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Abstract: The purpose of the current study is to characterize activated nano-carbon developed from
sugarcane bagasse (ACSB) through physical activation and evaluate effectiveness it in removing arsenic from
contaminated water. Sugarcane bagasse was used due to cellulose-containing, fibrous in nature, readily
available, and inexpensive raw materials. Elemental analysis revealed that the activated carbon comprised
88.93% carbon, 9.75% oxygen, 0.75% silicon, and 0.56% chloride by mass. Morphological analysis indicated
a honeycomb-like surface structure with clean, well-defined pores. Textural characterization showed a pore
volume of 0.0252 cc/g, a pore width of 1.6137 nm, and an average pore diameter of 3.688 nm. The micropore
volume and area were 1.325 x 107 cc/g and 18.11 m%g, respectively. The Dollimore—Heal (DH) method
determined the adsorption and desorption surface areas to be 30.76 m%g and 47.17 m%g, with corresponding
pore volumes of 3.022 x 107 cc/g and 1.907 % 107 cc/g. Arsenic-contaminated water (30 ppb) was treated
with ACSB under varying conditions of dosage, pH, contact time, and agitation speed. Optimal removal
efficiency was achieved with 2.0 g/100 mL dosage (88% removal), pH 8 (86% removal), 60 rpm agitation
speed (88.5% removal), and 90 minutes contact time (88.47% removal). These findings demonstrate that
ACSB is a promising, cost-effective adsorbent for arsenic remediation, transforming agricultural waste into
an efficient solution for water purification.
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1. INTRODUCTION

Humans are well aware of the toxicity of the arsenic [1]. Human health is at risk from
long-term exposure of arsenic in drinking water [2]. Long-term exposure to water
contaminated with arsenic has been linked to negative consequences on people's
neurological systems, digestive tracts, skin, and lungs [1], [3]. Due to both natural
geological processes and human activities including mining, metallurgy, and the chemical
industry, arsenic is widely distributed in natural water [4], [5].

The problem of water pollution caused by arsenic contamination is worldwide for long
time, with reports indicating that over 100 million people worldwide have been adversely
affected by drinking arsenic contaminated water [6]. The elimination of arsenic from
water has been a pressing issue, and lowering the level of arsenic in drinking water will
have a positive impact on people's health. As a result, in recent decades, the relevant
standards have had stricter arsenic contamination acceptability thresholds for drinking
water [7]. The World Health Organization (2011) updated its regulation to lower the
maximum allowable level of 10 pg/L for arsenic concentration in drinking water from 50
pg/L [8] [9]. In natural water, arsenic typically exists in two valence states: As(IIl) and
As(V). In neutral conditions, As(III) primarily exists as a molecular form, whereas As(V)
primarily exists as HoAsOsor HAsO4*. As a result, As(Il) can be converted into As(V)
by chemical or biological methods to reduce its toxicity and the difficulty of subsequent
treatment [10], [11] & [12].
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The three primary techniques for removing As(V) from drinking water are membrane
technology [13], [14]., coagulation technology [15], [16], and adsorption technology [17],
[18], [19]. Adsorption technology has been widely utilized to clean arsenic-contaminated
water because of its many benefits, including easy operation, financial gains, and a wide
range of materials which may act as adsorbents. However, the cost of production and
regeneration of commercial activated carbons remains high. Activated carbon was used
extensively in the sorption of heavy metals from contaminated wastewater due to it’s a
versatile adsorbent with optimal sorption qualities. It is commonly recognized that
activated carbon, a type of carbide produced by carbonization and activation procedures
from coconut shell, charcoal, lignin, sawdust, rice husk, and other carbonaceous materials.
The large specific surface area, surface functional groups, and rich pore structure are
responsible for the significant adsorption ability [17]. Prepared activated carbon from
Typha leaf and reported up to 99% removal of As (V) at 1.5 g/100 ml solution [20].
Agricultural waste are valuable sources of inexpensive raw materials for natural bio-
adsorbents because of their richness and accessibility. It takes a significant amount of
carbon content to convert biomass into activated carbon. The chemical composition of
sugarcane bagasse is composed of 25% hemicellulose, 50% cellulose, and 25% lignin,
with a total carbon content of 24.7% [21] [22]. Activated carbon has a micro-porous
structure due to its high cellulose content [23] [24]. Therefore, activated carbon can be
produced using sugarcane bagasse [25]. The activation of rice husk results in a highly
porous carbon with a large surface area [21]. According [26] to the maximum efficiency
for removal of Cr " was 99.78% at <1.0 pH by chemical method. A growing body of
research is being done on the manufacture of activated carbon from agricultural waste
materials, which can be used to create value-added products with a variety of
environmental uses [24].

The present studies aims to explore low cost production of adsorbent which may easily
available like sugarcane bagasse an agricultural biowaste. So, the sugarcane bagasse was
used to prepare activated carbon through physical and chemical activation and
characterized them. The different parameters such as the optimization of the effect of
dose, pH, contact time and agitation speed were studied.

2. Materials and Methods
Materials
All chemicals used were of AR grade. The glassware and sample bottles which used for
the study washed with 10% HNOs followed by rinsed with distilled water 3-4 times.
Standard Arsenate Solution (1000 mg/L) CRM was supplied from MERCK Company
which used to make different working solution for calibration and known stock of 30 ppb.
Double distilled water was used to prepare all aqueous solution.

Preparation of activated carbon from Sugarcane Bagasse (ACSB)

Sugarcane bagasse (SB) which is easily available was used for preparation of activated
carbon. SB was collected from local sugarcane vendors. SB was cut manually into
average sizes approx. 3 cm and washed thoroughly with tap water to remove dirt and
impurities. To achieve more purity and for decontamination purposes, bagasse was further
washed with deionized water. In order to dry it completely, sugarcane bagasse was left
out in the sun for few days. Then it further dried in oven 105 °C to remove moisture
content. These dried plant materials were packed in a sealed container for
experimentation. ACSB was prepared in absence of oxygen. Sealed plant materials
carbonized by adjusting the furnace temperature at desired activation temperature (550°C)
for 01 hr. After carbonization, the ACSB was washed with distilled water 3-4 times than
0.1 M HCI to remove ash content then it again washed with distilled water. The ACSB
was dried at 105 °C for four hours in an oven. After being dried, the sample was passed
through a 100-mesh filter and stored in desiccators until used again.
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Morphological characterization of ACSB:

Energy-dispersive X-ray (EDX)

An EDX technique was used for the assessment of elemental composition of ACSB.
At20.00 kV, Energy-dispersive X-ray (EDX) 6510, LA, was utilized to characterize the
elemental composition of ACSB.

Scanning Electron Microscope (SEM)

SEM was used to create a high resolution image by scanning an object's surface, produces
detailed, magnified images of the object.SEM images was obtained with a field emission
scanning electron microscope (Carl Zeiss NTS GmbH, Oberkochen (Germany) Model:
SUPRA 40 V P operated at an accelerating voltage of 10 kV.

X-ray diffraction Technique

To assess the material's chemical composition, physical properties, and crystallographic
structure, a nondestructive method was used as XRD. Hecus X-Ray Systems GmbH, Graz
(Austria) Model: S3 MICRO was used to record the X-ray diffraction (XRD) patterns of
activated carbon at room temperature. In order to analyze the samples for activated
carbon, they were exposed to monochromatized Cu Ko radiation (1.5406 A) at
temperatures ranging from 5 to 80°C. The 45 kV operating voltage and 40 mA operating
current were utilized, respectively. With a sweep of 5° min™!, the time constant of 3.0 s
was maintained. A focused X-ray beam interacts with a sample in a way that causes some
of the beam to be transmitted, some to be absorbed by the sample, some to be diffracted,
dispersed, and refracted. By using Bragg's Law, these diffracted beams can be measured.

nA = 2dSinB

Where n is number of diffraction pattern (n=1 for first order, n=2 for second order=3 for
third order), d is the distance between adjacent atomic planes, 0 is the angle of incidence
of the X-ray beam, and A is the wavelength of the incident X-ray beam. The Debye—
Scherrer equation was used to determine average particle sizes. The peaks in the prepared
sample were interpreted using JCPDS.

Brunauer-Emmett-Teller (BET)

BET technique was used to assess the surface area, pore volume and pore diameter of the
materials which is based on adsorption of gas on a surface the materials. The surface area
can be calculated from the amount of gas adsorbed at a given pressure. Quanta chrome
Autosorb 1C was used to analyze the surface area and the pore size of ACSB. Nitrogen
adsorption—desorption isotherms were used to determine the pore volumes and
adsorption/desorption isotherms of the adsorbents. Before starting the N, adsorption
process, the samples were vacuum-stored at 200°C. The Brunauer—Emmet—Teller (BET)
equation and the single point approach were utilized ascertain the total surface area and
pore volume, respectively. The t-plot approach was used to determine microporosity.
Using the Barret-Joyner—Halenda (BJH) method, the pore size distribution in the
adsorption isotherm was determined. H, gas was used in chemisorption to assess the
active metal surface area. Each sample weighed 0.1 g before it was placed into a capillary
glass tube. The samples were then degassed for six hours at 25 °C in a nitrogen
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environment. The nitrogen adsorption and desorption spectra were measured at 77K by
using a Quanta-chrome Autosorb-1 BET analyzer.

Adsorption Studies

A thorough description of the two-stage equilibrium was necessary for the effective
modeling of the dynamic separation of the adsorption of a solution by an adsorbent. When
the amount of dissolved material on the adsorbent equals the amount of adsorption,
adsorption equilibrium was reached. The two most popular models for explaining
experimental adsorption data were used as Langmuir isotherm and Freundlich isotherm in
the present studies.

Langmuir Isotherm

The Langmuir equation was obtained from a basic mass-action kinetic. This model was
predicated on the ideas that once a molecule occupies a site, no more sorption occurs and
that the forces of contact between adsorbed molecules were insignificant. Once the
saturation point was reached, no more sorption occurs. The equation for the Langmuir
isotherm can be expressed as:

qe B Kqmax  Qmax

C, 1, G

where K and gmax are the Langmuir constants associated with the adsorption capacity and
intensity; Ce. is the equilibrium concentration of the adsorbate solution; and gethe quantity
of adsorbate adsorbed per gram.

Freundlich isotherm model

The multi-layer adsorption on the adsorbent surface was allowed by the above isotherm
model. The Freundlich isotherm equation can be written as follows:

1
ing, = Inky + H{nce

ge was the amount of adsorbate adsorbed per g; n is the energy of intensity or adsorption;
kr is the Freundlich constant associated with adsorption capacity; and C. is the adsorbate
solution's equilibrium concentration.

Batch Adsorption Experiment

Atomic absorption spectrophotometer (Perkin Elmer Analyst 300) was used for the
determination of arsenic concentration in the solution after removal. To assess the arsenic
removal efficiency by ACSB from contaminated water, a known solution of arsenic (30
ug L) was prepared by using an arsenate stock solution of 1000 mg L (As>Os) in glass
distilled water. Through batch model, the adsorbent dose, pH, contact time, and agitation
speed were adjusted as per Table-1, to improve the adsorption of arsenic ions onto the
adsorbent. Different doses of activated carbon i.e., 0.5, 1.0, 1.5, 2.0, and 2.5 g/100 ml
were used in the known solution of arsenic (30 pg L) and shaken at constant speed at 60

rpm for 180 minutes. The equilibrium data were obtained by As (V) onto prepared ACSB.
Then, the performance of the best dose of AC was selected based on the maximum
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removal percentage. A control sample was taken before getting in contact with the
activated carbon to determine the exact concentration of adsorbate. The filtrates were used
to analyze arsenic concentration by AAS after filtration using Whatman no. 42 filter

paper.

Table 1. Different variables were used in batch adsorption experiment

Adsorbent Dose pH, Contact Time, Agitation
(range 0.5t02.5 g) Speed
pH (range 2.0 to Adsorbent Dose, Contact Time
10.0) Agitation Speed
Time (range 60 to | Adsorbent Dose, pH, Agitation
180 min.) Speed
Agitation Speed Adsorbent Dose, pH, Contact
(range 40 to 120 rpm) Time

Determination of arsenic concentration

The final concentration of Arsenate (As [V]) was determined using AAS. The percentage
removal and the amount of Arsenate adsorbed onto AC were calculated according to the
following equations:

. Initial As concentration (pg/L) — Concentration of As at equilibrium
Arsenic (pg/g) = Mass (g) X Volume

Initial As concentration (pg/L) — Concentration of As at equilibrium

o, =
%o removal Initial As concentartion (Lg/L) X100

Statistical Analysis

The results were analyzed using Sigma stat 4 software. As a comparative analysis, the
unpaired 't-test was performed. The probability value was found less than 0.05 (P<0.0001)
and was considered statistically significant.

3. Results and Discussion
Characterization of ACSB

Scanning electron microscopy (SEM) was used to assess the surface morphology and
physical appearance of the ACBS (Fig 1 a, 1b and 1c). Pores of various sizes and shapes
were visible in the SEM. A well-developed porous surface was seen in activated carbons
at increased magnification. SEM indicated that clear appearance of honey comb like
structure (Fig.1c) as well as carbon nano-tube appeared at 1000 magnification (Fig.1b)
and micro-pores clearly appeared at magnification on 1280x960 pixel (Fig.1d).
Appearance of these structures in ACSB increased the surface area of the materials which
was clear by BET.
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Fig. 1: Scanning Electron Microscopy of activated carbon prepared from sugarcane
bagasse showing surface morphology at different magnification (a) at 500 magnification
(1b) Carbon nanotube at 1000 magnification (1c) Honey comb like structure at 1000
magnification (1d) Micro-pores clearly appeared at magnification on 1280x960 pixel.

Activated carbon generated from sugarcane bagasse was found to have 88.93% carbon by
mass as per observation of EDX, with additional components such as oxygen (9.75%),
silicon (0.75%), and chloride (0.56%) also present (Table3 and Fig.2d). The characteristic
properties of ACBS was studied with XRD, carried out by Rigaku Ultima-IV X-ray
diffractometer shown in (Fig.2a). The XRD pattern showed broad diffuse scattering at
10°- 28°, which confirmed the short range order characteristic of the amorphous nature of
ACSB and few crystalline peaks were also observed. It may be due to presence of silicon
in the materials (Fig.2a). Based on BET results, a graph was plotted between the volume
of nitrogen gas and its relative pressure (Fig.2b).

Texture of ACBS indicated that total pore volume was 2.315x10 cc/g with average pore
diameter 3.688 nm while the pore volume was 0.025.2 cc/g with pore width 1.6137 nm.
The micro-pore area was 18.11m*/g and micro-pore volume was 1.325x107 cc/g (Table
2). In order to characterize the surface morphology of adsorbents, SEM was conducted to
characterize the activated carbon by different workers [27], [20]. Langmuir surface area
was 4.292x10° m?/g. Different method were used to assessed the adsorption and
desorption surface area. Dollimore and Heal (DH) cumulative adsorption surface area was
30.76 m?/g while desorption surface area was 47.17 m?*/g and DH method adsorption and
desorption pore volume were 3.022 x10 cc/g and 1.907x1073 cc/g respectively while BJH
method adsorption and desorption surface area were 29.76 m*/g and 47.17 m’/g
respectively (Table 2). The volume of micropore was substantially greater than that of the
mesoporous, indicating that the micropore was involved in the kinetics of adsorption.
Thus, the activated carbon prepared from sugarcane bagasse (ACSB) may be act as good
adsorbent due to its high adsorption capacity, high surface area, micropore structure and a
high degree of surface which was agreement with other worker [28]. The chemical
composition and pore structure of ACSB typically determined the sorption activity of the
materials.
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Table 2. Characterization of activated carbon prepared from sugarcane bagasse (ACBS).

2.315x10%
3.688

1.325 x102

18.11

0.0252

1.6137

-4.292 x 10?

30.76

47.17

29.76

41.23

7.001

18.11

52.85

3.022x 107

1.907 x 1073

Table 3: Elemental composition of activated carbon prepared from sugarcane bagasse
(ACSB).

110396 | 0.0626264

975 | 756 | 011 | 3811 | 00073424 | K
076 | 034 | %92 | 5001 | 00035234 | K
K

0.56 0.19 0.02 3268 0.0029871

100 100

The kinetics of materials is indicated in Fig.2¢c which followed pseudo first order kinetics
(R= -0.94117). Langmuir Isotherm and Freundlich isotherm were also drawn which
indicated in Fig.3a and 3b respectively. ACSB followed Freundlich isotherm having
R=0.89259 than the Langmuir isotherm (R=0.77125). Thus, ACSB act as multilayered
adsorbent with different carbon nano tube and honey comb like structure.The kinetics of
materials was indicated in Fig.2c which followed pseudo first order kinetics (R= -
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0.94117). Langmuir Isotherm and Freundlich isotherm were also drawn which indicated
in Fig.3a and 3b respectively. ACSB followed Freundlich isotherm having R=0.89259
than the Langmuir isotherm (R=0.77125). Thus, ACSB act as multilayered adsorbent with
different carbon nano tube and honey comb like structure.
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Fig. 2: Characterization of activated carbon prepared from sugarcane bagasse (a) XRD of
AC indicating amorphous nature (b) BET based relative graph between volume of N2 gas
and pressure to assess the adsorption and Desorption (c) Pseudo-first order kinetics (d)
EDX showed elemental composition of AC.

Batch experiment for removal of Arsenic from waste water

The arsenic removal efficiency of activated carbon prepared from sugarcane bagasse
(ACSB) was assessed in batch experiment at different condition including adsorbent dose,
pH, time and agitation speed to get maximum removal capacity.

Effect of pH

The pH range used in these investigations was 2 to 10. As the pH increased to 8 (86%
removal), the removal of As (V) ions increased and then continued to fall (Fig. 4b). Thus,
a pH of 8 was found to be optimal for removal. According to [29], at these pH values, As
(V) ions were moved to the surface of ACSB, followed by desorption, and the formation
of a surface complex. One of the most crucial factors influencing the adsorption process is
pH. The degree of ionization, speciation of the surface functional groups, and the surface
charge of the adsorbent are all influenced by the pH of the solution [30].
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Fig. 3 : The ACSB showed (a) Langmuir Isotherm and (b) Frendlich Isotherm.
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Fig.4: Adsorption optimization of Arsenic from waste water by activated carbon prepared
by bagasse an agricultural waste of sugarcane at different condition i.e. (a) Doses of AC
optimization (b) pH optimization, (c) Agitation speed optimization and (d) Time

optimization.

Effect of dose

Adsorbent doses play a crucial role in adsorption investigations as they establish the
adsorbent's capacity for a certain starting As (V) ion solution concentration. According to

PAGE NO: 165




KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 12 2025

Figure 4a, the percentage of removal of As(V) rose to 2 g/100 ml (88.1% removal) at first,
but then drastically fell as the adsorbent dose was increased. This might have happened as
a result of the higher dose of adsorbents making more exchangeable sites accessible for
the ions in the solution. As adsorbent dosage was increased, the result shown in Fig. 4a
indicated that 2.0g was the ideal dose for removing As (V) ions from aqueous solution.
The removal efficiency decreased with increasing adsorbent dose beyond the optimal
level. [31] found a similar result when using activated carbon made from Typha to
remove Cd(II). They claimed that the rise in adsorption site un-saturation brought on by
the adsorption reaction is the primary cause of the decrease in adsorption capacity with
increasing adsorbent dose. Particle interactions brought on by high sorbent concentration,
like aggregation, could be another cause. The sorbent's overall active surface area would
diminish as a result of this aggregation.

Effect of time on As (V) ion adsorption

One of the crucial parameters is the impact of the contact time between the adsorbent
particles and the adsorbate. The contact period was altered from 60 to 180 minutes in the
current study. The when(V) ion was removed with a fast increase at first, reaching an
86.47% removal rate; however, when the duration was increased, the removal rate
declined (Fig. 4d). Due to more accessible sites in the early stages, it was observed that
the metal ion removal rate was rapid, which shows that sorption occurs quickly on the
adsorbent's external surface during this phase.

In addition, there was no noticeable variation in the elimination of metal ions after 90
minutes. This is because the adsorbate molecules' solid surface is subject to repulsive
forces. As a result, mass transfer between the solid and liquid phases decreases with time.
According to [32] equilibrium time is one of the crucial variables for an inexpensive
wastewater treatment system.

Effect of agitation speed on As (V) ion adsorption

The agitation of the liquid phase, which influences the mass transfer of metal ions from
the bulk liquid to the adsorbent surface, is one of the most significant factors in adsorption
processes. To investigate the effects of adsorption, investigations were conducted at five
distinct speeds: 40, 60, 80, 100, and 120 rpm. As (V) was initially removed from the
aqueous solution with a fast increase; the greatest removal was seen at 60 rpm, and as the
agitation speed increased, the removal of As (V) reduced (Fig. 4c). Thus, 60 rpm was
shown to be the optimal agitation speed.

Conclusion

The effective approach for removing heavy metals from waste water is adsorption by
activated carbon. Bio-waste is the most effective, readily available, affordable, and
environmentally acceptable adsorbent. Therefore, sugarcane bagasse (ACSB), which is
readily available from the sugar industries, was used to prepare activated carbon in the
current experiments through physical activation. The observational characteristics
revealed that the micropore's volume was significantly larger than the mesoporous
material, suggesting that the micropore had a role in the adsorption kinetics. Thus, the
activated carbon prepared from sugarcane bagasse (ACSB) may be act as good adsorbent
due to its high adsorption capacity, high surface area, micropore structure and a high
degree of surface. The chemical composition and pore structure of ACSB typically
determined the sorption activity of the materials. The surface structure of ACSB showed
cleaner tunnels with honey comb like structures. The optimum dose was observed at 2.0
g/100 ml, in which nearly 88% of As (V) ions were removed while optimal pH was 8 at
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which nearly 86% of As removed and the optimal agitation speed and time were observed
60 rpm and 90 minutes at which 88.5% and 88.47% As(V) were removed respectively.
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