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Abstract 

The discharge of various pollutants into the world water resources depletes the 
clean water resources and demands immediate action to develop efficient materials 
and processes to remove pollutants from wastewater. Surfactant contaminated 
water is harmful for humans and aquatic bodies. Adsorption is the most suitable 
and commonly used method to remove surfactants due to its effectiveness, 
economical, and simple operation. This paper investigates the effect of pore 
forming agents such as agar, cocopeat (short and long fiber), paraffin wax, 
carboxymethyl cellulose (CMC), crude palm oil (CPO), glycerin pitch, fish gelatin, 

rice flour, and wheat on the formation of porous geopolymer for removing an 
anionic surfactant sodium dodecyl benzene sulfonate (SDBS) from aqueous 
solution. Geopolymer is a mesoporous material and the sample prepared using 
cocopeat-short fiber achieved the highest surface area of 2.512 m2/g. Geopolymer 
prepared using agar obtained the maximum adsorption capacity and removal 
efficiency of 1.52 mg/g and 61% while the geopolymer prepared using cocopeat-
short fiber resulted in adsorption capacity and removal efficiency of 1.15 mg/g and 
47% after 180 minutes of adsorption at an adsorbent dosage of 1g/L, pH 2 and 

SDBS initial concentration of 100 mg/L. The results show that the burnout pore 
forming agents could not increase the surface area of geopolymer. Future research 
should focus on finding new burnout materials or additives for the preparation of 
porous geopolymers with high surface area and high adsorption capacities. 

Keywords: Adsorption, Burnout materials, Geopolymer, Pore forming agents, 
Surfactants,  
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1. Introduction 

The discharge of various pollutants such as surfactants, phenol, heavy metals, dyes, 

and others in large amounts contaminate the water resources. Surfactants are 
surface active organic emerging pollutants detected in water resources. The 

increased use of surfactants in industrial and domestic sectors have increased their 

concentrations in water resources. They are hazardous and cause harmful effects to 

humans, vegetation, and animals. Surfactants need to be removed from wastewater 

prior to their release into the water resources to save humans, animals, and 

vegetation from their hazardous effects. 

Various techniques like chemical and electrochemical oxidation [1, 2], 

coagulation [3], foam separation [4], membrane separation [5], ion exchange, 

adsorption [6-8], and microbial treatment [9, 10] can be used for surfactant removal 

from wastewater. All these techniques have some advantages and disadvantages. 

Adsorption is the most used method to remove surfactants from wastewater because 

of its effectiveness, economical, and simple operation.  

Various adsorbents such as silica nanoparticles functionalized with amine 

groups [11], polymer resin [12], pine tree cones activated carbon [13], multi-walled 

carbon nanotubes (MWCNTs) [14], and amino cross-linked chitosan microspheres 

(ACCMs) [15] have been developed for surfactants removal. Recently, geopolymer 

has been used to remove anionic surfactant sodium dodecylbenzene sulfonate 

(SDBS) from model wastewater with good adsorption capacity [16]. The 

performance of geopolymers can be further enhanced by increasing their porosity. 

Porous structure and surface area of adsorbents play a main role in the removal 

of surfactants. Various pore forming agents (PFA) have been used to synthesize 

porous geopolymers. A rice husk ash and fly ash based geopolymer prepared using 

soybean oil as templating agent produced a surface area, pore size and pore volume 
of 62 m2/g, 14.3 nm, and 0.36 cm3/g respectively for the removal of methyl violate 

dye. It can be observed that the surface area, pore size, and pore volume increased 

with the addition of soybean oil [17]. 

Using cationic surfactant cetyltrimethylammonium bromide (CTAB) for 

synthesis of metakaolin based geopolymer for copper (Cu) removal resulted in 

surface area and pore volume of 216 m2/g and 0.22 cm3/g [18].Corn oil, starch, and 

waste palm oil used in geopolymer synthesis as pore forming agents achieved 

porosities of 26.6%, 17.9%, and 21.3%[19].  

The results show that the addition of pore forming agents can increase the 

porosity and surface area of geopolymer. It is hypothesized that porous 

geopolymers could also be produced using burnout materials. The application 
of burnout materials to increase porosity in geopolymers has not been reported 

in literature. 

This paper describes the synthesis of porous geopolymers using different 

burnout materials such as agar, carboxymethyl cellulose (CMC), crude palm oil 

(CPO), gelatin, glycerin pitch, paraffin wax, cocopeat-short fiber (SF), 

cocopeat-long fiber (LF), rice flour, and wheat and their effects on surface 

characteristics and adsorption capacity of geopolymers for SDBS surfactant 

removal from model wastewater. 
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2. Materials and Methods  

2.1. Materials 

Class F fly ash of local origin was used to synthesize geopolymer. Its composition 

is given in the Table 1. The detailed characterization results of fly ash can be seen 

in our previous work [20]. Analytical-grade sodium hydroxide (NaOH) and sodium 

silicate (Na2SiO3) were purchased from Sigma Aldrich. The flow diagram of 

research conducted shown in Fig. 1. 

Table 1. Fly ash composition [21]. 

Oxides Composition (%) 

K2O 1.98 

SiO2 43.25 

MgO 3.75 

Na2O 0.95 

Al2O3 20.58 

SO3 1.45 

Fe2O3 12.48 

CaO 11.11 

TiO2  0.88 

Others 3.57 

  

Fig. 1. Flowchart of work carried out in this project. 
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2.2. Methods 

2.2.1. Synthesis of geopolymer 

Geopolymer was synthesized at silica to alumina (Si/Al) ratio of 1:2.2, sodium to 

alumina (Na/Al) ratio of 1:1, water to solid (W/S) ratio of 1:0.35,and a temperature 

of 60 ̊̊  C was used for curing of the geopolymer. NaOH pellets were dissolved in 

distilled water. The required amount of Na2SiO3 (determined based on the ratio 

above) was added into alkali solution. Fly ash, pore forming agents and alkaline 

solution were mixed at 1000 rpm for 10 minutes using an electric mixer prior to 

addition of burnout materials (Table 2). Mixing speed and time varied depending 

on the additive materials to ensure homogeneous mixture. The geopolymers were 

cured for 24 hours at 60°C in an electric oven (Memmert). After curing, 

geopolymers were crushed using mortar and pestle and then heated in a furnace 
(Contherm) at 800°C for 2 hours to burn out the pore forming agents. Geopolymer 

samples were sieved to size range of 125-212 µm using a sieve shaker (Endecotts). 

The powdered geopolymer samples were kept in a conditioning chamber at 85% 

relative humidity and room temperature before use [16]. 

Table 2. Pore forming agents mixing parameters. 

Material  
Material 

Amount (g) 

Mixing Time 

(min) 
Mixer(rpm) 

Coco Peat (short fiber)  2 10 1770 
Coco Peat (long fiber)  2 20 Manual 

Paraffin Wax  2 30 2000 

Carboxymethyl 

Cellulose (CMC)  
2 20 1680 

Crude Palm Oil (CMO)  2 20 1690 

Glycerin Pitch  2 20 1695 

Fish Gelatin  2 20 1680 

Wheat Grain  2 20 1680 

Agar-agar 2 15 1680 

Rice  2 20 1670 

2.2.2. Surface area and pore size analysis 

The BET ASAP 2020 Micrometrics was used to determine the surface area, pore 

size, and pore volume of geopolymer through adsorption-desorption isotherms of 

nitrogen (N2) gas.  

2.2.3. Batch adsorption 

The SDBS surfactant removal was conducted in a conical flask. The adsorption 

parameters were initial SDBS concentration of 100 mg/L, adsorbent dosage of 1 

g/L, contact time of 180 minutes, and pH 2. A 200 ml of SDBS solution was 

prepared in a beaker and 0.1 M NaOH and 0.1 M HCl solutions were used to adjust 
the pH of SDBS solution. The required adsorbent dose was added into the conical 

flask. The aqueous solution of SDBS was stirred at 200 rpm for 180 minutes using 

an orbital shaker. The samples were taken at 180 minutes and filtered using syringe 

filters. The filtrate was analyzed using UV-Vis spectrophotometer (Shimadzu, UV-

1800 spectrophotometer) at a maximum wavelength of 223 nm in order to 
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determine the concentration of surfactant in the solution. The adsorption capacity 

and removal efficiency of porous geopolymers for SDBS surfactant was 

determined using Eqs. (1) and (2) 

𝑞𝑡 =
𝑉𝑠(𝐶𝑖−𝐶𝑓)

𝑚
                                                                                                                     (1) 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
(𝐶𝑖−𝐶𝑓)

𝐶𝑖
× 100                                                                      (2) 

where qt is the adsorption capacity at time t (mg/g), Vs is the solution volume (L), 

Ci is the initial surfactant concentration (mg/L) and Cf is the final surfactant 

concentration (mg/L). 

3. Results and Discussion 

3.1. Surface area and pore size analysis 

The surface area and pore size analysis results of geopolymers are shown in Table 

3. The surface area of geopolymer prepared using pore forming agents ranges 

between 0.835 and 2.512 m2/g. At 0.835 m2/g, the surface area is even lower than 

the surface area of the raw material fly ash (1.079 m2/g) used for the synthesis of 

geopolymer. However, the highest surface area of 2.512 m2/g obtained for short 

fiber cocopeat based geopolymer is higher when compared to the raw fly ash 

material.  

Geopolymers prepared using pore forming agents have lower surface area as 

compared to fly ash based geopolymer(31.873 m2/g) prepared in our previous study 

without using pore forming agents [16]. This shows that the addition of pore forming 

agents decreased surface area by decreasing the porosity of the geopolymer. It is due 

to inefficient burning of the additive materials during heating in the furnace which 

did not increase porosity but rather decreased it due to pores blocking.  

The pore forming agents can potentially be removed from the structure of 

geopolymer through prolong heating of geopolymer samples at a higher 

temperature above 800°C.The pore size of geopolymers ranges from 5.602 to 

23.687 nm and the pore volume ranges between 0.003 to 0.005 cm3/g. The results 

show that the geopolymers are mesoporous materials. 

Table 3. BET analysis. 

Burnout  

materials 

Surface area 

(m2/g) 

Pore size 

(nm) 

Pore volume 

(cm3/g) 

Agar 0.907 22.177 0.005 

CMC 1.216 17.503 0.005 

CPO 1.386 13.130 0.004 

Gelatin 0.835 23.687 0.004 

Glycerin 2.443 5.602 0.003 

Paraffin wax 2.433 6.763 0.004 

Long fiber 1.0754 17.241 0.004 

Short fiber 2.512 7.733 0.004 

Rice powder  1.035 19.056 0.004 

Wheat 0.9366 21.709 0.005 
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3.2. Effect of SDBS surfactant 

The results of SDBS adsorption using geopolymers are shown in Figs. 2 (a) and 

(b). The adsorption capacity and removal efficiency ranges between 0.63 to 1.52 
mg/g and 26 to 61%, respectively. The best adsorption capacity and removal 

efficiency of 1.52 mg/g and 61% was obtained by geopolymer prepared using agar 

as pore forming agent. This adsorption capacity and removal efficiency is much 

lower than that reported in our previous work at 714.3 mg/g adsorption capacity 

with 81% removal efficiency [16]. 

The adsorption of anionic surfactant did not increase with the formation of 

geopolymers using burnout materials, rather it decreased as compared to the 

geopolymer prepared without pore forming agents. This is mainly due to the 

blocking of the pores because of the improper removal of pore forming agents from 

geopolymer. It is necessary to remove these materials to reveal the internal and 

surface pores. 

 
Fig. 2. Adsorption of SDBS onto geopolymer  

(a) adsorption capacity and (b) removal efficiency. 

4. Conclusions 

The burnout pore forming agents tested could not increase porosity in geopolymer. 

The surface area of 2.512 m2/g obtained from short fiber cocopeat was recorded as 

the best. The highest adsorption capacity and removal efficiency of 1.5 mg/g and 

61% were obtained from a geopolymer prepared using agar as the additive material. 

This adsorption capacity is far less than most geopolymer adsorbents reported in 

literature, possibly due the incomplete removal of burnout materials from 

geopolymer matrix. The porosity of geopolymer could be enhanced by improving 

the removal of pore forming agents from the matrix such as by burning the samples 

at higher than 800°C for longer time and possibly by using chemical method. Future 
work should consider performing adsorption of the geopolymers on different 

adsorbate species instead of SDBS alone to investigate their suitable applications 

and finding other suitable pore forming agents. 
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