
Effective Removal of Indigo Carmine in Aqueous Solutions using a Low-
Cost Adsorbent Developed from Corn Husk Waste: Synthesis, Batch, and 
Optimization Studies 

Tuti Handayani1,2  | Emriadi1  | Deswati1  | Putri Ramadhani1  | Rahmiana Zein1  

1. Department of Chemistry, Faculty of Mathematics and Natural Sciences, Andalas University, PO Box 25163 Padang, 
Indonesia.
2. Department of Pharmacy, Fort De Kock University, PO Box 26117 Bukittinggi, Indonesia.

INTRODUCTION

A significant environmental worry is increased water contamination by humans, technical 
advancements, and the quickening of industry expansion. Synthetic dyes and chemicals in the 
industry produce large amounts of contaminated water (Islam et al., 2021). The dye residue 
disturbs the natural processes of receiving water by blocking the light needed for photosynthesis 
and leaving an unsightly aesthetic impression. In addition, these dyes can be accumulated 
in aquatic animals and, consequently, get into the alimentary chain and reach human beings 
(Bazan & Robert, 2023; Lakshmi et al., 2009). According to the World Health Organization and 
the United Nations Educational, Scientific, and Cultural Organization standards, toxic dyes are 
a major public concern; indigo carmine at a concentration above 0.005 mg/L is unacceptable 
in water. This has led to the development of effective treatment solutions for wastewater-
containing dyes. 

Adsorption was a popular procedure that is frequently used to remove the dye. Adsorbents 
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Acid-activated corn husk waste (CHW) was used to investigate the adsorption mechanism of 
Indigo Carmine (IC) dye from an aqueous solution. The effect of different operating parameters 
such as pH (1-7), initial IC dye concentration (40-400 mg/L), contact time (5-75 min), and 
heating temperature (25–200 °C) was measured on the removal of IC dye by the CHW. The 
maximum uptake of IC dye was observed at an initial pH of 2. The maximum capacity of 
13.57 mg/g and the maximum dye removal of 89.01 % in wastewater. The adsorbents were 
characterized using Fourier Transforms Infrared Spectrophotometry (FTIR), Scanning Electron 
Microscopy (SEM), Brunauer-Emmett-Teller (BET) surface area analysis, X-ray Fluorescence 
(XRF), and Thermogravimetry Analysis. The characterization process reveals the differences 
in adsorbent characteristics before and after the adsorption processes. The Langmuir showed 
the best fitting (R2 = 0.977) and described multilayer adsorption on diverse surfaces. The 
pseudo-second-order kinetic model best correlated with the experimental data (R2 = 0.981). 
Thermodynamics revealed that adsorption was favorable spontaneous and exotherm. The 
study's results indicated that using CHW as a low-cost adsorbent to treat IC dye was efficient 
and beneficial to the environment.
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for dye degradation could be essential tools for wastewater treatment (Hwa et al., 2022). 
Several biosorbents have been reported, such as adsorption of Rhodamine B by Raspberry seed 
nanocarbon and Wheat flour (Bazan & Robert, 2023; Hasan et al., 2021), removal of Methylene 
blue by Turmeric powder, Lemongrass biowaste (Kubra etal., 2021; Zein et al., 2022), removal 
of methyl orange by rice flour and graham flour (Md. Munjur et al., 2020), removal of Congo 
Red dye from Industrial wastewater using Teucrium  polium L (Alamrani & Al-Aoh, 2021), 
removal of crystal violet by graham flour (Kubra et al., 2021), and use of Cinnamon bark 
(Güler et al., 2021) Terminalia catappa shells (Hevira et al., 2020), and activated Pomegranate 
peel (Abbas et al., 2022) to adsorb IC. The utilization of organic materials as biosorbents show 
excellent capability for the removal of dye.

Corn husk is an agricultural waste obtained from the cornfield after harvest. It was 
inexpensive and widely available. Corn husk has good adsorptive properties and has been used 
for the removal of various dyes (Malik et al., 2016; Paşka et al., 2014; Ponce et al., 2021), 
heavy metals (Paul et al., 2016; Sanka et al., 2020; Shan et al., 2013), and other compounds 
like phenol (Mishra et al., 2019; Sengupta & Balomajumder, 2014). The present study was 
intended to examine and explore the removal of IC dye using CHW. Based on the literature 
that has been read, there has never been a study on IC dye adsorption using CHW. The study 
was new research for utilizing the corn husk waste activated using acid (HNO3) as a low-cost 
biosorbent. The effects of adsorption parameters like pH, initial concentration, contact time, 
and heating temperature have been investigated. The equilibrium isotherm model with error 
functions, kinetic rate models, and thermodynamic parameters was also evaluated, presented, 
and discussed to predict and evaluate the adsorption mechanism. 

MATERIAL AND METHODS 

The process for making CHW is that the samples of corn husk were collected in Sangkir 
Lubuk Basung West Sumatera. The corn husk was washed with distilled water to remove 
impurities. After washing, it dried at room temperature for 1-2 weeks. The dried samples were 
ground and homogenized at ≤36 μm. Then an acid treatment was carried out by placing the corn 
husk powder in a 0.01M HNO3 solution for 120 minutes (Hevira et al., 2020), filtering, washing 
until neutral, and drying at 60 oC for 60 minutes (Amer et al., 2017).

The biosorption investigations were carried out using the batch methodology. Several 
parameters were investigated, pH (1–7) was adjusted by a pH buffer, initial dye concentration 
(40-400 mg/L), contact time (5–75 min), and heating temperature (25–200 °C by using 
spectrophotometry UV-vis (Shimadzu 1240) at a maximum absorbance wavelength of 609 nm 
while the sample solution was stirred at 100 rpm. Equations (1) and (2) were used to determine 
the equilibrium biosorption capacity of acid CHW for IC dye removal and removal efficiency 
(%R)(Yeo et al., 2023; Yous et al., 2019).

    (1)

    (2)

Where the mass of CHW is m (g), the initial IC dye concentration is C0 (mg/L), the final IC 
dye concentration is Ce (mg/L), and the volume of the IC dye solution is V (L).

The adsorption isotherm study was used to decide on the relevant isotherm model, which 
was an R2 value close to 1 (Ramesh et al., 2013). The experimental data from the initial 
concentration parameter was analyzed to investigate the adsorption isotherm study of the 
Langmuir, Freundlich, Temkin, and Dubinin-Radushkevic models. The linearised form of the 
models was described in Equations 3-6, respectively. 
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    (3)

   (4)

    (5)

   (6)

) 
  

   
Based on the separation factor value (RL), analysis of the Langmuir isotherm model may 

also help to determine whether the adsorption procedure is feasible (Ahmad & Ansari, 2020). 
Adsorption was irreversible and beneficial when RL = 0 and 0 < RL <1. Equation 7 can be 
employed to get the RL value. Adsorption was unfavorable when 0 < RL <1 and irreversible 
when RL = 0 (Ramadhani et al., 2021).

     (7)

The time-dependent adsorption capacity was analyzed using adsorption kinetics. An adsorption 
kinetics model was developed using contact time. The adsorption mechanism and rate-limiting 
phase were discovered by studying the kinetic models, Pseudo-first-order  (Equation 8) (Hoang 
et al., 2021), Pseudo-second-order (Equation 9) (Lagergren, 1898; Purnaningtyas et al., 2020), 
Intraparticle diffusion (Equation 10)  (Al-Abbad & Alakhras, 2020), Elovich (Equation 11)  
(Abbas et al., 2022). Applying a kinetic model occurs when R2 approaches 1 (Chandra et al., 
2019). 

   (8)

    (9)

    (10)

   (11)

RESULT AND DISCUSSION

FTIR was used to predict the functional groups involved in adsorption by analyzing the shift 
of the FTIR spectrum between 500 and 4000 cm-1. Figure 1 shows that the CHW contains several 
different types of functional groupings. From the FTIR spectrum, there are O-H functional 
groups in lignocellulosic (Cellulose, hemicellulose, and lignin), appearing at a wave number of 
3406 cm-1 was a hydroxyl group, C=C aromatic at 1639 cm-1. The peak at 1031 cm-1 indicates 
the presence of Si-O. In the spectrum, there is no significant shift in wave number before and 
after contact with IC dye, and there is cellulose, hemicellulose, and lignin in CHW.

SEM coupled with EDX was used to assess the morphological and surface characteristics of 
acid-activated CHW before and after IC dye removal. The SEM micrographs of the CHW are 
given in Figure 2. The pores of varying sizes on the surface of CHW are sufficiently big for IC 
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dye molecules to entangle and interact with the surface groups of Figure 2(a). In Figure 2(b), an 
SEM micrograph of IC dye-loaded CHW shows that the surface of the CHW becomes coated 
due to the molecules of IC dye entering the pores and structure of the cellulose. This porous 
structure’s closure indicates the adsorption given by the diffusion of the IC dye molecules that 
comprise the packed microstructure onto an appropriate surface. This phenomenon was proven 
by EDX results (Figure 2 (b)), where the percentage of oxygen atoms increased after the IC dye 

 
 
 

Figure 1. FTIR spectra of CHW before and after IC dye adsorption 
   

 
Figure 2. SEM-EDX of CHW before adsorption (a) and after adsorption (b) of indigo carmine 

dye (magnifications: 2000x) 
   

 

(a) 

(b) 

Fig. 1. FTIR spectra of CHW before and after IC dye adsorption

Fig. 2. SEM-EDX of CHW before adsorption (a) and after adsorption (b) of indigo carmine dye (magnifications: 
2000x)
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adsorption processes. They were also found in other biomass such as Terminalia catappa shells 
(Hevira et al., 2020), Pistia stratiotes dry (Ferreira et al., 2019), and rice husk ash (Lakshmi et 
al., 2009) after adsorbing IC dye.

BET was used to measure the surface area of solid or porous materials. The surface area of 
CHW before biosorption was 15.763 m2/g, and after biosorption of IC dye was 12.645 m2/g. 
It suggests that the surface area of the CHW has electrostatic interaction and contains active 
sites responsible for the removal of IC dye from an aqueous solution (Hevira et al., 2020). The 
total pore volume before the removal of IC dye was 0.0442 cm3/g, and after the removal of IC 
reduced to 0.0312 cm3/g. This reduction is related to IC dye’s occupation of adsorbent pores 
(Ferreira et al., 2019). The pore size distribution of the CHW biosorbent was determined using 
the Barrett–Joyner–Halenda (BJH) method, as shown in Figure 3.

The chemical composition of the adsorbents significantly affects the adsorption capacity, 
as they are made up of several natural fiber polymers. Determining chemical composition 
used gravimetric, Kendal, and soxhlet extraction methods. The main compounds of CHW are 
cellulose, hemicellulose, and lignin, as seen in Table 1. Other constituents are present in small 
amounts, such as fat, ash, extractives, and protein. 

XRF was used to investigate the composition of the inorganic compounds of CHW. Due 
to the exchange interaction between the IC dye and the cationic molecule or the change in 
composition following the biosorption of IC dye, the ratio of specific oxides changed. According 
to the data in Table 2, there was an increase in S after the biosorbent was exposed to IC dye. 
This finding suggests that IC dye containing S has been associated with CHW.

 
 

Figure 3. The pore size distribution of CHW 
   

Fig. 3. The pore size distribution of CHW

Table 1. Physicochemical composition of CHW. 
 

Parameter %
Cellulose 46.40 ± 0.12 

Hemicellulose 23.69 ± 0.12 
Lignin 11.70 ± 0.12 

Moisture 11.15 ± 0.01 
Ash 2.08 ± 0.01 

Lipid/Fat 6.05 ± 0.09 
Protein 1.18 ± 0.06 

Extractives 3.91
 
  

Table 1. Physicochemical composition of CHW.
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The optimum condition in the removal operation is determined, such as pH, initial dye 
concentrations, contact time, and temperature. The pH of the solution was one of the most 
crucial elements in dye removal. Because hydrogen and hydroxyl ions were present in the 
solution, the degree of acidity substantially impacted adsorption. As the biosorbent’s active site 
is positively charged and is more robust when H+ ions are added, Figure 4 illustrates how pH 
affects the adsorption of negatively charged indigo carmine. Regarding the IC dye adsorption 
by the Terminalia catappa shell, there is less competition for the OH- and indigo carmine ions, 
which bind to the adsorbent (Hevira et al., 2020)

The pHpzc CHW was 5.01 following the most recent biosorbent pHpzc measurement. Therefore, 
below this pH, the biosorbent will be negatively charged and capable of adsorbing IC dye. If 
the pH is lower than pHpzc, the biosorbent will be positively charged and more capable of 
adsorbing anionic dyes. The interaction of IC (anionic dye) ions and H+ on the active site of 
the biosorbent will aid in the adsorption process, as shown in Figure 4 when the pH is between 
1-4 and protonation occurs. As the pH drops, more H+ ions are in the solution (Hevira et al., 
2020). The presence of CHW sites that could bind to IC dyes led to increased biosorption 
capacity peaked at pH 2.01. Another study on IC dye adsorption on Rice husk (Lakshmi et al., 
2009), Cinnamon bark (Güler et al., 2021)  was conducted at a pH lower than the pHpzc of the 
biosorbent. Another study used other anionic dyes, such as reactive red 120 and methyl orange, 
where the maximum adsorption capacity by activated carbon prepared from Mahagoni Bark 
occurred at pH 3 (Ghosh et al., 2020; Chakraborty et al., 2021), and the highest percent removal 
of congo red by Nymphaea alba occurred at pH 2 (Rahman et al., 2021).

Adsorbate diffuses from the majority of the liquid phase through the liquid-solid layer into 
the pores of the adsorbent and towards its active site during the time-consuming mass transfer 
process known as biosorption. Obtaining the maximal capacity of the biosorbent in adsorbing 

Table 2. Chemical element analysis (XRF) of CHW before and after IC dye biosorption 
 

Oxide Before adsorption (%) After adsorption (%) 
SiO2 69.387 60.568 
P2O5 15.737 15.296 
K2O 4.226 0.535 
S - 12.118 

 
  

Table 2. Chemical element analysis (XRF) of CHW before and after IC dye biosorption

 
Figure 4. Effect of pH on IC dye adsorption by ACWH (C0: 10 mg/L; T = 25oC; V = 10 mL; m 

= 0,1 g; agitation speed= 100 rpm; t = 60 minutes; and particle size= 36μm). 
   

Fig. 4. Effect of pH on IC dye adsorption by ACWH (C0: 10 mg/L; T = 25oC; V = 10 mL; m = 0,1 g; agitation 
speed= 100 rpm; t = 60 minutes; and particle size= 36μm).
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dyes requires determining the initial concentration of the biosorption process. Figure 5 shows 
that the biosorbent’s highest adsorption capacity is at a concentration of 200 mg/L, where the 
value is 13.57 mg/g. The adsorption capacity falls as the starting concentration rises. This results 
from the biosorbent’s active side becoming saturated and dyestuffs competing to interact with 
the active site. Another study on the adsorption of IC dye by Cinnamon bark (Güler et al., 2021)  
and Terminalia catappa shell (Hevira et al., 2020) revealed the same outcome.

The initial concentration of the dye affects how closely the dye molecule interacts with the 
surface-active side of the adsorbent (Mushtaq et al., 2016). Alternatively, the driving force 
or mobility of the dye molecules to diffuse will expand as the initial concentration of the dye 
increases. The mass change increases the adsorption capacity from dye solution to biosorbent 
(Sen et al., 2011). 

Adsorption capacity depends on how long the biosorbent and adsorbate are in contact before 
there is a chance of either physical or chemical biosorption. The high adsorption capacity lasts 
for 5 to 75 minutes, according to the research that has been done (Figure 6). The adsorption 

 
Figure 5. Effect C0 on qe and percent removal (C0: 100-1000 mg/L; pH = 2; T = 25oC; V= 10 

mL; m = 0,1 g; agitation speed= 100 rpm; t = 60 minute; particle size= 36μm). 
   

Fig. 5. Effect C0 on qe and percent removal (C0: 100-1000 mg/L; pH = 2; T = 25oC; V= 10 mL; m = 0,1 g; agitation 
speed= 100 rpm; t = 60 minute; particle size= 36μm).

 
Figure 6. Influence of contact time on the adsorption of IC dye by CHW (C0: 200 mg/ L; pH = 

2; T = 25 oC; V= 10 mL; m = 0,1 g; agitation speed= 100rpm; t = 15- 75 minute; particle size= 

36μm). 
   

Fig. 6. Influence of contact time on the adsorption of IC dye by CHW (C0: 200 mg/ L; pH = 2; T = 25 oC; V= 10 
mL; m = 0,1 g; agitation speed= 100rpm; t = 15- 75 minute; particle size= 36μm).
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capacity peaked at 11.16 mg/g in the first five minutes, increased in the fifteenth minute at 13.57 
mg/g, remained constant until the sixty-fifth minute, and then fell in the seventy-fifth minute, 
as a result of the continuing collision, the dye’s continuing release from the adsorbent’s active 
side.

The initial increase in adsorption capacity was due to the presence of pores in the CHW by 
the BET analysis that had been carried out previously. The surface of the adsorbent saturated 
with acid will make it positive, thus encouraging the adsorption of IC dye from the solution 
(Hevira et al., 2020). The biosorption slowed after 60 minutes, and the IC dye molecules started 
resisting the adsorbent surface as the CHW pores saturated. When this happens, more amounts 
of indigo carmine are no longer adsorbed (Gupta et al., 2022; Sulistiyo et al., 2020). This 
phenomenon has been explained by Kubra et al (2021) in crystal violet dye removal using 
graham flour (Kubra et al., 2021).

The biosorbent’s capacity for adsorption is impacted by how hot it is heated. 25–200 °C 
has been utilized to heat CHW on IC dye adsorption. Figure 7 demonstrates that the optimal 
temperature for IC dye adsorption by CHW was 25 °C, with an adsorption capacity of 13.57 
mg/g. The increase of 13.81 mg/g was attained by heating CHW to a temperature between 75 
and 100 oC. This finding proposes an exothermic adsorption mechanism, which thermodynamic 
studies ultimately validated. The biosorbent is denaturized as the heating temperature rises, 
which reduces CHW’s ability to adsorb IC dye.

The weight loss of the adsorbent over time as the temperature change was calculated using 
the thermogravimetric method and is crucial for proving the biosorbent’s usefulness in densely 
packed industrial columns that could contain hot zones. The mass losses may be caused by 
disintegration, gas-solid reaction (oxidation/reduction), or physical or chemical changes 
(Abderrahim et al., 2015; Seenivasan & Panda, 2017). CHW loses up to 96.84% of its mass at 
247 °C. At 378 °C, it drops sharply to 72.24%. The evaporation of water is the first source of 
weight loss in reaction to a rise in temperature, followed by the degradation of cellulose. TGA 
provides information on the mechanism and kinetics of the adsorbent’s response to temperature 
variations. Cellulose and hemicellulose disintegrate between 250 and 350 °C, whereas lignin 
decomposes at temperatures above 350 °C (Huang, 2012).

The adsorption isotherm model was used to explain and predict how a material’s adsorption 
rate depends on the material’s concentration in the gas or liquid phase. The adsorption isotherm 
model was usually used to understand the adsorption mechanism, compare the adsorption 
performance of various adsorbent materials, and select the optimal adsorbent material for a 

 
Figure 7. Relationship between CHW heating temperature and TGA Analysis  

  

Fig. 7. Relationship between CHW heating temperature and TGA Analysis
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particular application (Bazan & Robert, 2023; Yeo et al., 2023). The initial concentration of the 
dye affects which isotherm model was most appropriate for the actual adsorption procedure. The 
collected data were tested using the Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich 
adsorption isotherm models. The total amount of concentration effect numbers was used in the 
equation. The derived coefficient of determination (R2) value was considered more acceptable 
for the isotherm model if it is near one.

Figure 8 and Table 3 suggest that the R2 value of the isotherm is close to one, indicating that 
the adsorption meets the Langmuir isotherm model. The Langmuir isotherm model suggests 
that adsorption proceeds as a uniform, single-layer process of overall active sites (Yeo et 
al., 2023). Figure 8 d shows that the Dubinin-Radushkevich model has a poor coefficient of 
determination; Therefore, this model is not suitable for describing the adsorption that occurs. 
This model assumes a multilayer structure involving Van der Waals forces, has applications for 
physical adsorption processes, and is a fundamental equation that qualitatively describes the 
adsorption of gases and vapors on solid sorbents. In contrast, the current research focuses on the 
adsorption of liquids in solid sorbents (Ayawei et al., 2017). A low coefficient of determination 

 

 
 

(a) (b) 

 

(c) (d) 

 

Figure 8. Freundlich (a), Langmuir (b), Temkin (c), and Dubinin-Radushkevich (d) isotherm 

plots for the IC dye adsorption. 
   

Fig. 8. Freundlich (a), Langmuir (b), Temkin (c), and Dubinin-Radushkevich (d) isotherm plots for the IC dye 
adsorption.
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was also recorded when IC dye was adsorbed by Terminalia Catappa shell (Hevira et al., 2020) 
and by cinnamon bark (Güler et al., 2021).

 The adsorption mechanism of the adsorbate on the biosorbent was identified using the 
adsorption kinetics model. The physical and chemical characteristics of the adsorbent and the 
mass transfer rate during the operation are crucial factors in defining the adsorption mechanism. 
In this case, the kinetic model is examined using contact time data. The physical and chemical 
characteristics of the adsorbent and the mass transfer rate process are crucial factors in 
determining the adsorption mechanism. This study used the pseudo-second-order kinetics 
model to examine the adsorption mechanism (Güler et al., 2021).

The kinetic of IC dye uptake onto CHW can be shown from Figure 9 and Table 4 that 
the pseudo-second-order kinetic model is more appropriate for treating IC dye adsorption by 
CHW with a coefficient of determination (R2) near 1. The second-order pseudo-reaction model 
states that the reaction rate depends on the square of the concentration of the reaction products 
(Hevira et al., 2020), and several processes were implicated in the adsorption mechanism, but 
the potential rate-controlling step was film diffusion (Ghosh et al., 2020).

The spontaneity of the adsorption process is determined through adsorption thermodynamic 
studies. The standard Gibbs free energy, enthalpy, and entropy were calculated using the 
adsorption temperature variation data. 

When determining whether an adsorption process occurs spontaneously, the Gibbs free 
energy (ΔG°) was used. A negative value denotes spontaneous adsorption, while a positive 
value denotes non-spontaneous adsorption. Whether the adsorption process was endothermic 
or exothermic was expressed by the enthalpy (ΔH°). When the enthalpy value is negative, 
adsorption occurs exothermically or releases energy; adsorption adsorbs energy when the 
enthalpy value is positive. Entropy (ΔS°) expresses the degree of randomness or orderliness 
in the adsorption reaction. Uncertainty or disorder was reduced if the value was negative and 
increased if the value was positive (Patil et al., 2020). Table 5 shows that the reaction happens 
spontaneously and does not require energy or heat.

The potential biosorption mechanism of IC dye onto CHW is based on the many analyses 
performed during the study. After being exposed to IR before and after biosorption, FTIR showed 
a change in the stretching and bending vibrations. This result proved that functional groups played 
a role in the adoption process (Ahmad & Ansari, 2020). The CHW optimization, modeling, and 
physicochemical characterization research shed light on the IC dye adsorption mechanism. The 
SEM pictures on the porous and hollow surface of CHW revealed pore-filling IC dye molecules. The 
adsorption mechanism of IC dye on CHW based on the preceding discussion is shown in Figure 11.

Table 3. The CHW isotherm parameter for IC dye adsorption. 
 

Parameters Freundlich Langmuir Temkin Dubinin-
Radushkevich 

KF ((L/mg)1/n) 2.5015 - - - 
1/n 0.3149 - - - 
qm (mg /g) - 12.4844 - 1.00
KL (L/mg) - 12.2085 - - 
RL - 0.0004 - - 
β (J /mol) - - 1.973 - 
KT (L /g) - - 2.6462 - 
K (mol2 /J2) - - - 2.1396
EDR (kJ/mol) - - - 1.3673
R2 0.8352 0.9777 0.7224 0.5115
SD 0.0870 0.2170 0.3833 0.1243

 
  

Table 3. The CHW isotherm parameter for IC dye adsorption.
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(a) (b) 

(c) (d) 

Figure 9. (a-d) The kinetic of IC dye uptake onto CHW by pseudo-first-order (a), pseudo-

second-order (b), intraparticle diffusion (c), and Elovich (d). 
   

Fig. 9. (a-d) The kinetic of IC dye uptake onto CHW by pseudo-first-order (a), pseudo-second-order (b), intrapar-
ticle diffusion (c), and Elovich (d).

Table 4. CHW adsorption IC dye kinetics parameter 
 

Kinetic model Pseudo-first-order Pseudo-second-order Intraparticle Diffusion Elovich 
k1 (/min) 0.0071 - - -
k2 (g/mg min) - -0.0211 - -
qe (calc) (mg /g) 0.5847 11.1607 - -
Kdiff (mg/ g min1/2) - - 0.0101 -
C (mg/g) - - 12.381 -
β (g /mg) - - - 6.0423
α (mg min/g) - - - 2.97 x1030

R2 -0.1977 0.981 -0.1993 -0.1658
SD 0.2128 0.1708 0.3896 0.4521

 
  

Table 4. CHW adsorption IC dye kinetics parameter

As the IC dye structure shows, two of the compound’s SO- points are electrostatically 
negative. Furthermore, CHW had a net positive surface charge below the pHpzc. Chemisorption 
is an irreversible process where adsorbate is adsorbed to the surface of the functional adsorbent 
through electrostatic attractions. Kinetic studies on chemically mediated IC uptake caused 
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by electrostatic chemical interactions between negatively charged substances of IC and the 
biosorbent surface’s positive charge are responsible for absorption (Tran et al., 2017). This 
phenomenon was also shown in a study by Kabir et al. (2022) on the absorption of metal anions 
using tea waste (Kabir et al., 2021). 

The maximum adsorption capacity of CHW on IC dye was higher than that of activated 
carbon made from the bark of Swietenia mahagoni on methyl orange dye and reactive red 
120 dye, which was 6,071 mg/g (Ghosh et al., 2020) and 5,402 mg/g (Chakraborty et al., 
2021) respectively. These hues were all anionic hues as well. The following compares various 
biosorbents for adsorbing IC dye from solutions with variations in adsorption.

The effectiveness of IC dye adsorption and the reusability of CHW were investigated using 
the adsorption-desorption process. Reusability was essential in assessing the economic and 
environmental effects of biosorbents (Kubra, Salman, & Hasan, 2021; Sharma et al., 2018). 
Regeneration eliminates the need for adsorbent and lowers adsorption costs. The cycles of IC 
dye adsorption and desorption by CHW were evaluated using NaOH, shown in Figure 12.

Another literature (Szygula et al., 2008) reported that anionic dyes could be desorbed using 
NaOH, which is faster than other bases. At high alkaline pH, the negatively charged sites on the 
biosorbent encourage the decay of the anionic dyes as a result of electrostatic repulsion. Under 
high pH conditions, the negatively charged sites on the biosorbent will encourage the decay of 
anionic dyes due to electrostatic repulsion (Mahmoodi et al., 2011).

Table 5. Thermodynamic data on the adsorption of IC dye on CHW 
 

Parameter Temperature (K) Result 298 308 318 
ΔG° (kJ mol−1) -2.2329 -2.2963 -1.9211 Spontaneous 
ΔH° (kJ mol−1) -6.9517 Exothermic 

ΔS° (kJ mol−1 K−1) 0.0156 disorder decreases
 
  

Table 5. Thermodynamic data on the adsorption of IC dye on CHW

 
Figure 10. Adsorption thermodynamics graphs for IC dye on CHW at 298, 308, and 318 K. 

   

Fig. 10. Adsorption thermodynamics graphs for IC dye on CHW at 298, 308, and 318 K.
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Less IC dye could be adsorbed with more cycles since the CHW surface’s active site became 
filled. When the pH was too high, CHW started to deteriorate and clog the surface’s pores 
and functional areas. The adsorption capacity has diminished due to the strong interactions 
between IC dye and several active sites with higher binding energies(Hevira et al., 2020). 
High reuse of CHW due to its capacity to adsorb IC dye for five cycles with high removal 
of> 80%.

The Environmental Chemistry Laboratory at Andalas University provided the laboratory 
wastewater used in the experiment in August 2022. The best adsorption conditions are used 
to treat laboratory wastewater in a small-scale setting. In 15 minutes of stirring at 100 rpm, 
the IC dye removal was used with 0.1 g of CHW with a particle size of less than 36 µm. The 
adsorption technique was conducted to compare the adsorption capacity under two different 
circumstances (optimum pH and natural solution pH). With a removal efficiency of 32.10% 
at natural pH (without pH correction), Table 7 shows that CHW performed well for IC dye 
adsorption in wastewater. Elimination effectiveness was 89.1% at the optimal biosorption pH 
of 2. The efficiency of CHW as a cheap biosorbent is therefore confirmed.

 
Figure 11. Prediction of the mechanism of indigo carmine dye adsorption on CHW (a) 

electrostatic interaction, and (b) pore-filling 
   

Fig. 11. Prediction of the mechanism of indigo carmine dye adsorption on CHW (a) electrostatic interaction, and 
(b) pore-filling

Table 6. Comparison of the Indigo carmine dye's ability to bind to different biosorbents 
 

Biosorbent T (K) pH qe (mg/g) References 
Bazil nut shells 303 5 1.09 (de Oliveira Brito et al., 2010)
Terminalia catappa shells 298 2 26.77 (Hevira et al., 2020) 

Cinnamon bark 298 2 3.00 (Güler et al., 2021) 

Corn husk waste 298 2 13.57 This study 
Activated pomegranate peel 298 2 158.73 (Abbas et al., 2022) 

 
  

Table 6. Comparison of the Indigo carmine dye’s ability to bind to different biosorbents
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CONCLUSIONS

The complete adsorption study of indigo carmine dye by acid-activated CHW from an 
aqueous solution was investigated. The simple activated method using 0.01M HNO3  reveals 
the maximum capacity for removal of IC at pH 2, initial IC dye values of 200 mg/L, and 
contact time of 15 minutes, leading to a maximum adsorption capacity of 13.57 mg/g in 25 
°C temperature. For adsorption, the Langmuir isotherm model and the pseudo-second-order 
kinetic model are both valid (R2 = 0.981 and 0.977, respectively). The adsorption process is 
exothermic and spontaneous and causes less disarray, as thermodynamic characteristics indicate 
(S° = 0.0077 kJ/mol K). Recycling CHW is simple (five times). In a real environment, the pH 
level of 2 allowed the removal of 89.01 per cent of the original effluent. Finally, it has been 
demonstrated that CHW is an effective, low-cost adsorbent for IC dye that is also quick, natural, 
affordable, and accessible.
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Figure 12. The IC dye cycle of CHW adsorption and desorption 

 

Fig. 12. The IC dye cycle of CHW adsorption and desorption

Table 7. Comparison of CHW efficacy for IC dye adsorption 
 

Wastewater 
condition pH Contact time 

(min) C0 (mg/L) Ce (mg/L) % Removal 

Optimum 2 15 4.7487 0.5217 89.01
Real 7.505 15 4.9661 3.3720 32.10

 

Table 7. Comparison of CHW efficacy for IC dye adsorption
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