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ABSTRACT
Rice husk is a typical solid waste generated during rice processing, typically disposed of by 
combustion or landfills. One promising method for repurposing rice husk ash is as a pozzolan in 

geopolymer foam. This study explores additives 
like hydrogen peroxide and sodium alcohol 
ether sulfate (SAES) to enhance the properties 
of porous geopolymer foam made from rice 
husk ash. Hydrogen peroxide is utilized as a 
foaming agent to enhance porosity, while SAES 
acts as a stabilizer to influence the structure of 
the foam. The foam was prepared by mixing 
sodium silicate, sodium hydroxide, rice husk 
ash, genioperl, hydrogen peroxide, and stabilizer 
in specific ratios. Two variables are hydrogen 
peroxide (0.0, 0.1, 0.2, 0.3, and 0.4 wt.%) and 
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SAES (0.0, 0.5, 1.0, 1.5, and 2.0 wt.%). The compressive strength and total porosity tests are 
conducted according to standards. The results show that increased hydrogen peroxide increased 
total porosity but decreased compressive strength. On the other hand, SAES improved the foam’s 
structural integrity and maintained the compressive strength without significantly increasing porosity 
at 1.0 wt.% concentrations. The optimal total porosity and compressive strength were achieved with 
0.40 wt.% hydrogen peroxide and 1.0 wt.% SAES. This study contributes to agriculture science and 
technology by exploring the potential use of rice husk ash-based geopolymer foam and determining 
the optimum formulation for its production. The findings also suggest that this foam can be utilized 
in various agricultural applications such as buildings, pipelines, and agriculture fields.

Keywords: Compressive strength, geopolymer foam, hydrogen peroxide, rice husk ash, sodium alcohol ether 
sulfate

INTRODUCTION

Rice, a fundamental global food, contributes 21% of the world’s per capita human energy 
and 15% of per capita protein. Rice protein, highly nutritious among cereals, contains 
minerals, vitamins, and fiber. Milling reduces all components except carbohydrates. Rice 
processing starts with pre-planting activities, including field preparation, transplanting, 
and harvesting (Kumar et al., 2021). Post-production involves pre-cleaning, dehusking, 
paddy separation, whitening, grading, weighing, and bagging. The husk separation process 
removes husk and bran, producing head white rice grains that are well-milled and impurity-
free, containing minimal broken grains.

Rice husks, removed during milling, are protective solid coverings. In all rice-producing 
countries, rice husk, comprising 30% –50% organic carbon, is a readily available waste 
material. Rice husk composition includes cellulose (50%), lignin (25% –30%), silica (15% 
–20%), and moisture (10% –15%). The low bulk density of rice husk ranges from 90 kg/
m3 to 150 kg/m3 (Singh, 2018). 

Rice husk ash (RHA) is the product of rice husk incineration. Most evaporative 
components of rice husk are lost during burning, leaving silicates as primary residues. 
Ash characteristics depend on rice husk composition, temperature, and burning time. 
Combustion conditions significantly influence RHA chemical composition, and controlled 
burning is essential to retain silica in its amorphous state (Dizaji et al., 2022). Uncontrolled 
combustion at temperatures exceeding 700°C – 800°C produces non-reactive silica 
minerals like cristobalite and tridymite, making ash pulverization for pozzolanic activity 
economically unviable. In the construction industry, RHA applications include its use as 
pozzolan, filler, additive, abrasive agent, oil adsorbent, sweeping part, and suspension 
agent for porcelain enamels. RHA may partially substitute cement in the building industry 
(Pacho et al., 2024; Singh, 2018).



Porous Geopolymer Foam with Additives in Rice Husk Ash

67Pertanika J. Sci. & Technol. 33 (S1): 65 - 81 (2025)

Geopolymers are amorphous aluminosilicate ceramic-like materials that are formed and 
reinforced at room temperature. It was produced using aluminosilicate sources commonly 
used as geopolymer binders. Alkali hydroxide and silicate solution reactions give a highly 
alkaline state that contributes to the polymerization process. Because of its excellent 
strength and environmental impact, geopolymer compounds have arisen and replaced 
conventional cement compounds (Komnitsas & Zaharaki, 2007; Singh & Middendorf, 
2020). Production of geopolymer involves chemical reactions that convert amorphous 
aluminosilicates (partially or completely) into three-dimensional polymer networks. The 
response to geopolymerisation is exothermic. The aluminosilicate sources dissolve under 
a strongly alkaline medium into SiO₄ and AlO₄ tetrahedral units, which are subsequently 
involved in the polycondensation process (Celik et al., 2018). Geopolymer materials offer 
numerous advantages, including high resilience, fire resistance, thermal stability, excellent 
mechanical properties, and acid resistance (Amran et al., 2022). Low-density geopolymers 
find applications in thermal insulation, fire resistance, and high-temperature applications, 
making them potential materials (Hassan et al., 2023). 

With remarkable properties, low cost, and green synthesis protocols, porous 
geopolymer foams have emerged as highly promising materials for various high-added-
value applications (Li et al., 2023). Chemical foaming agents can prepare the cellular 
structure of geopolymer foam. The rice husk ash-based geopolymer foam’s enhanced 
compressive strength and porosity make it an excellent candidate for building materials 
where improved thermal insulation and fire resistance are essential. For example, recent 
studies have demonstrated using geopolymer foams as insulation panels in energy-efficient 
buildings, contributing to significant reductions in heating and cooling costs (Tarek et al., 
2022). In the pipeline industry, the foam’s durability and resistance to chemical corrosion 
can extend the lifespan of pipeline coatings, reducing maintenance costs and improving 
safety. Additionally, its application in agriculture as a soil amendment or lightweight 
aggregate for green roofs can promote sustainability by reducing the environmental impact 
of construction activities and enhancing soil properties for better plant growth (Fatehi et 
al., 2021). These case studies underscore the transformative potential of our research in 
delivering practical, sustainable solutions across multiple sectors.

Hydrogen peroxide is a well-known alternative blowing method that creates a 
more uniform foam by generating gas at the molecular level. In primary media, it is 
thermodynamically unstable, decomposing into water and oxygen gas. The trapped gas 
bubbles expand within the paste, forming voids (macropores). Stabilizers, unlike catalysts, 
work to slow down chemical reactions. While catalysts and enzymes speed up chemical 
reactions, stabilizers slow them down (Yan et al., 2024). Stabilizers prevent or alter reactions 
like corrosion, oxidation, and separation on a molecular and chemical level. Many of these 
stabilizers prevent a catalyst or enzyme from performing its function. Adding a stabilizer 
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to the slurry improves the wet foam’s stability and aids in the control of the amount of 
interconnected (open) porosity generated in geopolymer foam (Negri et al., 2020).

The reaction between the aluminum powder and the alkali activator or hydrogen 
peroxide decomposition in geopolymers allows porous structures to develop. Geopolymer 
foams can also be produced by gel-casting, using the geopolymerization reaction to stabilize 
the gas bubbles introduced by rotational mixing in the liquid slurry. Geopolymer foams 
have excellent physical-chemical and mechanical properties, low density, high strength, 
thermal stability, and good fire and chemical resistance (Coman et al., 2020; Zhao et al., 
2023). The study on foam as concrete using waste materials has long been conducted. 
However, the study on porous geopolymer foam using rice husk ash is rather limited. 
Even though geopolymer material has outstanding thermal properties, limited research has 
been conducted on the optimum formulation for RHA-based geopolymer foam. Due to air 
pollution from burning rice husks in an open area, rice husks have shown great potential 
as waste material in producing geopolymer foam. 

This study elucidates the effects of hydrogen peroxide and sodium alcohol ether sulfate 
(SAES) on rice husk ash-based geopolymer foam. By doing so, specific formulations 
that optimize compressive strength and porosity can be identified, which are crucial for 
expanding the applications of this material. Unlike previous studies, this study provides 
a comprehensive analysis of the dual role of these additives, which reveal their potential 
to enhance material properties for innovative uses in construction and agriculture. The 
optimal ratio between RHA and activated alkaline solution (AA), the amount of hydrogen 
peroxide, and the amount of stabilizer (sodium alcohol ether sulfate, or SAES) need to be 
investigated. Adding hydrogen peroxide is a blowing agent that produces a gas bubble, 
producing a geopolymer foam cellular structure. The purpose of adding a stabilizer is to 
influence the compressive strength and total porosity of the porous geopolymer foam. 

Despite the promising properties of rice husk ash and its potential in geopolymer 
applications, research on porous geopolymer foam using rice husk ash remains limited. 
Most existing studies focus on single-additive systems, leaving a gap in understanding how 
multiple additives can enhance the material’s properties. This study addresses this gap by 
investigating the combined effects of hydrogen peroxide and sodium alcohol ether sulfate 
(SAES) on the compressive strength and porosity of rice husk ash-based geopolymer foam. 
This dual-additive approach offers a novel strategy for optimizing material performance, 
providing potential for innovative construction and agriculture applications. By identifying 
specific formulations that optimize compressive strength and porosity, this research 
contributes to expanding the application scope of geopolymer foam, offering sustainable 
alternatives to traditional materials.
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MATERIALS AND METHODS

Materials

Rice husk ash (RHA) was acquired from Maero Tech Sdn. Bhd., situated in Nilai 3, Negeri 
Sembilan. The ash underwent size reduction using a blender (MX-SM1031SSL, Panasonic, 
Malaysia). Sodium hydroxide (NaOH), Sodium silicates, Hydrogen peroxide (H₂O₂), 
and Sodium alcohol ether sulfate (SAES) were procured from R&M Chemicals at Ever 
Gainful Enterprise Sdn. Bhd. in Malaysia. NaoH is available in pellet, flake, and powder 
formulations. This study utilized high-purity commercial-grade sodium hydroxide (NaOH) 
in flake form, boasting a purity level between 97% and 100%. Sodium silicates were in 
solution form with a purity of 98%. Sodium alcohol ether sulfate (SAES) was the hydrogen 
peroxide type. The SAES concentration investigated in this research ranges from 0.0 to 
2.0 wt%. Genioperl P52 core-shell rubber (CSR) was acquired from Wacker Chemie AG, 
Germany. The synthesis process was carefully controlled to ensure the uniform distribution 
of hydrogen peroxide and sodium alcohol ether sulfate (SAES) within the rice husk ash-
based geopolymer matrix. Preliminary trials optimized key parameters such as mixing 
speed, temperature, and curing time. Specifically, the stirring speed was maintained at 1100 
rpm for 15 minutes to achieve a homogenous mixture, while the curing was conducted at 
a constant temperature of 70°C for 24 hours to ensure consistent foam structure.

Sample Preparation

Compressive strength test samples were prepared by grinding the rice husk ash using a 
blender MX-SM1031SSL Panasonic, producing fine ground rice husk ash. Next, the test 
samples were prepared by producing the geopolymer slurry and activated alkaline (AA) 
solution. The AA was initially synthesized using a sodium hydroxide solution (10 M) 
and sodium silicate solutions in a 3.5 ratio. Subsequently, the AA solution was blended 
with rice husk ash (RHA) at a ratio of 0.25 to create a geopolymer slurry. The binder was 
introduced, along with the addition of genioperl. The geopolymer mixture was stirred gently 
for 15 minutes using a mechanical stirrer (Wisd WiseStir Overhead Stirrer HS-30D, Witeg 
Labortechnik GmbH, Germany) at 1100 rpm until the solution became homogenous. After 
the geopolymer slurry was formed, a blowing agent (hydrogen peroxide) and stabilizing 
agent (SAES) were added to the mixture based on the designated composition. Amounts 
of hydrogen peroxide used were 0, 0.1, 0.2, 0.3, and 0.4 wt.%, while SAES were 0, 0.5, 
1.0, 1.5, and 2.0 wt.%. The mixture was stirred vigorously. The samples were sealed into 
a mold according to the standard for the compression test (2.5 x 2.5 x 2.5 cm) and cured 
in an oven (Memmert Oven ULE400, MEMMERT GmbH + Co. KG, Germany) at 70°C 
for 24 hours. Then, the geopolymer foam (GPF) samples were stored before testing. 
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Experiment Procedure

The compressive test was performed following ASTM D695 using the Instron 3382 Floor 
Model Universal Testing System (INSTRON ® HQ, Norwood, MA). The quantitative 
analysis of the total porosity of geopolymer foam was performed by calculating the value 
of true density and the bulk density. Density is calculated by dividing volume by weight. 
True density was calculated by randomly selecting the weight and volume of one sample 
from each group (formulation). Bulk density was calculated by the weight and volume for all 
samples (total 26 runs). During the experimentation, several challenges were encountered, 
including ensuring the stability of the foam structure, which posed a challenge, especially 
with varying concentrations of hydrogen peroxide. Mitigation involved optimizing sodium 
alcohol ether sulfate (SAES) as a stabilizing agent through iterative testing, ensuring the 
foam maintained its integrity throughout the curing process. 

Experimental Design

This study uses a response surface methodology (RSM) and analyzes it using MINITAB 
software (Minitab Statistical Software, Minitab, LLC, Pennsylvania State University). It 
involves two factors (hydrogen peroxide and stabilizer) and two replications for 26 runs. 
The design of the experiment (DOE) is shown in Table 1.

Table 1  
Design of experiment

Sample
Coded Factor Uncoded Factor

V1 V2 V1 V2

S1 2 0 0.4 1.0
S2 0 0 0.2 1.0
S3 2 0 0.4 1.0
S4 0 0 0.2 1.0
S5 0 0 0.2 1.0
S6 0 0 0.2 1.0
S7 -1 1 0.1 1.5
S8 1 1 0.3 1.5
S9 0 0 0.2 1.0
S10 -1 -1 0.1 0.5
S11 -2 0 0.0 1.0
S12 0 0 0.2 1.0
S13 0 -2 0.2 0.0
S14 0 0 0.2 1.0
S15 -1 -1 0.1 0.5
S16 1 -1 0.3 0.5



Porous Geopolymer Foam with Additives in Rice Husk Ash

71Pertanika J. Sci. & Technol. 33 (S1): 65 - 81 (2025)

Sample
Coded Factor Uncoded Factor

V1 V2 V1 V2

S17 0 2 0.2 2.0
S18 0 -2 0.2 0.0
S19 -2 0 0.0 1.0
S20 1 -1 0.3 0.5
S21 0 0 0.2 1.0
S22 0 0 0.2 1.0
S23 0 0 0.2 1.0
S24 1 1 0.3 1.5
S25 -1 1 0.1 1.5
S26 0 2 0.2 2.0

RESULTS AND DISCUSSION

Statistical Analysis of Total Porosity and Compressive Strength Properties

Results in Table 2 show the estimated effects for total porosity, which indicates that 
hydrogen peroxide (V1) was the highly significant factor where P < 0.000. In contrast, the 
stabilizer factor (V2) was highly insignificant, with P > 0.050. The combination of V1*V1 
showed significant values (P < 0.000) and affected the responses. The combination of 
V2*V2 and V1*V2 showed insignificant values (P > 0.050) and did not affect the responses. 
Significant values were observed for R2 (coefficient of determination) and R2 (adjusted), 
standing at 0.8958 and 0.8697, respectively. These results denote a substantial influence, 
signifying that 89.58% of the variance in the response can be attributed to the pertinent 
factors within the sample. 

Table 2  
Estimated effects and coefficient for total porosity

Term Notation Coefficient Std. error of the 
coefficient

P

Constant 40.1040 0.9256 0.000
Hydrogen Peroxide V1 7.5667 0.6435 0.000
Stabilizer V2 0.7958 0.6435 0.231
Hydrogen Peroxide * Hydrogen Peroxide V1*V1 -2.5335 0.4657 0.000
Stabilizer * Stabilizer V2*V2 -0.8004 0.4657 0.101
Hydrogen Peroxide * Stabilizer V1*V2 1.7500 1.1146 0.132
R2 = 89.58 percent R2(adj) = 86.97 percent

Regarding compressive strength, the significance of factors and their interactions 
was assessed with a confidence level set at 95 percent (P-value of 0.050). Notably, most 

Table 1 (continue)
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interaction effects were deemed highly insignificant when P > 0.050. The results presented 
in Table 3 indicate the insignificance of several factors and interaction effects, including 
V2, V2*V2, and V1*V2, as their corresponding P-values exceed 0.050. Individual factors 
exhibited high significance (P < 0.000) for V1 and V1*V1, while insignificance was observed 
for V2 (P= 0.869), V2*V2 (P= 0.973), and V1*V2 (P= 0.949). The obtained values for R2 and 
R2 (adjusted), namely 0.7823 and 0.7279, respectively, were considered high. It suggests 
that a substantial portion, specifically 78.23%, of the variance in the response within the 
sample can be ascribed to the independent variables. 

Table 3  
Estimated effects and coefficient for compressive strength

Term Notation Coefficient Std. error of 
coefficient

P

Constant -0.0343 0.1139 0.766
Hydrogen Peroxide V1 0.4518 0.0792 0.000
Stabilizer V2 -0.0132 0.0792 0.869
Hydrogen Peroxide * Hydrogen Peroxide V1*V1 0.3452 0.0573 0.000
Stabilizer * Stabilizer V2*V2 0.0020 0.0573 0.973
Hydrogen Peroxide * Stabilizer V1*V2 -0.0088 0.1372 0.949
R2 = 78.23 percent R2(adj) = 72.79 percent

Equations 1 and 2 represent the regression models for the total porosity and compressive 
strength. 

YTP = 40.104 + 7.5667 (V1) + 0.7958 (V2) – 2.5335 (V1
2) – 0.8004 (V2

2) 
+ 1.75 (V1*V2) [1]

YCS = -0.0343 + 0.4518 (V1) – 0.0132 (V2) + 0.3452 (V1
2) + 0.002 (V2

2)
 – 0.0088 (V1*V2) [2]

where YTP and YCS denote the responses, representing total porosity and compressive 
strength, respectively. V1 and V2 correspond to the decoded values of hydrogen peroxide 
and stabilizer, respectively. Utilizing regression models allows for the calculation and 
analysis of the influence of these factors on both total porosity and compressive strength 
in the context of core-shell rubber/rice husk ash-based geopolymer foam.

Effect of Factors on Total Porosity and Compressive Strength Properties

ANOVA and regression models were employed to assess the impact of various factors on 
the properties of total porosity and compressive strength. Contour plots were employed 
for enhanced visualization, as demonstrated in Figures 1 and 2. These figures depict the 
influence of hydrogen peroxide (V1) and stabilizer (V2) on the responses. Both figures 
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indicate that higher V1 led to an increase in total porosity by up to 50 percent and an increase 
in compressive strength by up to 2.00 MPa. Simultaneously, elevated V2 levels resulted in 
a consistent total porosity of up to 50 percent and a steady compressive strength of up to 
2 MPa, as depicted in both figures.

Figure 1. Contour plot for the effect of hydrogen peroxide and stabilizer on the total porosity

Figure 2. Contour plot for the effect of hydrogen peroxide and stabilizer on the compressive strength
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From Figure 1, the total porosity of the geopolymer foam (GPF) significantly increases 
with increasing amounts of added hydrogen peroxide (V1). Adding V1 content in GPF from 0 
to 0.4 wt.% at a stabilizer of 1.0 wt.% increases the total porosity from 20% to 50% region. 
This increment shows that V1 was significant as the pore-foaming or blowing agent (Bai 
et al., 2018). Increasing H2O2 promotes endogenous gas production during preparation, 
resulting in larger pores and open-cell structures. It aligns with the findings of Zhang et al. 
(2022), who reported similar effects in polymeric foams. Unlike previous studies, the results 
indicate a linear increase in porosity with hydrogen peroxide concentration, suggesting a 
unique interaction mechanism in this composite (Posuvailo et al., 2022). Besides decreasing 
the total porosity when the stabilizer increases, the total porosity can be increased with the 
increase of the stabilizer from 0 to 0.5 wt.% at the H2O2 of 0.25 wt.%. At the same time, 
the total porosity was constant with the increase of stabilizer from 0.5 to 2.0 wt.% at the 
H2O2 of 0.25 wt.%. 

Figures 1 and 2 illustrate the noteworthy impact of increasing hydrogen peroxide or 
stabilizer on porous RHA-based geopolymer foam’s total porosity and compressive strength 
properties. It leads to a simultaneous reduction in total porosity and an enhancement in 
compressive strength. In Figure 2, it is evident that the compressive strength experiences 
a decrease as the H2O2 content increases from 0 to 0.15 wt.%. Subsequently, compressive 
strength increases when the H2O2 content is further raised from 0.15 to 0.4 wt.%. The 
augmentation of H2O2 results in the formation of more air bubbles in the porous geopolymer, 
creating pores within the geopolymer matrix (Yan et al., 2024). This behavior is consistent 
with studies on foam structures where increased porosity reduces density and affects 
mechanical properties (Zhao et al., 2023). Hydrogen peroxide acts as a blowing agent, 
decomposing into oxygen and water to form pores within the material, as shown by Bhuyan 
et al. (2023). Adding stabilizing agents beyond 1.5 wt.% causes the air bubbles to persist 
and expand through coalescence, resulting in thinner walls and diminished geopolymer 
strengths. Notably, an increase in H2O2 content is associated with a significant decrease 
in compressive strength (Ji et al., 2020). Conversely, Figure 2 indicates a consistent 
compressive strength of the geopolymer foam with increasing amounts of added stabilizer 
(SAES). It suggests that stabilizer (SAES) is an insignificant factor, and the compressive 
strength remains constant within the specified range of stabilizer (SAES) from 0 to 2.0 
wt.% at an H2O2 level of 0.15 wt.%.

Optimization and Validation

Figure 3 illustrates the optimization plot showcasing the impact of different combinations of 
factor settings on the response. The optimization was conducted under specified parameters 
(hydrogen peroxide: 0.4 wt%; stabilizer: 1.0 wt%). The software predicts the optimal values 
for total porosity and compressive strength as 45.10 percent and 2.25 MPa, respectively, 
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achievable with the combination of hydrogen peroxide (V1) = 0.40 and stabilizer (V2) = 1.0. 
The calculated desirability of optimization is 0.83565, indicating that all parameters align 
with the target for achieving maximum total porosity and compressive strength properties. 
These optimized materials have potential applications in lightweight construction, as 
demonstrated by recent industrial applications (Haller et al., 2024).

Figure 3. Optimization plot for maximum total porosity and compressive strength

Table 4  
Experimental validation for the total porosity and compressive strength properties

Sample 
no.

Total porosity (%) Compressive Strength (MPa)
Experimental 

value
Predicted 

value Error (%) Experimental 
value

Predicted 
value Error (%)

SV1 45.09 45.10 0.02 2.29 2.25 1.78
SV2 44.54 45.10 1.24 2.43 2.25 8.00

x�  Error 0.63 x�  Error 4.89

Analysis from Table 4 reveals that the average errors for total porosity and compressive 
strength were notably low, at 0.63% and 4.89%, respectively—well below the 15% 
threshold. It suggests that the regression model developed through this methodology 
effectively optimized the responses. In comparison to the control sample lacking hydrogen 
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peroxide (S19), the control sample exhibited reduced total porosity (13.31%) and increased 
compressive strength (0.1273 MPa). 

Material Behaviour of Sample After Compressive Strength Test

Figure 4 shows the slopes of samples S1, S9, S19 (control sample), S20 and SV2 (optimized) 
with brittle and ductile behavior. The samples were chosen based on best compressive 
strength (S1), median compressive strength (S9), sample without the addition of hydrogen 
peroxide (S19: control sample), poor compressive strength (S20), and optimized sample 
(SV2). 

Figure 4. Stress-strain curve of samples S1, S9, S19 (control), S20, SV2 (optimized)

Figure 5 shows the enlarged area A from Figure 4. A steeper slope in a graph indicates 
that the material is more resilient and less prone to deformation than a gentler slope. Figure 
4 shows that SV2 (optimized) (hydrogen peroxide = 0.40, stabilizer = 1.0) exhibited the 
steepest slope, signifying that it was the most resilient and brittle among the tested ductile 
samples in resisting deformation. In contrast, S20 (hydrogen peroxide = 0.30, stabilizer = 
0.5) was the opposite. This result was probably due to lower hydrogen peroxide content 
and stabilizer. Lower hydrogen peroxide and stabilizer content lead to a gentler slope 
(ductile properties). This composition will cause the sample to be highly porous (a function 
of void content- 40.63%), so it has low compressive strength. The observed increase in 
brittleness with higher peroxide content has been similarly reported in recent studies by 
(Ransy et al., 2020).
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Figure 5. Enlarged area A

Although the sample without hydrogen peroxide (S19) recorded higher compressive 
strength (0.1273 MPa) than sample S9 (0.0253 MPa), sample S9 showed a shallower 
slope, which indicates that this sample was easily deformed due to lesser resilience (Funk 
& Dinger, 2013). This slope was due to the hydrogen peroxide and stabilizer content being 
at the median content (0.2% of hydrogen peroxide and 0.1% of stabilizer). It has high total 
porosity but low compressive strength, which leads to ductile behavior.

Contour Plots Superimposition

The methodology employed in generating overlaid graphs for diverse response surfaces 
involves the integration of contour plots. This approach surpasses the conventional 
one-factor-at-a-time (OFAT) method, criticized for neglecting variable interactions and 
involvement in laborious experimental runs (Jampala et al., 2017). Figure 6 illustrates 
this technique, visually depicting geopolymer foam’s optimal processing conditions and 
formulation range. The contour plot is overlaid by combining the contour plots of total 
porosity and compressive strength from Figures 1 and 2, respectively. The light green region 
signifies the total porosity and compressive strength contour area. A thorough analysis of 
the overlaid contour plots reveals that the optimal range for achieving the highest total 
porosity and compressive strength, indicated by the dark green region, falls within the 
ranges of 0.35–0.40 wt.% for hydrogen peroxide and 0.5–2.0 wt.% for stabilizer. 
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Figure 6. Optimum conditions are a function of the independent variables after the superimposition of the 
contour plots

CONCLUSION

Examining the effects of hydrogen peroxide and sodium alcohol ether sulfate on the 
properties of porous rice husk ash-based geopolymer foam involves investigating several 
factors. These include determining the optimal ratio between RHA and activated alkaline 
solution (AA) and hydrogen peroxide and stabilizer (SAES) amounts. The results 
demonstrated that increasing hydrogen peroxide led to increased total porosity and 
decreased compressive strength due to introducing more voids. Conversely, increasing 
SAES reduced total porosity by stabilizing the foam structure, but higher concentrations also 
decreased compressive strength. The optimal balance between porosity and compressive 
strength was achieved with 0.4 wt.% hydrogen peroxide and 1.0 wt.% SAES. The optimal 
RHA-based geopolymer foam exhibits 13.3% better total porosity and foam structure 
when compared to the control sample. The compressive strength showed no significant 
changes. Due to this improvement, hydrogen peroxide and sodium alcohol ether sulfate 
(SAES) should be added at optimum percentages to improve the porous rice husk ash-based 
geopolymer foam. Additional variables such as curing time and temperature could provide 
further insights and should be considered. This environmentally friendly and cost-effective 
composite applies to agriculture, food, and construction building sectors. 
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