nmlm

%‘4‘

- /
(] ”I’/l:/, .' ¢

llmmmn
"'“llmlll

. R |
"l |lI| ol . . ) m l“ “"_
) |

1 . .
gL
<] el
R L
‘
g e . 24 + I
6 ’ o ok
7 1 ) M
PR
. "04
R, oy B
% jUd
; 4
g . . .
X Wi - ¢
" P 8
g .
s - ) 1;
¢ d A‘

PARTICULATE POLLUTANT SYSTEM STUDY
VOLUME |11 - HANDBOOK OF EMISSION PROPERTIES

MRI



PARTICULATE POLLUTANT SYSTEM STUDY

Volume III - Handbeok of Emission Properties

1 May 1971
Contrac+t Nc. CPA 22-69-104

MRI Project No. 3326-C

repared for

Air Pollution Control Office
Environmental Proctection Agency
411 West Chapel Hill Street
Durham, North Carolins 27701



BIBLIOGRAPHIC DATA 1. Report No. 3. Recipient’s Accession No,
SHEET

APTD-0745
4. Tiule and Subercle

R )
Particulate Pollutant System Study eporc Dace

May 1, 1971

}

Volume III - Handbook of Emission Properties s

7. Auwchor(s) DT. A, E. Vandegrift, gr.

Shannon, Dr., £. W,
gyéﬁgi, Mr. P.G. Gorman, Mr

8. Pecrforming Organization Repe.
ee, and Miss M. No. § “rganization Rep

Le J
. E.'E. sal1

9. Performing Organization Name and Address
Midwest Research Institute

10. Project/Task/Work Unit Na.

No. 3326-C

Kansas City, Missouri 64141

11. Cootract/Grant No.

CPA 22-69-104

12 Sponsoting Organization Name and Address
Air Pollution Control Office

Environmental Protection Agenpx‘._

13. Type of Report & Period
Covered

411 West Chapel H111‘Strhe

— . 14,
Durham, North Carolina 27701

15. Supplemenrary Notes JISULATMER = This report was furnished to the Urfice o6f AITY Programs
by Midwest Research Institute, Kansas City, Missouri 64141 in fulfillment of Contract
No. CPA 22-69-104

16, Absrzacts

A handbook is presented as part of the documentation for a study of
particulate air pollution from stationary sources. The objective of the
study was to identify, characterize, and quantif{ the particulate air
pollution problem in the U, S. This document delineates the kind and
number of stationarg particulate sources, the chemical and ghysical
characteristics of both the particulates and carrier gas emitted by
specifiec sources, and the status of current control practices. The fi
three chapters of the handbook present general background information
pertaining to source emission factors and emission rates effluent
characteristics, and control technology. Chapter &4 discusses some of
more important chemical and physical properties of particulates and
carrier gas emitted by industrial sources. The remaining chapters
present discussions of the major industrial sources of particulate
pollutants,

Q

-

17. Key Words and Document Analysis. 17a. Descriptors

Air pollution Air pollution control equipment

Particles Particle size
Emission Industries
Sources Industrial wastes

17b. Identifiers /Opea-Eaded Terms
Particulates
Statianary sources

17c. COSATI Field/Group 13B

18. Availability Statement Upnlimited 19. Securicy Class (This ]21. No. of Pages

chgrt)
| EL Security Class (EE:s

Page
< “8incLassIFIED

FORM NTis-18 {10-30) YSCOMMIOC 40320-P71



PREFACE

This handbook was prepared for APCO under Ccntract lNc. CPA-22-
£9-104, which was monitored by Mr. Timothy Devitt and Mr. Don Felton.

The work was conducted in the Environmental Sciences Section of
the Pnysical Sciences Divisjion.

The handbook was written by Dr. A, E. Vandegrift, Project Director,
and Dr. L. J. Shannon with the assistance of Dr. E. W, Lawless, Mr. P, G, Gorman,
Mr, =, E, Sallee, and Miss M. Reichel.

Dr. Seymour Calvert and Mr, Paul L. Magill, consutants to MRI, made

many valuable corments and contributions to this document. Dr. Larry Faith,
Tr. Louis McCabe, and Dr. Frank Fowler also contributed to the program.

Approved for:

MIDWEST RESEARCE INSTJTUTE

H. M, Hubbard, Cirg¢ctor
Prnysical Sciences Tivision



Chepter

1

TASLE OF CONTENTS

Introduction . . . . . . . « + « o . . . .

Emission Factors and Rates . . .

2.1 Introduction . . . . . e e e e
2.2 PEmission Rates of Industrial Sources
Refererces . . . . . . . . .

Contreol Zquipment . . . . . . . . . . . o . . . .o .
3.1 Introduction . . . . . . . . . . .
3.2 Cyclomes + v v v v s e e e e e e e e e e
3,3 Wet Scrubbers . . . . e e et e e e e e
3.4 Electrostatic Prec1p1tators e e e e e e e e e e e
3.5 TFabric Filters
3.6 Mist Eliminators .
2.7 Afterburners
References .

Effluent Characteristics .
4.1 Introduction .
4,2 Particulazte Chavabte*istlcs e e e e e e e

4.

3

Carrier-Gas Characteristics

Raferences .

Presentation of Effluent Data for Specific Industries . .

Stationary Combustion Processes

6.1 Introduction . . . . . . . . . . . . - ...

6.2 Electric Utilities . . . . . . « . . « + .

6.3 Industrial Power Generation . . . . . ...
6.4 Commercial, Institutional, and Re51dent1al Furnaces
References

Crushed Stone, Sand, and Gravel Industries
7.1 Introduction . . . . .

7.2 Crushed Store . . . « « v ¢ v ¢ v v ¢ v o v v o«

7.3 Sand and Gravel . . . . . . . . . e v e e e e

RefererniCes v « v o o ¢ * ¢ o o o o o o o o o o o
Operations Related to Agriculture . . . . . . . . . .

8.1 Introduction . . . e e e e e e s e e e e e

8.2 Agricultural Field Burnlng .

8.3 Grain Elevators . . . . ¢ « v v ¢« v v ¢ o o o o o

8.4 Alfalfa Dehydrating Mills . . . . . . . .

8.5 Cotton Gins . . . . .+ « v v v v 4 v 4 .

References .

> W Wm

12

13
13
15
16
17
19
19
20
ee

23
23
23
39
41

43

47
47
47
73
76
78

81
81
81
87
89

91
91
91
94
102
104

111



Chapter

10

11

13

TABLE OF CONTENTS (Continued)

Iron and Steel Industry . . . . « « « « o « « o o 4 4
9.1 Introduction . . . . . . . . « . .
9.2 Iron and Steel Manufacturing . e
9.3 Emission Rates from Iron and Steel Manufacture
9.4 Characteristics of Emissions from Iron and Steel

Manufacture . . . e e e .

9.5 Control Techniques for the Iron ard Steel Indisvry
References . . & v o « o o o o o o o o o o o ¢ o o &+ o
Cement Manufacture . . . . . . . .« . v v v o o 4 0 w0
10.1 Introduction . . . ... ¢ v ¢ ¢ o o ¢ o . .
10.2 Cement Manufacturing Process . e .
10.3 =Zmission Rates from Cement wanufacuurlng Plan*s .
10.4 Characteristics of Cement Plant Emissions .
10.5 Control Practices and Equipment for Cement Plants
References
Forest Products Industry . . . . . . . . . . . .
11.1 Introduction . . .
11.2 Forestry Cperations . . . . . . v e e e .
11.3 Sewmill Operations (Lumber Prouuculon) . ..
1i.4 Plywood, Particleboard, and Hardboard Plants
11.5 Pulp Industry .
ReferencCes + v v v o v v s o 4 6 4 4 w4 e e e e e
Lime Manufecture . . . . . . . . . « .« . « & + o .
12,1 Introduction . . . . . . . « . . . .
12.2 Lime Manufacturing Process ., . . . .
12.3 Emission Sources and Rates . . . .
12.4 Characteristics of Effluents from lee
Manufacture . . e e . . .
12.5 Control Practices and nqulpment for lee
Manufacture .
References . . . . . . . . .
Primary Nonferrous Metallurgy . . . « « « ¢ & o o« o &
13.1 Introduction . . . e e e e
13.2 Primary Copper Smeltlng and Reflﬂlng . .
13.3 Primary Lead Smelting and Refining . . . . . ., .
13.4 Primary Zinc Smelting . . . . . . . . . . . .
13.5 Primary Aluminum Production . . . . . . . . .
References . . . ¢ . & v 4 & v 4 4 4 v 4 v 4 o 4 ¢ & 4

vi

113
113
113
113

119
138
167

171
171
171
173
178
178
187

243
£55

257
257
257
273
277
281
301



TA3LE OF CONTENTS (Continued)

Chapter Page
i4 Clay ProdUCLS + « 4 « 4 & o = o s & = o o o o o « « o « . 303
14. Introduction . . . . . . ¢ ¢« & « 4 « 4 « o 4 o . D03

1
14.2 Manufacturing Processes . . . . . « . « « « . . . 303
14.3 ~"mission Sources and Retes . . . . « . . . . . . 306
14.4 Effluent Characieristics . . . . . . « + + « . . 310
14.5 Control Prectices and Equipment . . . . . . . ., . 310
REfErences .+ . v v v v v ¢ o o o o o o 4 o 4 e 4 o . . 312

15 Fertilizer Manufacture . . . . « ¢ « o o ¢ « o « « o« + « 313
15.1 Introduction . . . . . . . . . . . 4 4 4 4 o . . 313

15.2 Phosphate Fertilizers . . . . . . « ¢« « + + « « . 313
15.3 Amnonium Nitrate Fertilizer . . . . . . . . . . . 325
15.4 Urea Fertilizer . . . . . . o ¢ v v v o v o « « . 329
15.5 Ammonium Sulfate . . . . . . . e e e e e .. 329
15.6 Characteristics of Effluents from Ferulllzer

Manufacture . . . e s . e e 4. . 332
15.7 Control Practices and mqplpment in 1?‘ertwlizer

Manufacsure . .« + ¢ 4« v v v v e 4 e e e e . . . 332
References . . . . v v & ¢ & & 4 4« & & « « « « « « . . 2338

16 Asphalt . . . . & & v e s e e s e e e e e e e e e ... Z33
16.1 Introduction . . . . . . . . . . . . . . . . .. 339
16. Airtlown Asphalt . . . . ¢ . . . . v e 4 . . . . 339
16.3 Hot-Mix Asphalt Paving Plants . . . . . . . . . . 342
156.4 Asphalt Roofing Marufactwre . . . . . . . . . . . 352

n

References . . . & v & v v ¢ ¢ o 4 o o o« o o « o w « . 3Z59
17 Ferroalloy Manufacture . . . . . . . . . . . « « . + « . 381
17.1 Introduczion . . . e e e e e e e e s e e . . 3B1

17.2 Ferroalloy Produﬂtlon e e s e e s e e e 4 w4 . . 361
17,3 Emission Sources and Rates . . . . . . . . . . . 364
17.4 Effluent Characteristics . . . . . . . . . . . . 368
17.5 Control Practices . . . « + o 4 ¢ o o 4« « « . » . 368
Referernces .+ . v o« v v 4 o o o s o 4 o o « o o« ¢« « o+ . 380

18 IJron Foundries . . . +. « ¢ o v o « o « = o o « o + « . . 381
18,1 Introductiorn . . . . . . . . ¢ v v 4 v e 4« . . . 3Bl
18.2 Foundry Processes . . . . . e e o+ 4 s« 4 4 . 381
18.3 Emission Rates from Iron Foundrles e o« . 381
18.4 Characteristics of Effluents from Iron Foundrles 384
18.5 Control Practices and Equipment for Iron
Foundries . . . . . . . + + ¢ v« 4 4« 4« . . . 384
References . . . . . & 4 v ¢ 4 4 4 o o o v o o o+ o« 4CO

vii



@]
=
5
t
(]
~

19

20

2

n

2

1

ny

3

T4BLE CF CONTENTS (Continued)

Seccndary Nonferrous Metals Industry . . . . . . . . .

13.1 Introduction . . . . « & 4 v 4 s e . 4w .. .
13.2 Secondary Copper Smelting and Refining . . . .
19.3 Secondary lead Smel<ing and Refining . . . . .
19.4 Secondary Zinc Smelting and Refining . . . . .
19.5 3Secondary Aluminum Smeiting ard Refinizng . . .
References . . . v v ¢ v v ¢ ¢ o v 4 v e e 4w 0 .

Coal Preparation Pignts . . . . . . . . . . .

20,1 Imtroduction . . . . . . .+ . . . e 0 0. e
20.2 Coal Cieaning Process . . + 4+ « o « o « o &
20.3 Emission Rates from Coal Preparation Plants .
4 Chrarzcteristics of Coal-Preparation Plant
EBmissions . v o v 0 v 0 v e e e 0 e e e
20.5 Control Practices and Zquipment for Coal-
Preparation Plants . . . . . . . . . . . . .
References . . . . ¢ v 4 v ¢ ¢ o o « o« o o « o o 0

Carbon Black . . v v v v v v e e e e e e e e e e e

21.1 Introduction . . . . . . .

2l.2 Manufacturing ProCessSeS . v v 4 v s e e 4 e e

Imission Sources and Rates . . . . . . . . . .

Craracteristics of Effluents from Carbon Black
Manufacture . . . . . . . . . 0 L.

2l1.5 Controli Practices and Equipment . . . . . . .

References . o ¢ v o v v v o v o s b e e s e e e e

n N

1.
1.

>

Petroleun Refining . . . . . « « v v ¢ ¢ v 4 « ¢« « v &

22.1 Introduction . . . . ¢ ¢ ¢« v o 4 e v w4 e a0
22.2 Emlssion SOUXCeS v v ¢ v o o o v 6 s o o o o
22.3 Catalyst Regererator Emission Rates . . . . .
22.4 Zffluent Characteristics . . . . . . . . . . .
22.5 Control Practices and Equipment for FCC Units
References . . v &« v v ¢ v o o 6 o o o« o o o 4 o w

Marufacture . . « & v 0 v s e e e e e e e e e
23.1 troduction . . . . . . . L . o 0l e e .
23.2 Sulfuric Acid Menufecture . . . . . . . . . .
23.3 Emission Rates . . . + « v v ¢ v 0 e v v e 4
23.4 Effluent Characteristics . . . . . . . . . . .

5

Control Practices and Equipment for Sulfuric
Acid Plants . . . . . . . . 4 0 0.,

25.6 Prosphoric Acid Manufacture . . . . . . . . .

References . . . . & & v v v 4 v 4 e b e e e e e

d
[
[

457
462

485
4865
465
470

472
471
476

477
477
477
480
482
482
493

495
495
496
501
S04

504
S08
515



TABLE OF CONTENTS (Continued)

Chapter
24 Incineration . . « & &+ 4 4« 4 4 4 4 6 o 0 4 4 0 o0
24,1 Introduetion . . . ., . . . .« . ¢ . ¢ . . .
24,2 Municipael Incineration ., . . . . . . .
24.3 Commercial Incinerators . . + « . +« « . .
24.4 Apartment House Incinerators . . . . . .

References . . . .

Apperndix A - Economic Considerations in Air Pollution Control

Appendix B - Minor Sources . . . . . . + v v s w4 0 04 e

ix



TABLE OF CONTENTS (Continued)

List of Tables

Title

Major Industrial Sources of Particulate Pollutants . . .
Triboelectric Series for Fabrics . . . .
Relations of Fabric Requirements to Dust Properties and
Dust in the Categories Lis*ed . . . . e e e e e e
Rates of Rise and Total Wetting Times Me&SJreQ at
Different Dust Samples . .
Coding Key for Tables of Effluent Characterlsdics
Particulate Emissions, Fuel Combustion in Stationary
Sources . . . . . e . . ..
Effluent Characterlsuics, Stationary Fombustlon Processes
Polynuclear Hydrocarbon Concentrations . .
Elemental Analyses of Total Particulates . . . . . . .
Dust Collectors for Coal-Fired Heating and Power Plants
Usual Expected Efficierncy Ranges for Commonly Used
Control Equipmert . . . . . . . . . .. .
Optimum Expected Performance of Varicus Types of Gas
Clearing Systems for Stationary Combustion Sources .
Air Cleaning Equipment Instelled Cost Based on
1,000 M4 Unit (1988) . e e e e e e e e e e
Precipitator Costs (1965 - 1969) e e e e
Particulete Emissions, Crushed Stone, Sard end Gravel
Particulate Emissions from Rye-Grass Burns . . .
Particulate Emissions from Operations Related to
Agriculture . . . .
Effluent Cnarac*er*stics - Operatlons Related to
Agriculture . . . . . . o e e e e e e e e s o« v
Analysis of Airborne Dust uollected in Viecinity of
Railway Cars During Loading .
Particulate and Product Analyses (Alfalfa Deqydratlng

Mi11) .. . .. . e e e e e e e e e e e
Yields of Various Pollutan*s from Grasses Burned in
Laboratory Tower . . . . e e e e

Results of Symmer 1967 Field Burns of Various Grasses

Potential Particulate Pollutant Emission Sources in Iron
ernd Steel Manufacturing . . . . . . « ¢ ¢« « « v . . .

Particulate Emissiorns, Iron and Steel Industry . . . . .

Effluent Characteristics - Iron and Steel Industry . . .

Irorn and Sinter Dust Resistivity . . . . . . . .

Representative Emission-Control Applications in the
Integreted Iron &nd Steel Industry .

X

36

38
45

52
53
57
58
60

61

63
67
83

93

97

99

. 100
. 101

. 115
. 120
. 122
. 134

. 139



Table

TABLE OF CONTENTS (Continued)

List of Tatles (Contirued)

Title

Design and Operating Data for Sinter-Plant Fabric
Filters on Sinter Strand Discharge . . . . . . . . .
Blast-Furnace Gas-Cleaning Results . . . . . . . . . .,
Open-Hearth Stack Gas Data. . . . . . e e e e e .
Performance Tests of Electrostatic Precipitator on Open-

Hearth Gases . . . . . . e e e e .
Scrubber-Pressure Drop vs. Cleaning Efficiency and Out—
let Dust Loading (Nonoxygen Periods) . ..
Scrubber-Pressure Drop vs. Cleaning Efficiency and Out-
let Dust Loading (Oxyzen Periods) . . . . . . . .
Basic Oxygen Furnace Installations and Associate
Air-Polluzion Control Equipment . . . . . . . . . . .
Ccmparison of Equipment Requirements, Energy and Gas
Flow for BOF . . . . C e e e e e e e e e e e e
Approximate Budge S1zlng Chart ¢ e e e s e e s e e e e
Particulate Emissions, Cement Industry .
Effluent Characteristics - Cement Manufacture
Ranges of Dust Epissions from Control Systems Serving
Dry- and Wet-Type Cement Kilns . . . . . . . . .
Particulate Emissions, Forest Products Industry . .
Characteristics of Zffluents from Forest Products

Irdustry . . . . . e . e e e e . . .
Atmospheric Emission Sources in a Xraft Mlll . .
tmospheric Emissions from Kraft Pulp Mills . . . .

Water Usage for Secondary Scrubbing Installations . . .
Average Performance Data for Full-Scale TE Washer . . .

Test Datz, Lime Kiln Venturi Scrubber . . . . . . . .
Ammonia~Base Liquor Burning . . . . . . .

Particulste Emissions, Lime Manufacture . . . . . . .
Effluent Characteristics - Lime Menufacture . . . . . .
Secondary Collection of Rotary Kiln Lime Dust . . . . .
Estimate of Rotary Kilnm Control Costs . . . . . . .
Hydrator . . . . . . « « « ¢« ¢ v o ¢ v o v o . .

Stone Dryers . . . . . e e .

Particulate Emissions, Prlmary Nonferrous Metals
Industries . . . .
Effluent Characterlstlcs, Primary Nonferrous Metals

Industries . . . . . .
Compounds Found in Alumlnum Rednctlon Cell Exhaust
treams , . . e e e e e e e e e e e e e e e e

Atmospheric Pollutants from Secondary Sources in
Aluminum Plants . . . . . . .

xi

150
152
157

157

159

159

161

162
165
177
179

185
192

194
206
207
209
211
212
233
244
245
249
250
251
252

262

263

269

270



Table
13-5

13-6
13-7
13-8
13-9
13-10

13-11

15-4

16-1
16-2
16-3
16-4
16-5
16-6

16-7

17-1
17-2
17-3
17-4
17-5
17-6
17-7
17-8
18-1
18-2
18-3

TARLE OF CONTENTS (Continued)

List of Tables (Continued)

Title

Operation Data for Dust Collectors Applied to Primary

Copper Smelting and Refining . . . . . . . . . .
Lead Smelter Control EqQuipment . . . . . . . . . . . .
Typical Zinc Roasting Cperations . . . . . . . . . . .

Cominco Fume and Dust Recovery Plants e e

Costs for Cleanirg Metallurgical Gases (1957 Data)

Collec<ion Efficiencies for the Floating Bed Scrubber
Used on Horizontal Stud Soderberg Cell . . . . . . .

Current and Newest Air Pollution Controls for Primary
Alurinur Potline Air Pollution Controls

Particulate Zmissions, Clay Products . . . ..

Effluent Characteristics - Manufacture of "lay Products

Particulate Zmissions, Phospnhate Rock and Manufacture
of Fertilizer . . . . . . ..
Effluent Characteristic - Fertlllzer Man_facture . e .
Summary of Emission Data on Performance of Control
Equipment in Wet-Process Phosphoric Acid Plants
Summary of Emission Datz on Performence of Control
Equipment in Wet-Process Phosproric Acid Plents
Particulate Fmissions - Asphalt . . . . . . . .
Effluent Characteristics - Asphalt . . . . . . . . .
Dust and Fume Discharge from Asphalt Batch Plants
Findings of Floridsz Asphalt Plant Testing Program . .
Comparztive Costs of Dust Collectors . .
Emissions from a Water Scrubber and Law-Voltage rT‘wo—
Stage Electrical Precipitator Venting an Asphalt

Saturator . . . . . . 0 0 0 0 0 e e e e e e .
Emissions from a Water Scrubber Venting an Asphalt
Saturator . . . e e e e e e e e e e e

Particulate Em1551ons, Production of Ferroalloys
Effluent Characteristics - Ferroalloy Manufacture
Ferrozlloy rume Resistivity . . . . . . . . . . . . .
Typical Ferrozlloy Furnace Fume Characterizations . .
Approximate Furnace Gas Generation . . . . . . . . .
Comparison of Furnace Gas Volumes . . . . . . . + . .
Estimated Cost of Furnace Controls . . . . . . . . . .
Examples of Furnace Wet Scrubbers . . . . . .
Particulate Emissions, Iron Foundries . . . . . .
Effluent Characteristies - Iron Foundries . . . . . .
Iron Foundry Dust Collector Efficiency . . . . . . . .

xii

272
276
279
283
285

294

-

309
311

326
333

335

336
341
346
347
349
351

357
369
370
372
373
375
375
375
377
383
385
390



18-9
18-10
18-11
18-1
19-2
19-3
19-4
19-5

19-12

19-13

20-1

20-2
2l-1

21.2

TABLE OF CONTENTS (Continued)

List of Tables (Continued)

Title

Usual Collector Selections for Foundry Operations .
Efficiency Tests of Dry Multiple Cyclones for Five
Different Installations . . . . + « + . v 4 ¢ o ¢ o &
Cost Comparison for Various Dust Collectors for Cleaning
Waste Gzses of a Hot-Blast Cupola . . . « « « + « . +
Approximete Cost of Control Equipment . . . . . .o
Collector Chzracteristics for 15 Tons/Hr Coldoblast
Cupola Operated on Alternate Days . . . « . . . . .
Comparison of Cupola Dust Control Systems . . . .
Cupola Plants with Electro-Precipitators . . . . .
Cupola Dust Removal Ianstallations with Fabric Filter
rarticulate Zmissions, Secondary Nonferrous Metals
Effluent Characteristics - Secondary Nonferrous Metals
Electrical Resistivity of Collected Bronze Fume
srass-Melting Furnace and Baghouse Collector Data . . . .
Baghouse Information Summary - Brass and Bronze Ingot
Institute . . . . . . . . . e e e .
Annual Cost of Air Pollutiorn Control Systems . . . . e
Installed Costs of Gas-Clearing Equipment Systems, by

Type of Smelter . . . . . .
Trstalled Costs of Gas-Cleanlng Equ-pmeﬁt Systems, by
Type of Eauipment . . . . . . . . . e e e e e

Annual Operating Cosis of uas-Cleanlng Eaulpment Systems,
by Type of Smelter
Dust and Fume Emissions from a Secondary Lead- Smeltlng

Furnace . . . e e 4 . . . . e .
Dust and Fume En1551ons and f*om an Aluminum- and a
Zinc-Sweating Furnace Contrclled by a Baghouse . . . .

Dust and Fume FEmissions from an Aluminum-Sweating Furnace
Controlled by an Afterburner and Baghouse . . . . . . .
Scrubber Collection Efficiency for Emissions from
Chlorinating Aluminum . . . . ., . . . . . . o e e
Thermally Dried Coal by Types of Drying Equlpment,
1888-1964 . . . . . . v . v 4 . . o e e e e .
Effluent Characteristics - Coal Preparaflon Plants e . s
Particulate Emissions from the Manufacture of Carbon
Black . ., . . . e e e e e e
Effluent Characteristlcs - Carbon 31ack v e e s e e e e

xiii

Page

391
392

333
393

394
395
397
398
408
411
416

417
419

420
421
422
427
435
439
440

454
458

472
473



TABLE OF CONTENTS (Continued)

List of Tadcles (Concluded)

Table Title Pa
22-1 Potential Sources of Specific Emissions from Oil

RefineriesS . v v o v v o v o s o « o s o s o 2 o« - o 478
22=2 Effluent Cheracieristics - Petroleum Refining . . . . . 483
22-3 Typical Plant Operatirg Conditions . . . . . . . . . 485
224 A Summary of Performance Data of Precipitators in Fluld

Catalytic Cracking Application (1951-1962) . , . . . . 492
23-1 Particulate Emissions; Mineral Acids . . . . . . . . . . 8503
23-2 Effluen* Characteristics - Acid Manufacture . . . . . . 505
23-3 Feasible Systems for Acid Mist Control . . . . . . . . . 506
23-4 Operating Characteristics of Phosphoric Acid Mist

Electrostatic Precipitators . . . . . . . . . . . . . 5l4
24-1 Estimated Municipal Incinerator Emissions . . . . . . ., 521
24-2 Effluent Cheracteristics - Incineration .. . . . . . . . 523
24-3 Air Pollutiorn Cortrol System Average Control Efficiency 524
24-4 Distribution and Typical Economics Among Incinerztors

and APC Concepts . + v &« v ¢ v v &« o o 4 « e o o « « « 525
24-5 Maxinum Demonstrated Ccllection Efficlency of Incinera-

tor Control Equipment . . . . . . . . . . . « . - . D26
24-6 Relative In-Plant Space Requirements for Average Air

Pollution Control Systems . . . . . . . . . 935
24-7 Sstimated Capital and Operating Costs for ”wa Control

Systems for an 800 Ton/Day Incinerator . . . . . . . . 535
24-8 Refractory Furnece . . . « « « + = « « & o « « « « +» - , b3B
24-9 Water-Cooled Furnace . . . . « « & &+ « « + . . « . . 536
24-10 Electrostatic Precipitators Installed on Municipal

Incinerators in North America . . . . e -« . . . . 538
24-11 Basic Design Elements of Europsan Electrostatlc

Precipitators . . . . . . v e e e e e . . . 538
24-12 Peabody Scrubber Performance on Flue-ch Apartmeqt

Incinerators . . . . . e e e 4 o e 4 4 e e 4 4 4 . . 043
24-13 Performance and Cost of Dev1ces Installed on Apartmert

Incinerator . . . . & & & ¢ ¢ ¢ e 4 4 e 4 s 4 e 4 . . D44

xiv

[(]



Figure

3-1

4-2
4-3
4-4

6-1

fo - JNe TR N
]
N - -

O O @
'
= W

TABLE OF CONTENTS (Continued)

List of Figures

Title

Efficiency Curves for Various Types of Dust Collecting
Equipment . . . . e . .
Average Size Dlstrletlons of Outleu Fume - Kraft Mlll
Recovery Furnace . . . . . . -
Effect of Humidity on Partlcle Re31st1v1uy
Corditioning of a Weak Acidic Dust by Strong Bases
Laboratory Conditioning Tests, Sulfuric Acid Fume with
Fly Ash . . . . . v . e e
Nomograph for Estimatlng Partlculate Em1551ons From Coal
Combustion (Without Air Pollution Control Equipment)
Precipitator Purchase Cost (FOB) as a Funciion of Gas
Volume Treated (Period 1965 - 1969) .
Precipitator Zrected Cost as a Function of Gas Volume
Treated (Period 1965 - 1969)
Plant Fly-Ash Disposal Investment . . . . . . . .
Plant Fly-Ash Disposal Cost for 1967 ., . . . . . .
Effect of Sulfur Content of Coal on Collecting Area
Reguired in Elecirostatic Precipitator
Multiclone Collection Efficiency - Fly Ash
Particulate Size from Rock Processing Operations

Alfalfa Dehydrating Process Flow Diagram . . . . .

Flow Diagram of U, S. Department of Ag*iCJlture Cotto*
Gin, Stoneville, Mississippi . . . . . . . .

In-Line Air Filter - Cotton Gin . . . e e e e e e e

A Composite Flow Diagram for a Steel Plar e e e e e

Particle Size Dlsurioution by Weight of Sintering
Machine Dust . . . . e e e e e e e

Resistivity of leferent Dusts in the Same At mosphere
vs. Temperature . . . e e e e e e e e e e e e e
Resistivity in Different A tmospheres vs. Temperature
Electrical Resistivity of Sintering Machine Dust
Resistivity of Open-Hearth Furnace Fume Under Varying
Conditions of Temperature and Moisture in Gas . .
Apparent Resistivity of Fume from Open-Hearth Furnace .
Apparent Resistivity of Fume from Open-Hearth Furnace .
Apparent Resistivities of Metallurgical Dusts .
Electrical Resistivity of Red Oxide Fume from Various
Oxygen-Blown Steelmaking Processes . . . . . « . . .
Resistivity vs. Ges Temperzture for BOF Furnace Dust

66
68
63

70
71
85
103

105
109
114

128
128
129

130
130
131
131

132
133



Figure

9-12

9-19

g-20

9-21

9-22

9-23

9-24

TABLE CF CONTENTS {Continued)

List of Figures (Centinued)

Title

Estimated Installed Cost (1968) of Air-Pcllution-Control
Equipment as Related to Different Steel-Making
Processes . . . . . . . .. « e e s s

Estimated Annual Operatlng Costs for Air-Pollutwon-
Control Ecuipment for Steel-Making Process . . . . . .

Estimated Annual Operating Costs Plus Capital Charges
and Depreciation for Air-Pollution-Control Eguipment
for Steel-Making Processes . . . . . . - e .

Estimzted Installed Capital Costs of Air- Pollutlon-
Control Equipment Installed on Electric-Arc Steel-
Making Furnaces . . . . e . . .

Estimated Installed Caplual Costs of A-r—Po-lutlon-
Control Zguipment Installed on Open-Hearth Furnaces .

Estimated Installed Capital Costs of Air-Follution-
Contrel Equiprernt Used in Sinter and Pellet Plants

Estimeted Annual Operating Costs for Air-Follution
Control Equipment Used in Sinter and Pellet Plants
(Depreciation and Capital Charges are Not Included . .

Estimated Capital and Annual Operating Costs feor Air-
Pcllution-Control Eguipment Used on Scarfing Machines
(Depreciation and Capital Charges are Not Inciuded in
the Operating Costs) . . v & v 4+ @ & v v o v & o

Range of Zstimated Operating Costs for Air- Polluulon-
Control Equipment/Net Ton of Raw Sieel--Open-Hearth
Furnaces, BOFS, and Electric Furnaces (Two-Furnace
Operaions) . . . . « & - . . e e e e e e e e

Effect of Water Rate on Cutput Dust Loadlng for a
Venturi Scrubber Hendling Blast-Furnace Gas . . . . . .

Effectiverness of Gas Cleaning by a Fixed-Orifice Scrubber
and a Variable-Orifice Scrubber When Gas-Flow Rate is

Varied . . . & ¢ ¢ ¢ ¢ o o o o o & e e e e e
Operating Cheracteristics of a Blast-FUrnace Venturi
Scrubber . . . L L . .0 00w e e e e e e e . .

Reletionship of Electrostatic Precipitator Collectlng
Surface to Collection Efficiency for Open-Hearth
Fmissions (315,000 acfm) . . . . . . . . . .

Relationship Between Clean-Gas Dust Loading and Pressure
Drop for a Wet Scrubber on an Open-Hearth Furnace
(Oxygen lancing Used During the Refining Period) . . .

140

141

'..J
'Y
N

143

144

145

146

147

148

133

154

154

156

158



11-8

11-7

11-8

11-9

1110

11-11

11-12

11-13

TABLE OF CONTENTS (Continued)

List of Figures (Continucd)

Title

Typical Side-Draft and Roof-Tap-Hood Systems for
Electric-Arc Furnaces . . . . e e e e e e e e
Scurces of Dus* Emissions, Cenent Plants. . .
Typical Particle Size Range of Cement Kiln Dust . .
Resistivity of Cement Kiln Dust Under Varying Condltlons
of Temperature and Moisture in Gas .+ . . . . . .
Dependence of Specific Electricael Dust Resistance on
Gas Temperature for Various Dusts . . . . . . . . . . .
Typical Lazboratory and Field Resistivities of Cement
Kiln TUusSts &+ v v o o o o o 4 6 o o o o o o o o o o @
Laboratory Resistivities of One Cement Xiln Dust Sample
For Various Gas Moisture Contents . .
Composite Flow Diagram - Forest Products Industry .
Electrical Resistivity of Salt Cake . . . . . + « . .
Electricael Resistivity of Sodium Sulfsate as a Furction
of Moisture in Gas at 300°F . . . . . . . « « . . .
Particle-Size Efficlency Curve TE Washer-Rlack Liquor
Recovery Furnzce ., . . o« e c e e
Control Method Costs for 99 9% Effic inrcy Vle“trostatic
Precipitator Replacing an Exisiing Precipitetor -
Reccvery BolleXr . . . . & . ¢ o v o v o v o o 4 o o o
Control Method Costs for 99.5% Efficiency Zlectrostatic
Precipitator Replacing an Existing Precipitator -
Recovery Boiler . . v v v v v v v e 4 e e e e e e e e
Centrol Method Costs for 99.0% Efficiency Electrostatic
Precipitator Replacing an Existing Precipitator -
Recovery BodleX . . v ¢ v v v v 4 4 ¢ o 4 4 s o o i o a
Control Method Costs for Packed Tower Added to Smelt-
Dissolving Tank Vent . . . . . ¢ & & & ¢« ¢ ¢ o « v « &
Cortrol Method Costs for Orifice Scrubtber Added to Smelt-
Dissolving Tank Vent . . . . . . .
Control Method Costs of Mesh Pad Aaded to Smelt-
Dissolving Tank Vent . . . . . . . . o e
Control Method Costs for Fresh Water Venturl Added to
Lime Kiln - 99.C% Lime Solids Collection . . . . . .
Control Method Costs for Fresh Water Venturi Added to
Lime Kiln - 99.9% Lime Solids Collection . . . . .
Control Method Costs for 99.0% Efficiency Ele”trostatiu
Precipitator Added %o an Existing 90% Efficiency Tust
Collector Coal-Fired Power Boiler . . . . . . . . .

xvii

166
172
181
182
182
183
184

190
200

210

213

219

220



11-15
11-16
12-1
1z2-2

12-3

TA3BL=E OF CONTENIS (Continued)

List of Figures (Continued)

Title

Control Method Costs for 90.0% Efficiency Electreostatic
Precipitator Added to ar Existing 90% Efficiency
Dust Collector Coal~Fired Power 3ciler . . . . . . .

Sulfite Pulping Process, Ammorie-Base Recovery . . . .

Sulfite Pulping Process, Magnesia-3zse Recovery . . .

Sikplified Flowsheet for Lime and Limestone Products .

Flow Dizgram of & Modern Hydrated Lime Flant from Ground

Quick Lime Feed Silos Through to Bulk Zydrate Storage
Silos and Bagging Depertment . . . . . . . . . . ..
Dependence of Specific Electrical Tust Resistance on
Gas Tenmperature for Lime Shaft ¥Kiln Dust . . . . . .
Copper Smeliing - Simplified Flow Diagram . . . . . . .
Typical Resistivity Greph cf Ieed Fume . . . . . . . .
Apparent Resistivity of Lead Fume fror Sintering Plant
Resistivity of Lead Dross Fume Uxder Varying Conditions
of Temperzture and Moisture iz Gzs . . . . . . . . .

Apparent Resistivity of Lead Fume from Lead Blest Furnac

Q

Apperent Resistivity of Lead Fume fror Slag Treatment
Plan® . . o 0 0 e e e e e e e e e e e e e e e e e e
Typical Flowsrheet of Pyrometallurgical Lead Smelting .
Zinc Swelting Flow Diagram . . . . . . . . .
Dust Composition vs. Roasting Terperaiure in Zinc
Frocessing . . . « ¢« ¢ o o o 0 o v o v e i e e ..
Diagram of the Bayer ProCessS .« .+ v v v ¢ o 4« o o o o &
Aluminum Cell (Prebaxed Anode Type) « « « « « « .+ . .
Prebake . . 4 ¢ o v o 4 0 e i 4 e e e e e e e e
Horizontal SoderbeXg . .« v v o ¢ v v o o o 0 s 4 e 4
Vertical Scderberg . . . + « v o« v 4 o o o« o o o« o« o
Schematic Drawing of Cross-Sectionel View of the New
Sieve-Plate Gas Scrubber . . . . . . . . . . . ..
Purificetion Installation for Cell Gases . . . . . .
The Floating Bed Scrubber Developed for Horizontal Stud
Soderberg Cell Exkausts . . . . . . . . . + . « . . .
Roof Scrubbers . . . . . . . v v o v v v 0 v e e 0.
Ceramic Clay Manufacturing Processes . . . . . . . . .
Refractories Manufacture Filow Ciagra® . . . . . . . . .
Flow Diagram of Phosphate Rock Storage and Grinding
Facilities, Noting Potential Air Pollution Sources .
Flow Diagram Illustrating Wet-Prccess Phosphoric Acid
Plant . . . . . . . e e e e s e e e e e e e e e

xviii

-

e

1
-~

m
oy

nN NI NN
(o]
(0]

o)}
o

(@]
~l

(AN

14

316



15-4

15-5

15-6

15-7

20-3

20-4

TABLE OF CONTENTS (Continued)

List of Figures (Continued)

Title

Flow Diagream of Nermal Superphosphate Plant, Ncting
Potential Air Pollution and Sources . . . . . . . .

Flow Diagram for Production of Run-of-Pile ard uranular
Triple Superpnosphate, Noting Potential Air Pollution
Sources . . . . . 0 0 e e e e 0 e e . ..

Flow Diagram of Diammorium Phosphate Plant, Voulng
Potential Air Follution Sources . . . . . . « « . « . &

Flow Diagrar of the Slurry Granuletion Process in the
Menufacture of Fertilizer, Noting Potential Air
Pollution Sources . . . o« e v e 0.

Flow Diagram of the Process for M:“afacture of Ammonium
Nitrate, Noting Pctertial Air Pollution Souces . . . .

Sketch of Manufacturing Process for Crystalline Urea

Product . . . . . . . . e e e e e e e e e
Sketch of Manufacturing Process for Prilled or Shotted

Urea Product . . . . .« ¢ ¢ v v ¢ v o 4 0.
Asphalt Batch Mix Plant . . . . .« . . .+ + +« « o ¢ . .
Aspralt Continuous MiXx Plant . . . . . . . « « . . . . .
Test Data on Air Pollution Control Eguipment Serving Two

Hot-Mix Asphalt Paving Plants . . . . e e e e e s

Effect of Drum Gas Velocity on Dust :m1351on
Effect of Scrubber Water-Gas Ratio on Stack Emissions
at Average Aggregate Fired Rate in the Dryer Feed . . .
Schematic Drawing of ar Asphalt Reocofing Felt Saturator
Particle Size Ranges for Dusts from Cold- and Hot-Blast
Cupolas « . . . . . e e e e ¢ e e e e e
Apparent Resistivity of Dust ard Fume in Plant A e e
Apperent Resistivity of Dust and Fume in Plant B . .
Apparent Resistivity of Zine Fume from Slag Fuming Plant
Apparent Resistivity of Zinc Fume from Melting Plant .
Diagrem Showing One Bank of a Belgian Retort Furnace
Diagram of a Distillation-Type Retort Furnace . . . .
Diagram of a Muffle Furnace and Condenser . . . e e . .
Pressure-Type Fluldized-Bed Thermal Coal Dryer, ShOW1ng
Component Parts and Flow of Coal and Drying Gases . . .
Exhausting-Type Fluidized-Bed Thermal Coal Dryer, Showing
Compeonent Parts and Flow of Coal and Drying Gases .
Schematic Drawing Showing Component Parts of Flash-Drying
Cnit . . . . . o .
Sckematic Sketch of Ssreen—”ype, The*mal Coal—Drylng Unlt

xix

319

321

323

327
330
331
343
343

348
350

353

- 355

451

452
453



24-1
24-2

24-3
24-4
24-S
24-6

TARLE OF CONTENTS (Coniinued)

List of Figures (Continued)

Title

Typical Particle-Size-Analysis Curves for Material Going

to Cyclones (Coal Thermal Dryers) . . « + « « « 4 o »
Particle Size Distribution of Effluent . . . . . . . . .
Venturi Scrubber Performance on Coal Iryer Effluent . . .
Flow LCiagram of Oil-Furnace Process . . . . « . « + & « &
Flow Dizgram of Gas-Furnace POrcess . . . « « o o o o o
Flow Diagram of Channel Process « . . + ¢ & 2 o « &+ o « =«
Flow Ciegrem of Thermal Process . . . . . +« o v o« + o o« &
Flow TCiagram of Fluid Cracking Unit . . . . . . . . . . .
Electrical Resistivity of Dust from Catzlytic Cracking
Unit . ¢ o o i s i e e e h e e e e e e e e e e e e
Schematic Flow for Precipitator Installed After Power-
Recovery Turbine . . . o ¢ v ¢« v o v o v o ¢ o o & o .
Schematic Flow for Precipitator Installed After CO Boiler
Relationship Between Quantity of Catalyst Carryover and
Perticle Size . . . . . . . 4 4 4 i v e e e e e e e e .
Calculzted Stack Lesses as a Function of Particle-Size
Distribution of Cyclone Carryover . . . + « + « & « o+ -
Particle-Size Stack Loss Distributiorn Compared to Cyclone
Carryover Particle SizZe . o v o v v v 4 v o s 4 o o 4

Simplified Flow Diagram of Typical Lead-Chamber Process
for Sulfuric Acid Menufacture (Based on Use of Elemental

Sulfur as the Raw Maferial) . . . . . . « « « v v v . .
Sulfuric Acid Marufacture by the Contact Process ., . . .
Sulfuric Acid Concentrator, Drum Type . . . . . . . . . .
Flow Diagram for Typical Thermel-Process Phosphoric Acid

Plant . . . . . . . . e e e e e e e e e e e e e e

Effect of Gas Velocity on Phosphoric Acid Recovery in
Pilot-Plant Packed Tower . .+ . « v v o v v v o o o o &
Collection Efficiency of Venturi Scrubber as a Function
of Particle Size for Phosphoric Acid Mist . . . . . . .
Effect of Underfire Air Rate on Furnace Emission . . . .
Electrical Resistivity of the « 74 W Fraction of
Particulate Emission from the Furnace at 6% Water Vapor
Air Polluiion Control Systems Total Installed Costs . . .
Air Follution Control Systems Annual Operating Costs . .
Air Pollution Control Systems Annual Operating Costs . .
Air Pollution Control Systems Annual Operating Costs . .

4359
461
461
467
467
468
469
481

484

486
487

488

489

4390

497

498

500

508

513
520

527
528
529
530
531



24-8

24-9

TABLE OF CONTENTS (Concluded)

List of Figures (Concluded)

Title

Total Annual Operating Cost vs, Particulate Removal
Efficiency, 150 Tons/Day Plant; 1, 2, and 3 Shift
Operation . . . ¢ & & v ¢ 4 ¢ o o s o o o & & »

Totel Annual Operating Cost vs. Particulate Removal
Efficiency, 150 and 300 Tons/Day Plant; 2 Shift

Operation . . . 4 o v v v v 4 4 4 e e e e e s
Capital Cost of Incinerators with Varying Degrees of
Air Pollution Control Equipment . . . . . . « . .

Page
. 533
. . 034
. . 041



CHAPIER 1

INTRODUCTION

This handbook is presented as a part of the documentation for a
NAPCA sponsored study, conducted at Midwest Research Institute, of particu-
late air pollution from stationary sources. The objective of the study
was to iderntify, characterize, and quantify the particulate air pollution
problem in the United States. This document delineates the kind arnd number
of stationary particulate sources, the chemical and physical characteris-
tics of both the particulates and carrier gas emitted by specific sources,
and the status of current control practices. Details of the methodology
employed to obtain the data reported in this Lhandbook are presented in the
final report for the project.

The first three chapters present general background information
pertaining to source emission fectors and emission rates, effluent char-
acteristics, and control technology. The chapter on emission factors and
rates (Chapter 2) outlines the methods used to calculate the total tonnage
emitted by individuel sources, and presents a rarking, or a tonnage emitted
basis, of industriasl sources of particulate pellustants. Chapter 3 hkigh-
lights the general aspects of control equipment availiable for use on a
source of particulate pcllution. Distinguishing characteristics and general
areas of application and ranges of perfcrmance of control devices are sum-
marized in this chapter. Chapter 4 discusses some of the mcre Important
chemical and physical properties of particuiates and carrier gas emitted by
industrial sources. The discussion is focused primarily on the relation-
ship of the effluent properties to control device selection and/or design.
Chapter 5 presents a coding key for the tables of effluent cheracteristics
presented in Chapters 6 - 24.

The remaining chapters (Chapters6 - 24) present discussions of
the major industrial sources of particulate pollutants. The industrial
categories were selected on the basis of the ranking of tonnage emitted
outlined in Chapter 2. The chapters on irdustrial sources delineate the
production process, emlssion sources, emission rates, chemical and physical
properties of the effluents, and control practices and equipment for each
irdustrial category. Appendix A presents general cost information for con-
trol equipment. Miscellaneous emission data for minor scurces are summar-
ized in Appendix B.



This handbook constitutes a reference source for available irnfor-
matiorn on the distinguishing features of the varicus particulate pollution
sources and should be of value to air pollution regulatory agencies, con-
trol equipment manufacturers, and industrial concerns.



CHAPTER 2
EMISSION FACTORS AND RATES

2.1 INTRODUCTION

To assess the relative contributions of stationary sources of
particulate air pcllution, the major types and quantities of particulate
pollutants emitted must be determired. Methods based on source emission
factors are gererally used to calculate quantities of particulates emitted
for individual sources. Material balances and outlet grain lcadings cen
also be used for these calculations.

The emission factor for stationary sources is a statistical aver-
age of the rate at which pollutants are emitted from the processing or burn-
ing of a giver. quantity cf material. TIdeally, emission facters should be
related to aspects of system design, operating practices, and material
processed tc permit a definitive statement as to the total emissions char-
acterizirg a given source or plant producing a specified product. Unfor-
tunately, the numerous and expernsive stack testing studies needed to com-
pletely characterize a scurce have nct generally been performed. Recourse
rust be mede teo existing dsta, and general comments presented or the prob-
able influence of variables on emission factors. 1In some cases, especially
industrial sources, the emission factor may te based upon tests conducted
on only one installation or & few installations.

The source emission factors used ir this handbook were compiled
frem an extensive literature survey and stack sampling deta provided by air
poliution control agencies and individval industrial companies. In most
cases, & single number is presented for the emission facteor for a specific
scurce, These source emission factors are, in our judgment, the most accu-
rate currently available. . Details of the analysis of all available data for
each specific source are presented in the final report for this project.l

The industrial categories discussed in Chapters 6 - 24 were chosen
from a rankirng of sources based on the total tonnage of particulates emit-
ted/year. The ranking of sources on the basis of tonnage emitted and its
developmert are discussed in the following section.



2.2 EMISSION RATZS OF TWDUSTRIAL SOURCES

Irportant particulate pollutant sources based on the total tonnage
emitted/year are presented in this section. The ranking wes obtained by
first listing possible sources end then investigating in detail a large
enough segment to account for more than 99¢ of the totel emissions on a
nass basis.

Several different methods were used to calculate the total tonnage
enitted by individuzal sources. These methods included the use of emission
factors (btoth controlled and uncentrolled), materiesl balances, arnd outlet
grain loadings. The vrimary method used for establishing the tonnage
enitted by an industry utilized uncontrolled emission fectors. Total ton-
nage emitted by a given source was determined from four quantities:

(1) an emission factor for tke uncontrolled source; (2) the total tonnage
processed/year by the source; (3) the efficiency of control equipment used:
and (4) the percentege of production capacity ecuipped with control device:
The mathematical equation for the calculation is:

B (P)(ef)(l'cc'ct) (1)
2,000
where E = total particulate emissions for =z source, tons/year

P = total production for the industry, tons/year
er = emissior factor for unccntrclled source, pounds/ton

C. = average efficiency of control equipment used in the industry
for the specific source

C¢ = amount of application of coentrol in the industry (on a predu
tion capacity basis) for the specific source

net control

Ccct

Production figures were obtained primarily from government statis-
tics. Efficiency of control equipment was determined from literature
sources and irnformation obtained from discussions with irdustrial ccntacts
The extert of applicatior of control eguipmert in a given industry was
found to be, in most cases, unobtainable from the open literature. There
some informetion as to the number of plants that have control equipment, b
no information as to the production capacity of these plants or to the pla:



that do not have control equipment. Industry surveys were used to secure
information on extent of cortrol. Details of these surveys and the emission
caleculations are given in Reference 1.

Table 2-1 presents a ranking cf important stationary irdustrizl
sources cf particulete pollutants. The statiorary sources represented in
Table 2-1 were rarked by calculatirg the emissions from the primary pieces
of processing equipment such as kilns, furnaces, reactcrs, and dryers. In
several cases, we have included emissions for "secordary sources" which in-
clude crushirg operations, materials handling, stcckpiles, etc. The cal-
culatiors involving these secondary sources are in gereral much less
accurate than tkose involving the primary precessirg equipment because data
on secondary sources are meager cr nonexistent. The ermission quantities
listed for these sscondary sources are at best order of magnitude calculea-
tions, and it is possible thai secondary sources may emit as much or more
particulate metter then the primary sources. Total erissions for an indus-
try were obtained as a sum of the emissions from primary and seccrndary
sources.

The leading sources are stationary combustion processes, crushed
stone, egriculture and related operaticns, iron and steel, ard cement.
Emissions from residentiazl and commercial corbustiorn sources, field turring,
ard s’ash burning are not included in the totals shown in Table 2-1 for the
staticpary combustion processes, agricultural operations, arnd fcrest prod-
ucts categories. However, emissions from these prccesses are ircluded in
tke individual chapters discussing these irdustries.

The reliability of the emission guantities in Table 2-1 was as-
sessed by evaluating the reliabiiity cf eack factor in Equation (1). The
quantity of data available, the spread of the data, and the source of the
data were considered ir the evaluation. A reliability factor, ranging from
1l t5 & with 1 being the most reliable, was assigned to eack factor. A
composite rating, shown in the last column of Table 2-1, was then determined
oy averaging the ratings of tke individuzl terms. In those cases where the
emissions were calculated by a method other than Equation (1), a reliability
ratizg was assigned directly to the final emission guantity.

More detailed discussions of manufacturing processes, particulate
emission sources, particulate emission rates, effluent characteristics, and
corntrol practices and equipment for each industry category are presented in
Chapters 6 - 24.



Source

1. Fuel Combustion
A. Coal
1. Electric Utility
a. Pulverized
b. Stoker
c. Cyclone

2. Industrial boilers
a. Pulverized
b. Stoker
c. Cyclone

B. Fuel 0il
1. Electric Utility
2. Industrial
a. Residual
b. Distillate

C. Natural Gas & LFG
1. Electric Utility
2. Industrial

2. Crushed Stone, Sand & Gravel
A. Crushed Stone
B. Sand & Gravel

3. Operations Related to

Agriculture

A. Grain Elevators

B. Cotton Gins

C. Feed Mills
1. Alfalfa Mills
2. Mills Other Than

Alfalfa

TABLE 2-1

MAJOR INDUSTRIAL SOQURCES OF PARTICULATE POLLUTANTS

Annual

Tonnage

258,400,000
9,900,000
28,700,000

20,000,000
70,000,000
10,000,000

p

tons
tons
tons

tons
tons
tons

7.18 x 109 gal.

7.51 x 10° gal.
2.36 x 109 gal.

6

(Based on 1968 production data)

of coal
of coul
of coal

of ccal
of coal
of coal

3.14 x 10" mil. scf
9.27 x 10° mil. sef

681,000,000
918,000,000

177,000,000
11,000,000

1,600,000

8,364,000

tons grain handled

bules

tons dry meal

tons

Emission
Factor
Lh/’]'r)n

op

16A=1903/ 1b/Lon of coal

13A=146 1b/ton of coal
3A=35 1lb/ton of coml

164-170%/ 1b/ton of coal

13A-133 1b/ton of coal
3A-31 1b/ton of coal
0.010 lb/gal
0.023 1b/gal

0.015 1b/gal

15 1b/mil. scf
18 1b/mil. scf

Total from Utility and Industrial Fuel Combustion

17
0.1

12 1bu/bale
50 1b/ton dry meal

1% of production

Frlie icnvyE/ Applicat ir)n"_‘/ Hety

ot” Control of Control Control
Co Cy, C.-Cy
0.92 0.97 0.89
0.80 0.87 0.70
0.91 0.71 0.64

Total from Electric Utility Coal

0.85 0.95
0.85 0.62
0.82 0.91

Total from Industrial Coal

0 0
0 0
0 0

Total from Fuel 0il

0 0
0 0

Total from Natural Gas & LPG

0.80 0.25

Total from Crushed Stone, Sand & Gravel

0.70 0.40
0.80 0.40
0.8 0.50
0.85 0.50

Total from Listed Agricultural Operations

0.20
0

0.28
0.32

0.42

0.42

Bnis. ions
Tons/Yr  Rellaoility
E Ratingl/
2,710,000 1
217,000 1
182,000 1
5,109,000
322,000 2
2,234,000 2
39,000 2
2,595,000
36,000 2
87,000 2
18,000 2
141,000
24,000 2
84,000 2
108,000
p——— — -}
5,953,000
4,554,000 4
46,000 4
4,600,000
1,700,000% 3
45,000 2
23,000 2
49!000 2

1,817,000



Annual Factor F,fflciencyy App].icatiorﬁ/ Nebg/ Ericsions

Tonnage Lb/Ton of Control of Control Control Tons/Yr Reliasili
Source P efr Ce C¢ Cc'Cq E Rating
4. Iron and Steel
A. Ore Crushing 82,000,000 tons of orc 2 1b/ton of ore 0 0 0 82,000 4
B. Materials Handling 131,000,000 tons of steel 10 1b/ton of steel 0.90 0.35 0.32 446,000 4
C. Pellet Plants 50,000,000 tons of pellets -- -- -- -- 80,000% 4
D. Sinter Plants 51,000,000 tons of sinter
1. Sintering Process 20 1b/ton of sinter 0.90 1.0 0.90 51,000 2
2. Crushing, Screening, Etc. 22 lb/t.on of sinter 0.9 1.0 0.90 56,000 z
E. Coke Manufacture
1. Beehive 1,300,000 tons of coal 200 1b/ton of coal ] 0 ] 130,000 2
2. By-Product 90,000,000 tons of coal 2 1b/ton of coal 0 0 0 90,000 2
3. Pushing & Quenching 91,300,000 tons of coal 0.46 1b/ton of coal -- -- - 21,007 3
F. Blast Purnace 88,800,000 tons of iron 130 1b/ton of iron 0.99 1.0 0.99 58,000 2
G. Steel Furnaces
1. Open Hearth 65,800,000 tons of steel 17 lb/t.on of steel 0.97 0.41 0.40 337,000 2
2. Basic Oxygen 48,000,000 tons of steel 40 1b/ton of steel 0.99 1.0 0.99 10,000 2
3. Electric Arc . 16,800,000 tons of steel 10 1b/ton of steel 0.99 0.79 0.78 18,000 2
H. Scarfing 131,000,000 tons of steel 3 1b/ton of steel 0.90 0.75 0.68 63,000 3
Total from Iron and Steel 1,442,000
S. Cement
A. Wet Process 43,600,000 tons of cement
1. Kilns 167 1b/ton of cement 0.94 0.94 0.88 435,000 1
2. Grinders, Dryers, etc. 25 1b/ton of cement 0.9 0.94 0.88 65,000 3
B. Dry Process 31,000,000 tons of cement
1. Kilns 167 1b/ton of cement 0.94 0.94 0.88 310,000 1
2. Grinders, Dryers, etc. 67 1b/ton of cement 0.94 0.94 0.88 124,000 3
Total from Cement 934,000
6. Forest Products
A. Wigwam Burners 27,500,000 tons of waste 10 1b/ton of waste o] o] o] 132,000 2
B. Pulp Mills
1. Kraft Process 24,300,000 tons of pulp
a. Recovery Furnace 150 1b/ton of pulp 0.92 0.99 0.91 164,000 2
b. Lime Kilns 45 1b/ton of pulp 0.95 0.99 0.94 33,000 2
c. Dissolving Tanks S 1b/ton of pulp 0.90 0.33 0.30 42,000 3
2. Sulfite Process 2,500,000 tons of pulp
a. Recovery Furnace 833,000 tons of pulp 268 1b/ton of pulp 0.92 0.99 0.91 10,000 3
3. NSSC Process 3,500,000 tons of pulp
a. Recovery Furnace 1,167,000 tons of pulp 24 1b/ton of pulp 0.92 0.99 0.91 1,000 3
b. Fluid-Bed Reactor 525,000 tons of pulp 533 1b/ton of pulp 0.70 1.00 0.70 42,000 3
4. Bark Boilers -- -- - - - 82,000 3
C. Particleboard, etc. -- -- -- -- - 74 ,000% 4
Total from Forest Products —&m
7. Lime
A. Crushing, Screening 28,000,000 tons of rock 24 1b/ton of rock 0.80 0.25 0.20 264,000 3
B. Rotary Kilns 16,200,000 tons of lime 180 1b/ton of lime 0.93 0.87 0.81 24,000 2
C. Vertical Kilns 1,800,000 tons of lime 7 1b/ton of lime 0.97 0.40 0.3¢ 4’,000 2
D. Materials Handling 18,000,000 tons of lime S 1b/ton of lime 0.95 0.80 0.76 11,000 5

Total from Lime 575,000



TABLE 2-1 {Continucd)

Fmission
Annuai Factor I-jffici(:ncyy Appl icationi‘/ Net,E/ Emissions
Tonnage Lb/Ton of Control of Control Control Tons/Yr Reliabili}y
Source P ep Ce Ce Ce'Ct E RatingL
8. Primary Nonferrous Metals
A. Aluminum
1. Grinding of Bauxite 13,000,000 tons of bauxite 6 lb/ton ol bauxite - -- 0.80 8,000 3
2. Calcining of Hydroxide 5,840,000 tons of alumina 200 1b/ton of alumina -- -- 0.90 58,000 3
5. Reduction Cells
a. H. S. Soderberg 800,000 tons of aluminum 144 1b/ton of aluminum 0.40 1.0 0.40 35,000 2
b. V. S. Soderberg 700,000 tons of aluminum 84 1b/ton of aluminum 0.64 1.0 0.64 10,000 2
c. Prebake 1,795,000 tons of aluminum 63 1b/ton of aluminum 0.64 1.0 0.64 20,000 2
4. Materials Handling 3,500,000 tons of aluminum 10 1b/ton of aluminum 0.90 0.35 0.32 11,000 4
Total from Primary Aluminum 142,000
B. Copper
1. Ore Crushing 170,000,000 tons of ore 2 1b/ton of are 0 0 0 170,000 3
2. Roasting 575,000 tons of copper 168 1b/ton of Cu 0.8 1.0 0.85 7,000 3
3. Reverb. Furnace 1,437,000 tons of copper 206 1b/ton of Cu 0.95 0.85 0.81 28,000 3
4. Converters 1,437,000 tons of copper 235 1lb/ton of Cu 0.95 0.85 0.81 33,000 3
S. Materials Handling 1,437,000 tons of copper 10 1b/ton of Cu 0.90 0.35 0.32 5,000 4
Total from Primary Copper 243,000
C. Zinc
1. Ore Crushing 18,000,000 tons of ore 2 1b/ton of ore 0 0 0 18,000 3
2. Roasting
a. Fluid-bed 765,000 tons of zinc 2,000 1b/ton of Zn 0.98 1.0 0.98 15,000 3
b. Ropp, multi-hearth 153,000 tons of zinc 333 1b/ton of 2n 0.85 1.0 0.85 4,000 3
3. Sintering 612,000 tons of zinc 180 1b/ton of Zn 0.95 1.0 0.95 3,000 3
4. Distillation 612,000 tons of zinc -- - -- - 15,000+ 4
5. Materials Handling 1,020,000 tons of zinc 7 1b/ton of Zn 0.90 0.35 0.32 2,000 4
Total from Primary Zinc 57,000
D. Lead
1. Ore Crushing 4,500,000 tons of ore 2 1b/ton of ore 0 0 o] 4,000 3
2. Sintering 467,000 tons of lead 520 lb/ton of lead 0.95 0.30 0.86 17,000 3
3. Blast Fumnace 467,000 tons of lead 250 lb/t,on of lead 0.85 0.98 0.83 10,000 3
4. Dross Reverb. Furnace 467,000 tons of lead 20 1b/ton of lead - - 0.50 2,000 3
$. Materials fandling 467,000 tons of lead 5 1b/ton of lead 0.90 0.35 0.32 1,000 4

Total from Primary Lead 34,000

Total from Primary Nonferrous 476,000



Source

9. Clay
A. Ceramic
1. Grinding
2. Drying
B. Refractories
1. Kiln-Fired
a. Calcining
b. Drying
c. Grinding
2. Castable
3. Magnesite
Mortars
a. Grinding
b. Drying
5. Mixes
C. Heavy Clay Products
1. Grimding
2. Drying

10. Pertilizer and Phosphate Rock
A. Phosphate Rock
1. Drying
2. Grinding
3. Materials Handling
4. Calcining
B. Fertilizers
1. Ammonium Nitrate
2. Urea
3. Phosphates
a. Rock Pulverizing
b. Acid-Rock Reaction
¢. Granulation and Drying,
ete.
d. Materials Handling
e. Bagging
4. Ammonium Sulfate

11. Asphalt
A. Paving Material
1. Dryers
2. Secondary Sources
B. Roofing Material
1. Blowing
2. Saturator

Annual
Tonnage

4,722,000
7,870,000

688,000
1,032,000
3,440,000
550,000
120,000

120,000
120,000
249,000

4,740,000
7,110,000

41,300,000

8,260,000

2,800,000
1,000,000

17,000,000
4,370,000

18,100,000

9,000,000
2,700,000

251,000,000

6,264,000

P

tons
tons

tons
tons
tons
tons
tons
tons
tons
tons

tons
tons

tons

tons

tons
tons

tons
tons

tons

tons
tons

tous

tons

of rock

of granules
of granules

of rock
of PQOS

of granules

of granules
of granules

of material

of asphalt

76
70

70
76
225
20
76
70
76

76
70

12

n

N

40

Emission

Factor Efficiencyp/ Applicat.ionﬁ/ Nets/ Baissions
Lb/Ton of Control of Control Control Tons/Yr Reliabili
L Ce Ct CcCt E Ratiné;
1b/ton 0.80 0.75 0.60 72,000 3
1b/ton 0.80 0.75 0.60 110,000 3
1b/ton 0.80 0.80 0.64 25,000 3
1b/ton 0.80 0.80 0.64 13,000 3
1b/ton 0.80 0.80 0.64 47,000 3
1b/ton 0.90 0.85 0.77 14,000 3
1b/ton 0.80 0.70 0.56 7,000 3
1b/ton 0.80 0.75 0.60 2,000 3
1b/ton 0.80 0.75 0.60 2,000 3
1b/ton 0.80 0.75 0.60 4,000 3
1b/ton 0.80 0.75 0.60 72,000 3
1b/ton 0.80 0.75 0.60 99,000 3
Total from Clay 467,000
1b/ton 0.94 1.0 0.94 14,000 2
1b/ton 0.97 1.0 0.97 1,000 2
1b/ton 0.90 0.25 0.22 30,000 4
1b/ton 0.95 1.0 0.95 8,000 3
- -- - 28,000% 4
-- - -- 10 ,000% 4
1b/ton of rock 0.80 1.0 0.80 10,000 2
1b/ton of PpOs 0.95 0.95 0.90 9,000 2
1b/ton 0.95 0.95 0.90 169,000 2
-- - - 18,000% 4
-- -- - 4 ,000% 4
- -- - 27,000% 4
Total from Fertilizers and Phosphate Bock 328,000
1b/ton of material 0.97 0.99 0.96 161,000 2
1b/ton of material 0.97 0.99 0.96 40,000 2
1b/ton of asphalt - - 0.50 3,000 4
-- -- - 14,000% 4
Total from Asphalt 218,000
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TABLE 2-1 {Continued)

Pmission
Annual Factor Eft'ic icncyy Applicatlori‘/ Net.‘i/ Emiscions
Tonnage Lb/Ton of Control of Control Control Tons/Yr Reliapilit
Source P e Ce Cy Co-Cy F natingffy
12. Ferroalloys .
A. Blast Furnace 591,000 tons of ferroalloy 410 1b/ton ferroalloy 0.99 1.00 0.99 1,000 2
B. Electric Fummace 2,119,000 tons of ferroalloy 240 1b/ton ferronlloy 0.80 0.50 0.40 150,000 2
C. Materials Handling 2,710,000 tons of fcrroalloy 10 1b/ton ferroalloy 0.90 0.35 0.32 9,000 4
Total from Ferroalloys 160,000
13. Iron Foundries
A. Furnaces 18,000,000 tons of hot mectal 16 1b/ton of metal 0.80 0.33 0.27 105,000 2
B. Materials Handling
1. Coke, Limestone, etc. 5 1b/ton of mctal 0.80 0.25 0.20 57,000 3
2. Sand 10,500,000 tons of sand 0.3 1b/Lon of sand [o] 0 0 1!000 3
Total from Iron Foundries 143,000
14. Secondary Ronferrous Metals
A. Copper
1. Material Preparaticn
a. Wire Burning 300,000 tons insulated wire 27% 1b/ton of wire 0 0 0 41,000 3
b. Sweating Furnaces 64,000 tons scrap 15 1b/ton of scrap 0.95 0.20 0.19 --
c. Blast Fumaces 287,000 tons scrap 50 1b/ton of scrap 0.90 0.75 0.68 2,000 3
2. Smelting & Refining 1,170,000 tons scrap 70 1b/ton of scrap 0.95 0.60 0.57 17,000 2
Total from Secondary Copper 60,000
B. Aluminum
1. Sweating Furnaces 500,000 tons scrap 32 1b/ton of scrap 0.95 0.20 0.19 6,000 4
2. Refinlng Furnaces 1,015,000 tons scrap 4 1b/ton of scrap 0.9% 0.60 0.57 1,000 3
3. Chlorine Fluxing 136,000 tons Cl used 1,000 1b/ton C1 used -- -- 0.25 51,000 4
Total from Secondary Aluminum 58,000
C. lead
1. Pot Furnaces 53,000 tons scrap 0.8 1b/ton of scrap 0.95 0.95 0.90 --
2. Blast Furnaces 119,000 tons scrap 190 lb/ton of scrap 0.95 0.95 0.90 1,000 2
3. Reverb. Furnaces 554,000 tons scrap 100 lb/ton of scrap 0.95% 0.95 0.90 . 3z000 2
Total {ram Secondary Lead 4,000
D. Zinc
1. Sweating Fummaces
a. Metallic Scrap $2,000 tons of' scrap 12 1b/ton of scrap 0.95 0.20 0.19 --
b. Residual Scrap 210,000 tons of scrap 50 1b/ton of' scrap 0.9% 0.20 0.19 3,000 3
2. Distillation Furnace 233,000 tons 2n recovered 45 1b/ton of zinc 0.95 0.60 0.57 2,000 3
Total from Secondary Zinc $,000

Total from Sccondary Nonferrous Metals 127,000



1T

Emission
Annual Iae tor Eftic icnr:y'_’/ Applicat lon"_’/ HEtS/ Bmissions
Tonnyrc Lb/Ton of’ Control of Control Control Tonc/Yr Reliabllity
Source P "1 C(: Ct Cc'Ct E Ratingr__/

15, Coal Cleaning

A. Thermal Dryers 75,000,000 tons dried -- -- 1.0 -- 94,000* 2
16. Carbon Black
A. Channel Process 71,000 2,300 o] o] o] 82,000 1
B. Furnace Process
1. Gas 156,000 -- -- 1.00 - 5,000* 2
2. 01l 1,180,000 -- -- 1.00 - 6,000% P
Total from Carbon Rlack 93,000
17. Petroleum
A. FCC Units 1.19 x 10° bbl. of feed - -- 1.0 -- 45,000 3
18. Acids
A. Sulfuric
1. New Acid
a. Chamber 1,000,000 tons of 100% HoSO4 5 1b/ton of 100% HySO4 -- ) s} 2,000 1
b. Contact 27,000,000 tons of 100% HoSO4 2 1b/ton of 100% HpS04 0.95 0.90 0.85 4,000 2
2. Spent-Acid Concentrators 11,200,000 tons of spent acid 30 1b/ton of spent acid 0.95 0.85 0.80 8,000 4
B. Phosphoric
1. Thermal Process 1,020,000 tons of POy 134 1b/ton of P05 0.97 1.0 0.97 __2,000 1
Total from Acids 16,000
TOTAL FROM MAJOR INDUSTRIAL SOURCES 18,056,000

# See specific industry section of Volume I for method of calculating quantity emitted.

t_i/ Application of Control is defined as that fraction of the total production which has controls.
l_)/ Efficiency of Control is defined as the average fractional efficiency of the control equipment, prorated on the basis of production capacity.
E/ Net Control is defined as the overall level of control, and is thc product of the application of control multiplied by the efficiency of control.

dle/ Average Ash Content of Coal Used, determined by phone survey (sec Volume I - Section 5):
(a) (e)
Type Boiler Elec. Util. Industrial
Pulverized 11.9% 10.6%
Stoker 11.2¢% 10.2%
Cyclone 11.8% 10.3%

1‘/ Reliability rating is indicative of the reliabflity of the Emissions quantity. Ratings range from 1 to 4 with 1 being the most reliable.
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CHAPIER 3
CONTROL EQUIPMENT

3.1 INTRODUCTION

Equipment available for the control of particulate matter consists
of cyclones, wet scrubbers, electrostatic precipitators, and fabric filters.
Afterburners may also be used for removal of combustible gases ard partic-
ulates. The chapters in this handbook discuss the application, advantages,
and disadvantages of these devices in each cf the major industrial cate-
gories of particulate pollution.

The preliminary ccnsideration in selection of the differsnt tywues
of devices is probably most dependent on the volume of gas to be treated.
Krowirg this, rough cost estimates can be made on the basis of cost figures
and cquetions presented in Appendix A.l Appendix A ircludes figures ix-
lustrating purchase cost, installed cost, and annualized cost of operation
plus equations for annuzl operatirg and maintenance ccsts. Tt should be
torne in mind that these costs can vary considerably for any specific ap-
plication, as is noted ir some of the chapters of this handbock.

Specifications for a particular application require considerably
more infecrmation thar gas volume. Particle ard carrier gas characteristics
are needed including particle size concentration (average and range), par-
ticle size distribution, particle density, particle resistivity, gas flow
rate, gas temperature and moisture content, andi other important properties
such &s corrosivity or flammability.

The usual objective of installing pollution controcl eguinment is
corcerned with the quantity or concentration of particulate matter that will
be emitted., Therefore, the specifications will usually stipulate the maxi-
mum 2llowable emissions as a quantity in lb/hr or as a concentration in
grains/scf. This will set the efficiency for which the control equipment
must be desigred, based on given irlet conditions. An indication of the
relative efficiency of various collection devices, as a function of particile
size, is showrn in Figure 3-1.3/ These curves were obtained using one
standard test dust which ccxpares to a typicel fly ash.

The opzcity of the emission is usually also ern important aspect
of the cauipment performance. Opacity is related to the cutlet concentration

13
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of the particulate matter. It should be remembered that the finer par-
ticles, whick are the most difficult to collect, affect the light scatter-
ing properties of the stack effluent. This is one of the reasons that the
inlet particle size distribution is so important. If the control equip-
ment must prcvide a clear stack, the outlet concentration to be specified
may be lower than would otherwise be required. The maximum permissible
concentraticn for fly-ash emissions from power plants is of the order of
0.02~-0.03 grain/scf for the discharge to be invisible.ﬁ/ Maximum concen-
trations for other industry effluents are presented in some of the industry
chapters of this handbook.

A brief description of each of the general types of control de-
vices is presented below to acquaint the reader with each and to point out
those indusvries and processes that utilize each type. A more complete
description of each of the devices and treeiment of thecretical considera-
tions may be found in References 1, 2 and 3 plus meny cf the referexnces given
in the bibliographies following each industry chapter.

2.2 CYCLONES

Cyclonic collectors are rourd cconically shaped vessels in which
the gas stream enters tangentielly and fcllows a spiral path to the out-
let. The spiral motion produces the centrifugal forces that cause the
particulate matter to move toward the periphery of the vessel and collect
on the walls and fall to the bottom of the vessel.

The centrifugal force is the major force causing separation of the
particulate in a cyclone separator. This force (Fc) is equal to the product
of the particulate mass (Mp) and centrifugal acceleration (VPQ/R), where V,
is the particle velocity arnd R is the radius of motion (curvature).

F, = () (%)

The centrifugal forces cause the particles to move outward toward
the wall of the cyeclone. However, this movement of the particle through
the gas stream is opposed by frictional drag on the particle caused by the
relative motion of the particle and gas. The frictional drag (Fg) is
directly proportional to the product of (Cf), a drag coefficient, the pro-
jected cross-sectional area of the particle (AP)’ particle density (p), the
square of the particle velocity relative to the gas stream (VrE), and an
inverse function of the acceleration due to gravity (g).

Fr = (C) (Ap) (2)(V,2)/2¢
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The centrifugal and frictional forces, plus the force of gravity,
combine to determire the ccllectior efficiency. This collection efficiency
increases with:

(1) dust particle size

(2) particle density

(3) gas velccity

(4) cyclone body lergth

(5) smoothness of cyclone wall

though efficiency increases with increasing gas velocity, this
is at a lower rate than that at which the pressure drop increases. For 2
given cyclone and dust combination, an optimum velocity exists, beyond whic
turbulence increases more rapidly than separation =fficiency, and efficienc
decreases.l?

Tre cyclonic collectors are generzlly of two types: the large
diameter, lower efficiency cyclones, and the smaller diameter, multitube
high-efficiency units. The larger cyciones have lower efficiencies espe-
cially on particles less than about 50 p. However, tkey have low initial
cost and usually operate st pressure drops of 1-3 in. of water. The multi-
tube cyclones are capsble cf efficiencies exceedirg 90% but the cost is
kigher ard their pressure drop is usuelly 3-5 in. of water. They are elso
more susceptible to plugging and erosion.

The larger cyclones are cfiten used zs a part of the process when
the gas stream 1s heavily iadern with part of the product such as in ceoal
dryers, alfalfa dehydrators and milling operetions. They are widely used
in grain elevators, sawmills, asphalt plants and detergent manufacture,

3.3 WET SCRUEREERS

Wet collectors use water "sprays" to collect and remove particulc
matter. There are many variations of wet collectcrs but thkey mey generally
te classified as low or high energy scrubbers. Iow energy scrubbers of
1-6 in. of pressure drop may consist of simple spray towers, packed towers
or impingement plete towers. Water requirements may run 3-6 gal/l,OOO cu
ft. of gas and collection efficiencies can exceed 90-95%. The lower energ,
scrubber finds frequent application in incinerators, fertilizer manufactur-
ing, lime kilns, end iron foundries.

The high energy scrubber, or Verturi, imparts high velocity to

the gas stream by means of converging-diverging duct section, and contacts
the stream with injected water. The high velccities provide increased
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collection efficiency, up to 99.5%4, btut the pressure drcp may range from
10-60 ir. of water. This requires a draft fan with high power irput. The
Venturi scrubber is often used ir conjunctiorn with steel furnaces, pulp

mills ard fourndry cupolas,

The wet scrubbers can provide high collection efficiency but may
involve treatmernt of liquid wastes with settling ponds. They also saturate
the gas stream and produce a resultant steam plume,

The principal mechanisms invclved in wet scrubbing are: (1) in-
creasing the size cf the particles by combination with liquid droplets
thereby increasing their size so they may be collected more easily, ani/or
(2) trapping them in a liquid film and washing ther. away.

Dust collection efficiency is believed by sore investigators to
be directly relazted tc cortacting power and the properties of the particu-
late matter. Contacting power is that portion of useful energy expended in
producing contact of the particulate matter with the scrubbing liquid, as
well as in producing turbulence and mixing in the scrubber device. The con-
tacting power represents the kinetic energy or pressure head loss across
the scrubber, kiretic energy or pressure head drop of the scrubbing liquid,
and other forms of energy dissipated in the gas stream such as scnic energy
or erergy supplied by a mechanical rotor. This meens that the higher the
power imput, the higher is the efficiency. However, the efficiercy is also
a function of the particulate matter propertles and the smaller particles
require higker power input than larger particles.l

5.4 ELECYROSTATIC PRECIPITATORS

The operating principle of electrostatic precipitation requires
three basic steps:
(1) Electrical charging cf the suspernded particulate
matter.

(2) Collection of the charged particulate matter on
a grounded surface.

(3) Removal of the particulate patter from the col-
lecting surfaces by mechanical scrubbing or flush-
ing with liquids.

The electrical charging is accorplished by passing the suspended

particles through a high-vcltage, direct-current corcna. ©Peak voltage

17



requirerents usually range from 30 to 100 kilowatts. Gas velocities range
from 3 to 15 ft/sec. This low linear velocity promotes deposition and
minimizes re-entrairment. However, this also means that the precipitators
will be large in size, or cross-sectioral area, tc achieve the low gas vel-
ocities., Uriform flow distribution is also an important facter that must
be considered in design of ductwork.

The collection efficiency of electrostatic precipitators is ex-
pressed by the Deutsch equation as:g/

E = 1-4-WA/Q
where E = weight fraction of dust collected
w = migration velocity of dust particle toward the
collecting electrode, ft/sec
A = erea cof ccllecting electrode, £t2
Q = gas flow rate, acf/sec

This equation shows the exponential relationship of efficiency to
the area of the collecting electrode. Thus, moderate ircressss in collector
efficiency for en existing unit may require a rather lerge increase in
collecting surfaces.

The proper operation of en electrostetic precipitator is depen-
dent on the electrical resistivity of the particles. Pre-conditioning
with water sprays may be required to impart beneficial resistivity char-
acter to the particles. Proper control of operating voltages uust also be
provided if efficient particulate recmoval is to be maintained. The pre-
cipitator generally has high initial ccst but it is capable of high collecti
efficiency, exceeding 99%, at a pressure drop less than 0.5 in. of water.

Electrostatic precipitators have been used éxtensively for many
years to reduce particulate emissions from coal-fired power plants. These
units handle very large ges volumes with low pressure drops., They have &lsc
been applied in steel mills to clean the gases from blast furnaces and
basic oxygen furnsces, and in cement plants, pulp wills, end sulfuric acid
plants.



3.5 FABRIC FILTERS

Fabric filter systems, i.e., baghouses, usually consist of tubu-
lar bags made of woven synthetic fabric or fibvergless, in which the dirdy
gases pass through the fabric while the particles are collected on the up-
stresm side by the filtering action of the fabric. The Gust retained on
the bags is periodically shaken off and falls into & collecting hepper
for removal.

Fabric filters usually provide very high collection efficiencies,
exceeding 99.5%, at pressure drops usually ranging from 4-6 in. cf water.
The amount of filter area required is often based on an air-to-cloth ratio
of 1.5-3.0 cu ft/min of ges/sq ft of cloth. Tne maximum operating tempera-
ture for e baghouse is SSO°F using fiberglass bags. However, there mzy
also be a minimum temperature limitation sc as to maintain the gas temperz-
ture 50°F tc 75°F above the dew point. Inlet dust loadings range from 0.1
to 10.0 grains/cu ft of ges. Higher concentrations in some incustries are
removed by a precleaning device, such as a low efficiency cyclone.

Baghcuses do provide the high collection efficiexncy at moderate
pressure drop but initial cost is relatively high especially when preccol-
ing systems are required. The bzghouses also may be large and take up
ccnsiderable space. They frequently entail high maintenance ccsts for tag
replacement. However, replacement of bags neced not impair baghouse oper-
ation if the unit is compartmented so that one section can be taken out of
service for maintenance while the others continue to cperate.

The baghouse has found wide application in many industries, in-
cluding mining operations, food processing, grain elevators, soap and de-
tergents, plastics manufacture and numerocus others. Some of the industries
that employ large baghouse operations are carbon black, cement, electric
arc furnaces, foundry cuvolas and nonferrous smelting operations.

3.6 MIST ELIMINATORS

One cf the most commonly used type of mist eliminztors is the
mesh filter which consists of an evenly spaced knitted wire or plastic
mesh, usually mounted in horizontal bed. Rising mist droplets strike the
wire surface, flow dowr the wire to a wire Junction, coalesce, and flow to
the bottom surface of the bed, where the liquid disengages in the form of
large droplets and returns by gravity to the process equipment. ‘



Operatirg pressure drop is usually less tharn 1 in. of water with
gas velocities of 10 to 15 ft/sec. Advartages in the use of this type of
collector are low initial cost, low maintenance, high removal efficiency
and recovery of valuable products without dilution.l/ However, these units
shculd not be used in services where the materisl car cause plugging of
the mesh unless provision is made for flushing out accumulated solids.

Another type of mist eliminator consists of packed bteds of fibers.
These may operate at velocities ranging from § to 90 ft/se: and,thgrefore,
have correspondingly higher pressure drops of 5 to 15 in. of water.
Collection efficiencies may be in excess of 99% cn particles.l/

Other types of mist eliminators are impingement baffle mist
eliminators and packed bed mist elimiratcrs which may nct achieve effici-
encies as high as those discussed above but dc prevert less cr carryover
of larger droplets.

3.7 AFTERBURJNERS

Afterburners are gas cleaning devices which use & furnace for
the combustion of gasecus and particulate matter, Ccmbustiorn is accom-
vlished either by direct fleme incineration or by catalytic combustion.

The disposzl of particulate matter by ccmbustior is limited to
residue-free vapors, mists and particulate mstter which is readily combus-
tible, as well as to particle sizes which reguire short furnace retertion
time and small furnace size. Afterburners are usually used to dispose of
fumes, vapors, and odors when relatively small volumes of gases and low
concentrations of particulate matter are involved.l

Advarteges of the direct flare incirneration afterburner include:
(1) high removal efficiency of submicron odor-cesusing particulate matter;
(2) simultancous dispcsal of combustible gaseous and particulate matter;
(3) compatibility with existing combustiorn equipment; (4) relatively small
space requirements; (5) simple corstruction; and (6) low mairtenance.

Disadvantages include: (1) high operational costs including
fuel and instrumentation; (2) fire hezards; and (3) excessive weight.

Advantages of the catalytic afterburner include: (1) reduced

fuel requirements; and (2) reduced temperature, insulation requirements
and fire hazards.
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Disadvantages of catalytie afterburners include: (1) high initial
cost; (2) sensitivity to catalytic poisoning; (3) inorganic particles must
be removed and organic droplets must be vaporized tefore combustion to pre-
vent damage ard plugging of the catalyst; and (4) catalysts may require
frequent reactivation.

Afterburner systems have been used successf:lly in many processes
including asphalt blowing and sstursting, peint baking, ccffee roasting,
food processing, Kraft paper manufacture, paint and varnish cooking and
wire enameling.

The use of afterburners in conjunction with paint baking opera-
tions may allow recirculation of the combustion gases to the over or re-
covery by heat exchangers, Fuel savings frcm the use of heat of combus-
tion of the paint solvert vapors may be large enough to provide a 50%
return on Investment in the case of cetalytic :ombustion._/
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CHAPTER 4
EFFLUENT CHARACTERISTICS

4.1 INTRODUCTION

The severity of the problems associated with sources of particu-
late air pollution is dependent cn the total amount or rate of emission and
the physical ard chemical characteristics of the em:ssions. Furthermcre,
the intell:gent selection or design of dust collection equipment must be
based on particle and carrier gas characteristics.

Important effluent characteristics which defize the objectlonable
aspects of a pollutior source include: (1) particle size distribution;
(2) <oxicity; (3) corrcsivity; (4) sciling potential; and (5) optical prop-
erties. Particle and carrier gas properties that are importan+t for contrcl
device selecticn or design include: (1) particle size distribution anéd
shape; (2) particle density; (3) electrical resistivity; (4) volumetric
flcwrate; (5) ges temperature; and (6) humidity.

Some of the more important particulate and carrier gas character-
istics are discussed in more detail in the following sections. The discus-
sion will focus primarily on the relationship of the effluent properties to
control device selection and/or design.

4.2 PARTICULATE CHARACTERISTICS
4.2.1 Particle Silze

Information on particle size distribution in the gas stream is
important in the proper selection of gas cleaning eguipment. Particles
larger than about 10 p may be removed in inertial and cyclone separators
and simple, low-energy wet scrubbers. Particles smaller than 10 u require
either high-efficiency (high-energy) wet scrubbers, fabric filters, or
electrostatic precipitators.

Particle size in general cannot be specified uniguely by a single
parameter. For Iirregular dust particles, the average dimensicn along three
mutually perpendiculaer axes may be used, or the diameter of a sphere having
the same volume or the seme surface area as the perticle may be chosen.
Obviously, the more irregular the shape of the particles, the grea<er will
be the variations in equivalent diameters. For extremely Irregular particles
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like plates, rods, or stars, some other measure, such as specific surface
or settling rate, will usually be mcre significant. In many gas clearing
processes the settling velocity has direct physicael meanirng, independert
of particle structure, and is preferred to equivalent diameter.

Determination of particle size cannot be unique except for the
special case of sphericel particles. For all other cases, the resultis
will deperd on the experimental method used. Methods for determining par-
ticle size and particle size distribution may be classified as follows:

4.2.1.1 Sieve Anmlysis: Used for relatively coarse particles
above 44 u, correspornding tc a 325 mesh screen.

4.2.1.2 Microscopic Analysis: The maximum resolving power of
opticel microscopes permits determinetion c¢f particles down to about 0.5 .
The much greater resoluticn of electron microscopes extends this lower limi
to about 0.01 .

4.2.1.3 Sedimentation Analysis: This method is basei on measure
ment of settling rate ol particles in fluids. It gives settling velocities
directly and equivalernt diameters indirectly, based on known or assumed
laws of the flcw resistance or drag of the particles. Stckes' diameter is
determined by this methced, which is useful for particles in the range of
about 0.5 tec SC u.

4.2.1.4 Elutrietiorn Analysig: This method is based orn separatic
of particles in vertically rising fluids. Fine particles above a certain
size cutoff point are carried upward with the rising fluid, and ccarser
particles below the cutoff point fall to the botiom of the elutriation char
ber. A series cf graded elutriation chamters may be used to separate par-
ticles into a series of size classes.

4.2.1.5 Centrifugal Analysis: Similar in principle <o sedimenta
tion but uses centrifugal forces, which may be as high as one million times
gravity in the best ultracentrifuges. This extends the lower particle size
limit dowr to giart molecules, or to about 0.01 K.

4.2.1.6 Irpaction Methods: Particles are deposited on a plate
surface by impaction from an air.jet. A series of graded impactors, the
so-celled cascade impactor, may be used to separate particles into size
classes.

4.2.1.7 Photometric Methods: These methods are based on scatter
ing or absorption of light, both of which deperd on particle size. This
method is most useful for fine particles below a few microns in size. Lowe
limit by the test techniques is about 0.03 p for monocdisperse or uniform
Particle size dlspersions.
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4,2.1.8 Miscellaneous Methods: Ges absorpticn methods, air perme-
ability, X-ray diffraction.

No universal methcd or apparatus for particle size determinaticn
is possible, even in principle. For gas-cleaning applications, the sedi-
mentation and elutriatior methods have very definite advartages because
they give results ir terms of settling velocity or Stokes' dZameter. But
these methods usually necessitate redispersion of collecied particle samples,
which maey be difficul%, and any agglomerates present in the origiral mercsol
cannot be reproduced in the particle size equipment. Another problem con-
nected with sizing of industrial aerosols is the difficuliy of procuring
representative samples from the field because of the very lerge gas flcws
and variable conditicns that characterize most industrial gas-cleaning sit-
uations.

The Bahco centrifugal dust classifier is used extensively for
routine measuremer.ts by control device manufacturing companies. This in-
strunent uses a form of centrifugal elutriation. Dust is fed into an air
strean in the annular cspzce between parallel rotating plates and in each
stage the dust is divided into two fractions, one deposited on the periphery
of the wheel end the cther carried forward. By varying the air velocity a
number of fractions can be collected. Instrumen}s of this type requirc
careful adjustment to ensure a good separation.l

Generally, the purposé of a particle slze measurement is tc dis-
cover the true frequency distribution cf particle size. The observed distiri~
bution serves as basic data from which may be derived certain rcpresentative
constanis, for example, the median size. Modified relative frequency distri-
butions can also be obtained by transformation; for example, percent by
weight from percent by number. Adeguate presenzation cf data is important
tc facilitate utilization.

Tebular and graphical forms can be used. A table can list size
versus one of many ways cf expressing distritution; fcr exemple, size fre-
quency or size cumulation. It is essential tc specify which weighting pro-
cess is employed since distributicns are generallg radicelly different
-(e.g. number-s:ze and weight-size disiributicns .—/

Graphical methods for presenting size distributions are: (1)
histograms, (2) size frequency curves and (3) cumulative plots. Cumulative
Plots are used extensively and their interpretation and compariscn can be
enhanced by using the generally applicable log-normal distribution plot
or one of its medifications.Z/ Figure 4-1 illustrates a log-normal distri-
bution plot for particulates emitted from a kraft pulp mill recovery furnace.
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Log-riormal size cdistributions are defined by two parameters:
(1) the intercevt of the cumulative curve with the 50% probability mean di-
ameter, and (2) the polydispersity factor (gecmetric deviation) defined as:

intercept at 50% probability
intercept at 15.87% probability

Polydispersity factor =

A completely morodisperse aerosol has a polydispersity factor of
one.

Figure 4-1 shows that 50% of the outle: fume is composed of
particles smaller than 1.4 4 in diameter. The polydispersity factor is 4.2.

Comprenensive discussions of particle size measurement, inter-
pretation, and application are given in Keferences 1, 5 and 6. Readers

interested in more detail are directed to these sources.

4.2.2 Particle Shape

As noted above, particle size anelysis does not scccunt for the
multiplicity of particle shapes. Pariicle shapes of aecrosols are of many
types, from simple spheres to complex stars and chainlike aggregates.

Fcgs, mists, and some smokes are composed of spherical liguid or tarry
dreplets. Meny fly esh perticles, praduced in the combustion of pulverized
ccal, are hollcw spheres or cenospheres, freguently with much smaller
satellite particies attacted to <heir surfaces. Dust particles usually

are irreguler in shape as the result of multiple fracturcs that cccur in
crushing or grinding. Many metzllurgical fumes have a starlike Or platelike
shape; others are needlelike and tend to form agglomerated ckains.

Particle shape and surface ccndition influence handling char-
acteristics, chemical reactivity, adsorpticn potential, and flamnzdility

limits among other particulete properties.

4.2.3 BSolids Loadl

Sclids loading is a measure of particulate corncentration in the
ges swream. While it is not strictly a particulate property, it is in-
cluded in this category for ezse of discussfon. Solids loading or grain
loading is usually expressed in grains per cubic oot (1 grain = 1/7,000 1t).
Grain loading and particle size often dictate the choice of control equip-
ment. Very high grein loadings might reguire the use of a series control
device configuration to meet air polluticn regulations (i.e., cyclone
followed by an electrostztic precipitetor or & baghouse). '
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4.2.4 FElectrical Propertiles

The most impor<ant electrical properties of particulates are
their electric charge and conductiviiy. Practically all natural or in-
dustrial dusis are electricelly charged zo an appreciable degree. The
fractions of positively and negatively charged dust are generally equal,
so that any given dust suspension is, as a whole, electrically neutrel.

4.2.4.1 Particle Resistivity: In the electrical precipitation
method for gas cleaning, the particle deposits on the collection surfaces
of precipitators must possess at least a small degree of electrical con-
ductivity. Theory and experience indicate that the critical or minimum
value of particle conductivity for normal precipitator performance is
about 0.5 x 107%C inverse ohm-cm, or as more commonly expressed, & maximu
resistivity of 2 x 1010 chm-cm (measured in situ).

In precipitator operation, high particle resistivity is usually
manifested by disturbed elecirical conditions in the form of excessive sp
ing with moderately lowered voltages, or-by excessive current with greatl
lowered voltages. These effects in turn cause loss of precipitator effi-
ciency, the loss in performance increasing with resistivity. When resist
ity exceeds about 101l ohm-cm it becomes very difficult to achieve reason
2ble efficiencies with precipitators of convertional design. Special typ
of precipitators must then te used, or, more commonly, measures must be
taxen to reduce resistivity.é/

There are a number of factors and combinations of factors whkich
irfluence the apparent resistivity of particulates. Among those particle
craracteristics which may be important are perticle size distritutions,
shape, particle temperature, surface energy characteristics, packing con-
figuration, and chemical composition. Carrier gas characteristics includ
chemical composition and temperature.

Most liquid particles and certain types of solid particles are
intrinsically conducting and, therefore, cannot cause difficulty because
cf high resistivity. Most of the dusts and fumes in industrial precipi-
tation appiications, however, originate from furnace, smelting, drying,
or calcining operations and are composed of silicates, metallic oxides,
and similar inorganic compounds. Many of these materials in the pure dry
state are among the best insulators knowr and, therefore, might be expect:
to cause trouble in precipitators. However, moisture and chemical impuri-
ties present in the gases and adsorbed on the particles provide at least
rart of the trace conductivity required. In other cases the gas temperat
may be sufficiently high to ensure adequate conductivity in the particles
bty the temperature conduction effect. Low moisture, absence of certain



specific chemicel impurities, and temperatures in the range of 250°F to
450°F are likely to cause high resistivity particles.é/

4.2.4.1.1 Conduction mechanisms: The electrical conductivity of
& bulk layer of particles depends on both surface and volume factors. In
surface conduction, electrical charges are carried in the surface moisture
and chemical films adsorbed on the particles. These films usually differ
voth physically and chemically from the interlors of the pearticles owing to
adsorption phenomena. Volume conduction, or the motions of electrical charges
through the interiors of the particles, depends, on the other hand, on the
composition ard temperature of the particles. Volume conduction also involves
arcillary factors, such as compression of the particle layer, particle size
and shape, and surface properties.§

Volume conduction in semi-insulating mineral particles may be
either ionic or electronic. The most common examples of ionic conductors
are metallic halides, such as sodium chloride cr silver bromide, and are
of little importance in electrical precipitation. Electronic conduction
cc2urs in many materials, such as metallic oxides and silicates, which are
of primary interest in industrial gases. For the metallic oxides and the
silicates the resistance to volume conduction decreases with rising tempera-
tures in the following manner:

p = A exp E/kT

where p = resistivity
A = constant
E = electrorn activation energy
k = Boltzm&n'é constant
T = temperature

Volume conductior. 1s thought to be the predominant mode at temperatures
above approximately 300-350°F. At lower temperatures, volume conduction
becomes insignificant. It eppears that the volume conductivity of dusts
and fumes is caused by temperature excitation of internsl electrons. Field
measurenents corfirm the increase in particle corductivity and the improved
performance of precipitators collecting these materials et higher tempera-

tures.

Surface conduction usually predominates for semi-insulating par-
ticles in the temperature range below about 300°F. As previously noted,
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ccnduction at these lower temperatures occurs primarily through adscrbed
moisture and chemical films on the particles. Moisture is present naturally
in mest industrial gases controlled by electrical precipitation in emocunts
rarging from & few up tc ebcut 50%. Conduction in the surface moisture films
appears to be electrolytic or icnic ir character, with the pro}on-jump mech-
anism teirg the predominart mecharnism for transfer of charge.=

Figare 4-2 illustrates the effect of temperature and humidity on
particle resistivity. The influence of itempera*ure on volume resistivity cf
a typical layer of collected particles is shown by the straight line in
Figure 4-2 labeled "bone dry." 1In the presence of certain conditicning agentc
the total resistivity becomes a functicon of the conditioning agent and temper-
ature. This combined surface-volume conduction relationship is fllustrated by
the lower two curves In Figure 4-2 with water as the conditioning eagent.

4.2.4.1.2 Conditioning methods: Control of particle resistivity
by cornditicning of the cerrier gases rlays an important rcle in electricel
Trecipitation practice. Although the term condificning usuelly implies the
addition of chemicals or mcisture to the flue gases, it is used here in a
broader context and includes temperature and ccmpesiticn ccnirol.

Cenditionirng of gases by steam inlection, water sprays, cor wetting
of raw materials tc reduce particle resistivity is widespreed, particularly
where the natural moisture conternt of the gas is low and the temperature rel-
atively high. Moisture also is favorable in raising the dielectric strength
and reducing the viscosity of the gas. Cenditioning by humidificatior is
always more effective at low temperatures. At room temperature, for example,
most Gusts and fumes may ve effectively cenditicned by orly 1% o 2% mcisture
in the gas, but 10% to 20% may be needed at 20C°F to 300°F.2

Chemical conditicning agents may be effective in minute concentra-
tions. A good example occurs in the fine cleaning of the exhaust gas in the
powdered-catalyst petroleum-cracking process used widely in the production
of high-octane gasolire. 1In the first full scale cperation of this process,
it was found that recovery of the valuable aluminum silicate catalyst dust
in the electrical precipitator wes hampered by high resistivity of the par-
ticles. Ammonia was fcurd to be a highly effective chemical conditioner,
and it was added tc the precipitator gas in the prcportion of only 1 part
in 60,000 which was sufficient to drop the dust resistivity from S x 1011l
to lOiO otm-cm, and to raise precipitator efficiency from 96% to 99.8%.2/

Moisture appears to be essential to the effectiveness of chemical
conditioning agents. In general, the action of the conditioner increases
with the amcunt of mois*ture in the gas and with decreasing temperature of
the gas. Water vapor is therefore fregquently referred to as a primary con-
ditioring agent and ckemicals are considered secondary conditioning agents.
The effects of conditioning on particulate resistivity are shown in
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Figures 4-3 and 4-4. The addition of a small amount of ammonia reduces
the resistivity of a powdered catalyst by a factor of about 100, and the
addition of diethylamine reduces resistivity by a factor of 103 to 106
(Figure 4-3), Figure 4-4 illustrates the effects of S0z conditioning on
fly ash resistivity. Resistivity is plotted in terms of the percent of
sulfuric acid fume added, with gas temperature as a parameter.é/

4.2.4.1.3 Resistivity measurement: Because of conduction modes
end their dependence on operating conditions, particle resistivities measure
directly in plant flues are preferable to those measured ir the laboratory.
Gaseous environments usually cannot be duplicated feasibly in the laboretory
In the in-situ measurements, the phenomencn of surface conduction usually
predominates beczuse of the presence of conditioners in the flue-gas stream.
Ir the laboratory, these ccnditions are usually not present and conduction
is bty the volume mode. When in-situ measurements are ccmpared to laboratory
measurements, the in-si*u resistivity is frequexztly 2 to 3 orders of magni-
tude lower. This discrepancy is most severe with fly ash. Laboratory meas-
urements of fly ash resistivity have very little fundamental meaning, and
the only meaningful messurements are those made in situ. Essentially all
electrical resistivity deta currently availeble in the literature have been
determined under lebocratcry conditions. A more detailed discussion of par-
ticle resistivity is presented in References 2 and 3.

4.2.4.2 Electrostatic Attraction: Electrostatic attraction is
also importent in fabric filtraztion. Precipitzation on the filter will resul
from electrostatic forces drawirg particles and filter elements together
when either or both possess & static charge. These forces may be either
direct, when both particle and filter are charged, or irduced, when only
one is charged. Such charges are usually not present unless deliberately
introduced during the manufacture of the fiber. Electrostatics assist
filtration by providing an attraction between dust and fabric, and also
affect particle agglomeration, fabric cleanrnability, and collection efficienc:

The type and quantity of charge acquired by a filter medium is a
function of the filter type and the method of charging. The rate at whkich
a fabric loses its charge is also an important consideretion. This depends
not only on the conductivity of the fibers but also on the humidity of the
gases passing through the filter. Thus fabrics which are poor conductors
retain a charge much longer than good conductors. In humid cornditions a
fabric acquires & surface film of moisture which also acts as a conductor.

Charges are induced in fadbrics by friciion, and the type and exten
of charging that a particular material acquires relative to others can be
measured by charging a series of materials in the same way. The usual tech-
nique consists of placing a strip of the material on an insulated ring and
rubbing it with a strip of the reference fabric which is mounted on an
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insulating rotating disc. The charge on the test strip is measured after
a standarized nmucber of turns of the charging disc, and again after a set
period (frequently 2 min.) to find the rate of charge leakage. The maxir
charge, measured immediately after charging, enables the materials to be

placed in relation to one another in a triboelectric series (Table 4—1).JL

Dust particles can be arranged into a similar series relative t
one another and to filter fabrics. This arrangement can assist in the sel
tion of filter favrics with the most favorable charge characteristics for
poth particle collection and particle release, if the particles are to be
removed by shaking, vitration or blowing.

Particles can be placed in one of three categories: Those whic
acquire a charge and do noit agglomerate (Class I); tnose that acquire a
charge and agglomerate {Class II), these being ihe active classes; and
those which are not affected by the charge on the filter (Class III),
being inactive. The active groups are divided irnto fine and coarse parti
cles. Coarse particles do not present a problem in filtration as they ar
easily collected on the surface layers of the fa¥ric, usually form a loos:
cake, and are easily shaken off. Fine particles are rmuch more difficult
to collect because they tend to penetrete the filter medium and ofter leal
through. By selecting a highly charged filter medium, firne particles in
Class IT will be agglomerated, their collection improved, and they should
form a loosely agglomerated cake on the fiber filter surface. If the fil-
ras a high rate of charge loss under these conditions, cake release will
also be assisted.B/

Several dusts in the various categories have been experimentell;
investigated and their properties are listed in Table 4-2.7,8/

4.2.5 Moisture Content

Moisture content influences both selection of control equipment
and particle characteristics. DParticle resistiviiy, flammability, and
handlirg characteristics are strongly influenced by moisture content.

4.2.6 onicitz

Toxicity charactertistics of particulates and carrier gases def:
important health aspects of particulate emissions. The toxicity aspects
of the particulates might dictate the use of a control device where it wou
not otherwise be required.
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TABLE 4-1

TRIBOELECTRIC SERIES FOR FABRICSZ/

Electrostatic
Units

Positive
Wool felt

+ 15 - Glass filament, heat cleaned and silicone treated
Glass spun, Leat cleaned and silicone treated

Wool, woven felt

+ 10 T- Nylon 66, spun

Nylon 66, spun, heat set
Nylon 6, spun

Cotten sateen

+ 5 =+ Orlon 81, filament

Orlon 42, needled fabrics

Arnel, filament

Dacron, filament

Dacron, filament, siliccne treated

0 -+ Dacror, filament M,31

Dacror, combiration, filament and spun
Creslan, spun: Azoton spun

Verel, regular, spun: Orlen 81 spun (55,200)
Dynel, spun

- 5 <+ Orlor 81 spun

Orloz 42 spun

Dacron, needled

- 10 <~ Dacron, spun: Orlon 81 spun (79475)
Dacron, spun and heat set
Polypropylene 01, filament

Orlon 39B, spun
« 15 <4« Fibraryl, spun
Darvzn, needled
Kodel
= 20 <4 Polyethylene B filament and spun
Negative

Note: Polystyrene, Szran and Vinyon are &t the far negative end of the series.
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TABLE 4-2

RELATIONS OF FABRIC REQUIREMENTS TO DUST PROPERTIES AND DUST IN THE CATEGORIES LISTEDl/

Dust Classification

Relative particle size
Electrostatic properties
Agglomerating tendencies

Criteria for filtration:
Leakage
High flow low 4p

Criteria for cleaning:
leakage control
Ease of cake removal

Material

g/ Fabric construction determines property.

IA
Fine
Active
Little or none

Px
Consté/

De
Dp

Calcined
Calcium
Silicate

1B
Coarse

Active

Little or none

Consté/

Pp

Consté/

Dp

Flux
Calcined
Diatomaceous
Earth
Commercial
Finished
Cement

Ball

Clay

IIA II
Coarse
Active
Positive

Fine
Active
Positive

2 2
P, to P§ Px to PS

Py Py

o 2
Px to P, Py to Pc
Dy Dy

Carbon
SRF

Processed
Natural
Diatomaceous
Earth

Wheat

Starch
Taconite

Zinc oxide}
Fume

Nickel furnace fume
Magnesite
Cellulose
Acetate
Molybdic oxide
Sugar

b/ Requires low density, rapidly agglomerating dust forming large aggregates.

III

Fine and coarse
Inactive

Fabric

Construction
dictates
performance

Kaolin



4.2.7 Wettability and Solubility

These properties can effect dust separation in wet scrubbers,
although they are generally only second-order effects. In general, wetting
is the term applied to the phenomencn of a liquid adhering to a solid. Wet-
tability depends upon the nature of the substance involved, and is related
to boundary surface energies. In principle, wetting occurs when the adhesion
energy between solid and liquid is greater than, or equal to, the cohesion
energy of the liquid.

The determination of wettability is difficult in the case of
morphologically heterogeneous dusts. Recent studies in Germany have in-
dicated that a weitability trernd can be expressed in terms of the velocity
of rise of a liquid in capillaries of powders and the total time required
for a liquid to rise a certain height.é/ Table 4-3 summarizes rates of
rise and totzl wetting times for several dust samples using water as the
liquid phase. The results indicate that the retes of rise and the wetting
times differ greatly for individual dusts. Highest wettability is shown oy
dust from sludge of 2 wet scrubber operating in the cleaning room of a
foundry. 1In contrast, the wetting properties of dust samples from the hot-
blast cupole furnaces and the boiler soot are very poor.ﬁ/

Subsequent investigations, conducted with a test setup in which
dust particles could be shot at irxdividusl droplets of water at different
velocities, indicated that wettzbility did not merkedly affect the efficiency
of wet scrubbing. It was repeatedly shown that, regsrdiess of particle type
and velocity, & dust particle hitting the water droplet was always reteined
by the latter, even if the droplet was greatly deformed by the particle.é/
These results indicate, at least for the dust studied, that wetting behavior
of particles in wet scrubbing is of secondary importance.

4.2.8 Flammability or Explosive Limits

These factors influerce selection of control equipment and define
handling hazards. Ignition and explosion behavior of dust is affected by
electrostatic charging, chemical composition, the size and state of the solid
surface, moisture content, and dust thermal properties. Carrier-gas temper-
ature, pressure, and chemical composition also affect these limits.

4,2.9 Chemical Composition

Particulete and carrier-gas chemical compcsition exerts an in-
fluence on choice of control and auxiliary handling equipment. Composition
also influences electrical properties, toxicity, reactivity, wettability,
and most other particle properties.
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TABLE 4-3

RATES OF RISE AND TOTAL WETTING TIMES
MEASURED AT DIFFERENT DUST SAMPLESZ/
(Sa:nple cross section: 0.50 cmg, sample height:
0.5 cr1, liquid: distilled water)

Rate of Total
Density Risc wetting time

Or:igin of dus® (g/cr®) (cm/sec )e10-3 (sec)

Boiler

(Largely sost 2.57 4.46°107° ca. 51,000
Hot-blest cupola

furnace (basic) 2.44 9.48°1077 ca. 6,80C
Hot-blast cupola

furnace (acid) 2.68 0.226 1,153
Ccld~blast cupola

furnace 2.71 5.98 148
Swing grirding shop 3.17 2c.72 63.6
Blast furnace 4.68 4£6.80 21.7
Boiler 2.3C 96.32 12.6
Sand preparation

(sludge) 2.51 192.58 6.14
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4.2.10 Handling Characteristics

Particle handling and flow properties influernce dust separation
equiprent and auxiliary devices for dust collectors, DPowder flow properties
result from a combinatior of a number of factors including trarsmission of
external and body forces through the system, particle size and shape dis-
tribution, ruggedness and resilience of the particles, cohesior, adhesion
of particles to surfaces, and adsorbed films especially of water.

Particle shaking properties are very important for the design of
auxiliary devices for dust collectors and for the further treatment of
separated dust, These properties include:

(1) Shakedown Weight - specific weight of highest packing density
(2) Angle of Repose - angle at which piled dust begins to slide
(3) Slide Angle - angle at which dust begins to slide on a base.

Shakedown weight exceeds the free bulk weight by e factor of 1.2 to 1l.4;
angle of repose lies between 25 degrees to S5 degrees and slidirg angle
between 35 degrees to 65 degrees. Both angles are influenced by particle
size, moisture content of dust, particle shape, and coresion and adhesion
forces.

Tke abrasive behavior of dust characterizes its mechanical effect
upor: & surface with which it comes into contact. In gas cleaning, the
inner walls of pipe conduits are subject to the highest abrasion. This
dust property cannot be expressed by merely giving its hardness, since hard-
ness expressed as resistance to the penetration of foreign bodies cannot be
determined for dust particles. Furthermore, abrasive behavior is also af-
fected by the shape and size of particles and their specific weight.

The corrosive charecteristics of the particulates can influence
the choice of gas-cleaning equipment, and, in many cases, dictate the mate-
rials of construction.

4.3 CARRIER-GAS CHARACTERISTICS

4.3.1 Voclume Flowrate, Pressure, Temperature, and Composition

Control equipment choice and size are dictated by these parameters.
The gas temperature also exerts an influence on particle resistivity, moisture
content, and flammability limits. Pressure and composition affect flarma-
bility limits.
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4.3.2 Corrosive Properties

Carrier-gas corrosive properties primarily influence selection of
equipment construction materials.

4,3.3 Optical Properties

The optical properties of aerosols are of importance in connectio:r
with gas cleaning and air pollution, because the degree of pollution is
cormonly judged by visual appearance of stack discharge or of the atmosphere
itself. Visual appearance is subjective and is associated with the observer
character of the sky, and physical character of the stack discharge.

tical density is closely related to the visual appearance of
the stack exhaust plume. The extinction ccefficient is a function of the
nunber of particles per unit volume, the particle size, shape, and size
dis*tribution.

4.3.4 Odor and Toxicity

Particulate and carrier-gas odor properties are secondary factors.
" Concentrations below toxic or harmful levels are primarily a problem from
the standpoirt of complaints from nearby residents. Malodorous gases and
vapors include mercaptans, pherolic compounds, naphthenic acids, organic
sulfides, nitrogen bases, aldehydes, and ammonia,
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CHAPTZR 5
PRESENTATION OF EFFLUENT DATA FOR SPECIFIC INDUSTRIES

Effiuent data for specific sources in the major industrial cate-
gories listed in Table 2-1, Chapter 2, are presented in tabular form in
Chapters 6 - 24. Only numerical data are given in these tables. Table 5-1
is provided as a coding key for the tables of effluent characteristics in
Chapters © - 24.
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TABLE 5-1

CODING KEY FOR TABLES OF EFFLUENT CHARACTERISTICS

I. General Note: All data for uncontrolled scurces unless otherwise noted.

II. Specific Notes:

A. Particulates
1. Particle size;
X<y, x>%.
x = weight %, y = particle size (p).

Meesuring technfique noted. If no notation is listed,
meesuring technique was not reported cr is unknown.

2. Solids loading: grains/scf, unless otherwise noted.
3. Chemical composition:

solids - wt. % (unless ctherwise noted).
4. Particle density: g/cms.

S. Electrical resistivity: ohm-cm, laboratory mezsurements unless
otherwise noted.

6. Moisture content: wt %, unless otherwise noted.
7. Toxicity:

a) N.T. - not toxic.

b) numerical vaelue - threshold limit, mg/ms.
8. Solubility:

S. = soluble.

s. sl. = slightly solutle,
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TAELE 5-1 (Ccncluded)

d. - decomposes,

9. Wettability, hygroscopic, flammability, handling, optical,
ard odcr characteristics: only a descriptive comment generall
given; 1f numerical value is presented, units will be indicate

B. (Carrier Gas

1. Flow rate: flow-rate data presented in two forms:

a) thousands of s*andard cutic feet per mirute, M sc@n,
unless otherwise noted.

b) thousancs of standard cubic feet per ton of product
processed, M/scf/+on, unless otherwise noted.

2. Tempera*ture: °F,

3. Moisture ccntent: vol %, unless otherwise rioted. Dew point
is in °F if listed under moisture contexnt.

4. Chemical compcsition: vol %, unless ctherwise indicated.
S. Toxicity:
a) N.T. - not toxic.
b) numerical value - threshold limit, mg/m°.
6. Corrosivity, odor, flammability, and cptical properties: only

a descriptivc comment generelly given; if numerical value is
presented, units will be indiceted.
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CHAPTER 6

STATIONARY COMBUSTICN PROCESSES

6.1 INTRODUCTION

More than 29 million stationary ccmbustion sources are currently
ir cperaticn in the United States: (1) eleciric-utility power-generating
plants, (2) irdustrial power plants and process heaters, and {3) space-
heati§§ urits, Co2l, c¢il, and gas are turned in a wide variety of equip-
mens.=

Particulate emissions vary widely from unit to unit tecause
prccesses, practices, and fuels all affect emissicn levels, Fer each
fuel, several different prccesses are used for stationary ccmbusticn.
Coal-fired electric generating plants utilize pulverized, cyclone, and
stcker-fired boilers., Burners, combustion chambers, draft systems, heat
transfer characteristics, and combustion ccntrcls ef industrial urits may
vary widely., Steam, hot water,ard warm air furnaces are in common use for
domestic heating.

Stationary combusticon scurces are divided into electric utility,
industrial, and commercial and resicential grcups for a more detailed dis-
cussion in the fcllowing sections.

€.2 ELECTRIC UTILITIES

Tre production of power by the combustion of ccal, fuel oil,
and gas contributes large quantities of particulates, sulfur oxides ané
nitrogen oxides to the atmosphere. Coal-fired units are the dominarnt
source of particulate emissions. Particulate emissions from oil-fired
power becilers are about 1% of emissions from similar coal-fired equipment.
Use of natural gas as a fuel nearly eliminates particulate emissions,
Since emissiors depend so strongly on the type of fuel burned, discussicn
of emission rates, effluent characteristics, and control practices is
presented for each fuel type in succeeding paragraphs.

6.2.1 Fuel Type

6.2.1.1 Coal-Fired: The modern coal-fired electric generating
plant is comprised of a boiler, generator, condenser, coal handlirg equip-
ment, dust collection and dispcsal equipment, water handling and treat-
ment facilities, and heat recovery systems such as economizers and air
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neaters., Boilers in present-day usage include cyclene, pulverized, and
stoker types with pulverized fuel boilers cemprising nearly 90% of the
total.

Pulverized fuel boilers utilize coal ground to a size such that
about 70% passes 200 mesh. The coal and preheated ccmbustion air are
direci-fired intc the boiler as determined by the steam requirements. The
cocal-air ratic is automatically regulated to give optimum ccmbustion for
all load conditicns., Boilers are classified as horizontal, vertiecal, or
tangential, depending upcn the firing position cf the burners.2

Pulverized coal=-fired toilers are alsc classified as either wet
tottom or dry bottom, deperding on the operating temperature and ash-fusior
temperature. In wet-bottom boilers, the temperature is meintained above
the ash-fusion temperature sc the slag is mclten and can be removed from
the btottcm as a 1iguid, Dry-bottom boilers operzte at temperatyres below
the ash-fusicn peint, ard the ash is removed in a sclid state.2

Cyclone boilers operate with much coarser coal, typically 95%
rinus 4 mesh, The heater is a water cocler cylinder with combustion air
intreduced tangeniially. Combusiior occurs at temperatures sufficiently
nigh to melt a high percentage of the ash which is discharged through slag
tap cpenirgs.

Less than 5% of the ccal consumed in electric-generating plantis
is burned in stoker boilers., A variety of stoke#iynits exist, but spreader-
stcker units have tihe highest steam cutput rates.= The spreader-stoker
unit comtines suspension and fuel-bed firing; the stoker mechanism feeds
from the hopper cnte a rctating flipper mechanism, which ir turn throws
the fuel intc the furnace. Recause the fuel is burned partly in susten-
cion and partly cn the grate, the fuel bted is thin, arnd response tc
fluctuaticns in load is rapid. The grates are either stationary or con-
tinuous moving from the rear to the, frent., Vibrating, oscillating, travel-
ing, and chain grates are used for meving the fuel toward ihe ash-receiving
pit.:5 Fly-ash reinjection is also practiced in many plants.

6.2.1.2 Qil-Fired: Ccmpared {to coal-fired units, oil-fired elec-
tric-generating plarts emit a minor amcunt of particulate matter tc the
atmosthere. The rates cof emissions from these units are affected by
variable cperating conditions and by the nature of the fuel used.

Two differert basic designs of furnace are used in oil-fired
plarts: tangentially and horizontally fired. The targentially fired unit
is Ttuilt so that the flame is propagated in a cylindrical form. The unit
is constructed to produce a spiral upwerd motion of the flame and combus-
tion prcducts around the walls of the cylindrical firebox. The tangerntially
fired unit is a relatively new and infrequently used design.ﬁ/
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Horizontally fired units are usually fired at right angles to the
walls of the firebox, but may be fired at various angles. They may be
£ired on one or more sides, or froxr the bottom of the firebox. The firebox
may be square, rectangular, or cylindrical. Horizontal firing tends tc
concertrate the hot gases in the center of <he firebox.

6.2.1.3 Gas~Fired: Natural gas is also utilized in power plaats.
Particulates and oxides cof sulfur emissions are insignificant compared
with those of other fossil fuels. Centrol ecuipment has not been required
for natural gas combustion equipment.

€.2.2 Emission Rates

6.2.2.1 Coal-Fired: The emission rate of particulate matter
from a coal-fired furnace is related to many factors, mainly gas velocity,
particle size, particle density, fuel-burning rate, combustion efficiency,
flue gas temperature, furnace configuration, coal compcsiticn and size,
and the initial state ¢f the raw coal.

The fecllowing variables are thought to be the most important in
. . s z
relation to particulate emissicons:=

1. Amount cf ash in the coal;
2, Method of turning the coalj;
3. Rate at which the coal is burned.

Fcr any specific furnace, coal-ash content is the demirant variatle,
Other concéitiors remaining fixed, the fly-ash emissicn will be approximately
proportional to the asn content of the coal. The heating value of the coal
is related to its ash content. 7PFigure €-1 rresents a ncmcgraph for esti-
mating particulate emissions from coal cortustion.s

The method of burning the coal influences particulate emissicn
rates. When coal is thrown cr blown into a furnace, combustion takes place
in suspensicn., As the pieces of coal burn, they get smaller, and thus
their chance of being exhausted with stack gases is increased. When coal
is pushed cr pulled intc a furnace to form a bed, the coal cr ash has less
chance of teing entrained by tne flue gases because of impingerment cnto
larger particles. When coal is intrcduced tangentially into a cylinder,
such as in the cyclone furnace, the burrer acts as & cyclone separator and
thus reduces emissior of larger particles.§7

As the velocity of the gases passing through the furnace increeses,
larger particles cf ccal and ash are carried cut cf the furnace. The velocity
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PARTICULATE EMISSION,

REFEREKCE lbl‘O‘Blu : 15/10%1b flue qas at
LINE : % excess air
ASH I (Bitumirous coal)
]

NEATING VALUE,
1.600 Bre/iy  OXIENT,

A=

® OY b w

o

A, CYCLONE UNITS .

B. ALL STOKERS OTHER THAN SPREADER STOKERS

C. WET EQTTOM, PULVERIZED,GR SPREADER STOKERS
WITHOUT FLY=ASH REINJECTION

D. DRY BOTTOH PULVERI2ED

E. SPREADER STOKERS WITA FLY-ASH REINJECTIOM

F. WEY BOTTOM PULVERI ZED WITH FLY-ASH REINJECTION

Figure 6-1 - Nomograph for Estimating Particulate Imissions From Coal
Combustion (Without Air Pollution Control Equipment)é/



of the gases is directly proportional to the firing rate of a given furnace;
“hus, the size of the partizle and rate of emission should be a function of
the firing rate. In a similar manner, the excess air, pressure, and tempera-
ture are related to the particulate emissions in that they control the gas
velocity.é/

Emission rates for the various types of coal-burning units are
sunmarized in Table 6-1. As would be expected, over 90% of the emissions
are from pulverized coal-fired boilers. The influence of firing method is
clearly shown, as the emission factor for cyclone units is 20 to 25% of that
for pulverized and stoker units.

6.2.2.2 0il-Fired: The particulate loading of stack gases de-
pends primarily upon the efficiency of combustion and the rate of builld-up
of boiler deposits. Poor mixing, low flame temperatures, and short resldence
time in the combustion zone cause larger particles, higher combustible con-
tent, and higher particulate loadings.ﬁ/ The degree of atomization has an
important effect on particulate emissions. Low-pressure atomization pro-.
duces larger fly-ash particles and a higher particulate loading.i/ High-
pressure atomization (400 psig or greater) produces smaller particles, fewer
cenoscheres, and lower particulate loadings.é/

The soot-blowing operation markedly increases the particulate
loading in the stack gases. An increase of 1.7 to 3.3 times the normal
emission level has been repcrted during soot blowing.é/

Emission rates for oil-fired units are surmzarized in Table 6-1.
Farticulate emissions are estimated at 36,000 tons/year.

6.2.2.3 Gas-Fired: Meager data exist on particulate emissions
from gas-fired units. Table 6-1 summarizes available information. Partic-

ulate erissions are estimated to be 24,000 tons/yeer.

6.2.3 Characteristics of Effluents from Electric Generating Plants

6.2.3.1 Coal-Fired: The chemical and physical characteristics
of effluents from coal-fired electric generating plants are surmarized in
Table 6-2. Particulates from pulverized coal furnaces are larger in size
than those from cycldne furnaces. There is also a rather large variation
in particle size for each furnace. Furnace design, operating conditions
and coal composition undoubtedly influence the size of emitted particulates.
Outlet grain loadings from pulverized furnaces generally exceed those from
cyclone furnaces.
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PARTICULATE EMISSIONS

TABLE 6-1

FUEL COMBUSTION IN STATIONARY SOURCES

Amount of Fuel

Source Burned
I. Coal

A. Electric Utility
1. Pulverized 258,400,000 tons
2. Stoker 9,900,000
3. Cyclone 28,700,000

B. Industrial
1. Pulverized 20,000,000
2. Stoker 70,000,000
3. Cyclone 10,000,000

C. Residential and 20,000,000

Commerical

II. Fuel 0il

A.

Electric 7,180,000,000 gal. 10
Utilities

Industrial

1. Residual 7,510,000,000 gal. 25

2. Distillate 2,360,000,000 gal. 15

Residential and 36,L50,000,000 pfal. 8
Cammercial

III. Natural Gas and

A.

LPG
Electric 3,143,143,000 mil. 15
utilities cu. ft.
Industrial 9,270,000 mil. 18
cu. ft.
Residential and 6,250,000 mil. 19
Commercial cu. I't.

Total for fucl

Emission

Factor

16 A%
13 A
3A

16 A
13 A
3 A

1b/1,000 gal.

1b/1,000 gal.
1b/1,000 gal.

1b/1,000 ¢al.

1b/mil cu ft

1o/mil cu ft

1o/mil cu ft

Efficiency Application Net
of Control of Control Control
(Ce) (Cy) (Ce Cy)
0.92 0.97 0.89
0.80 0.87 0.70
0.91 0.71 0.64
Total from electric utilities
0.85 0.95 0.81
0.85 0.62 0.52
0.82 0.91 0.75

combustion, stationary

Total from industrial units

Total from coal

Total from fuel oil

Total from natural gas

sources

Emissions
(tons )

2,710,000
217,000

182,000
3,109,000

322,000
2,234,000
39,000
2,595,000
300,000
6,004,000

36,000

87,000
18,000

146,000
287,000

24,000
84,000
59,000

167,000

6,458,000



A

Particulate [Part I)

TASLE 5-2

EFFLUENT CHARACTERISTICS
STATIDNARY COMBUSTION PROCESSES®

Source

Electric Geperating:
Flants

1. Cosl Fired
Type of boiler
s, Pulverized

Particle Size

25< 10, 43¢ 20,

N o
l. Vertical® 4.7 4,00
2. Corner* 2.9-3.7; avg.
3.3
2. Front vall 2.4-2.5
horizortale
4. Yorizantally 5.9-4.9; avg.
upposed .5
5. Unspecified BAHZO Analysis 1.0248.6
39% CF €9 Mea- Mear: 8.3
auremerts in
following range
€-20 < 3, 12.32
< 5, 28.56 < 1C,
42.79 € 20, 6193
< 4C
Most Probable
Listribution
15« 3, 5< S,
4Z< 19, BS«
2, 81< &0
b, Cyclone® 72¢ 10, 87< 20, 0.2-3.2
5 < H Nean: 0.85
BAKCC Analys:is
20.72< 5,avg.
40< §; 49-36 <
10, avg. 55 < 10;
70.99 < 20, avg.
el< 20, 81-100
< 43, avg. 9z <4d
2. Stoker
«. Spreadey
s4cher? il< 10, &3< 29, 1.5-2.3; evg
d2< 44 1.¢
2. Underfeed e .0, 15 ¢ ¢, C.05.0.2
stcker J< A4

d. Unspecified
boiler type

Souiter Ccounter
2-73«< .0, avg.
18 < 10; 4485 <
20, avg, 3B < 20
20-38 < 44, avg.
59 € ¢

COptizai apd Eles-
Iron Micrescepe
4z-88 < 10, avg.
8 < 10; 60-87 <
20, avg. 79< 2C;
86.33 € 44; avg.
93.5< «
Iserative Sedizen-
sation

45-63 < 10, avg.
S3< 10; 64-B5 <
20, avg. 76 < 20;
70.91 © 44; avg.
Blc o4

BACHC Analysis
i2=26 <10, avg.
16.6 < 10; 20.36
< 20, avg. 26 <
20; 42-95 < 44,
avg. 63.3< M4

3 See Ccéing Key,
¢ Zartial amd full
*eCorrected tc 12%

Chemizal Cosposition

Jypicsl Fly Ash:
8105: 17-64 svg. 43,
Fep0x: €.3€ avg. 13,
Alply: 3-5€ avg. 2,
cal: 0.1-22 avg. 4,
MgO: 0..-5 avg. 1.0,
Na0: 0.34 avg. 0.9
Ignitior Less

C.4e36 avg. 8.3
frall Amcunts

TiC;, K0, FeC, Ppds,
50y

Pclynuciear hydra.
cardont {see Table
6+3 for datailed
deta)

Electrical Moisture
Particle Dansity Registivity Ceatent
Buw.k Densit Varles fros C.23 (avg.
30-50 ;b/:‘_g 1081053 30 saapies)

Particie Denrity
¢.5-3.0, avg. 2.3

Particle shape
varies widely.
Kay be minute
spheres, slivers,
or spongy, lace-
like entities.

Nble 5-1, Chapter S, 7. 45, for upits for irdividual effluent prepsriies,
1cad tests (partial lead ~ 75€ 1sad); 30.50 excess air.

20p, dry tesia.

53
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A. Particuiate (Par: I, Conciudad)

Source Particle Size Sclide Loading

TABLE 6-2 {Ccreiruad)

Cremical Camposition

Blestric Jeverating
Planta (Concluded)

IX. 01} Pired
a. Typica. cperation 90« 0.0.3.0.2, avg.
0.05, wosat comeon

vaiue - C.C3.

0.335
b. Socot Blowing 0.:3=0.19
Industrial Purcaces 9.01-C.265, svg.
0.083
A. Particulate {Part II}
Sqyrce Selubility Wettabiiity

Electric Gererating
Plants
Difficult to wet

T, Ccal.Fired Contains M,C ecluble

COmpinents

30«50 soluble
10l1ds

11. Oil-FPired

Ply A2k: Ser Tuble
6-¢ for dstalled
data

Rygroscepic
arssteriatics

Flammab

Explosive Lipite

54

E.ectrizal Mcisture
Particie Nernsity Reststivity Content Zoxictty
2.5 N.T., but
Particls shape acidic

variec, many small
apheres

ty er
Haniing Characteristics

Difficult to handie, ag-
aomeTates

interzal Frictiou Angle

42C-530 - 25.1°
2854420 y - 25°
25C.785 y - 20,2°
149-280 4 - 18.3.24.2°
i05-149 u - 16.3-23.8°
74-108 y - 1¢.2-22°
e 4y . 9,3.23,7°
G- 44y - 12

External riction Angle
{%tk al
42C-55C
285.42¢
250295
149.25C
105-143
74108
44 74

SR )

16,7*

2o

- 19,5°
13.28.4°

. 20.5-24°

- 14,.8-27,3°
« 12¢15.6°
- 16.4.15.3°

TFTEEEETETE
i}

Cohesicn
42C-590
285420
250-29%
149.23C
2C5-149

74-105
“- 4
0- 44

FEFEEEFEETE
«

Color varies frem
light tar or grey
to various shades
of black



TABLE 6-2 { Contirned]

Molsture
Sowra Fiow Raste Texparature “ontent Tolicity forroszivity ~der
.. Verticaie (n) 267-%37 245-253 6.4 S - 5
wg. 150 avg. - 752 irritant
(t) 362-434 £o - 100
avg. X
Z. Corner® (a) 284.3262 ~53-287 7.0-8.9
avg. el avg. - 258
(vl 387-4.7 Nz - balance
Lvg. 40D ) Lie1C rpe
Front walle {6, 254-38 s44-257 EN) Con - 12.3-13.6
norizentai evg. 32 avg. - 2€1 c;_:‘- 5.3-5.€
(bl 378-394 Kz - bslance
avg. 286 CO » 5-17 ppz
Ky - 416-500 ppe
S0z - 1,080~
2,125 ppm
SOy - 2-11 Epz
44-62 314-715 6.5-6.8 co. - 12.8-13.2
s 5 avg. - S14.5  avg. 6.7 0y = 5.9-6.C
332-333 N, « balance
avg. 335 C7 - 24-69 pmm
NO, - 395-365 ppr
53 - L.5€C-
1.78C prT
S0y - 6-1C 7pm
5. 2352213 £.3-6.6 20y - 1k.0-12.8
avg. - J7¢ avg. £.4°% Op - £.4-5.8
i W - balancze
CC - nc dsts
WOyp = 742-1,2%¢ pum
50, = 1,350.
1260 npm
E0¢ - 13-71 ppm
@, Spreader stopawe (g} 44.54 396-42¢ 7.4.7.8 .y
avg. 43 avg. - 4ll avg. 7.8 - - 5.6-5.¢C
(Li 35-283 . = balanre
wvg. 367 £O » 13429 ppm
B3y - 430 ppe
SCy - 1.780-
1,360 ppm
50y - £2+95 gpa
II. Oi. Fired
uw. Herlzentally (a) 47-12,400 200-688 €,6-9.8 CCs - 5.9-°5.
fired (&) 748-730 avg. - 315 avg. - 8.4 avg. - 11.7
avg. 440 Gy » £.7-13.2
avg. - 4.2
N, - balance
S = 118-2,200 pp=
avg. - 957 ppx
SUy = 2-75 ppe
avg. « 414 ppm
(most ccmmon value
$E0-480 ppm;
b. Tangential {a) 206-2:6 279 CCr ~ 11.1-18.2
{2} 1d4-196 avg. - 4.7
avg. 130 On -

Most commcr value,
180260 ppr.



Inquser:ial Fuarzacte

1. FPressure stomizing

2. Steaz stumiiing

3. Cestrifugal
atami:zing

(a) 0.3.1.2 250-379

(b) V.2-1.1 avg. - 3IC
avg. 0.6

{w) .70 320-7.0

{r) C.20.6 avg. = S48
avg. 0.44

{a) 1.2-4.2 240-500

{x) €.28-0.8 avg. - 373
avg. 0.53

TAELE 6-2 {Concluded)

Moisture Chemical
Conteat Compositicn
3.0-9.8 G, » 3.9-12.4
avg. - 6.0 l:‘E. - 6.6
o - 4.5-16.3
avg. - 11.C
¢0 - 2.002 - C.0L
avg. - 0.002
50, - 98-355 pR
avg. - 216 ppe
20y - 1.4-3.2 ppm
1;'5. - 2.3 ppe
Koy - M-128 pmm
avg. ~ 50 ppe
&.3-22.7 <oy - é-8.2
avg. - 2.6 avg. - 6.4
0y - 7.8-14.0
avg. - .0.1
CO - 0.002-C.6C3
avg. - C.CC1
50, » 7+700 ppm
avg. - 3E€ prm
SOy - 1.2-6.7 zpm
avg. = 4.2 P73
N3y - 15-368 TR
avg. - 229 ppe
4.4.8.2 € - 2.7-6.3
avg. = 6.3 avg. = .7
Oy - 3.8-16.2
avg., - i2.7

CC - C€.CQ1-0.02
avg., - £.008
Sy - 11-102 ppa
avg. - 4C pp=
S0y « €.5+5.5 ppm
avg. - 2.¢ ppm
BCy - 772 ppm
avg. - %7 pm
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TABLE 6-3

POLYNUCLEAR HYDROCARZON CONCENTRATIONSg/

(Micrograms/10€ Btu Heet Input )&/

Tvpe of Boiler Firing

Pulverized
Heri-
Front- zontally Spreader

Compounc Vertical Ccrner Wall Opocsed toker Cyclcne
Fluorantiene 200 300 80 188 50 79
Pyrene 155 140 180 gz 105 1,025
Benzo(a)pyrene 19 140 19 8l < 20 223
Benzo( e )pyrene g6 23 265 30 395
Berzo{ ghi)perylene 150 7 645 198
Coronene 7 56 5 6
Perylene 71 17

g/ After fly-ash ccllector during full-load cperation.
for two tests at each unit,

wes not detected.
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TARLE 6-4

ELEMENTAL ANALYSES OF TOTAL PARTICULATESg/

Elements

(Data in Percent)

Test A

Total solids from burning
PSa/200 cil (collected in
a labcratory elecirical
precipitator at 230°F)

Test B

Tetal solids from burning
4° API oil (collected in a
glass filter sock at 300°F)

Carbon
Ether, soluble
Hydrogen
Ask (900°C)
Sulfates as S0z
(incl. Hy804)
Chleorides as Cl
Nitrogen as N03
Ircn as FepOg
Crromium as CrCo
Nickel as NiC
Vanadium as VpCg
Cotalt as Coz0Og
Silicen as 810,
Alumirum as Aly0z
Ekariur es Ead
Magnesium as Mg0
Lead as PrO
Calcium as Cal
Scodium as NagO
Ccoper as Cu0
Titanium as Ti0p
Melyrcdenum as MoOp
Beron as BzOz
Manganese as MnOp
Zinc as Zn0
Phosphorus as Pp0Og
Strontiur as SrO
Titanium as Ti0

56.12/
2.3

17.4

17.5

[0

@

-

O oo o

. -

O O

[}

OO0 OCOOVOOKFOOULMMHKOW

3/ Pecific Standard,
t/ Value probably includes mircr amount of hydrogen.
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Fly ash (particulate emitted frcm combustion process) is a hetero-
geneous material and is composed cf a variety ¢f shapes. Cencspheres,
unburned carbon particles, and mineral matter are the principal ccmponents.
Percentages of these constituents vary frcm semple to sarple, éGepending upon
factors such as coal composition and furnace operation.

6.2.3.2 0il-Fired: Table €-2 presents data on the effluent charac-
teristies of cil-fired electric-generating plants, Limited data were found
cn particle size distributicns for particulate emissions from cil-fired units,
The predcminant size (over 90%) is less than 1. Size distribution
will depenc upon the degree of atomization of the oil, the efficiercy of
mixing, the pumber of collisions between Fly-ash particles, the flame tempera-
ture, the design of the firebox, and thke flue-gas path through the boiler to
the stack. The lighter particles usually contair less carbon and are smaller
1N slze.

The larger particles are skeletons of burned-cut fuel particles,
called cencstheres, which are hollcw, black, coke-like spherical particles.é/
Tre smaller rarticles formed by the condersation of vapors are of regular
shape ancé uszally have a maximum dimension of about 0.01 u.é/ Fuel atomization
usually reduces the number of cencspheres.

6.2.2.3 Gas-Firad: No detailed deta were found on emissions from
gas-fired units. Particulates can be assumed to be less than 5 in size, and
gaseous emissicns will contain Op, Nz, COo, S0 and NOy.

¢.2.4 Cortrcl Practices and Eguipmernt for Electric-Generating Plants

6.2.4.1 Coel-Fired: The dust ccllectcrs used for coal-fired power
rlants are shcwn in Table 6-5 with their usual expected efficiency in Table
6—6.§7 Ortimum expccted performance of varicus tyres ol clearing systems 1s
shown in Table 6-7=/,

A ccmparison of the cost cof Var}ous types and combinations of
cortrol eguirment is given in Table €-8.=

The prcblem of particulate matter is not sclved with its collection.
The costly matter of dispesal still remains. This ccst ranges from $0,.50 to
$2.00/ten for most utilities. The average is atcut $0.74/ton.t

6.2.4.1.1 Electrical precipitators: Electrical precipitators
are uased extensively in power plants. A recent survey shows that in recent
years high-egficiency electrcstatic precipitatcrs are being installed almcst
exclusively.—/ Recent trends towaré the use of low-sulfur coal may require
increasing the capacity of the electrostatic precipitatcrs. A reduction in
the sulfur content cf the coal is apt to increase fly-ash resistivity, thereby
reducing the efficiency of existing electrostatic precipitatcrs.

S9
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Collector
_Type

Cinder trap

Medium draft
loss cyclone

Single cyclone
(large diameter)

Multicyclone
(small diameter
tubes)

Wet scrubber

Electrostatic
precipitator

Siliconized
glass filter

TABLE 6-5

DUST COLLECTORS FOR COAL-FIRED HEATING AND POWER PLANTSE/

Collecting
Action

Gravity

Inertia

Centrifugal force
and inertia

Centrifugal force
and inertia

Inertia

Electrical
attraction

Filtering

Recommended

Application

Smaller plants with under-
feed, vibrating, chain,
and traveling-grate
stokers

Smaller plants with
very critical on-
grate firing

On-grate firing at high
rates and some spreader
stokers

Spreader stoker

Spreader stoker and
pulverized-coal-firing
units

Pulverized-coal-firing
unit

Pulverized-coal-firing
units

Efficiency Relative

to Particle Size

Draft Loss,
Inches of Water

Other Considerations

30 to 40% for 45 .

and smaller; 75%
or more for par-
ticles over 45

Overall--to 65%,
100% over 25-y
size

50 to 90% for
particles over
20 u

75 to 90% for
particles over
10 u

70 to 90%, de-
pending on
particle size;
75% over 2

85 to 99% - < 1
to 10 p

98 to 99% for < 1
to 44 p

0.1 to 0.5(nat-

ural draft usu-

ally sufficient)

0.4 to 1.5

0.5 to 2.0

2.0 to 6.0

13 to 20

0.1 to 0.5

1 te 6

Used mainly to eliminate
cinder nuisance in im-
mediate plant area.

Abrasion may occur:
made in variety of
designs to fit job.

Made in variety of
designs. Care required
to fit design to job.

Abrasion may be a
problem.

Caking and corrosion
may be a problem,
also water recovery.

Performance affected by
resistivity of particles

Exit temperature
limited tc 600°F.



TABLE 6-6

USUAL EXPECTED EFFICIENCY RANGES FOR

COMMONLY USED CONTROL FQULPMENT 3/
(Percent)

Type of Control Equipment

High- Low- Settling Cramber,
Type of Firing Electrostatic Efficiency Resistance Expanded
or Furnace Precipitator Cyclone Cyclone Chimney Bases
Cyclone 65~99 30-40 20-30 -
Fulverized 80~-99.¢8 €5-15 40-60 -
Spreader stoker - 85-90 70-80 20-30
Other stokers - 90-95 75-85 25-50

61
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TABLE 6-7

OPTIMUM EXPECTED PERFORMANCE OF VARIOUS TYPES OF GAS CLEANING
SYSTEMS FOR STATIONARY COMBUSTION SOURCESE/

Removal of Uncontrolled Particulate Emissions (percent)
Systems Under

Development
Systems in Operation 8-In.
Large Small Pressure
Settling  Diameter Diameter  Electrostatic Stack Drop Fabric
Sources Chambers Cyclones Cyclones Precipitators Sprays Scrubbers Filters

Coal-fired

Spreader, chain grate, and

vibrating stokers 50 60 85 99.5 60 99+ 99.5

Other stokers 60 65 90 99.5 80 99+ 99.5

Cyclone furnaces 10 . 15 70 99.5 b/ b/ b/

Other pulverized coal units 20 30 80 99.5 b/ 99+ 99.5
0il-fired sa/ 102/ 302/ 75.0%/ b/ b/ b/

37 Efficiency estimated--not commonly used.
b/ Insufficient data for estimate.
g/ Designed for 99% efficiency when firing with coal.
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$/Mw

at 300°F

$/1b steam/hr
at 300°F

$/ton coal/nr
at 300°F

$/CPM flue gas
at 300°F

$/CPM flue gas
at 700°F

TARLE 6-85/

ATR CLEANING FQUIPMENT INSTALLED COST

BASED ON 1,000 MW UNIT (1968)

Furnish, Deliver, Erect

(Supports and Flues not Included)

Electro- Electro- Comb. Comb. Comb.
Mechanical static static Mech- Mech- Electro-

(cyclone) Precip. Precip. Electro. Flectro. Mech. Bag
( 75%) (95%) (99%) (95%) (99%) (99%) Filter

$ 730 $ 3,330 $ 5,200 $ 3,830 $ 4,470 $ 6,160 $ 7,650
0.11 0.48 0.76 0.56 0.69 0.90 1.12
2,300 10,400 16,200 12,000 14,800 19,300 23,800
0.25 1.00 1.50 1.15 1.40 1.80 2.25
0.20 0.85 1.35 1.00 1.15 1.55



For a 500-800 negawatt plant, an electrostatic precipitator with
a design efficiency of 95%, treating 300°F flue gases and handling fly ash
(which is relatively easy to collect) could be installed for a cost between
$800 and $1,200/megawatt generating capacity. An electrositatic precipitator
of 39% efficiency could be expected to cost between $1,400 and $2,200/mega-
watt of generating capacity.ﬁ/

Additional cost data, on the basis of volume flow rate, are given
in Pigures 6~ and 6-3, and Table 6-9.2/ Data for fly ash dispcsal costs
are given in Figures 6-4 and 6-5.

The relationship between the collecting area required in an
electrostatic precipitatcr end the collection efficiency for coals of dif-
ferent sulfur content is shown in Figure 6~6.§/

6.2.4.1.2 Fabric filters: The principal cbjections to baghouse
operation, that is, encrustation, blinding and deterioratior of the cloth,
can be overcome by injecting dry dolomite dust Into the gas stream and
ahead of the collection devices. Sulfur oxides react in the gas stream
and on the surface of the bags to form calcium sulfate, a ccllectable solid.
Bag filter installations are being tested with hopes of future application.é

One prototype unit has been tested on an cil-fired boiler in
California. This unit handles 820,00C cfm at 258°F, using a gas (£t3/min)
to clotn (ft°) ratio of 6.5:1 along with an alkaline additive. This unit
achieves high perticulate and sulfur-trioxice ccllection efficiencies
altrhcugh a number of design and operating problems have been encountered.ll/

The cost cf a baghouse installation, including tre additive
kandling system, hes been estimeted at $2.25/scfm.£§/

6.2.4.1.3 Cyclones: Multiple sm2ll-diameter cyclcnes are used on
meckanical draft conbustion units either as precleaners for electrostatic
precipitators or as final cleaners. Efficiencies of well-designed units
range frcm 90% for some stoker-fired units to 60% for coal-Tired cyclone
furnaces.

The efficiency of the cyclone or multicyclone collectors depends
on size, shape, and density of the particles as well as other factors.
It diminishes drastically in the range of 5 to 10 y in size. The effect
of particle size on collection efficiency at different pressure dreops
(inches of HQO) is shown in Figure 6-7.13/
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PRECIFITATOR PURCHASE COST - MILLIONS DOLLARS

10.00 T [ —— T T T T T -
r- d
B | 1111 1NoICATES DATA SPREAD -1
1.00 - _
™ ——
- —
//
EFFICIENCY L L
LT
o et L
0.10 |- 99.0+ % // A _
= 41 //
95.0 - 98.9 % wetet™ H -
L+
~ 90.0 - 95.0% 1 -
B ~
0.01 | L 11 | | [t 1 | 1 i
0.0 0.10 1.00 10.00
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Figure 6-2 - Precipitator Purchase Cost (FOB) as a Function
of Gas Volume Treated (Period 1965 - 1969)2/
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PRECIPITATOR ERECTED COST - MILLIONS DOLLARS
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Figure 6-3 - Precipitator Erected Cost as a Functior of
Gas Volume Treated (Period 1365 - 1969)2/
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TABLE 6-9

PRECIPITATOR COSTS (1965 - 1969)2/

Gas Volume Range - Millions ACFM

Efficiency 0-0.249 0.250-0.499 0.500-0.999 > 1.00
Range FOB Erected FOB Erected FOB Erected FOB Erected
90.0-94.9 64.7 59.3 33.8 101.1 25.2 69.2 25.8 No data
(2) (1) (1) (6) (1) (2) (3)
95.0-98.9 75.4 91.6 61.1 88.6 37.1 62.4 31.6 55.3
(15) (5) (10) (12) (6) (9) (21) (16)
99.0+ 98.0 204.5 62.7 103.5 44.3 82.7 34.2 55.5

(4) (5) (4) (5) (9) (9) (23) (17)

Note: (a) Costs are cents/ACFM.
(b) Numbers in parentheses are sample size, i.e., no. of installation contract prices averaged
to obtain indicated costs/ACFM (all precipitator manufacturers represented).
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PLANT FLY-ASH DISPOSAL INVESTMENT, $/KW
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Figure 6-4 - Plant Fly-Ash Disposal Investmentl/
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PLANT FLY-ASH DISPOSAL COST FOR 1967, $/KW
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Figure 6-5 - Plant Fly-Ash Disposal Cost for 19671/



I 1 1 1 I I I )
99.5 b= -
99 |~ “
—
Z
w
Q
& 98 |- -
o
>
O 97pF -
Z
g 96 P -
= 95) .
w = -
Z - -
O - —
— - -
g 90 = -
-—
O
Q
80 -
70 - -~
60"’ -
50 ¢~ -
1 | ] | ] | ] i {

100 200 300 400
COLLECTING AREA PER 1,000 CFM-SQ. FT.

Figure 6-6 -~ Effect of Sulfur Content of Coal or Collecting Area
Required in Electrostatic Precipitator

70



100 T T Y

90 |-

85 b~

80 |-

COLLECTION EFFICIENCY (%)

70 L 1
0 20 40 60 80

PERCENT OF MATERIAL
UNDER 10 MICRONS
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6.2.4.1.4 Wet scrubbers: Sprays are used to a limited extent in
the stacks of coal-fired units to control particulate emissions during scot
blewing. The prcblems that limit tke use of wet scrubbing include high
ccrrosion rates, high or fluctuating pressure drops, adverse effects on
stack gas dispersion, and waste disposal.

A turbulent contact absorber system has undergone testing for
absorpticn of 50z in alkaline solution and simultaneous removal of fly
&sh for a coel burning power plant. With this system, fly ash collection
efficiencies of 98% and overall SOo removal of 91% can be expected at wet
scrubber pressure drcps of about 4.5 in. w.g. For a generating capacity
of 25 megawatt equivalent to 100,000 cfir of flue gases at 300°F, the in-
vestment and operating costs are approximetely $10/kw and $1.17/ton of
ceal, respectively.}é/

Two limestone injection SOp removal systems, designed by Combustio:
Engireering, have been installed on operating boiler units. This design in-
corporetes a merble-bed wet scrubber having « 6 in. of pressure drop and
is guaranteed to remove 83% of the SOo and 99% of the particulate matter.él/

6.2.4.2 0il-Fired: The combined ash and unburned particulates
in exhaust gases Irom gaseous or liquid fuel combusticn are net likely to
excecd local air pcllution control statutes. For instance, the efficient
burning of a comxon heavy residuzl oil of 0.1% ash results in a stack gas
concentraticn of only 0.CZ0 grain/scf at 12% COp. Nevertheless, particu-
letes from oil burning are still principzlly in the submicron range (C.4 pu),
anc are in sufficiently large concentration to cause perceptible light
scattering.

The only air pollution control devices that have found ready
acceptance on cil-fired power plant becilers are dust collectors used to
control particulates during soot blowing . This equipment serves princi-
pally to ccllect particulate matter larger than 10 p. Small-diameter
multiple cyclones are the most common soot-control devices installed.

The emission from an oil-fired unit without special collection equipment .
is comparable to a coal-fired unit of better than 99% collection efficiency.=
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The use of an electrostatic precipitator for particulate removal
on an oil-fired stesm generator was tested on a pilot unit and a prototype
unit. Although control was outstanding on the pilot unit, stack emissions
from the fuli-scale unit did not comply with cpacity regulations.lé}

6.2.4.3 Gas-Fired: Control equipment has not been utilized on
natural gas eguipment.

6.3. INDUSTRIAL POWER GENERATION

Large industrial plants may generate their own electric power
or process steanm by the combustion of cozl, fuel o0il, ard gas. Emissions
from these combustion units parallel those discussed under electric
utilities (Section 6.2) obut are lower in totzl quantity vecause of a
smaller quantity of fuel burred.

€.3.1 Fuel ype

6.3.1.1 Coal-Fired: The stoker-type boiler is the dominant unit
used in industrial plants. Stoker units accounted for about 70% of the
coal burned by indusirial plants in 1958. Pulverized units (20%) and
cyclone (10%) accounted for the remaining coal corsumption. The pulverized
and cyclone units are generally associated with larger industrial com-
plexes, and are similar in design to thoss discussed under electric
utilities.

Stoxer units used include:

1. Spreader stoker,

Traveling grate

Stationary or dumping grate

Vibrating grate
Reciprocating grate

o o

2. Chain or traveling grate,
3. Water-cooled vibrating grate,
4. tiple retort underfeed, and

5. Bituminous Coal Research Automatic "Packaged".

73



Spreader-stoker units were descrived in Section £.2.1.1. Travel-
ing grate and chain-grate units have moving grates. These grates move
from the front to the rear and carry coal from the hopper in front through
& grate into the combustion zone. The fuel bed burns progressively to the
rear, where the ash is continuously discharged. Older units with natural
draft are fast disappearing; modern units have zone-controlled forced
draft. Complete combustion-control systems are utilized and overfire
air, especially in the front wall, is an aid to burning the volatiles in
the fuel.3

The water-cooled vibratirg grate unit consists of a water-cooled
grate structure on which the coal moves frcm the hopper at the front of
the toiler through the burning zone by means of a high-speed vibrating
mechanism automatically operated on a time-cycling control. As in the
traveling grate, the fuel bed progresses to the rear, where the ash is
continuously discharged. Forced air is zone-controlled arnd regulated,
a_ong with the complete coal and air system, through an automatic com-
bustion-control regulator.é/

Multiple-retort underfeed boilers usuelly consist of several
inciired retorts side by side, with rows of tuyeres in between each retort.
Coal is worked fror the front hopper to the rear ash-discharge mechanisms
by pushers. The forced-air system is zoned beneath the grates by means
of air dampérs, ard the combustior control is a fully modulating system.
In the larger furnaces the walls are water-cooled, as are the grate sur-
faces in some units. Multiple-retort underfeed stokers are declinirg in
use, giving way to spreaders and treveling-grate units.

The BCR automatic packaged beiler is a complete steam or hot
walter generating system, incorporating a water-cooled vibrating grate as
the firing mechenism. Coal is delivered from the storage bin to a hopper
frem which it travels on the vibrating grate to the fuel bed. Ash is dis-
charged avtomatically by means of a screw conveyor. The unit has com-
pletely automatic combustion controls so that coal feed to the hopper from
the bin and ash discharge is coordinated with load conditions. Forced
and induced draft fans are used.>

6.3.1.2 Q0il-Fired: Large industrial complexes will use =ssentially
the same design of furnace as is used in electric utility plants. These
units are discussed in Section 6.2.1.2. Smeller industrial cperetions
utilize lower capacity units with attendant lower flame temperestures. 1In
many cases ess attention is given to treatment of fuel and regulation of
ccmbustion air for smzall units. ©Neglecting either one often results in
reduced combustion efficiency.4 Boiler types used in smallier units are:
(1) steam atomizing, (2) pressure atomizing, and (3) centrifugal atomizing.

74



6.3.1.3 Gas-Fired: No detailed information was found on gas-
fired units in industrial applications.

€.3.2 Emission Rates

6.3.2.1 Ccal-Fired:Emissions from coal-fired industrial units
are affected by the same factors discussed in Section 6.2.2.1 for electric
utility plants. Emission rates are summarized in Table 6-~1. Emissions
currently total about 2.6 million tons/year with stoker-fired units
accounting for about 85% (2.2 million tons/year).

€.3.2.2 0il-Fired: The fly ash loadings for industrizl sources
may be slightly higher than those for the larger electric-generating
plants. Emission levels are dependent upon combustion efficiency and
rate of build~-upr of boiler deposits. Table 6-1 summarizes emission
levels for cil-fired industrial boilers. Current emissions are estimated
at about 100,000 tons/year.

6.3.2.3 Gas-Fired: Mesager data exist on emissions from gas-
fired units. Available intormation on emission rates is tabulated in
Table 6-1. Particulate emissions are estimated to be about 85,000 tons/
year.

€.3.% Cnaracteristics of Zffluents from Industrial Bollers

6.3.3.1 Coal-Fired: The characteristics of effluents from indus-
trial coal-fired units would parallel those from electric-utility sources.
Some differences in composition and particle size of the fly ash will occur
because of the differences in boiler types employed in industrial plants.

€.3.3.2 Oil-FirEG: Characteristics of emissions from oil-fired
industrial boilers differ in minor respects from those of electric-utility

boilers. Table 6-2 summarizes available data for these sources.

6.3.3.3 Gas-Fired: No detailed data were found on emissions
from gas-fired boilers.

6.3.4 Control Practices and Equipment for Industrial Boilers

€.3.4.1 Coal-Fired: Control equipment for coal-fired industrial
bcilers is very similer to that employed by electric utilities. Cyclones,
multiclones and electrostatic precipitators are used in both groups
although the use of electrostatic precipitators has not been as preva-
lent for induszrigl boilers.
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The increased erxphasis on reducing air pollution Las apparent_y
prempted many of the industrial coal-fired beiler operators to switch
over to oil or gas. This route to control may be a simpler mztter for
the industrial operatcr than for the electric utility operator who is
consuming larger quantities of fuel.

6.35.4.2 0il-Fired: The use of control devices on oil-fired
units is usually limitea tu periods when soot-blowing operations are in
progress or in areas where restrictive legislation requires low particu-
late loadings and low opacity of stack effluents. Multiple cyclones and
electrostatic precipitators have been used for these purposes.4

6.2.4.3 Gas-Firad: Control equipment has nct been utilized on
natural-gas equionmernt.
6.4. COMMERCIAL, INSTITUTIONAL, AND RESIDENTIAL FURNACES

Commercial, institutional and residential furnaces are primarily
used fer space heating. The generzl character of emissions from these
sources would parzliel that of electric utility and industrial sources,
with allowance made for differences in furnace types and operating pro-

cedures. In general, combusiion efficiency will be lower in these units
and outlet grain loadings higher as a result.

6.4.1 Fue. Type
6.4.1,2 Cozl-Fircd: Small stoker-type boilers are the main units
usad in commercial, institutional and residentizl operations. In some
cases hand-fired equipment may be employed, but such installations are
fast disappearing, and are being replaced with automatic firing.
Stoker urits include:

1. Underfeed stokers,

a. Single retort (residential)
b. tiple retort

2. BCR Auto Packaged, and
3. Smell spreader stoker
a. ©Stetionary or dumping grate

b. Waser-cooled vibrating grate.
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In the residential underfeed stoker, the coal is fed from a
hopper or directly from the coal storage bin to the retort by a continuous,
rotating screw. Coal rises into the firing zone from underneath: thus
the term "underfeed firing”. Air is delivered to the firing zone through
tuyeres (grate openings), also from underneath the actively burning bed.
The coal and primsry air control is "all on" or "alil off". Ash is removed
as & clinker from a refractory hearth through the furnace firing door.

The general arrengement of the single retort unit for commercial
and institutional use is similar to the residential unit, with "dead" plates
replacing the refractory hearth. As sizes become larger, screw feeders
are replaced by a mechanical ram, which feeds coal to pusher blccks that
distribute the coal in the fire box. Ash is discharged by side-dump grates.
Modulating combustion controls, i.e., variable control of both fuel and
air rates, are often used. Forced drzft is automatically regulated, and
separate over-fire air systems are used, particularly when on-cff controls
are used. A bridge wall retains tke coal over the stoker gra.’ces.:5

The multiple-retort, BCR automztic packaged boiler, and spreader-
stoker units are described in Section 6.3.1.1.

6.4.1.2 0il1-Fired: Boiler types are similar to the small units
discussed in Section €.3.1.2.

€6.4.1.3 Gas-Fired: Nc pertizent information is available on gas-
fired units for these installations.

6.4.2 Emission Rates

Data are mesger on emissions from all types of units used in these
facilities. In gencral, lower combustion efficiency than that experienced for
utilities or industrial units is expected to leed to increased outlet grain
~oadings.

6.4.3 Characteristics of Effluents

No pertinent data on effluent ckaracteristics were found for this
class of furnsaces.

€.4.4 Control Practices and Equipment

Control equipment is not generally used on these sma’l furnaces.
Reference 16 discusses thes use of various combustion-improving devices to
reduce erissions of smoke, carbon monoxide, nitrogen oxides, and total gaseous
hydrocarbons from high-pressure atomizing-gun burners used in domestic oil-
fired furnaces. The devices (primarily improved nozzles ) ware designed to
improve combustion in older inefficient furnaces. Laboratory tests indicated
that the devices offer potential for reducing levels of pollutants.
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CHAPTER 7

CRUSHED STONE, SAND, AND GRAVEL INDUSTRIES

7.1 INTRCDUCTION

The ccnversion of naturally occurring minerals into crushed stone
sand, ané gravel invclves a series of physical operetions. Quarrying, trans-
portaticn, crushing, size classificatior, and drying are common to almost
all mineral production procedures. Air pcliution problems mey te created
by all of these opereaticns. The dust emitted is usually a heavy dust re-
leased et ambient temperzture, and these emissions can be considered o te
a nuisance to the community. Processing methcds, particulate emissicn
sources, emission rates of indlvidual pariiculate sources, the character-

istics of source emissions, and control practices and equipment are éiscussed
in the following secticns.

7.2 CRUSHED STONE

7.2.1 Produciion Process

The initial ster in the processing of crushed stione occurs at the
guarry site. Rock and stcne producis arc loosened by drilling and blasting
from their deposiz sites. Primary crilling, primary blasting, and secondary
tlasting or breakage comprise the principal steps in the quarry operation.
The seconcary blasting operatiorn in many quarries is now either eliminsted
by oetter fragmentation during primary blasting, or by the use of “drcp ball"
cranes. Tractor-mounted &’r or hydraulic coperated "rock-splitiers" have
prover. satisfactory for some operations.&

The troken rock or stone is transported from the quarry to the
processing plant. Transport is usually by truck or heavy earth moving
equipment. The processing cf stcne includes such operations as drying,
crushing, pulverizing, screening, and conveying. Primary crushers will
normally reduce stone to 1-3 in. in size. Seccndary crushers ars used
to reduce stone to sizes below 1 in. Fecllowing the processing opera-
tions, the stone or rock is loaded for shipment t¢ the custcmer cor sent to
storage.

7.2.2 Emission Sources and Rates

Perticulate emission sources in the crushed stone industry can be
divided into two categecries; first, sources asscciated with the actual
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quarrying, crushing, scrcening, and processing operations; and seccnd,
"fug:tive" sources involving reentrainment of previously settled dust.
These fugitive sources Include vehicle traffic on temporary rcads, transfer
opcratiorns, and stockpiles.

The use of rneumatic drilling and cutting as well as the blasting
end transferring can cause considerable dust formaticn at guarry sites. The
transport cf stone by venicle creates dust from unimproved roads. No quan-
+itative data is available or emission rates from these scurces.

Rock processing operations (i.e., crushing, pulverizing, classify-
irg) are potentizl dust sources. Dust is discharged from crushers and grinde
inle* and cutlct perts. Factors affecting emissions inelude moisture con-
tent of the rock, type of roeck processed, amount of rocx processed, and type

cf crusher emzloyed.

Scme mlinerals require drying prior to processing. Dryers are
usually direct-fired, either parallel cor counter fliow, rctary units. Par-
ticulate emissiocns from éryers can be significant, ani ihe amount emitted
varies with type of mineral prccessed, degree of drying, and dryer type.

s (i.e., windblown

A mejor "fugitive" dust source is stocxpil
% 1 sity of material, mois-

dust). Losses vary with size cf stored ma

turc content, and wind speed.

Actual test data on emissions from the above scurces are limited.
Th2 limited emissicn data are presented in Tatle 7-1. The factors used in
estimeting the particulate emissions from the crushed stone indusiry were
cbiained frcm Reference 2. Table 7-1 does not irclude dust blown from stock-
piles. tockpile lcesses due tc wind erasicn have been estimated at 0.5%
cf finished prcduct for crushed stone.g ™e potential amount of dust
that could arise from stackpiles in crushed stone storage areas is abcut
3.1 mtilion *tons per year. Factors which wculé reduce this estima*e are:
(1) the amount cf product which is loaded for shipment directly from proc-
essing without being sent to stockpiles; (2) the amount stored in bins and
silcs; and (3) anount cf product which has sufficient moisture content at
the time of discharge tc stockpiles tc irhibit the formation of dust by
wind erosion.

Nc estimate has been mede of dust emissions freom quarrying or from
vehicle traffic over unpaved or paved plant roads.

7.2.3 Zffluent Characteristics

Meager data exist on the physical and chemicel properties of dust
emitted in crushed stcne operations. It is usually a heavy dust emitied at
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TABLE 7-1

PARTICULATE EMISSIONS

CRUSHED STONE, SAND AND GRAVEL

Efficiency Application Net

Emission of Control of Control Control Emissions
Source Quantity of Material Factor Ce Cy, Cc-Cy (tons/year)
I. Crushed Stone
A. Primary crusher 681,000,000 tons ( cement, 0.5 lb/ton
lime & dolomite not of rock2
B. Secondary crushing & screening included) 1.58/
C. Tertiary crushing & screening 6.05/
D. Fines milling 6.02/
E. Re~crushing & screening l.OE/
15.02/ 0.80 0.25 0.20 4,100,000
F. Conveying, general screening, 1.7 1b/ton 0.80 0.25 0.20 454,000
etc. of product
G. Dryers - - - - -
II. Sand & Gravel - crushing and
screening 918,000,000 tons 0.1 1b/ton
of material 46,000
III. Quarrying
A. Drilling -- - -- - -
B. Blasting - - - - -—-
C. Loading - unloading - - - - -
IV. In-Plant Vehicle Traffic - - - - -
Total for Crushed Stone, Sand and Gravel 4,600,000

a/ Pounds/ton of rock through the primary crusher.
E/ Listed emission factor is S lb/ton of rock re-crushed.

Twenty percent of product is assumed to be re-crushed.



ambient temperatures. The majority is falirly ccarse and contains some
mcisturc. Figure 7-1 presents particle size date for the varticulates cmit-
ted from a jaw crusher and & conveyor system.

7.2.4 Contirol Practices and Eguipment

Control measures cconsist of weitting and sprinkling tc minimize
dusting and proper lceding and evacuation to collect dust from crushing an
screening squipment and transfer points. Cyclones and water spray chamters
ere the present chief means cf ccllecticn of thais dust. Bag fil<ers or highk
efficiency water scrubbers are used irn locations where siringent emission
standards rust be met.

7.2.4.1 Quarry Operations: Therc ar: meny scurces of dust associ-
ated with crushed stone cperaticns and most of these are of the "fugitive'
type. 3Blasting is one of these sources wrich ceccurs intermitzently.

In convenzionzl mining of coal, water-filled plasiic bags are
used for stemming dus: cmissions frcm blast holes, Their us2 in conjunction
with an air-and-wa<er blas+ results in a consideratle reduction of the dust
from blasting-é This technique may be apolicable =o blastirg operaticns
in stcne quarriecs.

A methcd ¢ suppressing dust from cdry percussion drilling in
quarrics and cpen pit mines has been developad. Water with an edded weting
agent is intrcduced into the air used for flushing the drill cuttings from
the hcle. Dilution ra<ics range from 8CO tc 3,800 parts of water tc cne aof
surfactant. The prcper amount cf scluticn, atcuil 7 gal/hr for e 3-1/2 in.
dia. hole, causges the drill cutting to be ©lown frcm the hele as damp dust-
free pelle:s.—7

For primary olowing operations, it nas been reporied that initi-
ation of detcnetion with multi-delay devices and the complete combustion of
the explcsive compound result in low dust emission.i/

7.2.4.2 Transport Operations: The loading and unloeding cf tlasted
stone also usually releases dust into the atmosphere. Wetting of the brc-
ken stone can effectively decrease fhe dust emissicn tut this is nos a com-
men practice. Wetting the surface ¢f a load in a transport vehicle will
recuce windage less during transport.

The trarsport of stone by vehicle creates airborne dust from un-
improved roads. This can te minimized by frequent wetting of +the road.
Olliing cr wetiing with CaCl, can reduce the required frequency of wettirg.
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Unpaved plant rcads can be a constant source of #trouble in dry
weather. Calcium chloride can be applied at a cost cf approximately
$0.15/sq yd treated/year. The principal problem with calcium chloride
treatment of rcads is corrosion of vehicle bodies ard timing the applica-
ticns relative to weather. Treating roads with ocils of various types, at
least once a month, will do an excellent job of contrclling unpaved roads
at a cost of approximately $0.10/sq yd treated/year. The use of water
trucks with high velocity side flush can be used to control dust. However,
the opinion has been expressed that the use of a water truck on unpaved
roads in the hct summer is virtually a complete waste of time.é/

7.2.4.3 Crushing, Screening and Transfer Operations: The simplest
ard least expensive means of controlling dust in a crushing and screening
operation is thro the use of wetting agents and fine water sprays at
critical poin‘ts.4

The use of untreated water sprays for suppression of dust from
handling and storing materials requires that approximately 5 to 8% moisture
oy weight be applied. However, when the water has been trecated with a
surface active agent the moisture addition required may be reduced to 0.5
to l%.s Once the material has been adequately sprayed and dustprocfed
it may be conveyed through several transfer pcints without requiring further
treatment.

Water sprays are used successfully to contrcl dust at transfer
and urloading points. Experimental use of a high expansicn foaming agent
=
reduced dust counts at belt-conveyor transfer points by 50%.2

Steam has been used to alleviate dust at transfer voints of con-
veyors in cocel preparation plants, etc. The effectiveness of dust suppres-
sion by steam is attributed to the reduced surface tension of hot water.g/

7.2.4.4 Stockpiles: Stockpiles of minus 3/16 in. material can be
a dust problem in dry or windy weather. An econcmical solution to this
problem is difficult to find.Z/ Various mecharical means can be used to
minimize dust as the product is dropped onto the pil.e.6

Another approach to dust conircl is the use of chemical binders
for application to the surface of stockpiles. The chemical coats the top-
most particles with a thin film causing them to adhere to one ancther. As
long as the crust remains intact the stockpile is adequately protected
against windage losses. By adding a colcring agent to the binder, treated
areas can be readily identified to detect those that may not have been
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coated properly. The normal rate of application is 1 gal/lOO sq ft of
surface area.5/ Application of water from sprinkler systems has also been
found to te a method of reducing stockpile losses.}/

7.3 BSAND AND GRAVEL

7.3.1 Production Process

The raw meterials for sand and gravel plents may be dredged from a
river or quarried ard then transferred by vehicle to the crushing ané screen-
ing equipment. Materiel is frequently weshed prior to processing to ottain
a product which meets users' specifications. Preliminary scrcening, prior
1o crushirng, is also practiced irn some plants. Wet and dry scrcening mey
be used. Fcllowing processing and classification. the material s loaded
for shipnent or siockpiled In storage areas.

7.3.2 Emission Sources and Rates

Particulate emissicn sources in sand and gravel processing parallel
these in crushked stone preparsticn. The crushirg, screening, and transfer
operations can all generate significant quantities of dust. Emissicn rates
are affected ty moisture ccntent of processed materials, degree of size re-
duction regzired, and type cf equipment used for processing.

Observations from numerous plants indicate that a major scurce of
dust, In eddiilon to those esscclated with the plent equipment, is from
vehicle traffic cver unpaved rcads or paved roads covered with dust.8
Stockpile losses would also contribute to the dust turden. Stockpiles of
Tire sand would be susceptible to wind loss.

No informztion has been found on emissicn factors from sand and
gravel plants. One sampling report, furnished by a state agency, listed
overall emissions as 0.06 1b. of dust/"ton of material through the plant."”
This report listed the discharge of the secondary and reducing crushers
and the elevator boot on the "dry side" as the dust sources. Seventy-five
percent of the dust was estimated to came from the crushers. Based on
this limited information, an overall emission factor of 0.1 1b. of dust/
ton of product was assumed for sand and gravel plants,

Teble 7-1 summarizes the estimates of emissicn levels from sand
and gravel plants, Table 7-1 doces not include dust blown from stockpiles.
Stockpile losses due to wind ercsion hgve been estimated =t 1% of finisked
product fcr sand and 0.5% for gravel.i Most stockpiles are merely ground
Piles; however, silos and bins are also used. Potential "fugitive" dust
emissions from stcckpiles in sand and gravel plants are estimated tc be
about 5.5 million tons/year.
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No estimate has been mzde of dust emissions from quarrying or
from vehicle traffic over unpaved or paved plant roads.

7.3.3 Effluert Characteristics

Limited data were found on the characteristics of effluents from
sarnd and gravel plants. Stock sampling data for sand and gravel dryers,
obtained from state control agencies,?,10/ indicated that outlet grain
loadings ranged from 5.8 to 38 grains/ft3. Mass median particle size of
the particulates eritted from the dryers varied from 3.5 to 9.4 .

7.3.4 Control Practices and Equipment

Specific information on control practices and equipment utilized
in sand and gravel planis is limited. Since meny of the operations parallel
those of the crushned stone industry, similar control practices and equip-
ment are undoubtedly employed.
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CHAPTER 8

OPERATIONS RELATED TO AGRICULTURE

8.1 INTRCLUCTICN

The agriculture industry as considered here includes such diverse
operations as field burning, grain elevators, feed mills, and cotton gins.
Obviously, emissions from these operations are highly variable.

Open burning of agricultural wastes i1s practiced in many areas
as the most practical means of clearing the land of these wastes. This
practice can contribute a high concentration of pollutants to the atmo-
sphere. Grain handling facilities constitute a major dust problem in some
urban areas. Furthermore, in less densely pcpulated areas a grain facility
may be a nuisance to people in the immediate vicinity. Cotton gins also
present primarily a localized air pollution problem.

Various phases of the agriculture industry, particulate emission
sources, particulate emission rates, effluent characteristics, and control
practices and equipment are discussed in the following sections.

8.2 AGRICULTURAL FIELD BURNING

Disposal of agricultural wastes is imperazive because the refuse
piles act as reservoirs of horticultural diseases and agricultural pests,
Open burning is currently the mosi practical means of accomplishing this
disposal.

Emissions into the atmosphere from the burning straw and stubble
are characteristic of vegetative plant sources generaliy. Cellulose and
lignin are the primary constituents of plants. Emissions consist of smoke,
made up of carbon particles of varying sizes, ash, and certain gases. Most
of the carbon particles are minute in size and indistinguishable without
visual aid, while others are readily visible. The former are a major factor
in reduced visibility, while the larger particles, which settle out more
readily, sre factors in soiling and deposits on property. The principal
gases emitted ere the organic hydrocarbons, carbon dioxide, carbon monoxide
and oxides of nitrogen.~ Open burning emissions are affected by many
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variables including wind, ambient temperatures, moisture content of the
fuel burned, size and shape of fuel, and compactness of fuel bed. Table 8-
gives typical data for particulate emissions from rye-grass burns and

Teble 8-2 summarizes emission rates. It is estimated that agriculturel
field burning emits about 2.4 million tons of particulate/year.

TASLE 8-1

PARTICULATE EMISSIONS FROM RYE-GRASS BURNSL/

Grass Variable Low Average High
Annual Suspended particulate, mg/m> 11.4 25.6 46.8
Annual Percent organic matter in

SIoxe 13.3 37.4 63.9
Perennial  Suspended particulate, mg/m’ 20.4 39.4 56.3

Perennial Percent organic matier in
smoke 19.9 38.8 72.8
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I. Burning of Stubble

II. Grain Elevators

TABLE 8-2

PARTICULATE EMISSIONS FROM

OPERATIONS RELATED TO AGRICULTURE

Source Quantity of Material

A. Terminal Elevators
1. Shipping or Receiving
2. Transferring, Conveying, etc.
3. Screening and Cleaning
4. Drying
B. Country Elevators
1. Shipping or Receiving
2. Transferring, Conveying, etc.
3. 3creening and Cleaning
4. Drying
Total for Grain Elevators
III. Cotton Gins 11,000,000 bales
A. Trailer Unloading
B. Cleaners
C. Stick and Bur Kachine plus Huller
Front and Mote Discharge 8tand
D. Lint Cleaner
E. Condenser

Total for Cotton Gins

IV. FPeed Mills

A.

QEmoow

V. Flour Mills

Alfalfa Dehydrators
1. Primary Cooling Cyclone
2. Secondary Cooling Cyclone
3. Air-Meal Separator

a. Cyclone

b. Cyclone + Skimmer
4. Pellet-Mcal Separator
S. Pellet Re-Grinder

Total for Alfalfa Dehydrators

Wheat Mill-Feeds 4,490,000 tons
Gluten Feed and Meal 1,515,000 tons
Rice Mill-Feeds 476,000 tons
Brewers' Dried Grains 336,000 tons
Distillers' Dried Grains 447,000 tons
Dried Beet Pulp 1,100,000 tons

280,000,000 tons of stubble 17

177,000,000 tons of grain

[ IS, B VI g

~ ® WU

[0 VI

1,600,000 tons of dry meal

Emission Factor

1b/ton of stubble burned

1b/ton of grain handled
1b/ton of grain handled
lb/t,on of grain handled
1b/ton of grain handled

1b/ton of grain handled
lb/t.on of grain handled
1b/ton of grain handled
1b/ton of grain handled

1b/bale
1b/vale
1b/vale

1b/bale
1b/bale

1b/ton of dry meal
1b/ton of dry meal

1b/ton of dry meal
1b/ton of dry meal
1b/ton of dry meal
1b/ton of dry meal
(as an average)

1% of end product
1% of end product
1% of end product
1% of end product
1% of end product
1% of end product

Total for Feed Mills Other Than Alfalfa

112 1b. per eapita

Application

Efficiency Net

of Control of Control Control
Cc Ct¢ [
0.0 0.0 0.0
0.70 0.40 0.28
0.80 0.40 0.32
0.85 0.50 0.42
- - 0.42
- - 0.42
-- -- 0.42
-- - 0.42
-- - 0.42
- -- 0.42

TOTAL FOR LISTED OPERATIONS

Emissions
tons/yr)

2,400,000

1,700,000

45,000

23,000

26,000
9,000
3,000
2,000
3,000

6,000
49,000

4,217,000



8.3 GRAIN ZLEVATCRS

Grain elevators are primarily transfer and storage units and are
classified into two categories. These are the smaller more numerous
country elevators and larger terminal elevators. In addition many elevator
locations also contain feed manufacturing facilities. Particulate emis-
sions occur because of the dry, light nature of most grains and the way
they are handled via pneumatic and mechanical conveyors. A wide variety
of grain-handling configurations are possible at elevator sites depending
on the number and quantity of grains handled, and the amount of processing
required. At grein elevator locatioms any or all of the following opera-
tions can occur:

Receiving, transfer and storage
Cieaning

Drying

Milling end grinding.

Recelving and transfer operations are accomplished by unloadirg
the grain, usually by durping irnto a bin followed by conveyor belt or
rpeumatic transfer. Cleaning operations are designed to eliminate im-
purities such as sticks, stones, and other foreigr matter. Both screen-
ing and air classifiers are used to separate grain and foreign matter.

8.%2,1 Enission Sources and Rates

Emissions from grain operations may be separazted into those
occurring at all elevators involving transfer losses, and those occurring
at processing operations such as cleaning, drying, and grinding. Emis-
sions are greetest at the loading and unloading areas, especially when
these operations are carried out in the open. Fallirg or moving streams
of particles inspirate a column of air moving in the same direction.
When this moving mass of particles strikes an immovable object, the
energy expended czuses extreme air turbulence and a violent generation
of dust cccurs. This undesirable situation occurs when trucks and rail
cars are dumped into deep hoppers and also when rail cars and the holds
of cships are loaded.

Lesser sources of dust emissions in transfer operations are
conveying equipment and storage bins. Belt conveyors have less rubbing
friction than either screw or drag conveyors and generate less dust.

Dust emissions usually occur at belt transfer points as materials fall
onto or away from a belt. The discharge points of pneumatic conveying
equirment are also potential sources of dust emissions. Storage bins
vent dust-laden air fram two sources. One source is air displeced during
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loading operations. As the incoming material falls freely from a spout
at the top of the bin, dust is mixed with the air in the bin. The other
source is air inspirated by the flow of incoming material.

Factors affecting emissions from grein elevator transfer opera-
tions include the types of grain, the moisture content of the grain
(usually 10-20%), amount of foreign material in the grain (usually 5%
or less), the amount of moisture in the grain at the time of harvest
(hardness), the amount of dirt included with the grain during harvest-
ing, and the degree of enclosure at loading and unloading areas.2

The grain processing operations may include wet and dry milling
(cereals), flour milling, oil-seed crushing, ard distilling. Wet milling
by its nature is not conducive to mzjor dust formetion, although dust may
escape from dryer cyclones. Dry milling, however, is scmewhat more dusty
in its operation. Most handling and transfer in these operations is
poeumatic, allowing good dust control. Oil-seed crushing generally is
not conducive tc major dust generation, but losses can cccur from extract-
ing and drying operations and from cyclone collectors used on these opera-
tions. Grain distilling operations also are not conducive to mejor dust
fcrmation although particulates can escape during unloading of grains and
be entrained in the gaseous discharge from cooling operations. The major
problem with these operations is odor emissions.gi

Drying is usually accomplished in rotary, cclumn, or shelf
dryers using heated ailr as the drying medium. The material emanating
from the dryers 1is generally not classified as dust but rather chaff or,
in the case of corn, "beeswing." Although the particle size is large,
it is extremely light end filmy. This material will carry for miles on
a windy day if it is released from a source sufficiently high above the
ground.

Grinding msy be done in a variety of devices in either a wet
or dry state. Common devices used include hammer mills and rollers.
Many of the large terminal elevators also process grain et the same
location.

Factors affecting emissions fram grain processing operations
include the type of processing (wet or dry), the emount of grain processed,
the amount of cleaning, the degree of drying and heating, the type of
dryer, the amount of grinding, and the type of grain.2

Emission rates for grain elevators are sumrarized in Table 8-2,
Current particulate emissions total 1.7 million tors/year.
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8.3.2 Effluent Characteristics

Available data on the chemical and physical characteristics of
effluents from grain elevators are summarized in Table B-3. Particulates
emitted during railroad car lcading of oats and wheat have a geometric
mean size of 3.1 and 2. Grain dust presents a high explosive hazard.

8.3.3 Contrcl Practices and Eguipment

ir pollution from feed and grain mills consis<ts entirely of
dusts. These dusts, though varied, may be collected by inertial devices
and fabric filters.

For receiving hoppers used for unloading, the best method of
hooding is to exhaust air from below the dump grating tc a febric filter
or cyclons-filter combination.é/ One of the most difficu’t to control
exission sources is that cccurring wher grain is poured into the hold of =z
ship.é/

The duct work for a dust-collection system generally is sized
based on the volume of alr necessary for each hcod inlie: and pickup point,
and a base velocity of 4,000 ft/min in the duct. Velocities of < 3,500
ft/min will permit settliing of dust in long horizontal ducts. If dust
settles and accumulates in duct work, it provides a harboragz and pcint
of insect infestation. Careful attention should be given tc design cf
duct worx to avoid projections in tke duct which will permit accurulation
of dust and subsequent infestation by insects.§/

One development reported in a recent articleg/ is a ccmpletely
enclosed belt conveyor. The bzsement of the storage elevator, which houses
the conveyor, is kept under slight positive pressure so that no dust can
leak from inside the coaveyor.

6.32.3.1 Cyclones:.- Cyclones are used with great versatility in
grain elevators and in feed milis. Nearly all cyclones are of the simple,
low or medium efficlency types.

8.3.3.2 Baghouses: Fabric filters can provide high efficiency
dust collection for most services associated with feed and grain operationm.
However, they do not find application in grain drying due to the high
moisture corntent of the effluent gases from the dryer.



TABLE 8-3

EFFLIENT CHARACTERISTICS - CPESATIONS HETATED T AGRICULTIRE

A. Particulste {Pare I)

Solids Particle Electrical Moist.re
Source Particie Size loading Cheamizal Compesitinn Lersity Resistivity Cortert Texjrtey
Agriculture
Industry
1. Field burning
a. Rye-arass field Suspenisd particulates: 11-56® avg., Carxn, asb
Rean particle size: 2.5
¢.5
2. Grajn slevators
a. Railroad car Optical: Oats 248 See Tanle 8-4 for 1.8 <t oew
lamding Cecmetlric pesn detatied compes:. ered toxic. b
sige, 3.1 e cause respiratsry
{1 test) symptors ard Siin
wWheat: genmetric rash ¢n prelarged
mean site, 2.1 expoBLre
{1 test)

b. Conveycr systexm
(1 plant)

Cr.aff, cran. weed
seed. poilen.
dir:, insect

c. Cleanirg

Farts
4. Dryirg Chalff
3. Flaur mill 435 Flour dust
4. Teed mill
a. Fred tarley 1.8
rapereill
€, Alfalfws debydrati:g
Bill
a. Primary coclirg D.LeC.2
tyclore
b. 3Jecondary ccCling Averuge sguiva.snt 0.2-C.4 2.25
cyclione Stokes' &in., 5-7
2. Air mesl separaZter Average equive 9.2-2.3 See Tarle £-5 for 1.2
Stckes' a1a.. 1.5-2 detsiled coopo-
s:tion
d. Pellet mesl air Averags egiivalent 1.0
separatos Stokes' dia. . 6.1l
e. Pellet regrapd Average sguavAlernt 1.7 124
1ir fepaATatnT Steknzt Aia., 3
6. fCo%ian ginrarg
A, (in C.0219-0.85 Trash. dus:, iint,
(Zeperdent ard pesticas
upon sertling residue
poirt)
b. Inetnerater Fly ash, soske. M
ATSERLT
A. Parilculate (Psri II)
rygroscopic Fimmmabilicy or
Sour e Solubility Weetabiliity Craragreristics Expiloatve Timite Handling Thorer-arigine ircpertias sy
Agriculture Industry
3. Field burning
2. Qrain elevators Grain dust pregents Grairs ore gepnerally noe
a high explurive atracl sticky, or
uazard cerrosi
3. Cotten ginning
a. GCin Festictde rasidues may pa
corrosive
b. Incinerator horid

+ See Coding Xey, Table 5.1, Chapzer 5, page 4, for unita for individusl effluent prupert.eg.
* Miliigrens per c.lic mater.
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B. Carvier Gas
Source
Agriculture
Isduwatry
1. Field durning
e, Rye.grast
fleld
Z. QOrain elevators
4. Railpoad car
loading
b. Cleaning
¢. Dry‘ng
3. Flow mill
4. Peed mill
a. Peed barley
harmernill
S, Alfaifa dehydrate
ing m1ll
s. Primary cool-
ing cyclona
b, Becondary coole
ing ¢ycione
€. Alr meal
separater
d. Pellet meal
air separator
e. Pellet regrind
separator
6. Cettam girnning

a. Cin
b. Incinerstor

Flow Rate

Milo and malted
barley clieansr

(a) 2.6-3.7
(v) 6.6-42

(a) 8.8

(b) s (L w=mill)

{a) 8.5
() ¢50-620

{a) 1.2e1.8
{b) 84-74

{a) 2.5-6.4
{»} 1e8.250

{a) 3.8-¢.9
(b) 100.120

(a} 2.7-20.5

Ambient

Amdient

Iry balbd,
340
Wet »ulh,
152-175
Sry wualn,
125-140
Vet buld,
8587
Iry bul>,
85-139
Wet b,
75.9C
Dry >ulbd,
1i0-127
Wet Suld,
94-95
Iry duld,
120
Wet buib,
0

Noisture
Content

J.274-0.48%
dmw poirt
ie4-172

0.0)3-0.C19%
dew pelot
88475

0,026-C.02%s
dev peint
72-78

0,027-0,C33e+
dew peipt

87.93

0,C24%s
dew peint
82

TABLE 8-3 {Cceciuded}

Chemicat :m_p:u:icn

Flammarillty of

Expiosive Limits

Taxicity Corrosivity Cdor

€o,, €0, By, Cp,
rydracarhens, NG,
{see Tab.es 8-6,
8-7 for mcre de-
talled data)

0y, Nz, 0z

Air

cC,, SCy Wy 9y
argenic camuIands
apd cther gases
charectericti:
of cctton watte
pyrolysis
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TABLE 8-4

ANATYSIS OF ATIRSORNE DUST COLLECTED IN
VICLVITY OF RAILWAY CARS DURING LCADING

Percent by Weight

Oats Wheat
Organic fraction 82.2 87.2
Inorganic fraction 17.8 12.8
Free silica in total dust 8.0 7.4
Free silica in organic fraction 2.3 1.5
Free silica in inorganic frzction 5.7 5.9

TABLE 8-5

PARTICULATE AND PRODUCT ANALYSZS
(ALFALFA TEHYDRATING MILL)

Protein Carotene
Content Ccentent
Particulate Source Percentage {IU/1b)*
Company A
Air meal separator 2:.20 107,800
Company B
Air meal separator 21.60 77,300
Company A
Pellet meal zir separator 18.90 88,900
Company B
Pellet meal air separator 19.25 84,900
Company C
Pellet regrind air separator 26.60 145,900
Product
Company A, Pellets 15.0 100,000
Company B, Pellets 14.1 88,000
Compary C, Meal 17.3 132,000

% International Unit, IU, for carotene {pro-vitamin A) is defined as the
biological activity of 0.6 pg of g -carotene,
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TABLE 8-6

YIELDS OF VARIOUS POLLUTANTS FROM GRASSES}/
BURNED IN LABORATORY TOWER

Pounds/Ton of Grass Burned c NO, at
Percent Sat.2/ Balance Temp. Peak
Grass Moisture Particulate C02 CO ¢  + Acet. Olefins Ethylene (%) (ppm)

Dry Series

Blue 5 16.5 2,786 147 18 3.3 3.1 2.4 107 72
Perennial Rye 6 12.0 2,483 104 14 2.1 3.2 1.4 100 49
Bent 2 14.0 2,557 124 14 2.1 2.0 0.9 98 21
Annual Rye 9 10.5 2,666 85 8 0.9 1.2 0.6 103 23
Fescue 9 13.0 2,737 122 12 2.5 2.4 1.2 107 45
Orchard 15 11.5 2,469 89 7 1.2 1.2 0.7 100 27
Dry-Green Series

Blue 23 15.0 2,407 95 8 1.0 2.0 1.2 111 44
Perennial Rye 71 26.0 678 106 19 2.4 5.6 3.4 77 4
Bent 60 24.0 1,277 109 19 2.1 5.0 3.1 94 13
Annual Rye

1 20 9.0 1,855 56 4 0.4 1.0 0.6 103 37

2 55 11.0 969 60 6 0.8 2.4 1.8 102 -
Fescue 66 17.0 925 77 9 1.2 2.6 1.8 94 8
Orchard

1 66 18.0 645 86 14 1.4 3.3 2.1 87 12

2 47 17.0 1,558 113 16 1.7 4.0 2.3 90 S5

a/ Without methane.
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TABLE 8-7

RESULTS OF SUMMER 1967 FIELD BURNS OF VARIOUS GRASSESE/

Ambient Wind

Burn Lb. Particulate/ Lb. cO/ Lb. Hc/ Temp. R.H. Speed

No. Grass " Ton Fuel Ton Fuel Ton Fuel (°F) (%) (mph)
2 Blue 81.23 238 14,75 89.8 32 9
3 Orchard 15.54 130 10.78 71.5 50 6
4 Orchard 8.47 140 11.18 90.2 24 6
S Perennial Rye 10.23 133 10.68 70.5 61 3
6 Red Fescue 1.31 102 9.14 79.8 64 11
7 Red Fescue 12.65 120 9.90 88.0 34 0
9 Perennial Rye 8.78 118 9.41 80.0 51 2
10 Perennial Rye 8.75 107 9.41 80.0 62 1
11 Red Fescue 5.24 126 10.02 84.0 64 12
12 Annual Rye 3.33 108 10.27 100.0 24 9



8.4 ALFALFA DEHYDRATING MILLS

Dehydrated alfalfa is a meal product dried rapidly by artificial
means at temperatures above 212°F. The general method of operation is to
harvest the alfalfa with a self-propelled or tractor-drawn chopping machine.
The chopped alfalfa is then transported as quickly as possible to the
dehydrating plant where it is dumped onto an automatic feeding device and
fed into a dryer at a uniform rate. Practically all of the dryers are of
the direct-fired, rotary type. The products of combustion leave the com-
bustion chamber of the furnace (most units are gas- or oil-fired) at a
temperature in the neighborhood of 1800 to 2000°F. The chopped, wet alfalfa
is discharged from the feeder into this hot flue-gas stream which is being
pulled through the dryer by a fan at the ocutlet end. After passing through
the rotating drum section, the moisture content of the material will be in
the neighborhood of 7 to 9% and the flue-gas temperature will be 250 to 350°
Customarily, the material is then blown to a primary cooling cyclone in
which the dried material is separated from the now moisture -laden flue-gas
stream. The effluent from this cyclone (Figure 8-1), usually billowing
clouds of condensed steam, is the first of a series of atmospheric emis-
sions from the alfaifa dehydrating plant.

From the primary cooling cycione, the dehydrated alfalfa is
passed through a secondary cooling cycléne, a grinder, and finally & third
cyclone which collects the meal for bagging, bulk storage or pelletizing.

To minimize storage and shipping space reguirements, the meal is
often steam-extruded into pellets which are subsequently air cooled. The
coolant air entrains small pellet chips and unpelletized meal. This par-
ticulate matter is then separated from the coolant air stream and recycled
tc the pelletizer. Separation is accomplished in a fourth cyclone, the
pellet meal air separator, which constitutes a potential source of air
contamination.

For formula feeds the pellets are reground, an operation found
only in the larger dehydrating mills. This process consists of conveying
the pellets from storage to a hammer mill, grinding the pellets into a
meal, and pneumatically conveying the meal to the pellet regrind air
separator, and thence to the blender, bagging equipment, or to bulk ship-
ping facilities. The discharge from the pellet regrind air separator is
a possible source of air pollution.l/

8.4.1 PEnmission Sources and Rates

Objectionable emissions from alfalfa dehydrating plants include
dust from the various separators, and odors from the volatile matter
driven off the alfalfa with the moisture and combustion products emitted
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tc the atmosphere.l/ Enission rates from alfalfz dehydrating plants are
summarized in Tadble 8-2. Particulate emissions currently totsl about
23,000 tons/year.

8.4.2 Effluent Characteristics

Table 8-3 sumparizes availabtle date on the chemical and physical
prcperties of effluents from alfalfa dehydrating plants. The average
Stckes' diameter of eritted particulaies ranges from 1.5 to 10 u.

8.4.3 C(Control Practices end Equipment

Alfalfa dehydrating operations are a scurce of polluticn in some
areas. The primary and secondary cooling cyclores, and air mreal separators
which are a part of the process, are the major pollution sources. Ccntrcl
equipment suck as miltitube ccliectors and bag filters has osen used as
suxiliary dust separatcrs on the air meal separator. However, the oil
2dditive that is sometimes used in the dehydrating process causes clcgging
of bag filters. Other methods suitable for control of effluents dis-
charged to the atmosphere include incineration and electrical precipita-
tion, but in general these are more costly than bag filter units./

8,5 COITON GIN

Modern cotton ginning installations using pneumatic cenveyirg
ecuipment, eir blast equipment, and seed cotton conditioning equipment
have increased the output of normal ginring cperations and improved cotton
fiver quality. This gzin in output hzs been acccmpanied by & major increac
in the volume of air bearing lint and dust discharged to tke atmosphere.
AZthough the dischzrge of waste ma2terial to the atmosphere from an indivig-
ual cotton ginning operation generally results in only a local air pcllu-
tion problem, the number of suck establishments and the gradual urbdan
encroachment into the areas of ginning operations is sufficient to warrant
consideration of their overall pcllution potential.Q/

Figure 8-2 illustraves a flow diagrem for a cotton gin used by
the Department of Agriculture to study particulate emissiors from ginning
operations. This particular operstion is considered to be representative
of ginning operations in general.8 The flow diagram indicates the follow-
ing major sources of particulate emissions: wunloading fan, six-cylinder
cleaner, stick and dur machine, gir stand, separator No. 2, seven-cylinder
cleaner, separator No. 3, and the condenser. The unloading fan supplies
the air for the transfer of cotton from the storege bins or from a wagon
to the first seperator. These wastes are carried to the dust house by <the
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moving air stream and consist mostly of sand, dirt, and other fine mate-
riais. The dust house is a tall structure open at top and sometimes aiso
open at bottor and it acts as a settling chamber or elutriator.

The cotton then passes from the first separator onto the feed
ccntrol, into the tower dryer, through a boll trap, and then to the six-
cylinder cleaner which opens and cleans the boll cotton. The waste dis-
charge from the six-cylinder cleener is carried to the dust house by a
moving air stream and consists of fine particles of leaf trash, diri, sand,
stems, and small sticks. From the cleaner the cotton is moved to the stick
and bur machine which removes burs, sticks and stems, together with fine
trash not removed by the cyZinder cleezner. The discharge duct from the
stick and bur machine joins with the air discharge duct fror the gin stand.
Wastes Irom these sources are carried to the dust house.

From the stick and bur machine the cotton passes to0 a second
separztor, ther tc a stub tower dryer, and then to a seven-cylinder clearer.
The discharge from the second separator is emitted directly to the atro-
spkere outside the building. These wastes, carried through the separator,
ccnsisted mainly of fine particles of leaf trash, dirt, sand and stems.

e waste discharge from the seven-cylinder clearer is carried
tc cyclones. These wastes consist mainly of sand, “rash, and dirt.

The seed cotton then passes from the seven-cylinder cleaner on .
a belt distributor to the extractor-feeder and then to the huller front
gin stard. The trash from the gin stand (burs, sticks, stems, motes, and
sand)is combined with the waste discharge from the stick and bur mechine
and blown to the dust kouse.

From the gin stand the cotton is transferred first to e separator
which removes fine leaf particles, motes, dust, and sticks, which are dis-
charged directly to the atmosprere outside the building. The cotton next
travels to the lint cleaner, and then to the condenser which discharges
sand and dirt to the dust house. From the condenser the cotton geces to
the baler and out as a finished product.

8.5.1 Emissions

Data on atmospheric emissiocns from cotton girning operastions are
limited in scope. Reference 8 presents data from a study conducted at the
Cctton Ginning Laboratory, Agricultural Research Service, U.S.D.A., Stone-
ville, Mississippi. This operation was considered to be representative of
ginning operations in general, and the cotton harvested by both machine-
and hand-picked metheds and processed during testing was representative of
the cotton from the test area.8
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The ginnirng operztion and subsequent incineration of the waste
can release pesticide residues, bacteria, benzene-soluble organic matter,
and arsenic compounds to the etmosphere. Paganinig/ reported data on
particulate matter collected upwind and downwind from cotton gins.

The bacteria and fungi counts in samples tzken upwind were 88
to 100 znd 33 to 70/m3 of air, respectively, when collected on nutrient
agar. The counts in samples taken downwind ranged from 172 to 1,752 snd
19 to 129/m3 of air, respectively.

Smoke emitted from incineration of cotton gin waste was found to
contair significant amounts of benzene-soluble organic matter and arsenic,
and to reduce visibility to such an extent at times in some locations that
driving was hazardous on the highway.

Emission rates from coiton ginning are summarized in Table 8-2.
Particulate emissions currently total 45,000 tons/year.

§.5.2 Effluent Characteristics

Available data on the chemical and physical properties of efflu-
ents from cottor ginning operations are summarized in Teble 8-3. The
concentrations of zrsenic, pesticides, and defoliant in effluents from
various phases of the ginning cperation gererzlly exceed many times tre
concentration found in natural embient air.

€.5.3 Control Practices and Ecuipment ,

The ginning operations employ smal’-diameter cyclones for removal
of dust, trash, fibers, etc, The small-diameter cyclone thet came into
widespread use severa. years ago has proved effective. It creates more
static pressure but its higher efficiency makes up for this incressed cost
of operation.*"O

It is standard practice to place all but one of the cyclones in
a battery beside the gin building. They all discharge into a screw con-
veyor that has a dust-tight cover. The conveyor in turn discharges trash
turough & conventional dropper into an air line that conveys it to a bur
house or irncinerator. The air from one of the gin's fans, preferably the
fan handling the lint cleaner's trash, is used for this purpose, beceuse
this fibrous material has a tendency to choke a conveyor. In some areas
the dust coming from the exhaust of the cyclones may be objectionable and
further filtering may be necessary. This can probably best be accomplished
using an in-line filter or other commercial type filter.lg/
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A guide in selecting the proper cyclone arrangement and dimen.
sions for normal gin plent installations is given in Reference 2. This guide
elso describes the sizing of 1lint fly catchers and in-line air filters. The
in-line air filters have proven to be over 997 efficien* in the collection
of trash and fly (see Figure 8-3).1l/

Another source cf emissions is tke incinerators at cotton gins
wkich have been in use for many years for the purpose of burning burs,
sticks, stems, leaf trash, and motes.ll

The concentretion of particulates which exit the cyclone collector
on a seven-cylinder cleaner has teen found tc be as low as 0.005 grains/scf
for a 34-in. diameter high-efficiency cyclone.l2/

8.5.3.1 Control Ecuipment: The methods available to the ginrer
for removal of particulate matter and lint fly from this discharge air are
limited by economic end practical reassons to the following, listed in order
of increasing capital investment.lé/

6.5.3.1.1 Gravity or settling chamber: Air is introduced into a
large enclosure to lose velocity and drop out particles prior to discharge
cf air. The condenser exhaust 'dog house" is an example. Condenser exhaust
air introduced intc large chambers with screened sides has been observed
to operate satisfactorily where 14 x 18 mesh screen wire was employed. It
is nct believed that settling chambers alone are feasible for use on air
exhausts other than from the condensers tecause of the greater dust lcads
from cther gin exhausts.}é/

In some instances, use of settling to remove larger particles
prior to passege of air through a cyclone collector unit will reduce the
load on the cyclone and increase its collection efficiency.

8.5.3.1.2 Cyclones: The cyclone collector is widely used in
cotton gin emissions. Its first cost compares favorably with other types of
collectors., It is simple, ruvgged, has a low operating cost, and requires
little attention. The cyclone will operate very well under surprisingly
wide limits. However, careful sizing must be done to avoid excessive pres-
sure drop and at the same time provide for the most efficient collection of
dust and lint.

The smaller the cyclone, the greater the efficiency; therefore,
it is recommended that multiple, parallel units be used rather than one
larger cyclone. Sizing of cyclones is described and illustrated in Ref-
erences 11 and 13.
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8.5.3.1.3 Scrutbers: The use of settling chambers with adeguate
water sprays or tanks has been observed to operate very well in some

instances. However, care must be taken that water disposal does not become
a problem.lé/

8.5.3.1.4 Lint fly cetchers and filters: All of the lint fly
units permit a build-up of lint on the screen and this provides additional
filtration. Each of these units must be of sufficient size and properly
installed and mainteined to prevent back pressure build-up on the system
they serve,

Cloth filters are efficient collection devices and verious commer-
cial units are available. The cost of proper installetion of filter units
is high because sufficient particle arrestment capacity must Ye provided to
allcw shutdown of portions of it at intervals for cleaning.—
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CHAPTER ¢
IRON AND STEEL INDUSTRY

9.1 INTRCDUCTION

The manufacture of iron and steel involves many different pro-
cesses until semifinished products are available for sale or further use.
Some of the processes produce large quantities of particulates and gaseous
emissions, while other processes are relatively free of air pollution prob-
lems. The pyrometallurgical processes inherent in the iron and steel manu-
facturing processes emit a very firne-size particulate material.

The major sources of particulate alr pollution are: sintering
plants, coke-cven plants, blast-furnace operations, steei-making furnaces
(especially those using large amounts of oxyger for steel msking), and
materials-handling operaticns.

The manufacturing process, particulete emission sources, emission
rates of individual scurces, chemical and physical properties of the efflu-
ents, control practices, and ccntrcl equipment are discussed in the follow-
ing sectioms.

9.2 TRON AND STEEL MANUFACTURING

A composite fiow diagrar for an integrated ircen and steel plant
is shown in Figure 9-1, The diversity of the cperations and the myriad
emission sources are apparent. A compilation of potential emission sources
is presented in Table 9-1. The numbering segquence corresponds to that
skown in Figure 9-1. '

A detailed discussion of manufacturing processes has been pre-
sented in a recent NAPCA report and those seeking more information on the
individual processes are referred to it.L/ Emission rates from individual
sources are discussed in the following sections.

9.3 EMISSION RATES FROM IRON AND STEEL MANUFACTURE

9.3.1 Sinter Machines

Sintering machines generally accept and process a wide variety
cf feeds and produce—7 considerable quantity of emissions of variable
quantity and nature. Emissions from sinter plants vary widely in quantity
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TABLE 9-1

POTENTIAL PARTICULATE POLLUTANT EMISSION SQURCES IN

IRON AND STEEL MANUFACTURING

Source

Ore crushing

Materisals handling and stockpiles

Pelletizing dryer
Sinter machine

(2) Windbox

(b) Discharge end
Sinter machine screen
Sinter cooler
Coke ovens

(a) Charging

(b) Coking (no by-product

recovery)

Coke quenching tower
Coke by-product recovery
Blast furnace

(a) Charge

(b) Heat

(c) Tep

Steel-Making Furneces

11.
12,
13.

14.
15.

Open hearth
Basic oxygen
Electric-arc

(a) Charge Particulate emitted

(b) Hest from each furnace

(e) Tap during these stages

Scarfing
Pickling

115

Particulates

Ore, coal and limestone dust
Ore, coal and limestone dust
Ore and coal dust
Iron oxides, calcite,
iron calcium silicates, and
quartz

Coal, smoke, and coke

Hydrocarbon vapors and/or mists
Iron oxides, coke, and limestone

Kish

Iron oxides, lime, kish, silica

Iron oxide
H,S04, HC1 fumes, Water-oil mist



and particle size and depend upon, among other things, raw mix composition,
types of machines, and exhsust-fan characteristics.

Sinter machine emission sources can be divided into two categorie:
(a) windbox emissions, and (b) discherge-end emissions. Windbox emission
dusts are mainly generated eerly in the sintering process, and again later,
when the flame front has reached the bottom of the bed. Emissions from the
discharge end parallel those of the windbox on a basis of pounds emitted
per ton of sinter. However, grain loadings are higher at the discharge end

9.3.2 Coke Ovens

Metallurgical coke is the major fuel and reducing egent used in
the production of blest furnace hot metal, and will probably be the mejor
fuel and reductant for many years in the future. Beehive coke is still
made to a limited extent, but 29% of coke production utilizes the by-product
coke oven.

During the manufecture of coke and during the processing of coke
by-products, emissions are generated in several locations and operations:
(1) coal handling; (2) oven charging; (3) oven operation, pushing and gquenct
ing; (4) coke handling; and (5) by-product processing. Most of the particu-
letes escape during the cherging and discharging (i.e., pushing) opersations.
At the end of the coking cycle, the incendescent coke is transferred from
the oven into a quenching car by a hydraulic ram. The quantity of smoke
rising from the mass during the period required to transport the coke to
the quenching station is dependent upon the degree of coking. Incompletely
carbonized coke gives rise to considerable quantities of smoke; conversely,
thorouglily carvonized coke gives rise to very little smoke .2

9.3.3 Blast Furnace

The blast furnace is one of the largest chemical reactors used
by industry. It acts as & counter-current reactor in which solid msterials
descend by grevity from the top and react with gases generated near the
bottom,

Iron ore, fluxes, and coke are charged into the top of the furnace
through a succession of two of three seals that serve to limit leakage of
gas at this point. Preheated air (sometimes saugmented with oil, gas, oXygen
or steam) is forced through ports (tuyeres) arranged radially neer the bottc
of the furnace and just sbove the hearth., The incoming air and sdmixed
additives react between themselves and with the hot coke to generate a re-
ducing gas rich in hydrogen and carbon monoxide, at & flame temperature of
up to 3500°F. The hot reducing geses liberate some of their heat to melt
the iron and slag, then continue upwerd to carry energy and chemical poten-
tiel to the unreduced ore in the upper part of the furnace. Molten iron
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and slag drip cdown into thie heerth and are tapped intermittently througk
special ports.

Two emissions come from the top of a biast furnace: top gas ard
tke dust which it entrairs. The top gas is a miXture mainly of steam, ni-
frogen, carbon monoxide, end carbon dioxide. On & dry basis, this ges may
average 25 to 30 vol. % carbon monoxide. Emissicns to the atmospherz occur
from leakage around hoprers and sezls, Top gas may ‘eak from opsnings such
as ports for rods used to determine =:e height of the charge materials in-
side the furnace. Dust entrained ir zhe top gas is a result of the abrasion
sustained by the burden materials during charging and during the initial
stages of passage down the blast furnacc. It is possible to minimize
narticulate emissions by choice of raw materials and sourd operating prac-
ticeé, and. thereby to reduce the load on the dust-clieaning system.l%

9.3.4 GSteel-Making Furnaces

9.3.4£.1 Open-Fearth Furnaces: Particulate and gaseous emissions

from the open-hearth process originate from (1) the physical actior of

the flame on the charged maierials and the resulting pickup of fines,

(2) the chemical reactions in the bath, (3) the sgitetion of the bath,

and (4) the combustion of fiel.ls23:%4/ The emount of dust generated during
the open-hearth process varies according to the different stages of the
process and according to operating practices. Oxygen lancing producss
mcre perticulate emissions than open-hearth practice without lancing.

A typicel heat is composed of 609 hot metal and 40% screp, and
usually proceeds as follows: <he bottom of the furrace Is first built up
witn dolomite and the burners are fired. The furnace is then charged with
limcstonc end steel screp. The time required for this charging and melt-
down of the scrap varies between 2 and 4 hr., depending upon the furnzce
size and the ratio of hot metal to scrap. The hot metal is added when the
scrap is partially melted. Deconpositior of the limestcne begins when the
temrerature of the bath increases. The release of carbon dioxide gas from
the limestone increases agitation in the bath. After the lime boil kas
been comrleted and the lime solution is in the slag, the rate of decerbon-
ization increceses. When gaseous oXygen is used for decerbonization, the
flow of oxygen is started after the addition of hot metal.2/

Fume generation from the open hearth occurs during the charging,
meiting, and refining phase. Emission rates vary considerably during the
procass cycle, and quite likely vary from cycle to cycle depending on the
quality of the scrap charged into the furnace. For the furnace utilizing
oxygen-lancing (i.e., impinging stream of high-velocity oxygen), Refererce
5 gives a dust loading of 0.78 grain/scf at 60,000 scfm gas flow at melt-
down, 1.9 grairs/scf at 64,000 scfm at hot metal addition, 2.7C grains/scf
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el 86,000 scfim et the lime ©oil, up to 5 grains/scf during oxygen lancing
and 0.21 grain/sct at 64,000 scfm during refining.

9.3.4.2 Basic Oxygen Furnaces: Basic oxygen furraces (BOF) are
vecoming the principal mcthod of meking steel in the U, S, In basic oxyger
steel-maxing, the need for a large-surface bath {such as is required in
oren-hearth steel-making) is overcome by forcing & jet of high-purity oxygc
below the surface of the metal, The jet &lso provides violent agitation,
and therefore increases the area of the slag-metel interface. The BOF proc
is exothermic to the extent tkat up to 30% {or more) of steel scrap can be
melted, using as fuel only the carbon and other metalloids dissolved in the
netal. No corventional fuel is added. In terms of emissions, the sulfur
dloxide and urburned hydrocarbons associated with oper hearths are non-
existent with BOF furnaces.i

In the iritiel stage of basic oxygen steel-meking, the charging
of carbon-saturated kot metal upon coid scrap results in a release of kish
&s the molten iron is rapidly ccoled. Only a part of this kish is con-
tained by the furrece vessel. The initiation of oxygen blowing is marked
briefly by & heavy dark-brown smoke {caused by “he direct burning of iron).
This smoke rersists until the metalloids begin to oxidize end refining
begins.

As most of the metalloids bhecome oxidized, the oxidation of carbc
increases to consume the res*t of the oxygen blown, and the volume of ges
leaving the furnace mouth increases noticeably. Arn excess of air often is
perritted tc mix with the exhaust gases as they pass into the fume-exhaust
system. The use of ¢Xcess air is & sefety precaution to prevent the exist-
znce of 2 high carbon monoxide content in the flue system, and eliminate a
poscsible explosion hazard.

During the oxidation of carbon, the fuming appears to be limited
Lo iron dust either from ircn veporized from the bath or as iron droplets
¢jected by the carbon monoxide risirg from the molten tath. Factors that
determine the amount of fumes generated during the blowing process include
the type of oxygen lance used, the velocity of the oxygen, the carbon con-
tent of the iron, and the temperature of the iron.

9.3.4.3 ZTlectric-Arc Furnaces: Emissions generated during electri
furnace steel-msking originate from the physical nature of scrap used, ser:
cleanliness, the nature of the melting operation, and oxygen lancing. Fume
and particulate are emitied from the furnace during the charging and refin:
operations. During the charging period, the tor of the furnace is opened
to charge ccld metal. Exposure of the cold charge to high temperatures wit
the furnace results in the generation of large guantities of fume. Fume
emissions can be affected by the sequence of charge additions to the furnac
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The method of refining also has a pronounced effect on fume emis-
sion. An oxygen lance leads to higker fume release rates because of the
breaking of the slag film and because of the high temperatures reached dur-
ing the lancing stage.

The nature of the material charged elsc has a marked influence on
emission rates. Thin steel scrap will oxidize easily, and result in heavy
fuming and a high metal loss during melting in electric-arc furnaces. TDirty
scrap is a major source of emissions. Electrie furnaces melting dirty scrap
can generate as much dust as an electric furnace with oxygen lancing.l

9.3.5 Scarfing Operations

Before steel can be rolled, surface defects in the bloom, ingot,
and billets must be removed. The scarfing operation rerwoves these defects,
Jets of oxygen are directed at the surface of the steel, which is maintained
at high temperature, causing localized melting and subsequent oxidation of
the steel.

9.3.6 CSumrmary of Emission Rates From Iron and Steel Manufacture

Table 9-2 summarizes the emission rates from the various operations
that comprise the manufzcturing cycle for iron and steel. Particulate emis-
sions currently total about l.4 x 106 tons/year. Furnace operations, sinter
machines, coke manufacture, and material handling operations are thes dominant
sources of particulate emissions. Emissions from the material handling oper-
ations were calcuwlated using engineering estimates of average efficiency of
control devices and degree of application of control.

9.4 CHARACTERISTICS OF EMISSIONS FROM IRON AND STEEL MANUFACTURE

Table 9-3 presents a summary of the chemical end physical properties
of tre effluents from the various processes involved in the manufacture of
iron and steel. The nature of the emissions is highly variable. The pyro-
metallurgical steps present distinet control problems because of the genera-
tion of very fine particulate matter., Emissions from open-hearth, basic-
cxygen, and electric-arc furnaces may consist entirely cof submicron metallic
fumes and particulates.

The variation in resistivity of open-hearth furnace fumes shown
in Figures 9-2 to 9-5 gives an indication of the data spread for this type
of data. This variation is to be expected because of the different com-
positions of the heats, especlally varying corcentrations of limestone.
Therefore, wherever the resistivity exceeds a value of about 2 x 1010 chm-cm,
in-situ measurements should be made.

Data on particle shapes, which could not be readily presented in
tabular form are detailed in the following paresgraphs.

113



II1.

IV.

TABLE 9-2

PARTICULATE EMISSIONS

120

IRON AND 57T USTRY
Iffici-  Applice-
enzy of =iorn of Net
Cen<rol Ceairol Contrecl
Source Quentity of Material Erissicn Fecter Ceo = Ce Ce
Cre Crushing €2,C00,0CC tons of 2 lb/tor. of ore c.0 Cc.0 c.C 8z,
iron ore
Hater.als Handling 131,000,C0C tons 10 lv/ton cf stesl 0.3C 0.35S 0.2% 446,0C"
of steel
A. Loadiag-Unloading, Freight -
Cars, Barges, Ore Boats
L. Cre and ore Tines - - - - -
z izy {centonite) - - - - .
3. stone - - - - -
- - - - - -
$. <Scrap metal - -
3. {oaveyors
1. Trensfer pcints - - - - -
2. Discaarge to tins - - - - -
stockpiles
€. Elevators
i. Bocts - - - - -
2. Heads - - - - -
Pellet Plant £3,000,003 toas 80,0
of pellels
A. Qrate Feader - - - - -
B. pryer - - - - -
c. - - - - -
Zipter Piant 51,000,000 tonn of
sinter
A. 3intering Process 2C ib/tcn sinter 0.90 1.9 c.e3 51,00
B. Crushing, Screening, 22 1b/ten sirter 0.3C 1.0 C.92 56,0¢
Cocling
Coke Manufacture
A. Cvens
.. 3Beshive 775,30C <ons of 2C0 1b/ton cf coal 0.00 0.20 0.0C 130,0¢
coke - 1,200,000
tons of csal
e. Charging - - - - -
b. Coking - - - - -
¢. Pushing 0.08 1t/<cn of ceal - - -
2. DBy-Procduct 8%,7C0,30C <ons of 2 1b/ten of coal 0.C0 0.C0 0.00 8¢,0¢
coke - 90,00C,000
tens of ceal
a. Chearging - - - - -
b. Coking - . - - - -
¢. Pushing 0.C8 Ib/tca of zoal? - - - 4,00
5. Cuencking Tower 0.38 1t/tan of coal® - - - 17,3¢
C. Grinder - - - - -
3. Screen - - - - -
E. By-Prcduct Recovery Plant - - - - -



Effici-  Applica-

ency of tion of Net
Control Cecntrol Centrol Emissions
Source Quartity of Meterial Emission Factor Ce C, C,-Cy (tons/ycar)
VvI. B.ast Furnaces 88,80C,00 tons of
pig iron
A. Charge - - - - -
B. Heat - . - - - -
C. Tep - - - - -
‘ 130 1b/tca of pig iron  0.39 1.00 c.99 58,00C
VII. Steel Furnaces
A. Oper. Yearta 6£,6C0,00C tons of
steel
1. No oxygen lancing
1. Charge - - - - -
b, Heet - - - - -
2. Tap - - - - -
8 ib/ton of steel - - - -
2. Oxygen lancing
4, Charge - - - - -
t. Heat - - - - -
¢c. Tap - - - - -
21 1t/ton of steel - - - -
Average for open hearih 17 1t/%an of szeait/ c.g97 0.42 0.40 327,000
B. Basic Oxyzen (BOF) 48,C0C,0C0 tors cf
stecl
2+ Crarge - - - - -
2. Heaw - - - - -
3. Tap - - - - -
4C 1b/torn of steel 5,98 1.0C .99 10,000
C. Elezsric Arc 18,802,C00 toas of
steel
L. Charge - - - - -
2. FHeat - - - - -
3. lap - - - - -
10 iv/ton of steel c.99 c.79 0.78 18,00C
VIII. Ecarfing 131,000,000 *ons cf 3 l'b/‘:on scarfed 0.90 3.75 C.€8 683,000
steel
IX. Pickling - - - - -
Total for Iren and Steel 1,442,000

O
8/ Irdustrial source.

_‘?_/ Ealssion facter is assumed to be an average for the total heat cycle
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TAELE 943

EFFLJENT CHARACTERISTICS - IRON AND STEEL INDUSTRY®

A. Perticulate {Part I)

Source Particle Size

Iron and Steel

a, Sinter Plant
(1) Windbox 15-45 < 40
9.30 « 20
4-19 < 10
1-20 « §
Ais0 see
Figure 9-2
(2) Discharge end ac < 109,
10 < 1C
{cne sample)
b. Coke Oven
(1) uench tower 95-97 > 47
(2) oOven cherging
c. Blast Furnace Highly varisble
15-90 « 74
4, Opern-Eearth Furnace
(No oxygen lance)
#(1) Charge o0 hot
metal
¥(2) Hot metal to
1ize wp
#(3) Iime up o tap
#(4) Tup to charge
##(5) Cozposite for S0 < S
heat Electron
microscope
0.01-0.5
Mean count
size: 0.03;
Mass median:
.65

® pata frcm one plant only.
4+ Data frcw several plants.

S01ids loeding

C.2-3.2

€.05-0.1

(avg.)

0.18

.12

0.1-3.5 (de-
pendent upon
gtage of
heat) avg.
for heat,
0.4

Chexzical Compesition

Electrical Mcisture
Prorerties content

Perticle
Density

Toxieit:

Feaosz 45-5C
SiCp: 3-15
Cal: 7-25
Mgo: 1-10
AL,05: 2-8
C: 5-5
S: 0e2.%5
Alkali:
Fluorides

0-2

Coke balls, zeal
dust, pyrolytic
carbon

Coal dust

Fe: 36.5C
FeO: 12-47
Si0y: 8430
:'6205: 2-15
Mgl: 0.2-5
C: 3.5-15
CeC: 5.8-28
Ma: C.5-1.0
P: 0.02.0,2
S: 0.2-04

Fegos: £5-20
Small amourts of
metailic oxides
flecting charge
position
5102: 0.9-1.6
Oy: 0,5-0.7
Cad: C.85-1.0
Mnd: 0.6
P20g: 0.5-1.2
8: 0.4-1.0
Less on ignition:
Flucrides

See

Figures

9-3, 3-4 and 9-5
for de=tailed
date

See
Table 9-4

for date

Eee

Figures

9«6 - 910
for detailed
da<a

other
re-

1.1

+ See Coding Xey, Table S-., Chapter 5, page 45, for units for individual effluent preparties.
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TABLE 9-3 !Contiruaed)

A. Purticulate (Part I) (Contimed)

Source

Partizle Size

Sclids losding

4, Open-Hearth Furrace

(oxygen _snce ) Concluded)

###(1) Charge %o
Lot metal

##e(2) Hot metal to
lize up

»#4(3) Lime up to
-ap

###(¢) Tap to charge

*#(5) Composite for
heat

e. Deslc Oxygen Furnece
(1) Composite for
haat

Transfer of
het metal {rom
bottle car to
charging ledle
(xI3K}

—~
0
~—

f. Eiectricwhrc Furrece
(1) No oxygen ience
(composite for

heet)

——eetn
##%  Data frow thres pisrts.

Cc.25-0.79
C.45-1.80
0.8-2,7
C.21-0.87
varistle, de- C,2-7.0
perdsnt on (daperient
stage of heat on stage
a. Lime boil of hea%)
45 < 2 Avg. for
75 < 3, hees: 1.5
g2 < 1C
b. Composite
20 <2
45 <S5
89 < 10
Nurber count:
~ 100 < 0.1
85-35 < 1 2-12

Z.ectrea
wmicrograrph:
count mediar
diameter C.Cl2
Mes3 mecian
diameter, 0.095
Gecmetric devia-
zien, 2.3

33 > 143

54 > 74

84 > iC

37 > 1

Higkly variadle, 0.3-2.2
but generally

8 <3

BAHCD anua'ysis

62 € 5, §4 < 19,

35 < 20, 99 < 40

Particle Electricel Moisture
Chemicanl Composition DJernsity Properties  Content Toxiely
FepOg: 80-90 5.0-5.2  See
Fe0Q: 0.3.%.2 Flgures
51%: 0.4-2.0 9-6 - 9-10
B,04t C.2-0.7 for detniled
za0: C,6-1.9 data
Mn0: C.2.1.0
Py0g: 0.5-1.5
Mg0: 0.4-3.1

§: C.4-3.2

WElca® zompositior 3.44

Fep0x: 9C

0.6-1.1
P05, C, Si0y
Fe,dz, Cal, M0,
s

Variable, dependent 2.8-3.8

on nature ct charge

Feply: 1844

Fed: 4-10

Crp0e: 0.2
2-9

5i05:
K0z 1-1
S.22

Ca0: 4
Mgo: 2-15
Mno: 2.2
Zn0: C-44
Cu0: 0-1
NiQ: 0.3
P0: D2-4
C: 2-4
Alkeiles: 1-11
S: O-1

P -1

Seze

Figures

9.3, $-10
and 9-i1

for detaiied
dats

Apperent re-
sistivity

6 x 105 -

6.6 x 10~3
ohr-cm {de-
pendent on
chenicel com-
positicn)
Also see
Figure 9-_9



TAELE 9-3 (Cortinued)

(Par: 1) (Concluded)

Particle  Elecirical  Moisture
Source Perticle Size  Sclids loading (Chemica® Composition Dernsity Properties Coatent Toxicity

f. Eieciric-Arc Furrace (Cencluded)

{2) Oxygen iance 1-10 Sinilar to RO G 3.8-4.C
(composite lance compositicn
for hest)

&. Miszellaneous
(1) searfing machine D.4-4.4 Mostiy Fepls See
Commonly used Figure 9-9
values 0,4-0,8

A. irulets {Parc II)
Hygroscopic FLemmarility cr Srtical
Seurce Solubility Wettability cCharecteristics Explosive limits FKaondling Characteristics Propertios
Iror. end Steel
a. 3Sinter piant Cal -~ 5. B0 Hardness: 3«5 mohs,
Ca0, Si0;, Abrasive
Peslz,
Algly - S
ICH HCE
b. Rliast Nurnece Cad - s. HK,0 foresive, liuid achesive,
Cal, SiCE, wiil arch snd bridge
AlpCx - 8
0% HCL
o. COpeni-kearth FeyGg - 5. o Anrasive, high engle of
iC% HAcl wet repcse (~ 9C degrees),
cohesive ard wili rridze
and arch
d. Feolz - s. Liffleult %o Eirasive, hign angle of
10% HCl vet repose (~ 390 degrees},
cohesive ard wili bridge
and arzh
e. Electrizearc Cifficult 2o Abresive, fiuid-cchesive,
furraze wetb high angle of rapcse,
wiil bridge and arch
E.
Fleamrability
Motature Chemical cr Ixplicsive
Scurce Flow Rste lemperaturs: Ceantent Composition  Toxicity Corrosivity  Jdor Limi*s
Zron and Steel
a. Sirter rlant
(1) Windvex (e) 30-45C  10G-430 -0 Op: 10-20 80z - 5
(») 148-230 €0s: 4-10  irritant
Co: 9-§ ¢C - 1o
SCp: 0-0.4
Ny:  64-8€
Fiunorides
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TABLE 3-3 (Continued)

B. Carrler Gas {Continued)

Flemeability
Moisture Chemical cr Sxplosive
Source Flow Rate Tezperature Conten® Compesition  JToxicity Corrosivity Ocor L.mits
a. Sirter plant (Concluded)
(2) Discharge ena (a) €.03-0.2 10C-300
b. Coke Oven
(1) Quench tower Of the order 140150 Stemm, air
90C M £t3 per
quench
(2) oven charging Of the order CCp = £.2
2.1 M £t3 per 0, - C.8
charge Nz - 8.1
co - 6.3
Hy - 46.5
CHy - 32.3
Cay - 3.5
CgHg - ©.5 .
c. 3last Furnace (n) 40-10 329G at 9.6 Dev CO: 21-42 €9 - 10C Explosive due
(b} 60-1%8  throat polnt, 95-122 avg. 26 50, - 5 ta CO end kK,
3000 in €o,: 7-19 irritant cortent
furnace avg. _&
bt 1.7-5.7
avg. 3.1
CHg: C.2-3
NQ: 3C-€0
Iraces: 3,
K,$, 50z, %

4. OJpen-Hearth Furnace
{No oxygen lence)

#(.) Charge to {v) 83.5 17.2
nct metal
¥(2) Hot mesal (m) 75.2 " 18.8
lime up
#3) Lime up to (=) 70.7 i1.2
tap
*#(4) Tep to (a) 47.6 13,3
charge
**(5) composite (&) 25-10C 460-18CO 7-15 co,: &-9 S0, - 5, Fotentially
for hea: {depending 0y: 8-9 ivritant corrosive
on utiliza- ,: balance HF -3 due to SO,
tion of waste SC;: 2-5 ppa 50y
heat boiler) 30g: 10C-202
P
N3,: 500-800
FPE

Fluorides mxy
by emitted due
to fluxing sgent
or fluoride con-
tent of ore
(0-39C pper)
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3. Carrier Gss (Conciuded)

TABLE 9-3 (Concluded)

Moisture
cortent or
Cordensable  Chemical
Source Flow Fate  Temperature Vapors Compositior  Toxizity Cerrosivity  Odor
4., Cpen-Hearth Furnace
(Conciuded )
(Cxygen Zence)
+4(1}) Compesite (a) 45-200 40C-202¢ varies dur- Similar to SOh - 5, Potentially
for Leat (depending ing cycle ro 0, lanze irritant corrosive
on utilize- 13-13 compositior HF - 3 due to 50,
ticn of waste avg. 15 505
keat boiler)
e, Basic Oxygen Furnace
(1) Camposite for (a) 35-25C S6C-3000 Before com-
heat (depending bustion with
on utiliza- acpirsted
tion of waste air:
heat boiler) a, BOF
COp: 5-18
C0:  74-91
Na: 3-8
b. Kaldc Process
205 MmS
C0: 22,7
JCLI FE
Af'ter ccmbus-
tion with
aspireted
air:
a, BOF
'.'.‘02: C.7-
13.5
26: 0-0.3
My: 74.5-
7€.9
Cot o balance
£. ZIlectric-Are (a) 1€-100 215-303C C.C45 1t/1b Meinly SOp, 20,
Furnase {in- (beper.dent dry gas Oz, and K,
cludes voth cn use ¢f {1 sample) Compesition ver-
unlarsed and cooling ies with opere-
lanzed furneces) teskolques) ting practice.

g. Miscalianeous
(1) Scerfing
wachine

(2) 20-150

#* Data from several plants.
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TABLE 9-4

TRON SINTER DUST RESISTIVITY*

(chm-cm)

%HoO 150°F - 200°F 250°F
1.4 2 x 1019 3 x 1010 1.6 x 10%°
3.0 1 x 101l 6.5 x 1011 1.6 x 10%°
9.0 9 x 1010 1.6 x 1012

#* Discharge end.

9.4.1 Particle Shape

9.4.1.1 Sinter Plant: Sinter dust may contein particles of iron
cxides, celeite, ircn-calcium silicates, and quartz. Iron cxide can be
opague, black, rounded vparticles of magretite (Fez04) with granular faces,
and/or dense, rounded, elongated, and neerly sprerical agglomerates of
hematite (Fe203). Calcite ceccurs as smeooth, rounded particles, and quartz
as a transparent, rounded particle. Tne ircn-calciur silicates are trans-
rerent, vitreous, colorless to yellcw to green. Particles are irregularly
rourded with smoota surfaces.l;E/

9.4.1.2 Coke QOvens: Emissiors from coke plants can be identi-
fiedi;l/ as follows:

9.4.1.2.1 Coal dust: Bituminous, or soft coal, is translucent
in thin areas: it is reddish-brown by transmitted light, and brownish-
black with dull to moderately high reflectivity in reflected light. The
surfaces are slightly rough with occasional indications of the original
fibrous structure. These irregular chlps have sharp edges, and in places
show conchoidal surface fractures.§/

9.4.1.2.2 Coke balls: Oval in shape with an unusual network-
like internal structure. It has been suggested that coke balls are pro-
duced during the thermal-drying stages of coal processing. Similar condi-
tions occur during charging or by-product coke ovens, where scme coal fines
are carried through the hot zone and out adjacent, open charging holes.l/
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9.4.1.2.3 Char: Partially devclatilized coal particles exhibit
optical properties between those of coal and coke. The pertiel devolatili-
zation of coal particles suggests that they have not been subjected to tem-
peratures high enough or for periods long enough to complete the coking
process .., '

-

9.4.1,2.4 Pyrolytic carbon: A tarry residue comes from the
volatile organic portion of coal. Two forms of pyrolytic carbcn have been
identified. The first is an aggregate of minute oval grains; eack grein
is reletively uniform in size, extremely smooth in appe&srance, and exaibits
extreme anisotropy in polarized light. The second normally occurs as a
crenulated band of varying width and length, is smooth in appeararce, and
is strongly anisotropic in polarized light. The size of these materials is
extremely variable.!

9.4.1.2.5 By-product coke: The optical characteristics of par-
ticles of by-product coke are controlled by the rank (reflectance) of the
coal which is carbonized. Because coals of different rank are usually
bplended to make an optimum mix, particles of coke produced from these mixes
kave complex and highly variable optical properties. Perticulates of coke
made from high-volatile and medium-volatile coals may be grenular in ap-
pearance, have thick coke walls, and have few internal pores. Particulates
from coke made with low-volatile coals have distinctive ribbon-like tex-
tures, thin coke walls, and comparatively large Internsl pores~z7

9.4.1.3 Blast Furnacs: Particulate emissions generated in the
making of iron in the blast furpnace and in its immediate auxilieries have
the folliowing characteristics:}/

9.4.1.3.1 Iron-ore dust: Particles are rounded to elongated in
shape and can be as small as 2 u. Larger particles are opaque and red-
orang7 in top light. Individual small grains are transparent and blood-
red.b,

9.4.1.3.2 Coke dust: Particles are opaque, irregularly shaped,
guite porous and rough with some straight, sharp edges. They are gray-
black in reflected light.ﬁ/

9.4.1.3.3 Limestone dust: Calcite. It is colorless, with
light-trensmitting characteristics varying from transparent translucent .
Particles generally occur as rhowbohedra because of their perfect rhombo-
hedral cleavage. Fragments may also occur as prisms.8

9.4.1.3.4 TFlue dust: Blast furnace flue dust typically contains
15% metallic iron, 40% red iron oxide, 40% magnetic iron oxide, and 5%
limestore,8/ but many variations exist:
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a. Iron--fragments are opaque, black, and sharp, magnetic
with finely granWsr surfaces.B

b. Red iron oxide--particles are traysparent, rounded
grains, usually less than 2 p in maXimum dimension.b

c. Magnetic iron oxide--particles are opaque, black, rough
fragments, partially or completely covered with red iron oxide .5

d. Limestone dust--perticles are transparent, colorless
rhombohedra, and rounded; many may also be covered with red iron oxide.§/

9.4.1.3.5 Kish: Carbon in the form of flaky graphite that is
rejected by the molten iron as it cools during flow from the blast furnace
to ladles. ther types of particles may be entrained with this kish. The
graphite particies are opague, black, sharply angular flakes with smooth
surfaces. Some are in layered agglomerates, occasionally showing rounded
120-degree engles, and e¢ven forming rounded hexagonal tablets. Other
particles accompanying the kish may consist of opagque, black, rather coarse
fragments of magnetic iron oxide, and transparent, deep-red, rounded par-
ticles of hematite. Traces of guartz and calcite may also be found wit
the kish.® Grephite typically makes up about 90% of the emission, with
the magnetic oxide at 5% ané hematite at S%.

2.4.1.4 OQpen-rearth Furnace: Open-hearth furnaces generate four
major types of par<iculate emissions.g

9.4.1.4.1 Open-hearth dust: Charging perliod. Two components
appear in the dust generated during charging of the furnace. One is a mag-
netic iron oxide of black, opague spheres, and elongated, rougk particles
with sharp jagged edges, all generally coated with red iron oxids. The
second comporent comprises transparent, rounded particles of red iron oxide,
usually less than 2 p in dimension. They occur free or in simple aggilome-
rates.5

9.4.1.4.2 Open-hearth dust: Bot metal to lime-up. Three com-
ponents make up the dust from this period of open-hearth operation. (a)
Loose agglomerates of tiny transparent grains are usually less than 1 p in
dimension. It is s hydrated iron oxide such as HFeOy. Irdividual grains
and agglomerates are yellow under *op light. (b) Tiny, rounded, trans-
parent, red grains of iron oxide are usually less than 1 j in dimension.
(c) Opague, black spreres and rounded particles of magnetic iron oxide.
Some particles are covered with hydrated iron oxide and/or the red iron
oxide .8/
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9.4.1.4.3 Qven-hearth dust: Tap to charge. This is the same as
Iiem 1 with the addition of black, opague, frothy, rounded particles of
coke .8

9.4.1.4.4 Particulates in combustion product: About 85% of the
material is transparent, deep red, rounded grains of iron oxide, usually
less than 1 p in dimension. The remaining 15% is black, opaque spheres
3 to 5 p in dimension, of magnetic iron oxide. The smaller grains are
orange in top light and tend to form simple agglomerates or loose lumps.

All lime dust does not occur as & visually apparent partlculate;
it is present in open-hearth dust in very small quantities as shown by
chemical analysis. Sulfur in the form of sulphates also ceccurs in open-
hearth dust, but information in visual characteristics is not available in
the published literature.

2.4.1.,5 Basic Oxygen Furnzce: The major particulate emissions
from basic oxygen furnaces are:

9.4.1.5.1 Kish: Carbon in the form of graphite is rejected by

the molien iron as it cools -during charging into a BOF steel-making vessel.
The graphite particles are opague, vlack, sharrly angular flakes with
smooth surfaces. GSome are in layered agglomerates, occasionally shcwing
rounded 120-degree angles, and even forming rounded hexagonal tablets,

ther particlies may consist of opague, black, rather coarse fragments of
magnetic iror. oxlide and transparent, deep red, rounded particles of hema-
tite. Traces of quartz and calcite may also be found with kish.§7

3.4.1.5.2 Sillce fume: Approximately 50 to almost 100% silica
material often contains small quantities of 1iron, manganese, magnesium and
carbon. Cclor of the collecteé material Is grey to off-white.

€.4.1.5.3 Basic oxygen process dust: Tiny (1 u in dimension),
rounded, transparent particles of red iron oxide tend to egglomerate.
Shiny bleck spheres of magnetite are covered with red iron oxide.

$.4.1.6 Electric-Arc Furnace: BEmissions from electric-arc
furnaces include:

9.4.1.6.1 Electric-furnace dust: Opeque, rounded grains are
peach to reddish in color in top light. Small agglomerates are present,
but are not common.5/ |
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The cherical compositior of electric-furnace dusts will be in-
fluenced by the composition of the steel being melted. Because of this,
optical characteristics of the dust may also vary because of the different
alloying-element cxides tha* may be present. Because electric furnaces
are used for melting a wide range of alloy and stainless steels, the chemi-
cal composition of any particulate d&ust will reflect the compositior. of
the alloy melted.d

9.4.1.6.2 Dust from scrap preheaters: Information on the physi-
cal and optical characteristics of dust generated during the preheating of
scrap is not available. However, it can be assumed that the composition of
the dust will be influenced mostly by the cleanliness of the scrap, its con-
tent of volatile matter, and presence of surface coatings on some of the

steel.l/

9.5 CONTROL TECHNIQUES FOR THEE IRON AND STEEL INDUSIRY

9.5.1 Con%trol Practices - General

The operation ard types of furnaces associated with the iron and
steel industry vary widely. Therefcre, the criteria for the type of con-
trol equipment are determined by the specific cperation. A tzbulation of
the types of equipment used in the various processes is given in Table 9-5.%
The installation of fume control systems in the iron and steel-making pro-
cesses requires considerable instrumentation. This required control instru-
rentavtion is discussed and graphically depicted in Referernce 9.

The cost of the different types of control equipment for these
applications has been reported in a NAPCA document "A Cost Analysis of Air
Pollution Controls in Integrated Iror and Steel Industry." Section V of
that report presents the cost/effectiveness investigation and the cost models
which were developed.8

The applied control systems are more thoroughly discussed in a
companion document, "A Systems Analysis Study of the Iniegrated Iron arnd
Steel Industry."l/ Excerpts of Section VI of that report are included here-
in, ard the estimated capital and operating costs are summarized in Figures
9-12 - 9-20.

9.5.2 Control Practices - Specific

9.5.2.1 Sinter Plants: Major sources of dust in sintering plants
are the combustion gases drawn through the bed, discharge end gas, and the
exhaust gases from sinter grinding, screening end cooling operations.lg/
Because dust generated in the sintering operation can be returned to the
process, most plants are at least equipped with cyclones.
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TABLE 9-5

REPRESENTATIVE EMISSTON-CONTROL APPLICATIONS IN THE INTEGRATED IRON AND STEEL INDUSTRYl/

Iron- ar Steel-Making Type of Emission-Control Equipment
Segment . Mechanical Scrubbers Precipitators Fabrics

Sinter plant 17 2 9 3
Blast furnace®/ 130/ 51 108 0
Open-hearth furnace | 0 6 93 0
Basic oxygen furnace 0 15 23 0
Electric furnace 0] 5 1 29
Scarfing 4 4 3 2

a/ Final control equipment.
9/ Dust collectors followed by other equipment are not considered.



ESTIMATED INSTALLED CAPITAL COST, MILLIONS OF DOLLARS
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ESTIMATED ANNUAL OPERATING COST, DOLLARS PER ACFM
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ESTIMATED ANNUAL OPERATING COSTS PLUS CAPITAL CHARGES AND DEPRECIATION,

DOLLARS PER ACFM
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ESTIMATED INSTALLED CAPITAL COST, MILLIONS OF DOLLARS
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ment designed to handle emissions from any one furnace at one time.l/
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ESTIMATED INSTALLED CAPITAL COST, MILLIONS OF DOLLARS

¥
8

50

40

30

20

Electrostatic
precipitator , 500 F

High-energy
wet scrubber,i80 F 4

Number of

"l'7l"'ll’rl'l""l"rr[r'lllll‘ll""[—l'
N
=

llll'lllr]'1'1ll"'l"l'lllTll['ll"ll'lll']!]l1

\

-t
e

4 aaal PN N S SR S T B | L2

fumaces\ |

3

TT,Y"TTT"""IIIl"'lTll"l'llrl’T'TrYl'llll

llll‘l [l

Fabric filter , 275 F

100,000 500000 20,000 100,000

DESIGNED CAPACITY,

Figure 9-16 - Estimated Installed Capital Costs of Air-Pollution-Control Equipment

Installed on Open-Hearth Furnaces.

500,000 40000 100,000

ACFM

Control equipment designe

handle emissions from furnaces operating at the same time.

to



ESTIMATED INSTALLED CAPITAL COST, MILLIONS OF DOLLARS
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ESTIMATED ANNUAL OPERATING COST, DOLLARS PER ACFM
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Dry-type cleaners are best suited for this cleaning because the
sulfur content of the gas streams can lead to corrosion problems in wet
systems. Cyclones, electrostatic precipitators, Venturi scrubbers, and
baghouses have been used in various combinations at the various points of
emission. However, there are some problems that limit the application of

thece devices.

. Wet scrubbers, which have high maintenance cost because of lime
buildup, add to water-treatment problems. Baghouses suffer from the atra-
siveness of the dust, as do the fans in the sintering machines. With sinter
that contains flux (such as limestone), the efficiency of electrostatic
precipitators decreases as basicity of ‘the sinter increases.l

pressed by water sprays containing a wetting agent.l&

Dust created at the Jjunction points of conv7yors has been sup-

9.5.2.1.1 C(Cyclones: 3ecause of the large partvicle size, cyclones
applied to sintering plants usually operate at over 90% efficiency by
weight. However, cyclone exit loadings range from 0.2 - C.6 grain/fts.lg/

§.5.2.1.2 Electrostatic precipitators and baghouses: High-
efficiency baghouses and electrostatic precipitators offer promise of much
better collection than the cyclones normelly used. However, few have been
arplied to sintering machincs.l97

Electrostatic precipitators have been installed iz series with
cyclones. One such installation is reported tc operate at efficiency cf
95%, and the final discharge contains only 0.0S grain/scf.g7n Another in-
stallaticn handled 457,000 cfm with an inlet loading of 2.5 grains/scf and
yielded an output loadirg of 0.038 grain/scf, an efficiency of 98.5%. How-
ever, the materials charged to the sintering machine heve changed from
straight ore fines to ore, flue dusts, and lime. The characteristics of
the ore used have also changed. These changes in materials have resulted
in an increased ocutdut loading of 0.25 grain/scf, a decrease in collection
efficiency %o 90%.}/ The uvse of self-fluxing sinter has also impaired the
operation of electrostatic precipitators in this service at other plants.

There are only three known applications of baghouses at sinter
plants.l/ Deta are given in Table 9-6.1,12

9.5.2.1.3 Wet scrubbers: Only two known sinter plants have
wet-scrubber installations. Operating problems occur due to erosion and
imbelance of fan blades. Dust carried over to the exhaust fans is moist
and has e tendency to accumulate on the blades.

9.5.2.2 Coke Production and Coke Ovens: Gaseous and par<iculate
matter relased in the by-product coking operation, except that which es-
capes from ovens to the atmosphere, are conveyed ir ducts to a coal chemical
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TABLE 9-6

DESIGN AND OPERATING DATA FCR SINTER-PLANTE/

FABRIC FILTERS ON SINTER STRAND DISCHARGE

Desigr or QOperating Variable

U. S. Steel Corp.,
Gary, Indiana

Bethlehem Steel Corp.,
Bethlehem, Pa.

Volume of Air, cubic feet
per minute:

Sucticn, inches of water:

Pressure Drop Across Bags,
inches of water

Hoppers in Unit, number
Bags per Hopper, number
Total Bags, number
Bag Size:
Tiameter, inches
Length, feet
Bag Type
Bag Life, morths

Bag Permeability, cfin per 12
of cloth

Air-to-Cloth Ratio (Normel),
cfm per ft2 of cloth

Air-to-Cloth Ratio
(One Compartment Cleaning),
cfm per ft€ of cloth
Air Temperature, F
Theoretical Design Efficiency,

percent

n.a. - Not available.

172,000 at 255 F

12

10
88

880

[

(o
n
n »

Fiberglass

17

12-20

2.17

2.41

175 to 300

99+

150

240,000 at 350 F

n.a.

16

72

1,152

12

28
Fiberglass

36

2.29

2.44

200 to 500

99+



processing plant for rccovery of chemicals. Th= coke-oven gas remairing
after these operations has a gross keating value of about 525 Btu/ft3 and
is used as fuel throughout the steel plant.

Emissions occurring from handling operations, primarily chargi
and pusiaing, and leakage from oven doors, etc., present dust contalnment
problems that are difficult to control. However, a technique to control
emissions during charging is being developed at the Pittsburgh Works of
Jones and Lsughlin Steel Corporation, under the sponsorship of the National
Air Polliuticn Control Administration and the Americar Iron and Steel Insti-
tute, to eliminate this emission by minimizing the openings through which
smoxe can escape and, more importantly, by creating a slight vacuum inside
the oven during charging so that air flows into the openings instead of
smoke coming out. Engincering studies are also unéer way to develop de-
signe for control of coke-over emissions during pushing.ég/

The guenching of hot coke In guerch towers produces a rising
cloud of steam in the chimney which 1ifts ccke dust into the atmosphere.
Most of this dust appears to fall out in the vieinity of the gquench tower.
Baffles installed in a cquench tower cen reduce the emission of particulates
into the atmosprere by 754 or from 6 lt. down to 1-1/2 1b. of duc* per load
of coke. This can amount to a zapture of 3900 1b. of pariiculates per day
from ore tower.l

9.5.2.3 3last Furnace: Under normzl conditions the untreated gases
from 2 blast farnace contain from 7 to 30 grzins of dust per scf of gas.
Most of the particles ere larger than 50 p. Blast-furnace gas-clearing
systems normally reduce particulate loading to less than 3.01 grain/scf
to prevent fouling of the stoves in which the gas is burned. These systems
are composed of settling chambers, cyclones, low-efficiency wet scribbers,
and high-efficienzy wet scrubbers or electrostatic precipitators connected
in series.ld/ One of the main reasons for cleaning vlast-furnace gas :is
to render it sufficiently cleen for use as fuel. Recovered dust is re-
urned to the iron-making process.

Blast-furnace gas is cleaned in three stages; the first two, at
least, are used almost universally throughout the irndustry. The majority
cf furnaces have secondary cleaning fecilities as well. The three stages
and the equipment used in each, along with average outlet dust loading Irom
thcse stages are:

1. Preliminary Cleaning - settling chamber or dry-+ype cyzlone
(3-6 grains/scf) )

2. Primery C.eaning - gas washer or wet scrubbers {0.05-0.07
grain/scf)

3. Secondary Cleaning - electrostatic precipitator or high-energy
scrubbers {0.004-0.08 grain/scf).
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9.5.2.3.1 Electrostatic precipitators: The use of electro-
static precipitators for cleaning blast-furnace gas has come about because
of the requirements for clezner gas for the hot-blast stoves. The opera-
tion of these units has been relatively trouble free because the blast fur-
nace is an almost continuous producer of gds and because of a high percentage
of the particulate emissions removed by the wet scrubbing systems that have
previously been used to clean up the gases. The wet scrubbers also serve
to condition the gases, for both temperature and resistivity, prior to their
entry into the electrostatic precipitator.

9.5.2.3.2 Wet scrubbers: High performance of a Venturi scrubber
can te achieved only if the blast furnace is operating at a high enough
top pressure to provide the required pressure drop. Lack of sufficient top
pressure has usually reguired use of an electrostatic precipitator as the
final gas-cleaning unit.

The effect of water rate at a constant throat velocity on the
outlet dust loading of a Verturi scrubber handling klast-furnace gas is
shown irn Figure 9—21.1 Other operating characteristics are shown in
Figures 9-22 and 9-23.1/

Great Lakes Steel Corporation {Detroit) has three blast furnaces
equipped with high-energy scrubbers. These urnits have made it possible
to clean the gas at a low cost, although there have been troublesome problems
in design and operation of equipment. Some of the gas-cleaning results are
given in Table 9-7.;5/

TARLZ 9-7

BLAST-FURNACE GAS-CLEANING RESULTSLS

Dust Loading, Grains/Ft®

Before After After
Date Orifice Orifice Precipitators

March 30, 1956 6.0881 0.0208 0.0010
May 11, 1966 13,9233 0.0600 0.0104
May 19, 1966 13.0181 0.0160 0.0141
May 25, 1966 7.2084 0.0293 0.0017
June 1, 1366 10.1117 0.0219 0.0048
June 8, 1966 11.6293 0.0258 0.0047
June 22, 1966 12.2045 0.0581 0.0040
June 29, 1366 10.5855 0.0299 0.0206
July 7, 1966 9.7877 0.0214 0.0099
July 13, 1966 11.0075 0.02393 0.0140
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9.5.2.4 Oper-Hearth Furnace: The smell size of the particles
emitted from open-rearth furnaces requires high-efficiency collectior equip-
ment such as Venturi scrubbers and electrostatic precipitators. Because
of the cost irvolved and the growing obsolescence of open-hearth furnaces,
industry has been reluctant to invest morey in the required control equip-
ment., Often these furnaces have been replaced by controlled basic oxygen
furnaces and electric furnaces.

However, electrostatic precipitators, Venturi scrubbers and bag-
houses are being used on open-hearth systems. 1€/ =xit gas loadirng would
have to be reduced to at least 0.03 grain/scf to be sure of a clear stack.14

The use of slag wool filters was investigated about 1958 by the
Harvard School of Public Health. However, efficiencies were only of the
order of 50% and the project was prior to the advent of oxygen lancing.lé/

9.5.2.4.1 Electrostatic precipitators: Two major problems that
have faced the steel companies and eguipment manufacturers in the irstalla-
tion of electrostetic precipitators for open hearths have been {1) design
of the ducts used to cerry the gases from the open hearths to the precipita-
tors, and (2) the design of the gas distribution systems at the entrance to
the precipitators. The use of transparent gas flow-distribution models is
considered to ve almost a necessity in the practical design of ducting.

The rz2jor problem with respect to actual efficiency of electro-
static precipitators on open hearths is the opern-hearth process itself.
The problem stems from the variation in the properties of emissiorns from the
open-hearth furnace during a heat. During the period of a heat, the moisture
content of the gases may drop from a normel velue of 18% to 2%, with a re-
sultant increase in resistivity and drop in precipitator efficiency. The
situation may be corrected by steam injection.

The relationship between the collection efficiency and size of
a precipitator is shown in Figure 9-24., This figure shows that removing
the dust from 315,000 cfm of open-hearth waste gas required 58,300 ft2
of collecting surface for an efficiency of 95%. An increase in the collect-
ing surface area to 96,500 ft2 resulted in an increase in efficiency to 99.3%.

References 4 and 18 discuss using electrostatic precipitators to
collect the fume from open-hearth furnaces. Another electrostatic precipita-
tor system was put in service ir 1965 by Weirton Steel Division, National
Steel Corporation. This system is used for the control of fumes from 550-ton
and 600-ton capacity oxygen-lanced furnaces. A flow-distribution model was
used to facilitate designing z high efficiency uxit.
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Table 9-8 gives the gas flow and dust loadings for different phases of a
heat and Table 9-2 shows the results of the performance test conducted
during the part of the hea® when the dust loadings were at the maximum.ll/

TABLE 9-8

OPEN-EEARTH STACK GAS DATAL?/

Scrap Hot
Charge Metal Limeboil Refine

Dust concentration, grains/scf 0.78 1.9 2.70 0.21

Weste gas flow, scf/min 60,000 64,000 66,000 64,000

Ges temperature, °F 580 600 620 589
TABLE 9-9

PERFORMANCE TESTS OF ELECTROSTATIC PRECIPITATOR ON OPEN-ZEARTH GASESEZ/

Stack Sample
Test Volume Temp. Volune, Discharge Zoad, Estimzte
No. Cu. Fi/Min (°F) scf Grains/scf Efficiency
1 247,000 S00 82 0.007 99.8
2 223,000 460 85 0.01¢ 93.4
3 248,000 440 41 0.010 99.7
4 248,000 440 113 0.01e 99.4

9.5.2.4.2 Wet scrubbers: Outlet grain loadings of 0.0l to 0.05
grain/scf have been reported for wet-scrubber installations. The relation-
ship between outlet grain loeding and pressure drop is illustrated in Figure
9-25, although it is not necessarily representative of present-day practice
using higher oxygen-blowing rates.

A descriptlion of the application of Ventwuri scrubbers to conirol
open~hearth stack emissions is given in Reference 19. Reference 3 describes
the application of a Venturl scrubber on a 200-ton open hearth. Tables 9-10
and 9-1L§/ give the dust loadings and pressure drops during the oxygen and
nonoxygen periods. It is pointed out that the investment and operating
costs of a Venturi scrubber system would compete very favorably with those
of a precipitator-waste-heat boiler system for cleaning the gas from open-
hearth shops that have an anticipated operating life of no more then a few
Years.
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TABLE 9-10

SCRURBER-FPR=SSURE DROP VS. CLEANING EFFICIENCY AND OUTIET DUST
LOADING ( NONOXYGEN PERIODS)3/*

Pressure Dust Loading, Grains/Scfd Cleaning
Crop, Inches Scrubber Scrubber Efficiency
of HeO Inlet Qutlet { i)
26 0.35 0.06 8€
30 to 0.03 92
35 0.01 96
40 0.45 0.008 98
TABLE 9-11

SCRUBBER-PRESSURE DROP VS. CLEANING EFFICIENCY AND OUTLET DUST
LOADING (OXYGEN PERIODS)3/*

Pressure Dust Loading, Grains/Scfd Cleaning
Drop, Inches Scrubber Scrubber Efficiency
of HoQ Inlet Outlet (%)
26 0.82 ¢.10 89
30 to 0.05 94
35 0.02 27
40 0.87 0.01 99

* Gas flow rate was approximately 40,C00 scim.



Republic Steel Corporation of Buffalo, Xew York, installed a
Venturi scrubber handlirng 6C,000 scfm of waste gases from a 300-tor oxygen-
larced open hearth in 1964. This installation is discussed in Reference 20.
The system was designed to reduce the dust content to 0.05 grain/scf of dry
gas provided that the inlet loading did not exceed 5 grains/scf of dry gas.
The waste gases from this open hearth contained sufficient sulfur from the
fuels tha® the scrubbing slurry had a pH of 3 or less, thus requiring that
all contacted materials be adequately protected against corrosion. The
maior problems experienced were buildup on fan blades, fan noise and failure
of redwood mist eliminator elemerts.Z2

9.5.2.4.3 Baghouses: One glass-fadbric baghouse has Yeen applied
to the collection of fume from an oxygen-lanced open-hearth furrnace by
Bethlehem Steel Corporation ir Sparrows Point, Marylandé. This unit is
described in & 1966 article.gl/ The authors state that the capital cost
estimates favored the baghouses over an electrostatic precipitator and thre
subsequent operating experience has shown the mairtenance and operating
cos:t to be approximately half that reguired on an electrostatic precipita-
tor. This baghouse serves a 580-ton/hea: furrace having a2 waste heat boiler
and economizer which cool the gas to below 500°F.21/

One baghouse instazllation was made on an open-hearth system after
several pilot studies. However, the actual system installed experienced
problers of high pressure drop whichk had not been resolved when this open-
Fearth shop was shut dcwn.ig/

9.5.2.5 Basic Oxygen Furnace: The basic oxygern furrace creates
more emissions than the open-hearth furnace, and the particles are smaller.
All basic oxygen furnaces in the U, S, are equipped with high-efficlency
electrcstatic precipitators or Venturi scrubbers. Final effluent fromx
these control devices will contain 0.03 to 0.12 grain/scf. Inlet loadings
may vary from 2.0 to 5.0 grains/scf. Table 9-12 presents a list of basic
oxygen furnaces and their control equipment.

The major operation causing dust and fume generation is oxygen
blewing. The volume of waste gases produced is proportional to the blowing
rate. Gau arrived at a design volume rating of 25 scfm of waste gases/cfm
of oxygen blowing.gg/ It is common practice to operate BOFs in pairs so
thet one is operating while the other is relined. Therefore, the two fur-
naces are usually ducted to one control device. The Lood over the BOFs
gives rise to problems as the substantial variation in temperatures can
cause tlre structure to warp and crack.

The dust problem in BOFs can be minimized if the entire gas and
dust~handling process is considered as ore system. Specially designed
equipment which supplies a controlled amount of excess air to the hood can
reduce the size of requisite waste gas-cooling and dust-collecting equipment.
The effect of "controlled combustion” is shown in Table 9-13.
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TABLE 9-1¢

BASIC OXYGEN FURNACE INSTALLATIONS AND ASSOCIATED AIR-POLLUTION CONTROL EX}IJIH(ENT}/

Annual Capacity,

19T

Net Tons (Net Tons) Electrostatic
Number Per Heat March 1969 Future Startup Date Precipitator High-Energy Wet
Alan Wood Steel Co. Conshohocken, Pa. 2 140 1,250,000 1968 X
Allegheny-Ludlum Steel Corp. Natrona, Pa. 2 80 500,000 1966 X
Armco Steel Corp. Ashland, Ky. 2 160 1,400,000 1963 X
Middletown, Ohio 2 200 2,000,000 1969 X
Bethlehem Steel Corp. Bethlehem, Pa. 2 250 2,500,000 1968 X
Burns Harbor, Ind. 2 260 1,800,000 1970 X
Lackawanna, N. Y. 3 290 4,700,000 1964-66 X
Sparrows Point, Md. 2 200 2,500,000 1966 X
CF & I Steel Corp. Pueblo, Colo. 2 120 1,100,000 1961 X
Crucible Steel Corp. Midland, Pa. 2 90 1,250,000 1968 X
Ford Motor Co. Dearborn, Mich. 2 250 2,500,000 1964 X
Granite City Steel Co. Granite City, I11. 2 225 2,200,000 1967 X
Inland Steel Co. East Chicago, Ind. 2 255 3,000,000 1966 X
2 210 2,000,000 1973 X
Interlake Steel Corp. Chicago, I1l. 2 75 730,000 1959 X
Jones & Laughlin Steel Corp. Aliquippa, Pa. 2 80 1,000,000 1957 X
3 200 3,000,000 1968 X
Cleveland, Ohio 2 225 2,250,000 1961 X
Kaiger Steel Corp. Fontana, Calif. 3 110 1,440,000 1958 X
Mclouth Steel Corp. Trenton, Mich. 2 110 1958 X
1 110 2,800,000 1960 X
2 110 1969 X
National Steel Corp.
Great Lakes Steel Div. Ecourse, Mich. 2 300 3,500,000 1962 X
2 200 2,000,000 1970 X
Weirton Steel Div, Weirton, W. Va. 2 325 3,400,000 1967 X
Republic Steel Corp. Buffalo, N. Y. 2 100 1,000,000 1970 X
Cleveland, Ohio 2 240 2,400,000 1966 X
Gadsden, Ala. 2 190 1,500,000 1965 X
Warren, Ohio 2 180 1,600,000 1965 X
United States Steel Corp. Braddock, Pa. 2 220 2,250,000 1972 X
Duquesne, Pa. 2 215 2,400,000 1963 X
Gary, Ind. 3 200 3,700,000 1965 X
Lorain, Ohio 2 220 2,250,000 1970 X
South Chicago, I11. 3 150 3,000,000 1969 X
Wheeling-Pittsburgh Steel Corp. Monessen, Pa. 2 200 1,500,000 1964 X
Steubenville, Ohio 2 250 2,000,000 1965 X
Wisconsin Steel Div.
International Harvester Co. South Chicago, Ill. 2 140 1,200,000 1964 X
Youngstown Sheet & Tube Co. East Chicago, Ill. 2 265 2,400,000 1969 X _
TOTAL 57,320,000 18,700,000 23 15




TABLE 3-13

COMPARISON OF EQUIPMENT REQUIREMENTS, ENERGY AND GAS FLOW FOR BOFR3/

No. 1 No, 2
100% Excess Air, 25% Excess Air,
Injection of Water Controlled Combustion
System Description and Water-Cooled Flue ané Waeste-Eeat Boiler
Quarntity of gas to be 920,000 actuel cfm . 176,000 actual cfm
cleaned
Note High proportion of " Controlled combustion..
leakage air and No wvapor in the waste
vepor in the waste gas, after cooling
gas
Size of filter 8 electric precipitators 3 electrie precipitators
(1 for spere) (1 for spare)
Energy gain or loss to Approx. 35-kw-zr/ton of Approx. 10C-xw-hr/ton
“re system steel of steel
Loss Gain
Encrgy comsumption for 9,580 Lp. 1,710 hp.

the exhaust fans with
use of serubbers (45-ir.
H-0 pressure drop)

The gas emanating from the mouth of the furnace is essentizally
CO and is purned in the hood with induced air. It is desirable to burn all
of the CO to COp in the hood; therefore, the hood should be treated as a
combustion chamber. A Japanese process has been introduced which does not
burn the CC in the mouth of the furnace thereby taking advantage of lower
temperature and less volume of gas. The gases are wet-scrubbed and the
cleaned gas can be burned at the stack or the CO can be used as fuel. The
cost of this system is estimeted at $1.0 to $1.5 million for a typical
150-ton BOF.32/

The factors to be considered in the selection of a wet or dry clean-
ing system and the problems associated with each system are clearly presented
in Reference Zz4.
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Another source of emissions associated with the BOF is kish that
is emitted during transfer of hot metal from bottle car to charging ladle.
Emissions generated have been reported as 0.16 lb/ton of hot metal with
grain loadings of 0.42 grain/scf. A baghouse handling 100,000 acfm has
been installed for control of these emissions and is reported to operate at
99.9% efficiency.éé/ Experimental studies of fabric filters in this appli-
cation indicated that air-to-cloth ratio of 4.5 to 1 should not be exceeded.
A full caropy hood located just above the ladle, sized for approximately
500 ft/min velocity througk all oper areas, will usually control the fume .34/

9.5.2,5.1 Zlectrostatic precipitators: Problems associated with
applications of electrostatic precipitators to basic oxygen furnaces are
basically those of variability in gas flow, in the moisture content, and
in temperzture of the entering gases, as well as maintenance. Also, col-
lection is lower during the initial phase of. oxygen lancing before the
‘temperature and water sprays produce a properly conditioned gas stream
for efficient collection.

The hoods over the BOF are a necessary part of the collection
system, and can result in operating problems. The gap between the BOF and
tke hood is usually dictated by the anticipated operating conditions and
tkhe buildup oz “he mouth of the furnace ("skull")., =xcess buildup can
restrict the flow of air required for combustior. of the carbon monoxide,
witz the result tha* a significant amount of carbon monoxide may reach
the electrostatic precipitator with possible disastrous results.

Tre hot gases leaving the BOF are cooled by heat exchange and
water sprays <o a preferred temperature of 450° to SO0°F. The moisture
content of the gas goirng to the precipitators is gquite important; it
stould be xept between 20% and 30% to insure adequate conductivity of the
dust layer.

9.5.2.5.2 Wet scrubbers: Problems associated with the use of
wet scrubbers include inadequate water treetment facilities or lack of
sufficient water and the abrasive and corrosive nature of the dust-laden
water. The dirty water from Venturi scrubbers is cleaned by a combination
of liquid cyclones, clarifiers and vecuum filters. The recovered dust may
be sintered if the composition is suitable; otherwise it is hauled to
storage.

References 25 and 26 discuss the use of wet scrubbers on BOF
furnaces., With a wet scrubber system it is not essential to burn all the
CO in the hood since & wet system can tolerate a considerable amount of
CO without danger of explosion.
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9.5.2.5.5 TFabric filters: No installations of fabric filter
devices exist in the U, S. However, fabric filters have been applied in
Europe. This system uses refractory surfaces in an accumulator to absorb
heat from the gases and depends on the cyclic nature of the 30F for its
cperation. The refractory accumulator zbsorbs the heat from the gases dur-
ing the blowing cycle, coolirng the gases to approximztely 250°F before the
baghouse. As soon as the blowing cycle is over, the accumulator is cooled
by back-blowing atmospheric air through the accumulator.gl/

9.5.2.6 Electric Furnace: ZXlectric furnaces are becoming more
popular for many metal melting operations. Particulate emissions from
electric furnaces are difficult to collect because of their small size
and because of a strong tendency to adhere to fabric surfaces, a high
angle of repose, and high resistivity. Jevertheless, except for diffi-
culties inherent in the charging opsration, over 95% effective collection
can be achieved with appropriate hooding and high-efficiency collection
equipment.lQ/

Tre characteristically smzll particle size of electric-arc steel
furnace fume precludes the use of dry centrifugal collecvtors, settling
chambers, etc. High-efficiency scrubbing systems, electrostatic precipita-
tors and baghouses are used to control fumes from electric-arc steel furneces.

High-energzy scrubbers installed on one oxygen-lanced electric
furrace producing a dust concentration of 3.2 to 6.4 grains/s:f reduced the
dust output to the range of 0.256 “o 0.0512 grain/scf. Baghouses reduced
it to the range of 0.004 to 0.0064 grain/scf. Electrostetic precipitators,
not performing as well, reduced the dust loadings to a range of only 0.256
to 0.512 grain/scf.l/

The high temperature of the fumes leaving the elsctric furnace
may require the use of tempering air, evaporative coolers or radiation
chambers prior to the collection equipment.

Effective dust and fame control during melting and tapping can be
achieved. However, a techrnologically acceptable method has not been found
for capturing the heavily polluted air esceping during the charging period.
Complete shop evacuation can be used for control of all fumes, but large
volumes of air must be handled.

9.5.2.6.1 Electrostatic precipitators: The only known installa-
tion of an electrostatic precipitator on an electric furzace plant is at
Jones and Laughlin Steel Corporation in Cleveland. The precipitators are
considered to be operating satisfactorily. Precipitators installed in 1955
at Bethlehem Steel Corporation in Los Angeles were replaced by baghouses in
1967.
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9.5.2.6.2 Wet scrubbers: High-energy scrubbers for electric
steel-making furnaces are known to be used in only two plants.

9.5.2.6.3 Beghouses: Fabric filters have been successfully
applied to the control of emissions from electric furnaces ranging up to
100 to 150 net-tons capacity, and for multiple-furrace shops as well as
one-furnace shops. The application and operating problems for a baghouse
installed on a 150-ton electric furnace are discussed in a recent article
by W. W. Bintzer and D. R, Kleinton of Lukens Steel Company.EQ/

Wherever fluorspar is employed, the fluorides in its off-gas attack
glass-filter media. Hence, fiberglass in any form is not recommerded on
Turnaces employing fluorspar as a fluxing agent. However, other syntketic
fabrics work well.

The approximate air volumes for various furnace sizes are shown
in Tezble 9-14. —Eypical side-draft and roof-tap-load systems are illustrated
in Figure 9-26.22

TABLE 9-14

APPROXIMATE BUDGET SIZING CHARTEa/
(Air Velume at Standard Conditiors (scfm) for Electric-Arc Furnaces)

Roof Ring

Diameter
Tt. KVA Capacity Side Draft . Roof Tap
9 4,500 8 tons 18,000 12,000
11 7,000 15 tons 30,000 22,000
13 10,000 25 tons 65,000 50,000
1S 18,000 50 tons 80,000 68,000
17 25,000 70 tons 110,000 85,000
19 40,000 100 tons 155,000 115,000
22 60,000 150 toms 190,000 165,000
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CHAPTER 10
CEMENT MANUFACTURE

10.1 INTRODUCTION

Cement, a nonmetallic mirperal product, is used as an inter-
m=diate product for many materials including concrete, mortar, concrete
block and concrete pipe. Raw materials for cement prcduction include
lime and silica as the principal constituents, with alumina end ferric
oxide as fluxing components. Limestone, cement rockx, chalk, marl, shell
residues, and blast furnace slag are sources of lime. Five types of
cement are produced, the classification determined by limitations on ccm-
positions of raw materials and production metiods.

Cement is a granular material and dust control is a problem in
the industry. Dust emissions result from quarrying and crushing, grind-
ing, kiln, and finish grinding anéd packaging operations. The manufacturing
process, particulate emission sources, emission rates of individual sources,
chemical and physical properties cf effluents, control practices, and con-
trol equipment are discussed in the following sections.

10.2 CEMENT MANUFACTURING PROCESS

Portland cement is made by either the wet or dry process., Fig-
ure 10-1 presents a schematic of the two processes. There are four major
steps in the prcduction of pcrtland cement: quarrying and crushing, grind-
ing and blending, clinker production, and finish grinding and packeging.
Most deposits of cement rock, limestone, clay, and shale are wcrked in
oren quarries. The rock is transported from the quarry to crushing plants.
The types of primary crushers used depend on the hardness, lamination,
and size of rock produced at the cuarry, and include gyratcry crushers,
jaw crushers, roil crushers and heavy hammer mills or impact mills. Fronm
the primary crushers the rock is screened and conveyed to the secondary
crusher, where crushing is completed. Typical crushers are hammer mills
that reduce the rock to a maximum of 3/4 in.1/

In the wet process, the wet, ground materizl is pumped in the
forr of a slurry containing about 40% water intc a series of large mixing
tanks and from these it is pumped into the kiln. 1In the dry process, the
dry, ground, raw material is carried by a conveyor to the stcrage bins,
and from the bins it is fed into the kiln.

preceding page blank
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The raw materials, either in the wet or dry form, enter the xiln
st the top end and contact the combustion gases which pass through the
xiln counter-current to the material. As the kiln revolves, the raw
materials fall down toward the cliinkering zone, having been first dried
by the hot gases, and then having the carbon dioxide driven cff frcm the
calcareous meterials. The partially fused product or cement clinker
passes from the lower end of the kiln to the clinker cooler where some
of its heat preheats air going tc the kiin. The clinker, with the addi-
tion of a little gypsum cr water to regulate the setting time, is then
ground in bell and tube mills to the requisite fineness for a finished
product.

10.3 EMISSION RATES FROM CEMENT MANUFACTURING PLANTS

The major scurce of particulate emissions in cement plants is
the calcining kiin. Dust is generated in kiln operaticns by the grinding
and tumbling ecticn within the kiln, by the liberation of geses during
calcination which tends tc expel particles into the gas stream, and by
the condensation of material that is veclatilized during passage through
the kiin. Volatilization and condensation generzlliy produce smaller
particles than the mechanical processes.

The principa. secondary sources in the cement industry are
dryers and crushers. Dust emissions from dryers result from ebrasion of
the material being processed and carry over from the kiln. The magnitude
¢f the dust problem from crushing operations depends on the type and
mcisture content of the raw materia’, and the characteristics and type
of crusher. '

10.3.1 Cement Kilns

Variations in kiln operation and design can contribute to the
nature and quantity of emlissions. The types of kilns used in the dry and
wet processes are discussed in the folliowing sections. :

10.3.1.1 Dry-Process Kiln Systems: Dry-process kiln systems c¢on-
sist of (1) short rotary kiln with or without a waste-heat boiler, (2)
rotary kiln with suspension preheater, (3) long rotary kiln with or with-
out a built-in preheater, (4) "Lepol" kilns with double gas flow (semi-
dry process), (5) pit kiln, and (6) traveling sintering grate kiln. Rotary
kilns are used in the United States, and almost all new plants utilize
long kilns with chain or other preheating systems.
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10.2.1.1.1 Rctery kiln: Tae rotary kiln used in mcst plants is
a steel cylinder with a refractory lining. The kiln feed is introduced
into the upper end of the revolving sloped kiln. During the passage through
the kiln, the raw materials are dried, calcined, and heated to a pcint of
incipient fusion. The combusticn gases pass through the kiln counterflow
to the material, and leave the kiln, slong with carbon dioxide driven off
during calcination, at temperatures of 300-1800°F, depending on kiln length
and the process used.

10.3.1.1.2 Rotary kiln with ascending gas heat exchanger: In
dry-process rotary kilns with suspension-gazs heat exchanger the dry raw
material powder is fed into the first and highest of four vertically
arranged stages of a cyclone located ahead of the kiln. While passing
through the four stages of the cyclone, the clessifying acticn of the
cyclone suspends the fines of the raw material in the waste gases and the
dust bteyond the heat exchanger is 90% € 10 w. Collection of this dust is
difficult.

10.3.1.1.3 "Lepol" furnace with double gas flow: In the "Lepocl"
kiln with double gas flow, the clinker formed in a drum or on a plate from
raw material powder and water is dried initially on a traveling grate by
the waste gases of the rotary kiln, then heated and partially calcined and
subsequently transformed into clinker in the rotary kiln.E/

The waste gases of the rotary kiln are first drawn upward into
the "hot chamber" through the lasyer of clinker on the grate, preliminary
dust removal being effected in an intermediate dust removal installation
(cyclone). The waste gases are then transported by means of a blower into
a drying chamber where these gases are again drawn through the moist layer
of clinker, During this process, the residual dust is almcst completely
retained in the still mcist layer of clinker. The gases are discharged
at a temperature of about 200°F through a stack of & second blower.

High dust-emission levels from these units may have the following
ceauses:

a. Damaged grate units so that the gases are not filtered in
passing through the grate.

b. Too rapid heating of the granulate. Feed material which has
been heated too quickly, or is too dense, has & tendency to burst. In order
to obtain granulate as resistant to heat as possible, the raw-meterial pow-
der and water distribution on the granulating plate should be uniform. Tem-
peratures in the drying and in the hot chambters must be continuously con-
trolled, and frequent inspection of the separation well between "hot" and
drying chamber is also required.
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c. Maladjusted suction fans. Fans must be adjusted so that
vacuum in the hot chamber is always higher than the vacuum in the second
chamber. All gases will then undergzo intermediate dust separation in the
moist layer of granulate of the drying chambver.

10.3.1.2 Wet-Process Kiln Systems: Two basic types of wet-
process kilns are in use in the U.S.: (a) short kilns with waste-heat
boilers, and (b) long kilns with internal chain preheaters.

10.3.1.2.1 Rotary kiln with built-in units: 1In kilns with chain
baffles in the preheating areaz, the chains serve to distribute the raw
paste over a large surface. The effect of the chains increases with their
nunmter. Tneir position ard length in the rotary kilns =sre arranged so that
the clinker material still contains about 10% moisture upon leaving the
lest chain. This percentage is necessary so as not to overheat the chains.

In preheated kilns, chambers ahead of the chain area sre earranged
crosswise and rotate with the kiln., Through & suitable arrangement of the
inlet and outlet apertures of the chamters, the paste flowing alcng the toi-
tom of the kiln enters the chambers and comes in clcse contact with waste
gases flowing through the chambers.

The dust emission from wet-process rotary kilns is highly dependent
on variations in kiln operation. If the waste-gas temperature becomes too
high, which may be the case when there are variations of the calorific
velue cf the fuel or thrcugh increase of the xiln cutput, the raw paste mray
lose its entire water content in the chaln area. Any granulate formed is
reduced to dust by the last c¢f the chains, and this dust is then carried
out of the kiln by the waste gases. '

10.3.1.2.2 Rotary kilns with paste dryers: In wet-process rotary
kilns with paste dryer (concentrator, calcinator), the raw material paste
enters the slowly rotating grate drum through ducts. The drum contains
baffles and is arranged ahead of the kiln. The hot waste gases of the
rotary kiln enter the grate drum from below, heat the baffles and thereby
dry the raw material paste into grenulate., Additional drying, as well as
calcination and sintering into clinker, takes place in the rotary kiln.

Heat economizers (e.g., scoops) in the kiln and particularly at
the inlet increase the production of dust. The kiln-inlet chute should
extend very close to the lining of the kiln so that the high.velocity waste
gases will not entrain the fines and return them to the paste dryer, which
will increese the dust content of the gas.e



1¢.3.2 Effect of Feed Composition on Dust Emission

Different types of feed composition alsc affect emission rates.
One of the most important causes of dust emissions is the way in which
gases are liberated and expelled from the raw feed during calcination.
Some raw materials remain relatively calm while the liberated gases escape;
others appear to expand and explode, throwing the material into the gas
stream. This may explain why some wet-process plants have a higher dust
loss than some dry-process plants.l

10.3.3 Secondary Sources in Cement Manufacture

Particulate emissions also originate from dryers, coolers, grind-
ing, =2nd packing operations. Mesger data exist on emissions from these
sources,

10.3.4 Summary of Emission Rates

The emission factors for individual sources and total particulate
emissions are summarized in Table 10-1, A statistical analysis of emission-
factor datae for wet- and dry-process kilns indicated that the differences
between the average emissior factors for each process are not statistically
significant. A single emission factor was therefore used for kilns. The
emission factcr, 166 lb/ton, is the geometric mean of 31 items of data.

Zmissicn-factor data are meager for the secondary sources (i.e.,
dryers, mills, elevators). Reference 3 indicates that in dry-process plants
emissions from secondary sources are about 40% of kiln emissions, while in
wet-process plents they are about 15% of kiln emissions. On this basis,
emission factors of 67 and 25 lb/ton were selected for secondary sources
in dry- and wet-process plants. Total emissions from these secondary sources
were calculated with the assumption that the average operating efficiency
cf control equipment and the percentage of production capecity controlled
were the same as for kilns, Information collected during a survey of the
cement industry indicated that bag filters are used extensively on these
sources. Therefore, the assumption of the same degree of net control as
for kilns is not believed to be unreasonable.

Total particulate emissions, as shown in Table 10-1, currently
total 934,000 tons/year.
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Source
Kilns

Grinders, Dryers,

elevators, etc.

Wet Process
Dry Process

TABLE 10-1

PARTICULATE EMISSIONS
CEMENT INDUSTRY

Emission Efficiency Application
Factor of Control of Control Net Control

Production (er) (Ce) (C¢) (Co'Cy)
74,600,000 167 0.94 0.94 0.88
43,600,000 25 0.94 0.94 0.88
31,000,000 67 0.94 0.94 0.88

Total for Cement

Emissions
tons/year

745,000

65,000

124,000

934,000



10.4 CHARACTERISTICS OF CEMENT PLANT EMISSIONS

ne chemical and physical properties of cement plant effluents
are summarized in Table 10-.2. Mechanical, volatilization, and condensation
processes produce the particulate emissions. Volatilization and condensa-
tion generally produce smaller particles than the mechanical processes.
The mass median size of particulate emissions from kilns is 8.5 K end the
geometric deviation is 4.1.

10.5 CONTROL PRACTICES AND EQUIPMENT FCR CEMENT PLANTS

10.5.1 Control Practices

Dust can be adequetely arrested in the cement industry by proper
selection of dust control equipment. Dust emissions as low as 0.03 to 0.05
grain/scf have been obtained in newly designed well-controlled plants.l
Table 10-3 gives ranges of dust emissions for various combinaticns cf
centrel devices.l/ An emission level cf 0.1 grain/scf is probably the
value needed *to preclude nuisance complaints from nearty residents.é/

The hot kiln gases are the main source of emission and they present
a major problem because gas volumes are large; they contain acid gases such
as HpoS and S0,, varying amounts of Ho0, and & temperature range usually
above 500 or 600°F.E/ A kiln producing 20 tons/hr cf cement clinker will
produce ebout 240,000 lb/hr of exit gases, or about 92,000 acfm.5/

10.5.2 Control Equipment

10.5.2.1 Multicyclones: Although a number of types of dust col-
lectors are used in the cement industry, only the high-efficiency collectors
such as the electrostatic precipitator and febric filter, sometimes used in
series with inertial collectors, effectively collect fine dust. The multi-
cyclones alone are not an acceptable means of reducing dust emission from
the kiln to the atmosphere,

Multicyclones, when preceding other control equipment, can be
expected to scalp off about 70 wt. % or all of the coarser particles.

10.5.2.2 Electrostatic Precipitators: In a wet-process plant
the performance of an electrostatic precipitator is greatly enhanced by the
extra water vapor present in the exhaust gases from the slurry. Dry-process
kilns do not have this water in the feed and often it is necessary to add
it as an eid to precipitator operation.6
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TABLE 1C-2

ETFLUENT CHARACTERISTICS - CEMENT MANUFACTURE*

A. Farticulate {Part I)

Solids Particle giectrical Mcisture
Sour~e Farticle Size ~cading Chemical Composition Density Resistivity Content Texicivy
Cement Flans A
a. «iln ‘Wugner Turbicdimeter dry Process Ca0: 39-5); SiCp: 2.6-3.2 See Figures N.T.
15.5< &, 43< 10 1-17 (stack  9.8-13; FeoCy: 10-3, 10.4,
64 < 20, 83 < 4C conditions)  2-11; Aly03: 2-8; Kyoi2-8; 10-5 ané 10-6
BAHCC Analysis: Average 6.4 Nas0: 0.5-1.1; Mgd: for detailed
232 < 5 Wet Process 1.3.2.5 data
Average 3 < 5 1-14 | stack
40.52 < 10 condi<ions)
Average 47.6< 20 Average 5.7
55-73 < 2C
Average 66.7 < 20
€7-863 < 4C
Avarage 8C.b < 4C
(Alsc spe Tigure 10-2)
mess median - 8.5
c= 4.1
b. Dryer
‘1) Standara 40-70< 12* 23-40"
arurc
{2) &uica dryer $0-70< 10% 13-20¢”
{2) Unspecified 5-4) (stazk
type corditions)
2, Cement Cocler 3aHCO Anslysis
(ciinxer dust, 3-6.5< 5
bverege 4.7< 3
4.8-1z < 1C
Lverage 7.$ < 10 3.6-3.9
0.4-18.2< 15
Average 12.4< 15
A. Partijculste (Part IT)
Hygroscopic Flarmability or Handling Cptical
Source Solubility Wettability Charazteristics Explosive Limitas Characteristics Prcperties

Cemert Flant

a. Kiln Angle of repose

Cal - s. Hz0
Cal, 5102, Fe0z,

Will absort HEO

Z9 degrees
(Fortland Cement)

Al0,, TiC, - s.
104 Hel

+ = German data.
* See C0ding Key, Table 5.1, Cnepter S, page 45, for units for indivicdual effiuzent properties.
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TABIE 10-2

B. Jlarrier 3as
Moisture
Scurce Flow Rate Temperature Centent
Cement Fiant
a. Kiln 2ry Process Lry Prccess [Cry Frocess
&. 34.300 150-845 1.2
{stack Wet Process  Wet Process
cenditions)  290-650 20.40
b. 94-€14
{stacx
cenditicns)
Aet Precess
a., 72-445
(stack
cenéitions)
b. 166570
{stacx
ccnditicns)
b. Sryer
(1) Standarc &. -- +58.302% Dew peint:

drur

(2) Quick
dryer

(3} Unspeci- a, 1C-8C (stack
Type

fled

b. 26-647 (
conditio
. ==

st
ns !

ack

b. 16-48% (steck 158-3¢2*%

conditicns)

cenditions)
E. --

10¢-158"

(Ceoneluded)

Chemical Toxic- Corro-
Composition ity sivity Odor
COE, steam, 02, N.T. Gases cop-
N,, small amcunt3 cain C-404
Sce, NO,, Co, steam and
and pclysuifides will cor-
Typical Analysis rode dead
CCpr 17-25 spots in
02: 1-4 pipirg
CC: 0-2

N.: 15-BO
z
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Curve 2 originated from a rotary cement kiln
of the older type, operated by a dry process.

Curve 3 pertains to a rotary cement kiln with
heat exchanger.

Curve 4 cement dust rotary kiln with concen-
trator.

Curve 5 cement dust rotary kiln with sludge
injection.
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TABLE 10-3

RANGES OF DUST EMISSIONS FROM CONTRCL SYSTEMS SERVING
DRY- AND WET-TYPE CEMENT KILNS)/

Raenge of Dust Emissions
frcm Collector

Source Type of Dust Collector grain/scf®/  1b/ton of Cement
Kiln-dry type Multicyclones 1.55 - 3.06 26.2 - 68.6
Electrical
precipitators 0.04 - 0.15 1.7 - 5.7

Multicyclone and
electrical pre-
cipitators 0.03 - 1.3 0.6 - 29.4

Multicyclone and

cloth filter 0.039 0.7
Kiln-wet type Electrical pre-
cipitators 0.03 - 0,73 0.52 - 9.9

ticyclone and
- electrical pre-

cipitators 0.04 - 0.06 4.3 - 24.2
Cloth filter 0.015 0.35

2/ Grains/scf - Grains/standard cubic foot of gas corrected to 60°F
sand 1 atm. pressure.
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The operation of electrostatic precipitatcrs has not been entirely
satisfactory in the past because of decreasing efficiency over extended
periods due to the effects of the cement dust on the high voltage compo-
nents.2 Also, when kilns have been shut down and then restarted, it may be
necessary to by-pass the electrostatic precipitator for perieds up to 24 hr,
because of the danger of explosion from the presence of combustible gas or
coal dust.

The total instellation cost of an electrostatic precipitator is
shown to be as high as 400% of the purchase cost in the HEW publication
AP-Sl.Z/ It is reported that this figure should be somewhat higher based
on costs frequently experienced in the cement industry.§/ Recent cost data
for electrostatic precipitators used in the cement industry indicate thet
the installed cost for precipitators having efficiencies of 99.0 - 99.5%
renges from $1.00 to $3.50/acfr with en average of‘$l.80/acfm.lg/

10.5.2.3 Febric Filters: Fiberglass baghouse filters have had
much success in controlling kiln emissions. Bag life averages Z years or
more.f/ A big plus in baghouse installations is the fact that duct designs
are simple and uncomplicated, requiring little study for the flcw of gases
when compared with the frequently complicated model studies necessary for
good gas-flow patterns in the electrostatic-type dust collector.4

Moisture condensation in gless-fabric filters can present prob-
lems. However, dew point temperatures are normally avoided by proper appli-
cation of insulation to ducting, etc., and by proper operation to avoid
condensation.

The simplicity of design and operation of the fiberglass filter
system, which lowers the cost, is balanced to some extent by increased fan
power needed to overcome pressure drop across the baghouse. Many baghouses
operate with a pressure drop of 3 to 7 in. of water. Sample data for fiber-
glass baghouses are given in Reference 9.

The total installation cost of fabric filters is shown to be as

much as 400% of the purchase cost in HEW Publication AP-Sl.Z/ This figure
is claimed to be in line with cement industry experience.§/
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CHAPTER 11

FCOREST PRODUCTS INIUSTRY

11.1 INTRODJCTION

The ferest products industry as considered here erncompasses for-
estry, sawmill, plywood, particleboard, nardboard, and pulp mill operations.
Emissions from this industry are highly variable, and range from dust re-
sulting from logging operations to particulates emitted from lime kilns in
pulp mills. Particulate emission sources include wood-waste incinerators,
plywcod dryers, sawmill planers, sanders, reccvery furnaces, and power
boilers. Figure 11-1 presents a composite flcw diagram for <he Zorest
products indusiry.

Manufacturing prccesses, particulate emission sources, particulate
emission rates, effluent characteristics, and control praciices and equip-
ment associated with this industiry are discussed in the fcllowlng sections.

11.2 FORESTRY OPERATTIONS

Fcrestry operations center around timber cutting. Trees are har-
vested by logging crews and transported to sawmills, plywood plantis, etc.,
for subsequent rrocessing. Logs are transported by truck, floated down a

river, or towed by tugs in the form of "log beoms cr rafis.”

11.2.1 Emission Sources and Rates

Apart from the dust generation resulting from lcggirg operaticns,
a najor sowrce of air polluticn in foresiry coperations is the burning of
wood residues. Common methods of dispcsal incl:ide opern turning and incin-
eration in a "wigwan" burner. The diversity of reasons for burning and the
large land areas involved lead to significant pollution from these prac-
tices.

o

Determination of the emission pctential of slash burning is diffie-
cult because asccurate estimates for total acreage or fuel loading for range
burning are not availaple. Particulate emissions from slash burning have
been estimated by two agencies of the U. S. Department of Agriculture.l
The Forest Service reported an estimate cf 17 million tons of particulate
matter produced by "Prescribed Fires" in the United States in 1967. Six
million tons of this total are attributed to slask burning. Slash burring,
Primerily practiccd in the western United States, is employed to reduce the
flammability of heavy concentrations of slask left after timber cutting.
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Prescribed burning in the eastern United States is used primarily to remove
accunmulated litter con the forest floor and the 11 million tons emitted are
not included in the slash-burning category. The Forest Service also esti-
mates thet the "fuel consumed in the west"” is 21 x 10% tons per year.

The Soil and Water Conservation Research Division estimates that
25 million tons of logging debris are burned each year and that 6.5 x 108
tons of particulates are produced by prescribed burning in the forests.E/

As shown in Table 11~l, emissions from slash burning are taken to be
6 million tons in accordance with the estimate of the Agriculture Department.

Emissions from vehicle traffic on logging roads were not estimated.

11.2.2 Effluert Characteristics

Data on effluent characteristics from slash burning are meager.
Research is being conducted on the subject at Oregon State University,
Washington State University, and the University of Washingtcn.

Field tests on slssh burning conducted by the University of Wash-
ington investigators have resulted in the following observations:é/

1. Ground-level particulate increased to nearly 10 times the back-
ground immediestely downwind from a broadcast burn. The particulate in the
smoke plume in the fire vicinity reduced visibility to C.5 lm., but at a
distance of 19 km. from the fire the visibility had increased to the level
found cver Sesttle.

2. Similarly, high CO and CO; concentrations found at the fire
site decreased rzpidly to ambient conditions in horizcntal and vertical
directions.

3., Hydrocerbon anaslyses of the gas samples revealed low concen-
trations of 25 components, the most significant of which appeared to be the
low molecular weight hydrocarbons and alcohols including ethylene, ethane,
propene, propane, methanol, and ethanol. Several unsaturated components
were found, but the quantities were relatively low.

The results of the study of broadcast fires, plus those on pile
and laberatory fires, suggest that broadcast fires can be modeled in the
laberatory with respect to burning cheraczeristics, gaseous and particulate
emissions from different fuel density, packing, quality, and method of igni-
tion. Furthermore, that study indicates thet the air pollution aspects of
slash burning can be minimized by establishing a high energy fire with a
strong convection column under conditions favorable for rapid atmospheric
dispersion.
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II.

III.

cet

Source
Slash Burning
Wigwam Burners
Chemical Pulp Mills

A. KXraft Process

1. Recovery furnace

2. Lime kiln

3. Dissolving tanks
B. Sulfite Process

1. Recovery Furnace
C. N.S.S.C. Process

1. Recovery furnace

2. Fluid bed reactor
D. Bark Boilers

Plywood, Particleboard
Hardboard

A. Boilers
B. Cyclones

C. Veneer Dryers

TABLE 11-1

PARTICULATE EMISSIONS

FOREST PRODUCTS INDUSTRY

Quantity of Emission
Material Factor
23,000,000 tons/yr
27,500,000 tons/yr 10 1b/ton
24,300,000 tons pulp
150 1b/ton
45 1b/ton
5 1b/ton
1/3 of 2,500,000 tons pulp 268 1b/ton
1/3 of 3,500,000 tons pulp 24 1b/ton
15% of 3,500,000 tons pulp 533 1b/ton

32,000,000 tons pulp

1,500,000,000 sq. ft.
Pplywood/yr

2.6 1b/ton burned
45 dry tons

MM sq. ft., plywood
250 1b/MM sq. ft., plywood

Efficiency Application Net

of Control of Control Control Emission
Ce C¢ Ce-Ct (tons/yr)
6,000,000
132,000
0.92 0.99 0.91 164,000
0.95 0.99 0.94 33,000
0.90 0.33 0.30 42,000
0.92 0.99 0.31 10,000
0.92 0.99 0.91 1,000
0.70 1.00 0.70 42,000
82,000
Total from Chemical Pulp Mills 374,000
3,000
67,000
4,000
74,000

Total for Forest Products Industry

6,580,000



Available data on the chemical and physical characteristics of
effluents from forestry cperations are surmarized in Table 11-2.

11.2.3 Control Practices and Iquipment

The variocus fcrestry operations that emit particulate matter, which
icclude slash burning and incineration, do not lend themselves to the use
. of control equipment. Altkough some considerations of burning methods and
metecrological conditions would undoubtedly influence these emissions, these
factors do not fzll in the category of contrcl equipment.

11.3 SAWMILL OPERATIONS (LUMBZR PRODUCTION)
The sawmill or lumber industry includes production of lumber,
shingles and shakes, posts and pilings, snd some lumber remanufacture and

planing mills. Operations include debarking, sawing, end planing.

11.3.1 Emissicn Sources and Rates

The basic lumber production processes create few pollutants.
Sawing and vplaning equipment generate wood wastes--sawdust, shavings--in
psrticulate form. Planers usuelly have effective containment of this waste;
but saws are seldon designed to contaln and control fine particles, and wood
dust emissicns occur.

Collecting, transferring, and processing wocd wastes for by-product
markets or incineration cause significant particulate emissions because of
the huge volume of the material.

Kiln drying of lumber probably does not create hydrocarbon emission,
zlthough this process has not been adeguately studied.

Incineration of sawmill wood and bark wastes is the main air con-
taminant source. The "wigwam"-type burner is one common device used for
this purpose. Reference 4 reports on a study of "wigwam" burners in the
Pacific Northwest. Average temperature of the gases leaving the burner was
485°E, which is considerably below the 600-900°F temperature range recommended
for smoke-free operation. Improving the combustion efficiency would reduce
emissions from these burners.

Emissions from "wigwam" burners associated with sawmills are in-
cluded in the 1.32 x 10° tons/year shown for these burners in Table 11-1.
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A

Particulate (Part I)

ource

Source

Forest Products

Industry
1. Forestry
operations

2.

3.

‘e

e

a. Slash burn-
ing

Sawmills

a. Planers

b. Wigwam burner

Plywood plant

a. Incineration
(see wigwam
burner}

Vencer dryer
¢. Sander

d. Preasing
machine

Particleboard
plant

. Incincration
(sce wigwnm

burner)
b. Dryer
c. Pressing
anchine
d. Sandeo (see
plywod)

Particle Size Sulids twoading

TARLS 11-00

Chemical Zomposition Particle Density Electrical Resistivity

Moisture Content

Toxicity

950-1,510%
{dependent on lo-
cation, wind di-
rection and stage
of fire)

Fine sawiust

Microscope: 0.004-0.G1 Average:

24 < ? 0.17 (esrrected
to 12§ coe)

Drum sander; Bahco
analysis, 5.2 <b,
18 <10, 35.% <20,
5.1 <40

Opticnl microscope:
Mean count size,

2a
22

Micrograms/ruhic meter.

Alkanes, alkenes, al-
cohals, ketones,
essentinl oils,
fly nsh

Hydrocarbons
Sawdust, sander dust

Phenolic r

Formaldchyde-urea resin

See Coding Key, Table 5-1, Chapter 5, p. 45, for units for tndividunl effluent properties.
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A. Particulate (Pnrt 1) (Concluded)

Source

Forest Products Industry
5. Pulp Mills
n. Kraft & Soda
(1) Recovery furnace

(2) Lime kiln

(3) Smelt dissolving
tank

(4) Boilers
(a) bark-fired

(b) oil-fired
{c) coal-rired

b. Sulfite,
(1) Recovery furnace
(magnesium bisulfite)

(?) Boilers
(a) bark-fired
(b) oil-fired
(c) coal-fired

*. N.S5.8.C.
{1) Recovery furnace
(2) Samelt dissolving tank
(3) Boilers
(a) bark-fired

(b) otl-fired
(c) coal-fired

50-85 ¢ 7

Electron micrascope
count
16.8 ¢ 0.5
53.2«¢ 1
30> 1
Cascade impactor
50 ¢ 0.95-1.1

95 < 25

90 <5

Bahco Analysis
19-25 ¢ 5
Average 22 < S
34-48 ¢ 10
Average 42 < 10
60-66 < 20
Average 63 ¢ 20
70-719 < 40
Average 74 < 40

®* High HaCl content due to seawater immersion of logs.

TABL? 11-2 (Continued}

Solids Loadin,

3-8 (dry)
Mean londing,
5.8

0.17-1.3

1.3-2.4 {dry)

0.04-0.4 (dry)
3.1-3.5 {dry)

4.94

2.05-2.4

3.19-3.5

Particle

Chemical Composition Deosity

Nay504: 14-90
Average - 80
Nap(0y: 2.6-73
Average - 11.2
NaCl: 0.6-14®
Average - 2.3
NapS: 3.3-5.4
Average - 4.4
Carbon, Fly ash

Cad. CaCOy, Map(COx,

NopSO4, MgCO3,
Fealys Al305,
510,

'“2&)5' NQES, N%SO‘

Electrical Noisture

Reslstivity Content

See Figures 0.2-1.2

11-2 and 11-3 Average 0.45
for detailed

data

Toxicity
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A. Particulate (Part II )

Source
Forest Products Industry
1. Porestry operations

a. Slash burning
b. Wigwem burncr

2. Sawsills
3. Plywood plant
4. Particleboard plant
5. Pulp =ills
a. Kraft and soda

(1) Recovery
furnace

(2) Lime kiln

(3) Smelt dissolv-
ing tank

TARLP. 11-2 (Continued)

Flammebility or
Explosive Limits

Hygroscopic

Solubilit, Wettability Characteristics
NayS0, - s. H30, glc. Hygroscopic
NapCOy - 3. HpO, 8.5. al.
NaCl - s. Hy0, glye.

8.5. al.
"“200‘5 - s. il?l), s.s.nl.
Cal0y” - 5. Ho0
MgCOy - 5. H0
NapSO4 - 3. HpO, glyc.

s.s. al.
NagCOy - 5. HpO, 8.8. al.

Has -

3. HyO 8.5. al.

Handling

Characteristics

Agglomerates,
corrosive

Optical
Properties

Sodium salts-
wvhite;char,
fly ash - black

©

5
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B. Carrier Gas

Source Flow Rate

Forest Products

Industry
1. Forestry
operation

#. Slash burn-
ing

2. Sawmills
a. Planers
b. Wigwam burner Avg. veloc-

ity at burner
top, 600 ft/min

3. Plywood
plants

a. Incineration
(see wigwam

burner)
b. Dryer
c. Sander a) 40-60*

d. Pressing
machine

4. Particleboard
plant

a. Incineration

(see wigwam
burner)

b. Dryer

c. Presasing
machine

d. Sander (see
plywood}

* Actual cubic feet/min.

TARLF® 11-2 (Continurd)

Molisture Chemical

Temperature Content Composition Toxicity Corrosivity Odor

00y, 00, CHy, CyAg

900-1550 CoMy, CoMg, Callg
K2, Op

166-866 05, Ny, 00, COp, and

Avg., 484 various gaseous
products of wood
pyrolysis

296-334 Dew Point

Hydrocarbons, air
108-133

Air

Phenolic resin (gns
and vupor) alr

Formmidehyde-urea
resin, air {gas and
vapor)

Flammability or
Explosive Limits
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B.

S.

Carrier Gas (Continued)
Source Flow Rate Temperuture
Pulp mills
a. Kraft & Soda
(1) Recovery (a) 20-568 270-650
furnace (b) 278-568 avg. 350
Avg. 4308
(2) Lime kiln (a) 7-50 400-900
(b) 31-53%s
Avg. 44
(3) Smelt dissolving (b) 45+ 170-200

++

tank
{4) Boilers
(a) bark-fired (b) 96-125
Avg. 112=*
(b) ofl-fired (b) 99-366%*
Avg. 218

(c¢) coal-fired (b) 91.4-340%+

Avg. 204

Standard ft3/afr-dried ton.

Pound/uir-drled ton.
MM - Methyl Mercaptan.
DS - Dimethyl Sulfide.

TARLFE 11-2 {Cont taned)

Moisture Flammabtlity or
Content Chemical Composition Toxicity Corrosivity Odor E«plosive Limits
©0-40 Typical Orsat analysis S0, - 5 Corrosive due Mal- Ho5: upper limit
Dew Point Cop - 12,5 to sulfur odor- in air, 45.5%;
135-180 co - 0.1 coppounds ous lower limit in
0y - 1.6 air, ¢.%% CH3SCHy:
Ny - 79.8 upper limit in
Minor components air, 9.19%; lower
}|?S - 130-935 ppa limit in air,
tMM - 60-1,400 ppm 2.23% ChySH:
(1-15 ppm new plants) upper limit in
iDs - 0-125 ppm air, 21.8%; lower
50, - 1-350 ppm limit in air,
3.9%
400-600n+ €0, - 16.5-22 80, -5 Corrosive due Mal-
Avg. 556 Co - 0-0.7 irritant to sulfur odor -
0p - (.3-5.1 compounds ous
Ny - 77.1-78.4
Minor components
H?S: 0.08-0.23%%%
S0,: 0-2,58ss
MM, DS: 0-0.6ew#
670%2n S0,: 0-0.00%ss S0, - 5 Corrosive due  Mal-
HyS: 0.01-0.04%% irritant to sulfur odor-
MM, DS: 0.01.0.09%#= compounds 8us
Ny balance
654 -860%%+ C0,, 05, Np, SO, S0, - 5 "
Avg. T4 irritant
336-1,240%%%  COp, Op, Np, SO, S0, - 5 .
Avg. 139 irritant
245-908% €0, Og, Mo, SOz S0, - 5 "
Avg. 539 irritant
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B. Carrier Gas (Concluded)

TABLE 11-2 (Concluded)

Flazmebility
or Explosive
Source Flow Rate Temperature Moisture Content Chem. Camposition Toxicity Corrosivity Odor Limits
b. Sulfite
(1) Recovery b) 463"° 509 3,000""* COs, Np, Opy SOp, S0y - 5 Corrosive Mal- See above
furnace HyS, MM, DS irritant due to sul- odor-
(magnesium fur com- ous
bisulfite) pounds
(?) Boiler ..
(a) bark-fired b) 105-122 780-910"** COpy Npy Op, SO, " "
Average 833
Average 113
(b) oil-rired b) 148-420"" 505-1,430""*" "
Average 295 Average 1,000
(c) coal-fired b) 137-380"" 361-1,040""" " " "
Averape 254 Average 130
¢. N.S.8.C. - -
(1) Recovery b) 107-189 325-1100 1,100-1,400 COpy Np, Op, SO, " ' "
furnace Average 148 Average 1,260 HoS
(#) Smelt dls- ) as"" 200 610" 1,5, S0, MM, DS " " "
solving tank
(3) Boilers T
(a) burk-fired b) s9-68"* 454 €Oy, Np, Oy, SO, " "
Average 63.5
(b) ofl-fired b) 306-318 1,040-1,080"""
Average 3lu Average 1,060
(c) coal-fired b) 284-317 757-800""*

*% Methyl Mercaptan.
“# Dimethyl sulfide.

Averuge 303

Average 178



DUST RESISTIVITY-~OHM-CENTIMETERS
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Figure 11-2 - Electrical Resistivity of Salt Cakel8/
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DUST RESISTIVITY (OHM-CENTIMETERS)
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11.3.2 Effluent Characteristies

Limited data were fcund for the effluent chsractaristics of
emission sources in sawmills. Available data are summarized in Table 11-2.

11.3.3 Contrecl Practices and Fquipment

Comments on control practices for szwmills are included with those
for plywocd plants in Secticn 11.4.3.

11.4 PLYWOCT, PARTICLESOARD, AND HARDBOARD FLANTS

Part of the wood wastes from sawmills is utilized in the manu-
fzcture of plywood, particleboard, and hardbtozrd. Trigure 11-1 presentis
typical process flow dilagrams for plywood vencer and layout planis and a
particlebeard plant.

In the plywcod manufaciuring cycle, the logs first gc through de-
barking, peeling, and clipping to oproduce a veneer msterigl. Following
drying, tke veneer proceeds trhrough layup and glue spreading, pressing,
trimming, and finzl sanding.

In a particleboard plant, tre waste wood 1s scrzenei, ground, and
dried in the initial processing steps. After the drying step, the material
is mixed with resin tc form panels. The panels are then pressed, trimmed
and sanded to producc the finished product.

11.4.1 Emission Sources and Rates

Particulate pollutants in comparatively small amounts are prcduced
in these processes. In plywood veneer plants, the disposal of wood waste
creates the major emission prcblem. 1In plywood layout and finishing plants
some emission sources also involve wood wastes. Incinersation and boiler
plants are the principal means of disposal and "wigwam" burners are used
quite extensively.

Emission sources in a plywood layout and finishing plant, in
addition to incineratcrs and power boilers, include veneer dryers, panel
pressing operations, and sanders. Green veneer panels {50% mcisture) are
dried to less than 10% moisture in long enclosed hLeated chambers called
ventilated veneer dryers. Twc dryers are rarely ever alike. They emit a
visible blue plume wnich is saturated with water vapor and lozded heavily
with hydrocarbons.



Plywood pressing operations are ancther source of emissions.
Phenolic resin 1loss to the atmosphere during pressing of panels may contrib-
ute to local air pollution problems. Overall emissions from this type of
resin appear to be very minor although detailed datz are not available,

Plywood sanding coperations produce a large volume of sanderdust.
Plywood is either prcduced as unsanded sheathing or it is sanded on either
one side or two sides. Volume of sanderdust generated has been reported to
very from 33.3 to 99.5 tons/million sq ft of sanded plywood panels.é/

Emission sources st a particlebcard plant include: {1) transfer
operations, {2) drying operstions, {3) pressing operations, (4) sanding
operations, and {5) incineration.

The only waste material at particleboard-hardboard plants is
sanderdust, as other wastes are recycled to the manufacturing process.
Emissions from incineration of this materisl would be similar to those de-
scribed for sawmills.

Particleboard plants purchase plywood trim, planer shavings, and
sawdust, which includes small quantities of sanderdust. as raw materials.
As the loaded trucks dump intc receiving hoppers, considerable quantities
cf the fine particulate zre carried into the atmosphers.

Pzrticleboard and hardboard plants process "green" raw materizl
through rotary kiln-like dryers. No data were found for emissicns from
these dryers.

Emissions of formaldehyde-urea resin during pressing operations
have produced air pollution problems near particleboard and hardboard plants.
The formaldehyde odor of the finished product is the main problem. The bulk
of formaldehyde emission occurs during the high temperature (350°F) press
which cures and sets the resin. It has been reported that at a press tempera-
ture of 350°F, and with a 1.8:1 molecular weight ratio of formaldehyde urea
resin, 3% of the total solids will be leached as free formaldehyde. One
percent would be emitted at a 1.2:1 mole ratio. The resin binder itself
consists of approximately 10% of the total weight of particleboard and 6%
in hardboard produced by the dry method.

FEmissions from sanding operaticns wculd be similar to those discussed
under plywood manufacture. After being sized in the trim saws, particle-
boerd is sanded on two sldes and the hardboard on one. The quantity of
sanderdust generated depends on sanded depth and density of the board and

has been reported to vary from 42.5 to 156 tons/million sg ft sanded.3/

203



Emission rates from these plants are summarized in Table 1l-1.
Limited data are available as these plants have not bean thoroughly studied
as air pcllution sources.

11.4.2 Effluent Characteristics

Data on effluent characteristics from plywood, perticlebosrd, and
hardboard plants are limited. Tatle 11-2 summarizes infermation currently
available. Dust from a drum sander is about 20 wt. % less than 10 ne

11.4.3 Coxntrol Practices and Eguipmexnt

Emissions from these operations and from sawmills result primarily
from steps producing sawdust or from i{ncinerstion. Cyclones have wide appli-
cation in the collection of sawdust but very little information is available
cn their design or operating efficiency. 3Baghouses can probably be used
for the collection of this sawdust in many instances, but the pressure drop
involved would be higher then for cyclones. Afterburners could be used on
sources which emitted combustible vapors or mists.

11.5 PULP INTUSIRY

Characteristic air-polluticn problems of the pulp industry are
associated with the release of malodorsus sulfur compounds and particulate
matter. Pulp is made by either the sulfate (kraft), sul“ite, semichemical,
soda, or by a mechanical prccess. Most c¢f the pulp produced in the United
States is made by the kraft process. The sulfite process accounts for less
than 10% of the pulp production.

11.5.1 Xraft Process

The chemical pulping process kncwn as kraft pulpirng, emplcys a
cooking liquor whose main ingredients are sodium sulfide and sodium hy-
droxide in solution. High-pressure digestion of wood chips dissolves the
liquor in weood, and frees its cellulose fiber for use as pulp. A typical
batch digester will reach temperatures of 350°F and pressures of 110 1b/
sqa in., and take 3 hr. for a cook. The full cooking pressure is used to
blow the digester contents into the blow pit, ending the cooking cycle.

More recently, new mills have been utilizing continuous digestion
because of improved control over the cooking cycle and hence a better quality
of pulp. Wood chips, liguor and steam are supplied continuously at one end
of the digestor, while the finished pulp and spent liquor are removed at the
other end. Continuous digesters are also used to produce a low-grade pulp
from sawdust.
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As srown in Figure 1ll-1,diluted pulp from the btlow pits is sepa-
rated from the speat liquor by filtration and washing. The spent cocking
liguor at this point is tlack frcm the ligrin, waste fibers, and dissolved
sulfide salts--and hence called "bleck liquor." Vitally importani tc the
economics of the kraft process is the recovery and recycle of inorganic
chemicals in the black liguor. To accomplisk chemical recovery, black liquor
is cocncentrated by evaporation and burned in recovery furnaces. Most of the
organic and inorganic sulfur is reduced in the lower oxygen-poor region of
the furnace to form sn ast or smelt of molten chemicals, primarily sodium
sulfide and carbonats. Tke upper zone of the recovery furnace, ideally an
oxygen-rich zone, serves to oxidize the residuzl sulfur organics carried
up from the reducing zone below.

Recovery furnaces also produce valuable process steam from the
heat of the burning black liquor. Hot gases frcm the combustion zone relin-
guish most of their heat energy in passing over boiler tubes and heat econ-
onizers. Steam may be used elsewhere in the pulp-making prccess or sent to
turbines fer electrical power generation. Additional utilization of the
furnace heat is accomplished by the use of a cirect contact evaporator. Such
an evaporator utilizes the heat cf the flue gases tc further evaporate black
iigquor just prior to its firing in the recovery furnace. Direct contact
evaporaticn has one serious drewback, however, from an air-pollution stand-
point-~the stripping of hydrogen sulfide which occurs when acidlc flue gases
contact the black ligucr. Following the direct contact evaporator, furnac
gases pass tarough collecters (such as electrostatic precipitators and scrub-
bers) to remove particulate matter consisting of sodium salts and carbon
particles. Exhaust gases containing the remaining perticulates, plus the
malodorous sulfur compounds, then pass to the atmosphere.

Trne sodium sulfide and sodium cervonete smclit, formed at furnace-
grate level, falls into the smclt tank where it dissolves in water, forming
the "green liguor." The sodium carborate is converted to sodium hydroxide
by the addition of lime. The reaction performed in the causticizer cr
shaker is shown telow. (1) Calcium carbonate precipitates as a lime mud,
and after washing is seat to the lime kiln where it is calcined tc calcium
oxide. (2) This fresh lime is then slaked (3) and available for further
causticizing. After conversion of sodium carbonate to the hydroxide, %the
“green" liquor becomes "white" liquor and is ready for recycle as cocking
liquor.

(1) ca(OEp) + NagCOy ————>  ZNaOH + CaCOs
(2) CaCOy ——> Ca0 + CO

(3) Ca0 + H0 —> Ca(0H),
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11.5.1.1 Emission Sources and RPates; The kraft pulp mill emits =
wide range cf air pollutants, with the malodorous sulfur gases deing the
most objectionable because of their low threshold of detection in the ambient
air. Other categories of kraft mill emissions include particulates, mists,
and less odorous gases which are emitted from numerous process points.
Table 11-3 shows the atmospheric emission scurces ané the general category
of atmospheric emission which each source contributes.é/ Table 11-4 identie
fies the emission category by chemical composition.6

TABRTE 11-3

ATMOSPHERIC EMISSION SOURCES TN A KRAFT MILLE/

Source Emission Categories

Digester relief and blow gases Malcdorous gases and wster vapor
Krotter and brown stock washers, Mzlodorous gases. mists and crganic

wasner seal tanxs vapors
Black liqucr storage Malodorous gases
Black liguer oxidation tower Malodorous gases znd organic vepors
M. E. evapcratcrs Malodorous gases
Recovery furnace Particuletes, malcdorous gascs, other

gases (including sulfur dioxide)

Smelt dissolver tank Mists and odorcus gases

Lime kiln All categories

Causticizer Mists

Bleach plant Mists and other gases

Power boilers (including oil-fired Particulates and other geses

and berk-fuel boilers)
Paper incinerators Particulates and other gases

Materiels handling Particulates
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TABLE 1i-4

ATMOSPHERIC EMISSIONS F3IOM KRAFT DULP MILLSQ/

General Category Composition
Particulates sodium carbonate, sodium sulfate (salt

ceke), calcium oxide (lime), sodium
oxide, carbon (char), fly ash

Misis scdium cervbonste, sodium suifate, black
liquor, caustic and hypcchlorite + sul-
furous gases

Malodorous [ sulfurous gases) kydrogen sulfice, methyl mercaptan,
dimethyl sulfide, dimethyl disulfide,
ethyl mercaptan, isopropyl mercsaptan,
n-prepyl mercapten, cthyl sulfide,
and cthers

Other gases (less odors and carbon mcnoxide, sullur dioxide, chlorine
including organic vapors) and chnlorinc dioxide, carben dicxide,
methanol (wocd alcohol), ethanol (rubbing
alcohol), alpha-pinene, acetone

Viater vapor ———

Tne largest source of petential particulate emissicn is the re-
covery furnace; other sources of particulete emission include the lime kilns,
smelt tanks, ard bark- and/cr coal-fired power boilers. The recovery fur-
nace can also account for half of the total potential sulfur emissions, zl-
though othicr sources such as the digesters and muilti-effect evaporators
shculd not be ignored as malcdorous emission sources.

In the recovery furnace, heat is obtained from the combustion of
the organic constituents of the black liquor, and the inorganic constituents
are recovered as = molten smelt. The concentraied black liguor at 60 Lo 65%
solids content is sprayed into the furnace whkere the water content is flashed
off,

Vhern the black liquor is burned in the furnace, an appreciavle
quantity cf particulate is liberated. Chemical content of the solids en-
trained ir the reccvery furnace fluec gases is a Zuncticn of furnace oper-

ating condivicns and feed liquor composition. Usually NapSO4, NapCOz, and
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naCl constitute 75 to 90% of the particulate weight. The remainder is ccm-
posed of NakCOg, unburned organic materisl., snd water-soluble fly =zsh. The
relative mass fracticns of XacS804, NeoCOz, and Nell in the fume can vary
greatly from mill to mill. For example, NaCl is present ic messuredle quan-
tities when logs have been stored in salt water before chiprirg; Inland
mills have less NaCl passing through the recovery system.

The smelt recovered from combustion of black liquer in the re-
covery {urnace is dissolved in water and weak wash in the dissolving tarnk.
As & result cf violent reaction and flashing, a ccnsicereble quantity of
moisture contain-ng dissolved sodium compcunds is discharged from the cis-
solving tank to the atmosphere.

Boilers which are wholly or p=sr t 21lly fired with bark sre another
sourcc of particulatc emissicns. Fly ash is the dominant particulate emitted
from this source.

Emissicn levels for the kraft pulvirng process are summarized in
Table 11-1. rarticulate emissions from xraft milis currently totzl about
239,00C tons/year.

11.5.1.2 Effluent Characteristics: The cheomical znd physical prop-
erties of effluents from kraft pulring processes are cdetailed in Table 11-2.
Particulates emiticd frcm the recovery furnzce range Trom 5C to 85 wt. %
less than 2 p. Zime kiln particulates are 95 wt. % less than 25 p, while
those from the smelt tanks are 90 wt. % less than 5 (.

11.5.1.3 Control Practicass end Ecuipmern:: Electrostatic precipita-
tors arc normally used to recover particles eritted from the recovery fur-
naces., FElectrostatic precipitztors may remove 85 to 97% of the particulate
matter while Venturi scrubbers may remove 60 to 95%.

The recovery c¢f particulate matter from the flue gsses leaving
the recovery furnace, lime kilns, and dissolving tanks is described in
Reference 8. Uncontrolled emissions from the sm2lt tank may be as high as
20 lb/ton of pulp. Use of a simple water spray may reduce this tc 5 1b/ton,
while & mesh demister may further reduce this to 1 or 2 1b/ten.7.9/ The
control equipment used to decrease smelt tenk emissions are mesh pads, packed
towers, orifice scrubbers, or cyclonic scrubbers. The pressure drop for an
orifice scrubber is approximately 8 in. of water. The pressure drop across
& mesh pad is ususlly less then 1 in. of water, but sprays lccated zbove the
pads may be required periodically to remove collectsd chemizals. __/ The
recovery of particulate matter from the flue gases leaving tre rscovery fur-
nace (and from the lime kilns and dissolving tanks) is described in Refer-
ence 8.



Io reduce fzllout in the mill vieinity and/or comply with stzck
emission standards, some mills practice secondary wet scrubbing as an adjunczt
to the use of primary recovery devices on tne reccvery furrnace flue gases.
Six types of secondary scrubbers for perticulate matter removzl in flue
gases are in use in the U, 5, industry at the present time.lg/ These are
usually low-pressure-drop devices of less than 2 in. of water. They may be
constructed of fiberglass or lined with ecid rcsistant brick or concrete.

The wide variation in waser usgge rate for these secondary scrubbing inssal-
letions is shown in Tatle 11-5.12/ Tt has been reported that the initial
installation cost of varicus secondary scrubbing systems ranges from $35,000
to $55,000/100 tons pulping capacity.l3

TABLE 11-5

WATEZR USAGE FOR SECONDARY SCRUBBING INSTALLATIONSL%/

gpm/1,000 cfm

Water Use Shcwer
Type Rate Rate
Vertical impingement screen 0.4-2.3 1.0-2.3
fultiple Venturi impingement 4.6-11.3 10.8-22.6
Chevron taffle platc 0.3 8.7
Dease-Anthony cyclornic 0.5-4.1 1.2-7.6
Vertical baffle plete 0.6 1.2

The installation of scrubber urits downstresm of an electrostatic
precipitatcr is discussed in Reference 14. Tatle 11-6 shows average per-
focrmence data for this type cf unit and Figure 11-4 gives the particle size
efficiency curve. Tests showed conclusively that dust collection efficiency
decreased when the flue gas entered the washer saturated with water wvapor
(at the dew point temperature). It is surmised that when flue gas enters
the washer at a temperature considerably above the dew point, large quzn-
tities of steam or fog are produced at the first bank of spray nozzles,
vhere the ges is cooled to the dew point. Solid particles carried in the
gas act as condensation nuclei for the saturated steam, thereby resulting
in the nigh ccllection efficiency for the 5 to 30 y range particles as
shown in Figure 11-4.
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TABLE 11-5

AVERAGE PERFORMANCE DATA FOR FULL-SCALF TE WASHER*&&/

Gas flow, ft°/min 57,000

Dust loading, grains/std ft°

Inlet 0.21
Outlet 0.027
Efficiency, % a8
Soda ash recovered, lb/min 1.7
Liquid effluent frem scrubber, gmm 25.3
Concentration, g/liter as NaHCOg 7.73

Gas temperature, °F

Inlet:
dry-bulb e72
wet-bulb 159
Qutlet:
dry-bulb 166
wet~bulb 162

¥ Pressure drop less than 1 in. w.g.

Venturi scrubbers are used on stack gases from recovery furnaces
to serve as direct-contact evaporators by using black liquor as the scrub-
bing medium. The particulate collection efficiency of one such unit is re-
ported to be 74.2%.§/ The pressure across this unit was not given. t was
stated that steam-atomizing nozzles were Installed in an effort to imprcve
collection efficiency.

Wet scrubbers are also used on lime kiln stack gzses. Test data
for one unit are given in Table 11-7.16

Pilot plant studies have been conducted making use of electro-
static pre-agglomeration of black liquor boiler fume followed by a flooded
disk or Venturi scrubber.l?/

Large diameter cyclones of 48 in. t¢ 60 in. are commonly used for

ccllection of the emissions from bark boilers. Recovery efficlencies are

in trhe range of 98% with a pressure drop ¢ 3 to 4 in, w.g.ig/



TAELE 11-7

TEST DATA, LDME KILN VENTURI SCRUBBERLE/

nlet gas temperatures, °F Z09-244
Exit gas temperatures, °F - sat'd 156-168
Scrubbing slurry temperatures, °F 155-1¢66
Inlet gas volume, cfm at STP - 32°F, 29.9 in. ¥g 17,400-24,700
Inlet gas volume c<fm at duct ccnditions 27.800-40,0C0
Outlet gzs volume, cfm at STP - 32°F, 29.9 in. Hg 20,400-25,800
utlet gas volume, cfm at duct conditions 26,200-32,8C0
Ruz Ho.
1 z s & 1 &8
Pressure drop a2cross venturi
and cyclore, in w.g. 11.25 6.75 1¢.75 6.75 £.5 5.5
Scrubbing liquid used Filtrate Filirate Slurry Slurry Slurry Slurry
Scrubbing liquid gym 510 290 41C 160 200 10C
Scrubbing liquid, % solids 3.3 - 46,7 18 - -
Inlet dust load, tors/day
Acid insoluble 0.C8 0.16 C.06 - - -
Cal0q 4.14 1£.70 19.€2 -- - -
NasS04 0.30 0.03 0.06  -- - am
NanC0z 2.34 2.41 1.64 -- -- -
Total 6.86 17.3 21.38
Outlet dust load, tons/day
Acid insolutle 0.01 0.05 c.oe 0.C1 0.09 C.03
CaC04 0.03 0,10 ¢.1S 0.5 0.08 0.37
NapSOy 0.04 0.01 0.02 0.02 0.02 C.0l
N32305 0.86 0.48 0.45 0.75 0.30 0.31
Total 0.94 0.64 .64 0.93 0.49 0.72
Dust loading, grains/ft3*
Inlet 2.94 6.86 11.34 -~ - -
Outlet 0.45 0.24 0.30 0.40 0.18 c¢.27
Dust removal efficiency %
For CalOq 99.3 99.4 99.5 - - -—-
For NaoSO4 86.5 63.3 59.6 -- -- -
For Na2C03 63.0 8C.0 72.5 -- -- -
Overall €6 96 97 -- -— -

* Wet gas at STP 32°F, 29.9 in. Hg.
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It has been reported that the large cyclones are preferred to
the smaller diameter multicyclone systems. Part of the reason for this is
the low density of the bark char which is easily re-entrained and does not
flow well out of the coilection hoppers.lg/

11.5.1.3.1 Control costs in kraft pulp mills: The cost of con-
trol equipment for the wood pulping industry is a major part of a NAPCA study
conducted by Environmental Engineering, Inc.,and the J. E. Sirrine Company.ll
Detailed cost studies for many different control systems and combinations
were developed for this study. A portion of this cost information has been
extracted from the atove report and is included in the following section.
The reader is directed to the original report for more detailed information
and for a compleie set of cecst studies.

11.5.1.3.2 Descriptions of capital cost items:

Purchased equipment: Cost of the emission control device
and all accessories and auxdllaries required for its full operation.

Equipment erection: The erection of purchased equipment
only. The erection cost of building and foundations, piping arnd wiring is
included elsewhere.

Equiprment foundations and tuilding: The installed cost of
all equipment fcundations, building and tuilding foundations, floors, roof,
stairs, and welkways, that are rcquired for support, access, and enclosure
of the control device.

Process and instrument piping: Cost of all pipe and pipe
supports, erected, and including insulation and protective coating where
required.

Power wiring and lighting: The installed cost of all power
wiring and lighting is included. Wherever required, any substation, trans-
formers, or switchgear costs are included under "Purchased Equipment."

Indirect capital cost: The summation of the above capital
cost composes the total direct capital cost to which is added indirect
cost as a percentage of direct cost. The following is a breakdown of
this indirect cost:
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15% Contingency--Unforeseen conditions and items
rot practical to estimate
% Engineering--Preparation of specifications and
) working drawings, selection, and evaluation
of equipment
1% General Construction Overhead--Includes tempo-
rary facllitiles, contractual supervision,
timekeeping, etc.

3% Start-up Cost--Loss of production not included
2% Spare Parts

2% Sales Tax

3C% TCTAL

11.5.1.3.3 Description of annual cost items:

Generel: Any estimated annual cost mey vary considerably
from mill to mill. The following values mey be considered typical and
should provide reasoneble comparisons of emlssion-control-device annual
costs

Direct operating cost: Direct operating cost consists of

cherges for:

(1) Operating labor, including overhead. A national average
hourly rate of $4.25 has been assumed. To this rate, an additional 29% is
added for vacations, sick pay, holidays, pasyroll taxes, insurance, and
fringe benefits. (Total $5.50/hr)

(2) Power, electric, and/or steam. An electric cost of
$0.01 per KWH, and a steam cost of $0.65/1,000 1b of steam has been used.

(3) water. A water cost of $0.13/1,000 gal has been used,

(4) Maintenance, including maintenance labor, replacement
parts, and maintenance materiels.
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Taxes and insurance: Local property taxes vary wldely over
the country. Generally, tnis is applied as a millage on the assessed valua-
tion. Assuming the property is assessed at 50% and 30 mills tax is zpplied,
then the property tax would be 1—1/2% of the construction cost.

1.5% of Capital Cost

An average insurance cost has been

used for the entire pulp and paper mill.
0.5% of Capital Cost

Total Taxes and Insurance 2.0% of Capital Cost

Administrative costs: This 1s an average cost applied to
the overall plent and includes all salaried personnel (officers and super-
visors), fringe tenefits for salaried personnel, legal and other profes-
sional services, public relations, contributions, and office supplies and
expenses. This does not include any marketing costs.

5.0% of Capital Cost

Depreciation and interest (capital recovery): Depreciation
plus interest charges were calculated frcm tre following fcrmula which 1s
one of several commonly used for this purpose. An interest rate of 10%
was assumed.

i(1 + 1i)% x 1009

Equal ernuel payment =
(L+1iy3 -1

(WY

1

interest rate
n = life in years

SUMMARY OF CAPITAlL CEARGE ITEMS
{As % of Capital Cost) ’

Estimated Life of Equipment in Years

Item 8 10 18
Taxes ard Insurance 2% 2% 2%
Administration 5% 5% 5%
Depreciation and Interest 18.7% 16.3% 12.8
(Capital Recovery)
TOTAL 25.7% 23.3% 19.8%
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Net annual ccsts have been computed on basis of egquipment

life as follows:

Electrostatic Precipitators
Venturi Scrubbers
Packed Towers

Cyclores

Iten

Steam $/1,00C 1b.
Based on 1,0CC BTU/1b

Electricity $/XwH
water $/1,00C gal.
Kraft Waste Treatment
$/1,000 gal.

(primary &nd secondary
treatment)

These are values that may te considered typical in a general sense.

- 10 years
- 8 years

- 10 years
- 16 years

UTILITY COST

Operating Costs

Total

Fixed Fuel, Lator, Mairt., (Rounded to
Charges Etc. Nearest Cent)
$C.116 $0.535 $0.65

C.0023 C.0Q77 C.01

0.104 C.046 0.15

0.13 0.03 0.1€

All of

these values vary considerably from mill to mill--any proper evaluation of
control cost should be specifically calculated for the individual mill.

However, tre above costs should provide reasornable comparisons of emission-
control method for this study.

Salt Cake

Lime (Cal)
Sulfur

Soda Ash
Caustic Soda
Magresium Hydroxide

Chlorine {Papermakers)

'
CHEMICAL COSTS
Per Ton Except as Noted

$34.00 East

24 .50 West Average: $30.00
15.00 Average: 15.00
39.00 to

42.00/lorg ton Average:  40.00
31.00 to .

32,00 Average: 31.00

57.00/tor. of NaOH
in a 50% solution

37.68/ton 100% solids--
tank car lots, FOB, Michigan
3.35/1C0 1b.
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Case descriptions: The following cases have been considered
for application of contrcl methods to recovery systems. (See Reference 11
for complete study.)

Case 1. Replacement of an existing 90% AOE* precipitator
with a higker efficienczy precipitator.

Case 2. Installation of additionel control eguipment in
series with an existing 90% AOE precipitator.

Case 3. Installation of a zyclonic scrubber in series
with an existing 95% precipitator located on the roof.

Case 4. Application of additional control methods to an
existing recovery systew with an 80% AOE black liquor Venturi.

Case 5. Installation of a black-ligucr oxidatior system
to an existing reccvery system.

Case 6. Capital costs of new recovery systems.

11.8.1.3.4 Recovery furnace system:

Application: This case is based on the replacement of an
existing 90% AOE precipitator with a higher efficiency precipitator. Mest
of the existing older recovery precipitator installations are arranged
with the precipitater on the ground. Usually there is no additional space
on the ground in the vicinity of the recovery unit; therefore, an additional
precipitator would have tc be installed above the existing precipitator.
Further, the existing precipitator could not te removed and replaced with
a new one since this would require a lengthy mill shutdown resulting in a
high dollar cost due to the loss of production.

Costs: The capital costs are based on a double chamber,
common wall, tile construction precipitator. Auxiliaries included are:
agitators, dempers, circulation pumps, instrumerts and controls for proper
operation of the above, and revised ductwork to connect the addition of re-
placement precipitator in the system. The cost also reflects the structure
required to support this addition, and the demolition cost for removal of
the existing precipitator. Capital costs and net annual costs are presented
in Figures 11-5 threcugh 11-7.

Effectiveness: Particulate removal. Methods are considered
for replacing a 90% AOE precipitator on an existing reccvery boiler. These
methods and their particulate efficiencies are as follows:

* Average operating efficiency.
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Annual Operating

Control Methcd Guaranteed Efficlency Efficiency
Precipitator 29.9 99.5
Precipitator 99.5 99.0
Precipitator 99.0 98.5

11.5.1.3.5 BSmelt-dissolving tanks:

Application: The molten inorganic chemicals leave the fur-
nace through smelt spouts to an agitated dissolving tank which contains
weak wash liquor obtained from washing lime sludge in the succeeding causti-
cizing operation. After being cooled and dissolved in the weak wash, the
smelt solution is referred to as green liquor. Shatter nozzles are used to
inject steam and/or recirculated green liquor into the sclid smelt stream
from the furnece to disperse the molten chemicals and ensure its safe
dissolution.

Large quantities of water vapor are released by the green
iquor which cools the molten smelt and by the stear from the shatter jets.
Paerticles of smelt and droplets of green liguor become entrained in these
vapors and are exhausted through the smelt-dissolving-tank vernt.

The gas vented from the smelt-dissclving tank has a tempera-
ture of approximately 200°F and contains traces of orgaric sulfur compounds
and particulate metter with a concentration of 1 to 1.5 grains/SCFD. The
particulate metter is mostly sodium sulfide and sodium carbenate.

The majority of mills provide control equipment to minimize
the emission of these chemicals and droplets to the atmosphere. Control
equipment which is currently in use 1s as follows:

(1) Mesh pads. Mesh pads are used extensively to collect
chemicals in dissolving-tank vents. Sprays located above the mesh pads
operate periodically to remove the collected chemicals which are returned
to the smelt-dissolving tank. A fan is not normally required due to the
low pressure drop. ’

(2) Packed towers. Packed towers have been reported at two
mills where they operate successfully. One concern with packed towers is
the possibility of plugging; however, periodic use of condensate as scrub-
bing liquid is reported to remove any solids buildup.
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(3) Orifice scrubber. This scrubber has been installed at
several mills and 1s reported to be successful where the scrubber is ade-
quately sized. Due to the pressure drop (approximaiely 8 in. HQO) of this
scrubber, inadequate sizing or improper operation may have a significant
effect on emissions (for example, higher than design flows may require by-
passing the scrubber).

Costs:

Cyclonic scrubber. This control method is based on tke in-
stallation of a single cyclonic scrubber or an elevated floor within the
confines of an existing recovery boiler building and adjacent to the existing
vent stack. Since the capital cost and operating cost of the cyclonic scrub-
ber is very similar to a packed tower, costs have .not been calculated for
the cyclonic scruktber. The reader is referred to the costs on the packed
tower.

Packed tower. This control method is based on the installa-
tion of a single packed tower on an elevated floor within the confines of
an existing recovery boiler building and adjacent to the existing vent stack.
In addition, the following auxiliaries are included: an axial flow fan and
motor located in the outlet of the tower, a circulation pump and motor,
irstruments and controls for proper operation of the above, pipirng for
make-up circulation and tower effluent to dissolving tank, and revised ducte
work includirg a by-pass to connect the tower to the existing vent stack
{Figure 11-8).

Orifice scrubber. This control method 1s tased on the in-
stallation of a single low-energy scrubber on an elevated floor within the
confiries of an existing recovery boiler building and adjacent to the exist-
ing vent stack. In addition, the following auxiliaries are included: an
axial flow fan and motor located in the outlet of the tower, a circulation
punp and motor, instruments and controls for proper operation of the above,
piping for make-up circulation and scrutber effluent to dlssolving tark,
and revised ductwork including a by-pass to connect the scrubber to the
existing vert stack (Figure 11-9).

Mesh pad. This contrcl method is based on the installation
of e mesh pad assembly in an exdsting recovery boiler vent stack.

Allowances have been included for the following: alterations

to exdsting vent stack, normal piping for spray wash, and instruments and
controls for proper operation. Cost curves are presented in Figure 11-10.
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Effectiveress:

Particulate removal. Efficiencies for the methods considered

are as follows:

Annual Operatirg

Control Methcd Zfficiency
Cyclonic Scrubber 80
Packed Tower acC
Orifice Scrubber g7
Mesh Pad 75

Reduced sulfur and sulfur dloxide remcval. Depernding on the
scrubbing liguid used, both the pecked tower and orifice scrubber would
have potential for removing sulfur compounds.

Operation. OFf the methods considered, the orifice scrubber
should bte the least subject to plugging.

Summary. The orilice scrubder and the packed tower are the
most effective control methods for eitker particulate or gaseous pollutant
remcval. he orifice scrubber is iess susceptitle to pluggage and nas the
highest particulate collection efficiency.

11.5.1.3.6 Lime kiln:

Application: This ccntrol method is tased upon the addition
of a high-energy Venturi scrubber tc replace existing 80% AOE cyclonic-type
dust collectors. The system is to be arrangec such that change over fo a
new system may be made with a minimum of Lost production.

As a matter of convenience and water conservation, most
kraft mills use contaminated condensate as a scrubbing liquid in the kiln
scrubber. The condensate system is backed up with a fresh water supply.
During time of chemicel unbalence or lack of supply of ccndensate, fresh
water is substituted as a scrubbing medium.

Any mercaptans wnich are emitted from the kiln stack come
from the contaminated condensate used as & scrubbing liquid and meke-up
wash water in this system. SJubstitution of fresh water in these systems
would eliminate emission of mercaptans from the klln stack.

This substitution of fresh water as a scrubbing medium
appears simple and relatively inexpensive. However, it must be emphrasized
that the lime kiln and causticizing areas are the prime users of contaminated
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ondensate generated in cther areas of the mill. If frech water is used
: prace of contaminated condernzate, the load to the wasie-treatment system
Wi ll te increased by the amount cf water substituted.

L-'.

The em’ssions from incineration of noncondensible sulfur-
tearing cempounds in the lime kiln are nct being considered in this particu-
ilar control method.

Ccsus: Tre capital costs are based upon purchase ¢? equip-
ment and Installatior of the new scrubbting system while the existing system
1s in operation. Items included are as follows:

New induced draft fan with drive

New scrubber, mist eliminator and stack
New pumps with drives

Modificatior to existing hot gas ductwork

TN TN A N
n =
N s N

L]

1so included in thke costs are new feundations and structures
required to suppcrt the eguipment and demcliticn cost feor removal of the
existirg scrubting system, once the rew system is pleced in operation. Cost
curves are presecnted in Figures 11-11 and 11-12.

Effectiveness: This study consicders z single methed of re-
placing & lew efficiency cyclonic-iype cust ccllecticr with a high-energy
Venturi serubber, The new method is to have a 99.0 cor 99.9% lime sclids
ccllection efficierncy. AOE znd design efficlencies are ccnsidered to be
tre sare.

{1) The new system will replace an existing arnd operating
irefficient systen.

(2) The efficiency cf solids collection of high-energy scrubber
is a direct factor of the pressure drop =zken across the thrcat of the scrub-
ter. Eecause of this item the capital cost between a 99.0% and 99.9% effi-
ciency woulé te very similar. Egquivment sizing would be essentially duplicate
in either case and the only variablie wculé te a higher horsepcwer moter fer
driving the induced dreft fern. Variatles in operating cost are shown on
the cest curves.

(3) High-effieiency scrubbers are important to the pulpin
industry for recovery of soda. Vclatile scda ccmpounds in the kilr. exhaust
gases are more difficult to recover than solids but are also more valuable.
Ecuirment man:facturers presently estimate that a scrubber with 99.9% lime
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Figure 11-12 - Control Method Costs for Fresh Water Venturi Added to Lime
Kiln - 92.9% Lime Sclids Collecticn
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sclids collecticn efficiency will reccver 90 to 95+% cf the soda fume in
tre kiln exhaus<t gases, Ninety-nine percent lime solids ccllectior should
be equivalent tc approximately 70% ccllectior of scda fume.

11.5,1.3.,7 Power boilers:

Applicaticn: This case ic based on the addition of an elec-
trostatic precipitator following an existing dust collector for a coal-
fired power boiler. Two precipitator sizes are considered.

Costs: Curves for capital costs and net annuel opereating
costs are presented in Figures 11-13 and 11-14,

Tre equipment costs are based on a double chamber, steel
shell precipitator. All labor and material for & complete installation
are inciuded in the carital cost and the ret annual operating cest. The
precipitator size is based on firing coal containing 2% suifur.

Effectiveness:
Particulete remcval. Guaranteed particulate efficiencies

for the two precipitators cozsidered are 99.0% and 90.0%. The resul*ixn
total annual operating efficiencies are: )

Precipitator Precipizater Dust Collector Total
Guaranteed Efficlency ACE AOE AOE

59.0% 98.0% 80.0% 29.0%

90.C% 89.0% 80.0% 98.0%

Reduced sulfur ané sulfur dioxide removal. Precipltatcrs
are ineffective for remwoving sulfur compounds.

Operation. The operating characteristics of the precipi-
tators should be identical.

11.5.2 Sulfite Process

Little attention has been paid to the air pollution aspects of
sulfite pulping. The pollution protlem is not nearly as severe as in the
kraft process. Some terpene-like odors, SO, leaks, and particulates from
recovery furniace and steam power plants are the principal effluents.
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Little consideration is currently teing given to calcium or sodiunm
as a future tase in U. S. sulfite mills. Burning of calcium spent sulfite
liguor yields combustion products in a form precluding reuse of the base
chemical or sulfur value. Incineration of sodium liIguor produces a mixsure
of sodiur compounds rejuiring processing in satellite operaticrs to recon-
stitute the base chemical for pulping. Armonia and magrnesium liguor can be
burned in a relatively simple system yielding the sulfur combustion product
in the form of sulfur dioxide for recovery. Ornly the magnesia-base affords
direct recovery of the base chemical.

Figure 11-15 illustrates a flow ciagram for an amrcnia-base pulping
and recovery plant while Figure 11-16 presents the essential aspects cl the
magnesia~base liguor recovery process.,

Meager data on emissions frem sulfite mills exist in the licera-
ture, Table 11-8 summarizes some cdata frcm a pilct urnit for armonia-base
liquor burning. Other emissiox deta for sulfite mills are presented in
Taebles 11-1 and 11-2.

TABIE 11-6

AMMONIA-EASE LIGUOR BURNING
(Filet Unit)

Dus* loading: 1 - 2 1b/1,000 1b. of gas
Particle density: 1.5 - 2.0 g/cm®

Particle size (average): 10C p

Furnace exit gas temperature: 1,750 - 2,240°F

S0, at stack volume: 10 - 350 ppm

11.5.3 Semi-Chemicel Pulping

Erissions from semi-chemical pulping plants are less intense than
those from conventional pulping processes because of milder conditions.
Emissicns vary depending on process employed; e.g., neutral sulfite, or
kralt. In the latter case, the air pollution problems will parallel those
described under kraft pulping, but will be of a lower order of magnitude.

Very little data on emissions from semi-chemical pulping have
been reported. Avallable information is surmarized in Tables 11-1 and 11-2,
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CHAPTER 12
LIME MANUFACTURE

12.1 INTRCDUCTZON

Line is one of the most widely used chemicals. t is used for
medicinel purposes, insecticides, plant and animal food, gas absorption,
precipitation, dehydration, and causticizing. It is also employed as &
reagent in the sulfite process for papermaking, manufacturing of high-grade
steel and cement, manufacturing of sosp, rubber, varnish, refractories, and
sand-lime brick.k/

Tne major air ccntaminant from lime msrnufacture is dust: limestone
dust from hzndlirg, crushing, and screening operations; quicklime dust from
kiln discharge, handling, shipping, and milling operations; hydrate lime
dust from hydrater operetions, milling, and packing.2

The wanufacturing process, particulate emission sources, particu-
laze emission rates, effluent characteristics, and control practices and
equipment are discussed in the following se:tions.

12.2 LIME MANUFACTURING PROCESS

A simplified flowsheet for lime menufacture is presented in
Figurs 12.1. Following crushing and screening, the limestone is fed to kilns
for calcination or burning. Lime burning is conducted in vertical, rotary,
grate, fluosolid, and calcimatic kilns. Rotary kilns are used by a majority
of plants.

Although the major tornace of lime is scld as quicklime, there is
still a substantizl production of hydrated lime. (This hydrated lime dces
nct include production by the many consumers of guicklime who slake their
cwn lime into a putty, slurry, or milk-of-lime preparatory to their use.)
This product is made by the lime manufacturer in the form of a fluffy,
ricron-sized, dry, white powder, ané its use obviates the necessity of slaking
by the consumer. A flow diagram of a commercial dry hydration plant is
shown in Figure 12-2.

This process consists of adding water slowly to a crusked or grcund
quicklime in a premixing chamber or a vessel known as a hydrator which mixes
and agitates the lime and water. The amount of water to be added is critical.
If too much water is added, it will be impcssible (or require costly drying)
to produce the desired dry form; if toc little is azdded, incomplete hydra-
tion will cause degraded quelity, nemely, chemical instability and structural
unsoundness.
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Figure 12-1 - Simplified Flowsheet for Lime and Limestone Products2/
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12.3 EMIS3Z0X SOURCES AND RATES

The major potential scurce of vparticulates in lime manufacture
is the calcining kiln. Emissions vary with kiln type and the composition
of limestone burned.

vVertical kilns do not produce as rmch dust as dc rotary kilns
ause of the larger size of the limestone charged, the low gas velocities,
ne smaller amount of attrition. Nevertheless vertical kilns are apt
1o be considered dusty by mcdern air pollution standards.

Rotary kilns constitute the largest single source of particulate
matter in the lime industry. Abrasion of limestone in the kiln produces
dust. The stone becomes more friable as it approaches the decomposition
temperature, and dusting increases. Simultaneously with dusting from attri-
tion, the high-velocity gases from direct-fire-fuel combustion blow the dust
from the kiln. This is a vexing dust to control and collect. 1t is hot,
dry, difficult to wet, and prone tc be electrostatically charged. It is of
mixed composition, verying all tne way from raw limestone to final calcined
product. It will also be mixed with fly ash, tars, and unburned carbon if
pulverized coal is used as the fuel.

Dust tlown from a kiln vories greatly with gas velccity. The
literaturs reports doubling of the dust blown out when =2 kiln prcduction
rate was increascd from 100 io 1353% of design capacity, while dropping pro-
duction rate to 75% of capacity decreased the dus% loading only oy 8%.

Datz on dust emissions from new kxiln processes are largely lacking.
Grate-type kilns =zre stated to produce less dust than rotary kilns. Fluo-
solid kilns emit copious guantities of dust in the exhszust gases and recuire
very efficient dust control equipment. 2Plants using the Calcimztic Process
appear to be remarkably free of dust since the stone is stationsry during
calcination on a revolving hearth. The major sources of dust in this process
are the exhaust from the stone preheater, the lime cooler, znd the discharge
lime conveyor.

The hydration of lime presents a potentizl dust problem. Stean
and moisture laden air sweep fine dust {rom the hydrating operation into
the exhaust stack. Eigh calcium hydratcrs operate at ambient pressure with
Ylazy" exhaust ges velocity. Pressure dolomitic hyérators Zischarge steam,
air, and product through small orifices to maintain the pressure created by
the reaction, and thus impart a high velocity tc the exit gases.

Seecndary scurces of particulate emissions include crushers, coclers,
dryers, transfer points, and hydrate bageging operations.
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12.3.1 Summary of Emission Rates

Table 12-1 presents a summary of particulste emissions from lime
manufacture. Total emissions are about 573,000 tons/year. The emission
factors for the lime kilns include emissions from ccolers. Emission factors
and net control for primary crushing operations are assumed tc be the same
as those gquantities used for these operations in the crushed stone industry
{Chapter 7). Emissions from fugitive sources such as stockpiles, traffic
end wind action on rcad dust, leaky bins, and truck spillage have not been
determined.

12.4 CHARACTERISTICS OF EFFLUENTS FROM LIME MANJFACTURE

The chemical and physical properties of effluents frcm lime plants
are summarized in Table 12-2. About 30% of the dust from rotary kilns is
less than 10 W. The mean size is 30 u and the geometric deviation is 7.5.
Rotary xiln cdust Is difficult to wet and prone tc be electrostatically
charged. Particle shape data are summarized below:

(Z) Limestone Dust - Mineral name: calcite. Colorless, with light-
transmitting characteristics varying from transparent to trans-
lucent. Particles generally occur as rhomtohedra tecause of treir
perfect rhombohedral cleavage. Fragnents may also occur as prisms.
Dolomite Dust - Mineral name: dolomite. In the pure state,
dolomites are colorless and the fine particles are generzlly
transparent to translucent.

~
n
~

{3) Lime Dust - Lime is usually waite in color of varying shades
tut some may have a light cream, buff, or gray cast depending
on the nature of the impurities in the lime.

12,5 CCNTROL PRACTICES AND EQUIPMENT FOR LIME MANUFACTURE

Many plants in isolated areas carry out meterials prepzration
operatig s with no control equipment or only the crudest kind of collection
system.=/ Other plants collect the dust from exhaust systems witk simple
cyclones, water sprgy chambers, or baghouses.

The gases leaving a rotary kiln are usually first passed through
a settling chamber to settle out the coarse particles. In some cases,
dry cyclones may also be used for this primary collection. From 65-85% of
the particulate matter may be collected here.é/ The major dust control
probler is the dust passing the primary coliector.
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I.

II.

¥¥c

Source

Kilns and Coolers

Rotary Kilns and Coolers
Vertical Kilns

Fluid-Bed Kilns

A.
B.
c.

Minor Sources
Stone Crushing and Screening

A.

T 1.

1. Primary Crusher
2. Secondary Crusher
3. Pulverizing, Quicklime
4. Milling, Hydrated Lime
Hydrator
Materials Handling
Conveyors
a. Transfer Points
b. Discharge to Bins,
Stockpiles
2. Elevators
a. Boots
b. Heads
3. Shipment of Product

a. Bagging Machines
b. Bulk Loading

(1) trucks

(2) freight cars

Assumed for hydrator plus
materials handling

TABLE 12-1

PART [CULATE EMISSIONS
LIME MANUFACTURE

Net
Efficiency of Application of Cortrol Emiscions
Quantity of Matcrial Emission Factor Control (C.) Control (Ct) (CC‘CL) (tons/year
18,000,000 tons limc (excl. pulp & paper)
16,200,000 tons 180 1b/ton lime 0.93 0.87 0.81 294,000
1,800,000 tons 7 lb/ton lime 0.97 0.40 0.29 4,000
28,000,000 tons of rock 22 1b/ton of
crushed for lime rock crushed
2.0 1b/ton of
rock crushed
24 lb?ton of
rock crushed 0.80 0.25 0.20 264,000
’ 0.95 0.80 0.76 -
0.95 0.80 0.76 -
S 1b/ton of
lime produced 0.95 0.80 0.76 11,000

Total for Lime Manufacture

$75,000
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Plants in some areas have installed high-efficiency cyclonic
secondary collectors on their kiln operations. Table 12-3 lists data on
& number of installations with secondery collectors. However, to meet emis-
sion requirements plants are increasingly turning to wet scrubbers and glass
bag collectors. Electrostatic precipit