AVF filter via an effluent pipe.
The upward flow of filtrate ensures minimal turbulence, allowing scums to remain in the media bed.

Clean Filtrate Exit and Effluent Collection

The polished, clean effluent travels upward and leaves through an effluent pipe at the top of the AVF
filter.

The filtrate's upward flow guarantees little turbulence, keeping contaminants in the media bed.

The Mechanism of the Scouring and Airlift Pipe

As the media moves downward through concentric stages of the washer, it encounters a small flow of
polished filtrate moving upward, further removing residual impurities.

This cleaning process ensures the media is thoroughly scoured and ready for reuse in the filtration
process.

Recycling of Cleaned Media

The media is drawn into the airlift by introducing a tiny quantity of compressed air at the bottom of the
airlift pipe.

The media are subjected to intense scrutiny during the airlift. Compared to traditional sand filtration
backwash, this scouring is more successful in removing any impurities and associated solid particles from
the medium grains.

Role of BANCS as an Adsorbent
BANCS’s large surface area and porous structure enable it to efficiently adsorb Acid Orange 5 and other
contaminants from the wastewater, making it a sustainable, cost-effective solution for dye removal.

Advantages of the Methodology

Efficient Cleaning Mechanism

The scouring and recycling of media reduce the need for frequent replacement, lowering maintenance
costs and increasing system efficiency.
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Effective Dye Removal

BANCS’s adsorptive capabilities allow it to capture even trace levels of dyes and heavy metals, ensuring
high-quality treated water.

Environmental Sustainability

The use of AVF reduces water and energy consumption, while BANCS offers a renewable alternative to

more costly adsorbents.
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Fig.-5: This Methodology Provides an Efficient, Cost-Effective Approach to Handling Textile Dye Effluents,
Helping Industries Comply with Environmental Standards and Contributing to Water Conservation Efforts

CONCLUSION

The sorption of the dye onto BANCS was originally expected to be affected by factors such as
temperature, adsorbent concentration, and pH, with pH 6.7 being optimal for Acid Orange 5. The
thermodynamic properties of the adsorbent were used to evaluate the feasibility of the process at different
concentrations. Adsorption equilibrium for the dye was achieved after 102 minutes of contact time. In the
AVF system, BANCS (nano-porous activated carbon derived from Balsamodendron caudatum wood
waste) demonstrated excellent efficiency as a sorbent and reduced pollution. The adsorption kinetics of
Acid Orange 5 were best described by a pseudo-first-order speed equation.
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