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- Monsanto Research Corporation (MRC) was contracted under the

I. INTRODUCTION

Environmental Protection Agency's "Field Sampling of Atmos-

pheric Emissioris" program to provide emission data from a \
lime kiln at Virginia Lime Company, Ripplemead, Virglnia, a
division of Rangaire Corporation,

The field test work was directed by Thomas F. Lahre, Technical
Development Section. The sampling was performed by MRC with
Thomas L. Peltier as Team Leader. .

This report tabulates the data collected from the exhaust of%
the No. 2 lime kiln of the Virginia Lime Company during the
sampling program on April 30 and 31 and May 1, 2 and 3, 1975%
The coal-fired kiln was not equipped with a pollution control
device when the sampiing was performed, However, wet'scrub—
bers are currently being installed tc meet the Virgihia air'f
pollution regulations. The kiln produces 350 tons per day
of product (pebble lime) which varies in.size from one inch fo
two and one-half inches, 'To produce 350 tons-of product, 7op

|

tons of feed and approximately 120 tons of coal are required;

The exhaust gas from the kiln was sampled to determine par-
ticulate concentrations according to the procedures described
in the Federal Register, Vol. 36, No. 247, December 23, 1971

Method 5, "Determination Particulate Emissions from Stationary

Sources." Method 1,'”Sample and Velocity Traverses for
Stationary Sources": Method 2, "Determination of Stack Gas




the Method 5 tests.

- Method 6,-"Determination of Sulfur Dioxide Emissions from

'Stationary Sources" and Method 7, "Determination of Nitrdgen
‘on .the exhaust gaseé. Method 10, "Determination of Carbon

~ Register, Vol. 39, No. 47, March 8, 1974 was utilized during

‘heating value and proximate analysis. i

Velocity and Volumetric_Flow Rate (Type S Pitot tube)";
Method 3,  "Gas Analysis for Carbon Dioxide, Excess Air, and
Dry_Molecular Weight"; and Method 4, "Determination of Moisture

in Stack Gases" are other procedures that were required for.
|

Oxide Emissions from Stationary_Sources" were also performed%
Monoxide Emissions from Stationary Sources," from Federal

I
the sampling program. Brink® particle sizing was performed i
on the particulate in the exhaust gases to obtain the size oft
the particles being emitted,

Samples of the feed méterial, product, -and coal were collecté
during the sampling runs, with the feed and product analyzedi
\

for-sulfur'cdhtent, while the coal samples were analyzed for |

The following seéctions of this report include a summary of
results, description of process, sampling location and sam-
pling and analytical procedures., Appendices include all

field and analytical data from this sampling project.




" probe tip, cyclone, filter holder, and associated glassware_

form extract of the water from the impinger.

IT. SUMMARY OF RESULTS

Data on particulate.emissions and the limestone feed.rates
from the No. 2 lime kiln are summarized in Table 1. Emis-
sion data are divided into two parts, the front half and
total catch. The front half includes the filter,.the probe,

washings. The total catch includes the front half plus the
material collected in the water impingers, the impinger

washing, with both acetone and water, and the ether-chloro-

Runs 3, 4 and 5 arevcomplete sampling runs and the data from
these runs is most representative of the particulate emission
from this source. - Runs 1 and 2 were incomplete sampling runs
each collecting samples from one half of the total number of

traverse points.

The data for runs 3, 4, and 5 was obtained by sampling at eac
traverse point for one minute for a total of U8 minutes of ru
time. Between 23.7 and 26.7 dry standard cubic feet of gas w
sampled during the three runs to providé the  front half and t
tal catch results, which are given in Table 1 and also in App
dix A. Duc Lo the high particulate loading, the sampling tra
filters were changed at ﬁhe end of each traverse. The space
the platforms was limited and 1t was necessary to disconnect
the twelve foot'pfobe from the sample‘box in order to move th

sampling system to the second port to complete the second
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half of the sampling run, During this'transfer, care was
taken to prevent loss of particulate that had settled out on

the walls of the probe liner,

The data for Run No, 1 was obtained from the port adjacent
to the ladder, and consists of all 24 points of the traverse
for this port. - During the transfer to the second port, the i
probe liner was broken, The run was terminatéd at this timei
and the sampling syétem cleaned up, Run No, 2, was begun |
from the other port, i.e., 90° away from the port closest to
‘the ladder. Halfway-through the run, after completion of the
first 24 traverse points from one port, a rainstorm prevented
further sampling., Rather than to continue this run over a |
two day period, the run was terminated at. the point and the |
sampling systém cleaned up. As runs 1 and 2 were not.compleke
runs, ohly the front half samples were analyzed in the labora-
tory. These results are given in Table 1, along with the com-
plete data of runs 3, 4 and 5.

The cleanﬁp of all sampling trains was done at the site. Al
filters, impinger liquid and washings were transported to the
Dayton Laboratory. The analysis of the front half of sam-
pling train followed the procedures given in Method 5 of the
December 23, 1971 Federal Register. The back half analysis

was compléted as outlined in "Specifications for Incinerator

Testing at Federal Facilities", U, S, Department of Health,
Education and Welfare, October 1967,

The results of the sulfur dioxide testing are given in Table| 2.
Runs Nos.vl and 2 were performed on April 30, 1975, before and
after Particulate Run No. 1. The emission rate that 1is givep
in the table is based on the velocity determined during the
preliminary velocity traverse performed on April 29, 1975.
The sulfur dioxide Run No. 3 was performed on May 2, 1975
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and:the emission rate results are based on the velocity de- |

termined from the Method 5 run performed on that day.

The sulfur content of the coal used as fuel on the days of
the test are given in Table 3. This table also gives the
proximate analysis of the coal including the moisture, vola-
tiles, aéh, fixed carbon and BTU content. The analytical
procedures were performed according to ASTM-D271—70. The
total sulfur contents of the feed limestone and product lime
(Table U4) were determined by two different methods, the Bromine
method, at MRC and the Leco Method at Bowser-Morner Testing
Laboratory in Dayton, Ohio. Both methods are given in the
ASTM C25-72 procedure for lime and limestone analysis. The
sulfur contents of the limestone and lime as determined by
the two methods were considerably different as evidenced by
the data in Appendix G. The precision of the results by each|
method separately was quite good. In addition, standard sam—‘
ples were prepared.for the Bromine method by adding known

amounts of sodium sulfate to.calcium carbonate and determining

s

the recovery. The results indicated 99.8 and 100%-recovery of
the sulfur in samples throughout the analytical procedure.
Check samples were fesubmitted for analysis by the Leco Method.
One possible explanation in the difference between methods is
" that the Leco Method provides direct sulfur readings from.zera
to 1 1/2% sulfur from the burette. As the reported sulfur con-
tent range from .02 to .035 only a small portidn of "the range
is used. This does not explain why on sémples the first day
" the Leco Method gave results about one half of fhe bromine
sulfur values. '

Table 5 contains the data requiréd for a total sulfur balance
‘around the No. 2 kiln. 1Included in the table are the total
input sulfur from the coal and limestone feed -and the total

output sulfur from the sulfur dioxide, the éalcined lime
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Table 5. TOTAL SULFUR BALANCE

Jourec Date and Guantlty

in,

/30 (Run 1) /30 (Run 2}

Leeo (A) Beomine (B) (1) . Bromine (B)
Limestrno Dood
Fead Rate (ten/hr) - 27 27
Sulfur Content- (1) Lohn n72 .ok2 0732
Sulfur Input (1t hr) maLT 8.0 N 23,0
Coal Ford
Foed Fute (ton/hr) .5 b5
Salfur Content (3)(0) 0.9% n,9%
Sulfur ITnput (1b/hr) 35.5 85,8
Total Sulfur Input (1b/hr) 1n8.2 124.h 118.2 124k
Froduct Yleld*
Rate (ton/hr) 13.5 13.5
fultur Congent (%) _ .2z L 065 .02z CLNeG
aulfur Content (1lb/hr) 5.9 17.6 5.9 7.5
Gasnous Emiselons .
30, Emisslens (10 7/hr)d Tl 128.7
sulfur Tmisulons (1b/hr) 35,9 ] g
Sulfur in Fartlculae
Emissionsz (1)
‘Zulfur Content (1) 0.17 0.17
Sulfur Emisslons (lb/hr) .7 7.7
Tatal Sulfur Cuiput (1h7he L 0.8 78.0 Rg.7
Difrerence Input—Output ’
(1t/hr) ' 59.1 63.€ 36.2 3.7
% Input Unaccounted ¥or (ﬁ h.6 51.1 7.9 27.2
* Converslon of Total Tnput
Lo Gaseoun 5 =
_fGiaseous 3 o P . . Ty =
frtar Tapat & % 200 . 32 28,5 59.0 R
Lo reters to the resulta by The Levo Mot hod tor sl fure

promine refers to Lhe resnlts by Lhe Bromine Method for sul fur
Sulfur conteont in enal detrrmined b ASTHE-DITL-T0
nromine refers to Lhe results ty the Dromine Method fur zulfur

Flant Yield

10

Leco_(A)

B )

94,9

]
~

fromin

20
>
2800
hoB
0.45
B1.rn
105.0
L
La2n
6.7
92
LY
G.165
9.8
£2.0
LET
41.n
1500




product and the particulate emissions. The sulfur content of
the particulate collected on the filter and the probe and cy-
__clone washings was determined by using the Bromine method. Cpm-
pleting the balance using the limestone feed and coal as sourpes
of sulfur and u51ng the 802; produot, and particulate emis sioqs
as sulfur outlets results. in a considerably smaller amount of
sulfur out than into the system. The unaccountable sulfur is
- given in Nd.-8 and No., 9 on Table 5. Also given in Table 5

is the percent conversion of input sulfur to gaseous sulfur.

Gaseous sulfur C % 1
Sulfur in from limestone feed and coal

% Conversion =

In all three sulfur balances from the No. 2 kiln, the amount
of sulfur out through the product and emissions is approximafiely
50% or less than the amount in through the limestone and coal .
feed. A‘possible explanation for this is'that‘there is an
‘irdication that EPA Method 6 for gaseous SO, does not give the
correct results on emission sources that contain lime due to

adsorption of S50,.

The Method 7 NO results are summarized in Table 6. The four
samples were w1thdrawn from the source over a fifteen mlnute\
period at three different_tlmes.' The results of the individyal
samples and the,average'for each fifteen minuté period is given
in the table. The concentration and the emission rate is baged
on the preliminary velocity traverse performed on Apfil 29,
1975. A sample calculation and a computerized printout of the

results are given in Appendix B.

Two particle siﬁing runs using a Brink® BM&%-11 Cascade impactor
were performed on the exhaust of the No. 2 kiln. A description

of the device is given in Appendix D along.with a computer_print—
out of the results of the testing program. Table 7 gives a 5 UM—

mary of the particle sizing data. It includes.the stage number,

11
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TABLE 7
Brink® Particle Sizing

Run #1 - 5/02/75

Weight Cumulativs

- of C Weight Weight [
Stage  Material  DPC  mg/ACF  _PONT PCNT
Cyclone 67.300 91.88 .  96.46 100. 00
1 0.45 2.77 .62 65 3.55
| 2. 0.46 1.62 - .63 . .66 2.90
3. | 1 0.10 110 L1 .15 2,24
l 0.12 0.56 17 18 2.10 |
5  0.14 0.3l .20 21 1.93
‘Filter - 1.20 1.64 . 1.72 1.72

Run #2 - 5/03/75 - _

Weight _ ‘ Cumulative

- of ' Weight Weight
Stage Material . DPC mg/ACF ~_PCNT PCNT__

Cyclone  66.70 121.96 97.09 100.00
1 59 1.96 1.08 86 2.92 |

2 L1l 1.13 .26 .2 2.06

3 2175 .39 .31 1.85

u .10 .36 .19 S 1.55

5 06 . .18 11 09 1.40

Filter .90 | 1.65 1.32 1.32

13




of the particles, the welght percént, and the cumulative

~weight percent.

‘The first run with the Brinks unit was to establish run con-

‘The results of the particle sizing are plotted on probabilif
.log paper in Figures 1 & 2.

~ The Method 10 testing with the Beckman Model 864 Infrared

Trouble with the analyzer led to no results for April 30 and

‘was between 0.3 and 0.4%. The people at the plant had no id

the weight of materilal collected on the stage, the diameter

of the particles in microns on the stage, the concentration

ditions, and during this run the flow rate through the sampl

as measured by the AP aecross the impactor was lower than

isokinetic. Based on the Stack conditions and use of a 3 mm

nozzle, the AP should be U.5" of mercury. The first run

indicated the sampling time should be about 5 minutes. Run
was run under these conditions, and thﬁs should be representf
tive of isokinetic sampling.

The results, aé shown by both runs indicate that about 97% d
the particulaté is caught in the probé and cyeclone and thus
larger than 2 micrometer in diameter. Only 3% of the total
mass collected was distributed through the stages of the imp
tor. '

Analyzer was performed each day on the Orsat grab sample,

inconclusive results on May 1. On the“third day of testing

the meter on the analyzer became pegged and'the sampling team

assumed that there were operational difficulties since full
scale was 3000 ppm carbon monoxide. An Orsat was performed
and it was discovered that the CO content of the exhaust gas

what the CO concentration was in the exhaust gases. The same

results were obtained during particulate Runs No. U4 and 5.

14
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The calibration gases for the CO analyzer were-BOO, 600, and

900 ppm since lower levels of CO Were-expected.' Therefore,

the CO analyzer gave an indication that the concentration wa

greater than approximately 3000 ppm with the Orsat values con-

firming this concentration. Table 8 gives a summary of the

carbon monoxide emissions.

Table 9 gives an average emission factor for each of the pol.

lutants that were sampled. at Virginia Lime. The factors are
an average of all runs performed. '
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ITI. PROCESS DESCRIPTION AND OPERATIQN

Virginia Lime Company in Ripplemead, Virginia has three
rotary lime kilns which produce calcined lime, The lime-
stone which is fed into the kilns is mined, crushed, and
sized on site. The product, calcined lime or pebble lime,

is cooled and stored in silos before being s01d to customers.

The pulveriied coal that is used to heat the limestone and
convert it to calcined lime has a typical heat content of
12,830‘Btu/1b, 8.9% ash, and 0.8% sulfur, The kilns are
Qperated continuously, 24 hours a day, seven days a week.
The capacity of kilns No. 1, 2, and 3, 1s 150, 350, and 350
tons of_product/day respectively. A flow diagram of the

lime plant is shown in Figure 3.

The limestone feed is mined from a nearby mountain and
trucked to the plant site where it is crushed and sized,
The feed to the kiln varies from one'to.two and a half
inches at its 1argést dimension. The stone 1is conveyed to
a storage bin directly above the kiln from where it falls
into the rotating kiln and gradually tumbles toward the
opposite end of the kiln. Pulverized coal is blown into
the kiln at the'produét end and the combustion gases are
pulled through the kiln by a fan on the outlet. The heat
of. the burning coal causes the limestone feed (CaCOj,"
calé¢ium carbonate) to give off carbon dioxide (C0;) and
form calcium oxide (Ca0). The stone fed into the kiln has
a four hour residence time before it is emitted. as product.
As the product leaves the kiln,'itffalls into satellite

20




QUBT4 SWTT JO Wed8elg MOTd ¢ 9andT4g

7Y0D | | |
a7z1¥3ATNd 1 00+ 0% g7 000 | i}
| . - N 71 ONIZIS P*° oo
ONMZI¥IATING ‘023
| _ ol ._ | INIW
- .AMAMU - . . | : : .
- So1IS | S3SYD

FOHYOLS | ~ LSOYHXZF




‘entering the kiln goes through the coolérs where it is

contact grate cooler. Heat is transferred from the product

_also recorded. At this plant there is no provision for

‘three tons of product and requires one ton of coal for heat.

coolers that are mounted on the shell of the kiln. Air

heated and the product 1is cooled. The product falls from
the coolers and is then bonveyed to storage silos until it
can be Shipped to customers. Nos, 1 and 2 kilns have the
satellite coolers, while No. 3 kiln is equipped with a

by the grates and by air which passes over the grates.

The pulverigzed coal burns as it passes through the kiln and
the fesulting fly ash plus small particles of both limestone
and prdduct are exhausted out the stack, At the time of the
sampling, Kiln'No. 2 was not equipped with pollution contrgl
equipment. The,gases_and particulates went from the kiln
through a fan to the exhaust stack. Ducon wet scrubbers
are currently being inatalled on all three kilns.

The feed rate of'limestone_to the kiln 1is weighed and is

recorded as the average tons/hour. The size of the feed ig

determining the amount of coal burned or the amount of prod-
uct produced. The plant personnel indicated that based on

historical information, six tons of limestone feed yields
These relationships were used in the calculations of coal
usage and product yield in the sulfur material balance.

Appendix F contains the plant production data.

A summary of thehféed data, coal usage and product yield ip

given in Table 10.

22




poﬁ@OLQ.mo uoJl, £/18Co JO UOL T JUTIEBOTPUT SPICDIL jueTd uo @mmmm**.

uotgonpoad 3ITUs 181 JO adedanre JU-6y

m.
s 20V
6 SRt 62 A
8"t : SThl . 6 GlL-2-§
Gy gt . LT . GL-T-G
Spo Gt L2 o GL-0E~ir
#(aU/5) ##1800 - ¥ (4U/L) 200podd *(14/1) pevd

SHLYY V0D ANV ‘IOoNUONd ‘dHHd S0 AMYIENS

0T °T4EL




IV. SAMPLING LOCATION

The exhaust stack on Kiln No. 2 and the sampling location i3

shown in Figure‘u. Figure 5 is a top view diagram of the

stdck indicating the location of the sampling platform and
the boards used with the sampling train. The sempling port
(holes cut into the 1/4" steel stack) were located 21 feet
(6 I meters or 2.2 diameters) from the nearest downstream

dlsturbance, an 1nlet from the I.D. fan. The ports were 32
feet (9.75 meters and 3.3 diameters) from the top of the st
The stack was listed as'being 10 feet (3.05 meters) in diam
" ter, but after a measurement, the diameter proved to be 9 f
8 inches (2.95 meters). The total stack height was approxi
mately B0 feet (24.14 meters) with the ports belng 45 feet
(13.7 meters) above the ground.

" The sampling platform extended only 90° around the stack.

The platform was reached by climbing up the inlet duct and
then up a 15 foot ladder onto the platform, The small plat
form presented a difficult situation for sampling with a
 twelve foot probe. ' ' ' -
The ports were only 2 diameters from the inlet, requiring A
traverse points (QH along each of.the two pecrpendicular -

diameters)'as specified in the Federal Register, Method 1.

A 12' probe and pitot tube were used on the sampllng train

Wthh was rested on two sampling boards which were provided

by Virginia Lime. .The consoles for the particulate trains

were operated from the ground. Methods 6 and 7 samples were

2h
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both éollected from the sampling platform, Samples for car-
bon monoxide analysis by Method 10 were collected in Tedlar
bags at the stack, and the gas in these-bags were anaiyzed
with a Beckman NDIR set. up in a nearby shed. The monitor

was calibrated as specified on site..
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V. SAMPLING AND ANALYTICAL PROCEDURES

The outlet'gases from the rotary kiln at the Virgihia Lime
Company were sampled for perticulate emissions, particle
size, sulfur dioxide, nitrogeh oxides, and carbon monoxide.
Sampling procedures were designated by the EPA. Analyses of]
the collected-samples were.performed by Monsanto Research
Corporation. Appendix_H presents detailed sampling and

analytical,preceduresq

Velocity and Gas Temperature

Gas velocities were measured with a calibrated type S pitot
tube and inclined draft gauge., Velocities were measured at
each sampling point across the stack diameter to determine
an average value according to procedures described in the

Federal Register, Methods 1 and 2. .Temperatures were meg-

sured with the use of a thermocouple and digital thermometern
that was calibrated in Dayton prior to the test. '

‘Molecular Weight

A one-hour integrated sample of the stack gaees was collected
during each particulate test by pumping the gas into a Tedlgr
bag'at'the rate of approximately 1 e¢fh. The sampling train
was assembled. as shown in Figure 6. The bag sample was

analyzedewith an Orsat analyzer for CO,, 0,, and CO as

described in the Federal Register, Method 3. The CO content

of the exhaust gas was also measured by using a Beckman Model

28
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864 Infrared Analyzer. The prodedures of'ﬁhe Federal
Eegister,-Method 10 were followed during the testing program.
Calibration gases included 302, 610, and 913 ppm of CO in
nitrogen and a zero gas with less than 1 ppm CO.

Particulates

Concentrations of particulate matter in the exhaust gases

were measured by Method 5'of the Federal Register., The sams

pling_train_consisting of a heated glass—lined probe, a
3-inch diameter glass—fiber'filter, and a series of Greenburg-
Smith impingers was used for particulate sampling, as shown
- in Figure 7. ' '

Samplihg was conducted under isokinetic conditions by‘moni-
toring stack gas velocity with a pitot tube and adjusting tbe
sampling rate accordingly. The five particulate runs were
performed during a four day period, with Runs Nos. U and 5
_being performed on May 2. Run No. 1, a 26.7 minute run on
. a 2M—point traverse, ended when the probe was broken moving
from ohe port -to the next, Run No. 2 was a.- 36 minute fun on
a 2U-point traverse in the port that was not sampled in Run,.
No. 1. This run was erded when a sudden electrica1 storm
prevented further sampling for the day. Runs Nos. 3, 4, and
5 were all'two.2u—point traverse runs that lasted for 48 |
minutes. A 0.364 inch diameter probe tip was used in all

five runs.

‘The filter had to be changed at the end of each traverse
because of the high grain loading in the exhaust gases. If
this-had'not been done, it would have beeﬁ-impossible to
maintaih;the required AH across the orifice. Extreme care
had to be taken when handling and cleaning the probe becauge

of the amount of particulate that accumulated during the run.

30
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procedures set forth in Method 6 of the Fereral Register.

The various pieces of glassware and the probe were cleaned
according to Method 5 procedures, The acetone_and water
washes and the impinger water was placed in Wheaton bottles
and shlpped to the Dayton Laboratory for ana1y51s. After
analysis at the lab, the probe washings and filter collectior

—

welghts are referred to as the "front half" and the "total",
with the "total" being the front half plus weights from the
impinger water and water wash, the acetone wash, and the

extraction of the water.

Nitrogen Oxides

Nitrogen oxides were collected in evacﬁated 2-liter flasks
containing 25 ml of a dilute sulfuric acid/hydrogen peroxide
absorbing solution. The sampling and analytical procedures

were performed according to Method 7 of the Federal Registen
Vol. 36, No. 247, December 23, 1971. The sampling train is
iliustrated.in Figure 8. The.volume of all flasks was detern--

[

mined in the laboratory prior to sampling.

Sulfur Dilioxide

gulfur dioxide concentration was measured according to the

Carbon Monoxide

An attempt was made to determine the carbon monoxide levels
in the exhaust rases with the use of a Beckman Model 8614
Infrared Analyzer. Sampling was done according to Method 10
of the Federal Register, Vol. 39, No. A7, March 8, 197h.

~Calibration gases of 302, 610, and 913 ppm were used to cali-

brate the infrared analyzer. The 1 hour integrated gas sam-

ples used for Method 3. were also used for Method 10 analysis.
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‘The CO levels proved to be too high to determine with the
| infrared analyzer'since its upper limit was 3000 ppm. The
method as written reduires an instrument for the 0-1000 Dppm
range. The values indicated for CO percent in this report

‘are the result of an Orsat analysis on the integrated sample.’

Total Sulfur Analysis

The samples of the limestone feed and the pebble lime produg¢t
that were Collecfed during the Method 5 runs were analyzed
for total sulfur content. Two methods were used to determine
the amount of sulfur present, the Standard Bromine Method and
the Leco Method with both being included in ASTM C25-72,
Chemical Analysis of Limestone. The Bromine Method involves
determining the sulfur present by weighing an amount of lime-
stone, reacting it to form BaSO,, and weighing the BaSO, to

determine the amount of sulfur present. The Leco Method in

volves the use of a Leco automatic titrator to neutralize the

sulfur dioxide formed when the limestone is burnt.

Coal Analysis-Proximate

A proximate analysis of the coal was perfofmed according to
ASTM D271-70. The moisture, volatile, ash, fixed carbon,

sulfur, and Btu contents were determined. The coal samples
were collected from the storage silo at a 1dcation near the
pulverizer that was used to grind the coal to a fine powder
which was then fed directly into the kiln.

Particle Sizing

Two particlé sizing runs were performed on the exhaust gases
from the kiln. A Brink® BMS-11 Sampler was used to obtain
the size distribution. The sampler was operated according

to the accompanyine manual (Appendix D). The flow rate

34




through the sampler was determined With the use of a pre--
liminary veloclity traverse on the stack.and the various
calibration -curves provided with the instrument. A pre-
determined presSure drop across the particle'sizer resulted
in a calculated velocity and therefore a desired particle |

size distribution.
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APPENDIX A

COMPLETE PARTICULATE RESULTS AND SAMPLE CALCULATIONS
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Table A-2

PARTICULATE CALCULATIONS
Example: Run No. 3

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

DELH
17.7 x VM (PB + )
VMSTD = 13.6
B (TN ¥ §60)
17.7 x 28.146 x ( 28.02 + 13-85)
) TT.9 F 60
= 26.009 dscf'

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

VWG

0.047h x VW

0.0474 x 21.4

1.014

3. Percent moisture in stack gas

100 x 1.014 | - |

PCNTM = 57 509 + 1,018

3.75




Table A-2 (Continued)
PARTICULATE CALCULATIONS

Mole fraction of dry gas

100 ~ PCNTM
100

MD =

_ 100 - 3.75
100

= .963

Molecular weight of dry stack gas

MWD

(%C0, x 0.44) + (%0, x 0.32) + [(%C + 4%N,) x 0.28]

(10.7 x 0.44) + (12.4 x 0.32) + [(.(3 + 76.6) x 0.28]

30.2

Molecular weight of wet stack gas

MW MWD x MD + 18 (1 - MD)

30.2 x 0.963 + 18 (1 - .963)
27.7

Stack gas velocity at stack conditions (fpmc)

i=n .
E Y DELP x (TS 4 L460)
i=1

1 %
VS = 4360 x = X PS % MW]
where n = the number of data points

1
4360 x 9.16 x (28_02 Lo .)

1433 fpm;f




10.

11.

Table A-2 (Continued)

PARTICULATE CALCULATIONS

Stack gas volumetric flow rate at standard conditions
(dscfmd)

Qs = 0.123 x VS x AS x MD x PS
T3 + 1460

0.123 x 1433 x 10568.3 x 0.963 x 28.02
388 + 460

Il

59260 dsecfm

Stack gas volumetric flow rate at stack conditions (acfm®

A o 0.05645 x QS (TS + 460)
QA = FS x VD

_0.05645 x 59260 x (388 + 460)
- 28.02 x 0.963

105,183 acfm

Area of nozzle (sq ft)

AN = 54,504 x 10-%(DN)?2

54,54 x 10-%(0.364)2

7.23 x 10-% sq ft

Percent Isokinetic

M
100.0(TS + 460) | 0.00267(VW) + (TH + 460) (PB + :

PCTI (TTY (V3) (PS) (AN)

| | 28,146 )
100.0(388+460) 0.00267(21.4)+(77.9+u60) (28.02.

48 x 23.88 x 28.01 x (7.23 x 10-%)

92.9




12.

13.

14,

Table A-2 (Continued)

PARTICULATE CALCULATIONS

Particulate-probe, cyclone, and filter (gr/dscf)

MF
VMSTD

il

CAN 0.0154 x

0.0154 x ;2%%56%

I

11.5965 gr/dsct

Particulate-total (gr/dscf)

MT
VMSTD

]

CAO 0.0154 x

0.0154 x lﬁ%%lé%

11.6797

Particulate-probe, cyclone, and filter at stack condi-
tions (gr/acf)

17.7 x CAN x PS x MD

CAT (TS + L60)

17.7 x 11.5965 x 28.02 x 0.963
(388 + L60)

6.5280 gr/acf




15.

16.

17.

-dDry standard cubic feet per minute @ T70°F, 29.92 in. Hg

Table A-2 (Continued)
PARTICULATE CALCULATIONS
Particulate-total at stack conditions (gr/acf)

17.7 x CAO x PS x MD
(TS + L60)

n

CAU

_17.7 x 11.6797 x 28.02 x 0,963
- (388 + L160)

6.5748 gr/acf

Particulate-probe, c¢yclone and filter (1lb/hr)

CAW

]

0.00857 x CAN x QS

Il

0.00857 x 11.5965 x 59260

5889.376 1b/hr

Particulate-total (1b/hr)

CAX 0.00857 x CAO x QS

Il

0.00857 x 11.6797 x 59260

5931.591 1b/hr

8Dry standard cubic feet @ TO°F, 29.92 in. Hg

Pstandard cubic feet @ 70°F, 29.92 in. Hg

CFeet per minute @ stack conditions; n = number of data
points

®Actual cubic feet per minute @ stack conditions




APPENDIX B

COMPLETE NO, RESULTS AND SAMPLE CALCULATIONS
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METHOD 7

NOx CALCULATIONS

Plant /| N Lwe C—ovwc‘)gn\’/

Date 7/ ?-3,/' 75

Test No. SMV\(()“‘L Caleylation Test ™2 Flask ® /s~

Volume of flask and value (ml) =VF = 2112
Initial absolute pressure of flask (in Hg) =PI = ©.&/
Final absolute pressure of flask (in Hg) = PP = 2¢. 60
Initial temperature of flask (°F) =TI = 67
Final temperature of flask (°F) = TF = 6/
Mass of NOx as NO, in gas sample (ug) = M= H7Y

Volume of sample at standard conditions, dry basis(ml) = V3

VS = 17.71 x (VF-25)(TF5550 - szﬁso)

26. 60 0081
VS = 17.71 x ( 239 ~25) (275160 - T +4%0) © /B2 ml
Concentration of NOy as NO, (dry basis) (1lbs/secf) = C
_ M
C = 6.2 x 1073 x(53)
-5
¢ =6.2x 105 x (—A74 ) 587 wo 14
1852 scf

™ = 24,5

PP -Muu x Lo x107 , =
SC i~
ppm = 2hs *7 -§
x lveo(8kso S87 = 3

re Te _ x 1.S87x/0 I35 ooy




APPENDIX C

COMPLETE SO, RESULTS AND SAMPLE CALCULATIONS




METHOD &
S0, CALCULATION

L /Z |
Plant | tea s O : Date -9//.3'0 Sfre
// /
Location Run# [/ / ‘

Barometric Pressure Absolute (in Hg) BP = <5 G/
Average Meter Temperature (°R)
Absolute (°F + 460) Tm = S 32
Volume Through Dry Gas Meter (CF) Vp = 00
Volume of Ba(Cl0,), to Titrate Sample (ml) Vg = 2 73
Volume of Ba(Cl0,), to Titrate Blank (ml) Vp = 0,50
Normality of Ba(Cl0,), Solution (g-eq/l) N = 7 OO
Total Volume of Solution (ml) Vg = Y,
Volume of Aliquot (ml) Vg = 20 ]
Volume of Gas at Standard Conditions (SCF) = Vg |
- (Vig) (BR) _ (L120 )(Tgo/) - -
Vg 17.71 —‘?m—z- 17.71 (532) AR EF A

Concentration of S0, (1bs/SCF) dry basis = C

- -5 (Ve=Vp) (N) (Vs) _ ms (LT3 (Ap( 252)
¢=7.05x10 (VE?T%ETL 7:05 x 1078 =TT 20

C= 2¢e8¢* 10>  1bs/SCF

Veloeity of Stack Gas (Actual) (FPS) V= A
% Moisture in Stack Gas M= & &
Area of Stack (ft2) A= 735 .39
Absolute Stack Temperature (°R) Tg = Fe 3
Absolute Stack Presgsure (1n Hg) Pg = AL

S0, Flow Rate (1lbs/hr) = 8

g = 6.377 x 10+"‘(l—(l‘(’1;l())'2))(V)(A)(PSHC)
]

, . 6:377 x 10" (,9‘350(15(,/,253( 2339 28 m) (2 ceic %y
N : & 3

S = 740 (1bs/hr)
Ppm = 2y
O IWA NS o J;,,ij ,'Ff-jm--twmg_

A i




METHOD &
S0, CALCULATION

Plant;&?@ c:'%‘/ Date .S/éﬂ/7_\"’
Location Run# 2 7~ 7/

Barometric Pressure Absolute (in Hg) BP = 25, L/
Average Meter Temperature (°R)

Absolute (°F + 460) Tm = AR
Volume Through Dry Gas Meter (CF) Vp = 7 0
Volume of Ba(Cl0,), to Titrate Sample (ml) Vg = </ 20
Volume of Ba(Cl0,), to Titrate Blank (ml) Vp = .5
Normality of Ba(ClOy), Solution (g-eq/l) N = Y
Total Volume of Solution (ml) Vg = D5
Volume of Aliquot (ml) Vo = e

a
Volume of Gas at Standard Conditions (SCF) = Vg

vg = 17.71 L (BB) = 49,7y LL2§ (2800 = _ 4239

Concentration of 80, (lbs/SCF) dry basis = C

I WL L/08( 25D) |

- -5 (Ve=Vp)(N)(Vg) _ -5
C =17.05 x 10-5 (@?W 7.05 x 10 C 93500 20 )

C=  Basvaxn > 1bs/SCP

Velocity of Stack Gas (Actual)(FPS) v = DS *
% Moisture in Stack Gas M =

Area of Stack (ft?2) A = 73 2D
Absolute 8tack Temperature (°R) Ty = =2
Absolute Stack Pressure (in Hg) Pg = JE LT

30, Flow Rate (lbs/hr) = 8

L 6,377 x 10F4(1-(Mx10=2)) (V) (8)(Ps) (C)

Ts)
_ 6.377 x 10% (290) (. I3/)( ZAID(2EID) (B, 752042 )
S = (Fe3 ) " '
'8 = L2 T (1bs/hr)

P = 230

* &LM g )da/&n%na_@:/ ‘/{444\@4,%__Aﬁ« dr. 9%1 V rAa




METHOD &
S0, CALCULATION
/. 3
Plant /, Attt T Date g/-)‘/ 15
Location Run# .3
Barometric Pressure Absolute (in Hg) BP = O O
Average Meter Temperature (°R)

Absolute (°F + 460) Tm = 5 75
Volume Through Dry Gas Meter (CF) Vm = 2 S 7
Volume of Ba(Cl04); to Titrate Sample (ml) Vi = D .
Volume of Ba(Cl04), to Titrate Blank (ml) Vp = 7
Normality of Ba(ClO4)s Solution (g-eq/l1) N = WYZK:
Total Volume of Solution (ml) Vg = =y
Volume of Aliquot (ml) Vg = 5

a
Volume of Gas at Standard Conditions (SCF) = Vg

Vg = 17.71 (p)(BF) %;BP) = 17.71 ("%(75;(2":;?4'3 = ,

Concentration of S0, (lbs/SCF) dry basis = C

1
~
>

7.05 x 10-5 V=V (N (Vs) o 7 g5 x 10-5 (FL(Lowd( 257)

¢- (Vg) (Va) 570 ( 22 )
C=  Zod3Y vm'r 1bs/SCF

Velocity of Stack Gas (Actual)(FPS) v = <3 85 K
% Moisture in Stack Gas M= KA
Area of Stack (ft2) A= ~ 3..39
Absolute Stack Temperature (°R) Ty = &7
Absolute Stack Pressure (in Hg) Pg = 28 O

S0, Flow Rate (lbs/hr) = 8

_ 6.377 x 10t%(1-(Mx1072)) (V) (A)(Pg) (C)

Ts)

g o 8:377 % 10% ( 742(2588)( 2259) (X801 ) (R, Go3y 03
- ( g4 )

S = G2, 5~ (1bs/hr)

PP = ]GO

*’ 8017.4,4,@_& 4&.\-(}-4, ZL“ H2 - 7)(.&1%-0-‘( g




APPENDIX D

PARTICLE SIZE DATA FROM BRINK® BMS-11
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A reprint from

the copyright owner

Industrial & Engineering Chemistry

Cascade Impactor for Adiabatic Measurements

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

Data on development, design,
and vse of a practical instrument
in the field make it possible to
build a 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 progesses.

IMP[NGEMENT DEVICES have been used
for years for sampling gas-borne parti-
cles (4-6). - Owens (9) and Ferry, Farr,
and Harunann (7) used a single jet and a
dry glass slide to 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 system of impactor stages (8)
particles were separated into five frac-
tions ranging in particle size from 1 to 50
microns, Laskin (7) used May’s impac-
tor on heavy aerosol particles 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-
pi¢ 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-
provements in design,

In many industrial plants aerosols are
found in high concentrations in gases
saturated with vapor at 30° to 200° C.
For measuring particle-size distributicns
of aerosols if*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
couatry.

! Present address, Research Department,
Mons.ato Chemical Co., 5t. Louis, Mo.

i Pt R Y I o '

Impactor and Auxiliary Apparatus

The cascade impactor hag 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 area 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 (77). The impactor
is 151/, inches long and was machined
from 316 stainless steel, Particles in the
0.3- to 3.0-micron range are collected.

A plass cyclone, with the same dimen.
sions as that described by Gillespie (2, 3),

Yol, 50, No. 4, Aprll 1958, Pages 645-440
Capyright 1958 by the Amserican Chemical
Society and reprinted by permisslon of

is used upstream from the impactor,
Two filters, consisting of Corning No.
9480 filter rubes packed tightly with No.
B0O Pyrex glass wool, collect particles
less than 0.3 micron in diameter. The
cyclone, impactor, and filters are
mounted in a box with 2 removable
side. A No. 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 0.533
3 0.13%% 0.419
4 0.0946 0.282
- 0.0731 0.220

4 From collection cup surface.

ol

%

The in-line impactor has five stages.

=

/—JET SPINDLE

GASKET

Particles in the range of 0.3 to 3.0

microns are coliacted by successive impingement




2] a
B e e R R R o B F Lo T T
Collection cups are positioned so that
the distance from the jet decreases
as the jet diameter becomer smaller,
Annular slots oround cup minimize
turbulence

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

(Catalog No. 416, Size 1, coiled type,
Eagle Elcctric Mfg. Co.). is mounted in
thc box. The three sections of the heater
are connected in series and operated on
110 volts. The air temperature is con-
trolled 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 filters, The
blower discharges air through a duct be-
low the heiter and then over the heater,
impactor, and cyclone back to 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 fexible
tape heaters (electromagnetic heating
tape, Howe and French), is controlled
with a Variac. Sample probes and
lines are sized for isokinetic sampling.

Experimentol Procedure

Prior to cach test, the impactor and
auxiliary apparatus were tested for leaks
under 8-inch mercury vacuum. Then
the sample line and the impactor box
were heated to the temperature of the
process stream. The sample probe was
inserted in the process stream and gas
flow through the impactor was started

SWITCHES—— |
GASES, FROM ol §
PROCESS LINE

GLASS CYCLONE—

BLOWER———

THERMOSTAT—~ 8] F
GASES TQ

= B

KMANOMETER
TAP

|| —HEATER

5 STAGE
/_lMPACTOR

A
Y

22

=,

/‘MAN%&AETER
s: )

ASPIRATOR Z
NEEDLE VALVN
GLASS WOOL FILTERS

Compact moke-up of impactor ond its auxiliory equipiment make it svitable for

. tesls throughout the plant

646 INDUSTRIAL AND ENGINEERING CHEMISTRY

" tion on the third or middle stage o

and hcld 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 10 80%, of the acrosol|was
collected on one cup or stage of the|im-
pactor. The sample time was limited
by re-entrainment from this cup; a 25-
to 50-mg. sample could be collccceﬁ- on
one cup without re-¢ntrainment. [The
maximum sample time was used, so [that
reasonable quantities were collected on
other cups. With one trial run,| the
flow rate for subsequent runs was sctfat a
level that would give maximum cc1[lec-
the

impactor, and the sample time was sct
at the maximum time feasible without
re-engrainment,
After each test the sample cups were
removed from the impactor with tweez-
ers. The quantity collected on ¢ach
cup was determined by weighing and/or
chemical analyses. The glass cydlone
was washed with water and the solytion
analyzed. The glass wool filters were
leached with water and the resulting
solution was analyzed; or the glass wool
was removed, the filter holder was rinjsed,
and the glass wool and solution were fina-
lyzed either volumetrically or gravimet-
rically, depending on the type of gero-

sol. Both weighing and chemical. analy-
ses were used when condensation or
cvaporation was a potential sourcg of
MANOMETERS7 y
I
q Y}
Ug; L)J
THERMOMETERS

Temperature ond pressure dufing
sampling period ore controlled by pb-
serving and adjusting instruments. | In-
terpretation of data aids in identifying
aerosols collected




error; double analyses showed that er-
rors duc to condensation or cvaporation
were negligible and sampling was adia-
bhatic.,

Calibration of Impactor .

The in-line impactor was designed
with the internal dimensions used by
Ranz and Wong (77), except that the
gases leaving any stage passed through
annular slots around the collection cups
rather than out the side. As the velaci-
tics through the slots were /a0 to /o
the jet velocities, the in-line impactor
was expected to perform in the same way
as impactors used by Ranz and Wong.

Sulfuric acid mists were gencrated in
the laboratory and passed through dil-
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 flow through the
impactor and pressure drop across the
impactor, for air at 25° C. and 14.7
p-s.i.a., was determined to be:

Ve = 24.5 (aPp.su ()

The gas flow, Vo, 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 (77). The characteristic diame-
ter, D,,, for each, stage of the impactor
may be calculated from

18uDAY
Dy = (CPP"! (¥30)¥2 (10) (2)

where (¥50)t = 0.38 for round jets (77).
However, as the C factor is a {unction of
D,, caleulation of D, is not as straight-
forward as indicated by Equation 2. C
is defined in general as:

Cal+ (2—4) [1.23 +
D, ;
0.41e70.4485 (9 =4L] (10)¢ (3)

for 0.1 < [2L(10)'/D,) < 134
When !

(2407); 23,

the exponential term in Equation 3 may
be neglected and

C =14 (246),(10)' (L/Dy) (%)
This condition existed in most applica-
r.uns of the'impactor.  For air at normal

room tempcerature and pressurcs, Equa-
tion 4 becomes

C =1+ 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 (3). However, in most
cases this temperature change is negli-
gible and the velocity of the gascs at the
jet throat, v, ¢can be estimated as follows:

4 Vo (B)

CASCADE IMPACTOR

. directly from Equation 7. When

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

Dy =

1334 _\/zu W (Z05X10Vab P
V geoPs 8.oP: ppVoPo

7

The characteristic diameters lor pach
stage of the impactor can be calcufated
z

L X (10)—* < 2.7, Equations 2, 3, and 6
must be solved by approximation. | For

v =100 (P (6 any test, after Dpc was calculated for
30 ﬂ
220 e
215
Q T
z 1.0 -
o : /I’ f/
o 0.8 > ”
« L~
£ o5 A
Z 04 -
bt MIST  RETENTION
03 — LOADING TIME
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2 02— 0 141 ol
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50 70 90 95 99

Figure 1. Cumulative particle size distribution of suifuric 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 cergsols
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Toble Il Parficle-Size Distribution

Curve Calcvlation

Cumula-
% tive %
Jet No. Dyps Collected <Dy
1 3.14 0.39 99.61
2 1.63 0.68 98.93
3 1.10 2.74 96.19
4 0.57 21.60 74.59
- 0.33 54.73 10.86
Glans filter
1 vea 10,86
2 ves 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-
jde per standard cubic foot and a reten-
tion time of 0.1 minutc in Figure 1. The
data for this test are given in Table II.
As 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 Dy, for the last stage. The
cumulative. per cent not collected by
stage 4 was 1986% -+ 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.

Field 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 efficiencies of different types of full-
scale dust and mist collectors for different
particle sizes have shown that the impac-
tor is 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 is of the Leonard-Monsanto
design, a single unit with a rated capac-
ity of 400 tons per day on 2 1009, sul-
furic acid basis. Process gases in phos-
phoric acid plants are usually saturated
with 5 to 404}, water vapor, depending
an the process design and operation, and
adiabatic mcasurements are required.
A typical particle-size distribution for
the acid mist leaving a phosphoric acid
plant is given in Figure 3.

Particle-size determinations by chemi~
cal company personncl make possible
detéermination of acceptable stack dis-
charges of aerotols, evaluation of in-
stalled collection equipment, rational
selection and design of equipment, and
recognition of potential problems carly
in the development of new processes.
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C = empirical correction factor for
resistance of gas to movement
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Figure 3. Distribution of phosphoric acid mist leaving typical plant con be used
to control process, Analysis of aerosols under varying plant conditions oids in the

selection of new equipment
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of small particles as defined in
Equation 3, 4, 0r 5
D, = diameter of impactor jet, cm.
D, = diameter of aerosol particle,
microns
D, = characteristic diameter of aerosol
particle for impactor stage,

microns
1 (g.)/(atm.)(cm.)(aec.)’ .
mean free path for gas molecules,
cem. L =2u/p® .
absolute pressure at inlet to
impactor, atm.
pressure after jet, atm.
pressure drop across impactor,
inches Hg
temperature after jet, °K.
gas flow at inlet to impactor,
cc./second. Vo = 24.5 (aP)d-00
for air at 25° C. and 14.7
p.si.a.
average linear velocity of ga
through jet, at Py and ng
cm. per second
E average molecular velocity ©

gas, cm. per second 7 = (10)
‘jsge Pg%l.'ﬁ'_liﬁ

L
dimensionless inertial parameter,
Cpyo2D,/18 uD, (10)*
incrtial parameter for impacton

cfficiency of 50%
gas density after jet at T: and
P,, gram per ¢c.
pp = density of aerosol particle, gram
per cc.
viscosity of gas after jet at T, and
Py, g./(em.)(sec.)

8e
L

Py

Py
AP

T.
Vo

4]

Vs

©
I
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APPENDIX E

CARBON MONOXIDE DATA




FIELD DATA SHEET - METHOD 10

- / )
LOCATION \J\\rc1\,\j\c,\ \.l N R

COMMENTS

TEST (w\) |

5% %

DATE <t ,3‘) }'7 'Sf

/7

OPERATOR | ® \,Eyqu

TUNE METER READING

CALIB. METER READING

GAIN TURNS NUMBER

o

/vere = 73
02547 = ¥5]

ROTAMETER SETTING

CO ANALYZER

CLOCK TIME | 0ihic ft/min, cubic ft/hr) | Meter Reading RUN NUMBER
7:39 D ”, /
7.70 / Ao Glorf
753 4/ 2,




FIELD DATA SHEET - METHOD 10

L3 \ ¢
LOCATION V\(Q(D\a Lm_mz

Co

COMMENTS:

I)QQC@FQJQM‘ ’\?e@ ?\oc\cfc&!

TEST N \ -\Q & \JP,
s S [0S Aod Oy teter Veading

. _ C(\)C\ l\&%\‘Q ?
OPERATOR 5 AW " ngu\\) I~ Was mC«Lt W r\\r\

G\\O\%S woal

‘ A ?ro\oe T\A\E

3) No Tce ballh wwas Used

TUNE METER READING 8 5

caLIB. uETER READING $2+ S 4) Ron 1=3 Was Y"'\C\CJC’ oot
GAIN TURNS NUMBER .73 Klass «.\»JOOI
ROTAMETER SETTING 00 A P
CLOCK TIME (Cubic ft/min, cubic ft/hr) | Meter Reading RUN NUMBER
23 11 3,0 O 1~
33/0 20 O t—D_.
3: | q 3,- g 63 / {_ 3
o g —y—
2 o | o |-
‘ 'O ~
3 " 3 L’ 3 & g('{ \ 3
5’39' 2+% O |3
s | D A5 =
77 ;’D 2 =g
35D A £7850 Jo s~
00| 3% 559 /¢
Y 0 g




"FIELD DATA SHEET - METHOD 10

LN

= mml S sm @S] W) S @) N WSl . | Wi

COMMENTS:

D Qvu\ -\ 'CONA-U(LLL \.u/:\:

LOCATION \/\ ey .\) u'c\ L I me
TEST CD
DATE %/3/'7 5 |

\0“\“'\‘¢ ﬁlGSS P AN ?d“u)}ei

.
OPERATOR (. L;uus

TUNE METER READING

CALIB. METER READING

GAIN TURNS NUMBER

23

———

&)

ROTAMETER SETTING

CO ANALYZER

CLOCK TINE (Cubic¢ ft/min, cubic ft/hr) Met%? Reading RUN NUMBER
‘- (o S \0sed =T

W22 e TEAlar s, 1 —
10.2¢" (5 > L~

IO: o < ?lOOIQm\iL{L \~

18:%¢ 2:0 o (=

Jo.d4? 2.0 >loo Qau’c‘\ |\~

{4




TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT l‘/ﬂ Luv\.n,

DATE _ 4/29/7%

SAMPLING LocATION __ 2 2 ALls, o
INSIDE OF FAR WALL TO
OUTSIDE OF NIPPLE, (DISTANCE A) S
INSIDE OF NEAR WALL TO
QUTSIDE OF NIPPLE, (DISTANCE B) i
STACK L.D,, (DISTANCE A - DISTANCE B) Wied
NEAREST UPSTREAM DISTURBANCE M.LQ-_
NEAREST DOWNSTREAM DISTURBANCE > Alolisun Tl
cm.cm.;zmm@mﬂw SCHEMATIC OF SAMPLING LOCATION
TRAVERSE <, PRODUCT OF TRAVERSE POINT LOCATION
POINT FRAGHON COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK L.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & B)
/ Lt /0’ - 4 %
~ 3. 2 378
2 £, 5 & 278
d 7.9 G Yz
5 /0.5 /2 g
& /3.2 /5B
- 6. { /9 &
£ 19-4 23 %y
? 23.0 2758
)0 27. 2 32 578
(l 32.3 38 7y
12 39.8 Y7 Ve
/> o .2 72 Yy
1y 1.7 I gl Yy
FEE Y / 27 Vg
[ 77.0 f 92 ¥g
13 80.6 9 ¢ ¥y
. 83. 9 760 T8
1g 86.8 /0¢ '8
26 89.5 /o7 R
24 2. ]/0 %2
2z 4. §” /133
23 fo.8 ) /6 V&
2 | 989 v -4

EPA (Dur) 232
41




PRELIMINARY VELOCITY TRAVERSE

PLANT :'//4 é Lol
OATE__ /A9 /75
LOCATION._ ¥ 2 h ik cdillied-

STACKI1D.__ /O — Y’
BAROMETRIC PRESSURE, in. Hg -
STACK GAUGE PRESSURE, in. 0 — o /4
OPERATORS 4,_,L['/ix-u' z e X SCHEMATIC OF TRAVERSE POINT LAYOUT
7 (2
TRAVERSE VELOCITY STkﬁK/ TRAVERSE VELOCITY . STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER (Apg), in.Hy0 (Tg), °F NUMBER (Aps), in.Hp0 (T,), °F
' s | PAAY : s [ 540
2 . 3%5 L 0] 330
> D 7E 2 ‘14 3%5
) WA ‘o6 v ‘08 399
< 19 %3 S 1/ Y o4
yes yid Y22 2 - // </
7 v /5 ¥20 1 Y, %l ¢
3 [/ “2¢ ¥ Jr | gs%
? LY Y2/ 9 04 24
/D ] ¥ [0 ‘03’? 3/
2/ 108 %2 L i “3/
(2 /2 127 L 0% %25
(3 1 O 25" (% i &3/
[ . 0§ o (Y . «Z7
& of Fro ' | .09 ¥y
,/ Lo r07 9{251 L t/ gy
17 04" &7, L] , 29 ¥e7
l ”1 1254 o (4 29 K2¥
19 Op 20 19 e/ &322,
| Qo | 07 704 e |09 £2C
1/ <07 7¢9 2 0% 43
O 0% tf,/q b 07 Y19
20 & 4 /2 2% 05 YOl
LY 1o ¢ (P24 2y 104 F20
AVERAGE VET4R] AVERAGE N
u S\ ‘
"L D s = T
e k\_ '




MOISTURE IN STACK GAS DETERMINATION

METHOD 4
Plant J/q ervdL. Date 9//27 9/75_'
Run # l Location Sampled 112?/(Lé;_¢¢hifééf.
) K0/, é,:;l/.-g();}:ﬁ

Volume of gas at meter conditions (CF) = VM = Eee=—t4 0 ~ /o /
Average meter temperaturev(°F) = TM = ﬁ"?ﬁ;
Barometric pressure absolute (in Hg) =pPB= &7 3.
VMS = Volume of gas sampled at standard conditions (SCF)

. Q7.7LM(BB) _ 17,71 (lo[)C ) e ¢
VIS = UMM+ 150 T T (g3 + U60) - M.C“

Volume of water final Wt. of silica gel final

Volume of water lnltial Wt. of sillca gel initial

Volume ¢ollected V; = Wt. of water V, = gm

Total volume of water collécted (ml) = V; + Vo = VL = _,345;7’:8[

Volume of water vapor at standard conditions (CF) = VW
vi= (ot (vn) = Lourac 9 ) - _5E 040\

Mole fraction of water vapor = M

P TN, L
VME + VW (\‘0\\) * Logol?

Percent molsture = (100)(M) = 100 ( ) = M 80

a3 Yy




NOMOGRAPH DATA

PLANT \/19( L ‘/"'Me"

oate 4/ B&] 7 g

SAMPLING LOCATION =~ 2K L. o1t oA

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H,0 aHg
AVERAGE NETER TEMPERATURE (AMBIENT +20°F), °F Tae | 90
PERCENT NOISTURE IN GAS STREAW BY VOLUNE o | £, 5
BAROMETRIC PRESSURE AT METER, in, Hg P
STATIC PRESSURE IN STACK, in. Hg

| (Ppx0.073 x STACK GAUGE PRESSURE in in. Hp0) Pg
RATIO OF STATIC PRESSURE TO METER PRESSURE 5 Pa } O

/
AVERAGE STACK TEMPERATURE, °F T -
Sae. | Y/ 5
AVERAGE VELOCITY HEAD, in. Hy0 S, | |
‘ '
| MAXIMUM VELOCITY HEAD, in. H,0 s | || 4

C FACTOR q éj

CALCULATED NOZZLE DIAMETER, in. : L( }
i -~

ACTUAL NOZZLE DIAMETER, in. , '2"-7 j

REFERENCE Ap, in. Hy0

EPA (Dur) 234
412
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CLEAN=-UP DATA

Plant W"/'—de im«.e Comments:

Date €4/50_£y;7fr
Sampling Location 72 [foka

Sample Type EPA -5
Run Number /

Sample Box Number

Clean-up Man /7/, T;}{ W. /Z/a{_ bo-wa»@/

TIMPINGERS
#1 #2 #3 #1 #5
Final Vol. /o ml o2 ml Z ml ml ml
Initial Vol. _/00ml _sopml _ € ml mL ml
Net Vol. Y m A ml A ml ml ml
Total Net Volume in Impingers / 2- ml
SILICA GEL
Final Weight 20s, c’g g g m Vi
Initial Welght =00 g 4 g . ’J~ZO¢~‘V 9"’
Net Weight F 5 be e g Awprnagin b
~ nade Lif
Total Net Weight in Silica Gel 5.6 P

/7. o

Total Molsture g

Filter Number(s) 32'3

MRC 7/73
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CLEAN-UP DATA

Plant y/gf Z;¢3»£

Date Z/// 75

Sampling focation 23 Poky cutled
e Type Tt bia] 5

Sample Type 7%

Run Number + 2—

Sample Box Number f;,

Clean~up Man bUfT)P"rxvi t*jr

Comments:

IMPINGERS

#1 #2 #3 #4 #5
Final Vol. 24 ml ml ml ml ml
Initial Vol. ml ml ml ml ml |
Net Vol. ml ml ml ml

Total Net Volume in Implngers

ml

123

SILICA GEL

Final Welight g
Initial Weight g
Net Weight ' g

Total Net Weilght in Silica Gel

Total Moisture ])\ éﬁ g

Filter Number(s) i1 “';2/

G\UQOQGQ

MRC 7/73
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CLEAN-UP DATA

Plant {/ A L,:Mc ;i,,;\j

Date 6‘7{//17.5‘

Sampling Location L) Al 2

Sample Type EIP)l} -5

Run Number .3

Sample Box Number 368 $
p—
Clean-up Man__ /7 . {2

omments: Bﬁ’éltw/ lbté&’
Pt

V4
TIMPINGERS
#1l #2 #3 #u #5
Final Vol. /// ml ,¢/ ml ml ml ml
Tnitial Vol. 76¢ ml ,00ml ml ml ml
Net Vol. {/ m1 / ml ml ml ml
/ 2.
Total Net Volume in Impingers ml
SILICA GEL
Final Welght QO? '</g g g
Initial Weight 200 0¢g g g
Net Weight g e g g
G <
Total Net Weight in Silica Gel / g

Total Molsture '52/: Z g

b
Filter Number(s) "32'-/3
3%-23
370 5
/7 /\';': /
‘2 0;’ Eed .
‘MRC 7/73
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CLEAN-UP DATA

Plant ’df\‘/bcwfz“_,c(f& ¢1-z«/f’

Date '5.75/ ) dS""

Sampling Location -#‘o’ M&.
Sample Type i%qu s

Run Number

Sample Box Number D &3~ <~

Clean-up Man

ML

Comments:

.7%3 ﬂUde;Ltb¢@4”,

IMPINGERS

#1 #2 #3 #4 #5
Final Vol. J/3 ml ¢ ml ml ml ml
Initial Vol. /6 ml /C€C ml ml ml ml
Net Vol. /J3m Y m ml ml ml
Total Net Volume in Impingers i-7 ml
SILICA GEL
Final Weight 2¢7.7 ¢ g e
Initial Weight Dee g g 2
Net Weight 7.7 e g g
Total Net Welght in Silica Gel / 7 g

Total Moisture Qzé ‘ 7 22

Filter Number(s) ‘jf\_?'é?&b

SH~/

MRC 7/73
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CLEAN-UP DATA

Plant 4 a it c;é/wu’

Comments:

Date s‘/?/ﬂ ya
Sampling Location -ﬁLvs) /éa\_,
Sample Type EP# -3
Run Number 5‘
Sample Box Number SG /5- S~
Clean-up Man /,  Je

Y
IMPINGERS

#1 #2 #3 #U4 #5
Final Vol. 7/ m1 /0§ ml ml ml ml
Tnitial Vol. /o¢C ml /DD ml ml ml ml
Net Vol. /b ml 4 ml ml ml ml
Total Net Volume in Impingers &0 ml
SILICA GEL
Final Weight 2 0Y Zg g g
Initial Weight Sl g g g
Net Weight g g g
-

Total Net Weilght in Silica Gel B/ — g

Total Molsture fQY < g

Filter Number(s) 33*[(9_5
3E~/S

" MRC 7/73
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KILN OPERATION 1OG

Yy-29-75"
F_EE*DATA

SIZE AVG. TIME OF COAL
\ MUt I meo | TN | ciANoe || miapmo
L/{/LF_ 9] 7 i ’{,'50
:’7_) '}’7\\ & 2 "?.&
| r‘/ [y A B VR
T L0 yh
I )1 |\ &2 3|8
2 7 RTNAYE
[ [ |30
-~ R N7 Zl12°
s ylo 7laer |
TONS OF FEED BURNED /3.7 .7
3 1« |27
_ - 4 |27
B = 4 9
% < +4 |ag
e 7 4 |20
9 g |4 22
4, @ 7 “t- 9
J /0 4 lad
78 PV ¥ ,
TONS OF FEED BURNED AL -/
| /1 4 lag
/2 | 3 )4 | /18
e I | .3 |44 |
T 2 1.3 |
o 3 A 1221500
= 4 12 |21
= 512 127
6 |2 |39
L 113 [39 I
TONS OF FEED BURNED....... G ). ~




KiLN OPERATION LOG

y-30-75"
FEE DATA
V2 241730
Z | {27
- < 9 / % p
z o4 1 1 =1
e L mved
% JZ [ | 5.
/ [ | 24
- R
= ] 1.7 3 .
TONS OF FEED BURNED.Z, f2.
3 / 23
AEnE
I < 1) ’
% o 11 %ﬂ
0
7 _
& I°® 27
3 9 ) 3
ol | -
/. / L/ _ L
TONS OF FEED BURNED-..-clLi_,_-_c{_
I / .-{27 14_'.00
_fv')'\ % 9\? ‘ L4 o
& ] 12 lag 1"
z 2 1.3 Y
. Tz z3 1
= 2L 13 129
" S ILE LY
(13 |20
7 1.0 A% )
JONS OF FEED BURNED .. & 4




KilN OPERAIION LOG

TONS OF FEED BURNED...

£-)-75 *
Il FEED DATA
SIZE AVG. TIME OF COAL
HOUR FEED tons/ FEED METER
HOUR CHANGE READING
"7 1 2 |21
el 2127
= 9 2 2
I (p N7 | 2 Fllo2F
s TR I Y
e /RN [ 2L
) [ 2 |
20 1 127
| A ____) W '
TONS OF FEED BURNEDZ L. 27
3 l 30
<) / &l
r s I | &
% ¢ || '
2 7 44
S q 19
3 911 127
Jo | | 1J9
1/ ] 27 /
YONS OF FEED BURNED.LOF ~
Ty e lor lus
L2 | a a7
= / 2 120
Z Lo la 29
a = 2 29
T e ) S % 4
" olle e P9 |gus
. \ é “£ 127
7 s _B7
G2 N




l JETN) RV of TRV Y YIW]) By KW1T )
£-2-785
l (| FE?b DATA
wour | SZE | wonsy | rene | e
l HOUR CHANGE READ
7 4 |27
I el 4 150
= 72 | 2121907
: |l 315990
] -~ v A W EEEINE
& FAU/AFX-2
I [ 4 |22
21 =29
| - L -? &
I TONS OF FEED BURNED2 ' | &/
3 A 99
1 N A
& s 4
' w (o d rja
2 Lz 1 41
S |2 12 |71 X
] - 4 212 199
10 | B Dol 1005
] 1] (A9
TONS OF FEED BURNED_ 2. |5 =/
: AR
2. :
1 i [ 11l 1
z 2 11 A
g 311 |47
l Z A 27
" 5 26
I H | 2
7 1) 7 N
I TONS OF FEED BURNED.. /R




I KILN OPERATION LOG
-3 75
I I FEED DATA
SIZE AVG. TIME OF COAL
HOUR FCED ':g:{ CHANGE READING
I 7 / 29
5 / Z
i e L2 1/ 29
T /0 ! 23
I = i S |25 | HlE
€ N/2 lu 120 |s3:30
/ 24 20 '
i FEll PR EY”
S b4 129
I TONS OF FEED BURNED 203
1.3 | &4 1|29
1 J 199
& S 14 199
' fessnas
A y ) 700
S > 9 1 &
| & < ol | X
0 | &
I - | /7 o A Q
TONS OF FEED BURNED_ <2130 v
l i 2 |29
| 21 2 129
b | | 2 |27
i : |2l 127
| e 312 (99
I g 1o (99
5 A v’;"_\'
o | 4 | L9 6.oo
l I—=C 27 1 &9




KILN OPERATION LOG

£-4-25"
I FEED DATA
wour | SizF oney | FeE METER,
HOUR CHANGE READING
7 J a7 | 7:30
g / & | Bleo
b 9 (=4
g 10 l L&?
= i | 7
g |24 g7
/ / 9
2 / r
Nz 1) 127
TONS OF FEED BURNED 2.3 4/
| R IEY
< . 121
& L ]
% VA 1
2 |z
o |2 27|
7] q [ 1A¢ | g o0
H 12 9% | 1060
1/ o 127
tons OF Feep BURNED. 24 A
/] L 127
R
E
I
o 3 14 c)5
= U4 (30
- GOl I A
- -~ A




APPENDIX G

ANALYTICAL DATA SHEETS




ANALYTICAL DATA

DATE 4 L) 3 /75

SAMPLING LOCATION __F-e? A2
SAMPLE TYPE ELLH -5

RUN NUMBER /

SAMPLE BOX NUMBER P_J,éd AL+ SGH
CLEAN-UP MAN v

FRONT HALF

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

FILTER NUMBER _ /. &42P.5
O A2T7
L2606

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

IMPINGERS
FINAL VOLUME
INITIAL VOLUNE
NET VOLUME

SILICA GEL
FINAL WEIGHT g g

CONMENTS:

CONTAINER __ /A

LABORATORY Rqsuus
7683, S e

CONTAINER F=2~-3

/260 & ug

FRONT HALF SUBTOTAL

CONTAINER

T

FIAYA

ETHER-CHLOROFORM
EXTRACTION

CONTAINER
BACK HALF SUBTOTAL

TOTAL WEIGHT

2220

&

INITIAL WEIGHT g [

NET WEIGHT g ]

EPA (Dur) 231
yn

go ou ¢a

TOTAL MOISTURE




ANALYTICAL DATA
PLANT‘Z%M/Z“C COMMENTS:
DATE S L7K
SAMPLING LOCATION o 2 Tedn
SAMPLE TYPE EL8) - S
RUN NUNBER =2
SANPLE BOX NUMBER L2220 =Y S& .S
CLEAN.UP NEN__ 2 LW Down £.D)
ANALYST
FRONT HALF LABORATORY RESYLTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER _.5" /%7 L3596 .35 m
FLASK, FRONT HALF OF FILTER HOLDER
FILTERNUMBER _ 2T, g CONTAINER Faf = / IS LE O wy
#3332/
LS, O
FRONT HALF SUBTOTAL /& 77, S g
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER mg
IMPINGERS, CONNECTORS, AND BACK - ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER me
AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL mg
TOTAL WEIGHT £/ 0T 5] me
MOISTURE
IPINGERS
FINAL VOLUNE i
INITIAL VOLUME — ml
NET VOLUME mi
SILICA GEL
FINAL WEIGHT g g g
INITIAL WEIGHT g g g
NET WEIGHT 4 g & TOTAL MOISTURE 3
EPA (Dur) 231
412




ANALYTICAL DATA
PLANT L/ ‘ (?éwé COMMENTS:
DATE SR IS

SAUPLING LOCATION 2 &2 Aetor’

SAWPLE TYPE _ =7 5~

RUN NUMBER o
SAMPLE BOX NUMBER __ 5~ & /5 -5

CLEAN-UP MEN___ 2" 7%7

ANALYST
FRONT HALF o LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER__ &2 /4 /ST, 53 mg
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER _ 2/ 4572 _o2¥27.0 CONTAINER 7.3 223 L b b mg
S L FIPT F2-13 19958 3
LU bl ﬂ_rj
FRONT HALF SUBTOTAL __ /. PS54%. ¥V ng
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF commsnﬂ 7. L0 ng 1vIRE
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM 2p. s
HALF OF FILTER HOLDER EXTRACTION S A g ©
ACETONE WASH OF IMPINGERS, CONNECTORS, couTAmER_ZL SR & mg /DR
AND BACK HALF OF FILTER HOLDER .
BACK HALF SUBTOTAL 40 L me
TOTAL WEIGHT /9 T2 7/ me
MOISTURE
IMPINGERS
FINAL VOLUME ml
INITIAL VOLUME ml
NET VOLUME ml
SILICA GEL
FINAL WEIGHT g g g
INITIAL WEIGHT g g g
NET WEIGHT g ¢ " TOTAL MOISTURE____ <2/ s/ K
EPA (Dur) 231 '
4




ANALYTICAL DATA

N
.. .
PLANT Z M /ém’c& CONMENTS:
DATE J SS3/05"
SAMPLING LOCATION __ 7% =7 .7(,{/41/
SAMPLE TYPE __ £ /27 — -5

RUN NUMBER vl
SAMPLE BOX NUMBER __ 5 &/3 — .5~

cLemup N Tt L Sl malil

FRONT HALF _ LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER _ 4 _L0F2F. 2 m
FLASK, FRONT HALF OF FILTER HOLDER
FILTERNUMBER _/ 5%/ b _L583.0 CONTAINER 27 -/3 [092 ¥ | m
S30 _ 304 33 -22 169 4
2094 1092, 4
FRONT HALF SUBTOTAL __/£3 /25 7) mg
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER ___.M' \3 ‘/' mg
IMPINGERS, CONNECTORS, AND BACK ETHER CHLOROFORM,, _/ P
HALF OF FILTER HOLDER EXTRACTION -3 _mg
ACETONE WASH OF INPINGERS, CONNECTORS, contamner 7 4 /-2 ng
AND BACK HALF OF FILTER HOLDER 5-5..- g-
BACK HALF SUBTOTAL > mg
TOTAL WEIGHT /3140, L me
MOISTURE
IMPINGERS
FINAL VOLUME mi
INITIAL VOLUME —__ml
* NET VOLUME ml
SILICA GEL
~ FINAL WEIGHT 4 g 8
INITIAL WEIGHT g B g
NET WEIGHT g g g TOTAL MOISTURE__ 2+ F g
EPA (Dur) 231
472




PLANT /W iw.u

ANALYTICAL DATA

DATE " 5/3 /7(

SAMPLING LOCATION _# 2 M/

SAMPLE TYPE LLPAHES

RUN NUMBER S

SAMPLE BOX NUMBER _~>-& 25 -4

CLEAN-UP MAN ﬂ/?_ v L) 1 fGae l)

CONMENTS:

FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER __/0 /7 YRP AT
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER _ /5.3 /. /374, 3 CONTAINER 53 -/¢& (0757 _.mg
4353 S/34, 8 7P 75 VAN
J095F TS, S~ ’
FRONT HALF SUBTOTAL __/SH¥ 7| m
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER L-f /.4 mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM A
HALF OF FILTER HOLDER EXTRACTION A3. A g
ACETONE WASH OF INPINGERS, CONNECTORS, CONTAINER 224 LEE me
AND BACK HALF OF FILTER HOLDER I
BACK HALF SUBTOTAL 7357 me
TOTAL WEIGHT /57 3L.h g
MOISTURE
IMPINGERS
FINAL VOLUME ml
INITIAL VOLUME mi
NET VOLUME ml
SILICA GEL
FINAL WEIGHT g g g
INITIAL WEIGHT g £ g
NET WEIGHT g g " TOTAL MOISTURE 2F 2| ¢
EPA (Dur) 231
412




VooninFomn —Caak

“

HEAT

OF COMBUSTION DATA SHEET

Heat of Combustion =

. ~, B .
Sample No. ﬁ//fd/? Il 5/-5’0,0,..‘ Date \_5-;//(//-4 <~ Observer 2 Z é;; éi é
Sample + CapsulL 2. 22 .3¢ Interpolation f Mﬂzind "m—Siﬁ'TT_-eélE:—-hs_._E-'-:’z—j‘.“.i.’:".
Tare Wt. Capsule 9 ?03'{'--
Net Wt. Sample _ (0.9 25¢ 0.6R = .6( LYY - IIs0) - _B L T5Fc
Final Initjal
Average Room Temp. T35 Temp. Temp.
Temp. at .6R = + S 53 = J2Z5¢3C
OBSERVATIONS _ Init.Temp. 0.6R
Line () at 6% = Ak o - s
Time Temperature ime at .6R = - + = /L 45 Mip.
Tin oo °c Prior Time + Sec.
— = Time Gain
JL 736 L -
“5) ﬂ_.,,/ AT . (b-a) = _ /L. (5 - g0 = _ /.0 = 425 Min.
- Time (b) Time Min. + 100 Thg.
11 00 A2 0,3 Fired + Sec
11 15 a5 ; ; )
TR 5507 () = _/8:00 - _JL1S = _prdS - €75 win.
m _4'77/_6 g gi;:l Time (b) +M;2. + 100 Ths.
17 A 70 c.
18 24 ¢ 7/ -
19 J4._G70 _ _
20 A Radiation Rates:
21 LY C&3 _
22 Py oL Initial Rate (r;) = Lo ] = Op3 °C
23 FY. LS Prelim. Minutes per Min.
24 Rise
25
26 Final Rate (r2) = p1Y = o = .00 3| °c
Final Minutes per Min.
Fall
Gorrected Temperature Rige:
Final Temp. JY 7] Corrections for Total BTU:
Scale Corr. . 085 'd
Fuse Wire = 4.14 , = 27 34 »ru
True Final = NNV use wWire 14 % 2 é VA A"‘
;
R.(c-b) = WFY Sulfur = 23 x 49756 x _{. ?5 = 27 3 s
2 Wt. Sample
Corrected Final = JZ é?é /
, _Acid Titratiom = /Y LOmL % [ so00N x 24.8 = 34 BTV
Initial Temp. IS¢ . j ; s
- [ = .4 T
Scale Corr. ey Total Correction = -S=4—4ZFBTU
True Initial = 4 251 Net Heat Liberated #Z7/3.53BTU
r, (b-a) = 2o0Y -
1 /235 L 97‘_'5 ¢ =/30303BT0/1b

Corrected Initial = 2/ 785 Net Heat Ceid
Net Temp. Rise = 2941 Liberated Sample
. v
1.8 x JNTLb x LT = [d7Gh3Toral BTU
Water Net Temp. ,0187, 13 ch\
Equiv. Rise /ﬁ' /
/30368 (- m) BT ol
1Ktk
x (1-,0784) - Yoot BTt 0

13149

0




HEAT OF COMBUSTION DATA SHEET

Date \..‘5-/7/9)"
7 7

-',/, é‘ﬂ;p'm..-

Sample Ne/)w‘fp /A

Observer \/ / ZM

Sample + Capsule /2. % 7,22

Interpolation to Find "Six-Tenths Point:!

Tare Wt. Capsule 9. 9291
Net Wt. Sample p3653 0.6R = .6( 23008 - _0.273) = /. 76/ °C
Final Initial
Average Room Temp. ,77\3 °C Temp. Temp,
Temp. at 6R = 2o.273 + L 726/ = _ 2A03f°C
OBSERVATIONS Init.Temp. 0.6R
Time Temperature Time (b) at .6R = ///f +_ 07 = /7. 2 2-Mid.
Min Sec. °n Prior Time 4+ Sdec.
Time Gain
20,235 . , .
-2 573 = ba) = /)22 - foro0 = [ 22~ _ [ 37 M1y,
17 00 57 5 3 Time (b) Time Min. + 100 Thy.
11 15 31-90 Fired + Sec.
g2 20 ' . , ,
1 20 IR (c-b) = fF0p - J2> - 7:38 = _T63 M.
16 3 3./88 Final Time (b) Min. + 100 Ths.
17 2 /45 Time + Sec.
18 D2 deg
. ) -
;g {, 3,: }::;g Radiation Rates:
21 A2 i
22 23 aoh Initial Rate (r)) = ,O03Y 5 8T = .gp7 %
23 A3 e} Prelim. Minutes per Min.
24 25 g7 Rise
25 o
26 " Final Rate (rz) = LO0¢_*% 5 = . °c
Final Minutes per Min.
Fall
Corrected Temperature Rise:
Final Temp. 23,208 Corrections for Total BIU:
Scale Corr. , 003 2.

True Finmal = 235/0 . Fuse Wire = 4.14 x L L = D2 ¢8| p1u
Rz(c—b) = ,00Q Sulfur = 23 x J, P4S3 x , 95" = v-‘)/ / | BTU
. . Wt. Sample %S

Corrected Final = < 3.210- yl
Acid Titration = /‘/X{ml x __ /00N x 26.8 = _ 78 BTU
Initial Temp. 20.27%
Scale Corr 209 Total Correction = g( 4{__BTU
True Initial = 20.282 Net Heat Liberated =/ ¢//)/BTU
r. (b-a) = /WA ;
1 ) Heat of Combustion = /R@/ 7/ + Z. q‘b‘ /ﬁ’(’?ﬁﬁm/lb
Corrected Initial = -20.92 702 Net Heat
L ted S
Net Temp. Rise = 2 919 iberate ample
;1 Ji /26982 132388
1.8 x S 76 x = JF7q Toral BTU K- - o =
Water Net Temp 1307707 5 ( L. Icl_l\ D amnam 4
Equiv. Ri
quiv se »‘39-38 2 13309

r(1 - oe) = meEs




HEAT OF COMBUSTION DATA SHEET
\xl-nu..ﬂ_ ~ é,d‘-d_b / . @
M-?”""?‘ . _ ) N P
Sample No. /75 /25 Date \5//?/7! Observer - _Cr. /éa/ u_
/4 -
Sample + Capsule -5——?—/0.5’?»’2 Interpolation to Find "Six-Tenths Point:’
Tare Wt. Capsule 72305
Net Wt. Sample 2.970¢ 0.6 = .60 JAIIT - 2Lp09) = __ L 73 °
Final Initial
Average Room Temp. 22/ °c Temp. Temp.
Temp. at .6R = 2/ 09 + 1913 = _ P& 22}%
OBSERVATTONS Init.Temp. 0.6R S 23
__ Time  _ Temperature Time (b) at .6R = P/r/ /1,5 N T‘.’d = ’4-'#4_“ o
Min. Sec. °c 0 ime rec
arn. geb Time Gain

5 20 9¢& "z > 733
- P09~ (a) = LM = SO = f M = LAt Min.

11 00 G0y Time (b) Time Min. + 100 Ths.

; Y Fired + Sec.
11 15 22,03 ,
11 30 FENY) - . AR
! (c=b) = J8:60 - 2 = (3 L Min.
11 45 232, 57 & 4
I7 785 Final Time (b) Min. + 100 Ths.

16 LER T4

5 29, /95 ime + Sec.

18 57. / ; <

Y

;g Y. ;71 Radiation Rgtﬁt_

21 LY (90 , )

22 J4. /§¢ Initial Rate (rl) = ,02% = S = LOCE °c
23 LAY 18T Prelim. Minutes per Min,

24 Rise
25
9¢ Final Rate (r,) = 2pie s sT = L OrA °C

Final Minutes per Min.
Fall
Corrected Temperature Rise:
Final Temp. LY /97 Corrections for Total BTU:
Scale Corr. -0rg . 2
- : - . = S8 4| BT
True Final = o/.? JOI Fuse Wire = 4.14 x 4, g/ B /é U
R, (c-b) = L/3 sulfur = 23 x 4. 9WY x 4. 7/ = _M#BTU
Q}l . Wt. Sample %z 8
Corrected Final = e |7
Acid Titration =/&. #ﬂml x JBC N % 24.8 = _FO47B1U
Initial Temp. 21009 517
Seale Corr. s Total Correction = ‘5 4/ BTU
True Initial = 20,414 Net Heat Liberated =/__Z&?-_?BTU
r, (b-a) = i )

1 . Heat of Combustion = éjjz\?, 2 + 5(/-707 =/?/‘:? . JBTU/1b
Corrected Initial = }/ P4 02/ Net Heat Wt. -
Net Temp. Rise _ ) /95/ Liberated Sample

X_ﬂﬂﬁ_x =M.3_Total-BTU 6178 1qd g ‘-"\
Water Net Temp. ° . ¢ |
Equiv. - Rise Yyu3s: 3 — (| — =88 e\
yuug.q 058
ety K (| . TR 13067
/




- e N o ..

(&
. 5 HEAT OF COMBUSTION DATA SHEET
Sample No \5/3/75"' sy 38 Date \S//?/?J' Observer / Jué
Sample + Capsule /) Go0 Ll Interpola °1at1°“ to Find "Six-Tenths Point:’
Tare Wt. Capsule q ?ﬁ¢9
Net We. Sample 09957 0.6R = .6( QYXT - _H0.990) = __L YL 7 oc
Final Initial
Average Room Temp. 23 °c Temp. Temp.
Temp. at -6R = ) G7¢_ + / 7é§/= ﬂo)()fa/%
OBSERVATLONS Init Temp. = 0.6R
Time Temperature Time (b) at .6R = [/5 07 = / o2 > Minl
e ° Prior Time + Segc.
Min. Sec. c X
oec. Time Gain
20569 . o -
T 30490« b-a) = _J 2> - fro0= [ 2T = /. 37 wiqg.
11 00 77, 29 Time (b) Time Min. + 100 Thsg.
11 15 27 71 Fired + Sec.
11 30 23,15 _ : . . ~ )
1 45 YWY, by = oou - L3> = 638 <2y
m 27 255 Final Time (b) Min. + 100 Ths.
17 2Y. A&l Time + Sec.
18 TPY kS e
263
;g iz 20 Radlatlon n Rates:
2], 2Y.2¢¢
22 2¢. 254 Initial Rate (r)) = _ g2 & = __.cef | °c
23 24 23T Prelim. Minutes per Min.
24 Rise
25
26 Final Rate (r)) = _ 009 + & = _  Lp |°C
Final Minutes per Min.
Fall
Corrected Temperature Rise:
Final Temp. LY 2C.3 Corrections for Total BTU:
Scale Corr. Wl )
. ; Wi = . - N = . BTU
True.Final = “?,'/ :Q Gq Fuse Wire 4,14 x 7 _5 3(‘ }é
R,(c-b) = ,D/3 sulfur = 23 x A 995 7 x 0,72 = /é. /| BTU
_ Wt. Sample %8
Corrected Final = 925/) g2 _(_ . /
. Aeid Titration = < o ml xﬂ.lm N x 24.8 = ﬂ [ LBTU
Injtial Temp. _ﬁ G9¢ 8@ 5
Scale Corr. ‘.4-‘-9‘5‘/" s Total Correction = _0O @9 BTU
True Initial = 20.995 Net Heat Liberated =/A/¢5, % BTU
r. (b-a) = 608 . .
1 Heat of Combustion /22?5‘ 2 /7 v’ EJZ %%Ullb
Corrected Initial = 2,000 Net Heat Wt. /7525 72
. N . d A
Net Temp. Rise - 7 R Liberate Sample
Y . 029
1.8 x x 3,olgd = [9428 Firotal BTU ! 0
Water Net Temp. L(Q-Sq')\fkl"w 14y lZol_
Equiv. - Rise ,0508
. 1 = -~ . ()
Iuyyz . rCUT. =S 13708
{.1




HEAT OF COMBUSTION DATA SHEET )
Sample No. Z:; =z Date d;éo}/zr Observer yo7, d%ﬂ
Sample + Capsule /0. 894« Interpolation to Find "Six-Tenths Point:'
Tare Wt. Capsule 2 ?ﬂ‘?/q
Net Wt. Sample 0.9 395/ 0.6R = .6(_ 23,20 - _=26.750) = ___L%___‘;'* °c
Final Initial
o -]
Average Room Temp. 23 °c Temp. Temp.
Temp. at 6R = Jo 250 + /7[} = 22532°
OBSERVATIONS Init.Temp.  ° 0.6R
Time Temperature Time (b) at .6R = _pl._’i + 43 = __ [/ 20 Min
ﬁi_n__..__sgc— oc rior Time + Seq.
. N Time Gain
7 2 . .. o
13 _ég;fg (b-a) = [flAw - 00 = [0 = L33 Min
11 00 27 04 Time (b) Time Min. + 100 Ths
11 15 A2 7 Fired + Sec.
192\ ’7’ - y i
Ll 20 IR (c-b) = LY g0~ 20 = &0~ A6F Mo
1€ 73 709 Final Time (b) Min. + 100 Ths
17 23 /8 Time + Sec.
18 23720 <~
N
12 J3.120 Radiation Rates:
20 [adlatr bl ke
21
22 23 71y Initial Rate (rl) = ghay 5 = gos”_ P°c
273 23 3 Prelim. Minutes per Min.
24 Rise
25 . ol
26 Final Rate (r2) Y. Y AR = °c
Final Minutes per Min.
Fall
Corrected Temperature Rise:
Final Temp. 23 720 Corrections for Total BTU:
Scale Corr. 1 D>
) Fuse Wire = 4. g = y BTU
True Final = 23,723 use Wire 14 x A 348
R.(crb) = 007 sulfur = 23 x A.989¢ = _ 4 7 = . 5| BTU
2 37 Wt. Sample % 8
Corrected Final = 23730 o
Acid Titration = ‘. /5ml x AJoep N % 24.8 = 37 6BrU
Initial Temp- 0 750 P
c i = BT
Scale Corr. oD Total Correction Z‘g,ﬂ_ U
True Initial = A7 5 7 Net Heat Liberated =/¢7(5£Z. :gTU
r, (b-a) = 007 . .
1 Heat of Combustion = _/é'ﬁ/%v’- : 49295 =/3"71% /BTU/lb
Corrected Initial = ,,707 6,5/ Net Heat . Wt.
Liberated Sampl
Net Temp. Rise = 2.966 iberate ple
1.8 x 276 = :Z,QQQ = /2 9¢9%/ Total BTU vpomy, | -}-(l — .ooet’hz 1316 1.2
Water . Net Temp. : . \
Equiv. Rise o BT T A
TR N € St 1363 9




HEAT OF COMBUSTION DATA SHEET

Sample No. ]

Date \5@/75'

Sample + Capsule [0 9659
Tare Wt, Capsule 9 9499

Net Wt. Sample /. 0dip
Average Room Temp. 2232 °c

OBSERVATTONS

i} Time Temperature
Min. Sec. °c

5 2N T3>

10 =072 4

11 00 2, Y

11 15 Q2. 3¢

11 30 22.6Y

1l 45 2259

16 A2 729

17 23.73Y

18 23 135 o

19 23 ol

20 H23 236

21 2 3. 123y

22 ,

23 23 73¢

24

25

26

Corrected Temgerature__l}ise:

Final Temp. 23, 735’
Scale Corr. 002
True Final = ‘;73 /7//
R,(c-b) = 1005
Corrected Final = 0‘73,-7.{7
Initial Temp. 20 7328
Scale Corr. AN
True Initial = 20 ;}5
rl(b—a) = QT
Correctéd Initial = 90.77‘9
Net Temp. Rise = 3 M;)-
1.8 x 207 6 x _ S, 42 = (3/07 3Total BTY
Water Net Temp.
Equiv. Rise

Interpolation to Find "Six-Tenths Point:'

P
Observer \// /6‘,%

0.6R = .6( 373§ - 20.798) = _/80& °c
Final Initial
Tenp. Temp.,
Temp. at .6R = ‘& oy + S S = o?u\) <3 ']/°C
Init.Temp. 0.6R
Time (b) at .6R = _/J/. /S + /0 = __[ff.25 Min.
Prior Time ) + Sac.
Time Gain
(-a) = _ /L. 28 - gg:n)= /5= [ Min.
Time (b) ime Min. + 100 Thsg.
Fired + Sec.

(c-b) = LN -

25 = (.35 = _6. 57 M.

Final Time (b) Min. + 100 Ths.
Time + Sec.
Radiation Rates:
Initial Rate (r.) = 025 : £ = s |°C
1 - -
Prelim. Minutes per Min.
Rise
Final Rate (r,) = __ 808+ 5 = el | °C
Final Minutes per Min.
Fall
Corrections for Total BTU:
Fuse Wire = 4,14 x X 3 = 39{‘7/ BTU

Sulfur = 23 x /{‘ﬂ/ x
Wt. Sample

[
e
i
Nt

ﬂr /9 = —L{é_BTU
%S

 Acid Titration = /¥ /Z(’ml x N x 24.8 =

[ BTU

Total Correction = _§&, (3BTU

Net Heat Liberated =/j(/£(a-
'Heat of Combustion = SIL/9.C + [ &4/¢ =/54’Z7§

Net Heat Wt.

Liberated Sample

1300 6,0 +( | —, 008D (3121
12,1328 A(( °3q7§ < 130

JBTU

[ BT /1b

). 8

D >




I HEAT OF COMBUSTION DATA SHEET €
' sample No. L gy d};‘j Date ;;’/.23}/7;’ Observer \// M
4
l Sample + Capsule M. G ¢& Interpolation to Find "Six-Tenths Point:'
Tate Wt. Capsule q 90 5/
Net Wt. Sample ___/.0p 44 0.6R = .60 23792 - 7Y ) = _LSEE _°C
l Final Initial
] Average Room Temp. A3 °C Tewp. Temp.
Temp. at .6R = 2/ 422 + fég = 22776 °c
l OBSERVATIONS Init.Temp. 0.6R
' : Time Temperature Time (b) at .6R = /7 ./5 + ? = M2 Min.
ﬁi—"—————-— o Prior Time + Sec.
n. Sec. C .
I —_ — Time Gain
5 b?/- /00 . . :
10 2/ 78 wea) = /20 - prop = [ = LA Min.
Time (b) Time Min. + 100 Ths.
L1 00 22 |+ Fired
l 1] 15 p?«?.lgf7 ire + Sec.
11 30 F285 . .. ‘g
%) s 0w (cb) = /P00 -y = 4.3¢ =__hLl My
oW Final Time (b) Min. + 100 ThsJ.
16 23 783 1
17 22 79,/ Time + Sec.
I 18 23 199 &
19 A3, 79 )
20 3% 190 Radiatiop Rates:
21
I 22 . Initial Rate (rl) = /8 = 5 = Oy |°C
23 3.289 Prelim. Minutes per Min.
24 Rise
25 -
l 26 Final Rate (rz) = ,0'0? b =] = O 3 °C
Final Minutes per Min.
Fall
Corrected Temperature Rise:
I Final Temp. 23,792 Corrections for Total BTU:
Scale Corr. .UDV : ‘,7‘ P
I True Final = 2372 ¢ Fuse Wire = 4.14 x 7. & = /. ¢ | BTU
R, (c-b) = 213 Sulfur = 23 x x = BTU
) Wt. Sample %8
Corrected Final = 238 09 o )
I . Acid Titration = 3.5 ml x4 /fet N x 24.8 = /3 {4 BIU
Initial Temp. 5-7//7? ‘
Scale Corr. Jod . Total Correction = f 2 gi_BTU
I True Initial = c,)/./ %/ Net Heat Liberated = Z/&l' / BTU
rl(b—a) = A !
] Heat of Combustiom = [( 3L L5+ 4(’2’0'—7 = 42 s j’__é%TU/lb
I Corrected Initial = 2. 187 . Net Heat Wt. ]
Net Temp. Rise = 52, Q;ZJ- Liberated Sample ///57-1;5"7%
_ 18x 40l x _ 2 bdd = 11Y/0,frotal BTU O 17\
Water Net Temp.
Equiv. Rise




BowSER-MORNER ~ Testing Laboratories, Inc.

420 Davis Ave, « P.0.Box51 * Daylon, Ohlo 45401 <« 513/253-8805
5247 Secor Road » P.O.Box 5847 + Tolodo, Ohio 43613 + 419/473-2566

LABORATORY REPORT May 12, 1975
Report to: Monsanto Research Corporation Laboratory No, 050617-26
Dayton Laboratory Authorization: D-79750
Dayton, Ohio 45407
Report on: Ten (10) Samples Submitted for Sulfur Content

Samble Identification:

Sulfur (as received basis)

1 Pkt Eun¥d .027 - .025
#2 Faode Run® .035 - ,032
13 Prodict Lo, #2. .023 - .023
e Fead 0 R *2 .031 - .033
#5 Fredicct  Fua¥3 .029 - .029
16 Fandl — Ruw®3 .019 - 021
11 Jaedacds Rom ¥ ¢ .027 - .027
1 Fod ety .027 - .025
#9 Peodiod Rua#3 022 - .024
#10 FLi d Con *5 .019 - .017
Respectfully submitted,
BOWSER-MORNER Testing Laboratories, Inc.
Samuel Lucas, Jr.
Manager, Analytical Chemistry Lab.
3- Client
2- File
SL/jp

20tion for Publication of Statements, Conclusions or Extracts fram-or Regording. Qur Repqrt;s'is Reserved Pending Qur Written

As @ Mutual Protection to Clients, the Public and Ourselves, All Reports Are Submitted as the Canlidentiul Property of Clients, andJ

\Authari-
pproval.




BowsER-MORNER Testing Laboratories, Inc.

CORPORATE ADDRESS e 420 Davis Ave. e P.O. Box 51 « Davton, Ohio 45401 e 513/253-88056
TOLEDO DISTRICT o 5247 Secor Road & P.O. Box 5847 # Toledo, Ohio 43613 o  419/473.2566
KENTUCKY DISTRICT ¢ Route 8 West o, P.O. Box 636 e Maysville, Kentucky 41056 o 606/564-5508

LABORATORY REPORT
September 29, 1975

Monsanto Research Corporation

Reportto: 1515 Nicholas Road Laboratory No. 092433
Dayton, Ohio 45418 Authorization:
Attn: Francine Kulak

Reporton: Four (4) Samples of Limestone Submitted for Sulfur Content in Percent by We

Sample Identification: _ Sulfur
#1 Feed Limestone 4-30-75 .050
#2 Product 4-30-75 4:00 PM _ .018
#3 Feed Limestone 5-2~75 3:25 PM .026
#6 Product 5-2-75 3:35 PM Run #3 .032

Respectfully submitted,
BOWSER-MORNER Testing Laboratories, Inc.
qrmu_bQ a&:_z\«:,ofts?\’l-
1

amuel Lucas, Jr.
Manager, Analytical Chemistry Lab.

3= Client
2= File
SL/jp

s @ Mutwal Protection to Clients, the Public and Ourselves, All Repurts Are Submitted us the Conlidentivl Praperty ol Client
zation for Publication of Statements, Conclusions or Extracts from or Regarding Our Reports is Reserved Pending Qur Wrd

ight

. und Authori-
ten Approval,
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APPENDTIX H

SAMPLING AND ANALYTICAL PROCEDURES




SAMPIL.ING AND ANALYTICAL METHODS

Methods 1 through 7 from the Federal Reglster, Vol. 36,
No. 247, December 23, 1971 were followed during the
sampling at Virginia Lime Company.

Method 10 from the Federal Register, Vol. 39, No. 47,
March 8, 1974 was followed during the carbon monoxide

sampling at Virginia Lime Company.

Total sulfur content of the feed and product materials
was determined according to ASTM C25-72, Chemical
Analysis of Limestone.

Proximate coal analysis was performed according to
ASTM D271-70. The moisture, volatiles, ash, fixed

carbon, sulfur, and Btu contents were determined.




QSIh Designation: C 25 - 72

- Standard Mcthods of

Amengan Nauonal Standard K67 3
Amencan National Standerds Instuute

CHEMICAL ANALYSIS OF LIMESTONE,
QUICKLIME, AND HYDRATED LIME'!

This Standard is issued under the faed desgnaton € 230 the number immediately fottowing the demgnation indicates the
sear of poginal aduptan ur, in the case ol resison, the year uf bast revision. A aumber in parentheses indicates the year ol

last reapproval

23, Total Sulfur

23.1 Standard Bromine Method—Weigh |
g of the prepared sample. Add approximaicly
0.5 g of Na,CO,. Mix thoroughly in a porce-
lain crucible (Note 27) and heat gently uatil
sintered. Then ignite for b3 min at a tempera-
ture of approximately 1000 C, taking care to
allow access of air to the contents of the cru-
cible. Cool and place the crucible in a 250-ml
beaker and cover with holt waler., Add 10 il
of bromine water, then 30 mi HCI (J+1) and
boil unti! solution is complete and all bromire
has been expelled. Remove the crucible,
washing it with water. Add a few drops of
methyl red and render the solution alkaline
with NH,OH (1+1). Boil the solution for |
or 2 min, (iler, and wash with hot water. To
the filtrate add § ml of HCL (1 +1), adjust the
volume to about 200 ml, bring: the solution to
boiling, and while boiling add 10 ml ol hot
BaCl, (10 percent). Allow to stand overnight,
Filter, wish with hot water, fgnite, and weigh
as BaSO,.

NoTE 27—It is usually desirable o make a fu-
sion in a platinum crucible. However, it has been
found thut with limestones very high in impurities,
when the fusion is made in a mufile, the damage Lo
platinum ware is considerable. 1t his been proved
that the use of porecluin crucibles introduces no
appreeiable error.

23.2 Alternative Leco Method:
23.2.1 Description—The total sulfur in vur-
jous types of materials can be determined

accurately by the Leco uutomatic titrator and

high frequency induction furnace. The sullur
in the sample burns to 80, in the furnice and
ts carved 1o the HIEHOr DY e oyyEen stream,
The gas enters o titration vessel containing
HC!, Ki, starch, and just enough KO, to re-
lease some (ree iodine to turn the starch blue.
The SO, bleaches the blue color and KlO,

solution is added automatically to muintain
the blue color. When all the 3O, has been re-
leased, the blue color no longer fades and the
amount of KIQ, solution used is read on a
buret dircctly as percent sullur.

NOTE 2B—The Leco instrument should be stand-
ardized by using a calcium oxide of known sulfur
%oln:gnl 25 determined by the bromine method in

23.2.2 Apparatus:

23.2.2.\ Induction Furnace, ’S"" modifica-
tion, l.eco Model No. 521,

No. 532.

21.2.2.3 Oxyvgen Tank and Regulators.

23.2.2.4 Purifying Train, Leco Model No.
516,

23.2.2.5 Combustion Crucibles, Leco
Model No, 528-120, ‘

23.2.2.6 Crucible Covers, Leco Model No.
528-41.

23.2.2.7 Glass Accelerator Scoop, Leco
Maodel No. 503-32.

23.2.2.8 Starch Dispenser.

23.2.2.9 Timer, Leco Muodel Ny, 593-100.

23.2.2.10 Loading Funnel, Leco Model No.
503-31,

23.2.3 Reazents:

23.2.3.10 Copper Ring Accelerator, Leco
Cutalog No. 350-184.

33.2.3.2 Hydrochloric eid (HCH) 35 per-
cent, Baker Catulog No. 95135,

23.2.3.3 Low-Sulfur Powdered Iron, leco
Catatog Nu. 501-78. E _

23.2.3.4 Phenylmercuric Acetate, MC& 3
Catalog No. P 5027,

23.2.1.5 Potassium lodate (K1Q3) crystal,
Baker Catnlog No. 3136.

23.2.3.6 Potassium lodide (KI) crystal,
Baker Catalog No. 3162 .

23.2.3.7 Srarch, water-saluble, Buker Cat-
alog No. 4006. ' :

s MONSANTO RESEARCH C :RPORATICN »




23238 Tin Metal Accelerator, Leco Cal-
alog No. 501-76.

23.2.4 Solutions:

23.2.4.1 Hydrochloric scid—Dilute 15 ml
of hydrochloric acid to | liter with waler,

23.2.4.2 Starch—Weigh 9.0 g of starch into
a small beaker. Add 3 1o 16 ml of waver and
stir into o smooth paste. Add starch slowly
while stirring into 300 mi of boiling wuter,
Cool and add 15 g of KI. Trunsfer the solu-
tion to a I-iter volumetric Mask, shake well,
and dilute to volume. Discard any starch solu-
tion that imparts a red tinge to the blue color
when titrating. To help preserve the starch
solution, add 0.01 g of phenylmercuric ace-
late.

23.2.4.3 Porassium lodute, Standard Solu-
tion—Accurately weigh 0.22269 g of KI0;.
Correct this mass for purity, Transfer care-
fully into a l-liter volumetric Mask and dilute
to volume with water. The solution is stable
for at least 3 months. For a 0.500-g sumple
mass, the buret reads directly in percent
sulfur.

23.2.5 Procedure:

23.2.5.1 Allow 15 min for the ¢lectronics in
the furnace and titrator to warm up.

23.2,5.2 Weigh 0.500 + 1.0 mg of pl'Cp.lt'Ld
sample and brush carcfully into the crucible
using the loading lunnel.

23.2.5.3 Add accelerators o the crucible
using level scoops in the following order: (/) 1
scoop of tin metal, (2) | scoop of iron pow-
der, and (3) ! copper ring.

23.2.5.4 Cover the crucible with a crucible
cover. Do not reuse crucibles or covers,

23.2.5.5 Run a hlank determingtion for
each series of determinution, that is, all aceel-
crators and no sample,

23.2.5.6 Place the sample on the pedestal
Jnd liftinto position in the combustion tube.

23.2.5.7 With the oxygen flow set at 1.0
liter/min, add the HCI to the middle of the
bell-shaped portion ol the ttration vessel.
Always Ti1l to the same point.

23.25.8 Add one measure of starch solu-
tion to the titration vessel.

23.2.5.9 Turn the double throw switeh 1o
the END POINT pasition (down). Allow the
inatrument to set the end point. After the in-
dicator light (for solenoid valve) has stopped
blinking, place the switch in the NCUTRAL
position and fill the KI1O; buret. Turn the
switch to the TITRATE position.

23.2.5.10 Set the GRID CURRENT TAP
Switch to **Low,"" *‘Medium,"”” or “‘High''
position. Determine the position on a test run,
with the sample and accelerators that will give
a complete burn-off above 350 mA as indi-
caled on the PLATE CURRENT ANM-
METER.

23.2.5.11 Ser he automatic timer Lo the
ume required to combust the sumple com-
pletely as follows:

Sample Time, min
Quicklime . 8
Fydrated lime 10
Liinestone 12

23.2.5.12 Afier the furnace has shut off,
read dircelly in percent sulfur.

232513 Report the analysis as percent
total sulfur.,

e MONSANTO RESEAR + CORPORATION o
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PROJECT PARTICIPANTS




PROJECT PARTICIPANTS

Environmental Protection Agency
Office of Air Quality Planning and Standards

Thomas F. Lahre

Monsanto Research Corporation

William R. Feairheller,
Thomas L. Peltier
Harlan D. Toy

Woodrow Lewis, Jr.
Francine A. Kulik
Windle H. McDonald
Lloyd A. Cox

Flo Ella Phillips

Norma Jean Baker

Engineer, Technical
Development Section

Jr. Research Group Leader
Research Engineer
Research Engineer
Research Engineer
Research Chemist
Technician (Field Samplij
Technician (Analysis)
Technician (Analysis)

Secretary
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