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CHAPTER 1

INTRODUCTION

Congress, in the Clean Air Act Amendments of 1990 (CAARA),
amended Title I of the Clean Air Act (CAA) to address ozone
nonattainment areas. A new Subpart 2 was added to Part D of
Section 103. Section 183 (c) of the new Subpart 2 provides that:

[wlithin 3 years after the date of the enactment of the
(CAAA], the Administrator shall issue technical documents
which identify alternative controls for all categories of
stationary sources of ... oxides of nitrogen which emit, or
have the potential to emit 25 tons per year or more of such
air pollutant. :

These documents aré to be subsequently revised and updated as
determined by the Administrator.

Iron and steel mills have been identified as a stationary .
source category with emission sources that emit more than 25 tons
of nitrogen oxides (NO,) per vear. This alternative control
techniques (ACT) document provides technical information on
various NO, controls for various iron and steel mill processes
that State and local agencies may use to develop and implement
regulatory programs to control NO, emissions from iron and steel
mills. Additional ACT documents have been developed for eight
other stationary source categories.

The information in this ACT document was generated from
previous EPA documents and literature searches and contacts with
iron and steel manufacturers, engineering firms, control
equipment vendors, and Federal, State, and local regulatory
agencies. Chapter 2 presents a summary of the findings of this
study. Chapter 3 provides a process description and industry
characterization of iron and steel mills. A discussion of
uncontrolled NO, emission levels is presented in Chapter 4.
Alternative control techniques and achievable controlled emission
levels are discussed in Chapter 5. Chapter 6 presents control
costs and cost effectiveness for each control technique.
Environmental and energy impacts associated with the use of NO,
control techniques are discussed in Chapter 7.







CHAPTER 2

SUMMARY

2.1 SOURCES OF NO, EMISSIONS

_Integrated iron and steel mills produce steel by reducing
iron ore to iron in a blast furnace and, subsequently, removing
- excess carbon and other impurities from the iron in a basic
oxygen furnace. Other processes involve beneficiating iron ore
(e.g., pelletizing), recycling of iron-bearing materials (e.g.,
sintering), coke-making, and steel finishing processes such as
shaping, annealing, and galvanizing. All of these are high
temperature processes, usually involving the combustion of foss11
fuels, and all are potential sources of NOy emissions.

Mini mills and specialty producers process steel through
some subset of the full range of processes found in integrated
iron and steel mills. Typically, they enter the process by
meltlng scrap steel in an electric arc furnace, bypa351ng the
iron- maklng process and attendant support act1v1t1es such as = -
sintering and coke making. ,

The processing order is illustrated in the simplified flow
diagram in Figure 2-1. In coke making, coal is destructively
distilled in coke ovens that are fired with, typically, a mixture
of coke oven gas (COG) and natural gas (NG) and/or blst furnace
gas (BFG). Coke oven underfiring is a high-temperature process
and NOy emissions from coke making are appreciable.

In the sinter plant, iron ore fines, coke fines, other
iron-bearing materials, and (often) flux are well-mixed and
spread uniformly on a traveling grate and ignited, typically with
NG. As the grate travels, a forced draft causes the coke fines
and other combustibles in the bed to burn. The mixture is thus
heated to a fusion temperature, creating a sinter suitable for
use in the blast furnace.

In the blast furnace, iron ore is reduced to molten iron
(also called pig iron or hot metal). The blast furnace is a
closed system with no atmospheric emissions. The effluent from
the furnace, blast furnace gas (BFG) that is rich in carbon
monoxide (CO), is cleaned of particulates and used as a fuel in
the blast furnace stoves. Each blast furnace has three or four
associated stoves that preheat the air blast supplied to the
blast furnace. Because these stoves are heated primarily w1th
BFG, NO, emlss1ons from the stoves have low concentrations.
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Molten iron from the blast furnace, along with scrap steel,
is charged to the basic oxygen furnace (BOF) where high-purity
oxygen is blown on the molten bath (or upward through the bath in
the case of a Q-BOP [basic oxygen process] type furnace). The
oxidation of undesired elements in the bath (carbon, silicon,
manganese, etc.) converts the hot metal into steel and brings the
bath to a suitable pouring temperature. Combustible off-gases
from the process are typically collected in an open hood above
- the furnace that admits air and are burned. Some furnaces are

equipped with suppression-type hoods that prevent air from mixing
with the off-gases above the furnace, and the off-gas is
subsequently flared. During the combustion of the off gas,
thermal N‘Ox is generated.

Scrap steel is melted in electric arc furnaces (EAF’s) where
radiant heat from an electric arc established between the
electrodes (usually powered from a three- phase utility-based
supply) and the scrap or molten steel bath is used to bring the
charge to pouring temperature. Heating due to the electric
current passing through the scrap or molten bath is a minor part
of the total heat input. The use of electricity for steel
melting transfers the generation of NO, from the iron and steel .
mill to a utility generating plant. However, oxygen and NG are -

. sometimes used to preheat the charge. Thus EAF’S are NOy '
emission sources. ‘

Molten steel from steel-making furnaces is typically
processed through a continuous caster where it is shaped into
slabs, billets, or blooms. Alternatively, it may be cast into
ingots and stored for subsequent processing. S8Slabs, billets, and
"blooms from the continuous caster are typically reheated to
suitable working temperatures in reheat furnaces prior to being
passed through mills for further shaping. Ingots are typically
- reheated in soaking pits prior to subsequent processing. Reheat
furnaces and soaking pits are high-temperature, fossil fuel
(typically natural gas) burning furnaces and are sources of NO,
emissions.

Finishing processes such as anneallng and galvanizing also
involve reheating steel products to suitable temperatures for
processing. Consequently, these finishing processes are also
sources of NO, emissions. ‘

2.2 UNCONTROLLED NOy EMISSIONS

There are three fundamentally different mechanisms of NO,
formation. These mechanisms yield (1) thermal NO,, (2) fuel NO,,
and (3) prompt NO,. The thermal NO, mechanism arises from the
thermal dissociation and subsequent reaction of nitrogen (N,) and
oxygen (O,) molecules in combustion air. The fuel NO, mechanism
arises from the evolution and reaction of fuel-bound nitrogen
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compounds with oxygen. The prompt NO, mechanism involves the
intermediate formation of hydrogen cyanide (HCN), followed by the
oxidation of HCN to NO. Natural gas and most distillate oils
have no chemically bound fuel nitrogen and essentially all NO,
formed from the combustion of these fuels is thermal NO,.
Residual oils and coals all have fuel-bound nitrogen and, when
these are combusted, NO, is formed by all three mechanisms.

Iron and steel mill processes tend to use gaseous fuels,
i.e., NG, COG, BFG, and oxygen, and the NO, generation tends to
be thermal NO_.. Exceptions include sintering where coke fines
are burned as a fuel and coke ovens where coal is destructively
distilled in the absence of air. Emissions from sintering and
fugitive emissions from coke ovens may be sources of fuel NO,
emissions. Prompt NO, formation is not a major factor. It forms
only in fuel-rich flames, which are inherently low NO, emitters.
Thermal NO, formation is the predominant mechanism of NO,
generation at iron and steel mills. ‘ .

Very little NO, emissions data are available in the
literature relevant to iron and steel processes. Table 2-1
summaries uncontrolled NO, emissions from the major process
facilities found in iron and steel mills. This summary is based-
on the available emissions data obtained during the preparation
of this document. The data are presented in Appendix A of this
document.

The uncontrolled NO, emissions tabulated in Table 2-1
indicate that coke-oven underfiring, sintering, reheat furnaces,
annealing furnaces, and galvanizing furnaces are facilities with
emission factors that range from 120 to 940 ppm at 3 percent O,.
Data available for both preheated combustion air and cold
combustion air furnaces show that NO, emission factors are much
higher when the combustion air is preheated. For some
facilities, e.g., reheat furnaces, there is much scatter in the
data, and the averages presented in Table 2-1 may not be
representative of individual furnaces.

2.3 NOy EMISSIONS REDUCTION TECHNIQUES

Control techniques for NO, emissions can be plaéed into one
of two basic categories: techniques designed to minimize NO,

generation and techniques to remove previously generated NO, from

the waste effluent stream. Combustion modification techniques
such as low-NO, burners (LNB’s) and flue gas recirculation fit
into the first category. 2Add-on flue gas treatment techniques
such as selective catalytic reduction (SCR) and selective
noncatalytic reduction (SNCR) are examples of the second.

Few facilities found at iron and steel mills have NO, ,
controls. For many facilities, a suitable control technique has
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not been demonstrated. These facilities include sinter plants,
coke ovens, blast furnace stoves, and steelmaking furnaces. The
Japanese have investigated using SCR for sinter plants and coke
ovens. These efforts appear to be experimental, and.SCR is not
used routinely on these facilities in Japan. Iron and steel
process facilities known to have NO, controls applied are reheat
furnaces, annealing furnaces, and galvanizing furnaces. Control
techniques known to have been applied to these facilities are as
follows: : ‘ ' S

Reheat furnaces - Low excess air (LEA)
' " LNB’s :
LNB plus flue gas

recirculation (FGR)

Annealing furnaces ‘ LNB
- LNB plus FGR -

SCR
LNB plus SCR

Galvanizing furnaces LNB
: LNB plus FGR.

Other control techniques are discussed in this document. -

Table 2-2 summarizes controlled NO, emissions data and
estimates and percent reductions. - Percent reductions range from
13 to 90%. For reheat furnces controlled emissions range from 25
ppm @ 3% 0, for cold air furnace controlled by LNB+ FGR to 560
ppm for a regenerative furnace controlled by LEA. Emissions
reductions for the reheat furnaces with preheated combustion air
range from 0.03 1lb NO,/MMBtu for an LEA-controlled recuperative-
fired furnace to 0.61 1lb NO,/MMBtu for regenerative-fired
furnace. Due to low uncontrolled NO, emissions, the emissions
reductions for cold air reheat furnace are much lower. ,

For annealing furnaces, controlled emissions range from 10
ppm for a cold-air fired furnace controlled by LNB+SCR to 390 ppm
for a regenerative-fired furnace controlled by LNB. Annealing
furnace emissions reductions range from 0.07 lb NO,/MMBtu for a
cold-fired furnace with LNB to 0.85 1lb NO,/MMBtu for a
regenerative-fired furnace with LNB plus SCR- controls.

For galvanizing furnaces, controlled emissions range from 50
ppm for a cold- air fired furnace controlled by LNB+FGR to 470
ppm for a regenerative-fired furnace controlled by LNB.
Emissions reductions for galvanizing furnaces range from 0.07
1b/MMBtu for a cold-air fired furnace with LNB to 0.69 1lb/MMBtu -
to a regenerative-fired furnace controlled by LNB+FGR.
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2.4 COSTS AND COST EFFECTIVENESS OF NOy CONTROL TECHNIQUES

Tables 2-3 thru 2-5 present costs and cost- effectiveness
estimates for NO, controls for reheat, annealing and galvanizing

furnaces, respectlvely These estimates are based on a limited .

data base. Controlled NO, missions (and, consequently, emissions
reductions) are often based on test data from a single furnace.
Costs are also based on limited data, often a single example
furnace, that do not account for site-specific factors. All
costs are in April 1994S. :

Costs and cost effectlveness vary w1th furnace firing
capacity. In discussing cost effectiveness in Tables 2-3 thru 2—
5, values used refer to the mid-size capacity furnace unless
gtated otherwise and are for existing furnaces. For combustion.
modification controls such as LNB and LNB/FGR, costs and cost -
effectiveness for new furnaces are approximately 1/3 - 1/4 the
corresponding number for new sources. For add-on controls
only (SNCR and SCR), costs and cost effectiveness are the same for
both new and existing sources.

Ag shown in Table 2-3, the cost effectiveness of existing

mid-size reheat furnaces of all control techniques range from -

$90/ton NO, removed (LNB on a regeneratlve fired furnace) to

s$2, 400/ton NO, removed (LEA on a cold-air fired furnace). Only
LEA has cost effectlveness greater than $700/ton. Capital costs
and annual costs for the various controls range from $190,000 to
340,000 and $51,000 to 83,000 respectlvely ,

For existing mid- size anneallng furnaces (Table 2-4) cost
effectiveness of all control techniques range from $200/ton NO,
removed (for LNB at a regenerative fired annealing furnace) to
$7,900/ton NO, removed (for LNB+SCR at a cold-air fired furnace).
Capital costs range from $540,000 to 4,500,000 and annual costs
from $77,000 to 870,000.

For existing mid-size galvanlzlng furnaces (Table 2 5),‘cost
effectiveness of all control techniques range from $110/ton for
LNB on a regenerative-fired furnace to $1, 200/ton for LNB+FGR on
a cold-air fired furnace. Capital costs for the two controls are
$250,000 and $§ 380,000. Annual costs are $58,000 and $70,000.

2.5 IMPACTS OF NOy CONTROLS

All of the NO, control technlques listed in Section 2 3 have
the potential to 1mpact other air emissions in addition to NO,,
and all may have energy impacts. SCR units may have a solid
waste impact in the disposal of spent SCR catalyst. - None of the
listed techniques have a wastewater impact. co

i
i
I
i
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2.5.1 Air Impacts of Combustion Modification Techniques

All of the listed combustion modification NO, control
techniques, LEA, LNB, and LNB plus FGR, may increase CO and
unburned hydrocarbon (HC) emissions. The NO, reduction
mechanisms inherent in these modification techniques are the
reduction of peak flame temperatures, which is exponentially
related to the formation of thermal NO, and the reduced
availability of excess oxygen needed to form NO,. Reducing the
availability of oxygen to the combustion process increases the
likelihood that some HC will not be burned and that some CO will
not be oxidized to CO,. However, if the control is properly
‘designed and applied, NO, control can be achieved without
increasing CO or HC emissions.

Data contained in the process heaters and glass ACT
documents indicate that decreases in excess oxygen levels begin
to impact CO emissions below 3 percent excess oxygen. Data in
the utility boilers ACT document show that CO emissions increase
for some boilers and decreace for others when implementing
combustion modifications. 1In a steel reheat furnace with LEA for
NO, control, CO emissions of 39 ppm at 3 percent O, and 26 ppm at -
3 percent O, are reported for the uncontrolled and controlled -
tests, respectively. These results indicate that CO emissions do
not necessarily increase when LEA is implemented for NO, control.

, Other available information reports CO emissions from an
LNB-controlled reheat furnace to be 20 to 30 ppm at 3 percent O,.
Further, laboratory and field tests on a galvanizing furnace
yielded NO, emissions of 550 to 1,200 ppm at 3 percent O, and,
concurrently, negligible CO emissions. Modifications to the
burners reduced NO, emissions to 350 to 430 ppm at 3 percent O,
and, concurrently, increased CO emissions to 30 to 60 ppm at 3
percent O,. The purpose of the modifications was to reduce NO,.

No explicit data are available relevant to the impact of NO,
control techniques on HC emissions from iron and steel process
facilities. In general, controls that reduce NO, by reducing the
availability of excess oxygen in the high-temperature regions of
a furnace would not increase either CO or HC emissions unless
oxygen availability was reduced excessively. Limite d data in.
the Industrial-Commercial-Institutional Boilers ACT document
indicate that HC emissions do not change due to the
implementation of combustion modifications.

Reheat, annealing, and galvanizing furnaces predominantly
use natural gas as a fuel. Natural gas does not contain sulfur
and, consequently, SO, is not emitted. Gaseous fuels, including
natural gas, can produce soot and carbon black when burned if
insufficient oxygen is present. However, no evidence indicates
that NO, controls increase particulate emissions in these iron
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and steel facilities.

2.5.2 Air Impacts of SCR and SNCR

SCR units are add-on, flue gas treatment facilities that
reduce NO, by injecting ammonia (NH,;) upstream of a catalyst
reactor. Within the catalyst, NO, reacts with the NH; and is ‘
reduced to N, and water (H,0). There is a potential for unreacted
NH; to escape with the flue gas from the SCR unit. Any such
emigsions are referred to as ammonia slip. B

Two examples of SCR controls on annealing furnaces at iron
and steel mills are reported. One of these units is operational
with more than 3 years’ operating history, and one is still under
construction. In the case of the former, the NH; slip was
guaranteed to be less than 10 ppm initially and less than 12 ppm
after 1 year. The observed NH; was initially less than 10 ppm.
Subsequent observations are not reported.. The typical NH,/NO,
molar ratio for this unit is 0.9.

Other reports indicate that NO, removal rates of 70 to 90 = -

percent can be achieved with SCR using NH,;/NO, molar ratios
between 0.9 and 1.0, and that the NH,; slip will be between 5 and
10 ppm. These levels are considered to be well below health and
odor thresholds.

SNCR has not been applied to iron and steel mill process
facilities. In other SNCR applications, ammonia slip is
controlled to acceptable levels by controlling the ammonia to NO,
molar ratio. These levels are similar to ammonia emissions from
SCR applications, e.g., 10 ppm.

Pilot-scale testing and chemical kinetic modeling of SNCR

processes have shown that nitrous oxide (N,0) emissions are a by--

product of both ammonia (NH;). and urea injection. The N,0
formation resulting from these processes has been shown to be
dependent on the reagent used, the amount of reagent injected,
and the injection temperature.

Full-scale tests on fossil-fuel-fired boilers have shown
that direct emissions of N,0 are less than 15 ppm and do not
generally correlate with NO, emissions. N,0 production is higher
for urea injection than it is for NH; injection. :

~

2.5.3 Solid Waste Impacts

The only NO, control with solid waste impacts'is SCR due to
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the disposal of spent catalyst materials. Titanium dioxide and
vanadium/titanium have been identified as the catalysts in the
two SCR annealing furnace applications cited. Other commonly
used materials are vanadium pentox1de, tungsten trioxide,
platinum, 2zeolites, and ceramics. Of these, vanadium pentox1de
is a toxic compound and a cause for concern. However, worker
safety precautions adequately prevent any increased risk to
workers handling the Catalyst and stack emissions of vanadium
pentoxide are 1 million times less than industrial worker
exposure. :

Most catalyst manufacturers arrange to recycle and
‘-reactivate the catalyst. When that is not practical, the spent
catalyst can be disposed of in an approved landfill in accordance
with the Land Disposal Restrictions in 40 CFR Part 268,

Subpart D. .

2.5.4 Energy Impacts

- All of the combustion modification control techniques have
the potential to impact energy requirements by affecting the
thermal efficiency of the process. No data are available to
quantify the impact of these controls on iron and steel mill
process facilities. -

SCR results in a pressure drop across the catalyst that
requires additional electrical energy for the flue gas fan. One
estimates a cost of $537/yr assuming 8,000 hours operation per
year and electricity at 8 cents/kWh. ‘
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CHAPTER 3

INDUSTRY DESCRIPTION

Iron and steel are essential commodities in a modern,
industrialized society. Steel is a widely used industrial
material affecting every facet of society. Steel is a major
component of every transportation system, present in every.
motorized vehicle and in the network of highways, bridges, and
traffic controls. It is a widely used construction material,
present in every home, skyscraper, and dam. Steel is essential
for most industrial facilities, prevalent in defense hardware,
and found in most durable goods. The uses of steel are too
prevalent and too diverse to be listed completely or to serve as
a basis for classification. :

Section 3.1 of this chapter presents a brief background/
historical discussion of the evolution of iron and steel
processing. Section 3.2 is a brief industry characterization
including an overview description of the major production
processes and an overview of the industry. Section 3.3 presents
a description of those processes with a potential for large NO, -
emissions. :

3.1 BACKGROUND

Iron (Fe) is one of the more abundant and widely distributed
elements in the earth’s crust, constituting not less than 4
percent of the total crust. It is the fourth most abundant
element in the earth’s crust, outranked only by aluminum,
~silicon, and oxygen. Pure iron is a silvery white, relatively
soft metal that readily combines with other elements, e.g.,
oxygen and sulfur. Consequently, native metallic iron is rarely
found in nature.!? Iron oxides are the most prevalent natural
form of iron. That portion of the iron oxides that is of
commercial significance, i.e., economically and spatially
available for industry use, is referred to as iron ore, and iron
- ore deposits are widely distributed. These deposits vary widely
in mineralogy, chemical composition, and physical
‘characteristics. The United States has abundant reserves of iron
~ore. These reserves are grouped into five areas: Lake Superior,
Northeastern, Missouri, Southeastern, and Western. Of these, the
Lake Superior reserves are the most important.? ,

Steel is the generic name for a group of ferrous metals
composed principally of iron which, because of their abundance,
durability, versatility, and low cost, are among the most useful
metallic materials known. Most steels contain more than 98
percent iron. Steel also contains carbon, up to about 2 percent,
and may contain other elements. By controlling the carbon
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content and alloying elements, and by proper selection of heat
treatment in the finishing processes, steel can be produced with
a wide range of mechanical and physical properties.

3.1.1 A Historical Perspective

Facilities for reducing iron ore (iron oxide) to metallic
iron have evolved to the modern blast furnace that produces iron
from ore and other iron-bearing materials (e.g., sinter, pellets,
steelmaking slag, and scrap), coke, and flux (limestone and ‘
dolomite). In the blast furnace, a blast of heated air and, in
most instances, a gaseous or liquid fuel, are injected near the
bottom of the furnace. The heated air burns the fuel and the
coke to produce the heat required by the process and the reducing
gas that removes oxygen from the ore. The reduced iron melts and
pools in the bottom of the furnace where it is periodically
drained through tapping holes as molten pig iron or hot metal.*

Modern steel making dates from the introduction of the
pneumatic or Bessemer process in 1856. The Bessemer process
involved forcing air through molten pig iron to oxidize the major
impurities (silicon, manganese, and carbon). The Bessemer
process was quickly followed by development of the open-hearth -
furnace that evolved into the principal means of producing steel
throughout the world.® Open-hearth furnaces were used in the
United States to produce steel into this decade, but all have now
been replaced by modern basic oxygen furnaces (BOF). ‘

In the modern basic oxygen furnace, high-purity oxygen is
blown onto the surface of the hot metal (top-blown or basic
oxygen process) or up through the hot metal (bottom-blown or Q-
BOP process), oxidizing or removing excess carbon, silicon,
manganese, and other impurities from the hot metal to produce
steel of a desired composition.® ' :

3.1.2 An Overview of the U.S. Iron and Steel Industry

Steel production is an international industry serving a
highly competitive, international market. The United States is
one of about 85 steel-producing nations and accounts for about 12
percent of the 1991 world production. In 1990, the United States
produced about 99 million tons of raw steel. Of this total, 37
percent was produced in EAF’s and the balance predominantly by
BOF’s. In 1991, the United States produced about 87 million tons
of raw steel. In 1991, 76 percent of the steel produced was-
processed through continuous casting machines rather than through
ingot casting. Continuous casting is projected to account for
about 84 percent in 1995. It should be noted that 1991 was not a
good year for steel production. World steel production was down
about 5 percent from 1990, and U.S. production was down 12
percent. Shipments to both the automobile and construction

3-2




industries were down significantly in 15991. 'The automobile
industry is the largest single consumer of steel in the United
States, and the construction industry is also a large consumer.’

Emphasizing the international character of the steel .
industry, the import share of the United States steel market,
during the first half of 1991, was 8.24 million tons or 18.9
percent. Exports for the same period were 3.2 million tonms.’

Annual steel production capacity in the United States in
1991 was about 120 million tons. High and low capacities in
recent times were 160 million tons in 1977 and 112 million tons
in 1988. 1In 1990, the steel industry in the United States was.
composed of approximately 300 companies, of which 83 produced raw -
steel at 127 locations.? :

Table 3-1 summarizes data pertinent to the iron and steel
industry to characterize the current status of the industry.
Basic oxygen converters (BOP’s and Q-BOP’s) remain the major
source of steel production, but electric arc furnaces now account
for about 37 percent. Open hearth furnaces are no longer in use

in the United States.

A 1991 directory of iron and steel plants in North America
defines three categories of steel producers-as‘follows:9

. Integrated Steel Producers are defined as those
companies having blast furnace or direct reduction
facilities and whose principal commercial activity is
the production and sale of carbon steel.

. Specialty Producers are defined as those companies
whose principal commercial activity is the production
and sale of stainless steels, alloy steels, tool
steels, bars, wires, pipe, etc. :

e  Mini-Plants or mini-mills are defined as those
companies whose production is based on electric
furnace-continuous caster-rod/bar mill operations,
generally rolling carbon steel products--rebar, rounds,
flats and small shapes. B

The differences between these categories are not always clear.
Some companies in all three categories use EAF’s to melt steel
and have continuous casters. The integrated producers are the




TABLE 3-1. SUMMARY OF CURRENT STEEL INDUSTRY FACTS™®

: ‘ v i

I 1991 I 1992 "I 1993 - i

U.S. percentage of ‘ o ;
world production (%) 11.6 ' ‘ ;
Total U.S. production : L B
(10° tons) |87 92.9 96.1 , . |
Total U.S. shipments : ' : |
(10° tons) | 79 82.2 88.5
Total production by (%): i
Basic oxygen converter - !
EAFSs 37 , !
Open hearths : ’ o . ;

' !

U.S. raw steel capacity : i
(105 tons) 120 113 | 110
Number of companies ) ‘ |
' . s

Raw steel producers 83 f
Imports (10° tons) 3 - i
Percent by continuous | 8
casting (%) 75.8 A ‘ !

!

|

|
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most distinct group because they alone produce iron from iron ore
in blast furnaces or direct reduction iron (DRI) facilities.
Integrated producers also use coke in blast furnaces and either
produce coke on site or purchase it from coke producers. As of
May 1991, there was only one DRI facility in the United States.! .
Mini-mills use only electric arc furnaces and use scrap steel as
feed stock. '

3.1.2.1 Integrated Producers. The integrated producers,

. although much fewer in number than specialty producers and mini-

mills, produce the greater volume of steel. In 1990, integrated
producers accounted for about 70 percent of raw steel production
in the United States.” The referenced 1991 directory lists 20
integrated steel producers in the United States. However, it is
not clear that all of those listed conform to the preceding
definition of an integrated producer, i.e., use blast furnaces or
DRI facilities and produce carbon steel. Those known to be ‘
integrated producers are listed in Table 3-2 along with other
available information.® v

3.1.2.2 Mini-Millg. The mini-mills are a growing segment of
the steel-producing companies that, in 1991, accounted for more -
than 20 percent of production in the United States. It has been
suggested that the term mini-mill is a misnomer. The steel-
melting facility used by mini-mills (i.e., EAF’s) can produce up
to 130 tons of steel per hour, not far from the 200- to-300-
tons/hr typical of a BOF.!? Once viewed as suppliers of
unsophisticated, low-quality products requiring minimal
technology, mini-mills are now recognized as playing a growing
technological role and for having made permanent inroads into the
traditional domain of integrated producers.” 1In 1990, Nucor
- Corporation and North Star Steel Company, two mini-mill 7
producers, ranked seventh and eighth, respectively, among United
States steel producers. Nucor, for example, has an annual
production capacity of 3 million tons, and North Star an annual
capacity of about 2.5 million tons. By contrast, USX Corporation
(formerly U.S. Steel Corporation), the nation’s leading steel
producer, shipped about 12 million tons in 1990.%2 The 1991
- directory of iron and steel plants lists 42 mini-mill companies.

3.1.2.3 Specialty Producers. It is more difficult to

characterize the specialty producers than integrated or mini-mill
producers. There are more companies, a total of about 120; they
produce a wide variety of specialty products; and it is difficult
to ascertain the starting point in their production process from
the literature. Company sizes vary widely (e.g., the number of
~employees number from as few as 8 to as many as 5,000) and annual
capacities range from 62,000 to 1,500,000 tons of product. &As a-
group, they operate EAF’s and a host of other furnaces including
annealing and reheat furnaces. By contrast, some weld or do
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other single-function operations that do not include the onsite

combustion of fuels. Products may range from a single item such
as cold-drawn wire to highly specialized steels.” In terms of ;
their contribution to domestic capacity and productlon, they are g
grouped with mini- mllls. ;

3.2 INDUSTRY CHARACTERIZATION |

3.2.1 An Overview of ITron and Steel Manufacturing

Figure 3-1 is a simplified flow diagram illustrating the
principal steps involved in the production of steel.. All of
these processes, and more, are found in modern 1ntegrated steel i
mills. An overview of these processes is presented here. %
Individual processes that produce NO, are discussed in more
detail in Section 3.3 of this chapter.

3.2.1.1 Raw Materials and Preparatory Processes. With

reference to Figure 3-1, the basic raw material input for the ‘ i
production of iron and steel is iron ore, which is reduced to
metallic iron in the blast furnace. The principal iron ore
beneficiating processes are pelletizing and sintering.
Pelletizing is usually accomplished in specially designed -
furnaces located at or near iron ore mines rather than at iron
and steel mills. Its purpose is to pelletize fine, low-grade
ores prior to shipping to an iron and steel mill. Pelletizing is
rarely practiced in an iron and steel mill.

In contrast to pelletizing, sintering is often practiced at
integrated iron and steel mills. Its primary purpose is to ‘
agglomerate dusts and fines from other process, e.g., ore fines,
coke fines, and flue dust, into particles with suitable mass, i
size, porosity, and strength to charge into the blast furnace. : |
Fines charged to a sintering furnace differ in size from those
charged to a pelletizing furnace, and they originate at the iron
and steel mill rather than at the mine. Alternatively, fine
particles charged into the blast furnace will be blown out by the
rapid countercurrent flow of the furnace gases

Another basic material used in the conversion of iron ore |
into metallic iron is coke. Coke is the primary residue that
remains when a blend of pulverized coking coals is heated
gradually to high temperatures, about 900to 1,100 °C (1,650 to ;
2,010 °F) .in the absence of air for approxzmately 18 hours. i
About 90 percent of the coke produced in the United Stated is
charged to blast furnaces for the production of pig iron.

The conversion of coal to coke is performed in long, narrow,
slot ovens, i.e., by-product coke ovens, which are usually
designed and operated to permit the separation and recovery of
the volatile materials evolved from the coal during the coking
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process. In addition to coke, the primary product, a number of
by-products may also be recovered including breeze, crude tar,
crude light oil, ammonia, and coke oven gas. These may be used .
on site or marketed. Coke is likely to be used on site but may B
be marketed, coke oven gas is likely to be used on site, and ;
breeze is likely to be recycled to the sintering process. 15 : l

A third raw materlal input to the iron and steel maklng ‘
process is flux. In the iron smeltlng process, i.e., when iron
is separated from the ore by fusion in a blast furnace, a flux is
used to enhance the process by combining with ash in the coke and
gangue in the ore to make a fluid slag that can be readily v ;
separated from the molten iron. Selection of the proper flux for i
a given process is a well-established process requiring knowledge
of the composition and properties of the materials involved.
Limestone and/or dolomite are the fluxes used in blast furnaces. i
The proportions of each depend principally on the constituents of
the slag and the amount of sulfur that the slag must remove .

In the basic oxygen steelmaking process, lime normally is
added as calcined or burnt lime or burnt dolomite. The calcium -
oxide in either the burnt lime or burnt dolomite fluxes the , |
gilica formed upon the oxidation of silicon in the hot metal.” v 2

Often, limestone is also charged into the sinter plant to !
produce a precalcined or self-fluxing sinter. The use of self- }
fluxing sinter has both economic and performance advantages.'® ‘ 1

3.2.1.2 Ironmaking. Iron ore, coke, selected fluxes (e.g.,
prepared llmestone), and sinter are charged to the blast furnace !
where iron is reduced from its ore. The product of the blast ;
furnace contains more than 90 percent iron and is referred to as .
pig iron or, if in a molten form, hot metal. Most of the blast
furnace product is transported directly to onsite sLeelmaklng
furnaces as hot metal.

The blast furnace charge of iron-bearing materials
(including iron ore, sinter, mill scale, steelmaking slag, and .
scrap), coke, and flux (limestone and/or dolomite) is placed in- 3
the furnace, and a blast of heated air and, in most instances, a i
gaseous, liquid, or powdered fuel is introduced through openings ' i
near the bottom of the furnace just above the furnace’s hearth
¢rucible. The blast of heated air burns the injected fuel and
most of the coke to produce the heat required by the process .and
the reducing gas that removes oxygen from the ore. The reduced
iron melts and pools in the bottom of the hearth. 'The flux
combines with the impurities in the ore to produce a slag, which
also melts and accumulates on top of the liquid iron. %
Periodically, the 1ron and the slag are drained from the furnace i
through tapping holes.*




The blast air delivered to the process through the furnace
tuyeres is preheated by passing it through regenerative blast-
furnace stoves that are heated primarily by combustion of the .

blast furnace off-gas. Blast furnace gas is often enriched with
" fuel of a higher calorific wvalue such as natural gas to achieve
higher temperatures. Thus, some off-gas energy is returned to
the blast furnace in the form of sensible heat. This procedure
enhances the efficiency of the process by lowerlng fuel
requirements.

A modern blast furnace will typically have three or four
blast furnace stoves as auxiliaries. These are alternately fired
~with blast furnace gas to raise the temperature of the stoves’
brick lining and then, by reversing the gas flow, preheat the
supply of blast air to the blast furnace to temperatures of 760
to 1,150°C (1 400 to 2,100 °F).

To produce a metric ton of pig iron requires about 1.7
metric tons of ore or other iron-bearing material, 450 to 650 kg
of coke and other fuel, about 250 kg of limestone or dolomite, .
and 1.6 to 2. 0 metric tons of air.4 -

Although the blast furnace remains the dominant source of
iron for steelmaklng, there are processes that produce iron by
the reduction of iron ore below the melting point of iron. These
‘are classified as direct reduction processes, and the products
are referred to as direct-reduced iron(DRI). DRI produces
several percent of the total iron produced worldwide. The major
part of DRI production is used as a substitute for scrap in
electric-arc steelmaking furnaces.® There are many DRI
processes. The objective of these processes is to improve iron
ore until it is sufficiently iron-rich to be charged to an
electric arc furnace. A typical process uses heat to drive
oxygen from the ore, leaving an iron-rich residue called sponge
iron.®

3.2.1.3 Steelmaking. Steel is made from molten iron (hot
metal), delivered directly from a blast furnace, and scrap in
steelmaking furnaces. Two basic types of steelmaking furnaces
dominate this process: (1) the BOF and (2) the EAF. The open-
hearth steelmaking furnace, developed in the 19th century and a
major source of steel well into the latter half of the 20th
century, is no longer used in the United States. There are
three basic types of the BOF. All use oxygen of high purity
(>99.5 percent) to oxidize excess carbon, silicon, and other
impurities in the hot metal, thereby producing steel. One type
of BOF blows the oxygen on the top of the hot metal pool. 1In the
United States, this process is called the basic oxygen process or
BOP. The second type blows the oxygen through tuyeres in the
bottom of the furnace and is referred to as the bottom-blown or.
Q-BOP process. The BOP process is the most widely used form in
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the United States. The third type of BOF is a combination of the
other two. :

To make steel in a BOF, molten pig iron (hot metal) and
usually scrap steel are charged to the furnace. The scrap
consists of the by-products of steel fabrication and wornout,
broken, or discarded articles containing iron and steel. The
furnace is mounted in a trunnion ring to facilitate tilting
during processing. At the beginning of a heat, i.e., the
processing of a batch of materials to make steel, the furnace is
tilted to receive a charge of materials through the open top.
Scrap steel, if any, is charged first. Scrap can form up to 30
percent of the total charge (up to 45 percent if preheated).

The furnace is then tilted in the opposite direction to receive a
charge of hot metal (molten iron) from a transfer ladle. The
furnace is then returned to the vertical position and a water-
cooled retractable lance is inserted through the open top of the
furnace and positioned above the bath level. A water-cooled hood
is positioned over the open top. A jet of gaseous oxygen is
blown at high velocity onto the surface of the hot metal bath.

No external heat source is required during this process. , -

Slag-forming fluxes, e.g., burnt lime, dolomitic lime, and
fluorspar, are added in controlled amounts through a chute built
into the side of the hood. The flux is added shor