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AIR POLLUTION CONTROL OFFICE

AIR POLLUTION ASPECTS OF
THE TIRON FOUNDRY INDUSTRY
FEBRUARY, 1971

I - SUMMARY

INTRODUCTION

The Air Pollution Control Office has the task of developing
technology for a national program for control of air pollution
and, as a part of this program, is conducting a series of sys-
tems analysis studies of various industries which are primary
sources of air pollution., These studies are being conducted by
the Division of Process Control Engineering. This study is
directed at the iron foundry industry, with particular emphasis

on the melting area.

For the purposes of this study, the iron foundry industry
is defined as those shops that melt iron (including iron and
steel scrap) in furnaces, pour the molten iron into molds, and
alloy and/or treat the iron in either the molten or cast state
with processes limited to making gray, malleable and nodular
or ductile cast iron. This definition excludes blast furnace
processes, processes for converting iron to steel, and processes
wherein molten iron is not cast in molds, such as metal abrasive
shot.

THE EMISSIONS
PROBLEM

The last 20-25 years have seen significant advances in

the technology of making iron castings. The use of cupolas

A . T.KEARNEY & COMPANY, INc.
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as the main melting source is decreasing and being replaced
with the advanced technology of melting with electric arc and
induction furnaces. 1In addition to increasing the production
capacities of the foundries, the electric furnaces have made

it possible for the foundries to use charge materials such as
iron borings and steel turnings, sheet steel, etc., which were
previously considered impractical for use as cupola charge
without extensive preparation. The availability and lower cost
of such materials, better control of the metallurgicallprocess
involved in making molten iron, and freedom from the use of
coke as a fuel have made electric furnaces very popular with
some foundries. In spite of all these advancements, the cupola
has remained the main melting unit in the iron foundry industry
and continuing efforts are being made to improve its performance
and that of the charge material. Improvements in foundry melt-
ing technology have not resulted in full elimination of the

pollutants emitting from the foundries into the atmosphere.

The pollutants discharged by the iron foundry industry
are:
1. Emissions from melting furnace operations, such
as smoke, metallic oxides, o0il vapors and carbon monoxide,
2. Emissions from other dust-producing operations
within the plant, such as sand fines, metal dust and coke dust.
3. Odors and gaseous compounds such as fluoride fumes,
vapors and facing fumes from both sources., The physical diffi-
culties of satisfactory collection of pollutants are not easily

solved and, in most cases, costs of satisfactory collection are
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quite high. Gases from foundry furnaces are hot and must be
cooled before collection. If recirculated water is used for
cooling and dust collection, corrosion problems may be intro-
duced. Cost of fresh water is often prohibitive requiring
recirculation in most cases. Most metallic oxides from melting
operations are extremely small in size, to about 0.7 microns,

and require very efficient equipment for collection.

Particulate emissions have been a point of focus for con-
centrated efforts in the control of air pollution, However,
gaseous emissions and odors from the foundries have not been
given much attention, and the foundry industry now has to take
steps to suppress these discharges into the atmosphere. Many
of the odors in the foundries result from coremaking and shell
molding operations, but the common gaseous emissions also in-
clude vapors from melting oily metal scrap, painting operations,

inoculation of metal, and from metal pouring into molds.

CONCLUSTIONS

The lack of correlation between standard furnace design
factors and emissions levels requires that the explanation for
the wide variance in type and quantity of emissions lie with
cupola operating factors. This is borne out of the fact that
all variables proven to affect emissions levels, or indicating
a probability of affecting emissions levels, relate more to the
operation of the cupola than to its design. These operating
factors can be easily divided into two quite distinct group-

ings with some cross effects from one group to the other,
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The first group consists of variables related directly to
cupola operation, including specific blast rate, blast tempera-
ture, type of lining, and operating variables of the afterburner.
The afterburner itself is an emission control device but adjust-
ment of gas and combustion air is considered here as a variable
for the melting system. These variables are relatively inflex-
ible and are determined by required, or desired, operating char-

acteristics,

The second group of variables concerns the quantity and
quality of charge materials. These include metal to coke ratio,
use of oxygen or natural gas, and the use of briquettes which
often contain oil or cementitious materials. Also, contamin-
ants or alloying materials may occur in the metallic charge.
These factors are highly variable, often changing from charge
to charge. This second group is more controllable, but at some

cost.

Insufficient data prohibit the quantitative evaluation of
the total effect of all variables in the first group compared
to all variables in the second group. The data suggest, how-
ever, that the type and quantity of cupola emissions are affect=-
ed more by the quantity and quality of charge materials, Cer-
tainly little or no limestone dust, coke particles, or oil vapor
and other combustibles will appear as emissions unless these
materials are charged into the cupola. Similar statements can
be made for zinc, lead, aluminum, chromium, cadmium, copper,
silicon and other oxides, particularly when their formation is

abetted by the injection of oxygen, or high blast rates.
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Certain relationships expected to be identified were not
discovered. Blast air temperature, with a demonstrable effect
on coke rate, must by extension show a secondary effect on the
emissions level, The use of afterburners in the cupola stack
has been shown to aid in the incineration of combustibles. In-
corporation of these devices would no doubt noticeably lower
the emission levels. The fact that these relationships are not
identified might be attributed to two factors possibly affect-
ing all the analyses: the quantity and quality of the test

data,

Stack testing is not an exact science at this time and no
single technique has been accepted by the industry. Methods
and equipment used to obtain the data are discussed later. Re-
producibility of results is difficult with any given technique
by a single testing firm, even for a stable emissions producing
system, With relatively unstable conditions as exist in cupola
furnaces and the generally poor working conditions existing at
the top of cupola stacks, variation in results would be expect-
ed. When this situation is further compounded by the use of
different techniques, equipment, and testing companies to ob-
tain data for comparison and analysis, the confidence level of
the data must suffer, despite the high degree of professional-
ism of the laboratories performing the tests. As a result of
this condition, all data used in this analysis have undergone

critical evaluation before acceptance.
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II - TRENDS OF THE IRON FOUNDRY INDUSTRY

The iron foundry industry in the United States is in the
peculiar position of having its output increase in recent years
both on a tonnage and a dollar basis, while at the same time
there has been a decrease in the number of active installétions.
These foundries are located in 48 states, although 80% are lo-
cated in only 13 states. 1In fact, 1,116 or 62% are located in
25 major metropolitan areas of United States cities. Of all
iron foundries, only about 525, or 29%, can be classified as
medium and large foundries, employing more than 100 people, and
only 91 can be called very large, employing over 500 people.
Thus, by far the majority of foundries are small installations,
many being located in small communities.

GEOGRAPHIC LOCATIONS
OF IRON FOUNDRIES

The distribution of iron foundries by states and by major
metropolitan areas is shown in Exhibit II-1l. The highest con-
centration is in the states which border on the Great Lakes,
namely, Pennsylvania, Ohio, Michigan, Illinois, Wisconsin,

New York and Indiana. This group of seven states contains
almost half of gll of the iron foundries in the United States
and more than half of the iron castings capacity. The State

of California contains the greatest concentration of iron
foundries in the western half of the country, with one-third

of the iron foundries in that 17-state area being in California.

Other areas of high iron foundry concentration are in the
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southeastern states and in the northern states bordering on

the west bank of the Mississippi River.

The variations which have occurred in the distribution
of iron foundries by states during the period of 1963-1969
are given in Exhibit II-2,

IRON FOUNDRY
POPULATION

The population trends in the foundry industry have been

developed in Exhibit II-3.

The total number of foundries of all types has remained
relatively constant during the postwar period, ranging from
5,000 to 5,800 and averaging approximately 5,400. However,
the iron foundry population has shown a steady decline, from
3,200 in 1947 to 1,670 in 1969. 1If this decline is continued,
the number of foundries is projected to be approximately 1,000
by 1980. However, the average size of iron foundries has been
increasing steadily, with average annual production per foundry
going from 3,800 tons in 1947 to 5,300 tons in 1959 and to
8,700 tons in 1969, By 1980, the average production per iron

foundry is projected to be approximately 16,500 tons per year.

An analysis of the population of iron foundries with re-
spect to size of foundry has shown that almost the entire de-
cline in foundry population has been among the small foundries,

with embloyment of under 100 per foundry. The number of medium
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sized foundries has remained almost constant, while the number
of large foundries has increased slightly. The number of
small foundries has declined by one-third from 1959 to 1969
and is expected to further decline to only about half of the
1969 population by 1980.

IRON FOUNDRY
PRODUCTION

Annual castings production in the United States has varied
widely,* depending on the economy, with the ranges during the
postwar period as follows:

1, 2
Iron Foundry Production *

Production Tons per Year
Last 5-Year

Type of Metal Minimum Maximum Average
All Metals 13,200,000 20,800,000 20,000,000

All Reported Cast
Iron 11,032,000 17,084,000 16,329,000

Cast Iron from
Iron Foundries 10,000,000 14,486,000 13,817,000

Gray Iron 9,340,000 11,936,000 11,650,000
Malleable Iron 661,000 1,227,000 1,075,000

Nodular Iron - 1,570,000 1,092,000

The complete castings production picture has been shown
graphically in Exhibit II-4., The data, as reported by the
Department of Commerce, included the production of ingot molds,
However, only about 307% of ingot molds are produced from gray
iron melted in cupolas, with the rest being produced from

direct blast furnace metal. Since castings production from
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direct metal was excluded from this study by définition, and
additionally has already been covered by the iron and steel
industry study, the estimated portion of ingot mold production
from this source was deducted from total iron castings produc-

tion.

IRON FOUNDRY
MELTING EQUIPMENT

The cupola is still the most common method of melting iron
with about 1,930 cupolas in 1969 for a combined capacity of
18,570 TPH. This is a decline of about 900 cupolas in the past
ten years, This decline can be expected to continue, although
at a decreasing rate, as more foundries are abandoned, and
others convert from cupola to electric melting. The trend to-
ward decline in the number of cupolas is expected to continue
for the foreseeable future, with the projected number being re-
duced to approximately 1,000 by 1980. The use of the cupola

from the postwar period is depicted in Exhibit II-5,

The trend toward electric melting in iron foundries has
been accelerating rapidly, as shown in Exhibit IT-6. Although
some scattered electric melting installations existed in iron
foundries prior to the mid-1950's, the great majority of the
installations were made during the period of 1960-1970. The
most recent census of foundries, taken in 1969, has revealed
that there were some 374 electric arc furnaces installed in

176 iron foundries in the United States.

A.T. XEARNEY & COMPANY, Ixc.




IT - 5

Since many foundries which produce both iron and steel
castings use the same melting furnace for both purposes, the
actual number of arc furnaces used for iron melting has been
estimated to be approximately 200, located in some 100 foun-~

dries,

The number of arc furnace installations for iron melting
has been increasing at a rate of about 15 furnaces per year.
I1f this rate were to continue, the number of such furnaces

could be expected to reach approximately 350 by 1980.

For the most part, the electric arc furnace installations
have been for the replacement of cupolas in existing foundries,
although there have been several new foundries built in recent
years in which arc furnaces were installed. The number of arc
furnaces melting iron will, therefore, be higher than the straight
line projection, possibly in the range of 400 to 450 furnaces

by 1980,

In 1969, there also were 495 coreless induction furnaces
installed in 191 iron foundries. Approximately half of these
furnaces were in foundries which also produced steel castings.
Since many of these iron and steel foundries use the same fur-
naces for melting both metals, the actual number of these core-
less induction furnaces which are used for melting iron is es-
timated to be approximately 300, located in some 125 foundries.
The number of coreless induction furnace installations has been

increasing at a rate of approximately 50 per year. This trend
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will probably accelerate, resulting in an estimated 700-800
furnaces in iron foundries by 1980.

OTHER EQUIPMENT
IN IRON FOUNDRIES

.All foundries employ some kind of molding practice with
almost all iron foundries using sand molding. The trend is
toward modern mechanized or semiautomated molding, some of
which employ conveyors for moving molds past each of the
molding stations. This can be expected to increase as more

foundries automate or mechanize their operations.

Coremaking is another area that is undergoing rapid
changes, with the trend being away from oil-bonded, baked
sand cores, toward chemically bonded, thermally cured or

airset cores.

CONCLUSIONS

These figures and trends are of importance at this time,

in that they tend to emphasize certain factors having a di-
rect Bearing on this study. These factors can be summarized
as follows:

1. The number of iron foundries is still declin-
ing, but at a lesser rate., However, there were about 1,670
installations in 1969,

2, The number of cupola installations is still
declining, but also at a lesser rate. The majority of iron
foundries, hbwever, still use cupolas for melting and will

no doubt continue to do so for many years.
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3. Only 5% of the total number of iron foundries
can be classified as large foundries. However, 62% of all
iron foundries, including most of the larger ones, are lo-

cated in 25 large metropolitan areas.

A T.EEARNEY & COMPANY, INnc.




. IIT - THE IRON FOUNDRY PROCESS

The iron foundry consists of a number of distinct but
strongly interconnected operations. In a large production
foundry, each of the operations can be highly mechanized, or
even automated, while the smaller foundries still may retain

many manual techniques.

All foundries utilize certain basic operations consisting
of:
1. Raw material storage and handling.
2. Melting.

3. Pouring into molds.

Other processes present in most, but not all, foundries

. include:

Molding.

Sand preparation and handling.

Mold cooling and shakeout.

Casting cleaning, heat treating, and finishing.

Coremaking.

Lo Y L e T I - T

Pattern making.

A simplified, schematic flow.diagram'encompassing most

of these processes is presented in Exhibit III-1.

Each operation contains equipment and processes capable
of producing emissions which may include gas, fume, smoke and

. particulate matter. The latter can range from metal dust from
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. grinding operations, that is relatively easy and inexpensive
to collect, to extremely fine ferrous and nonferrous oxides
from melting furnaces, that are very expensive to collect. The
sources of these emissions are schematically indicated in
Exhibit III-1, and the operations are described in the follow-
ing paragraphs.

GRAY IRON
PRODUCTION

Exhibit III-2, Process Flow Diagram for Gray Ductile and
Malleable Iron, outlines the most common flow pattern in the
iron foundry industry. The flow begins with the raw material
storage area including the scrapyard and stores facilities for
scrap, pig iron, alloys,'sand, binders, and other raw materials.
. The furnace charge is made up in, or adjacent to, the scrapyard
and consists of the metallics, flux materials, and, in the case

of cupola melting, coke for fuel,

Melting furnaces for iron include the following principal
types:
Cupolas
Electric Arc

Electric Induction

£ ow N

:Reverberatory.

The charge material is transferred to the melting furnace,
and the resultant molten iron is tapped into a temporary hold-

ing unit or into a ladle for pouring into completed molds.
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The holding unit may be a large ladle or forehearth to accommo-
date the constant flow of metal from a continuous-tap cupola or
it may be a gas fired or electric powered furnace also used to
increase the temperature of the iron, Holding furnaces are also
utilized with electric melters for accumulation of hot metal,

superheating, and analysis adjustment.

Molten metal from the forehearth or holding furnace is
transferred to a pouring ladle, from which molds are filled, or
to a large "bull" ladle used for filling a number of smaller
pouring ladles. In some production foundries, metal is trans~
ferred from the furnace by ladle to a channel induction holding
furnace adjacent to the pouring zone of a2 molding line where
the molds are filled from smaller pouring ladles or from an
automated pouring machine. The holding furnace is capable of
restoring heat lost during the transfer and providing superheat-
ing where desired. Chemical additions to the molten iron while
in the 1ad1e‘normally include desulphurizing agents, usually

some form of sodium carbonate.

The molding area is supplied with molding sand mixed with
the required:additives to permit the production of satisfactory
molds of green sand, dry sand, dry baked sand, shell or hot box
sand, or other molding material., After the mold has been com-
pleted and closed, it is filled with hot metal, cooled suffi-
ciently to insure solidification, and moved to the shakeout area
where the sand and casting are separated by manual or mechanic-

al means.
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In green sand molding, the used sand from the shakeout,
plus spill and overflow sand, is returned to the sand prepa-
ration system for reconditioning and reuse., Used sand from
other molding processes is either disposed of or transferred

to a thermal wet or dry sand reclamation system.

After being separated from the molding sand in the shake-
out, the castings commonly are cooled, sorted, trimmed, and
then cleaned by shotblasting, Processing after cleaning in-
cludes chipping and grinding. Heat treatment may be specif-
ied for certain types of castings before machining. Surface
coating applications such as paint or ceramic coatings are

normally the final operation.

DUCTILE IRON
PRODUCTION

The manufacture of ductile iron castings is essentially
the same as the production of gray iron except for magnesium
treatment and minor analysis modifications, and for the more
extensive heat treatment which is sometimes required. The in-
oculants that produce the desired graphitic nodﬁlarization
are commonly added to the molten metal in the ladle at a spe-
cial station. The resultant smoke and fume emissions, as well
as the momentary pyrotechnics, generally require a ventilated
and partially shielded station to protect foundry personnel.

MALLEABLE IRON
PRODUCTION

Malleable iron process flow is also similar to gray iron

flow with the exception of an annealing operation required to
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convert the as cast "white'" iron into malleable iron, and the
press straightening sometimes required to correct the warping
that results from the annealing process., In other regards the

process flow for malleable iron is the same,

Specifications for various classes of gray, ductile, and

malleable iron are tabulated in Exhibits III-3, III-4 and III-5.

RAW MATERIAL STORAGE &
FURNACE CHARGE PREPARATION

Raw Material
Receiving and Storage

The raw materials used for iron production fall into the
following classifications:

1. Metallics
(a) Pig Iron
‘(b) 1Iron and steel scrap
(¢) Turnings and borings (loose or briquettes)
(d) Ferroalloys
(e) Foundry returns

2. Fluxes

(a) Carbonate type (limestone, dolomite,
. soda ash)

(b) Fluoride type (fluorspar)
(¢) Carbide type (calcium carbide)
3. Fuels-Coke (for cupolas)

4. Refractories

These materials, except for foundry returns, are received
by railcar or truck, usually unloaded by crane and stored in

the foundry scrapyard. Exhibit ITI-6 Process Flow Diagram for
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Raw Material Storage and Furnace Charge Makeup, outlines the

common flow patterns in the iron foundry industry.

Although open stockyards are still common, the use of
covered storage areas is becoming more widespread as a means
of protection from weather, keeping materials dry, and assist-
ing in containing and eliminating dust and smoke which may be

generated,

Scrap Preparation

Scrap materials, including foundry returns, are usually
used in the as-received form. Where scrap preparation is re-
quired, the operations may involve any combination of the fol-
lowing:

1. :Cutting to size by flame torch, shear or by
breaking.

2. Cleaning by degreasing, steam or by shotblasting.

3. Burning of surface coatings or oils in a confined
chamber or in’the open air.

4, Drying or preheating.

With the exception of the cutting operations, scrap prep-
aration is not widely performed for cupola melting, or for top
charged electric arc furnaces. For electric induction furnaces
and side charged arc furnaces, a greater degree of preparation

is necessary to obtain dry scrap of the proper size.
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. Furnace Charge
Preparation

The methods of makeup and handling of melting furnace
charges vary widely from completely manual systems where all
materials are hand shoveled or carried, to highly mechanized
systems where one man can control the handling, weighing, and
loading of all raw materials. Charge makeup for the cupola
is more compléx than for electric furnaces, because of the

necessity of using coke and large quantities of flux,

Charges are normally loaded directly into the furnace
charging bucket, skip, or similar container. The prescribed
combination of metallics, flux and coke (for cupolas) is

weighed either before loading or while loading.

IRON MELTING

Four types of melting furnaces represent over 98% of the
installed melting systems. The following table, from a 1968

1

United States Department of Commerce™ study, shows the dis-

tribution of melting furnaces in the iron foundry industry,

Iron Foundry Melting Furnaces - 1968

Number Percent of
Furnace Type Installed Total
Cupola 1,232 89.5%
Electric Induction 73 5.3
Electric Arc 42 3.1
Other Types 29 2.1
P Total 1,376 100.0%
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The furnace census does not show the number of reverbera-
tory furnaces in use, but it would be expected that they con-
stitute the majority of the 2.17% indicated as "Other Types."
Despite the low incidence of use, this method of melting is of
interest because of its reported low emission of particulate

matter, and its increasing use in small foundries.

The reverberatory furnace is heated by coal, natural gas
or oil, while the induction and arc furnaces obtain their heat
from an electric induction coil or an electric arc. 1In the
cupola, coke is a portion of the furnace charge and the heat
required to mélt the iron is derived from the combustion of

the coke in contact with the metallic and fluxing charge ma-

terials,

Exhibit III-7, Process Flow Diagram Melting Department,

illustrates the most ‘common flow pattern.

Cupola
"Furnaces

The cupola is a vertical furnace with a normally circular
cross section which is charged alternately with metal, coke, and
a fluxing material, to produce molten iron of a specified
analysis and temperature. Many fundamental cupola designs have
evolved through the years, two of which are widely in use at
this time--tHe conventional refractory lined cupola and the

more recent development, the unlined, water-cooled cupola.
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For all cupola design, thé shell is made of rolled steel
plate. 1In the conventional design, an inside lining of re-
fractory material is provided to insulate the shell., The un-
lined, water-cooled cupola utilizes a steady flow of cooling
water on the outside of the unlined shell from below the charg-
ing door to the tuyeres, and an inside lining of carbon block
below the tuyeres to the sand bed, to protect the shell from the
interior temperature. Conventional lining is used at the charg-

ing door level and in the upper stack.

Illustrations of lined and water-cooled cupolas are shown
in Exhibits TIIT-8 and ITI-9, Exhibits ITTI-10 and III-11 pre--
sent approximate melt rates and gas volumes for lined and unlined

cupolas.

The cupola bottom consists of two semicircular, hinged
steel doors, supported in the closed position by props during
operation, but able to be opened at the end of a melting cycle
to dump the remaining charge materials. To prepare for melting,
a sand bed 60 to 10 inches deep is rammed in place on the closed
doors to seal the bottom of the cupola. At the beginning of
the melting cycle, coke is placed on the rammed sand bottom
and ignited, preferably with a gas torch or electric starter.
Additional coke is added to a height of four or five feet above
the tuyeres after which regular layered charges of metal, lime-
stone and coke are placed on the coke bed up to the normal

operating height.

The air blast is turned on and the melting process begins.
As the coke is consumed and the metal charge is melted, the

A . T.KEARNEY & COMPANY, Ixc.

e




III - 10

furnace contents move downward in the cupola and are replaced

by additional charges entering the cupola through the charging

door.

Combustion air is blown into the wind box, an annular duct
surrounding the shell near the lower end, from which it is piped
to tuyeres or nozzles projecting through the shell about three

feet above the top of the rammed sand.

Blast air entering the cupola through the tuyeres contains
21% oxygen which combines quickly with the carbon in the coke
as follows:

C + 0pC0» + 175,900 BTU/pound mole

The oxidizingfzone in which this reaction occurs is designated
the combustion zone. It is the zone of highest temperature and

extends from the tuyeres to a level where the following reaction

eccurs:

C + COp=>»2 CO - 69,700 BTU/pound mole
The reduction of CO» to CO starts before all oxygen in the
blast air is consumed. The maximum 002 concentration is be-
lieved to be approximately 14%-187 at the boundary of the
oxidation and reduction zones at a maximum temperature of
2,800°9-3,400° F. Both reactions noted are reversible and
proceed in both directions depending upon conditions at dif-
ferent levels. The reactions almost cease in the preheat
zone as energy is used to preheat the charge materials and
the gas temperature is lowered to the reaction temperature

below which further reduction of carbon dioxide to carbon
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monoxide will not occur.2 A pictorial description of a cupola

reaction area is shown in Exhibit III-12,

The tap hole through which the molten iron flows to the
spout is.located at the level of the rammed sand bed. For
continuous tap operation, the slag also is discharged through
the tap hole and separated from the iron by a skimmer in the
spout. For intermittent tapping, molten iron collects in the
well with the slag floating on its surface, and a slag hole
is located at the level representing the height of the maximum
amount of iron desired to collect in the well. An opening is
provided in the cupola shell 15-25 feet or more above the
bottom plate for charging the cupola. The charging door open-
ing varies in size according to the intended method of charg-
ing and the diameter of the cupola. The upper stack is
extended sufficiently to pass through the building roof and
provide the required natural draft. A spark arrestor is

fitted to the top to reduce the hazard of fire.

Exhibit III-13 shows examples of typical material balances

for lined and water-cooled cupolas.,

Electric Arc
Fummace

The direct arc electric furnace consists of a refractory
lined, cup shaped, steel shell with a refractory lined roof
through which three graphite electrodes are inserted. The
shell is arranged for tilting to discharge the molten charge.
Charging of the metal to be melted is accomplished by chuting

through a door opening in the side of the shell for fixed roof
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furnaces, or by raising the roof and swinging it aside to per-
mit the use of a bottom dump charge bucket for removable roof
fumaces. Exhibit IT1I-14 is an illustration of an electric arc

furnace.

Foundry furnace sizes usually range in diameter from about
3'0" up to 12'0" with holding capacities of 500 pounds to 25
tons, and melting rates from 250 pounds to 12 tons per hour,

In recent years, furnaces as large as 17'0" in diameter, hold-
ing 65 tons and with melting rates of over 20 tons per hour

have been installed in production foundries,

Exhibit III-15 is a typical heat and material balance for

an electric arc furnace,

Induction
Furnaces

The induction furnace is a cup or drum-shaped vessel that
converts electrical energy into heat to melt the charge. Un-
like the electric arc furnace, rno electrodes are required.
Heat is produced by utilizing the transformer principle in
which a magnetic field is set up when the primary coil of the
transformer is energized. The magnetic field at a high flux
density induces eddy currents in the charge which are convert-

ed to heat by the electrical resistance of the charge itself.

Heat develops mainly in the outer rim of the metal in the
charge and then carries to the center by conduction until the
metal is molten. The electrical energy is converted into heat

by induction in two ways. In the channel induction furnace,
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the metal charge surrounds the transformer core, thereby form-
ing a loop or channel., 1In the coreless induction furnace, the
metal heated is both the core and the secondary coil. Furnace

coils are water cooled to prevent heat damage.

Exhibits III-16 and III-17 are illustrations of channel

and coreless induction furnaces.

The induction furnace lends itself to either continuous or
batch-~type operations and is used as a melting furmace or for
holding or duplexing operations. Generally, the coreless fur-
nace is better adapted to melting and superheating, whereas the
channel furnace is better suited to superheating, holding, and
duplexing, aithough it is also used for melting.

Induction furnaces are supported on a pedestal-type struc-
ture. A common arrangement contains pivot bearings for tilting
the furnace for tapping. The entire furnace must rotate through

about 100° to empty the vessel,

The furnace top of a coreless furnace is normally level
with the charging platform and the operating functions of charg-

ing and slagging are carried out on the platform.

Exhibit III-18 is a typical heat and material balance for a

coreless induction furnace.

Reverberatory Furnace

The reverberatory type of fuel fired furnace is found in
two types of applications in the iron foundry. The large,

stationary reverberatory or air furnace is associated with
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malleable iron foundries, where it has long been used as a du-
plexing unit in conjunction with a cupola, These furnaces are
generally powdered coal fired, although o0il and gas are also
used. They are not melters, but are used to receive molten iron
from the cupola, and to refine and superheat it for pouring.
These furnaces are long, rectangular units with arched or sus-
pended roofs, generally fired from one end, and with waste gases
exhausting into a stack from the opposite end. Temperatures of
2,900° F and higher are reached in these furnaces., Holding ca-

pacities range up to 40 tons.Js &

The second type of reverberatory fuel fired furnace is
used for melting. It is generally small in size, up to two
tons capacity, and tilts for pouring. Furnaces of this type
are found in small foundries, where economical installations

and low emission melting are desired.

Exhibit III-19 is an illustration of a reverberatory fur-

nace,

Inoculation

Inoculation is a process used in the production of ductile

iron or to improve the mechanical properties of castings.

In dﬁctile iron production, inoculation serves to precipi-
tate carbon in the iron in the form of disconnected spheroids.
A matrix of low carbon ferrite forms which is required to make
ductile iron of satisfactory quality. Because of economics

and availability, magnesium is usually used for inoculation.
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Pure magnesium can be applied, but a more common practice in-
volves using nickel, copper or silicon with megnesium in alloy
form. Magnesium impregnated coke is also popular. When the mag-
nesium compound is added to the molten iron, the reaction is more

or less violent depending upon the form of the magnesium.

Exhibit ITTI-20 illustrates several methods of magnesium

treatment.

MOLDING, POURING
AND SHAKEOUT

Molding

Many molding materials and types of equipment suitable for
the production of iron castings have been developed and are widely
used today. Molding techniques found_in current practice include
green sand, dry sand, shell or hot box molding, full mold and the
Rheinstahl process. Green sand molds are usually least costly of

all molds to produce.

In general, molding sand is prepared by adding organic or
inorganic binders and water to clean silica sand and mulling the
material in a manner to insure that all sand grains are coated
with the binder mixture. The prepared sand is then discharged
from the mixer, or muller, and transferred to the molding area.
In mechanized foundries, the transfer is usually effected by
mechanical or pneumatic conveyor. Smaller foundries often use

front end lcaders, tote boxes, or wheelbarrows.

The typical molding operation is done with the aid of mold-
ing machines. The complete operation is often performed in two
separate machines. Molding machines capable of molding cope

and drag simultaneously in one molding cycle are often utilized.
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Pouring

Pouring is generally done within a short time after the
molds have been prepared to prevent drying of green molding
sand. The molten metal is temporarily stored either in large
refractory lined holding ladles, or in furnaces designed to

maintain the tapping temperature, or to superheat the metal,

from which it is tapped off as needed,

Shakeout--'

The hot casting is commonly separated from the sand on a
heavy-duty vibrating screen. The sand flows through the screen
openings to the return or shakeout sand system for transfer to
the return sand bin of the sand conditioning system. The cast~
ings are removed from the shakeout manually, by hoist, or action
of the vibrating screen to a cooling and sorting conveyor or

to tote boxes.

Many foundries separate the casting from the sand manually,

particularly those foundries which are not highly mechanized.

Exhibit III-21 illustrates a common process flow diagram

for molding, pouring, and shakeout,

CLEANING, HEAT TREATING
AND FINISHING

Cleaning and finishing of castings are the final opera-
tions performed in the foundry. Cleaning generally refers to
the operations involved in the removal of sand and scale; sprues,
gates, and risers; and fins, wires, chaplets or other metal not
a part of the casting. The castings, after they have been sep-

arated from sand at the shakeout screen, are cooled in boxes
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or on a conveyor which moves them to the cleaning and finishing
area. For gray iron castings, the gating system may be broken
off by impact in the shakeout, or may be removed on a sprue re-

moval section of the casting delivery conveyor.

Exhibit II1-22 is a typical process flow diagram for clean-

ing and finishing,

Heat treatment of iron castings is performed for the
following basic reasons:

1. For Gray and Ductile Iron

Stress Relief - 10009 - 1250° F
Annealing - 1250° - 1650° F
Normalizing - 1650° F

Quench and Temper - 1550° - 1600° F

2. For Malleable Irom

Annealing - 1600° F

Generally, these treatments are carried out in batch-type
or continuous heat treating furnaces which may be gas or oil
fired, or electrically heated. Atmosphere control is sometimes

used for the higher temperature treatments.

SAND CONDITIONING

Most of the sand used in the foundry molding operation is
reused many times with the addition of binders and moisture for
each use., The cost of new sand, its handling and storage space
requirements, and additional cost for disposal of used sand
make single usage of new sand impractical, Therefore, most
foundries have effectively used sand collection and recondition-

ing systems.
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In general, sand conditioning systems consist of the fol-
lowing:
1. Raw material receiving and storage
2. Sand mixing system
3., Prepared sand delivery system
4, Spill sand recovery system

Exhibit III-23 illustrates the sand conditioning process flow.

Reclamatioﬁ equipment designed to remove the accumulated
buildup of clay and carbonaceous material on the sand grains
to extend the working life of molding sand is available. The
use of such equipment often becomes a desirable economic alter-
native to the purchase of new replacement sand. Sand is often
reclaimed by high production foundries with large molding sand
requirements and by foundries. located in areas where suitable

molding sand is relatively expensive.

COREMAKING

Cores are normally made of silica sand, organic or in-
organic binders, and a liquid to activate the binding material.
The selection of the core formulation and process best suited
to a particular application requires consideration of many
factors including green strength, dry strength, porosity, core
complexity, quantity of cores required, and raw material, equip-
ment and production costs. The process flow diagram for core-

making is illustrated in Exhibit III-24,
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The major coremaking processes in current use for castings

are:
- 0il Sand Cores
~ Shell Cores
-~ Silicate Bonded Cores
- Furan Cores
- Hot Box Cores

0il Sand.

Coreg

0il sand cores are widely used although silicate and resin
bonded cores are being used in greater numbers each year. Vege-
table or mineral oils are commonly used as binders. Cereal
binders and clay are often used in conjunction with core oils,
The cereal binders, mostly derived from corn flour, are added
to improve green and dry bond, decrease the oil required, and
improve collapsibility of the core. Clay is often added in

small amounts to increase the green strength.

Shell Cores

Shell cores for iron castings make use of round, clean
silica sand. The resin nommally employed for iron castings is

‘Phenolformaldehyde., Hollow shell cores are made by the invest-

ment process in a shell core machine, and small, solid cores

can be made in a hot box machine.

Silicate Bonded
Cores

Silicate bonded cores are made in a molding or core blow-

ing machine, and set by the application of cairbon dioxide in a
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manner that permits the gas to completely permeate the core.
Since the storage life of silicate bonded sand is short when
exposed to the air, due to absorption of CO2, the mixed sand

must be stored in covered containers.

Furan Cores

Fufan air set cores employ resins made from furfuryl alco-
hol, ureas, and formaldehydes; The resins are mixed with core
sand and phosphoric acid activator in conventional mixing equip-
ment. Binders are usually converted from liquid to solid at
room temperature.

Hot Box
Cores

Hot box core resins include furfuryl alcohol, urea-formal-

&

dehyde and phenol urea-formaldehyde. The liquid resin is mixed
with the core sand and activated in conventional mixing equip-
ment. Binders are converted from liquid to solid by heat sup-
plied by ovens, infrared lamps, dielectric ovens or heated
core boxes.
PATTERN
MAKING

Foundry patterns are normally made of wood or metal. Pat-
terns for small production runs tend to be the former and for
large production runs, the latter, Wood patterns generally
have a shorter useful life, although they can be repaired more
easily than the metal patterns which usually have a higher first

cost, A large production requirement, however, often results
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in & lower pattern cost per mold if metal patterns are used.

Wood pattern shop equipment includes different types of
saws, planers, joiners, lathes, edgers, routers and drill

presses. Metal pattern making equipment includes typical

machine shop tools.
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IV - EMISSIONS GENERATED
AND THETR CONTROL

GENERAL CHARACTER
OF EMISSIONS

Emissions of particulate matter, dust, fﬁme, smoke, and
gas are a by-product of most foundry processes and operatioms.
The type, concentration, size and hazards of foundry emissions
are tabulated in Exhibit IV-1 by foundry department and opera-
tion and are discussed in the following paragraphs.

Raw Material Storage
and Charge Makeup

The handling, preparation, and charge makeup of basic
foundry raw materials--scrap metal, coke, and limestone--produce
moderate amounts of emissions., The storage of coke and lime-
stone over extended periods results in degradation of these
materials from the action of the sun, rain, and repeated freez-
ing and thawing. Ferrous scrap corrodes rapidly. Subsequent
handling during the makeup of furnace charges causes the lime-
stone dust, coke breeze and rust to be released into the en-
vironment. Every conveyor transfer becomes a point where the
emission control is desirable, as well as storage bins, weigh
hoppers and the location where these materials are placed into
charging buckets. Rehandling of coke results in additional
degradation and, to a lesser degree, this is also true of lime-

stone.
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The preparation of metallic charge materials including the
breaking and cutting of large scrap, removing cutting oil
residue from machine shop turnings and borings in preparation of
briquetting, and cleaning of return scrap represent additional
sources of emissions. Breaking and cutting of scrap, and cen-
trifuging of oily turnings and borings are a minor source of
emissions., The removal of o0il from turnings and borings by
ignition results in smoke and vapors. The amount of emissions
depends upon the quantity of oil remaining on the turnings and

the method of removal.

Melting Department

The melting department is responsible for a large proportion
of emissions, producing the need for emissions control equip-
ment on cupolas, electric arc furnaces, preheaters and dryers.
Emissions from coreless induction furnaces are usually insig-
nificant due to the normally higher quality of the scrap charge
and the fact that no combustion takes place in the unit.

Channel induction furnaces also produce minimal amounts of
emissions and are seldom provided with emissions control equip-

ment,

Cupola

The cupola is the largest single source of difficult-to-
collect emissions, producing fume, smoke, particulate matter,
dust and gases. Concentrations are affected by the quality and

quantity of charge materials, the use of techniques such as
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oxygen enrichment and fuel injection, the volume and rate of

combustion air, and the melting zone temperature.1

Iron melting in a cupola produces heavy concentrations of
emissions ranging in size from greater than 44 microns to less
than 1 micron in a gas stream up to 2000° F. Concentrations
are affected by the quality and quantity of charge materials,
the use of techniques such as oxygen enrichment and fuel in-
jection, the volume and rate of combustion air, and the melting

zone temperature,

The range of concentrations of emission components re=-
ported by seven foundries are shown in Exhibit IV-2 and are in
general agreement with those reported by Engels and Weber?

shown below.

Chemical Composition of Cupola Dust

Component Mean Range Scatter Values
Si0» 20%-407% 10%-45%

_Ca0 3-6 2-18
Al203 < 2-4 0.5-25

Mg0 1-3 - 0.5-5

FeO (Fe903,Fe) 12-16 5-26

MnQ 1-2 0.5- 9

Exhibit IV-2 portrays the major components of particulate
emissions from iron melting cupolas and the percentage by weight
of the various materials determined by chemical analysis of the

effluent of seven cupolas. The nine components can be grouped
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into three major categories: (1) metallic oxides, (2) silicon

and calcium oxides, and (3) combustible materials.

The amount of metallic oxides occurring in cupola emissions
is believed to be related to the presence of the respective met-
als in the scrap charge and their partial vapor pressures at
the temperature of the cupola melting zone, All metallic ox-
ides except those of iron indicate the presence of nonferrous
contaminants or alloying additions in the metallic scrap. Thus,
zinc oxide could result from the presence of galvanized scrap;
lead oxide from terne plate, lead bearing steel, or red or white
lead painted scrap; aluminum oxide from aluminum scrap, chromium,
and copper; and cadmium oxides from chrome plated materials,
Iron oxides are always to be found in cupola emissions, the con-
centration being dependent on such factors as scrap thickness,

degree of surface corrosion, and temperature in the melting zone.

The oxides of silicon and calcium, representing the second
category, derive from lining erosion, embedded molding or core
sand on foundry returns, dirt from the scrapyard adhering to

scrap, or from the limestone flux,

The third category of emissions, combustible material, in-
cludes coke particles, vaporized or partially burned oil and
grease and other contaminants swept up the stack by the top
gases, Certain other variables influence the ahount of cupola

emissions.
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1. Blast rate, Specific blast rate, when increased,

produces more emissions by entrainment of metallic oxides and
mechanical dusts, such as coke and limestone. A portion of the
entrained particles is filtered out of the gas stream by the
burden, with a higher burden offering greater opportunity of
particle capture, Emission rates are greater during burn-down,
due in part to increased temperatures resulting in larger gas
volumes, higher gas velocity, lower collecting ability of the
smaller burden height, and greater formation of metallic oxide
vapors in the melting zome. Furthermore, the vertical height
of the reducing zone is shorter, with less potential for reduc-
tion of the already formed oxides.

2., Coke Rate., It is believed that cupola emissions
vary directly as the percent of coke in the charge and some
researchers have reported such a trend.2 A degradation of the
coke while weighing, charging, and moving downward in the cupola
shaft will result in an increase of coke dust in the furnace.
Therefore, any change in operating practice resulting in a
decrease in the ‘coke charge, including heéting of the blast
air, or injection of an auxiliary fuel, should have a beneficial

effect on the amount of particulates emitted.

3. Afterburners. The use of an afterburner, proper-

ly designed and installed, decreases the quantity of combustible
particles released to the atmosphere or control'system. Suf-~-
ficient oxygen must be provided through the charging door to
permit complete combustion and the upper cupola stack must ex-

tend far enough to permit time for combustion before the particles
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are exhausted to the atmosphere or to the emissions control
equipment. Deficiency in either factor will tend to negate
the potential advantage of the afterburner.

4. Oxygen Injection. Oxygen injection in the blast

air tends to increase the quantity of particulate emissions by
increasing the oxidizing nature of the melting area, and in-
creasing the melting rate., Oxygen injection also increases
the melting rate tending to offset the increase of emissions
when considered as a function of metal melted.

5. Operating Practices. Operating practices have

noticeable effects on emissions levels. The use of wood or
paper products for igniting the coke bed results in smoke dur-
ing this part of the operating cycle. Fluctuating burden
height can result in higher emission rates. Coke and lime-
stone require careful handling to limit degradation, and should
be screened prior to weighing in order to limit the addition
of dust to the charge. Shotblasting of foundry returns and

cleaning of o0il scrap will result in lower emissions.

Particle size distributions of cupola emissions for 19
installations are tabulated in Exhibit IV-3. A definitive
relationship between size distribution and chemical compos=-
ition of emissions has not been discovered in the literature.
It is believed, however, that a high percentage of less than
5 micron particles coincides with a finding of substantial

percentages of metallic oxides, Similarly, a high percentage
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of greater than 44 micron particles is believed to correspond
to large amounts of Si0, from foundry returns and dirty scrap,

and combustibles, including coke breeze.

Cupola design parameters have no discernable affect on
emission type or quantity. Two trends are noted in recent
test data:

l, Particulate emission rates from acid lined cup-
olas ranged from 9.5 to 37 pounds per ton with a median rate
of 19 pounds per ton. For unlined cupolas the range was 7.5
to 66 pounds per ton with a median rate of 40,5 pounds per ton.

2, Those cupolas reported as using briqﬁetteg in
the metallic charges all have emissions rates greater than

average of all foundries for which emissions rates are avail-

able,

The data also indicate a significant correlation between
emissions and blast rate for acid lined cupolas expressed by
the formula:

E=.05+ .07 B

where:

=
It

particulate emissions in pounds per ton of melt

=
I

specific blast rate in SCFM per square foot furnace
area,

A plot of the data and the curve is shown in Exhibit IV-4,

Additional data for unlined cupolas indicate a significant

correlation between emissions and coke rate and specific blast
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. rate, expressed by the formula:
E=57~-6.6C+0,1B
where:

C = metal to coke ratio.
The curve is shown in Exhibit IV-5.

Oxygen enrichment and natural gas fuel injection have been
presented in recent years as techniques to reduce coke require-
ments, or to increasé melting rates when using the same metal
to coke ratio., These techniques have been partially accepted
by the industry because of their substantial advantages but
little research and development work has been done to date

that establishes their effect on cupola emissions,

The available data are inconclusive but some show an in-
crease in emissions resulting from oxygen enrichment. Other
data however, indicate that although total emissions are in-
creased, the improvement in the melting rate with oxygen en-
richment results in a slightly lower emission rate per ton of
metal melted., Additional testing is required to definitely

establish the effect of oxygen enrichment on emission levels,

Chemical analysis of the metallic oxides in the cupola
emissions for one cupola, with and without oxygen enrichment,

is shown in the table on the following page.
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Metallic Oxide Content of Cupola Emissions
with and without Oxygen Enrichment

With Oxygen Without Oxygen
Metallic Oxide Enrichment Enrichment

MnO 1,0% ~1.0%
PbO 5.0 3.0
Zno | 35.0 28.0
Cu0 .1,0 1.0
FeO 46.0 48,0
§io0, 11,0 18.0
Sno . _1.0 - _L.0

Total 100.0% 100, 0%

The tabulated data show little change in the content of iron
oxide for the two operating conditions, It is reported that
a visual examination of the plume verifies that the emission
rate is higher with oxygen enrichment. Particle size distri-

bution data were not obtained for this test program.

Several research programs are currently in progress to
determine the effects of natural gas injection as a replace-
ment for part of the coke charge. The results of one such

program2 are shown below,

Burner Height Replagggewith Production Emissions
Inches Gas Percent Tons/Hour Pounds/Ton Melt
- 0% 14,8 67.8
50 30 20.1 57.1
50 40 20,3 58.5
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The emission rate of 67.8 pounds per ton reported for the
control condition with no coke replacement is several times
higher than shown in Exhibit IV~4 for a specific blast rate of
272 CFM/SF. Two special conditions, one inherent in the test
program and the other a factor of weather conditions, could

account for the discrepancy.3

The injection of other hydrocarbon fuels including coal
and fuel oil has been reported in the literature. Less im-
portance is attached to these efforts than the injection of
natural gas, and no data pertaining to the effect of these
fuels on emigsions have been reported.

Electric Arc
Furnace

The number of electric arc melting installations in iron
foundries is relatively small, with less than 50 known to ex-

ist in 1959, and approximately 200 in 1969,

The emissions from iron melting in the arc furnace come
from two principal sources-~-the burning or vaporization of
combustible materials which are in the charged raw materials,
and the burning of the electrodes and some of the charge me-
tallics during meltdown. 1In both cases, the greatest evolu-
tion of gases occurs during the early part of the cycle, when
meltdown takes place and when the electric power consumption
is highest. Although the type and quantity of effluent from
combustion of impurities in the charged materials is highly

variable depending on the nature and cleanliness of these
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materials, the gases produced from combustion of the electrodes
are a known and comparatively constant and calculable source of
emissions. Approximately 9-11 pounds of electrodes are consumed
per ton of iron melted, producing approximately 30 pounds of CO
and CO» gases, plus 150 pounds of.N2 from air induced into the
furnace. Additionally, a quantity of the metallics, principal-

ly iron, is oxidized and emitted as oxide fumes.

The electric arc furnace produces moderately heavy concen-
trations of particulates. From 507 to 80% of the total particles
are less than 5 microns in size when melting iron. The gas
stream is well over 2000° F, requiring cooling by infiltrated

air or water sprays.

The size distribution of particulate matter and chemical
analysis of the effluent from three electric arc furnaces are
given in Exhibit IV-6. Emission rates are tabulated in Exhibit
IVv-7 for 19 acid brick lined arc furmace installations with

capacities from 2 to 25 tons.

The wide range of emissions rates, from 4 to 40 pounds per
ton of charge metal, and the lack of correlation with furmace
size indicate that the rate at which emissions are produced is
relatively independent of these factors. A slight trend exists
toward a relationship between the rapidity with which melting
occurs and the rate of emissions produced, indicating that high
power inputs to produce short melt cycles-will also produce
higher emissions. This conclusion is further verified by the

relationship depicted.in Exhibit IV-8, in which the concentration
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of heavy rate of emissions is in the early or meltdown part of
the cycle, The less time devoted to the holding or refining
period, the more concentrated the emission rate will be during

the cycle.

Induction Furnace

Induction melting produces light concentrations of efflu-
ent consisting of fume, smoke, and o0il vapor. The smoke and
01l vapor usually derives from small amounts of cutting oil ad-

hering to the steel or iron scrap.

Coreless induction furnaces used as holding or superheat-
ing furnaces charged with molten iron only emit approximately
1.5 pounds of emissions per hour per ton of process weight and

therefore are rarely provided with emission control equipment.

Reverberatory Furnace

The reverberatory or air furnace for melting or duplexing
produces comparatively light to moderate concentrations of
emissions in the range of 1 to 3 grains per standard cubic foot.
Combustion occurs within the furnmace but the gas or o0il fuel is
burned in highly efficient burners above the metal bath. Smoke,
fume and fly ash are produced in this type of furnace. The
smoke results from combustion of 0il on the scrap and other com-
bustible materials in the charge. Fume, mostly metallic oxides,
appears in the effluent, as it does in any melting furnace, and
is the resﬁlt of nonferrous contaminants in the charge material,
vaporized along with a portion of the iron scrap in the molten

bath. The concentrations are related to the partial pressures
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of the oxides at the melting temperature,

Preheaters

Preheaters serve to raise the temperature of charge before
it goes into an induction furnace. As a result, electrical ef-
ficiency and melting rates of the furnace are increased and
melting time is reduced. Preheating also produces a clean,
safe charge because water, oil, emissions and other nonmetal-

lic contaminants are evaporated or burned off.

Preheat equipment includes a cover, base, bucket, combus-

tion chamber, burner and fans.

The type and concentration of emissions found in preheaters
are similar to that found in induction furnaces without pre-

heaters.,

Inoculation

The practice of producing ductile iron by ladle inocula-
tion of molten iron with magnesium, or other light metals which
produce similar effects, accounts for about 107 of total iron
tonnage cast. The treatment agent is generally a form of mag-
nesium which can be introduced into the molten iron to produce
the desired effect. Exhibit IV-9 illustrates the various meth-

ods by which this can be accomplished,

The reaction produced during the inoculation process is a
violent one since magnesium vaporizes at a temperature below
that of molten iron. The degree of the violence varies with

the form and method of introduction of the magnesium. Because
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of this, only a relatively low percentage of the magnesium
which is introduced is actually involved in the reactions
which produce ductile iron, with the remainder being vapor-
ized and expelled as a gaseous fume. The actual yields vary
from as low as 15% to high as 80%, depending on the inocu-
lating agent used and the rapidity with which it is added to
the iron bath., The yield factor which is most -generally ac-

cepted is about 35%,

Magnesium is the principal agent causing emissions during
inoculation, since the alloying materials which are used as
carriers of the magnesium either dissolve in the iron or ox-
idize to form slag. A major exception to this is the use of
magnesium impregnated coke which evolves CO and 002 gas as
well as MgO fumes., The boiling point of magnesium is about
2,025° F, which is well below the temperature of molten iron
and which accounts for the violence of the reaction which
takes place. The magnesium in the inoculant is used ﬁp in
three ways:

1. Reaction with any sulfur present to form Mg$s,
which becomes part of the slag. Although iron which is to
be used for ductile iron production is generally pretreated
with a basic material such as Na2C03 or CaCO3 to remove sul-
fur, there is usually 0.02% to 0.03% of the sulfur remaining.
This will be effectively eliminated by the magnesium, using
about 0,5 pounds of magnesium per ton of iron.

2. A small quantity of magnesium will dissolve in

the iron, to the extent of about 0.04%, This amounts to about
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0.8 pounds of magnesium per ton of iron.

3. The remaining magnesium will boil off, forming
Mg0 upon contact with the air. The amount of magnesium which
is added will vary from 0.12% to 0.30% of the iron treated or
from 2.4 to 6.0 pounds of magnesium per ton of iron. Deduct-
ing the 1.3 pounds of magnesium which was consumed by sulfur
reaction or dissolved in the iron leaves from 1.1 to 4.7
pounds of magnesium per ton or iron treated to form Mg0 fumes.
This will result in from about 2 to 8 pounds of Mg0 fumes gen-

erated per ton of iron treated.

The fumes from the inoculation process will be largely
Mg0, with this material accounting for from 60% to 80% of the
total, depending on the form in which the magnesium was intro-
duced and the vioclence of the reaction. The more violent re-
actions, particularly when silicon-magnesium alloys are used,
will also produce Si0; particles in the emissions. Iron ox-
ide, as Fe203, will also be found in the emissions and will

constitute the second most important material present, after

MgO.

Particle size of the emissions will be fine for the Mg0
and Fe,03 portions with the silica and alumina particles gen-
erally of larger size. These particles are under one micron
in size and are difficult to collect, requiring the use of

fabric filters or high energy wet scrubbers.

The reported results from the inoculation station of a large

gray and ductile iron foundry are as shown on the following page.
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Iron Treated

30 Tons per Hour

Inoculant Added

20-22 Pounds per Ton Iron

Inoculants Used

MgFeSi-(107% Mg)

3Soda Ash
75% Fe

Emissions Produced 100 Pounds per Hour

3.3 Pounds per Ton Iron

32.0% MgO
18.7% Fep03
9,5% CO
4,27 8109
2,5% S

1.1% C

0.6% Ca0
Balance Nazo

Emissions Analysis

This station was used for ductile iron inoculation, desulfuri-
zation and ferrosilicon inoculation, which explains the pres-
ence of such elements as sulfur and calcium in the catch. The
amount of magnesium in the inoculant was 2,25 pounds per ton of
iron treated. At a yield of 35%, this resulted in 1.45 pounds
vaporized, giving 2.4 pounds per ton of MgO, This amounts to
73% of the emissions actually captured.

Molding, Pouring
and_Shakeout

Molding

The molding operation is not a major contributor to foun-
dry emissions, 1In green sand molding, the moisture in the sand
acts as a dust suppressant, Small quantities of dry parting
compound are emitted when the mold halves are dusted with this
material. Liquid partings used to prevent’molding sand from
sticking to metal patterns or match plates have a kerosene base.

When sprayed on the patterns, a portion of the vehicle vaporizes,
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and the solids such as stearic acid are sprayed into the air
in the immediate environment. Sea coal is also used as a mold
spray and is released into the atmosphere., Concentrations are

light, approximately one grain per standard cubic foot,

Molding sands consist of silica, zircon, olivine, chamotte,
and occasionally other mineral grains bonded with clay, benton-
ite, portland cement, plaster of paris, petroleum residues and
bitumens. Additives are often added as cushioning materials,
with such materials as sea coal, pitch, wood flour, silica
flour, perlite, ground cereai hulls and chemicals in common use.
Binders and additives used to improve the strength, molding
properties, and casting properties of sand also contain amounts
of combustible materials which form gas which evolves during

. the pouring and cooling of molds.

Green molding sands, which are most commonly used in iron

foundries, may contain the following additives.

Additive Amount by Weight

Wood flour 0.5% -~ 2,0%

Sea coal 2.5% - 8.0%

Cereal binder 0.5% - 1.0%

Silica flour 0.0% -15.0%
Pouring

Emissions from the pouring operation are much more severe
than molding and are usually more difficult to capture. The
hot metal, when poured into the mold, first ignites and then,

. as oxygen in the mold is exhausted, vaporizes such materials in
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the sand as sea coal, cereal and synthetic binders, and core
binders. Steam is formed in green sand molds from the moist
sand and in the full mold process, the complete pattern is
consumed. Emissions are affected by the quantities of the
different source materials required to produce satisfactory

castings.

Most of the emissions are steam, vapor, and smoke with
a smaller percentage of particulate matter. 1In the case of
the full mold process and many of the synthetic binders, the
emissions such as hydrogen chloride and methyl chloride are
toxic, and only the low concentrations per mold, coupled with
general foundry ventilating systems, prevent potentially seri-
ous physiological reactions in molders, pouring crews and
shakeout men, The concentration of smoke, fume, and vapors
is related to the hot metal temperature, length of time be-
tween pouring and shakeout, and the quantities of binders,
moisture and parting compounds required to make a satisfac-

tory mold,

The effect of molten metal during pouring is to vaporize
the volatile materials and the water contained in the molding
sand adjacent to the mold cavity. Although this effect de-
creases rapidly as the distance from the cavity increases, the
gases formed are forced through the molding sand and vent holes
and are expelled into the surrounding atmospheré. The natﬁre
of these gases is illustrated in Exhibit IV-10, The combus-

tible portions of the gases are relatively high, consisting of
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from about 4% for dried molds to as high as 767 for molds with

a high percent of cereal and bentonite, The H2 in the combus=-
tibles comes from decomposition of water vapor, while the CO

comes from combustion of organic materials,

The volume of gas formed is illustrated in Exhibits IV-1l
and IV-12, for various mold materials., Gas evolved ranges from
200 to as high as 700 cubic feet per cubic foot of sand at
1,800° F. Only a small portion of the sand adjacent to the
sand-metal interface approaches this temperature and gas forma-
tion drops off rapidly as the distance from the interface in-
creases. Although relatively small amounts of particulates are
involved, the toxicity of the unburned combustibles makes col-
lection a desirable factor. The high temperatures associated

. with pouring often result in burning of gas as it leaves the
molds. This afterburning is desirable to completely convert
the combustibles to CO, and water vapor and to eliminate explo-
sion and toxicity hazards, particularly if the mold contains

0il sand cores.

Examples of toxic emissions are carbon, styrene, low mo-
lecular weight polystyrene, ethylbenzene, methyl chloride,
chlorine, hydrogen chloride and decomposition of evaporative

products in addition to CO, CO, and HZO.4

Shakeout
At the shakeout, the action of separating castings from
- the mold brings the hot casting into contact with moist and

. cooler molding sand originally located away from the mold cavity.
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The result is the creation of additional smoke, steam and vapor
of the same type emitted during the pouring operation. Concen-
tration of the emissions is momentarily high, over three grains
per cubic foot, but the casting is cooler than the molten metal
while pouring allowing the sand to be quickly separated from the
casting., The emissions are often able to be contained and re-

moved through the use of ventilated hoods.

Cleaning and
Finishing

Cleaning and finishing operations produce emissions less
troublesome than other foundry processes. Emissions are gener-
ally larger and easier to capture and separate from the air-
stream though concentrations can occasionally exceed three
grains per standard cubic foot., Particle sizes are as large as
five to seven microns and their concentrations are dependent
upon type and surface speed of the grindstone and the amount of
pressure exerted by the grinder. Chipping operations produce
such large particles that control of the effluent is not re-
quired. Abrasive shotblasting produces high concentrations of
metal particles, sand dust, and broken shot but modern blast
machines are provided with high efficiency fabric filters de-
signed for the purpose. The concentration of these emissions
is a function of the quantity of embedded sand on the castings,
fracture strength of the shot, and length of time in the blast
cabinet or room. Sand blasting, now rarely used, produces high
concentrations of sand dust with concentrations related to air
pressure, blast sand characteristics and length of time required

for cleaning.
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Effluent from annealing and heat treating furnaces is
minimal except when the castings have previously been oil
quenched. Concentration of the resulting smoke is a function

of temperature and amount of o0il residue on the casting surfaces.

Painting is infrequently done by foundry departments.
Effluent from this operation consists primarily of vapors from
thinners and concentrations depend on the type and quantity of

the volatiles.

Sand Conditioning

New molding and core sand are ordered to a desired screen
test for specific use but always include some fines. The escape
of fines into the atmosphere varies with the method of handling.
Closed systems such as pneumatic conveyors release only small
amounts and are provide& with exhaust connections at the inlet
and the receiver. Systems using belt conveyors and bucket
elevators release fines and dust at most transfer points between

conveying units.,

Many smaller foundries unload and transfer sand to floor
level bins manually, or with front-end loaders, Load and un-
load points are generally uncontrolled. The handling of con-
ditioned molding or core sand presents fewer problems than new
sand because of the moisture content and binder additives.
Control equipment and hoods at transfer points are generally

not required,
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Shakeout or return sand produces more emissions because
it has been partially dried from contact with the hot metal.
Introduction of fresh spill sand from the molding floor and
excess prepared sand helps considerably in cooling, moistening
and decreasing dust and fines from being emitted at conveyor
transfer points., It is considered good practice to enclose the
transfer points and provide exhaust connection at these loca-
tions and also at the vibrating or rotating screen and the

return sand storage bin.

Moderate concentration of fines, in the range of one to
three grains per standard cubic foot, dust and binder materi-
als are emitted at the sand mixer. Concentrations are substan-
tially increased if the muller is equipped for sand cooling.
This is accomplished by directing a blast of cooling air either
over or through the sand while it is being mixed. The air
blast entrains small particles and must be exhausted to a con-
trol device to separate the particulate matter from the air

blast,

Coremaking

Emissions resulting from coremaking operations are gener-
ally in the form of fume and gas, the type and amount depending
on the nature of the core mix and the coremaking process. The
core mix is typically comprised of silica .sand, binder and mois-
ture. Sand emissions are light, under one grain per standard
cubic foot. The binders used in coremaking include linseed o0il,

core oil, wheat flour, sulphite, pitch, oilless binders, resins,
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silica flour, fireclay, wood flour, iron oxide, bentonite, and

silica sand.

Core binders that generate a considerable volume of gas on
pouring of the mold are undesirable. A typical core mix for

malleable iron castings might be as follows:

Sand Cereal Moisture 0il Binder
92%-98% . 715%=1.25% - 0%-5% 07%-1% 0%-.5%

Core mixes for gray iron castings vary greatly according
to the general size of the casting and the specific application
for the part. The rate of gas volume generated in a core
during the curing process is largely a function of baking time.
Exhibit IV-13 illustrates the effect of baking time on the
volume of gas generated at various baking temperatures. A
review of the curves quickly points out that the gas content

is reduced by baking at higher temperatures,

Resinous binders, normally used in shell molding processes,
cause various hazards. The decomposition of the products is ex-
tremely toxic. Dermatitis is the principal effect caused by an
excess of free phenol, formaldehyde, hexamethylenetetramine, or
alcohol. The extent of the hazard depends upon the specific
agent and the tolerance level for that agent, Phenol, for ex-
ample, can cause dermatitis and do organic damage to the body
at levels exceeding five parts per million. Formaldehyde is a
nuisance at levels exceeding five parts per million. Hexameth-

ylenetetramine can cause skin irritations with direct contact.
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Other toxic and irritating materials include furfuryl al-
cohol, ethyl alcohol, methyl alcohol, urea, carbon monoxide and
silica dust. These can be released during shell operations.
Each has varying minimum levels of concentration before its tox-
icity or irritation are critical or a nuisance. Ventilation be-

comes the important factor in minimizing these hazards.

The sand~to-0il ratio has a bearing on the volume of gas
generated in a core during pouring, The effect of sand-to-oil
ratio on the amount of core gas given off during pouring is
illustrated in Exhibit IV~-14., The relative amounts of gas
produced by various core binders is given in the table. Com-
position of gas has not been determined.

Cubic Centimeter

Core Binder Gas per Gram
Linseed 380 - 450
Petroleum 350 - 410
Urea Resins 300 - 600
Cereal 550 - 660

Inventory of
Foundry Emissions

An analysis of cupola and electric furnace emissions and
the factors affecting the rates of emissions shows that an aver=-
age of 20.8 pounds of particulate emissions are produced per ton
of metal melted in an iron foundry cupola, and that an average
of 13.8 pounds of particulate emissions per ton of metal melted

results from direct electric arc furnace iron production.
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Exhibit IV-15 shows the total estimated particulate emis-
sions generated by'melting operations in foundries using cupolas
and direct electric arc furnaces in 1969, The exhibit shows
total quantities for each of nine geographical regions and the
nationwide totals based on the molten iron production for the
year and the above emission rates. Based on a survey of iron
foundries, considering the number and capacity of furnaces
equipped with control systems, the effectiveness of the control
systems, and the number of uncontrolled furnaces, it is estim-
ated that 75% of the particulate emissions generated are pres-

ently being released to the atmosphere,

Exhibit IV-15 also shows estimated quantities of carbon
monoxide generated and emitted, The first estimate is based
on an average cupola operating with a 7/1 coke ratio, using
coke with a carbon content of 917, and with 11.6% carbon mon-
oxide in the top gas. Under these conditions, 276 pounds of

carbon monoxide is generated per ton of metal melted.

The amount of carbon monoxide emitted to the atmosphere is
dependent on a number of factors including the temperature of
the top gas, the availability of infiltrated air to provide
oxygen for combustion, the completeness of combustion, and the
percent of the total time that burning of the carbon monoxide
occurs., With sufficient oxygen from the infiltrated air and
with constant combustion, the carbon monoxide content should be
completely burned. Several factors tend to work against this

ideal condition, including the flame being extinguished by each
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charge addition, lack of immediate reignition either without
an afterburner, or with an improperly directed flame from an
afterburner, varying carbon monoxide content precluding con-
stant combustion, and variable air supply. A conservative es-
timate of 507 combustion efficiency has been applied to the
quantities of total carbon monoxide generated to obtain the

estimated weight of this gas emitted into the atmosphere.

The results of the calculations for emissions from melting
operations can be summarized as follows for 1969 nationwide

production levels:

Total castings produced 16,614,000 Tons
Total molten iron produced 24,367,000 Tons
Total particulate emissions

generated 243,000 Tons
Total carbon monoxide

generated 2,924,000 Tons
Total particulate emissions '

emitted 182,000 Tons

Total carbon monoxide emitted
1,462,000 Tons

The above data are derived only from cupola and electric
arc furnace operation. Emissions from other melting equipment
including induction furnaces and reverberatory furnaces are
negligible, not only because of conditions inherent to these
types of furnaces but also because generally cleaner scrap
metal is used for furnace charges and a relatively small per-
centage of the total iron is melted in these furnaces. Pre-
heating of less clean scrap for charging into induction furnaces
will add significantly to the emissions inventory only when the
process is substantially more widely used than it is now. At
its present level of application, preheater emissions are also
negligible.
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Emissions from non-melting foundry processes, with a single
important exception, are often controlled as a standard practice,
have the most effect on the foundry environment, and are released
to the atmosphere in lesser quantities than the cupola and elec-
tric arc furnace emissions, The concentration of these emissions
at their source can be substantial as in the case of the shakeout,
abrasive cleaning, and grinding, but the particles emitted are
often large with a relatively high settling rate, The portion
of the particulate matter escaping the normal collection duct-

work tends to settle out within the foundry building.

The non-melting emissions posing the greatest current prob-
lem are those resulting from coremaking. - A minor problem existed
in the past when practically all cores were made from oil sand.
This type of core, however, is thermally cured in a core oven,
and the emissions are relatively easy to capture from the core
oven stack for afterburning. The use of organic chemical bonding
agents, that are becoming more and more widely used, intensifies

the problem since these produce emissions extremely difficult to

capture due to their method of application.

Molds or cores made from air set sand are often set out on
the foundry floor or racks while the sand sets. The local envir-
onment in this situation is often extremely poor. Not only is
it difficult to capture the emissions over a large floor area,
but the dilution of the gaseous emissions by the air makes the
resulting mixture difficult and expensive to incinerate in any

type of afterburner.
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The situation in many foundries for thermally cured chemical
binders when making shell or hot box cores causes similar prob-
lems for the local enviromment as well as afterburning. The
resulting odors can be detected beyond the foundry property in

many cases.

Exhibit IV-16 shows estimated nationwide quantities of par-
ticulate emissions from non-melting operations by geographical
regions. The exhibit shows that an estimated 1,504,000 tons of
particulates were generated, and that 76,600 tons of the total

are emitted into the atmosphere.

CONTROL OF
FOUNDRY EMISSIONS

The current state of the art of foundry emissions control
does not fully satisfy the needs of the industry. On a purely
technical basis, virtually all particulate and most gaseous
emissions can be controlled. However, the cost of such control
for several basic foundry processes may be beyond the present
financial ability of the small and medium foundries, which com=-

prise approximately 907 of the industry.

The emissions more difficult to collect are by and large
those with large concentrations of very fine particles five mi-
crons and smaller. Conversely, the emissions easier to collect

are those consisting entirely of large particles.

The problems arising from each type of foundry contaminant

and the techniques of pollution control vary with the nature of
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the specific situation. Of all techniques available to control
foundry pollutants, emission collection equipment systems are

the most significant. These systems, which include dry centrif-
ugals, wet collectors, fabric filters and electrostatic precipi-
tators, vary widely in design, capabilities, cost and application.
A tabulation of different emission collection equipment designs
and their particular application to foundry processes is shown

in Exhibit IV-17.

In addition to the many dust collection equipment systems
which are in use, a variety of types of hoods, ventilating and
exhaust systems and various other techniques are employed to

capture or exhaust foundry emissions,

Exhibit IV-18 presents a summary of control equipment on
gray iron foundry melting furnaces and a review of the collec-
tion efficiencies of the control equipment is given in Exhibit
IV" 19 .

Raw Material Handling,

Preparation and Charge
Makeup

Few fixed emission points exist in typical yards where con-
trol can easily be applied; however, most of the emissions which
come from these areas are dusts of relatively large particle
sizes which settle readily. In a few cases, ventilation systems
and dry centrifugal collectors have been installed in the charge

makeup area, when it is located inside an enclosed building.
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The one area which has been receiving attention in recent
years involves those foundries in which metallic charge materials
are either burned to remove nonmetallic coatings or accompanying
nonmetallic debris, or are preheated to remove moisture or oily
coatings. Since these operations are almost always performed
in a fixed combustion unit of some type, emission control systems
are relatively easy to apply. Medium energy wet collectors have
been used where o0il fumes were present, and dry centrifugal

collectors were applied where dry dusts were to be collected.

Cupola Melting

It is estimated that approximatély 360 iron foundry melt-
ing systems in the United States are currently equipped with
some type of air pollution control equipment, ranging from wet
caps to fabric filters, wet scrubbers, and electrostatic pre-
cipitators. In fact, every known method, from simple spark
screehs to complicated systems such as electrostatic precipita-
tors, has been tried with varying degrees of success. Although
selection of cleaning equipment varies with the purpose of the
installation, recent attention has centered on those techniques
which have been most successful in high efficiency control of
emissions, such as high energy wet scrubbers and fabric filter

baghouses,

The problem of selecting gas cleaning equipment for cupolas
depends essentially on the degree of efficiency required, need
to meet existing pollution codes, and the economic factors of

capital and operating costs.
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Wet caps, dry céntrifugal collectors, wet collectors,
fabric filters and electrostatic precipitators are the different
collection systems which have been used for cupola emission

control,

Wet Caps

Approximately 95 gray iron foundrigs had cupola wet caps
in 1967. These collectors are placed‘directly on top of cupola
stacks and thus do not require any gas-conducting pipes and
pressure-increésing blowers.2 Wet caps are relatively simple
designs and usually consist of one or more inverted cones
surrounded by a collecting trough. Energy requirements are
low and collection efficiency is best for particles 44 microns
in size and larger. These systems are most practical in plants
having an existing supply of low cost water and the ability to
dispose of collected dust in sludge form. Furthermore, some

type of wet cap system is often employed in conjunction with

high energy wet collector installations on cupolas,

The low efficiency of the wet cap has caused it to decline
in use in recent years. Attempts are now being made to develop
‘higher efficiency of wet caps with multiple spray sectionms.

Dry Centrifugal
Collectors

This is a low energy unit designed for larger sized particles
in light to moderate concentrations., In a cupola installation,
ductwork and an exhaust fan to draw gases to the collector are

required, These systems also necessitate capping the cupola and
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installing a cooling spray to reduce the temperature of exhaust
gases flowing to the collector. Often, dry centrifugal units
are used as precleaners of hot blast cupola top gases prior to
feeding into a recuperator. Furthermore, this type of collec-
tor is an integral part of most high efficiency emission collec-
tion systems, 1In 1967, approximately 15 gray iron foundries had
dry centrifugal installations which were not part of a largexr
cupola emission collection system. The low efficiency of the
dry collector has resulted in almost no new installation on

cupolas in recent years, unless they were part of a larger system,

Wet Collectors

Several different medium and high energy designs have been
applied on cupolas. A wide range of capacities and collection
efficiencies is available. These systems are usually used where
moisture and/or high temperature are present in the emission.

A complete installation requires ductwork, an exhaust fan and
capping of the cupola. As with wet caps, these systems are most
practical where low cost water and sludge disposal equipment are
available,”> 6 Although only 30 gray iron foundries had cupola
wet collectors in 1967, recent trends indicate that installa-
tions of this type system are increasing more rapidly than any

other,

Fabric Filters

When cupola collection efficiencies of 997 or higher are
required, the fabric filter is the system type often selected.

Although various fabric materials are available, glass fabric
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is typically chosen because of its resistivity to high temper-
atures, Complete installations may include numerous components
such as a baffle, raised cupola stack and 1lid, ductwork, exhaust
fan, spray coolers and other items in sddition to the fabric
filter unit. Another type of installation involves using heat
exchangers instead of spray coolers. Fabric filter units can

be installed to handle more than one cupola if desired.6 Ap-
proximately 39 gray iron foundries were equipped with fabric
filters on cupolas in 1967.

Electrostatic
Precipitators

Rare applications of these systems have been made on cup-
olas. Excessive costs, operating and maintenance problems have
limited their use. Only one gray iron foundry was reported to
have a cupola electrostatic precipitator installation in 1967.

Additional installations have been made in the past few years.

Afterburners

In cupola installations, afterburners or gas igniters can
be employed for burning the combustible top gases, thereby re-
ducing the opacity of particles and CO discharged from the stack,
and for eliminating potential explosion hazards from cupola
gases, Afterburners are usually located just below or opposite

the charging door.6

Preheaters

Burning of unburmed products of combustion can also be ac-

complished at times with a type of blast air preheater which
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burns exhaust gases from the cupola, Not only is thermal
efficiency of the cupola capable of improvement, but the
preheater acts as a settling chamber for collecting coarse

dust.6

Electric Arc
Melting

A number of significant differences exist between the
electric arc and cupola &ir pollution problem. First, the
electric arc melting process and emissions problem‘are less
complex. Second, since the average particle size of elec-
tric arc emissions is cansiderably smaller than that of the
cupola, different collection objectives exist. Finally,
more uniform electric arc operating conditions .and lower
emissions evolution tend to simplify the design of control

equipment for this process.8

In 1967, approximately 24 gray iron foundries had some
type of air pollution control equipment for electric arc melt-
ing processes, but the number of installations has increased

substantially in the last few years.

Fabric Filters

Fabric filters are best suited for electric arc furnaces
and have been most frequently applied. This is due to the
extremely fine particle size of dust and fume emitted from
electric arc furnaces. Complete installation of a fabric fil-
ter unit to the furnace includes ductwork, an exhaust fan to

draw gases to the collector and a means of collecting the gases

A. T. KEARNEY & COMPANY, Ivc.




IV - 35

from the furnace,® Approximately 20 gray iron foundries had
fabric filter installations on electric arc melting in 1967.
Wet Scrubbers and

Electrostatic
Precipitators

These collection systems are rarely used on electric arc
furnaces. Wet scrubber limitations include the existence of
too much fine dust and high energy requirements. Electrostat-
ic precipitators can encounter exhaust volumes too low for
their design requirements.9 Four foundries were reported to
have wet scrubber installations in 1967 on electric arc melt-

ing processes,

Furnace Hoods

Electric arc furnaces are also equipped with various types

of hoods to capture pollutants.10

Arrangement of electrodes
and gear above the furnace top as well as the method of charg-
ing and operating largely determines the hood tyﬁe applied,

Often, some type of hood is used in conjunction with a collec-

tion unit,

1. Full Roof Hood - This type of hood is attached to

the top ring of the furnace. It requires stiffening to prevent
sagging at high temperatures and protection of electrodes to
prevent short-circuiting,

2. Side Draft Hood - This unit is located on the side

of the roof close to the electrodes to produce a lateral type of
control, An overhead hood at the charging door is also often

used with the side hood.
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3. Canopy Hood - A canopy hood, located above the

craneway, usually offers little interference with furnace op-
erating procedure, Effectiveness of these units is limited
due to equipment requirements needed to handle the large vol-

umes of infiltrated air.6

Fourth Hole
Ventilation

In this system, a water-cooled probe is directly connected
to the furnace roof. The probe maintains a carefully controlled

draft in the furnace body.

Snorkel
This technique is similar to the fourth hole ventilation
method except that the extra hole serves as a natural pressure

relief opening for the fgrnace.8

Electric Induction
Melting

No combustion and only limited metal oxidation occur in
this type of furnace and since relatively clean scrap is used
for charge material, no serious emissions problem exists for

induction melting of iron,

Induction melting produces light concentrations of emis-
sions consisting of fume, smoke, and oil vapor. Control devices
are usually not provided or required, The smoke and oil vapor
usually derives from small amounts of cutting oil adhering to
the steel or iron.scrap, and can be eliminated by preheating

prior to charging into the induction furnace.

A . T.XKEARNEY & COMPANY, INc.




v - 37

The burning of o0il residue on the scrap produces objection-
able effluents requiring the use of emission control equipment,
Afterburmers and wet scrubbers on the preheater, either separ-
ately or in combination, are often used to reduce these emissions
to acceptable levels,

Reverberatory
Furnace

The emissions from this type of furnace come principally
from the combustion of oil or gas fuel, plus some slag and iron
oxide which is carried up the stack with the products of com-
bustion., The older installations are exhausted into the atmos-
phere through a stack or chimney. Medium energy wet scrubbers
with a 3~ to 20-inch pressure drop and fabric filter bag collec-

tors have been applied in a few cases.

The rotary reverberatory furnace has been only recently
utilized in small installations in iron foundries. A small
quantity of emission in the form of waste products of combus-
tion and slag particles is given off. WNone of these installa-

tions has been equipped with a collector.

Inoculation

The original installations of inoculation stations either
exhausted directly into the foundry building, or were equipped
with a ventilation hood which then exhausted into the atmos-
phere. In recent years, ductile iron inoculation stations have
been equipped with collecting hoods, or have been installed in

enclosed rooms, and the resultant gases have been drawn off by
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means of an exhaust fan, into a dust collection unit. Medium
energy wet scrubbers and fabric filter baghouses have been used
for dust collection for ductile iron inoculation stations,

Mold Pouring,

Cooling and
Shakeout

Capture of emissions resulting from pouring and cooling of
molds has been common for several decades .for those high volume
production foundry installations where finished molds are set
out on continuous car-type mold conveyors, providing fixed lo-
cations for pouring, cooling, and shakeout operations, With
this type of equipment, side draft hoods are often provided for
the pouring area and side or bottom draft hoods at the shakeout,
with the mold cooling conveyor between these two points fully
hooded with sheet metal. Ducting is commonly provided from each
area to a single control device, usually a wet scrubber or dry

centrifugal collector,

Collection systems have been, and still are, uncommon for
those smaller production and jobbing foundries where completed
molds are set out on the foundry floor or on gravity roller
conveyors, and where the pouring and cooling utilize a substan-
tial percentage of the molding floor, The problem for this
type of operation is related more to the cost of capture of the
effluent with a minimum amount of infiltrated air, than to sep-
aration of the effluent. With pouring and cooling in nonfixed
locations, and without hoods to capture the effluent, much of

the air in the foundry would require handling at a prohibitive
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cost, due to the volume processed, Furthermore, large particles
quickly settle out on the floor and machinery since the airflow
is far below the minimum capture velocity. A partial solution
to the problem in the pouring area has been provided in nonfer-
rous foundries by a traveling vent attached to the pouring ladle
bail, and ducted by means of flexible tubing and specially de-
signed connecting ducts to a suitable emission control unit,
This technique permits capture of effluent resulting from mold
pouring with a minimum of infiltrsted air. Additional venting
is required during subsequent cooling, however, and this is not
practical when the ladle is moved on to pour the next mold, with
the result that significant emissions are still not collected.
There is no reason why similar equipment could not be developed

for iron foundries.

Large castings, such as automotive dies and machine beds,
can be cast by the full mold process. Generally, no central
pouring station is provided and the smoke generated is released
directly into the foundry building, creating an industrial hy-

giene problem.

The current method for controlling the smoke is through
the use of ventilating fans. A properly designed arrangement
of fans and makeup air systems may produce a relatively clear
shop enviromment, but as the smoke is exhausted from thé foun-
dry, an air pollution problem is created. The problem is further
complicated by the fact that ventilating fans exhaust large vol-
umes of low pressure air and are not designed to be connected to

a duct and collector arrangement.
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Sand Preparation
and Handling

Processes such as mechanical sand handling systems and
sand mixing or reconditioning equipment produce an emissions
problem. Medium energy wet collectors are best suited for
effluent control. Occasionally, fabric filters are employed
only when dry sand conditions exist. Often, some type of
hood is used to capture emissions in send conveyor systems
especially at transfer points. As with many other processes,
ductwork and an exhaust fan are required in a complete col-

lection system.9

Coremaking

The gases emitted from bake ovens and shell core machines
are a serious problem and difficult to control. Usually these
gases are permitted to exhaust to the atmosphere through a
yentilation system. Sometimes, catalytic combustion devices

are used on core ovens to burn gases to noncombustible analysis.

Other coremaking processes preéent a less serious air
pollution problem capable of control. In core-blowing or
core-shooting, fabric filters are usually selected if control
equipment is desired. 1In rare instances, medium energy wet
collectors are used., For core grinding, cotton or wool fab-
ric filters and medium energy dry mechanical and wet scrubbers

are frequently selected.?
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Cleaning and
Finishing

Dusts from gate and riser removal are generally controlled
with local exhaust systems connected to dry mechanical collec-
tors, medium energy wet collectors, or possibly cotton or wool
fabric filters. Sometimes exhaust hoods are provided above the
work station. Other cleaning processes such as abrasive shot-
blasting and tumbling are commonly controlled with fabric fil-
ters or medium energy wet collectors. Applications of dry

mechanical collectors are also made for abrasive cleaning pro-

cesses,

Most of the trimming and finishing operations generate
pollutants and require control. Chipping and grinding opera-
tions are normally provided with local exhaust hoods connected
to either high efficiency centrifugals or fabric filters. Wet
collectors are used if central sluicing systems are employed
or where grinding exhaust is combined with other cleaning room

operations,

Surface painting requires ventilation to reduce the hazard
due to volatile materials being atomized in the air. Exhaust
systems are generally used where dip painting is performed.

Open tank installations are also provided with local ventilation

hoods.,9

Heat treating furnaces for malleableizing or for other
treatments of iron castings present the usual problem of emis-

sions from combustion of liquid or gaseous fuels. 1In most
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foundries, these are exhausted into the foundry building, or
through a stack to the atmosphere, Medium energy wet scrubbers
are an effective means of cleaning these exhaust gases, but
have not been applied in many cases,

Miscellaneous
Areas

Some of the non-manufacturing areas are sources of air
pollution in foundries. These include the pattern shop and
crating or boxing for shipping, where woodworking operations
occur, Dry centrifugal collectors are commonly used to col-
lect the wood dust and chips from these operations. Machine
shops and metal pattern shops usually present minor problems
of collecting the dust from machining or grinding of cast
iron, Dry collectors are commonly used for this purpose.

COST OF EMISSION
CONTROL SYSTEMS

Cenerally, all foundry emissions are expensive to control,
and since the collected material has little or no value, its
collection adds no value to the foundry's product. The instal-
lation and operating costs of control systems vary over a wide

range,

The cost of an emissions control system depends on the
following variables:

- Properties of emissions, including size distri-

bution, density, chemical composition, corrosiveness, solubility,

combustibility, and concentration.
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- Difficulty of capturing the emissions in an
air, gas, or water stream of moderate temperature and volume,
- Difficulty of separating emission particles

from the captor medium.

Properties of the matter to be collected are generally
fixed by the process and raw materials, although modifica-
tion of the equipment could possibly alter the properties.
Assuming them to be fixed for a given operation, the first
consideration is the cost of capture. If the operation oc-
curs in an enclosed and fixed location such as a melting
furnace or oven, capture may be relatively simple and may
be accomplished at low éost although emission collection
and separation costs could be high, If the location of the
operation is not fixed and occurs in the open, such as pour-
ing of molds set out on the foundry floor, then capture is
difficult and more expensive., 1In the latter case, with pour-
ing emissions dispersed throughout the plant, much of the air
in the building must be processed through the control system
to collect the emissions. A system of this capacity would

be expensive to install and operate.

The third factor of system cost is the difficulty of
particle separation from the captor medium. Large, dense
particles, such as metallic fragments from grinding opera-
tions, can usually be separated by the use of relatively low
cost dry centrifugal collectors. Submicron-sized metallic

oxide particles from a melting furnace, however, require
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more costly collection equipment such as high energy wet scrub-

bers or fabric filters.,

The basic and auxiliary equipment costs are the main com-
ponents of the total capital cost. These equipment costs varied
on the average from 42% to 66% of the total capital cost. On
an individual foundry basis, the ratio of equipment to total
investment varies considerably. The following information il-
lustrates the average ratios observed for cupola installations,

Equipment Costs as a Percentage of
Total Investment Cost

Equipment Cost/Total Investment

Control Systeﬁ Average Range
Wet Caps 427 367 - 67%
Mechanical Collectors 55 36 - 79
Low Energy Wet Scrubbers 65 | 48 - 80
High Energy Wet Scrubber 66 48 - 85

Fabric Filter 65 ' 41 - 82

The wide variance in the range of equipment cost as a per-
cent of total investment is caused by several factors, The data
represent installations at many foundries which have many dif-
ferent requirements. Some foundries had available space for the
control equipment while others required some plant modifications
to install the equipment., The age of the foundry affects the
cost, In some new foundries, the pollution control equipment
was designed as an integral part of the facility, while in old
foundries, additional costs must be incurred for adaptation of

facilities,
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(. Cupola Melting

The approximate installed cost of control equipment is

given in.the following table:

Approximate Installed Cost, $/ACFM for Cupola

System Cost
High Energy Scrubber $6.50-$8,50
Low Energy Scrubber 1,75- 2,50
Fabric Filter 7.50- 9,00
Mechanical Collector _ 3.00- 5.00

The annual operating costs are given in the following

table:
Approximate Annual Cost $/Ton
Above Charge Below Charge
. System Door Take-Off Door Take-Off
High Energy Scrubber $2.10-89.00 ' $1,00-84,00
Low Energy Scrubber .90~ 5.00 .35~ 3.50

Fabric Filter 2.00-10.00 1.00- 4.00

The ﬁide range in operating cost is due to variations in
cupola utilization. Foundries operating at 4,000 hours per
year will approach the lower limit of the range and foundries
operating at 1,000 hours per year or less will approach, and
possibly exceed, the higher value.

Electric Arc
Melting

The approximate installed cost of control equipment is

given in the following tabrle.
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Approximate Installed Cost, $/ACFM for Electric Arc

Local.Hood Remote Canopy Hood
. .Roof Intermittent Continuous Intermittent Continuous
Diameter _Operation Service Operation.  Service
6 feet $2.10 $2.50 $1.25 $1.85
8 feet 1,90 2,50 1.25 1.75
10 feet 1,85 2,35 1.25 1.70
12 feet 1,85 2.30 1.25 1.60
14 feet 1,80 2,25 1.25 1.60

Annual operating costs of fabric filters are given in the
following table:

Approximate Annual Costs $/Ton

System Canopy Hood Local Hood

Fabric Filter $2.90-58.00 $1.70-84,00

The range in annual'costs, as in the case of the cupola,
1s due to variations in electric arc utilization. Furnaces
operated at 4,000 hours per year will approach the lower limit
and foundries operating at 1,000 hours per year will approach

the higher value.

A T.KEARNEY & COMPANY. Ixc.




V - RECOMMENDED PRACTICE FOR TESTING
PARTICULATE EMISSIONS FROM
IRON FOUNDRY CUPOLAS (1)
by A.F.S. & G.D.I.F.S,

INTRODUCTION

The iron foundry industry has had many air poliution studies con-
ducted on cupola emissions at their various plants. Of great concern to the
industry and to the individual firms that have conducted such testing are the many
varied and diverse test methods and test procedures used by the variety of independent
organization§ conducting such tests. The diverse methods and equipment used in
nerforming such tests have made ;omparison and:eva1uation of results impractical
or a near impossibiiity. Many of the tests conducted have shown marked incon-
sistencies between individual test runs by the same test group and also in
comparing the results on the same system by different testiﬁg-organizatioﬁs.

A number of the procedures used in cupola testing suffék from
obvious inadequacies when they are carefully scrutinized. Consequently, it has
been deemed desirable and necessary that a recommended test procedure and testing
method be made available to assist the metalcasting industry in achieving the
maximum in emission control with the minimum of wasted and misdirected effort
and expense. Since the industry is unique in the large, nonproductive investments
needed to gain compliance with air pollution control requirements, it is especiaily
significant that its emissions be evaluated by test methods and procedures abie to
produce consistently reliable results detailing these eﬁissions, but do not
unnecessarily and unfairly penalize the p]ant.

Particulate emission tests of cupola stack gases are done under
varied conditions and in several different Tocations, depending on the test objec-
tive. Both Tocation and objective influence the test equipment employed although
the two usual purposes will be:

1) to determine nature and/or quantity of emissions released

in the raw cupola gases

Note: The recommended procedure discussed in this section has,
of this date, not been endorsed by any bodies other than
A.F.5, and G.D.I.F.S. and is presented for information only.
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g 2} to determine nature and/or quantity of emissions on the

cleaned gas side of a control unit.

Raw gas test locations:

a)

b)

c)

In cupola stack, above charging door. This is the most

difficult location for testing. Gas flow is extremely
uneven and tﬁe flow rate is relatively low; gas temperature
is high - often 1200°-2200°F - and fluctuating; dust loading
is extremely uneven because of channeling caused by indraft
of much cold outside air drawn into the cupola stack through
the charge door. This test location is necessary where a

cupola has no control systems or has a wet cap type collector.

“In inlet duct ahead of dust collector. This is an easier

location if a reasonably straight duct run is available.

Duct velocities and dust loadings are more uniform and confined
in a smaller cross section. Normally gases will be cooled to
500°F or lower at the sampling point from evaporation of

cooling water. The added volume of water vapor must be measured

.and considered in gas density calculations and dust loadings

if reported in grains per standard cubic feet dry gas.
Inlet and outlet samples should be subplemented wherever
possible by using the catch as a check for the test data.
Catch can be more readily obtained from dry collector
types especially for a complete melting cycle.

Catch plus outlet loadings. Where dry collectors are employed,

the entire test procedure is simplified by actual weighing of
collected material. The higher the efficiency of the collecting
device the more nearly the catch will represent the raw

sample. Chances for error are diminished because of quantity




of collected material available although it will
be difficult to obtain accurate catch quantities .
except for a complete melting cycle - thus providing
an averaging of the peaks and valleys of emission
concentrations.

See comments for outlet loading under "Cleaned Gas Locations®.

Cleaned Gas Locations:

a) After dry collector. Conventional dust sampling tech-

nigues will be satisfactory for such locations. Coarse
particles will be removed by a dust collector so the
importance of a large diameter sampling probe diminishes.
Water vapor content of the gas should cause no condensation
problems with 350° to 550°F gas temperatures., Collecting
device in sampler can be influenced by intended analysis -
gross weight, particle size distribution, chemical compo-

sition, particle count, etc.

b) After wet coliector. Sampling problems are more complicated
than after dry collectors because gas stream is saturated or
nearly so. Close coﬁp]ing of sampling components is essential
and heating of the sampled air often required.

Exception: Wet cap type of collectors have too short a _'
contact time to bring gas stream ciose to saturated con-
ditions. Sampling after the collector will be questionable
value unless gases are gathered in a dischafge stack of
several diameter lengths.

In recognition of these differences in purpose and location for

testing emissions the following procedure is divided into three sections.
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Section I deals exclusively with sampling raw particulate emissions
in the‘cupola stack.
Section II deals exclusively with sampling raw particulate emissions
in the inlet duct connecting the cupola to the dust collector.
Section III deals exclusively with sampling cupola gases after they

have been cleaned.

REASONS FOR SAMPLING A CUPOLA

Basically sampling is done for three reasons:

1) to determine if a collecting device is of a high enough
efficiency so that its effluent does not exceed a pre-
determined level.

2) to meet regu?atqry requirements that specify a minimum
efficiency o%fremoval of particulate from the gas stream,
expressed as a percentage of uncontrolled emission.

3) to obtain information regarding particulate emission
which will be used for designing gas cleaning devices.

Officials of local, regional or state regulatory bodies should
be consulted prior to testing except when the testing is being done for purely
informational data for the cupola owner or operator.

If source testing is being done to determine compliance with legal
requirements the appropriate control officials should be consulted. If the
control body has experience and is equipped to perform cupola testing, they
may wish to perform their own tests to determine compliance.

Genéral]y control bodies will not accept the results of tests
performed by the owners, operators or vendors of collection devices unless
standard procedures were followed and test data and reports show evidence

that experienced personnel conducted the tests.




In‘most cases it will be necessary for the owner or operator of a
cupola to employ the services of an organization capable of performing these tests.
When this is done the control authorities should have given prior approval of the
testing organizations capabilities and acceptability of their test results. In
any event, it is advisable to notify the proper authorities in advance so that
they may have on site observers present if they so desire.

The foundryman should select a testing organization with proven
capability, a good reputation and in whom he has complete confidenée. As test
data can have major economic consequences and as the foundryman usually cannot
check the quality of the testing procedures confidence in the organization is a pre-
requisite.

| The next step is consultation with the appropriate control author-
ities. The foundryman aiong with the testing organization must involve them-
selves in this because regulations are sometimes not easily understood, and fre-
quently interpretation is modified by political and community attitudes. Authori-
ties will be aware of changes in enforcement policies, or pending changes in
jegistation, and the foundryman cannot expect outside testing organizations to
be cognizant of these considerations. |

The number and type of tests to be taken must be agreed on in
‘advance by all parties concerned. Frequently, meeting the specifications of the
pertinent code dictate the number and kind of samples to be run. At other times
the purchase agreement between vendor and foundryman specifies testing methods.

If discretion can be used the use of several short tests is recommended over one
longer one. When several results can be compared, any large differences are
evident. If these differences are not as a result of operational changes or
adjustments they may indicate error in the test procedure or mal function of the

cest equipment. One test of long duration gives only one answer with no basis




for comparison. Accuracy and precision of testing is controlled as much by the

care exercised and quality of the testing personnel as it is by the test procedure.
Evrors in each manipulation such as weighing, measuring gas volume,

and ca]cﬁ]ating results must not exceed 1 percent and should be kept under that

if possible. In this way cumulative errors can be held to little more than 1

percent.

CUPOLA OPERATING AND TEST CONDITIONS

Due to the various possible modes of operation of cupolas and
cupola systems, it is recommended that cupola emissions be evaluated under con-
ditions that characterize normal or average cupola operations at any particular
piant.

Particulate matter emitted via raw cupola stack gasés consists
principally of iron oxides and silica from the charge metal aﬁd impurities adhering
to the charge metal plus combustible matter. Secondary combustion in the upper
portion of a cupola stack will tend to reduce the combustible portion of the
particulate emissions to ash if temperature and retention time are sufficient.

Cupola stack gas will also contain some vapor from substances which
reaches the melting zone and is volatilized. These substances include silicon,
zinc and silica (sand). The degree of volatilization will depend on melting zone
temperature which is influenced by .changes in the fuel (coke and/or gas) ratio,
preheating of the blast air or scrap and enrichﬁent of the blast air with oxygen.
Consequently, it is of utmost importaﬁce that the factors affecting melt zone
temperature be normal before testing begins. Equally as important, materials that
can cause fuming, such as galvanized iron, sand, and silicon, for example, be added
in normal amounts during the test period. Changes from normal melt process can
result in emissions which are markedly better or worse than will be obtained

during everyday operation., Either resuit will be unsatisfactory.
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The particulate matter emanating from a cupola has a wide range
of particfe size distribution which influences the correct choice of stack testing
method. For many cupolas, peaks in particle sizes can be found on distribution ‘
curves at three ranges. These are in the 200 to 500 micron range, the 20 to 50
micron range and the 5 micron and below range.

Many factors influence the particulate emission rates of a cupola
system. These include the rate of cupola operation, the character, cleanliness
and method of introduction of the charge. material, the type, size and amount of
the coke used, the ffequency, 1ength of time and number of periods when tuyere
blast air is operative or inoperative during any period, the type of metal being
melted, the method and type of alloy introduction, and other diverse factors.

It is necessary, therefore, that each cupola and cupola system be
individually analyzed to determine conditions under which stéck or source
emission tests are needed to define the full range and character of its emissions.

One of the factérs having a most profound effect in cupola emis-
sions is the rate of cupola melting; as cupola blast air and coke input is
increased to accommodate higher melting rates, cupola emissions increase signifi-
cantly. It is important, therefore, that éupola source-emission tests be conducted
at melting rates approaching the normal expected rate of cupola operation if the
results are expected to characterize emissions for the system. Often times it is
not practical to operate at maximum melting rates since melting rates must
reflect current production and pouring schedules. It should be appreciated,
however, that cupola charging and melting rates have a profound influence on

cupola emissions.
If for any reason tests during either start-up or burn down periods
are made such tests should be kept and evaluated separately from each other as

vwell as all others.
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If various metals are produced at various times from the same
cupola (such as gray and cutile iron) it is desirable that the emissions be
evaluated for each type produced if there is a difference in melting conditions.
The melting conditions that would tend to require evaluation in terms of
differences in emissions would be reflected by variations in blast air rates,
coke rates and charge metal characteristics.

Prior to any field test period the testing firm should be con-
sulted for recommendations as to the number of days and number of test runs to
be cénducted to define the full range of cupola emissions consistent with cupola
operating practices and other pertinent considerations. It is important that the
ptant’'s full range of operations be evaluated consistent with.the stated objec-
tives of the emission test program.

OSTAINING MEANINGFUL TEST DATA

For short run jobbing cupolas, it is recommended that a minimum of
three dustloading test determinations be conducted of cupola emissions as part
of any emission study. A volumetric determination should be conducted for each
of the three test periods. To make the emission data be the most meaningful it is
necessary and desirable that detailed records be kept of cupola operating con-
ditions concurrent with the emission studies.

The emission test program can usually be conducted in one to three
days of field sampling by an experienced testing organization. The following
minimum information is considered necessary in establishing and fixing cupoia
operating conditions. It is necessary that these cupola operating data be
secured concurrently with stack emission studies:

-
1) Nature, weight and constituents of all cupola charges.

2} Number and time of all cupola charges made on the test

date(s).
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3) Cupola blast air record showing volume changes during

test. Verify that records indicate volume.introduced
but not quantities diverted as a means of throttling.

4) Presence of, type, number, capacity and location of

afterburners.

5) Existence of gas ignition in the stack. -

Ample precedents exist for evaluating the emission performance of
only one cupola in a bank of two cupolas that are operated on a1terﬁate'days.
This situation is particularly valid if both cupolas are of the same size,
oerate from the same tuyere blast air supply, are used in the production of
similar types of iron and are operated at the same approximate rates.

If there are narked variations or changes in the operation of a
2-bank cupola system, particularly with respect to the factors cutlined above,
it is recommended that each cupola be evaluated individually for its emission
potential. The design of a single emission control system serving a dual bank
of cupolas must be predicated on achieving conformance with regu?atiéns for the

most severe conditions of cupola operation during the normal production part of

the melt cycle. For the larger job-shop cupola~operators and for the production
foundry it is recommended that a minimum of two days field testing of cupola
emissions be conducted. This type of test program will permit the operation

and evaluation of both cupolas in a two unit bank.

The cupolas themselves should be operated at normal melting rates
during the test period., Test dates should be selected when foundry pouring
schedulés will permit normal operation.

It is not necessary to obtain a gas analysis to determine qgas
density from the cupola because the difference in weight between air and the

combustion gases is insignificant for exhaust volume calculation purposes.




SAMPLING PROCEDURES AND EQUIPMENT

A major problem in sampling and analysis is that high accuracy
and precision must be obtained in a working foundry, where conditions are
not conducive to laboratory-type manipulations. To achieve effective installation
and operation of a sampling train in a foundry requires someone who is not
overly worried with minute detail. On the other hand, when the critical ana-
lytical measurements and manipulations are made, the greatest attention to
cleanliness, accuracy, and detail is required.

The sampling equipment required for this work must fit the same
pattern. It must be simple, rugged, and yet capable of high accuracy. In‘generai,
it must be highly portable. Reliable equipment is available from several vendors,
and all qualified testing groups have their own.

a. Filtering Media

A good filtering medium is a prerequisite to accurate

sampling. Efficiency of collection must be at least 99

percent for all particulates encountered. An ideal filter

medium should be very light so that accurate weight dif-

ferences can be obtained from small samples. The filter

should also be strong and resistant to both heat and moisture.

No medium available has all these properties so a

compromise must be made. Readily available media and some

of their characteristics are listed below. Reliable

suppliers will give the characteristics of their products

on demand.

FILTER PAPER

Conventional filter paper, made from cellulose, comes
in hundreds of grades; most of them are not suited to fine

particulate filtration, but some are specially designed for
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this service. They have good mechanical strength, good
resistance to moisture, and reasonable heat resistance.
Conventional paper must be dried and desiccated before
each weighing, and must weighed on a balance from which
moisture can be excluded. Ideally the paper should be
allowed to reach equilibrium in a constant-humidity room,
and should be weighed there.

GLASS FIBER FILTER PAPER

Glass fiber filter paper will withstand higher temperature
than conventional paper, but it should be rehembered that
a plastic binder is used in thé manufacture of most of this
paper and that the binder lTowers temperature resistance.
Some paper is made without binder and this is much more resistant
to temperature. However, this material lacks mechanical strength,
and the unbonded variety is particularly weak. Glass fiber filter
paper.has the great advantage that it is not sensitive to humidity
and so can be used where a dessicator is not available.
THIMBLES

The Soxhlet thimble has been used widely in the past. The
thimbles are made of two materials, paper and ceramics. The
paper thimbles have the same strengths and weaknesses as ordinary
paper, and the same precautions apply. The ceramic¢ Ones come
in a variety of porosities. If the pores are small enough for
this work, rates of filtration will be extremely small. In
addition, ceramic thimbles are very heavy so that large samples
must be weighed to obtain accuracy. Thimbles of any type are

not recommended for this work.
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A variety of cloth materials are used for filtering
particulates. Usually efficient filtration results
only after a coating of parficu1ate has been built upon
the cloth. This buildup occurs most rapidly when the
sampled gases contain large amounts of particulate,:
hence sampling error is minimized.

When particulate loading is low, such aé when sampling
cleaned gas, significant error can be introduced unless
the fabric is 99 percent efficient on the first material
that deposits.
b. Weighing

The first steps in sampling is weighing the fi]ter.paper,
or other medium. Each paper should be marked with a number
before weighing. The common practice of writing the weight
on the paper after it has been obtained créates an error.
equal to the weight of the ink used. Much larger errors can
result from the handling required to write on the paper.
Lastly, anq most importantly, the practice is poor téchnique,
and, if allowed, will encourage other slovenly practices.
The atmosphere in an ordinary analytica] balance can be dried
to some extent if a small beaker of concentrated sulfuric
acid or container‘of silica gel is placed inside and the
doors are kept closed.

If filter papers are weighed on one balance initially,
and on a second when loaded, the second balance should be
checked for consistency with the first. This can best be

done by checking the weight of pre-weighed paper; and
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applying a correction if required. Accuracy on the total
Qeight is not vital, but the difference between initial
and final weights, which represénts the weight of the sample,
is critical. | |
c. Flow Measuring

Volume flow rate measuring devices must be preceded by
system components to ﬁinimize the surging or pulsating effects
normal in cupola operation and sampling. The use of flow
rate measuring devices in testing effluents froma dynamic
system, such as a cupola, requires that frequent readings
be taken (2 or 3 minutes reading cycle should be the maximum
time period between readings) and that all readings must
be conducted on a stopwatch timed basis.

It is recommended that sampling volume flow rate measure-
ments be taken using two different flow measuring mechanisms
in any high volume sampling train. The average of the two
sampling volume rate measurements and computed sampling volumes
should then be used in the subsequent dustliocading calculations.
d. Flushing the Sampling Train

At the end of each dustloading test run it is imperative
that the sampling train (nozzle, connecting tube or hose and
sampler) be thoroughly cleaned and flushed. Distilled water
should be used and introduced into the nozzle at high veloci-
ties to aid in scrubbing the sampiing train.

The particulates flushed from the sampling train should be
handled, weighed and separately determined. Significant
quantities of particulates are deposited in any sampling train,

so it is important that this material be included with the
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sampled catch when computiﬁg the dustloading test resuits.
e. Velocity-Volumetric Tests

An S-type pitot tube is preferred to a regular pitot tube
because it is not as prone to plugging. Stainless steel, Iconel
or other high temperature resistant material should be used
Jdn the pitot tube construction. A ruggedly constructed inclined
draft gage is recommended for use in the velocity and dust]oadfng
tests. The pitot tube should be checked and calibrated according
to the manufacturers recommendations at regular intervals to
establish the proper correction factor to be used in the volu-
metric calculations.

f. Sampling Trains and Sampling Equipment

Few emission sources offer the trying field test conditions
attendant to sampling as do cupola systems. The need also
cannot be emphasized enough for rugged field sampling equipment
for this testing. A schematic diagram of sampling apparatus
for the static balanced tube method of sampling, incorporating
recommendations for cupola effluent source emission sampling
is presented in Fig. 1.

A possible commercial source for various components of the
sampling train is indicated in Table 2. This is not to be
construed as an endorsement of any particular manufacturer
but is illustrative only of the rugged type of test equipment
recommended for cupola source sampling.

When assembling sampling equipment, joint sealing materials
should not be exposed to the sampled gas stream where adherence

of the particulate could occur. Long-radius bends should be used
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instead of elbows to faci]itate-c1eaning. The probe should
be just long enough for fhe task at hand. The rest of the train
should be assembled and tested for leaks. If the meter is a dry
gas meter, it is to be calibrated before each use. If an orifice
meter, or flow-meter type, is used it must also be calibrated
each time, and it must, in addition, have enough sensitivity
so that readings can be read to less than 1 percent. Finally,
if volume is obtained by multiplying an instantaneous reading
by the time of operation, fluctuations must be kept to 1 percent.

The vacuum pump or compound air ejector must be the last
element of the sampling train unless it can be proved that theve
is no leakage through the packing, etc., under the worst con-
ditions that can be visualized.
g. Analysis of Captured Particulate

It is recommended that the procedure for weighing and
determining size distribution of the captured particulate
be used as stated in the ASME PTC 27-1957 Section 4 Paragraphs
75-79 (see Appendix).

Fine particulate matter should be sized and analyzed
within 24 hours after the sampie is taken to minimize agglome-
ration and a possible change in character. It is most
desirable if the sample is dried immediately after the test
has been run to prevent degradation.

The minus 44 micron fraction of the collected particulate
must be carefully handled and analyzed because of the strong

tendency to agglomerate.
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SECTION I - SAMPLING RAW PARTICULATE EMISSIONS IN THE CUPOLA STACK

Recommended Test Method and Procedures

A thorough and complete review of the available test methods and

procedures used in the conduct of source emission studies has resulted in the

recommendation of the following basic requirements as essential to an acceptable

evaluation of the test methods:

1)

2)

3)

In order to obtain a truly representative sample of coarse
particulates from the gas stream a large volume sampling
train should be used. The sampling nozzle should be
constructed of stainless steel having a minimum inside

diameter of 3/4 inches, since raw cupoia emissions cover

a broad range of particle sizes, with individual particies

not uncommonly ranging up to 3/8 inch diameter or larger.
Particulate matter is defined consistenf with the definition
accepted by the dust col1;ction industry and as adopted

in the American Society of Mechanjcal Engineers Performance
Test Code 21-1941, Dust Separating Apparatus and Performance
Test Code 27-1957, Determining the Dust Concentration in

a Gas Stream. See item 1 in the Appendix. In essence, this
defines particulate matter as all filterable solids present
at standard temperature in an eff]ﬁent gas stream.

It is necessary that a truly “isokinetic" sample of gases

and solids be secured by the sampling system. This reguirement

is a practical consideration dictated by the wide range of '
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particle sizes involved and, therefore, the special

need for securing a truly isokinetic sample of the

effluent solids.

When sampling in the cupola stack, water—coo]ed
corrosion-resistant, sampling probes and sampling nozzles
are required. This is a practical requirement since

cupola temperatures in excess of 1200°F are common, and
sample contamination by corrosion products formed in the
nozzles and probes of the sampling system must be prevented.
Water-cooling also serves to preserve the sampling probes
from deterioration and distortion.

The American Society of Mechanical Engineers Performance
Test Code 27-1957, Determining Dust Concentration in a

Gas Stream, with modifications as outlined below offers the
best and most practical test method and test procedures

for the conduct of source emission studies from cupolas.

The following are additional important considerations in

the sampling of cupolas and cupola systems when utilizing as
a broad base the test procedures and techniques embodied in
ASME PTC 27-1957, Determining Dust Concentration in a Gas
Stream. See item 2 in the Appendix. The criteria supplement
the methods and procedures contained in ASME PTC 27, when

appiied to cupola source emission testing:
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a. Test Location and Test Openings

A test location in a cupola stack muét at best be a
compromise. The location should be as far above the top
of the charge door opening as practical but be at least
one equivalent cupola inside daimeter below the top of the
cupola stack. This location will require that protective
shelter be provided since test personnel and equipment may
be subjected to possible fallout of particles.

Test ports should consist of two six inch pipe nipples
(schedule 40) installed radially in the cupola shell and
cupola lining at 90 degrees to each other. Both 90 degree
test ports must be accessible from the sheltered test plat-
form, Six-in test ports are usually required to accommodate
high volume sampling nozzles. An acceptable test platform
can usually be constructed using temporary steel scaffolding.
Corrugated metal sheeting can be used for the roof of the test
platform. The six-inch pipe nipple test ports should protrude
out a few inches from the cupola shell and should be flush with
the inside of the cupola lining. The test port nipples should
be fillet-welded to the cupola shell. The threads of the pipe
nipples should be graphited and six-inch pipe caps installed
hand tight so that they can be readily removed during the test
period.

b. Method of Subdividing Cupola Stack
The cupola stack'cross—sectional area should be measured

at the test elevation. Due to refractory erosion and/or the
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buildup of siagged deposits which affect the cupola cross
section, it is important that the cupola cross section and
cross sectional area be determined at the test elevation.
The ASME PTC 27 test code prescribed procedure (see item 2
in Appendix) should be followed in determining the location
~ of the test points to be used in both fhe volumetric or

~ pitot tube traverses and during the test runs.

A minimum of 12 points should be used as sampling
locations in traversing a cupola stack in the dustloading
test runs. Addifiona1 sampling points should be used when
the maximum to minimum velocity variation in the velocity
profile approache§, or exceeds, a 2 to 1 figure.

It is important that dust sampling be conducted at each
test point and that the dustloading test-data sheet reflects
the sampling conditions at each test point in traverse of the
cupola from each test port. The practice of using a much
smaller number of test points during the dustioading test
runs, as compared to a large number of points used in the
velocity checks, is almost certain to bias the test results
and cause the results to be of a questionable nature with
respect to securing a representativ;:cupola sample.

c. Number and Duration of Test Runs

Test runs shall consist of a minimum of 60 minutes

actual dust sampling. Based upon a minimum of 12 points of

dust sampling of the cupola cross section from the two 90
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degree test ports, an acceptable minimum sampling schedule
would consist of sampling for 5 minutes at each of the
12 points. The field test data sheets and the test report
must clearly reflect the location and the time of sampling
at each of the sampling points used. A minimum of three
sets of f}ow, temperature and pressure readings should be
taken at each sampling point. The field data shall be logged
and should reflect the dynamic conditions of cupola flows and
sampling rates at each test point.

Readings of sampling flow rates, temperatures, pressures,
gas analyses and other pertinent test data which are part
of each dustloading test run should be taken on a 2 (maximum
3) minute cycle at each sampling point during each dustlioading
test run, The total sampling program should be conducted under
stopwatch timing precision.
Three dustloading test runs and 3 velocity-volumetric test
runs should be conducted in a sinéle day of field sampling,
as preQiously mentioned.
d. Sampling Probes

Sampling probes used in the dustloading test runs of raw
gas should be of water-cooled, stainless steel construc-
tion. The sampling probes should be a minimum of 3/4 inch inside
diameter, and preferably of larger inside diameter for tests
conducted on raw gas emissions. Conventional smaller diameter
test probes are suitable for use on the downstream side of

dust collectors, but should not be used in raw gas sampling.
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Either a standard or null type probe may be used for
sampling raw cupola gases. Whichever probe is employed, a
truly isokinetic sample rust be taken at all test points
during all test runs.

A null sampling probe of either the balanced static
pressure type or balanced impact pressure type can be used.
Null type probes are prone to introduce minimum error as
their diameters increase and as the velocity of the flow
system increases.

A null sampling probe must be calibrated and of such
a size as to give the minimum sampling error (deviation from
isokinetic) for the expected sampling velocity range.

Either type probe presents certain shortcomings whiéh
must be compensated for under the adverse, dynamic and widely
varying flow conditions attendant to normal cupola operation.

Cupola velocities can be expected to range from 600 to
2400 ft/min. depending upon the size of the cupola and the
rate of cupola operation. Normal operating velocity ranges
can be expected to be 1000 to 1800 ft/min.

Fixed rate sampling trains, based upon an occasional
velocity determination made at some fixed time, are unaccept-
able for cupola source sampling since such methods completely
ignore the dynamic nature of the cupola melting process.

e. Filter Media

Due to the need for a large diameter sample probe and the
necessity of isokinetically sampling the gas stream, a high
volume sampling train is mandatory. The filtering media used

for removing particulate from the gas stream must be of
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sufficient size to maintain the sampling rates neceésary
without imposing undue pressure drop restrictions on the
sampling train.

The advantages and disadvantages of some of the various
filtering media that can be used in removing the particulates
from the sampled gaﬁ stream are stated in ASME PTC 27
Section 4 Paragraph 59 (See Appendix).

FOOTNOTE: Cloth is often used as the filtering media because of its high
collection efficiency, good flow permeability, ability to be
shaped 6r adapted to any sampler configuration, and freedom
from plugging or excessive pressure buildup under minimum
condensation conditions.

In the event that a cotton sateen fabric is selected it
must be thoroughly washed and rinsed prior to use to be free
of starch and sizing materials. This filter medium has as
its most serious limitation a humidity or moisture pickup
tendency. This problem can be adequately dealt with by’
proper and skilled weighing and handiing techniques using

an enclosed single pan desiccated analytical balance.

Sampler units housing the filter medium should be made
or 1ined with corrosion resistant material and must permit
ready and free insertion and removal of the filter medium.
Sampler units must consist of airtight enclosures to ensure
that all sampled gases pass through the filter medium, be
capable of easy field cleaning and of conserving the sampled’

dusts with a minimum of sample 1oss in filter handling.
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To facilitate transfer of collected material and prevent
the possibility of incandescent particles from contacting
the final filter medium it may be desirable to incorporate a
small stainless steel cyclonic collector ahead of the ultimate
filter medium. Such cyclones tend to remove the larger
particulates and prolong the sampling period before the pressure -
buiidup on the filter medium restricts isokiﬁetic sampling,
due to reduced sampling flow rate capability.

Such cyclones offer the additional advantage of providing
a convenient method of measuring the gas sampling flow rate.
This can be accomplished by calibrating the pressure drop across
the cyclone collector unit entailing the measurement of the
pressure differential across the cyclone, tﬁé temperature and

the static pressure at that location.

FOOTNQTE :

Scrubber (impinger} or condensing systems are considered unsatis-
factory for particulate filtration in cupola sémpling trains. Such
systems promote and cause the formation of reaction products which
were not present in the cupola gas stream. Since most available
inpinger or wet collecting apparatus, are associated with Tow
volume sampling rates (not to exceed 1.0 cfm), it can be seen
that they do not lend themselves well to high volume rate
sampling without the use of multiple, paralliel units.

While it may be of interest in some instances to determine if
condénsible material is present in cupola effluents such deter-
minations are beyond the scope of this recommended practice for

particulate.
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When a gas analysis is desired it is recommended that a con-
tinuous carbon dioxide and/of a continuous oxygen analyzer be
used to meashre thgse gas constituents. Periodic checks can
also be made using'an Orsat gas analyzer to verify the performance
of the continuous gas analyzer or to check on the total gas
composition (002, 02, co, Nz)" The continuous gas analyzer
should be read on a two or three minute cycle throughout each
test run and the time noted. Results of each Orsat gas analysis
conducted should be clearly indicated on the field data sheets
and in the test report.

Sulfur oxide emissions from cupola systems are of such a Tow
order that it is usually unnecessary to measure them in light

of present day standards.

f. Sampling Volume Flow Rate

The need for a high volume sampling system to secure repre-
sentative samples from cupola raw gas effluents often mitigates
against the use of an integrating gas meter for measuring the
sample gas volume although such are available to handle the
flow raﬁges covered by 3/4 to 2 inch inside diameter dust
sampling nozzles. However, portability requirements for
such meters leave much to be desired and adverse field
conditions in cupola sampling often preclude the use of
such meters.

Sampling volume flow rate measurements can be made by
flowrator systems, calibrated pressure drop mechanisms such

as orifices, venturis or cther similar flow measuring devices.




. SECTION II - RAW GAS_TEST LOCATION IN DUCT AHEAD OF COLLECTOR

Tests are often conducted to determine performance of collectors
instailed for cupola gas cleaning. Often a sample lccation in the connecting duct
will have advantages over.that of a cupola stack location because -

1. Gases will be cooled, usually by evaporation of water,

to temperatures below 500°F.

2. Location more accessible. |

3. Dustloadings and gas velocity more uniform thru cross

section of sampling area. '

{Duct velocities usually in teh 3000 - 5000 fpm range.)

In such locations:

a. Number of gamp1e points can correspond to ASME PTC 27
and need not be thé minimum of 12 recommended for the

. cupola stack.

b. Gas volume will include subsiantiai proportion of
water vapor and influence gas density.

¢. Some dust, especially of the coarser fractions, can
bypass the samplie area 1f there is substantial run-
off of cooling water or for dust fallout in cooling
towers, external combustion chambers, etc.

Whenever possible, catch from collector should be obtained and checked
against calculated collected quantity from inlet and outlet samples. It is often
difficult to get a sample covering only the test period, but often feasible to
obtain quantity collected during a complete melting cycle. In the latter case,
daily average data can be compared to short test runs of the sampling equipment.

. Comparison of coarse fraction in the catch with the quantities re-
ported by sampling will also give an indication of effectiveness of the sampling

technique of such fractions. When indicated, catch from the collector needs to be




V - 26

'augmented by inclusion of fallout in preceding system elements as noted in Item c.

SECTION ITI - SAMPLING CLEANED CUPQLA GASES

General

Sampling behind a gas cleaner alleviates some of the problems
experienced when sampiing raw cupoia gases. Extremely large particles are no
tonger present permitting the use of conventional 1/4" or 3/8" diameter sempling
probes and lower sampling volumes. ‘The violent velocity fluctuations experienced
in a cupola stack have been moderated; and the.high temperatures of raw cupola
gases have been reduced. On the other hand, a different problem is accentuzted.
Gas cleaning equipment is expensive, and is usually sold to meet a specified
emission standard. Since performance curves for emissions become asymptotic,
small changes in performance can cause large expenditures in equipment alteration,
therefore accuracy of testing becomes more critical.

Because the gas sampled is hot and humid, the probeior filter
holder must be heated fo stop condensation on the walls of the apparatus from
occuring. Such condensate will interfere with the filtrétioh of particulate.

Cupola off-gases are almost always cooled by direct contact with
water, so it can be a-sumed that they are humid after they have passed through a
cleaning device, whether a wet scrubber or not. Consequently, a condenser must
be inserted in the filtering train. This serves two purposes. First, it
removes excess water which may condense and damage the gas meter. Secondly,
and of vital importance, a condenser gives assurance that the gas passing
through the train is saturated at an identifiable point. This provides the
basis for exact calculation of the volume of dry gas metered, converted

to standard conditions.
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An acceptable procedure for testing is "Determining Dust
Concentration in a Gas Stream", PTC 27-1957, published by the American
Society of Mechanical Engineers.

While isokinetic sampling is not as critical for cleaned gases
because of the small particle sizes involved, its use is recommended, following
the same procedure of test locations, sample time, pitot traverse and data

1og recommended in Section I and II.
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TABLE 2 - REPRESENTATIVE SOURCES OF
COMMERCIALLY MANUFACTURED COMPONENTS

. Component

Stainless steel, water-cooled
static balanced, tube sampling
nozzle-3/4 in. minimum ID.

Inclined draft gage and holder,
pitot tube,.

Stainless steel cyclone
Sampler

Manometer

Thermometer

Industrial exhauster
Continuous gas analyzer
Orsat gas analyzer

Pyrometer and thermocouple

Source

Individually designed and constructed
to meet nozzle diameter and probe
length needs. Fitted with 6 in. pipe
cap and pipe sleeve. Nozzles are to

be calibrated to effect isokinetic
sampling with minimum sampling error

at the optimum velocity range for each
different probe diameter, An acceptable
nozzlehead design is schematically il-
lustrated in ASME PTC 27 (Fig. 2).

Industrial Engineering Instrument-*-
Co,, Allentown, Pennsylvania

UOP Air Corrections Division
Darien, Connecticut

F
Fabricate to meet filter media con-
finement and handling requirements.

The Meriam Instrument Co.,
Cleveland, Ohio

Weston Electrical Instrument Coxp.,
Newark, New Jersey

Clements Manufacturing Co.,
Chicago, Illinois

Thermco Instrument Corp.,
LaPorte, Indiana

Hayes Corp., '
Michigan City, Indiana

Alnor Instrument Co.,
Division I1ll. Testing Laboratories, Inc.
Chicago, Illinois



ACFM -

Acid Lining -

Additive -

Aerosol -

Afterburner -

Agglomeration -

Air Cleaner -

Air Filter -

Air Furnace =~

Air
Pollution -

Anneal -

VI -~ GLOSSARY OF TERMS

Actual cubic feet per minute; refers to the
" volume of gas at the prevalllng temperature
and pressure.

A refractory furnace lining essentially of
silica.

A substance added to another in relatively
small amounts to impart or improve desirable
qualities, or suppress undesirable qualities.
As additives to molding sand, for example,
cereal, sea coal, etc.

Small particles, liquid or solid, suspended in
the air, The diameters vary from 100 microns
down to 0,01 microns or less; for example,
dust, fog, smoke.

A device for burning combustible materials that
were not oxidized in an initial burning process.

Gathering together of small particles into
larger particles,

A device designed for the purpose of removing
atmospheric airborne impurities such as dusts,
gases, vapors, fumes and smokes.

Any method used to remove gases and particulates
from the environment and stack emission; it may
be of cloth, fibers, liquid spray, electrostatic,
etc.

A reverberatory-type furnace in which metal is
melted by heat from fuel burning at one end of

the hearth, passing over the bath toward the
stack at the other end.

The presence in the outdoor atmosphere of one

or more air contaminants or combinations thereof
in such quantities and of such duration that
they are or may tend to be injurious to human,
plant or animal life, or property, or that
interfere with the comfortable enjoyment of

life or property or the conduct of business.

A heat treatment which usually involves a slow
cooling for the purpose of altering mechanical

or physical properties of the metal, particularly
to reduce hardness.

A. T. XEARNEY & COMPANY. I~nc.




Baghouse -

Baked Core -

Balanced
Blast -

Basic Lining -

Bed -
Blast -

Blast Volume -

Briquette -

Burden -
Burned Sand -

Canopy Hood -
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A large chamber for holding bags used in the
filtration of gases from a furnace to recover
metal oxides and other solids suspended in the
gases., It's a form of dust collector and the
bags may be constructed of natural, synthetic,
or glass fibers.

A core which has been heated through sufficient
time and temperature to produce the desired
physical properties attainable from its
oxidizing or thermal setting binders.

Arrangement of tuyeres in a cupola which pro-

vides for distributing or balancing the blast
as required between upper and lower levels of
the melting zone,

In a melting furnace, the inner lining and
bottom composed of materials that have a basic
reaction in the melting process, usually either
crushed burned dolomite, magnesite, magnesite
bricks or basic slag.

Initial charge of fuel in a cupola upon which
the melting is started.

Air driven into the cupola furnace for combustion
of fuel. '

The volume of air introduced into the cupola for
the burning of fuel. This volume governs the
melting rate of the cupola and approximately
30,000 cubic feet of air is required per ton of
metal melted.

Compact cylindrical or other shaped block formed
of finely divided materials by incorporation

of a binder, by pressure, or both., Materials
may be ferroalloys, metal borings or chips,
silicon carbide, coke breeze, etc.

A collective term of the component
parts of the metal charge for a cupola
melt.

Sand in which the binder or bond has
been removed or impaired by contact with
molten metal,

A metal hood over a furmace for collecting

gases being exhausted into the atmosphere
surrounding the furnace.
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A counterbalanced hood over a furnace that can
be folded out of the way for charging and
pouring the furnace.

Essentially an alloy of iron, carbon and silicon
in which the carbon is present in excess of the
amount which can be retained in solid solution
in austenite at the eutectic temperature,

A device for burning combustible gases, vapors,
aerosols and odorous substances, reducing them
to water vapor and carbon dioxide,

A method of casting, employing a core and
depending on centrifugal force to make the metal
more dense and strong in the outer portion of
the casting. The mold cavities are usually
spaced symmetrically about a central sprue, and
the whole assembly is rotated about that axis
during pouring and solidification.

A binder used in core mixtures and molding
sands, derived principally from corn flour.

The total ore, ingot, metal, pig iron, scrap,
limestone, etc. introduced into a melting fur-
nace for the production of a single heat.

An opening in the cupola or furnace through
which the charges are introduced.

A porous gray infusible product resulting from
the dry distillation of bituminous coal, which
is used as a fuel in cupola melting.

These are fines from coke screenings,

The motion resulting in a fluid from the differ-
ences in density and the action of gravity due
to temperature differences in one part of the
fluid and another. The motion of the fluid
results in a transfer of heat from one part to
the other.

The upper or topmost section of a flask, mold,
or pattern,

A separate part of the mold which forms cavities
and openings in castings which are not possible
with a pattern alone. Cores are usually made
of a different sand from that used in the mold
and are generally baked or set by a combination
of resins.
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-Core Binder -  Any material used to hold the grains of core
sand together.

Core Blower - A machine for making cores by blowing sand into
the core box by means of compressed air.

Core Oven - Specially heated chambers for the drying of
cores at low temperatures.

Core Sand - Sand for making cores to which a binding material
has been added to obtain good cohesion and
porosity after drying.

Crucible - A vessel or pot made of a refractory such as
graphite or silicon carbide with a high melt-
ing point and used for melting metals,

Cupola - A cylindrical straight shaft furnace usually
lined with refractories, for melting metal in
direct contact with coke by forcing air under
pressure through openings near its base.

Cupola, Hot A cupola supplied with a preheated air blast.
Blast -

Cupola Stack - The overall top column of the cupola from the

charging floor to the spark arrestor.

Cyclone - A device with a control descending vortex
(centrifugal created to spiral objectionable gases and dusts
collector) to the bottom of a collector cone for the purpose

of collecting particulate matter from process
gases. '

Cyclonic Radial liquid (usually water) sprays introduced
Scrubber - into cyclones to facilitate collection of

particulates,

Density - Ratio of the weight of gas to the volume, nor-

mally expressed as pounds per cubic foot.

Desulfurizing - The removal of sulfur from molten metal by the
addition of suitable compounds.

Direct Arc An electric arc furnace in which the metal being
Furnace - melted is one of the poles.
Drag - The lower or bottom section of the mold, flask

or pattern.
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_ Ductile Iron - Iron of a normally .gray cast type that has been
. - suitably treated with a nodularizing agent so

that all or the major portion of its graphitic
carbon has a nodular or spherulitic form as
cast,

Duplexing =~ A method of producing molten metal of desired
analysis. The metal being melted in one furnace
and refined in a second.

Dust - Small solid particles created by the breaking
up of larger particles by processes such as
crushing, grinding, drilling, explosion, etc.

Dust An air cleaning device to remove heavy particu-
Collector - late loadings from exhaust systems before dis-
charge to outdoors.

Dust Loading - The concentration of dust in the gas entering
or leaving the collector, usually expressed
as pounds of particulate per 1,000 pounds of
dry gas or grains per standard cubic foot.

Efficiency - With regard to dust collectors, it is the ratio
of the weight of dust trapped in the collector to
the weight of dust entering the collector. This
is expressed as a percent. : -

Effluent - The discharge entering the atmosphere from
the process.

Electrostatic A dust collector utilizing a high voltage
Precipitator- electrostatic field formed by negative and
positive electrodes; the positive, uncharged
electrode attracts and collects the gas-borne
particles.,

Elutriation - The sizing or classifying of particulate matter
by suspension in a fluid (liquid or gas), the
larger particulates tending to separate by
sinking.

Emission - The total pollutants emitted into the atmosphere
usually expressed as weight per unit of time
such as pounds per hour.

Fndotheymic Designating, or pertaining to a reaction which
Reaction = occurs with the absorption of heat from the
surroundings.
Equivalent The determination of smoke density by comparing
QOpacity - the apparent density of smoke as it issues from
. a stack with a Ringelmann chart. In effect, it

is a measure of the light obscurity capacity
of the plume.

A T.KEARNEY & COMPANY, Inc.
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Chemical reactions involving the liberation
of heat; such as burning of fuel and deoxidizing
of iron with aluminum. '

A dust collector using filters made of synthetic,
natural or glass fibers within a baghouse for
removing solid particulate matter from the air
or gas stream.

Specially prepared molding sand mixture used
in the mold adjacent to the pattern to produce
a smooth casting surface,

A term the exact meaning of which varies.

1. Those sand grains that are
substantially smaller than
the predominating grain size,

2. That portion of sieved material
that passes through the mesh.

Metal or wood frame without top or without
fixed bottom used to retain the sand in which
a mold is formed; usually consists of two
parts, cope and drag.

Material or mixture of materials which causes
other compounds with which it comes in contact
to fuse at a temperature lower than their nor-
mal fusion temperature.

A finely divided siliceous material, usually
oxides, formed as a product of combustion of
coke, A common effluent from the cupola.

Brick lined reservoir in front of and connected
to the cupola or other melting furnaces for
receiving and holding the melted metal.

Waste material in water or air that is discharged
from a foundry.

In air pollution control, using a fourth hole
in the roof of an electric furnace to exhaust
fumes.

A term applied to fine solid particles dispersed

in air or gases and formed by condensation, sub-
limation, or chemical reaction.
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. Gas - Formless fluids which tend to occupy entire

. space uniformly at ordinary temperatures and
pressures.

Gate - The portion of the runner in a mold through

which molten metal enters the mold cavity.

Gray lron - Cast iron which contains a relatively large
percentage of its carbon in the form of graphite
and substantially all of the remainder of the
carbon in the form of eutectoid carbide,

Green Sand - A naturally bonded sand or a compounded molding
© sand mixture which has been tempered with water
and additives for use while still in a damp or
wet condition.

Griffin A method operating in two stages, to recoup and
System - preheat air by using the latent heat of cupola
gases.

Heat Balance =« A determination of the sources of heat input and
the subsequent flow of heat usually expressed in
equation form so that heat input equals heat output.

Heat ‘ A combination of heating and cleaning operations
. _ Treatment -  timed and applied to a metal or alloy in the
solid state in a manner which will produce
desired properties,

Heel - ' Metal left in ladle after pouring has been com-
pleted. Metal kept in induction furnaces during

standby periods.

Holding A furnace for maintaining molten metal, from a
Furnace - larger melting furnace, at the proper casting
temperature,
Hood - Projecting cover above a furnace or other equip-
ment for purpose of collecting smoke, fume or
dust. .
Hot Blast - Blast which has been heated prior to entering
into the combustion reaction of a cupola.
Indirect Arc An electric arc furnace in which the metal
Furnace - bath is not one of the poles of the arc.
Induction A melting furnace which utilizes the heat gen-
Furnace - erated by electrical induction to wnfelt a metal
charge.
. Inlet The quantity of gas entering the collector from
Volume - the system it serves (in cubic feet per minute

at a specified temperature). . .
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Material which when added to molten metal modi-
fies the structure changing the physical and
mechanical properties of the metal.

The addition to molten metal substances designed
to form nuclei for crystallization.

The addition of alloying elements to the molten
metal in the ladle.

Thermal energy absorbed or released when a sub-
stance changes state; that is, from one solid
phase to another, or from solid to liquid or
the like.

Inside refractory layer of firebrick, clay,
sand or other material in a furnace or ladle.

The addition of magnesium to molten metal to
form nodular iron.

A mixture of iron and carbon, including smaller
amounts of silicon, manganese, sulfur and
phosphorous, which, after being cast as white
iron, is converted structurally by heat treat-
ment into a matrix of ferrite containing nodules
of temper carbon, and substantially free of all
combined carbon.

A determination of the material input to the
cupola and the output to fully account for
all material.

The tonnage of metal melted per unit of time,
generally tons per hour,

A unit of measurement which is 1/25,000 of an
inch or a millionth of a meter, Often desig-
nated by the .Greek letter mu.

Visible emission usually formed by a condensa-
tion process or vapor-phase reaction, the liquid
particles being sufficiently large to fall of
their own weight.

The form, usually made of sand, which contains
the cavity into which molten metal is poured
to produce a casting of definite shape and
outline,

A type of foundry sand mixing machine.
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(See Ductile Iron)

The state of a substance which renders it partially
or wholly impervious to rays of light. Opacity as
used in an ordinance refers to the obscuration of
an observer's view.

Outlet Volume - Quantity of gas exhausting from the collector

Oxidizing
Atmosphere -

Oxidation
Losses -

Particulate
Matter -

Parting
Compound -

Pattern -

Plume -

Pollutant -

Preheater -

Process
Weight -

Recuperator -

Reducing
Atmosphere -

(in cubic feet per minute at a specified
temperature).

An atmosphere resulting from the combustion of
fuels in an atmosphere where excess oxygen is
present, and with no unburned fuel lost in the
products of combustion. -

Reduction in amount of metal or alloy through
oxidation. Such losses usually are the largest
factor in melting loss.

Solid or liquid particles, except water, visible
with or without a microscope, that make up the
obvious portion of an exhaust gas or smoke,

A material dusted, brushed or sprayed on patterns
or mold halves to prevent adherence of sand and
to promote easy separation of cope and drag
parting surfaces when cope is lifted from drag.

A form made of wood, metal or other materials
around which molding material is placed to make
a mold for casting metals.

A visible, elongated, vertical (horizontal when
windblown) column of mixed gases and gas-borne
particulates emitted from a smoke stack.

Any foreign substance in the air or water in
sufficient quantities and of such characteristics
and duration as to be injurious to human, plant,

or animal life or property, or which unreasonably
interferes with the enjoyment of life and property.

A device used to preheat the charge before it
is charged into the furnace,

The total weight of raw materials, except air,
introduced into any specific process, possibly
causing discharge into the atmosphere.

Equipment for transferring heat from hot gases
for the preheating of incoming fuel or air,

An atmosphere resulting from the incomplete
combustion of fuels.
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Heat resistant material, usually nonmetallic,
used for furnace linings, etc.

A large quantity furnace with a vaulted ceiling
that reflects flame and heat toward the hearth
or the surface of the charge to be melted.

A system of optical charts reading from all
clear to solid black for grading the density
of smoke emissions.

An opening in the top of a mold which acts as
a reservoir for molten metal and connected

to the casting to provide additional metal to
the casting as it contracts on solidification.

A furnace using pulverized coal, gas or oil;

of cylindrical shape with conical ends, mounted
so as to be tipped at either end to facilitate
charging, pouring and slagging.

Units standing for Standard Cubic Feet per Minute.
The volume of gas measured at standard conditions,
one atmosphere of pressure and 70° F.

A term applied to finely ground coal which is
mixed with foundry sands.

That portion of the heat which changes only
the temperature, but does not cause a phase
change.

The operation of removing castings from a
sand mold.

A process for forming a mold from thermosetting

" resin bonded sand mixtures brought in contact

with preheated metal patterns, resulting in a

firm shell with a cavity corresponding to the
outline of the pattern.

- Casting cleaning process employing a metal

abrasive propelled by centrifugal force.

Nonmetallic covering which forms on the molten
metal as a result of the flux action in com- .
bining impurities contained in the original
charge, some ash from the fuel and silica

and clay eroded from the refractory lining.

A. T.KEARNEY & COMPANY. Inc.



Smoke -

Spark
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A type of emission resulting from incomplete com-
bustion and consisting predominantly of small
gas~borne particles of combustible material
present in sufficient quantity to be observable
independently of the presence of other solids

in the gas stream. '

Device over the top of the cupola to prevent
the emission of sparks.

The channel, usually vertical, connecting the
pouring basin with the runner to the mold
cavity. 1In top pour casting the sprue may
also act as a riser.

Air with a density of ,075 pounds per cubic
foot, generally equivalent to dry air at 70° F
and one atmosphere of pressure (14.7 psia).

Heating of a metal to temperatures above the
melting point of the metal to obtain more com-
plete refining or greater fluidity.

Removing molten metal from the melting furnace
by opening the tap hole and allowing the metal
to run into a ladle.

The nozzle openings in the cupola shell and
refractory lining through which the air blast
is forced.

The gaseous form of a substance normally in the
solid or liquid state and which can be returned
to these states either by increasing pressure
or decreasing temperature,

In the foundry, the exhaust ventilation and dust
control equipment for the health, safety, comfort
and good housekeeping of those who work there,

In air pollution control, a high velocity gas
stream directed into the throat of a venturi of
a wet scrubber to separate out particulates,

A device installed on a cupola stack that
collects emissions by forcing them through a
curtain of water. The device requires no
exhaust fan but depends upon the velocity
pressure of the effluent gases.
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Wet
Scrubber -

Wind Box - .
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In air pollution control, a liquid spray device,
usually water, for collecting pollutants in

escaping foundry gases.

The chamber surrounding a cupola through which
air is conducted under pressure to the tuyeres.
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FROM FOUNDRY

FROM FOUNDRY

PROCESS FLOW DIAGRAM

RAW MATERIAL STORAGE AND
FURNACE CHARGE 17

EXHIBIT ITI-6

FURNACE

RECETVE
SHOT
BLAST
i | [} f | 1
TurnINGs | Plc FOUNDRY TRON STEEL * | ALLOYS
AND IRGN | RETURNS scrar | ScCRaP COKE  ARBONATESFLUORIDES | CARBIDES
BORINGS
! \ 1
Y
SCRAP BREEZE
DEGREASE PREPARATION ! SCREEN
- BRIQUET . TRIM
PLATFORM
L 1
WEICH WEICH
-DRY OR CHARGING CHARGING
PREHEAT MECHANTSM MECHANTSM
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ILLUSTRATION OF CONVENTIONAL LINED CUPOLA

Skip-heoist rail
{tof2)

.,
, _//-‘/Slcfck

!

Brick Iining—/
Casl iron lining—1
Charging door —.

N

i /- Refrectory lining

Charging
deck

Blast duc! *

{slog hote is IBO*
opposiie)

Send bed
Daor lof2)

Prop

Conventional cupola

Source: Metals Handbook, 8th Edition, Vol. 5,
Forging and Casting, American Society
for Metals, 1970, p. 337.
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- EXHIBIT III-9

ILLUSTRATION OF WATER-COOLED CUPOLA

Skip-hoist rail

(1ol 2) {iol2)

Brick lining
Cos! iron lining
Chorging door

Water outle!
Steel outer shell Blast duct
Steel inner sheil

Wind box

~Water-cooled
tuyere

Woter inlet
Taphole

Slag and

Sand bed

Watar-cooled cupola (water-wall)

] Stock
/ Skip-hoist rail

Cast iren lining

Charging = 2
; deck Brick lining 1
1

Wo'er flow beiween
/inner and ouler shell

Charging door

/Stock
Charging
\( dech

Water
manifold

Solid )
steel shell-\

Waler :
cur!oin/ )

Blast duct

Wind box

ter-cooled
tuyere

iron 1rough
Sand bed
Coor (1ol 2}

Prop

Woler-cooled cupolo {flood cooled)

Source: Metals Handbook, 8th Edition, Vol. 5,

Forging and Casting,

American Society

for Metals, 1970, p. 337.
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EXHIBIT I1I-12

ILLUSTRATION OF CUPOLA REACTION AREA

METAL CHARGE

COKE BED

Fig. 3.3. Cross-section of cupola showing reaction areas.

A—0O31+CO; D — High CO: CO3 ratio
B — Area high in Qa E — High CQ: CO3 ratio

C—CO + CO,

Source: The Cupola and Its Operation;
published by the American
Foundrymen's Society, Third
Edition, 1965, p. 26.




EXHIBIT III-13

TYPICAL CUPOLA MATERTAL BALANCE

Lined Cupola

Water-Cooled Cupola

Inputs Pounds Percent Inputs Pounds . Percent
Metal Charge 2,004 52.08% Metal Charge 1,992 47 .42%,
Pig Iron 0 0.00 Pig Iron 233 5.56
Returns 802 20.83 Returns 996 23.71
Steel Scrap 1,137 29.56 Steel Scrap 739 17.60
Iron Scrap 0 0.00 Iron Scrap 0 0.00
Ferroalloys 65 1.69 Ferroalloys 23 0.56
Coke 167 4.33 Coke 253 6.03
Natural Gas 29 0.75 Natural Gas 0 0.00
Fuel 0il 0 0.00 Fuel 0il 0 0.00
Flux and Additives 65 1.69 Flux and Additives 58 1.38
Air 1,556 40.43 Air 1,898 45.18
Oxygen 0 0.00 Oxygen 0 0.00
Cupola Lining 27 0.71 Cupola Lining 0 0.00
Total Input Materials 3,848 100.00% Total Input Materials 4,201 100.0%

OQutputs Qutputs
Molten Iron 2,000 51.97% Molten Iron 2,000 47 .60%
Slag 32 0.83 Slag 44 1.04
Emissions Dust 14 0.37 Emissions Dust 19 0.45
Top Gases 1,802 46 .84 Top Gases 2,139 50.90
Nitrogen 1,188 65.91 Nitrogen 1,449 67.77
Carbon Dioxide 507 28.10 Carbon Dioxide 468 21.87
Carbon Monoxide 99 5,49 Carbon Monoxide 220 10.29
Hydrogen 9 .47 Hydrogren 2 0.07
Sulfur Dioxide 0 0.02 Sulfur Dioxide -0 -0.00




EXHIBIT III-14

ILZUSTRATION OF ELECTRIC ARC FURNACE

CIRCUIT
BREAKER

S
TRANSFORMER ///———-ELECTRODE

—————— — CONTROL

B i’//////// PANEL

4

ELECTRONIC
. CONTROLS

MAINTAIN N o

PROPER ARC : i _— TAPPING SPOUT

CHARGING
MACHINE
CHARGES
THROUGH
THIS DOOR

FLOOR CUT AWAY
TO SHOW TILTING
MECHANISM

Source: The Picture Story of Steel,
published by the American Iron
'. and gteel Institute, 1952,
p. 18.
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I11I-16

ILLUSTRATION OF CHANNEL INDUCTION FURNACE

LINING

INSULATING

‘| BACK-UP

HOT FACE

THROAT
HEARTH

CHANNEL
BLOWER

INDUCTOR ASSEMBLY o REFRACTORY
INSUL ATION
BUSHING
con

CORt

Source: "Electric Melting for Mass Production
in U.S. Iron Foundries k"
Modern Casting, July, 1968, p. 47.




EXHIBIT I1I1-17

ILLUSTRATION OF CORELESS INDUCTION FURNACE

A. HYDRAULIC TILT CYLINDERS I. STEEL SHELL

B. SHUNTS J. TIE RODS

C. STANCHION K. CLAMPING BOLTS
D, COVER L. COIL SUPPORT

E con M. 5POUT

F. LEADS N. REFRACTORY BRICK
G. WORKING REFRACTORY O. ACCESS PORTY

H. OPERATOR'S PLATFORM P. LID HOIST MECHANISM

Source: "Electric Melting for Mass Production
in U.S, Iron Foundries,
Modern Casting, July, 1968, p. 47.
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EXHIBIT III-19

TLLUSTRATION OF REVERBERATORY FURNACE

ECLIPSE CENTRIFUGAL
BLOWER CHARGING HOPPER

RECUPERATORS

HIGH CAPACITY GAS
REMOVAELE ARCH OR OIL BURNER

ALLOYING AND POURING SPOUT
INSPECTION DOOR

Source: The Wheelabrator Corporation.




EXHIBIT III-20

ILLUSTRATION OF MAGNESIUM TREATMENT METHODS
FOR _PRODUCING DUCTILE IRON

l piGAs !

PRESSURE LADLE FRESSURE CHAMBER DETACHABLE BOTTOM LADLE
{MAG-COKE)

(6AS

INJECTION TRICKLING-IN (GAZAL} PLUNGING

Y \

POUR-OVER THROW-IN PLUNGING

Source: 'Comparing Processes for Making
Ductile Irom," E. Modl, FOUNDRY,
July, 1970, pp. 44-46.
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PROCESS FLOW DIAGRAM

CLEANING & FINISHING

FROM SHAKEOUT

1

COOL

SORT

—

REMOVE
GATES AND
RTSER"

SURFACE
CLEAN

HEAT
TREAT

TRIM

INSPECT

STRESS
RELIEF

PRESS
STRAIGHTEN

SURFACK
COAT

SHIN

EXHIBIT III1-22
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PROCESS FLOW DTAGRAM

CORE_MAKING

EXHIBIT III-24

RESIN CORE SAND CEREAL BINDER CLAY OTHER
ADDITIVES
l I | I J
ACCELERATORS D e WATER
KEROSENE o R et
ALCOHOL CORE OIL

CORE SAND
STORAGE

l

1

I

SHELL OR
HOT BOX
MACHINE

CORE
MOLDING
MACHINE

CORE
EXTRUDING
MACHINE

CORE
BENCH

l

I

! I

GASSING CORE
STATTON OVEN
CORE
FINISHING
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TO MOLDING AKEA




EXHIBIT IV-1
Page 1 of 3

aodep
3sTw f3sng m:omuﬂmm
CLE: M) WSBTT, FuIpIoR QNV ONIY¥NO0d ONIAIOW
£°0 ©OL Aneog gapTXo SIT1EIF uof3rINOOUT
L* ol 311 gapIxo JTTTE3ISH
1 031 €0° 311 Jodea 1T0 gaspuwany Surxa1dng
193 €0° y311 Jodes 110
_amypaw 03 2ulJi IYST1 apIXe uoal gaoewany SUFPIOH
pa313 do3 0z ©3 0 ﬂouxﬁﬁe. SOPIX0 JTTTEISM
p2313 wolloq 09 ©3 C-%SL ao /#4521 SPPIXC 2TTTRIDH
. 101 €0° £asoy 01 WIT] saodea 1Y0
7° 03 10° Aapay 03 YBJ1 asnp ‘ayoug | Burdap Jo Supipaysad afaeysr aceuwang
spunod
0z o1 g8 *33'n2/*al8¢ o3 z* -mo?d anyns ‘yse A14
t* o} a3vISPO SOpTIX0 OFITE3IoK
1 03 €0° 91BIIPOW saodea 110
#* o3 10° a3ea9poll ;jousg aopuany (a1y) A1032I9qI243Y
SapINO .
. ot1ie3ouw ‘srodesa ITO Buyyjow 20ruUAN UOTIINPU]
T 93 ¢€0" Anway . sxodea 110
L' oL ERY-BE TR s§apixo; dFTTEISH
¥+ o1 10° Aagal: aous SUTITeW S0BUANT DTI303TH
- Aapay Ipixoucll UOqIR)
1 03 €0° YT, s1odes 110
311 spunodwos angying
L° ol £apay 03 93BISPOH sapEo OTFTTe3I=2H
N %" 03 10°- Anewy ) aows
! 383900 03 BUTY dn % *33°nd/*33g 3Zaa1q o)
07 ©3 8 *33°*n0/*a3¢ 03 (A asnp ‘yse £14 BuryTew @2pruangy eiodn) ONT LT
000°1 23 Of ajexapol 31Snp 2u035IWTT

agIeCd 03 QJUT4H

*33*no/*a8¢ 03 ¢

Isnp INOH

s{elaoiem 233ey> Y3I1oM

4811 SucqaABD0IpAY pauInqu
5 03 10° Y81 ajowsg | 170 BuplIno Vacwol 03 SIUTWIN] puw
103 €0° Y311 s3odea T1T0 sZuTioq [ej°wW JE@IY I0 SINIFIJUI)
000°T °2 OF 3318.39pONW *puss puw 2ucjysIWTT ‘pues vOI1Ts ‘aedsaonyy .wuuloaou dNDIVH 39dVHD aNV

383803 0] IUTY *33°ma/ta3c 03 ¢ *ayon :3sng | ‘ouojsswyy ‘ayod ‘deads Jejsw aI03§ HOIVHOLS TVINILVH MVH
NOILVULNIONOD ddAL NOLLVEAdIO
JTITLEVd INHHLIVIIa
) ‘SNOTSSIWA

SINFWMIYV4Ad XIANN0A SOOTAVA NI
SNOISSIWA 40 SIOYNOS ANV SOILSTHALIVEVHD




EXHIBIT IV-1
o

Page

T03 ¢€0° sase3 a30)
€1 03 £-%0% *33'no/*asg Ouw\ﬁ Jang uoTlemei2al pur Sulfag
umjpam 03 SUutg 33e33pOK 3sOINIT2) )
UMJpaw 03 SULH IJBISPOU iv0o ®Ag
unipam 03 aulJd 23e33pol 833 TuOjUSg
" unpaw 03 IJUTd 23819pOR anoTg
ST ©3 Z-%0§ ragTnaftadc o3 ¢ 3sng BuIXTH
G1 o3 Z~%40§ *33°'no/*a3¢ 03 ¢ asng Sutuaaaog
we93s
GT 01 T~%0G *33'no/*a3g o3 ¢ 38nq w2548 Bul[puey pueg
ST 03 Z-%0s *33°na/*as8¢ o1 ¢ 38ng @8e1031s pums #MIN ONINOILIONOD aNVS
Joa0-Axaeo Aeads Ia3epm
[ 03 7-%0¢ 33'na/*a8z o3 6" aaao-A1aed Keads juleg dip pue Leads
siodea judajog Sujuted
uoTIsNgmod JO
v 103 €0° sjonpoad sed ‘siodea TF0 Suyzeeal jesy pur Suylesuuy
ST 03 Z-%0S BT suTsal paTFTIITA
auyt 14311 1PIIa3pW puUOy TI9YM
. 93 T-%L0S 33°no/tagg o3 ¢* asnp oAyseaqy
wnjpam 03 SUT] *a3*nd/ta8g 03 ¢ asnp PUES
[ @aoqy dn ®m*33°*no/*a8c 380p TRIIH Burputag
ST ©3 Z-%L0S dn ®*33°na/-adg 3sng Sutuestd sarseIqy ONTHSINIA ANV ONINVIID
£nesq ueals
$° 03 10" Lnewoy aoug
ST ©1 Z-%L0S *33°'no/*adg o3 ¢ I8N INO9YEYS
Kaeay - §3WN pue ajowg
07 23BI3POW J3pulq 2TIYIULS
#° 031 10 Aapog gouny opFxo unfsaulel
Anapoy sawny epraonyg
unppam 03 auld Y311 SIPIAO DTITTEISH
Anaway ssuny Sujoeg 9TqeaTTBH
Kawag 82583 210) uoIT I17IONP pue Avxn
Buganog (p,3102) LNOTAVHS -
(5UCIdTH) ANV ONI¥00d “ONITTIOW
4715 NOLILVILNIINGD ddAL NOILV93d0 INAWLUYIEd
_TI3ILAVd
SNOT SSTW,

SINIHLAVAId A¥aNNOd SNOT¥VA NI
SNOISSTIWE J0 SIIYNOS ANV SOLLSTHALIVIVHD




of 3

EXHIBIT IV-1
Page

ayousg
- - sosed ‘saodep R Butieqg
anfpam 03 Qufd . Y311 IS0p puEsg
wnipaw 03 JuTd Aaway asnp ulsey Suryewaaon
sIapuryg
¢T 93 [-%0S *13*na/*adc o031 ¢ ano14q .
auTd Aaeoy : asng 28830318 puES ONIAVHII0D
. (Su0IatH) .
ovaty NOILVELINIONOD| 4dAL NOIILv¥3do INTWLYVd3d
AIITLHVd _
- T . SNOISSIWH .

SINIWLAVdAd RHGNNOJ SNO0T¥VA NI
SNOISSIWA 40 SHJMNOS ANV SOILSIYALIVIVHO

- -/




EXHIBIT IV-2

‘%001 03 dn ppe jou op £Lsy] ‘po3xodsx se seTlTIUEBN]Y) 9ION

1°1 1°0€ L°%1 71 0°02 'S 0°1 9°11 061
0°T 0°02 0°8¢ 0°¢ 0°1 0°¢e EXA
0°S 0°¢ 0°0T  %0°T 0°'s 0°01 0°S 0°01 911
0°LZ 1°¢ 8°1€ %S0° hL'E 9°8 €11
6°0 L0 TY £'9¢ 06
%0° %2 o L°8T Wl %€°1 L'yl 8
AL - BTTTT 99
S@1qI3isnquo)  9pPIXQ  SPTXOTJ BPTIXO SPIX0  IPTIX0 SPTIX0 SPTX0 SPTX0 Jaquny
unIdledy UODTITIS JUTI7 uWnuiunyy peo] ossuelduepl uUmisaulel] U0AT Aapunog

3jueniy3Id erodn) UT IY3IoM Aq Judoaeq

.. SNOISSIWHZ ALVINOILY¥Vd VI0dN) 40 NOILISOdWOD TVOLIWAHD




Sources:

1,

EXHIBIT IV-3

PARTICLE SIZE DISTRIBUTION~CUPOLA EMISSIONS

Cumulative Percent by Weight

Diameter in Mlcrons
-1 -2___-5 -10 =20 =50  ~100  -200

30% 50% 65% 82% 90% 99%
64 82 98 99

2 12 34 92 99 99%
13 28 45 55 60
54 86 98 99 99 99
14 15 15 21 99
19 25 99
99 99
0,6 2 3 8 99 99
4 5.5 7 13.7 75 80
11 13 32 53 75 94
8 12 17 28 69 89
18 25 38 62
17 26 36 53
24 28 23 42
26 30 32 4t
0 7 25 32 34 41 56 61
0 7 24 41 47 32 69 81

The Cupola and Its Opération,
Third Edition, 1965}
American Foundrymen
p. 82,

s Society,

Air Pollution Engineering Manual,

Public Health Service Publication,
No.999-AP-40, 1967
Department of Health, Education, and Welfare,
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EXHIBIT IV-6
Page | of Z

SIZE DISTRIBUTION FOR THREE ELECTRIC
ARC INSTALLATIONS

Particle Size
Distribution, Microns Foundry A* Foundry B Foundry C

Less than 1 5% 8% 18%
Less than 2 15 54 61
Less than 5 28 80 84
Less than 10 41 89 91
Less than 15 55 93 94
Less than 20 68 96 96
Less than 50 98 99 99

Note: *Foundry A provided an agglomerated sample and is,
therefore, less representative.

A. T.XEARNEY & COMPANY, Ixc.




EXHIBIT IV-6
Page Z ot 2

CHEMICAL ANALYSIS OF ELECTRIC ARC EMISSIONS

Oxides Foundry A Foundry B Foundry C
Iron 75%~85% 757-85% 75%-85%
Silicon 10 10 10
Magnesium 2 0.8 1
Manganese 2 2 2
Lead 1 2 0.5
Aluminum 0.5 1 0.5
Calcium 0.3 0.2 0.8
Zinc 0.2 2. 0.3
Copper 0.04 0.03 0.01
Lithium 0.03 0.03 0.03
Tin 0.03 0.3 0.02
Nickel 0.02 0.03 0.01
Chromium 0.02 0.07 0.02
Barium 0.02 0.07 0.01
Loss on Ignition 8.87 3.1 0
Ash 91.93 96.9 100

A. T.KEARNEY & COMPANY. Inc.




EMISSIONS DATA FROM

ELECTRIC ARC MELTING FURNACES

EXHIBIT IV-7

% | Furnace Furnacdkurnace Emissions

-% Shell Charge | Cycle Produced

3| Diameter Tons | Hours | Lb/Ton Charge
= Feet

1 11.0 15 1.15 12.0(Est.)
2 12.0 20 1.5 6.0

3 8.0 5 1.0 20.0

4 12.0 20 2.5 18.3

5 7.0 3 1.75 10.0

6 12.0 25 4,0 4.0

7 8.0 5 1.0 40.0

8 7.0 3 1.75 12,7

9 7.0 2 2.0 10.7
10 7.0 2 1.3 13.4
11 7.0 3 2,0 5.3

12 9.0 6 2.3 15.3
13 9.0 6 2.0 12.8
14 11.0 18 3.0 6.1
15 9.0 6 1.2 29.4

16 9.0 6 1.75 12.7

17 8.0 4 2.0 11.0

18 11.0 14 1.75 7.5

19 12.0 19 1.7 15.0

Sources: 1- 4 Foundry Visits
5- 9 AFS Foundry Air Pollutjion Manual
10-19 Los Angeles Air Pollution Manual




RATE OF DUST GENERATION-PERCENT

100 ~

EXHIBIT IV-8

RELATIONSHIP BETWEEN RATE OF EMISSIONS
AND HEAT CYCLE FOR ELECTRIC ARC MELTING

80
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Source:

20 30 40 50 60 70 80 90 100
HEAT TIME.-— PERCENT

Coulter, 1954, Los Angeles Air Pollution Manual.
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EXHIBIT IV-12

GAS VOLUME EVOLVED AS A
FUNCTION OF VOLATILES
'CONTAINED IN MOLDING SAND

80

60

GAS EVOLVED AT 1,500°F - FT3/FT>

50

0

70

g

0

1

2 3 4 5 6 7 8 g 10 1 12 13

ENDOTHERMIC VOLATILES (MOISTURE, VOLATILES IN BINDER & ADDITIVES)

Note:

LB. VOLATILES/FT.3 SAND ‘

Adapted from an article by F. Hoffman, "Property Changes
and Conditioning of Repeatedly Circulating Foundry
Sand Systems,'" Modern Casting, October, 1967.




GAS PER GRAM OF BAKED CORE
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EFFECT OF BAKING TIME ON
GAS GENERATED DURING POURING
FOR VARIQUS BAKING TEMPERATURES

Note:

1 2 3 4
BAKING TIME IN HOURS

Adapted from Foundry Core Practice by
H. Dietert, 1966, p. 172.

EXHIBIT IV-13




EXHIBIT IV-14

20

EFFECT OF SAND TO OIL
RATIO ON AMOUNT OF
CORE GAS GENERATED

DURING POURING

i
LA

CC. GAS PER GRAM OF BAKED CORE
t—l
o

Source:

88:1 72:1 56:1 40:1
SAND RATIO BY WEIGHT

Foundry Core Practice, H., Dietert, 1966.

24:1




Region

EXHIBIT IV-15

INVENTORY OF IRON FOUNDRY EMISSTIONS
FROM MELTING OPERATIONS, 1969

Total .
. Particulate Carbon Particulate Carbon
Castings Molten Iron  Emissions Monoxide Emissicns Monoxide
Production Production Generated, Generated, Emitted, Emitted,

New England
Maine

Tons (1} Tons (1) Tons (3) Tons (3) Tons_(4) Tons (5)
" 235,000 362,000 3,800 49,000 2,800 24,500

New Hampshire

Vermont

Massachusetts
Rhode Island

Connecticut

Middle Atlant

New York
New Jersey

ic 3,501,000 5,143,000 51,000 594,000 38,000 297,000

Pennsylvania

East N. Central 8,225,000 12,613,000 126,000 1,541,000 94,500 770,500

Ohio
Indiana
Illincis
Michigan
Wisconsin

West N. Central 607,000 881,000 2,100 115,000 6,800 57,500

Minnesota
Lowa
Missouri
Nebraska
Kansas

N. Dakota
§. Dakota

South Atlanti

Delaware
Maryland
Virginia

W. Virginia
N. Carolina
5. Carolina
Georgla
Florida

c 473,000 £62,000 6,800 88,000 5,100 464,000

East S, Central 2,300,000 2,887,000 27,700 304,000 20,800 152,000

Kentucky
Mississippi
Alabama
Tennessee

West 5. Central 531,000 748,000 7,700 100,000 5,800 50,000

Arkansas
Louisiana
Oklahoma
Texas

Mountain
Montana
Colorado
Arizona
Nevada (2)
Idaho
New Mexico
Wyoming (2)

Pacific

- Washington
Oregon
California
Hawaii
Alaska

Total

Notes: (1)

(2
¥

(&)

(5)

243,000 332,000 3,300 38,000 2,500 19,000

(2)

499,000 739,000 7,600 95,000 3,700 47,500

16,614,000 24,367,000 243,000 2,924,000 182,000 1,462,000

Castings and molten iron production quantities from cupolas and electric
arc furnaces only.

No iron foundries are located in Nevada, New Mexico, and Wyoming.

Particulate emissions and carbon monoxide generated are the estimated
maximum produced.

Particulate emigsions emitted are estimated at 75% of maximum produced,
with an average 25% being collected.

Carbon momoxide emitred 1s estimated at 50% being burned and 50% re-
leased to the atmosphere.

:




Repion

INVENTORY OF TRON FQUNDRY EMISSTONS
FROM NON-MELTING OPERATIONS, 1969

Castings
Production
Tons

Molten Iron
Production
Tons

Total

Particulate

Emissions
Generated
Tons

EXHIBIT IV-16

Particulate
Emissions
Emitted

Tons

New England
Maine
New Hampshire
Vermont
Massachusetts
Connecticut

Middle Atlantic
New York
New Jersey
Pennsylvania

East North Central
Chio
Indiana
Illinois
Michigan
Wisconsin

West North Central
Minnesota
Iowa
Missouri
Nebraska
North Dakota
South Dakota

South Atlantic
Delaware
Maryland
Virginia
West Virginia
North Carolina
South Carolina
Georgia
Florida

East South Central

Kentucky
Mississippi
Alabama
Tennessee

West Scuth Central

Arkansas
Leouisiana
Oklahoma
Texas

Mountain
Montana
Colorado
Arizona
Nevada
Idaho :
New Mexicg(l)
Wyoming {1

Pacific
Washington
Oregon
California
Hawaii
Alaska

Total
Note: (1)

239,000

3,643,000

8,453,000

677,000

485,000

2,327,000

551,000

249,000

531,000

368,000

5,603,000

13,001,000

1,041,000

746,000

3,579,000

847,000

383,000

817,000

21,000

319,400

741,100

59,300

42,500

204,000

48,300

21,800

46,600

17,155,000

Wyoming.

26,385,000

No iron foundries are located in Nevada,

1,504,000

1,100

16,200

37,700

3,000

2,200

10,400

2,500

1,100

2,400

76,600

New Mexico, and
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Foundry Process

Raw Material Handling
and Preparation

Melting Procesases
Cupola
Electric Arc
Electric Induction
Inoculation
Mold Pouring & Cooling
Shakeout

Enclosed Hood
Side Hood

Sand Preparation & Handling

Shakeout Molding Sand
New Sand .
Core Sand

Coremaking

Mechanical Material Handling
Pneumatic

Bake Oven

Grinding

Casting Cleaning

Afrless Abrasive
Blast Rooms
Tumbling Mills
Sprue

Grinding
Snagging

Swing Frame
Portable

Boiler Fly Ash
Chain Grate
Spreader Stoker
Pulverizer

Paint Ovens

0il Burn-off Furnaces

Pattern Shop

Wood
Metal

APPLICATION OF EMISSION CONTROL EQUIPMENT SYSTEMS TQO FOUNDRY PROCESSES

Wet Scrubber

Dry Mechanical Medium Intermediate High
Low Pressure Medlum Low Pressure Pressure Pressure Presgsure Fabric Filter Electrostatic
Loss Pressure Loss Loss Loss Loess Cotton or Orlon or Precipitator
Cyclene Loss {Wet Cap) 4-8" 920" "21-80" Wool Dacron Nomex Glass Dry -
No Rare No * Rare No No Rare No No No No No
1
Rare Frequently Frequently Frequently Frequently - Frequently No Rare Dccasionally Frequently Rare No
No No No No Rare Occasionally Rare Usual Rare No Rare No
No Ho No No No No No No No No No No
No No No Rare Rare Rare Occasionally Rare Rare No No No
No No No Rare No No No No No No No No
Rare Occasionally No Usual Occasfonally No Occasionally Ne No No No No
No Rare No Usual Occasionally Ne Occasionally No No No No No
Rare Decasionally No Usual Rare No Rare No No No No No
Rare Occasionally  Ne Usual Rare No Occagionally - No No No Ho No
Rare Occaslionally Ho Usual Rare No Occagionally No No No Ho No
Rare Rare No Frequently No No Frequently No No Ro Ho " No
No No No Rare No No Usual - No No No No No
No No No No No No No No No No No No
Rare Occasionally No Frequently No No Frequently No No No No No
No Rare No Frequently No No Usual No No No No No
No Rare No Usual ? No Usual No No No No No
No Rare No Usual ? No Usual No No No No No
No Occasionally  No Usual 7 No Usual No No Wo No Ho
Frequently Frequently No Frequently No No Frequently No No No No No
Rare Frequently No Frequently No No Frequently No No No No No
Rare Frequently No Usual No No Usual No No No Ne No
No Occasionally No Ne No No No No No No No No
No Usual Ho No No No No No No No No No
No Usual Ho No No No No o No No Frequently No
No No No Ne No No No No No No No No
No No No Rare No No No Ho No No | No No
Usual Rare No Rare No No Occasgionally No No No No No
Frequently Usual No Rare No No Occasionally No No No No No

Sources: Foundry Alr Pollution Control Manual, American Foundrymen's Society, 1967.
American Alr Filter, Duat Collector Selection Guide, Bulletin 268-A, Qctober, 1966,
Personal notes of John Kane.

EXHIBIT IV-17

Catalytic

-Combustion

No

No -
No
No
No

- No

No

No
No

Ho
No
Frequently
No

No
No
No
No

No
No

No
No
No
Frequently

Frequently

No
Ne
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EXHIBIT IV-18
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SUMMARY STATISTICS - AIR POLLUTION CONTROL EQUIPMENT
ON GRAY TRON FOUNDRY MELTING FURNACES
(Number of Foundries)

Type of Furnace

Group by Size (1967 Value Electric Electric
of Gray Iron Shipments) Cupola Arc Induction Other Total
Total respondent foundries 1,232 42 73 29 1,376
Under $500,000 525 20 3L 25 604
2500 ,000 to $999,999 223 4 11 2 240
1,000,000 to $2, 499 999 221 10 16 - 247
$2,500, 7000 to $9,999, 7999 172 3 5 - 180
$10 000 000 and over 29 3 4 1 37
Value not reported 62 2 3 1 68
Total respondent foundries
without furnmace air pollution ) 18 79 29 1.172
control equipment - 1,05
Under $500,000 514 T k1 25 58%
$500,000 to $999,999 200 - 11 2 213
51, 000 000 to $2, 499 999 178 4 16 - 198
$2,500 000 to $9 999, 2999 107 - 5 - 112
$10 000 ,000 and over 7 1 4 1 13
Value not reported 46 2 3 1 52
Total respondent foundries
with furmace air pollution
control equipment 180 24 - - 204
Under $500,000 11 ] - - —20
$500,000 to $999,999 23 4 - - 27
$1,000,000 to $2,499,999 43 6 - - 49
$2,500, 7000 to $9 999, 7999 65 3 - - 638
$10 000 000 and over 22 2 - - 24
Value not reported 16 - - - 16
Type of equipment
Wet Cap 95 - - - 95
Fabrlc filter - 39 20 - - 59
Particulate wet scrubber 30 4 - - 34
Mechanical collector
(Cyclone) 15 - - - 15

Electrostatic precipitator 1 - - - 1




EXHIBIT IV-18
age 2 ©

SUMMARY STATISTICS - AIR POLLUTION CONTROL EQUIPMENT
ON GRAY IRON FOUNDRY MELTING FURNACES
(Number of Foundries)

Type of Furnace
Electric Electric

Group by Census Regions Cupola Arc Induction Other Total
Total respondent foundries 1,232 42 73 29 1,376
New England 87 - & L 95
Middle Atlantic 229 4 11 3 247
East North Central 428 14 23 7 472
West North Central 115 2 2 2 121
South Atlantic 121 4 5 1 131
East South Central 100 2 S 1 108
West South Central 62 - 7 4 73
Mountain ‘ 18 2 6 1 27
Pacific 72 14 10 6 102

Total respondent foundries
without furnace air pollution

controls 1,052 18 73 29 1,172
New England 78 - L L 86
Middle Atlantic 207 - 11 3 221
East North Central 356 6 23 7 392
West North Central 103 1 2 2 108
South Atlantic 110 2 5 1 118
East South Central 88 1 5 1 95
West South Central 59 - 7 4 70
Mountain 15 1 6 1 23
Pacific 36 7 10 6 59

Total respondent foundries

with furnace air pollution

controls 180 24 - - 204
New England 9 - - - 9
Middle Atlantic 22 4 - - 26
East North Central 72 8 - - 30
West North Central 12 1 - - 13
South Atlantic 11 2 - - 13
East South Central 12 1 - - 13
West South Central 3 - - - 3
Mountain 3 1 - - 4
Pacific 36 7 - - 43

Source: Based on a survey conducted on BDSA Form 807--Gray Iron Foundry--
Air Pollution Control.
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SAMPLING AND ANALYTICAL TECHNIQUES

INTRODUCTION

Sampling and analytical techniques for the determination
of emission rates from industrial processes have been stan-
dardized for many specific particulate and gaseous materials.
The techniques described in the following paragraphs are those
most widely used in the testing of iron foundry emissions
testing., The format and wording for most procedures correspond

to the source indicated for each procedure.

SAMPLING TECHNIQUE

Scope

The primary objective of stack testing is to determine
the nature and/or quantity of emissions being released into
the atmosphere. Sampling procedures that follow are applicable

to the cleaned gas side of the control unit.

Apparatus

The accuracy of emission testing results is dependent
upon qualified personnel conducting the test and the use of
the proper apparatus for the material to be collected., Figure
1 illustrates information on sampling locations and apparatus

most commonly involved in stack testing.

Sampling Principles

The location and number of sampling points are based on

size and shape of the duct, uniformity of gas flow in the duct,

A. T KEARNEY & COMPANY, INc.
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availability of an adequate sampling port, and the space re-
quired to set up the equipment., Unfortunately, ideal condi-
tions are seldom found in field testing and agreement on these

~

factors must be reached before conducting the test.

To insure constancy of test conditions and fesults, com-
plete information must be developed as to continuous or cyclic
operation; nature, weight and composition of materials; gas
volume and fluctuations; pressure; temperature and humidity;
presence of other devices such as afterburners; and related
conditions affecting the operation and equipment. These
factors will regulate the time, number and duration of test

runs.

Stack Gas Velocity

To determine particulate concentration in an exhaust
stack, isokinetic source sampling must be used. This is the
condition that exists when the velocity in the nozzle of the
sampling tube is exactly the same as that in the stack,
Isokinetic sampling is not mandatory when only gaseous sub-

stances are to be assayed.

In isokinetic sampling, the traverse area of the duct
must be divided into equal areas and a pitot traverse taken.
The use of the S-type pitot is recommended where particulates
are involved to avoid any possibility of partial plugging
and faulty readings. The velocity at each point must be

calculated, and the volume of flow required to maintain that

A.T. KEARNEY & COMPANY, INc.
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velocity in the sampling tip should volume fluctuate. Provi-
sions must be made so that the volume can be recalculated im-
mediately each time the pressure changes at the meter. However,
when sampling is downstream from a gas cleaner, the volume is
controlled by the system's fan and remains relatively constant

and this procedure may not be necessary.

Detailed procedures on conducting velocity measurements
are given in Bulletin WP-50 of the Western Precipitation
Company, ASME Performance Test Code 27-1957 and the Industrial
Ventilation Manual of the American Conference of Governmental

Industrial Hygienists.

Concurrent with conducting the pitot traverse, it is es-
sential to determine the temperature of the stack gas. The

measuring device will be dependent on the temperatures involved.

Sample Probe

In assembling the sampling probe, teflon tape should al-
ways be used instead of pipe dope to prevent adherences of
particulates. Long radius bends should be used instead of el-
bows to facilitate cleaning. The probe should be just long
enough for the task at hand. The rest of the train should be

assembled and tested for leaks.

Temperature and Humidity

If the gas sampled is hot and humid, condensation may
occur in the probe or in the filter holder. The probe or

filter holder must be heated to stop condensation from occurring

A. T KEARNEY & COMPANY, INc.
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because the water formed will trap water on the walls of the
apparatus and will interfere with the filtration of particulates.
Temperature control baths may be required for gas absorbers.
In some cases the probe can be provided with a water cooling

jacket.

Condensation

A condenser in the sampling train is required if the gas
is humid. This serves two purposes. First, it removes excess
water which may condense and damage the gas meter. Second,
and of vital importance, a condenser gives assurance that the
gas passing through the train is saturated at an identifiable
point, This provides the basis for exact calculations of the
volume of dried gas metered and conversion to standard condi-

tions.

Collection Devices

The characteristics of the material in the stack will
determine the collection method required. Dry filter mediums,
of a variety of types, are most commonly used for particulate
matter., Although in some cases the wet impingement method
followed by a thimble is used. Gases are collected in ab-
sorbers with a proper absorbing solution. Grab sample units

are available for spot sampling.

Flow Meters

If a dry gas meter is used, it must be calibrated before

each use. If an orifice meter, or flow-type meter, is used

A.T.KEARNEY & COMPANY, Ixnc.
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it must also be calibrated each time, and it must have enough
sensitivity so that readings can be obtained to less than one
percent, Finally, if volume is obtained by multiplying an

instantaneous reading by the time of the operation, fluctuations

must be kept to one percent.

Vacuum Source

A vacuum source is required to draw the sample from the
stack through the sampling train. A variety of pumps or ejec-
tors are available for this purpose. Their capacity must be
sufficient to draw the gas through the sample train at the re-
quired volume. The range is from one liter to several cubic

feet per minute.

Sampling time will be dependent upon the factor of ob-
taining a representative sample of the operation. It may vary
from several long continuous integrated samples of 30 to 60

minutes or a number of short samples of 5-10 minutes.,

ANALYTICAL PROCEDURES

Introduction

Analytical procedures for a number of materials are given
in the sections that follow. All calculations must be accord-
ing to standard procedures and the standard conditions of tem-
perature at 70 degrees Fahrenheit and an atmospheric pressure

of 29.92 inches of mercury.

A.TKXKEARNEY & COMPANY, INC.
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Particulate Matter

(a; Scope

The definition of particulate matter accepted by the dust

collection industry is given in the ASME Performance Test Codes
21-1941 and 27-1957., 1In essence, this defines particulate mat-
ter as all filterable solids present at standard temperature in
an effluent gas stream.

(b) Auxiliary
Apparatus

Filter Media

Efficiency of collection must be
at least 99% for all particulates
encountered and must be resistant
to both heat and moisture.

- Balance - Macro analytical balance or
equivalent.
- Drying Oven - Suitable for drying filters for

about 5 hours at 105° C,

Desiccation To retain dried filters before

weighing.

(c) Sampling
Procedure

The first step in sampling is to prepare the filtering
medium. An identification number should be provided for each
filter and recorded on a separate data sheet. Prior to weigh-
ing, the filter should be dried for about 5 hours at about 1050
C and then weighed immediately. This weight should be recorded
on the data sheets and not on the filter. In order to keep
weighing errors at a minimum, careful handling of the filters

is required,

A . T.XEARNEY & COMPANY, I~vc.
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Preferably the pitof traverse, temperature and humidity
readings should be taken not more than one-half hour before
sampling is begun. Assemble the sampling train as shown in
Figure 1 and proceed with the sampling by inserting the‘probe
into the test stack. Continual observation of the sampling
train during the entire sampling period is required to record
any changes in pressure, temperature and airflow. This infor-
mation, along with' barometric pressure, sampling time and rate,
is recorded on the sampling data sheet. Complete information

on the process should also be noted on the sampling data sheet.

Length of the sampling time, at any specific point in the
stack, will be contingent upon changes, if any, in the process
or fluctuations of air volume. The sampling time should at
least cover a complete cycle and will vary from 30-60 minutes.
If airflow is not uniform in the stack, 5- to 10- minute samples
at each of the traverse points should be obtained. Samples
taken during start-up and burn-down periods should, as a rule,
be considered separately from those taken during the production

cycle of the cupola.

After a run is completed the probe must be cleaned of
retained particulate matter. An acceptable procedure is to
brush with a long flexible brush while the sample train is
pulling in c¢lean air. For other contaminants, follow pro-

cedures, if any, indicated for the specific material.

A.T.KEARNEY & COMPANY, Inc.
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(d) Sample
Preparation

Collected samples should be dried and placed in a desic-
cator to reach equilibrium before weighing. The difference
between the original weight and final weight is the total

amount of particulate matter collected,

(e) Calculations

The total particulate matter collected is expressed in
grams. From this value, calculations can be made to express
the findings in grains/SCF, pounds/hour, or pounds/1,000 pounds
of gas, using the following constants:

One (1) gram
One (1) pound 7,000 grains

One (1) gram 0.002205 pounds
One (1) standard cubic foot of air = 0.075 pounds

15.43 grains

| I

1. Grains/SCF

Grains/SCF = (Grams) (15°432-

Total SCF sampled

2. Pounds/Hour

Pounds/hour = 60 (grains/SCF) (total gas volume to atmosphere - SCFM)
7,000 —

3. Pounds/1,000 Pounds Gas

Pounds/1,000 Pounds gas = (prams) (2.205)
(0.075) (total SCF sampled)

Arsenic

Source: American Conference of Governmental Industrial
Hygienists.

A . T.KEARNEY & COMPANY, INc.
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(a) Scope

Stack sampling for arsenic is based on the reaction of
arsine with silver diethyldithiocarbamate. The amount of
arsenic, in the air sample, is read directly from the calibra-
tion curve,

(b) Auxiliary
Apparatus

- Greenberg-Smith Impinger.
- Beckman DU Spectrophotometer with photomultiplier
or equivalent

- Arsine Generator (See Figure 2)

(¢) Reagents

Silver Diethyldithiocarbamate - a cooled solution of
silver nitrate (1.7 g in 100 ml distilled water) is added to
a cooled solution of sodium diethyldithiocarbamate (2.25 g in
100 ml distilled water). The lemon yellow precipitate is
filtered off, washed thoroughly with distilled water and dried

in a vacuum desiccator below 20° C.

Pyridine - Mallinckrodt reagent grade pyridine is passed
through an alumina column 1 inch in diameter and 6 inches in
depth, at the rate of approximately 150 ml per hour. This

process may remove a considerable quantity of colored material.

Arsine Absorbing Solution - Dissolve 1 g of silver
diethyldithiocarbamate in 200 ml of chromatographed pyridine

and filter the solution.

A.T.KEARNEY & COMPANY, INc.
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Hydrochloric acid - Baker's analyzed, specific gravity

1.19.

Potassium Iodide Solution - Dissolve 15 g reagent grade

potassium iodide in 100 ml distilled water.

Stannous Chloride Solution - Dissolve 40 g stannous

chloride dihydrate in 100 ml hydrochloric acid.
Zinc - Baker's analyzed; granular 20 mesh.,

Lead Acetate - Dissolve 10 g reagent grade lead acetate

in 100 ml distilled water.

Arsenic Standard Stock Solution ~ Dissclve 1.320 g arsenic
trioxide in 10 ml of 407% sodium hydroxide and diluted to 1
liter with distilled water. (Various strengths of standard
solutions are prepared by further dilﬁting this stock solution

with suitable volumes of water, triple distilled in glass.)
Nonag - Stopcock grease, Fischer Scientific Co,

(d) Sampling Procedure

Assemble sampling train of probe, impinger with 100 ml of
distilled water, flow meter and vacuum pump. Sampling rate is
at 1 CFM for a period long enough to provide a minimum of 30

cubic feet at standard conditions.

A. T KEARNEY & COMPANY, Ixc.
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(e) Analvtical Procedure

Calibration curve - known microgram amounts of arsenic
(1-15 micrograms) in the form of standard arsenic solution
are pipetted into 125 ml Erlenmeyer flasks., Distilled water
is added to make the total volume 35 ml. To the flasks are
added 5 ml hydrochloric acid, 2 ml 15% potassium iodide
solution, and 8 drops of stannous chloride solution. The

flasks are swirled and allowed to stand for 15 minutes.

Three ml of the pyridine solution of silver diethyldi-
thiocarbamate are placed in the absorbing tube, which is
attached to the scrubber containing glass wool impregnated

with lead acetate. (See Figure 2.)

The ground joints are lubricated with '"Nonag' stopcock
grease, 3 g of granulated zinc are added to the solution in
the flask, and the receiving tube is inserted immediately.,

Arsine evolution is completed in about 30 minutes.

At the end of this time, the absorbing solution is
transferred to a 1 cm square cell and the absorbance measured
at 560 millimicrons in the Beékmén spectrophotometer. Plotting
measured absorbances against micrograms of arsenic taken pro-

duces the standard curve.

Air samples, after the previously described preparation

treatment, are treated in the same manner as the standards.

A . T.KEARNEY & COMPANY, I~NcC.
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(f) Calculations

Arsenic, in the form of arsine, displaces an equivalent
amount of silver from silver diethyldithiocarbamate..

mg, As/M3

It

V'Y
1,000-v-Va

Where v aliquot (ml)

total sample (ml)

micrograms in v

gas sample volume, in cubic meters,

at standard conditions

o wonan

\Y
Y
Va

Beryllium

Source: Michigan Department of Public Health.

{a) Scope

This method describes a procedure for determining

beryllium in stack gases.

(b) Auxiliary
Apparatus

- Millipore filters and holder.
- Bausch & Lomb Large Littrow Emission Spectrograph

or equivalent.

{c) Reagents

Platinum Internal Stock Solution - Purchase directly from
Jarrell-Ash Company a 107 platinic chloride solution. This

calculates out to be 57.88 mg platinum in 1 ml solution.

Platinum Internal Standard Working Solution - Pipette 1 ml

of platinum stock solution containing 57.88 mg Pt per ml intoc a

A.T.KEARNEY & COMPANY, Inc,
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25 ml volumetric flask, take to volume with water giving a

solution containing 116 micrograms platinum/.05 ml.

Standard Beryllium Solutions:

1. Beryllium stock solution. Dissolve ,0982 g of

BeS04+4H20 in 10 ml of redistilled 1l:1 hydrochloric acid

and dilute to 100 ml with distilled water. Solution contains
5.0 mg beryllium per 100 ml or 2.5 micrograms Be/.05 ml.

2. Working beryllium standard solutions. These

should be prepared from the stock solution just before use.
Suggested concentrations are from .003 to .5 microgram Be/.05
ml.

Nitric Acid - To clean all laboratory glassware.

(d) Sampling
Procedure

Assemble sampling train of probe, millipore filter and
holder, flow meter and vacuum pump. Sampling rate at 1 CFM
for a period long enough to provide a minimum of 10 CF at
standard conditions.

(e) Analytical
Procedure

The millipore filter containing the sample is transferred
to a chemically clean 125 ml beaker. The filter and sample are
wet ashed with nitric acid. The residue is then dissolved in
3 ml of concentrated nitric acid and 1-2 ml of distilled water,
Transfer to a graduated centrifuge tube, rinse the beaker with

water and add the rinsing to the sample solution. Evaporate to

A.T.KEARNEY & COMPANY, Ivc.
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a volume of 0.2 ml and if an appreciable amount of salt is

present, a volume of more than 0.2 ml may be required.

The standard curve is plotted on log-log paper and
micrograms Be per .05 ml is plotted versus the intensity
ratio ¢f Be 2348.6 line over Pt 2357.1 line. The standard
curve is usually set up in the range of .003 microgram Be/.05
ml to .5 microgram Be/.05 ml. Six beryllium concentrations

used to establish the working curve are prepared as follows:

For the first 3 concentrations, the stock solution
containing 50 micrograms Be/ml is diluted 1 ml to 100 in
distilled water giving a working solution of .5 microgram
Be/ml.

1. .003 microgram Be/.05 ml. Pipette 1.2 ml of
working standard beryllium solution (.5 microgram Be/ml) into
a 10 ml volumetric flask and take to volume with water.

2. .005 microgram Be/.05 ml, Pipette 2 ml of
working standard beryllium solution (.5 microgram Be/ml) into
a 10 ml volumetric flask and take to volume with water,

3. .01 microgram Be/.05 ml., Pipette 4 ml of
working standard beryllium solution (.5 microéram Be/ml) into
a 10 ml volumetric flask and take to volume with water,

4. .05 microgram Be/.05 ml. Pipette .2 ml of stock
beryllium solution (50 micrograms Be/ml) into a 10 ml volumetric

flask and take to velume with water.

A.T.KEARNEY & COMPANY, INnc.
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5. .1 microgram Be/.05 ml, Pipette .4 ml of stock
beryllium solution (50 micrograms Be/ml) into a 10 ml volumetric
flask and take to volume with water.

6. .5 microgram Be/.05 ml, Pipette 2 ml of stock
beryllium solution (50 micrograms Be/ml) into a 10 ml volumetric

flask and take to volume with water.

Spectrographic apparatus, materials and exposure conditions
are as follows:

1. Optical conditions - 10 micron slit is used in
the spectrograph.

2. Densitometer - Non-recording National Spectro-
graph Spec Reader,

3. Electrodes ~ Upper Electrode (cathode) United
Carbon Products Company, 3/16'" diameter, sharpened to a point
in a regular de-leaded pencil sharpener. Lower Electrode
(anode). United Carbon Products Electrode, catalog No. 100-L,
1/4" diameter, crater is 3/16" diameter and 5/32" deep.

4., Exposure conditions - 220 volts DC arc, operating
at 7.5 amperes with a constant gap of 5 mm maintained between
the anode and cathode, exposure time is until burn-out of
lithium chloride buffer.

5. Photographic - Eastman Kodak Spectrum Analysis
No. 1 Plate, developed 3.5 minutes in Eastman D-19 Developer
at 68° F and fixed for 8 minutes in Eastman Koda Fixer (National
Spectrographic Developing machine). FEmulsion is calibrated by

use of the two-step filter in front of the slit. The density of

A T.KEARNEY & COMPANY, INc.
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the filter section is given by Bausch and Lomb Company, makers
of the filter,

6. Nitrogen - AirCo dry nitrogen, flow rate regu-
lated by F. W, Dwyer Manufacturing Company flow meter, maximum
flow rate 6 liters per minute, regulator 3,000 pounds. The
_nitrogen flow around the electrode is between 3-4 liters per

minute,

Preparation of the electrodes for both standard curve and
sample analysis is as follows: A 1/4" diameter electrode is
waterproofed by immersion in Dow Corning silicone sclution
(2% in acetone), and air dried for at least 30 minutes. A 10
mg charge of lithium chloride-graphite buffer is placed in the

electrode and packed by tapping gently on the table top.

Into the electrodes prepared as described above is pipetted
.05 ml of the platinum internal standard working solution (116
micrograms/.05 ml). The electrodes are placed in a 60° C oven
and allowed to dry. Upon removal from the oven, .05 ml of the
standard beryllium solution is pipetted into the appropriate
electrodes. From the centrifuge tubes, where the samples have
been evaporated down, is pipetted .05 ml into the appropriate
electrodes. The electrodes are then returned to the 60° C oven
and maintained at that temperature until dry. The temperature
is then brought up to 105° C and maintained at that temperature
for 1 hour. The electrodes are now removed from the oven and

are ready for analysis., After the spectrograph and power

A T.KEARNEY & COMPANY. Ixnc.
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supply have been set as previously described, the electrodes

are placed in the respective electrode holders. The nitrogen
flow is turned on and set at a rate of between 3-4 liters per
minute around the lower electrode. With the shutter open during
the entire exposure the arec is lit and allowed to run until
burn-out of the lithium chloride buffer which 1s indicated by

a vanishing of the red lithium color.

After the plate has been developed and dried as described
previously, it is placed on the densitometer and the percent
transmission set to 100 on a clear portion of the plate. The
percent transmittance value of Be 2348.6 and the backgréund
adjacent to this line is read. The percent transmittance
value of Pt 2357.1 line is also read. Through the use of the
gamma curve the percent transmission values of the bismuth line
and the background adjacent to it and the Pt line are trans-
formed to I values and a ratio taken of 1 value Be 2348.6 over
I value Pt 2357.1 made. Each one of the varying concentrations
of beryllium standard curve and of the sample is run in tripli-
cate and an average of these taken for the final calculatiom.
The amount of beryllium per .05 ml sample is read from the

standard curve.

(f) Calculation

micrograms Be/M3 = V.Y
v.Va
where v = aliquot (ml)
V = total sample (ml)
Y = micrograms in v
Va = @gas sample volume, in cubic meters,

at standard conditions
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Cadmium

Source: Michigan Department of Public Health,

(&) _Scope

Stack testing for cadmium can be accomplished by the
polarograph method using a dropping-mercury electrode with
the sample as the electrolyte.

(b) Auxiliary
Apparatus

Sargent Polarograph - Model XXl; recording type or

equivalent.

(c) Reagents

Standard Lead Solution - Dissolve approximately 25 grams
of C.P. Pb(NO3)2 in minimum of hot water and cool with stir-.
ring. Filter with suction on small Buchner funnel. Repeat
recrystallization. Dry crystals at 100°-110° C to constant
weight, cool in desiccator and store in tightly stoppered pyrex
bottle. The product has no water of crystallization and is not
appreciably hygroscopic. Weigh exactly 0,1599 grams of recry-
stallized C.P, Pb(NO3),, put into 500-ml volumetric flask, and
take to volume with 0.1 N HCl. This gives a standard lead
solution containing 200 micrograms Pb/ml with 0.1 N HCl as the
electrolyte. The 0.1 N HC1 should be prepared from constant

boiling hydrochloric acid.
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Standard Cadmium Solution - Weigh exactly 0.2744 grams of
Cd(NO3)9-4H70 into a 500-ml volumetric flask and take to
volume with 0.1 N HCl. This gives a standard cadmium solution
containing 200 micrograms cadmium per ml with 0.1 NHCl as the
electrolyte. As in the lead solution the 0.1 N HCl should be

prepared from constant boiling hydrochloric acid.

Oxygen Absorbent for Purification of Nitrogen - Pass
nitrogen through a first scrubbing flask (a midget impinger)
containing concentrated NH4,OH and copper turnings. Caution:
Make certain hole in impinger is not plugged before turning
nitrogen under pressure on. Then pass nitrogen through a
second scrubbing flask containing concentrated suifuric acid,
again making certain this is not plugged before applying

pressure.

0.2 N hydrochloric acid -~ Prepare this from constant
boiling hydrochloric'acid according to outline in Lange's

Handbook.
Clean, Dry Mercury - Purchase from Eberback & Son

(d) Sampling
Procedure

Assemble sampling train of probe, impinger with 100 ml
of 5% nitric acrid, flow meter and vacuum pump. Sample at
rate of 1 CFM for a period long enough to provide a minimum of

30 cubic feet at standard conditions.
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(e) Analytical
Procedure

Sample Preparation - Transfer the collecting solution
from the impinger into a 250 ml beaker, wash out impinger with
hot 5% nitric acid and all taken down to dryness on a hot plate.
Cool and add 25 ml of 0.2 N HCl, Heat just to boiling and
transfer to a 50 ml volumetric flask. Dilute to volume with
distilled water which will dilute the 0.2 N HC1 to 0.1 N HCL

which is the electrolyte.

Transfer a 10-ml aliquot from the 50-ml voluﬁetric flask
into the polarographic cell, add 1 ml of 200 micrograms Pb per
ml solution, and remove oxygen from the cell by bubbling
nitrogen, which is being purified as described under reagents,
through for three to five minutes. The initial voltmeter is
set at .3 volts, the span voltmeter is set at .6 volts, there-
by giving a range from -.3 volts to -.9 volts. This is suffi-
cient as lead "comes off" at approximately -.44 volts and
cadmium at approximately -.66 volts. The sensitivity setting
might have to be found by trial and error; 0.020 suffices for
most samples although if the cadmium is low the sensgitivity will

have to be increased (decreasing the number of microamperes/mm.).

If there is a possibility that Pb is present in the sample
an aliquot of the sample should be run in the polarographic cell
first, without any internal standard added. If there is Pb
present in the sample, this must be taken into account when Pb,

the internal standard, is added.
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Standard Curve - Into the polarographic cell is introduced
1 ml of 200 micrograms Pb per ml solution, 1 ml of 200 micro-
grams Cd per ml solution and 9 ml of 0.1 N HCl. This gives a
total amount of solution in the cell of 11 ml, thereby enabling
a later removal of 10 ml of the sample and 1 ml of 200 micro-
grams Pb per ml internal standard solution. Also, there is
an electrolyte in the cell of 0.1 N HCl. Both the volume of
liquid in the cell and the electrolyte for standard curve and

sample are critical for a proper analysis.

On the standard curve the heights of the Pb and Cd curves
are measured in mm. The Cd to Pb ratio is found, which is
divided by the number of micrograms of Cd used giving a factor
for 1 microgram Cd versus 200 micrograms Pb. It is suggested
that 200 micrograms Pb be used as an internal standard in each
sample for Cd thereby simplifying the calculations. The factor
for 1 microgram Cd versus 200 microgram Pb, found at the be-
ginning of the series of samples being analyzed, will be -used

for the calculations throughout this series.

(e) Calculations

For the sample 'polarogram'" the heights of the Pb and
Cd curvés are measured in mm. and the Cd to Pb ratio found in
the same manner as the standard curve. The ratio found here
is divided by the factor found in the standard curve for 1
microgram Cd versus 200 micrograms Pb giving the number of

micrograms of Cd in the aliquot put into the polarographic cell,
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. mg Cd/M3 = V.Y
1, *v:Va
Where v = aliquot (ml)
V = total sample (ml) .
Y = micrograms in v

gas sample volume, in cubic meters,
at standard conditions

Fluoride
Source: Talvitie method modified by Michigan Department

of Public Health.

(a)__Scope

This method describes a procedure for determining fluoride

in stack gases.,

(b) Auxiliary
. Apparatus

- Standard impinger with fritted glass bubbler.
’ - 250 ml Claissen flasks.
~ 100 ml Nessler Tubes.

{c)__Reagents

Standard Sodium Fluoride ~ Make a solution containing 1 mg:.
of fluoride per ml (2.21 g of sodium fluoride to 1 liter).
Take 10 mls of this solution and dilute to 1 liter; 1 ml of

this dilution contains .0l mg fluoride.

Color Forming Reagent - Dissolve 36.99 g of sodium sulfate
in about 500 ml of hot distilled water and 17.7 g of sodium
formate in about 200 ml of hot distilled water. Mix together

; and when cooled, add 0.1436 g thorium nitrate tetrahydrate and

11 ml of 90% formic acid.
A.T.KEARNEY & COMPANY, INc.
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Alizarin monosodium sulfonate indicator 128.25 mg dissolved

in 1 liter of distilled water.

Nitric Acid - About 5 ml concentrated acid, diluted to a

liter with distilled water.

Sodium Hydroxide - .5 N. (20 g dissolved in 1 liter of

water).
Silver Sulfate.
Concentrated Sulfuriec Acid.

(e) Sampling
Procedure

Assemble sampling train of probe, impinger with fritted
glass bubbler containing 100 ml of a 2% sodium hydroxide
solution, flow meter and vacuum pump. Sample at a rate of
1 CFM for a period long enough to provide a minimum of 15
cubic feet at standard conditions.

(f) Analytical
Procedure

Sample Preparation - Transfer the collecting solution from
the impinger into a Claissen flask., Slowly add 35 ml of con-
centrated sulfuric acid (using small long stem funnel) to
content, submerging and swirling flask in cool-cold water
while adding the acid--this offsets the loss of HF. Add
boiling chips and silver sulfate (to cover the end of a spatula),
Close the flask with a two-hole rubber stopper, through which

passes a thermometer and a 6 mm O.D. glass tube drawn to
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capillary size and extends down into the solution. Connect
tube to a separatory fumnel containing water. This is to

slowly add water to both cool the flask and to replenish the

water boiled off due to distillation in the Claissen flask.

The distillation flask should be placed on a pad of
transite or asbestos, or on a plate of aluminum with a hole

about 2 inches in diameter made to fit the flask perfectly.

Regulate the heat under the steam distillation flask so
that the distillate being collected remains cool. Adjust the
application of heat to the still so that a temperature of 165°
C is maintained., Collect the distillate in a 250-ml volumetric
flask or in a 250-ml beaker, and then make up to exactly 250 ml
in a volumetric flask. Stopper the flask and mix., Pipette 25
ml into a 100-ml-long form Nessler tube. Add 5.0 ml of alizarin
indicator. Titrate carefully with a .5 N sodium hydroxide un-
til the solution changes from yellow to a decided pink. Back
titrate with the dilute nitric acid until the solution changes
to a pure yellow, Dilute to about 90 ml, add 3 ml of thorium
reagent, make up to exactly 100 ml and mix well. After 30
minutes, compare with the standards. If the same is beyond
the range of the standards, use a smaller aliquot, If it is
too close to the standard containing no fluorine, double or

treble the aliquot.

A blank must be carried through all the steps of the pro-

cedure, using the same amounts -of reagents as are used in the
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samples. An aliquot of 75 ml is usually necessary to determine

the amount of fluorine present in the blank.

(f) Calculations

Calculate the total amount of fluorine present in the

blank and subtract this from the total fluorine found in each

sample,
mg F/M3 = V.Y
1,000-v-Va
where v = aliquot (ml)
V = total sample (ml)
Y = micrograms in v
Va = gas sample volume, in cubic meters,
at standard conditions
Lead

Source: Michigan Department of Public Health.

(a)__Scope

Stack testing for cadmium can be accomplished by the
polarograph method using a dropping-mercury electrode with
the sample as the electrolyte.

(b) Auxiliary
Apparatus

Sargent Polarograph - Model XX1, recording type, or

equivalent.

{c) Reagents

Standard Lead Solution - Dissolve approximately 25 grams
of C,P. Pb(NO3)o in minimum of hot water and cool with stir-

ring. Filter with suction on small Buchner funnel., Repeat
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recrystallization. Dry crystals at 100°-110° C to constant
weight, cool in desiccator and store in tightly stoppered pyrex
bottle. The product has no water of crystallization and is not
appreciably hygroscopic. Weight exactly 0,1599 grams of recry-
stallized C.P. Pb(NO3)9, put into 500-ml volumetfic-fiask, and
take to volume with 0.1 N HCl. This gives a standard lead
solution containing 200 micrograms Pb/ml with 0.1 N HCl as the
electrolyte. The 0.1 N HCl should be prepared from constant

boiling hydrochloric acid.

Standard Cadmium Solution -~ Weight exactly 0.2744 grams
of Cd(NO3)5-4H20 into-a 500-ml volumetric flask and take to
volume with 0.1 N HC1l. This gives a standard cadmium solution
containing 200 miérograms cadmium per ml wifh 0.1 N HC1 as the
electrolyte.: As in the lead solution, the 0.1 N HC1l should be

prepared from constant boiling hydrochloric acid.

Oxygen Absorbent for Purification of Nitrogen - Pass
nitrogen through a first scrubbing flask (a midget impinger)
containing concentrated NH4,OH and copper tufnings. Caution:
Make certain hole in impinger is not plugged before turning
nitrogen under pressure on. Then pass nitrogen through a
second scrubbing flask containing concentrated sulfuric acid,
again making certain this is not plugged before applying

pressure.

0.2 N. Hydrochloric Acid = Prepare this from constant
boiling hydrochloric acid according to outline in Lange's

Handbook.
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Clean, Dry Mercury - Purchase from Eberbach and Son.

(d) Sampling
Procedure

Assemble sampling train of probe, impinger with 100 ml 5%
nitric acid solution, flow meter and vacuum pump. - Sample at
rate of 1 CFM for a period long enough to provide a minimum
of 30 cubic feet at standard conditions.

(e) Analytical
Procedure

Sample Preparation - Transfer the collecting solution to
a 250-ml beaker, wash out impinger with 57 hot nitric acid and
all taken down to dryness on a hot plate. Cool and add 25 ml
of 0.2 N HCl. Heat just to boiling and transfer to a 50-ml
volumetric flask. Dilute to volume with distilled water which

will dilute the 0.2 N HCI to 0.1 N HCl which is the electrolyte.

Transfer a 10-ml‘aliquot from the 50-ml volumetric flask
into the polarographic cell, add 1 ml of 200 micrograms Cd per
ml solution, and remove oxygen from the cell by bubbling nitro-
gen which is being purified as described under reagents, through
for three to five minutes. The instrument used is a Sargent
Polarograph - Model XXI and the settings are as follows: A.C.
switch down (on), D.M.E. - up (negati#e), Damping - down (off),
Initial E.M,F, - up (additive), D.C, E.M.F. - down (1.5 V
span), Chart drive - up (on), Operation - up (E.M.F., increasing).
The initial voltmeter is set at .3 volts, the span voltmeter is

set at .6 volts, thereby giving a range from -.3 volts to -.9
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volts. This is sufficient as lead "comes off" at épbroximateiy
-.44 volts and cadmium at approximately -.66 volts. The sen-
sitivity setting might hgve to be found by trial and error,
0.020 suffices féf most samples although if the lead is low

the sensitiviﬁy will have to be increased (decreasing the

number of microamperes/mm),

If there is a possibility that Cd is present in the sample,
an aliquot of the sample should be run in the polarographic
cell first, without any internal standard added. 1If there is
CD present in the sample this must be taken into account when

Cd, the intermal standard, is added.

Standard Curve - Into the polarographic cell is introduced

1 ml of 200 micrograms Pb per ml solution, 1 ml of 200 micro-
grams Cd per ml solution and 9 ml of 0.1 N HCl. This gives a
total amount of solution in the cell of 11 ml thereby enabling

a later removal of 10 ml of the sample and 1 ml of 200 micro-
grams Cd per ml internal standard solution. Also, there is an
electrolyte in the cell of 0.1 N HCl. Both the volume of liquid
in the cell and the electrolyte for standard curve and sample

are critical for a proper analysis.

On the standard curﬁe the heights of the Pb and Cd curves
are measured in mm. The Pb to Cd ratio is found, which is
divided by the number of micrograms of Pb used giving a factor
for 1 microgram Pb versus 200 microgfams Cd. It is suggested
that 200 micrograms Cd be used as an iﬁternal standard in each

sample for Pb thereby simplifying the calculations. The factor
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for 1 microgram Pb versus 200 micrograms Cd, found at the
beginning of the series of samples being analyzed, will be

used for the calculations through this series.

(£)__Calculations

For the sample ''polarogram’ the heights of the Pb and
Cd curves are measured in mm and the Pb to Cd ratio found in
the same manner as the standard curve. The ratio found here
is divided by the factor found in the standard curve for 1
microgram Pb versus 200 micrograms Cd giving the number of

micrograms of Pb in the aliquot put into the polarographic

cell,
mg Pb/M3 = V.Y
1,000.v.Va
where v = aliquot (ml)
V = total sample (ml)
Y = micrograms in v
Va = gas sample volume, in cubic meters,
at standard conditions,
Mercury

Source: American Conference of Governmental Inddstrial

Hygienists.

(a) Scope

Divalent mercury forms an orange-yellow complex with

dithizone in dilute acid solution which can be extracted by
chloroform. An additional extraction in the presence of

chloride and bromide ions eliminates the interference of other

metals,
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(b) Auxiliary
Apparatus

- Beckman DU Spectrophotometer or equivalent.
- Squibb separator funnels.

= {uvettes.

(c)___Reagents

HC1-0.1 N.

Meta Cresol Purple Indicator - Dissolve 0.05 g of the

power in 6 ml of 0,05 N NaOH; then dilute to 100 ml with dis-

tilled water.

Buffer Solution - Dissolve 300 g anhydrous Na,HPO4 and
75 g KpCO3 in distilled water to make 2 liters of solution
. (MacIlvaine's Buffer Solutions).

Treated Chloroform - Chloroform treated with hydroxylamine
hydrochloride as per the method of Hubbard, Industrial Engi-
neering Chemistry, Anal. Ed., 9, 493 (1937).

Dithizone Solutions - Make up a stock solution containing
0.5 mg dithizone per ml of chloroform. Other strength dithizone
solutions can be made up as needed. It is advisable to allow

the dithizone scolutions to stabilize overnight before use,
Potassium Bromide Solution ~ 40% KBr in distilled water..

Ammonium Citrate - 40%., Mix 40 g citric acid, monohydrate,
with about 20 ml distilled water. Add sufficient ammonium

. hydroxide slowly with constant stirring to make solution
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alkaline to phenol red and make to volume with water, Purify
by shaking with dithizone in chloroform and clear with pure

chloroform.

Mercury Standard Solutions - Dissolve 0.1354 g mercuric
chloride, C.P., special reagent grade in 1 N HCl and make up
to 100 ml with the acid. This solution contains 1 mg Hg per
ml and is quite stable. If any cloud or sediment develops,
it should be discarded. Other strength solutions can be made

by dilution with distilled water as the need arises.

Hydroxylamine Hydrochloride - 20% solution in distilled

water.

(d) Sampling
Procedure

Assemble sampling train of probe, impinger with 100 ml of
0.25% iodine in a 3% aqueous solution of potassium iodide.
Sampling rate of 1 CFM for a periocd long enought to provide a
minimum of 30 cubic feet at standard conditionms.

(e) Analytical
Procedure

Sample Preparation - The contents of the impinger flask
and washings are made up to a known volume with distilled
water. A proper aliquot is taken to place the mercury con-
centration within range of the method. Add 5 ml of ammonium
citrate, 1 ml hydroxylamine hydrochloride and shake. Add 2
drops of phenol red indicator. (Always add the hydroxylamine

hydrochloride before the phenol red.) Titrate with ammonium
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hydroxide to the full color end point pH of 8.5. Extract with
5 ml portions of 20 mg/liter dithizone solution, withdrawing the
chloroform layers into another 250 ml Squibb separatory funnel,
into which has been placed 50 ml of 0.1 N HCl.l Continue to
extract with and withdraw 5-ml portions until the dithizone in

the chloroform layer does not change color.

Shake the above dithizone extract with 50 ml 0.1 N HC1
for 2 minutes. Draw off the chloroform into a clean separatory
funnel. Wash the aqueous phase with two, 3-5 ml portions of
treated chloroform and add to the extracts. Discard the aqueous
phase. To the chloroform extracts, add 50 ml of 0.1 N HCl and
10 ml of the 40% KBr reagent. Shake for 2 minutes. The Hg
goes into the aqueous phase as HpHgBr, while. the Cu and Bi
remains in the dithizone which is discarded. Wash the aqueous
phase with a few ml of treated chloroform. Let the phases
separate well and discard completely all chloroform droplets,
An aliquot of the stripping solution may be taken if necessary
so that the amount of Hg will fall on the standard curve. If

an aliquot is taken, make up to 50 ml volume with 0,1 N HC1.

Add 10 ml buffer solution to bring the pH to 6, and 10 ml
of 10 mg/liter dithizone solution. Shake well for 2 minutes.
Avoid any exposure to direct sunlight or exceedingly bright‘
artificial light.

NOTE: If the separatory fumnnmel was not washed thoroughly with

distilled water, the dithizone may be oxidized.
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By means of a cotton swab on aﬁ applicator stick, remove
any traces of moisture from the stem of the funnel after the
stopcock has been opened for a second to éllow-the chloroform
to fill the bore. Loosely insert a small cotton plug in the
stem of the funnel. Rinse a cuvette twice with 1-2 ml portions
of the chloroform layer and draw off the remaining dithizone
into the cuvette. Place in the spectrophotometer and read at
point of maximum light absorption (485 millimicron) against
distilled chloroform. A blank on reagents should be carried
through the entire procedure and this blank subtracted from

the final result.

Standard curve -~ Suitable concentrations of mercury to
give coverage over the entire range are used to establish a

particular curve. Three or four points are sufficient.

Place 5 ml of the 407 KBr reagent, 10 ml of the buffer
solution and the proper amount of standard mercury solution in
a 125 ml Squibb separatory funnel. Add enought 0.1 N HCl to
make the final volume 65 ml., Then add 10 ml of 10 mg/liter
dithizone solution and shake for 2 minutes. Flush the stem of
the separatory funnel and remove moisture by means of a cotton
swab, withdraw the chloroform layer and read in the spectro-

photometer as described above.

The 10 mg/liter dithizone solution is of sufficient
strength to cover the range from 0 to 15 micrograms of mercury.

By using 20 ml instead of the standard 10 ml of this reagent,
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the concentration range covered can be doubled. It is not re-
commended to add more than 20 ml of 10 mg/liter dithizone to

any sample,

For only an occasional mercury analysis, it is better to
bracket the sample with standard amounts rather than prepare

an entire curve.

(f) Calculation

mg Hg/M3 = V.Y
1,000.v.Va
where v = aliquot (ml)
V = total sample (ml)
Y = micrograms in v

Va = gas sample volume, in cubic meters,

at standard conditions

Zinc

Source: Michigan Department of Public Health,

(&) __Scope

Stack testing for zinc can be accomplished by the polaro-
graph method using a dropping-mercury electrode with the sample
as the electrolyte.

(b) Auxiliary
Apparatus

Sargent Polarograph - Model XX1, recording. type, or

equivalent.
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(¢} Reagents

Stock Zinc Solution - Weigh exactly 5.0 grams of dry
reagent zinc (30 mesh or finer) into a 500-ml volumetric
flask and add a minimum amount of constant boiling hydrochloric
acid to get the zinc in solution. Boil until solution is
complete and make up to volume with distilled water, Thé

solution contains 10.0 mg zinc per ml.

Working Standard Zinc Solution - Pipette 5.0 ml of stock
zinc solution (10.0 mg zinc per ml) into 500-ml volumetric
flask and take to volume with 0.2 M KC1l. The solution contains

100 micrograms zinc per ml with 0.2 M KCl as the electrolyte.

0.2 M KC1 Solution - Weigh 14.9 grams reagent grade KC1
into 1 liter wvolumetric flask and take to volume with distilled

water.

Standard Cadmium Solution - Weigh exactly 0.2744 grams
of Cd(NO3),-4Hy0 into a 500-ml volumetric flask and take to
volume with 0.2 M KCl, The solution contains 200 micrograms

Cd per ml with 0,2 M KCl as electrolyte.

Oxygen Absorbent for Purification of Nitrogen - Pass
nitrogen through a first scrubbing flask (midget‘impinger)
containing concentrated NH40H and copper turnings. Caution:
Make certain hole in impinger is not plugged before turning

nitrogen on under pressure. Then pass nitrogen through a
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second scrubbing flask containing concentrated sulfuric acid,
again making certain this is not plugged before applying

pressure,.
Clean, Dry Mercury - Purchase from Eberbach & Son.

(d) Sampling
Procedure

Assemble sampling train of probe, impinger with 100 ml
5% mnitric acid solution, flow meter and vacuum pump., Sample
at rate of 1 CFM for a period long enough to provide a minimum
of 30 cubic feet at standard conditions.

(e) Analytical
Procedure

Sample Preparation - Transfer the collecting solution
from the impinger into a 250 ml beaker, wash out impinger
with 5% hot nitric acid and all taken down to dryness on a
hot plate. Add 2 ml concentrated nitric acid, wetting the
sample thoroughly. Add 6 drops perchloric acid and swirl to
mix. Evaporate to dryness on a hot plate at 350°-400° C.
Repeat the acid treatment to obtain complete digestion. Cool
and add 10 ml of 0.2 M potassium chloride solution. Loosen
the solids with a rubber policeman, rinse policeman and beaker
walls with 3-5 ml of 0.2 M potassium chloride solution. Cover
with a watch glass and boil 2-3 minutes. Filter the solution
into a 50-ml1 volumetric flask washing the filter with 0.2 M KC1,
Dilute to volume with 0.2 M KCl giving the sample in 50 ml with

0.2 M KC1 as the electrolyte.
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Transfer 10 ml aliquot into polarographic cell, add 1 ml

of 200 micrograms Cd per ml solution, and remove oxygen from
cell by bubbling nitrogen through for three to five minutes.
The initial voltmeter is set at .4 volts, the span volﬁmeter is
set at 1 volt, thereby giving a range from -.4 volts to -1.4
volts. This is sufficient as cadmium 'comes off" at approxi-
mately -.66 volts and zinc at approximately -1.05 volts., The
sensitivity setting will vary depending on the amount of zinc
present. The setting used for the standard curve is 0,02

microamperes/mm.

If there is a possibility that Cd is present in the sample
an aliquot of the sample should be run in the polarographic cell
first, without any internal standard added. If there is Cd
present in the sample this must be taken into account when CD,

the internal standard, is added.

Standard curve - Into the polarographic cell is introduced
1 ml of 100 micrograms Zn per ml solution, 1 ml of 200 micro-
grams Cd per ml solution, and 9 ml of 0.2 M KCl solution. This
gives a total amount of solution in the cell of 11 ml thereby
enabling a later removal of 10 ml of the sample and 1 ml of |
200 micrograms Cd per ml internal standard solution. Also,
there is an electrolyte in the cell of 0.2 M KCl. Both the
volume of liquid in the cell and the electrolyte for standard

curve and sample are critical for a proper analysis.
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On the standard curve the heights of the Zn and Cd curves
are measured in mm. The Zn to Cd ratio is found which is
divided by the number of micrograms of Zn used giving a factor
for 1 microgram Zn versus 200 micrograms Cd. It is suggested
that 200 micrograms Cd be used as an internal standard in each
sample for Zn thereby simplifying the calculations. The factor
for 1 microgram Zn versus 200 micrograms Cd, found at the
beginning of the series of samples being analyzed, will be used

for the calculations through this series.

(f)__Calculations

For the sample "polarogram” the heights of the Zn and Cd
curves are measured in mm and the Zn to Cd ratio found in the
same manner as the standard curve. The ratio found here is
divided by the factor found in the standard curve for 1 micro-
gram Zn versus 200 micrograms Cd giving the number of micro-

grams of Zn in the aliquot put into the polarographic cell.

mg Zn/M3 = VY
1,000-v.Va
where v = aliquot (ml)
V = total sample (ml)
Y = micrograms in v
Va = gas sample volume, in cubic meters,

at standard conditions
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Nitrogen Oxides, Phenoldisulfonic
Acid Method

Source: Public Health Service.

(a)___Scope

When sulfur dioxide, ammonia, iron or other coﬁpounds
that interfere with the hydrogen peroxide method are present
in the gas to be sampled and/or the concentration of the
nitrogen oxides is below about 100 ppm, this method is used.

Accuracy below 5 ppm is questionable. This test is unsuitable

for atmospheric sampling.

(b) Apparatus

Sampling Probe Stainless steel (type 304 or
316) or glass tubing of suit-
able size (1/4~inch-OD, 6-foot-
long stainless steel tubing has

been used).

- Collection Flask

A 2-liter round-bottom flask

with an outer 24/40 joint for
integrated samples or a 250-

ml MSA sampling tube for grab
samples.

- Orifice Assembly The size of the glass capillary
: tubing depends on the desired

sampling period (flow rates of

about 1 liter per minute have

. been used). Use of this orifice

is not mandatory,

- Adapter with - Adapter for connecting col-
Stopcock lection flask to sampling '"T".

- Three-ﬁay Stopcock.
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- Manometer - A 36-inch Hg manometer or
accurate vacuum gage.

- Spectrophotometer - Beckman Model "B" or
equivalent,

(c) Reagents

Thirty Percent Hydrogen Peroxide - (reagent grade).

Three Percent Hydrogen Peroxide - Dilute 307 Hy0, with

water at 1:10 ratio. Prepare fresh daily.

Concentrated Sulfuric Acid.

0.1 N (approximate) Sulfuric Acid - Dilute 2.8 ml con-

centrated H2504 to 1 liter with water.

Absorbing Solution - Add 12 drops 3% Hy0; to each 100 ml
0.1 N HpS04. Make enough for required number of tests.

1 N (approximate) Sodium Hydroximde - Dissolve 40 gm NaOH

pellets in water and dilute to 1 liter.
Concentrated Ammonium Hydroxide.

Fuming Sulfuric Acid - 15 to 18 weight percent free

sulfuric achydride (oleum).
Phenol (reagent grade).

Phenoldisulfonic Acid Solution - Dissolve 25 grams of
pure white phenol in 150 ml concentrated H7S04 on a steam bath.

Cool and add 75 ml fuming sulfuric acid. Heat to 100° C for 2

A.T.KEARNEY & COMPANTY, INnc.
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hours. Store in a dark stoppered bottle. This solution should

be colorless if prepared with quality reagents.
Potassium Nitrate (reagent grade).

Standard Potassium Nitrate Solution - Solution A:
Dissolve 0.5495 gram KNO5 and dilute to 1 liter in a volumetric
flask. Solution B: Dilute 100 ml of Solution A to 1 liter.
One ml of Solution A contains the equivalent of 0,250 mg NOj
and of Solution B, 0.0250 mg NO,.

(d) Sampling
Procedure

Integrated Grab Sample - Add 25 ml freshly prepared ab-
sorbing solution into the flask. Record the exact volume of

absorbing solution used,

Set up the apparatus as shown in Figure 3, attach the
selected orifice. Purge the probe and orifice assembly with the
gas to be tested before sampling begins by applying suction to
it. Evacuate the system to the vapor pressure of the solution:
this pressure is reached when the solution begins to boil.
Record the pressure in the flask and the ambient t;emperaturec
Open the valve to the sampling probe to collect the sample,
Constant flow will be maintained until the pressure reaches
0.53 of the atmospheric pressure. Stop before this point is
reached. During sampling, check the rate of fall of the
mercury in one leg of the manometer in case clogging, especially
of the orifice, occurs. At the end of the sampling period,

record the pressure, temperature, and barometric pressure.
A. T.KEARNEY & COMPANY, Inc.
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An extended period of sampling can be obtained by following
this procedure. Open the valve only a few seconds at regular
intervals. For example: Open the valve for 10 seconds and

close it for 50 seconds; repeat every 60 seconds,”

Grab Sample - Set up the apparétus as shown in Figure 4
for high concentrations (200-3000 ppm) or the apparatus as shown
in Figure 4 for low concentrations (0-200 ppm) but delete the
orifice assembly. The same procedure is followed as in the
integrated method except that the valve is opened at the source

for about 10 seconds and no orifice is used.

Calibration curves are made to cover different ranges of
concentrations. Using a microburette for the first two lower
ranges and a 50-ml burette for the next two higher ranges,
transfer the following into separate 150-ml beakers (or 200-ml
casseroles). |

1. 0-100 ppm: 0.0 (blank), 2.0, 4.0, 6.0., 8.0,
10.0, 12.0, 16.0, 20.0 ml of KNOj Solution B,

2. 50-500 ppm: 0.0 (blank), 1.0, 1.5, 2.0, 3.0,
4.0, 6.0, 8.0, 10.0 ml of KNO3 Solution A.

3. 500-1500 ppm: 0.0 (blank), 5.0, 10.0, 15.0,
20.0, 25.0, 30.0 ml of KNO5 Solution A.

4. 1500-3000 ppm: 0.0 (blank), 15.0, 30.0, 35.0,
40,0, 45.0., 50.0, 55.0, 60,0 ml KNO3 Solution A,

Add 25.0 ml absorbing solution to each beaker. Follow as

directed in the Analytical Procedure section starting with the

addition of 1 N NaOH.
A.T.KEARNEY & COMPANY, INc.
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After the yellow color has developed, make dilutions for
the following ranges: 50 to 500 ppm (1:10); 500 to 1,400 ppm
(1:20); and 1,500 to 3,000 ppm (1:50). Read the absorbance of

each solution at 420 millimicron.

Plot concentrations ‘against absorbance on rectangular
gfaph_paper} A new calibration curve should be made with each
new batch of phenoldisulfonic acid solution or every few weeks.

(e) Analytical
Procedure

Shake the flask for 15 minutes and allow to stand over

night,

Transfer the contents of the collection flask to a beaker.
Wash the flask three times with 15-ml portions of Hy0 and add
the washings to the solution in the beaker. For a blank add
25 ml absorbing solution and 45 ml Hy0 to a beaker. Proceed

as follows for the bank and samples,

Add 1 N NaOH to the beaker until the solution is just
alkaline to litmus paper. Evaporate the solution to dryness
on a water bath and allow to cool, Carefully add 2 ml
phenoldisulfonic acid solution to the dried residue and
tritqrate thoroughly with a glass rod, making sure that all
the residue comes into contact with the solution. Add 1 ml
H20 and four drops concentrated Hy504. Heat the solution on

the water bath for 3 minutes, stirring occasionally.

A . T.KEARNEY & COMPAXY, INnc.
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Allow to cool and add 20 ml H,0, mix well by stirring,
and add 10 ml concentrated NH4OH, dropwise, stirring constantly.
Transfer the solution to a 50-ml volumetric flask, washing the
beaker three times with 4- to 5-ml portions of Hp0. Dilute to
mark with water and mix thoroughly. Transfer a portion of the
solution to a dry, clean centrifuge tube and centrifuge, or

filter a portion of the solutiom.

Read the absorbance of each sample at 420 millimicron. If
the absorbance is higher than 0.6, make a suitable dilution of

both the sample and blank and read the absorbance again.

(£)__Calculations

ppm NO, = (5.24 x 10°) (C)
Vs

Where C = concentration of NOy, mg (from calibration
chart)

Vs= gas sample volume at 709 F and 29.92 in
Hg, ml.

Sulfur Dioxide and Sulfur Trioxide,
Shell Development Company Method

Source: National Air Pollution Control Administration

Publication 999-AP-13,

(a) Scope

This method describes a procedure for determining sulfur

dioxide and sulfur trioxide in stack gases.

A.T.XEARNEY & COMPANY, INc.




(b) Apparatus
~ Sampling Probe

- Filter

- Adapter

- Heating Tape

- Dry Gas Meter

- Vacuum pump.

- Thermometers

- Manometer

- Absorbers

APPENDIX A
“Page 45

Glass tubing (preferably boro-
silicate or quartz) of suitable
size with a ball joint at one
end and a removable filter at
the other (a 1/2-inch-0D, 6-
foot-long tube has been used.)

A filter is needed to remove
particulate matter, which may
contain metal sulfates and
cause interference during
analysis. Borosilicate glass
wool, Kaolin wool, or silica
wool are suitable filters for
removing particulate matter,

Six plug-type connecting tubes
T 24/40, one with a 90° bend
and a socket joint.

An insulated heating tape with
a powerstat to prevent con-
densation in exposed portion
of probe and adapter. Alter-
native: glass wool or other
suitable insulators,

A O.,l-cubic-foot-per-revolution
dry gas meter equipped with a
fitting for a thermometer and a
manometer, Alternately, a
calibrated tank or a rotameter
calibrated at the operating
pressure may be used,

One 10°-50° C, + 1° C; and
one 0°-300° C + 5° C are
suitable.

A 36-inch-Hg manometer
Two U-shaped ASTM D 1266 lamp

sulfur absorbers with coarse-
sintered plates.

A T.KEARNEY & COMPANY, INc.
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- Filter Tube - One 40-mm-diameter Corning
medium-sintered plate.
- Scrubber for - An ASTM D. 1266 lamp sulfur
Purifying Air absorber with coarse-sintered
plate.
- Teflon Tubing - Teflon tubing, 1/4-inch ID,

for connecting absorbers.
Alternative: 8=mm pyrex tubing
with butt-to-butt connections
held together with Tygon.

(c) Reagents

Water - Distilled water that has been deionized.
Isopropanol, Anhydrous.

Eighty Percent Isopropyl Alcohl - Dilute isopropanol with

water at a ratio of 4 to 1.
Thirty Percent Hydrogen Peroxide -~ (reagent grade).

Three Percent Hydrogen Peroxide - Dilute 30% hydrogen
peroxide with water at a ratio of 10 to 1. Prepare fresh

daily.
Barium Chloride =~ (BaClz‘ZHZO, reagent grade).

0.0100 N Alcoholic Barium Chloride-- Dissolve 1,2216 grams
BaCl, - 2H50 in 200 ml of water and dilute to 1 liter with
isopropanol. Standardize this solution with 0.01 N alcoholic

sulfuric acid solution.

A.T.XEARNEY & COMPANY, INnc.
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(As an alternate titrating solution to 0.01 N alcoholic
barium chloride, in American Petroleum Institute Study Group
uses 0.01 N alcoholic barium perchlorate because they believe

that it gives a sharper end point during titration,)

Thorin Indicator - 1-(0-arsonophenylazo)-2 naphthol-3,

6-disulfonic acid, disodium salt.

0.2 Percent Thorin Indicator - Dissolve 0.2 gram thorin

indicator in 100 ml water. Store in polyethylene bottle.

(d) Sampling
Procedure

Set up the apparatus as shown in Figure 5. Place 30 ml
of 80% isopropyl alcohol in the first absorber and 10 ml in
the filter tube, The add 50 ml of 3% hydrogen peroxide to the
second absorber. A light film of silicone grease on the upper
parts of the joints may be used to prevent leakage. Wind the
heating tape in a uniform single layer around the exposed
portion of the probe and adapter and cover the heating tape
with asbestos tape wound in the opposite direction. Place a
thermometer between the heating tape and asbestos as near the
adapter joint as possible. Connect the heating tape to a
powerstat, switch on the current, and maintain the probe and
adapter at a temperature at which no condensation will occur
(about 250° C). Sample at 0.075 cubic foot per minute until
2 cubic feet or a suitable volume of gas has been sampled.

Record the meter readings, temperatures and pressures at

A.T.KEARNEY & COMPANY, Inc.
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10-minute intervals. Note the barometric pressure. Do not

sample at a vacuum of more than 8 inches Hg.

Disconnect the asbestos tape, heating tape, probe, and
adapter and allow them to cool. Connect the scrubber for
purifying air to the inlet of the isopropyl alcohol absorber
and add 50 ml of 3% hydrogen peroxide. Replace the water in
the ice bath with tap water. Draw air through the system for
15 minutes to transfer residual sulfur dioxide to the hydrogen
peroxide absorber. Disconnect the purifying air scrubber.
(Although the use of air for removal of sulfur dioxide from
isopropyl alcohol should not result in oxidation of sulfur
dioxide to sulfur trioxide, the American Petroleum Iﬁsfitute
Joint Study Group uses 997 nitrogen to preclude any possibility
of oxidation.) Remove the filter and wash the probe and
adapter with 807% isopropyl alcohol, Place the washings in the

isopropyl alcohol absorber.

Disconnect the hydrogen peroxide absorber and transfer
the contents and the water washings to a 250-ml volumetric
flagsk. Dilute the water to the mark. Analyze for sulfur

dioxide.

Stopper the isopropyl alcohol absorber and apply suction
to the filter end. Remove the suction line and allow the
partial vacuum in the absorber to draw the solution from the
filter. Rinse the filter tube with 80% isopropyl alcchol be-

fore the suction is lost. Transfer the contents of the isopropyl

A.T. AKEARNEY & COMPANY, I~nc.
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alcohol absorber and its washings to a 250-ml volumetric flask
‘and dilute to the mark with 80% isopropyl alcohol. Analyze for
sulfur trioxide.

(e) Analytical
Procedure

Sulfur Trioxide - Pipette a suitable aliquot to a flask
and dilute to 100 ml with 80% isopropyl alcohol. Add a few
drops of thorin indicator (enougﬁ to give a yellow color).
Titrate with 0,01 N BaCly to the pink end point. Make a blank

determination in parallel,

Sulfur Dioxide - Transfer a suitable aliquot to a flask
and add 4 times this volume of isopropyl alcohol. Dilute to
100 m1 with 80% isopropyl alcohol, add enough thorin indicator
to give a yellow color, an titrate with standard 0,01 N BaCljp

to the pink end point. Run a blank determination in parallel.

(f) Calculations

ppm S02 or SO3 by volume = _24(A-B) (N) (F) (T)
- (Vo) (P)
Where A = 0.0lN BaCly used for titration of sample
B = ml 0.01N BaCly used for titration of blank
N = exact normality of BaClj '
F = dilution factor
T = average meter temperature, COR
Vo = observed volume of gas sample, cu ft
P = average absolute meter pressure, in. Hg

A. T. KEARNEY & COMPANY, INc.
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A GENERATOR
125 ml Erlenmeyer

B 19/38

C SCRUBBER
lead acetate on pyrex wool

D 12/2 ball joint
E ABSORBER

12 ml heavy wall
centrifuge tube

FIGURE 2

Arsine Generator
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PROBE
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FILTER
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DETAIL A

FIGURE 3
APPARATUS FOR INTEGRATED GRAB SAMPLES
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APPARATUS FOR GRAB SAMPLES




APPENDIX A
igur

Filter Tube

Absorbers

FIGURE 5

Sulfur dioxide - sulfur trioxide sampling train,
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‘Budget Bureau No. 85-S6904
Approval expires: Sept. 30, 1970

Date: Team:

SYSTEMS ANALYSIS.OF EMISSIONS AND EMISSIONS CONTROL
IN THE IRON FOUNDRY INDUSTRY

INTERVIEW GUIDE FOR IN-PLANT
ENGINEERING SURVEY

BY
A. T. Kearney & Company, Inc.
' For

NATIONAL AIR POLLUTION CONTROL ADMINISTRATION
Contract CPA 22-69-106

IDENTIFICATION
A. Name and location of company AFS Code
1. Name
2, Number and Street 3. County
Zip
4, City 5. State 6. Code
B. Location of foundry if different from above
1. Number and Street
2. City 3. County
Zip
4, State 5. Code

C. Person to contact regarding this report

Area Code/
1. Name 2. Phone
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AFS Code Zip Code Page 2
Section T - GENERAL INFORMATION
1. Type of Metal Cast
TMetal Cast Percent Cast ons/Month Melt
1. Gray Iron
2, Malleable Iron

3. Ductile Iron

2., Average number of production workers for 1968.

D 1. Under 10
[] 2. 10-49
L] 3. s0-249
(] 4. over 250

3. To what industry do you supply castings?
1. Automotive
Agricultural

Cast Iron Pipe

Valves and Fittings

Ooooog

2
3
4., Industrial and Electrical Equipment
5
6

Jobbing

4, Weight range of castipgs produced.

1. Under 10 1lbs.

[]

(] 2. 10-49

[] 3. s0-99

] 4. 100-500

[] 5. over 500 1bs.

5. What is the basic product cast. (i.e., Brake drum, pipe,
machinery bases, railroad, etc.)
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AFS Code :

7. Characteristics of charge for each furnace

Turnace Number

Metallic (lbs, Total)

. Remelt

. Pig Iron ﬂ

. Purchased Cast Iron

. Briquettes

1
2
3
4, Purchased Steel
5
6

. Punchings and/or Turnings
b. Fluxes (lbs. Total)

. Limestone

. Dolomite

. Fluorspar

1
2
3. Soda Ash
4
5

. Other (specify)
¢. Carbo-coke(lbs.)
d. Additives (lbs. Total)

1.
2.
3.
4.

e, Metal to Coke Ratio

=

f. Sulphur Content of Coke, %

g. Desulphurizing Agents (lbs)

1. Caustic Soda

2. Soda Ash

3. Other (specify)

h. Quality of Scrap
. I, Rusty 3. Oily
~ 2, Dirty 4, Clean

io Cha;gillg h!g:hgd ‘nucket. etc _)_
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AFS Code

8. How is the scrap prepared and treated?

2 Stack Analysis ' . Fhrnace_Numggr . -

% C02

% N2
Stack Gas Temp. @
Top of Burden, °F

10, Alloy additions to the ladle

——ovperation ] 1ype Additions in lbg, | Ladle Size Tons |
Nodularization
Alloys 1.
2,
3.
4,
Other 1,
2.

11. Average length of time for "light-up" per day, min.

12. Method of light-up
. Wood
. Gas
0il

. Electric

0oggo

. Other (specify)




AFS Code

13.

14,

Have you in the last ten years replaced cupolas?

a, Type of furnace,

o 1.
o 2.
o 3.
o 4.
b.

Electric Arc
Induction, Coreless
Induction, Channel

Other (specify)

When, 19

c. Reason

Appendix B

Page 6

Pouring Smoke Control

a, Furnace Tapping

1,

o O O

O oo

Ventilation
l. General
2. Local
Effectiveness
1, Ezxcellent
2. Good

3. Fair

b, Mold Pouring

1.

O 0O

O 00

Ventilation
1. General
2. Local
Effectiveness
1. Excellent
2. Good

3. Fair
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Section III - CONTROL SYSTEM

15. Identification of control system. Complete columns (b) through

(g) for each control system,
Control | Control | Furnace(s) Year as Gas Pressure
Number | System Controlled |Installed | Vol, | Temp. Drop
cfm OF Inches Water

1 19

2 19

3 19__

4 19

(a) Control System Identification Number is for reference
in succeeding items,

(b) Type of control system. Please use the following code:

System Code

Fly ash and spark arrester 1

Afterburner 2

Wet Cap 3

Mechanical Collector 4

Wet Scrubber 5

Fabric Filter 6

Electrostatic Precipitator 7
Where a control system consists of several pieces of
connected equipment such as an afterburner, mechanical
collector, and electrostatic precipitator indicate the
sequence by 2/4/7.

(c) Furnaces serviced by the control system. Use the furnace
identification number from Item 6. Furnaces not listed
here will be assumed to have no control system.

(d) Year the control system was installed

(e) Rated gas volume in std. dry cubic feet per minute at the
exhauster inlet,

(f) Gas temperature at the exhauster inlet in degrees fahrenheiﬁ;

(g) Statlc pressure drop through the exhauster in inches of water,




AFS Code

16,

Characteristics of the control systems,

items below:

Appendix B

Page 8

Complete the applicable

—_—reeeeeeeee————— ey

a.

Height of exhaust stack above
ground level (ft.)

Control Systems

Z K

4

Combustion chamber size in
Btu's/hour

Water consumption in gallons/min.
1, Dust collector

Z, Gas cooling

J. Recirculated

d. Noise control (/)
e, Heat exchanger. Type or make
f. Type of filter media
Media

1. Natural ribre

2. Synthetic fibre

3. Glass fibre
g. Air to cloth ratio

Effluent and gas take-off
Take-off

Above charging door
Below charging door
Into side draft hood

" full roof hood

" canopy hood

*  snorkel
Direct shell evaluation
None

o~ P W
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AFS Code

17. Operation of control system

Report below for each control system.

Control System
o —— I A S 8
4, Particulate Concentration

‘1. Inlet,gr/dry scf,, 1bs./1000 lbs. gas,

lb, /hr.
Z. Qutlet,gr/dry scf., Ibs,/1000 1bs. gas,
1b. /hr.

b. Catch, 1b. Dust/Ton Melt
c, cliection 1clency, s%

d. Melt rate at which measurements were made, ITon/hr

[
{
I
l
|
|
|
e, vrarticle Proportion, 7% ’
[
;
i
!
i
[
|
f
|
!
|

Distribution
I, Lless than 2 microns
2. o v > mlcrons
3. i i 10 microns
4, T " 20 microns
J. s v 50 microns
[ v o 100 microns
7. i " 200 microns
8. o v 200 microns
9. o T TO00 microns
. Gas Analysis, 7
1. CO»
2. CO
3. 02
g, N2
. H
537 ;
7. R0 !
g. Catch Proportion, % !
1. Less than 2 microns l
2, v o > microns |
3. il o 10 microns
4. e o ZU microns |
D M i 20 microns |
0. "' v 100 microns |
/., o i 200 microns |
3, v i 200 microns |
9. T 7 T000 miIcrons i
h.~ Chemical Composition of Catch, % |
. r
2- I
3’. i
40 |
5. l
6. i
79 |

1. Combustible Analysis

1
Z,

3.
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AFS Code

18, Controlled non-melting operations

Control kquipment
Foundyy Control Year Rated ColITection| Collection
Operation |[System | Type | Installed | Size (cfm) | (#/week) |Efficiency(%)

$=$=£C) ;L#Qmﬁd L (f)—; (2) ===
19

19

19

19

19

19

From the following list indicate in column (a) above, the code number of

each of the operations in which your foundry employs air pollution control
equipment, i

Operation Code
Metal pouring and mold cooling 1
Coremaking operations 2
Sand drying and sand reclamation 3
Sand conditioning 4
Sand handling 5
Mold and casting shakeout and conveying 6
Abrasive cleaning 7
Tumbling operations 8
Grinding operations 9
Annealing and heat treating furnaces 10
Pattern shop sawdust and chip systems 11
Casting surface coating 12
Welding 13

In column (c¢) above indicate the code number for the type of control
equipment.

Control Equipment Code
Afterburner 1
Mechanical collector 2
Wet scrubber 3
Fabric filter A




AFS Code

19.
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For the operations listed below provide the following:
Capacities, number of units, and equipment types.

Number
of Units

Equipment

Type

and Size

Operation

Moldin
Automatic Molding Lines

Molding Machines
Sand Slingers
Other (specify)

Sand Conditioning Systems

Core Room
atc ens
Tower Qvens
Horizontal Qven
Core Blowers
Molding Machine
Core Sand Plant
Other (specify)

Shakeouts
Mechanical
Manual

Cleaning Rooms
Shot Blast Machines
Tumbling Barrels
Grinders
Other (specify)

Heat Treatment
01l Fired Ovens
Gas Fired QOvens
0il Quench

Paint Booths

Capacity
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Section IV - COSTS OF POLLUTION CONTROL
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20, Investment costs. Report on lines 1 - 5, the designated
costs associated with each of the control systems.

Investment Cost Categories

Control Systems ATT Other
on Furnaces Control
1 2 § 4 Systems
(a) (b 1 (c) (d) (e)

l. Basic Equipment

2., Auxiliary Equipment
3

. Engineering

4, Installation

5, Total

Described below are examples of the items to be included in each
The column headed "All Other Control
Systems' should include investment cost totals for all non-melting

type of investment cost.

control systems as reported in item ‘18.,

1. Basic equipment. Include taxes and shipping charges with
F.0.B. price on the "flange to flange" costs of basic
equipment. If you manufactured the basic control equipment,
estimate the cost of fabrication.

2. Auxiliary equipment.

Include the following items essential

to the successful operation of a control system but not gen-
erally manufactured by gas cleaning equipment suppliers:

a. Air movement equipment

(1) Fans and blowers

(2) Electrical; motors, starters, wire conduit,
switches, etc.
(3) Hoods, duct works, gaskets, dampers, etc.

b. Liquid movement equipment

(1) Pumps

(2) Electrical; motors, starters, wire conduit

switches, etc.
(3) Piping and valves
(4) Settling tanks

c. Storage and disposal equipment
(1) Dust storage hoppers

(2) Sludge pits

(3) Draglines, trackway, roadway, etc.
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d. Support construction
(1) Structural steel work
(2) Cement foundation, pilers, etc.
(3) Insulation (thermang
(4) Vibration and/or anti wear materials
(5) Protective cover

e. Instrumentation: measurement and/or control of:
(1) Air and/or liquid flow
(2) Temperature and/or pressure
(3) Operation and capacity
(4) Power
(5) Opacity of flue gas (smoke meters, etc.)

3. Engineering. Allocate the cost of research and engineering
expenditures required for the selection of the specific
control system, including such items as: material specifi-
cations, gas stream measurements, pilot operations, etc.

4. Installation. Include the following items when applicable:

Labor to install

Cleaning the site

Yard and underground

Building modification

Design contingency

Inspection

Field contingency

Overtime

Existing facilities protection
Supervision and engineering
Field Office charges

System start-up

Profit reduction attributable to plant shutdown for
installation
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21. Annual costs.

Report in lines 1 - 6 the designated annual costs assoriated

with each of the control systems.
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Annual Cost Categories

€ontrol Systems

(a)

on Furnaces

L)

l. Operating

ALl Other
Control
4 Systems
(&) (d) (e)

2, Maintenance

3. Depreciation

-

4. Overhead — —
e nd equipment changes
Total

Described below are examples of the items to be included in each

type of annual cost. The column headed "All Other Control
. Systems" should include annual cost totals for all non-melting

control systems in item 18,
Annual Cost Categories

1. Operating costs

a. Utilities needed to operate such as ele~tricity,

water, and gas
b, Waste disposal operations
¢c. Materials consumed in operating the system

2. Maintenance costs include labor and materials for:

Repairs
Lubrication

°ooan oo

Replacement of parts and equipment
. Supervision and engineering

Surface protection (cleaning and painting)

3. Depreciation is the straight line allocation of total
investment costs over the accounting life of the equipment

4. Other overhead for the control system includes:
a. The cost of capital at 7% of the total investment

cost

Insurance
Migcellaneous

Ao o

Property taxes
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Process and equipment changes: 1include here changes
in melting processes, melting equipment and furnace

charge which were made when pollution control equipmént
was installed.
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22,

Page 16

List and evaluate any benefits from controlling your air
pollution such as reduced plant maintenance, reduced roof
maintenance, increased property value, by-product recovery,
reduced insurance premiums and fewer complaints by employees
and neighbors, and/or problems incurred due to the control
equipment such as design problems, start-up problems, and
production delays.
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23. Remarks.

(Coke Analysis)
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