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This research investigates the effect of air pressure variation in a foam generator
on the physical properties of foam intended for lightweight mortar applications.
The primary objective was to identify the optimal operational pressure to produce
stable and high quality foam. A constan foaming agent concentration of 6 bar
was used while the air pressure was varied at 2%, 4%, 6%. The study involved a
laboratory experiment where the foam’s density was quantitatively measured,
and its bubble microstructure was qualitatively observed. The result showed a
non-linear relationship between air pressure and foam density. The foam density
increased foam 0,039 t/m3 at 2% concentration, to an optimal value of 0,062 t/m?3
at 6%. The density 2% failed to meet the PUPR standard (0,05-0,085 t/m3), while
4% and 6% were compliant. Microstructural analysis supported these findings,
revealing that the foam produced at 6% had the most uniform, small, and
compact bubble structure, indicating higher sability. In contrast, 2% produced
larger, highly unstable bubbles. The study concludes that a 6% is optimal for
producing foam with the highest density and most favorable microstructure under
the tested conditions, highlighting the critical role of precise pressure control in
manufacturing lightweoght construction materials.

Copyright (c) 2024 by Author(s), This work is licensed under a Creative Commons
e Attribution-ShareAlike 4.0 International License.

I. INTRODUCTION

Infrastructure development in Indonesia is often faced with the challenge of soft soil
conditions, such as peat and clay, which have low bearing capacity [1], often requiring soil
improvement techniques like biocementation [2]. This method, which utilizes Microbially
Induced Calcite Precipitation (MICP), has also been applied in other material innovations such
as fireless brick making [3]. This soil issue is a major concern for heavy constructions like
bridge approach embankments [4], [5] or highways, which are at risk of settlement or even
premature structural damage [6]. Therefore, the innovation of alternative materials, such as
utilizing waste plastic in pavement [7], [8], [9] or developing lightweight embankments, has
become a crucial necessity in modern civil engineering [10], [11].

One of the solutions currently being developed is the use of foam mortar [12], [13] with
various types being explored such as fast track mortar [14] and those using admixtures like
phosphogypsum [15]. This material is composed of a mixture of cement, sand, water, and foam
[16]. The main advantage of this material lies in the air voids created by the foam, which results
in a significantly lower density compared to conventional emabnkment materials [17].

p.1



International Conference on Civil Engineering, Architecture and Urban Planning ICCA-UP, VOL. 1 No 1 May 2026 | p.1-9

The final quality of foam mortar is highly dependent on the properties of the foam used, as the
foam is the primary determinant of the material’s lightness and internal structure [18]. The
characteristics of the foam, particularly its denisty, are significantly influenced by key
production parameters [19] the concentration of the foaming agent [20] and the air pressure
applied from the foam generator 4. Previous research by [21] has shown that air pressure
between 3-8 bar is effective for the foam formation process using a foam generator.

Although various studies have examined the characteristics of foam mortar from different
aspects, such as the influence of sand type [1], [22] and varying foam agent concentrations [20],
[23], a specific investigation into the effect of air pressure variation at a constant foam agent
concentration still requires further exploration. Therefore, this tudy focuses on analyzing and
comparing the effects of air pressure variations specifically 4 bar, 6 bar and 8 bar on the density
and microstuctural characteristic of the resulting foam. The foam agent concentration was held
constan at 6% to ensure that observed differences were purely due to the effect of pressure. This
research is expected to provide a clearer understanding of how different air pressure levels
affect foam quality and, consequently, the final performance of lightweight mortar [24].

1. METHOD

This study employed a quantitative laboratory experiment method. The primary focus was to
analyze and compare the effects of air pressure variations (4 bar, 6 bar, 8 bar) in the foam
generator on the foam density and bubble microstructure to determine the most optimal
operational condition. The foaming agent concentration was held constant at 6% to ensure that
the observed differences were purely due to the effect of pressure [19].

The main materials used in this research consisted of a protein based foaming agent (AKS
brand) [20], [23] and clean tap water. The primary equipment included a foam generator unit
as illustrated in Figure 1 [21], an air compressor, a 1000 ml measuring cylinder, and a
precision digital scale with 0,01 gr accuracy. The pressure was controlled using a regulator
knob on the foam generator, as illustrated in Figure 2.

Figure 1. Foam Generator Unit
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Figure 1a. The Function of Foam Generator
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Figure 2. Pressure Control Regulator

The research procedure was carried out as follows:

1. Preparation
A solution with 6% concentration of foaming agent in water was prepared and fed into the
foam generator.

2. Foam Production
The air compressor supplied pressurized air to the foam generator. The experiment was
conducted by setting the pressure regulator to three different levels ( 4 bar, 6 bar, and 8 bar),
as illustrated in Figure 3.
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Figure 3. Foam Manufacturing Process

3. Data Collection
For each pressure variation, the fresh foam was collected in a 1000 ml measuring cylinder and
immediately its density. This procces was repeated five times for each variation to ensure data
reliability, as illustrated in Figure 4.

- ===1000ml
 ----1000ml

.

Timbangan
Kapasitas 500gr
Ketelitian 0,01gr

Figure 4. Density Data Collection

4. Microstructure Observation
Concurrently, foam samples from each pressure variation were qualitatively observed to
analyze their bubble characteristics [25], such as size, uniformity, and shape.

I11.  RESULT

This section presents the findings on the influence of foaming agent cencentration variation on
foam density and mincrostructure, cunducted at a constant optimal a pressure of 6 bar. The
primary investigation focused on how different foaming agent concentrations (2%, 4%, and
6%) affect the density of the foam produced, all tasted at a constant 6 bar pressure. The foam
density standard used a benchmark is form the PUPR, which specifies a range of 0,05-0,085
t/m3. The average results of the density tests are summarized in Table 1 and Figure 5.
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Table 1. Average Results of Foam Density Test
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Average Foam

Test \VVariation Foam(yAgent Tekanta)m Udara Density
(%) (bar) (t/m?)
Sample A 2 0,039
Sample B 4 6 0,052
Sample C 6 0,062

The data in table 1 shows a clear positive correlation. As the foaming agent also increased, the
foam density also increased steadily. This aligns with research indicating thath higher
concentration of surfactant provides more material to form bubble walls, leading to a more
robust and denser foam structure [20], [23].

At 2% concentration, the density was 0,039 t/m3, which is below the minimum PUPR standard.
This suggests that a 2% concentration is insufficient to create stable foam. At 4%, the density
increased to 0,052 t/m3, and at 6% it reached the maximum density of 0,062 t/m3. Both 4% and
6% concentrations produce foam that meets the requaired strandards. A further interesting point
of discussion is the rate of density increase. The increase from 2% to 4% was 0,013 t/m3, while
the increase from 4% to 6% was smaller, at 0,010 t/m3. This usggest a pattern of diminishing
returns, where adding more foaming agent beyond a certain point yields less significant gains
in density. This indicates that 6% is likely approaching an optimal mix design [15].

VARIASI SAMPEL

6 BAR6% ‘ll’lllllllll’llllllllll’llllllllllllllllllllllll

0,000 0,010 0,020 0,030 0,040 0,050
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Figure 5. Comparison of Foam Bubble Characteristic
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Foam Micrstructure Analysis

A qualitative observation of the foam’s microstructure was conducted [25]. The bubble
characteristic shown in Figure 5 explain the variations in foam density. Comparison fo foam
bubble microstructure at 6 bar pressure with foam agent variations:

1. 2% Foaming Agent

(b)

Figure 6a,b. Bubble Characteristic 2% Foaming Agent

The foam structure is poor at Figure 6, characterized by very large, inconsistent, and
non uniform bubbles. This morphology indicates instability, where bubbles quickly
rupture and coalesce [13]. This directly explains why its density was the lowest.

2. 4% Foaming Agent

(@) (b)

Figure 7a,b. Bubble Characteristic 4% Foaming Agent

The microstructure shows significant improvement at Figure 7. The bubbles are
smaller, more uniform, and more tighly packed compared to the 2% sample. This stable
structure is the reason for its compliant density (0,052 t/m3).
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3. 6% Foaming Agent

(@ )

Figure 8a,b. Bubble Characteristic 6% Foaming Agent

This concentration yielded the most superior microstructure. The visualization at Figure
8 shows the smallest, most uniform, and most densely packed bubbles. This ideal
morphology, where the foam to water ratio is optimal [19], maximizes the foam’s
density and stability.

From this analysis, it is evident that a minimum concentration of 4% is required to meet
standards, while 6% foaming agent produces the foam with the highest density and most
superior microstructure.

IV. CONCLUSION

This reasearch concludes that the concentration of the foaming agent has a significant and direct
influence on the density and microstructure of the foam produced at a constant 6 bar air pressure.

1. There is positive correlation between concentration and density. The foam density increased
from 0,039 t/m3 at 4%, and reached a maximum of 0,062 t/m?3 at 6%. The 2% concentration
failed to meet the PUPR standard, while 4% and 6% were compliant.

2. The 6% foaming agent concentration was determined to be the optimum setting, producing foam
with the highest density and the most superior microstructure, characterized by small, uniform,
and stable bubbles.

3. Low concentration 2% resulted in insufficient bubble wall formation, leading to an unstable
microstructure and low density.

This finding confirms that precise control over foaming agent concentration is critical factor in
producing stable, high quality foam, which is fundamental fot optimizing the properties if lightweight
materials.
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