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Abstract 

Biosorption of azo dyes (RO-16, RB-120 & RB-19) from the 
aqueous solutions was investigated using the activated 
sugarcane bagasse charcoal adsorbent. The characteristics 
of the prepared adsorbent were analyzed by SEM, EDX, 
FTIR, XRD, TG & DT analysis, and the BET surface area of the 
sugarcane bagasse adsorbent was examined by N2 
adsorption and desorption techniques. Batch adsorption 
studies were performed to determine the optimum pH, azo 
dye concentration, sugarcane dose & temperature, and 
both Langmuir & Freundlich isotherm studies fit well with 
the adsorption process. Packed bed column adsorption 
studies confirmed the earlier breakthrough of the 
adsorption process, and the column adsorption studies 
fitted with Thomas, Yoon-Nelson, BDST and Adams-Bohart 
models. The desorption studies were conducted by adding 
various concentrations of sulfuric acid, and regeneration of 
spent azo dyes was done by different cycles. 

Keywords: Azo dyes, batch and column studies, sugarcane 
bagasse, isotherm and kinetic studies, desorption and 
Regeneration 

1. Introduction 

Water, Air, and Soil are the most precious natural resources 
to all substances for living and biological activity on the 
earth. Among these three, water is one of the essential 
resources required for every process worldwide. In earlier 
stages, the water is in an inexhaustible location, and the 
availability of fresh water is very high due to the presence 
of various natural and artificial water resources. Recently, 
freshwater has been required for all significant activities, 
industrial operations, drinking purposes, etc., and the 
freshwater requirement is increasing daily because of the 
need. At the same time, this water gets polluted by various 
industrial activities, population growth, and other natural 
or artificial disasters. Environmental pollution has emerged 
in the past few decades, which may severely affect all living 
beings (Briffa et al., 2020). There are many industries, and 
the industrial effluent has toxic pollutants, and without any 
prior treatment, the effluent was discharged into the 
natural water sources. Textile industries create too large 
amounts of effluent with toxic nature (Yaseen et al., 2018). 
Water treatment is one of the emerging technologies 
developed recently to remove harmful pollutants from 
aqueous solutions. Dyes play a vital role in the textile 
industrial effluent, creating aquatic toxicity and severe 
health issues. Removing these toxic pollutants is a critical 
task for researchers, and many industries must bear very 
high capital and investment costs for the treatment. 

Preliminary, Secondary, and biological treatment processes 
were not suitable for removing the toxic contaminants and 
other pollutants from the industrial effluent (Shindhal et 
al., 2020). Due to urgent need, an innovative treatment 
method is necessary for treating the effluent. Many 
treatment methods are available, such as Adsorption, Ion 
exchange, Membrane filtration, Chemical precipitation, 
etc., to remove or reduce the toxicity level in the industrial 
effluent (Sathya et al., 2022). The capital and investment 
costs for adopting these methods are very high, and there 
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is also a possibility of generating secondary pollutants from 
the treatment. Among these treatment methods, 
adsorption is the most straightforward process for 
reducing the concentrations of contaminants in the 
industrial effluent (Gisi et al., 2016). It is the process of 
attracting pollutants from the aqueous medium due to the 
wan-der-walls interactions. Adsorption offers various 
advantages, including inexpensive capital and maintenance 
costs, selective pollutant removal, ease of planning and 
operation, and the formation of no hazardous chemical 

contaminants. But it has some disadvantages like the cost 
of adsorbent, low surface area, skilled labour requirement, 
etc. Adsorption using activated carbon is one of the 
emerging technologies in recent days (Sultana et al., 2022). 
Many organic/inorganic materials were used as an 
adsorbent for removing the pollutants and other toxic 
contaminants from an aqueous solution. The adsorbent is 
the material that is commonly used in the adsorption 
process to adsorb the impurities from the sources. 

Table 1. List of research work conducted for azo dyes removal using sugarcane bagasse 

S. No. 
Type of azo 

dye 

The efficiency of 

azo dye removal 

Azo dye 

concentrati

on 

Optimum 

pH 

Optimum 

dose 

Optimum 

bed height 

Optimum 

flow rate 
Reference 

1. 
RO-16, RR-

120 & RB-19 
95%, 88% & 82% 25 mg L-1 6.0 2.5 g L-1 10 cm 5 mL min-1 This study 

2. MB 97% 25 mg L-1 7.5 0.5 g - - 
Kerrou et 

al., 2021 

3. MG 89.60% 8 x 10-6 M 7.0 0.3 g - - 
Tahir et al., 

2016 

4. RB & MB 0.19 & 0.35 mmol 
3 x 10-4 mol 

L-1 
6.5 1.0 g 12.5 cm 4.5 mL min-1 

Xia Yu et al., 

2019 

5. 
BB, MB & 

BY 

87.12%, 74.31% & 

79.28 
5 mg L-1 7.5 1.0 g 24 cm 7 mL min-1 

Cheong 

Khoo et al., 

2012 

6. Phenol 76.85% 0.22 mmol-1 4.5 
1.005 mmol 

g-1 
32 mm 2.5 mL min-1 

Fideles et 

al., 2019 

7. SMX 74% 5 mg L-1 6.0 6.4 g 25 cm 2 mL min-1 
Juela et al., 

2021 

Table 2. Properties of activated sugarcane bagasse charcoal adsorbent 

S. No. Physical properties Activated sugarcane bagasse charcoal 

1. Specific Gravity 0.62 

2. Buk density - g cc-1 0.42 

3. Porosity - % 92 

3. Surface area - m2 g-1 31 

5. Avg. Particle size - µm 0.7–0.525 

6. Moisture content - % 41.3 

7. Ignition loss - w/w % 94.14 

8. Al2O3 - w/w % 1.9 

9. SiO2 - w/w % 0.95 

 

In this study, the activated sugarcane bagasse charcoal has 
been used for removing the azo dyes from the textile 
industrial effluents. After extracting juices, the biomass 
was produced, called the bagasse, usually available in a 
fiber state. 100 kg of sugarcane was made of around 35 
kilograms of bagasse waste from the industrial process, and 
these decomposable fibers have been used to produce 
enzymes and biodiesels (Biz et al., 2016). The period of 
decomposition of this sugarcane bagasse is around 50–60 
days, and these are eco-friendly materials available at a low 
cost. Disposing of these bagasse fibers is one of the 
challenging tasks, and handling is also a complicated 
process. Based on the above statements, it is decided to 
remove the azo dye concentrations using the activated 
sugarcane bagasse charcoal as an adsorbent material. For 
preliminary investigation purposes, the list of research 
works conducted for the adsorption of various dyes using 
sugarcane bagasse is listed in Table 1. In this research work, 

the azo dyes such as reactive orange (RO-16), reactive red 
(RR-120) & reactive blue (RB-19) and their adsorption using 
the biochar obtained from sugarcane bagasse were 
examined using the fixed-bed column study. The 
desorption and regeneration studies evaluated the fixed 
bed column's performance. 

2. Materials and methods 

2.1. Sugarcane bagasse – adsorbent preparation 

The adsorbent material of sugarcane bagasse was collected 
from the sugar mill industries and washed several times 
with double distilled water to remove the dust and 
impurities. Then the washed bagasse samples were kept in 

an oven at 60C for 24 hours to remove the tannins and 
organic solvents. The sample was collected from an oven, 
washed multiple times, and dried in sunlight. The stability 
of the sugarcane fiber was increased by adding treated 
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formaldehyde with a 1:4 ratio (Sugarcane bagasse: 
Formaldehyde, w/v), and the mixed solution was kept in a 
muffle furnace for heating. After 6 hours of boiling time at 

100C), the water evaporated, and the sample was 
collected and dried in an oven at 80(C) for 24 hours. The 
physical properties of activated  
sugarcane bagasse charcoal powder are represented in 
Table 2. 

2.2. Stock solution preparation 

The azo dyes of reactive orange 16, reactive red 120 and 
reactive blue 19 were procured from the local vendors and 
stored in a refrigerator under a controlled temperature. 
The cleaning process is not required because of an 
analytical grade of azo dyes, commonly used in all textile 
and fabric industries (Xiao et al., 2017). The azo dyes act as 
a colouring agent in textile processing industries, creating 
toxic effects on all living beings. In batch and fixed bed 
column adsorption studies, all three types of dyes were 
added in double distilled water separately with a 
concentration of 1000 ppm. 

2.3. Characterization of adsorbent 

Material characteristics studies were performed to 
evaluate the properties of prepared adsorbent from the 
sugarcane bagasse charcoal by chemical synthesis process. 
The subsequent characterisation studies were used to 
determine the adsorption behaviour of the sugarcane 
bagasse-activated charcoal powder. 

2.3.1. BET surface area analysis 

The adsorption of a gas on the solid surface of activated 
sugarcane bagasse charcoal was used to identify the 
adsorbent's pore volume & size, and surface area. The 
quantity of adsorbate gas associated with a 
monomolecular layer on the surface was calculated. Due to 
the relative van der walls forces between the sugarcane 
bagasse charcoal powder and gas molecules, physical 
adsorption was attained (Guo et al., 2020). The surface 
area determination was carried out at the liquid nitrogen 
and its temperature. The multilayer adsorption of nitrogen 
obtained the specific surface area of the prepared 
sugarcane bagasse charcoal adsorbent as a function of 
relative pressure (P/Po). The volume of micro and meso 
pores of the sugarcane bagasse charcoal adsorbent was 
obtained using the t-plot method. The BET isotherm can be 
an expression in the equation (1). 

−
= +

 
− 

 

1 1  1
       

1o m o m
a

C P
X

P V C P V C
V

P
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Here, P is adsorbate gas partial vapour pressure in pascals, 
Po is adsorbate gas saturated pressure in pascals, Va is the 
volume of gas adsorbed in the standard temperature and 
pressure, and Vm is the volume of gas adsorbed for 
producing monolayer on the adsorbent surface at standard 
temperature and pressure. C is the constant for enthalpy of 
adsorption. 

2.3.2. SEM/EDX analysis 

Using the SEM-EDX spectroscopy (JSM – 6940V), sugarcane 
bagasse charcoal's physical and elemental properties have 
been evaluated. By SEM analysis, the fractions and flaws, 
contaminants and other organic and inorganic particles 
were observed with a working distance of 10 µm and a 
voltage level of 20 kV. The adsorbent material was taken in 
two SEM images before and after receiving the pollutants. 
The adsorption of targeted azo dyes was identified by 
referring to the EDX instrumental analyses performed with 
SEM. 

2.3.3. XRD 

X-ray Diffraction analysis was used to analyze the 
crystalline structure of the adsorbent material at the 
different peaks. The phases and sizes of the crystalline 
structure were identified by operating the instrument with 
CuK – α – radiation and the power of 40 kV working at 250 
mA. The characteristics of peaks were obtained from the 
analysis and compared with JCPDS standards using the 
reference code of -00-002-1035 (Harripersadth et al., 
2020). 

2.3.4. FTIR analysis 

The different types of functional groups (Hydroxyl, 
Carbonyl, etc.) and their presence in the prepared 
sugarcane bagasse adsorbent were examined by FTIR 
studies. In this experimental work, 1 gm of activated 
charcoal sugarcane bagasse powder was taken and mixed 
with 100 mg L-1 of azo dye concentrated synthetic solution 
with a pH of 6.0. After 4 hours of agitation, the supernatant 
was collected and used for further experimental study. The 
resolution was fixed at 4 cm-1 with a scanning range from 
4000 cm-1 to 400 cm-1. Twenty scans were taken to obtain 
the spectra. The spectra were obtained before and after 
the adsorption of pollutants from the synthetic solutions. 

2.3.5. TGA & DTA 

Thermo-Gravimetric and Derivative Thermogravimetric 
studies were utilized to determine the adsorbent's mass 
and energy changes at high temperatures. The TGA analysis 
will determine the quantity of material eliminated from the 
adsorbent as the temperature rises (Bazan et al., 2016). 
The DTG study will examine the extraction efficiency of 
materials within the expected time to determine if the 
adsorption process is exothermic or endothermic. To get 
the TGA and DTG characteristics, 20 mg of adsorbent 
material was placed in the instrument for characterization. 

2.4. Batch adsorption studies 

The batch adsorption method was used to evaluate the 
adsorption of azo dyes using activated sugarcane bagasse 
powder by altering pH levels, adsorbent dose, 
concentrations, period of contact with adsorbent, and 
solution temperature. The following adsorption process 
parameters were changed in this experimental work: The 
pH of the synthetic solution (2.0 to 7.0), contact time (10 to 
120 min), adsorbent dosage (0.5 to 2.5 g L-1), azo dye 
concentration (25 to 150 mg L-1), and temperature (15 to 
60°C). The produced adsorbent was put into known 
concentrations of synthetic solutions. The conical flask was 
continuously shaken in the rotary shaker for 60 minutes to 
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achieve equilibrium. Equation 2 was used to compute the 
amount of azo dye adsorbed by the adsorbent. 

( )−
=

o t

t

C  C  V
q    mg / g

m  (2) 

In this equation, qt is the quantity of azo dyes adsorbed by 
sugarcane bagasse at a time 't,' and Ct denotes the batch 
adsorption study concentration. After 5 minutes of 
centrifugal, the final suspension was removed from the 
rotary shaker. Using atomic adsorption spectroscopy, the 
quantity of azo dyes adsorbed after the adsorption process 
was determined. Each analysis was conducted twice to 
obtain the current value, and the average value was used. 
The quantity of azo dyes eliminated by sugarcane bagasse 
may be determined using data from the batch studies. 
Equation 3 may be used to define the mass balance system 
for this adsorption process. 

 −
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 

o e

o

C  C
% Removal   X100

C  (3) 

Here, Co denotes the beginning concentration of azo dyes 
in solution (mg L-1), Ce is the equilibrium concentration of 
azo dye compounds (mg L-1), V denotes the total volume of 
solution, and 'm' denotes the mass of the employed 
adsorbent. 

2.5. Batch isotherm studies 

The transfer of selected azo dye compounds from the liquid 
phase to the adsorbent during the static equilibrium has 
been examined using adsorption isotherm investigations. 
This may aid in identifying adsorbent interactions and 
optimizing them during adsorption. The types of isotherm 
studies listed below are commonly used to evaluate the 
efficiency of the adsorption mechanism in batch mode. 

2.5.1. Langmuir isotherm 

The Langmuir isotherm study explained the stability 
between the adsorbate and adsorbent systems. The 
isotherm research is based on two principles. The whole 
adsorption process, in other words, comprises a monolayer 
on the surface of the adsorbent, and molecular bonding at 
distinct places is impossible (Al-Senani et al., 2018). 
Equation 4 expresses the Langmuir isotherm model. 

= +
1

 
.

e e

e max max

C C

q K q q  (4) 

Ce – Solution’s concentration during the equilibrium in mg 
L-1; qe – Amount of azo dyes adsorbed per gm; K & qmax – 
Constants of Langmuir isotherm equation related to 
capacity and intensity of adsorption. 

2.5.2. Freundlich isotherm 

The Freundlich isotherm study can clearly describe the 
adsorption behaviour of the adsorbent. Freundlich model 
arises mostly on heterogeneous surfaces and follows the 
multilayer adsorption system on the surface of the 
adsorbent (Saadi et al., 2015). Equation 5 expresses the 
Freundlich isotherm model. 

= + 

1
ln ln   lne f eq k C

n  
(5) 

qe – Adsorbed quantity of adsorbate per gm; n – Adsorption 
Energy; Kf – Capacity of adsorption related to Freundlich 
constant; Ce – Adsorbate solution’s equilibrium 
concentration. 

2.5.3. Sips isotherm 

The Freundlich and Langmuir models were integrated to 
forecast the adsorption mechanism in the homogeneous 
mixed isotherm system. When the solution concentration 
is relatively high, the sips model predicts monolayer 
adsorption (Tzabar et al., 2016). Furthermore, the 
solution's concentration is fully avoided and adheres to the 
Langmuir isotherm model. Equation 6 presents the 
expression for the sips isotherm model. 

 
= + 

 

1

1 1 1 1
       

n

e max s e maxq Q K C Q  (6) 

Qmax & Ks – Adsorption capacity and equilibrium constant 
obtained from the slope and intercept in linear plots & n - 
factor of heterogeneity lies between 0 to 1. 

2.6. Fixed bed column studies 

Figure 1 shows a glass column with an internal diameter of 
2 cm and an overall length of 30 cm used for fixed bed 
experimentation and analysis. The characteristics of the 
fixed bed column (depth of bed, flow rate, and azo dye 
concentrations) were modified under normal 
circumstances to assess the column's performance. For the 
complete analysis, the adsorbent bed depth was varied to 
5, 7.5, and 10 cm, and the flow rate of the azo dyes solution 
was adjusted from 5 to10 mL min-1. The concentration of 
azo dyes ions was adjusted to 100, 200, and 300 mg L-1. 
Thomas, Yoon–Nelson, BDST, Adams-Bohart and 
Wolborska model investigations were carried out for 
equilibrium studies. To conduct the desorption 
investigations, concentrated sulfuric acid with different 
normality (0.1, 0.2, and 0.3) was employed, and the 
adsorbed dyes were disposed of by remote landfilling. 

 

Figure 1. Experimental setup of fixed bed column 

To perform the breakthrough analysis of the fixed bed 
column, the following equations (7 to 11) were used. 
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Here, qtotal – the amount of azo dyes uptake by the sugarcane 
bagasse adsorbent in the packed bed column in mg; Co – 
Concentration of azo dyes during the initial time in mg L-1; 
Cad – The difference between initial and final azo dye 
concentration at the flow time in mg L-1; Vt – Volume of 
synthetic solution after the treatment; Q – The rate of 
volumetric flow (mL min-1); Ttotal – Flow time in total; qbed – 
adsorbent bed capacity in mg g-1; W – Weight of the 
sugarcane bagasse charcoal in gm; Mtotal – Amount of azo 
dyes in the column. 

2.7. Kinetic modelling 

It is very important to predict the breakthrough curve for 
the parameters of effluents in the fixed bed column 
process. The column's dynamic behaviour was predicted 
using the following five types of kinetic models. 

2.7.1. Thomas model 

Thomas model has been widely used to examine column 
performance and to investigate the forecast of fixed bed 
column breakthrough curves (Amiri et al., 2019). The main 
assumption of this model is that plug flow dispersion 
predominates in the adsorption bed. This model can be 
expressed in equation (12). 

 
− = − 

 

o th o
th o

i

C K q w
ln 1    K C t

C Q  (12) 

The Thomas model parameters of Kth & qo were calculated 
from the slope and intercepted values of the plot ln ((Co/Ci) 
– 1)) vs time. Ci is called the concentration of the solution 
in mg L-1, Kth is the constant of the Thomas model in L mg-1 
min-1, qo is the concentration of the solute at the solid 
phase in mg g-1, w is the mass of adsorbent, Q is the flow 
rate in mL min-1, and t is the follow time in minutes. 

2.7.2. Yoon-Nelson model 

The Yoon-Nelson model is simple and relates to a single 
system component. It does not have quite so many column 
parameters (Liu et al., 2016). According to the model, the 
decrease in adsorption probability for increasing adsorbate 
molecules is substantially related to the possibility of 
adsorbate breakthrough and adsorbate adsorption. The 
Yoon - Nelson Model may be stated mathematically as 
equation (13). 

 
= − 

− 

i
YN YN
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C
ln  K t  K τ

C  C  (13) 

The slope of straight line KYN and intercept – τ KYN was 

calculated by plotting ln 
 
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− 

i

o i

C

C  C
 Vs time. Ci is the 

solution concentration in mg L-1, Co is the azo dye 
concentration in mg L-1, KYN is the constant of the Yoon-
Nelson model in min-1, τ is the required time of 50% 
breakthrough in minutes, and t is the flow time in minutes. 

2.7.3. BDST model 

Based on the forecast of various breakthrough sites, the 
model determined the adsorption bed capacity. This 
model's main assumption is that the adsorption rate is 
regulated by the unused capacity of the adsorbent and the 
surface response on the adsorbate's surface (Sharifian et 
al., 2020). The BDST model parameters (No and K) were 
determined by plotting bed depth vs time. The BDST model 
can be expressed in equation 14. 

 
= − − 

 

0

0

1
    ln 1o

o b

N Z C
t
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Here, t is called column service time in minutes, N0 is called 
the capacity of adsorption bed mg L-1, Z is called the column 
bed depth in cm, C0 is called concentration of influent 
solute in mg L-1, V is called linear flow velocity cm min-1, K 
is called the rate constant in L mg-1 min-1, and Cb is called 
azo dye breakthrough concentration in mg L-1. 

2.7.4. Adams-Bohart model 

The main assumption of this kinetic model is that the 
adsorbent concentration and residual capacity are directly 
related to the adsorption rate (Saad et al., 2015). At the 
time of the initial part of the breakthrough curve 
attainment, this model was used, and the model can be 
expressed in equation 15. 

 
= − 

 

 
 t AB o

AB o

o

C K N Z
ln K C t

C F  (15) 

KAB is the kinetic constant in L mg-1 min-1, F is the flow rate 
in mL min-1, Z is the depth of column bed in cm, No – 
adsorbent’s maximum adsorption capacity in mg L-1 and t is 
the time in minutes. 

2.7.5. Wolborska model 

The distribution of concentrations and dynamics of the 
adsorption during the initial stages was described by this 
model in lower concentrations (Djelloul et al., 2014). The 
constants of the Wolborska model were obtained using the 
linear plots of ln (Ct/Co) vs time. The basic assumption of 
this kinetic model is that the breakthrough curve in the final 
stage and the concentration profile width are constant. The 
linear expression of the Wolborska model can be expressed 
in equation 16. 

 
= −ln    a o a

o o o

C ZC
t

C N U  (16) 
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C is the concentration of effluent in mg L-1, Co is the 
concentration of influent in mg L-1, βa is the mass transfer 
kinetic coefficient, No is the capacity of exchange in mg L-1, 
Uo is the velocity of the superficial fluid in mm hr-1, and Z is 
the depth of bed in mm. 

2.8. Desorption and regeneration 

Reusing spent adsorbent is one of the ecofriendly methods 
and creates very low toxic effects on the surrounding 
environment. Concentrated sulfuric acid was employed as 
a regenerating reagent in this work at various 
concentrations such as 0.1 M, 0.2 M, and 0.3 M. The 
desorbing solution was let into the bed in continuous flow 
at a flow rate of 5 mL min-1, and the solution was collected 
at the exit point of the fixed bed column every 5 minutes. 
Finally, the concentration of the solution has been 
analyzed. 

3. Results and discussion 

3.1. Pore size and volume distribution 

For this porous material, the adsorption-desorption 
isotherm procedure was utilized to acquire the size of the 
pore and its volume fraction, BET surface area, and other 
micro and meso pore of sugarcane bagasse using nitrogen 

at -196C. Figure 2 shows the adsorption rate and 
desorption with nitrogen, and Table 3 represents the 
experimental parameters. The sugarcane bagasse was 
discovered to have micro and meso pores (Type - II) and a 
BET surface area of about 654 m2/g, which is greater than 
the pore volume (0.412 cm3/g) of other conventional 
carbon materials (Li et al., 2015). 

3.2. SEM & EDX analysis 

Figure 3 shows the activated sugarcane bagasse charcoal 
powder’s surface before and after the azo dye uptake. 
Referring to Figure 3 (a), it was seen that a flat nature on 
the adsorbent’s surface with uneven holes before the 
adsorption of azo dyes. Due to acid treatment of the 
adsorbent, uneven holes were observed on the surface of 
the adsorbent (Ambaye et al., 2021). At the same time, 
Figure 3 (b) shows the cloud nature on the adsorbent 
surface; most of the holes were filled with pollutants after 
the adsorption process. This may confirm the process of 
adsorption was achieved by the prepared sugarcane 
bagasse charcoal adsorbent. 

 

Figure 2. Adsorption – Desorption Isotherm (Nitrogen) 

Table 3. Pore characteristics of sugarcane bagasse adsorbent 

S. No. Parameter Units Value 

1. BET surface area m2 g-1 654 

2. Pore volume cm3 g-1 0.412 

3. Micropore volume cm3 g-1 0.189 

4. Meso pore volume cm3 g-1 0.082 

5. Micropore area m2 g-1 392 

6. 
Average pore 

diameter 
Nm 0.6–2.4 

To confirm the adsorption of targeted azo dyes on the 
adsorbent surface, EDX analyses were performed. Figure 3 
(c) shows the EDX image of the prepared adsorbent before 
the uptake of azo dyes from the synthetic solution. There 
are no peaks in the EDX image before adsorbing the 
targeted azo dyes. But, referring to Figure 3 (d), the 
presence of various functional groups confirms the 
adsorption of targeted azo dyes. Along with the dyes, the 
other organic and inorganic components, such as silica, 
iron, magnesium, calcium, and other metal elements and 
components, were observed in the EDX images. At the time 
of the activated process, the sulfur compound reacted with 
the adsorbent material and formed many non-ionic 
functional & hydroxyl groups with cations (Saleem et al., 
2019). This is because of the protonation of charged sites 
at the time of acid treatment, and the sulfuric acid's 
functional groups were not destroyed. 

 

Figure 3. (a) & (b) SEM image of sugarcane bagasse charcoal 

adsorbent and after the adsorption of azo dyes and (c) & (d) EDX 

image of sugarcane bagasse charcoal adsorbent and after the 

adsorption of azo dyes 

3.3. XRD analysis 

The XRD pattern of activated sugarcane bagasse charcoal 
adsorbent is shown in Figure 4. From that figure, it was 
observed many peaks were attained may confirm the 
crystalline structure of the adsorbent material. The peaks 
at 160, 240, 280, 311, 395 and 480 at 2θ matches with 80, 
110, 60, 40, 35 and 20 hkl planes were good in an 
agreement that may confirm the crystalline nature. The 
maximum number of peaks was observed because of the 
sulfuric acid treatment with the adsorbent material, and 
the acid may sharpen the peaks with very high intensity. 
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This suggests that the presence of micro and meso pores in 
the adsorbent may receive the pollutants from the 
aqueous medium by physical adsorption and partially by 
chemical adsorption processes (Nippes et al., 2022). The 
crystalline structure and peaks at very high intensity may 
confirm the nature of the prepared adsorbent material. 

 

Figure 4. XRD analysis of the activated sugarcane charcoal 

adsorbent 

3.4. FTIR 

The functional groups in the sugarcane bagasse charcoal 
adsorbent were examined by two different types of FTIR 
images, before and after the azo dye uptake and shown in 
Figure 5. The -OH and CH2 groups and their presence was 
observed by referring to the figure at high energy band of 
3420 cm-1 and 2860 cm-1. Also, various functional groups 
were identified between 1800 – 1000 cm-1. i.e., the 
presence of water was identified at the band level of 1620 
cm-1, aromatic vibrations were observed between 1600 – 
1460 cm-1, -CH2 bending vibrations were observed between 
1400 – 1380 cm-1 and the C-O functional groups were 
observed due to vibrations at the band level of 1080 cm-1. 
When the band level reduces from 1000 cm-1, the presence 
of C-H functional groups was identified because of the 
aromatic vibrations (Kepenek et al., 2020). The -CH2 
vibration stretching disappeared at 2860 cm-1, and -OH 
stretching was formed at lower frequency levels (Dittmann 
et al., 2022). Hence, the FTIR studies confirm the 
availability of functional groups in the adsorbent and their 
role in azo dye uptake during the experimental studies. 

 

Figure 5. FTIR studies of adsorbent material before and after the 

adsorption of azo dyes 

3.5. TGA & DTA 

Figure 6 shows the TG & DT analysis nature of the prepared 
sugarcane bagasse charcoal adsorbent under various 
temperatures. It was seen that many functional groups in 
the adsorbent material. The activated sugarcane bagasse 
charcoal was exposed to the experimental analysis by 
adjusting the heat rate of 10°C min-1 up to 900°C. Three 
different stages of adsorbent decomposition represented 
the heat absorbance of material. The weight loss of the 
adsorbent material was observed up to the temperature of 
600 °C, and after that level, there was no weight loss and 
attained a constant rate. The sugarcane bagasse adsorbent 
confirms the endothermic nature because the maximum 
peak is at 400°C, and the process reaches saturation level 
at the temperature of 900°C (Venkatraman et al., 2021). 
The organic and inorganic functional groups and their 
presence in the adsorbent provide very high stability 
against the higher temperature. 

 

Figure 6. TG & DT analysis of the adsorbent 

3.6. Batch adsorption studies 

The batch adsorption studies were conducted by adjusting 
the parameters such as pH, Adsorbent dose, Azo dye 
concentration, contact time and temperature. The 
experimental investigations were conducted by varying 
one parameter and keeping other parameters constant in 
the aqueous solutions. 

3.6.1. pH and its effect 

Keeping the adsorption parameters such as azo dye 
concentration (25 mg L-1), Contact time (60 min) and 
Sugarcane bagasse dose level (2 g L-1), the impact of the 
amount of adsorption was examined by adjusting the pH of 
the solution from 2.0 to 7.0. Figure 7 (a) shows the effect 
of pH in the azo dye adsorption using the sugarcane 
bagasse adsorbent. When the pH of the azo dye solution 
was increased, azo dye uptake also increased. The pH 
reached a level of 6.0, the maximum adsorption of azo day 
was achieved and there is a slight decrease when the pH 
reached 7.0. The pH of azo dye solution goes above 7.0, the 
surface of the adsorbent has a very high positive charge, 
and the interaction between azo dyes and the adsorbent 
has been reduced. The pH of azo dye solution is low, and 
the positively charged ions on the adsorbent surface 
protonate for faster removal of azo dyes (Zafar et al., 2019). 
Due to the hydroxyl precipitation in higher pH values 
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reduces the azo dye uptake from the synthetic solutions, 
and the process of adsorption reaches the saturation point 
at the pH of 6.0 (Gisi et al., 2016). At the optimum pH level, 
the prepared activated sugarcane bagasse adsorbent 
removed 95% RO – 16, 88% RR-120 and 82% RB-19 dye 
concentrations from the synthetic solutions. 

3.6.2. Sugarcane dose and its effect 

The accessible places on the adsorbent surface decide the 
degree of adsorption of azo dyes. Also, the adsorbent 
dosage specifies the available active sites and their 
significance in the adsorption process during the initial azo 
dye concentration (Nihan Kaya, 2017). In Figure 7 (b), the 
maximum azo dye adsorption was achieved by adding 2.5 
g L-1 of sugarcane bagasse charcoal adsorbent. During the 
initial stages, the adsorbent dose was added from 0.5 g L-1 
to 3.0 g L-1, and the effect of adsorption efficiency was 
investigated. An increase in the amount of azo dye uptake 
was noticed with an increase in adsorbent dose, and the 
maximum adsorption was recorded by adding 2.5 g L-1 of 
sugarcane bagasse adsorbent. Around 95% of RO – 16, 84% 
of RR-120 & 79% of RB – 19 azo dyes were removed from 
the synthetic solution due to the availability of active sites 
in the adsorbent. 

 

Figure 7. Impact of azo dye adsorption by varying (a) pH, (b) 

adsorbent dose, (c) Adsorbate concentration, (d) Temperature 

and (e) Contact time 

3.6.3. Azo dye concentrations and their effect 

Figure 7 (c) shows the impact of azo dye concentration on 
the azo dye adsorption in various concentrations. The azo 
dye concentration was adjusted from 25 mg L-1 to 150 mg 
L-1, and the changes in the amount of azo dye uptake were 
recorded and represented in that figure. When the 

concentration of azo dyes in the synthetic solutions was 
increased, the efficiency of azo dye uptake was reduced 
gradually because of the degradation of active sites in the 
sugarcane bagasse adsorbent. Lower concentrations of azo 
dye solutions with higher sugarcane bagasse dose increase 
the adsorption efficiency due to the lower number of azo 
dyes in the synthetic solution (Banerjee et al., 2017). The 
accessible locations in the sugarcane bagasse adsorbent 
are directly proportional to the varying azo dye’s initial 
concentration in the aqueous medium. With an increase in 
azo dye concentration, there is also a decrease in azo dye 
removal. 

3.6.4. Temperature and its effect 

Referring to the above batch adsorption studies, the azo 
dye concentration of 25 mg L-1 with 2.5 g L-1 of sugarcane 
bagasse charcoal adsorbent was taken for this 
experimental study with an optimum pH of 6.0. The 
temperature of the azo dye solution was adjusted from 

15C to 60C, and the impact on the azo dye adsorption 
was examined. Figure 7 (d) shows the effect of adsorption 
with varying temperatures. When the solution’s 
temperature was increased, there was an increase in azo 
dye adsorption by the adsorbent noticed (Khamparia et al., 
2016). The contact time of this experimental process was 
fixed at 60 minutes, and the maximum adsorption 

efficiency was obtained at the temperature of 30C. A 
sudden drop in azo dye adsorption was identified when the 

temperature went above 30C) because of the desorption 
rate rise in the solution. 

3.6.5. Contact time and its effect 

By adjusting the concentrations of azo dyes in the synthetic 
solutions from 25 mg L-1 to 150 mg L-1, the effect of contact 
time between the adsorbate and adsorbent was 
investigated. In this study, the contact time was adjusted 
from 10 minutes to 120 minutes, and the changes in azo 
dye adsorption efficiency were observed and represented 
in Figure 7 (e). It was seen that a rapid azo dye uptake 
happened during the initial stages, and the amount of dye 
uptake was gradually reduced after 50 minutes of contact 
time. No significant changes were observed after 50 
minutes and the azo dye uptake by the adsorbent reached 
saturation level. During the initial adsorption process, the 
availability of vacant sites was high, and the azo dyes were 
occupied in the vacant sites. During the early period, many 
unoccupied surface regions are available for adsorption 
(Ramasamy et al., 2022). Because of the repulsive 
interactions in the mass process between the solid surface 
and adsorptive molecules, the resultant unoccupied 
surfaces are difficult to fill over the period (Staszewski et 
al., 2022). Azo dye compounds are deposited into 
mesopores, which become almost full during the initial 
adsorption phase. As a result, the driving force for the mass 
transition between the solid phase and the bulk liquid 
phase decreases and the azo dye particles need to travel 
deeper with very high resistance. 

3.7. Batch isotherm studies 

The optimum values were taken from the batch studies, 
and the isotherm modelling was performed at 30°C by 
three different methods. The fitting of the isotherm model 
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was identified based on the slope and intercept & 
regression values obtained from the linear plots of each 
model. 

3.7.1. Langmuir isotherm 

The linear adsorption isotherm plots of Langmuir isotherm 
studies were shown in Figure 8 (a) by plotting Ce/qe vs Ce. 
The constants of this isotherm model ‘k and qmax’ are 
calculated from the slope and deflection values using the 

linear plots and listed in Table 4 along with the regression 
values (R2). At 30°C, the obtained R2 values are very high 
compared to the normal values (< 0.95), which may confirm 
the applicability of the Langmuir isotherm model. In lower 
azo dye concentrations (25 mg L-1), the separation 
parameter values from this study varied from 0 to 1 
confirming the adsorption process follows the monolayer 
formation in either physical or chemical mode (Dey et al., 
2022). 

Table 4. Isotherm constants for azo dye adsorption using sugarcane bagasse adsorbent 

S. No. Model Parameters RO - 16 RR - 120 RB - 19 

1. Langmuir 

qmax 9.402 9.929 10.434 

KL 0.343 0.174 0.109 

R2 0.9721 0.9505 0.9473 

2. Freundlich 

Kf 2.541 1.832 1.389 

n 2.963 2.315 2.026 

R2 0.9546 0.9602 0.9912 

3. Sips 

KS 12.8689 6.13959 3.7113 

βS 1.25346 1.54742 1.6536 

aS 0.47347 0.24345 0.1544 

R2 0.9182 0.9599 0.9991 

 

 

Figure 8. Isotherm study of azo dye adsorption by (a) Langmuir, 

(b) Freundlich and (c) Sips models 

 

Figure 9. (a), (b) & (c) - Break through curve at different bed 

depths for RO-16, RR-120 & RB-19 azo dyes adsorption 

3.7.2. Freundlich isotherm 

For the multilayer adsorption process following through 
physical or chemical mode, the Freundlich isotherm model 
was used. Figure 8 (b) shows the linear plots of the 
Freundlich isotherm model by plotting ln qe vs ln Ce. The 
constants of this isotherm model ‘Kf and n’ are calculated 
from the slope and deflection values using the linear plots 
and listed in Table 4 along with the regression values (R2). 
At 30°C, the obtained R2 values are very high compared to 
the normal values (<0.95) may confirm the applicability of 
the Freundlich isotherm model. Also, the calculated ‘n’ 
values are varied from 1 to 10 may confirm the azo dye 
adsorption by sugarcane bagasse adsorbent follows 
physical mode (Krishna Murthy et al., 2020). Regression 
values (R2) obtained from the linear plots are above 0.95, 
confirming the Freundlich isotherm model's best fit. The 
above isotherm investigations confirm the applicability of 
both Langmuir and Freundlich models, and the adsorption 
process follows monolayer and multilayer adsorption by 
physical or chemical adsorption. 

3.7.3. Sips isotherm 

The isotherm study derived from both Langmuir and 
Freundlich models may be used to identify the study's 
heterogeneous factor. Figure 8 (c) shows the linear plots of 
the Sips isotherm study by plotting ln [qe/ (qm - qe)] vs ln Ce. 
The isotherm constants of this model ‘Qmax and Ks’ are 
calculated from the slope and deflection values from the 
linear plots and represented in Table 4 along with 
regression values (R2). At 30°C, higher regression values 
were obtained, similar to the Langmuir and Freundlich 
model, which may confirm this study's applicability. The 
sips model may reduce to Langmuir or Freundlich isotherm 
study based on the n values. If the value of n is equal to 1, 
the model reduces to the Langmuir equation, and if the 
value of n is equal to 0 the model reduces to the Freundlich 
equation (Saruchia et al., 2019). 
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3.8. Breakthrough analysis 

The adsorption capacity of sugarcane bagasse adsorbent 
was determined under the flow conditions; the 
breakthrough analysis technique was used. In this 
experimental study, the analysis was evaluated by varying 
the height of the adsorbent bed, the initial azo dye 
concentration, and the inflow rate of the solution in the 
column. The pH and temperature of the solution were kept 
as a constant value taken from the batch adsorption 
studies. 

3.8.1. Impact of bed height 

The azo dye concentration was taken as 50 mg L-1, and the 
inflow rate of synthetic solution into the column was fixed 
at 5 mL min-1; the impact was due to the changes in 
adsorbent bed height in the packed bed column was 
investigated. In this experimental study, the height of the 
sugarcane bagasse charcoal adsorbent bed varied from 5 
cm, 7.5 cm and 10 cm, respectively, on a trial-and-error 
basis. Inlet and outlet concentrations of the azo dye 
solutions were analyzed the sharp curve was developed 
based on the amount of adsorption and exhaustion time of 
the adsorbent. Figure 9 (a), (b) and (c) shows the S-shaped 
breakthrough curve of RO – 16, RR – 120 & RB – 19 azo 
dyes, respectively. The saturation level of the adsorbent 
bed was identified at 10 cm bed height, and beyond that, 
the curve attains the constant removal of azo dyes. The 
staying time on the adsorbent surface increases in the 
column and may increase the adsorption rate. Also, the 
availability of active sites may be occupied by the 
pollutants, and there is no vacant surface to adsorb the 
different pollutants (Adeyemo et al., 2015). Because of this 
reason, the curve attained a constant rate of removal. 
Hence, it is decided to fix the optimum bed height of 10 cm 
for further experimental studies. Table 5 represents the 
calculated parameters by changing the bed height in the 
packed bed column. 

3.8.2. Impact of the flow rate 

The adsorbent bed height was fixed at 10 cm, and the 
concentration of azo dyes in the synthetic solution was 
kept at 50 mg L-1. The inflow rate of synthetic solution into 
the packed column was adjusted at various levels. To 
perform this analysis, the inflow rate was maintained at 5 
mL min-1, 7.5 mL min-1& 10 mL min-1 on a trial-and-error 
basis. The flow rate of synthetic solution is directly 
proportional to the azo dye adsorption. Referring to Figures 
9 (a), (b) & (c) – the curve was developed gradually when 
the flow rate increased and attained the constant rate of 
azo dye uptake from the aqueous solutions at 10 mL min-1. 
The breakthrough time was attained at the flow rate of 5 
mL min-1 during the earlier stages and reached the constant 
rate. During high flow rate, the turbulence flow in the 
aqueous solutions plays a vital role, decreasing the rate of 
azo dye uptake and mass transfer (Benabela et al., 2022). 
The above investigation confirms the optimum rate of flow 
in the column is 5 mL min-1 for higher efficiency of azo dye 
uptake. Table 6 represents the values obtained from 
breakthrough analysis by varying the inflow rate of the azo 
dye solutions. 

 

Figure 10. (a), (b) & (c) – Breakthrough curves at different flow 

rates & (d), (e) & (f) -Breakthrough curves at different 

concentrations - for RO-16, RR-120 & RB-19 azo dyes adsorption 

 

Figure 11. Thomas model plots for (a) different bed depth, (b) 

azo dye concentration and (c) inflow rate of the synthetic 

solution in the packed bed column 

3.8.3. Impact of azo dye concentrations 

The flow rate of azo dye solution was taken as 5 mL min-1, 
and sugarcane bagasse adsorbent bed height was fixed at 
10 cm for this experimental study. The concentration of azo 
dyes in the synthetic solution varied from 50 mg L-1 to 300 
mg L-1 on a trial-and-error basis. During the initial stages, 
the breakthrough time was not attained because of the 
large number of azo dye pollutants and their accumulation. 
Figure 10 (d), (e) & (f) shows the breakthrough curves of 
RO-16, RR-120 & RB-19 azo dyes in various concentrations. 
At lower concentrations, a gradient was developed, and 
the transport of azo dye pollutants from the aqueous 
medium decreased slowly (Alardhi et al., 2020). Referring 
to that figures, a quick saturation point was observed at 
lower concentrations, and the breakthrough point was 
attained at very low concentrations. The saturation of the 
adsorbent bed was observed in 50 mg L-1 of azo dye 
concentrations, and after the breakthrough point, the azo 
dye uptake reached a constant rate. Azo dye adsorption 
increased when the concentration of azo dyes in the 
aqueous solutions was very low due to the driving forces in 
the mass transfer zone. Table 7 represents the values 
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obtained from breakthrough analysis by varying the 
concentration of azo dye solutions. 

Table 5. Breakthrough analysis in various adsorbent bed heights 

S.No 
Azo dye 

type 

Adsorbent 

bed height 

in cm 

Break 

through 

time in min 

Vol. of 

treated 

effluent in 

mL 

Total 

flow 

time in 

min 

Azo dyes 

were 

added in 

a column 

in min 

Amount of 

azo dye 

adsorbed in 

mg 

Bed 

capacity 

mg g-1 

% 

Removal 

1. 

RO - 16 

5 550 13800 2750 1530 1124.7 237.52 78.42 

2. 7.5 700 18500 3700 1850 1526.2 289.26 82.57 

3. 10 1000 21500 4300 2150 1887.7 347.63 87.84 

4. 

RR - 120 

5 600 17500 3500 1750 1034.2 203.36 59.18 

5. 7.5 800 21000 4200 2100 1385.8 258.25 66.04 

6. 10 1100 23500 4700 2350 1666.1 317.62 70.95 

7. 

RB - 19 

5 400 15500 3100 1550 1236.6 213.72 79.78 

8. 7.5 700 19500 3900 1950 1661.4 279.35 85.24 

9. 10 1100 22500 4500 2250 2000.2 335.43 88.97 

Table 6. Breakthrough analysis of various inflow rates of the solution 

S.No 
Azo dye 

type 

Adsorbent 

bed height 

in cm 

Break 

through 

time in 

min 

Vol. of 

treated 

effluent in 

mL 

Total 

flow 

time in 

min 

Azo dyes 

were added 

in a column 

in min 

Amount of 

azo dye 

adsorbed in 

mg 

Bed 

capacity 

mg g-1 

% 

Removal 

1. 

RO - 16 

5 1250 24300 4900 2420 2012.6 392.36 83.61 

2. 7.5 1000 31500 4200 3150 2495.7 300.97 79.23 

3. 10 700 37000 3700 3700 2875.6 225.3 77.72 

4. 

RR - 120 

5 1100 24500 4900 2450 1745.3 348.88 71.24 

5. 7.5 800 33000 4400 3300 2271.7 302.72 68.84 

6. 10 500 39000 3900 3900 2618.8 224.83 67.15 

7. 

RB - 19 

5 1100 23000 4600 2300 1884.3 376.46 80.19 

8. 7.5 900 31500 4200 3150 2465.8 299.24 78.28 

9. 10 700 38000 3800 3800 2932 214.89 77.16 

Table 7. Breakthrough analysis in various azo dye concentrations 

S.No 
Azo dye 

type 

Adsorbent 

bed height 

in cm 

Break 

through 

time in 

min 

Vol. of 

treated 

effluent in 

mL 

Total 

flow time 

in min 

Azo dyes 

were added 

in a column 

in min 

Amount 

of azo dye 

adsorbed 

in mg 

Bed 

capacity 

mg g-1 

% 

Removal 

1. 

RO - 16 

100 1100 23500 4700 2350 1900.1 365.4 80.85 

2. 200 900 21500 4300 4300 3280.9 436.8 76.32 

3. 300 500 18500 3700 5550 3966.5 495.3 71.47 

4. 

RR -120 

100 1200 23000 4600 2300 1670.2 340.8 72.62 

5. 200 900 21500 4300 4300 2985.4 439.6 69.43 

6. 300 600 16500 3300 4950 3309 378.1 66.85 

7. 

RB - 19 

100 1300 24000 4800 2400 1950 410.5 81.25 

8. 200 900 22000 4400 4400 3468.9 462.5 78.84 

9. 300 600 19000 3800 5700 4415.7 496.1 76.53 

 

3.9. Kinetic modelling 

The mass transfer mechanism and performance of the 
fixed bed column have been assessed for real-world 
applications using various kinetic models. The following 
five kinds of kinetic models and their performance were 
evaluated in this process. 

3.9.1. Thomas model 

Similar to the breakthrough studies, the adsorption 
capacity and Thomas model constants ‘qo and Kth’ were 
obtained by varying the bed height of the adsorbent, inflow 
rate of azo dye solution and concentration of dyes in the 

synthetic solutions. The experimental conditions in the 
column study were fitted with the model's regression 
values, indicating the model's applicability. The decrease in 
adsorption capacity may increase the Thomas model 
constants and inflow rate of the azo dye solutions (Dahr et 
al., 2015). Also, the Thomas model constant ‘Kth’ were 
increased with the decrease in azo dye concentrations 
because of very high driving forces. When the adsorbent 
bed height is large, the adsorption capacity may increase, 
and a similar trend also developed at very high azo dye 
solution concentrations in the packed bed column 
(Selambakkannu et al., 2019). The graphical representation 
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of Thomas model plots for azo dye solutions is shown in 
Figures 11 (a), (b), and (c), and the constants of this model 
were calculated from the slope and deflection values from 
the plot and are shown in Table 8. 

 

Figure 12. Yoon-Nelson model plots for (a) different bed depth, 

(b) azo dye concentration and (c) inflow rate of the synthetic 

solution in the packed bed column 

 

Figure 13. BDST model plots for RO-16, RR-120 & RB-19 azo dyes 

adsorption at various inlet and outlet concentrations of synthetic 

solutions in the packed bed column 

3.9.2. Yoon – Nelson model 

In this type of model, the time required to attain the 
breakthrough of 50% azo dyes adsorption (τ) and rate 
constant (KYN) are the two important parameters that may 
be obtained by slope and deflection values from the linear 
plots of ln [Ci / (Co-Ci)] vs time (t). The flow rate of the azo 
dye solution, azo dye concentrations and adsorbent bed 
height were adjusted similar to the breakthrough studies. 
The values of the Yoon -Nelson model and its constants 
were obtained from the linear plots and represented in 
Table 9 & linear plots of this kinetic model shown in Figures 
12 (a), (b), and (c) may confirm the applicability of this 
kinetic study. Referring to the straight line from the plots 
indicates the suitability of the Yoon-Nelson model, and the 
values of τ and KYN are inversely proportional. This is 
because many azo dyes compete for the adsorbent surface 
at high amounts of dyes, which results in fast azo dyes 
absorption (Sirajudheen et al., 2020). 

 

Figure 14. Adams-Bohart plots for the adsorption of RO-16, RR-

120 & RB -19 azo dyes at the concentration of (a) 100 mg L-1
, (b) 

200 mg L-1 & (c) 300 mg L-1 respectively 

 

Figure 15. Wolborska plots for the adsorption of RO-16, RR-120 

& RB -19 azo dyes at the concentration of (a) 100 mg L-1
, (b) 200 

mg L-1 & (c) 300 mg L-1 respectively 

Figure 16. Desorption studies of azo dyes using concentrated 

sulfuric acid 

3.9.3. BDST model 

To reach the high amount of adsorption capacity, bed 
depth service time is an important parameter in the packed 
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bed column. The concentration of azo dyes was taken as a 
constant value. The BDST model helps to increase the azo 
dye uptake from the synthetic solutions (Saravanan et al., 
2017). Most azo dyes were adsorbed on the bed surface of 
sugarcane bagasse adsorbent, and the resistance of mass 
transfer and intra-particle diffusion are irrelevant. The 
service time of the adsorbent bed and its relationship with 
the height of the bed was represented by this model 
(Cervantes et al., 2018). The model has been evaluated by 
varying the inlet and outlet concentrations by fixing the azo 
dye concentration of 50 mg L-1 and the inflow rate of azo 
dye solution into the column as 5 mL min-1. The linear plots 
of the BDST model are shown in Figure 13, and the 
constants of this model were obtained from the slope and 
deflection values from the plots and represented in Table 
10. The linear plots show the applicability of the BDST 
model and its regression standards (R2 > 0.95). Due to the 
very high accumulation of azo dyes on the adsorbent 
surface, there was an increase in the adsorption capacity 
per bed unit volume (No) with an increase in the inlet and 
outlet solution concentrations. Also, within 50% of inlet 
and outlet concentrations, the least regression value was 
obtained, which confirms the inlet and outlet 
concentrations may decrease the regression standards 
(Aydina et al., 2021). There is a need for good inflow 
conditions and large adsorbent bed to attain the 
breakthrough earlier. 

3.9.4. Adams-Bohart model 

During the initial part of the breakthrough curve, the 
Adams-Bohrat model may be used to apply the 
experimental data for clear description. This model was 
used to estimate the maximum adsorption capacity (No) 
and kinetic constants (KAB) and Figures 14 (a), (b), and (c) 
show the linear plots of the Adams-Bohrat model, which 
indicate the applicability of the kinetic model. Using the 
linear plots of ln (Ct/Co) vs time, the values of No and KAB 
were calculated by taking slope and intercept values and 
represented in Table 11. For this study, the flow rate was 
adjusted as 5 mL min-1, 7.5 mL min-1 & 10 mL min-1 with a 
fixed adsorbent bed height of 10 cm and the concentration 
of azo dyes in the solution was adjusted from 100 – 300 mg 
L-1. It was noticed that the increase in adsorbent bed height 
might decrease the constant of kinetics (KAB) and increase 
the capacity of adsorption (No) for all three types of azo 
dyes. Because of higher active site availability at higher bed 
depths, adsorption capacity may be attributed to more. 
The prediction of the breakthrough curve was attained 
based on the regression values (R2) obtained from the 
linear plots, and it was confirmed the suitability of the 
Adams-Bohrat model because of higher regression values 
(R2 > 0.95). 

Table 8. Thomas model constants for the adsorption of azo dyes using sugarcane bagasse powder 

S. No. 
Type of 

azo dye 

Slope 

x10-3 
Intercept 

Initial azo dye 

conc. x 102 mg L-1 

Kth x 10-5 min-1 

mg-1 L-1 

Bed depth 

x 10-2 m 

Flow rate L 

min-1 
qo

 

1. 

RO - 16 

- 4.6 7.64 3 1.45 0.05 0.005 392.34 

2. -3.6 8.76 2 1.78 0.05 0.005 352.42 

3. -3.6 11.36 1 3.96 0.05 0.005 264.12 

4. -4.5 7.61 1 4.75 0.05 0.005 242.32 

5. -3.6 8.27 1 3.86 0.075 0.005 273.12 

6. -2.9 9.78 1 3.04 0.1 0.005 294.23 

7. -3.6 6.74 1 3.79 0.05 0.005 267.45 

8. -3.4 7.56 1 3.65 0.05 0.075 235.64 

9. -2.8 8.03 1 2.83 0.05 0.01 201.32 

10. 

RR-120 

-4.4 5.96 3 1.64 0.05 0.005 394.23 

11. -3.7 8.43 2 1.93 0.05 0.005 367.93 

12. -3.7 10.05 1 3.84 0.05 0.005 274.58 

13. -4.0 6.92 1 4.03 0.05 0.005 256.34 

14. -3.7 8.03 1 3.69 0.075 0.005 275.92 

15. -3.5 9.14 1 3.48 0.1 0.005 298.58 

16. -3.5 6.12 1 3.45 0.05 0.005 273.29 

17. -3.6 8.14 1 3.69 0.05 0.075 248.56 

18. -3.0 8.73 1 3.16 0.05 0.01 212.13 

19. 

RB-19 

-4.2 7.69 3 1.54 0.05 0.005 392.83 

20. -4.1 8.72 2 2.73 0.05 0.005 338.48 

21. -3.7 9.14 1 3.54 0.05 0.005 274.93 

22. -3.9 7.68 1 3.93 0.05 0.005 241.36 

23. -3.5 8.52 1 3.63 0.075 0.005 267.43 

24. -3.2 9.31 1 3.26 0.1 0.005 289.57 

25. -3.5 6.56 1 3.68 0.05 0.005 264.49 

26. -3.6 8.43 1 3.79 0.05 0.075 241.37 

27. -3.0 9.21 1 3.21 0.05 0.01 209.13 
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Table 9. Yoon-Nelson model constants for the adsorption of azo dyes using sugarcane bagasse powder 

S. No. Type of azo dye Intercept 
Initial azo dye 

conc. x 102 mg L-1 

KYN x 10-3 

min-1 

Bed depth x 

10-2 m 
Flow rate L min-1 τ (min) 

1. 

RO-16 

6.04 3 4.4 0.05 0.005 1532 

2. 9.03 2 4.2 0.05 0.005 2112 

3. 12.43 1 3.8 0.05 0.005 2894 

4. 7.14 1 4.5 0.05 0.005 1724 

5. 7.88 1 3.7 0.075 0.005 2047 

6. 9.11 1 3.1 0.1 0.005 2756 

7. 5.97 1 3.7 0.05 0.005 1765 

8. 8.20 1 3.6 0.05 0.075 2384 

9. 11.11 1 3.8 0.05 0.01 2965 

10. 

RR-120 

6.87 3 4.2 0.05 0.005 1655 

11. 9.05 2 4.1 0.05 0.005 2239 

12. 11.41 1 3.8 0.05 0.005 3046 

13. 7.49 1 4.2 0.05 0.005 1938 

14. 8.18 1 3.5 0.075 0.005 2374 

15. 9.42 1 3.2 0.1 0.005 2856 

16. 6.03 1 3.8 0.05 0.005 1667 

17. 8.41 1 3.7 0.05 0.075 2353 

18. 10.05 1 3.4 0.05 0.01 2978 

19. 

RB-19 

6.83 3 4.2 0.05 0.005 1763 

20. 8.74 2 3.8 0.05 0.005 2256 

21. 11.18 1 4.1 0.05 0.005 2948 

22. 7.03 1 4.0 0.05 0.005 1864 

23. 7.91 1 3.8 0.075 0.005 2436 

24. 9.29 1 3.4 0.1 0.005 2743 

25. 6.55 1 3.9 0.05 0.005 1759 

26. 8.32 1 3.7 0.05 0.075 2362 

27. 9.98 1 3.4 0.05 0.01 2984 

 

 

Figure 17. Regeneration of azo dyes using concentrated sulfuric 

acid in different cycles 

3.9.5. Wolborska model 

The experimental column data was applied to the 
Wolborska model to describe the breakthrough curves. The 
linear plots of ln (Ci/Co) vs time are shown in Figures 15 (a), 
(b), and (c), and the constants of this wolborska kinetic 
model (βa & No) were determined by using slope and 
deflection values from the linear plots. Similar to the 
Adams – Bohart studies, the bed height was fixed, the azo 
dye concentration & inflow rate of the solution were 
adjusted, and the model's behaviour was evaluated. Based 

on the trial runs, kinetic model constants may be increased 
or decreased. The constants of this kinetic model are 
represented in Table 12, and there is no decrease from 
their original values. The active sites available on the 
sugarcane bagasse adsorbent were reduced on the surface 
for azo dye adsorption. The regression values (R2) obtained 
from the linear plots are very low (<0.95), which shows the 
non-applicability of the wolborska model in this fixed bed 
adsorption study. Hence, the mass transfer mechanism in 
the adsorption process does not fit with this kinetic model 
(Benjelloun et al., 2021). Out of five kinetic models tested 
for azo dyes adsorption, the Thomas, Yoon-Nelson, BDST & 
Adams-Bohart kinetic models fitted well with the 
experimental data in the fixed bed column. 

3.10.  Desorption studies 

For azo dye solution, the elution curve of the fixed bed 
column is shown in Figure 16. The values of the maximum 
amount of desorption are represented in Table 13. During 
the initial stages, the desorption of azo dyes attained the 
maximum peak. After 30 minutes of desorption time, the 
rate of azo dye recovery decreased gradually for all three 
different types of sulfuric acid concentrations. The speed of 
removal rate from the adsorbent surface may be attributed 
to the sulfuric acid concentrations, which decrease the 
desorption rate (Himanshu Patel, 2021). The performance 
of the packed bed column has been evaluated based on the 
reuse of spent adsorbent material. Hence, the optimum 
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desorption time was fixed at 30 minutes, and the 
regeneration process was done in three different cycles. 
After reaching the saturation level of the adsorbent, the 
adsorbed pollutant was disposed into remote soil dumping 
process. Referring to Figure 17, the maximum amount of 
adsorbent was recovered in the first cycle; after that, the 

recovery rate was reduced significantly. Hence, the amount 
of spent adsorbent was recovered within 30 minutes by 
adding 0.3 N of concentrated sulfuric acid in the first cycle. 
No increase in azo dye recovery was observed when the 
sulfuric acid concentration went below 0.3 N. 

Table 10. BDST model constants for the adsorption of azo dyes using sugarcane bagasse powder 

S. No. 
Type of azo 

dye 

Bed depth 

x 10-2 m 

Azo dye conc. 

in mg L-1 
Ci/Co Slope Intercept No mg L-1 

K x 10-5 L 

mg-1 min-1 
R2 

1. 

RO - 16 

0.05 100 0.3 110 540 49050 4.5 0.986 

2. 0.075 100 0.4 100 918 53090 3.2 0.986 

3. 0.10 100 0.5 92 1733 57340 2.1 0.994 

4. 

RR-120 

0.05 100 0.3 220 66 45930 1.9 0.999 

5. 0.075 100 0.4 160 743 51250 3.4 0.997 

6. 0.10 100 0.5 130 1525 54640 2.4 0.982 

7. 

RB-19 

0.05 100 0.3 140 315 47560 3.7 0.996 

8. 0.075 100 0.4 122 1096 50540 3.3 0.962 

9. 0.10 100 0.5 104 1416 53650 2.2 0.992 

Table 11.  Adams-Bohart constants for different azo dye concentrations 

S. No. Type of dye 
Flow rate L 

min-1 

Initial azo 

dye conc. x 

102 mg L-1 

Bed depth x 

10-2 m 
No mg L-1 

KAB x 10-5 mL 

mg-1 min-1 
R2 

1. 

RO - 16 

0.05 3 1 2.25 5788.51 0.9711 

2. 0.075 2 1 1.84 6438.24 0.9523 

3. 0.10 1 1 1.52 8956.26 0.9639 

4. 

RR-120 

0.05 3 1 2.73 5921.56 0.9698 

5. 0.075 2 1 2.13 7345.24 0.9631 

6. 0.10 1 1 1.75 9325.72 0.9595 

7. 

RB-19 

0.05 3 1 2.56 5835.36 0.9882 

8. 0.075 2 1 1.94 6593.52 0.9994 

9. 0.10 1 1 1.62 9023.54 0.9514 

Table 12. Wolborska model constants for different azo dye concentrations 

S. No. Type of dye Flow rate L min-1 
Initial azo dye conc. x 102 mg L-

1 
Bed depth x 10-2 m βa min-1 R2 

1. 

RO - 16 

0.05 3 1 6.32 0.940 

2. 0.075 2 1 7.84 0.9429 

3. 0.10 1 1 9.28 0.9342 

4. 

RR-120 

0.05 3 1 5.98 0.9651 

5. 0.075 2 1 7.22 0.9306 

6. 0.10 1 1 8.93 0.9319 

7. 

RB-19 

0.05 3 1 6.12 0.940 

8. 0.075 2 1 7.52 0.9429 

9. 0.10 1 1 9.13 0.927 

Table 13. Desorption rate of the adsorbent material in fixed bed column 

S. No. Type of azo dye The concentration of H2SO4 (N) 
Final Concentration mg L-

1 
Time (min) 

1. RO-16 

0.1 740 

30 0.2 820 

0.3 870 

2. RR-120 

0.1 650 

50 0.2 710 

0.3 780 

3. RB-19 

0.1 730 

40 0.2 780 

0.3 850 
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4. Conclusion 

The sugarcane bagasse charcoal adsorbent was used to 
remove the RO-16, RB-120 and RB-19 azo dyes from the 
aqueous solutions. The characterization studies confirm 
the adsorption behaviour of prepared sugarcane bagasse 
adsorbent with the BET surface area of 654 m2 g-1. The 
maximum adsorption efficiency of 95% for RO-16, 88% for 
RR-120 and 82% for RB-19 dyes was achieved with the 
optimum pH of 6.0, Sugarcane bagasse dose of 2.5 g L-1, azo 
dye concentration of 25 mg L-1 and the temperature of 
30°C. The analysis data were fitted with the Langmuir and 
Freundlich isotherm models. The packed bed column study 
confirms the earlier breakthrough at 10 cm of adsorbent 
bed height, 5 mL min-1 inflow rate into the column and 100 
mg L-1 of azo dye concentrations. The column analysis data 
are fitted well with Thomas, Yoon-Nelson, BDST and 
Adams-Bohart kinetic studies, and 0.3 N of sulfuric acid 
provides a very high desorption rate from the column at the 
earlier time. Based on the experimental process, the 
sugarcane bagasse charcoal adsorbent confirmed its 
adsorption behaviour of azo dyes from the aqueous 
solutions. 
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