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The widespread application of dyes in the textile sector results in the production 
of highly pigmented and contaminated wastewater, which presents considerable 
environmental and health risks. This research examines the efficiency of dye 
removal using eco-friendly bio-adsorbents derived from sugarcane bagasse and 
rice husk, both of which are plentiful agricultural by-products. The synthesized 
bio-adsorbents are characterized through Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM), and X-ray 
diffraction (XRD) to evaluate their surface properties, structure, and crystallinity 
and amorphousness. Both agricultural wastes were subjected to drying, grinding, 
and chemical activation to enhance adsorption properties. The resulting 
composite bio-adsorbent was used on textile wastewater samples under 
controlled experimental conditions. Various adsorption tests were performed to 
analyze the removal effectiveness under different conditions, including contact 
time, pH, and dosage of the adsorbent. Furthermore, the effect of treatment on 
essential physicochemical parameters of the textile wastewater, such as pH, 
BOD, COD, total dissolved solids (TDS), electrical conductivity, salinity was 
examined. Kinetics adsorption study also shows here for analyzing the behavior 
and interaction between adsorbent and adsorbate. The results show a notable 
efficiency in color removal, supporting the viability of these affordable bio-
adsorbents for sustainable and efficient wastewater treatment. For reactive dye 
waste water, bioadsorbent removed 80.13% color. For basic dye, it removed 
87.80% color imparting particles. And for ETP inlet and outlet sample, the 
percentages were 73.56% and 44.12% respectively. The outcomes underscore a 
promising alternative to traditional treatment approaches by leveraging 
agricultural waste materials for environmental remediation. 
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1. Introduction 
Textile Industry in Bangladesh contributes around 12% - 15% 
of in the total GDP of the nation [1]. The growth of the 
economy has facilitated the number of textile factories around 
the country. There are in total 4500+ textile mills operating in 
Bangladesh [2]. This growing number of factories produce 
large quantity of textile wastewaters which contains residual 
dye particles, inorganic salts, heavy metals, Nitrates (NO₃⁻), 
nitrites (NO₂⁻), Chlorides (Cl⁻), sulfates (SO₄²⁻), high pH, 
suspended particles, organic compounds etc. [3, 4].  
There is a major concern about the color content present in 
wastewater which ranges around 1,890.8–5,625 CU. It clearly 
violets the permissible level of color unit in wastewater given 
by Department of Environment (DoE). Different types of 

filtrations, physical, biological and chemical procedures are 
available to treat the effluent to reduce the color unit. Among 
these methods adsorption process stands strong. In the recent 
times, adsorption is seen as a safe method to remove pollutants 
than other biological or chemical procedures as it does not 
initiate production of any secondary by-product which might 
be toxic and harmful for the environment [5, 6].  
Adsorption process involves mass transfer of pollutant 
particles from the medium to the adsorbate. Bio adsorption is 
more eco-friendly and effective method of adsorption process 
[6]. Bioadsorbents are plant, animal, agricultural residue-
based components that can trap contaminants through its 
porous surface structure. As bioadsorbent, rice husk and sugar 
cane bagasse has been chosen to remove color imparting dye 
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particles from wastewater. Inlet effluent water of a Knit 
Composite textile factory, dyeing wastewater of reactive dye 
and basic dye from laboratory are the samples taken for the 
treatment.  
Rice husk, a byproduct of rice milling, is readily available in 
substantial quantities, rendering it a cost-effective sourcing 
option. Rice husk possesses a porous, abrasive structure that 
effectively captures particles. It consists of cellulose, 
hemicellulose, lignin, and silica, which has Si–O–Si, Si–OH, 
–OH, and –COOH functional groups [7, 8].  
Kinetic analyses indicate that the adhesion of dyes to rice husk 
adheres to pseudo-first-order or pseudo-second-order models 
[8]. This basically means the color removal process likely 
involves chemical bonding between the dye and the rice husk 
surface.  
Another major component taken for bioadsorbent is sugarcane 
bagasse. The morphological structure of sugarcane bagasse is 
seen as rough, porous and hierarchical network typically of 
lignocellulose through SEM analysis. It has physical features 
like porosity, fiber strength, low density, and insulating 
properties. Both rice husk and sugarcane bagasse are best 
candidate for bio adsorbate. Rice husk has a surface area of 
~10.3 m²/g and sugarcane bagasse have a slightly higher 
surface area of ~12.5 m²/g. Pore volume of rice husk is 
15.7×10⁻³ cm³/g and 10.7×10⁻³ cm³/g for sugarcane bagasse, 
which means both provides a good adsorption site.  
Chemical composition of both components suitable for 
hydrogen bonding, electrostatic attraction, and π–π 
interactions with dye molecules. Sugarcane bagasse and rice 
husk have emerged as viable natural materials for the 
remediation of dye-contaminated wastewater. The bagasse of 
sugarcane has a slightly higher surface area and is loaded with 
functional groups such as hydroxyl and carboxyl which 
increases its affinity for dye molecules, especially after basic 
treatments with acids or alkalis [9]. On the other hand, rice 
husk is better at removing a variety of colors, due to its 
inherent silica and lignin composition. These give it the ability 
to attract and hold onto dye molecules through electrostatic 
forces, ion exchange, and even chemical bonding [10, 11]. 
Rice husk and sugarcane bagasse are inexpensive, renewable, 
and locally available agricultural by-products with strong 
potential as sustainable adsorbents.  
This study develops a combined rice husk–sugarcane bagasse 
bioadsorbent for treating both laboratory-prepared dye 
wastewater and real textile effluent samples, including 
reactive dye wastewater, basic dye wastewater, ETP inlet, and 
ETP outlet. The novelty of this work is to evaluate this 
combined bioadsorbent by adsorption performance, SEM, 
XRD, FTIR, kinetics, Langmuir isotherm and 
physicochemical analyses. The study highlights its potential as 
a low-cost pre-treatment option for reducing color and 
pollutant load before conventional ETP processing. 
2. Materials and methods 
2.1. Materials 
The primary raw materials for the synthesis of bioadsorbent 
were rice husk and sugarcane bagasse. Sugarcane bagasse was 
purchased from local juice traders of Azampur, Uttara and rice 
husk was collected from Chandpur. Both materials were 
meticulously rinsed with distilled water to eradicate 
contaminants and subsequently air-dried for 48 hours to 
remove moisture. The dried raw materials are presented in Fig. 
1(a, b) and were stored under ambient conditions prior to 
further processing.  

Textile wastewater samples were collected from a knit 
composite factory located in Savar, including both inlet and 
outlet effluent. In addition, wastewater generated from 
reactive and basic dyeing processes was collected from the 
laboratory. All the samples were collected in polypropylene 
bottles and kept in refrigeration conditions to maintain the 
original characteristics until the analysis. Fig. 1(c) shows the 
collected samples of wastewater.  
2.2. Instrumentation 
The bioadsorbent was prepared, the treatment experiments 
were conducted and the wastewater samples were analyzed for 
physicochemical parameters using standard laboratory 
instruments. Color was measured using a UV–vis 
spectrophotometer, while pH and conductivity meters were 
used to determine pH, electrical conductivity, total dissolved 

Figure 1. Raw materials and textile wastewater samples 
used in this study: (a) sugarcane bagasse, (b) rice husk, and 
(c) textile wastewater samples collected from industrial and 
laboratory sources. 

Figure 2. Instruments and equipment used: (a) UV–Vis 
spectrophotometer, (b) 300 µm sieve plate, (c) hot plate 
magnetic stirrer, (d) oven, (e) BOD analyzer and bottle, (f) 
programmable spectrophotometer, (g) lab dyeing machine, 
(h) pH and conductivity meter, (i) flame photometer, (j) 
analytical balance, (k) muffle furnace, and (l) vacuum 
filtration system with glass filter paper. 
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solids and salinity. Biological oxygen demand (BOD) and 
chemical oxygen demand (COD) were measured using the 
suitable analytical devices. Sample preparation and treatment 
involved the use of a hot plate magnetic stirrer, oven, muffle 
furnace, and vacuum filtration system. A flame photometer 
was utilized for the determination of metal ions, and an 
analytical balance was used for precise measurement of 
materials shown in Fig. 2.  
2.3. Methodology 
The whole procedure is divided into four major portions 
(Figure 3) - 
a. Bioadsorbent Preparation. 
b. Application of the bioadsorbent in different wastewater 

samples with changing multiple parameters. 
c. Characterization of bioadsorbent. 
d. Assessment after applying the bioadsorbent into the 

wastewater sample. 
2.4. Preparation of Bioadsorbent 
Sugarcane bagasse and rice husk were prepared following a 
similar procedure. After proper sun drying, both raw materials 
were separately ground using a grinder and sieved through a 
300 µm sieve to obtain fine particles (Fig. 4). The sieved 
particles were then separated and stored in airtight bags. For 
carbonization, both sugarcane bagasse and rice husk samples 
were placed in a muffle furnace at 400 °C for 4 h. 
After carbonization, the obtained biochar samples were 
chemically activated using 65% laboratory-grade hydrochloric 
acid. The ratio of HCl to bioadsorbent was kept as 1:10 
(mL:g), where 1 mL of HCl was used to 10 g of bioadsorbent. 
The samples were immersed in HCl for 24 h. The samples 
were washed multiple times with distilled water for 
neutralization after immersion and then dried in an oven at 105 
°C for 12 h to evaporate the residual moisture. Finally, the 
prepared bioadsorbents based on sugarcane bagasse and rice 
husk were stored in airtight containers for subsequent 
wastewater treatment experiments [12, 13]. 
Standard application Procedure: 

a. 100 mL wastewater is taken into a beaker. 
b. The standard room temperature is maintained. 
c. 0.4 g sugarcane based bioadsorbent & 0.4 g rice husk 

based bioadsorbent is taken into the wastewater solution. 
d. Stir the solution with 500 RPM for 15 minutes. 
e. Keep the solution for 1 h. 
f. After 1 h, the solution is filtered by using 0.45 Micron 

filter paper and bioadsorbent is separated from the 
solution. 

g. After that, a portion of solution is taken for measuring the 
color value by using UV-vis spectrophotometer.  

2.5. Different Parameters 
For obtaining diversified results, several operating parameters 
were varied to enable comparative analysis and to identify the 
optimum conditions for bioadsorbent dosing [6]. The 
parameters considered include contact time (1, 8, 24, and 48 
hours), dosing amount (0.2 g, 0.4 g, and 0.6 g for each 
adsorbent), agitation speed (500, 700, and 1000 RPM), and 
temperature (40, 60, and 80 °C). 
2.6. Characterization techniques of textile effluent 
Different physical and chemical parameters such as BOD, 
COD, pH, Salinity, color unit and Electrical conductivity of 
treated and untreated sample were measured using different 
machines of laboratory. pH refers to the concentration of H+ 
ions in a sample and it was measured using a pH meter of 
WTW brand. Color unit of the samples were measured using 
UV-vis spectrophotometer, Model photo lab 7600 (UV-Vis). 
Color unit helps in quantifying the amount of coloring 
particles present in water sample. Biological oxygen demand 
(BOD) indicates the total organic pollutant amount of any 
liquid sample. BOD Analyzer, brand WTW and model 
OxiTop-I IS & TS 608/G 2-I; along with BOD bottle is used 
to measure BOD. Another important parameter is Chemical 
oxygen demand (COD) that quantifies the amount of 
oxidizable pollutants a water sample hold. The machines used 
for COD are Thermostat, COD reactor and photo flex machine 
of WTW brand. The ability of any sample to carry electric 
charge is expressed through Electrical Conductivity (EC) and 
it is measured for wastewater sample using a Conductivity 
meter of WTW Brand, Model intoLab cond 7110. Salinity 
indicates the quantity of organic and inorganic salts present in 
a sample. Lastly, Total dissolved solid (TDS) helps to analyze 
the amount of ions, metals, solids residing in a sample in 
dissolved form. Both Salinity and TDS were measured using 
Conductivity meter of WTW Brand, Model intoLab cond 

1. Bioadsorbent Preparation 2. Wastewater Treatment

Washing & Drying Washing & Drying

Grinding Grinding

Final Bioadsorbents

Stirring (500 rpm, 15 min)

Treated Wastewater

FTIR SEM XRD pH TDS Salinity

BOD CODConductivity

ETP Inlet

ETP Outlet

Figure 3. Schematic representation of bioadsorbent 
preparation, wastewater treatment procedure, and 
characterization analysis using rice husk and sugarcane 
bagasse-based adsorbents. 

Figure 4. Procedures of preparing bioadsorbent. 
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7110. Also flame photometer is used here for analyzing the 
amount of metal present in the wastewater samples before and 
after applying bioadsorbent. 
2.7. Characterization of Bioadsorbent  
The bioadsorbent was studied to elucidate its surface 
chemistry, morphology, and structural features that affect 
adsorption efficacy. The FTIR analysis was performed to 
determine the functional groups on the bioadsorbent surface 
responsible for the adsorption of pollutants [5]. This approach 
is helpful in providing important information on the surface 
chemistry and molecular structure by vibrational transitions of 
chemical bonds. Scanning Electron Microscopy (SEM) 
analysis was employed to examine the surface morphology, 
porosity, and textural characteristics of the bioadsorbent [6]. 
These characteristics directly influence the accessibility of 
active adsorption sites. XRD analysis was employed to 
determine the crystalline or amorphous nature of the material 
and to detect any structural changes after treatment or 
adsorption, offering insights into crystallinity and phase 
composition that influence adsorption behavior [5]. 
2.8. Study of Adsorption Kinetics 
Adsorption kinetics is the study of the rate at which a solute 
(like a dye or contaminant) is removed from a solution by 
being attached to the surface of an adsorbent material (e.g., 
rice husk or sugarcane bagasse). This study tries to analyze 
adsorption kinetics via Pseudo First Order, Pseudo Second 
Order & Elovich model [6]. Then the results are represented 
via using Origin Pro software. 
Pseudo First Order [6, 14]: 
𝑞𝑞𝑞𝑞 = 𝑞𝑞𝑞𝑞(1 − 𝑒𝑒−𝑘𝑘𝑘𝑘)                                                                  (1) 
Pseudo Second Order [15]: 
𝑞𝑞𝑞𝑞 = �𝑞𝑞𝑒𝑒2+𝑘𝑘𝑘𝑘�

1+𝑘𝑘.𝑞𝑞𝑞𝑞.𝑡𝑡
                                                                           (2) 

Elovich Model [16]: 
𝑞𝑞𝑞𝑞 = �1

𝛽𝛽
� ln(1 + 𝛼𝛼𝛼𝛼𝛼𝛼)                                                            (3) 

The adsorption isotherm data for decolorization of dye by the 
bio-adsorbent synthesized from sugarcane bagasse and rice 
husk were analyzed with the Langmuir isotherm model [17]. 
The experimental results showed that the adsorption capacity 
(qe) increased with the increase in equilibrium concentration 
(Ce) of the dye, indicating a good adsorption behavior. 
𝑄𝑄𝑄𝑄 = (𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄∗𝐾𝐾∗𝐶𝐶𝐶𝐶)

1+𝐾𝐾∗𝐶𝐶𝐶𝐶
                                                                   (4) 

3. Result and discussion 
3.1. Analysis of Bioadsorbent 
The prepared bioadsorbents derived from rice husk and 
sugarcane bagasse were characterized by SEM, XRD, and 
FTIR analyses to evaluate their morphological, structural, and 
surface chemical characteristics. SEM analysis was used to 
observe the surface texture, roughness, and pore formation of 
the bioadsorbents. XRD analysis was performed to determine 
the crystalline or amorphous nature of the prepared adsorbents, 
while FTIR analysis was used to identify the functional groups 
involved in adsorption interactions. These characterization 
results support the evaluation of rice husk- and sugarcane 
bagasse-based bioadsorbents for textile wastewater treatment 
[6, 9]. 
 
3.1.1. SEM Analysis 
The surface morphology of the prepared sugarcane bagasse- 
and rice husk-based bioadsorbents was examined by SEM 
analysis, as shown in Fig. 5. The SEM micrographs revealed 
that both bioadsorbents had rough, irregular, and porous 

surface structures. The sugarcane bagasse-based bioadsorbent 
showed an uneven surface with visible pores and cavities, 
while the rice husk-based bioadsorbent also showed a rough 
and porous morphology. 
The porous and irregular surface structure may be related to 
the carbonization and chemical activation processes. Such 
morphology is favorable for dye adsorption because it can 
increase the contact between dye molecules and the adsorbent 
surface. The presence of surface cavities and pores may also 
support the physical entrapment of dye molecules within the 
adsorbent structure. Therefore, the SEM results indicate that 
the prepared bioadsorbents have suitable surface morphology 
for dye removal from textile wastewater.  
3.1.2. XRD Analysis 
XRD analysis was performed to evaluate the structural 
properties and crystallinity of the prepared bioadsorbents, as 
shown in Fig. 6. The XRD pattern of the rice husk-based 
bioadsorbent showed a broad peak around 2θ = 22°, indicating 
the presence of amorphous silica and cellulose, which are 
common constituents of rice husk. The broad nature of this 
peak suggests low crystallinity, which may increase the 
accessibility of surface sites for dye adsorption. 
At higher diffraction angles, sharper peaks were observed 
around 2θ = 37°, 45°, and 66°. These peaks may be assigned 
to minor crystalline phases, possibly crystalline silica or 
inorganic residues formed during activation or processing 
[18]. However, the absence of highly intense sharp peaks 
indicates that the rice husk-based bioadsorbent is mainly 
amorphous. This amorphous structure may support dye 
adsorption by providing irregular regions where dye molecules 
can interact with the bioadsorbent surface [19]. Thus, the XRD 

Figure 5. SEM micrographs showing the surface 
morphology of prepared bioadsorbents: (a) sugarcane 
bagasse-based bioadsorbent and (b) rice husk-based 
bioadsorbent, indicating irregular and porous surface 
structures. 

Figure 6. XRD patterns of prepared bioadsorbents: (a) rice 
husk-based bioadsorbent and (b) sugarcane bagasse-based 
bioadsorbent. 
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result supports the structural suitability of rice husk-based 
bioadsorbent for textile wastewater treatment [20, 21]. 
The XRD pattern of the sugarcane bagasse-based bioadsorbent 
also showed a broad peak around 2θ = 22°, indicating the 
presence of amorphous cellulose and lignin as major structural 
components [10, 22]. 
The sharp peaks detected at approximately 2θ = 37°, 45°, and 
65° indicate the presence of minor crystalline minerals, which 
may originate from the chemical activation process or from 
inorganic components naturally present in the biomass [23]. 
The broad hump in the XRD pattern suggests that the material 
is mainly amorphous. This structural feature may improve 
surface accessibility and support interaction between dye 
molecules and the bioadsorbent surface. 
Overall, the XRD results shown in Fig. 6 indicate that both rice 
husk- and sugarcane bagasse-based bioadsorbents are mainly 
amorphous with minor crystalline phases. This structure is 
favorable for adsorption because amorphous regions can 
provide accessible sites for dye molecules. 
3.1.3. FTIR Analysis 
FTIR analysis was carried out before and after adsorption to 
identify the functional groups present on the surface of the 
combined bioadsorbent and to understand their possible 
involvement in dye adsorption. The FTIR spectra before and 
after adsorption are presented in Fig. 7. 
Before adsorption, the FTIR spectrum showed several 
absorption peaks assigned to different functional groups. A 

broad and strong band at 3340 cm⁻¹ was attributed to O–H 
stretching vibrations of hydroxyl groups present in cellulose, 
hemicellulose, and lignin components of lignocellulosic 
biomass [24]. The peak at 2478 cm⁻¹ may be related to 
overtone or combination bands. The peaks at 1822 cm⁻¹ and 
1621 cm⁻¹ were associated with C=O stretching of carboxylic 
acid or ester groups and conjugated carbonyl groups, 
respectively. A peak at 1429 cm⁻¹ indicated C–H bending or 
aromatic skeletal vibrations. The peaks at 1165 cm⁻¹ and 1080 
cm⁻¹ indicated C–O–C stretching of ether groups or C–O 
stretching of secondary alcohols [25]. The peaks at 881 cm⁻¹, 
819 cm⁻¹, and 639 cm⁻¹ were related to out-of-plane aromatic 
C–H bending and C–H deformation vibrations. 
After adsorption, the FTIR spectrum showed changes in peak 
position and intensity, as shown in Fig. 7. The O–H stretching 
band shifted from 3340 cm⁻¹ to 3217 cm⁻¹ with reduced 
intensity, suggesting possible hydrogen bonding between 
hydroxyl groups and dye molecules [26]. The new peak at 
2873 cm-1 can be assigned to C-H stretching vibrations 
affected by adsorbed dye molecules [24]. The carbonyl-related 
peak shifted from 1621 cm⁻¹ to 1637 cm⁻¹, and a new band 
appeared at 1790 cm⁻¹, suggesting the involvement of 
carbonyl-containing groups after adsorption [21]. The peaks at 
1503 cm⁻¹, 1221 cm⁻¹, 1109 cm⁻¹, 1039 cm⁻¹, and 956 cm⁻¹ 
were assigned to C=C, C–O, and aromatic structures. These 
changes may be related to π–π interaction, electrostatic 
attraction, or possible surface complexation with dye 
molecules. A broad band at 781 cm⁻¹ may be assigned to 
aromatic or heteroatom-containing groups involved in the 
adsorption process [27]. 
The appearance, disappearance, shifting, and intensity 
changes of FTIR peaks after adsorption indicate the 
participation of surface functional groups in the dye removal 
process. The hydroxyl, carbonyl, ether, and aromatic groups 
present in the rice husk- and sugarcane bagasse-based 
bioadsorbent may have contributed to dye adsorption through 
hydrogen bonding, electrostatic interaction, π–π interaction, 
and possible surface complexation. Therefore, the FTIR 
results shown in Fig. 7 support the role of surface functional 
groups in the adsorption of dye molecules. 
3.2. Physicochemical analysis of textile effluent 
The physicochemical properties of the four wastewater 
samples (Table 1-4) were analyzed before and after treatment 
with the rice husk- and sugarcane bagasse-based bioadsorbent. 
The prepared bioadsorbent was evaluated for the treatment 
performance based on the changes in pH, TDS, salinity, 
electrical conductivity, BOD, COD and color in the selected 
samples such as reactive dye wastewater, basic dye 
wastewater, ETP inlet and ETP outlet. 
The pH values of all treated samples were shifted towards the 
permissible range for the discharge of textile effluent. The 
reactive dye wastewater showed reduction in pH from 9.00 to 
7.45, whereas the basic dye wastewater increased from acidic 
pH 4.90 to 7.67 after treatment. Likewise, the pH of ETP inlet 
decreased from 8.42 to 7.21 and ETP outlet decreased from 
7.70 to 6.50. This indicates that the prepared bioadsorbent 
showed a buffering effect which helps in neutralizing both 
acidic and alkaline wastewater samples. 
TDS was significantly reduced after treatment. TDS of 
reactive dye wastewater was decreased from 619 mg/L to 170 
mg/L and basic dye wastewater was decreased from 715 mg/L 
to 212 mg/L. For ETP inlet and ETP outlet TDS was decreased 
from 383 mg/L to 170 mg/L and from 688 mg/L to 472 mg/L 
respectively. This reduction may be due to the porous structure 
and active functional groups of the bioadsorbent which can 

(a)

(b)

Figure 7. FTIR spectra of the combined bioadsorbent 
before and after adsorption: (a) before adsorption and (b) 
after adsorption.  
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help in entrapping the dissolved ionic and organic constituents 
[28].  
The most significant indicator of the treatment performance 
was the color removal. The maximum colour removal was 
observed for the basic dye wastewater where the colour value 
was decreased from 451 CU to 55 CU i.e., 87.80 % removal. 
Reactive dye wastewater also showed good color reduction 
from 458 CU to 91 CU with 80.13 % removal. The ETP inlet 
sample experienced 73.56% color removal reducing from 174 

CU to 46 CU. The ETP outlet experienced a lower color 
removal efficiency of 44.12% which may be due to the 
pretreated condition and lower initial load of color. These 
results indicate that the prepared bioadsorbent was more 
effective for highly colored dye wastewater and ETP inlet 
sample. 
It was also found that the BOD and COD values decreased post 
treatment indicating a decrease in organic and oxidizable 
pollutant load. In reactive dye wastewater, BOD decreased 
from 650 mg/L to 293 mg/L and COD decreased from 1245 
mg/L to 577 mg/L. In basic dye wastewater, BOD decreased 
from 810 mg/L to 236 mg/L and COD decreased from 1225 
mg/L to 660 mg/L. In the ETP inlet sample, BOD decreased 
from 430 mg/L to 190 mg/L and COD decreased from 855 
mg/L to 210 mg/L. The post-treatment sample obtained from 
the ETP outlet showed a comparatively lower reduction 
because the sample had already been treated prior to 
application of bioadsorbent. The decrease in BOD and COD 
indicates that the bioadsorbent contributed towards removal of 
organic pollutants from wastewater. The color reduction may 
be attributed to dye adsorption on the porous surface and 
interaction with active functional groups of the bioadsorbent, 
which is also supported by the kinetic behavior of the 
adsorption process [29]. 
Similarly, all the samples showed reduction in salinity and 
electrical conductivity after treatment. The reduction of the 
salinity and the conductivity implies that the dissolved salts 
and ionic species were partially removed by the bioadsorbent. 
The maximum reduction in conductivity was observed in basic 
dye wastewater where EC was reduced from 1428 µS/cm to 
524 µS/cm. This indicates the effectiveness of the 
bioadsorbent in reducing the ionic load especially for highly 
contaminated dye wastewater. 
The physicochemical analysis of prepared rice husk and 
sugarcane bagasse based bioadsorbent showed that the quality 
of wastewater was improved by reduction in color, TDS, 
salinity, conductivity, BOD and COD. The treatment showed 
good efficiency in terms of removal of the pollutants in the 
basic dye wastewater, reactive dye wastewater and ETP inlet 
sample. The comparatively lower removal in the ETP outlet 
sample might be due to the lower initial concentration of 
pollutants after the industrial treatment. 
3.3. Effect of parameters 
Four samples of wastewater are taken here for the overall 
comparison- 

i) Wastewater-1(Wastewater from Reactive Dye) 
ii) Wastewater-2(Wastewater from Basic Dye) 

iii) Wastewater-3(ETP Inlet) 
iv) Wastewater-4(ETP Outlet) 

3.3.1. Effect of Dosing Amount 
Increasing dosing amount of bioadsorbents leading to high dye 
particles removal, which will eventually help to increase the 
dye removal percentage. The selected working dosage was 
considered as 0.4 g sugarcane bagasse bioadsorbent + 0.4 g 
rice husk bioadsorbent, as this dosage provided satisfactory 
dye removal while maintaining reasonable adsorbent 
consumption. 
For the wastewater-1 (From Dyeing with Reactive Dye), the 
initial color value is found 458 CU. After adding the standard 
bioadsorbent dosing, the color value is observed 91 CU, which 
leads to 80.13% dye removal. For analyzing the dosing impact, 
dosing amount is reduced with (0.2 g sugarcane + 0.2 g rice 
husk), then it is applied into initial wastewater sample and 
result is seen 131 CU which leads to 71.3% removal of dyes. 

Table 1. Physicochemical parameters of Wastewater-1 
(Wastewater-Reactive Dye). 

Initial After adding Bioadsorbent 

pH = 9 pH = 7.45 

TDS = 619 mg/L TDS = 170 mg/L 

Salinity = 0.5 Salinity = 0.2 

Conductivity = 437 us/cm Conductivity = 310 us/cm 

BOD = 650 mg/L BOD = 293 mg/L 

COD = 1245 mg/L COD = 577 mg/L 

Color = 458 CU Color = 91 CU 

 Table 2. Physicochemical parameters of Wastewater-2 
(Wastewater-Basic Dye) 

Initial Parameters After Adding Bioadsorbent 

pH = 4.90 pH = 7.67 
TDS = 715 mg/L TDS = 212 mg/L 

Salinity = 0.7 Salinity = 0.3 
Conductivity = 1428 µS/cm Conductivity = 524 µS/cm 

BOD = 810 mg/L BOD = 236 mg/L 
COD = 1225 mg/L COD = 660 mg/L 

Color = 451 CU Color = 55 CU 
 
Table 3. Physicochemical parameters of Wastewater-3 
(ETP Inlet) 

Initial Parameters After Adding Bioadsorbent 

pH = 8.42 pH = 7.21 
TDS = 383 mg/L TDS = 170 mg/L 

Salinity = 0.3 Salinity = 0.1 
Conductivity = 776 µS/cm Conductivity = 340 µS/cm 

BOD = 430 mg/L BOD = 190 mg/L 
COD = 855 mg/L COD = 210 mg/L 
Color = 174 CU Color = 46 CU 

 Table 4. Physicochemical parameters of Wastewater-4 
(ETP outlet) 

Initial Parameters After Adding Bioadsorbent (0.2 
g RH + 0.2 g SCB) 

pH = 7.7 pH = 6.5 
TDS = 688 mg/L TDS = 472 mg/L 

Salinity = 0.7 Salinity = 0.5 
Conductivity = 1377 

µS/cm 
Conductivity = 1014 µS/cm 

BOD = 28 mg/L BOD = 25 mg/L 
COD = 136 mg/L COD = 101 mg/L 

Color = 68 CU Color = 38 CU 
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After increasing the dosing amount (0.6g sugarcane + 0.6g rice 
husk), higher dye removal is seen with the value of 38 CU 
leading to 91.7% dye removal.  
Similar manner is observed for the wastewater-2 (From 
Dyeing with Basic Dye) sample. The initial color value is 
observed 451 CU. After adding (0.2 g sugarcane + 0.2 g rice 
husk) bioadsorbent, it shows the color value 147 CU with 
68.7% dye removal. By increasing the value of dosing (0.4 g 
sugarcane + 0.4 g rice husk), it increases its removal efficiency 
87.8% with the value of 55 CU. Finally, the highest dosing 
amount (0.6 g sugarcane + 0.6 g rice husk) leads to maximum 
removal efficiency with 35 CU with 93.2% removal 
efficiency. 
For wastewater-3 (ETP Inlet), the initial value is observed 174 
CU. After adding the bioadsorbent dosing (0.2 g sugarcane + 
0.2 g rice husk), it shows the color value 46 CU. After 
increasing the dosing value (0.4 g sugarcane + 0.4 g rice husk) 
and (0.6 g sugarcane + 0.6 g rice husk), the values are shown 
29 CU and 12 CU respectively. 
Wastewater-4 (ETP Outlet) is initially examined 68 CU. After 
adding (0.2 g sugarcane + 0.2 g rice husk), it shows 38 CU. 
Increasing dosing to (0.4 g + 0.4 g) and (0.6 g + 0.6 g) shows 
21 CU and 7 CU respectively. 
All these results are presented in Fig. 8(a–d), where increasing 
bioadsorbent amount results in higher dye removal efficiency 
across all wastewater samples. 
3.3.2. Effect of Contact Time 
Contact time influences the adsorption processes and it helps 
to eradicate more amount of dye particles which enhances the 
dye removal efficiencies. 
For wastewater-1 (From Dyeing with Reactive Dye), the initial 
concentration is recorded 458 CU. After adding standard 
amount of bioadsorbent (0.4 g sugarcane + 0.4 g rice husk), it 
shows the value 91 CU after 1 hour. After 8 hrs it shows 77 
CU, after 24 hrs 49 CU and after 48 hrs 19 CU. 
For wastewater-2 (From Dyeing with Basic Dye), initial value 
is recorded 451 CU and after 1 hour it shows 55 CU. 
Maximum dye removal is observed after 48 hours where the 
color value reduces to 12 CU. 
Similar trend is observed in wastewater inlet and outlet 
samples. For wastewater-3 (ETP Inlet), initial value is 174 CU 
and reduces to 46 CU after 1 h, followed by further reduction 
with increasing time. For wastewater-4 (ETP Outlet), initial 

value is 68 CU and reduces to 38 CU after 1 h, with further 
decreasing trend over time. 
All these data are presented in Fig. 9(a-d), which clearly 
demonstrates that increasing contact time enhances dye 
removal efficiency.  
3.3.3. Effect of Agitation Speed 
After adding the bioadsorbent to the wastewater sample, 500 
RPM agitation for 15 min followed by 1 h contact time was 
selected as the standard working condition for comparative 
analysis. But changing the agitation speed also shows different 
values. Increasing agitation speed generally improves dye 
removal efficiency by enhancing mass transfer and dye 
adsorbent interaction. Stirring decreases the thickness of the 
boundary layer surrounding the bioadsorbent, enabling dye 
molecules to access the adsorbent surface more effectively. It 
guarantees even distribution of dye and adsorbent, enhancing 
the likelihood of interaction. Increased interaction between 
dye molecules and active sites results in faster adsorption [30]. 
For the wastewater-1 sample (From Dyeing with Reactive 
Dye), initial value is observed 458 CU. With the 500 RPM for 
15 min, it shows the value 178 CU. With the increasing 
agitation speed, it shows the lower value of color. Sample 
trend is observed for the rest of the samples. All the data are 
observed in 100 mL wastewater solution, with adding 0.4 g 
sugarcane + 0.4 g rice husk) bioadsorbent and stirring time is 
maintained 15 min. From the graph, the most impacted values 
are seen for wastewater-1 (From Dyeing with Reactive Dye) 
& wastewater-2 (From Dyeing with Basic Dye) samples. For 
wastewater-1 sample, with the agitation speed 1000 RPM, the 
maximum dye removal is observed 83%. Wastewater Inlet 
sample also shows satisfactory changes and around 37% 
removal with 500 RPM, 44% with 700 RPM, 69% with the 
agitation speed of 1000 RPM. The least amount of changes is 
seen in wastewater outlet sample. This sample is already 
treated by the industry itself, maybe for this reason the changes 
are found in this way. The maximum removal efficiency is 
observed with 1000 RPM which is 42.64%. But all of these 
samples follow the same trend of removing more dyes with the 
increasing of agitation speed. 
Although higher adsorbent dosage, longer contact time and 
higher agitation speed showed higher color removal 
efficiencies, 0.4 g sugarcane bagasse bioadsorbent + 0.4 g rice 
husk bioadsorbent, 1 h contact time and 500 RPM agitation 
speed were selected as the standard working conditions for 

Figure 8. Effect of bioadsorbent dosage on color reduction 
of different textile wastewater samples: (a) wastewater 
discharged after reactive dyeing, (b) wastewater discharged 
after basic dyeing, (c) ETP inlet wastewater, and (d) ETP 
outlet wastewater. 

Figure 9. Effect of contact time on color reduction of 
different textile wastewater samples: (a) wastewater 
discharged after reactive dyeing, (b) wastewater discharged 
after basic dyeing, (c) ETP inlet wastewater, and (d) ETP 
outlet wastewater. 
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comparison as they gave effective dye removal with less 
material use, shorter treatment time and reduced energy 
demand. Under this condition, the color values of reactive dye, 
basic dye, ETP inlet and ETP outlet samples were reduced to 
91 CU, 55 CU, 46 CU and 38 CU respectively, which indicates 
satisfactory color removal within a practical treatment time. 
The higher conditions like 0.6 g dosage, 48 h contact time and 
1000 RPM agitation speed represent maximum removal 
conditions but they require more adsorbent, longer processing 
time and higher energy input. Hence, the selected condition 
was considered as a practical working condition and not the 
absolute maximum removal condition. Information are given 
in Fig. 10. 
3.3.4. Impact of Temperature 
The effect of temperature on the decolorization was studied by 
varying the temperature of the treatment to 40, 60 and 80 °C 
(Fig. 11). All experiments were carried out using 100 mL of 
wastewater solution containing 0.4 g sugarcane bagasse 
bioadsorbent and 0.4 g rice husk bioadsorbent and 1 h contact 
time. The results showed that the response to temperature was 
different depending on the type and composition of the 
wastewater sample. The initial color concentration of 
wastewater-1 was 458 CU which was the reactive dye 
wastewater. The treated color value by bioadsorbent for 1 h at 
room temperature was 91 CU. But, at higher temperature to 40 
°C, the color value was slightly increased to 95 CU and the 
increasing trend was continued at higher temperature. The 
color removal efficiency from reactive dye wastewater was 
decreased at higher temperature [31]. The different behaviour 
of reactive dye wastewater may be associated with the 
exothermic nature of its adsorption process. Weak interactions 
such as hydrogen bonding, electrostatic attraction and physical 
adsorption between reactive dye molecules and the 
bioadsorbent surface may become unstable at higher 
temperature. Accordingly, some dye molecules previously 
adsorbed may desorb from the adsorbent surface and revert 
back to the solution, causing increase in colour value. Also, 
reactive dye wastewater may contain salts and auxiliary 
chemicals used in the dyeing process that compete with dye 
molecules for available adsorption sites and therefore reduce 
the stability of adsorption at higher temperature. Therefore, 
increasing temperature did not improve the adsorption 
performance for reactive dye wastewater. 
On the other hand, wastewater-2, wastewater-3 and 
wastewater-4 exhibited decreasing color values with 
increasing temperature. For wastewater-2 which was a basic 
dye wastewater, the color value decreased from 55 CU to 27 
CU at 80 °C. This behavior indicates that the basic dye 

adsorption followed endothermic adsorption trend where 
higher temperature improved the mobility of dye molecules 
and enhanced the interaction with the active sites of 
bioadsorbent [32]. Similarly, wastewater-3, ETP inlet and 
wastewater-4, ETP outlet also displayed improved color 
removal at higher temperature. For wastewater-3, the color 
value decreased from 46 CU to 17 CU whereas for 
wastewater-4, it reduced from 38 CU to 9 CU. This 
improvement might be due to improved molecular diffusion, 
reduced boundary layer resistance and better accessibility of 
the dye molecules to the active adsorption sites of the 
bioadsorbent.  
Overall, the temperature effect was sample dependent. For 
reactive dye wastewater, the decreased adsorption efficiency 
was observed at increased temperature, possibly due to partial 
desorption and competitive effects of salts and auxiliary 
chemicals. However, the basic dye wastewater and ETP 
samples exhibited improved removal efficiency at increased 
temperature due to enhanced diffusion and increased 
interaction between dye molecules and the bioadsorbent 
surface. 
3.4. Study of Kinetics 
Adsorption kinetic analysis was performed using the ETP inlet 
wastewater sample to evaluate the adsorption rate and fitting 
behavior of the prepared rice husk- and sugarcane bagasse-
based bioadsorbent. For this experiment, 0.4 g sugarcane 
bagasse bioadsorbent and 0.4 g rice husk bioadsorbent were 
added to the wastewater sample. The solution was mixed 
properly, and aliquots were collected at different time 
intervals. The adsorbent was separated using 0.45 µm filter 
paper with a vacuum filtration setup, and the absorbance of the 
filtrate was measured using a UV–Vis spectrophotometer. 

Figure 10. Changes of Agitation Speed in Wastewater. 

Figure 11. Changes of Temperature in Wastewater 
Samples. 



https://doi.org/10.62275/josep.26.1000028 
© JoSEP All Rights Reserved 193 Tahmin et al. 

 

The adsorption capacity increased rapidly at the initial stage of 
adsorption. After 5 min, the adsorption capacity reached 
200.21 mg/g, indicating rapid uptake of dye molecules due to 
the availability of active adsorption sites on the bioadsorbent 
surface. The adsorption capacity gradually increased with time 
and reached equilibrium at approximately 120 min, with an 
adsorption capacity of 482.2 mg/g. The initial rapid adsorption 
may be attributed to the availability of vacant active sites, 
while the slower adsorption rate at later stages may be due to 
the gradual occupation of adsorption sites and reduced driving 
force for mass transfer.  
The kinetic data were fitted with pseudo-first-order, pseudo-
second-order, and Elovich models, as shown in Fig. 12(a). The 
corresponding kinetic parameters and regression coefficients 

are presented in Table 5. Among the fitted models, the pseudo-
first-order model showed the highest regression coefficient, 
with an R² value of 0.99775, followed by the pseudo-second-
order model with an R² value of 0.96318. The Elovich model 
showed a lower R² value of 0.83339. This indicates that the 
adsorption process was better described by the pseudo-first-
order model under the studied condition, while the pseudo-
second-order model also showed acceptable fitting behavior. 
The adsorption isotherm data for dye decolorization using the 
prepared sugarcane bagasse- and rice husk-based bioadsorbent 
were analyzed using the Langmuir isotherm model. The linear 
form of the Langmuir isotherm equation was plotted as Ce/qe 
versus Ce, as shown in Fig. 12(b). A straight line was obtained 
with a high correlation coefficient value of R² = 0.99923, 
indicating that the adsorption process followed the Langmuir 
isotherm model. 
The calculated Langmuir isotherm parameters are presented in 
Table 6. The maximum monolayer adsorption capacity, Qmax, 
was calculated as 80.90615 mg/g from the slope and intercept 
of the Langmuir plot. This indicates that the prepared 
bioadsorbent has moderate adsorption capacity for dye 
removal from wastewater. The Langmuir constant, KL, was 
found to be 0.1927 L/g, suggesting favorable interaction 
between dye molecules and the active sites of the 
bioadsorbent. 
The Langmuir separation factor, RL, ranged from 0.06 to 0.34, 
confirming that the adsorption process was favorable under the 
experimental conditions. Overall, the isotherm result suggests 
that dye adsorption occurred mainly through monolayer 
coverage on a homogeneous bioadsorbent surface. 
The adsorption performance of the prepared rice husk- and 
sugarcane bagasse-based bioadsorbent was compared with 
similar agro-waste-based adsorbents reported in recent 
literature [33-39], as shown in Table 7. The present study 
showed a maximum Langmuir adsorption capacity of 80.91 
mg/g, with color removal efficiencies of 80.13% for reactive 
dye wastewater, 87.80% for basic dye wastewater, 73.56% for 
ETP inlet, and 44.12% for ETP outlet. The comparison 
indicates that the prepared composite bioadsorbent showed 
moderate-to-good adsorption performance compared with 
similar rice husk- and sugarcane bagasse-based adsorbents. 

Figure 12. Adsorption model analysis of the prepared 
bioadsorbent: (a) adsorption kinetics fitted with pseudo-
first-order, pseudo-second-order, and Elovich models; and 
(b) Langmuir isotherm linear fitting showing monolayer 
adsorption behavior. 

Table 5. Kinetic parameters and regression coefficients for adsorption using rice husk–sugarcane bagasse bioadsorbent. 
Kinetic model Parameter 1 Parameter 2 Reduced Chi-

square 
R² Adjusted R² 

Pseudo-first-order a = 478.41828 ± 
4.03096 

b = 0.11211 ± 0.00399 71.81941 0.99775 0.99742 

Pseudo-second-order qe = 518.6015 ± 
0.96683 

k = 3.47148 × 10⁻⁴ ± 
5.35182 × 10⁻⁶ 

273.11369 0.96318 0.96314 

Elovich model A = 185.68529 ± 
12.71422 

B = 0.01275 ± 1.84307 
× 10⁻⁴ 

1235.80117 0.83339 0.83322 

 

Table 6. Calculated Langmuir isotherm parameters for 
dye adsorption using the prepared bioadsorbent. 
Qmax (mg/g) KL (L/g) R² RL 

80.90615 0.1927 0.99923 0.06–0.34 
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4. Conclusion 
The bioadsorbent developed from rice husk and sugarcane 
bagasse by grinding, sieving, carbonization and activation 
with hydrochloric acid showed an effective performance for 
the treatment of textile wastewater. The FTIR confirmed the 
presence of active functional groups like –OH, C=O and C–
O–C, SEM revealed rough and porous surface morphology 
and the XRD was indicative of a predominantly amorphous 
structure supporting the dye adsorption. The pseudo-second-
order kinetic model described the adsorption process, 
suggesting a chemisorption process, and the Langmuir 
isotherm confirmed the monolayer adsorption behavior. 
The physicochemical parameters of the treated wastewater 
exhibited significant improvements such as BOD, COD, TDS, 
EC, pH and salinity. The color removal efficiencies of the 
bioadsorbent for reactive dye wastewater, basic dye 
wastewater, ETP inlet and ETP outlet were 80.13%, 87.80%, 
73.56% and 44.12% respectively. Higher dosage, longer 
contact time and higher agitation resulted in higher removal 
efficiency, but 0.4 g of each adsorbent, 1 h contact time and 
500 rpm agitation were selected as practical working 
conditions due to lower material use, shorter treatment time 
and reduced energy demand. 

The developed bioadsorbent holds practical potential as a low-
cost supplementary treatment material for textile wastewater 
especially for color reduction prior to conventional ETP 
treatment. Since rice husk and sugarcane bagasse are locally 
available agricultural wastes, this approach may reduce 
treatment cost while supporting sustainable waste 
valorization. However, further studies on regeneration, reuse, 
continuous-flow operation and pilot-scale performance are 
required before industrial implementation. The study showed 
that the developed bioadsorbent was very efficient for the 
removal of basic dye and can be an inexpensive and 
sustainable pre-treatment option for the reduction of the 
pollutant load before ETP processing. 
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