Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

AP42 Section: 12.2

Reference: 6 :

Title: C. Allen, A Model to Estimate
Hazardous Emissions from Coke
Oven Doors, EPA Contract

No. 68-02-1408, Docket Item 1I1-A-38
in Docket No. A-79-15, March 1980.



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



f_, ) ,rj‘g

oL
Y

RTI/1736/2-01
March 1980

A MODEL TO ESTIMATE HAZARDOUS EMISSIONS FROM COKE OVEN DOORS

by

C. C. Allen, Jr.
Research Triangle Institute
P. 0. Box 12194
Research Triangle Park, NC 27709

EPA Contract No. 68-02-3056

Project Officer

Lee Beck
Industrial Studies Branch
Emission Standards and Engineering Division
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Prepared for

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Research Triangle Park, NC 27711




ABSTRACT

A mathematical model was developed which relates the emissions from coke
oven doors to the percentage of leaking doors and the gap size between the
door seal and the oven jamb. Substantial emission reductions (>97 percent)
are predicted by enforcement of a 5 percent leaking door standard. Equal
particulate emission control is obtained with door hood systems for 23 percent
leaking doors, but badly leaking doors cannot be effectively controlled by
hoods.




1.0 SUMMARY

The emissions from coke oven doors are difficult to determine experimen-
tally, and even more difficult to correlate with performance information from
various emission control techniques. It is necessary to have some method of
estimating the quantities of emissions when comparisons between different
control strategies are made. A mathematical model has been developed which
relates the quantities of emissions to the percent leaking doors on the coke
battery.

The method used predicts the percent leaking doors from surface tension
effects estimated from oven pressures and gap sizes. The guantity of
emissions is estimated from the gap size, oven pressures, and coke oven gas
characteristics, * Information on the benzene soluble organics (BS0) and
benzo-a-pyrene (BaP) content of coke oven gas were developed from ambient
sampling data, coal tar analysis, and typical oven gas compositions.

The model predicts substantial reduction in emissions (97.1-99.8 percent)
by adherence to a 5 percent leaking door standard when compared with conven-
tional door performance (23-50 percent leaking doors). Equally effective re-
ductions could be obtained for high molecular weight pollutants by using hoods
and conventional Koppers door performance (23 percent leaking doors), but the
polynuclear aromatics from badly leaking doors could not be effectively
controlled with hoods. Benzene and other volatile materials present special
oven fume cleaning problems.

This model is considered to represent the best current estimate of coke
oven door emissions and is compatible with the best information available on
emissions from door closure systems.




2.0 INTRODUCTION

Polycyclic organic matter (POM) includes compounds which are proven
carcinogens when applied at elevated levels in laboratory animals. Some of
these compounds have been linked with the occurrence of cancer in humans,
although it is difficult to establish direct relationships between ambient
exposures and carcinogenic effects in man. Many carcinogens have a latent
period of several decades, leading to problems of identifying the exposed
population, as well as the problem of isolating the effects of a particular
ambient carcinogen from other suspected sources of cancer.

The health effects of ambient air concentrations of POM have not been
well defined, and, therefore, no safe air concentration can be obtained. The
only prudent strategy is to use all practical means to minimize the emissions
of POM.

0f particular interest is the polynuclear aromatics (PNA) produced in the
reducing atmosphere of the coke oven. Hydrogen is driven off and molecular
rearrangements occur in coal during coking which can produce highly active
carcinogens. Also, coal tar compounds can serve as co-carcinogens, which
induce altered physiological states that may increase the risks associated
with other carcinogens. This synergism could in some circumstances greatly
increase the health hazard associated with environmental carcinogens.

Benzo-a-pyrene (BaP) is a major componert of coke tar (approximately 1
percent) and is associated with particulate emissions of PNA's. A typical
coke plant produces 2800 metric tons of coke per day or approximately 155
metric tons of tar and 110 kg BaP per day. This is enough BaP, at the lowest
reported dose to induce a carcinogenic response (2 pg/kg), to give an equiva-
lent dose per body weight to 8 million people per battery, per day. Fortu-
nately, the vast majority of BaP which is produced is captured and processed
in the by-product recovery plant. This report attempts to quantify the BaP
which does escape from the coke ovens and emerges with the yeilow-brown smoke,
so that the effectiveness of various control strategies can be compared and

evaluated.
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The evaluation of the severity of emissions from coke oven doors poses an
unique problem in emission characterization. Conventional sources of emis-
sions can be characterized by evaluating both the concentration of pollutant
and the volumetric flow rate of poliutant. Coke oven doors are unique in that
there are multiple sources of emissions, and the emissions from the various
sources may be differeht, both in intensity and concentration. The leaks from
the coke oven doors generally are more severe in the beginning of the cycle,
diminishing gradually until the tars from the emissions seal the gaps in the
metal-to-metal seals. Both the composition of the gases and the magnitude of
the leak are expected to vary on an individual door. In addition to this,
various doors may have differences in gap sizes which may profoundly influence
the quantities of emissions from the various doors.

The conventional method of characterizing the emissions from coke oven
doors involves the determination of the percent doors which are leaking (PLD).
An estimate of the quantity of emissions is necessary to assess the health
hazard from a coke oven battery, particularly when used with computer disper-
sion modeling. Preliminary indications are that the percent leaking doors can
be mathematically correlated with the quantities of emissions from a battery.
Theoretical work in this area is presented in this report.




3.0 EMISSION FACTORS

Determination of useful emission factors for coke oven doors is compli-
cated by many factors. Some of the major factors include variability of the
emission compositions with time, variable flow rates with time, gap sizes on
the seal in use, and factors such as the type of emission control hardware and
maintenance. A number of emission factors are presented in Table 1, together
with an estimate based upon the model developed in this report. These
emission factors are in substantial agreement--the range of the emission
factors being much more uniform than anticipated differences between different
types of batteries.

TABLE 1. EMISSION FACTORS FROM COKE OVEN DOORS

Emission factor

Reference Method kg/kg coal Basis
Kirk? Estimated <0.006 Particulate
EpAS 25 tests 0.00025 BS0?
BatteHe4 Average leakage, 1 door 1.96 SCF/kg coal Gas

RTI Model, 23 PLDb 0.001 BSO

0.28 SCF/kg coal Gas

4B50-Benzene Soluble Organics bPLD-Percent Leaking Doors

Additional information is needed to develop the relationship between BSO
and BaP which is present in the emissions. One basic assumption which is
necessary to estimate this proporticnality is that the composition of gases
emitted from the ovens is similar to the composition of gases which are
removed from the coke ovens and are sent to by-product processing. Based upon
data by RTI and Smith (Table 2) approximately 1 percent BaP is present in the

benzene soluble fraction of condensibles from coke oven gas.
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TABLE 2. THE RELATIONSHIP BETWEEN THE BENZENE SOLUBLE FRACTION AND
(BENZO-a-PYRENE) IN CONDENSATE FROM COKE GAS

Composition Number of

kg BaP/kg BSQ sampies tested
NIOSH? 0.0] 1400
RTI® 10.0093P 2
EPAC 0.0042P 5
Smith> 0.0129 12

36C mass spectroscopy on coke tar, 2 samples, metallurgical coke.
bAssumes 30 percent insotubles in tar.

CActivated Tuminescence, 5 samples, foundry and metallurgical coke.

This agrees with a NIOSH investigation of 1400 samples of coke oven emis-
sions, indicating compatability with the assumption that coke oven door emis-
sions are basically condensed tars. The best estimate of BaP in the BSO is 1
percent.

The composition of coke oven emissions is presented in Table 3. This
information was developed from typical compositions of gases treated by the
by-product recovery plant. Approximately 15.2 percent of the emissions are
assumed to be tar. Since approximately 30 percent of the tar is expected to
be insoluble in benzene, the content of precipitating BSO is estimated as 10.6
percent. The quantity of BaP in the coke oven emissions is 0.106 percent
based upon 1 percent of BSO. The guantity of benzene in the emissions is
estimated as 66 percent of the 1light oils, or 2.4 percent.




TABLE 3. COKE OVEN EMISSIONS

Weight Molecular weight Gram moles

Component {percent) (gram) (per 100 g)
Water 14.0 18.0 0.78
Oven gas (55% Ho, 64.0 9.8 6.53
28% Chy, etc.)
Light 0i1 (benzene, 3.6 80.0 0.04
toluene)
Sulfate 3.2 100.0 0.03
Tar 15.2 200.0 0.08

TOTAL 100.0 13.4 7.46

x
Estimated as being representative of gas which goes from the coke oven to
Assumed to be representative of emissions from

by-product processing.
leaking doors.




4.0 THE SEALING OF DOOR GAPS BY CONDENSED TARS

Tars condense on the relatively cool door jambs as the coke oven gases
pass through small gaps between the sealing edge and the jamb. As these tars
accumulate, they either are pushed cut of the gap by the escaping gases or
will seal the gap if the pressure in the oven is not in excess of the capil-
lary forces of the tar (Figure 1). The capillary forces are generated as the
coke oven pressure forms additional surface area. The maximum oven pressure
which can be balanced by capillary forces is related to the surface tension
(energy per new surface area) and the gap size.

1

APm =2y6G (1)
APm = maximum pressure drop across the gap (dyne cm-z)
Yy = surface tension {(dyne cm"])
G = gap size (cm)

The surface tension of thé tar is assumed to be 25 dynes cm-]. When the
value for the surface tension is substituted into Egquation 1, a relationship
is developed which can be used to relate the maximum oven sealing pressure to
the gap size.

i

G =0.02 APm’ (2)

When the oven pressure drops to less than 2 y G-T

, the surface tension of
the tar can seal the gap and prevent oven gases from escaping. The length of
time required for the oven internal pressure to drop to the sealing pressure
is defined as the sealing time t.. The ratio of the sealing time to the cycle
time (ts/tc) is then equivalent to the fraction of the time that the oven

leaks.
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Figure 1. The sealing of caps by tar.
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If it can be assumed that the measurement of percent leaking doors (PLD)
is independent of the time during the day at which the PLD determination js
made, then the fraction of leaking doors must equal the fraction of the time
the typical door leaks. This applies to end doors and not chuck doors. Leak-
ing chuck doors could be considered as a separate source of emissions for the
purpose of emission calculations.

PLD = ts/tC x 100. (3)
PLD = percent doors which have visible emissions

tC = cycle time of the coking process
ts = sealing time.
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5.0 COKE OVEN DOOR EMISSIONS

Since a positive pressure is maintained in the coke ovens, coke oven gas
is invariably emitted from open gaps between the door seal and the oven jamb.
The gases, which contain coke tar, pass through the gaps and tars can condense

‘on the jamb and the seal which can be somewhat cooler than the oven gas. The

energy from the pressure differential is converted to kinetic energy in the
gas fiow. The magnitude of this kinetic energy is proportional to the square
of the gas velocity passing through the gap for both streamline flow and fully
developed turbulent flow. For the special case where the gas flows out of the
gap with a relatively low velocity, well developed laminar flow can exist
where the velocity is proportional to the pressure drop, rather than the
square root of the pressure drop in the former cases.

One type of opening through which turbulent flow has been well character-
ized is an orifice. The flow rate is proportiocnal to the square root of the

W= CA ‘f 2gC AP p (4)

W = flow rate of emissions (1b/sec)
A = area of the orifice (ft2)

g, =32.17 (ft 1b/'lbf sec?)

AP = pressure drop (1bf/ft2)

p = density (1b/ft2)

C = orifice coefficient (0.61 for well developed turblent flow,
relatively small orifice)

pressure dr-op.6

The density of the gas may be estimated by assuming a temperature of
316°C, and a molecular weight of 13.5. The estimated properties are
summarized in Table 4. The assumed composition of coke oven gases was
presented in Table 3. -
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TABLE 4. ESTIMATED CHARACTERISTICS OF COKE OVEN GAS

Temperature 316°C (600°F)
Density (at 316°C) 205 g/M* (0.019 1b/ft3)
Molecular weight 13.4
Viscosity> 0.015 cp
(HZ’ CHy, CH, at 316°C vary 0.014-016)
Molar volume 10.2 m (360 SCF)
Door perimeter (9.6 m) (31.5 ft)
Oven charge 14.9 metric tons (16.4 tonnes)

Since a door leaks only on part of the sealing surface, the area of the
leaking gaps is assumed to be related to the area in the orifice by the
following relationship.

A=GP T (5)
G = distance across the gap (ft)
P = perimeter of the coke oven end door (ft)
f = fraction of the door seal which contains gaps

(assumed to equal 0.05)

The orifice equation then may be rewritten in terms applicable to a coke

oven doar.
W=4.83GPTf ‘/ AP p (6)

For a gap size of 0.08 cm (1/32 inch or 0.0026 ft), a door perimeter of
9.6 m (31.5 ft), a pressure drop of 8 mm water (1.58 1bf/ft2) the weight rate
is 0.0016 kg/sec (0.00347 1b/sec) or 0.16 SCMM (5.5 SCFM). This estimated
value is somewhat less than a measured leak rate under these conditions4 of
0.71-0.85 SCMM (25-30 SCFM).

12




Equation 6 is simplified by substituting the previously assumed param-
eters of gas density, door perimeter, and fraction of doors which have gaps of
characteristic size G.

W=1.0624G AP (7)

Thus, for the purpose of estimating the emission rate of coke oven gas,
the gap size and square root of the oven pressure are the significant vari-
ables. _

The total emissions from a door during a coking cycle may be obtained by
integration of Equation 7 from the beginning of the cycle until the sealing
time ts.

t t
S S -
E = f 1.062 G AP dt=1.062G[ AP dt (8)
0

E = overall emissions, Ibs.

The integral of the square root of pressure was numerically determined
from data measured for a 6 meter oven (Table 5). The results are presented in

Figure 2.
TABLE 5. PRESSURES IN A B6-METER OVEN7

Time Pressure Pressure
{(min) (inches of water) (mm of water)
10 10.625 269.87
15 7.82 198.6

20 6.3 160.0

30 4. .44 112.8

a0 3.4 . 86.36
. 50 2.75 69.85
60 2.1 53.34

13




. _ *A49130q 4d9jaW-9 B U0 SAW[} Hui|ves
SNOLARA U0 .p_um\_.n_q ,.U\,QSUE UoLsSsLws pajewtrysa ayy g a4nbrg
‘ + sanoy ‘aut) |

9 5 1% £ A L
T T I I I |

. 008 _¢
w.
o]
- o
)
S
n ™
[
+
~
N —
" p-ca
. o
— (]
0ooL @
S
el
-t S
™~
=)
- -t
. =
+*

~100§1

14




Sample Calculation

For a typical 17 hours coking cycle, the average door must self-seal
after (17 hr) (60 min/hr) (0.05) or 51 minutes to meet a 5 percent leaking
door standard. The pressure in a 6-meter oven is 65.4 mm water, 51 minutes
after the beginning of the cycle. With a surface tension of 25 dynes cm], the
maximum gap size (from Equation 1) is (50) (65.4 mm water)] (98 dyne/cm2 mi
water)] or 0.0078 cm. This compares favorably with maintenance specifications
of 0.005 cm8 and 0.0076 cm9 which were needed to achieve 5 percent leaking
doors in practice.

The quantity of emissions is calculated by using Equation 8.
g i

1b/£t%
mmH20

51 min  1.062 (0.0078 cm) (60 sec/min)(0.452 1/2

650 mm min

t

(2.54 cm/in)(12 in/ft)

E = !.OGZE/ﬁ\/E_ﬁdt
Q

u

4.8 1bs ¢oke oven gas per charge per door.
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6.0 THE RELATIONSHIP BETWEEN PERCENT LEAKING DOORS AND MASS EMISSIONS

The percent leaking doors is a function of the gap size: Tlarger gap
sizes between the door sealing edge and the oven jamb require longer times to
self-seal. These longer sealing times permit a larger fraction of the doors
to leak simultaneously, and careful adherence to maintenance gap specifica-~
tions is essential for reducing the sealing times. The larger gaps not only
permit the emissions to persist longer but also emit more pollutants per unit
time,

Equation 9 demonstrates how the gap size may be estimated from the per-
cent leaking doors (PLD).

G=6.5x 10% 3VPLD (9)

The emissions may be estimated from the gap size with Equation 8. The
results of the calculations are presented in Table 6 and Figure 3 for the
model coke oven. From this model, the mass rate of emissions are dramatically
affected by the gap size and directly related to the percent leaking doors.
Decreasing the percent Teaking doors from 25 to 5 percent results in an
estimated reduction in emissions of 98 percent, for example.

The relationship between the percent leaking doors and the emissions is
presented in Figure 4. The results of the calculations are plotted on a
log-log graph and an approximately linear relationship exists between the
variables for the PLD range of interest (5-25 percent). The slope of this
line is 2.5, implying that the emissions vary with the 2.5 power of PLD. A
lesser slope of 1.6 is present for the function at values less than 5 PLD.

The slope of 2.5 can be useful in estimating percent reduction in emis-
sions.

pLD 2.5

By i

PLD

(10)
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A reduction in PLD from 50 to 5, for example, results in emission reduc-
tions of (0.1)2'5 = (0.0032 or 99.7 percent. From Figure 4, the estimated
emissions would be reduced from 840 kg (1848 1b) per door to approximately 2
kg (4.4 1b) per door per cycle, or 99.8 percent.

———— - /

TE "-‘*“? x FLD x N+ o¢ ng,s
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ABSTRACT

A mathematical model was developed which predicted that the charging
emissions are proportional to the square of the observed charging emission
time. This model is based upon the following assumptions:

Turbulent flow of the emissions cut of the oven.

2. A cyclic variation in the off gases generated during charging which

was represented by a sine wave.

3. A constant rate of aspiration during charging, and

Similar battery configurations, such as the size of the topside
openings which are leaking.

This model predicts that a moderately well controlled battery will have a
Tow emission potential relative to an uncontrolied battery, or a battery not
practicing successful stage charging. The emissions were proportional to the
square of the time of observed emissions.




1.0 INTRODUCTION

Most coke ovens today are practicing some form of stage charging. Stage
charging consists of dumping a prepared coal mixture from a larry car into a
by-product slot oven in three or four stages. This controlled placement of
the coal mixture into the oven results in a reasonably uniform bed of coal in
the oven. This uniform deposition of coal in the oven permits the head space
in the oven to remain open so that the hazardous emissions from the coal in
the hot oven may be removed, rather than emitted into the atmosphere. These
hazardous emissions from the destructive decomposition of coal are generally
removed by steam aspiration, although there are several advantages in using
weak ammonia liquor for aspiration. )

The emissions from the coke oven into the atmosphere specifically depends
upon a very large number of factors such as the amount of coal charged, the
density of the coal charged, the distribution of the coal in the oven, proper
clieaning techniques in the oven and offtakes, the rate of steam aspiration,
the size of openings in the oven, the charging rate and other factors. Gener-
ally speaking, the situation may be simplified in that the rate of aspiration
should be greater than the sum of the off gas generated plus air infiltration.

In spite of the obvious complexity of the situation, a number of assump-
tions can be made to estimate charging emissions from the battery topside.

Two of the major assumptions are that the off gas, which is generated by
charging, is generated in a cyclic fashion: that is, the pressure generated
during the beginning of a stage in the charging will peak to a high pressure
and then will gradually be reduced to a lower pressure as the charging is
compiete for that stage. Pressure is generated not only from the decomposi-
tion of the coal but also the displacement of air in the oven by the coal
charged. If insufficient aspiration is present to eliminate all emissions (as
is almost always the case), then the oven will become under positive pressure
and emissions will escape from any available openings. The magnitude of those
escaping emissions depend upon the area available for the pressure release in
the oven, the pressure in the oven, and the length of time the oven is under
positive pressure. 2




Based upon this model the emission potential for batteries with a Jow
charging emission time can be compared with batteries with a large charging
emission time. It is hoped that these results will assist in the understand-

ing of the relative emission potential from the various types of stage charg-
ing performance.




2.0 EMISSIONS MODEL

The rate of generation of gas is assumed to follow a sine wave with time.
The rate of gas removal (maximum) is a constant, related to the design and
operation of the oven. Additionally, the pressure is assumed to be propor-
tional to the net rate of gas generation and the mass emissions are propor-
tional to the square root of the pressure in the oven (streamline flow or well
developed turbulence). Figure 1 presents the idealization of the rate of gas
generation with time. The shaded areas represent the time that the oven is
under positive pressure, and emissions are possible. Figure 2 shows success-
ful emission control interrupted by an upset (such as an ascension pipe

blockage).

A mathematical representation of the functionality of Figure 1 is as
follows:

R = A sin(®) - R )
1 o)

R = the rate of generation of excess oven gas (Kg/sec)

1 = the time for a cycle of the sine wave (seconds)

A = the amplitude of the sine wave (Kg/sec)

R

o = the maximum rate of generation of coke oven gas which can be
controlled. (Kg/sec)
t time (seconds)

The pressure in the ovens is considered to be represented by a sine wave. The

mass emissions under the conditions of turbulent flow are therefore considered
to be proportional to the square root of R.

e = K'R? (R>0) (2)
e = the rate of emissions (Kg/sec)1 .
K' = a proportionality constant (Kg2/sec?)

4




Wil

13Sdn  NOILYYI4SY

20

A a

JOULNOD NOILYYI4SY

_am

‘uorjeatdsy ayy ur 3asdn ue jo uorjejuasaaday "z aunbyy

JwWilL

/ N\

—L

]
/\

I
[\
O/ 7

- o43uc) burbuey) jo uorjejuasaaday - aunblLy

NOTINYIANZD SV 0 3.1MY

NolLY¥INID SV9 30 3lvWY




Equation 2 may be integrated numerically over the period of time that
emissions can occur. Figure 3 presents a sketch nf the area of interest. The
overall emissions of a cycle are twice the emissions which are calculated from
the maximum in the cycle until the emissions cease.

E = sto KRt = sk (Asin Eo R )ut (3)
o] [] T C
note that A sin X = Ro and e = o,
T
R /A =  sin
o} T
E =1/ t/ K'A% (sin —% s1n§2-)* d(%}
Eo=1 kA Y (sin b oo sinlor ol (4)

Equation 4 was numerically integrated for both the emissions proportional
to pressure and the emissions proportional to the square root of pressure.
The results are presented in Table 1. The results in Table 1 are consistent
with the following relationships:

il

3.0 (n=1.0) _ (5)

E=k t

E=kt>0 (n=0.5 (6)

emissions from a leak (Kg)

-2.837 -1.959

a constant (sec
time of the leak
the exponential dependency of the emissions on the oven pressure.

The values obtained in Table 1 are expected to differ from Equations 5
and 6 slightly due to the errors in the numerical integration technique used.
The exponent in Equation 5 was verified with an analytical solution. Equation

6 is the preferred equation since it is expected to be applicable to turbulent
flow.
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TABLE 1. RESULTS OF NUMERICAL INTEGRATION OF EQUATION 4

E/T (sin %—+-sin %90" d'%
n=k n=1
t/1 YP functionality P functionality
. 0.0066 .00044
.2 .0246 00311
.5 .144 .0436
.7 .275 115
1.0 .5415 .312
1.2 .758 .5129
1.4 .768
1.5 1.127
1.57 1.2240 1.025
Exponent® 1.959 2.837

q0btained from a log-Tog plot (slope)
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The predictions of Equation 6 are consistent with the comments presented
at the NAPTAC meeting July 12, 1978, in Raleigh, North Carolina, by Richard D.
Dworek. Movies were shown at the NAPTAC meeting indicating that tremendous
quantities of emissions were generated from uncontrolled charging relative to
the current levels of stage charging. The results of the model therefore are
in substantial agreement with visual observations by trained observers.




3.0 DISCUSSION OF RESULTS

The inertial model (Equation 6) predicts that the charging emissions are
proportional to the square of the time of visiblie emissions. The effective-
ness of a control technique to reduce the visible emissions can then be re-
lated to the emissions. For example, reducing the charging time by 50 percent
would result in an expected reduction in emissions of 75 percent.

The implications of this model may be useful for minimizing some of the
negative impacts of stage charging on the coke oven and by-product operation.
It may be easily seen from some of the figures that aspiration rates greater
than the generation of gases will result in air infiltration. This air in-
filtration can have a number of detrimental effects in the by-product area.
Some of these include sludge formation in the by-product recovery systems,
increased problems of gas handling and separation processes in the by-product
plant, and additional steam condensate in the tar decanters and waste water
treatment systems. Therefore, the rate of steam aspiration should be balanced
with the rate of off gas generation for the most effective control of stage
charging. If the rate of aspiration could be regulated either automatically
or manually, more effective stage charging could be obtained while minimizing
the negative aspects of stage charging.

There are potentially severe economic burdens which are expected for some
batteries when they achieve the lowest possible level of emission control.
This might invelve adding additional mains, repaving the battery surface,
shutting down the battery and a loss of production during retrofit, and other
factors.

Consider a battery with 55 seconds of charging emissions. This battery
would have approximately 85 percent control of emissions based upon the estim-
ation of overall industry charging emissions. However, the emissions from
this battery still can be reduced by a very substantial amount. Table 2
indicates the relative degrees of control which could be obtained by various
performance standards for this battery. It is easily observed in Table 2 that
relatively low levels of emissions are obtained for 5 and 12 seconds of
charging. 10




TABLE 2. EMISSION CONTROL ON A BATTERY WITH 55 SECONDS OF CHARGING EMISSIONS

Seconds of charging

Percent reduction

55
22
12

5

N

85
95
99






