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 Developing composite beads composed of chitosan, alginate, and activated 
carbon for dye removal is essential due to their improved adsorption 
capabilities and environmental benefits. By utilizing natural resources 
efficiently for an effective dye removal process, this study developed an 
activated carbon/alginate/chitosan composite bead as Rhemazole Brilliant 
Blue R (RBBR) adsorbent. The surface shape of composites exhibits more 
protrusions, grooves, and asymmetric pores than activated carbon, which 
could improve dye adsorption capability. FTIR analysis verified that 
functional groups such as OH, NH, protonated amine, and carboxylate from 
the constituent polymers were enriched in the activated 
carbon/alginate/chitosan composite. These groups also function as active sites 
for adsorbents. It was aligned with the composite beads' Freundlich isotherm 
model, which shows that heterogeneous or many active sites contribute to 
adsorption and provide multilayer adsorption. The kinetic model of pseudo-
second order fits well with the adsorption process, indicating that 
chemisorption is the rate-limiting step in RBBR adsorption. The optimum 
adsorption conditions were at pH 1, with an adsorbent dose of 0.08 g, RBBR 
dye concentration of 125 mg/L, and a contact time of 60 min. The composite 
beads also exhibit stability in acidic and basic solutions, with the effectiveness 
of being reused up to four times, providing a reusable adsorbent with 
versatility in various water treatment conditions. Hence, synthesizing 
activated carbon/alginate/chitosan composite beads presents a promising 
solution for sustainable wastewater treatment based on biodegradable and eco-
friendly composite. 

 
Copyright © 2024 Authors. All rights reserved. 

 

 

  

 

Introduction 

More than 735 tons of dyes are produced by the textile industry each year, comprising 40,000 
different dyes with over 7000 distinct chemical structures [1]. During the industrial processes, 
many dyes of waste are released by nature, leading to water disposal problems. Textile dyes 
have been classified according to their chemical structure, e.g., azo, nitro, indigo, 
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anthraquinone, phthalein, triphenyl methyl, nitrated, etc. Among them, pollution with 
anthraquinone dye, especially Remazol Brilliant Blue R (RBBR) [2,3], has recently attracted 
more attention owing to the severity of the pollution caused by RBBR in the environment. 
RBBR dye has good chemical stability and makes it difficult to degrade by the conventional 
process. Due to its very hazardous properties, this dye waste can cause allergies, skin irritation, 
genetic alterations, and cancer. It will also disturb the aquatic habitat [4]. Removal of RBBR is 
important to creating a sustainable society. 

Many methods exist to remove dyes in water such as ion exchange, coagulation, phyto-
degradation, reverse osmosis, electro-dialysis, and microbiology [5–7]. Still, most of these 
methods are quite expensive, require certain materials, and require high technology to be 
applied. Another widely used water-treating technique is adsorption. Effective and efficient 
processes, high absorption capacities, ability to reusability, low operational costs, and lack of 
negative side effects of adsorbent are potential benefits of adsorption techniques [8]. 
Adsorption techniques can stop dye pollution from spreading throughout the environment, 
especially in water. 

Activated carbon is the most widely used adsorbent because it has a larger surface area than 
other adsorbents, it can absorb more adsorbate molecules. This is due to the dye-absorbing 

pores in activated carbon [9–11]. One frequent active carbon source that can be used as a dye 

adsorbent is water hyacinth waste [12]. The poor absorption of polar components is the 
drawback of activated carbon adsorbents [13]. The alteration properties of the surface 
functional group on the activated carbon indicated that appropriate treatments could enhance 
its functionality. The excellent properties of bio-composite materials make it an ideal material 
to combine with activated carbon and can further improve adsorbent performance. Abundant 
functional groups are mainly associated with heteroatoms present on the bio-composite 
surface and often modified to increase their adsorption capability. Modified activated carbon 
using chitosan and pectin synthesized into bead composite has been used for adsorbed 
methylene blue dye [14]. Other modified activated carbon using chitosan and alginate 
synthesized into bead composite has been used for adsorbed methylene blue and methyl violet 
2B dye with maximum adsorption capacities of 1.34 mmol/g for MB and 1.23 mmol/g for MV 
2B [15]. Modification of activated carbon with composite-based polyelectrolyte complex (PEC) 
has the potential to increase the availability of pores and reactive functional groups in the 
adsorbent surface, it promises to increase adsorbent capabilities. 

This study developed composite beads by combining alginate-chitosan PEC with activated 
carbon and CaCl2 as a crosslinker. Alginate is polyanionic, whereas chitosan is polycationic. 

Once polyelectrolyte complexes (PEC) develop, the amino groups of chitosan and the carboxyl 

groups of alginate are involved in self-electrostatic interactions that allow these polymers to 

connect [16,17]. Adding CaCl2 as a cross-linking agent increases the structural integrity, and 
regular pores are formed, resulting in an orchestrated network structure inside the hydrogel 
beads. Divalent cations (Ca2+) can increase the adsorption capacity of negatively charged 
adsorbates (anions anthraquinone) [14,15]. Thus, this research's main objective is to investigate 
the possibility of composite beads consisting of activated carbon, alginate, chitosan, and CaCl2 
(crosslinker) as RBBR color adsorbers. The pH, amount of adsorbent, and dye concentration 
were optimized for optimal adsorption. Furthermore, the kinetic study, adsorption isotherm 
model, and adsorption capacity are described. 

Experimental Method 
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Chemicals 

Water hyacinth collected from the Aik Bukak Lombok dam provided the activated carbon 
employed in the investigation. Water hyacinth is a perennial aquatic plant that floats freely 
in waters, can quickly increase biomass, forms dense mats, and reproduces from stolons; its 
dominant chemical composition is cellulose and hemicellulose [12].. Additional research 
chemicals used in this work were RBBR (from Dystar), chitosan (from Sigma Life Science), 
and sodium alginate (from Sigma-Aldrich). The analytical grade from Merck was attained for 
acetic acid (CH3COOH), hydrochloric acid (HCl), nitric acid (HNO3), sodium hydroxide 
(NaOH), and calcium chloride (CaCl2). Double distilled water was used in all solution 
preparation and dilution. 

Preparation of Activated Carbon 

After cleaning, the water hyacinth samples were dried. The samples were mixed after being 
dried for 24 h at 110 ˚C in the oven. Afterward, the dried samples were carbonized at 600 ˚C 
in a furnace for 1 h and N2 atmosphere. The carbon has activated after being soaked for 24 h 
in 0.1 M HCl. After the samples were filtered, 0.1 M NaOH was used to neutralize the 
activated carbon, and distilled water was used to rinse it, then dried for 1 h at 110 ˚C in the 
oven [18]. The activated carbon was stored in a desiccator until used. 

Formation of Activated Carbon/Alginate/Chitosan Composite Beads 

The synthesizing composite beads were executed by modifying the study methodology 
employed by Rahmah et al. [14] and Hermanto et al. [19]. To create chitosan hydrosol, 1 g of 
chitosan was dissolved in 10 mL of double distilled water, and 5 mL of 2% acetic acid was 
added. The mixture was agitated for 4 hours and left overnight. Then, CaCl2 was added to 
the mixture solution and stirred again until homogeneous to form chitosan hydrosol. To 
create alginate hydrosol, 1 g of alginate was dissolved in 14 mL of double distilled water in a 
separate container, mixed until homogenous, and left overnight. Next day, stir the alginate 
hydrosol after adding 1 g of activated carbon. Composite beads were created by injecting 5 
mL of alginate hydrosol into the chitosan hydrosol while stirring. Following formation, the 
composite beads were cleaned, dried in the oven at 60 °C, and filtered. FTIR was used to 
characterize composite beads. The composite beads were stored in a desiccator until used. 

Effect of pH on Dye Adsorption 

A range of pH 1–9 dye solutions were made, each containing 20 mg/L RBBR in buffer 
solution. Add 0.001 g of composite bead powder to an Erlenmeyer flask and 10 mL of the 
series dye solution immediately. At room temperature, shaking was done for 30 min at 200 
rpm. After filtering the solid material, the UV-Vis spectrophotometer examined the filtrate 
dye solution at 630 nm. 

Effect of Adsorbent Dose on Dye Adsorption 

Activated carbon/alginate/chitosan composite beads in dosages of 0.02, 0.04, 0.06, 0.08, and 
0.1 mg were used to study the impact of adsorbent dose. The 500 mgL-1 RBBR dye solution 
contained 10 mL of the various adsorbent dosages added to it. The ideal pH was achieved by 
adjusting the solution to that found in the earlier experiment. After that, the adsorption 
process lasted for 30 min at shaking conditions with speed of 80 rpm. Following the 
separation of the solid material, spectrophotometry UV-Vis was used to examine the dyes at 
630 nm that had been filtered. 
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Effect of Dye Concentration on Dye Adsorption 

Various dye concentrations (50, 75, 100, and 125 mg/L) were tested to see what effect they had. 

As determined by the results of the previous experiment, 0.001 g of composite bead was 

introduced to the dye series solution. At room temperature, shaking was done for 30 minutes 

at 200 rpm. Following the separation of the solid material, spectrophotometry UV-Vis was 

used to examine the dyes at 630 nm that had been filtered. 

Effect of Contact Time on Dye Adsorption 

A time range of 5 to 180 minutes was used to determine the impact of contact time. Activated 
carbon/alginate/chitosan composite beads from the previous experiment at their optimal 
adsorbent dose were added to 10 mL of 50 ppm RBBR dye solution at pH 1. After that, the 
adsorption process lasted for 45, 60, 75, and 90 min at shaking conditions of 80 rpm. Following 
the separation of the solid material, spectrophotometry UV-Vis was used to examine the dyes 
at 630 nm that had been filtered. 

Kinetic Study of Adsorption 

The RBBR adsorption kinetics were investigated using pseudo-first-order, pseudo-second-
order, and intraparticle diffusion adsorption models. The RBBR dye adsorption process was 
carried out with 30, 45, 60, 75, and 90 min contact times. Equation (1) was used to quantify the 
quantity of RBBR dye adsorbed (𝑞𝑡, mg g-1), while equations (2), (3), and (4) showed the 
pseudo-first order, pseudo-second order, and intraparticle diffusion reaction equations ) [20], 
respectively. 

𝑞𝑡 =
(𝐶0−𝐶𝑡)𝑉

𝑊
                (1) 

ln⁡(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1𝑡               (2) 

𝑡

𝑞𝑡
=

𝑡

𝑞𝑒
+

1

𝑘2𝑞𝑒
2                (3) 

𝑞𝑡 = (𝑘𝑖𝑛𝑡𝑡
1/2) + 𝐶                    (4) 

Where C0 and Ct are the initial and time t concentrations of RBBR dye (mg L-1), V is the volume 
of solution (L), W is the mass of the composite adsorbent, and qe is the amount of RBBR 
adsorbed on the composite at equilibrium (mg g-1). While k1, k2, and kint are the pseudo-first-
order reaction rate, pseudo-second-order reaction rate, and intraparticle diffusion constant, 
respectively, C (mg g-1) is a constant proportional to the thickness of the boundary layer. 

Isotherm Model for Dye Adsorption 

The isotherm adsorption model determines RBBR based on the variation in concentration at 

the ideal pH and adsorption data. Both the Freundlich and Langmuir adsorption isotherms 

were employed in this investigation. The reversible nature of adsorption in a monolayer is the 

basis of the Langmuir equation, expressed in Eqs. 5 and 6. Utilizing Eqs. 7 and 8, the Freundlich 

isotherm formula was obtained [21]. 

Qe =
Qm×KL×Ce

(1+KLCe)
                (5) 

𝐶𝑒

Qe
=

1

𝑄𝑚𝐾𝐿
+

𝐶𝑒

𝑄𝑚
                (6) 
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𝑄𝑒 =
𝑥

𝑚
= 𝐾𝑓 + 𝐶𝑒

1
𝑛⁄                (7) 

log𝑄𝑒 = log⁡𝐾𝑓 +
1

𝑛
log 𝐶𝑒               (8) 

Where: m is the mass of adsorbent (g); V is the volume of solution (L); Q is the adsorption 

capacity per molecular weight (mg/g); maximum adsorption capacity (Qm) is expressed in 

mg/g, while adsorbed adsorbate at equilibrium (Qe) is expressed in mg/g; C0 is the initial 

concentration of the solution (ppm); Ce is the final concentration of the solution (ppm); Kf and 

n are Freundlich constants, KL is the Langmuir constant. 

Reusability Test 

The composite reuse test is closely related to the composite life cycle, and it suggests utilizing 

composites as adsorbents that are still effective. The test involved five adsorption and 

desorption cycles using the same composite adsorbent. The adsorption procedure was carried 

out under optimal conditions, which included a composite mass of 0.08 g, an RBBR dye 

concentration of 125 mg/L, pH 1, and a contact period of 60 min. Centrifugation at 5000 rpm 

for 30 minutes separated the composite that absorbed the RBBR dye. The composite's 

desorption was carried out by adding 10 mL of dilute NaOH solution (1 mM) at room 

temperature for 10 minutes while stirring. Spectrophotometry UV-Vis determined the 

concentration of RBBR dye at 630 nm. %Reuse efficiency in each cycle was determined by 

equation 9, where n is the 2nd, 3rd, 4th, and 5th cycles.  

%⁡𝑅𝑒𝑢𝑠𝑒⁡𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
%𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛𝑛

%𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛1
× 100%                                                                                                    (9) 

Result and Discussion 

Morphological Study 

The composite was made by mixing alginate hydrosol with activated carbon, then adding 

dropwise by stirring into the chitosan hydrosol mixed with the CaCl2 crosslinking agent. The 

composite formed was a round, solid, hard, black granular material with uniform size and 

shape. The results of synthesizing activated carbon/alginate/chitosan composite beads can be 

seen in Figure 1. 

Figure 1(a) shows an image of the synthesized activated carbon/alginate/chitosan composite 

beads. The black-colored granule beads show that the activated carbon has been immobilized 

into the composite material. Figure 1(b) is an SEM image of the surface morphology of 

activated carbon from water hyacinth. Porous carbon particles can be seen on the activated 

carbon surface [22]. An SEM image of the surface morphology of the PEC alginate-chitosan 

composite is shown in Figure 1(c).  
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Figure 1. (a) Photograph of activated carbon/alginate/chitosan beads composite, SEM images for (b) 

activated carbon, (c) alginate-chitosan PEC composite, (d) activated carbon/alginate/chitosan beads 

composite, (e) after adsorption of RBBR, and (f) after desorption of RBBR, respectively. 

Previous studies have demonstrated that a fibrous matrix with an uneven form and rough 
appearance appears to be an interconnected structure of electrostatic interactions between 
chitosan and alginate [23]. Figure 1(d) is an SEM image of the surface morphology of the 
synthesized activated carbon/alginate/chitosan composite beads. The surface morphology 
shows protrusions, grooves, and asymmetric pores. This is because the upper part of the 
composite is suspended while the lower part undergoes a mobilization process. The activated 
carbon is evenly distributed in the composite. The synthesized activated 
carbon/alginate/chitosan composite beads appear to have larger pores than activated carbon. 
Chemical modification of activated carbon with alginate-chitosan via PEC composite can 
expand the pore size of carbon, it has the potential to increase the dye absorption capacity. 

(a) (b) 

(c) (d) 

(e) (f) 
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Based on Figure 1(e), the adsorption of RBBR dye causes the surface of the activated 

carbon/alginate/chitosan composite bead to become rough, with lumps covering the pores of 

the activated carbon. These lumps represent how the adsorbate (RBBR dye) and the adsorbent 

(composite bead) interact, leading to adsorbate trapped in the pores of the composite bead. The 

SEM image of the activated carbon/alginate/chitosan composite bead after desorption with 

ethanol shows a lumpy surface with closed pores. This indicates that the desorption process is 

followed by the activated carbon/alginate/chitosan composite bead's surface releasing an 

adsorbent substance. 

FTIR Analysis 

The activated carbon/alginate/chitosan composite beads' distinctive functional groups were 
identified via FTIR analysis, as seen in Figure 2.  

 

Figure 2. FTIR spectra of (a) activated carbon, (b) alginate, (c) chitosan, (d) activated 

carbon/alginate/chitosan composite bead, (e) RBBR dye, and (f) activated carbon/alginate/chitosan 

composite bead with RBBR dye, respectively. 

According to Figure 2, the FITR spectra reveal the functional groups owned by the composite 

and its components. As a precursor material, activated carbon contains an OH functional 

group, as evidenced by an absorption band at 3467 cm-1. The existence of C=O, C=C, and C-O 

groups is indicated by absorption at 1795, 1632, and 1039 cm-1. The absorption of 1459 cm-1 

suggests the bending of the C-H group, which is supported by the absorption of 873 cm-1. In 
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contrast, the C-C stretching is indicated by absorptions of 712 and 604 cm-1 [24,25]. The 

characteristic peaks of chitosan have been observed at 3465, 1639, 1543, and 1324 cm-1, which 

correspond to the OH or N-H group vibrations, C=O (from amide I), the N-H group bending 

(from the primary amine), and C-N stretching.  Absorption at 2930 and 2880 cm-1 reveals both 

symmetric and asymmetric C-H vibrations. While absorption at 1425 and 1387 cm-1 indicates 

the bending of CH2 and CH3, absorption at 1089 cm-1 is attributed to C-N (primary amine) 

stretching [26,27]. Alginate spectra show absorption at 3434, 2931, 2870, 1625, and 1418 cm-1 

due to OH group vibrations, symmetric and asymmetric C-H, and symmetric and asymmetric 

stretching COO- (from carboxylate). Absorption at 1097, 1033, and 950 cm-1 indicates C-O 

stretching (from pyranosyl ring and uronic acid residue) [28,29]. The composite spectra 

indicate the combined absorption of the precursor substances, with some absorptions shifting 

and disappearing. The absorption of the OH group shifts slightly to 3464, indicating the 

presence of hydrogen bonding interactions in the composite. The absorption of the primary 

amine functional group in chitosan (1543 cm-1) and C-N stretching of primary amine (1089 cm-

1) were not identified in the composite, indicating that -NH2 was protonated (-NH3+) due to 

the addition of acetic acid to chitosan during the composite's synthesis [19,24,30]. The shift in 

the absorption of alginate's carboxylate functional groups from 1625 and 1418 to 1638 and 1463 

cm-1 suggests that these groups interact with other groups, possibly NH3+. FTIR examination 

revealed the enrichment of functional groups in activated carbon/alginate/chitosan 

composite, including hydroxyl, protonated amine, carbonyl, and carboxylate from the 

constituent polymers. 

RBBR dye shows the absorption peak at 3435, 1738, 1629, 1591, and 1050 cm-1, indicating the 

presence of NH/OH, C=O, C=C, N-H, and C-O groups. The characteristic groups of S=O and 

C-CO-C of RBBR dye were indicated by absorption at 740 and 638-615 cm-1 [31]. Interaction of 

RBBR dye and the activated carbon/alginate/chitosan composite possibly occurred at many 

active composite sites, indicated by peak shifting of the composite before and after adsorption, 

as shown in Figure 2. The shift occurs in the absorption of the -OH or N-H group, which 

widens from 3465 to 3414 cm-1, as well as the absorption of carboxylate groups (COO-) at 1638 

and 1463 to 1623 and 1421 cm-1 [32]. Since SO32- is the active group of RBBR dye, its functional 

groups can interact with carboxylate groups through the NH3+ group and Ca2+ bridges. In 

contrast, the interaction between RBBR functional groups and OH or N-H groups of the 

composite can occur through hydrogen bonds with a broad peak characteristic. It is supported 

by the disappearance of S=O absorption by RBBR dye at 740 cm-1. Previous research has 

demonstrated the role protonated amine groups play in dye adsorption [33,34]. Adsorption of 

RBBR dye on the composite surface is evidenced by the appearance of RBBR peaks on the 

composite following adsorption, such as 1726 1726 cm-1 (C=O), 1391 cm-1 (CH3), and 892 cm-1 

(C-H). Furthermore, the appearance of a new peak in the composite bead-RBBR spectra 

around 948 cm-1 (C-O-O) [26] as indicated by the red arrow in Figure 2, suggests the formation 

of a new bond composite with RBBR during the adsorption process. This allows for the 

presence of various mechanisms in adsorption, including chemisorption. The FTIR study 

verified that the -OH, N-H, carboxylate, and protonated amine functional groups of the 

composite serve as the adsorbent's active sites. 
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The pH, Composite Bead, RBBR Concentration, and Contact Time Effect 

Choosing pH is a crucial factor in establishing the ideal adsorption state. The pH range of 1-9 

was utilized to explore the effect of pH on activated carbon/alginate/chitosan composite 

beads' RBBR dye adsorption. The adsorbent dosage is one of the factors affecting the RBBR 

dye adsorption process. It was examined at dosages of 0.02, 0.04, 0.06, 0.08, and 0.1 mg of the 

activated carbon/alginate/chitosan composite beads. Furthermore, contact time is a 

significant aspect of the adsorption process, as it refers to the time required to stir between the 

composite beads and the dye solution. Figure 3 depicts the dependence curve of the adsorption 

efficiency versus pH, bead composite dosage, RBBR dye concentration, and contact duration. 

 
 

  

 

Figure 3. Effect of (a) pH, (b) adsorbent dose, (c) dye concentration, and (d) contact time on RBBR dye 

adsorption onto the activated carbon/alginate/chitosan composite beads 

As seen in Figure 3(a), adsorption efficiency drops as solution pH rises. In this work, the ideal 

adsorption efficiency of composite beads made of activated carbon, alginate, and chitosan was 

at pH 1. At low pH levels, where the adsorbent surface is positively charged, there is a 

tendency for the adsorption of dye molecules to increase due to the electrostatic attraction 

between the adsorbent surface and the anionic dye molecules [14]. Chitosan becomes 

protonated at low pH levels due to the presence of H+, with the dominating form being -NH3+. 

In this instance, the anionic dye compound RBBR interacts electrostatically with the adsorbent 

with ease, increasing the dye removal value. The adsorbent is better suited for adsorbing dyes, 

resulting in this occurrence. This was in line with a previous study [32]. Meanwhile, at high 

pH levels, the adsorbent surface has a negative charge due to the deprotonation of active sites 

(a) (b) 

(c) (d) 
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like OH becoming O-, which aids in the reduction of dye adsorption due to electrostatic 

repulsion between anionic dye molecules and the adsorbent surface. In addition, the presence 

of OH- will make RBBR compete to interact ionically with the adsorbent. Thus, the dye removal 

value will not be higher than in acidic conditions [3].  

The adsorption efficiency versus the adsorbent dosage is shown in Figure 3(b). As the dosage 

of adsorbent was raised, caused the percentage of adsorption also rose. Increasing active sites 

on the adsorbent's surface is caused by increased adsorbent dosage. Therefore, more dye 

molecules can adsorb to the adsorbent's surface. However, a higher dosage of the adsorbent 

resulted in the adsorbent aggregating, which decreased the surface area and, ultimately, the 

adsorption efficiency decreased. In this investigation, the ideal dosage of composite bead for 

RBBR adsorption was 0.08 g, and it had an adsorption rate of more than 80% for RBBR dye. 

The optimum adsorbent dose in this study was much less than in the previous study [32], 

namely 2 g, with an adsorption efficiency of 80%. 

According to Figure 3(c), the RBBR dye solution at 125 mg/L concentration produced an 

adsorption efficiency of about 48.9%. The adsorbent's adsorption rate decreases with 

decreasing RBBR dye solution concentration. The saturation of the adsorbent of activated 

carbon/alginate/chitosan composite beads against the adsorbate of dye molecules in the 

solution is not visible. According to the molecular collision concept, more molecules hit and 

react with the adsorbent as the concentration of RBBR dye increases, enhancing adsorption 

efficiency. This result is similar to the previous study  [32]. 

The impact of contact duration on the activated carbon/alginate/chitosan composite beads' 

ability to adsorb dyes is depicted in Figure 3(d). Because the adsorbent's active sites are still 

empty at the start of the contact time, the dye molecules can readily cling to the surface of the 

adsorbent, leading to high adsorption efficiency. When the contact time was increased, the 

adsorbent's adsorption capacity for the RBBR dye grew progressively; however, after 60 min, 

the adsorption efficiency for the RBBR dye dropped. The saturation in the active sites on the 

adsorbent is the cause of the decline in adsorption efficiency. The optimum contact time of this 

study was shorter than that of previous studies on the adsorption of RBBR dye using activated 

carbon from Thuja orientalis leaves [32].  

Kinetic Study of Adsorption 

A kinetic study of RBBR dye adsorption using a pseudo-first-order reaction model, a pseudo-
second-order, and an intraparticle diffusion model is shown in Figure 4a–c. A summary of the 
parameter calculations for each model is shown in Table 1. 

The adsorption reaction of RBBR dye using composite adsorbent follows a pseudo-second-

order response due to the highest correlation coefficient, R = 0.9908, compared to other models. 

This indicates that chemisorption is possibly the rate-limiting step that controls the adsorption 

process, in addition to different mechanisms, such as the electrostatic attraction of anionic 

RBBR dye with active sites on the composite surface  [20]., in line with the FTIR data. 
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Table 1. Constants and correlation coefficients in the kinetic model of RBBR adsorption on composites 

Parameter Kinetics Model 

Pseudo-first order Pseudo-second order Diffusion intraparticle  

R2 0.2936 0.9817 0.6211 

qe (mg g-1) 0.9789 1.8605 C=1.0584 

Reaction rate 
constant (k) 

k1=0.0009 min-1 k2=0.0620 g mg-1 min-1 kint=0.0711 mg g-1 min-1/2 

 
 

  

 

Figure 4. RBBR adsorption models: (a) pseudo-first-order reaction, (b) pseudo-second-order reaction, 

and (c) intraparticle diffusion model. 

Isotherm Model for the Adsorption 

The mechanism formed, and the process was described using the adsorption isotherm. When 

the adsorption process achieves an equilibrium state, the adsorption isotherm displays the 

state of the adsorption molecules dispersed between the liquid and solid phases. Adsorption 

isotherm analysis pertains to the widely recognized model of two isotherms (Langmuir and 

Freundlich) conducted at varying temperatures. Testing the linear regression equation of the 

Freundlich and Langmuir adsorption isotherms will reveal the kind of adsorption. The 

Langmuir isotherm was obtained using equations 1 and 2, and the curve was obtained by 

graphing Ce (ppm) and Ce/Qe (Figure 4(a)). The Freundlich isotherm was obtained using 

equations 3 and 4 by plotting log Qe vs. log Ce, as shown in Figure 4(b). 

(a) (b) 

(c) 
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Figure 4. Isotherm model for the adsorption of RBBR dye solution 

Langmuir's adsorption isotherm model is helpful for monolayer adsorption and supports 

adsorption on homogeneous adsorbent surface sites. At the same time, the isotherm model of 

Freundlich supports adsorption on surface heterogeneity and sites with different adsorption 

energy levels. The correlation coefficient, R2, compares how the isotherm equation is applied. 

According to Figure 4(a), the Langmuir isotherm model shows a coefficient of linearity (R2) of 

0.0112, whereas the graph of the Freundlich model in Figure 4(b) reveals a degree value (R2) 

of 0.9228. An overview of the two isotherm models' computation calculations is shown in Table 

2. 

Table 2. RBBR dye's summary of Freundlich and Langmuir isotherm parameters  

Model Isotherm Regression R2 Qm KL Kf n 

Langmuir y = 0.0117x + 13.906 0.0112 85.470 13.906 - - 

Freundlich y = 0.9125x - 1.0157 0.9228 - - 10.368 1.095 

 

The linearity degree value (R2) approaches the value of 1 to determine the equilibrium model. 

As a result, the adsorption isotherm utilized in this work is expected to follow the isotherm of 

Freundlich, which is consistent with earlier findings [8,14,35]. It was supported by FTIR data 

that several active sites of the composite play a role in adsorption (heterogeneous active sites), 

resulting in multilayer adsorption. The value of Kf and n in Freundlich’s model indicates that 

the adsorbent and adsorbate have reached equilibrium. A positive charge value indicates an 

equilibrium, but a negative value means no equilibrium. The adsorption intensity value (n) is 

1.095, and Kf is obtained as 10.368 L/g. There is an equilibrium because the result is positive. 

Therefore, activated carbon/alginate/chitosan composite beads are an effective adsorbent for 

removing RBBR dye. They have the potential to overcome the problem of water pollution by 

the dyes produced, one of which is from the textile industry. To be more economically 

profitable, efforts are needed to improve adsorption efficiency by modifying the composite 

structure, such as a layer-by-layer design. 

Reusability Test 

Since the second reuse, the composite has shown a decline in adsorption effectiveness. 

However, this decrease still suggests that the composite is suitable for reuse as an absorbent. 

Figure 5 demonstrates that the most significant reduction in reuse efficiency occurred in the 
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fifth cycle, with the remaining efficiency at 51.6%. Reusing the composite as an effective 

adsorbent is recommended until the fourth cycle (with adsorption effectiveness more 

significant than 60%). The use of NaOH performs well as a desorption agent, breaking the 

dye's RBBR bond with the composite, but also reduces adsorption effectiveness in the 

following cycle due to changes in the composite structure. The desorption process with dilute 

NaOH may affect the composite's active sites, specifically the deprotonation of amines, 

hydroxyls, and carbonyls. The %efficiency decrease was in line with previous research that 

utilized chitosan-alginate composite added with activated carbon from leather waste [36].  

Similar research using activated carbon as an RBBR adsorbent also showed a decrease in 

efficiency of up to 73% in the fourth reuse [32]. 

 

Figure 5. The %reuse efficiency adsorption in the composite life cycle. 

Conclusion 

A round activated carbon/alginate/chitosan composite bead with the properties of a solid, 

hard, black granular material with uniform size and shape was effectively synthesized. The 

composite has more protrusions, grooves, and asymmetric pores than activated carbon. FTIR 

analysis confirmed the enrichment of functional groups in activated carbon/alginate/chitosan 

composite, including OH, N-H, protonated amine, and carboxylate from the constituent 

polymers. These groups also serve as active sites for adsorbents. The composite's dye 

adsorption is most effective at pH 1, with an adsorbent dose of 0.08 g, a solution concentration 

of 125 mg/L RBBR dye, and a contact period of 60 minutes. The kinetic model of pseudo-

second adsorption order indicates that chemisorption occurs in RBBR adsorption. The 

Freundlich isotherm model is suitable for composite beads, indicating heterogeneous or 

several active sites contributing to adsorption and resulting in multilayer adsorption. The 

synergistic characteristics of components play a crucial role in improving dye removal 

efficiency as well as the composite's endurance to acid and basic environments, proven by the 

effectiveness of reuse up to 4 times. Thus, based on sustainable natural resources, the activated 

carbon/alginate/chitosan composite beads offer a novel pathway for efficient color removal.   
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