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Abstract 
This study assesses how rice husk biochar is used to remedy three 
reactive dyes including Reactive Black 5 (RB5), Reactive Orange 16 

(RO16), and Reactive Blue 19 (RB19) in an aqueous solution. From the 
batch study, it is understood that the dye gets adsorbed at the maximum 
level when the pH is 2, the temperature is 35°C and the biochar dosage is 
maintained at 1 g/l. The adsorption isotherm experiments determined the 
highest uptakes of RO16, RB5, and RB19 to be 73.44 mg/g, 75.68 mg/g, and 
55.37 mg/g, respectively. Freundlich Model is considered as the best fit 
model based on Isotherm studies that had a correlation coefficient of more 
than 0.9570. The kinetic study signifies that maximum adsorption has 
been completed within 120 minutes whereas two models such as pseudo-
first-order kinetic model and pseudo-second-order kinetic model were 
utilized to fit the experimental data. This study reports the investigation 
on biochar reusability with the help of different elutants, S/L ratios, and 
regeneration cycles. 
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1 Introduction 
Dyes are mostly consumed in industries that manufacture paint, textiles, paper, pulp, and 

tanneries. Thus, the prominent effluent expelled from these industries remains dye [1]. The organic 

pollutants released from these industries affect the water quality and cause irreversible damage. In 

recent times, removal of dyes is made possible through different physical as well as chemical 
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treatment methods namely, reverse osmosis, coagulation-flocculation, chemical precipitation, ion 

exchange, biodegradation, etc. But these treatment methods are less result-oriented in the 

complete removal of dye, since the latter possesses vibrant physical and chemical properties [2]. 

Further, dyes used in textile industries do not get completely adhered to fabrics. In other terms, it 

gets washed away and pollutes the water bodies directly [3]. Dyes, being inorganic in nature possess 

carcinogenic properties and thus harm the environment if discharged directly without treatment. 

Comparatively, the composition of textile industry wastewater is diverse and complex, thanks to 

different varieties of dyes [4]. Complex wastewater does not get completely remediated since 

modern technologies do not focus on individual dyes. So, adsorption has become the most notable 

and prevalently used dye remediation method. Adsorption treatment is a superior method thanks 

to its efficiency, economical approach, and simple production procedure [5]. The solution 

(wastewater containing dye) is exposed to a sorbent in a batch or continuous process, resulting in 

high-quality water. Both inorganic and organic sorbents of various types are used for the treatment 

process. Among the adsorbents available, activated carbon is the most prevalently used adsorbent, 

owing to its huge surface area and thermostability [6, 7]. However, the activated carbon process 

incurs heavy costs and remains unaffordable for wastewater treatment. In this scenario, low-cost 

naturally-available adsorbents started gaining attention among researchers in biochar synthesis (8, 

9). Being a carbon-rich material, biochar is manufactured without the presence of oxygen under the 

thermal decomposition process. The process is inclusive of slow pyrolysis and fast pyrolysis or 

hydrothermal carbonization [10]. Biochar possesses a huge surface area with different pore sizes 

and numerous functional groups, for instance, carboxyl, carbonyl, and phenolic compounds [11]. 

Biochar is an established adsorbent nowadays, thanks to its vibrant features, easy-to-use nature, in 

remedying numerous dyes and heavy metals [10, 11, 12, 13]. Jegal et al conducted a study in which 

cationic dyes such as basic blue 41 and basic red 41 were successfully remedied by groundnut shell-

based biochar and its uptake values were 22.32 mg/g and 40.65 mg/g respectively [15]. This study 

assessed how far it is feasible to remedy the reactive dyes such as Reactive Black 5 (RB5), Reactive 

Orange 16 (RO16), and Reactive Blue 19 (RB19) with the help of rice husk-based biochar in an 

aqueous solution. Biochar from rice husk is synthesized by slow thermal pyrolysis. 

2 Materials and Methods 

2.1 Synthesis of Biochar 
The agricultural waste rice husk was collected from the paddy fields (Chidambaram, 

Tamilnadu). The collected rice husk was manually cleaned and soaked in distilled water for 30 

minutes to remove the impurities. The rice husk was naturally dried by exposing it to the 

atmosphere for 24 hours. It was further dried in a hot air oven for up to 24 hours at 103°C. Later, 

the rice husk was shredded to obtain a particle size of 0.75cm for further processing. A measured 

amount (100g) of dried sample was taken in a crucible, which is closed with an aluminium foil 

possessing two small holes. Then, it was kept in a muffle furnace for two hours at 450°C at a 5°C 
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/minute heating rate.  In the beginning, the muffle furnace was purged with Nitrogen gas at 100 

ml/min for 15 minutes to ensure the absence of oxygen in the furnace. After the furnace reached 

room temperature, the sample was taken out and was maintained in a desiccator for further studies. 

2.2 Dyes and Chemical 
This study used three reactive dyes including Reactive Black 5 (RB5), Reactive Orange 16 

(RO16), and Reactive Blue 19 (RB19). Table 1 shows the characteristics of dyes used in the study. 

This study used analytical-grade chemical agents bought from Sigma-Aldrich (India). 
Table 1: Characteristics of different Reactive Dyes. 

Dyes Empirical formula Colour 
index 

Molecular 
weight (g/mg) 

λmax 
(nm) 

Reactive orange 16 (RO16) C20H17N3Na2O11S3 17757 617.54 490 
Reactive Black 5 (RB5) C26H21N5Na4O19S6 20505 991.82 597 

Remazol brilliant blue R (RB19) C22H16N2Na2O11S3 61200 626.54 595 

2.3 Analytical Methods 
The thermogravimetric analyser (TG-DSC / NETZSCH STA 449 F3 Jupiter) is used to 

understand the thermal decomposition of the sample during the pyrolysis process. The analysis was 

performed by using 8.318 mg of raw rice husk as sample mass and 7.668 mg of alumina as a 

reference under an inert environment using nitrogen as a protective gas at 20 ml/minute flow rate 

from 0-700°C whereas its heating rate was maintained at 5 °C/min. Surface morphology of biochar 

before and after treatment is observed for all samples using Scanning Electron Microscopy (SEM) 

incorporated with Energy Dispersive Spectroscopy (EDS) (FEI-Quanta FEG 200F). At first, coating 

the samples with gold (thin layer) was executed. Fourier Transform Infrared (FT-IR) 

spectrophotometer (Bruker-FTIR / ATR) was used to confirm the surface functional group changes 

prior to and after the treatment. Between 500-400 cm-1, the spectra were recorded and the samples 

were mixed with KBr to form pellets prior to analysis. 

2.4 Isotherm and Kinetic Models 
Three different forms of isotherm models were utilized, including 

Freundlich model:  
Fn

eF CKQ /1=  (1), 

Langmuir model:  eL

eL

Cb
CbQ

Q
+

=
1

max

 (2), 

Toth model: 
TT nn

eT

eT

Cb
CbQ

Q
])(1[ /1

max

+
=

 (3). 

The symbol 𝑛𝑛𝐹𝐹 denotes Freundlich model exponent and 𝐾𝐾𝐹𝐹  denotes Freundlich model (mg/g) 

coefficient. (L/mg)1/𝑛𝑛𝐹𝐹, Qmax corresponds to the sorbent's maximum dye uptake (mg/g), 𝑏𝑏𝐿𝐿 

denotes the Langmuir model (L/mg) equilibrium coefficient, 𝑏𝑏𝑇𝑇 denotes Toth model (L/mg) 

constant and nT corresponds to Toth model exponent. 
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Equations (4) and (5) denote pseudo-first- and -second-order kinetic models used for kinetic 

studies. 

Pseudo-first order model: ))exp(1( 1tkQQ et −−=  (4) 

Pseudo-second order model:  tkQ
tkQ

Q
e

e
t

2

2
2

1+
=

 (5) 

𝑄𝑄𝑒𝑒 denotes the equilibrium dye uptake capacity (mg/g), Qt denotes the dye uptake capacity 

at any time 𝑡𝑡 (/g), 𝑘𝑘1 (1/min) and 𝑘𝑘2 (g/mg.min) are the rate constants of pseudo-first and pseudo-

second-order models, respectively. 

2.5 Batch Studies 
For the batch adsorption study, a 250ml Erlenmeyer flask with 100ml working volume was 

used. The flask was continuously mixed in a temperature-controlled rotating orbital shaker at 200 

rpm for an equilibrium time of 360 minutes. Once the equilibrium adsorption study is completed, 

the suspension in the flask was kept under centrifugation at 2500 rpm for 10 minutes. The 

concentration of dye was quantified with the help of a spectrophotometer at respective dye 

wavelengths (λmax) as given in Table 1. Similarly, parameters were varied and the adsorption 

studies were carried out. 

2.6 Regeneration Studies 
Several eluting agents were investigated to check whether biochar can be reused for another 

adsorption cycle. In this attempt elutants, like 0.1 M of sodium hydroxide (NaOH), sodium 

carbonate (Na2CO3), ammonium hydroxide (NH4OH), hydrochloric acid (HCl), and Methanol 

(CH3OH) were utilized to assess the biochar’s desorption efficiency. The researcher conducted 

desorption studies alike adsorption studies. Further, different elutant volumes were used to study 

the impact of the solid/liquid (S/L) ratio. These will give the optimum amount of elutant to be used 

for the desorption studies. The sorption-elution process was also studied to check the capacity of 

the biochar in the continuous sorption-elution process. 

3 Result and Discussion 

3.1 Thermogravimetric Analysis 
The researcher conducted thermogravimetric analyses to investigate the influence of 

pyrolysis on raw rice husk biomass samples. Figure 1 shows the degradation curve which infers that 

the sample weight got reduced with increasing temperature (Figure 1). At 699°C, a total weight loss 

of 67.83% was observed. Rice husk underwent thermal decomposition in three stages among which 

the first stage observed a mass change of 9.90% between 0-100°C which might be attributed to 

moisture loss. Between 100-350°C i.e., second stage, a mass change of 34.21% was observed. This is 

the most crucial degradation zone during pyrolysis since maximum decomposition of cellulose, 

hemicellulose, and lignin occurs in this stage [19]. The final stage that occurs between 350°C-500°C 
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was the last decomposition zone during when cellulose, hemicellulose, and lignin got completely 

decomposed which can be understood from the mass change of 24.77%. Further, the flat curve was 

obtained at 699°C with 32.17% leftover mass. As per the analysis, between 0-699°C, the overall 

mass change observed was 67.83%. In the case of the DSC curve, the peak value was attained at 

438.8°C temperature which is in line with the Pyrolysis temperature chosen for biochar synthesis. 

 
(a) 

 
(b) 

Figure 1: Thermal Analysis of Raw husk - DIGITAL Scanning Colorimetry (a); Digital Thermogravimetric 
(b). 

3.2 Scanning Electron Microscopy with Energy Dispersive 
Spectroscopy 

Figure 2 shows scanning electron microscope images that display the surface morphological 

characteristics of reactive dyes-bounded biochar. The figure infers the presence of a rough surface 

upon rice husk-based biochar with numerous pores. These pores act as the active binding site and 

maximize the surface area to achieve the highest uptake of reactive dyes during adsorption. It is to 

be noted that the biochar surface got considerably changed after reactive dye adsorption which 

might be attributed to the ion exchange that occurred between biochar and reactive dyes. 
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Figure 2: SEM images of rice husk-derived biochar (a); RO16 bounded biochar (b); RB5 bounded biochar(c); 

RB19 bounded biochar (d). 
In Figure 3, the researcher shows the raw biochar’s Energy Dispersive Spectroscopy (EDS) 

spectra and reactive dye-bounded biochar. It is inferred from the figure that the raw biochar 

composition is mostly carbon (77.42%) and oxygen (17.64%). This is attributed to the 

decarboxylation and dehydration of aliphatic and hydroxy groups at maximum pyrolysis 

temperature (18). For biochar to have a maximum adsorption capacity, the carbon content of the 

adsorbent has to be at its maximum. After the adsorption process is over, a significant quantity of 

carbon got decreased. The carbon content of 77.08%, 76.09%, and 60.71% is observed for RB19, 

RB5, and RO16. 

  
 

  
Figure 3: EDS of Raw Rice Husk-derived biochar (a); RB19 bounded biochar (b); RB5 bounded biochar(c); 

RO16 bounded biochar (d). 
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3.3 FTIR Spectrum 
Figure 4 shows the FTIR spectra of both raw and reactive dye-bound biochar. The figure 

infers that numerous peaks are present in biochar which exhibits its complexity. Strong bands were 

exhibited in the FTIR spectra of raw rice husk-derived biochar at 654.16 (=C-H bend), 1071.09 (C-O 

stretch), 1697.17 (C=C Stretch), 2110.44 (N-H bend), 2921.04 (O-H stretch), 3309.26 (C-H bend). A 

functional difference was understood between raw- and reactive dyes-bound biochar from FTIR 

spectra after the adsorption process is over. For example, a peak was observed in FTIR spectra of 

RB5-bounded biochar at 791.49 (=C-H bend), 1368.68 (C-O stretch), 1704.71 C=C Stretch), 2107.46 

(N-H bend), 2852.62 (O-H stretch), 3316.06 (C-H bend), respectively. At the time of reactive dye 

adsorption, key shifts have occurred and are presented in Table 2. 
 

Table 2: FT IT Spectra of raw biochar and reactive dyes bounded biochar. 

Type of 
Vibration 

Characteristic Adsorption (cm-1) 
Raw Rice Husk 
derived biochar 

RB5 bounded 
biochar 

RB19 bounded 
biochar 

RO16 bounded 
biochar 

=C-H bend 654.16 791.49 608.63 791.41 
C-O stretch 1071.09 1368.68 1042.74 1049.41 
C=C stretch 1697.17 1704.71 1701.95 1700.88 
N-H bend 2110.44 2107.46 2110.47 2106.65 

O-H stretch 2921.04 2852.62 2921.24 2924.37 
C-H bend 3309.26 3316.06 3248.10 3252.68 

 

 
Figure 4: The FTIR spectra of raw rice husk. 

3.4 Effect of Biochar Dosage 
Figure 5 shows the impact of dosage of rice husk-derived biochar upon RO16, RB5, and RB19 

dyes adsorption. The researcher tested different dosages from 0.5 g/L to 10 g/L to find the optimum 

dosage for maximum removal and uptake capacity of biochar. At the time of conducting the batch 

study, pH was maintained at 2, the temperature at 35°C, and the initial concentration at 15 mg/L. 

Figure 5 concludes that the dye adsorption capacity of biochar gets increased with increasing 

biochar dosage, while the dye uptake capacity gets decreased with increasing biochar dosage. For 

example, there was an increase in the removal efficiency of RO16, RB5, and RB19 from 62.53-84%, 
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39.27-69.27%, and 42.47-72.47% when biochar dosage was increased from 0.5 g/L to 10 g/L. 

Further, figure 5 infers that there was a decline in the uptake capacity of RO16, RB5, and RB19 from 

18.76 mg/g to 1.26 mg/g, 11.78 mg/g to 1.04 mg/g, and 12.74 mg/g to 1.09 mg/g respectively. This 

might be due to less number of binding sites with low biochar dosage in the presence of excess dye 

concentration [16]. This scenario ensures the maximum uptake capacity of dye per unit mass of 

biochar [17]. Contrarily, when biochar dosage is high, the overall uptake capacity remains low, 

owing to the presence of excess binding sites against low dye concentration [18]. It is to be noted 

that removal efficiency and biochar mass utilized are independent of each other. The biochar 

dosage of 1 g/L is considered as the optimum value for further batch trials based on biochar uptake 

capacity and dye removal efficiency. 
 

 
(a)      (b) 

Figure 5: Effect of Biochar dosage on the removal efficiency (a) and Uptake capacity of different reactive 
dyes (b). 

3.5 Effect of pH 
The pH of the dye solution changes the biochar’s surface chemistry due to which the latter’s 

uptake capacity varies [19]. So, the impact of dye solution pH upon dye removal efficiency was 

analyzed by introducing different equilibrium pH values in the range of 2-5. The parameters such as 

biochar dosage, temperature, and initial dye concentration were maintained at 1 g/L, 35°C, and 15 

mg/L. Figure 6 infers a decline in removal efficiency and uptake capacity of biochar when the 

solution’s pH got increased. For instance, when pH was varied between 2-5, there was a decline in 

uptake capacity of biochar for RO16, RB5, and RB19 such as 11.58 mg/g to 8.60 mg/g, 8.42 mg/g to 

6.52 mg/g/ and 8.90 mg/g to 7.00 mg/g. Further, a decline in dye removal efficiency was also 

observed from 77.20% to 57.33%, 56.13% to 43.47%, and 59.33% to 46.67% respectively. The 

surface of biochar gets protonated with more H+ ions which may be the reason behind high removal 

efficiency and uptake capacity at heavy acidic pH since it provides a positive charge to the biochar 

surface [19]. Likewise, reactive dyes exist in the solution as anions [20]. Since, naturally, oppositely 

charged ions attract one another, the highest uptake occurred at least pH as shown in Figure 6. 

Figure 6 concludes 2 as the optimum pH for good dye removal efficiency and maximum uptake of 

biochar. 
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(a)       (b) 

Figure 6: Effect of pH on the removal efficiency (a) and uptake capacity of different reactive dyes (b). 

3.6 Effect of Temperature 
Under constant conditions such as pH 2, biochar dosage 1 g/L, and initial dye concentration 

being 15 mg/L, the researcher analyzed the impact of different temperatures between 35°C to 45°C 

upon adsorption of reactive dyes on to rice husk-based biochar. Figure 7 infers that when the 

temperature was increased, the uptake capacity and dye removal efficiency got declined. This might 

be attributed to increased diffusion rate at high temperatures that impact the adsorption process 

and vice versa [21]. With varying temperatures in the range of 35-45°C, the uptake capacities of 

biochar for RO16, RB5, and RB19 were as follows, 11.58 mg/g to 10.42 mg/g, 8.42 mg/g to 3.41 mg/ 

and 8.24 mg/g to 3.89 mg/g. So, the researcher concludes that 35°C is the optimum temperature for 

maximum dye removal. 

  
(a)       (b) 

Figure 7: Effect of temperature on the removal efficiency (a) and uptake capacity of different reactive dyes 
(b). 

3.7 Adsorption Isotherm 
Analyses conducted upon the adsorption theorem enacts an important role in getting an 

overview of the adsorption mechanism [22].  In this work, isotherm studies were conducted in 

which the initial concentration of reactive dyes was varied (in the range of 5, 10, 15, 25, 50, 100 

mg/L), while pH was maintained constant at 2 and temperature at 35°C. Figure 8 infers that the 

biochar’s uptake capacity gets increased with an increase in the initial concentration of the dye. As 
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per the figure, the highest experimental uptakes such as 73.44 mg/L, 75.68 mg/g, and 55.37 mg/g 

were obtained for RO16, RB5, and RB19. The researcher used both the two-parameter model 

(Freundlich and Langmuir model) and the three-parameter model (Toth model) to fit the reactive 

dye isotherms. The constants of different models are detailed in Table 3. 

In general, the Langmuir model is fit for the experimental uptake if the correlation 

coefficient is not less than 0.8831. The researcher found the Q0 values i.e., 102.50 mg/g, 90.30 

mg/g, and 98.60 mg/g for rice husk-derived biochar in the case of RO16, RB5, and RB19 dyes. In line 

with this, the affinity constant (b) is in the order of RO16 (0.0326 L/mg) > RB5 (0.0253 L/mg) > RB19 

(0.0251 L/mg). Further, the Freundlich model is fit if its correlation coefficient is not less than 

0.9570 in the order of RB19 > RB5 > RO16. In the case of the three-parameter Toth model, it can be 

said as best fit with experimental data if the highest correlation coefficient is not less than 0.8847 

in the order of RO16 > RB5 > RB19. Toth model Qmax values were as follows RO16 (117.71 mg/g) > 

RB19 (93.80 mg/g) > RB5 (89.06 mg/g). As per the discussion, Freundlich Model was found to have 

the best fit with the experimental values attained. 

  
(a)       (b) 

 

 
(c) 

Figure 8: Predicted uptake of RO16 (a), RB5 (b), and RB19 (c) for rice husk-derived biochar. 
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Table 3: Adsorption Isotherm constants for RO16, RB5, and RB19. 
Adsorption Isotherms Constants for RO16, RB5, and RB19 

Model Constants RO16 RB5 RB19 

Langmuir Model 
Q0 102.500 90.300 98.600 
b 0.033 0.025 0.025 

R2 0.883 0.982 0.976 

Freundlich Model 
KF 0.359 0.864 1.138 
n 0.622 0.924 0.986 

R2 0.957 0.987 0.983 

Toth Model 

Qmax 117.711 89.062 93.803 
bT 0.020 0.013 0.013 
nT 0.051 0.047 0.045 
R2 0.885 0.983 0.982 

3.8 Kinetic Studies 
This work conducted the kinetic study under constant pH 2 and temperature 35°C while the 

initial dye concentration was varied between 5 mg/L and 100 mg/L and time intervals varied 

between 0-360 minutes. Figure 9 shows the uptake capacity of biochar under varying initial 

concentrations at different time intervals. Biochar attained the highest uptake capacity and 

maximum removal efficiency within 120 minutes. There was a less increase observed in uptake 

capacity with time expansion. For instance, RB5 recorded 74.98 mg/g uptake capacity at 120 

minutes whereas it increased to 75.68 mg/g at 360 minutes i.e., 0.7 mg/g difference between 120 

and 360 minutes for an initial concentration of 100 mg/L. Thus, the kinetic study results confirmed 

that vigorous adsorption occurs at first 120 minutes while the uptake capacity was less intensive, 

thereafter. So, the equilibrium time is fixed as 120 minutes for all the dyes. Both pseudo-first-order 

and pseudo-second-order models were involved in identifying the best fit model for experimental 

data of the kinetic study. In Table 4, the constants for various reactive dyes and two kinetic models 

are shown. It is found that the pseudo-first-order model had a correlation coefficient of not less 

than 0.9548, whereas it was not less than 0.9278 in the case of the pseudo-second-order model. 
 

Table 4: Kinetics parameters of pseudo-first-order kinetics and pseudo-second-order kinetics model for 
RO16, RB5 and RB19 

Kinetic Model Dye Constant 5 mg/L  15 mg/L 25  mg/L 50 mg/L 100 mg/L 

Pseudo First Order Kinetics 

RO16 
Qe  5.012 11.460 15.507 30.467 70.527 
k1 0.176 0.031 0.068 0.122 0.169 
R2 0.999 0.988 0.961 0.986 0.970 

RB5 
Qe  2.784 8.601 13.365 24.441 71.502 
k1 0.020 0.019 0.034 0.024 0.136 
R2 0.984 0.959 0.993 0.991 0.955 

RB19 
Qe  3.285 9.031 13.808 24.870 56.887 
k1 0.027 0.021 0.036 0.025 0.019 
R2 0.964 0.957 0.991 0.990 0.956 

Pseudo Second Order Kinetics 

RO16 
Qe  5.114 11.987 16.638 31.843 73.431 
k1 0.114 0.004 0.007 0.008 0.005 
R2 0.990 0.983 0.994 0.998 0.992 

RB5 
Qe  3.249 10.117 14.811 27.949 75.405 
k1 0.007 0.002 0.003 0.001 0.003 
R2 0.979 0.942 0.989 0.988 0.989 

RB19 
Qe  3.676 10.465 15.239 28.331 68.002 
k1 0.010 0.002 0.003 0.001 0.000 
R2 0.976 0.944 0.990 0.989 0.928 
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(a) 

 
(b) 

 

 
(c) 

Figure 9: Experimental uptake of RO16 (a), RB5 (b), and RB19 (c) for rice husk-derived biochar. 

3.9 Regeneration Studies 
The success of a sorbent is decided based on its reusability efficiency since it is correlated 

with the cost incurred upon treatment. So, sorbent reusability should be investigated during the 

adsorption process. The researchers conducted a desorption study to identify the best elutant with 

S/L ration and regeneration cycles. The desorption efficiencies of various elutants are shown in 

Figure 10(a). Sodium Hydroxide was identified as the best elutant among available ones since its 

desorption efficiency was maximum i.e., 99.4%, 99.7%, and 99.6% for RO16, RB5, and RB19 

respectively. The order of desorption efficiency for elutants used is as follows Sodium Hydroxide 

(NaOH) > sodium carbonate (Na2CO3) > ammonium hydroxide (NH4OH) > hydrochloric acid (HCl) > 

Methanol (CH3OH). Then, the researcher investigated the sorbent-to-elutant ratio to identify the 

optimum volume of elutant that should be utilized for desorption purposes. The S/L ratio is shown 

in Figure 10 (b) which concludes that there are no significant changes up to 5 S/L ratios.  However, 
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the desorption efficiency got declined to 95.2%, 95.1%, and 94.1% for RO16, RB5, and RB19 

correspondingly, when the S/L ratio was increased to 6.6. Gokulan et al., 2019 attained the same 

observation too earlier [25]. Finally, the sorption-elution process was analysed for regeneration 

cycles.  Figure 10 (c) clarifies that no significant changes were observed in desorption efficiency up 

to cycle 4 which remained higher than 98.1% for all three reactive dyes. However, during cycle 5, a 

notable decline was observed in desorption efficiency i.e., 95.6%, 94.9%, and 95.2% for the dyes 

under study. So, the results conclude that rice husk-derived biochar can be successfully used up to 

four sorption-elution cycles. 

 
(a)           (b) 

 

 
(c) 

Figure 10: Desorption efficiency of different elutant (a); S/L ratio (b); Regeneration cycles (c). 
 

4 Conclusion 
The present study signifies the usage of biochar derived from rice husk as a practical and 

efficient solution to treat wastewater containing reactive dyes. The results conclude that dye 

removal efficiency and uptake capacity were in the order of RO16 > RB5 > RB19. Freundlich Model 

was predicted to be the best fit model, as per the adsorption isotherm model. Sodium hydroxide has 

been established with maximum desorption efficiency of 99.4%, 99.7%, and 99.6% for RO16, RB5, 

and RB19 during reusability studies with an S/L ratio of 5. Further, the results confirmed that 
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biochar can be reused up to four regeneration cycles (sorption followed by elution). In the future, 

column study and life cycle assessment should be conducted to assess the capability of biochar on a 

real-time basis. 

5 Availability of Data And Material 
Data can be made available by contacting the corresponding author. 
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