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ABSTRACT

Using supplementary cementitious materials (SCMs) and traditional binder mass has revolutionized concrete pro-
duction technology in the building industry. This study examines how Alcofine-1203 affects the microstructure and
mechanical characteristics of concrete. The mechanical qualities of the mixtures were evaluated using six different
mixes prepared for each M25 and M40 Grade. In the proposed mixes, cement is substituted with alccofine at 0 to 25%
and M-Sand as fine aggregate. The Compressive strength and ultrasonic pulse velocity were assessed after 3, 7, 14, 28,
56, and 90 days of curing, and split tensile strength and flexure strength were evaluated after 28 and 90 days of curing.
The samples prepared for SEM, EDS, and XRD tests were carried out to investigate the microstructure of the concrete
matrix of M25 and M40 mixes after 28 days of curing. At the replacement level of AF20%, the 28-day compressive, split
tensile, and flexural strength for M25 and M40 mixes are recorded as 40.44 MPa and 61.65 MPa, 3.18 MPa and 5.38 MPa,
4.93 MPa and 7.25 MPa, respectively. The quality of concrete is excellent for the replacement levels of M25-AF% and
M40-AF% mixes.XRD analysis revealed a high concentration of Anorhitite, Portlandite, and Quartz peaks. Concrete
mixes containing 20% alccofine exhibited a more compact, resilient matrix and dense C-S-H gel formation, which is
responsible for the improvement in strength properties of the mixes, was observed using scanning electron microscopy
and energy dispersive spectroscopy (EDS).

Keywords: Alccofine, M-Sand, Mechanical properties, Scanning electron microscope, Energy dispersive spectroscopy (EDS),
X-ray diffraction (XRD)

1. Introduction

Cement-related products are the most essential
building materials. Concrete is often the most
significant material element in the natural building
environment. With increasing population and
urbanization, the need for cement rises significantly
[1–4]. Global concrete usage as a building material

is second only to water, spurring massive cement
production, anticipated at approximately 5.2 billion
metric tonnes in 2019. According to data, India’s
cement demand will exceed 550 million tonnes by
2030, with a 230 million tonne deficit. Approximately
94.76 × 106 Joules/ton of cement manufacturing
contributes 5 to 7% of total CO2 emissions, a major
contributor to climate change [4]. Ordinary Portland
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Cement, also called OPC, manufacturing is predicted
to use five percent of the world’s natural resources
and contribute to 1.35 billion tonnes, or 5–7% of
the annual emissions of greenhouse gases [5, 6].
The cement industry is the second-largest emitter
of greenhouse gases, specifically carbon dioxide
(CO2). Global cement production is predicted to
reach over 4.38 billion tonnes by 2050, with a 5%
annual growth rate [6]. With the fast expansion
of infrastructure, cement utilization is inevitable.
The construction industry needs to find a different,
less harmful source of binding material for concrete
to meet future demand and create a sustainable
environment [7–9].

For the industries, it is not feasible to safely dis-
pose of industrial wastes such as fly ash, silica fume,
red mud, rice-husk ash, mining waste, Alccofine
(AF), Ground granulated blast-furnace slag (GGBFs),
and Metakaolin (MK). Green concrete may be pro-
duced using industrial wastes either as an addition
to cement or as a substitute [10, 11]. Industrial
by-products are produced annually, and landfills in
the nearby fields contaminate the surroundings and
water supplies [12–14]. Recent research has shown
that Alccofine (AF), a microfine material generated
from the iron ore industry in India, has pozzolanic
properties and may be used as a partial substitute
for cement in concrete [15]. Due to the overuse of
natural resources, natural aggregates are rare world-
wide, but the resulting shortage has raised building
costs. The manufactured sand (M-Sand) has been
researched in several directions for possible use in
concrete. M-Sand is affordable and environmentally
favorable, unlike real river sand. Since the produced
sand is less expensive than river sand, the processing
costs benefit more. The M-Sand particles are rough,
angular, rounded, cubic, and have a smooth sur-
face. However, additional cement may be required
for M-Sand concrete to exhibit suitable workability.
When M-Sand is added to concrete, its micro-fine
particles improve its workability, strength, and dura-
bility. M-Sand has created high-strength and durable
concrete [16].

Devinder Sharma et al. investigated how concrete’s
strength could be increased by partially substituting
cement and fine aggregate with Alccofine (AF) and
Foundry Slag (FD), respectively.Concrete specimens
of the M100 grade were cast and tested at 7, 14, 28,
56, and 90 days to ascertain compressive, tensile, and
flexural strength improvement. The percentage of FD
varied from 0% to 50%, and the water/binder ratio
was 0.239. The optimal percentage of AF was found to
be 15%. When fine aggregates were substituted with
up to 45% FD, CS, FS, and TS increased across all
ages. However, these properties decreased when 50%

of FD was used. Based on the findings, high-strength
concrete can be made using 10% to 45% FD as a fine
aggregate substitute and 15% Alccofine as a cement
substitute. Carbonation was also investigated using
the alkalinity and rapid chloride permeability tests.
The findings showed that at an optimal 15% substi-
tution of alccofine for cement, the rise in FD levels
increased the concrete’s permeability and alkalinity
[15]. K Thangapandiet et al examined the strength
and behavior of alccofine and zinc oxide-containing
manufactured sand concrete under extreme condi-
tions, primarily emphasizing durability performance.
The mixture was supplemented with 10% alccofine
and 2% zinc oxide by weight of cement, respec-
tively. Various percentages of manufactured sand (25,
50, 75, and 100 percent) replaced the natural river
sand. The concrete compressive strength, flexural
strength, and split tensile strength were determined
following the conventional curing procedures. The
concrete was also subjected to durability tests, includ-
ing exposure to acid, seawater, sulphate attack, water
absorption, rapid chloride penetration, and water
permeability.The combination, including 0.5% Zinc
Oxide Replacement, 50% M Sand, and 10% Alccofine,
showed better durability than the others [16]. Bharat
Bhushan Jindal et al. investigated the geopolymer
concrete by adding fly ash, different proportions of
alccofine, and sodium hydroxide, a sodium silicate-
based alkaline activator. The concrete was then kept
at ambient and high temperatures in an electric
oven set at 90°C. This study examined the factors
influencing geopolymer concrete’s workability and
compressive strength. These factors included the fly
ash content, the curing temperatures, the curing time,
and the percentage of alocofine. According to study
findings, using alccofine in geopolymer concrete im-
proves its properties both in its fresh and cured state.
Alccofine generally enables geopolymer concrete to
achieve compressive strength even at room temper-
ature [17]. P. Narasimha Reddy et al. investigated
the impact of incorporating calcium nitrate and the
non-chloride hardening accelerator on the mechan-
ical properties and durability of alccofine concrete.
Concrete mixes were enhanced with a non-chloride
accelerator at 0.65%, 0.85%, and 1.05% concentra-
tions by cement weight. A reference concrete without
the non-chloride accelerator was compared to eval-
uate the impact on alccofine concrete. Using an
accelerator resulted in early-age strength improve-
ments owing to the accelerated hydration of the
phases of C3S and C3A. The non-chloride acceler-
ator greatly improved the ability of the alccofine
concrete to absorb water and withstand sulphates.
A statistical technique predicts the empirical val-
ues belonging to concrete compressive strength.
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The experimental data set was optimized using re-
sponse surface methods, which involved developing
an equation for regression that linked the input
and response variables. This approach successfully
predicted the experimental results with an accept-
able margin of error. The results demonstrated a
strong fit when the anticipated values were verified
using the regression coefficient value and residual
sum of squares.The study’s findings demonstrated the
inclusion of non-chloride hardening agents [18]. Sar-
avanan J et al [19]. Investigated the compressive
strength variance between river sand and Indian stan-
dard sand. Portland Pozzolana Cements (PPC) and
Ordinary Portland Cement (OPC) are used. A fur-
ther investigation into the effects of alccofine was
carried out by replacing cement with alccofine in
various quantities, including 5%, 10%, 15%, and
20%. The compressive strength of cement is deter-
mined by casting cubes with an area of 50 cm2 using
cement mortar with a 1:3 mix proportion, as per
IS: 4031-1988 (Part-6 sand (Ennore Sand -ES). The
cubes are manufactured using graded Indian Stan-
dard sand, also known as Ennore Sand -ES, which
satisfies the requirements outlined in the Indian Stan-
dard 650-1991. To examine the difference in strength
at compression between river sand and Indian stan-
dard sand, cubes of the same size are cast with the
same mix proportion of river sand (RS).The labora-
tory test was conducted following Indian Standard
4301-1988 (Part 6) to determine the impact of Al-
ccofine on cement mortar cubes. The results of the
study were analyzed and presented through charts
and diagrams. It was found that all combinations
achieved early strength, but the strength of 10%
Alccofine is greater than that of other concentra-
tions [19]. Alccofine is an additive substance that
can improve SCC properties while reducing the en-
vironmental impact of Portland cement production.
This study examined the fresh, strength & durability
characteristics of SCC by substituting with different
percentages of alccofine (0%, 10%, 20%, 30%, 40%,
50%, and 60%) in cement.The fresh characteristics
are evaluated utilizing slump flow, T50, V-funnel
& L-box.The mechanical and durability characteris-
tics, including its modulus of rupture, compressive
strength test, water absorption, acid resistance, sorp-
tivity, and sulphate resistance, were analyzed and
contrasted with traditional SCC.Compared to other
mixes, the results showed that the 30% alccofine sub-
stitution performed better in strength and durability
[20]. Bharat Bhushan Jindal studied the effects of
various mineral admixtures on the mechanical, dura-
bility, and microstructure properties of geopolymer
concrete and mortar.The investigation results showed
that, at room temperature, the mechanical properties

and durability qualities of geopolymer products, in-
cluding these elements, were greatly improved.The
findings imply that mineral compounds can create
geopolymer combinations with the desired qualities
under ambient temperature curing conditions, which
could further advance their use as an eco-friendly
building material [21]. Parveen et al. examined
the characteristics of fly ash-based geopolymer con-
crete that included alccofine at room temperature.
The binder was composed entirely of raw refuse
material. As per Indian Standards, the workability,
compressive, fracturing, tensile, flexural strengths,
and water absorption of alccofine-activated geopoly-
mer concrete have been investigated in its fresh and
hardened stages. The prepared cubes’ phase, composi-
tion, and microstructural properties were determined
using X-ray diffraction (XRD) and scanning elec-
tron microscopy (SEM). The results suggested that
the characteristics of geopolymer-based concrete pro-
duced with alccofine at the ambient temperature
are significantly improved, but also recommended
for use as a substitute for conventional concrete.At
ambient temperature, the results indicated that the
qualities of geopolymer-based concrete made with
alccofine are greatly enhanced. Furthermore, it was
recommended that this concrete be used as an al-
ternative to traditional concrete.In addition, samples
of geopolymer-concrete that have been produced
with alccofine were made to check the densification
process. The findings of this study show that alc-
cofine has a major impact on the polymerization of
geopolymer concrete, enhancing its strength and mi-
crostructural characteristics. In addition, the strength
of all tested specimens was enhanced by the increased
molarity and fly ash content [22]. BLN SaiSrinath et
al. investigated the right use of alccofine for concrete
compositions of all grades, including M20, M30, and
M40. The strength of hardened concrete was tested
for 5%, 10%, 15%, and 20% cement replacement with
Alccofine. All of the design combinations established
the acceptance criteria of test results. The highest
test results were achieved for all the mixes when
15% of Alccofine was substituted. It was unexpected
that the 28-day strength of M20 grade concrete was
attained in the seven-day curing test results. Ac-
cording to the results, the Alccofine material might
lower the level of carbon dioxide released into the
air and the use of cement [23]. Wenkai Shen et al.
[26] observed the performance of MS concrete during
long-distance pumping and compared it to RS con-
crete of the same strength grade.Using a 348-m coiled
pipeline for 12 batches of C30 and C60 concrete,
pumping experiments were carried out at 2.5–18.9
liters per second. MS enhanced C30 concrete strength
and lowered the thickness index, decreasing the C60
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Table 1. Chemical composition of binders in %.

Materials Cao SiO2 Al2O3 Fe2O3 K2O MgO Na2O Others

Cement 66.56 20.23 4.78 3.61 0.28 1.39 0.33 2.8
Alccofine 32.3 35.2 22.45 1.82 - 6.1 - 1.36

concrete viscosity coefficient. No predominant varia-
tion was observed between MS and RS concrete after
pumping, but MS concrete showed less change in
its plastic viscosity. MS did not substantially impact
the loss of pumping pressure, but it did affect the
variation in pumping pressure predictions via altering
thixotropy.

As a result of the above background, this study
aims to conduct an experimental investigation to
confirm the possibility of developing environmen-
tally friendly concrete by partially replacing cement
with alccofine and M-Sand as fine aggregate. In this
context, an effort was made to investigate the me-
chanical and microstructural properties of concrete
using alccofine in conjunction with M-Sand to create
an environmentally friendly concrete (EFC) that is
sustainable.

2. Materials and methods

2.1. Materials

Ordinary Portland cement 53 grade was used for all
samples following IS:12269:1987 [29]. Alccofine(AF)
is derived from blast furnace-based ultrafine slag
with calcium silicate that has high reactivity. Al-
ccofine has smaller particles than cement, fly ash,
silica, etc. Alccofine reduces water use through con-
trolled granulation and promotes workability while
regulating high reactivity. Table 1 shows the chem-
ical composition of binders. Table 2 represents the
physical properties of binders for the study. Fig. 1
represents the XRD image of the Alcofine sample.
The XRD image shows calcite as the primary phase
and trace quantities of Akermanite and Quartz. Fig. 2
represents the SEM image of the Alcofine sample.
Fig. 3 represents the EDS of the Alcofine sample.
Crushed rocks readily available in the locality and
having a specific gravity of 2.8 were utilized as coarse
aggregate sizes of 20 mm and 12 mm. In contrast, M-
Sand was used as fine aggregate in compliance with
IS:383–2016 [30]. Table 3 represents the physical
properties of aggregates for the study. Fig. 4 repre-
sents grading curves of M-Sand and coarse aggregate.
According to IS 9103–1999 [31], a superplasticizer
composed of polycarboxylic ether was utilized for
the study. Portable water without chemicals and free
from organic material is used to prepare the concrete
matrix as per IS 456–2000 [32].

Table 2. Physical properties of the binder.

Item Cement Alccofine

Specific gravity 3.15 2.85
Colour Grey Grey
Average particle size(um) 90 6
Specific surface area(m2/kg) 225 120

Fig. 1. XRD sample of alccofine.

Fig. 2. SEM image of alccofine.

2.2. Methods

2.2.1. Methodology
To develop environmentally friendly concrete sam-

ples (EFC) that are sustainable, including using
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Table 3. Physical properties of aggregate.

Item Specific gravity Fineness modulus Bulk Density (g/cu.cm)

Fine aggregate (M-Sand) 2.7 2.91 1.9
Coarse aggregate 2.8 6.86 1.7

Fig. 3. EDS of alccofine.

Alccofine to replace cement partly, and M-Sand to
substitute sand. To investigate the influence of the
inclusion of alccofine on the mechanical and mi-
crostructural qualities of concrete (M25 and M40)
mixes, six different percentages (0, 5, 10, 15, 20, and

25%) of alccofine was used to partly replace the ce-
ment in the control mix that has 100% cement, 0%
alccofine, and 100% M-Sand. An explanation of the
EFC sample production process is presented in a flow
chart, which may be seen in Fig. 5.

Fig. 4. Grading of curves of fine aggregate (M-Sand) and coarse aggregate.
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Fig. 5. Methodology of M25 & M40 concrete matrix.

2.2.2. Mix design and preparation
According to the concrete mix proportion criteria

outlined in IS 10262–2019 [33], a mix design was
developed for the M25 and M40 grades as shown
in Table 4. Cement was partially replaced with alc-
cofine. This study aimed to investigate the effects of
alccofine incorporation on concrete’s mechanical and
microstructural characteristics by partly substituting
cement in the control mix with six different percent-
ages of alccofine (0, 5, 10, 15, 20, and 25%). Three
identical specimens were analyzed for each mixture
to evaluate the mechanical characteristics, and the
average of the findings is shown. The control mix,
M25-AF0% for the M25 grade and M40-AF0% for
the M40 grade, had 100% M-Sand, 100% cement,
and 0% alccofine. M25-AF5% for M25 grade and
M40-AF5% for M40 grade represent 100% M-Sand
and the alccofine replacement at 5%. Similarly, along
with 100% M-Sand, cement replacement is carried
out up to the alccofine 25%, which is denoted as
M25-AF25% for M25 grade and M40-AF25% for M40
grade. The concrete was mixed following the param-
eters specified in IS 456–2000 [32]. Mixing was done
with the help of a concrete mixer. At first, coarse and

fine aggregates are added into the mixer and mixed
in a dry state. Then the components of the binder
were mixed individually until they reached a colour
that was consistent throughout. After that, they were
moved to the concrete mixer, where they received
further mixing for an additional minute. After thirty
seconds of mixing, the dry mixer was given half of
the water that had been measured. To guarantee that
the combination was consistent and had the neces-
sary level of workability, superplasticizer was added
to the remaining water, then transferred to the wet
mixture, and stirred for an additional sixty seconds.
The mix was then transferred to the molds, which
were prepared for casting specimens by applying oil
onto the surface. The molds are subjected to vibration
with the help of a table vibrator. Following 24 hours
of casting, specimens were demoulded and cured in
water at 27 ± 2°C until the test age.

2.2.3. Fresh and hardened concrete tests
To evaluate the impact of Alccofine and M-Sand

on concrete, the Slump cone test, by IS 1199–1959
[34], was conducted to determine the workability
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Table 4. Mix proportions of mixes in (kg/Cu. m).

Mix Id Cement M-Sand Aggregate (20 mm) Aggregate (12 mm) Water SP

M25 335.00 740.75 798.40 532.27 144.05 —–
M40 380.00 703.24 791.56 527.71 144.44 3.80

Fig. 6. Hardened test of UTM mixes: (a) CPS, (b) STS, and (c) FTS.

of concrete. Fig. 6 represents the hardened testing
machines using the UTM for mixes. A compression
testing machine (CTM) with a capacity of 2000kN
was used to examine the mechanical characteristics
of hardened concrete. According to IS 516–2015 [35],
tests were conducted on 100mm × 100mm × 100 mm
size specimens for compressive strength test (CPS) at
3,7,14,28,56 and 90 days curing and 500mm × 100
mm × 100 mm size specimens for flexural strength
test (FST) at 28 and 90 days curing. The cylindrical
specimens of 200 mm in height and 100 mm in di-
ameter were subjected to split tensile strength (STS)
tests after 28 and 90 days of curing. As part of the
evaluation of the characteristics of EFC samples, an
ultrasonic pulse velocity test is conducted on speci-
mens measuring 100 × 100 × 100 mm at 3, 7, 14,
28, 56, and 90 days after curing as per IS 13311
(Part-1):1992 [36]. A microstructural examination
uses X-ray diffraction, scanning electron microscopy,
and EDS.

3. Results & discussion

3.1. Effect of alcofine and M-Sand on the workability
of EFC samples

For fresh concrete, the workability was measured
with a slump cone just after mixing the concrete.
The slump cone test was done per IS 1199: 1959

[34]. The slump cone values of environmentally
friendly concrete samples (EFC) with different AF%
content are represented in Table 5. All of the
alccofine-based mixes exhibited higher slump cone
values than the control mix, and the test results
indicated that the workability of EFC is substan-
tially impacted by the partial replacement of the
cement with alccofine. By comparing the control mix
with the alccofine-included concrete mixes at a pre-
determined water-binder ratio and superplasticizer
dose, it was shown that the slump cone values in-
creased as the proportion of alccofine increased up
to AF20%. The increment of workability is observed
for M25-AF% and M40-AF% mixes due to M-Sand
as a fine aggregate. Also, alccofine positively influ-
ences flowability because of its better particle packing
effect.

The cohesiveness of new concrete with aggregate
sizes of 12 mm and 20 mm affects homogene-
ity and enhances the workability of the mixtures,
including M-Sand and AF%. The slump first in-
creased to AF20% and thereafter decreased to
AF25%. The micro-aggregate filling action of M-
Sand, along with the smaller particle size and surface
characteristics of alccofine, provides ease of mix-
ing, transporting, placing, and compacting concrete,
without segregation and bleeding, which imparts
the strength and durability to the concrete mixes
[23–28].

Table 5. Slump cone values of M25-AF% and M40-AF% mixes, in mm.

Mix Id M25-AF0% M25-AF5% M25-AF10% M25-AF15% M25-AF20% M25-AF25%

Slump cone values, mm 76 77 80 81 85 82

Mix Id M40-AF0% M40-AF5% M40-AF10% M40-AF15% M40-AF20% M40-AF25%

Slump cone values, mm 74 75 78 80 81 76
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Fig. 7. Compressive strength of M25-AF% mixes at different curing
ages.

Fig. 8. Compressive strength of M40-AF% mixes at different curing
ages.

3.2. Effect of alccofine and M-Sand in CPS test of
EFC samples.

The findings of the tests performed for M25-AF%
and M40-AF% concrete compressive strength at var-
ious curing ages are shown in Fig. 7 and Fig. 8.
Figure .7 displays the range of compressive strength
values after curing at 3, 7, 14, 28, 56, and 90 days.
The values vary from 16.39 to 25.46 MPa at 3 days,
26.93 to 36.16 MPa at 7 days, 30.18 to 38.4 MPa
at 14 days, 34.02 to 40.44 MPa at 28 days, 36.19
to 43.03 MPa at 56 days, and 37.84 to 45.98 MPa
at 90 days. Fig. 8 depicts CPS test results variation
due to the alccofine percentage (AF%) of various
mixtures in M40 grade concrete after different curing
durations, namely at 3, 7, 14, 28, 56, and 90 days.
The compressive strength values range from 25.2 to
34.43 MPa, 32.38 to 43.71 MPa, 43.05 to 55.88 MPa,
50.92 to 61.65 MPa, 53.47 to 63.46 MPa, and 54.4
to 65.31 MPa, respectively, at 3, 7, 14, 28, 56, and
90 days of curing. The increment of compressive
strength in the M25-AF% mixes at 5% replacement
of cement with AF are 8.21%, 6.06%, 4.03%, 8.23%
and 8.48%, at 10% replacement of cement with AF

are 18.72%, 12.29%, 9.67%, 11.63% and 13.93%,
at 15% replacement of cement with AF are 25.44%,
16.70%, 12.52%, 15.58%, and 17.86%, at 20% re-
placement of cement with AF are 34.27%, 27.24%,
18.87%, 18.90% and 21.51% and at 25% replacement
of cement with AF are 22.35%, 20.31%, 13.17%,
10.58% and 11.71 at 7, 14, 28, 56 and 90 days of
curing. The increment in the M40-AF% mixes at 5%
replacement of cement with AF are 7.32%, 7.50%,
7.72%, 3.22%, and 4.87%, at 10% replacement of
cement with AF are 18.75%, 11.57%, 12.59%, 7.63%
and 8.79%, at 15% replacement of cement with AF
are 25.85%, 20.91%, 16.85%, 12.62% and 15.24%,
at 20% replacement of cement with AF are 34.99%,
29.80%, 21.07%, 18.68% and 20.06% and at 25%
replacement of cement with AF are 26.34%, 20.33%,
15.67%, 14.85% and 16.10 at 7,14, 28, 56 and 90
days of curing.

Based on the findings of the tests, all the mixes with
alccofine exhibited enhanced compressive strengths
when compared with the control mix (AF0%). Al-
ccofine, as an alternative to cement, was shown
to be suitable for up to AF20%. The increase in
strength with AF% mixes pertains to the fine alc-
cofine particles being distributed all over the concrete
matrix due to the finer size and exhibiting an ar-
rangement that is sub-round when compared to the
cement [37, 38]. Additionally, the ultra-fine parti-
cles increase surface area and higher packing density
and strengthen the blended cement’s ability to re-
act with additional compounds. The increase in
reactivity makes it easier for the concrete microstruc-
ture to achieve early-age strength [39]. Apart from
this, the incorporation of alccofine led to chemical
changes in the aluminates and silicates of calcium via
the pozzolanic process, which ultimately increased
compressive strength. Scanning electron microscope
(SEM) demonstrated the existence of a thick and uni-
form calcium silicate hydrate (C-S-H) gel formation
up to AF20%. The unsoundness of the binder, which
was caused by an increase in free lime (CaO), alu-
mina (Al2O3), and magnesia (MgO), led to excessive
expansion and micro-cracks in the concrete during
the hydration process, which resulted in the concrete
showing lower resistance against compression load.
Furthermore, compressive strength was decreased at
AF25% [40].

The findings of the mechanical and microstructural
behavior of HSC were generated by the partial re-
placement of cement with different percentages of
Alcocofine-1203 and 20% fly ash. These percent-
ages included 0%, 4%, 6%, 8%, 12%, and 14%
with alccofine-1203. At the 28-day test of alccofine-
1203, substituting thirty percent cement with twenty
percent fly ash and ten percent alccofine-1203
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Fig. 9. STS of mixes: (a) M25-AF% mixes, (b) M40-AF% mixes.

Fig. 10. FTS of mixes: (a) M25-AF% mixes, (b) M40-AF% mixes.

demonstrated the maximum compressive strength of
eighty-three megapascals [40].

3.3. Effect of alccofine and M-Sand in STS test of
EFC samples

The split strength test results of M25-AF% and
M40-AF% concrete mixes at different curing ages are
represented in Fig. 9. Fig. 9(a) illustrates the STS test
result of AF% of mixes in M25 grade of concrete
at 28 and 90 days of curing. Fig. 9(a) shows that
split tensile strength values range from 2.52 MPa to
3.18 MPa and 2.8 MPa to 3.62 MPa at 28 and 90 days
of curing. Fig. 9(b) represents the STS test result of
AF% of mixes in M40 grade of concrete at 28 and 90
days of curing. The split tensile strength values range
from 4.25 to 5.38 MPa and 4.34 to 5.56 MPa at 28
and 90 days of curing. The replacement of alccofine

at 0%, 5%, 10%, 15%, 20% and 25% in mixes shows
an increment in the strength for M25 mixes at 28 and
90 days as follows: 1.68%, 1.93%, 2%, 2.38%, 2.18%
and 2.2%, 2.4%, 2.62%, 2.84%, 2.47% respectively
when compared with control mixture (M25-AF0%).
The replacement of alccofine at 0%, 5%, 10%, 15%,
20%, and 25% mixes shows an increment in the
strength for M40 mixes at 28 and 90 days as follows:
3.4%, 3.86%, 4.2%, 4.5%, 3.923% and 3.75%, 4.15%,
4.63%, 4.77%, 4.49% compared with control mixture
(M40-AF0%).

3.4. Effect of alccofine and M-Sand in the FST test
of EFC samples

The flexure strength test results of M25-AF% and
M40-AF% mixes at distinct curing ages are repre-
sented in Fig. 10. Fig. 10(a) represents FST test results
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Fig. 11. UPV of mixes: (a) M25-AF% mixes, (b) M40-AF% mixes.

of the AF% of mixes in M25 grade of concrete at
28 and 90 days. The flexure strength values range
from 4.21 to 4.93 MPa and 4.68 to 5.61 MPa at 28
and 90 days of curing. Fig. 10(b) represents the FST
test results of the AF% of mixes in the M40 grade of
concrete after 28 and 90 days. The flexure strength
values range from 5.01 to 7.25 MPa and 5.35 to 7.68
MPa, respectively, at 28 and 90 days of curing at the
replacement level of alccofine at 0%, 5%, 10%, 15%,
20%, and 25% mixes. The mixes with replacement
of alccofine at 0%, 5%, 10%, 15%, 20%, and 25%
show an increment in the strength for M25 mixes at
28 and 90 days as follows: 1.68%, 1.93%, 2%, 2.38%
and 2.18%, 2.2%, 2.4%, 2.62%, 2.84% and 2.47%
respectively when compared with control mixture
(M25-AF0%). The replacement of alccofine at 0%,
5%, 10%, 15%, 20%, and 25% shows an increment
in the strength for M40 mixes at 28 and 90 days
as follows: 3.4%, 3.86%, 4.2%, 4.5% and 3.923%,
3.75%, 4.15%, 4.63%, 4.77% and 4.49% compared
with control mixture (M40-AF0%).

3.5. Effect of alccofine and M-Sand in UPV test of
EFC samples

The ultrasonic pulse velocity (UPV) test results of
the concrete M25-AF% and M40-AF% mixes at differ-
ent curing ages are represented in Fig. 11. Fig. 11(a)
represents the UPV results of AF% of mixes in M25
grade of concrete at 3, 7, 14, 28, 56 and 90 days
of curing. Fig. 11(a) shows the UPV test results of
M25-AF% mixes at 3 days,the values are 4.5, 4.6, 4.8,
4.8, 4.9, 4.6 Km/s, at 7 days are 4.7, 4.9, 5.0, 4.9, 5.1
and 4.9 Km/s, at 14 days are 4.8, 4.9, 5.0, 5.2, 5.3
and 5.1 Km/s, at 28 days are 4.9, 5.0, 5.3, 5.4, 5.5
and 5.3 Km/s, at 56 days are 5.0, 5.2, 5.3, 5.5, 5.6

and 5.6 Km/s, at 90 days are 5.0, 5.3, 5.3, 5.4, 5.6
and 5.4 Km/s. Fig. 11(b) shows the UPV test results
of M40-AF% mixes, at 3 days the values are 4.7, 4.8,
5.1, 5.2, 5.2, and 5.1 Km/s, at 7 days are 4.7, 4.9, 5.1,
5.2, 5.3 and 5.1 Km/s, at 14 days are 4.9, 5.0, 5.2, 5.4,
5.5 and 5.2 Km/s, at 28 days are 5.0, 5.2, 5.3, 5.5, 5.6
and 5.4 Km/s, at 56 days are 5.0, 5.3, 5.4, 5.5,5.7 and
5.5 Km/s, at 90 days are 5.1, 5.3, 5.4, 5.6, 5.7 and 5.5
Km/s. The quality of the concrete is excellent [36].

4. Microstructural analysis

The microstructure of M25 and M40 mixtures is
examined at the microstructure level with the help
of SEM, EDS, and XRD analysis to evaluate the im-
pact of alccofine and M-Sand in concrete to develop
sustainable eco-friendly concrete samples (EFC).

4.1. X-ray diffraction analysis

An XRD diffractometer was used for the XRD analy-
sis. This technique is very effective for characterizing
materials and identifying the phase composition of
elements and the crystal structure of particles inside
a substance.XRD was performed at 2θ , ranging from
5 to 90 degrees, and is shown in Fig. 12 and Fig. 13.
Fig. 12 and Fig. 13 shows the peaks of Anorhitite
(A), Annite (An), Calcite (Ca), Quartz (Q), Portlandite
(P), Labradorite (L), Lamox (La) are the primary min-
erals found in all of the mix binders. Analysis of
the patterns of XRD obtained for mix binders and
identification of distinct mineralogical phases of the
powder were performed using Match 3.0 software.
Fig. 12 represents the X-ray diffraction of M25-AF%
mixes. All of the test specimens exhibit the peak of
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Fig. 12. X-ray diffraction of M25-AF% mixes.

Fig. 13. X-ray diffraction of M40-AF% mixes.

Portlandite (P) (Ca(OH)2) at 18.067° [2θ]. Fig. 12
at AF0% represents the Anorhitite (A), Annite (An),
and Portlandite (P); at AF10% shows the Anorhi-
tite (A), Annite (An), and portlandite (P); at AF20%
shows Anorhitite (A), Annite (An), Quartz (Q), Port-
landite (P), at AF25% shows Anorhitite (A), Annite
(An), Quartz (Q), Portlandite (P) and Labradorite
(L). Additionally, several prominent peaks were
discovered around 2θ , ranging from 26.6° to 34.38°.
These peaks include Anorhitite (A), Annite (An), Cal-
cite (Ca), Quartz (Q), Portlandite (P), Labradorite
(L), and Lamox(La). Fig. 13 represents the X-ray
diffraction of M40-AF% mixes. All of the test speci-
mens exhibit the peak of Portlandite (P) (Ca(OH)2) at
18.067° [2θ]. Additionally, several prominent peaks
were discovered around 2θ , ranging from 26.6° to
34.38°. The Fig. 13 at AF0% represents the Anorhitite

(A), Annite (An), Quartz Low (QL), Portlandite (P), at
AF10% shows the Anorhitite (A), Annite (An), Quartz
(Q) and Portlandite (P), at AF20% shows Anorhi-
tite (A), Annite (An), Quartz (Q), Portlandite (P), at
AF25% shows Anorhitite (A), Annite (An), Quartz (Q)
and Portlandite (P) Additionally, These peaks include
Anorhitite (A), Annite (An), Calcite (Ca), Quartz (Q),
Portlandite (P) and Lamox(La).

Compared to the other mix binders, the AF20%
mix exhibits a higher proportion of Anorhitite,
Portlandite, and Quartz, as demonstrated by quan-
tifying the discovered minerals concerning AF0%.
The quartz-synthetic phase ICSD-01-085-1053 had a
hexagonal crystal morphology in the predominant
peak phases across all mixes. The sample also con-
tained anorthite and calcium hydroxide. The chemi-
cal formulae for anorthite and calcium hydroxide are
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Fig. 14. SEM of mixes: (a) M25-AF0% mixes, (b) M25-AF10% mixes, (c) M25-AF20% mixes, (d) M25-AF25% mixes.

CaAlSi2O8 and Ca(OH)2 [49, 50]. An increase in free
lime (CaO), alumina (Al2O3), and magnesia (MgO)
caused excessive expansion and micro-cracking in
the concrete during hydration, resulting in reduced
compressive strength [40]. A reduction in compres-
sive strength intensity is noted in quartz, anorthite,
portlandite, and calcium hydroxide, resulting in the
mixtures.

4.2. SEM analysis

The effect of alccofine and M-Sand in the M25 and
M40 mixes is studied by examining microstructure
through SEM images and EDS at replacement levels
of cement at 0%, 10%,20%, and 25% with alccofine
along with 100% M-Sand as fine aggregate. Fig. 12(a-
d)depicts the SEM image of M25-AF% mixes after 28
days of curing Fig. 14a,b represents an SEM image of
dense calcium silicate hydrate (C-S-H) gel, gaps and
cracks are observed at M25-AF0% and M25-AF10%.
Fig. 14c represents an M25-AF20% mixture SEM
image of dense calcium silicate hydrate (C-S-H) gel,
and a needle-like structure is observed.SEM images
demonstrated that the solid phase of the binders
is composed of calcium hydroxide in the form of

portlandite during the initial stages of the hydration
process. This Portlandite comprises hexagonal crys-
tals in plates and columns, as Fig. 14(c) illustrates.
Fig. 14d represents an M25-AF25 % mixture SEM
image of homogenous calcium silicate hydrate (C-S-
H) gel; voids are observed. According to the pictures
obtained from the scanning electron microscope
(SEM), a sequence of voids, in addition to a hexagonal
crystal structure shaped like columns and plates, as
shown in the Fig. 14d. Fig. 15(a-d) depicts the SEM
image of M40-AF% mixes after 28 days of curing.
Fig. 15a,b represents SEM image of C-S-H gel, and
serious of gaps are observed at M40-AF0% and M40-
AF10%.Fig. 15c, represents M40-AF20% mixture
SEM image of dense homogenous C-S-H gel, and
voids are observed. Fig. 15d represents an M40-AF25
% mixture SEM image of C-S-H gel; voids and serious
cracks were observed. All mixes based on alccofine
may have greater strengths when compared to the
control mix because alccofine-based mix binders
have large C-S-H gel properties due to the hydration
process and the pozzolanic reaction of all the mix
binders after 28 days. As a result of these features,
greater strengths were attained by mixes consisting
of alccofine than the control mix [37–42]. SEM
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Fig. 15. SEM of mixes: (a) M40-AF0% mixes, (b) M40-AF10% mixes, (c) M40-AF20% mixes, (d) M40-AF25% mixes.

images of mixes containing AF20% revealed a dense
calcium silicate hydrate C-S-H gel formation for M25
and M40 grades.

Figs. 14 and 15 clearly show that the mixtures of
M25 and M40 have quite dense microstructures. Ul-
trafine alccofine and M-Sand, with a certain amount
of fine powder, help the hydration process, filling
the paste and decreasing open space in the concrete
matrix [27]. Moreover, the interfacial zone between
the aggregate and the paste shows a strong, complex
matrix. This phenomenon happens in typical cement
because the portlandite crystal and ettringite have
an oriented development in the interfacial transition
zone of the concrete. Conversely, when ultrafine alc-
cofine is included in M25 and M40 mixtures, it might
react with Ca(OH)2 and produce calcium silicate hy-
drate (C-S-H) gel. Furthermore, at a lower scale,
polycarboxylate superplasticizer [43] has a nanoscale
size. It becomes denser and more homogeneous with

interior structures from the dense packing of small-
sized particles, which leads to improvement in the
strength up to AF20% [43–47].

4.3. EDS analysis

EDS testing was used to conduct the microstructure
investigation to understand better the impact of
Alccofine and M-Sand on the microstructure of the
M25 and M40 mixtures. Fig. 16(a-d) and Fig. 17(a-d)
indicate the research findings that the substitution
of 0, 10, 20, and 25% of cement with alccofine and
hundred % sand with M-Sand as fine aggregate.
The ratio of atomic calcium to silica was used to
determine the amount of calcium silicate hydrate
(C-S-H) gel produced by each binder mix. This ratio
was considered appropriate based on the atomic
percentages of Ca and Si acquired from the EDS
analysis. Based on the results of the atomic Ca/Si
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Fig. 16. EDS analysis: (a) M25-AF0% mixes, (b) M25-AF10% mixes, (c) M25-AF20% mixes, (d) M25-AF25% mixes.

Fig. 17. EDS analysis: (a) M40-AF% mixes, (b) M40-AF10% mixes, (c) M40-AF20% mixes, (d) M40-AF25% mixes.
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Fig. 18. Relation between M25-AF% mixes: (a) FST and CPS, (b) STS and CPS, (c) STS and FST, (d) CPS and UPV.

ratio analysis, it was discovered that the control mix
had a Ca/Si ratio of 2.94, 3.03, 1.53, and 2.03, for
the M25 mixes from the EDS analysis are decipit in
Fig. 16(a-d) and 2.79, 2.92, 1.76, 2.175 for the M40
mixes from the EDS analysis are decipit in Fig. 17(a-d)
respectively.

The AF20% mix has a high compressive strength
of 40.44 MPa and 61.65 MPa for the M25 and M40
grades, respectively. This is in contrast to all other
mixes, possessing a low atomic Ca/Si ratio of 1.53
and 1.76, and this mix also has a high compressive
strength. Compared to the M25-AF% and M40-AF%
mixes, the control mix has a low compressive strength
of 34.02 MPa and 50.92 MPa, respectively, and a high
atomic Ca/Si ratio of 2.94 and 2.79. Based on these
results, it is possible to conclude that the compressive
strength is increased due to the improved C-S-H gel
formation, which is made possible by a lower atomic
Ca/Si ratio. This conclusion allows for the possibility
of a higher compressive strength. It has been shown
thatan increase in the atomic Ca/Si ratio decreases
the compressive strength of the concrete, which in

turn leads to a reduction in the synthesis of calcium
silicate hydrate (C-S-H) gel [37–42].

5. Statistical analysis

Regression analysis is a statistical technique em-
ployed to examine the correlation between various
parameters. Various methods exist, including linear,
power, exponential, logarithmic, and polynomial re-
lationships among the properties. In this study, two
grades of variations are observed concerning the ef-
fect of AF%.

The linear regression equations for the M25-AF%
and M40-AF% mixes at 28 days and 90 days are
illustrated in Fig. 18 and Fig. 19. Fig. 18 illustrates
the correlation between CPS and FST in M25-AF%
mixtures. Upon doing the regression analysis, the
coefficients of determination (R2) were recorded as
0.9959 (99.59%) and 0.9008 (90.08%). Fig. 18 il-
lustrates the correlation between the CPS and STS,
demonstrating a robustlink across the various curing
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Fig. 19. Relation between M40-AF% mixes: (a) STS and CPS, (b) FST and CPS, (c) STS and FST, (d) CPS and UPV.

age groups. The linear regression yielded coefficients
of determination (R2) of 0.9915 (99.15%) at 28 days
and 0.9741 (97.41%) at 90 days. Fig. 18c illustrates
the correlation between FST and STS of M25-AF%
mixtures at 28 days and 90 days of curing age. Upon
doing the regression analysis, the coefficients of de-
termination (R2) are noted as 0.9936 (99.36%) and
0.9688 (96.88%). Fig. 18d illustrates the relationship
between CPS and UPV. Following the execution of
regression analysis on the UPV values for 28 and 90
days of curing of M25-AF% mixtures, the correlation
(R2) values for the direct models are 0.955 (95.5%)
and 0.9322 (93.22%).

For samples of curing age, Fig. 19a shows the
relationship between CPS and STS. At 28 days
and 90 days, the R2 value was 0.9022 (90.22%),
while at both time points it was 0.972 (97.2%).
The correlation between CPS and FST for M40-AF%
blends is seen in Fig. 19b. Two coefficients of de-

termination (R2), measuring 0.9522(95.22%) and
0.9583(95.83%) were noted. At both the 28-day and
90-day curing ages, Fig. 19c shows the relationship
between FST and STS of M40-AF% blends. R2 values
of 0.9899 (98.99%) and 0.9585 (95.85%) are noted.
Fig. 19d shows the relationship between UPV and
CPS. For the direct models, the (R2) values are 0.972
(97.2%) and 0.9285 (92.85%), respectively. The cur-
ing process, the ability of replacement samples to
absorb water, and the amount of moisture in the
concrete matrix are the primary factors determining
the CMS [48].

6. Conclusion

The effect of alccofine (AF) in concrete is observed
for the M25 andM40 mixes in cement replacement
at 0%, 5%,10%, 15%, 20%, and 25% with alccofine
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and 100% of M-Sand. The following conclusions were
drawn:

Using alccofine as a mineral admixture and M-Sand
as fine aggregate increased the compressive strength,
split tensile strength, flexure strength, and ultrasonic
pulse velocity for the M25 and M40 mixes. Alccofine
at 20% replacement showed the best performance
for M25-AF% mixes, increasing 28,56 and 90-day
strength by up to 37%, 40.7%, and 44.62%, and
for M40-AF% mixes, increasing 28,56 and 90-day
strength by up to 44.2%,45.75%, and 47.2% com-
pared to the control mixes of AF0% for M25 and M40.
All the mixes show that the quality of the concrete is
excellent. Using alccofine allows for filling the voids
between the cement particles, lowering the perme-
ability of the M25 and M40 mixes. In addition to
enhancing the workability of concrete, the cohesive-
ness of new concrete with aggregate sizes of 12 mm
and 20 mm affects homogeneity and improves the
workability of the mixtures, including M-Sand and
AF%. The slump first increases to AF20% and then
decreases at AF25% mixtures. The micro-aggregate
filling action of M-Sand, the smaller particle size,
unique chemical composition, and surface charac-
teristics of AF% particles, minimize segregation and
bleeding by decreasing the needed water content.
According to the findings of the microstructural
investigation, the zone of interfacial transition in con-
crete was enhanced by the addition of AF% mixes
in M25 and M40. This was accomplished by increas-
ing the density of the particle packing and allowing
pozzolanic products, such as more C-S-H, to fill gaps.
In the EDS analysis, the M25-20%AF and M40-20%AF
mixes had a lower atomic Ca/Si ratio of 1.53, 1.76,
and exhibited high compressive strength of 40.44
MPa and 61.65 MPa. On the other hand, the control
mix had a high atomic Ca/Si ratio of 2.94 and 2.79,
and it demonstrated lower compressive strengths of
34.02 MPa and 50.92 MPa for the M25-AF0% %
and M40-AF0% % control mixes, respectively. Based
on these findings, it can be inferred that a lower
atomic Ca/Si ratio leads to greater C-S-H gel forma-
tion and, hence, a higher compressive strength. If
the atomic Ca/Si ratio is greater, then the production
of CSH gel will be reduced, which will decrease the
compressive strength of the concrete. Because of the
presence of a significant quantity of calcium (CaO)
and silica (SiO2) in AF%, the rate of the hydration
process is increased, and the pozzolanic reaction is
improved.

This confirms the formation of even more hydrated
C-S-H gel, eventually leading to a dense core matrix
structure in concrete, resulting in greater strength
during the early curing stages. Consequently, this
occurs throughout the whole curing process. After

careful consideration, it has been determined that
employing Alccofine as a replacement for cement in
concrete mixes of M25 and M40 is beneficial. All M25
and M40 concrete mixes tested at AF20% exhibited
positive results compared to the control mix test find-
ings. There were absolutely no adverse results found
in any of the mixes. In this context, it is beneficial
to mix AF20% with M-Sand to produce environmen-
tally friendly concrete (EFC) samples for sustainable
infrastructure development.
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