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Abstract: This study discusses kapok husk (KH) activated by HNO3 as a bio-
sorbent for methylene blue dye and analyses its adsorption ability. The adsorp-
tion capacity of KH is 330.161 mg g-1 with optimum conditions at pH 9, con-
centration 5500 mg L-1, contact time 15 min, and biosorbent temperature 25 
°C. The isotherm study followed the Langmuir isotherm model, as seen from 
the R2 value of 0.9993 and maximum adsorption capacity of 312.5 mg g-1, 
which indicated a monolayer in the adsorption process. The kinetic data show 
that KH followed the pseudo-second-order model. The results of the TGA ana-
lysis show that thermal stability affects the performance of biosorbents in the 
adsorption process. FTIR and SEM-EDS characterisation results showed that 
electrostatic interactions, cation exchange, and pore filling regulate the meth-
ylene blue dye adsorption mechanism on the surface of the KH. The reusability 
of KH through adsorption–desorption cycle analysis was achieved five times. This 
indicates that the biosorbent can be economically feasible for real wastewater 
treatment based on its good reusability and simple preparation and activation. 
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INTRODUCTION 
The textile industry has grown rapidly, accounting for two-thirds of the total 

dyestuff market. About 5–15 % of the dye is released into the wastewater during 
the dyeing process.1,2 Water availability for various needs tends to decrease 
quantitatively and qualitatively. On the other hand, water demand tends to inc-
rease, so water resource management problems always arise. If the liquid waste is 
discharged into water bodies, it can harm human health.3,4 The growth of toxic 
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waste metal contamination in the environment was caused by increasing ind-
ustrial activities and human lifestyle.5 Synthetic dyes often used in industry were 
derivatives of indigo, anthraquinone, sulfur, triphenylmethyl (trityl) and azo. 
However, most synthetic dyes currently used in the industry were azo derivat-
ives.1 Methylene blue (MB) is one of the dyes used in the industry. MB can 
cause eye burns that result in permanent eye injury in humans and aquatic 
animals. MB can also cause gastrointestinal irritation with nausea, vomiting, 
diarrhoea, and skin irritation symptoms.6  

One alternative that researchers widely use for dye wastewater treatment is 
the adsorption method. Nowadays, the researcher is concerned with producing 
low-cost adsorbents as an alternative material, such as using organic solid waste 
from agricultural and fishery by-products.4 Several adsorbents have been rep-
orted for MB dye removals, such as bivalve shells (1 mg g-1)7, lala clam shells 
(9.615 mg g-1)8, catappa shells (88.620 mg g-1) 9, lemongrass leaves (43.160 mg 
g-1) 10 and activated carbon from starch (38.314 mg g-1).11 The modification and 
carbonization process which requires high costs but has a lower adsorption cap-
acity, is a consideration for researchers, so it is necessary to find an efficient, 
low-cost, abundant and environmentally friendly adsorbent. This research used 
chemically activated kapok waste to remove methylene blue dye. 

Kapok (Ceiba pentandra L.) is a plant found in tropical forests in Indonesia. 
This plant is cultivated to use fibres as a filling material for pillows, mattresses, 
cushions, etc. Using kapok produces waste or by-products in the form of husk, 
which is usually thrown into the environment or burned, harming the environ-
ment. This kapok husk contains carbohydrates, and lignin has an active side that 
can absorb cationic pollutants.12 

Previous research has been reported on using kapok husk to remove Pb(II) 
and Cd(II) ions with adsorption capacity of 223.72 and 88.70 mg g-1, respect-
ively. 13 Meanwhile, the adsorption of dyes using kapok peel has never been 
done before, so kapok husk was investigated as an MB adsorbent with the batch 
method by taking into account the parameters of pH, concentration, contact time 
and heating temperature of the biosorbent. The isotherm analysis, kinetic ana-
lysis, and characterization of biosorbent were studied in order to determine the 
adsorption mechanism of MB dye on kapok husk. 

EXPERIMENTAL 
Materials and methods 

Kapok husk (Ceiba pentandra L.) samples were collected from the Ombilin kapok plant-
ation in West Sumatera, Indonesia. Methylene blue, HNO3, NaOH, buffer solution and acetic 
acid were purchased from Merck. Methylene blue dye was diluted with double-distilled water 
to make a stock solution. The pH of the solution was adjusted using NaOH (0.01 M) and 
HNO3 (0.01 M). The initial and final concentration of the solution was measured using a UV– 
–Vis spectrophotometer (Genesys 20 Thermo Scientific).  
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Preparation and activation of Kapok husk biosorbent 
The kapok husk was cleaned and dried, cut into small pieces, and ground using a grinder. 

Then, the size was uniformed using a 400 mesh sieve (≤36 µm) to form a powder.13 The 
kapok husk powder was soaked for 3 h in 0.01 M HNO3 with a ratio of powder to HNO3 of 
1:3.14 After that, it was washed with distilled water until the pH was neutral, filtered and air- 
-dried.13,15 pHpzc was determined by adding 0.1 g of kapok peel powder into 25 mL of 0.1 M 
KCl solution at pH 2–9, then stirring for 24 h. Then, the initial pH versus ΔpH (final pH–ini-
tial pH) was plotted and the point of intersection at y = 0 was obtained.9,13

 

Biosorbent characterization 
The biosorbents were characterized by Fourier transform infra-red spectroscopy (FTIR), 

scanning electron microscope with energy dispersive spectroscopy (SEM-EDS), X-ray fluor-
escence (XRF) and thermogravimetric analysis (TGA). FTIR (IRTracer-100-Shimadzu) ana-
lysed the kapok husk’s functional groups before and after dye adsorption. SEM-EDS (Inspect 
F50) was used to analyse the surface morphology of kapok husk before and after dye adsorp-
tion. XRF (PANanalytical Epsilon 3) was used to determine the chemical composition of 
kapok husk before and after dye adsorption. TGA (Shimadzu DTG-60) was used to observe 
changes in mass with a function of time and temperature. 
Biosorption studies 

Using a batch system, the adsorption process was investigated. Batch studies were car-
ried out at various pH (5–10), initial MB dye concentration (300–6000 mg L-1), contact time 
(5–60 min) and biosorbent temperature (25, 50, 75 and 100 °C), with 10 ml of dye solution, 
biosorbent mass 0.1 g, and stirring speed 150 rpm. The mixture was filtered and analysed by 
UV–Vis spectrophotometer at 664 nm. The amount of MB dye adsorbed into the adsorbent 
was calculated by the following equation: 

 0 e
e

( )V C Cq
m
−=  (1) 

where C0: initial dye concentration (mg L-1); Ce: concentration of dye at equilibrium (mg L-1); 
V : volume of solution (L); m: amount of biomass (g).16 

RESULTS AND DISCUSSION 

Biosorbent characterization 
Characterization of biosorbent using FTIR. Functional groups on the kapok 

husk surface (KH) were identified by FTIR spectral analysis. The FTIR spectrum 
of the KH before and after MB dye adsorption is shown in Fig. 1. FTIR analysis 
was carried out from wave numbers 400–4000 cm–1, which can be seen in Fig. 1. 
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Fig. 1. FTIR spectrum of KH before and after MB dye adsorption. 

Fig. 1 shows a peak at wave number 3294.49 cm–1 before adsorption, indi-
cating the presence of O–H stretching alcohol or intermolecular hydrogen bonds 
of carbohydrates in organic compounds (such as cellulose, hemicellulose and lig-
nin). This wave figure shifted to 3284.77 cm–1 after KH adsorbed MB. This shift 
suggested the formation of bonds between the MB dye and the hydroxyl group 
(–OH) of the biosorbent.14 The peak at 896.86 cm–1 was shifted to 883.40 cm–1, 
indicating that the C–O bending group (alkene) contributed to the adsorption pro-
cess. The wave number shift also occurred in the functional groups O–H alcohol 
(1369.96 cm–1) and O–H carboxylic acids (1417.68 cm–1). Oxygen-containing 
functional groups such as alcohols and carboxylic acids could bind to methylene 
blue molecules.17 The shift in the wave number to either a larger or a smaller 
number indicates a change in the vibrational energy and a change in the inter and 
intra-molecular bonds in the biosorbent structure, as well as an interaction 
between the biosorbent functional group and MB dye in the form of electrostatic 
interactions.18 The presence of MB molecules on the surface of the biosorbent 
was proved by the shift of the C–N group of aromatic amines from 1244.09 to 
1246.02 cm–1. A heterocyclic amine and an amine group linked to an aromatic 
ring make up the dye MB.10 

Characterization of biosorbent using SEM-EDS. SEM-EDS analysis pro-
vides information on the surface morphology and chemical composition of the 
biosorbent. The electrons from the high-energy beam used during SEM analysis 
interact with the atoms of the material’s surface matrix, producing various types 
of signals containing information about the sample’s surface morphology and the 
results are obtained in photographs.19 SEM testing can also provide qualitative 
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information regarding the distribution pattern of methylene blue dye on the sur-
face of the biosorbent.20 The sample testing results using SEM can be seen in Fig. 2. 

 
Fig. 2. SEM photos of kapok husk (a) before and (b) after adsorption. 

Fig. 2 (a and b) shows the surface of the biosorbent before and after the 
adsorption of methylene blue at a magnification of 8000 times. In Fig. 2a, it can 
be seen that the surface of the biosorbent before the adsorption of the dye has a 
rough surface and has large cavities and pores. Based on the size of the hole and 
pores, it can be assumed that the holes and pores in the biosorbent most likely 
play a role in the adsorption of methylene blue dye. Fig 2b confirms that cavities 
and pores play a role in the adsorption of methylene blue dye, where the surface 
of the biosorbent, after adsorption MB, becomes smoother due to the trapping of 
methylene blue dye molecules and covers the cavities and pores of the biosor-
bent. This indicates that the process of adsorbing methylene blue dyes, apart from 
occurring chemically due to the abundance of functional groups on the surface, 
also occurs physically through the pores on the surface of the biosorbent.21 The 
same result was reported by Mosoarca et al.22 

In addition to qualitatively analysing the surface morphology of the biosor-
bent, SEM-EDS can also explore the abundance of elements present on the sur-
face of the biosorbent and prove the adsorption of methylene blue dye on the sur-
face of the biosorbent and confirmed by the results of the EDS analysis. Table I 
displays the EDS analysis outcomes of biosorbents before and after adsorption. 

TABLE I. The relative abundance of elements (%) on the surface of the biosorbent (KH) 
before and after MB adsorption 
Element Before adsorption After adsorption 
C 27.78 35.55 
O 61.96 51.69 
Si 0.90 0.68 
S 3.28 9.42 
Ca 6.08 2.67 
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Based on Table I, elements O and C were more dominant than other ele-
ments. The biosorbent was an organic compound rich in C and O atoms. The bio-
sorbent’s increase in the percentage of C and S elements demonstrates that it suc-
cessfully adsorbed the methylene blue dye.23 Due to the presence of these ele-
ments throughout the adsorption process, the percentage of O, Si and Ca ele-
ments decreased following the adsorption of the methylene blue dye. The same 
result has been reported by Zein et al.,10 where lemongrass leaves biowaste in the 
EDS analysis for elements C and S showed an increase in the percentage of 
elements, while elements O, Si, and Ca showed a decrease in the percentage of 
elements due to the formation of various interactions between dyes and biosor-
bents during adsorption process.  

Characterization of biosorbent using XRF. XRF analysis provides inform-
ation on the chemical composition of kapok husk before and after dye adsorp-
tion.24 XRF analysis was also associated with EDS analysis. XRF analysis can be 
seen in Table II. 

TABLE II. Chemical composition (%) of kapok husk before and after MB dye adsorption 
Element/Oxide KH KH + MB 
K 11.026 0.24 
K2O 9.652 0.117 
S 3.452 62.932 
SO3 7.035 76.525 
Si 1.222 0.534 
SiO2 2.038 1.15 

Table II shows that the dominant KH contains K and K2O, where the per-
centage of K and K2O was above 9 %. It can be seen that the adsorption of 
methylene blue on the KH biosorbent significantly reduces of the K element. The 
K element decreased from 11.026 to 0.24 %, indicating that the site occupied by 
both K elements was replaced by methylene blue during the adsorption process, 
indicating the occurrence of cation exchange.24,25 Element S in KH biosorbent 
increased significantly from 3.452 to 63.932 %, indicating that both biosorbents 
have adsorbed methylene blue.9 

Characterization of biosorbent using TGA. TGA analysis aims to determine 
the mass fraction and stability of the biosorbent against high-temperature treat-
ment. 10,21 The biosorbent thermogram can be seen in Fig. 3. 

The results of TGA analysis on kapok husk showed a degradation step, as 
shown in Fig. 3. The first stage at a temperature of 25 to 100 °C decreased the 
initial mass due to the loss of water molecules and volatile compounds on the 
surface of the biosorbent, so that the pores of the biosorbent were wide open.18 In 
the second stage, at a temperature of 100–350 °C, the biosorbent decomposes at 
temperatures above 200 °C for the structural units of cellulose, hemicellulose and 
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lignin, which form CO2 gas and water.26,27 At this stage, the destruction of all 
functional groups causes the adsorption capacity to be lower. In the third stage 
(>350 °C), the decomposition of biosorbent solid residues forms ash.10 

 
Fig. 3. Thermogram of kapok husk. 

Analysis of pHpzc 

pHpzc was a pH value indicating that a solid’s surface has a zero charge. 
pHpzc was used to measure or determine the electrokinetic properties of a sur-
face.28 The pH value describes the point of zero charges only for systems where 
H+/OH− was the potential determining ion. Due to the presence of functional 
groups such as OH− groups, the adsorption of cationic dyes was favoured at pH > 
pHpzc.29 In contrast, adsorption of anionic dyes was favoured at pH < pHpzc, 
where the surface becomes positively charged.30 

In this study, pHpzc was used to detect the zero charge of kapok husk. Fig. 4 
shows that the pHpzc of kapok husk was 7.3. This proves that the zero charge on 
the kapok husk was at pH 7.3. The removal process of cationic dyes in aqueous 
solutions using kapok husk at a pH above 7.3. Meanwhile, a pH value lower than 
7.3 was not favourable for the adsorption of cationic dyes. 

Effect of pH 
Changes in pH solution have a strong influence on the adsorption process. 

The adsorption capacity of methylene blue dye by the kapok husk biosorbent 
increased until it reached the optimum solution pH at pH 9. The effect of this pH 
could be explained by the pHpzc of the kapok husk, which was 7.3. At values 
higher than pHpzc, the kapok husk particles acquire a negative surface charge, 
which leads to a stronger electrostatic attraction, making them suitable for 
adsorption of the cationic dye methylene blue.31 Zein et al. also reported that the 
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optimum pH for MB adsorption using lemongrass leaves biowaste was pH 9.10 
The effect of pH on the adsorption capacity was shown in Fig 5. 

Fig. 4. pHpzc for kapok husk. 

Fig. 5. Effect of the pH on methylene 
blue dye adsorption capacity. Experi-
mental conditions: C0: 10 mg L-1; 
biosorbent mass: 0.1 g; stirring speed: 
150 rpm; contact time: 60 min; par-
ticle size : ≤36 µm; MB volume: 10 
mL. 

Effect of initial concentration 
The initial concentration of the dye affects the adsorption capacity value and 

shows the mechanism that occurs during the adsorption process. The MB dye 
concentration used to study KH adsorption capacity was 300–6000 mg L–1 with 
an optimum pH of 9. Fig. 6 shows the adsorption capacity value increased from 
300 mg L–1 to a concentration of 5500 mg L–1 with a capacity of adsorption of 
314.08 mg g–1. Meanwhile, at a concentration higher than 5500 mg L–1, the ads-
orption capacity value decreased to 306.70 mg g–1 at 6000 mg L–1. It can be 
assumed that the optimal adsorption capacity of KH was 314.08 mg g–1 at a con-
centration of 5500 mg L–1. 

The driving force or mobility of the dye molecules to diffuse will rise with 
an increase in the initial concentration of MB. As a result, mass was transferred 
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from the liquid phase (the dye solution) to the solid phase (the biosorbent), inc-
reasing the adsorption capacity. If it is supposed the MB concentration increases 
higher than the optimal adsorption capacity, 10 it will interfere with the inter-
action between KH and MB during the adsorption process so that the adsorption 
capacity decreases.9 

Fig. 6. Effect of the initial concen-
tration on methylene blue dye ads-
orption capacity. Experimental con-
ditions: pH: 9; biosorbent mass: 0.1 
g; stirring speed: 150 rpm; contact 
time: 60 min; particle size: ≤36 µm; 
MB volume: 10 mL. 

Effect of contact time 
The influence of contact time on the biosorption process was conducted 

within 5, 15, 30, 45 and 60 min. The effect of contact time on the value of the 
adsorption capacity of KH can be seen in Fig 7. Fig 7 shows the adsorption 
capacity increased with the contact time from 5 to 15 min with an adsorption cap-
acity value of 330.16 mg g–1. However, after 15 min, the adsorption capacity 
decreased. In this study, it was assumed that the optimum contact time and equi-
librium were reached within 15 min with the optimum adsorption capacity of 
330.16 mg g–1. Numerous positively charged adsorbent surfaces were readily 
available, which speeds up the adsorption process on KH. The adsorption process 
moves slowly because the active site of KH has been saturated after 15 min, and 
there was a repulsive interaction between MB and KH molecules.32 The similar 
contact time results on cationic dye adsorption were observed using Terminalia 
catappa9 and Lemongrass leaves biowaste.10 

Effect of biosorbent temperature 
The study of the temperature dependence of the sorption reaction provides 

valuable information about the enthalpy changes during adsorption. In addition, 
temperature changes will make the equilibrium capacity of the adsorbent differ-
ent for a particular adsorbate.33 Because many wastes containing different dyes 
were produced and disposed of at relatively high temperatures.34 Therefore, to 
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determine the effect of heating temperature, the adsorption experiments were 
carried out at 25, 50, 75, and 100 °C, respectively, as shown in Fig. 8. 

Fig. 7. Effect of the contact time on 
methylene blue dye adsorption cap-
acity. Experimental conditions: pH: 
9; C0: 5500 mg L-1; biosorbent 
mass: 0.1 g; stirring speed: 150 rpm; 
particle size: ≤36 µm; MB volume: 
10 mL. 

 

Fig. 8. Effect of the biosorbent tem-
perature on methylene blue dye ads-
orption capacity. Experimental con-
ditions: pH: 9; C0: 5500 mg L-1; 
biosorbent mass: 0.1 g; stirring speed: 
150 rpm; contact time: 15 min; par-
ticle size: ≤36 µm; MB volume: 10 
mL. 

Fig. 8 shows the effect of the biosorbent's heating temperature for KH was 
achieved at 25 °C with an adsorption capacity of 330.16 mg g–1. After the tem-
perature was above 25 °C, the adsorption capacity decreased. This was due to 
damage to the biosorbent. Zein also reported the same thing for lemongrass 
leaves biowaste biosorbent, where the heating temperature of the biosorbent was 
reached at 25 °C.10 
Equilibrium isotherm modelling 
The adsorption isotherm model can describe the interaction between the adsor-
bent and adsorbate, which is an important factor in optimizing the use of the ads-
orbent35 and the results can be seen in Fig. 9. 
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Based on Fig. 9, it can be seen that the R2 value in the Langmuir isotherm 
model was 0.9993 for KH. The value of R2, which was close to 1, indicates that 
the adsorption process follows the Langmuir isotherm model. The Langmuir iso-
therm applies to the adsorption of a solute from a liquid solution when it corres-
ponds to the adsorption of a single layer (monolayer) on the surface.36 The value 
of each parameter of the adsorption isotherm model was used to predict the ads-
orption mechanism during the process and represented in Table III. 

 
Fig. 9. Linear plots of: a) Freundlich isotherm and b) Langmuir isotherm for adsorption 

methylene blue dye by kapok husk. 

Table III. Parameters of the adsorption isotherm model for adsorption MB dye by KH 
Isotherm model Constant Value 
Langmuir qm / mg g-1 312.5000 

KL / L mg-1 0.0594 
R2 0.9993 
RL 0.0028–0.6275 
KF 20.8929 

Freundlich 1/n 0.41835 
R2 0.7661 

Kinetics modelling 
In order to increase adsorption effectiveness and process scale factor, the 

kinetic model’s definition of the adsorption mechanism has been helpful.37 The 
physical and chemical characteristics of the adsorbent and the mass transmission 
method were crucial factors to consider when determining the adsorption mech-
anism.9 The curve for pseudo-first-order, pseudo-second-order and intra-particle 
diffusion models to the contact time data were represented in Fig. 10 (a–c). As 
shown in Fig. 10a, a pseudo-first-order model allowed researchers to study the 
adsorption mechanism. The values of k1 and qe were determined from the inter-
cept and slope of the plot of ln (qe – qt) versus t curve (y = 0.0122x + 1.7576, 
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R2 = 0.046). As observed in Fig. 10b, the k2 and qe for the pseudo-second-order 
model were determined from the intercept and slope of the t/qt versus t curve (y = 
0.0032x – 0.001, R2 = 0.9995). As shown in Fig. 10c, the intercept and slope of 
the t1/2 versus qt plot (y = 0.0566x – 12.771, R2 = 0.064) will give information 
about Kdiff and C value.38 

 
Fig. 10. Kinetic plots of: a) pseudo-first-order, b) pseudo-second-order and c) intra-particle 

diffusion for adsorption methylene blue dye by kapok husk. 

The k1 and k2 were obtained with value –0.0122 and 0.0102 min–1, res-
pectively. The correlation coefficient value (R2) obtained from pseudo-second- 
-order kinetics (0.9995) was higher than the value from pseudo-first-order 
(0.046) and intra-particle diffusion (0.064). The lower value of R2 from pseudo- 
-first order and intra-particle diffusion models indicated that the MB dye adsorp-
tion does not occur through diffusion and multilayer formation. The pseudo-sec-
ond-order kinetics can adequately describe the adsorption of methylene blue by 
KH by chemisorption (chemical interaction).9  

Adsorption–desorption analysis 
The adsorption–desorption analysis was an important parameter to evaluate 

the regeneration/reusability of a biosorbent so that it can be estimated on a large 
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scale.4 Reusability study was analysed by immersing the biosorbent using a 
desorbing agent. The desorption agent selected must be effective, environment-
ally friendly, and low-cost. One of the methylene blue desorption agents reported 
and effectively used was 30 % acetic acid.9 30 % acetic acid as a desorption 
agent causes electrostatic repulsion between methylene blue and the surface of 
the biosorbent so that methylene blue is released from the surface of the adsor-
bent.39 The adsorption–desorption cycle for the KH biosorbent can be seen in 
Fig. 11. 

 
Fig. 11. Adsorption-desorption cycle of methylene blue dye onto kapok husk. 

Fig. 11 shows the reusability of the biosorbent, which was reused for five 
cycles. The adsorption percentage decreased from the first (99.6 %) to the fifth 
(91.93 %) cycle. Zein et al. revealed that the active site on the surface of the 
biosorbent was saturated with methylene blue molecules, which was why the ads-
orption percentage declined with increasing cycles. Extreme pH circumstances 
trigger the degradation of biosorbent, which also exhibits blocked pores and act-
ive sites on its surface.10 

Biosorption mechanism 
The mechanism of biosorption was important to determine, which can pre-

dict how the mechanism of adsorption occurs from the data obtained. The bio-
sorption mechanism can be predicted using the results of the influence of opti-
mum conditions, adsorption isotherm studies, adsorption kinetics studies and bio-
sorbent characterization using FTIR and SEM-EDS.9,10 The adsorption mech-
anism can be made based on the above explanation. This is represented in Fig. 12. 
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Fig. 12. Adsorption mechanism prediction of removal methylene blue dye onto kapok husk. 

Based on Fig. 12, the adsorption mechanism between adsorbent and adsor-
bate was obtained from the data of pHpzc biosorbent KH (pHpzc 7.3), and the 
positive and negative charges on the surface of the biosorbent will be the same. 
For the adsorption of cationic dyes, the pH value must be greater than pHpzc. It 
was intended that the functional groups on the surface of the biosorbent were 
deprotonated so that it would make the surface of the biosorbent negatively 
charged.40 At the same time, the methylene blue will be protonated so that cat-
ionic exchange and electrostatic interactions occur between cationic methylene 
blue and negatively charged KH biosorbent. The EDS and XRF analysis results 
showed the cation exchange during the adsorption of methylene blue dye on the 
surface of the biosorbent. SEM analysis showed the results on the surface of the 
biosorbent before and after adsorption. A smoother surface after adsorption 
occurs due to the filling of biosorbent pores by methylene blue dye. 

The adsorption ability of methylene blue by KH biosorbent was compared 
with other biosorbents. This needs to be done to see how far the research pro-
gresses and how it is positioned among the advantages and disadvantages of 
other biosorbents. A comparison of KH biosorbent with other biosorbents can be 
seen in Table IV. Table IV shows that the KH adsorption capacity value is close 
to the adsorption capacity value of the activated carbon from agricultural solid 
waste.41,42 This could indicate that chemically activated KH performs well with 
high adsorption capacity, low cost, and environmental friendliness. 

Application in real wastewater treatment 
This work investigated kapok husk’s efficiency in the biosorption of meth-

ylene blue dye removal in wastewater. Due to other competitive species in real 
wastewater, performance was typically lower than in experiments.9 The waste-
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water used in this study was sourced from the Environmental Chemistry Labor-
atory, Andalas University. Table V shows the results of applying the optimum 
conditions for MB adsorption in wastewater. 

TABLE IV. Ability of kapok husk adsorbent for removal methylene blue dye in comparison 
to other adsorbents 
No Biosorbent qm / mg g-1 Reference 
1 Kapok husk 330.16 This study 
2 Activated carbon from tea seed shells 324.70 42 

3 Activated carbon derived from lignocellulosic agriculture 
wastes 148.80 41 

4 Walnut shells powder 178.90 43 
5 Coconut leaf 112.35 44 
6 Terminalia catappa 88.62 9 
7 Lemongrass leaves biowaste 43.15 10 
8 Platanus orientalis leaf powder 114.94 38 
9 Carbon-coated magnetic nanocomposite 110.63 45 
10 Streptomyces fradiae biomass 59.63 46 

Table V. Removal performance of kapok husk on real wastwater 
Waste code pH Biosorbent temperature, °C C0 / mg L-1 Ce / mg L-1 R / % 
Real 7.245 25 1.8445 0.2627 85.76 
Optimum 9 25 2.1341 0.1877 91.21 

Table V shows that good % removal was achieved for the adsorption of 
methylene blue dye in wastewater at optimum pH for biosorbent. At the pH of 
the natural solution (without adjusting the pH), the percentage of removal (%) 
obtained was lower than by adjusting the pH first. This informs that KH can be 
an excellent biosorbent to remove MB dye in aqueous solutions. Biosorbent resi-
dues can be used in concrete mixes to remove adsorbents. Another safe disposal 
method can be the impregnation in polymer resins and other cement mixtures.9,15 

CONCLUSION 

The MB dye adsorption process using KH has good results. The adsorption 
capacity of KH was 330.161 mg g–1 with optimum conditions at pH 9, a con-
centration of 5500 mg L–1, a contact time of 15 min, and a heating temperature of 
25 °C. The isotherm study followed the Langmuir isotherm model, as seen from 
the R2 value of 0.9993, which indicated a monolayer layer in the adsorption pro-
cess. The kinetic data show that KH follows a pseudo-second-order kinetic 
model. The adsorption-desorption results showed that the biosorbent gave an ads-
orption–desorption cycle of five times; this indicates that the biosorbent can be 
economically feasible for real wastewater treatment based on its good reuse pot-

___________________________________________________________________________________________________________________________

(CC) 2024 Serbian Chemical Society.

Available online at: http://www.shd.org.rs/JSCS



138 FATHONY, RAMADHANI and DESWATI 

ential. Applying biosorbent to laboratory liquid waste and textile industry waste 
gives a high % removal result of above 90% at optimum biosorbent conditions.  
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И З В О Д  

ОЛАКШАН ПРОЦЕС ХЕМИЈСКЕ АКТИВАЦИЈЕ КАПОК ЉУСКЕ КАО ЈЕФТИНОГ 
БИОСОРБЕНТА ЗА УКЛАЊАЊЕ МЕТИЛЕН ПЛАВЕ БОЈЕ У ВОДЕНОМ РАСТВОРУ 
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1Laboratory of Environmental Analytical Chemistry, Department of Chemistry, Andalas University, Padang 
25163, Indonesia, 2Research Center for Chemistry, National Research and Innovation Agency of Indonesia, 
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Ова студија разматра капок љуску (KH) активирану помоћу HNO3, као потенци-
јални биосорбент за метилен плаву боју (MB), и анализира њену способност адсорпције. 
Капацитет адсорпције KH је 330,161 mg g-1 при оптималним условима: pH 9, концен-
трација 5500 mg L-1, време контакта 15 min и температура биосорбента 25 °C. Студија 
изотерме је пратила Ленгмиров модел, што се види из вредности R2 од 0,9993, и макси-
малног капацитета адсорпције од 312,5 mg g-1, што указује на монослој у процесу 
адсорпције. Кинетички подаци показују да KH следи модел псеудо-другог реда. Резул-
тати TGA анализе показују да термичка стабилност утиче на перформансе биосорбената 
у процесу адсорпције. Резултати FTIR и SEM-EDS карактеризације су показали да елек-
тростатичке интеракције, размена катјона и попуњавање пора регулишу механизам 
адсорпције MB на површини KH. Поновна употреба KH кроз циклус адсорпције–десорп-
ције постигнута је пет пута. Биосорбент може бити економски исплатив за прави трет-
ман отпадних вода на основу могућности његове добре поновне употребе и једноставног 
начина припреме и активирања. 

(Примљено 3. марта, ревидирано 19. маја, прихваћено 29. октобра 2023) 
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