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PREFACE

This document reports data available on those aimospheric emissions for which sufficient informa-
tion exists to establish realistic emission factors, The information contained herein is based on
Public Health Service Publication 999-AP-42, Compilation of Air Pollutant Emission Factors, by
R. L. Duprey, and on a revised and expanded version of Compilation of Air Pollutant Emission Fac-
tors that was published by the Environmental Protection Agency in February 1972, The scope of this
second edition has been broadened to reflect expanding knowledge of emissions.

Chapters and sections of this document have been arranged in a format that permits easy and con-
venient replacement of material as information reflecting more accurate and refined emission factors
is published and distributed. To speed dissemination of emission information, chapters or secticns
that contain new data will be issued—separate from the parent report—whenever they are revised,

To facilitate the addition of future materials, the punched, loose-leaf format was selected. This
approach permits the document to be placed in a three-ring binder or to be secured by rings, rivets, or
other fasteners; future supplements or revisions can then be easily inserted, The lower left- or right-
hand cotner of each page of the document bears a notation that indicates the date the information was
issued.

NOTE: Those who obtained AP-42 by purchase or through special order and completed the request
for future supplements are hereby advised of a change in the distribution procedure. The availability
of these supplements will now be indicated in the publication Air Pollution Technical Publications of
the Environmental Protection Agency, which is available from the Air Pollution Technical Information
Center, Research Triangle Park, N, C, 27711, This listing of publications, normally published in
January and July, contains instructions for obtaining the desired documents.

Comments and suggestions regarding this document should be directed to the attention of Director,
Monitoring and Data Analysis Division, Office of Air Quality Planning and Standards, Environmental
Protection Agency, Research Triangle Park, N, C. 27711,
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COMPILATION
OF

AIR POLLUTANT EMISSION FACTORS

INTRODUCTION

In the assessment of community air pollution, there is a critical need for accurate data on the quantity and
characteristics of emissions from the numerous sources that contribute to the problem. The large number of in-
dividual sources and the diversity of source types make conducting field measurements of emissions on a source-
py-source basis at the point of release impractical. The only feasible method of determining pollutant emissions
for a given community is to make generalized estimates of typical emissions from each of the source types.

One of the most useful (and logical) tools for estimating typical emissions is the “emission factor,” which is
an estimate of the rate at which a pollutant is released to the atmosphere as a result of some activity, such as
combustion or industrial production, divided by the level of that activity (also expressed in terms of a temporal
rate). In other words, the emission factor relates the quantity of pollutants emitted to some indicator (activity
level) such as production capacity, quantity of fuel burned, or vehicle miles traveled. In most cases, these factors
are simply given as statistical or estimated averages; that is, no empirical information on the various process para-
meters (temperature, reactant concentrations, etc.) is considered in their calculation. However, for a few cases,
such as in the estimation of hydrocarbon emissions from petroleum storage tanks, precise empirical formulas re-
lating emissions to such variables as tank diameter, liquid storage temperature, and wind velocity have been de-
veloped. Because of their superior precision, emission factors based on empirical formulas are more desirable to
obtain and can usually be given the highest accuracy rating. Factors derived from statistical averages, however,
if based on an adequate number of field measurements (“source tests™), can also be both precise and accurate
within practical and useful limits.

An example should iflustrate how the factors are to be used:

Suppose a sulfuric acid plant, with a production rate of 200 tons/day of 100 percent acid, operates at an
overall SO, to SO3 conversion efficiency of 97 percent. Using the formula given as a footnote to Table
5.17-1 on page 5.17-5 of this publication, the uncontrolled sulfur dioxide emissions can be calculated :

SO, emissions = [ -13.65 (% conversion efficiency) + 1365] x production rate
=[-13.65 (97%) + 1365] Ib/ton acid x 200 tons acid/day
=40 Ib/ton acid x 200 tons acid/day
= 8000 Ib/day (3632 kg/day)

The emission factors presented in this report have been estimated using a wide spectrum of techniques avail-
able for their determination. The preparation/revision of each factor section involves, first of all, the search for
and obtainment of all the known written information on that source category from such sources as the Air Pol-
lution Technical Information Center literature, Environmental Protection Agency technical reports (including
emission test reports), and the National Emissions Data System point source file. After these data are reviewed,
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organized, and analyzed, the process descriptions, process flowsheets, and other background portions of the sec-
tion are prepared. Then, using the compiled information, representative emission factors are developed for each
pollutant emitted by each point source of the process category. As stated above, these factors are usually ob-
tained by simply averaging the respective numerical data obtained. When feasible, the ranges in the factors are
presented for further clarity. Occasionally, enough data exist to permit the development of either empirical or
theoretical formulas (or graphs) relating emissions factors to various process parameters such as stream temper-
ature, sulfur content, or catalyst. In these cases, representative values of these process parameters are selected
and substituted into the formulas or graphs that, in tun, yield representative emission factors which are then
tabulated within. The pertinent formulas and graphical data are also included in the section to allow the estima-
tion of emission factors when the process conditions differ from those selected by the author(s).

After the draft of a section is completed, it is circulated for technical review to various personnel routinely
familiar with the emission aspects of the particular activity. . After these review comments are obtained and eval-
vated, the final draft is written and submitted for editing and publication.

The limitations and applicability of emission factors must be understood. To give some notion of the ac-
curacy of the factors for a specific process, each set of factors has been ranked according to the available data
upon which it was based. Each rank was based on the weighting of the various information categories used to
obtain the factor(s). These categories and associated numerical values were:

Measured emission data: 20 points; maximum.
Process data: 10 points; maximum.
Engineering analysis: 10 points; maximum.

The emission data category rated the amount of measured (source test) data available for the development of
the factor. The process data category involved such considerations as the variability of the process and its result-
ant effect on emissions, as well as the amount of data available on these variables. Finally, the engineering anal-
ysis category was concerned with the data available upon which a material balance or related calculation could
be made.

Depending on which information categories were employed to develop it, each set of factors was assigned a
numerical score, ranging from 5 to 40. For example, if the factors developed for a certain process were based
on a large number of source tests, a moderate amount of process data, and no engineering analysis work, the
assigned score would be 20 + 5 = 25.

Fach numerical score was, in turn, converted to a letter rank as follows:

Numerical Rank Letter Rank
5 or less E (Poor)
6to 15 D (Below average)
16 to 25 C (Average)
26 to 35 B (Above average)
36 to 40 A (Excellent)

These rankings are presented below the table titles throughout this publication.

The reader must be herein cautioned not to use these emission factors indiscriminately. That is, the factors
generally will not permit the calculation of accurate emissions measurements from an individual installation.
Only an on-site source test can provide data sufficiently accurate and precise to use in such undertakings as the
design and purchase of control equipment or the initiation of a legal action. Factors are more valid when applied
to a large number of processes, as, for example, when emission inventories are conducted as part of community
or nationwide air pollution studies.
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14 NATURAL GAS COMBUSTION Revised by Thomas Lahre

14.1 General 1.2

Natural gas has become one of the major fuels used throughout the country. It is used mainly for power gen-
eration, for industrial process steam and heat production, and for domestic and commercial space heating. The
primary component of natural gas is methane, although varying amounts of ethane and smaller amounts of nitro-
gen, helium, and carbon dioxide are also present. The average gross heating value of natural gas is approximately
1050 Btu/stdft3 (9350 kcal/Nm3), varying generally between 1000 and 1100 Btu/stdft3 (8900 to 9800 kcal/
Nm3).

Because natural gas in its original state is a gaseous, homogenous fluid, its combustion is simple and can be pre-
cisely controlled. Common excess air rates range from 10 to 15 percent; however, some large units operate at
excess air rates as low as 5 percent to maximize efficiency and minimize nitrogen oxide (NOy) emissions.

142 Emissions and Controls 3-16

Even though natural gas is considered to be a relatively clean fuel, some emissions can occur from the com-
bustion reaction. For example, improper operating conditions, including poor mixing, insufficient air, etc., may
cause large amounts of smoke, carbon monoxide, and hydrocarbons to be produced. Moreover, because a sulfur-
containing mercaptan is added to natural gas for detection purposes, small amounts of sulfur oxides will also be
produced in the combustion process.

Nitrogen oxides are the major pollutants of concern when burning natural gas. Nitrogen oxide emissions are
a function of the temperature in the combustion chamber and the rate of cooling of the combustion products.
Emission levels generally vary considerably with the type and size of unit and are also a function of loading.

In some large boilers, several operating modifications have been employed for NOy control. Staged combus-
tion, for example, including off-stoichiometric firing and/or two-stage combustion, can reduce NOy emissions
by 30 to 70 percent. In off-stoichiometric firing, also called “biased firing,” some burners are operated fuel-
rich, some fuel-lean, while others may supply air only. In two-staged combustion, the burners are operated fuel-
rich (by introducing only 80 to 95 percent stoichiometric air) with combustion being completed by air injected
above the flame zone through second-stage “NO-ports.” In staged combustion, NOy emissions are reduced be-
cause the bulk of combustion occurs under fuel-rich, reducing conditions.

Other NOy-reducing modifications include low excess air firing and flue gas recirculation. In low excess air
firing, excess air levels are kept as low as possible without producing unacceptable levels of unburned combus-
tibles (carbon monoxide, hydrocarbons, and smoke) and/or other operational problems. This technique can re-
duce NOy, emissions by 10 to 30 percent primarily because of the lack of availability of oxygen during
combustion. Flue gas recirculation into the primary combustion zone, because the flue gas is relatively cool and
oxygen deficient, can also lower NOy emissions by 20 to 60 percent depending on the amount of gas recircu-
lated. At present only a few systems have this capability, however.

Combinations of the above combustion modifications may also be employed to further reduce NO, emissions.
In some boilers, for instance, NOy reductions as high as 70 to 90 percent have been produced as a result of em-
ploying several of these techniques simultaneously. In general, however, because the net effect of any of these
combinations varies greatly, it is difficult to predict what the overall reductions will be in any given unit.

Emission factors for natural gas combustion are presented in Table 1.4-1. Flue gas cleaning equipment has
not been utilized to control emissions from natural gas combustion equipment.
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Table 1.4-1. EMISSION FACTORS FOR NATURAL-GAS COMBUSTION
EMISSION FACTOR RATING: A

Type of unit
Industrial process Domestic and
Power plant boiler commercial heating
Pollutant Ib/106 ft3 kg/106 m3 Ib/106 ft3 kg/106 m3 Ib/106 13 kg/106 m3
Particulates? 5156 80-240 5-15 80-240 5-15 80-240
Sulfur oxides (SO4)b 0.6 9.6 0.6 9.6 0.6 9.6
Carbon monoxidec 17 272 17 272 20 320
Hydrocarbons 1 16 3 48 8 128
{as CHy)d
Nitrogen oxides 700f-h 11,200f-h (120-230)i (1920- {80-120)i (1280-
(NOj)e 3680)i 1920}

aReferences 4,7,8,12.

bReference 4 (based on an average sulfur content of natural gas of 2000 gr/106 stdft3 (4600 g/106 Nm3).

CReferences 5, 8-12,

dReferences 8,9, 12

eReferences 3-9, 12-16.

f Use 300 Ib/106 stdft3 (4800 kg/106 Nm3) for tangentially fired units.

9 At reduced loads, multiply this factor by the load reduction coefficient given in Figure 1.4-1.

hsee text for potential NO reductions due to combustion modifications. Note that the NO reduction from these modifications
will also occur at reduced load conditions,

i This represents a typical range for many industrial boilers, For large industrial units (> 100 MMBtu/hr) use the NO factors pre-
sented for power plants,

§ Use 80 {1280) for domestic heating units and 120 {1920) for commercial units.

1.2

1.0
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LOAD REDUCTION COEFFICIENT

02— 7

40 60 80 100 110
LOAD, percent

Figure 1.4-1, Load reduction coefficient as function of boiler
load. (Used to determine NOx reductions at reduced loads in
large boilers.)
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1.5 LIQUEFIED PETROLEUM GAS CONSUMPTION Revised by Thomas Lahre

1.5.1 General®

Liquefied petroleum gas, commonly referred to as LPG, consists mainly of butane, propane, or a mixture of
the two, and of trace amounts of propylene and butylene. This gas, obtained from oil or gas wells as a by-product
of gasoline refining, is sold as a liquid in metal cylinders under pressure and, therefore, is often called bottled gas.
LPG is graded according to maximum vapor pressure with Grade A being predominantly butane, Grade F
being predominantly propane, and Grades B through E consisting of varying mixtures of butane and propane. The
heating value of LPG ranges from 97,400 Btu/gallon (6,480 kcal/liter) for Grade A to 90,500 Btu/gallon (6,030
kcal/liter) for Grade F. The largest market for LPG is the domestic-commercial market, followed by the chemical
industry and the internal combustion engine.

1.5.2 Emissions!

LPG is considered a “clean” fuel because it does not produce visible emissions. Gaseous pollutants such as
carbon monoxide, hydrocarbons, and nitrogen oxides do occur, however. The most significant factors affecting
these emissions are the burner design, adjustment, and venting.? Improper design, blocking and clogging of the
flue vent, and lack of combustion air result in improper combustion that causes the emission of aldehydes, carbon
monoxide, hydrocarbons, and other organics. Nitrogen oxide emissions are a function of a number of variables
including temperature, excess air, and residence time in the combustion zone. The amount of sulfur dioxide
emitted is directly proportional to the amount of sulfur in the fuel. Emission factors for LPG combustion are
presented in Table 1.5-1.

References for Section 1.5

1. Air Pollutant Emission Factors. Final Report. Resources Research, Inc. Reston, Va. Prepared for National
Air Pollution Control Administration, Durham, N.C., under Contract Number CPA-22-69-119. April 1970.

2. Clifford, E.A. A Practical Guide to Liquified Petroleum Gas Utilization. New York, Moore Publishing Co.
1962.
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1.6 WOOD/BARK WASTE COMBUSTION IN BOILERS Revised by Thomas Lahre
1.6.1 General 13

Today, the burning of wood/bark waste in boilers is largely confined to those industries where it is available as
a by-product. It is burned both to recover heat energy and to alleviate a potential solid waste disposal problem.
Wood/bark waste may include large pieces such as slabs, logs, and bark strips as weli as smaller pieces such as ends,
shavings, and sawdust. Heating values for this waste range from 8000 to 9000 Btu/lb, on a dry basis; however,
because of typical moisture contents of 40 to 75 percent, the as-fired heating values for many wood/bark waste
materials range as low as 4000 to 6000 Btu/lb. Generally, bark is the major type of waste burned in pulp mills;
whereas, a variable mixture of wood and bark waste, or wood waste alone, is most frequently burned in the
Iumber, furniture, and plywood industries.

1.6.2 Firing Practices!1-3

A variety of boiler firing configurations are utilized for burning wood/bark waste. One common type in
smaller operations is the Dutch Oven, or extension type of furnace with a flat grate. In this unit the fuel is fed
through the furnace roof and burned in a cone-shaped pile on the grate. In many other, generally larger, opera-
tions, more conventional boilers have been modified to burn wood/bark waste. These units may include spreader
stokers with traveling grates, vibrating grate stokers, etc., as well as tangentially fired or cyclone fired boilers.
Generally, an auxiliary fuel is burned in these units to maintain constant steam when the waste fuel supply fluctu-
ates and/or to provide more steam than is possible from the waste supply alone.

1.6.3 Emissions 1,24-8

The major pollutant of concern from wood/bark boilers is particulate matter although other pollutants, par-
ticularly carbon monoxide, may be emitted in significant amounts under poor operating conditions. These
emissions depend on a number of variables including (1) the composition of the waste fuel burned, (2) the degree
of fly-ash reinjection employed, and (3) furnace design and operating conditions.

The composition of wood/bark waste depends largely on the industry from whence it originates. Pulping op-
erations, for instance, produce great quantities of bark that may contain more than 70 percent moisture (by
weight) as well as high levels of sand and other noncombustibles. Because of this, bark boilers in pulp mills may
emit considerable amounts of particulate matter to the atmosphere unless they are well controlled. On the other
hand, some operations such as furniture manufacture, produce a clean, dry (5 to 50 percent moisture) wood
waste that resuits in relatively few particulate emissions when properly burned. Still other operations, such as
sawmills, burn a variable mixture of bark and wood waste that results in particulate emissions somewhere in be-
tween these two extremes.

Fly-ash reinjection, which is commonly employed in many larger boilers to improve fuel-use efficiency, has a
considerable effect on particulate emissions. Because a fraction of the collected fly-ash is reinjected into the
boiler, the dust loading from the furnace, and consequently from the collection device, increases significantly
per ton of wood waste burned. It is reported that full reinjection can cause a 10-fold increase in the dust load-
ings of some systems although increases of 1.2 to 2 times are more typical for boilers employing 50 to 100 per-
cent reinjection. A major factor affecting this dust loading increase is the extent to which the sand and other
non-combustibles can be successfully separated from the fly-ash before reinjection to the furnace.

Furnace design and operating conditions are particularly important when burning wood and bark waste. For
example, because of the high moisture content in this waste, a larger area of refractory surface should be provided
to dry the fuel prior to combustion. In addition, sufficient secondary air must be supplied over the fuel bed to
burn the volatiles that account for most of the combustible material in the waste. When proper drying conditions
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do not exist, or when sufficient secondary air is not available, the combustion temperature is lowered, incomplete
combustion occurs, and increased particulate, carbon monoxide, and hydrocarbon emissions will result.

Emission factors for wood waste boilers are presented in Table 1.6-1. For boilers where fly-ash reinjection
is employed, two factors are shown: the first represents the dust loading reaching the control equipment; the
value in parenthesis represents the dust loading after controls assuming about 80 percent control efficiency. All
other factors represent uncontrolled emissions.

Table 1.6-1. EMISSION FACTORS FOR WOOD AND BARK WASTE COMBUSTION IN BOILERS
EMISSION FACTOR RATING: B

) Emissions
Pollutant Ib/ton kg/MT
Particulatesd
Barkb.c
With fly-ash reinjectiond 75 (15) 37.5(7.5)
Without fly-ash reinjection 50 25
Wood/bark mixtureb.e
With fly-ash reinjectiond 45 (9) 22.5 (4.5)
Without fly-ash reinjection 30 15
Woodf.9 515 2.5-7.5
Sulfur oxides (SO2)h.i 1.5 0.75
Carbon monoxidei 2-60 1-30
Hydrocarbonsk 2-70 1-35
Nitrogen oxides {NO2)? 10 5

3These emission factors were determined for boilers burning gas or oil as an auxiliary fuel, and it was assumed all particulates
resulted from the waste fuel alone, When coal is burned as an auxiliary fuel, the appropriate emission factor from Table 1.1-2
should be used in addition to the above factor,

bThese factors based on an as-fired moisture content of 50 percent,

CReferences 2, 4, 9.

dthis factor represents a typical dust loading reaching the control equipment for boilers employing fly-ash reinjection. The value
in parenthesis represents emissions after the control equipment assuming an average efficiency of 80 percent.

eReferences 7, 10.

fThis waste includes clean, dry {5 to 50 percent moisture} sawdust, shavings, ends, etc., and no bark. For well designed and
operated boilers use lower value and higher values for others. This factor is expressed on an as-fired moisture content basis as-
suming no fly-ash reinjection.

9References 11-13,

hThis factor is calculated by material balance assuming a maximum sulfur content of 0.1 percent in the waste, When auxiliary
fuels are burned, the appropriate factors from Tables 1.1-2, 1.3-1, or 1.4-1 should be used in addition to determine sulfur oxide
emissions,

iReferences 1,5, 7.

IThis factor is based on engineering judgment and limited data from references 11 through 13, Use lower values for well designed
and operated boilers.,

KThis factor is based on limited data from references 13 through 15. Use lower values for well designed and operated boilers.
1Reference 16,
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2.5 SEWAGE SLUDGE INCINERATION By Thomas Lahre
2.5.1 Process Description 1-3

Incineration is becoming an important means of disposal for the increasing amounts of sludge being produced
in sewage treatment plants. Incineration has the advantages of both destroying the organic matter present in
sludge, leaving only an odorless, sterile ash, as well as reducing the solid mass by about 90 percent. Disadvantages
include the remaining, but reduced, waste disposal problem and the potential for air pollution. Sludge inciner-
ation systems usually include a sludge pretreatment stage to thicken and dewater the incoming sludge, an inciner-
ator, and some type of air pollution control equipment (commonly wet scrubbers).

The most prevalent types of incinerators are multiple hearth and fluidized bed units. In multiple hearth
units the sludge enters the top of the furnace where it is first dried by contact with the hot, rising, combustion
gases, and then burned as it moves slowly down through the lower hearths. At the bottom hearth any residual
ash is then removed. In fluidized bed reactors, the combustion takes place in a hot, suspended bed of sand with
much of the ash residue being swept out with the flue gas. Temperatures in a multiple hearth furnace are 600°F
(320°C) in the lower, ash cooling hearth; 1400 to 2000°F (760 to 1100°C) in the central combustion hearths,
and 1000 to 1200°F (540 to 650°C) in the upper, drying hearths. Temperatures in a fluidized bed reactor are
fairly uniform, from 1250 to 1500°F (680 to 820°C). In both types of furnace an auxiliary fuel may be required
either during startup or when the moisture content of the sludge is too high to support combustion.

2.5.2 Emissions and Controls 1.2,4-7

Because of the violent upwards movement of combustion gases with respect to the burning sludge, particu-
lates are the major emissions problem in both multiple hearth and fluidized bed incinerators. Wet scrubbers are
commonly employed for particulate control and can achieve efficiencies ranging from 95 to 99+ percent.

Although dry sludge may contain from 1 to 2 percent sulfur by weight, sulfur oxides are not emitted in signif-
icant amounts when sludge burning is compared with many other combustion processes. Similarly, nitrogen
oxides, because temperatures during incineration do not exceed 1500°F (820°C) in fluidized bed reactors or
1600 to 2000°F (870 to 1100°C) in multiple hearth units, are not formed in great amounts.

Odors can be a problem in multiple hearth systems as unburned volatiles are given off in the upper, drying
hearths, but are readily removed when afterburners are employed. Odors are not generally a problem in fluid-
ized bed units as temperatures are uniformly high enough to provide complete oxidation of the volatile com-
pounds. Odors can also emanate from the pretreatment stages unless the operations are properly enclosed.

Emission factors for sludge incinerators are shown in Table 2.5-1. It should be noted that most sludge incin-
erators operating today employ some type of scrubber.
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Table 2.5-1. EMISSION FACTORS FOR SEWAGE SLUDGE INCINERATORS
EMISSION FACTOR RATING: B

Emissions 2
Uncontrolledb After scrubber
Pollutant Ib/ton kg/MT Ib/ton kg/MT
Particulatec 100 50 3 1.5
Sulfur dioxided 1 0.5 0.8 0.4
Carbon monoxide® Neg Neg Neg Neg
Nitrogen oxidesd (as NO5) 6 3 5 2.5
Hydrocarbonsd 1.5 0.75 1 0.5
Hydrogen chloride gasd 1.5 0.75 0.3 0.15

aUnit weights in terms of dried studge.
bEstimated from emission factors after scrubbers.
CReferences 6-9,

dReference 8.

€References 6, 8.
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Emissions from open hearths consist of particulates and small amounts of fluorides when fluoride-bearing ore,
fluorspar, is used in the charge. The particulates are composed primarily of iron oxides, with a large portion (45
to 50 percent) in the O to S micrometer size range. The quantity of dust in the off-gas increases considerably
when oxygen lancing is used (see Table 7.5-1).

The devices most commonly used to control the iron oxide and fluoride particulates are electrostatic
precipitators and high-energy venturi scrubbers, both of which effectively remove about 98 percent of the
particulates. The scrubbers also remove nearly 99 percent of the gaseous fluorides and 95 percent of the
particulate fluorides.

7.5.1.2.2 Basic Oxygen Furnaces?-3—The basic oxygen process, also called the Linz-Donawitz (LD) process, is
employed to produce steel from a furnace charge composed of approximately 70 percent molten blast-furnace
metal and 30 percent scrap metal by use of a stream of commercially pure oxygen to oxidize the impurities,
principally carbon and silicon.

The reaction that converts the molten iron into steel generates a considerable amount of particulate matter,
largely in the form of iron oxide, although small amounts of fluorides may be present. Probably as the result of
the tremendous agitation of the molten bath by the oxygen lancing, the dust loadings vary from 5 to 8 grains per
standard cubic foot (11 to 18 grams/standard cubic meter) and high percentages of the particles are in the O to 5
micrometer size range.

In addition, tremendous amounts of carbon monoxide {140 Ib/ton of steel and more) are generated by the
reaction. Combustion in the hood, direct flaring, or some other means of ignition is used in the stack to reduce
the actual carbon monoxide emissions to less than 3 1b/ton (1.5 kg/MT).

The particulate control devices used are venturi scrubbers and electrostatic precipitators, both of which have
overall efficiencies of 99 percent. Furthermore, the scrubbers are 99 percent efficient in removing gaseous
fluorides (see Table 7.5-1).

7.5.1.2.3 Electric Arc Furnaces?:3—Electric furnaces are used primarily to produce special alloy steels or to melt
large amounts of scrap for reuse. Heat is furnished by direct-arc electrodes extending through the roof of the
furnace. In recent years, oxygen has been used to increase the rate of uniformity of scrap-melt-down and to
decrease power consumption.

The particulates, primarily oxides of iron, manganese, aluminum, and silicon, that evolve when steel is being
processed in an electric furnace result from the exposure of molten steel to extremely high temperatures. The
quantity of these emissions is a function of the cleanliness and composition of the scrap metal charge, the refining
procedure used (with or without oxygen lancing), and the refining time. As with open hearths, many of the
particulates (40 to 75 percent) are in the 0 to 5 micrometer range. Additionally, moderate amounts of carbon
monoxide (15 to 20 1b/ton) are emitted.

Particulate control devices most widely used with electric furnaces are venturi scrubbers, which have a
collection efficiency of approximately 98 percent, and bag filters, which have collection efficiencies of 99 percent
or higher.

7.5.1.3 Scarfing3—Scarfing is a method of surface preparation of semi-finished steel. A scarfing machine removes
surface defects from the steel billets and slabs, before they are shaped or rolled, by applying jets of oxygen to the
surface of the steel, which is at orange heat, thus removing a thin upper layer of the metal by rapid oxidation.

Emissions from scarfing operations consist of iron oxide fumes. The rate at which particulates are emitted is
dependent on the condition of the billets or slabs and the amount of metal removal required (Table 7.5-1).
Emission control techniques for the removal of fine particles vary among steel producers, but one of the most
commonly used devices is the electrostatic precipitator, which is approximately 94 percent efficient.
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7.6 LEAD SMELTING Revised by William M. Vatavuk
7.6.1 Process Description 1-3

Lead is usually found in nature as a sulfide ore containing smail amounts of copper, iron, zinc, and other trace
elements. It is normally concentrated at the mine from an ore of 3 to 8 percent lead to an ore concentrate of 55
to 70 percent lead, containing from 13 to 19 percent free and uncombined sulfur by weight.

Normal practice for the production of lead metal from this concentrate involves the following operations
(see Figure 7.6-1):

1. Sintering, in which the concentrate lead and suifur are oxidized to produce lead oxide and sulfur dioxide.
(Simultaneously, the charge material, comprised of concentrates, recycle sinter, sand, and other inert materials,
is agglomerated to form a dense, permeable material called sinter.)

2. Reducing the lead oxide contained in the sinter to produce molten lead bullion.

3. Refining the lead bullion to eliminate any impurities.

Sinter is produced by means of a sinter machine, a continuous steel-pallet conveyor belt moved by gears and
sprockets. Each pallet consists of perforated or slotted grates, beneath which are situated windboxes connected
to fans that provide a draft on the moving sinter charge. Depending on the direction of this draft, the sinter ma-
chine is either of the updraft or downdraft type. Except for the draft direction, however, all machines are simi-
lar in design, construction, and operation.

The sintering reaction is autogenous and occurs at a temperature of approximately 1000°C:

2PbS+30,~>2P0+2 80, (1)

Operating experience has shown that system operation and product quality are optimum when the sulfur content
of the sinter charge is between 5 and 7 percent by weight. To maintain this desired sulfur content, sulfide-free
fluxes such as silica and limestone, plus large amounts of recycled sinter and smelter residues are added to the
mix. The quality of the product sinter is usually determined by its hardness (Ritter Index), which is inversely
proportional to the sulfur content. Hard quality sinter (low sulfur content) is preferred because it resists crushing
during discharge from the sinter machine. Conversely, undersized sinter will usually result from insufficient de-
sulfurization and is recycled for further processing.

Of the two kinds of sintering machines used, the updraft design is superior for many reasons. First, the sinter
bed height is more permeable (and, hence, can be greater) with an updraft machine, thereby permitting a higher
production rate than that of a downdraft machine of similar dimensions. Secondly, the small amounts of ele-
mental lead that form during sintering will solidify at their point of formation with updraft machines; whereas, in
downdraft operation, the metal tends to flow downward and collect on the grates or at the bottom of the sinter
charge, thus causing increased pressure drop and attendant reduced blower capacity. In addition, the updraft
system exhibits the capability of producing sinter of higher lead content and requires less maintenance than the
downdraft machine. Finally, and most important from an air pollution control standpoint, updraft sintering
can produce a single strong SO effluent stream from the operation, by use of weak gas recirculation. This, in
turn, permits the more efficient and economical use of such control methods as sulfuric acid recovery plants.

Lead reduction is carried out in a blast furnace, basically a waterjacketed shaft furnace supported by a re-
fractory base. Tuyeres, through which combustion air is admitted under pressure, are located near the bottom
and are evenly spaced on either side of the furnace.

The furnace is charged with a mixture of sinter (80 to 90 percent of charge), metallurgical coke (8 to 14 per-
cent of the charge), and other materials, such as limestone, silica, litharge, slag-forming constituents, and various
recycled and clean-up materials. In the furnace the sinter is reduced to lead bullion; most of the impurities are
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Figure 7.6-1. Typical flowsheet of pyrometallurgical lead smelting.2
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eliminated in the slag. Solid products from the blast furnace generally separate into four layers: speiss (basic-
ally arsenic and antimony, the lightest material); matte (composed of copper -sulfide and other metal sulfides);
slag (primarily silicates); and lead bullion. The first three layers are combined as slag, which is continually
collected from the furnace and either processed at the smelter for its metal content or shipped to treatment
facilities.

A certain amount of SO, is also generated in blast furnaces due to the presence of small quantities of residual
lead sulfide and lead sulfates in the sinter feed. The quantity of these emissions is a function of not only the re-
sidual sulfur content in the sinter, but of the amount of sulfur that is captured by copper and other impurities in
the slag.

Rough lead bullion from the blast furnace usually requires preliminary treatment (drossing) in steel cast-iron
kettles before undergoing refining operations. First, the bullion is cooled to 700 to 800°F; copper and small
amounts of sulfur, arsenic, antimony, and nickel are removed from solution and collect on the surface as a dross.
This dross, in turn, is treated in & reverberatory-type furnace where the copper and other metal impurities are
further concentrated before being routed to copper smelters for their eventual recovery. Drossed lead bullion is
further treated for copper removal by the addition of sulfur-bearing material and zinc and/or aluminum to lower
the copper content to approximately 0.01 percent.

The final phase of smelting, the refining of the bullion is cast-iron kettles, occurs in five steps:

1. Removal of antimony, tin, and arsenic;

2. Removal of precious metals via the Parke’s Process, in which zinc metal combines with gold and silver to
form an insoluble intermetallic at operating temperatures;

3. Vacuum removal of zinc;

4. Bismuth removal using the Betterson Process, which involves the addition of calcium and magnesivm,
which in turn, form an insoluble compound with the bismuth that is skimmed from the kettle; and

5. Removal of remaining traces of metal impurities by addition of NaOH and NaNOj.

The final refined lead, commonly of 99.99 to 99.999 percent purity, is then cast into 100-pound pigs before
shipment.

7.6.2 Emissions and Controls 1,2

Each of the three major lead smelting operations generates substantial quantities of particulates and/or sulfur
dioxide.

Nearly 85 perceat of the sulfur present in the lead ore concentrate is eliminated in the sintering operation.
n handling these process offgases, either a single weak stream is taken from the machine hood at less than 2 per-
cent SO, or two streams are taken—one weak stream (<0.5 percent SO5) from the discharge end of the machine
and one strong stream (5 to 7 percent SO;) taken from the feed end. Single stream operation is generally used
when there is little or no market for the recovered sulfur, so that the uncontrolled weak SO stream is emitted
to the atmosphere. Where there is a potential sulfur market, however, the strong stream is sent to a sulfuric acid
plant, and the weak stream is vented after particulate removal.

When dual gas stream operation is used with updraft sinter machines, the weak gas stream can be recirculated
through the bed to mix with the strong gas stream, resulting in a single stream with an SO, concentration of
about 6 percent. This technique has the overall effect of decreasing machine production capacity, but does per-
mit a more convenient and economical recovery of the SO, via sulfuric acid plants and other control methods.

Without weak gas recirculation, the latter portion of the sinter machine acts as a cooling zone for the sinter
and consequently assists in the reduction of dust formation during product discharge and screening. However,
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when recirculation is used, the sinter is usually discharged in a relatively hot state (400 to 500°C), with an attend-
ant increase in particulate formation. Methods for reducing these dust quantities include recirculation of off-
gases through the sinter bed, relying upon the filtering effect of the latter, or ducting the gases from the dis-
charge through a particulate collection device directly to the atmosphere. Because reaction activity has ceased
in the discharge area in these cases, these latter gases contain little SO,.

The particulate emissions from sinter machines consist of from 5 to 20 percent of the concentrated ore feed.

When expressed in terms of product weight, these emissions are an estimated 106.5 kg/MT (213 Ib/ton) of lead pro-
duced. This value, along with other particulate and SO factors, appears in Table 7.6-1.

Table 7.6-1. EMISSION FACTORS FOR PRIMARY LEAD
SMELTING PROCESSES WITHOUT CONTROLS2
EMISSION FACTOR RATING: B

Particulates Sulfur dioxide
Process kg/MT Ib/ton kg/MT Ib/ton
Ore crushingb 1.0 2.0 - -
Sintering (updraftjc 106.5 213.0 275.0 550.0
Blast furnaceb 180.5 361.0 22.5 450
Dross reverberatory furnaceb 10.0 20.0 Neg Neg
Materials handlingb 2.5 5.0 - —

aQ0re crushing emission factors expressed as ka/MT (Ib/ton) of crushed ore; all other emission factors expressed as kg/MT {ib/ton)
of lead product.

bReference 2.

CReferences 1, 4, 5, and 6.

dReferences 1,2,and 7.

Typical material balances from domestic lead smelters indicate that about 10 to 20 percent of the sulfur in the
ore concentrate fed to the sinter machine is eliminated in the blast furnace. However, only half of this amount
(about 7 percent of the total) is emitted as SO, ; the remainder is captured by the slag. The concentration of this
SO, stream can vary from 500 to 2500 ppm by volume, depending on the amount of dilution air injected to ox-
idize the carbon monoxide and cool the stream before baghouse treatment for particulate removal.

Particulate emissions from blast furnaces contain many different kinds of material, including a range of lead
oxides, quartz, limestone, iron pyrites, iron-lime-silicate slag, arsenic, and other metals-containing compounds
associated with lead ores. These particles readily agglomerate, are primarily submicron in size, difficult to wet,

cohesive, and will bridge and arch in hoppers. On the average, this dust loading is quite substantial (see Table
7.6-1).

Virtually no sulfur dioxide emissions are associated with the various refining operations. However, a small
amount of particulates is generated by the dross reverberatory furnace (10 kg/MT of lead).

Finally, minor quantities of particulates are generated by ore crushing and materials handling operations.
These emission factors are also presented in Table 7.6-1.

Methods used to control emission from lead smelter operations fall into two broad categories—particulate
and sulfur dioxide control techniques. The most commonly employed high-efficiency particulate control devices
are fabric filters and electrostatic precipitators, which, in turn, often follow centrifugal collectors and tubular
coolers (pseudogravity collecters). Three of the six lead smelters presently operating in the United States use
single absorption sulfuric acid plants for control of sulfur dioxide emissions from sinter machines and, occasion-
ally, blast furnaces. Other technically feasible SO, control methods are elemental sulfur recovery plants and
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dimethylaniline (DMA) and ammonia absorption processes. These methods and their representative control
efficiencies are listed in Table 7.6-2.

Table 7.6-2. EFFICIENCIES OF REPRESENTATIVE CONTROL DEVICES
USED WITH PRIMARY LEAD SMELTING OPERATIONS

Control device efficiency range
Control device or method Particulates Sulfur dioxide

Centrifugal collector (e.g., cyclone)a 80 to 90 -
Electrostatic precipitatora 95 to 99 -
Fabric filtera 95 to99 -
Tubular cooler (associated with waste heat boiler)a 70 to80 -
Suifuric acid plant (single contact)b.c 99.5 to 99.9 96 to 97
Elemental sulfur recovery plantb.d - 90
Dimethylaniline {(DMA) absorption processb.e — 95 to 98.8
Ammonia absorption process?.f - 92 to 95.2

9Reference 2.

bReference 1.

CHigh particulate control efficiency due 1o action of acid plant gas precleaning system. Range of SO efficiencies based on inlet
and outlet concentrations of 5 to 7 percent and 2000 ppm, respectively.

dcoliection efficiency for a two-stage, uncontrolled Claus-type plant. Refer to Section 5.18 for more information,

€Range of SO efficiencies based on inlet and outlet concentrations of 4 to 6 percent and 500 to 3000 ppm, respectively.

fRange of 804 efficiencies based on inlet and outlet concentrations of 1.5 to 2.5 percent and 1200 ppm, respectively.
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7.11 SECONDARY LEAD SMELTING Revised by William M. Vatavuk

7.11.1 Process Description 13

In the secondary smelting, refining, and alloying of lead, the three types of furnace most commoanly used are
reverberatory, blast or cupola, and pot. The grade of metal to be produced—soft, semisoft, or hard—dictates
the type of funace to be used.

Used for the production of semisoft lead, the reverberatory furnace reclaims this metal from a charge of lead
scrap, battery plates, oxides, drosses, and lead residues. The furnace consists of an outer shell built in the shape
of a rectangular box lined with refractory brick. To provide heat for melting, the charge gas or oil-fired burmners
are usually placed at one end of the furnace, and the material to be melted is charged through an opening in the
shell.

The charge is placed in the furnace in such a manner as to keep a small mound of unmelted material on top
of the bath. Continuously, as this mound becomes molten at the operating temperature (approximately 1250°C),
more material is charged. Semisoft lead is tapped off periodically as the level of the metal rises in the furnace.
The amount of metal recovered is about 50 to 60 kilograms per square meter of hearth area per hour.

A similar kind of furnace—the revolving (rotary) reverberatory—is used at several European installations for
the recovery of lead from battery scrap and lead sulfate sludge. Itscharge makeup and operating characteristics
are identical to the reverberatories used in the United States, except that the furnace slowly revolves as the charge
is heated.

The blast (cupola) furnace, used to produce “hard” lead, is normalty charged with the following: rerun slag
from previous runs (4.5 percent); cast-iron scrap (4.5 percent); limestone (3 percent); coke (5.5 percent); and
drosses from pot furnace refining, oxides, and reverberatory slag (82.5 percent). Similar to an iron cupola, the
furnace consists of a steel sheet lined with refractory material. Air, under high pressure, is introduced at the
bottom through tuyeres to permit combustion of the coke, which provides the heat and a reducing atmosphere.

As the charge material melts, limestone and iron form an oxidation-retardant flux that floats to the top, and
the molten lead flows from the furnace into a holding pot at a nearly continuous rate. The rest (30 percent) of
the tapped molten material is slag, 5 percent of which is retained for later rerun. From the holding pot, the lead
is usually cast into large ingots called “buttons” or “sows.”

Pot-type furnaces are used for remelting, alloying, and refining processes. These furnaces are usually gas fired
and range in size from 1 to 45 metric tons capacity. Their operation consists simply of charging ingots of lead or

alloy material and firing the charge until the desired product quality is obtained.

Refining processes most commonly employed are those for the removal of copper and antimony to produce
soft lead, and those for the removal of arsenic, copper, and nickel to produce hard lead.

Figure 7.11-1 illustrates these three secondary lead smelting processes.

7.11.2 Emissions and Controlsl.2

The emissions and controls from secondary lead smelting processes may be conveniently considered according
to the type of furnace employed.

With the reverberatory furnaces, the temperature maintained is high enough to oxidize the sulfides present in
the charge to sulfur dioxide and sulfur trioxide, which, in turn, are emitted in the exit gas. Also emitted are such
particulates (at concentrations of 16 to 50 grams per cubic meter) as oxides, sulfides, and sulfates of lead, tin,

5/74 Metallurgical Industry 7.11-1



T0 BLAST FURNACE
~ CONTROL SYSTEM
—

l-\_
——
A
—~

v/

LEAD HOLDING,
MELTING,
AND REFINING POTS.

POT FURNACE TO VENTILATION

CONTROL SYSTEM
FBLAST AIR YSTEM
— | .
o= TO REVERBERATORY
| ) FURNACE
SLAG CONTROL SYSTEM
BLAST FURNACE ,
CHARGE ‘)K‘
2N /)
)
SLAG LEAD \\

REVERBERATORY FURNACE

Figure 7.11-1. Secondary lead smelter processes.4

arsenic, copper, and antimony. The particles are nearly spherical and tend to agglomerate. Emission factors for
reverberatory furnaces are presented in Table 7.11-1.

The mogt practical control system for a reverberatory furnace consists of a gas settling/cooling chamber and a
fabric filtef. This system effects a particulate removal of well in excess of 99 percent. Because of the potential
presence df sparks and flammable material, a great deal of care is taken to control the temperature of the gas
stream. In turn, the type of filter cloth selected depends upon stream temperature and such parameters as gas

Table 7.11-1. jEMISSION FACTORS FOR SECONDARY LEAD SMELTING FURNACES
WITHOUT CONTROLS?
EMISSION FACTOR RATING: B

Particulates Sulfur dioxide
Furnace type kg/MT Ib/ ton kg/MT Ib/ton
Reverberatoryb | 73.5(28.0 to 156.5)c| 147 (56 to 313) 40.0 (35.5 to 44.0) 80 (71 to 88)
Blast (cupola}d 96.5 (10.5 to 190.5) 193 (21.0 to 381.0) 26.5 (9.0 10 55.0) 53.0 (18 to 110}
Pot® 0.4 0.8 Neg Neg
Rotary 35.0 70.0 NAg NAJY
reverberatoryf

aAll emission factors expressed in terms of kg/MT and Ib/ton of metal charged to furnace.
bReferences 2, 5 through 7.

CNumbers in parentheses represent ranges of values obtained.

dReferences 2, 7 througﬁ 9.

€Reference 7.

fReference 3.

9INA—no data availabjé to make estimates.
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stream corrosivity and the permeability and abrasion (or stress)-resisting characteristics of the cloth. In any case,
the filtering velocity seldom exceeds 0.6 m/min. Table 7.11-2 offers a listing of control devices and their
efficiencies.

Table 7.11-2. EFFICIENCIES OF PARTICULATE CONTROL EQUIPMENT
ASSOCIATED WITH SECONDARY LEAD SMELTING FURNACES

Particulate control
Control device Furnace type efficiency

Fabric filtera - Blast 98.4

Reverberatory 99.2
Dry cyclone plus fabric filter2 Blast 99.0
Wet cyclone plus fabric filtert Reverberatory 99.7
Settling chamber plus dry cyclone plus fabric filterc Reverberatory 99.8
Venturi scrubber plus demisterd Blast 99.3

aReference 2.
bReference 5.
CReference 6.
dReference 8.

Combustion air from the tuyeres passing through the blast furnace charge conveys metal oxides, bits of coke,
and other particulates present in the charge. The particulate is roughly 7 percent by weight of the total charge
(up to 44 g/m3). In addition to particulates, the stack gases also contain carbon monoxide. However, the catbon
monoxide and any volatile hydrocarbons present are oxidized to carbon dioxide and water in the upper portion
of the furnace, which effectively acts as an afterburner.

Fabric filters, preceded by radiant cooling columns, evaporative water coolers, or air dilution jets, are also used
to control blast furnace particulates. Overall efficiencies exceeding 95 percent are common (see Table 7.11-2).
Representative size distributions of particles in blast and reverberatory furnace streams are presented in Table
7.11-3.

Compared with the other furnace types, pot furnace emissions are low (see Table 7.11-1). However, to main-
tain a hygienic working environment, pot furnace off gases, usually along with emission streams from other
furnaces, are directed to fabric filter systems.

Table 7.11-3. REPRESENTATIVE PARTICLE SIZE DISTRIBUTION
FROM A COMBINED BLAST AND REVERBERATORY
FURNACE GAS STREAM?

Size range, um Fabric filter catch, wt %
Oto 1 13.3
1to2 45.2
2t0 3 19.1
3to 4 14.0
4t0 16 8.4

aReference 1.
bThese particles are distributed log-normally, according to the following frequency distribution:

~{log D-0.262)2
#D) = 1. =
(D) 56 exp [ 0131 ]
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9. PETROLEUM INDUSTRY

9.1 PETROLEUM REFINING Revised by William M. Vatavuk

9.1.1 General

Although a modern refinery is a complex system of many processes, the entire operation can be divided into
four major steps: separating, converting, treating, and blending. The crude oil is first separated into selected
fractions (e.g. gasoline, kerosene, fuel, oil, etc.). Because the relative volumes of each fraction produced by
merely separating the crude may not conform to the market demands for each fraction, some of the less valuable
products, such as heavy naptha, are converted to products with a greater sale value, such as gasoline. This
conversion is accomplished by splitting (cracking), uniting (polymerization), or rearranging (reforming) the
original molecules. The final step is the blending of the refined base stocks with each other and with various
additives to meet final product specifications. The various unit operations involved at petroleum refineries will be
briefly discussed in the following sections. A generalized petroleum refinery flow sheet is shown in Figure 9.1-1.

9.1.2 Crude Oil Distillation!-6

Crude oil is a mixture of many different hydrocarbons, some of them combined with small amounts of
impurities. Crude oils vary considerably in composition and physical properties, but primarily consist of three
families of hydrocarbons: paraffins, saturated hydrocarbons having the empirical formula C\;H9;15; napthenes,
ring-structure saturated hydrocarbons with the formula CHyp; and aromatics, characterized by a benzene ring,
CgHg, in the molecular structure. In addition to carbon and hydrogen, significant amounts of sulfur, oxygen, and
nitrogen can be present in crude petroleum.

Separation of these hydrocarbon constituents into their respective fractions is performed by simple distillation
in crude topping or skimming units. Crude oil is heated in pipe stills and passed to fractionating towers or
columns for vaporization and preparation. Heavy fractions of the crude oil, which do not vaporize in the topping
operation, are separated by steam or vacuum distillation. The heavy residuum products are reduced to coke and
more valuable volatile products via destructive distillation and coking. Depending on the boiling range of the siock
and its stability with respect to heat and product specifications, solvent extraction and/or absorption techniques
can also be used. The distillation fractions - “straight run products” - usually include refinery gas, gasoline,
kerosene, light fuel oil, diesel oils, gas oil, lube distillate, and heavy bottoms, the amount of each being
determined by the type and composition of the crude oil. Some of these products are treated to remove
impurities and used as base stocks or sold as finished products; the remainder are used as feedstock for other
refinery units.

9.1.2.1 Emissions—The main source of emissions from crude oil preparation processes is the barometric condenser
on the vacuum distillation column. This condenser, while maintaining a vacuum on the tower, often allows
noncondensable light hydrocarbons and hydrogen sulfide to pass through to the atmosphere. The quantity of
these emissions is a function of the unit size, type of feedstock, and the cooling water temperature. Vapor
recovery systems reduce these emissions to negligible amounts (see Table 9.1-1).
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10. WOOD PROCESSING

Wood processing involves the conversion of raw wood to either pulp, pulpboard, or one of several types of
wallboard including plywood, particieboard, or hardboard. This section presents emissions data for chemical
wood pulping as well as for pulpboard and plywood manufacturing. The burning of wood waste in boilers and
conical burners is not included as it is discussed in Chapters 1 and 2 of this publication.

10.1 CHEMICAL WOOD PULPING Revised by Thomas Lahre
10.1.1 Generall

Chemical wood pulping involves the extraction of cellulose from wood by dissolving the lignin that binds the
cellulose fibers together. The principal processes used in chemical pulping are the kraft, sulfite, neutral sulfite
semichemical (NSSC), dissolving, and soda; the first three of these display the greatest potential for causing air
pollution. The kraft process accounts for about 65 percent of all pulp produced in the United States; the sulfite
and NSSC processes, together, account for less than 20 percent of the total. The choice of pulping process is de-
termined by the product being made, by the type of wood species available, and by economic considerations.

10.1.2 Kraft Pulping

10.1.2.1 Process Descriptionl;2—The kraft process (see Figure 10.1.2-1) involves the cooking of wood chips
under pressure in the presence of a cooking liquor in either a batch or a continuous digester. The cooking liquor,
or “white liquor,” consisting of an aqueous solution of sodium sulfide and sodium hydroxide, dissolves the lignin
that binds the cellulose fibers together.

When cooking is completed, the contents of the digester are forced into the blow tank. Here the major portion
of the spent cooking liquor, which contains the dissolved lignin, is drained, and the pulp enters the initial stage of
washing. From the blow tank the pulp passes through the knotter where unreacted chunks of wood are removed.
The pulp is then washed and, in some mills, bleached before being pressed and dried into the finished product.

It is economically necessary to recover both the inorganic cooking chemicals and the heat content of the spent
“black liquor,” which is separated from the cooked pulp. Recovery is accomplished by first concentrating the
liquor to a level that will support combustion and then feeding it to a furnace where burning and chemical recovery
take place.

Initial concentration of the weak black liquor, which contains about 15 percent solids, occurs in the multiple-
cffect evaporator. Here process steam is passed countercurrent to the liquor in a series of evaporator tubes that
increase the solids content to 40 to 55 percent. Furiher concentration is then effected in the direct contact
evaporator. This is generally a scrubbing device (a cyclonic or venturi scrubber or a cascade evaporator) in which
hot combustion gases from the recovery furnace mix with the incoming black liquor to raise its solids content to
55 to 70 percent.

The black liquor concentrate is then sprayed into the recovery furnace where the organic content supports
combustion. The inorganic compounds fall to the bottom of the furnace and are discharged to the smelt dissolving
tank to form a solution called “green liquor.” The green liquor is then conveyed to a causticizer where siaked
lime (calcium hydroxide) is added to convert the solution back to white liquor, which can be reused in subsequent
cooks. Residual lime sludge from the causticizer can be recycled after being dewatered and calcined in the hot
lime kiln.

Many mills need more steam for process heating, for driving equipment, for providing electric power, etc., than
can be provided by the recovery furnace alone. Thus, conventional industrial boilers that buin coal, oil, natural

gas, and in some cases, bark and wood waste are commonly employed.
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10.1.2.2. Emission and Controlsl-6 —Particulate emissions from the kraft process occur primarily from the re-
covery furnace, the lime kiln, and the smelt dissolving tank. These emissions consist mainly of sodium salts but
include some calcium salts from the lime kiln. They are caused primarily by the carryover of solids plus the sub-
limation and condensation of the inorganic chemicals.

Particulate control is provided on recovery furnaces in a variety of ways. In mills where either a cyclonic
scrubber or cascade evaporator serves as the direct contact evaporator, further control is necessary as these devices
are generally only 20 to 50 percent efficient for particulates. Most often in these cases, an electrostatic precipitator
is employed after the direct contact evaporator to provide an overall particulate control efficiency of 85 to =99
percent. In a few mills, however, a venturi scrubber is utilized as the direct contact evaporator and simuitaneously
provides 80 to 90 percent particulate control. In either case auxiliary scrubbers may be included after the
precipitator or the venturi scrubber to provide additional control of particulates.

Particulate control on lime kilns is generally accomplished by scrubbers. Smelt dissolving tanks are commonly
controlled by mesh pads but employ scrubbers when further control is needed.

The characteristic odor of the kraft mill is caused in large part by the emission of hydrogen sulfide. The major
source is the direct contact evaporator in which the sodium sulfide in the black liquor reacts with the carbon
dioxide in the furnace exhaust. The lime kiln can also be a potential source as a similar reaction occurs involving
residual sodium sulfide in the lime mud. Lesser amounts of hydrogen sulfide are emitted with the noncondensible
off-gasses from the digesters and multiple-effect evaporators.

The kraft-process odor also results from an assortment of organic sulfur compounds, all of which have extremely
low odor thresholds. Methyl mercaptan and dimethyl sulfide are formed in reactions with the wood component
lignin. Dimethyl disulfide is formed through the oxidation of mercaptan groups derived from the lignin. These
compounds are emitted from many points within a mill; however, the main sources are the digester/blow tank
systems and the direct contact evaporator.

Although odor control devices, per se, are not generally employed in kraft mills, control of reduced sulfur
compounds can be accomplished by process modifications and by optimizing operating conditions. For example,
black liquor oxidation systems, which oxidize sulfides into less reactive thiosuifates, can considerably reduce
odorous sulfur emissions from the direct contact evaporator, although the vent gases from such systems become
minor odor sources themselves. Noncondensible odorous gases vented from the digester/blow tank system and
multiple-effect evaporators can be destroyed by thermal oxidation, usually by passing them through the lime
kiln. Optimum operation of the recovery furnace, by avoiding overloading and by maintaining sufficient oxygen
residual and turbulence, significantly reduces emissions of reduced sulfur compounds from this source. In addi-
tion, the use of fresh water instead of contaminated condensates in the scrubbers and pulp washers further reduces
odorous emissions. The effect of any of these modifications on a given mill’s emissions will vary considerably.

Several new mills have incorporated recovery systems that eliminate the conventional direct contact evaporators.
In one system, preheated combustion air rather than flue gas provides direct contact evaporation. In the other,
the multiple-effect evaporator system is extended to replace the direct contact evaporator altogether. In both of
these systems, reduced sulfur emissions from the recovery furnace/direct contact evaporator reportedly can be
reduced by more than 95 percent from conventional uncontrolled systems.

Sulfur dioxide emissions result mainly from oxidation of reduced sulfur compounds in the recovery furnace.
It is reported that the direct contact evaporator absorbs 50 to 80 percent of these emissions; further scrubbing, if
employed, can reduce them another 10 to 20 percent.

Potential sources of carbon monoxide emissions from the kraft process include the recovery furnace and lime
kilns. The major cause of carbon monoxide emissions is furnace operation well above rated capacity, making it
impossible to maintain oxidizing conditions.
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Some nijtrogen oxides are also emitted from the recovery furnace and lime kilns although the amounts are
relatively small. Indications are that nitrogen oxides emissions from each of these sources are on the order of 1
pound per air-dried ton (0.5 kg/air-dried MT) of pulp produced.5.6

A major source of emissions in a kraft mill is the boiler for generating auxiliary steam and power. The fuels
used are coal, oil, natural gas, or bark/wood waste. Emission factors for boilers are presented in Chapter 1.

Table 10.1.2-1 presents emission factors for a conventional kraft mill. The most widely used particulate con-
trols devices are shown along with the odor reductions resulting from black liquor oxidation and incineration of
noncondensible off-gases.

10.1.3 Acid Sulfite Pulping

10.1.3.1 Process Descriptionl,7,14-16 _The production of acid sulfite pulp proceeds similarly to kraft pulping
except that different chemicals are used in the cooking liquor. In place of the caustic solution used to dissolve
the lignin in the wood, a sulfurous-acid base is employed. To buffer the cooking solution, a bisulfite of sodium,
magnesium, calcium, or ammonium is used.

Because of the variety of bases employed in the cooking liquor, numerous schemes for heat and/or chemical
recovery have evolved. In calcium-base systems, which are used mostly in older mills, chemical recovery is not
practical, and the spent liquor is usually discarded. In ammonium-base operations, heat can be recovered from
the spent liquor through combustion, but the ammonium base is consumed in the process. In sodium- or
magnesium-base operations (the latter being utilized most frequently in newer sulfite mills) heat, sulfur, and base
recovery are all feasible.

When recovery is practiced, the spent liquor proceeds through a multiple-effect evaporator and recovery furnace
arrangement similar to that found in the kraft process. The combustion gases from the furnace pass through
absorbing (sulfiting) towers where sulfur dioxide is recovered (as bisulfite) for use in subsequent cooks. In
magnesium- or sodium-base operations, moreover, the base can also be recovered by feeding the inorganic residue
from the furnace (either as smelt or collected ash) into the absorbing tower to react with the sulfur dioxide.

10.1.3.2 Emission and Controlsl,3,7,14-16 _Significant quantities of particulate emissions will be generated
only if sodium-, magnesium-, or calcium-base liquors are burned. When ammonium-base liquor is burned, few
particulates will result because the combustion products are mostly nitrogen, water vapor, and sulfur dioxide.
In magnesium-base recovery systems, high particulate control is necessary because most of the base is swept out
of the furnace in the form of magnesium oxide fumes. No particulate emissions will result from these systems,
of course, when the spent liquor is not combusted.

The major gaseous pollutant is sulfur dioxide. Major potential sources, in probable order of importance, in-
clude the digester/blow tank system, absorbing towers, and multiple-effect evaporators. Because the vented gases
from these systems are either scrubbed or fed into the absorbing tower to minimize sulfur losses, actual emissions
to the atmosphere will depend on the degree of efficiencies desired.

The characteristic “kraft” odor is not emitted from acid sulfite mills because volatile reduced sulfur compounds
are not products of the lignin-bisulfite reaction.

No factors for sulfite pulping are presented because of the variety of pulping schemes employed and lack of
adequate emissions data.

1014 Neutral Sulfite Semichemical (NSSC) Pulping

10.1.4.1 Process Description!,7,14,17—In this process, the wood chips are cooked in a neutral solution of sodium
sulfite and sodium bicarbonate. The sulfite ion reacts with the lignin in the wood, and the sodium bicarbonate
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acts as a buffer to main“ain a neutral solution. The major difference between this process (as well as all semi-
chemical techniques) and the kraft and acid sulfite processes is that only a portion of the lignin is removed during
the cook, after which the pulp is further reduced by mechanical disintegration. Because of this, yields as high as
60 to 80 percent can be achieved as opposed to 50 to 55 percent for other chemical processes.

The NSSC process varies from mill to mill. Some mills dispose of their spent liquor, some mills recover the
cooking chemicals, and some, which are operated in conjunction with kraft mills, mix their spent liquor with the
kraft liquor as a source of makeup chemicals. When recovery is practiced, the steps involved parallel those of the
sulfite process.

10.1.4.2 Emissions and Controlst,7,14,17 Particulate emissions are a potential problem only when recovery
systems are employed. Mills that do practice recovery, but are not operated in conjunction with kraft operations
often utilize fluidized bed reactors to burn their spent liquor. Because the flue gas contains sodium sulfate and
sodium carbonate dust, efficient particulate collection may be included to facilitate chemical recovery.

A potential gaseous pollutant is sulfur dioxide. The absorbing towers, digester/blow tank system, and recovery
furnace are the main sources of this pollutant with the amounts emitted dependent upon the capability of the
scrubbing devices installed for control and recovery.

Hydrogen sulfide can also be emitted from NSSC mills using Kraft-type recovery furnaces. The main potential
source is the absorbing tower where a significant quantity of hydrogen sulfide is liberated as the cooking liquor is
made. Other possible sources include the recovery furnace, depending on the operating conditions maintained, as
well as the digester/blow tank system in mills where some green liquor is used in the cooking process. Where green
liquor is used, it is also possible that significant quantities of mercaptans will be produced. Hydrogen sulfide
emissions can be eliminated if burned to sulfur dioxide prior to entering the absorbing systems.

Because the NSSC process differs greatly from mill to mill, and because of the scarcity of adequate data, no
emission factors are presented.
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10.2 PULPBOARD
10.2.1 Generall

Pulpboard manufacturing involves the fabrication of fibrous boards from a pulp slurry. This includes two dis-
tinct types of product, paperboard and fiberboard. Paperboard is a general term that describes a sheet 0.012 inch
(0.30 mm) or more in thickness made of fibrous material on a paper-forming machine.2 Fiberboard, also referred
to as particle board, is thicker than paperboard and is made somewhat differently.

There are two distinct phases in the conversion of wood to pulpboard: (1) the manufacture of pulp from raw
wood and (2) the manufacture of pulpboard from the puip. This section deals only with the latier as the former
is covered under the section on the woed pulping industry.

10.2.2 Process Description!

In the manufacture of paperboard, the stock is sent through screens into the head box, from which it flows
onto a moving screen. Approximately 15 percent of the water is removed by suction boxes located under the
screen. Another 50 to 60 percent of the moisture content is removed in the drying section. The dried board
then enters the calendar stack, which imparts the final surface to the product.

In the manufacture of fiberboard, the slurry that remains after pulping is washed and sent to the stock chests
where sizing is added. The refined fiber from the stock chests is fed to the head tox of the board machine. The
stock is next fed onto the forming screens and sent to dryers, after which the dry product is finally cut and
fabricated.

10.2.3 Emissions!

Emissions from the paperboard machine consist mainly of water vapor; little or no particulate matter is emit-
ted from the dryers.3-5 Particulates are emitted, however, from the fiberboard drying operation. Additional
particulate emissions occur from the cutting and sanding operations, but no data are available to estimate these
emissions. Emission factors for pulpboard manufacturing are shown in Table 10.2-1.

Table 10.2-1. PARTICULATE EMISSION FACTORS FOR
PULPBOARD MANUFACTURING?
EMISSION FACTOR RATING: E

Emissions
Type of product ib/ton kg/MT
Paperboard Neg Neg
Fiberboardb 0.6 03

aEmission factors expressed as units per unit weight of {inished product.
bReference 1.

References for Section 10.2

1. Air Pollutant Emission Factors. Resources Research, Inc., Reston, Virginia. Prepared for National Air
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2. The Dictionary of Paper. New York, American Paper and Pulp Association, 1940.

5/74 EMISSION FACTORS 10.2-1



3. Hough, G. W. and L. J. Gross. Air Emission Control in a Modern Pulp and Paper Mill. Amer. Paper Industry.
51:36, February 1969.

4. Pollution Control Progress. J. Air Pollution Control Assoc. 17:410, June 1967.
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10.3 PLYWOOD VENEER AND LAYOUT OPERATIONS By Thomas Lahre

10.3.1 Process Description!

Plywood is a material made of several thin wood veneers bonded together with an adhesive. Its uses are many
and include wall sidings, sheathing, roof-decking, concrete-formboards, floors, and containers.

During the manufacture of plywood, incoming logs are sawed to desired length, debarked, and then peeled
into thin, continuous veneers of uniform thickness. (Veneer thicknesses of 1/45 to 1/5 inch are common.)
These veneers are then transported to special dryers where they are subjected to high temperatures until dried to
a desired moisture content. After drying, the veneers are sorted, patched, and assembled in layers with some
type of thermosetting resin used as the adhesive. The veneer assembly is then transferred to a hot press where,
under presssure and steam heat, the plywood product is formed. Subsequently, all that remains is trimming,
sanding, and possibly some sort of finishing treatment to enhance the usefullness of the plywood.

10.3.2 Emissions2.3

The main sources of emissions from plywood manufacturing are the veneer drying and sanding operations.
A third source is the pressing operation although these emissions are considered minor.

The major poliutants emitted from veneer dryers are organics. These consist of two discernable fractions:
(1) condensibles, consisting of wood resins, resin acids, and wood sugars, which form a blue haze upon cooling
in the atmosphere, and (2) volatiles, which are comprised of terpines and unburned methane—the latter occurring
when gas-fired dryers are employed. The amounts of these compounds produced depends on the wood species
dried, the drying time, and the nature and operation of the dryer itself. In addition, negligible amounts of fine
wood fibers are also emitted during the drying process.

Sanding operations are a potential source of particulate emissions. It is estimated that about 1,000 pounds
of sanderdust may result for every 10,000 square feet of plywood produced. Hence, even if only a fraction of
this is discharged to the atmosphere, an air pollution problem may exist. Few data exist to determine the actual
magnitude of these emissions although efficient cyclonic collectors reportedly remove large portions of this dust.

Emission factors for plywood veneer dryers without controls are given in Table 10.3-1.

Table 10.3-1. EMISSION FACTORS FOR PLYWOOD MANUFACTURING
EMISSION FACTOR RATING: B

Organic compoundab
Condensible Volatile
Source Ib/104 12 kg/103 m2 tb/104 f12 kg/103 m2
Veneer dryers 3.6 1.9 2.1 1.1

8Emission factors expressed in pounds of pollutant per 10,000 square feet of 3/8-in. plywood produced (kilograms per 1,000
square meters on a 1-cm basis),
bReferences 2 and 3.
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