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Semiconductor Electronic Molding Resin Waste (SEMRW) a byproduct of IC package
manufacturing, is widely utilized in the electronics industry. However, recycling this
material in an efficient and sustainable manner remains critical, especially for
promoting eco-friendly practices in construction. This study focuses on repurposing
SEMRW autoclaved aerated concrete (AAC) for partition panel applications. Resin
waste obtained from STMicroengineering Sdn Bhd was finely ground to a particle size
of 0.1 + 0.01 mm and incorporated into the AAC mixture in varying percentages—0%,
5%, 10%, 15%, 20%, 25%, and 30% containing with standard amounts of cement,
quartz sand, water, and a 3% aluminum paste. The prepared mixtures were molded
and curing into autoclaved machine for 4 hours. Experimental results indicated a
reduction in both water absorption and pore formation as SEMRW content increased.
Microstructural analysis using Scanning Electron Microscopy (SEM) revealed a more
compact structure with higher RW proportions. The AAC-SEMRW composition
containing 20% resin waste achieved the highest compressive strength values, with
7.29 MPa after 8 hours of curing in Autoclaved Machine. Furthermore, this
composition exhibited the greatest residual compressive strength (8.22%) when
exposed to elevated temperatures. Based on these findings, the 20% SEMRW
formulation is identified as the optimal mixture, offering improvements in water
absorption, compressive strength, and thermal resistance. This research contributes to
sustainable waste management, provides an innovative green construction material,
and enhances the performance of AAC for partition panel applications, reflecting a
significant advancement in construction technology.
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1. Introduction

The construction industry is continuously seeking innovative ways to improve material efficiency
while simultaneously addressing environmental sustainability concernsAmong these initiatives, there
is a lot of interest in using industrial waste as a secondary raw material in building applications. For
partition panel applications, one interesting method is to use semiconductor electronics materials
with resin waste in autoclaved aerated concrete (AAC) [1]. AAC is light weight, thermal insulation,
and easy of construction, making it ideal for non-load-bearing such as partition panels [2]. In addition
to improving the physical characteristics of concrete, such as its compressive strength, youthful
modulus, modulus of rupture, and density performance, the conversion of resin waste sand into AAC
facilitates the effective recycling of industrial waste. Previous research was highlighted the potential
benefits of using resin waste in concrete mixtures, with promising results in both material
performance and environmental impact [3]. Semiconductor electronic molding resin waste (SEMRW)
a byproduct of the semiconductor electronics manufacturing industry, is typically composed of high-
performance polymer materials that exhibit excellent strength, thermal stability, and chemical
resistance [4]. In 2023, the global semiconductor electronics materials market was valued at USD
62.4 billion and is projected to grow to USD 96.87 billion by 2033, with a CAGR of 4.54% from 2024
to 2033 as shown in Figure 1 [5].
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Fig. 1. Semiconductor electronics materials market size from 2023 to 2033 [5]

When finely ground and added to concrete mixtures, resin waste has been found to act as sand
replacement, contributing to a denser microstructure and improving the mechanical properties of
the autoclaved aerated concrete, particularly compressive strength [6]. Salami et al., stated the
inclusion of polymeric resin waste in concrete mixtures could fill the voids between cement particles,
leading to reduced porosity and enhanced compressive strength [7]. This densification effect is
critical in autoclaved aerated concrete (AAC), where the lightweight of the material typically results
in @ more porous structure compared to conventional autoclaved aerated concrete [8]. The
incorporation of resin waste potential effectively by reducing the number and size of pores, thereby
increasing the overall compressive strength of the AAC [9].

Previous studies have explored the impact of adding different types of waste materials to AAC,
with a particular focus on reducing porosity while maintaining the material's lightweight. Wang and
Yusrianto et al., conducted a study on the effect of polymeric resin waste on the microstructure of
AAC, finding that the waste particles helped to decrease the porosity of the material [10]. The
polymeric resin waste particles act as sand replacement, occupying the voids within the AAC matrix
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and thereby reducing the total pore volume. This reduction in porosity leads to a corresponding
increase in density, which enhances both the mechanical and thermal properties of the AAC [11].
Moreover, the chemical composition of polymeric resin waste, which includes high-performance
polymers, provides a stable matrix that resists degradation and maintains properties under
mechanical load [12]. Raj et al., investigated the resin waste in improving the durability and structural
performance of AAC, concluding that the addition of resin waste could enhance the density of the
material while maintaining its lightweight characteristics. This balance between density and porosity
is crucial in applications such as partition panels, where both mechanical strength are important
considerations [13].

One of the most significant benefits of incorporating SEMRW into AAC is the improvement in
compressive strength. Several studies have confirmed that the addition of resin waste to AAC
mixtures leads to significant improvements in this area. Manaf et al., demonstrated that AAC
containing resin waste exhibited higher compressive strength values compared to traditional AAC,
with the waste particles reinforcing the material's internal structure. This is particularly important for
partition panels, where compressive strength is a key factor in ensuring the stability and longevity of
the construction. The mechanism behind this improvement in compressive strength lies in the
interaction between the resin waste particles and the cementitious matrix [14]. Kumar et al,,
suggested that the high thermal stability of SEMRW allows it to act as a reinforcing agent within the
AAC, providing additional support to the concrete matrix under load. The resin waste particles
effectively distribute the stress throughout the material, reducing the localized failure and increasing
the overall compressive strength [15]. In addition, the polymeric nature of SEMRW allows for greater
flexibility within the concrete matrix, which helps to absorb and dissipate energy during mechanical
loading.

Another critical aspect of AAC containing SEMRW is its performance at elevated temperatures.
AAC is often used in partition panels for buildings, where fire resistance and thermal stability are key
considerations. Lalitha (2022) explored the thermal performance of AAC incorporating resin waste
and found that the material exhibited improved fire resistance compared to traditional AAC. The high
thermal stability of the resin waste ensures that the material maintains its structural integrity even
at elevated temperatures, making it suitable for applications where fire resistance is essential. The
incorporation of SEMRW into AAC not only enhances its compressive strength but also improves its
residual strength after exposure to high temperatures [16]. Khan et al., conducted experiments to
evaluate the residual compressive strength of AAC containing resin waste after exposure to elevated
temperatures. Their findings indicated that AAC with higher proportions of resin waste retained a
significant percentage of its original compressive strength even after being subjected to
temperatures of up to 600°C [17]. The replacement of natural sand in autoclaved aerated concrete
(AAC) production has gained significant attention in recent years, driven by the need to address
environmental concerns related to replace sand find sustainable alternatives that do not compromise
the performance of AAC. Research on sand replacement methods has explored various materials
such as fly ash, ceramic waste, quarry dust, and other industrial byproducts. These studies have
primarily focused on the impact of sand replacements such as compressive strength, density,
porosity, and strength under elevated temperatures [18]. A lightweight building material that is well-
known for its fire resistance, thermal insulation, and ease of installation is autoclaved aerated
concrete, or AAC. In order to improve sustainability and lessen its impact on the environment, the
construction industry has recently placed more emphasis on using different waste materials in place
of natural sand for producing AAC. These materials, including fly ash, glass waste, ceramic waste, and
resin waste, have been explored for their ability to improve the mechanical and physical properties
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of AAC, particularly when cured using an autoclaved process under high temperature and pressure
[19].

One of the most important mechanical characteristics for assessing the performance of concrete
using sand substitutes is compressive strength. The impact of different sand replenishment
techniques on the compressive strength of concrete has been the subject of numerous studies
conducted between 2018 and 2024. The use of crushed ceramic waste as a partial substitute for sand
in concrete was examined by Yusrianto et al.,. According to the study, AAC with 30% ceramic waste
has a 4.5 MPa compressive strength. The angular shape of ceramic waste particles gave them more
compressive strength, which improved the cement-aggregate bond [20]. Similarly, Lam (2021)
examined the use of fly ash as a sand replacement. The study indicated that a 20% fly ash
replacement in AAC led to an increase in compressive strength from 4.2 MPa (control AAC) to 4.6
MPa. The pozzolanic reaction of fly ash improved the microstructure of the concrete, filling voids and
leading to enhanced compressive strength. However, other studies have shown more varied results
[21]. Noshin et al., explored the use of quarry dust as a sand replacement and observed that although
the compressive strength was comparable to conventional concrete at 2.5 MPa, further replacement
of sand led to a decrease in strength. For example, at 50% replacement, the compressive strength
dropped to 2.0 MPa. The irregular particle size distribution of quarry dust was identified as a
contributing factor to the reduction in strength, as it negatively affected the workability and
compaction of the mix [22]. Salahaddin et al., explored the use of varying percentages of glass waste
(10%, 20%, and 30%) in AAC. It is demonstrating that the 20% and 30% glass replacement enhanced
compressive strength (4.2 MPa and 4.5 MPa, respectively), 10% replacement showed no significant
improvement over the control. The density remained within the range of 550-590 kg/m3, and
porosity decreased as the glass content increased, with the 30% replacement showing the lowest
porosity at 16%. After exposure to elevated temperatures, the 30% glass AAC retained 80% of its
original strength, showing excellent thermal resistance [23]. Fly ash, glass waste, ceramic waste, and
resin waste have all been shown to enhance compressive strength, reduce porosity, and improve
thermal stability when used in appropriate proportions. Fly ash and glass waste, in particular,
exhibited significant improvements in compressive strength and reduced porosity, while ceramic and
resin waste showed excellent residual strength after exposure to elevated temperatures. The findings
highlight the potential of these waste materials to not only improve the performance of AAC but also
contribute to more sustainable and eco-friendly construction practices.

2. Methodology
2.1 Preparation of AAC-SEMRW Samples

STMicroelectronics Sdn Bhd, situated in the Muar Industrial Area of Johor, produces
semiconductor electronic moulding resin waste (SEMRW). The trash was subsequently processed
into granules in the Concrete Technology Workshop, UTHM Pagoh, using Fritsch's Planetary Mono
Mill Pulverisette 6 Classic Line from Germany. Following the British Standard Specification for Test
Sieves (BS 410), the resin waste was sieved using Cooper Technology's Sieve Shaker. As shown in
Figure 2, sieves with 0.6 mm openings were used to obtain the required particle size of 0.6 + 0.05
mm. Other sieve sizes of resin waste were not included in further production phases or additional
examination.

Each sample's raw components were weighed using the mixing proportions listed in Table 1. The
aluminium (Al) powder measurement errors were within +0.02g, whereas the water and powder
material measurement errors were within £0.1g. In sample F, for instance, the ingredients were
mixed in the following ratios: water (0.65%), cement (23%), lime (7%), sand (40%), and SEMRW (30%).
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An Allefix 2100W electric mixer was used to combine these materials for around fifteen minutes. To
create a slurry, Al powder (0.1%) was then added and agitated for a further 15 seconds. After filling
a mould two-thirds of the way with the slurry, it was gently agitated to cause air bubbles to rise to
the top. The slurry expanded and filled the mould entirely in Figure 3 after the reaction, which lasted
for around 30 minutes. For samples with codes CS through E, this procedure was repeated. After two
hours of pre-curing at ambient temperature, the slurry was hydrothermally cured for eight hours at
200°C and 12 bar of pressure in an autoclave.

Fig.2: Material preparation (a) Resin waste (RW) from IC packages electronic industry; (b) Grinder Machine Fritsch’s
Planetary Mono Mill Pulverisette 6 Classic Line (c) Grinded resin waste

Table 1
The Different Composition of AAC-SEMRW as sand replacement
Sand
Sample . . Aluminum
Number Sample of different ratio Sand SEMRW Lime Cement Paste Water
(%) (%) (%) (%) (%) (%)

Cs-0 Control Sample (CS) 70.00 0.00 7 23 0.1 0.65
A-05 Sample A_

655_5SEMRW 65.00 5.00 7 23 0.1 0.65
B-10 Sample B_

60S_2G_10SEMRW 60.00 10.00 7 23 0.1 0.65
C-15 Sample C_

555_2G_15SEMRW 55.00 15.00 7 23 0.1 0.65
D-20 Sample D_

505_2G_20SEMRW 50.00 20.00 7 23 0.1 0.65
E-25 Sample E_

455_2G_25SEMRW 45.00 25.00 7 23 0.1 0.65
F-30 Sample F_ 4000 3000 7 23 0.1 0.65

40S_2G_30SEMRW

Fig. 3. The different composition of slurry in the box mold of AAC-SEMRW for sand replacement method
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3. Results
3.1 Compressive Strength Analysis

The AAC-SEMRW properties including compressive strength, Young's modulus, and modulus of
rupture (MOR), were investigated. The results, summarized in Table 2, indicate that these properties
were affected by the SEMRW content. With the appropriate composition, SEMRW was found to
improve the compressive strength of the samples.

Table 2
The compressive strength, specific strength, modulus Young and modulus of
rupture of AAC with different SEMRW contents

Sample Compressive Strength  Modulus Young  Modulus Rupture (MPa)
Number (MPa) (GPa)

Cs-0 5.08 0.54 1.34

A-05 6.29 0.56 1.59

B-10 6.81 0.57 1.70

C-15 7.11 0.60 1.76

D-20 7.90 0.63 1.93

E-25 6.73 0.58 1.68

F-30 4.53 0.55 1.22

Figure 4 shows the compressive strength of AAC at various SEMRW contents. The data shows that
the compressive strength increases with higher SEMRW content, rising from 6.29 MPa at 5% SEMRW
to 7.90 MPa at 20% SEMRW, reflecting an increase of 23.3% to 55.5%. The maximum compressive
strength of 7.90 MPa was observed at 20% SEMRW. This increase in strength is likely due to the
pozzolanic effect of the resin waste. The optimal sample was found to be AAC containing 20% by
weight of SEMRW. All SEMRW samples met the requirements for grade-6 based on their compressive
strength values, except for the 30% SEMRW sample. According to the physical standards of AAC
(ASTM C1693), AAC with compressive strength ranging from 4.8 MPa to 6.6 MPa qualifies as "AAC
grade-6."

Resin waste typically contains significant levels of reactive silica and alumina phases, which makes
its pozzolanic activity a valuable addition to cementitious materials (Perez-Cortes et al., [24]. The
beneficial effects of pozzolanic materials on the compressive strength of AAC have also been studied
by Zhuohui et al., [25]. Similarly, Anand et al., demonstrated that pozzolanic materials can positively
impact the durability of AAC. Pozzolanic reactions contribute to the formation of tobermorite, which
is the primary phase in AAC and plays a critical role in enhancing the compressive strength of the
material [26]. Additionally, Mohsen et al., observed that pozzolanic materials improve the long-term
strength of Portland cement binders by reacting with the calcium hydroxide (Ca(OH);) generated
during cement hydration [27]. This reaction further strengthens the mechanical and physical
properties of AAC, a finding supported by Fode et al., who also investigated the positive impact of
pozzolanic materials on AAC's mechanical and physical properties [28].

In this study, it is suspected that the resin waste played a similar role in improving the
compressive strength of the samples. According to Wenze at al. (2023), an appropriate amount of
resin waste can enhance the strength of concrete. However, when the resin waste content increased
from 25% to 30%, a decrease in compressive strength was observed, although the strength remained
approximately 32.3% higher than the control sample at 25% resin waste content [29]. As explained
by Shaofeng et al., this reduction in strength could be due to an insufficient amount of calcium
hydroxide formed during cement hydration, leading to unreacted silica. The decline in compressive
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strength of AAC may also be attributed to the high volume of resin waste, which could cause some
silica to remain unreacted [30].
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Fig. 4. The compressive strength of AAC with different SEMRW contents
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3.2 Modulus Young & Modulus Rupture Analysis

Figure 5 shows the Young's modulus and the modulus of rupture of fresh AAC with varying
SEMRW concentrations. Indicating that Young's modulus increases linearly with compressive
strength, the results for both parameters are consistent. Specifically, compressive strength causes a
20% weight increase in Young's modulus. The results demonstrate a clear linear relationship between
Young's modulus and compressive strength. Aerated concrete's modulus of elasticity, sometimes
referred to as Young's modulus, can be described as a function of both density and compressive
strength, with both increasing as the two variables do Gonglian et al., [37]. Young's modulus and
compressive strength in lightweight concrete have also been linked by other researchers, such as
Poongodi and Murthi (2021). According to their research, lightweight concrete's Young's modulus
rises linearly with its compressive strength [31]. The modulus of elasticity for autoclaved aerated
concrete can also be described as a function of density and compressive strength, increasing with
increasing density and compressive strength, according to Kothapally et al., [32].

However, there is currently no formula available to represent the elastic modulus for densities
ranging from 1120 to 1440 kg/m3, with existing equations overestimating collected data by 16% to
104% Devi et al., [33]. Moreover, there is a dearth of published studies and information regarding
the Young's modulus of AAC. Similar to Young's modulus, the modulus of rupture shows a linear
relationship with compressive strength (Figure 5). This linear relationship arises when the modulus
of rupture is stated as a function of compressive strength. The modulus of rupture, sometimes
referred to as flexural strength, tensile strength, or bending strength, is used to assess a specimen's
strength prior to failure. The modulus of rupture increased when the SEMRW level increased, despite
the fact that it only increased by 15% by weight. At 15% SEMRW concentration, the greatest modulus
of rupture, 0.72 MPa, was recorded. This peak value was consistent with the samples' maximum
compressive strength and Young's modulus readings.
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4.3 Bulk Density Analysis of AAC-SEMRW

The bulk density of AAC-SEMRW with varying compositions is displayed in Figure 6. The bulk
densities increase gradually from 0.61% to 1.95% for SEMRW weights ranging from 5% to 25%. For
15% SEMRW, the highest bulk density was 605.29 kg/m3, or 1.95% higher than that of the control
sample (CS1). However, the bulk density gradually decreased from 603.49 kg/m3 to 592.65 kg/m3 as
the SEMRW increased from 20% to 30% wt. Every sample's bulk density was greater than CS, with
the exception of 30% SEMRW. The influence of the sample's various placements throughout the
autoclaving process is the reason for the decreased bulk density for 20% SEMRW to 30% SEMRW.
Furthermore, the bulk density was determined using ASTM C1693-09 without a drying procedure,
resulting in samples with varying water contents.

The results showed that the bulk density of the samples was barely affected by the substitution
of SEMRW for natural sand. The tiny particle sizes of both SEMRW, which have similar densities, may
be the cause of this. A uniform dispersion of tiny particles and spaces was the result of the SEMRW
utilised in this investigation being substantially finer than quartz sand. The constant weight
distribution among the samples was facilitated by this homogeneous distribution. This observation
is consistent with research by Mingyaun et al., who examined the AAC density utilising waste
materials in place of sand. AAC-SEMRW has a bulk density ranging from 593.71 kg/m3 to 605.29
kg/m3. The bulk density value indicated that AAC-CW1 did not satisfy the requirements for grade-2
AAC. According to ASTM C1693-09, grade-2 AAC has a standard dry density of 400-500 kg/m3 and a
maximum dry density limit of 550 kg/m3 [34].

The CS density exceeded the AAC grade 2 density restriction by 7.95%. The density result was still
below 10% of the maximum dry density restriction, with the exception of AAC-15SEMRW. All density
measurements, meanwhile, exceed the typical dry density by more than 10%. Significant variance is
shown by the greatest error in bulk density, which was found to be 21.06% for 15% SEMRW when
compared to the maximum normal dry density. Furthermore, AAC-CW1's bulk density was 13.97% to
16.40% higher than the required density of 520 kg/m3. The 15% SEMRW had the largest variation,
16.40%. Since the samples were not properly ventilated in an oven set at temperatures between 212
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and 230°F (100 and 110°C) for at least 24 hours, this higher bulk density may be the result of
insufficient drying conditions [35].

700

593.71 597.35 601.33 60529  603.49 600.06 592.65

600 3- A P T ey B ey s

Work Density (kgjm“)

0 T T T T T T T
CS A05% Bl10% CI5% D20% E25%  F30%

AAC-SEMRW (%wt)
Fig. 6. The work density of AAC with different SEMRW contents

4. Conclusions

This research explored the effects of semiconductor electronic molding resin waste (SEMRW) on
the properties of autoclaved aerated concrete (AAC). The results indicated a positive relationship
between SEMRW content and the compressive strength of AAC, with values increasing from 6.29
MPa at 5% SEMRW to a peak of 7.90 MPa at 20% SEMRW. This improvement translates to a
substantial increase of 23.3% to 55.5%, positioning 20% SEMRW as the ideal composition for
maximizing compressive strength. Remarkably, all SEMRW-containing samples met the requirements
for AAC grade-6, as specified by ASTM C1693, except for the sample containing 30% SEMRW, which
exhibited weakened strength. The materials characteristics of the resin waste contributing to the
enhancement of compressive strength, aligning with previous research that highlighted the role of
pozzolanic materials in improving the durability and mechanical properties of AAC. The findings also
revealed that increasing the SEMRW content up to 15% positively influenced the modulus of rupture.
Additionally, the Young’s modulus and modulus of rupture analysis exhibited a linear correlation with
compressive strength, further emphasizing the interrelation of these mechanical properties. The bulk
density of AAC-SEMRW showing a gradual increase with SEMRW content up to 25%, followed by a
decline at 30% SEMRW. The fine particle size of SEMRW facilitated a uniform distribution within the
AAC matrix enhancing the overall performance of the material. This research highlights the potential
of utilizing SEMRW as a sustainable alternative in AAC production, providing advantages such as
improved compressive strength, mechanical properties, and minimal effects on bulk density. The
findings contribute to advancing waste management strategies within the construction sector
supports the development of environmentally friendly building materials.
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