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10 INTRODUCTION

The document "Compilation of Air Pollutant Emission Factors' (AP-42) has been published
by the U.S. Environmental Protection Agency (the EPA) since 1972. Supplements to AP-42 have
been routinely published to add new emission source categories and to update existing emission
factors. AP-42 isroutinely updated by the EPA to respond to new emission factor needs of the
EPA, state and local air pollution control programs, and industry.

An emission factor relates the quantity (weight) of pollutants emitted to a unit of activity of
the source. The uses for the emission factors reported in AP-42 include:

1. Estimates of area-wide emissions;

2. Emission estimates for a specific facility; and

3. Evauation of emissionsrelative to ambient air quality.

The purpose of this report is to provide background information from process information
obtained from industry comment and 18 test reports to support revision of emission factors for iron
foundries.

Including the introduction (Chapter 1), this report contains four chapters. Chapter 2 gives a
description of the iron foundries industry. It includes a characterization of the industry, an
overview of the different process types, a description of emissions, and a description of the
technology used to control emissions resulting from iron foundries.

Chapter 3isareview of emissions data collection and analysis procedures. It describes the
literature search, the screening of emission data reports, and the quality rating system for both
emission data and emission factors. Chapter 4 details criteria and noncriteria pollutant emission
factor development. It includes the review of specific data sets and the results of data analysis.
Particle size determination and particle size data analysis methodology are described when

applicable.



20 INDUSTRY DESCRIPTION

21 GENERAL

Iron foundries produce high-strength castings used in industrial machinery and heavy
transportation equipment manufacturing. Castings include crusher jaws, railroad car wheels, and
automotive and truck assemblies.

Iron foundries cast three major types of iron: gray iron, ductile iron, and malleable iron.
Cast iron is an iron-carbon-silicon aloy, containing from 2 to 4 percent carbon and 0.25 to 3.00
percent silicon, along with varying percentages of manganese, sulfur, and phosphorus. Alloying
elements such as nickel, chromium, molybdenum, copper, vanadium, and titanium are sometimes

added. Table 2.1-1 lists different chemical compositions of irons produced.

TABLE 2.1-1
CHEMICAL COMPOSITION OF FERROUS CASTINGSBY PERCENTAGES

Malleable Iron Ductile
Element Gray Iron (aswhiteiron) Iron Sted!
Carbon 2.0-40 1.8-3.6 3.0-4.0 <2.02
Silicon 1.0-3.0 05-19 14-20 0.2-0.8
Manganese 0.40-1.0 0.25 - 0.80 0.5-0.8 05-1.0
Sulfur 0.05 - 0.25 0.06 - 0.20 <0.12 <0.06
Phosphorus 0.05-1.0 0.06 - 0.18 <0.15 <0.05

aSteels are classified by carbon content: low carbon is less than 0.20 percent; medium carbon is
0.20-0.5 percent; and’high carbon is greater than 0.50 percent.

Mechanical properties of iron castings are determined by the type, amount, and distribution of
various carbon formations. In addition, the casting design, chemical composition, type of melting
scrap, melting process, rate of cooling of the casting, and heat treatment determine the final
properties of iron castings. Demand for iron casting in the U.S. in 1989 was estimated at 9,540

million megagrams (10,530 million tons), while domestic production during the same period was



7,041 million megagrams (7,772 million tons). The differenceis aresult of imports. Half of the
total iron castings were used by the automotive and truck manufacturing companies, while half the

total ductileiron castings were pressure pipe and fittings.

2.2 PROCESS DESCRIPTIONY5%
The major production operations in iron foundries are raw material handling and preparation,

metal melting, mold and core production, and casting and finishing.

Raw Material Handling And Preparation

Handling operations include the conveying of all raw materias for furnace charging, including
metallics, fluxes, and fuels. Metallic raw materials are pig iron, iron and steel scrap, foundry
returns, and metal turnings. Fluxes include carbonates (limestone, dolomite), fluoride (fluorospar)
and carbide compounds (calcium carbide). Fuels include cod, oil, natural gas, and coke. Coal, oil,
and natural gas are used to fire reverberatory furnaces. Coke, a derivative of coal, isused for
electrodes required for heat production in electric arc furnaces.

Asshown in Figure 2.2-1, the raw materials, metallics, and fluxes are added to the melting
furnaces directly. For eectric induction furnaces, however, the scrap metal added to the furnace
charge must first be pretrested to remove grease and oil. Scrap metals may be degreased with

solvents, by centrifugation, or by preheating to combust the organics.

Metal Méelting

The furnace charge includes metallics, fluxes and fuels. Composition of the charge depends upon
specific metal characteristics required. The basic melting process operations are: furnace
operations, including charging, melting, and backcharging; refining, during which the chemical
composition is adjusted to meet product specifications; slag removal; and molding of the molten
metal.

Furnace Operations
The three most common furnaces used in the iron foundry industry are cupolas, electric arc,
and dlectric induction furnaces. The cupolais the major type of furnace used in the iron foundry

industry. It istypically acylindrical steel shell with arefractory-lined or water-cooled
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inner wall. The cupolais the only furnace type that uses coke as afud. Iron is melted by the
burning coke and flows down the cupola. Asthe melt proceeds, new charges are added at the top.
The flux combines with nonmetallic impuritiesin the iron to form dlag, which can be removed.
Both the molten iron and the dag are removed at the bottom of the cupola.

Electric arc furnaces (EAFs) are large, welded steel cylindrical vessels equipped with a
removable roof through which three retractable carbon electrodes are inserted. The electrodes are
lowered through the roof of the furnace and are energized by three phase alternating current,
creating arcs that melt the metallic charge with their heat. Electric arc furnace capacities range
from 5 to 345 megagrams (6 to 380 tons). Additional heat is produced by the resistance of the
metal between the arc paths. Once the melting cycle is complete, the carbon electrodes are raised
and the roof is removed. The vessal can then be tilted to pour the molten iron.

Electric induction furnaces are cylindrical or cup-shaped refractory-lined vesselsthat are
surrounded by electrica coils. When these coils are energized with high frequency alternating
current, they produce a fluctuating electromagnetic field which heats the metd charge. The
induction furnace is smply a melting furnace to which high-grade scrap is added to make the
desired product. Induction furnaces are kept closed except when charging, skimming, and tapping.
The molten metal is tapped by tilting and pouring through a hole in the side of the vessels.

Refining

Refining is the process in which magnesium and other elements are added to molten iron to
increase ductility. Ductile iron is formed as a steel matrix containing spheroidal particles (or
nodules) of graphite. Ordinary cast iron contains flakes of graphite. Each flake acts as a crack,
which makes cast iron brittle. Ductile irons have high tensile strength and are silvery in
appearance.

Two widely used refining processes are the plunge method and the pour-over method. In
plunging, magnesium or a magnesium aloy is loaded into a graphite "bell" which is plunged into a
ladle of molten iron. A turbulent reaction takes place as the magnesium boils under the heat of the
molten iron. As much as 65 percent of the magnesium may be evaporated. The magnesium vapor

ignitesin air, creating large amounts of smoke.



In the pour-over method, magnesium aloy is placed in the bottom of avessal and molten
iron is poured over it. Although this method produces more emissions and is less efficient than

plunging, it requires no capital equipment other than air pollution control equipment.

Slag Removal and Molding
Slag is removed from furnaces through a tapping hole or door. Since slag is lighter than
molten iron, it remains on top of the molten iron and can be raked or poured out. After dag has

been removed, the iron is cast into molds.

Mold And Core Production

Molds are forms used to shape the exterior of castings. Cores are molded sand shapes used
to make internal voidsin castings. Molds are prepared from wet sand, clay and organic additives,
and are usualy dried with hot air. Cores are made by mixing sand with organic binders or organic
polymers, molding the sand into a core and baking the core in an oven. Used sand from castings
shakeout is recycled and cleaned to remove any clay or carbonaceous buildup. The sand is screened

and reused to make new molds.

Casting And Finishing
Molten iron is tapped into aladle or directly into molds. In larger, more mechanized
foundries, filled molds are conveyed automatically through a cooling tunnel. The molds are then

placed on avibrating grid to shake the mold sand and core sand loose from the casting.

2.3 EMISSIONS AND CONTROL 32

Emission points and types of emissions from atypical foundry are shown in Figure 2.3-2.
Raw Material Handling and Preparation

Fugitive particulate emissions are generated from the receiving, unloading, and conveying of
raw materials. These emissions can be controlled by enclosing the points of disturbance (e.g.,
conveyor belt transfer points) and routing air from enclosures through fabric filters or wet
collectors.Scrap preparation with heat will emit smoke, organic compounds, and carbon monoxide;

scrap preparation with solvent degreasers will emit organics. Catalytic incinerators and



afterburners can control about 95 percent of organic and carbon monoxide emissions (see AP-42,

Section 4.6, "Solvent Degreasing").

Metal Méelting

Emissions released from melting furnaces include particulate matter, carbon monoxide,
organic compounds, sulfur dioxide, nitrogen oxides, and small quantities of chloride and fluoride
compounds. The particulates, chlorides, and fluorides are generated from incomplete combustion of
carbon additives, flux additions, and dirt and scale on the scrap charge. Organic material on scrap
and furnace temperature affect the amount of carbon monoxide generated. Fine particulate fumes
emitted from melting furnaces results from the condensation of volatilized metal and metal oxides.
The highest concentrations of furnace emissions occur when furnace doors are open during
charging, backcharging, alloying, slag removal, and tapping operations. These emissions can
escape into the furnace building or can be collected and vented through roof openings. Emission
controls for melting and refining operations involve venting furnace gases and fumes directly to a
control device. Canopy hoods or special hoods near furnace doors and tapping points capture

emissions and route them to emissions control systems.

Cupolas

Coke burned in cupola furnaces produces several emissions. Incomplete combustion of coke
causes carbon monoxide emissions, and sulfur in the coke gives rise to sulfur dioxide emissions.
High energy scrubbers and fabric filters are used to control particulate emissions from cupolas and
electric arc furnaces and can achieve efficiencies of 95 and 98 percent, respectively. A cupola
furnace typically has an afterburner as well, which achieves up to 95 percent efficiency. The
afterburner is located in the furnace stack to oxidize carbon monoxide and burn organic fumes,
tars, and oils. Reducing these contaminants protects the particulate control device from possible
plugging and explosion.

Toxic emissions from cupolas include both organic and inorganic materials. Cupolas
produce the most toxic emissions compared to other melting equipment.
Electric Arc Furnaces

During melting in an electric arc furnace, particulate emissions of metallic and mineral

oxides are generated by the vaporization of iron and transformation of mineral additives. This
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particulate matter is controlled by high-energy scrubbers (45 percent efficiency) and fabric filters
(98 percent efficiency). Carbon monoxide emissions result from combustion of graphite from
electrodes and carbon added to the charge. Hydrocarbons result from vaporization and incomplete

combustion of any oil remaining on the scrap iron charge.

Electric Induction Furnaces

Electric induction furnaces using clean steel scrap produce particul ate emissions comprised
largely of iron oxides. High emissions from clean charge emissions are due to cold charges, such as
the first charge of the day. When contaminated charges are used, higher emission rates resullt.

Dust emissions from electric induction furnaces also depend on the charge material
composition, the melting method (cold charge or continuous), and the melting rate of the materials
used. The highest emissions occur during a cold charge.

Because induction furnaces emit negligible amounts of hydrocarbon and carbon monoxide
emissions and relatively little particulate, they are typically uncontrolled, except during charging

and pouring operations.

Refining

Particulate emissions are generated during the refining of molten iron before pouring. The
addition of magnesium to molten metal to produce ductile iron causes a violent reaction between
the magnesium and molten iron, with emissions of magnesium oxides and metallic fumes.
Emissions from pouring consist of metal fumes from the melt, and carbon monoxide, organic
compounds, and particulate evolved from the mold and core materials. Toxic emissions of
particulate, arsenic, chromium, halogenated hydrocarbons, and aromatic hydrocarbons, are
released in the refining process. Emissions from pouring normally are captured by a collection
system and vented, either controlled or uncontrolled, to the atmosphere. Emissions continue as the
molds cool. A significant quantity of particulate is also generated during the casting shakeout

operation. These fugitive emissions are controlled by either high energy scrubbers or fabric filters.

Mold and Core Production
The major pollutant emitted in mold and core production operations is particul ate from sand

reclaiming, sand preparation, sand mixing with binders and additives, and mold and core forming.



Organics, carbon monoxide, and particulate are emitted from core baking and organic emissions
from mold drying. Fabric filters and high energy scrubbers generally are used to control particulate
from mold and core production. Afterburners and catalytic incinerators can be used to control
organics and carbon monoxide emissions.

In addition to organic binders, molds and cores may be held together in the desired shape by
means of a cross-linked organic polymer network. This network of polymers undergoes thermal
decomposition when exposed to the very high temperatures of casting, typically 1,400°C
(2,550°F). At these temperaturesit islikely that pyrolysis of the chemica binder will produce a
complex of free radicals which will recombine to form awide range of chemical compounds having
widely differing concentrations.

There are many different types of resins currently in use having diverse and toxic
compositions. There are no data currently available for determining the toxic compoundsin a

particular resin which are emitted to the atmosphere and to what extent these emissions occur.

Casting and Finishing

Emissions during pouring include decomposition products of resins, other organic
compounds, and particul ate matter. Finishing operations emit particul ates during the removal of
imperfections such as burrs, risers, and gates and during shot blast cleaning. These emissions are
controlled by cyclone separators and fabric filters. Emissions are related to mold size, mold

composition, sand to metal ratio, pouring temperature, and pouring rate.

10
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REVIEW OF REFERENCES

Pecific Environmental Services (PES) contacted the following sources to obtain the most up-

to-date information on process descriptions and emissions for thisindustry:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

Alabama Department of Environmental Management, Montgomery, AL.
American Foundryman's Society, Des Plaines, IL.

American Iron and Steel Ingtitute, Washington, DC.

Florida Department of Environmental Reg., Tallahassee, FL.

Georgia Department of Natural Resources, Atlanta, GA.

Indiana Department of Environmental Management., Indianapolis, IN.
Kansas Department of Health and Environment, Topeka, KS.

Michigan Department of Natural Resources, Lansing, MI.

Missouri Department of Natural Resources, Jefferson City, MO.

Ohio Environmenta Protection Agency, Columbus, OH.

Pennsylvania Department of Environmental Resources, Harrisburg, PA.
U.S. EPA Regional Operations Branch, Air Quality Management Division, Research
Triangle Park, NC.

Responses were received from the American Foundryman's Society and the U.S. EPA

(Sources 2 and 12). No responses were received from the remaining sources. The American

Foundryman's Society indicated that cupolas are still used in iron foundries, but induction furnaces

are expected to increase in popularity. They also said their society is aready working with the EPA

on gathering emissions data. The EPA indicated that the program for updating iron foundry

emissions data had just started, and no information was therefore available.

11
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3.0

31

GENERAL EMISSION DATA REVIEW AND ANALY SISPROCEDURES

LITERATURE SEARCH AND SCREENING

Thefirst step of thisinvestigation involved a search of available literature relating to criteria

and noncriteria pollutant emissions associated with iron foundries. This search included the

following references:

1

2)

3)

4)

5)

6)

7)

8)

9)

AP-42 background files maintained by the Emission Factor and Methodologies
Section. Thisis the source of the 13 emission tests that are reviewed in Section 4.3.
Files maintained by the Emission Standards Division. Although no files are available
at thistime, ESD is currently collecting emissions data from the individual
corporations.

"PM,, Emission Factor Listing Developed by Technology Transfer (EPA-450/4-89-
022). Reviewed but not used due to uncertain quality of data.

Background Information Documents for NSPS and NESHAPS. No emission tests
were included in the documents reviewed.

Information in the Air Facility Subsystems (AFS) of the EPA Aerometric Information
Retrieval System (AIRS). Computer printouts were reviewed. PES was unable to
retrieve any information for this application.

Handbook of Emission Factors, Parts| and 11, Ministry of Health and Environmental
Protection, The Netherlands, 1980/1983. No actua emission test data available.

The EPA Clearinghouse for Inventories and Emission Factors (CHIEF). CHIEF
referenced emission source data as coming from AP-42. No new information.

The EPA databases, including Speciation Database Management System
(SPECIATE), the Crosswalk/Air Toxic Emission Factor Data Base Management
System (XATEF). Both of these database systems were reviewed without tangible
benefits.

A literature search was conducted in the Duke University library, including a
computer network search of the University of North Carolina and the North Carolina
State University. In addition, the EPA Environmental Research Center library was
visited in an attempt to get primary emission source tests for iron foundries. No

primary emission source tests for iron foundries were found.
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To reduce the amount of literature collected to afina group of references pertinent to this

report, the following general criteria were used:

1.  Emissions data must be from a primary reference, i.e. the document must constitute
the origina source of test data. For example, atechnical paper was not included if the
original study was contained in the previous document.

2. Thereferenced study must contain test results based on more than one test run.

3. Thereport must contain sufficient data to evaluate the testing procedures and source
operating conditions (e.g., one-page reports were generally rejected).

If no primary data were found and the previous update utilized secondary data, these

secondary data were still used and the Emission Factor Rating lowered. A final set of reference
materials was compiled after a thorough review of the pertinent reports, documents, and

information according to these criteria. The final set of reference materiasis given in Chapter 4.0.

3.2 EMISSION DATA QUALITY RATING SYSTEM
As part of Pacific Environmental Services analysis of the emission data, the quantity and
quality of the information contained in the final set of reference documents were evaluated. The
following data were aways excluded from consideration.
1.  Test series averages reported in units that cannot be converted to the selected reporting
units;
2. Test series representing incompatible test methods (e.g., comparison of the EPA
Method 5 front-half with the EPA Method 5 front- and back-half);
Test series of controlled emissions for which the control device is not specified;
4.  Test seriesin which the source processis not clearly identified and described; and
Test seriesin which it is not clear whether the emissions were measured before or after

the control device.
Data sets that were not excluded were assigned a quality rating. The rating system used was

that specified by the OAQPS for the preparation of AP-42 sections. The data were rated as

follows:
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A

Multiple tests performed on the same source using sound methodology and reported in
enough detail for adequate validation. These tests do not necessarily conform to the
methodology specified in the EPA reference test methods, although these methods were
certainly used as a guide for the methodology actually used.

B

Tests that were performed by a generally sound methodology but lack enough detail for
adequate validation.

C

Tests that were based on an untested or new methodology or that lacked a significant
amount of background data

D

Tests that were based on a generally unacceptable method but may provide an order-of -

magnitude value for the source.

The following criteria were used to evaluate source test reports for sound methodology and

adequate detalil:

1.

Source operation. The manner in which the source was operated is well documented In

the report. The source was operating within typical parameters during the test.
Sampling procedures. The sampling procedures conformed to a generally acceptable

methodology. If actua procedures deviated from accepted methods, the deviations are
well documented. When this occurred, an evaluation was made of the extent such
alternative procedures could influence the test results.

Sampling and process data. Adequate sampling and process data are documented in

the report. Many variations can occur unnoticed and without warning during testing.
Such variations can induce wide deviations in sampling results. If alarge spread
between test results cannot be explained by information contained in the test report,
the data are suspect and were given alower rating.

Analysis and calculations. The test reports contain origina raw data sheets. The

nomenclature and equations used were compared to those (if any) specified by the

EPA to establish equivalency. The depth of review of the calculations was dictated by
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the reviewer's confidence in the ability and conscientiousness of the tester, which in
turn was based on factors such as consistency of results and completeness of other

areas of the test report.

3.3 EMISSION FACTOR QUALITY RATING SYSTEM
The quality of the emission factors developed from analysis of the test data was rated
utilizing the following general criteria
A (Excellent)
Deveoped only from A-rated test data taken from many randomly chosen facilitiesin the
industry population. The source category is specific enough so that variability within the
source category population may be minimized.
B (Above average)
Developed only from A-rated test data from a reasonable number of facilities. Although no
specific biasis evident, it is not clear if the facilities tested represent a random sample of the
industries. Asin the A-rating, the source category is specific enough so that variability
within the source category population may be minimized.
C (Average)
Developed only from A- and B-rated test data from a reasonable number of facilities.
Although no specific biasis evident, it is not clear if the facilities tested represent arandom
sample of theindustry. Asin the A-rating, the source category is specific enough so that
variability within the source category population may be minimized.
D (Below average)
The emission factor was developed only from A- and B-rated test data from a small number
of facilities, and there is 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 noted in the emission factor
table.
E (Poor)
The emission factor was developed from C- and D-rated test data, and there is reason to
suspect that the facilities tested do not represent a random sample of the industry. There also
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may be evidence of variability within the source category population. Limitations on the use

of these factors are aways noted.

The use of these criteriais somewhat subjective and depends to an extent on the individua

reviewer.
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4.0 POLLUTANT EMISSION FACTOR DEVELOPMENT

41 CRITERIA POLLUTANT EMISSIONS DATA

Nonmethane Organic Compounds.

No data on nonmethane organic compounds (NMOC) emissions were found for theiron
foundry process. However, PES has calculated total NMOC emission factors from source tests
using cupola and electric arc furnaces. Measurements of methane are not included in these source
tests. The cupola uses coke as fudl to create the temperatures required to melt steel and iron. The
electric arc furnace uses electrical resistance to melt metal. Neither of these processes use methane
gas as afuel. PES believes that most, if not all, hydrocarbon emissions from cupolas and electric
arc furnaces represent nonmethane organic compounds. This engineering judgment is a candidate
for rigorous evaluation. However, until the issue isresolved, PES offers Table 4.1-1 as the best
information available concerning emissions of NMOC.

Analyzers were used during source tests (References 9 and 10) to record organic compound
concentrations in parts per million (ppm), as discussed in Section 4.3. Reference 9 is a source test
documenting organic compound emissions as concentrations (ppm) from an electric arc furnace.
Test results have arange of 1.74 to 14.7 ppm, with a mean of approximately 10 ppm. Reference
10 is another source test that documents hydrocarbon emission rates that range from 0.55 to 1.25
kg/hr, with a mean emission rate value of 0.87 kg/hr (1.21 to 2.76 Ibs/hr with a mean emission rate
of 1.91 Ibs/hr). PES calculated an emission factor based upon the mean value and a production
rate of 4 Mg/hr (8 tong/hr). The emission factor for organic compounds from an electric arc
furnace is 0.12 kg/Mg (0.24 Ibs/ton). This emission factor is within the TNMOC range of 0.03 to
0.15 kg/Mg, as shown in Table 2.32. Organic compound emission factors found in airon foundry

casting operation, as reported in the Reference 12 source test, are given in Table 4.1-1.
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Lead.

Table 2.3-2 contains emission factors for lead from cupola, e ectric induction, and
reverberatory furnaces. Table 78 of the AP-40 lists lead as being approximately 19 percent by
gualitative spectrographic analysis in two samples of baghouse dust from a cupola furnace.
Reference 32 of Chapter 2.0 reports that tests have shown foundry furnace emissions range from
0.5to 17 percent lead. The report relates lead emissions to the quality of scrap used in the furnace.

No emission source test listed |ead emissions.
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TABLE 41-1 (METRIC UNITYS)

TOTAL NMOC
Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#

Control device: Uncontrolled (casting

12 D 1 10.9 1.60 0.15
2 10.9 1.56 0.15
3 10.9 1.75 0.16

Averag 10.9 1.64 0.15
e
Unitsin kg/hr.

PUnitsin kg/hr.
“Unitsin kg/Mg.

TABLE 4.1-1 (ENGLISH UNITYS)

TOTAL NMOC
Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#

Control device: Uncontrolled (casting

12 D 1 12 3.53 0.29
2 12 3.43 0.29
3 12 3.86 0.32

Averag 12 3.61 0.30
e
aUnitsin Ib/hr.

bUnitsin Ib/hr.
‘Unitsin Ib/ton.
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Sulfur dioxide.

Data on emissions of sulfur dioxide (SO,) were found in two of the emission source tests
reviewed by PES for the iron foundry process. Reference 9 is a source test reporting SO,
emissions. The SO, rangeis from 1.7 to 17.7 ppm, with a mean of 2.5 ppm. Reference 10 isa
source test that measured SO, emissions and provided emission rates and production rates. These
values have been used by PES to calculate emission factors found in Table 4.1-2. The average
controlled (baghouse) emission factor is 0.12 kg/Mg for an electric arc furnace. Table 2.3-2 lists

SO, emissions from electric arc furnaces as negligible.
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TABLE 4.1-2(METRIC UNITYS)
SULFUR DIOXIDE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Baghouse (electric arc furnace)
10 1 7.26 0.84 0.12
2 7.26 0.20 0.03
3 7.26 0.40 0.06
Averag 7.26 0.48 0.07
e

aUnitsin kg/hr.
Unitsin kg/hr.
‘Unitsin kg/Mg.

TABLE 4.1-2 (ENGLISH UNITYS)
SULFUR DIOXIDE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#

Control device: Baghouse (electric arc furnace)

10 1 8 1.86 0.23
2 8 0.45 0.06
3 8 0.88 0.11

Averag 8 1.06 0.13
e
aUnitsin Ib/hr.

bUnitsin Ib/hr.
‘Unitsin Ib/ton.
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Nitrogen oxides.
Data on nitrogen oxides is reported in Reference 10 (controlled emissions from an electric

arc furnace) as emission rates along with production rates. PES has cal culated emission factors for
the two sampling periods and report them in Table 4.1-3. The average emission factor of 0.23
kg/Mg of nitrogen oxides is within the range of 0.02 to 0.3 kg/Mg for an electric arc furnace, as
shown in Table 2.3-2.
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TABLE 4.1-3(METRIC UNITYS)
NITROGEN OXIDES

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Baghouse (Electric arc furnace)
1 1 7.26 0.68 0.10
2 7.26 1.13 0.16
Averag 7.26 0.91 0.13
e

aUnitsin kg/hr.
Unitsin kg/hr.
‘Unitsin kg/Mg.

TABLE 4.1-3 (ENGLISH UNITYS)
NITROGEN OXIDES

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#

Control device: Baghouse (Electric arc furnace)

1 1 8 151 0.19
2 8 2.50 0.31

Averag 8 2.00 0.25
e
Unitsin Ib/hr.

bUnitsin Ib/hr.
‘Unitsin Ib/ton.
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Carbon monoxide.

Reference 9 is a source test containing emissions for carbon monoxide (CO). An analyzer
was used to sample CO concentrations. Carbon monoxide readings had a range of 19 to 294 ppm,
and a mean of approximately 120 ppm. Reference 10 also used an analyzer, but reported carbon
monoxide emissions as emission rates. However, the emission rates are expressed as operating
within arange of 3.70 to 17.3 kg/hr, with a mean emission rate value of 10.1 kg/hr (8.1 to 38.2
Ibs’hr with a mean emission rate of 22.2 |bs/hr). A calculated emission factor based upon the mean
value and a production rate of 4 Mg/hr (8 tong/hr), results in an emission factor is 2.53 kg/Mg
(2.78 Ibs/ton) for carbon monoxide. Table 2.3-2 lists the range of carbon monoxide at 0.5 to 19

kg/Mg for an electric arc furnace.

Particul ate M atter.

Eight sets of particulate emission factors are depicted in Table 4.1-4 . They are devel oped
from referenced source tests discussed in Section 4.3. Proper use of these emission factorsis
enhanced when used in conjunction with areview of the specific emission source test discussion in
Section 4.3. The Reference 1 source test (cupola) and Reference 9 source test (electric arc furnace)
have average calculated emission factors of 7.88 kg/Mg and 8.73 kg/Mg, respectively. Table 2.3-1
lists the emission factors for the same uncontrolled sources as 6.9 and 6.3 kg/Mg. No emissions

datafor particles less than 10 micrometersin diameter (PM,,) were available.
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TABLE 4.1-4 (METRIC UNITYS)
PARTICULATE

Reference,
Source Test
#

Test
Rating

Test
Method

Run
#

Production
Rate?

Emission
Rate?

Emission
Factor®

Control device: Uncontrolled (Cupola)
1 A 5 1 3.08 15.10 4.90
2 3.08 11.88 3.87
3 417 17.14 411
Averag 3.45 14.71 4.29
e
Control device: Scrubber (Cupola)
3 A 5 1 12.90 7.71 0.60
2 13.82 6.01 0.45
3 14.61 5.69 0.39
Averag 13.77 6.47 0.47
e
Control device: Impingement-type scrubber
4 B 5 1 8.26 15.51 1.88
2 8.26 16.87 2.05
3 8.26 20.23 2.45
Averag 8.26 17.54 2.13
e
Control device: Venturi scrubber
5 A 5 1 15.65 28.43 1.82
2 16.73 38.75 2.32
3 14.50 34.88 241
Averag 15.63 34.02 2.18

aUnitsin kg/hr.
Unitsin kg/hr.
‘Unitsin kg/Mg.
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TABLE 4.1-4 (METRIC UNITS) (continued)
PARTICULATE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Uncontrolled (Electric arc furnace)
9 A 5 1 181 31.76 8.76
2 181 27.24 7.51
3 181 35.99 9.92
Averag 181 31.66 8.73
e
Control device: Fabric filter
9 A 5 1 181 1.389 0.50
2 181 0.247 0.07
3 181 0.353 0.1
Averag 181 0.663 0.19
e
Control device: Fabric filter (Filtered particul ate)
10 B 5 1 3.63 1.69 0.24
2 3.63 1.04 0.14
3 3.63 0.96 0.13
Averag 3.63 1.23 0.17
e
Control device: Fabric filter (Total particulate)
10 A 5 1 3.63 2.80 0.50
2 3.63 1.72 0.24
3 3.63 1.28 0.18
Averag 3.63 1.93 0.27
e

aUnitsin kg/hr.
Unitsin kg/hr.
‘Unitsin kg/Mg.
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TABLE 4.1-4 (METRIC UNITS) (concluded)
PARTICULATE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Centrifugal separator and fabric filter
13 D 5 1 135 4.88 3.62
2 135 2.02 1.50
3 135 3.24 2.40
Averag 135 3.38 2.50
e
Control device: Scrubber (Filterable casting and mold sand handling)
15 C 5 1 10.89 0.78 0.07
2 10.89 0.58 0.06
3 10.89 0.75 0.07
Averag 10.89 0.70 0.06
e
Control device: Scrubber
15 C 5 1 10.89 1.60 0.15
2 10.89 1.56 0.15
3 10.89 1.75 0.16
Averag 10.89 1.64 0.15

aUnitsin kg/hr.
Unitsin kg/hr.
‘Unitsin kg/Mg.
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TABLE 4.1-4 (ENGLISH UNITYS)
PARTICULATE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Uncontrolled (Cupola)
1 A 5 1 3.40 33.3 9.79
2 3.39 26.2 7.73
3 4.60 37.8 8.22
Averag 3.80 324 8.58
e
Control device: Scrubber (Cupola)
3 A 5 1 14.22 16.99 1.195
2 15.23 13.25 0.890
3 16.10 12.55 0.780
Averag 15.18 14.26 0.948
e
Control device: Impingement-type scrubber
4 B 5 1 9.10 34.2 3.76
2 9.10 37.2 4.09
3 9.10 44.6 4.90
Averag 9.10 38.6 4.25
e
Control device: Venturi scrubber
5 A 5 1 17.25 32.69 3.63
2 18.44 85.45 4.63
3 16.00 76.90 481
Averag 17.23 75.01 4.36
e
aUnitsin Ib/hr.

bUnitsin Ib/hr.
‘Unitsin Ib/ton.




TABLE 4.1-4 (ENGLISH UNITS) (continued)
PARTICULATE

Reference, Test Test Run Production Emission Emission
Source Test | Rating | Method # Rate? Rate? Factor®
#
Control device: Uncontrolled
9 A 5 1 2 70.02 17.51
2 2 60.05 15.01
3 2 79.35 19.84
Averag 2 69.81 17.45
e
Control device: Fabric filter
9 A 5 1 2 3.06 0.99
2 2 0.55 0.14
3 2 0.78 0.20
Averag 2 1.46 0.37
e
Control device: Fabric filter (Filtered particul ate)
10 A 5 1 8 3.72 0.47
2 8 2.26 0.28
3 8 211 0.26
Averag 8 271 0.34
e
Control device: Fabric filter (Total particulate)
10 A 5 1 8 6.17 0.99
2 8 3.81 0.48
3 8 2.83 0.35
Averag 8 4.27 0.53
e
aUnitsin Ib/hr.

bUnitsin Ib/hr.
‘Unitsin Ib/ton.
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TABLE 4.1-4 (ENGLISH UNITS) (concluded)
PARTICULATE

Source Test Test Run Production Emission Emission
Test # Rating | Method # Rate? Rate? Factor®
Control device: Centrifugal separator and fabric filter
13 D 5 1 1.49 10.77 7.23
2 1.49 4.46 2.99
3 1.49 7.14 4.79
Averag 1.49 7.46 5.00
e
Control device: Scrubber (Filterable casting and mold sand handling)
15 C 5 1 12 1.72 0.14
2 12 1.27 0.11
3 12 1.65 0.14
Averag 12 155 0.12
e
Control device: Scrubber
15 D 5 1 12 3.53 0.29
2 12 3.43 0.29
3 12 3.86 0.32
Averag 12 3.61 0.30
e
Unitsin Ib/hr.

bUnitsin Ib/hr.

‘Unitsin Ib/ton.
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4.2 NONCRITERIA POLLUTANT EMISSION DATA

Hazardous Air Pollutants.

Hazardous Air Pollutants (HAPs) are defined in the 1990 Clean Air Act Amendments.
Reference 14, a source test discussed in Section 4.3, reported the xylene (CAS No. 1330207)
emission rate at 0.017 kg/hr (0.037 Ib/hr) and an emission rate for 1,2,2 trifluoroethane (CAS No.
79016) of 0.018 kg/hr (0.039 Ib/hr) from a mold curing oven. The SPECIATE data base

references testing of 12 binder and sand formulations during a casting operation in an iron foundry.
This emission test reports the following HAPS were found; formal dehyde (CAS No. 50-00-0),
acrolein (CAS No. 107-02-8), benzene (CAS No. 71-43-2), toluene (CAS No. 108-88-3), o-xylene
CAS No. 95-47-6), m-xylene (CAS No. 108-95-2), phenol (CAS No. 108-95-2), and naphthalene
(CAS No. 91-20-3). Insufficient data were presented to develop emission factors from these

Sources.

Globa Warming Gases.

Pollutants such as methane, carbon dioxide, and nitrous oxide have been found to contribute
to overall global warming. No data on emissions of these pollutants were found for the iron
foundry process.

For source testing purposes, the concentration of carbon dioxide in the stack gas being tested
is measured in order to approximate the molecular weight of the stack gas. In the emissions tests
utilized in developing emission factors for iron foundry production, as with most emissions tests,
this measurement is performed in such away that its level of accuracy islessthan that of the
primary pollutants of interest. The preferred method of quantifying emissions of carbon dioxide
from combustion processes is through fuel analyses. All of the carbon in the fuel, minus that
contained in unburned hydrocarbons and carbon monoxide in the effluent gases, can be assumed to

be in the form of carbon dioxide.
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Stratospheric Ozone-Depleting Gases.

Chlorofluorocarbons have been found to contribute to ozone depletion. No data on emissions

of these pollutants were found for the iron foundry process.

4.3 REVIEW OF SPECIFIC DATA SETS

The magjor change to Section 12.10 is related to areview of references footnoted in the
emission tables. Table 2.3-1 emission factors have been downgraded from "B" and "C" to "D" and
"E" ratingsin this edition. Emission factors for control devices with "E" ratings are not based on
rated emission tests, but instead depend upon genera studies that used emission tests not available
for review. The "D" ratings are based on general studies and one emission source test reviewed
below. In each case, the emission factor calculated from information in the source test is different
from the emission factor listed in the October 1986 revision of Section 12.10. The original
emission factors have not been changed in this edition from those published in 1986. PES believes
that previoudly published emission factors should not be changed if found to be different based on
asingle source test calculated emission factor.

The emission factors for Table 2.3-2 were downgraded from "B" to "E" because the
emission factors listed are based entirely upon general studies and unfounded assumptions. The
table has been reformatted to permit emission factors for individua control devices to be changed
in future editions as more emission source tests become available for review and the assignment of
rating factors. PES believes that |lead emission rates are not fixed, but are instead variable, and
primarily afunction of the amount of lead contamination found in scrap metals. More information
is needed to establish arange of emission rates of lead in the iron foundries industry. The sulfur
dioxide (SO,) emission factor is assumed to be equal to 30 percent of the sulfur content found in
coke fuel. This emission rate assumption aso requires additional study.

PES reviewed atotal of 18 source tests. Thirteen were found in the EFMS AP-42 files. The
remaining five were provided by state agencies. Compliance test procedures used in iron foundries
for particulate emissions are based upon process charge (total material charged) and not production
rate. The production rate is used to calculate emission factors. Process charge is normally made up
from iron and scrap stedl, coke, lime, flux, and in some cases alloy metals. When a compliance

source test lists components of the process charge, PES calcul ated the emission factor based on
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product produced. However, if the process charge in the source test does not delineate the metal
weight, either the test information is not used or the emission rate is only considered here and is not

included in emission factor tables. Each source test is reviewed below.
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TABLE 4.3-1 (METRIC UNITYS)
PARTICULATE EMISSION FACTORS FOR IRON FURNACES
All Emission Factorsin kg/Mg Iron Produced
Ratings (A-E) Follow Each Factor

Process Control Device Total Particulate

Cupola Uncontrolled? 6.9 D
(SCC 30400301) Scrubber® 16 D

Venturi scrubber® 15 D

Electrostatic 0.7 D

precipitator®

Baghouse® 0.3 D

Single wet cap' 4.0

Impingement 25 E

scrubber’

High energy scrubber’ 0.4 D
Electric arc furnace Uncontrolled? 6.3 D
(SCC 30400304) Baghouse” 0.2 D
Electric induction furnace Uncontrolled 0.5 E
(SCC 30400303) Baghouse 0.1 E
Reverberatory Uncontrolled® 11 E
(SCC 30400302) Baghouse 0.1 E

References 1, 4, 9 and 10.

References 12 and 15. Includes averages for wet cap and other scrubber types not already listed.
References 12, 17 and 19.

References 8 and 11.

References 12 through 14.

References 8, 11, 29 and 30.

References 1, 6 and 23.

References 6, 23 and 24.

References 1 and 12. For metal melting only.
Reference 4.

Reference 37.
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TABLE 4.3-1 (ENGLISH UNITYS)
PARTICULATE EMISSION FACTORSFOR IRON FURNACES
All Emission Factorsin Ibs/ton Iron Produced
Ratings (A-E) Follow Each Factor

Process Control Device Total Particulate

Cupola Uncontrolled? 13.8 D
(SCC 30400301) Scrubber® 3.1 D

Venturi scrubber® 3.0 D

Electrostatic 14 D

precipitator®

Baghouse® 0.7 D

Single wet cap' 8.0

Impingement 5.0 E

scrubber’

High energy scrubber’ 0.8 D
Electric arc furnace Uncontrolled? 12.7 D
(SCC 30400304) Baghouse” 0.4 D
Electric induction furnace Uncontrolled 0.9 E
(SCC 30400303) Baghouse 0.2 E
Reverberatory Uncontrolled® 2.1 E
(SCC 30400302) Baghouse 0.2 E

References 1, 4, 9 and 10.

References 12 and 15. Includes averages for wet cap and other scrubber types not already listed.
References 12, 17 and 19.

References 8 and 11.

References 12 through 14.

References 8, 11, 29 and 30.

References 1, 6 and 23.

References 6, 23 and 24.

References 1 and 12. For metal melting only.
Reference 4.

Reference 37.
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TABLE 4.3-2(METRIC UNITYS)
CRITERIA GASEOUSAND LEAD EMISSION FACTORS FOR
IRON FOUNDRIES
All Emission Factors in Weight of [ron Produced
Ratings (A-E) Follow Each Factor

Unitsin kg/Mg
Furnace type CO SO, NO, VOC Lead®
Cupola
(SCC 30400301)
Uncontrolled 73 E |06S | E 0.05-0.6
High energy scrubber 035 | E
Electric arc* 05-19 |E |Neg E |0.02-03 | E [0.03-015]| E
(SCC 30400304)
Electric induction® Neg E |Neg E 0.005-
0.05
(SCC 30400303)
Reverberatory 0.006-
0.07
(SCC 30400302)

*References 11, 31, 34.

*Reference 2.

‘Reference 4. S = % sulfur in the coke. Assumes 30 percent of sulfur is converted to SO.,.
YReference 4,6.

*References 8, 11, 29, 30.
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TABLE 4.3-2 (ENGLISH UNITYS)
CRITERIA GASEOUSAND LEAD EMISSION FACTORS FOR
IRON FOUNDRIES
All Emission Factors in Weight of [ron Produced
Ratings (A-E) Follow Each Factor
Unitsin |b/ton

Furnace type CO SO, NO, VOC Lead®
Cupola

(SCC 30400301)

Uncontrolled 145° E |12 E 0.1-11

High energy scrubber 0.6S° E

Electric arc® 1-37 E |Neg E [004 | E [00603 | E
0.6
(SCC 30400304)

Electric induction® Neg E [Neg E 0.009-0.1

(SCC 30400303)

Reverberatory 0.012-0.14

(SCC 30400302)

*References 11, 31, 34.

*Reference 2.

‘Reference 4. S = % sulfur in the coke. Assumes 30 percent of sulfur is converted to SO..
YReference 4,6.

*References 8, 11, 29, 30.
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TABLE 4.3-3(METRIC UNITYS)
PARTICULATE EMISSION FACTORS FOR ANCILLARY OPERATIONS
AND FUGITIVE SOURCESAT IRON FOUNDRIES

All Emission Factorsin kg/Mg Iron Produced
Ratings (A-E) Follow Each Factor

Totadl Emission| Emitted to
Control Device Factor Work Emitted to

Process SCC's Environment | Atmosphere
Scrap and charge 30400315 |Uncontrolled 0.3 E 0.25 E 0.1 E
handling, heating®
Magnesium 30400310 |Uncontrolled 0.9 E 0.9 E 0.2 E
treatment®
Refining® 30400310 |Uncontrolled | 1.5-25| E
Pouring, cooling® 30400320 |Uncontrolled 2.1 E
Shakeout® 30400333 |Uncontrolled® 1.6 E
Cleaning, finishing® | 30400352 |Uncontrolled 8.5 E 0.15 E| 005 |E
Sand handling 30400355 |Uncontrolled” 18 E
(inkg/Mg sand Scrubber’ 0.023 | D
handled) Baghouse’ 0.10 E
Core making, 30400371 |Uncontrolled 0.6 E 0.6 E 0.6 E
baking®
aReference 4.
bReference 1,4.
‘Reference 35.
YReferences 1, 3, 25.
‘Reference 1.
'References 12, 27.
9Reference 12.



TABLE 4.3-3(ENGLISH UNITYS)
PARTICULATE EMISSION FACTORSFOR ANCILLARY OPERATIONS
AND FUGITIVE SOURCES AT IRON FOUNDRIES
All Emission Factorsin Ib/ton of 1ron Produced
Ratings (A-E) Follow Each Factor

Tota Emission| Emitted to Emitted to

Factor Work Atmosphere
Environment
Control Device _ _ _
Process sce's Ib/ton [Rating | Ib/ton| Rating | Ib/ton | Rating

Scrap and charge | 30400315 |Uncontrolled 0.6 E 0.5 E 0.2 E
handling, heating®
Magnesium 30400310 [Uncontrolled 18 E 18 E 04 E
treatment”
Refining® 30400310 |Uncontrolled 3-5 E
Pouring, cooling” | 30400320 [Uncontrolled 4.2 E
Shakeout® 30400333 |Uncontrolled® | 3.2 E
Cleaning, finishing®| 30400352 |Uncontrolled 17 E 0.3 E 0.1 E
Sand handling 30400355 |Uncontrolled® | 3.6 E
(in Ib/ton of sand Scrubber’ 0.046| D
handled) Baghouse’ 0.20 E
Core making, 30400371 |Uncontrolled 1.1 E 1.1 E 1.1 E
baking®
*Reference 4.
Reference 1, 4.
‘Reference 35.
‘References 1, 3, 25.
“Reference 1.
'References 12, 27.
9Reference 12.
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TABLE 4.3-4 (METRIC UNITYS)
PARTICLE SIZE DISTRIBUTION DATA AND EMISSION FACTORS
FOR IRON FOUNDRIES*
All Emission Factorsin kg/Mg of Metal Produced
Ratings (A-E) Follow Each Factor

Source Particle size (um)| Cumulative mass | Cumulative mass Rating
% < State Size” emission factor
Cupola Furnace® (SCC 30400301)
Uncontrolled 0.5 44.3 31 C
1.0 69.1 4.8
2.0 79.6 55
25 84.0 5.8
5.0 90.1 6.2
10.0 90.1 6.2
15.0 90.6 6.3
100.0 6.9
Controlled by 05 83.4 0.33 E
baghouse® 1.0 915 0.37
20 94.2 0.38
25 94.9 0.38
5.0 94.9 0.38
10.0 95.0 0.38
15.0 100.0 0.4
Controlled by venturi 05 56.0 0.84 C
scrubber? 1.0 70.2 1.05
2.0 774 1.16
25 1.7 117
5.0 1.7 117
10.0 1.7 117
15.0 77.7 117
100.0 15

a]L\/Iatss emission rate data available in Tables 2.3-1 and 2.3-3 to calculate size-specific emission
actors.

"References 13, 21, 22, 25, 26.

Reference 3, Exhibit VI-15. Aver%ed from data on two foundries. Because original test data
could not be obtained, emission factor rating is E.

d
Pressure drop across venturi: approximately 102 inches of water.
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PARTICLE SIZE DISTRIBUTION DATA AND EMISSION FACTORS

TABLE 4.3-4 (METRIC UNITS) (continued)

FOR IRON FOUNDRIES?

All Emission Factorsin kg/Mg of Metal Produced
Ratings (A-E) Follow Each Factor

Source Particle size (um) | Cumulative mass % Cumulative mass Rating
< State size? emission factor
Electric Arc Furnace® (SCC 30400304)
Uncontrolled 1.0 13.0 0.8 E
20 57.5 3.7
5.0 82.0 5.2
10.0 90.0 5.8
15.0 935 6.0
100.0 6.4
Pouring, cooling® (SCC 30400320 & 30400325)
Uncontrolled 0.5 d D
1.0 19.0 0.40
20 20.0 0.42
25 24.0 0.50
5.0 34.0 0.71
10.0 49.0 1.03
15.0 720 151
100.0 2.1
Shakeout® (SCC 30400333)
Uncontrolled 0.5 23.0 0.37 E
1.0 37.0 0.59
20 41.0 0.66
25 42.0 0.67
5.0 44.0 0.70
10.0 70.0 112
15.0 99.9 1.60
100.0 1.60

ZMass emission rate data available in Tables 2.3-1 and 2.3-3 to calcul ate size-specific emission factors.
References 13, 21, 22, 25, 26.

Reference 3, Exhibit VI1-15. Averaged from data on two foundries. Because original test data could not be
obtained, Emission Factor Rating iS E.

dPreﬁsure drop across venturi: approximately 102 inches of water.
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TABLE 4.3-4 (ENGLISH UNITS)
PARTICLE SIZE DISTRIBUTION DATA AND EMISSION FACTORS
FOR IRON FOUNDRIES?
All Emission Factorsin Ib/ton of Metal Produced
Ratings (A-E) Follow Each Factor

Source Particle size (um) | Cumulative mass % Cumulative mass Rating
< state size? emission factor (Ib/ton
metal)
Cupola Furnace® (SCC 30400301)

Uncontrolled 0.5 44.3 6.2 C
1.0 69.1 9.6
20 79.6 11.0
25 84.0 11.6
5.0 90.1 12.4
10.0 90.1 12.4
15.0 90.6 12.6
100.0 13.8

Controlled by baghouse® 0.5 834 0.66 E
1.0 91.5 0.74
20 94.2 0.76
25 94.9 0.76
5.0 94.9 0.76
10.0 95.0 0.76
15.0 100.0 0.8

Controlled by venturi 0.5 56.0 1.68 C
scrubber? 1.0 70.2 2.10
20 774 2.32
25 71.7 2.34
5.0 71.7 2.34
10.0 71.7 2.34
15.0 71.7 2.34
100.0 3.0

ZMass emission rate data available in Tables 2.3-1 and 2.3-3 to calcul ate size-specific emission factors.
References 13, 21, 22, 25, 26.

Reference 3, Exhibit VI-15. Ave_ra%ed from data on two foundries. Because original test data could not be
obtained, emission factor rating isE.

dPreﬁsure drop across venturi: approximately 102 inches of water.
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TABLE 4.3-4 (ENGLISH UNITS) (continued)
PARTICLE SIZE DISTRIBUTION DATA AND EMISSION FACTORS
FOR IRON FOUNDRIES?
All Emission Factorsin Ib/ton of Metal Produced
Ratings (A-E) Follow Each Factor

Source Particle size (um) | Cumulative mass % Cumulative mass Rating
< state size? emission factor (Ib/ton
metal)

Electric Arc Furnace® (SCC 30400304)

Uncontrolled 1.0 13.0 1.6 E
2.0 575 7.4
5.0 82.0 104
10.0 90.0 11.6
15.0 93.5 12.0
100.0 12.8

Pouring, cooling® (SCC 30400320 & 30400325)

Uncontrolled 0.5 d D

1.0 19.0 0.80
2.0 20.0 0.84
25 24.0 1.00
5.0 34.0 1.42
10.0 49.0 1.06
15.0 72.0 3.02

100.0 4.2

Shakeout® (SCC 30400331)

Uncontrolled 0.5 23.0 0.74 E

1.0 37.0 1.18
2.0 41.0 1.32
25 42.0 1.34
5.0 44.0 1.40
10.0 70.0 2.24
15.0 99.9 3.20

100.0 3.20

“Mass emission rate data available in Tables 2.3-1 and 2.3-3 to calculate size-specific emission factors.
’References 13, 21, 22, 25, 26.

‘Reference 3, Exhibit V1-15. Averaged from data on two foundries. Because origina test data could not be

obtained, Emission Factor Rating iS E.
dPreﬁsure drop across venturi: approximately 102 inches of water.
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Reference 1: Particulate Emission Test Report On A Gray Iron Cupola at Cherryville Foundry

Works, Cherryville, NC, Department of Natural and Economic Resources, Raleigh, NC, December
18, 1975.

This source test was conducted to prove compliance for uncontrolled particulate emissions from a

gray iron cupola. The process involves melting scrap iron for the production of municipal castings.
No fluxing agents were used. Emission factors are listed in Table 4.1-4 as Source 1. Thistest is
rated "A."

Reference 2: Particulate Emissions Testing at Opdlika Foundry, Birmingham, AL, Air Pollution

Control Commission, Montgomery, AL, November 1977 - January 1978.

This compliance source test measures emissions from afabric filter serving as a particulate
control device for a cupola. The emissions pass through an afterburner, a quench tower, and
through afabric filter prior to being exhausted into the atmosphere. Thistest israted "A."
However, information available in the test report does not break down the process feed. Therefore,

emission information from this test is not used.

Reference 3: Stack Test Report, Dunkirk Radiator Corporation Cupola Scrubber, State

Department of Environmental Conservation, Region I X, Albany, NY, November 1975.

This compliance particulate source test is to check emissions from a scrubber that serves a cupola
The test report includes a breakdown of the process weight, of which 2,000 pounds of metal scrap
isin each charge. The report includes the number of charges made during testing. PES has
caculated the emission factors found in Table 4.1-4, listed as Reference 3. Thistest israted "A."

Reference 4: Particulate Emission Test Report For A Scrubber Stack For A Gray Iron Cupola At
Dewey Brothers, Goldsboro, NC, Department Of Natural Resources, Raleigh, NC, April 7, 1978.

This particulate compliance test is reporting emissions from an impingement type scrubber that
serves as a control device for two cupolas. Only one cupolais operated at atime. Thistest israted
"B" because production rates are reported as an hourly average instead of actua production during
the testing periods. Calculated emission factors for this source test are listed in Table 4.1-4 asthe

Reference 4 source test.
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Reference 5: Stack Test Report, Worthington Corp. Cupola, State Department of Environmental
Conservation, Region 1X, Albany, NY, November 4-5, 1976.

Thisemission test isfor controlled particulate from a venturi scrubber that controls emissions
from two cupolas. The emissions are listed in Table 4.1-4 as the Reference 5 source test. Thistest
report israted "A."

Reference 6: Stack Test Report, Dresser Clark Cupola Wet Scrubber, Orlean, NY, State
Department Of Environmental Conservation, Albany, NY, July 14 & 18, 1977.

Thistest report israted "B" asit has documentation to permit an accurate emission factor
development. However, particulates during the study test period doubled without explanation, even

though production charges appear to have remained constant throughout the test.

Reference 7: Stack Test Report, Chevrolet Tonawanda Metal Casting, Plant Cupola #3 And

Cupola#4, Tonawanda, NY, State Department Of Environmental Conservation, Albany, NY,

August 1977.
Thisis a compliance test on two cupolas, each with a different control device. This test is rated

"A." However, no emission factors could be developed as there was no breakdown of components

in the process charge. This report was not used.

Reference 8: Stack Analysis For Particulate Emission, Atlantic States Cast [ron

Foundry/Scrubber, State Department Of Environmental Protection, Trenton, NJ, September 1980.

This compliance report is not used in this background document because production information is

not available in order to calculate emission factors.

Reference 9: Source Test, Electric Arc Furnace At Paxton-Mitchell Foundry, Omaha, NB,
Midwest Research Institute, Kansas City, MO, October 1974.

Emission testing was conducted at this foundry as part of a New Source Performance Standard
study. Thetest israted "A." The test appears to have been conducted correctly, but the copy of the
test used in this review does not include field notes for particulates. Also, the derivation of the
emission factor is based upon an engineering estimate of the production rate. Testing included

particul ate emissions from an electric arc furnace, with samples reported both before and after a
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fabric filter. Of concern during particulate sampling isa 21 percent variation in exhaust flow rates.
In addition, total hydrocarbons, carbon monoxide (CO), and sulfur dioxide (SO,) measurements
are reported. Uncontrolled and controlled particulate emission factors are reported in Table 4.1-4
as source test 9. Total hydrocarbons and CO are sampled with appropriate analyzers. Total
hydrocarbons had arange of 1.74 to 14.7 parts per million (ppm), with a mean of approximately
10 ppm. Carbon monoxide readings had arange of 19 to 294 ppm, and a mean of approximately
120 ppm. Sulfur dioxide samples were taken at the fabric filter outlet. The production process does
not use sulfur. The SO, emission is believed be the result of oxidized lubrication and cutting oils
contaminating the scrap metal charge in the electric arc furnace. The sulfur dioxide emission range

is reported to be from 1.7 to 17.7 ppm, with a mean of 2.5 ppm.

Reference 10: Source Test, John Deere Tractor Works, East Moline, IL, Gray Iron Electric Arc
Furnace, Walden Research, Willmington, MA, July 1974.

This source test is apart of a New Source Performance Standard study. The production system
tested consisted of two electric arc furnaces, with aternating operating periods (both are never
operated at the same time), with emissions controlled by a fabric filter. Testing included controlled
particulate, sulfur dioxide (SO,), Nitrogen oxides (NO,), hydrocarbons and carbon monoxide
(CO). Thisreport fulfills the requirements of an "A" rating.

Particulate emission rates are calculated for both filterable and total particulates (front and back
half). The production rate is reported as 24 tons of meta in a 3-hour period on average. Using this
information, PES has generated particulate emission factors for filterable and total particulates as
shown on Table 4.1-4 for the Reference 10 source test. The test report contains SO, emissions that
are provided as emission rates and have been changed to the emission factors found in Table 4.1-2
for the Reference 10 source test.

Nitrogen oxide concentrations are reported for two of the three test periods. PES cal culated
emission factors for NO, and recorded the values in Table 4.1-3 for the Reference 10 source test.
Thisinformation is listed for comparison with additional NO, emission factors as they become
available.

Analyzers were used to record both hydrocarbons and CO emissions in parts per million (ppm).
The sampling port was installed in the fabric filter exhaust stack. Hydrocarbon had an emission
rate with arange of 0.55 to 1.25 kg/hr, with a mean emission rate value of 0.87 kg/hr (1.21 t0 2.76
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Ibs/hr with a mean emission rate of 1.91 Ibs/hr). The emission rate for carbon monoxide ranged
from 3.70 to 17.3 kg/hr, with a mean emission rate value of 10.1 kg/hr (8.1 to 38.2 Ibs/hr with a
mean emission rate of 22.2 Ibs/hr). A calculated emission factor for each, based upon the mean
values and a production rate of 4 Mg/hr (8 tonsg/hr), results in a hydrocarbon emission factor of
0.22 kg/Mg (0.24 |bs/ton). For CO the emission factor is 2.53 kg/Mg (2.78 Ibg/ton).

Reference 11: S. Gronberg, Characterization Of Inhalable Particulate Matter Emissions From An
Iron Foundry, Lynchburg Foundry, Archer Creek Plant, EPA-600/X-85-328, U.S. Environmental
Protection Agency, Cincinnati, OH, August 1984.

The purpose of this"A"-rated source test was to measure fugitive particulates in an iron foundry
during pouring and mold cooling operations. Emissions from pouring and cooling are uncontrolled
and were measured at the roof monitors. Method 5 testing was performed during four pouring and
five cooling periods. The report contains a calculated particulate emission factor of 0.021 kg/Mg
(0.043 Ib/ton) during pouring operations, and an emission factor of 0.044 kg/Mg (0.086 Ib/ton)
during cooling operations in molds. Particulate emission factors during combination pouring and

cooling runs were reported as 0.056 kg/Mg (0.111 |b/ton).

Reference 12: Report Of Source Emissions Testing At Hardy and Newsom, Inc., La Grange, NC,

North Carolina Division of Environmental Management, August 2 & 3, 1977.

Thisreport is a compliance emission test for controlled particulate from a cupola. The elements of
the control system are; a settling chamber, a water-cooled heat exchanger, one mechanical
centrifugal separator, and a fabric filter (sock type filter). This"B" rated compliance test does not
discuss why the apparent stack exhaust flow for Run 1 is almost 200 percent higher than that of
Run 3. Run 1 also is reported to have the highest emission rate (10.77 |b/hr) as compared to Run 3
(7.14 1b/hr). The reported production rate is 400 Ibs of iron in every charge, with atotal of 82
charges made during 660 minutes. PES calculated the production rate at 1.49 tph. Calculated

emission factors are listed in Table 4.1-4 under the Reference 13 source test.

Reference 13: Report Of Source Emissions Testing At Sprout-WP, Inc., Muncy, PA, Homeon

Associates, Inc. Report of December 1, 1988.
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This emission test measured phenol, organic, and formaldehyde contained in the uncontrolled mold
curing oven roof stack. Four 1-hour samples were taken during production. This"D" rated
emission source test lacks enough information such as isokinetic calculations and vaues, and field
notes to permit a validation of the test. Also, assumptions are made with regard to downtime
instead of maintaining a documentation of process related operations and their effect on production
rates. The copy used by PES does not include test set up information. The flow rate was calculated
using calibrated SKC pumps due to the DGM sticking (no rotometer used). The limit of detection
of al compoundsis 0.1 ppm. No phenols were detected, and formaldehyde readings may have been
influenced by the problems with the DGM. The tabulated information contained in this emission
report is not used. However, due to the uniqueness of the emissions (mold curing operations), PES
has elected to report the average emission rates as they may be within an order of magnitude of
actual values. To put these emission rates in perspective with production rates, the average
production rate is reported to be approximately 80 molds per hour. Each mold weighs
approximately 350 pounds. Emission averages are Varsol = 0.459 |b/hr, heptanol = 0.528 Ib/hr,
Freon 113 (1,1,2 Trichloro, 1,2,2 trifluoroethane) = 0.039 Ib/hr, and xylene = 0.037 Ib/hr. This

information is not used el sewhere in this background report.

Reference 14: Report Of Source Emissions Testing At Benton Foundry, Inc., Benton, PA,

Commonwealth of Pennsylvania Report of 8-7-79.

This"C"-rated compliance source test measured total particulate (front and back half) according
to standard procedures for isokinetic collection as specified in Chapter 139 of the Pennsylvania
Department of Environmental Resources Rules and Regulations. Only one 72-minute sample run
was conducted on controlled cupola emissions. The emission control system consists of two
afterburners, a venturi scrubber, and a cyclonic moisture separator. In addition, the isokinetic flow
was 87.3 percent (outside the 90 to 110 percent flow criteria). Total controlled particulate emission
rate is reported as 15.4 |b/hr, with a corrected value of 13.4 Ib/hr when the low isokinetic flow of
87.3 percent is taken into account. Total pig iron, scrap iron, and returns charged during the 72-
minute test period was 11,900 pounds. From this information, PES cal cul ates a production rate of
4.96 tph, and an emission factor of 0.37 |b/ton. The reason for including thisinformation is that the
production equipment and pollution control system istypica for many small operations. This

information is not referred to el sewhere in this report.
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Reference 15: Report Of Source Emissions Testing At Newbury manufacturing, Talladega, AL,
State Air Pollution Control Commission, Montgomery, AL, May 15-16, 1979.

This source emission test measured controlled emissions leaving a casting and sand handling
system controlled by an orifice scrubber. The test includes both filterable and total controlled
particulate. This"C"-rated compliance test does not have uncontrolled emissions and, it lacks a
significant amount of background data. Both particulate rates are converted to emission factors
based upon an approximate production of 12 tons of metal per hour.

Thisinformation is given in Table 4.1-4 under the Reference 15 source test.

4.4 DATA GAP ANALYSIS

Additional source tests during iron foundry operations are necessary to build alarger data base
that will satisfy the accuracy and statistical randomness requirements of AP-42 emission factors.
Asdiscussed in Chapter 2, iron foundry operations use a wide variety of production equipment and
pollution control systems. The review of specific data setsin Section 4.3 demonstrates a need for
additional quality source tests, both before and after air pollution control systems, along with
corresponding production rates.

Metal melting operations release the magor portion of tota particulates. A series of emission
sourcetestsis required for each type of furnace, with particular attention given to charging and
pouring operations that cause peak emission loads. The chemical composition of these emissions
also needs additional study, incorporating information such as scrap composition and cleanliness,
and production and operating procedures.

Emissions released during pouring and casting should be thoroughly evaluated with regard to both
organic and inorganic emissions. A future study should include formulations of mold binders used
during source tests, along with material balance and a chemical analysis of used sand after shaking
out castings.

Refining techniques can cause rapid emission release as a result of dynamic and violent reactions
of iron with alloy metals. These operations require additional testing to identify the relative

magnitude of air toxic and criteria pollutants.
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TABLE 45-1

LIST OF CONVERSION FACTORS

Multiply: by: To obtain:
mg/dscm 4.37 x 10* gr/dscf

m? 10.764 ft?

M3 35.31 ft3

m 3.281 ft

kg 2.205 b

kPa 1.45x 10* psia
kg/Mg 2.0 Ib/ton

Mg 1.1023 ton

Temperatur e conver sion equations:

Fahrenheit to Celsius:

e . (F-32)
18

Cdsius to Fahrenheit:

°F = 1.8(°C) + 32
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