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The Effects of Foaming Agent and Surfactant on Alkali Activated Materials  
as an Adsorbent for Lead Ions Adsorption

Lead, a hazardous environmental metal, has been widely used in various applications, either pure or alloyed with other met-
als. This study investigates the impact of foaming agents and surfactants content on the physical properties of metakaolin-based 
alkali activated materials. Additionally, it seeks to assess the effectiveness of metakaolin-based AAM adsorbent in removing lead 
ions. The research uses varying percentages of foaming agents (1 wt.%, 1.25 wt.%, and 1.5 wt.%) and surfactants (1 wt.%, 3 wt.%, 
and 5 wt.%). Water absorption, density and porosity tests were used to evaluate the metakaolin-based alkali activated adsorbent’s 
physical properties. Scanning Electron Microscopy (SEM) was used to study the morphology of the adsorbent. In addition, the ad-
sorption test was investigated to determine the lead ion removal in the AAM adsorbent. The ion removal performance of metakaolin 
based alkali activated materials was evaluated based on different amounts of foaming agent and surfactant. A lead (II) solution 
was prepared in distilled water and used in the adsorption test. An adsorption test was carried out to determine the effectiveness of 
AAM with a foaming agent and surfactant, which showed that it could be suited to many harsh conditions. This study successfully 
identified the optimal parameters for achieving maximum efficiency in lead ion removal, featuring a concentration of 1.25 wt.% 
of foaming agent and 3 wt.% of surfactants. These findings hold significant promise for the advancement of effective adsorbents, 
particularly in the realm of wastewater treatment processes.
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1. Introduction

The global concern over environmental pollution caused 
by various types of waste has grown significantly. These pol-
lutants‘ accumulation seriously threatens human health, wild-
life, and the ecosystem. Consequently, extensive efforts have 
been undertaken to address this issue by exploring methods to 
reduce pollution and develop sustainable wastewater treatment 
techniques. Wastewater treatment, also known as sewage treat-
ment, involves the removal of impurities from wastewater before 
it is discharged into natural water bodies such as rivers, lakes, 
estuaries, and oceans [1,2].

Dealing wastewater containing heavy metals into the envi-
ronment has become a growing problem, directly or indirectly, 
due to rapid industrial expansion in sectors such as battery 
manufacturing, mining, metal plating, pesticide production, and 
fertilizer usage [3,4]. Heavy metals possess an inorganic structure 
that prevents them from decomposing naturally, leading to their 
accumulation as hazardous and carcinogenic substances in living 

organisms. Common examples of such heavy metals include 
mercury, lead, copper, zinc, nickel, chromium, and cadmium, 
frequently encountered in industrial wastewater [5,6].

Among these heavy metals, lead has been identified as 
a particularly hazardous element with significant detrimental 
effects on human health. Therefore, the Environmental Protec-
tion Agency (EPA) has set the maximum contamination level 
of lead in water at zero [7,8]. Even small amounts of lead can 
profoundly impact human health, especially in infants, children, 
and fetuses, compared to adults. Geopolymers or alkali activated 
materials have emerged as a potential solution for waste recy-
cling; however, the presence of hazardous materials like lead in 
certain waste materials, for example, crushed cathode ray tube 
(CRT) glass, necessitates specialized chemical and electrochemi-
cal processes for their recovery [9,10].

Alkali-activated materials (AAM) and their subgroup, 
geopolymers, are widely recognized as low-CO2 binders and 
play a crucial role in promoting the circular economy by con-
verting inorganic wastes into valuable products [11,12]. While 
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AAM have been primarily utilized in various applications, their 
potential in water and wastewater treatment is a relatively new 
area of exploration [13,14]. AAM, characterized by their amor-
phous aluminosilicate nature, are versatile and find applications 
as adsorbents, membranes, filtration media, photocatalysts, 
and solidification agents in water and wastewater treatment 
processes [3,15].

Furthermore, metakaolin (MK), a calcined form of kaolin 
clay, has gained significant interest in recent years due to its 
unique properties [16,17]. Metakaolin-based alkali activated ma-
terials have effectively removed heavy metals from wastewater 
through adsorption, offering a promising solution for industrial 
applications that benefit the environment and society [18,19]. 
Moreover, the sustainable production method of metakaolin, 
which involves utilizing waste streams or by-products and 
consuming minimal energy, positions it as an environmentally 
friendly alternative to other materials [20]. 

Adsorption has emerged as a widely recognized and cost-
effective method for treating heavy metal-contaminated waste-
water. It is a versatile process tailored to produce high-quality 
treated effluent in various scenarios [21,22]. Furthermore, adsor-
bents can be regenerated using appropriate desorption methods, 
as adsorption is often reversible [23]. The fundamental concept 
of adsorption involves the attachment of a solute, referred to 
as the adsorbate, to the surface of a porous solid known as the 
adsorbent [24,25]. This process facilitates the separation of the 
solute from the solution.

However, there is limited specific information and under-
standing regarding pore distribution and microstructure, espe-
cially when combining raw materials with high silica and alumina 
content with foaming agents during the fabrication process of 
porous alkali-activated materials for efficient adsorption of heavy 
metals in wastewater treatment. Using chemical foaming agents 
to generate porous structures with varying pore sizes in AAM 
poses challenges due to rapid chemical reactions and limited 
control over the process. The study focuses on alkali-activated 
materials (AAM), a relatively sustainable novel class of materi-
als with potential applications in various industries, including 
construction and environmental remediation. Investigating 
the effects of optimal concentrations of foaming agents and 
surfactants on the adsorption capacities of AAM provides valu-
able insights into the potential use of these materials as highly 
efficient adsorbents in removing lead ions metal aligning with 
global efforts to minimize the environmental footprint of water 
treatment processes.

2. Experiment 

2.1. Materials

The aluminosilicate materials used in this research are 
kaolin purchased from Kaolin (Malaysia) Sdn. Bhd., Bidor, 
Perak, Malaysia. First, it will be calcined to produce metakaolin 
at 850℃ for 2 hours at a 5℃/min heating rate. This research 

prepared a 10 M sodium hydroxide (NaOH) solution using a 99% 
pure NaOH pellet obtained from Brenntag Sdn. Bhd., located 
in Shah Alam, Selangor, Malaysia. The pellet was dissolved in 
1000 ml of distilled water in a volumetric flask. The selection of 
a 10 M concentration of sodium hydroxide (NaOH) in metakaolin 
based AAM was based on the research conducted by Jaya et al. 
[26]. The researchers found that a 10 M NaOH solution dem-
onstrated specific characteristics of higher porosity and lower 
density desirable for its application in metakaolin-based alkali-
activated materials as an adsorbent material. The research’s 
technical-grade sodium silicate, Na2SiO3, was provided by South 
Pacific Chemical Industries Sdn. Bhd. (SCPI) of Malaysia which 
had a composition of 30.1% SiO2, 9.4% Na2O, and 60.5% H2O 
(with a SiO2/Na2O ratio of 3.20). Na2SiO3 liquid is a transparent 
liquid easily dissolved in water. 

A hydrogen peroxide solution was prepared as the foam-
ing agent to enhance the porous structure of adsorbents. The 
3 wt.% hydrogen peroxide was diluted from a 30 wt.% H2O2 
solution obtained from Sigma Aldrich in Malaysia. Additionally, 
a surfactant, Tween 80 or polysorbate 80, was included in the 
mixture. This surfactant, consisting of 70% oleic acid (with the 
remaining content primarily linoleic, palmitic, and stearic acids), 
was obtained from Sigma Aldrich in Malaysia. The surfactant 
was added to decrease the surface tension and drainage of the 
alkali-activated materials, serving its common function in such 
applications.

Synthetic wastewaters with lead (Pb) were generated by 
preparing a stock solution of Pb2+ ions. This stock solution was 
created by dissolving a high-quality analytical grade reagent, 
lead dinitrate salt (Pb(NO3)2), obtained from Sigma Aldrich with 
a purity of 99.5% in distilled water.

2.2. Preparation of Metakaolin based Alkali Activated 
Materials as an Adsorbent

400 g of sodium hydroxide pellets and 1000 ml of distilled 
water were initially added to a volumetric flask to prepare the 
10 M sodium hydroxide solution. It was then followed by the 
addition of sodium silicate to the mixture. An alkaline activator 
solution made of sodium hydroxide (NaOH) and sodium sili-
cate (Na2SiO3) was combined with metakaolin powder at a set 
0.8 solid-to-liquid ratio by mass, which was chosen based on 
prior research. The mixture was mechanically stirred at room 
temperature for 5-7 minutes until all the substance had dissolved. 
The paste was then incorporated with hydrogen peroxide and 
Tween 80. H2O2 dosages of 1 wt.%, 1.25 wt.% and 1.5 wt.% 
by mass of metakaolin were applied by fixing the solution with 
1 wt.% Tween 80. The tween 80 dosage was then changed be-
tween 1 wt.%, 3 wt.%, and 5 wt.% by mass of metakaolin based 
on the optimal porosity and water absorption of the hydrogen 
peroxide content. A control sample without a foaming agent 
was also tested as a comparison. This control sample serves as 
a reference point to assess the specific effects and contributions 
of the foaming agent on the properties or characteristics being 
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investigated. The metakaolin based alkali activated materials 
foams were shaped into 1-2 cm sphere-shaped and cured at 60℃ 
for 24 hours. After the curing process, the samples were kept at 
room temperature until the day of testing.

2.3. Test and analysis method

The porosity of metakaolin-based AAM was determined 
following ASTM C642 [27] and calculated using Eq. (1). 
The density of the metakaolin based electronic densitometer 
MD-3005 determined AAM according to ASTM D792 [28].
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Water absorption tests were performed according to ASTM 
D570 [29] by immersing specimens in distilled water at room 
temperature. Before being weighed on a digital scale, each 
sample was removed from the water and wiped to eliminate 
surface water. Eq. (2) was used to calculate the water absorp-
tion percentage.
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Characterization, physical testing, and mechanical testing 
were the three divisions of the testing procedure performed in this 
study. X-ray fluorescence (XRF) and scanning electron micro-
scope (SEM) are used to analyze the chemical composition and 
morphology, respectively. The chemical composition of the raw 
material was analyzed using a PANanalytic PW4030 X-ray fluo-
rescence (XRF) spectrometer. Specifically, a MiniPAL-4 model 
type from Malvern Panalytical, located in Worcestershire, UK, 
was employed. The microstructure of the particles was examined 
using a scanning electron microscope (SEM using TESCAN 
VEGA’s 4th generation Scanning Electron Microscope (SEM). 
All sample preparation is solid and coated with gold using the 
Sputter Coater NS800 model.

2.4. Lead Adsorption Test

The metakaolin-based AAM was crushed and then passed 
through a sieve with a particle size of 150 µm to be used as pow-
der adsorbent. The larger the surface area of an adsorbent, the 
smaller the particle size of the adsorbent. The review also found 
that smaller particles can boost the efficiency of the adsorption 
process [14]. A study of adsorbents also supports that smaller 
particles can enhance adsorption efficiency. Generally, smaller 
particles result in a larger surface area for adsorption [30,31]. 
The increased surface area-to-volume ratio of smaller particles 
allows for greater exposure of active sites on the adsorbent, 

enabling more effective adsorption of target molecules or ions 
[32,33]. The AAM adsorbent was washed with distilled water 
for about 1 h to avoid the effect of precipitation and excesses 
amounts of sodium hydroxide on the samples and dried under 
vacuum at 60℃ for 24 h. Then, 0.15 g of dried specimens of 
AAM adsorbent underwent testing under various hydrogen 
peroxide and surfactant doses. These tests involved using 
a lead nitrate solution with a fixed concentration of 300 mg/L 
at pH 7 and 60 minutes contact time, following the adsorption 
condition method outlined by Lan et al. [34] and Yan et al. [35], 
the metakaolin based AAM adsorbent demonstrated high lead 
adsorption capacity and efficient removal of lead ions.

3. Results and discussion

3.1. Raw material characterization analysis

In this study, X-ray fluorescence (XRF) analysis was 
employed to examine the composition of each precursor raw 
material used in the synthesis. The results of the XRF analysis 
are presented in TABLE 1, offering a detailed overview of the 
different metakaolin formulations utilized.

Table 1

Chemical composition of metakaolin

Component wt.%
SiO2 56.7

Al2O3 34.7
TiO2 3.13
Fe2O3 2.09
P2O5 1.68
CaO 0.700
K2O 0.607
SrO 0.0530
ZrO2 0.199

The fundamental composition of metakaolin is shown in 
TABLE 1, demonstrating that silicon (Si) and aluminum (Al) 
are the two main constituents in its structure. Silica (SiO2) and 
alumina (Al2O3) comprise most of metakaolin’s chemical com-
position, making up around 56.7 wt.% and 34.7 wt.%, respec-
tively. Small quantities of impurities, such as titanium (TiO2), 
iron (Fe2O3), and phosphorus (P2O5), together make up around 
3.13 wt.%, 2.09 wt.%, and 1.68 wt.%, respectively, are also found 
in addition to these primary elements. These components add up 
to a total weight percentage of around 98.3 wt.%. The composi-
tion analysis suggests that the metakaolin powder is a pozzolan 
since it has more than the acceptable threshold of 70 wt.% for 
pozzolans as per the ASTM C618 standard standards [36]. 
The ability of pozzolanic activity-rich pozzolans to improve the 
characteristics of cementitious materials makes them appealing. 
Trace amounts of strontium (SrO), zirconium (ZrO2), potassium 
(K2O), calcium (CaO), and various other elements were detected 
in the metakaolin sample. However, their concentrations were 
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found to be less than 1 weight percent. Although present in small 
quantities, these elements contribute minimally to the metakaolin 
material’s overall composition.

Fig. 1 represents the surface morphology of metakaolin 
particles using Scanning Electron Microscopy (SEM) at mag-
nifications of 5000×.

Fig. 1. Morphology of Metakaolin 

According to the observations, the sample has irregularly- 
shaped and flake-like particles. Past researchers also supported 
metakaolin as a heterogeneous material of irregularly shaped 
particles [14,37]. Metakaolin structure is chip-like without sig-
nificant porosity. Metakaolin retains the same layered structure 
even after thermal treatments kaolinite [38].

3.2. Effect on different hydrogen peroxide  
and surfactant content

3.2.1. Porosity

The results depicted in Fig. 2 illustrate the impact of 
various foaming agents on the porosity of a metakaolin based 
AAM. Among the different amounts tested, it is observed that 
the addition of 1.25 wt.% foaming agent yields the highest po-
rosity value, reaching 55.39%. Conversely, the lowest porosity 
is evident when no foaming agent (0 wt.%) is introduced, only 
at 8.99% porosity. This indicates that including a foaming agent 
facilitates pore formation within the alkali activated materials.

The metakaolin-based AAM porosity increases with adding 
foaming agent content up to 1.25 wt.%. However, it is observed 
that beyond 1.25 wt % foaming agent content (1.5 wt.%), the 
porosity begins to decline. This decline in porosity could be at 
higher foaming agent concentrations, and the geopolymer ma-
trix may become saturated with the foaming agent, limiting its 
ability to generate additional pores. Once the saturation point is 
reached, further adding the foaming agent might not contribute 
significantly to pore formation. Moreover, excessive foaming 
agent content can lead to the aggregation or coalescence of 

bubbles during the alkali activation (geopolymerization) process 
[39,40]. This aggregation can result in larger and fewer pores or 
even the collapse of existing pores, leading to decreased porosity.

Fig. 3 illustrates the impact of different surfactant (Tween 80) 
doses on the effectiveness of metakaolin-based AAM. According 
to the findings, a surfactant dosage of 3.0 wt.% demonstrated the 
highest porosity value (75.28%). The porosity is further enhanced 
with increasing surfactant content. Additionally, Ariffin et al. 
[41] suggest that mechanical alloying can improve the porosity 
of AAM adsorbents, leading to the formation of finer and more 
stable pores when surfactant dosage is increased. This produces 
a more viscous slurry paste. The sample without surfactant ex-
hibited the lowest porosity compared to the other models since 
no surfactant was added, thereby lacking the contribution to 
pore formation. In conclusion, pores in the sample are crucial 
for absorbing hazardous heavy metals in water.

Fig. 3. The porosity of metakaolin based alkali activated materials at 
different surfactant content

3.2.2. Water absorption and density 

The densities and water absorption of metakaolin based 
AAM are displayed in Fig. 4. With the increase in foaming agent 

Fig. 2. The porosity of metakaolin based alkali activated materials at 
different hydrogen peroxide content
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content from 0% to 1.25 wt.%, the porosity of the metakaolin-
based alkali-activated material (AAM) rises, reaching its peak at 
55.39% water absorption. This increased porosity provides more 
pathways for water to penetrate the material, leading to higher 
water absorption. More pores allow water molecules to enter and 
be absorbed by capillary action [42,43]. Higher foaming agent 
concentrations might negatively affect the structural integrity of 
the geopolymer matrix. Beyond this point, the decline in water 
absorption can be attributed to the potential saturation of the ge-
opolymer matrix. When the foaming agent content exceeds the 
optimum level (1.25%), the geopolymer may reach a saturation 
point where the additional foaming agent does not contribute 
significantly to increased porosity. Consequently, the geopolymer 
becomes less susceptible to absorbing water.

Fig. 4. Water absorption and density of metakaolin based alkali activated 
materials at different hydrogen peroxide content

In addition, the increase in porosity resulting from adding 
foaming agents up to 1.25% leads to a decrease in the overall 
density of the geopolymer. Introducing air or gas bubbles into 
the material increases its volume while maintaining a relatively 
constant mass, resulting in lower density. Excessive porosity 
can weaken the material and reduce its overall strength and 
durability. Beyond this threshold (1.5 wt.% H2O2), the decline 
in porosity and potential saturation of the geopolymer matrix 
can reduce the presence of air or gas bubbles. This decrease in 
porosity results in a denser AAM structure and, consequently, 
an increase in density.

On the other hand, Fig. 5 below shows the water absorption 
and density of metakaolin based alkali activated materials with 
varying percentages of surfactants. The graph demonstrates that 
the maximum water absorption occurs when the surfactant con-
tent reaches 3 wt.% at 22.23%. This is attributed to the sample 
having the highest porosity, enabling a greater water content 
influx. There is a significant disparity in water absorption values 
between 3 wt.% and 0 wt.%. The presence of surfactants, acting 
as stabilizing agents, influences the number of open pores on 
the surface, akin to their impact on the porous structure [44].

Fig. 5. Water absorption and density of metakaolin based alkali activated 
materials at different surfactant content

At the same time, introducing surfactants can create voids 
and increase the porosity of the material, reducing its density. 
This decrease in density is favorable for enhancing water ab-
sorption. Beyond the optimal surfactant content of 3.0 wt.% 
(5.0 wt.%), further increase in surfactant concentration can lead 
to excessive foaming and the formation of more closed cells and 
reduced porosity. These fast cells limit water penetration, result-
ing in a decline in water absorption and an increase in density.

3.3.Microstructural analysis

Fig. 6 presents the results of microstructural analysis us-
ing scanning electron microscopy (SEM). The control sample 
serves as a baseline for comparison. SEM analysis of the control 
sample allows for examining the natural microstructure of the 

Fig. 6. Microstructural of metakaolin based AAM at different hydrogen peroxide content
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metakaolin-based AAM without any induced porosity. It provides 
information about the matrix’s density, particle distribution, 
and potential voids or defects that may exist naturally within 
the material.

SEM analysis of AAM samples with varying hydrogen 
peroxide content enables a closer examination of the effects of 
the foaming agent on the microstructure. The analysis can reveal 
that SEM images can show the formation and distribution of pores 
within the AAM matrix. Adding hydrogen peroxide introduces 
gas bubbles, which act as nucleation sites for pore formation 
during foaming. There are any noticeable changes or variations 
caused by the introduction of the foaming agent at 1.25 wt.% 
and 1.5 wt.%. However, excessive or higher hydrogen peroxide 
content (1.5 wt.%) can harm the metakaolin-based alkali-activated 
materials (AAM) microstructure. Excessive foaming can occur 
during the curing process when the hydrogen peroxide content 
surpasses the optimal range [45,46]. This excessive foaming leads 
to the formation of large bubbles and the coalescence of adjacent 
bubbles, resulting in uneven and non-uniform pore distribution. 
The larger and coalesced bubbles may form fewer but larger pores, 
negatively impacting the microstructure. In addition, excessive 
foaming can adversely affect the structural integrity and mechani-
cal strength of the AAM. The excessive presence of large bubbles 
that weaken the material makes it more susceptible to cracking, 
deformation, or failure under applied loads. This can compro-
mise the overall performance and durability of the material.

Besides, based on Fig. 7, it can be seen that the increase of 
surfactant up to 3 wt.% distributed homogeneously and increased 
the pore diameter and pore volume of metakaolin based alkali 
activated materials. However, it showed a loose and porous 
structure unevenly dispersed throughout the matrix at 5 wt.% 
of Tween 80. 

As the surfactant content increases, there is a noticeable de-
crease in smaller holes and an increase in larger pores. This effect 
of pore size is observed in the SEM analysis, particularly with 
higher surfactant concentrations. The SEM analysis reveals that 
surfactant content stabilizes pore size and porosity by prevent-
ing excessive pore coalescence. The figure above demonstrates 
slight variations in average pore diameter. When the surfactant 
is used with lower H2O2 content, it produces a more uniform 
pore structure. However, as the H2O2 level increases, the ability 
to stabilize pores decreases. 

Moreover, the combination of H2O2 and Tween 80 col-
laboratively creates a cell structure that is homogeneous, well-
connected, and has a low relative density. Bai et al. [47] also 
noted that increasing the surfactant level from 1.25 to 6.25 wt.% 
decreases total porosity and average pore size values. The most 
plausible explanation for these trends is that as the surfactant 
amount increases, the viscosity of the slurry rises, subsequently 
reducing its foamability.

3.4. Functional group analysis

Fig. 8 depicts the IR spectra of AAM adsorbent with sur-
factant amounts of 1 wt.%, 3 wt.%, and 5 wt.%. Generally, the 
spectra exhibit distinct stretching bands and the wave numbers 
on the infrared spectrum range from 4,000 to 500 cm–1. Observ-
ing the figure, it is evident that the metakaolin-based alkali-
activated materials with varying surfactant amounts display 
five primary absorption bands at 470.31 cm–1, 1014.30 cm–1, 
1421.24 cm–1, 1652.99 cm–1, and 3458.85 cm–1. Additionally, 
hydroxyl group stretching (O-H bond) is observed at wave-
lengths of 3433.09 cm–1 and 3458.85 cm–1. The stretching bands 
at 1647.92 cm–1 and 1652.99 cm–1 in the metakaolin-based 
alkali-activated materials indicate the stretching vibration of 
H-OH. Furthermore, the absorption peaks at 1419.07 cm–1 and 
1421.24 cm–1 suggest the presence of Si-O-Si and Si-O-Al in 
the structure, respectively.

The introduction of surfactant weakens the absorption 
bonds, resulting in lower transmittance and wavenumbers of the 
fundamental vibration, indicating decreased peak intensity. This 
phenomenon can be attributed to the higher surfactant content 
added to the mixture of alkali-activated materials.

3.5. Effect on foaming agent and surfactant  
on lead ions, Pb(II) adsorption

Fig. 9 below illustrates the absorbed amount of Pb (II) and 
the corresponding removal efficiency. It indicates that a higher 
percentage of hydrogen peroxide (H2O2) in the solution enhances 
the adsorption of Pb (II). The maximum Pb (II) removal effi-
ciency is observed at 1.25 wt.% of H2O2, where the adsorbed 

Fig. 7. Microstructural of metakaolin based AAM at different surfactant content
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amount reaches 57.17 mg/g. Conversely, the absence of H2O2 
yields the lowest removal efficiency, with only 21.13%.

However, when a foaming agent is introduced at 1.50 wt.%, 
the adsorption capacity and removal efficiency decrease. This 
decline can be attributed to excessive foaming agents unsuitable 
for this adsorbent.

Fig. 9. Amount of Pb (II) adsorbed and removal efficiency on different 
hydrogent peroxide content

The foaming agent is critical in the solution and possesses 
adsorption ability. Its addition results in the loosening of the 
surfaces of the AAM adsorbent, leading to the creation of more 
pore structures. This alteration proves beneficial in reducing the 
diffusion resistance of ions within the adsorbent, ultimately in-
creasing the adsorption rate and capacity. The pore structure and 
surface area are vital for adsorbents as they facilitate enhanced 
interactions between the adsorbate and the active adsorption 
sites. In conclusion, incorporating a foaming agent increases 
porosity, improving adsorption.

Furthermore, Fig. 10 illustrates the outcomes of Pb (II) 
adsorption and the related removal efficacy at various surfactant 
concentrations. Based on the graphical representation, it can be 
observed that the incorporation of a surfactant at a concentration 
of 3.00 wt.% in the AAM adsorbent yielded the highest adsorp-
tion capacity for Pb(II) at 86.27 mg/g, along with a removal 
efficiency of 64.70%. This outcome surpassed the performance 
exhibited by other concentrations of the surfactant. Using a sur-
factant at a concentration of 5.00 wt.% led to a decline in removal 
efficiency, measuring 46.23%. Without adding a surfactant, 
the AAM adsorbent showed the lowest removal efficiency and 
amount of Pb (II) adsorbed.

Fig. 10. Amount of Pb (II) adsorbed and removal efficiency on different 
surfactant content

When a combination of surfactants and a foaming agent is 
utilized, it forms porous characteristics in the AAM adsorbent. 
The properties of the surfactants play a crucial role in creating 
porous geopolymers through direct foaming. The addition of 

Fig. 8. FTIR spectra of metakaolin based alkali activated materials at different surfactants
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surfactant rapidly increases the slurry’s viscosity. The surfactant 
aids in generating finer and more stable pores, and as the 
amount of surfactant increases, it leads to a more viscous slurry  
paste.

The observed pattern indicates that the adsorption capacity 
decreases when the surfactant amount reaches 5 wt.%. The addi-
tion of surfactant can increase the specific surface area [48,49]. 
This finding is supported by evidence from Bai et al. [43], which 
states that increasing the surfactant content from 3 wt.% to 
6.25 wt.% results in decreased total porosity and average pore 
size values. The most likely interpretation of these trends is that 
as the amount of surfactant increases, the viscosity of the slurry 
rises while the foamability decreases [50].

4. Conclusions

In summary, the introduction of foaming agents and sur-
factants has proven to significantly enhance the adsorption 
capacity of alkali-activated materials (AAM) for lead ions. The 
optimal concentrations of 1.25 wt.% foaming agent and 3 wt.% 
surfactant have yielded remarkable results, with higest poros-
ity value (75.28%) achieving the highest recorded adsorption 
capacity (86.27 mg/g) and removal efficiency (64.70%) for lead 
ions in 1 hour contact time. The foaming agent played a crucial 
role in creating a porous structure, amplifying pore diameter 
and volume, has boosted adsorption rate and capacity while the 
contribution of surfactant in preserving pore stability and overall 
porosity of the AAM adsorbent has been pivotal. The research 
study concludes the effects of foaming agents and surfactants 
on alkali-activated materials can lead to the development of 
improved adsorbents for various pollutants beyond lead ions. 
The study successfully determined the ideal parameters for 
achieving the highest possible efficiency in removing lead ions. 
These parameters incorporate a concentration of 1.25 wt.% of 
H2O2 and 3 wt.% of Tween 80 hold significant promise for the 
advancement of effective adsorbents, particularly in the realm of 
wastewater treatment processes, and contribute to the ongoing 
pursuit of environmental remediation solutions. 
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