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ABSTRACT |

Four foundry processes, (cupola melting, electric arc furnace (EAF)
melting, magnesium inoculation, and pouring) were studied to determine if
potentially hazardous organic air pollutants are generated by these processes
and pass through commonly used air pollution control systems. EPA/IERL-RTP
Level 1 assessment methodology was used to determine within a factor of 3
amounts ofia wide range of chemical compound classes in the stream sampled.
This information can be used in setting priorities for future research efforts.

.Samples were obtained before any4emiésions control devices for fume‘
generated during inoculation and pouring, and after the control devices
(baghouses) for emissions from the cupola and EAF. Source. and control tech-
noldgy characterization, ‘as utilized byvthe Industrial Environmental Research
Laboratory, involves -determining which of a large number of waste streams
and/or po]]utants should be given further, chemca1 ana]yses or mon1tor1ng
Many of these po]]utants are not regulated but are potent1a1]y 1mportant In
order to satisfy this engineering need, a methodo]ogy was deve]oped which
utilizes the concept trigger values, Multimedia Env1ronmenta1 Goals (MEGS),
to suggest when further analyses should be undertaken. If a pollutant is or
cquld'be present at a concentration higher than the trigger value, then that
substance is felt to warrant priority for furtﬁér analysis. The term
"severity" is used to denote the extent to which the tr1gger va]ue is exceeded --
by dividing the concentration of a particular po11utant found in a: waste
-stream by the appropriate trigger value (MEG). Other information such as
bioassay results would supplement such’ severity calculations. |

Significant findings include the indentification of compound classes .
which warrant further analyses: (1) both'ha1ogénated aliphatic and halogen-
ated aromatic organ1c compound c]asses for all four processes, (2) chromium
in pouring, inoculation, and EAF em1ss1ons and (3) arsenic in the cupola
emissions.  The data indicate the possible presdnce of small amounts of
polynuclear aromatic hydrocarbons in the emissions from all four processes.
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1.0 SUMMARY

This report presents the results of an environmental sampling program
for four processes used in iron casting: cupola melting, electric arc
furnace melting, inoculation with magnesium, and pouring.

The iron casting industry ranks sixth in value added by manufactur1ng
among aI]umanufacturers, There are 1,367 foundries that can cast a total
of 17 million megagrams'(Mg) (19 million tons) of iron per year. Sand
constitutes 75 percent of the solid waste produced. Although significant
progress has been made in eliminating the smoke output of foundries,
assessments of organic emissions have not been made.

The present study is a follow up of the study “Environmental Assessment

of Iron Casting"! which investigated the shakeout of green sand and
phenolic-isocyanate core molding.

1.1 PARTICULATE

Only the pouring and inoculation processes were sampled before emission

control devices. The results of particulate analysis were:

Category Pouring Inoculation

‘ g9/Mg ~ g/Mg
< 1 um dust » 6.72 15.36
1-3 pm dust 1.07 21.29
3-10 pm dust 7.44 7.97

> 10 um dust 31.55 11.07
Probe rinse 19.84 o
TOTAL 66.63 55.69

Emissions from cupola and electric arc furnace (EAF) melting of iron were
sampled after passing through a baghouse control device. The particulate

matter in these emissions were below the detection limit of the test method

(0.2 mg/dsm3).
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lished or proposed are assigned MEG values reflecting the most stringent
standards or guidelines for that potential medium. However, these values

need updating‘and revision == for example, incorporation of the latest cri-
teria and CAGgootency values. A revised (Phase II) methodology for calculat-
ing tr{gger valués was deve]opéd based on peer review recommendations,vbut all

"~ the suggested changes were not incorporated due to time, policy, and funding

cons1derat1ons If a rev1sed set of trigger values is developed based on a

peer—rev1ewed Phase II methodo]ogy, the sever1ty ca]cu]at1ons in this report

should be re-eva]uated ‘
In th1s report the trigger value for a part1cu1ar chemical class

is taken as ‘the lowest value for any compound in that class. This is a

conservat1ve approach env1ronmenta11y since it assumes all of the material

found 1n a compound c]ass is the one compound most detrimental to the environ- *
ment Th1s report, a sever1ty of less than 10 is taken as a Tow priority for |

further 1nvest1gat1on wh11e a severity of at Teast 100 wou1d be requ1red
before. ass1gn1ng a h1gh pr1or1ty rat1ng

Level 1 results may be used for estimating emission factors 1n the
absence of more quant1tat1ve data. ‘

This study 1nd1cated that most emissions do not warrant further chem1ca1/
b1o1og1ca1 analyses but some notably halogenated hydrocarbons might. In
general, no. ca]culated sever1t1es ware greatar than 10. By process, the’
items are summar1zed in the foilow1ng table suggested for further ana]yses

l
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1.2 ORGANIC AND INORGANIC

This study followed the EPA/IERL-RTP Level 1 methodology, a screen1ng
approach which searches for a wide range of chemical compound classes in the
stream sampled. Accuracy of the results is expected to be within a factor of
3. '

Source and control technology characteriiation, as utilized by the
Industrial Envirpnmental Research Laboratory, involves determining which of a
large number of waste streams and/or pollutants are not regulated but are
potentially important. In order to satisfy thislengineering need, a metho-
dology was‘developed which utilizes the concept trfgger values, ‘Multimedia
Environmental Goals (MEGs) to suggest when further ana]yses should be under-
taken. If a pollutant is or cou]d be present at a concentrat1on h1gher ‘than
the tr1gger value, then that substance 1s felt to warrant pr1or1ty for further
analysis. The term "sever1ty" is used ‘to denote the extent to wh1ch the
trigger va]ue is exceeded == by d1v1d1ng the concentrat1on of a part1cu1ar
pollutant found 1n a waste stream by the appropr1ate tr1gger value (MEG)
Other information such as bioassay resu]ts would supp1ement such severxty
calculations. o

These trigger values (MEGs) are generally calculated using simplified
formulae based upon commonly-available health ‘and ecological information.
Thus, it should be made clear that neither the trigger'values or the result-
ing severity ratios have any utility for risk assessment; they are purely an
R& and engineering tool aimed at suggesting, in an orderly fashion, which
waste streams and pollutants warrant priority for further chemical analyses.
They are also aimed at reducing the cost of analyses, by avoiding the rather
costly, impossible problem of continuing to analyze for everything. Although
the MEG values may provide a basis for rough relative ranking of chemical
compounds or streams, it is inappropriate to assume that the values (other
than those reflecting Federal standards and guidelines) can be considered as
acceptable or "safe" severities as calculated by the procedures utilized in
this report should be considered as deserving of further evaluation.

MEGs provide a means.of 1) keeping track and organizing into classes a
rather substantial established 1ist of pollutants of concern plus a rapidly
expanding number of new pollutants of concern and 2) providing trigger values
for decisions on further analyses. Methodologies for derivation of the
trigger values are described in other EPA reports.l? 21 For example,
chemica]s for which Federal standards or guidelines have already been estab-

' 2



2.0 CONCLUSIONS

This study of pouring, inoculation, cupola furnace melting and electric
arc furnaée melting, a LeVe] 1 assessment, indicated that most emissions
would ndt,need further quantitative analyses; but some, notably halogenated
hydrocarbons do exceed DMEG values.

Further analysis shou]d be pursued to verify the identification of
halogenated hydrocarbons.

Shou]d the presence of halides be confirmed, an examination of halide
salt sources in the process and possible modification of raw material input
shou1dmbei1nvest1gated. The most probable origin of the halogenated hydro-
carbon {s. through reaction of the organics with molten salts.  The most
fundamental and. economically feasible method of modifying these emissions
would seem to be reducing the salt content of the raw materials.

The Tow resolution mass spectrometer results indicated only a small
amount of fused aromatics (no benzo(a)pyrene). These substances had previ-
ous1y been found in NOSH-funded laboratory studies of the“pouring operation
in which.the sand mold was enclosed in a sealed container to faci]ftate sam-
pling the emissions. In contrast, the present study sampled pouring emissions
from exposed molds as is the normal production situation. Thus, it would
appear, at least at the foundry tested, that if fused organic vapors are
emitted during pouring most are oxidized upon contact with air.



} Summary of Level 1 Assessment Results
for Iron Foundry Pouring Inoculation, Cupola
Furnace and Electric Arc Furnace

a ~ b c Electric c
Pouring Inoculation Cupola - Arc Furnace
Halogenated 2.7 d e N 0.36 ’ 3.6 2.0
Hydrocarbons (21) MP (3.6) LP (36).MP (20) MP
Aromatic 1.5 o 3.2 1.4
~Hydrocarbons (1.5) LpP (3.2) LP . (1.4) LP
Halogenated . 1.5 0.8 | 3.2 ‘1.4
Aromatics (2.2) LP (1.2) LP (4.6) LP (2) LP
Heterocyclic 0.38 0.31
N Compounds (3.8) LP o (3.1) LP
Amines 0.85 ' ' 0.26 0.16
_ (8.5)LP ‘ (2.6) LP (1.6) LP
Carboxylic Acids 0.73 .
(2.4) LP
Arsenic (f) 13,0
: (6.5) LP
Chromium - >15 7.1 | 5.1
_ (>15) MP (7) LP : (5) Lp
Vanadium . . >100 |
(>2) LP
Silicones 0.8
(1.2) LP
Lead >100
(>1L.0)LP

a Measurements made before control device (uncontrolled)
b Measurements made before control device (baghouse)
€ Measurements made after control device (baghouse)

d Indicates measured concentration in the gas stream ~ mg/m® (organics, silicones),
pa/m® (metals) '
® The number in parenthesis'indicates the severity = meas. conc.
MEG
Letters indicate low priority (LP) or moderate priority (MP).

f Blanks indicate severity <1.



4.0 PROCESS ANALYSIS ' '

The methods of sand casting used in foundries today are sophisticated
compared to those of 50 years ago. Nevertheless, the principal processes
remain the same. The metal is melted by one of several types of furnaces.
The composition of the molten metal produced is controlled by the feed
stock composition; melting technique, and post melting treatment. To make
a desired object, a model is made of wood, metal or plastic, and placed in

a container, which is then packed with sand. Clay and other substances are

added to the sand to increase its shape holding ability. After this the
model is removed from the mold and molten metal is poured into the cavity
and alldwed to ‘cool. " Once éobl, the mold is broken, ]ea@ing a cast 'iron
copy of the"degired‘object.i A portion of the sand is recovered, mixed with
virgin materials and reused. ‘

Upon cooling from the molten state, cast gray iron (iron containing 3 to 5

percent carbdn@*caﬁ‘form seven basic metallurgical structures. Five of
these sﬁrudturés result from the plain metal containing sulfur impurities
and the other:ﬁwoffesult from desulfurized metal. Ordinary cast iron, .
contaiping squUr?impurities and frequently silicon and manganese, forms
white, per1iti$<gﬁay; or ferritic gray cast iron depending on the rate of
cooling. The white cast iron can be further transformed into either
periitic, or férrftic malleable forms by heat treatment. If the hot metal

is desulfurized, either perlitic ductile, or ferritic ductile cast iron is -

- formed, depending on the cooling rate. The outstand%ng‘characteristic of
the "ordinary“%gray cast iron is the presence of graphite, in the form of
carbon flakes, that causes the metal to exhibit brittleness. Graphite is
also present in the malleable and ductile cast irons but in the form of
spherical nodules rather than flakes. In addition to the types of cast
irons previous]y‘discussed; hybrid forms are often created for special

purposes by varying the cooling rates involved, sometimes by oil quenching.?

Figures 4-1 and 4-2 present a flow sheet and a graphic presentation of
the major operations and equipment involved in the foundry industry.
' 7
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3.0 INTRODUCTION

The foundry industry is basic to an industrial society. Sand casting
is the most primitive method of fabricating metals and yet the most economic
and most practical method for various items. Since the 19th century it has
been an important producer of farm implements, water pipe, and valves. In
this century, alT_enérgy producing machines, electric motors, internal
combustion engines, and turbines, both .steam and jet engines,'are made in
part from cast metal. Most of these castings are made in sand molds bound
by clay.and containing organic additives. Pouring the molten metal into
these molds produces smoke and organic vapors.

The majority of metal is melted in cupolas with the remainder melted
in induction or electric arc furnaces. ' Cupolas are generally consideréd
the most practical>furnace for melting 9 Mg (10 tons) per hour or more.
The particulate emissions from cupolas has been a notable contributor to

excessive smoke in cpmmunitiesl In virtually all cases particulate
emissions are now controlled by baghouses or wet scrubbers. Emissions from
electric arc furnaces are also controlled, usually with a baghouse. 5

Emissions of particulate have been studied but nc environmental
assessment -has been made of the organic emissions from pouring, cupolas or
electric arc furnaces. The primary objective of this study was to determine
if potentially hazardous organic materials are generated by these processes
and pass through common air pollution control systems.

Emissions from the. inoculation of iron with magnesium to make ductile
iron was also sampled. Some of the rare earth elements.used as additives
were found in the shakeout emissions! and an examination of the inoculation
process was considered worthwhile.
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~ Virtually all the remaining foundry iron is electric furnace melted. -
Electric furnaces are a unique category in which the energy of a fuel is
used in the secondary form of electr1ca] energy. During the early stages
of transition into environmentally nonpo]]ut1ng aperation of industry, it
was popular for small foundries to convert to induction furnaces and trans-
fer the po]]ut1on prob1ems to the power companies. This also meant’paying‘
the power compan1es, through higher rates, to solve the po]lut1on prob]ems,
an approach most feas1b1e for a small company.

There are two types of e]ectr1c furnaces suitable for melting 1ron,
the induction furnace and the ‘electric arc furnace. The induction furnace
uses magnet1c 1nduct1on to cause the iron to self heat, and produces Tittle
po]1ut1on dur1ng me1t1ng if charged with clean pre-heated metal Induction
furnaces generate smoke dur1ng charg1ng and tapp1ng The arc furnace, in
wh1ch most e]ectr1c furnace me1t1ng occurs, uses the radiant and conducted
heat from an e]ectr1c arc between carbon rods and the metal. E]ectr1c arc
furnaces generate smoke wh1ch must be captured by an em1ss1on system,
usua11y a baghouse. |

4.1.1 .The‘Induct1on‘Furnace

The induction furnace is a well proven device for melting most metals
under a wide variety of conditions. Induction furnaces are made as small
as 30 g (one ounce) capacities for laboratory work, up to the world's
largest of 110 Mg (121 tons). The normal range of furnace sizes in foundry
use is from 0.023 to 64 Mg (0.025 to 70 tons), but usually not over 14 Mg
(15 tons) for me1t1ng purposes. Induction furnaces can be made to operate -
in u]tra-h1gh vacuum chambers or under the demanding environment of a
production shep. The majority of induction furnaces for melting are under -
one Mg in capacity.” The electric arc furnace takes over usually at the one
Mg level. The most common foundry use of larger furnaces is not for melting,
but as holding furnaces to receive hot meta] from cupolas and ma1nta1n it
at a desired temperature. _ ‘ P ' '

There are two basic types of induction furnaces. The channel furnace
has a refractoryi1ined;channe1 in the bottom to enable the liquid metal to .
form a complete electrical circuit around a transformer core. This induces
a current in the metal which heats it; the interaction of the magnetic
fields causes the 1iquid metal to circulate into the main vessel, heating

11 -

vl

|

(S R O

J

L

-
S—

4



4.1 MELTING METHODS

There are three fundamental types of metal me]t1ng furnaces

1) Gaseous or 11qu1d fuel-fired furnaces,

2) Solid fuel furnace (cupola), and

- 3) Electric furnaces.

The first category can be subdivided into 1nd1rect flame furnaces and
direct f]ame furnaces. The 1nd1rect flame furnaces are used for lower |
melting po1nt nonferrous metals. The d1rect flame furnace as exemp11f1ed
by the "air furnace" or reverberatory furnace in which oil or gas and air
are blown into the furnace over the 1ron charge is more pract1ca1 for 1ron‘
melting. When the d1rect flame furnace is adJusted to e11m1nate smoke, the
iron melts under strong ox1d1z1ng cond1t1ons resu1t1ng 1n a significaht
Toss of meta] to ‘the flux. A1r furnaces are usua11y found in the‘dider and
smaller foundr1es They are s1mp1e and re]1ab1e and the1r 1ower.efficiency
in metallic yield is ba]anced aga1nst the lack of need for air:epfubbers.
They can operate smoke free with a very short ch1mney In recent‘years the
increased cost of energy places the air furnace under some economic pressure
and some foundries are replacing them with induction furnaces. The use of
- heat exchangebsuto recover some energy for heating the plant would help in
some situations. However,-the smal1wnumber‘of these furnaces and the
economic structure of the companies using them precludes this form of
energy recovery from being significant in the industry.

A category of gas-fired furnece that stands-alone is the gas-fired
cupola. While a successful technical experiment, the uncertainty of the
price and supply of natural gas makes its future uncertain: See Section
4.1.3.3. : . o ‘

The cupola, a solid-fuel fired furnace , is the most common melting
device in the industry, especially in the foundries pouring over 9 Mg
(10 tons) per hour, and melts about 70 percent of the iron poured. There
are meny types of cupolas and ways of operating them. A1l cupolas generate
copious amounts of smoke, and must be equipped with a pollution control
device, typically a baghouse or wet scrubber. The economics of‘cupo1a
operation have varied with not only fuel and scrap costs but also with
improvements in design and operating techniques. At the present time the
economics, under reasonable circumstances, seem to favor the cupola.

10



Usuaij the fluxing materials such as limestone, silica and fluorspar
are added to the furnace first. This may be done either by hand, shoveling
them through a side charging door, or by placing them in the bottom of a
drop bottom bucket that is then filled with scrap. In addition to fluxes,
a carbon raiser (coke) may be added according to the metal desired and the
scrap composition. . '

Since the fundamental raw material is scrap metal, careful attention
is given to scrap handling. Different grades of metal scrap will be stored
in segregated p11es, preferab]y covered. In the case of an alloy steel
foundry, there might be 5 or 10 segregated scrap bins, and even more in

some cases.® The reason for this segration is to allow the furnace operator‘“

to conserve “the expens1ve a1loys in the scrap and produce a melt close to
the des1red compasition. Even in the production of "p1a1n gray cast irom,
a rec1pe is fo]]owed m1x1ng various. types of scrap to obtaxn consistent
metal chemxstry
The scrap 1s usua]ly transferred with a crane and e1ectromagnet
putt1ng the low dens1ty scrap into the drop bottom bucket f1rst sQ as to
cushion the fall of the high dens1ty scrap when the charge is dumped.
The charging of most EAFs is done from the top. The roof, with
electrodes, is lifted and swung aside. In addition to f1uxing‘agents
- previous1y mentioned, iron ore and coke and/or some alloying meta]s may be
charged before me]tdown
The furnace itself is a squat cylindrical steel shell lined with
refractory. The 1id is called a roof, and is also refractory lined. There
are three holes in the roof for graphite electrodes. Power is supolied
through the e1ectrodes using three phase alternating current
The refractory lining is usual "acidic" if the furnace is pr1mar11y
for melting gray 1ron or steel and "basic" if it is used for refining
steel. Ba51c furnaces are most common and flexible in use,: but acidic
furnaces requ1re 1ess heat and time, due to the thermal character1st1cs of
the different refractor1es, and are thereby less costly. "Acidic" and
"basic" as used in this context means that the ac1d1c refractories wi]1
‘ chem1ca11y react with bases to form sa]ts and the basic refractor1es will
react with acids to form salts. Ac1d1c furnaces have silica bricks as
. walls and support1ng br1ckwork while the hearth is covered w1th quartz1te‘
(Si0z). Alumina (Al1,03) is also an acidic refractory. In basic furnaces,
13
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the charge. Because of this mechanism of operation it is necessary to
start the furnace with a smal] amount of Ifquid metal, or else leave a
“heel" of meta]ralways remaining in the furnace.

The crucible or "coreless" furnace is much simpler, consisting of a
cylindrical crucible which is wound with water-cooled electrical conduc-
tors, thereby placing the metallic charge within é solenoid coil. A
magnetic field and current is induced in the charge, melting and stirring
it. The lack of an iron core puts this furnace at a disadvantage, for
nonferrous metals especially. To obtain eff1c1ent ‘heating, t the smaller |
furnaces are operated at h1gher frequenc1es, rang1ng from. k11ocyc1es to
megacycles for 30 ‘g sized furnages. Most‘1nguct1on furnaces in iron-
foundries operate at 60 Hertz (60 cycles). The largest EOreless‘induction
furnace ever made was a 110 Mg (131 tons) capacity unit for melting bronze
for sh1p prope]]ers .

The induction furnace is one of the c]eanest operat1ng device there is
for melting metal. The emissions that occur during melting are pr1mar1]y ’
the result of boiling off organic conﬁaminants on the scrap. Since toﬁal]y
clean scrap is se]dom-obtained and(sioce fumes are generated during charg-
ing and tapping, 1t is usual to have a canopy hood and exhaust system to
control emjss1ons When nontox1c alloys are me]ted it is not unusual to
control the furnace with genera] ventilation. The energy efficiency of an
induction furnace is not as ﬁigh as that of an electric arc furnace.

4.1.2  The Electric Arc Furnace

The electric arc furnace (EAF)is a relatively low cost, flexible
device that can be used for either‘me]tihg ifon.or refining of steel. In |
1978, 1,074 EAFs were in use in 440 foundries. In foundry practice, the
size of these furnaces range from 27 kg (60 1bs) to 27 Mg (30 tons). Most
are 1 Mg or more and the average is about 9 Mg (]0 tons) with a few
exceeding 14 Mg (15 tons). The EAF is more flexible in the type of mate
rials it can accept and the type of metal it can produce. An EAF can be
used a]ternate]y to produce both cast 1ron and steel. ' '

The production of iron, or stee1 in the case of a steel foundry, in an
EAF is a batch operation cons1st1na of several sequential actijons. The
production cycle usually takes 1% to 5 hours depend1ng on the furnace,'
operating techniques and type of metal allay be1ng made.
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4.1.3 Cgpo1a Furnaces

The cupola furnace has long been cons1dered one of the most econom1ca1
devices for me1t1ng iron. In recent years many foundr1esghave converted to
induction furnaces for environmental reasons. However the rise in the cost
of electricity has caused some reevaluation of melting. Many hald the view
that with state-of—the-art des1gn and operating methods, plus suitable air

po]]ut1on contro] dev1ces the cupola is still the most economical me1t1ng ‘

device. . N

There are meta?]urg1ca1 reasons for preferr1ng cupola me]t1ng ,
Properties of meta]s are dependent on the chemical compasition and the: t1me
temperature h1story Often trace quantities of components will affect
properties such as surface tens1on and nucleat1on rate in manners that are
yet 1ncomp]ete]y understood thus susta1n1ng the "art" nature of the
1ndustry, Iron melted 1n a cupo]a has natural character1st1cs favored by
foundrymen.‘ a low tendency to chill (an undesirable freez1ng structure)

good f1u1d1ty, machfnab111ty, and low shrinkage character1st1cs. A1l these

properties resu]t from nuc]eat1on promoted by var1ous 1mpur1t1es Iron
melted in eIectr1c furnaces does not have the same character1st1cs 4
About 70 percent of cast iron is cupola melted. The move away from
the cupo]a has been reversed not only because of fuel and e?ectr7c1ty cost
but alsa because of the techn1ca1 advances in cupola des1gn and operat1on
With better air po11ut1on contro] equipment, water cooled cupo]as and
components preheated blast oxygen enr1chment divided b]ast recuperat1ve
‘hot blast, _gas ana1y21ng equ1pment and computer contr01 the advances in
cupola technology match that of electric furnaces, but cost Jess. :
The cupola is a vertical tube furnace, usua]ly a stee] shell 11ned
with refactory bricks. The bottom is a removable steel door which is

covered yith,eand‘to protect it from the molten iron. Lessbthan one furnace

diameter above the bottOm; a set of tuyeres encircle the'furnace and blow
air into. the charge Coke, iron, and ]1mestone or other flux1ng agents are
dropped into the top of the furnace The coke added may be from 8 to 16
percent of the wexght of the iron, depend1ng on the type of furnace and
method of operat1on ‘The charge is usually in the form of a]ternatlng :
layers of 1ron and coke. These mix together as the charge descends in the
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the bottom is covered with magnesite brick (MgCO;) and then a layer of
magnesite or-dolomite (MgCOs-CaC0;) 150 to 200 mm thick is rammed. Steel
produced in basic furnaces‘is more ductile than that from acidic furnaces.
The basic refractories will react with the ox1des of s111con and phosphorous
and thus change the metal composition.

The electrodes can be raised and 1ouered into the furnace
independently ” They are dr1ven by an automat1c mechanism that adjusts the
arc 1ength according to the power consumpt1on The power is set low when
the arc is struck w1th the new. charge About 200 volts is applied through
a ballast which causes it to drop to 100 volts when the arc is operating.
Upon striking the arc a great deal of noise is emitted in the form of
popp1ng or exploding sounds As the electrodes bore down through the
charge, this qu1ets to a hum and the power is increased. ,

As the elactrodes me]t the scrap, a poo1 of mo]ten metal forms which
melts more scrap by thermal conduct1on Radlant heat from the arc also
melts the metal surround1ng the arc, and therefore a long arc is des1rab1e
at first. As the scrap is me]ted and the arc is no longer surrounded by
scrap, the arc length is decreased to reduce excess1ve heating of the
refractory wa11s by the rad1ant heat from the arc. '

An electric arc furnace consumes graphxte e]ectrodes at a rate of
about 5 kg/Mg (10 1bs/ton) of meta] produced This can be increased if the
air pollution control system is poorly des1gned and draws an unnecessary
amount of air past the hot portwons of the e1ectrodes increasing their rate
. of combustion. The electrodes burn to carbon monaxide which is usually
oxidized further to carbon d1ox1de when amb1ent air is added to the gas
drawn from the furnace. " |

The quantity of electricityxCOnsdmed is relatively constant at
1, 764 x 106 Joules/Mg (445 kwh/ton) The quant1ty requ1red is h1gher for
the first heat of the day and dec11nes thereafter The /power consumed per
ton me]ted will a]so increase if the furnace is operated at less than full
capacity. The power consumpt1on can be reduced 5 to 15 percent by the use
of state-of-the-art eiectronic and computer controﬂed power supplies.

When the me]t is complete and a1l _adjustments of the chemistry are
right, the me1t is poured 1nto a transte“ ladle. Then the slag is poured
into a slag pot and removed. The furnace is then ready to be charged
again.

14



this technique however, and forced the utilization of the recuperative heat -

exchanger.

"In the recuperative heat exchange method, some of the heat output is
used to preheat the blast air to about 510° C (950° F). There is no
standard way of doing this and it may involve particulate removal before or
after the recuperator (heat exchanger) but usually invelves combustion of
- the CO in the top gas to recover the latent heat.

Since the advent of sharply increased fuel prices, heat recovery for
purposes other than hot blast is being implemented. At one plant the
cupola off gas is ignited, passed through a heat exchanger to provide a-hot
blast, then passed through an oil heat exchanger to provide heat for other
uses in the plant. A 43.5 Mg/hr (48 tons/hr) cupola can supply $100,000/yr
of energy, in addition to the value of the hot blast, to'a foundry.$

4.1.3.2 The Divided Blast Cupo]a The divided blast cupola has two
sets of tuyeres, the second set be1ng about 36 inches above the first.

This results in the iron melting above the top set of tuyeres and then
trick1fngvdown'through hot coke before reaching the bottom. This provision
for additional solid-1iquid heat exchange after the melt zone increases the
iron temperature and fluidity, and also causes the iron to pick up more
carbon from the coke. The net result is better control of iron chemistry,
hotter molten iron which will remain above the minimum caéting temperature

longer, and fewer bad castings due to the increased fluidity. A significant .

operating difference is an increase in combustion efficiency, allowing coke
consumption to be reduced to as low as 8 percent of charge weight. A 20 to-
30 percent cost savings of coke is possible. This system allows an increase
in metal temperature and melting rate, or a decrease in coke consumption,
or intermediate values, according to the needs of the foundry.?

The characteristics of the divided blast cupo]a have even greater
implications than a mere reduction of coke consumption. With coke at 8 or

9 percent of charge weight, top gas volume is about two thirds that obtained

for commonly used coke ratios. In addition, for reasons not fully
understood, the top gas from twin blast operation carries a smaller load of
- particulates. The consequence of these characteristics is that the cost of
top gas cleaning equipment can be decreased by 30 to 40 percent by operating
the cupola at Tow percentages of coke.
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furnace. The charge may be introduced vertically from the top, or more
commonly, through a door in the side of the furnace near the top. The air
blast from the tuyeres provides oxygen to burn the coke. The high
efficiency of the cupola results from the efficient heat transfer from the
hot gases to the iron as the gases rise through the charge.

Good cupola operation requires scheduling of molds to be poured to
consume the full output of the cupola. This allows the cupola to be

. operated at a uniform rate which gives uniform iron chemistry. Some sma]]eq |

foundries turn the air blast off and on to obtain iron at a rate less than
the cupola optimally operates. This cycling operation not only adversely .
affects iron chemistry but also affects the temperature of the afterburner
and sometimes results in failure of the afterburner to remove oily smoke
generated when charging dirty scrap.

The lining of the cupola is eroded away rather quickly and must be
checked and repaired each day. 4 | ‘ :

4.1.3:1 The Hot Blast Cupola. The hot blast cupola is one of the
modifications effected since 1950. The idea is a century old but was élow,
to be put into practice. By using a blast of hot air, there is a decrease
in coke consumption, and me1ting Tosses.5 The melting rate and temperature

of the molten metal is increased. Since hotter metal will pick up more
carbon from the coke, more low carbon content‘scrap (e.g., steel) can be
used. There is also a lower sulfur pickup in a hot blast furnace.

The furnace can be operated so.that the use of preheated air either
allows a reduction of coke consumption or an increase in hot metal
temperature, or an increase in melt rate. A 100° F increase in the blast
air aliows a 0.40 percent decrease in the charge rate of coke, or
alternatively, an 8° C (15° F) increase in metal temperature. This means
that for a 27 Mg (30 tons) per hour. furnace operating 15 hours per day, 250
days per year using 137.5 kg coke per Mg iron (275 1bs coke per ton of
iron), the coke saved amounts to $533,400 per year at $124/Mg ($112/ton).
The use of hot blast also reduces emissions because of the reduced coke
rate or blast volume. Emissions have been reduced in excess of 50 percent
in some trials.¢

The blast air can be heated with another fuel or from the cupola's own
heat output. In the first case direct gas assisted firing can be used but
it is not favored. The most popular way is the direct fired heat exchanger,
which is an off tﬁe shelf item. The increase in 01l prices has discouraged
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' The major results obtainable by using oxygen enrichment are:1®
1) A 20 percent reduction in coke rate, or
2) a 20 percent increase in melting rate.
3) An increase in iron temperature, if desired. The air/coke ratio
" will affect this.
4) Greater carbon pickup can be achieved by allow1ng the increase: of
- iron temperature. ‘
5) 'Reduces silicon loss and results in the consumpt1on of 50 percent
: less ferrosilicon. ‘ '
6) Allows an increase of up to 50 percent in the amount of steel
scrap used, due to the greater carbon pickup possible. '
7) Increases combustion efficiency to the point that afterburners
are not necessary. | . o
8) Reduceé scrap loss because the first heat is hot enough to be
cast and therefore does not need to be poured into pigs.
9) Reduces casting‘rejects caused by low temperature metal. Metal
~ temperature is 10 to 50° F hotter. |
10) Reduces overtime cost. The ability to pour the first heat, heat
the cupola faster, and reduce casting rejects has reduced overtime
pay in many plants to the extent of ten times the oxygen cost.
11) Slag fluidity is greater, therefore a savings in-slag fluidizers
such as fluorspar is effected

4.2 THE NODULARIZING PROCESS
One of the more notable phenomena in the field of metallurgy this
cehtury has been the rapid acceptance of ductile cast iron. Since its

commercial appearance after World War II ductile iron has replaced pearlitic”

and ferritic malleable cast irons, steel castings, forgings, and weldments.
‘It has become ah estab}ished material in automotive, agricultural equipmenf,
machine tool,Aconstrpction equipment, steel mill service'éaétings, and
diesel engines. The increased emphasis of high‘stréngth to Wefght ratio'in
the automotwe industry is a major factor in the growth of ductile iron.

Duct11e 1ron ijs an entirely new mater1a1 cons1st1ng of a steel matrix
conta1n sphero1da1 particles (or "nodu]es") of graphite. - Ordinary cast
iron, that is, gray cast iron, conta1ns flakes of graph1te Eécﬁﬂf1ake
‘acts as a crack, with the resu]t that cast iron is well known for its
brittleness. Ductile irons are notabTy more silvery in appearance than
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It should be noted that operation at minimum coke levels requires
better supervision of the cupola and more attention to the coordination of
melting and molding. This requires additional training of supervision
personnel. u

4.1.3.3 The Gas Cupola. Another innovation in cupola design is the
gas cupola.® This cupola, as its name implies, uses gas as the sole source
of fuel. It is charged with metal and flux only. The charge is held above
the molten metal and slag by a water cooiedrrefractory coated grate. The
lack of coke requires the addition of graphite, biown in with an air stream,
to add carbon to the iron. The results of experiments with this type
cupola were technfcai]y appealing. The iron was far more consistent,

Tower in sulfur and cleaner than that from a coke cupola. The most
important consequence to foundrymen is that iron from the gas fired cupola
is definitely more fluid at a given temperature than that from the coke
cupola. Thin sections were perfectly cast at temperatures known to give
misrunning with coke cupola iron. Ductile iron was also perfectly cast at
temperatures of 1300-1320° C, 80° C lower than required for gray iron.' The
gas cupola does cost slightly more ($0.60/ton in 1972) than the coke cupola
to operate. o .

The emissions from the gés cupola were “negligible." There was no
visible emission or smoke and a person could "stand on the top of the
cupola with no i11 effects."® Some particulate of iron oxide and carbon
was measured by B.C.I.R.A. but the amount of emissions would have met Los
Angeles regulations. No capital outlay for emission control is anticipated.
If this were f1gured into the operating cost, the result would probab]y be
more economical operation than a coke cupola.$

Obv1ously, in the past decade the fue] situation has changed making
the future of the gas cupo]a uncerta1n

4.1.3.4 The Oxygen Enriched Blast Cupola. Oxygen enrichment of the
cupola s blast air is a reTat1ve]y simple way of obta1n1ng many of the
advantages of hot blast or d1v.dod b]ast

Oxygen enrichment r‘esu'lts in a higher flame temperatur'e, a shorter
coke combustion zZone, and a]]ows a reduced gas, velocity, which in combina-
tion with the higher temperature increases the preheat -efficiency and
effective]yvshortens the cdp61a. This is an ideal way to improve cupolas

that are too short.
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graphite rod is plunged deep into a ladle of molten iron. A turbulent
reaction ensues because the magnesium boils under the heat of the molten
iron. One purpose of using ferrosilicon containing magnesium, or other
“nodularizing alloys", is to reduce the violence of this reaction and
incorporate a larger percentage of magnesium into the iron. As much as 65
percent of the magnesium may be lost in the innoculation process, and the
magnesium vapor that issues from the iron ignites in air, creating large
quantities of smoke. : , .
, In the pour over method the nodularizing alloy is placed on the bottom
of a vessel and the iron is poured on top of it. This method gives the
lowest efficiency of utiliation of the magnesium but requires no capital
equipment other than air control. High efficiencies of magnesium recovery,
in the range of.80 to 90 percent, can be obtained with Incomag.Alioy 3,
which is 5 percent magnesium and 95 percent nickel. ‘
The formation of spheriodal graphite in cast iren by inoculation with
a nodularizing substance involves many factors, and the process has been
improved by. the addition of elements other than magnesium: The high vapor
preséure of magnesidm'causes a rapid loss of this additive, giving rise to
“fading". The effectiveness of inoculation with magnesium alone fades 50
percent every five‘minutes after introduction.Qf The additioh of cerium
will lengthen the pouring time available. Cerium, a]thouéh:expensive, is
the most effective spheriodizing element. Its boiling point is so high
that i;;does not vaporize out of the.melt as magnesium doces. Cerium also
controls the influence of subversive elements such as titanium, lead,
antimony, and arsenic. Cerium and calcium additionally reinforce the
‘carbide stabilizing influence of magnesium. Lanthanum is sometimes added
because Tanthanum ductile .irons have a higher level of ductility and impact
resistance. Calcium reduces the violence of the reaction of the inoculating
alloy with the iron. Calcium, apparently as a nucleating agent, also
increases the nodule count thus increasing the effectiveness of inoculants.

If calcium is present in excess of 0.03 perceﬁt it acts in combination with .

magnesium to intensify the carbide stabilizing influence of magnesium.’
Barium is also added to promote a high nodule count, and minimize the
formation of centerline carbides in thin section castings.
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gray irons and have an amazing range of properties which cannot be matched
by any other- single metal. They can be cast as thin as 1/16 inch or as
thick as 30 inches and have much of the strength and ductilityof steel.
The tensile strength can be controlled from 60,000 psi to 150,000 psi with
ductilities of 25 to 4 percent, respectfvely. _

Ductile iron made with magnesium was an accidental discovery during
World War II when an attempt was made to substitute magnesium for chromium.
The'process was developed further and introduced in March 1947. The
mechanism and factors causing the formation of spheroidal graphite and
ductile iron have still not been elucidated. It is known that the phenomena
involves the nucleation and growth of graphité and that the graphite grows .
in the direction of the "C" or vertical axis, whereas in ordinary gray iron
it grows in the "A" or horizontal direction, forming a flake. This must be
caused by surface phenomena, such as the preferential adsorption of foreign
atoms on the graphite and/or the variation of the graphite-iron interfacial
energy due to added elements. o ‘

Spheroidal graphite formation (ductile iron) is promoted by magneéium,
cerium, lanthanum, calcium, potassium, 1ithium, sodium, beryllium and
yttrium. Its formation is retarded by sulfur, oxygen, hydrogen, nitrogeﬁ,
V]ead, titanium and arsenic. The activity of these elements in affecting
the type of graphite structure formed is observed to vary from batch to
batchfof metal and even at different locations in the same iron. This is
probab)y due to the effect -of trace.quantities of various impurity elements,
the effects of which have not been determined or .controlled. Surface
activity is a two dimensional phenomena and thus very small quantities of
substances can have large effects. Thus, for cubic centimeter or targer
pieces of matter, replacing the matter in three dimensions requires 100
percent replacement substance, but total replacement of the surface of the
cube with an impurity requires only about -two millionths of a percent of
impurity. A similar earlier example given of the imponderable factors in
the metallurgical art was the facf that cupola melted iron.behaves differ--
ently from electric furnace melted iron.

The practice of inoculation of the iron with magnesium has not
stabilized to a universal procedure. Two more common methods are plunging
and pour over. In plunging, the magnesium or magnesium containing alloy is
loaded into a graphite "bell" containing holes. The bell on the end of a
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In foundries that do limited ductile iron casting, inoculants may be
added to the pouring ladle just prior to tapping the furnace.

The pouring process itself is deceptively simple. The object is to.
pour the metal directly into the sprue hale in a continuous smooth action
until the mold is full. In practice the pourers "aim" can be off, causing
the metal to miss the hole initially. Usually the miss is close enough
that after sloshing around the top of the mold the metal finally goes "down
the drain," and by the time it does the pourer has usually corrected his
aim and the proper stream of hot metal is pouring into the mold. The
1n1t1a1 metal however has been given the opportunity to cool, which changes
its v1scos1ty Thus if it enters the mold as a “slug" of cooler metal, it
may not behave as des1red espec1a1]y in thin sections and sect1ons with
fine detail. ‘ '

When thin seefions of metal are to be cast, the temperature is ‘
critical, as the metal will not fill narrow crevices if the temperature is
too Tow. Thus, the pohrer must pour the hot metal as expeditiously as
possible. ‘ ‘

Sometimes bubb]es -of air get entrained with the metal, causing a
"porous cast1ng " Th1s may or may not be tolerable, depending on the
product. ‘

A1though seldom mentioned in the 11terature gases emitted during

~pouring will accumu]ate under the mold and then explode after a few seconds.

This makes a 1oud report but does not. otherwise disturb operations.

Em1ss1ons from pouring can be successfully captured by two methods.
The most convenient method for a large foundry is the hooded pouring
station. In this‘tybe of hood, air is blown down from vents placed either
behind the pourer or directly above the mold. A lower grill mounted at an
angle close beside the molds draws in the smokey air, thus completing a
“push-pull" action to remove emissions. This is also called a horizontal .
draft, cant1]evered hood. This push-pull syétem is also obtained in some
, p]aces by 1ntroduc1ng the 1ncom1ng air through floor mounted grates.

Another method of capturing pouring emissions is with a hood mounted
on the pour1ng 1ad1e carrier and connected by a flexible hose to the
evacuat1on system ‘

Pouring and cooling are areas of major concern from an emissions -
standpoint. During_the pouring operation, the mold and core are Osuaily
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A complete coverage of the details of nodularizing and the alloys used
“would be beyond the sbope of this work. Suffice it to say, more than
magnesium is involved an&\there is a good probability that the additive
elements also get into the air when adequate airlpo11utfon control systems
are not employed. The level of environmental concern involved has not been
established.

4.3 POURING

Pouring hot metal into a sand mold is not a totally predictable situa-
tion. The gate in the mold may be b]ocked or any of several other problems
caused by the 11mTted dependab111ty of a sand mold The iron pouringJ
process defies satisfactory automat1on because of the need for 1nte1]1gent
reaction and quick adaptability that are more eas1]y obta1ned with humans
Automated systems have been made, but are se]dom used in ironcasting, even
in the large automot1ve foundries. The me1t1ng point of iron is so hlgh
that serious damage can occur from sp111age and refractories must be repa1red
11tera11y by the hour. This makes automating ironcasting more difficult
than automating the casting of lower melting point metals.

Commonly, iron is tapped from the cupola or e]ectr1c arc furnace into
a holding ladle or induction holding furnace. From that it is tapped into
small pouring -ladles of 1/3 to 1/2 ton capacity. The pouring 1ad1e usua]]y
hangs from an overhead track or conveyer. In the case of a track the
pourer must provide the energy required to move it around. If a conveyer
system is used, there 1s a switch, convenient to the ladle, that causes the
ladle carrier to lock onto or disconnect from a conveyer mechan1sm that is
in synchronization with the mold line. The pouring man moves the Tadle
beside the moving mold line until 1t is pos1t1oned with respect to a given
mold. A switch is then closed, caus1ng the ladle carrier to ]ock onto the
conveyer system, holding the ladle a]ongs1de the mo1d The pourer then
manually pours the metal into the sprue hole. o

In foundries that do extensive ductile iron casting, the metal is
sometimes tapped to an inoculation ]adle  After inoculation the ladle,
typically 3.6 Mg (4 tons), is transported uo‘e point adjacent to the pour-
ing station and used to refill the bouring ladles, several of which will be
in simultaneous use. V
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5.0 WASTE STREAM CHARACTERISTICS

- Visible emissions and, sometimes, obnokious odors, were the most
noticeable environmental effect of a foundry upon a community of earlier
decades. The major sources of solid wastes are the melting furnaces (slag
and particulates) and the molding lines (used sand). Water pollution is
generally a lesser problem than particulates control. Water used in .~
scfubberS‘picks up inorganic and some organic contaminants, most of which
can be removed' in settling tanks. The remaining soluble organics are
reduced by digéstion in holding ponds.

5.1 SOLID WASTES

The so]1d wastes generated cons1st of used core and mold1ng sand,
sweep1ngs core butts, melting wastes such as slag, refractor1es, flux, and
the sol1ds from the scrubbers and the dust collection devices, including
abras1ves and shot. Generally, these wastes are Tandfilled.

Over 75 percent of foundry generated solid waste is from the core
making and mo1d1ng operatlons with the ‘remainder coming:from the me]t1ng
operat1ons and ‘emission control processes.ll 12 13 14 15

Material balances for these wastes have been determ1ned Va]ues for
three typ1ca] types of foundries were presented in a prev1ous report.?

5.2 WATER EFFLUENTS

The on1y effluents from foundries are indirect, i.e., resulting from
the air pollution control systems. Larger foundries remove the sand and
dust from the scrubber discharge in a clarifier tank and-landfill it. The
partially clarified water goes to a settling pond for final solids removal
before being, typically, discharged to a river. Sometines part of the pond
water is recirculated to the scrubbers. Foundries using phenolic bound
cores or molds occasionally have a problem with higher than normal levels
of phenol in the scrubber water. The problem has been solved by providing
sufficient retention time in a series of ponds for b1o1og1ca1 act1on to
remove the phenol.
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enclosed in a flask. Within seconds of pouring, emissions are evolved. A
controlled 1aboratory.test with an uncored, greensand mold containing 5
percent seacoal in which a 30 pound 4 inch cube was cast was performed by
Bates and Scott.1® The carbon monoxide concentrations peaked at about
1,900 ppm after 6 minutes. The sand to metal ratio was 3:1.

The same study used greensand molds with various formulations of core B
sand. Maximum values were reached after 1 to 5 minutes for carbon monoxide,
1 minute for carbon dioxide, 1 to 5 minutes for methane, 1 to 6 minutes for
total hydrocarbons. Particulate emissions were 142 mg/m® (0.6625 grain/scf)
during solidification. Peak particle counts (3 x 10%4) of 0.35 to 1.0
micron particles occurred approximately 11 minutes after pourﬁng.1° '

The experiments of Bates and Scott that most closely approximate the
pouring conditions were the sealed flask experiments. The effluent from
flasks after pouring was analyzed by GC-MS and several carcinogenic
compounds were identified. Unfortunately, no quantification was performed.
It should be noted that these were sealed flask experiments, in which all
the emissions were collected. In practice a Targe quantity of Hs, CO, ‘and
CHy is formed and are‘ignited Burn1ng of these gases will probab]y ox1d1ze
the high molecular we1ght compounds, and destroy most of the carc1nogens,
but the fate of the carc1nogens in an actual foundry s1tuat1on has not been
established. Some emissions escape un1gn1ted and, as prev1ous]y exp1a1ned
in "Environmental Assessment of Iron Cast1ng"1 are the most 11ke1y source
of polynuclear aromatic emissions in the cast1ng process

24



- 6.0 ENVIRONMENTAL DATA ACQUISITION

Although a great deal of work has been done in studying the particulate
emissions of various foundry processes, including some covered in this
study, there have been no Level 1 assessments or other assessments that
have focused on or revealed the level of organic chemical emissions from
electric arc furnaces, cupolas, magnesium inoculation or pouring. The most
extensive work on potential toxic chemical emissions was done by Bates and
Scott.19 In their laboratory study of pouring and shakeout emissions, BaP
was identified but not quantified. Determining the actual amount of toxic
emissions requires sampling under practical industrial conditions, and that
is the purpose of this work.

6.1 SAMPLING AND ANALYTICAL STRATEGY .

The decision to sample the melting, pouring, and magnesium inoculation
processes was based on the results and recommendations of a previous ‘
study.? Inoculation was the only one of these processes in which the
inorganic emissions were of primary interest. Since magnesium used in the
inoculation will react with nitrogen, the presence of MgsN,-in the emissions
is a distinct possibility. This could be environmentaliy undesirable-
because of the possible interactions with moist plant or animal tissue.
Alternatively, normal humidity could react with any magnesium nitride
forhed, or, the quantities formed may be insignificant. Arrangements were
made for the expeditious analysis of the dust by x-ray diffraction, which
was thought to be the best way to identify the compounds present.

The examination of the pouring emissidns follows from the work of
Bates and Scott,!® in which laboratory simulations of the foundry processes
exhibited BaP in the emissions and greater emissions of BaP from shakeout
than from pouring. The study of the shakeout! however, failed to find
significant quantities of PNA's present. Thus pouring was the rehaining
operation to examine for the possible presence of BaP or other PNA's.
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One foundry that was sampled2? to develop effluent limitations and
standards for the fodndry industry used a'scrubber on the cupola. The
water was entirely recirculated after settling out the solids and only
makeup water was added. No effluent was released. An analysis of the
recycle water for 130 critical chemicals revealed 38 compounds at an average
concentration of 12.7 pg/1, ranging from 5 to 50 pg/1 with a standard
deviation of 11.8. ‘

The major source of industry water pollution is in the form of leachate
from discarded sand. An extensive study undertaken by the American
Foundrymen's Society showed that the major emission occurs within a 1- to
2-year period.1€ These results were summarized in a previous report.!
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a common duct which carried the fumes out of the building to the baghouse.
Samples were taken in the duct prior to the baghouse. Foundryr"I" was
selected because it had efficient emission contro] and accounting systems,

" thereby enabling a more accurate sampling effort.

The sample of pouring emissions was obtained at foundry "P", a large
foundry mak1ng gray iron castings of automotive parts.. The ifon was cupola
melted and stored in an induction holding furnace. The pouring was ent1rely
manual. The pourer added a scoop of silicon to his pouring ladle, pushed
the ladle into position to be f1]1ed from the induction furnace, then
pulled the ladle around to the start of the pouring 11ne. The pour1ng
lasted a 11tt1e over two minutes per ladle. The fron was poured into -
greensand molds w1th sea coal as the organic add1t1ve typ1cal of the
industry. The part1cu1ar time of test1ng involved product1on w1thout
phenolic cores Foundry P! was selected because the em1ss1on control
system desxgn and the pour1ng rate indicated the poss1b]1ty of obta1n1ng a
re]at1ve1y und11uted sample. Samples were taken of the uncontrolled
emissions.

The sample of cupola emissions was obtained at Foundry "C", a9 Mg (10
ton) per hour iron foundry within a large manufacturing plant that poured
other metals also. Emfssions from the two cupolas were controlied by a
baghouse system. A water quench was used to cool the gasés. The baghouse.

‘was designedfﬁith sampling ports and platforms for testing of the exhaust

to the;gtmosphere,~thereby'faci]itating the sampling effort. Although the
total plant was‘signif{cant in size,'the operating methods were more
representative of a very well operated small foundry with capital assets:
sufficient to employ the best available pollution control system: Foundry
"C" is surrounded by residential areas and appears to make a "best effort
to be a good neighbor. It was selected for sampling because of the high
quality of the emission system and the ease of obtaining a sample that
\wou]d indicate the level of organics in the gas after baghouse cleaning.
\ The sample of electric arc furnace emissions was obtained at Foundry -
"E". This is a small, relatively clean, innovative steel foundry located
in a "business".section of town. All furnaces and other metal processing
devices were well controlled but some of the pouring and cooling areas had
visible smoke emissions. Plain carbon steel was being melted at the time
of testing but much of the foundry output is corrosion resistant él]oy
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The testing of an electric arc furnace and a cupola was required to
obtain Level- I type information concern{ng\the organic emissions. Much has
been done to establish the particulate emissions, even as a fdnction of
operating conditions, but a comprehensive examination such as the Level 1
assessment had not been performed. ‘ |

The philosophy of the phased approach developed by the Process
Measurements Branch of EPA's Industrial Environmental Research Laboratory
at Research Trlangle Park North Caro]1na was emp]oyed as a guide in the
sampling and analysis. The Level 1 Procedure Manual2! outlines this
approach and descr1bes the Level 1 samp11ng and analytical techn1ques. The
goal of Leve1 1 samp11ng and analys1s is to 1dent1fy the po11ut1on potent131
of a source in a quant1tat1ve manner within a factor of + 3. A
statistically representative sample is not required. The sample is acquired
with the Source Assessment Samp11ng System usua]]y called “the SASS train,"
which co]]ects part1cu1ates by size range and traps organ1c and inorganic
compounds in the gas for later ana1ys1s

6.2 TEST SITE SELECTION

The selection of sampling sites was based on a) the processes to be
sampled, b) the répfesentativénessiof the site to the industry -in general,
c) general .quality of operation and constructfon, and d) plant permission
to sample. A

The greatest difficulty was locating a suitable sample site that was.

still in business. Over 50 percent of the industry was shut down during of .

this project. The remainder of the industry was involved in business ,
worries of such magnitude that they declined to participate in this study.

The sample of inoculation smoke was obtained at Foundry "I", a large
modern installation producing ductile iron castings. At this plant, the
iron is desulfurized in the molten state, and stored in an induction holding
furnace. The iron is transferred to a two ton bull ladle for inoculation
which is done by plunging a graphite bell containing magnesium ferrosilicon
into the molten iron.

The bull ladle was weighed within 5 pounds at the metal transfer
station. Thus quite accurate metal weights could be obtained. At the
plunging station the ladle was covered with a movable hood, which captured
virtually all the fumes. Several plunging station ducts were connected to
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' 6.3.2 Sampling at Foundry "I"

At Foundry "I", the inoculation stations or "plunging stations" are
designed to lower a hood over the ladle during inoculation, giving very
efficient capture of the smoke. The ducts from the inoculation stations
joined into a single 0.61 meter (24 inch) diameter dutt.that passed through
the building to the baghouse. The company installed the necessary equihment
platfdrm and a sampling port 6.1 meters (20 feet) downstream from the last
junction into the ducts and 12.2 meters (40 feet) upstream from a bend in
the duct. A'twelve point traverse was made prior to sampling at a single
point, 85 percent of the duct diameter into the duct, at a rate of 0.108
m3/min (3.81 cfm). The exhaust gas was sampled until 26.41 dsm® (932.58
‘dscf)ﬂweréHcOIWected. The sample was 95.9 percent of isokfnet1Cr After
the test,,a’tehr in' the filter was found which possibly could have allowed:
some particulate  to escape into the XAD resin. The frit, filter back half
and organic module, however, appeared clean and it is therefore felt- that
the tear had no effect during the run.

6.3.3 Samp11ng7at Foundry "C"

Foundry‘“C" had a baghouse that was constructed with an exhaust stack,
sampling ports, and equipment platform to facilitate samp11ng At the time
of des1gn and-construction the company pro;ected their future needs would
include periodic sampling.

The. gas volume collected for the SASS run was 24.66 dsm® (870.912
dscf). Testing was performed at a sampling rate of 0.099 m3/min (3.5 cfm)
~and was '93.2 bercent isokinetic. A twelve point traverse was made before
the run. Sampling was performed at a single point, 85 percent of the stack
diameter_into‘the‘baghouse exhaust stack.

6.3.4 S;mplihg”at Foundry "E"

Foundry “E" had well hooded electric arc furnaces wfthfldng ducts that
-extended from the-building to a baghouse. After the baghouse another ductA
ran about 15 meters (50 feet) to the blower room and the b1ower exhaust '
stack extended 4.9 meters (16 feet) up from the blower. The company
reinforced the” roof of ‘the blower house to enable setting up an equ1pment
platform for the SASS train. The sample was obtained from a port in the
stack. | -
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steels. The‘sample was obtained after the baghouse, thereby giving the
truest representation of what enters the environment. Foundry “E" was
selected because it was well controlled and easy to sample. The design of
the emission control system also facilitated the objective of determining
the organic level after baghouse cleaning.

6.3 SOURCE ASSESSMENT SAMPLING SYSTEM\ACQU;SITION OF SAMPLES

The samples were acquired with the Source Assessment Sampling System,2?
commonly called the SASS train. This unit draws in gas through a button
hook nozzle at a constant velocity approximately equal to that of the
stream being sampled. and conveys it, via a heated tube, to a series of
three cyclones in an oven. The cyclones separate the particu]ate.fnto
three size ranges; > 10 pm, 10-3 pm, and 3-1 pm. The sample is then passed
through a fiberglass filter to remove the < 1 um particulates, cooled, and
passed through a cartridge of XAD-2-resin to adsorb organic materials.
After the organics are removed, the collected gas passes through a series
of reagent bubblers to remove volatile inerganics.

A1l reagents and procedures were according to the recommended Leve1 1
practices.?? The field sampling data and drawings are in the Appendix.

6.3.1 Sampling at Foundry "P¥

Founéry "P" had pre-existing ports on the roof stack for fhe SASS
probe. Tﬁo wood platforms, each 1.2 x 3 meters (4 x 10 feet), at right
angles, provided adequate working space on the 1 in 3 sloped roof, which
was reached with a "cherry picker" crane. The air control system for
pouring consisted of a hooded pouring station with a fresh air vent mounted
behind the pourers, creating a cross draft that efficiently removed the
pouring emissions. The pouring station hood was exhausted through a single
duct, 1.2 meters (48 inches) in diameter with an axial fan. This duct
extended through the roof and was 12.8 meters (42 feet) in total length.

The samp11ng ports were 9 meters (30 feet) above the hood and 3.7 meters
Q12 feet) below the top of the stack. ‘After a twelve po1nt veloc1ty
traverse of the duct, sampling was performed at a single point, 85 percent
of the stack diameter into the statk at the rate of 0.111 m®/min (3.93
cfm). The exhaust. gas was sampled until 27. 84 dsm3 (983.283 dscf) was
collected. The sampling was 77.9 percent isokinetic. The sample was
collected in two time periods--before and after the lunch break, during
which there is no pouring.
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7.0 ENVIRONMENTAL DATA ANALYSIS

Fol]owfng Level 1 procedures, one sample was obtained at each site as
previously discussed. The sample collected by the SASS train was analyzed
;atcordihg to the IERL-RTP Procedures Manual: Level I Environmental
Assessment. 21

“7.1 COMPARISON SUMMARY OF RESULTS

‘To obtain a better perspective of the pollution potential of the
processes studied it ié useful to have a side by side presentation of the
overall testing results from this and the previous study of the shakeout.?
Table 7-1 presents the uncontrolled particulate emissions from pouring (P),
inoculation (I), shakeout (S0), and the controlled (scrubbed) shakeout
emissions, cupola (C), and electric arc furnace (E).

© TABLE 7-1. SUMMARY OF PARTICULATE DATA? -

Uncontro]leé 95 Controlled

-Sample site P I S0 ! SS0 c E
Air flow rate, 1,337 262 635 867 630 860
m3/min b
Particulate concentration, 15.2 99.7 1,99 8.9 ND ND
mg/m3 :
Particulate generated, 66.6 55.7 7,010 43.4 - -

g/Mg processed

3sampled at 204° ¢ (400° F). Thus some organic matter may have distilled
off of the particulate. ' .
b

_None detected.

Table 7-1 shows that in terms of particulate generated per Mg processed,
the shakeout exceeds the pouring and inoculation by two orders of magnitude.
' The fumes from pouring and inoculation are roughly-equal-to the wet scrubbed -
(controlled) shakeout emissions. No detectable particulate matter was
found in the baghouse emissions from the cupola and EAF. An extended
sampling period (>6 hours) would be required to obtain an accurate measurement.
33
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A gas sample of 29.27 dsm3® (1033.555 dscf) was drawn through the
sampling system. The sampling was performed at a rate of 0.122 m3/min
(4.31 cfm) at 100 percent of the isokinetic rate. A nine point traverse
was made prior to sampling. Sampling was performed at a single point, 83
percent of the stack depth into the ‘rectangu1ar stack.
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Table‘7-3acbmpares the organics extracted from the particu1ate’of the

processes previously described with each other and with the organic matter

captured in the XAD-2 resin. This implies that most of the organic matter
is low boiling point material. Particulate matter was collected at 204° C

. (400° F).
7-3. ORGANIC EXTRACTABLES
Process sampled
L Uncontrolled - Controlled
Type of sample S0 P I . c .
Emission_concentrations, mg/m®
Filter (< 1pm)a ~ . 0 composite composite NAb» NA
a particulate particulate , '
1=3um a 0 NA NA
3~10pma . , .12 - - NA . NA
> 10um~ ‘ 0.82 NA NA
Probe 1.22 0.299 NA NA
XAD-2 = - 173.67 14.29 4,355 26.54 9.19
Total ‘ ' 174.61 - 15.51 4,65 26.54 9.19
Emission concentrations, g/Mg processed

Filtep (< Tum)® .0 ' " ONA NA
1=3um a 0 . ] NA NA
3-10uma ’ 0.42 : NA ~ NA
> 10um~ P 2.88 NA NA
Probe ‘ ' 5.36 - 0.1671 NA NA
XAD-2 614 62.76 _2.433 90.422 173.7

7

Total - 614 68.12 . 2.600 90.422 - 173.

a%rgagi?s remaining on particulate. Particulate collected at 204° C
400° F). ‘ ' * o ‘

bth analyzed - insufficient sample collected.

Table 7-4 is a summary and comparison of sampling data for the four

processes examined in this study.
Table 7-5 1ists the pertinent production data during sampling.
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Table 7-2 presents the total organic emissions from the same sources.

TABLE 7-2. SUMMARY OF ORGANIC DATA

Uncontroliled Controlied
Sampling site P I S0 C E SO
Air flow, 1,337 262 635 630 860 857
m3/min »
Total organ1c concentration, . 15.5 4.3 174.6 26.6 9.2 105.3
mg/m3 \ :

Total organic generated, 68.1 2.6 614 90.4 173.7 512
g/Mg processed -

Table 7-2 shows that the organics generated, oh a- g/Mg basis, during
shakeout is also greater than those generated during pouring and inoculation
by factors of 10 and 200, respect1ve1y The shakeout also had higher -
levels of controlled organic emissions, g/Mg basis, than the cupola or EAF.
Uncontrolled pouring emissions were of the same magnitude as controlled
cupola emissions. - For theffour processes tested in this study, i.e.,
excluding shakeout, the cupola proéduced the highest concentration of organic
matter. It should be noted however, that concentrat1ons depend on system
air flows. f

On a production_basis, the electric arc furnace:emitted the most
organics per Mg of metal processed The quality of scrap used will have
some effect. If the electric arc furnace (EAF) is clean and is loaded with
comp]ete]y clean scrap, then no emission of organic compounds would be |
expected, except for those synthesized in the electric arc and "boil off"
of the residual coal tars in the graphite. Thus the major portion of
organic emissions from the EAF can be attributed to'dirty scrap. The scrap
used appeared to contain engine oil, lubricants, and dirt.

Inoculation is a completely inorganic process and thus would be
expected not to produce any organic compounds. As Table 7-2 shows, a low
level of organic matter was measured. While the production of methane and
simple organics is poésib]e from carbon in iron under reducing conditions,
the synthesis of larger organic compounds that would be adsorbed onto XAD-2
resin is not easily conceivable under the oxidizing conditions of magnesium

inoculation.
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 7.2 ANALYSIS OF SASS TRAIN SAMPLE OF POURING EMISSIONS

Sampie “P" is the raw emission from a pouring line in which gray iron
was poured into green sand molds without cores. The organic additives
consisted of sea coal and used core sand from oil cores with cereal. The
sand was 55-60 AFS silica and was replenished with about 10 percent used
core sand, about 18 Mg (20 tons) per day. A constant disposal of some sand
is required. When cores are not being used, the make up sand is naturally
-bonded réd‘sand Th1s sample represents the uncontrolled fume (before any
air pollut1on control dev1ce) from a typical casting operation.

Product1on and material data pertinent to the pour sample are as
follows: '

Normal casting rate: 18.27 Mg (20 tons) per hour
Capacity casting rate: 41 Mg (45 tons) per hour
Weight of iron per mold: 62.1 kg (137 1bs)
Weight of individual pieces: 8.9-15.6 kg (20-34 1bs)
Molds per hour: 295 '
Weight of green sand per mold: 350 kg (775 1bs)
'Sand to metal ratio: 5.7:1
Carbon content of return sand: 3.5-4 percent

o Mo1sture in molding sand: 3. 8-4.2 percent

C1ay content 16-11 percent

'Totél active clay: 8 percent.(methylene blue method)

Volatiles: 2.5 percent (482° C)

Organic components: Sea coal
' ' Cereal and oil from core sand

7.2.17 Total Particulate Loading

The total mass of uncontrolled particulates from the pouring process -
is g1ven in Table 7-6. Included in this table are the vélués of ’
part1cu1ates per Mg of metal cast. Since the sand to metal ratio was
5.7:1, a common value, these values could be extrapolated to obtain an
order of magnitude estimate for similar plants. The less than one
micrometer_(um) particulates generated were about‘one third that from a
shakeout and the 1 to 3 micrometers range particulates were one-half percent
’ that of a shakeout, on a g/Mg metal processed basis. Table 7-7 summarizes
the sampling conditidns.
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TABLE 7-4.

SUMMARY OF SAMPLING DATA
Sample P I C - E

Date of test .3/11/81 2/11/81 3/25/81 2/25/81
Volume of gas sampled, m3 27.84 - 26.41 24.66 29.27
Duct gas temperature, °C: 33 40 178 31
Duct gas pressure, cm Hg 74.60 73.81 75.74 73.58
Duct gas molecular wt., dry 28.84 28.84 29.60 28.84
Duct gas mositre, % 3 3 15 . 3
Duct gas velocity, m/sec 20.94 .16.95 16. 34 17.98
Duct gas flow rdte, m3/sec 22.29 4,360 10.50 14.34
Total sampling time, min 250 245 : 250 240
SASS train flow rate, m3/sec 0.001856 0.001797 0.001644 0.002033
Metal processed during : '

sampling, Mg 76.12 114.7 46.21 11.83

TABLE 7-5. PRODUCTION DURING SAMPLING
P I c E S0 so®

Total metal, Mg 76.124 114.71 - 46.21 11.83 - 27.84 59.81
Metal/hr, Mg/hr 18.270  28.09° 11.09 2.73 10.79 10.56
Total sand, Mg 430.63 ‘ 114.52 279.68
Sand/metal ratio 5.7:1 4.47 4.99
Coke, Mg ' 5.78 ‘
Coke/metal 1/8 ‘
Sample volume, m® 27.843 26.408 24.661 = 29.267 15.23 26.15
Air flow, 4,392 558.7 3,407 18,900 3,516 4,865

m3/Mg

processed
Sampling time, min 250 245.0  250.0 240.0 155 377
Air flow rate, 1,337.3 261.6 ~ 629.7 860.4 631.8 562.5

m3/min ‘
Flask/hr 294 17.6 250 250
Metal/flask, 1b 137 3,510 140-160 140-160
Sand/flask, 1b 775 - ‘ 750-800 . 750-800
Heats/hr 0.632

aDum’ng test of shake out scrubber emissions.
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7.2.2 Level 1 Organic Analysis

The organ1c extractab]es have been listed prev1ously in Table 7-3.

Table 7-8 summarizes the liquid chromatography (LC) and infrared (IR) spectro-
photometry ana1ys1s of the organic compounds extracted from the dust and the
XAD-2 resin. This summary comes from Tables 7-9 and 7-10, the,“Organic
Extract Summary Table" (OEST). The seven fractions the sample is divided
into by LC are listed in the OEST. For each fraction there is a list of
compound c]asses that may occur in that fraction. If the IR shows the func- ,
tional groups for a chem1ca1 family are present, an intensity of 100 is
assigned. If a functional group for a chemical family that.could be present -
is not found in the IR spectra, an intensity of 10 is assigned. Within a
given LC fraction these intensities were summed and each chemical class
assigned its proportion of the total weight of extracted organ1cs in that Lc
fraction.  The low resolution mass spectrometer (LRMS) data for fract1ons
analyzed by th1s techn1que were examined for the presence of compound cate~
gories and mo]ecu1ar we1ghts of specific compounds of concern.” The inten-
sities of the compounds or classes found were used to make quantitative .
estimates. A .

' Table 7-8 lists the MEG!7 trigger values, where they have been estab-
lished, for each chemical category. These trigger values are used as engi-
neering tools for selecting waste streams and pollutants for further analyses.

The values listed in this fepoft are the lowest MEG‘(air, health) values
in each category of compounds. Thus, unless the specific compouhd having
this MEG value is actually in the sample, the MEG value shown would be too
low and the severity (concentrat1on found/MEG) too h1gh a

Table 7-8 shows that the minimum MEG value was exceeded in six catego-
ries, halogenated hydrocarbons, aromatic hydrocafbons, ha1ogenated‘aromatics,
heterocyc11c N compounds, amines, and carboxylic acids. These have been
listed in Table 7-11 together with range of MEG values for each category, the
severity if the midpoint of the MEG range is used, and comments on the or1g1n
of the data. '

The compounds and categories found by LRMS were quantified and listed in
Tables A4 and A8, found in the appendix. The LRMS results do not indicate
BaP is present. Low concentration of other polycyclic aromatics, none of
significant environmental concern, were also found.
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TABLE 7-6. UNCONTROLLED PARTICULATE FROM POURINGa

Load |  Percent Emission

Category | wt, mg mg/m®  of total g/Mg
< lum dust '82.6 © 1.530 10.1 6.72 -
1-3um dust 6.8 - 0.244 1.8 1.07
3-10um dust . 47.2 1.695 1.2 7.44
> 10um dust 200 . 7.183 '47.3 31.55
Probe rinse’ 125.8 - 4.518. . 29.8 19.84
Total - 4224 - 15071 . 100 66.63

Sample volume (std): 27.843 md
Total load: 0.006630 grains/ft3 e

“ Metal processed during sample period: 76.124 Mg
Air flow/Mg processed: 4,392 m3 ‘

3particulate mass may be understated since some organics may have distilled
off during samp]ing. Particulate samples were collect at 204° C (400° F).

TABLE 7-7. SUMMARY OF SAMPLING DATA FOR POURING

"Date of test: 3/11/81 - : :
' Volume of gas sampled: 27.843 m® (983 ft3)
Stack gas temperature: 32.8° C (91° F)
Stack gas pressure: 74.60 cm Hg
Stack gas molecular weight: 28.84
Stack gas moisture: 3 percent
Stack gas velocity: . 20.94 m/sec (68.7 ft/sec)
Stack gas flow rate: 22.29 m3/sec (47,230 cfm)
Total sampling time: 15,000 sec = = =
SASS train -flow rate:  0.001856 m3/sec (3.93 cfm)
Percent isokinetic: 77.9 .

Iron cast during samplidgf‘i76.124 Mg (83.9 tons)
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) TABLE 7-8. SUMMARY OF ORGANICS FROM POURING

Remaim'nga Captured Min MEG
on by XAD-2 value in Severity
particulate resin Total category ,conc.
Category mg/m3 mg/m®  mg/m®  mg/md “WEg )
Aliphatic hydrocarbons 0.018 2.116  2.13 20 (b)
Halogenated hydrocarbons 0.002 2.116 2.12 0.1 21.2
Aromatic hydrocarbons 4 0.000 1.517 1.52 .0 1.5
Halogenated aromatics 0.000 1.517 1.52 0.7 2.2
Silicones 0.014 0.177  0.19 0.7
Heterdcyclic 0 compounds 0.014 1.278 1.29 300
Nitroaromatics 0.015 0.052 0.07 1.3
Ethers 0.015 '0.519  0.53 16
Aldehydes 0.015 0.052  0.07 0.25
. Phosphates 0.046  0.114 0.6 400
Nitriles 0.015 0.052  0.07 . 1.8
Heterocyclic N compounds 0.046 0.337  0.38 0.1 3.8
. Heterocyclic S compounds 0.046 0.337  0.38 2
Alcohols 0.078 0.647  0.73 10
Phenols 0.032 0.089 0.12 2
Ketones 0.146 1.015  1.16 12
Amines 0.078 0.772  0.85 0.1 8.5
Alkyl S compounds 0.032 0.089  0.21 1 L
Sulfonic acids 0.078 0.089  0.17 0.8
Sulfoxides . 0.032 0.089  0.12 0.8
Amides , 0.032 0.213  0.25 1.0 !
Carboxylic acids 0.078 ~  0.647 0.73 - 0.3 2.4
Esters 0.146 0.457  0.60 5.0

(a) Some organics adsorbed on the particulate at source conditions may have
been distilled into the XAD-2 resin. Particulate samples are collected
at 204° C (400° F). ‘ |

(b) Blanks indicate severity <1.

t
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TABLE 7-12. METAL CONTENT OF COMPQSITE POURING DUST

cld

©

e

A

Observed pg/m3

MEG trigger val

e Severity

N
L

P

Element - pg/md Conc. B
g?ﬁfﬁjl.
-
Li 0.77 2.5 x 10t a =
Be 0.01 2.6 x 10° @
B 13.05 1.0 x 10¢ N
F ue ° 2.5 x 108 .
Na MC 2.0 x 103 i%
Mg MC 3.2 x 104 -
Al MC 2.0 x 108 Ej
o si MC 7.5 x 103
P MC 1.0 x 102 -
s MC 2.0 x 104 .
MC 2.0 x 103
Ca MC 5.4 x 102 y
Sc 0.03 5.4 x 108
Ti MC 1.0 x 104
v 0.18 5.0 x 101 -
~Cr MC 1.0 x 100 >15 ?
Mn MC 5.0 x 103 ¥
Fe MC 1.0 x 103 ;
Ca 0.18 4.2 x 10t »
Ni 5.76 1.4 x 101 “
Cu 3.34 2.0 x 102 g
Zn MC 5.0 x 103 ‘
Ga 0.18 8.3 x 10 1
As 0.29 2.0 x 100 -
Se 0.17 2.0 x 102 :
Rb 0.05 3.8 x 10% ~
sr 0.90 5.6 x 104
oy 0.18 1.0 x 103 g
Ir 0.90 5.0 x 100
Nb - 0.12 2.2 x 10 i
(CONTINUED) 4
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The level of carboxy]ic acid only slightly exceeds the MEG for a few
members of the "Ac1ds with Other Functional Groups" category, and does not
exceed the lowest MEG for carboxylic acids alone.

The findings in summary form are thus:
Halogenated hydrocarbons - present, low priority
Afomatic hydrocarbons -Apresent, low priority
Halogenated aromatics - present, low priority
Heterocyc]ic N compounds - possibly present, low priority
Amines - possibly present, low priority
Carboxylic acids - present, low priority
Fused aromatics - present, low priority

7.2.3 Level 1 Inorganic Analysis

The particulate collected from pouring was analyzed by spark source mass
spectrometry (SSMS). Table 7-12 1ists the elements found and their concentra-
tion along with the MEG (Air, Health) tr1gger values. Only chromium defi-
nitely exceeded the trigger value. This was one of fourteen elements that
overloaded the readout, which goes to 1,000 parts per million or 0.1 percent.
In terms of this sample, this means a major component (MC) is greater than 15
pg/md. It is uﬂTike1y any othér_of these elements exceeded their respective
trigger value. Since this foundry was casting plain gray iron with no inten-
tional addition of chromium, it is unlikely that the emission of chromium can
be reduced by selection of process or materials. Chromium is one .of the well
known problems in the metallurgical industry and the only conclusion that can
be drawn here is that it is a problem in pouring emissions also.

The value for mercury listed in Table 7-12 is not from SSMS but from
standard level one wet analysis and atomic absorption. It was included in
the table for the purpose of simplifying presentation. The arsenic and
antimony levels by atomic absorption (AA) analysis were below the detection
Timit. '

7.3 ANALYSIS OF SASS TRAIN SAMPLE OF INOCULATION FUMES

Sample "I" is the uncontrolled emission from a set of magnesium in-
oculation stations at a ductile iron foundry. The bull ladle was filled from
an induction ho1ding.furnace’with an average of 1.593 Mg (3,512 1bs) of iron
(weighed within 5 1bs) then transferred to the inoculation station.

. . 4



* Nonferrous metallic elemental additives, except CaC:
‘Magnesium: - 88.68 kg (195.5 1bs)
.. Nickel: 8.66 kg (19.1 1bs)
% cerium:  17.66 kg (38.93 1bs)
© . Zirconium:  2.864 kg (6.315 1bs)
Calcium: 7.59 kg (16.74 1bs)
Copper: - 34.9 kg (77 1bs)

These were in seven\substances added. (The company's recipe for

T B

i

e e

‘inoculation is considered proprietary.)

7.3.1 Total Particﬁ1ate Loading

The total mass of particulates from an uncontrolled inoculation process
is given in Table 7-13 which also includes the percentage of each size

- range and the emission per Mg of production.

Table 7-14 gives the sampling data for this test.

TABLE ‘7-13. PARTICULATES FROM INOCULATION

Uncontrolled

; Percent of emission .
Category Wt., mg Load, mg/m3 total aMg o»f poculpd
< lpim (filter) 726.3 27.50 27.6 15.36
1-3um 1,006.4 38.11 38.2 ' 21.29
3-10um 376.6 14.26 . 14.3 7.97
zﬂlﬂpm;’.A' - 523.0 19.805 19.9 - 11.07
Total 2,632.3 99.68 100.0 55.69

SR : S : | W
Sample volume (std): 26.408 m® ' e
Total load: 0.04356 grains/ft3 o ,ﬂ@;/“%
Metal processed during sampling: - 114.7 Mg ~CF7 T g
Air flow/tonne processed: 558.7 m? o Hr

47

;
]

1

L.



TABLE 7-12. (CONTINUED)

MEG trigger va]Ue Severity

Element . Observed pg/m3 - ug/md | Conc.
‘ \ . g?ﬁiﬁfl

Mo 1.52 5.0 x 103

Ag 0.23 1.0 x 10t

cd 0.18 4.0 x 101

sn 0.23 1.0 x 102

sb 0.17 5.0 x 102

Te 0.05 2.2 x 102

Cs 0.00 2.0 x 103

Ba 14.87 5.0 x 102

La 0.58 1.1 x 105

Ce 0.71 1.3 x 10%

Pr 0.03 1.2 x 108

Nd 0.03 9.6 x 10¢

Sm 0.05 1.1 x 108

Eu 0.01 - 1.3 x 108

W - 0.03 1.0 x 103

Hg - 2.53 5.0 x 101

Pb 2.58 1.0 x 102
Bi 0.02 NGT DETERMINE
Th | .24 5.3 x 104

U 0.08 1.5

x 101

(a) Blanks indicate severity <1.

(b) MC = Major component, i.e., > 15ug/m3. Severity cannot be calculated.
At the inoculation station a graphite bell was loaded with.a sheet iron can
containing the inoculant and plunged to the bottom of the ladle. At the same
time a hood was lowered over the ladle and essentially all fumes were
captured. Sampling was done in the ddct.]eading the collected smoke to a
baghouse. )

The production and material data pertinent to the inoculation sample are
as follows:
Number of plunges during sampling: 72
Iron inoculated during test: 114.7 Mg (252,785 1bs) (Plus 45 kg - 100
1bs - of cans and support rods) .
46



TABLE 7-15. SUMMARY OF ORGANIC ANALYSIS FROM UNCONTROLLED INOCULATION

Emission Rate:

2.60 g/Mg processed.

Remaining® Captured Min MEG
on by XAD-2 - ‘ value in Severity
particulate resin Total category (conc )
Category mg/m3 ‘mg/m®*  mg/md mg/m3 MEG
Aliphatic hydrocarbons ans® 0.32 0.32 20 (o)
Halogenated hydrocarbons QNS 0.362 0.362 0.1 3.6
Aromatic hydrocarbons QNS 0.814  0.814 1.0
Halogenated aromatics QNS 0.814  0.814 0.7 1.2
Silicones aQNs 0.205 0.205 g.7
‘Heterocyclic 0 compounds QNS - 0.796 0.796 300
Nitroaromatics 0.001 0.015 0.016 1.3
" Ethers 0.001 0.235 0.236 16
Aldehydes 0.001 0.028  0.029  0.25
Phosphates 0.005. 0.028  0.033 400
Nitriles _ 0.001 0.015 0.016 1.8
Heterocyclic N cdmpounds 0.005 0.028 0.033 0.1
Heterocyclic S compounds 0.005 0.028  0.033 2
Alcohols 0.005 0.019 0.024 10
Pheno]s 0.00S. 0.019 0.024 2
Kétones - 0.059 0.186 0.245 0.12 =
Amines 0.005 0.019 0.024 - 0.1
ATkyl S compounds 0.005 0.019 0.024 1
Sulfonic acids 0.005 - 0.019 0.024 . 0.8
‘ Sﬁ]foxides’ 0.005 0.019 - -0.024 0.8
- Amides 0.005 0.019 0.024 1.0
Carboxylic acids . 0.005 -0.019 0.024 0.3
Esters: : 0.048 . 0.019 0.067 5.0

Lo

35ome organ1cs adsorbed on the particulate at source cond1t1ons may have

"distilled into the XAD=2 resin.

204°C (400° F).

Particule samples are collected at

QNSl= Quantity not sufficient for analysis.
“Blanks indicate Severity <1.
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TABLE 7-14. SUMMARY OF SAMPLING DATA FOR INOCULATION

Date of test: 2/11/81 '
Volume of gas sampled: 26.408 m® (933 ft3)
Duct gas temperature: 40° C (104° F)

Duct gas pressure: 73.81 cm Hg « ,
Duct gas molecular weight: 28. 84 o~
Duct gas moisture: 3 percent .

Duct gas velocity: 16.95 m/sec (55.6 ft/sec)
Duct gas flow rate: 4.36 m3/sec (9,238 cfm)
Total sampling time: 14,700 sec "
SASS train flow rate: 0.001796 m3/sec (3.81 cfm)
Percent isokinetic: 95.9 ’

Iron cast during sampling: 114.7 Mg (126.4 tons) Q“Zgyﬁ/ﬂﬂ/{/

7.3.2 Level 1 Organic Analysis

Table 7-15 summarizes*the liquid chromatography and infrared spectropho-
tometry analysis of the organic tompounds extracted from the air and the
dust. This summary comes from Table 7- 16 and 7- 17, the Organic Extract
Summary Table. The treatment of these tables has been discussed in Section
7.2.2. Table 7-15 shows that the sever1ty was >1 in two categor1es, ha]o-
genated hydrocarbons and ba]ogenated aromatics.

7.3.3 Level 1 Inorgan1¢’Ana1y51sn’

This particular sample was given an extra analysis beyond the usual
scope'of Level 1 assessments. Since magnesium reacts with nitrogen and can
form MgsN,, it was desired to determine whether or not this occurs during the
inoculation process. Magnesium nitride would be an undesirable byproduct
because of hydrolysis to form alkaline magnesium hydroxidé and ammonium
hydroxide. Soon after collection and weighing particulates, a portion of the
particulate was analyzed by x-ray, using the CuKa emission in a 57.3 mm
diameter powder camera. The resulting spectra was checked against file data
on Mg0, MgsNs, Mg(NOa)s, MgOs, MgoPsn, MgCO3+5H;0. The sample is predomin-
antly Mg0 with traces of iron,; (magnetically separable). Four lines (d =
4.23, 3.86; 3.02, 1.70) do not fit this éxpianation. No fit could be obtained
for MggN,. The strongest MgzN, line is 1.76 which is too far removed from
the observed 1.70. The other strong ]inés (éxcept 4.23), coincide with the
Mg0 lines. The most likely explanation for the extra lines is magnesium
carbonate pentahydrate, MgCOz - 5H;0. This could result from reaction of Mg0
with water and carbon dioxide in the air or it could result from reaction of
MgsNo, with water and carbon dioxide. The latter reaction is fast, whereas
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. TABLE 7-18. METAL CONTENT OF INOCULATION SMOKE

oo d )

S Severity
. MEG trigger values Conc.
Element Observed ug/m3 pg/md (MEG)
Li 8.7 2.5 x 101 a g
" Be 0.03 2.6 x 10°
B > 100 1.0 x 104 .
Na > 100 2.0 x 108 J
Mg > 100 - 3.2 x 10¢ -
Al > 100 2.0 x 108 :
si > 100 . 7.5 x 102 i]
P 27 1.0 x 102 A
S . > 100 2.0 x 104
K > 100 2.0 x 108
Ca > 100- 5.4 x 102
. Se 0.07 5.4 x 103
Ti * > 100 1.0 x 10%
v - > 100 5.0 x 10+ >2
Cr A 1.0 x 10° 7
Mn 62.8 5.0 x 103
~ Fe > 100 1.0 x 108
Co . 0.09 4.2 x 10!
Ni 0.60 1.4 x 10t
Cu 20.9 - 2.0 x 102 , _
Zn > 100 5.0 x 103 ‘ A
Ga 2.09 8.3 x.104 .;
Ge 0.10 1.5 x 10%
As 13.0 2.0 x 10° 6.5 .
Se 0.8 2.0 x 102 |
Rb 1.3 3.8 x 10¢ ’
Sp 10. 5.6 x 10% :
Y 0.09 1.0 x 103 ;
Ir 4.0 5.1 x 100 o
Mo 0.7 - 5.0 x 103
Ag 1.2 1.0 x 10! "
cd 0.2 4.0 x 10* ]
Sn 2.5 1.0 x 102
Sb 21.9 5.0 x 102 N
Te 0.2 2.2 x 102 gj
Cs 0.09 2.0 x 103 '
Ba > 100 5.0 x 102
La 1.3 1.1 x 105 i
Ce - 9.1 1.3 x 105 >
Pb > 100 1.0 x 102 >l
o 0.5 NOT DETERMINED

e

3 Blanks indicate severity <1.
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the reaction of Mg0 which is formed at'high temperatures is known to be siow.
Since a more-sophistitated analytical proceduré could not be effected onsite
at the time of collection there is no way of selecting between these two
possibilities. However the important finding is that there is no measurabie
amount of magnesium nitride in the emitted smoke.

Table 7-18 gives the metal content of the dust collected. This was
determined by spark source mass spectrometry. Chromium, vanadium, ]eéd, and
arsenic exceed their trigger values. The source of these could not be deter-
mined. The company provided a complete analysis, tO“the:0.01 percent level,
of the metal cans used to contain the plunging additives. Evidently these
elements may be edtéfing the system through the scrap. ‘

Level 1 procedure provides for the wet chemical and atomic abéprption
analysis of As, Sb,‘énd Hg in the impingér solutions the sample gas passes
through after the SASS train cyclones, filter, and XAD-2 resin cartridge,
thereby giving the concentrations of these volatile elements in the gaseous
state. These results are as follows: i

" MEG trigger value

Element Observed pg/m3 ug/ms Severity
As k 3.69 2 - 1.8
Sb ' 0.24 - 500 <1
Hg 3.07 - 50 , <1l

Arsenic exceeds the MEG by a factor of 1.8. The most significant source of
arsenic is the dust; which is baghouse collected, thus the problem with
chromium and arsenic emiséions to the atmosphere would appear to be essen-
tially under control at the plant tested. Tests of the baghouse emission
would be required to prove this. Uncontro]1ed‘emfésions, however, couild
present an environmental problem.

7.4 ANALYSIS OF SASS TRAIN SAMPLE OF CUPOLA EMISSIONS

Sample "C" is the baghouse filtered emission from a 21.3 cm (54 inch)
cupola rated at 9 Mg (10 tons) per hour; output can be increased to 10.9 Mg
(12 tons) per hour with oxygen enrichment. 0xygen enrichment is also used in
this plant for chemistry adjustment. The cupola has‘three afterburners
followed by md]tip1e quenthing water sprays. The stack gas femperatgre into
the quench is maintained above 732° C (1,350° F) to insure that all carbon
monoxide is converted to carbon dioxide. The quench sprays are sequentially
activated by baghouse inlet gas temperaturé to keep the temperature into the
baghouse at an acceptable Tevel below 300° C. After the quench- towers the
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~ TABLE 7-19. - SUMMARY OF SAMPLING DATA FOR THE -CUPOLA EMISSION TEST

Date of Test: 3/25/81

Volume of gas sampled: 24.66 m3® (871 ft3)

Stack gas temperature: 178° C (352° F)

Stack gas pressure: 75.74 cm Hg

Stack gas molecular weight: 29.60
Percent CO, by volume, dry:

" Percent O, by volume, dry: 1
Percent N, by volume, dry: 8
Percent A by volume, dry:

Stack gas moisture: 15 percent
Stack gas velocity: 16.34 m/sec (53.6 ft/sec)
Stack gas flow rate: 10.50 m3/sec (22,248 cfm)
Total sampling time: 15,000 sec

SASS train flow rate: 0.001644 m3/sec (3.43 cfm)
Percent isokinetic: 93.2

Iron melted during sampling: 42.0 Mg (46.2 tons)

6.1
2.9
0.1
0.9

7.4.2 Level 1 Organic Analysis

Table 7-20 summarizes the Tiquid chromatography and infrared (IR) spec-
trophotometry analysis of the organic compounds extracted from the air. This
summary comes from Table 7-21, the Organic Extract Summary Table. The treat-
ment of these tables has been discussed in Section 7.2.2.

Table 7-20 shows that the severities were >1 for‘six"categories; halo-
genated hydrocarbons, aromatic hydrocarbons, halogenated aromatics, hetero-
cyclic N compounds, amines, and silicones. Y ,

The IR data on aromatic hydrocarbons is based on two weak peaks ‘and one
medium peak. The LRMS also shows only a weak presence. Halogenated hydro-
carbons are also indicated by two medium peaks which, combined with the
concern ratio of 36, indicates a possible problem. The halogenated aromatics
\are confirmed by medium and strong IR peaks. . ‘

The presence of silicones at slightly more than the trigger value is
probably an overestimate. There is no IR confirmation of‘sf1icones in frac-
tions LC2 or LC3. Fraction LC4 does have a strong peak which can be either
ketones or silicones. This fraction alone would assign a quantity of 0.488
mg/m3 silicones, which is half the trigger value. Considering‘thé high level
of ketones in Fractions LC4, LCS, and LCS,/it is more Iiké]y that the observed
peak is due to ketones than silicones.
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| off-gas goes to a baghouse. The exhaust of the baghouse was designed as a
single stack with a sampling platform and ports to allow easy sampling.
The production and material data pertinent to the cupola sample are as

follows:
Charge:

Scrap 544 kg (1,200 1bs)
Pig iron 204 kg (450 1bs)
Steel 159 kg (350 1bs)
Limestone 18 kg (40 1bs)
Flourspar 1.8 kg (4 1bs)
Coke _ . 113 kg (250, 1bs)

Iron to Coke Ratio:

8:1

Coke Analysis:

Carbon . 94.1%

Ash ) 5.1%
Sulfur 0.58%
Volatiles 0.8%

Blast Air:
227 m3/min (8,000 cfm) at 232° to 260° C (450° to 500° F)

Oxygen Enrichment:

1.8%

Production Rate:

' 10.1 Mg/hr (11.1 tons/hr) -
7.4.1 Total Particulate Loading

This sample was co11gcted’from the baghouse exhaust. No measurable
particulates were obtained. ‘ ‘
Table 7-19 givés ihe samp]ing data for this. test.
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The findings in summary form are:

. “Halogenated hydrocarbons - present, moderate pr1or1ty
- Aromatic hydrocarbons - present, low priority
Halogenated aromatics - present, low priority :
- Heterocyclic N compounds - possibly preésent, low priority
“-Amines - possibly present, low priority :
©. Silicones - possibly present, low priority
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TABLE 7-20. SUMMARY OF ORGANIC VAPOR ANALYSIS FROM CUPOLA EMISSIONS
- Emission Rate: 90.4 g/Mg processed

Remaining« Captured . Min MEG

on © by XAD-2 value in Severity

particulate resin Total category ,conc.
Category - mg/m3 mg/m3 - mg/m®*  mg/md Cheg MEG )
Aliphatic hydrocarbons N.A.2 3.618  3.618 20 (b)
Halogenated hydrocarbons - N.A. 3.618 3.618 0.1 36
Aromatic hydrocarbons N.A. 3.207 3.207 1.0 - 3.2
Halogenated aromatics N.A. 3.207  3.207 0.7 4.6
Silicones N.A. 0.809 0.809 0.7 1.2
Heterocyclic 0 compounds N.A. 1.906 1.907 300
Nitroaromatics N.A. 0.206  0.206 1.3
Ethers N.A. 2.065  2.065 16
Aldehydes N.A. 0.206  0.206 0.25
Phosphates N.A. 0.308  0.308 400
Nitriles N.A. 0.206  0.206 1.8
Heterocyclic N compounds N.A. 10.308  0.308 0.1 3.1
Heterocyclic S compounds N.A. 0.308  0.308 2
Alcohols N.A. 0.259 0.259 10
Phenols N.A. 0.259  0.259 2
Ketones N.A. 2.838 2.838 12
Amines N.A. 0.259 0.259 0.1 2.6
Alkyl S compounds N.A. 0.259  0.259 1
Sulfonic acids N.A. 0.259 0.259 0.8
Sulfoxides . N.A. 0.2598 0.259 0.8
Amides N.A. 0.259 - 0.259 1.0
Carboxylic acids N.A. 0.259 - 0.259 0.3
Esters - N.A. 1.679 5.0

1.679.

3Not analyzed. Insufficient particulate matter co]iected;
bB'Ianks indicate Severity <1
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" The halogenated organics likely originate from one source, fluorspar,
 wﬁiCh js calcium fluoride, CaF,. Organic compounds will react with molten
halides to form halogenated brganic compounds. The level of halogenated
drganiés produced"will prdbably vary with the amount of oxygen enrichment
(due tofiemperature effects), as well as the amount of fluorspar used.

Reduction of either oxygen enrichment or f1uorspar(resu1ts in a reduction in

| prdduction 1eVe1 and an increase in energy consumption. ‘

Although the low resolution mass spectrometer data does indicate poly~
nuclear aromatic compounds, no BaP or other fused aromatics of particular
environﬁenta] coﬁcernywere detected. A worse case assignment of mass 268 as

methy] cholathene was made. However, this compound has only beeh“deffnitﬁve]y,

’ 1dent1f1ed in emissions originating from biological materials.t?

7.4.3 Level 1 Inorganic_Analysis

The sampled gas passing through the SASS train is bubbled through three
“impingers" désigned‘to collect arsenic, mercury and antimony, the volatite
metallic elements. Thesé solutions are subjected to atomic absorption spec-

, trobhotbmetry for these élements. Only arsenic was found. The first 750 mL
1mp1nger contained 0.204 ug/mL and the second and third impingers contalned |
0.024 pg/mL of arsenic, indicating good capture efficiency. This ca]cu]ates~
out to 7 66 pg/m3 in the sampled offgas. The MEG for arsenic is 2 pg/md,
g1v1ng ; sever1ty of 3.8. The flux contains fluorspar. Arsenic fluorides

are very‘vo]ati]e. Arsenic was probably leached out the raw material contain-

ing it by the fluoride from the flux. The source of the arsenic is unknown -
but cou1d be the coke or lime. !

7.5 ANALYSIS OF SASS TRAIN SAMPLE OF ELECTRIC ARC FURNACE

‘ Samp1e "E" is the baghouse filtered emission from a 4.5 Mg (5 ton)

eIectr1c arc furnace in a steel foundry. The furnace used 493 to 584 k11owattl

hours of electricity per Mg melted (447 to 584 Kwh/ton) and consumed 6 kg of
graph1te electrodes per Mg charged (12 to 13 1b/ton). At the time of the
test, pﬂa1n carbon steel was be1ng made, therefore the process is comparab]e
to. the me1t1ng of cast iron with the except1on that more energy is required
to ra1se the temperature of the steel. ‘
The furnace was well hooded and all fumes were collected during smooth
~ operat1on but some "puffing" fume during the initial meltdown occasionally
escaped» The company is in the planning process of installing a doughnut
hood‘tqgcaptqre the puffing fumes as well. The fumes collected by the fur-
P ‘ “ 59 « o .
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TABLE 7-22. SUMMARY OF SAMPLING DATA FOR ELECTRIC ARC FURNACE EMISSIONS

Date of test: 2/25/81 h
Volume of gas sampled: 29.27 m3 (1,034 ft3)
Stack gas temperature: 31° C (88° F)
Stack gas pressure: 73.58 cm Hg
- Stack gas molecular weight: 28.84
Stack gas moisture: 3 percent
Stack gas velocity: 17.98 m/sec (59 ft/sec)
Stack gas flow rate: 14.34 m3/sec (30,384 cfm)
. Total sampling time: 14,400 sec
SASS train flow rate: 0.002033 m3/sec (4.31 cfm)
Percent isokinetic: 100.0
Metal melted during sampling: 11.83 Mg (13.0 tons)

7.5.2 Level 1 Organic Analysis

The organic analysis of the extracted XAD-2 resin cartridge in the SASS
train was purshed as with the previous samples. Table 7-23 is tﬁe‘summary of
~ the organic analysis of the EAF emissions. The summary comes from Table
7-24, the Organic Extract Summary Table. The treatment of these tables has
‘been discussed in Section 7.2.2. - '

Table 7-23 shows that the trigger values were exceeded in four
categories: halogenated hydrocafbons, aromatic;hydrocarbons,‘halogenated
hydrocarbons, and amines. | ' A

Halogenated aromatics are indicated at a severity of 2 value but only
alkyl chloride peaks were identified:-

The presence of halogenated hydrocarbons is very significant with a
severity of 20. Strong alkyl chloride peaks are present in fraction two
which accounts for 0.7 mg/m® of the assigned gquantity but only a weak peak is
found in fraction one, which accounts for 1.3 mg/m® of the assigned quantity.
‘The source of the halogen was not elucidated. No fluorspar was used in the
flux, but some might have been in the furnace from-preVious;runs. Chloride
can come into the system through the limestone used as flux. L

Although fused aromatics are present, no BaP was detected by LRMS.

Again, as for the cgpo1a emissions the mass at 268 was assigned, as a
worst case, as methyl cholanthene. However, we do not anticipate this assign-
ment will prove to be correct.

7.5.3 Level 1 Inorganic Analysis

The Level 1 procedure for the atomic absorption analysis of As, Sb, and
Hg was followed. The XAD-2 resin was ashed and subjected to spark source
61 '
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nace hood were drawn ‘through the baghouse with a 100 horsepower blower. Gas
flow rate through the blower exhaust stack was 860.4m /m1n (30, 384 DSCFM).
Draft at the furnace hood may have been lower if leaks existed ‘in the system.
No attempt was made to determine if the system had leaks. The SASS sample of
the baghouse exhaust gas was taken through'a port in the blower exhaust stack
(see appendix for exact location).

7.5.1 Total Particulate Loading

This samplie was obtained after the baghouse. LNo'bags were leaking. No

measurab1e particulates were obtained.
The product1on and material data pertinent to th1s samp1e are as follows:

Melting rate:
2.73 Mg/hr. (3.00 tons/hr)

Charge:

Returns: 1,814 kg (4,000 1bs)
Plate: 2,722 kg (6,000 1bs)

Pig iron: 45 kg (100 lbs)

FeSi 50%: "34-39 kg (75-85 1bs).
Mn: '2.3-9 kg (5-20:-1bs) "
Carbon: 32 kg (70 1bs)

Al: 4.5 kg (10 1bs)
SiZr: | 5.4 kg (12 1bs)
Lime: 227 kg- (500 1bs)

Tap temperature:
©1,782° ¢ (3,240° F)
Average kilowatt hours per melt:

2,333

Table 7122 gives the summéry of the sampling data for this test. The
sampling occurred continously throughout three taps and three charges, start-

ing during a melt and ending during a melt.
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Esters}

TABLE 7-23, SUMMARY OF ORGANIC VAPOR ANALYSIS FROM THE ELECTRIC ARC FURNACE
Emission rate: 173.7 g/Mg processed
Remaining Captured Min DMEG
: on by XAD-2 value in Ratio
particulate resin Total category ,conc.
Category mg/m3 . mg/m3 mg/m3 mg/m3 (DMEG )
Aliphatic hydrocarbons N,A.a' 1.996 1.996 20
Halogenated hydrocarbons - N.A. '1.996  1.996 0.1 20
Aromatic hydrocarbons N. A. 1.384  1.384 1.0 . 1.4
Halogenated aromatics N.A. 1.384 1.384 0.7 2
Silicones N.A. 0.149 0.149 0.7
Heterocyclic 0 compounds N.A. 0.664 0.664 300. \
Nitroaromatics N.A. 0.001 0.001 1.3
" Ethers N.A. 0.011  0.011 16
Aldehydes N.A. 0.001  0.001 0.25 .
Phosphates N.A. 0.334  0.334 400
Nitriles N.A. 0.001 0.001 1.8
Heterocyclic Nicompounds - N.A. 0.046. 0.046 . 0.1
Heterocyclic S compounds N.A. 0.046 0.046 2
Alcohols N.A. 0.160  0.160 10
Phenols N.A. 0.045 0.045 2
Ketones N.A. 0.338  0.338 12 .
Amines - N.A. 0.160°  0.160 0.1 1.6
Alkyl S compounds N.A. 0.045  0.045 1
Sulfonic acids N.A. 0.045 0.045 0.8
Sulfoxides N.A. 0.045 0.045 0.8
Amides N.A. 0.045 0.045 1.0
Carboxylic acids N.A. 0.160  0.160° 0.3
- N.A. 0.045 0.045 5.0

ot aﬁa1yzed, insufficient particulate collected.
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8.0 DISCUSSION OF RESULTS

| The results of this study show that there are some areas which mayvneed
further analysis. The most s{gnificant finding is the consistent presence of
halogenated compounds. In terms of similarity of processes, only the cupola
and electric arC'fUrna¢E'can’be'directly‘compared:'“However, SOmevinterestihg

observations can be made by comparing the percentage of each organic comporient

present in the emissions from the four processes. These are presented ini]
Table 8-1. R S :

Organics in the pouring emissions are not unexpected considering the
presence of sea coal in the sand. ' ‘

There was some concern that the inoculation organic emissions might
contain fume from an adjacent pouring line This concern is not supported by
a comparison of the pouring and inoculation emissions. This is seen by -
comparing the first two categories, aliphatic hydrocarbons and halogenated
hydrocarbons with the third and fourth categories, aromatic hydrocarbons and
halogénated aromatics. The percentages for these)two'53ts are almost com-
pletely inverted, and the proportfons of other categories likewise do not
match well. Thus, the inoculation process jtself is indeed a source of
organic emissions. This may arise from impurities in the calcium carbide
used for desulfurization or the ferrosilicon or the ferrosilicon magnesium
inoculant. ‘ '

Normally it is assumed that organic substances are not present in ferro~
silicons because of the high temperature of their manufacture. While neither
chemists nor metallurgists concern themselves with the thought of organic
compound impurities in iron, such a possibility is worth considering. Indeed
it may correlate with some of the>"mysteries“ of cupola iron versus induction
furnace iron. Another data point that suggests the presence of unrecognized
factors is the unusual f1hidity of cast iron from the experimental gas fired
cupolas. The use of gas for heat and graphite for carbon would certainly
reduce the expasure of the metal to organic compounds Ehat can be bresent in
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mass spectrometry. The values obtained were corrected with a blank analysis
of unused XAD-2 resin. The composite findings of these two'techniques are
presented in Table 7-25, Metal Content of Filtered EAF Emissions.

TABLE 7-25. METAL CONTENT OF FILTERED EAF EMISSIONS

‘ c : ‘ Severity
: . MEG trigger value Conc.
Element Observed pg/m3 pg/mé (MEG)
B 4,27 1.0 x 104 “(b)
Cr - 5.12 - 1.0 x 10° ‘5
Mn 3.42 5.0 x 103
Pb 17.1 é 1.0 x 102
As y N.D. 2.0 x 100
Hg 1.90 5.0 x 10!
Sb 0.16 5.0 x

3None detected.
bB'lanks indicate severity >1.

From Table 7-25 it is seen that chromium is the only element exceeding the
DMEG. There was no de]ibérate additions of chromium in the melt, however the
steel melted averaged 0.25 percent Cr and this could account for the emis-
sions. R '
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coke, not to mention the trace inorganics. If organic compounds are present
in the iron, they certa§n1y wou1d'segregate at the grain boundaries,‘which is
metallurgically significant. If any organic molecules were trapped in the
iron grains (crystals) their interaction with dislocations would certainly
be different from that of carbon atoms, and thus some difference in mechan1ca1
propertles would be obtained. The 1nd1cated presence of organics in the
inoculation process thus s1gnals an area of research that could have metal-
Turgical as well as environmental consequences. The ana]ys1s of the bas1c‘
and secondary raw materials would be a good starting point‘to‘pursue this, if
' the presence of organic compounds in the metal is verified. B

The presence of organ1c compounds in the cupola offgas is not surpr1s1ng
The intent of the afterburners is to eliminate carbon monoxide and many wou]d
hope the organic compounds,'too

The most significant f1nd1ng is the consistent presence of halogenated
hydrocarbons These probab]y originate by a reaction between the organics .
present and ha]ogen salts in the flux or furnace lining materials. This is
of greater concern if these halogens are fluorocarbans, as could be the case
when f]uorspar is used as a f1ux1ng agent. It would not be unusua] for the
11mestone to contain salt, whlch would produce chlorinated hydrocarbons.
C]ar1f1cat1on of the s1tuat1on will requ1re more specific analyses comb1ned
with a close examination of the raw mater1als Reducing the emission of
these compounds could require a large increase in energy consumption as wel]
as capital 1nvestment The better approach would be an exam1nat1on of raw
material sources and their effect on emissions.

The 1norqan1c emissions needing further analysis and evaluation consisted
primari1y of arsenic and chromium. Arsenic as a volatile compound was present
at 7. 7 pug/md in gas from the cupo]a and at 3.7 ug/m® from 1nocu1at1on 4
Arsenic could be originating from ferrosilicon, calcium carbide or some other
source. Arsenic was also present in the inoculation smoke at a level of 13.0
ug/ms. In the case of inoculation both calcium carbide and ferrosilicon are
very probable arsenic sources. A correlation of data and a raw materials
analysis approach might show that arsenic emissions in the foundry are related
to the source of coal used to make ferrosilicon, calcium carbide and coke.

Chromium levels should also be further evaluated. It‘wes present in the
inoculation particulate at 7.1 pg/m3, and in the pouring particulates at > 15
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. TABLE 8-1. PERCENTAGE OF EACH COMPONENT,IN SAMPLES}

Carboxy]fc acids
Esters

~ Category | P I ‘ §E%El£§ E
Aliphatic hydrocarbons ©13.9 8.5  13.6 21.9°
Halogenated hydrocarbons - 13.8* 8.5% 13.6% 21.9%
Aromatic hydrocarbons - 9.9% 191 121 15.2%
Halogenated aromatics S9.9% 19.1* 2.1 152
Silicones ) 1.2 4.8 3.0% 1.6
HeterbcyéTic 0 compounds 8.4 18.7 7.2 7.3
Nitroaromatics 0.5 0.4 0.8 0.01
Ethers 3.5 5.5 7.8 0.1
Aldehydes 0.5 0.7 0.8 10.01
Phosphates 1.0 0.8 1.2 3.7
Nitriles \ 0.5 0.4 0.8 - 0.0
Heterocyclic N compounds 2.5% 0.8 1.2% 0.5
Heterocyclic S-compounds 2.5 0.8 1.2 0.5
Alcohols - 4.7 0.6 1.0 1.8
Phenols 0.8 0.6 1.0 0.5
Ketones | 7.5 5.8 10.7 3.7
Amines N 5.5% 0.6 1.0% 1.8%
Alkyl S compounds 1.4 0.6 1.0 0.5
Sulfonic acids 1.1 0.6 1.0 0.5
Sulfoxides 0.8 0.6 1.0 0.5

~ Amides 1.6 0.6 1.0 0.5
4. 0.6 1.0 1.8
3. 1.6 6.3 0.5
5. 9.

)
w
~
H
~n
m N
[
o
w
o

Total mg/m3

iSeverity >1, ‘i.e. MEG was exceeded
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pg/m3. Chromium is a proverbial problem in mefal]urgical processes. The
presence of halogen salts in the process may leach out small quantities of
chromium as volatile halides. Here again an examination of the purity of the
raw materials could lead to a partial solution of the problem.

A significant finding is the small amount of fused aromatics from the
pouring line. In a previous study the shakeout was selected because the work
of Bates and Scottl? showed it produced the greatest quantity of emissions.
Their work was a laboratory study which collected em1ss1ons from a small
sealed flask. The pouring emissions were only slightly less than the shakeout
emissions in their ‘laboratory work.--The actual plant emissions collected
from the shakeoutI showed a lack of significant or even measurable Polynuclear
aromatic organics (PNA) of health concern.’ It was hypothesized! that by the
shakeout stage the high boiling PNA's (496-510° C for BaP) were condensed
onto the sand or adsorbed onto3the clay and were not significantly released
on shakeout. Most of the high molecular weight shakeout emissions wére
napthalene derivatives. This 1eb to the selection of pouring as the most
1ikely place to find PNA's in the casting proceés because the temperétures
obtained are certainly high enoubh to boil off these'compounds. There remains
the speculation that some of theiemiss%ons from pouring would be oxidiiéd by
the burning of mefhéne hydrogen‘ and carbon monoxide, the major pouring
emissions. The f1nd1ng of very Jittle fused aromatics from the pour1ng
process seems to conf1rm that most of the high molecular we1ght emissions are
destroyed rather than emitted to the atmosphere during pouring. Since health
statistics show a slightly higher rate of cancer only among workers in the
pouring-cooling area, this leaves tod]ing as the remaining process where a
problem might be found.1® After the casting enters the cooling area the
emissions of combustible vapors declines to the level that continued combus-
tion of the gases released is not possible. At this stage, the iron is still
molten and some smoke is released. Often there is no significant visible
smoke from the flasks shortly after entering the cooling room.
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"% TABLE A-2. IR REPORT - POURING EMISSIONS, AIR

[
{

[y

“}
¥
| +QWave’Number (cm 1) .Intensity. Assignment Comments i}
o ‘ Fraction 1 t]
.. 2858, 2921, 2952 s Sat'd C-H
1456 M Sat'd C-H =
© 1378 W Sat'd C-H 2
. 697, 752 W Alkyl, C-C1
o Fraction 2 -]
3023, 3062 W Unsat'd C-H
2929, 2960 'S Sat'd C-H =
2874 M Sat'd C-H - o
1495, 1605 W Aromatic C=C
. ..1456 . M Sat'd C-H e
1378 W Sat'd C-H 5 q
... 767-885 W Subst. Aromatic  Multiplet -
© 728 M Alkyl, C-C1 - o
.. 697 . S Alkyl :}
e Fraction 3 -
EE— .
3062 W Unsat'd C-H |
3023 M Unsat'd C-H’ ~
2929, 2968 S Sat'd C-H i
2850, 2874 M Sat'd C-H ‘]
. 1496, 1605 M Aromatic C=C
- 1449. - M Sat'd C-H
1370 W Sat'd C-H -
- 752-963 ¢ W Subst. Aromatic  Multiplet |
697 . - S Alkyl, C-C : : -
| Fraction 4 %
| 2854, 2964 . M Sat'd C-H )
12924 | S Sat'd C-H g
1732 S ~ Ester, Ketone L
1716 s Ketone o
1638 W Amide (3°) .
1449 W Sat'd C-H i
1269 .S Ketone, Ester —_
1175 W Ester, Amine (3°)
1120 M Amine (3°), Ether )
712 S Alkyl, C-C1 | B
(CONTINUED) -
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TABLE A-1

Sample Site "pu

LC ANALYSIS -REPORT, SAMPLE NO. P-XR

\ Sample Acquisition Date 3/11/8]

we Type of Source Pouring emissions, Air
T Test Number ___ Sample 0 Number 2885-120-18
Sample Description XAD-2, Module Rinse
=3 Original Sampie Volume or Mass
13 Analyst Responsible J. . Kearney
8% Caleulations and‘Report Rev1ewed”b’“”R"W‘“HandY'”*““"”*M“W“fﬂ”“m
3 Tea | erav | Teo + GRav Concantration
< . mg mg - Tetal mg mg/ (m3, L, or kg)6
e . - - ;
4 Totail Sampie, Calc.’ |
: Total Sample? | 338|263 601
. Taken for LC* 67.5 | 52.5 |120
Recovered” 32.2 | 47.2 79.4
| |
- I — : ]
s , =
T TCO in mg GRAV in mg = |§ 2!
1 . =215 o |
T ) ! = - STl escS !
- Fraction S 5! 3 £s 8 =52 |
: <5 x| 8| =5! 25| x| 3| =5 ! 228/ = |
-y e W [ | < - W [ S -] o = | W L)
3K < S e - S ~ S b e | e ™
C Sl e < = S | e .2 < Q =
‘ hele ] @ | @ - e le | & ] - Q -
T 17.4 17.4 1 87.2_ ¢t 3.2 | 3.21 16.0 1103.2 + 3.71
8 2 i 6.0 ] 6.0 30.1 0.1+ 1.08 i
2¢ 3_ 2.4 12.24.62. 1+ 9.2 .21 46.1_[108.2 — 3.89
1% 4 0.5 1 0.51 2.6 1 7.2 7.2136.1 38,6 1.3
17 S 0.6 | 0.61 3.0 16.0 6.0130.1 33.1 - 1. )
13 [ 1.3 i -1.31 6.5 115.6 | 15.6 1 78. 1 84.6 1 3.04 |
1= 7 N * \ t { : |
i Sum 1 32.2 32.20161.3 147.2 ¢ 147.21236.4_1397.8  14.29 ]
‘. ) . . ' n
: 1. Calculated total quantity in 3. Pertion of wnole sample usad
- original sample correcting for LC, actual mg
far amounts withdrawn for TCO, 4. Quantity recoversd frem LC column,
- " GRAV and error in watar samole actual mo
(o ‘ dnalysis, where appropriate 5. Taotal mg computed back to total
, 2. Quantity in entire sample, ) samole
~ decarmined before LC §. Supply values for both simple size

and ceneantrations
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' TABLE A-3. LRMS REPORT: 'POURING EMISSIONS, AIR

Alkyl fragments at m/e” 251, 223, 195, 167

“: Intensity ~ Category ‘ . MW Range M/e Compositiaon
Fraction No. 1
Major Categories
100 Aliphatics . to 500
‘ ‘ ‘Sub-categories, Specific Compounds
100 Possibly oxygenated ~ 368 CaosHsa0,
hydrocarbon. Ca4Heg0s, or
. et C23H4403
Fraction No. 2
) - ‘Major Categories
10 Fused Aromatic Mw > 216:240
Sub-categories, Specific Compounds
10 Methyl benzofuioroanthracene 240 CigH12
100 Possibly oxygenated 308 CosHs20,
‘hydrocarbon . : C24H4802, or
: Co3Heq03
R Other
.IR shpwsvno evidence of aromatic structures
Fraction No. 3
: ‘Major Categories-
10 Fused Aromatics MW < 216:128,178
10 Fused Aromatics MW > 216: 302
100 Aliphatics ) to 550 '
. : Sub-categories, Specific Compounds
10 “Naphthalene ' - 128 CioHs
10 Phenanthracene, Anthracene 178 Ci4Hi0
10 Dibenzochrysene isomer 302 CaqHig
‘ B . ’ Other L
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TABLE A-2. (CONTINUED)

Wave Number (em 1) .~ Intensity Assignment Comments

Fraction 5 |

2925, 2964 M Sat'd C-H
2854 W Sat'd C-H
1724 S Ketone, Ester
1450 W Sat'd C-H
1269 S Ketone, Ester
Jn2 . W Ether - e
712 'S Alkyl, C-C1
Fraction 6
3200-3450 W 0-H/N-H Broad
2858, 2960 .M . - Sat'd C-H
2929 ' S Sat'd C-H
1723 S Acid, Ketone
1456 M Sat'd C-H
1370 W Sat'd C-H
1276 ) - Acid, Alcohol, Ketone
112 ) Alcohol : Broad
712 .M Alkyl, C-C1
Fraction 7
2858, 2968 M Sat'd C-H
2929 ) Sat'd C-H
1731 S Acid, Ketone
1456 ‘M Sat'd C-H
1276 M Acid, Ketone
1112 S Ether Broad
712 W Alkyl, C-C1
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 TABLE A-5  LC-ANALYSIS -REPORT, SAMPLE NO. P-PARTICULATE

Sample Site  “P" i Sample Acquisition Date 3/11/81
Type of Source Pouring Emission, Particulate -Extract "
Test Number Sample I Number 2885-120-CY
Samp'lé Description Composite Cyclone Dust - !

- Original Sample Volume or Mass

Analyst Responsible J. J. Kearney

Calculations and Report Raviewed by R. W. Handy

| W WS B W @ B B W W W W B G W B @ W W W WM W W W W W W W W@ e W W W @m ® @ W =

TCO GRAY | . TCO + GRAV Concantration

. mg mg " Total mg | mg/ (m3,‘ L, or kf.;:)6
Total Sampie, Calc. | - - ' |
| Total Sampie? 183 | 380 | 46.3
Taken for el 3.3 15.2. 18.5
Recoversd” | 3.8 9.7 | 135
TCO in mg GRAV in mg - |5 2!
4 2 a8 ;
e [~ B ] S
R = | 1z} s~ Q
Fraction =5 3 A £s 3. + =S8 .1
3 X — (3] bl B - '
T | 1] ] T X -7} ) S o :
csEvl = = < 9l = a4 < O=1Q -
SEl21 18| 2 |38|21.8] 8§ | FTi8 e
- éa‘u.j ==} o - el | @@ " QO - Q=
1 | ! T 0.2 0.21 0.5 0.5~ 0.02
‘2 0.8 1§ 0.8 2.0.1 0.6 0.61- 1.5 1 3.5 0.13
3 0.6 | 0.6 1.5 1 0.8 0.81 2.0 - 3.5 0.13
4 0.3 0.3 0.8 + 2.5 2.5] 6.3 7.1 - 0.26
5 | ‘ 0.2 -0.21 0.5 0.5 . 0.02
6 1.2 §- 1.2 . 3.0 2.6 1 2.6l 6.5 i 9.5 i 0.34
7 . 0.9 1 0.9 2.3 2.81 2.81 7.0 | 9.3 : ()gﬁ}_j‘
Sum 1 3.8 3.81 9.6 1 9.7 9.7!24.3 1339 ¢ 1.218 |
1. Calculated total quantiiy in 3. Portion of whola sample ysad
‘original sample correcting . for LC, actual mg
for amounts withdrawn for TCQ, 4. Quantity recovered from LC column,
GRAY a?d er;or in water samola actual mg
analysis, w i .
. Quaniizy 3 enggieagg;:?::ata s To::;p?z computad dack Fo_total
detarmined hafore LC 6.

Supply values for bath saﬁule size
and csneantrations
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TABLE A-4. CALCULATED ESTIMATES FROM LRMS DATA - POURING EMISSIONS, AIR

Category ' : Ihtensity

Quantity
mg/m3
LC Fraction 1; Total Organics = 3.71 mg/m®
Aliphatics < 500 MW | ’ 100 1.8
Possible oxygenated hydrocarbon, 368 MW . 100 1.8
LC Fraction 2; Total Organics 1.08 mg/m3
Fused aromatics > 216 MW; 240 MW 10 .0.09
Methyl benzofluoroanthracene, 240 MW ‘ 10 0.09
Possibly oxygenated hydrocarbon, 308 MW . 100 0.9
' LC Fraction 3; Total Organics 3.89 mg/mé
Fused aromatics < 216 MW; 128, 178 MW B [ 0.26
Fused aromatics > 2]6 My 302 MW | , 10 . 0.26
Aliphatics to 550 MW , - ~ 100 2.59
Naphthalene, 128 MW (MATE = 50 mg) : 10 0.26
Phenanthracene, anthracene, 178 MW (MATE = 56 mg) 10 0.26.
' 0.26

Dibenzochrysene isomer, 302 MW - - 10
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~ TABLE A-7. LRMS REPORT - POURING EMISSION, PARTICULATES

Intensity Category | MW Range M/e Composition

Fraction No. 1
Major Categories

100 Aliphatics to 500
Sub-categories, Specific Compounds
100 Possibly oxygenated 368 CasHs20, ,
' hydrocarbon CoaHeagOs, or
C2aHq402
Other
IR shows no evidence of aromatic structures
Fraction No. 2
‘ Major Categories
10 Aliphatics to 500
Sub-categories, Specific Compounds
100 Possibly oxygenated - 368 CasHs20+,
hydrocarban ‘ CaoqHyqg0o, or
C23H4q03
‘ Other ,
Quantity not sufficient for IR.
Fraction No. 3
, S A Major Categories
10 Aliphatics to. 550 .
Sub~categories, Specific Compounds .
100 Possibly oxygenated 368 C2sHs20,
hydrocarbon ‘ CoqHygg0s, or
C23He403
-Qther

Quantity not suffticient for IR.

1
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TABLE A-6.

IR REPORT - POURING EMISSIONS, PARTICULATE EXTRACT

Wave Number (cm 1) Intensity -  Assignment Comments

Fraction 1 A
2855, 2995 Mo sat'd C-H
2922 S Sat'd C-H
1480 W Sat'd C-H

Fraction 2

QUANTITY NOT SUFFICIENT
Fraction'3
. QUANTITY NOT SUFFICIENT

Fraction 4
2855 M Sat'd C-H
2929 S Sat'd C-H
1744 M Ester, Ketone
1458 W Sat'd C-H

Fraction 5
2858, 2960 W ‘Sat'd C-H
2911 : M Sat'd C-H

Fraction 6
3200-3450 W 0-H, N-H Broad
2850, 2952 M Sat'd C-H - ‘
2921 S Sat'd C-H
1723 M Ketone, Ester Shoulder
1715 S Acid, Ketone - :
1464 M Sat'd C-H
1362 w Sat'd C-H
1284 W Alcohol, Ketone
1190 W - Acid, Ester, Sulfonic Acid
1120 W Alcohel, Ether )
1073 W Sulfonic Acid, Ether, Alcohol
720 W Alkyl, C-C1

Fraction 7
2855, 2955 W Sat'd C-H
2922 M Sat'd C-H
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TABLE A-¢  LC ANALYSIS ‘REPORT, SAMPLE NO. I-XR

Sample Site _ “I" . Sample Acquisition Date 2/11/81
Type of Source _ Inoculation Emmisions, Air :

Test Number : Sample ¥ Number 2885-106-4
Samp]eJDescription ~ XAD-2, Module Rinse

Original Sample Volume or Mass

Analyst Responsible _ dJ. d. Keamey

Calculations and Repart Raviewed by R. Y. Handy

Il

o
L4
A

(-

)

Lo

- e e W e ® . W S ® e G - G W S % B e W W - @ W B W S W W S % ® % ® S e " o

TCO GRAV TCO + GRAY Concantration
. mg- mg Total mg | mg/ (m3, L, or kc;z)6
| Total Sampie, Calc.’ |
Total Sample® |378 | 87.0 | 465
| Taken for Lcd [ 113 26.1 | 139.1
Recovered” 19.4 | 15.1 4.5
TCO in mg GRAV in mg ' - g _;5
. . ! = = [ 5'= c\é
Fraction =5 3 =5 3 + 2| S2 .
-— [X} - Q - e b2 -
T | 7] -5 = - = ) . QD ol a
e O [ b ~ [~ 5 4 = S -} = | @ -
- T < S dad == < Son L et s M
Q S p— Q < QD Se f— . Q Q Q =3
o e | @ =] - o la | & @ - jQ ~
1 ! 1.3 | 1.3 4.3 1.3 - 0.16
S 2 3.5 3.5 Hi.7-1 1.6 1 1.6 15,3 17.0 : 0.64
3 13.3 | 13.3 1 44.3 6.0 6.0 120.0 64.3 - 2.44
3 1.5 . 1.561 5.0 : 0.6 0.6 1 2.0 1 7.0 027
5 0.3 | 0.3 1.0 0.8 i 0.81 2.7 3.7 : 0.14
6 0.8 1} - .8 1 2.7 2.6 1§ 2.6 1 8.7 11.4 « 0.432
7 | 2.2 1 2.2 1 7.3 7.3 + 0.28
um 112.4 . 19.4 | 64.7 15.1 15.1 i150.3 1115.0 - 4:36

1. Calculated total quantity in
original sample corrscting

for amounts withdrawn far 7CQ, 4.

3. Portion of whole sample usad

GRAV and error in water samole actual =g

analysis, where appropriata o
2. Quantity in entire sample,

detartrined befors LC

for LC, actual mg .
Quantity recoversd from LC column,

§. Total mg computad back =3 total

sample

_ 6. Supply values for Satn sample size
and ecsncantrations
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TABLE A-8. CALCULATED ESTIMATES FROM LRMS DATA
* POURING EMISSIONS, PARTICULATES

| Category | Intensity Qua7tgty
mg/m

LC Fraction 1; Total Organics = 0.02 mg/m®

Aliphatics to 500 MW ' ' 100 0.01

Possible oxygenated hydrocarbon, 368 MW 100 ~0.01
(No aromatic structures) ,
u ,

LC Fraction 2; Total Organics 0.13 mg/md

Aliphatics to 500 MW 10 0.01

Possibly oxygenated hydrocarbon, 368 MW 100 - 0.11
(Quantity not sufficient for IR) ,

LC Fraction 3; Total Organics 0.13 mg/md

Aliphatics to 500 MWW | o0
Possibly oxygenated hydrocarbon, 368 MW , 100 o 00110
(Quantity not sufficient for IR)
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TABLE A-10. (CONTINUED)

Assignment

Fractiqn 7

(Quantity not sufficient)

"Wave Number (cm 1) Intensity Comments
Fraction 6

2855, 2960 S Sat'd C-H

1724 ) Ketone

1451 M Sat'd C-H

1378 W Sat'd C-H

1271 S Ketone

1112 S Ether

712 M Alkyl, C-C1
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TABLE A-10. IR REPORT - INOCULATION EMISSIONS, AIR - I-XR

Wévg Number (cm-l) Intensity Assignment Comments
Fraction 1

2855, 2955 s  sat'd C-H

1460 M Sat'd C-H

1380 W Sat'd C-H

700 W Alkyl, C-C1
Fraction 2

2960 M Sat'd C-H

2850 S Sat'd C-H

1450 M Sat'd C-H

1375 W Sat'd C-H

757 W Alkyl

1378 W Sat'd C-H

700 M Alkyl, C-C1
Fraction 3

3060 W Unsat'd C-H

3022 M Unsat'd C-H

2962 M Sat'd C-H

2875 S Sat'd C-H

1600 M Aromatic

1495 S Aromatic

1455 S Sat'd C-H

1378 W Sat'd C-H

800, 835, 890, 1025 W Subst. Aromatic

757 M Alkyl

700 S Alkyl, C~C1
Fraction 4

2855, 2960 M Sat'd C-H

1265 M Silicone

1118 W Silicone, Ether

7058 M Alky1l, C-C1
Fraction 5

2850, 2960 W Sat'd C~-H

1720 W Ketone

1275 W Ketone

710 W Alkyl, C-C1

(CONTINUED)
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TABLE A-12  LC ANALYSIS'REPORT; SAMPLE NO. I-PARTICULATE

Sample Sita "I | Sample Acguisition Date _2/11/831 -
Type of Source Inoculation Emissions, Particulate Extract
Test Number Sample ID Number 2885-]08-34‘

Sample Description Filtered Particulates and Cyclone/Probe Rinses

" Original Sample Volume or Mass

Analyst Responsible J. J. Kearney

Calculations and Report Reviewed by R. W. Handy

- e @ ® W W WD S W W W @ W W W W B B G W S W W S W W W W W B W W W ®w o w ® ®

TCO GRAY TCO + GRAV - Concentration
- mg mg | Totalmg | my (a°, L, or kg)®
Total Sampie, Calc.! | a
Total«SamMez% . 16.0 -
Taken. for w3 ' 15.8
Recovered® - 0.3 7.3 7.6
TCO in mg | . GRAV in mg - | S E3
| — ' — =25 o
Fraction | £§ 3 =5 § f?géc.
Sl ™ <9 - (&) . | e | C2 -
T x 1] -5 Tw x 1] —5 Lol
BEE\E| TIE|EIE TR
Ll @ | S = Cw| @ ] ;E S &
) 'I o v
3 0.6 0.6 0.6 0.6 + .02 .
4 : 0.1 - 0.1 0.1 0.1 = .004
5 :j‘“l | ' 0.8 0.8 0.8 0.8 . .03
_6 1 0.3 i 0.3 0.3 | 2.6 | 2.6 2.6 2.9 i .12
7 L 3.2 3.21 3.2 3.2 ¢ .12
Sum '03 0.31 0.3 1 /.3 /.34 /.3 7.6 7 .30
1. Calculated tatal ity 1 .
ST Sl 3 e e e e
r amounts w rawn for TCQ, 4. a ;
GRAV and error in w::ercgamnie Q":2§3:¥ ;;cover-d from LC column,

analysis, where appropriata 8.
2. Quantity in entire sample,
determined before LC 8.

Total mg computad back to total
sample ;

Supply values for Soth sample size
and concantrations
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TABLE A-11. LRMS REPORT: INOCULATION EMISSIONS, AIR

Intensity ' Category " MW Range M/e Composition

Fractiqn No. 1

Majob Categories

100 Aliphatics - 270-368
Sub-categories, Specific Compounds
100 Possibly oxygenated . 368 CagHs20,
- hydrocarbon ‘ o Co4Hyg05, or
23H4403
10 Possibly oxygenated ‘ 326 CaoHyg0, ete.
hydrocarbon _ : ‘ " ' ,
10 Possibly oxygenated . 270 C,gH3g0, etc.
hydrocarbon
- Other

IR shows no evidence of aromatic structures
Fraction No. 2

Major Categories

100 Aliphatics - 242-368
Sub-categories, Specific Compounds . _
100 Possibly oxygenated 3 ' 368 CagHs20,
hydrocarbon S Ca4Hyeg05, or
- - CaaHea0s
10 Possibly oxygenated 4 242 CieH340, etc.
hydrocarbon - ‘ , .
- Qther |
IR shows no evidence of aromatic structures
Fraction No. 3
Major Categories
10 - Aliphatics to 660
100 : Fused Aromatics MW > 216
' Sub-categories, Specific Compounds
100 Possibly oxygenated ‘ _ 368 CasHs20,
hydrocarbon o . Co4Heg02, or
o \ h . ~ 23H4403
10 Methyl Cholanthrene = - 268 CoqHy6
10 Methyl Dibenzanthracene . 292 CagHig
10 Pyrenefluorene . - 340 Co7Hie
Qther :

IR showed no evidence of other functional groups.
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TABLE A-14. LRMS REPORT: INOCULATION EMISSIONS, PARTICULATES

Intensity Category MW Range M/e Composition
Fraction No. 1
. Major Categories
100 Aliphatics to 500
Sub-categories, Specific Compounds
100 Possibly oxygenated 368 CasHs20,
hydrocarbon . _ Ca4Hygg0s, or
- Ca3Heqe03
Other
Quantity not sufficient for IR
Fraction No. 2
, Major Categories
100 Aliphatics - - 236-410
‘ ; Sub-categories, Specific Compounds
100 Possibly oxygenated ' 368 CasHs20,
hydrocarbaon CoqHyeg0s, or
C23Hqeq03
.Qther L
Quantity not sufficient for IR.
Fraction No. 3
Major Categories
10 Aliphatics 236-410
100 Aliphatics to 676 -
i Sub-categories, Specific Compounds
100: Possibly oxygenated - 368 CasHso0,
hydrocarbon ‘ _ CaqHyg0s, or
- ' C23He403
Qther

IR showed no evidence of‘aromatic structures.
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TABLE A-13. IR REPORT - INOCULATION EMISSIONS, PARTICULATE EXTRACT

Wave‘Number,(cm-l) Intensity Assignment

Comments
rFraction 1
- Quantity not sufficient.
Fraction 2
Quantity notvsufficient.
Fraction 3
2855-2922 ‘ o S Sat'd C-H
1738 M Ester, Ketone Possible.
: o - contaminant
1458 M Sat'd C-H
' Fraction 4
Quantity not sufficieht.
Fraction 5
2855, 2958 M Sat'd C-H
2921 S Sat'd C-H
1747 M Ester, Ketone
1460 - "} Sat'd C-H
1294 W Ketone
1154 M Ester Broad
Fraction 6 °
2922 ' 5 Sat'd C-H
2855 M Sat'd C-H
1744 ‘ M Ketone, Ester

Fraction 7

Quantity not sufficient.
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TABLE A-16. IR REPORT - CUPOLA EMISSIONS

Y

Wave Number (cm 1) Intensity Assignment Comments
B ‘ Fraction 1
. 2858-2952 s sat'd C-H
1456 S Sat'd C-H
© 1378 M Sat'd C-H
. ...799 W Alkyl
- 697 M Alkyl, C-Cl
Fraction 2 '
3023, 3062, W Unsat'd C-H
- 2929; 2968 S Sat'd C-H
2874 . , M Sat'd C-H
1495, 1605 W Aromatic C=C
¢ 1456 - M Sat'd C-H
71378 ’ W Sat'd C-H
. 697, 759 M Alkyl, C-Cl
o Fraction 3
3030, 3062 M Unsat'd C-H
© 2929, 2968 S ~ Sat'd C-H
- 2874 , M Sat'd C-H .
* 1495, 1605 M Aromatic C=C
1456 M Sat'd C-H
L1378 W Sat'd C-H
. 800, 835, 893, 1026 W . Subst. Aromatic
P 759 - M Akly1l ‘
16897 S Alkyl, C-C1
L Fraction 4
© 2854, 2957 M sat'd C-H
2925 S Sat'd C-H
1724 S Ketone
1457 M Sat'd C=H - - .
71269 S Ketone, Silicone
1112 M Ether, Silicone Broad
7711 o M Alkyl, C-C1
 (CONTINUED)
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TABLE A-15  LC ANALYSIS ‘REPORT, SAMPLE NO. C-XR

Sample Site _"C” Sample Acqu1s1t1on Date 3/25/31

Type of Source _ Cupola Offgas after Baghouse
Test Number . Samp]e }D Number 2885-120-1

Sample Description XAD-2

Original Sample Volume or Mass 24.66 m

Analyst Responsible Jd. J. Kearney

Calculations and Report Reviewed by R~‘W- Handy

. e W e W e W™ B W™ W W @ W W W e & " @S @ W S ® & e ® % @ ® e ® e & o o oo 5 %«
5

Tco |  GRAV | TCO + GRAV Concentration
.mg | mg Total mg mg/ (m3. L, ar‘kg)s
Total Sampie, Calc.'| = | - - '
Total Sample’ 283 | 254 | 537
Taken for L© | 45.0 | 40.4 85.4
Recovered” | 66.7 | 37.4 | 1041
TCO in mg GRAV in mg - s ‘E§
- S82|S <o
_ ! < < S Sle~0o
Fraction | S5 g | . £5 3 +=l52 . |
ol x o - ! mwl x 2 -3 ool —
e Q [ - a cE0! € f- « Qb= | Q -
-] = - - =Ss| = | - - s ™
O ! = Q < !l = | o = S =
e b | &2 L] - e U | L] e @
1 10.4! 10,4 | 65.4: 7.4 7.4 46.5 i111.9 4.54
2 16.9. 16.9 | 106.31 4.8 1 4.8 1 30.2 1136.5 5.53
3 15.01 15.0 94.3: 7.6 7.6 1 47.8 i142.1 5.76
4 4.1 1-4,11 25.8: 2.0 2.01 12.6 | 33.4 1.56
5 19.1¢ 119.1 V 120.8i 8.0.i 8.01 59.3 i{171.1 : 6.94
[ 1.2 1.2 7.5 7.61 7.6 47.8 55, 3 i 2.26
7 ! - A :
Sum ! 66.7 66.7 ) 419.41 3/.4 3/.6 12351 1634 5 i 26,943
1. Calculated wotal gquantity in 3. Portion of whole sample usad
original sample correcting for LC, actual ng
for amounts withdrawn for TCO, 4. Quantity recovered frcm LC calumn.
GRAV and esrror in water sample aczual mg
analysis, where appropriate S. Total mg computad back .c total
2. Quantity in entire sample, sample
detarmined before LC . 6. Suoply values for Soth sample size

and concentrations
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" TABLE A-17. LRMS REPORT: CUPOLA EMISSIONS

Intensity Category MW Range M/e Composition
Fraction No. 1
: Major Categories
100 Aliphatics 242-368
Sub-categories, Specific Compounds
100 Possibly oxygenated 368 CasHso0,
hydrocarbon Co4Hag02, or
: \ C23Hqeq03 |
10 Possibly oxygenated _ 298 CaoHgo0, etc.
hydrocarbon , '
100 Possibly oxygenated 270 Cy1sH320, etc.
, hydrocarbon
10 “Possibly oxygenated ‘ 242 CigH340, etc.
hydrocarbon
Other
IR shows no evidence of aromatic structures
Fraction No. 2
A Major Categories
10 Fused Aromatic MW > 216:128-178
10 Fused Aromatic MW > 216:242-268
100 Aliphatics 270-410
. Sub-categories, Spec1f1c Compounds
10 Naphthalene 128 CioHs
10 Phenanthracene S 178 Ci4H10
10 Methyl Chrysene o 242 CioHig
10 ‘Methy1 Cholanthrene - 268 CaiHig
100 Possibly oxygenated 368 CasHsg20,
‘hydrocarbon . Co4Hgg0s, or
. . / C23Hq405
10 Possibly oxygenated - 396 Co7Hsg0, etc.
hydrocarbon
' Other
IR showed no evidence of other functional groups.
Fraction No. 3
, Major Categories
10 Fused Aromatics MW < 216:178
10 Fused Aromatics MW > 216:242
10 Aliphatics to 600
100 Aliphatics 312-410
Sub-categories, Specific Compounds
10 Phenanthracene, Anthracene 178 Ci4H10
10 Methyl Chrysene 242  CygHqig
100 Possibly oxygenated : 368 CasHs20,
hydrocarbon . ' CoqHyg0s, or
23H4403
Other

IR showed no evidence of other functional groups.
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TABLE A-16. (CONTINUED)

Wave Number (cm'l) Intensity Assignment Comments

Fraction 5

2855, 2949 M " sat'd C-H

2925 ‘ S Sat'd C-H

1741 ' S Ester, Ketone

1458 M Sat'd C-H .

1278 M Ketone _

1176 W Ester. Broad
1105 W Ether , Broad
712 M Alkyl, C-C1 : '

Fraction 6

2858, 2960

M Sat'd C-H
2929 S. Sat'd C-H
1723 S Ketone
1456 M Sat'd C-H
1370 W Sat'd C-H.
1276 .M Ketone :
1104 S Ether Broad
712 W Alkyl, C-C1

Fraction 7

Quantity not sufficient.
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 TABLE A-19. IR REPORT - ELECTRIC ARC FURNACE EMISSIONS

- 2878

93.

Wave Number (cm 1) Intensity Assignment Comments
Fraction 1 -
- .2860-2960 S Sat'd C-H
1380, 1460 M Sat'd C-H
‘700 . o W Alkyl, C-Ci
Fraction 2
. 3022, 3060 M Unsat'd C-H
2865-2960 S Sat'd C-H
1600 M Aromatic C=C
1497 M Aromatic C=C
1450 S Sat'd C-H
1377 M Sat'd C-H
.~ 758, 780 M Subst. Aromatic
700 S Alky1l, C-Cl
.Fraction 3
3250 - W Unsat'd C-H
3061, 3082 M Unsat'd C-H
2937, 2966 M Sat'd C-H -
W Sat'd C-H
1495, 1600 M Aromatic C=
1452 M Sat'd C-H
1378 W Sat'd C-H
760,.838, 892 W Subst. Aromatic
700 : S Alkyl, C-C1
Fraction 4
2960 M Sat'd C-H
2860 S Sat'd C-H
- 1740 S Ketone
1458 M Sat'd C-H
1260 S Silicone, Ketone
1110 Silicone, Ether
703 M Alkyl, C-Ct1.
| Fraction 5
| - Quanity not sufficient
(CONTINUED) |
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Sample Site

Test Number

TABLE A-18 LC ANALYSIS ‘REPORT, SAMPLE NO. E-XR

‘ IIEH

Sample Acquisition Date _2/25/81
Type of Source . Electric Arc Furnace Emissions, Baghouse Filtered

' >
Sample Description

Original Sample Volume or Mass
- Analyst Responsible

XAD-2, Module Rinse

Sample D Number 2885-108-5

29.267 m3

J. J. Kearney

Calculations and Report Reviewed by _R. W. Handy

- e o & o o o e o =

2.

original sample correcting

" for amounts withdrawn for TCO, &,

GRAV and error in watar sample

analysis, where 2ppropriate
Quantity in entire sample,
detarmined befare L

92

5.
6.

for LC, actual mg

actual mg

sample

TCO | GRAV | TCO + GRAV Concentration
mg mg Total mg | mg/ (m°, L, or kg)®
Total Sampie, Calc.’ .
Total Sample® 210 | 133 | 343
Taken for LC> 42.0|  26.6|  68.6
Recovered® ‘28.8]  25.0 53.8 ,
TCQ in mg GRAV in mg | = |§ £
| = A
i ] ~ (X>] :
Fraction S5 g E5 2 .= Eg’o *
) —— - < - | o -
Tole g | FiEelE !l gl 3 8|8 -
= ] - s S ® ] t - — c ™
O ! - - . O Su | e ] < =1 £
e la | & < - s | @ < - Q ~= |
T 8.7 | 8.7 43.5! 6.2 6.21 31.0 | 74.5- 2.55
2 11.7 11.7 58.51 5.6 5.6 1" 28.0 86.5: 2.96
3 7.0 1 7.0 35.0; 5.01 5.01 25.0 60.0- 2.05
4 K i ) v 0.2 0.2 1.0 1.0° 0.03
3 | ] | 0.6 0.6 3.0 3.0: 9.10
6 1.4 4§ 1.4 7.0 4.4 4.4V 22.0 28.01 0.99
7 i ! 3.0 3.01 15.0 15.01  0.51
Sum 128.8 28.8 | 144.01 25.0 ¢ [25.0 {125.0 | 269.0; 9.19
1. Caleulatad tatal guantity in 3. Portion of whole sample used

Quantity recovered from LC colimnm,
Total mg computad back to total

Supply values for baoth sample size

and concentrations




TABLE A-20. LRM§ REPORT: ELECTRIC ARC FURNACE EMISSIONS

IR showed no evidence of other functional groups

. Intensity Category MW Range M/e Composition
Fraction No. 1
100 Aliphatics 242-298
‘ ‘ _Sub-categories, Specific Compounds :
100 Possibly oxygenated : 242 CosHs20,
‘ hydrocarbon CaqHyeg0z, or
, L , Co3Heq03
10 Possibly oxygenated 270 C;8H3503, etc.
hydrocarbon o
10 Possibly oxygenated 298 CooH420, etc.
hydrocarbon ‘ ‘
Qther
IR shows no evidence of aromatic structures
Fraction.No. 2
Major Categories
10 Fused Aromatics Mw < 216:128, 178
10 Fused Aromatics MW > 216:240-268
100 Aliphatics 238-396
: Sub~categories, Specific Compounds
10 Naphthalene 128 CioHsg
10 Phenanthracene; Anthracene 178 CigHio -
10 Methyl Chrysene 242 CigHig
10 | Methyl Cholanthrene - 268 Ca1Hi6
100 Possibly oxygenated 270 C,sH350,
hydrocarbon C17H3402,
, ' : C16H3003
100 Possibly oxygenated . -- 368  CysHsa0,
a hydrocarbon CaqHqgls, or
' . Ca3Ha403
Other
IR shows no evidence of other functicnal groups
Fraction No. 3
Major Categories
10 Fused Aromatics MW < 216:242-340
100 Aliphatics 238-410
100 Aliphatics to 660
Sub-categories, Specific Compounds
10 Methyl Chrysene 242 CioHig
10 Methyl Cholanthrene 268 CaiHis
10 Pyrenefluorene 340 Ca7H1s
- 100 Possibly oxygenated 368 C,sHs20,
hydrocarbon A Ca4Hgeg0y, or
) . ' C2aH4q03
10 Possibly oxygenated 396 Co4Hs60, etec.
hydrocarbon '
Other
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TABLE A-19. (CONTINUED)

Wave Number (cm 1) Intensiﬁy Assignment Commehts -

Fraction 6.

2960 M Sat'd C-H

2848 S Sat'd C-H

1720 S © Ketone =

1450 M Sat'd C-H

1380 W Sat'd C-H

1278 S Ketone, Phosphate

1110 S Ether

1010- W Phosphate

710 ) Alkyl, C-C1
Fraction 7

3200-3400 W - N-H,0-H Broad

2850, 2960 M Sat'd C-H

1725 A W Acid

1557 M Amine

1458 M “Alcohol

1260 M . Acid ‘

1065 M Alcohol, Amine
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