SECTION 9

FOOD AND AGRICULTURE PROCESSING

9.1 INTRODUCTION

The processing of agricultural products includes many oper-
ations which produce fine particle emissions. These include
drying, shipping, conveying, cleaning, milling, and grinding..
There are many variables which affect the fine particle emissions
from a given process. Some of these variables are: the type of
crop beinag processed, its growing location and methods, the
method used to harvest the crop, and the amount of cleaning which
has already been done.

The major point sources of fine particle emissions in the
food and agricultural processing industries in California, as
Getermined from EIS data (California Air Resources Board, 1980),
are covered in this section. They are:

Rice drying

Grain drying

Alfalfa drying

Grain and feed milling
Cotton ginning
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Shipping and handling operations are major sources of dust..
However, only 12-15% by weight are less than 3uym in diameter
according to Farant et al. (1978).

9.2 RICE DRYING
9.2.1 Process Description

The information in this section is from Taback et al.
(1979), who described a source test of a rice dryer. A schematic
of the rice dryer tested is shown in Figure 9.2.1-1.

Rice is harvested with a moisture content of 18-20% and must
be dried to a moisture content of 1-2% for transport and storage..
The rice is passed downward between two concentric screens. Air
heated to about 50°C (120°F) by burning natural gas is passed up
the center of the column and out through the rice. Rice must be
dried slowly to prevent cracking. Therefore, the rice is stored
after each pass until it reaches an equilibrium temperature and
moisture content and then passed through the dryer again. This
is repeated as many times as necessary..

The warm air which passes through the rice is loaded with
chaff which consists of light pieces of the grain husks. The air
also contains soil and fine particles of rice which are produced
from the abrasive action of the grain..

The air vents to the atmosphere through screens in the
enclosure which collect the large chaff particles. The particles
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on the screens are removed by vacuum wands and collected by
cyclones.. The finer particles are exhausted to the atmosphere..

9.2.2 Source Characteristics

Figure 9.2.2-1 shows size distribution data for dust sampled
at a rice dryer.. The source was uncontrolled, however, some of
the chaff was collected by screen vents as described by Taback et
al. (1979). Table 9.2.2-1 shows the chemical composition of the
particles collected in this test. Other particle characteristics
are shown in Table 9.2.2-2. Gas characteristics for rice drying
are given in Table 9.2.2-3,

9.2.3 Control Technology

The cyclone is the primary control device used in rice drying
and in most food and agricultural processing operations. Cy-
clones are not efficient collection devices for fine particles
(see Section 7). There can also be a problem in containing the
exhaust air.. In the case depicted in Figure 9.2.1-1, most of the
exhaust air was vented to the atmosphere rather than being drawn
through the cyclone..

9.3 GRAIN DRYING
9.3.1 Process Description

Grain dryers are used at elevators, feed mills, and large
farms to remove excess moisture from the grain prior to storage..
Column dryers and tray dryers are used for grain drying. The
column dryers are similar to the rice dryer described in Section
9.2.1. 1In tray dryers, the grain is placed on trays in the
dryer. Heated air is circulated over the wet grain until the
desired moisture content is reached. According to Danielson
(1973), tray dryers emit negligible amounts of dust..

For feed processing, flash dryers, also known as pneumatic
conveying dryers, are used. This technique is normally used when
disintegration of grain is desired ( Bardison, 1973). A simple
flash dryer is shown in Figure 9.3.1-1. The wet grain is dis-
persed into a hot gas stream moving at a high velocity through a
duct. The hot gas dries the grain and transports it to a col-
lection cyclone.. The gas is vented from the top of the cyclone
as shown. A cage mill is often used to feed the wet material to
the dryer because it disperses the material better than an auger.

9.3.2 Source Characteristics

The particles emitted from grain dryers will vary with grain
types and the amount of residual soil and other contaminents
remaining after cleaning (Vandegrift et al., 1970). Particle
size distribution data has not been obtained for grain dryers..
Figure 9.3.2-1 shows particle size distribution data for
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Figure 9.2.2-1.
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Particle size distributions for rice dryer
(Taback et al.,1979).

90



TABLE 9.2.2-1. RICE DRYER PARTICLE ELEMENTAL ANALYSIS @

A11 Numbers in Weight Percent

Composite <1 um 1-3 uym 3-10 um >10 um

Calcium 1 1 1
Carbon 12 12
Tron , 5 4 4
Potassium
Silicon 10 5 6 8 11
Other (02, N2, Hp) 88 89 89 84 77
Total 100 100 100 190 100
Wt % of Composite

in each size range 100 30 12 12 46

4Taback et al. (1979).



wo-wyo
A3LALRSLSaY
92134ed

"(6L61) 'le 33 foeqel,

8-V G€-0¢ burhug soLy
ol vurt €> (230 Vi & T#70] 555004
KyLsuag —
91oL34ey Pl [043u0) Po | [043U0UR

gWN/BW ‘uoLlesgusduoy ssey
pSIILSTHILOVIVHI 31011dYd 43A¥Q 30I¥  "2-2°¢°6 314vL



(pa310u 3sLMu3Y310 SSa[un)
. KJap ¢LOA 4
‘uoLltsodwo) [edLway)

0§ S/ WN 09
o) (po10u
wgzpmgmem._. 9SiMuayio mmm_.c:v
B3/ N

91e4MO|{ SBY

pSILLSIYILIVEVHI SYI d3Add 3014 "€-2°¢2°6

Jndvl

“(6461)

o710y
u0L30NpoUd

"le 32 joeqely

butAuqg aoLy

$59004d



(€461 ‘uos|atueq) J48hup ysel

400 1N0URI | I

1@:?>Lo 0]

49pa3 19M —

Pe94 19M

10NPOUd
paysLul 4

ue{ Juafp—

d—

"T-1°€°6 24nbiL4

W93 SAS

Aaudng
¥ 4 sey 40 (10

19Ul ALy



AERODYNAMIC EQUIVALENT DIAMETER, um
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WEIGHT % LESS THAN STATED SIZE

Figure 9.3.2-1. Particle size distributions measured at grain eleva-
tors (Farant et al., 1978).



emissions measured at a grain elevator reported by Farant et al.
(1978). The term "aerodynamic equivalent diameter" was not de-
fined. Table 9.3.2-1 shows chemical composition reported for
grain by Taback et al. (1979). Tables 9.3.2-2 and 9.3.2-3 show
particle and gas characteristics which have been reported for
grain dryers..

9.3.3 Control Technology

The cyclone shown on the flash dryer in Figure 9.3.1-1 is
primarily for the collection of the céried product rather than for
air pollution control. Particle emissions are a problem as are
emissions of odorous gases according to Hardison (1973). The
moisture content of the gas from drying operations can cause
clogging problems in high efficiency cyclones and in baghouses
(Cowherd, 1971).

9.4 ALFALFA DRYING
9.4.1 Process Description

Fresh cut alfalfa (60-80% moisture according to Cowherd,
1971) is fed into a direct-fired rotary dryer. The dryer, shown
in Figure 9.4.1-1, consists of a rotating drum supplied with air
at approximately 1040°C (1900°F) according to Vandegrift et al.
(1970).. Metal protrusions inside the rotating drum 1lift the
material and shower it through the hot gas as shown in Figure
9.4.1-2.

The dried alfalfa (8-16% moisture) is pneumatically conveyed
through one or two cooling cyclones, both of which are sources of
emissions.. The alfalfa is then ground by a hammermill into meal..
The air meal separator cyclone is a source of finer particle
emissions than the cooling cyclones (Vandegrift et al., 1970).
The alfalfa meal is then further processed into pellets to be
used in animal feed.

9.4.2 Source Characteristics

Figure 9.4.2-1 shows size distribution data reported by
Cowherd (1971). One case is for the emissions from the primary
cooling cyclone. In the second case, exhaust air from the air
meal separator was vented through the primary cooling cyclone..
This curve is notated as "Dryer and Meal"..

Tables 9.4.2-1 and 9.4.2-2 show the particle and gas char-
acteristics..

9.4.3 Control Technology

The product collection cyclones used in alfalfa dehydrating
produce fine, lightweight emissions.. Cowherd (1971) reported
that about 80% of the dust emissions in a dehydrating plant are
from the drying operation and that overdrying can dgreatly TABLE
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9.3.2-1.. GRAIN CHEMICAL COMPOSITION?

Organic fraction

Inorganic fraction

Free silica in total dust

Free silica in organic fraction

Free silica in inorganic fraction

@Vandegrift, et al., 1970
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Percent by Weight
QOats Wheat
82.2 87.2
17.8 12.8

8.0 7.4

2.3 1.5

5.7 5.9
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Figure 9.4.1-2. Rotary dryer interior (Danielson, 1973).
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increase emissions.. Therefore, control of the dryer operation is
important.

Cowherd (1971) stated that the efficiency of a cyclone
decreases rapidly for particle diameters below 5 ym. Problems
occur in high efficiency, multicyclones because the moist par-
ticles can cause clogging.. Clogging of baghouses due to high
moisture content is also a problem..

An afterburner for combustion of the waste is highly effi-
cient for controlling particle emissions, according to Cowherd
(1971). Odors, as well as particles, are also controlled.

A small amount of animal fat is sometimes added to the
alfalfa meal as shown in Figure 9.4.1-1. This technique reduces
the particulate emissions from the cyclone as well as improving
the food value of the alfalfa, according to Annis et al. (1970).
It can cause problems in using control devices such as baghouses.

9.5 GRAIN GRINDING AND MILLING
9.5.1 Process Description

Grinding of grain is done in both the manufacture of animal
feed and to produce flour. Hardison (1973) provided descriptions
for grain milling operations. In feed manufacture a hammer mill
is normally used. The grain is pulverized by swinging hammers
and then sifted through screens with openings from 0.3-1.3 cm
depending on the type of feed being produced. Oversized pieces
are reground..

The process of flour milling involves many steps to clean
and prepare the grain for grinding. Figure 9.5.1-1 shows a flour
mill flow diagram. Wheat must be brought up to a moisture con-
tent of 15-19% prior to grinding. 1empering and conditioning are
two processes by which this is accomplished.

The actual grinding is done in roller mills. The wheat
passes between pairs of rollers which move in opposite directions
and at different speeds. The rollers are spaced so that the
grain 1s not crushed but broken up by shearing forces instead.
The first series of rollers is designed to break the bran and the
endosperm apart. Each pair of rollers is followed by a sifting
system.

The endospserm passes on to the next series of rolls where
it is ground into flour. The bran and germ are collected from
the first series of rolls and used for other products..

9.5.2 Source Characteristics

Tables 9.5.2-1 and 9.5.2-2 show particle and gas character-
istics for feed milling and flour milling. Size distribution and
chemical composition data were not located in the literature
survey..
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Figure 9.5.1-1. Flour mill flow diagram
(Kuo et al.(1978).
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9.5.3 Control Technology

Cyclones are widely used in the grain industry for both
product collection and dust control. Baghouse devices are common
in flour mills and other grain operations. They can achieve
efficiencies close to 99% (Hardison, 1973)..

Because of the tendency of grain dust to clog the small
entrance openings, multicyclones are not commonly used. Electro-
static precipitators and wet scrubbers are rarely used. This is
due to the dust explosion hazard and the desire for a dry by-
product. The explosion and fire hazard is also a problem in

baghouses, but it can be reduced by careful design (McLouth et
al., 1961).

9.6 COTTON GINNING
9.6.1 Process Description

Cotton ginning is a seasonal operation, running less than
three months each year (Wesley et al., 1978b). The process of
cotton ginning involves several operations which are shown in
Figure 9.6.1-1. According to Wesley et al. (1978a), the steps
involved in cotton ginning are: cleaning the seed cotton, drying
it, separating the cotton seed from the lint (done at the gin
stand), cleaning the lint, passing it through a condenser, and
finally, baling it..

Both the cotton fiber and the material removed from it are
conveyed pneumatically. The material removed from the cotton in
the various cleaning operations includes portions of the cotton
plant and other vegetation, as well as sand and soil. This trash
is collected in cyclones which have efficiencies of 90% or less
(Roddy, 1978).. The trash is either disposed of by incineration
or by returning it to the land.. A 1966 survey by the U. S.
Department of Agriculture, as reported by Pendleton (1967), indi-
cated that 94% of the gins in California returned the trash to
the land.

A study has been performed for the California rnergy Commis-
sion on the feasibility of burning cotton gin trash to heat air
for the dryers (Agrotherm Division, Norman Pitt, Inc., 1980).
The pilot plant studied used a cyclone and baghouse to collect
the fly ash produced. It was reported that 40% of the fly ash
produced by the combustion of the cotton gin trash was submicron
in size.. Outlet size data was not reported. If this practice is
adopted by the gins it will most probably be a source of fine
particle emissions. In addition, incineration of gin trash is
known to be a source of arsenic emissions (U.S. Department of
Health, Education and Welfare, 1967). This problem was not
addressed in the report by Agrotherm (1980)..

Dust is emitted from the trash collector cyclones as well
as points in the process stream. Two primary sources of lint and
fine dust emissions are the open front of the gin stands and the
lint cleaners. Emissions also occur from leaks in the pneumatic
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conveying system.
9.6.2 Source Characteristics

Figure 9.6.2-1 shows size distribution for a battery con-
denser at a cotton gin. The emissions were controlled by a
scrubber.. Inlet and outlet distributions, as reported by Lee et
al. (1975), are shown.

Table 9.6.2-1 shows a summary of chemical analysis data
which have been reported in literature for cotton dust. Table
9.6.2-2 shows particle characteristics for several operations at
a cotton gin. Gas characteristics for cotton ginning operations
are shown in Table 9.6.2-3.

9.6.3 Control <vechnology

The dust collected at various locations is typically con-
veyed pneumatically to a battery of high efficiency cyclones
located beside the gin building, according to the U.S. Department
of Health, Education and Welfare (1967). The material collected
by these cyclones is fed into another air line which conveys the
dust to another cyclone. This cyclone feeds into a large "trash
house"” or into an incinerator..

Roddy (1978) described an air filter system which employs
rotating drums of mesh screen. These drums collect the lint
which is then vacuumed off the drums. Particles which settle out
of the air are collected in a hopper below the drums. The col-
lected trash is then conveyed to cyclones.. An efficiency of 95%
was reported.

The U.S. Department of Health, Education and Welfare (1967)
reports that similar filtering devices are effective for control-
ling emissions from the cyclone. The efficiency of the wire
screens increases as the lint collects on them. However, they
must be cleaned when the pressure drop across them becomes too
high. Therefore, they must operate on a filtering/cleaning cycle
as baghouses do. No efficiencies were reported.

9.7 CALCULATIONS

Control devices evaluated for food and agricultural pro-
cesses are listed in Table 9.7-1. Because of a potential fire
hazard, only the filter and the unaided scrubbers were con-
sidered.. Calculation results are summarized in Tables 9.7-2
through 9.7-7.

Food and agricultural processes are seasonal operations.. 1In
most situations, they run less than three months each year..
Therefore, a duty factor of 0.1 was used in estimating the
operating costs..
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Figure 9.6.2-1. Particle size distributions for cotton gin condenser
(Lee et al. (1975).



TABLE 9.6.2-1. COTTON DUST ELEMENTAL ANALYSIS

All Numbers in Weight Percent

Cotton Mill Dustb

Cotton Gin Dust@ SJ-1 Variety

{Avg, of 5 Gins) @ Grown in Bakersfield., CA
Aluminum 1.46 0.77
Calcium 1.15 2.04
Chlorine 0.16 0.23
Copper - 0.02
Iron 0.45 0.38
Magnesium 1.04 1.12
Manganese 0.01 -
Phosphorous 0.52 1.22
Potassium - 1.82 2.12
Silicon 7.69 8.50
Sulfur 0.32 0.64
Titanium 0.05 0.06
Zinc 0.05 : 0.01
Total | 14.72 17.11

AWesley, et al., 1978b..

bBrown, et al., 1977.
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LIST OF PERFORMANCE CALCULATIONS

TABLE 9.7-1.
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TABLE 9.7-3 PAGE 2
CONTROL TECHNOLOGY FOR STATIONARY SOURCES OF AIR POLLUTION

£€-6

INDUSTRY: Food and Agriculture SECTION:
CAPITAL,
OPERATING,
ANNUALIZED EFFY REL ENERGY ENVIR
PROCESS EMISSION SOURCE PL CONTROL TECHNOLOGY COSTS, $ (%) (%) S USE IMPACT REMARKS REF
Barley Grain elevator PM Scrubber 25,965/m%/s 98.8 2 18.4kW/m*/s E=90% for dpa<3
drying Calvert >Uu_mo m% zmmw HmA-
Collision 3,358/m%/s
Scrubber
7,583/m%/s
Barley Grain elevator PM Scrubber 18,206/m%/s  96.4 2 7.4kW/m3/s E=75% for dpa<3umA.
drying Venturi Ap=40 cm z.m.
. 2,447/m3%/s
5,410/m3/s
Barley Grain elevator PM Scrubber 23,638/m*/s  98.7 2 12kW/m3/s  E=90% for dpa<3umA
drying Venturi Ap=68 cm z.mm .
2,923/m3/s
6,770/m*/s

PAGE 2
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SECTION 10

METALLURGICAL SOURCES

10.1 INTRODUCTION

Emissions from processes in the metallurgical industries are
often in the fine particle range. Emissions from furnaces are
largely submicron. In addition these emissions contain elements, .
such as lead and coal tars, which are known to be toxic.

The following metallurgical operatiocns are major sources of
fine particles in California, based on EIS data (California Air
Resources Board, 1980):

1. Coke Manufacture

2. Primary Iron and Steel
a.. Sintering ‘
b.. Blast Furnace
C. Open Hearth Furnace
d. Basic Oxygen Furnace
e. Scarfing

3. Steel Foundries
a. Electric Arc Furnace
b.. Galvanizing

4. Brass/Bronze Furnaces

5. Secondary Lead Furnaces
6. Secondary Zinc Furnaces
10.2 COKE MANUFACTURE
10.2.1 Process Description

The purpose of coking is to remove the volatile compounds
from bituminous coal by destructive distillation. The method
most commonly used for coking is known as the by-product process
and is described by Camp et al. (1951). Volatile compounds are
recovered as gas and coal chemicals.. About 40% of the recovered
gas is burned to produce the heat necessary for distillation..
The remainder of the recovered by-product is used for other
purposes. In older processes, heat was produced by burning the
volatiles within the coking chamber, as they were driven off..

The coke oven consists of a battery of coking chambers which
are separated from each other by heating chambers. Hot air is
circulated through the heating chambers and the heat is trans-
ferred through the walls and into the coking chambers..

The coking chambers are long slots which have openings at
the top, through which coal is charged from a moveable larry car..
The openings are sealed when charging is complete. The volatiles
driven off during the coking process pass through another opening
in the top of the chamber and into a collection main..

10-1




The coking chamber has openings at both ends which are
sealed during the coking process. When the coking is completed,
the doors are removed and a machine pushes the coke out of the
chamber, through gquides, into a quenching car. The quenching car
is similar to a box car. When full it is transported to a
quenching tower, where the coke is cooled with water sprays..
Figure 10.2.1-1 shows various components of the coke oven..

10.2.2 Source Characteristics

Emissions occur during charging, pushing, and quenching.. In
acédition, leaks can occur from a poorly sealed door.. Pushing and
charging produce the most particulate emissions (Air Pollution
Control Association, 1979).

Figure 10.2.2-1 shows the size distribution for coke oven
charging emissions. Figure 10.2.2-2 shows particle size dis-
tribution for a coke oven pushing operation. The particles are
collected by an exhaust hood over the quench car and a scrubber
is used for control.

Emissions during the pushing process will vary according to
the amount of volatile gases remaining in the coke.. A green push
occurs when the volatiles have not been completely driven off..
Refer to Table 10.2.2-1 for a comparison of the particle mass
concentration for clean and green pushes..

Tables 10.2.2-1 and 10.2.2-2 give the particle and gas
characteristics for coke ovens..

10.2.3 Control Technology

Charging emissions can be controlled by using steam aspir-
ators to draw the gas into the collection mains. Stage charging
is a process modification in which the hoppers are unloaded in a
specific order and at a controlled rate, so that there is always
a gas passage to the collection main. It is also important that
the connection from the larry car to the coke oven is leak tight.
These methods are discussed in detail by Air Pollution Control
Association (1979).

Closed charging systems have been developed in which the
coal is conveyed to the charging ports by a closed pipe. A
scrubber mounted on the larry car has also been used accoding to
Minicucci et al. (1980), but maintenance problems have occurred.

Pushing emissions are controlled by various methods. The
coke side of the battery can be enclosed by a shed which is
evacuated through a control device. According to Jutze et
al.(1977), the capture efficiency of shed evacuation is between
85-90%. Electrostatic precipitators or wet scrubbers, with col-
lection efficiencies of 98-99%, are used as control devices.

Enclosures or hoods on the quenching car have also been
used. Performances similar to a shed can be obtained with
careful design. Enclosures result in less gas volume to be
cleaned than do hoods..

10-2
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A spray, charging and trapping scrubber (SCAT) which uses
air curtains to contain the push plume and direct it into a
portable scrubber is being developed. The use of air curtains
will allow easier access by the workers to the ovens according to
Yung et al. (1981).

An important process control is the reduction of green
pushes. A green push dgreatly increases the load on the col-
lection and control system according to Jacko (1979).

10.3 PRIMARY IRCN AND STEEL
10.3.1 Process Descriptions

The productiocn of iron and steel involves many processes as
shown in Figure 10.3.1-1. The production of coke has been dis-
cussed in the previous section, 10.2. Discussion in this section
will cover the following processes:

1. Sintering

2. Iron Blast Furnace

3. Open Hearth Steel Furnace
4, Basic Oxygen Steel Furnace
5. Scarfing

10.3.1 Process Descriptions
10.3.1.1 Sintering

The sintering process converts iron ore fines, blast furnace
flue dust, and mill scale into a product which is charged into
the blast furnace. Coke breeze (the fines from coke), and a
limestone flux are mixed with these iron-bearing residues and the
mixture is fed onto a traveling grate, according to Camp et al.
(1951).

The coke breeze is ignited in an o0il or gas fired ignition
furnace. Combustion is maintained by a downdraft of air through
the porous bed of the mixture. The space under the bed is
divided into compartments, known as wind boxes, which maintain a
uniform distribution of the combustion air.. This process heats
the mixture to the temperature at which the iron bearing par-
ticles fuse into larger agglomerates. These are then crushed,
screened, and cooled prior to being used to charge the blast
furnace..

10.3.1.2 Blast Furnace

The blast furnace is a large upright cylinder called a
cupola, as shown in Figure 10.3.1.2-1. Iron bearing materials,
coke, andlimestone and dolomite flux are charged into the top of
the furnace. Hot, compressed air is blown in at the bottom of
the furnace through tuyeres. The charge descends downward, with
the products collecting at the bottom. The gases are exhausted
out the top.
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Figure 10.3.1.2-1. Iron blast furnace (May, 1977).
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The combustion of the coke supplies the heat necessary for
melting and reduction of the iron. The carbon in the coke
accounts for about 20% of the reduction in the furnace. The
remaining 80% is due to CO which forms from the coke and the
blast air.. The molten iron forms a pool in the bottom of the
furnace. The flux oxidizes the metalloids (sulphur, silicon and
phosphorous) and forms a slag which floats on top of the molten
iron..

+he gases leaving the top of the furnace typically go to an
afterburner to combust the remaining CO. Heat recuperators or
steam boilers are used in some installations to recover some of
the heat from the flue gas. The ingoing blast air may be com-
pressed by steam driven compressors and then heated in the heat
recuperators to 1,000°C-1,250°C before being blown through the
tuyeres.

Uncontrolled emissions occur when the molten metal is
tapped. As the metal flows through the runner to the ladle, it
cools and gives off graphite particles known as kish.. The kish
particles are light and flaky but large enough to settle out,
which causes additional dust control problems due to reentrain-
ment. Iron oxide particles are also emitted during tapping.

10.3.1.3 Open Hearth Furnace

The hearth of an open hearth furnace is a shallow rectan-
gular basin enclosed by walls and roof, both made of refractory
material. A cross-—-section of the hearth is shown in Figure
10.3.1.3-1. The process is described by Camp et al. (1951).
Limestone is charged into the hearth first. Pig iron, steel
scrap, and iron ore are added in varying amounts. This charge is
known as the heat and is melted by a flame which travels the
length of the furnace, above the charge.. The flame is produced
by the combustion of fuel which can include coke oven or natural
gas, oil tar, or pitch.

At a certain stage in the melting process, molten pig iron
is added. At this point oxygen lancing is begun. Oxygen lancing
is the use of high velocity streams of pure oxygen to aid in the
decarbonization of the molten metal.

Dust emissions vary from stage to stage within the cycle and
according to operating conditions and the type of charge used..
Table 10.3.1.3-1 shows particle mass concentrations for various
stages of steel making. Notice especially the increase in emis-
sions due to oxygen lancing..

10.3.1.4 Basic Oxygen Furnace

The basic oxygen furnace is a pear shaped vessel with a
refractory lining which can be rotated about a horizontal axis..
The top of the vessel is open, and when it is in the upright
position the gas is exhausted through a water cooled hood..

The furnace is tipped about 45° from the upright position

10-11
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when it is charged. Figure 10.3.1.4-1 shows this process, and
the emissions which occur.. The charge consists of molten metal,
steel scrap, and flux materials. The particle emissions are
primarily graphite particles emitted from the molten metal as it
contacts the scrap. Emissions vary with the type of scrap being
used according to Caine (1977), but the degree of variation has
not been determined.

After charging, pure oxygen is forced below the surface by a
water cooled lance. This process is known as blowing. No exter-
nal heat is required to melt the scrap and refine the steel.
Heat is supplied by the molten metal and the exothermic reactions
between the oxygen and the metalloids (carbon and silicon) in the
charge. The amount of steel scrap is limited to 30% of the
charge.. ’

The time required for each cycle, or batch of steel, in the
basic oxygen furnace is 30-60 minutes. The open hearth process
can require up to 10 hours for one cycle. However, the basic
oxygen furnace requires a much larger quantity of molten metal..

The emissions include silica particles and submicron iron
oxide particles. When the carbon begins to oxidize, excess air
is often added to the exhaust gas to reduce the CO
concentrations.

10.3.1.5 Scarfing

Ingots of cast steel are rolled into shapes known as slabs,
billets, or blooms which are rectangles, squares, or rounds of
various dimensions.. Surface defects must then be removed before
further milling is done. This is accomplished by the process of
scarfing in which jets of oxygen are directed at the heated
steel. A scarfing machine removes about 0.3 cm (1/8 in.) of
metal from four sides of slabs, blooms, or billets as they pass
through it, according to Camp et al. (1951). This process is
similar to cutting metal with a torch.

10.3.2 Source Characteristics

Particle size distributions for sintering emissions are
shown in Figure 10.3.2-1. Figure 10.3.2-2 shows size data from
the cast house of a blast furnace which was reported by McCrillis
(1978). The data was taken in the Soviet Union and the method of
measurement is not known.

- Figures 10.3.2-3 and 10.3.2-4 show particle size distribu-
tion data for open hearth and basic oxygen furnaces, respective-
ly. Size distribution data was not obtained for scarfing.. Table
10.3.2-1 shows a chemical analysis of sinter dust. Tables
10.3.2~2 and 10.3.2-3 show chemical compositions for open hearth
and basic oxygen furnaces.

Particle characteristics for the primary iron and steel
processes are shown in 1able 10.3.2-4. Table 10.3.2-5 shows the
gas characteristics..
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TABLE 10.3.1.3-1. VARIATION OF PARTICLE MASS CONCENTRATION IN
OPEN HEARTH STEELMAKINGa

Melt Down 1.8 1700
Hot Metal Addition 4.3 1820
Lime Boil 6.2 1880
Oxygen Lancing 11.4 -
Refining 0.5 1820

dVandegrift et al. (1970)
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TABLE 10.3.2-1.

Component

CO:

aSteelhamer et al.

(1977)

SINTER
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TABLE 10.3.2-2. STEEL OPEN HEARTH FURNACE PARTICLE ELEMENTAL ANALYSIS®

A1l Numbers in Weight Percent

Composite <1 um 1-3 um 3-10 um >10 um

Calcium 2
Carbon 20 20 20 20 20
Chromium 2 2
Iron 11 10 15 16 18
Potassium 5 5 4 3 3
Sulfates 40 40 38 35 33
Other (Si, 0., Al, 22 23 23 26 24

Mg, N2, Hp, F)
Total 100 100 100 100 100
Wt % of Composite

in each size range 100 88 7 4 2

ATaback et al. (1979)
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TABLE 10.3.2-3. BASIC OXYGEN FURNACE CHARGING PARTICLE CHEMICAL COMPOSITION?

Scrap Type Clean Galvanized Qily No. 2 Bundles* Avg.
composition, %

A1,0,4 2.2 1.7 2.1 2.1 2.0
¢ 34.3 60.3 37.8 41.5 41.6
Ca0 3.5 2.0 2.9 1.7 2.7
Fe 13.1 3.3 11.3 3.8 8.9
Fe0 12.7 8.3 16.7 17.6 13.6
Fe20; 8.3 12.7 10.6 10.5 10.0
K20 0.2 0.1 0.1 0.1 0.1
Mg0 1.0 0.5 0.7 0.5 0.7
MnO 0.5 0.3 0.6 0.6 0.5
Na,0 0.3 0.1 0.1 0.2 0.2
Pb0 0.3 0.2 0.8 1.8 2.3
SOy - - 0.06 0.15 0.04
5.0, 5.2 2.6 3.0 2. 3.8
Zn0 3.4 5.3 8.1 12.0 6.4

* Sheet scrap, can include galvanized scrap.

ACaine (1977)
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10.3.3 Control ‘echnology

Much of the difficulty in controlling emissions from the
metallurgical process is in containing the emissions. This is
particularly true of emissions from charging and tapping.

The gas exhausting from the sinter machine windbox is well
contained. However, the discharge end of the sinter machine, and
the sinter cooler needs to be enclosed and ventilated according
to Jutze et al. (1977). The emissions from the screening opera-
tion emissions can be collected by a fixed hood. Cyclones,
baghouses, scrubbers and dry and wet ESP's are used as control
devices. Minicucci et al. (1980) reported a gravel bed filter
with partial recirculation of the gases to control windbox emis-
sions.

An effective method of capturing emissions from charging,
tapping and casting operations is total building evacuation ac-
cording to Jutze et al. (1977). However, the flow rates are
extremely high for this method. Fixed and moveable hoods are
used over various emission points. These are enhanced by the use
of curtains or partitions to contain the emissions.

Some basic oxygen furnaces and tapping areas are completely
enclosed and evacuated. The charging emissions can be collected
by the off gas collection system shown in Figure 10.3.1.4-1, if
special hood designs are used, according to Caine (1977). '

An air curtain could also be used to contain the emissions
which would then be controlled by a spray, charging and trapping
(SCAT) scrubber according to Yung et al. (1981).

The flue gas from basic oxygen furnaces is cleaned by high-
efficiency scrubbers or ESP's, according to Hardison et al.
(1972). Open hearth furnaces generally use ESP's, but scrubbers
and baghouses have also been used. ‘

Hooding is used to control emissions from scarfing according
to Jutze et al. (1977). Cyclones, scrubbers and dry and wet
ESP's are all used to collect the particles.

10.4 STEEL FOUNDRIES
10.4.1 Process Description

Fine particle emission sources in steel foundries include:
furnaces, sand handling operations and galvanizing according to
the EIS data (California Air Resources Board, 1980). Sand hand-
ling operations are discussed in section 11.8. Foundry furnaces
and galvanizing are discussed here.. ‘

Foundries produce steel for casting from scrap iron and
steel which has been melted. Various types of furnaces are used
in foundries. In California foundries, the electric arc furnace
is predominant according to the EIS data.

Fiqure 10.4.1-1 shows a basic diagram of a direct-arc fur-
nace. The three electrodes are cylinders of baked carbon or
graphite. The current passes from the electrode into the bath
and back to a second electrode. 1In some designs the furnace
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Figure 10.4.1-1. Electric arc furnace.
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hearth also conducts the arc. Heat is generated by the arc and
by the resistance effect of the bath according to Camp et al.
(1951). As the electrodes are consumed within the bath, addi-
tional lengths are attached at the top and the electrodes are
lowered.

The furnace roof, including the electrodes, is generally
removed for charging and tapping. Some furnaces are charged from
the side and are tipped with the roof in place during tappinag.

Oxygen lancing is used in electric arc furnaces. Refer to
Section 10.3.1.3 for a description of oxygen lancing.

Certain steel products are coated with zinc to protect them
from corrosion. This process is known as galvanizing and in-
volves degreasing, pickling, and applying a zinc coating to the
steel. It is described by Danielson (1973).

After an article is degreased and pickled, it is immersed in
molten zinc which has a flux floatingon top. The flux is formed
by the addition of ammonium foaming agents to the zinc. The
hydrogen chloride gas, which forms in the flux, removes the oxide
film from the steel as it is lowered into the tank. The article,
while immersed, is moved to another section of the tank where
there is no flux cover. The articles are then removed from the
bath and, in some cases, dusted with powdered ammonium chloride
to improve the finish.

10.4.2 Source Characteristics

Figure 10.4.2-1 shows particle size distribution curves for
the inlet and outlet of a baghouse on an electric arc steel
furnace, reported by Lee et al. (1975). Table 10.4.2~-1 presents
typical chemical analysis from electric arc furnace fume.

Table 10.4.2-2 gives particle characteristics for electric
arc furnaces and Table 10.4.2-3 gives gas characteristics.

In galvanizing operations, emissions occur whenever the flux
is disturbed. When articles are added some agitation results.
The greater the agitation, the greater the fuming. Addition of
flux also causes fuming. Emissions include ammonium chloride,
zinc, zinc chloride, and oil. The emissions of zinc and zinc
chloride are believed to be due to mechanical entrainment rather
than vaporization. Improper degreasing results in emissions of
0il mist. The diameter of the emissions from galvanizing are on
the order of 2 um, according to Danielson (1973).

10.4.3 Control Technology

Fumes from electric arc furnaces are captured by various
methods. Direct shell evacuation (evacuation of the furnace
itself) is one method used according to Jutze et al. (1977).
Building evacuation and canopy hooding are also used, sometimes
in combination with direct shell evacuation. Baghouses are the
most common control device used. Venturi scrubbers and electro-
static precipitators are also used.
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TABLE 10.4.2~1. ELECTRIC ARC FURNACE FUME, CHEMICAL ANALYSIS2

Compound Weight %
Total Iron 32.2
Ca0 ’ 18.6
S102 10.8
Total Carbon 8.3
MgO 7.1
Alzps 5.7
Cra0: 1.3
MnO 1.2
Z2n0 1.03
Va0 <1.
Total ‘S 0.60
Na:g 0.59
T10:2 ‘ <0.50
F 0.49
K20 ' 0.37
BaO <0.20
Pb 0.15

aSzabo et al. (1978).
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Hooding is used to capture the fumes from galvanizing.
Baghouses and ESP's are used for particles collection, according
to Danielson (1973).

10.5 BRASS/BRONZE
10.5.1 - Process Description

Brass ancd bronze are alloys of copper. Brass includes zinc
and bronze includes tin. According to the EIS data (California
Air Rescources Board, 1980) three types of furnaces are most
commonly found in the seconcdary brass and bronze industry in
California. These are the reverberatory furnace, the rotary
furnace and the electric induction furnace.

One style of reverberatory furnace is similar to the open
hearth steel furnace described in Section 10.3.1. However, waste
heat is not collected from the exhaust gases by checkers.

The rotary furnace is also a type of reverberatory furnace.
It is a horizontal refractory linedcylinder with a burner at one
end. The furnace rotates during the melting period, which im-
proves the heat transfer to the metal. Rotary furnaces which can
be tilted are charged at the burner end. Pouring is done from
the end opposite the burner as shown in Figure 10.5.1-1. A side
port is used in some furnaces for charging and tapping.

In an electric induction furnace, an alternating current
flows throuch a coil. This current flow induces a current in the
metal charge, causing the metal to heat andmix. Two designs are
used according to Liddell (1945). In Figure 10.5.1-2, the copper
coil surrounds the crucible which contains the charge. High
frequency current is used in this type of furnace.

Figure 10.5.1-3 shows a low frequency, electric induction
furnace. A coil surrounding a transformer is situated beneath
the hearth. A melting channel surrounds the coil and is con-
nected to the hearth. The hearth contains the main charge,
however, heat is generated only in the melting channel. Due to
the effect of the current, there is a constant flow of metal
through the channel such that all of the material is rapidly
melted.

The melting of brass produces more pollutants than melting
pure copper or bronze. This is because the pouring temperature
of brass is near the temperature at which the zinc vaporizes and
forms oxides, according to Danielson (1973).

The major fine particle problem is due to the formation of
zinc oxide particles, as they range from 0.03 to 0.30 pm diameter
(physical). Lead oxides in the same size range are also emitted
from many brass alloys.

Open flame furnaces (rotary and reverberatory) will produce
higher emissions than electric furnaces. t1emperature control is
crucial. According to Danielson (1973), an increase of 38°C
(100°F) in pouring temperature will increase the rate at which
zinc oxidizes by a factor of three. The flux material which
forms on top of the molten metal will control emissions of the
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Figure 10.5.1-1. Rotary furnace.
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oxide to some extent. Most emissions occur when the slag is not

present, during charging, pouring, and when alloy is added after
removal of the slag.

10.5.2 Source Characteristics

Figure 10.5.2-1 shows particle size distribution data for
brass melting. The definition of equivalent spherical diameter
was not given in the reference. Table 10.5.2-1 gives chemical
analysis of a baghouse catch at a brass and bronze smelter.

Particle and gas characteristics for secondary brass and
bronze furnaces are given in 1ables 10.5.2-2 and 10.5.2-3
respectively.

10.5.3 Control Technology

Maintaining the temperature of the melt as low as possible
is effective for reducing emissions, especially during tapping.
Hoods can be used to collect emissions from tapping and charginag.
The use of side curtains to contain the emissions will increase
the capture efficiency of the hood, according to Jutze et al.
(1977). Baghouses are used to collect the captured particles,
according to DPanielson (1973) and Minicucci et al. (1980).

10.6 SECONDARY LEAD
10.6.1 Process Description

Two types of furnaces are most common in California
(California Air Resources Board, 1980). These are the pot fur-
nace and the electric induction furnace. The electric induction
furnace is described in Section 10.5.1.

The pot furnace consists of an iron or steel pot in which
the charge is placed, according to Danielson (1973). The pot is
heated by one or more burners, usually gas-fired. Capacities
range from one to fifty tons. The pot furnace is used for mel-
ting, adding alloys and refining the lead.

Pot and induction furnaces release less contaminants than
reverberatory furnaces, according to Danielson (1973).

10.6.2 Source Characteristics

- Figure 10.6.2-1 shows size analysis of dust from a baghouse
on a secondary lead smelting furnace. Tables 10.6.2-1 and

10.6.2-2 give particle and gas characteristics for secondary lead
furnaces.
10.6.3 Control Technology

Control technology for secondary lead furnaces is similar to
that for steel furnaces. First, the emissions must be captured,
by furnace evacuation, hooding or building evacuation. Baghouses
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Figure 10.5.2-1. Particle size distribution brass melting, uncontrolled
(Dawson, 1979).
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TABLE 10.5.2-1. BRASS AND BRONZE SMELTER, CHEMICAL ANALYSIS OF
MATERIAL COLLECTED IN A BAGHOUSEa

Element Weight %
Zinc 45.0-77.0
Lead 1.0-12.0
Tin 0.3-2.0
Copper 0.05-1.0
Chlorine 0.5-1.5
Sulfur 0.1-1.7

@National Air Pollution Control Administration, 1969.
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PARTICLE DIAMETER, um
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Figure 10.6.2-1. Particle size distribution for particles collected

in b§ghouse of secondary lead furnace (Danielson,
1973).
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are generally used to collect the particles, according to
Danielson (1973). Minicucci et al. (1980) reported the use of
Venturi scrubbers.. ,

Control of charging and tapping rates are effective in
reducing emissions. Using only clean scrap also reduces emis-

sions, but this is not usually possible, according to Jutze et
al. (1977).

10.7 SECONDARY ZINC
10.7.1 Process Description

The furnaces used most commonly in California for zinc
remelting are the reverberatory sweat furnace and the retort
furnace (California Air Resources Board, 1980). Both types are
used to separate the zinc from other elements.

The reverberatory sweat furnace is similar to the reverber-
atory furnace described in 10.5.1. It is a small open hearth
furnace with the hearth having a slight incline to the rear of
the furnace. 1In a sweat furnace, the charge consists of scrap
metal containing various impurities. The zinc is recovered by
heating the charge to the point where the zinc will melt and
separate from the solid charge. The molten metal is continuously
tapped. Normally this is a batch operation and the residual
scrap is periodically raked from the hearth, according to
Danielson (1973). :

In a retort furnace zinc oxides are converted to zinc
(Danielson, 1973). Figure 10.7.1-1 shows a Belgian retort fur-
nace. The ceramic retorts have an inside diameter of 20 cm (8
in.) and are 1.2-1.5 m (4 or 5 ft) long. Hundreds of these can
be heated in one furnace. The charge consists of zinc oxide and
powdered coke, which has been wetted with water. The zinc oxide

is reduced to zinc vapor by carbon monoxide and is then
condensed.

10.7.2 Source Characteristics

rarticle size distribution data was not found for secondary
zinc furnaces. Figure 10.7.2-1 shows size distribution for a
primary zinc retort furnace. Table 10.7.2-1 gives chemical data
for zinc sweating processes. :

Particle and gas characteristics are given in Tables 10.7.2-
2 and 10.7.2-3.

10.7.3 Control Technology

Hoods are used to capture emissions from charging and tap-
ping of retort and zinc melting furances. Baghouses are used for
control of the particle emissions (Jutze et al., 1977).
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Figure 10.7.1-1. Belgian retort furnace (Danielson, 1973).
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TABLE 10.7.2-1. CHEMICAL ANALYSIS ZINC SWEAT FURNACE PARTICLE

EMISSIONSa

Compound Weight %
ZnCl: 14.5-15.3
Z2no 46.7-50.0
NH"Cl 1.1-1.4
A1203 l1.0-2.7
Fez0s 0.3-6.6
PbO 0.2

H20 (in zncClz-HzQ) 7.7-8.1
Oxides of Mg, Sn, Ni 2.0

Si, Ca, Na

Carbonaceous Material 10.0
Moisture (Deliquescent) 5.2-10.2

ajutze et al. (1977)
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10.8 CALCULATIONS

Control devices evaluated for metallurgical sources are
listed in Table 10.8.1. The calculation results are summarized
in Tables 10.8.2 through 10.8.12.

A duty factor of 0.8 was used in estimating the operating
costs.
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TABLE 10.8.1.

LIST OF PERFORMANCE CALCULATIONS

Control Device

N~
o
Q)7
Qe
o I I o)
YRV
O
wig M
¥ o SR
0 3] Sl Q
= si{ulojoa
o, —~ A A3
o » A1l w|l 0N
jol I C| | Q-+ 0
o o L REYR IR 0]
S0 dlo} ol o>
@ | Hlwn|lU|AdQ
Hel o) R IR =]
[SRIRY H Al PID Q] N
AEEEIFERE
Emission Source a ﬁ Slolal sl aa
a|lAlol—lolal<l 8OO
w| Slna|Af2lol gl S|~
Alalaimgi@a|>loloa) &
Coke - over charging X XIX | XX | X
Coke - over pushing X XIX | X{X {X
Iron & Steel - sinfering
windbox machine X XX XX | X
Iron & Steel - blast furnace X XX | XX | X
Iron & Steel - open hearth
furnace XX | XX | X
Iron & Steel - basic oxygen
furnace; clean scrap X XX | XX | X
Iron & Steel - basic oxygen
furnace; oily scrap X XX | XX X
Steel foundries - electric
arc furnace X XX XX {X
Brass - melting X XIX | XX |X
Lead furnace X XX | XX |X
Zinc - vertical refining retort {X XX | XX X
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