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Abstract. Foamed concrete is a low-density concrete that is highly air-entrained with more air
per volume using materials such as sand, cement, and foam. Foamed concrete can be applied in
various shapes as required. The statistical condition of foamed concrete, which is a free-flowing
liquid, allows the foamed concrete to take place and shape accordingly. Epoxy resin is a type of
thermoset polymer with a highly connected, crosslinked structure. Thermoset epoxy is known to
contain high stiffness and strength. In this study, research was done by adding semiconductor
epoxy resin waste as fine aggregate to produce non-loading bearings. The semiconductor epoxy
resin waste was obtained from ST Microelectronics SDN BHD and was ground until the particle
size was less than 0.6mm. The preparation of samples involved the grinding process of the
Semiconductor Epoxy Mold Component Resin Waste and the mixing process of different
percentages of RW at 0, 5, 10, 15, 20, 25, and 30% with the constant percentages of cement,
quartz sand, water, and foam. Tests were carried out on the mix design, which involves
compressive strength before and after elevated temperature (1000°C for 4 hours), tensile splitting
strength, density and porosity. The results indicated that adding 10% semiconductor epoxy resin
waste yielded the highest compressive strength of 9.88 MPa at 28 days and tensile splitting
strength of 5.95 MPa, with the mixture achieving the targeted density of 900 kg/m3 in dry state.
This research demonstrates the viability of using semiconductor epoxy resin waste in foamed
concrete, providing a sustainable solution for waste management in construction.



International Conference on Mechanical System Engineering and Technology Applications
(ICOMSETA) 2024, pp. X — XX

1.0 Introduction

The growing consumer population and the increase in non-degradable waste products have created a
significant waste disposal problem, posing both economic and environmental challenges [1]. As a result,
there is a global trend toward waste recovery and utilizing waste as raw materials in the construction
sector. The rapid rise in the global population, driven by urbanization, has increased the demand for
building materials. This demand depletes natural resources and raises the cost of building materials.
Engineers face the challenge of addressing this sustainability issue by exploring more compact and
custom-made brick components that meet building standards while promoting low-cost and
environmentally sustainable masonry systems.

Foamed concrete, also known as lightweight or cellular concrete, is a cementitious material
containing at least 20% mechanically entrained foam by volume in the mortar mix. Typically produced
with a density ranging from 500 to 1600 kg/m?3, it is valued for its self-leveling ability, high insulation
properties, filling ability, fire-resistant characteristics, and cost-effectiveness [2], [3]. Hashem Moniri et
al. 2019 [4] emphasize the characteristics of foamed concrete, also known as foam crate, cellular
lightweight concrete (CLC), or reduced density concrete, which is notable for its lightweight nature but
lower strength compared to standard concrete. This type of concrete, made from fine aggregate, cement,
water, and a foaming agent, is versatile in its applications, including structural, partition, insulation, and
filling uses. Foamed concrete blocks, composed of cement, fine sand, water, and foam bubbles, are
particularly suitable for block manufacturing. The research also notes the increasing interest in
lightweight concrete blocks for wall construction, especially as wall panels, due to their enhanced
thermal insulation properties.[4]

Foamed concrete is produced by adding a foaming agent to a cement slurry. Once the foaming agent
is fully foamed, it is thoroughly mixed with the cement slurry to create foamed concrete. This method
produces a material with several key advantages, including rapid construction speed and low density,
making it an efficient and lightweight solution for various construction applications [5], [6]. The
utilization of waste materials in the manufacturing of foamed concrete has been extensively researched
worldwide. This sustainable development approach by the construction industry aims to reduce landfill
waste and pollution. The extensive use of thermoset resins, especially epoxy resins, in the coatings
industry leads to significant waste due to their irreversible cross-linked structure, posing recycling
challenges and environmental concerns [7]. The prevalent use of epoxy resins, which dominate 70% of
the thermoset market for their thermal stability, chemical resistance, and flexibility, results in over 60%
of this waste. Past research has demonstrated the use of polymer resin as an additive and replacement
material in the construction industry [8], [9], [10] yet few studies have focused on recycling epoxy resin
due to the challenges in remelting it for the curing process. Consequently, the industry often resorts to
landfill disposal. [11]

Epoxy molding compounds, primarily used in packaging, incorporate various additives to enhance
molding workability and optimize product properties, further complicating waste management[12], [13].
According to the Inamdar et al. (2021) paper, epoxy resin molding compounds are the most commonly
utilized composite material for semiconductor encapsulation because they contain a polymer-based
matrix, inorganic filler particles, and additional additives designed to improve their properties [14].
Epoxy resins, renowned for their high stiffness and strength, chemical resistance, dielectric properties,
corrosion resistance, low shrinkage during curing, and excellent thermal features, are the most
extensively studied class of thermosetting resins and are crucial for a variety of engineering applications
[15]. The global annual production of epoxy resins reached 3 million tons, valued at over 25 billion
dollars in 2017. However, despite a worldwide resin production of approximately 130 million tons, only
21% is recycled, with significant disparities among resin types [16]. Resin waste generally sees a 32%
recycling rate, while epoxy resin lags at just 11%. In 2018, the Malaysian branch of STMicroelectronics
generated about 3.3% of the country's 1140 tons per day of resin waste. The production of epoxy
composites is estimated to be at least 4 million tons by 2030 which shows an increment due to demand
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in the future [17].To mitigate high transportation costs, some organizations crush resin waste for
construction use, adopting this approach as a sustainable solution.

2.0 Literature Review

Epoxy resin offers several advantages, including high bonding strength, excellent dimensional
stability, superior chemical resistance, high mechanical strength, exceptional electrical insulation, and
strong resistance to radiation [18]. Epoxy resin, commonly used as a polymer matrix in advanced
composite packages, provides numerous benefits including excellent mechanical properties, electrical
characteristics, chemical resistance, and environmental durability, and is often reinforced with glass
fibers and fly ash in various forms [19], [20].

Shrivastava & Shrivastava (2020) [19] conducted a study to advance the application of polymer
concrete by comparing it with conventional concrete through the incorporation of various resins and
fibers. Utilizing 1S10262:2009 mix design for M25 grade concrete, the study assessed the impact of 3%
and 5% resin, as well as 0.5% and 1% glass fiber on the compressive, flexural, and tensile strengths of
polymer concrete. The findings demonstrated that both epoxy resin and glass fiber substantially
enhanced these strengths, with optimal results observed at 28 days and significant gains in strength by
day 7. The research also highlighted the benefits of increased resin content and fly ash addition, which
improved workability and reduced voids. Cakir et al. (2021) [21] also found that incorporating resin
polymers into concrete significantly enhances its mechanical properties and durability, surpassing those
of traditional Ordinary Portland Cement (OPC) concrete. The addition of resin improves compressive,
flexural, and split tensile strengths, making polymer concrete suitable for structural applications and
capable of withstanding higher impact forces without cracking.

Salari F et al. (2023) [22] they investigated the use of palm oil clinker (POC) and palm oil clinker
powder (POCP), including thermally activated POCP (TPOCP), as replacements for sand and cement
in lightweight foamed concrete. The study evaluated the compressive strength of concrete with varying
percentages of POC (0%, 25%, 50%, 75%, 100%) and POCP/TPOCP (0%, 10%, 20%, 30%) using Type
I Ordinary Portland Cement at densities of 1300 g/m® and 1500 g/m?3. The study found that reducing the
size of fine aggregates to smaller than 0.6 mm significantly increases compressive strength, with the
highest strength observed at 90 days—76% and 52.35% greater than that of aggregates smaller than 4.75
mm and 2.36 mm, respectively. This improvement is due to the uniform pore distribution achieved with
smaller aggregates, while larger aggregates create irregular, larger pores that decrease strength.

Gencel et al. (2022) [23] findings also align where the study demonstrated that using smaller fine
aggregates in concrete enhances compressive strength by minimizing air void size, which improves
load-bearing capacity. Properly sized fine aggregates prevent the formation of larger voids, optimizing
the balance between foam and aggregate for increased strength and durability. Experimental studies
confirm that the mechanical properties of foam concrete, including compressive strength, are
significantly influenced by the aggregate-to-foam ratio, with smaller aggregates contributing positively.

Addressing the identified research gap in the literature, it has been observed that smaller particle
sizes enhance the compressive strength of concrete. This study investigates the physical and mechanical
properties of SMERW from municipal solid waste as an additional material, mixed with sand, in the
production of Foamed Concrete Based on Semiconductor Epoxy Molding Component Resin Waste (FC-
SEMRW). This research aims to contribute to sustainable construction practices while reducing the
amount of glass in landfills.

3.0 Material and Methodology

3.1. Fabrication process for FC-SEMRW Foamed Concrete
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This study investigates the use of semiconductor epoxy molding component resin waste (SEMRW)
as an additive in concrete mixtures. SEMRW, obtained from STMicroelectronics Sdn Bhd, Muar, Johor.
The SEMRW was ground into a fine powder with particle sizes less than 0.6 mm using a Los Angeles
Grinding Machine. The foaming agent utilized in this study was a synthetic foaming agent from
DIGITAL STORE Village in Johor, mixed with water at a ratio of 1:30 using an Allefix Electric Mixer
to produce pre-formed foam. The raw materials for this study include cement of Holcim's Pozzolanic
Cement CEM IV/B (V) 32.5 R, quartz sand, SEMRW, foaming agent, and water, which were
meticulously prepared and stored before production. Quartz sand and SEMRW were sieved to meet
specific particle size requirements per British Standard BS 410. Seven different FC-SEMRW
compositions were created by mixing various percentages of SEMRW from 0% to 30% with consistent
volumes of cement, quartz sand, foam, and water, as shown in Figure 1 and Table 1.

Table 1: Composition of materials ratio for producing FC-SEMRW

Mix ID Resin Cement Quartz Water Foaming Water for Foam
waste (kg) (kg) | sand (ko) (k9) Agent (kg) | Making (kg)
FC- SEMRW 0% 0.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 5% 15.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 10% 30.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 15% 45.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 20% 60.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 25% 75.0 500.0 300.0 200.0 3.0 90.0
FC- SEMRW 30% 90.0 500.0 300.0 200.0 3.0 90.0

Fig.1 Sample of FC-SEMRW with different compositions of SEMRW

The process of producing mortar slurry and foam for FC-SEMRW involves precisely maintaining
ingredient proportions to achieve the desired consistency. Following Hameed and Hamada's (2020)
procedure, dry raw materials (cement and sand for the control sample) are mixed with water to form the
mortar slurry [24]. For FC-SEMRW samples, semiconductor epoxy resin waste (SEMRW) is added to
the dry mix before introducing water as shown in Figure 2(a). After a 2-minute blending process, the
mortar slurry was prepared. The stable foam was then generated using Allefix’s Electric Mixer for 4
minutes as shown in figure 2(b) and subsequently introduced into the mortar slurry to create the FC-
SEMRW slurry as depicted in Figure 2 (c). This mixture was further blended with the electric mixer for
2 minutes to ensure uniformity and the absence of residual white foam on the slurry surface, as depicted
in Figure 2(d), maintaining a minimal speed of 133 rpm to prevent foam disruption. Concrete samples
were moulded to dimensions of 100mmx100mmx100mm for compressive and tensile splitting strength
tests. Each sample's density was measured in the fresh state, and then cured at room temperature for 24
hours. Post-hardening, the samples were submerged in water until the 7th and 28th days for further
testing. Figure 2 shows the process involved in producing FC-SEMRW.
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(b) (d)

Fig 2. FC-SEMRW mixing process (a) mixing Cement, sand, and water to form dry mortar; (b)
production of foam; (c) adding pre-formed foam into mortar slurry and (d) mixture of FC-SEMRW

slurry
4.0 Result and Discussion
4.1. Density and Porosity

The results from Figure 3 showed a direct relationship between the SEMRW percentage and the physical
properties of the samples. As the SEMRW percentage increased, the density of the samples also
increased, while their porosity decreased. This trend was most pronounced in the FC-SEMRW 30%
samples, which had the highest density of 941 g/m?, followed by FC-SEMRW 25%, FC-SEMRW 20%,
FC-SEMRW 15% FC-SEMRW 10%, FC-SEMRW 5% and FC-SEMRW 0% having the lowest density.
The increase in SEMRW percentage led to a higher total mass of material, thereby increasing the density
of the foamed concrete samples. In this research, SEMRW acts as filler material to quartz sand.
Therefore, when the percentage of SEMRW added increased in the FC-SEMRW, the total mass of fine
aggregates used also increased, which increased the density of each FC-SEMRW samples.

Figure 3 illustrates that as the percentage of SEMRW increased, the density of the samples
also increased, while porosity decreased. The lowest density recorded was 0.851 g/cm? for FC-SEMRW
at 0%, which corresponded to the highest porosity of 82.9%, and had the most voids, resulting in the
highest porosity compared to other samples. The existence of more voids may cause pores to merge,
resulting in larger, more linked pores. Conversely, the highest density was 0.941 g/cm? for FC-SEMRW
at 30%, which had the lowest porosity of 62.9%. This increase in density can be attributed to the fine
SEMRW nparticles filling the voids and refining the pore structure. Such improvements in packing
density and pore structure are likely to enhance the strength of FC-SEMRW. The observed decrease in
porosity suggests that higher SEMRW percentages lead to better water resistance due to the reduction
in voids. Therefore, it can be concluded that the finer SEMRW particles, when used as fillers, do not
yield improved properties at low density and high porosity. The existence of more voids may cause
pores to merge, resulting in larger, more linked pores. The fine SEMRW enhanced the microstructure
by filling pores and increasing particle packing, resulting in a denser and less permeable aggregate-paste
interface zone (ITZ). This uniform distribution and regular shape of voids contributed to the decreased
trend in permeability. These findings align with those of Khan et al. (2020).[25]
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Fig 3. Average density and porosity results at different percentages of FC-SEMRW

4.2. Compressive Strength Test Before and After Elevated Temperature.

4.2.1. Compressive Strength Test Before Elevated Temperature.
Figure 3 shows the overall average results of the compressive strength for all specimens at the age of 7%
and 28" days of tests before and after elevated temperature. FC-SEMRW with a 10% proportion
exhibited the highest compressive strength at 7 days with 8.49 MPa, followed by FC-SEMRW 15%,
20%, 30%, 5%, 0%, and 25%. Similarly, at 28 days, FC-SEMRW 10% demonstrated the highest
compressive strength with 9.88 MPa, followed by FC-SEMRW 15%, 20%, 5%, 25%, and 0%. The
compressive strength of hardened concrete generally increases with curing time. Notably, foamed
concrete incorporating 10% semiconductor epoxy resin waste (SEMRW) as a filler demonstrated the
highest compressive strength. This composition outperformed the reference foamed concrete without
SEMRW filler, indicating that SEMRW enhances compressive strength. This proves that SEMRW
improves the strength as it has greater bonding strength.

The average compressive strength increased with higher ratios of FC-SEMRW up to 10%,
after which it decreased. The highest compressive strength was achieved by FC-SEMRW with 10%
SEMRW, likely due to the strong cohesion of matrix bonding. This is also agreed by Khan et al.,
(2019).[26] The highest bond strength was achieved at a 10% SEMRW concentration, showing a 2.9-
fold strength enhancement compared to 0% SEMRW. This improvement is likely due to the increased
effectiveness of load transfer and enhanced ductility in the modified epoxy layer at this concentration.
The incorporation of SEMRW into FC beyond an optimal level of 15% leads to a reduction in
compressive strength due to insufficient cementitious matrix formation. As SEMRW content increases,
it diminishes the available space for cement paste, resulting in inadequate hydration and bonding, which
compromises structural integrity. Additionally, higher SEMRW levels contribute to increased porosity
within the FC-SEMRW mixture, as excess particles create voids that the cement paste fails to adequately
fill, further weakening the material. This increased porosity, along with reduced contact area between
SEMRW and cement paste, results in weaker interfacial bonding, negatively affecting stress transfer
and load distribution, ultimately leading to diminished compressive strength.[27], [28]
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Fig 3. Compressive strength test at the age of 7 and 28 days before elevated temperature.
4.3. Compressive Strength Test After Elevated Temperature.

Figure 4 shows the data of the compressive strength test at the age of 28 days after an elevated
temperature of 1000 °C for 4 hours. 10% of SEMRW composition shows the highest compressive
strength value after elevated temperature with 0.59MPa while 0% of SEMRW composition obtained the
lowest compressive strength with 0.11Mpa. The highest compressive strength before and after exposure
to elevated temperatures was observed in FC-SEMRW with 10% composition. This was followed by
FC-SEMRW compositions of 15%, 20%, 30%, 25%, 5%, and 0%, respectively. Notably, FC-SEMRW
10% demonstrated the highest resistance to compressive strength before and after being subjected to
1000 °C for 4 hours, while FC-SEMRW 0% exhibited the lowest. A drastic drop in bond strength was
observed at 1000 °C compared to the compressive strength before elevated temperature.

The bond strength of SEMRW decreased with exposure to elevated temperature. Under
elevated temperatures, SEMRW softened and flowed within the microstructure, partially filling the
pores. This process resulted in a denser structure with higher microhardness post-exposure. The
reduction in strength of FC-SEMRW at elevated temperatures can be attributed to several factors,
including heat incompatibility between the mix and aggregates, the buildup of internal pressure from
water evaporation during heating, and chemical changes within the mix. Micro-cracks arise from the
release of both physically and chemically bound water, dehydration of the cement matrix, alterations in
mineral phase transformations, and differing thermal expansion coefficients between aggregates and
cement stone. The dehydration of FC-SEMRW, along with the combined effects of concrete dehydration
and the formation of micro-cracks within its internal structure, are critical factors influencing the results
of strength tests on concrete exposed to high temperatures. This finding aligns with the observations of
Hemraj et al. (2023) [29].
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Fig 4. Compressive strength test at the age of 28 days after elevated temperature.

4.4. Tensile Splitting Strength Test

This study investigates the tensile splitting strength of cylinder samples, 100mm in diameter
and 200mm in height, through tests conducted using a compressive machine. The research findings
depicted in Figure 5 illustrate the tensile splitting strength outcomes after 7 and 28 days. Notably, the
highest values were observed in FC-SEMRW 10%, recording 3.06MPa at 7 days and 5.95MPa at 28
days. The lowest tensile splitting strength was 0% of FC-SEMRW recording only 1.5 MPa. Subsequent
concentrations of SEMRW filler in FC-SEMRW showed a trend of increasing tensile splitting strength
until reaching 10% SEMRW, after which a decline ensued until 30% of FC-SEMRW. FC- SEMRW
10% achieved the highest tensile splitting strength even when its density was higher than 0%, 5%, 15%,
20%, 25% and 30%. This result corresponded with Hameed and Hamada (2020).

The FC-SEMRW 10% demonstrated higher tensile splitting strength due to its optimal
composition ratio of concrete, which balanced cementitious materials, aggregates, and water, leading to
a more homogeneous microstructure with dense and uniform particle distribution. This improved
microstructure enhanced the interfacial bonding between the cement paste and SEMRW, resulting in
increased tensile splitting strength. Furthermore, the use of smaller SEMRW particles than quartz sand
in this study also led to a uniform distribution of fine particles and voids, which facilitated even load
distribution, allowing the samples to withstand larger tensile forces.
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Fig 5. Tensile splitting strength results at different percentages of FC-SEMRW

5.0 Conclusion

This study aims to utilize waste materials and additives to create lightweight foamed concrete with a
key emphasis on optimizing workability for construction purposes. The research concludes that a 10%
composition ratio of Semiconductor epoxy moulding component resin waste (SEMRW) yields the
highest performance, with compressive strength reaching 9.88MPa and tensile splitting strength
reaching 5.95MPa, alongside appropriate density and porosity values compared to other samples. These
results indicate the potential of SEMRW in various applications within foamed concrete, offering
environmental benefits and contributing to sustainability in the construction sector.
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