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ABSTRACT 
 
The properties of an adsorbent is important qualities that need to be determined before its 
utilization in adsorption studies. Biochar is one of the most applied adsorbent in adsorption 
studies with high removal performance often reported. However, biochar performance is 
considered weaker than other adsorbents e.g., activated carbon, especially for the removal 
of anionic pollutants. The performance of biochar in removing anionic pollutants can be 
enhanced through modification with cetyltrimethylammonium bromide (CTAB), a cationic 
surfactant. CTAB can be introduced on the biochar surface through ex-situ or in-situ method 
where the immobilization of the micelles on the biochar surface will enhance the interaction 
between the biochar and anionic pollutants and subsequently enhancing the removal 
performance. 
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1. INTRODUCTION 
 
Adsorption is one of the most well-known methods utilized for the remediation of pollutants 
present in the environment. High preference for the adsorption method is attributed to its simple 
design and process, cost-effectiveness and high removal efficiency attained [1]. Various 
adsorbents have been utilized in adsorption process such as activated carbon, biochar, zeolite, 
etc., where good removal performance is often reported. The usage of biochar as an adsorbent in 
adsorption is highly appealing due to the simple production process in which no chemicals are 
required which resulted in a reduction of approximately 45% in cost [2]. The precursor employed 
in the production of biochar is widely available, mostly as waste from other processes [3]. This 
will result in the simultaneous production of valuable adsorbents and the reduction of unwanted 
waste in the environment.  
 
Biochar has been reported to attain high removal efficiency in removing various pollutants, which 
can be attributed to its high surface area and good microporous structure [4]. However, the 
performance of biochar is considerably lower than that of other adsorbents, especially activated 
carbon, mainly due to the limited availability of adsorption sites [5]. Additionally, as biochar 
typically possesses a negative surface charge, its performance in removing anionic pollutants, e.g., 
anionic dye, metal anion, etc., is impoverished due to electrostatic repulsion between the biochar 
and the pollutants [6]. Therefore, various studies have suggested the modification of biochar with 
cationic surfactant, which will lead to an increase in positive charge on the biochar surface. 
 
In the context of anionic pollutants, biochar should be modified with any chemicals that would 
alter the surface charge of biochar from negative to positive, thus allowing electrostatic attraction 
to occur between the adsorbent and pollutant [6]. Cetyltrimethylammonium bromide (CTAB) is 
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a cationic surfactant containing both a positively charged polar hydrophilic head and a non-polar 
hydrophobic tail, as shown in Figure 1 [7]. CTAB has been employed in the production of modified 
biochar (also known as engineered biochar), which has resulted in an enhancement of layer 
spacing, improvement of surface area, and an increment of positive surface charge and 
hydrophobicity [8]. Positively charged CTAB micelles are attached to the surface of the biochar 
which allows the anionic pollutants to be strongly attracted and resulted in their removal. Due to 
the hydrophobic nature of CTAB-modified adsorbents, any pollutants with hydrophobic nature 
may also be removed through hydrophobic-hydrophobic interaction. 
 

 
 

Figure 1. Molecular structure of CTAB. 

 
This paper will serve as a summary of the methods utilized for the modification of biochar using 
CTAB, the mechanism of pollutant removal, and the list of studies employing CTAB-modified 
biochar in the adsorption of anionic pollutants. 
 
 
2. MODIFICATION METHOD 
 
CTAB may be introduced onto the biochar through two methods, namely: (i) ex-situ method, 
where CTAB is immobilized onto the adsorbent prior to adsorption; and (ii) in-situ method, 
where CTAB is added during the adsorption process. 
 
Ex-situ method is widely reported in various studies where prepared biochar is completely 
soaked with CTAB solution and intensively stirred using appropriate instruments, e.g., incubator 
shaker, magnetic stirrer, orbital shaker etc., followed by filtration, washing, and drying process. 
Based on the literature, the duration of mixing and stirring of the CMC/biochar mixture varies 
from several hours up to 3 days at room temperature [7], [9]. The resultant is filtered by filter 
paper, washed by deionized water, and oven-dried (60 – 105 °C) [2], [10]. The only exception was 
reported by Hua et al. [8], where the mixing and stirring were conducted at a higher temperature 
(60 °C) for a short period of 2 hours. CTAB-modified biochar obtained is kept in appropriate 
containers prior to its use in the adsorption process. 
 
On the other hand, the modification of biochar with CTAB using in-situ method is achieved by 
adding the CTAB solution into the pollutant-containing wastewater where the surfactant 
molecules added during the removal process are bonded concurrently onto the surface of the 
biochar and pollutants. The utilization of in-situ CTAB modification was reported by Li et al. [11] 
for the removal of orange II dye on sugarcane bagasse biochar and by Kamenická et al. [2] for the 
removal of flufenamic acid on commercial biochar, where the removal performance was 
significantly enhanced by introducing CTAB onto the wastewater during the adsorption process. 
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3. CTAB IMMOBILIZATION ON BIOCHAR 
 
The introduction of CTAB was reported to increase the positive charge on the biochar surface and 
its hydrophobicity. To achieve this, the concentration of CTAB utilized should be higher than the 
critical micelle concentration (CMC) of CTAB (0.335 g/L), as the surfactant molecules will only 
sufficiently assemble to form micelles at CMC or higher while dissolving at a lower concentration. 
Figure 2 shows the micelles immobilization on the biochar surface at different CTAB 
concentrations. 
   

 
 

Figure 2. Micelles formation on biochar surface at different CTAB concentration. 

 
As previously discussed, the surface of biochar typically contains a negative charge. During the 
mixing process where CTAB is introduced onto the biochar, the hydrophilic head of CTAB 
molecules was able to be attracted electrostatically to the negatively charged biochar surface, 
which subsequently resulted in the immobilization of CTAB and complete coverage of CTAB onto 
the biochar surface. At concentrations below CMC, the hemimicelles covering the biochar surface 
consist of a negatively charged polar hydrophobic tail in the outward position, as shown in Figure 
2(a) [12], [13]. This configuration is detrimental to the adsorption of anionic pollutants due to the 
electrostatic repulsion phenomenon, which prevents anionic pollutants from being adsorbed 
onto the modified biochar. 
 
With the increment of CTAB concentration up to CMC and beyond, the formation of admicelles 
takes place, which leads to a positively charged polar hydrophilic head being in the outward 
position as shown in Figure 2(b) [14]. The development of admicelles will allow electrostatic 
attraction between anionic pollutants and positively charged hydrophilic heads, which 
subsequently will result in an improvement in removal performance. However, increasing CTAB 
concentration beyond CMC is not necessarily beneficial to the adsorption process, as the 
admicelles may be formed in the CTAB solution without being immobilized on the biochar surface 
[12]. This will eventually result in insignificant modifications, as the removal performance 
obtained may be similar to that of unmodified biochar. This phenomenon has been reported by 
Nagireddi et al. [15] on the removal of palladium ions in chloride solutions (PdCl+, PdCl2, PdCl3-, 
PdCl42-, Pd(OH)42-) using CTAB concentrations between 1 CMC and 4 CMC, where the removal 
performance decreased beyond 2 CMC. Additionally, hydrophobic pollutants may also be 
adsorbed by CTAB-modified biochar due to hydrophobic interaction (π-π interaction) with the 
hydrophobic polar tail of CTAB molecules [9]. 
 
 
4. CTAB-MODIFIED BIOCHAR STUDIES 
 
Various studies have been conducted and reported on the efficiency of CTAB-modified biochar in 
removing anionic pollutants present in wastewater, where significant enhancements in removal 
were attained compared to unmodified biochar. Table 1 summarizes related CTAB-modified 
biochar adsorption studies with their respective biochar and contaminants utilized. 
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Table 1 List of adsorption studies using CTAB-modified biochar 
 

Biochar precursor Contaminant Ref. 

Commercial Flufenamic acid [2] 

Rice straw 2,4-dichlorophenol [5] 

Peanut shell Hexavalent chromium [6] 

Coffee husk Reactive yellow 145,  reactive red 195, reactive 
blue 222 

[7] 

Orange peel Congo red [8] 

Pine nut shell Acid chrome blue K [9] 

Rice husk Nitrate [10] 

Sugarcane bagasse Orange II [11] 

Oil tea shell Nitrate [16] 

 
The studies listed in Table 1 show that CTAB-modified biochar was able to enhance the removal 
of various groups of anionic pollutants, e.g., dyes, phenols, nitrates, heavy metals, and 
pharmaceuticals. This proves that CTAB-modified biochar is effective as an adsorbent for the 
remediation of various types of anionic pollutants. In the majority of these cases, the removal 
performance of the anionic pollutants was more than doubled compared to unmodified biochar. 
Li et al. [11] reported that the removal of orange II dye increased from 1.66 to 4.42 mg/g with the 
utilization of CTAB-modified sugarcane bagasse biochar. Kosaiyakanon et al. [7] showed in their 
study that the utilization of CTAB-modified coffee husk biochar were able to enhance the removal 
of three different reactive dyes by 9-fold. In the context of adsorption, the reusability of a 
particular adsorbent is an important parameter to determine the reusability and stability of the 
adsorbent. Hua et al. utilized CTAB-modified orange peel biochar for the removal of Congo red 
dye, where the modified biochar possessed good stability and reusability. 
 
 
5. CONCLUSION 
 
The performance of biochar in removing anionic pollutants, which can be considered weaker 
compared to other adsorbents, has been reported to be enhanced through modification with 
CTAB in various studies. CTAB-modified biochar has been successful in improving the removal 
efficiency of various anionic pollutants, e.g., dyes, phenols, nitrates, heavy metals, and 
pharmaceuticals; thus, it can be categorized as a promising adsorbent for remediating pollutants 
in wastewater. The utilization of surfactant-modified adsorbent, not solely restricted to CTAB, 
should be explored more on other pollutants, especially newly emerging pollutants, to determine 
its suitability and usability. 
 
 
ACKNOWLEDGEMENT 
 
The authors acknowledge the financial support provided by Ministry of Higher Education 
Malaysia through the Fundamental Research Grant Scheme (FRGS) under grant number of 
FRGS/1/2020/WAB02/UNIMAP/02/1. 
 
 
 
 
 
 



FKTA POSTGRADUATE COLLOQUIUM 2023 

37 
 

 

REFERENCE 
 
[1] Georgin, J., Franco, D. S. P., Meili, L., Dehmani, Y., dos Reis, G. S., & Lima, E. C. (2023). Main 

advances and future prospects in the remediation of the antibiotic amoxicillin with a focus 
on adsorption technology: A critical review. Journal of Water Process Engineering, 56, 
104407. 

[2] Kamenická, B., Weidlich, T., & Švancara, I. (2024). Voltammetric determination of 
flufenamic acid and adsorption studies with biochar in the absence / presence of 
cetyltrimethylammonium bromide. Talanta, 266, 125073. 

[3] Qin, C., Wang, H., Yuan, X., Xiong, T., Zhang, J., & Zhang, J. (2020). Understanding structure-
performance correlation of biochar materials in environmental remediation and 
electrochemical devices. Chemical Engineering Journal, 382, 122977. 

[4] Qiu, B., Shao, Q., Shi, J., Yang, C., & Chu, H. (2022). Application of biochar for the adsorption 
of organic pollutants from wastewater: Modification strategies, mechanisms and 
challenges. Separation and Purification Technology, 300, 121925. 

[5] Liu, W., Ren, D., Wu, J., Wang, Z., Zhang, S., Zhang, X., & Gong, X. (2021). Adsorption 
behavior of 2,4-DCP by rice straw biochar modified with CTAB. Environmental 
Technology, 42(24), 3797–3806.  

[6] Murad, H. A., Ahmad, M., Bundschuh, J., Hashimoto, Y., Zhang, M., Sarkar, B., & Ok, Y. S. 
(2022). A remediation approach to chromium-contaminated water and soil using 
engineered biochar derived from peanut shell. Environmental Research, 204, 112125. 

[7] Kosaiyakanon, C., & Kungsanant, S. (2020). Adsorption of Reactive Dyes from Wastewater 
Using Cationic Surfactant-modified Coffee Husk Biochar. Environment and Natural 
Resources Journal, 18(1), 21–32. 

[8] Hua, Z., Pan, Y., & Hong, Q. (2023). Adsorption of Congo red dye in water by orange peel 
biochar modified with CTAB. RSC Advances, 13, 12502. 

[9] Wang, H., Wang, S., & Gao, Y. (2020). Cetyl trimethyl ammonium bromide modified 
magnetic biochar from pine nut shells for efficient removal of acid chrome blue K. 
Bioresource Technology, 312, 123564. 

[10] Mathurasa, L., & Damrongsiri, S. (2018). Low cost and easy rice husk modification to 
efficiently enhance ammonium and nitrate adsorption. International Journal of Recycling 
of Organic Waste in Agriculture, 7, 143–151. 

[11] Li, G., Li, H., Mi, X., & Zhao, W. (2019). Enhanced adsorption of Orange II on bagasse-
derived biochar by direct addition of CTAB. Korean Journal of Chemical Engineering, 36(8), 
1274–1280. 

[12] Mondal, S., & Majumder, S. K. (2021). Cationic surfactant-aided surface modification of the 
activated carbon-based materials for the enhancement of phenol adsorption-capacity 
determined by ultraviolet-visible spectroscopy. Journal of Dispersion Science and 
Technology, 43(13), 1–15. 

[13] Wang, F., Sha, W., Wang, X., Shang, Y., Hou, L., & Li, Y. (2021). Adsorption of 17 α -Ethinyl 
Estradiol and Bisphenol A to Graphene-Based Materials: Effects of Configuration of 
Adsorbates and the Presence of Cationic Surfactant. Adsorption Science and Technology, 
2021, 9970268. 

[14] Khademi, M., Wang, W., Reitinger, W., & Barz, D. P. J. (2017). Zeta Potential of Poly(methyl 
methacrylate) (PMMA) in Contact with Aqueous Electrolyte-Surfactant Solutions. 
Langmuir, 33(40), 10473–10482. 

[15] Nagireddi, S. (2022). Effect of cetrimonium bromide (CTAB) surfactant on Pd(II) removal 
efficiency from electroless plating solutions. Materials Today: Proceedings. 

[16] Mehmood, T., Khan, A. U., Raj Dandamudi, K. P., Deng, S., Helal, M. H., Ali, H. M., & Ahmad, 
Z. (2022). Oil tea shell synthesized biochar adsorptive utilization for the nitrate removal 
from aqueous media. Chemosphere, 307, 136045. 


