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a b s t r a c t
The goal of this study was to examine if Ulva reticulata biochar could be utilised in a batch approach 
to remove Reactive Blue 19 (RB19) from the liquid phase. To examine biochar features, the elemen-
tal analyzer, Brunauer–Emmett–Teller analyzer, proximate analysis, and Fourier transform infrared 
spectroscopy were utilised. As batch influencing factors, the sorbent quantity, solution pH, initial 
RB19 dye concentration, and temperature were all studied. Isotherm studies (Langmuir, Freundlich, 
Redlich–Peterson, and Sips), kinetic studies (pseudo-first-order and pseudo-second-order), and 
thermodynamic studies (Gibbs free energy, enthalpy, and entropy) were utilised to forecast the 
adsorption mechanism. Desorption studies were also conducted to determine the best elutants, solid- 
to-liquid ratios, and regeneration cycles to evaluate the performance of biochar in the sequential 
sorption and elution process.
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1. Introduction

Rapid urbanisation and population growth have 
resulted in increased water demand for both home and 
industrial reasons in recent years. Water is recognised 
as a vital resource for both human activity and industrial 
output. When compared to groundwater sources, sur-
face water has been regarded as one of the most import-
ant sources of water in recent decades. However, in recent 
years, groundwater usage has expanded rapidly, resulting 
in groundwater depletion. Diary, dyeing, paper and pulp, 
paint, and brewing are some of the key industries that use 
a lot of water [1]. These industries rely heavily on surface 
freshwater for their operations. It is also anticipated that 
vast amounts of wastewater are created by these companies 

in the process of processing raw materials [2]. When this 
effluent enters the environment, it pollutes the water. As a 
result, hundreds of new harmful contaminants could enter 
the ecosystem via this effluent. When these harmful chem-
icals interact with surface water, they cause severe water 
contamination. These harmful chemicals are also making 
their way into the groundwater, causing groundwater pol-
lution. A low concentration of harmful contaminants (less 
than 1 mg/L) will also have a bigger environmental impact. 
These dye molecules are not destroyed naturally and will 
remain in the water for an extended amount of time. Dye 
molecules are easily water-soluble, and removing these dye 
molecules has become one of the most difficult challenges 
in recent years. Dye molecules will serve as a thin barrier 
between the aquatic habitat and the surrounding environ-
ment. It fully prevents sunlight and dissolved oxygen from 
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entering the atmosphere. This sunshine and dissolved oxy-
gen are thought to be primary drivers of death for many 
aquatic species, and the river’s self-purification capability 
has also diminished in recent years [3].

Many environmental protection authorities throughout 
the world have developed rules and standards for all busi-
nesses during the last decade. These organisations monitor 
and control pollution levels in the environment [4]. However, 
due to treatment efficiency, many counties continue to 
struggle to achieve this agency’s standards. Water purifica-
tion is the most challenging duty for the industry because 
it is incredibly expensive. Physical, chemical, and biological 
treatment methods are commonly classified into three types. 
Some of the most commonly used treatment techniques in 
businesses include sedimentation, coagulation, membrane 
filtration, electrocoagulation, and the filtering process [5]. 
However, developing pollutants cannot be removed using 
these procedures, and while membrane filtration is accept-
able for all harmful pollutants, it is extremely expensive 
when compared to all other treatment methods. As a result, 
low-cost treatment is essential today [6]. Adsorption is a 
surface phenomenon involving the removal of adsorbate 
in the liquid or gas phase. Adsorption is one of the most 
widely used methods for removing hazardous substances 
in a variety of sectors. Natural clay, zeolites, hydrated sili-
cates, and activated carbon are some of the most commonly 
utilised adsorbents. Because of its superior properties, acti-
vated carbon is the most extensively used adsorbent in the 
industry [7]. Many researchers have revealed that biosorp-
tion is one of the alternatives to the traditional adsorption 
technique [8]. Many adsorbents have been effectively syn-
thesised from biomass, including leaf compost, agricultural 
waste, industrial sludge, natural seeds, fruit waste extracts, 
and seaweeds [9]. It has also been demonstrated that these 
adsorbents have the capacity to remove harmful contami-
nants from an aqueous solution.

Biochar, a carbon-rich substance, is created through grad-
ual pyrolysis in the absence of oxygen. Biochar has multiple 
distinguishing features, including enhanced specific sur-
face area, pore volume, pore radius, binding sites, and the 
presence of numerous functional groups. These properties 
will boost adsorption capacity toward harmful contam-
inants [10]. The current research looked on the production 
of biochar from the seaweed Ulva reticulata. Ulva reticulata is 
a member of the Ulva polysaccharide family and is high in 
carbonyl, carboxylic, alkyl, and amine groups. These func-
tional groups will improve the adsorption capacity of the 
pollutants. Reactive dyes are one of the most commonly 
used dyes in the dyeing industry because to their various 
qualities. Water-resistant reactive dyes create a tight bond 
between the material and the colour. In the presence of aro-
matic rings, a strong covalent bond forms between the dye 
and the cellulose of the textile [11]. As a result, the focus of 
this investigation was on the elimination of Reactive Blue 
19 using biochar made from Ulva reticulata.

2. Materials and methods

2.1. Seaweeds collection and chemicals

Ulva reticulata green marine seaweeds were obtained on 
the eastern coast of Tamil Nadu, India, near the Kanyakumari 

district. Along Tamil Nadu east coast, Ulva reticulata is fre-
quently accessible in considerable quantities. Wet biomass 
was collected and rinsed three times with tap water before 
being washed with distilled water. These wet seaweeds were 
naturally dried in the sun for 24 h. Sun-dried biomass was 
shredded into 7.5 mm chunks and sieved to ensure uni-
formity. To guarantee that moisture was removed from the 
shredded biomass, it was placed in a hot air oven at 103°C 
for 25 h. Finally, the dried biomass was placed in a china 
crucible and firmly wrapped in thin aluminium foil with 
two holes cut in it. To determine the maximal biochar yield, 
the muffle furnace was operated at various temperatures 
ranging from 250°C to 400°C for 2 h. Finally, once the chain 
crucible reached room temperature, it was withdrawn from 
the muffle furnace and placed in a desiccator for further 
cooling [12].

2.2. Biochar characterization

The elemental analysis of the biochar was carried out 
using an elemental analyzer (2400 Series II-PerkinElmer). 
Proximate analysis was used to assess moisture content, 
ash content, fixed carbon content, and volatile matter con-
tent [12]. A Brunauer–Emmett–Teller (BET) analyzer is used 
to determine the specific surface area, pore radius, and pore 
volume of biochar. Functional groups in biochar, as well 
as pore size, pore volume, and specific surface area, play 
an important role in influencing the biochar’s absorption 
ability during the adsorption process. The Fourier trans-
form infrared spectroscopy method was utilised to search 
for functional groups in biochar (FT-IR). The samples were 
pretreated before FT-IR analysis.

2.3. Dye batch adsorption studies

The batch adsorption investigations were conducted 
using a temperature-controlled orbital shaker. Batch adsorp-
tion experiments were carried out in a 250 mL conical flask 
with a working volume of 100 mL. The requisite 1,000 mg/L 
stock solution was produced, and the desired concentration 
was obtained from it. To establish a continuous environ-
ment for the sorption process, the conical flask was filled 
with 100 mL of the required connection and the mouth of 
the conical flask was closed with cotton and sealed with alu-
minium foil over the cotton. The orbital shaker was oper-
ated at 160 rpm for 6 h. Following the completion of the 
equilibrium time, the sample was filtered and centrifuged 
to eliminate any suspended particulates in the solution. 
The transparent solution was used to measure the final con-
centration in a spectrophotometer after the centrifuge was 
run at 3,000 rpm for 10 min [12]. The dye molecule removal 
efficiency and charcoal sorption capacity were calculated 
using Eqs. (1) and (2).
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where Q is the sorption capacity (mg/g); V is the volume of 
the sample (L); Co is the initial dye concentration (mg/L); 
Ce is the final dye concentration (mg/L); W is the mass of 
the biochar (g).

2.4. Modeling of isotherm and kinetics data

The Freundlich, Langmuir, Redlich–Peterson, and Sips 
adsorption isotherm models were fitted using the experi-
mental data. The different isotherm models are represented 
by Eqs. (3)–(6).

Freundlich model: Q K CF e
nF= 1/  (3)
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Adsorption kinetics is used to quantify absorption 
capacity over time at a constant concentration or pressure, 
resulting in a measurement of adsorbate diffusion into the 
pores of the biochar. Pseudo-first-order and pseudo-second- 
order kinetic models were used to fit the experimental data, 
as shown in Eqs. (7) and (8).

Pseudo-first-order model: Q Q k tt e= − −( )( )1 1exp  (7)
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2.5. Thermodynamic studies

The thermodynamic analysis was carried out to see 
if the Reactive Blue 19 (RB19) dye could be adsorbed onto 
charcoal (biochar). To investigate the adsorption process, the 
Gibbs free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) 
were determined. The thermodynamic parameters were 
utilised to determine if the reactions were spontaneous or 
non-spontaneous, whether they were exothermic or endo-
thermic, and the magnitude of the changes throughout the 
biochar surface [13]. The thermodynamic parameters were 
calculated using Eqs. (9) and (10).

∆G RT KL° = − ln  (9)

∆ ∆ ∆G H T S° = ° − °  (10)

2.6. Elution and regeneration

The desorption efficiency of biochar is examined using 
spent biochar from the adsorption process. In a 100 mL 

conical flask, desorption experiments were carried out with 
a variety of elutants and solid-to-liquid ratios. The desorp-
tion tests were carried out for 120 min in a temperature- 
controlled orbital shaker with a rotating speed of 160. 
Sodium hydroxide, sodium carbonate, ammonium hydrox-
ide, hydrochloric acid, methanol, and EDTA were among the 
chemicals studied. After the equilibrium contact time had 
expired, the sample was centrifuged for 5 min at 3,600 rpm. 
Before being analysed in a spectrophotometer, the super-
natant was collected and filtered. The desorption efficiency 
was calculated by dividing the number of dye molecules in 
the solution after elution by the total amount of dye mole-
cules accessible before elution. By changing the amount of 
the elutants, tests were carried out to optimise the number 
of elutants employed in the desorption process. The dye-free 
biochar is rinsed with distilled water before being exposed 
to 500 mg/L of Reactive Blue 19 for 120 min. Desorption 
was performed on this dye-bounded biochar once more. 
The purpose of the regeneration cycle experiments was 
to explore if biochar could be used to constantly sorb and 
elute colour molecules [14].

3. Results and discussion

3.1. Biochar characterization

Table 1 shows the basic properties of biochar at various 
temperatures. The results revealed a decrease in charcoal and 
an increase in pyrolysis. The carbon concentration of the bio-
char was one of the most important aspects of the sorbent. 
The carbon content decreased from 30.2% to 23.6% when 
the temperature was increased from 300°C to 500°C [15]. As 
the temperature rises, other components such as hydrogen, 
oxygen, nitrogen, and sulphur are also reduced. As a con-
sequence, the optimal pyrolysis temperature for maximum 
biochar formation was determined to be 300°C. Proximate 
analysis determined the moisture content, ash content, vol-
atile matter, and fixed carbon content to be 17.20%, 13.71%, 
27.15%, and 41.94%, respectively. A BET analysis was car-
ried out to better understand the surface characteristics of 
biochar. Raw and biochar had surface areas of 170.50 and 
330.50 m2/g, respectively, with pore volumes of 0.109 cm3/g 
(raw) and 0.322 cm3/g (biochar) and pore radius of 11.91 
(raw) and 19.41 (biochar) and pore radius of 11.91 (raw) and 
19.41 (biochar), respectively (biochar). Biochar contained 
more pores, and the availability of a greater specific surface 
area resulted in the most dye molecule sorption from the 

Table 1
Elemental profile of biochar at varying pyrolysis temperature

Temperature 
(°C)

C (%) H (%) O (%) N (%) S (%)

300 60.2 ± 1.2 3.8 ± 0.2 25.9 ± 0.5 4.3 ± 0.2 5.8 ± 0.1
350 58.1 ± 1.2 3.4 ± 0.2 29.2 ± 0.5 4.2 ± 0.2 5.1 ± 0.1
400 56.6 ± 1.2 2.8 ± 0.2 32.3 ± 1.5 3.8 ± 0.2 4.5 ± 0.1
450 54.4 ± 1.2 2.5 ± 0.2 36.0 ± 1.5 3.4 ± 0.2 3.7 ± 0.1
500 53.6 ± 1.2 1.8 ± 0.2 38.9 ± 0.5 2.6 ± 0.2 3.1 ± 0.1

Mean ± SD
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liquid phase [16]. Table 2 displays the FT-IR spectra of raw 
and dye-bounded biochar. The FT-IR results revealed that 
after the sorption process, there was a considerable shift in 
the spectra of different functional groups, which may be 
attributed to the dye molecules adhering to the various func-
tional groups in the biochar. This may have been changed 
because the sulfonate groups in the dye molecules affected 
the functional groups on the biochar’s surface [17].

3.2. Role of biochar dosage on RB19 adsorption

In the liquid and gas phases, the sorbent plays an 
important role in the sorption of harmful contaminants. 
With shifting properties, the sorbent must be more sta-
ble. The amount of sorbent used in the treatment process 
is proportional to the cost of treatment and the amount of 
secondary pollutants released into the environment. The 
fewer the adsorbents employed for sorption, the greater 
the benefits and the lower the treatment costs. The opti-
mal sorbent dose and maximal removal of RB19 dye mol-
ecules were investigated in this work. The effect of biochar 
amount on RB19 dye sorption is shown in Fig. 1. According 
to the findings, an increase in biochar quantity enhanced 
the RB19 dye removal efficiency, resulting in decreased 
absorption capacity. The elimination effectiveness of RB19 
was raised from 43% to 89% when the biochar quantity was 
increased from 1 to 10 g/L. Similarly, the biochar’s sorption 
capacity was reduced from 215 to 44.5 mg/g. The sorbent’s 
efficiency was determined by its removal efficiency and 
sorption capacity. Because the available sorbent pores and 

binding sites were very high and the dye concentration was 
insufficient for complete utilisation of the sorbent active 
sites, the removal efficiency was highest at the highest dos-
age [18]. As a result, a biochar dose of 2 g/L was determined 
to be optimal, with removal efficiency and absorption 
capacity of 81.8% and 204.5 mg/g, respectively.

3.3. Role of equilibrium pH on RB19 adsorption

Negative ions are common in reactive dyes, and cellu-
lose fibre is an electronegative ion as well [19]. The negative 
charges on the surface of the fibre are weakened by adding 
soda ash, which enhances the bonding nature of the reactive 
dyes and fibres. As a result, the wastewater generated by the 
dyeing process will be heavily polluted by alkaline nature. 
The concentration of negative ions will be extremely high. 
The extremely acidic region can be used to remove these 
reactive pigments from the wastewater. Because more pro-
tonated hydrogen ions are available in acidic circumstances, 
it is enriched with positive ions [20]. The positive and nega-
tive ions of reactive dyes will attract each other as a result. 
The pH of the water was varied from 2 to 5 in the current 
study. The effect of solution pH on reactive dye removal is 
depicted in Fig. 2. The data showed that increasing the pH 
reduced the efficacy of removal. It was discovered that when 
the pH was raised from 1.75 to 5, the removal efficiency 
reduced from 83.4% to 34%. Similarly, the uptake capacity 
was lowered from 208.5 to 85 mg/g. The optimum pH for 
eliminating reactive dyes was kept at 2 because there was 
little change in pH between 1.75 and 2.

3.4. Role of temperature on RB19 adsorption

In practise, the dyeing process will be carried out at 
a high temperature because this promotes dye-to-fabric 
adhesion. The temperature of the wastewater generated 
during the dyeing process will always be higher than that 
of the surrounding water bodies. The adsorption of dye 
molecules on the sorbent will also increase as the tempera-
ture rises. Fig. 3 depicts the influence of temperature on 
the removal of RB19 dye molecules. Increasing the tem-
perature improved the removal efficiency, according to the 
data. The removal efficiency increased from 76.2% to 84% 
when the temperature was raised from 20°C to 45°C, for 

 

Fig. 1. Role of biochar concentration on RB19 removal using Ulva 
reticulata-derived biochar.

Table 2
FT-IR spectra (before and after sorption)

Spectral groups Raw 
biochar

RB19 dye 
bounded biochar

C–O (alcohol) band 1,111 1,132
Symmetric C=O 1,413 1,427
Asymmetric C=O stretch of COOH 1,611 1,648
C–H stretch 2,924 2,978
–NH, –OH stretching 3,457 3,466

 

Fig. 2. Role of pH on RB19 removal using Ulva reticulata-derived 
biochar.
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example. The sorption capacity was also increased from 
190.5 to 210 mg/g. The higher elimination efficiency at high 
temperatures indicates that the process is endothermic. 
The results are compatible with thermodynamic research.

3.5. Isotherm and kinetics

Surface chemistry is one of the most important phe-
nomena that deals with the interaction of adsorbate and 
adsorbent when they transition from the solid to the liq-
uid phase. Adsorption isotherm models are one of the 
most effective tools for understanding surface chemistry. 
Physical adsorption or chemical adsorption can cause 
coloured molecules to adhere to the biochar. Between the 
adsorbate and the adsorbent, a weak van der walls force 
forms physical adsorption. Chemical adsorption, on the 
other hand, is defined by the formation of a strong chemi-
cal link between the adsorbate and the adsorbent [21]. The 
Langmuir, Freundlich, Redlich–Peterson, and Sips mod-
els are investigated in this work. The varied constants of 
each adsorption isotherm model are listed in Table 3. The 
monolayer adsorption capacity of biochar was expected 
to be 488.8 mg/g by Langmuir’s model. The correlation 
coefficient between the anticipated and experimental 
uptakes was 0.9992, which is quite high and implies that 
monolayer adsorption occurred. The dye molecules were 
adsorbed in one layer over the sorbent, and the adsorbate 
molecules were bound by binding sites on the charcoal 
surface in the solid–liquid phase [22]. The Freundlich iso-
therm model investigates whether biochar is homogeneous 
or heterogeneous. The constant nF represents the sorbent’s 
heterogeneity in terms of magnitude. The value of nF less 
than 1 (0.4885) suggests that the biochar’s surface is het-
erogeneous. Furthermore, it demonstrates that adsorbate 
adsorption onto the surface of biochar is advantageous 
under all conditions. When compared to the Langmuir 
isotherm model, the correlation coefficient between exper-
imental and projected uptake was 0.8383, which is lower. 
The Langmuir and Freundlich models are combined in the 
Redlich–Peterson isotherm model. The RP value of 0.98 
implies that the equation will reduce to Langmuir and 
that the Langmuir adsorption isotherm will be the best 
fit for the current study. Similarly, the sorbent’s dimen-
sionless heterogeneity is explained using the Sips model. 

Langmuir > Redlich–Peterson > Sips > Freundlich was the 
order of the isotherm models’ correlation coefficients. As 
a result, the adsorption mechanism was determined to 
be based on the Langmuir isotherm model. Fig. 4 shows 
the anticipated absorption for various dye concentrations 
at the start.

Table 4 contains the kinetic model parameters. Adsor-
ption kinetics is a method of determining the rate of 
reactions that may occur as a result of mass transfer, 
internal diffusion, or chemical reactions. The adsorp-
tion mechanism can be discussed in a step-by-step way 
as follows. External mass transfer between the adsorbent 
and the adsorbate; diffusion between a liquid phase and 
the adsorbent’s outer surface; diffusion in adsorbent par-
ticles where the adsorbate enters the adsorbent’s pores; 
formation of strong bonds between the adsorbent pores 
or binding sites and the adsorbate [23]. The uptake capac-
ity predicted by pseudo-second-order models was supe-
rior to the pseudo-first-order kinetic model, as shown in 
Table 3, and it was over forecasted. For the pseudo-first- 
order kinetic model, the correlation coefficient (R2) was 

Table 3
Adsorption isotherm model constants

Models RB19

Langmuir
Qmax 488.88
bL 0.0079
R2 0.9992

Freundlich
KF 18.177
nF 0.4885
R2 0.8383

Redlich–Peterson

KRP 3.84
αRP 0.0023
βRP 0.98
R2 0.9986

Sips

KS 1.1101
βS 1.4639
aS 0.0041
R2 0.9978

 

Fig. 3. Role of Temperature on RB19 removal using Ulva reticulata- 
derived biochar.

 

Fig. 4. Dye sorption isotherms on RB19 removal using Ulva 
reticulata-derived biochar.
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high. The experimental uptake was determined to be the 
best match for the pseudo-first-order kinetic models’ antic-
ipated update. The comparison of pseudo-first-order and 
pseudo-second-order kinetic models predicted and exper-
imental data is shown in Figs. 5 and 6. The maximum 
sorption was achieved initially at 60 min, according to the 
kinetic analysis, and an increase in equilibrium time did 
not result in an increase in sorption capacity.

3.6. Thermodynamic studies

The thermodynamic parameters of the RB19 adsorp-
tion are presented in Table 5. Table 4 shows that at all 
temperatures, Gibbs’ free energy is negative, indicating 
that the reactions are spontaneous. Because the Gibbs free 
energy increases with increasing temperature, this means 
that reactions are spontaneous at higher temperatures and 
non-spontaneous at lower temperatures [13]. Because the 
enthalpy and entropy values are both negative, the reac-
tion is considered endothermic. Endothermic processes 
raise the system’s entropy, and a positive enthalpy value 
implies that the reactions are endothermic. With a rise in 
temperature, endothermic processes will result in increased 
adsorption capacity. Enthalpy is also used to determine the 
type of sorption occurring between the adsorbate and the 
adsorbent. It implies physisorption and probable exother-
mic reactions if the heat evolved is between 2.1 and 20.9 kJ/
mol. Whereas the heat released per mole is larger than 
80 kJ/mol, chemisorption and endothermic processes are 
likely [13]. An enthalpy value of 73.84 kJ/mol was found in 
this investigation, which could imply a multi-sorption pro-
cess. It’s possible that the sorption was caused by physical 
or chemical adsorption. The presence of unpredictability 
in the solid–liquid phase, as shown by the positive value of 
entropy, could indicate structural changes in the adsorbate 
and adsorbent species. The mobility of adsorbate molecules/
ions increases as the temperature rises, potentially boosting 
the adsorbate’s affinity for the adsorbent [13]. Based on the 
Van’t Hoff equation, Fig. 7 depicts the slope and intercept.

3.7. Reusability studies

Following sorption and elution of biochar, the sorption 
potential of a sorbent was investigated. Because the cost of 
producing biochar is so high, it is important to get the most 
out of it, therefore desorption tests were carried out. Because 
the amount of adsorbent required may be decreased, this 
technique will lower the overall cost of the adsorbent. The 
desorption efficiency of biochar was investigated using a 

 

Fig. 5. Pseudo-first-order kinetic model observation on the 
removal of RB19.

Table 4
Pseudo-first-order and pseudo-second-order kinetic model constants

Dyes Model constants Model constants 100 mg/L 250 mg/L 500 mg/L 750 mg/L 1,000 mg/L

Reactive Blue 19

Pseudo-first-order
Qe 42.52 105.64 205.30 247.47 247.36
k1 0.0538 0.0471 0.0407 0.0405 0.0501
R2 0.9949 0.9978 0.9982 0.9963 0.9946

Pseudo-second-order
Qe 45.94 115.14 225.75 271.82 268.75
k2 0.0019 0.0006 0.0003 0.0002 0.0003
R2 0.9910 0.9905 0.9753 0.9900 0.9932

 

Fig. 6. Pseudo-second-order kinetic model observation on the 
removal of RB19.

Table 5
Thermodynamic parameters for the sorption of RB19

Dye Temperature 
(K)

KL 
(L/mol)

ΔG° 
(kJ/mol)

ΔH° 
(kJ/mol)

ΔS° 
(kJ/mol/K)

Reactive 
Blue 19

298 3.46 –3.08

73.84 0.20

303 6.26 –4.62
308 14.80 –6.90
313 21.37 –7.97
318 28.23 –8.83
323 32.33 –9.34
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variety of elutants. According to the batch investigation, 
adsorption was greatest in the acidic area. As a result, it was 
obvious that desorption would be greatest in alkaline cir-
cumstances. The desorption efficiency of numerous elutants 
is depicted in Fig. 8. It is determined from Fig. 8 that alka-
line elutants had a high desorption efficiency. Desorption 
efficiencies of sodium hydroxide, sodium carbonate, and 
ammonium hydroxide, for example, were 99.1%, 97.6%, and 
89.2%, respectively. The desorption efficiency was also tested 
using the acidic elutant hydrochloric acid. The desorption 

efficiency of methanol and EDTA was very low and negli-
gible. The best elutant for desorption of dye molecules from 
the sorbent was identified to be sodium hydroxide based 
on the results of the regeneration research.

The most efficient utilisation of elutant volume was 
researched further for the best elutant, sodium hydroxide. 
A separate treatment system may be necessary since the 
volume of elutants has such an impact on the cost of treat-
ment and the emission of secondary pollutants. The sorbent 
of solute, also known as the solid to liquid ratio, is the vol-
ume of elutant necessary for maximum desorption of dye 
molecules attached to the charcoal. Fig. 9 displays the dif-
ferent S/L ratios. The S/L ratios of 1, 2, 3, and 4 resulted in 
desorption efficiencies of 99.1%, 99.1%, 99.1%, and 98.8%, 
respectively, according to the data. Desorption efficiency 
dropped by 94.1% when the S/L ratio was increased to 5. 
As a consequence, the optimal S/L ratio for maximal desorp-
tion efficiency was found to be 4. Fig. 10 depicts the biochar 
regeneration cycle. The biochar is evaluated for continu-
ous sorption and elution for three cycles. For the regener-
ation cycles, a 0.1 M sodium hydroxide solution with a S/L 
ratio of 4 was utilised. The desorption efficiency of the first 
regeneration cycle was 99.1%, while the desorption effi-
ciency of the third regeneration cycle was 99%. More than 
95% desorption efficiency was routinely achieved. Table 6 

 
Fig. 9. Desorption efficiency of RB19 for varying solid to liquid 
ratio.

 

Fig. 7. Van’t Hoff plot of RB19 onto Ulva reticulata-derived bio-
char.

  
Fig. 8. Desorption efficiency of RB19 from biochar for different 
elutants.

Table 6
Uptake capacity of Reactive Blue 19 using different sorbents

S. No Adsorbent Uptake capacity (mg/g) References

1 Magnesium hydroxide modified biochar 103.09 [24]
2 CTS-TPP/MgO/Fe3O4 composite 120.3 [25]
3 Chitosan/MgO composite 512.82 [26]
4 Nanostructured magnesium oxide particles 250 [27]
5 Silica gel modified with 2,2’-(hexane-1,6-diylbis(oxy)) 

dibenzaldehyde
72.99 [28]

6 Grafted chitosan 1,498 [29]
7 Modified bentonite 123.50 [30]
8 Coconut shell derived biochar 96.95 [31]
9 Groundnut shell derived biochar 7.99 [32]
10 Ulva reticulata derived biochar 204.5 Present study
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summarized different adsorbents used for the removal of 
Reactive Blue 19 from the aqueous solution.

4. Conclusion

The current work found that biochar made from Ulva 
reticulata can be utilised to successfully decolorize RB19 in 
a liquid phase. The removal efficiency was 81.8% and the 
absorption capacity was 204.5 mg/g at operating conditions 
of 2 g/L biochar, solution pH of 2, and temperature of 35°C. 
The Langmuir model was found to have the best fit, with a 
correlation coefficient of 0.9998. According to kinetic study, 
the pseudo-first-order kinetic model best fits the experi-
mental data, with a correlation coefficient always more than 
0.9946 for various concentrations. A thermodynamic anal-
ysis concluded that processes are endothermic and spon-
taneous under all conditions. Furthermore, a desorption 
study discovered that sodium hydroxide with a S/L ratio 
of 4 can be achieved, as well as three successive sorption 
and elution regeneration cycles.
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