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Abstract:  Activated carbon (AC) is a carbon material with a porous structure. It has the characteristics of a 

large specific surface area, well-developed pore structure, and unique surface functional groups. It is widely 

used in the field of the pharmaceutical industry, adsorption, energy storage materials, and other fields. Rice husk 

is a type of widely distributed biomass waste, rich in reserves, renewable, and easy to occur is used to produce 

activated carbon for the removal of methylene blue (MB). The rice husk is activated with KOH, H3PO4, and 

ZnCl2at different temperatures (600，700 and 800℃). The removal performance of the biochar is investigated 

such gradually increased to the equilibrium point with increasing adsorption time and increased with increasing 

activation temperature. The results showed that activated carbon sample prepared with the H3PO4 （RHACP700) 

at 700 ℃ has the best removal effect among all the prepared biochar reaching 93.9%. When the pH value was 6, 

the adsorption effect of activated carbon on methylene blue was the best.  In terms of adsorption isotherms, the 

Langmuir isotherm showed the best results with an R
2
 of 0.999and the maximum Qm was 476.2 mg/g. It was 

further found that the pseudo-second-order kinetic model was most consistent with the adsorption data of 

RHACP700, designating the use of the chemical adsorption, which supportsthe results of the FTIR test that 

shows the presence of −OH, C−H, and C−O functional groups and the XRD that shows the microcrystalline 

phase in the biochar structure. The material showed a large number of micropores, which is consistent with the 

adsorption pattern of methylene blue. 
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I. INTRODUCTION 
Among all sources of energy humanity has, water without any substitute is part of the most important 

and healthiest for the sustenance of life, for both humans and all species on the planet Earth. Nowadays, one of 

the biggest challenges human beings are facing is the availability of clean and affordable water(Ormerod & 
Cooke, 2020).With the rapid development of the textile and dyeing industry, dye wastewater discharge is 

increasing. According to statistics, China currently discharges more than 900 million tons of textile wastewater 

each year. Every ton of sewage will cause serious pollution to 20 tons of clean water (Wang Jinyue et al., 2022). 

There are a lot of methods for the purification of wastewater such as biological process, chemical 

oxidation, ozonation, membrane filtration, coagulation, reverse osmosis, photocatalysis, and photo-

degradation(Al-Nuaim et al., 2022; Amor et al., 2019; Homocianu & Pascariu, 2022; Nabavi et al., 2023). The 

biological process has the advantages of low processing cost, slow degradation speed, and large equipment 

space occupation(Sahoo et al., 2022). The electrochemical method has the advantages of simple equipment, less 

occupation, and easily achieving automatic control, but the processing cost is high(Alkhadra et al., 2022). 

Nevertheless, those methods are first of all not effective in the treatment of wastewater containing dye, they are 

expensive to process and are energy-consuming. Thus, the adsorption has the advantages of simple operation, 

small occupied area, and good effect, and is the main treatment method of dye wastewater at present. 

Adsorption is an earlier method and dyes adsorption is a time-consuming methodeven if a good 

adsorbent with high capacity is taken for the adsorption although the removal process is fast, the adsorption 

capacity is greatly high(Islam et al., 2016). Using the adsorption method, the wastewater will be treated better. 

Its capacity, specific surface area, pore structure, size, surface charge, and surface chemical properties of 
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activated carbon are closely related to the types and amount of surface functional groups, carbon content, 

activation mode, activation temperature, and the choice of activator(Kuptajit et al., 2021; Lawtae & 

Tangsathitkulchai, 2021; S. Li et al., 2022). The adsorbent plays an important role in the removal of dyes in 

wastewater and activated carbon has proven to be a good material by its excellent characteristics. But, the high-

cost preparation of activated carbon limits its implementation. 

For that reason, many studies went through the preparation of an adsorbent with low production cost 

and high adsorption capacity(Chikri et al., 2020; Ho, 2022; Moustafa, 2023; Sulyman et al., 2017).  They found 

that biochar-based adsorbents are good materials that can be used in wastewater purification. The biomass can 

be prepared from agricultural waste, wood, shells, and many others (Abou-Hadid et al., 2023; Blachnio et al., 

2020; Dungani et al., 2022; Gayathiri et al., 2022; Hashemian et al., 2014; Njewa et al., 2022; Pimentel et al., 

2023; Yahya et al., 1972).  Therefore, for the economic and environmental sake, the preparation of biomass-

based activated carbon makes it an excellent adsorbent.  

Rice husk is an important by-product of food processing, usually used in feed production or 

incineration, with low efficiency and low added value(Moraes et al., 2014; Pode, 2016). Therefore, if the rice 

husk is made into activated carbon with a variety of uses, and then applied to dye wastewater, not only can 

achieve the purpose of recycling; At the same time, waste treatment, resource recovery, and other goals can be 

achieved. Bazan-Wozniak Aleksandra et al. obtained high-quality activated carbon through three different 

heating and activation methods, using H3PO4 as the activator. Its specific surface area is more than 520 m
2
/g, 

pore size is uniform, and pore distribution is narrow(Bazan-Wozniak et al., 2022). Sujiono E et al. reacted with 

NaOH at 600 for 3 hours and then carbonized to obtain rice husk-based activated carbon(Sujiono et al., 2022). 

The research on activated carbon from rice husk mainly focused on the strong alkaline activation method, which 

obtained samples with high surface mass fraction, but few products; At the same time, because the dehydration 

process of hydrogen oxide in the reaction is very violent, and the reaction process is difficult to control, it causes 

serious corrosion to the reactor. Therefore, it is necessary to find an alternative in the preparation of activated 

carbon with an easy process, low cost, and which keeps the characteristic of the material even after adsorption. 

In this work, rice husk was used as the main raw material, and weak acidic H3PO4 and weak basic 

KOH neutral ZnCl2 were used as activators and were chemically activated at different temperatures. Activated 

carbon with a well-developed pore structure was obtained. Wang J et al. Chemically prepared the activated 

carbon from coal using KOH and obtained an adsorbent with a surface area of 165.815 m
2
/g (J. Wang et al., 

2022). Mbarki F et al. activated the biomass by a chemical activation method using the different activating 

agents and had an AC with a surface area of 589 m
2
/g(Mbarki et al., 2022). Through the adsorption experiments 

of methylene blue dye, the adsorption characteristics of methylene blue under initial concentration, time, pH, 

and the adsorption isotherm curves of methylene blue during the adsorption process were studied, which will lay 

the foundation and theoretical basis for further research.  

 
II. MATERIALS AND METHODS 

 

2.1 Materials 
Rice husk is supplied from (Taobo in China), and was used as thematerial precursor. Rice husk was 

carefully washed with ionized water and then dried in an oven(from Shanghai Yiheng Scientific Instruments 

Co., Ltd, China),at 105 °C for 12h, which was then pulverized by a multifunctional crusher(supplied by 

Yongkang Bo Ou Hardware Products Limited Co., Ltd, China). The particles were taken out and screened by a 

vibrating sieve (supplied by Henan Zhongren Tian Machinery Manufacturing Co., Ltd, China)with 200 meshes 

to obtain the particles with a diameter of less than 75 μm. 

 
2.2 Methods  

2.2.1 Biochar preparation  
The material was prepared using chemical activation methods. Firstly, the rice husk was mixed with the 

chemical reagents (activator), KOH（supplied by Tianjin Kermio Chemical Reagent Co., Ltd.), ZnCl2, and 

H3PO4 (from Aladdin, China), at a mixture ratio of 1:0,1:1; 2:1 (w/w). Afterward, the materials wereput in an 

ultrasonic vibration machine (Shanghai Lichen Bangxi Instrument Kefa Co., Ltd. China) for 30 minutesunder 

the condition of 40Hz and 25℃, t then dried at 105 °C for 24 hours. A certain amount (m1) of the sample was 

put in a quartz boat, which was next put in a tube furnace (Hefei Crystal Materials Technology Co., Ltd. China). 

Under N2atmosphere (600 mL/min), the temperature was increased to a target value at a rate of 10 °C/min, kept 

constant for 1 hour, and then decreased to room temperature. The activation process was carried out at the target 

temperatures of 600, 700, and 800 °C. 

After the activation, the prepared biochar was cleaned with 1 mol/L NaOH solution(for H3PO4 activated 

samples) and HCl (supplied by Tianjin Kermio Chemical Reagent Co., Ltd), and thenwashed repeatedly with 
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ionized water until its filter solution reached neutral. The washed biochar was dried in an electric blast drying 

oven at 105 °C until completely dried and then weighed (m2). The rice husk-based biochar activated with no 

activator, KOH, ZnCl2, and H3PO4 were labeled as RHAC, RHACK, RHACZ ,and RHACP, respectively. The 

yield of biochar, X, is calculated by Equation (1). 

 

𝑋 = (𝑚2/𝑚1) × 100% (1) 

2.2.2 Adsorption experiment 

MB was used as an adsorbate in this study. With a characteristic absorption wavelength of 664 nm, the 

absorbance of MB aqueous solutions at various concentrations was measured using a UV spectrophotometer. 

The concentration-absorbance coordinate axis was used to plot the data, and a linear regression equation （2）
with a fitting coefficient of 0.999 worked well to fit the data. 

𝑦 = 14.29𝑥 − 0.3163                                             (2) 

A 10 mg/L MB solution was prepared and used to demonstrate the efficiency of biochar. processing. A 

certain amount of rice bran biochar was added to 50 mL of MB solution, and the pH value of the solution was 

adjusted to neutral using 0.1 mol/L NaOH and HCl solution. The sample was separated and samples were taken 

after the same reaction time. The sampling time was set at 0, 10, 20, 30, 40, 50, 60, and 70 min, and the sample 

concentration was measured with a UV spectrophotometer. At arbitrary reaction times (min), the Adsorption 

rate, R, and the adsorption capacity, (mg/g), were calculated according to formulas (3) and (4). 

𝑅 = (𝐶0 − 𝐶𝑡)/𝐶0 × 100%  (3) 

𝑞𝑡 = (𝐶0 − 𝐶𝑡)𝑉/𝑚(4) 

Where C0 and Ct  are the concentrations of MB (mg/L) before and after adsorption, respectively, V is the solution 

volume, and m is the amount of adsorbent (g). 

 

2.2.3 Characterization of biochar  

The surface modification of biochar with different loading ratios was determined by SEM 

(ESCANCLARA). The surface functional groups of the raw material and modified biochar were characterized 

by FTIR (DTGSKBR). Measurements for both samples were taken in the numerical range of 500─4000 cm
−1

 

with a temperature dependence at a resolution of 4 cm
-1

. Nitrogen isotherms were performed at 77 K using an 

ASAP2460 surface area and microporous analyzer. The Brunauer-Emmett-Teller (BET) equations and the 

nonlocal density functional theory method were used to obtain the specific area and volume of species 

distributions before and after the transformations. 

 

2.2.4 Adsorption isotherm type 

The parameters obtained from isotherm modeling provide important information about the adsorption 

mechanism, surface properties, and adsorbent-adsorbate affinities. The two most commonly used models are 

those of Langmuir and Freundlich.  

(1) Langmuir model 

This model is very useful for the mono-molecular adsorption of a solute by forming a monolayer on the 

surface of an adsorbent, and is used when the following conditions are met: the adsorbed species is fixed on a 

single well-defined site, each site is only capable of fixing one adsorbed species, the adsorption energy of all the 

sites is identical and independent of other species already adsorbed on neighboring sites (Hu et al., 2007)(Kalam 

et al., 2021).It is described by the following expression: 

𝐶𝑒

𝑞𝑒
=  

1

𝑘𝐿𝑞𝑚
+

𝐶𝑒

𝑞𝑚
(5) 

Where𝑞𝑒  is the adsorption capacity𝑞𝑚  is the maximum adsorption capacity, Ce is equilibrium 

concentration,and kL  is Langmuir’s constant (L/mg).The coefficients of the model (kLand qm ) can be obtained 
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from the linear plot of Ce /qe  as a function of Ce . 

(2) Freundlich model 

Freundlich's empirical model is based on adsorption onto heterogeneous surfaces(Hambisa et al., 2023; 

Hasani et al., 2022).The Freundlich isotherm is given in its linear form by:  

𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑘𝐹 +
1

𝑛
𝑙𝑛𝐶𝑒(6) 

Where kF  is the Freundlich coefficient representing the adsorption capacity (mg/g.(L/mg)1/n) and n is the 

Freundlich coefficient representing the adsorption intensity. The Freundlich coefficients (kF  and n) can be 

obtained from the linear plot of ln(qe) as a function of ln(ce).  

 

2.2.5 Adsorption Theoretical model 

(1) Pseudo-first order kinetic model 

This model can be used to describe the phenomena that occur during the first few minutes of the adsorption 

process(Fathi Hasanbarogh et al., 2022; Keleşoǧlu et al., 2012; Lestari et al., 2022; Ugraskan et al., 2022), as 

given in equations (7) and (8). 

𝑑𝑞 𝑡

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡) (7) 

Where 𝑞𝑒  is the equilibrium adsorption capacity (mg/g), and 𝑘1 is the pseudo-first-order kinetic adsorption rate 

constant, g/(mg·min). 

𝑞𝑒 = (𝐶0 − 𝐶𝑒)𝑉/𝑚(8) 

Where 𝐶𝑒  is the equilibrium concentration of MB after adsorption (mg/L). 

(2) Pseudo-second order kinetic model 

Unlike the first-order model, the pseudo-second-order model is applicable to a wider time interval 

(generally the entire adsorption process). It includes the solution concentration, pH, temperature, adsorbent, and 

ionic strength(Abbas & Trari, 2020; Kyzas et al., 2016; X. Li et al., 2020; Touzani et al., 2022; Y. X. Wang et 

al., 2015). And it’s given in equation (9). 

d𝑞𝑡

d𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)

2  (9) 

Where 𝑘2is the second-order reaction rate constant for the adsorption of MB onto AC (g/mg/min). 𝑞𝑒  is the 

quantity adsorbed at equilibrium (mg/g). 𝑞𝑡  is the quantity adsorbed at time t (mg/g). 𝑡 is the contact time (min). 

(3) Elovich kinetic model 

The model, as given in equation (10), is suitable for describing the process of adsorption reaching 

equilibrium rapidly in the early stage and slowing down in the late stage(Ðurović-Pejčev et al., 2023; Han et al., 

2020; Zhang et al., 2023). 

d𝑞𝑡

d𝑡
= 𝑎 × exp(−𝑏𝑡 ) (10) 

Where 𝑎 is the initial adsorption rate constant, g/(mg·min
2
), and 𝑏 is the desorption constant, g/(mg·min).  

(4) Intra-particle diffusion kinetic model 

The MB molecules are probably transported into the adsorbent particles by a process of intra-particular 

diffusion due to the porosity of the activated carbons.Generally, three steps are involved during the adsorption 

process by the porous adsorbent: 1）transfer of the adsorbed molecule from within the solution to the external 

surface of the adsorbent (external diffusion).2）Penetration of the adsorbed molecule inside the pores of the 

adsorbent (intra-particle diffusion, within the pores). 3) adsorption of the molecule on the internal pore 

surface(Gürkan et al., 2021, 2022; Zhang et al., 2023). The model, as given in equation (11): 

𝑞𝑡 = 𝐶 + 𝐾𝑝𝑡
0.5 (11) 

Where 𝐾𝑝𝑡  is the internal diffusion rate constant, mg/(g·min
0.5

). 
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III. RESULT AND DISCUSSION 
 

3.1 Biochar yield  

The biochar yield calculated by weighing and calculation is shown in Figure 1 below. After analysis, it can 

be seen that, compared with the control group, the experimental group at the corresponding temperature of 

activated carbon yield is only higher at the H3PO4 activation group which had the largest difference in the yield 

of 10.9% and 26.58% respectively, under different activation temperatures. On the whole, the H3PO4 activated 

group in the experimental group has the highest overall yield, especially at 600°C temperature, the yield of 

biomass charcoal obtained by activation is significantly higher than the same temperature activated by the other 

two activators.   
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Figure 1: Completed circuit of the hybrid power control system. Yields of biochar from pyrolysis and 

activation of the rice husk. (Experimental conditions: MB concentration:50 mL, 10 mg/L, adsorbent 

dosage: 50mg, contact time 70 min). 
 

3.2 Removal of methylene blue by biochar 

Adsorption performances of the three groups of biochar towards MB were explored, i.e., RHAC600, 

RHAC700, and RHAC800; for the experimental group which includes, KOH activated group: RHACK600, 

RHACK700 and RHACK800; ZnCl2 activated group: RHACZ600, RHACZ700, RHACZ800; H3PO4 activated 

group: RHACP600, RHACP700 and RHACP800. Effects of activation temperature, pH, activator and 

OPACZ600 loading were assessed.  

3.2.1Effect of activation temperature 

As can be seen in Figure 2(a), the removal rate of methylene blue by the biochar in the control group was 

less than 50 %, and increase with increasing activation temperature. This may be attributed to the pores 

generated in the resulting carbon. For the removal rate of the KOH activation groupFigure 2(b), also showed an 

increase with the increasing temperature. The removal rate for the ZnCl2 activation groupFigure 2(c) showed a 

similar trend to that for the H3PO4 activation group, i.e., increased with the increasing activation temperature, 

and increased with adsorption time then tended to be flat. About the H3PO4 activation groupFigure 2(d), the 

removal rate of methylene blue increased with adsorption time and reached a maximum of 40 minutes. The final 

removal rate was between 86 and 93 % and also increased with the increasing activation temperature.  However, 

it took only 30 minutes for the removal rate of the control group, the KOH activation group and the ZnCl2 

activation group to reach the maximum, which is less than 40 minutes for the H3PO4 activated group, indicating 

that the adsorptions of methylene blue by activated biochar were easier to reach equilibrium. 
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Figure 2.Activation temperatures effect on adsorption of methylene blue by AC in (a) the control group, 

(b) the KOH activation group; (c) the ZnCl2 activation group, and (d) the H3PO4 activation 

group.(Experimental conditions: MB concentration:50 mL, 10 mg/L, adsorbent dosage: 50mg, contact time 

70 min). 

3.2.2 Effect of pH 

The effect of methylene blue solution pH on methylene blue removal is shown in Figure 3. It can be seen 

that when the methylene blue solution is strongly acidic (pH=2), the removal rate of methylene blue is 96.67%, 

but when the solution is close to neutral (pH=6), the removal rate of methylene blue reaches the maximum of 

99.89%, and when the solution becomes strong alkaline, the removal rate of methylene blue hardly changes. 

This is mainly because, in the methylene blue solution in the acidic environment, the positive charge of the 

group will hinder the dye absorption, but in the neutral state, it will produce a double charge, so its polarity 

changes; The results show that the removal rate of methylene blue is improved. 
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Figure 3.Effect of pH value on methylene blue removal rate(Experimental conditions: MB 

concentration:50 mL, 10 mg/L, adsorbent dosage: 50mg, contact time 70 min). 

 

3.2.3 Effect of Activators 

The optimal samples in each group, i.e., biochar prepared at 700 ℃, are compared in Figure 4. Compared 

with the RHAC700, the RHACK700, RHACZ700, and RHACP700 displayed a high removal rate of methylene 

blue. The RHACP700 had a faster adsorption rate at the initial stage of adsorption than the other groups and had 

the higher adsorption rate, this result can be attached to the material excellent surface properties.  

 

Figure 4.Effect of theactivator on the removal rate of MB.(Experimental conditions: MB 

concentration:50 mL, 10 mg/L, adsorbent dosage: 50mg, contact time 70 min). 

 

3.2.4 Effect of OPACZ600 dosage 
The RHACP700 has the highest removal rate of methylene blue. The effects of the RHACP700 dosage on 

the adsorption of methylene blue by biochar was explored.  Figure 5 shows that the dosage amount of AC had a 

huge impact on the removal rate and the adsorption equilibrium time, those results can be due to the increase in 

the surface area and the availability of active sites. As the RHACP700 dosage increased from 10mg-80mg, the 

removal rate curve showed a fast and big increase while a small effect has been observed when more biochar is 

added. The adsorption equilibrium time was 20 minutes at the RHACP700 dosage of 10 and 20 mg and 

increased to 40 minutes as the RHACP700 dosage further increased. For the economical sake and removal rate 

of methylene blue, 80 mg activated carbon per 50 mL methylene blue solution (10 mg/L) was selected. 

Wherefore, it is found in the literature that a lot of research on the removal of dye by biochar-based rice 

husk is done using the adsorption method but the proper activation process is yet to be found.  El-Shafey et al. 

produced the activated carbon from rice husk treated with sulfuric acid for the removal of Cd (II) and Se (IV), 

the adsorption was found to be low and reaching equilibrium after 2h and 200h respectively (El-Shafey, 2007). 

Ahiduzzaman et al. prepared the activated carbon from rice husk using zinc chloride, the adsorption was good 

and the material had a well-developed micropore structure. However, these methods had certain problems of 

aggressive corrosion, chemical recovery, and other environmental disadvantages. Thus, using rice-husk based 

activated carbon treated with phosphoric acid has better advantages like a high surface area, high and fast 

adsorption rate, it is economically favorable, gives a better yield. 
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Figure 5. Effects of the RHACP700dosage on the removal of methylene blue. (Experimental conditions: 

MB concentration:50 mL, 10 mg/L, adsorbent dosage: 50mg, contact time 70 min). 
 

3.3 Adsorption isotherm model 

 (1) Langmuir model isotherm is represented in the Figure 6. 
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Figure 6.Freundlich isotherm model(a) RHACP700 5mg/L, (b) RHACP700 10mg/L, (c) RHACP700 

15mg/L and (d) RHACP700 20mg/L. (Experimental conditions: MB concentration:50 mL, 10 mg/L, 

adsorbent dosage: 50mg, contact time 70 min). 

Table 1. Fitting results of Langmuir and Freundlichisotherm 

 

 

 

 

 

 

 

The adsorption of methylene blue by rice husk-based activated carbon is a dynamic process. The 

Langmuir and Freundlich equations describing the solid-liquid adsorption isotherms are usually used to study 

the adsorption mechanism. Langmuir isotherm is assumed to be a single molecular layer, i.e., the energy of each 

adsorption site is the same. From Figure 5 and Figure 6 it shows thatthe material followed the Langmuir model 

and the experimental data were fitted, and the results shown in Table 1indicate the correlation coefficient R
2 

(0.9999) for the four samples that are larger than Freundlich (0.989,0.987,0.926,0.852), which shows that the 

adsorption isotherms of rice husk activated carbon on methylene blue are in good agreement with the Langmuir 

isotherms and that the formation of a monolayer on the sorbent surface gives better results than other models. 

Futhermore, the adsorption happens on homogeneous surfaces. From the literature, many researches on the 

adsorption isotherm obtained the best results fitted with Langmuir model.   Seyyed Alireza Moussavi et al. 

Prepared activated carbon from grape wood and reached qmax= 5.88 mg/g(Mousavi et al., 2022). Jiwon Chung 

et al. with an activated carbon from sucrose and melamine observed a maximum MB adsorption of 476.190 

mg/g (Chung et al., 2022). 

 

3.4 Adsorption kinetics 

In order to demonstrate the type or order of MB retention kinetics by RHACP700, four models were 

tested. It can be seen from Figure 7 that adsorption curves of the RHACP700 towards MB are abrupt, which 

indicates that the adsorption rates are fast due to the accumulation of the adsorption sites in the material. The 

adsorption capacity significantly increases when the concentration of MB increases from 5 mg/L - 10 mg/L, but 

then no longer change when the concentration increases, these results can be explained by the which may be due 

to lacking of adsorption sites in RHACP700.  Furthermore, the concentration of MB decreases while the 

adsorption time rise, and the curves tend to be flat, reaching after 40 minutes an equilibrium of MB adsorption 

and desorption.  The adsorption rate is fast and is marked as 90% to 100% of the total adsorption amount in the 

first 40 minutes. 

 

C0 
Langmuir Isotherm  Freundlich Isotherm 

KL qmax R
2
 KF 1/n R

2
 

5 0.59 476.2 0.999 313.4 0.093 0.989 

10 0.54 456.6 0.999 298.7 0.087 0.987 

15 0.42 421.5 0.999 280.4 0.062 0.926 

20 0.38 448.4 0.999 237.1 0.08 0.852 
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Figure 7. Effects of initial concentration of methylene blue on its adsorption by RHAP700.(Experimental 

conditions: MB concentration:50 mL, 10 mg/L, adsorbent dosage: 50mg, contact time 70 min). 

 

To procure more information on the adsorption process, the Pseudo-first order, Pseudo-second order, 

Elovich model and Intra-particle diffusion kinetic model are applied to fit the data in Figure 7. The lines 

obtained by fitting adsorption data with the four models are expressed in Figure 8, and their parameters are 

obtained as well as presented in Table 2. The models have fitting coefficients of 0.850-0.923, 0.999-1, 0.941- 

0.988 and 0.938-0.986 for the Pseudo-first, the Pseudo-second order, the Elovich model and Intra-particle 

diffusion kinetic model, respectively. Among the four kinetic models, the Pseudo-second order kenetic model 

has the greatest fitting degree which specifies that throughout the adsorption process of MB by RHACP700, the 

chemical adsorption take place. 
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Figure 8. The lines obtained by fitting adsorption data with the (a) Pseudo-first and (b) Pseudo-second order, (c) 

Elovich and (d)Intra-particle diffusion kinetic models. (Experimental conditions: MB concentration:50 mL, 10 

mg/L, adsorbent dosage: 50mg, contact time 70 min). 

 

Table 2.Parameters obtained from the fitted results of adsorption data by the four kinetic models 

C0 qe(exp) 

Pseudo-first order Pseudo-second order Elovich Intra-particle diffusion 

R2 qe K1 (10−4) R2 qe K2 R2 β α R2 c 𝐾𝑝𝑡
1
2 

5 
7.09 0.850 1.67 1.84 0.999 3.3 0.0381 0.988 0.181 16.78 0.964 3.11 0.02609 

10 
7.44 0.691 2.81 7.75

5 1 6.66 1.412 0.980 0.232 28 0.938 6.55 0.01554 

15 
7.48 0.861 7.69 1.84 1 1.0003 165.73 0.996 0.28 35.23 0.986 9.91 0.01249 

20 
7.52 0.923 12.62 8.3 1 13.34 1.992 0.941 0.278 47.50 0.985 13.26 0.00944 

3. Characterization and analysis of biochar 

3.1 Pore structure analysis 

The pore structure of RHAC700 and RHACP700 were obtained based on the N2 adsorption-desorption 

isotherms.  RHAC700 showed a Type I isotherm which is the trait of a microporous material, as shown in 

Figure 9(a). The N2 adsorption capacity was less than 50 cm3 g
−1

, this indicated that the devolatilization only 

played a little part in the pore structure, which was consistent with the surface morphology shown in Figure 10. 

The RHACP700 revealed a combination of type I and type IV isotherms with a small H4-type hysteresis loop, 

indicating that there are large amounts of microcores and some mesopores(Mu et al., 2020). The specific surface 

area and total pore volume of RHACP700 reached 568.9132 m²/g and 0.368723 cm3 g
−1

 respectively as 

displayed in Table 3. 

The pore distribution of the samples was calculated, as shown in Figure 9 (b). RHAC700 and 

RHACP700 had high-rise volumes in the micropore from 0.5−2 nm. The pores in RHAC700 are mostly 

micropores of 1.1−1.4 nm. Ensuing the activation, some micropores were carve into large pores, followed by the 

creation of large numbers of smaller pores. Between 0.5−0.9 nm, RHACP700 had a large micropore volume, 

pores below 1 nm which mainly contribute to the specific capacitance. The RHACP700 showed pore structure, 

which are suitable for adsorbing methylene blue molecules with larger molecular diameters. There are a large 

number of micropores, and it takes a long time to reach adsorption equilibrium, which is consistent with the 

adsorption law of methylene blue(Pelekani & Snoeyink, 2000). 
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Figure 9. (a) N2 adsorption-desorption isotherms and (b) pore distributions of theRHAC700 and 

RHACP700. 

Table 3. Specific surface areas and pore volumes of the biochars. 

Sample 
SBET 

(m
2
/g) 

SMesopore 

(m
2
/g) 

SMicropore 

(m
2
/g) 

VTotal 

(cm
3
/g) 

VMesopore 

(cm
3
/g) 

VMicropore 

(cm
3
/g) 

RHAC700 256.0468 45.4894 210.5575 0.131864 0.037086 0.094778 

RHACP700 568.9132 169.8965 399.0167 0.368723 0.187392 0.181331 

3.2 Surface morphology analysis 
Figure 10a-f shows SEM images of the RHAC700 and RHACP700.The RHAC700 were quite smooth 

and did not have many pores. After activation of RHAC700 with H3PO4 we remark that numerous pores 

appeared on the materials and the surface porosity of the materials crucially increased, as shown in the Figure 

10 (d)-(f).  The center of pore on RHACP700 surface was darker, which specify that the pore structure was 

cavernous in the carbon matrix compared to the surface(Kim et al., 2019)which is aligned with the results 

obtained by BET analysis in Figure 9. It proves that the adsorption capacity of the materials to methylene blue 

molecules will be enhanced after activation. 
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Figure 10. SEM images of (a), (b) and (c) the RHAC700; and (d), (e) and (f) the RHACP700 

3.3 Surface functional group analysis 
To understand more about the structure of the samples, FTIR spectra of the two materials were revealed in 

Figure 11.  From Figure 11, the samples showed significant absorption peaks at 3406.57 which associated with 

the elongation movement of the O−H indicates the presence of the hydroxyl group (−OH) and chemisorbed 

water. The peaks at1184.28 ,1097.05 and 1039.83 correspond to the C−O elongation movement of the carbonyl 

group which may indicate the presence of carboxylic acids(Ahmad et al., 2021). The peaks at 798.50, 710.67, 

677.13, 501.71 and 465.66 cm
−1

 correspond to the C−H deformation vibrations in benzene derivatives. 

It can be seen from the Figure that RHACP700 has higher absorption peaks from peak, indicating that the 

activated RHACP700 has more C−O and −OH functional groups. Compared with RHAC700, RHAC700 has 

more absorption peaks indicating that it has more aromatic hydrocarbons which may be due to the etching of a 

large amount of amorphous carbon in the char. 

 

Figure 11. FTIR spectra of RHAC700 and RHACP700 

3.4 X-Ray Powder Diffraction (XRD) 
Figure 12 displays the results acquired from the XRD analysis. From the AC XRD results, Figure 12 

revealed peaks at 2θ= 23° and 44° corresponding to those of a carbonaceous material like activated 

carbon.These peaks around 23° and 44° can be attributed to the reflection of the graphite (002) and (100) 

respectively. The peak 2θ = 23° is a trait of the cellulose which is attributed to the crystalline phase in the 

structure of the AC(Shaaban et al., 2013). The peaks between 20˚–30˚ correspond to the stacking structure of the 

aromatic layers (graphite 002), while the (100) peak indicates the honeycomb structures formed by carbons. 

This result is in agreement with the SEM images of these activated carbons (Figure 10). The RHACP700 
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showed a keener (002) peak than the RHAC700, indicating a neat agglomeration of aromatic layer during its 

activation process. RHACP700 had a faintly higher (100) peak than the other, indicated a small increase in the 

size of aromatic layer. RHACP700 has additional peaks appeared at 2θ = 27˚ which constitute the crystalline 

SiO2(Liu et al., 2012; Takagi et al., 2004).
 

 

Figure 12. XRD patterns of RHAC700 and RHACP700 

 

IV. CONCLUSION 
This work presents the preparation of biochar from rice husk activated by KOH, ZnCl2 and H3PO4at 

600, 700 and 800 ℃. The adsorption performance and different parameters of the prepared activated carbon on 

MB was assessed. 

(1) TheRHACP700 showsa higher biochar yield than others. The removal rates of MB by the biochar 

increase with the increase of theactivation temperature. The time required for the H3PO4activation group to 

reach adsorption equilibrium is less than of the ZnCl2activation group, while the RHACP later shows a higher 

final removal rate. And the removal rate of MB increases as the pH further increases. 

(2) As the dosage of the RHACP700 to MB solution increases, both the removal rate and the 

adsorption equilibrium time show a significant increase followed by a decrease in growth rate. An optimal 

condition of 80 mg biochar per 50 mL MB solution (10 mg/L) is obtained with a removal rate of 98.6 %. 

(3) The adsorption isotherm of activated carbon from rice husk on methylene blue was consistent with 

the Langmuir isotherm model, and the Qm of activated carbon from rice husk was 476.2 mg/g which infer that 

the adsorption process of MB using rice husk take place on homogeneous surfaces, while there is no interaction 

between the adsorbed molecules meaning that the adsorption process happens physically. And the Pseudo-

second order adsorption kinetic model fits best (R
2
=1) with adsorption data of the RHACP700 towards MB 

among the four models, indicating presence of the chemical adsorption, which is consistent with the FTIR 

results that the RHACP700 contains more C−O and −OH functional groups.  

(4) The porous surface with large amounts of micropores and some mesopores, and the high specific 

surface (1199.20 m
2
/g) and the XRD shows in general an amorphous structure and a quite high crystallinity of 

the samples in the range from 23 to 44º which also contribute to the adsorption of MB by the RHACP700. 
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