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Abstract 

Biochar is an interesting adsorbent material due to its use is correlated with biomass waste utilization and also 

minimize environmental pollution from high amount of biomass by-product. Regarding to improve the biochar 

ability in water treatment, several surface modifications have been developed, one of them is modification using 

surfactant. In this study, sodium dodecylbenzene sulfonate (SDBS) was used to modify the surface of biochar pre-

pared from pyrolysis of cassava peels (Manihot utilissima). Its performance in biochar modification to remove 

methylene blue (MB) dyes was compared with sodium dodecyl sulphate (SDS) surfactant for observing the im-

– -SDBS were conducted by using Fou-

rier transform infrared (FTIR), CHNS elemental analysis, and scanning electron microscope (SEM). Furthermore, 

the adsorption experiments were conducted using UV-Vis spectrophotometer. It is known that modification using 

–  

interactions mechanisms. In this respect, as the amount of SDBS mass increased, the adsorption capacity was also 

improved due to the modification produced more active cites on biochar. The maximum MB adsorption onto bio-

char-SDBS occurred at adsorbent mass of 15 mg with optimum pH value of 10. 
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1. Introduction 

Biochar is a kind of porous carbon material 

which mainly produced from biomass through 

pyrolysis process [1]. It has several advantages 

such as environmental-friendly, low cost, easy 

preparation, and has a high surface area [2].  

Hence, it has been reported as a promising ad-

sorbent to remove organic molecules such as 

methylene blue [3], phenol [4], pentachlorophe-

nol [5] and methyl orange [6] from aqueous solu-
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tion. Biochar is an interesting adsorbent materi-

al due to its use is correlated with biomass 

waste utilization and also minimize environ-

mental pollution from high amount of biomass 

by-product.  

Biochar can be produced from various bio-

mass waste such as peanut shell [7], coconut 

husk [8], corn stalk [9], banana peel [10] and 

sugarcane bagasse [11]. Moreover, Cassava peel 

(Manihot utilissima) is another potential bio-

mass waste that can be used as a feedstock for 

biochar preparation. It is one of the most im-

portant agricultural commodities in Indonesia 

which usually used as a raw material in tradi-

tional food production and cassava starch indus-

https://creativecommons.org/licenses/by-sa/4.0
https://doi.org/10.9767/bcrec.16.1.10323.188-195
https://bcrec.id
http://crossmark.crossref.org/dialog/?doi=10.9767/bcrec.16.1.10323.188-195&domain=pdf


 

Bulletin of Chemical Reaction Engineering & Catalysis, 16 (1), 2021, 189 

Copyright © 2021, ISSN 1978-2993 

tries. The use of cassava produces large 

amounts of cassava peel waste, and direct dis-

pose of this solid waste can cause environmen-

tal problems [12]. Hence, the use of cassava 

peels as a raw material in biochar preparation 

is being interesting. 

In order to improve the biochar capacity in 

adsorbing of organic molecules, several surface 

modifications have been developed, one of them 

is modification using surface active agent 

(surfactant). There are several types of surfac-

tants including anionic, cationic and non-ionic 

surfactants. In previous studies, ionic surfac-

tant exhibited a great potential for biochar 

modification due to the altering of biochar sur-

face charge. It has been reported that cationic 

surfactant, cetyltrimethylammonium bromide 

(CTAB), successfully improved the efficiency of 

cornstalk biochar to adsorb orange II anionic 

dye. The use of CTAB could generate positive 

charge on biochar surface which especially 

leads to increase orange II adsorption [13]. Fur-

thermore, anionic surfactant, sodium dodecyl 

sulphate (SDS) was used to modify biochar 

from peanut shell for methylene blue (MB) ad-

sorption. The attachment of SDS could enhance 

the negative charges on the biochar surface, 

which also improve the adsorption of MB 

through electrostatic interaction [14]. Regard-

ing to anionic surfactant, sodium dodecyl ben-

zene sulfonate (SDBS) is another potential sur-

factant that can be used as modifier for biochar 

surface. SDBS has been applied as coating 

agent for natural bentonite [15] and hy-

drotalcites [16] to remove cationic pollutant 

from aqueous solution.  

Both of SDS and SDBS surfactant have sim-

ilar molecular structure, but different in the 

presence of phenyl ring in SDBS tail structure 

(the chemical structures were presented in Ta-

ble 1). Previous reported study has shown that 

the adsorption of cationic dye onto biochar is 

primary controlled by two mechanism includ-

–

this case, electrostatic interaction is occurred 

between negative charge of biochar and posi-

tive charge of cationic dye [18], which can be 

improve by attaching anionic surfactant on bio-

char surface. On the other hand, the presence 

–

portant factor promoting the exceptional per-

formance of biochar in adsorbing cationic dyes 

especially that contain aromatic moiety in their 

chemical structure [19]. 

The surfactant containing phenyl ring can 

act as surface activating group to adsorb vari-

ous aromatic pollutant specifically through π-π 

interaction. To observe the importance of the 

phenyl ring in surfactant chains, preliminary 

study of its role in improving biochar ability to 

adsorb cationic dye is very important. Howev-

er, a few researchers focused on biochar modifi-

cation using a surfactant containing phenyl 

ring in its chain. There have been limited stud-

ies concerned on the study in surfactants con-

taining phenyl rings used to activate the bio-

char surface to adsorb cationic dye in waste 

water treatment. Therefore, this research in-

tends to enrich the additional understanding of 

–

tions, here is presented a preliminary study of 

biochar modification using SDBS surfactant 

which then used as MB adsorbent. 

Our previous study have reported biochar-

SDS preparation and showed that the using of 

SDS surfactant significantly enhanced the abil-

ity of biochar in MB adsorption, especially 

through electrostatic attraction mechanism 

[20]. By comparing SDS and SDBS surfactants, 

it will identify that the adsorption of MB could 

be significantly increased by the presence of 

vides another choice in biochar modification 

aimed to adsorb aromatic compound pollutant 

–

factant as a biochar modifier. The objectives of 

this research are to identity the characteriza-

tion of biochar-SDBS by using Fourier trans-

form infrared (FTIR), CHNS elemental analy-

sis, and scanning electron microscope (SEM). 

Surfactant name Chemical structure 

Sodium dodecyl sulfate (SDS) 
 

Sodium dodecyl benzene sulfonate 

(SDBS) 

 

Table 1. The chemical structure of anionic surfactant used for biochar modification and compared in 

this study. 
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In addition, we will also observe the important 

of phenyl ring on surfactant chain by compar-

ing SDS and SDBS surfactant performance in 

biochar modification. 

 

2. Materials and Methods  

2.1 Materials 

Cassava peels as raw material for biochar 

preparation were collected from Yogyakarta, 

Indonesia. Phosphoric acid (Merck, 85%), meth-

ylene blue (Sigma Aldrich, 90%), and SDBS 

(Sigma Aldrich, technical grade) were used as 

received without further purification process. 

The distilled water was used for preparing 

working solutions. 

 

2.2 Preparation of Adsorbent 

The cassava peels were rinsed using water 

to remove the impurities, dried and cut into 

small pieces. The prepared cassava peel was 

pyrolyzed using temperature of 300 °C in one 

hour. Biochar powder was then treated using 

phosphoric acid with concentration of 14%. The 

treated biochar was then mixed with SDBS and 

shaken at 250 rpm for six hours. The modified 

biochar was collected by filtration using filter 

paper, which then followed by drying process at 

110 °C for 1 hour. The resulted products were 

named as biochar and biochar-SDBS. 

 

2.3 Characterization of Adsorbent 

The functional group of biochar and biochar-

SDBS were characterized using Fourier Trans-

form Infra Red (FTIR) spectrometer (Perkin 

Elmer). Elemental Analyzer (LECO) was used 

to identify the percentage of carbon (C), hydro-

gen (H), nitrogen (N), and sulfur (S). Further-

more, the morphological structures of adsor-

bents were observed using Scanning Electron 

Microscope (SEM) JEOL JSM 6510 LA. 

 

2.4 Methylene Blue Adsorption Experiment 

Biochar and biochar-SDBS with amount of 

0.125 g were added in desired concentration of 

MB solution (25 mL). Adsorption experiments 

were conducted in a shaker at 250 rpm in the 

room temperature. After 1 hour of mixing pro-

cess, the mixture was then separated using fil-

ter paper. In order to improve the adsorption 

capacity of biochar, a fixed amount of biochar 

(1 g) was mixed with various amount of SDBS 

surfactant (0, 3, 6, 9, 12, and 15 mg). In addi-

tion, the adsorption behavior of adsorbents was 

investigated at various pH such as 2, 4, 7, 10, 

and 12. 

MB concentration was analyzed using UV-

Vis spectrophotometer at the wavelength of 

663 nm. The adsorption capacity (qe) of biochar, 

biochar-SDS, and biochar-SDBS were calculat-

ed using Equation (1). 

 

(1) 

 

where qe (mg/g) is the amount of MB adsorbed 

onto adsorbent; C0 (mg/L) is the MB concentra-

tion at initial time; Ce (mg/L) is the MB concen-

tration at final time; V (L) is the volume of so-

lution and m (g) is the mass of adsorbent. 

 

3. Results and Discussion 

3.1 FTIR Analysis 

FTIR spectroscopy was used to analyse the 

functional group vibrations in adsorbent [21]. 

FTIR spectra of biochar and biochar-SDBS are 

presented in Figure 1. The characterization 

band of biochar and biochar-SDBS that pre-

sents at 3224 cm−1 is attributed to the stretch-

ing vibration of −OH groups, which are at-

tached on the biochar surface. The bands ap-

pear at 1598 cm−1 and 1327 cm−1 are ascribed 

to the stretching vibration of C=C and S=O, re-

Figure 1. FTIR spectra of (a) biochar and (b) 

biochar-SDBS. 

Sample 
Element content (%) 

C H N S 

Biochar 64.13 3.65 1.89 0.23 

Biochar-SDBS 64.92 3.54 1.89 0.22 

Table 2. The element content of biochar and 

biochar-SDBS resulted from elemental analyz-

er. 

( )0 e

e

C C V
q

m

−
=
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spectively. Meanwhile, the band at 1223 cm−1 

in the both of samples were attributed to C−O 

stretching. 

 

3.2 CHNS Analysis 

CHNS analysis was performed by CHNS el-

emental analyzer and the percentage of C, H, 

N, and S contained in of biochar and biochar-

SDBS are listed in Table 2. It is known that the 

addition of SDBS surfactant generate an im-

provement in the carbon content of biochar 

from 64.13% to 64.92%. The improvement of 

carbon percentage could be identified as a con-

sequence of the SDBS surfactant attachment 

onto biochar surface. On the other hand, the 

amount of nitrogen presence almost constant, 

while the percentage of hydrogen and sulphur 

decreases from 3.65% to 3.54% and 0.23% to 

0.22%, respectively. Results obtained in this 

study are similar to the previous reported 

study on C, H, N, and S analysis with other 

type of biochar and anionic surfactant [14]. 

3.3 SEM Analysis 

The surface physical morphology of biochar 

and biochar-SDBS were observed by using 

SEM. As presented in Figure 2, it can be ob-

served that biochar has a regular surface mor-

phology. On the other hand, biochar-SDBS has 

a rough surface due to they are partially cov-

ered by SDBS molecules. It is can be known 

that modification process using SDBS surfac-

tant could influence the morphologies of bio-

char and also exhibit more active sites for MB 

adsorption. 

 

3.4 Methylene Blue Adsorption 

3.4.1 Effect of surfactant mass 

In order to increase the adsorption capaci-

ties of biochar, various mass of SDS and SDBS 

were used including 3, 6, 9, 12, and 15 mg. As 

can be seen in Table 3 and Figure 3, the maxi-

mum MB adsorption onto biochar-SDS and bio-

char-SDBS occurred at adsorbent mass of 15 

Figure 2. SEM micrographs of (a and a’) biochar and (b and b’) Biochar-SDBS with different magnifi-

cation. 

a a’ 

b b’ 
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mg. In addition, compared by using pristine bi-

ochar, the adsorption capacities were signifi-

cantly influenced by the mass of SDS and 

SDBS added. It is also identified that the ad-

sorption capacity of biochar increased as the 

mass of surfactant increased. The improvement 

in the MB uptake capacity with the increase of 

the surfactant mass was due to the improve-

ment of binding sites for adsorption. Im-

portantly, the result of MB adsorption capaci-

ties generated by biochar-SDBS was higher 

than biochar-SDS in all range mass variation, 

indicating that the use of biochar-SDBS was 

better than biochar-SDS. 

 

3.4.2 Effect of pH solution 

The solution pH is an important factor af-

fecting the adsorption capacity of adsorbent in 

wastewater treatment [22]. The adsorption be-

havior of biochar-SDS and biochar-SDBS was 

investigated at various pH including 2, 4, 7, 10, 

and 12. As can be seen in Table 4 and Figure 4, 

with pH improvement from 2 to 10, the adsorp-

tion capacity of biochar-SDS and biochar-SDBS 

for MB increased from 2.0754 to 4.9312 mg/g 

and 2.197 to 4.945 mg/g, respectively. From 

these result, it is known that the optimum ad-

sorption capacity of biochar-SDBS was resulted 

in alkaline condition, similar results were re-

ported by various authors [23]. In this case, al-

kaline condition will uptake of more cationic 

molecules due to reduced electrostatic repul-

sion between biochar and MB [24]. From the 

results of MB adsorption onto biochar in pH 

variation, it is also observed that biochar-

SDBS generates better adsorption capacities 

than biochar-SDS in MB adsorption, which oc-

curred in pH of 2, 4, 10, and 12. 

As can be seen in Figure 3 and Figure 4, it 

can be further identified that in the surfactant 

mass and pH variation biochar-SDBS had bet-

ter adsorption capacities compared to biochar-

SDS. These results revealed that phenyl ring 

on SDBS surfactant chain could improve the 

Figure 3. The effect of surfactant mass on MB 

adsorption using pristine biochar, biochar-SDS 

and biochar-SDBS. 

Figure 4. The effect of pH variation on MB 

adsorption using biochar-SDS and biochar-

SDBS. 

Sample 
pH 

2 4 7 10 12 

Biochar-SDS 2.0754 2.6276 4.2443 4.9312 4.6907 

Biochar-SDBS 2.1970 3.0955 4.1741 4.9452 4.6916 

Table 4. The Effect of pH on MB adsorption. 

Sample 
Surfactant mass (mg) 

0 3 6 9 12 15 

Biochar-SDS 4.0721 4.1432 4.2742 4.4427 4.5213 4.5672 

Biochar-SDBS 4.0721 4.5269 4.5288 4.5391 4.6401 4.7946 

Table 3. The Effect of SDS and SDBS surfactant mass on MB adsorption. 
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–

der to demonstrate the importance of phenyl 

ring on MB adsorption, the proposed illustra-

tion of interaction between biochar-SDS and bi-

ochar-SDBS with MB molecules is presented in 

Figure 5. In this case, non-polar tail of SDS and 

SDBS can attach to the biochar surface via hy-

drophobic interaction [25], hence the polar 

head of SDS and SDBS that contain negative 

charge of sulfonate group are located to the bio-

char surface. As a consequence, surfactant at-

tached on to the surface caused more negative 

site on biochar, which then enhancing the elec-

trostatic attraction between biochar and MB. 

Focusing in case of biochar-SDBS, MB adsorp-

–

between aromatic group in SDBS and MB mo-

lecular structure. 

 

4. Conclusions  

This study verified the feasibility of SDBS 

for modification of biochar applied in MB dyes 

adsorption. Modification using SDBS success-

fully improved the adsorption capacity of bio-

char for MB. As the amount of SDBS mass in-

creased, the adsorption capacity increased be-

cause the modification produced more negative 

group on the biochar, while the optimum ad-

sorption capacity was resulted in alkaline con-

dition. Interestingly, by comparing the perfor-

mance of SDS and SDBS surfactants in biochar 

modification, it can be proven that the adsorp-

tion of MB could be significantly increased by 

–  interactions mechanisms. 

This result suggests the important of phenyl 

ring on surfactant tail structure used for bio-

char modification, specifically for adsorption of 

 system in 

their molecular structure. 
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