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ABSTRACT

A review was made of all available data characterizing particulate
emissions from ferroalloy producing electric arc furnaces. The data was
‘summarized and rated iﬂ terms of reliability. Total and size specific
emission fa;tors were developed for the ferroalloy industry. The ferroalloy
industry and furnace operation was described in detail with emphasis on
factors affecting emissions. A replacement for Section 7.4, Ferroalloy

Production in AP-42 was prepared which includes size specific emission

factors. - —
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SECTION 1

INTRODUCTION

The purpose of this program is to provide a summary of the best available
information on inhalable particulate matter emissions in the ferroalloy
industry. The program objective was to develop reliable total and size
specific emission factors for each ferroalloy product group. This will enable
a reasonable estimation of emissions from ferroalloy sources to update
Section 7.4, Ferroalloy Production, in AP-42, "A Compilation of Emission
Factors", which was last revised in February 1972.

Both uncontrolled and controlled emission factors are presented in this
report. The uncontrolled emission factors represent emissions that would
result from a particulate control system if the control device (baghouse,
scrubber, etc.) were bypassed. The controlled emission factors represent
emissions from a particulate control system. Size specific emission factors
are generally based on the results of cascade impactor sampling conducted
simultaneously with total particulate sampling procedures at the inlet or
outlet to a control device. The second objective of this program is to
present current information on the ferroalloy industry.

The above objectives were met by an intensive, 10 week search for
emissions data. Data were collected from the following sources:

° New England Research Application Center (NERAC) computerized
literature searches;

® State and Federal regulatory and air planning staffs;
° Industry personnel;
° Environmental consultants;

° GCA/Technology Division files;

° AP-42 ferroalloy background file at EPA's Office of Air Quality
Planning and Standards (OAQPS); and

° EPA's Fine Particle Emission Information System (FPEIS).

The particulate emissions data were reviewed, summarized, and ranked
according to the criteria provided in the report "Technical Procedures for
Developing AP-42 Emission Factors and Preparing AP-42 Sections,"l April
1980. As specified in this document, the data are rated as follows:

1



e A = Tests performed by a sound methodology and reported in enough
detail for adequate validation. These tests are not necessarily EPA
reference method tests, although such reference methods are
certainly to be used as a guide.

° B = Tests that are performed by a generally sound methodology but
lack enough detail for adequate validation.

) C = Tests that are based on an untested or new methodology or that
lack a significant amount of background data.

° D = Tests that are based on a generally unacceptable method but may
provide an order-of-magnitude value for the source.

After ranking the obtained data, emission factors were calculated using
the highest quality data available. The quality of the data used to develop
each emission factor is indicated by the emission factor rating. The
following ratings were applied to each emission factor.

° A = Excellent--Developed from A-rated test data taken from many
randomly chosen facilities in the industry population. The source
category* is specific enough to minimize variability within the
source category population.

e B= Above Average--Developed only from A-rated test data from a
—Treasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a random
sample of the industry. As in the A rating, the source category is
specific enough to minimize variability within the source category
— population.

°® C = Average--Developed only from A- and B-rated test data from a
Teasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a random
sample of the industry. As in the A rating, the source category is
specific enough to minimize variability within the source category
population:

° D = Below Average--The emission factor was developed only from A-
and B-rated test data from a small number of facilities, and there
may be reason to suspect that these facilities do not represent a
random sample of the industry. There also may be evidence of
variability within the source category population. Limitations on

the use of the emission factor are footnoted in the emission factor
table.

*Source category: A category in the emission factor table for which an
emission factor has been calculated; generally a single process.



] E = Poor-—The emission factor was developed from C- and D-rated test
data, and there may be reason to suspect that the facilities tested
do not represent a random sample of the industry. There also may be
evidence of variability within the source category population.
Limitations on the use of these factors are always footnoted.

This report is structured according to the "Ooutline for Source Category
Reports" which was included in the technical directive to conduct this
program. There is necessary duplication of information between Section 5, the
proposed AP-42 section, and Sections 1 through & of the report in order that

the proposed AP-42 section 5 can stand alone once inserted into the AP-42
document .

No environmental measurements were conducted during this program,
therefore, no separate QA section is contained in this report. The quality of
the existing data has been evaluated as described above.



SECTION 2

INDUSTRY DESCRIPTION

GENERAL

A ferroalloy is an alloy of iron and one or more other elements, for
example, silicon. Ferroalloys can contain very little irom, as in 98 percent
silicon metal, or consist of mostly irom with small amounts of other elements.

The iron and steel industry consumes approximately 95 percent of the
ferroalloys produced in the U.S.2 The alloys are used to impart unique
characteristics and properties to steel and cast iron. The remaining
5 percent are consumed in the production of nonferrous metals including cast
aluminum, nickel-cobalt base alloys, titanium alloys, and are also used as raw
materials for production of other ferroalloys.

The-materials generally considered products of the ferroalloy industry
are listed in Table 1. There are other materials which are not considered
products of the ferroalloy industry even though they are an alloy of iron and
an element or they are produced in the same facilities as ferroalloys. For
example, ferrophosphorus is considered a byproduct of phosphorus manufacturing.
Calcium carbide, which has a different end-use, is produced at some ferroalloy
facilities, but is not considered a product of the ferroalloy industry.

Three major groups of ferroalloys known as bulk alloys constitute
approximately 85 percent of the ferroalloys produced in the U.S.2 The three
major groups are ferromanganese, ferrosilicon, and ferrochromium. Subgroups
of these bulk alloys include silicomanganese, and silicon metal. The bulk
ferroalloys are manufactured in a variety of grades distinguished by carbon,
silicon, or aluminum content. Further subclassifications exist for each
grade. Fifteen percent of the ferroalloys produced in the U.S. are specialty
alloys3 which are typically produced in small tonnages. Components of
specialty alloys and metals include vanadium, columbium, molybdenum, nickel,
aluminum, boron, and tungsten.

The United States is still the world's largest producer of ferroalloys
even though production has recently declined to 1945 levels. The decline in
production is due to an increase in imports and declining requirements for
ferroalloys by the iron and steel industry. Imported ferroalloys have
increased from approximately 2.4 percent of domestic consumption in 1945 to
over 40 percent in the years since 1975.4



TABLE 1. FERROALLOY PROCESSES AND RESPECTIVE PRODUCT GROUPS

Process Products

Submerged-arc furnace processd Silvery irom (15-22% Si)
Ferrosilicon (50% Si)
Ferrosilicon (65-75% Si)
Silicon metal
Silicon-manganese-zirconium (SMZ)
High-carbon (HC) ferromanganese
Silicomanganese
Charge chrome and HC ferrochrome
Ferrochrome-silicon
FeSi (90% Si)

Exothermic processbP

Silicon reduction process Low-carbon (LC) ferrochrome
LC ferromanganese
Mediumcarbon (MC) ferromanganese
Aluminum reduction process Chromium metal, Ferrotitanium,
Ferrovanadium, Ferrocolumbium

Mixed aluminothermal- Ferromolybdenum, Ferrotungsten
silicothermal process

Electrolyxtic processC Chromium metal
Manganese metal

Vacuum furnace processd LC ferrochrome

Induction furnace processe Ferrotitanium

8The process in which metal is smelted in a refractory lined, cup
shaped, steel shell by three submerged graphite electrodes.

bThe process in which molten charge material is reduced, in an
exothermic reaction, by the addition of silicon, aluminum or a
combination of the two.

CThe process in which simple ions of a metal, usually chromium
or magnesium, in an electrolyte are plated on cathodes by a direct
low-voltage current.

dThe process in which carbon is removed from solid state, high
carbon ferrochrome within vacuum furnaces maintained at a
temperature near the melting point of the alloy.

€The process which converts electrical energy without electrodes
into heat to melt the metal charge in a cup or drum shaped vessel.
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A list of foreign and domestically owned ferroalloy producers located in
the U.S. in 1981 is presented in Table 2. Presently, the industry is unstable
in that there are many idle furnaces, plants that are being closed, and older
furnaces being replaced by larger, more efficient furnaces. The industry
appears to have no plans to expand U.S. production of ferroalloys.

It is interesting to note that many ferroalloy producers are changing
ownership. For instance, Airco Alloys, the largest and most diversified
domestic producer of ferroalloys, sold all of its ferroalloy operations to
Autlan Manganese Corp., and SKW Alloys Inc., both of West Germany and to
Macalloy Inc. of the United States in 1979. This change left Union Carbide as
the largest wholly domestically owned producer of ferroalloys in the U.S.
During July 1981, Union Carbide sold most of its operations (except vanadium
and tungsten) in the U.S., Canada and Europe to groups led by Elkem A/S of
Norway. Kewicky Bryelko of the United States sold its silicon metal producing
facility located in Springfield, Oregon to Dow Corning of the United States in
October 1980.

FERROALLOY PRODUCTION PROCESS

The manufacture of ferroalloys is a multistep process. On arrival at the
plant, the raw materials which are specified for the desired products are
unloaded and stored. These materials are withdrawn, pretreated (by crushing
and drying) and then weighed, mixed, and charged -to the furnace where smelting
takes place. The molten metal is tapped, cast and allowed to cool and
solidify.~ The ferroalloys are crushed prior to shipment. Figure 1l is a
general flow schematic of a typical ferroalloy production facility.

Raw materials which include quartz or other forms of silicon, metallic
ores, scrap iron, scrap steel, reducing agents such as coal or coke,
limestone, and woodchips, are delivered to ferroalloy facilities by ship,
railroad cars, trucks, or river barges. The raw materials are stored in open
separate storage piles which are sometimes sheltered by block walls, snow
fences, or plastic covers. Raw materials are withdrawn from storage to
satisfy production requirements. Pretreatment may be necessary to ensure
satisfactory furnace operation. Dryers are sometimes used to reduce raw
material moisture, which can be as high as 20 percent.3 Raw materials
charged to calcium carbide and chrome ore/lime melt furnaces must be dried;
however, drying is not a standard procedure for the production of the major
types of ferroalloys. After pretreatment, the materials are conveyed to the
mix house. In the mix house, the specified proportions of each raw material
are weighed into larry cars, conveyors, buckets or skip hoists and transferred
to a hopper above the furnace. The blended raw materials in the hopper are
normally charged to the furnace by gravity flow through one or more feed
chutes. A few open furnaces use manually operated skip loaders to charge the
furnace. Raw materials are charged to the furnace continuously or
intermittently, electric power is applied to the furnace continuously.

Tapping, the withdrawal of molten metal and slag from the furnace vessel
through the taphole, is performed at 1- to 5-hour intervals and lasts from 10
to 15 minutes. Tapholes are pierced by a shot pellet fired from a gum, by
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drilling or by oxygen lancing, and may be enlarged during the tap with wooden
poles or oxygen lances. The pellet fired from a gun is the procedure typically
used to open the taphole. The molten metal flows into a carbon-lined trough
arrangement fixed at or near the furnace shell and is poured into carbon-lined
runners that direct it either to a reaction ladle or directly to a casting bed
or pigging unit. Tapping is terminated by manually inserting a carbon paste
plug into the taphole. In some facilities, the molten metal is poured
directly into pouring ladles which transport and pour it into reaction ladles,
pigging units or cast beds. A reaction ladle is used when additional material
is added to produce a specific product or if other treatment, like vacuum
degassing, is necessary to meet product specifications.

Pigging units are molds used to produce individual ingots that weigh up
to 75 pounds.3 Cast beds or chills are broad, flat, iron or steel pans that
allow heat to dissipate rapidly. While casting in the pigging unit and cast
bed, the floating slag containing impurities is skimmed off to a slag pot or
slag pot. Slag may be disposed of in landfills, or sold for road ballast.
Large ferroalloy castings are broken by drop weights or hammers and then
crushed with large jaw crushers, roll mills, or grinders. The crushed product
is then sized through various mesh screens. The sized product is either
packaged or stockpiled for shipment. Some ferroalloy ingots are not crushed
and sized, but are shipped whole.

FURNACE DESCRIPTION

The following furnace types are used to produce ferroalloys:

®  Submerged Electric Arc - Open;

@ - Submerged Electric Arc - Covered;

o Vacuum;

] Induction

° Electrolytic and exothermic processes using reaction vessels are

used to produce certain ferroalloys.

Bulk ferroalloys, which comprise 95 percent of all ferroalloys produced
in the U.S., are manufactured in submerged electric arc furnaces.? These
furnaces, which are normally comprised of a cylindrical steel shell with a
flat bottom, are supported on an open foundation that permits air cooling and
heat dissipation. Two or more layers of carbon blocks lining the bottom
interior of the steel shell comprise the hearth. Refractory or carbon bricks
line the interior walls of the furnace shell. Molten ferroalloy and slag are
removed from the furnace through one or more tapholes located in the lower
half of the furnace, just above the carbon hearth.
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Some furnaces are designed to rotate at a very slow speed. Some furnaces
are split and the two halves rotate at different speeds. The upper part,
which rotates more rapidly than the lower part, is a relatively narrow ring
with flat interior surfaces. In one design, the ring rotates at 0.1
revolution per hour (rph) while the furnace rotates at 0.0l rph.22  Furnace
rotation supplements manual stoking to prevent the formation of a crust near
the electrodes which can result in dangerous 'blows,' the rapid evolution of
trapped gases caused by the collapse of the charge.23

Usually, three carbon electrodes are arranged in a triangle formation,
extending downward through the charge material to a depth of 3 to 5 ft. These
electrodes, which may be prebaked or of the self-baking, Sodenberg type,
convert electrical enmergy to heat by arcing high voltage current through the
charge, melting the charge and raising its temperature into the range where
mixing and reactions can occur. Electrode depth is continually varied by
mechanical or hydraulic means as required to maintain a near uniform
electrical load. Individual furnace power consumption rates range from about
7 megawatts to over 50 megawatts, depending on the furnace size and product
being made. The average rating for an individual furnace is 17.2
megawatts.d

Typical process weights and ferroalloy production related to furnace
kilowatt capacity are presented in Table 3. The ferroalloy industry annually
consumes approximately 8,900,000 megawatt-hours of electricity. Six percent
of the electricity is consumed by pollution control devices. Pollution
control devices account for up to 11 percent of the power used to operate open
and mix-sealed furnaces and approximately 2 percent of the power used in
operating sealed furnaces.%

Submerged electric arc furnaces are categorized by the type of furnace
top cover used. The two basic categories are open and covered and there are
two subtypes for each category. About 86 percent of the submerged electric
arc furnaces in the U.S. are of the open type. Covered furnaces comprise the
remaining 14 percent of submerged electric arc furnaces.4

There are two types of open furnaces; the totally open furnace and the
close hooded furnace. Totally open furnaces have an open gap of 1 meter or
more between the furnace top and the fume collecting hood. The gap in the
close hooded furnace is significantly reduced by movable doors or panels that
reduce the amount of air drawn into the hood system.? A schematic of
totally open furnace is presented in Figure 2.

The covered furnace category is comprised of the mix-sealed furnace and
the sealed furnace. In the mix-sealed furnace, a water cooled cover fits
tightly onto the furnace. Raw materials are fed through annular gaps around
each electrode. The gaps are partially sealed by manual application of raw
materials placed around the electrodes. Sealed furnaces are similar to the
mix-sealed furnaces except that mechanical seals are used around the electrode
and charging occurs through chutes extending through the cover. Schematics of

a totally sealed furnace and a mix-sealed furnace are presented in Figures 3
and 4, respectively.
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A variety of furnace types, including vacuum, induction, electrolytic,
and exothermic, are utilized to manufacture specialty alloys. The vacuum
furnace is used primarily to produce low carbon (LC) ferrochrome from high
carbon (HC) ferrochrome (produced in a submerged electric arc furnmace) by
removing the carbon in a solid state within the furnace at a temperature near
the alloy's melting point. Electric resistance elements supply heat to the
furnace. Induction furnaces produce small tonnages of specialty alloys by
remelting the materials in specified proportions.

The use of blast furnaces to produce ferromanganese was discontinued in
1977. The iron and steel industry produces some high carbon ferromanganese in
blast furnaces, but the process is not considered part of the ferroalloy
industry.

The exothermic process is used to produce low-carbon ferrochrome, low and
medium carbon ferromanganese, chromium metal, ferrotitanium, ferrocolumbium,
and ferrovanadium. Molten alloys (which may first be fused in a furnace) are
blended with reducing agents such as silicon and/or aluminum in a reaction
ladle. The charge material is reduced, generating considerable heat, and the
slag is removed to produce the desired ferroalloy product.

High purity chromium and manganese are produced electrolytically. An
electrolyte solution of the desired metal is prepared and a low voltage direct
current is passed through the solution causing the ions to deposit on the
cathodes.

EMISSION SOURCES

Several types of pollutants are emitted from ferroalloy facilities.
Particulate is the major air emission in the industry. Particulate is emitted
in the form of dust and fume. Dust is a result of abrasive processes such as
raw material handling, storage, crushing, screening, drying, weighing, mixing,
and final product handling. Fine particulate that has resulted from
condensation from the gas phase, gas phase reaction, or atomization of a fluid
is emitted in the form of fumes. Fumes result from furnace operationms,
furnace tapping, and ladle operations. Potential source of dust and fume
emissions are displayed in Figure 5. In addition to particulate, large
quantities of carbon monoxide (CO) are emitted from the submerged electric arc
furnaces. The weight of carbon monoxide produced sometimes exceeds that of
the metallic product.l®

Electric Arc Furnaces

The submerged electric arc furnace emits particulate in the form of a
fume and accounts for an estimated 94 percent of the particulate emissions in
the ferroalloy industry. An uncontrolled electric arc furnace may emit
between 150 and 2,000 1b of particulate per hour, depending upon the type of
alloy produced, type and size of raw materials, operating techniques and
furnace operating conditions.
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Large amounts of carbon monoxide and organic matter are emitted by
submerged electric arc furnaces. Carbon monoxide is formed as a byproduct of
the chemical reaction between the oxygen in the metal oxides of the charge and
the carbon contained in the coke or other reducing agent added to the charge.
The carbon monoxide rises from a region of higher temperature to an area of
lower temperature entraining finer size comstituents of the mix and carrying
fume and fume precursors to the top of the furmace. The weight of carbon
monoxide produced sometimes exceeds that of the metallic product.l9 An
increase in moisture in the charge materials, reducing agent volatile matter,
thermal decomposition products of raw ore and intermediate products of
reaction cause an increase in primary gas generation. These latter sources
normally account for less than 30 percent of the carbon monoxide production.

Organic emissions from electric arc furnaces have been measured to range
from 71.8 lb/ton of alloy produced in silicon metal producing open furnaces to
1.4 1b of organics per ton of alloy produced in covered ferromanganese
furnaces. Benzo(a)pyrene concentrations in emitted furnace gas were greater
for three of five furnaces tested by EPA than the 0.02 ug/m3 of gas8 DMEG
limit. NOy and SO; concentrations were insignificant (less than 7 lb/hr
or 1 to 17 ppm, respectively from five submerged electric arc furnaces tested
by EPA.20

Ferrosilicon operations producing alloys greater than 75 percent silicon
are known as "hot'" operations and are subject to "blows." Blows occur when
the charge material forms a crust or a bridge and does not descend evenly.
When the—crust-breaks and falls, extremely hot gases are expelled violently
from the surface. Molten alloy and slag or charged material may be expelled
with the gas.

Manganese operations produce a brown fume consisting of a mixture of
810y and manganese oxides. The manganese oxides arise from the vaporization
‘of manganese or production of a volatile intermediate.l9 Manganese ores can
contain a significant amount of water and higher manganese oxides which, when
heated to temperatures below 1,000°C, dissociate to lower oxides and oxygen.

This can cause sudden releases of gas causing mix to be ejected from the
furnace.

Tapping also generates fumes. Since tapholes are opened intermittently,
tapping fumes occur only from 10 to 20 percent of the furnace operating time.
Some fumes originate from the taphole carbon lip liner, but most result from
flow induced by heat transfer from molten metal or slag. Significant fume
emissions are intermittently generated after tapping, during conveying,
pouring, and casting as a result of heat-induced flow as the molten metal
contacts the runners, ladles, cast beds, and ambient air. Typically,
extensive hooding around tapping and pouring operations direct fumes to an
emission control system.

A gray fume containing a high percentage of amorphous silicon dioxide
(8§i0y) is produced from silicon alloys.l9 The Si0; results from the
oxidation and disproportionation of Si0, a gaseous intermediate at reaction
temperatures.3 The SiO losses increase correspondingly with the increase in
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the percentage of silicon in the alloy. Thus, more Si0; fumes are produced
by the production of higher silicon alloys than lower silicon alloys at the
same load. Some tars and carbon, also present in the fume, evolve from the
coal, coke or wood chips used in the charge.

Hearth buildup of silicon carbide may also result from high silicon
operations. If this occurs the electrodes must operate in a higher position,
often resulting in more fume. Chromium furnaces produce a light-colored fume,
containing SiO;, MgO, and iron and chromium oxide. Furnaces producing
ferrochrome-silicon emit Si0; fumes similar to those produced by
ferrosilicon.

Additional emissions may be generated by furnaces with self-baking
electrodes. Fumes are generated from the electrode paste during heating and
baking. These fumes are usually directly vented to the atmosphere.
Self-baking electrodes may also increase emissions as a result of "fluting" or
grooving of the electrodes in the relatively oxidizing atmosphere. These
grooves provide direct passage for fumes to escape from the high temperature
regions of the furnace to the surrounding atmosphere.

Along with volatile materials in the furnace charge, the presence of fine
or dense material in the feed may cause rough furnace operation. These
materials may cause non-uniform descent of charge causing the gas to chanmnel
or bypass these obstructions. The sudden collapse of a bridge results in a
momentary burst of fume. Less desirable raw materials containing more fumes
and volatile matter may be used as dictated by economics, resulting in rough
furnace operation and pollution.

Differences in operating techniques affect the amount of fume emissions
substantially. Furnace gas production rate is roughly proportional to
electrical energy input. Thus, an increase in the electrical load applied to
a furnace results in at least a proportional increase in fume emissions.l9
In some instances, emissions increase greater than the proportional increase
in electrical load input because of rough operation and inadequate gas
withdrawal.

Fume emission can vary depending upon how well and how often a furnace is
manually worked or stoked. Some operations, especially silicon metal
operations, require stoking to break up crusts, cover areas of gas blows, and
allow the flow of reaction gases. Sealed furnaces cannot be stoked. Alloys
which are particularly prone to blows, such as silicon metal, are not usually
produced in sealed furnmaces. Furnace rotation can substitute somewhat for
stoking and extra care in material preparation and furnace operation can help
to minimize bridging. The accumulation of materials under the cover and in
gas take-off ducts, which reduce the gas withdrawal capacity of the exhaust
system, can cause abnormally high emissions from sealed furnaces.

Shutdowns and startups of submerged electric arc furnaces, which are
designed to operate continuously, can adversely affect emission rates. Normal
furnace shutdowns are usually not more than several hours and may average 4 to
10 percent of the operating time. In open furnaces, the control systems
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usually remain in operation during startup and shutdown; in semi-sealed
furnaces the mix seals are empty. Operating under these conditions results inm
heavier-than-normal emissions which may last from a few days up to a month
when starting up a new furnace, a furnace with a cleaned out hearth, or one
with a cold hearth after a long shutdown.

Some ferroalloy products are produced from a non—-continuous batch
operated furnace in which the melt is poured by tilting the furnace. Violent
gas eruptions can result following the sudden addition of mix, containing
volatile or reactive constituents (coal volatiles, moisture, aluminum), to a
hot furnace.l9 1In manganese ore-lime melt furnaces, the gas flow
immediately following mix addition may be five times greater than the average
flow. Temperature and dust loading increase correspondingly with the increase
in gas flow. The mix used in chromium ore-lime melt operations contains
little or no gas-releasing constituents and does not result in violent initial
gas eruptious.

Reaction Ladle Emissions

The chemical constituents of the heat-induced fumes correspond to the
oxides of the products being produced, carbon from the reducing agent, and
enrichment of Si0;, Ca0, and MgO, if present in the charge. Particle size
usually ranges from 0.1 um to greater than 20.0 um. Larger particles are
sometimes emitted as a result of agglomeration of finer particles or as ejecta
from the charge. Collected particulate in the dry state is very light,
varying in bulk density between 4 and 30 1b/£t3,

In addition to heat induced fumes, fumes may be generated as a result of
reactions conducted in the reaction ladle such as chlorinationm, oxidation,
slag-metal reactions, and stirring of molten metal with gas. The ladle
reactions are intermittent and have not been quantified.

Vacuum, Induction and Other Process Emissions

Emissions from vacuum, induction, electrolytic or exothermic ferroalloy
furnaces are negligible in comparison to submerged electric arc furnaces. No
particulate emissions are generated by the vacuum process; small quantities of
carbon monoxide gas are withdrawn by a steam jet ejector. The induction
process does not produce any emissions. No particulate emissions are
generated by the electrolytic process, but generation of minor amounts of
ammonia or sulfur oxides sometimes occurs. Oxide fumes, whose physical
characteristics are similar to those fumes from submerged electric arc
furnaces, are produced in the reaction ladle or furnmace during the exothermic
process. Emission generation correlates with periods of highest temperature
and greatest agitation.

Fugitive Dust Emissions

Fugitive dust emissions are generated by raw material storage, transport,
unloading and transfer activities. Moisture in the raw materials, which may
be as high as 20 percent, can minimize these emissions. Sometimes, raw

20



materials may be dried in rotary or other type dryers prior to charging to
reduce off gas volumes and enhance furnace operation. These dryers may
generate significant particulate emissions.

Ferroalloys are crushed and screened into different product sizes before
marketing. This process creates undersized pieces and airborme
particles.l9 The quantity of dust emitted as a result of casting, breaking,
and screening operations has not been quantified, but is substantially less -
than that of furnace emissions.3

The properties of particulates emitted as dust are similar to the natural
properties of the ores or alloy from which they originate. These dust
particles range in 'size from 3 to 100 um. 19

EMISSION CONTROLS

Control devices are always used to control emissions from smelting.
Control of emissions from tapping is frequently integrated with the furmace
control system. Other particulate-generating activities i.e., storage of
materials, crushing, pretreatment of raw materials and crushing and sizing of
finished products, are controlled by about one-half of domestic ferroalloy
facilities.

Furnace Controls

Hooding constructed around the submerged electric arc furnace tapping
area directs fumes to a control system. One primary emission control system
is usually all that is needed to capture emissions from open electric arc

furnaces, since the emissions from all furnace operations can be collected by
the same_fume. hood.

Two emission capture systems are needed for covered furnaces. A primary
capture system withdraws gases from beneath the furnace cover. A secondary
system captures fumes released around the electrode seals and during tapping
operation. The two capture systems are not usually connected to the same
control device. Flares are usually used on sealed and semi-sealed furnaces to
combust carbon monoxide at the control system exhaust. Some plants use some
or all of the carbon monoxide as a fuel in such processes as kilns or
sintering machines.

Gas cleaning devices currently used on submerged electric furnaces to
control particulate emissions are the baghouse (fabric filter), high pressure
venturi scrubber and electrostatic precipitator (ESP). Fabric filters are
employed on 85 percent of the open furnaces in the U.S. Scrubbers are
employed on 13 percent and electrostatic precipitators are employed on
2 percent. Scrubbers are used almost exclusively to clean the high
temperature combustible gases withdrawn from covered (closed) furnaces.
Baghouses are effective in removing particulates from gas streams, but not as
effective for capturing organic emissions. Particulate collection
efficiencies in excess of 99 percent have been achieved for fabric filters
with glass fiber or Nomex bags and for some high pressure drop scrubbers with
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pressure drops of 13.7 to 23.9 KPA (55 to 96 inches of water).4 The
air-to-cloth ratios in baghouses are 1:1 to 2:1 and bag life is on the order
of 2 years. Visible emissions from particulate collectors of less than

10 percent opacity have also been achieved.3

The efficiency of a scrubber for controlling organic emissions is in the
range of 16 to 97 percent.® Electrostatic precipitators (ESPs) are not
usually used as control devices in the ferroalloy industry because of
potential resistivity problems in the temperature ranges encountered. When
used, however, ESPs are typically installed on open furnaces and can be
expected to be about 98 percent efficient in particulate removal.3

Furnaces and scrubbers utilize large quantities of water. Furnaces use
from 3,000 to 10,000 gallons per megawatt—hour of water for noncontact
cooling.3 Scrubber control systems use from 500 to 3,500 gallons per
megawatt—hour depending on the type of scrubber and the product being
made.3 Wastewater treatment facilities clean scrubber water so that it can
be recycled and/or used as a cooling agent. Treatment facilities for scrubber
water differ from facility to facility. Usually, chemical and physical
treatment of waste streams is performed. Scrubber water is usually clarified
to reduce suspended solids concentration to less than 50 mg/l.3

Fugitive Dust Controls

Raw material storage is controlled by storing the materials in separate
storage piles -sheltered by block walls, snow fences, or plastic covers. The
piles are sometimes sprayed with water to help minimize fugitive dust
emissions. Dust collection equipment, usually a baghouse, is used to minimize
emissions from raw material crushing and sizing of the finished product.
Emission_control equipment for pretreatment such as drying of raw materials
include scrubbers, cyclones, or baghouse collectors. The raw material

‘emission control equipment is sometimes connected to the furnace control
system.

Transferring the dust from the baghouse to trucks that remove it from the
site is sometimes a problem because of leaks in transfer mechanisms. This can
result in dust being resuspended when there is significant wind velocity.
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SECTION 3

FERROALLOY PRODUCTION EMISSION FACTORS

TOTAL AND SIZE-SPECIFIC EMISSION FACTORS

Emission factors for uncontrolled and controlled total particulate have
been developed in this report for the ferroalloy industry. Size specific
emission factors have also been calculated based on cascade impactor test
results. These emission factors and size distributions are listed in Tables 4
and 5 and illustrated in Figures 6 through 15.

The data used in the calculation of emission factors presented in this
report are from different test reports than the data used in the current AP-42
ferroalloy section (2/72). As shown in Table 6, additional data of improved
quality have been developed in the past 10 years. Test data quantifying
emissions of sulfur dioxide, carbon monoxide and organics are summarized in
Table 7 end emission factors for those emissions are presented in Table 8.

The procedures used in compiling this information, calculating the emission
factors and rating the emission factors are detailed in the following pages.

DATA REVIEW _

All available sources of data were reviewed for the compilation of
emission factors. There were no data available from EPA's FPEIS which were
useful in the calculation of emission factors.

Sources of data that were the results of actual measurements and
observations were considered primary sources. All other sources of data that
referred to summarized emission data performed and reported by a different
organization or author were considered secondary sources. Only primary
sources were considered suitable for calculating emission factors.

The data review process consisted of two steps. The first step consisted
of obtaining sources of emission data, and judging if it should be considered
a primary or secondary source. If judged secondary, an attempt was made to
obtain the primary source(s).

All primary data sources were extensively reviewed and analyzed. The
data were ranked using an A through D grading system based on data quality and
reliability according to the criteria described earlier, and in the manual

"Technical Procedures for Developing AP-42 Emission Factors and Preparing
AP-42 Sections."l
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