12.11 Seconday Lead Processing
12.111 General

Seconday lead smeltes produe lead and lead alloys from lead-bearig scrgp material More
than 60 percen of all seconday lead is derived from scrg automobié batteries Ead battey contains
approximate} 8.2 kg (18 Ib) of lead consistirg of 40 percen lead alloys and 60 percen lead oxide.
Othe raw materias useal in seconday lead smeltirg include whed balan@ weights pipe, solder,
drossesard lead sheathing Lead produce by secondar smeltirg accouns for half of the lead
producel in the U. S. There are 42 companis operatirg 50 plant with individud capacitis ranging
from 907 megagrara (Mg) (1,00 tong to 109,0® Mg (120,0® tong per year.

12.112 Proces Descriptiort™’

Seconday lead smeltirg includes 3 maja operations scra pretreatmentsmelting and
refining. Thes are shown schematicayl in Figure 12.11-1A Figure 12.11-1B ard Figure 12.11-1C,
respectively.

12.11.21 Scrg Pretreatmen-

Scrg pretreatmenis the partid remova of metd and nonmeta contaminard from lead-
bearirg scrg ard residue Processgusal for scrg pretreatmeninclude battely breaking crushing,
ard sweating Battely breakirg is the draining and crushirg of batteries followed by manual
separatia of the lead from nonmetallc materials Lead plates posts and intercel connectos are
collected and stored in apile for subsequenchargirg to the furnace Oversizel pieces of scrgp and
residus are usually put throuch jaw crushers This separaté lead scrg is then sweaté in agas or
oil-fired reverberator or rotaly furnae to separagt lead from metab with higha melting points.
Rotay furnaces are usually usel to proces low-lead-contehscrg and residue while reverberatory
furnaces are usel to proces high-lead-contenscrap The partially purified lead is periodicaly tapped
from the furnaces for further processig in smeltirg furnaces or pot furnaces.

12.11.22 Smeltirg -

Smeltirg produce lead by melting and separatig the lead from metd and nonmetallic
contaminarg and by reducirg oxides to elementhlead Smeltirg is carried out in blast,
reverberatoryand rotary kiln furnaces Blag furnaces produ@ had or antimonia lead containing
abou 10 percen antimony Reverberatgr and rotaty kiln furnaces are usal to produe@ semisof lead
containirg 3 to 4 percem antimony however rotary kiln furnaces are rarely usal in the U. S. and will
not be discussd in detail.

In blad furnaces pretreatd scra metal rerun slag scrg iron, coke recycled dross flue dust,
ard limestore are usal as charge materiat to the furnace The proces hed neede to metlt the lead is
producel by the reaction of the chargel coke with blag air that is blown into the furnace Sorne of
the coke combuss to melt the charge while the remainde reduce lead oxides to elementhlead The
furnae is charge with combustio air at 3.4 to 5.2 kPa (0.5 to 0.75 psi) with an exhaus temperature
rangirg from 650 to 730°C (1200 to 1350°F).

As the lead charge melts limestore ard iron float to the top of the molten bath and form a

flux tha retard oxidation of the produd lead The molten lead flows from the furnac into a holding
pot at a nearly continuows rate The produd lead constituta roughly 70 percen of the charge From
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Figure 12.11-1A. Process flow for typical secondary lead smelting.
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the holding pot, the lead is usually cast into large ingots called pigs or sows. About 18 percent of the
charge is recovered as slag, with about 60 percent of this being a sulfurous slag called matte. Roughly
5 percent of the charge is retained for reuse, and the remaining 7 percent of the charge escapes as dust
or fume. Processing capacity of the blast furnace ranges from 18 to 73 Mg per day (20 to 80 tons per
day).

The reverberatory furnace used to produce semisoft lead is charged with lead scrap, metallic
battery parts, oxides, drosses, and other residues. The charge is heated directly to a temperature of
1260°C (2300°F) using natural gas, oil, or coal. The average furnace capacity is about 45 megagrams
(50 tons) per day. About 47 percent of the charge is recovered as lead product and is periodically
tapped into molds or holding pots. Forty-six percent of the charge is removed as slag and is later
processed in blast furnaces. The remaining 7 percent of the furnace charge escapes as dust or fume.

12.11.2.3 Refining -

Refining and casting the crude lead from the smelting furnaces can consist of softening,
alloying, and oxidation depending on the degree of purity or alloy type desired. These operations are
batch processes requiring from 2 hours to 3 days. These operations can be performed in reverberatory
furnaces; however, kettle-type furnaces are most commonly used. Remelting process is usually applied
to lead alloy ingots that require no further processing before casting. Kettle furnaces used for alloying,
refining, and oxidizing are usually gas- or oil-fired, and have typical capacities of 23 to
136 megagrams (25 to 150 tons) per day. Refining and alloying operating temperatures range from
320 to 700°C (600 to 1300°F). Alloying furnaces simply melt and mix ingots of lead and alloy
materials. Antimony, tin, arsenic, copper, and nickel are the most common alloying materials.

Refining furnaces are used to either remove copper and antimony for soft lead production, or
to remove arsenic, copper, and nickel for hard lead production. Sulfur may be added to the molten
lead bath to remove copper. Copper sulfide skimmed off as dross may subsequently be processed in a
blast furnace to recover residual lead. Aluminum chloride flux may be used to remove copper,
antimony, and nickel. The antimony content can be reduced to about 0.02 percent by bubbling air
through the molten lead. Residual antimony can be removed by adding sodium nitrate and sodium
hydroxide to the bath and skimming off the resulting dross. Dry drossing consists of adding sawdust
to the agitated mass of molten metal. The sawdust supplies carbon to help separate globules of lead
suspended in the dross and to reduce some of the lead oxide to elemental lead.

Oxidizing furnaces, either kettle or reverberatory units, are used to oxidize lead and to entrain
the product lead oxides in the combustion air stream for subsequent recovery in high-efficiency
baghouses.

12.11.3 Emissions And Contrété™

Emission factors for controlled and uncontrolled processes and fugitive particulate are given in
Tables 12.11-1, 12.11-2, 12.11-3, and 12.11-4. Particulate emissions from most processes are based
on accumulated test data, whereas fugitive particulate emissions are based on the assumption that
5 percent of uncontrolled stack emissions are released as fugitive emissions.

Reverberatory and blast furnaces account for the vast majority of the total lead emissions from
the secondary lead industry. The relative quantities emitted from these 2 smelting processes cannot be
specified, because of a lack of complete information. Most of the remaining processes are small
emission sources with undefined emission characteristics.
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Table 12.11-1 (Metric Units). EMISSION FACTORS FOR SECONDARY LEAD PROCESSING

Particulat® Lead’ SG,
EMISSION EMISSION EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR FACTOR FACTOR
Process Uncontrolled] RATING Controlled RATING | Uncontrolled| RATING Controlled [ RATING | Uncontrolled] RATING
Sweatin§ (kg/Mg charge) 16-35 E ND NA 4-¢d E ND NA ND ND
(SCC 3-04-004-04)
Reverberatory smelting 162 C 0.50 C 32 C ND NA 40 C
(SCC 3-04-004-02) (87-242f (0.26-0.77) (17-48f (36-44)
Blast smelting-cupof%n 153, C 1.12 C 52 C 0.15 C 27 C
(SCC 3-04-004-03) (92-207) (0.11-2.49% (31-70M (0.02-0.32% (9-55F
Kettle refining 0.0 C ND NA 0.006° c ND NA ND NA
(SCC 3-04-004-26)
Kettle Oxidation < 204 E ND NA ND NA ND NA ND NA
(SCC 3-04-004-08)
Casting (SCC 3-04-004-09 0.0 C ND NA 0.007 C ND NA ND NA

a
applicable.

References 8-11.
References 6,8-11.

Q "0 Qo O T

34%, based on single uncontrolled plant test.

>

References 8,11-12.

o T 5 3 X7

References 6,8,11-12,14-15.
Reference 13. Blast furnace emissions have lead content of 26%, based on single controlled plant test.
Based on quantity of material charged to furnaces.
Reference 13. Lead content of kettle refining emissions is 40% and of casting emissions is 36%.
References 1-2. Essentially all product lead oxide is entrained in an air stream and subsequently recovered by baghouse with average

Particulate and lead emission factors are based on quantity of lead product produced, except as noted.
Reference 1. Estimated from sweating furnace emissions from nonlead secondary nonferrous processing industries.
References 3,5. Based on assumption that uncontrolled reverberatory furnace flue emissions are 23% lead.

Emission factor units expressed as kg of pollutant/Mg metal produced. SCC = Source Classification Code. ND = no data.

Blast furnace emissions are combined flue gases and associated ventilation hood streams (charging and tapping).

NA = not

Reference 13. Uncontrolled reverberatory furnace flue emissions assumed to be 23% lead. Blast furnace emissions have lead content of

collection efficiency >99%. Factor represents emissions of lead oxide that escape a baghouse used to collect the lead oxide product.
Represents approximate upper limit for emissions.
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Table 12.11-2 (English Units). EMISSION FACTORS FOR SECONDARY LEAD PROCESSING

Particulat® Lead’ S6,
EMISSION EMISSION EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR FACTOR FACTOR
Process Uncontrolled| RATING Controlled RATING | Uncontrolled RATING Controlled RATING | Uncontrolledq RATING
Sweatin§ (kg/Mg charge) 32-70 E ND NA 7-16d E ND NA ND NA
(SCC 3-04-004-04)
Reverberatory smelting 323 C 1.01 Cc 65 C ND NA 80 C
(SCC 3-04-004-02) (173-483F (0.53-1.55) (35-97f (71-88J
Blast smelting-cupof%n 307 . C 2.24 C 104 C 0.29 C 53 C
(SCC 3-04-004-03) (184-413) (0.22-4.88 (64-140§" (0.03-0.64Y (18-110f
Kettle refining 0.09 C ND NA 0.01P C ND NA ND NA
(SCC 3-04-004-26)
Kettle Oxidation < 40P E ND NA ND NA ND NA ND NA
(SCC 3-04-004-08)
Casting (SCC 3-04-004-09) 0.04 C ND NA 0.01P C ND NA ND NA

4 Emission factors expressed as Ib of pollutant/ton of metal produced. SCC = Source Classification Code. ND = no data. NA = not

applicable.

References 8-11.
References 6,8-11.

Q "0 QO T

34%, based on single uncontrolled plant test.

>

o T 5 3 X7

Represents approximate upper limit for emissions.

Particulate and lead emission factors are based on quantity of lead product produced, except as noted.
Reference 1. Estimated from sweating furnace emissions from nonlead secondary nonferrous processing industries.
References 3,5. Based on assumption that uncontrolled reverberatory furnace flue emissions are 23% lead.

Blast furnace emissions are combined flue gases and associated ventilation hood streams (charging and tapping).
References 8,11-12.
References 6,8,11-12,14-15.
Reference 13. Blast furnace emissions have lead content of 26%, based on single controlled plant test.
Based on quantity of material charged to furnaces.
Reference 13. Lead content of kettle refining emissions is 40% and of casting emissions is 36%.

References 1-2. Essentially all product lead oxide is entrained in an air stream and subsequently recovered by baghouse with average
collection efficiency >99%. Factor represents emissions of lead oxide that escape a baghouse used to collect the lead oxide product.

Reference 13. Uncontrolled reverberatory furnace flue emissions assumed to be 23% lead. Blast furnace emissions have lead content of




Table 12.11-3 (Metric Units). FUGITIVE EMISSION FACTORS FOR
SECONDARY LEAD PROCESSING*

EMISSION FACTOR RATING: E

Operation Particulate Lead
Sweating (SCC 3-04-004-12) 0.8-1.8° 0.2-0.4°"
Smelting (SCC 3-04-004-13) 4.3-12.1 0.1-0.3¢
Kettle refining (SCC 3-04-004-14) 0.001 0.0003¢
Casting (SCC 3-04-004-25) 0.001 0.0004°

* Reference 16. Based on amount of lead product except for sweating, which is based on quantity of
material charged to furnace. Fugitive emissions estimated to be 5% of uncontrolled stack emissions.
SCC= Source Classification Code.

" Reference 1. Sweating furnace emissions estimated from nonlead secondary nonferrous processsing
industries.

¢ References 3,5. Assumes 23% lead content of uncontrolled blast furnace flue emissions.

¢ Reference 24.

¢ Reference 13.

"Correction based on note c, 1.8 x .23 = 0.4. (Replaced 1997 comment in table in September 2010)

Table 12.11-4 (English Units). FUGITIVE EMISSION FACTORS FOR
SECONDARY LEAD PROCESSING*

EMISSION FACTOR RATING: E

Operation Particulate Lead
Sweating (SCC 3-04-004-12) 1.6-3.5" 0.4-0.8<
Smelting (SCC 3-04-004-13) 8.6-24.2 0.2-0.6¢
Kettle refining (SCC 3-04-004-14) 0.002 0.0006°
Casting (SCC 3-04-004-25) 0.002 0.0007¢

* Reference 16. Based on amount of lead product, except for sweating, which is based on quantity of
material charged to furnace. Fugitive emissions estimated to be 5% of uncontrolled stack emissions.
SCC = Source Classification Code.

® Reference 1. Sweating furnace emissions estimated from nonlead secondary nonferrous processsing
industries.

¢ References 3,5. Assumes 23% lead content of uncontrolled blast furnace flue emissions.

¢ Reference 24.

¢ Reference 13.

' Correction based on note ¢, 3.5 x .23 = 0.8 (Replaced 1997 comment in table in September 2010)
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Emissions from battery breaking are mainly of sulfuric acid mist and dusts containing dirt,
battery case material, and lead compounds. Emissions from crushing are also mainly dusts.

Emissions from sweating operations are fume, dust, soot particles, and combustion products,
including sulfur dioxide (S@). The SG emissions come from combustion of sulfur compounds in the
scrap and fuel. Dust particles range in size from 5 to 20 micrometers (um) and unagglomerated lead
fumes range in size from 0.07 to 0.4 um, with an average diameter of 0.3 um. Particulate loadings in
the stack gas from reverberatory sweating range from 3.2 to 10.3 grams per cubic meter (1.4 to 4.5
grains per cubic foot). Baghouses are usually used to control sweating emissions, with removal
efficiencies exceeding 99 percent. The emission factors for lead sweating in Tables 12.11-1 and
12.11-2 are based on measurements at similar sweating furnaces in other secondary metal processing
industries, not on measurements at lead sweating furnaces.

Reverberatory smelting furnaces emit particulate and oxides of sulfur and nitrogen. Particulate
consists of oxides, sulfides and sulfates of lead, antimony, arsenic, copper, and tin, as well as
unagglomerated lead fume. Particulate loadings range from to 16 to 50 grams per cubic meter (7 to
22 grains per cubic foot). Emissions are generally controlled with settling and cooling chambers,
followed by a baghouse. Control efficiencies generally exceed 99 percent. Wet scrubbers are
sometimes used to reduce s€missions. However, because of the small particles emitted from
reverberatory furnaces, baghouses are more often used than scrubbers for particulate control.

Two chemical analyses by electron spectroscopy have shown the particulate to consist of 38 to
42 percent lead, 20 to 30 percent tin, and about 1 percent'ZirRarticulate emissions from
reverberatory smelting furnaces are estimated to contain 20 percent lead.

Emissions from blast furnaces occur at charging doors, the slag tap, the lead well, and the
furnace stack. The emissions are combustion gases (including carbon monoxide, hydrocarbons, and
oxides of sulfur and nitrogen) and particulate. Emissions from the charging doors and the slag tap are
hooded and routed to the devices treating the furnace stack emissions. Blast furnace particulate is
smaller than that emitted from reverberatory furnaces and is suitable for control by scrubbers or fabric
filters downstream of coolers. Efficiencies for various control devices are shown in Table 12.11-5. In
one application, fabric filters alone captured over 99 percent of the blast furnace particulate emissions.

Particulate recovered from the uncontrolled flue emissions at 6 blast furnaces had an average
lead content of 23 perceﬁis? Particulate recovered from the uncontrolled charging and tapping hoods
at 1 blast furnace had an average lead content of 61 pe]r%elaased on relative emission rates, lead
is 34 percent of uncontrolled blast furnace emissions. Controlled emissions from the same blast
furnace had lead content of 26 percent, with 33 percent from flues, and 22 percent from charging and
tapping operation%? Particulate recovered from another blast furnace contained 80 to 85 percent lead
sulfate and lead chloride, 4 percent tin, 1 percent cadmium, 1 percent zinc, 0.5 percent antimony,

0.5 percent arsenic, and less than 1 percent organic métter.

Kettle furnaces for melting, refining, and alloying are relatively minor emission sources. The
kettles are hooded, with fumes and dusts typically vented to baghouses and recovered at efficiencies
exceeding 99 percent. Twenty measurements of the uncontrolled particulates from kettle furnaces
showed a mass median aerodynamic particle diameter of 18.9 micrometers, with particle size ranging
from 0.05 to 150 micrometers. Three chemical analyses by electron spectroscopy showed the
composition of particulate to vary from 12 to 17 percent lead, 5 to 17 percent tin, and 0.9 to
5.7 percent zinf.6
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Table 12.11-5. EFFICIENCIES OF PARTICULATE CONTROL EQUIPMENT
ASSOCIATED WITH SECONDARY LEAD SMELTING FURNACES

Control Efficiency

Control Equipment Furnace Type (%)

Fabric filte® Blast 98.4

Blast Reverberatory 99.2

Dry cyclone plus fabric filtet Blast 99.0

Wet cyclone plus fabric filtdt Reverberatory 99.7
Settling chamber plus dry

cyclone plus fabric filtet Reverberatory 99.8

Venturi scrubber plus demister Blast 99.3

a Reference 8.
b Reference 9.
¢ Reference 10.
d Reference 14.

Emissions from oxidizing furnaces are economically recovered with baghouses. The
particulates are mostly lead oxide, but they also contain amounts of lead and other metals. The oxides
range in size from 0.2 to 0.5 um. Controlled emissions have been estimated to be 0.1 kilograms per
megagram (0.2 pounds per ton) of lead product, based on a 99 percent efficient baghouse.
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