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https://doi.org/10.18280/acsm.480509 ABSTRACT

This study explores the potential of Micronized Biomass Silica (MBS), a high-silica
agricultural byproduct, as a partial substitute for cement in concrete mixtures. MBS can
lead to a reduction in CO2 emissions associated with cement production, contributing to
more sustainable concrete practices. The study explores the effects of replacing cement
with MBS in varying percentages, ranging from 3% to 12% at intervals of 3%, to identify
the optimal mix combination. Concrete samples, both with and without the addition of
Micronized Biomass Silica (MBS), were subjected to compressive strength and split
tensile strength tests. The results indicate that incorporating up to 6% MBS enhances the
strength of concrete, while higher percentages lead to a decrease in strength.
Additionally, a detailed microstructural analysis of the concrete with MBS was
performed using Scanning Electron Microscopy (SEM), which provided insights into the
mechanisms underlying the observed strength development. The optimal percentage of
MBS for enhanced strength development is 6%, as it improves compressive and split
tensile strength while enhancing the interfacial transition zone. The findings suggest that
MBS can be effectively utilized to improve concrete performance at optimal replacement
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levels.

1. INTRODUCTION

Rapid development and industrialization have started in
recent decades, coinciding with an increase in the population
rate. In order to satisfy resident demand, the rate of
development has significantly increased, with concrete
potentially playing an integral part [1]. Increased cement
consumption results in higher atmospheric emissions of
carbon dioxide, which has detrimental effects on the
environment [2]. To make concrete production more
environmentally and financially viable, alternative additives
should be used in place of Ordinary Portland cement (OPC)
during the preparation process [3]. It is possible to reduce the
yearly global use of cement by about 121 million tonnes while
preserving the desirable features of cement concrete by
partially substituting cement content with agricultural waste
materials [4]. With the right processing, agricultural waste
material can be utilised to partially vary the cement component
by weight in cement concrete due to its pozzolanic qualities,
such as rice husk ash (RHA), micronized biomass silica
(MBS), sugarcane bagasse ash (SCBA), groundnut shell ash
(GSA), oyster shell powder (OSP), and palm oil fuel ash
(POFA) [5]. The requirement for agricultural products is rising
due to the growing global population, which presents a number
of disposal difficulties for the resulting residue from
agriculture. Incineration is a common technique for handling
agricultural waste; this produces biomass ash, which is then
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landfilled and pollutes the environment. Research studies are
looking into the possibility of substituting waste materials for
energy- and carbon-intensive materials like cement in order to
reduce reliance on them [6, 7]. Innovative research on
substitute cementitious materials that might decrease the
adverse environmental effects of concrete production has been
stimulated by a desire for sustainable building materials. Many
mineral admixtures which have been used in making concrete
have shown good performance both in normal concrete and
special concrete [8-12]. Integrating various agricultural wastes
has a beneficial effect on the microstructure's pore size
distribution, which decreases as the amount of ashes increases
and leads to the formation of ultra-lightweight foamed
concretes with strong matrices [13]. Improvements were
obtained in compressive, tensile, and flexural strength when
olive waste ash, sugarcane leaf ash, and rice husk were
substituted for 50% of the OPC weight [14]. The
characteristics of ultra-high-strength concrete (UHSC) were
significantly improved by the use of corn stalk ash (CSA) and
SCBA [15]. When up to 15% of cement was replaced by
SCBA, the strength improved and then decreased, and a rise in
strength in concrete was observed through SEM examination
[16]. An agricultural residue produced by burning rice husk
and grinding in a jar mill is MBS. It represents twenty percent
of the global rice paddy production, which totals 500 million
tonnes [17]. The inclusion of MBS as an innovative cement
alternative in concrete mixtures has demonstrated promising
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performance [18]. Due to the high amorphous silica
concentration in MBS, more calcium silicate hydrates (CSH)
gel is formed when it interacts with hydration products. This
enhances the strength and durability characteristics of concrete
[19]. Flexural, compressive and split tensile strength improved
at 25% blending for all ages when combined with nano
biomass silica, polycarboxylate ether (PCE) chemical
admixture, and bio-admixture [20]. Based on the results, there
are three benefits to utilizing agricultural wastes in
geopolymer concrete: it establishes energy from waste,
reduces environmental impact, and increases compressive
strength [21]. The maximum strength and durability were seen
in a geopolymer concrete mixture that contained 90% Ground
Granulated Blast-furnace Slag (GGBS) and 10% MBS as a
binder. The outcome of this work indicate that micronized
biomass silica can be utilised as a material which enhance
binding in geopolymer concrete production [22]. According to
the experimental studies, the best resistance and durability
were attained by geopolymer concrete that used GGBS as the
significant binder with 20% MBS manufactured from rice
husk instead of Portland cement in place of slag powder [23].
Similarly, the result showed that 10% MBS with 0.2% fiber
addition gave optimum split-tensile ,compressive, and flexural
strength [24]. Compressive strength and split tensile strength
were found to be most effective in specimens containing 20 ml
of bacteria and 8% MBS. Thus, the bacteria and MBS
combination would strengthen the concrete while also
assisting it in resisting moisture and other damaging particles
[25,26]. The strengths increased up to a specific point and then
decreased, according to the data. When 10% of the MBS in the
concrete was replaced with recycled aggregates, the best
strength values were achieved [27]. In comparison to the
control mix, replacing 10% of the MBS with GGBS results in
a more strength value as well as replacing up to 20% of MBS
without sacrificing strength or workability is feasible [28]. It
is possible to increase compressive strength by up to 17.20%
and decrease the water penetration and water permeability
coefficient by using concrete that contains 12% MBS and
100% recycled aggregate (RA). The results indicate that RA
with MBS performs more effectively [29]. Concrete can
perform better when the MBS material is used because it
reduces water permeability and increases the development of
compressive strength. To mitigate the workability issues
associated with the use of MBS in fresh concrete,
superplasticizers can be employed [30]. MBS's pozzolanic
interaction with cement hydrates produced improved
properties that can reduce the concentration of Calcium
hydroxide Ca(OH)., also produced secondary CSH. Based on
the experimental results, it was determined that 8% of MBS
was the ideal percentage to replace cement in the materials
[31]. While several studies have investigated at the
performance of ordinary concrete including RHA. There has
been limited research on the effectiveness of concrete
incorporating MBS. From previous studies, it was concluded
that up to 12% MBS replacement with cement was optimal,
while higher percentages of MBS replacement resulted in

strength loss. This work investigates the impacts of replacing
cement with MBS at varied percentages, ranging from 3% to
12% at 3% intervals, to determine the Fresh and Mechanical
properties of concrete containing MBS and to identify the
optimal mix combination. The lower limit (3%) ensures
noticeable influence on concrete properties, while the upper
limit (12%) prevents excessive reductions in strength
Microstructural features were examined by doing SEM
analysis on the optimum concrete mix. The primary aim of this
paper is to enhance the use of agricultural waste-based
concrete as an alternative binder.

2.MATERIALS

In accordance with IS 12269-2013 [32], an OPC of 53 grade
and a specific gravity of 3.14, was used as the binder. MBS
made from rice husk with high silica content, with a specific
gravity of 2.2 was also utilized. The chemical attributes of
MBS are tabulated in Table 1. Crushed stone sand with a size
less than 4.75 mm, conforming to IS 383-2016 [33], was
utilized as the fine aggregate which has a specific gravity of
2.62. In this study, coarse aggregates with a specific gravity of
2.7 and a nominal size of 20 mm were utilized.

Table 1. Chemical constitution of MBS

Chemical Composition (%)
SiO2 87.62
Al203 0.27
Fe203 0.577
CaO 0.806
MgO 0.728
K20 5.078
SOs 0.593

3. MIX DESIGN AND METHODOLOGY

The quality of concrete is primarily influenced by the
proportions of its constituent materials. The mix design for
M30 grade concrete was performed in compliance with IS
10262-2019 standards [34]. MBS was incorporated as a partial
cement replacement at levels of 3%, 6%, 9%, and 12%. A
uniform water-to-cement ratio of 0.43 was maintained for all
concrete mixes. The results were compared with control mix
(concrete without MBS). Table 2 details the concrete mix
proportions, and Figure 1 outlines the methodology of the
study. Three identical specimens, each measuring 15 cm %15
cm %15 cm, were prepared for compressive strength testing,
which was conducted according to IS 516-1959 [35], with
results recorded at 7 and 28 days. The split tensile test was
performed on cylindrical specimens (150 mm diameter and
300 mm height) in accordance with 1S 5816:1999 [36]. Figure
2 and 3 shows the test set up of compressive strength test and
split tensile strength test.

Table 2. Mix Proportion

MIX DESIGNATION

0% MBS 3% MBS 6% MBS 9% MBS 12% MBS

Cement (Kg/ md) 356.51

MBS (Kg/m?3) 0
Crushed Stone Sand (Kg/m3)  767.91
Coarse Aggregate (Kg/m?) 1124.65
Water (Kg/m®) 153.28

345.82 335.12 324.43 313.72
10.69 21.39 32.08 42.78
767.91 767.91 767.91 767.91
1124.49 1122.93 1122.30 1120.12
153.28 153.28 153.28 153.28
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STRENGTH PROPERTIES

Figure 3. Split tensile strength test
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4. RESULT AND DISCUSSION
4.1 Fresh properties

The fresh properties of concrete were assessed using the
slump test, as detailed in 1S 1199:2018 [37]. The slump cone
test was performed on all concrete mixes. The results indicated
that MBS absorbs more water, leading to a progressive
decrease in slump values with increasing MBS content. For
3% MBS, the slump value was observed to be 80 mm,
suggesting minimal impact on workability. At 6% MBS, the
slump value reduced to 75 mm, indicating medium
workability. Further increases to 9% and 12% MBS resulted
in slump values of 72 mm and 70 mm, respectively,
demonstrating a significant reduction in workability. This may
be due to the high surface area and fine particle size of the
silica. Slump value decreased when the proportion of MBS
increased. Similar observations were made by Hani et al. [38],
indicating that higher MBS may result in a harsh and less
cohesive mix, thus affecting the compaction process.

4.2 Compressive strength

Figure 4 displays the compressive strength test results of all
the mixes at 7 and 28 days. Each compressive strength result
represents the average of three specimens tested at various
ages for the same percentages. Every comparison is made with
control concrete (0% MBS). Notably, at 28 days, the mix with
6% MBS partial substitution had a higher compressive
strength (38.8 MPa) than the other mixes, showing an increase
of more than 10% over the control concrete. The improvement
in strength up to 6% MBS is primarily attributed to the
pozzolanic reaction between MBS and calcium hydroxide,
producing additional calcium silicate hydrate, which improves
the binding and density of the concrete composition, thereby
reducing porosity and creating a denser, more cohesive
structure. However, a decrease in strength was observed with
higher MBS percentages; for instance, the 12% MBS mix
showed a lower strength of 35.3 MPa, although it was
comparable to the control concrete. Higher MBS content may
disrupt the hydration process, whereas MBS based concrete up
to 6% has shown the optimum performance. This phenomenon
underscores the complex interplay of MBS content and its
impact on concrete strength. When silicon dioxide (SiO2)
from MBS undergoes secondary hydration, it combines with
calcium hydroxide produced during the primary cement
hydration process, leading to an enhancement in the
compressive strength of MBS concrete. The formation of CSH
gel occupies larger pores, transforming them into finer pores
within the interfacial transition zone (1TZ) and micropores of
concrete. This reaction significantly enhances the concrete's
strength development. Moreover, the finer particle sizes of
MBS compared to cement improve the densifying the cement
matrix, filler mechanism, enhancing bonding with aggregates
and filling voids with hydration products [39]. The physical
activity of pozzolanic materials results in a denser, more
uniform, and homogeneous paste [30]. Thus, it is evident that
the filler effect of pozzolan materials contributes to densifying
the cement matrix alongside the pozzolanic reaction. Many
researchers have investigated the strength properties of MBS
for various types of concrete and has observed that addition of
MBS improved the strength properties [23, 40]. Similar to
MBS, many agricultural waste has been used as a replacement
of cement and their results were promising [41].



In comparison to control concrete, MBS concrete has a
better compressive strength and less water permeability due to
the pozzolanic interaction between silicon dioxide from MBS
and calcium hydroxide from cement hydration. This reaction
produces C-S-H gel, which fills gaps between the aggregates
and cement paste, as well as pores within the concrete. These
mechanisms collectively decrease the concrete's permeability.
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Figure 4. Compressive strength of concrete with and without
MBS

Compressive strength test
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4.3 Split tensile strength

Figure 5 depicts the split tensile strength of the cylinder
specimens for all combinations after 7 and 28 days of curing.
Mix 6% MBS exhibited the highest split tensile strength
compared to all other mixes. From the figure, it is evident that
all mixes up to 6% MBS exhibited greater split tensile strength
compared to the control concrete. However, increasing the
MBS percentage beyond 6% resulted in a reduced split tensile
strength. The improvement in split tensile strength is attributed
to MBS enhancing the ITZ between the aggregates and the
cement paste, thereby reducing the likelihood of crack
initiation and propagation under tensile stress. The denser
matrix, improved bonding, and stronger ITZ collectively
contribute to the observed increase in split tensile strength in
MBS-based concrete. Conversely, it was observed that
replacing more than 9% of MBS resulted in lower strength
compared to the control concrete, possibly due to excessive
water demand and reduced workability, leading to increased
porosity. The high surface area of MBS at these levels requires
more water for proper hydration, potentially resulting in a
stiffer mix that is challenging to consolidate and may introduce
voids and weak zones within the concrete matrix.

SPLIT TENSILE STRENGTH

35

25
2
15
1
0.5
0

0% 3%MBS 6%MBS 9%MBS 12%MBS
7Days m 28Days

w

SPLIT TENSILE STRENGTH (MPa)

Figure 5. Split tensile strength of concrete with and without
MBS
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4.4 Microstructural studies

In this study, Scanning Electron Microscopy (SEM) was
used to analyze concrete samples incorporating 6%
micronized biomass silica (MBS). The SEM image of 6%
MBS-based concrete is depicted in Figure 6. The distinctive
properties of MBS, particularly its fine particle size and high
surface area, enhance its pozzolanic activity when integrated
into concrete. This leads to improved strength through dense
particle packing and reduced pore space. Similar observation
was made by Priya et al. [26] for concrete made with Bacteria-
Bacillus sphaericus. During the hydration process, MBS
particles interact with the Ca(OH). produced during cement
hydration, facilitating the generation of additional calcium-
silicate-hydrate gel. This gel effectively fills the pores and
voids in the concrete matrix, enhancing densification and
improving the ITZ between aggregates and cement paste. The
surface area and pozzolanic reactivity of MBS facilitates the
development of C-S-H and nucleation processes. The
inclusion of MBS in concrete thus refines the microstructure
and enhances bonding. SEM images corroborate these
findings, illustrating a homogeneous distribution of hydration
products and confirming the effective use of MBS as an
adjunct cementitious material in concrete.

SEM HV: 10.0 kV
SEM MAG: 1.00 kx

R Ji B
T or
;.":

WD: 15.04 mm
Det: SE

A

SEM HV: 10.0 kV
SEM MAG: 3.50 kx

WD: 15.00 mm 11

Det: SE 10 pm

Figure 6. SEM image of 6% MBS based concrete

5. CONCLUSION

The following observations were established after
investigating concrete made with and without MBS:

1. Concrete with 6% MBS showed the highest compressive
strength of 38.8 MPa compared to other mixes.



The split tensile strength of concrete with 6% MBS
showed better results of 2.4 MPa and 3.5 MPa at 7 and 28-
day curing ages.

MBS exhibited a good pozzolanic reaction, enhancing
particle packing density, indicating its suitability as a
pozzolanic material.

SEM images confirmed the clustering and improved
bonding of materials, which enhanced the interfacial
transition zone (ITZ).

All mixes demonstrated superior strength compared to the
control concrete.

The use of MBS is more environmentally friendly and
cost-effective. It can be partially substituted for cement,
thereby reducing carbon dioxide emissions.

Scope of this study were limited to strength performance,
Future studies on long term performance of MBS based
concrete can be studied by conducting chemical resistance
test, life cycle assessment, etc.
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