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ABSTRACT

Untreated industrial effluents, particularly from tanneries and heavy industries, are the main source of heavy
metal pollution, which poses serious environmental risks. Lead is one of the most toxic heavy metals, adversely
affects human functioning and accumulates in the environment. This study presents ACUTLaqE (Activated Carbon-
Used Tea Leaves Aqueous Extract) as an effective adsorbent for Pb%* ion removal from their aqueous solution. The
composite was synthesized by blending activated carbon from rice husks with a tea extract solution and
characterized using SEM, XRD, and FTIR spectroscopy. Batch tests demonstrated that ACUTLaqE is highly efficient,
removing about 99% of Pb?* ions at an adsorbent dose of 2 g/L within 30 minutes. The adsorption data conformed
well to the Langmuir isotherm model, suggesting a homogeneous monolayer formation on the composite surface.
The gm was 38.61 mg/g, with an R value close to 0, indicating highly favourable adsorption. Thermodynamic
parameters showed negative Gibbs free energy (AG°) values, reflecting a spontaneous adsorption process. The
enthalpy (AH®) and entropy (AS°) changes were 66.86 Kimol* and 257.12 JK*mol, respectively. The adsorption
mechanism involved electrostatic interactions and surface complexation with the composite's hydroxyl and
carboxyl groups. These findings suggest that ACUTLaqE is a promising adsorbent material for Pb?* and potentially
other heavy metals removal from industrial effluents.
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INTRODUCTION

Tannery is one of the most ancient industries in existence, which is usually attributed to the discharge
of a wide range of highly dangerous chemicals and heavy metals into the waterbody [1]. Among the
observed pollution levels, the amount of Cr, As, Pb, and Cd is more significant and indicates a
potentially harmful level of contamination [2—7]. Lead is one of them, which is considered one of the
most poisonous heavy metals among others. The wastewater from tanneries is one of the main causes
of heavy metal pollution. Tannery wastewater in Bangladesh contains varying levels of lead. In one
study, the lead content in tannery effluent was found to be as high as 7.06 mg/L [8]. Another study
reported lead concentrations in tannery effluents ranging from 18.8 to 32.02 mg/L [9]. Lead chromate

is used as a pigment throughout the dyeing and finishing steps of the leather manufacturing process
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for fastening, marking, and surfacing of material [4]. The presence of lead in tannery wastewater
endangers the environment and humans, as often it exceeds the acceptable environmental quality
standards. Lead exposure has been associated with detrimental impacts on the brain, nervous system,
female fertility, and immune system [10-14]. In addition, overdoses of lead and long-term exposure
can tend to have severe impacts on human health especially on infants [15]. Therefore, to protect the
ecosystem and remediate lead released into the environment, there is an increasing need for the
development of innovative, effective, eco-friendly, and affordable methods [16]. Several traditional
techniques, such as adsorption, chemical precipitation, reverse osmosis, and ion exchange, have been
established as effective procedures for removing heavy metals from polluted water sources but still,
the adsorption approach continues to be the most effective, environmentally beneficial, and often
used technology in worldwide [17,18].
Recent research has concentrated on developing cost-effective adsorbents for lead removal from
aqueous solutions and industrial effluents such as lemon peels-doped iron (lll) oxide-hydroxide [19],
cotton stalk-derived biochar [20], human hair [21], cobalt ferrite-supported activated carbon [7], olive
tree leaves [22], redox polymer [6], cucumber peel [23], corn straw biochar [24], tobacco leaves [25],
fly ash geopolymer [26], polyvinyl alcohol modified tea waste [27], magnetite-waste tea composites
[28], brewed tea waste [29], rice husk [30—32], cement-modified rice husk biochar [33], Ag-modified
rice husk [34] and iron oxide modified rice husk [35]. Compared to unmodified rice husks, modified
rice husks have been shown to have higher adsorption capabilities in various studies [36—38]. Despite
its potential, however, there is a dearth of research on Pb (ll) removal utilizing modified rice husks.
From the literature review, it was found that modified rice husk and tea leaves were used as
adsorbents separately. Moreover, till now, no research work has explored the preparation of a
composite using activated carbon derived from rice husks and an aqueous extract of used tea leaves
for the removal of lead. In this vein, this study sets the following objectives:

1. To synthesize a novel adsorbent composite from rice husk and used tea leaf extract.

2. To characterize the developed composite using FTIR, SEM, and XRD.

3. Toinvestigate the adsorption capacity of the developed composite on lead ions.

4. To examine the adsorption isotherm model and adsorption thermodynamics for lead ions

adsorption by the developed composite.
5. To propose a potential adsorption mechanism for the developed composite to remove lead
ions.

In this research, activated rice husk is utilized to develop a composite called Activated Carbon-Used
Tea Leaves Aqueous Extract (ACUTLagE), which emphasizes the novelty of this study with improved
adsorbent functionalities and was employed to investigate the efficacy of ACUTLagE composite to

eliminate Pb (ll) from synthetic water solution. Given that rice husk is readily available locally, it
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provides granularity, chemical stability, and affordability [39], higher percentages of cellulose,
hemicellulose, lignin, water, mineral ash with greater SiO; content, and a few extractives are found in
rice husk [40]. Two of the main components of rice husk, silica and carbon, may be responsible for
adsorption [41]. Since rice husk is a readily available agricultural by-product and is typically a waste,
activated carbon (AC) can be produced at a low cost [42]. On the contrary, tea along with other soft
drinks, is one of the most appealing drinks in the world [43]. In Bangladesh, about 50,000 tons of tea
are produced a year, of which 80 per cent is consumed by the population before being dumped into the
environment [44]. Moreover, tea contains significant amounts of organic, and inorganic chemicals i.e.,
catechins, arubigins, theanine, and/or y-Aminobutyric acid mineral substances, caffeine, etc. but low
in theobromine and theophylline [45,46], which make tea leaves extract appropriate to create an

ACUTLagE composite for showcasing the possible application of Pb (II) removal in batch adsorption.

EXPERIMENTAL

Materials

Collection of samples

The rice husks used in this experiment were collected from a rice mill in Dhaka, Bangladesh. Rice husks
were properly rinsed with distilled water to eliminate dirt, particles, and metallic contaminants. Black

tea waste samples were collected at the Hazaribagh market in Dhaka, Bangladesh.

Chemicals

In this research, analytical grade acetic acid (99.8%) and Pb(NOs), were procured from Merck,
Germany. Furthermore, acetic acid was diluted to 5% to prepare the AC from the rice husk using

deionized water.

Instruments

Specific instruments like a muffle furnace (Model no. SEL-HORN "R-3L", JP SELECTA group), HANNA pH
meter, digital weight balance, magnetic stirrer (Model no. PA1180, LK lab, Korea), SEM (Model: JSM-
6490), FTIR (84000S Shimadzu, Japan), X-Ray diffractometer (Model: Ultima IV) were used for
preparation as well as characterization of ACUTLagE composite, and an AAS (Model AA240, Varian)

was used to determine lead concentration.

https://doi.org/10.31881/TLR.2024.073 1120


https://doi.org/10.31881/TLR.2024.073

ALAM MdM et al. TEXTILE & LEATHER REVIEW | 2024 | 7 | 1118-1142

Methods

Preparation of AC from rice husks

To prepare the activated carbon, the samples after washing were dried for 3 hours at 110 °C and
crushed manually. The crashed rice husks were mixed with 5% acetic acid. The mixture was
impregnated with 1:5 acetic acid, allowed to sit overnight, and then filtered. Following chemical
activation, it was rinsed with deionized water (DI) until its pH was about 7. It was then allowed to dry
at a temperature of 110 °C for 3 hours. The dried and chemically treated samples were kept in a muffle
furnace and exposed to a temperature of 600 °C for 2 hours. Once the samples had been carbonized,
they were taken out of the furnace, allowed to cool, and then pulverized with a mortar and pestle.
Crushed samples of activated carbon were rinsed in deionized water to eliminate any traces of
inorganic substances and activating agents [47] and dried at 105 °C for 6 hours to yield activated

carbon. Then the dried samples are preserved in a desiccator to prevent further moisture absorption.

Synthesis of aqueous extracts from used tea leaves

To create tea extract, used tea leaves were combined with distilled water (2 g/100 mL H,0) and heated
for 3 hours at a moderate temperature of around 60 °C. After filtering and cooling the sample, a

concentrated coloured solution was prepared.

Preparation of Activated Carbon-Used Tea Leaves Aqueous Extract (ACUTLagE) composite

The concentrated solution of aqueous tea extract was mixed with the activated carbon (obtained from
rice husk) at a quantity equivalent to 10 times the total weight of the activated carbon. After stirring
for 30 minutes, the mixture was filtered and dried at 60 °C. A fine ACUTLaqE composite was obtained
after 2 hours and kept in a desiccator. Then the prepared composite was stored in an air-tight container
for adsorption studies. The activated carbon's pH was approximately 4.5 and no additional chemicals
were used to adjust the pH of the adsorption process since the pH range between 4.5 and 5.0 was

reported as favourable adsorption conditions in several studies [48-51].

Preparation of the adsorbate solution

The adsorbate solution of lead (Pb) was made by dissolving (Pb(NOs)2) in DI. Stock solutions (1000
mg/L) were diluted with DI to create working solutions ranging from 40 mg/L to 90 mg/L. Adsorption

equilibrium investigations and calibration curves were performed with successively diluted solutions.
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Characterization of the ACUTLagE composite

Any modifications to the surface structure that might take place of freshly prepared activated carbon
due to tea extract incorporation on its surface, as well as the surface structure of ACUTLaqE composite
and subsequently adsorption of metallic ions on its surface were observed by SEM and XRD
experiment. Furthermore, an FTIR was performed separately for the aqueous extract of tea and
prepared ACUTLagE composite to characterize the composite by determining the functional groups on

it.
Experimental procedure for batch experiments

A step-by-step approach was used to find the optimal experimental conditions. The consequences of
ACUTLagE composite dosage (g/L), contact time (t), and initial concentration (Co) on adsorption were
observed by changing one parameter while keeping the others constant. The test was conducted in
250 mL Erlenmeyer flasks, and the reaction mixture’s volume was kept constant at 50 mL throughout.
The flasks were placed on a magnetic stirrer at a constant 80 rpm. ACUTLagE composite varying in
weight (0.2, 0.4, 1, 2, 4, 8, 12, 16, and 20 g/L), contact time (5, 10, 15, 20, 25, 30, and 35 min), and
initial concentration (40, 50, 60, 70, 80, and 90 mg/L) at room temperature (T=25%2 °C) were studied
through the batch adsorption process. After that, the flasks were withdrawn, the mixtures were
filtered through filters (Wattman 102), and an AAS was used to quantify Pb? content [30,31,52-55]. R
and ge (mg/g) are the adsorption rate and equilibrium adsorption uptake of Pb? respectively,
calculated using the following equations (1) and (2).

Co_ce

%R = x 100 (1)

e =Tt 100 (2)

Here, Co, and C. represent the initial and equilibrium metal concentrations (mg/L) in the solution. W

represents the weight of the dry adsorbent (g), and V represents the solution volume (L).

RESULTS AND DISCUSSION

FTIR analysis

The FTIR spectra of AC, tea extract, and ACUTLagE composite both before and after Pb?* adsorption
are displayed in Figure 1. Figure 1 (a) indicates that the peak with the highest intensity is observed near

3300 cm™, which is attributed to the vibrational stretching of alcoholic and water groups. The peak

https://doi.org/10.31881/TLR.2024.073 1122


https://doi.org/10.31881/TLR.2024.073

e (%)

ALAM MdM et al. TEXTILE & LEATHER REVIEW | 2024 | 7 | 1118-1142

observed at 2925 cm™ is indicative of the C-H alkanes functional group, while the peak at 1609 cm™ is
correspondence to the stretching of the C=0 bond, suggesting the presence of a carbonyl group.
Furthermore, the peaks in the range of 1450 - 1216 cm® indicate the presence of —CH, bending
vibrations [31]. On the contrary, the presence of bands at 1650, 2118, and 3460 cm™ due to the
existence of —C=0, C=0/C=C stretching and —OH functional groups containing organic compounds in
the tea extract respectively, shown in Figure 1 (b) [29,56]. However, the —C=0 group intensity
decreased drastically and the —OH banding modes also virtually disappeared. Instead, there was
comparatively a sharp peak remaining near 3450 cm™. This indicated that the activated carbon bonded
with the compounds in the aqueous tea extract having —OH or —C=0 moieties during the formation of
the composite, shown in Figure 1 (c). The electron cloud available in the moieties could coordinate
with the supplied Pb (II). Moreover, the produced composite exhibited favourable surface chemistry
due to the existence of several functional groups that contributed to its adsorbing capabilities [57]. As
demonstrated by the differences in transmittance intensities between before and after adsorption in
Figure 1(c), significant differences in peaks were observed following adsorption. This suggests that

these groups were involved in the removal of Pb?* [54].
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Figure 1. FTIR spectrum for (a) AC, (b) tea extract, (c) ACUTLagE composite (before and after adsorption)

SEM analysis

In Figure 2 (a), the SEM image suggested that the roughness of the surface of AC is due to the
inhomogeneity of the surface. It is well-known that the rice husk surface is heterogeneous and contains
fibres with a layered structure [30,31,57]. Alternatively, on the surface of the ACUTLagE, the

homogeneity increased a little.
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Figure 2. Comparative SEM images of (a) AC, (b) ACUTLaqE composite, and (c) ACUTLagE composite after adsorption

Incorporation of the mixtures of the compound obtained from the aqueous extract of tea made the
AC surface homogenous as depicted in the SEM image presented in Figure 2 (b). It is believed that the
functionalities of organic compounds originating in the aqueous tea extract have been opened and
activated on the surface or peripheral site. This statement is supported by the FTIR spectral analysis in
Figure 1 (b). Due to the availability of the carbonyl (-C=0) or —OH functionalities from caffeine,
theophylline, theobromine, Theanine, and/or y-Aminobutyric acid [45], the disorder of the ACUTLaqE
composite surface might be increased after the introduction of metals. Therefore, Figure 2 (c) shows
that the roughness of the surface was increased due to the formation of metal ligands bonding. Due
to the binding with the ligated site of the above compound, the surface of the ACUTLaqE composite

became highly disoriented.

XRD analysis

The surface structure of the locally prepared ACUTLagE composite was examined using X-ray
diffraction, taking into account the diffraction pattern seen in the matrix. The XRD spectra (Figure 3)
show a measurement range of 26 between 10° and 70°. The XRD spectrum for AC is displayed in Figure
3 (a). A pair of distinct peaks were detected for the AC at 26=21.5 and 24.9. This shows that high
porosity AC is amorphous because of considerable scattering at small angles [58]. Similar XRD findings
on AC generated from agricultural waste have been observed by other researchers [30,57,59,60]. The
well-defined, distinct peaks for ACUTLagE composite are shown in Figures 3 (b) and 3 (c), respectively,
at 26=22.61 before adsorption and 26=20.8, 26.70, 30.01, 43.4, 60.07, and 68.2 following adsorption
of Pb?*. The spectra presented in Figure 3 (c) are indicative of the presence of metal ions, as supported
by the 20 value [61] and indicate an amorphous nature with a small crystalline domain that could be

the consequence of Pb?* interactions with ACUTLaqE composite [62]. Tea extract may function as an
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extra complexion agent when it is adsorbed on the AC surface, increasing its affinity for heavy metals

[63].
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Figure 3. Comparative XRD analysis of (a) AC, (b) ACUTLagqE composite, and (c) ACUTLagE composite after adsorption

Effect of adsorbent dose

The effect of ACUTLagE composite dose on Pb?* uptake was determined in a batch study using a variety
of doses at constant pH, temperature, time, and adsorbate concentration. Pb?* elimination
effectiveness was very little at 0.2 g/L ACUTLagE composite doses. As the ACUTLagE composite dose
was increased, Pb?* elimination was also enhanced, eventually reaching nearly 99% at the optimal dose
of 2 g/L since more active sites were accessible to bind with Pb?" at greater adsorbent doses [64].
Moreover, there was no discernible difference in the removal rates of 2 g/L and 20 g/L ACUTLaqE
composite. This might be the result of an equilibrium between the heavy metal and the adsorbent
ACUTLagE composite, as seen in Figure 4 (a), which prevents further adsorption of the composite [65].
Therefore, 2 g/L was determined to be the optimal dose of ACUTLagE composite and g. was 24.79

mg/g (Figure 4 (b)).
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Figure 4. ACUTLagE composite dose versus (a) % removal and (b) adsorption capacity for Pb2*; Constant parameters:

Co=50 mg/L, t=30 min, T=25+2 °C, rpm=80, and pH=4.5

Effect of contact time

To determine the equilibrium adsorption duration between ACUTLagE composite and lead, this
experiment was conducted at different time intervals. In the initial few minutes, the adsorption rate
was very quick; around 94% of the removals were accomplished in the first 15 minutes. After that, the
rate dropped down and approached equilibrium (Figure 5 (a)) because the active sites on the
adsorbent's surface were relatively unoccupied at the start of the adsorption process but became
increasingly occupied as time progressed, resulting in slower adsorption rate [64]. The adsorption
system reached equilibrium at 30 min, removing 99.16% of Pb?* from the solution. As shown in Figure
5 (b), after 30 minutes to 35 minutes of contact, the lead adsorption capacity barely changed (<1 mg/g),

and ge (maximum) was 24.79 mg/g at 30 min.
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Figure 5. Contact time versus (a) % removal of PbZ* and (b) adsorption capacity by ACUTLagE composite; Constant

parameters: Dosage=2 g/L, T=25%2 °C, Co=50 mg/L, rpm=80, and pH=4.5
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Effect of initial concentration

Adsorption of Pb* by ACUTLaqE composite has been investigated and found that the initial lead
concentration has a significant impact. The concentrations were 40, 50, 60, 70, 80, and 90 mg/L. As
shown in Figure 6 (a), as Pb?* concentration was increased, the percentage of removal steadily
declined. While comparing metal uptake to Pb?* concentrations, 90 mg/L was significantly lower
because there were more metal ions competed for the same adsorbent active sites [66]. Keeping the
adsorbent dosage constant, metal ions rapidly saturated the active sites [65]. With a constant
ACUTLaqE composite dose, increasing Pb?* concentration improved its adsorption capacity because of
the high likelihood of metal ion collisions with the surface of the composite [67] as shown in Figure 6

(b).

100 50
T

95 1 40
_ T
g 90 1 T T L 30
£ L - &S
& E
£ 85 20

80 10

75 0

40 50 60 70 80 90 100 a0 50 60 70 80 920 100
Initial concentration (Cy) mg/L Initial concentration (Cp) mg/L
a) b)

Figure 6. Initial concentration versus (a) % removal of Pb?* and (b) adsorption capacity by ACUTLagE composite; Constant

parameters: Dosage=2 g/L, T=25+2 °C, rpm=80, t=30 min, and pH=4.5

Adsorption isotherm model

Data from batch adsorption studies were fitted and evaluated using the two most popular models, the
Langmuir, and the Freundlich isotherm, using the optimum ACUTLagE composite dose of 2 g/L for Pb?*
throughout a varied range of initial Pb** concentrations. The Langmuir isotherm is only applicable to
analyze adsorption processes that take place in monolayers. It works well for chemical adsorption and
physical adsorption towards saturation. In the model, maximum adsorption depends on monolayer
saturation formation by adsorbate molecules on an energetically homogenous adsorbent surface [68].
The empirical Freundlich model accounts for surface heterogeneity [69,70]. The good fit of Freundlich
isotherm to an adsorption system allows multilayer adsorption and nearly no restriction on adsorption
[71]. Langmuir's and Freundlich's relations as described in equations (3) and (4) were used to

determine the adsorption isotherms [72].
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Ce 1 Ce

de - AmKL dm

(3)
logg, = log Kr + %log C, (4)

Here, K, (L/mg) = Langmuir constant, n = intensity, gm (Mg/g) = maximum adsorption capacity, and K
(mg/g) = adsorption capacity. The Langmuir isotherm plot for Pb?* is shown in Figure 7, and the
Freundlich isotherm plot is shown in Figure 8. Table 1 shows the isotherm parameters for Pb%*
adsorption onto ACUTLagE composite. The correlation coefficient for Pb?* in the Langmuir model was
higher than that of the Freundlich model. Therefore, the Langmuir model provided the best fit for the
adsorption data. A uniform metal ion monolayer on the adsorbent's surface was suggested by the
plot's linearity [65] and gm was 38.61 mg/g for Pb?*. In addition, the higher K, values revealed that Pb?*
bound strongly to the ACUTLagE composite.

0,25 18
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e

Figure 7. Langmuir isotherm model for Pb?* adsorption on  Figure 8. Freundlich isotherm model for Pb2* adsorption on
ACUTLagE composite; Constant parameters: Dosage=2 ACUTLagE composite; Constant parameters: Dosage=2 g/L,
g/L, t=30 min, T=25+2 °C, and pH=4.5 t=30 min, T=25+£2 °C, and pH=4.5
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Figure 9. Separation factors of adsorption on ACUTLagE composite for Pb2

Table 1. Adsorption of Pb2* onto ACUTLagE composite isotherm parameters

Isotherm Model Parameter Value
R2 0.9786
KL (L/mg) 1.96
Langmuir
dm(mg/g) 38.61
R. 0.01
R2 0.9231
Freundlich K¢ (mgl-(/n) | /ng-1) 26.103
1/n 0.149

The separation factor (R;) was employed to explain the Langmuir isotherm, which is another notable

aspect of this isotherm. The equation (5) describes this feature as follows:

_ 1
T (1+KLCo)

(5)

R,

For Pb* ion adsorption on ACUTLaqE composite, the computed R, values versus initial solute
concentration are shown in Figure 9. Increasing concentrations of Pb?* ions were found to result in
more favourable adsorption on the ACUTLagE composite. In addition, the uptake of Pb?* ions on the
ACUTLagE composite was confirmed by a value of R;. The R;=0, suggested the irreversible Pb?*
adsorption by ACUTLagE composite. Moreover, the findings demonstrated that ACUTLagE composite
indicated superior adsorption efficacy in contrast to alternative adsorbents for Pb? removal as shown
in Table 2. The effectiveness of the ACUTLagE composite stands out with the highest percentage of
removal (99.16%) in the shortest time (30 minutes) whereas in the previous studies, other adsorbents

demonstrated good performance with a higher adsorbent dose and longer contact time.
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Table 2. Comparative analysis of various adsorbents employed for lead (Pb2*) removal

Adsorbent Doge

Adsorbent Name pH % Removal Time (min) References
(g/L)

Rice husk ash 6.0 2.5 88.63 60 [31]

Cucumber peel 5.0 2 96 60 [23]

Corn straw biochar 4.5+0.5 20 98.62 60 [24]

Modified rice husk 5.3 5 93 120 [32]

ACUTLagE composite 4.5 2 99.16 30 This study

Adsorption thermodynamics

Influence of temperature

The adsorption tests were conducted at 298, 308, and 318 K temperatures using an adsorbent dose of
2 g/L and with an optimal pH value of 4.5 to investigate the impact of temperature. For adsorption,
the equilibrium contact time was kept at 30 minutes. Elevating the temperature from 298 K to 318 K
results in a higher proportion of adsorption. According to the data presented in Table 3, the adsorption
process is endothermic. Adsorption may increase with temperature due to the intensity of adsorptive
interactions between nearby molecules of the adsorbed phase and the active sites of adsorbents and

adsorbate species [30].

Thermodynamic parameters and influence of temperature

The relationship between temperature and the degree of adsorption was explained by the
thermodynamic parameters, which include Gibbs free energy (AG°), enthalpy (AH®), and entropy (AS°).
Using the following equations (6-8), the temperature dependence of Pb?* adsorption on the composite

was calculated.

— Qe
K="/ (6)
AG® = — RTInkK, (7)
AH®  ASO
lTlKL = - F + ? (8)

Where, R=8.314 J/(K mol) and T= adsorption temperature (K). As shown in Figure 10, AH® and AS® were
derived using the plot's slope and intercept respectively, whereas AG® was determined using Equation
7. The estimated values of these parameters are shown in Table 4. The positive AH® value (66.86 KImol

1) suggests the endothermic nature of the adsorption process, which is typical of chemisorption, where
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adsorption is favoured by high temperatures [73]. Whereas, the positive AS® value (257.12 JK*mol?)
indicates the rise in randomness at the interface between the adsorbent and adsorbate throughout
the process of adsorption [30,74]. This can be attributed to the creation of adsorbate-adsorbent
composites [75,76]. Moreover, the adsorption process is thermodynamically feasible and
spontaneous, as shown by the negative values of AG® and decreasing values with increasing

temperature suggest a more spontaneous process at high temperatures [73,77].

Table 3. Influence of temperature on % removal of Pb2*; Constant parameters: Dosage=2 g/L, Co=50 mg/L, t=30 min,

rom=80, and pH=4.5

Temp (K) % Removal
298 99.16
308 99.57
318 99.98

Table 4. Changes in thermodynamic parameters for Pb2* adsorption on ACUTLagE composite

Ki AGO AHO ASO
Temp (°C) Temp (K) 1T
(L/mg) (KJmol?) (KJmol?) (JKmol?)

25 298 0.00336 59.024 -10.10
35 308 0.00325 93.250 -11.61 66.86 257.12
45 318 0.00314 325.130 -15.29
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5.2
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4.4
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Figure 10. 1/T Vs. In K_plot for the adsorption of Pb2*

Potential adsorption mechanism

Heavy metal adsorption affinity is increased by functional groups on activated carbon surfaces via ion

exchange, complex formation, electrostatic interaction, and precipitation [52,78]. An investigation into
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the mechanism of Pb?* adsorption in ACUTLagE composite was conducted using the FTIR technique.
The FTIR study of the ACUTLagE composite reveals the presence of several oxygen-containing
functional groups on its surface, including -COO-, -OH-, and -CO-. Deprotonation has resulted in a
negative charge on these functional groups. The functional groups of the composite can be engaged
in an electrostatic interaction with Pb?* [79]. There is no discernible difference between the FTIR
spectra of the ACUTLaqE composite before and after adsorption, as shown in Figure 1 (c). However,
after Pb** was adsorbed, there were noticeable variations in the transmittance intensities of the -COO-
and -OH- groups, indicating the interaction between Pb?* and the composite [80].

Furthermore, the lone-pair electrons of the carboxyl and hydroxyl groups on the composite's surface
can be shared with Pb?* due to their abundance, allowing the ion to be adsorbed onto the surface to
form surface complexation [79]. The findings suggest that electrostatic interaction and surface
complexation with hydroxyl and carboxyl groups play an important role in the Pb?" adsorption
mechanism on the ACUTLaqE composite. Figure 11 outlines the potential Pb?* adsorption mechanism

on the ACUTLagE composite.

COO-

CO-

0-

Figure 11. Schematic diagram of potential Pb2* adsorption mechanism on ACUTLagE composite

CONCLUSION

This study developed a novel ACUTLagE composite that was very effective at removing Pb? ions from
aqueous solution. About 99% of Pb?** was removed at a dose of 2 g/L within 30 minutes and no
supplementary chemicals were needed to adjust the pH of the solution. Furthermore, the results
showed that ACUTLagE composite showed better adsorption performance for Pb? removal when
compared to other adsorbents used in the previous studies. Moreover, the Langmuir model provided
an excellent fit for the results obtained from the batch equilibrium and the maximum adsorption
capacity (gm) was 38.61 mg/g. In addition, thermodynamic investigations also revealed that the

adsorption was endothermic, thermodynamically favourable, and spontaneous. Therefore, utilizing
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ACUTLagE composite for Pb?* uptake from aqueous solution can be considered as a viable alternative.
This study also lays the groundwork for modifying and applying ACUTLagE composite to adsorb various
inorganic and organic pollutants from tannery wastewater and other industrial effluents. However, it
is essential to explore the adsorption performance of the newly developed ACUTLagE composite on
tannery wastewater to ensure its industrial-scale use for the treatment of tannery effluent. This study
didn’t optimize the mixture of rice husks and acetic acid to prepare the activated carbon, which can be
explored in future studies. Thus, it is necessary to pursue future research to investigate the practical
applications, scalability, and reusability of ACUTLagE composite to make this adsorption technique

more cost-effective and sustainable for treating industrial effluents.
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