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ABSTRACT- The world's population is becoming more
environmentally conscious, and as a result, regulations
governing the management of industrial waste are
becoming more stringent. As a result, the world's attention
is increasingly being directed toward researching the
properties of industrial waste and finding solutions on how
to make use of the waste's valuable component parts. This
is done in the expectation that these priceless component
components can be repurposed for use as secondary raw
material in one or more other types of industrial
applications. This report demonstrates that it is possible to
use iron slag as a partial replacement for sand and silica
fume as a partial replacement of cement in concrete. This is
accomplished by taking into account the specificity of the
physical and chemical properties of these products. In
addition, the report also takes into account the optimized
content of these two materials. An investigation into the
mechanical properties is provided. According to the
findings, the strength attributes of concrete significantly
improve when iron slag and silica fume are used to partially
substitute for sand and cement in the optimized
combination.

KEYWORDS- Iron Slag, Silica Fume, Concrete,
Strength, Environment.

I. INTRODUCTION

The limestone quarries and other raw carbonate mineral
sources are the primary raw materials used in the cement
production process [1]. Thus, cement is made in huge
production plants that need a significant investment in
capital. These plants are typically situated in close
proximity to other raw carbonate mineral sources [2]. In
spite of the widespread adoption and high profitability of
cement production, the cement industry continues to
struggle with a number of obstacles brought on by
environmental concerns and questions of long-term
viability [3]. During the manufacturing of one tonne of
clinker, approximately 850 kilogrammes of carbon dioxide
and 850 kilogrammes of environmental

particulate matter are released into the atmosphere [4]. It is
believed that the manufacturing of cement is responsible for
between 5 and 8 % of all of the carbon dioxide and other

greenhouse gases that are produced as a result of human
activities [5]. The calcination process is responsible for
approximately sixty % of the total CO2 emissions, while
fuel combustion is responsible for the remaining forty % of
the total CO2 emissions [6]. Extremely significant is the
requirement for innovative approaches to energy
management in the cement manufacturing process [7].

Iron and steel slag have been put to use for a variety of
purposes for a significant amount of time [8]. Extensive
research and development has enabled the transformation of
slag into a contemporary industrial product that is both
functional and useful [9]. Slag is a waste material that is
formed whenever pig iron and steel are manufactured in a
factory [10]. The industry, which previously disposed of it
as waste, is now investing in research connected to the
manufacturing of vast quantities of goods at the lowest
possible cost [11,12]. The emission of carbon dioxide,
which is responsible for the greenhouse effect, is the most
significant effect of the formation of slag [13]. There has
been an uptick in demand for granulated slag, which has
resulted in improved profits for Portland cement
manufacturers [14]. The use of slag can be beneficial both
commercially and in a variety of ways to the infrastructure
[15]. The slag can be used as a | base and top course for
roads that are made by using asphalt, (ii) used as anti-skid
or rough surfacing for paths on accident prone intersections,
(iii) unimportant ways where low-strength concrete is
required, (iv) where soil is poor in nature or required
stabilisation, and (v) concrete sub-base in the rigid
pavements [16].

Silica fume is an extremely fine, non-crystalline form of
silica that is a by-product of the manufacturing of alloys
containing silicon or elemental silicon in electric arc
furnaces [17]. Both cementitious and pozzolanic qualities
can be observed in silica fume as a result of its extremely
tiny particle size and extremely high proportion of
amorphous silicon dioxide [7]. It has been discovered that it
can significantly improve both the cement mortar's physical
and mechanical qualities [18]. The addition of silica fume
to cement mortar causes a reduction in its permeability and
the amount of calcium hydroxide it contains. This, in turn,
leads to the cement's refined pore structure and enhanced
durability [19]. It also leads to a reduction in the diffusion
of toxic ions and a rise in the resistance to sulphate attack,
both of which are outcomes of this process [20].
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Environmental scientists and toxicologists study the
behaviour of waste materials from the chemical point of
view, and the results show the improper disposal and
dumping of waste has an impact on human health or the
environment if it is applied to materials that are used in a
variety of residential, agricultural, industrial, and
construction works [21,22]. This conclusion was reached
based on the findings of the researchers. It may also be seen
that other animals or plants do not enter the food chain and
that they do not participate in the formation of plant tissue.
The aquatic ecosystem, including rivers, lakes, and streams,
is negatively impacted by waste materials and get
contaminated [23]. On the other hand, it demonstrates
benefits for the environment in every respect. When cement
is made, a very high %age of carbon dioxide (CO2) is
emitted into the atmosphere [24]. When used as aggregate
and cement replacement, slag and silica fume respectively
reduces the amount of raw material that is required, which
in turn saves both the energy that is required to obtain the
natural material and the amount of harmful gases that are
emitted when transporting the natural material from its
point of origin to the location where it is utilized [25].

The production process as well as the end application can
result in a wide variety of industrial pollutants [26].
Granulated blast furnace slag is added during the
production of Portland slag cement because of the
pozzolonic behaviour it possesses. Slag and silica fume are
utilised for soil conditioning and the production of mineral
wool, both of which are utilised for insulating purposes at a
reduced cost [27]. In addition to this, the addition of slag
and silica fume to cement production results in a lower
overall emission of carbon dioxide into the atmosphere
[28]. The primary purpose of this investigation is to
investigate the effects of partially substituting sand for iron
slag and silica fume for cement in the concrete. It has been

suggested that replacing some of the fine particles with iron
slag, and determining the effect that this has on the
properties of cement concrete, particularly the strength
qualities of concrete, will be the next step.

Il. MATERIALS AND METHODS

The materials were procured from local waste material
vendor and have the properties listed ahead. Cement, coarse
aggregates, and fine aggregates that have been mixed with
iron slag are the components that are utilised for the
experimental programme [29]. The standard ennore sand
was used as fineaggregates [30]. All of the material satisfies
the requirements of the IS Code, and the qualities of the
material are determined in the laboratory in accordance
with Indian standards in an atmosphere that is conducive to
such determinations [31]. The physical properties of fine
aggregate are examined in accordance with the
recommendations of IS: 383-1970 [32]. Coarse aggregate is
defined as the aggregate that does not pass through the IS
Sieve 4.75 mm [33]. The cement's conformance to Indian
Standard 1S: 8112:1989 was determined by the results of a
series of experiments carried out in the lab [34]. With the
assistance of the appropriate gear and equipment, some key
tests, including initial and final setting time, specific
gravity, fineness, and compressive strength, are carried out
on the cement [35]. These tests include: initial and final
setting time [36].

Making and casting were both done in accordance with IS
516: 19595, which was reaffirmed in 1999, hence the
technique in its entirety was used. To an accuracy of 0.1
kilogramme, the quantities of cement, coarse aggregate
(20mm and 10mm size), fine aggregate, and water were
weighed individually for each batch [37].

Table 1: Mix proportion for per m3 concrete

Signation Cement sand Coarse Ironslag | Ironslag Silica Silica Water

(kg) Aggregate (kg) (%) (kg) fume (%) | fume (kg) (L)
CMO 350 851 1442 0 0 0 175
SM1 350 808 1442 43 0 0 175
SM2 350 765 1442 10 85 0 0 175
SM3 350 723 1442 15 128 0 0 175
SM4 350 680 1442 20 170 0 0 175
SM5 305 723 1442 15 128 15 45 175
SM6 305 723 1442 15 128 15 45 175
SM7 305 723 1442 15 128 15 45 175
SM8 305 723 1442 15 128 15 45 175

The required amounts of each component, including
cement, coarse aggregate, fine aggregate, iron slag, silica
fume and water, are added in the appropriate proportions

before being fully combined [38]. After that, the remaining
quantity of water was also added in order to complete the
process of meeting the desired value of the water-to-cement
ratio [39].
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The concrete was withdrawn from the mixer once it had
been mixed with all of the necessary ingredients, and it was
then placed into the cube moulds. After the concrete had
had time to firm, it was removed from the moulds and
placed in the water tank to cure [40]. For each of the tests
conducted with normal cement concrete and mix concrete,
specimens were cast using casting equipment [41]. The
Universal Testing Machine was used to carry out this
evaluation (UTM).

I1l. RESULT AND DISCUSSIONS

In this study, the cement and fine aggregate were first
combined in a dry state until a uniform colour was
achieved. After that, coarse aggregate was added to the
cement and fine aggregate mixture, and the whole thing was
combined once more [42]. After that, water was added, and
the entire mixture was stirred together. The interior surface
of the moulds as well as the base plate were oiled just prior
to the placement of the concrete. After a period of twenty-
four hours, the specimens were taken out of the moulds and
placed in clean, fresh water that was heated to 270 degrees
Celsius [43]. After seven, twenty-eight and fifty sixdays of
curing, as measured from the time water is added to the dry
mix, the samples were put through their paces for testing
[44]. During the compression testing, no cushioning
materials of any kind were placed between the specimen
being evaluated and the plates of the machine. A force was
applied in an axial direction without causing any shock to
the specimens until they were crushed [45].

A. Compressive strength
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Figure 1: Variation of compressive strength with addition of
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Figure 2: Variation of compressive strength with addition of
silica fume

The results of the tests comparison of them in terms of their
compressive strength can be found in Figure 4.1. The only
w/c ratios that have been taken into consideration in this
study are 0.5. The possibility of replacing as much as 20 %
of the sand used in these processes with iron slag is being
investigated here followed by substitution of cement by
upto 20 % of silica fume in presence of optimized content
of iron slag. When iron slag is added to the mix at a rate of
5 %, the mix can develop compressive strength of up to
11.49 % after 7 days, 9.47 % after 28 days and up to 3.47 %
after 56 days. This is more than the compressive strength of
the control mix.

After seven days, respectively, there is a considerable
amount of improvement in the compressive strength that
may be attributed to the inclusion of 5, 10, 15 and 20 % of
silica fume in the mix. Specifically, these %ages correspond
to 53.16 %, 64.20 %, 59.75 %, and 57.92 %. Compressive
strength of the mixture improves in proportion to the
growing amount of silica fume content in the mixture. Thus
10 % is the optimum content of silica fume in presence of
15 % of iron slag. This accounts for the pozzolanic effect of
silica fume that is beneficial upto 10 % followed by slight
decrease in compressive strength. This is because the higher
content of silica fume may result in friction among the
particles that may impact the microstructure and
mechanical properties of the cement matrix [46].

B. Split Tensile Strength

It was found that the split tensile strength of the samples
was significantly higher than the control mix. After seven
days, respectively, there is a considerable amount of
improvement in the split tensile strength that may be
attributed to the inclusion of 5, 10, 15, and 20 % of iron
slag in the mix. The reason for this may be attributed to the
fact that the seven days have passed since the beginning of
the process [47]. To be more specific, these numbers equal
10.27 %, 29.59 %, 37.35 %, and 35.81 % respectively. The
amount of iron slag content in the mixture has a direct
correlation to the amount of improvement in the mixture's
split tensile strength that can be expected as the amount of
iron slag increases. The rise in split tensile strength at an
early age is much greater than the gain in split tensile
strength at a later age when 15 % of the fine aggregate is
switched out for iron slag [48]. This level of iron slag
content is considered to be ideal. We can see that the mix
can develop split tensile strength of up to 37.35 % after
seven days when 5 to 20 % of the cement is replaced by
silica fume. After 28 days, the mix can develop split tensile
strength of up to 14.18 %, and after 56 days, it can develop
split tensile strength of up to 5.97 %. This is greater than
the split tensile strength of the mix that was used as the
control.

After seven days, respectively, there is a large degree of
improvement in the split tensile strength that may be
attributed to the presence of 5, 10, 15, and 20 % of silica
fume in the mix. This can be due to the fact that the mixture
was allowed to cure for seven days to gain early strength
[49]. To be more specific, these %ages equal 55.06 %,
60.24 %, 59.27 %, and 58.41 % respectively. The quantity
of silica fume content in the mixture has a direct correlation
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to the amount of improvement in the split tensile strength of e Following 7 days, the mix resulted in a significant
the mixture as the amount of silica fume content increases increase in compressive strength after the addition of the
[50]. Therefore, a silica fume content of 10 % is the optimal iron slag.
level in the presence of an iron slag level of 15 %. e The proportion of iron slag in the mixture has a direct
150 correlation to the split tensile strength of the final
100 product.
2 a5 e When silica fume is added to the mix at a rate of 5 %,
% 100 the mix gains strength quite higher than those achieved
% 2'50 with the control mix.
g2 0 e There is a considerable degree of increase in the split
7 tensile strength with the inclusion of 5 % and 10 %
g 120 silica fume in the mix followed by a slight decrease.
z 1 e The inclusion of an optimized quantity of iron slag as a
030 sand replacement and silica fume as a cement
000 " npo SM1 sM2 SM3 SM4 repalcement in concrete at an early age is advantageous
=7 days 2.19 242 2.84 301 2.98 for improving the concrete's strength qualities.
m 28 days 2.90 3.14 3.29 3.31 3.28
56 days 3.67 3.75 3.80 3.89 3.75
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