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Abstract. Steel slag is a by-product material from the combustion of steel in the electric-
arc furnaces. The previous study mentioned the steel slag with 3% cement replacement
improved the concrete properties. In addition, the disposal of wash water to the landfill had
an impact on the environment. So, there was a desire to reuse the wash water as the mixing
water in the concrete. However, it caused a decrease in the concrete properties. This study
analyzed 50% wash water of the total mixing water with support of 1% and 2% steel slag
of cement replacement. The wash water consisted of the cement water from the previous
concrete mixing. This study used the mortar with the w/c of 0.52 as the sample. The results
showed that the steel slag with 1% and 2% in 50% wash water in the mixing water had
similar properties to conventional concrete, especially setting time, compressive strength,
and ion rapid chloride permeability. Yet, it improved the hydration heat and shrinkage of
concrete.
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1 Introduction

Steel slag (SS) is a by-product material from the combustion of steel in the electric-arc furnaces
during the production of steel making. The data recorded that there was 2% SS generated and
discharged to the environment during the steel production. It was an issue in the environment
and society [1]. So, it was required to prevent them from the disposal of SS in the landfill as the
use of SS in the concrete industry.

The previous study revealed that the use of SS up to 3% of cement replacement in the concrete
had many advantages [2], which improved the long-term in the concrete properties, including
compressive strength, ion rapid chloride permeability, and durability [3,4]. The replacement of
SS in the concrete brought the prolonged setting time up to more than 24 hours [2]. Furthermore,
the concrete wash water was poison water in the landfill. It was another environmental issue
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due to its ingredients of caustic soda, potash, and a high pH. It was a special treatment to reduce
the discharger of wash water to the landfill. The cement contained in the wash water was hard
soon after a few times. The material of SS delayed the hardening of cement. So, it was used as
the mixing water of concrete the next day [5].

2 Literature Review

Steel is a raw material used in infrastructure projects, manufacturing, and machinery industries.
In 2012, the steel production of 1,545 million tons worldwide contributed to the waste material
of SS [6]. The material of SS is from fume gas during steel scrap melting. The production of
one ton of steel generated the material of SS about 15 to 20 kg. The Environmental Quality
Regulation, 2014, recorded that Malaysia produced about 8.8 million tons of steel from 2010 to
2012, which caused the production of SS about 154 million kg [1,6]. The material of SS was a
heavy metal that had the chemical composition of zinc, Lead, Chromium, and Cadmium [7]. It
was a reason of Best Available Techniques Economically Achievable (BAT) in Malaysia that
categorized the material of SS as hazardous waste. So, the material of SS was not allowed to be
disposed of at landfills without treatment.

Some investigations used the material of SS in the concrete industry to solve the environment
issue. The replacement of SS improved the mechanical properties in the concrete but prolong
the final setting time [4]. The replacement of SS about 1%, 3%, and 5% provided a setting time
of 9 hours, 27 hours, and 54 hours, respectively [8]. The use of wash water speeded up setting
time and reduce the flowability in the fresh concrete. Yet, it did not impact the compressive
strength [9,10]. The use of wash water also reduced the capillary water absorption and
microporosity in the concrete. These properties improved the durability of concrete [11,12].
Ghrair et al. revealed that the wash water did not use as the mixing water in the concrete even
after dilution. It caused the reduction of compressive strength and workability on the concrete
[13]. The applied of wash water with zeolite in the concrete increased the compressive strength
of 4.6% at 7 days curing and up to 30% at 28 days. It proved that the microstructure of concrete
with wash water and zeolite was denser than the wash water only. [14,15].

3 Experimental Program

The wash water was from the previous concrete washing water and poured into the plastic
bucket. The material of SS about 1% and 2% was poured into the concrete wash water, stirred
for 2 minutes, and stored overnight. The mixing water was from 50% wash water and 50%
potable water. The investigation in this study refers to The ASTM standard C-192. It began to
pour the aggregate, cement, and some mixing water into the concrete mixer. Then, run the mixer
for 3 minutes, rest for 3 minutes, and run back for 2 minutes. The fresh concrete was prepared
to evaluate the setting time and heat of hydration. While, the hardened concrete was prepared
to evaluate the compressive strength, ion chloride permeability, and drying shrinkage.
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Fig. 1. The condition of: (a) original plastic bucket (b) plastic bucket during applied the material of
SS in the wash water, and (c) plastic bucket after removed the wash water.

4 Results and Discussion
4.1 Setting Time

The setting time of 50% wash water with the support of SS in the mixing water shows the linear
curve relation to the increase of SS percentage as seen in Figure 2. It is seen that the use of wash
water increases the setting time in the fresh concrete. It is linked to the effect of SS in the wash
water that prolonged the setting time. The use of SS up to 2% of cement replacement retarded
the reaction of hydration in the concrete. It was attributed to the release of zinc element from
the material of SS. It was opposite to the previous result mentioned that the use of wash water
in the concrete caused a speed up of setting time. Nevertheless, the wash water with 2%SS was
still acceptable as the setting time in the concrete.
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Fig. 2. Setting times of concrete using wash water
4.2 Heat of Hydration

The heat of hydration used 1% and 2% SS in 50% wash water as the mixing water in the concrete
is shown in Figure 3. The use of SS in the wash water increases the heat of hydration in the fresh
concrete. It was attributed to the chemical content of SS including the content of Ca.
Furthermore, the peak temperature of 1% and 2% SS in the 50% wash water shifted for a longer
time compared to the potable water. The shifting time of peak temperature was the consistent
reason why the replacement of SS caused prolonged setting time in the concrete. It means that
the percentage of SS retarded the hydration process in the concrete.
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Figure 3. The hydration heat of concrete using wash water



4.3 Compressive Strength

Figure 4 shows that the use of 1% and 2% SS in 50% wash water in the mixing water did not
affect the compressive strength in the concrete. The wash water was too bad as the mixing water
in the concrete due to the interfered with the setting of the concrete, stained the concrete surface,
adversely affected the strength of the concrete, and caused corrosion in reinforcement. This
result proves the use of SS up to 2% of the wash water as the mixing water can bring back the
compressive strength similar to the conventional concrete. It is a novelty to restore the properties
of concrete. It was due to the zinc element in the material of SS that retarded the reaction of
cement water to precipitate before being used in the mixing water.
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Figure 4. The compressive strength of concrete using 1% and 2% SS in 50% wash water in the
mixing water

4.4 Ton Rapid Chloride Permeability Test

Figure 5 shows the ion rapid chloride permeability test (ion RCPT) in the concrete. The material
of SS with 1% and 2% in the 50% wash water as the mixing water in the concrete decreases the
ion RCPT compared to the conventional concrete using potable water. Yet, the material of SS
with 2% SS in the 50% wash water as the mixing water is higher than using 1% SS in the 50%
wash water. It means that the increase of ion RCPT retarded the hydration reaction due to the
increase of zinc element in the wash water. However, the lower ion RCPT due to the increased
percentage of SS was beneficial in slowing down the corrosion rate.
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Figure 5. The ion RCPT of concrete using wash water
4.5 Drying Shrinkage

Drying shrinkage is the last parameter used to evaluate the material of SS with 1% and 2% in
50% wash water as the mixing water in the concrete. Figure 6 shows the increase of SS
percentage in the 50% wash water decreases the drying shrinkage of concrete. The increased
percentage of SS in the 50% wash water increased the particles of SS in the concrete. It reduced
the concrete pore and decreased the water access in and out of the concrete pore. However, this
result is opposite to the ion RCPT, in which the drying shrinkage of concrete was linear with its
drying shrinkage. It is due to the zinc element in the material of SS that caused the retarded
hydration reaction. So, the access to an ion RCPT of cation and anion connected from the pore.
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Figure 6. Drying shrinkage of concrete using wash water



5. Conclusion

This study analyzed the feasibility of using 1% and 2% SS in 50% wash water as the mixing
water with six parameters. It concluded that the applied of SS in 50% wash water restored the
properties of concrete. It can help to save the environment from steel slag as the waste material
and wash water as the poison water in the environment.
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