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SECTION I

INTRODUCTION

The purpose of the test program was To measure the uncon-
trolled particulate and nitrogen dioxide emissions, and to
obtain particle size data on two of the lime kilns at the
Standard Lime Company Plant in Wecodville, Ohio. This study
was initiated as part of the data acquisition program of the
National Air Data Branch of the Environmental Protection
Agency.

The sampling program was conducted on the inlet ducts to the
baghouse controlling emissions from the No. 4 and No. 6 kilns
at the plant. By sampling prior to the control device, data
on the emission rate could be obtained and emission factors
determined that would represent an uncontrolled facility.
During the test period from Dec. 8 to Dec. 10, 1975, kiln

No. 6 was producing dead burn dolomitilic lime (a more complete
conversion to the oxide). Dolomitic limestone, the raw ma-
terial, is a natural limestone that confains both calcium and
magnesium carbonates. As a result, the dolomitic lime con-
tains both calcium and magnesium oxides. Dead burn dolomitic
lime or refractory lime is a sintered form of declomitic lime
that is caleined at high temperature with the addition of
iron oxide. This material is employed primarily as a refrac-

tory for lining steel furnaces.




This report presents particulate mass emission rate as deter-~
mined by EPA Method 5, the NOX emission rate as determined by
EPA Method 7, and the particle size distribution as determined
by Brinks® BMS-11 Cascade Impactor. The emission factors in
terms of the feed of dolomitic limestone and the production of
dolomitic lime or dead burn lime were calculated for both the

particulate and NOx emissions.

The following sections of this report include: (1) summary

of results, {(2) process description and cperation, (3) details
of sampling locations, and (&) sampling and analytical pro-
cedures. The field and analytical data is presented in the
appendices.




SECTION II

SUMMARY OF RESULTS

Two kilns, numbers 4 and 6, were tested at the Standard Lime
Company Plant during the December 8-10, 1975 sampling program.
Particulate emissions were determined by EPA Methed 5, NOX
emissions by EPA Method 7, and the particle size distribution
by the Brinks® cascade impactor.

Particulate Mass Emissions

Kiln No. 4 - Kiln No. 4 was producing dolomitic lime at an

average feed rate of 52.3 metric ton/hr (57.6 ton/hr) and an
average production rate of 22.6 metric ton/hr (24.7 ton/hr).
Sampling was accomplished prior teo the baghouse, after multi-
clone and preheater, so that the uncontrolled emission rate
of filterable particulate averaged 923 kg/hr (2035 1lb/hr) and
total particulate averaged 924 kg/hr (2037 lb/hr). The total
particulate data yields an emilssion factor of 18.0 kg/metric
ton {36.0 1lb/ton) based on the feed rate and 41.7 kg/metric
ton (83.5 1lb/ton) based on the product.

The data from the two particulate emission measurements as
shown in Table 1 (metric) and Table 2 (English) show consid-
erable variation. Although the veolume of gas sampled, the
average stack temperature and the volumetric flow rate are

very close for the two runs, the mass of material cocllected
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and moisture content varied greatly, thus producing a consid-

erable variation in the emission rate.

The plant operation during the first run varied from a feed
rate of 54.1 metric ton/hr (59.6 tons/hr) for the first half
of the run to 46.8 metric ton/hr (51.6 tons/hr) for the sec-
ond half of the run. During the second run, the feed rate
was 54.1 metriec ton/hr (59.6 ton/hr)} for the entire run.
Fiiters were changed on run 1 during the poft change interval
due to the high loading experienced, however, this was not
necessary on run 2. There 1s some indication, based on the
filter loadings from run 1, that the lower feed rate during
the second half of this run produced a higher emission rate.
However, each filter from run 1 collected more material than
the filter used for the entire run 2 sampling period. Simi-
larly, the probe washing from run 1 contalned over three times

the amount of material collected by run 2.

A discussion with plant personnel provided no explanation for
the wide variation in results, except the possibility that
the feed during run 1 contained considerably more fine mate-
rial. The difference in moisture content (6.00% for run 1,
2.36% for run 2) is also an indication that the feed material

was different for the two runs.

Kiln No. 6 - Kiln No. 6 was producing dead burn dolomite lime

at a feed rate of 27.2 metric ton/hr (30.0 tons/hr) and a pro-
duction rate of 10.4 metric ton/hr (11.5 tons/hr) during both
sampling runs. Sampling was accomplished prior to fthe baghouse,
after a low efficiency cyclone so that the measured uncontrolled
emission rate of filterable particulates averaged 1062 kg/hr
(2340 1b/hr) and total particulate averaged 1066 kg/hr (2350
lb/hr). The total particulate data yields average emission
factors of 39,2 kg/metriec ton (78.4 1b/ton) based on the feed




rate and 102.5 kg/metric ton (204.4 1b/ton) based on the
product. As shown in the test summaries, Table 1 (metric
units) and Table 2 (English), the sampling runs at this loca-

tion are in close agreement.

The production of dead burn lime 1s a more complete oxide
formation than the dolomitic lime and is produced by higher
kiln temperatures and slower feed rates. As a result, the
higher kiln temperatures would increase emiésion rates and
the lower feed rates would tend to enlarge the emission fac-

tors observed for the dead burn material.

NOy Emissions

The NOX emission rates and emission factors for both kiln 4

and kiln 6 are summarized in Table 3. Three samples, using
the EPA Method 7 procedure were collected at each kiln.

During the sampling period on kiln Y4, the feed rate was 54.1
metric ton/hr (59.6 ton/hr) and the production rate of
dolomitic lime was 23.4 metric ton/hr (25.8 ton/hr) and the
NOX emission rate, varied from 89.0 to 92.8 1b/hr for an
average of 91.1 1lb/hr. Based on this data, the emission
factors calculate to be 0.764 kg/metric ton of feed (1.53
1b/ton) and 1.77 kg/metriec ton of product (3.53 1lb/ton).

Kiln 6 was sampled at five minute intervals and at this time
the feed rate was 27.2 metric tons/hr (30.0 tons/hr)} and the
production rate was 10.4 metric ton/hr (11.5 tons/hr). The
emission rate as measured by Method 7 varied from 2.58 to
13.1 kg/hr (5.69 to 28.8 1lb/hr) for an average value of 7.3l
kg/hr (16.2 1lb/hr). These values for dead burn lime pro-
duction are lower and cchnsiderably more variable than the
values obtained for the NOX emission rate from dolomitic
lime production. The fact that the kiln temperature for the

7
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dead burned material is higher than for dolomitic lime, it
might be expected that the NOX emission for kiln 6 would be
higher. This was not observed. Plant personnel could offer
no explanation for the lower NOX emission rate for dead burn

production or for the wlde variation 1in the results ifrom
kiln 6.

There are two fresh air dampers on kiln 6, one at the exit

of the kiln, and the cother in the straight duct between the
multicyclone and the baghouse, just upstream of the sampling
port. The latter damper 1s temperature controlled and the
plant personnel indicated that it should not operate until

the gas reached a temperature higher than the measured temper-
ature. It 1is suspected that the fresh alr introduced by

these dampers reduced the NOx emission rate and caused the

variations in the measured results.
Based on the data obtained, the NOX emission factors for
kiln 6 were 0.270 kg/metric ton of feed (0.539 1lb/ton) and

0.704 kg/metric ton of product (1.41 1b/ton).

Particle Size Measurements

Two particle sizling runs, one on each kiln, were performed
using a Brink® BMS-11 Cascade Impactor. A description of
the device is glven in Appendix G and computer printouts of
the results are given in Appendix B. Table 4 gives a sum-
mary of the particle sizing results. It includes the stage
number, the weight of material collected on the stage, the
diameter of the particles in microns on the stage, the con-
centration of the particles, the weight percent, and the

cumulative welght percent.




Table 4. BRINK® PARTICLE SIZING

Kiln b4 - 12-9-75

Stage Maﬁiiiii ?ig) opc®)  wmg/ack®) we. 7 cum. Wt. %
Cyclone 60.600 175.35 60.73 100.00
1 21.100 2.30 61.005  21.1k 39.28
2 9.100 1.26 26.33 9.12 18.14
3 2.900 0.79 8.39 2.91 9.02
l 2.800 0.32 8.10 2.81 6.11
5 2.600 0.16 7.52 2.61 3.31
Filter’ 0.700 2.03 0.70 0.70

Kiln 6 - 12-9-75

Stage Matorial ?;g) ppc(®)  wgsacE®) W, % cum. we. %
Cyclone 88.400 409.67 78.84 100.00
1 7.360 3.09 34,11 6.56 21.16
2 9.220 1.70 42.73 8.22 14.59
3 1.460 1.07 6.77 1.30 6.37
I 1.230 0.45 5.70 1.10 5.07
5 3.650 0.23 16.92 3.26 3.97
Filter 0.800 3.71 0.71 0.71

(a) Characteristic cut point diameter of particles collected

(micrometers)
(b) MG/ACF - milligram per actual cubic foot

10




The results on kiln No. 4 indicate that nearly 61% of the
particulate 1s caught in the probe and cyclone and thus the
average particle diameter is larger than 2 micrometer. The
rest of the particulate material is spread proportionally
across the stages.

The results on kiln No. 6 indicate that almost 79% of the
particulate is caught in the probe and cyclone and thus the
average particulate diameter is larger than 3 micrometers.
The remainder of the particulate is spread across the stages
of the impactor with disproportionately large amounts caught
on the second and fifth stages.

The results of the particle sizing are plotied on log-proba-
bility paper in PFigures 1 and 2.

11
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SECTICN IIT

PROCESS DESCRIPTION AND OPERATION

The processing at Standard Lime Company involves converting
limestone to either dolomitic 1lime or dead burn dolomite in
rotary kilns. The raw material is malnly a combination of
calcium and magnesium carbonates and during the process the
material 1is converted to the oxide with loss of carbon di-
oxide. Dolomitic lime is not a total conversion to the oxide,
whereas, the dead burn dolomitic lime is a more complete con-
version. In the formation of the dead burn product, iron, 1n
the form of Fe,05, is added to the feed resulting in fuel
saving and a hotter kiln temperature. The amount of iron
added 1s regulated in respect to the amount of fines in the
feed - the finer the feed the less iron used, and in addition
depends somewhat on the condition of the kiln as the fines

and iron tend toc coat the interior of the kiln.

The kilns are fired by either natural gas, along with pul-
verized coal, or pulverlzed ccal alone when the natural gas
supply 1s low. Natural gas generally 1s used during the
April to November period and as a result during the December
test period the only fuel was coal. The coal typically is
obtained in Ohio and as a result has about a 3% sulfur content.

The plant operates on a continuous basis, 7 days a week, 24
hours a day. During the test program, kiln numbers 4 and 6

14




were sampled and their capabilities and approximate exit

temperatures are as follows:

Kiin No. Capacity (Tons/day) Exit Temp. (°F)
i 500 450-750
6 300 700~-750

The stone feed to the kilns is guarried, pulverized and clas-
sified before it is used. These operations are performed at
the plant site. The limestone is fed to kiln No. 4 by a hy-
draulic ram that has the stated capacity of 794 1b. per
stroke. The feed rate is varied by the number of strokes per
hour. In kiln No. 6 the limestone is fed by a hopper and con-
veyor. The size of the opening in the hopper and the speed

of the conveyor controls the feed rate to this kiln.

The kilns vary in diameter from 10 feet at the feed entrance
to eleven feet at their discharge. The initial 320 feet of
feed section are ten feet in diameter. An expansion section,
a length of eighteen feet, increases the diameter to eleven
feet. The final 100 feet is eleven feet in diameter.

Both kilns were equipped with mechanical collectors to sepa-
rate large particulate from the gas stream after the gas
leaves the kiln and prior to its entrance into the baghouse.
Kiln 4 was eguipped with a high efficiency (estimated at 81%%)
multicyclone. However, the collector on kiln 6 was an older,
low efficiency (~40%) device.

The kiln exhaust gases run through straight ducts from the
outlets of the cyclones to the inlet of a baghouse that con-
trols emissions from kilns 4, 5, and 6. The baghouse has

¥Estimate by plant personnel based on & ton/hr out of multi-
clone, 2.3 tons/hr passing through, and 1.5 ton/m residual.
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22 compartments and has a total of 15,000 bags, each of
which 1s 6" in diameter by 15 feet long. Each compartment
has an exhaust fan leading to a 2' x 2' square stack, four
feet high.

The gases are cooled before they enter the baghouse in order
to protect the bag material. This is accomplished in sev-
eral ways. Kiln 4 employs a preheater to heat the feed mate-
rial and at the same time cocol the exhaust gases. Kiln 6
employs dilution air to cool the gas via two dampers, one
located at the exit of the kiln and the other, a temperature
controlled device, in the duct beftween the multicyclone col-
lector and the baghouse. In both cases, the duct between

the multicyclones and the baghouse were long to provide ad-
ditional cooling of the gases. On kiln 4, this duct was
186'U" long and 5'6" in diameter. On kiln 6, the duct was
approximately 188 feet long and 6'9" I.D. Temperatures of
§50-750°F occur in the multicyclones of kiln 4, and 800-900°F
for kiln 6. The system is designed to reduce the gas temper-

ature to ~400°F at the baghouse entrance.

All testing was done at the inlet to the baghouse and during

this period kiln No. 4 was producing dolomitic lime and kiln

No. 6 was producing dead burn dolomitic lime. The raw mate-

rial feed rates to the kilns, the loss on ignitien factor

and the calculated production for kilns No. 4 and 6 are shown
in Table 5. The loss on igniftion factor is based on several

months experience on relating measured lime production to the
amount of feed. This factor is used on a daily basis to cal-
culate production by dividing the amount of feed by the fac-

tor.

Flow diagrams .of the operations on kilns 4 and 6 are shown

in Figures 3 and 4.
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SECTION IV

LOCATION OF SAMPLING POINTS

The exhaust duct on kiln No. &4 and the sampling location are
shown on Figure 4. The sampling ports (3" pipe couplings
welded to the side of the duct) were located 60 feet (18.29
meters or 10.91 diameters) from the nearest upstream distur-
bance and 37 feet (11.28 meters or 6.73 diameters) from the
nearest downstream disturbance. The ports were installed at
a 45 degree angle from horizontal so as to make sampling
easier and to eliminate a vertical traverse which may collect
dust from the bottom of the duct. The sampling platforms on
both sides of the duct were 35 feet above ground level on
scaffolding. Since the ports were located over 8 diameters
downstream from the nearest disturbance and over 2 diamefers
upstream from the nearest disturbance, only 12 traverse points
(6 along each of the two perpendicular diameters) were re-
quired (as specified in the Federal Register, Vol. 36, No.
247, December 23, 1971, Method 1, "Sample and Velocity Tra-

verses for Stationary Sources').

The exhaust duct for kiln No. 6 and the sampling location are
shown on Figures 5 and 6. The end view is shown in Figure 5
and the top view in Figure 6. The sampling ports (3" pipe
couplings welded to the side of the duct) were located 21'9"
(6.64 meters or 3.23 diameters) from the nearest upstream
disturbance and 30 feet (9.14 meters or U4.44 diameters)

20
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from the nearest downstream disturbance. The nearest up-
stream disturbance in this case was a damper mechanism. The
ports were installed at a U5 degree angle from the horizontal.
The sampling platforms were approximately 30 feet above ground
level on scaffolding. Since the ports were located 3.23 di-
ameters downstream from the nearest disturbance, 44 traverse
points (22 along each of the two perpendicular diameters)

were required (as specified in the above mentioned Federal
Register, Method 1). Information obtained on the presurvey
indicated that the ports would be closer to the damper (2.5
diameters) and, therefore, a 48 point traverse would be re-
quired. The sampling runs were made using the 48 point tra-
verse layout rather than the 44 point layout. The extra U4
sampling points will have no effect on the results. This er-
ror occurred due to the fact that the ports were not installed
prior to the presurvey and the location suggested by the pre-

survey team was not followed when the ports were installed.
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SECTION V

SAMPLING AND ANALYTICAL PROCEDURES

Sampling Procedures

Gas velocitiles were measured with a calibrated type S pitot
tube and inclined manometer. Velocitles were measured at

each sampling point across the stack diameter to determine an
average value according to procedures described in the Federal
Register, Vol. 36, No. 247, December 23, 1971, Method 2. Tem-
peratures were measured with a Type K (Chromel-Alumel) thermo-
couple connected to a digital thermometer.

An integrated sample of the stack gases was collected during
each particulate test by pumping the gas into a Tedlar plastic
bag at the rate of approximately 0.033 cfm. This bag sample
was then analyzed with an Orsat analyzer for CO,, 0O,, and CO
as described in the above mentioned Federal Register, Method
3.

The sampling of particulate emissions from kilns 5 and 6
was done 1n accordance with Method 5 as given in the above

Federal Register, with two exceptions. The procedure given

does not provide for the collection of particulate from the
"pack half" (behind the filter and including the impingers)
of the sampling train. The procedure used for the collection
of the "back half" samples is given in "Specifications for
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Incinerator Testing at Federal Facllities", U. S. Department
of Health, Education and Welfare, October 1967.

The second exception to the Federal Register method was to

employ a heated teflon-lined flexible connection between the
probe and the sample box containing the filter and impinger
portions of the train. This flexible connection has ball
Joints to match the probe and filter holder_and was heated to
the same temperature as the probe, the femperature being mon-
itored with a type K thermoccuple. After the run was com-
pleted, the flexible line was cleaned in the same manner as
the probe, and fhe washings were 1included in the probe wash
portion of the samples.

The particle sizing tests were run using a Brink® BMS-11 Sam-
pler. The sampler was operated according to the accompanying
manual (Appendix G). The flow rate through the sampler was
determined with the use of the preliminary velocity traverses
on each kiln and the wvarious calibratiocon curves provided with
the instrument. A predetermined pressure drop across the
particle sizer resulted in a calculated velocity and there-
fore a desired particle size distribution.

Nitrogen oxldes were collected in evacuated 2-liter flasks
containing 25 ml of a dilute sulfuric acid/hydrogen peroxide
absorbing solution. The sampling and analytical procedure
was described in Method 7 of the Federal Regilster. Each
flask was evacuated and wvacuum tested for one minute, and

the initial flask temperature, pressure, and barometric pres-
sure recorded. The sampling probe was inserted into the
stack and heated, and the sample Tlask connected. The 3-way
stopcock was turned to the "purge" position and stack gas
drawn through the system with a vacuum pump to check for
condensation in the probe line. The 3-way stopcock was then
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turned to the sample position for 15 to 30 seconds. The
flask valve was then closed and disconnected from the probe.
The contents were shaken for at least 5 minutes. The flasks
were allowed to set for at least 16 hrs. They were then
shaken for at least 2 minutes, the {inal pressure, tempera-
ture, and barometric pressure were taken, and the sample was

transferred to a storage bottle.

Analytical Procedures

Analytical procedures used on the collected samples generally
follow the methods outlined in the Federal Register.

Samples from the Method % sampling trains were recovered as
outlined in the August 17, 1971 Federal Register. After re-

moval of the filter, all sample exposed surfaces were washed
with distilled water or reagent grade acetone as specified.
All sample bottles for liquid samples were obtained from
Wheaton Scientific, Catalogue No. 219630. Prior to use each
of these bottles was acid soaked with 1:1 HNOj3; for one day,
rinsed with distilled water and scaked wifh distilled water
for one day.

Analytical procedures for the Method 5 samples follow the

t'ederal Register guldelines, with one exception. Container

No. 3 as indicated in the methed contains water from the im-
pingers and washing of the glassware of the train. The solu-
tion was extracted with chloroform and ether, and then the

extracted portion was dried to constant weight, as specified.
In addition, the water femaining after extraction was evapo-

rated to dryness at 100°C to constant weight.! Both weights

19ee "Specifications for Incinerator Testing at Federal
Facilities", U. S. Department of Health, Education, and
Welfare publication, October 1967, page 31.

27




were included in the total mass of particulate. Sample
welghts from the Method 5 samplers were reported as "front
half" (probe washings and filter collection weights) and
"total" (front half plus water, chloroform-ether extract and
impinger acetone washing weights)}.

Nitrogen Oxide samples were analyzed using the Phenoldisul-

fonic acid, photometric analysis described In the above

‘mentioned December 23, 1971 Federal Register, Method 7.

Clean-up and sample collection from the Brink's® particle siz-
ing runs 1s achieved by ccoling and disassembling the impactor,
removing the collection plates or substrates, and placing them
in plastic containers for shipment back to the laboratory.

The impactor 1s then cleaned thoroughly with methylene chlo-
ride solvent. Thé final filter is removed and placed in its
container for shipmenf. The nozzle, probe, cyclone, and cy-
clone catch bottle is washed with methylene chloride and all

of the washings were saved for subsequent analysis.

Upon arrival at the laboratory the aluminum collection pans
were reweighed to determine the amount of material collected.
The final filter was also welghed and its weight gain deter-
mined. The methylene chloride washes from the probe and cy-
clone and subsequent stages were evaporated in a tared con-
tainer and the weight of residue was determined.
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APPENDIX A

COMPLETE PARTICULATE RESULTS
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Table A-2

PARTICULATE CALCULATIONS

Example: Run No. 1-4

1. Volume of dry gas sampled at standard conditions (dsef?)

VMSTD

DELH
- 17.65 x VM (PB + m)
(TM + L60)
17.65 x 43.928 (29.40 + %ﬁi%é)
= (55.9 + LG0)
= 44 43 dsef

2. Veolume of water vapor at standard conditions (scfb)

VWG =

3. Percent

PCNTM =

0.0645 x VW
0.06u5 X U3.928

2.835

moisture in stack gas

100 x VWG
VMSTD + VWG

_ 100 x 2.835
o h3 + 2.835

6.00




4.

5.

6.

Table A-~2 (Continued)

PARTICULATE CALCULATIONS

Mole fraction of dry gas

100 - PCNTM
100

MD =

_ 100 - 6.00
100

0.9540

Molecular weight of dry stack gas

MWD = (% CO, x 0.44) + (% 0, x 0.32) + [(%3 C + % N,) x

0.287

(18.2 x 0.44) + (10.8 x 0.32) + [{(0 + 71.0) x 0.28]

31.3

Molecular weight of wet stack gas

MW MWD x MD + 18 (1 - MD)

31.3 x 0.94 + 18 (1 - 0.94)

30.5
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7.

8.

9.

Table A-2 (Continued)

PARTICULATE CALCULATIONS

Stack gas velocity at stack conditions (fpmc)

i=n 1
2
V3 = 4360 x E YDELP x (TS + L60) 1
. x —_—
121 PS x MW

n

where n = the number of data points

L 2
29.19 x 30.5)

1360 x 29.58 x (

4322 fpm

1l

Stack gas volumetric flow rate at standard conditions (dscfmd)

0.123 x VS x AS x MD x PS

QS = TS+ U560

_ 0.123 x 4322 x 3421 x 0.940 x 29.19
388 + 160

58825 dscfm

Stack gas volumetric flow rate at stack conditions (acfme)

Qa = 0.05645 x QS (TS + 460)
PS x MD

0.05645 x 58825 x (388 + 1460)
29.19 x 0.9540

il

102665 acfm
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10. Area

AN

11. Ferce

Table A-2 (Continued)

PARTICULATE CALCULATIONS

of nozzle (sq. ft.)

1]

54.54 x 107 (DN)=

I}

54.54 x 1074 (0.245)2

3.27 x 10™% sq. ft.

nt Isokinetic

100.0(TS + u6o)[o.oo267(VW) + omragay (FB + %%%%ﬂ
FCIL = = (TT) (VS Y (P57 (AN)
100.0(388 + a60)[o.00267(59.8) + (55?3'22§60) (29.L0 + Ei%?gg]
- (60)(4322)(29.19)(3.27 x 10-%)
= Qg1.7
12. Particulate - probe, cyclone, and filter (gr/dscf)
_ MF
CAN = 0.015“ X W

0.0151 x K751

6.15 gr/dscf




13.

14,

15.

Table A-2 (Continued)

PARTICULATE CALCULATIONS

Particulate - total (gr/dscf)

CAO

MT

0.015"4 X WS—T——D-

0.0150 x %%1%%

6.156 gr/dscf

Particulate - probe, cyclone, and filter at stack conditions

CAT =

(gr/acf)

17.65 x CAN x PS x MD

(TS + L50)

17.65 x 6.15 x 29.19 x 0.9h

(388 + §60)

3.5127 gr/acf

Particulate - total at stack conditions (gr/acf)

CAU

17.65 x CAQ x PS x MD

(TS + L6Q)

17.65 x 6.156 x 29.19 x 0.94

{388 + LE0D)

3.5145 gr/act




Table A-2 {(Continued)

PARTICULATE CALCULATIONS

16. Particulate - probe, cyclone, and filter (1lb/hr)

CAW 0.00857 x CAN x QS

0.00857 x 6.1532 x 58825

3101.999 1b/hr

17. Particulate - total (lb/hr)

CAX

It

0.00857 x CAO x QS

0.00857 x 6.1563 x 58825

3103.571 1b/hr

8pry standard cubic feet @ 68°F, 29.92 in. Hg

bStandard cubic feet @ 68°F, 29.92 in. Hg

CFeet per minute @ stack conditions; n = number of data points
dDry standard cubic feet per minute @ 68°F, 29.92 in. Hg

€actual cubic feet per minute @ stack conditions




APPENDIX B

PARTICLE SIZE DATA FROM BRINK® BMS-11
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APPENDIX C

COMPLETE NOX RESULTS AND SAMPLE CALCULATION
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Table C-2
METHOD 7

NOx CALCULATIONS

Plant Standard Lime

Date 1-12-76

Test No. Sample Calculation Test #4 Flask #15

Volume of flask and value (ml) = VF = 2112
Initial absolute pressure of flask (in Hg) . =PI = 2.60
Final absolute pressure of flask (in Hg) = PF = 28.46
Initial temperature of flask (°F) =TI = 63
Final temperature of flask (°F) = TF = 72
Mass of NOy as NO, in gas sample {(ug) = M = 934

Volume of sample at standard conditions, dry basis(ml) = VS
_ 17.65 PR PI
VS = BEg x (VF-25) (gpemgg ~ TT#060)
17.65
s = Bk x (2112 -25) (=i - E500m) - 1784 ml
Concentration of NOy as NO, (dry basis) (lbs/scf) = C
- -5 M
C =6.2 x 10 x(VS
= -5 93” = -5 .
C=6.2 x 10=> x ( 1781 ) 3.246 :C%o lbs
_ 2h.5 7 #
PPM_WX 1.6018){10 Xm—
PEM = 25 ¥ 1.6018 x 107 x 3.246 x 10-5 = 277 opi
BT ’ :
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TRAYERSE POINT LOCATION FOR CIRCULAR DUCTS
S‘\'::._,V--{Q\(‘i\\(d\ L'\V"I‘Q, 1IN D'k‘i o
PLANT _ Moactiw-Mavie o \a\-}\:)oC U 1“@..

DATE .iar/gj/luj
SAMPLING LOCATION ¥ & .\

. ..

INSIDE OF FAR WALL TO . “_r_"
OUTSIDE OF NIPPLE, {DISTANCE &) __ 5 't
INSIDE OF NEAR WALL TO i !

OUTSIDE OF NIPPLE, (DISTANCEB) D & _
STACK 1.D., (DISTANCE A - DISTANCE B) 5 " @~
NEAREST UPSTREAM DISTURBANCE __> 12" (20)
NEAREST DOWNSTREAM DISTURBANCE _> 45" (% D)

e e ms o

CALCULATOR SCHEMATIC OF SAMPLING LOCATION
Pioy T4
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK 1.D. {TO NEAREST 1/8 INCH) DISTANCE B {SUM OF COLUMNS 4 & 5)
~ v, T T =
L , 04 B bl 23 5 €2
2 47 g = |5
3 249 115 25
4 195 o e 52
g 453 B VL Glg
! >
¢ 45 v LYy 65%

iPA (Dur) 232

4/12




PRELIMINARY VEL.OCITY TRAVERSE

PLANT_MM‘.,{/ ‘géﬂ’- . -—éblcﬂ_,,Z;{Cg'Z :
DATE /1= P-75

LOCATION P4 Killnr

STACKID. ___ S 4"

BARCNETRIC PRESSURE, in. Hg 2% £

STACK GAUGE PRESSURE, in. K0 =42, &0

OPERATORS 747 - Ll¥er ~ "/';f'(""f — SCHEMATIC OF TRAVERSE POINT LAYOUT
pﬁ# #_5‘/77 |
5():1.7[—6 E / ,//é. v fL C‘p Lo 55 "\J‘(—\ﬁﬂ (..(;Q_J_J’ /)dVQL
TRAVERSE VELOCITY STACK TRAVERSE |  VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER (apg), in. Hy0 (T, °F NUMBER {pg), in.Hy0 (Tg), °F
/ /.20 40/ 7 o, U 150
2 X 74 X /, 20 Yoy
3 J, /0 /6 7 /3O 7/
4 [ A2 1§ /& /.76 Y% 4
5 s ErA // AR AN
é /z o0 39};’ /X /r/o /'//3
-
[ AVERAGE AVERAGE ED6 /73 4077
EPA (Dur) 233
4/72




NCMOGRAPH DATA

pLant Moo Line ~ Dm0,

DATE 13/ /257

SAMPLING LOCATION 7.4/ Y3

Pt % SA = 0,5¢

F’

CALIBRATED PRESSURE DIF FERENTIAL ACROSS

ORIFICE, in. H)0 AHg .G
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F Tm avg. $¢)
PERCENT MOISTURE IN GAS STREAM BY VOLUVE Buo 10
BAROMETRIC PRESSURE AT METER, in. Hg P 29040
STATIC PRESSURE IN STACK, in. Hg 29, &/
(Pm£0.073 x STACK GAUGE PRESSURE in in. H,0) Py by

RATIO OF STATIC PRESSURE TO METER PRESSURE Po |/ pe 7
AVERAGE STACK TEMPERATURE, °F T, 4o 17
ave

AVERAGE VELOCITY HEAD, in. H,0 BPave. | /.13
MAXIMUM VELOCITY HEAD, in. H,0 Abpax. | /.30
C FACTOR 0 9Y
CALCULATED NOZZLE DIAMETER, in. A
ACTUAL NOZZLE DIAMETER, in. s ¢
REFERENCE ap, in. Hy0 0.5Y

EPA (Dun) 234

4/12
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CLEAN~-UP DATA

Plant ,\/{ﬂET/M }\//ﬁ EffTT/qumments:

Date ‘L/Q/’Y(

Sampling Location 74 | [~

Sample Type &7A-§

Run Number (-

Sample Box Number 3

Clean-up Man 1T ¥ HusHeS

IMPINGERS

Final Vol1. [SO0Om {00 m
Initial Vol. (@0 m1 [© Oml

Net Vol. 50m O ml

Total Net Velume in Impingers

SILICA GEL

Final Weight 209, % g
Initial Weight 200,00 ¢

Net Weilght .3 g

#1l #2 #3 #l #5
8] ml ml ml
O ml ml ml
¢ ml ml ml
5@ ml
g g
g 28
g g
q [} % g

Total Net Weight in Silica Gel

Total Moisture \5‘?.% g

Filter Number(s) 5 3- é:

53-7

MRC 7/73
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ISOKINETIC CALCULATION

Run#_ /- 4/ ,

Location AU #< Ly L

-

MOISTURE

Net volume of liquid collected

in impingers and silica gel =
Net volume of gas through dry

gas meter at meter conditions =
Barometric Pressure - absolute =
Average absolute meter tem-

perature (°F + 460) =

Percent moisture = M
M= 100 i
1 + 373.63 { LI ) ( BP )
(T O )
- 100 +2
1+ 373.63 (43,928 ) ( Ah9Ne )
( s16 ) (598 )
MOLECULAR WEIGHT
Percent 0, by volume dry basis =
n CO 113 L1} n n =
n C02 n n " n =
N, = 100 - (0, + CO, + CO} = 100 - ( +
Percent N, by volume dry basis =
Dry molecular weight = MD
MD = 0.44 ( CO, ) + 0.32 ( 0, ) +
MD = 0.44 ( ) + 0.32 ¢ ) o+

Date /1-%-7%

Initials 2w

U 55 ml

v, = 43, F.2F cu.ft.
BP = BRI in_Hg
T = 516 °R

m
5 = Yool %
02= %
Co = %
C0,= %

+ )

N2= %
0.28 ( N, + CO )

0.28 ( + )
Mp = 9 3/09Y




i
'\ ISOKINETIC CALCULATION (Cont.d) Run # /-4
MOLECULAR WEIGHT (Cont.d)
l Stack gas molecular weight = MS
MS = (MD 1 - (M x 1072)3 + 18 (M x 1072)
l MS = 2 [1 - (00551 Y1 + 18 ( ¢ersst ) = 30,21
VELOCITY
l Static pressure of stack =p = — 2 G H20
Pitot tube coefficient, type S = CP = L
' Average Absolute Stack Temp. {°F + 460) =T, = 5o 5 °R :
Average of the square root of ap = \I—A—p-= /oo 2 (in.H,0)?
Absolute pressure of stack (BP £ T—:,)p_—G).J, = P = T, 45 in.Hg
l Stack gas velocity = Vs
v, = (85.48) ( CP ) q (T, ]
| Cp, ) ws )| |INTT
— :“ - -
l V., = (85.48) ( o, 55 ) \[( 98 ) _
( 2906 ) (30,21 ) | | /e~
r B T 732874 Fps
ISOKINETIC PERCENT
l Average pressure drop across orifice = AH = R 7 in.H,0
Total sampling time = T = 6L min.
I Diameter of nozzle = d = AP N A in.
Area of nozzle = A 2
l A - 54.54 x 1074 (d2) = 54.54 x 107% () = Q. 0003 5q-
I = opercent Isokinetic
l‘ I = (1.667) { TS )]0.00267 (VL E _T_m————i—-(PB + .(___1_%H_6_)>]
m
i (T (v ) Py LA
l I = (1.667) ( 5§44 )E.oozm (S%y) + (43620 e A 1‘3 36'? )):l
( S1e ) ’
( 6o M 7367¢ Y 2949 ) ipew 33 )
1 = Ges %
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CLEAN-UP DATA

Plant_ MyRT N MARIETTH

pate_12/9 /1 5
sampling Location™ 4 K1t

————

Sample Type é?}?/?i >

Run Number 2“/

Sample Box Number

Clean-up Man ETTilC & A/U&Héb

Comments:

IMPINGEES

#1l #2 #3 #4 #5
Final Vol. tid ml jpoo ml & ml ml ml
Initial Vol. {00 ml jOO ml © ml ml ml
Net Vol. [d ml © ml O ml ml ml
Total Net Volume in Impingers (C_/ mi
SILICA GEL
Final Weight 20%.% ¢ g
Initial Weight 200 .0 ¢ &
Net Weight .8 g g
Total Net Weight in S1lica Gel g f % g

Total Moisture 22* 8 g

Filter Number(s) 53 %

MRC 7/73




MOISTURE

</

Run# 2~

ISOKINETIC CALCULATION

Location K. ¥y

$t4 Lo

Net volume of liquid collected

in impingers and silica gel

Net volume of gas through dry

gas meter at meter conditions
Barometric Pressure - absolute
Average absolute meter tem-

perature (°F + 460)

Percent moisture = M
Mo = 100
1 4 373.63 ( Vm } | BP )
(T (v )
. 100
1 373.63 (#4500 ) ( wydo }
( 95,5 ) ( 228 )
MOLECULAR WEIGHT
Percent 0, by volume dry basis
" CO n " 11 n
n COZ n " n il
N2 = 100 - (02 + C02 + CO) = 100 - (
Percent N, by volume dry basis
Dry molecular weight = MD
MD = 0.44 ( CO, ) + 0.32 ( 0, )
MD = 0.44 ( ) o+ 0.32 ( )

+

Date /d-§ 7y~
Initials 324
5
VL = tQJ-E’ ml
Vm = S eyl cu.ft.
BP = 140 in, Hg
T = _ 528y °R
5
5 = _4.%7 %
0, = %
co = %
C02= %
+ )
Nz = %
0.28 ( N, + CO )
0.28 ( +
Mp = &) 31,399




|

ISOKINETIC CALCULATION (Cont.d) Run # )Y
MOLECULAR WEIGHT {Cont.d}
Stack gas molecular weight = MS
MS = (MD Y1 - (M x 1072)] + 18 (M x 1072) ,
MS = ( Zj,3v)1 - ( o.che7)] + 18 ( ¢.oo¥xT ) Fe- 67
VELOCITY
Static pressure of stack =p = - 2.4Y H,0
Pitot tube coefficient, type S = CP = O §5
Average Absolute Stack Temp. (°F + 460) =T, ¢ Fyd °R 1
Average of the square root of Ap = q-7ﬁ77= 0.9 7 (in.H,0)7
Absolute pressure of stack (BP = Té%ﬁ)-%f = PS = 39 1Y in.Hg
Stack gas velocity = VS
V. = (85.48) ( cCP )N ( Tg ) i
N O Py ) Coms )J _\[_Ap-_
Vo = (85.48) (085 ) ( S-.w-' ) oy
L\ ( 25,05 ) (3o ) || |
= _(5.9/ FPS
ISOKINETIC PERCENT
Average pressure drop across orifice = AH = L.00 in.H,0
Total sampling time = T = e min.
Diameter of nozzle = d = D.INYS in.
Area of nozzle = A 2
A = 54.54 x 1074 (d2) = 54.54 x 107+ ¢ ) = _L00033 sq. ft.
I = percent Isokinetic
I = (1.667) ( TS )10.00267 (VL + E im : (’PB + l__ﬁég%r__))}
m
O A B G S T N S B Y
I = (1.667) ( &9y )[0.00267 (30.8) + (9¥ent) .., L 2 )
{ (Sas, > (“-’ T3.6 ):l
( &o Yo 6§.4d YO 2909 ) ( Cioeo 33 )

7.

S




i
L

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS
LA /C/ rey S ["6

S bunclud Lo

DATE __/ 2l 75

SAMPLING LOCATION __£F (K Uan
INSIDE OF FAR WALL TO

I OUTSIDE OF NIPPLE, (DISTANGE A)

INSIDE OF NEAR WALL TO

OUTSIDE OF NIPPLE, (DISTANCE B)

I STACK L.D., (DISTANCE A - DISTANCE B) . 87;' il e
NEAREST UPSTREAM DISTURBANCE (A TD
NEAREST DOWNSTREAM STURBANCE 2l D
l CALCULATOR _‘ﬁ‘?;?’) SCHEMATIC OF SAMPLIRG LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
l POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK LD. STACK L.D. {TC KEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
1 0/] 5/" i AR I B L s
2z L (037 J 2. Y2 [ TS Sy
q 3 , 0SS / o Yo \ -G~ IS
“ 079 [ L \- 777 K
'\ 5 /e~ | 3 Ve "a A3 S Y
o 132 | R " Som 3 Vo
7/ [/ f /3 S BYA— | L
l 4 WAL l /S TS i a4
i 23 | /2 5/ 2.3%_ )| Ys
/D 27 27 v R
/! . 323 2079 a‘ S NG M
[z L 393 1 52 3o ISKYy
/3 (D7 49/ S o Wy
l /4 (77 SY A 50K
/5 '\ 72.3 579 ! wina s A
& 77 (25 | (R 5y
i , S0 S~V | SOt (v My
/Y Y 3 | ~5Hr
I 74 70 | S5z 91
20 ElZs 22./7. \ P77 ISH)
’; Zi .52/ 74 I \ 25 ) I
Ry , 945 76 T/ y <% I3,
q» 23 K7y 78 3 v TS

PA (Dur) 232
412




0, . [ ¥
PLANT aﬁ,}:ﬁnr,{éﬁlif{ ’%""""‘(

b Tes
- dv",‘-;'_’).‘::/'v(.é_':,

DATE

[ERTA RS

PRELIMINARY VELOCITY TRAVERSE

LOCATION. _Kbv_#_& Lo b EY

SB-L;({;.‘:?:?.! ‘sR!Esgu’f;E in Hg 2 % 44 ‘ h ’

STACK GAF:J((;:E PRESSURE, in. :zo — 0 . wﬂ !'\M_‘ _

operaToRs_ /) Rewiti e ¢ Eleey SCHENATIC OF TRAVERSE POINT LAYOUT
(4_1’51' n h }- & A [N f/

TRAVERSE VELOCITY STACK TRAVERSE VELOCITY STACK
POIKT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUNBER (apy), in.Hy0 (Ty), °F NUMBER (Apg), in.Hy0 (T,), °F

/ 0.09 Y6 ¥ 257 Y, 7%
J a1y 7Y 26 (2. 34 RS
3 o1 S ) 27 &) TLYA
Y 0.1 3 I bY.s A i)

Y R §2Y 257 6.2 AP
6 0 ) A% 53) 10 £n 9 ) g/
) 503 g6 3/ 0.3 3 51/
g 1Y ¥ 3 ¢33 Y 3¢
G ol S¥s” 33 (287 <37
O LAFST $8) 7Y i) v37
1/ ¢ 1§35 s53 35 YA $Y3
P P ES N gTA ¢ 8T Syp
/3 ol 28" 55T 57 ¢, 3 S/
/Y L EY 58y 15 oI S5/
78 L0 19 P 39 O, 7 §Cy
/6 o )7 L Yy Co2y Gy £
/7 OddsT sy 2 G/ (287 5§
)& oty sy Y 7L 0.3 s/
19 (il 53 43 c:?3 SYP

o <. $3Y 4Y 0.3 Syy-

Y &0 77 §A0 Y5~ £l $34

P Ay §¢ 94 S, TOY

S gl 3 s7Y 47 O |23
QY o 1Y 507 Yy 077 S

| AVERAGE AVERAGE

p;[-’—A(Dur) 233

4/72




- mm)Em Em e . - e am )y Em W AE a8 = = = um e

NOMOGRAPH DATA

pLANT _ oo vl vl L!mG’i,‘LL)oo&p\/Jl/e.
e 130/ 75 |

SAMPLING LLOCATION :#’(«9 kl,}’\
Phot Feh =355 =C,

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 49
ORIFICE, in. H,0 sty | L1
. 55
AVERAGE METER TEMPERATURE (AMBIENT +20°F), °F Tnag, | -4
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo VY5
i <
BAROMETRIC PRESSURE AT METER, in. Hg P Sramay
STATIC PRESSURE IN STACK, in. Hg 29.04
(Pp*0.073 x STACK GAUGE PRESSURE in in. Hy0) P =4
RATIO OF STATIC PRESSURE TO METER PRESSURE S | VS
AVERAGE STACK TEMPERATURE, °F T, s¥o
avg.
AVERAGE VELOCITY HEAD, in. H,0 8o | Il
MAXIMUM VELOCITY HEAD, in. H,0 AP max.
C FACTOR
CALCULATED NOZZLE DIAMETER, in.
ACTUAL NOZZLE DIAMETER, in. a5
REFERENCE 4p, in. H,0 e = | Az 19¢
EPA (Dur) 234
412

2999
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CLEAN-UP DATA

R
Plant_()T AMNDATD j— [ ME

Date lzbfo"’-ls-

Sampling Location KILN # &)

sample Type_ & 44+ 5
Run Number L“ Cl(v

Sample Box Number "/

Clean-up Man_ [ 1T gRi'Hu'GHiS

Comments:

¥ MKeNDREE

IMPINGERS

#1 #2 #3 #4 #5
Final Vol. {16 m1 /O3S m ( m1 ml ml
Initial Vol. /€0 m1 10O m ) ml ml ml
Net Vol. 1 mi 3 ml [ ml ml ml

o)

Total Net Volume in Impingers o ml
SILICA GEL
Final Weight 207, & g g
Initial Weight _200.0Og g g
Net Weight 7. , g E g

Total Net Welght 1n Silica Gel

Total Molsture 27‘ / g

Filter Number(s) 63" [{

MRC 7/73
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| li TANDARD | Mt

ISOKINETIC CALCULATION

Run# /—-—'é _ » Date [ 2 - }O"‘ )75’-
Location /\/I/__,L/ #é , Initials E ﬁ(i/

MOISTURE
Net volume of liquid collected
in impingers and silica gel =V = _:Z’?‘éigll mil
Net volume of gas through dry
gas meter at meter conditions =V = "3:3.'2J{L£ cu.ft.
Barometric Pressure - absolute =BP = 29 4% in_Hg
Average absolute meter tem-
perature (°F + 460) =T = o205 °R
Percent moisture = M
Moo= 100 +2.5
1 373.63 ( Vm ) | BP )
(T v )
100
+2.5 = (.0 %
| 4 373.63 (33, 2HY) (29,48 )
(505) ( 27 )
MOLECULAR WEIGHT
Percent 0, by volume dry basis = 0, = 10, | %
" co " n It " = €0 = (-)'O %
n 002 n " n n . = C02= /é'z g
N2 = ]00 - (02 + COZ + CO) = 100 - ( + +
Percent N, by volume dry basis = N, = r7:31 r? %

Dry molecular weight = MD
MD = 0.44 ( COZ ) + 0.32 ( 02 )
MD = 0.44 ( j .22 ) + 0.32 ( jo,1)

-+

0.28 ( N, + CO )
0.28 (13,7 + 0.0 )

30,00

+

1

MD

. Ill}f}rlll R N N - e - IIE’ S N - N N aE j’ll




ISOKINETIC CALCULATION (Cont.d)

MOLECULAR WEIGHT (Cont.d)

Run # J”f&

Stack gas molecular weight = MS
MS = (MD )1 - (M.x 1072)] + 18 (M x 1072)
Ms = (3/.00 )1 - ( £.090)1 + 18 (601207 = _ 30, 2|
VELOCITY .
Static pressure of stack =p = _—6,0 H0
Pitot tube coefficient, type S = CP = 4,8{75#
Average Absolute Stack Temp. (°F + 460) = T5 = 7'8(; °R 1
Average of the square root of aAp =\ &p = (5 2. (in.H,0)7?
Absolute pressure of stack {(BP % T%%E) =P, = P v ) in.Hg
Stack gas velocity = VS '2.?:C)L{
v = (85.48) ( ¢CP ) \ E :s ; SETE \]—Ap_j
i S
Vo = (85.48) (.%350) (186 ) .ééﬂi—]
\ (=== (z0.21) ||
29.04 B v i a WL
SO0/5 2
ISOKINETIC PERCENT
Average pressure drop across orifice = pAH = /aC)r? in.H,0
Total sampling time = T = "?2.;C7 min.
Diameter of nozzle . = d = LZ&’B- in.

Area of nozzle = A

3,274 Xi0 ' sq. ft.

2
A 54.54 x 107% (d2) = 54.54 x 107% (29%)
I percent Isokinetic
I (1.667) ( T_ )|0.00267 (v, ) + ( ¥V )

, (PB + ‘(—T%I.Ls“_)ﬂ.

(17 )y ( v y (P )

s

—
It

(s05)

( A )

13.6

(1.667) (ﬂ%Q)E).OOZBY (29) + (33.244) (ﬁ.‘{*w( eX ))}

( J 2o )(z29.0¢
30.5 2.

- 95,9 4

) (3,2 x 00 )
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CLEAN-UF DATA

Plant ;5;?ﬁ%m44§@¢é;7 I

pate_ /BS10/ 75

Sampling Location iﬁﬁé,ﬁi%ﬁg

Sample Type f()/g\“'/b

Run Number - '4)

Sample Box Number, :%55 -5

Clean-up Man ,{L'/¢%ﬂ (é%éf%&/’7?65762457
ST

Comments:

Total Moisture _ /G 2~ ¢

Filter Number(s) S 5.¢

MRC 7/73

IMPINGERS
#1 #2 #3 #14 #5

Final Vol. Jif ™ /07 ml ml ml ml
Initial Vol. /0¢ ml /0¢ ml ml ml ml
- Net Vol. f{ ml / ml ml ml ml
Total Net Volume in Impingers /.Z:_ ml

SILICA GEL

Final Weight 2072 g g

Initial Welght - o 0 g g

Net Weight .28 g

Total Net Welght in Silica Gel :2 ZZCf g




I

Vi

‘f"""'«

N\
oL

-t

G| bTAREEIG Al €] gt dek| | Y e
(U M Wﬁo‘ AR opLT| S |
AN RS L) £ 38Y | ek sl b \m\w\x
B ] U] BT ARBEYE bl v | TLY| GRS ™ Sarleht,

BN e
~
=
<

AEEEE LYY _ el b I
L SRS Dl €2 | S| G AR
L b - |ohpEHL 1Y ae | OFLEY w e
wad] o5/t T 0¥ SH B | OH ut[swil] Aed SH ur, 8H upl 'oN | ‘oNjeuny Aeqg
ssuon| puod F-IOA | T D Jo | aB3sA | ssaad s1sA(euy g o | wnnovA 'ssaxd| Mseld araureg
xON|  XON ‘na sy ‘duray] yseElA ‘ieg cmw daray,| Mserd xeg|
NS¢ TTYLLY Teul g w L feul
b= IR er.\f A Y~
(7¢ 5 b e %9 ) "R |
f«s;dﬁl_l ishAieuvy ﬂm\b ,_,,sqwl \\Hv\b\:dw gifk 9 H# utod a1dwieg
i o / ’
‘ .Qﬁu 12olcag 3 ’5 \QQ?«WCSMIN qvﬁ%cﬁﬁ.w ) Auedwon
4 N oumhn.m . XON = L QOHLANW vdT — ZY0dID0Nd DNITIAWNVE TAOUNO0S
ALE[E . ..

i r A



Ruw 1= 6 129257 ek ply S

i
1 Bk Fr1S-/) Labi
|
' A 119 @w& J')g

Sdorfad Ruuwr /035-)'“"3'
Fwrshed Ry 040 bus

AP Iulef Q};ﬂef p&,f?f(uée

l 7‘;*\ 14 i, Ng__ @Ep' GFI 2 0
. 103 < 6. 5% 28 230 92
103¢ 0. 8S 1y 20 3.4
l 1037 0.8 /r3 * 06 74
(03 § ZRS S ] Ao 4.4
l 1035 O 5S 162 223 3.

/040 Sppad




BB BI/VS-1]

Do S

Roen -4 13=G-75

Sl e ss00 by
Crelod Roeo. 7505 hvs

Tolet ok fef

T AN P Temnpo Teo.-:_p
1M e o A

/S0 0 /. s §3 )73
IS0 | ). & §F 2 174
/o Iy &1/ /74
S A L
/509 - /& 53 174

ISOs S—Cﬁ’:{ B

5 ﬂ»;«df’&,_fﬁ;/ Lo

/"3_. AN @M‘é){ J"—F

Stedae
Pres s ive

4.6
4.0
4.6
4.
4.9




APPENDIX E

ANALYTICAL DATA SHEETS




ANALYTICAL DATA

PLANT S 7pip ARD L/ﬂl?e l(/bao/a'/% CONMENTS:
DATE__ /9~ F- 75

SAMPLING LOCATION ___£0 /w7 o

SAMPLE TYPE __ </ Wepo/ 5

RUN NUMBER /-

SAMPLE BOX NUMBER _ /77477

CLEAN-UP NEN_ Zftbmuaid] Sidingoec o L£77E £
ANALYST__2): Ale \Dowosl)

FRONT HALF - ' LABORATORY RESULTS
AGETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTANER 703 /552.55..3 g
FLASK, FRONT HALF OF FILTER HOLDER e 17735
FILTERNUMBER 9.7 -4 /22 CONTAINER S.7- 7 /382 3 mg
53 -7 AdE

FRONT HALF SUBTOTAL L TT57 ) g

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER _F27-5_ .7 g
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM -,
HALF OF FILTER HOLDER EXTRACTION 797 € __ng
ACETONE WASH OF IMPINGERS, CONNECTORS, contamer 2277 S/ mg
AND BACK HALF OF FILTER HOLDER _
BACK HALF SUBTOTAL 5,0 me
TOTAL WEIGHT S 7760,/
MOISTURE
IPINGERS
FINALVOLUME
INITIAL VOLUME _ mi
NET VOLUME _ il
SILICA GEL
FINAL WEIGHT g 2 g
INITIAL WEIGHT g " g
NET WEIGKT g g g TOTAL MOISTURE g
EPA (Dur) 231
4/12




|

ANALYTICAL DATA

PLANT STALREN L 7R

DATE SP-F=

SAWPLING LoCATION _ 2~ £ /0)
SAMPLE TYPE L7 S

RUN NUMBER __ o2 —

SAMPLE BOX NUWBER _____ (>

CLEAN-UP MEN L7727 o s e 1
ANALYST__ A Ale S ornald
FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER _ O3 ~&

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
HALF OF FILTER HOLDER

ACETONE WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

MOISTURE

INPINGERS
FINAL VOLUNE mi
iNITIAL YOLUME ml
NET VOLUME _—__mi

SILICA GEL
FINAL WEIGHT 4 4

CONMENTS:

LABORATORY RESULTS
CONTAINER 2204~ 7 SEHT . O mg
CONTAINER ~55 =53 F50.9 mg
FRONT HALF SUBTOTAL 3 &e23. 2 0
CONTAINER 7€ /- 7 O F g
ETHER-CHLOROFORM .
EXTRACTION Fo¢/-/ O /5 mg
contamer 204~ & A
BACK HALF SUBTOTAL /O & mg

TOTAL WEIGHT

SIS ng

INITIAL WEIGHT

NET WEIGHT g 2

EPA (Dun 231
4/72

g TOTAL MOISTURE




ANALYTICAL DATA

PLANT TANDRELL Lyy? €. COMMENTS:
DATE___/oZ - /00§

SAMPLING LOCATION __ A7 4N # 4

SAMPLE TYPE __ £ 24 &5

RUN NUMBER /- &

SANPLE BoX NUnBeR _ /220

CLEAN-UP MEN__E7re es P dinidhee
ANALYST__ ). fte Domnpac

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER if’i/_'/_/
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NuMBER __ &3 - ’7/ CONTAINER _&.7 -

FRONT HALF SUBTOTAL

LABORATORY RESULTS

/7355, / mg

658 Y vy

Sy PET 5T

mg
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER J0 /- /5. 23, / mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION o &~/ S 7 mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER Z2¥ - /2 T O g
AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL 3/ 8 m
—
TOTAL WEIGHT (/PP T g

MOISTURE

IMPINGERS
FINAL VOLUME i
INITIAL VOLUME _ ml
NETVOLUME __  ml

SILICA GEL
FINAL WEIGHT g B 4
INITIAL WEIGHT

-]
]
-]

NET WEIGHT g 2 g TOTAL MOISTURE

EPA (Dun) 231
4/12




ANALYTICAL DATA

PLANT Sz GRATEY A 177 © COMMENTS:
DATE__ /<P - /O -5
SANPLING LOCATION _ 776 & 0/4)
saMPLE TYPE LA ST
RUN NUMBER ___ =2~ &
SAMPLE BOX NUMBER _«5 &=/3 -5
CLEAN-UP MAN__ /7" 70? v LT7EL o foks A
L. ¢ Do 40

FRONT HALF ' LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER 907~ /5~ /O AP0 Ong
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER _ o3 = 7 CONTAINER 53~ 7 ES7. 8 mg

FRONT HALF SUBTOTAL _//R 7 7.8 e

BACK HALF
Do/
INPINGER CONTENTS AND WATER WASH OF contamer 27/ 7 T2
IWPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION 27/~ 7 4.7 ug
ACETONE WASH OF IPINGERS, CONNECTORS, contaer 207/ 2 7
AND BACK HALF OF FILTER HOLDER i
BACK HALF SUBTOTAL Gl 5 g
TOTAL WEIGHT VIGSAE
MOISTURE
IMPINGERS
FINAL VOLUWE ______ml
INITIAL VOLUNE _ nl
NETVOLUME _____ i
SILICA GEL
FINAL WEIGHT g g g
INITIAL WEIGHT g g g
NET WEIGHT g g g TOTAL MOISTURE g

EPA (Dur) 231
412
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APPENDIX F

SAMPLING AND ANALYTICAL PROCEDURES




Method 5 MRC Clean Up Procedure

Transportation tTo Clean Up Area

After the run is finished the train can be removed to the
clean up area. This can be done with the probe in place

or it can be removed from the train and sealed at both ends.
If the probe is removed, the cyclone entrance must be sealed
to avoid any loss of contamination of its contents. Cautilon
must be exercised when seallng the system for transportation
so that cooling of the front halfl of the -train will not cause
water to be pulled into it from the back half.

Probe Clean Up

Remove any material from the ocutside of the probe and nezzle
that may contaminate the sample by falling or being washed
into the sample bettle. Remove the nozzle and rinse the in-
side with acetone into the front 1/2 acetone sample bottle.
Brush the inside with a clean test tube brush while flushing
with acetone into the sample hottle. Wash the brush with
acetone into the bottle. Rinse the inside of the nozzle a
final time with acetone.

Elevate one end (the nozzle end) of the probe and rinse

through with acetone into the front 1/2 sample bottle while

slowly rotating through 720°. Run a clean probe brush through

the probe while flushing with aceftone and slowly rotating the ‘
brush. When the brush 1s exposed on the down stream end of ‘
the probe, rinse it into the sample becttle with acetone.- Do |
not pull the brush back through the probe. Repeat the brush- |
ing step. Rinse the probe a final time by flushing with ac- i
etone while rotating it 360°. Wash the funnel into the sam- ‘
ple bottle. Observe the probe inside and repeat the clean up |
procedure if sample particles are obvious. |

Cyclone and Fllfter Clean Up

Remove the cyclone and connecting glassware. Rinse the cy-

clone with acetone into the collection flask and pour into the
front 1/2 sample bottle. Repeat until all loose material is
collected. If sample material adheres to the inside surfaces,

a small test tube brush can be used to free it, and it should

be rinsed into the sample bottle. If a brush or spatula is

used to clean the cyclone and catch bottle, it must be cleaned

into the sample bottle. All connecting glassware between the
cyclone system and filter must be treated in the same manner |
i.e., flushing and or brushing the sample exposed surfaces

into the sample container with acetone until no sample material |
is visible. ‘




The filter assemble must be disassembled 1in a dust free
area. The filter membrane should be loosened from the
silicon rubber gasket by running a knife blade or spatula
between them being careful not to scrape or loosen particles
of glass from the glass frit. Lift the filter, using a
spatula, and place into its storage confainer. Carefully
scrape all particles of filter materlal from both mating
surfaces (i.e.: the silicon rubber gasket and the front-
half glass holder) and place them in the storage container.
Rinse and brush the front-nalf pglass holder's sample exposed
surfaces into the sample bottle with acetone. Do not wash
or rinse the frit. Wash brushes, spatulas and funnels into
the sample and store.

Back 1/2 Clean Up

Rinse the back half filter holder, connecting glass to the
first impinger, and impinger "U" bends with distilled water
into the back half water wash sample bottle by filling or
flushing twice. Remove each of the first three impingers

and pour the content into a graduated cylinder for measure-
ment. Transfer these contents intcoc the sample bottle. Wash
each of the three impingers two ftimes by scuirting about

100 ml of distilled water into each, covering the inlet and
cutlet openings with clean caps or clean fingers, and shaking
to cause the wash water teo contact all of the ilnside surfaces.
Pour this wash water into the sample bottle and rinse the
graduated cylinder and funnel into sample bottle with dis-
tilled water. Seal the bottle and store.

Rinse the back half filter holder, the filter fo impinger
connectors, and the impinger "U" bends with acetone into the
back half acetone wash sample bottle by filling or flushing
two times. Wash each of the three impingers two times by
adding about 100 ml of acetone and shakling as with the water
wash. Transfer these washings to the sample bottle. Rinse
the graduated cylinder used to measure the water and the fun-
nel with acetone into the sample bottle. Cap the bottle and
store,




The sampling and analysis procedures used on Methods 3 and 7
were from the Federal Register, Vol. 36, No. 247, December 23,
1971 were followed during sampling at Standard Lime Company.
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Cascade Impactor for Adiabatic Measurements

J. A, BRINK, Jr.! Monsanto Chemical Co., Everett, Mass,

Data on development, design,
and use of a practical instrument
in the field make it possible to
build @ convenient tested device
for special purposes. Particle-
size measurements make possi-
ble determination of acceptable
stack discharges of aerosols,
evaluation of installed collection
equipment, rational selection and
design of equipment, and recog-
nition of potential problems
early in the development of
new processes,

IMPLNGEMENT DEVICES have been used
for years for sampling gas-borne parti-
cles (4-6). Owens (9) and Ferry, Farr,
and Harumann (7) used a single jetand a
dry glass stide 10 collect samples of gas
particulates suspended in a gaseous me-
dium, and measured the sizes of im-
pacted particles with a microscope by
laborious particle counts. In May’s
cascade systern of impactor stages (&)
particles were separated into five frac-
tons ranging in particle size from 1 to 50
microns. Laskin (7} used May’s impac-
tor on heavy aercsol particies of micron
and submicron sizes. A modified cas-
cade impactor extended measurements
into the submicron range (7.3).

Extensive theoretical and experimental
work with cascade impactors has been
done by Ranz and Wong (77, 72), Gilles-
pie and Johnstone (2, 3), and others at
the University of Illinois.  Pilcher,
Mitchel], and Thomas (70) and Wilcox
(74, 15) investigated the characteristics
of impactors and made significant im-
proverments in design.

In many industrial plants acrosols are
found in high concentrations in gases
saturated with vapor at 30° to 200° C.
For measuring particle-size distributions
of aerosols i such gases, special equ.p-
ment is required. An “in-line” cascade
impactor and accessory equipment for
adiabatic measurements on industrial
processes were developed at Monsanto
in 1954, They are small, light, and
compact, and can be carried in a suit-
case for tests at plants throughout the
country,

! Present address, Rescarch Department,

Monsante Chemical Co., St. Louis, Mo.

[ ARTICLE #4 |

Impactor and Auvuxiliary Apparotus

The cascade impactor has five in-line
stages, each of which has a jet that utilizes
a collection cup as an impaction plate.
A spring holds each collection cup in
place. The particles suspended in the
gases pass through a jet, particles with
sufficient inertia impact against a cup,
and the remainder pass through annular
slots located around the cup. Each col-
lection cup has annular slots with a total
cross-sectional area 30 times the arca of
the largest jet; turbulent effects at the
slots were negligible with this design.
The dimensions of the impactor jets
{Table 1) were selected as described by
Ranz and Wong (/7). The impactor
is 15!/; inches long and was machined
from 316 stainless siecel. Particles in the
0.3- to 3.0-micron range are collected.

A glass cyclone, with the same dimen-
sions as that described by Gillespie (2, 3},

Yol. 50, No. &, Aprll 1958, Pages £45-548
Copyright 1958 by the Amarican Chemical
Socisty end reprinted by permisilon of

is used upstream from the impactor.
Two filters, consisting of Corning No.
9480 filter tubes packed tightly with No.
800 Pyrex glass wool, collect particles
less than 0.3 micron in diameter. The
cyclone, impactor, and filters are
mounted in a box with a removable
side. A Neo. 2'/; L-R Manufacturing
Co. blower, inside the box, is driven by a
8000 r.p.m. Fairchild Industries (Model

Table |. Dimensions of Cascade Im-
pactor Jets
Dimensions, Cm.
Spacing of
Jet No. Jet diam. jet opening®
1 0.249 0.747
2 0.1775 0.333
3 0.1305 0.419
4 0.0946 0.282
5 0.0731 0,220

® From collection cup surface.

l’
13

o\

o TTEINY

NS

COLLEGTION
cup

SPRING

JET SPINDLE

GASKET

\/\

The in-line impactor has five stages.

Particles in the range of 0.3 to 3.0

microns are collected by successive impingement

VOL. 50, NO. 4 e APRIL 1958 A45




3 SLOTS

.
b i V85 10 i t:.u:_:'oi.u;f).r)la’?
Collection cups are positioned so that
the distance from the jet decreases
as the jet diameter becomes smaller.
Annular slots around cup minimize
turbulence

1401} motor on the back side of the box.
A heater, consisting of three 12-inch
sections of Nichrome resistance wire

(Catalog WNo. 416, Size 1, coiled type,
Eagle Electric Mfg, Co.). is mounted in
the box. The three sections of the heater
are connected in series and operated on
110 volts. The air temperature is con-
trolied with a 100° to 400° F. thermostat
{Fenwall, Inc., Catalog No. 1731-0).
The box was designed so that air could

be circulated at a high velocity past the -

cyclone, impactor, and filiers. The
blower discharges air through a duct be-
low the heater and then over the heater,
impactor, and cyclone back 1o the blower
inlet. Thermometers, mounted on the
removable side of the box, indicate the
temperature of the air entering the
blower and leaving the heater. Two
manometers, mounted on the removable
side of the box and connected to the

impactor, measure the static pressure at’

the inlet and the pressure drop across the
impactor.

A sample line, heated with flexible
tape heaters (electromagnetic heating
tape, Howe and French}, is controlled
with a Variac. Sample probes and
lines are sized for isokinetic sampling.

Experimental Procodure

Prior to each test, the tmpactor and
auxiliary apparatus were tested for leaks
under 8-inch mercury vacuum. Then
the sample line and the impactor box
were heated to the temperaiure of the
process stream,  The sample probe was
ins:ried in the process stream and gas
flow through the impacior was started

SWITCHES—— |
GASES, FROM
PROCESS LINE

GLASS CYCLONE—

BLOWER——

THERMOS TAT—~ 11

ASES T
GASE OE]]E

oo M

\MANOMETER
TAP

-——HEATER

5 STAGE
/—IMPACTOR

22

B|—,

/—MAN_?RAET ER
3E2

F

ASPIRATOR Z i
NEEDLE VALVE\‘
GLASS WOOL FILTERS

Compoct make-up of impoctor and its auxiliary equipment make it suitoble for

tests throughout the plant

644 INDUSTRIAL AND ENGINEERING CHEMISTRY

and held constant until the end of the
test. A vacuum of 4 to 8 inches of mer-
cury was usually required, giving flow
rates of 2700 to 3700 cc. per minute.
Usually, 40 to 80% of the aerosol was
collected on one cup or stage of the im-
pactor. The sample time was limited
by re-entrainment from this cup; a 25-
1o 50-mg. sample could be collected on
one cup without rc-entrainment. The
maximum sarnple time was used, so that
reasonable quantities were collected on
other cups. With one trial run, the
flow rate for subsequent runs was setata
level that would give maximum collec-

- tion on the third or middle stage of the

impactor, and the sample time was set
at the maximum time feasible without
re-entyainment.

After each test the sample cups were
removed [rom the impactor with tweez-
ers. The quantity collected on each
cup was determined by weighing and/or
chemical analyses. The glass cyclone
was washed with water and the solution
analyzed. The glass wool filters were
leached with water and the resulling
solution was analyzed; or the glass wool
was removed, the filter holder was rinsed,
and the glass wool and solution were ana-
lyzed either volumerrically or gravimet-
rically, depending on the tvpe of aero-
sol. PBoth weighing and chemical analy-
ses were used when condensation or
evaporation was a potential source of

MANOMETERS7,
t

.

VU

THERMOMETERS

Temperature and pressure  during
sompling period are controlled by ob-
serving and adjusting instruments. in.
terpretation of data oids in identifying
aerosols collected




error; double analyses showed that er-
rors due to condensation or evaporation
were negligible and sampling was adia-
batic.

Calibration of Impactor

The in-line impactor was designed
with the internal dimensions used by
Ranz and Wong (77), except that the
gascs leaving any stage passed through
annular slots around the collection cups
rather than out the side, As the veloci-
ties through the slots were /3y to /30
the jet velocities, the in-line impactor
was expected to perform in the same way
ag impactors used by Ranz and Wang.

Sulluric acid mists were generated in
the laboratory and passed through dif-
ferent retention chambers in the manner
described by Gillespie (2, 3). Particle-
size determinations were made on these
mists with the in-line impactor {Figure
1}). These data are in good agreement
with data reported by Gillespie, who
used impactors calibrated by Ranz and
Wong {77). This work showed that the
in-line impactor should have the same
calibration as determined by them,

With a gas meter, the in-line impactor
was calibrated as a flowmeter. The re-
lationship between gas Aow through the
impactor and pressure drop across the
impaztor, for air at 25° C. and 14.7
p-s.i.a., was determined to be:

Vo = 245 (aFPp.1% (1

The gas flow, V,, for process gases at dif-
ferent temperatures and pressures, was
calculated from this equation, using
suitable corrections for differences in
gas density.

Particle-Size Distribution
Calculations

Calculation of particle-size distribu-
tions was based on the generalized cali-
bration curve determined by Ranz and
Wong (/7). The characteristic diame-
ter, D,,, for each stage of the impactor
may be calculated from

1

= (22" a0y @

where ({5011 = 0.38 for round jets {/7).
However, as the C factor is a function of
D, calculation of D, is not as straight-
forward as indicated by Equation 2. €
is defined in general as:

2L
C=1+4+ (D_,) {1.23 4

0.41¢ 044D (11 ~UL] (10 '(3)
for 0.1 < [2L{10)*/D,} < 134

When
D,{10)-*
(_L—)> 2-7,

the exponential term in Equation 3 may
be neglected and

Co= 1+ (246)2(10)* (L/D5) (4
This condition existed in most applica-
tiung of the impacior.  For air at normal

D

room temperature and pressures, Equa-
tion 4 becomes

C =1 4 0.165/D, (5}

When gases are expanded through a jet,
the temperature change can be estimated

on the basis of frictionless adiabatic flow -

for a perfect gas (J). However, in most
cases this temperature change is negli-
gible and the velocity of the gases at the
jet throat, #s, can be estimated as follows:

4 Vy (Py)
x(D.) (Py)

(6)

Py =

CASCADE IMPACTOR

When D, is taken equal to D,,, Equations
2, 4, and 6 can be combined to give

D, =
=153 u 38t
53, [5en
VeoP gl +
(M

The characteristic diameters tor cach
stage of the impactor can be calculated
direcily from Equation 7. When D,/
L X (10)~* < 2.7, Equations 2, 3, and 6
must be solved by approximation. For
any test, after Dpc was caleulated for

(2.05K10Pu D Py
2sVofo

30

220 —~]

Q

x 1.5 /’ %

o L~

= 7] °

o- 0.8 o A

F 0.5 b ]

;I 04 - 11/

« g MIST  RETENTION

© 03 — LOADING TIME
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- |

3 02 P 0 141 0.l

i~ ] 19.3 0.1

g v s 12.0
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Figure 1.

Cumulative particle size distribution of sulfuric acid mist generated in

the laboratory is a function of mist loading and retention time
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Figure 2, Cumulative particle size distribution of sulfuric acid plont aerosols
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Table 1. Particle-Size Distribution
Curve Calculation
] Cumuls-
% tive %
Jet No. Dy Collected <Dp,
1 3.14 Q.39 99.61
2 1.63 0.68 98.93
3 1.10 2.74 96.1%
4 0.57 21.60 74.59
3 0.33 54.73 19, 86
Giass fllter
1 ves 10,86
2 - 0

each stage, cumulative distributions as
shown in Figures 1 to 3 were calculated.
For example, consider the curve given for
a mist loading of 19.3 mg. of sulfur triox-
ide per standard cubic {oot and a reten-
tion time of 0.1 minute in Figure 1. The
data for this test are given in Table I
A3 19.86% of the mist was not collected
by the last stage, this percentage of the
mist has diameters smaller than 0.33
micron, the D, for the last stage. The
cumulative. per cent not collected by
stage 4 was 19869 + 54.73% =
74.59%. This calculation was contin-
ued as shown in Table II and then the
curve was plotted as shown in Figure 1.

Fiald Measurements

The impactor and auxiliary apparatus
have been used extensively at plants
throughout the country. Measurements
of particle-size distributions of aerosols
within and leaving eight different acid
plants have been measured, and collec-
tion efficiencics of different types of full-
scale dust and mist collectors for different
particle sizes have shown that the impac-
tor i8 a valuable and practical instru-
ment for field use.

The particle-size distribution and
loading of the mist leaving a new contact
sulfuric acid plant are shown in Figure 2.
This plant i3 of the Leonard-Monsanto
design, a single unit with a rated capac-
ity of 400 tons per day on a 100%, sul-
furic acid basis. Process gases in phos-
phoric acid plants are usually saturated
with § to 40% water vapor, depending
on the process design and operation, and
adiabatic measurements are required.
A typical particle-size distribution for
the acid mist leaving a phosphoric acid
plantis given in Figure 3.

Particle-size determinations by chemi-
cal company personnel make possible
determination of acceptable stack dis-
charges of acrotols, evaluation of in-
stalled collection equipment, rational
selection and design of equipment, and
recognition of potential problems early
in the development of new processes.
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Nomenclature

C = empirical correction factor for
resistance of gas to movement
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Figure 3. Distribution of phosphoric acid mist leaving typical plant can be used
to control process. Analysis of aeroscls under varying plant conditions cids in the

selection of new equipment
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. P2

of smail particles as defined in
Equation 3, 4, 0or 5

D, = diameter of impactor jet, cm.
D, = diameter of aerosol particle,
microns
D, = characteristic diameter of acrosol
particle for impactor stage,
microng
g =1 (g.}/(atm.)(cm.)(sec.)?
L = mean free path for gas molecules,
cm, L =2u/po
P; = absolute pressure at inlet to
impactor, atm.
P, = pressure after jet, atm.
AP = pressure drop across impactor,
inches Hg
T, = temperature after jet, "K.
Vo = gas flow at inlet to impactor,
ce./second. Vo = 24.5 (AP)%-4°
for air at 25° C. and 14.7
p.a.i.a.
= average lincar velocity of gas

through jer, at Py and Ty,
cm. per second

o = average molecular velocity of
gas, cm. per second § = (10)!
\{s& F5(1.003)

Tp

¥ = dimensionless inertial parameter,
= Cp,v:Dp*/18 D, (10)°

¥s = inertial parameter for impactor
efficiency of 50%,

p = gas density after jet at Ty and
P, gram per cc.

pp = density of aerosol parucle, gram
per ce.

# = viscosity of gas after jet at Trand

Py, g./(cm.)(sec.)
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