United States Office of Air Quality EPA_450/4_84_007g
Environmental Protection Planning And Standards

) July 1984
Agency Research Triangle Park, NC 27711

AIR

$ EPA

LOCATING AND ESTIMATING AIR
EMISSIONS FROM SOURCES OF
CHROMIUM

Note: The material herein on electroplating, chromic acid anodizing and
cooling towers is superseded by material in EPA-450/2-89-002

S e =il Sy

L& E




EPA-450/4-84-007G
July 1984

Locating and Estimating Air Emissions

From Sources of Chromium

U.S ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Radiation
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina, NC 27711



This report has been reviewed by the Office of Air Quality Planning and Standards, U.S. Environmental
Protection Agency, and has been approved for publication as recieved from Radian Corporation. Approval
does not signify that the contents necessarily reflect the views and policies of the Agency, neither does
mention of trade names or commercial products constitute endorsement or recommendation for use.



TABLE OF CONTENTS

Page
Li st of Tabl s ... \Y
Li St Of FigUres ... Viii
1. Purpose of DocUumBNnt . ... ... ... .. 1
Overview of Document Contents ............ ... .. i, 3
3. Background L 5
Nature of Pollutant ....... ... ... .. . .. .. . . . .. 5
Overview of Production and Use ........................ 9
Chromum production .............. . ..., 9
Chrom UM USES . ..o e 19
References for Section 3 ....... ... ... .. . .. . . . ... 27
4. Chrom um Emi SSion SOUrCeS .. ... . e 29
Direct Sources of Chromium ............. ... ... ...... 30
Chromite ore refining ........ ... ... ... ... ..... 30
Ferrochrom um production ....................... 33
Refractory manufacture ............. .. ... ... .... 52
Chrom um chemi cal s manufacture ................. 64
Chromumplating ......... ... . ... 77
Steel production ......... ... . .. ... .. ... 91
El ectric arc furnaces and argon-oxygen
decarburization vessels ................. 91
Basi ¢ oxygen process furnaces ............ 124
Qpen hearth furnaces ..................... 135
Leather tanning ........... ... i, 140
Indirect Sources of Chromium.......... ... .. .. ... .. ... ..... 147
Coal and oil conmbustion ......... ... .. .. ... ... . ... ... 147
Cement production ......... ... ... i, 160
Muni ci pal refuse and sewage sl udge
incineration ...... ... ... 165



TABLE OF CONTENTS (Cont i nued)

Page

Cooling toWerS ... . 174
Asbestos mining and mlling .......... ... ... ... ... ... 181

Coke OVEeNS ... 189
References for Section 4 ...... .. .. . . ... ... 196
Source Test Procedures ......... ... .. 209
Literature Review of Sanpling Methods ............... 209
Literature Review of Analytical Methods ............. 210
Extraction procedures ........... .. ... ... 210

Anal ysis procedures ............ . . ... 213

References for Section 5 ..... ... .. . . . . . . .. 221



Tabl e

10

11

12

13

14

15

16

17

18

LI ST OF TABLES

Page

Physi cal Properties of Chromium ........... ... ... .. ... ..... 6
Oxidation States of Chromiumin Various Chrom um

Conmpounds and the Maj or Physical Properties of

These Conmpounds . .. ... ... 7
Conposition of Typical Ferrochrom um All oys

and Chromium Metal . ..... ... . . .. . . . .. 13
Li st of Conmercially Produced Secondary Chrom um

Chemicals and their General Uses ............ ... ... ...... 18
Maj or Chrom um Uses and Key Chrom um Chemicals Involved .... 25
Chrom um Em ssion Factors for Chromite Ore Refining ........ 33
Chrom um Em ssi on Factors from Processing of

Raw Materials at Ferrochronme Plants ..................... 48
Chrom um Em ssion Factors from Fi ni shing Operations

and Product Handling at Ferrochrone Plants .............. 50
Chrom um Em ssion Factors for Electric Arc Furnaces

Used to Produce Ferrochromes ........... ... . .. ... 51
Location of Plants Produci ng Chrom um Ferroal | oys

as of 1980 L 53
Ceneral Chrom um Em ssion Factors for the

Refractory Industry ....... ... . e 63
Control I ed Chrom um Em ssion Factors for the

Refractory Industry ... ... .. . 65
Locations of Plants Producing Chrom um Refractory

Material s 66
Chrom um Em ssion Factors for Sodi um Di chronate

Manuf act uri Ng ... ... 75
Chrom um Em ssion Factors for Chromic Acid Production ...... 76
Locations of Sodi um Chromate and Sodi um Di chromat e

Manufacturing Plants ......... . .. . . . 77
Locati ons of Conpani es Produci ng Secondary Chrom um

Chemical s . 78
Typi cal Chrom um Pl ating Conditions Using

Conventional Baths ........ ... . .. . . ... i 87



Tabl e

19

20

21

22

23

24

25

26

27

28
29
30
31
32

33

34
35
36

37

LI ST OF TABLES (Conti nued)

Page

Uncontrol l ed Chrom um Enmi ssion Factors from One

Hard Chromium Plating Facility ....... ... .. ... .. ... ...... 90
Fugi tive Em ssions Capture Technol ogy Conbi nati ons

(Carbon and Specialty Steel EAF) ........ .. ... ... ... .... 112
Fugutive Em ssions Capture Technol ogy Conbi nati ons

(Specialty Steel AOD) . ..... ... 115
Uncontrol l ed Chrom um Em ssion Factors for Electric

Arc Furnaces (EAFS) and Argon-Oxygen Decarburi zation

Vessel S (AODS) ...t 117
Chrom um Content of Electric Arc Furnace Dust for

Each Step of Furnace Operation at One Facility ......... 118
Locations of Electric Arc Furnaces in the

United States -- 1981 .. ... ... . ... 119
Location of Steel Plants with EAFs and

AOD Vessel s -- 1981 .. ... ... 122
Locati ons of Argon-Oxygen Decarburization (AQD)

Vessels in the United States in 1981 ................... 123
Locations of Basic Oxygen Process Furnaces (BOPFS)
inthe Iron and Steel Industry .......... .. .. ... .. ... . ..... 137
Locations of Steel Plants with Open Hearth Furnaces ....... 141
Largest U S. Leather Tanning Facilities and Locations .... 145
Chrom um Content of Donestic Coals by Type ................ 148
Chrom um Content of Donestic Coals by Source .............. 148
Chrom um Content of Various Crude and Fuel Gls ........... 149
Chrom um Col | ection Efficiencies for Electrostatic

Precipitators . ... ... . 152
Chrom um Col | ection Efficiencies for Fabric Filters ....... 152
Chrom um Col | ection Efficiencies for Wet Scrubbers ........ 153
Chrom um Em ssion Factors for G| Conbustion .............. 155
Chrom um Em ssion Factors for Coal Conbustion ............. 157

Vi



Tabl e
38

39

40

41

42

43

44
45

46

LI ST OF TABLES (Conti nued)

Page

Chrom um Emi ssions Factors for Cenent Plants .............. 164
Desi gn Tenperature Profile of a Sewage Sl udge

Multiple Hearth Furnace ......... . .. . ... ... 170
Em ssion Factors for Chrom um from Mini ci pal

Ref use and Sewage Sludge Incinerators .................. 173
Popul ati on of Munici pal Refuse and Sewage Sl udge

Incinerators in the United States in 1983 .............. 175
Chrom um Em ssion Factors for Fresh Water Utility

Cooling TOWBIS ... 180
Chrom um Em ssion Factors for Asbestos M ning

and MITing ... 188
Locati ons of Asbestos Mnes and MIls in 1981 ............. 190
Coke Plants in the United States as of January 1980 ....... 193
I nstrumental Methods for the Determ nation of

Chrom UM 214



LI ST OF FlI GURES

Fi gure Page
1 Sinplified flowhart for the production of chrom um

conmpounds and netallic chromumfromchromte ............ 10
2 I ndustrial recycling/reuse flow of chromumscrap .......... 15
3 Primary and secondary use distribution of chrom um

inthe United States ........ ... . . ... 20
4 Fi nal consuner use distribution of chromumin the

United States in 1981 .. ... .. . ... .. 21
5 End use tree for sodiumdichromate in 1982 ................. 24
6 Fl ow chart for chromte ore-refining ....................... 31
7 Fl ow chart of ferrochrone production by the electric

arc furnace ProCEeSS .. ...ttt 35
8 Qpen electric arc furnace .......... .. i, 37
9 Semi sealed electric arc furnace ............ . ... . ... . ... ... 39
10 Sealed electric arc furnace ............ . .. ... 40
11 Typical flow chart for the production of | ow carbon

ferrochrone by the exothermc silicon reduction

Pr OCES S e 42
12 Vacuum furnace for the production of |ow carbon

ferrochrome .. 43
13 Fl ow chart for production of chrom um containing

basic brick by casting and pressing processes ............ 55
14 Fl ow chart for production of chrom c oxide bricks

by casting and pressing proCcessSes .............c..uuiuaen.. 56
15 Fl ow chart of production of unforned refractories .......... 57
16 Fl ow chart for the production of sodiumchromate ........... 69
17 Fl ow chart for the production of sodium dichromate

fromchromate liquor ...... ... .. . .. .. . 70
18 Fl ow chart for chromic acid production ..................... 73
19 Fl ow chart for decorative chromumplating on a

steel substrate ........ ... . 83
20 Flow chart for hard chromumplating ....................... 84
21 Cut -away view of electroplating tank ....................... 86

Viii



LI ST OF FI GURES (Cont i nued)

Fi gure Page
22 Typical electric art steel furnace ......................... 94
23 Argon- oxygen decarburization vessel ........... .. .. ... ... ... 98
24 Direct-shell evacuation control (two views) ............... 104
25 Side draft hood (two views) ......... ... .. ... 105
26 Canopy hood capture system ........ ... .. ... 107
27 Partial furnace enclosure ........... . . .. . .. 108
28 Total furnace enclosure ........ ... .. .. i, 109
29 Diverter stack with canopy hood ........... ... ... .. ... ..... 113
30 G ose-fitting hood with canopy hood ....................... 114
31 Top bl own and bottom bl own BOPF vessels ................... 125
32 Steps for making steel by the basic oxygen process ...... 1' @8
33 Ti me sequence of top bl own BOPF operations ................ 129
34 Schematic cross section of a furnace shop ................. 130
35 Ceographic distribution of the U S. BOPF steel maki ng

facilities in 1982 ... . . . . . . 136
36 Fl ow chart for |eather tanning process at plants

which fornulate their own chrom umsulfate

tanning solution ...... ... .. ... . 143
37 Basi ¢ process flow diagramfor wet and dry cenent

production plants ........ .. .. . 161
38 Basi ¢ configuration of a nunicipal refuse

I NCINErat Or 167
39 Schematic diagram of a typical multiple-hearth

sewage sludge incinerator ........... .. .. .., 168
40 Schematic di agram of a fluidi zed- bed sewage sl udge

I NCINErat Or 171
41 General mechani sm of chrom um eni ssions from

cooling tower drift ....... .. . . . ... .. ... 178
42 Concentration of chromumin air as a function of

di stance fromthe cooling tower ......................... 179
43 Crushi ng of massive chrysotile ore ..................... 182



LI ST OF FI GURES (Cont i nued)

Figure Page

44 Ceneralized fl ow sheet of an asbestos mlling process ..... 184
45 Met al [ urgi cal coke oven battery ......... .. ... .. ... .. ... ... 191
46 Organi ¢ chrom um speci es sanpling configuration ........... 211



SECTION 1

PURPCSE OF DOCUMENT

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

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

Because of the |limted anounts of data avail able on chrom um
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 chromium (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 chromumto be
rel eased 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. estimtes 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
situations where an accurate assessnent of chrom um 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 operation.



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 chrom um and maki ng
gross estimates of air em ssions therefrom Because of the linmted
background data avail able, the information summarized in this
docunent does not and shoul d not be assuned to represent the source
configuration or emnissions associated with any particular facility.

Thi s 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 chromum its commonly
occurring forns, and an overview of its production and uses. A
chem cal use tree summarizes the quantities of chrom um produced by
various techniques as well as the relative anpbunts consuned in
various end uses. This background section may be useful to someone
who needs to devel op a general perspective on the nature of the
substance and where it is manufactured and consuned.

Section 4 of this docunent focuses on major industrial source
categories that may di scharge chrom um containing air em ssions.
Section 4 discusses the production of chrom um and chrom um
conmpounds, the use of chromumas an industrial feedstock, and the
di scharge of chromum fromindustrial sources due to its being a
trace contamnant in fossil fuels. For each major industrial source
category described in Section 4, exanple process descriptions and



fl ow di agrans are given, potential em ssion points are identified,
and avail able em ssion factor estimates are presented that show the
potential for chrom um em ssions before and after controls enpl oyed
by industry. |Individual conpanies are named that are reported to be
involved with either the production and/or use of chrom um based on
i ndustry contacts and avail abl e trade publications. Were possible,
the chem cal formof chromumemssions is identified as this
paranmeter is inmportant in considerations of health effects.

The final section of this document sunmmarizes avail abl e
procedures for source sanpling and analysis of chromum 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 chrom um nor does it include any discussion
of anbient air levels or anbient air nonitoring techniques.

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 (MDD 14)

Ai r Managenent Technol ogy Branch

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



SECTI ON 3
BACKGROUND
NATURE OF POLLUTANT

Pure chromumis a steel-gray, lustrous, hard crystalline netal.
It occupies the 24th position in the Periodic Table and belongs to
transition group VIB along with nol ybdenum and tungsten. It
conpri ses about 0.037 percent of the earth's crust and therefore
ranks 21st in relative natural abundance. It is nore abundant than
cobal t, copper, lead, nickel, cadm um nolybdenum or zinc.»® The
maj or physical properties of elenental chromumare presented in
Tabl e 1.

El emental or pure chromiumnetal is not found in nature.
Instead, it occurs primarily in nature as a nenber of the spine
m neral group in the formof chromte ore or chrone iron ore. The
Cr/Fe ratio in chromte varies considerably; therefore, the mnera
is best represented by the general forrmula (Fe, Mg)O+ (Cr, Fe, Al),
O,. Froma chromumrecovery standpoint, the ideal chromte ore has
the conposition FeO ¢ Cr,0;,, which contains about 46 percent chrom um
The majority of the world's chromte supply cones from South Afri ca,
Finl and, the Philippines, and the U S.S.R  Although chromte
deposits are found in the United States, concentrations are so | ow
that chromite mning is not econonmically feasible, and as such is not
perfornmed in this country.?3

Chrom um exhi bits several oxidation states, ranging from-2 to
+6, which dictate its chem cal reactivity, and therefore, its
environnmental and biol ogical significance. The oxidation states of
chromumin various chenmicals, along with the physical properties of
these chemicals, is given in Table 2.4 The npst comon oxi dati on
states of chromiumare +3 and +6, or equivalently trivalent and

5



TABLE 1. PHYSI CAL PROPERTI ES OF CHROM UM

Property Val ue
at om ¢ wei ght 51. 996
i sot opes, %

50 4.31

52 83. 76

53 9.55

54 2.38
crystal structure body centered cube

density at 20°C, g/cnf
melting point,°C
boiling point °C
vapor pressure, 130 Pa? b,°C
heat of fusion, kJ/nol?
| atent heat of vaporization at bp, kJ/nol?®
specific heat at 25°C, kJ/(nol-K)(beta)
i near coefficient- of thermal expansion at 20°C
thermal conductivity at 20°C, W (mK)
electrical resistivity at 20°C, pWm
specific magnetic susceptibility at 20°C
total em ssivity at 100°C nonoxi di zi ng atm
reflectivity, R
8, nm
%
refracti ve index
a
8
standard el ectrode potenti al
i oni zation potential, V

val ence 0 to 3+, V

1st
2nd
hal f-1ife of % Cr isotope, days
thermal neutron scattering cross section, n?
el astic nodul us, GPa°
conpressibility®d at 10-60 TPa

7.19
1875

2680

1610

13.4-14.6

320. 6

23.9 (0.46 kJ/kg-K)
6.2 x 10°°

91

0. 129

3.6 x 10°°

0.08

300 500 1000 4000
67 70 63 88

1.64-3.28
2,570-6, 080
0.71

6.74

16. 6

27.8

6.1 x 1028
250
70 x 103

@ To convert Pa to mmHg, nultiply by 0.0075.
® To convert J to cal, divide by 4.184.
¢ To convert GPa to psi, multiply by 145, 000.

9 99% Cr; to convert TPa to negabars,

multiply by 10.



TABLE 2.

OXI DATI ON STATES OF CHROM UM | N VARI QUS CHROM UM COMPOUNDS AND THE MAJOR PHYSI CAL
PROPERTI ES OF THESE COVPOUNDS*

Oxi dation State Density Mel ting Point Boi I i ng Poi nt
Compound For mul a Appear ance (g/ cn¥) (°O (°O Sol ubility
Oxi dation state O
Chr omi um car bonyl Cr(CO ¢ Col orl ess 1.77 150 (decomposes) 151 (deconposes) Slightly soluble in Cd
crystals (seal ed tube) i nsol uble in HO0,
(CHs) .0, GHOH,
GHs
Di benzene-
chromi um(0) (GsHe) ,Cr Br own 1.519 284- 285 Subl i nes 150 I nsol uble in HO;
crystals (vacuum soluble in GHs
Oxi dation state + 1
Bi s(bi phenyl ) - (GHGHs) LCr | Or ange 1.617 178 Decomnposes Sol uble in
chrom um (1) pl ates CHOH, GHN
i odi de
Oxi dation state + 2
Chronpus acetate (Cry(GHO) , .2H,0 Red crystals 1.79 Slighty soluble in HO
soluble in acids
Chromous chl ori de cad, Wi te 2.93 815 1120 Soluble in HO to blue
crystals sol ution, absorbs O
Chronpus amoni um  Cr SO, ( NH,) ,SO,.6H,0 Bl ue Sol ubl e in HO
sul fate crystals absorbs O
Oxi dation state + 3
Chronic chloride Crd, Bri ght purple 2.87 Subl i nes 885 I nsoluble in HO
pl ates sol ubl e in presence of
Cr+2
Chronic acetyl - Cr ( CH;COCHCOCH;) 5 Red- vi ol et 1.34 208 345 I nsoluble in HO
acet onat e crystals soluble in GH;
Chromi c potassium KCr(SQ,),* 12H,0 Deep purple 1. 826 89 Sol uble in HO
sul fate (chrone crystals
al um
Chrom c chloride [ Cr (H,O,Cy,) Ce 2H,0 Bri ght green 1.835 95 Sol ubl e in HO
hexahydr at e crystals green sol ution turning
green-vi ol et
Chronmic chloride [Cr(HOl O, Vi ol et 90 Soluble in HO violet
hexahydr at e crystals sol ution turning
green-vi ol et
Chrom c oxi de Cr,0 Green powder 5.22 2435 3000 I nsol ubl e
or crystals
Oxi dation state + 4
Chromum(lV) oxide CrG Dar k- br own or 4.98 Decomnposes Soluble in acids to
bl ack powder (cal cul at ed) to Cr,0 Cr*® and Cr+®



TABLE 2.

PROPERTI ES OF THESE COVPOUNDS*

OXI DATI ON STATES OF CHROM UM | N VARI QUS CHROM UM COMPOUNDS AND THE MAJOR PHYSI CAL

Oxi dation State Density Mel ting Point Boi I i ng Poi nt
Compound For mul a Appear ance (g/ cn¥) (°O (°O Sol ubility
Chrom um (IV
Chl ori de cad,
Oxi dation state + 5
Barium chromate(V) Bai(CrQ,), Bl ack- green Slightly deconposes
crystals in HO soluble in
dilute acids to
Cr*® and Cr*¢
Oxi dation state + 6
Chrom um( V1) Cr o Ruby-red 2.7 197 Decomnposes Very soluble in HG
oxi de crystals soluble in CHy
COOH, (CH,CO) .0
Chronyl chloride Cherry-red 1.9145 -96.5 115.8 I nsoluble in HO
crod, liquid hydrol yzes; sol uble
inCs, Cd,
Anmoni um (NH,) ,Cr ,0, Red- or ange 2. 155 Decomposes Sol uble in HO
di chromat e crystals 180
Pot assi um KoCr ) 5 Orange-red 2.676 398 Decomposes Sol ubl e in HO
di chromat e crystals
Sodi um di chronmat e Na,Cr ,0, 2H,0 Orange-red 1. 348 84.6 Decomnposes Very soluble in HO
crystals
Pot assi um chromate K,CrQ, Yel | ow 2.732 971 Sol ubl e in HO
crystals
Sodi um chr omat e Na,Cr O, Yel | ow 2.723 792 Sol uble in HO
crystals
Pot assi um chl or o- KCr O] Or ange 2. 497 Decomposes Sol uble in HO
chromat e crystals hydrol yzes
Silver chromate Mar oon 5.625 Very slightly soluble
Ag,Cr O, crystals in HO soluble in
dilute acids
Bari um chr onmat e Pal e yel | ow 4. 496 Decomposes Very slightly soluble
BaCr O, solid in HO soluble in
strong acids
Strontium chromate SrCrQ, Yel | ow solid 3. 895 Decomposes Slightly soluble in
H,O soluble in
dilute acids
Lead chromate PbCr O, Yel | ow solid
Orange solid 6.12 844 Practically insoluble

in HO soluble in
strong acids




hexaval ent chromium®# Trivalent chromumis chemcally basic and
the nost stable formof the el enent because of its strong tendency to
formkinetically inert hexacoordi nate conpl exes with water, amoni a,
organi c acids, sulfate, halides, and urea.* This characteristic has
great relevance to the behavior of trivalent chrom umin biologica
systens. Hexavalent chromumis acidic and is the nost comrercially,
bi ol ogically, and environnental ly inportant state of chrom um
Hexaval ent forms of chrom um are al nost always |inked to oxygen and
are, therefore, strong oxidizing agents. Characteristically, acidic
hexaval ent chromium fornms chromate (CrQ) % and di chromate (Cr,0)?
ions.?

At normal tenperatures chromiumnetal resists corrosive attack
by a wide variety of chem cals. It will, however, dissolve in
several common acids including hydrof luoric, hydrochloric,
hydrobromi c, and sulfuric with the evolution of hydrogen. Chrom um
is not attacked by phosphoric acid or organic acids such as formc
citric, and tartaric; however, it is slowy attacked by acetic acid.
The corrosion resistance properties' of chrom um can be increased by
depositing a thin oxide filmon the netal surface, and thereby
i ntroducing a condition to the chrom um known as passivity. Chrom um
can be passivated and rendered rel atively nonreactive by the action
of nitric acid (in which it is insoluble), chromc acid, or other
oxi di zi ng agents. It can al so be passivated by superficial exposure
and oxi dation of the netal in air, although this technique is not as
effective as oxidation by nitric or chromc acid.?

OVERVI EW OF PRODUCTI ON AND USE

Chr om um Pr oducti on

Chromi um Ore M ni ng- -

As illustrated in Figure 1, all chrom um netal and chrom um
conmpounds that are produced in the United States are derived from

9



Figure 1.

Refractory
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Simplified flowchart for the production of chromium compounds
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various grades of chromte ore. Three basic grades of chromte ore
are used to produce chrom um conpounds (including chromumnetal):?

S hi gh chromium chromte ore, containing 46 percent or nore
of chrom um oxi de (Cr,0)

- high iron chromte ore, containing 40-46 percent of Cr,0;

S hi gh al umi num or | ow chromi um chromte ore, containing
nmore than 20 percent al um num oxi de (Al,0;) and nore than
60 percent Al ,0, + Cr,0

Chromite ores are generally classified according to the type of
producti on process the chronite ore is eventually used in.

Met al | urgical chromite refers to the high chromiumcontent chronite
ore, chemcal chronmite to the high iron content chronmite ore, and
refractory chromite to high alum num | ow chrom um content chromte
ore.

Chromte ore has not been commercially mned in the United
States since 1961 when the U S. Defense Production Act was phased
out. The phasing out of this programelimnated governnent
sponsorshi p and subsidi zation of chromte mning activities, thereby
maki ng them economically infeasible.® The United States owns chronite
deposits in Maryl and, Montana, North Carolina, California, Won ng,
Washi ngt on, Oregon, Texas, and Pennsylvani a; however, the | ow
chrom um content of these deposits nmkes m ni ng excessively
expensive. In 1982, the U S. inported 456 &g (507,000 tons) of
chromte, nostly from Al bania (0.8 percent), Finland (8.9 percent),
Madagascar (8.1 percent), Pakistan (0.6 percent), the Phillippines
(13.8 percent), South Africa (54.6 percent), Turkey (6.3 percent),
and the U S.S.R (6.7 percent).?®

Production of Ferrochrom um and Chrom um Metal from Metall urgical
Chrom te--

Met al | urgi cal grade chronmite refers to chromte that is used to
produce several grades or types of ferrochrom um chrom umnetal, and
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chrom um additives. The primary fornms of ferrochrom um are
classified as high- carbon, |ow carbon, and ferrochrom umsilicon.

Hi gh-carbon ferrochrom um generally contains 5 to 6.5 percent carbon
and 65 to 70 percent chrom um Low carbon ferrochrom um contains 67
to 75 percent chrom um but only 0.025 to 0.05 percent carbon.
Ferrochrom umsilicon has a chrom um content ranging from35 to 41
percent and a maxi mum carbon content of 0.05 percent. Table 3
summari zes the conpositional structure of the nore prom nent types of
ferrochrom um and chrom um netal .?

Hi gh-carbon ferrochrom umis produced in a subnerged electric
arc furnace by reducing chromte with coke. Low carbon ferrochrom um
i s produced by reducing chromte with silicon in an electric arc
furnace. The internediate product of this reaction is
ferrochromumsilicon. To obtain |owcarbon ferrochromum this
i nternmedi ate product is further treated in an open, arc-type furnace
with additional chromte or a chronic oxide-containing slag. In
every ferrochrom um producti on process, nolten product ferrochrom um
is tapped fromthe furnace, hardened by rapid cooling, broken into
chunks, and graded into conpositional subgroups.?®’

In the nost prevalent electrolytic nmethod of chrom um net al
producti on, high-carbon ferrochromum in solution with other
conmpounds, is used to generate a chrom um ammoni um sul phate sol ution
or chronme-alumelectrolyte. This chronme-alum el ectrol yte solution
undergoes electrolysis to produce Chromiumnetal. The deposition
cycle for this process lasts 72 hours with chrom um netal eventually
bei ng deposited on stainless steel cathodes. The chrom um neta
produced by this operation is about 99.8 percent pure. The second
type of electrolytic chrom um nmetal production involves the
el ectrolysis of a chronic acid/ionic catalyst solution, with the
resultant deposition of chromumnetal. The deposition cycle for
this process lasts 80 to 90 hours and produces a final chrom um neta
that is slightly purer than that obtained from chromne-al um
el ectrolysis.*®
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TABLE 3. COWPOSI TI ON OF TYPI CAL FERROCHROM UM ALLOYS AND CHROM UM METAL !

G ade Chr omi um Silicon Car bon Sul fur? Phosphor us® Ot her®
ferrochrom um

hi gh- carbon 66- 70 1-2 5-6.5 0. 04 0. 03
hi gh-carbon, high-silicon

bl ocki ng chrone 55-63 8-12 4-6 0. 03

exotherm ¢ ferrochrone 41-51 9-14 3.6-6.4 0.03

foundry ferrochrone 55-63 8-12 4-6

refined chrome 53-63 2:52 3-5 0.03

SM f errochrone 60- 65 4-6 4-6 4-6 manganese
charge chrom um

50-55 percent chrom um 50- 56 3-6 6-8 0. 04 0. 03

66- 70 percent chrom um 66- 70 3a 6-6.5 0. 04 0. 03

| ow- car bon:

0. 025 percent carbon 67-75 1° 0. 0252 0. 025 0.03

0. 05 percent carbon 67-75 1° 0. 052 0. 025 0.03

Si npl ex 63-71 2.0° 0.01 ot 0.025
ferrochrom umsilicon

36/ 40 grade 35-37 39-41 0. 052

40/ 43 grade 39-41 42-45 0. 052

chrom um net a

electrol ytic 99. 3¢ 0.012 0. 022 0. 03 0.5 oxygen?

0. 05 nitrogen?

al um not hermi ¢ 99. 3¢ 0. 152 0. 052 0. 015 0.01 0.2 oxygen?

0. 3 al um nunt

a Maxi mum val ue
b Difference between sum of percentages shown and 100 percent is chiefly iron content.

¢ M ni num val ue



The only other source of chrom um netal production cones from
recycling chromium scrap netal. The main source of scrap chromumis
scrap stainless steels and chromumalloys. It is estinmated that
only about 15 percent of the avail able scrap chrom umis being
recovered and recycled as new chrom um netal .?

The flow of chrom um scrap through industry is shown in Figure
2.8 Recycling is generally perfornmed by the firnms producing the
stainless steels and all oys and by specialty firns engaged in
secondary netals recovery. Although there is a considerable anmount of
chrom um contained in various industrial waste products
(e.g., baghouse dusts, slags, pickling Iiquors, plating and etching
wastes, used refractories, and processing sludges), collection and
processi ng costs hinder econom cal recovery on a large scale.?®
Note, in Figure 2, the termrunaround (hone) scrap neans scrap that
has been generated within a facility producing a chrom um cont ai ni ng
steel or alloy, while new (prompt industrial) scrap refers to
chrom um scrap generated by consuners of chrom um containing netals.

In 1982, the United States ferrochrom um and chrom um neta
i ndustry consisted of 11 plants operated by eight different
conpani es. These plants produced a conbi ned total of approximtely
83 &g (91,900 tons) of high- and | ow carbon ferrochrom um and 25 &
(27,400 tons) of ferrochrom umsilicon, chromiumnetal, and chrom um
additives.® Data are not available in the literature to separate the
production totals of individual ferrochrom um grades. However, in
the first quarter of 1983, the Ferroall oy Association reported that
only one plant in the country was actively producing ferrochrom um
All other plants had suspended production of ferrochrom umdue to | ow
demand brought on by a depressed steel industry and the ability of
the steel industry to obtain cheaper ferrochrom umfrom foreign
sources. The Ferroall oy Association estimated that in the latter part
of 1982 and in early 1983, 95 percent of the ferrochrom um consuned
in the United States was inmported.® The increase in ferrochrom um
inports and the resulting deciine in donestic ferrochrom um
production is attributable to a worldwide trend in chromte-producing

countries to vertically integrate their chrom umindustries. Now,
14
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instead of exporting all of their chromite, chromite producers are

only exporting a portion. The major part of the chromte supply is
bei ng processed by the producing country directly into ferrochrom um
and sold to the industrial users such as the United States or Japan
Lower |abor, energy, and transportation costs allow the

chrom te-producing countries to sell their ferrochrom um at | ower
prices than donestic ferrochron um conpani es can.®° Changes or
upturns in the donmestic steel industry that significantly alter the
demand for ferrochrom um could hel p bring several of the domestic
ferrochrom um plants back on line.®

Production of Sodi um Chromat e/ Di chromat e and Secondary Chrom um
Conmpounds from Chenmical Chronite--

Chemi cal grade chromte refers to chromite that is used to
produce sodium chromate (Na,CrQ, » 10 H,0 and sodi um di chromat e
(Na,Cr,0, « 2H,0), the basic chem cals fromwhich all other secondary
chrom um chemicals originate.%® In the United States there are
t hree compani es produci ng sodi um chromate and di chromate chem cal s at
three plant locations. Sodiumchromate is only produced as an end
product chemical at two of the sites. Because of concerns of
di scl osing proprietary data, production information on sodi um
chromate i s unavail abl e. However, the national sodium di chromate
producti on capacity as of January 1983 was 205 Gg (228,000 tons) per
year. 1®

Sodi um chromate is produced by roasting finely ground chromte
ore with soda ash or with soda ash and lime in a kiln. Wen sodi um
chromate is the desired endproduct, recovery is acconplished by
| eaching and crystallization steps. However, sodiumchromate is
general |y not recovered, but instead is converted directly to sodi um
dichromate by treating it with sulfuric acid.>1 Follow ng sulfuric
acid treatment, the final sodiumdichromate product is obtained after
a series of evaporation, crystallization, and drying steps. A sodium
sul fate by-product is also produced during the dichromate process and
is generally sold to the kraft paper industry.
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As many as 40 secondary chrom um chenicals are produced
comrercially from sodiumdichromate raw materials. A list of the
chrom um chem cal s produced in the United States is given in Table 4
(excl udi ng sodi um chromate and di chromate). The nore significant
secondary chrom um chem cal s include potassium chromte and
di chromat e, ammoni um di chromate, chrom c acid, basic chrom c sul fate,
chrom c oxi de, and chrone pignments (chrone oxi de green, chrone
yell ow, chrone orange, nolybdate chrome orange, and chrone green). 10
Chrom c oxi de may be used subsequently to produce chrom umnetal by a
pyronetal | urgi cal reduction process using alum num (al um not herm ¢
process). In the alum notherm c process, chromc oxide is mxed with
powdered al um num placed in a refractory vessel, and ignited. The
reaction is exothermc and self-sustaining, with chrom um netal and
al um num oxi de being generated. Chrom um netal produced by this
method is 97 - 99 percent pure. Additional thermal nethods of
chrom um netal production involve the reduction of chromc oxide with
silicon in an electric arc furnace and the | ow pressure reduction of
chrom c oxide with carbon in a refractory vessel.&17

There are approximtely 30 conpani es engaged i n manufacturing
secondary chrom um conpounds from sodi um di chromat e. 1418

Production of Refractories from Refractory Chromte--

Refractory chromte refers to the grade of chromte that is used
in the production of refractory brick and shapes. Refractory
chromte is nostly used to manufacture basic (as opposed to acidic)
non-clay refractories. Pure chromte ore, mxtures of chromte and
magnesite, and mi xtures of chromte and alumna are used to
manuf acture the refractory brick. The proportion of chromte used is
related to the specific tenperature and corrosion resistance
requi rements i nposed by the refractory's end use.°

The production of chromte-containing refractory consists of

four general steps: raw material processing, materials formng
firing, and final processing. In the raw material processing
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TABLE 4. LIST OF COMMVERCI ALLY PRODUCED SECONDARY CHROM UM CHEM CALS AND THEI R GENERAL USES 1 14.18

Chrom um Cheni cal @

Number

of Production Sites®

General Use

Chromi c acid(Chrom um tri oxi de) 2 El ectropl ati ng
Chromi um acetate 6 Printing and dyeing textiles
Chrom um acetyl acet onate 3 Catal ysts, antiknock conpounds
Chr omi um nonobori de 1 Unknown
Chr omi um car bi de 1 Met al | ur gy
Chr om um car bonyl 2 Catal ysts
Chromi um chl ori de, basic 1 Met al treatnent
Chromi um chl ori de 2 Met al treatnent
Chromi um di bori de 1 Unknown
Chrom um di fl uori de 1 catal ysts
Chr omi um di oxi de 1 Magnetic tape
Chr omi um 2- et hyl exanoat e

(Chrom c octoate) 2 Unknown
Chrom um fl uori de 1 Mordants, catal ysts
Chr omi um hydr oxi de 1 Pi gments, catal ysts
Chromi um hydr oxy di acetate 1 Unknown
Chr omi um hydr oxy dichl ori de 1 Unknown
Chr omi um napht henat e 2 Textile preservative
Chromumnitrate 2 Catal ysts, corrosion control
Chromi um ol eat e 2 Unknown
Chromi um oxi de (Chrone oxi de green) 6 Pi gnent s
Chr omi um phosphat e 2 Pi gments, catal ysts
Chromi um pot assi um sul fate

(Chrone alum 1 Phot ogr aphi ¢ enul si ons
Chromium sul fate 2 Catal ysts, dyeing, tanning
Chrom um sul fate, basic 1 Tanni ng
Chromiumtriacetate 1 Unknown
Chromiumtrifluoride 1 Printing, dyeing, catalysts
Chrone |lignosul fate 1 Drilling nmuds
Pot assi um chronat elMet al treat nent
Pot assi um di chromat e 1 Tanni ng, dyeing, pigments
Lead chromate 5 Pi gment s
Zinc chromate3Corrosion control
Ammoni um di chr onat e 2 Printing, pyrotechnics
Bari um chr omat e 2 Pyr ot echni cs
Cal ci um chromat e 3 Corrosion control
Cesi um chromat e 1 El ectronics
Copper chronate, basic 1 Wood preservative
Magnesi um chr onat e 1 Refractory, catalysts
Stronti um chromate 3 Corrosion control pigment
Iron chromte 2 Refractory
@ Li st does not include sodium chromate and sodi um di chromat e.

b Several sites product multiple chronmi um chenicals.



step, chromte, nagnesite, dolonmte, and other raw materials are
crushed, cal cined, ground, and sized. In the form ng step, the
prepared raw materials are honpgeneously m xed and forned into bricks
and shapes. In the firing step, the forned brick and shapes are
either dried and fired in a kiln or they are fusion-nelted and cast
into nolds. The final processing step can consist of sinple product
packaging or it can involve nore detail ed operations such as fina
grinding and mlling, tar inpregnation, and tenpering. Each of the
nore detailed finishing operations is perforned to inpart certain
characteristics to the refractory to inprove its end use performance. ?°
In 1984, 26 conpanies operating a total of 43 plants are producing
refractory fromchromte ore raw material . 2?22

Chrom um Uses

In 1982, 491 & (545,000 tons) of chromte ore were consumed in
the United States and converted into chrom um containing products.?®
The donmestic consunption of chromite raw materials can essentially be
attributed to three primary user groups or industries: metallurgical,
chem cal, and refractory (see Figure 1). O the total chromte
consumed in 1982, 49 percent or 240 & (267,000 tons) was for
met al l urgi cal uses, 36 percent or 177 & (196,200 tons) was for
chem cal uses and 15 percent or 74 Gy (81,800 tons) was for refractory
uses.® Wthin these primary consunption groups several secondary
chrom um materials are produced that function either as a final
product (e.g., refractory) or as an internmediate in the nmanufacture of
ot her consuner goods (e.g., stainless steel). Figure 3 illustrates
the qualitative distribution of chromumuse in both the primry and
secondary consum ng sectors.? A broader and nore quantitative
perspective of chrom um consunption in the United States, as defined
by the Standard Industrial Classification (SIC) category in which
final use of the chrom umoccurs, is presented in Figure 4.8 Donestic
consunption and distribution patterns of chromumw thin the
metal lurgical, chemcal, and refractory use groups are summarized in
the foll ow ng sections.
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. Transportation Equipment
——epe{ SIC 37
92,700 Mg (103,000 tons)

Construction Products

85,500 Mg (95,000 tons)

- Machinery - SIC 35,36
ey 81,000 Mg (90,000 tons)

Household Appliances

prereree———3»=] SIC 363
43,200 Mg (48,000 tons)

United Statés
Chromium Demand

45%,000 Mg

(510,000 tons) Refractory Products

fee——3me{ SIC 33,3297

26,100 Mg (29,000 tons)

Plating of Metals
e STC 3471
© | 16,200 Mg (18,000 tons)

Chemicals - SIC 281
] 35,800 Mg (62,000 tons)

Other Miscellaneous Products
| 38,500 Mg (65,000 tons)

Figure 4. Final consumer use distribgtion of chromium in
the United States in 1981.
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Met al | ur gi cal Uses- -

Chromum s use in the nmetallurgical industry is to enhance such
properties in steels and other alloys as hardenability, creep and
i npact strengths, and resistance to corrosion, oxidation, wear, and
galling (damage by friction or abrasion).® |In 1982, 71 percent of the
chrom um consuned (as ferrochromum in the metallurgical use group
was used in the production of stainless steels. Fifteen percent of
the chrom um was used to produce full-alloy steels, 3 percent was used
for lowalloy and electrical steels, and 2 percent was processed into
carbon steels.® The remamining 9 percent was used in a variety of other
met al l urgi cal products including cast irons and nonferrous all oys.
The chrom um steels, alloys, and cast irons produced by the
metal lurgical industry are used primarily in the manufacture of
transportation, electrical, and construction equi pnent, heavy
machi nery, and fabricated nmetal products. Chromumis used in a w de
variety of transportation vehicles including autonobiles, notorcycles,
bi cycl es, boats, trains, and snowmbiles. Both commercial and mlitary
aircraft engines are produced with chromum Chromumis also used in
volune in stainless steel tankers to haul mlk, acids, and chem cal s,
and in bulk hopper trailers to haul fertilizers and hygroscopic
materials. In the construction industry, chrom um netallurgica
products are used for oil and gas exploration and producti on,
petroleumrefinery fabrication, power plant sulfur dioxide wet
scrubbers, and bridge construction.?

In the machinery industry, chromumnetals are used to
manuf act ure food processing equi prent, high speed machi ne tools,
cutting and form ng equi pnent, and nachi ne tool accessories, including
dyes and neasuring devices. Chromumuse in the fabricated neta
products industry covers such products as cutlery, hand tools, genera
har dwar e, hospital equi pnent, and home appliances.?® Based on 1981
figures, the conbination of transportation, construction, nachinery,
and househol d appliance consuner uses of chrom um constituted about 66
percent of the total chromumused in the United States (see Figure
4).1
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Chem cal Uses--

In the chem cal use group, chrom umchenmicals, primarily sodium
chromate and sodi um di chromate, are used to manufacture a wi de variety
of consuner-oriented chrom um chem cals and products that have uses in
the foll ow ng areas.

- paints and pignents

- leather tanning |iquors

- nmetal plating and finishing solutions
- corrosion inhibitors

- catal ysts

- drilling nuds

- wood preservatives

- textile nmordants and dyes

A breakdown of the ampunt of chrom um (as sodi um di chromate) used in
each of the areas given above is shown in Figure 5.1 Approximtely 70
percent of the chrom um consunmed donestically for chem cal uses is
accounted for in the preparation of pigment, netal plating, and

| eat her tanni ng compounds.® Chrom um pigments are used primarily in
pai nts, inks, and roofing granules. Metal plating solutions, primarily
chrom c acid, are used in producing decorative autonobile trim and
appliance exteriors. Chromum/leather tanning |iquors are the nost

wi dely used tanni ng products, except for the tanning of heavy cattle
hi des in which vegetable tanning oils are predomnant.! A list of the
key chrom um chemcals applied in all the end use areas given above is
presented in Table 5.

Refractory Uses--

In the refractory use group, chromumin the formof chromte
ore, is used primarily to produce chronme brick, chrone-magnesite
brick, and magnesite-chrone brick refractory, which is used to line
furnaces, kilns, converters, incinerators, and other high tenperature
i ndustrial equipnment.? Chromumrefractory materials are also used as
coatings to close pores and for joining refractory brick within a
furnace or
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Chromic Acid/Metal Plating-28 %
37,923 Mg (42,137 tons)

Chromium Cousumed as
Sodium Dichromate in
1982 - 135,441 Mg

{ 150,490 touns )

Pigments and Paints = 24 %
32,506 Mg (36,118 tons)

Leather Tanning Liquors ~ 17 Z
23,025 Mg (25,583 tons)

‘DﬁnmgM®/ﬁmﬂu—82

10,835 Mg (12,039 tons)

Corrosion Inhibitors - 7 %
9,481 Mg (10,534 tons)

Exports - 8 %
10,835 Mg (12,039 tons)

Wood Preservafives,Catalysts,
Other - 8 %
10,835 Mg (12,039 tons)
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Figure 5. End use tree for sodium dichromate in 1982.
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TABLE 5. MAJOR CHROM UM USES AND KEY CHROM UM CHEM CALS | NVOLVED

Chrom um Chem cal
Use Area

Key Chrom um
Chem cal s I nvol ved

Pai nts and Pi gnents

Leat her Tanni ng Li quor
Met al Fini shing and Pl ating

Corrosion Inhibitors

Catal ysts

Drilling Mids

Wbod Preservati ves

Textil e Mdrdants and Dyes

Chrone Yel | ows?
Chronme Orange®
Chrome Oxi de G een
Mol ybdat e Orange?
Chrome G een

Basi ¢ Chrom um Sul f ate
Chrom c Acid

Zinc Chromate

Zinc Tetroxychromate
Stronti um Chronmat e

Li t hi um Chromat e

Cadm um Chr omat e
Copper Chronmate
Magnesi um Di chr omat e
Ni ckel Chromate
Copper Chronite

Chr om um Li gnosul f onat e

Chronme Copper Arsenate
Chrone Zinc Chloride

Chrom ¢ Chromate

Chrom c Chl ori de( hydrat ed)
Chrom ¢ Fl uoride

Chrom ¢ Lactate

a Contains | ead chromate.
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kiln.'2 By far, the major consum ng industry for chromtimrefractory
materials is the iron and steel industry. Oher industrial sectors
consum ng significant anpbunts of chrom umrefractory include gl ass
manuf act uri ng, nonferrous nmetal production, primry mnerals

snel ting, and ceram c production.®

Chromum (in the formof chromte) consunption in the refractory
i ndustry has been deciining. From 1977 to 1981 for exanple, chromte
consunption by the refractory industry declined by approxi mately 37
percent.?® The increased use of magnesite and a depressed donestic
steel industry are the major reasons for the decline in the
producti on of chromumrefractory.?®
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SECTI ON 4

CHROM UM EM SSI ON SOURCES

Chrom um em ssi on sources can be divided into two broad cl asses
-- direct and indirect. The first part of this section deals with
direct chrom um em ssion sources. The direct category primrily
i ncl udes sources that either produce chrom um or consune chrom um or
a chrom um conpound to manufacture a product. The source categories
within the direct category are:

- chromte ore refining,

- ferrochrom um producti on,

- refractory production,

- chromum chem cal s production
- chromum pl ati ng,

- steel production,

- leather tanning.

The second part of the discussion in this section deals with
i ndi rect chrom um em ssion sources. Indirect sources are generally
those that do not produce chrom um or chrom um conmpounds and only
i nadvertently handle and emt chrom um because it is present as an
impurity in the feedstock or fuel used in performng their primry
activity. For exanple, during the conbustion of fossil fuels to
produce energy, chromiumis rel eased to thee atnosphere because it is
a constituent of the fuels burned. The source categories within the
i nadvertent category are:

- coal and oil conbusti on,
- cement producti on,
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- muni ci pal refuse and sewage sl udge incineration,
- cooling towers,

- asbestos mning and mlling, and

- coke ovens.

The foll ow ng subsections describe the operations of both direct
and indirect chrom um eni ssion sources and the chrom um em ssi on
points therein. Were available, chrom umem ssion factors are
presented for each source, as well as information on the specific
chem cal formof chromumin the eni ssions.

DI RECT SOURCES OF CHROM UM

Chromte Oe Refining

Process Description--

As discussed in Section 3, no chromte ore is currently being
mned in the United States. Also, the current standard practice of
foreign chromte mning operations is to clean and size the chromte
ore to a custoner's specifications prior to export to the United
States. This existing ore supply structure largely elimnates the
need for a specific donestic chromte ore refining industry.
Consequently the donmestic chromte ore refining industry is quite
small. 1n 1983, only one plant was known to be operating solely to
process and refine chromte ore.1,2 Oher donestic consum ng
i ndustries may perform sone prelimnary grinding and sizing of the
ore before it enters their processes.!?

As shown in Figure 6, the chromte ore refining process consists
of crushing, drying, and grinding the ore, and packaging it to
customer specifications. Oe is first crushed, screened, and dried
in arotary sand dryer.® It is then conveyed to a Hardinge mll for
fine grinding. The fine chromte ore particles are then air conveyed
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through a classifier to a cyclone separator. Oe collected in the
cyclone is dropped into storage bins and nost of the air is recycled
to the mll. The refined chromite ore is then packaged in bags.*?®

Em ssion Factors--

Sour ces of chrom um containing em ssions are indicated on Figure
6. Em ssions of chromte ore would occur during primry crushing and
screeni ng, however, no data are avail able on em ssion rates or
control procedures for these steps. Chromte particles are also
emtted when ore is dried in the rotary sand dryers. These dryers
are equi pped with wet scrubbers, which function at greater than 99
percent efficiency.® The cyclone following the Hardinge mll is
anot her source of chrom um em ssions. Fine chrone ore particles are
pneurati cally conveyed fromthe mlIl to the cyclone where they are
coll ected. However, the process cyclone is not 100 percent
efficient, so sone chrone ore particles will be exhausted fromthe
cyclone. Most of the air is recycled to the mill, but sone is
channel ed through a fabric filter and then exhausted to the
at nrosphere. Fabric filters in this application have been determ ned
to be 99.9 percent efficient.?

The storage and packaging of the refined ore are the fina
sources of chrom um enm ssions. A bin vent dust collector gathers the
air and chromte dust displaced fromthe storage bins as the product
is deposited there. Filter cartridges are used to clean this air and
are reported to be over 99 percent efficient.?®

Tabl e 6 shows em ssion factors for the ore dryer, Hardinge mll
and cycl one system and finished product storage. These factors were
calculated fromstate air quality permt data for the one donestic
ore refining plant.*% The permts listed total particulate em ssion
rates as well as throughputs of chromte ore. The em ssion rates for
el emental chrom um shown on Table 6 were cal cul ated using the
assunptions that chronmite ore contains 45 percent chronic
oxi de(Cr,0),% and that chromc oxide is 68 percent chrom um by
wei ght .
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TABLE 6. CHROM UM EM SSI ON FACTORS FOR CHROM TE ORE REFI NI N&
Chrom um Em ssi on

Fact or

kg/ My( 1 b/ t on)
Source of EmM ssions Cont r ol of chromte ore
processedP

Chromite ore dryer bag coll ector . 005 (.009)
wet scrubber . 001 (.002)c

Hardinge m 1|l and cycl one fabric filter . 003 (.005)

Refined ore storage uncontrol | ed .05 (.09)
dust coll ector . 00005 (.00009)

filter cartridge)
a Em ssion factors cal cul ated as described in test from References 3,
4, and 5.

b AIl enmission factors reported as total elenmental chromium  Chrom um
exists in the em ssions as trival ent chrom um

¢ Factor assunmes 99.9 percent control efficiency
Source Locati ons- -
The only known chromte ore refining plant in the United States

in 1983 was the Anerican Mnerals, Inc. Plant in New Castl e,
Del awar e. 2

Ferrochrom um Producti on

Process Description--

Ferroal | oys are crude alloys of iron and one or nore other
el ements which are used for deoxidizing nolten steels and maki ng
all oy steels.” Chromiumis a conmponent of about 16 percent of
donestically produced ferroalloys.® Types of chrom um ferroalloys
(ferrochrom unm) include high-carbon ferrochronme, | ow carbon
ferrochrone, charge chrone, ferrochrome- silicon, and other | ower
vol une products.®® Chromumferroalloys can be produced by four
different processes. The primary method of produci ng hi gh-carbon
ferrochrone, ferrochrone-silicon, and charge chrome is in an electric
arc furnace. Low carbon-ferrochrome can be produced by either an
exot herm c process or vacuum furnace process, and chrom um netal can
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be produced by an exothermc or electrolytic process.®°® Al four
types of processes have been used in the past, but only the electric
arc furnace process is currently used in the United States.?

In 1980, there were seven plants manufacturing ferrochrom um?
However in the first quarter of 1983, only one plant was actively
produci ng ferrochrom um? Oher plants suspended production of
ferrochrom um due to | ow demand brought on by a depressed st eel
industry and the ability of the steel industry to obtain its
ferrochrom umrequirenents nore cheaply fromforeign sources. The
Ferroal | oy Association estimated that in early 1983, 95 percent of
the ferrochrom um consuned in the United States was inported. The
increase in ferrochromuminports and resulting decline in donmestic
production is attributable to a trend in chromte-producing countries
to do nore processing of the chronmite ore into ferrochrom um and
ot her products before shipnent. Less raw chromte ore is therefore
avail able to be shipped to the United States. Lower |abor, energy,
and transportation costs allow the chrom te-produci ng' countries to
sell their ferrochromium at | ower prices than donestic ferrochrom um
conpani es can. Changes or upturns in the donestic steel industry
could alter the demand for ferrochrom um and bring donestic
ferrochrom um plants back on line.?*

The electric arc furnace nmethod of ferrochronme production is
pictured in Figure 7. Chronmite ore and other necessary raw materials
are brought to the plant by truck or rail and stored in a stockpile
(Figure 7, point 1). Depending on weather conditions and its noisture
content, the chromte ore may need to be dried (point 2) before being
crushed (point 3), sized (point 4), and m xed with other raw
materials to neet process specifications. The charge (raw materi al s)
is then weighed and fed to a subnerged electric arc furnace (point 5)
for snelting (point 6)&°%1

Three types of electric arc furnaces can be used. These are
open, seal ed, and seniseal ed furnaces "8 The operations of each type
of furnace are discussed in succeedi ng paragraphs. Electric arc
furnaces may be continuously or intermttently charged with chrone
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and iron ores, a reducing agent such as alum na, coal, and/or coke,
and slagging materials such as silica or gravel. Three carbon

el ectrodes are vertically suspended above the hearth, and extend 1 to
1.5 m(3 to 5 ft) into the charge materials. Three-phase current arcs
through the materials fromelectrode to el ectrode, and the charge is
snmelted as electrical energy is converted to heat. The intense heat
around the el ectrodes (2204-2760°C or 4000-5000°F) results in carbon
reduction of the chronme and iron oxides in the charge and the
formati on of ferrochromum The nolten ferrochromumis periodically
tapped into ladles fromtapholes in the | ower furnace wall .81

The nolten ferrochrone is cast into nolds and allowed to coo
and solidify (point 8, Figure 7). The casts are then renoved from
the nol ds, graded and broken (point 9, Figure 7). The broken
ferrochrom umis passed through a crusher and screened (points 10 and
11, Figure 7). The ferrochrome product is then stored, packaged
(point 12, Figure 7), and shipped to the consuner.?&1!

Inmpurities fromthe snmelting process are trapped in a slag which
forms inside the electric arc furnace. The slag is periodically
tapped and treated by a concentration process (point 7, Figure 7) to
recover netal values. Slag is processed in a flotation system where
metal particles including chromumsink to the bottomwhile sl ag
floats. The recovered nmetals are recycled to the furnace, and the
remai ning slag is removed and di sposed of .1t

As previously stated, open, sealed, and sem seal ed furnaces may
be used to produce ferrochromumby the electric arc process. Open
furnaces are the nost conmon type, and al so have the highest
potential for chrom um containing particulate em ssions. An open
furnace is pictured in Figure 8.7 A hood is usually located 1.8 to
2.4 m(6 to 8 ft) above the furnace crucible rim Dust and funes
fromthe snelting process are drawn into the hood along with |arge
vol umes of anbient air. Advantages of the open furnace include the
ability to stoke it
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during operation and the flexibility to manufacture several types of
ferroall oy without altering the furnace design. Clains have al so
been made that open furnace operations have fewer accidents and
greater worker safety than seal ed furnace operations.’

The sem seal ed (or semi -enclosed) furnace is pictured in Figure
9. A cover seals the top of the furnace except for openings around
the el ectrodes through which raw material is charged. These furnaces
are either hooded or maintai ned under negative pressure to collect
em ssions fromaround the el ectrodes. Sem seal ed furnaces can be
used to produce sone chrom um containing ferroalloys, but problens
occur in the production of high-silicon grades of ferrochrone because
of the inability to stoke the furnace. Wthout stoking, crusting and
bri dging of ferroalloys around the el ectrodes and charge hol es may
prevent uniform descent of the charge into the furnace and bl ows
(jets of extremely hot gasses originating in the high tenperature
zone near the electrode tips) may energe around the el ectrodes at
hi gh velocity.’

The third type of electric arc furnace; the sealed or closed
furnace, is illustrated in Figure 10.” Packing is used to seal the
cover around the el ectrodes and chargi ng chutes. The furnace is not
st oked and a slight positive pressure is maintained to prevent
| eakage of air into the furnace. Hi gh-silicon ferrochronme and
hi gh- carbon ferrochronme are rarely produced in sealcd furnaces due to
crusting and bridging and the possibility of blows. Care nust also be
taken to prevent water |eaks which may cause expl osive gas rel ease
whi ch coul d damage the furnace and threaten worker safety. Seal ed
furnace designs are specifically used in the manufacture of narrow
famlies of ferroalloys, so plants using seal ed furnaces have | ess
flexibility to produce different types of ferroalloys.” Ferrochrom um
has not been produced in sealed furnaces in the United States,
however it has been produced this way in Japan. 8

A recent innovation in sealed furnaces is the split-furnace

design, in which the upper ring of the furnace rotates nore rapidly
than the | ower furnace. This has a mxing effect on the furnace
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contents and reduces crusting and bridging problenms. Another nethod
used to provide mxing is the insertion of stoking devices through
seals in the furnace walls. Use of these techniques, which are
practiced in Japan and Norvay, makes possible the production of

hi gh-silicon ferrochrone and hi gh-carbon ferrochrone in seal ed
furnaces.®

One alternative to the electric arc furnace process which can be
used to produce | ow carbon ferrochrome is a type of exothernic
process involving silicon.reduction. A flow diagram of the process
is shown in Figure 11. First chromumore and |ine are fused
together in a furnace to produce a chronme ore/linme nmelt which is
poured into a reaction ladle (nunber 1). Then a known quantity of
mol ten ferrochronme silicon previously produced in another reaction
| adl e (nunber 2) is added to ladle 1. 1In the ladle, a rapid
heat - produci ng' reaction results in the reduction of the chrom um
fromits oxide formand the formati on of | ow carbon ferrochrone and a
calciumsilicate slag. The ferrochrome product is then cool ed,
finished, and packaged. Since the slag fromladle 1 still contains
recoverable chromumoxide, it is reacted in ladle 2 with nplten
ferrochrone-silicon produced in a subnerged arc furnace. The
exothermc reaction in ladle 2 produces the ferrochrone-silicon added
to the nunber 1 ladle during the next production cycle.?®

A vacuum furnace process can al so be used to produce | ow carbon
ferrochrone. The furnace, pictured in Figure 12, is charged with
hi gh- carbon ferrochronme and heated to a tenperature near the nelting
point of the alloy. Decarburization occurs as the high-carbon
ferrochrone is oxidized by the silica oxide in the ferrochrone.
Car bon nonoxide gas resulting fromthe reaction is punped out of the
furnace to maintain a high vacuum and pronote decarburization of the
ferrochrone.®

The el ectrolytic process is another alternative to the electric

arc furnace for producing chromumferroalloys. Pure chromum neta
is generally produced this way. Chronmite ore, high-chronm c oxide
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sl ags, or ferrochrone can be used as raw materials for the process.
Preparation of raw materials can include grinding, calcining and

| eaching. In the electrolytic process, chromumions contained in an
el ectrolytic solution are plated on cathodes by a | ow vol tage direct
current. The pure chrone fornms a filmon the cathode about 0.3 cm
(1/8 in.) thick, which is renbved and prepared for shipnment.?®

Em ssion Factors--

Figure 7 shows possible sources of chrom um em ssions fromthe
production of chromumferroalloys by the electric arc furnace
process. Depositing and renoving materials fromthe chrone ore
stockpil e and wind erosion of the stockpile result in em ssions of
chromte particulates. To reduce enissions, storage piles can be
sheltered by walls, covered with plastic, or sprayed with water. The
extent of such practices is unknown. Drying, crushing, screening, and
ot her chrome ore pretreatnment steps al so produces chrom um em ssi ons.
Scrubbers, cyclones, and fabric filters typically control em ssions
fromthese operations, and are reported to be 90 to 99 percent
effective for renmoval of chromi umcontaining particulates.?®

The snelting of chrome ore And other raw materials in the
electric arc furnace is the major source of chromumenissions in a
ferrochromiumplant. Al three types of electric arc furnaces (open,
seal ed, and seniseal ed) emt carbon nonoxi de and ot her gasses.
Chrom um containing particulates are entrained as this gas evol ves
and as anbient air passes over the charge materials. Open furnaces
have the highest uncontrolled chrom um em ssions because the | arge
openi ng between the furnace rimand hood allows nore circul ati on of
air and gasses through the charge material which entrains chrone and
other particulates. Funes and particul ates may escape if adequate
draft is not maintained in the collection hood."?

Fabric filters were used to control em ssions from 87 percent of
t he open-arc ferroall oy furnaces operating in 1980.%12 Testing of
these control systens indicates total particulate renoval efficiency
of over 99 percent.® Testing of fabric filters on conbusti on sources
i ndi cates that they are as effective at controlling chrom um as they
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are at controlling total particulates.®® Data fromone ferrochrom um
pl ant support this finding.?®

Hi gh pressure-drop venturi scrubbers and electrostatic
precipitators have al so been applied to open-arc furnaces producing
ferrochrom um al | oys, but these plants have recently shut down.
Reported particulate collection efficiencies for scrubbers ranged
from94 to 98 percent. When ESPs were used, the gas was conditioned
with amonia to enhance particulate resistivity and increase
collection efficiency.”® Estimted particulate renoval efficiencies
were 98 percent.® There are little data fromthe ferrochrom um
i ndustry on chrom um col | ection efficiencies of scrubbers and ESPs.
However, testing of simlar high-tenperature processes at conbustion
sources indicated that these devices control chromumto about the
sane degree as total particulates. !

In the case of senisealed furnaces (Figure 9), offgases and
entrai ned chromi umcontaining particulates are drawn from beneath the
cover through ducts leading to the control device. However, fugitive
chrom um particul ates and funes escape through the openi ngs around
the el ectrodes. Hoods can be placed above the furnaces to entrap
these em ssions. Wt scrubbers, including both nultistage
centrifugal scrubbers and venturi scrubbers, have been used on
sem seal ed ferroall oy furnaces. Up to 99 percent particul ate renoval
efficiency is reported for centrifugal scrubbers, and venturi types
are nore efficient. Fabric filters and ESPs are not known to be used
on sem seal ed furnaces.”’

Because no air enters sealed furnaces (Figure 10), gas vol unes
to the control device are only 2 to 5 percent of those from open
furnaces. This results in a nuch smaller mass of entrained
chrom um containing particulates. Venturi scrubbers are conmonly
used to control particulates, and therefore chrom um enm ssions, from
seal ed furnaces, including one furnace which produced charge chrone
but is now shut down. Fabric filters have been used at a few seal ed
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furnaces for particul ate em ssions control.?

Anot her source of emissions fromall three types of electric arc
furnaces is the tapping of nolten ferrochrone fromthe furnace into a
| adl e. Tappi ng takes place during 10-15 percent of the furnace
operating tinme. Hood systens are sonetinmes installed over the tapping
hole and ladle to capture and direct the chrom um contai ni ng
em ssions to a fabric filter or scrubber.?”8

Addi ti onal chrom um em ssions from ferrochrom um plants occur as
the ferrochrom um product is finished and riandled. After snelting
and tapping, the ferrochromumis cast. Chronm um contai ning
particul ates and fumes escape as the nolten ferrochromi umis poured
into nolds. Casting operations nay be hooded, but em ssions from
casting are uncontrolled at many ferroalloy plants.® Oher sources of
chrom um em ssions include the final crushing, sizing, and packagi ng
of the ferrochrom um product. The mgjority of plants control these
operations with fabric filters or scrubbers.?®

There is little information on chrom um em ssions or controls
for the production of ferrochrone by exotherm c, vacuum furnace, or
el ectrolytic processes; Sources of particulate chrom um em ssions
fromthe exothermc silicon reduction process (Figure 11) would
include the electric arc furnaces used to manufacture the chrone
ore/lime nelt and the ferrochrone silicon as well as the tapping
|l adl e and the two reaction ladles. The silicon reduction occurring
in the reaction |ladles causes a rise in tenperature and strong
agitation of the nmolten ferrochronme for about five m nutes per
production cycle. During this agitation, gases and entrained
chrom umcontaining particulates are enitted.® Only one plant
manuf act ured ferrochrom um usi ng an exotherm c process in 1980.8
According to the Ferroalloy Association, it is not currently active.?°
No information on typical control technol ogies is avail able.

Vacuum furnaces used to produce ferrochrome (Figure 12) emt
only trace quantities of particulates,® and none are currently
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operative in this country. Electrolytic processes used to produce
chrome netals do not emt particul ates. However, chromumions in
the electrolyte solution can be emtted in a mst which is rel eased
fromthe tank when hydrogen and oxygen are evol ved around the anode
and cat hode. The extent to which electrolytic process em ssions are
controlled is unknown. The one plant which was operating in 19808 is
currently inactive. 10

Chrom um em ssions factors for the electric arc furnace nethod
of ferrochronme production can be cal culated fromdata available in
the literature. A 1974 U. S. EPA study estimated particul ate
em ssions fromraw materials handling and processing at sixteen
electric arc furnace ferroalloy plants.® The specific types of
ferroall oys these plants produced were not specified. However, it
was assuned that since raw materials handling procedures are simlar
for chrome-containing and non chrone-contai ning ferroall oy
production, total particul ate em ssions factors for genera
ferroall oy prodtiction would apply to the production of chrone
ferroall oys. To derive chrom um eni ssion factors fromtotal
particul ate em ssion factors, it was assunmed that netallurgical grade
chrome ore (a raw material for ferrochrone production) contains 50
percent chrom c oxide'* and that elenental chronme is 68 percent of
chrom c oxide by weight. Chrom umemssion factors for raw material s
processing steps are expressed in Table 7 in ternms of pounds of
chromumemtted per ton of chrome ore processed.

The 1974 U.S. EPA report cited above also |listed particul ate
em ssions from handling and finishing of the ferroall oy products
i ncludi ng casting, crushing, and grinding.® The chrom um content of
particul ate em ssions would vary dependi ng on the chrom um content of
the ferroall oy being produced. The conposition of chrone ferroall oys
can range from 36 percent chromiumfor ferrochronme-silicon to 70
percent chrom um for charge chrone and hi gh-carbon ferrochrone.
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TABLE 7. CHROM UM EM SSI ON FACTORS FROM PROCESSI NG OF RAW
MATERI ALS AT FERROCHROVE PLANTS

Chrom um Em ssi on Factor?&P?
Em ssi on Source g/ kg (I'b/ton) of Chrone Ore Processed

Recei pt and Storage of Chrome Oe .34 (.68)
in Stock pile.®

Dryi ng, Crushing, and Sizing of
Chronme Ore.¢ .34 (.68)

Wei ghi ng and Feeding Chrome Ore
to Electric Arc Furnace® .31 (.61)

a Em ssion factors expressed in terns of total elenmental chrom um
Em ssi ons should contain chromumin predom nantly the trival ent
oxi dation state.

b These factors are a conposite of both controlled and uncontroll ed
em ssions sources. The percentage of controlled and uncontroll ed
sources used in determning the conposite factors is given in
footnotes c, d, and e. The degree of control in each case is
unspeci fi ed.

o

Only 15 percent of the sources used to determne this conposite
factor were controlled.

[=

Approxi mately 75 percent of the sources used to determine this
conposite factor were controll ed.

¢ 20 percent of the sources used to determne this conposite factor
were controll ed.
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The chrom um emi ssion factors for ferrochrone-silicon and hi gh-carbon
ferrochrone in Table 8 were obtained by multiplying average total
particulate em ssions fromfinishing and handling ferroall oy products
by 36 and 70 percent, respectively.

El ectric arc furnaces are the nost researched source of chrom um
em ssions in the ferrochrome manufacturing process. Table 9 gives
em ssion factors for ferrochrone produci ng furnaces expressed in term
of chromumemtted per ton of product and chromiumemtted per
megawatt hour of furnace operation. Uncontrolled enm ssion factors
are based on estimates of total particulate em ssions nade by ind
ustry personnel at three plants and reported in a 1974 U. S. EPA
report.® The total particulate em ssion factors were nultipled by the
measur ed average percent chromumin particulate em ssions at simlar
furnaces producing the sane types of ferrochrone.® Mst of the
controll ed chrom um enmi ssion factors were based on EPA tests of tota
particul ate em ssions. These were again nultiplied by the neasured
typical percent chromumin particulate em ssions fromferrochrone
furnaces. %15 |f different particulate collection devices collect
chromumto a greater or |esser extent than they coll ect other
particulates in the em ssion stream the calculated chrom um factors
for controlled sources could be biased. Data on chrom um collection
efficiency for the ferrochrom umindustry is inconclusive. But as
previously stated, data fromsimlar high-tenperature processes
i nvol ving chrom um (i ncludi ng power plants) show that chromumis
collected in a sinmlar proportion to other particulates.®® As Table
9 illustrates, chrom umem ssion factors vary with the type of
ferrochrone produced and the type of enissions control system

No chrom um em ssion factors are avail able for the exothernmc
vacuum furnace, or electrolytic nethods of ferrochronme production.

Source Locati ons- -

The only ferrochrom um plant currently in operation is the
Interlake, Inc., plant in Ohio.® Seven plants were in operation as
recently as 1980,8 but have been shut down for reasons previously
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TABLE 8. CHROM UM EM SSI ON FACTORS FROM FI NI SHI NG OPERATI ONS AND PRODUCT
HANDLI NG AT FERROCHROME PLANTS

Chr om um Emi ssi on Fact ors2P?
o/ kg (I b/ton) of Product

Em ssi on Source Ferrochrome-Silicon Hi gh- Car bon Ferrochrone
Treatment of Mdlten Alloy with Chlorine

O her Gas in Ladle® 1.7 (3.4) 3.3 (6.6)
Casting of Ferrochrome Product?® 0.36 (.072) .070 (.14)
Crushlng/(}lndlng of Product® .11 (. 22) .21 (.42)

Em ssion factors expressed in terns of total el emental chrom um Em ssions should
contain chromiumin both trival ent and hexaval ent oxi dation states.

These factors are a conposite of both controlled and uncontroll ed em ssions sources.
The percentage of controlled and uncontrolled sources used in determ ning the conposite

factors is given in footnotes ¢, d, and e. The degree of control in each case is
unspeci fi ed.

Only 25 percent of the sources used to determne this conposite factor were controll ed.

égﬁ{ ipahely 42 percent of the sources used to determine this conposite factor were

93 percent of the sources used to determine this conposite factor were controll ed.
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TABLE 9. CHROM UM EM SSI ON FACTORS FOR ELECTRI C ARC FURNACES USED TO PRODUCE
FERROCHROMES. 358

Ferrochrome Chrom um Em ssi on Fact ors?
Pr oduct kg/My (I b/ton) of product kg/ Mv (I b/ Mv hr)

Uncontrol |l ed Sources

Ferrochrone-Silicon 1.6-5.8 (3.3-12)f
.20-.78 (.45-1.6)"

Hi gh- Car bon Ferrochrone
and Charge Chrone 24(47)g 3.9 (8.7)¢

Chrome Ore/Lime Melt 0.8 (1.6)" .63 (1.4)"

Controll ed Sources

Ferrochrone-SiliconP - . 0034 (.0076)'
Ferrochrone-Silicon® - . 00081 (.0018)!
Ferrochrone-Silicon® .006 (.012)1 . 00076 (.0017)'
Ferrochrone-Silicon¢ - . 00002 (.00004)'
Hi gh- Car bon Ferrochrone

and Charge ChroneP - .06 (.15)¢
Hi gh- Car bon Ferrochromnee® - . 0022 (.0049)¢
Hi gh- Car bon Ferrochrone® - .041 (.091)¢
Hi gh- Car bon Ferrochrone® .19 (38)¢ . 040 (.090)¢
Hi gh- Car bon Ferrochr one® - .020 (.045)¢

a

- ©o o O T

Al factors expressed in ternms of total elemental chromum  Em ssions
shoul d contain chromumin both trival ent and hexaval ent oxidation states.
Open furnace controlled with a scrubber.

Open furnace controlled with fabric filter.

Cl osed furnace in Japan controlled with a scrubber.

Open furnace controlled with an ESP.

Assumes chromiumis 0.4 to 1.4 percent of total particulate em ssions by
wei ght . 8

Assunes chromiumis 14 percent of total particulate em ssions by weight. 3
Assunes chromiumis 15 percent of total particulate em ssions by weight.?
Assumes chromiumis 0.4 percent of total controlled particul ate em ssions
by wei ght. 3
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descri bed. A change in demand could potentially cause these plants
to be reopened, so they are listed in Table 10. The trade group
known as the Ferroall oy Association is the best source of current

i nformati on on the industry.

Refractory Manuf acture

Process Description--

Refractories are heat-resistant materials which are used to
build or line high-tenperature industrial furnaces. They nust
wi t hst and excessive thermal stress, physical wear, and corrosion by
chem cal agents.!%' Several hundred types of refractory products are
manufactured in the United States, but not all contain chrom um
Chrom um containing refractories cone in several different forns and
conposi ti ons depending on the end use for which they are intended.

Chromumis used primarily in the manufacture of chemi cally
basi c, non-clay refractories, of which nmagnesi a-chrone conbi nati ons
are the nost prevalent. Magnesia-chrone refractories exhibit good
mechani cal strength and volunme stability in high tenperature
applications. The chrom um conpo- nents of these refractories are
effective in reducing refractory flaking and cracking (spalling)
under the fluctuating tenperatures often encountered in industrial
furnaces. Magnesia-chrone refractories are al so used because of
their ability to resist corrosion by chem cally basic sl ags.
Production furnaces in the steel, copper, cenent, and gl ass
i ndustries make use of this type of refractory. 617

A second type of basic chromumrefractory is known as
chrone-magnesite. Chrone-magnesite is very simlar to
magnesi a- chrone except that it contains a | arger proportion of
chrom um which causes it to expand | ess when subjected to intense
heat. Chrone-magnesite refractories are used in the steel, glass,
and non-ferrous metals industries. %17
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TABLE 10. LOCATI ON OF PLANTS PRODUCI NG CHROM UM
FERROALLOYS AS OF 19802

Pr oducer Pl ant Locati on Process

Chromasco, Ltd. Woodst ock, TN El ectric Arc Furnace
Interl ake, Inc.? Beverly, OH El ectric Arc Furnace
MacAl | oy Cor p. Charl eston, SC El ectric Arc Furnace
Met al | burg, Inc. Newfield, NJ Exot herm ¢

Satra Corp. St eubenvill e, OH El ectric Arc Furnace
SKW Al | oys, Inc. Calvert City, KY El ectric Arc Furnace
Uni on Car bi de Cor p. Marietta, OH El ectrolytic

a Only plant operating as of 1983.

Not e:

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 thenselves. The
| evel of chrom um em ssions fromany given facility is a
function of variables such as capacity, throughput, and
control nmeasures. It should be determ ned through direct
contacts with plant personnel.
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Chrom c oxide refractories are a third type of chem cally basic
refractory, which contain only chronic oxide. They are used
primarily in furnaces in the steel and copper industries, but also
have ot her specialty uses. 17

A fourth type of chrom umcontaining refractory is
chronme-al um na. These al um na-containing refractories exhibit good
volume stability at extrenely high tenperatures. They have specific
applications in the steel and other industries such as synfuels and
coal gasifiers. 1718

Chromumrefractory material is manufactured as pre-forned
bri cks and shapes and as unforned granul ated or plastic compositions.
Pre-fornmed bricks and shapes are made into many sizes and
configurations, and not just standard rectangular bricks, to fit
what ever the end-use application may be. Unfornmed refractory
conposi tions include products such as nortars, plastics and gunning
m xes, and castabl es which harden in place after being mxed with
wat er and-applied. These unfornmed conpositions are often used to
line and seal furnaces, or to repair furnaces in which refractory
bri cks have broken or deteriorated. 5%

Because of the many different forms, conpositions, and end uses
of chrom umcontaining refractories, there are nmany variations on the
refractory manufacturing process. This report gives a genera
overvi ew of the manufacture of chrom um containing basic brick,
chrone oxide brick, and unformed chrom umrefractories. Figure 13,
Figure 14, and Figure 15 illustrate these general manufacturing
processes. It is inportant to recognize that there is a distinction
bet ween refractory production using chrome ore and production using
chronic oxide. Chronme ore is mned and used in refractories in the
same chemcal formas it exists in nature. Chronic oxide is
chem cally derived from separate processes and refractory production
using it are quite different fromthose enploying chrome ore.® The
production of chromumrefractory materials can contain fromone to
four general operations, depending on the type being produced. These
operations include raw materials processing, formng, firing, and
final product preparation.
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The raw materials processing step can include crushing,
grinding, drying, and sizing the raw materials (chromte, magnesite,
etc.) to neet the specifications of the particular refractory
product. The second processing step is form ng, which includes
m xing the raw nmaterials and formng theminto shapes. The third
processing step is firing, in which the refractory is heated in a
kiln to forma ceram c bond. This bond gives the product its
refractoriness (heat-resistant properties) and corrosion-resistant
properties. The final processing step includes post-firing
operations such as mlling, grinding, saw ng, coating, and packagi ng
of the formed or unformed refractory product.

Figure 13 illustrates the fusion casting and pressing processes
that can be used to manufacture chrom um containing basic brick. In
both processes the raw materials processing steps are the sane:
Chronme ore undergoes initial crushing, drying in kilns, and fi nal
grinding and sizing (Figure 13, pts. 1-3). Oher conponents of the
brick, such as nagnesite and periclase (a synthetic form of
magnesite), are deadburned, ground and sized (Figure 13, pts. 2 and
3). Fluxes and bondi ng agents are added during m xi ng, which occurs
after final grinding and sizing.16,18 A few refractory manufacturing
facilities use hexaval ent Chrom um compounds such as chrom c acid and
sodi um chromate in small anmounts as raw materials in addition to
trivalent chromte ore.19 However, the anmpbunt of hexaval ent chrom um
used is very small relative to the amount of chronmite ore used.

Total consunption by the refractory industry of chronic acid, the
nost wi dely used hexaval ent conpound, was 630 My (700 tons) per year
in 1980-8219 versus 125,100 to 139,500 My (139,000 to 155, 000 tons)
per year of chromte ore consuned by the industry during the sane
peri od. 2°

The fusion casting and pressing processes differ nost
prominently in the formng and firing operations. |In the casting
process the processed raw materials are fusion nelted together in an
electric arc furnace (Figure 13, pt. 4) and cast into nmolds (Figure
13, pt. 5). The final step in the casting process involves breaking
the shape out of the nold and grinding or sawing to specification
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(Figure 13, pt. 6).16

In the nore common pressing and firing process, the products of
the raw materials processing steps are conbined in mxers (Figure 13,
pt. 7). Then they are shaped with a power press or occasionally a
conmbi nati on of heat and pressure (Figure 13, pt. 8). The pressed
bricks are then dried in a tunnel dryer (Figure 13, pt. 9) to reduce
the noisture content before firing and to devel op strength for
subsequent handl i ng. 18

Firing of the refractory (Figure 13, pt. 10) is usually
acconplished in a tunnel kiln. A few small use plants periodic kilns
i nstead, which are slower and | ess efficient. In a tunnel kiln, the
formed brick travels along the tunnel through different tenperature
zones. The zones include a pre-heating zone, a zone of maxi mum
tenperatures, and a cooling zone. Maxinmum tenperatures range from
1,100 to 1,870°C (2,000 to 3,400°F) depending on the type of
refractory being produced. A ceram c bond can be formed at
tenperatures of about 1,370°C (2,500°F). Chrone refractory bricks
are neant to withstand especially high tenperatures and corrosive.
conditions and are fired at a higher tenperature of about 1,760°C
(3,200°F). At this tenperature a strong direct chem cal bond is
formed fromrecrystallization of the chromte, magnesite, and bondi ng
agents. Total residence time in the kiln ranges from8 hours to over
4 days depending on the type of refractory being produced. 22

The last step in the pressing and firing process is finishing
the bricks (Figure 13, pt. 11). This step is simlar to the
finishing step in the fusion casting process. It can include
grinding or sawing the refractory bricks to neet specifications. 17

Figure 14 is a process flow chart for the production of chromc
oxi de basic brick by both the casting and pressi ng processes.
Chromic oxide is the raw material for this type of refractory.
Chrom c oxi de may be ground and sized at the plant (as in Figure 13,
pts. 1-3), but it is often bought pre-ground to specification. For
this reason, Figure 14 begins with the storage of the pre-ground
chrom c oxide raw material at the plant (Figure 14, pt. 1).%21

59



The casting process generally used to produce chroni c oxide
brick differs somewhat fromthe fusion casting process for
chronme-magnesite basic brick previously discussed. The chronme oxide
is mxed (Figure 14, pt. 2), but not fusion nelted, before casting
(Figure 14, pt. 3). Therefore, the cast products are dried
(Figure 14, pt. 4) and fired along with the pressed products (Figure
14, pt. 8) to formthe ceranmic or chem cal bonds. The finishing step
(Figure 14, pt. 9) includes grinding or sawing the bricks to
speci fication. !

The pressing process which chronic oxide refractories undergo is
very simlar to that used for production of other types of basic
brick. An additional step to dry the chronic oxide (Figure 14, pt.

5) has been added before the m xing and pressing steps. But the

m xi ng, pressing, firing, and finishing of pressed chrom c oxide
bricks (Figure 14, pts. 6-9) are carried out as previously discussed
in connection with the basic brick-pressing process.?!

Figure 15 illustrates the production of chrom um contai ni ng,
unformed refractory products such as nortars, plastic or ranm ng
m xes, castables, and gunning m xes. The process consists solely of
preparing the raw materials (i.e., grinding, sizing) in Figure 15
(pt. 1), mxing themwi th additives (Figure 15, pt. 2), and packaging
the unforned products in bags or boxes (Figure 15, pt. 3). Mxing is
usually a dry process. The formng and firing steps are conpletely
om tted. 1617.2

Em ssion Factors--

The sources and amounts of chromumemtted fromindividua
pl ants vary w dely depending on the type of refractory being produced
and the type of manufacturing equi pnent used. Most em ssions are in
the formof trivalent chrom c oxide, since hexaval ent chrom um
conpounds meke up | ess than 1 percent of the industry's
chrom umcontaining raw materials.' The chrom um content of raw
materials required for different refractory products varies, causing
chrom um concentrations in raw materi al -derived particul ate em ssions
to vary. At sone plants chrone ore is crushed and ground on-site,
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causi ng chrom um eni ssions, while other plants buy pre-ground chromc
oxide. Chrom um enission rates al so depend on whether a casting or
pressing process is used. This section gives an overvi ew of

potential sources and rates of chrom um em ssions occurring in the
general i zed manufacture of chrome refractories. |In order to estimte
em ssions froma particular plant, its specific manufacturing process
woul d need to be studied.

The di scussion of chrom um em ssion sources in the refractory
processes refers to Figure 13, Figure 14, and Figure 15. These show
chrom um em ssions fromthe manufacture of chrone-containing basic
bricks, chrom c oxide bricks, and unforned refractory products,
respectively. The raw materials processing operati ons appear to be
the nost significant potential source of chrom um em ssions from
refractory plants. The chronme ore grinding mlls (Figure 13, pt. 1)
and drying kilns (Figure 13, pt. 2) emt particles of chromte. The
final grinding and sizing of raw materials, shown in the forned and
unformed refractory flowcharts, also emt chrom um containing
particul ates. Enissions fromthese sources are conmonly controlled
with fabric filters.2

M xers where raw materials are conbined may al so be sources of
em ssions. These occur at the start of the forned refractory
pressing process loops (Figure 13, pt. 7 and Figure 14, pt. 6) and in
the manufacture of unforned refractories (Figure 15, pt. 2). |If the
m xing is a danp process, em ssions are slight. Dry mxing, however,
emts a substantial quantity of particulates. Wt scrubbers or
cyclone/fabric filter conbinations are used to control this
source. 162

O her sources of enmissions fromthe pressing process include
dryers and kilns (Figure 13, pt. 9 and pt. 2; Figure 14, pt. 5 and
pt. 8). Brick dryers and kilns are viewed as m nor sources of
chrom um em ssions. These sources are usually uncontroll ed. 16212324
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In the manufacture of chrome-containing basic brick by the
fusion casting process, chrom um em ssions originate fromarc
furnaces where chrome ore and other raw materials are fusion nelted
(Figure 13, pt. 4). The fluxing action in these arc furnaces
entrains chrom umcontaining fugitive particul ates, which are usually
collected and controlled by nmeans of a fabric filter. 16

The finishing step is a potential source of chrom um em ssions
during the manufacture of all fornmed id unforned chronme refractory
products. This step, shown in Figure 13, Figure 14, and Figure 15,
can include grinding, sawi ng, and packaging final refractory
products. As the chrom umcontaining refractory products are
fini shed and handl ed, chrom um contai ni ng dust can be generat ed.
Such emi ssions, if substantial, are usually ducted to fabric
filters.?1®

Tabl e 11 presents controll ed and uncontroll ed enm ssion factors
for plants producing chrome-containing bricks by the pressing and
fusion casting processes. These figures are taken froma 1973 study
that reports total uncontrolled pressing process en ssions from
crushing, sizing and drying of chrone ore raw materials to be 75
kg/My (150 Ib/ton). This study also reports uncontrolled pressing
process em ssions frombrick firing kilns to be about 0.1 kg/My (0.2
I b/ton).2> A control efficiency of 64 percent fromthe 1973 study was
used to calculate the controlled chrom um eni ssion factors shown on
Table 11.2%

For the fusion casting process, the 1973 EPA report estinmated
uncontrol l ed chrom um em ssions to be 112 kg/ My (225 Ib/ton).23 This
factor is also included in Table 11. Since the initial processing of
raw materials (crushing, sizing) is simlar for the casting and
pressi ng processes, it would appear that about 75 Mg/ kg (150 I b/ton)
woul d come fromraw materials processing. The additional 37 M/ kg
(75 I b/ton) of chromumemtted in the casting process would
presumably cone from arc furnaces and breakout and finishing of the
cast refractory products. The 1973 report assunmed 77 percent
efficiency in calculating controlled em ssion rates fromthe casting
process. 23
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TABLE 11. CHROM UM EM SSI ON FACTORS FOR THE REFRACTORY | NDUSTRY 23

Chrom um Em ssi on Factors, kg/ My
(I'b/ton) of Refractory Produced?®

Type of Process Uncontrol | ed Control | ed
Total Pressing Process 75 (150)° 27 (54)c
- Oe Crushing, Sizing, Drying 75 (150) 27 (54)c
- Brick Firing Kilns 0.1 (0.2)¢ e
Total Fusion Casting Process 112 (225) 26 (52)f
- Oe Crushing, Sizing, Drying 75 (150) 17 (34)f
- Fusion Melting, Casting, 37 (75) 9 (18)

Br eakout, and Fi ni shi ng

@ Emi ssion factors are expressed in terns of total elenental chrom um
Chrom um em ssi ons shoul d predom nantly contain trivalent chrom um

b Reference 1818 reported that this emnission factor grossly overstates
uncontrol | ed em ssions.

¢ This figure assunes a 64 percent control efficiency.

9 A 1980 study indicated that uncontrolled enissions fromkilns are |ess
than 0.5 kg/My (1.0 Ib/ton).

e This source is not controll ed.

f This figure assunes a 77 percent control efficiency.
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Recent data indicates that 90 to 99.9 percent control of
chrom um em ssions can be effected in the refractory industry.
Controll ed chrom um em ssion factors for Table 12 were devel oped
using data on two plants avail abl e through state governnment
agenci es. 224 Total particulate em ssion rates fromeach source
listed on Table 12 were avail able fromthe agencies. Throughputs of
chrom um containing raw materials were al so given. To calculate
chrom um em ssions on the basis of per ton of raw materials
t hroughput, three assunptions were made. The first is that
refractory grade chronme ore contains 34 percent chrom c oxide.25 The
second is that the weight of elenental chrone is 68.4 percent of the
total weight of chromc oxide (Cr,0;). The third is that
concentration of chromumin particulates emtted is the sane as the
concentration of chromumin the raw materials. Table 12 gives the
resulting controlled chrom um em ssion factors for different steps in
t he manufacture of chronme-nmagnesite and chronic oxide bricks.

Source Locati ons- -

Based on the nbst recent data available, there are, in 1984, 43
pl ants owned by 26 conpanies in the United States producing
chrom um containing refractories. The |ocations of these plants are
given in Table 13. 1826

Chrom um Chem cal s Manuf acture

Process Description--

Approximately 40 different chrom um chenmi cals are manufactured
in the United States, nobst of which are | ow volume chemcals. The
| argest volume and nost commercially significant chrom um cheni cal s
are sodi um chromate and sodi um di chromate. These chrom um chem cal s
are significant because all other donestically manufactured chrom um
conmpounds use sodium chromate or dichromate as their primary
feedstock material. The nore inportant secondary chem cals include
chrom c acid, potassium chromate and di chromate, anmoni um di chr omat e,
basic chrom c sulfate, and chrome pignents (chrome oxi de green,
chronme yell ow, chronme orange, nolybdate chrome orange, and chrone
green). ?n28
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TABLE 12. CONTRCLLED CHROM UM EM SSI ON FACTORS FOR THE REFRACTORY

| NDUSTRY 2%.24

Chr om um Em ssi on Fact or

kg/ My

Em ssi on Source

(I'b/ton) of Raw

Mat erial s Processed

Contr ol
Devi ce

Cont r ol
Efficiency %

Chr one- Magnesite Brick
Producti on

Chrone Ore Preparation
Ore storage, grinding,

and si zing .01-.05 (.02-.10)" fabric filter 99.9
Dryer .0018-.002(.0035-.0041)" fabric filter 99.9
Storage in raw
materials silo . 0022-.0032(. 0045-.0065) ¢ fabric filter 99.9
Pressing and Firing
M xer . 0005-. 0022(.0011-.0043)c fabric filter 99.9
Brick dryer . 00037 (.00074)c scr ubber 90.0
Brick kiln . 00044 (.00099)c¢ scr ubber 90.0
Chrom c Oxide Brick
Producti on
Casting Process
MIlling (ball mll) .48 (.96)¢ wet scrubber 97.0
Spray dryer .48  (.96)¢ fabric filter 97.0
Pressing Process
M xer .48  (.96)¢ wet scrubber 97.0
a Em ssions reported as total elenental chromum  Chrom um em ssions shoul d

contain predom nantly trival ent chrom um

® Raw nmaterials processed in this step include only-chrone ore.

© Raw materials processed in this step are a m xture of chrone ore and

magnesi t e.

¢ Raw materials processed in this step include only chrom c oxide.
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TABLE 13. LOCATIONS OF PLANTS PRODUCI NG CHROM UM REFRACTORY MATERI ALS 1826

State, Gty Conpany
Al abama

Anni st on Donoho C ay Conpany

Pell City Ri versi de Refractories, I|nc.
California

Moss Landi ng Kai ser Refractories
Col or ado

Puebl o A. P. Geene Refractories Co.
Ceorgi a

August a Babcock and W cox
Illinois

Aur or a C-E Refractories

Addi son Magneco/ Metrel, Inc.

Chi cago Chi cago/ Wl I sville Fire Brick Co.

Chi cago Hei ghts

I ndi ana
Crown Poi nt
Hanmmond
New Carlisle

Kent ucky
Sout h Shore

Loui si ana
New | beri a

Mar yl and
Bal ti nore

M chi gan
Mani st ee

Sout h Rockwood

M ssi ssi ppi
Pascagoul a
M ssouri
Mexi co
Vel lsville
Webster Grove
New Jer sey
a d Bridge

Sal azar and Sons, |nc.
C-E Refractories

BM, Inc.
Har bi son- Wal ker Refractories
The Car bor undum Conpany

Di di er Tayl or Refractories Corp.

The Car bor undum Conpany

Har bi son- Wal ker Ref ractories
General Refractories

Martin Marietta Chem cal s
BM, Inc.

Corhart Ref ractories Co.

A. P. G eene Refractories Co.

Kai ser Refractories

Chi cago/ Wl I sville Fire Brick Co.
M ssouri Refractories

The Qui gl ey Conpany
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TABLE 13. (CONTI NUED) LOCATI ONS OF PLANTS PRCDUCI NG
CHROM UM REFRACTORY NATERI ALS 1826

State, Gty Conpany
New Yor k

Fal coner The Car bor undum Conpany
Ghio

Ci nci nnati Coastal Refractories, Inc

Di di er Tayl or Refractories Corp.

Col unmbi ana Kai ser Ref ractories
I rondal e Maryl and Refractories
Mapl e Grove Basic Refractories
Negl ey Magneco/ Metrel, Inc.
Sout h Webst er BM, Inc.

Pennsyl vani a

Al exandri a Maryl and Refractories
Nor ri st own Resco Products, Inc.
Pl ynmout h Meeting Kai ser Refractories
Snowshoe J. H France Refractories Co.
Soner set Bognar and Co., Inc.
Tar ent um A. P. Geene Refractories Co.
Wonel sdor f North American Refractories Co.
Zel i enopl e Lava Cruci bl e Refractories Co.
Ut ah

Lehi CGeneral Refractories Co.

West Virginia
Buckhannon Cohart Refractories Co.

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 particular facilities
by consulting current listings and/or the plants thenselves. The
| evel of chrom um em ssions fromany given facility is a function
of variables such as capacity, throughput, and control neasures.
It should be determ ned through direct contacts with plant

per sonnel .
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The production of the primary conmpounds, sodium chromate and
di chromat e, has the greatest potential for atnospheric em ssions of
all the chrom um chem cal manufacturing processes. The enissions
potential is great because of the large volune | evel of production,
the large quantity of chronmite ore processed, and the dry chem stry
operations in the chromate and di chromate processes. Chrom um
em ssions fromthe production of many other chrom um chem cals are
negl i gi bl e or nonexi stent because the processes involve all wet
chem stry and/or the processes are of relatively |ow tenperature to
prevent any chromumvolatilization. Little or no information is
avai l able to characterize the production and em ssions of secondary
chrom um chem cal conpounds.

The processes used to manufacture sodi um chromate and sodi um
di chromate are shown in Figure 16 and Figure 17, respectively. To
initiate the sodium chromate process chrome ore is crushed (if it was
not bought already sized to specification), dried, and ground to a
powder in a ball mll (Figure 16, pt. 1). The ground chrome ore is
then m xed (Figure 16, pt. 2) with soda ash, lime, and usually
| eached cal cine residue froma previous roasting operation. The
m xture is then roasted in a rotary kiln at temperatures of 1,100 to
1,150°C (2,010-2, 100°F) for about 4 hours (Figure 16, pt. 3).
Oxi dati on occurs and sodium chromate is produced with the basic
reacti on being:

4 FeCr,0, + 8 Na,CO, + 70, --> 2 Fe,0, + 8 Na,&rO, + 8CO,

At the Anmerican Chronme and Chemi cal plant, a gas-fired furnace
equi pped with a revolving annular hearth is used instead of a rotary
kiln to acconplish the roasting reaction.?’

The kil n roast is then discharged through a cool er and | eached
(Figure 16, pt. 4) The | eached calcine is recycled to the raw
materials mxing station (Figure 16, pt. 2) for the purpose of
diluting the kiln feed. If sodiumalumnate is present in the
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chromate liquor, alum na nust be precipitated before any further
chrom um processing. To acconplish this, sodiumdichromate |iquor
fromthe dichromate manufacturing process is typically added to
hydrolizing tanks (Figure 16, pt. 5) and the pH of the solution

mai ntained at 9. Alumina in the formof gibbsite (A ,0 ¢« HO then
precipitates and is filtered off (Figure 16, pt. 6), leaving a
refined chromate liquor. A variation on this process, which involves
raising the pHto 10 and then lowering it to 6.5, is clained to give
very readily filterable al um na.?

The refined chromate |iquor can then be sold as a solution, or
it can be evaporated to dryness or crystallized (Figure 16, pt. 7 and
pt. 8) and sold as technical grade sodium chromate or sodi um chromate
tetrahydride. 27

Most of the refined chromate |iquor generated is used to
produce sodium dichromate. During this process, sodiumchromate is
converted to dichromate (Na,Cr,O) by treatnent with sulfuric acid
(Figure 17, pt. 1). The sodiumdichromate liquor is evaporated and a
sodi um sul fate byproduct is precipitated (Figure 17, pt. 2 and pt.

3). The now purified and concentrated di chromate |iquor is
crystallized (Figure 17, pt. 4), put through a crystal centrifuge
(Figure 17, pt. 5), and dried (Figure 17, pt. 6) and packaged (Figure
17, pt. 7) as the final sodiumdichromate product.?"2°

The sodium sulfate, which was precipitated at pt. 3, is
centrifuged and dried (Figure 17, pt. 8 and pt. 9). The filtrate is
recycled to the evaporator (fromFigure 17, pt. 8 to pt. 2), and the
dried sodium sulfate is packaged (Figure 17, pt. 10) and sold. Sodium
di chromate nother liquor is generated when the sodi umdi chromate is
crystallized and centrifuged (Figure 17, pt. 4 and pt. 5). It can be
packaged (Figure 17, pt. 11) and sold as 69 percent sodium di chromate
solution or recycled to the dichromate evaporation (Figure 17, pt. 2)
or alum na precipitation (Figure 16, pt. 5) operations.?"2°
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To illustrate the significance and role of sodium chromate and
sodi um di chromate in the production of secondary chrom um chem cal s,
brief process descriptions are presented of chromc acid and
pot assi um and anmoni um di chr omat es production. The production of
numer ous ot her secondary chrom um chenmicals is not described, nor are
em ssions data avail able therein. For nore details on these
producti on processes, the reader should consult references 27 and
29. 27, 29

Chromc acid (CrQ;), also known as chromumtrioxide or chromc
anhydri de, can be produced by nore than one method. The traditiona
chrom c acid production process involves m xi ng sodi um di chromate
di hydrate with sulfuric acid in a reactor which is heated externally
and stirred with a sweep agitator. The chem cal reaction taking
pl ace i s shown bel ow.

Na,Cr,0, + 2H,S0, --> 2CrO, + 2NaHsSO, + H,0

Water is driven off and the hydrous sodiumbisulfate nelts at 160°
(320°F). The nolten bisulfate provides a heat transfer mediumfor the
melting of chromc acid at 197°C (387°F). The agitator is turned
of f, and the m xture separates into a heavy layer of nolten chronmic
acid and a |light layer of sodiumbisulfate. The chromc acid |ayer
is tapped fromthe reactor and fl aked on water cooled rolls to
produce the comercial product.?

A second nmethod for producing chromc acid is illustrated by
Figure 18.27,30 A large amobunt of sulfuric acid is first added to a
concentrated solution of sodiumdichromate (Figure 18, pt. 1). A
crude chrom c acid containing sodiumbisulfate and sonme sulfuric acid
is precipitated and separated by filtration (Figure 18, pt. 2). The
crude chromc acid is then nmelted (Figure 18, pt. 3) in this snmall
anount of sodium bisulfate, with sodium di chromate added to convert
any excess sulfuric acid into chromc acid. The chromic acid is then
flaked as in the traditional process (Figure 18, pt. 4), packaged
(Figure 18, pt. 5), and sold. Less waste sodiumbisulfate is
produced by this process than by the traditional chromc acid
manuf act uri ng process. 273031
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Pot assi um and ammoni um chromat es and di chromates are al so
produced from sodi um di chromate. These are generally nade by
reacting sodiumdichromate with an equi val ent anpunt of potassium
chloride or anmmonium sulfate in a crystallization process. Care nust
be taken in drying anmoni um di chromat e because deconposition starts
at 185°C (365°F). Potassiumchromate is made fromthe reaction of
pot assi um di chromat e and pot assi um hydr oxi de. ?7

Em ssion Factors--

Possi bl e sources of chrom um contai ning eni ssions fromthe
producti on of sodium chromate are shown in Figure 16. The ball mll
and m xer (Figure 16, pt. 1 and pt. 2) enmit chronme ore particul ates.
Fabric filters are typically used to control these sources with
efficiencies of over 99 percent.?”323 Chrom um em ssions fromkilns
Figure 16, pt. 3) are controlled with ESPs or cycl ones and
scrubbers. 27323435 F| ectrostatic precipitators can be over 99 percent
efficient in controlling chrom umenissions fromthis source;?7.323%
cycl ones and scrubbers are sonmewhat |ess effective. Leaching tanks,
(Figure 16, pt. 6) also emit chromum These are usually hooded and
em ssions are funneled into stacks equi pped with wet scrubbers. From
90 to over 98 percent control has been achi eved depending on the type
of scrubber and the throughput.?”3% The filter (Figure 16, pt. 6) is
the final chrom um em ssion source in the production of refined

sodi um chromate liquor. |If the chromate liquor is then converted to
dry sodi um chromate products, the evaporators and dryers
(Figure 16, pt. 7 and pt. 8) will be sources of particul ates

contai ning sodium chromate. These sources are controlled with ESPs
or cyclones and wet scrubbers. Chrom um containing dust arising from
handl i ng and packagi ng of the final product(Figure 16, pt. 10) is
usual ly channeled into fabric filters.?2"3

Sources of chrom um containing particulate em ssions fromthe
sodi um di chromat e manuf acturing process (Figure 17) include the acid
treatnment tank, evaporator, crystallizer, and dryer. These sources
are controlled with ESPs or cyclones and wet scrubbers. Em ssions
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from packaging are controlled by fabric filters. Efficiencies of
these devices are simlar to those reported in connection with the
chromat e manuf acturing process. 273637

The | argest sources of chrom um emn ssions fromchrom c acid
production are the reactor, the filter, and the packagi ng process.
Melters and fl akers are m nor sources. Scrubbers are commonly used
to reduce chrom um containing particulates at all of these points,
al though fabric filters may al so be used at the packagi ng step.

Ef ficiencies of over 95 percent are reported fromtesting at a pl ant
whi ch uses wet scrubbers. 27:30.35

Tabl e 14 gives emi ssion factors derived froma 1973 EPA report
for the conbi ned production of sodiumchromate and di chromate. 2 Al
chromate is assuned to be converted to dichromate. Actual em ssions
testing data were used to determ ne the uncontrolled factor given for
kil n em ssions. However, the uncontrolled factor which the 1973
report lists for total process em ssions is an estimate based on the
assunption that other process em ssion sources, mainly dryers, enmt
roughly the same anount as the kiln. The figures given for controlled
em ssions in Table 14 were based on the 1973 report's assunption of
90 percent control efficiency.? As the preceeding discussion on
em ssion sources and controls states, efficiencies of well over 90
percent are achieved with nodern control devices.

TABLE 14. CHROM UM EM SSI ON FACTORS FOR SODI UM DI CHROVATE
MANUFACTURI NG PLANTS?

Chrom um Em ssi on Factors
kg/My (I b/ton) of Dichromate Produced?

Source of Em ssions Uncontrol | ed Controll ed
Total Process 15 (30) 1.5 (3.0)°
Kiln Only 7.5 (15) 0.7 (1.5)°

a Al emission factors expressed in terns of total elenenta
chrom um Em ssions should contain chromiumin predom nantly the
hexaval ent oxi dation state.

b Factor assunes a control efficiency of 90 percent.
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Table 15 lists chrom um emnm ssion factors for chromc acid
production derived fromtest data on one plant.30 The total raw
materials throughput and particul ate em ssion rates were given for
each step of the plant's chromic acid process. To derive the figures
in Table 15, it was assumed that particulates enmitted were nainly
chrom c acid and that chrom um constitutes 52 percent of chromc acid
by wei ght.

No em ssion factors are available for the production of other
secondary chrom um chem cal s.

TABLE 15. CHROM UM EM SSI ON FACTORS FOR CHROM C ACI D PRODUCTI ONs©

Chrom um Em ssion Factors kg/My (| b/ton) Measured

of Raw Materials Processed? Contro
Em ssi on Source Uncontrol | ed Control | ed Ef ficiency
Chrom c Acid Reactor, 0.2 (0.4) .01 (.02)" 95%
Melter, and Fl aker
Chromic Acid Filter 1.4 (2.8) .01 (.03)°" 99%
Packagi ng 0.7 (1.4) .04 (.07)°" 95%

& Factors reported as total elenmental chromum Em ssions should
contain chromumin predom nantly the hexaval ent oxidation state.
b Em ssion source controlled by scrubbers.

Source Locati ons- -

There were three plants in the United States in 1983 produci ng
sodi um chromat es and di chromates. Their | ocations are given in Table
16.%® The locations of plants produci ng secondary chrom um chemni cal s
are shown in Table 17.3
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TABLE 16. LOCATI ONS OF SCDI UM CHROVATE AND SODI UM DI CHROVATE
MANUFACTURI NG PLANTS 38

Pr oducti on of
Sodi um Chr omat e

Owner Locati on as End Product
Al lied Corp. Balti nore, ND Yes
Ameri can Chrone Corpus Christi, TX Yes

& Chem cal s, Inc.

D anbnd Shanr ock Castl e Hayne, NC No

Not e: 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 level of chrom um em ssions from any given
facility is a function of variables such as capacity,

t hroughput, and control neasures. It should be determ ned

t hrough direct contacts with plant personnel.

Chrom um Pl ati ng

Process Description--

Chromumis plated onto various substrates in order to
provi de a decorative and corrosion resistant surface. Steel, brass,
al um num plastics, and zinc die castings nmay serve as substrates.
The two mgaj or types of chromum plating are decorative and hard.
Decorative plate consists of a thin (0.25 umthick) layer of chrom um
which is applied over a |ayer of nickel to provide a bright,
tarni sh-resistant surface. Decorative chrone plate is popular for
consumer itenms such as auto trim Hard plating produces a thicker
chrom um |l ayer (10 to over 300 umthick) which has excellent hardness
and wear-resistance and a | ow coefficient of friction.404
Applications include drills, reaners, burnishing bars, draw ng plugs
or mandrels, drawing dies, plastic nolds, gages, punp shafts, rolls
and drunms, hydraulic rans, and printing plates.* The electroplating
process used to produce the two types of chromumplates are simlar.
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TABLE 17. LOCATI ONS OF COVPANI ES PRODUCI NG SECONDARY CHROM UM CHEM CALS®*

Chemi cal Conpound and
Cor porate Producer

Amoni um di chr omat
Al lied Corporation
Ri chardson- Vi cks, |nc.

Bari um chronnat e
Bari um and Chem cals, Inc.
Nati onal | ndustri al

Chrone |ignosul fonate
Di xi e Chem cal Co.

Chromc acid
Al lied Corporation
D anond Shanr ock Cor p.

Chrom um acet at e
Ameri can Cyanam d Co.
Bl ue Grass Chem cal

McGean Chem cal Co., Inc.
The Shepherd Chem cal Co.

Chrom um acet yl acet one
@l f Gl Corp.
McKenzi e Chem cal Works, Inc.
The Shepherd Chem cal Co.

Chrom um brom de nopno-
Thi okol Cor p.

Chr onmi um car bi de
Uni on Car bi de Cor p.

Chr om um car bonyl
Pressure Chem cal Co.
Strem Chem cal s, |nc.

Chrom um chl ori de, basic
D anond Shanr ock Cor p.

Chrom um chl ori de,
Bl ue Grass Cheni cal
McGean Chem cal Co., Inc.

(chrom c)
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Chem cal Co.

Speci al ti es,

Speci al ties Co.

I nc.

Locati on

Balti nore, ND
Phill'i psburg, NJ

St eubenvill e, OR
Chi cago, IL

Bayport, TX

Balti nore, ND
Castl e Hayne, NC

Charlotte, NC
New Al bany, IN
Wbodbri dge, NJ
Cl evel and, OH
Cincinnati, OH

G oucester City, NJ
Bush, LA
Ci ncinnati, OH

Danvers, MA

Ni agra Falls, NY

Pittsburgh, PA
Newbur yport, MA

Asht abul a, OH

New Al bany, IN
Cl evel and, OH



TABLE 17. ( CONTI NUED) LOCATI ONS OF COVPANI ES PRODUCI NG
SECONDARY CHROM UM CHEM CALS®*°

Chrom um di bori de

Thi okol Cor p. Danvers, MA
Chromium di fl ouri de
Pennwal t Cor p. Tul sa, K
Chrom um di oxi de
E.l. DuPont de Nenpurs & Co., Inc. Newport, DE
Chrom um 2- et hyl hexanoat e
Mooney Chem cals, Inc. Franklin, PA
The Shepherd Chem cal Co. Cincinnati, OH
Chrom um fl ouri de
@l f Gl Corp. Cl evel and, OH
Chr om um hydr oxi de
Pfizer Inc. Lehi gh Gap, PA
Chrom um hydroxy di acetate
McGean Chem cal Co., Inc. Cl evel and, OH
Chrom um hydroxy di chl oride
McGean Chem cal Co., Inc. Cl evel and, OH
Chr om um napht henat e
Mooney Chem cals, Inc. Franklin, PA
Troy Chem cal Corp. Newar k, NJ
Chromumnitrate
Al l'ied Corporation Cl aynont, DE
The Shepherd Chem Co. Cincinnati, OH
Chrom um ol eat e
The Shepherd Chem Co. Cincinnati, OH
Troy Chem cal Corp. Newar k, NJ
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TABLE 17. ( CONTI NUED) LOCATI ONS OF COVPANI ES PRODUCI NG

SECONDARY CHROM UM CHEM CALS®*°

Chrom um oxi de (chrome greens)
Ci ba- Gei gy Cor p.

M nnesota M ning and Manufacturing Co.

Nati onal | ndustrial Chem cal Co.
Pfizer Inc.
Rockwood | ndustries, Inc.

Chr om um phosphat e
Ci ba- Gei gy Cor p.
Nati onal Industrial Chem cal Co.

Chrom um pot assi um sul fate
McGean Chem cal Co., Inc.

Chrom um sul fate

Bl ue Grass Chemical Specialties, Inc.

Hydri ce Chem cal Co.

Chrom um sul fate, basic
Ci ba- Gei gy Cor p.

Chromumtriacetate
D anond Shanr ock Cor p.

Chromumtrif |ouride
Pennwal t Cor p.

Lead chromate (chrome yell ow)
Ci ba- Gei gy Cor p.
Hydrite Chem cal Co.
Nati onal Industrial Chem cal Co.
Rockwood | ndustries, Inc.

Mol ybdat e or ange
Ci ba- Gei gy Cor p.
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d ens Fall s,
Copl ey, OH
Chi cago, IL

NY

Lehi gh Gap, PA

Los Angel es,

CA

Beltsville, M

d ens Fall s,
Chi cago, IL

NY

Cl evel and, OH

New Al bany, |
M | waukee, W

Sal em NA

N

Asht abul a, OH

Tul sa, K

d ens Fall s,

NY

M | waukee, W

Chi cago, IL
Los Angel es,
Beltsville,

d ens Fall s,

CA
VD

NY



TABLE 17. ( CONTI NUED) LOCATI ONS OF COVPANI ES PRODUCI NG
SECONDARY CHROM UM CHEM CALS®*°

Pot assi um chr omat e

Al lied Corporation Balti nore, ND
Pot assi um di chr omat e

Al lied Corporation Balti nore, ND
Stronti um chromat e

Bari um and Chem cals, Inc. St eubenvill e, OH

Nati onal | ndustrial Chem cal Co. Chi cago, IL

Rockwood | ndustries, Inc. Beltsville, M

Zi nc chromat e

Nati onal | ndustrial Chem cal Co. Chi cago, IL
Rockwood | ndustries, Inc. Beltsville, M
Los Angeles, CA

Not e:

This listing is subject to change as market conditions
change, facility ownership changes. plants are cl osed down,
etc. The reader should verify the existence of particular
facilities by consulting current |listings and/or the plants
thensel ves. The level of chrom um enmi ssions from any given
facility is a function of variables such as capacity,

t hroughput,. and control neasures. It should be determ ned
t hrough direct contacts with plant personnel.
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Figure 19 provides a generalized flow chart for decorative
chrom um plating on a steel substrate. Figure 20 shows the hard
pl ati ng process, for which steel is the usual substrate. Possible
variations on the processes shown in Figure 19 and Figure 20 are
di scussed below. Plating operations generally involve dipping the
substrate into tiks containing various solutions. The substrate
items may be noved between tanks manual ly or using automation. The
decorative and hard pl ating processes both involve cl eani ng and
preparing the substrate foll owed by the el ectrodeposition of
chromum It should be noted that rinsing is carried out between
every cleaning and plating step. Wen a part being plated is noved
fromone tank to the next, sone of the solution fromthe first tank
will remain on the part and be transferred to the next tank. This
process is termed drag-in, and rinsing between plating steps is
necessary to reduce contam nation of plating solutions by drag-in.

The chrom um pl ating processes start with a pretreatment step
(Figure 19, pt. 1 and Figure 20, pt. 1) which can consist of
mechani cal buffing, polishing, and vapor degreasing or soaking in an
organi c solvent. Alkaline cleaning (Figure 19, pt. 2 and Figure 20,
pt. 2) renoves surface soil and is acconplished by soaki ng and/ or
el ectrolytic processes. Gas evolution on the surface of the
substrate aids the cleaning agent's action in electrolytic al kaline
cleaning. Mre details on electrolytic processes are given in
reference 4141 in connection with chrom um el ectropl ati ng tanks.
After cleaning, the substrate is dipped in acid (Figure 19, pt. 3 and
Figure 20, pt. 3) to renove tarnish and to neutralize the al kaline
filmon its surface. At this point, the steel substrate is clean and
ready to accept a netal deposit.

In the case of decorative chromum plating, an undercoat of
copper is applied to the steel in tw plating steps, with an acid
rinse between each step (Figure 19, pts. 4-6). Next a nickel plate
is applied by electrodeposition (Figure 19, pt. 7 and pt. 8). These
under coats prohibit undesirable reactions between the substrate and
the final plate which could enbrittle the final product. Nickel also
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Figure 19.
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provi des the basic protection and wear-resistance of the plated part
since the decorative chrome layer is very thin. The final step in
the decorative plating process is the electrodeposition of a thin

| ayer of chrone (Figure 19, pt. 9).

In the hard chrom um pl ati ng process, the cleaned substrate
under goes an anodi zing treatnment (Figure 19, pt. 4). This puts a
protective oxide filmon the metal by an el ectrolytic process in
whi ch the substrate serves as the anode. Then the hard chrom um | ayer
is electrodeposited (Figure 19, pt. 5) wthout any undercoating of
copper or nickel . 404142

A typical chromumelectroplating tank is pictured in Figure
21.4 The system consists of a cathode and an anode, both imersed in
el ectrolyte. Generally the part to be plated functions as the
cat hode, and the anode is a bar of |ead-antinmony or |ead-tin alloy.
The el ectrolyte contains ions of hexaval ent chromium (from chromc
acid) and small anmounts of another anion, usually sulfate. The
sul fate, or sonetinmes fluoride, inproves the electrical conductivity
of the electrolyte bath. 4

To acconplish the plating process, |ow voltage direct current
process electricity is charged through the el ectrol yte bath.
El ectrol ytic deconposition of water in the bath rel eases hydrogen gas
at the cathode and oxygen at the anode. As these gases rise to the
surface of the bath, a m st of electrolyte is formed and chrom um
metal is deposited on the substrate.

Tabl e 18 shows the conposition of conventional chrom um plating
sol utions, and the tenperature and current densities in a typical
tank. Recently devel oped proprietary processes substitute fluoride or
fluorsilicate ions for sulfate ions in the electrolytic plating
solution, resulting in nore efficient chrom umplating. Another area
of present investigations involves using trivalent chrom um baths as
an alternative to hexaval ent chromic acid plating baths. The extent
of use of trivalent chromum plating solutions is unknown.
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TABLE 18. TYPI CAL CHROM UM PLATI NG CONDI T1 ONS USI NG CONVENTI ONAL

BATHS 42
Hard Chrom um
Decorative Pl ates Dilute Concentrat ed
Chromc acid (O G), g/l 250- 400 250 400
Sul furic acid (H,SQ), g/l 2.5-4 2.5 4
Cat hode current density, A/n? 1250- 1750 3100 2200
Tenperature, °C 38-43 55 50
Deposition rate, unihr 8-13 25 13
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Current efficiency of chrom um deposition is |ow, about 8 to 12
percent for conventional baths and up to 20 percent for newer
flouride ion solutions. This and other factors conbine to require
long plating tines for depositions of the thickness required in hard
chrom um pl ati ng. Tabl e 18 gives typical chromum plate deposition
rates. 4

The chrom um el ectrodeposition step is the sane no matter what
substrate material is used. However, the cleaning and preparation of
other netal substrates nmay differ fromthose di scussed for stee
(Figure 19 and Figure 20). For exanple, the copper undercoat may be
applied in one plating step rather than the two copper plating steps
for steel substrates shown in Figure 19. Simlarly, nickel
underpl ate may be applied in one rather than two steps. On al um num
substrate, a zinc plate is usually applied before the copper plate.
When plating on plastic, the cleaned surface nust be activated,
rendered catalytic, id given an electrol ess deposit of nickel or
copper before the electrolytic deposition of copper, nickel, and
chrom um 4° These process variations, however, do not affect the
procedures used in or emssions fromthe final chrom um
el ectropl ati ng step.

Em ssion Factors--

The only potential source of chrom um em ssions fromthe
decorative chrom um plating process is the electroplating step
(Figure 19, point 9). Chrom um emnm ssions fromthe hard plating
process (Figure 20) are generated in the electroplating step and in
the chrom c acid anodi zing treatnment step. |In the chrom um
el ectroplating steps of the decorative and hard plating processes,
m sts or aerosols of the electrolyte (primarily chromc acid) are
generated. Variables that affect el ectroplating em ssion rates
i ncl ude the bath tenperature, the concentration of bath constituents,
t he amount of work being plated, and the plating current. The
chrom um plating tank in the hard chrom um process generates nore
chromc acid mst than the plating tank in the decorative process
because a higher current density is used for netal deposition
(see Table 18). The higher current density causes higher rates of
gassing thereby generating nore chromc acid m st.4°
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Hooding is generally used on chrom um el ectroplating tanks to
col l ect chrom um contai ni ng gasses and convey them out of the plating
bui l ding. Wet scrubbers are often used to control chromc acid
em ssions fromplating operations. The efficiency of wet scrubbers
in collecting chrom um em ssions fromelectroplating tanks is
reported to be 95 percent. %4 A system devel oped at one plating
operati on conbines a wet scrubber, nultiple stages of electrostatic
precipitators, and an activated carbon filter. The tested chrom um
renoval efficiency is 99.7 percent.?

Chrom um em ssion factors for electroplating operations are
limted, particularly for the decorative plating process. Table 19
shows chrom um em ssion factors devel oped fromthe testing of one
hard chrom um pl ati ng operation.“* Enission factor data for
decorative plating are nuch nore |inmted; however, uncontrolled
em ssions fromone 4,920 liter (1,300 gallon) tank used for
decorative chrom umplating were reported to be 0.20 kg (0.45 | b) of
chrom c acid per hour. 4

Source Locati ons- -

There are several thousand chrom um plating operations in the
United States. Listings can be found in standard manufacturing
directories such as the Thomas Regi ster of American Manufacturers and
Thomas Regi ster Catalog File.* To access published directories of
manufacturing firnms and to identify additional chrom um
el ectropl aters, use SIC Code 3471 -- Electroplating, Plating,

Pol i shing, Anodi zing and Coloring. Sites of chrom umelectroplaters
may al so be obtained fromthe nenbership roles of the trade
associ ati ons known as the Anerican El ectroplaters Society, Inc. and
t he National Metal Finishers Association
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TABLE 19. UNCONTROLLED CHROM UM EM SSI ON FACTORS FROM ONE HARD
CHROM UM PLATI NG FACI LI TY 4

Chr om um Em ssi on Factor
Sour ce of Eni ssions kg/hr n? (I b/hr ft2) of Tank Area?

Hard Plating Tank 0. 00041 (0. 000084)

Hard Plating Tank 0.00026 - 0.0014  (0.000054 - 0.00029)

Hard Plating Tank 0.00043 - 0.0012  (0.000088 - 0.00025)
0

Chrom ¢ Acid Anodi zi ng Tank . 0093 (0.0019)

@ Factors are expressed in ternms of chromc acid. All chromumis in
t he hexaval ent form
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St eel Production

In 1982, 49 percent of the chromte ore consuned in the United
States was used in the netallurgical industry, mainly to produce
chrom um ferroall oys and netals used in steel making. Stainless stee
accounted for 71 percent of the chromumferroall oys consuned,
full-alloy steel, 15 percent; high-strength, | owalloy, and
el ectrical steels, 3 percent; and carbon steel, 2 percent.?

Steel is produced fromthe refining of pig iron, scrap, alloying
materials such as chromum and other additives in a furnace. Three
types of furnaces are currently used. These are the open hearth
furnace, the electric arc furnace (EAF) and the basic oxygen process
furnace (BOPFs). Separate sections describing the-steel making
process and chrom um em ssions fromeach type of furnace follow

El ectric Arc Furnaces and Argon- Oxygen Decarburi zati on Vessels

Process Description--

Because sone types of steel alloys produced in EAFs and
Argon- Oxygen Decar buri zation (AOD) vessels contain chrom um these
furnaces are a source of chrom um eni ssi ons: In 1980, EAFs accounted
for 27.9 percent of donestic raw steel production (up from 10 percent
in 1963). Gowh in EAF capacity was large in 1981 and such growth
is expected to continue. 4

Electric arc furnaces are typically utilized in sem -integrated
and non-integrated steel mlls and in specialty shops.
Sem -integrated steel mlls use direct reduced iron (DRI) in addition
to iron and steel scrap to produce finished steel. Non-integrated
steel mlls use scrap or cooled pig iron produced at another plant to
manuf acture steel. They typically produce a linmted range of
products for a regional market. Electric arc furnaces are
particularly suited to non-integrated mni-mlls producing | ess than
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544,200 My (600,000 tons) per year. Since EAFs can run on scrap,
these small mlls do not need bl ast furnaces and coke ovens, keeping
capital costs relatively low. A nunber of mini-mlls using EAFs
entered the market in the past decade. *®

Electric arc furnaces are used to produce common grades of stee
(carbon steel) as well as stainless and alloy steels (specialty
steel).%® Stainless steels contain from12 to 25 percent chrom um
whi ch inparts the stainless or corrosion-resistant property to the
steel . Electric arc furnaces used to to produce stainless steels
have hi gher potential chrom um em ssions than those used to produce
carbon steel because the ampunt of chrom um consuned is greater

In carbon steel facilities, EAFs are used to nelt scrap netal.
They are al so used as the refining yessel where oxygen blowing is
Performed to oxidize inpurities and performthe final chem ca
adj ustnent on the steel. In specialty steel shops, EAFs are used
Primarily as the netal nelter. The nolten steel fromthe EAF is then
charged to an AOD vessel or other secondary refining vessel.! The use
of AOD vessels is not expected to increase Significantly in the near
future since demand for stainless steel is not increasing.“ A
recent devel opnment in the use of EAFs has been the ultra-high power
(UHP) furnace. The new UHP furnaces allow nore power input to the
charge (and thus a faster nelting rate) and increases the production
rate (a 100-ton normal power EAF has a heat tinme of about 3 hours
while a 100-ton UHP EAF has a heat tinme of about 1 to 2 hours).
Oxyfuel burners and oxygen | ances may al so be used to increase the
nmelt rate in UHP furnaces. 484
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A typi cal EAF used for steel maki ng operations is shown in Figure
22. The production of steel in an EAF is a batch process where
"heats," or cycles, range from1 to 5 hours, dependi ng upon the size
and quality of the charge, the power input to the furnace, and the
desired quality of the steel produced. Each heat consists of three
steps: chargi ng and backchargi ng, nmeltdown and refining, and
tapping. Cold steel scrap and sonetinmes direct reduced iron (DRI)
are charged to begin a cycle, and alloy materials and fluxi ng agents
are added for refining. D rect reduced iron is produced fromiron
ores that are reduced in the presence of excessive quantities of a
reduci ng agent (natural gas, noncoking bitum nous coal, anthracite,
lignite, etc.) to produce |ow carbon iron which is used as nelting
stock along with scrap iron and steel.® The DRI is used as a scrap
suppl ement and as a diluent for residuals in the scrap. Many of the
new el ectric shops are. designed to allow for continuous DRI charging
through a slot in the roof or side wall. The use of DRI is currently
limted in the United States because of the high cost and the
availability of the primary reduci ng agent, natural gas, and because
of the relatively | ow cost and adequate supply of scrap. Currently
there are several denonstration plants in the United States that
produce DRI with coal as the reducing agent.® The coal -based
reducti on process may provide a nore econom cal means of producing
DRI .

During the charging step, iron and steel scrap are |oaded into a
drop-bottom (cl am shel |l type) charge bucket with an el ectromagnet
that is suspended from an overhead crane. The charge bucket is
filled to a specified weight. Wen the roof of the furnace has been
opened, charging is normally perforned by carefully dropping the
charge into the open arc furnace fromthe charge bucket. Sone
smal | er furnaces are charged with scrap directly fromthe suspended
el ectromagnet and do not utilize a charge bucket.*® All steel plants
except one charge cold scrap to the electric furnaces. One nelt shop
routinely charges blast furnace netal to the EAFs, and the nolten
metal is 36 to 40 percent of the total charged material.
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A large variety of scrap is charged to EAFs. According to the
Institute of Scrap Iron and Steel, all grades of scrap are to be
al nrost free of dirt, nonferrous metals, and foreign nmaterial of any
kind. Carbon steel shops typically use No. 1 and No. 2 grades of
scrap, while specialty shops typically use No. 1 scrap, stainless
scrap, and alloys such as ferroman- ganese, ferrochrone, high carbon
chronme, nickel, nolybdenum oxi de, alum num manganese-silicon, and
ot hers. 48

Scrap size and bulk density vary fromlight scrap, such as
machi ne turnings, to heavy scrap, such as ingot butts. Alloying
materials that are not easily oxidized (such as copper, nickel, and
nmol ybdenum) and linme are charged before, or along with, the scrap
metal charge. The linme is a fluxing agent to reduce the sul fur and
phosphorus content in the nolten steel. Depending on the desired
carbon content of the steel and the finished product specifications,
iron ore and coke nay be charged prior to neltdown. 48

During the chargi ng process, the scrap nust be introduced into
the furnace so that there is no damage to the refractory. |If scrap
pi eces remain above the furnace ring, the pieces nust be repositioned
so that the roof can swing back into place for nmeltdown. This
repositioning can be done by hand or by conpressing the scrap with
the charge bucket or other |arge mass of netal suspended fromthe
crane. An oxygen lance is sonetines used to cut any pieces bl ocking
the roof. After the roof is rotated into place, it is |owered onto
the furnace in preparation for neltdown. Repositioning of the scrap
del ays the closing of the roof, allow ng nore enissions to escape
fromthe furnace. *®

After the charging step, neltdown and refining occur. Once the
roof is in place, the electrodes are nechanically lowered to within
2.5cm (1 in.) of the scrap, and the power is turned on.% \When the
current is applied to the electrodes, the electrodes are slowy
| owered by automatic controls until they touch the scrap. During the
first 3 to 5 mnutes, an internmediate voltage is applied to the
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charge to allow the electrodes to bore into the scrap, which, in
effect, shields the sides and roof of the furnace fromthe heat of
the arc.% Melting is acconplished by the el ectrodes of the furnace
and the netallic charge, by direct radiation fromthe furnace |ining,
and by the resistance of the netal between the arc paths. The arcs
melt scrap directly beneath arid around the el ectrodes, boring

t hrough the scrap charge and formng a pool of nolten netal on the
furnace hearth. 4525 The nolten steel pool enhances neltdown by the
radi ati on of heat frombelowinto the cold scrap. After the initial
period, the maxi mumvoltage is applied in order to nelt the charge as
fast as possible. Before the scrap is entirely nelted, a bank of
refractory material (such as dolomte) is built in front of the

sl aggi ng door to prevent the nolten steel fromspilling out the
door.“* Water-cool ed gl ands are provided at the holes to cool the

el ectrodes and mnimze the gap between the el ectrodes and roof

openi ngs to reduce fugitive em ssions, noise |evels, electrode

oxi dati on, and heat | osses.

When the initial scrap charge is alnost entirely nolten, a
backcharge of scrap nay be added to the furnace (in sone shops there
may be nore than one backcharge). Follow ng the back charge, the
roof is replaced, and el ectrodes are | owered and energi zed to nelt
the scrap. Near the end of the neltdown, oxygen |ancing nmay be
perforned.* Oxygen lancing results in increased bath and gas
tenperatures, gas evolution, and generation of particulates. Oxygen
is now used al nost universally (instead of iron ore or mll scale)
for boiling a heat of steel to flush out gases, nmminly hydrogen and
ni trogen. 48

During the neltdown, phosphorus, silicon, manganese, carbon, and
other elenments in the scrap netal are oxidized. Slag formation
begins and is carefully nmonitored during the neltdown stages to
control the chem cal concentration and product quality. Basic EAFs
use either single or double slagging operations dependi ng upon the
desired quality of the end product. The single slaggi ng process uses
an oxidizing slag that is formed by the addition of |inme and coke
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breeze (or other source of carbon) during the initial scrap neta
charge. Oher flux additions, such as fluorspar, silica, and
ferrosilicon, my be nade through the slag door. The doubl e slagging
process devel ops an oxidizing slag first, followed by a reducing
slag. The initially fornmed oxidizing slag is raked off, with the
power to the electrodes cut off, and is foll owed by additions of
burnt |inme, powdered coke, fluorspar, silica, sand, and
ferrosilicon. ®

The final step in the EAF process is tapping. To tap a heat,
the power is shut off and the el ectrodes are raised sufficiently to
clear the bath. The furnace is tilted (sonetines as nuch as 45°), and
the nolten steel is tapped into a ladle. The ladle is placed close
to the tapping spout to capture the batch of steel w thout excessive
spl ashing and to reduce the exposure of the nolten steel to the air
and thus m nim ze excessive oxidation and. cooling of the steel.
Addi ti ons of ferromanganese, ferrosilicon, alum num and other
al l oyi ng agents are sonetines nade to the ladle to adjust the oxygen
content of the steel.*5% For certain steel alloys, chrone is added
just prior to the tap to avoid oxidation of the chrom um during
mel t down. %4

After the nolten steel is tapped into the ladle, the ladle is
transferred to either an ingot teem ng area, a continuous caster, or
a refining vessel (in a specialty steel shop).

In the manufacture of stainless and other alloy steels, nolten
steel fromthe EAF is usually transferred to an argon-oxygen
decarburization (AOD) vessel for further refining. AOD vessels are
cl osed-bottom refractory- |lined, pear-shaped converter vessels with
submerged tuyeres in the | ower portion of the vessel (Figure 23).

The AOD vessel is constructed of wel ded steel plate and nounted such
that it may pivot for charging, slagging, and tapping. Argon, oxygen
and/ or nitrogen gases are bl own through the tuyeres into the nolten
steel to adjust the bath tenperature and chem stry and to cool and
mai ntain the air passage in the shrouds and tuyeres.
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To begin the AOD process, nolten steel froman EAF is
transferred by ladle to the AOD vessel, which rotates forvard to
accept the nolten charge. When the chargi ng operation is conplete,
typically in 1 to 8 m nutes depending on the size of the AOD vessel,
it is rotated back to an upright position so that refining can
begi n.% Before refining begins, additives such as |line or alloys are
added to the nolten steel with a crane-held charge pan or through a
charge chute. 48

Refining is acconplished by bl ow ng argon, oxygen, and/or
ni trogen gases through the nolten steel bath. The control of the gas
m xutre and flowis inportant to avoid the oxidation of alloys
necessary for specialty steel production. As the heat progresses,
al l oys and fluxing agents are added to the nolten steel in quantities
that are determ ned by the chem cal anal yses perfornmed on sanpl es of
the bath. The fluxing agents are typically line and fluorspar, and
the alloys include alum num chrone, nickel, manganese, boron,
silicon, vanadi aum and titanium Limted amobunts of scrap generated
at the steel mlIl (honme scrap) may al so be periodically added to the
vessel as additivies to help reach the desired chem cal nmakeup of the
final product.“®

The carbon-chrom um equilibriumrelationship is very inportant
in controlling the quantity of chromumin the final product. The
anmount of chromumin the nelt is in an equilibriumrelationship with
the carbon. The carbon |level is decreased with oxygen bl ow ng;
however, any excess chrom um may al so be oxidized and | ost. The
amount of chromumthat the nelt can retain decreases as the carbon
content of the nmelt decreases.

The steel yield froman ACD vessel is very high. About 91
percent by weight of a typical charge of nmolten steel and fluxes to
an AOD vessel is returned as product (specialty steel).5%5% The
metallic yield, i.e., the steel tapped as a percent of the neta
charge, is approximately 97 percent. 4
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New met hods or conbi nations of methods for refining the stee
fromEAFs, in addition to the use of AOD vessels, are currently being
i ntroduced. These secondary refining processes, collectively known
as ladle refining, are being used to reduce the amobunt of refining
that is perforned in the EAF, allowi ng the EAF to be used strictly as
a netal nmelting device. Argon bubbling is one technique where a
gentl e stream of argon is injected through a porous plug at the
bottomof the ladle. This technique inproves the quality of the
steel and controls the composition of |owalloy and nedi um al | oy
grades of steel.® Another technique is vacuum oxygen decarburi zation
(VOD) that is used to reduce the carbon content in the steel wthout
oxi di zing the chromium A consumabl e oxygen |lance is inserted into
the nolten steel through the ladle cover. Wile the ladle is under
reduced pressure, oxygen is blown into the nelt. After the desired
anmount of oxygen is blown, the vacuumis continued while argon is
bubbl ed through the nelt so that the oxygen remaining in the stee
can react with the remai ning carbon. This technique takes 2 to 2.5
hours to refine the nolten steel.*®

Em ssion Factors--

The quantity and type of enissions froman EAF depend upon many
factors: furnace size, type and conposition of scrap, quality of
scrap, type of furnace, process nelting rate, nunber of backcharges,
refining procedure, tapping duration, and nmelt tenperature.® The
majority of the em ssions from EAFs are ferrous and nonferrous oxide
particul ates. Furnace em ssions are the highest during neltdown and
refining operations, but charging and tappi ng em ssions can al so be
significant, especially if ladle additions are made during the tap
and dirty scrap is charged. The charging and tapping em ssions
represent approximately 5 percent each of the total em ssions during
a heat.% Increases in electrical power to the furnace and the use of
oxygen lancing will cause em ssions to increase during neltdown and
refining. %8

El ectric arc furnace enissions are conprised of both a process

and fugitive component. Process em ssions include those generated at
the furnace when the furnace roof is closed (e.g., during nelting and
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refining) as well as those generated when the primary em ssion
capture device (e.g., DEC system side draft hood) is operative.

Em ssi ons generated when the furnace roof is open (e.g., during
charging) or when the primary em ssion capture device cannot operate
(e.g., during charging and tapping) are considered to be fugitive

em ssi ons. 48

Process em ssions fromthe neltdown operation consist of
metallic and m neral oxide particul ates, carbon nonoxi de, and
hydr ocar bons generated fromthe vaporization of iron and the
transformati on of mneral additives.* 5% Trace constituents (including
hexaval ent chromiun) are emtted in particulate form from EAFs. 4859
During the nmelting process, enissions escape through el ectrode hol es,
the slag door, the roof ring, and sonetines the tap spout.*® Most
process em ssions can be largely elimnated by the control technol ogy
di scussed later in this section.

Fugitive em ssions from chargi ng the open furnace are nore
difficult to control. The Ievel of charging em ssions varies
dependi ng on the cl eanliness and conposition of the scrap. Mst
charging em ssions result from (1) vaporization of oil, grease, or
dirt introduced with the charge, (2) oxidation of organic matter that
may adhere to the scrap, and (3) the vaporization of water from wet
scrap. 455 Em ssions are made up of particulate matter, carbon
nonoxi de, hydrocarbon vapors, and soot.® |f particles of the scrap
charge are emtted, they may contain trace amounts of chrom um
Backchar gi ng produces a | arge eruption of reddish-brown funes.
Fugi ti ve backchargi ng em ssions are higher than fugitive eni ssions
fromthe initial charge because of the intense reaction that occurs
due to the heat of the nolten steel in the furnace. 4

Fugitive em ssions are al so produced during tapping. These
funmes consist of iron oxides as well as other oxide funmes resulting
fromalloys that are added to the ladle.* Since chrom ummay be
added at this point to stainless and alloy steels, chrom c oxide can
be emtted. *®
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Particul ate em ssions froman AOD vessel are conprised of both
ferrous and nonferrous oxides. The quantity and type of em ssions
froman AOD vessel depend upon several factors: the quality of the
mol ten steel charge, the quality of the final product desired, id the
types and quantity of alloys added. Alnost all the em ssions occur
during the blowing (refining) stage, with a dense cl oud occurring
when the concentration of oxygen in the gas streamis the highest at
the begi nning of the heat. Wen the AOD vessel is in a tilted
position for tenperature checks and sanpl e-taking, there are al nost
no em ssi ons because no gases are blown through the nolten steel. The
chargi ng and tapping em ssions are mninmal because the charge is made
to an enpty vessel, and the tap occurs after the carbon - content has
been greatly reduced. Since AOD vessels are often used to refine
stainl ess steel s*® containing 12 to 25 percent chrom um the chrom um
content of particulate em ssions fromAODs is significant.

Fabric filters are the nost w dely used control device on EAFs
and the only system used on AOCD vessels. Fabric filters are the nost
effective control technology for the renmoval of small particles
generated by EAFs and AOD vessels. They have been shown to be as
effective at removing chrom umas at renoving total particul ates.
Both pressure type and suction type fabric filters are used. Most
bags are constructed of a Dacron polyester blend with an air-to-cloth
rati o of about 3:1 and a pressure drop of 7.6 - 12.7 cm (3 to 5 in)
water. Dust collected by fabric filters is often recycled for the
recovery of chromum nickel, iron, and/or zinc. Sonme plants
pelletize the dust and feed it back to their furnaces. An ESP is
known to be in use at one EAF shop, but none have been installed
since 1974. Wet scrubbers are used by | ess than 2 percent of the
exi sting EAF units.“ These control devices are generally |ess
efficient at particulate (and therefore chrom unm) renoval than fabric
filters.

The capture of EAF and AOD vessel exhaust is a very inportant
aspect of emi ssions control. The follow ng systens have been used at
EAF shops to capture enmi ssions and route themto a suitable contro
devi ce. 48
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direct-shell evacuation control system (DEC)
side craft hoods

canopy hoods

partial furnace encl osure (PFE)

total furnace enclosure (TFE)

t appi ng hoods

scavenger duct system

roof nonitors

© 0N O RA®hR

bui | di ng evacuati on

Each system and its advantages or disadvantages are briefly described
bel ow. For each system the chrom um capture efficiency can be
assuned to be simlar to the reported total particul ate em ssions
capture efficiency because chrom umexists in the em ssions as a
particul ate.

A DEC systemis illustrated in Figure 24. A duct attaches to a
hole in the roof and when the roof is in place, it joins a second
duct leading to the em ssions control device. The DEC withdraws 90
to 100 percent of nmelting and refining process em ssions before they
escape the furnace. However, when the furnace is tilted or the roof
is rotated aside for charging, the DEC systemis ineffective.*% The
DEC system has been wi dely used in the industry for many years and
can be used on EAFs producing any type of steel .

Figure 25 shows a side draft hood. This system also captures
em ssions only during nelting and refining. It is nounted to the EAF
roof, with one side open to avoid restricting the novenent of the
el ectrodes. Particulate (and therefore chrom unm em ssions capture
is estimated to be between 90 and 100 percent. The side draft hood
is not as widely used as the DEC and is typically used only on snall
furnaces because of the | arger exhaust volune and hi gher operating
costs. 48
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The canopy hood system shown in Figure 26, involves one or nore
hoods suspended fromthe shop roof directly above each furnace. The
hood nust be hi gh enough to provide cl earance for crane novenent
during charging and space for upward novenent of the electrodes. The
systemis used alone to capture both process and fugitive em ssions,
or in conjunction with another process enissions capture device.
Thermal currents fromthe hot furnace hel p chrom um cont ai ni ng
particulates rise to the hood to be captured; however, cross-drafts
and passage of the crane may disrupt the path of the em ssion stream
and cause it to escape capture. Partitions may be installed to
reduce cross-drafts. Capture efficiency of a single canopy hood is
typically 75 to 85 percent. Segnmented (sectioned) canopy hoods have
a higher efficiency (85 to 95 percent).* %64 Hoods are one of the
ol dest and nobst wi dely used collection devices.

The partial furnace enclosure (PFE), pictured in Figure 27, has
walls on three sides of the furnace area that act as a chi mey
directing fugitive em ssions fromchargi ng and tapping to a canopy
hood. They are often used in conjunction with another process
em ssion capture system Partial furnace enclosures are easier to
install and | ess expensive than total furnace enclosures. They allow
the operators to see the furnace during charging, and any expl osi ons
are vented out the front of the enclosure rather than damagi ng the
encl osure. Crane passage above the furnace can still disrupt the
em ssion plunme. The amount by which PFEs increase the capture
ef ficiency of canopy hoods is not docunented.* They are installed at
several facilities on EAFs ranging in size from154 My (170 tons) to
204 My (225 tons).“®

Total furnace enclosures (TFEs) conpletely surround the furnace
with a netal shell that acts to contain all charging, nelting and
refining, slagging, and tapping em ssions (Figure 28). The air flow
required is only 30 to 40 percent of that required for a canopy hood
system The front charge doors are closed during charging after the
crane and charge bucket have been admitted. A duct at the top of the
encl osure renoves charging and nelting/refining em ssions. A |oca
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hood under the enclosure collects enissions fromslag tapping.
Tappi ng enmi ssions are collected froma duct adjacent to the tapping
| adl e. Emi ssions capture efficiency is between 90 and

100 percent. Total furnace enclosures were installed on at |east
five relatively small EAF furnaces in the United States between 1976
and 1981. A 165 My (182 ton) nedium sized furnace in Italy was
fitted with a TFE in 1980, and shotild provi de operati onal data on
the use of TFEs on | arger furnaces. 4865

Tappi ng hoods are novabl e or stationary hoods | ocated
i mredi ately above the tapping | adle when the tapping operation is in
progress. Since the hood is close fitting, it is nore efficient than
a canopy hood. Tappi ng hoods are receiving increased usage
t hroughout the industry to suppl enent capture by TFE' s, PFE's, canopy
hoods, and DEC s. 4860

A scavenger duct systemconsists of small auxiliary ducts that
are | ocated above the main canopy hood(s) built into a closed shop
roof. Arelatively lowflowrate is nmaintained through these ducts
to capture chrom umcontaining fugitive em ssions not captured by the
canopy hood. This system would provide greater capture efficiency
than just a canopy hood, but can only be used with a cl osed or
sem -cl osed roof. The extent of use is unknown.“

Roof nonitor configurations can be open, open except over the
furnace, or closed over the entire nmelt shop. A variation of the
cl osed roof shop involves a | ouvered roof nonitor that is
mechanically controlled to allow for closing the | ouvers during
periods of fugitive em ssions. Advantages of an open roof include
natural ventilation of the shop. However, a closed roof pronotes
nore effective capture of emi ssions by canopy hoods or scavenger
ducts. Louvered or partially closed roofs all ow advantages of both
syst ens. 48
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A buil di ng evacuati on system uses ductwork at the peak of a
cl osed roof shop to collect all em ssions fromthe shop operations.
A 25 percent greater air flowis required than with a canopy hood,
however all shop em ssions are captured. Capture efficiency for
particulate matter, and therefore chromum is 95 to 100 percent.
The capture rate, however, is slower than with a canopy hood.
Several plants utilize this type of em ssions control . 486065

Some typical combinations of the previously described em ssions
capture techniques for EAFs and the efficiencies of these
conmbi nati ons are shown in Table 20.

Em ssions from AOCD vessel s occur primarily when the vessel is in
an upright position. These em ssions exert a strong upward thermal
lift, They are typically captured using two types of systens, a
diverter stack with canopy hood system and a close-fitting hood with
canopy hood system

The diverter stack (Figure 29) is located about 1.5 m (5 ft)
above the AOD vessel and can be fixed in position or novable. It
reduces cross-draft and is narrower at the top, which accelerates the
ACOD vessel enissions (containing chromum toward the canopy hood.

A close fitting hood is pictured in Figure 30. It is situated
0.3to 0.6 m(1to 2 ft) above the AOD vessel and can be noved out of
the way during charging and tapping. Refining enm ssions are captured
by the close fitting hood and any fugitives are captured by the
canopy hood. Mdst AOD installations use this system because it
achi eves nore efficient capture with [ower air flow volumes than the
di verter stack system 4866

Tabl e 21 shows the estimated fugitive em ssion reduction

efficiencies of typical control combinations used at AOD
instal |l ati ons.
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TABLE 20.

(CARBON AND SPECI ALTY STEEL EAF) 48

FUG TI VE EM SSI ONS CAPTURE TECHNOLOGY COVBI NATI ONS

Esti mat ed
fugitive
em ssi on
capt ur e®

Conbi nat i on Fugi tive em ssions capture equi pment? (percent)
1 Si ngl e canopy hood, open roof nonitor. 75-85
2 Segnent ed canopy hood, closed roof (over 85-95

furnace)/ open roof nonitor.
3 Si ngl e canopy hood, |ocal tapping hood, |ocal 85-95
sl aggi ng hood, cl osed roof (over furnace)/
open roof nonitor
4 Segnent ed canopy hood, scavenger duct, 90- 95
cross-draft partitions, closed roof (over
furnace)/ open roof nonitor.
5 Si ngl e canopy hood, total furnace enclosure, 90- 95
cl osed roof (over furnace)/open roof nonitor
6 Segnent ed canopy hood, scavenger duct, 95-100

cross-draft partitions, closed roof
noni t or.

a Direct-shel

b Esti mate based on engi neering judgnent.

evacuation control (DEC) systemused for process em ssions
capture in all cases in addition to equi pnent |isted above for fugitive
em ssi ons capture.

These figures apply to total

particul ate enm ssions; however, an equival ent |evel of capture should be

achi eved for

chrom um eni ssi ons.
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Figure 30. Close-fitting hood wit\h canopy hood.48



TABLE 21. FUAQ TI VE EM SSI ONS CAPTURE TECHNOLOGY COVBI NATI ONS
(SPECI ALTY STEEL AQOD) “®

Esti mat ed
fugitive
em ssion
capt ure®

Conbi nat i on Fugi tive em ssions capture equi prment? (percent)

1 Si ngl e canopy hood, diverter stack, 75- 85
open roof nonitor

2 Si ngl e canopy hood, scavenger duct, closed 85-95
roof (over vessel)/open roof nonitor

3 Si ngl e canopy hood, scavenger duct, 90- 95
cross-draft partitions, closed roof (over
vessel )/ open roof nonitor

4 Segnent ed canopy hood, scavenger duct, 95-100
cross-draft partitions, closed roof
noni t or.

Cl ose-fitting hood used for process em ssions capture on conbinations 2,3,
and 4. Al emssions are considered fugitive for conbination 1

Esti mat e based on engi neering judgnent. These figures apply to tota

particul ate em ssions; however, equivalent |evel of capture should be
achi eved for chrom um eni ssi ons.
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Table 22 lists uncontrolled chrom um em ssions factors for
el ectric arc furnaces producing different types of steel and for AOD
vessel s. The percent chromumin electric arc furnace dust was
determ ned fromtesting of 33 sanples of electric arc furnace dust
from 25 steel plants.® The chrom um enission factors in kg/ My and
I b/ton were cal cul ated assum ng total uncontrolled particul ate
em ssions of 7.5 to 22.5 kg/ My (15 - 45 Ib/ton).* ¢ The chrom um
em ssion factors for AOD vessels were reported in reference 48 but
the extent of testing behind that figure is unknown. Table 23 shows
the chrom um content of dust emtted froman EAF during different
steps of operation.®  Chromiumis emtted from EAFs and AODs
primarily in the formof chrom c oxide (Cr,0). %5

Chrom um em ssion factors after controls are not reported in the
literature. However, chromumis typically controlled by fabric
filters to the same degree as total particulates. Controlled
chrom um em ssion factors woul d depend on the efficiency of capture
of fugitive and process enm ssions as well as the efficiency O the
fabric filter. Particulate collection and control efficiencies of 99
percent have been reported using sone of the control technol ogies
previ ously discussed, “ and chrom um renoval efficiency is assuned to
be simlar.

Source Locati ons- -

In 1981, there were 322 EAFs in the United States, which were
operated by 87 conpanies in 125 | ocations. The |ocations of these
plants are listed in Table 24,4867 Tahle 25 shows the distribution
of these plants by State.

In 1981, there were 27 AOD vessels operated by 19 conpanies at 23
| ocations in 9 states. These |locations are listed in Table 26.4871
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TABLE 22. UNCONTROLLED CHROM UM EM SSI ON FACTORS FOR ELECTRI C ARC
FURNACES ( EAFs) AND ARGON- OXYGEN DECARBURI ZATI ON VESSELS (AODs) 4867

Wi ght % of
Chromumin Chr om um Em ssi on

Type of Type of Particul ate Factors, kg/ My (Ib/ton)
Fur nace Pr oduct s Emi ssi ons of Steel Produced®
EAF Stainless Steel and 10. 6° 0.80 - 2.4 (1.6 - 4.8)

Specialty Al oys
EAF M xed Products Including 2.22° 0.17 - 0.50 (0.33 - 1.0)

Stai nl ess Steel and/or

Specialty Al oys
EAF Carbon and All oy Steel 0. 20¢ 0.015 - 0.045 (0.03 - 0.09)
EAF Carbon St eel 0. 20¢ 0.015 - 0.045 (0.03 - 0.09)
ACD Stai nl ess and Specialty 6. 6° 0.43 - 0.62 (0.87 - 1.2)

Al 'l oys

a AIl factors expressed in ternms of total elemental chrom um and represent
em ssions after capture equi pnment but prior to controls. Enissions are
known to contain chromumin both trival ent and hexaval ent oxidation
st ates.

b Average of six sanples fromdifferent furnaces.

¢ Average of seven sanples fromdifferent furnaces.

d Average of ten sanples fromdifferent furnaces.

¢ Average of two sanples fromdifferent vessels.
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TABLE 23. CHROM UM CONTENT OF ELECTRI C ARC FURNACE DUST FOR EACH
STEP OF FURNACE OPERATI ON AT ONE FACILITY 54

Phase Wei ght % Chrom um in Dust?
Mel ti ng 1.32
Oxi di zi ng 1.32
Oxygen Lanci ng 0. 86
Reducti on 0.53

@  Chrom um percent ages were neasured and are reported as chromc
oxi de(Cr,0,) .
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TABLE 24.

LOCATI ONS OF ELECTRI C ARC FURNACES | N THE

UNI TED STATES I N 198148

PLANT/ LOCATI ON

PLANT/ LOCATI ON

PLANT/ LOCATI ON

AL TECH SPECI ALI TY STEEL CORP.
Watervli et Y.

ALLEGHENY LUDLUM STEEL CORP.
Brackenri dge, )

ARMCO, | NC.
Bal t| more wor ks
Bal ti nore,

But| er Works
Butl er, Pa.

Houst on Wor ks
Houst on, Tex.

*Kansas City Works
Kansas Cty, M.

" ionaL, Sgply onviston

TLANT|I C STEEL CO.
*At | antl c Works
Atla Ga.

*Cartersvil|le Works
Cartersville, G

AUBURN STEEL CO.
Aubur n, Y.

BABCOCK & W LCOX CO.
Beaver Falls, Pa.

BAYOU STEEL CORP.
New Ol eans, La.

BETHLEHEM STEEL CORP.
*Bet hl ehem PlLa

t hi ehern Pa

e

Be
*Stee| ton Plant
St eel ton, Pa.

*Johnst own Pl ant
Johnst own, Pa.

BETHLEHEM STEEL CORP. (cont.)
*Los Angel es Pl ant
Los Angeles, Calif.

*Seattle Pl ant
Seattle, Wash.

BORDER STEEL M LLS, I NC.
El Paso, Tex.

BW STEEL, | NC,
Chi cago Heights, II1I.

CABOT CORPORATI ON
Stellite D v.
Kokono, | nd.

CAVERON | RON WORKS, | NC.
Houst on, Tex.

CARPENTER TECHNO_OGY CORP.
Steel Divisiog
Br| dgeport, Conn.

*Readi ng Pl ant
Readi ng, Pa.

CASCADE ROLLI NG M LLS
MEM nnville, Oreg.

CCS BRAEBURN ALLOY STEEL DI V.
Lower Burrell, Pa.

THE CECO CORP.
*Lenont Manufacturing Co.
Lenont, TI1T.

*M | ton Manufacturing Co.
MIlton, Pa.

CF&l STEEL CORP.
Puebl o, Col o.

CHAPARRAL STEEL CO.
M dl ot hi an, Tex.

CHARTER ELECTRI C MELTI NG CO
Chi cago, I.

COLT | NDUSTRI ES .

*Cruci ble Stainless Steel Div.
M dl and, Pa.

*Cruci bl e SRIeCi alty Metals Div.
Syracuse, N.Y.

COLUMBI A TOOL STEEL CO.
Chi cago Heights, II1.

CONNORS STEEL . CO.
*Bi rm ngham Wor ks
Bi rm ngham Al a.

*Hunt i ngt on Wor ks
Hunti ngton W Va.

COPPERVELD STEEL CO.
Warren, Ohio

CYCLCPS CORP. !
Enpire Detrojt Steel Div.
Mansfield, Chio

*Uni versal Cycl ops Specialty Steel
Bridgeville, Pa.

EASTERN STAI NLESS STEEL CO.
Bal ti mor e, ND

EDGEWATER STEEL CORP.
kmont, PA

ELLECTRALLOY_CORP.
al CGty, Pa.

FINKLE & SONS

Chi cago, II1I.

FLORI DA STEEL
*Charlotte M|
Charl otte, NC

*| ndi antown M| |
I ndi ant own,




TABLE 24. (CONTI NUED) LOCATI ONS OF ELECTRI C ARC FURNACES I N

THE UNI TED STATES I N 19814

PLANT/ LOCATI ON

PLANT/ LOCATI ON

PLANT/ LOCATI ON

*Bal dwin M| I
Bal dwi n, Fl a.

*Tarrpa M|
Tanpa, FIa

*Jackson M|
Jackson, Tenn.

GREEN RI VER STEEL
Onensbor o, Ky.

GUTERL SPECI AL STEEL CORP.
Lockport. N.Y.
HA\é\AI IAN V\ESTERN STEEL LTD.

HUNT STEEL CO. _ .
Youngst own, Ohi o

HURRI CANE_| NDUSTRI ES | NC.
Seal y, Tex.

I'LLI NO S Bl RM NGHAM BOLT
Kankakee, 111.

I NGERSOL JO—|NSO\I STEEL CO.
New Castle, Ind.

I NGERSOL RAND- O L FlIELD PROD.
Panmpa, Texa

I NLAND STEEL Co.
East Chicago, Ind.

| NTERCOASTAL STEEL CORP.
Chesapeake, Va.

| NTERLAKE 1 NC.
fganaes Cor poration
atin, Tenn.

| TT HARPER
Morton Grove, II1.

JARSCO |
Roebl i ng, N.J.

JESSOP. STEEL CO.
Washi ngt on Wor ks
Washi ngt on, Pa.

JONES & LAUGHLI N STEEL CORP.
*d evel and Wor ks
Cl eveland, Chio

*Pjttsburgh Works
Pi tt sburgh, Pa.

*Warren Wor ks
Warren, M ch.

EARLE M JOGENSEN CO.
Seattle, Wash.

JOSLYN STAI NLESS STEELS
Fort \Wayne, Ind.

JUDSON STEEL CORP,
Eneryville, Calif.

KENTUCKY ELECTRI C STEEL Co.
Ashl and, .

KEYSTONE CONSCOL| DATED

I NDUSTRI ES, | NC
Keyst one Group St eel Works
Peorira, IlI

KNOXVI LLE | ROM CO
Knoxville, Ten

KORF | NDUSTRI ES
*CGeor get own Steel Cor p.
Geor getown, S.C

*Geor get own Texas St eel Corp.
Beauimont, Tex

LACLEDE STEEL CO.
Al ton, I.

LATROBE STEEL CO.
Latrobe, Pa.

LONESTAR STEEL CO.
Lone Star, Tex.

LUKENS STEEL
Coatsville,

RATHON LE TOJRNEAU co
Longvi ew, Tex

MARATHON STEEL CO.
Tenpe, Ariz.

MARI ON STEEL CO.
Marion, Ohio

McCLOUTH STEEL CORP.
Trenton, M ch.

M_SSI SSI PPl STEEL DI V.
Fl owood Wor ks
Fl owood, M ss.

NAT| ONAL FCRGE Cco.
*Erie Plant
Erie, Pa.

*Irw ne Forge Division

rvine, Pa:

NATI ONAL STEEL CORP. .
Great Lakes Steel Div.
Ecorse, M ch.

NEW JERSEY STEEL & STRUCTURE CORP.
Sayerville, NJ.

NEWPORT STEEL
Newport, Ky.

NORTH STAR STEEL CO.
*St. Paul Pl ant
St. Paul, Mnn.

*Monr oe Pl ant
Monr oe, ch.

*W|lton Plant
Wilton, |owa




TABLE 24. (CONTI NUED) LOCATI ONS OF ELECTRI C ARC FURNACES I N

THE UNI TED STATES I N 198148

PLANT/ LOCATI ON

PLANT/ LOCATI ON

PLANT/ LOCATI ON

NORTHWEST STEEL ROLLI NG HI LLS,
Kent, Wash.

NORTHWESTERN STEEL & W RE CO.
Sterli ng (AR

NUCCR
*Dar ng on M1
ingto S.C

*Jewett M II
Jewett, Tex.

*Norfolk M|
Nor f ol k, Nebr

*Plymouth M1
Pl ymout h, Ut ah

OREGON STEEL M LLS
Portl and, Oreg.

OVNENS ELECTRI C STEEL COMPANY
Cayce, S.C.

PENN- DI XI E STEEL CORP.
Kokono Pl ant
Kokono, I nd.

PHOENI X STEEL CORP. Plate Div.
da Del .

aynont

QUANTEX CORP.
*Mac Steel M chigan Div.
Jackson, M ch.

*Mac Steel Arkansas Div.
For Smth, Ark.

RARI TAN RI VER STEEL CO
Perth Amboy, N.J.

RAZORBACK STEEL CORP.
Newport, k.

I NC.

REPUBLI C STEFL CORP.
*Central AIon Wor ks
nton, GChi

*Sout h Chi cago Wor ks
South Chicago, IlI.

ROANCKE ELECTRI C STEEL CORP.
Roanoke, Va.

ROBLI N STEEL
Dunki rk W)rks
Dunk| rk, NY.

RCSS, STEEL WORKS
Amite, La.

ROUGE STEEL CO.
Dear born, M ch.

SHARON STEEL CORP.
Shar on, Pa.

SHEFFI ELF STEEL CORP.
Sand Springs, la.

SOQULE STEEL CO.
Carson Works .
Carson, Calif.

SOUTHERN UNI TED STEEL CORP.
Bi rm ngham Al a.

STANDARD STEEL ENTERPRI SE
Freedom For ge Cor p.
Bur nham Pa:

Lat robe, Pa.

STRUCTURAL METALS, | NC.
Sequi n, Tex.

TAMCO .
Eti wanda, Calif.

TELEDYNE VASCO
Latrobe, Pa.

TENNESSEE FORG NG STEEL CORP.
Har ri man rks
Harri man, Tenn

TEXAS STEEL CO.
Fort Worth, Tex.

TI MKEN CO.
Steel and Tube Div.
Canton, Chio

UNI ON ELECTRI C_STEEL CORP.
Bur gett st own, Pa.

UNI TED STATES STEEL CORP.

*Falr| ess
Fairless Hi I I's, Pa.

NI TED STATES STEEL CORP.
*Johnst own- Cent er Wor ks
Johnst own, Pa.

*Nat i onal Duquesne Works
Duquesne, Pa.

*Sout h Wor ks
Sout h Chicago, II1.

*Texas Works
Bayt own, Tex.

WASHI NGTON STEEL CO.
Fitch Works
Houst on, Pa.

W TTEMAN STEEL M LLS
Fontana, Calif.

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

owner shi p changes,

exi stence of particular facilities by consulting current
The

pl ants thensel ves.

facility

plants are closed down, etc. The reader should verify the

listings and/or the

of chrom um em ssions fromany given facility is
a function of variables such as capacity, throughput,

and contr ol

neasur es.




TABLE 25. LOCATI ON OF STEEL PLANTS W TH EAFs AND AOD VESSELS - -

1981 48

L

State

Pl ant s

ACD
vessel

Al abama

Ari zona

Ar kansas
California
Col or ado
Connecti cut
Del awar e

Fl ori da
Ceorgi a
Hawai
Illinois

I ndi ana

| owa

Kent ucky
Loui si ana
Mar yl and

M chi gan

M nnesot a

M ssi ssi ppi
M ssouri

Nebr aska
North Carolina
New Jer sey
New Yor k
Ghio

Gkl ahoma
Oregon
Pennsyl vani a
Rhode I sl and
Sout h Carolina
Tennessee
Texas

Ut ah
Virginia
Vashi ngt on
West Virginia

=

N

=
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10

23

a

Anot her plant in M chigan has not

was installed in 1977.

122

operated its AOD vesse

since it



TABLE 26. LOCATI ONS OF ARGON- OXYGEN DECARBURI ZATI ON (AOD) VESSELS IN THE UNI TED STATES I N 1981 48

Pl ant/ Locati on Pl ant/ Locati on
AL TECH SPECI ALTY STEEL CORP. EASTERN STAI NLESS STEEL CO.
Watervliiet, K. Bal ti nor e, .
ALLEGHENY LUDLUM STEEL CORP. ELECTRALLOY CORP.
Brackenri dge, Pa. Ol Cty, Pa.
ARMCO, | NC. I NGERSOL JOHNSON STEEL COL.
- Baltinore Wrks New Castl e, |nd.
Bal ti nore, M.
- Butler Works JESSOP. STEEL CO.
Butler, Pa. Washi ngt on Wor ks
Washi ngt on, Pa.
BABCOCK AND W LCOX _CO.
Beaver Falls, Pa. JONES AND LAUGHLI N STEEL CORP.
Warren Wor ks
CABOT CORP. . Warren, M ch.
Stellite Div.
Kokono, [ nd. EARL M JORGENSEN STEEL CO.
Seattl e, Wsh.
CARPENTER TECHNOLOGY CORP.
- Steel Div. JOSLYN STAI NLESS STEELS
Bri dgeport Conn. Fort Warn, 1nd.
Readi ng Pl ant
Readi ng, Pa. MCLOUTH STEEL CORP.
Trenton, M ch.
CRUCI BLE, | NC. .
- Stainless Steel Div. REPUBLI C STEEL COCRP,
dl and, Pa. Central Alloy Wrks
- Specialty Metals Div. Canton, Ohio

Syracuse; N.Y.
STANDARD STEEL DI V.

CYCLOPS. CORP. Bur nham Pa.
- Universal Cyclops
Bridgevil|le] Pa. U. S. STEEL CO
- Enpire-Detroit Div. Specialty Steel
Mansfield, Chio Sout h Wor ks
Chicago, II1.
WASHI NGTON STEEL CO.
Fitch Works
Houst on, Pa.

Note: This listing is subject to change as market conditions change, facility ownership changes, plants
are cl osed down, etc. The reader should verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |level of chrom um em ssions from any given
facility is a function of variables such as capacity, throughput, and control neasures. It should be
determ ned through direct contacts with plant personnel



The Iron and Steel Institute is a source of current information on
pl ant | ocations. The steel industry, including EAF and AOD shops, is
cl assified under SIC code 3312.

Basi ¢ Oxygen Process Furnaces

Chrom um can be emitted from basi c oxygen process furnaces
(BOPFs) because it may be a contam nant of scrap and pig iron feed,
and because it may be added to furnaces which produce alloy steels.
Basi ¢ oxygen process furnaces have recently accounted for about 60
percent of total donestic steel production.?* 72 The main advantage of
BOPF steelmaking is that pig iron is converted to steel in about 45
m nutes, so | abor and certain other costs are lower than in the once
preval ent open hearth nethod.”? The nmin di sadvant age of the BOPF
process is that the charge nust consist of at |east 70 percent npolten
iron.”? Therefore, the BOPF nust be a part of an integrated stee
mll (one which uses iron ore, coke, and |linmestone to produce nolten
iron in a blast furnace and subsequently produces steel in a BOPF or
ot her steel furnace).’7® The ability to substitute scrap netal for
pig iron in BOPFs is very limted and is dependent on steel market
condi tions.

The future growth in the BOPF industry is uncertain. Existing
BOPF' s should remain in use, and existing open hearth furnaces in
integrated steel mlls will probably be converted to BOPFs if denand
is adequate to keep the shops open. However the newer non-integrated
and specialty shops typically use electric arc furnaces (EAFs) rather
t han BOPFs or open hearths. 4872

The BOPF produces steel by bl ow ng oxygen through nolten iron.
The furnace is a |l arge, open-nouthed vessel lined with a chemically
basic refractory material. The furnace is mounted on trunions that
allowit to be rotated through 360 degrees in either direction. A
typi cal vessel can have an opening 3.7 to 4.3 m (12 to 14 ft) in
di ameter and be 6.1 to 9.1 m (20 to 30 ft) high. "
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The furnace receives a charge conposed of scrap and nolten iron
which it converts to nmolten steel. This is acconplished through the
i ntroduction of high-purity oxygen that oxidizes the carbon and the
silicon in the nolten iron, renmoves these products, and provi des heat
for nelting the scrap. After the oxygen blowis started, Iime may be
added to the vessel to provide a slag of the desired basicity.

Fl uorspar may al so be added in order to achieve the desired slag
fluidity.

Two distinct types of furnaces are in general use (Figure 31).
The npbst commopn type is the top bl own furnace, in which oxygen is
bl own into the vessel through a water-cooled | ance that can be
| owered into the mouth of the upright furnace. The other type of
furnace, commonly called a Q BOP, is bottom bl own. In this furnace,
oxygen is introduced into the vessel through tuyeres (nozzles) in the
furnace bottom 72

The major reason for installing a QBOP furnace is that it does
not require a great deal of vertical clearance above the furnace
encl osure and can therefore fit into existing open hearth buil dings.
Existing ancillary facilities can be adapted easily for serving
Q BOPs. O her advantages of bottom bl own furnaces are slightly
i ncreaBed yields and higher ratios of scrap to hot netal. "

A third type of furnace is currently being used with an
i ncreasing frequency in the steel industry. This new formof BOPF is
a top blown furnace that has been nodified to all ow oxygen to be
i ntroduced through both the conventi onal oxygen |ance and to be
i njected through bottom and side tuyeres within the vessel .75
Because this technology is relatively new, there is not nuch
i nformati on avail able about its utility or about the extent to which
it has been applied in BOPF shops.

Steel is produced via the basic oxygen process in distinct
operations that occur in the follow ng order: "
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1. Charging--The addition of scrap metal or hot netal to the
BOPF.

2 . Oxygen bl ow-The refining stage of the process, in which
pure oxygen is blown into the BOPF. Line and flouspar are
al so added.

3. Turndown--After the blow, the vessel is tilted toward the
charging aisle to facilitate taking hot netal sanples and
meki ng tenperature nmeasurenents.

4. Reblow-If the sanples taken during the turndown indicate
t he need, oxygen can again be blown into the vessel, usually
for only a very brief period.

5. Tapping-Pouring the nolten steel out of the BOPF into the
teeming ladle. Alloying elenents, including chromum nmay
be added to the |adle.

6. Desl aggi ng--Pouring residual slag out of the BOPF into a
sl ag pot.

7. Teem ng--The pouring of nolten steel into ingot nolds.

These operations are illustrated in Figure 32 and Figure 33. A
cross section of a furnace shop is shown in Figure 34.

Em ssion Factors--

Both process and fugitive enm ssions are associated with BOPFs.
Process (or primary) em ssions evolve during the actual steel meking
or oxygen bl ow ng stage and are generally captured by the primary
hood. These em ssions consist mainly of iron oxides which result
fromthe reacti on between oxygen and nolten iron. Particles of slag
are also contained in the enissions.’ Wen chromumis a contam nant
of the raw materials, chromc oxide wll be emtted.

Two types of primary (bl ow ng) em ssion collection equipnent are
in common use. One type is an open hood directed to an ESP, simlar
to that shown in Figure 34. The eni ssions that evolve during the
oxygen bl ow are captured by the hood and pass through a conditioning
chanber where the gas is cooled and hum dified to the required |evels
for proper ESP operation. Electrostatic precipitators can be used
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Figure 32. Steps for making steel by the basic OXygen process.



SCRAP CHARGE |15
Numbers shove the lines indicate the spproximate
duration of that operation,
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DESLAGGING _ | ’ ' 2
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0 4 8 12 - 18 20 24 28 32 38 40
' ' MINUTES

Figure 33. Time sequence of top blown BOPF 'operatinns.72
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Figure 34. Schematic cross section of a furnace shop. 72
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wi th open hoods because the conbusti bl e carbon nonoxi de (CO
generated during the oxygen blow burns at the nmouth of the vessel,
reduci ng the risk of explosions set off by sparks in the
precipitator. Alternatives to ESPs are scrubbers or, as has been
tried at one plant, fabric filters.” Al three alternatives would be
effective at chromumrenoval. Testing at high tenperature
conmbustion sources indicates that ESPs are as efficient at renoving
chromum as they are at renoving total particulates.®®

The other type of primary em ssion control is the closed hood,
in which the dianmeter of the hood face is roughly the sane as the

di ameter of the nouth of the vessel. The |ower portion of the hood
is a skirt that can be |lowered onto the nmouth of the vessel. This
seal s off the space between the hood and the vessel, limting the

anount of air that can enter the systemto about 15 - 20 percent of
that entering an open hood system Because the em ssions are rich in
carbon nonoxi de, gas cleaning is performed by a scrubber to mninmze
the risk of explosion. The cleaned gas is usually flared at the

st ack. 72

Because there is | ess danger of explosion in the open hood
system all of the vessels in the shop may be connected to a conmon
gas cl eaning system Conversely, the closed hood system nmust have a
separate scrubber system for each vessel because of the potenti al
expl osi on hazard from | eakage of air into the systemfroman idle
furnace.

Fugitive em ssions result froma nunmber of sources, and chrom um
has been detected in these em ssions. 7 The major sources are
molten iron transfer, charging, tapping, and slag handling. M nor
sources include turndown, teem ng, |adle maintenance, and fl ux
handl i ng. %777 Oxygen bl owi ng process em ssions whi ch escape capture
by the primary hood nmay al so be considered fugitives. A discussion
of the em ssions fromthese sources and typical control technol ogies
follows. The efficiencies of nost fugitive collection systens are
unknown.
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Rel adl ing or hot netal transfer of nolten iron fromthe torpedo
car to the charging ladle is acconpani ed by the em ssions of kish, a
m xture of fine iron oxide particulates together with |arger graphite
particles.” Trace anounts of chrom um nmay be present in the pig
iron, causing mnor chrom umemnm ssions fromthis source. The usua
met hod of control is to provide a close-fitting hood and a fabric
filter. A spark box between the hood and the fabric filter protects
the filter bags fromdestruction by |arge, hot particul ates.
Normal |y, the spark box is built integrally with the fabric filter."
Skimm ng of slag fromthe |ladle of nolten iron keeps this source of
hi gh sul fur out of the steel making process. Skinmng is often done
under a hood because it results in em ssions of kish. This hood is
usual ly connected to a fabric filter."

Chargi ng of scrap and nolten iron into the BOPF vessel results
in a dense cloud of em ssions. Em ssions fromthe chargi ng of hot
metal are particularly severe if the scrap is dirty, oily, otherw se
cont am nated, or contains such potential sources of explosion as
wat er or ice.® Charging em ssions have been shown to contain
chromum® Chromiumenters the charge as a contam nant of the scrap.
I n sone open hood shops, if the main hood is |arge enough and the
volume of air flowis sufficient, it is possible to capture nost of
the charging funmes in the primary collection system of the vessel.
In this case, as nuch of the vessel nouth as possible is kept under
the hood and the iron is poured at a slow controlled rate. In other
facilities (closed hood primary systens), it is necessary to provide
auxiliary hoods in front of the main collection hood. On occasion, a
facility may al so have a hood at the building nmonitor to capture any
funes that escape the hoods at the vessel. Mdre charging em ssions
are produced in bottomblown than in top bl own furnaces due to the
constant flow of gas through the tuyeres. 7

Tappi ng of the nolten steel fromthe BOPF vessel into the |adle
results in iron oxide fumes. The quantity of fumes is substantially
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increased by additions into the | adle of alloying naterials.?8!
Chrom um may be added as an alloying material,” which would result in
chrom um em ssions fromthe tapping |adle. Sonme BOPF facilities

encl ose the space at the rear of the furnace in such a manner that
the fumes are ducted into the main collection system In other
facilities the fumes are permitted to exit through the roof
noni t ors. %072

Turndown of the vessel for the purpose of taking sanples or for
pouring out the slag results in em ssions. These eni ssions are
particularly copious in the case of the Q BOP due to the flow of
ni trogen through the tuyeres in the bottom of the vessel."
Particul ate em ssions fromturndown may contain chrom um which can be
a contam nant of the raw materials in the furnace. Sone facilities
have a pair of sliding doors on the charging floor in front of the
vessel . These doors are kept closed as nmuch as possible to direct
the fumes into the primary collection system 7

Sl ag handling may consist of transporting and dunping the |adle
of molten slag fromthe shop to a renote dunp area or to an area at
the end of the shop. The dunping of slag and its subsequent renoval
by bul Il dozer is a dusty operation that is generally uncontrolled.
Chrom um may be contained in the slag.

Teem ng of steel fromthe ladle to the ingot nold or continuous
caster results in emssions that are normally uncontrolled. Chrom um
can be emtted fromthe teem ng operation, especially if it was added
to the tapping ladle as an alloying material. |n some shops where
| eaded steels are poured, the resultant funes are extrenely hazardous
to the health of the workers. In these cases, local hooding is
provi ded. 72

The flux handling systemis conprised of receiving hoppers for
accepting deliveries fromtrucks or railroad cars, a belt conveyor,
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| arge overhead storage bins, weigh hoppers, feeders, and controls.
Hooding is provided at the various transfer points to capture the
particul ates that escape when the bulk material falls. Exhaust ducts
| ead fromthe hoods to one or nore fabric filters. Chrom um would be
only a trace conponent of the flux.?

Ladl e mai nt enance may be a minor source of chrom um eni ssions,
especially if the, ladle has been used to produce chrom um cont ai ni ng
steel alloys. The nolten steel that remains in the ladle after
teem ng may cool and- solidify between successive uses form ng what
are known as skulls. In the vessel, skulls may build up around the
lip, and after accumulating for sone tine, may interfere with proper
operation. To prevent this, skulls are burned out w th oxygen
| ances. This lancing procedure results in the em ssion of iron and
ot her netal oxide funes. Ladles nust also be relined at intervals to
protect the steel shell. The |adles are turned upside down to dunp
| oose material onto the shop floor. This generates fugitive dust
potentially containing chrom um 728!

Fugitive bl owi ng em ssions (puffing em ssions) are process
em ssions that escape capture by both primary and secondary em ssion
control devices. Cccasionally, during a blow, chenical reactions
within the heat or splashing of the slag will generate |arge
guantities of excess em ssions that cannot be handl ed by the hoods in
the furnace enclosure. The frequency or severity of these episodes
cannot be predicted or anticipated during the bl ow.

Chrom um em ssion factors for BOPF furnaces are limted. An
anal ysis of charging em ssions at one top bl own BOPF reveal ed an
el enental chrom um concentration of 0.51 ng/nf.”® Process em ssions
were not analyzed for chromum Since EAFs rather than BOPFs are
used to produce nost high chrom um stainless and specialty stee
al l oys, BOPFs woul d be expected to be a relatively small source of
chrom umem ssions in the iron and steel industry. Trace
contam nation of the materials would be the main source of chrom um
i n BOPF em ssions.
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Source Locati ons- -

In 1982, there were approxi mtely 35 steel plants using BOPF
furnaces. Typically each plant has two or three furnaces with the
exception of four larger plits. The locations of these facilities
are given in Table 27.728.8 The geographic distribution is mapped in
Figure 35. The American Iron and Steel Institute's publication,
Directory of Iron and Steel Wrks of the United States and Canada, is

the best source of information on BOPF steel manufacturing
facilities. The steel industry including BOPFs can al so be accessed
in standard manufacturing directories and is classified under SIC
code 3312.

Open Hearth Furnaces

The open hearth furnace is one type of furnace used to nake
steel fromscrap and pig iron, however, it is being replaced by
el ectric arc furnaces (EAFs) and basic oxygen process furnaces
(BOPFs). In 1982 open hearth furnaces accotinted for only 8.2
percent of the steel produced in the U S. (down from 82 percent in
1963) .4 No new open hearth furnaces are planned and production is
expected to continue declining.® The open hearth furnace is not
econom cally conpetitive with other types of furnaces because of the
long time (8 - 12 hrs) it takes to produce a batch of steel. Basic
oxygen furnaces take less than 1 hour.” The open hearth furnace al so
requires up to twice as many | abor hours per unit of steel as the
BOPF, and uses 2.5 tines nore energy than an EAF. 48

One advant age of open hearth furnaces is that they can run on a
charge of 100 percent scrap, 100 percent pig iron, or any conbination
of the two, depending on availability.*® A reverberatory type open
hearth furnace is heated alternately by a conbustion flame from
either end of the hearth. At regular intervals, the gas flowis
reversed in order to recover sensible heat fromthe exhaust gases.
This is acconplished by passing themthrough brick checkers which are
at either end of the furnace. At each reversal, the brick checkers
are hot enough to heat the incom ng conbustion air so that the high
flame tenmperatures needed to nelt and refine raw materials are nore
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TABLE 27. LOCATI ONS OF BASI C OXYGEN PROCESS FURNACES (BOPFs) I N
THE | RON AND STEEL | NDUSTRY 728283

State and City Cor por ati on
Al abama
Fairfield U S. Steel Corporation
Gadsden Republic Steel Corporation
California
Font ana Kai ser Steel Corporation
Col or ado
Puebl o CF& Steel Corporation
I1linois
Chi cago I nterl ake, I|nc.
Ganite City Nati onal Steel Corporation
Sout h Chi cago Republic Steel Corporation
U S: Steel Corporation
I ndi ana
Bur ns Har bor Bet hl ehem St eel Conpany
East Chi cago I nl and Steel Conpany
Jones and Laughlin Steel Corporation
Gary U S. Steel Corporation
Kent ucky
Ashl and Arnco Steel Corporation
Mar yl and
Sparrows Poi nt Bet hl ehem St eel Corporation
M chi gan
Dear born Ford Mot or Conpany
Ecor se Nati onal Steel Corporation
Trenton McLout h Steel Corporation
New Yor k
Buf fal o Republic Steel Corporation
Lackawanna Bet hl ehem St eel Cor poration
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TABLE 27. LOCATI ONS OF BASI C OXYGEN PROCESS FURNACES (BOPFs) I N
THE | RON AND STEEL | NDUSTRY 728283

State and City Cor poration
Ohi o
Cl evel and Jones and Laughlin Steel Corporation
Republic Steel Corporation
Lorain U S. Steel Corporation
M ddl et on Arnco Steel Corporation
St eubenvill e Wheel i ng- Pi ttsburgh Steel Corporation
Varren Republic Steel Corporation

Wheel i ng- Pi ttsburgh Steel Corporation

Pennsyl vani a

Al'i qui ppa Jones and Laughlin Steel Corporation
Bet hl ehem Bet hl ehem St eel Conpany
Br addock U S. Steel Corporation
Duquesne U S. Steel Corporation
Farrell Sharon Steel Corporation
M dl and Cruci bl e, Incorporated
Monessen Wheel i ng- Pi ttsburgh Stee
Cor porati on
Nat r ona Al'l eghany Ludlum Steel Conpany

West Virginia
Weirton Nati onal Steel Corporation

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 thenselves. The
| evel of chrom um em ssions fromany given facility is a
function of variables such as capacity, throughput, and
control nmeasures. It should be determ ned through direct
contacts with plant personnel.
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readily reached. The furnace is charged with scrap and heated to
incipient nelting by oil, gas, or tar flames which nove across the
top of the hearth. Hot netal is added to the furnace at this point:
The next step involves addition of the necessary flux and oxidi zi ng
materials to refine the mx while it boils.? Preheated conbustion
air, sonetines enriched with pure oxygen, is forced into the furnace
to aid the oxidation of inpurities.*® A slag forns containing the
inpurities. This is renmoved by an operation termed slagging. After
the nolten steel has forned, it is tapped fromthe furnace.

Em ssi on Factors--

Smal I chrom umcontaining particulate matter is emtted fromthe
furnace during steel formation. The anpbunt of oxygen consumed wil |
i nfluence total particulate em ssions.* The percent of chromumin
the scrap and the type of steel being produced will effect chrom um
em ssions rates. Sources of fugitive em ssions from open hearth
furnaces include charging, |eakage, tapping, and slagging. Charging
em ssions result fromthe addition of hot nmetal or scrap into the hot
furnace. Leakage may occur if charging or tapping doors are
i nproperly positioned. Leaks fromthe oxygen | ance-port al so occur.
Tappi ng and sl agging em ssions result fromthe violent mxing O the
poured nolten material . %85

Em ssions from open hearth furnaces are generally controlled
wi th ESPs, although other types of equi pment have been used. In
1976, 80 percent of furnaces were controlled with ESPs. Testing of
two open hearth furnaces with ESPs showed a total particulate contro
of 96.6 to 98.8 percent.?8:8 Chrom um col |l ection efficiency was not
measur ed, but other trace netals such as nickel, zinc, copper, |ead,
and cadm um were renmoved with about 98 percent efficiency. 86
Venturi scrubbers are also used to control particulate, and therefore
chrom um emnmi ssions at some open hearth furnaces. Fabric filters,
which are typically nore efficient particulate (and chrom um renoval
devi ces than ESPs, have been installed at a few | ocations. The
di sadvantage of fabric filters is that gases nust be cooled prior to
entering the control device."
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Fugitive em ssions from open hearth furnaces are generally
controlled by the use of tapping and chargi ng doors or by hooding. %
In 1976, about 20 percent of open hearth furnaces wore uncontroll ed. ®
The nunmber of uncontrolled facilities has probably decreased since
that tinme as several open hearth furnaces have shut down for reasons
previously discussed.

No em ssion factors are available specifically for chrom um
According to the Anerican Iron and Steel Institute, open hearth
furnaces are used to produce carbon and non-chrom um all oy steel,
rat her than chrom um containing stainless steel alloys.® Thus one
woul d expect a relatively low level of chromumin raw materials and
particul ate em ssions.

Source Locati ons- -

A partial listing of open hearth facilities operating as of 1980
is given in Table 28.%8 A source of current information on the
| ocation of steel manufacturing facilities using open hearth furnaces
is the Anerican Iron and-Steel Institute's Directory of Iron and
Steel Works of the United States and Canada.?® The steel industry,
i ncl udi ng open hearth furnaces, is classified under SIC code 3312. 48
St andard manufacturing directories can be consulted for lists of

steel "producers, although not necessarily the types of furnaces they
use.

Leat her Tanni ng

Process Description--

Chrom um can potentially be emtted into the air froml eather
tanning facilities because chrom um based chem cals are used as
tanning liquors. Chrom um based liquors are used to tan about 95
percent of the hides produced in the United States.?
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TABLE 28. LOCATI ONS OF STEEL PLANTS W TH OPEN HEARTH FURNACES®?

State, Gty Conpany
California

Font ana Kai ser Steel Corporation
I ndi ana

East Chi cago

Cor poration
Gary

Mar yl and
Sparrows Poi nt

Ohio
M ddl e ton

Pennsyl vani a
Fairless Hills
Honest ead
Johnst own
New Castl e
Phoeni xvill e
West Honest ead

Texas
Lone Star

Ut ah
Geneva

I nl and Steel Conpany
Jones & Laughlin Steel

United States Steel Corporation

Bet hl ehem St eel Cor poration

Arnto, |ncorporated

United States Steel Corporation
United States Steel Corporation
Bet hl ehem St eel Cor poration
Mest s Machi ne Conmpany

Phoeni x Steel Corporation

Mest a Machi ne Conmpany

Lone Star Steel Conpany

United States Steel Corporation

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 thenselves. The

| evel of chrom um em ssions fromany given facility is a
function of variables such as capacity, throughput, and

control neasures.
contacts with plant

It should be determ ned through direct
per sonnel .
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The | eather tanning process is illustrated in Figure 36.
First, the hides are prepared to receive the tanning agent, a
sol ution predom nantly conposed of trivalent basic chronm um sulfate. ¢
Many tanning facilities buy the chrom um sulfate solution nmade to
specification, whereas others buy dry chrom um sulfate and fornul ate
their own tanning sol utions. 889

The tanning is acconplished by soaking the hides in the
chrom um sul fate solution. The purpose of tanning is to stabilize
the collagen fibers in the hides so that they are no | onger
bi odegradable. The initial pH of the tanning solution is about 2.8
so that the chromumsulfate is in soluble form After the solution
has penetrated the hides, the pHis gradually raised to 3.4 or 3.6.
As this occurs the chromumreacts with the collagen to produce the
preserved, tanned hide.?

The hides are then stacked overnight to allow further fixing
of the chromium They are men put through a hide winger until
al nrost dry and sorted. Finishing steps vary depending on the end
product, but usually include the application of an oil and water
emul sion (fat liquoring), coating with various polymers and dyes, and
drying. Drying is acconplished by hanging or laying the hides on
plates in a controlled tenperature environnent or by using a vacuum
dryer. |If suede is being produced, the leather is buffed, or brushed
repeat edl y. 8788

Em ssion Factors--

The two potential sources of chrom umem ssions fromthe |eather
tanni ng process are the fornulation of the chrom um sul fate tanning
solution and the buffing procedure. At plants which fornmulate their
own tanning solution, chrom um sul fate dust containing a trival ent
formof chromumis emtted during storage, handling and m xi ng of
the dry chromum sulfate raw material. The formnul ation process is
intermttent and of short duration, which | essens the potenti al
chrom um em ssi ons. Furthernore, because the dry chromumsulfate is
val uabl e, care is taken to mnim ze | osses during storage and
handling. Little information on specific control technologies is
avai |l abl e.
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Figure 36. Flow chart for leather tanning process at plants which formulate

their own chromium sulfate tanning solution.



There are no atnospheric enmissions fromthe soaking of | eather
in the tanning solution or fromthe drying of hides. The nethods
used for drying would not dislodge particulates or chromumfromthe
| eat her. 87

The buffing of tanned hides during the suede finishing process
is a possible source of chrom um em ssions. The repeated brushing,
or buffing, of the |eather dislodges small particles of |eather which
contain trivalent chromum Particulates fromthis process are
contained within the building and are not exhausted to the
at nosphere. 8% Buffing operations are intermttent, the extent of
which will depend on the demand for suede.

Leat her tanning facilities have not been viewed as sources of
chromum air em ssions by the states in which they are | ocated. 8
Mai ne conducted anbi ent nonitoring for chrom um and found atnospheric
chrom um | evel s near tanneries to be the sane or slightly less than
areas w thout tanneries.® Although not conclusive, these results
i ndi cate that tanneries are not emtting enough chromumto affect
anbi ent chromumlevels in surrounding areas. No chrom um em ssion
factors for |eather tanning operations are available in the
literature.

Source Locati ons- -

In 1977, there were about 500 | eather tanneries in the United
States. Tanneries are |ocated throughout the country, with the
greatest concentration in the Northeast. Essex County, Massachusetts
has the highest concentration of tanneries in the United States.
Table 29 lists sonme of the larger tanning facilities and their
| ocations.® Standard manufacturing directories could be consulted to
find the |l ocations of other tanneries using SIC code 3111.
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TABLE 29. LARGEST U.S. LEATHER TANNI NG FACI LI TI ES AND LOCATI ONS®?

State, City Conpany
Ari zona
Phoeni x Sout hwest Hi de Co.
Illinois
Chi cago M ddl ebor o Tanni ng Co.
Nat i onal Rawhi de M g. Co.
| owa
Spencer Spencer Foods, Inc.
Mai ne
East WIlton W ton Tanni ng Co.
Massachusetts
Beverly Speco, Inc.
Bost on W Ml ender & Sons, Inc.
Danvers Al gy Leather Co., Inc.
Haver hi | | Hoyt and Worthen Tanni ng Corp.
Hol br ook Mor an Leat her Co.
Peabody Bob- Hat Leat her Co., Inc.
Fernon Leather Co., Inc.

HDC Leat her Co., Inc.

N.H Matz Leather Co.

Moder n Leat her &- Fi ni shing Co.
Rex Tanni ng Cor p.

Sal em Hawt hor ne Tanners, Inc.
Mason Tanning Co., Inc.
Taut on Cei li ch Tanni ng Co.
Wbbur n Braude Bros. Tanni ng Corp.
Murray Bros. Tanning Co., Inc.
New Jer sey
Newar k A J. and J.O Pilar, Inc.
New Yor k
Br ookl yn Mer cury Foam Cor p.
G oversville Cayadutta Tanni ng Co.

Leat her Group Inc.
Li berty Dressing Corp.
New Yor k Eastern Tanning Co., Inc.
Wal ter Hochhauser Leather Co., Inc.
Mar shal | Leat her Finishing Co., Inc.
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TABLE 29. (CONTI NUED) LARGEST U.S. LEATHER TANNI NG FACI LI TIES AND LOCATI ONS*

State, Cty Conpany
Oregon

Dal | as Muir and McDonal d Co.
Pennsyl vani a

Phi | adel phi a Wn C. Brown Leat her Co.
Texas

San Antonio Nel son and Sons, Inc.
Ut ah

North Salt Lake Wl Ils Tannery, Inc.

Ver nal J.G Drollinger and Associ ates
W sconsin

M | waukee Sei del Tanni ng Corp

Thi el e Tanni ng Co.
Sheboygan Armira Corp
South M | waukee M dwest Tanni ng Co.

Note: This listing is subject to change as market conditions change,
facility ownershi p changes, plants are closed down, etc. The reader
shoul d verify the existence of particular facilities by consulting
current listings and/or the plants thenselves. The |evel of chrom um
em ssions fromany given facility is a function of variables such as
capacity, throughput, and control neasures. It should be determ ned
t hrough direct contacts with plant personnel
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I NDI RECT SOURCES OF CHROM UM

Coal and G| Conbustion

Process Description--

Chromumis a trace elenent common in nost coals and oils. O
the many trace elenments in coal and oil, chromumis considered to be
m nor in abundance.® Table 30 and Tabl e 31, respectively, present
data that summarize the chrom um content of donestic coals by coa
type and coal source.®° Table 32 provides informati on on the
chrom um contents of typical oils used in the U S. Residual oils
appear to have hi gher chrom um contents, on the average, than crude
oils as a result of the refining process. A heavy metal such as
chrom um has a very | ow vapor pressure and exists as a | ow vapor
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.® This
concentration phenonena expl ains why chrom um contents of distillate
oils are generally lower than residual and crude oils. |In analytica
tests of several distillate oils by a major oil refiner, chrom um was
not found at a limt of detection of 0.01 ppm %

The amount of chromumemtted to the atnosphere during coal and
oi | conbustion is dependent primarily on the follow ng factors:

- the chrom um content of the fuel,

- the type of boiler used and its firing configuration,

- the partitioning of chrom um between fly ash and bottom ash
- the degree of chrom umenrichnment on fine fly ash, and

- the chromi umrenoval 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.
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TABLE 30. CHROM UM CONTENT OF DOMESTI C COALS BY TYPE®®

Mean Chrom um St andard Nurber of
Coal Type Content, wt ppm Devi ation, w ppm Sanpl es
Bi t um nous 25.9 2.0 130
Nort h Dakota 7.5 3.7 10
Lignite
Texas Lignite 20.4 1.5 29
Anthracite 35.6 7.3 53

TABLE 31. CHROM UM CONTENT OF DOMESTI C COALS BY SOURCE®2

Mean Chrom um St andard Nunber of
Coal Source Content, wt ppm Devi ation, w ppm Sanpl es
Eastern U. S. 20 16 23
(Appal achi a)
M dwestern U. S 18 9.7 113
(I''l'inois Basin)
Western U. S. 9.0 4.2 29

a Data presented in reference 9494 show neasured chromumlevels in an
unwashed and washed western coal to 39 ppm and 43 ppm respectively.
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TABLE 32. CHROM UM CONTENT OF VARI OQUS CRUDE AND FUEL O LS 93.95-97

Aver age Chrom um Range of Chrom um

al Type Content, wt ppm Content, wt ppm
Crude G| NA? 0.0023 - 0.640
Residual No. 6 0.90 0.09 - 1.9
Residual No. 6 NA 0.095 - 0.84
Residual No. 5 NA 0.045 - 6.2
Distillate No. 2 0. 048 NA
Distillate No. 2 1.15 0.51 - 2.8
Distillate No. 2 <.01 ppm NA

a2 NA neans data not avail abl e.
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The concentration of chromiumin the feed coal or oil has been
determ ned to be the major factor affecting uncontrolled chrom um
em ssions from conbustion sources.® The greater the chrom um
concentration in the fuel, the higher the uncontrolled rate of
chrom um em ssions. For the conbustion of coal, the type of boiler
and its firing configuration both affect chrom um em ssions by
affecting the amount of coal ash that ends up as bottom ash. The
bottom ash contai ns some concentration of chromumthat will not be
emitted to the atnosphere. The conbustion of oil produces
essentially no bottomash, mnimzing the effect of boiler type and
firing configuration on the level of chrom um m ssions from oi
fuel s.

The em ssion of chromumfromcoal or oil conbustion is
general ly explained by the volatilization/condensation nechani sm
(VCM theory. The theory basically states that in the firebox of a
boil er or furnace peak tenperatures of approximtely 1650°C (3000°F)
volatilize fuel elenments such as chromum The hot flue gases from
t he conmbustion process then undergo cooling through convectiye heat
transfer and ot her nechani snms, condensing the volatilized species.
Vol atilized chromi um nay condense or adsorb onto existing particles
in the exhaust stream according to the available particulate surface
area, or may honpbgeneously condense into fine chrom um containing
particles. Through this procedure, the chrom um 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
chrom um | ong enough for it to condense. 0101 As an exanple, in an
analysis of three coal-fired utility boilers, chrom umwas reported
to be 23 percent partitioned to the bottom ash and 77 percent to the
fly ash. 102

The degree of partitioning and small particle enrichnment that
goes on during the volatilization and condensati on of chrom um 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 chment behavior of many trace

150



el ements, including chromum One of the are sinplistic, but
effective classification systens is given bel ow 100101

S Cass 1. Elenents which are approximately equally
di stributed between fly ash and bottom ash, showing little
or no enrichnment onto small particles.

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

S Cass 3. Elements which are internedi ate between C asses 1
and 2.

S Cass 4. Elenents which are emtted entirely in the gas
phase.

Chrom um em ssions from coal conbustion 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 chrom um are
apparently not totally volatilized during the coal conbustion
process, and, therefore, exhibit a capability for bottomash or fly
ash deposition. Chrom um em ssions fromoil conbustion generally
denmonstrate the behavior of Class 2 elenents, primarily because
little bottomash is present in the conbustion system

Chrom um em ssions fromboth coal and oil conbusti on show
preferential enrichnment on fine fly ash particles. 112 Because of
this enrichnment factor, the type of control device used plays an
inportant role in determ ning how much chromumis renmoved fromthe
flue gas exhaust. Control devices not designed to renove fine
particul ates do not performas well on chrom um em ssions as devi ces
whi ch are so designed. A summary of the collection efficiencies for
chrom um t hat have been determ ned for ESPs, fabric filters, and wet
scrubbers is given in Table 33, Table 34, and Tabl e 35. In addition
to control devices, fuel cleaning has al so been shown to be an
effective method of reducing chromi um and ot her trace el enent
em ssions from combusti on processes. Physical coal cleaning has been
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TABLE 33. CHROM UM COLLECTI ON EFFI Cl ENCI ES FOR ELECTROSTATI C
PRECI Pl TATORS 104105

Source ldentification Fuel Percent Collection Efficiency

Power Pl ant A Coal 99.8
Power Pl ant B Coal 98. 6
Power Pl ant C Coal 99.8
Power Pl ant D Coal 98.7
Power Pl ant E Coal 97

Power Plant F Coal 97.6
Power Plant G Coal 99. 2
Power Pl ant H Coal 85. 6
Power Pl ant | Coal 96. 2

TABLE 34. CHROM UM COLLECTI ON EFFI Cl ENCI ES FOR FABRI C FI LTERS 104,105

Source ldentification Fuel Percent Collection Efficiency
Power Plant A Coal 99. 8
Steel MII 99.9
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TABLE 35. CHROM UM COLLECTI ON EFFI Cl ENCI ES FOR VET SCRUBBERS!04 105

Source ldentification Fuel Percent Collection Efficiency
Power Pl ant A Coal 96. 12

Power Pl ant B Coal 88. 92

I ndustrial Boiler A Coal 95b

I ndustrial Boiler A Gl Q0P

Power Pl ant C Coal 97¢

a Controlled by a venturi scrubber.
b Scrubber was designed primarily for SO, control.
¢ The scrubber is preceeded by an ESP.
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shown to renove from 27 to 65 percent of the chromumin coa
dependi ng on the source of the coal. Physical cleaning is 50-65
percent efficient on eastern and m dwestern coals, but is only 27
percent efficient on western coals. QG fuels have successfully been
cl eaned of trace nmetals by hydrotreating processes, but no specific
renoval data for chrom um are avail able. Renoval efficiencies of
greater than 95 percent have been achi eved for nickel which should be
a good indicator of potential chrom umrenoval |evels because both

ni ckel and chrom um exhibit C ass 3 enrichnent behavi or. %4

Em ssi on Factors--

Chrom um em ssion factors for coal and oil conbustion are
presented in Table 36 and Tabl e 37. 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 chromumin
the fuel and then by assum ng that 100 percent of the chromumis
emitted. This approach results in an em ssion factor that is
theoretically the maxi mum for the fuei under analysis. The only
means by which actual em ssions could be greater than the cal cul ated
value are that chromumis added to the em ssion streamfrom neta
erosion in the boiler or control device, or chromumis present in

conmbustion air at a significant level. Calculated em ssion factors
for oil conbustion are generally nuch greater than the sane factors
determ ned by testing. |In one series of tests, calculated chrom um

em ssion factors were consistently two tinmes higher than what was
determ ned by actual em ssions testing.?

Cal cul ated chrom um eni ssion factors for coal conbustion also
rely on the anount of chromumin the fuel as a primary input. The
application of average chrom um 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 chrom um em ssion
factors were found to be greater than the anount of chrom umthat
could be calculated to be emtted based on fuel chrom um|evels.

Thi s inconsistency again indicates an influx of chromuminto the
em ssion stream ® Measured chrom um enmission factors for oil and
coal conbustion are based on actual em ssions generated during source
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TABLE 36. CHROM UM EM SSI ON FACTORS FOR O L COVBUSTI ON°7: 106-111

Uncontrol | ed Chrom um Type of Factor
al Type Em ssi on Factors
Distillate #2 23.8 - 29 pg/J¢ Measur ed
Distillate #2 1.1 - 55 pg/Jd Cal cul at ed
Distillate #2 0.040 - 0.042 kg/10® liters Measur ed
(0.32 - 0.35 1b/10% gal)(c,e)
Resi dual #4 0.035 kg/10% liters Measur ed
(0.29 I b/10® gal)e®
Resi dual #5 0.083 kg/10® liters
(0.69 I b/10°% gal)e® Measur ed
Resi dual #6 0.41 kg/10% liters Measur ed
(3.4 1 b/10° gal)=®
Resi dual (No. Unspecified) 28. 6 pg/ Jd Measur ed
Resi dual (No. Unspecified) 2.1 - 50 pg/J¢ Cal cul at ed
Resi dual (No. Unspecifi ed) 5.7. pg/Jef Cal cul at ed

@ Chrom um em ssions fromoil conbustion are nost likely to exist as chrom um sul fate, conpl ex
oxi des of chrom um and other netals, and chroni um oxi de. 13116

b Cal cul ated eni ssion factors have been devel oped by determining the chrom umcontent of the oil and
maki ng the assunption that all chromumin the fuel is emitted. Measured 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 amount of fuel burned.

¢ Reference 9595 indicated the pg/J equivalent of this em ssion factor would be 1.05 - 1.15 pg/J,
assum ng that all the chromiumpresent in the em ssions canme fromthe fuel. This factor is
significantly lower than the other neasured values for distillate oil conmbustion of 23.8 - 29 pg/J.
This difference can basically be reconciled by exam ning the chrom umcontent of the fuels burned.
In the case of the I ower em ssion factor, the fuel chromiumlevel was about 0.05 - 0.06 ppmw
The fuel chromiumcontent in the tests that produced the higher value ran 85 high as 2.8 ppmw



TABLE 36. ( CONTI NUED) EM SSI ON FACTORS FOR O L COVBUSTI ON°7: 106-111

4 Emi ssion factor expressed as total chromumenitted per unit of heat energy contained in the fuel.
¢ Emi ssion factor expressed as total chromumenitted per mass of oil fired.

f This emission factor represents controlled em ssions. The factor is applicable to control by
ei ther wet scrubber or ESP.



TABLE 37. CHRONI C EM SSI ON FACTORS FOR COAL CONBUSTI ON 94103, 104, 106-108, 110-112

Chr om um Em ssi on Type of Factord

Coal Type Boi |l er Type Control Device? Factors, pg/J®¢

Anthracite St oker None 102 - 648 Measur ed
Anthracite St oker None 200 Cal cul at ed
Anthracite St oker MC 16. 3 Cal cul at ed
Anthracite Pul veri zed ESP 60. 2 Cal cul at ed
Bi t um nous Pul veri zed None 1,505 - 2,600 Cal cul at ed
Bi t um nous Pul veri zed None 825 Measur ed

Bi t um nous Pul veri zed MC 71.8 - 770 Cal cul at ed
Bi t um nous Pul veri zed MC 5.3 Measur ed

Bi t um nous Pul veri zed ESP 45 - 60.2 Cal cul at ed
Bi t um nous Pul veri zed ESP 2.5 - 3,430 Measur ed

Bi t um nous Pul veri zed W5 54,2 - 170 Cal cul at ed
Bi t um nous Pul veri zed W5 0.26 - 5.3 Measur ed

Bi t um nous Pul veri zed MC/ W5 7.8 Measur ed

Bi t um nous Pul veri zed FGD 54 Measur ed

Bi t um nous Cycl one None 495 - 645 Measur ed

Bi t um nous Cycl one MC 130 Cal cul at ed
Bi t um nous Cycl one ESP 8 - 9.3 Cal cul at ed
Bi t um nous Cycl one ESP 290 - 2,300 Measur ed

Bi t um nous Cycl one W5 14 Cal cul at ed
Bi t um nous Cycl one W5 46 Measur ed

Bi t um nous St oker None 38.3 - 2,000 Cal cul at ed
Bi t um nous St oker None 8.1 - 129 Measur ed

Bi t um nous St oker MC 16.3 - 590 Cal cul at ed
Bi t um nous St oker MC 26.8 - 1,040 Measur ed

Bi t um nous St oker ESP 58 Measur ed

Bi t um nous St oker FE 66 Measur ed
Lignite Pul veri zed MC 253 Cal cul at ed
Lignite Pul veri zed MC 29 - 32 Measur ed
Lignite Pul veri zed ESP 9.2 - 26.5 Cal cul at ed
Lignite Pul veri zed ESP 8.6 Measur ed




TABLE 37. (CONTI NUED) CHRONI C EM SSI ON FACTORS FOR COAL CONBUSTI ON 94.103,104,106-108, 110- 112

Chr om um Em ssi on Type of Factor®

Coal Type Boi |l er Type Control Device? Factors, pg/J®e¢
Lignite Pul veri zed W5 75 Cal cul at ed
Lignite Cycl one MC 245 - 430 Cal cul at ed
Lignite Cycl one ESP 5-17.8 Cal cul at ed
Lignite Cycl one ESP <3.3 Measur ed
Lignite Cycl one W5 40 Cal cul at ed
Lignite St oker MC 16. 3 Cal cul at ed
Lignite St oker MC 13 Measur ed
Lignite St oker ESP <2.3 Measur ed
@ The key for the control device abbreviations is as follows:

MC - nmulticycl ones

ESP - electrostatic precipitator

W5 - wet scrubber

FF - fabric filter

FGD - flue gas desul furization
b Emi ssion factors expressed as total chromumenitted per unit for heat energy in the fuel.

¢ Chrom um em ssions fromcoal conbustion are nost likely to exist as chrom um sulfate, conplex
oxi des of chrom um and other netals, and chrom um oxi de. 113, 114, 115, 116

d Cal cul at ed emi ssion factors have been devel oped usi ng average fuel chrom um contents, average
chrom um enrichnment ratios, and denonstrated average control device efficiencies. Measured
em ssion factors have been determ ned by actual em ssions source testing and sanple anal ysis
conbi ned with a know edge of the energy content of the fuel burned.



testing and analysis of a boiler and a know edge of the quantity and
characteristics of the fuel burned.

As shown in Table 36 and Table 37, 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
i nportant factor influencing the situation is the chrom ym content of
the fuel. 102

Limted chrom umem ssion factors are al so available for the
combustion of wood. In one set of tests for five furnaces burning
wood, neasured chrom um em ssion factors ranged fromO0.76 - 11.7 pg/J
with the average being 6.4 pg/J.1% A neasured chrom um en ssion
factor for wood of 4 pg/J was reported in Reference 111.

Several recent studies have produced results strongly indicating
the forns of chrom um occurring in em ssions fromcoal and oi
conmbustion. Reference 113113 exam ned the 100 - 200 pm si ze fraction
of fly ash captured by electrostatic precipitators fromcoal fired
utility boilers. Using magnetic separation and hydrochl oric and
hydrofl uoric acid | eaching steps, the fly ash was separated into a
glass matrix, a nullite-quartz matrix, and a nmagnetic spinel matrix
of composition Fe, ;Al ,;0,. Analysis by X-ray diffraction and X-ray
fluorescence of the separated matrices indicated that approximtely
74 percent of the chrom um present was associated with the spinel.
The theory was put forth that chrom um probably existed as a
substituted spinel of the form Fe; Cr,Q,. 13

O her studi es have been perfornmed with results that indicate and
support the estimation that a significant part of chrom um contai ni ng
em ssions fromcoal and oil conbustion exist as conpl ex oxi des of
chrom um and ot her netals.41® Additionally, the sane studies
i ndi cated that a large part of the netal-containing em ssions from
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coal and oil conbustion exist as netal sulfates. 16 Together
chrom um sul fates and conpl ex oxi des of chrom um and ot her netals
appear to constitute the bulk of chrom um em ssions from coal and oi
conmbusti on.

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 ntai ned by the U S. EPA and DOE, the Electric Power Research
Institute (ERPI), and the Anerican Boil er Manufacturers Association.

Cenent Producti on

Process Description--

The production of cement is a potential source of chrom um
em ssi ons because chrom um can be a conponent of both the process
feed materials and the fuels such as coal and oil that are burned in
cement process kilns and dryers. In 1981 approximately 67.6 mllion
M (75.1 million tons) of cenent were produced in the U S. Cenent
is produced by either a wet or dry nethod. |In the dry nmethod, feed
materials are sent to the processing steps in a dry solid form In
the wet nmethod, 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.

The basic process flow diagram for cenment production by the wet
and dry nethods is shown in Figure 37. The raw materials used to
make cement can be divided into four basic categories: Ilime, silica,
alumna, and iron. Approximately 1600 kg (3520 I b) of dry raw
materials are required to produce 1 My (1.1 ton) of cement.?®
Foll owi ng quarrying, raw materials are crushed to a suitable size for
processing and are entered into either the wet or dry processing
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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 ci ning are acconplished as the material travels
t hrough the heated kiln, finally burning to incipient fusion and
form ng whet 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 cement product is then stored for packagi ng and
shi pnent . 118119

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 sanme as in the dry process. 118119

Em ssion Factors--

The primary chrom um em ssion sources in cenent production are
the rotary kilns and grinding mlls."1% The majority of the cenent
i ndustry uses controls such as nmulticyclones, ESPs, ESPs wth
cyclones, and fabric filters to reduce particul ate, and consequently
chrom um em ssions, fromthese sources. Typical collection
efficiencies for control devices in these applications are; 17118

- multicyclones, 80 percent
-  ESPs, 95 percent
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- ESPs with cyclones, 97.5 percent
- fabric filters, 99.8 percent.

Few di rect measurenents of chrom um em ssions from cenent plants
have been nade. However, total particulate em ssions are reported
for each stage of the process and the chrom um content of the
particul ate em ssions has al so been measured. A 1970 study reported
that particul ate em ssions fromcenent plants contained
0. 03 percent chrom um by weight.?® The value of 0.03 percent is the
medi an val ue determ ned fromtests of several cenment plant sources
including kilns, dryers, air separators, and clinker coolers.
According to a 1979 revi ew conducted for the EPA, kiln dust typically
contains 0.011 percent chrom um 1/

To obtain the chromi um em ssions factors in Table 38,
particul ate em ssion factors from EPA reports?” 118 were nmultiplied by
0. 011 percent (the percent of chromumin particul ate em ssions).
Factors for Controlled and uncontrolled kilns, grinders, and clinker
coolers are listed. The 0.011 percent chrom um factor was used to
cal cul ate emi ssion factors instead of 0.03 percent because better
docunentati on and support was provided to substantiate the 0.011
percent nunber.

Few data were found which identified the chrom um content of
particles fromcenment processing. Chromumemtted 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.
Chrom um em ssions fromkilns are probably in the fornms of oxides of
chrom um and other metals, chrom um oxide, and to a | esser extent
chrom um sul fate because of the high tenperature, oxidizing
conditions present in kilns. Chromum enissions fromthe clinker
cooler would be in the sane forns as those emtted fromthe kilns
because the chrom um particles would not be undergoi ng any reactions
in the cooler. During mlling and packagi ng, chrom um woul d al so be
emtted in the forns that are produced in the kiln. Chromumemtted
fromthe
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TABLE 38. CHROM UM EM SSI ONS FACTORS FOR CEMENT PLANTS 117118

Chr om um Em ssi on Factora?®

Em ssi on Source Cont r ol kg/ 10® My (1 b/10% tons)
Dry procescs
kil nc Uncontrol | ed 13 (26)
ESP .002-.01 (.004-.03)
Fabric filter .001-.01 (.003-.03)
dryers and gri nders® Uncontrol | ed 5 (10)
Wet process
kiln Uncontrol | ed 12 (25)
ESP .002-.02 (.004-.03)
Fabric filter .005-.01 (.01-.03)
dryers and gri nders® Uncontrol | ed 1.7 (3.4)
dinker coolers Fabric filter . 0006-.007 (.001-.014)
Gravel bed .002-.005 (.005-.01)
Wet scrubber . 002 (.005)

a Em ssions are expressed as total chromum These em ssion factors
i ncl ude em ssions fromfuel conmbustion, which should not be cal cul ated

separately.
b Emi ssion factors are expressed in terns of the anount of cenment produced.
¢ Chromiumem ssions fromthis source are expected to be in the fornms of
oxi des of chrom um and other netals, chrom um oxide, and to a | esser
extent chrom um sul f ates.

d Chrom umenissions fromthis source are expected to predoninantly be
in the formof chromumsilicate m nerals.
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combustion of fossil fuels and dryers should be in the fornms of
chrom um sul fates, conpl ex oxides of chrom um and other netals, and
chrom um oxi de, as discussed previously in the conbustion section.

Source Locati ons- -

In 1983 there were approximately 160 cenent plants in the United
States. The mpjority of plants were located in California, Texas,
Pennsyl vani a, M chigan, and M ssouri. % [|ndividual plant |ocations
can be determned froma variety of sources including:

- cenent trade associations (e.g., Portland Cenent Associ ation)
- published industrial directories (e.g., Thomas Regi ster,

St andard & Poor's)

- the 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--

Chromumis rel eased during the incineration of nunicipal refuse
and wastewat er sewage treatnment sludge because these materials
contain varying quantities of chromum The chrom um content of
muni ci pal refuse consisting of paper and plastics ranges from 10 -
175 ppm with an average content being 30 ppm 2 Dry sewage
treat ment sludges have chrom um contents ranging from22 - 30, 000
ppm with a nean content of 1,800 ppm and a nedi an of 600 ppm 22 The
wor ki ngs of refuse and sewage sludge incinerators and of factors
affecting chrom um em ssi ons and descri bed bel ow.

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 ator. In nost cases, natural draft or slight induced draft is
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used to pull air up through the grate to carry out the primary refuse
conmbustion process. The combustion gases fromthe primary chanber
pass through a flanme port where they are reheated and mixed 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 38.1%

Sewage sl udge 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 fluidi zed-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 roof 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 39 presents a schematic di agram of
a typical multiple-hearth sewage sl udge incinerator.

The majority of multiple-hearth incinerators have three distinct
operating zones. The first zone includes the top hearths 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 (1,400 -
1,800°F) are reached and maintained. The third zone of the
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mul tiple-hearth unit is the cooling zone when hot ash from

i nci neration rel eases heat to incom ng conbustion air. The design
tenperature profile of a typical nultiple-hearth incinerator is given
in Table 39 to illustrate the break in operating zones. 1%

The second technique used to oxidize sewage sludge is
fluidized-bed incineration. Figure 40 represents the basic
operations found in a fluidized-bed unit.* |In 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 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 (1,300 - 1,500°F).

Remai ni ng i norgani ¢ sludge material either deposits on the bed sand
particles and is removed 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 nethod of inorganic sludge material renoval.
Chrom um em ssions fromthis type of system are dependent on air flow
vel ocity through the bed and the chrom um content of the sludge. ?®

Em ssion Factors--

The primary factors affecting chrom um en ssions from nmuni ci pa
refuse incinerators are the chrom um 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 level of fly ash
em ssions. 22 The types of control devices used to reduce overal
i nci nerator particul ate em ssions have sonme effect on reducing
chrom um em ssions. The configuration of controls found in the U S.
varies fromsinple settling chanbers and baffle plates to nore
sophi sticated ESP, wet scrubber, or fabric filter systens. An ESP
used to control em ssions froma travelling grate refuse incinerator
was measured to be 81 percent efficient at renoving chromiumfromthe
exhaust stream 12¢
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TABLE 39. DESI GN TEMPERATURE PRCFI LE OF A SEWAGE SLUDGE MJULTI PLE
HEARTH FURNACE 125

Furnace Hearth No.? Nom nal Design Capacity, °C (°F)
1 (Sludge drying zone) 427 (800)
2 649 (1200)
3 900 (1650)
4 788 (1450)
5 649 (1200)
6 (Ash cooling zone) 149 (300)

@ Hearth 1 is at the top of the furnace and 6 is at the bottom
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Chrom um em ssion factors for chrom um from muni ci pal refuse
i nci nerators and sewage sludge incinerators are given in Table 40.
These factors are expressed both as a percent of total particul ates
emtted and as the amobunt of chromiumemtted per ton of refuse
i nci nerated. Chrom um em ssions at one plant did not change nuch
when sl udge was burned with the refuse (see Tabl e 40).

Chrom um em ssions from sewage sludge incinerators are
i nfl uenced by the chrom um content of the sludge, the conbustion
tenperature of the incinerator, and in the case of fluidized-bed
units, the nmethod of inorganic material renoval fromthe bed. 122125
Wet scrubbers are extensively used with good success to contro
mul ti pl e-hearth and fl ui di zed- bed sewage sl udge incinerators. 122125

The data in Table 40 suggest that the weight percent, of
chromumin particulate em ssions appears sinmlar for nultiple hearth
and fluidized-bed incinerators. Those plants emtting higher anounts
of fly ash emt nore chrom um per ton of refuse burned. Results of
EPA testing of one fluidized- bed incinerator operated at three
tenperatures is also shown in Table 40. These data denobnstrate
clearly that increasing the tenperature of a fluidized-bed
i nci nerator significantly increases chrom um eni ssions.

Very few data are available in the literature specifying the
speci es of chromum contained in incinerator em ssions. Chrom um
em ssions fromrefuse and sludge incineration are expected to contain
both trival ent and hexaval ent fornms of chromum Chrom um generally
exists in refuse and sludge as trivalent chromum Upon incineration
at high temperature, chromumw Il be oxidized to hexaval ent chrom um
to some extent. The existence of hexaval ent chrom umin sewage
sl udge incinerator en ssions has been confirned. 33
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TABLE 40. EM SSI ON FACTORS FOR CHROM UM FROM MUNI CI PAL REFUSE AND
SEWAGE SLUDGE | NCI NERATORS 126-132

Chr omi um Enmi ssi on Factors

Wei ght % of
Particul ates kg/ My (I b/ton) of
Em ssi on Source Em tted Sol i d Waste | ncinerated®
Muni ci pal Refuse Incinerators
Multiple Hearth
Ref use Onl y? 0.10 0. 0039 (0.0077)f
Ref use and Sl udge® 0.13 0.0046  (0.0091)f
Rocki ng Grat e 0. 049 0. 0024 (0.0048)
Travelling G ate® 0.02 0. 0003 (0. 0006)
Sewage Sl udge Incinerators
Fl ui di zed- Bed® 704°C 0.08 0. 00004 (0.00008)¢
816°C 0.10 0. 00003 (0.00006)¢
927°C 0.10 0. 0002 (0.0004)¢
Fl ui di zed- Bed® 0.28 0. 0003 (0. 0006)"
Mul ti ple Hearth? 0. 68 0. 0077 (0.014)
Mul tiple Hearthe 0.11 ---

Al factors expressed in ternms of total elemental chromum  Chrom um
is expected to exist in the em ssions in both hexaval ent and trival ent
oxi dati on states.

Source is controlled by a wet scrubber
Source is controlled by an ESP

Em ssions fromthree incinerators were neasured. Two were controlled by
wet scrubbers and one by a singl e-pass cyclonic scrubber

Em ssions fromtwo incinerators were nmeasured. One was controlled by a
wat er spray baffle and one by an ESP

Em ssion factor determ ned fromtesting of one nunicipal incinerator by
the National Air Pollution Control Admi nistration

Em ssion factor determned by U S. EPA testing of one sewage sl udge
incinerator run at three different tenperatures.

Em ssion factor determned fromU. S. EPA testing of one sewage sl udge
i nci nerator.

Em ssion factor determned fromU. S. EPA testing of three sewage sl udge
incinerators. The average is reported.

Em ssion factor determned fromtesting of fly ash fromtw sewage
sludge incinerators. The same study reported the average chrom um
concentration on suspended particulates for three incinerators to be
0. 05 percent.
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Source Locati ons- -

There are approximtely 129 nunici pal refuse incinerators and
141 sewage sludge incinerators in the United States according to
recently published U S. EPA reports and information in EPA s Nationa
Em ssions Data System (NEDS).!2° Table 41 lists the distribution of
muni ci pal refuse and sewage sludge incinerators in the U S. by
State.

Cool i ng Towers

Cooling towers can be sources of atnospheric chrom um em ssions
because chrom um cont ai ni ng conpounds are sonetinmes added to cooling
tower water as a corrosion inhibiting agent. Corrosion inhibitors
are primarily used to protect the heat exchanger and piping in the
tower. 42 Al though chromium corrosion inhibitors are used in towers
of all size applications including electric utilities, industrial
pl ants, and commercial/institutional sites, use is greatest in the
i ndustrial sector, particularly in refineries and petrochem ca
plants. 145 Utilities generally |ocate near sources of once-through
cooling water so towers are not needed or they construct the
necessary towers out of corrosion resistant materials. The majority
of commercial/institutional towers rely on non-chrom um wat er
treatments such as nmai ntenance of high pH or phosphate treatnent
chemi cal s. 142-145

Chrom um corrosion inhibitors that are added to cooling tower
wat er contain chromumin the formof chromates or hexaval ent
chrom um Chrom um concentrations in cooling tower water are
generally maintained at 15 to 20 wt ppm for corrosion inhibiting
pur poses. 46-148  Cool i ng tower chrom um em ssions occur as a dissol ved
conmponent of cooling tower drift. Drift is essentially entrained
wat er droplets that have been nechanically forned in the tower and
are carried out of the tower by the systemair flow  Chrom um
concentrations in cooling tower drift are approximtely equal to the
concentrations found in the recircul ating cooling water. 148 Cooling
tower drift and tower chrom umem ssions primarily are a function of
the quantity of heat rejected in a tower, tower air flow, tower
desi gn, and anbi ent neteorol ogi cal conditions. 461 Tower design is
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TABLE 41. POPULATI ON OF MUNI Cl PAL REFUSE AND SEWAGE SLUDGE
| NCI NERATORS | N THE UNI TED STATES | N 1983 120, 134-141

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

Al abama

Al aska

Arizona

Ar ki sas 2
California
Col or ado
Connecti cut

Del awar e
District of Col unbia
Fl ori da 1
Ceorgi a

Hawai

| daho

Illinois

I ndi ana

| owa

Kansas

Kent ucky
Loui si ana

Mai ne

Mar yl and
Massachusetts
M chi gan

M nnesot a

M ssi ssi ppi

M ssouri

Mont ana

Nebr aska
Nevada

New Hanpshire 1
New Jer sey

New Mexi co

New Yor k

North Carolina
Nort h Dakot a
Chio

Gkl ahoma
Oregon

Pennsyl vani a
Rhode I sl and
Sout h Carolina
Sout h Dakot a
Tennessee

=N
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TABLE 41. (CONTI NUED) POPULATI ON OF MUNI Cl PAL REFUSE AND SEWAGE
SLUDGE | NCI NERATORS | N THE UNI TED STATES | N 1983 120 134-141

State

No. of Muni ci pal
Refuse I ncinerators

No. of Sewage
Sl udge | ncinerators

Texas

Ut ah

Ver nont
Virginia
Washi ngt on
West Virginia
W sconsin
Wom ng

TOTAL

O N O 00 N O O b

129

O APk W A~ OO b

141
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i nportant because nost towers are specifically constructed to have a
certain fraction of the recirculating water emtted as drift.
Baffl es and ot her nmechani cal obstructions are used to attain a
specified drift rate. For cooling towers at utilities that were
built prior to 1970, drift losses of from0.1 to 0.2 percent are
common. Newer utility cooling towers have drift | osses on the order
of 0.002 to 0.005 percent of total recirculating water.?

The general nechani sm of chrom um en ssions from cooling tower
drift is shown in Figure 41. Dissolved chromumis carried out of
the tower as a constituent of drift. Because the drift is cooler and
denser than the anbient air it will begin to fall to the ground due
to the influence of gravity. As the drift falls to the ground,
evaporation of the water droplets occurs. At sone height, which is
dependent on site-specific meteorological conditions, the noisture is
evaporated | eaving a chrom um contai ning dust. The form of chrom um
in the dust is predom nantly hexaval ent; however, trivalent chrom um
could be emitted if hexaval ent Chromates are reduced in the tower as
a result of performing their corrosion inhibiting function.

The deposition of chrom um around cooling towers has been
denonstrat ed. 14614  Test work on several utility cooling towers has
confirmed a localized inpact on anbient chromiumlevels. The results
of one such test are illustrated in Figure 42.1" As shown in the
figure, anbient chrom um concentrations decrease exponentially with
di stance fromthe cooling tower. The concentrations in Figure 42
represent the average of 4 days of testing.

Em ssi on Factors--

The only data avail able on chrom um em ssions from cooling
towers are sumarized in Table 42.1'%° These data were derived from
cooling towers in utility applications. No information is avail able
on chrom umem ssions fromindustrial and commercial/institutiona
size towers.
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Figure 41. General mechanism of chromium emissions from coeling tower drift.
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Ambient concentrations of chromium as a functiom of distance
from the cooling tower.l
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TABLE 42. CHROM UM EM SSI ON FACTORS FOR FRESH WATER UTI LI TY COOLI NG
TONERS 149

Chrom um Em ssi on Factors, pg/J2°®

Drift Loss Range® Drift Loss Range
of 0.1 to 0.2% of 0.002 to 0.005%
2.5 0. 06

Em ssion factors are expressed as wei ght of pollutant per
thermal energy input to the power plant associated with the
cooling tower. Em ssions are expressed as total chrom um
however, it is likely that em ssions will contain chromumin
both trival ent and hexaval ent oxi dation states.

Em ssion factors are based on source tests of three separate
cooling towers.

Drift loss range refers to the fraction of recircul ating water
emtted (by design) as drift.
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Source Locati ons- -

There are no data avail abl e describing the nunmber or
distribution of cooling towers in general or of cooling towers using
chrom um chem cal corrosion inhibitors.

Asbestos M ning and MI1ing

Process Description--

Asbestos is a generic nane for a group of naturally occurring,
hydrated, mineral silicates. The type of asbestos ore mned in the
United States is called chrysotile. For commerci al uses, the ni ned
asbestos ore nust be separated into fibers and further subdivided
into fibrils at a mll. The mning and mlling of chrysotile can
result in chrom um eni ssions because chrom umis a component of
chrysotil e. 23150151

There are four asbestos mnes in the United States. Underground
mning is practiced at one site where ore is deeply buried. At the
other sites, where ore lies near the surface, renpval is carried out
with a bulldozer or by open pit mning. In the latter case, blasting
is done before renmoval to | oosen the overburden (materials above the
chrysotile) and to reduce ore-containing boulders to a manageabl e
si ze. Mechani cal shovels then |oad the chrysotile onto trucks for
transport to a stockpile at the mll. The material may be wetted
during transport and stockpiling to reduce dusting. 50151

The asbestos m |l may be situated at the mne site or at a
separate |l ocation. To prepare the chrysotile ore for mlling, it
must be crushed in a manner simlar to that illustrated in Figure

43.151 The chrysotile ore is fed into a primary jawtype crusher
whi ch accepts boulders up to 122 cm (48 in) in diameter and reduces
themto under 5 cm (6 in). Screens are used to separate out
materials over 3.2 cm (1-1/4 in) in dianeter which then undergo a
second crushing in a cone crusher. The outputs of the crushers are
t hen conveyed to a wet stockpile outside the m |, 150151
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WET ROCK
(MAXIMUM 42 in. DIAMETER)

PRIMARY CRUSHING STAGE
{SAW CRUSHER TO MAXIMUM 6 in. DIAMETER)

SCREENING
— (PASSAGE OF MAXIMUM I-1/4 in. DIAMETER)

(OVERSIZE) : (UNDERSIZE) |

SECOMDARY CRUSHER STAGE
{CONE CRUSHER TO
MAXIMUM 1-5/16 in. DIAMETER)

WET-ORE STOCKPILE

151
Figure 43. Crushing of massive chrysotile ore.
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A sinmplified flow chart of the asbestos mlling process is given

in Figure 44. There are generally four phases in the mlling
process: the drying and crushing phase, the rock "circuit,” (circuit
means subprocess within the overall asbestos mlling process), the

fiber cleaning circuit, and the grading circuit. To begin the drying
and crushing phase, wet ore is renoved fromthe bottom of the
stockpile (Figure 44, pt. 1) into an underground tunnel by a

vi brating-chute feeder. The wet ore is then fed into a rotating
cylindrical dryer (Figure 44, pt. 2). Dry ore is conveyed to a

vi brating screen (Figure 44, pt. 3) which sizes the ore for fina
crushing. Oversized ore is renoved from screens and ground in cone
crushers, while undersized material bypasses the crvshers id is sent
to a stockpile. The dried, crushed chrysotile fromthe cone crushers
is also stored in the sane stockpile (Figure 44, pt. 5). 15015

The main purpose of the rock circuit (Figure 44, pts. 6-9) is to
separate asbestos fibers fromrock. The process is initiated by
screening the ore with a vibrating screen (Figure 44, pt. 6).
Oversized materials pass to fiberizers (Figure 44, pt. 7) which
further disintegrate rock to rel ease asbestos fibers. The materials
are then routed to shaker screens (Figure 44, pt. 8) equipped with
aspirators (air suction hoods). The light asbestos fibers are
entrained into the airstreamof the aspirators, while the heavier
rock is left behind for transport to a tailing dunp (Figure 44, pt.
9). The efficiency of recovery of asbestos fibers fromchrysotile is
between 5 and 50 percent, so a |l arge anmount of chrom um contai ni ng
chrysotile can be present in the tailings. 5151

In the fiber cleaning circuit (Figure 44, pts. 10-13), the
asbestos fiber-containing air streans fromthe aspirators are
channel ed through cyclone collectors to renove the fibers. These
fi bers then pass through graders where rotating beater arns break
(open up) the bundl es of asbestos fibers into smaller units (Figure
44, pt. 11). The asbestos fiber streamthen passes through another
aspirator and cyclone collector for further cleaning and refinenent.
Waste materials fromthe aspirator are recycled to the start of the
rock circuit. Asbestos fibers are collected in the cycl ones. 150151
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Figure 44. Generalized flow sheet of an asbestos milling process.




Final grading (Figure 44, p. 14) consists of further cleaning
and separating of the fibers into standard grades. The asbestos is
t hen packaged by conpressing the material into a dense bundle or
blowing it into a bag. 150151

Em ssion Factors--

Potential em ssion sources of chrom um containing chrysotile
during mning include drilling, blasting, bulldozing, |oading ore
onto trucks, and transporting ore fromthe mne to the mll. The
type of chrysotile mning perfornmed (open pit, surface bulldozing, or
under ground), weather con- ditions, chrysotile noisture |evels, and
the chrom um content of the chrysotile ore affect chrom um eni ssion
rates. Control nmethods currently being used at mnes to reduce
particul ate em ssions are also effective at reduci ng chrom um
em ssions. Drilling em ssions are controlled by using fabric filters
to collect drilling rig exhausts and by using wet drilling practices.
The | atter dust reduction techni que cannot be used when tenperatures
are bel ow freezing. Blasting em ssions fromchrysotile mning are
difficult to control due to their highly fugitive nature. Currently
gel blasting agents or water and wetting agents are injected into the
holes drilled prior to blasting. Reductions in dust em ssions of 20
to 80 percent have been reported using this nmethod. Careful planning
and pl acing of charges can al so reduce the amobunt of bl asting
necessary. 150.151

The overburden renoval, surface bull dozing, and ore | oading
operations are typically uncontrolled sources of chrom um containing
particul ate em ssions. Enmissions arising fromore transport are
control l ed by using covered trucks. Roads around the m ne which are
surfaced with asbestos mlIl tailings are periodically wetted to
reduce dust em ssions, and trucks are required to travel slow y. 150151

Chrom um contai ning chrysotile particulates are enmtted at
several points in the primary crushing and mlling processes (Figure
43 and Figure 44). Chrom um em ssion sources fromthe primary
crushing of chrysotile ore (Figure 43) include the foll ow ng:
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- unl oading ore at the crushing site

- primary crushing

- screening

- secondary crushing

- conveying and unloading ore to the wet ore stockpile

Sources of em ssions fromthe mlling process (Figure 44) include:

- wind erosion of wet stockpile surfaces (pt. 1)
- ore dryers (pt. 2)

- screens (pts. 3 and 6)

- crushers (pt. 4)

- dry ore storage (pt. 5)

- fiberizer (pt. 6)

- cyclone collectors (pts. 10 and 13)

- graders (pts. 11 id 14)

- baggi ng of asbestos (pt. 15)

- wind erosion of the tailing piles (pt. 9)

- conveyors noving asbestos ore, fibers, and tailings between
t hese operations

- conveyor transfer points

Control techniques used to reduce particulate em ssions from
asbestos crushing and mlling al so reduce chrom um eni ssions. The
primary and secondary crushers and screens (Figure 43) are usually
equi pped with fabric filters.

Periodic spraying of the wet ore stockpile reduces w nd erosion

of chrom umcontaining particul ates. Conveyors outside the mll are
typically enclosed or their contents are wet. 150151
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Crushers, fiberizers, screens, and grading operations in the

mll (Figure 44) are usually contained under negative pressure, and
dust-containing air is exhausted through a fabric filter. Cyclone
and dryer exhausts containing chrom um are al so vented through fabric
filters. Ventilation systens at the asbestos baggi ng stations channe
chrom um cont ai ni ng asbestos dust through fabric filters. Measured
efficiency of fabric filters at one U S. asbestos plant was over 99.9
per cent . 150

Large quantities of m |l tailings are generated each year which
contain waste rock and unrecovered asbestos ore. Points where
tailings are deposited from conveyors onto the tailing piles are
ei ther hooded and the dust exhausted through fabric filters, or
tailings are sprayed with water as they are deposited. Chem cals may
be added to the water to help bind particles together and thereby
reduce em ssions upon drying. In time, natural wetting and freezing
may hel p consolidate dust into |larger particles and reduce w nd
erosion. Attenpts to vegetate tailing piles have not been very
successful because the high alkalinity inhibits plant grow h. 0

No factors are available in the literature specifically for
chrom um em ssions from asbestos mning and mlling. However, tota
particul ate em ssions have been estimated and neasured, and chrom um
em ssion factors can be calculated fromthese data. The chrom um
em ssion factors-shown on Table 43 were cal cul ated from esti mates of
total annual particulate emissions, fromU S mnes and mlls in
1969, 150 di vided by total donestic asbestos production.? These
particul ate em ssion factors were nmultiplied by 0.15 percent, which
is the typical weight percent of chromumin chrysotile. Resulting
factors are expressed as pounds of chromumenitted per ton of
asbest os produced.

More recent information was used to compute the val ue of .000008

kg/ My (.000015 I b/ton) for mlling Iisted on the last |ine of Table
43. This factor was based on a m |l produci ng 36, 300My (39,930 tons)
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TABLE 43. CHROM UM EM SSI ON FACTORS FOR ASBESTCS M NI NG AND M LLI NG

Chrom um Em ssion Factors kg/ My (I b/ton)

Sour ce of Asbestos Produced?
M ning and MI11ingP . 07 (.14)
M ni ng

Uncontrol | ed . 008 (.015)

50% Control | ed . 004 (.008)

80% Control | ed . 002 (.003)
MI1ling

Uncontrol | ed .08 (.15)

80% Control | ed .02 (.03)

99% Control | ed . 0008 (.0015)
MI1ling

Controlled . 000008 (.000015)
a Factors reported as total elenental chromum Chromiumis

emitted in the formof the chrysotile silicate mineral; however
the oxidation state of chrom umis unknown.

b Degree of control unspecified. The proportion of chrom um
em ssions frommning versus mlling is also unspecified.
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tons) of asbestos/yr and an asbestos particul ate em ssion rate of 180
kg (396 | b/yr). 152,153 To calculate the chrom um em ssion factor, it
was agai n assuned that emi ssions contained 0.15 percent chrom um
This factor is probably nore representative of current contro

technol ogy id chrom um em ssion rates than the higher rates shown in
Tabl e 43.

Source Locati ons--

In 1981, there were four asbestos m nes and four asbestos mlls
in the United States. The | ocations of these are shown in Table
44 150

Coke Ovens

Process Description--

The production of metallurgical coke is a potential source of
chrom um em ssi ons because of chromumin the coal being processed.
Coke production involves the destructive distillation of coal by
heating it in a | ow oxygen atnosphere, driving off gases generated by
t he decomposition of organic conpounds in the coal. After
distillation only the relatively involatile coke remains. The
primary nmethod of coking in the U S is the byproduct nethod, which
accounts for 98 percent of donmestic production. 1%

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 45 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
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 1,150°C (2,100°F) can be reached. The
conpl ete coking process takes 16 to 20 hours. Once the process is
compl et e,
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TABLE 44. LOCATI ONS OF ASBESTOS M NES AND M LLS I N 1981150

Cty and State Cor por ati on
M nes
G la County, AZ Jaquays M ni ng Corp.
Copperopolis, CA Cal averas Asbest os Corp.
Santa Rita, CA Uni on Car bi de Cor p.
Ol eans County, VT Ver nont Asbestos G oup
MIls
A obe, Az Jaquays M ni ng Corp.
Copperopolis, CA Cal averas Asbest os Corp.
King City, CA Uni on Car bi de Cor p.
Ol eans County, VT Ver nont Asbestos G oup
Not e 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
thenselves. The level of chrom um eni ssions from any given
facility is a function of variables such as capacity,

t hroughput, and control neasures. It should be determ ned
t hrough direct, contacts with plant personnel.
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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 gall ons of water. The coke is then allowed to dry before
bei ng separated into various size fractions for future uses. ™

Em ssion Factors--

The possi bl e process related chrom um em ssion points froma
coke oven battery are indicated in Figure 45. Chrom um em ssions nmay
al so be generated during quenching operations and frommaterials
handl i ng operations involving coal unloading, crushing, and sizing.
The form of chrom um em ssions fromthese coking sources has not been
determ ned and expressed in the literature.

No em ssion factors for chromum from metall urgi cal coke
production are available fromthe literature.

Source Locati ons--

Tabl e 45 presents the conplete |isting of coke production plants
in the United States as of January 1980. °°
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TABLE 45. COKE PLANTS I N THE UNI TED STATES AS OF JANUARY 1980 1%

Conpany Name Pl ant Locati on
Arnmco, Inc. Ham | t on, OH
Houst on, TX
M ddl et own, OH (2)
Bet hl ehem St eel Corp. 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

Canmpbel I, CH
E. Chicago, IN
Pittsburgh, PA

Kai ser Steel Corp. Font ana, CA

Lone Star Steel Co. Lone Star, TX

Nati onal Steel Corp. Ganite Cty, IL
Detroit, M

Weirtofl, 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
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TABLE 45. (CONTI NUED) COKE PLANTS IN THE UNI TED STATES AS

OF JANUARY 1980 1°°

Conpany Name

Pl ant Locati on

U S. Steel Corp.

Wheel i ng- Pitt sburgh

Al abama By- Products Corp.
Al lied Chem cal Corp.
Carondel et Coke Conpany

Chat t anooga Coke and Chem cal Conp.

Citizens Gas and Coke Utility
Detroit Coke

Donner - Hanna Coke Cor p.

Enpi re Coke Conp.

Eri e Coke and Chem cal s

I ndi ana Gas and Chem cal

Zronton Coke Corp. (MLouth Steel)
Keyst one Coke Conp.

Jim Wl ter

Koppers Co., Inc.

M | waukee Sol vay
Phi | adel phi a Coke
(Eastern Assoc. Coal Corp.)
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Clairton, PA (3)
Fairfield, AL
Fairless Hills, PA

Gary, IN
Lorain, OR
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 45. (CONTI NUED) COKE PLANTS IN THE UNI TED STATES AS
OF JANUARY 1980 1%°

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

a Nunbers in parentheses indicate the nunber of plants at that

| ocation. If no nunber is indicated, only one plant exists at
t hat | ocati on.

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 |l evel of nickel em ssions fromany given
facility is a function of variables such as capacity,

t hroughput, and control neasures, and should be determ ned
t hrough direct contacts with plant personnel.

195



REFERENCES FOR SECTI ON 4

10.

11.

Morning, J.L. et al. Chromium In: Mneral Facts and Problens,
1980 Edition. U. S. Bureau of M nes, Washington, DC pp. 1-16.

Tel ephone conversati on between Brooks, G, Radian Corporation
and Papp, J., U S Bureau of Mnes. Chromte Ore Refining.
January 27, 1983.

State of Del aware Division of Environmental Control, WI m ngton

Ofice. Permt nunber APC-81/969-Cperation. Permt issued to CGE
M nerals, Inc. for Two Chrome Sand Rotary Dryers at Pigeon Point
Rd., New Castle, Del aware. Septenber 18, 1981. 5 pages.

State of Del aware Division of Environmental Control, WI m ngton
Ofice. Permt nunber APC-81/967-Cperation. Permt issued to CGE
M nerals, Inc. for one Hardinge MII| at Pigeon Point Rd., New
Castl e, Del aware. Septenber 18, 1981. 8 pages.

State of Del aware Division of Environmental Control, WI m ngton
Ofice. Permt nunber APE-82/179-Cperation. Permt issued to CGE
M nerals, Inc. for Bin Vent at Pigeon Point Rd., New Castl e,

Del aware. October 21, 1981. 4 pages.

Towill, L. E. et al. Reviews of the Environmental Effects of
Pollutants: I1l1. Chrom um EPA-600/1-78-023. U. S. Environnental
Protection Agency, Cincinnati, Ohio, My 1978. p. 203.

Background Information for Standards of Performance: Electric

Subnerged Arc Furnaces for Production of Ferroalloys. Volune 1:
Proposed Standards. EPA 450/ 2-74-018a. The U. S. Environnent al

Protection Agency, Research Triangle Park, NC. Cctober 1974.

A Review of Standards of Performance for New Stationary Sources
- Ferroalloy Production Facilities. EPA 450/3-80-041. The U. S.
Environnental Protection Agency, Research Triangle Park, NC
Decenber 1980.

Dealy, J. O and A M Killin. Engineering and Cost Study of the
Ferroal l oy Industry. EPA 450/ 2-74-008. The U. S. Environnent al
Protecti on Agency, Research Triangle Park, NC My 1974.

Tel econ. Brooks, G W, Radian Corporation with Watson, G,
Ferroal | oy Association. February 23, 1983. Chrom um Em ssi ons
from Ferroall oy Production.

Katari, V. et al. Trace Pollutant Em ssions fromthe Processing

of Metallic Ores. EPA 650/ 2-74-115. The U. S. Environnent al
Protecti on Agency, Research Triangle Park, NC. Cctober 1974.

196



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nati onal Em ssions Data System Maintained by the Mnitoring and
Data Analysis Division of the U S. Environnental Protection
Agency, Research Triangle Park, NC. 1983.

Baig, S. et al. Conventional Conbustion Environnmental Assessnent
Final Report. Draft. Prepared for U S. Environnental Protection
Agency, Research Triangle Park, NC. Contract #68-02-3138. July
1981.

Kirk- O hrmer Encycl opedi a of Chem cal Technol ogy. Third Edition.
Vol ume 6. John Wley. and Sons, Inc. New York, 1980. pp. 54-82.

Background Information for Standards of Performance:

El ectric-Arc Furnaces for Production of Ferroalloys Vol une 2:
Test Data Sunmary. EPA 450/ 2-74-018b. The U. S. Environnenta
Protection Agency, Research Triangle Park, NC October 1974.

Source Category Survey: Refractory |Industry. EPA 450/ 3-80-006.
Prepared for the U S. Environnental Protection Agency, Research
Triangl e Park, NC. March 1980.

The Refractories Institute. Refractories. The Refractories
Institute, Pittsburgh, Pennsylvania. 1979.

Letter fromOenn, S. F., the Refractories Institute to Lahre,
T. F., U S. EPA February 27, 1984. Commrents on draft chrom um
report.

Joiner, R L. et. al. Evaluation of the Potential Health Effects
of Trivalent Chrom um Conpounds in the Refractory Industry.
Prepared by Battelle Col unbus Laboratories, Col unbus GChio for
The Refractories Institute. February 1983.

Papp, J. F. Chromium In Bureau of M nes and M neral s Yearbook,
Volunme I. U S. Departnent of the Interior, Washington, DC.
1981.

Letter and attachnents from Cherill, J. L., Corhart Refractories
to Beard, Il, C G, Wst Virginia Air Pollution Control

Commi ssion. June 9, 1976. Manufacturing Process Particul ate
Operations Registration. 16 pages.

Havi ghorst, C R and S. L. Swift. The Manufacture of Basic
Refractori es. Chenical Engineering. Volunme 72, pages
98100: August 16, 1965.

GCA Corporation. National Em ssions Inventory of Sources and

Em ssions of Chrom um EPA-450/3-74-012. Prepared for the U S
Envi ronnental Protection Agency, Research Triangle Park, NC My
1973.

197



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Letter from McHugh, G D., General Refractories Conpany to
Behling, M, Utah Division of Environnental Health. August 20,
1982. 1981 Emi ssion Inventory Fornms. 12 pages.

Mkam, H M Refractory Chronmites from South Africa and O her
Non- M si nl oc Sources. Presented at the Conference for Raw
Materials for Refractories. U S. Departnent of the Interior,
Bureau of M nes, Tuscal oosa, Al abama. February 1982.

Product Directory of the Refractories Institute of the United
States. The Refractories Institute, Pittsburgh, Pennsyl vani a.
May 1982.

Kirk- O hmer Encycl opedi a of Chem cal Technol ogy. Third Edition.
Vol ume 6. John WIley. and Sons, Inc. New York, 1980. pp. 54-120.

Towill, L. E. et al. Reviews of the Environmental Effects of
Pollutants: I1l1. Chrom um EPA-600/1-78-023. U. S. Environnental
Protection Agency, Cincinnati, Ohio, My 1978. pp. 208-210.

Foley, Jr., E. F. Chrom um Chem cals Manufacture. In:

Proceedi ngs of the Synposium on Health Aspects of Chrom um
Containing Materials, Baltinmore, Mryland, Septenber 15, 1977.
I ndustrial Health Foundation. 1978.

North Carolina Environnental Managenent Commi ssion, Raleigh,
North Carolina. Application for a Permt to Construct and
Operate Air Pollution Abatenent Facilities and/or Em ssion
Sources. Filed by John A Licata, Di anond Shanrock Corporation,
Castl e Hayne, North Carolina. Septenber 5, 1979. 27 pages.

Letter and attachnents from Di anond Shanrock Corporation, Castle
Hayne, North Carolina Chrom um Chenmicals Plant to North Carolina
Envi ronnent al Managenent Conmi ssion, Ral eigh, North Carolina.
July 24, 1979. Summary of Project Expected for Plant. p. 1 of
attachments.

North Carolina Environnental Managenent Commi ssion, Raleigh,
North Carolina. Application for a Permt to Construct and
Operate Air Pollution Abatenent Facilities and/or Em ssion
Sources. Filed by S. G Lant, D anond Shanrock Corporation,
Castl e Rayne, North Carolina. February 8, 1978. 12 pages.

North Carolina Environnental Managenent Commi ssion, Raleigh,
North Carolina. Application for a Permt to Construct and
Operate Air Pollution Abatenent Facilities and/or Em ssion
Sources. Filed by Di anond Shanrock Corporation, Castle Hayne,
North Carolina. August 30, 1982. 6 pages.

Letter and attachnments from Steve Langevin, Radi an Corporation
Ofice in Austin, Texas to Garry Brooks, Radi an Corporation
Ofice in Durham North Carolina. March 21, 1983. RE: Anerican
Chrone and Chem cals. 6 pages.

198



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

North Carolina Board of water and Air Resources, Raleigh, North
Carolina. Application for a Permt to Construct and Operate Air
Pol | ution Abatenent Facilities and/or Em ssion Sources. Filed by
Di anond Shanr ock Corporation, Castle Hayne, North Carolina.
January 1976. 6 pages.

North Carolina Environnental Managenent Comm ssion, Raleigh,
North Carolina. Application for a Permt to Construct and
Operate Air Pollution Abatenent Facilities and/or Em ssion
Sources. Filed by Di anond Shanrock Corporation. Castle Hayne,
North Carolina. January 1976. 17 pages.

North Carolina Environnental Managenent Comm ssion, Raleigh,
North Carolina. Application for a Permt to Construct and
Operate Air Pollution Abatenent Facilities and/or Em ssion
Sources. Filed by Di anond Shanrock Corporation. Castle Hayne,
North Carolina. January 1976. 20 pages.

Chem cal Marketing Reporter. Volune 221, Nunber 22. May 31,
1982. p. 50.

SRl International. 1982 Directory of Chenical Producers, United
States of America. SRl International, Menlo Park, California.
1982.

Sittig, M (Noyes Data Corporation). Environnmental Sources and
Em ssi ons Handbook. Noyes Data Corporation, Park Ri dge, New
Jersey. 1975. pp. 263-270.

Kirk- O hmer Encycl opedi a of Chem cal Technol ogy. Third Edition.
Vol ume 6. John Wley. and Sons, Inc. New York, 1980. pp. 65 -
66.

Kirk- O hmer Encycl opedi a of Chem cal Technol ogy. Third Edition.
Vol ume 8. John Wley and Sons, Inc. - New York. 1980. pp.
826- 844.

Dal ey, P.S. Pollutant Generation by Air Force Electroplating
Processes. CEEDO TR-77-10. Civil and Environnental Engineering
Devel opnent Oifice, U S. Air Force, Tyndall Air Force Base,

Fl orida. June 1977.

Gothard, N. Chromic Acid Mst Filtration. Pollution Engineering,
Vol une 10, Number 8, pp. 36- 37. August 1978.

Di amond, P. Air Pollution Potential From El ectroplating
Operations. Environnmental Health Laboratory, MC ellan Air Force
Base, California. Report Nunber 69M 15. April 1969.

The Thomas Regi ster of Anerican Manufacturers and Thonas

Regi ster Catalog File. 73rd Edition. Thomas Publi shing Conpany.
New Yor k, New York. 1983. pp. 11038 - 11074.

199



47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

Papp, J. F. Chromium Preparing fromthe 1982 Bureau of M nes
M neral s Yearbook. U. S. Bureau of M nes, Washi ngton, D.C 1983.

El ectric Arc Furnaces and Argon- Oxygen Decarburizati on Vessels -
EPA- 450/ 3- 82- 020a. Background Information for Proposed Revi sions
to Standards. The U. S. Environnental Protection Agency,
Research Triangle Park, NC. July 1983.

Technol ogy Leads the Way as El ectric Furnace Steel nmaki ng Heads
for New Heights in the U S. 33 Metal Producing. Vol une 18,
nunber 7, pages 41 - 48. July 1980.

Technol ogy and Steel Industry Conpetitiveness. Congress of the
United States. O fice of Technol ogy Assessnment. Washi ngton, D.C.
June 1980. Pages 186 - 188, 194 - 201.

Hogan, W T. Does Direct Reduction Have a Future? lron and Stee
Engi neer. Vol ume 59, nunber 2, pages 57 - 58. February 1981.

The Maki ng, Shaping and Treatnent of Steel. United States Steel,
Pittsburgh, PA. Decenber 1970. Pages 403, 551, 553, 574.

Techni cal CGuidance for Control of Industrial Process Fugitive
Particul ate Em ssions. The U. S. Environmental Protection
Agency, Research Triangle Park, NC EPA-450/3-77-010. March
1977. Pages 84 - 100.

Sahagi an, H et al. Inspection Manual for Enforcenent of New
Source Performance Standards - Steel Producing Electric Arc
Furnaces. The U. S. Environnental Protection Agency, Washi ngton,
D. C. EPA 340/1-77-007. May 1977. Pages 8 - 23.

Letter and attachnents from Hauris, F. C, Allegheny Ludl um
Steel Corporation, to lverson, R E., EPA/ISB. Septenber 24,
1980. Submttal of requested information.

Meno and attachnments from Terry, W, M dwest Research Institute,
to Iverson, R EPA/ISB. May 18, 1981. Report of source test trip
to Carpenter Technol ogy Corporation, Reading, PA.

Junker, A. Electric Steel making - The Bottom Tappi ng Conbi ned
Process Furnace (CPF), Part 1 - Technical I|nnovations. Iron and
St eel Engi neer. Volunme 59, nunber 12, pp. 25 - 28. Decenber
1981.

Fennelly, P. F. and P. D. Spawn. Air Pollution Contro

Techni ques for Electric Arc Furnaces in the Iron and Stee
Foundry I ndustry. The U.S. Environnmental Protection Agency,
Research Triangl e Park, NC. EPA 450/ 2-78-024. 1978. Pages 2-1
t hrough 2-9, 2-16.

200



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Em ssion Test Report. AL Tech Specialty Steel Corporation. The
U.S. Environnmental Protection Agency, Research Triangle Park,
NC. Publication nunber EMB report 80-ELC-7. March 1981.

Bohn, R et al. Fugitive Em ssions fromlntegrated Iron and
Steel Plants. The U.S. Environnental Protection Agency, Research
Triangl e Park, NC. EPA-600/2-78-050. March 1978.

Meno and attachnments from Terry, W, M dwest Research Institute,
to lversen, R, EPA/ISB. January 6, 1981. Site visit
report--North Star Steel, Mnroe, M chigan.

Memo and attachments from Banker, L., M dwest Research
Institute, to Ilversen, R, EPA/I1SB. March 30, 1981. Source test
observation report--U. S. Steel Corporation, Baytown, Texas.

Meno and attachnments from Terry, W, M dwest Research Institute,
to lversen, R, EPA/ISB. May 18, 1981. Source test observation
report-Carpenter Technol ogy Corporation, Reading, Pennsylvania.

Hut t en- Czapski, L. Efficient and Econom cal Dust Control System
for Electric Arc Furnace. Sidbec-Dosco, Usine de Contrecoeur.
Contrecoeur, Quebec, Canada. 12 pages.

Fennelly, P. F., and P. D. Spawn. Air Pollution control

Techni ques for Electric Arc Furnaces in the Iron and Steel
Foundry Industry. U S. Environnmental Protection Agency. Research
Triangl e Park, NC. EPA-450/2-78-024. June 1978. 221 pages.

Tel econ. Terry, B., Mdwest Research Institute, with Sarlitto,
R, Union Carbide Corporation. Septenber 4, 1981. Information
about AOD utilization.

Characterization, Recovery and Recycling of Electric Arc Furnace
Dusts. Prepared for the U S. Departnent of Commerce. Project
number 99-26-09886-10. Lehigh University, Bethlehem PA
February 1982.

Living Electrically: The Power Behind the Switch-on to EF
Technol ogy. World Steel |ndustry Handbook/United States. Vol une
1, pp. 79 - 89. 1978.

Nicole, AL G Electric Arc Furnace Shops in the U S. and
Canada. Iron and Steel Engi neer. Volume 55, nunber 11, pages 79
- 71. November 1978.

Devel opnents in the Iron and Steel Industry. U S and Canada -

1979. Iron and Steel Engineer. Volume 58, nunber 2, pages D1 -
D22. February 1982.

201



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

AOD: The New Common Denom nator in Stainless Steel Making. Wrld
Steel Industry Data Handbook/United States. Volunme 1, pages 109
- 111. 1978.

Revi sed Standards for Basic Oxygen Process Furnaces - Background
Information for Proposed Standards. Draft EIS.

EPA- 450/ 3-82-005a. The U. S. Environnental Protection Agency,
Research Triangl e Park, NC. Decenber 1982.

GCA Corporation. Survey of Cadm um Em ssion Sources. The U. S
Environnental Protection Agency, Research Triangle Park, NC
EPA- 450/ 3-81- 013. Sept enber 1981.

Tel econ. Goldman, L., Research Triangle Institute, w th Hoffmn,
D. Ganite City Wrks, National Steel Corporation. May 28, 1981.
Di scussion of KMS system for BOPFs.

Formadley, R J. Ganite City: Bold Mdernization of an
Integrated Steel Plant. Iron and Steel Engineer. Volunme 57,
nunber 8, pages SL67-SL82. August 1980.

West brook, C. W Hot Metal Desul furization, BOF (Basic Oxygen
Furnace) Chargi ng and Oxygen Bl owi ng: Level 1 Environnental
Assessnment. Prepared by Research Triangle Institute for the U
S. Environnental Protection Agency, Research Triangle Park, NC.
EPA- 600/ 2- 82- 036. February 1981. pp. 45 - 46.

Cuscino, T. A, Jr. Particulate Em ssion Factors Applicable to
the Iron and Steel Industry. Prepared by M dwest Research
Institute for the U S. Environnental Protection Agency,
Research Triangl e Park, NC. EPA-450/4-79-028. Septenber 1979.
pp. 27 - 31.

Suppl enent No. 11 for Conpilation of Air Pollutant Em ssion
Factors, Third Edition. The U. S. Environnental Protection
Agency, Research Triangle Park, NC. Publication number AP-42,
Suppl enent 11. Oct ober 1980. pp. 7.5-6, 7.5-9.

Nicola, A. G Fugitive Emssion Control in the Steel Industry.
Iron and Steel Engineering. Volunme 53, nunber 7, p. 25. July
1976.

Meno from Gol dman, L., Research Triangle Institute to MacDowel |,
W, EPA, February 10, 1981, Types of scrap and the!r effects on
BOPF secondary em ssions.

Coy, D. W et al. Pollution Effects of Abnormal Operations in
Iron and Steel Making-Volune VI. Basic Oxygen Process, Mnual of
Practice. The U.S. Environnental Protection Agency, Research
Triangl e Park, NC. EPA-600/2-78-118f. June 1978. pp. 3-18.

202



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Drabkin, M and R Hel fand. A Review of Standards of Perfornmance
for New Stationary Sources - Iron and Steel Plants/Basic Oxygen
Process Furnaces. The U. S. Environnental Protection Agency.

EPA- 450/ 3- 78-116. Novenber 1978.

American Iron and Steel Institute. Iron and Steel Producing and
Fi ni shing Works of the United States. Septenber 1980.

Col eman, R et al. Sources of Atnmospheric Cadmium The U. S.
Environnental Protection Agency, Research Triangle Park, NC
EPA- 450/ 5- 79- 006. August 1979.

Jacko, R B. and D. W Neuendorf. Trace Metal Em ssion Test
Results froma Nunmber of I|ndustrial and Municipal Point Sources.
Journal of Air Pollution Control. Volune 27, number 10, pp. 989
- 994. Cctober 1977.

Jacko, R B. et al. Functional Collection Efficiency of

El ectrostatic Precipitator for Open Hearth Furnace Trace Metal
Em ssions. Environnmental Science and Technol ogy. - Vol unme 10.
pp. 1002 - 1005. Cctober 1976.

Kirk- O hmer Encycl opedi a of Chem cal Technol ogy. Third Edition.
Vol ume 14. John Wley & Sons, Inc. New York: 1980. pp. 200 -
231.

Tel econ. Brooks, G U., Radian Corporation with Anderson, M,
Mai ne Departnent of Environnental Protection. March 1, 1983.
Chrom um em ssions from | eat her tanning.

SRI International. 1982 Directory of Chem cal Producers-United
States. Menlo Park, California. 1982. pp. 82 - 120.

Tel econ. Brooks, G W, Radian Corporation with Kinsey, B.
Massachusetts Division of Air Quality Control. February 23,
1983. Leather tanning chrom um en ssi ons.

Monsant o Research Corporation. Environmental Monitoring Near
Industrial Sites - Chrom um EPA-560/6-77-016. The U. S.
Environnental Protection Agency, Washington, D.C. June 1977.

Edwards, L.O., et al. (Radian Corporation). Trace Metals and
Stationary Conventional Combustion Sources (SCCPs). (Prepared
for U S. Environmental Protection Agency, Research Triangle
Park, NC). EPA Contract No. 68-02-2608. April 1980. pp. 3-1to
3-17.

Ref erence 13, pp. 3-3 to 3-6.

DeAngelis, D. G (Mnsanto Research). Em ssions from Coal -fired
Resi denti al Conmbusti on Equi prent. Paper No. 79-60.3, Presented
at the 2nd Annual Meeting of the Air Pollution Control

Associ ation. Cincinnati, Ohio, June 24-29, 1979.

Letter and attachnents fromBlum E. D., Union G| to Lahre, T.
203



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

U S. EPA February 27, 1984. Nickel and chromiumlevels in
distillate oils.

Cato, G A, et al. Field Testing: Application of Conbustion
Modi fications to Control Pollutant Em ssions from | ndustri al
Boilers - Phase 1. EPA-650/2-74-078a. October 1974.

Surprenant, N. F., et al. Em ssions Assessnent of Conventiona
Stationary Combustion Systens; Volume 1. Gas- and Ol -fired
Resi dential Heating Sources. EPA-600/7-79-0296. May 1979.

Letter fromBlum E. D., Union Ol to Lahre, T., U S. EPA
January 18, 1984. Nickel and chromiumlevels in oils.

Baig, S. et al. Conventional Conbustion Environnmental Assessnent
Final Report. Draft. Prepared for U S. Environnental Protection
Agency, Research Triangle Park, NC. Contract #68-02-3138. July
1981. p. 3-51.

Baig, S. et al. Conventional Conbustion Environnmental Assessnent
Final Report. Draft. Prepared for U S. Environnental Protection
Agency, Research Triangle Park, NC. Contract #68-02-3138. July
1981. pp. 3-7 to 3-15.

Lim M Y. Trace Elenents from Coal Conbustion - Atnospheric
Em ssions. | EA. Coal Research Report No. ICTIS/ TROS. London,
Engl and. May 1979. pp. 17 - 24.

Ref erence 92, p. 4-18
Ref erence 13, p. 3-53
Ref erence 13, pp. 5-11 to 5-23.
Ref erence 93, pp. 4-34 to 4-57.

Shih, C. C., et al. Em ssions Assessnment of Conventiona
Stationary Combustion Systens: Volune |11, External Conbustion
Sources for Electricity Generation. (Prepared for |Industrial
Envi ronnent al Research Laboratory, U S. EPA, Research Triangle
Park, NC). EPA Contract No. 68-02-2197. Novenber 1980.

Krishnan, EE R and G V. Hellwig. Trace Em ssions from Coal and
O | Conbustion. Environnental Progress. 1(4): 290-295. 1982.

Surprenant, N. F., et al. Em ssions Assessnent of Conventiona
Stationary Combustion Systens: Volune V, |ndustrial Conbustion
Sources (Draft Final Report). (Prepared for |ndustrial

Envi ronnent al Research Laboratory, U S. EPA, Research Triangle
Park, NC). EPA Contract No. 68-02-2197. Cctober 1980.

Levy, A, et al. A Field Investigation of Em ssions from Fue
O | Conbustion for Space Heating. API Publication 4099. Novenber

204



110.

111.

112.

113.

114.

115.

116.

117.

118.

1109.

120.

121.

1, 1971.

Baig, S. et al. Conventional Conbustion Environnmental Assessnent
Final Report. Draft. Prepared for U S. Environnental Protection
Agency, Research Triangle Park, NC. Contract #68-02-3138. July
1981. pp. 4-1 to 4-66.

Surprenant, N. F., et al. Em ssions Assessnent of Conventiona
Stationary Combustion Systens: Volunme |V.
Commercial/lnstitutional Conmbustion Sources. October 1980.
(Prepared for IERL, U S. EPA, Research Triangle Park, NC). EPA
Contract No. 68-02-2197.

Klein, DD H, et al. Pathways of 37 Trace El enments Through
Coal -fired Power Plants. Environnmental Science and Technol ogy.
9(10): 973-979. Cctober 1975.

Hulett, L. D., Jr., et al. Chemcal Species in Fly Ash from
Coal - burni ng Power Plants. Science. 210: 1356-1358. 1980.

Henry, W M and K T. Knapp. Conpound Fornms of Fossil Fuel Fly
Ash Emi ssions. Environnental Science and Technol ogy. 14(4):
450- 456. 1980.

Gendreau, R M, et al. Fourier TransformInfrared Spectroscopy
for I norgani c Conpound Speci ation. Environnental Science and
Technol ogy. 18(8): 990-995. 1980.

Blaha, J. J., et al. Raman M croprobe Analysis of Stationary
Source Particulate Pollutants. Reports of EPA Contracts

EPA- 1AG D7- F1186 and EPA-1AG 78-D-F0367. Avail able from NTI'S
Springfield, Virginia, PB80-202708.

Barrett, K W (Mtre Corp.). A Review of Standards of
Performance for New Stationary Sources - Portland Cenent
Industry. (Prepared for U S. Environnental Protection Agency,
Research Triangle Park, NC). EPA - Contract No. 68-02-2526.
March 1979.

Conpi l ation of Air Pollutant Em ssion Factors. Third Edition. U
S. Environnental Protection Agency, Research Triangle Park, NC.
August 1977. pp. 8.6-1 to 8.6-4.

Katari, Vishnu et al. (PEDCo, Inc.). Trace Poll utant Em ssions
fromthe Processing of Non-Metallic Oes. (Prepared for U S
Environnental Protection Agency, Research Triangle Park, NC).
EPA Contract No. 68-01-1321. November 1974. pp. 2-1 to 2-21.

Nati onal Em ssions Data System (NEDS). Mnitoring and Data
Analysis Division, U S. Environnmental Protection Agency.
Research Triangle Park, NC 1983.

Marr, H E. et al. Trace Elenents in the Conbustible Fraction of
Urban Refuse. U S. Bureau of Mnes. College Park Metallurgy

205



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Research Center, College Park, Maryland. Undated.

Gerstle, R in. and D. N Al brinck. Atnospheric Em ssions of
Metal s from Sewage Sl udge Incineration. Journal of Air Pollution
Control Association. 32(11): 1119-1123. 1982.

Hefland, R M (Mtre Corp.). A Review of Standards of
Performance for New Stationary Sources - |ncinerators.

EPA- 450/ 3- 79- 010. (Prepared for the U S. Environnental
Protecti on Agency, Research Triangle Park, NC). March 1979. p
4-10.

Hefland, R M (Mtre Corp.). A Review of Standards of
Performance for New Stationary Sources - Sewage Sl udge

I nci nerators. EPA-450/2-79-010. (Prepared for the U S.
Environnental Protection Agency, Research Triangle Park, NC).
March 1979. p. 4-11.

Envi ronnent al Engi neer's Handbook, Volune 3 - Land Pol |l ution:
Edited by Liptak, B. G Published by Chilton Book Conpany,
Radnor, Pennsylvania. 1974. pp. 253-267.

ol enbi ewski, M, et al. Environmental Assessnent of
WAst e-t 0- Energy Process: Braintree Minicipal |ncinerator.
EPA- 600/ 7- 80- 149. Decenber 1978.

Law, S. L. and G E. Gordon. Sources of Metals in Minicipa
I nci nerator Em ssions. Environnmental Science and Technol ogy.
13(4): 432-438. April 1979.

G eenberg, R R et al. Conposition and Size Distribution of
Particles Rel eased in Refuse | ncineration. Environnental Science
and Technol ogy. 12(5):566-573. 1978.

Greenberg, R R et al. Conposition of Particles Emtted from
the Nicosia Municipal Incinerator. American Chem cal Society.
12(12):1329-1332. 1978.

Cross, Jr., F. L. et al. Metal and Particul ate Em ssions from
I nci nerators Burning Sewage Sludge and M xed Refuse. Paper
presented at the 1970 National |ncinerator Conference of the
American Society of Mechani cal Engi neers.

Trichon, M et al. The Fate of Trace Metals in a Fluidized Bed
Sewage Sl udge Incinerator. Paper presented at the 74th Annua
Meeting of the Air Pollution Control Association. 1981.

Bennett, R L. and K T. Knapp. Characterization of Particul ate

Em ssions from Muni ci pal Wastewater Sl udge |Incinerators.
Envi ronnental Sci ence and Technol ogy. 16(12): 831-836. 1982.

206



133.

134.

135.

136.

137.

138.

1309.

140.

141.

142.

143.

144.

145.

Pelland, A. S., et al. (Radiain Corporation). Definition of the
Air Toxics Problemat the State/lLocal Level. Final Report. EPA
Contract No. 68-02-3513, assignnment 45. (Prepared for the U S.
Environnental Protection Agency, Research Triangle Park, NC).
June 1984.

Letter and attachnents from Courcier, J., U S. EPA Region | to
Mtsch, B. F., Radian Corporation. February 24, 1983. Sewage
sl udge incinerators.

Letter and attachnents from G aconne, F. W, U S. EPA Region Il
to Mtsch, B. F., Radian Corporation. March 21, 1983. Sewage
sl udge incinerators.

Letter and attachnents fromMtchell, J. W, Ceorgia Departnent
of Natural Resources to Wlburn, J. T., U S. EPA Region IV.
March 21, 1983. Sewage sl udge incinerators.

Letter and attachnents from McCann, R B., Kentucky Natural
Resources and Environnental Protection Cabinet to Mtsch, B. F.,
Radi an Corporation, March 21, 1983. Sewage sl udge incinerators.

Letter and attachnents from Nuncio, M G, U S. EPA Region VIl
to Mtsch, B. F., Radian Corporation, March 7, 1983: Sewage
sl udge incinerators.

Letter and attachnents from Hooper, M H, U S. EPA Region Xto
Mtsch, B. F.,uRadian Corporation. April 4, 1983. Sewage sl udge
i nci nerators.

Survey of Cadm um Em ssion Sources: GCA Corporation. New
Bedf ord, Massachusetts. EPA-450/3-81-013. Septenber 1981.

Col eman, R, et al. Assessnent of Human Exposure to Atnospheric
Cadnmi um EPA45705-79-007. June 1979.

Tel econ. Brooks, G W, Radian Corporation with Pucorius, P.,
Pucori us and Associates. March 2, 1983. Cooling tower emn ssions.

Tel econ. Brooks, G W, Radian Corporation with MOC oskey, J.,
Bet z Laboratories. February 22, 1983. Cooling tower emni ssions.

Tel econ. Brooks, G W, Radian Corporation with Augsburger, B.,
Pucori us and Associ ates. February 23, 1983. Cooling tower
em ssi ons.

Tel econ. Brooks, G W, Radian Corporation with Townsend, J.,

Cooling Tower Institute. February 22, 1983. Cooling tower
em ssi ons.

207



146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Al kezweeny, A J., et al. Measured Chrom um Di stributions
Resulting from Cooling Tower Drift. Presented at the Cooling
Tower Environnment - 1974 Synposium Col |l ege Park, Maryl and,
March 4 - 6, 1974.

Jal l ouk, P. A, et al. Environmental Aspects of Cooling Tower
Operation. Presented at the Third Environnmental Protection
Conference of the U S. Energy Research and Devel opnent

Adm ni stration. Chicago, Illinois, September 23 - 26, 1975.

Taylor, F. G, et al. Cooling Tower Drift Studies at the
Paducah, Kentucky Gaseous Diffusion Plant. Presented at the
Cooling Tower Institute Annual Meeting. Houston, Texas, January
22 - 24, 1979.

Baig, S. et al. Conventional Conbustion Environnmental Assessnent
Final Report. Draft. Prepared for U S. Environnental Protection
Agency, Research Triangle Park, NC. Contract #68-02-3138. July
1981. pp. .4-9 to 4-13.

RTI. Review of National Em ssion Standard for Asbestos (Draft).
Prepared for the U S. Environnental Protection Agency, Research
Triangle Park, North Carolina. EPA contract nunber 68-02-3056.
Oct ober 1981.

Control Techni ques for Asbestos Air Pollutants. The U S
Envi ronnental Protection Agency, Research Triangle Park, North
Carolina. Publication nunmber AP-117. February 1973.

Tel econ. Acurex Corporation with Cifton, R A, U S. Bureau of
M nes. July 1980. Asbestos Em ssions.

Tel econ. Acurex Corporation with Wod, G, U S. Environnental
Protection Agency. July 1980. Asbestos Em ssions and Controls.

Conpi l ation of Air Pollutant Em ssion Factors. Third Edition -
Supplenment 11. U. S. Environmental Protection Agency, Research
Triangl e Park, NC. October 1980. pp. 7.2-1 to 7.2-4.

Coke Wet Quenching - Background Information for Proposed

St andards, Draft Report. Em ssion Standards and Engi neering
Division, U S. Environnental Protection Agency, Research
Triangle Park, NC. May 1981. pp. 9-18 to 9-21.

208



SECTION 5
SOURCE TEST PROCEDURES

Source sanpling and anal ysis procedures have not been published
by the U S. EPA for chrom um em ssions. The sanpling and anal ysis
met hods presented in this chapter represent a collection of chrom um
air em ssion detection and quantification techniques that have been
published in the open literature as viable nmethods. The presentation
of these published nmethods in this report does not constitute
endor senment or recomrendation or signify that the contents
necessarily reflect the views and policies of the U S. EPA

LI TERATURE REVI EW OF SAMPLI NG METHODS

Because of its physical and chem cal properties, chrom um
em ssions in air are highly unlikely to be in a gaseous form!
Chrom um contai ning particul ate em ssions behave |ike other
particulate matter to the extent that they may be coll ected by
what ever techniques are suitable or applicable in a given
application.2 The U S. EPA has promul gated Methods 5 and 17 for
measuring particulate em ssions fromcertain new stationary sources
to indicate conpliance with new source performance standards (NSPS).:3
Met hod 5 uses an out-of-stack particulate filtration technique and
Met hod 17 uses an in-stack filtration technique.

The National A r Sanpling Network uses high-volunme (hi-vol)
filters to collect anbient particul ate sanples.* Typical filter nedia
have included cellul ose, polyethylene, polystyrene, and glass fiber.
Care should be taken because sone filter nmedia are contam nated with
| arge amounts of chromum As an exanple, mllipore filter material
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was found to contain chromumat a level of 17,600 ppb.%%% 1In
contrast to the hi-vol, Bagnoche and Ri sby sanpled for chrom um
particulates with a | ow vol une sanpl er using porous polyner filter
medi a. ’

In one set of tests, air sanples were collected for organic
chrom um speci es at chrom um chem cal plants, electroplating plants,
| eat her tanneries, and ferrochrom um plants. These sanples were
taken using the sampling train illustrated in Figure 46. Anbient air
was punped through a glass fiber filter and an XAO 2 resin tube at
bet ween 230 and 330 cn?/s (0.0081 - 0.012 ft3 s) over a period of 4
hours. The volunme of gas sanpled in each run was neasured by a dry
test nmeter. After sanpling, the resin tubes were capped and sent for
anal ysi s.

Chromc acid msts in air have successfully been coll ected by:
absorption using water or caustic solutions in an inpinger or
si ntered-gl ass bubbler, by absorption in distilled water and al kal i ne
solutions, and by filtration with absorbent paper.%»2&% O these
met hods, filtration offers the greatest collection efficiency and
ease of collection. The AA type of nenbrane filter has a 0.8y pore
size and therefore provides a highly retentive matrix for chrom um
particulates in the msts.?®

LI TERATURE REVI EW OF ANALYTI CAL METHODS

Extraction Procedures

Prior to analysis, chrom um sanples nay need to be concentrated
or extracted from potential sanple contanmi nants. One of the nost
wi dely used extraction techni ques for atnospheric chrom um sanples is
[iquid-liquid solvent extraction.!? In this method an inm scible
organi c solvent is equilibrated with an aqueous sol uti on contai ni ng
chromumin a conpl exed state. The phases are then separated and the
organi ¢ phase, in which the chrom um species preferentially
concentrates, is analyzed or undergoes further
separati on/ concentration processes. Ammoni um pyrrolidine
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di t hi ocarbamate (APDC) is a conmmonly used conpl exi ng agent for

chrom um extraction. ' Generally, nethyl isobutyl ketone (MBK) is
used as the organic solvent.! This extraction technique only
recovers hexavalent chromum if trivalent chromumis to be
extracted, it nust first be oxidized. The oxidation step may be
acconpl i shed by treatnent of the sanple with silver nitrate and

pot assi um per oxydi sul fate or with potassi um permanganate and sodi um
azide. The solvent extraction technique is popular because it allows
for the elimnation of interfering elenents and for increased
sensitivity through concentration of the sanple.

Snyder, et al. enployed the solvent extraction technique in
tests of several chromi um sources.'? Prior to the solvent extraction
procedure, the hi-vol filter sanples containing chrom umwere dried
at 60°C (140°F) to constant weight, placed in a Pyrex® boat, and | ow
tenperature ashed at 425 watts until the plasma discharge reverted to
a blue color indicating conpletion of the ashing. The typical ashing
tinme was two hours. The ashed sanples were quantitatively
transferred to a 25 mm Pyrex® extraction thinble (coarse grade). The
extraction thinble was then placed into an extracti on apparatus which
had been charged with 8 m of 19 percent hydrochloric acid (HC) and
32 M of 40 percent nitric acid (HNG;). The extraction flask was
fitted with an Alli hn condenser and acid was refluxed over the sanple
for three hours. After this tine the Alihn condenser was renoved
and the acid extract was concentrated to 20 mM on a hotplate. After
cooling, the acid concentrates were quantitatively transferred to 100
m volumetric flasks, diluted with distilled water, and transferred
to 200 mM pol yethyl ene sanple bottles for storage.

The sol vent extraction procedure carried out by Snyder, et al.
was a nodi fication of that described by Mdgett and Fi shman.*® The
extraction of hexaval ent chromumin the sanples was acconplished by
first pipeting exactly 20 nl of sanple into an acid-cl eaned 60 n
bottle. After adding two drops of 0.1 percent nethyl violet
i ndi cator, either NaOH or HNO;, was added until the indicator changed
fromyellow to blue-blue green (pH 2.4-2.6). Then, 5 nl of 5 percent
APCD solution, 3 nml of saturated sodium sul fate (Na,SO,) solution, and
20 M of MBK were pipetted into the 60 nl bottle. The bottle was
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capped and shaken on a wrist-action shaker for 3-5 mnutes. The
extracted hexaval ent chrom um (or total chromumif trival ent
chrom um was oxidized) is contained in the top organic |ayer of the
sol ution. 12

Anal ysi s Procedures

A wide variety of analytical nethods have been used to determ ne
and quantify chromumlevels in environmental sanples. A nunber of
these nmethods are summuari zed in Table 46. Anal ytical methods that
have been used include titration of liberated iodine with
st andardi zed sodium thiosul fate solution, colorinetry with
hemat oxyl i n of sym di phenyl carbazi de, and field analysis by neans of
an inpregnated filter paper based on the colorinetric reaction
bet ween chrom um and sym di phenyl carbazi de and conpari son with
per manent standards. The iodide-thiosulfate nmethod is subject to
interferences froma |arge nunber and variety of conmpounds because of
its nonspecific iodide reaction and the tendency for errors in color
definition. The hematoxylin nethod is a visual colorinetric technique
and is intended only as a check for very small anmpunts of chrom um
The colorinetric di phenyl carbazi de met hod does not react with
trival ent chrom um but produces a color only with hexaval ent
chrom um °

Until the | ast decade or two, spectrophotonetric nethods
utilizing the chrom um di phenyl carbazi de reacti on were predom nantly
used for chrom um anal ysis purposes. This analytical procedure
i nvol ves form ng col ored nol ecul ar species which absorb radiation in
the visible or near ultraviolet range of the spectrum The anount of
radi ati on absorbed is conmpared with a previously obtained calibration
plot and is related to the netal concen- tration by the calibration
data. Photonetric neasurements at concentrations near 400 ng/liter
can be made with a precision of about 30 percent. Accuracy depends on
t he pronptness of the analysis. Spectrophotonetric conparisons
shoul d be made at |east five but not nore than 15 mnutes after the
addition of reagent to the sanple.?
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TABLE 46. | NSTRUMENTAL METHODS FOR THE DETERM NATI ON OF CHROM UMt

Preci sion
(relative standard
devi ati on/ sanpl e
si ze)

| npor t ant Rel ative Error

Appl i cation

Interfering

Anal yti cal Method Detection Limt Subst ances Sel ectivity

At omi c absorption Bi ol ogi ¢ solids and 0.2 pg/liter 15% (6 pg/liter) 7% (5 pg/liter) No interfering Total chromiumis
spect r oscopy fluids:tissue, substances are measur ed
(flanel ess) bl ood, uri ne; reported for
industrial waste- sanpl es of
waters; air urine? and
pol | ution bl ood.® Less
particul ates than 10% i nter-
ference is ob-
served for Na*,
K+, Ca 2+’ ,vg2+’
a-, F, SO%,
and PO in
certain indus-
trial wastewaters
At omi ¢ absorption Fresh and saline .05 pg/liter 5% (3 pg/liter) 3% (5 pg/liter) Interfering sub- Al of the

spect r oscopy
(flane)

Neut ron activation
anal ysi s

Spectrophotonetric

wat ers, indus-
trial waste
fluids, dust and
sedi nents, bio-
logic solids

and |iquid

al | oys

Air pollution
particul ates,
fresh and saline
wat ers, bi ol ogic
I'i qui ds and
solids, sedinents,
metal s, foods

Nat ural water and
industrial waste
sol uti ons havi ng
5 to 400 pg/liter
hexaval ent
chrom um may be
anal yzed. Higher
concentrations
nmust be reduced
by dilution. Ar
pol l ution par-
ticul ates.

Sensitivity varies
with sanple and
processi ng con-
ditions. Typica
sensitivites are
0.2 ng/g" (petro-
leum), 10 ng/g
(environment a
sanpl es), 0.2
ug/ g" (bi ol ogic
mat eri al)

3 pg/liter

3% (8 pg/ g)
6% (6 ng)

3% (400 pg/liter)

25% (100 ng/cuem
(Air pollution
particul ates)
20% (2.4 pg/ Q)
(orchard | eaves)

2% (0.4 ng/9)

stances present
in the origina
sanpl e are usual -
Iy not extracted
into the organic
sol vent

Interference nay
arise fromgam
ma ray activity
fromother ele-
ments, especially

NA- 24, Cl-38, K-42

and Mh-56. Brens-
atrahl ung from
P-32 may be

t roubl esone.

I ron, vanadi um
and mercury may
interfere.

extracted chro-
mumis neasured
but only Cr(Vl)
is extracted from
the origina
sanpl e unl ess

oxi dative pre-
treatment is used

Total chromumis
measur ed.

Thi s met hod
determ nes only
t he hexaval ent
chromumin

sol ution



TABLE 46. (CONTI NUED) | NSTRUMENTAL METHODS FOR THE DETERM NATI ON OF CHROM UM
Preci sion
(relative standard
| npor t ant devi ati on/ sanpl e Rel ative Error Interfering
Anal ytical Method Application Detection Limt si ze) Subst ances Sel ectivity
X-ray fluorescence At onospheric parti - 2 to 10 pg/g (liver) 4% (25 pg/g) 1% to 4% (120 pg/ The particle size Total chromumis

cul ates, geol ogic 1.5 pg/g (coal) (coal) cnf) (air part- of the sanple det er m ned.
material s i cul at es) and the sanple

Eni ssi on spectroscopy
(arc)

Eni ssi on spectroscopy-
i nductively coupl ed

pl asna source

sanpl es

A wide variety of
envi ronnent al
sanpl es

A wide variety of
bi ol ogi cal and pg/ m
envi ronnent al

0.5 ng

0. 0003, 0.001

19% (0.2 pg/ )
6% to 12% (50 pg/
liter)t

~ 5%

matrix may in-
fluence the
observed neasure-
ments.

10%to 16% (50
ug/liter)

Total chromumis
det er m ned.

Total chromumis
det er m ned.

No interfering

a References 5, 10, 14-30.



Recently, spectrophotonetric nethods have been largely repl aced
by methods that are nore sensitive and/or convenient including atomc
absorption spectronetry, neutron activati on analysis, em ssion
spectroscopy, and x-ray fluorescence.

At om ¢ Absorption Spectronmetry (Flane)--

The nost preval ently used of the newer procedures is atomc
absorption spectronetry. In this nmethod, a previously prepared
(extracted) chromumsanple is injected into an air-acetyl ene flane
t hrough which |ight of 357.9 nm wavel ength is passed. The fl ane
atom zes the sanple and light fromthe lanp is selectively absorbed
by chrom um atons in proportion to their concentration in the vapor.
A phot odet ector measures the intensity of the 357.9 nmradiation
after its passage through the flanme and conpares it with the
intensity of the original line spectrumentted by the lanp. The
results are converted and calibrated to be read out directly as
concentration values. The air-acetylene flame can be replaced with a
nitrous oxide-acetylene flane to provide greater sensitivity and
freedom from chem cal interference.

The absorption of chromumin this procedure has been found to
be suppressed by the presence of iron and nickel.3 |f the analysis
is performed in a lean flanme, this interference can be | essened, but
sensitivity will also be reduced. The interference caused by iron
and ni ckel does not occur in the nitrous oxide-acetyl ene flane. 32

At om ¢ Absorption Spectrometry (Flanel ess)--

Fl anel ess atom c absorption spectronetry is a relatively new
variation of the previously described method in which the sanple is
atom zed directly in a graphite furnace, carbon rod, or tantal um
filament instead of a flame. This innovation frequently results in a
tenfold to thousandfold increase in sensitivity and can elimnate the
need for sanple preparation in certain cases.
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The anal ysis of chromum by the flameless aton c absoption
technique is influenced by a nunber of factors. Henn (1974) observed
a variation in absolute sensitivity as a function of sanple vol une
and ascribed the effect to the manner in which the sanple was
di stributed in the graphite furnace.®* Schaller et al. (1973) found
that the specificity of the nmethod was influenced by snoke and
nonspecif ic absorption during atom zation.* This difficulty was
satisfactorily resol ved by nodifying the charring procedure to
destroy the snoke-causi ng conponents.

Neuron Activation Anal ysis--

Neutron activation analysis is probably second only to atonic
absopti on spectrometry in frequency of use for analysis of chrom um
sanples. Its popularity stens fromthree factors: its great
sensitivity, its wide applicability to a variety of sanple types with
m ni mal sanple preparation, and its ability to deternmine a variety of
el ements froma single sanple

Neutron activation analysis is one of the nost sensitive npbdern
anal yti cal techniques for the deternmination of trace elenments such as
chromum  Sanpl es and known standards are irradiated in a nucl ear
reactor during which tinme neutrons are captured by various nuclides
in the sanple. By conparison with the activity induced in the
st andards, the anpunt of sanple isotope can be calculated. The
i nduced activity, and hence the sensitivity for determning the
parent nuclide, is proportional to the anmpbunt of the parent isotope
present. Neutron fluxes of 10 to 10 neutrons cm? sec! are easily
avail able in nodern reactors; thus, for irradi ati ons of reasonabl e
length (a few seconds to a few days) nost elenents can be determ ned
at levels of 108 to 10 grans.

The commonly used reaction for chrom um activation analysis is
Cr(n, )%Cr. Chromum50 has a thermal neutron absoption cross
section of 17.0 barns and a natural abundance of 4.31 percent.3 The
resulting %Cr decays with a half-life of 27.8 days and is usually
determ ned by neasuring the intensity of the 320-keV gamm ray.

The m ni mum chrom um concentrations that can be detected varies
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with sanple type and processing conditions. Geater sensitivities
general ly can be achieved for given irradiation conditions if the
sanple is chemcally processed to separate and concentrate the
chromum fractions. MC endon reported sensitivities at the parts
per billion I evel for chrom umextracted from previously irradi ated
bi ol ogi cal and environnental sanples.3¢ The precision and accuracy of
neutron activation analyses of chromumalso vary with sanple type
and processing conditions but may be generally characterized as good
to excellent. Relative standard deviations of 10 percent have been
commonly reported for sanples containing chromiumin the m crogram
per gram and nanogram per gram ranges. " 1°

The use of neutron activation for chrom um anal yses does have
one di sadvantage. Due to intense x-ray or brensstrahlung activity
from 2*Na, 3%d, %K, %M, and 3P in many sanples, the irradi ated
sanpl e usually nust be cool ed several weeks before nmeasuring the
chrom um concentration. The procedure is thus not anenable to rapid
or on-line applications. The |engthy cooling period can be reduced
to about 24 hours by chemi cally separating the offendi ng nuclides
fromthe irradi ated chrom um 36

Em ssi on Spectroscopy- -

In this anal ytical procedure the prepared chrom um sanple is
excited with a flane, arc, spark or plasma and the resulting light is
di spersed with a monochromator. The characteristic em ssion |lines of
each excited el enent are recorded electronically or on a photographic
pl ate. The concentration of each elenent is determ ned by conparing
the density of its emission line with that of an internal or externa
standard. The preparation of each sanple depends in part on the node
of excitation used. GCenerally, sanples are dissolved and the
solution is deposited on metal or graphite electrodes which are dried
prior to analysis. The precision and accuracy achievable with
em ssi on spectroscopy varies with sanple type and actual chrom um
concentration.! Sealy and Skogerboe have nonitored air containing 0.2
ng/liter chromumw th a precision of +19 percent.?’ Em ssion
spectroscopy using an inductively coupled plasm as a |ight source
has been shown to be a very sensitive anal ytical nethod.
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Sensitivities down to 0.3 ppb have been reported using direct
aspiration of sanple solutions.?®

X- Ray Fl uorescence- -

Wth x-ray fluorescence the sanple is first irradiated with
| ow- energy x-ray or ganmma photons which displace Kor L orbita
el ectrons fromelenents of interest such as chromum A series of
characteristic x-ray lines are then emtted as the electron defects
are filled by electrons fromhigher orbitals.! The intensity of the
fluorescence is related to the concentration of the nmetal in the
sanpl e by conparison with radiation froman internal standard.

Sanpl e preparation is inportant in x-ray fluorescence anal ysis
because particle size and shape affect the extent to which the
irradiating beamis scattered or absorbed. Also, quantitative
measurenments of trace elenents |ike chrom um can be conplicated by
radi ation fromsurrounding atons. To mninze these matrix effects,
solid samples, such as air particulates, can be pressed into thin
wafers.?!

As with several other analytical techniques, the precision and
accuracy of x-ray fluorescence varies with sanple type and pol | ut ant
concentration level. 1In an analysis of sanples of air particul ates
containing 120 ng/cnf chromum a relative error of 1 to
4 percent was obtained with x-ray fluorescence. %6

The energy-di spersive x-ray fluorescence anal ytical technique is
not yet in w despread use for chrom um neasurenents. However, it
appears to have considerable potential for rapid, accurate analysis
of air pollution particulates (containing chrom um and other trace
nmet al s) which have nore or |ess flonpgeneous surfaces.!?
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O her - -

The concentration of chromc acid msts in air can be estinmated
by a direct field nmethod described by Ege and Silverman. 38, 39,40 The
Ege- Sil verman technique is a spot-test nethod using phthalic
anhydri de and sym di phenyl carbazi de. The concentrati on of chromc
acid msts in the atnosphere can al so be quickly estimted using a
i ghtwei ght sanpl er devel oped by the Mne Safety Appliances Co. 41, 42
The operating principle of this device is based on the phthalic
anhydri de/ sym di phenyl car bazi de net hod devel oped by Ege and
Si | ver man.
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