
The Optimization Parameters of Activated Biochar
Derived From Pine Pyrolysis: Application in
Methylene Blue Adsorption
Shasha Liu 

Nanjing Forestry University
Chen Shen 

Nanjing Forestry University
Yuhui Wang 

Nanjing Forestry University
Yong Huang 

Nanjing Forestry University
Xun Hu 

Jinan University
Bin Li 

Jiangsu University
Karnowo Karnowo 

Universitas Negeri Semarang
Jianbin Zhou 

Nanjing Forestry University
Shu Zhang  (  s.zhang@njfu.edu.cn )

Nanjing Forestry University
Hong Zhang 

Nanjing Forestry University

Research Article

Keywords: Activated biochar, Activation, Methylene blue, Characterization analysis, Adsorption, Dynamics

Posted Date: June 7th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-511912/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-511912/v1
mailto:s.zhang@njfu.edu.cn
https://doi.org/10.21203/rs.3.rs-511912/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

The optimization parameters of activated biochar derived from 1 

pine pyrolysis: Application in methylene blue adsorption 2 

Shasha Liu1, Chen Shen1, Yuhui Wang1, Yong Huang 1, Xun Hu2, Bin Li3, Karnowo4, 3 

Jianbin Zhou1,*, Shu Zhang1,*, Hong Zhang1 4 

1 Joint International Research Laboratory of Biomass Energy and Materials, Co-5 

Innovation Center of Efficient Processing and Utilization of Forest Resources, College 6 

of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, 7 

China 8 

2 School of Material Science and Engineering, University of Jinan, Jinan 250022, 9 

Shandong, China 10 

3 School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, 11 

China 12 

4 Faculty of Engineering, Universitas Negeri Semarang (UNNES), Jawa Tengah 50229, 13 

Indonesia 14 

*Corresponding author： 15 

E-mail: zhoujianbin@njfu.edu.cn; s.zhang@njfu.edu.cn 16 

 17 

Abstract: To understand the interaction mechanism between adsorbent and adsorbate, 18 

activated biochar, prepared from pine sawdust using CO2 and H2O as activator, was 19 

employed to adsorb methylene blue in printing and dyeing pollutants. The pore 20 

structure, carbon structure of the aromatic ring system, and functional groups were 21 

investigated though SEM, nitrogen adsorption/desorption device (BET), Raman, and 22 
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XPS characterization, and the adsorption kinetics and possible adsorption mechanism 23 

were also studied. The results showed that the activated biochar prepared by CO2 24 

activation had more specific surface area, pore structure, and surface oxygen-containing 25 

functional groups than that prepared by H2O, which was more conductive to improving 26 

its adsorption capacity. The electrostatic interaction between the surface oxygen-27 

containing functional groups in the adsorbents and the π-π interaction formed in the 28 

aromatic rings enhanced the adsorption capacity of activated biochar to methylene blue. 29 

The adsorption process of methylene blue by activated biochar was spontaneous, and it 30 

conformed to the pseudo-second-order kinetic characteristics and Langmuir adsorption 31 

isotherm equation. It was a monolayer adsorption and the maximum adsorption 32 

capacity was about 160 mg/g. Activated biochar as an adsorbent for wastewater 33 

treatment has promising application and development prospects.         34 

Keywords: Activated biochar; Activation; Methylene blue; Characterization analysis; 35 

Adsorption; Dynamics  36 

1 Introduction 37 

Methylene blue (MB) is widely applied to the fields of chemical reagents, 38 

biological dyes and drugs, etc. (Huang et al., 2018; Lyu et al., 2018; Yang et al., 2021). 39 

However, a large amount of organic dye wastewater generated in the printing and 40 

dyeing process brings huge environmental risks (Deng et al., 2020; Fan et al., 2017). 41 

Therefore, the realization of high-efficiency purification treatment of printing and 42 

dyeing wastewater has been the study focus of researchers. Purification treatment 43 

technologies for wastewater mainly include: physical adsorption, chemical degradation, 44 
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and advanced oxidation technology, etc. (Kang et al., 2016; Pirsaheb et al., 2016; Wan 45 

et al., 2017). Among them, the physical adsorption represented by carbon materials has 46 

the advantages of simple process, easy operation and recovery, various adsorbents, and 47 

no secondary pollution, etc., making it the most promising technical means for 48 

industrial application in the filed of water purification (Li et al., 2019a; Xu et al., 2020; 49 

Zeng et al., 2018). Activated biochar (AC) is characterized by abundant pore structure, 50 

strong adsorption capacity, and renewability (Gao et al., 2013; Genuino et al., 2018), 51 

which is of great significant for the treatment of industrial waste liquid and the 52 

remediation of environmental pollution (Li et al., 2019b).      53 

Choudhary et al. (Choudhary et al., 2020) used biochar activated by NaOH to 54 

adsorb pollutants in water. It was found that AC showed excellent adsorption capacity 55 

for organic pollutants and inorganic heavy metals. Removal of two drugs in aqueous 56 

solution by a carbonate-AC was reported by Shirani et al. (Shirani et al., 2020). The 57 

results showed that the electrostatic adsorption, hydrophobic interaction, and π-π bond 58 

played crucial roles in the adsorption of AC to adsorbents. Although the biochar 59 

prepared by the chemical activation could effectively solve the removal of pollutants, 60 

the introduction of additional chemical reagents was not so environmentally friendly. It 61 

is worth mentioning that the AC prepared by physical modification, such as steam, 62 

carbon dioxide and air activation, has attracted much attention of researchers 63 

(Rajapaksha et al., 2016). Rajapaksha et al. (Rajapaksha et al., 2015) compared the 64 

effects of biochar on the adsorption of sulfamethazine in water, indicating that there 65 

was a great chemisorption process and electrostatic interaction between the AC and 66 
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remover, and the steam-activated char had more advantages in adsorption capacity. 67 

Based on the research of Franciski et al. (Franciski et al., 2018), the AC prepared by 68 

CO2 activation from the bagasse pyrolysis acted as a good adsorbent in the removal of 69 

methylene blue.    70 

However, most of studies focus on the effect of AC on the removal of pollutions, 71 

while the interaction between adsorbent (AC) and adsorbate, as well as the adsorption 72 

site of AC in the adsorption process is still unclear. Therefore, this study aims to 73 

investigate the structural characteristics of the surface on the AC prepared by physical 74 

modification (steam and carbon dioxide); and then the isothermal adsorption and kinetic 75 

analysis are carried out to further evaluate the adsorption behavior and ability of 76 

activated biochar to methylene blue. It is expected to understand the interaction 77 

mechanism between activated biochar and methylene blue.  78 

2 Materials and Methods 79 

2.1 Preparation of activated biochar  80 

Biochar was obtained from the pyrolysis of pine sawdust, which was then activated 81 

by CO2 and H2O at 800 °C, respectively. When CO2 was used as the active agent, the 82 

activation time was set at 1 h or 2 h, and the gas flow was 200 mL/min. The prepared 83 

activated biochar (AC) was named as Char-Xh (X, activation time; 1 or 2). In the case of 84 

steam activation, distilled water was injected through the syringe pump at a rate of 4 85 

mL/min, and 2 mL or 4 mL of distilled water was injected into 1 g char. The generated 86 

AC was labeled as Char-YmL (Y, distilled water amount; 2 or 4).       87 

2.2 Characterization of AC 88 
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The changes of surface morphology were observed by scanning electron 89 

microscopy (SEM, Quanta 200) with magnification of 2000 times. In order to obtain 90 

the pore structure parameters, AC was characterized by an isothermal nitrogen 91 

adsorption-desorption device (Specific Surface Area Analyzer, Autosorb-iQ). The 92 

chemical forms of carbon and oxygen species in the AC were detected by X-ray 93 

photoelectron spectroscopy (XPS, AXIS UltraDLD), and a C1s peak (284.8 eV) was 94 

employed to test the energy correction. The change of carbon skeleton was analyzed 95 

through Raman spectrometer (Themor DXR532). 96 

2.3 The experiment of adsorption performance 97 

2.3.1 Isothermal adsorption  98 

5 mg of each AC sample was selected into 50 mL of MB solution with different 99 

initial concentrations (7.5, 10, 12.5, 15, 17.5, and 20 mg/L). AC samples were extracted 100 

after the constant temperature and vibration for 12 h at a rotating speed of 300 r/min 101 

and 298 K, and then the absorption wavelength of MB was measured at 664 nm with 102 

an ultraviolet spectrophotometer after filtration by a filter membrane. The equilibrium 103 

adsorption amount qe (mg/g) of MB in the AC adsorption solution was obtained by Eq. 104 

(1).   105 

                         𝑞𝑒 = (𝑐𝑜−𝑐𝑒)𝑉𝑚                       (1) 106 

where co and ce (mg/L) are the initial and equilibrium concentrations of MB; V is the 107 

volume of MB solution (mL); m is the mass of AC.    108 

In order to study the influence of adsorption equilibrium, the most commonly used 109 

Langmuir isotherm model was selected to evaluate the adsorption behavior of MB and 110 
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AC (Eq. (2)). 111 𝑐𝑒𝑞𝑒 = 𝑐𝑒𝑞𝐿 + 1𝑞𝐿𝐾𝐿                      (2) 112 

where qe (mg/g) is the adsorption amount of MB at adsorption equilibrium; qL (mg/g) 113 

is the adsorption amount of MB at adsorption saturation; KL (L/mg) is the constant 114 

obtained by Langmuir model fitting. 115 

2.3.2 Adsorption kinetics  116 

5 mg of each AC sample was added into 50 mL of MB solution with an initial 117 

concentration of 20 mg/L, and the adsorption experiment was carried out by the rotation 118 

speed was 300 r/min at room temperature. The solution samples were taken at 2-12 h, 119 

and each sampling interval was 2 h. After being filtered by the filter membrane, the 120 

instantaneous adsorption qt (mg/g) of MB was calculated by Eq. (3).  121 

                       𝑞𝑡 = (𝑐𝑜−𝑐𝑡)𝑉𝑚                           (3) 122 

where ct (mg/L) is the concentration of MB at time t; V is the volume of MB solution 123 

(mL); m is the mass of AC. 124 

To understand the kinetic adsorption mechanism and process of MB-AC system, 125 

and predict the relationship between adsorption rate and time, the pseudo-first-order 126 

model (Eq. (4)) and pseudo-second-order model (Eq. (5)) were used for data analysis. 127 

               ln(𝑞𝑒 − 𝑞𝑡) = ln𝑞𝑒 − 𝐾1t                      (4) 128    𝑡𝑞𝑡 = 1𝑞𝑒2𝐾2 + 𝑡𝑞𝑒                        (5) 129 

where qe and qt represent the adsorption amount (mg/g) of MB at the time of 130 

equilibrium and t respectively; K1 is the pseudo-first-order rate constant (min-1); K2 is 131 

the pseudo-second-order rate constant (g/(mg·min)); t is the adsorption time (min).     132 
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3 Results and discussion 133 

3.1 Characterization analysis of AC 134 

3.1.1 The analysis of morphology and porosity  135 

The adsorption properties of carbon materials are closely related to the pore size. 136 

Therefore, it is of great significance to analyze the pore distribution for the adsorption 137 

of MB. Figure 1 showed the isotherm of nitrogen adsorption and desorption for AC, 138 

and the specific pore structure parameters were listed in Table 1.  139 

 140 

Figure 1. (a) Diagram of pore distribution; (b) N2 adsorption/desorption isotherms of AC. 141 

 142 

Table 1. The pore structure parameters of AC 

Sample Specific surface area (m2/g) Pore volume (cm3/g) Pore size (nm) 

Char-1h 779.07 0.41 2.68 

Char-2h 906.44 0.46 2.67 

Char-2mL 582.23 0.37 2.54 

Char-4mL 689.13 0.59 3.45 

 143 

It could be seen from the results that the adsorption isotherm of AC appeared a 144 

hysteresis loop when the relative pressure was 0.4-0.9, which belonged to a typical Ⅳ 145 

isotherm (Yu et al., 2016). This was mainly due to the presence of mesopores in AC, 146 
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which led to the phenomenon of capillary condensation in mesoporous adsorption 147 

under high pressure (Tran et al., 2017). Table 1 showed that the pore structure of AC 148 

activated by carbon dioxide was more developed than that of AC activated by water 149 

vapor, with larger specific surface area. In addition, the pore volume and pore size of 150 

AC prepared by CO2 had smaller changes, while the changes of AC activated by H2O 151 

were obvious. According to the report by Feng et al. (Feng et al., 2017a; Feng et al., 152 

2017b), CO2 activation mainly changed the surface structure of biochar, resulting in a 153 

small size structure; while H2O was able to infiltrate into the carbon matrix of coke 154 

particles, leading to large pore size structure regenerated from inside to outside on AC 155 

surface. Therefore, compared with H2O activation, the AC prepared by CO2 activation 156 

had a uniform pore distribution and a higher specific surface area, which provided 157 

favorable conditions for better adsorption of MB.  158 

 159 

Figure 2. SEM images of AC 160 

 161 

The SEM of various AC was shown in the Figure 2. It could be seen that the 162 

Char-1h (a) Char-2h (b) 

Char-2mL (c) Char-4mL (d) 
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surface pore structure of AC was abundant, and with the extension of activation reaction, 163 

not only the number of pores increased significantly, but also the surface structure 164 

presented a smooth trend. It indicated that AC had dense pore structure distribution, 165 

high pore volume and specific surface area, so theoretically, it had a large adsorption 166 

capacity for MB. This phenomenon agreed with the results of pore structure 167 

measurement. 168 

3.1.2 The analysis of chemical structure  169 

In order to determine the active sites in carbon structure for AC adsorption, Raman 170 

analysis was carried out in the wavelength range of 800-1800 cm-1. The peak fitting 171 

method was consistent with previous studies (Huang et al., 2020; Liu et al., 2021), and 172 

the analysis results were demonstrated in the Figure 3.  173 

 174 

Figure 3. (a) A typical example of peak deconvolution for original Raman spectrum; (b) The 175 

Raman analysis of AC 176 

 177 

It was clear that the change of I(GR+VL+VR)/ID was diverse with the extension of 178 

activation reaction. The I(GR+VL+VR)/ID value of AC prepared by CO2 activation showed 179 

a decreasing trend, mainly because the small aromatic ring system in the carbon 180 
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structure was consumed during the activation process of biochar, which formed more 181 

defective structures and abundant pore structures. However, H2O activated biochar 182 

exhibited the opposite result. This may be due to the fact that the activation of H2O 183 

could penetrate into the interior of the carbon matrix, promoting the H, O, and OH free 184 

radicals disassociated by water vapor to change the surface morphology, similar 185 

conclusion was confirmed by Umemoto et al. (Umemoto et al., 2013). Therefore, it was 186 

not surprising that the ID value representing large aromatic ring in the surface carbon 187 

structure decreased. In addition, it had been confirmed that the mechanism of dye 188 

adsorption on biochar depended on the π-π interaction between the graphite flakes of 189 

biochar and the aromatic ring structure of the dye (Qiu et al., 2009). In other words, the 190 

aromatic structure in AC was conductive to enhancing the adsorption of MB.  191 
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Figure 4. (a) The original XPS spectrum of AC; (b) The peak fitting of C1s; (c) The peak fitting 193 

of O1s 194 

XPS was used to analyzed the chemical combination forms of carbon and oxygen 195 

in AC. The total spectrum and the peak fitting of C1s and O1s were revealed in the 196 

Figure 4, while the combination form of C and O and the ratio of content were 197 

demonstrated in the Table 2. As for C1s peak fitting, it can be seen directly that when 198 

CO2 or H2O molecules contacted with biochar, the aromatic structure (C-C/C=C) in 199 

biochar decreased with the increase of reaction time. It was confirmed that gas phase in 200 

the activation process could better recombine with the char matrix, and the oxygen 201 

molecules in the gas phase acted as the active component of solid-gas phase interaction, 202 

which resulted in the formation of more oxygen-containing functional groups on the 203 

surface of AC.  204 

Table 2. The XPS analysis results of AC  

Sample O/C 

C 1s (%) O 1s (%) 

C-C/C=C C-O C=O O=C-O C-O C=O O=C-O 

Char-1h 0.08 68.32 14.35 5.61 11.72 31.81 37.18 31.01 

Char-2h 0.09 66.67 21.57 2.46 9.30 40.16 33.25 26.59 

Char-2mL 0.04  69.65 10.68 10.69 8.98 23.55 38.10 38.35 

Char-4mL 0.04  66.77 18.26 6.80 8.17 26.23 34.48 39.29 

 205 

Relevant studies (Luo & Zhang, 2018; Meng et al., 2017) pointed out that the char-206 

based materials contained abundant surface oxygen-containing functional groups, 207 

which could improve their activity performance by redistributing electronic structures, 208 

and the hydroxyl group was more powerful than that of carboxyl and carbonyl group. 209 

As the same time, it was also evident that the C-O group increased by about 3-8% when 210 
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the C and O elements were fitted respectively. In addition, Franz et al. (Franz M, 2000) 211 

found that the adsorption mechanism was significantly affected by the properties of 212 

surface functional groups, which played an important role in the adsorption of aromatic 213 

hydrocarbons on AC. It was worth mentioning that the O/C value of AC activated by 214 

CO2 was significantly higher than that activated by H2O. It was speculated that during 215 

the activation reaction, water vapor and carbon dioxide would dynamically change the 216 

carbon structure at multiple active sites of biochar, as well as the oxygen-containing 217 

functional groups, intermediates and free radicals formed by the reaction (Keown et al., 218 

2008; Tay et al., 2013). As the reaction process progressed, the oxygen-containing 219 

functional groups in AC tended to increase, which revealed the presence of electron-220 

rich elements (O) in the AC structure, resulting in the change of carbon surface structure. 221 

The change in the structure of biochar could lead to the enhancement of its adsorption 222 

capacity, which was confirmed by Shen et al. (Shen et al., 2014). It can’t be ignored 223 

that the electrostatic attraction caused by the interaction between carboxyl and hydroxyl 224 

surface functional groups could enhance the adsorption performance, thus enhancing 225 

the adsorption of AC to MB (Lyu et al., 2018).        226 

3.2 AC adsorption experiment of MB 227 

3.2.1 Isothermal adsorption process 228 

The isothermal adsorption curve could be used not only to evaluate the adsorption 229 

capacity of adsorbents, but also to predict the adsorption behavior based on the fitting 230 

effect of different adsorption models. The isothermal adsorption curve of AC adsorbed 231 

MB can be obtained by measuring the equilibrium adsorption amount of AC and the 232 
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equilibrium content of solution in solutions with different initial MB, as shown in the 233 

Figure 5(a).  234 

 235 

Figure 5. Effect of different experimental conditions on the adsorption of MB by AC. 236 

(a) Effect of initial concentration of MB (T=298 K, char dosage=0.005 g, contact time=12 h); 237 

(b) Effect of adsorption time (T=298 K, char dosage=0.005 g, MB initial concentration=20 238 

mg/L) 239 

 240 

As can be seen from the figure, with the increase of initial concentration, the 241 

adsorption isotherm tended to be flat and the adsorption rate gradually decreased. MB 242 

molecules occupied a large number of active sites, indicating that the adsorption 243 

capacity of AC would reach saturation. The maximum adsorption capacity of AC 244 

prepared under different activation states for MB was 140-160 mg/g when the initial 245 

concentration was 20 mg/g, and AC prepared by CO2 activation for 2 h had the strongest 246 

adsorption capacity, which could also be confirmed by the above characterization 247 

results. Liu et al. (Liu & Zhang, 2009) pointed out that the increase of the initial MB 248 

concentration improved the contract probability of biochar with MB and provided a 249 

driving force to overcome the transfer resistance between MB solution and biochar, 250 

resulting in an increase in the adsorption capacity of the biochar. As the active sites on 251 

120 240 360 480 600 720

80

100

120

140

160

180

200
(b)

q
e 

(m
g
/g

)
Time (min)

 Char-1h

 Char-2h

 Char-2mL

 Char-4mL

5.0 7.5 10.0 12.5 15.0 17.5 20.0

40

60

80

100

120

140

160

180

q
e 

(m
g
/g

)

MB concentration (mg/L)

 Char-1h

 Char-2h

 Char-2mL

 Char-4mL

(a)



14 

 

the biochar became saturated at higher concentrations, the increase of adsorption 252 

capacity was limited. It was worth noting that the adsorption process of AC was 253 

assumed to be monolayer adsorption due to its relatively uniform surface, and there was 254 

no interaction in MB molecules, which was also proposed by Wu et al. (Wu et al., 2010).  255 

Figure 5(b) showed that the adsorption rate was accelerated at the initial stage of 256 

adsorption (0-240 min). On the one hand, due to the high concentration of MB in the 257 

solution, there was a large concentration gradient on the surface of the adsorbent, 258 

leading to a great adsorption power. On the other hand, there were abundant active sites 259 

on the surface of AC in the early stage of adsorption. With the extension of the 260 

adsorption time, the adsorption amount of AC to MB increased slowly and reached 261 

equilibrium at 12 h. There was no doubt that AC activated by CO2 demonstrated a better 262 

adsorption performance.   263 

3.2.2 Adsorption kinetics 264 

The kinetic model was mainly applied to understand the interactions between 265 

adsorbent and adsorbate, which could more accurately distinguish the kinetic behavior 266 

at different stages, thus better explaining the adsorption mechanism of AC to MB. The 267 

kinetic process of AC adsorption MB was fitted by pseudo-first-order and pseudo-268 

second-order. The fitting effect and specific parameters were shown in the Figure 6 and 269 

Table 3.  270 

Table 3. Kinetic parameters obtained by various models for the adsorption of MB on AC 

Sample 
qe,exp 

(mg/g) 

Pseudo first order Pseudo second order 
qe,1 

(mg/g) 
K1 

(min-1) 
R2 

qe,2 

(mg/g) 
K2 

(g/mg·min) 
R2 

Char-1h 155.46 56.51 0.0046 0.8746 163.40 1.35×10-4 0.9967 

Char-2h 197.47 2.03 0.0034 0.9778 197.63 3.84×10-3 0.9999 



15 

 

Char-2mL 118.95 70.84 0.0044 0.9891 132.98 7.96×10-5 0.9964 

Char-4mL 157.24 70.51 0.0030 0.9904 170.94 6.62×10-5 0.9922 

 271 

 272 

Figure 6. The kinetics of the adsorption system of AC to MB 273 

(a) Langmuir isotherms; (b) pseudo-first-order; (c) pseudo-second-order. 274 

 275 

 According to the fitting curve and the calculated relevant parameters, it was 276 

found that the fitting correlation coefficient R2 (0.9922-0.9999) of the pseudo-second-277 

order kinetic adsorption model was significantly better than that of the pseudo-first-278 

order (0.8746-0.9904), indicating that the pseudo-second-order kinetic equation could 279 

better describe the adsorption kinetic process of AC on MB. In addition, the adsorption 280 

process was controlled by many dominant factors, which may include covalent bond 281 

formation, ion exchange-based chemical adsorption and pore-filling physical 282 

adsorption (Kang et al., 2018; Zhu et al., 2018). Since the pseudo-second-order kinetic 283 
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model was based on chemical adsorption, adsorption of MB by AC was mainly 284 

classified into chemical adsorption, and the formation of chemical bond between AC 285 

surface and MB molecule was one of the important factors affecting the adsorption 286 

process (Bedin et al., 2016). 287 

3.3 Adsorption mechanism  288 

The adsorption mechanism was mainly reflected in the diffusion of adsorbent 289 

pores or particles, and the adsorption of adsorbate on the active sites of the adsorbent 290 

surface. Generally, adsorbents with large specific surface area can provide more active 291 

sites for adsorbates, which was conducive to the adsorption process (Bhatnagar et al., 292 

2013). Some researchers (Fan et al., 2016; Leng et al., 2015) studied the similar 293 

adsorption mechanisms, and believed that the main mechanism of action included 294 

electrostatic interaction, ion exchange, surface complexation, physical adsorption, etc.. 295 

Surprisingly, oxygen-containing groups played an important role in the adsorption 296 

process.  297 

  Combined with the characterization of AC and the results of adsorption test on 298 

MB, the adsorption mechanism of MB on AC was summarized in Figure 7. The high 299 

specific surface area and abundant pore structure of AC were important factors for 300 

efficient adsorption of MB. Simultaneously, the electrostatic interaction between the 301 

surface oxygen-containing functional groups in the adsorbents and the π-π interaction 302 

formed in the aromatic rings enhanced the adsorption capacity of AC to MB.  303 
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 304 

Figure 7. The possible adsorption mechanism of MB on AC. 305 

4 Conclusion 306 

In summary, a simple, low-cost and environmentally friendly activated biochar 307 

prepared by introducing the active agent, it not only obtained the large specific surface 308 

area and abundant oxygen-containing functional group, but also caused the π-π 309 

interaction formed in the aromatic ring system of carbon structure and the electrostatic 310 

interaction generated by the groups. This made the activated biochar showed a great 311 

adsorption capacity to the methylene blue. In the adsorption experiment, the pseudo-312 

second-order kinetic equation and Langmuir adsorption isotherm could better describe 313 

the adsorption process of methylene blue. It was worth mentioning that the main way 314 

of methylene blue adsorption on activated biochar was chemical adsorption, which was 315 

determined by the pore structure of activated biochar and the chemical properties of the 316 

interaction between activated biochar and methylene blue. Therefore, the prepared 317 

activated biochar was expected to be used as an excellent adsorbent for industrial 318 
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pollutant treatment.   319 
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Figures

Figure 1

(a) Diagram of pore distribution; (b) N2 adsorption/desorption isotherms of AC.



Figure 2

SEM images of AC



Figure 3

(a) A typical example of peak deconvolution for original Raman spectrum; (b) The Raman analysis of AC



Figure 4

(a) The original XPS spectrum of AC; (b) The peak �tting of C1s; (c) The peak �tting of O1s



Figure 5

Effect of different experimental conditions on the adsorption of MB by AC. (a) Effect of initial
concentration of MB (T=298 K, char dosage=0.005 g, contact time=12 h); (b) Effect of adsorption time
(T=298 K, char dosage=0.005 g, MB initial concentration=20 mg/L)



Figure 6

The kinetics of the adsorption system of AC to MB (a) Langmuir isotherms; (b) pseudo-�rst-order; (c)
pseudo-second-order.



Figure 7

The possible adsorption mechanism of MB on AC.


