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Abstract

In this study, Carbons made from coconut shells that were activated with NaOH used to
remove Pb (II) from aqueous solutions. SEM was used to analyze the structure and porous
morphology of coconut shell carbons. Adsorption behavior was also investigated, as are the
conservation equations and kinetics of sorption on carbons synthesized from coconut shells,
as well as the impacts of adsorbent dose, agitation time, and starting concentration level.
The findings demonstrate that the formation of rich porous structures was promoted by a
material containing an appropriate weight percentage of NaOH. When it came to remove Pb
(II) from aqueous solutions, the adsorbent produced from coconut shells had a significant
specific surface area of 1550 m2/g and a high adsorptive capacity. According to kinetic
data, pseudo-second-order kinetic models best represent adsorption. After intra-particle
diffusion and external diffusion, this happened during the adsorption process.
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Introduction

Due to their extreme toxicity, the propensity to cluster in local producers, and
extended half-lives in ecosystems, heavy metals constitute a major hazard to human and
environmental health [1]. Pb(II), a heavy metal produced during the production of batteries,
ceramics, and glass, is one of these metals. The respiratory system, lungs, reproductive
system, hepatic system, and mind have all been related to serious threats during the metals
planting, polishing, publishing, and leading manufacturing processes [2,3]. Since lead does

not disintegrate in the environment the same way as organic contaminants do, businesses
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and environmentalists struggle to try and get rid of Pb-containing effluent [4].
Chemisorption, electrolytic reduction, ion exchange, membrane filtration, membrane

technology, and adsorption remove Pb(Il) from wastewater [6-10].

Because it is rapid and effective at removing pollutants from aqueous solutions,
adsorption appears to be the best option when compared to other treatment methods [11].
In addition to their catalytic properties, activated carbons' (ACs), high porosity, huge surface
area, and changing surface chemistry make them excellent wastewater and vapour
sorbents. However, their application as an adsorbent in developing nations is restricted due

to their expensive cost and non-renewable source [12, 13].

By using coconut shell-activated carbons as absorbents in water purification or the
rehabilitation of mining and industrial effluents, the value of these agricultural products
may be increased while the cost of waste disposal is reduced [14, 15]. This study offers
extensive laboratory research on the removal of lead (II) from the aqueous phase utilizing
carbon derived from coconut shells as an adsorbent. Several adsorption equilibrium and
batch adsorption models were used for the empirical observations. Investigating Pb(II)
adsorption activity on coconut shell carbons and evaluating the potential usefulness of this
technique for removing hazardous metals from the aqueous phase are the primary aims of

this study.

Materials and Approach

1.1 Preparation of the adsorbent

After being rinsed with deionized water, the coconut shells were dried at 150 °C for 30
hours to evaporate any remaining moisture. The test samples were then filtered to a size
between 1-2 mm, after being separated. The coconut shells were then calcined for a further
two hours at a rate of 20 °C/min, reaching temperatures of 500 °C. A stainless steel beaker
was used to carburize the ingredients before they were combined with water and NaOH
weighted 1:2 (CSC-A) and 2:1 (CSC-B). After five hours of drying at 130 °C, the
combinations were heated to 800°C at 10°C/min.

After being brought to room temperature, they were washed in a solution of
hydrochloric acid and deionized water until the pH reached to( 6.5-7 ). BET stands for the
Brunauer-Emmett-Teller approach [16] carbons recovered from coconut shells, the SBET
was calculated by monitoring nitrogen gas volume across a 0.99 concentration range to
obtain the total pore volume (Vr). Coconut shell carbon was analyzed using SEM. (Philips

XL30 FEG).

2.2 Preparation of synthetic wastewater
To make the lead stock solution, 16.1 grams of lead nitrate were dissolved in one
liter of distilled water. The (100, 200, 300, 400, 600, 900, and 1200) mg/L lead

concentrations were used to develop the lead standard.
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2.3 Experimental Work

250 mL of Lead(Il) combinations were added to coconut shell carbons. The materials
were sieved through 0.45 mm after the adsorption processes. According to the established
correlation between high ionic conductivity and Pb(ll) content, the impedance of the
resultant filtrates was measured using a conductivity meter [17]. The adsorption efficiency
ge (mg/g) and the degradation efficiency Q, respectively, were calculated using equations (1)

and (2).
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Solution volume, V, determines the adsorbent quantity, W. The constants C, and C.

are the solution volume and adsorbent weight, respectively.
2.4 Adsorption Isotherm

Langmuir and Freundlich’s isotherms were used to study the adsorption of lead (II) by
carbons extracted from coconut shells. The Langmuir isotherm and the following formula

form are used to depict and characterize monolayer adsorption:
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The time-varying non-dimensional constant, R;, is defined as follows and is used to

characterize the fundamental features of the Langmuir isotherm:
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where ge is the equilibrium uptake of heavy metal ions during adsorption and qmax is
the maximal monolayer coverage capacity. The initial concentration of heavy metal ions is
highest in Cn. The Langmuir constant, or b, and the adsorption energy are connected. The
adsorption that takes place on a heterogeneous surface is often controlled by the Freundlich

isotherm. This is the linear form.

logg, =log K. + 1 log C, (5)
n

where the adsorption strength (Ks) and capacity (n) are Freundlich constants.
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2.5 kinetics study

Two kinetic models were investigated to better understand the adsorption dynamics;
Pseudo-first-order, pseudo-second-order, and intra-particle diffusion models were used.

Linear pseudo-first-order kinetic model.

-

Kt (6)
2.303

log(g, —q,)=logg, —

A linear pseudo-second-order kinetic model is employed.:

t 1

|
=—+—1 . (7)

g, kq, q.

q: is the adsorption quantity at time t, k; is the pseudo-first-order kinetic model's

adsorption rate constant, and ks is the pseudo-second-order model's.

3. Results and Discussions
3.1 Coconut Shell Carbons' Morphology and Pore Structural Characteristics

Figure 1 shows an example of a CSC SEM image. NaOH successfully creates huge
holes with a honeycomb structure in coconut shell carbons, as seen by the surface of the
material. The high NaOH content of the sample encourages the growth of a more complex
porous structure. The ability of activated carbons to produce porosity is closely linked to
SBET and V;. When the NaOH/sample ratio is raised from 0.5 to 2, as shown in Figure 2,
The S BET (731-1550 m?/g) and V; (0.390-0.442 cm3/g) are SEM-compatible.

Fig. 1: CSC-A (a) and CSC-B (b) as seen using a scanning electron microscope.
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Fig. 2: Carbons from coconut shells, pore size distributions.

3.2 Adsorbent Concentration Affects Lead(II) Disposal

Figure 3 (a&b) show CSC-A and CSC-B lead (IlI) removal efficiency and adsorption
capacity. It's obvious that as the adsorbent concentration rises, so does the efficacy of Pb(Il)
removal. It's conceivable that more Pb(ll) is adsorbed at greater adsorbent concentrations
[19]. When the adsorbent concentration stabilizes at 4 g/L, a state of equilibrium has been
reached between the adsorbate-bound and free ions [20]. As can be seen in Figure 2, the
adsorption capacity for Pb(l) diminishes as the concentration of the adsorbent rises.
Because only a fraction of the active sites are filled by lead (II), increasing the concentration
of the adsorbent results in a decrease in its adsorption capability, while a lower
concentration of adsorbent results in a higher adsorption capacity because more active sites
are used. We also highlight the correlation between the adsorbent's S ger and V; and Pb(II)

sorption in aqueous settings [22].

www.minarjournal.com
184


http://www.minarjournal.com/

Volume 5, Issue 4, December 2023

w
D
]

N
(€
()

8

o)

o
\
A 4

// =9— A mount of
adsorbent (mg/g)
CSC-A

R
un
D

== A mount of
adsorbent (mg/g)
CSC-A2

H
[en]
[en]

Amount of adsorbent (mg/g)

u
D

(en]

-3 2 7 12
Adsorbent dosage (g/l)

Fig. 3(a) : Coconut shell carbon removal and adsorbent concentration.
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Fig. 3(b) : Coconut shell carbon removal efficiency and adsorbent concentration.

3.3. The impact of Agitation Time and Pb(II) Removal

Figure 4 shows agitation time affects Pb(II) removal. CSC's removal efficiency and
adsorption capacity both dramatically improve with extended agitation times. The vast
amount of coconut shell carbons that are exposed may have been responsible for the initial
high rate of adsorption. When the agitation time is increased, the exposed surface area
quickly decreases until adsorption equilibrium is attained [21,23]. The stability of the

adsorption equilibrium is significantly affected by the adsorbent's Sger and V;. As increasing
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the surface area of CSC results in more binding sites, this may be used to justify the

relatively long adsorption period of 120 minutes [22].
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Figure 4: Impact of adsorption duration on the number of carbons in coconut

shells that are adsorbed and how well they are removed.

3.4 Initial ion concentration affects Pb(II) removal

In Figure 5, starting ion concentration affects Pb(II) sorption and elimination. When
the starting ion concentration rises from 14.57 mg/g to 77.34 and 108.7 mg/g, CSC-A and
CSC-removal B's efficiency reduces from 53.3% and 67.5% to 26.4% and 36.7%. Because
Pb(II) interactions with adsorbate molecules are facilitated by the presence of adsorbates at
lower concentrations. Unfortunately, the adsorption effectiveness of coconut shells
decreases as concentrations rise because the carbon atoms in the adsorbate molecules

become saturated [24, 25].
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Fig. 5. The quantity and efficiency with which coconut shell carbons are able to

remove ions depends on the initial concentration of Pb(II)

4. Adsorption Isotherm

Pb(ll) removal adsorption spectra were analyzed using 100 mg/L to 1200 mg/L
starting concentrations and a 4 g/L adsorption dosage. The mechanism of Pb(lI) sorption on
CSC-A and CSC-B was examined using six Langmuir and Freundlich adsorption isotherms.

Table 1 lists the six adsorption isotherm features.

Table 1. Adsorption isotherm parameters for Pb2* on carbons isolated from

coconut shells.

Parameters | CSC-A | CSC-B
Langmuir isotherm

Qmax MA/g 0.0021 151.54

b mg/l 0.0021 0.0027

R1 0.2818 0.2402

R2 0.9288 0.9461
Freundlich isotherm

n 1.6785 1.6754

Ky 1.3422 2.0188

R? 0.9907 0.9974

A first look at the relevant data suggests that the Freundlich model is a good match
for the experimental data because of the high coefficient of correlation (R2), the multilayer
sorption onto the coconut shell carbons and the dispersed nature of the active sites [26, 27].
CSC-B has a greater Kf (2.0189) than CSC-A, which is determined from Freundlich
isotherms, showing that it has a stronger affinity for Pb II despite having a higher S-BET
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and V;. Pb(Il) sorption on coconut shell carbons CSC-A and CSC-B have calculated
Langmuir isotherms with Rl values between O and 1. The fact that CSC-B has a greater
maximum adsorption capacity (q max) than CSC-A (112.39 mg/g) (II) is additional evidence

of its powerful potential for adsorbing Pb.

5. Adsorption Isotherm

Adsorption kinetics may be used to investigate the process by which Pb(II) is adsorbed
on carbons isolated from coconut shells. In this research, Table 3 displays the several
models used to evaluate the reliability of the experimental results: pseudo-first-order,

pseudo-second-order, Spahn and Schltiinder, and intra-particle diffusion models. [17,32].

Parameter CSC-A CSC-B
Pseudo-first-order kinetic model
Kq 0.7836 1.7762
R? 0.9342 0.9579
Pseudo-second-order kinetic model
K, 0.0392 0.336
R2 0.9949 0.9962
Intra-particle diffusion model
Stage 1
K, 0.1220 0.2828
R? 0.9902
Stage2
K, 20.5392 45.7459
R? 0.9842 0.9979
Stage3
K, 11.8942 32.3500
R? 0.9947 0.9571

6. Conclusions

The carbons produced by reacting coconut shells with NaOH are very helpful in
removing lead ions from wastewater, Due to their huge specific surface area, The initial ion
concentration, adsorbent concentration, and agitation time affect removal efficiency and
adsorption capacity were studied to get the optimal values for removing of heavy metals ions
from wastewater. Using Freundlich and Halsey isotherms, it is feasible to show the data on
the carbon adsorption from coconut shells. Pseudo-second-order kinetics and internal and

exterior particle diffusion are used in Adsorption Kinetics.
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