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TIA

CONVERSION FACTORS FOR BRITISH AND METRIC UNITS

To convert from To Multiply by To Multiply by

°F °c % (°F-32) _—

ft. meters 0.305 centimeters 30.5

ft.2 meters 0.0929 centimeters2 929.0

ft.3 meters3 0.0283 centimeters3 28,300.0
ft./min. (fpm) centimeters/sec. | 0.508 meters/sec. 5.08 x 10-3
ft-3/min. centimeters3/sec. 471.9 meters3/hr. 1.70

in. centimeters 2.54 meters 2.54 x 10-2
in.2 centimeters 6.45 meters2 6.45 x 10-4
oz. grams 28.34 grains 438.0
Oz-/yd-2 grams/meter 33.89 grams/centimeter 3.39 x 10"3
grains grams 0.0647
grains/ft.2 grams/meter2 0.698 —_—
grains/ft-3 grams/meter3 2.288 —_—

1b. force dynes 4.44 x 105 Newtons 0.44

1b. mass kilograms 0.454 | grams 454.0
lb-/ft.2 grams/centimeter2 0.488 ! grams/meter2 4,880.0
in. H20/ft./min. cm. H,0/cm/sec. 5.00 f Newtons/meterzlcm/sec. 490.0
Btu calories 252 !
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SECTION I

CONCLUSIONS

The test results show that a fabric filter utilizing two year old
DacronTM bags is an effective means of controlling particulate emissions
from the electric arc furnace tested which produces a high strength, low
alloy specially steel. The results of the tests with one and two furnaces
operating determined the baghouse mean mass removal efficiencies to be
97.9 percent and 98.7 percent, respectively, corresponding to mean ef-
fluent concentrations of 0.0014 and 0.0019 grains/dscf.* The maximum
effluent concentrations for the total mass samples for the tests with

one and two furnaces in operation were 0.0016 and 0.0021 gr/dscf, respec-
tively. These effluent concentrations are well within the Environmental
Protection Agency's Standard of Performance for Steel Plants: Electric

Arc Furnaces Standard for Particulate Matter of 0.0052 gr/dscf.l

The findings of the baghouse influent and effluent inertial sizing mea-
surements were contrary to what would be predicted by fabric filtration
theory based on interception and inertial and differential capture mech-
anisms. The fact that the particles with aerodynamic diameters of 6 um
exhibited the highest penetration and particles of 1 um the least pene-
tration through the baghouse suggests agglomeration of the smaller par-
ticles. These results support the contention that a large percentage of
particles in the fabric filter effluent have not passed directly through
the filter media but instead are dislodged agglomerated particles which

were previously collected.

*Although it is EPA's policy to use the metric system for quantitative
descriptions, the British system is used in this report because not to do
so would tend to confuse the reader. Readers who are more accustomed to
metric units may use the table of conversions on the preceding page.

1



The time of maximum condensation nuclei emissions from the baghouse was
determined to be immediately after compartment cleaning. This time was
pinpointed by monitoring the stack aerosol with real time particle coun-
ters. The period immediately following compartment cleaning 1is a time

of maximum emissions for a properly functioning filtration system because
the filter cake is removed or damaged during cleaning and the fabric is

least efficient until the cake has been repaired or replaced.



SECTION II

RECOMMENDATIONS

It is recommended that the experience of personnel operating and maintain-
ing fabric filters be compiled emphasizing the methods of detecting and
locating defective bags. This problem was pointed out during the subject
program when an inspection of each compartment made it apparent that the
presence of a leaking bag would be nearly impossible to detect. The
thimble plates had considerable buildup of dust and a loose bag would
likely go unnoticed. A leaking bag was in fact discovered several weeks
after the test program was completed, but it is impossible to determine

if the bag was leaking at the time of the tests. It would also be useful
to find out when an operator feels it 1s necessary to replace a leaking

bag and what levels of emissions occur shortly before the bag replacement.

More research needs to be conducted on the problems associated with in-
stack cascade impactors and the problems and experiences of people using
the impactors needs to be compiled and compared. Principle areas of fur-
ther study should include: particle depositions in the impactor probe
and body, weight losses of greased collection plates and anomalous weight
gains of glass substrates. Also, the practicality of using impactors with
stainless steel collection plates at low flow rates to reduce anomalous
weight gains and losses without appreciable bounce problems should be
studied. There is also a need for a combination of impactors to be used
when performing a fractional efficiency/penetration type of evaluation on
a control device which would allow simultaneous baghouse influent and
effluent sampling thereby reducing the effect of temporal variationms.
Simultaneous sampling is especially desirable when sampling a cyclic pro-

cess such as an electric arc furnace.



SECTION III

INTRODUCTION
BACKGROUND

The work reported in this publication represents one phase of a program
whose purpose is to characterize the performance of several industrial
size fabric filter systems. The fabric filter tested at the Marathon
LeTourneau Company in Longview, Texas cleaned the emissions of either

one or two 30-ton electric arc furnaces which produce a high strength,
low-alloy specialty steel. Each furnace is fitted with a side draft hood
and a canopy hood which is only used during charging and pouring. The
hoods are ducted through a spark arrester to a 1l0-compartment American

Air Filter baghouse which utilizes DacronTM bags.
APPROACH

The performance of the fabric filter was characterized by determination
of the particulate removal efficiency as a function of total mass and
particle size. 1In addition, the influent and effluent total fluoride
concentrations were measured simultaneously with the particulate concen-
trations during three tests to qualitate the fluoride levels to which
the filter bags are exposed during normal service. The apparent frac-
tional efficiency, defined as the measured change in the particulate
concentrations as a function of particle size that results from the fil-
tration process, was determined by upstream and downstream sampling
using inertial cascade impactors. The baghouse influent and effluent

streams were also monitored with a condensation nuclei counter and an



optical dust counter to determine variations in submicron particle con-

centrations as a function of the process and the cleaning cycle.

A pretest survey was performed primarily to determine the following: the
sample time necessary for the outlet impactors to collect weighable samples,
the presence and magnitude of impactor substrate anomalous weight gains,

the mass removal efficiency of the filter papers used in the fluoride tests,
the best diluter configurations for the baghouse inlet and outlet fine
particle monitors, the variations in inlet mass concentration as a function
of the process cycle, and the variability of baghouse operation and process
cycle parameters. The tests in the major program were performed when there
were either one or both furnaces in operation. Originally, it was planned
to sample for 4 days with two furnaces in operation and 6 days with one
furnace in operation. This plan was modified because of a change in the
production schedule at the steel mill. The resulting testing program had
only 2 test days with two furnaces but 8 test days with one furnace in
operation. The greatest effect of having two furnaces in operation instead
of one appears to have been than the inlet loading to the baghouse and
hence the cloth loading rate was doubled. The change in the outlet con-
centration through the baghouse resulting from the increased inlet loading
is an indication of whether the fabric filter's particle removal efficiency

is dependent upon inlet loading.



SECTION IV

MARATHON LETOURNEAU STEEL MILL

The steel mill at Marathon LeTourneau produces high strength, low alloy,
specialty steel in two electric arc furnaces of 30 tons each, nominal
capacity. The furnaces are 10,000 kVA swing roof top charged units with
individual combination side-draft and canopy hooding. The side-draft
hoods operate while the furnace roof is in place and the canopy hoods
operate when the roof is removed for charging and tapping. The furnaces
use the basic steel making process with cold number one oil-free scrap.
The furnaces must be back charged once to reach holding capacity, and
the double slag method of refining is used. Additions of fluorspar are
commonly made for slag conditioning and oxygen lancing is used to lower

the carbon content of the melt.

The furnace hoods are ducted to a l0-compartment American Air Filter
baghouse installed in 1973. Photographs of the baghouse are presented
in Figures 1 and 2. The baghouse has a cloth area of 52,778 ft2 which
results in an air-to-cloth ratio of 3.22:1 at the design flow of
170,000 acfm at 150°F. The net air-to-cloth ratio increases to 3.58:1
with one compartment off-line for cleaning. The cleaning cycle is ac-
tuated by timer such that there is no delay time between cycles. The

normal cleaning cycle schedule for each compartment is as follows:

Time, min. Operation
0:00 Gas outlet damper closes
0:30 Bags hegin shaking
1:00 Bags end shaking
1:40 Gas outlet damper opens
12:40 Next gas outlet damper closes
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Figure 2. Photograph of end of fabric filter




Each baghouse compartment contains 288 Dacron™ filter tubes which are
5 inches in diameter by 14 feet long. The filter tubes were fabricated
by the Carborundum Company. The manufacturer's specifications for the

filter material are as follows:

e Weight = 6.1 oz/yd2

e Thread count = 79 x 89

e Weave =3 x 1 twill

® Permeability at 0.5 in. H,0 = 15 to 25 cfm/ft2

2

The results of the physical characterization tests performed on a new
and used bag are presented in Table 1., The used bag tested was randomly
selected from the bags removed from a compartment after about two years
service. All the bags were replaced in the compartment because of dif-
ficulty locating a leaking bag. The physical characterization tests
show that the air permeability of the used bag (~2 years service) is
much less, 40 percent, than that for a new bag. The reduced air per-
meability or blinding of the fabric is most likely due to dust particles
lodged in the fabric interstices. The tests also show that the breaking
strenght and elongation has been reduced 15 to 20 percent indicating
wear, however, bags which were not replaced are still in service after

3 years without breakage problems. It was also found that the used fa-
brics flexural rigidity was 43 percent higher than that of the new medium

and is presumably due to particles in the intersticies of the fabric.



Table 1.
FABRIC FILTER BAGS

RESULTS OF PHYSICAL CHARACTERIZATION TESTS ON

Test description Nev bag Used baga
ASTM D 1910, Sample weight,b oz/sq yd §.23, 6.59 7.13, 7.37
ASTM D 1777, Sample thlckneas,c mils
Range: 13.4 - 14.0 12.4 - 13.8
Average: 13.7 13.2
ASTM D 737, Air per.:meabi.lity,c cfm/eq ft at )" H,0 AP
Range: 19.7 - 27.2 9.2 - 10.2
Average: 24.2 9.8
ASTM D 1682, Breaking strength and elongation
Breaking strength, 1b
Warp: Range- 225 - 234 189.1 - 193.5
Average: 229 191.6
F1ll: Range: 149.1 -~ 172.4 117.8 - 148.1
Average : 160.6 127.3
Elongation at break, percent
Warp: Range: 31.5 - 34.1 26.6 - 28.5
Average: 32.7 27.7
Fill: Range: 37.9 - 42.3 31.7 - 36.4
Average: 40.1 34 0
Flexural rigidity - beam method.d (10-4) inch 1b
Warp: 3.32, 3.51 3.14, 3 75
FL11- 0.77, 0.85 1.58, 1.71
Average: 1.66 2 38
Adjusted for difference in mass
Warp: 2.78, 3.31
Fill: 1.40, 1 51
Average 2.10

bSingle measurements, sample area 6" x 6".

cFive tests each.
dAyerage of four tests, each reading (four up, four down)

10

Bag in service for approximately 2 years, vacuumed prior to testing.



SECTION V

EQUIPMENT AND METHODS

The baghouse filtering the effluent of the electric arc furnaces at the
Marathon LeTourneau Company was evaluated for the total particulate pen-
etration and the particulate penetration as a function of size. Total
mass samples and size-classified samples for gravimetric analysis were
collected before and after the fabric filter. The total mass samples
from the first 3 test days were also analyzed for total fluorides. The
influent and effluent of the baghouse were alternatively monitored for
fine particulate with a condensation nuclei counter and an optical dust
counter. Since most of the sampling methods were straightforward, they
do not require extensive descriptions. Only the novel or unusual tech-

niques will be described in detail.
MASS MEASUREMENTS

The baghouse influent and effluent mass concentrations were determined by
sampling isokinetically utilizing a Research Appliance Company (RAC)
Staksamplr.TM The location of the baghouse inlet and outlet sampling
ports and the points sampled are shown in Figures 3 and 4. Photographs
of the inlet and outlet sampling locations are presented in Figures 5 and
6. The baghouse effluent is exhausted through two identical stacks and
the north stack was arbitrarily chosen for testing purposes. Table 2 is
a tabulation of the velocities measured in the inlet duct during the pre-
test survey. These velocities are fairly uniformly distributed in the
duct, During the actual test series it was not possible to sample the
bottom port (F) because of the height of the inlet platform and so to
maintain symmetry, the top port (A) was also omitted. The inlet and

11
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gure 6. Photograph of outlet sampling location




outlet ducts were sampled simultaneous for 4 hours during test No. 1 and
for 6 hours for tests Nos. 2 through 10. The 6-hour sampling period was
selected because it encompassed approximately two complete arc furnace
cycles. The filter media used for the total mass determinations was
Whatman No. 1 filter, as required for the fluoride analysis. The penetra-
tion of particulate through the Whatman No. 1 cellulose filter was measured
during the pretest survey to be less than 1 percent at face velocities

comparable to those at the RAC filter and, therefore, suitable for total
mass measurements.

Table 2.' VELOCITIES IN FABRIC FILTER INLET DUCT

Velocity, fpm

Point Point Point Point Point Point
Port 1 2 3 4 5 6

A 3281 3380 3800 4438 4287 4363
3341 4724 4928 4724 4654 4793
4287 4511 4438 4287 4511 4928
4363 4210 3969 3886 4131 4654
4131 4210 3969 4051 3969 4287
3713 4210 4051 4051 3713 4210

LT o B~ B e T - -

Note: Average velocity = 4207,
TOTAL FLUORIDES MEASUREMENTS

The baghouse influent and effluent samples collected in the total mass
samplers during the first three tests were analyzed for total fluorides.
Particulate samples from the probe wash, glass wash and filter and an
aqueous sample from the impingers that capture gaseous fluorides were
composited for analysis. The samples were analyzed in accordance with

EPA Method 13A2 which utilizes the SPADNS Zirconium Lake colorimetric
method.

16



IMPACTOR MEASUREMENTS

The penetration of particles through the bag filter as a function of
size and the inlet and outlet particle size distributions over the
range of approximately 0.5 um to 20 um were determined using inertial
impactors. The two types of impactors used were the Andersen Mark III
Stack Sampler and the University of Washington (U of W) Mark III Source

Test Cascade Impactor.

The lower four stages of each impactor used at Marathon LeTourneau were
calibrated in the lab to determine the inertial impaction parameter at

50 percent efficiency in accordance with the procedure described by
Calvert et al.3 The calibration procedure consists of measuring the
concentration of monodispersed polystyrene latex spheres with a Bausch

and Lomb Dust Counter to determine the flow rate corresponding to 50 per-
cent penetration of the particles. The flow rate for 50 percent penetra-
tion of the particles of known size is then used to calculate the inertial
impaction parameter at 50 percent efficiency which is used to calculate
the 50 percent particle size cutoff of a stage during sampling. The
inertial impaction parameter for each impactor stage plus the pertinent
impactor and particle parameters are presented in Table 3. Figure 7 pre-
sents the measured flow rates through the Andersen impactors for 50 per-
cent penetration as a function of known size spheres. Figure 7 also has
the manufacturer's curves for the Andersen impactor 50 percent cutpoints.
The figure shows that equivalent impactor stages have similar size cutoffs,
but these size cutoffs are smaller than indicated by the manufacturer for

comparable flow rates.

The baghouse inlet stream was sampled several times during each test with the
U of W impactor which collected the sample from the midpoint of port C as
shown in Figure 3. The pipe supporting the impactor had a long radius

bend allowing the impactor to be pointed directly into the stream, thereby
eliminating the need for sampling through a gooseneck nozzle. The straight

nozzle approach was employed to minimize probe losses. The influent

17



Table 3. IMPACTOR CALIBRATION PARAMETERS

Impactor parametexs Particle parameters
Number holes | Stage jet Impactor Particle Partacle Inertial
Impactor Impactor wmpactor diameter, flow rate, diameter, density, impact ion
type stage number stage cm cc/sec um g/ce parameter
Andersen 7A 156 0.0259 186 44 0.481 1.05 01739
2000 INC
Andersen 6A 264 0.0259 94.40 110 1.05 0.2325
2000 INC
Andersen 5A 264 0.0376 193.52 110 1.05 0.1558
2000 INC
Andersen 4A 204 0.0579 306 80 2.02 1.05 0.2143
2000 INC
Andersen 78 156 0.0254 174,64 0.481 1.05 0.1727
2000 INC
Andersen 68 264 0.0259 9/.70 1.10 1,05 0. 2406
2000 INC
Andersen 5B 264 0.0368 200. 60 1.10 1.05 0.1722
2000 INC
Andersen 4B 264 0.0556 311.52 2.02 1.05 0.2458
2000 INC
University of 7A 40 0.0356 101.48 0.600 1.05 0.2104
Washington
University of 6A 110 0.0361 102.84 1.10 1.05 0.2267
Washington
University of 5A 110 0.0528 125.08 2.02 1.05 0.2765
Washington
University of GA 90 0.0792 264 32 2.02 1.05 0.2116
Washington
University of 7B 40 0.0333 96.76 0.600 1.05 0.2451
Washington
University of [):] 110 0.0325 92.04 1.10 1.05 0.2754
Washington
University of 5B 110 0.0498 106.20 2.02 1.05 0.2798
Washington
University of 48 90 0.0772 254.88 2.02 1.05 0.2204
Washington

18
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impactor probe losses, which at times were considerable (20.00 to 51.04
percent) are presented in Table 4. These losses are believed to be larger
particles which should have been collected on the upper impactor stages.
Microscopic examination of resuspended dust removed from the baghouse
hopper showed a population of large particles which could have accounted
for the losses. The shape of the influent cumulative size distribution
curves in Appendix A indicates that the larger particles were selectively
removed in the probe. The affect of the probe losses is that the cumula-
tive and differential size distribution curves in Appendix B are probably
lower than actual for the larger particles. However, the actual size
distribution of the particulate caught in the probe was not measured and

this should be remembered when interpreting the impactor results.

During the first 4 testing days, the stainless steel inserts of the inlet
impactor were coated with polyethylene glycol and dried for 2 to 3 hours
at 300°F. It is not fully understood why some of the impactor inserts
lost weight even though there were particles visible on the inserts.

The weight loss problem was not anticipated because of the low temperature
at the inlet of 130°F, the low flow rate of 0.3 acfm through the impactor
and the short sampling time of 15 to 30 minutes. In tests 5 through 10,
the inserts were not coated and weight loss was not a problem. While
realizing the disadvantage of using uncoated inserts and the resulting
increase in problems with particle bounce, it was believed that bounce
would not be a serious problem at the low flow rate through the impactor.
Inspection of the impactors after each sample was collected showed some
evidence of bounce but the amount of particulate that was deposited on
the bottom of the preceding jet stage was very small compared to the
amount on the corresponding impaction surface. Therefore, sampling with
uncoated inserts was considered to be better than with coated inserts

when the problems associated with each were weighed.

The duration of inlet impactor sampling to collect a weighable sample
on each stage without overloading was quite variable due to differences

in the mass concentration as a function of the process cycle. After the

20
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Table 4. PROBE LOSSES OF IMPACTORS SAMPLING THE FABRIC FILTER INFLUENT AND EFFLUENT

Baghouse

Baghouse influent effluent

Test Impactor run A, Impactor run B, Impactor run C, Impactor run D, Impactor,

number percent percent percent percent percent
1 24,13 18.67
2 35.04 32,92 11.15
3 ND° ND 17.65
4 ND ND 10.43
5 ND ND 34.85 28.78
6 31.54 27.45 25.00
7 24.75 20.00 28.68 17.12
8 49.06 44.74 25.35 51.04 23,78
9 25,28 24.91 22.19 20.63 12,73
10 48.41 50.69 41,67 36.80 18.62
INR” 9.88
2NR 14.95
3NR 12.56

2ND means no data due to impactor substrate weight loss problems.

NR refers to an impactor run overnight.



first few tests, it was noticed that an increase of 0.2 to 0.4 in. Hg of
meter static pressure caused by loading the impactor back up filter
coincided with sufficient sample collection and was used in the remaining

tests to determine the sampling duration.

The influent to the baghouse was sampled isokinetically by measuring

the velocity, pressure and temperature at the impactor sampling point
prior to sampling. The influent velocity, pressure and temperature were
used with the other necessary parameters to calculate the pressure drop
across the calibrated orifice necessary for isokinetic sampling. During

sampling the flow through the impactor was kept constant.

The baghouse effluent was sampled for 9 hours during each test day with
two instack Andersen cascade impactors in the locations shown in Figure 4.
The outlet impactors sampled through straight nozzles so they could be
pointed into the direction of flow to minimize probe losses. The resulting
probe losses were from 9.88 percent to 28.78 percent and are included in
Table 4. These probe losses were much less than the influent impactor
probe losses and are considered to have only a minimal effect on the cumu-
lative and differential size distribution curves. Reeve Angel 934 AH type
glass filter substrates were used in the impactors because they have been
found to be less reactive with stack gases than the Gelman Type A glass
fiber filters.4 Two impactors were run simultaneously during each testing
day with one of the impactors sampling filtered flue gas to indicate any
anomalous weight gains. The figures in Appendix C show the suspected
anomalous weight gains for each stage of the impactor sampling flue gas
and the corresponding stage of the impactor sampling filtered flue gas
during the 10 test days. Examination of the figures in Appendix C indi-
cates considerable weight gain in a number of cases and in a few cases the
weight gain of the impactor stage sampling filtered flue gas was greater
than that of the impactor sampling unfiltered flue gas. In only one case
was there no apparent anomalous weight gain. It is most difficult to
quantify the apparent anomalous weight gain because it did not follow a

pattern with respect to amount of weight gained by any particular stage.
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Since a systematic error was not apparent and since the outlet differential
distributions in Appendix B do not appear to be dependent upon the apparent
anomalous weight gain, no corrections were made to the weight gained by

the substrates of the impactor sampling unfiltered effluent.

In addition to the impactors run during each normal test day, there were
three sets of outlet impactors run from 13 to 15 hours overnight. These
impactors were run as an experiment to see if cascade impactors could be
run unattended. Running the impactors unattended seemed to be a success
with the flow in the morning being the same as that set the preceding
evening. The overnight impactors were also run in pairs with one sampling
prefiltered flue gas. These impactors, however, utilized Gelman Type A
glass filter substrates. The apparent anomalous weight gain for the night
runs, also shown in Appendix C, appears to be higher than during most of

the day runs in which the Reeve Angel substrates were used.

A comparison was made among the outlet mass concentrations measured by the
RAC StaksamperM, which is considered to be the true concentration in the
duct, the mass concentration measured by the impactor and the mass concen-
tration measured by the prefilter on the blank impactor. This comparison
is presented graphically in Figure 8 and includes the line that would re-
sult from perfect correlation and the actual line of best fit. It can be
seen that the impactor measurements consistently indicate a lower concen-
tration than the RAC train. This may be caused by the fact that the im-
pactors sampled at single points in the duct while the RAC train traversed
many points, or it may indicate an inherent inconsistency between the mea-
surement methods. The lower mass concentration measured by the impactors
would appear to be contraindicative of serious anomalous weight gain

, - 5
problems as observed in another similar comparison.
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FINE PARTICULATE MEASUREMENTS

The penetration of fine particles through the fabric filter was determined
by sampling the baghouse influent and effluent streams with a Dust Counter
(DC) and a Condensation Nuclei Counter (CNC) with a Diffusion Denuder (DD).
The particle concentrations were measured by a Bausch and Lomb 40-1 DC and
by a Rich Model 100 CNC. Particle sizing was accomplished directly with
the DC and the CNC utilizing the DD. The DC has seven size ranges with

the following smallest detectable particle sizes: 0.3 pym, 0.5 ym, 1.0 ym,
2.0 ym, 3.0 ym, 5.0 ym and 10 uym. The CNC measures particles of 0.0025 um
and larger diameter6 in the concentration range of 1,000 to 300,000 par-
ticles/cc. The theoretical upper size limit measurable by the CNC has been

estimated to be 0.3 to 0.5 um.7

Sizing with the CNC and DD is accomplished by drawing the sample through
the DD where particles less than a particular size, dependent upon the
flow rates, are removed. The CNC then measures the concentration of the
particles remaining. The five DD flow rates utilized at Marathon
LeToruneau resulted in the removal of all particles over the range of
less than 0.014 um at the highest flow rate and less than 0.078 um at

the lowest flow rate.

The temperature and moisture content of the influent and effluent of
the baghouse were in a range to allow sampling without dilution. Dilution
was not necessary at the outlet and the sample was extracted through
a stainless steel probe, and tygon tubing to a "Y" where part of the
sample went to the CNC and part to the DC. When the DD was used, it

was inserted between the "Y" and the CNC.

Dilution of the sample was required at the inlet because of the high
static pressure in the duct and the high concentration of fine particles.
A two-stage dilution was effected utilizing two basic diluter designs.

A sample of the flue gas was extracted through a stainless steel probe
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and through the air ejector diluter shown in Figure 9(a). A portion of
the diluted sample from the air ejectro diluter was then drawn through
a capillary tube diluter, Figure 9(b), to a "Y" where the sample flow
split with part going to the CNC and part to the DC. When the DD was

used, it was inserted between the "Y'" and the CNC as on the outlet.

The air ejector diluter is limited to a maximum dilution of approximately
90 to 1. 1Its main value is its ability to extract a sample from a low
pressure location and to discharge the diluted sample at about atmospheric
pressure. The CNC and DC will not operate properly when the pressure of
the sample entering the CNC or DC is too far below atmospheric, ~2 in.
H20. In the air ejector diluter, the sample is drawn through an orifice
by an air ejector in which the sample stream and a filtered compressed

air stream are mixed before being discharged through an orifice which

meters the combined flow.

The capillary tube diluter is capable of providing a 12 to 1 dilution.

A capillary tube meters the sample flow which is combined with regulated
filtered dilution air in a tee. The combined sample and dilution flow

is equal to the flows through the CNC and DC. The capillary tube diluter
was also used to vary the sample flow rates through the DD to provide
sizing data. In this case, the combined sample and dilution flow is

equal to the flow through the CNC.

The DD is made of three closely spaced (0.097 cm) concentric cylinders
on which diffused particles are collected. The d50’ which is the par-
ticle diameter removed in the DD with 50 percent efficiency, is depen-
dent upon the flow rate through the DD. The DD is most applicable for

particle sizes ranging from 0.0l to 1 um diameter.
Particle sizing was accomplished by first sampling with the CNC alone

which corresponded to particles > 0.0025 um. Next, flows varying from

approximately 2 cc/sec to 50 cc/sec were passed through the DD. The
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approximate flows and resulting DD size cutoffs were 2 cc/sec and
0.078 ym, 5 cc/sec and 0.048 ym, 10 cc/sec and 0.034 ym, 25 cc/sec and
0.021 ym, and 50 cc/sec and 0.014 pm.
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SECTION VI

RESULTS

The primary purpose of the sampling program at Marathon LeTourneau was to
define the total and fractional particulate penetration through a fabric
filter cleaning the emissions from an electric arc furnace. The secondary
reasons for testing were to determine the effect of approximately doubling
the particulate loading to the baghouse on the total and fractional pene-
tration and to measure the influent and effluent total fluoride concen-
trations to estimate the levels to which the DacronTM filter bags are ex-
posed during normal service. In addition, the baghouse inlet and outlet
submicrometer particle concentrations were measured as a function of the
process cycle and the baghouse cleaning cycle to determine if periods of
high penetration are a function of the process cycle, the cleaning cycle
or both. Finally, the inlet particle size distributions were measured as

a function of the process cycle.
TOTAL MASS MEASUREMENTS

The baghouse inlet and outlet particulate mass concentrations for the 3
pretest survey testing days and for the 10 regular testing days are pre-
sented in Table 5. These concentrations were measured with total mass

samplers, impactors (without prefilters) and an impactor prefilter.
The data summary sheets with measured parameters and the calculated results

for the total mass and impactor samples are presented in Appendixes D and E,

respectively. The properties of the baghouse influent and effluent flue
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Table 5.

RESULTS OF PARTICULATE SAMPLING AT MARATHON LETOURNEAU

Baghouse outlet, north stack,
‘ Pressure drop Baghouse inlet; concentration, grains/dscE concentration, grains/dscf
Test | No. furnaces co:;::::ent veizzity, Total mass | Impactor | Impactor | Impactor | Impactor | Total mass | Impactor Impactor ma::h;::e::t:::n.a
day in operation| No. 6, in. H20 ft/min sampler run A run B run C run D sampler prefilter A percent
1P 1 - 3.32 0.0627° | 0.0579¢ - - - - 0.00189 | 0.0022% -
2 1 - 3 48 0.0804 0.04149 | 0.0903¢ - 0.0019 | 0.00036% | 0.000259 2.3632
3P - - - - - - - - - 0.0007% - -
1 2 - 3.39 0 1506 1.9185° | 0.0594° - - 0.0017 §o.0011% | 0.0010% 1.1288
2 2 - 3.58 0.1438 0 0765° | 0.0911° - - 0.0021 |o.00119 | o0.00119 1.4604
3 1 3.50 3.37 0.0603 - - - - 0.0002 |o.0010 | 0.0009% 1.9900
4 1 - 3.36 0.0729 - - - - 0.0016 |0.0010% | 0.00099 2.1948
5 1 3.40 3.35 0.0650 - - 0.0500°% - 0.0015 |o0.0007% | o0.0008% 2.3077
6 1 3.40 3.41 0.0672 0.0369% | 0.0287° - - 0.0013 |o0.0009% | 0.0006% 1.9345
7 1 3.24 3.36 0.0675 0.0664% | 0.1022° |0.0947 - 0.0011 ]o0.0008% | 0.0006° 1.6296
8 1 3.12 3.56 0 0736 0.0594° | 0.0538° | 0.0485° |0.0368° 0.0016 |0.0013% | 0.0009% 2.1739
9 1 135 3.43 0.0615 0 0682° | 0 0533° |o0.1286% |o0.1443° 0.0014 |o.0011% | 0.0009% 2.2764
10 1 3.34 3.42 0.0617° | 0.0572° | 0 0497° ]o0.0856° | o0.0868° 0.0012 |0.000¢% | o0.0008% 1.9449
68 - - - - - - - - - 0.0007% | 0.0007% -
g8 - - - - - - - - - 0.0008? | o0.0005¢ -
98 - - - - - - - - - 0.0009° | o0.0008% -

8calculated from the inlet and outlet total mass concentrations.

l,!’x'el:esl: survey.

CEvidence of particulate leakage around the filter indicating that the

concentration.

dAndersen impactor.

eUnl.versity of Washington impactor.
£

sImpuc tors run overnight.

Sample was inadvertently extracted nonisokineticcally

reported mass concentration may

be lower than the actual mass



gas are presented in Table 6. The penetrations which are included in
in Table 5 were calculated from the inlet and outlet total mass

concentrations.

Examination of Table 5 shows that the inlet concentrations for the test
days during which there were two furnaces in operation were approximately
twice that of the runs in which there was only one furnace in operation.
The table also shows wide variations in inlet concentration measured by
the inlet impactors as a result of these samples being collected at
various points in the process cycle. The variation in concentration over
a process cycle was measured during the pretest survey by taking a series
of total mass samples in succession over the cycle. It was found that
the inlet concentration varied by a factor of 2.5 with the alloy addition
phase being the period of maximum concentration and the tap being the

period of minimum concentration as shown in Figure 10.

The mass penetration and the total mass sample outlet concentration sta-
tistics for the entire series of tests, for the subseries of tests with
two furnaces in operation and for the subseries of tests with one furnace
in operation are presented in Table 7. These statistics show that the
penetration is lower even though the outlet concentration is higher

(40 percent) with the two furnaces in operation indicating the baghouse
particulate removal efficiency varies with inlet grain loading. Thus

the baghouse dampens changes in the outlet concentration or emission

rate caused by variations in the inlet concentration.

Table 7. OUTLET CONCENTRATION AND PENETRATION STATISTICS

Outlet concentration,
Penetration, % grains, dscf
Standard Standard
Tests Mean deviation Mean deviation
All 1.904 0.3862 0.0015 0.0003
With 2 furnaces on 1.295 0.2345 0.0019 0.0003
With 1 furnace on 2.056 0.2263 0.0014 0.0002
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Table 6. FLUE GAS PROPERTIES

Influent Effluent (North Stack)
Volumetric Volumetric Particulate
No. Furnaces flow rate, Avg. gas Moisture, | flow rate, Avg. gas Moisture. lemission rate,
Test No. in operation dscfm temp, F | percent dscfm temp, F | percent 1b./hr
1 2 164,406 107 1.31 67,046 120 2,22 0.994
2 2 166,623 131 1.42 66,208 130 1.47 1.220
3 1 154,056 140 1.51 66,558 132 1.55 0.664
4 1 153,606 128 2.51 65,942 126 1.53 0.930
5 1 152,550 132 2.65 67,684 131 1.99 0.848
6 1 154,066 134 3.19 66,523 129 1.85 0.737
7 1 154,311 130 2.28 66,692 125 2.15 0.642
8 1 166,142 127 1.89 72,089 128 2.43 0.995
9 1 151,374 155 2.32 67,658 133 2.46 0.830
10 1 157,354 134 1.56 66,659 130 2.10 0.676
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IMPACTOR MEASUREMENTS

The task of determining the average or representative inlet particulate
cumulative and differential size distributions is difficult because it
cannot be measured directly. A direct measurement of size distribution

is impossible because a process cycle lasts approximately 3 hours and

the in-stack impactors which measure the size distributions were limited
to about 15 minutes sampling duration due to the high inlet mass concen-
tration causing overloading of impactor stages. The problem was attacked
by making individual measurements at various points in the process with
samples taken during the major events of the process cycle. Figure 11
shows the time in the process cycle over which each of the inlet impactor
samples was collected during each test day and also indicates the frequency
of sample collection during the entire testing program. It shows that the
inlet was sampled for nearly every minute of the process cycle over the
testing sequence. Since it was impossible to collect an ideal inlet
sample, it was necessary to composite several typical or average differ-
ential size distributions to enable calculation of the fractional penetra-
tion. The construction of a representative inlet size distribution would
be further supported if day-to-day variations were not observed. Although
this is not the case, the compositing of several runs appears to be the
best approach. Figure 12 presents the measured mass median diameter
(MMD's) as a function of the process cycle and testing day. From Figure 12
it is clear that variations in MMD's did occur on a daily basis and were
most pronounced immediately before the slag-off part of the cycle.

Figure 13 (a through d) shows the differential size distribution curves
for different test days for the sample collected during the first melt,
back charge, second melt, and tap. These curves show that there was con-
siderable variation in the differential size distribution on a daily
basis. The next step in constructing a composite inlet curve was to
average the curves for each part of the process. These curves are also
presented in Figure 13 (a through d). These average curves were then

weighted with respect to the time portion represented by their individual
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