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a b s t r a c t
A continuous study was carried out in the up-flow packed bed column to remediate the Reactive 
Orange 16 (RO16) using biochar derived from coconut shell as a low-cost adsorbent. The sorp-
tion mechanism in the continuous process was carried out by studying the influencing parameters 
namely bed depth, solute flow rate and initial dye concentration. The continuous study explored a 
maximum uptake capacity of 46.63 mg/g at a bed depth of 25 cm, a flow rate of 0.3 L/h and an initial 
dye concentration of 100 mg/L. Mathematical modeling such as the Thomas model, modified dose–
response model and Yoon–Nelson model was performed to fit the experimental data. Regeneration 
studies were carried out using 0.01 M NaOH and resulted in 99.7% desorption efficiency. 
The sorption–elution study concluded that the biochar can undergo three sorption–elution cycles. 
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1. Introduction

In the modern world, the increased usage of water has 
become one of the most important problems for the envi-
ronment. Water that was used for domestic and industrial 
purposes was increasing continuously and results in the 
generation of a huge quantity of wastewater. Many pol-
lutants such as toxic metals, dye molecules, pesticides, 
humic substances and many other non-biodegradable sub-
stances are mixed in wastewater and thus affect the aquatic 
ecosystem [1]. Of these different types of pollutants, dyes 
are considered as one of the important pollutants [2]. 
Since dyes are used in large quantity in textile industries 
for different purposes and they can easily interact with 
the materials, which have been used [3]. Dyes are gener-
ally poisonous and cancer-causing agents [4,5]. Release of 
the dye-bearing wastewater to the surface water streams 
or rivers will adversely affect the water bodies and makes 
the water unsuitable for the domestic purpose. These will 
result in the water demand for domestic purposes and the 
availability of freshwater was depleted day by day. So, 

these wastewaters are to be treated properly before it was 
discharged from the industries. But the associated treat-
ment cost was a big challenge. Many physical and chem-
ical treatment methods are available but these methods 
are not cost-effective. But there are certain limitations and 
difficulties in the existing dye removal methods in the real 
wastewater system [6]. One of the commonly used treat-
ment methods was adsorption using activated carbon. 
But the high cost, the problem in the regeneration of the 
activated carbon was one of the main problems [7,8]. 

To overcome the disadvantage of the activated carbon, 
recent research was focused on the production of biochar 
from the waste materials and it was playing a very import-
ant role in the remediation of environmental pollution 
[9,10]. Biochar is a carbon-rich material produced in the 
absence of oxygen at varying pyrolysis temperature [11]. 
Many researches have proved in the past, the biochar can 
remediate toxic metals [12], dyes [13,14] and other pollut-
ants present in the wastewater in batch mode operation 
[15]. But the remediation of these pollutants using biochar 
in a continuous study was very much limited. The objective 
of the current investigation was to utilize biochar derived 
from coconut shells for the remediation of Reactive Orange 
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16 (RO16) in a packed bed column. This study also explored 
the influence of different operating parameters such as 
varying bed depth, flow rate and initial dye concentration. 

2. Materials and methods

2.1. Biochar synthesis and chemicals

The biochar used in the present study is produced from 
coconut shells and collected from agricultural lands of 
Chidambaram, Tamil Nadu, India. The collected coconut 
shell was rinsed with distilled water to remove the impu-
rities and dried for 24 h under natural drying. The coco-
nut shell was shredded into 7.5 mm size and a measured 
quantity of 50 g of sample was taken for the synthesis of 
biochar. This sample was kept in a muffle furnace for 2 h 
at a heating rate of 5°C/min at the desired temperature of 
450°C. The muffle furnace was initially purged with nitro-
gen gas at a flow rate of 1,000 mL/min to ensure the absence 
of oxygen inside the muffle furnace. Reactive Orange 16 
(RO16) with an empirical formula of C20H17N3Na2O11S3; 
color index of 17,757; the molecular weight of 617.54 g/
mg and λmax of 490 nm was used in the current adsorption 
studies and it was procured from Sigma-Aldrich (India).

2.2. Continuous study

To check the ability of the biochar in the remedia-
tion of Reactive Orange 16 (RO16) in the continuous pro-
cess, a packed bed column was selected. As suggested by 
Pushpa et al. [16], acrylic glass was used for the continuous 
setup with a total height of 33 cm with an internal diame-
ter of 1.9 cm. At the bottom of the column, a stainless steel 
sieve of 0.05 cm is placed followed by glass wool. Also, 
a circular bead with a diameter of 0.15 cm was placed to 
a height of 2 cm from the bottom of the column to ensure 
the steady flow throughout the column. Fig. 1 shows the 
schematic presentation of the packed bed column.

2.2.1. Impact of biochar bed depth 

To study the effect of bed depth on the sorption of 
16 Reactive Orange onto the biochar, varying depths 

of 15, 20 and 25 cm were maintained. Other parame-
ters such as the solute flow rate of 0.3 L/h and the initial 
concentration of 100 mg/L were maintained.

2.2.2. Impact of solute flow rate 

To study the effect of solute flow rate on the sorption 
of Reactive Orange 16 onto the biochar, the varying flow 
rate of 0.3, 0.48 and 0.6 L/h were maintained. Other param-
eters such as biochar bed depth of 25 cm and an initial con-
centration of 100 mg/L are maintained.

2.2.3. Impact of initial dye concentration 

To study the effect of initial dye concentration on the 
sorption of Reactive Orange onto the biochar, varying ini-
tial dye concentrations of 50, 75 and 100 mg/L were main-
tained. Other parameters such as biochar bed depth of 
25 cm and a flow rate of 0.3 L/h are maintained.

2.3. Desorption and regeneration of green seaweed-derived biochar

Once the sorption was completed, desorption studies 
were carried out to check the possibility of the biochar for 
consecutive sorption–elution cycles. Desorption studies 
were carried out using 0.01 M NaOH as the elutant with a 
flow rate of 0.6 L/h. The samples were collected at the top 
of the column at regular time intervals and the concentra-
tion was measured using a spectrophotometer. The desorp-
tion studies were stopped once the exit dye concentration 
reaches 2% of the inlet concentration (2 mg/L) [16].

2.4. Analysis of column data

To analyze the amount of dye sorbed in the packed bed 
column by the biochar, parameters such as overall sorption 
zone (∆t) [17], the volume of effluent treated (Veff) [18], the 
total quantity of dye molecules pumped (mtot) [18], elution 
efficiency (E) [16] and a total percentage of dye removed 
[19] were calculated using Eqs. (1)–(5). A plot of C/C0 vs. t 
is used to understand the overall sorption mechanism in 
the packed column. Other parameters such as the amount 
of dye remained in the column (madsor) and column sorption 
uptake were calculated as suggested by Volesky et al. [18], 
and Amin et al. [3]. 

∆t t te b= −  (1)

V F teeff = ⋅  (2)
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Fig. 1. Packed bed for dye removal using biochar.
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where te is the exhaustion time (min), tb is breakthrough 
time (min), the time needed for exit dye concentration to 
reach 2 mg/L (2% of the inlet dye concentration), F is the 
flow rate of the solute (mL/min or L/h), C0 is the inlet con-
centration (mg/L), C is the outlet concentration mdesor is 
the total dye mass eluted.

2.4.1. Modeling of column data

Several models such as Thomas model, modified dose–
response model and Yoon–Nelson model were used to 
validate the sorption mechanism in a packed bed column 
and it is given in Eqs. (6)–(8).

Thomas model: 
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where Q0 is the dye sorption capacity (mg/g); kTH is the rate 
constant of the Thomas model (L/mg h); Veff is the volume 
of dye solution (L); amdr and bmdr are the model constants 
of the modified dose–response model; τ is the Yoon–
Nelson constant (min), kYN is the rate constant of the Yoon–
Nelson model (1/min).

2.5. Biochar characterization

2.5.1. Analytical methods

To understand the thermal decomposition of the sam-
ple, a thermogravimetric analyzer (TG-DSC/NETZSCH 
STA 449 F3 Jupiter) was used. The analysis was carried 
out by using a reference sample of alumina (7.668 mg) 
and a testing sample of coconut shell (8.318 mg) at the 
desired temperature starting from 0°C to 700°C at a 
heating rate of 5°C/min and to maintain the inert envi-
ronment nitrogen gas is purged at a flow rate of 20 mL/
min. To understand the surface morphology and chemical 
composition of the material, scanning electron micros-
copy equipped with energy dispersive spectroscopy (FEI-
Quanta FEG 200F) was used. The samples were coated 
with a thin layer of gold before measurements. The pres-
ence of surface functional groups was analyzed using a 
Fourier transform infrared (FT-IR) spectrophotometer 
(Bruker-FTIR/ATR). Potassium bromide (KBr) was added 
to the dried sample of biochar to form the pellet before  
measurement.

3. Result and discussion

3.1. Thermogravimetric analysis

The thermogravimetric analyses were conducted to 
study the impact of pyrolysis on the biomass of the raw 
coconut shell sample. The degradation curve showed that 
with an increase in temperature weight loss increased 
(Fig. 2). A total weight loss of 95.08% occurred at 699°C. The 
thermal decomposition of the coconut shell was divided 
into three stages. the first stage occurred between 0°C and 
100°C with an overall mass change of 9.38% and this may 
be due to the moisture loss. The second stage was found 
to be the massive degradation zones with a mass change 
of 50.14% that occurred between 100°C and 350°C; this 

Fig. 2. Thermogravimetric analysis for raw coconut shell.



425R. Muralikrishnan, C. Jodhi / Desalination and Water Treatment 217 (2021) 422–430

degradation zone was found to be the most important 
zone in the pyrolysis process since water-bound, a partial 
amount of cellulose, hemicellulose and lignin will undergo 
decomposition [20]. The last stage was the final decompo-
sition zone where almost all the cellulose, hemicellulose 
and lignin content were decomposed with a mass change 
of 36.02% between 350°C to 500°C followed by a flat curve 
with a leftover mass of 4.99% at 699°C. 

3.2. Scanning electron microscope with EDS

Fig. 3 shows the surface morphological character-
istics of reactive dye and dye bounded biochar using a 
scanning electron microscope. From Fig. 2, it was clear 
that the coconut shell derived biochar has a rough surface 
with a lot of pores present on the surface, which will act 
as the active binding site and increase the surface area for 
the maximum uptake of reactive dyes during the adsorp-
tion process. After the adsorption of reactive dyes, it was 
noted that considerable changes have occurred on the sur-
face of the biochar and it may be due to the ion exchange 
between biochar and reactive dyes. It is also evident that 
the structural composition of Reactive Orange 16 is com-
posed of OH– and Na+ ions and the FT-IR spectra confirmed 
the presence of different functional groups composed of 
positive and negative charged ions on the surface of the 

biochar. This has resulted in the ion exchange between the 
oppositely charged ions present in the dye and the biochar.

Fig. 4 explores the chemical composition of the biochar 
before and after the treatment of Reactive Orange 16 (RO16). 
The raw biochar is found to have the highest carbon con-
tent of 87.11% and 12.89% of oxygen with a trace element 
of sodium, aluminium, silicon, phosphorus, potassium. 
This confirms the presence of several compounds as impuri-
ties in the coconut shell derived biochar. The biochar showed 
a major modification after adsorption of Reactive Orange 
16, the carbon content reduced to 85.27% with an oxygen 
content of 12.36%. The trace elements present in the raw bio-
char was disappeared, since the impurities present on the 
surface of the biochar may be washed by the dye molecules.

3.3. FT-IR spectra

The FTIR spectra of the raw biochar and reactive dye-
bounded biochar is given in Fig. 5. From the figure, it is con-
cluded that the biochar has several peaks and indicates the 
biochar is complex. The FTIR spectra of raw coconut shell 
derived biochar showed the strong bands at 752 (=C–H 
bend); 1,191 (C–O stretch); 1,583 (C=C Stretch, N–H bend); 
2,328 (O–H stretch); 2,650 (C–H bend). After the adsorption 
process, the FTIR spectra of biochar showed a functional 
variation between the reactive dye bound biochar and raw 

Fig. 3. Scanning electron microscope of coconut shell derived biochar before treatment (a) and after treatment (b).

Fig. 4. EDS of coconut shell derived biochar before treatment (a) and after treatment (b).



R. Muralikrishnan, C. Jodhi / Desalination and Water Treatment 217 (2021) 422–430426

biochar.  For instance, the FTIR spectra of RO16 bound bio-
char showed a peak at 748 (=C–H bend); 1,182 (C–O stretch); 
1,581 C=C stretch; N–H bend); 2,324 (O–H stretch); 2,656 
(C–H bend), respectively. Table 2 explores that major shifts 
occurred during the adsorption of reactive dyes. The pres-
ence of sulfonic groups in the reactive dyes, Reactive Orange 
16 dye molecules are generally composed of negatively 
charged ions. The batch results concluded that the initial 
pH of the sample was measured to be 5.5 and showed less 
removal efficiency and the maximum removal efficiency was 
attained at a pH of 2. At acidic conditions, the presence of 
excess hydrogen ions will bound to the biochar and the bio-
char may be completely loaded with the positively charged 

hydrogen ions. This may result in electrostatic attraction 
between opposite charged ions and favored the adsorption 
of dye molecules onto the surface of the biochar. On con-
trary, the biochar derived from coconut shell was mainly 
composed of many functional groups namely aromatic com-
pounds, alcohols, amides, alkynes and carboxyl groups. 
These groups will attain positive charge due to ionization 
under acidic conditions. So, these positively charged ions 
will attract the negatively charged reactive dye molecules 
and increase the adsorption capacity of the biochar [21].

3.4. Effect of biochar depth on RO16 sorption

Bed depth plays an important role in the sorption 
of dyes in a continuous process [16]. So, the experiments 
were carried out at varying bed depth of 15, 20 and 25 cm 
at a constant flow rate of 0.3 L/h and an initial concen-
tration of 100 mg/L. To obtain a bed height of 15, 20 and 
25 cm in the column, 5.76, 6.42, 6.90 g of coconut shell 
derived biochar was loaded into the packed bed column. 
Fig. 6 explored the breakthrough curve obtained for dif-
ferent bed depths with varying time intervals. From Fig. 
6, it was also concluded that at higher depth the uptake 
capacity and removal efficiency was maximum. It was 
also demonstrating, that increase in bed depth increased 
the uptake capacity and this was because, at increased bed 
depth, the available binding site and functional groups 
present in the biochar favor the maximum sorption of the 
Reactive Orange 16. For instance, the uptake capacity for 15, 
20 and 25 cm was found to be 41.91, 43.85 and 46.62 mg/g 
with a removal efficiency of 64.89%, 65.36% and 65.29%, 
respectively. Table 1 shows the column operating param-
eters at varying bed depths. From the study, it was con-
cluded that the optimum depth for the maximum uptake 
of Reactive Orange 16 is 25 cm, which is having a treating 
volume of 4.92 L with an overall sorption zone of 10.9 h.

3.5. Effect of flow rate on RO16 sorption

In real-time industrial wastewater treatment schemes, 
flow rate plays a very important role in treatment efficiency 
[22,23]. The effect of flow rate was studied by varying the 
flow rate as 0.3, 0.48 and 0.6 L/h. Other parameters such as 
bed depth and initial dye concentration are kept constant as 
25 cm and 100 mg/L, respectively. Table 1 summarizes the 

Fig. 5. FT-IR Spectra of coconut shell derived biochar before 
treatment (a) and after treatment (b).

Table 1
Column parameters at various bed depth, flow rate and initial RBO3R concentrations during adsorption of RO16

Bed depth 
(cm)

Flow rate 
(mL/min)

Initial dye 
concentration (mg/L)

Uptake  
(mg/g)

tb (h) te (h) ∆t (h) Veff (L) Total dye 
removal (%)

15 5 100 41.91 3 12.4 9.4 3.72 64.89
20 5 100 43.85 4.5 14.2 9.7 4.26 65.36
25 5 100 46.62 5.5 16.4 10.9 4.92 65.29
25 8 100 42.54 3.0 9.1 6.1 4.36 67.23
25 10 100 33.99 2 6.25 4.25 3.75 62.45
25 5 75 41.71 6.5 19.8 13.3 5.94 64.51
25 5 50 39.54 9 30.6 21.6 9.18 59.36
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different column parameters obtained for different flow 
rates. Fig. 7 explores the breakthrough obtained at different 
flow rates. From Fig. 7, it was clear that at increased flow 
rate the breakthrough curve obtained very earlier and the 
resident time was also very less. At a decreased flow rate, 
the breakthrough curve was following the S-shaped curve 
and reflects the available time for mass transfer between 
the dye and the biochar. The uptake capacity of the bio-
char at different flow rates of 0.3, 0.48 and 0.6 L/h is found 
to be 46.62, 42.54 and 33.99 mg/g, respectively. It was con-
cluded that the uptake capacity of biochar decreased with 
an increase in flow rate. At a low flow rate, the biochar and 
dye will have sufficient time to interact with the binding 
site and results in maximum uptake and removal efficiency 
of the dyes [24]. It was also seen that, at low flow rate, the 
amount of effluent treated was high when compared with 
the volume of effluent treated at elevated flow rates. So, 
from the study, it was concluded that the flow rate of 0.3 L/h 
was considered as the optimum flow rate for the maximum 
removal efficiency and uptake capacity of biochar. 

3.6. Effect of initial concentration on RO16 sorption

Experimental trials were also carried out to study the 
impact of solute concentration on the biochar in the con-
tinuous study. A varying initial concentration of 50, 75 
and 100 mg/L at a constant flow rate and biochar depth of 

0.3 L/h and 25 cm were maintained. The column operating 
parameters at different initial concentrations are given in 
Table 1. Fig. 8 explores the effect of initial dye concentra-
tion in the continuous sorption process. At lower dye con-
centration, due to the presence of excess binding site to the 
available dye molecules, the breakthrough curve obtained 
was found to be late and other operating parameters such 
as exhaustion time, removal efficiency, uptake capacity were 
also found to be very less when compared with the high-
est initial concentration [25,26]. The breakthrough curve 
was found to be sharp when the concentration increased. 
At the highest concentration of 100 mg/L, the breakthrough 
was found to be sharp with the highest removal efficiency 
with less sorption zone. The uptake capacity of the dif-
ferent initial concentrations of 50, 75 and 100 mg/L was 
found to be 39.54, 41.71 and 46.62 mg/g, respectively. 

3.7. Column modeling

To predict the breakthrough curve of wastewater treat-
ment in a packed bed column, a mathematical model is 
to be compared. In the present study, the Thomas model, 
Modified dose-response model and Yoon–Nelson model 
were compared with the experimental data. Of three dif-
ferent models, the Thomas model was one of the popu-
lar models in the continuous study since its assumptions 
are based on Langmuir sorption and elution kinetics [27]. 

Table 2
Parameters predicted by Thomas, modified dose–response and Yoon–Nelson model for adsorption of RO16 in continues studies

Bed depth 
(cm)

Flow rate 
(mL/min)

Initial dye 
concentration 
(mg/L)

Thomas model Modified dose–response 
model

Yoon–Nelson model

Q0 kTH R2 % Error amdr bmdr R2 % Error t kYN R2 % Error

15 5 100 41.45 4.27 0.996 0.51 7.63 3.20 0.990 0.21 8.21 0.78 0.995 0.90
20 5 100 43.66 4.25 0.997 0.42 8.60 3.53 0.996 0.16 9.29 0.80 0.998 0.44
25 5 100 46.55 4.03 0.996 0.41 8.58 3.87 0.999 0.05 10.48 0.73 0.997 0.47
25 8 100 41.89 5.05 0.981 1.54 7.04 3.74 0.992 0.08 6.31 0.97 0.986 0.17
25 10 100 33.70 7.09 0.991 0.67 7.02 3.14 0.993 0.08 4.04 1.49 0.993 0.22
25 5 75 41.63 4.22 0.996 0.41 8.01 4.54 0.999 0.06 12.76 0.55 0.998 0.55
25 5 50 39.43 4.03 0.996 0.41 7.45 6.00 0.999 0.47 17.81 0.37 0.998 1.971

Fig. 6. Effect of bed depth during the sorption of RO16 (pro-
cess conditions: flow rate = 0.3 L/h and initial concentra-
tion = 100 mg/L).

Fig. 7. Effect of flow rate during the sorption of RO16 (pro-
cess conditions: bed depth = 25 cm and initial concentra-
tion = 100 mg/L).
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Figs. 9–11 explored the column breakthrough curve of dif-
ferent models. From Figs. 9–11, it was clear that the mod-
ified dose–response model was found to be the best fit 
model for the experimental data. Table 2 summarises the 
different constant (Q0 and kTH) of the model at various oper-
ating conditions. From Table 2 it was concluded, the con-
stant value of kTH decreased with an increase in bed depth 
and initial concentration, whereas increased with a decrease 
in flow rate. The kTH relates the amount of Reactive Orange 
16 transferred to the biochar [28,29]. Similarly, the Q0 val-
ues are found to be reversible conditions of kTH values.  
Q0 increased with a decrease in bed depth and initial con-
centration, whereas decreased with an increase in flow rate. 
These reversible results may be due to the condition, at 
the highest rate constants biochar adsorption capacity was 
under-utilized [16]. The Yoon–Nelson model indicates that 
the decline in the sorption rate for sorbate was equally pro-
portionate to the probability of sorbate adsorption as well 
as sorbate breakthrough in the column [18]. As shown in 
Figs. 9–11, the breakthrough curve correlated well with the 
experimental data. 

As suggested by Ramalingam et al. [30], the modified 
dose–response model was attempted to find the best fit 
and to overcome the inaccurate data of the Thomas model. 
Table 2 summarises the parameter constants for the model. 
The breakthrough curves obtained at different process 
conditions are given in Figs. 9–11. Based on the correla-
tion coefficient R2 and error, the modified dose–response 
model was found to be the best fit model than the other 
two models. A similar type of result has been observed by 
Pushpa et al. [16]. 

3.8. Regeneration studies

Regeneration studies are very important in real-time 
wastewater treatment since the cost of the treatment is 
mainly associated with the amount of sorbent used for the 
adsorption process [31]. So, for a sorbent to be cost-effective, 
the amount of dye bound to the sorbent is to be regener-
ated for consecutive sorption cycles [32]. A sorbent mass of 
7.05 g with a bed depth of 25 cm, the flow rate of 0.3 L/h 
is maintained for the sorption–elution cycles. Table 3 sum-
marizes the different column operating parameters for three 

regeneration cycles. Fig. 12 explores the sorption and elu-
tion of RO16 at three consecutive sorption–elution cycles. 
As the regeneration studies progressed column break-
through time decreased and exhaustion time increased. 
This resulted in an increased overall sorption zone, which 
concludes as the cycle increased the mass transfer zone 
is increased, which resulted in a decrease in removal 

Fig. 8. Effect of initial concentration during the sorption 
of RO16 (process conditions: bed depth = 25 cm and flow 
rate = 0.3 L/h).

Fig. 9. Effect of bed depth during the sorption of RO16 
(process conditions: flow rate = 0.3 L/h and initial 
concentration = 100 mg/L).

Fig. 10. Effect of flow rate during the sorption of RO16 
(process conditions: bed depth = 25 cm and initial concentra-
tion = 100 mg/L).

Fig. 11. Effect of initial concentration during the sorption 
of RO16 (process conditions: bed depth = 25 cm and flow 
rate = 0.3 L/h).
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efficiency. Table 3 shows that, over the three sorption cycles, 
the uptake capacity remains almost constant; this con-
cludes that the sorbent can be utilized successfully for three 
sorption cycles. The results reveal that decrease in adsorp-
tion efficiency is not due to the loss of adsorbent but due 
to the loss of functional groups present in the sorbent [2,33].

Fig. 12 shows the three consecutive elution curves. 
Elution studies were carried out in an average time of 2 h 
and the elution process was stopped when the outlet con-
centration reaches 2 mg/L. Initially, the breakthrough curve 
raises and suddenly it decreases and the same trend can be 
seen in all three elution cycles. A high level of RO16 con-
centration was detected in cycle 1 at a time of 24 min with 
a C/C0 value of 8.4. In all three elution cycles, the desorp-
tion efficiency was not less than 99.6% and the total vol-
ume of 0.01 M NaOH used as elutant is 3.42 L and the 
total volume of RO16 dye-containing wastewater is found 
to be 16.26 L and this results in an overall concentration  
factor of 4.75.

4. Conclusion

From the present study, the following conclusions were 
summarized.

• A continuous packed bed column was used for the 
bioremediation of Reactive Orange 16 (RO16). The opti-
mum conditions for the bed depth, flow rate and initial 
dye concentration were found to be 25 cm, 0.3 L/h and 
100 mg/L respectively.

• Maximum uptake of 46.62 mg/g is obtained at optimum 
conditions.

• Based on the correlation coefficient, modified dose–
response model is found to be the best fit model with 
experimental data and it is always greater than 0.9908.

• The regeneration studies revealed that 0.01 M NaOH can 
be utilized as a best elutant with three sorption- elution 
cycles with a desorption efficiency greater than 99.6%.

• So, the coconut shell derived biochar can be success-
fully utilized as a sorbent for the continuous sorption 
of Reactive Orange 16 (RO16) in a real wastewater 
treatment system.
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