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SECTION 1
PURPCSE OF DOCUMENT

The U.S. Environnental Protection Agency (EPA), States, and
Il ocal air pollution control agencies are becom ng increasingly aware
of the presence of substances in the anbient air that may be toxic at
certain concentrations. This awareness, in turn, has led to attenpts
to identify source/receptor relationships for these substances and to
devel op control progranms to regulate em ssions. Unfortunately, very
little information is available on the anbient air concentrations of
many of these substances or on the sources that may be di scharging
themto the atnosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunent specifically deals
wi t h manganese and nanganese conpounds. |Its intended audi ence
i ncl udes Federal, State, and local air pollution personnel and others
who are interested in |ocating potential emtters of manganese and
maki ng gross estimates of air em ssions therefrom

Because of the linmted anounts of data avail abl e on manganese
em ssions, and since the configuration of many sources will not be
the sane as those descri bed herein, this docunent is best used as a
primer to informair pollution personnel about (1) the types of
sources that may emt manganese, (2) process variations and rel ease
points that may be expected within these sources, and (3) avail able
em ssions information indicating the potential for manganese or
manganese conpounds to be released into the air from each operati on.

The reader is strongly cautioned that the em ssions information
contained in this docunment will not yield an exact assessnent of
em ssions fromany particular facility. Since insufficient data are
avai l able to develop statistical estimates of the accuracy of these
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em ssion factors, no estimate can be made of the error that coul d
result when these factors are used to cal cul ate em ssions for any
given facility. It is possible, in sone extrene cases, that
orders-of -magni tude di fferences could result between actual and
cal cul ated em ssions, depending on differences in source
configurations, control equipment, and operating practices. Thus, in
situations where an accurate assessnment of nanganese emi ssions is
necessary, source-specific information should be obtained to confirm
the particular operations, the types and effectiveness of contro
measures, and the inpact of operating practices. A source test and/or
mat eri al bal ance shoul d be considered as the best neans to determ ne
air emssions directly froman operation.
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SECTION 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State, and local air pollution agencies and others who are
interested in locating potential air emtters of nanganese and
manganese conpounds and meki ng gross estimates of air em ssions
t herefrom Because of the |linmted background data avail able, the
informati on summarized in this docunment does not and shoul d not be
assuned to represent the source configuration or em ssions associ ated
with any particular facility.

This section provides an overview of the contents of this
docunent . It briefly outlines the nature, extent, and format of the
material presented in the remining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of manganese, its comonly
occurring forns, and an overview of its production and uses. A table
summari zes the quantities of manganese consuned in various end uses
in the United States. This background section may be useful to
soneone who needs to devel op a general perspective on the nature of
t he substance and where it is manufactured and consuned.

The fourth section of this docunent focuses on mgjor industrial
source categories that may di scharge manganese-containing air
em ssions. Section 4 discusses the production of manganese and
manganese conpounds, the use of nmanganese in ferroalloys, and the
di scharge of manganese fromindustrial sources due to its being a
trace contamnant in fossil fuels. For each major industrial source
category described in Section 4, exanple process descriptions and
fl ow di agrans are given, potential em ssion points are identified,
and avail able em ssion factor estimates are presented that show the
potential for manganese eni ssions before and after controls enpl oyed
by industry. Individual conpanies are naned that are reported to be
involved with either the production and/or use of nmanganese and
manganese conpounds based on industry contacts and avail abl e trade
publ i cati ons.



The sources of all emi ssion factors presented in this report
have been cited, and the reader is referred to these sources for
di scussi ons concerning the basis and limtations of these estinates.
Because nost of the em ssion factors have been devel oped for
material s that contai n manganese, the manganese emi ssions w |l depend
both on the anpbunt of material emtted and the manganese content of
the material. For exanple, in a foundry operation that produces a
casting that is 5 percent manganese, the manganese eni ssions woul d
anount to 5 percent of the total em ssions. |If the sanme operation
with the same total em ssions were to produce a casting with 2.5
per cent nmanganese, the manganese eni ssions associated with the
furnace castings would be cut in half. Because few plants produce
only one product, this is a significant consideration.

The final section of this document sunmmarizes avail abl e
procedures for source sampling and anal ysis of manganese. Details
are not prescribed, nor is any EPA endorsenent given or inplied to
any of these sanpling and anal ysis procedures. At this tinme, EPA has
general ly not eval uated these nethods. Consequently, this docunent
merely provides an overvi ew of applicable source sanmpling procedures
and references for those interested in conducting source tests.

Thi s docunent does not contain any discussions of health or
ot her environnental effects of manganese or manganese compounds, nor
does it include any discussion of anbient air levels or anbient air
nmoni t ori ng techni ques.

Comments on the contents or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control measures, and eni ssions that would enable EPA to
inprove its contents. Al comments should be sent to:

Chi ef, Source Analysis Section (MDD 14)

Ai r Managenent Technol ogy Branch

U.S. Environnmental Protection Agency

Research Triangle Park, North Carolina 27711



SECTION 3
BACKGROUND

3.1 MANGANESE CHARACTERI STI CS

Manganese (M) is a hard, brittle, grayish-white netal w dely
distributed in the Earth's rocks. A transition el enent whose
properties fall between those of chromi um and iron, manganese has an
atom ¢ nunber of 25 and an atomi c weight of 54.938. Manganese-55 is
the only stable isotope.! Manganese can exist in several different
crystalline forms of conplex structure. These forns are stable bel ow
1100°C and are usually brittle and unworkabl e. Manganese constitutes
0.1 percent of the Earth's crust and ranks twelfth i n abundance anong
the elenents found there. O the nost comonly known netals, only
al um num iron, nmagnesium and titaniumare nore abundant. Although
manganese just precedes iron in the periodic table, it is not
ferromagnetic |ike iron; however, sone of its alloys and conpounds
are. Manganese conpounds can have various val ences, but nanganese is
divalent in the nost stable salts, and manganese di oxide (MGQ) is the
nost stable oxide.? Table 3-1 presents the physical constants and
properti es of manganese.

Manganese is ubiquitous in the Earth's crust and water bodies.
In nobst soils, concentrations range from 200 to 300 ppm in many
rocks, concentrations range from 800 to 1400 ppm and in sone
sedi mentary rocks, concentrations can range from 6000 to 8000 ppm!t
Seawat er contains a few parts per billion, and concentrations
i ncrease at greater depths. Manganese oxi de nodul es have been found
on |l arge areas of the ocean floor; some anal yzed deposits have shown
an average manganese content of 24.2 percent.? Concentrations in
fresh water can range froma few parts per billion to several parts
per mllion. Atnospheric precipitation also contains
manganese--around 0.012 ppm-primarily introduced through air
pol | ution. 2



TABLE 3-1.

PHYSI CAL PROPERTI ES OF METALLI C MANGANESE?

Property Val ue
At om ¢ nunber 25
At om c wei ght 54.938
Crystal structure Cubi c or tetragona
Val ence state -3, 1, 2, 3, 4, 5, 6, and 7
Melting point, °C 1244+ 3°C
Boiling point, °C 1962

Specific Gavity

7.21 to 7.44 (depending
on the allotropic form

Specific heat at 25.2°C, J/g 0. 48
Li near coefficient of thermal expansion 22.8
x 108 per °C at 0-100°C range
Har dness, Mdhs scal e 5
Conpressibility 8.4 x 107
Solidification shrinkage, % 1.7
St andard el ectrode potenti al 1.134
Magnetic susceptibility, nf/ kg 1.21 x 10
Lat ent heat of fusion, J/g 244
Latent heat of vaporization, J/g 4020
Solubility Decomposes in water; is
soluble in slightly
dilute acid
@ Sources: References 1 and 3



The nost inportant val ence states of manganese are +2, +4, and
+7, as exhibited i n manganese oxi de (MO, manganese di oxi de (MQO),
and permanganate (WMnO,), respectively. Thus, oxide manganese ores
can serve as sources of active oxygen, the degree of activity varying
with the type of ore and conpound. Table 3-2 presents the physical
properties of selected manganese conpounds.

Ores are generally classified according to their manganese
content as follows: ores containing nore than 35 percent M are
cl assed as nmanganese ores; those containing 10 to 35 percent, as
f errugi nous manganese ores; and those containing 5 to 10 percent WMh,
as mangani ferrous ores. None of the U S. ores contain nore than 35
percent WMh; nost of the high-quality ores and ferroall oys are
i nported. Because manganese is considered a strategic material, the
Governnent has mai ntai ned stockpiles since 1916. Table 3-3 lists the
comon rmanganese- bearing mnerals, and Table 3-4 presents production,
i nport, and export data.

3.2 OVERVI EW OF MANGANESE PRODUCTI ON

The different nethods used in the production of the various
manganese products are briefly described in this subsection. Mre
detail is presented in Section 4.
3.2.1 Production of Ferroalloys

Hi gh- carbon ferromanganese (or standard ferromanganese), which
contains up to 7.5 percent carbon, is used in |larger quantities
(primarily by the steel industry) than any other form of manganese.
Until 1978, U.S. high-carbon ferromanganese was produced primarily in
bl ast furnaces simlar to those used to snelt iron ore. Nowit is
produced primarily in subnerged-arc electric furnaces. The furnace
charge consists of a m xture of M ores, coke, and sonme fl ux.
Recovery of M in the alloy ranges from 70 to 80 percent.! In sone
cases, the slag fromthis process also is used to produce
sili comanganese for use in the manufacture of |ow carbon steel. The
manganese content of this slag ranges from 30 to 42 percent.



TABLE 3-2. PHYSI CAL PROPERTI ES OF SELECTED MANGANESE COVPOUNDS?

Oxi dati on Density Mel ting Boi | i ng
Compound For mul a State Appear ance g/ cn? point, °C point, °C Sol ubility
D manganese M,( CO) 4o 0 CGol den-yel l ow crystal s 1.75 154-155° Insoluble in HO soluble in nost
organi ¢ sol vents
Met hyl cycl opent adi - CH,M( CO) 4 +1 Li ght -anber liquid 1.39 1.5° 233 Insoluble in HO soluble
enyl manganese in nmost organic sol vents
tricarbony
Manganese acetate M( GHO,) ¢ 4H,0 +2 Pal e-red crystals 1.589 Slightly soluble in H,O soluble in
tetrahydrate et hanol and net hano
Manganese borate WhB,O,¢ 8H,0 +2 Wiite to pale red I nsoluble in HO ethanol, and
solid soluble dilute acids
Manganese carbonate  MhCO; +2 Pi nk solid 3.125 Decom Sol ubl e product HO 8.2 x 10!
(rhodochrosite) poses at soluble in dilute acids
>200°
Manganese chlori de whC,, +2 Pink crystal solid 2.977 652° 1190 Sol uble in HO soluble
pyridi ne, et hanol, insol ubl e ether
Manganese hydroxi de Mi(OH), +2 White to pink 3.26 Decom Sol ubl e in acid; soluble base at
(pyrochroite) poses at hi gher tenperatures
140°
Manganese nitrate M(NG;) ,» 6H,0 +2 Colorless to slightly 1.81 25. 8° Deconposes Soluble in HO soluble ethano
hexahydr at e pink crystals
Manganese (I1) oxide MO +2 G een 5.37 1945° I nsoluble in HO
(manganosi te)®
Manganese sul fate Mh SO, +2 Al nost-white crystals 3.25 Decom Sol uble in 52 g/100 g
solid poses HO slightly
850° soluble in nmethanol; insoluble in
et her
Manganese di hydrogen M(H,PQ,) ,* 2H,0 +2 Al nost col orl ess crystal - H,0 Soluble in H,O insoluble in
phosphat e di hydrate solid; four-sided prisns 100° et hanol ; diliquescent
Tri manganese Mh;O, +2, +3 Bl ack crystals with 4,84 1560° I nsoluble in HO
t et raoxi de al pha metal lic sheen
phase (Hausnmannite)
Manganese (I11) M( GHO,) 5 2H,0 +3 Ci nnanon- brown crystal Deconposes in H,0
acetate dihydrate solid
Manganese (I11) M( GH,0) 5 +3 Brown to black crystal 172 Insoluble in H,O soluble in organic
acetyl acetonate sol vent
Manganese (I11) MF; +3 Red crystals 3.54 Decom Decomposes in H,0
fluoride poses
(stable
to 600°)
Manganese (I11) Mh,0; +3 Bl ack to brown solid 4. 89 871-887° I nsoluble in HO

oxi de

deconposes



Tabl e 3-2 (continued)

Oxi dati on Density Mel ting Boi | i ng
Compound For mul a State Appear ance g/ cn? point, °C point, Sol ubility
Manganese (I11) MhQ( OH) +3 Bl ack solid 4.2-4.4 Deconposes Insoluble in H,O dissociates in
oxi de m, hydrated at 250° dilute acids
to ganmma
M, 0
Pent amanganoct oxi de MG +2, +4 Bl ack solid 4,85 Decomnposes I nsoluble in HO
at 550°
to al pha
M, G
Manganese (I1V) oxi de MO, +4 Bl ack to gray crystal 5.118 Decom I nsoluble in HO
$, pyrolusite solid poses
at 500-600°
Pot assi um manganate K,MQ; +4 Bl ack microscopic crystals 3.071 1100° Decomposes in HO di ssoci ates
(v
Bari um manganate (V) Bas(MQ,), +5 Eneral d-green crystals 5.25 Decom I nsoluble in HO
poses
at 960°
Pot assi um manganate K;MQ, +5 Tur quoi se-bl ue nicro- 2.78 Decom Sol ubl e in HQ deconposes;is hygro-
() scopic crystals poses scopic; soluble in 40% KOH at -15 °C
at 800-1100°
Sodi um manganate (V) NazwvhQ, +5 Bl ui sh, dark-green Decom Sol ubl e in HQ deconposes;is hygro-
m croscopic crystals poses scopi ¢
at 1250°
Bari um nanganat e (VI)BaMhQ, +6 Smal | green to bl ack 5.20 Decom Insoluble in HO soluble product
crystals poses 2.46 x 101
at 1150°
Pot assi um manganate K,MhQ, +6 Dar k- green to bl ack 2.80 Decom Sol ubl e in HO deconposes
(rr) needl es poses at 600°
Sodi um manganate (VI) Na,vhQ, +6 Smal | dar k- green needl es Decom Sol ubl e in HO deconposes
poses
at 300°
Pot assi um manganate K;(MQ,), or +6, +7 Dark, small hexagonal Sol ubl e in H,O deconposes
(VI), permanganate KMQ, K,MO, pl ates
(VIl), double salt
Manganese heptoxi de MO, +7 Dark-red oil 2.396 5.9, de- Sol uble in HO is hydroscopic

conposes at 55°



Tabl e 3-2 (continued)

Oxi dati on Density Mel ting Boi | i ng
Compound For mul a State Appear ance g/ cn? point, °C point, °C Sol ubility
Anmoni um NH,M O, +7 Dar k purple, rhonbic, 2.22 Decom 8 g/100 g HLO at 15 °C
Per manganat e bi pyrami dal, needl es poses (86f g/kuter at 25 °C)
at >70°
Bari um per manganate Ba(MOH,) , +7 Dark purple crystals 3.77 Decom 72.4 g/100 g H,O at 25 H,0
poses at
95-100°
Cal ci um per nanganate Ca(MQ,) ,*4H,0 +7 Bl ack crystals; solutions About Decom 388 ¢g/100 g H,O at 25 °C
tetrahydrate | ook purple 2.49 poses at del i quescent
130- 140°
Cesi um permanganate CsWhQ, +7 Dar k purple rhonbic, 3. 60 Decom 0.23 g/100 g H,O at 20 °C
bi pyrani dal prisnms poses
or needl es at 250°
Li t hi um per manganat e Li (MQ,)*3H,0 +7 Long, dark purple 2.06 Decom 71 g/ 100 g H,LO at 16 °C
needl es poses at
104°-107°
Magnesi um My( MQ) s 6H,0 +7 Bl ui sh-gray crystals 2.18 Decom Sol uble in H,O CH,OH, pyridine,
per manganat e poses and gl acial acetic acid
hexahydr at e at 130°
Pot assi um KM O, +7 Dar k purple, bipyranmdal, 2.703 Soluble in H,O acetic acid, triflu-
per manganat e rhombic prisns oroacetic acid, acetic anhydride,
acetone, pyridine, benzonitrile, and
sul f ol ane
Rubi di um RbWn G, +7 Dar k purple, rhonbic 3.23 Decom 1.1 g/100 g HLO at 19 °C
per manganat e bi pyram dal, prisns poses at
250°
Silver pernmanganate AgWhQ, +7 Dark purple 4.27 Decom 0.92 g/100 g H,O at 20 °C
poses at
110°
Sodi um per manganate  AgWhQ, +7 Dark purple crystals 1.972 36.0 Sol uble in H,O deliquescent
Zi nc pernanganat e Zn( M Q,) ,* 6H,0 +7 Bl ack crystal; sol u- 2. 45 Decom Sol uble in H,O deliquescent
hexahydrat e tions | ook purple poses at
90°-105°

a Source: Reference 1.

b Roman nuneral s indicate val ence nunber.



TABLE 3- 3. COVVON MANGANESE CONTAI NI NG M NERALS?
Wi ght

M ner al Conposi tion percent Mh
Bermentite MnSi ¢Oy5( OH) 10 43. 2
Braunite Mh,MgSi O, 66. 6
Crypt onel ane KMnOp6 59.8
Franklinite (Fe, Zn, Mn) O. ( Fe, Mn) ,04° 10- 20
Hausmanni t e wvh;0, 72.0
Manganit e vh,0;H,0 62.5
Manganoan cal cite (Ca, M) CG; 35.4

Psi | onel ane ( Baf f n) MngO,( OH) ,° 51.7
Pyrolusite VMhO, 63. 2
Rhodochrosite MhCO, 47. 8
Rhodoni te WMhSi O, 41.9

Wad Hydrous m xture of oxides Vari abl e
a Source: Reference 1.

b Manganese appears in different

oxi dation states in these m nerals.

TABLE 3-4. DOVESTI C MANGANESE ORE PRODUCTI ON, | MPORTS, AND EXPORTS?
(1000 tons)

1981 1982 1983 1984
Donestic mne ore production® 0 0 0 0
| nports, manganese ore 639 238 368 410
I nports, ferromanganese 671 493 342 500
Exports, manganese ore 65 29 19 140
Exports, ferromanganese 15 10 8 6

a Source:

Ref erence 4.

b Excl udes mangani f erous ore containing |less than 35 percent

manganese,

whi ch accounts for about

2 percent or

consunpti on of manganese.

| ess of apparent



Si|i comanganese, a ferroalloy containing 12.5 to 18.5 percent
silicon (Si) and 65 to 68 percent M1, is added to steel when both
silicon and manganese are required. The electric arc snelting
process by which it is produced is simlar to that used to produce
hi gh- carbon ferromanganese, but the charge contains | arge anounts of
quartz and, sonetines, the high-M slag fromthe high-carbon
f erromanganese process (as nentioned earlier). The carbon content of
this alloy is 2 percent.

Ferromanganese silicon (28 to 32 percent Si and 06 percent
carbon) is normally made in a two-step process. Regular
silicomanganese (with 16 to 18 percent Si and 2 percent carbon) is
made in the first step, and this product is then charged (in solid
form to an electric arc furnace along with quartz and coal or coke.
In this slagless process, the quartz is reduced to Si and displ aces
the carbon in the renelted silicomnganese.?

Refined ferromanganese alloys (which are not carbon-saturated
and have a carbon content of 0.1 to 1.5 percent) are usually made by
the reaction of Si with Mh ore and line.?

A process recently devel oped and used by the El kem Metal s
Conpany involves the production of nedi um carbon ferromanganese by
t he oxygen refining of high-carbon ferromanganese in a speci al
furnace. t°
3.2.2 Production of Manganese Metals

Manganese i s recovered from aqueous sol utions by neans of
el ectrolysis. The manganese produced by this nmethod is 99.5 percent
pure. In this process, manganese ores are roasted to reduce higher
oxides to MO, which is acid-soluble. After the various inpurities
are renoved, the solution is electrolyzed in a diaphragmcell. The
Mh deposited on the cathode is thin and brittle and sulfur is the
primary inmpurity. Hydrogen is renoved by heating the Wnh flakes to
500°C. Nitrogen-bearing electrolytic M containing 6 to 7 percent N,
is also produced by heating the Wnh flakes up to 900°C in an
at nrosphere of N,.1

Anot her process (devel oped and used by Chenetals Corporation) is
fused salt electrolysis. The feed, which is a M ore that has been
reduced, is charged to an electrolytic cell containing nolten cal ci um
fluoride and linme. The cell is operated at 1300°C, and the nmplten M
is cast into cast iron pots. The netal produced by this process
contains 92 to 98 percent M1, and the main inmpurity is iron.
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3.2.3 Production of Manganese (I11) Oxide
Manganese (11) oxide is an inportant precursor of many

comrer ci al manganese conpounds. It is nmade by reductive roasting of
Mh ores. In one process, crushed WMh ore is processed in a
countercurrent reactor by using a reducing gas (e.g., CH, and air).
The MnO that is forned is cooled in an inert atnmosphere, and then
ground to -200 nmesh.! Oher processes use a rotary kilnin the
reducti on step.

3.2.4 Production of Synthetic Manganese Di oxide

Synt heti ¢ manganese di oxide is produced by both chem cal and
el ectrolytic nethods. Chem cal manganese di oxide (CWVD) is produced
ei ther by the chem cal reduction of permanganate (Type 1), or by
thermal | y deconposi ng manganese salts, such as MiCO;, or Mh(NG;),
under oxidizing conditions, followed (if necessary) by oxidation in
the liquid phase (Type 2).1

El ectrol yti ¢ manganese di oxi de (EMD) is produced by electrolysis
of MhSO, solution. The M1SO, is prepared fromrhodochrosite and
manganese di oxi de ores; and the WMhO, that deposits on the solid
el ectrode has to be renoved fromtine to tine during the process.

The product is a black powder with a particle size <74 um (-200
mesh). It contains 2 to 5 percent |ow Vh oxides and 3 to 5 percent
chem cal | y- bound wat er.

A nunmber of continuous processes have been devised for the
generation of MO, as a precipitate that collects at the bottom of the
cell, fromwhich it can be renoved wi thout interruption of the
el ectrol ysis process.!?

3.2.5 Production of Manganese Chem cals

Thi s subsection describes the production of an inportant and
wi dely used chem cal, potassi um permanganate (KMVhGQ,).

Per mmanganat e can be produced by several different processes.
The only one-step process is based on the electrolytic conversion of
f erromanganese. The others begin with MhO, ore and involve two steps:
thermal synthesis of potassium nmanganate foll owed by electrolytic
oxi dation of MO, 2 to MhQ,. The thermal synthesis can be done by
roasting or by |iquid-phase oxidation.

The roasting processes all involve two steps. First, the
formati on of K;vnQ, is pronoted by high tenperatures and hi gh- KOH and
| ow- H,O concentrati ons. In the second step, the valence of the Wi is
converted fromb5 to 6 by the use of |ower tenperatures and control of
the noisture in the air.



In the Iiquid-phase oxidation, maintaining the MiO, and KOH
ratio at 1:5 or higher causes the mxture to be a |iquid.

3.3 OVERVI EW OF END USES OF MANGANESE

Figure 3-1 presents a diagram of the end uses of nanganese and
manganese conpound, and Table 3-5 shows the consunption figures by
maj or usage. Note from Table 3-5 that the consunption of manganese
ores decreased significantly in 1982 and has not yet grown back to
1981 | evel s.
3.3.1 Metallurgical Uses

Tabl e 3-6 shows the consunption of manganese-bearing ferroall oys

and manganese netals in the manufacture of various types of steel,
cast irons, superalloys, and other products.

The princi pal use of nmanganese is in the production of iron and
steel. It is essential to the production of virtually all steels, and
it is inmportant to the production of cast irons. When added to
steel, ferromanganese reacts with the sulfur and retains it as
manganous sul fide (M1S). Manganese also acts as a deoxidi zer and
inparts the alloying effects of strength, toughness, hardness, and
hardenability. Silicomanganese is used as the alloy feedstock when
both Si and Mh are desired in the steel. Ferroalloys are introduced
in the furnace or the | adle, or both.

The armount of alloy feedstock added is directly proportional to
the percentage of M desired in the steel end product. The nopst
comon grades of steel contain about 0.5 to 1.0 percent manganese.

Common grades of ferromanganese contain about 80 percent WM.
The recovery of M1 in the steel is also about 80 percent; the
remai nder is lost to oxidation (i.e., MO . Mst of the oxides are
captured in the slag layer in the ladle, which is discarded, but sone
escape as enissions during the pouring of the nolten steel fromthe
furnace into the | adle.

When ferroall oys are added to nmolten steel, heavy em ssions
occur due to rapid oxidation. Em ssions fromthe furnace are
general ly better controlled than those fromthe | adle.

Various specialty steels contain higher amunts of Mh; thus,
| arger anobunts of ferroalloy are used. These include spring steels
and high-strength, lowalloy steels (in which the WMh content varies
fromO0.35 to 1.4 percent) and heat-resisting alloys (in which the M
content varies between 1 and 2 percent).
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FORM OF MANGANESE

— wFERROALLDYS
Fe-Mn, 5i-Mn

END USE

[CARBON STEELS

MANGANESE

STAINLESS STEELS, HEAT-RESISTING STEELS
Ni-FREE STAINLESS STEEL
HADFIELD, HIGH Mn STEELS
ELECTRIC STEELS,

TOOL STEELS

CAST IRONS

SUPER ALLOYS

—»MASTER ALLOYS, BRIQUETTES, ELECTROLYTIC Mn METAL~--————>[NONFERROUS INDUSTRIES

Mn-BRONZE
MANGANIN ELECTRICAL RESISTANCE ALLOYS
ALUMINUM ALLOYS

—»LOW-GRADE Mn QRES

—»Mn0, (BOTH ELECTROLYTIC AND CHEMICAL GRADE
AND CERTAIN Mn ORES)

» PIG TRON

- BATTERIES

» CHEMICALS

-—»Mn0, (SYNTHETIC)

-—»-Mn(, ORE OR Fe-Mn

»POTASSIUM PERMANGANATE

—>MANGANESE SULFATE ORE

AND Mn OXIDE ORE

»SO0IL CONDITIONERS

—»Mn ORES, Mn METAL
—»MANGANESE PHOSPHATE

»WELDING ROD COATINGS AND FLUXES

—»Mn METAL -

»PLATING OF FERROUS PARTS

>Mn-Zn FERRITES IN ELECTRONIC INDUSTRY

'—PMnDz

—»NATIVE Mn ORES

»FERTILIZERS, FEED ADDITIVES
COLORANT IN BRICK AND TILE MANUFACTURE

— e e @ COLORANT IN GLASS MAKING AND FRIT

»FUEL ADDITIVES

L—»-ORGANOMANGANESE COMPOUNDS (MMT)

Figure 3-1. End use of manganese and manganese compounds.



TABLE 3-5. CONSUWMPTI ON OF MANGANESE ORES IN THE U. S. &P
(short tons)

Consunption ¢

Use 1981 1982

Manganese al |l oys and netal s 744,832 412, 280
Pig iron and st eel 147, 812 83, 906
Dry cells, chemicals, and m scel | aneous 183, 987 112, 555
Tot al 1, 076, 631 608, 741

a Contai ning 35 percent or nore nanganese.
b Source: Reference 6.
¢ Weights represent total weight of ore, not just nmanganese content.

TABLE 3-6. U.S CONSUMPTI ON OF MANGANESE FERROALLOYS
ACCORDI NG TO END USE | N 19812
(short tons, gross weight)

Ferr omanganese

Medi um Silico- Man-
End use Hi gh and | ow manga- ganese
car bon car bon nese nmet al ©
St eel :
Car bon 270, 633 58, 784 66, 601 5, 085
St ai nl ess and heat -
resisting 7,472 645 3,178 1, 803
Full all oy 36, 926 8,318 18, 343 687
Hi gh-strength, |ow all oy 29,534 7,032 6, 823 704
El ectric 16 87 317 80
Tool 179 26 36 52
Unspeci fied 302 90 551 0
Total steel 345, 062 74,982 95, 849 8,411
Cast irons 12,543 434 7,736 10
Super al | oys 224 NA® NA 126
Al | oys (excluding all oy 1, 289 580 1,785 8, 206
steel s and superall oys)
M scel | aneous and unspecified 3,549 534 275 388
TOTAL CONSUMPTI ON 362, 667 76, 530 105, 645 17, 141

a Source: Ref erence 6.
® Virtually all electrolytic.
¢ NA = Not avail abl e.
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O her netallurgical uses include the foll ow ng:

3.3.2

Manganese all oys are used as hard facing naterials to give
abrasion resistance to steel parts.

Low grade nmanganese ores are directly charged to bl ast
furnaces to ecover the contained Mnh in the pig iron. (Basic
oxygen furnace slag, which contains MO, is often recycled
for WMh recovery by charging it into the blast furnaces or
adding it to the sinter feed.)

A thin coating of M phosphate is used to provide the
initial lubrication during the breaking in of parts such as
bearings and gears. The coating is applied by inmrersion in a
hot sol ution of Mh-phosphate.

A small quantity of MO is added to resin-sand m xtures for
single investnment shell nolds used in casting various

al | oys.

Manganese is used as an alloy in nonferrous netals. 1In
manganese bronze, for exanple, 0.5 to 4 percent M1 is used
to inpart corrosion resistance.

In alum numalloys, 0.05 to 0.5 percent M is added, either
as an alloy or in briquettes made of al um num and nanganese
powder. Manganese inparts strength, hardness, and stiffness
to al um num

An inmportant use of manganese is in the manufacture of

el ectrical resistance alloys used for electrical
instrunents. These are essentially Cu-Mh-N alloys. Sone
grades contain 10 to 27 percent M.

Anot her Mh al l oy, which contains 12 percent M1, is used in
the bimetallic el enment of thernostats.

Nonnmet al l urgi cal Uses of Manganese Oxi des

Table 3-7 lists the primary nonnetal |l urgi cal uses of nanganese

oxi des.

itens:

Some of these uses are briefly addressed in the follow ng

Hi gh-purity MnO is used in the production of high- quality
ferrites. The Mh-zinc ferrites are used in itens such as
magnetic recordi ng heads, digital and video recordings, and
bubbl e menori es.

Low grade MhO is used as a colorant in the manufacture of
brick and tile. Low grade native ores are used as colorants
in glass making and frits.

Manganese oxide is used in uranium hydronetal | urgy for
oxi di zi ng the uranium di oxi de (UG, to uranium dioxide

sul fate (UGSQ,).

Native ores containing MO, are used in the manufacture of
wel di ng rod coatings and fl uxes.
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TABLE 3-7. PRI MARY NONMETALLURG CAL USES OF MANGANESE OXI DES?

Conpound

Appl i cations

Manganese (11) oxide
Techni cal

Hi gh-purity

Di manganese tri oxi de
Tri manganese tetroxide

Manganese di oxi des

Nati ve ores

Cheni cal manganese di oxi de

El ectrol yti ¢ manganese di oxi de

Fertilizer

Feed additive

Internediate in the manufacture

of electrolytic M netal, M (I1)
salts, EMD

Hi gh-quality ferrites; ceramnics
internmedi ate for higher-purity
Mh (Il) salts such as
M( HPG,) »

Mh acetate

Hi gh-purity grades used in
production of ferrites,
therm stors, and in other
el ectronic applications

Colorant in brick and tile nmanu
facturing

Colorant in glass making frits
Raw materials for nost other M
chem cal s

Hydronetal | urgy of urani um

Hydronetal | urgy of zinc

Wl di ng rods and fl uxes

Dry-cell batteries

Oxi dant in chem cal processes

Absor bent for HS and SO,

Ferrites (| ower grade)

Dry-cell batteries, oxidant
in organic synthesis, high-purity
MO, for ferrites and therm stors,
curing agent for polysulfide rub-
bers, constituent in oxidation
catal ysts

Dry-cell batteries, ferrites

a Source: Reference 1.
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Synthetic MO, i s used extensively in the manufacture of
dry-cell batteries.

Manganese ore is used as an oxidant in the production of
hydr oqui none in a process that generates byproduct manganese
sul fate.

3.3.3 End Uses of Manganese Conpounds

Table 3-8 lists the primary uses of various manganese conmpounds,
and Table 3-9 presents a separate listing of the principal uses of
pot assi um per nanganat e, one of the better-known conpounds. This
| atter conmpound is used extensively in the manufacture of chenicals,
in inorganic synthesis, as an oxidizer in water purification to
remove odors, in metal-surface treating, and as a bl eachi ng agent.

REFERENCES FOR SECTI ON 3

1. Kirk- O hmer. Encycl opedia of Chem cal Technol ogy. 3d Ed., Vol.
14. 1981.

2. Nat i onal Research Council. Medical and Biol ogical Effects of
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TABLE 3-8. PRI MARY USES OF MANGANESE COMPOUNDS?

Manganese Application
Mh Salts of inorganic acids Intermediate in the synthesis of other M salts,
Car bonat e such as phosphate, gluconate, acetate, nitrate;

for manufacture of ferrites, welding rods, also
as hydrogenation catal yst

Mh Chl ori de Magnesi um net al | urgy; synthesis of MV as
brick colorant; textile dyeing, dry cell bat-
teries, chlorination catal yst

Mh Trifluoride Fl uorinati on agent

Mh Hypophosphite Manuf acture of del ustered pol ycondensate fibers, i.e,, nylon

M Nitrate Intermediate in manufacturing of high purity M
oxi des; in production of tantalum capacitors

Mh Phosphat e (nonobasi c) Rust - proofi ng; wear-reduction in noving neta
parts (bearings, etc.)

Mh Pyrophosphat e Textil e dyeing

Mh Sul fate Intermediate in manufacture of many Mh products,
i,e, electrolytic M netal, EMD, Maneb, M soaps,
etc.; inportant Mh fertilizer, feed additive, for
organi c pignments, catalyst in H,S oxidation

Vh Salts of organic acid
Acet at e Oxi dation catalyst in manufacture of dibasic

acids (i.e., terephthalic, adipic acids) for
synthetic fibers; also polynerization catalyst

Acet yl acet onat e Cat al yst
Et hyl enebi s(di thio Fungi ci de
car banat e) ( Maneb)
A uconat e Feed and food additive; dietary suppl ement
A ycerophosphat e Food additive, dietary suppl enent
Lactate Medi ci ne
Soaps® Driers in printing inks, paints, and varnishes
Mh chel ates (conpl exes Liquid fertilizers, as feed and food additives

with EDTA, |ignosu
fonat es, dibasic sugar
aci ds, gluconic acid)

Met al or gani c Ant i knock additive for notor fuels, conbustion
nmet hyl cycl opent adi enyl i mprover for heavy fuel oils

manganese tri carbonyl

(MVIT, CI - 2)

a Sour ce: Ref erence 1.

b Borate, linoleate, naphthenate, oxal ate, phthalate, resinate, stearate,
tall ate, neodecanoate, octoate.
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TABLE 3-9. PRI NClI PAL USES OF POTASSI UM PERVANGANATE?

General Category® Speci fic Application

Chem cal manufacture
and processing

Organi ¢ synt hesi s I nportant industrial oxidant in the nmanufacture of
chem cal and pharmaceuti cal internediates; al so used
as oxidation catalyst, e.g., in fatty acid
production from paraffins

I norgani ¢ manuf acture Wh catal ysts, Purafi

Purifyi ng agent Organi ¢ compounds, nostly sol vents

Envi r onnent al
Wt er Pot abl e: renpval of Fe-Wh, taste and odor;
control of trihal omet hanes
I ndustrial and waste; renoval of phenol and
ot her organi ¢ contam nants; radioactive
decont am nation; cleanup of acid m ne
dr ai nage

Air Industrial effluents: renoval of odorous
contituents by wet scrubbing (rendering and
roofing plants; foundries; food processing
pl ants; sewage plants)

I ndoor spaces; odor control w th Purafi
(solid fornmul ati on contai ni ng KMhQ,)

Met al - sur f ace Scal e and snut renoval from carbon stee

tr eat nent and stai nl ess steels

Hydr onet al | ur gi cal Purification of zinc sulfate solution in
uses el ectrowi nning of zinc; Fe-M renpoval from

Znd , sol ns

M scel | aneous Bl eachi ng of beeswax, jute fibers, clays; in
fi shery managenent for detoxification of fish
poi sons; alleviation of tenporary oxygen
depletion, control of fish parasites, etc;
as | aboratory chem cal in analytical and
preparative organi c chem stry

@2 Source: Reference 1.
b Arranged in order of inportance.
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SECTI ON 4
MANGANESE EM SSI ONS FROM PRODUCTI ON
AND USE OF MANGANESE

In this discussion, manganese en ssion sources are divided into
two categories--direct and indirect sources. The direct category
primarily includes sources that either produce nanganese or consumne
manganese or a manganese conpound to manufacture a usabl e product.
Direct sources of manganese emni ssions include the foll ow ng:

Manganese ore beneficiation, transport, and storage
Producti on of manganese-bearing ferroall oys
Producti on of manganese netal and nanganese oxi des
Producti on of manganese chem cal s

Iron and steel production

Iron and steel foundries

Manuf acture of batteries

I ndirect sources of manganese eni ssions are generally those that
do not produce manganese or nanganese-containi ng products and only
i nadvertently handl e manganese because it is present as an inmpurity
or additive in a feed- stock or fuel. For exanple, nanganese is
rel eased fromthe conmbustion of coal or oil because it is a trace
constituent in these fuels. Indirect sources include:

' Coal and oil conbustion

Production of cenent

I nci neration of municipal refuse and sewage sl udge
Manganese fuel additives



4.1 MANGANESE ORE BENEFI Cl ATI ON, TRANSPORT, AND STORAGE

In 1982, no nanganese ore containing 35 percent or nore
manganese was either produced or shipped fromdonmestic mnes in the
United States.! Although | ower-grade manganiferous ores (5 to 10
percent manganese) were produced and/or shipped in Mnnesota and
South Carolina, the quantities were nuch |ower than in 1981.' No
f errugi nous manganese ores or concentrates (10 to 35 percent M) were
produced, but sonme were shipped (on a nuch curtailed basis) fromthe
Cuyuna Range in Mnnesota.! Some mangani ferous schist (5 to 15
percent Mi) also was m ned in Cherokee County, South Carolina, for
use by brick manufacturers to color the brick. Total shipnments of
all donestic manganese ores anmpunted to only 31,509 tons in 1982;
down from 175,000 tons in 1981; manganese content of these ores
total ed only 3984 tons.!?

M ned from open pits, nmanganese ores are beneficiated by
conventional neans invol ving crushing, washing, and concentration
with jigs and Deister tables.

Because donestic production and reserves are limted, M ores
and Mh-bearing ferroall oys are considered strategic materials and
governnent stockpiles are maintained. Inported ores and ferroall oys
are stored at designated stock piles, sone in open areas and others
in closed areas. These inported ores have already been benefici ated,
and all contain nore than 35 percent Mh. The ores are further
crushed and bl ended (as required) by processing plants near the port
of entry before they are dispatched to the point of fina
consunpti on.

4.1.1 Em ssions and Em ssion Factors

Fugiti ve em ssions of nmanganese occur during the crushing,
transfer, and stockpiling of manganese-bearing ores, and as a result
of wind erosion of the stockpiles. Estinmates of other fugitive
em ssions can be generated by the use of predictive equations
devel oped for open dust sources at iron and steel mlls.2 Data on
the silt content of the ore piles, nmpbisture content of the ore,
nunmber of dry days in the year, duration of material storage, and
handl i ng nmethods are required for these equations. Process-
specific em ssion factors for crushing and transfer of nanganese ores
are presented in the appropriate sections of this docunent (Section
4.2.3, for exanple).
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4.2 PRODUCTI ON OF MANGANESE- BEARI NG ALLOYS

In 1982, around 20 percent of the ferroall oys produced in the
United States contai ned manganese. The use of ferroalloys has
progressively decreased since 1979 in proportion to the decrease in
steel production.! Table 4-1 indicates the specifications and typica
conposi tion of manganese ferroall oys. Hi gh-carbon ferromnganese
constitutes nore than 80 percent of the total ferromanganese used.?
Currently, all manganese ferroall oys are produced by electric arc
furnaces, with one exception. The Chenetals Corporation plant at
Ki ngwood, West Virginia, produces nmanganese netal with | ow carbon
content by fused salt electrolysis. The Bureau of Mnes classifies
this product (also known as Massive Manganese) as | ow carbon
f erromanganese. 3 The production of manganese netal is described in
Subsection 4.2. 3.

Figure 4-13 is a generalized flow sheet of the production of
manganese bearing ferroall oys. Manganese ores and ot her raw
materials are brought in by rail or trucks and stored in stockpiles.
The ore is crushed to the required size and screened. The fines and
undersi ze are collected and sintered in a sintering machine. The
sintered fines and sized ore are then fed to the stock bins, from
whi ch nmeasured quantities of the feed m x are charged into an
el ectric furnace.

4.2.1 Electric Arc Furnace Process

Three types of submerged-arc electric furnaces are used to meke
the ferroalloys: open, sem seal ed, and seal ed furnaces.® These
furnaces are charged either continuously or intermttently with the
manganese ores, a reducing agent (e.g., coke or coal), and fluxes
(e.g., linme). The blend of ores is based on cost, availability, and
conposition to give a proper balance of slag-form ng constituents.



TABLE 4-1. SPECI FI CATI ONS AND TYPI CAL
COWPCSI TI ONS OF MANGANESE FERROALLOYS* P
(wei ght percent)

C P, S, As, Pb,
Al I oy Mh max Si, max max  max max Fe max
Ferr omanganese
Hi gh- car bon
G ade A 78-82 7.5 1.2 0.35 0.05 0.30 7.8-11.8 0.050
G ade B 76-78 7.5 1.2 0.35 0.05 0.30 11.8-13.8 0.050
G ade C 74-76 7.5 2.2 0.35 0.05 0.30 13.8-15.8 0.050
Typi cal 78- 80 6.7 0.7 0.30 0.04 0.25 12-14 0. 050
commodi ty
gr ade
Medi um car bon
Regul ar grade 80- 85 1.5 1.5 0.30 0.02 0.10 7-12 0. 020
M5 gr ade® 80- 85 1.5 0.35 0.30 0.02 0.15 11-16 0. 050
Low car bon 85-90 d 2.0 0.20 0.02 0.10 7-12 0. 020
Si | i comanganese 65-68 2.00 16.0-18.5 0.20 0.04 0.10 10.5-16 0. 030
Fer r omanganese 63-66 0.08 28-32 0.08 0.04 0.15 1-8 0. 050
silicon

@2 Reference 4.

b C = carbon; P = phosphorus; S = sulfur; As = arsenic; Pb = |ead.

¢ Machi ne-silicon grade.

¢ May have any of the follow ng percentages: 0.50, 0.30, 0.15, 0.10, and
0.070 percent C

¢ Al so known as | ow carbon silicomanganese.
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Figure 4-1. Flow chart of manganese-bearing ferroalloys production
by electric arc furnace process.



The el ectric subnerged-arc furnace consists of a refractory-Iined
hearth and water-cool ed steel shell. A taphole is provided for draining
metal and slag. Carbon electrodes are vertically suspended above the
hearth in a triangular formation, Normal Iy, three el ectrodes, which may
be prebaked or the self-baking, Soderberg type, extend 1 to 1.5 m(3 to 5
ft) into the charge materials. Three-phase current passes through the
charge materials fromelectrode to electrode, and the electrical energy
smelts the charge. Coke and other reducing materials that are added to
the furnace react with the oxygen in the netal oxides to form carbon
nmonoxi de and base netal . Fur nace em ssions consi st of carbon nopnoxi de,
particulate matter, and metal vapors. Mdllten ferroalloy and slag are
intermttently tapped into ladles. Slag fromthe netal |adle overflows
into a slag pot. The slag is water-cool ed and processed. If the slag has
a hi gh manganese content and is going to be used in the manufacture of
silico-mnganese, it is crushed and recycled. |If the manganese content
is lowand the slag is going to be discarded, it is processed and sold
for ballast or disposed of in landfills. 1In either case, slag processing
is a source of manganese em ssions.

The furnaces and tapping stations are hooded, and the gases are
ducted to a particulate control device. The configuration of the hood
and/ or furnace roof determ nes whether the furnace is categorized as
open, sem sealed, or closed.

The configuration of the open furnace is such that a canopy hood
(through which the el ectrodes extend) is located 2 to 2.7 m(6 to 8 ft)
above the furnace rim (Figure 4-2). This opening between the furnace and
hood pernmits |arge anbunts of air to enter the hood and exhaust system
As the air conbines with the hot exhaust gases, the carbon nonoxi de and
nmost of the organic conpounds are burned and the furnace em ssions are
diluted and cooled by the anmbient air. This type of furnace is by far
t he nost popular in the United States because of its product flexibility
and because it can be stoked during operation. |If sufficient draft is
not provi ded, however, the | arge opening around the hood allows funes to
escape. Control equipment must be designed to handle the |arge vol ume of
gas inherent in an open furnace design.

The sem seal ed furnace has a water-cool ed hood that fits tightly
around the top of the furnace and is vented to an air pollution contro
system (Figure4-3). The electrodes extend down through the hood, and
raw materials are charged through annul ar gaps around the el ectrodes.
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Because the seal provided by the raw material m xture around each

el ectrode is not air-tight, funmes may escape unless sufficient draft is
provided by the air pollution control system Mich | ess outside air is
drawn into this systemthan into the open furnace, and the poll utant
concentrations are nmuch higher. The resulting gases are high in carbon
nmonoxi de. These furnaces cannot be readily stoked fromthe outside.

The seal ed furnace has a tight-fitting, water-cooled hood on top,
which is vented to an air pollution control system (Figure 4-4). Raw
materials are fed through separate seal ed chutes, and the el ectrodes
penetrate the hood through seals. Thus, the furnace is conpletely seal ed
and operates under a slight positive pressure regulated by the fune
exhaust system No outside air enters the furnace system and high
concentrations of CO (80 to 90 percent) and particulates are emtted. No
seal ed furnaces are in use in the United States;® however, they are used
for Fe-Mh production in Japan and Canada.

Regardl ess of the type of furnace used, the nolten ferronmanganese is
cast into molds or in a casting machine. The solidified product is
removed fromthe nolds, crushed, sized, and stored for shipnent. The
casting, crushing, and sizing steps produce particul ate eni ssions
cont ai ni ng nanganese.

Hi gh- carbon ferronmanganese and silicomnganese are produced in both
open and sem seal ed furnaces. The sane furnace can be used for both,
provi ded the gas cl eaning system has the capacity and the furnace can be
operated at the higher power rate required for silicomnganese.

4.2.2 Em ssions and Em ssion Factors

The possi bl e sources of manganese emi ssions fromthe production of
manganese ferroall oys by the electric arc furnace process are shown in
Figure 4-1. Oe handling and wi nd erosion of the stockpile result in
em ssions of Mi-bearing particulates. Enissions fromstorage piles can
be reduced by erecting wind barriers, covering the piles with plastic, or
spraying themw th water. The extent of such practices is unknown.
Pretreatnment of the M ore, including crushing and screening, also
produces emni ssions.

The snelting of WMh ore and other raw materials in the electric arc
furnace is the major source of Wi emissions. All three types of electric
arc furnaces (open, sem sealed, and sealed) emt WM-bearing
particul ates. Open furnaces generate the highest |evel of em ssions
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because the | arge opening between the furnace rimand hood all ows nore
circulation of air and gases through the charge material, which entrains
WMh and ot her particul ates.

Fabric filters are used to control em ssions from subnerged-arc
furnaces produci ng ferromnganese. Testing of these control systens has
indicated a total particulate renoval efficiency of over 99 percent.?®

Hi gh- pressure-drop venturi scrubbers that have been applied to
submerged arc furnaces produci ng ferromanganese all oys reportedly have
particulate collection efficiencies ranging from94 to 98 percent.® Wt
scrubbers, including both nultistage centrifugal scrubbers and venturi
scrubbers, have been used on senisealed ferroall oy furnaces. A
particul ate renoval efficiency as high as 99 percent has been reported
for centrifugal scrubbers.

Because no air enters seal ed furnaces, gas volunmes to the contro
device are only 2 to 5 percent of those fromopen furnaces. This results
in a nmuch smaller mass of particulates. Venturi scrubbers are commonly
used on these furnaces.

The tapping of nolten ferroalloys fromthe furnace into a ladle is a
source of emssions in all three types of furnaces. Ten to 15 percent of
the furnace operating tinme involves tapping operations, during which
funmes and sone particulates are emtted. Hood systens are sonetines
installed over the tapping hole and ladle to capture and direct the
em ssions to a fabric filter or scrubber.®

Addi ti onal M em ssions occur during casting and finishing
operations. Particul ates and funes escape as the nolten product is poured
into nolds. Casting operations may be hooded, but em ssions from casting
are uncontrolled at many ferroall oy plants. Oher sources of M
em ssions include the final crushing, sizing, and packagi ng of the
ferroall oy products. Mst plants control these operations with fabric
filters or scrubbers.?

Manganese em ssion factors for ferroall oy production can be
cal cul ated fromdata available in the literature. A 1974 U. S. EPA study
estimted particulate enmi ssions fromraw materials handling and
processing at 16 electric arc furnace ferroalloy plants.? The specific
types of ferroalloys these plants produced was not specified. Because
the raw material handling procedures for Mi-bearing ferroall oys are
simlar to those for the production of other ferroalloys, however, it was
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assuned that particulate em ssion factors for general ferroall oy
production also apply to the production of My ferroalloys. To derive M
em ssion factors fromtotal particulate em ssion factors required the
further assunption that netallurgical -grade Mh ore contains an average of
45 percent Mh by weight. Table 4-2 presents the derived M em ssion
factors for raw material processing.

Ref erence 22 also lists particulate em ssions from handling and
finishing of ferroalloy products, including casting, crushing, and
grinding. The M content of particulate enmi ssions varies with the M
content of the ferroall oy being produced. The composition of M
ferroall oys can range from75 to 90 percent in ferromanganese to
63 to 68 percent in silicomnganese. Table 4-3 presents derived M
em ssion factors for these operations. The My em ssion factors were
obtained by nmultiplying average total particul ate em ssions from
finishing and handling by 80 and 65 percent for ferronanganese and
ferrosilicon, respectively.

Tabl e 4-4 presents derived em ssion factors for
f erromanganese- produci ng furnaces. Uncontrolled em ssion factors are
based on AP-42 data for ferroall oy production. The total particulate
em ssion factors were multiplied by the neasured average percent Mi in
particul ate em ssions. Table 4-5 presents a chem cal anal ysis of
particul ate em ssions from ferromanganese and sili camnganese furnaces.
Most of the controlled M em ssion factors were based on tests of total
particul ate em ssions. Again, these were nultiplied by the neasured
typical percent Wi in particulate em ssions from Mi-bearing ferroall oy
furnaces.®

4.2.3 Source Locations

In 1982, five plants manufactured ferronanganese and
silico-manganese in electric arc furnaces.®> In 1980, nine plants were
produci ng manganese-bearing ferroalloys, but three of these suspended
producti on because of the |ow market demand. Table 4-6 lists the plants
that were actively engaged in production of manganese-bearing ferroall oys
in 1980. An upturn in the domestic steel industry could alter the denmand
pattern and bring sone of the donestic manufacturers back on |ine.

I nported products are econonmically conpetitive and have obtained a
significant share of the market.
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TABLE 4-2. MANGANESE EM SSI ON FACTORS FOR PROCESSI NG OF RAW MATERI ALS AT
MANGANESE- BEARI NG FERROALLOY PRODUCTI ON FACI LI Tl ES?

Mh em ssion factors,
kg/ My (I b/ton) of

Sour ce Mh ore processed
Recei pt and storage of M ore 0.45 (0.90)
Crushi ng and si zing 0.45 (0.90)
Wei ghi ng and feeding 0.40 (0.80)

@ Based on an average Mh content of 45 percent in the manganese ore. The
em ssion factors are expressed in terns of el enmental manganese. Manganese
is probably present as an oxide or silicate along with other netal oxides
and silicates. These factors are based on information obtained from

guestionnaires to the industry and predictive equations devel oped for
the iron and steel industry.?

TABLE 4-3. MANGANESE EM SSI ON FACTORS FOR FI NI SHI NG OPERATI ONS?

Mh em ssion factors,
kg/My (I b/ton) of M product

Sour ce Ferromanganese Si |'i co- manganese
Ladl e treat ment 3.75 (7.5) 3.0 (6.0)
Casting 0.24 (0.48) 0.12 (0.24)
Crushi ng/ gri ndi ng/ si zi ng 0.08 (0.16) 0. 065 (0.13)

@2 Based on an average M content of 80 and 65 percent in Fevn and Si M,
respectively. The enmission factors are expressed in terns of el emental
manganese. These factors are based on infornation obtained from
guestionnaires to the industry and predictive equations devel oped for
the iron and steel industry.? Some sources nmay enpl oy nore stringent
controls than are reflected in these factors.
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TABLE 4-4. MANGANESE EM SSI ON FACTORS FOR SUBMERGED- ARC ELECTRI C
FURNACES PRCDUCI NG FERROMANGANESE AND SI LI COVANGANESE?

Manganese eni ssion factors®
Kg/ My (I b/ton)
Pr oduct Furnace type of product kg/ MAhe (1 b/ MAh)
Uncontrol | ed sources
Ferr omanganese Open 6.6 (13.2) 2.8 (6.16)
Ferromanganese Sem seal ed 2.6 (5.2 1.06 (2.33)
Ferromanganese Seal ed 9.6 (19.2) 4.3 (9.46)
Ferr omanganese® NA® 5.7 (11.4) NA
Si | i comanganese® NA 23.2 (46.4) NA
Control |l ed sources
Ferr omanganese Open (con- 0.2 (0.4) 0.086 (0.189)
trolled by
scrubbers)
Ferromanganese Sem seal ed 0.04 (0.08) 0.017 (0.037)
(controlled
by scrubbers)
Ferromanganese Seal ed (con- NA 0. 0038 (0.008)
trolled by
scrubbers)
Si | i comanganese Open (con- NA 0.05 (0.11)
trolled by
scrubbers)
Si | i comanganese Sem seal ed 0.06 (0.032) 0.004 (0.009)
controll ed
by scrubbers)
Si | i comanganese Seal ed (con- NA 0.001 (0.002)
trolled by

scrubber s)

@ References 2, 5, and 6. Sone sources may enpl oy nore stringent
are reflected in these factors.

b Chemi cal formof particulate is specified in Table 4-5.

controls than

¢ "MMW" refers to negawatt-hours of electrical energy consuned by furnace

during operation.
d Uncontroll ed em ssions based on AP-42 factors for ferroall oys.

¢ NA = not avail abl e.
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TABLE 4-5. CHARACTERI ZATI ON OF PARTI CULATE EM SSI ONS FROM FERROALLOY

FURNACES?
Par anet er Si Mn Fevn
Fur nace hood type Cover ed Open

Particle size, pm
Maxi mum 0.75 0.75
Range of nost particles 0.2-0.4 0.05-0.4

Chenmi cal analysis, w %

Si G, 15. 63 25. 48
FeO 6.75 5.96
MO 1.12 1.03
CaO NA 2.24
MO 31.35 33.60
Al .0, 5.55 8. 38
Loss on ignition 23.25 NA

@2 Reference 2. Sone sources may enploy nore stringent controls than are
reflected in these factors.
NA - Not avail abl e.

TABLE 4-6. DOVESTI C PRODUCERS OF MANGANESE FERROALLOYS, 19802

Pr oducer Pl ant | ocation Product s Type of process
Aut | an Manganese Mobi l e, Al a. Si Mn El ectric furnace
Chenet al s Cor p. Ki ngwood, W Va. Fein Fused-salt el ectro-

lytic
Interl ake, Inc., Beverly, Ohio Si Mn El ectric furnace
Roane Ltd. Rockwood, Tenn. Fewvh, Si Wh El ectric furnace
SKW Al | oys, Inc. Calvert City, Ky. Fewvh, Si Wh El ectric furnace
El kens Metal Co. Marietta, Ohio Fewvh, Si Wh El ectric furnace

a References 7 and 8.

Note: This listing is subject to change as market conditions change,facility
owner shi p changes, plants are closed, etc. The reader should verify
the existence of particular facilities by consulting current |istings
and/ or the plants thenselves. The |evel of manganese em ssions from
any given facility is a function of variables such as capacity,

t hr oughput, and control neasures, and shoul d be determ ned through
direct contacts with plant personnel.
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4.3 PRODUCTI ON OF MANGANESE METAL AND SYNTHETI C MANGANESE OXI DE
4.3.1 Manganese Met al
Manganese netal is produced by one of two electrolytic processes:

el ectrolysis of aqueous solution, or 2) electrolysis of fused salt.

When el ectrol ysis of aqueous solution is used, the manganese ore is
crushed, ground, and roasted to reduce the higher oxides to M1 (I1)
oxi de, which is acid sol uble. El kem Metals, Marietta, Ohio, uses a
process in which Ma (11) oxide is supplied fromthe slag produced in the
hi gh- car bon ferromanganese snelting operation. The reduced ore or slag
is leached with HSO, at pH 3 to yield Wi (I1) sulfate. This solution is
neutralized with ammonia to a pHof 6 to 7 to precipitate Fe and Al,
which are later renoved by filtration. Tranp metals are renoved as
sul fides by the introduction of H,S gas. Ferrous sulfide or alum num
sulfide plus air are then introduced to renmove coll oidal sulfur,
colloidal metallic sulfides, and organic matter. The purified liquid is
el ectrolyzed in a diaphragmcell. The M netal deposits on the cathode
are thin and brittle and about 99.5 percent pure.!?
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In the fused salt electrolysis process (devel oped by Chenetals
Corporation), the feed WMn ore, which is reduced to Mh (Il), is charged to
an electrolytic cell that contains nolten cal ciumfluoride and |ine.
Fluorspar and lime are added to maintain the desired fused salt
conposition. As the volune of fused salt increases, excess fused
electrolyte is periodically renoved. The cell is operated at about
1300°C to maintain the Mh in a nolten stage. Manganese netal is tapped
fromthe cell periodically and cast into cast-iron pots. The neta
produced is 92 to 98 percent pure, the main inpurity being Fe.? Manganese
ore that has been chem cally pretreated to renove iron is used as cel
feed to produce 98 percent pure M grade netal.

4.3.2 Synt heti c Manganese Oxi des

The two ki nds of synthetic manganese di oxi des are Chem cal Manganese
Di oxi de (CVD) and El ectrol ytic Manganese Dioxide (EMD). The CMD is
further subdivided into Type 1 and Type 2. Type 1 CMD is produced by

chem cal reduction of permanganate, and Type 2 CMD i s produced by thernal
deconposition of My salts, such as MiCO; or Mi(NG;),, under oxidizing
conditions. Figure 4-5 is a generalized flow diagramfor CMD, Type 1 and
Type 2.

Type 1 CMD- -

When pot assi um permanganate (KMhQ,) is used in organic oxidations,
such as in the conversion of Otol uenesul fonanm de to saccharin, byproduct
MO, is generated. To obtain battery grade synthetic oxide requires the
removal of excessive quantities of adherent and bound al kali by treating
the material with H,SO, or HCl and then with MhSQO,. Subsequent treatnment
with KMhO, sol ution converts the ion-exchanged divalent Mi into MnO,. The
product is then washed and dried at |ow tenperature. This Type 1 hydrate
(known as Manganit) is also sold under the trade nanme of Permanox in
Eur ope. !

Type 2 CMD- -

The manufacture of Type 2 CMD by thermal deconposition of Mi(NG),
gives high-purity MiO, (99 percent). The pH of an aqueous sol ution of
i mpure MA(NG;)), is adjusted to between 4 and 5.5, which causes
contam nants such as alumnum (Al') to precipitate as hydroxides. The
m xture then is heated to about 90° to 100°C and filtered. The filtrate
is first concentrated to 55 percent by weight and then mxed with
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previously made M1O,. This mixture is heated to between 139° and 146°C
whil e being vigorously agitated. The deconposition of Mi(NG), is
controlled. The NO, generated is allowed to react with water and thereby
forms nitrous and nitric acids (HNO, and HNO;). This acid mixture is then
used to convert new MO, ore into Mi(NG;),. The MO, produced by ther nal
deconposition is filtered and dried before it is packaged.

El ectrol yti c Manganese Di oxi de (EMD) - -

The starting material for EMD is either rhodochrosite (M1CO;) ores
or MnO, ores. The fornmer ores are used primarily in Japan. After the
MhCO; ore has been dried and ground, it is treated with 10 percent excess
H,SO,. A small anount of finely ground MO, is added to the reaction
m xture to oxidize the divalent iron present. The pH of the slurry is
adjusted to between 4 and 6 with Ca(OH), or CaCO,. The solids are renoved
by filtration and the filtrate containing MiSO, is sent for further
el ectrol ysis.

VWhen MO, ores (mninum 75 percent MO, in ore) are used, the MO
ore is first roasted (with a reducing agent) in rotary kilns to convert
the MO, to MhO. After the reduction, the solid nmxture is allowed to
cool to below 100°C in an inert or reduci ng atnnosphere. The subsequent
| eaching step with H,SO, is simlar to the rhodochrosite ore process just
descri bed, except that it involves an additional step in which heavy
nmetals are precipitated by the addition of H,S or CaS. The Kerr-MGee
Chemi cal Corporation uses a process in which MnOis wet-ground with | each
solution in a ball mll before it is contacted with acid effluent from
el ectrolytic cells.? Figure 4-6 is a generalized flow di agram of the ENMD
producti on process.

The electrolytic cells are usually rectangul ar open troughs |ined
with corrosion-resistant material. The electrodes are flat plates or
cylindrical rods or tubes. The anodes are generally made of hard | ead
and can be easily renoved for stripping of the END deposits. The
cathodes are nade from graphite, soft or hard |lead, or stainless steel.

The EMD is stripped fromthe anodes nmanual ly or by an autonated
system The lunpy fragnents of raw MnO, are washed with water, dried, and
ground. After a neutralization step, they are further dried and packed.
4.3.3 Em ssions and Em ssion Factors

The maj or operations in the electrolytic process of M netal
producti on (aqueous solution electrolysis) and MnO, manufacture by both
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chem cal and electrolytic nethods do not generate particul ate em ssions
contai ning Mh; however, Mh-bearing particulate em ssions are likely to

occur fromthe drying, grinding, and roasting operations, and fugitive

em ssions can result from product handling and packaging. The possible
sources of M1 emi ssions are shown in the flow diagranms (Figure 4-5 and

Figure 4-6) for both chenmical and electrolytic MO,.

Tabl e 4-7 presents Mh em ssion factors for drying, grinding,

roasting, handling, and packagi ng operations. The em ssion factors are
arrived at by nmultiplying the particulate em ssion factor by the average

percentage of Mh in the material s handl ed.

TABLE 4-7. DERI VED MANGANESE EM SSI ONS FOR SYNTHETI C MANGANESE PRODUCTI O\

Particul ate Manganese
em ssions factors, em ssion factors,
kg/ My of materi al kg/ My of material
Sour ce Control equi pment Processed (I b/ton) Processed (I b/ton)
Dryi ng and Uncontrol | ed 9.9 (19.8)° 4.45 (8.9)¢
grindi ng Fabric filters 0. 0099 (0.0196) 0. 0045 (0.009)
Roast i ng¢ Uncontrol | ed 122 (245)¢ 55 (110)¢
Fabric filter 0.244 (0.49) 0.11 (0.22)
Packagi ng/ Uncontrol | ed 4.4 (8.8)° 2.7 (5.4)
handl i ng Fabric filters 0. 0044 (0.0088) 0. 0027 (0.0054)
a During ore processing, particulate em ssions will be the sane conposition
as the ores. Manganese is present in these enissions as an oxi de or
silicate. |If nmanganese netal is the product, particulate em ssions in

e

the form of manganese netal may be em tted during packagi ng and handling
oper ati ons.

Ref erence 3.

The WMh content will vary based on the starting materials (Average - 45%.1
MO, ores (m nimum 75% MnGQ,) will contain 47.4% Wn. Rhodochrosite wl|
contain 47.8% M.

Many different roasting processes are used. The em ssion factor given
is for kiln-type roasting. (Assuned to be sane as for cenent manufacture.)

Ref erence 4.

4.3.4 Source Locations

Table 4-8 lists the locations of manufacturers of nanganese netal and

synt heti ¢ manganese oxi des.
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TABLE 4-8. DOMVESTI C PRODUCERS OF MANGANESE METAL AND SYNTHETI C MANGANESE

DI OXI DE?
Pr oducer Pl ant | ocati ons Product s Type of process
El ectrolyti c manganese
net al
El kem Met al s Conpany Marietta, Chio vh El ectrol ytic
Foote M neral Conpany New Johnsonvi l | e, vh El ectrolytic
Tenn.
Kerr-MGee Chem cal Ham | ton, M ss. MVh El ectrol ytic
Cor poration
Chenet al s Cor p. Ki ngwood, W Va. vh Fused Salt
El ectrol ysis
Synt heti ¢ manganese
di oxi de
ESB Material s Co. Covi ngton, Tenn. VMhO, El ectrolytic
Kerr-MGee Chem cal Hender son, Nevada vhO, El ectrolytic
Cor p.
Uni on Car bi de Cor p. Marietta, Chio VhO, El ectrolytic
Shepherd Chem cal Co. Cincinnati, Chio VO, Chem ca
Chenet al s Cor p. Balti nore, M. VO, Chem cal
CGeneral Metallic Jersey City, N.J. VhO, Cheni ca
Oxi des

a References 1,5

Note: This listing is subject to change as market conditions change, facility
owner shi p changes, plants are closed, etc. The reader should verify
the existence of particular facilities by consulting current |istings
and/ or the plants thenselves. The |evel of manganese em ssions from
any given facility is a function of variables such as capacity,

t hr oughput, and control neasures, and shoul d be determ ned through
direct contacts with plant personnel.
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4.4 PRODUCTI ON OF MANGANESE CHEM CALS

About 40 di fferent nanganese chem cals are manufactured in the
United States. Most are | ow volune chem cals. The ones with the
| argest volumes and the npbst significance are manganese sul fate
(MhSG,), manganese oxi de (MO, and potassium per manganate (KVhQ,).
O secondary inportance are Maneb, MCO;, and ot hers.

The process descriptions for manganese chem cal production
focus on MhSQ,, MO, and KMhQ, because of their |arge vol unme of
producti on and hi gher potential for em ssions.

4.4.1 Manganese Sulfate Process

Manganese sul fate is made by di ssol ving rhodochrosite ore or M
(I'l') oxide in HSO,. It is also obtained as a byproduct of the
manuf act ure of hydroqui none fromaniline sulfate and MO, (usually a
MO, ore). The direct production of MiSO, involves the use of MO, or
M1CO; ores and H,SO, (to dissolve the ores). For a high-purity
product, the solution is treated with MO, for oxidation of Fe. The
pH is adjusted to about 6.5 and the precipitated Fe(OH); and ot her
inmpurities are filtered out. The MiSO, is recovered by evaporation
of the solution. Manganese sulfate is used as an internediate in
t he manufacture of many Mh Products, as an Wh fertilizer, as an
animal feed additive, etc.!?
4. 4.2 Manganese Oxi de Process

Manganese (11) oxide (MhO is an inportant precursor of nmany
comrer ci al manganese conpounds, and it is used in fertilizer and
feedstuff formulations. It is produced by reductive roasting of MO
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ores. The Chenetal s process uses a stationary bed of crushed M ore
(mm; the ore is continuously replenished fromthe top, and a
reduci ng gas, CH,, and air are introduced fromthe bottom The MO is
formed in a reaction zone immedi ately beneath the top |ayer, where
the tenperature is controlled to between 760° and 1040°C to avoid
sintering. The MO noves downward and finally passes through an

i nert atnosphere cooling zone. The MG, is renoved and ground to 200
mesh size. O her processes use rotary kilns or pile roasting for the
reducti on step.

4. 4.3 Pot assi um Per manganate Process

Pot assi um per manganate i s produced by several different
processes. The only one-step process is based on the electrolytic
conversion of ferromanganese to pernmanganate. The others begin with
MO, ore and involve two steps: thermal synthesis of potassium
manganate foll owed by electrolytic oxidation of MO to MhO“4.

Figure 4-7 presents an overview of the production of KMhO, by roasting
and | i qui d-phase oxidati on processes.

In the Iiquid phase oxi dation process, preconcentrated nolten
pot assi um hydroxide (70 to 80% is placed in a reactor together with
a quantity of 78 to 80 percent MO, ore at a 1:5 ratio of MO, KOH. !
Enough air or O is introduced belowthe liquid level to maintain a
positive pressure of 186 to 216 kPa (1.9 to 2.2 atm. The
tenperature is kept at 250 to 320°C t hroughout the reaction period (4
to 6 hours). This process converts about 87 to 94 percent of the MG,
to K;vnQ,. The K,MhOQ, product is then separated fromthe hot caustic
metal by diluting it with recycled KOH of about a 10 to 12 percent
concentration and allowing it to cool to 30 to 40°C. The K,Wvh(Q,
settles and is separated by centrifugation.

The Carus Chem cal Conpany in LaSalle, Illinois (the only U S.
producer of potassium pernanganate) uses a |iqui d-phase oxidation
process. The process is simlar to that described, but it is
continuously operated and uses a special filtration technique to
separate the K,MnQ, fromthe hot caustic nelt (one that does not
require dilution).?

4.4.4 Em ssion Sources and Em ssion Factors

Because nost of the operations in the manufacture of M
chemcals are carried out in a wet state, en ssions are not a
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probl em however, Mi-containing particulate em ssions can occur from
the drying, grinding, and roasting operations involving ores and

ot her chem cals containing M. Also, fugitive em ssions occur from
mat eri al s handl i ng and packagi ng. The possible enission sources of
WMh are indicated in Figure 4-7.

Tabl e 4-9 presents M emi ssion factors for drying/grinding,
roasting, and packagi ng/ handl i ng operations. The em ssion factors
are calculated by nultiplying the particul ate enmi ssion factor by the
aver age percentage of Mh in the materials.

TABLE 4-9. MANGANESE EM SSI ON FACTORS FOR THE MANUFACTURE
OF MANGANESE CHEM CALS

Particul ate Manganese
enm ssions factors, em ssion factors,
kg/ My (I b/ton) of kg/ My (I b/ton) of
Sour ce Control equi pment mat eri al processed mat eri al
processed
O e drying/grinding Uncontrol | ed 9.9 (19.8)® 4.45 (8.9)°
Fabric filters 0. 0099 (0.0198) 0. 0045 (0.009)
Ore roasting® Uncontrol | ed 122 (245)¢ 55 (110)°
Fabric filter 0.244 (0.49) 0.11 (0.22)
Packagi ng/ handl i ng Uncontrol | ed 4.4 (8.8)2 e
of products Fabric filters 0.0044 (0.0088) e

a Ref erence 2.

b Mh content of ores used in chem cal manufacture: 45% (Range 30-55%.

¢ Many different roasting processes are used; this em ssion factor is for

k

iln-type roasting. (Assuned to be sane as for cenent nmanufacture).

d Reference 3.

Not e:

Extrenely variabl e; depends on the Mh content of the product. For
exampl e, KWMhQ, is 34.8 percent nanganese, MO, i s 63.2 percent manganese,
and MnSQ, 7H,0 i s 19. 6 percent nmanganese. Manganese em ssions woul d be
determned by multiplying the particulate em ssion rate by the percent
manganese in the product divided by 100.

Mh may be present as oxide in the ore and evol ved as Mnh-bearing

particul ates during drying and grinding operations. During roasting, the
Vh- bearing particulates nay be in the form of oxides. Packaging and
handling em ssions will essentially be in the same chenmical formas the
mat eri al processed.
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4.4.5 Source Locations

Tabl e 4-10 indicates the | ocations of nmanganese chem ca
producers in the United States.

REFERENCES FOR SECTI ON 4. 4
1. Kirk- O hmer. Encycl opedi a of Chem cal Technol ogy. Vol. 14 3d Ed.
John Wley & Sons, Inc., New York. 1981.
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Manganese. Prepared by Radi an Corporation for the Ofice of Air
Qual ity Planning and Standards, U.S. Environnental Protection
Agency, Research Triangle Park, North Carolina. October 1983.

3. U.S. Environmental Protection Agency. Conpilation of Ar
Pol | utant Em ssion Factors. AP-42, Supplenent 14. May 1983.

4, SRl International. 1982 Directory of Chemnmical Producers, U S A
Menl o Park, California. 1982.

5. Jones, T. S. Mneral Commodity Profiles. Manganese - 1983.
Bureau of Mnes, U S. Department of Interior. 1983.

4.5 | RON AND STEEL PRODUCTI ON

Manganese enters the process of steel meking as | ow grade Wh
ores charged to the blast furnace and as ferroall oys added to the
refined steel. The three principal types of steel maki ng furnaces
used are open hearths (OH), basic oxygen furnaces (BOF), and electric
arc furnaces (EAF). Iron ore fines, blast furnace flue dust, mll
scale, and other iron-bearing materials generated in an integrated
steel plant are often recycled to the sinter plant for aggl om
eration. All of these materials contain sone manganese;
consequently, blast furnaces, sinter plants, open hearths, basic
oxygen furnaces, and electric arc furnaces are the main source of
manganese em ssi ons.
4.5.1 Blast Furnace Qperations

Molten iron (hot netal) for steel production is obtained by
reducing iron ore [Fe,O; (Hematite) or Fe;O, (Magnitite)] to iron in
t he bl ast furnace.

The bl ast furnace is a countercurrent, refractory-lined cylinder
(Figure 4-8). Preheated air is introduced through a |arge nunber of
wat er - cool ed tuyeres at the bottom of the furnace, passes through
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TABLE 4-10.

DOMESTI C PRODUCERS OF MANGANESE CHEM CALS?

Pr oduct

Pr oducer

Locati on

Manganese acetate
(manganese acet ate)

Manganese acetate tetra-
Carolina
hydrat e

Manganese acetyl acet onate
(mangani ¢ and manganous
acetyl acet onat e)
(bi s/ 2, 4- pent anedi onat o/
manganese)

Manganese benzoate

Manganese borate
(manganous borate)

Manganese bori de

Manganese car bonate
(manganous car bonat e)

Manganese car bonyl
Massachusetts

Manganese chlori de
(manganous chl ori de)

Manganese di fl uori de

Manganese 2-et hyl hexanoate

(al so manganese octanoate
Jersey

manganese octoate, manganous

2- et hyl hexanoate, and man-

ganous oct anoate)

Manganese fornmate

Manganese gl uconate
(manganous gl uconat e)

Manganese hydrate
(mangani ¢ hydr oxi de)

C. P. Chens., Inc.
@l f Gl Corp.
Har shaw Chemi cal Co., Subsidiary
I ndustrial Chenicals Departnent
The Hall Chem cal Conpany

M neral Research and Devel opnent Conpany
The Shepherd Cheni cal Conpany

National Starch and Chemi cal Corp.
Proctor Chem Co., Inc., Subsidiary

MacKenzi e Chenical Works, Inc.
MacKenzi e | MTERVAR
The Shepherd Cheni cal Conpany

The Hall Chemi cal Conpany

General Metallic Oxi des Conpany

Union G| Conpany of California
Mol ycorp, Inc., Subsidiary
Chemicals and Rare Earth Division

North Anerican Phillips Corp.
T H Agriculture and Nutrition Co., Inc.
Crop Protection Division
Leffingwell Chemical Conpany, Div.

Ri chardson- Vi cks, Inc.
J. T. Baker Chenical Conpany, Subsidiary

The Shepherd Cheni cal Conpany

Pressure Chemnical s Conmpany
Strem Chemi cal s, Inc.

Al'lied Corp.
Al'lied Chem cal Comnpany
Chenetal s Cor p.
M neral Research and Devel opnment Cor p.
Ri chardson- Vi cks, Inc.
J. T. Baker Chenical Conpany, Subsidiary

Pennwal t Cor poration
Chemi cal G oup
Ozar k- Mahoni ng Conpany, Subsidiary
Ferro Corp.. Chemical Division
Interstab Chenmicals, Inc.

Mboney Chemicals, Inc.

The Shepherd Cheni cal Conpany
Troy Chemical Corporation

The Shepherd Cheni cal Conpany

Beca Products, Inc.
Pfizer, Inc., Chemcals Division

General Metallic Oxi des Conpany
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Sewar en, New Jersey
Cl evel and, Chio

Arab, Al abama
Wckliffe, Ohio
Concord, North Carolina
Cincinnati, Ohio

Sal i sbury, North

Bush, Loui si ana

Cincinnati, Ohio

Wckliffe, Chio

Jersey City, New Jersey

Washi ngt on, Pennsyl vani a

Brea, California

Phi | li psburg, New Jersey
Cincinnati, Chio

Pi tt sbur gh, Pennsyl vani a
Newbur yport,

Cl aynont, Del aware

Curtis Bay, Maryland
Concord, North Carolina

Phi I li psburg, New Jersey

Tul sa, Gkl ahoma

Bedford, Chio
New Bt unswi ck, New

Frankl i n, Pennsyl vani a
Cinclnati, Chio
Newar k, New Jer sey
Cincinnati, Chio

Janesvl 1 e, Wsconsin
Br ookl yn, New Yor k

Jersey City, New Jersey



TABLE 4-10 (continued)

Pr oduct

Pr oducer

Locati on

Manganese hypophosphite
(manganous hypophosphite)

Manganese i socarboxyl ate

Manganese napht henat e
(manganous napht henat e)

Ferro Corporation,
Interstab Chenicals, Inc.

Ccci dental Petrol eum Cor p.
Hooker Chemicals Corp.. Subsidiary

Mboney Chemicals, Inc.

Mboney Chemicals, Inc.

Manganese (manganous) Al

Tenneco, Inc.

Tenneco Chemicals, Inc.
Troy Chemical Corporation
Wtco Chem cal Corporation

Organi cs Division

lied Corporation

nitrate Al'lied Chem cal Conpany

Manganese ol eate
(l'inol eate)

Manganese oxi de

Manganese pent acar bonyl
broni de

Manganese pent acar bonyl
chlori de

Manganese stearate
(manganous stearate)

Manganese sul fide

Manganese sul fate

Ashland G|, Inc.

Ashl and Chemi cal Conpany, Subsidiary

Speciality Chem cals Division
Chenetal s Cor poration
C. P. Chenmicals, Inc.
The Hall Chem cal Conpany

M neral Research and Devel opnment Cor p.

The Shepherd Cheni cal Conpany

Troy Chemical Corporation

American Mnerals, Inc.
Agricul tural Division

Chenetal s Cor poration

Eagl e- Pitcher Industries, Inc.
Agricul tural Chem cals Division
El kem Metal s Conpany

Phillipp Brothers Chemicals, I|nc.
The Prince Manufacturing Conpany

Pressure Chemical Conpany
Pressure Chemnical Conpany
The Norac Conpany, Inc.
Mat he Di vi sion
El kem Metal s Conpany
Eagl e- Pitcher Industrial, Inc.
Agricul tural Chem cals Division

East man Kodak Comnpany
East man Chem cal s Products, Inc.

Subsi di ary of Tennessee Eastman

Conpany
Ri chardson Yicks, Inc.

J. T. Baker Chenical Conpany, sub-

sidiary
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Chemi cal s Division

Ni agara Falls, New York
Frankl i n, Pennsyl vani a
Bedford, Chio

New Brunswi ck, New
Jersey

Frankl i n, Pennsyl vani a

El i zabet h, New Jersey
Newar k, New Jer sey

Chicago, Illinois

Cl aynont, Del aware
Cincinnati, Chio

East on, Pennsyl vani a
Curtis Bay, Maryland
Sunpt er, South Carolina
Arab, Al abama

Concord, North Carolina
Cincinnati, Chio

Newar k, New Jer sey

El Paso, Texas

Phi | adel phia, Pa.
Rosiclare, Illinois
Curtis Bay, Maryland
Cedartown, GCeorgia
Marietta, Onio

Bowmanst own, Pa.

Quincy, Illinois

Pi tt sbur gh, Pennsyl vani a

Pi tt sburgh, Pennsyl vani a

Lodi, New Jersey

Ni agara Falls, New York
Cedartown, GCeorgia

Ki ngsport, Tennessee

Phi I li psburg, New Jersey



TABLE 4-10 (conti nued)

Pr oduct Producer Location
Manganese Tall ate Interstab Chenicals, Inc. New Brunswi ck, New Jersey
(manganous tallate
manganor ns | i noresinate) Mboney Chemicals, Inc. Frankl i n, Pennsyl vani a
The Shepherd Cheni cal Conpany Cincinnati, Chio
Tenneco, Inc
Tenneco Chenmicals, Inc. El i zabet h, New Jersey
Troy Chenical s Corp. Newar k, New Jer sey
Manganese trifluoride Pennwal t Corp
(mangani ¢ fluoride) Chemi cal s G oup
Ozar k- Mahoni ng Conpany, subsidiary Tul sa, Okl ahoma
Pot assi um per nanganat e Carus Corp. LaSalle, Illinois

Carus Chemni cal Conpany, Division

a Reference 4

Not e

This listing is subject to change as market conditions change, facility ownership changes, plants
are closed, etc. The reader should verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of nanganese emnissions fromany given
facility is a function of variables such as capacity, throughput, and control neasures, and
shoul d be deternined through direct contacts with plant personnel
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Figure 4-8, Cross-sectional view of a typical blast furnace.
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t he descendi ng charge, and is exhausted at the top of the furnace. It
takes an average charge of 1.7 unit weights of iron-bearing material, 0.55
unit weight of coke, 0.2 unit weight of |inestone, and 1.9 unit weights of
air to produce 1 unit weight of iron. Average blast furnace byproducts
consist of 0.3 unit weight of slag, 0.05 unit weight of dust, and 3.0 unit
wei ghts of gas. Mlten iron and slag accunulate in the hearth and are
drained intermttently (continuously on very |arge furnaces) through
runners to ladle cars that transport the hot netal to the steel naking
facilities. The slag is diverted to slag pots or directly to slag pits or
sl ag granul ators, depending on the facilities provided.

Dust -1 aden gases fromthe furnace are exhausted through a cycl one
(dust catcher) and a one- or two-stage cleaning operation. The prinmary
cleaner is normally a wet scrubber, which renmoves 90 percent of the
remai ning particulates.! The secondary cleaner is normally a high-energy
wet scrubber (usually a venturi) or an electrostatic precipitator. After
it is cleaned, the gas contains less than 0.05 gr/n? (0.02 gr/ft3) of
particul ates.

Em ssi ons and Em ssion Factors--

Manganese- beari ng em ssions occur during the storage and transfer of
iron ore, sinter, and pellets to the blast furnace. Em ssi ons al so occur
during the tapping and transfer of netal and slag within the casthouse
(cast house em ssions). Conditions known as "slips" can cause em ssions
fromthe enmer gency pressure-rel ease valves on top of the furnace, but
these are rare in nodern practice, occurring when the materials charged in
the furnace do not nove smoothly and thus | eave a gas-filled space between
two portions of the charge. When the unsettled section of the charge
col | apses, the sudden dis placenent of gas causes the exhaust gases, which
cont ai n manganese-bearing particulate, to exit fromthe energency
pressure-rel ease valves. During tapping, em ssions are produced when hot
metal cones into contact with air. Dissolved gases are rel eased and
em ssions emanate fromboth the slag and the netal.

Many bl ast furnace casthouses are uncontrolled. The npbst commopn
control system conprises runner covers and pickup hoods vented to a fabric
filter. Some plants are now using new systens that involve em ssion
suppressi on techniques. These entail blanketing the nolten iron with an
inert gas to suppress oxidation. Table 4-11 indicates the nanganese
em ssions from bl ast furnaces.



TABLE 4-11. MANGANESE EM SSI ONS FROM | RON BLAST FURNACES

Contr ol

Sour ce devi ce

Em ssi on factorsa?®
kg/My (I b/ton) of iron

Bl ast furnace
Slips None
Cast house em ssi ons None

0.1185 (0.261)/slip®
0. 0009 (0.0018)¢

Runner covers
and pi ckup
hoods to fab-

ric filter

0. 00009 (0.00018) ¢

a

b

Ref erence 1.

Most of the nmanganese emissions are in the form of oxides.

Mh content of flue dust = 0.3 percent.

Mh content of the slag runner funes =

hot netal runners is the same as the Mh content

0.2 percent.®> WM content = 0.4
percent fromthe hot netal. It is assuned that the Mh content fromthe

filter controlling hot metal transfer.3

of the dust fromfabric

The manganese content of the raw materials used in ironnmaking and

byproducts are presented in Table 4-12.

TABLE 4-12. MANGANESE CONTENT OF RAW MATERI ALS AND BYPRODUCTS OF
BLAST FURNACE PRODUCTI O\

Raw Material or byproduct

Iron ore pellets

Iron ores

Manganese ores
(mangani f er ous)

BOF sl ag

Bl ast furnace hot neta
Bl ast furnace sl ag

Bl ast furnace flue dust

Manganese content, %

0.06 to 0.25

0.25 to 1 (0.3 average)

<5

2.1 to

0.5 to 1.2
0.2 to 1.0
0.2 to

(4 average)

(0.75 average)
(0.3 average)
(0.3 average)

a References 2, 3, and 4



Sour ce Locations--
Table 4-13 lists the blast furnace operations in the United States.
4.5.2 Sintering Operations

I ron-bearing dusts, iron ore fines, mll scale, and sludges
generated in an inteqrated steel plant operation are recycled to the
sinter plant. Sinter is an agglonerated product of a size and strength
sui tabl e for blast furnace charging.’ Figure 4-9 presents a fl ow
di agram of a typical sinter plant. The charge materials, consisting of

suitabl e proportions of iron ore fines, BF flue dust, mll scale, return
sinter fines, linestone fines, and coke breeze, are mxed with
control l ed anmounts of water and fed to a pug mill or to a balling drum

The prepared burden is spread in a 12-inch |ayer over a con tinuous
nmovi ng grate called the sinter strand. A burner hood above the front
third of the sinter strand ignites the coke breeze in the m xture.

Nat ural gas or fuel oil is used for these burners. Once ignited, the
conmbustion is self-supporting and provides sufficient heat, 1300° to
1400°C (2400°-2700°F), to cause surface nelting and aggl oneration of the
mx. On the underside of the sinter nachine are wi nd boxes, which draw
the conmbusted air through the sinter bed into a conmon duct to a
particul ate control device. The fused sinter is discharged at the end
of the sinter machine, where it is crushed and screened; the undersized
portion is recycled to the sinter mx. The sized sinter is cooled in
open air by water sprays or by nechanical fans and then charged to the
f ur naces.

Em ssi ons and Em ssion Factors--

In the sintering process em ssions occur fromthe w nd box exhaust,
the di scharge (sinter crusher and hot screen), the cooler, and the cold
screens. Mechanical collectors are typically used for product recovery
and initial cleaning of wndbox exhaust. Secondary collectors that have
been used to control w nd box exhaust em ssions include wet and dry
el ectrostatic precipitators, fabric filters, scrubbers, and gravel bed
filters.

Manganese em ssion factors are obtained by nmultiplying the
particul ate em ssion factors for sintering operations by the nanganese
content of the sinter. In a high-basicity sinter, the Mi content of 1.2
percent was neasured. Table 4-14 presents M enission factors for
sinter operations.
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TABLE 4-13. LOCATIONS (BY STATE AND CI TY) OF BLAST FURNACES
IN THE UNI TED STATES?

City/ State Conpany
Al abanma
Fairfield U S. Steel
Gadsden Republic Steel
Col or ado
Puebl o CF&l St eel
I1linois
Sout h Chi cago Interl ake, I|nc.
U S. Steel
I ndi ana
Bur ns Har bor Bet hl ehem St eel
Gary U S. Steel
East Chi cago I nl and St eel
J&L Steel
Kent ucky
Ashl and Nat i onal St eel
Mar yl and
Sparrows Poi nt Bet hl ehem St eel
M chi gan
Dear born Ford Mot or Rouge Works
Ecor se Nat i onal St eel
Trent on McLout h St eel
New Yor k
Buf f al o Republic Steel
Ohio
Cl evel and J&L Steel
Republic Steel
Lorain J&L Steel
M ddl et own Arnco, Inc.
New M am Arnco, Inc.
Por t snout h Cycl ops (Enpire-Detroit Steel)
St eubenvil |l e Wheel i ng- Pi ttsburgh Steel
Varren Republic Steel
Youngst own Republic Steel



TABLE 4-13 (conti nued)

Cty/ State Conpany
Pennsyl vani a

Al'i qui ppa J&L Stee
Baddock U S Stee

Bet hl ehem Bet hl ehem St eel
Duquesne US. Stee

Fairl ess U S Stee
Monessen Wheel i ng- Pitt sburgh
Melville Island Shanango, |nc.
Ranki n U S Stee

Shar on Sharon Stee
Texas

Houst on Arnto, |nc.
Lone Star Lone Star Stee
Ut ah

Geneva U S Stee

West Virginia
Weirton Nat i onal Stee

a Ref erence 6.

Note: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of
manganese em ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and control neasures, and
shoul d be determ ned through direct contacts with plant personnel.
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TABLE 4-14. MANGANESE EM SSI ON FACTORS FOR SI NTERI NG OPERATI ONS

Sour ce

Control Equi pnent

Em ssi ons factora?®
kg/ My (I b/ton)
of sinter

Sintering

W ndbox em ssi ons

Si nter discharge (breaker
and hot screen)

W ndbox and di schar ge

Uncontrol | ed
After coarse particle
r emoval

Dry ESP

Wet ESP

Scr ubber

Cycl one

Uncontrol | ed

Fabric filter
Oifice scrubber

Fabric filter

0.067 (0. 134)¢

.052 (0.104)
. 0096 (0.0192)
.001 (0.002)
. 0028 (0.0056)
. 006 (0.012)

o O O O O

0.04 (0.08)

0. 0006 (0.0012)
0. 0035 (0.007)

0.0018 (0.0036)

a Reference 1.

b Most of the nmanganese emissions are in the form of oxides.

¢ Mh content of sinter =

1.2 percent.



Source Locati ons- -

Sintering operations are generally part of the integrated stee
pl ant operati ons. Table 4-15 lists the |ocations of sinter plants
in the United States.

4.5.4 Qpen Hearth Furnace Operations
In the open hearth (OH) furnace, steel is produced froma charge

of scrap and hot metal in varying proportions. The production of
steel from OH furnaces is gradually being replaced by basic oxygen
furnaces and electric arc furnaces. Steel production from OH
furnaces accounted for 8.2 percent of the total steel production in
1982. No new CH furnaces are planned, and production is expected to
continue to decline.

The OH furnace is heated alternately by a conbustion flame from
either end of the hearth. Figure 4-10 is a schematic of the OH
furnace. The gas flowis reversed at regular intervals to recover
the sensible heat fromthe conbusted gases. This is acconplished by
passing the gas through brick lattice work (checkers) at either end
of the furnace and then into the gas cl eaning system At each
reversal, the sensible heat in the brick is transferred to the
incomng air. Oxidation reduces inmpurities such as C, Mi, Si, and P
to specified levels. A slag layer is forned above the nolten steel.
Oxygen lancing is used to hasten the refining process. Wen the
desired specifications of the steel are reached, the steel is drained
through a tap hole into a ladle. Ferroalloys are added to the
furnace and/or ladle as required. The nolten steel is poured
(teenmed) into ingot nolds for cooling and further processing.

Em ssi ons and Em ssion Factors--

Sources of fugitive em ssions from open hearth furnaces include
chargi ng, | eakage fromthe furnace, tapping, and slag drai nage.
Tappi ng eni ssions can be controlled by |adle hoods vented to a
control device. Very limted controls for fugitive em ssions have
been applied in open hearth steel maki ng.

Em ssions from open hearth furnaces are generally controlled
with ESP's or wet scrubbers. Fabric filters have al so been installed
for particulate em ssions control, but they require that the gases be
pr e-cool ed.



TABLE 4-15. LOCATIONS (BY STATE AND CI TY) OF SINTER PLANTS
IN THE U. S. | NTEGRATED STEEL | NDUSTRY?

State/City Conpany
A abare
Fairfield US. Stee
Gadsden Republic Stee
Col or ado
Puebl o CF&l Stee
Il1linois
Ganite City Nati onal Steel
Sout h Chi cago US Stee
I ndi ana
Bur ns Har bour Bet hl ehem St ee
East Chi cago I nl and Stee
Jones & Laughlin Steel
Gary U S Stee
Kent ucky
Ashl and ARMCO
Mar yl and
Sparrows Poi nt Nati onal Stee
M chi gan
Ecor se Nat i onal Stee
Ohio
M ddl et own ARMCO
Youngst own Republic Stee
Pennsyl vani a
Al'i qui ppa J&L Stee
Bet hl ehem Bet hl ehem St eel
Fairl ess US. Stee
Monessen Wheel i ng- Pi ttsburgh Stee
Saxonburg U S. Stee
Texas
Lone Star Lone Star Stee
Houst on ARMCO
Ut ah
CGeneva US. Stee
West Virginia
East Steubenville Wheel i ng- Pi ttsburgh Stee
Wi rton Weirton Steel

2 Reference 6.

Note: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed, etc. The reader should
verify the existence of particular facilities by consulting current
listings and/or the plants thenselves. The |evel of manganese em ssions
fromany given facility is a function of variables such as capacity,

t hroughput, and control neasures, and should be determ ned through direct
contacts with plant personnel.
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Manganese em ssion factors are derived by nmultiplying the
particul ate em ssion factors for OH operations by the Mh content of
t he dust collected froman ESP. The neasured Mh content of the dust
is around 0.37 percent.® Table 4-16 indicates the enission factors
for Mh from open hearth furnaces.

TABLE 4-16. MANGANESE EM SSI ONS FACTORS FOR OPEN HEARTH FURNACE OPERATI ONS
Em ssion factors,?

Sour ce Control equi pment kg/My (I b/ton) of pig iron
Mel ting and refining Uncontroll ed 0.039 (0.078)°"

ESP 0. 0005 (0.001)
Roof nonitor Uncontroll ed 0. 0003 (0.0006)
Teem ng Uncontroll ed 0. 00013 (0.00026)

Si de-draft hood to 0. 000003 (0.000006)

fabric filter

a Referencel. 1l
b Mh content of ESP dust = 0.37 percent.3 Most of the nanganese
em ssions are in the form of oxides.

Locati on of Sources --

Table 4-17 lists plants with open hearth furnaces in the United
St at es.
4.5.5 Basi c Oxygen Furnace Operations

The BOF process (Figure 4-11) converts hot netal to steel in
bat ches in around 45 m nutes (depending on the size of the vessel).
This process is superior to the ol der open-hearth process used in
integrated steel operations. About 60 percent of U S. steel was
produced by this method in 1983.

A typical charge consists of 70 percent hot netal and 30 percent
scrap. Conmerically pure oxygen is blown into the vessel through a
| ance to oxidize the inpurities and carbon. The oxidation generates
the required heat to nelt all the scrap charged. Linme is added to
the vessel to forma slag that contains the oxidized inpurities from
the hot metal and scrap.



TABLE 4-17. LOCATIONS (BY STATE AND CI TY) OF STEEL PLANTS
W TH OPEN- HEARTH FURNACES I N THE UNI TED STATES?

State/City Conpany
I ndi ana
East Chi cago I nl and Stee
Mar yl and
Sparrows Poi nt Bet hl ehem St ee
Ohi o
M ddl et own ARMCO

Pennsyl vani a

Fairless Hills U S. Stee

Homest ead U S. Stee
Texas

Lone Star Lone Star Stee
Ut ah

Geneva U S. Stee

@2 Reference 6.

Note: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed, etc. The reader should
verify the existence of particular facilities by consulting current
listings and/or the plants thenselves. The |evel of nmanganese em ssions
fromany given facility is a function of variables such as capacity,

t hroughput, and control neasures, and should be determ ned through direct
contacts with plant personnel.
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The furnace is a |large, open-nouthed vessel lined with basic
refractories. The vessel is nounted on trunnions, which allowit to
be rotated through 360 degrees.

Recent nodifications entail many new configurati ons of oxygen
entry into the vessel. 1In the Q BOP process, the required oxygen is
bl own through tuyeres at the bottomof the vessel. A relatively new
process, known as the KMS processOiis used in one plant, in which
oxygen is introduced both fromthe top and through bottom and side
nozzl es.

The | arge quantities of carbon nonoxide (CO produced by the
reactions in the BOF can be conbusted at the nmouth of the vessel,
cool ed, and then vented to gas-cl eaning devices (open-hood systen),
or the conbustion can be suppressed at the furnace mouth (cl osed hood
system). The volunme of gases to be handled in a gas-cleaning device
for closed-hood systens is substantially |ower than that for
open- hood syst ens.

Al t hough nost of the furnaces installed before 1975 are of the
open- hood desi gn, new furnaces are being designed with closed hoods.

After the oxygen blowi ng step, the netal is tapped into a | adle,
to which deoxidizers and alloying elenments are added. The slag is
poured into a slag pot or onto the ground.

Em ssi ons and Em ssion Factors--

The primary em ssions during oxygen blowi ng range from20 to 50
I b/ton steel. The gas is vented to either an ESP or a venturi
scrubber. 1In the cl osed-hood configuration, high energy,
vari abl e-throat, venturi scrubbers are used to clean the gas. The
cl ean gas, which contains CO is flared at the stack.

Em ssi ons occur during the transfer of hot nmetal fromthe | adle
cars to the ladles, the charging of scrap and hot netal to the BOF
vessel, slag dunping, and tapping of the steel. Hot netal transfer
is controlled by close-fitting hoods evacuated to a fabric filter.
Secondary controls used to control the charging and tapping em ssions
may evacuate em ssions to a separate fabric filter or to the primry
em ssion control system The Q BOP furnaces are generally conpletely
encl osed to control em ssions.

Cal cul ati ons of the manganese em ssion factors are based on the
Mh content of the particulate em ssions. Analysis of BOF dust shows
1.2 percent WMh.® The M content in the raw nmaterials entering and
products exiting the BOF process are shown in Table 4-18.
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TABLE 4-18. MANGANESE CONTENT OF RAW MATERI ALS
AND PRCDUCTS OF BOF PROCESS?

Raw mat eri al or byproduct Mh content, %
Steel scrap Variable (0.5 average)
Hot et al 0.5 to 1.2 (0.75 average)
Rel adling fabric filter dust 0.24 to 0.28 (0.25 average)
BOF sl ag 2.1 to 4.9 (4 average)
ESP dust 0.8 to 1.3 (1.0 average)

a Ref erence 3.

These figures only represent a general range; individual plant
data may be quite different.

Tabl e 4-19 presents cal cul ated Mh emi ssion factors for the BOF
pr ocess.
Source Locati ons- -

Tabl e 4-20 indicates the BOF |ocations in the United States.

4.5.6 Electric Arc Furnace Operations

In 1982, electric arc furnaces accounted for 31.3 percent of
total steel production in the United States.® This share is expected
to reach 36 percent by 1990. The electric arc furnace is a
refractory-lined steel cylinder with a bow -shaped hearth and a
dome- shaped renovabl e roof. Many of the new furnaces have
wat er - cool ed side panels and a water-cool ed roof. Three carbon
el ectrodes extended through holes in the roof reach the charge in the
furnace. The furnace roof and el ectrodes can be |lifted and swung
aside for charging of scrap. The furnace can be tilted for tapping
the nolten steel and renoving the slag. Steel scrap is charged from
the top by neans of a special drop bottom bucket or a cl am shel
bucket. After the charge, the roof is swng back into position and
the electrodes are |lowered into the furnace. Melting of the scrap is
acconpl i shed by the heat of resistance of the netal between the arc
paths. Oxyfuel burners may be used to hasten the nelting. Oxygen
lancing is done to increase the nelting rate of scrap. Required
fluxes (linme) are either added along with the charge or by pneumatic
i nj ection.



TABLE 4-19. MANGANESE EM SSI ON FACTORS FOR BASI C OXYGEN FURNACE OPERATI ONS
Emi ssi on factorsa?®

Source contr ol equi pment Kg/VMg (Tb/ton) of stee
Top- bl own BOF nelting Uncontrol | ed 0.1425 (0.285)¢
and refining

Control | ed by open hood

vented to:
ESP 0. 0065 (0.013)
Scr ubber 0. 0045 (0.009)
Control l ed by cl osed hood
vented to scrubber 0. 00034 (0.00068)
Q BOP nelting and Scr ubber 0. 00028 (0.00056)
refining
Char gi ng
At source Uncontrol | ed 0.003 (0.006)
At buil ding nonitor Uncontrol | ed 0. 00071 (0.00142)
Tappi ng
At source Uncontrol | ed 0. 0046 (0.0092)
At buil ding nonitor Uncontrol | ed 0. 00145 (0.0029)
Hot netal transfer
At source Uncontrol | ed 0. 0002 (0.0004)¢
At buil ding nonitor Uncontrol | ed 0. 00007 (0.00014)
BOF noni t or
Al'l sources Uncontrol | ed 0. 0025 (0.005)

2 Reference 1

b Most of the nmanganese emissions are in the form of oxides.

¢ Mh content = 1.0 percent of the BOF dust and sludge. (Range 0.8 to 1.3
percent, Reference 3.

[«

Mh content = 0.26 percent; based on Rel adling Baghouse Dust Analysis
in Reference 3.



TABLE 4-20. LOCATI ONS (BY STATE AND CI TY) OF BASI C OXYGEN FURNACES
IN THE | RON AND STEEL | NDUSTRY I N THE UNI TED STATES®
State/City Conpany
Al abama
Fairfield U S. Steel Corporation
Gadsden Republic Steel corporation
Col or ado
Puebl o CF& Steel Corporation
Illinois
Chi cago Interl ake, Inc.
Ganite Cty Nati onal Steel Corporation
Sout h Chi cago Republic Steel Corporation
U S. Steel Corporation
I ndi ana
Bur ns Har bor Bet hl ehem St eel Conpany
East Chicago Inl and Steel Conpany
Jones and Laughlin Steel Corporation
Gary U S. Steel Corporation
Kent ucky
Ashl and Arnco Steel Corporation
Mar yl and
Spar rows Poi nt Bet hl ehem St eel Corporation
M chi gan
Dear born Ford Mot or Conpany
Ecor se Nati onal Steel Corporation
Trenton McLout h Steel Corporation
New Yor k
Buf fal o Republic Steel Corporation
Chi o
Cl evel and Jones and Laughlin Steel Corporation
Republic Steel Corp oration
Lorain U S. Steel Corporation
M ddl et own Arnco Steel Corporation
St eubenvill e Wheel i ng-Pi ttsburgh Steel Corporation
Varren Republic Steel Corporation
Pennsyl vani a
Al'i qui ppa Jones and Laughlin Steel Corporation
Bet hl ehem Bet hl ehem St eel Conpany
Br addock U S. Steel Corporatlon
Duquesne U S. Steel Corporation
Farrell Sharon Steel Corporation
M dl and Cruci bl e, Incorporated
Mbnessen VWheel i ng-Pi ttsburgh Steel Corporation
Nat r ona Al 'l egheny Ludl um Steel Conpany

West Virginia
Weirton

Weirton Steel

a2 Reference 6.

Not e:
owner shi p changes,

and/or the plants

given facility is a function of variables such as capacity,
and shoul d be determ ned through direct

control measures,
pl ant personnel

This listing is subject to change as market
etc.
the existence of particular facilities by consulting current

pl ants are cl osed,

t hensel ves, The | eve
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U tra- high-power (UHP) furnaces use |arger electrodes and all ow
nmore power input to the charge and thus a faster nelting rate.

After the proper chem stry and tenperature of the bath are
achi eved, the furnace is tilted and the steel is poured into a |adle.
Ferroal l oys are added in the ladle. After tapping, the steel may be
degasified by several means, or other |adle operations, such as
stirring, may be performed. Continuous casters then cast the steel.
Figure 4-12 is a schematic di agram of EAF operations.

In stainless steel production, the nolten steel is transferred
fromthe electric furnace to an Argon oxygen deoxi dati on (AOD) vesse
simlar to the BOF. Argon and oxygen and/or nitrogen are blown into
the steel for preferential renoval of carbon instead of oxidation of
chromum (Cr), the principal alloying elenment in stainless steel.
Because the yield of Cr is high in this process, it is nore
econom cal .

Em ssi ons and Em ssion Factors--

El ectric arc furnace enissions are classified as process or
fugitive. Em ssions generated at the furnace during periods when the
furnace roof is closed (e.g., during nelting and refining) are
classified as process enissions. Enissions generated during periods
when the furnace roof is open (e.g., during charging) or when the
furnace is tilted (e.g., during tapping) are classified as fugitive
em ssions. ’

Process em ssions fromthe neltdown operation consist of
metallic and m neral oxide particulate generated fromthe
vapori zation of iron and the transformation of mneral additives, as
wel | as sone carbon nonoxi de and hydrocarbons. Trace constituents
(i ncludi ng manganese) are emtted in particulate formfrom EAF s.
During the nmelting process, enissions escape through el ectrode hol es,
the slag door, and other furnace openings.

Char gi ng em ssions may contain particul ate, carbon nonoxide,
hydr ocar bon vapors, and soot. During tapping, funes consisting of
iron and ot her oxides are generated fromthe alloys that are added to
the | adle.

Fabric filters are the nost w dely used control devices on
EAF' s. Wet scrubbers are used on | ess than 2 percent of the existing
EAF units in the United States, and only one shop uses an ESP unit to
control EAF dust.’
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Evacuati on systenms of various configurations are adopted to
capture both primary and secondary em ssions in EAF shops.
" Direct-shell evacuation control system (DEC)
' Side-draft hood
Canopy hood
Partial furnace encl osure (PFE)
" Total furnace encl osure (TFE)
Tappi ng hood
Scavenger duct system
Roof nonitor
Bui | di ng evacuati on
The DEC and canopy hood (shown in Figure 4-12) are the npbst common.
The nmanganese emi ssion factors are cal cul ated based on the M
content of the particulate em ssions. The follow ng are anal yses of
manganese content in EAF dust generated in the production of various
types of steel.10
Stai nl ess steel and
al | oy - 4.92% (average of 6 sanples)

M xed products in- - 3.25% (average of 6 sanples)
cl udi ng stainl ess
and/ or specialty

al | oys
Low and nedi um al | oy - 5.76% (1 sanpl e)
Carbon and all oy - 4. 0% (average of 7 sanpl es)
Car bon st eel - 3.48% (average of 10 sanpl es)

Manganese content of electric arc furnace slag also varies with the
type of steels nmade. The average Mh content is around 4 percent.?
Tabl e 4-21 presents manganese eni ssion factors for electric arc
furnace operations.
Source Locati ons- -
Table 4-22 lists the |ocations of EAF shops in the United
St at es.



TABLE 4-21. MANGANESE EM SSI ON FACTORS FOR ELECTRI C ARC FURNACE OPERATI ONS
Em ssion factors2?®
kg/ My (I b/ton)
Sour ce Control equi pment of product
Mel ting and refining Uncontrol | ed 0.665 (1.33)¢
carpon steet

Roof nonitor em ssions Uncontrol | ed 0. 0245 (0.049)
(charging, tapping,
and sl aggi ng)

Mel ting, refining,
char gi ng, tapping,

and sl aggi ng
Car bon st eel Uncontroll ed 0.875 (1.75)
DEC pl us chargi ng hood to 0. 00075 (0.0015)
common fabric filter
Al'l oy steel Uncontrol | ed 0.328 (0.656)¢

Total buil ding evacuation 0.0087 (0.0174)
to fabric filter

2 Reference 1.

b Most of the nmanganese emissions are in the form of oxides.

¢ Mh content of EAF dust--carbon steel, 3.48 percent (average of 10
sanpl es) . 11

¢ Mh content of EAF dust--low and nediumalloy, 5.76 percent.11



TABLE 4-22.

ALPHABETI CAL LI STI NG (BY COVPANY NAME) OF

ELECTRI C ARC FURNACE/ LOCATI ONS I N THE UNI TED STATES?

Pl ant/l ocation

Pl ant/l ocation

Pl ant/l ocation

AL Tech Specialty Steel Corp.,
Watervliet, New York

Al 'l egheny Ludl um Steel Corp.,
Brackenri dge, Pennsyl vania
St eel

ARMCO, | nc.
° Baltinore Wrks,
Bal ti more, Maryl and

° Butler Wbrks,
Conpany,
Butl er, Pennsyl vania

° Houston Works,
Houst on, Texas

° Kansas City Works,
Kansas City, M ssouri

° Marion Works,
Marion, Ohio

° Sand Springs Works
Sand Springs, Ol ahom

Atl antic Steel Company
° Atlanta Wrks,
Atl anta, Georgia

° Cartersville Wrks,
Cartersville, Georgia

Auburn Steel Conpany,
Auburn, New York

Babcock & W/ cox Conpany,
Beaver Falls, Pennsylvania

Bayou Steel Corporation,
New Ol eans, Louisiana

Bet hl ehem St eel Corp.
° Bet hl ehem Pl ant,
Bet hl ehem Pennsyl vani a

° Steel ton Plant,
St eel ton, Pennsyl vani a

° Johnstown Pl ant,
Johnst own, Pennsyl vani a

° Los Angeles Pl ant,
Los Angeles, California

° Seattle Plant,
Seattl e, Washington

Border Steel MIIls, Inc.
El Paso, Texas

Braeburn All oy Steel Division
Lower Burrell, Pennsylvania

I nterl ake, Inc.
Hoaganaes Cor poration
Gall atin, Tennessee

I TT Har per
Morton Grove, Illinois

(Conti nued)

B.W Steel,
Chi cago Heights, Illinois

Cabot Corporation
Stellite Division,

Kokono, | ndi ana

Caneron Iron Works, Inc.
Cypress, Texas

Car penter Technol ogy Corp.,

° Steel Division
Bri dgeport, Connecti cut

° Readi ng Pl ant,
Readi ng, Pennsyl vani a

Cascade Rolling MIls
MEM nnvill e, Oregon

The CECO Cor porati on
° Lenont Manufacturing Conpany
Lenont, Illinois

CF&l Steel Corp.
Puebl o, Col orado

Chanpi on Steel Corp.,
Owell, Chio

Chaparral Steel Co.,
M dl ot hi an, Texas

Charter Electric Melting, Inc.
Chi cago Heights, Illinois

Col unbi a Tool Steel Company
Chi cago Heights, Illinois

Connors Steel Co.,
° Bi rm ngham Wor ks,
Bi r m ngham Al abama

° Huntington Works
Hunti ngton, West Virginia

Continental Steel Co.,
Kokono, | ndi ana

Copperwel d Steel Co.,
Warren, Chio

Cruci ble, Inc.
° Stainless Steel Division,
M dl and, Pennsyl vani a

° Specialty Metals Division
Syracuse, New York

Nat i onal Forge Company

° Erie Plant
Eri e, Pennsylvania

° Irvine Forge Division
Irvine, Pennsylvania

4-51

Cycl ops Cor p.
Enpire Detroit Steel Division,

Mansfield, Chio
Uni versal Cycl ops Specialty
Bridgeville, Pennsylvania

Earle M Jorgensen Conpany,
Seattl e, Washington

Eastern Stainless Steel
Bal ti nore, Maryl and

Edgewat er Steel Corp.
Cakmont, Pennsyl vani a

El ectral l oy Corp.,
Gl Cty, Pennsylvania

Fi nkl e & Sons Conpany,
Chicago, Illinois

Fl orida Steel Corp.
° Charlotte MII
Charlotte, North Carolina

° Baldwin MI1,
Bal dwi n, Fl orida

° Tanpa MII,
Tanpa, Florida

Ford Motor Steel Division,
Dear born, M chi gan

Georgetown Steel Division,
Georgetown, South Carolina

Geor get own Texas Steel Corp.
Beaunmont, Texas

Green River Steel,
Onensbor o, Kentucky

Hawai i an Western Steel Ltd.,
Eva, Hawai i

Hurri cane I ndustri es,
Seal y, Texas

I ngersol Johnson Steel Conpany,
New Castl e, |ndiana

Ingersol Rand-QG| Field Prod.,
Panmpa, Texas

I nland Steel Conpany,
East Chi cago, Indiana

I ntercoastal Steel Corp.,
Chesapeake, Virginia

Roanoke El ectric Steel Corp.
Roanoke, Virginia

Roblin Steel Conpany
Dunki rk Works,
Dunki rk, New York



Tabl e 4-22 (conti nued)

Pl ant /| ocation

Pl ant/ | ocation

Pl ant/ | ocation

Jackson M1,
Jackson, Tennessee

Jessop Steel Conpany
Washi ngt on Works
Washi ngt on, Pennsyl vani a

Jones & Laughlin Steel Corp.
° C evel and Wrks
Cl evel and, Chio

° Pittsburgh Works
California
Pi tt sburgh. Pennsyl vani a

° Warren Wrks,
Warren, M chigan

Joslyn Stainless Steels,
Fort \Wayne, Indiana

Judson Steel Corp.,
Eneryville, California

Kentucky El ectric Steel Conpany,
Ashl and, Kent ucky

Keyst one Consol i dated |ndustries,

I nc.
Keyst one Group Steel Works
Peopria, Illinois

Knoxvill e Iron Company
Knoxvill e, Tennessee

Lacl ede Steel Conpany,
Alton, Illinois

Lat robe Steel
Lat robe, Pennsyl vani a

Lat robe Works
Lat robe, Pennsyl vani a

Lonestar Steel Conpany,
Lone Star, Texas

Lukens Steel,
Coat sville, Pennsylvania

MacSt eel Divi sion
Ft. Smith, Arizona

Mar at hon Le Tour neau Conpany,
Tenpe, Arizona

McCl outh Steel Corp .
Trenton, M chigan

M ssi ssi ppi Steel Division

FI omood Works, Fl owood, M ssissippi

Pennsyl vani a

Nat i onal St eel
Great Lakes Steel Division
Ecorse, M chigan

New Jersey Steel & Structure
Cor p.
Sayerville, New Jersey

Newport Steel,
Newport, Kentucky

North Star Steel Conpany
° St. Paul Plant,
St. Paul, M nnesota

° Monroe Plant, Mnroe, M chigan
° Wlton Plant, Wlton, |owa

Northwest Steel Rolling MIls,
Inc., Kent, Washington

Nort hwestern Steel & Wre
Sterling, Illinois

NUCOR Cor p.
Darlington MII,
Darlington, South Carolina

° Jewett MII,
Jewett, Texas

° Norfolk MI1,
Mor f ol k, Nebr aska

° Plymouth M11,
Pl ymout h, Ut ah

Onens El ectric Steel Conpany,
Cayce, South Carolina

Phoeni x St eel Cor p.
° Plate Division
Cl aynont, Del aware

Quant ex Cor p.
MacSt eel Divi sion
Jackson, M chigan

Raritan River Steel Conpany
Perth Anboy, New Jersey

Republic Steel Corp.

° Central Alloy Wrks
Canton, Chio

° Republic Steel Corp.

Sout h Chi cago WorKks,
South Chicago, Illinois

Ross Steel Works
Aml t o, Loui si ana

Sharon Steel Corp.
Sharon, Pennsyl vani a

Si nonds Steel Division,
Wal | ace Murray Corp.,
Lockport, Mew York

Soul e Steel Conpany,
Carson Works, Carson,

St andard Steel
Bur nham Pennsyl vani a

Structural Metals, Inc.,
Sequi n, Texas

Tel edyne Vasco,
Lat robe, Pennsyl vani a

Tennessee Forging Steel Corp.
° Harriman WrKks,
Harri man, Tennessee

Tennessee Forgi ning Steel Corp.
° Newport Works
Newport, Arkansas

Texas Steel Conpany,
Fort Worth, Texas

Ti nki n Conpany
° Steel and Tube Division
Canton, Chio

Torrence Pl ant,
Torrence, California

Uni on EYectric Steel Corp.
Bur gett st own, Pennsyl vani a

United States Steel Corp.
° Fairless Wrks,
Fairless Hills, Pennsylvania

° Johnst own Wor ks,
Johnst own, Pennsyl vani a

° National Duquesne WorKks,
Duquesne, Pennsyl vani a

° South Works,
South Chicago, Illinois
° Texas Works, Baytown, Texas

Washi ngton Steel Conpany,
Fitch Works, Houston,

aRef erence 6.

Note: This listing is subject to change as narket conditions change,

facility ownershi p changes, plants

are closed, etc. The reader should verify the existence of particular facilities by consulting current
The | evel of manganese emi ssions fromany given facility is a

listings and/or the plants thensel ves.
function of variables such as capacity,
direct contacts with plant personnel.

t hroughput and control neasures,
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4.6 | RON AND STEEL FOUNDRI ES
Figure 4-13 presents a generalized flow diagramfor iron and

steel four dries. The raw materials flow, sand preparation for the

nmol ds, and core preparation are simlar in both iron and steel
foundries. Three major types of furnaces are used in both: cupol as,

i nduction furnaces, and electric arc furnaces. About 70 percent of

all iron is produced in cupolas. A major portion of the remainder is
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produced in electric arc and induction furnaces. A small percentage
of melting in gray iron foundries takes place in air fur naces,
reverberatory furnaces, pot furnaces, and indirect arc furnaces.!?
Steel foundries rely alnost exclusively on EAFls or induction
furnaces; open hearth furnaces and i nduction furnaces are used
infrequently. 1

Raw mat eri al handling operations include receiving, unloading,
storage, and conveying all raw materials to the foundry. The raw
materials, which include pig iron, iron scrap, steel scrap, foundry
returns, ferroalloys, fluxes, additives, sand, sand additives, and
bi nders, are stored in both open and encl osed areas.
4.6.1 Cupolas

The cupola furnace is the ngjor furnace used in a gray iron
foundry. It is typically a vertical, refractory-lined, steel shell
which is charged at the top with alternate |ayers of pig iron, coke,
and flux. The larger cupolas are water-cooled. Air for conbustion
of coke is introduced at the bottom and the heat generated nelts the
charge. Hot-blast cupolas use preheated air. Typical nelting
capacities range from0.9 to 25 My (1 to 27 tons) per hour, and a few
units approach 90 My (100 tons) per hour.1l Cupolas can be tapped
ei ther continuously or intermttently froma side tap hole at the
bottom of the furnace.
4.6.2 Electric Arc Furnaces

El ectric arc furnaces used in foundries are the sanme as those
used in inteqrated steel plants described in Section 4.5.6.
4.6.3 |nduction Furnaces

I nduction furnaces are vertical refractory-lined cylinders
surrounded by electrical coils energized with alternating current.
The resulting fluctuating nmagnetic field heats and nelts the netal.

I nduction furnaces are kept cl osed except during charging, skiming,
and tapping operations. Tapping is done by tilting the furnace and
pouring the nmolten metal through a hole in the side. Induction
furnaces are also used to hold and superheat the charge after nelting
and refining has been done in other furnaces.

The basic nelting process operations are 1) furnace charging, in
whi ch nmetal, scrap, alloys, carbon, and flux are added to the



furnace; 2) nelting; 3) backcharging, which is the addition of nore
metal; 4) refining; 5) slag renoval; and 6) tapping into a |adle or
directly into nolds.
4.6.4 Casting and Finishing

When the nelting process is conplete, the molten nmetal is tapped

and poured into a ladle. In iron foundries the nolten netal may be
treated by the addition of magnesiumto produce ductile iron and by
the addition of soda ash or lime to renove sulfur. Sometines
graphite is added to adjust carbon levels. In steel foundries, the
mol ten steel may be further treated by all oy additions,
degasification, and other operations. The treated nolten netal is
then poured into nolds and allowed to cool partially. The partially
cool ed cast ings are placed on a vibrating grid, where the nold and
core sand i s shaken away fromthe casting.

In the cleaning and finishing process, burrs, risers, and gates
are broken off or ground off to match the contours of the castings;
the castings are then shot-blasted to renove remai ning nold sand and
scal e.

4.6.5 Em ssions and Em ssion Factors

Particul ate em ssions can occur during all of the operations
just discussed. Figure 4-13 indicates the major nanganese emn ssions
sources. The highest concentration of furnace em ssions occurs
during chargi ng, backcharging, alloying, slag renoval, and tapping
operations, when the furnace |lids and doors are opened. Em ssions
generated during the nelting and refining operations are vented
directly to a collection and control system Controls for fugitive
furnace emnmi ssions involve the use of roof hoods or special hoods in
proximty to the furnace doors and tapping | adles.

Hi gh- energy scrubbers and bag filters with respective
efficiencies greater than 95 percent and 98 percent are used to
control particulate em ssions from cupolas and electric arc furnaces.
I nduction furnaces are usually uncontrolled. !

The cal cul ated em ssion factors for nmanganese, which are based
on the Mh content in the particulate matter, are presented in Table
4-23 and Table 4-24 for iron and steel foundries, respectively.



TABLE 4- 23.

MANGANESE EM SSI ON FACTORS FOR | RON FOUNDRI ES

Sour ce

Cupol a

El ectric arc furnace

| nducti on furnace

Control equi pnent
Uncontrol | ed

Wet cap

| npi ngenent scrubber
Hi gh energy scrubber

Fabric filter

Uncontrol | ed

Fabric filter (99%
Uncontrol | ed

Em ssi on factorsa?®
kg/My (I b/ton) of iron

0.13 (0.25)¢
Range, 0.045-0. 215
(0.09 - 0.43)

0. 06 (0.12)
0.0375 (0.075)
0.006 (0.012)
0. 0015 (0.003)
0.075 (0.15)¢
Range, 0.045 - 0. 15
(0.09 - 0.30)

0. 00075 (0. 0015)
0.01125 (0. 0225)¢

a Reference 1.

Most of the nanganese emissions are in the form of oxides.

b

¢ Mh content in cupola dust = 1.5 percent (range of 1 to 2%.32

¢ Mh content in EAF dust = 1.5 percent.?

¢ Mh content assuned to be 1.5 percent (as in cupola and EAF dust).

TABLE 4-24. MANGANESE EM SSI ON FACTORS FOR STEEL FOUNDRI ES
Em ssion factors?
Sour ce Control equi pment kg/My (I b/ton) of stee

El ectric arc furnace

| nducti on furnace

Uncontrol | ed

ESP (95% effi ci ency)

Venturi scrubber
(97.5% ef fici ency)

Fabric filter
(98.5% ef ficiency)

Uncontrol | ed

0.26 (0.52)°
Range, 0.08 - 0.8
(0.16 - 1.6)
0.013 (0. 026)

0. 0065 (0.013)

0. 0004 (0.0008)

0.002 (0.004):¢

a Reference 1.

b Mh content in EAF dust = 4 percent (average of seven carbon and all oy

steel plants)*

¢ Mh content assuned to be 4 percent

(sane as EAF dust).



4.6.6 Source Locations

In 1978, a total of 2,728 foundries were producing iron and
steel castings throughout the United States. A high concentration of
these foundries were | ocated east of the Mssissippi. The follow ng

is a breakdown of the type of castings produced by these foundries.?2

Gray iron - 1400 foundries
Ductile iron - 590 foundries
Mal | eable iron - 107 foundries
St eel - 631 foundries
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4.7 BATTERY MANUFACTURI NG

In the present-day dry cells, the cathode is MO, with about 10
to 30 percent by weight carbon added to inprove the conductivity.
The collector fur the cathode is usually either a carbon rod or a
metal cod coated with carbon. The anode is usually the zinc can or
zinc sheet. The electrolyte used is generally either a saturated
sol uti on of anmmoni um chl ori de, NaOH or KOH.

Batteries that use a saturated solution of anmmoni um chl oride as
the electrolyte are known as Leclanche, cells (after their inventor).
The batteries that use NaOH or KOH as the el ectrol ytes are known as
al kaline cells. Alkaline cells generally performbetter than
Lecl anche, cells. The al kali ne manganese di oxi de-zinc cell is
essentially the sane as the Lecl anche, system except for the
el ectrolyte used. These cells have a better shelf life, good
| ow-tenperature performance, and | onger operating lives.



The Wh ore or synthetic oxides used in the manufacture of dry
cell batteries are generally received in bags already ground to the
requi red sizes. The bags are stored and covered with plastic covers.
The bags are manual |y dunped into storage hoppers. The materi al
handl i ng systens are provided with pickup hoods at all transfer
poi nts and evacuated to a fabric filter.* |In the subsequent steps,
the MO, powder is conmbined with the electrolyte and densified, and
the rest of the process is conducted under sem wet conditions.

4.7.1 Em ssions and Em ssion Factors

The only em ssion sources during dry battery manufacture are at
the points of initial handling of the Wh-ore or MhO, powders. In the
case of natural ores, grinding and screening nmay be done at these
poi nts, depending on the onsite facilities. These points are
generally well controlled by the use of hoods evacuated to fabric
filters. The nanganese content in the ore povder handling area is
moni tored regularly, and the values are found to be | ower than the
permtted limts.

4.7.2 Source Locations

Some of the principal manufacturers of Leclanche and M1O,-2Zn dry
cells in the United States are Bright Star Industries, Burgess
Battery Conpany, ESB Pol aroid, Marathon Battery Conpany, Ray-O Vac
Conpany, and Uni on Carbide Corporation.? Primary battery
manuf acturers, both dry and wet, are |isted under SIC Code 3692.

* Personal conmunication from Union Carbide Corporation personnel at
Cl evel and, GChio. Table 4-25 presents the Mi em ssion factors for
battery manufacturing.



TABLE 4-25. MANGANESE EM SSI ON FACTORS | N BATTERY MANUFACTURE?

Manganese
em ssion factors,?®
kg/ My (I b/ton)

Sour ce Control equi pment of material processed

Ore grinding Uncontrol | ed 15.0 (30.0)

Fabric filter 0.015 (0.03)
(99.9% ef fici ency)

Scr eeni ng Uncontrol | ed 0.5 (1.0)
Fabric filter 0. 0005 (0.001)
(99.9% ef fici ency)

Storage and han- Uncontrol | ed 2.2 (4.4)

ating Fabric filter 0. 0022 (0.0044)

(99% ef fi ci ency)

@2 Reference 1.
b Mh content of the ores = 50 percent (range = 48 to 53% . Manganese
is present as MO,. Pure MO, is 63.2 percent manganese.
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SECTION 5
I NDI RECT SOURCES OF MANGANESE

5.1 COCAL AND O L COVBUSTI ON

Manganese em ssions from conbusti on processes depend on the
manganese content of the fuel fired. The distribution of manganese
between boiler fly ash and bottom ash and the nmanganese content in
fine fly ash are two very inportant factors that influence
at nrospheric em ssions of manganese.

Manganese concentrations in coal range from5 to 240 ppm and are
typically around 25 ppm?! Table 5-1 shows the manganese
concentrations and ash contents of several U S. coals. Mnganese
concentrations in crude oil are much Iower, ranging fromO0.005 to
1.45 ppm and averaging 0.21 ppmfor U 'S. crude oils.?2 The manganese
content in residual fuel oils in the United States averages about
0.16 ppm The manganese content of distillate oil is reported to be
| ower than 0.01 ppmfromsone refineries.® Table 5-2 shows the
typi cal manganese content of several U S. crude oils.

The fate of trace elenents fromthe conbusti on process can be
classified by one of three categories:

Cass I. Approximately equal distribution between fly ash
and bottom ash.

Cass Il. Preferential distribution in the fly ash.

Class Ill. Discharge to the atnosphere primarily as vapors.

Many studi es on coal conbustion have indicated that manganese
em ssions fromthis source generally fall under Class |.% 1n a study
correlating trace el enent em ssions from hot-side and col d-si de
precipitators at coal-fired plants, however, manganese was found to
be nore concentrated in the fly ash fromthe col d-side station (i.e.,
Class Il behavior).® Manganese enissions fromoil conbustion
generally fall into Class Il, primarily because little bottomash is
formed in the oil conmbustion process.



TABLE 5-1. MANGANESE CONCENTRATIONS IN U. S. COALS?

Manganese | evel s Ash cont ent
Coal type (source) in coal, ppm of coal, %
Appal achi an
(Pennsyl vani a, Maryl and, Virginia,
West Virginia, Chio, Eastern
Kentucky, Tennessee, Al abamm) 5-55 6.2-18.3
Interior Eastern
(I'l'l'inois, Indiana, Wstern
Kent ucky) 6- 181 3.3-17. 3
Interior Western
(lowa, M ssouri, Kansas,
Okl ahoma, Arkansas) 108 25.9
Nor t hern Pl ai ns
(Montana, North Dakota, South
Dakot a) 88-101 11.3-15.8
Sout hwest ern
(Arizona, New Mexico, Col orado,
Ut ah) 6- 240 6.6-13.7

a Ref erence 4.

TABLE 5-2. MANGANESE CONCENTRATIONS IN U.S. CRUDE O LS?

Manganese concentrations

O | Source inoil, ppm
Ar kansas 0.12
California 0.14
Col or ado 0.21
Kansas 0.01
Mont ana 0. 005
New Mexi co 0.02
Gkl ahoma 0. 03
Texas 0. 03
Ut ah 1. 45
Wom ng 0. 04

a Ref erence 2.



The size distribution of manganese concentrations in the fly ash
is an inmportant consideration because this determ nes the efficiency
of particulate capture. Table 5-3 shows the particle size
distribution of airborne fly ash neasured at a coal -fired power
plant. The results reveal a slight tendency for increased nanganese
concentrations in the finer fly ash fractions. Table 5-4 shows
measur ed overall manganese particulate collection efficiencies for
various types of air pollution control devices. As shown, fabric
filters have hi gh manganese coll ection efficiencies.

TABLE 5-3. PARTI CLE SI ZE DI STRI BUTI ON OF MANGANESE
IN FLY ASH FROM COAL COVBUSTI O\

Particle dianeter, Manganese concentrati on,

Hm ppm

11.3 150
7.3-11.3 210
4.7-7.3 230
3.3-4.7 200
2.06-3.3 240
1. 06-2.06 470

a Measured by X-ray fluorescence spectronetry; Reference 5.

TABLE 5-4. MANGANESE PARTI CULATE COLLECTI ON EFFI Cl ENCI ES OF VARI QUS
TYPES OF CONTROL DEVI CES

Overal |
manganese
Contr ol col | ection
Sour ce devi ce type efficiency, % Ref er ence
Coal -fired El ectrostatic 94. 2 6
utility boiler precipitator
Coal -fired Fabric filter 99.8 7
utility boiler
Coal -fired Wet scrubber 98.1 8
i ndustri al
boi | er
Ql-fired Wet scrubber 83.3 9
i ndustri al
boi | er




5.1.1 Enission Factors

Manganese em ssions fromboilers are a function of the fue
type, furnace type (or firing configuration), and type of contro
device used. Table 5-5, Table 5-6, Table 5-7, and Table 5-8 present
em ssion factors for manganese fromcoal - and oil fired combustion in
utility, industrial, comrercial/institutional, and residenti al
boil ers, respectively. These em ssion factors are based on an
extensive survey of the existing literature.® As with all em ssion
factors, these are only general guidelines, and em ssions from
specific sources may vary consi derably.
5.1.2 Source Locations

I nformati on on individual source |ocations is available through
the Anerican Boil er Manufacturers Associ ation, the Electric Power
Research Institute, and data bases maintained by the U S.

Envi ronnental Protection Agency and the U. S. Departnment of Energy.
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TABLE 5-5. EM SSI ON FACTORS FOR MANGANESE FROM COAL AND O L COVBUSTI ON:
UTI LI TY BO LERS?

Manganese
Fuel type Furnace type Control device em ssion factor
pg/ JP
Bi t um nous Pul veri zed, El ectrostatic precipitator 41.3
coal dry-bottom Scr ubber 48. 2
None 98.0
Pul veri zed, El ectrostatic precipitator 33.5
wet - bot t om
Cycl one El ectrostatic precipitator 26.1
Scr ubber 54.2
None 98.0
St oker Mul ticycl ones 47.3
Anthracite Pul veri zed El ectrostatic precipitator 41.3
coal St oker Mul ticycl ones 47.3
Lignite Pul veri zed, El ectrostatic precipitator 18.1
coal dry-bottom
Pul veri zed El ectrostatic precipitator 14.7
wet - bot t om
Cycl one El ectrostatic precipitator 57.2
Mul ti cycl ones 711.0
St oker Multi cycl ones 47.3
Resi dual Tangenti al El ectrostatic precipitator 2.2
oi | None 11.0
val | El ectrostatic precipitator 2.2
None 11.0

2 Reference 9.
b Pi cogranms per joule of heat input to boiler; to convert frompg/J to
| b/ 10%2 Btu, nultiply by 2.33.



TABLE 5-6. EM SSI ON FACTORS FOR MANGANESE FROM
COAL AND O L COVBUSTI ON: | NDUSTRI AL BO LERS?

Manganese
em ssion factor,

Fuel type Furnace type Control device pg/ J®°
Bi t um nous Pul veri zed Mul ti cycl ones 29. 4
coal Scr ubber 6.3
St oker Mul ticycl ones 47.3
Resi dual oi l Tangenti al Scr ubber 1.3
None 6.5
wal | Scr ubber 1.3
None 6.5

a Ref erence 9.

b Pi cograms per joule of heat input to the boiler; to convert frompg/J to
| b/ 10%2 Btu, nultiply by 2.33.

TABLE 5-7. EM SSI ON FACTORS FOR MANGANESE FROM COAL AND O L COVBUSTI ON:
COMVERCI AL/ | NSTI TUTI ONAL BO LERS?

Manganese
em ssion factor,
Fuel type Fur nace type Control device pg/ J®°
Bi t um nous St oker None 111
coal
Resi dual oil Al None 6.5
Distillate oil Al None 0.6

@2 Reference 9.
b Pi cograms per joule of heat input to the boiler; to convert frompg/J to
[ b/ 1012 Btu, nultiply by 2.33.



TABLE 5-8. EM SSI ON FACTORS FOR MANGANESE FROM COAL
AND O L COVBUSTI ON: RESI DENTI AL BO LERS?

Manganese
em ssion factor,
Fuel type Furnace type Control device pg/ J®°
Bi t um nous coal Al | None 2150
Ant hracite coal Al | None 66. 2
Li gni te coal Al | None 430
Distillate oil Al | None 0.6

2 Reference 9.
b Pi cograms per joule of heat input to the boiler; to convert frompg/J to
| b/ 10%2 Btu, nultiply by 2.33.

5.2 CEMENT PRODUCTI ON

Cenment production is a potential source of manganese em ssions
because nanganese can be a conponent of the raw materials and because
manganese-contai ning fuels (e.g., coal and oil) are burned in the

process kilns and dryers. 1n 1981, approximately 67.6 mllion My
(75.1 mllion tons) of cenment was produced in the United States. The
manuf acture of portland cenent accounts for about 98 percent of this
total . Hydraul i c cenent, which includes portland, natural, masonry,
and pozzol an cenments, is listed under SIC Code 3241.

Two met hods are used for cenent manufacture. In the dry method,
feed materials are sent to the process as dry solids. In the wet

met hod, feed materials are mxed with water and sent to the process
as a slurry. O the total donestic cenent output, about 42 percent
or 28.4 mllion My (31.2 mllion tons) is produced by the dry nethod
and roughly 58 percent or 39.2 mllion My (43.9 mllion tons) is
produced by the wet nethod. The basic process flow diagramfor
cement production by the wet and dry nmethods is shown in Figure 5-1.

The raw materials used to nake cenent fall into four basic
categories: linme, silica, alumna, and iron. Approximtely 1600 kg
(3520 I'b) of dry raw materials are required to produce 1 My (1.1 ton)
of cenent.
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Figure 5-1. Basic process flow diagram for wet and dry cement production.



The quarried raw materials are crushed to a suitable size before they
enter either the wet or dry processing | oop. Regardless of the type
of process used, the materials are proportioned, ground to a finer

si ze, and bl ended before the primary cenment production steps are
begun.

In the dry process, the noisture content of the raw material is
reduced to less than 1 percent either before or during the grinding
operation. The dried materials are ground to a powder, blended to
the prescribed proportion, and fed directly into an inclined rotary
kiln. The powdered raw materials are fed into the upper end of the
kiln and travel slowy to the |lower end. The kilns are fired from
the | ower end, and the hot gases pass upward and through the raw
materials. Drying, decarbonating, and cal cining occur as the
material travels through the heated kiln and finally fuse to form
what is known as clinker. The clinker is then cooled, m xed with
about 5 percent gypsum by wei ght, and ground to a final product size.
The product is then stored for packagi ng and shi pnent.

In the wet process, a slurry is made by adding water to the raw
materials prior to the initial proportioning and grindi ng. Excess
water is then removed and the slurry is bl ended, m xed, and adjusted
to achi eve the proper conposition. This honogeneous m xture (which is
fed to the kilns) is usually either a slurry of 30 to 40 percent
moi sture or a wet filtrate of about 20 percent noisture. Wt process
kilns are usually longer than dry process kilns, as water nust be
evaporated in the first part of the kiln. The remaining steps (kiln
burni ng, clinker cooling, and gypsum addition) are the sane as those
in the dry process.

The dry process is nore fuel-efficient because | ess energy is
needed to evaporate the water before clinker formation. Mst new
pl ants use the dry process.

5.2.1 Em ssions and Em ssion Factors

Manganese em ssions consi st |argely of manganese-contai ni ng
particulate originating fromthe raw materials; however, particul ate
and manganese emni ssions generated by fuel combustion are also
present. The mmj or nanganese em ssion source is the rotary kiln.
Lesser amounts are emtted fromgrinding mlls and the clinker
cooler. In the initial grinding stage, em ssions are higher at
dry-process plants than at wet-process pl ants.

Most plants in the cement industry use controls such as

5-9



Bot h
efficiencies

ESF' s, and fabric filters.

fabric filters and nodern ESPls have particul ate renoval

mul ticycl ones, ESP's with cycl ones,

in excess of 99 percent. Milticyclones are about 80 percent

efficient. In 1979, the New Source Performance Standards based on 99
percent renoval efficiency were being nmet by 96 percent of the new
sources. !

Few di rect measurenents of nanganese em ssions from cenent

pl ants have been made; however, total particulate em ssions from each
stage of the process have been reported in References 1 and 3, and

t he manganese content of enissions (References 1 and 2) has al so been
The Mh content of Kkiln dust

reported values are 130 ppm (Reference 11 and 900 ppm (Reference 2).

measur ed. measured varies widely. Two

Al'l of these values were to calculate the em ssion factors shown in
Tabl e 5-9.

TABLE 5-9. MANGANESE EM SSI ON FACTORS FOR CEMENT PLANTS?

Mh em ssions factor,?2
Kg/ 10 My (Il b/ 10® tons)

Em ssi on Source Contr ol of cement produced
Dry process
Kiln Uncontroll ed 61(122)
ESP 0.0105 - 0.0625 (0.021 - 0.125)
Fabric filter 0.0065 - 0.062 (0.013 - 0.124)
Dryers and grinders Uncontrolled 24 (48)
Wet process
Ki | ns Uncontroll ed 57 (114)
ESP 0.01 - 0.071 (0.02 - 0.142)
Fabric filter 0.0245 - 0.066 (0.049 -0.132)
Dryers and grinders Uncontrolled 8 (16)
a i nker cooler
Fabric filter 0.0025 - 0.03 (0.005 - 0.061)
G avel bed 0.011 - 0.022 (0.023 - 0.045)

Wet scrubber

0.011 (0.022)

a Manganese em ssion factors were obtained by nultiplying particul ate

factors

manganese in particul ate em ssions).

oxi de.

from References 1 and 3 by 0.05 percent
Manganese i s probably present
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5.2.2 Source Locations

Table 5-10 lists the |ocations of cenent plants in the United
St at es.

TABLE 5-10. LOCATI ON OF CEMENT PLANTS IN THE UNI TED STATES?

Plants active
St ate(s) (as of Decenber 31, 1980)

New Yor k and Mal ne 9
Pennsyl vani a, Eastern

=
IR

Pennsyl vani a Western

Maryl and and West Virginia
Ohio

M chi gan

I ndi ana

Il1linois

Tennessee

Kentucky, North Carolina, Virginia
Sout h Carolina

Fl ori da

Ceorgi a

Al abanma

Loui si ana and M ssi ssi pp
Nebr aska and W sconsin
Sout h Dakot a

| owa

M ssouri

Kansas

o 00 N O 0 A N WO W w o M o1 N 00 B~ Db

Okl ahoma and Ar kansas

©

Texas 1
Wom ng, Montana, and |daho

Col orado, Arizona, Utah, New Mexico

Washi ngt on

Oregon and Nevada

California, North

California, South

Hawai

Puerto Rico

N N O W B 0O b

Tot al 163

a Ref erence 4.
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5.3 MJNI Cl PAL REFUSE AND SEWAGE SLUDGE | NCI NERATI ON

Manganese em ssions can result fromthe incineration of
muni ci pal refuse and sewage sludge. Table 5-11 shows typica
manganese | evels in such wastes. Concentrations of manganese in
muni ci pal sewage vary w dely, depending on the sewered industrial
popul ati on, the m xing of stormand sanitary sewage, and the anount
of infiltration of material other than sewage sl udge.!?

TABLE 5-11. MANGANESE CONCENTRATI ONS I N MUNI CI PAL REFUSE AND
SEWAGE SLUDGES

(ppm
Waste type Range Mean Ref er ence
Muni ci pal refuse 50- 480 85 1
Sewage sl udge 100- 8800 1190

Muni ci pal incineration is a process that reduces the vol une of
solid waste by burning. Sone incinerators are best suited for
i ncineration of a waste with particul ar physical characteristics.
Typi cal munici pal refuse incinerators consist of either
refractory-lined or water-walled conbustion chanbers with a grate
upon whi ch refuse is burned.? Figure 5-2 shows the basic
configuration of a nunicipal refuse incinerator. The nanganese-| aden
exhaust gases are commonly sent to a control device before being
emtted to the atnosphere. Sewage sludges are typically conbusted in
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mul ti pl e-hearth, fluidized-bed, or rotary kiln incinerators.* Figure
5-3, Figure 5-4, and Figure 5-5 are schematics of a nultiple-hearth,
fluidized-bed, or rotary kiln incinerator system respectively.

5.3.1 Enission Factors

Manganese em ssions form nmuni ci pal refuse and sewage sl udge
i ncineration are a function of 1) the manganese concentration of the
refuse or sludge, 2) the anmount of nanganese adsorbed on the
particulate or volatized in the gas stream and 3) the type of air
pol lution controls used.! The conbustion tenperature of the
i nci nerator can influence the volatilization of the manganese speci es
and increase em ssions. Miltiple-hearth and fl uidi zed-bed
i nci nerators operate at tenperatures of 1030-1370K; rotary-kiln
i ncinerators sonetines operate at even higher tenperatures.® 1In
fluidized-bed units, the velocity of the fluidizing air, which
controls the rate of eluriation, also affects atnospheric manganese
em ssons. Over the years, the control systems used on nunicipa
i nci nerators have evolved fromsystens that sinply reduce gas
velocity in settling chanbers to sophisticated electrostatic
precipitators that renove up to 99 percent of all particulate matter.
Wet scrubbers and (to a |l esser extent) fabric filter systens are al so
used.

Tabl e 5-12 presents manganese eni ssion factors for controlled
and uncontroll ed munici pal refuse and sewage sl udge incinerators.
This tabl e shows that incinerators equipped with electrostatic
precipitators or scrubbers emt only a very small fraction of the
manganese typically present in the incom ng waste. The em ssion
factors for nmunicipal refuse incinerators are based on two
measur enments, whereas those for the multiple-hearth and fluidized bed
sewage sl udge incinerators are based on four and three unit
measur ements, respectively. No data were avail able on emni ssion
factors for manganese fromrotary kiln incinerators.

The city of Gallatin, Tennessee, burns nunicipal wastes in two
100-ton-per-day rotary conbustors and uses the heat to produce
steam 6 Measured uncontrol | ed nanganese em ssions were 0.030
kil ogram per negagram of waste (0.060 pound per ton); 95 pecent by
wei ght of the manganese was found in the particles |arger than 3.9
m croneters. In contrast, appreciable fractions of total arsenic,
cadm um zinc, mercury, lead, antinony, and tin were found in the
<l-pm particles.
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TABLE 5-12. EM SSI ONS FACTORS FOR MANGANESE FROM MUNI CI PAL
REFUSE AND SEWAGE SLUDGE | NCI NERATORS?

Manganese em ssion factor,

I nci nerator Contr ol kg/ My (I b/ton)
type devi ce of waste incinerated
Muni ci pal refuse None 0. 025 (0.05)
Muni ci pal refuse El ectrostatic 0. 005 (0.01)
precipitator
Sewage sl udge Wet scrubber 0.002 (0.004)

mul tiple-hearth

Sewage sl udge Wet scrubber 0. 0003 (0.0006)
fluidi zed- bed

a References 6 and 7.
5.3.2 Source Locations

Tabl e 5-13 presents a breakdown (by state) of the nunber of
muni ci pal refuse and sewage sludge incinerators in the United States.
In 1978, a total of 106 nunici pal refuse and 358 sewage sl udge
i ncinerators were in operation nationw de. Information on the
specific locations of these facilities can be found in the Conpliance
Data System or National Em ssions Data System mai ntained by the U S.
Envi ronnental Protection Agency.
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TABLE 5-13. POPULATI ON OF MUNI Cl PAL REFUSE AND SEWAGE SLUDGE
I NCI NERATORS | N THE UNI TED STATES, 19782

Nunmber of nuni ci pal Nunber of sewage

State refuse incinerators sl udge incinerators
Al abama 1
Al aska 6
Ar kansas 2
California 18
Connecti cut 16 11
Del awar e 1
Fl ori da 8 3
Ceorgi a 8
Hawai i 2
Illinois 4 6
I ndi ana 1 10
| owa 4
Kansas 4
Kent ucky 4
Loui si ana 3 6
Mai ne 1
Mar yl and 1 7
Massachusetts 15
M chi gan 3 55
M nnesot a 11
M ssouri 2 16
Nebr aska 2
Nevada 3
New Hanpshire 2 5
New Jer sey 7 17
New Yor k 31 32
North Carolina 5
Chio 6 27
Gkl ahoma 2
Oregon 1
Pennsyl vani a 10 21
Rhode I sl and 1 5
Sout h Carolina 3
Tennessee 2 9
Texas 9
Ut ah 2
Virginia 2 15
Washi ngt on 5
West Virginia 3
W sconsi n 4 4

Tot al 106 358

a Ref erence 3.
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5.4 MANGANESE FUEL ADDI Tl VES

Manganese organonetal i c conpounds are used as fuel additives.
The nost inportant is tricarbonyl nethyl-cycl opentadi enyl manganese
[ CH,GH,Mn(CO) 5] . Usual ly known as MMI, this additive is used as an
octane enhancer in |eaded gasoline. Oher manganese carbonyls and
substituted carbonyls are used as snmoke suppressants in diesel fuel,
residual fuel oil, and jet fuel. Most of the additives (about 99
percent) are burned along with the fuel and the manganese is
converted to the oxide, M304.%2 Manganese in unburned and spilled
fuel is rapidly converted by sunlight to manganese oxi des and
carbonates. 1.2

Et hyl Corporation (the only producer of MMI) devel oped this
additive in 1957; however, its use was limted because it is nuch
nore expensive than tetraethyl and tetranethyl |ead. Wen |ower |ead
| evel s in gasoline were mandated, MMI was used as a partial |ead
replacement. At levels of 1/8 to 1/2 gram per gall on of gasoline,
MMI enhanced the octane inprovenent achi eved by | ead conmpounds.
Subsequently, studies at General Mtors®*#* found that MMI contri buted
to the plugging of catalytic converters, and studies at Ford®
concluded that MMI had an adverse effect on the control of
hydrocarbon em ssions. In another study,® the investigator concluded
that MMI did not have adverse effects at |levels of 1/4 gram per
gal I on of gasoli ne.

An EPA statistical evaluation of all published reports7 led to
the foll ow ng conclusions, which have a confidence | evel of at |east
98 percent:

* MMI was strongly suspected of having an adverse effect on the
oxygen sensors used in catalytic converters.

Some increased potential for catalyst plugging was evident with
i ncreased use of MMI.

MMI caused or contributed to the failure of notor vehicles to
comply with hydrocarbon emnmi ssion |evels.
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Because the case for the benefits of using MMI, such as catal yst
enhancenent and fuel econony, could not be established, EPA has
prohi bited the use of MMI in unleaded gasoline. The EPA is also
requiring the phase-out of the use of MMI in | eaded gasoline.?®
5.4.1 Processing Procedures

It was not clear which of the nunber of procedures for meking
MMTI described in Ethyl Corporation's patents is used in the
manuf acturing process. Information from published work9, 10 nake it
apparent hi gh carbon nonoxi de pressures (300 atnospheres typical),
el evated tenperatures (200°C typical), and strongly reducing
conditions are common to all procedures. The follow ng are exanpl es:

" Manganese chl oride, methyl cycl opentadi ene, carbon nonoxi de, and
magnesi um netal are reacted at 200°C and 300 at nospheres in
di met hyl -formam de sol ution to which am nes have been added.
The yield is 70 percent.

" The pyridine conmpl ex of manganese chl ori de, magnesi un netal,
met hyl cycl opent adi ene, and carbon nonoxi de are reacted under
heat and pressure (conditions not specified) in
di met hyl f ormam de solution and in the presence of hydrogen gas.
The yield is 80 percent.

" Manganese chloride is reacted with the nolten magnesi um
met hyl - cycl opent adi ene salt and carbon nonoxi de under heat and
pressure. The yield is 37 percent.

Manganese carbonyl, M\,(CO ,, (also a fuel additive), is prepared
by reacti ng manganese acetate, triethyl-alum num and carbon
nmonoxi de under pressure in diisopropyl ether solution. The
yield is 50 to 60 percent.
These reactions take place in closed reactors, and the reactor
must be carefully depressurized and cool ed to anbi ent or near-anbi ent
tenperatures to prevent the volatilization of noxious, toxic, and
expensi ve solvents and the escape of carbon nonoxi de.
5.4.2 Em ssions
Combusti on Em ssions--

A publication from Et hyl Corporation! described a mathemati cal
nmodel that indicated hydrocarbon em ssions increased Ilnearly with
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MMT | evels in fuel and that MMI enhanced catal ytic converter
efficiency. The finding regarding increased em ssions supported
EPA' s position. A 1983 patent?'? indicated that hydrocarbon emn ssions
fromvehicles fueled with MMI-contai ni ng gasoline were reduced by 27
percent by the addition of 1,3 dioxolane. The patent did not

i ndi cate whether the inventor had any corporate affiliation. Such an
additive, could extend the use of MV

Approxi mately 500 tons of nmanganese-contai ning fuel additives
were used in 1974.1% Peak U. S. production was 3750 tons in the 12
nonths prior to MMI's ban in Septenber 1978.'% Based on a nanganese
content of 24.7 percent in the MMI, and conservatively assun ng that
all manganese is exhausted to the atnosphere, this corresponds to
annual manganese eni ssions of 930 tons from fuel combustion. Data
are not available on the actual percentage of manganese from MMI that
is exhausted. Only about 0.1 percent of MMI is enmitted unburned from
the tail pipe. Most of the manganese is converted to M;O,. Current
em ssi ons due to manganese-contai ning fuel additives are | ower and
decr easi ng.

Evapor ati on- -

The evaporation of MMI and ot her nanganese carbonyls is probably
not a source of significant manganese air em ssions. Commercial MVI
is a dark orange liquid that solidifies at -2°C (28°F) and has a
boi ling point of 233°C (451°F).! The flash point is above 110°C
(230°F), and the density is 1,38 grans per milliliter or 11.5 pounds
per gallon.! Typically, gasoline is 90 percent distilled at 167°C
(333°F), and the dry point is 209°C (408°F).*® Hence, MM is
appreci ably less volatile than gasoline. O her manganese carbonyls
have sim lar volatilities, Therefore, evaporative |osses fromfue
tanks are not a significant source of nanganese em ssions.

Process Losses --

The manufacture of MMI (because of its low volatility) and other
manganese- cont ai ni ng fuel additives is not a source of significant
manganese air em ssions. Process yields, however, are substantially
| ess than 100 percent, and there may be significant amunts of
manganese- cont ai ni ng hazardous wastes that would require carefu
di sposal to avoid ground-water contam nation.
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SECTI ON 6
SOURCE TEST PROCEDURES

6.1 LI TERATURE REVI EW OF SAMPLI NG METHODS

Sampling stationary source em ssions for manganese requires a
procedure that provides representative sanples; therefore, sanpling
must be done isokinetically with a sanpling train that has a high
efficiency for renoving manganese. The EPA Method 5 source sanpling
train, Figure 6-1, is the basic sanpling systemused to obtain
representative particul ate eni ssion sanples fromstationary sources.!?
A heated glass-fiber filter with a collection efficiency of 99.95
percent for particles 0.3 mmin dianeter provides the main
particul ate sanple collection surface. Large particles are also
caught in the probe and nozzle. Particulate natter recovered from
the probe, nozzle, filter, and front-half of the filter holder are
defined as the particulate sanple used to cal culate em ssions from
sources subject to New Source Performance Standards. The inpinger
section of the Method 5 sanpling train is efficient for collecting
particles that penetrate the filter media and aerosols. |If
necessary, the inpinger contents can be recovered and anal yzed.

6.2 LI TERATURE REVI EW OF ANALYTI CAL PROCEDURES
6.2.1 Wet Chem cal Method
The Periodate Method is the classic wet-chem cal nethod of

anal yzi ng air sanples for nanganese.? The nature of this nethod is
such that it can be used in al nost any chemical |aboratory with
relatively sinple equipnent. |If necessary, the final colorinetric
estimation can be nade satisfactorily with Nessler tubes. During
anal ysis of very |low concentrations, it is difficult to get and

mai ntai n conpl ete oxi dati on of the manganese to pernmanganate. Al so,
the sensitivity of this nethod is rather poor conpared with that of
ot her nethods.
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6.2.2 Spectrographic Method
The spectrographic nethod has been used, for some tinme to

determ ne trace netals, including manganese, in air sanmples. Chol ak
and Hubbar d® descri bed a spectrochem cal nmethod in which the nmanganese
is isolated frominterferences and concentrated in a small vol ume by
conplexing it with sodiumdiethyl-dithio- carbonate, and extracting
it with chloroformbefore analysis with the spectrograph. Tabor and
Warren® briefly discuss a sem quantitative nethod suitable for
estimating trace nmetal s, including nanganese, in sanples collected on
gl ass-fiber filters such as those used in air sanpling. The
advant ages of spectroscopy are that it can be made specific (or
nearly so) for alnost any element, its sensitivity is adequate for
nmost types of air sanples, and it can be used for concurrent
determ nati on of a nunber of elenments in the sane sanple.
6.2.3 Atom c Absorption

Sal vin descri bed the use of atom c absorption analysis for trace

nmet al s, including manganese, in the atnosphere.®> The advantages of
this nmethod over the others are that it is relatively sinple to use
and it is highly specific for a given elenent, Also, its sensitivity
is as good or, in mny cases, better than that of other nethods.

When gl ass-fiber filters are used, silica extracted fromthe fibers
car interfere with the determ nati on of nanganese, zinc, iron, and

ot her elenents unless they are renoved by the presence or addition of
calciumto the solution before anal ysis.

6.2.4 Neutron-Activation Analysis

Neutron-activation analysis is nost suitable for the anal ysis of
very | ow concentrations (nanogramrange) of nanganese. The use of
this nmethod for air sanples is described by N Fong, et al., and Danms,
et al.®7 The principal disadvantage of this nmethod is that it is
necessary to have access to a suitable neutron source.



REFERENCES FOR SECTI ON 6

1. St andards of Performance for New Stationary Sources. Federal
Regi ster, 42 (160), August 18, 1977.

2.  Anerican Conference of Governnmental Industrial Hygienists.
Manual of Anal ytical Methods Reconmended for Sanpling and
Anal ysi s of Atnospheric Contam nants. 1958.

3. Chol ak, J., and D. M Hubbard. Determ nation of Manganese in Air
and Bi ol ogical Material. Amer. Ind. Hyg. Assoc. 3., 21:356-360,
1960.

4. Tabor, E. C., and W V. Warren. Distribution of Certain Metals
in the Atnosphere of Sonme Anerican Cities. AMA Arch. Ind.
Heal t h, 17: 145-151, 1958.

5. Sal vin, W Atom c Absorption Spectroscopy. Interscience
Publ i cati ons, New York. 1968.

6. Nifong, G D., E. A Boettnee, and J. W Wnchester. Particle
Size Distributions of Trace Elenents in Air Pollution Aerosols.
Amer. Ind. Hyg. Assoc. J.

7. Dans, R, et al. Nondestructive Neutron Activation Analysis of
Air Pollution Particulates. Anal. Chem, 42:861-867, 1970.

6-4



TECHN!CAL REPORT DATA

{Please read Instructions on the reverse before completing)

-

. REPORT NO.

EPA-450/4-85-007h

2.

3. RECIPIENT'S ACCESSION NO.

4. TITLE AND SUBTITLE 5, REPORT DATE
Locating And Estimating Air Fmissions From Sources Of September 1985
Manganese 6. PERFORMING ORGANIZATION CODE
7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NO.
{ 4
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO.

11. CONTRACT/GRANT NO.

12. SPONSORING AGENCY NAME AND ADDRESS
Office Of Air Ouality Planning And Standards (MD 14)

13. TYPE OF REPCRT AND PERIOD COVERED

U. S. Environmental Protection Agency
Research Triangle Park, NC 27711

14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

EPA Project Officer Thomas F. Lahre

.
.

16. ABSTRACT

potentially toxic substances, EPA is preparing a series

This document deals specifically with manganese.

emissions therefrom.

This document presents information on 1) the types

for manganese release into the air from each operation.

To assist groups interested in inventorying air emissions of various

of documents such as this

to compile available information on sources and emissions of these substances.
Its intended audience includes
Federal, State and local air pollution personnel and others interested in
locating potential emitters of manganese and in making gross estimates of air

of sources that may emit

manganese, 2) process variations and release points that may be expected within
these sources, and 3) available emissions information indicating the potential

KEY WORDS AND DOCUMENT ANALYSIS

DESCRIPTORS b.IDENTIFIERS/OPE

N ENDED TERMS |c. COSATI Field/Group

Manganese

Emissions Sources

Locating Air Emission Sources
Toxic Substances

18. DISTRIBUTION STATEMENT 19. SECURITY CLAS

21. NO. OF PAGES

118

S (This Report)

20. SECURITY CLAS

S /This page) 22. PRICE

EPA Form 2220-1 (Rev. 4-77) PREVIOUS EDITION IS OBSOLETE




	Contents
	Section 1: Purpose of Document
	Section 2: Overview of Document Contents
	Section 3: Background
	3.1 Manganese Characteristics
	Table 3-1

	3.2 Overview of Manganese Production
	3.2.1 Production of Ferroalloys
	Table 3-2
	Table 3-3
	Table 3-4

	3.2.2 Production of Manganese Metals
	3.2.3 Production of Manganese (II) Oxide  EPA Decal Item Description Item Location Acquisition Cost
	3.2.4 Production of Synthetic Manganese Dioxide
	3.2.5 Production of Manganese Chemicals

	3.3 Overview of End Uses of Manganese
	3.3.1 Metallurgical Uses
	Figure 3-1
	Table 3-5
	Table 3-6

	3.3.2 Nonmetallurgical Uses of Manganese Oxides
	Table 3-7

	3.3.3 End Uses of Manganese Compounds
	Table 3-8
	Table 3-9


	References

	Section 4: Manganese 
	4.1 Manganese Ore Beneficiation, Transport, and Storage
	4.1.1 Emissions and Emission Factors

	4.2 Production of Manganese-Bearing Alloys
	4.2.1 Electric Arc Furnace Process
	Table 4-1
	Figs. 4-2, 4-3, 4-4
	4.2.2 Emissions and Emission Factors
	4.2.3 Source Locations
	Table 4-2
	Table 4-3
	Table 4-4
	Table 4-5
	Table 4-6
	References

	4.3 Production of Manganese Metal and Synthetic Manganese Oxide
	4.3.1 Manganese Metal
	4.3.2 Synthetic Manganese Oxides
	Figure 4-5
	4.3.3 Emissions and Emission Factors
	Figure 4-6
	Table 4-7
	4.3.4 Source Locations
	Table 4-8
	References

	4.4 Production of Manganese Chemicals
	4.4.1 Manganese Sulfate Process
	4.4.2 Manganese Oxide Process
	4.4.3 Potassium Permanganate Process
	4.4.4 Emission Sources and Emission Factors
	Figure 4-7
	Table 4-9
	4.4.5 Source Locations
	References

	4.5 Iron and Steel Production 
	4.5.1 Blast Furnace Operations
	Table 4-10
	Figure 4-8
	Table 4-11
	Table 4-12

	4.5.2 Sintering Operations
	Table 4-13
	Figure 4-9
	Table 4-14

	4.5.4 Open Hearth Furnace Operations
	Table 4-15
	Figure 4-10
	Table 4-16

	4.5.5 Basic Oxygen Furnace Operations
	Table 4-17
	Figure 4-11
	Table 4-18

	4.5.6 Electric Arc Furnace Operations

	4.6 Iron and Steel Foundries
	Figure 4-13
	4.6.1 Cupolas
	4.6.2 Electric Arc Furnaces
	4.6.3 Induction Furnaces
	4.6.4 Casting and Finishing 
	4.6.5 Emissions and Emission Factors
	Table 4-23
	Table 4-24
	4.6.6 Source Locations
	References for Section 4.6
	Table 4-19
	Table 4-20
	Figure 4-12
	Table 4-21
	Table 4-22
	References 
	Figure 4-13

	4.7 Battery Manufacturing
	4.7.1 Emissions and Emission Factors
	4.7.2 Source Locations
	Table 4.25
	References


	Section 5:  Indirect Sources of Manganese
	5.1 Coal and Oil Combustion
	Table 5-1
	Table 5-2
	Table 5-3
	Table 5-4
	5.1.1 Emission Factors
	5.1.2 Source Locations
	References
	Table 5-5
	Table 5-6
	Table 5-7
	Table 5-8

	5.2 Cement Production
	Figure 5-1
	5.2.1 Emissions and Emission Factors
	Table 5-9
	5.2.2 Source Locations
	Table 5-10
	References

	5.3 Municipal Refuse and Sewage Sludge Incineration
	Table 5-11
	Figure 5-2
	5.3.1 Emission Factors
	Figure 5-3
	Figure 5-4
	Figure 5-5
	Table 5-12
	5.3.2 Source Locations
	References
	Table 5-13

	5.4 Manganese Fuel Additive
	5.4.1 Processing Procedures
	5.4.2 Emissions
	References


	Section 6: Source Test Procedures
	6.1 Literature Review of Sampling Methods
	6.2 Literature Review of Analytical Procedures
	6.2.1 Wet Chemical Method
	Figure 6-1
	6.2.2 Spectrographic Method
	6.2.3 Atomic Absorption
	6.2.4 Neutron-Activation Analysis

	References




