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Abstract
This paper presents a review on the sustainable use of steel industry slag (SIS)
in the construction industry for sustainable development. This issue also may
contribute significantly to attain the sustainable development goal (SDG). If
feasible sector is not determined earlier for the use of SIS for the country like
Bangladesh then the unproductive uses will be increased and as well without
large-scale utilization, direct dumping of SIS will create environmental hazards. On the other hand, the sustainable use of SIS in concrete production
can contribute to the economic growth of the country; in addition, it can also
contribute to keeping our natural environment safe from hazardous pollution. Another observation of this study is SIS used in cement and concrete
production as aggregate or as additional cementing materials has a long-term
strength and durability. Besides, replacement of cement with SIS deferred the
hydration reaction at early ages, without any significant troubles. Furthermore, it can also be mentioned that high replacement of SIS with cement may
raise a problem of volume instability which can be solved by using
ground-granulated blast-furnace slag (GGBS) as combined admixture and the
slump problem of concrete mixtures can be adjusted with addition of copper
slag or class F fly ash. Feasibility analysis of SIS usage and an awareness program for all the stakeholders may be implemented for the sustainable uses of
SIS. Both of these will play a vital role to safeguard environment in addition
to economic growth of the country.
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1. Introduction
For sustainable development in the construction industry, steel slag has been
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used as a substitute for cement in concrete. Steel slag is a byproduct from steel
making industry [1] characterized by variable chemical components and low
cementitious properties. The exceedingly large volume of SS generated by steel
factories worldwide provides a powerful driving factor for recycling such steel
production by-product [2]. Recycling of SS, however, could be handy as long as
the materials provided have good durability and retain properties in line with
standards specifications after long aging [3]. The steel slag used in cement and
concrete production as aggregate or as additional cementing materials has a significant positive impact on environment due to its long-term strength and durability [4] [5]. For the sustainable development, large-scale utilization of SS is
crucial because of its massive production, which will create environmental hazards if it is dumped directly.
In this context, the construction industry can play an important role. In the
present situation, SIS has not yet reached a high level of utilization in country
like Bangladesh. Possible reason behind this is the lack of research about how to
use this steel industry byproduct. However, high levels of utilization of SIS in
some developed countries making some hopes and lessons for developing countries like Bangladesh. Therefore, adequate research works should be done in
Bangladesh in the aspect of sustainable uses of SIS. In addition, it is also needed
to find a method for recycling SIS as a more highly valued material, specifically
to ensure its potential use as an admixture in concrete production.

2. Statement of the Problem
Bangladesh is a developing country. Huge construction works are going on in
the whole country. As a result, day by day demand for steel as well as concrete is
increasing tremendously. The steel industries are producing significant quantities of waste i.e., SIS. Bangladesh’s overall steel production is estimated at 8 million tons per year and slag production is estimated at around 120,000 to 160,000
tons per year [6]. But it is not being used properly that means there have no sustainable use of this SIS in Bangladesh. But in the modern society, prior effort
must be provided for waste reuse and recycling which also important in environmental aspect [7]. The various uses of SIS are already identified by the different research works. But for sustainable use of SIS in concrete production have
been investigated in the limited number of studies to date. So, it is very essential
to find out the way for sustainable use of SIS in concrete production. Because
this SIS being used in different purposes unwisely. So, this study will help to establish an argument in favor of sustainable use of steel industry slag for concrete
production.

3. Literature Review
There is not enough literature relating to sustainable use of steel industry slags
for concrete production in context of Bangladesh. However, the following studies mostly related to use of steel industry slag’s in foreign context have been
DOI: 10.4236/ojapps.2019.912067
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critically reviewed in order to build up the strong foundation of the existing
study, as far as possible.
Lee et al. (2019) [8] have examined the prospect of using electric arc furnace
(EAF) oxidizing slag as the binder. The study performed a relative evaluation of
the mechanical properties of concrete containing electric arc furnace oxidizing
slag, steel-making slag, and granulated blast furnace (GBF) slag. The study
showed that replacing cement with EAF oxidizing slag deferred the hydration
reaction at early ages, without any significant troubles in setting time, strength
or shrinkage development.
Zhang et al. (2019) [9] has studied the consequence of microstructure, hydration behavior, volume and mechanical properties together with the evaluation of
the environmental performance of UHPC mixes containing steel slag. It is found
that the early age hydration is delayed when cement is partially change by SS in
UHPC mixes, leading to decrease in the compressive strength. It is also observed
that addition of SS does not vary the pattern of autogenous shrinkage development while the autogenous shrinkage strain is a slight reduced at a higher SS
content.
Liu and Guo (2018) [10] have investigated the fluidity and non-evaporable
water content. The study found that the fluidity of the paste containing SS is
high and the non-evaporable water content of the hardened paste containing SS
powder is close to the control sample at late ages. It is also observed that SS
powder and SS aggregate both react and be connected tightly to hardened paste
and gels, respectively.
Palod, G.D. et al. (2017) [4] has investigated the potential uses of SS in concrete as cementitious material. This study showed that high replacement of Basic
Oxygen Furnace (BOS) steel slag along with GGBS has a very encouraging outcome. The study also revealed that the problem of volume instability due to free
CaO and MgO can be solved by using GGBS as combined admixture.
Yüksel (2016) [11] has also observed that volume instability due to free CaO
and MgO and contaminants such as chromium, lead, and mercury are two fundamental alarming difficulties in increasing the level of usage of SIS in concrete.
The high-water absorption capacity of Steel slag aggregate (SSA) as compared
with natural aggregate is another difficulty. So, SS needs to be processed before
use in the construction industry to resolve the problems which yield extra costs.
The study of [12] on sustainable use of industrial-waste reviewed about the
partial replacement of fine aggregate for concrete mixtures. This study observed
that there are a number of industrial wastes like foundry sand, steel slag, copper
slag, imperial smelting furnace slag (ISF slag), blast furnace slag, coal bottom
ash, ferrochrome slag, palm oil clinker etc which may be used as full or partial
replacement of coarse aggregate or fine aggregate. This study examined different
physical and mechanical properties of industrial waste and industrial waste concrete comparing with natural sand. It is observed that the concrete mixtures
where ISF slag, copper slag, class F fly ash is used instead of sand shows enhanced durability and strength properties, but in the case of copper slag, slump
DOI: 10.4236/ojapps.2019.912067
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increases as the rate of replacement increases and in the case of class F fly ash,
slump decreases.
Ulubeylia and Artirb (2015) [13] have observed that due to availability of construction waste and blast furnace slag wastes in Turkey, it is suitable to use these
wastes in the production of durable concrete, which is also economically and environmentally feasible. This study showed from the investigation that construction waste aggregates and blast furnace slag could be used to develop the mechanical properties, workability, and chemical resistance of the usual concrete
mixtures.
Devi and Gnanavel (2014) [14] have investigated the compressive strength,
tensile strength, flexural strength and durability tests. The results of investigation indicate that partial replacement of coarse and fine aggregates by steel slag
develops the tensile, compressive and flexural strength of conventional concrete.
The investigation also observed that mass loss in cubes is very low after concentration in acids and deflection of RCC beams steadily increases due to increase
the load on beam. According to ASTM C 1202, the degree of chloride ion penetrability is within limit which indicates the feasibility of usage of SS in concrete.
In the above literature, it is observed that there has not adequate attention for
the sustainable use of SS in the concrete production. Detailed study on the use of
steel slag process can play an important role in achieving sustainable development in the developing country like Bangladesh.

4. Details about Steel Industry Slags
4.1. Steel Industry Slags
It is a by-product from steel making process (Figure 1). It is produced during
the separation of the molten steel from impurities in steel-making furnaces. The
slag occurs as a molten liquid melt and is a complex solution of silicates and
oxides that solidifies upon cooling. These slags may be used as either a coarse or

Figure 1. Pictures of steel industry slags.
DOI: 10.4236/ojapps.2019.912067
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fine aggregate for concrete [15] [16]. Due to the high cost of natural sand and
the emphasis on sustainable construction, there is a need for the construction
industry to search for alternative materials [17]. Table 1 shows the primary characteristics and applications of steel slag.
Figure 2 shows the manufacturing process of steel, where byproduct is slag.
Table 1. Primary characteristics and applications of different types of steel slag. Source:
http://www.slg.jp/e/slag/usage.html.
Slags

Steelmaking slag

Air-cooled Blast
furnace slag

Characteristics

Applications

Hard, wear-resistant

Aggregate for asphalt concrete

Hydraulic property

Base course material

Fertilizer components

Fertilizer and soil improvement

FeO, CaO, SiO2 components

Raw material for cement clinker

Large angle of internal friction

Material for civil engineering works,
ground improvement material

Hydraulic property

Road base course material

No alkali-aggregate reaction

Coarse aggregate for concrete

Low Na2O and K2O

Cement clinker raw material

Thermal insulation and sound absorption
effects when made into a fiber

Raw material for rock wool

Fertilizer component

Calcium silicate fertilizer

Strong latent hydraulic property when
finely ground

Raw material for Portland
blast furnace slag cement
Blending material for Portland cement
Concrete admixtures

Granulated
Blast furnace
slag

Low Na2O and K2O
Latent hydraulic property
Lightweight, large angle of internal
friction, large water permeability
Does not contain chlorides
No alkali-aggregate reaction
Fertilizer component

Raw material for cement clinker
Material for civil engineering works,
ground improvement material
Fine aggregate for concrete
Calcium silicate fertilizer
Soil improvement

Figure 2. Steel-manufacturing flow chart.
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The operation of the blast furnace and converter prioritizes the composition and
temperature of the molten iron and steel, but the composition of the slag is also
changed when appropriate, depending on the use of the slag products.

4.2. The Reactivity of Slag in Cement
The slag hydration frequency is an important parameter when modeling the cement slag mechanism and simulating the formation of the microstructure [18].
The rate of slag reaction with water is sometimes known as the slag reactivity.
The endogenous hydraulic behavior of slag is well known, which means that
when the atmosphere is suitable, the slag interacts at a remarkable rate, an alkaline condition in case of building activity [19]. Slag reactivity is the target of numerous studies, and yet is not fully understood. It is understood that several
factors contribute to the reactivity of the slag, such as composition of materials,
chemical composition, structural properties, temperature, glass structure and
alkaline environment [20] (Figure 3). In this section, some of these considerations are discussed, including the chemical composition of the slag, the composition and temperature of the pore solution.

4.3. Improve Hardened Properties of Concrete by Use of Slag
Cement
Slag cement strengthens many of the strong concrete’s strength and toughness
properties [22]. Like a pozzolan, it also absorbs calcium hydroxide by-product
from Portland cement hydration to form additional CSH. The subsequent cement paste becomes stronger and smoother, strengthening the concrete.
1) Improved compressive and flexural strength,
2) Reduced permeability, and resistance to chloride intrusion and corrosion,
3) Ability to mitigate moderate to severe sulfate attack,
4) Ability to mitigate alkali-silica reaction with reactive aggregates,
5) Reduced thermal stress in mass concrete through lower heat generation.

Figure 3. Factors on the reactivity of slag in cement (modified from Olbrich et al. 2001)
[21].
DOI: 10.4236/ojapps.2019.912067
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4.4. Environmental Benefits of Slag as Partial Replacement of
Concrete
Slag cement processing produces a value-added commodity from a material like
blast furnace slag which could otherwise be intended for disposal [23]. In addition to reducing the pressure on landfills by producing slag concrete, it also decreases air pollution at steel plants through the granulation process (as opposed
to the conventional air-cooling system). The use of concrete slag cement reduces
the impact of construction on the environment by:
1) Reducing greenhouse gas emissions by eliminating approximately one ton
of carbon dioxide for each ton of Portland cement replaced.
2) Reducing energy consumption, since a ton of slag cement requires nearly
90% less energy to produce than a ton of Portland cement.
3) Reducing the amount of virgin material extracted to make concrete.
4) Reducing the “urban heat island” effect by making concrete lighter in color
thus reflecting more light and cooling structures and pavements with exposed
concrete.

5. Findings of the Study
From the review, following conclusions were observed:
1) For the sustainable development, large-scale utilization of steel industry
slags (SIS) is crucial because of its massive production, otherwise direct dumping
will create environmental hazards.
2) It is very essential to determine feasible sector for the use of SIS in Bangladesh based on the sector wise demand. It is necessary due to resist the unproductive uses of SIS.
3) The sustainable use of SIS in concrete production can contribute to the
economic growth of Bangladesh in addition it can contribute to safe our natural
environment through reducing CO2 emissions, conserving natural resources and
energy savings.
4) The use of SIS as partial replacement of cement improves the microstructure of the concrete as well as its mechanical and hardiness characteristics. Khajuria and Siddique (2014) [24] have affirmed that replacing fine aggregate with
SIS in concrete, the compressive strength increases with increase in substitution
up to 30%.
5) The SIS usage in cement and concrete production as aggregate or as additional cementing materials has a long-term strength and durability. The Replacement of cement with SIS deferred the hydration reaction at early ages,
without any significant troubles in setting time, strength or shrinkage development.
6) High replacement of SIS with cement may raise a problem of volume instability due to presence of free CaO and MgO but it can be solved by using
ground-granulated blast-furnace slag (GGBS) as combined admixture.
7) The partial replacement of coarse and fine aggregates by SIS develops the
DOI: 10.4236/ojapps.2019.912067
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tensile, compressive and flexural strength of conventional concrete. The mass
loss in cubes is very low after concentration in acids and deflection of RCC
beams steadily increases due to increase the load on beam. According to ASTM
C 1202, the degree of chloride ion penetrability is within limit which indicates
the feasibility of usage of SIS in concrete.
8) The replacement of SIS with cement may raise a problem with slump of the
concrete which can be adjusted with addition of copper slag or class F fly ash.
Replacement of copper slag increases slump and in the case of class F fly ash,
slump decreases.
From the analysis of the above findings it can be expressed clearly that there
have not any major problems to establish the sustainable use of steel industry
slag for concrete production. The small number of insignificant problems which
were observed may be overcome through the policy implication stated below.

6. Conclusion
In order to achieve sustainable development goal, we must go for the sustainable
uses of industrial wastes. Utilization of industrial waste materials in concrete
production compensates for the lack of natural resources, solving the disposal
difficulty of waste and finding special techniques to safeguard the nature. In this
context, the construction industry can play a significant role to make sure the
sustainable use of steel industry slags.
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