FOOD AND AGRICULTURAL

4.2.13 Rice Drving 2Process

A. Process Description=--

Rice drving is a seasonal process that must be perfofmed as socn as
the raw rice is harvested. The rice must be taken to 1-2% moisture content
to preserve it until it is consumed. Figure 4-50 shows the flow of rice
through the dryer. The raw rice is conveyed to the top of nollow, double-
wall cylindric;l columns which are constructed of screen. The rice slowly
moves down between the screen walls as warm air (V120°F) passes from the
center of thelcolumn through the rice to a large surrounding building.

This building has six large, screeﬁ-covered, circular openings which vent
the air back to the atmosghere. The openings ars equipged with vacuun wands

which rotate over the interior of the screen to remove chaff build-up.

The raw rice has 18-20% moisture initially. If it is dried too fast
the rice will crack. Therefore after each pass through the dryer, the rice
is stored until it reaches an equilibrium temperature and moisture contant.

The cycle is repeated until the rice reaches 1-2% moisture.
B. + Particulate Test Set-up=--

As shown in Figure 4-51, each of the six vent screens has the

following teatures:

1. An area 18" in diameter at the center is solid sheet metal.
2. A 1" wide band 124" diameter is used for support.

3. Sixteen 1" wide bands used for support are evenly spaced over
the circle to form pie shapec sections.

4. There is a large supporting screen with Al1" hole space and
5/16" wire.

Taking the features into consideration, the flow area for each of th

(1]

screens was calculated to be 118.4 f£~. The velocity was measured by
anemometer on each of the 32 section: of the screen as shown in Figure 4-31

for each of the six screens. One otner problem complicated the calculation.
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Figure 4-51.

Schematic of screen sections
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= 1.7 £t
= 82.1 £t
= 6l.0 ££°
- 143.1 £t°
a 7.1 £t
- 2,7 Bt°
- -14.9 ft°

= 118.4 ftz

for rice drver (Test 4).
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. are listed in Table 4-1. ¥ajor elemental compesition, sulia

Part of the screenc had became clogged with chaff. For each section an

estimate of the unclogged area was made. Thus to cbtain the flow, in CFY4,
from the screens, the product of measured velocity X unclogged area (total
area X estimated fraction unclogged) was summed for each of the 32 sections

of %the six screens.

. The total flow from the screens was calculated to be 128,00C SCrM.
The sample point was chosen where the flow was 11 ft/sec. A 1" nozzle was
used with the larger SASS train and a 1/2" nozzle was used with the smaller

Joy train.
Ce Test Results—-—

The results of the tests (Test 4S5 and 4J) discussed in this section

(&
L
3
.
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1
u
T
L

and carbon analysis were determined for all fractions of particulate catches
which contained weight in excess of 107 mc. The details for these procedures
are discussed in Section 3.2.2. Table 4-58  lists the resualts from this

analysis:

» Lo Discussion of Results--

1. Particle size distribution--Figure 4-52 is a plot of particle size

(Lm) vs. accumulated weight percent, the latter plotted on a p:cbébility scale

as explained in Section 3.2.3 B. Two answers are presented, one. including

‘the impinger catch, and the other ignering it. Considering the nature of

the exit air, it would seem that the effects of pseudo particulates would not
be precent. Therefore, the impinger catch was believed to be prcperly

included in the measurements of the suspended particulates. The breakdown

. of the particle size distribution including the irpinger catches 1is as

follows:
Percent of Particles
>10um 10-3um 3-lum <lum
Test 45 46 12 12 kle)
Test 4J 8s 2 2 . €]
4-168
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Since neither train could be sampled isokinetically, it is difficult to say
which of the results are more correct. For developing emission profiles,

the two distributions including the impinger were averaged.

2. Chemical composition--Table 4~58 lists the results from the chemical

analysis of the particulate fraction for the tests (47 and 4S) discussed in
this secticn. Siliicon is the most abundant element, most likely in the form

of Si0. from the field dust'(approximatély 70% Sioz). XRF analysis for silicon

2
is not as accuratz2 as for other elements (see Section 3.2.2 B).

3. Emissions and emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these

emissions and factors.

Test 4S Test 4J
gr/DSCF ' 0.00935 0.0154
T)yr 5.5 : 5.8
1b/nr 10.03 : 16.5
1b/ton produced 0.1 ‘ 0.16
1b/ton produced (Ref. 4-22) 0.5 %
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TABLE 4-58.

CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR RICE DRYER (TEST 4).
§i

v
f

Joy SASS
10um 10um 3um
Cyclone Cyclone Cyclone Impi..ger
SAMPLF. # 04J-2S 04s8-28 045=3S 04sS-IC
WT. PERCENT OF CUT 74 56 ¢ EL 3
XRF ANALYSIS '

Calcium ' t t 1.1 1.3

Chlorine t ' £ 5.2

Chromium - ot t £ t

Iron 4 - 3:7 5s.1

Manganese t t ® t

Nickel £ £ ol t

Potassium ' t 3.4 t

Silicon ' 10 12 ,

(Sulfur) ' (<10) (7.7

Vanadium t '

Zine &
TOTAL! 4 10 14
Sulfates, 820 sol? t + t 13

- = ! . ’

(Ssulfur, from $O 4)“ . (€) (t) (&) (4)
Nitrate (H,0 sol)? t t
Total Carbon’ 11 ‘14 31 21

(Volatile Carbon)’ (1) (13) - (29) (21)

(Carbonates) ? £
TOTAL ANALYZED 14 18 41 46
BALANCE 86 82 59 54

100% 100% 100% 100%
t detected in concentration of <1v
1 analyzed by x-ray fluorescenca=--Section 3.2.2 B
2 analyzed by wet chemistry-—Section 3.2.2 A v
3 analyzed by Oceanography carbon analyzer--Section 3.2. 2a
4 caiculated from sulfates (sulfurwsulfata/3). to compare with sulfur
from XRF
5 for valuas shown as X/Y, X is % of the olnmnt present and Y is the
error (i.e. XV =2 Y )
() not included in tozal--sulfur and sulfates are acco\mtad for in sulfur
3 XRF analysis and vo.ar.uo carbon and carbonata ars accountad for in
total carbon
VB 5806-783
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4.2.14 Carob Roasting

A. Process Description--

Carob roasting is a process very similar to coffee roasting. Carob,

. which is imported in the form of pods, must be cleaned, roasted, milled,

and packaged hefore being sold. 1In a typical carob roasting operation (see
Figure 4-53). the pods. are freed ~f dust and chaff by a;opping the pods

intc a current of air. The cleaned pods are then sent to a batch‘o: contin-
uous roaster. During the roasting, moisture is driven.off, the pods swell,

and chemical changes take place that give the roasted pods their color and
flavor. When the poés have reached a certain cclor, they are gquenched, cocoled,

and stored until they are ground in preparation for making carob caadies.
Be Particulate Test Set-up--

Due to high temperatures encountered in sampling the stack gases from
thé after burner, there are no particulate data for the outlet of the after
bumer. The smaller sample train was used to sample the exhaust gas from the
roaster to the after burner. The velocity profile in this duct is listad in

Table 4-53. A 5/16"™ nozzle was used at Velocitv Point #3.
c. Test Results-—

The results of the test discussed in this section are listed in
Table ' Elemental cbmposition, sulfate, ni:rate,'and carbon analysis
were determined for all fractions of particulate catches which contained
weights in excess of 100 mg. The details for :these procedures are discusséd
in Section 3.2.2. Table 4-60 lists the results from this analysis.

-

18 ' Discussion of Results--

1. Particle size distribution—-Figure' 4-36 1is a plot of particle size
(um) vs. accumulated weight peréent, the latter plotted on a probability scale
as explained in Section 3.2.3 B. Two curves are presented, one including.
the impirger catch, and the other ignoring it. Considering the nature cf the

process, the material captured in the impinger is mostly condensibles from the
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TABLE 4-359.

VELCCITY PROFILE-~CAROB ROASTING

{TEST 37)

After Burmer Inlet

9 10 11 12 14 15 16

wn

5/16" nozzle
——a : 12" ——
Temperature: B86°F
Statié Pressure: -1.9" HZO
. Distance from Velocity
Edge oi Duct Point # ft/sec Point # ft/sec
0.4" 1 4Q.6 9 30.86
1.25 2 38.9 10 38.9
2.3 3 39.5 11 35.8
3.8 4 88,3 12 38.9
6. R 38.9 P 38.9
8’ 5 40.6 13 39.5
9.7 5 41.7 14 38.9
10.7 7 41.7 15 ic.s
11.6 8 41.7 16 41.7
Average 39.5 fr/sec

1773 sCcTM™
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distillation zhat is occurring during the roasting. Therefore, the impinger
catch was believed to be prorverly not included in the measurements of the
suspended particulates. The breakdown of the particle size distribution
with and without including the impinger catch is as follows:

Percent of Particles

'>10um 10-~3um 3-1lum ' <M
Without g7 ' © 0.5 0.5 v 2
With 38 1.0 1.0 60

'

Hewever, due to the small amount of material collected in the thrze
and one im cyclones, it is felt that this distribution méy not be rerresen-

tative and, also due to the high operating temperature of the sampling train

oven (400°F), the sample may have been chemically chanced or cooked in the

2valone. This would also account for the large weight in the impingsr zatsh.

"

2. Chemical composition--Table 4-50 lists the results from tx

chemical analysis of the particulate fraction for the test discussed in thi
section. Carhbon was found to be the most abundant elemental. All other

elementals detected were in concentrations of less than one percent.

3. Emissicns arl emission factors--Emissions ‘and emission factors can

be listed with several different units. The following lists some of these

emissions and factors.

‘ . Uncontrolled
gr/DSCF : © o 0.0711 .
T/Yr 2.0
lb/nr ' ‘ : 2.0
1b/ton produced ‘ . 6.0 ’
1b/ton produced (Ref. 25) 7.6

XV3 5806-783
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TABLE 4-50. CHEMICATL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT TOR CAROB ROASTING OPERATION (TEST 37)

Joy Joy

10um Cyclone Impinger
SAMPLE # ' 37J-2S 377-IC
WI. PERCENT OF CUT 36 46
XRF ANALYSIS
Calcium T
Iron : ' *
Potassoun t
(Sulfur) ’ (<4 (<2)
SoTRL* _ 2
Sulfates, 2,0 scl? =0
(Sulfur, from sai)“ o E
Nitrate (2,0 sol) z - t
Total Carbon’ 34 24
(Volatile Carbon) 3 (33) (22)
(Cazbonates.) e
TOTAL ANALYZED . - . 24
BALANCE ' ' 64 : 76
10GC% 100%

detaczed in concentraticn of <ls

£

A analyzed by x-ray fluorescance--Section 3.2.2 3

2 analyzad by wet chemistry—Sectiom 3.2.% A

3 analyzed by Ocsanography carbon analysar--Sectian 3.2.2 A

4 calculated fr-m sulfates (sulfuiresulfate/3) to compare with sulfux
from IRF i ;

5 for values shown as X/Y, X is % of the slemens present and Y is the
error (i.e. XV = Y 1}

{) not included in total--sulfur and sulfates are acscunted for in sulfux

IRP analysis and wolatile carbon and carbonats are accounted for in
total carbeon
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METAL FABRICATION

4.2.15 Steel Heat Treating

A. Process Description (Ref. 4-26)=--

~ Heat treating involves the carefully controlled heating 2nd ‘cooling
of solid metals and alloys for effecting certain desired changes in their
physical properties. . In geheral, the methods used to heat treat'both ferxrous
aﬁd nonferrous metals are fundamentally similar. These methpds‘inplude

hardening, quenching, annealing, tempering, normalizing ferrous metals, and .

refining grain of non-ferrous metals. Also included in the category of

heat treating are the various methods of case hardening steels by carburizing,
cyaniding, nitriding, flame hardening, induction hardening, carbonitriding and

siliconizing.

Figure 4-355 éhcws the type of heat treating sguipment testgd in
this study. The steel to be treated is dippred into a tank of liguid salt at
1620°F until heat treatment is complete. ‘Then it is quenched in water and
dried in a natural gas flame. Particulate emissions from this type of heat

treater are mostly caused by molten salt spray.

. B. - Particulate Test Set-up~- ' -

Two sampling trains were used simultaneously tc'sample the inlet and

‘_exit'of‘the‘baghouse as shown in Figure 4-55. Table 4-61 lists the

velocity profile in the inlet and outlet‘duét. A 3/8" nozzle was used at
Velocity Point #3 with the smaller (Joy} sample train on the inlet duct and',
a‘9/16" nozzle was used at Velccity Point #3 with the larger (SASS) sample

train on the rectangular (42"x57") outlet duct. Due to one section of the

‘baghcuse being open to the atmosphere during the test, a higher flow was

observed for the outlet than for the inlet duct.
(a8 Test Resultz--

The resu;ts of the tests discussed in this section are listed in Taple ‘

Elemental composition, éulfate,‘nitrate, and carbon analysis |
were determined for all fractions of pa.zticul'ate catches which contained
weights in excess of 100 mg. The details for these procedures aze discussed

in Section 3.2.2.

4-178 KVB 5806-783
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TABLE 4-61.

N
1

Sample point
9/16" nozzle

7

14

L - (@ 3 we

CUTLET

¥
7
. = T
14
12
12 ;) « R 5 6 7 8 a2~ -*— 5 6 7 8
Sarple point 13 1% .
3/8" nozzle 1,
9 10 11 12
L 7
L o
50" B ~
Temperature: 175°?‘ Teﬁperacure: 126°F
Static Preasure: =9.25 Static Pre;sﬁ:e: *Q.."' H,2
' .
s i = e i+
Distance yelanily Distance elerlsy
from end Point ) 8 Point bk from end Point £t/
of port E cec # sec of port - sec
4" 1 22.0 9 21.2 9 1 18545
4-3/8 2 % 21.2 23-1/4 . 2 59.2
13-5/8 3 22.0 11 22.0 37-1/2 = 63.2
21-1/4 4 S 2.12 12 242 51-3/4 4 80.0
32 R 23:7 R 22.9 9 5 64.7
42-3/4 5 21.2 13 21.2 23-1/4 2] 5245
50-3/8 6 22.9 14 22.9 37-1/2 7 56:.:5
55=-5/8 7 21.2 15 21.2 51—3/4 8 70.2
60 8 21.2 16 19.3 9 9 Al.6
o 22-1/4 10 55..5
Average: 21.8 ft/sec 37-1/2 11 56.2
<0934 SCM 51-3/4 12 58.3
Average: 51.3 It/sec .

45791 SCTM

. 4-180
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D Discussion of Results--

1. Baghouse efficiency-~The efficiency of a control device is defined as

efficiency = [(mass out - mass in)/mass in] x 100%

ﬁsing the emission mass rate in lb/hr for inlet and outlet,
efficiency = [(10.5 =-1.1)/10.5] x l00% = 90%

2. Particle size distribution-~Figure 4-56 1is a plot of particle size

(um) vs accumulated weight percent, the latter plotted on a probability scale
as explained in Section 3.2.3 B. Two sets of curves are presented, one
including the impinger‘catchland the' other ignoring it. Considering that
almost all the particulate material is caused from salt splash, it is believed
that thg impinger catch should be included in the measurements of the suspendea
particulétes for size distribuﬁion. The breakdown of the garticle size distri-

bution including the impinger catch is as follows:

Percent of Particles
>10um 10-3um 3-lum <lum
'Test 147 inlet : 4 8 14 74
Test 14S outlet 5 7 10 } 76

The mean particle size based on the curves in Pigurg 4-56 is a 0.15im
for the inlet and about 0.25um for the outlet. These are essentially the
same values, considering the accuracy of the‘data. Normally the mean
particle size should be higher for a baghouse inlet than the outlet. If
‘nean particle size is the same, as in this case, it might indicate that there
was a bag leak which might alsc explain the relatively low collection

efficiency (90%) for a baghouse.

3. Chemical Composition--Table 4-62 lists the results from the chemical

analysis of the patticulatevftaction‘for each of the tests discussed in this
section. .As would be expected, chlorine is the most abundant element in each
particulate fraction. Potassium, sulfur, carbon, and barium are next abun-
dant. Sulfates concentration dominated the impinger catch. Iron, nickel,

molybdenum and manganese seemed a little high in the imopinger catch. This

KVB 3526-7353
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‘" TABLE 4-52. CHEMICAL COMPCSITION OF PARTICULATE SAMPLES
IN PERCENT FOR STEZL HEAT TREATING (TEST 14;
Ihlet Outie,tl
10km 3um léum
Cyclone Cyclone Cyclone Impinger
SAMPLE # 145-2s 14J3-35 145-4S +148~-1IC
WT. PERCENT OF CUT 14 3l - 38 S5
XRF ANALYSIS
" Barium 2/0.3 £ L
Calcium t
Chlorine 30/10 38/i0 30/10, 8.9/3
Chromium t | 1.7/0.2
Cobalt E
Iron ok € ol 2.3/L
Manganese £
Molysdenum t
Nickel 2.2/0.3°
Potassium 10/3 475 . 13/4 t
(Sulfur) (<8) (<4) (<2) (15/5)
TOTAL 42 52 43 22
Sulfates, H,0 sol? t t © 32
(Sulfur, from so:)" (£ (t) (t) (10.7)
Nitrate (H0 sol)? | t t 3.8
Total Carbon’ 5 5 ¥t 8.1
' (Vslatile Carbon)? (5) () (1.37) (6.6)
(Carbonates) ’ t.
TOTAL ANALYZED 47 57 46 - 66
BALANCE 52 42 53 34
: | 100% '100% 1002 - 100%
K detected in concentration of <1t
1 'muy:nd by x—riy fluorescance--Section 3.2.2 B
2 anslyzed by wet chemistry--Seccion 3.2.2 A
3 analyzed by Oceanography carbon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfuresulfate/l) to compars with sulfur
from XR® '
s for values stown as X/Y, X is b of the element prasent and Y is the
error (i.e. X% = Y
() not included in total--sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for ia
total carbon X
4-183 ' | KVB 5806-783



could be frcm stainless steel contamination, caused from sulfuric acid and
hydrochloric acid attack. Potassium and barium tended to favor the larger

particles. Nitrates in smaller sizes showed up mainly in the impinger catch.

4. Enissions and emission factors--Emissions and emission factosrs can

be listed with several different units. The following lists some of these

emissions and factors.

Units Test 14J {(inlet) Test 14S(outlet)
gr/DSCE | 0.0593 - ' 0.0028
T/VE ' : 21.6 ' C2.2
lb/hr . 10.58 : _ 1.2
1b/ton processed ' 0.14 “ 0.01

4-184 . ‘KVB 5806f‘783



4.2.16 abrasive Blasting

" Be Process Description (Ref. 4-17)--

Abrasive blast cleaning is the operation oficleaning.or preparing a
surface by forcibly propelling a streanm of abrasive material against the
surface. Blast cleaning operaticns may be classified aécording,to: (lf the
abrasive material used, (2) the method of propelling the‘abrasive, and
{3) the equipment used to control the abrasive stream or move the artiqles

being cleaned into the abrasive stream.

The oldest and most widely used device to confine and control the
blast is the blasting room (Fiéﬁre’ 4--57) which conéists of an enclosure with
the operator inéide manipulating che blast from a hosé. Blasting rooms
vary widely in their construction. OCre popular design is the all-stsel, pre-
fabricated rocom with floor grat;ng ahd a completely automatic abrasive re-
covery system. These systems usually use specialized or other abrasives
such as carbide and walnut shells and often have monorail conveyors, rail
cars, or rotating tables to aid the operatbr in handling the objects, which
are usually large and peavy. Figﬁre 4-57 shows the blasting room setup
tested on this program. IThe grit used was aluminum oxide (Alé 03) and the

metal being blasted was heat treated stainless steel.

B. Particulate Test Set-up-- S

T@o sampling trains were used simultaheousiy co sample the inlat
ana outlet of the baghouse. The inlet station was located on the horizontal
duct (36" diameter) approximately five ft. froﬁ the baghouse. The recﬁanqular
outlet sta=ion (35" x 39") was located about 3 ft. above the blower. The
velocity profile in both inlet and outlet ducts are listed in Table 4-353
The larger sample train was used on the outlet duct at veloci;y point #7
with a 5/8" nozzle, and the smaller sample rrain was used on the inleuv duct

at velocity point #3 with a 5/16" nozzle.

Ce  Test Results=--

The results of the tests (Test 34J and 34S) discussed in this section

are liste¢ in Table 4-1. Elemental composition, sulfate, nitrate, and car-

"bon ahalysis were determined for all fractions of particulate catches which

contained weights in excess of 100 mg. The details for. these procedures are

discuésed in Section 3.2.2. Table 4-64 lists the results of this analysis.

4-1585 KVB 5806-783
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TABLE 4-63. VELOCITY PROFILE FOR ABRASIVE BLASTING (TEST 34)

QUTLET

Sample point
5/8" nozzle

/
4 8 12 16
. / , .
3 (fé 13 13
3s”
‘ 2 6 10 14
Sample point
'5/16™ nozzle
1 5 9 13
‘ 2 ‘
- — T S e
4=-7/8 9-3/4 9-3/4"'3-3/4 4-7,3
Temperature: 66°F . . L 39" ] ¢ .
Static Pressure: =0.5" Hzo rf;empe:a:uze:‘ 72eF L
Static Pressure: +2.1% H.D
Distance from — Digt;ﬁce Velocity
Edge of Duct e Edge of Duct | Point Point
{inches) Point# | ft/sec (in®hes) 4 ft/sec # £t/sec
1-1/8 1 23,0 4-3/8 1 35.4 9 24.1
3-3/4 2 25.8 13~1/8 2 35.4 10 15.0
7 3 26.6 21-7/8 3 44.4 11 20.1
11 4 27.4 30-5/8 4 66.9 | 12 63.5
18 3 27.4 4-3/8 5 20.1 13 6.7
24-1/2 5 28.2 13-1/8 6 16.4 | 14 14.9
29 6 28.0 21-7/8 7 31.5 15 14.9
32-1/4 7 29.7 30-5/8 8 65.5 16 0
34-7/8 8 26.6.
Average: 27.1 ft/sec ‘ Average: 29.6 ft/sec

11635 SCEM 16509 SCF4

KVB 58C6-783
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TABLE 4-64. CHEMICAL COMPCSITION OF PARTICULATE SAMPLES
IN PERCENT PCOR ABRASIVE BLASTING (Test 34)

10um  DLIE L
Cyclone Cyclone Cyclone
SaMPLE # 343-28 345-33" 34J-45
WT. PERCENT QOF CUT 37 Hed @29
XRF ANALYSIS
Chromium = . £ A ‘
Copper ‘ ' . ‘ . <0.1 <0.1
Izon | | B 1872 15/2
Manganese ‘ ‘ ‘ t t ‘t
Molybdenum £ &
(Sulfur) (<3) [€3% VB
Titanima , | £ 2.3/9.3 2.6/0.3
Zircenium | t t ot
roraL’ , ‘1.3 22 : i
Sulfazes, H,0 sol® . ‘ - |
(Sulfur, from SCZ) : (t )‘
Nitrate (520 sol)? = e ot
Total Carbon’ 1.0
(Volatile Carbon)?
(Carbonates)’® t
YTCTAL ANALYZZED , 3 22 21
BALANCE (Primaxrily A1203) © 97 78 3C
L3C%

100% ISC

detected in concentraticn of <ls

1 analyzed by x-ray fluorescsnce-—Section 3.2.2 B

2 analyzed by wet chemis:ry—Seczion 3.2.2 A

3 ‘ analyzed by Ocsanography carbon analyzer--seczion 3.2.2 A

4 calculated from sulfatas (sulfuswsuliface/3) o compare with sulfur
from XRY '

5 for valuas shﬁ-u as X/Y., X 13 % of the element present and Y 13 the

error (i.e. XV = Y )

() not included in total—sulfor and sulfates are accountad for in sulfur
XRY analysis and wolazilae carbon and carbonate are accounted 2or in
wo"al carbon
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Da. Discussion of Results-—-

1. Baghouse efficiency--Using the mass loading (lb/hr) for bo*h inlet
and. outlet to the lraghouse, the efficiency was calculated to be 99.9% from

the equation: efficiency = [(mass out - mass in)/mass in | x 100%.

2. Particle size distribdtion--?igure 4-58 is a plot of particle size

(um) vs accimulated weight percent, the latter plotted on a‘probability scale
as explained in Section 3.2.3B. Two sets of curves are presented, one including
the impinger catch, and the other ignoring it. ‘Considering that nearliy all

the particulate material in the ducts are aluminum.oxide (Alﬂoa), it would
se2m that the effects of pseudo particulates would not be present. There

(21}
Q
<
{

the impinger 'catch was believed to be properly included in the measurements of
the suspended particulates. The breakdown of ths particls size distribution
including the impinger catch is as. follows:

: Percent of Particles

>10um . 10-3um 3-1um <lum
Test 34J (inlet) g3 . 3.5 1.7 1.8
Test 345 (outlet) 14 6 - 74

The mean particle size for the inlet is >100um and the mean size for the
‘outlet is O.6um.

3. Chemical composition--Table 4-64 lists the results from the chemical

analysis'of the particulate fraction for the tests discussed in this section.
Unfortunately, the most abundant.species; aluminum oxide A1203, was not

le to be detected by XRF analysis. ron (iron oxide) found in the cyclones
was significant in quantity (15-18%). Apprpximately 2% titanium and 3%
sulfur was detected. The titanium is attributed to residual materials from

parts being grit blasted in that facility previously.

KVE 5806-783
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WEIGHT, PERCENT ' LESS THAN STATED SIZE .

: - de Mfg. Sampling Train With Impinger

' Inlet
D Joy Mfg. Sampling Train Without Impinger

. SASS Train With Impinger

. } Outlet
O SASS Train without Impinger i

Figure 4-58. Particle size distribution for abrasive blasting

(Test 34)
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4. Emissions and emission factors~-~Emissions and emission factors can

be listed with several different units.

emissions and factors.

gr/DSCF
T/yr '
lb/hr

l:/ton procsssed

Test 34J
(uncontrolled)
1.922

99.4
191.2
1530

4-191

The following lists some of these

Test 34S

{(centrolled)

. 0.0009
0.07
Qe 1,25
1.04

VB

$3C6-733
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4.2.17 Al'minum Fovndrv (Rewverberatorv Furnace)

A. Process Description--

Secondary aluminum cpercticns involve making lightwei'ht metal allovs
for industrial castings and ingots. Copper, magnesium, and silicen are the
most common alloying constituents. Aluminum alloys Hor castingsna:e melzed
in small crucible furnaces charged by hand with pigs|and foundary returns.

Larger melting operatiocns use open-hearth reverkeratdry furnaces with the same

. type of materials but by mechanical menas. Small operations sometines use

sweating furnaces to treat dirty scrap in preparation for smelting.

Reverberatory furnaces, as shown in Figure 4-59, of 20-30 ton holding

cagacity are zcmron. Usually cns heat is zroduced in a Zi-hour gerisd: nowaver,

the time par heat in diffsrent shops wvarias IZrem Scur nours w5 as Tuzh as o
nours. This type of furnace is commenly used to melt a variecty of scrop. The

maie:ials charged, method ©f chargiag, size a
input, and fluxing, refining, and alloying procedures all have some influence

on the time regquired to complete a heat. After the charge is coﬁpletely malted,
alloying ingredients are added to adjust the composition to required specificatic:
Large quantities of fluxes are added when scrap of small size and low grade is
melted. The flux in scme cases may amcunt o as much as 30s of the weignt of
scrap charged for the older type furnaces (Ref. 4-28). However, for the newer
type of furnace tésted here vefy little flux is used. The reverberatory Iur-
nace tested on this program is shown in Figure 4~59. It was producing aluminum
for casting billet for extruding. The furnace had no emissicn controls.

Premixed gas and air enter the furnace and produce a long rotating flame which
melts the‘charged material. The combustion products (stack gas) are d:awn‘up

the stack by natural draft. Part way up the stack is an opening which allows
airto be pulled in the gases. This partially cools‘the 1,500 °F stack gas.

Also in this cpen section is an air damper which reduces the natural draf:

forces and thus help hold the heat in the furnace.
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Figure 4-59. Thirty-five ton aluminum reverberatory
‘melting furnace. '
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B. Particulate Test Setup--—

_ ™.0 sampling trains were used simulta.eocusly to sample the stack gases
at the same locatinon to obtain an accuracy assessment of the two trains and o
have more reliable data.. The lecation of the test station was cn the cren

{air diluticn) section of the stack just below the air damper as sihown in

Figure 4 -59. A 1-1/4" nozzle was used with the larger SASS train and a

3/4" rozzle was used with the smaller Joy train. The velccity crofile in the
stack for high firing and for low firing is listed in Table 4-55.  Theze
seemed to be some turbulence in this region. However, this was the only possibl
location for the test. The turbulence was caused from the flow of dilution
collingair entering the stack. The air éamper wis not used during this test

o

macaus2 it would have zroduced a more severe turbulence problem.
. 7 Test Results--
The results of the tests (Test 13S and 135) discussed in this section,

are listed in Table 4-1- Major elemental composition, sulfate, nitrate, and
~

carbon aralvsis were determined for all fractions of particulate catches which

contained weights in excess of 100 mg. The details for these procecdures are

discussed in Section 3.2.2. Table 4-65 lists the resul%s Srom these analyses.
B. Discussion ox Reéults~—‘

l. Particle size distribution--Figure 4-60 is a plot .of particle size (im)

versus accumlated weight percent, the latter plotted on a probability scale as
explained in Section 3.2.3.8. Two sets of curves are presented, one including
he impinger catch and the other ignoring it. Considering that about half the
material collected was in the impinger, it would seem that the effect of pseudo
particulates would be small. Therefore, the impinger catch was believed to be
properly included in the measurements of the suspended‘particulates for particle
size distribution. The breakdown of the particle size distxribution, including

the impinger catch, is as follows:

Percent of Particles
Lm

- 210 gm 10-3 um 3=1 <l Lm
Test 108 B - 4 S 86
Test 10J 9.5 3 2 36

R XVB 5806-783



TABLE 4-65.

VELOCITY PROFFLE FOR ALUMINUM REVERBERATCORY FURNACE (TEST 10)

Sample Point

SASS: 1.38"
Joy: 0.7%"
Nozzle

N

12

10

12 19

14 18

17

i

e

40"

Static Pressure:

V03" H.0
2

>je

Distance Fron
Zdge of Duct

Velocity

High Firing

Low Ffiring

(inches) Point #  Ft/Sec (1456 °F) Ft/Sec (1092 °F)
13 1 25.3 12.16
23 . 2 29.8 8.63
33 3 32.6 19.75
43 4 1 37.7 0
13 s 20.8 13.60
23 ‘6 22.1 -7.81
33 7 29.8 0o -
43 8 '26.9 18.04
13 9 17.9 14.59
23 10 21.3 -26.08
33 11 13.3: -18.38
43 12 18.8 o}
13 13 19.7 13.00
23 14 20.0 16.70
33 15 0 121.80
43 16 13.3 25.50
13 17 16.6 222G
23 18 12.0 18.38
33 19 o} 21.05
43 20 0 21.05

Average: 18.9 8.34"
3518 SCFM 2207 SCFM

4-195
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TABLE 4-66. CHEMICAL COMPOSITICN OF PARTICULATE SAMPLES
IN PERCENT FOR ALUMINC™ FCUNDRY

SASS SASS

Imninger Filter
SAMPLE # _ 10s-IC; ; 108-58
WT. PERCENT OF CUT _ ' 38 23
XRF ANALYSIS '
Calcium ' : /1 2.6
_Chlorine 11/4
Chromium -3 .
Copper ' ‘ E . ' . 6.2
Iron : ' ) 6/.7
Manganese ;=
Nickel e t
Potassium t =
(Sulfur) (6/2) +
2inc = t
TOTAL - : 23 .10
Sulfates, HZO sol? 2 17 . G
(Sulfur, from so,)" (5.8) (t)
Nitrate (H,0 sol)? ' t
Total carbon’® .13 t
(Volatile Carbon) 8 ' : (13 ‘
({Carbonates) 3, b ¢ ' t
TOTAL ANALYZED ' 53 S 1o
BALANCE . , Y S0
100% 100%
t detsctad in concentration of <iy
1 analyzed by x-ray fluorescance——Sectian 3.2.2 3
2 analyzed by wet chemistry--Sectica 3.2.2 A
3 analyzed by Ocaanography carbon analyzer--Sectiom 3.2.2 A
4 calculated from sulfates (sulfur=sulfate/3) to compare with sulfur
from XRY 1
8 for values shown as X/Y, X iz 8 of the element present and Y is the

error (i.e. X% 2 Y

] not included in fotal--sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile zarbon and carbonate are accountad for in
total carbon

4-196  XVB 5306-733



e

- 10

PARTICLE SIZE, um

0.
0

-n;Tf'lTlI%lHIT 1 TT 1]
- . =
E— I ]
[ | _
sl ' ' -
6 free —
Shem pess
4 =]
- i
2 frem —
o N 1 A A T T T A J [ | L1 -

G.X 0.51 2 S 10 20 30 40506070 80 90 95 98B 99 99.8 99.99

.01

. WNEIGHT, PERCENT LESS THAN STATED SIZE

. Joy Mfg. Sampling Train.with Impinge.r
D Joy Mfg. Sampling Train Without Impinger
‘ SASS Train With Impinger
O SASS Train Without AImpi-nlger
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Figure 4-60. Particle size distribution £for aluminum

foundry ’ (Test 10)
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'The mean particle size is <.1 um for aluminum melting furnaces. 1In spite of
the highly irregular flow conditions measured in the duct the particle size

distribution measurement with the two different trains were surprisingly similc..

2. Chemical composition--Table 4-66 lists the results from.the chemical

aralysis of the particulate fraction for each of the tests discussed in this
section. Sulfates concentration is much higher in the impinger than on the
filter. Carbon, iron, and chlorine were higher in the impinger than on the

filter.

3. Emissions and emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these emis-

sions and factors:

Uncontrolled Emission

{New type surface) _ ‘ Test 10S Test 10J
gr/DSCF - © 0.0026 0.0021
T/yr ‘ 0.17 0.14
1b/hr 0.072 0.058

1b/ton 0.02 0.02

{01d type surface) A ‘

1b/ton (Ref, 4-29) 4.30 4,30
The new type of furnace is a method .r control (process and equipment improve-
ments) . The’data shows a 99% feduction of emissions with the new furnace. The
emission factor used for thé‘inventory was taken from AP-42 because nearly all

of tha furnaces in the Basin were of the older type.

4.2.18 Steel Production--Sinter Plant

A. Process Description--

The sinter operation is only a small part (about 5% of the emission)
of the total production of steel. Figure 4-61 (Ref. 4-30) shows the basic
flow diagram of iron and steel processes. Each of these operations can be done

. at the same location or done separately at different lccations.

806-7
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Figure 4-61. Basic flow diagram of iron and steel processes.
(P) denotes a major source of particulate emissions.
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Sinter is an agglomerate made from small particles of iron-bearing
materials fused or fritted together at high temperature. In the sintering
process this high tempbrature is achieved by burning carbon in the form of
finely crushed coke in the_sintering—machine’feed.mix. Flux can be added in
the feed mix to eliminate flux charging partially or completcly in the subse-
quent ircnmaking operations. The flexibility of the précess‘germits conver-
sion of a variety of materials, including naturilly fine ores; ore fines from
screening operaticns, flue dust, and ore concentrates; and other iron-bearing
materials of very small particie sizé into a granular; relatively'coarse form
well ‘suited for the blast furnace. A continuous sintering process is shown
in Pigure 4-62 (Ref. 4-31). A traveling grate convéys a bed «f ore fines,
or other ZIinely divided i:on?bearinq material, intimatély mixed wisth a;;rcxi;
mately 5% of a finely divided coke. Near the head or feed end of the grate[
the bed is ignited con the surface by gas burners, and as the mixture moves

along the traveling grate, air is pulled down through the mixture to burn the

fuel by downdraft combustion. As the grate moves continucusly over the wind

‘boxes toward the discharge end of the strand, the combustion front in the bed

moves progressively downward. This creates sufficient heat and temperature
(1313-1480 %C, 2400-2700 °F) to sinter the finc ore particles together into
porous, coherent'lumps. Sinter plants with production capacity of about 20,000
tons/day can be constructed. The unit tested on this program had production

capacity of 50C0 tons/day.
B. Particulate Test.Set-up-—

Two samplihg trains were used simultaneously to sample the inlet and
exit of the baghouse as shown in Figure 4-62. The inlet station was lcocated
on the horizontal underground section of the duct leading to the baghouse. A
section &" widevand 4' long was provided to sample the flue gases. Table
4-67 lists the velocity profile in the inlet and outlet dﬁcts.. The outlet
duct was on the vertical section leading down to the fan. The inlet sample
was taken at velocity point 6 (Table 4-67) with a 1/4" nozzle and the cutlet
sample was taken at Qelocity point R with a 1/2" nozzle. Note that the inlet

low is akout 80% of the outlet flow. v
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Figure 4-62. Continuous iron ore sintering process.
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as follows:

The reason for this was that another sihterinq plant which usually
feeds into the baghouse was down for repair. The duct from that other plant
was disconnected from the baghouse and the opening in the kbaghouse wall was
only partially closed. Therefore same fresh air was drawn in through the

pacrtially open duct.
c. Test Results~—-

The results of the tests (Test 26J and Test 265) discussed in this
section are listed in Table 4-1l. Elemental composition, sulfate, nitrate,
and carbonanalysis were determined for all fractions of particulate catches

which contained weights in excess of 100 mg. The Zetails fcr these procedures

are discussed in Section 3.2.2. Table 4-58 lists the rasulss frem these analyses.

- N I T
L. SAGCUESSISon B Z23UltsS-—

1. Baghouse efficiencv--The calculated efficiency fcr the baghouse based

Y

on the total par=iculaze catch is 72.3%. Neglecting the imginger catsch on
both trains the efficiency is 97.8%. The EPA Methcd 5 ignores the impinger

catch therefore the higher efficiency would apply -~ whereas.the SCAZMD

includes the in.inger catch and this method wculd indicate the lower value for

efficiency.

2. Particle size distributicn--figure 4-53 is a plot of particle size

{(+m) vs. accumulated weight percent, the latter plotted on a probability scale
as exczlained in Section 3.2.3B. Two sets of curves are presented, one includ-
ing the impinger catch, and the other ignoring it. Considering the large amount

ofmaterial collected in the impingers, it would seem that pseudo

ot

izulates

'

ar
would not significant.y add to the tctal weight. Therefore, thelinpinger catch
was believed to be properly included in the measurements of the suspended
particulates from sinter plants for particle size distribution. The break-

down of the particle size distribution, not including the imginger catsh, is

Percent of Particles

. o >10Lm 10-3 m 3=1m <ium
Test 267 inlet 6 1.0 1.0 92
Test 265 outlet 2 1.2 1.4 35

The mean particle size for the inlet as well as the outlet is less than 0.1 .m.
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TABLE 4-58. CHEMICAL COMPOSITICN OF PARTICULATE SAMPLES

IN PERCENT FOR TEST 26

Joy

SASS Joy . ~ Joy SASs sass Joy
icu 1ou Inlet 34U Inlet Exitc Exll Inlet
. Cv:olone Cyclone Cyclone FPilter Filter Ixginger Impiager
SAMFLE # 265-25 26J-25 26J-4S 265-55 | 265-5S 265-1C" 265-1C
Wi, PIRCEINT IF TUT 3.2 5.2 12 43 3.5 91 i2
XRF ANALY5IS '
Arsenic T T
Sromine t T z
Cadmyum t t 14
Calcium 9.3/2 12/3 1.1/0.4 t
Chlorine 4.9/i a/3 14/5 23/10 30/10 17/4 16/5
Chromim t 3.4/0.4
Coprer € € 1.6/G.4 1.2/0.2 1.8/0.2
lesiom = € . t
ey 3% 2 BT B 5 & 2
Lead & 2, 3.3 e Bl il By 2
“Manzanese - s -~
WAL E LR it
tiickel 1.93/0.3
fozersius 3. 14 52 3/4 16/5 /7 - t
Rup.di= = % -4 o
e (17/% (18/4) {15/5) 15,58
Tizaci.z <
Zine t 4 t '
CSTRG a0 45 4‘3 &5 65 24 v
Saifazes. #.3 soli . a.23 6.21 2.2 1.42 7.4386 22,31 25.49
tSasctiyr, dzem "‘i‘ - (2.74) !2.5) I = "€ 12.39) (7.80) {3.53;
Nitzate 4:- 325" 18 t :
<Tstal Zarsen’ 15 7 13 T P 6
volatile Casses 0] bt (10} '6)
iZarscrates | z 187
TOTAL ANALYZIZD 63 53 52 586 72 58 48
BaLacs 37 47 13 rey 28 42 52
pReial ¥ pRelni 1CCy 12Cs 2JCs 130y 13C»
= 4deteczed .3 concencration of <LV
i ana'vzsd by x-ray fluorescence--3eczion 3.2.2 3 )
2 analyzed Sy wet chemistry—3Section 3.2.3 3
3 analvzed Ny :comy sar>on agalyzer-—Sectian 3.1.2 A '
1 calculazed from sulfates (sulfuresulfaze/1) to compare with salfur
Irom XX
5 . for valuss shown as X/Y, X is § of the elamaat present and Y i3 The
’ erzor (i.e. X% = Y}
) a0t included 17 total--sulfur and sulfates are accownted for in sulfur
XRP acalysis and wolatile sarbon and carbonate arw accounIed for 1n
otal carboa
$4=273 XV3 38Ce-792
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Figure 4-63. Pparticle size distribution for sinter plant (Test 26)
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Chemical composition--Table

analysis of the particulate fraction

section.
in large concentration,

tration on the filters.

Sulfates are most abundant

5-30% in all

Calcium was

3-58

A

lists the results from the chemical

for each of the tests discussed in this

in the impingers.
size fractions and had

found primarily in the

Chiorine was detected

the largest concen—

first cyclone.

This indicates that the calcium is concentrated in large p~riticles. Lead

tends to concentrate in the 0.5 um size range. Iron is in the form of larger

particles, >10 um. Potassium seems to follow the pattérn of chlorine.

Possibly the cocmpound is KC1.

4. Emissicns and emission factors—-Emissions and emission factors can be

listed with several different units. The following lists some of these emis-

sions and facters.

Uncontrolled Controlled
Bnits Tast 257 Tast 23
gzr/DSCF 9+295 0.0459
T/yT 709 185
b/hr 170.4 - 46.32
1b/ton produced 3.4 1.Q°
1»/ton produced-AP-42 (Réf. 4-34)22 0.67

4.2.19 Steel Production--Oven Hearth Furnace

A. Process Description (Ref. 4-35 and 4-36)

In the open hearth process, a mixture of scrap iron, steel and pig

iron is melzed in a shallow rectangular bhasin. or "hearth,"” for which various

Liguid gaseous fuels provide the heat. Impurities are removed in a slag

(see Figure 4-84).

Emissions from open hearths consist of particulates and small amounts
of fluorides when fluoride-bearing ore, fluorspar, is uéed in the charge. The
particulates are composed primarily of iron oxides, with a large portion
in the 2 to 5 hicrcmeter size range. The guantity of dust in the off-gas

increases considerably when oxygen lancing is used.

The devices most commonly used to control the iron oxide and fluoride
b4 :

particulates are electrostatic precipitators which effectively remove

4-206 KVB 5806-783
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8. Particulate Test Set-up-——

Two sampling trains were used simultaneously to sample the inlet and
outlet of the eiectrostatic precipiiator. The inlet station was located on
the vertical duct leading upward to the ESP. The outlet station was located
on the vertical duct leading down to the fan. ~Tﬁe velocity profiles in the
inlet and ocutlet cducts are listed in Table 4-39. Veloéity coints 8 ard 16
on the inlet were not able to be measured due to the geometry of the por:t and
pitot tube. A 1/2" nozzle was used at velocity point 12 on the inlet and a 9/18"

nozzle was used at velocity point R on the outlet.
=" Particulate Test Results——

The results of the two tests (Tests 36S and 367) disc

x N -~ =Y om e R —— T
AT S8 iy ssSmpneal JONEOSL LN

f
!
L
0
o

t

)

)
{L
w

and carbon analysis were detarmined for all fractionms of parzicul =i
which contained weights in excess of 100 mg. The details Zor these grocedurses

are discussed in Section 3.2.2. Tazle 4-72 lists the results from these analyses.

s Discussicn of Test Results-—-—

1. Elz2ctrostatic precipitator effiziency-~-The calculated efficiency for
the Esﬁhbased on the tbial particulate catch is 84.2%. Neglecting the impinger
catch on both trains the efficiency is 90.3%. The EPA Method 5 ignores the
impinger castch; therefore, the higher efficiency would apsgly. Whereas, the
SCACMD includes the impinger catch method and'indicates the lower value for

the efficiency.

2. Particle size distribution--Tigure 3-85 is a pler of parbticle sizs

(im) vs. accumulated Qeight percent, the latter plotted on a probability scale
as explained in Sec*ion 3.2.3B. Two uets of.cu:Ves are presented, one includ-
ing the impinger catch, and the other ignoring it. Considering the large
amount of material collected in the impinger, it would seem that the effacts
of pseudo particulates would be insignificant. Therefore, the impinger catch
was believed to be proverly included in the measurements of the suspenced

particulates frcm open hearth steel producing furnaces. The kreakdown of the

XVB 38C6-783



TABLE 4-69.

VELOCITY PROFILE FOR QOPEN HEARTH FURNACE (TEST 37)

s

[
P
ft
"

Inlet Qutlet
— E
8 6
7 15
6 14
. 2, Sample point
42" 4 @.—""’ 1/2" nozzle
> H | Sampl
ample point
2 10 9/1&" nozzle
1 39
";-‘ 36 " e
Temperature: 467 °F
Static Pressure: -4,2% Hzo
42" o
Temperature: 415 °F
Static Pressure: =-4.2" Hzc
Distance . Distance g
from end Vel?czty from end Valamiiy
of port Point, Point of port Point Point
{inches) 4 ft/sec. # ft/sec. (inches) # ft/sec #' ft/sec.
5-5/8 1 27.3 9 25.3 4-3/8 1 5.3 . 9  50.5
10-7/8 2 1573 10 25.3 7-3/8 2 59.7 10 63.8
16-1/8 3 28.3 11 25.3 12-1/4 . 3 61.8 11 69.6
21-3/8 4 24.3 12 123.1 "16-1/2 4 63.8 12 69.6
26~5/8 5 23.1 13 23.1 ‘24 R 63.8 R - 67.7
31-7/8 6 - 254.3 14 14.6 31-5/8 3 63.8 13 22:5
37-1/8 7 23.1 15 14.6 36~3/4 6 63.8 14  22.5
43-3/8 8 20.7 16 14.6 40~5/8 7 63.8 15 22:5

Average: 22.68 ft/sec.
21,539 SCFM

Average: 54.2 ft/sec.
18,584 SCFM

4-209

"KVB 5806-783



PARTICLE SIZE, um
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. g o } Qutlet

(:) SASS Train Without Impinge::

Figure 4-65. Particle size distribution for open hearth furnace

(Test 36)

4-210
KVB 5806-783



particle size distribution for the inout and outlet to the ESP including the

impinger catch is as follows:
Percent of Particles

>lopm 10-3 m 3-1um <lum
Test 36J (inlet) 8.0 5.0 4 83.0
Test 365 (outlet) 2.2 3.8 7 87.5

The mean particle size for the ESP i~ <0.1 m for the inlet and outlet. This

agrees with AP-42 as mentiocned above in the Process Description.

3. Chemical composition of particulates--Table lists the results

from the chemical analysis of the particulate fraction for the tests discussed
in this section. Sulfates were found to be most abundant in each size cut.
Carbon was detected in the high_conéentzations in the impinger fractions.
Iron, zotassium, and zinc were also found to havas sign;ficént quantitiss

in each size fraction.

4. Emissions and emission factors--Emissions and emissicn factors can be
listed with several different units. The following lists some of these

emissicns and factors for these tests:

‘ Controlled Uncontrolled
Units ‘ . ._Test 26S Test 260
gr/DSCF | . 0.0366 ’ 0.206
T/yr o 22.3 141.4
1b/hr : 5.53 - '35.1
1b/ton produced ' 0.67 o 4.2

lb/ton produced (Ref. 4-37). 0.35 _ 17.4

KVB 5806-783
4-211 .



TABIE‘4~70. CHEMICAL COMPCSITICN OF PARTICULATE SAMPLES

IN PERCENT FOR TEST 36

SASS Joy Joy
lum SASS SASS 10um lum Joy Joy
) Cyclone Zilter Impinger Cyclone Cyclone FTilizer Imsinger
SAMPLE 3 365-4S  365-5S 365-2C 365-2S 36J-45 365-3S 38S~-IC
WT. PERCENT QF CUT 9.7 i35 43 12 26 39 9.6
XRF ANALYSIS
Calcium - 1.2/0.5 t 2.2/0.4 (7 t T
Chromium 1.179.3 1.2/0.3 2.2/9.4 -1 & 1.3/0.3
Cooper T . t T t =4 g 2
Iron 1572 11/2 8.2/1 18/3 1372 8.2/1 £
Lead t t t t
Manganese 1.0/0/2 £ 1.170.2 t t
t 3 1.2/22 b < b '
<.5/% 5.3/% Sindys Jeed® +.3/% .11 =
(227108 (33/10) (18/6) (25/10) {2C/8) (3371 (lars57
T T & & £
11/2 8.9/1 9.0/1 9371 7.3/0.8 i
25 ERS 13 24 31 25 3
Sulfazes. H,0 sol® 38 41 38 32 41 43 32
(Sulfur, from SO:)‘ (12.8) (13,8) (12.3} (12.8) (13.7) {l4.8) (13..3)
Nifrate (.‘!Zo sol)® % T t t T t £
7stal Carbon’ - 2L 23 £ 28
{Volazile Cazbon)’ (21.82, (21 (32)
(Carbonates)
TOTAL ANALYZED 84 72 74 66 7z 70 77
BALANCE 16 28 26 34 28 30 ‘ 23
100% 100% 100% 10C» 10Cs 100% pisfe)

€ detected in concentration of <IA

T anaiyzed by'x-:ny fluorescence~=-Section 3.2.2

2 analyzed by wet chemistry--Secticn 3.2.2 A

3 analyzad by Ocsanography carbon analyzar--3ection 3.2.2 A

4 calculated from sulfates (sulfurwsulfate/3) to compare with sulfur
from X3F '

5 for valuas stown as X/Y, X i3 v of the element prasent and Y is the
error (i.e. X% =2 ¥Y) )

() not included in :oul.;-su.lzuz and sulfates are accounted for in sulfur

XXF analysis and volatile carbon and carbonate ars accountad for in

total carbon

4-212
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CHEMICAL PROCESS

4.2.20 Boric Acid Production
A. Process Description (Ref. 4-38)--

Sulfuric acid is reacted with borax to producé boric acid and Glauber

salt, (hydrated sodium sulfate, Na_ SO, -10 HZO)' These products are then separated

: 2774
on a vacuum filter. The boric acid cake is redissclved, filtered, crystalized,

centrifuged, dried, and screened. The Glauber salt follows a similar circuit

except for an additional step of conversion to sodium sulfate. Figure 4-556 is

a flow diagram of the process.
B. Particulate Test Setup=--

Two sém;ling tains were used simultaneously to sample the inlé:‘ani
cutlet of the baghouse which controls the cdust lcad from the boric acid drvers.
The inlet station was located on the vertical section of the rectangular duct
leading to the bagﬁouse. The dry train was used on this station which was at

least eight feet from the nearest bend or obstruction. The outlet station was

‘located on the horizontal section of the duct about five feet ahead of the

‘blower.and 15 feet from the old baghouse. As shown in Figure 4-66, the flow

from the dryers was spit into two parts which went to two baghouses operating
in éarallel. The outlet from‘the older of the two baghouses was tested with
the SASS train. The velocity profile in the inlet duct to both units and in
the outleg duct from the older baghouse is listed in Table "4-71. If'it was
assumed that the volumetric fiow through both baghouses were the same, then
the total flow from the baghouses would be 22,000 SCFM. This would compare
17,000 SCFM for the inlet and 22,000 SCFM for the outlet. This difference is

due to leaks because the system is under negative pressure.
Ce Test Results-—-—

. The results of the tests (Test 175 and Test 17J) discussed in this
section are listed in Table 4-1. Elemental composition, sulfate, nitfate

and carbon analysis were determined for all fractions of particulate catches
which contained weights in excess of 100 mg. The details for these procedures

are discussed in Section 3.2.2. Table 4-72 lists the results from this analy-

sis.

- KVB 3806-7C3
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TABLE 4-71l. VELOCITY PRCFILE FCR BORIC

ACID PLANT (TEST 17)

9 8 7+ N 3 2 1t Top
3¢ . 4 \g le Y |& G)r‘*sémple Point
3 2 1 X 9 3 7+ 5/8" Nozzle
Point
40" 1/4" Nozzle 36"

Temperature - .50 °F Temrerature - 130 °rF

Static Pressurs - L3" H.D Static Pressurs - 15" H D

Distance From , Velocity Jistance From Velocit

End of Duct Point No. £x/sec ‘Bhd 65 Duct Point No. f+/sec
13-1/4 1 46.4 6 1 30.1
19-3/4 2 44.5 18 2 32,3
33 3 33.9 30 3 130.5
13-1/4 4 38.9° 5 4 32..3
13-3/4 3 38.1 18 5 3%3.2
33 6 37.9 30 5 33,
13-1/4 7 28.1 2 7 28.9
19-3/4 3 14.7 =8 2 34.4
33 9 38.9 30 9 322

Average 34.8 ft/seci|’ Average 31.2 £:032c
17799 STt 11387 3CTM

KVB 58C6-733



TABLE $-72. CE=EMICAL CCOMPOSITION CF PARTICULATE SAMPLES

IN PERCENT

Inginger i
Inlet Cutlet Inlet Cutle®
SAMPLE 3% ; 177-IC . 175-IC 173-25 175-2
.

i3
=
fo

WT. PERCENT OF CL'I 29. 84
XRE ANALYSIS
Chlorine £ t ' £

Chromium
Izen b '
(SEk e 22.2) £ £ =
pa o Yot & = o £S5
:
Sulfates, #,3 gai” 1.9% t t 2.23
| (Sulfur, Zrem sO,)° & * = '
Nitrate (H,C sol)? € t 1.38 3,43
Total c‘,‘arbon3 4.0
{(Volatile Carbon)’ 3.3 '
(Carbonates)’ -

TCTAL AALYIED E

w

[¢ (IR N

w0

oy s
[ ]
Fe}

38 94

BALANCE Probacly H3O 3

(s}

[
[®)
-
(=
[$]
O
>

170 BEE

, T dateczed in oncentrazisi of <1 ' i
b analyzed by x-r3y fluorescence--Section J.2.2 3
2 aralyred &+ wat chamstry-——Section 3.2.2 A
3 analyzad by Ocsanography carbon analyzer--3ection 1.1.2 A :
4 calsulated from sulfazas (sulfuzwsulfaze/3) to osoparw wizth sulfur
from XRP
5 T‘:z valies shown as X/Y, X 18 % 2f the slament cresent and 7 L3 tue
erTor (L.e. XV I Y )
[GI] not iscluded in zotal-——sulfur and sulfates are a:::c‘:z-x:ad. bt

1m
: IRP analys:s and Olatile carhon and casbonate are aceounted for
Total carbon

4=-216 'XV3 5305-733
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D. Discussion of Results--

1. Baghouse eff

iciency--Using the total weight data (including the impinger

catch) from both samplingtrains for. the inlet and exit to the baghouse, and

assuming that the inlet stream was equally divided between the two baghouses

(cne baghouse was tested), the efficiency was calculated to be 98.7%. If only

the solid weights (front half of sampling tain as used by 'EPA Methcd No. 5) are

used, then the efficiency is calculated to be 99.6%

2. Particle size

distribution--Figure 4-67 is a plot of particle size

{um) versus accumulated weight percent, the latter plotbed on a prcbability

scale as explained in Section 3.2.3B.

including the impinger catch and the other ignoring it.
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>i0um ‘ 10-3um

10 0.5
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Controlled Uncecntrolled
Units Test 178 ; Test 1775
- gr/DSCF 0.0237 A 0.6105
T/YyT - 9.74 387.0
Ib/hr 2.23 88.7
1b/T 0.21 ' 8.3

4.2.21 Chemical Fertilizer Plants

A. Process Description

Raw material is weighed, placed in a holding hopper, crushed in a

Rammer mill, then mixed and oressed ints granuls

S
=8

finished prcduct i3 taken at this point and the smaller

the ‘inclined mixers. The sources of particulasesars -x

73d 1f § £OLACLng Sriom-nyps Srisy and goolad Ln a 5igE

dryez, and the second bag house exit from the coocler, and the first baghouse

exit from the weighing hogper. The inlet and exit of the second baghouse from

the dryer was tested in this study. See Figure 4-68.
B. Particulate Tezt Setup--

Two sampling trains were used simultaneously to
exit of the baghouse. The inlet statiocn was located on
(17 inch diamter) l=ading %o the baghouse. This sation
before the baghouse and at least four duct diameters to
4-73 lists the vélocity crofile in the inlet and outlet
station was located on tahe vertical section of the duct
of at least six duct diameters frcm‘the nearest bend or

ticulate sample was taken through a 7/16 inch nozzle on

saﬁple the iniet and

tHe hoyizeonral duct

was abcus eight‘fae:

the nearest pend. Table
ducts.. The outlet
leading to the atmosphere
obstructi 5. The par-

the inlet duct using the

Joy train and thxough a 5/3 inch nozzle on the outlet duct using the SASS train.

G Test Results-=-

The results of the test (Test 197 and Test 19S) discussed in this sec-

tion are listed in Table 4-1. Elemental composition, sulfate, ni:ra;e, and

carbon analysis were determined fsor all fractions of particulate catches which

contained weights in excess of 100 mg. The details for

these procedures axre

discussed in Section 3.2.2. Table 4-74 lists the results from this analysis.

4-219
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TABLE 4-73. VELOCITY PROFILE FOR CHEMICAL FERTILIZER (TEST 19}

2" Por=
—— —atf—— 3" Diameter

, W
5a
Point =————3n @
5/ .
Nogzle //
2" Pore
3"
¥ : Zim
Tamperature - 86 °F Temperature - 101 °F
Static Pressure - -O.lé" on Static Pressure - +0.556
Distance Erom Velocity Distance From Velocity
End of Port ‘ Point No. ft/sec End of Port Point No. fr/sec
2.8 o 1 2.4 3 C1 . 43.4
. 4.5 2 iz 5 2 40.2
7.0 3 23.8 , . 8 3 38.6
10.5 R 22.4 ' : L3=173 R 37,3
'14.0 4 20.9. ' 4 37.2
16.5 5 22.4 20 5t 37.2
18.2 6 25.9 22 6 37.2
Average | 23.0 ft/sec||. _ Average ‘ 38.6 ft/sec
‘ 2021 SCT™M 4758 SCFM
KV3 5806-783
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TABLE 4-74 CHEMICAL CCMPOSITICN OF PARTICULATE
SAMPLES IN PERCENT
FOR CHEMICAL FERTILIZER PLANTS

Inpingers

Inlet Outlet 1loum~Cyzlone
SANJLE # ) 19J-1IC 19s~-IC 193-25
WT. PERCENT OF CUT - T 92 S 99
XRF ANALYSIS
Calcium . t 2.2/0.4
Chlorine | 4.5/1 L3 . g2
Cobalt E ‘
Iron ' : y &
Potassium o3 ; t S
(sulfur) (2.1/0.8  (<2) (8.1/3)
Zinc , t
TotaL' ‘ 6 13 37
Sulfates, .0 soi2 _ ' 5.0 - 2.9 8.1
[Sulfur (from S0,)1" (1.68) (1.0) (2.7)
Nitrate (Hzo sol)? t 1.0 - -
Total Carbon® 34 . 11.3 - 10.3
- (Volatile Carbon)’ - 10.7 9.2
(Carbonates)z' - £ £
TOTAL ANALYZED o 45 ‘ 27 55
BALANCE - ss 73 45

~ 100% 100% 100%

detected in concentration of <1%

mdﬁnd by x-ray flucxn&nci—-Sccticu 322 3

analyzed by wet chemistry-——Secticn 3.2.2 A

analyzad by Oceance<raphy carbon Aﬁalyzc:~—5cc:ian 3.2.2 A

calculated from sulfates (sulfuresulfate/3) to =ompare with sulfur
from XRF

T

5. ' for values shown as X/Y, X i3 8 of the elemenc prasent and ¥ is the
error (i.e. Xx * Y ) '

() not included in total—sulfur and sulfatas are accounted for in sulfur
XRF analysis and volatile carbon and ca:bonat= are accounted for in
total carban § i

4-222 KVB 5806—
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D. . Discussion of' Results--

1. Baghouse efficiency--Using the total weight data (includes impinger

catch) from both sampling trains for the inlet and outlet to the baghouse, the

efficiency was calculated to be 99.1%

2. Particle size distribution4—Figure 4-°9 is a plot of particle size
(ym) versus accumula :d welight peicent, the latter plotted on a probability
scale as explained in|Section 3.2.3B. Two sets of curves are presented, one
including the impinge‘fcatch,'and the other ignoring it. Considering the nature
of the gas stream, it would seem that the material collected in the imginger
would be attributed to’very fine particles and not to pseudo particulates. There-
fore, the impinger catch was believed to be proverly inéluded in the measure-
ments ¢l the suspe;ied particulates frem chemical fsreilizer zlants Ior particle
size distributidn. The breakdown of the particle size distributicn, inclu

the impinger catch, is as feollows:

© PERCENT QF PARTICLES

>10um 10~ 3um 3-1un <lum
Baghouse Inlet (Test 19J)- *  98.6 0.2 0 1.2
Baghouse Outlet (Test 195) 4.0 -~ 1.0 1.0 94.0
Uncontrolled (Ref. 4-39 4-40) 95 3.0 L.g 1.0

The‘mean particle size for the particles enteringthe baghouse was greater than

10um and the mean size leaving the‘baghousewas less tHan O.lum. This shows.

that the baghouse is very efficient for removing large ‘particles.

3. Chemical compositionq—fablé 4-74 lists the results from the chemical

analysis of the particulate fraction for each of the tests discussed in this
section. Ureau and Phosporus were primarily the most abundant, although not
detected by XRF. Sulfates and carbon were next in abundance, followed by potas-

sium and chlorine.

4. Emissions and 'emission factors--Emissions and emission factors can be

listed with several different units. The following lists some of these emissions

and emission factors:

KVB 5806~783
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Figure 4-69, Particle size distribution for chemical fertilizer

plants. (Test 19) ¢ @
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Urdiss Controlled Uncontrolled

gz/DSCF , 0.0028 9.72
T/vT 0.1 12.2
1b/hr 0.11 12.6
1b/ton produced 0.02 . 2.0

1b/ton produced (Ref..4-37) 0.4 80.0

4.2.22 Paint Sprav Booths - Automobile

A. ~ Process Description

In sprayinq operations, a coating from a supply tank is forced,
usually by compressed air, through a “"gun" which is used to direct the coating
as a spray upon the article to be coated. Many spraying operaticns arz
conducted in a booth or enclosure vented by a fan to protect the health and
safety of the spray gun operator by ensurinq that explosive and toxic zoncen-
., tration levals of solvent vapors do not develop.

Figure 4-70 shows a typical type of paint spray booth commonly‘used.

'

B. Particulate Test Setup

1. Test 27 - water base enamels—-- Two sampling trains were used simultan-

" eously on the same stack to sample one of six stacks exhausting the paint spray
booth from an automotive assembiy plant. The samplihg station was located on
the vertical section of the stack at leastleight duct diameters £rom the nearést
bend or obstruction. The velocity profile in the duct is listed in Table 4j75.
Also listed in Tablé'4-75, is the avérgge flow, SCFM, for each of the six stack
exhausting the spray booth. The total flow for the spray booth exhaust is
95,000 SCFM. A 5/8 inch nozzle was used with the larger SASS train at Velocity
Point R and a 53/16 inch nozzle was used with the smaller Joy train, alsoc at .
Velocity Point R.

2., Test 31 - 0il base enamel-- Two sampling trains were used simultaneously

on the same stack to sample one of faour stacks exhaﬁsting the paint spray beoth
from the automotive assembly plant. The sampling station was located on the
vertical section of the stack at least four duct diameters from the nearest

tend or obstruction.

4-225 KVB 5806-783
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4-226

Test Location

KVB 5806-733




TABLE 4-7S5. VELOCITY PROFILE FOR SPRAY BOOTH, TESI'27 (WATER BASE)

Sample Point
SASS 5/8 inch

Nozzle
JOY 5/16 inch
Nozzle
e 431 e
Temperature - 87 °F . Stock No. 1
Static Pressure - +0.1" Hzo One of Six Stacks
Distance From Velocity ' Stack 'aderaqe
Edge of Duct Point No. fr/sec - No. ft/sec Flow SCFM
2.7 . 1 23.2 X 25.3 15215 = |
10.75 2 30.5 2 20.0 11805
| 21.5 R 29.4 3 33.5 . 19920
32«25 3 24.9 Ca 25.1 . 14925
40.3 4 20.8 5 27.9 16570
étacklxo. 1 ‘Average 25.3 ft/sec 6 , 26.4 lS§7S
' 42217 REEN Total 95000

- 91400 DSCF/min

4-227 XVB 5806=-783




TABLE 4-76. VELOCITY PROfILE FOR PAINT SPRAY EXEAUST, TZST 31 (OIL BASE)

5 10 . 13 20 East

\ Sample Point
2 7 12 L

T~ 3SASS 1/2" Nozzle
JOY 1/4" Nozzle

Temperatura - 7Y 2g Stack Yo. l‘of Edu SEacks
Stazig Pragsyrse - +3.3" 352.3
Distance From ‘ Velocity )
Edge of Duct . Point No. fe/sec Point No. fr/sec
6" pE 52.0 X 5235
18 2 51.0 12 - 46.4
30 3 54.9 13 43.7
42 4 40.0 14 43.0
54 5 49.6 . 15 42.3
6" 6 55.5 16 60.8
18 7 50.8 * 47 349.5
30 8 48.4 18 42.3
42 9 42.3 ' 19 40.3
54 10 41.5 20 49.0
0 ) Averagz 48.5 fr/cec
79,992 SCIM
Stack No. Flow .
1 80,00¢C
2 69,000
3 42,200
4 49,000

Average 240,200 SCTM,235,400 DsSC=™

KVB 3806-783
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The velccity prafile in the ‘duct is listed in Table 4-76. Also listed
in Table 4—76';s‘the averagé flow, SCFM, for each of the four stacks exhausting
the spray boo :. The total flow for the spray bootl. exhaust is 240,000 SCFM. A
1/2 inch nozzlllwas used with the larger SaASS train at velocity point No. 8

and a 1/4 inch nozzle Qas used with the smaller Joy train, also at Velocity

Point No. 8.

c. Test Results

Tbe‘results of the tests (Test 27S, 277, 31s, 31J) discussed in this
section are listed in Table 4-1. Elemental composition, sulfate, nitrate
and carbon analysis‘were determined for all fraction of particulate catches
which contained weiéhts in excess of 100 mg. The details for these procedures
are discussed in Section 3.2.2. Table 4-77 lists the results from this analy-
sis. Because of the small particle loading in the exhaust stream, both tests
failed to yield'sufficient sample for chemical analysis. See Section

D. Discussion of Results.

1. Particle size distribution-- Figure 4-71 and 4-72 are plots of partiéle

size (um) versus accumulated weight percent, thé latter plotted on a proba-
bility scale as expl#ined in Section 3.2.3B. Two sets of curves.are presented
for each test, one including the impinger catch and the other ignoring ié.
Considering that about 50% of the material was'in the impinger catches, it
would seem that it should be counted in the particle size distribution.
However, most of the material is from gondensed solvent. This is indicated
by the large fraction of organic matter, between 25% And 50%, found in the

impinger. Therefore, the impinger catch was believed to be properly not

included in the measurements of the suspended particulates from paint spray

booths for particle size distribution. The breakdown of the particle size
distribution taken from Figure 4-71 and 4-72, not including the impinger catch,
is as follows: '

KVB 5806~-783
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Figure 4-71. Particle size distribution for spray booth (Test 27). (Water Base)
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PERCENT OF PARTICLES

>10um 10=31m - 3=1lum L

Test 27S 60 ‘ 8 g 24

| Tast 273 | 1 . 8 a 72
Test 31S , 22 = 13 15 50
Test 31J " a 5 23 36 36
Average 22 16 g 45

The nean particle size is about lym. -

2. Chemical commosition-- Table 4-77 lists the results from the chemical

analysis of the particulate fraction for each of the tasts discussed in this
secticn. However, the only sample with sufficient mass for chemical analysis
was the 10 pm cyclone cut on Test 27S. Even this sample had insufficient mass
for carbon analysis. Of the elements detected, sulfur was most abundant;
titanium and iron were next. It is believed that about 30 to 60% of the

material is carbon and most of the remaining is oxygen.

3. Zmissions and emission factors-- Emissions and emission factors can be

listed with several different units. 'The following lists some of these emis-
sions and factors based on the total flow from the sum of the stacks in each

test.

Units Test 27S (¥8) Test 27J4mR) Test 315(:31; Test 31J (03)
gz/DSCF .0037 .0033 . 20025 .0028

T/yr . 5.8 S.1 ' 6.9 7.8

1b/hr’ 2.9 2.6 5.0 L

4.2.23 Wood Processing

.Millihg, molding, resaw (cross cut and ripping) and éanding are the
most common types of wood processing cperations in the Basin. Two of these
tyves were tested by XVB and are discussed in this section. These are (1)

.sanding operation of wveneer sectibn for door manufacturing, and (2) resaw
operation where large beams and'planks are reduced to boards for sale at

various building supply facilities.
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TASLE 4-77. CHEMICAL COMPOSITION OF PAR‘I‘ICULA'TS SAMPLES
IN PERCENT
FOR PAINT SPRAY BOOTHS

1ouh ~ Cyclone (Water Base)
SAMPLE # , 27s-25

WT. PERCENT OF CUT . S22
XRF ANALYSIS '

s

" Calcium t
Iron . i &
\Sulfur) - . 4 (<4)
Titanium 2.7/0.3
TOTAL' ‘ . 4
sulfates (H20 sol)?. - 1.88
(Sulfur (from SOZ)“ ' t
Nitrate (HZO sol)? ‘ o t
Total Carbon?® ' -- Not, Enough
(Volatile Carbon)? - ‘ -- Sample for Analysis
(Carbonates) * ‘ ‘ -
TOTAL ANALYZED 6
BALANCE ' S i 94
100%
t detacted in concantration of <1%
3 analyied by x-ray fluorescence--Section 3.2.2 B
i analyzed by wet chemistry--Section 3.2.2 A
J‘ analyzad by Oceanography carbon analyzar--Section 3.2.2 A
4 calculated from sulfates (sulfuresulfate/3) to compars with sulfur
from XRF ' .

S for values shown as X/Y, X is & of the element praesent and Y is the
srror (i.e. X8 2 Y ; '

) not included in total-—sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for in
total zarban '
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A. Process Description-==-

1. Sanding operation (Test 30)-- Figure 4-73 is a schematic drawing of the
sanding ope:ation;s particulate control system tested. Sawdust is picked ur in
thelhooded secticn over the belt sander where the veneer section is being sinded.
The sawdust is transported f£rom the hood t5 a cyclone which removes large p. r—
ticles, then to a baghouse which removes the finer particles to prevent them from

entering the atmosphere.

2. Resawing operation (Test 39)-- Figure 4-74 shows the flow of sawdust

from a typical resaw operation. The sawdust generated from the rapping plank
is pneunatically conveyed to a cyclons where the wocd particles are collected

and the air returned to the atmosphere. .

3. Particulate Test Setup--

iz Sagding overation-—-Three sampling trains {(Method 5, Joy Train and SASS
Train) were used simultaneously to sample the inlet and exit of the cyclone
baghouse. The inlet station to the ¢yclone was located about eight.feet from
the inlet. The cyclone outlet/baghouse inlet staticn was located about three
feet from the‘the baghouse inlet. The baghous. ocutlet station was located at
the top of the duct leading to the atmosphere. The velocity profiles of each
of these are listed in Table 4-78. The velccity in the baghouse exit was
determined using an anemometer because of the low velocity distributed over

both exits.

2. Resaw cperations--Two sampling trains (Jov Train anéd SASS Train) were

sirultanecusly to sample the inlet and exit of the cyclone. The inlet station
Qas located on the horizoantal duct about nine feet frem the inlet to the cyclone.
The outlet station was located on top of the cyclone at its exit. The velocity .
in the center of the cyclone ocutlet is listed in Table 4=7%9. Note that the
vélocity in the center of thé cyclone outlet is negative (i.e., the flow is
reversed) and the velccity at the edges is the highest. This is normal for

cyclonés.
c. Test Results--—

The results of the tests (Tests 30s, 30J, 30 No. S5, 33S, and 39J) dis-
cussed in this section are listed in Table 4-1., Major elemental composition

sulfate, nitrate, and carbon analysis were determined for all fractions of

4-234 , XKVB 5806-782
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TABLE 4-78. VELOCITY PROFILE fOR WOOD SANDING OPERATION (TEST 230)

Cyclone Inlet

—Y

i Up
! Sample PoNnt
3/1€" Nozzl

1 2(:)4y5 678
N |

4-&—"—{3“-4"

Temgperature - 73 °F
Static Prassure - +5.3" Hzo

Cyclone Outlet
Baghouse Inlet

Temperature

— 15—

- 78 °F
Static Pressuxe -~ +2.1" d,0

Baghouse Qutlet
One of Two

Peint
Nozzle

W

A

Distance Distance Distance

From Velocity From Velocity From Velocity
Edge Point £/ Edge Pcint ft/ Edge Point ft/
of Duct No. sec of Duct No. sec of Duct No. sec
0.4" 3 61.4 5/8" 1 38.0 04" b 15
1.4" 2 63.2 2-1/4 2 30.1 3.0" 2 15
2.5 3 70.2 4-3/8 3 31.6 6-1/8" 3 15

4.5" 4 76.3 7-1/2 E 33.6 10.5" R 15
6.5" R 73.2 10-1/2 4 825 " 14.88" 4 15
9.0" 5 73.3 12-3/4 5 51.7 18 0" 5 15
10.5" 6  67.0 14-3/3 6  45.6 20.0" 6 15
11.6" 7 63.5 5/8 7 277 0.9" i 15
18.5" 8 56.8 2-1/4 8 36.8 3., 8 15
Average . 70.0 4-3/8 9 36,8 6~1/8" 9 15
4384 scEM 7-1/2 R 33.6 10-5" R 15

10-1/2 10 233 14.88" 10 15

12-3/4 11 24.2 18.0" - 1l 15

14-3/8 12 32.9 20, 0" 12 15

Average 58.6 Average 15
4180 SCFM 4206 sCEM
KVB 5806-7€3
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TABLE 4-79. VELOCITY PROFILE FOR WOCD RESAW OPERATICN (TEST 39)

Cyclone Inlet

N

Y

3 Sample Point \
1/4" Nozzle

&

—‘——— l—l'u )_

Temperature “ - 68 °F
Static Pressure - +0.2" HZO
Distance From Velocity
Edge of Duct Point No. fi/sec
1.5 1 66.6
4.25 2 69.9
8.5 R 69.9
12.75 3 73.0
15.5 4 76.0
Average 71.8.
. 6703 SCFM

Cyclone Qutlet

Do 2

42" . = o

=
Temperature - 68 °F
Static Pressure - 0.1" HZO
Distance From . Veloeity
Bdge of Duct Point No. ft/sec
1.4 1 537
4.4 2 42.1
8.0 3. 1353
13.5 4 0
21.0 R ~23.2
28.5 5 L0
33.8 6 13.8
37.6 7 44.2
41.4 8 70.4.
Average 26 2
6546 SCFM

4-238
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particulate catches which contained weights in excess of 100 mg. The details

for these procedures are discussed in Section 3.2.2. Table 4-80 lists thre

results from this analysis for Tests 30 and 39.

D. Discussion of Results

1. Efficiency of particulate control equipment

a. Sanding operation

Using the solid weight data (does not include impinger catch) from
both inlet and outlet of the cyclone and inlet and outlet to the baghouse,
the efficiency was calculated to be 98.4% for the cyclone and 96.3% for the
baghouse. Therefore, the overall efficlency of the sSystem is 99.94%. Using
the total catch including the impinqér catch the efficiency is 98.2% for the
cyclone, 86.9%for the baghouse and for overall efficiency of 99.8%.

b. Resaw operation

Using the solid weight data, the efficiency of the cyclone.was calcu-

+ lated to be 99.2%, and using the total catch the efficiency is 99.1s.

2. Particle size distribution

Figures 4-75 and 4-76 are plots of particle size (um) versus
accumulated weight percent, the latter plotted on a probability scale as

explained in Section 3.2.3B. Two sets of curves are presented, one including

" the impincer catch and thé other ignoring it. Considering the nature of the

gas stream, it would seem that the effects of pseudo particulates would be
present. Therefore; the impinger catch was believed to be properly included
in the measurements of the suspended particulaces. The breakdown of the

particle size distribution, inciuding the impinger catch, is as follows:

PERCENT OF PARTICLES

>10um 10-3um 3=1um <lum
Sanding:
Test 30S (Baghouse outlet) ' 8 3 o3 86
Test 30J Baghouse'inlet
(qulone outlet) .éz ‘ o - ; -
Test 30 No. 5 (cyclone inlet) 87 13
Resaw:
Test 39S (Cyclone outlet) ‘60 11 9 20
Test 397 (Cyclonc inlet) 99 0.3 " 0.3 0.7
4-239
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TABLE 4-80. CHEMICAL COMPOSITION OF PARTICULATE SAMSLES
' IN PERCENT ‘
FOR WOOD PROCESSING

sass FoY -
10um 10tm | Method 5
Cyclone Cyclone Cyclone
SAMPLE # 39s-25 397-25 30-5-2S
WT. PERCENT OF CUT 55 68 87
XRF ANALYSIS
Calcium o it bl
(Sulfur) ' (<2) (<3) (<2)
Torar’ v - t ' v
Sulfates, (HZO sol)z‘ o . - -
(Sulfur (from so,)* S - -
Nitrate (H,0 sol)? - = -
Total Carbon? - 61 42 a1
(Volatile Carbon)?® (58) (39) (35)
‘-(Carbonates)a, - - t
TOTAL ANALYZED ‘ 61 42 - 41
BALANCE ' 39 58 59

100s% 100s% 100%

;4 datectad in concentzration of <1%

1 analyzed by x-ray fluorescence—Saction 3.2.2 B

2 ‘analyzad by wet chemistry——Section 3.2.2 A

3 analyzad hy Ocsanography carbon analyzar--Section 3.2.2 A

4 calculatad from sulfatas (sulfuregalfate/3) to compare with sulfur
froma XR*

5 for values shown as X/Y, X is t of the element Dresent and Y is the
error (i.e. X% 2 Y ) .

() not included in total--sulfur and sulfates are accountad for in sulfur
IRP analysis and volatile carbon and carzhonate are accountad for in

total cardon
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Figure 4-76 is the size distribution plot for the resaw operation. Note:
The particle size for uncontrolled wood operaticns is 85 tc 99% >10um, and

for that controlled with cyc.one is 20 to 36% <lym, and baghouse control is |
86% <lum. |

3. Chemical composition-- Table 4-80 lists the results from the chem;cal

analys;s of the particulate fraction for each of the tests dxscussed in this
section. The chemical composition for both resaw and sanding operations is very
simiiar.‘ As expected the most abundant species is carbor in the form of vola-
tile carbon. A few other e;eﬁents were détected in trace quanitities only. The

small amount of detected is attributed to the chemical bound sulfur in ﬁhe woed .

4. Emissions and emission factors-- Emissions and emission factors can
be listed with several different units. The following lists some of these

- emissiong and factors.

Unconﬁtblled Cyclone Controlled © Baghouse Controlled
Units: 305 397 305 398 308
gr/DSCE 0.931  0.366 ~  0.0168  0.003 . 0.002
T/yr 36.5  21.0 0.6 - 0.2 . 0.1
1b/hr 35.1  20.0 . 0.6 0.2  o0.08
1b/br (Re. o o= © 0.2/30 0.03/24 9.2/30

4-42)

4.2.24 . Refinery Process Heaters

A. Process Descriotion (Ref. 4-43) N ‘ N

Refinery oil heaters usually are likely to be fired with a variety of
reflnery by-product fuels, both gaseous and liquid. A typical vertical,
cylindrical refinery heater similar to that tested for particulates in this
study is shown in Figure 4-77. The unit tested was used for heaﬁing and
was fueled with natural gas. '

Y KVB 5806-783
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Figure 4-77. A vertical cylirndrical refinery heater. (Ref. 4-43)

4-244 KVB 5806-783



B. Particulate Test Setup--

Due to the accessability of the test station, only the larger SASS
train was used at this test site. The sampling station was located on the
vertical section of the exhaust stack about five feet abkove the preheat air
section. The sampiing port was approximately eight feet above the steel
catwalk which was about 70 feet above ground level. The velocity profile
in the stack at this location is listed in Table 4-81. The particulate
sample was taken at‘Velocity Point 2 with a 1-1/4 inch nozzie. The fuel
for the process heater was natural gas.

c. Test Re;ults-—

The results of the test {Test 40S) discussed in this szction are
listed in Tablg 4-1, Elemental compcsition, sulfate, nitrate, and carbon
.analysis were determined for all fraction of paiticulate catches which con=
tained weights in excess of 100 mg. The details fcr these procedures are

discussed.in Section 3.2.2. Table 4-82 listé the results from this analysis.

D. Discussion of ResultS--

1. Particle size distribution-- Figure 4-78 is a plot of paxticle size

(im) versus accumulated weight percent, the latter plotted on a probability
scale as explained in Section 3.2.3B. Two curves are presented, one including
the impinger catch, and the otherlignoring it. Considering the large amdunt
of material (over 80%) collected in the impinger it would seem that the effect
of pseudo parti.ilates would be insignificant. Therefore, the impinger catch
was believed to be properly included in the measurements of the suspended
particulates from refinery prccéss heaters. Thelbreakdown of the particle size

distribution taken from Figure 4-78, including the impinger catch, is as

follows: =
PERCENT OF PARTICLES
>10um 10-3um 3=1lum <lpm .

Test 40S 4.5 2 1.5 91

: KVB 5806-783
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TABLE 4-8l. VELOCITY PROFILE FOR PROCESS HEATER (TEST 40S)

East

%ASS Sampling
Point 1l-1/4" Nozzle

-(i-l/Z" Nipple
g 1Egr :‘i-r '
Temperature - 460 °F v
Static Pressure - -0.95" azo
Distance From Velocity.
Znd of Por:t Point No. t/sec
4-5/8 o1 16.5
10-7/8 2 12.7
S 17-1/4 3 12.7
25-5/8 4 10.4
37-5/8 g 10.4 o
53-1/2 R 7.4
69-3/8 6 7.4
81-3/8 7 lG.é
' 83-3/4 8 16.5
96-1/8 9 16.5
102-1/4 10 15.2
Average 13.4‘ft/sec

18900 scrM

4=248
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process heater (Test 40). ‘

‘ 6-783
G KVB 580



e s b b s

2. Chemical composition-- Table 4-82 lists the results from the chemical

analysis of the particulate fraction for the test discussed in this section. .

The only fraction with.enough'sample‘for chemical analysis was the impinger

 Catch. sSulfates are most abundant in this sample. Carbon and calcium are

next and all other elements are in trace {<1%) amounts.

3 Emissions and emission factors-- Emissions and emission factors can
be listed with}several different units. The following lists some of these

emissions and factors:

Test 40S
gr,/DSCF 0.00424
T/yr, | 2.6
1b/hr ' 0.59
1b/MMBtu ‘ 0.0066
1b/Million ft3 Burned 9.0
lb/Million,fté,Burned 20 -

(Ref. 4-44)

4.2.25 Ccatalytic Cfacking
a.’ Process Description (Ref. 4~45)-—

In the'cracking operation, large molecules are decompcsed by heat,

preséure, and catalysis into smaller, lower-boiling molecules. Simultaneously,

some of the molecules combine (polymerize) tc form larger molecules. Products

of craéking are gaseous hydrocarbons, gasoline, gas oil, fuel 0il, and coke.

In fluidized bed catalytic cracker, fiﬁely powdéred catalyst is
lifted into the reactor by the iﬁcoming heated oil charge, which vaporizes
upon contact with the hot catalyst.. Spent catalyst settles out in the
reactor, is drawn off at a controlled rate, purged with steam, and lifted by

an air stream into the regenerator where the deposited ccke is burned off.

 Particulate emission from these units are in the combustion gases
ard from catalyst fines that may be discharged by vents on the catalyst

4-245 KVB 5006-793
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TABLE 4-82. CHEMICAL COMPOSITION OF PARTICULATE -SAMPLES IN PERCENT
FOR REFINERY PROCESS HEATERS

(Natural Gas Fuel)

SASS Impinger

SAMPLE # y 40s-IC )
WT. PERCENT OF CUT 81
XRE ANALYSIS )
Calcium S.2/1
Chromium . t
Cobalt - -
Iron t
Nickel it
Selenium t
(Sulfur) (20/7)
Zinc ‘ - £
TOTAL* _ 9
Sulfates, HZO sol? 47
(Sulfur, from s0,) " o 16
Nitrate (H,0 sol) & t
Total Carbon® ' 7
(Volatile Carbon)? A7)
(Carbonates) ’ . ‘ ; -
"I’O'I‘AL ANALYZED 62
BALANCE ' 38
100%
t detectad in concentratica of <18
1 analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzad by wet chemistry--Section 3.2.2 A
3 analyzed by Oceanography carbon analyzer--Secticn 3.2.2 A
4 ‘calculated from sulfates (sulfurwsulfate/3) o compars vif.h‘sulfu.r
from XRF )
L] for valuas shown as X/Y, X is % of the elesent present and Y is the
erxor (i.e. X8 2 Y )
() not included in total--sulfur and sulfates are accountad for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for in
total carbon
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handling system on the FCC Units. Control neasures commonly used on regen-
erators consist of cyclohes and electrostatic precipitatoré to remove parti;
culates and energy—recovery‘combustors to reduce carbon monoxide emissions.
The latter process, called a CO boiier, recovers the heat of combustion of

the CO to produce refinery process steam. The exhaust of a CO boiler was

sampled for £ine pargiculates on this program.
B. Particulate Test Setup

The only available sampling ports were located downstream of the CO
boiie:. The sampling station wasﬁldcated in a2 vertical section of the
tapered stack at a diameter of 96 in. The sampling port was 30 ft. downstream
of the exhaust gas inleﬁ to the ESP stack and 30 ft. bélow the stack exist.
The velocity prpfile in the stack is listed in Table 4-33. The particulate

sample was taken at traverse point four with a one inch nczzle.
Cc. Test Results

The results of the test (Test 415) discussed in this section are
listed in Table 4-1. Eiemental compositicm, sulfate, nitzdte, and carbon
analysis were determined for ali fractions of particulate catches which
contained weights in excess 6f 100 mg. The details for these procedures are

discussed in Section 3.2.2. Table 4-84 lists the results from this aralysis.’

D Discussion of Results—-—

1. Particle size distribution-~Figure 4-79 is a plot of particle size-

{ym) versus accumulated weight percent, the latter plétted on a probability
scale as explained in Section 3.2.3 B. Two curves are presented, one
including the impinger catch, and the other ignoring it. Considering that
about 25% of the total catch was in the impinger and the nature of the flue
‘ gases, it would seem that the effect of pseudo particulates was present.
Therefore, the impinger catch was believed to. be properly not inciuded in
the measurements of the suspended particulates from CO boilers - FCC units
for particle size distribution. The breakdown of the rarticie size dis-
tribution *taken from Figure 4-79, not including the impinger catch, is

as follows.
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TABLE 4-83.., VELCCITY PROFILE FOR CO BOILER EXHAUST (TEST 41S)

N
20
SASS sampling; 1819
Point 1" Nozzje
; \ 17
‘ 16
1 2 3(4)5 R 6 7 8 9 10
’( ' 15
g
Nigpple
< 96" d : >
Temperatura - 565 °F
Static Pressure = +0.5" HZO
Distance From : Velocity
Edge of Port Point No. ft/sec 'Point No.  ft/sec
10-1/8 1 13.5 11 21.8
15-7/8 2 13.5 12 ,29.9
- 21-7/8 3 11.0 o113 27.9
29-3/4 4 127.0 14 24.4
a1 5 27.0 15 25.6
56 R . 28.0 R 27.9
71 6 27.0 16 25.6
82-1/4 7 22:.0 17 ¢ 18.9
90-1/8 8 22.0 .18 15.5
96-1/8 9 11.0 19 . 134
101-7/8 10 11.0 20 i 10.9
‘ hvefage' o 20.4 ft/sec

31399 SCFM
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TRELE 4-84.

CHEMICAL COMPOSITIION OF PARTICULATE

SAMPLES IN PERCENT
FOR CO BOILER - FCC TNIT

. 10um Cyclone 1 um Cyclone Filter Impinger
SAMPLE # 4135-25 415-43 415-58 418-IC
WT. PERCENT OF CUT 25 4.3 1.7 24
XRF ANALYSIS
Lanthanum £ t t
Cesium 1.1/0.8 1.1/0.2 1.6/0.4
Arsenic t
éaseodymim'
Neodymium E &
Calcium 15/86
Iron p = © 1.1/0.2 1.3/0.3 £
Silicon 20 20
(Sulfur) ( 8} . ¢ 3) { 8) 19/7
Titanium g t t

. TOTAL* 24 24 20 £

Sulfates, K,0 soi’ 6.8 . 1.6 5.1 . 54.4
(Sulfur (from so4)“ (2.2) £ (1.7) (15.0)

Nitrate (H20 sol)?

Total Carbor’® 4.59
(Volatile Carben)? (3.41)
(Carbenates) ?

TOTAL ANALYZED 31 26 25 59

BALANCE 69 * 74 75 . 41

100% 100% ‘100% 100%

t ld-toctad in concsntration of <ls "

1 analyzad by x-ray fluorescanca-—Sectiom 3.2.2 3

2 analyzad by wet ch-uintzy——Saqticn 3.2.2 A

3 analyzad by Oceancgraphy carbon analyzer--Section 3.2.2 A

4 calculated from sulfatws (sulfuresulfate/3) to coocpars with sulfur

from XR¥
L] for valuss shown as X/Y, X i3 % of the element preseant and Y is the
arror (i.s. X8 2 Y ) : .
() pot included in total--sulfur and sulfates are accountad for in sulfur

XRF analysis and volatile carbon and carbonata sres accountsd for in

total carbon
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Figure 4-79. Particle size distribution for CO boiler - FCC Unit.
(Test 41)
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PERCENT OF PARTICLES

>10um 10-3um 3=-1pm <lum

Test 41S . 63 1z s 16

The mean particle size, rot including the impinger catch, was about:

30um. If the impinger catch is included, the mearn size was about l.or.

2. Chemical composition--Table 4-84 lists the resulis from the

chemical analysis of. the particulate fraction for each of the tests dis-
cussed in this section. Sulfates dominated in the impinger catch and was

- about ten fold lesé in the other fracfion of the particulate catch.
Silicon was nigh: 20% in the cyclecne catches, Calcium was the most asbundant
element on the filﬁer. Scme unusual elements (lanthanum, cerium, praseudymium,
neodymium) were detected in concentrations between 0.5 to one percent Ior

the solid fraction 2f the catch.

3. Emissions and emission factors--Emissions and emission factors can

be listed with several different units. The féllowing chart lists some

of these emissions and factors:

Units Test 418
gr/DSCE 0.055
T/yr © o 62.33 ¢
1b/hx 14.84
1b/1000 bbls ‘

fresh feed. ‘ 32

b 1b/1000 bbls
‘ fresh feed g
(Ref. 4-45) 45
XKVB . 5806-783
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4.2.26 Alfalfa Dehydration

B e

An alfalfa déhydrating plaﬁt produces an animal feed from‘alfalfa.

i {Ref., 4-46)" The dehydration and griiding cf alfala that preduces alfalfa'

‘| meal is>a dusty operation most commonly carried out in rural areas. ‘
‘ . Wet, chopped alfalfa is fed into a direct-fired rotary drier. The
dried alfalfa particles‘are‘conveyed to a primary cyclone aﬂd some:times a
secondary cfcléne in series to settle out the product from air flow and
products of combustion. Th: settled material is‘discharged to the grinding
equipmen#, which is usually a hammer mill. The ground material is collﬁctgd .
in an air-meal separator and is either conveyed directly to bagging or: storage,
or blended with cther ingredients. ‘

Sources »f dust emissicns‘are the grimary cycleone, the grihders, and
‘the air-meal separator. Ove:ail dust lqsses have been reporied as high as
7% (Ref. 4747), but average .losses are around 3% by weight of the meal produced
(Ref. 4-48). The use of a baghoure as a secondary collection system cah B
greatly reduce emissions, KB attempted to conduct alfalfa dehydrator tests
for several months during the Phase II tesﬁ program. Sevéral Sgheduled tests
were cancelled due to equipment failure. Therefore the data presented in this
section are those taken by the Imperial County Air Pollution Control office.

. The results of the tests are listed in Table 4-85, The EPA Method #5 was
ased to qbtain‘TSP data and an Andersen impactbr waé usad to determine the
particle size distribution. Figure 4480 is a plot of particle size (mm) vs
accumulated weight percent, the latﬁer plotted on a probability scale as

. explained in Section 3.2.3 B. The breakdown of the‘pa:ticle size distribution

taken from Figure 4-801 which does not include the impinger catch, is as

follows.

' , Percent of Particle

Alfalfa Dehvdration >10um 10-3um 3-1um <lum
. Test 1 68 6 6 " 20

Test 2 76 6 | 4 14
The mean perticle size is about 60um. |

KVB 5806-783
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TABLE 4-85. ALFALFA DEHYDRATICON T=ST RESULTS

Measured Emissions

Test No.

Daﬁe of Test

Duration of Test, minutes
Process Weight Rate, lbs/hr
Gas Flow Rate, SCFM (DRY)
Stack Gas Temp., °F

CO, % bv vol.

2

02 3 by volL.

CO & by vol.
320 % by vol.
Particulate Concentration, gr/scf

Particulate Weight, los/hr

o1
1l-ig-76
60
20,000

39508
185

1

20

Q

20
Bsll
9:02

2 Averacge
11-18-76
60 .60
20,000 20,000
9616 9762
133 . 184
% 1
20 20
0 ' 0
17 18.5
" 0.11 G 18
v9,78 © 9.4
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Figure 4-80. Particle size distribution for alfalfa dehydration.
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4.2.27 Cotton Ginning Operatiens

The primary funciion of a cottonigin is to take raw seed cotton and
sepafaté the seed and the lint. A large amount of trash is féund in the seed
cotton, and it ﬁust also be removed. Tﬁe problem of collecting and disposin
of gin trash is two-fold.. The first problem consists of collecting the coarse,
heavier trash such as burfs, sticks, stems, leaves, sand, and dirt. The
second problem consists of collecting the finer dust, small leaf particles,
and fly lint that are discharged from the lint after the fibers are removed
from the seed. From 1 ton (0.907 MT) of seed cotton, approximately one

500-pound (226-kilogram) bal2 of cotton can be made. (Ref. 4-6Q).

KVB attempted to conduct cotton gin tests for several months during the
Phase II test program. Several scheduled tests were cancellad due to eguipment
failure. Therefore the data presented in this section are those taken by EPA -

Region 9.

Several sources of particulate were sampled on the same gin by the

EPA. The results of these tests are presented in Table 4-86.
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TABLE 4-86. COTTON GIN TEST RESULTS
A B A [+ D 4 F G H . 1 J
Unclean #1 and #2 Unloading Unloading Condensor Note #2 Lint @1 Lint #2 Lint Batter

Test Notes Incliner and Dryer Separator & Basket Cleaner Cleanex Cleaner Cleaner Condensor

Clears ’ < Catch .

Flow Rate ACFH 630,000 850,000 721,000 350,500 - 345,000 143,500 823,660 1,080,000 780,000 1,494,860

" Moisture & 0.035 03.3 0.8 0.19 0.35 0.93 0.28 2.0 1.24 1.63

Temperature °F 82 144 115 69 69 . 71 74 81 .76 82

Emission GR/DSCF 0.043 0.0106 0.047 0.102 0,0097 0.087 0.031 0.088 0.041 0.023

Total lb/m 3.82 10.97 4.38 5.05 0.49 1.78 3.63 12.99 4.41 4.61
Front half 1lb/hr 3.78 10.72 4.34 4.99° 0.36 1.71 3.35 11.86 4.4) 3.64

KVB 5806-783



4.3 ' PARTICULATE CONTROL EQUIPMENT EFFICIENCIES

. Eleven simultaneous tests were done using the larger SASS traian .on
the control equipment exit and the smaller train cn the inlet, to evaluate
the efficiency of tre control equipment. Eight of these were baghous=s, tTwo
were electrostatic precipitators, and one was a cyclene. The parcantage

efficiency for each of these was calculated from the following z2quaticn:
wti.n B wtout
efficiency = —————— x 100
T Wk, _

. . m : . ‘
Table 4-87. summarizes the efficiency of the control equipment tested by XVB
in this study. Two values are listed for the efficiency, one of which includes
the weight from impinger catch in the calculation (SCAQMD method), and the

other which ignores it (EPA method).

An interesting way to evaluate efficiency is to determine the
efficiency as a function.of particle size. Using the particle size distribution
curves and the grain lcading for the inlet and outlet for each test with control

equipment, the efficiency can be calculated at each particle size from the

following equation:

-

[(wt in) (% of particle between size A and B) - (wt out)

SEEsEle el = (3 of particle between size A and B)ix 100

(wt in) (% of particle between Size A and B)

The results of this calculation for each of the céntrol equipment tests are
listed in Table 4-88. Figure 4-81 is a plot of the efficiency vs'pa:ticle
size for baghouses. Note that the efficiency increases as the size increases.
This is in agreement with the literature {Ref. 4-49 to 4-52). Figure 4-82

is a plot of the efficiency vs particlé size for ESP and a cyclone. The
efficiency of the cyclone decreases as particle size increase (Ref. 4-53 to
4-58). The efficiency of ESP's goes through a minimum between 0.1 and 2um
(Ref. 4-59).
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TABLE 4-87. CONTROL EQUIPMENT EFFICIENCY

Efficiency
Impinger Impir.’ger.
Control Catch Catch
Test # Process Type Type Included Not Included

30 Wood sanding Baghéﬁse 86.9 6.3 .
29 Asphalt Batch . 99.9 99.9
34 Abrasive Blasting " 99.9 99.9
v 26 Sintering " 77.6 97.8
\ 19 Chemical Fertilizer ” 99.6 99.1
17 Boric Acid " 96.1 98.7
14 ~Steel Heat Treating " 95.2 90.0
é Brick Grinding " 99.5 99.8
20 Glass Mfgqg. ‘ ESP 83.0 98.2
36 Steel Open Hearth Furnm. " 82.2 90.3
39 Wood Resawing ' . Cyclone 99.1 99.2

'ﬁ ’ 4-261 KVB 5805-783
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TABLE 4-88.

SIZE EFFICIENCY CALCULATION RESULTS

Pearcent of Particles

T T -

Contrel Isduserial
Tes: 10-3u=m  3-ium 1-0.lum  gr/DSCT Type Tyoe
387 ia a.s 0.3 0.3 0.366  Cyclone  Wood Resaw
395 . cut 10 9 11:5 0.00317
Efficiency 82.7 74 66.7
‘303‘ 4 12 20 g.0le8 Baghouse wood Sanding
30s, 3 37 0,0022 '
Efficiency  90.2 $6.7  95.4 ' ‘
293 19 18 26 11.483 Baghouse  Asphalt 3atch
295 5 4 7 0.00776 R
Efficiency  99.98  99.98  99.99
343 3.5 X7 148 1.942 Baghouse Steel Sand-
as 6 6 12 ¢.00088 Bfas<ioy
Efficiency 99.92 99.8 39.7
265" 1 I 2 2.205 Saghouse = Sinter Plant
268 #2132 1.4 0.0459
Efficiency T3k 68.6 66.4
203 0.4 0.5 1.¢ 0.0364 z5? Glass M£5.
208 5.8 1 2 0.00617
Efficiency 74.6 66.1 82.2 ) -
197 042 0.01 0.2 O.‘7154 Baghcuse Chemical
198 1 1 2 " 5.00289 e
\" Efficiency 98 60.8 96.1 _

' 173 1 . 0.01 1, 0.6105 Baghouse Soric Acid
175 0.5 0.5 1 0.0237 ' -
Efficiency 98.1 .94.1 96.12 '

‘ 143 7 10 0 0.0593 Baghouse  Steel Heaz
' 148 8 14 4l 0.00283 WEERES
fficiency '94.55 53.3 93.5 }
8y 0.85 0.3 0.14 1.169 Baghouse  Brick Mfg.
3s 4 4 8 0.00641
ufficiency 97.4 92.7 68.7 ‘
363 3 4 11 0.206 potcs Steel Open
365 3.8 ? 23 0.0366 NNISNE T,
Efficiency Toud 68.9 . 64.1
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EFFICIENCY, %
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Figure 4-8l. Baghouse size includes Impinger.
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Figure 4-82. Cyclone and electrostatic precipitatoxr efficiency curve.
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SECTION 5.0

PARTICULATE EMISSION CONTROL TECHNOLOGY

INTRODUCTION

The removal of pérticulate matter from gas streams to reduce emissions
to environmentally acceptable levels can be accomplished in a wide variety of
ways. This section describes various types of particulate control equipment
and includes suggested areas of applications as welil aé estimates of their .

performance and cos=s.

_ .The selecticn of the most appropriate particuléte céntrol device is
usually based on the size of the particulate matter which must be removed
from the gas stream. Fw.gure 5-1 illustrates the normal areas of application

‘from a particle size standpoint, relative to par;icle size, for,;he following

types of particul.te control devices:

.« Settling Chambers

. Momentum Sepérators

# CYélones

. Spray Towers

. Trayland Packed Towers

. Venturi Scrubber o : ,
. Fabric Filters

. Electrostatic Precipitators

' 1
Table 5-1 is a generalized rating of these devices for various applications

in the opinien of the authors.

- An analysis of Figure 5-1 indicates that successful control of
virtually all particulate emissions can be achieved by selécting the

aprropriate emission control device.

It is important to note that accurate information regarding the size
distribution, grain loading, physical properties and removal requirements is

essential to selecting the proper control device.
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TABLE 5-1.

APPLICATION TABLE

L]
» * e ] ]
- 3 o ®
o L) -] - =
.E o o -; - - 1 3] : 3 : 3 -
=418 S ed >33 o 2 "
Py ] - o a8 L] & - Q
o a0 — U - - c -3 G 2
) 3512 o a0 A 3 0 - @ a pre]
Industrv Type (3] (4] x G O ) > W [ al =]
COMBUSTION OF
FUELS
Utility Boilers | P NU* G NU G NB/B NB B
Industrial '
Boilers P NU* | G [5¢] G NB NB/B | B/NB
Wastae .
Incinerators | P NO G NU G NG/B NU 8
MINERALS f
) !
Cement Plant P < G NU G Nu B/NB B
Gypsun P - - - - - B/NB | B
Brick Grinder P G G - - G B -
Glass Plants NU Nu - - - N/B B B
Asphalt P P G - - NB B NB
FOODR & AGR.
Cotton Gin - - B - - - B
Alfalfa
Dehydrator - - G - - - B Incinarator
Rice Dryer - - G. - - - 3 -
METALLURGICAL
Steel P Nu G R NU G B/NB | NB/B
Aluminum - NU - - - G B/NB | B
Lead | P NU G NG Nu G B NB
CHEMICAL
Fertilizer - - - - G B NB -
SQIP - - - - - - B -
ORGANIC SOLVEMT
USE
Spray Booth . NG | NU NU : | NB G NU NU Incineration
Wood Process-
ing | Yo |§u | NU 3 NB| G Nu | NO
PETROLEUM
FCC Unit PG G NU Nu G NUO G
Heaters - - - - - - B/NB | B
* -« Not used as primary pollutant removal devices
NU - No data available
. B = Bast '
NB « laxt to best
G = Good
P - Poor
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This section has bean prepared as a guide to introduce users to,
various types of control devices, to aid in understanding their capabilities

and to serve as a general reference regarding their application.

There are many varlables like dispcsal methods, peotential. for recycle,
and variability of part’culate characteristics to name but a few, which
influence the selection of particulate removal devices that are beyond th
scope of this report. Users must consider each application on an individual

~ basis in order to select the most appropriate particulate control device.

Sl METHODS QOF CONTROL =

5.1.1 Settling Chambers and Momentum Separators

A. Settling Chambers—-—

l. Settling chambers represent the simplest device avaiiable for
particulate collection. They normally include nothing more than a low
velocity region in the gas handling system where'gravitional forces cause

larger particles to settle cut from the movinq gas stream.

In these devices gravitational forces are scometimes augmented by
directing the gas stream to impart a downward momentum to the particies to
improve particulate collection. TFigure 5-2 illustrates a typical settling

chamber.

2. Set:tling chambers rely on gravitaticnal forces for particulate
séparation. Sincg these forces are proporticnal to the weight of the
particle, larger high density particles will be acted on by the large
separaring forces. The major force inhibiting_colléction is aercdynamics
drag. This force is proportional to the cross secticnal area of the particle
and its velocity relative to the‘gés stream. With the exception of large
particles which are readily collected, most particles quickly attain terminal
velocity in the settling chamber. This velocity is resached when the
gravitaticnal forces are just balénced by the drag forces. It is chis
'velocity which determines whether a particle will be collected. If the
particle falls quickly enough while in the settling chamber to reach the
hepper before it reaches the chamber outlet it will be,coilected, if it does
not, it will pass through the chamber uncollected. ‘ )
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In theory particles as small as S microns, the size where suspensicn
by Brownian motion takes on significance, could E2 collected in settling
chambers. Eowever, economic and space considerations limit efficient collec-

tion in'settling chamber sizes to particles above 80 microns.

3. Other factors which also influence separation in settling chambers

include chamber dimensions, gas density and gas viscosity.

The ﬁost.important facters are gas velocity and chamber dimensions
since these can be selected fuir a given applica“ion whereas all of the others

are essentially fixad.

Figqure 5-3 illustrates typical settling chamber collection efficiency

and shows the effect of particle density on collection.

Maintaining a uniform velocity is critical to achieving good collec-—
tion efficiency since eddies or areas of high velocity cause poor settling

and result in unnecessary carryover of particles.

In addition, overall and local velocities must be maintained below
.the reentrainment wvelocity for the partieular dust being collected to prevent
pickup from the hopgef. The ;eentrainmeht velocity is a function of the
particle size and density as well as the tendency of collectad particles to

' agglomérate.

. 4. The main problems asscciated with the operation of settling chambers
are maihtaining uniform gas velocity and avoiding rlugging in “he hoppers.

The ﬁirSt problem can be wirtually eliminated by proper settling chamber design
coﬁpled Qithvgood upstream and down$tzeam duct layouts. The second problam
can be centrolled by designing hoppers with adequate slope, adding insulation
and heat tracing to prevent condensation and adding hepper vibrators to aid

in discharging collected dust. Where agglomeration andlhridgiﬁg are severe,
the hopper should be discharged continuously.

B. Momentum Separators

1. Separatoers relying solely on momentum in which the gas stream impinges
on the surface ¢f a collector operate at substantially higher efficiencies
than settling chambers. Thers ares nume rous configurations using this

principle; one is illustrated in Figure 5-4.
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7. In momentum separators particles which arxe carried along by the gas
stream are separated when the gas stream is K forced to make sharp change in
direction. Factors which control separation are: (1) the weight and size

of the particles, !2) velocity of the particles, (3) geometry of the separator,

'(4) gas density and velocity, and (5) the drag forces acting on the particles

as the gas stream abruptly changes direction. High gas velocities and
relatively high density particles favor separation, small lower density
particles which tend to follow changes in gas flow patterns are not readily

collected.

3. Collection in momer.tum séparators is controlled by particle size zand

density, the geometry of the separating device and gas density and viscosity.

rigure 3~5 illustrates typical momentum separators collaction

efficiency as a function of particle size.

4. In momentum separatcrs high velocities can cause excessive wear Lif the
dust is alkirasive and reentrainment can occur if dust removal is not adeguate.
The same precautions outlined above should be taken to avoid plugging

problems.

5.1.2 Cyclones _ ' _ . s

A. Cyclones or centrifugal separators are devices which use centrifugal

forces to separate particles from gas streams.

All cyclones consist of a device to ‘induce a spinning motion to the

gas and a means of removing the particles separated from the gas stream.

One of the most ccmmon'configurations is the reverse £flow cyclone
illustrated in Figure 5-6. In this configuration gas which enters the
éyclone tangentially is spun through several revolutions as it flows down
the outer wall of the'cfclone where the dust is separated before reversing
its flow path and traveling up the center of the cyclone and ocut the top.
Tre dust whiqh was spun cut to the wall, drops to the bottom of the cvclone

where it is withdrawn.
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‘Figure 5-6. Reverse flow cyclone (Research-Cottrell). '
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B. The centrifugal forces created by spinning the gas stream in cyclones
are often many times greater than the gravitational £forces acting wn settling
chambers, therefore, cyclonss can separate smaller particles than settling
chambers ;n much smaller sized equipment. There is a substantiél price in

the form of pressure drop which must be paid for in the improvement in particle
collecticn. Most cyclones require a pressure drop of 1 to 5 in w.c. for

efficient operation.

The centrifugal force acting on a particle in the gas stream is
propertional to the square cf the velocity of the spinning gas and inversely
proportional to the diameter of the cyclene.

: 2 .
v ‘
F R = ‘ . 1
3 (1)
As in the other types of collectors, aercdynamic drag forces acting

on the particles counteract the separating forces and limit collection.

Cw An examination of Equation (1) above reveals that high‘velocities
and small diameters increase separating forces thereby improving particle

collection.

dich efficiency collectors operate at high velocities and therefore .
higher pressure drops. They incltie a multiplicity of small diameter cyclones

mounted in a common housing.

D. As in other collectors, particles which exhibit low aerocdynamic drag

relative to their size are collected more easily.

Figure 5-7 illustrates collection efficiency for a typical malti-
cyclone operating at approximately 2-3 in w.c. pressure drop. As indicated

in Figu:é 5-7, particles as small as 5 microns in diameter can be collected

‘efficiently in this type of cyclone.

B. The problems most often associated with cyclones are erssion and
reentrainment of dust due to high velocities and plugging of the hopéers
where collected dust accumulates. The same precautions to overcome plugging,

outlined previously for settling chambers, can be'applied tc cycleones. The
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abrasion associated with high velocities and abrasive dust can be overcome
by employing wear resistant materials and by using a precollector To remo

~coarse particles upstream from the cyclones.

5.1.3 Wet Scrubbers

Wet scrubbers can be divided into two basic categories: thcse
designed for gas absorption and those designed for particulate remdﬁal- As
convenient as these cateqgories might be, they do not adeguately depict actual
scrubber behavior since all scrubbers remove some particulats matter while
simaltaneously absorbing constituents from the gas stream. When gas absorption
is the primary objective, chemical reagents are often added to the scrubbing

liquor.
A. Spray Towers--

Spray towers are the simple. t type of wet scrubber; their primary

.

function is coarse particulate collection. Since these scrubbers operace

at relatively low gas velocities, some particulate settling will occur. In
addition, in many scrubbers there is a sufficient differsnce in velocity
between'an‘and scrubbing ligqucr droplets to collect some particles by
interception and inertial impaction.* Finally, even submicron particles which
move about in the gas stream via Brownian diffusion are collected when they

contact droplets of scrubbihg liquez.

1. A typical spray tower as illustrated in Figure 5-8 includes a gas
inlet area where the wet-dry tower occurs, a quenching zone where gas cooling
begins, the main gas—-scrubber liguor contacting zone, the liguor spray

manifold or manifolds and a mist elimination zone.

Gas containing dust particles enters the bottcm portion of the
scrubber where it makes contact with scrubbing liquor coming from the spray

nozzles. The gas then passes through the mist eliminator on.to the gas outlet.

. *These concepts are discussed in more detail in Secticn 5.1.3(C) Venturi
Scrubbers.
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The use of spray nozzles witvh aporopriate manifolds is the
common method of creating droplets of scrubbing liguer in spra“taw
seiection of spray nozzles is critical to successful coperation. Th
ligquor must bevuniformly distributed throughout the scrusber and th
which are produced must be .large enough for gravitational Zcrces oo

aerodynamic drag forces from carrying *hem along with the gas.

- Since all spray nozzles produce a range of different sized
there are always some small droplets which will be swept along with

stream. It is usually necessary to prevent these droplets £rom lea

' scrubber, therefore, a mist eliminator is required.

There are many tvpes of mist eliminators used in sprav towe
nosSt coxmon tyves use the principles of oomentum segaratiocon descrin
Figure 5-9 illustrates a typical Chevron tyTe aist eli:i:a:::. G
drcplets are collscted in the mist eliminator, they coalesce and dr

lower edges in droplets large enough %o fall lown through the gas s

2. Investigations of particulate collection in spray towers ha
that therc is an optimum droglet size for collecting particles frcm
treams wvia inertial ispaction and interception. These inveétiqati
also shown that this droclet size is essentially independent ci the
the dust particles to be collected. For droplets composed mainly ©

in gases similar to air the optimum droplet is approximately 30C =i

in diameter. :

An 8C0 micron water droplet has a terminal velocizy in the
approximately 10 ft/sec. However, spray nozzles designed to Sroduc
droplet size of 800 microns p:oducé substantial numbers cof smalier
therefore a maximm velocity of 4 to § f:/seé is usually selacted.
of larger d:opleté permits higher gas velocities, but the loss iz <
efficiency, at least above 10 microns, can be offset by incredsing

liguecr £flcw rates.
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3. The main factors which affect the particulate collection efficis=ncy
of spray towers are particle size di§tribution, scrubber licucr droplet size
distribution and scrubber liquor to gas ratio. Figure 5-1C illustrates the'
theoretic.l collection efficiency of different sized particles for single
droplets falling through air. Curves for 80C and 2000 micron droplets are

presented. =

The ovﬁrall collection efficiancy in a spray tower 1s essentially
+he aggrégate of the collection of each of the droplets. Since this is so,
increasiig the number of droplets relative to the gas vclume treated will
increase the overall cnliection. Figure 5-11 illustrates the effect of
increasing liquid rates on particulate removal in a tyoical spray tower.

4

4. The most common types of problams associated with spray towers ara
droplet carryover, wet-dry line solids buildup and corrosion, and spray

nozzle erosion and plugging. —

Droplet carryover can be controlled by the proper selection of
scrubber gas velocity, soray nozzles and mist eliminator. Selecting the
proper gas velocity and spray nozzle will minimize the amount of dropleté'
.carried upward by thé gas stream and proper selection of the mist sliminator

will resuls in a virtually droplet~free gas stream leaving the spray tower.

All scrubpers handling hot gas streams have a common Dctential sourcs

3

of oroclams in the ea where the hot gas first contacts the scrubbing

The troblems in this ar=a are almost universally associazed with
inadequate irrigaticon of the scrubber shell in this area causing alternate
wetting and drying and resulting ia accurulation 9f particulate tter and
corrosicn of the scrubber shell. Usually supplemental spray nozzles to
irrigate this area and the selection of adequate materials of construction
will grevent difficultieé.

In most sprav toewers scribbing liguor is recircul ied. This often
results in the recirculation of substantial quantities of solids through the
spray nozzles. If the paxticles are large or tend .to agglomerate, sgray

nozzles can become plugyed.
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VAR

Thz selection of nozzles with sufficiently large crifices to avoid
pluggirg is usually not possible due to the fact that large nozzles produce
large drops which may not produce adeguate particulate collection or gas
cooling. In this éituaticn; some type of coarse screening device irust he
instalied in the scrubber liguor recirculation locp or a precollecthor to

remove these particles must be installed upstream o the scrubber.

The presence of solids in the recirculated ligquor causes another
problem, i.e., erosion of the nozzles. In *ime this results in enlarged
nozzles, orifices and larger ligquor droplets which cause scrubber pe:formancé
to dete*;orate. Using impingent or swirl type spray nozzles made of an
abrasion and corroszon resistant materlal will usually result in a satis-
facsory se:vi:e life. However, whars 2xcessivaly acrasive soliids are trasant
nozzles should be operated at low pressure drops (153 psig maximum) even i
there 1s some scrubber afficiency penalty to mininize downtime and costs for

replacement of worn nozzles.
3. Tray and Packed Towers--

This class of equipment includes towers with a gas/ligquid contacting
medium which is continuous, i.e., packing or is comprised of discrete con-

tacting units, i.e., trays.

This equipment is usually designed for gas/liguid mass transfer. In
general these designs operate at relatively high gas velocities and are

" resistant to plugéing.

1. The different types of tray and packed tower scrubbers used success-—
fully for particulate removal are: (1) the floating bed scrubber (a packed

device), (2) impingent. plate, (3) valve tray, and (4) sieve tray scrubbers.

The floating bed scrubber illustrated in Figure 5~12 Qses a bed of
lxghtwelqnt spheres retained. between two g*lds for particulate collection.
This bed is suspended bv~bhe gas flow and pcarticulate collection oczurs via
inertial impaction, interception, momentum separators, g*avxbv and diffusion.
Scrubbing liquor which is sprayed in coarse droplets unlfoxmly across the +od
of the suépended spheres to irrigate the bed washes out the collected solids

thereby aveiding »lugging in the bed.
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This type of scrubber normally operates at about 7 inches w.c.
pressure drop and has been used successfully in fly ash and other applica-

tions.

Impingement, valve and sieve tray towers illustrated in Figure 5-13
all rely on the creation of high wvelocity jets in the openings of the travs
to promote particulate collection. Each tray operates at a pressure.drop
of approximately 2 inches w.c.; they.a:e often used in groups of two or more
to increase overall collection efficiency. The hydraulic design of these
devices is critical to minimize the‘pcssibility of plugging. Adequate

B

irrigation of the plates is essential.

2. In essence, all of the packed and tray towers used for particulate
collaction rely primarily on insrtial impaction and
described in Section 5.1.3(C) for particulate collaction. However, other
mechanisms make siqnificaht'cont:ibu:ions to bverall ;afticulate removal.
Diffusion contributes substantially to collection of particles less than
0.5 microns in diameter and condensation effects, which increase the actual
size of particles priof to collection, are oIten very important factors
in these scrubbing processes. The dififerences among these.scrubbe:s lie
in: (1) the methods used to create droplets of scrubbing liquo:,‘(z) the
relative velocity between these droplets and the dust particles in gas
streams, and (3) the means employedii:handle solids in the scrubbing liguer

to prevent plugging or excessive wear.

Since there are many *yves of packed and tray scrubpers, further
details regarding their principles ol operation are beyond the scope of this

survey.

3. Since these scrubbers are designed primarily on the basis of collec-

tion by inertial impaction, their performance is controlled by the gas

velocity thrdugh the various spaces, holes, slots, etc. in the scrubber. As:
a general rule, the higher the gas velocities, the higher the pressure drop

and the higher the overall collection efficiency.
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4. In addition to the types of problems cutlined in Section 5.1.3(A) (&)
above on spray towers, these scrubbers, with the exception of the flcating
bed device, must contend with the problem of solids settling in poorly
agitated areas on the :rays; Here agaih the use of a screening device or a
precollector will substantially reduce the likelihood of settling problems
due'to large particles. Thg trays qust be leveld and liguor distributicn
mist be designed and controlled to maintain adequately high liquor velocities

over the entire tray with and without gas flow.
C. Venturi Scrubbers--

1. This category of scrubpers includes a wide varie-y of devices which
are often used to absorb gaseous pollutants and cool gas streams in addition

to removing particulate matter.

The major components of a venturi scrabber include a venturi with a
conve:éing section, a high velocity throat and a diverging section, a means oI
introducing scrubbing liquor into the throat area and a device (usually a
cyclonic mist eliminator) to collect the droplets of scrubbing liguor and
collected particles from the gas stream. These components are illustrated

in Figure 5-14.

A venturi throat cross sectional area is usually ;djustable to com~
pensate for gas flow variations or changes in particle size distribution.
This is necessary since a ventuxri relies almost totally on Gas stream pressure
drop for atomization of scrubbing liquor and the pressure drop is dependent

upen gas velocity in the throat.

2. Inercial impaction is the predominant mechanism for particulate

‘collection in venturil scrubbers.

In this mechanism collection occurs when dust particles which are
carried along by the gas streaﬁ impact on a droplet of scrubbing liquer.
This impact occurs when the dust particles, because of their mass, have too
much romentum to follow the gas stream as it diverges to flow around =he
droplets of scrubbing liguor. Figure 5-15 illustrates the path of the dust

particles and the gas around a droplat of scrubbing liquor.
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The collection efficiency of a ventur‘j’ scrubber for a given sized

particle is often estimated by using a model with the following form:

1
Efficiency = 1 - exp [-K{L/G)(‘i’)'/2

] ' (2)
where X is a system related parameter ,
L/G is the scrubbing liquor-to-gas ratio in gallons
. per 100 ACF of gas r

cda p?lv? K
P B

¥ = . ! , (3)
- T 1sw D \ o

where is the Cunningham correctiorn factor
is.the partiéle dénsity

is the particle diameter

is th? throat velocity

c
D

»
'd

P
v
u is the gés viscosity
D

L is the scrubbing liquor drcplet diameter

The overall efficiency is estimated by summing up,éhe efficiencies

for each particle size in the inlet particle size distribution.

The normal range of liquid-to-gas ratios is 2 to 15 gallons per

1000 ACF; throat velocities are generally 200 to 400 £t per second. '

3. The factors that effect particulate collection efficiency in venturi
scrubbers includg liquid-to~gas ratio, ventu:i‘throat velocity, ?article size

distribution and partizle density.

In general, increasing the liquid-to-gas ratio increases collection
efficiency up to ratios of 10 to l2. However, the venturi pressure drop

increases ' somewhat as this ratio is increased.

Gas velocity in the venturi throat is the most important factor
influencing collection efficiency. Even submicron particles can be collected
at sufficiently high throat velocities. However, this ability to collect

submicron particles comes at a high price since the pressure drop and therefore

the power requirement increases as the square of the gas velocity.
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The effect of particle size distribution on performance is simply
this: efficient collection of small particles requires high throat velecci. 3.
If there are substantial amounts of submicron material which must.be collected,
very high throat velocities are required and pressure drops well over 3C in.
wW.C. may be required. The application of venturi scrubbers to remove
paiticulate below 0.4 to C.5 microns is generally not economical if the

removal efficiencies regquired for these small particles are above 90%.

The density of the particles, i.e., the effect of density or the
aerodynamic behavior of the particles has a significant effect on collection

efficiency. High density, solid particles arxe relatively easy to collect

" while low density or f£luffy particles like socot require very high throat

velocities for efficient collection.

The collection efficiency for both mederate and high energv venturi

scrubbers is illustrated in Figure 5-14.

4. The main problems asscciated with wventuri scrubbers include erosion
in the venturi throat and diffuser, plugging of the scrubbing liguecr supply

liner and carzyover f£rom the mist eliminator.’

Since the throat velocity in a venturi scrubber is several hundred
feet per second and scrubbing ligquors often contain abrasive solids, erosic
is a common problem. In applications where very high pressure drops are
required, the throat and difﬁuser are often lined with a highly abrasion
resistant material like alumira or silicon caibide. Ia adéition, coarse
particles can be removed from the scrubber ligquor priorvto recirculating it
to ;he venturi throat fo reduce erosion. This will also reduce the possibility
of plugging the scrubber liguor supwly liner. Maintaining the solids content
of the scrubber liquoxr below 10 t& 15% and maintaining uniform line wvelocities

will also help to avoid plugging problems.

Proper design of the mist eliminator downstream from the venturi
scrubber is essential to achiéving high particulate collection efficiency. IZ°
the small droplets of scrubbing liquor from the venturi are not completely

removed in th2 mist eliminator, unacceptable particulate emissions will occur

N because these droplets contain the particulate matter collected in the

venturi.

5-28 : XVB 5806-783




P

99.99

} | R R R ERERE
99.9 (= -
99.8 p— -—
99 amd m—rg
98 e o—
95 e -
90 e g
o
; S 80 fue =
2 70l -—
=
E (o . =
- 50 f== |-
‘2 40 |- -
3
rd .
)
Ea
S 10 |- _
=
Q
V Ll 2 -
S o
E I
o . .
2 e o Venturi Pressure 50 in. w.c. .
1 Lo OVentuzi Pressure 12 in. w.c. '
0.5 pren 4 e
0.7 La i
0.1 fo=m e
0.05 ‘ ‘
0.01 | i (1 11111 |
" Q.1 0.2 : 1.0 2. ‘ i2

PARTICLE SIZE, MICRONS

Figure 5-16. Typical wventuri scrubber particulate enliection efficiency
(Research-Cottrell).

5-29 XVB 5806-783




Since there are meny different mist eliminators . used, a detailed

discussion is beyond the scope of this report. However, a cyclonic rist

eliminator is the most ‘common used in cembination with vencuri scrukbers.

In these mist eliminators good performance can be assured by using conser-—

vative sgin velocities (70 ft/sec max.) or conservative spl. height,

superficial gas velocities under 9 ft/sec and adequate sample level controls

to prevent scrubber liquor from rising into the gas. inlet.

Although fabric filters have been used for many years in a wide

range of industrial applications, they were rarely used in

solely £or control of emissions. With increasingly tighte
t2operatures, fabkric filiters ars zeing used °‘n aysas once

99+3 particulate remcval 15 needed, fazric filters should

A. The basic co nents of a fabric £ilser or zaghcus
often called, iaclude a suirable Silzer medium usually in
sylisdrical bags., a gas tig
:leaniﬁg accumulated dust from the bags, and a means for r
aczuzilated dust from the device. A Svpital fabric filzer

Sp— o
T T
in Figure 5-17.

A gas stream containing particulate =atter anters

e, 4as
the s

ht enclosure for the bags, a mechanisss

zhev are

housing and enters either tha inside or gustside of the £il
gas stream passes through the filtar tag and sha dust laver accumulating

its surface, the dust particles are removed. A combinatio

o CcI

methods including inertial impacticn, settling diffus:on and =2lectrostatis

atiraction contribute o particulate rempval.

'y

~ There ar=e two mxdes 9

collection on the inside or outs.de o0f the zag. when ccll

cellection possible in a fabric

ects

20 SCTuIs

inside the bag, a woven fatric is ncrmally used af relatively 1ow 3as razias,

. - - 3, . 2 .. L. ot
l.8., 1.3 to 3.3 £x7/xin £+". woven fatyizs are availacle

a wid

materials and cperation at tTemperatures up 2o 3279 ?F are zcssiTle.
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Typical pulse jet fabric filter (Xesearch
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Felt fabrics are generally used when collection gccurs on the outside

of the bag. ' Since the pressure outside the bag is greater than that inside in

_this mode of operaticn, a support 1s necessary tc prevent the bag from

. A , ‘ 2 .
collapsing. Gas rates between 5 and 15 ¢ f£ are ncrmal for outside

collection applicatiors.

Maximum gas temperatures are generally limited to 375 °F due to the
types of felt marerials available. In addition to the above, the choice
between inside and outside collection affects housing and hop?er design -as
well as the method chosen for cleaning. Mechanical shaking is suitable for
either inside or oﬁtside collection. Reverse air cleaning, where a part of
the clean cas is recycled backwards through tﬁe bags, is used for inside
collection. éulse jet cleaning, where a burst of high pressure clean gas'is
sent through the bags i1s used for outside collection. Cleaning cycles are
initiated as needed to maintain the pressure drop stross the bags at an
accéptable level, us&Ally in the range of Z‘to 6 in. w.c. This minimization

of cleaning cycles nelps to. maximize bag life.

The dust dislodged from the bags during the cleaning cycle collects
in a hcpper before removal.via a rotary valve screw conveyor or other suitable

davice.

B. The selection of the hest fabric f£ilter mecdium for a given aprlication

' is governed by the temperatures of the gas stream and the nature of the dust;

Exotic materials like metal or ceramic cloth which can operate at

temperatures above 530 °F are prohibitively <xpensive. Therefore as a mattec

of practicality fabric filters have an upper temperature limit of 330 °F.

t i1s important to note that gas temperatures above 550 °F do not
automatically preclude use of fabric filters. If the gas stream can be cooled
below this temperature by heat excﬁange, evaporative cooling or dilutien with

ool air, a fabric filter can be used.

The cther maior factor influencing fabric selection is the abrasive

gualities of the dusc.
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Certain materials which are hard and have sharp angular shapes tend
to produce rapid wear of the fabric. Th:i: tendency can be minimized by
iowering €iltration races and minizizing the number -~f cleaning cycles. It
is alsq.important to rememoner that coarse dusts te: -2 be more abrasive than

fine ocnes. The selaection of cloth is usually left zo the supplis

H

as is the
filtration rate. The manufacturer selaction can be checked by comparing it

with the normal fabric and f£iltratinn rate used in similar applications.

Table 5-2 lists common fabrics and some of their relevant character-
istics. Many of these fabrics can be knitted into seamless bags. This
eliminates leaking and breakage which often occurs :ilong the long seam in
the bag.

S Tabric filters are basically simple devices whish taxke advantage
of a number of particulats collection mechanisms. Particles are remcved as
the gas flows through the fabric filter medium bv one or more of the

following mechanisms:
l. Inertial impaction

2. Diffusion to the surface or an obstacle because of Brownian’
diffusion

3. Direct interception because of finite particle size
4. Sedimentation
5. Electrostatic phenomena

D. Parameters that are important in fabric filtration system design
include air-to-cloth ratio and pressure drop. Each of these factors is

discussed bri £ly below.

A major factor in the design and operation of a fabric filter,
the air-to-cloth (A/C) ratio'is the ratio, of the gquantity of gas entering
the filter (cfm) to the surface area of tbe fabric (ftz). The ratio is
therefore expressed as-cfz/ftz‘or sometimes also as £ilsering velccity
(f2/min). In general, a lower ratio is used for filterinq cf gases containing
small particles or particles tﬁat may otherwise be difficult to capturs.
Selection of the ratio is generally based on industry practice or the recom-

mendation of the filter manufacturer.
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PABLE -2,

- am

FABRIC CHARACTERISTICS

S SR}

Temperatura Fabric Type Resistance to Chemicals Relative
Limits Woven = W Abrasian i Organic Fabric
Material Normal Maximum Felt = ¥  Resistance  Acids Alkal} Acids Cost
Cotton 180 225 Good Poor Good Good 1
Wool 200 250 Good Fair Poor Fair 2
Nylon (Polyamide) 200 25 - F Excellent Poor Good AFair 2.1
Orlon . o .
Polyacrylonitride 240 2715 W Good Good Fair Good 2.1
~ Polyester 275 325 W/F Excellent Good Good Good 2.7
Polypropylene 200 250 F Excellent Excellent Excellent Excellent 2.7
Nomex (Poiyamide) 425 500 P . Excellent Fair Good Excellent 6.9
Fiberglass 550 600 W Poor-Fair Excellent Poor Excellent 2.3
Teflon 450 500 W/F Fair Excellent Excellent Exccllent 4.0
(Ref. 5-3)
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Pressure drop in a fabric filter is caused by the combined resistances

of the fabric and the accumulated dust layer. The resistance of the fabric

"~ alone is affected by the type of cloth and the weave; it varies directly with

the air flow. The permeability of various fabrics to clean air is usually
specified by the manufacturer as the air floy rate (cfm) throucgh 1 5;2 of
fabric when the pressure differential is 0.5 in. H20 in accordance with the
American Society for Testing and Materials (ASTM). At normal filtering

velocities the resistance of the clean fabric is usually less than 10 percent

. of the total resistance. The spaces between the fibers are usually larger

than the particles that are collected. Thus the efficiency and the pressure
drop of a new filter are initially low. .After a coating of particles is
formed on the‘surface, the collection efficiency improves and the pressure
drcp also increases. Zwven after the first cleaning and subseguant cleaning
cycles, collection efficiency remains high because the accumulated dust is

not enti:elf ramoved.

The pressure drop through the accumulated dust layer has been found
to be directly proportional to the thickness of the layer. Resistance also
increases with decreasing particle size. Maximua pressure drop on existing

utility fabric filters is 5 to 6 in. w.c.

Particulate collection in fabric filters even for submicron particles
is very gocod. Overall efficiencies well over 99%'are possible for a wide
varietv of particles. ' Figure 5-18 illustrates fabric filter collactioén

efficiency as a function of particle size.

E. Various cleaning methods are used to remove collected dust from

fabric filters to maintain a nominal pressure drop of 2 to 6 in. w.c.

‘Hechanica; shakihg or reversed air flow are generally used to force the

collected dust off the cloth.

Many mechanical shaking methods are in use. High~frequency agitation

" can be very effective, especially with deposits of medium to large particles

adhering rather loosely. In such cases, high filtering veloc¢ities can be
used and higher pressure dzops can 'be tolerated without danger of b;inding

(blocking or clogging) the cloth.
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In an alternmative cleaning mathod, an intermittent pulse jet of high-

. pressure air (100 psi) is directed downward into the bag to remove the

collected dust. In some designs the air is introduced at lower pressures,

bﬁt these systems may require a greater quantity of cleaning air. Felted
fabrics are used in'conjunction with the puise~jet cleaning method. A

qualitative comparison of cleaning methods is given in Table 5-3.

A normal cleaning cycle is actuated by a pressure transducer near

the inlet to the induced-draft fan when the pressure drop across the bags

‘exceeds about 4 in. w.c. The use of compartments, i.e., groups of bags with

individual sets of cleaning controls, permits continuous operation and

particulate removal.

During operation each compartm:nt is cleaned in the Zollowing

mannex:,

1. The gas inlet damper to the compartment closes, shutting off the
flow of "dirty” flue gas to this compartment.

2. The collapse damper opens, allowing a reverse flow »f "clean”
flue gas from the outlet flue to be pulled through the begs,
partially collapsing and thus clean:.ng the bags.

3. The collapse damper closes.

4. The gas inlet damper opens, returning the compartment to the
filtering mode. '

So that no sizable portion of the total fabric will be ocut of service

- for cleaning at any given time, the time required for cleaning should be 2

sma;l:frac;ion of the time reguired for dust deposition. With shake cleaning
equipment, for example, a common cleaning-to-filtration time ratio is 0.1 »
or less.‘ ﬁith a ratio of ‘0.1, 10 percent of the compartments in the baqhouse
are out of service at ali timeé during operation. Therefore, the frequency

of cleaning should be designed to minimize this ratio.

5-37 KVB 5806-783



TABLE 5-~3. COMPARISON OF FABRIC FILTER CLEANING METHODS

Uniformity Bag Type Filter Apparatus - Power Dust
of Cleaning Attrition Ruggedness  Fabric Velocity Cost Cost Loading
Average Averaga Woven Average Average Low Average
Good ; Low Woven Average Average Med, Good
Low
Average Average - Felt, High High High V. high
Woven
Vibrating, Good Average Woven Average Average Med. Average
. ; Low ’

(Ref. 5-3)
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F. The normal problems associated with fabric filters include poor
control of éas temperature résulting in overheated bags which fail prematurely,
impingent of coarse particles on the bags which causes perforation, inacdeguate
- ' clearance between bags which results in excessive wear at contact points,
condensation on bags during startup, or operation which results 9. a sticky

cake whichk cannot be removed from the bags.

&

. The selection of a fabric which is chemically attacked by constitu-
ents in the gas or in the particles, excessive pressure during the cleaning
cycle which can cause the bags to tear or burst, and cleaning the bags too

frequently which substantially reduces bag life.

‘In addition to the above, the problems of hahdling the dust ccllected

in the hoppers must be considered.

5145 Electrostatic Precipitators

A. Electrostatic precipitators (ESPs) are one of the simplest, most
reliable and economical devices available for particulate removal. These
devices operaté at very low pressure drops and require minimal amounts of

power for chérging, raéping and dust removal.’ '

( . A typica; ESP incorporates an electrode arrangement consxsﬁing of
positive grounded collecting‘plaﬁes and thin section nega:ive’discharge
wires spaced approximately 5-6 inches apart. A high voltage (approximately
30 KV). DC charge is imposed on the negative element and an elecfrical field
is set up between the two_electrodes. The dust particles pass between the
elements and are chafged ancd trhnsported to the‘electroqe of opéosite

_ polarity.‘ Periodically, the precipitated material must bé removed from
the electrgdes; this is accomplished by vibrating or rapping the plate to
dislodge'the dust. Fiquré Selé shows the basic comporents involved and
Figure 5-20 gives an idea of the arrangement of a typical.full size

precipitator.
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B. Historically, precipitator sizing has been based on use of the

. Deutsch equaticn where

BEfficiency = 1 - exp (— %-w) : . (43

Base of Natural Logarithms
= Collecting Electrode Area (square feet)

= Gas Flow Rate (cubic feet/second)

g < ¥ oo

= Migraticn Velocity (feet/second)

The designer must solve for "A". The parémeter "w", migration wvelocity,
is derived from an equation which takes into account the electrical field ‘
strength at the collecting suiface and the discharge electrode, particle size
of the dust, and gas viscosity. Basically, selectior of this value reflects
the expertise of the designer and the company's experience in the particular
application. In essence, the following three values have been those considerad

of primary importance in sizing a precipitator:

Face Velocity = expressed in feet per'second (the speed at which the gas

travels through the precipitator). This determines the frontal area of the

box.

Migration Velocity - expressed in cm/seccnd or feet/second. This is the

speed at' which the dust particle travels toward the plate under the influence
of the electrical £ield. As mentioned, selection of this value has been

based on experience.

Aspect Ratio - the ratio of the length of the urecipitator te its height.
(A unit with 30 foot high fields and 36 feet of treatment has an aspect
ratio of 1.2). For high (99+%) efficiercv, a minimum aspect ratio cf 1 is

considered necessary.

Ce. -There are many factors which affect ESP efficiency. The follewing
are the more important ones: gas distribution, rapping electrical sectionali-

zation, gas sneakage, dust removal and the stability of the high voltage

sytem.
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Gas Distribution - Careful attention must be given to the flue arrangement

- conveying gases to and frcm the precipitator as well as to the design of tre
transitions. Nothing will dcwngrade the performance of a unit as 2ffectively

as maldistribution.

Rapring = Cleanliness of grecipitator collecting surfaces and discharge
electrodes is essential to proper performance. The manufacturer must proviie
adequate. rapplag eguipment o keep the system clean. As a generxal rule, an
lease one rapper per 2000 square fe

e
- ‘ lineal feet of discharge wire should

Elecericzal Secticrnalization = Theordtizally, the most efficient precipitator

weuld be one in which each individual discharge electrode has i%s Swn power

e Y v m e D - - - s - -~ DN bl
Sugoitt o Szder %3 Manifiba zewer s ]

However, it L5 graczical and adwvisasis < rave the precipitatcor dowvided Lints
. ME - - b T B Vo~ ~ - - - - )
a nurber of separataly enargized electrical sestions which can ze indiwiduall

, stratificatign in temperazure, dust lsadings, atz., but 1T randers a smaller
, . saction cf the precipitazor vulneralze o exzarnal maliunceisons such as

dust removal proclaems.

Gas Sneakage - Loss of =ffiziency can fesul: from zas bv=passing the electro-
static Zone in a grecipitator. This can occur between the 2nd plates and
the shell, over the top of the electrical £ialds, or 1n %he hoggers. Zn
nigh eféiciency units, design provisions are made To provide such petenTtial

< problems areas with proper sealing and baffling.

Dust Remcwal = Inadeqguately designed or under-sized Just wamcwal s5ysTems Can

o
9
o
U
g
b
)
fl
]
R
n
e
33
)
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3
"
)

cause precipitator damage and loss aof efficien

can caus2 damage t9 precipitazoxr interzmnals by distorting the lcower high

tension framework, bowing discharge elactrodes and causing accelarated

failure. Moreover, ash build-up in the hoggers increases poss:zility of

.

dust rs-—entrainment and loss cf 2ffiziancy.
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Stability of High Voltage System -~ The efficiency of a pracipitator is a

direct function of the power input. Any condition which affects power input
adversely should be avoided in the basic design of the precipitatcr. Proper

alignment and stability of the high voltage svstem is essantial.

Tedays high efficiency ESPs are verv effective collection devices for
fine particles. Figure 5-21 illustrates typical collection efficiency as a

function of particle size.
D. °  Rappers--

Removal of‘particulate matter collected on the plates in ESPs is
accomplished by rapping the plates to dislodge the dust. The wires can also

be cleaned in %his manner.

There are three types of rapping devices in General use today:
drop nammers, magnetic or gneumatic‘impulse rappers, and electromagnetic
vibrators. Impulse raprers are used most often on the ¢ollecting electrodes’
or plates because the frequency and intensity of rappiag can pe adjusted =o
optimize performance. Charging electrodes are most often cleaned with
vibrétors.

Plate rapping is performed in either of two rodes, i.e., in line
9ith the plate or across the plate. In general, rapping across the plate
produces higher levels of accelerations in the plates fsr a given enersg:
input and results in more thorough cleaning of the plates. The interval
petween rapping operations is also an imporrant factor in E5F gerisrmance.
Papring too often results in unnecessary reentrainment and a decrsase o

articulate collection efficiency, while overly long ragging cyclas resuls
n

L)

the buildup of excessively thick layers of insulating dust which also
reduces particulate collection. .

The optimm rapgping cycls in a given ESP instailaticn must se

established for esach fisld in the sracipitator; Sige tuning after startup
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B There arz several problems that can arise whnich will substantially
reduce ESP performance. The following are the most cecomon 2nccuntered wizh

el burning eguipment:

QEE_Vclume - A precipitator is a volumetrric device. Any increase in bciier
lcad whnich results in excessive flow through the ;recipz:a:ai w1ll cause a
loss of efficiency. Tor example, a precipitator. designed foxr 3 feet/second
face velocity and an efficiency of 99% will drop o 96.5% if the the
velocity increases to 4 feet/second (0.33% increase in Ioad).

Temperature - A change in ope:ating temperature may also have an effect on
precipitator efficiency. The resistivity of £ly ash (ability of the dust

particle to be charged) varies greatly in the termperature range 200-430 °F.

by
it
w
‘1
3
U
[
fu
i

IzHoring the effacys of temperatuve on gas volume the impact 2

e

on efficiency would be (assum:ng 99% guarantee at= 325 °F):

200 °F 99.9+%
325 *¢ EED

i 400 °F 99.5%

Figure 5-22 is a wypical £ly ash temperature vs. resistivity curve. 3earing
in mind that as resistivity increases efficiency decreases it can be seen
that there is benefit to be derived in operating below or above the 3006-

350°F level.

Fuel - Any significant change in ﬁhe tvpe df fuel Seing £ired will have én
effec; on the performance of a precipitator. For example, a change Ircm a
2% sulfur bituminous coal to a 0.5% sulfur suﬁbituminous western coal can
result in a design efficiency of 99.35% dropping to 90% (cr less). It nas
also been demonstrated that other chemical constituents (such as sodium
oxide) in the ash ca: have an effect on performance by reducing bulk
resistivity. tlis, therefore, advisable that adequate attention be zaid
to the fuel as relaved tc its impact on precipitator pezfor:ancel Ash
analysis should be submitted to the manufacturer, if it is available and

the unit designed for the worst expected fuel.
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Inlet Loading - The effect of increased dust loading is somewhat O5Vicus.
Since a precipitator is designed %o remove a certain percentage DV welight

of the entering maté:ial, all things being equal, an increase of 3C0% at the
inleﬁ will resul: in the same increase at the outzlet.  Therefore, if a fuél
change involves an increase in percentage ash one ijn &xXpect a corzesgeniing

lncrease at the cutlet with greater cpacity resulii

Carbon ~ Variations in firing practice or coal pulve}iz tion which affec:t the
quantity of combustible materials in the £ly ash also have an impact on
pfecipitator performance. Carbonaceoﬁs materials are reacily chaiged in a
precipitator, but lose their charge quickly and. are readily reencrained. Yot
only‘is the carbon particle very conductive, it is large and light compared
To the other constituents making up £1y ash. Précipita:ors of stoasr fired
Soilers, where combustible zontent may be 25 to 530 percent, are mora

. conservatively sized and employ lower face velocity :haz‘a Pl filzed mnit

firing the same fuel.

The above are the major variables which impact precipitator pericr-
mance and should be considered if a deterioration in performance is to be

avoided.

5.2 COST QF PARTICULATE CONTROL

The cost of particulate control equipment is govermed primarily by
the volume of gas to be treated, the size distribution of the particlas to
be removed, and the overall removal efficiency required.

In addition, the chemical and physical characteristics of the gas

stream and the particulate matter may require special design features and

use of special corrosion, abrasion, or temperature resistant materials.

Where applicable the necessity for considering these extraordinary

measures will be noted and their impact on system cost will be indicataqd.

The particle size indicated on the following cost curves 1s the size
that is collected at the 90% efficiency level. Excepticns to this are nnted

on the figure. : '
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The installed cos%ts used in this report are the costs that an owner
would pay to a contractor %o install that piece of equipment and all typ.cal
auxiliary equipment necessary for a turnkey ready to operate installaﬁicn.
These costs include the ecuipment purchase price and the contractor's fses
for designing, supervising, and installing the equipment. But these are not
the total costs to the owner. In addition to these direct costs are such
indirect costs as the engineering and management time necessi:y to recognize
the problem; £find alternative solutions; select eguipment and contractor;
supervise the construction and integration with the plant; company lost
revenues for the time the plant is inoperatiwve while the equipment is being
installed; changes elsewhere in the plant due to the new ccnt:ol‘equiément;
and the company's general and administrative expenses (bookkeepihg, accounting,‘
l2gal, ezc.) associated with thess expendi:u:eé. Thase in

50% to 100% additional cost to the owner.
e 2l Cost Basi

Each 0f the five major categories of particulate removal equipment has
a particular set of factors which dictate performance caéabilities and cost.
The factors for each category are described'below. vThe cost factors are based
on a particular base sized module and a base particulate loading. The effects
of scaleup and variations in particle loading on costs are pefined for each

category of equipment.

The cost figures are based on equipment and labor. prices escalated to
a 1978 basis and include, where applicablé, equipment suppo;ts, access ladders
and platforms, insulation, instrumenta*ion, painting, wiring, lighting, pipihg,
foundations and interconnecting ductwork, and appropriate onsite waste handling
equipment. Waste disposal costs are not incluéed. The cost data were darived
ffcm equipment offerings and estimates preparsd by Research~Cottrell* during
1977 and 1978.

There are many variables which affect the installed cost of these
types of systems. These include factors such as labor rates, productivity,

climatic conditions, weather patterns; local constriction code requirements,

*Research-Cottrell, Bound Brook, NJ is the ccuntry's largest manufacturer cf
emission control equipment. . .
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freight and site conditiens. The range of the cost data presented in the

figures in the following sections in an attempt to define the affect of

these types of variables on installed costs.
5.2.2 Cost Data

a. Settling Chamber and Momentum Separators--

Factors Dictating Cost: Figure 5-23

1. Gas Volume

2. Particle Size Distribution

Basic Size Module - 100,000 ACFM

Basic Particulate Loading - 5 gr per SC¥

6

, 0.
Scaleup: Cost x (Actual Gas Flew/100,000 ACTM)

: ‘ . - D ek
Particulate Loading Variation: Cost x (Actual Loading/3 gr per SCT)

The Zfollowing example illustrates the use of the cost curves.

Settling Chamber:

Gas Velume: 250,000 ACFM
Particulate Loading: 8 gr/SCF
Particle Size to be Collected: 40 microns and larger

Basic Svystem Cost for 40 micron Particles from Figure 5-23: $27,000/39,C00
Gas Volume Multiplier: (250,000/100,000)°°% = 1.73
Particulate Loading Multiplier: {B.O/S.O)O'l = 1.C5

Actual System Cost: 1.05 x 1.73 x ($27,000/$39,000) = $49,C000/$71,000

The selection ~f a final actual system cost from the above range requires. that

a judgment be made on the basis of the site specific factors cited akove.

Note 1. Since settling chambers and momentum separators are rarely
used as primdry collection devices, the cost data for this
- category of particulate collection equipment is based on
their incremental cost assuming that onsite waste handling
equipment has been included in the cost for the primary
collection device.

Nocte 2.. Scaling of size and loading should not exceed a factor
. of 5 of the bases, e.g., 20,800 -~ 500,000 ACFM.

5-50 o KVB 5806-783




100

90
80
70
60
8
9. 50
-
]
40
=2
& 30
8
]
=
=]
3.
3 20
3
» (]
10

T T I | l ! ]
Base Year 1978 -
Basic Size 100,000 ACFM —
Basic Loading S gr/scCFr |
- See text for scaling equations. .
] 1 .. . 1 |
20 30 40 50 - 60 70 30

PARTICLE SIZE, MICRONS
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Cyclcones——(Figure 5-24)

Factors Dictating Cost:

1. . Gas Voluxe
2. Particle Size Distribution

3. Abrasicn Requirements

Basic Size Module: 100,000 ACEM

. Basic Particulate Loading: S gr SCF

Scaleup: Cost x' (Actual Gas Flow/lOO,OOO)O'g'

Particulate Loading Variation:

Cost x (Actual Loading/S gr per SCF)O'l

Abrasion Factor: For abrasive materials use higher end of cost
range.

Materials of Construction: Carxbon Steel

Nominal pressure drop: 3 I.W.C.

Note 1. Scaling of size and loading should not exceed a factor of
5 of the bases, e.g., 220,000 - 500,000 ACFM

Note Z. In cases where cyclones are used as the primary collection
device, the upper range on Figure 5-24 should be used and
the following scaleup eguation used:

7
Scaleup: Cost x {Actual Gas Flow/lOO,OOO)O .
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Figure 5-24. Cyclone and multi¥cyélone cost data.
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Wet Scrubber--

Spray, Tray, and Packed Towers including auxiliary equipment.
Figure 5=-25.

Factors Dictating Cost:

1. Gas Volume

2. Liguor-to-gas ratio

Basiclsize M§dule: lO0,000‘ACFM

Ba;ic Particu.ate Loading:. S gr/SCF

Basic Liguor-to-gas ratio: 30 gal. per l,;QO ACF

Scaleup: Cost x (Actual Gas E‘].cmr/'.l.OO,OOO)O'6

Particulate Loading Variation:

is

Cost x (Actual Loading/5 gr SCFJO'

Licuor~to=gas Ratio Variation:

Cost x [(Actual L/G)/30 gal. per 1,000 ACE‘]O'25

Materials of Construction: 316 LSS (stainless steel)

Nominal Pressure Dropo:

Spray Towers: 2 to 4 I.W.C.

Tray and Packed Towers: 8 to 12 I.W.C.

Note: Scaling of size and loading should not exceed a factor
of 5 of the bases, e.g., 20,000 - 500,000 ACFM
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2. Venturi Scrubbers including auxiliary eguipment, Figure 5-25

Factors Dictating Cost:

1. Gas Volume
Basic Size Module: 100,000 ACFM
Basic Particulate Loading: 35 gr per SCF

_Basic Liquor-to-gas ratio: 6 gal. per 1,000 ACF

’ o
Scaleup: Cost x (Actual Gas Flow/100,000) §
Particulate Loading Variation:.

0. 15

Cost x (Actual Loading/3 gr per 5CF)

Ligquor-to-gas Ratio Variation:

. 0
Cost x {(Actual L/G)/6 gal. per 1,000 ACF)“'I

Materials of Construction: 316 LSS (stainless steel)

Nominal Pressure Drop

Low Efficiency: 8«10 I.W.C. for cullection of particles above 1 im

Medium Efficiency:. 25 I.W.C. for collection of particles between 0.5
and 1 um

High Efficiency: 30 I.W.C. for cnllection of particles below 0.5 ux

Note: Scaling of size and loading should not exceed a factor of 3
of the bases, e.g., 20,000 - 500,000 ACrM
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Figure 5-26. Venturi scrubber cost data.
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D. Fabric Filters--(Figure 5-27)

Factors Dictating Cost:

1. Gas Volume
2. Gas Temperacuire

3. Selection of A/C ratio

Basgic Size Module: 100,000 ACFM

Basic Particulate ioading: 5 gr/SCF

Basic Gas Temperature: 356‘°F

éasic Gross A/C Ratio: 2 ftB/min ft2

S

Scaleup: Cost x (Actual Gas Flow/100,000 ACFM)O'

Particulate Loading Variation:

Cost % (Acenal Loading/s gr SCF)° T

Gas Temperature Variation: (.95 x cost + 0.05 x cost

(Relative Cost of Fabric/2.3)*

P ft3/min £
Actual A/C ratio

o 2 0.9
' Gross A/C Ratio Variation: Cost x( )'

terials of Construction: Carbon shzel

Nominal Pressure Drop: 4-6 I.W.C.

Neote: Scaling of size and load shouid not exceed a factocr of
5 of the bases, e.g., 20,000 - 500,000 ACFM

toe

*See Table S5-1 in Section 5.1.4(B) for relative fabric cost data.
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Figure 5-27." Fabric,fil;er cost data. NOTE: 99+% overall col-.
lection efficiency.
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Electrostatic Precipitators— (Figure 5-28)

Factors Dictating Cost:

1. Gas Volume
2. Particulate Loading
3. Parxticulate Resistivity

- Basic Size Mcodule: 100,000 ACFM

Basic Particulate Loading: 5 gx/SCF
Basic Particulate Resistivity: up to 109 ohm=-cm

Scaleup: Ccst x (Actual Gas Flow/100,000 ACF:&)O’9

Particulate Loading Variation:

Cost x {Actual Loading/5 gr SCF)O'l

Particulate Resistivity Variation:

Cost x (Actual Resistivity/109 ohm—cm)o'ls

Note: Sczling of size and loading should not exceed a factor of 5

of the bases, e.g., 20,000 - 500,000 ACFM
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Figure 5-28. Electrostatic precipicator cost data. NOTE: 99% overall col-
lection efficiency.

BBl KVE 5806-783



5-1

S5-4

b

REFERENCES
SECTION 5.0

Strauss, Industrial Gas Cleaning, First Edition, Pecgamon Press, 19€5.

Perry, John & Robert, Eds., Engineering Manual, McGraw Hill, 1259.

Marchelle & Kelly, Eds., Gas Cleaning for Air {uality Cortrol, Dekker,
197%.

EPA Report 600/7-76-010, Symposium Proceedings, "Operating Experience
and Pexformance at Sunbury Staticn Baghouse,' 1976.

BIBLIOGRAPHY FOR SECTION 5.0

EPA Fine Particulate Scrubber Symposium, EPA 650/2-74-112.

Calvert, S., Fire Particulate Scrubber Performance Tests,
EPA 650/2-74-093.

Ct:rtnzbek T. E., Application of Foam Scrubbing to Fine °a:t1~ulate
Contrel, EPA 600/2-76-125 and EPA 600/’-77-110.

5-62 KVB 5306-783

TR TR T, e ™ T TR TR



LiBRARY '
CALFOR ?R RESOLIRCES BOARD

50272 100 ' 20 ROy
REPORT DOCUMENTATION 1. REFORT NO. R, 2 i 3. Recipient's Access.on No.
 PAGE ARB-R-A6-191-30- 79 o4 FIHENTG, BA 95812
| 4. Title ana suewie Fire Particle Emissions From Stationary and ‘s RevoDwe
Miscellaneous Sources in the South Coast Air Bas1n -: February 1979
Final Report ' .
7. Authne(s) . T v ’ FE " ' '» 8. Perforn‘ung Qrganizstion Ropt: No. )
'H.J. Taback, A.R._Brienza, J. Macko, N. Brunetz - | KVB 5806-783
9. Performing Organization Name :m; A.dduss o i 7 B h h E I 10. Pm;oct/Tuk/Wark Unit No. B
KVB, Inc. ] :
17332 Irvine Blvd. . ‘ | 11. Contract(C) or Grant(® No.
Tustin, CA 92680 ‘ !, ARB A6-191-30
‘ ‘ ' ' (G)
]
12. Soons‘aring. Organization Name and Address‘ T ) o . ‘ . l : 13 Type of Report & Period coyared

Air Resources Board
State of California ! Final
P.0. Box-2815 . : |1,
Sacramento, CA 95812 ‘ !

15 Supplemaentary Notes

[ 16. Abstract (Limit: 200 words)

> The report presents results of a program to characterize fine particulate em1ss1ons
‘| from stationary and miscellaneous sources in the California South Coast Air Basin. Point
source emissions were sampled using an EPA Source Assessment Sampling System, which
divides the particulate matter into four size ranges: >10, 3-10, 1-3, and <lum. These
samples were analyzed to determine elemental composition (by x-ray fluorescence);
sulfates and nitrates (by wet chemistry); and carbon content (by carbon .analyzer) in the
forms of volatile, carbonate and total carbon. Data for the area source pavt1cu1ate
samples in the same size range were obtained from the literature.

From these data, emission profiles were developed for 81 of the 135 Source
Classification Codes wh1ch are found in the Basin. The profiles provide composition data
for each size category Approximately 66 percent of the paru1cu1ate matter emitted from’
point sources was in the fine (<10um) size range. These emissions amounted to 83 tons
per day (tpd), with combustion of Fuels being the pregominate application category. The
area source fine particulate emissions totalled 385 tpd. These data are presented in
tabulated and gridded (by 10km) formats. A discussion of control technology emphasizes
costs and efficiencies. . '

-The emission prof11es are presented in the Appendwx

s 201 e i i i+ et et v w4 meme i e e e e

17 Docum'm An-lysus a Dascﬁpmu

Air Pollution Dust

Aerosols Particle Size
- Sulfates ‘

Nitrates

) b. !dentifiers/Oper~ Lnoed Tarms

. Stationary Sources
‘Suspended Particulate Matter
Particle Size Distribution

c. COSATI Field/Group

18, Availahility Statement ' TS s‘cum,é,.“ (This Reports | 21. No. of Pu” B
kelease Untimited. Available from National . unclassified | ) 5 ]
~Technical Information Service 5285 Port Royal Rd. po. security lass (his page) Q?;wri IZAPT
Sorimgfinld, YA 22161 | ‘ A AT

{See ANSI-Z39.18) See Instructions on nuvirgc ' ' OFTIONAL FORM 272 (4-77)
[4 | ‘ {Formarly NTIS-35)

I} Denxrtment of Commerce




"The statements and conclusions in this report
are those of XVB, Inc. and not necessarily those of
the State Air Resources Board. The mention of
commercial products, their source or their use in
connection with material reported herein is not to
be construed as either an actual or implied endorse-
ment of such products.”

ii



	Structure Bookmarks
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure


