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SECTION 1

PURPCSE OF DOCUMENT

The U. S. Environmental Protection Agency (EPA), States, and
| 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 programs to regulate em ssions. Unfortunately, very
little information is available on the anbient air concentrations of
t hese substances or on the sources that may be di scharging themto
t he at nosphere.

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
with nickel and nickel conmpounds. Its intended audi ence includes
Federal, State, and local air pollution personnel and others who are
interested in locating potential emtters of nickel and meking gross
estimates of air em ssions therefrom

Because of the limted anounts of data avail abl e on nicke
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 nickel, (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 nickel or nicke
conpounds to be released into the air from each operation.



The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical estinmates of
the accuracy of these emi ssion factors, no estimate can be made of
the error that could result when these factors are used to cal cul ate
em ssions for any given facility. It is possible, in some extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations, control equipment, and operating practices. Thus, in
situati ons where an accurate assessnent of nickel em ssions is
necessary, source-specific information should be obtained to confirm
the existence of particular emtting operations, the types and
ef fecti veness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be
consi dered as the best neans to determine air em ssions directly from
an operati on.



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 nickel and nicke
conmpounds and making gross estimtes of air emi ssions therefrom
Because of the limted background data avail able, the information
summari zed in this docunment does not and should not be assumed to
represent the source configuration or em ssions associated 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 remaining sections of this report.

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

The fourth section of this docunent focuses on mgjor industrial
source categories that may di scharge ni ckel -containing air em ssions.
Section 4 discusses the production of nickel and nickel conpounds,
the use of nickel as an industrial feedstock, and the discharge of
ni ckel fromindustrial sources due to its being a trace contani nant
in fossil fuels. For each major industrial source category described
in Section 4, exanple process descriptions and flow di agrans are
gi ven, potential em ssion points are identified, and avail abl e
em ssion factor estimates are presented that show the potential for



ni ckel em ssions before and after controls enpl oyed by industry.

I ndi vi dual conpani es are naned that are reported to be involved with
ei ther the production and/or use of nickel and nickel conpounds based
on industry contacts and avail abl e trade publications. Were
possi bl e, the chem cal form of nickel em ssions is identified as this
paraneter is inmportant in considerations of health effects.

The final section of this document summarizes avail abl e
procedures for source sampling and analysis of nickel. Details are
not prescribed nor is any EPA endorsenent given or inplied to any of
these sampling 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 sanpling procedures,
citing references for those interested in conducting source tests.

Thi s docunent does not contain any discussion of health or other
environnmental effects of nickel or nickel-containing conpounds, nor
does it include any discussion of anbient air levels or anbient air
nmoni t ori ng techni ques.

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

Chi ef, Source Analysis Section (MD14)

Air Managenent Technol ogy Branch

U S. Environnental Protection Agency
Research Triangle Park, North Carolina 27711



SECTION 3

BACKGROUND

NATURE OF POLLUTANT

Nickel (Ni) is a lustrous white, hard, ferromagnetic netal found
in transition group VIIl of the Periodic Table. It has high
ductility, good thermal conductivity, high strength, and fair
el ectrical conductivity.? It constitutes approximately 0.009 percent
of the earth's crust, making it the 24th nobst abundant el enent.?

Ni ckel can achi eve several oxidation states including -1, O +1, +2,
+3, and +4; however, the mpjority of nickel conpounds are nickel +2
species. Nickel does not occur in nature as the pure netal but as a
conponent of other mnerals.?3 The nost prevalent forns of nicke

m nerals are sulfides, oxides, silicates, and arsenicals. N ckel

sul fides, silicates, and oxides are the npbst inportant nicke
mnerals froma mning and natural resource standpoint.? The nost
common ni ckel sulfide mneral, pentlandite [(N Fe),Sg], accounts for
the majority of the nickel produced in the world.*% Physica
constants and properties of nickel are presented in Table 1.46

Ni ckel is an inportant netal because of its nmarked resistance to
corrosion and oxidation in both air and aqueous environnents. The
corrosive resistance of nickel to caustic soda and other alkalies is
excellent, and it is fairly resistant to corrosion by sulfuric acid,
hydrochl oric acid, and organic acids. N ckel is also relatively
resistant to corrosion fromexposure to chlorine, fluorine, hydrogen
chloride, and nmolten salts. However, in the presence of a strongly
oxi di zing acid such as nitric acid, nickel exhibits a poor resistance
to corrosion. Oher conpounds which are corrosive to nickel include
oxi di zi ng and nonoxi di zi ng acid salts and oxidizing al kaline salts.



TABLE 1. PHYSI CAL PROPERTI ES OF NI CKEL*®

Property Val ue
Mol ecul ar Wi ght 58.71
Crystal Structure face centered cube
Melting Point, °C 1453
Boiling Point, °C 2732
Density at 20°C, g/cn? 8.908
Specific Heat at 20°C, kJ/(kg-K) 0. 44
Aver age Coefficient of Thermal Expansion x 10¢ per °C

at 20-100°C 13.3

at 20-300°C 14. 4

at 20-500°C 15.2
Thermal Conductivity, W(mK)

at 100°C 82.8

at 300°C 63.6

at 500°C 61.9
Electrical Resistivity at 20°C, pohmcm 6. 97
Lat ent Heat of Fusion, J/g 297. 06
Latent Heat of Vaporization, J/g 6222
Solubility

in water i nsol ubl e

in slightly dilute nitric acid sol ubl e

in hydrochloric or sulfuric acid

Vapor Pressure, mm Hg
1810°C
2057°C
2234°C
2364°C
2603°C

slightly soluble

10
40
100
400




Ni ckel carbonyl [Ni(CO, is a colorless or slightly yell ow
liquid that is formed by the direct conbination of netallic nicke
and carbon nonoxide (CO. The conpound is mscible in al
proportions with nost organic solvents but is essentially insoluble
in water. N ckel carbonyl is an extrenely volatile conpound having a
vapor pressure at 20°C (68°F) of 44 kPa. Concentrations of nicke
carbonyl in anmbient air would tend to settle to ground | evel before
bei ng di spersed because its vapor density is about four times that of
air.” Some of the nore inportant physical properties of nicke
carbonyl are presented in Table 2.478 The anount of nickel carbonyl
that will formin a particular environnent is directly proportiona
to total pressure and/or carbon nonoxi de content, and is inversely
proportional to tenperature.® Once nickel carbonyl is forned it tends
to remain as the netal carbonyl only in the presence of carbon
monoxi de. I n anbient air nickel carbonyl is relatively unstable and
wi || dissociate to carbon nonoxi de and nickel netal. The half-life
of nickel carbonyl in air has been determ ned to be about
100 seconds. ! Because nickel carbonyl readily deconposes at
t enperatures above 60°C (140°F), it can easily be destroyed by
passing the streamthrough a furnace or other high tenperature
source. The carbon nonoxide is oxidized, |eaving only el enental
ni ckel particulate matter to be recovered.

M scel | aneous physi cal /chem cal property data and end use
i nformati on for several other nickel conpounds are presented in Table
3.8 Because npst of these conpounds are not produced in |arge
quantities commercially, only limted property data are avail abl e.
Apart from ni ckel oxide, nost of which is used in nmetallurgica
processes, the nost significant nickel compound, both in conmerci al
i mportance and vol ume of production, is nickel sulfate (N SQ,) . The
nmost wi dely used formof nickel sulfate is as the single salt, nicke
sul fate hexahydrate (N SO,. 6H0) .



TABLE 2. PHYSI CAL PROPERTI ES OF NI CKEL CARBONYL* 78

Property Val ue
Mol ecul ar Wi ght 170. 75
Melting Point, °C -25
Boiling Point, °C 42. 6
Density at 25°C, g/cn? 1.32
Critical Tenperature, °C 200
Decomposition Point, °C >60

Vapor Pressure, kPa

-23°C .3
-15.9°C 7.9
-6°C 13.2

0°C 19.2
10°C 28.7
20°C 44.0
43°C 100.0
60°C deconposes




TABLE 3. PROPERTY AND USE DATA FOR SEVERAL M SCELLANEQOUS NI CKEL COVPOUNDS

Conpound

Properties

Uses

Ni ckel Acetate Tetrahydrate,
Ni (CHO) .+ 4H,0

Ni ckel Arsenate,
Ni 5(AsQ,) .« 8H,0

Ni ckel Brom de,
Ni Br,

Ni ckel Car bonat e,
2Ni CO; . 3Ni (OH) ,4H,0

Ni ckel Chl oride Hexahydrate,
NiCl,. 6HO

Ni ckel Cyani de Tetrahydrate,
Ni (CN),. 4H0

Ni ckel Fl uori de,

Ni F,

Ni ckel Formate Di hydrate,
Ni (HCOO), . 2H,0

Ni ckel Hydroxide,
Ni (OH) ,

- Green crystalline powder
- Boiling point = 16.6°C
- Density = 1.74 g/cn?

- Yel |l owi sh-green powder
- Density = 4.98 g/cn?
- Highly insoluble in water

- Yell owi sh-green crystals
- Very deliquescent
- Melting point = 963°C

- Green, odorl ess powder
- Soluble in acids and ammni um
salts

- Green deliquescent powder

- Melting point = 1030°C

- Heat of fusion = 142.5 cal/g
- Soluble in water

- Hi ghly poi sonous
- Insoluble in water

- Green tetragonal crystals
- Sublinmes in HF stream above
1000°C

- Fine green crystals
- Deconposes to NiO at 180°C
- Density = 2.15 g/cn?

- Light-green powder
- Extrenely insoluble in water
- Deconposes at 230°C

Cat al yst production, nicke
el ectropl ating, alum num seal i ng

Sel ective fat-hardening
hydr ogenati on cat al yst

Ni ckel el ectroplating

Cat al yst manuf acture, colored
gl ass production, electroplating

Ni ckel el ectroplating

Chenmi cal conversion of acetyl ene
to butadi ene

Preparation of fat-hardening
ni ckel hydrogenation catal ysts

Manuf act ure of nickel -cadnm um
batteries



TABLE 3. (CONTI NUED) PROPERTY AND USE DATA FOR SEVERAL M SCELLANEOUS NI CKEL COVPOUNDS®

Conpound

Properties

Uses

Ni ckel 1 odide,
Nil,

Ni ckel Nitrate,
Ni (NG;), . 6H,0

Ni ckel Oxi de,
Ni O

Trini ckel Orthophosphate,
Ni 3(PG,), ¢ 7HO

Ni ckel Sul fate Hexahydrate,
Ni SG, . 6H,0

Ni ckel Subsul fide,
Ni 3S,

Bl ue-green, very deliquescent
crystals

Melting point = 797°C
Density = 5.83 g/cn?

G een5 del i quescent crystals
Melting point = 56°C

Boiling point = 137°C
Density = 2.05 g/cn?

G een-bl ack cubic crystals
Mel ting point = 1990°C
Density = 6.67 g/cn?

I nsol uble in water

Appl e-green pl ates
Decomposes upon heating
I nsol uble in water

G een transparent crystals
Density = 2.03 g/cn?
Decomposes above 800°C to
Ni O and SO,

Hi ghly soluble in water and
et hanol

Lustrous, yellow sh-bronze
met al

Density = 5.82 g/cn?

Mel ting point = 790°C

I nsol ubl e in water

Heat of fusion = 25.8 cal/g

10

Catal yst and battery manufacture

Cat al yst production, alloy

and stainless steel production,
ni ckel salts and specialty
cerani cs

Steel coatings, pigment for oil
and water paints

Ni ckel el ectroplating, catal yst
producti on



OVERVI EW OF PRODUCTI ON AND USE

Ni ckel Production

Ni ckel production in the United States is referred to as either
primary or secondary, depending on the source of the nickel raw
material. Primary nickel production involves the snelting of natura
ni ckel ores or the refining of nickel matte. Secondary nicke
production involves the reclamation of nickel metal from nickel-based
or non-ni ckel -based scrap netal. Primary nickel production
contri butes about 40 percent to the donestic nickel production total,
whi |l e secondary production is responsible for the remaining 60
per cent.

Presently, the only nickel ore mning and processing facility in
the United States is operated by the Hanna M ning and N ckel Snelting
Conpany near Riddle, Oegon.!'2!® (Cperations at this facility have
been intermttent since early 1982. Consistent operation of the mne
and snelting plant is expected by the beginning of 1984.% The nicke
ore mined and processed by Hanna is known as garnierite.!® The Hanna
processing facility produces nickel in the formof a ferronickel that
is 50 percent nickel and 50 percent iron.' Ferronickels produced by
foreign operations have nickel contents ranging from20 to 50
percent . 6

The Hanna Conpany pyronetal |l urgical snelter uses an el ectric
furnace to recover selectively netallic nickel and iron from
garnierite ore feed. The garnierite ore, which has been crushed and
screened, is nelted in an electric furnace where nickel oxides,
together with a controlled portion of iron oxide, are selectively
reduced by ladle mxing of the nolten ore with ferrosilicon. The
crude ferronickel that is produced is further refined in an electric
furnace and is cast into nickel pigs.®?®1

Primary nickel is also produced donestically by AMAX Ni ckel
Inc. as a co-product at its copper-nickel refinery in Braithwaite,
Louisiana. In addition to nickel, the plant al so produces copper,
cobalt, and anmmoni um sul fate. Approximtely 25 percent of total
donmestic nickel production is attributable to the AVAX refinery. !?
Feed material for the AMAX refinery is not nickel ore but a

11



ni ckel - copper-cobalt matte that is inported from South Africa,
Australia, and New Cal edonia.® Matte is the nane applied to an
impure metallic sulfide product obtained fromthe snelting of
sul fides of netal ores such as copper, nickel, and |lead. The nicke
content of the matte used by AMAX ranges from 40 to 75 percent.?®®

In contrast to the Hanna facility, AMAX uses a
hydronetal | urgi cal process to refine their matte feed material .31
In this process, a copper sulfate-sulfuric acid solution is first
used to |l each the matte concentrates.!® The |eaching step dissol ves
the mpjority of the nickel and cobalt conponents in the matte. The
resulting solution is purified and then reacted with hydrogen under
hi gh tenmperature and pressure to reduce and precipitate nickel.®® The
ni ckel powder produced by this process is about 99 percent pure.?l’

The snelting and refining processes used by Hanna and AMAX
produce nickel in fornms that can generally be classified into two
groups. Goup | nickel materials are unwought nickel with a purity
of greater than 98 percent. Materials in this group may be in the
form of powder, pellets, briquets, rondelles, and cathodes. Goup Il
ni ckel materials contain | ess than 98 percent nickel. Nickel oxide
sinter (charge nickel), ferronickel, Inconet, and Inco utility shot
and pig make up this group. N ckel salt conpounds are produced in
much [ ower quantities and constitute a relatively small portion of
t he donestic primary nickel market. 1618

In the United States the secondary recovery and refining of
ni ckel scrap produces nore nickel than ore processing and matte
refining sources conmbined. |In 1978 nickel from secondary recovery
sources anounted to approxi mately 53,600 My (59,100 tons), or 57
percent of donestic nickel production.! The potential for increasing
the quantity of nickel produced by secondary neans is substanti al
because only about 40 percent of the avail abl e nickel -bearing scrap
is currently being recycled. The other 60 percent, in the form of
batteries, spent nickel-base catalysts, and scrap netal, is being
[ andfilled. 120

Ni ckel scrap refining generally involves nelting it down in
either an electric arc or reverberatory furnace, often in the
presence of lime and an alloying agent. The product of the snelting
operation is often refined further to produce a higher purity nicke
material .?° Two types of scrap, classified as obsol ete and

12



industrial, are used as raw materials in the secondary nicke

recovery industry. Obsolete scrap consists of alloys in the form of
sal vaged nmachi nery, sheet netal, aircraft parts, and di scarded
consumer goods such as batteries. |Industrial scrap refers to

turni ngs, casting wastes, and solids fromthe manufacturing of alloy
products. About 60 percent of the nickel scrap processed by
secondary refiners is obsolete scrap.® The flow of nickel-bearing
scrap through the secondary processing industry is depicted in Figure
1.2 The basic products of the secondary nickel recovery industry

i ncl ude:

- st ai nl ess steels,

- | ow all oy steels,

- ni ckel - base al | oys,

- copper - base al | oys,

- al um num base al |l oys,

- ni ckel metal, and

- ni ckel in chem cal conpounds.

Ceneral ly, the nickel product of a scrap recovery facility is
used to produce the sane type of good fromwhich the scrap was
generated. For exanple, recovered nickel-bearing alloy scrap is used
to manufacture new nickel all oys.

Information found in published sources is inconsistent
concerning the nunmber of secondary nickel refiners operating in the
United States. A range of from5 to 36 refiners has been
i ndi cat ed. 12021 The confusion over the total nunber of refiners
appears to have devel oped because of problens in classifying what
constitutes a secondary nickel refiner. Published data of secondary
ni ckel producers have incl uded: (a) firms that process nicke
scrap, but do not melt or refine it; (b) firms that produce stainless
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steel; (c) firms that primarily produce secondary copper; (d) firns
that only collect, handle, and transport nickel scrap; (e) firns that
melt and/or refine nickel scrap; and (f) firnms that produce nicke
alloys in a partially refined form Primary nickel producers,
foundries, and other sources that recover their own captive scrap, as
wel | as sources that only handle or transport nickel scrap, are not
consi dered secondary nickel refiners. Table 4 presents a list of
firms that have been identified as being secondary nicke

refiners.?222
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TABLE 4. COMPANI ES | DENTI FI ED AS OR THOUGHT TO BE SECONDARY NI CKEL
REFI NERS OR RECLAI MERS!®: 2223

Conpany Locati on

I nternati onal Metals Recl amati on Co. Ell swood City, PA
Al l oy Metal Products, Inc. Davenport, 1A
Anerican N ckel Alloy Mg. Co. New Yor k, NY
Advanced Metals Div. of ARMCO Steel Bal ti nrore, ND
Bel nont Snel ting Co. Br ookl yn, NY
Fr ankel Co. Detroit, M
Mercer All oy Corp. Greenville, PA
Metal Bank of America, Inc. Phi | adel phi a, PA
Paragon Snel ting Corp. Long Island City, NY
Ri verside Alloy Metal Div. of

H K. Porter Co. Pittsburgh, PA
I . Schumann Co. Cl evel and, OH
Utica Alloys, Inc. Utica, NY
Wai Met Al l oys Co. Dear born, M
VWhi t aker Metal s-Alloy Div. G eenville, PA
H. Keaner & Co. Chi cago, IL
R. Lavin & Sons Chi cago, IL
New Jersey Zinc Co. Bet hl ehem PA
Nat i onal Ni ckel Alloy Corp. Pittsburgh, PA
Met al | urgi cal International, Inc. Cartaret, NJ
Anmerican Nirkel Alloy Mg. Co. Weehawken, NJ
I nternati onal Wre Products Wckoff, NJ
Nassau Snelting & Refining Co. Tottenville, NY
Ni agara Falls Metals & Mnerals, Inc. Buf fal o, NY
NOTE: This listing is subject to change as market conditions

change, facility ownership changes, plants are closed
down, etc. The reader should verify the existence of
particular facilities by consulting current |istings

and/ or the plants thenselves. The | evel of nickel

em ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and contro

measur es, and shoul d be determ ned through direct contacts
with plant personnel.
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There are other secondary netal recovery facilities, not
operated primarily for nickel recovery, that al so produce varying
quantities of nickel. Secondary copper and secondary al um num
recovery plants are exanples of such facilities. Also, because they
consume scrap containing varying amounts of nickel, the brass and
bronze segnents, the cadm um segnents, the zinc segnents, and the
cobalt segments of the secondary netals recovery industry may produce
sone ni ckel -bearing materials. |In several cases the sane facility
wi |l recover nickel, alum num copper, and other nmetals. Generally
however, a facility is categorized by the type of netal that is
produced in the greatest quantity. Table 5 presents a list of
facilities that have been reported to be in the secondary copper,
al um num brass and bronze, cadm um and cobalt netals recovery
i ndustries.?2 As shown in the table, several facilities produce
nmore than one netal. N ckel production data for the individua
facilities are unavail able. Through their handling and processing of
ni ckel -bearing materials, the facilities listed in Table 5 may
potentially emt nickel and nickel conpounds to the air.
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TABLE 5. LIST OF FACI LI TIES REPORTED TO BE | N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE, CADM UM
AND COBALT RECOVERY | NDUSTRI ES 16.22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
Barth Snelting Corp. Newar k, NJ + +

Bat chel der - Bl asi us, Inc. Spartanburg, SC +

Bay State Refining, Inc. Chi copee Falls, MA +

Joseph Behr & Sons, Inc. Rockford, IL + +

Bel mont Snelting &

Ref i ni ng Wor ks Br ookl yn, NY + +
WJ. Bullock, Inc. Fairfield, AL + +
Cepro Corporate Brass Co. d evel and, OH + +
Crcuit Foil Corp. Bor dent own, NJ +
Col oni al Metals Co. Col unbi a, PA + +
Ceneral Copper & Brass Co. Phil adel phia, PA + +
Sanuel Geenfield Co.,

I nc. Br ookl yn, NY +
Hol stead Metal Parts, Inc. Zelienople, PA +
Benjam n Harris & Co. Chi cago Hgts, IL + +
Henni ng Brothers & Smith Br ookl yn, NY + +
K. Hettleman & Sons,

Div. of Mnerals & Chem Bal ti nore, MD + + +
Hol tzman Metal Co. St. Louis, MO + + +
H  Kraner & Co. Chi cago, IL + +
Metal Bank of Anerica,

I nc. Phi | adel phia, PA + +
Nassau Snelting and

Ref i ni ng Co. Tottenville, NY + + +
Phel ps Dodge Refi ning
Cor p. New Yor k, NY + +
Ri verside All oy Metal

Div. of HK Porter Co. Pi ttsburgh, PA + +
Roessi ng Bronze Co. Pi ttsburgh, PA + +
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TABLE 5.

CADM UM AND COBALT RECOVERY | NDUSTRI ES 16:22-24

(Continued) LI ST OF FACI LI TI ES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
. Schumann & Co. C evel and, OH + + + +
M Seligman & Co. Chi cago, IL + + +
SIPI Metal s Corp. Chi cago, IL + + +
U S. Metals Refining Co. New York, NY +
R Lavin & Sons Chi cago, IL + + +
Cerro Copper Products,
I nc. Saget, IL +
Chi cago Extruded
Met al s Co. Ccero, IL + +
North Chicago Snelting
& Refining North Chicago, IL + +
Al oy Metals, Inc. Troy, M +
Li berman and Gittlen
Met al Grand Rapids, M + +
Canton Snelting &
Ref i ni ng Co. Canton, COH +
Chase Brass & Copper Co. Euclid, OH + +
The Federal Metal Co. Bedf ord, OH + +
The River Snelting &
Ref i ni ng Co. d evel and, OH +
North Anerican Smelting
Co. W m ngton, DE + + +
Lee Brothers, Inc. Anni ston, AL + +
Revere Copper & Brass,
I nc. Scott sboro, AL + +
Hyman Vi ener & Sons Ri chmond, VA + +
New Jersey Zinc Co. Bet hl ehem PA + + + +
VWi ttaker Metals Geenville, PA
Franklin Snelting &
Ref i ni ng Co. Phi | adel phia, PA + +
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TABLE 5. (Continued)LI ST OF FACI LI TIES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,
CADM UM AND COBALT RECOVERY | NDUSTRI ES 16:22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
Par agon Srnel ting Corp. Long Island Gty, NY + +
International Wre
Product s Wckof f, NJ +
Federated Metals Newar k, NJ + + + +
Sem - Al | oys, Inc. M. Vernon, NJ + + +
Rochester Snelting &
Ref i ni ng Rochester, NY + +
Al'l oys & Chemi cal s Corp. d evel and, OH +
Aluminum Billets, Inc. Youngst own, OH +
Al um num & Magnesium Inc. Sandusky, OH +
Al um num Snel ters, Inc. New Al l en, CT +
Al um num Srel ting &
Ref i ni ng Co. Mapl e Hgts, OH +
Aurora Refining Co. Aurora, IL + +
Bar num Snel ti ng Co. Bri dgeport, CT +
Bay Billets, Inc. Sandusky, OH +
J.R Elkins, Inc. Br ookl yn, NY +
Excel Snelting Corp. Menphis, TN +
Firth Sterling, Inc. Pi ttsburgh, PA + +

Ceneral Snelting Co.,
Div. of Wabash Snelting,

I nc. Phi | adel phia, PA + +
CGet tysburg Foundri es Gettysburg, PA +
Hal I Al um num Co. Chi cago Hgts, IL +
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TABLE 5. (Continued)LI ST OF FACI LI TIES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,

CADM UM AND COBALT RECOVERY | NDUSTRI ES 16.22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
Harco Al um num I nc. Chi cago, IL +
Nor t hwest ern Metal Co. Li ncol n, NE + +
Pi oneer Al um num Inc. Los Angeles, CA +
Ceorge Sall Metals Co. Phi | adel phia, PA + + +
Si berline Manufacturing
Co. Langsford, PA +
Sonken- Gal anmba Cor p. Kansas GCty, KS + +
Superior Industries, Inc. Youngst own, OH + +
U S. Alum num Corp. of
Pennsyl vani a Marietta, PA +
U S. Reduction Co. East Chicago, IN +
Wabash Snelting, Inc. Wabash, IN +
Allied Metals Co. Chi cago, IL +
Precision Extrusions, Inc. Bensenville, IL +
Met ropol i tan Metal Co. Detroit, M + +
M chi gan Standard All oys Bent on Harbor, M + +
Bohn Al um num & Brass Adrian, M + +
Union Iron & Metal Co. Bal ti nore, MD +
Easco Cor p. Balti nore, MD +
Ansam Met al s Cor p. Balti nore, MD + + +
Tonke Al um num Bal ti nore, MD +
Atlantic Metals Corp. Phi | adel phia, PA +
Al um num Snel ters of
New Jer sey Del air, NJ +
Ni agara Falls Metals &
M neral s Buffal o, NY + +
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TABLE 5. (Continued)LI ST OF FACI LI TIES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,
CADM UM AND COBALT RECOVERY | NDUSTRI ES 16.22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
I ndi um Corp. of America Edi son, NJ +
U.S. Metal Products Co. Erie, PA +
Magnol i a Metal Co. Auburn, NE + +
Lewi ston Snelting &
Ref i ni ng Lewi st own, PA +
Freednman Metal Co. Br ookl yn, NY +
Bunting Brass & Bronze Co. Tol edo, OH +
Wl verine Metal Co. Detroit, M +
United Refining & Snelting
Co. Franklin Park, IL + +
Frankel Co., Inc. Detroit, M +
Nati onal Nickel Alloy
Cor p. Geenville, PA +
Met al [ urgical Inter-
national, Inc. Cartaret, NJ +
American N ckel All oy
Mg. Co. Weehawken, NJ +
At onergi ¢ Chenetal s Co. Carle Place, NY +
Al oy Metal Products, Inc. Davenport, 1A + +
Max Zuckerman & Sons Owings MII, MD +
The Hi nmel Bros. Co. Hartford, CT +
The Platt Bros. Co. Wat er bury, CT +
Phili ps El net Corp. Lewi stown, ME +
Associ ated Metals Co. Gakl and, CA +
of Gakl and
Chernal | oy El ectronics Santee, CA +
G obe Metal s Co. Gakl and, CA +
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TABLE 5. (Continued)LI ST OF FACI LI TIES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,
CADM UM AND COBALT RECOVERY | NDUSTRI ES 16.22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
ol dberg Met al

Ref i ni ng Co. Gardena, CA +
Vul can Materials Corona, CA +
Tri-Alloys, Inc. Mont cl air, CA +
MP. Kirk & Sons Los Angeles, CA +
Pacific Smelting Co. Torrance, CA +
Bonanza Al um num Cor p. Anahei m CA +
Eugene Enterprises Los Angeles, CA +
Thorock Metals, Inc. Compt on, CA +
U.S. Reduction Co. Mra Loma, CA +
Zenith Metals, Inc. Los Angeles, CA +
Federated Metal s Corp. San Franci sco, CA +
Levin Metal s Corp. San Jose, CA +
Reynol ds Metal Co. Phoeni x, AZ +
H -Duty All oys Seattle, WA +
Material s Recl anati on Co. Seattle, WA +
R D. Werner Co. Geenville, PA +
Electric Materials, Inc. Erie, PA +
Johnson Bronze Co. New Castle, PA + + +
Met al | ur gi cal Products West Chester, PA +
Met chem Resear ch Bristol, PA +
Del aware Valley Snelting Bristol, PA +
Superi or Zi nc Conpany Bristol, PA +
Signal All oy Corp. Chat t anooga, TN +
Fl orida Snelting Co. Jacksonville, FL +
Sout hwi re Co. Atlanta, GA +
Russel | Anaconda

Al um num Mam , FL +
Briel Industrial, Inc. Shel byvill e, KY +
H&H Met al s Co. Loui sville, KY +
Berman Bros., Intl. Bi r m ngham AL +
Culp Srmelting & Refining Attalla, AL +
M Kinerling & Sons Bi r M ngham AL +
Bay State Al unmi num Co. Brai ntree, MA +
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TABLE 5. (Continued)LI ST OF FACI LI TIES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,
CADM UM AND COBALT RECOVERY | NDUSTRI ES 16.22-24

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
Harry Butler & Co. Bost on, MNA +
New Engl and Snelting

Wor ks Boston, MA +
Bay State Snelting Sonmerville, MNA + +
Anchor Al l oys Br ookl yn, NY +
Badger Al um num Extrusion

Cor p. Br ookl yn, NY +
VWite Metal Rolling

& Stanmp Co. Br ookl yn, NY
Ney Metal s Br ookl yn, NY +
Republic Metals Br ookl yn, NY +
Freecast Al oys Br ookl yn, NY +
Sitkin Refining &

Pl umbi ng Br ookl yn, NY
Fri edman Metal Co. Br ookl yn, NY +
Si dney Kronblum Metal s Br ookl yn, NY +
Hugo Neu & Sons New York, NY +
Anton Noll Metals Long Island Gity, +
Eastern Alloys, Inc. Maybr ook, NY +
Kearney Snelting Bel |l e Mead, PA
Metropolitan Metals, Inc. Camp Hill, PA
Nati onal Al um num Di vi sion Pittsburgh, PA
[Ilinois Snmelting &

Ref i ni ng Chi cago, IL +
Jordan Co. Chi cago, IL +
Meadowbr ook Cor p. LaSalle, IL +
Sandoval Zinc Co. Chi cago, IL +
Chemi co Metal s Co. Afton, IL
Hydronetal s, Inc. Dal l as, TX
@il f Reduction Corp. Houst on, TX
Federated Metals Houston, TX
I nternational Metal Co. Sapul pa, K
Federated Metal s Sand Spring, K +
Ar kansas Al um num Hot Springs, AR

Al coa

Ri verdale, 1A



TABLE 5.

CADM UM AND COBALT RECOVERY | NDUSTRI ES 16.22-24

(Continued) LI ST OF FACI LI TI ES REPORTED TO BE I N THE SECONDARY COPPER, ALUM NUM BRASS AND BRONZE,

Secondary Recovery Segnent

Company Locati on Copper Al um num Brass & Bronze Cadmi um Cobalt Zinc
Diversified Metals Hazel wood, MO + +

S-G Metal s Kansas Gty, KS +

Eagl e- Pi cher Industries Gal ena, KS +
American Al l oys Corp. Kansas Cty, MO +

Mackay Smelting Co. Salt Lake Cty, UT + +

U. S. Reduction Co. Russellville, AL +
AlumnumBillets, Inc. Grard, OH +

Barnet Industries Akron, OH +

Certified Alloys, Inc. Mapl e Hei ghts, OH +
U.S. Reduction Co. Tol edo, OH +

Eagl e- Pi her Industries G ncinnati, OH +

G A Avril Co. G ncinnati, OH + +
ALCQOA Laf ayette, IN +

Ireco Al um num Pl ymouth, IN +

U S. Reduction Co. East Chicago, IN +
Wabash Snelting Wabash, IN +
Arco Detroit, M

City Metal s Refining Detroit, M +
Grand Rapids Al oys Grand Rapids, M + +
Gerox, Inc. Grand Rapids, M +
Gar di ner Metal Corp. Chi cago, IL +
I mperial Smelting Corp. Chi cago, IL +
Inland Metals Refining Chi cago, IL +
Clearing Snmelting Corp. Chi cago, IL + +
Apex I nternational d evel and, OH +

Al oys, Inc.

Checot ah, K
Bi cknell, IN

NOTE: This listing is subject to change as market conditions change, facility ownership changes,

plants are cl osed down, etc
by consulting current

The reader should verify the existence of particular facilities
listings and/or the plants thensel ves.

The | evel of nickel emn ssions

fromany given facility is a function of variables such as capacity, throughput, and control
measures, and should be determ ned through direct contacts with plant personnel
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In addition to primary and secondary ni ckel production sources,
nickel, in the formof nickel sulfate (NiSQ), is generated as a
by- product or co-product of copper and plati num nmetal refining.?!2
In 1975, 7.5 percent of the total domestic nickel production was
obt ai ned from co-production during copper and platinumrefining.
However, in 1976 the anount of nickel generated as a co-product was
i nsignificant conpared to the amount produced by primry nicke
snmelters and refiners and secondary refiners. There is considerable
uncertainty about estimating the |evel of nickel production
achi evabl e from co-producti on because there is no fixed relationship
bet ween the quantities of copper and plati numrecovered and the
quantity of nickel produced.?? Recent estinmates of the anpbunt of
ni ckel produced by this method could not be determn ned.

Ni ckel Uses

In 1978 approxi mtely 162, 700 My (180, 700 tons) of nickel were
consunmed in the United States in a wde variety of producer and
consumer goods. 15 Nickel was consuned as pure unw ought nickel,
ferroni ckel, nickel oxide, and nickel salts. The consunption of
ni ckel has two conponents, an internediate consunption or use and an
end or product use. The mgjor internedi ate and end uses of nickel
are sunmarized in Figure 2.26 The |argest internediate nickel use is
in the manufacture of nickel-bearing alloys, including stainless and
alloy steels, ductile and cast irons, cupronickels, and high nicke
al | oys. 18

Figure 3 presents a sunmary of the major internedi ate uses of
nickel on a total weight and percentage basis.!® Over 80 percent of
all internediate nickel consunption goes into the production of
steels and alloys. '™ The corrosion resistance, strength, and high
ductility of nickel make it a highly valuable alloying el enment.

Ni ckel alloys such as Monel ® which is about 65 percent nickel and 30
percent copper, are stronger and nore corrosion resistant in certain
environnments than pure nickel, and therefore, are prevalent in
applications where extrene tenperatures, stress, and corrosive
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Principal Intermediate Uses Principal End Uses

i

[Kireraft, trucks, railroad cars,
Stainless steel and heat resrlsting steel————3m] decorative purposes, cryogenic equipment,
hougehold appliances, high temperature and
| corrosion resistance applications

[ Trankshafts, axles, gears, shafte, frames, and
——m~-Alloy steel = other parts for trucks, crames, cartmoving equipment,
mechanie tool parte and frames, aircraft landing
gear components, missle parts, and vock drill pares

—m- Super alloys ’Eurbosupercharger and jet engine

[ Food preparation and handling equipment,
~ye-Nickel-copper and copper-nickel alloyg———-ww3me] water meters, pumps, propellers and propeller
ghafts, condenger tubes, ice making equipment,
—=-Formanent magnet alloye pickling racks and baskets, tanning drums,
paper making machipe, soap making equipment,
piping, tubing, pumps, and valves for machine

service, heat exchanger, condenser, evaporators
Mlckal ! —

[ Steam turbines, woven wite belting,

—a=- Other nickel and nickel alloys =1 skin covering of the X-15 rocket research plane,
pumps, valves, linere, shafts, digesters,
distillation columns, process equipment for handling
acid, alkaline, and kleach solurions

b—3m- Cast irons

b Flectroplating

—3w= Chemicals and chemical usen FEickel sulfate, nickel chloride, nickel nitrate,
. : ekc.

- Batteries, Ceramics, and nthers

2
Figure 2. Ceneralized flow pattern [or intermediate and end uses of nickel.



Parmanent Magnet Alloys -
=1 740 Mg (818 cona), 0.5%

Super Alloys - 14,200 Mg
(15,685 tons), 8.6%

Electroplating -~ 24,800 Mg
- (27,319 tons), 15.2%

Nickel-Copper & Copper—Nickel
—ed Alloys - 6,400 Mg(7,019 tons)

3.9
Nickel Consumption ~ Other Nickel Alloys -
162,700 Mg(180,723 tons) e 36,000 Mg (39,633 tons),
21.9%

Stainless & Alloy Steel -
=t 69,900 Mg (77,640 tons),
42.9%

. Chemicals & Chemical Uses -
1,700 Mg (1,886 tomns), 1X

Cast Iroms - 3,900 Mg
B (4,279 toms), 2.4%

Other Uses -5,800 Mg
-t (6,444 touns), .62

15
Figure 3. Intermediate use tree of nickel in 1978.
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substances are found. After netallurgical uses, the npst significant
i nternmedi ate consunption sectors are electroplating and cheni cal s.
These sectors are responsible for approximtely 13 and 1 percent,
respectively, of the nickel consumed.® A partial list of nicke
platers, both electrolytic and electroless, is presented in Table 6.7%
Alist of firms consum ng nickel and manufacturin nickel chemicals is
given in Table 7.28

The princi pal end uses of nickel are in chenmicals and allied
products, petroleumrefining, fabricated metal products, aircraft
parts, machinery, househol d appliances, building construction,
el ectrical equipnment, nmotor vehicle construction, and ship building.*?
For end use applications, over 90 percent of all nickel used is in
the formof netal, principally in alloys.? Petroleumrefiners and
manuf acturers of chemicals and allied products are the principal end
users of nickel, chiefly in the formof netal alloys applied in
manuf act uri ng equi pment parts exposed to corrosive chemicals. In
1978 this end use consuned about 23 percent of the nickel supply.
About 9 percent of the nickel consumed is used to manufacture
fabricated netal products such as cutlery, handtools, hospital and
kitchen equi pnent, ductwork, general hardware, and sheet neta
boil ers. The production of aircraft parts accounts for approximately
8 percent of the nickel end uses, primarily in the form of
superal l oys. Jet engines, turbosuperchargers, and gas turbines are
the main aircraft parts conposed of nickel superalloys. *?

About 8 percent of the nickel consumed is used in the
construction of general machinery. Cast and w ought nickel alloy
steels are used in machinery to provide strength. The nmanufacture of
househol d appl i ances consunes 7 percent of the nickel supply,
principally in stainless steel and el ectroplating. N ckel-copper
al l oys are also used to manufacture food-processing equi pnent.
Bui | di ng construction constitutes about 9 percent of all nicke
consunmption in the formof stainless steel or wought and cast all oy
steels. Nickel steels are preferred for structural nemnmbers because
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TABLE 6. PARTIAL LI ST OF FIRMS | NVOLVED | N NI CKEL PLATI NG OPERATI ONS?’

El ectrolytic Nickel Platers

Aval on Pl ati ng Co. Al hanbra, CA
Kotoff & Co., Inc. El Monte, CA

El ectroforns, Inc. Gardeni a, CA

Al co-Cad Nickel Plating Corp. Los Angeles, CA
Bronze-\Way Pl ati ng Corp. Los Angeles, CA
Cad- Ni ckel Plating Co., Inc. Los Angeles, CA
CGeneral Electroplating Los Angeles, CA
Preci sion Gage Pl ating Co. Los Angeles, CA
Chrone Nickel Plating Inc. Lynwood, CA
Continental Plating Co. Cakl and, CA

Haws Pl ati ng Wrks Inc. Cakl and, CA

Lane Metal Finishers, Inc. Cakl and, CA

Paci fi ¢ Rustproofing Co. Cakl and, CA
California Plating Co., Inc. San Carlos, CA
Superior Plating Works San Di ego, CA

Van Per Horst Corp. San Franci sco, CA
Aiver Wre and Plating Co. San Leandro, CA
Anadite Metal Finishing Dv. Santa Clara, CA
Foss Pl ating Co. Santa Fe Springs, CA
Artistic Polishing & Plating South EI Monte, CA
Anadite Metal Finishing Dv. South Gate, CA
Sandi a Metal Process |nc. Van Nuys, CA

Jenni ngs Pl ati ng Co. W Los Angeles, CA
Eneri k, Inc. Col orado Springs, CO
Chr onme Engi neering, Inc. Bridgeport, CT

Bri dgeport Pl ating Co. Bridgeport, CT

J. B. Coggins Co. Meri den, CT

Frey Manufacturing Co. New Britain, CT
Trinacria Specialty Mg. Co. Norwi ch, CT

VWhyco Chr om um Co. Thomast on, CT
Summt Finishing Div. of KBI, Inc. Thomast on, CT

Sout heast ern Coati ngs, Inc. West Pal m Beach, FL
Estes Plating Ltd. Atl anta, GA

Hudson Wre Co. Trenton, GA
Waynesboro Industries, Inc. Waynesboro, GA
Braco I ndustries Chi cago, IL

Cl aytor Industries Chi cago, IL

I nperial Plating Co. Chi cago, IL

Sigoli Metal Plating Co. Chi cago, IL

APl | ndustries, I|nc. Chi cago, IL
American Nickel Wbrks Chi cago, IL

Apoll o Metals, Inc. Chi cago, IL
Century Plating Co. Chi cago, IL
Chrone-Rite Co., Inc. Chi cago, IL
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TABLE 6. (Continued) PARTIAL LIST OF FIRMS | NVOLVED I N NI CKEL PLATI NG
OPERATI ONS?’

El ectrolytic Nickel Platers

El kwood Pl ating Inc. Chi cago, IL
G | bertson, Inc. Chi cago, IL
G aham Pl ati ng Wor ks Chi cago, IL
Handy Pl ating Co. Chi cago, IL
Janes Precious Metals Plating Inc. Chi cago, IL
Mechani cal Pl ating Co. Chi cago, IL
Metcil Plating Co. Chi cago, IL
Modern Pl ating Corp. Freeport, IL
Ameri can Nickel oid Co. Peru, IL
Anderson Silver Plating Co. El khart, IN
State Plating Inc. El wood, I N
Wayne Metal Protection Co. Ft. Wayne, IN
Artco Metal Finishing Goshen, IN
Enconite Division I ndi anapolis, IN
&&L Interstate Plating M shawaka, | N
Summit Metal Finishing Div. of

KBI, |nc. Mooresville, IN
Del aware Machinery & Tool Co. Muncie, IN
Ri chmond Pl ating Co. Ri chnond, I N
Kit chen-Qui p, Inc. Waterl oo, IN
Smith Jones, |nc. Kel l ogg, 1A
Tennis Plating Co., Inc. Sioux City, 1A
Production Plating, Inc. Lexi ngt on, KY
Anerican Plating & Mg. Co. Loui sville, KY
Louisville Metal Treating Service Louisville, KY
A-1 Pl ating Co. Balti nore, ND
Davis & Henphill Inc. El kri dge, MD
D. L. Bromwell, Inc. Hyattsville, MD
Aber cronbi e and Co. Silver Spring, M
Amesbury Metal Products Corp. Amesbury, MA
Ames Pl ating Corp. Chi copee, MA
Haverhill Plating Co. Haverhill, MA
G obe Nickel Plating Co., Inc. Mal den, MA
Esses Chrone Pl ating Co. Met huen, MA
Norretco Ware, MA
Advance Pl ati ng Corp. Worcester, MA
New Engl and Pl ating Co., Inc. Worcester, MA
Bar ker Metal Corp. Worcester, MA
Bronson Pl ating Co. Branson, M
Certified Plating, Inc. Detroit, M
CGeneral Plating Co. Detroit, M
Massel i nk El ectropl ati ng Co. Grand Rapids, M
M& L Plating Co. Jackson, M
Sarvis Mg. Co. Lansing, M
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TABLE 6. (Continued) PARTIAL LIST OF FIRMS | NVOLVED I N NI CKEL PLATI NG
OPFRATI ONS?7

El ectrolytic Nickel Platers

Ductil e Chrone Process Co. Li vonia, M

El ectro Finishing Indus., Inc. Cak Park, M
Petroskey Mg. Co. Inc. Pet roskey, M

Pl ymout h Pl ati ng Wor ks Pl ymout h, M

M chigan Plating of Detroit Inc. Southfield, M
G&&W Manuf act uring Co. Sout hfield, M
Silverstone Plating Co. Ypsilanti, M
MIler and Son Belleville, ND
De Troy Pl ating Works | ndependence, MD
Tal bot Conmercial Plating Neosho, MO

Doerr Pl ating Co. St. Louis, MO

Si egel - Robert Pl ating Co. St. Louis, MO

Cl evel and Preci ous Metals Merrimack, NH
Car | t on- Cooke Pl ati ng Corp. Carl stadt, NJ
Cart-Wight Industries Engel wood, NJ
Astro El ectroplating, Inc. Far m ngdal e, NJ
E.C. Electroplating, Inc. Garfield, NJ

M troni cs Products Gllette, NJ
PWF Cor p. Little Falls, NJ
Alcaro & Alcaro Pl ating Co. Montclair, NJ
Ther ono National |ndustries Newar k, NJ

New Brunswi ck Ni ckel & Chrom um Wor ks New Brunswi ck, NJ
Or bel Corp. Phill'i psburg, NJ
CGeneral Plating Corporation Trenton, NJ

B&S Engravi ng Co. Uni on, NJ

Marino Polishing & Plating Br ookl yn, NY

Pl ated Pl astic | ndustries Br ookl yn, NY
Cohan- Epner Co., Inc. Br ookl yn, NY
Control El ectro-Sonversion Crop. Br ookl yn, NY
Regent Metal Products Inc. Br ookl yn, NY
Techni cal Metal Finishing Corp. Br ookl yn, NY

Val - Kro, Inc. Buf fal o, NY
Tonawanda Pl aters, |nc. Hanbur g, NY

H. M Quackenbush, Inc. Her ki ner, NY
Sunmer eau, Eugene Co., & Sons Hunti ngton Stn., NY
Star Chrom um Cor p. Long Island City, NY
Ki ngs Automatic Pl ating Co. Maspet h, NY

M L. Sheldon & Co., Inc. New Yor k, NY
Spectranone Plating Co., Inc. New Yor k, NY

Di e Mesh Corp. Pel ham NY

G bbs Machi ne Co. G eensboro, NC
Akron Pl ating Co. Akron, OH
Beringer Plating Inc. Akron, OH

Asht abul a Bow Socket Co. Asht abul a, OH
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OPFRATI ONS?7

TABLE 6. (Continued) PARTIAL LIST OF FIRMS | NVOLVED I N NI CKEL PLATI NG

El ectrolytic Nickel Platers

Lake City Plating Co.

U trakrome, Inc.

Aut o Sun Products Co.
Creutz Plating Corp.
Advance Pl ating Co.

Manuf acturers Pl ating Co.
Aetna Pl ating Co.

Koster Plating Co.

Preci ous Metal Plating Co.
Br on- Shoe Co.

Superior Plating Co.

I ndustrial Platers, Inc.
Deyt on Rust Proof Co.
Queen City Mg. Co.
Eastern Plating, Inc.

J. X. Kreizweld Plating Co.
Shel by Standard, Inc.
Moore Chronme Products Co.
Troy Sunshade Co.

Cl ayton Pl ating Co.

Garnet Chem cal Corp.
Multi-flex Spring & Wre Corp.

American Tinning & Galvinizing Co.

Klein Plating Wrks, Inc.
Advance Specialty Co., Inc.
Krometal M g. Corp.

Phi | adel phi a Rust-Proof Co.
Pottstown Plating Wirks, Inc.
Amet ek, Inc.

G bbs El ectronics, Inc.

Syl vania - GIE

High Quality Polishing & Plating
M crofin Corp.

Evans Pl ati ng Corp.

I ndupl ate, Inc.

Fel ch- Wehr Co.

Boot h El ectrosystens
Carolina Plating & Stanping
Arrow Pl ating Co.

B&H Pl ati ng Co.

Texas Precision Plating, Inc.
Chrone Platers of Houston
Bronze-Art Casting & Pl ating Co.
Schumacher Co., Inc.
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Asht abul a, OH
Bedf ord, OH
Cincinnati, OH
Cincinnati, OH
Cl evel and,
Cl evel and,
Cl evel and,
Cl evel and,
Cl evel and,
Col unbus,
Col unbus,
Col unbus,
Col unbus,
Dayt on, OH
Ham | t on, OH
Martins Ferry, OH

222200000

Salem OH
Shel by, OH
Tol edo, COH

Okl ahoma City, K
Al |l ent own, PA
Cifton Hgts, PA
Erie, PA

Erie, PA
Lansdowne, PA

Phi | adel phi a, PA
Phi | adel phi a, PA
Pott st own, PA
Sellersville, PA
Sonerset, PA
Warren, PA
Zionsville, PA

E. Providence, R
N. Providence, R
N. Providence, R
Provi dence, R

G eenville, SC

G eenville, SC
Ft. Wrth, TX
Ft. Wrth, TX

Garl and, TX
Houst on, TX
Houst on, TX
Houst on, TX



TABLE 6. (Continued) PARTIAL LIST OF FIRMS | NVOLVED I N NI CKEL PLATI NG
OPFRATI ONS?7

El ectrolytic Nickel Platers

Lubbock Pl ating Works Lubbock, TX
Kaspar El ectropl ating Corp. Shiver, TX
Vernmont Pl ating, Inc. Rut | and, VT
Al exandria Metal Finishers Inc. Al exandri a, VA
Royal Silver Mg. Co., Inc. Nor f ol k, VA
Al'l'imac Stanping Co., Inc. Pet er sbur gh, VA
Heath Tecna Corp., Plating Div. Kent, WA
Asko Processing, Inc. Seattle, WA
ABC Met al Fi ni shing Co. Seattle, WA
Al pi ne Pl ati ng Co. Tacoma, WA
Hunti ngton Pl ating Inc. Hunti ngt on, W
Cconomowac El ectropl ati ng Co. Ashi ppun, W
Acnme Gal vani zi ng, Inc. M | waukee, W
Pl ati ng Engi neeri ng Co. M | waukee, W
Standard Plating Co., Inc. M | waukee, W
Vul can Lead Products Co. M | waukee, W
Wacho Mg. Co., Inc. M | waukee, W
El ectrol ess
Pl at eroni cs Processing, Inc. Chat sworth, CA
Mechnet al s Corp. El Segundo, CA
Chenpl ate Corporation Los Angeles, CA
El ectro- Coati ngs, Inc. Mor aga, CA
Chem Ni ckel Co., Inc. South Gate, CA
D xon Hard Chrone, Inc. Sun Val l ey, CA
Whyco Chrom um Co., Inc. Thomast on, CT
Mac Derm d, |Inc. Wat er bury, CT
Har - Conn. Chrone Co. W Hartford, CT
Chrom um I ndustries, |nc. Chi cago, IL
Graham Pl ati ng Wor ks Chi cago, IL
Gunwal d Plating Co., Inc. Chi cago, IL
Krell Laboratories, Inc. Chi cago, IL
Precision Plating Co., Inc. Chi cago, IL
Musi ck Pl ating Inc. E. St. Louis, IL
El ectro- Coati ngs, Inc. Mai ne, IL
El ectro Seal Corp. Chesterton, IN
Ni - Mol d, Inc. I ndi anapolis, IN
El ectro- Coati ngs, Inc. I ndi anapolis, IN
El ectro- Coati ngs, Inc. Cedar Rapids, ITA
Canbri dge Pl ating Bel nont, MA
Hopewood Reti nni ng Cor p. Mal den, MA
Advanced Materials Systens, Inc. N. Attl eboro, MA
Fountain Plating Conpany |nc. W Springfield, M
Plating for Electronics, Inc. Val t ham MA
El ectro- Coati ngs, Inc. Bent on Harbor, M
G&&W Manuf act uring Co. Sout hfield, M
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TABLE 6.

(Continued) PARTIAL LIST OF FIRMS | NVOLVED I N NI CKEL PLATI NG
OPFRATI ONS?7

El ectrolytic Nickel Platers

Tawas Pl ating Co. Tawas City, M
Modern Hard Chrone Service Co. Warren, M
Cl evel and Preci ous Metals Merrimack, NH
SG. Mbdern Hard Chrone Service

Div. of SG Industries Inc. Canden, NJ
Alcaro & Alcaro Pl ating Co. Montclair, NJ
Keyst one Metal Finishers Secaucus, NJ
El ectro Coatings, Inc. Wbodbury Hgts, NJ
Har dchronme El ectro Processi ng Co. Br ookl yn, NY
Techni cal Metal Finishing Corp. Br ookl yn, NY
Keyst one Corporation Buf fal o, NY
Queens Plating Co., Inc. Long Island, NY
Met al | urgi cal Processing Corp. Syosset, NY
El ectrolizing Corp. of Chio Cl evel and, OH
Lubri chrome, |Inc. E. C evel and, OH
M crofin, Corp. E. Providence, R
Cahill Chem cal Corp. Provi dence, R
Boot h El ectrosystens G eenville, SC
Texas Precision Plating, Inc. Garl and, TX
Bronze- Art Casting & Pl ating Co. Houst on, TX
El ectro- Coati ngs, Inc. Houst on, TX
Al exandri a Metal Finishees, I nc. Al exandri a, VA
Heath Tecna Corp. Plating D v. Kent, WA
El ectro Coatings, Inc. M | waukee, W

NOTE:

This list is considered partial because the reference cited does
not necessarily contain the nane of each facility plating

ni ckel . Because of the nunber of sources involved, there is no
single authority that lists all facilities, therefore, it is
probabl e that nore sources exist than are given in the table or
that sone of those given are no |onger in operation.

This listing is subject to change as market conditions change,
facility ownership changes, plants are closed down, etc. The
reader should verify the existence of particular facilities by
consulting current l[istings and/or the plants thenselves. The

| evel of nickel em ssions fromany given facility is a function
of variables such as capacity, throughput, and control neasures,
and shoul d be determ ned through direct contacts with plant

per sonnel .
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TABLE 7. LIST OF FI RV PRODUCI NG NI CKEL CHEM CALS?®

Chem cal

Conpany Locati on

Ni ckel Acetate

Ni ckel Acetyl acetonate

Ni ckel Ammoni um Sul f ate

Ni ckel Brom de

Ni ckel Car bonate

Ni ckel Carbonyl

Ni ckel Chloride

C.P. Chenms., Inc. Sewar en, NJ
@l f Gl Corp.
Har shaw Chem Co., subsid.

I ndust. Chens. Dept. Cl evel and, OH
The Hall Chem Co. Wckliffe, OH
Har st an Chem Corp. Br ookl yn, NY
Ri chardson- Vi cks, |nc.

J. T. Baker Chem Co., subsid. Phill'i psburg, NJ
The Shepherd Chem Co. Cincinnati, OH
MacKenzi e Chem Wrks, Inc.

MacKenzi e | NTERVAR Bush, LA
The Shepherd Chem Co. Cincinnati, OH
McGean Chem Co., Inc. Cl evel and, OH
The Hall Chem Co. Wckliffe, OH
Har st an Chem Corp. Br ookl yn, NY
C.P. Chems., Inc. Sewar en, NJ

@l f Gl Corp.
Har shaw Chem Co., subsid.

I ndust. Chens. Dept. Cl evel and, OH
The Hall Chem Co. Wckliffe, OH
McGean Chem Co., Inc. Cl evel and, OH
Ri chardson- Vi cks, I|nc.

J. T. Baker Chem Co., subsid. Phill'i psburg, NJ
The Shepherd Chem Co. Cincinnati, OH
Texasgul f I nc.

M&T Chens. |Inc., subsid. Carrollton, KY
United Catal ysts Inc. Loui sville, KY
Pressure Chem Co. Pittsburgh, PA
Al lied Corp.

Al'lied Chem Co. Cl aynont, DE
C.P. Chems., Inc. Sewar en, NJ

@l f Gl Corp.
Har shaw Chem Co., subsid.

I ndust. Chens. Dept. Cl evel and, OH
The Hall Chem Co. Wckliffe, OH
Har st an Chem Corp. Br ookl yn, NY
McGean Chem Co., Inc. Cl evel and, OH
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TABLE 7. (Continued)LI ST OF FI RMS PRODUCI NG NI CKEL CHEM CALS?®
Chem cal Conpany Locati on
Ni ckel Chloride Ri chardson- Vi cks, I|nc.
J. T. Baker Chem Co., subsid. Phill'i psburg, NJ
Texasgul f I nc.
M&T Chens. |Inc., subsid. Carrollton, KY
Ni ckel Dibutyldithio- E.l. duPont de Nenpurs & Co., Inc.
car bamat e Pol ymer Prod. Dept. Deepwat er, NJ
R T. Vanderbilt Co., Inc. Murray, KY
Vanderbilt Chem Corp., subsid. Bet hel , CT
Ni ckel Di-isobutyldi- R T. Vanderbilt Co., Inc.
t hi ocar bamat e Vanderbilt Chem Corp., subsid. Murray, KY
Ni ckel Di met hyl dit hi o- R. T. Vanderbilt Co., Inc.
car bamat e Vanderbilt Chem Corp., subsid. Murray, KY
Ni ckel 2-ethyl hexonate Mooney Chens., Inc. Franklin, PA
The Shepherd Chem Co. Cincinnati, OH
Ni ckel Fl uoborate Al lied Corp.
Al'lied Chem Co. Cl aynont, DE
C.P. Chenms., Inc. Sewar en, NJ
@l f Gl Corp.
Har shaw Chem Co., subsid.
I ndust. Chens. Dept. Cl evel and, OH
Har st an Chem Cor p. Br ookl yn, NY
Pennwal t Cor p.
Chenms. G oup
Ozar k- Mahoni ng Co., subsid. Tul sa, K
Thi okol Cor p.
Ventron Div.
Al fa Products Danvers, MA
Ni ckel Fluoride Pennwal t Cor p.
Chenms. G oup
Ozar k- Mahoni ng Co., subsid. Tul sa, K
Ni ckel Formate The Hall Chem Co. Wckliffe, OH
The Shepherd Chem Co. Cincinnati, OH
Ni ckel Hali de Thi okol Cor p.

Ventron Div.
Al fa Products
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TABLE 7. (Continued)Ll ST OF FI RMS PRODUCI NG NI CKEL CHEM CALS?®

Chem cal Conpany Locati on
Ni ckel Hexam ne Thi okol Cor p.
Fl uobor at e Ventron Div.
Al fa Products Danvers, MA

Ni ckel Hydrate
Ni ckel Hydroxide

Ni ckel Napht henate

Nickel Nitrate

Ni ckel ocen (Dicycl o-
pent adi enyl ni ckel)

Ni ckel Oxi de, Bl ack

Ni ckel Oxi de, Green

Ni ckel Stearate

Ni ckel Sul fanate

McGean Chem Co., Inc.
C.P. Chens., Inc.

C.P. Chens., Inc.
The Hall Chem Co.
The Shepherd Chem Co.

Troy Chem Corp.

C.P. Chens. Inc.
@l f Gl Corp.
Har shaw Chem Co., subsid.
I ndust. Chens. Dept.
The Hall Chem Co.

McGean Chem Co., Inc.
Ri chardson- Vi cks, |nc.

J. T. Baker Chem Co., subsid.

The Shepherd Chem Co.
United Catal ysts Inc.

Pressure Chem Co.

McGean Chem Co., Inc.

Ri chardson- Vi cks, |nc.

J. T. Baker Chem Co., subsid.

United Catal ysts Inc.

The Norac Co., Inc.
Mat he Div.

Wtco Chem Corp.
Organics Div.

@l f Gl Corp.
Har shaw Chem Co., subsid.
I ndust. Chens. Dept.
Har st an Chem Cor p.

37

Cl evel and, OH

Sewar en,

NJ

Sunter, SC

Wckliffe,

Ci ncinnati ,

Newar k, NJ

Sunt er, SC

H

H

Cl evel and, OH

Arab, AL
Wckliffe, CH
Cl evel and, OH
Phil I'i psburg,
Cincinnati, OH
Loui sville, KY
Pittsburgh, PA

Cl evel and, OH

Phil I'i psburg,
Loui svi l | e,

Lodi, NJ

Chi cago,

IL

KY

Cl evel and, OH

Br ookl yn,

NY

NJ

NJ



TABLE 7. (Continued)Ll ST OF FI RMS PRODUCI NG NI CKEL CHEM CALS?®

Chem cal Conpany Locati on
Ni ckel Sul famate McGean Chem Co., Inc. Cl evel and, OH
Texasgul f I nc.
M&T Chens. |Inc., subsid. Carrol lton, KY
Pico Ri vera, CA
Ni ckel Sul fate ASARCO I nc.
Federated Metals Corp., subsid. Whiting, ID
C.P. Chems., Inc. Sewar en, NJ

@ulf Gl Corp
Har shaw Chem Co., subsid.

I ndust. Chens. Dept. Cl evel and, OH
Har st an Chem Cor p. Br ookl yn, NY
McGean Chem Co., Inc. Cl evel and, OH
Ri chardson- Vi cks, |nc.

J. T. Baker Chem Co., subsid. Phill'i psburg, NJ

The Standard G| Co. (Chio)
Kennecott Corp., subsid.
Kennecott M nerals Co., subsid.

Ut ah Copper Div. Salt Lake City, UT
Kennecott Refining Corp.
subsi d. Balti nore, ND
Texasgul f I nc.
M&T Chens. |Inc., subsid. Pico Ri vera, CA

NOTE: This listing is subject to change as market conditions change,
facility ownership changes, plants are closed down, etc.
The reader should verify the existence of particular facilities
by consulting current listings and/or the plants thensel ves.
The | evel of nickel em ssions fromany given facility is
a function of variables such as capacity, throughput, and control
measur es, and shoul d be determ ned through direct contacts with
pl ant personnel .
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of their high strength-to-weight ratios. Thirteen percent of nicke
is used in electrical equipnent, primarily in the form of resistance
alloys. High perneability nickel alloys and nickel - bearing

gl ass-to-netals seals and transistors account for the remai nder of
the nickel used in electrical equipnent.??

Mot or vehicle construction consunes 6 - 11 percent of the nicke
used in the United States.2'® The nmajority of the nickel used goes
into electroplating the vehicle trim In trucks, vans, and buses,
ni ckel -bearing stainless steel is used to construct body parts,
frames, and rocker panels. Because of their resistance to corrosion,
ni ckel alloys, cupronickels, and nickel bronzes are used to build and
repair ship hulls, frames, and other parts exposed to saltwater.
Approximately 4 percent of total nickel consunmption is used in ship
bui l ding activities.

The chem cal properties of nickel allowit to be used in a
variety of other applications including catalysts, batteries, dyes
and pignments, and ceramcs. Nickel in a finely divided form known
as Raney nickel, can dissolve 17 tines its volune of hydrogen. This
capability leads to the extensive use of nickel in the hydrogenation
of fats and oils. Nickel is used in batteries and fuel cells with
iron, cadmum and zinc, and it is also applied in ceramics to forma
bond between enanel and iron. The conbined m scel |l aneous uses of
ni ckel constitute approximately 8 percent of total consunption.??

Figure 4 presents a sunmary of the end use markets for nickel on
a total weight and percentage basis.?!®
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Household Appliances -
It 11,400 Mg (12,651 tons),
7%

Petroleum Usas - 14,500 Mg
—Dpd (16,265 tons), 9%

Chemical Uses ~ 22,300 Mg
i (25,300 tons), 142

Ship Building & Repairs -
-t 5,500 Mg (7,229 tons), 4%

Alreraft - 13,000 Mg
——— (14,458 tons), 8%

Nickel Consumption - Fabricated Metal Products -
162,700 Mg (180,723 tous) ————t 14,600 Mg (16,265 toms).
92

Motor Vehicles - 17,300 Mg
- i (19,880 tons), 11X

Machinery - 13,000 Mg
S (14,458 tons), 8%

Electrical Equipment -
W 21,100 Mg (23,494 toms),
132

Building ConstrTuction -
=t 14,600 Mg (16,265 tons),
9z

Other Usas - 13,000 Mg
= (14,458 cons), 8X

Figure 4. End use applications of nickel in 1978. 15
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SECTI ON 4
NI CKEL EM SSI ON SOURCES

At nospheric nickel em ssions occur both from natural and
ant hr opogeni ¢ sources.! Natural nickel sources include w ndbl own soi
and dust, volcanoes, vegetation, forest fires, sea salt, and neteoric
dust.®?2 Estinmates of global nickel em ssions fromnatural sources
are given in Table 8. These estinmates are based on very linmted data
and shoul d be viewed as order-of-mgnitude estinmtes at best.

Ant hr opogeni ¢ ni ckel em ssions occur fromtwo broad categories
of sources: direct and indirect sources. The direct category
primarily includes sources that either produce nickel or consune
ni ckel or a nickel conmpound to manufacture a usable product. The
maj or sources within the direct category are:

- ni ckel ore mning and snelting,

- ni ckel matte refining,

- secondary nickel recovery,

- co- product nickel recovery,

S ferrous and nonferrous netals production (nickel alloys

and steels, cast irons, stainless steel),

- el ectropl ati ng,

- battery manufacturing, and

- ni ckel chem cal manufacturing.

I ndirect sources are generally those that do not produce nicke
or nickel -containing products and only inadvertently handl e ni ckel
because it is present as an inpurity in a feedstock or fuel. The
maj or indirect nickel sources are as foll ows:
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TABLE 8. GLOBAL EM SSI ONS OF NI CKEL TO THE ATMOSPHERE FROM
NATURAL SOURCES! 2

Nat ural Source Annual Em ssions,” 10° My (10° tons)

W ndbl own Soil & Dust? 20 (22)

Forest Fires® 0.6 (0. 66)

Vol canoes® 3.8 (4.2)

Veget ati ond 1.6 (1.8)

Sea Salte® 0. 04 (0. 044)

Met eori ¢ Dust 0.18 (0.20)
TOTAL 26. 2 (28.8)

a Average concentration of nickel in soils was used to determ ne
em ssi ons.

b Em ssi ons were cal cul ated assum ng average ash content of trees
andfoliage to be 4% and the average nickel content of the ash is
200 pg/g.

c Em ssi ons were cal cul ated assum ng average ni ckel crustal

abundance of 75 pg/g and a 5-fold enrichnment of nickel in
vol canogeni c particles.

d Em ssi ons were cal cul ated assum ng average ash content of
veget ati ve exudates to be 11% and the average nickel content of
the ash is 25 pg/g.

e Em ssi ons were cal cul ated assum ng ni ckel concentration in ocean
wat er of 210 ng/liter and a nickel enrichnment in atnospheric sea
salt particles of 200-fold.

f Em ssi on nunbers are in terns of total nickel
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- coal and oil conbusti on,

- coke ovens

- muni ci pal refuse and sewage sl udge incineration,
- petrol eum processi ng,

- coal conversion processes,

- cement manufacturing,

- coal and oil supplying, and

- asbest os m ni ng.

I ndirect sources, primarily coal and oil combustion, are estimated to
release from85 to 94 percent of the total anthropogenic nicke
em ssions to the air.%45

The follow ng sections briefly describe the operations of both
direct and indirect nickel em ssion sources and the nickel em ssion
poi nts therein. Where avail able, nickel em ssion factors are
presented for each source. For sonme sources (e.g., coa
I i quefaction), atnospheric em ssions of nickel have been identified
but the quantities have not been determ ned.

DI RECT SOURCES OF NI CKEL

Ni ckel Production

In the United States nickel is generated by three neans: nicke
ore snelting, the refining of inported nickel matte, and the recovery
of nickel fromscrap netal. As discussed in Section 3, the majority
(60 percent) of donestically produced nickel cones from secondary
recovery operations. Matte refining produces approxi mtely 25 percent
of the donestic total, with primary nickel ore snelting producing the
remai ning 15 percent. The processes used in these nickel producing
operations, and their resultant nickel em ssions, are discussed in
detail in the follow ng sections.
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Ni ckel Ore Mning and Snelting

The only active nickel mine inthe U S. is |located near Riddle,
Oregon and is currently operated by the Hanna M ni ng Conpany. The
raw ore obtained fromthe mne is known as garnierite; and is
approxi mately 0.96 percent nickel. The nickel content of the ore is
expected to decline in future production years. The Hanna Ni cke
Snel ting Conpany, also |ocated in Riddle, Oregon processes the
garnierite to produce a ferronickel containing 50 percent nickel and
50 percent iron. The step-by-step flow of nickel ore fromthe mne
to the final ferronickel product is depicted in Figure 5.6 The
initial step (pt. 1, Figure 5) in the ferronickel process is to
screen the raw ore into two fractions. Material less than 14 cm (5.5
in) in dianeter is sent directly to a surge pile (pt. 2, Figure 5)
and fromthere on to an ore storage pile (pt. 4, Figure 5). Materi al
greater than 14 cm (5.5 in) is fed to a crusher (pt. 3, Figure 5) and
is then screened for a second tine. The undersized material fromthe
second screening is carried to the surge pile and fromthere to the
ore storage pile. A belt conveyor delivers the ore fromthe surge
pile to tramcars which enpty their contents into an ore storage
hopper. Another belt conveyor is used to deliver ore material from
the hopper to the ore storage pile. Oversized reject fromthe second
screening (which contains relatively small anmounts of nickel) is
st ockpi | ed.

The ore material fromthe storage pile is transferred by
front-end | oaders into rotary dryers (pt. 5, Figure 5). After
drying, the ore is crushed and screened to separate three size
fractions (pt. 6, Figure 5). The fines fraction is delivered by belt
conveyor to a fines storage bin (pt. 7, Figure 5). Internedi ate-sized
ore is also delivered by a belt conveyor to six ore storage bins (pt.
8, Figure 5), and oversized ore material is rejected and sent to a
stockpile. Fines fromthe fines storage bin are fed to two vertica
roasters (pt. 9, Figure 5) that are fired by natural gas or diese
fuel. The average conposition of the feed to the roasters is given
bel ow
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Conponent Percent conposition by wei ght

Al .0, 1.9
Si G, 45. 6
Fe 10.1
Ni 1.2
MO 27
free water 3.2
chem cal | y- bound wat er 7.3

The figures for iron and nickel represent the percent conposition for
the total level of these netals in the roaster feed. |Iron and nicke
actually exist as oxides in the ore feed. Internediate-sized ore is
sent fromits storage bins into two rotary cal ciners

(pt. 10, Figure 5), which are fired by natural gas. Both the
roasters and cal ciners heat up the ore material to about 648°C
(1200°F) to drive off chem cally-bound water. The roasters and the
cal ci ners di scharge hot ores into skiphoists (pt. 11, Figure 5),
which feed into hot ore bins.

Ni ckel recovery is initiated by gravity feeding the roasted and
calcined ores into electric arc nmelting furnaces (pt. 12, Figure 5).
The electric arc nelt furnaces operate at approximately 1650°C
(3000°F). As nolten ore is tapped fromthe furnace into |adles, iron
and nickel netal are extracted by adding a ferrosilicon reductant to
the ladl e and mi xing vigorously. Mxing is acconplished by pouring
nolten materials back and forth fromone |adle to another. As the
iron and ni ckel conpounds undergo reduction (pt. 13, Figure 5),
metallic nickel and iron settle to the bottomof the ladle. Slag is
poured off the |adle and granul ated by high pressure water jets.

Part of the netal that accunulates in the mxing ladle is poured into
another ladle and is transferred to a refining furnace. The netal
remaining in the mxing ladle is known as "seed netal ," serving as a
metal collector for subsequent reactions of nolten ore with
ferrosilicon.®
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As molten netal is poured into the refining furnace (pt. 14,
Figure 5), refining materials (including dolomte, |ine, and
fluorspar) are added to the furnace by hand. Chemi cal reactions
between the refining materials and the netals renmove inpurities from
the nolten ferronickel. Refined ferronickel is cast into 12.7 kg (28
I b) pigs on a pig casting machine (pt. 15, Figure 5), or is made into
shot by pouring the nolten material through water jets (pt. 16,
Figure 5).¢

Em ssi on Factors--

Em ssi ons of nickel during m ning operations are expected to be
mnimal. Since the water content of the ore is relatively high,
about 20 percent, any dust generated would settle quickly and in the
vicinity of the source.”®° However, as the ore dries in reject or
stock piles, increases in fugitive dusts could be observed. The
ni ckel content of such dust woul d probably average that of the ore,
about 0.96 percent.!® The nickel enmitted would be in the form of
silicates as in the ore.

In ore snelting the nost significant sources of
ni ckel -contai ning particul ate em ssions are:

- ore crushers,

- rotary dryers,

- st orage and surge bins,
- rotary cal ciners,

- roasters,

- ski phoi st s,

- ore nelting furnaces,

- the Fe-Si furnace, and
- refining furnaces.

All of these sources are currently controlled by a variety of
devi ces. Fabric filters are used to control em ssions from crushers,

st orage and surge bins, skiphoists, roasters, ore nelt furnaces,
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refining furnaces, and the Fe-Si furnace. Rotary dryer em ssions are
controlled by first passing the streamthrough a two-stage cycl one
and then onto a wet scrubber. Cal ciner enissions are being reduced
t hrough the use of an electrostatic precipitator (ESP).! The
efficiencies of these control devices have not been determ ned by
testing; however, the sane devices in operation on simlar industrial
sources have denonstrated efficiencies ranging from95 to 99 percent.

The quantity of data available to estinmate nickel em ssions from
the Hanna mning and snelting operations is very limted. The nost
reliable informati on avail abl e appears to be enm ssions data that have
been submtted to the State of Oregon by the Hanna conpany. These
data, which are the results of actual source tests and engi neering
estimates, are presented in Table 9. 101112

Very few data identifying the species or formof nickel emtted
during each of the Hanna operations were found in the literature.
Based on the types of materials present and the nature of the
operations, it seens reasonable to estimate that em ssions from
crushers will contain nickel as the silicate, as in the ore. Ni cke
in dusts fromdryers and cal ciners would be present in the silicate
m neral |attice because no chem cal changes are occurring during
these operations. Depending on the tenperatures reached during
dryi ng and cal ci ning, sone nickel on the surface of ore fragnents nmay
becone oxidi zed such that sonme snmall fraction of nickel may be
emtted as an iron-nickel oxide. N ckel oxide or nickel in
conmbination with iron oxide as a ferrite or spinel are probably the
dom nant species emtted during roasting and nelting.*® Both iron and
ni ckel are transition netals of Goup VIII sharing simlar properties
such as atomic and ionic radii. Both netals also use the sane outer
el ectron orbitals when form ng conpl exes such as silicates and oxi des
and prefer octahedral geonetric configurations.* Therefore, iron and
ni ckel may be found together in conplex oxides. Since roaster feed
mat erial may contain about 10 percent iron by wei ght and tenperatures
can reach 648°C (1,200°F), it is reasonable to postulate that nicke
and iron would be present as an oxide in particulate matter.
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TABLE 9.

NI CKEL EM SSI ON FACTORS FOR THE PRI MARY SMELTI NG

OF NI CKEL ORE 10-12

Sour ce

Control Device Used

Em ssi on

Fact or,

kg/ My (I b/ton) of
Ni ckel Produced?

Rotary Dryers¢

No. 1
No. 2
No. 3
No. 4
Crusher House¢
No. 1
No. 2
Day Bi n¢
No. 1
No. 2
No. 3

Cal ci ners¢

Cycl one/ Scr ubber
Cycl one/ Scr ubber
Cycl one/ Scr ubber
Cycl one/ Scr ubber

Fabric Filter
Fabric Filter

Fabric Filter
Fabric Filter
Fabric Filter

ESP

Ski p Hoi st s¢
No. 1 Fabric Filters
No. 2 Fabric Filters
O e Melter/ Roasterd
Conbi nati on
No. 1 Fabric Filter
No. 2 Fabric Filter
Refini ng Furnace®¢ Fabric Filter

OVERALL FOR THE PLANT

.28
. 26
. 26
. 021

oleoloNe

. 006
. 046

oo

0. 0009
0. 0009
0. 00033
0. 23

0. 034
0.014

0. 027
0. 046

0. 0065

1.2

(0. 56)
(0.51)
(0.52)
(0. 042)

(0.012)
(0. 092)

(0.0019)
(0.0019)
(0. 00065)
(0. 46)

(0. 067)
(0.027)

(0. 054)
(0. 092)

(0.013)
(2. 4)

@ Em ssi ons expressed as total nickel.

b No source test

data avail abl e, em ssi ons have been esti mat ed.

¢ Nickel em ssions fromthese sources are expected to primarily be in the
formof a nickel silicate as in the raw nickel

9 Ni ckel em ssions fromthese sources are expected to be in the fornms of

i ron-ni ckel

oxi des and ferronickel.
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An anal ysis of the thernodynanics of reactions of nickel-iron oxides
and silicates and oxygen shows that at tenperatures of 727°-927°C
(1, 340°-1,700°F), the oxide or silicate is the predom nant form

In speciation studies of particulate matter trapped by control
devices during the nelting of nickel alloys containing nickel, iron,
and chrom um (I nconel Alloy 800, 840), energy dispersive X-ray
anal ysis (EDXA) of particles reveal ed patterns which matched t hose of
conpl ex iron-ni ckel oxides, and to a | esser extent nickel oxide.?*®
The ferronickel nelt contains both iron and nickel, although not in
the same proportions as the alloy. For lack of other data, it seens
reasonabl e to assunme that the ferronickel nelt would also emt
particles containing iron-nickel oxides and nickel oxide.

Ni ckel Matte Refining

Process Description--

The AMAX Ni ckel Refining Conpany in Braithwaite, Louisiana, is
the only facility in the United States that is refining inported
matte to produce nickel. |In addition to nickel, the AMAX refining
process al so produces copper, cobalt, and amoni um sul fate. AMAX
produces ni ckel by means of hydronetal lurgical refining. A
sinplified flow di agram of the AMAX operation is presented in Figure
6 and the process is discussed bel ow. 6 17.18

To initiate the refining process, the sem -refined
ni ckel -cobal t - copper matte (containing about 40 percent nickel) is
crushed to a material less than 1.3 cm (0.5 in) in diameter (pt. 1,
Figure 6) and sent to storage bins (pt. 2, Figure 6). A relatively
smal | portion of the crushed matte (about 1300 kg/hr) is drawn off to
a sanpling area (pt. 3, Figure 6) to anal yze and nonitor the metal
content of the matte.16 The remainder of the matte is fed to a wet
ball mIl (pt. 4, Figure 6) where it is ground to m nus 200 nesh and
then is sent to a thickener and dewatered to 70 percent solids, by
wei ght. The slurry material is then introduced to the atnospheric
| eaching circuit (pt. 5, Figure 6) of the hydronetallurgical process,
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whi ch consists of a series of agitated, steam heated, air-sparged
tanks. The atnospheric | eaching step requires a controlled reaction
between the matte slurry and the nickel/copper sulfate-sulfuric acid
solution that is recycled fromthe first stage pressure leach. In
the | eaching step approxi mately 50 percent of the nickel and cobalt
are dissolved fromthe matte by the oxidizing conditions achieved
fromsparging | arge volunes of air under pressure through the slurry.
The reaction product fromthe | eaching process is sent to a thickener
to achieve a solids-liquids separation. Overflow fromthis operation
contains only nickel and cobalt sulfates in solution and is sent to
the cobalt removal stage (pt. 7, Figure 6) of the hydronetallurgica
process. Underflow fromthe thickener is fed into the two-stage
pressure | eaching section (pt. 8, Figure 6) of the process. 18

In the pressure | eaching circuit, autoclaves operating at 204°C
(400°F) and 4130 kPa (600 psi) leach the remaining copper, nickel,
and cobalt into solution. The product fromthe autoclaves is sent to
a second-stage pressure |leaching section (pt. 9, Figure 6) for neta
recovery. The electrolyte feed, which contains all the natte copper
and a portion of the nickel and cobalt, is directed to a series of
el ectrowi nning tanks (pt. 10, Figure 6) to produce a finished copper
cathode. Spent electrolyte fromthis operation, which contains
ni ckel , cobalt, unplated copper, and sulfuric acid, is recycled (pt.
6, Figure 6) back to the pressure |eaching circuit.1®

At the cobalt rempoval phase of the process (pt. 7, Figure 6),
the nickel -cobalt solution from at nospheric | eachi ng undergoes an
oxi dation reaction using ammni um persulfate to precipitate cobalt
hydr oxi de. The cobalt hydroxide slurry is pressure filtered to
remove the hydroxides in cake form The filtrate fromthis operation,
a pure solution of nickel sulfate, is sent to the nickel recovery
section of the process. 18

The nickel recovery section at the AMAX process is a batch
operation.' In this step, hydrogen gas is used to reduce and
precipitate nickel metal from solution. Anhydrous ammnia is used to
neutralize the sulfuric acid forned in this process, thereby yielding
an amoni um sul fate solution. The precipitated nickel powder is
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separated by decantation and is then washed, filtered, and dried.
The dried powder is then packaged as powder, or is pressed into
briquettes and sintered prior to packaging (pt. 12, Figure 6).
Resi dual nickel in the liquor from nickel reduction is sent to a
hydr ogen sul fi de scavenging step (pt. 13, Figure 6) and returned to
first stage digestion.17 Muiltistage evaporators are then used to
produce ammoni um sul fate crystals fromthe purified amonium sulfate
sol ution. 1718

To initiate cobalt netal recovery, the filter cake precipitate
fromthe cobalt removal phase (pt. 7, Figure 6) is first treated with
anmoni a in an autoclave at 93°C (200°F). This step dissolves the
cobalt as an am ne conplex. All traces of nickel are renpved fromthe
cobalt am ne solution by acidifying and cooling the solution, thereby
yi el ding ni ckel double salts, and by subjecting the resulting am ne
solution to an ion exchange circuit (pt. 15, Figure 6). The purified
cobalt solution is directed to a cobalt reduction step (pt. 16,
Figure 6) where hydrogenation at el evated tenperature and pressure
is used to produce cobalt netal. The final cobalt metal product is
packaged as a powder or is forned into briquettes (pt. 17, Figure 6).

Em ssi on Factors--

In information submtted to the U S. EPA and to the Louisiana
O fice of Environmental Affairs, AMAX Nickel lists ten primary
sources of nickel em ssions fromits Braithwaite, Louisiana
refinery.16 These sources, and the type of em ssion control device
applied to each, are delineated in Table 10. Particul ate em ssions
fromthe majority of sources are collected and renmoved fromthe
exhaust by a fabric filter.

AMAX has al so submitted estimtes of total nickel em ssions from
each of the sources given in Table 10. These estinmates are shown in
Table 11. Particulate em ssions from operations occurring prior to
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TABLE 10.

NI CKEL REFI NERY?6 18

PRI MARY NI CKEL EM SSI ON SOURCES AND CONTROLS AT THE AMAX

Ni ckel Em ssi on Sources

Source ldentification

From Figure 6

Control Device Applied
and Reported Efficiency

Mat t e Handl i ng and Hopper
St or age

Matte Sanpling Process
Laboratory Matte Anal ysis
Matte Crushers

St orage Bins

Ni ckel

Powder Dryer

Sintering Furnaces
Briquetting Process
Powder
Fugi ti ve Em ssions

Packagi ng Process

Points 1, 2

Poi
Poi
Poi
Poi

Poi

Poi
Poi
Poi
Poi

nt
nt
nt
nt

nt

nt

nt
nt

N P W W

11

nts

12
12
12
11,

12

Fabric Filter (99.5%

Fabric Filter
Fabric Filter
Fabric Filter
Fabric Filter

(979
(999
(979
(979

Cyclone (97% and
Magnetic Filter

Uncontrol | ed
Fabric Filter
Fabric Filter
Fabric Filter

(99%
(99. 8%

(999
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TABLE 11. ANNUAL NI CKEL EM SSI ONS FOR THE AMAX NI CKEL REFI NERY I N
BRAI THWAI TE, LOUI SI ANA!8

Ni ckel Em ssi ons?

Em ssi on Source My (tons)/yr
Matt e Handl i ng and Hopper StorageP 0.64 (0.71)
Matte Sanpling Process® 0.18 (0.20)
Matte CrushersP 0.36 (0.40)
St or age Bi ns® 0.14 (0.15)
Ni ckel Powder Dryerc® 0.59 (0.65)
Si ntering Furnaces® 0.9 (1.0)
Briquetting Process® 1.25 (1.39)
Powder Packagi ng Process® 2.4 (2.7)
Fugiti ve Em ssions® 0.14 (0.16)
Total Pl ant 6.6 (7.4)

a All em ssions estimtes are expressed in terns of total nickel.

o

Ni ckel em ssions fromthese sources are expected to be in the form of
ni ckel subsul fide (N 3S,). 51920

o

Ni ckel em ssions fromthese sources are expected to be in the form of
nmetal lic nickel.?2°

[«

Ni ckel em ssions fromthis source are expected to be in the forns of
nmetal i c nickel and nickel oxide. %20
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the nickel reduction operation, such as matte handling, sanpling,
crushi ng, and storage, contain nickel, copper, and cobalt conpounds.
AMAX data indicate that the mattes they process contain approximately
40 percent total nickel.18 Nickel em ssions fromthe matte handling
and preparation part of the AMAX facility are expected to be

predom nantly nickel subsulfide (N 3S;) because the nickel in the

sul fide mattes processed is predomnantly in this form 1920 Recent
X-ray diffraction tests by AMAX have verified the existence of nicke
subsul fide em ssions frommmatte handling operations.?® Matte handling,
crushi ng, and grinding operations displace nickel

subsul fide-containing matte particles that are emtted to the anbi ent
air.

Fol l owi ng the hydrogen reduction nickel precipitation part of
t he AMAX process, nickel enissions are predom nantly in the form of
metallic nickel. N ckel em ssions fromthe powder dryer, briquetting
process, powder packagi ng process, sintering furnace, and fugitive
sources should be in the formof netallic nickel.?1%20 Em ssions
fromthe sintering furnace are also likely to contain nickel oxide
since some of the input netallic nickel powder is probably oxidized
in the sinter furnace.

Potentially a mnor amount of nickel carbonyl [N (CGQ,)] could be
produced fromthe hydrogen reduction step of the nickel recovery
process at AMAX i f carbon nonoxi de was present as a contam nant in
t he hydrogen used. Nickel powder and nickel salts have been shown to
react to form nickel carbonyl in the presence of carbon nonoxide. ?!
No information is avail able on possible carbon nonoxide in the
process hydrogen or on nickel carbonyl formation and release during
ni ckel precipitation. [If nickel carbonyl was forned, it is unlikely
that it would eventually be found in anbient air around the plant
considering that the half-life of nickel carbonyl in air is only
about
100 seconds. 22
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Secondary Ni ckel Recovery

Process Description--

As discussed in Section 3, the secondary nickel scrap recovery
industry is a significant conponent of domestic nickel production.
The basic processes conducted at a secondary nickel recovery plant
i ncl ude scrap pretreatnent, snmelting, refining, and casting of the
ni ckel - based product.23 All secondary nickel plants do not, however,
necessarily use each of these processes. For exanple, plants
receiving relatively clean nickel scrap may not need to carry out a
degreasing pretreatnment step. The generalized flow pattern of nickel
materials through a representative secondary nickel recovery facility
is illustrated in Figure 7.2

Unl ess nickel scrap is exceptionally clean and honbgeneous when
it enters the recovery facility, it must first undergo sone degree of
pretreatnent. Pretreatnent generally invol ves inspecting and sorting
the scrap and cl eaning or degreasing the scrap. Sorting is perforned
manual |y to separate nickel-beating scrap fromnon-netallic and
non-ni ckel materials. Pieces of nickel scrap are then segregated with
respect to cleanliness and physical form Clean scrap may be charged
directly to the snelting furnace while dirty scrap undergoes
degreasing. Nickel scrap is generally degreased by using
trichloroethyl ene solvent. No atnospheric nickel em ssions occur
during nickel scrap pretreatnent.?*25

In the snelting step of the recovery process, nickel scrap is
either (1) partially purified prior to further refining, or (2)
melted with alloying agents to formspecific alloys. In either case,
the scrap is charged to a furnace, linme is usually added, and the
charge is nmelted. The nolten netal is poured into ingot nolds or is
sent directly into another reactor for refining. Both electric arc
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and rotary reverberatory furnaces are used to acconplish scrap
melting. The effects on the scrap are the sane regardl ess of the
furnace type used. Both types of furnaces are sources of atnospheric
ni ckel em ssions, generally in the form of nickel oxide and other
nore conplex forns of oxidized nickel.'2 Fabric filter contro

devi ces are predom nantly used to control the dust emi ssions fromthe
snel ting furnaces. ?®

If higher purity material is required than can be achieved in
the snelting furnace, the nolten product of snelting is sent to a
refining reactor. 1In the refining reactor, cold base scrap and pig
ni ckel are added to the nolten nmetal. To this m xture are added
lime, silica, and specified quantities of alloying nmetals. The
alloying netals (e.g., nanganese, titanium and col unbium are added
to produce the required alloy conmposition. The total charge is then
mel ted and poured into nolds. The processes carried out in the
refining reactor generate nickel em ssions simlar to those produced
in the snelting step. Fabric filter control devices are routinely
used to reduce the rel ease of these enmissions into the air.?

The final step in the secondary nickel recovery process invol ves
casting the nolten product alloys into ingots. After pouring the
molten metal into nolds, solidification is acconplished by air
cooling. The ingot alloys are then renoved fromthe nolds and
packaged for consunption by the netallurgical industry. Although no
at nrospheric nickel em ssions occur during the casting process, m nor
anounts of netallic vapor are released into the work environnent,
which are likely to be oxidized very rapidly.??2

Em ssion Factors--

Em ssion factors specifically applicable to secondary nickel
recovery plants are very limted. The factors that are avail able
apply only to scrap nelting furnaces and are presented in Table 12.
The accuracy of the factors given in Table 12 has not been determn ned
by testing.
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TABLE 12. NI CKEL EM SSI ON FACTORS FOR THE SECONDARY PROCESSI NG OF
NI CKEL- BEARI NG SCRAP?¢

Scrap Source Em ssion Factora?®
Stai nl ess Steel© 5 kg/ My (10 I b/ton) of nickel charged®
or

0.3 kg/My (0.6 Ib/ton) of steel produced®
Ni ckel Alloy Steels® 5 kg/ My (10 I b/ton) of nickel charged®

Iron & Steel Scrap¢ 0. 0008 kg/ My (g.0015 I b/ton) of iron and
st eel produced?

O her N ckel Alloys' 1 kg/My (2 Ib/ton) of nickel charged
Copper Base All oysf 1 kg/My (2 Ib/ton) of nickel charged
El ectrical Alloys' 1 kg/My (2 Ib/ton) of nickel charged?
Cast Ironf 10 kg/ My (20 I b/ton) of nickel charged®

Nickel is primarily emtted as conpl ex oxides of nickel and other netals.
The em ssion factors apply to individual nelting furnaces.
Em ssion factor based on questionnaire survey results.

Control l ed em ssion factors. Although specific controls for these
factors are not known, the industry generally uses fabric filters for

en ssions control .
Em ssion factors based on materi al bal ances.

Em ssion factors based on engi neering judgnent.
Uncontroll ed em ssion factors.
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Source Locati ons- -
The | ocations of firnms believed to be engaged in the secondary
recovery of nickel netal are given in Table 4 of Section 3.

O her Secondary Metals Recovery Plants

Process Description--

Secondary al umi num copper, cadm um cobalt, brass and bronze,
and zinc recovery facilities have the potential to emt nicke
because they process scrap containing varying anounts of nickel.

Ni ckel compounds, probably nickel -containing oxides, are enitted as a
m nor conponent of the total particulate enission streamfrom each of
these source categories. Figure 8, Figure 9, Figure 10, Figure 11
Figure 12, and Figure 13 present flow diagrans that are
representative of secondary netal recovery processes perforned in the
United States. The basic processes involved in all these source
categories are so simlar that to detail each separately would be
repetitive. GCenerally, there is a scrap pretreatnent step, a
snmelting step, a refining step, and a product casting step.

Typically, scrap netal is brought into the recovery facility,
sorted by type, and pretreated according to the physical and chem ca
nature of the scrap. 1In zinc recovery plants, for exanple,
pretreat nent of scrap can involve crushing and screening, furnace
sweating, or sodium carbonate | eaching, depending on the nature of
the input scrap. |In conparison, secondary copper scrap pretreatnment
can involve crushing and grinding, kiln drying, furnace sweating, or
sul furic acid | eaching. As shown in Figure 8, Figure 9, Figure 10,
Figure 11, Figure 12, and Figure 13, simlar pretreatnment operations
exist in all the secondary metals recovery facilities.27 Atnospheric
ni ckel em ssions potentially occur fromthe pretreatnent processes
used in the secondary alum num copper, brass and bronze, and zinc
segnments of the netals recovery industry. Wet scrubbers, fabric
filters, ESPs and cycl ones have been used to control particulate
em ssions fromthe various pretreatnent processes.?’
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The snelting step in secondary recovery facilities is perforned
by using electric arc furnaces, reverberatory furnaces, bl ast
furnaces, or converters. Figures 8 - 13 detail the specifics of each
segnment's snelting process, including a description of the alloying
agents and fluxes used in each. A snelting step is perfornmed in al
of the secondary recovery operations except zinc. |n secondary zinc
facilities, scrap is nelted during pretreatnent and is only refined
to produce a final product. Al of the other snmelting processes,
except those carried out in the cobalt segnent, have the potential to
emt nickel particulates. Control of these sources is generally
achieved by using fabric filters. 1In the cobalt segnent, a vacuum
smel ting process is used which traps netal em ssions and prevents
t hem from bei ng rel eased. 27

As shown in Figures 8-13, the processes used to refine the
various netals are often simlar and closely related to the snelting
step processes. In sone segnents such as alum num brass and bronze,
and cobalt, the snmelting and refining processes are the sane.

Regardl ess of the particular process configuration, all of the
secondary refining processes, except those used in the cobalt
segment, have the potential to emt nickel-containing particulate.
Fabric filters, ESPs, and wet scrubbers have been applied to contro
the particul ate em ssions of these various processes. ?

The netal casting operations in the secondary snelting plants
i nvol ve pouring nolten alloys into nolds, which are air cooled to
formingots. No nickel em ssions are generally associated with these
oper ations. ?7

Em ssi on Factors--

No quantitative emnmi ssion factor data have been determned to
estimate the [ evel of nickel em ssions fromsecondary metal snelting
processes.

No neasured ni ckel speciation data exist for secondary nicke
recovery plants; however, the fornms of nickel potentially enmtted
fromthese facilities can be theorized from speciation results of
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ot her nickel netallurgical operations and a know edge of the
conditions existing within the recovery processes. Because of the
hi gh tenperatures involved in the snelting and refining furnaces, the
maj ority of nickel present should be oxidized. Data taken froma

ni ckel alloy netallurgical plant indicate that nickel would exi st
predom nantly as oxi des of nickel and other netals and not pure

ni ckel oxide although sone is possible.® Some netallic nickel may

al so be present in the em ssions fromreasons connected with reaction
kinetics. Data fromthe nickel alloy plant tests confirmthat sone
metallic nickel is possible froma high tenperature netallurgica

envi ronnment invol ving nickel .

Sour ce Locations--

The | ocations of firms which practice secondary recovery of
metal s, including alum num copper, zinc, cobalt, cadm um and brass
and bronze, are given in Table 5 of Section 3. These firns have been
identified as having the potential to emt nickel conpounds.

Co- Product Ni ckel Recovery

Process Description--

As di scussed in Section 3, nickel, in the form of nicke
sulfate, is produced in varying quantities as a co-product of
el ectrolytic copper and platinumnetals refining plants. A
representative electrolytic copper refinery flow diagramis presented
in Figure 14 to illustrate how nickel sulfate is generated.?® As
shown in Figure 14, inpurities in snelter-generated blister copper
are separated fromthe copper product by electrolytic dissolution at
an anode. Usually the electrolyte used is a solution consisting of
copper sulfate and sulfuric acid. The electrolyte serves to dissolve
the inpurities in the copper anode. Those inpurities not dissolved
fall to the bottom of the electrolytic cell as a slinme. 1In the
el ectrolytic cell a portion of the dissolved copper is generally not
transferred to the cathode. Therefore, a gradual increase occurs in
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the copper concentration of the electrolyte. The concentration of
copper and inpurities in the electrolyte is controlled by
continuously or intermttently withdrawing a portion of the used
el ectrolyte and replacing it with a new solution.?®

Copper is recovered fromthe electrolyte solution at the
i berator cells. These |iberator cells are simlar to the
el ectrolytic refining cells; however, insoluble iron or |ead anodes
are used in place of copper anodes. After the copper has been
recovered in the liberator cells, the remaining solution is
transferred to an open or vacuum evaporator and then to a centrifuge
for the concentration and recovery of nickel sulfate. N ckel sulfate
recovered fromthe centrifuge is dried and sold as a product, or is
redi ssol ved and recrystallized to produce a higher purity product.?8

Em ssion Factors--

Ni ckel em ssions fromelectrolytic copper and plati numrefining
primarily occur fromthe evaporation and nickel sulfate drying
operations. The evaporation operation produces nickel -contai ni ng
aerosols, while the drying operation produces nickel sulfate
particulate matter. Enmi ssions are estimated to be | ow because (1)
relatively few refiners practice nickel sulfate recovery, and (2) the
nmost wi dely used evaporator systens are enclosed so that any emtted
ni ckel aerosol is captured and recycled to the process.?® No other
gquantitative data are avail able on nickel em ssions fromthese
processes. 28

Ferrous and Nonferrous Metals Production

As discussed in Section 3, netallurgical uses constitute the
| argest demand for nickel. N ckel is used to produce two main
categories of nmetal alloys: ferrous and nonferrous. |nportant
ferrous nickel alloys include cast irons (which are produced in
foundries), stainless steels, and alloy steels. Nonf err ous ni cke
al l oys include nickel -copper alloys, copper-nickel alloys,
superal l oys, and electrical alloys. Although individual plant
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configurations and techni ques nmay vary between nmanufacturers, the
basi ¢ processes used to produce either the ferrous or nonferrous
materials are the sane. In the follow ng paragraphs process
descriptions are presented that are representative of ferrous and
nonferrous nickel netal production facilities. A discussion of the
| evel of nickel em ssions fromeach nmetals category and the |ocation
of ferrous and nonferrous facilities is presented after each process
descri ption.

Ferrous Metals Production--

Process Description

The general flow process for the production of a nicke
stainless steel or steel alloy is depicted in Figure 15. As shown in
the figure, the process is initiated by charging scrap netal (simlar
in conposition to the netal being produced), alloying materials, and
a lime fluxing agent to either an electric arc or high frequency
i nduction furnace for nelting (pt. 1, Figure 15, or pt. 2, Figure
15). The mpjority of steels produced are nelted by electric arc
furnaces. The types and quantities of alloying materials added are
dependent upon the type of steel to be produced. Ferronickel,
ferrochrom um pure unw ought nickel, nickel oxide, ferrosilicon,
ferromanganese, and manganese silicon are exanpl es of typical
al l oying materi al s.

After the furnace charge has been nelted, the nolten steel is
mechanically transferred fromthe furnace by a ladle to the argon
oxygen decarburization (AOD) process (pt. 3, Figure 15). The ACD
process is a step to refine the nolten steel. In 1978 over 80
percent of all donmestically produced stainless steel was refined by
the AOD process. Oher, less frequently used refining techniques
i ncl ude vacuum arc renelting, electroslag renelting, and vacuum
decarburization. In the AOD process, controlled anpbunts of oxygen
and argon, and in sone cases nitrogen, are blown through the bottom
of the AOD vessel to renpve excess carbon. During the ACD operation,
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the tenperature of the nolten metal is about 1565°C (2850°F). The
refined, extrenmely hot netal is poured fromthe AOD vessel into a
ladle. At that point it is either cast in a continuous casting
machi ne or cast into ingots using conventional cast iron nolds.

In a typical continuous caster (pt. 4, Figure 15), the nmplten
steel is poured into a vertical, water cool ed copper nold where the
metal begins to solidify and energes as a continuous slab. The
solidified steel is then cut into sections using an iron powder torch
(pt. 5, Figure 15). In conventional nold pouring operations known as
teemng (pt. 6, Figure 15), a special ladle is placed directly over
the open tops of the ingot nolds. A nozzle on the bottom of the
ladle is connected to a stopper nechani sm which controls the flow of
metal fromthe ladle into the nold. The nolten steel is allowed to
flowinto a series of nolds until the supply is exhausted. The ingot
mol ds are then left to cool, allowing the steel to solidify. Once
the ingot is solidified, an overhead crane is used to strip the stee
fromthe nolds. The thickness of the sem -finished steel is then
reduced by running it through a rolling mll operation (pt. 7, Figure
15). The steel slabs produced (pt. 8, Figure 15) by rolling are
general ly about 15 cm (6 in) thick, 0.61 m
(2 ft) wide, and 2.4 m(8 ft) long.*

Sl abs made by either the continuous casting or ingot nethod have
surface bl em shes and an oxi de coating that nust be renoved by
surface grinding (pt. 9, Figure 15) before any further rolling or
metal formng can take place. Ingot slabs are ground on all sides,
whi | e conti nuous-cast slabs are usually ground on only two sides.
Because conti nuous-cast slabs do not require initial rolling to
reduce thickness, fewer surface defects are present on the slab
sides, and less grinding is needed to prepare these slabs for further
processi ng.

To resune the netal form ng process after grinding is conplete,
the steel slabs nust be reheated to a tenperature of 1200-1260°C
(2200-2300°F). Reheat furnaces (pt. 10, Figure 15) or soaking pits
are used for this purpose. Once the slab is malleable, it passes
through a series of reduction and finishing mlls (pt. 11, Figure 15

76



and pt. 14, Figure 15) of wi dely varying design anmong manufacturers.
The final required product determ nes the nunber of mlls used.

Two i nportant processes that are conducted during the reduction
and finishing operation are annealing and pickling. Hot rolling of
stainless steel to a desired thickness produces distortion in the
metal grain structure and builds up internal stresses in the netal.
The high tenperature annealing operation (pt. 12, Figure 15 and
pt. 15, Figure 15) recrystallizes the grain structure, relieves the
internal stresses, and dissolves any chrom um carbi des present. It
al so produces an oxide filmon the surface of the netal known as
scale. Scale is renoved by pickling (pt. 13, Figure 15, and
pt. 16, Figure 15), which involves i mersing the steel in specialized
acid baths. The pickling baths may be either hot or cold operations.
Followi ng the final pickling operation the steel product is rinsed,
dried, and renoved to a storage area.

The production process described above (and shown in Figure 15)
for stainless and alloy steels is generally applicable to basic iron
and steel (carbon steel) plants except for differences in the types
of melt furnaces used. Iron and steel plants enpl oy basic oxygen,
open hearth, or electric furnaces to nelt the charge materials. High
frequency induction furnaces are not used.

Em ssi on Factors

In the production of nickel stainless and alloy steels and cast
irons, the charge nelting furnace (pt. 1, Figure 15, and pt. 2,
Figure 15) is a mmjor source of nickel- containing particul ate
em ssions. 2530 Tapping and material transfer operations at the
furnace generate considerable fugitive particul ate em ssions which
al so contain nickel and nickel oxides. The steel industry generally
controls furnace enissions by the use of collection hoods and
standard particul ate control devices such as fabric filters or ESPs.
A second inportant source of nickel em ssions is the AOD process
vessel (pt. 3, Figure 15). As is the case with the nelt furnaces,
consi derabl e ni ckel -containing, fugitive particul ate em ssions are

77



rel eased during tapping and material transfer operations fromthe ACD
vessel . Hooding and induced draft roof designs are used to capture
the particulate em ssions. Fabric filters are successfully being used
to control the collected em ssions. 332

A third major source of nickel em ssions is the surface grinding
operation (pt. 9, Figure 15). As the grinding wheel contacts the
metal surface, particles are displaced and enmitted. Different
manuf act urers use vari ous hoodi ng designs to capture the emtted
particul ates, which are then directed to a fabric filter or other
particul ate renoval device for control

O her less significant nickel em ssion sources include the
casting operations (pt. 4, Figure 15 and pt. 6, Figure 15) and the
iron powder torch cutting operation (pt. 5, Figure 15). As npolten
metal is transferred to the conti nuous caster or the teem ng | adle,
fumes evol ve that may contain nickel. Hooding and the induced draft
roof systemare used to renove the funes fromthe work area. A
simlar situation exists with the torch cutting operation. As the
sl abs are cut, funes are rel eased which potentially contain nickel.
Downdr aft hoods, which are placed beneath the steel being cut, are
used to renove these funes fromthe work area.

Potential nickel em ssion points, including fugitive em ssion
sources, are indicated in Figure 15. Wth the exception of the ACD
operation, basic iron and steel plants contain the sanme potenti al
ni ckel em ssion sources that have been descri bed above for nicke
stainless and alloy steel facilities.

Ni ckel em ssion factors for the steel industry have been
esti mted based on steel industry particulate em ssion factors and
data on the nickel content of emtted particul ates. 33, 34, 35,36 The
cal cul ated factors are presented in Table 13. Both the particul ate
em ssion factors and the nickel content data are based on the results
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TABLE 13. N CKEL EM SSI ON FACTORS FOR STEEL MANUFACTURI NG OPERATI ONS

Em ssion Factor, kg (I'b) N per

Sour ce Controls in Pl ace? My (ton) of steel produced’
kg/ My | b/ton

Open Hearth Furnace ESP 0. 00009 (0.00018)

Open Hearth Fugitive Em ssions None 0. 000025 (0. 00005)

Basi c Oxygen Process Furnace Scr ubber 0. 000009 (0.000018)

Basi ¢ Oxygen Process Fugitives None 0. 00005 (0.0001)

El ectric Arc Furnace (Carbon Steel) None 0. 0042 (0.0083)

El ectric Arc Furnace (Carbon Steel) FF 0. 000007- 0. 000042 (©. 000013-0.000084)

El ectric Arc Furnace (Alloy Steel) None 0. 013 (0.025)

El ectric Arc Furnace (Alloy Steel) FF 0. 00002- 0. 00013 (0.000039-0. 00025)

El ectric Arc Furnace Fugitive Em ssions None 0. 00027 (0.00054)
(Carbon Steel)

El ectric Arc Furnace Fugitive Em ssions None 0. 0008 (0.0016)
(Al'l oy Steel)

El ectric Arc Furnace Fugitive Em ssions Hoods & FF 0. 00006 (0.00011)
(Carbon Steel)

El ectric Arc Furnace Fugitive Em ssions Hoods & FF 0. 00016 (0.00032)
(Al'l oy Steel)

El ectric Arc Furnace (Stainless Steel) None 0.15 (0.3)

El ectric Arc Furnace (Stainless Steel) FF 0.00I5 (0.003)

El ectric Arc Furnace Fugitive Em ssions None 0.018 (0.036)
(Stainless Steel)

El ectric Arc Furnace Fugitive Em ssions Hoods & FF 0. 0036 (0.0072)
(Stainless Steel)

Argon Oxygen Decarburization Vessel None 0.16 (0.32)
(Stainless Steel)

Argon Oxygen Decarburization Vessel FF 0. 032 (0.064)

(Stainless Steel)

2 ESP = electrostatic precipitator
FF = fabric filter

b Em ssions are expected to be in the formof conplex oxides of nickel and other netals,
ni ckel oxide, nickel sulfate, and netallic nickel. Al factors are expressed in terns
of total nickel.



of many source tests in the steel industry. Factors are only
avai l able for nelting furnaces and furnace fugitive em ssions. No
em ssion factor data were available to characterize other stee
sources such as grinding and casti ng processes.

One other set of enission factor data has been devel oped in a
study by Purdue University for this source category.® |In that study
an open hearth furnace was tested for both controlled and
uncontrol | ed nickel em ssions. The average controlled nicke
em ssions fromthe ESP systemcontrolling the nelt furnace were
0. 00055 kg/My (0.0011 I b/ton) of steel produced. The average
em ssion factor for uncontrolled em ssions fromthe furnace was
0. 0042 kg/ My (0.0085 | b/ton) of steel produced.?’

In the high tenperature netallurgical processes occurring in
st eel maki ng furnaces, the mpjority of nickel present would be
expected to be oxidized. Data fromthe steel making industry and from
the related nickel alloy industry confirmthat the majority of nicke
present in em ssions fromnetallurgical nelting furnaces is in the
form of conpl ex oxides of nickel and other netals.!>3% |n one test of
ni ckel em ssions from an EAF producing stainless steel, only 5
percent of the total nickel present was water sol uble.3 The nicke
in the insoluble phase was deternmined to exist as an al |l oyed el enent
iniron oxide particles. |In the sane series of tests nicke
em ssions fromsurface grinding of stainless steel were determned to
exist as netallic nickel, while em ssions from nmanhual netal arc and
metal inert-gas welding of stainless steel contained nickel as nicke
oxi de. 38

Tests of the em ssions froman EAF produci ng carbon stee
identified nickel oxide to constitute fromO to 3 percent of total
particul ate em ssions. Simlar work on the em ssions froman ACD
vessel handling specialty steel produced one sanple where nicke
oxi de constituted 3.1 percent of total particulate em ssions. 3:3%42

Data taken fromtests of EAF' s in a high-nickel alloy plant
support the observations made fromthe steel maki ng i ndustry tests.
Dust sanples taken in these tests were analyzed primarily by X-ray
diffraction and al so sone sel ected sanpl es were anal yzed by energy
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di spersive X-ray analysis. All sanples were viewed under a scanning
el ectron mcroscope. N ckel in particulate em ssions fromnelting
furnaces was found to exist mainly as oxides of nickel and other
metals (primarily iron) followed by | esser anobunts of netallic nicke
and ni ckel oxide. 43

Al t hough these results cannot be extrapolated directly to nickel
em ssions from steel manufacturing, the indications are clear that
ni ckel in high tenperature netallurgical environments is
predom nantly oxidi zed and conmbined with other netals present
(if stoichiometry permts) to form conpl ex oxi des of nickel and other
metals. From available data it is difficult to predict the extent to
whi ch nmetallic nickel would be found in steel maki ng particul ate
en ssi ons. However, because netallic nickel is unstable relative to
ni ckel oxide over a w de tenperature range, any non-oxidation of the
metallic nickel present is probably due to a specific feature of the
overal | steel maki ng process reaction kinetics.?

The only sul fur conmpound of nickel expected to be emtted from
st eel maki ng processes is nickel sulfate. Generally, in these
met al lurgi cal operations attenpts are made to excl ude sul fur fromthe
reactions; however, small anmpunts can be present. If sulfur is
present (usually as sulfur dioxide), sulfate and consequently nicke
sul fate can and woul d be formed over nickel sulfide or nicke
subsul fide because it is thernodynam cally nore stabl e under these
types of tenperature conditions than either of the sul fide conmpounds.
Essentially the reactions shown bel ow woul d not occur because sul fur
pressures present would not be sufficient to bring about the
reaction.

(1)  3Ni(s) + 2S0(9g) -> N 3S(s) + 204(s)

(2)  Ni(s) + SG(g) -> N S(s) + O(09)

81



Sul fate and chl ori de ani ons have been identified in the small water
sol ubl e portion of steel making dusts such that it is likely that a

m nor part of the em ssions generated from steel maki ng contain nickel
sul fate and ni ckel chloride. 43

Source Locations

Because of the | arge nunmber of plants involved in this category
of nickel em ssion sources, it is not feasible to present an
i ndi vidual plant listing. However, the national distribution of
ni ckel em ssions fromferrous netals production is shown in Table
14.44 Directories such as The Thomas Regi ster, Dunn and Bradstreet,
or Standard and Poor's could be used to identify individual site
| ocations. The necessary SIC codes to access published directories
are given bel ow

S SI C 331, Blast Furnaces, Steel Wirks, and Rolling and
Finishing MI1ls
- SIC 332, Iron and Steel Foundries
In addition, the follow ng trade associ ati ons shoul d have
listings of domestic ferrous metals production facilities froma
conpil ati on of their nmenbership.

S American Iron and Steel Institute (Directory of Iron and
Steel Works of the United States and Canada)

- The Ferroal |l oys Associ ation

- American Foundrynmen's Soci ety

- Cast Metal s Federation

A partial list of firms identified under the ferrous netals category
is given in Table 15.
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TABLE 14. DI STRI BUTI ON OF NI CKEL EM SSI ONS FROM FERROUS METALS
PRODUCTI ON BY GEOGRAPHI C REG O\

CGeogr aphi c
Regi on

Per cent age of Nickel Emni ssions
From Ferrous Metal s Production

New Engl and

M ddle Atlantic
East North Central
West North Central
South Atlantic
East South Central
West South Central
Mount ai n

Paci fic

83

0. 48%
22. 8%
26%

2.4%
13. 2%
20%

2.5%

5.8%

6. 9%



TABLE 15.

PARTI AL LI ST OF DOVESTI C FI RM5 PRODUCI NG

NI CKEL- CONTAI NI NG FERROUS METALS?®®

St ai nl ess St eel
Melting Firnms

Al'l oy Steel
Melting Firnms

Al | egheny Ludl um

Al - Tech Specialty

Ar nco?

Babcock and W cox
Car pent er Technol ogy
Cruci bl e Steel

Cycl ops Cor poration?
Eastern Stainless

El ectroal | oy Corporation
I ngersoll

Jessop Steel?

Jones and Laughl i n?
Jor genson

Josyl n Stainless
McLouth Steel?®
Nat i onal Forge
Republ i c?

Si nronds St eel

Ti nken

U S Steel?®
Washi ngt on Steel Corporation

Bet hl ehem St eel Cor poration
Braeburn All oy Stee

Col unbi a Tool Steel Conpany
Tel edyne Vasco

a Al so produces carbon steel.

NOTE: This listing is subject to change as market conditions change,

facility ownership changes,

pl ants are cl osed down, etc.

The reader should verify the existence of particular facilities

by consul ting current

listings and/or the plants thensel ves.

The | evel of nickel emissions fromany given facility if
a function of variables such as capacity, throughput, and control
measur es, and shoul d be determ ned through direct contacts with

pl ant personnel .

This is considered a parti al

|ist

because the reference cited does

not necessarily contain the nane of each conmpany naking

ni ckel - cont ai ni ng steel .

gi ven here.

Because of the size and diversity of this
industry, it is possible that

nore comnpani es are involved than are
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Nonf errous Metal s--

Process Description

Many nickel alloys are produced in this category, including
copper - ni ckel , nickel -copper, electrical, super, and permanent magnet
alloys. Each alloy is designed and manufactured to have a
conposition that facilitates its final end use in an environnent that
is generally corrosive, stressful, or hot. Table 16 presents a |i st
of the nore prom nent nickel alloys and their chem cal conposition.

Nonf errous nickel alloys are produced in the form of rods,
sheets, and tubes. These sem finished materials are then used to
fabricate finished products. The production of all nickel alloys
starts with a conmon process step in which nelting (and in sonme cases
refining) of the input materials is perfornmed. Fromthis point the
processing differs depending on the type of alloy produced. Further
processi ng steps include casting, hot and cold working, and powder
pr oducti on.

A generalized flow diagramis given in Figure 16 depicting the
possi bl e nmet hods of nickel alloy production. Initially, the charge
materials consisting of pure nickel pellets, alloy scrap, and other
al l oyi ng agents are added to the nelt furnace. Primary nelting of
the charge materials is acconplished by using one of several types of
furnaces including an electric arc, vacuuminduction, vacuum arc, or
el ectron beam furnace (pt. 1, Figure 16).46 Electric arc furnaces
are prevalent in this industry; however, vacuum induction furnaces
are used in nelting alloys with highly oxidizable netals, and
el ectron beam furnaces are used for alloys containing highly
refractory netals.

As the nelting process in an electric arc furnace is carried
out, slag tapping is acconplished through a tap spout on one side of
the furnace. Slag is poured into a slag pot and transported to a
cooling
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TABLE 16.

MAJOR NI CKEL ALLOYS AND THEI R CHEM CAL COWMPCSI Tl ON

Cheni cal Conposition, wt. percent

Al l oy? Hi Fe Cr Cu Mb Vh Si C Al Ti O her

Ni ckel 200 99.5 0. 15 0. 05 0.25 0.05 0.06

Monal Al'l oy 400 66.5 1.25 31.5 1.0 0.25 0.15

Monel Al'l oy K-500 65.0 1.0 29.5 0.6 0.15 0.15 2.8 0.5

Ni chr one 77.0 0.5 20.0 1.0 1.0 0. 06

Inconel Alloy 600 76.0 8.0 15.5 0.5 0. 0.08

Hastelloy Alloy B-2 65. 4 2.0 1.0 28.0 1.0 0. 0.02 2.5 Co

Hastelloy Alloy G 42.0 19.5 22.0 2.0 6.5 1.5 1.0 0.05 2.5 Co, 2.0 (Cbh+Ta),1.0 W
Hastel l oy Alloy C 276 55.4 5.0 16.0 16.0 1.0 0.08 0.02 2.5 Co, 4.0 W

Inconel Alloy 718 52.5 18.5 19.0 3.0 0.2 0.2 0.04 0.5 0.9 5.1 b

B- 1900 64.0 .0 6.0 0.1 6.0 1.0 10.0 Co, 4.0 Ta, 0.015 B, 0.1 Zr
Mar - M200 60.0 .0 0. 15 5.0 2.0 10.0 Co. 12.0 W 1.0 Cb, 0.015 B, 0.05 Zr
Waspal oy 58.0 19.5 4.3 0. 08 1.3 3.0 13.5 Co, 0.006 I, 0.06 Zr

Udi met 500 54.0 18.0 0. 08 2.9 2.9 18.5 Co, 0.006 B, 0.05 Zr

Udi met 700 53.0 15.0 .2 0. 08 4.3 3.5 18.5 Co, 0.03 B

Ni monic Al l oy 80A 76.0 19.5 0.3 0.3 0.06 1.4 2.4 0.003 B, 0.06 Sr

Ni monic Alloy 115 60.0 14.3 3.3 0. 15 4.9 3.7 13.2 Co, 0.16 B, 0.04 Zr

Rene' 41 55.0 19.0 10.0 0.09 1.5 3.1 11.0 Co, 0.005 B

Inconel Alloy 754 78.0 20.0 0. 05 0.3 0.5 0.6 Y,0,

@ Monel , Duranickel, Inconel, Incoloy and Ninonic are trademarks of | NCO conpanies; Hastelloy is a trademark of the Cabot

Cor poration; Udi net

Mari etta Corporation;

is a trademark of the Specia

Technol ogi es Cor porati on.

Rene 41 is a trademark of Tel edyne Allvac;

Met al s Cor porati on,

Mar

Mis a trademark of the Martin

and Waspal oy is a trademark of United
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area where it may undergo further processing to reclaimnetal val ues.
After the conpletion of slag tapping, the furnace is tilted forward
and the nelted nmetal alloy is poured into a ladle. If sufficient
inpurities are not carried out in the slag, the nolten netal may
require further refining in an AOD unit (pt. 2, Figure 16). The
refining process in the AOD vessel is perforned in the same manner as
ACD refining in the ferrous nmetal s production process. Alloy ingots
produced by the AOD operation may then be sent directly to the hot
wor ki ng process (pt. 4, Figure 16) or they may require secondary
refining. In the secondary refining operation (pt. 3, Figure 16),
cast ingots are renelted in either an el ectroslag or vacuum arc
remelting furnace. The renelt process is conducted in a nold so that
as the ingot nelts, the nolten netal is contained in the nold. After
the renmelting and refining is conplete, the nolten netal is again
poured into ingots. The ingots resulting from secondary refining are
subj ected to hot working processes to deternine their product form 4¢

The hot working process involves physically changing and form ng
the shapes that the alloy products will take. The process is carried
out at tenperatures high enough to naintain the plasticity of the
metal being forned. The alloys nmay undergo rolling, draw ng,
extrudi ng, forging, and pressing during the hot working process.
During the hot working process, scale may devel op on the neta
surface, thereby requiring grinding, sandblasting, or pickling to be
performed prior to the alloy becom ng a finished product (pt. 5,
Figure 16). The anmount of scale forned is related to the degree and
nunmber of times an alloy is shaped or deforned.

As the nickel alloy fromhot working approaches its final shape,
the alloy may be shifted into a cold working process (pt. 6, Figure
16). As the nane inplies, this operation of netal forming is not
carried out at elevated tenperatures. Cold working has certain
advantages in that as the netal is worked, it holds its di nensiona
shape better and scale problens are avoided. In sone cases the neta
may be too hard for certain cold working operations and annealing is
performed to reduce hardness. After annealing, pickling my be
needed to clean the netal surface (pt. 7, Figure 16).
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If the nolten alloy fromthe primary nelt furnace does not
require further refining, it may be sent directly to casting (pt. 8,
Figure 16) or to the metal powder production process (pt. 9, Figure
16). Casting essentially consists of pouring nmolten nmetal into a
mold to forma useful shape. The nolten nmetal in the nold is
generally allowed to air cool. |If necessary, the cooled product from
casting may undergo further form ng or shaping in either the hot or
col d wor ki ng processes.

For alloys that, because of their particul ar physica
properties, are very hard to work, powder netallurgy is often
enpl oyed to produce the required all oy shapes. Powder netall urgy
(pt. 9, Figure 16) involves atom zing the nolten netal fromthe
primary nelt furnace to form spherical netal droplets. The nost
frequently used atom zation nmethod is the inert gas atom zation
met hod, with argon as the usual inert gas. Nickel alloy droplets are
formed by inpacting the nolten netal with a high velocity argon
stream Alloy powders formed in this way can nore easily be
conpressed to formthe required shapes and products.

Em ssi on Factors

The primary nickel em ssion sources within a nickel alloy
facility are the nelting furnaces (pt. 1, Figure 16 and pt. 3, Figure
16), the casting process (pt. 8, Figure 16), the hot and col d working
processes, the powder production process (pt. 9, Figure 16), and the
scal e renoval (surface grinding) process (pt. 5, Figure 16).4 These
various enm ssion points are indicated in Figure 16. The emi ssions
fromthese points are in the formof dust and funes. 247 The nethod
general |y enpl oyed throughout the industry for the control of the
al | oy-generated nickel em ssions involves collecting them by the use
of various hoodi ng designs and directing the collected particles to a
fabric filter system Fabric filters in this application have
estimated control efficiencies in excess of 99 percent.* Most
i nportant, however, in an alloy facility's overall nickel contro
systemis the ability of the hooding systemto collect em ssions

89



efficiently. Sidedraft, canopy, and full roof hoodi ng designs have
been shown to be effective in this industry. Table 17 presents a
description of the controls used at one nickel alloy facility that is
considered to be representative of the industry. 46

In Table 18, nickel em ssion factors are presented for severa
types of nickel alloy facilities. The em ssion factors presented
apply only to a facility's individual nelt furnaces. No em ssion
factor data were available to characterize other sources such as the
AOD vessel, powder production, hot and cold working processes, and
casting processes.

Very few specific data were found which identified the species
or formof nickel in em ssions generated during alloy production.
The International N ckel Conpany (INCO has, however, perforned
several analyses of dusts collected during the manufacture of high
ni ckel alloys using X-ray diffraction, scanning el ectron m croscopy
(SEM, and energy dispersive X-ray analysis.'™ Particles collected
during the nelting of Monel® 400 and K-500 all oys whi ch contain about
66.5 percent nickel, 1 percent iron, and 30 percent copper, were
spherical, which was considered typical of netal that has condensed
fromthe vapor state. The X-ray diffraction pattern of the dust was
conpared to several patterns in a reference library; patterns for
ni ckel oxide and a conpl ex copper-nickel oxide closely matched that
of the unknown dust. O the particles exam ned using EDXA, none were
found to be copper-free, therefore, the existence of nickel oxide as
a separate species in the particles is doubtful.?®

Usi ng the sane techni ques, dusts collected during nmelting of
I nconel 800 and 840 were thought to contain conplex nickel-iron
oxi des, nickel -chrom um oxi des, and ni ckel oxide. These alloys
contain approximately 32 percent nickel, 46 percent iron, and 21
percent chromum Simlarly, dusts fromnelting |Inconel 600 (76
percent nickel, 8 percent iron, 15-5 percent chrom um were thought
to contain nickel oxide and a conplex iron-nickel oxide. EDXA
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TABLE 17. REPRESENTATI VE EM SSI ON CONTROL EQUI PMENT USED | N NI CKEL ALLOY

PRODUCTI ON?6
Part of the All oy Control Equi pnent
Process Controll ed Configuration
El ectric arc nelt furnace - WAt er - cool ed, side draft hoods
and ACD vessel - on the furnaces
- Canopy hood in building roof to
coll ect particulate em ssions
during tapping operations
- Al'l hoods vent to a fabric filter
system
Secondary refining in an - Traversing hood positioned over
i nduction furnace t he furnace
- Hood vents to a fabric filter
Surface grinding for scale - Fi xed hoods placed directly over
r emoval grinders to collect fine

particul ate em ssions
- Hoods vent to a fabric filter
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TABLE 18. NI CKEL EM SSI ON FACTORS FOR NONFERROUS METALS PRCDUCTI ON SOURCES

Facility Type Em ssi on Fact ors?
Ni ckel - Copper, 1 kg/My (2 Ib/ton) of N
Copper - Ni ckel char ged®
Super al | oys 1 kg/My (2 I'b/ton) of N
char ged®
Per manent Magnet 1 kg/My (2 I'b/ton) of N
Al | oys char ged
El ectrical Alloys 1 kg/My (2 Ib/ton) of Ni
char ged
O her Nonferrous 1 kg/My (2 Ib/ton) of Ni
Al | oys char ged

a All factors are engineering estimates from Reference 2626 and represent
controlled emssions fromfabric filters. Em ssions are expected to be
in the formof netallic nickel, conplex oxides of nickel and other
met al s, nickel oxide, and nickel sulfate. The factors apply to individua
mel ting furnaces at each type of facility.

b Ref erence 191 reports nickel enissions froma high nickel alloy

manuf acturing plant as less than 0.25 kg/My (0.5 I b/ton) of nickel charged.
The types and | evels of control are not specified.
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i ndi cated the presence of substantial anounts of copper in the
particles anal yzed. The copper was probably present as a contam nant
and does not indicate the presence of nickel-copper oxides from an
alloy containing little or no copper.

A speci alized Br, /al cohol |eaching technique was used to
substantiate the absence of alloy or netal in Mnel® 405 dusts. This
met hod di ssolves the netal but | eaves oxides relatively intact. It
was found that 5-10 percent of the nickel was present as the netal.15
Dusts from I nconel 600 and Incol oy 800 were found to contain 7.8 and
4.1 percent netallic nickel, respectively.

G inding dust was al so exam ned and determ ned to be coarser
than nelting dusts and simlar in conposition to the parent material .
Oxi des were present on particle surfaces, but the particles were
primarily nmetallic.

Based on these anal yses, nickel emtted during alloying is
likely to be present as a conpl ex oxide of nickel, iron, and other
metal s present in each particular alloy such as chromum  Smaller
anmounts of netallic nickel and possibly sone nickel sulfate may al so
be em tted.

Source Locations

Specific locations of the numerous firnms producing nickel alloys
can be found in the Thonmas Regi ster, keying on specific nickel alloy
nanmes i ncludi ng Monel ®, I nconel ® Hastelloy® Ninonic® and Udinmet® In
publ i shed manufacturing directories indexed by SIC code, SIC 335
(Rol l'ing, Drawi ng and Extruding of Nonferrous Metals) can be used to
| ocate possible nickel alloy producers.
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El ectropl ati ng

Process Description--

Ni ckel is plated onto netal by several neans to provide
decoration, corrosion resistance, electrical conducting properties,
and nechani cal wearing properties. Nickel plating is perfornmed using
both el ectrolytic and nonelectrolytic processes. Electrolytic
pl ati ng of nickel includes electroplating and el ectroformn ng
processes. Nonelectrolytic, chemi cal coating processes used in the
i ndustry include di splacenent coating (sinple inmersion) and
autocatal ytic reduction (electroless plating). For categorization
pur poses, the broad termelectroplating is used to refer to the
collection of all these plating processes, even though el ectroplating
is a distinct type of plating technique. Each electrolytic and
nonel ectrol ytic technique is discussed in the foll ow ng paragraphs.

El ectrolytic nickel plating basically consists of electrically
depositing a thin coating of nickel on an object for decoration or
protection purposes. The material or surface to be plated is
generally treated prior to plating. Pretreatnent may incl ude
pol i shing or grinding, solvent degreasing, electrolytic cleaning, or
acid di pping to renove al kaline residues. Between pretreatnent steps
the surface being plated is rinsed. Frequently during pretreatnent,
an undercoat of copper is applied to the plating surface to
facilitate better nickel coverage.

Most electrolytic electroplating operations are conducted in an
el ectroplating tank with a cathode and an anode i mersed in
el ectrolyte. Generally, the part to be plated functions as the
cat hode, and the anode is a bar or slab of nickel netal. The
el ectrolyte solution contains ions of the netal to be deposited and
ot her additives such as sulfuric or fluoboric acid. The function of
the acids is to inprove the electrical conductivity of the
el ectrolyte bath. Nickel sulfate and nickel chloride are the prinmary
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ni ckel conmpounds used to prepare electrolyte sol utions.

To acconplish the plating process, |ow voltage direct current is
passed through the el ectrolyte bath. Electrolytic deconposition of
water in the bath occurs, thereby rel easing hydrogen gas at the
cat hode and oxygen at the anode. As these gases rise to the surface
of the bath, a m st of electrolyte is fornmed and nickel metal is
deposited on the part. During plating, the pH and tenperature of a
sul famate bath are 3-4 and 40-68°C (104-154°F), respectively. The
equi val ent values for a fluoborate bath during plating are 2.7-3.5
and 35-65°C (95-149°F). Figure 17 illustrates the basic process
steps that are found in a representative electroplating facility. 45!

A specialized application of the electrolytic electroplating
process is known as electroformng. Electroformng is the production
of an article by electro-deposition upon a nold that is subsequently
separated fromthe deposited material. The nmechanics of the
el ectroform ng process are essentially the sane as the el ectroplating
process previously described. The main difference between the two
processes is that the electroform ng process requires nore tine to
acconplish the material deposition. To speed up the process,
el ectroform ng baths are operated at the highest possible electrica
current density. The increased current density creates a greater
potential for electrolyte msting than is found in standard
el ectropl ati ng.

The di spl acenent or nickel inmmersion plating process is
general ly known as nickel dip plating. The process basically
i nvol ves the replacenent of the surface atons of a solid base neta
with nickel fromsolution. As the base netal dissolves, it provides
el ectrons to reduce the nickel ions. A dilute solution of nicke
sulfate with a pH of 3-4 and a tenperature of 70°C (160°F) is used
for the displacenent bath. The only |arge-scale operation where this
met hod of nickel plating is promnent is the coating of steel in the
ceram c enaneling industry. 194851

The process of autocatalytic reduction, or electroless plating,
i nvol ves coating netallic parts with an ultra-mcro crystalline
ni ckel - phosphorus alloy. The plating is perforned through the
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controll ed autocatal ytic reduction of cations (N **) at the surface of
the base netal. Hypophosphite anions [(HPG)] in an aqueous nedi um
are enpl oyed as reducing agents, and no external electric current is
used. The probable chem cal reactions occurring during plating can
be represented by the foll ow ng equations:

(H2P02)- + 1,0 Mf * (HPOS)-- + 2H (Catal.) (1)

2
s o -
Ni  + 2H(Catal,) ——— Ni° + 2H (2)
(H2P02)- + H(Catal.) —— H)O + OH + P - ((3)

)= {Catal. Ni°) _+ —
(H2P02 + H,0 ——-—";LH + (HP03) + R

2

Active hydrogen atons, after being |oosely bonded by the catal yst
(Equation 1), reduce the nickel ions to netallic nickel while they
are being oxidized to hydrogen ions (Equation 2). Sinultaneously, a
smal | portion of the hypophosphite anions are simlarly reduced by
active hydrogen and adsorbed on the catal ytic surface, yielding

el ement al phosphorus, water, and hydroxyl ions (Equation 3). The
hypophosphite reduci ng anions are also catalytically oxidized to acid
ort hophosphite anions, with the evolution of hydrogen gas (Equation 1
and Equation 4). 4851

Em ssi on Factors--

Ni ckel em ssions potentially occur from nickel plating shops
during the handling of nickel salts used to prepare plating baths,
the plating of nickel, and grinding, polishing, and cutting
operations performed on the finished product and scrap netal.

Em ssi ons of nickel fromthe handling of nickel salts are fugitive in
nature and are generally contained within the occupationa
environnment. During electrolytic nickel plating, hydrogen and oxygen
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gases can be generated such that nickel salts fromthe plating bath
can be entrained and emtted as a mst. N ckel em ssions from

m sting are generally very | ow or nonexistent due to the | ow
tenperature and | ow current densities used in nickel plating baths. 4
51 Most nickel em ssions generated in this manner probably remain in
the workpl ace area. Potentially the | argest anount of nicke

em ssions fromnickel plating would occur during grinding, polishing,
and cutting operations perfornmed on plated products and scrap netal.
These operations displace netallic nickel particles into the
occupational environment with atnospheric rel ease being possible as a
result of work area ventil ati on. In all instances in the literature,
ni ckel air enissions are reported as negligible.?:4.5 No em ssion
factors for nickel air em ssions fromelectroplating are given.

Source Locati ons- -

An extensive, though inconplete, listing of nicke
el ectroplating facilities is given in Table 6 of Section 3.
Publ i shed directories of manufacturing firnms may be used to identify
nore ni ckel electroplaters within SIC code 3471, Electroplating,
Pl ati ng, Polishing, Anodizing and Col oring. Nanmes and | ocations of
ni ckel electroplaters may al so be available fromthe nmenbership rol
of the technical group known as the Anerican El ectroplaters' Society,
I nc.

Battery Manufacturing

Process Description

The primary use of nickel in the battery manufacturing industry
is in the production of nickel-cadm um (N -Cd) batteries. Nickel is
used in Ni-Cd batteries as the active material for the positive
el ectrode and as a binder for some types of battery plate
construction. N ckel use in another type of battery, the nicke
oxi de-zinc storage battery, is expected to grow in the near future as
the technol ogy for electric vehicles devel ops. One plant producing
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ni ckel oxide-zinc batteries is scheduled to go on line in the md
1980's. 5367

Batteries consist of one or nore cells. There are two major
cell categories known as sealed cells and vented cells. Batteries
constructed with sealed cells commonly have small cylindrical,
rectangul ar, or button configurations which have application in
cal cul ators, toys, radios, and other types of consuner products.
Even though they are classified as seal ed, nost sealed cell batteries
have a safety vent to relieve pressure within the cell if gas builds
to a near-explosive level .8 |n contrast, vented cell batteries are
designed to rel ease gases as part of their normal operation. Vented
cells are filled with excess electrolyte and are suitable for
const ant chargi ng/ di schargi ng and applications where the orientation
of the battery can be mmintai ned.

Seal ed and vented Ni -Cd battery cells can be nmade by simlar
processes. In each, negative and positive el ectrodes are assenbl ed
alternately with a separator between the electrodes to hold the
electrolyte in place and to isolate the negative and positive
el ectrodes. M nor assenbly differences between manufacturers my be
not ed.

Al t hough the production of the overall Ni-Cd cells is simlar
t hroughout the industry, the production of the cell electrode plates
is not. Two basic types of electrode plate construction are found in
the U S., sintered plate and pocket plate. Because sintered plate
construction predomnates in the U S., it is discussed in detail in
the foll ow ng process description.

The sintered plate process basically involves binding of the
cell's active materials to the nickel-plated base structure. In the
process, binder materials such as nickel powder are heated to very
hi gh tenperatures causing the contact points of each grain to weld
together. This nechani sm provides a very porous nedi umwhich is
bound to the base structure. The void space in the binder materi al
is then inpregnated with nickel and cadmiumnitrate salts (active
material) by soaking the sintered base in either a nickel or cadm um
salt solution. The inpregnated plate is then submerged in a
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pot assi um hydr oxi de sol uti on causing the nickel and cadmumnitrate
to convert to the hydroxide form The plate material is then washed,
dried in an oven, and cut into individual plates for cell assenbly.
Figure 18 presents a flow diagram of this inpregnation process and
the maj or operations involved in Ni-Cd battery manufacture.

Em ssi on Factors

The forns of nickel nost likely to be emtted by a Ni-Cd battery
plant are netallic nickel, nickel oxide, nickel nitrate, and nicke
hydrate. All nickel conpounds emtted by Ni-Cd battery plants are in
the formof particulate matter. Em ssions of netallic nickel powder
in the manufacturing of Ni-Cd batteries are primarily fugitive in
nature as a result of material handling and transfer operations.
Fugitive em ssions of this type occur mainly in connection with
sintering operations perfornmed during battery plate production.
Process nickel em ssions fromthe sintering operation exist primarily
as ni ckel oxide since during sintering nmetallic nickel powder is
subjected to very high oxidizing tenperatures in order to cause the
contact points of each grain to weld together.

Fugitive em ssions of nickel nitrate frommaterial handling and
processi ng operations are possible during the preparati on of nicke
salt inpregnation solutions used in electrode plate production.

Ni ckel hydrate em ssions fromthe production of N -Cd batteries also
occur during plate formation. When the nickel nitrate inpregnated

pl ate is submerged in a potassi um hydroxi de solution, nickel nitrate
is converted to the hydroxide form As water is evaporated fromthe
ni ckel hydroxide material during the drying operation, nickel hydrate
crystals are forned and emtted. Fugitive nickel hydrate particles
can also be emtted during the plate cutting operation.

There are no organi zed estimates avail able on the | evel of
ni ckel being emtted into the air nationally from N -Cd battery
pl ants. Em ssions are expected to be | ow because battery
manuf acturers attenpt to control nickel em ssions (and other netals
like cadmium to the extent econom cally possible because of the high
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cost of these raw materials.® Hooding and vacuum systens ducted to
fabric filters are the predom nant control nethods used in the
i ndustry. Tests at one plant, which controls a majority of the
sealed cell N -Cd battery nmarket, indicated a total nickel em ssion
| evel of approximately 28.1 kg (62 |Ib)/yr.®°

The only avail abl e nickel em ssion factor for battery
manuf act uri ng descri bes total plant em ssions on an uncontrolled
basis. Separate factors for process and fugitive em ssions have not
been devel oped. The factor of 4 kg (8.8 Ib) of nickel em ssions/ M
(ton) of nickel processed is based on industry responses to a
questionnaire survey.? This factor expresses em ssions as total
ni ckel and not any particular nickel species. The majority of these
em ssions are expected to occur fromthe sintering operation.

Source Locations

The manufacture of Ni-Cd batteries falls within the general SIC
code 3691, Storage Batteries. Those manufacturers identified as
producers of Ni-Cd batteries are listed in Table 19. Additiona
i nformati on on Ni-Cd battery producers may be obtained fromthe
I ndependent Battery Manufacturers Association and the Battery Counci
I nternational trade groups.

Ni ckel Chem cal Manufacturing (I ncluding Catalysts)

Process Description

As shown in Table 7 of Section 3, at |east 28 types of nicke
chem cal s (including catalysts) are produced donestically. The
| argest volume and nost comercially significant nickel chenical
ni ckel sulfate, has the greatest potential for nickel air enissions
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TABLE 19. NI CKEL- CADM UM BATTERY MANUFACTURERS | N THE UNI TED
STATES 53-¢7

Conpany Locati on
General Electric Gai nesville, FL
Goul d# St. Paul, M
Uni on Car bi de Cl evel and, OH
Saft Anerica Val dosta, GA
Mar at hon Battery Waco, TX
Mc G aw Edi son G eenville, NC
NI FE Li ncol n, R
Eagl e- Pi cher Col orado Springs, CO
a Recently purchased by Saft Anmerica, announced plans are to shut

down t he nickel -cadm um battery operations.

NOTE: This listing is subject to change as market conditions
change, facility ownership changes, plants are closed
down, etc. The reader should verify the existence of
particular facilities by consulting current |istings
and/ or the plants thenselves. The | evel of nickel
em ssions fromany given facility is a function of
vari abl es such as capacity, throughput, and contro
measur es, and shoul d be determ ned through direct contacts
with plant personnel.
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because its production consunmes the | argest quantity of nickel raw
material.” Nickel sulfate production is, therefore, described bel ow
to illustrate a representative nickel chem cal manufacturing process.

Figure 19 illustrates a representative process flow diagram for
a nickel sulfate production facility.’” N ckel sulfate can be
produced from several raw materials: pure nickel powder, nicke
oxi de, or spent nickel- plating solutions. |If pure nickel or nicke
oxide is used, the first step of the process involves dissolving the
ni ckel conmpound in sulfuric acid (pt. 1, Figure 19). For a different
ni ckel salt, such as nickel chloride, a different acid solvent woul d
be used such as hydrochloric acid. The resulting solution is
filtered (pt. 2, Figure 19) and either packaged as a product, or
processed further to recover the solid nickel sulfate hexahydrate.
The sludges produced by filtration can also be further processed (pt.
3, Figure 19) to generate additional nickel sulfate.’

When spent nickel -plating solutions are used as the starting raw
material, digestion with sulfuric acid is the initial step in the
ni ckel sulfate process (pt. 4, Figure 19). 1In a series of subsequent
steps, the resulting solution is treated with oxidizers, linme, and
sulfides to renove inpurities. The purified nickel sulfate solution
is filtered and sold or processed further to generate a solid nicke
sul fate product. ™

To recover the solid product in either the spent nickel-plating
sol ution process or the pure nickel process, the nickel sulfate
solution is first concentrated (pt. 6, Figure 19). After
concentration, the solution is filtered again and sent to a
crystallizer (pt. 7, Figure 19). The product of the crystallization
process is fed to a classifier (pt. 8, Figure 19) where the solid
ni ckel sulfate product is recovered. To facilitate final packaging,
the nickel sulfate is dried (pt. 9, Figure 19), cooled, and screened.
Ni ckel sulfate dusts generated during drying are generally controlled
by wet scrubbers, with the resulting nickel-containing scrubber water
being recycled to the process (pt. 10, Figure 19). Nickel -contai ning
sludges fromthe filtrations (pt. 11, Figure 19) and the liquor from
the classifiers (pt. 12, Figure 19) are also recycled to the
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process. 't

A subcategory of nickel chem cal production is nickel catalyst
manuf acture. N ckel catalysts are conmmonly used in a nunber of
applications including hydrogenati on and dehydrogenati on of organic
conmpounds, artificial aging of liquors, cracking of amnia,
manuf acture of hydrazine fromurea, and catalytic conbustion of
organi ¢ compounds in auto exhausts. Nickel catalysts are produced in
several different ways depending on the type of catal yst needed. The
met hods used to manufacture three currently used catal ysts are
briefly described bel ow

To produce a fine nickel powder catalyst known as Raney nickel,
a nickel-alumnumalloy is first ground to a fine powder. The
al um num conponents of the powder are then | eached by using a caustic
solution. The resulting product is a spongy nickel material with a
very high surface area. To make the nickel sponge material nore
suitable for industrial application, it is slurried with water. |If
necessary for a particular application, other netals such as
mol ybdenum chrom um cobalt, and copper may be incorporated into the
ni ckel catal yst as pronoters. 727

The production of a second type of nickel catalyst involves two
maj or steps, precipitation and reduction. The process begins with
the mixing of a nickel salt solution and an al kal i ne pronoti ng agent
solution. Upon m xing the solutions, the nickel and the pronoting
agent co-precipitate as a material known as green catalyst. The
green catalyst slurry is then agitated and sent through a filtering
mechani sm The coll ected green catalyst is then dried with hot air
and fornmed into tablets. The final processing occurs when the green
catal yst tablets are fed into a reactor and reduced at high
tenperature with steam and hydrogen. The product nickel catalyst is
then slurried in vegetable oil and packaged for use. 727
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In the manufacture of supported nickel catalysts, the starting
material is generally nickel powder or briquettes. |In preparation
for absorption onto the support nmedium the catalyst material is
i oni zed and sol ubilized. The nickel catalyst is then adsorbed onto a
support medi um whi ch nmay be alum na or sone other refractory
material. The supported nickel catalyst is then oxidized to conplete
the preparation process. |In sone instances this technique is
nodi fi ed so that prepared nickel oxide is conbined directly with a
support nmedi um 7275

Em ssi on Factors

In the production of nickel sulfate ( Figure 19) the primary
poi nts of potential nickel (or nickel conpound) emnissions are the
ni ckel powder/ni ckel oxide handling and preparation steps (pt. 1,
Figure 19), the solid nickel sulfate drying operation (pt. 9, Figure
19), and the nickel sulfate packaging operation (pt. 13, Figure 19).
The em ssions from ni ckel powder/ni ckel oxide handling and nicke
sul fate packaging are primarily fugitive dusts caused by materi al
di spl acenment. Local exhaust hooding is used to collect these dusts.
The collected nickel material is either sent to a control device (wet
scrubber or fabric filter) fromwhich it can eventually be recycled
to the process or vented to the atnosphere. N ckel sulfate em ssions
fromthe product dryers are also collected and directed to wet
scrubbers or fabric filters for control. Again, the collected nicke
material is usually recycled to the process. Though other nicke
chem cal plants may have slightly different configurations fromthose
shown in Figure 19, materials handling and product drying are
expected to be the primary sources of potential nickel em ssions in
each facility.

In the production of nickel catalysts, nickel preparation and
handl i ng steps are the nost significant sources of nickel emn ssions.
72275 Crushing, grinding, and screening of nickel prior to catalyst
production all generate nickel dust em ssions. The em ssion contro
techni ques applied in the catal yst operations are very simlar to
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those used in the basic nickel chem cal processes. Local exhaust
hooding is used to capture and convey nickel em ssions to a scrubber
or fabric filter particulate control device.?7

Avail abl e references report that nickel em ssions from nicke
chem cal or nickel catalyst production processes are negligible. 267175
In all cases either no nickel em ssion factors were given or they
were |isted as being negligible.?

Source Locati ons

The domestic producers of basic nickel chem cals are presented
in Table 7 of Section 3. This list represents the popul ati on of
ni ckel chem cal producers as of md 1982. A partial listing of
ni ckel catal yst producers is given in Table 20. This |ist was taken
fromthe Thomas Regi ster of Manufacturers and the McG aw Hi |
Chem cal Buyers' Guide. Only catalyst manufacturers specifically
not ed as produci ng nickel catalysts are reported.

I NDI RECT SOURCES OF NI CKEL

Coal and G| Conbustion

Process Description

Ni ckel is a trace elenent comon in nost coals and oils. Table
21 and Table 22, respectively, sunmarize the nickel contents of
typical coals and oils used in this country. The average nicke
content of U S. coals ranges fromabout 5 to 21 ppm whereas the
average nickel content of U S. crude oils is 15 ppm Residual oils
appear to have hi gher nickel contents, on the average, than crude
oils as a result of the refining process. A heavy metal such as
ni ckel has a very | ow vapor pressure and exists as a | ow vapor
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TABLE 20. NI CKEL CATALYST PRODUCERS 19 76.77

Conpany Locati on
Uni ted Cat al yst Loui sville, KY
Uni on Car bi de Tarrytown, NY
Aneri can Cyanam d Wayne, NJ
De Gussa Tet erboro, NJ
Davi son Div. of W R G ace Balti nore, ND
Mal | i nckrodt, Inc. Erie, PA
Har shaw Chem cal s Cl evel and, OH
Activated Metals & Chemi cal s Sevierville, TN
Houdry Div. of Air Products & Al |l ent own, PA
Chemi cal s
NOTE: This listing is subject to change as market conditions

change facility ownershi p changes, plants are cl osed down,
etc. The reader should verify the existence of particul ar
facilities by consulting current |istings and/or the

pl ants thensel ves. The | evel of nickel em ssions from any
given facility is a function of variables such as
capacity, throughput, and control nmeasures, and should be
determ ned through direct contacts with plant personnel.
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TABLE 21. TYPI CAL NI CKEL CONTENT OF DOVESTI C COALS™®

Aver age Ni ckel Range of N cke
Coal Source Content, ppm Content, ppm
Eastern United States 15 6.3 - 28
(Appal achi a)
M dwestern United States 21 7.6 - 68
(I''l'inois Basin)
Western United States 5 1.5 - 182
Average of Total U. S. 20 3 - 80

a Data presented in Reference 7979 show neasured nickel levels in an

unwashed and washed western coal to be 100 ppm and 170 ppm respectively.

TABLE 22. NI CKEL CONTENT OF VARI QUS CRUDE AND FUEL O LS 26, 81-84
Aver age Ni ckel Range of N cke

O | Source/ Type Content, ppm Content, ppm
United States/crude 15 1.4 - 64

For ei gn/ crude 25.6 1.8 - 59
United States/residual No. 6 48. 52 NAP
United States/residual No. 5 31 NA
United States/residual No. 4 18 NA

Forei gn/residual No. 6 36. 3 4 - 61.2
United States/distillate No. 2 NA <0.02 - 1.7

a

b

Ref erence 8686 indicates that this value is probably accurate for regul ar
sul fur fuel oil, but that it is too high for | ow sulfur fuel oil, the
use of which becane inportant around 1970. Low sulfur fuel oil has a
total nickel content that averages 10 ppm The two types of oil are
used currently in roughly equal anounts.

NA neans data not avail abl e.
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pressure organo-netallic conplex with the higher nolecul ar wei ght
hydrocarbons in crude oil. As such, the metal concentrates in the
heavy residual part of the crude as it is distilled.?8

Thi s concentrati on phenonena expl ains why ni ckel contents of
distillate oils are generally nuch | ower than residual and crude
oils. In analytical tests of several distillate oils by a mjor oi
refiner, nickel was not found at a limt of detection of 0.02 ppm &
O her neasured values of nickel in distillate oil have ranged from
<0.1 ppmto 1.7 ppm?&:-8 |n contrast, however, neasured |evels of
nickel in sone distillate oils have been as high as 23 ppm & There
are no data in the literature to reconcile this inconsistency, except
that the analytical nmethod used in these tests (spark source eni ssion
spectronetry) is known to sonetimes encounter interferences when
measuring nickel. These higher than expected val ues for nickel in
distillate oil that have been reported may be the result of a faulty
anal yti cal procedure. 8

The armount of nickel emtted to the atnosphere during coal and
oi |l conbustion is dependent primarily on the follow ng factors:

- the nickel content of the fuel,

- the type of boiler used and its firing configuration,

- the partitioning of nickel between fly ash and bottom ash,

- the degree of nickel enrichnment on fine fly ash, and

- the nickel removal efficiency of any controls that may be
present.

The effect of each of these factors is described in the foll ow ng
par agr aphs.

The concentration of nickel in coals and oils has been
determ ned to be the major factor affecting uncontrolled nicke
em ssions from conbusti on sources. ®
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The greater the nickel concentration in the fuel, the higher the
uncontrolled rate of nickel em ssions. For the conbusti on of coal,
the type of boiler and its firing configuration both affect nicke
em ssions by affecting the anbunt of coal ash that ends up as bottom
ash. The bottom ash contai ns sone concentration of nickel that wll
not be enmitted to the atnmosphere. The conbustion of oil produces
essentially no bottomash, mnimzing the effect of boiler type and
firing configuration on the level of nickel em ssions fromoil fuels.
The em ssion of nickel fromcoal or oil conmbustion is generally
expl ained by the volatilization/condensation nechani sm (VCM theory.
The theory basically states that, in the firebox of a boiler or
furnace, peak tenperatures of approxi mately 1650°C (3000°F)
vol atilize fuel elenments such as nickel. The hot flue gases fromthe
conmbusti on process then undergo cooling through convective heat
transfer and ot her nechani snms, condensing the volatilized species.
Vol atilized nickel may condense or adsorb onto existing particles in
t he exhaust stream according to the available particul ate surface
area, or may hompbgeneously condense into fine nickel-containing
particles.® Through this procedure, the nickel concentration in the
bottom ash is depleted, while the concentration in the fly ash is
enriched.” This phenonenon occurs because the fly ash has nore
rel ati ve surface area for condensation than the bottom ash and
because the bottom ash does not cone in contact with the volatilized
ni ckel 1ong enough for it to condense.®38 As an exanple, tests of
three coal fired utility boilers showed that 18 percent of the fue
ni ckel deposited in the bottom ash whereas 82 percent entrai ned onto
the fly ash.®
The degree of partitioning and small particle enrichnment that
goes on during the volatilization and condensati on of nickel has been
studi ed by several researchers, especially for coal conbustion
These researchers have devised several classification schenes to
descri be the partitioning and enri chnment behavior of many trace
el ements, including nickel. One of the nore sinplistic, but usefu
classification systens is given bel ow 889
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S Class 1. Elenents which are approximtely equally
di stributed between fly ash and bottom ash, showing little
or no enrichnment onto small particles.

S Class 2. Elenents which are enriched in fly ash relative
to bottom ash, or show increasing enrichnment with
decreasing particle size.

S Class 3. Elenents which are internedi ate between Cl asses
1 and 2.

S Class 4. Elenents which are emitted entirely in the gas
phase.

Ni ckel em ssions from coal combustion have been shown to
denmonstrate the behavior of Classes 1, 2, and 3, and are usually
categorized under Class 3. Class 3 elenments such as nickel are
apparently not totally volatilized during the coal conbustion
process, and, therefore, exhibit a capability for bottomash or fly
ash deposition. N ckel em ssions fromoil conbustion denonstrate the
behavi or of Class 2 elenents, primarily because little bottomash is
produced in oil fired boilers.

Ni ckel em ssions from both coal and oil conbustion show
preferential enrichnment on fine fly ash particles.?® 9% Because of
this enrichnment factor, the type of control device used plays an
inportant role in determ ning how nmuch nickel is renoved fromthe
flue gas exhaust. Control devices not designed to renove fine
particul ates do not performas well on nickel em ssions as devices
whi ch are so designed. A summary is given in Table 23 - 25 of the
collection efficiencies for nickel that have been determ ned for
ESPs, fabric filters, and wet scrubbers, respectively. In addition
to control devices, fuel cleaning has al so been shown to be an
effective method of reducing nickel and other trace el enent em ssions
from conbustion processes. Physical coal cleaning has been shown to
remove from 12 to 50 percent of the nickel in coal, depending on the
source of the coal. Physical cleaning is 40-50 percent efficient on
eastern and m dwestern coals, but is only 12 percent efficient on
western coals. Hydrotreating processes are very effective at
removi ng nickel fromoil. Renpoval efficiencies of greater than 95
percent have been achi eved. *?
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TABLE 23. NI CKEL COLLECTI ON EFFI Cl ENCI ES FOR ELECTROSTATI C
PRECI Pl TATORS®?

Source ldentification Fuel Percent Collection Efficiency
Power Plant A Coal 96. 3

Power Plant B Coal 99.4

Power Plant C Coal 99.7

Power Plant D Coal 99.8

Power Pl ant E Coal 98

Power Pl ant F Coal 96. 4

Power Plant G Coal 98.7

Power Pl ant H Coal 78.5

TABLE 24. NI CKEL COLLECTI ON EFFI Cl ENCI ES FOR FABRI C FI LTERS®2

Source ldentification Fuel Percent Collection Efficiency
Power Plant A Coal 99.6

Power Plant B Coal 100

Steel MII 100
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TABLE 25. NI CKEL COLLECTI ON EFFI Cl ENCI ES FOR WET SCRUBBERS®Z 3

Source ldentification Fuel Percent Collection Efficiency
Power Plant A Coal 952

Power Pl ant B Coal 90.8 - 98P
Industrial Boiler A Coal 95¢

Industrial Boiler A al 83¢

Power Plant C Coal >97d

a Controlled by a venturi scrubber.

b Controlled by a horizontal scrubber.

¢ Scrubber was designed primarily for SO, control.
¢ The scrubber is preceded by an ESP.
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Em ssi on Factors

Ni ckel em ssion factors for coal and oil conbustion are
presented in Table 26 and Tabl e 27. In both tables, cal cul ated and
measured em ssion factors are given. For oil conbustion, cal cul ated
factors have been devel oped by determ ning the anpunt of nickel in
the fuel and then by assum ng that 100 percent of the nickel is
emitted. This approach results in an em ssion factor that is
theoretically the maxi mumfor the fuel under analysis. The only
means by which actual em ssions could be greater than the cal cul ated
val ue are that nickel is added to the em ssion streamfrom neta
erosion in the boiler or control device, or nickel is present in
conmbustion air at a significant level. Calculated em ssion factors
for oil conbustion are generally nuch greater than the sanme factors
determ ned by testing. |In one series of tests, cal cul ated nicke
em ssion factors were consistently two tinmes higher than what was
determ ned by actual em ssions testing.?8®

Cal cul ated nickel em ssion factors for coal conbustion also rely
on the anmobunt of nickel in the fuel as a primary input. The
application of average nickel enrichnment ratios (which have been
estimted by testing) and average control device efficiencies are
al so an integral part of the calculation. For coal conbustion,
particularly sources controlled by an ESP, neasured nickel em ssion
factors were found to be greater than the anobunt of nickel that could
be cal cul ated to be emtted based on fuel nickel levels. This
i nconsi stency again indicates an influx of nickel into the em ssion
stream 94 Measured nickel em ssion factors for oil and coa
conmbustion are based on actual em ssions generated during source
testing and analysis of a boiler and a know edge of the quantity and
characteristics of the fuel burned.

As shown in Table 26 and Table 27, wide variability exists in
some of the em ssion factor estimates for coal and oil conbustion.
Although it is beyond the scope of this docunent to reconcile all the
reasons for these | arge ranges, avail able data suggest that the nost
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TABLE 26. NI CKEL EM SSI ON FACTORS FOR O L COVBUSTI ON 94-98

Ol Type Uncontrol | ed Ni ckel Type of Factor®
Em ssi on Factors’
Donestic Crude 2 - 5kg/IOE 6 liters (20 - 500 Ib/10°% gal)® Cal cul at ed
Forei gn Crude 20 kg/10 E 6 liters (200 |b/10° gal)?® Cal cul at ed
Resi dual #6 9.9 kg/10 E 6 liters (83 Ib/10° gal)?® Measur ed
Resi dual 1-5 7.7 kg/10 E 6 liters (64 |b/10° gal)?® Measur ed
Resi dual 114 5.6 kg/10 E 6 liters (48 |b/10° gal)?® Measur ed
Resi dual (No. Unspecified) 63 - 1,056 pg/J° Cal cul at ed
Resi dual (No. Unspecified) 57 - 63 pg/Jbd Cal cul at ed
Distillate #2 0.046 - 0.049 kg/10°% liters Measur ed
(0.38 - 0.41 |b/10°¢ gal)=e

Distillate #2 290 pg/ J® Measur ed
Distillate #2 13 - 446 pg/J® Cal cul at ed

Em ssion factor expressed as total nickel emtted per mass of oil fired.

Em ssion factor expressed as total nickel emtted per unit of heat energy contained in the fuel

Cal cul ated enission factors have been devel oped by determ ning the nickel content of the oil and making the
assunption that all nickel in the fuel is emtted. Measured enission factors have been detern ned by actual

em ssi ons source testing and sanple analysis conmbined with a know edge of the anmount of fuel burned.

These em ssion factors represent controlled em ssions. The 57 pg/J factor represents control with an ESP, while
the 63 pg/J factor represents control with a scrubber

Ref erence 81 indicated the pg/J equivalent of this enm ssion factor would be 1.25 - 1.35 pg/J, assuming that al

the nickel present in the em ssions canme fromthe fuel. This factor is significantly |ower than the other
nmeasured value for distillate oil conbustion of 290 pg/J. This difference can basically be reconciled by
exam ni ng the nickel content of the fuels burned. 1In the case of the | ower em ssion factor, the fuel nickel |evel

was about 0.05 ppmw. The fuel nickel content in the tests that produced the higher value ran as high as 23 ppnw.
Ni ckel em ssions fromoil conbustin are nost likely to exist as nickel sulfate, conplex oxides of nickel and other
nmetal s, and ni ckel oxide. 29.190.101,102,103



TABLE 27.

NI CKEL EM SSI ON FACTORS FOR COAL COVBUSTI ON

Cont r ol Ni ckel Em ssion
Coal Type Boi |l er Type Devi ces Factors, pg/J®¢ Type of Factor®
Anthracite St oker None 135 - 470 Measur ed
Anthracite St oker MC 29 Cal cul at ed
Anthracite Pul veri zed ESP 30 Cal cul at ed
Bi t um nous Pul veri zed None 130 - 2,900 Cal cul at ed
Bi t um nous Pul veri zed None 1, 045 Measur ed
Bi t um nous Pul veri zed MC 709 - 870 Cal cul at ed
Bi t um nous Pul veri zed MC 16 Measur ed
Bi t um nous Pul veri zed ESP 50 - 62 Cal cul at ed
Bi t um nous Pul veri zed ESP 4.3 - 2,480 Measur ed
Bi t um nous Pul veri zed W5 213 - 227 Cal cul at ed
Bi t um nous Pul veri zed W5 0.48 - 133 Measur ed
Bi t um nous Cycl one MC 147 Cal cul at ed
Bi t um nous Cycl one ESP 2 - 11 Cal cul at ed
Bi t um nous Cycl one ESP 429 - 1,330 Measur ed
Bi t um nous Cycl one None 470 Measur ed
Bi t um nous Cycl one W5 38 Cal cul at ed
Bi t um nous Cycl one W5 20 Measur ed
Bi t um nous St oker None 400 - 2,200 Cal cul at ed
Bi t um nous St oker None 13 - 1,463 Measur ed
Bi t um nous St oker MC 670 Cal cul at ed
Bi t um nous St oker MC 13 - 2,230 Measur ed
Bi t um nous St oker FF 71 Measur ed
Lignite Pul veri zed MC 228 Cal cul at ed
Lignite Pul veri zed MC 115 - 263 Measur ed
Lignite Pul veri zed ESP 8.3 - 13 Cal cul at ed
Lignite Pul veri zed ESP <68 Measur ed
Lignite Pul veri zed W5 161 Cal cul at ed
Lignite Cycl one ESP 4.5 Cal cul at ed
Lignite Cycl one ESP <47 Measur ed



TABLE 27. (Continued) NI CKEL EM SSI ON FACTORS FOR COAL COVBUSTI ON

Cont r ol Ni ckel Em ssion
Coal Type Boi l er Type Devi ces Factors, pg/J®¢ Type of Factor®
Lignite Cycl one W5 87 Cal cul at ed
Lignite Cycl one MC 221 - 320 Cal cul at ed
Lignite St oker MC 276 Measur ed
Lignite St oker ESP <38 Measur ed
@ The key for the control device abbreviations is as follows:
MC - multicycl ones
ESP - electrostatic precipitator
W5 - wet scrubber

FF - fabric filter
b Emi ssion factors expressed as total nickel enmitted per unit for heat energy in the fuel

¢ Cal cul ated em ssion factors have been devel oped using average fuel nickel contents, average nicke
enrichment ratios, and denonstrated average control device efficiencies. Masured em ssion factors
have been determ ned by actual em ssions source testing and sanpl e anal ysis conbined with a know edge
of the energy content of the fuel burned.

9 Ni ckel emissions fromcoal conbustion are nost likely to exist as nickel sulfate, conplex oxides of
ni ckel and other netals, and nickel oxide.



i nportant factor influencing the situation is the nickel content of
the fuel.% A problem of inconsistent information regarding fue

ni ckel levels was pointed out previously in connection with
distillate oil.

Limted nickel em ssion factors are also available for the
conmbustion of wood. |In one set of tests for five furnaces burning
wood, neasured nickel em ssion factors ranged from 2-65 pg/J with the
average being 29 pg/J. Oher neasured nickel em ssion factors for
wood have ranged froma low of 3.6 pg/J to 110 pg/J. 829

Several recent studies have produced results strongly indicating
the fornms of nickel occurring in em ssions fromcoal and oi
conmbustion. In fly ash sanples collected fromthe stacks of five oi
fired utility boilers, the nickel conponents were found to be 60-100
percent water soluble.® In the analysis of |eachate fromthe
solubility test, sulfate anion was the only anion present at nore
than trace levels. Wth this information it can be postul ated that
the formof nickel in the fly ash em ssions and ambient air from oi
fired combustion is predom nantly nickel sulfate. This theory was
eventually confirmed after the fly ash and the sol uble and insol uble
fractions of the sanples were anal yzed by Fourier transforminfrared
(FT-1R) spectroscopy. 10

I n anot her study of stack fly ash and scal e sanples taken from
t he reduci ng and oxi di zi ng sections of an oil fired utility boiler,
ni ckel was found to exist as nickel anmmonium sulfate [N (NH,),(SCO),
6H,Q . %1 These sanpl es were anal yzed by Raman spectroscopy. The
wat er soluble fractions fromthe previous study that determ ned
ni ckel sulfate to be present (Reference 99)99 were not anal yzed for
ammoni um (NH,*). Therefore, the results fromthe Raman spectroscopy
anal ysis do not necessarily conflict with those of Reference 99.

In the insoluble fraction of the fly ash sanples fromoil fired
boil ers, nickel was determined by X-ray diffraction (XRD) to
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potentially exist as nickel oxide.99 However, with X-ray diffraction
patterns it is frequently difficult to distinguish between pure

ni ckel oxide and conpl ex netal oxides involving nickel. In addition,
ni ckel oxide is known to have an affinity for oxides of iron,

al um num vanadi um and magnesium all of which are conpounds found
in fly ash conbustion products. 102 Potentially, the nickel conponent
of the insoluble fraction could exist as conplex nickel oxides such
as ferrites, alum nates, and vanadates, a combinati on of conpl ex
met al oxi des involving nickel and nickel oxide, or purely nicke

oxide as the X-ray diffraction results.

The aut hors of Reference 9999 have perforned solubility and
conponent analysis studies for fly ash fromcoal combustion simlar
to those discussed above for oil conbustion. Sanples of fly ash
emitted fromcoal fired utility boilers controlled by electrostatic
precipitation were water | eached and the fraction of nickel found to
be sol ubl e ranged from 20-80 percent. For a boiler controlled by a
| i mest one scrubber, 100 percent of the nickel present was found to be
soluble.99 As in the case of oil conbustion, sulfate was the only
maj or ani on present, therefore, in the soluble fraction of fly ash
from coal conbustion, nickel probably exists as nickel sulfate.
Various metal sulfates were identified in the soluble fraction of the
coal conmbustion fly ash by XRD and FT-IR, but specific conpounds were
not reported.99 The insoluble fractions of the coal fired conbustion
fly ash were determ ned by XRD to contain metal oxides, although
nei t her ni ckel oxide nor conpl ex oxides containing nickel were
specifically indicated as being present. Considering the experience
with the insoluble fraction of oil fired fly ash sanples, it would be
reasonabl e to expect that nickel oxides would be present in the
i nsoluble fraction of coal fired fly ash.

Ref erence 103103 exam ned the 100-200 pm size fraction of fly
ash captured by electrostatic precipitators fromcoal fired utility
boil ers. Using magnetic separation and hydrochloric and hydrofluoric
acid | eaching steps, the fly ash was separated into a glass matrix, a
mullite-quartz matrix, and a magnetic spinel matrix of conposition
Fe, ;Al , ;O,.  Analysis by XRD and X-ray fluorescence (XRF) of the
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separated matrices indicated that approximtely 90 percent of the

ni ckel present was associated with the spinel. The theory was put
forth that nickel probably existed as a substituted spinel of the
form Fe; N ,O,. 1 Data gathered in this study reenphasized that while
ni ckel is oxidized during the conbustion process, it is probably not
oxi di zed to pure nickel oxide.

Source Locati ons

Due to the |large nunber of conbustion sources in the U S,
i ndi vi dual source listings are not attenpted here. However, data on
the location of large emtters such as power plants and industri al
boil ers are avail abl e through published governnment data bases
mai nt ai ned by EPA and DOE, the Electric Power Research Institute
(ERPI'), and the Anmerican Boiler Manufacturers Association.

Cooling Towers at Electric Utility Stations

Wet cooling towers used by the electric utility industry are
sources of nickel em ssions because nickel -containing biocides and
corrosion inhibitors, usually in the formof hydrated nickel sulfate
salts, are used in the cooling tower water. 1In 1978 cooling towers
were used for 20.6 percent of the total installed capacity for al
power plants. dder, nechanical draft type towers conprise about 54
percent of the total tower popul ation, while nodern, closed-cycle
type towers nmake up the remining 46 percent.®

The em ssion of nickel fromcooling towers is proportional to
the water recirculation rate, the drift fraction (the fraction of
cooling water emtted as drift droplets), the concentration of nicke
in the cooling water (which is highly variable), and the ratio of the
ni ckel concentration in the drift fraction to that in the cooling
wat er .
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The form of nickel emtted fromcooling towers would vary
dependi ng on the concentration of |igands and anions in the water and
on water quality (pH and hardness). Nickel sulfate is a Ni 2" species
that is readily soluble in water. Therefore, nickel nmay be present
in cooling tower drift enmissions as the Ni?* ion or bound to other
i ons such as hydroxide. |If chlorine is also used to contro
bi of ouling, as is conmon practice, nickel chloride may be forned and
em tted.

Ni ckel em ssion factors for utility cooling towers are presented
in Table 28. These em ssion factors are based on neasured em ssion
rates obtained fromtests of three utility cooling towers. The
towers tested were designed for drift |osses in the
0.1 to 0.2 percent range, which is representative of ol der,
mechani cal draft cooling towers. Estimates of nickel em ssions from
newer (closed-cycle) cooling towers with drift |osses of 0.002 to
0. 005 percent were obtained by a |inear adjustnment of the test
results to reflect the lowered drift |oss.?®

Cenent Production

Process Description

The production of cenment is a potential source of nicke
em ssi ons because nickel can be a conponent of both the process feed
materials and the fuels such as coal and oil that are burned in
cenment process kilns and dryers. |In 1981, approxinmately
67.6 mllion Mg(75.1 mllion tons)of cenment were produced in the U S.
Cement is produced by either a wet or dry method. |In the dry nethod,
feed materials are sent to the processing steps in a dry solid form
In the wet nethod, feed materials are m xed with water and sent to
the processing steps as a slurry. O the total donestic cenent

producti on, about 42 percent or 28.4 mllion My (31.2 mllion tons),
is made by the dry method, and 58 percent, or 39.2 mllion My (43.9
mllion tons), by the wet nethod. %
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TABLE 28. NI CKEL EM SSI ON FACTORS FOR FRESH WATER UTI LI TY
COCLI NG TOVNERS®®

Ni ckel Em ssion Factors, pg/J2°®

Drift Loss Range Drift Loss Range
of 0.1 to 0.2% of 0.002 to 0.005%
16 0. 34

Em ssion factors are expressed as wei ght of pollutant per
thermal energy input to the power plant associated with the
cooling tower.

Em ssion factors are based on source tests of three separate
cooling towers.
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The basic process flow di agram for cenment production by the wet
and dry nethods is shown in Figure 20. The raw materials used to
make cement can be divided into four basic categories: Ilime, silica,
alum na, and iron. Approximtely 1,600 kg (3,520 Ib) of dry raw
materials are required to produce 1 My (1.1 ton) of cenent. 106
Foll owi ng quarrying, raw materials are crushed to a suitable size for
processing and are entered into either the wet or dry processing
loop. In both wet and dry processes the materials are proportioned,
ground, and bl ended prior to initiating the primary cenent production
st eps.

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 then ground to a powder, bl ended,
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 fromthe | ower end so that hot
gases pass upward and through the raw materials. Drying,
decar bonati ng, and cal cining are acconplished as the material travels
through the heated kiln, finally burning to incipient fusion and
form ng what is known as clinker. The clinker is then cooled, m xed
with about 5 percent gypsum by weight, and ground to a final product
size. The cenment product is then stored for packagi ng and
shi pnent . 106

In the wet process, a slurry is made by adding water to the raw
materials at the initial grinding operation. After blending and
m xi ng, excess water is renoved and the slurry is adjusted to achieve
the proper composition. The honbgeneous m xture which is fed to the
kilns is usually either a slurry of 30 to 40 percent noisture or a
wet filtrate of about 20 percent noisture. The remaining kiln
burni ng, clinker cooling, and gypsum addition steps are carried out
the sane as in the dry process. 10
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Em ssi on Factors

The primary nickel em ssion sources in cenent production are the
rotary kilns and grinding mlls.¥ The mpjority of the cenent
i ndustry uses controls such as nmulticyclones, ESPs, ESPs wth
cyclones, and fabric filters to reduce particul ate, and consequently
ni ckel em ssions, fromthese sources. Typical collection
efficiencies for control devices in these applications are: 1

- mul ticycl ones, 80 percent

- ESPs, 95 percent

- ESPs with cycl ones, 97.5 percent
- fabric filters, 99.8 percent.

Ni ckel em ssion factors for wet and dry cenent processes have
been devel oped based on actual source testing of controlled cenent
pl ants. Table 29 summari zes the nickel em ssion factors for major
cenent plant sources. %

Few data were found which identified the nickel content of
particles fromcenment processing. N ckel emtted fromprelimnary
crushing and grinding would be in the sane formas it is found in raw
materials, nost likely as a trace constituent of silicate mnerals.
Ni ckel em ssions fromkilns are probably in the forns of oxides of
ni ckel and other netals, nickel oxide, and to a | esser extent nickel
sul fate because of the high tenperature, oxidizing conditions present
in kilns. N ckel em ssions fromthe clinker cooler would be in the
sane fornms as those enmtted fromthe kilns because the nicke
particles woul d not be undergoing any reactions in the cooler.

During mlling and packagi ng, nickel would also be emtted in the
forms that are produced in the kiln. N ckel emtted fromthe
combustion of fossil fuels and dryers should be in the fornms of

ni ckel sulfate, conplex oxides of nickel and other metals, and nicke
oxi de, as discussed previously in the conbustion section.
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TABLE 29. NI CKEL EM SSI ON FACTORS

Sour ce Category

FOR MAJOR CEMENT PLANT SOURCES?®

Controlled N ckel Em ssion Factors,
kg/ 103My (I b/ 10%t ons) 9

Dry Cenment Process?

Kil net

Feed to Initial Ginding MI1l¢h

Air Separator After Initial
Ginding MI|¢&h

Raw Material Ginding MIIs¢h

Feed to Finish Ginding MI1¢i

Air Separator After Finish
Ginding M1]¢i

Wet Cenent ProcessP

Ki | ndi

C i nker Cool er¢

C i nker Cool ere¢i

d i nker Cool er

Finishing Ginding MII| After
Air Separator®!

0.2 (0.3)
0.005  (0.01)

0.0005  (0.001)
0.0003  (0.0006)
0.005  (0.01)

0.002  (0.006)

0.1to 1(0.2to 2)
0.002  (0.004)

0. 05 (0.1)

0.1 (0.2)

0.002  (0.004)

S - o a o

Em ssion factors based on source testing of two plants with particul ate

sanpl e anal ysis by em ssion spectroscopy.

Em ssion factors based on source testing of three plants with particul ate
sanpl e anal ysis by spark source nass spectrograph and optical em ssion

spect r ogr aph.
Source controlled by a fabric filter.
Source controlled by an ESP.

Source controlled by two fabric filters in parallel.

Al factors expressed in ternms of the anount of

Em ssion factors are expressed as total nickel.
Ni ckel em ssions fromthis source would be in the formof nickel silicate

m neral s.

raw material feed input.

Ni ckel em ssions fromthis source are expected to be in the fornms of

conpl ex oxi des of nickel and other netals,

extent nickel sulfate.

ni ckel
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Source Locati ons

In 1981 there were 201 cenment plants in the United States. The
majority of plants were located in California, Texas, Pennsylvania,
M chi gan, and M ssouri. % [|ndividual plant |locations can be
determ ned froma variety of sources including:

S cenment trade associations (e.g., Portland Cenent
Associ ati on)
S publ i shed industrial directories (e.g., Thomas Regi ster,
St andard & Poor's)
- t he EPA National Em ssions Data System ( NEDS) .
For sources indexed by SIC code, SIC 3241 should be used for cenent
manuf act uri ng.

Muni ci pal Refuse and Sewage Sl udge I ncineration

Process Description

Ni ckel is released during the incineration of nunicipal refuse
and wastewat er sewage treatnment sludge because these materials
contain varying quantities of nickel. The nickel content of
muni ci pal refuse ranges from 4-50 ppm wth an average content being
15 ppm 107108  Dry sewage treatnent sludges have nickel contents
rangi ng from 0-2800 ppm wth the average content equalling about 410
ppm 1 A description follows of the workings of refuse and sewage
sl udge incinerators and of factors affecting nickel em ssions.

The mpjority of nunicipal refuse incinerators have either
refractory-lined or water-walled conbustion chanbers that are
equi pped with a grate upon which refuse is burned. The grate can be
stationary, travelling, or vibrating, depending on the design of the
i nci ner at or. In nost cases, natural draft or slight induced draft is
used to pull air up through the grate to carry out the primary refuse
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conmbustion process. The combustion gases fromthe primary chanber
pas through a flame port where they are reheated and mxed with air
to achi eve nore conplete oxidation. Exhausts fromthe secondary
conmbustion chanber are either vented directly to the atnosphere or to
a control device. The basic configuration of a representative
muni ci pal refuse incinerator is given in Figure 21,10

Sewage sludge incineration refers to the oxidation of sludge
mat eri al generated by wastewater sewage treatnent plants. The nost
preval ent types of incinerators for sludge oxidation are
mul tiple-hearth and fluidized-bed units. Miltiple-hearth
incinerators are relatively sinple pieces of equipnent, consisting of
a steel shell lined with refractory. The interior of the incinerator
is divided by horizontal brick arches into separate conpartnents or
hearths. Alternate hearths are designed with openings to allow solid
material to drop onto the hearth below. At the center of the unit, a
shaft rotates rabble arnms that are | ocated on each hearth. To enable
the incinerated material to nove inward and then outward on alternate
hearths, teeth on the rabble arns are placed at an angle. As sludge
is fed through the rood of the incinerator, the rotating rabble arns
and rabble teeth push the material across the hearth to drop holes
where it falls to the next hearth. This process continues until the
sterile ash produced by the oxidation steps is discharged fromthe
bottom of the incinerator. Figure 22 presents a schematic di agram of
a typical nultiple-hearth sewage sludge incinerator.

The majority of multiple-hearth incinerators have three distinct
operating zones. The first zone includes the top hearth where the
wat er -1 aden sludge feed is partially dried by rising hot conbustion
gases. The second operating zone is the incineration/
deodori zati on zone where tenperatures of 760-980°C (1400-1800°F) are
reached and mai ntained. The third zone of the nultiple-hearth unit
is the cooling zone where hot ash fromincineration rel eases heat to
i ncom ng conmbustion air. The design tenperature profile of a typica
mul tiple-hearth incinerator is given in Table 30 to illustrate the
break in operating zones. !*?
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TABLE 30. DESI GN TEMPERATURE PROFI LE OF A SEWAGE SLUDGE
MULTI PLE HEARTH FURNACE?!!2

Fur nace Hearth No.?

Nom nal

Desi gn Capacity, °C (°F)

1 (Sludge drying zone)

6 (Ash cooling zone)

427

649

900

788

649

149

(800)

(1200)

(1650)

(1450)

(1200)

(300)

@ Hearth 1 is at the top of the furnace and 6 is at the bottom
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The second technique used to oxidize sewage sludge is
fluidized-bed incineration. Figure 23 represents the basic
operations found in a fluidized-bed unit.*? 1In this operation
dewat ered sludge is introduced into the freeboard area of the
i nci nerator just above the fluidized bed material (which is usually
sand). Hot conbustion gases rising fromthe bed evaporate remaining
water in the sludge and sludge solids and then enter the fluidized
bed. The organic constituents of the sludge are oxidized to carbon
di oxi de and water vapor, which exit the system as exhaust gases.
During this reaction, the bed is vigorously m xed and the bed
tenperature is maintained at 704-816°C (1300-1500°F). Renmi ni ng
i norgani ¢ sludge material either deposits on the bed sand particles
and is renoved fromthe bottomof the reactor, or it can be made to
exit with the exhaust gases. Air velocity through the bed is used to
control the nmethod of inorganic sludge material renoval. N cke
em ssions fromthis type of system are dependent on air flow velocity
t hrough the bed and the nickel content of the sludge. !*?

Em ssi on Factors

The primary factors affecting nickel em ssions from nunicipa
refuse incinerators are the nickel content of the refuse and the
manner i n which conbustion air is supplied to the conbustion
chanbers. The manner in which air is supplied can affect the
conmbustion tenperature achi eved and consequently the degree of nicke
species volatilization and the |evel of fly ash em ssions. 109, 113
The types of control devices used to reduce overall incinerator
particul ate em ssions have sonme effect on reducing nickel em ssions.
The configuration of controls found in the U S. varies fromsinple
settling chanbers and baffle plates to nore sophisticated ESP, wet
scrubber, or fabric filter systens. No i nformati on was found in the
literature describing the performance of municipal refuse incinerator
controls on nickel em ssions.

Ni ckel em ssion factors have been determ ned based on several U
S. EPA tests. The em ssion factors for nickel from nmunicipal refuse
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i nci nerators and sludge incinerators are given in Table 31. Recent
studi es of refuse incinerators across the country concl uded t hat
t hese sources are not major nickel emtters. 16117

Ni ckel em ssions from sewage sludge incinerators are influenced
by the nickel content of the sludge, the combustion tenperature of
the incinerator, and in fluidized-bed units, the nmethod of inorganic
mat eri al renoval from the bed. 19112 Wt scrubber control devices are
extensively used with good success to control multiple-hearth and
fluidi zed-bed sewage sludge incinerators. 1112 Table 31 presents
ni ckel em ssion factors for nmultiple-hearth and fl uidi zed-bed sewage
sl udge incinerators, based on testing perforned by the U S. EPA

A recent study has al so esti mated ni ckel em ssions from
control |l ed sewage sludge incinerators, but the results are basically
sem -quantitative. An exam nation of source tests from eight
mul tiple-hearth incinerators controlled by wet scrubbers showed that
ni ckel em ssions were generally less than 1 percent of the anount of
ni ckel entering with the sludge. The test results of one
fluidized-bed incinerator controlled by a wet scrubber showed that
only about 0.1 percent of the nickel in the sludge was eventually
emtted.®® These results support the order of nmagnitude em ssion
factor difference given in Table 31 between the two types of
control | ed sewage sl udge incinerators.

The potential types of nickel compounds found in the em ssions
of refuse and sludge incinerators are related to the kinds of waste
entering the incineration systenms. Miunicipal refuse is generally
high in plastics content such that chloride ions are likely to be
preval ent. Sewage treatnment sludge is affected by the kinds of
di scharges entered into the publicly owned treatnment works (POTWS).
Phosphat es from human wastes and detergent use can be significant in
sludges to be incinerated. Local industry can also greatly affect
the kinds of nickel conmpounds found in sludge, particularly if
pl ating or nickel chemical facilities exist that discharge into
POTW s. 118
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TABLE 31. EM SSI ON FACTORS FOR NI CKEL FROM MUNI Cl PAL REFUSE AND
SEWAGE SLUDGE | NCI NERATORS?6: 114,115

Ni ckel Em ssion Factor, kg/ My (Ib/ton)
Em ssi on Source of Solid Waste | nci nerat ed?

Muni ci pal Refuse | ncinerators”
Ref use Only® 0. 002 (0. 003) ¢
Ref use and Sl udge 0. 003 (0. 005)
Sewage Sl udge Incinerators®
Mul tipl e Hearth® 0. 002 (0.003) "9
Fl ui di zed Bed® 0. 0002 (0.0003) 9N

Uncontrolled Multiple-Hearth
or Fluidized-Bed Unit 0. 07 (0.15)

a All factors expressed in terns of total elenental nickel.

b Ni ckel enissions are expected to be in the forns of nickel chloride,
ni ckel sulfate, and conpl ex oxi des of nickel and other netals.

¢ Source is controlled by a wet scrubber.

¢ Emi ssion factors determned fromU. S. EPA testing and anal ysis of one
muni ci pal incinerator.

¢ Nickel emi ssions are expected to be in the fornms of nickel sulfate,

ni ckel phosphate, nickel chloride, nickel nitrate, and conpl ex oxi des
of nickel and other metals.

" Em ssions found to range from 0. 0003 to 0.004 kg/ My (0.0006-0.008
| b/ton).

9 Em ssion factors determned fromU.S. EPA testing and anal ysis of three
sewage sl udge incinerators.

h Em ssions found to range from 0.0001 to 0.0002 kg/ My (0.0002-0.0003
[ b/ton).
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An absol ute species characterization of potential nicke
em ssions fromincinerators is difficult because the conpositions of
waste streanms vary so greatly between units and even daily within the
sane unit. Recent tests, however, on the fly ash em ssions of three
different refuse incinerators and three different sludge incinerators
have produced results that greatly aid in estimating the species of
ni ckel potentially being emtted. Fly ash em ssions fromrefuse and
sl udge incineration were determ ned to be one-third to one-half water
sol uble. The sol ubl e phase of refuse incinerator fly ash contained
principally chloride and sulfate ions. ! The fraction of total
ni ckel fromrefuse incinerator fly ashes that was water sol uble
ranged fromless than 47 to 84 percent.!® N ckel conmpounds in the
wat er sol ubl e phase of these em ssions are probably nickel chloride
and/ or nickel sulfate, although this was not confirnmed during these
anal yses. The insoluble portion of these ashes contained primarily
oxide and silicate salts of various netals. Although not
specifically identified, conplex oxides of nickel and other netals
(mainly iron) are probably the prevalent forns of nicked that would
exi st.

The wat er sol ubl e phase of the sludge incinerator fly ash was
found to contain predom nantly sulfate ions, although chloride,
nitrates, and phosphates were present at much | ower |evels. The
fraction of total nickel that was water soluble in sludge incinerator
fly ash ranged from 34 to 52 percent.'® |t is reasonable to expect
that nickel em ssions present in the water soluble phase of sludge
i nci nerator em ssions are predom nantly nickel sulfate, with
potentially much | esser anpbunts of nickel chloride, nitrate, and
phosphate. The insol uble phase of sludge incinerator fly ash
em ssions was simlar to that fromrefuse incinerator em ssions. !
Principally oxide, silicate, and phosphate salts of various netals
wer e
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identified, such that the probability is great that nickel exists as
conmpl ex oxi des of nickel and other netals. It is highly likely that
ni ckel was conbined with iron to forma spinel; however, such a
conclusion was not explicitly determn ned.

Source Locati ons

In 1979, there were 108 nunici pal refuse incinerators and 358
sewage sludge incinerators in the U S. 119,120 Table 32 presents a
breakdown of the number of incinerators of each type found by state.
Additional information on the specific |locations of these facilities
can be obtained fromthe Conpliance Data System nai ntai ned by U. S.
EPA Regi onal offi ces.

Coke Ovens

Process Description

The production of metallurgical coke is a potential source of
ni ckel em ssions because of nickel in the coal being processed. Coke
production invol ves the destructive distillation of coal by heating
it in a low oxygen atnosphere, driving off gases generated by the
deconposition of organic compounds in the coal. After distillation
only the relatively involatile coke remains. The primary nethod of
coking in the U S is the byproduct nethod, which accounts for 98
percent of donestic production.!?!

The byproduct nethod is designed to recover gases generated
during the coking process. A coke battery conprises a series of 40
to 70 narrow rectangul ar, slot-type coking ovens interspersed with
heating flues. Figure 24 illustrates the arrangenent of a typica
coke oven battery. Coal is charged into ports on the top of the
ovens by a device called a larry car. After charging, the ports are
seal ed, and heat is supplied to the ovens by the conbustion of gases
passi ng through the flues between ovens. The fuels used in the
conmbustion process are natural gas, coke oven gas, or gas from an
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TABLE 32. POPULATI ON OF MUNI CI PAL REFUSE AND SEWAGE SLUDGE
I NCl NERATORS IN THE UNI TED STATES BY STATE I N
1978119, 120

No. of Muni ci pal No. of Sewage
State Ref use I ncinerators Sl udge
I nci nerators

Al abama 0 1
Al aska 0 6
Ari zona 0 0
Ar kansas 0 2
California 0 18
Col or ado 0 0
Connecti cut 16 11
Del awar e 1 0
District of Col unbia 0 0
Fl ori da 8 3
Ceorgi a 0 8
Hawai i 0 2
| daho 0 0
Illinois 4 6
I ndi ana 1 10
| owa 0 4
Kansas 0 4
Kent ucky 0 4
Loui si ana 3 6
Mai ne 0 1
Mar yl and 1 7
Massachusetts 0 15
M chi gan 3 55
M nnesot a 0 11
M ssi ssi ppi 0 0
M ssouri 2 16
Mont ana 0 0
Nebr aska 0 2
Nevada 0 3
New Hanpshire 2 5
New Jer sey 7 17
New Mexi co 0 0
New Yor k 31 32
North Carolina 0 5
Nort h Dakot a 0 0
Ghio 6 27
Gkl ahoma 0 2
Oregon 0 1
Pennsyl vani a 10 21
Rhode I sl and 1 5
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Sout h Carolina 0 3

Sout h Dakot a 0 0
Tennessee 2 9
TABLE 32. (Conti nued) POPULATI ON OF MUNI Cl PAL REFUSE AND SEWAGE

SLUDGE | NCI NERATORS I N THE UNI TED STATES BY STATE I N
1978119, 120

No. of Muni ci pal No. of Sewage

State Ref use I ncinerators Sl udge
I nci nerators
Texas 0 9
Ut ah 2 0
Ver nont 0 0
Virginia 2 15
Washi ngt on 0 5
West Virginia 0 3
W sconsin 4 4
Wom ng 0 0

TOTAL 108 358
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adj acent bl ast furnace. I nside the ovens, coke is first forned near
the exterior walls and then the process progresses toward the oven
center, where tenperatures of 1150°C (2100°F) can be reached. The
conmpl ete coking process takes 16 to 20 hours. Once the process is
conpl ete, coke is renoved fromthe oven sinply by pushing it out with
a raminto a quenching car. The quenching car full of extrenely hot
coke is noved into the quench tower and cool ed by applying severa

t housand gallons of water. The coke is then allowed to dry before
bei ng separated into various size fractions for future uses. !

Em ssi on Factors

The possi bl e process related nickel em ssion points froma coke
oven battery are indicated in Figure 24. N ckel eni ssions may al so
be generated during quenching operations and from materials handling
operations involving coal unloading, crushing, and sizing.' The
form of nickel em ssions fromthese coking sources has not been
determ ned and expressed in the literature.

Only one em ssion factor for nickel fromnetallurgical coke
production is available fromthe literature. The |evel of
uncontrol I ed nickel em ssions from coke ovens are estinmated by this
factor to be 0.008 kg/ My (0.0016 | b/ton) of coal processed. 1?2

Source Locati ons

Tabl e 33 presents the conplete |isting of coke production plants
in the United States as of January 1980. 123

Asbest os M ni ng

The mining and mlling of asbestos mnerals such as chrysotile
can be a potential source of nickel em ssions because chrysotile
contains 1.5-1.8 ng nickel/g of chrysotile. Dusts generated during
the milling of chrysotile to recover asbestos fibers can therefore
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TABLE 33. COKE PLANTS IN THE UNI TED STATES AS OF JANUARY 1980123

Conpany Name Pl ant Locati on
Arnco, Inc. Ham | t on, OH
Houst on, TX

M ddl et own, OH (2)

Bet hl ehem St eel Cor p. Bet hl ehem PA
Bur ns Harbor, IN
Johnst own, PA
Lackawanna, NY
Sparrows Point, M

CF&l Steel Corp. Puebl o, CO

Cruci ble Steel, Inc. M dl and, PA

Cycl ops Corp. (Enpire-Detroit) Port snout h, OH
Ford Mot or Co. Dear born, M

Inl and Steel Co. E. Chicago, IN (3)
Interl ake, I|nc. Chi cago, IL

J&L Steel Corp. Ali qui ppa, PA

Campbel I, OH
E. Chicago, IN
Pittsburgh, PA

Kai ser Steel Corp. Font ana, CA

Lone Star Steel Co. Lone Star, TX

Nati onal Steel Corp. Ganite City, IL
Detroit, M
Weirton, W
Brown's |sland, W

Republic Steel Corp. Cl evel and, OH (2)
Gadsden, AL

Massi | | on, OH
S. Chicago, IL
Thomas, AL
Warren, OH
Youngst own, OH

U S. Steel Corp. Clairton, PA (3)

Fairfield, AL
Fairless Hlls, PA
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TABLE 33.

JANUARY 1980123

(Conti nued) COKE PLANTS IN THE UNI TED STATES AS OF

Conpany Name

Pllant Locatl1 on

Wheel i ng- Pittsburg

Al abama By- Pr oduct
Allied Chenm cal Co

Car ondel et Coke Co

h

s Corp.
rp.
npany

Chat t anooga Coke and Chem cal Conp.

Citizens Gas and Coke Utility

Detroit Coke
Donner - Hanna Coke

Enpi re Coke Conp.

Cor p.

Eri e Coke and Chem cal s

I ndi ana Gas and Ch

I ront on Coke Corp.

em cal

(McLouth Steel)

Keyst one Coke Conp.

JimWal ter

Koppers Co., Inc.

M | waukee Sol vay

Phi | adel phi a Coke
(Eastern Assoc.

Coal Corp.)
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Gary, IN
Lorain, OH
Provo, UT

E. Steubenville, W
Mbonessen, PA

Tarrant, AL
Ashl and, KY
St. Louis, MO
Chat t anooga, TN

I ndi anapolis, IN

Detroit, M
Buf fal o, NY
Holt, NY

Pai nesville, OH
Terre Haute, IN
lronton, OH
Swedel and, PA
Bi r m ngham AL
Erie, PA

Tol edo, COH
Woodwar d, AL

M | waukee, W

Phi | adel phi a, PA



TABLE 33. (Conti nued) COKE PLANTS IN THE UNI TED STATES AS OF

JANUARY 1980123

Conpany Name Pl ant Locati on
Shenango, |nc. Neville |Island, PA
Tonawanda Coke Co. Buf fal o, NY

a Numbers in parentheses indicate the nunber of plants at that

| ocati on.

If no nunber is indicated, only one plant exists at that |ocation.

NOTE:

This listing is subject to change as market conditions
change, facility ownership changes, plants are closed
down, etc. The reader should verify the existence of
particular facilities by consulting current |istings

and/ or the plants thenselves. The | evel of nickel

em ssions fromany given facility is a function of

vari abl es such as capacity, throughput, and contro

measur es, and shoul d be determ ned through direct contacts
with plant personnel.
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contain small quantities of nickel. An analysis by the U S. EPA of
an asbestos m |l producing 36,300 My (39,930 tons)/yr indicated an
annual asbestos em ssion rate of 180 kg (396 Ib). If it is assuned
that the asbestos em ssions contain 1.8 ng - nickel/g of asbestos,
an annual nickel em ssions rate of 0.32 kg (0.71 I b) can be
calculated. MIling dusts at the facility are controlled by a fabric
filter system A controlled nickel em ssion factor for asbestos
mlling operations, in terns of total asbestos produced, is 0.000009
kg/ Mg (0.000018 |b/ton). 12412

O her sources of nickel em ssions from asbestos operations are
dry waste piles of chrysotile tailings. These tailings are generated
fromthe asbestos fiber recovery processes. Generally, the waste
pil es are open and exposed to wi nds which can di sl odge and transport
ni ckel -containing tailings. Because the recovery efficiency of
asbestos fiber fromchrysotile is low (5 to 50 percent), a |arge
anount of nickel-containing chrysotile is present in the tailings for
possi ble wind distribution. The |levels of nickel em ssions from
waste tailings piles have not been determ ned. 124125

Currently, there are four asbestos mining and mlling operations
in the United States. These operations are |ocated in Arizona,
California, and Vernont. 126

Coal Conversion Process

The category of coal conversion processes includes coa
gasification and coal liquefaction plants. The existence of nickel
conmpounds in the air em ssions of these facilities has qualitatively
been determ ned; however, no data are avail abl e quantifying such
ni ckel em ssions. '’ Nickel metal, nickel carbonyl, and nicke
subsul fi de have either been found or are suspected in several unit
process em ssion streans fromgasification and |iquefaction plants.
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The process flow sheets given in Figure 25 and Figure 26
represent typical gasification and |iquefaction plants. The
operations within each process that are known or suspected nicke
em ssion sources are denoted by dotted lines, and they are |isted
individually in Table 34. The only confirnmed nickel em ssion sources
are hydrotreating and hydrocracki ng operations in |iquefaction plants
(ni ckel netal em ssions) and the nethanation reaction operation in
gasification plants (nickel carbonyl em ssions). Mre testing and
characterization of em ssions fromthese types of facilities are
required to confirmand quantify the severity of nickel em ssions.

The nunber of gasification and |iquefaction plants in the United
States is relatively small. The majority of plants are denonstration
or pilot scale plants geared to be research tools for a particular
gasification or |iquefaction technol ogy.

Pet r ol eum Pr ocessi ng

The petrol eum processi ng category includes refineries conducting
[ight, internediate, and heavy hydrocarbon processing. Severa
sources within these hydrocarbon processing operations have
qualitatively been determ ned to have nickel air enissions.!® No
data quantifying these em ssions are avail abl e; however, nickel neta
and ni ckel carbonyl are known or suspected to be present.

The process flow sheets given in Figure 27, Figure 28, and
Figure 29 are basic representations of |light, internediate, and heavy
hydr ocar bon processi ng operations, showi ng which sources have nicke
air em ssions. Known and suspected nickel em ssion sources from al
three types of hydrocarbon processing are summuari zed in Tabl e 35.

All three of these processing operations al so have nickel em ssions
as a result of using oil fired process heaters. Em ssion factors
presented in the oil conbustion section are applicable to oil fired
process heaters.
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TABLE 34. OPERATIONS WTHI N A COAL GASI FI CATI ON AND LI QUEFACTI ON
PROCESS THAT ARE KNOWN OR SUSPECTED NI CKEL EM SSI ON

SOURCES!??
Coal Conversion Sour ce of
Process Ni ckel Em ssions Ni ckel Species St at us®
Gasification Quenchi ng and Ni ckel Metal Suspect ed

Di rect Cooling

Li quef acti on Fi xed- bed Cat al yst Ni ckel Met al Known
Regenerati on (Hydr o- Ni ckel Carbonyl Suspect ed
treating and Hydro-
cracki ng)

Gasi fication, Sul fur Recovery Ni ckel Met al Suspect ed

Li quef acti on Pl ant

Li quefaction Coal Slurry Reactor Ni ckel Met al Suspect ed

Gasification Oxygen Bl ower Ni ckel Met al Suspect ed
Gasifier
Met hanati on React or Ni ckel Met al Suspect ed

Ni ckel Carbonyl Known
Air-blown Gasifier Ni ckel Metal Suspect ed

@ The status colum refers to the designati on of whether the nickel species
i ndi cated is known to exist, based on sone type of test data, or is
suspected to be present, based on a know edge of process materials and
condi tions.
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TABLE 35.

KNOWN OR SUSPECTED NI CKEL EM SSI ON SOURCES W THI N LI GHT,

| NTERMVEDI ATE, AND HEAVY HYDROCARBON PROCESSI NG OPERATI ONS?'22

Source of Nickel Em ssions Ni ckel Speci es St at us®
Li ght Hydr ocarbon Processing
Napht ha Hydrodesul furi zati on® Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
I nt er medi at e Hydr ocarbon Processing
Ker osene Hydrodesul furization® Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
Gas O | Hydrodesul furization® Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
Fl ui di zed- bed Catal ytic Cracker Ni ckel Met al Known
Movi ng- bed Catal ytic Cracker Ni ckel Met al Known
Catal ytic Hydrocracking Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
Heavy Hydr ocarbon Processing
Lube O | Hydrodesul furization® Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
Resi dual G| Hydrodesul furi - Ni ckel Met al Known
zation® Ni ckel Carbonyl Suspect ed
Lube G| Processing Ni ckel Met al Known
Ni ckel Carbonyl
Suspect ed
Fl uid Coker O fgas Ni ckel Met al Known
Decoki ng- Vi sbr eaki ng Ni ckel Met al Known
Asphalt Air Bl ow ng Ni ckel Met al Known
a The status colum refers to the designation of whether the nickel

species indicated is known to exist,

based on sone type of test data,

or is suspected to be present, based on a know edge of process

materi als and conditions.

nor mal operati on.

operating at el evated tenperatures and pressures.
sources of nickel em ssions fromthese processes would be fugitive

catal yst dust em ssions during catal yst
operations, which occur only once every 2 to 3 years.
operations are normally conducted so as to contro

thus Iimt worker exposure.?8!
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unl oadi ng

Whi | e hydrodesul furi zati on processes may use ni ckel - cont ai ni ng
catal ysts, nickel em ssions would not be expected to be emitted during
These processes are totally encl osed systens

The only possible
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As of January 1, 1982 there were 273 active refineries in the
United States. Although 39 states have refineries, alnost 50 percent
of the total nunber are located in three states, California,
Loui si ana, and Texas.'?® A conplete listing of all donestic
refineries and their capacities is given in Reference 129.

Coal and G| Supplyving

Thi s category of nickel em ssion sources consists of processes
or operations associated with supplying coal and oil to consuners.
For the supply of coal, operations such as extraction,
transportation, preparation, distribution, and storage constitute the
primary sources of nickel emissions. Extraction operations consi st
of underground, surface (basically strip), and auger (another form of
surface mning) mning. Transportation operations include hauling
the coal fromthe mning site to the coal preparation site. Trucks,
rail cars, and conveyors are predonmi nantly used for this purpose.
The type of transportation used is generally dependent on the type of
m ni ng being conducted. Trucks are used primarily at surface and
auger mines, while rail cars and conveyors are used at underground
mning sites.

Once transported to a preparation site, coal can be processed in
a variety of ways including:

- crushing and screening to a maxi nrum desired size,
- cl eaning to renove dust and non-coal material, and
- drying to prepare the coal for shipnent or use.

The particular chem cal and physical characteristics of a coa
dictate the anount of preparation required.

Di stribution operations involve the shipnment of coal fromthe
preparation site to the point of consunption. Rail cars, barges,
trucks, slurry pipelines, and conveyors are the predom nant neans of
coal
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distribution. Lastly, storage operations involve the open storage of
coal in piles or the storage of coal in enclosed silos or bins at the
consunption site. 0

Ni ckel em ssions from coal supplying activities occur as part of
t he dusts associated with the coals. N ckel em ssions from coa
dusts vary by region of the country because coal nickel content
varies by region (see Table 23). Mst emissions of this type are
fugitive in nature and result fromw nd action on the coal piles and
coal | oadi ng/unl oading activities. No nickel em ssions or em ssion
factor data have been devel oped for these fugitive sources. N cke
em ssions may al so occur due to nickel-containing oil products being
burned to power trucks, trains, barges, and other heavy equi pnent
used to supply coal.3° Em ssion factors and national emn ssions
associated with the conmbustion of oil and petrol eum products are
di scussed in the section entitled, Coal and G| Conbustion

The process of supplying oil has many of the sane
ni ckel -em tting operations as supplying coal, including extraction,
transportation, distribution, and storage. O processing or
refining operations are also a conponent of the oil supply matrix;
however, nickel em ssions associated with these operati ons have been
di scussed in a previous section entitled Petroleum Processing. The
remai ning oil supply nickel-emtting operations are briefly described

bel ow.

In the supply of oil, extraction refers to onshore or offshore
drilling operations. Transportation involves noving the oil fromthe
drilling site to the processing or refining site. Pipelines,

tankers, and barges are used for this purpose. QI distribution from
the processing site to the consunption market is generally
acconpl i shed by pipeline, barge, or tank truck. G| supply storage
operations refer to the storage of crude oil or refined oil products
in tanks. Storage activities can occur at the refining site and at
the site of product consunption. 3
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Ni ckel em ssions from supplying oil and oil products result
mai nly from fuel combustion in trucks, barges, and other equi pnent
used in extraction, transportation, and distribution operations.
Agai n, nickel em ssions of this type have been previously considered
in the section, Coal and G| Conbusti on.
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SECTION 5
SOURCE TEST PROCEDURES

Speci fic sanpling and anal ysis source test procedures have not
been published by the U S. EPA for suspected nickel em ssions
sources. The sanpling and anal ysis nethods presented in this section
represent a collection of nickel air em ssion detection and
gquantification techniques that have been published in the open
literature as viable nmethods. The presentation of these published
met hods in this report does not constitute endorsenent or
recomendation or signify that the contents necessarily reflect the
views and policies of the U S. EPA

LI TERATURE REVI EW OF SAMPLI NG METHODS

Trace anounts of nickel can be determ ned using a sanpling train
devel oped by Hamersma, et al.2? This systemis designed to sanple
under high pressure environnents under isokinetic conditions. The
sanpling train consists of (1) a nodified ASTMIiquid sanpling probe,
(2) an inpinger for condensing water and oil vapors in an ice bath
under pressure, (3) a pressure reduction mechanism and (4) a second
i npi nger series where nickel and its conpounds are expected to be
found. The contents of the second set of inpingers are: 3MHGO in
the first; SMHO 0.2 M (NH,),S,G, and 0.02 M AgNG; in the second and
third; and Drierite for drying the sanpling gases in the fourth. The
sanpling train is capable of operating at tenperatures up to 500°C
(932°F) and pressures greater than 2000 kPa (300 psig). Sanpling
rates of 2 to 10 n? (71-353 ft3) of gas over a 1 to 4 hour period are
used. The detection limt for nickel in a gas streamis 60 pg/n?.
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A simlar systemfor flue gas sanpling for trace inorganic
materi al s at atnospheric pressures was designed by Flegal, et al.?3
The sanpling train consists of a standard Aerotherm hi gh vol une stack
sanmpl er (HVSS) nodified in three areas: (1) the probe is lined with a
removabl e inner |iner made of Kapton polyinmide filmto prevent
ni ckel , chrom um and other conponents in the stainless steel probe
fromcontam nating the particulate catch; (2) a Gel man Spectrograde
type A glass fiber filter is used as the filtering nedium and (3) a
speci al oxidative inpinger systemis used to sanmple vapors. The
oxi dative system consists of four inpingers: one inpinger with 3M
H,O,, two inmpingers with 0.2 M (NH,),SG& plus 0.02 M AgNG;,, and a
fourth inmpinger with Drierite. The inpinger nozzles are coated with
Teflon to prevent corrosion of the stainless steel conponents due to
the oxidative solutions. The systemis designed to operate in a flue
gas stream at tenperatures up to 270°C (518°F) and a sanpling rate of
up to 90 liters per minute (3 cfm.

EPA Method 5, as nodified effective Septenber 19, 1977, has been
used to sanple nickel dust.* This train consists of the foll ow ng
conponents: a stainless steel or glass probe nozzle with an
appropriate liner (e.g., borosilicate or quartz glass) capabl e of
mai ntaining a gas tenperature at the exit of 120°C + 14°C (248°F %
57°F), an S type pitot tube, a differential pressure gauge, a
borosilicate glass filter holder, a filter heating system capabl e of
mai ntaining a tenperature of 120°C +14°C during sanpling, and a
condenser system consisting of four inpingers for determ ning the
stack gas noisture content. The first and second inpingers in the
condenser system are of the nodified G eenberg-Smth design and
contain known amounts of water; the third is the sanme design but
enpty; and the fourth is a regular G eenberg-Smth inpinger filled
with a desiccant (silica gel, calciumsulfate, or any other
appropriate material). The systemalso includes a netering system
consi sting of a vacuum gauge, |eak-free punp, thernoneter, and a
vol ume neasuring gas nmeter, a baroneter, and gas density
determ nati on equi prent. The sanple is recovered fromthe system by
washi ng the nozzle and probe liner with acetone and conbi ning the
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wash eventually with the particulate matter collected on the filter
and filter hol der.

Peters, et al. proposed and tested a sanpling train simlar to
Method 5 for particulate sampling.® This systemis all glass in order
to avoid netal contam nation. Stack emi ssions are isokinetically
sanpl ed fromthe source at an appropriate rate [(0.014-0.028 n¥/ m n),
(0.49-0.99 ft3mn)] and for a sufficient period to collect a 24-hour
representative sanple (reconmended m ni num sanpling period is 2
hours). The main conponents in the systemare a stainless steel or
gl ass nozzle with sharp, tapered | eadi ng edge; a sheat hed
borosilicate glass probe with a heating system capabl e of maintai ning
a mninmumgas tenperature in the range of the stack tenperature; a
pitot tube type S, or equivalent, attached to probe to nonitor stack
gas velocity; a differential pressure gauge to neasure velocity head
to wthin 10 percent of the mninmumvalue; a filter holder made of
borosilicate glass; four Geenberg-Smth inpingers; a netering
system and a barometer. The first two inpingers contain 0.1 M
nitric acid, the third inmpinger is left enpty, and the fourth
contains 200 g (0.44 |Ib) of preweighed silica gel. The filter is a
hi gh efficiency Gelman M croquartz fiber filter (99.95 percent
efficiency on 0.3 dioctyl phthal ate snoke particles.)

EPA Level 1 Environnental Assessnent Flue Gas Sanpling Trains
(SASS) has been the nobst w dely used system for sanpling inorganics,
i ncl udi ng nickel and ni ckel conpounds.® It is mainly designed to
collect large quantities of particulate matter, size classified in
the ranges of > 10u, 3-1CQu, 1-3u and 1u in dianeter, as well as
i norgani c volatile species that can be |liquid absorbed. The sanpling
train consists mainly of a stainless steel probe, which enters an
oven nodul e containing the three size fractionating cyclones and a
filter, an inpinger system containing (NH),S,G, AgNG;, high purity
wat er and H,0,, and a high volune vacuum punp. It is designed to
operate up to 205°C (401°F) in flue gas streans and to operate
unat t ended.
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A high-volume filtration sanpler used by the National Air
Sampling Network was found to be applicable for particulate sanpling,
but does not catch volatile conpounds |ike nickel carbonyl.’

LI TERATURE REVI EW OF ANALYTI CAL PROCEDURES

Ni ckel can be detected colorinetrically using dinethylglyoxine
as the conplexing agent.® West, et al. adapted the ring-oven
techni que for the determ nation of nickel particulates using
di net hyl gl yoxi ne as the conpl exi ng agent.® Neutron activation
anal ysis (NAA) is used to determ ne nickel |levels at the m crogram
| evel, and has a detection limt of 0.7 pg.® Atom c absorption
spectrophotonetry (w thout flame) (AAS) or X-ray fluorescence
spectronetry (XRF) have even | ower detection limts. X-ray
fl uorescence spectronetry is fast and has a detection limt of 0.01
pug/ cnt. 11 Fl ame Emi ssi on Spectrophotonetry (FES) is al so used, and
capabl e of detecting 0.03 pg/m nickel in solution.??

At om ¢ Absorption Spectrophotonetry with flame (AAF) is by far
t he nost popul ar techni que for neasuring nickel in solution. The
reported detection limt is 0.005 pg/m,12 and the |inear range for
accurate measurenent is reported as 0.2-5 pg/m at a 232.0 nm
wavel ength setting and an oxidizing air/acetylene flame are used.®
In a 10 mM sanple, the mass required for accurate measurenent is 2.50
Hg. The analysis by AAF is especially appropriate for nickel because
there are no known i nterferences. However, it was reported that a
hundred fol d excess of iron, manganese, chrom um copper, cobalt or
zinc may decrease the absorbance recorded for nickel by as nuch as 12
percent.* Proper burner elevation and use of an oxidizing flane can
mnimze this effect. Hi gh solids content in the aspirated sol ution
wi || cause increased nonspecific absorbance at the 232 nmline
setting. Thonpson, et al.?! reported that the National Air Pollution
Control Adm nistration found that the m ninmumdetection [imt for
ni ckel by AAS is 0.004 pg/n? based on a 2,000 n? (70,600 ft3% air
sanpl e.
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I nductively coupl ed argon plasma (I CAP) has gai ned prom nence
recently as a fast and reliable analytical tool for nicke
determ nation when nmulti-elenent analysis is required.® The
detection limt using the 231.6 nmline is 15 pg/l.17

For the determ nation of volatile nickel carbonyl, Brief, et al.
has descri bed the follow ng nethods: 8

(1 An air sanple can be drawn through a saturated solution of
sulfur in trifluoroethylene. The sulfur reacts wth nicke
to forma precipitate. Spectrographic exam nation is
sensitive to 0.0003 ppm ni ckel carbonyl.

(2 An air sanple may be drawn through a tube containing red
mercuric oxide at 200°C (392°F), and the liberated nercury
may be determ ned spectrographically. A parallel stream of
air is drawn through an oxidi zing reagent to convert the CO
to CO, and the streamis passed over nercuric oxide; the
liberated nercury is again determ ned spectrographically.
The difference in the anobunts of nercury vapor neasured
corresponds to the nickel carbonyl content in the air. A
sensitivity of 0.0014 ppmis reported.

(3 Nickel carbonyl may be absorbed in chloram ne. The nicke
determ nation is acconplished colorinetrically using
di mret hyl gl yoxime. For a 30-minute sanple, at the suggested
sanpling rate of 0.5 liters per mnute, a sensitivity of 0.01
ppm i s obtained.

(4 Another colorinetric nmethod uses iodine in carbon
tetrachloride as the collection medium The nickel is
colored with dimethyl glyoxime. A sensitivity of 0.1 ppmto
ni ckel carbonyl is clained.

(5 Nickel carbonyl may be collected in dilute sulfuric acid
foll owed by spectrophotonetry using sodi um
di et hyl -di t hi ocarbamate as the col ori ng agent.

(6 Nickel carbonyl may be collected in dilute hydrochloric acid
in a mdget inpinger [0.0028 nf/mn (0.1 ft3 mn) for 30
m nutes]. The nickel is conplexed with al pha-furildioxine
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and extracted with chloroform and the content is detern ned
spectrophotonetrically. The nethod is sensitive to 0.0008

ppm

A field nmethod described by Kobayashi appears to be appropriate
for analysis of nickel carbonyl in a sanpling train.' The sanple is
drawn through a tube filled with silica gel inpregnated with 0.5
percent gold chloride. 1In the presence of nickel carbonyl, the
silica gel changes fromlight yellow to bluish-violet. The
concentration of nickel carbonyl is a function of the I ength of the
colored layer. The useful range of a 100 m sanple is 200 to 600
ppm By neasuring the m ni num vol unme of test gas needed to color the
silica gel at a constant sanpling rate, the concentration of nicke
carbonyl to 3 ppm can be deterni ned.

In another nmethod, the test air is drawn at 0.5 liter per mnute
t hrough an absorption tube containing two 15 mm di aneter filter
papers and then through two absorption vessels with porous plates.?°
Each plate contains 3 nl of a 1.5 percent solution of chloramne-B in
al cohol. The chl oram ne-B sol ution retains the nickel carbonyl
vapor. The colored vapor is conpared with standards. The
sensitivity of the nethod is 1 g of nickel carbonyl, and the error
does not exceed 10 percent.

SUGGESTED SAMPLI NG AND ANALYTI CAL PROCEDURES

The nodi fied EPA Method 5 conbined with atonmic absorption with
flame is the suggested approach because:?®

S The sanpling train is capable of collecting both the volatile
and nonvol atil e nickel conpounds.

S Based on nine replicate experiments the precision of the

ni ckel measurement is 11.4 percent and the accuracy 3.9
percent at about 100 pg | evel.
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The quartz filter used is effective in trapping nicke
particul ate.

The i npinger system (0.1 M HNG;) is appropriate for nickel
sanpling and allows for nodification w thout additional cost
if special trapping solutions are to be used for
organonetal | i c conponents.

AAF detection nethod is interference free and accurate for
ni ckel analysis using air/acetylene and the 232.0 nm i ne.

Ref erence 21 cautions that if nickel-containing particulate

matter originates from high tenperature processes, they are likely to

be very refractory, in which case, nitric acid alone is not an

adequate treatnment. Perchloric acid or a fusion is often required to

get

hi gh ni ckel recovery.
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