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l10.

11.

12.

13.

Control Technques for Lead Air Emissions. PEDCo-

Environmental Specialists, Inc. Contract No. 68-02-1375.

Draft Final Report. Cincinnati, Ohio. October 1976.

Development of Procedures for the Measurements of Fugi-
tive Emissions, Vol. 1, Industrial Fugitive Emission
Sources and Sampling Strategies. The Research Corpora-
tion of New England. Prepared for U.S. Environmental
Protection Agency. Contract No. 68-02-1815.

Sulfuric Acid Plant Installation and Operating Costs -
Phelps Dodge Corporation, Douglas, Arizona. PEDCo-
Environmental Specialists, Inc. Prepared under Con-
tract No. 68-02-1375, Task Order No. 34. Cincinnati,
Ohio. September 1976. Draft.

Personal communication from Mr. K.W. Nelson, Vice-
President, Environmental Affairs, ASARCO Incorporated
to Mr. John M. Pratapos, U.S. Environmental Protection
Agency, Economic Analysis Branch Strategies and Air
Standards Division, Research Triangle Park, North
Carolina. January 11, 1977.

Secondary Hooding for Peirce-Smith Converters. PEDCo
Environmental, Inc. Prepared for U.S. Environmental
Protection Agency, Industrial Environmental Research
Laboratory. Contract No. 68-02-1321. Cincinnati,
Ohio. December 1976.

Personal Communication from Phelps Dodge Corp., New
York, New York to Don Goodwin, U.S. Environmental
Protection Agency, Emission Standards and Engineering
Division, Research Triangle Park, North Carolina.
January 21, 1977.
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2.3.3 Primary Lead Smelters

Process Description - Lead is usually found in nature

as a sulfide ore (Galena - PbS) containing small amounts of
copper, iron, zinc and other trace elements. Smelting is
the process by which lead is separated from its ores and
purified, and uses essentially three steps: sintering,
reduction in a blast furnace, and refining.

The basic purpose of sintering is to convert the lead
sulfide concentrate into an oxide or sulfate form, while
simultaneously producing a hard porous clinker material
suitable for the rigid requirements of the blast furnace.
In order to maintain the desired level of sulfur content in
the sinter, sulfide-free fluxes such as silica and lime-
stone, plus large amounts of recycled sinter and smelter
residues are added to the mix. The feed for the sinter
machine is crushed and mixed, sometimes pelletized, and
loaded onto the moving sinter machine pallets. The feed is
then ignited, the lead sulfide converted to lead oxide,
sulfur oxides are liberated, and sinter is formed. As the
pallets turn over at the end of the machine, the sinter
cakes go through a coarse breaker and screen.

Reduction of the lead oxide to metallic lead occurs in
the blast furnace. The charge, consisting of sinter, coke,
flux and slag forming materials are mixed and introduced
into the blast furnace. During the melting process, the
charge may separate into as many as four layers. From
heaviest to lightest, the layers are: lead metal, matte,
speiss and slag. The slag is removed and conveyed hot to a
fuming furnace for recovery of lead and zinc. Some slag may
be granulated and recycled to sintering. The matte, speiss,
and lead bullion are transferred to drossing kettles where
the lead dross (copper matte, speiss, and oxidized lead)
copper oxides or sulfides, and some of the other impurities

such as tin, indium and antimony are removed.
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In the drossing kettles, the molten bullion is cooled
to 370 to 480°C (700 to 900°F) at which point copper and
other impurities which are soluble in hotter bullion, but
not at this temperature, rise to the surface and are skimmed
off.

The copper drosses are transferred to a reverberatory
furnace where they are melted with pig iron and silica sand.
After melting is complete, four layers are usually present.
They are from top to bottom: slag, matte, speiss, and molten
lead. The slag is returned to the blast furnace for re-
smelting, the matte and speiss are shipped to copper plants
for recovery of copper and the lead bullion is returned to
the drossing kettle. Arsenic is recovered at only one
copper smelter in the United States.

The lead metal is heated to approximately 540°C (1000°F)
and charged with zinc. The solution is agitated and allowed
to cool. Silver crusts which form may be removed from the
surface by skimming or by use of a vacuum press. These
crusts then go to a retort furnace where the zinc is dis-
tilled off.

The remaining zinc must be removed from the molten
jead. Vacuum dezincing is accomplished in a large kettle so
designed that it is possible to form a vacuum over the metal
surface. The zinc vaporizes in the vacuum chamber and
condenses on the inner dome.

The refined lead is then pumped into casting kettles.
Caustic soda and niter are agitated into the molten metal.
The metal is allowed to stand and cool, which brings any
contained impurities to the surface. Submerged pumps con-
tinually pump lead from the kettle bottom and it is cast
into 100 1b pigs or 1 ton ingots.
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A process flow diagram for lead production is shown in
Figure 2-9. Each potential process fugitive particulate
emission point is identified and explained in Table 2-24.
Plant haul roads which are a common source at most facili-
ties are not depicted in the Table or Figure. Proper evalua-
tion of this emission category is explained in Section 2.1.

IPFPE Emission Rates - Table 2-24 presents a summary of

uncontrolled emission factors for primary lead smelting
IPFPE sources. Since these are potential uncontrolled emis-
sion rates, the site-specific level of control must be con-
sidered for application to a specific plant. Also included
are reliability factors for each estimate.

The emission factors for the various smelting opera-
tions (other than storage pile) are based mostly on very
limited test data and therefore receive a reliability rating
of D. Consequently, actual emission rates at a given facil-
ity could differ significantly from those in Table 2-24.

Midwest Research Institute is presently conducting
fugitive emission tests on lead smelters. Data should be
available in several months.

Example Plant Inventory - The example plant inventory

for primary lead smelting as shown in Table 2-24 presents
potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The inven-
tory represents a plant which produces 200,000 Mg (220,000
tons) of lead per year. The plant inventory is not meant to
display a typical plant, but merely a potential set of
circumstances.

The assumed feed rate of raw materials to produce 1 Mg
of lead was as follows:
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° Sinter Machine Feed

1.5 Mg (1.65 tons) of ore concentrate
0.4 Mg (0.44 tons) of flux (limestone)
0.2 Mg (0.22 tons) of coke

° Blast Furnace Feed

1.7 Mg (1.8 tons) of sinter

0.3 Mg (0.33 tons) of coke

0.1 Mg (0.11 tons) of slag (dross)

0.02 Mg (0.022 tons) of silica

0.02 Mg (0.022 tons) of limestone

0.02 Mg (0.022 tons) of baghouse dust

0.2 Mg (0.22 tons) of iron ore

Not included in the inventory are fugitive emissions

from plant haul roads. These sources may be calculated
using procedures outlined in Section 2.1. Total model plant
uncontrolled process fugitive particulate emissions are 4532
Mg (4985 tons) per year. Fugitive emissions from upset
conditions are not included in this total since it cannot be
predicted how often upset conditions will occur during a
year's operation. Major sources of fugitive particulate
emissions are sintering operations, lead ore concentrate
handling and transfer, and zinc fuming furnace vents.

Characteristics of Fugitive Emissions - Fugitive parti-

culate emissions from primary lead smelting consist basic-
ally of dust from the various stockpiles as well as metal
oxides from the various smelter process operations. Ninety-
six percent of fugitive coke dust from stockpiling, handling,
and transfer has a mean particulate diameter of less than 47
um. Seven percent of silica dust from stockpiling, hand-
ling, and transfer of sand is less than 75 um and 80 percent
is greater than 5 um. Limestone dust from stockpiling,
handling, and transfer has a mean particulate diameter of 3-
6 um of which 45-70 percent is less than 5 um.3
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Little information is available concerning fugitive
particulate emissions from the sintering operation except
that exit temperatures from leakage and fumes are 120-315°C
(250°-600°F) .> Table 2-25 lists the percent of lead, cad-
mium, and zinc contained in fugitive particulate emissions
from various sintering operations.7 The following is a
listing of size distributions of flue dust from an updraft
sintering machine effluent.ll Though these are not fugitive
emissions, the size distributions may closely resemble those
of the fugitive emissions.

Size (um) Percent by weight
20-40 15-45
10-20 9-30
5-10 4-19
<5 1-10

Particulate fugitive emissions from the blast furnace
consist basically of lead oxides, 92 percent of which are
less than 4 um in size.3 Effluents from the flues consist
of oxides as well as sulfates, sulfide, chloride, fluoride,
and coke dust all of which may well be contained in the
fugitive emissions.ll Table 2-25 lists the percentage of
lead, cadmium and zinc contained in fugitive particulate
emissions from blast furnace roof vents and from blast
furnace upset conditions.7

Information concerning fugitive particulate emission
from lead dross reverberatory is unavailable; however, the
following data on uncontrolled exhaust gas is presented
since it may closely parallel fugitive emission character-
istics. Particulates are largely less than 1 um with a lead
content of 13-35 percent by weight. Exit temperatures are
760-980°C (1400-1800°F) .12
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Table 2-25. CONCENTRATIONS OF LEAD, CADMIUM, AND ZINC IN
FUGITIVE PARTICULATE EMISSIONS OF VARIOUS

PRIMARY LEAD SMELTING OPERATIONS

Percent by weight
Process Lead Cadmium Zinc

Ore concentrate storage 37 0.8 8
Return sinter transfer 19 0.6 2
Sinter sizes and storage 58 0.7 5
Sinter product dump area 31 0.6 6
Sinter transfer to blast furnace 39 0.7 6
Blast furnace roof vents 47 0.4 8
Blast furnace upset 27 4.0 7
Lead refinery roof vents 37 0.3 19
Lead casting roof ducts 38 0.1 18
zinc fuming furnace area 3 - 62

Source: Reference 7.

Note: In the near future Midwest Research Institute will
complete a lead control techniques document with
further information on lead concentrations.
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Control Technology - Control technology options for the

primary lead production IPFPE sources (except those covered
in Section 2.1) are presented in Table 2-26 and are explained
in further detail below.

Storage, handling, and transfer of the raw materials
used in primary lead production as well as process transfer
operations can be effectively controlled by either wet
suppression (water and/or chemical) or confinement by en-
closure. Wet suppression is the least desirable method
since the resultant higher moisture content of the raw
materials may necessitate increased energy requirements in
further process steps which require low moisture content
materials. Confinement by enclosure can be accomplished in
several ways. Complete enclosure of a storage area may not
be necessary, rather a three-sided structure (with or with-
out roof) which protects against the predominate wind direc-
tion may adequately control fugitive emissions. Handling
and transfer equipment such as conveyor belts can be covered
or enclosed to prevent fugitive emissions during such opera-
tions. Since blast furnace flue dust is normally collected
in a closed system, fugitive emissions are normally negli-
gible.

Fugitive emissions from mixing and pelletizing can be
controlled if these operations are enclosed to prevent
particulate escape. However, if this is not practicable
because of limited space, building evacuation to a baghouse
can be used to control fugitive emissions.

Fugitive emissions resulting from leakage of sinter
machine updraft exhaust and reverberatory furnaces may be
effectively controlled by better control of operating para-
meters and procedures. For instance, if proper feed rates

and operational checks are adhered to properly, often times
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Table 2-26. CONTROL TECHNIQUES FOR
PRIMARY LEAD SMELTING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHQODS
Preventative procedures Capture Removal
and operating changes methods equipment
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. Railroad car and truck unloading
la. Limestone v
1b. Silica sand v
1c. Lead ore concentrate v
1d. Iron ore v
le. Coke v
2. Blast furnace flue dust
2a. Storage v
2b. Handling and transfer 14
3. Limestone
3a. Storage A4
3b. Handling and transfer ! 24
4, Silica sand
4a, Storage /Yl v/
4b. Handling and transfer A4
5. Lead ore concentrate
Sa. Storage '
6. Handling and transfer 2
6. lron ore
6a. Storage /| v
6b. Handling and transfer A4
7. Coke
7a. Storage 7] 7
7b. Handling and transfer a4

x Typical control technique.
o In use {but not typical) control technique.

+ Technically feasible control technique.
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Table 2-26 (continued). CONTROL TECHNIQUES FOR
PRIMARY LEAD SMELTING IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and operating changes methods equipment
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8. Mixing and pelletizing ° ]
9. Sintsr machine updraft exhaust leaksge o| oo + +
10. Sinter return handling 0 +
11. Sinter machine discharge and screens 3 x| % o o [
12. Sinter crushing x x| x ] [) ]
13. Sinter transfar to dump ared ] °
14. Sinter product dump area + + +
15. Charge car or conveyor Yoading and transfer
of sinter + X
16. Blast furnace - monitor (total)
16a. Charging of{o ]
16b. Blow condition x! x| x
16c. Upset x| x
16d. Tapping o o [}
17. Lead pouring to ladle and transfer 0| o [
18. Slag pouring o| o [
19. Slag cooling / + * + +
20. Slag granulator and slag piling v +| ¢+
21. linc fuming furnsce vents 4 + + +
22. Dross kettle of o o
23. Reverberatory furnace leakage Xxi 0
24, Siiver retort building 4 + +
25. Lead casting of © [

x Typical control technique.
o In use (but not typical) control technique.

+ Technically feasible control technique.
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this will prevent the initial generation of fugitive emis-
sions. However, if fugitive emissions are a result of
poorly maintained equipment, faulty seals, worn equipment,
etc. replacement of necessary parts and/or improved main-
tenance schedules will be necessary to eliminate fugitive
emissions. Increased exhaust rate of the primary collection
system may reduce leakage, however this may not be a desir-
able method of control if ambient air is drawn into the
furnace or sinter machine.

Fugitive emissions from sinter machine discharge and
screening as well as sinter crushing can be effectively
controlled in several ways. The simplest way is to control
operating parameters and procedures such as not overloading
the process to the point where excessive fugitive emissions
may be generated. Because of the nature of such operations,
however, it may be necessary to completely enclose the
operations, evacuate the building, or install fixed hoods
which can be vented to fabric filters. In the same manner,
fugitive emissions from the silver retort building may also
be controlled by means of building evacuation to a fabric
filter. Confinement and evacuation of the sinter dump area
may also be integrated into this control system.

Fugitive emission from blast furnace charging and
tapping, lead and slag pouring, and lead casting are most
effectively controlled by the use of movable or fixed hoods,
depending upon space limitations, with subsegquent venting to
a fabric filter system. Fugitive emission from the blast
furnace blow condition can normally be controlled through
sinter quality control and proper sinter/coke ratios to
maintain a smoothly running blast furnace operation. Upsets
in the blast furnace can be minimized by use of quality

materials and/or improvement of operating procedures to
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prevent upset and thus fugitive emissions. Enclosure of the
blast furnace with subsequent ventilation to control equip-
ment will effectively control fugitive emissions but space
may be a limiting factor.13

Confinement by enclosure will effectively control
fugitive emissions from slag while cooling. However, if the
volume of slag is small enough so as to allow use of a hood,
this may be more desirable if it can be vented to an exist-
ing fabric filter system. It may also be possible to apply
such a system to buildings housing zinc fuming furnaces.
Since a fabric filter is the product collector for zinc
fuming furnace it may therefore be more desirable to employ
a good hooding system rather than enclosure.14

Wet suppression will effectively control fugitive
emissions from slag granulation and piling after it has
cooled. If, however, the slag is still hot during this
operation confinement by enclosure is more desirable since
wet suppression may only generate more fugitive emissions.

Fugitive emissions from dross kettles can be controlled
by use of fixed or movable hoods (depending on space limita-
tion) with subsequent venting to a fabric filter.
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2.4 SECONDARY _NON—FERROUS INDUSTRIES
2.4.1 Secondary Aluminum Smelters

Process Description - The raw materials for secondary

aluminum smelting may be (1) aluminum pigs (to meet standard
alloy specifications), (2) foundry returns (gates, risers,
rejected castings, etc.), and (3) scrap (painted sidings,
turnings, cans, etc.). If the scrap contains large amounts
of paint, oil, grease and other contaminants, it may be
dried in a chip dryer prior to loading into the reverbera-
tory furnace. Scrap, rich in iron content is processed in a
sweating furnace prior to charging into a reverberatory
furnace. '’

In the United States, the reverberatory furnace is used
for 80 to 90 percent of all secondary aluminum smelting.

All types of scrap aluminum are charged into the furnace,
which'operatés at a temperature of 677°C to 760°C (1250°F to
1400°F). Fluxing, alloying, degassing and demagging all
take place in the furnace; however, fluxing, degassing and
demagging can also be done in a separate chamber. Because
molten aluminum oxidizes rapidly when exposed to air, it
must always be covered with a molten flux to retard oxida-
tion.

Demagging (removal of magnesium) is accomplished by
introducing elemental chlorine gas into the molten aluminum.
The chlorine reacts and is driven off in the form of mag-
nesium chloride.

While the charge is melting, alloying may be done.
Specified amounts of other metals are added to the melt to
obtain the desired percentage of each metal. If solvent
fluxes are added to the melt, impurities in the form of
oxides float to the top of the melt and are skimmed off and
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allowed to cool. After it is cooled, it is either discarded
as waste or remelted in the sweating furnace.

The final step prior to pouring is degassing. The
metal is degassed by bubbling dry nitrogen, chlorine or a
mixture of the two gases through the molten metal bath.
Chlorine forms hydrogen chloride while nitrogen mechanically
sweeps the gas out of the molten metal.

After degassing, the metal is poured either into ingot
molds or sometimes into preheated crucibles for direct
delivery to the customer.

A process flow diagram for secondary aluminum process-
ing is shown in Figure 2-11. Each potential process fugi-
tive emission point is identified and explained in Table
2-29.

IPFPE Emission Rates - Table 2-29 presents a summary of

uncontrolled emission factors for secondary aluminum smelt-
ing. Since these are potential uncontrolled emission rates,
the site-specific level of control must be considered for
application to a specific plant. Also included are reli-
ability factors for each estimate. Note that the emission
factors with an "E" rating are at best order of magnitude
estimates; consequently, actual emission rates at a given
facility could differ significantly from those in Table
2-29,

Example Plant Inventory - The example plant inventory
for secondary aluminum, as shown in Table 2-29 presents

potential fugitive particulate emission quantities from the
various uncontrolled sources within the process. The in-
ventory represents a plant which processes 4,546 Mg (5,000
tons) of metal per year. The plant inventory is not meant
to display a typical plant, but merely a potential set of
circumstances.
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In drawing the plant inventory, the following assump-
tions were made:

° 2,727 Mg (3,000 tons) of scrap aluminum containing high
temperature elements (such as iron) are processed in the
sweating furnace.

° 1,126 Mg (1,250 tons) of scrap such as sheet, cashings,
borings and turnings are received, and processed in a
rotary dryer. '

° 4,546 Mg (5,000 tons) of metal are processed and re-
fined in the reverberatory furnace.
° 455 Mg (500 tons) of chlorine are used for fluxing.
Not included in the inventory are plant haul roads
since this source should be negligible. Total model plant
uncontrolled process fugitive particulate emissions are 20
Mg (22 tdns) per year.
Characteristics of Fugitive Emissions - Particulates

from secondary aluminum production are less than 2 um in
size. The particulates may be toxic because of the flu-
orides and chlorides that are emitted. Table 2~30 shows the
effluent characteristics from secondary aluminum production.

Table 2-30. EFFLUENT CHARACTERISTICS FROM

SECONDARY ALUMINUM PRODUCTION2
Maximum
particle Chemical
Source size, um composition Toxicity
Fluxing 2.0 Highly variable, Toxic due to
may contain Al,0,, | fluorides and
Chlorinating| 1.0 AlClj3, NaCl flfio2- | chlorides
ides, oxides of
alkali metals
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One study found that the major constituent in the fume
from salt-cryolite fluxing in a furnace was sodium chloride
with considerable smaller quantities of compounds of alum-
inum and magnesium. The particles were all under 2 um.

The fumes were somewhat corrosive when dry, and when wet,
formed a highly corrosive sludge that tended to set up and
harden if allowed to stand for any appreciable time.1

Another study made of the fumes from degassing of
aluminum revealed that 100 percent of the fumes were smaller
than 2 ym and 90 to 95 percent smaller than 1 um. Mean
particle size appeared under a microscope to be about 0.7
um.l

Particle size data from an aluminum sweating furnace
with a capacity of 345 kg/hr (760 1b/hr) indicate that 95
percent of the particles are less than 39 um.5

Control, Technology - Control technology options for the

secondary aluminum production IPFPE sources (except those
covered in Section 2.1) are presented in Table 2-31 and
explained in further detail below.

Raw materials in the form of sheet castings, clippings,
and borings are normally received and stored inside the
building, therefore the fugitive dust, if any, is confined.

In the dry milling process, dust generated at the
crusher, shaker screens and at points of transfer can be
controlled by hooding these operations.l

Emissions from the rotary dryer are usually vented to a
scrubber system. Fugitive dusts could result from process
leaks, and may be controlled by improved maintenance and/or
increasing the exhaust rate.

Emissions from sweating and smelting furnaces may be
controlled by installing a canopy hood and ducting it to a
fabric filter. Another system that may be used is enclosing
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Table 2-31. CONTROL TECHNIQUES FOR
SECONDARY ALUMINUM SMELTERS IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and operating changes methods equipment
"
et
3
[
- gl zlE |
o il 8l & °
A
= ‘gﬁw -
34 S| e~ £
Lod B o 1
33| [2)¢l2| 8 |8
h-] u"-) :Sge v
1= 8] (38512 (4]
AR EMEHEEERHHE
g|Els| |[=[ES|& [=2]3]%
glz|3| |&/2|8|5 |E]|el3
:usv‘é:;u— 22 2
h=d E o] E] O x| @
MmNl =l =] 3 [ -1 | ®
— Yiwl i oo Q@ A=} =
V"-V"‘OIIQO“ S| w | &
slelzlgie|lle|elel [sl=]3
Industry:  secondary Aluminum Processing atal 8= slsisti 2o -
(22l 8l al=|o|8]2 3|2
Slelslel=l 88 518 |85 |5 |.
SHETHHHHEHBHEHEHRE §
L1 6 Q!UU‘UU 8 F-] - | =
-—lal~=] & V| @ €| o X2
o ol 3|l el el sl 5| m - s L
Siglsle1clels|ele 2|88 T|81§
¥Fl=l8lg 5|3/ 212 |212]8 |s5/z5(8
1. Sweating furnace + x x X
2. Crushing and screening scrap metal PORTFEN IR
3. Chip (rotary) dryer o]+
4. Smelting (reverberatory) furnace : x + x
5. Smelting (crucible) furnace + X [ x
6. Smelting (induction) furnace: X + x
7. Fluxing (chlorination) + x| x
8. Hot dross handling and cooling + 4+ +
9. Pouring hot metal into molds or crucible 4

x Typical control technique.

o In use (but not typical) control technique.

+ Technic.lly feasible control technique.
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the building with subsequent evacuation and venting it to a
control device; this would also control emissions from other
operations within the building.

For control of emissions from fluxing, the emissions
can be captured by installing a hood above the fluxing
operation and venting it to a baghouse or a scrubber.l'2

Hot dross handling and cooling emissions can also be
captured by hooding and venting it to a fabric filter.1 If
the slag is cooled indoors, building evacuation can also
control the emissions.

2=-172



1

REFERENCES FOR SECTION 2.4.1

Air Pollution Engineering Manual, Second Edition.
Davidson, J.A. (ed.). U.S. Environmental Protection
Agency. Research Triangle Park, N.C. AP-40. May
1973.

Particle Pollutant System Study. Vol. III. Handbook
of Emissions Properties. Midwest Research Institute.
Prepared for U.S. Environmental Protection Agency.
Contract No. CPA 22-69-104. Durham, North Carolina.
May 1971.

Gerstein, S.M., and M.E. Franza. Control Technology
for Secondary Aluminum Smelters. Teller Environmental
Systems, Inc. Presented at the 68th Annual Meeting of .
the Air Pollution Control Association, Boston. June
1975.

Compilation of Air Pollutant Emission Factors, Second
Edition. U.S. Environmental Protection Agency.
Research Triangle Park, N.C. AP-42., April 1973.

Multimedia Environmental Assessment of the Secondary

Non-ferrous Metal Industry, Vol. II. Final Draft.
Radian Corporation. Austin. June 1976.

2-173



EPA-450/3-77-010

TECHNICAL GUIDANCE
FOR CONTROL OF
INDUSTRIAL PROCESS
FUGITIVE PARTICULATE

EMISSIONS

by

PEDCo Environmental, Inc.
Chester Towers
11499 Chester Road
Cincinnati, Ohio 45246

Contract No. 68-02-1375
Task No. 33

Project No. 3155-GG

EPA Project Officer: Gilbert H. Wood

Prepared for

ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Waste Management
Office of Air Quality Plenning and Standards
Research Triangle Park, North Carolina 27711

March 1977

122, #9

ST T AT T T eRt snhianbianainan:ans aadinuaingnin KRR RN I RRRIRSRINARI BRI TTUTTWITI T T -

el iRt AR ARERRLAREANE AR ARLARNERLE} YWTYWTYWTWWTTTWFTYI’Y'I"TTTHTII“YT"’TWTFTTTTT"‘



REFERENCES FOR SECTION 2.4.2

Open Dust Sources Around Iron and Steel Plants, Draft.
Midwest Research Institute. Prepared for U.S. Environ-
mental Protection Agency, Industrial Environmental
Research Laboratory. Contract No. 68-02-2120. Research
Triangle Park, North Carolina. November 2, 1976.

Personal Communication from Gary McCutchen, U.S. Environ-
mental Protection Agency, Office of Air Quality Planning
and Standards, Research Triangle Park, North Carolina

to Midwest Research Institute, Kansas City, Missouri.
February 1976.

Transmittal from the American Iron and Steel Institute
to Mr. Don Goodwin, U.S. Environmental Protection
Agency, Office of Air Quality Planning and Standards,
Research Triangle Park, North Carolina. Data contained
in table entitled Source Data for Steel Facility
Factors. July 13, 1976.

Compilation of Air Pollutant Emission Factors. Second
Edition. U.S. Environmental Protection Agency, Office
of Air and Water Management, Office of Air Quality
Planning and Standards. Publication No. AP-42.
Research Triangle Park, North Carolina. February,
1976.

Multimedia Environmental Assessment of the Secondary
Nonferrous Metal Industry, Volume II: Industry Pro-
file. Radian Corporation. Contract No. 68-02-1319,
Task No. 49, Austin, Texas. June 21, 1976.

Control Techniques for Lead Air Emissions, Draft Final
Report - PEDCo-Environmental Specialists, Inc. Pre-
pared for U.S. Environmental Protection Agency. Con-
tract No. 68-02-1375, Task Order No. 32. Research
Triangle Park, North Carolina. October 1976.

Silver Valley/Bunker Hill Smelter Environmental Investi-
gation, Interim Report. PEDCo-Environmental Specialists,
Inc. Prepared for U.S. Environmental Protection

Agency. Contract No. 68-02-1343, Task Order No. 8.
Region X, Seattle, Washington. February 1975.

2-185



2.4.3 Secondary Zinc Production

Process Description - Raw materials used in secondary

zinc processing are zinc scrap materials, fluxes, and fuels
for furnaces. 2Zinc scrap materials include such items as:
plated and unplated zinc castings, zinc fabrication scrap,
contaminated zinc die-cast scrap, skimmings, and dross.
There are three distinct processes used in the secondary
zinc industry: pretreatment, melting, and distillation.

The pretreatment processes in use are based on mech-
anical, pyrometallurgical, and hydrometallurgical methods.
Mechanical pretreatment involves physical reduction of the
scrap and some means of separating the zinc from contam-
inating components. The primary hydrometallurgical pre-
treatment method is sodium carbonate leaching which is used
to process skimmings and residues. Neither of these two
pretreatment methods are considered sourées of fugitive
emissions. Sweating is the term applied to the pyrometal-
lurgical pretreatment method used to separate zinc from
higher melting metals and inorganic impurities. Rever-
beratory, kettle (pot), rotary, muffle, and electric fur-
naces are utilized to sweat zinc-bearing scrap.

Sweat processing is accomplished by charging the scrap
into the furnace. The charge may be worked, by agitation or
stirring during melting; and chloride flux may be present
either as residual flux, in charged residual scrap, or as
flux added to the charge. Working and fluxing of the charge
are done to help effect the desired metal separation. A
molten-metal bath is formed from the metallic zinc (with
dissolved alloy metals). Non-metallic residues, along with
some platings, form on the molten-metal bath surface and are
skimmed off. Unmeltable attachments settle to the bottom
and are removed. The molten zinc metal may then be (1) fed
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directly to furnaces for further processing, (2) fed di-
rectly to a distillation furnace, or (3) it may be sampled
and analyzed, and then alloyed by adding metals to obtain
the specified composition, and then cast as ingots.

In some cases, the scrap received can be fed directly
to melting furnaces or distillation furnaces, thereby
bypassing pretreatment and/or melting furnaces. In the
melting operation, melt from sweat furnaces and/or scrap
zinc is melted and usually fluxed to remove impurities.
Crucible, kettle (pot), reverberatory, or electric induction
furnaces are used in this operation. After the melting
operation, the melt may be fed directly to distillation or
cast into ingots.

Distillation may be done in either of two systems: a
retort furnace or a muffle furnace. Material fed into
either furnace may consist of zinc scrap, or molten or cast
metal obtained from the sweating and/or melting furnaces.

In retort distillation, the charge is fed into retort
on a batch scale. Once the metal is molten, it begins
vaporizing. The vapor passes from the retort through a
refractory pipe to a condenser where it is condensed into
molten zinc. At the end of the distillation process the
condenser is tapped and the zinc poured into ingots.

In the muffle furnace system the bed is charged into
the melting unit. As the zinc melts, the molten metal flows
into the vaporizing unit. From the vaporizing unit, the
vaporized zinc is channeled to the condenser where it is
condensed to liquid metal. Periodically, the molten zinc is
‘tapped from the condenser and cast into ingots.

A process flow diagram for secondary zinc production is
shown in Figure 2-13. Each potential process fugitive
emission is identified and explained in Table 2-34.
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IPFPE Emission Rates - Very little data concerning

process fugitive particulate emission factors for the
secondary zinc smelting industry has been found in the
literature. Therefore, emission rates as presented in Table
2-34 resulted for the most part from engineering judgements
utilizing point source emission factors for the various
operations identified. Most engineering judgments assumed
that fugitive emissions equal 5 percent of an operation's
stack emission. These values, therefore, received a re-
liability rating of "E" which indicates at best an order of
magnitude estimate. Consequently, actual emission rates at
a given facility could differ significantly from those in
Table 2-34.

Example Plant Inventory - The example plant inventory

for secondary zinc smelting, as shown in Table 2-27, pre-
sents potential fugitive particulate emission quantities
from the various uncontrolled sources within the process.
The inventory represents a plant which produces 10,950 Mg
(12,045.tons) of zinc per year. Because of the many varied
types of furnaces that can be utilized in secondary zinc
production, the model plant configuration assumed for the
inventory includes four kettle (pot) and rotary sweat
furnaces, and four crucible and reverberatory melting
furnaces. Also included is one crushing and screening
operation. The plant inventory is not meant to display a
tYpical plant, but merely a potential set of circumstances.

The assumed annual rate of scrap feed into the various
furnaces was as follows:

Kettle (pot) sweat furnaces 7,531 Mg (8,284 tons)
scrap zinc

Rotary sweat furnaces 7,531 Mg (8,284 tons)
scrap zinc

Crushing and screening 2,877 Mg (3,165 tons)
, scrap zinc
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Reverberatory melting furnaces 6,276 Mg (6,904 tons)
: metal charged

Crucible melting furnaces 6,276 Mg (6,904 tons)
' metal charged

Not included in the inventory are fugitive emissions
from plant haul roads, but the amount of roads is expected
to be minimal at secondary zinc facilities. Total model
plant uncontrolled process fugitive particulate emissions
are 21 Mg (23 tons) per year. Major sources of fugitive
emissions are crushing and screening, and sweat furnaces.

Characteristics of Fugitive Emissions - Information

concerning characteristics of fugitive emissions from
secondary zinc smelting was not found in the literature.
Therefore, the following information concerning stack
emission characteristics is presented since they may ap-
proximate those of fugitive emissions.

Particulate emissions from sweating operations commonly
contain zinc, aluminum, copper, iron, lead, cadmium, man-
ganese, and chromium, in addition to carbonaceous materials
and flux materials.l The following are the results of
samples taken from a zinc sweat furnace which were analyzed
for particulate composition.3

Sweat furnace particulate emission
Composition percent by weight
Constituents Sample 1 Sample 2

e, 0.47 0.36
c1- 8.93 8.32
Zn 47.50 44.50
al 1.43 0.54
Cu 0.04 0.05
Fe 0.40 0.21
Pb 0.14 0.16
cd 0.02 0.03
Mn 0.03 - 0.01
Cr 0.01 0.004
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Another analysis of particulate emissions from zinc

sweat processing resulted in the following results.

4

Sweat furnace particulate emission

Component Composition, percent by weight

ZnCl2 14.5 - 15.3
Zno 46.9 - 50.0
NH4C1 1.1 - 1.4
A1203 1.0 - 2.7
Fezo3 0.3 - 0.6
PbO 0.2

H20 (in ZnC12-4H20) 7.7 - 8.1

Oxides of Mg, Sn, Ni, 2.0

8i, Ca, Na
Carbonaceous material 10.0
Moisture (deliquescent) 5.2 - 10.2

In addition to the major components shown above, the

particulates would be expected to contain trace amounts of

. 4
copper, manganese, and chromium.

Another analysis of particulate data for sweating of

metallic scrap has shown 4 percent zinc chloride, 77 percent

zinc oxide, 4 percent water, 4 percent other metal chlorides

and oxides, and 10 percent carbonaceous materials.

Sizes of

particulates range from less than 1 um to greater than 20
um, but typically they are less than 2 um.l

Particulate emissions from crushing/screening opera-

tions contain metallic zinc and other metals such as alu-

minum, copper, iron, lead,

cadmium, chromium, and tin.

Emissions from melting furnaces consist mostly of smoke from

incomplete combustion of organic scrap, contaminants, and

zinc fumes. Retort emissions consist mostly of zinc oxide

fumes containing aluminum, copper, and other metals.

Particle size range is from 0.05 - 1.0 um.
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Control Technology - Control technology options for

secondary zinc production IPFPE sources are presented in
Table 2-35 and are explained in more detail below.

Better control of operating parameters and procedures
such as proper feed rates, operating machinery only when
required, and following proper maintenance schedules will
help alleviate fugitive emissions from crushing/screening
operations. Fixed hoods which enclose or cover screening
operations with subsequent venting to a baghouse will
effectively control fugitive emissions. Closed building
evacuation to a baghouse will also serve as a means to
control fugitive emissions.

The various sweating and melting furnaces can all be
controlled in basically the same way. If primary control
systems already are installed, the increasing of exhaust
flow rates will oftentimes help reduce the volume of fugi-
tive emissions released. Depending on furnace design, as
well as space limitations and operating practices, fixed or
movable hoods are very effective in the control of fugitive
emissions. These hoods are usually most effective if placed
over charging and particularly tapping areas since these are
the major sources of fugitive emissions. A capture velocity
of 0.5-1.0 meters/second (100-200 ft/min) is usually adequate
for control of the fugitive emissions.5 If limited space or
operating procedures disallow the use of hoods, building
evacuation to a fabric filter will effectively control
fugitive emissions.

Fugitive emissions from distillation and condensation
operations can be controlled in the same manner as described
above. In addition, improved maintenance and/or construc-
tion materials will help prevent fugitive emissions which

can escape from the connection between the distillation unit
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Table 2-35. CONTROL TECHNIQUES FOR
SECONDARY ZINC PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS
Preventative procedures Capture Removal
and operating changes methads equipment
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8b. Tapping [} of 0 ¢ []
9. Kettle (pot) meliting furnace
9a. Charging [} o o + [
9b. Tapping 0 o o} + [}

x Typical control technique.
o In use (but not typical) control tecﬁnique.

+ Technically feasible control technique.
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Table 2-35 (continued).

CONTROL TECHNIQUES FOR

SECONDARY ZINC PRODUCTION IPFPE SOURCES

FUGITIVE EMISSIONS CAPTURE AND CONTROL METHODS

Preventative procedures Capture Reqoval
and operating changes methods equipment
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10. Reverberatory melting furnace
10a. Charging 0 ol 0| ¢ [
10b. Tapping [ o/ 0 [
11, Electric tnduction melting furnace
1
11a. Charging 0 ol 0 i + [
11b. Tapping (] o) o ¢+ ]
) 1}
12. Hot metal transfer to retort or alloying v 1 + +
13. Distillation retort and condenser :
132 Charging distillation retort ol ot + °
13b. Leakage between retort and condenser 0 olo ] + o
13¢c. Upset in condenser [} 0l 0|+ 0
13d. Tapping 0y 0 + [}
1
14. Muffle distillation furnace and condenser
14a. Charging muffie distillation furnace ol o + [
14b. Leakage between furnace and condenser [ oi o |+ o
14c. Upset in condenser ] ol o ¢+ [
14d. Tapping oo ! + [}
15. Alloying o+ o+ +
16. Casting 0 LA TN I +

x Typical control technique.

o In use {but not typical) control technique.

+ Technically feasible control technique.
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to the condenser. If a good fit is maintained, fugitive
emissions will be prevented.

Fugitive emissions from upset conditions can be con-
trolled in several manners. Upset usually occurs when the
pressure relief hole on the condenser becomes plugged re-
sulting in pressure and heat build up with subsequent
combustion of the zinc metal. If the pressure relief hole
is cleaned regqularly (once every 1/2 hr), the hole will not
become plugged, upsets will be avoided, and fugitive emis-
sion eliminated. When upsets do occur, however, movable
hoods can be placed over the pressure relief hole to capture
fugitive emissions. Building evacuation to a baghouse will
also effectively control the fugitive emissions.

Alloying and casting operations can be controlled by
the use of fixed or movable hoods over the areas involved.
Curtains which can help direct emissions into hoods are also
quite useful. Building evacuation to a baghouse will also
effectively control fugitive emissions. During casting
operations, several steps can be taken to prevent the
generation of fugitive emissions. As long as the temper-
ature of the molten zinc is kept below 590°C (1100°F) and
mold release compounds do not contain oils or other vola-

tiles, very little fugitive emissions will be generated.5
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