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Abstract

Electric arc furnace (EAF) steelmaking is a fast-growing manufacturing process in which steel scrap is re-melted and
desired quality of steel grades is produced. The process is known to generate high degree of harmful gases and hazardous
metal dust. This research assesses the flue gases and their pollution impact during different technological process phases
of EAF steelmaking. The flue gases are carbon oxide (CO,) sulfur oxide (SO,), carbon dioxide (CO,), and nitrogen
oxide (NO,). Flue gas concentrations were analyzed using a portable combustion and stack emissions gas analyzer. The
overall process was divided into two phases; melting and blowing. A comparison was made between both technological
phases and their respective flue gas concentrations. In the melting phase, the minimum and maximum concentration of
CO,, SO,, and NO, were 75-836 mg/Nm?, 4-33 mg/Nm®and 1-60 mg/Nm?, respectively. During the blowing phase the
minimum and maximum concentration of CO;, SO, and NO, were 12-415 mg/Nm?, 2-14 mg/Nm?® and 1-42 mg/Nm’,
respectively. The results were compared with the standard concentration levels of gaseous emissions by the National
Environmental Quality Standards (NEQS) of Pakistan. The study verifies that the melting phase has more of a negative
impact on the environment than the blowing phase. Hence, it is necessary to mitigate the pollutant concentrations
during this technological phase.A number of recommendations have been made to reduce pollutant gases so that the
environmental impact can be minimized in the EAF process.
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1. Introduction sulfur oxides (SOx), polychlorinated dibenzo-p-dioxins
(PCDDs) and polychlorinated dibenzofurans (PCDFs)
(Shih et al., 2007). Among these pollutants, particulate
matter and dust are major potential health problems for in-
house staff, working in steel plants and for people living

High air quality is very important for human life and
all other living organisms on earth. Industrial pollutants
adversely affect the quality of air. The steel sector is one
of the biggest contributors of increasing pollutants in
the modern industrial era (Wang et al., 2016). The high
production of steel worldwide causes a proportional

in nearby residential areas (Sekula, Wnek and Selinger,
2001; Hoshuyama et al., 2006; Cantone et al., 2011;
Cappelletti ef al., 2016) Emission gases from steel plants
(CO,, SO, and NO,) are very critical to air quality. SO,
has a negative impact on human beings and machinery

increase in air pollutant contaminates (Douchanov,
2002; Rynikiewicz, 2008; Mohamed and Sasi, 2013; Li,

Lei and Pan, 2016). Stack emission is a major source of (Tewari and Shukla, 1991). Despite emission gases, metal

industrial gaseous emissions. Regulatory bodies have  q(jytants are also problematic and a major cause for bad

taken productive initiatives to monitor and control the ., quality due to industrialization (Quraishi, Schauer and
environmental performance of steel industries (Teng Zhang, 2009).

and Huang, 1996; Liu et al., 2011; Cakir, Alp and Yetis,

2016) Electric arc furnaces (EAFs) are mostly used in the steel

making process. They produce stainless and alloy steels by

The fast-growing steel industry is a big source of air  using scrap. The EAF steel making process belongs to the
pollution. Steel plant specific pollutants include solid  category of the industrial processes with a high degree of
hazardous waste (Poinescu et al., 2010), carbon oxide  pollution from gases. They are transferred into the air and
(CO,), carbon dioxide (CO,), nitrogen oxides (NO,), cause environmental problems. These EAF off-gases are
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utilized in energy conservation and ultimately to reduce
CO,. Most off-gases contain some greenhouse gases
(GHG) (Thomson et al., 2000). According to Varvara,
the EAF process has negatively affects the environment
(Dana-Adriana Ilutiu-Varvara, Elena-Maria Pica, 2011)
The most common pollutants which are present in air
are CO,, SO,, NO,, volatile organic compounds (VOC),
particulate matter, dioxins and furans (Ilutiu-Varvara et
al., 2015)

Assessing air pollution and its environmental effects
during steelmaking is difficult to quantify because it
depends on the charge’s constituents. The most polluting
technological phases charge
melting, refining, desulphurization, de-phosphorization,

are furnace charging,

and alloying (Varvara, Brandusan and Pica, 2012). The
process of steelmaking in EAFs pollutes the air with dust
that is released with burned gases into the atmosphere.
The composition and concentration of the burned gases
are mainly variable by quality and purity of the furnace
charge (Varvara D.A., Nagy E., Suciu C.R., Thalmaier G.,
2005). This research assesses pollutant gas levels in both
technological phases of EAF-based steelmaking, namely,
melting and blowing. The goal is to measure the impact of
pollutant gases on the environment and to know whether
their concentration levels exceed the permissible exposure
limits in either the melting or blowing phase. In addition,
a way to reduce these risks is sought. The possibility of
finding an optimal solution should be found that ensures
an immediate treatment and follow-up in a periodical and
coordinated system.

Electric arc furnaces have three apertures for the
graphite electrode. A fourth aperture is designed for
suction with the help of a de-dusting unit composed of a
filter baggage and air blowers. The schematic diagram of
an electric arc furnace is shown in Figure 1.
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Fig. 1. Schematics of EAF.

Among most of the electric furnaces involved in steel
making, EAFs are characterized by the exhaustion of a
large amount of dust along with CO, CO,, NO, and SO,
with the process gases. When the furnace is blown with
oxygen, its atmosphere contains gas bubbles (O,, N, and
CO, etc.) and metal is said to “boil” due to CO bubbles
that are produced. The amount of process gases escaping
from an EAF depends upon the composition of the charge,
metal-slag reactions, and the amount of inspirited air
during opening and closing of the EAF roof. The flue gases
are sucked out from the fourth aperture with the help of
the de-dusting plant, (Figure 1). The following reactions
may take place in the EAF for the generation of flue gases
(Huber et al., 2005; Ilutiu-Varvara et al., 2015):

C+0=CO (2) (1)
C+FeO=Fe+ CO 2)
MeS + 20, = MeSO, 3)

Where MeS is a metal sulfide:

2MeSO,=2MeO + 2S0, + O, 4)
S+0, =S80, Q)
N+ 0 =NO (6)

2. Materials and methods

A detailed assessment of EAF gas emissions of CO,
CO,, NO, NO, and SO, was carried out. The process was
divided in two phases. Both phases of the EAF process
were extensively studied. The off-gas sampling was
carried out from the stack and plotted against different
parameters.

To assess the environmental air quality during
steelmaking in electric arc furnaces, the concentrations of
stack flue gas emission of the following pollutants were
measured: CO, SO,, NO and NO,. The measurement of
the flue gas concentrations from the stack was achieved
with a stack flue gas analyzer (LAND III,UK). The flue
gases were emitted from the EAF after passing the
de-dusting unit which was then followed by the forced
draft stack. The capacity of the EAF was 15 tons. The
steel type made was carbon steel. The concentrations of
gaseous pollutants at emissions were measured every 10
minutes, including after each important activity: charging
scrap, lime and coke addition, oxygen blowing (lancing)
and de-slaging.



3. Results and discussion

As stated, the stack emission studies were divided into
melting and blowing phases. Results are discussed
separately then comparison is made with National and
International benchmarks.

3.1 Emission concentrations during melting phase

The main objective of the EAF is melting the scrap
metal and de-phosphorization. During this process, scrap
metal, fluxing agents (lime and fluorspar), and a reducing
agent (coke breeze) are usually added. The process
normally takes 80-120 minutes. Flue gas concentrations
are analyzed by the flue analyzer every 10 minutes. The
results obtained are listed in Table 1.

Table 1. Concentration measurement during melting

Phase (mg/Nm?>).
Time 6 so, No O, NoO,
(min)
10 75 4 38 063 60
20 198 6 0 0.49 1
30 278 13 20 068 32
40 103 4 0 1.06 1
50 836 33 076 15

The most concentrated gas found was CO, which is
as low as 75 mg/Nm? at the start of the process, while at
the end of the process, it reached 836 mg/Nm?, exceeding
the threshold limit of the national standards. On the other
hand, the maximum and minimum concentrations of SO,
were 33 to 4 mg/Nm?; respectively. NO, in the melting
phase was 1 to 60 mg/Nm?®. These values are comparable
with the National Environmental Quality Standards
(NEQS) of Pakistan (Gilani and Bhatti, 2015) shown in
Table 2. It can be concluded that all gas emissions are
within specified limits that do not exceed the standards
maximum allowable limits, except CO, which randomly
increased as the melting process proceeded.

Table 2. NEQS for industrial gaseous emissions.

Parameter Source of Standard
Emission (mg/Nm®)
CcO Any source 200
SOx Others* 400
NOx Other** 400

* Other than Sulphuric Acid Plants
** Other than Nitric Acid Plants
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3.2 Emissions concentrations during blowing phase:

Results from this phase were different. When the bath was
blown with oxygen, CO emissions were comparatively
low, ranging from 12mg/Nm?®to 415mg/Nm® maximum.
The maximum and minimum concentration ranges of SO,
were also only 14-2 mg/Nm?. NO, varied from 0 to 42
mg/Nm’. All recorded values of CO, SO, and NO, were
within allowable limits set by NEQS in this phase. The
recorded data are illustrated in Table 3.

Table 3. Measurement during the oxygen
blowing (lancing) phase (mg/Nm?).

Time ' h S0, NO cCO, NO,
(min)
10 12 3 0 0.24 0
20 415 14 1 0.7 18
30 139 5 0 0.87 1
40 62 2 26 106 42
50 37 2 1 042 20

3.3 Comparison of gaseous emissions during process
phases

The emission of CO is slightly higher in the melting phase
and comparatively low in the blowing phase (Figure 2).
At the end of the melting, the CO concentration was 836
mg/Nm? which exceeded the specified limit of industrial
gaseous emissions of 800 mg/Nm?. This is due to the
fact that the rate of carbon oxidation increases with the
increase in bath temperature. An increase of temperature
also causes a more intensified course of FeO (Reaction
2). This indicates a potential hazard of having higher CO
levels during the melting phase.
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Fig. 2. Comparison of CO in melting and blowing after
same process time duration.
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Carbon monoxide has adverse impacts on the
environment and of course on steel workers. It reacts with
blood hemoglobin to yield carboxyhemoglobin because
blood hemoglobin has the highest affinity for carbon
monoxide. The formation of carboxyhemoglobin causes
inflammatory diseases such as sepsis and pneumonia
(Ilutiu-Varvara et al., 2015).

SO, and NO, concentrations during the melting and
blowing phase were within allowable NEQS limits as
shown in Figure 3 and Figure 4 respectively.
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Fig. 3. Comparison of SOx in melting and blowing.
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Fig. 4. Comparison of NOx during melting
and blowing.

However, the concentration levels of these gases in the
melting phase were much higher than those in the blowing
phase.

4. Conclusion

The average emissions from stack gas are much higher
during the melting phase than the blowing phase of EAF
steel production. This is attributed to the composition and
concentration of burned gases which are highly variable

and mainly depend upon the degree of purity of the charge
and absolute thermodynamics conditions of the EAF.
The average concentration of CO in the melting phases
was within the allowable limits, but it exceeded the alert
threshold (800mg/Nm?) by 105%. This occurred near the
completion of melting and exceeded the NEQS allowable
limits. The CO emissions during the blowing phase
were within the NEQS permissible limits. The average
concentrations of SO, and NO, were within allowable
limits of emissions during the melting and blowing
phases.

The high concentrations of CO are detrimental to the
environment and indicate a waste of chemical energy. This
gas may be utilized in the process optimization of EAF.

5. Recommendations

The following measures are recommended by the present
authors for the short-term and long-term planning. It can
be adopted to minimize air pollution generated from the
EAF steelmaking process. The recommendations are:

1. Installing a chemical energy package at EAFs to
properly utilize the chemical energy of the system
caused by carbon monoxide. Hence, CO emissions
into the environment could be minimized.

2. Applying CO post-combustion technology during
scrap melting. This is a process of utilizing the
chemical energy of CO and hydrogen evolving from
the steel bath. It is suggested by the Sector Policies
and Programs Division, US EPA (US EPA, 2012).

3. Providing personal protecting equipment (PPE) to
employees such as certified dust masks and safety
glasses.

4. Increasing stack height: This will mitigate inhalation,
as the concentration of pollutants at ground level
is directly proportional to the speed of escaping
pollutants from the stack and inversely proportional
to the effective stack height.

5. Protecting skin from flue gases and metal dust by
providing protective clothing to workers.

6. Periodical monitoring of stack gas emissions. It is a
quick preventive and corrective measures that would
limit human and environmental exposure to CO gas.

7. Monitoring the furnace gas flow rate and consumption
in order to control post-combustion of the off-gases
online. This would reduce natural gas, oxygen and
carbon consumption (USEPA, 2012).
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