E‘PA 600(2 77-213?f'_’
o Oct ber: 1977__.'-_;',:'.:

- Note: ThIS is a reference C|ted in AP 42 Comp//at/on of Air Pollutant Em/ssmn Factors, Vo/ume I Stat/onary I
" .- |Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/ S

-|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.~ - . : -

SAMPI.ING AND ANALYSIS
OF COKE OVEN DOOR EMISSIONS

by

" RE. Barrett, W.L. Margard, *
- JB. Purdy, and P.E.‘Strup . -

_,Ba_ftelle-_Columbus i.aborator‘ie-s ks
.- 505 King Avenue - .
" Columibus; Ohio 43201 ~ "+ -

Contract No: 68021409 -
- Tasks No. 16'and 34:
Program Element No. 1AB604C - -

- EPA Project Officer: Robert C. McCrillis -

Industrial Enwronmental Research Laboratory
Office of Energy, Minerals, and Industry-
Research Triangle Park, N.C. 27711

Preoared for -

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Research and Development
Washmgton D.C. 20460



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.



ABSTRACT '

Em1ss1ons generated by 1eakage from a coke oven door were coll ct

: and sampled during a 16jhour coking cycle._ ‘Extensive analyses, ineluding

_operation.: “'tests of one hood design suggested modi—

'fications W_lch were incorporated into the final . design.i The‘:inal hood was

Vfused for conducting two sampling runs at an operating coke oven.
N Analysis of the coke’ oven samples included‘

art!culate emissions determlnatlon

:“'cycle. Also, resultsé
.‘mutagenic, as‘the cher
_ This report‘was.
"by Battelle—'#‘” 5 i" ‘
sﬁAgency., Thisareport covers the
501977..- -
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SECTION 1 .

INTRODUCTION =

In .connection with a program to develop and evaluate concepts ]f.xfgﬁ.‘

sfor m1n1m1z1ng emis51ons from coke~oven doors (EPA Contract ‘No. 68—02—
: 1439), Battelle's Columbus Laboratorles (BCL) 1n1t1ated development of a Vf‘
system for measuring ‘these emissions. The basic equipment consists of a
pmetal hood that extends over: the buckstays adjacent to an oven door, thus'
‘capturing emissions from around the door and- permitting ‘these emissions
to be channeled to an exit duct where they can be’ conducted to measuring
devices. | ' ..hd ‘_ ' '_
o The 1n1t1a1 hood design was tested on a K0ppers coke oven.at
_ Empire—Detr01t Steel in Portsmouth, Ohio (see Appendix A Figure 1.
Although the system was judged to operate satisfactorily, it was believedf-
‘that use of ‘the sampling hood caused the oven ‘door temperature to rise
.above normal due to the- hood eliminating natural convectlon currents

_‘ that normally flow over the door and prov1de COOlng.; _

h To determine “the amount of temperature rise above normal caused
by the hood an’ oven door at Portsmouth was. 1nstrumented with eight
thermocouples and door temperatures were then measured throughout a com-'
plete coking cycle of approx1mately i5 hours (see Appendix A Figures

:2 8) A subsequent test with the -sampling hood in place 1ndicated a
temperature rise above normal of about 28 ¢ (50 F) during a 2—hour test.
A heat transfer analy31s made of the system showed that the temperature

' rise could be minimized by painting both 31des of the hood black and
.1nstalling vertical fins- ‘or the outside of the hood to enhance heat
transfer from- the hood to the ambient air.

_ Follow1ng this development work on the sampling hood, EPA
"authorized emission measurement ‘tests to quantify particulate and gaseous

emissions due to- coke—oven—door leakage and. to establish operating pro-
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QAnalytical efforts were - conducted by Battelle—Columbus, unless otherwise
-findicated.‘ | - |

_ This report describes the preparation leading up to the field
'test, conduct of the field test, and presents results of . the analyses. fiﬁf
hWhere poss1b1e, conclusions regarding the procedures used for sampling

-and analysls, and regarding the results of thls test, are presented
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"6,w To determine emission rates (mass of total particulate ot certain
,compounds ot elements per unit time),:all material coming from -

-hf.;the coke oven should be known.- That would require collecting

njh?condensed material off. of the 1nside of the hood and the gas;%

“‘frducts and attributing this material to the gas flow 1n some way

d.JfThree problems this introduces are (a) how to?clean the hood o
f‘ffand ducts safely when the re31due being washed off may contain

"fcarclnogenlc species, (b) how to clean ‘the. very large hood

surfaces, and (c) how to equate the condensed mass' to gas- flow ‘fff”'

,“— obviously, more of the condensed mass would be collected early
‘ifln the . test. :‘ ‘ '

The rather large differences in emission rates for ‘the two runs on- the ;

'”same coke oven cell suggest that 51ng1e tests w1ll not be’ useful in pre—'"ffwﬁa

'icisely defining em1351ons from these sources.: ‘_&“‘ﬂ‘ilif

hAna12515'

Due to the presence of 1arge quantities of . organics in ‘the coke oven

"“samples,‘and the increa51ng concern over health hazards related to organic~

materials, the possibilities for modifying or extending the analysis pro-i

f3 cedure are limited only by the 1magination and the budget., Obviously, it'

.hwould be desirable to conduct semiquantitation of all'Lc. fractions of: each7-"'

;’fsample._ However, for this single test such an approach could have in—“-“'.
creased the number of GC—MS analyses to 88, rather than the 12 that were -
~conducted. Also, for the semiquantitation analyses conducted there are - ...
?s1gn1f1cant unidentified fractions (e.g., Sl percent - for Sample AT “Frac~
_tion 5) - of what does’ the .missing material consist'7 Further, it might be#--
ﬁdesirable to conduct the HRMS, the trace metal analyses,‘and the bioassay

,analyses on. LC fraction of samples, rather than on the entire samples.

“.‘HAgain material removed (in some future test) from the inside of the hood

and gas ducts should be analyzed._ : ‘ ; _
. To facilitate interpretation of future test results, the quantity of
'sample used for all analyses should be. precisely defined and blanks should

‘be provided and run for all analyses..
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”'Bidassay‘Results}_“":‘f

Complex mixtures such as the - coke—oven samples submltted for bio—

;1081C31 analy51s contain 1arge numbers of materials which?may ‘be mutagenic,‘dd_ s

'-,cytotox1c,-or both The chemical analysls of the’ samhles indicated tha

;mutagen1c1ty was to. be expected . The samples containe_ numerous poly—“

‘cyclic hydrocarbons which have been confirmed to be both mutagens and

7carc1nogens.‘ Benzo fluoranthene and benzo—a—pyrene are but examples.__,j;? _
Mixtures are’ always dlfficult to assay Sometimes a sample may give B
a po51t1ve mutagenic response at one concentration but the mutation rate

: may- fall Off dramatlcally at the next higher concentration due to the. toxlc ol
‘effect of the same material . oF a second ‘material effecting the mutagene31s bb
'of the first or the v1ab11ity of the mutants. A large number of synergistic -
.or antagonlstic 1nteract10ns may take place which can exaggerate or diminlsh
.\fnet bloassy responses.__, ' ;_ ' _" ”"; __"w

: _ ‘The. fact that Ames assay found mutagens in all of the samples serves

':to confirm the chemical analyses. The samples were found to be moderately

.‘ mutagenlc at the “very dilute concentrations analyzed.‘ Thus the data

really suggests that the partlculates entrapped on the filters were heavily

laden w1th mutagens when the total sample is taken 1nto account.; -

In general, both the filter and . the adsorbent column sample extracts.
. showed a moderate but positive mutagenic’ response to 0.5 ul of the sample.-
‘The 0.5 ul sample represents only 0.0007 percent of the extract of the o
: filter which was submitted for “bioassay analyses. The:extract“sample was'*“-:
.obtalned from one—eighth of the total filter area. When more of ‘the sample
: extract was analyred the mutagenic response was increased until the concentra--ﬁ
tion was sufficient to elicit a toxic response. It thus becomes quickly |
apparent that the total sample contained thousands of times larger amounts
of mutagenic ‘substances. : :
| It has been shown by Commonor that the mutagenicity of a complex
mixture of enV1ronmental pollutants. can be the sum of the mutagenicity of
the individual fractions. Such a pOSSlblllty may account for the- quantity

of mutagenic substances in the filter samples. "In thls investigation it
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SECTION 3 f,w

SAMTLING PROCEDURES

. SAMPLING EQUIPMENT
_ S A new sampling hood w1th vertical corrugations acting as cool-"3h
”ing fins, and black paint applied to both sides was constructed for the .
| tests at Youngstown, Ohio.i The new features incorporated were ‘a- result
:iof analytical and fleld work reported 1n Appendices A and B After being '
- checked out: at BCL for satisfactory operation, the hood was taken to : |
ﬂlYoungstown and. used for the program to measure emissions from a coke—oven':"ﬁ
g door..' _ . ' c : o :
_ ‘ Figure 1 shows the sampling hood in place clamped to . the
xbuckstays on either 31de of the oven from which emissions were to be -
sampled. As shown in. Figure 1-the. hood consisted of 5 full sections and o
‘a single half section, a1l held together by piano—type hinges. On the
7back of: each section, placed vertically along the edge, were magnetic o
- tape strips which aid in maneuvering the hood into place and holding it
to the buckstays., However, the magnetic strips were not capable of hold—a
.1ng the hood firmly in place and preventing gas leakage. Special clamps
“attached to. lengths of angle iron were. used to firmly clamp each side of
'each hood section ‘to’ the buckstay.“ All edges of the hood and the hingeS'.
;'were sealed With furnace: tape and then further sealed Wlth furnace cement
to prevent leakage of gases out, or of air into, the cavity behind the
‘;hood Also’ shown in- Figure 1 1is the layout of the sampling equipment on
 top of the coke—oven battery during the test.

* Regulations at Republic in Youngstown prohibited the taking.of'any

- photograplis at the test site. Therefore, Figure 1 is an artist's
sketch show1ng the general layout of the sampling hood over a coke—
_oven door, : ‘
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‘-‘leakage gases, “and pass .on to the suctlon blower. ‘The compressed a1r S

A supply of compressed air was - dellvered through a 1 inch pipe;‘d

'to a horizontal air distrlbutor ‘below the bottom of the oven door. The gyf'@-~~ SRRy

“.distributor con31sted of a l—inch diameter length of p1pe w1th drilled

.:hOIES that allowed air to blow uPW'ard over the door, mix w1th the door\im

-_fed to the door orlginated from an air compressor. Ordinarily, a- plant"
: supply 11ne could be used as the ‘air. supply, but at Youngstown it was o o
necessary “to rent a’ compressor for air supply because the plant compressed;*;-fQ
-air supply system had exce331ve water in the, 11DES.. The compressed a1r )
supply to the hood was carefully metered by a. rotometer. '
The pr1nc1ple used ‘to measure the leakage of emissions from .

'around the coke—oven door was based on measurement of air fed under the h
_hood and . measurement of total gas flow away from the hood This required_fs.
© that the bIOWer draw gases away from the door area enclosed by the hood _““ .
" at: the same rate as- gases were generated by the air supply plus the door T“Hﬁ
':leakage, thus maintaining a zero gage pressure behind the hood. Positive'“'
' pressure could cause leakage of: ‘gases from behind the hood and negative
\ pressure could 1nduce alr 1eakage into " the- hood enclosure. As shown in.*f”'fl'-
Figure 1, a. pressure tap ‘was 1nsta11ed in the top plate seal near the
't0p of the buckstays.a Th1s pressure tap was connected to an 1nc11ned
f.manometer sensrtlve to 0.001- inch of water, and efforts ‘were. made to keepilva'
: the pressure readlng on the manometer at’ zero to assure no leakage into o
‘or out of the door area., During the sampling period the highest pres- “‘d
-sure d1fferent1a1 recorded on. the inclined manometer was 0. 56 mm (0 022-'
7‘f1nch) HZO’ and most of the time it was. kept at zero. There was every _‘t

1nd1cat10n that 51gn1f1cant leakage did snot- occur during testing, all
seallng materials were 1ntact at the end of the test. A _g‘

. . As. a result of having the ‘hood . sealed in place and’ maintaining |
a zero pressure . d1fferentia1 across the hood wall all emisslons leaking af
' past ‘the coke—oven door. were 1nduced to exit the hood through the duct o
1dent1f1ed in Figure 1 as "Hood exhaust duct" " As the gases passed N
;through this duct, part of the flow was pulled off by’ the Hl—Vol sampler, :
_ thlS part was measured -and recorded at the H1 Vol. The remaining gases o
flowed on toward the blower and the flowrate was measured at’ an orifice .

.mounted in the line.- Thus, the . gas flow measured at the Hi Vol plus the

- 11
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- sample a "typlcal"'door.v A coke oven near the end of ithe battery was

No effort was made to select either a well—sealed or poorly- ¢

‘fsealed door on which to conduct the test. - Rather, the 1ntent was to

:tfselected for the test’ to ‘minimize the disruption of the test: due to

"-;”plant equipment moving past the sampling area,-

The operation of an 1nd1vidual coke oven at this plant 1s R

i.'approximately as follows. _

[ o{_push prev1ous charge ‘ ¥
. e.oven. remains open for 5 to. 15 minute interval
| h:-ofiput door 1n place =
'”.ef'charge oven with fresh coal (up to 5 minutes)
‘o_‘seal charging doors : Lo '
e coking period of 12 to 16 hours Sl
fo.fdoors removed for 15 to 30 minute 1nterva1 prior to push |

'iof push coke (about 2 to 3 minutes)

‘The hood was put in place and sampling begun as soon as possible after_fg_i
the door was closed._ Thus, sampling was begun durlng the charging opera—f:sfh'
‘_“Ttion but did not 1nc1ude the entire charging period.i Sampling was f‘ '
.continued until about 15 to 30 minutes before the end.of :the. coking
:“cycle. Sampling was stopped to ‘allow sufficient time to remove. the hood
ﬁand sampllng equipment before coke pushing was to begin._‘. ; f .
_ 1 Prior to sampling runs,.it was. empirically decided that the - h_ _
‘:coking cycle of approximately 16 hours should be d1v1ded into time seg-aiﬁ- :
_hments for purposes of taking samples for analysis. _The_length:of_these:::

V51x sampling segments were assigned as follows.:_

\U‘Segment NOa _f”‘k Length of Segment hours .

. T T SRR
S L
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COMMENTS ON SAMPLING PROCEDU'.RE

The metal surface of the sampler downstream from the filter

:had some dep051t similar to very light spray paint..
_ ‘ “The 4—1nch metal duct leading to the exhaust fan had heavy:
"htdeposits like brushed paint.. When ‘the fan was laid on its side after -
tests with an apProx1mately 6—foot—1ong metal duct Pro:ecting v'erti--] fﬁf“ﬂrpc;
ﬂ‘cally upward tar depos1ts 1/16 1nch thick were formed on: the fan parts

‘from warm tar dripping from the" duct walls.l

In general,_the sampling hood and assoclated sampling equmeent
'performed satisfactorily during the ‘two Youngstown tests.g The one equip-'-
7;ment weakness at Youngstown was in - the exhaust blower that pulled the} .
-'gases from behind the sampling hood._ A greater blower capacity would
__permit a larger flow of air to be passed over the oven door for cooling
p-purposes, and more- dilution of leakage gases would reduce rapid filter
loading Also heating and 1nsulating the duct between the hood and the.i
-tee would reduce loss of conden31b1es. _' : _ W_' " f_
el The 1ntent of the sampllng system that was used was- to provide.l ___L
_a constant flow at the Hi—Vol sampler ‘and at the POM sampling point. p |
':Fluctuations in gas leakage would be compensated for by adJusting the !fj:
butterfly valve controlling bleed air to blower system. An alternative f'

- ‘would have been to. sample particulate (and POM) from the duct to the ‘

blower and. to have omitted the Hi—Vol sampler. However, to do th1s,_them
'sampling rate would have to be adjusted to- provide 1sokinetic sampling j' :
:w1th changes in air flow rate. The latter system would be slightly more
‘cumbersome to operate, but,theoretically, would provide a more logical

'sampling procedure in- that sample collection rate would match leakage rate. o
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Section 5 presents the results obtained in’ conducting the analyses L

‘fUdescribed in this section.

'_ MASS DETERMINATION

The nass of: dEPOSlt collected on the filters was determined by
‘deSiccating the filters for 24 hours and- then_weighing them.‘ Tare weights ]
.pfof the desiccated filters were. subtracted from the final values to determinel.fii"

the mass- of material collected. _ . ‘_ S E '_"‘p
- ‘j To the extent ‘possible,. the. samples were stored in a cooled dark
__location prior to. analysis. DeSiccation and weighing were conducted at.
;room temperature,‘and the weighing was done in the presence of” light.-

3'However, the precautions taken should have protected most compounds from

. photo reaction.'

: _PREPARATION OF ADSORBENT COLUMN
‘AND FILTER SAMPLES ' :

From.the group of filters representing -a portion of a specific run, f.;
”1each filter was diVided into quarters using a long-bladed lab spatula.- Filters.
“to be used for certain analyses were not to be extracted' these filter ‘1 .
‘ portions were set aside. The remaining filter sections were Soxhlet extracted ;
fsequentially With methylene chloride and methanol until the solvent around the.b
Soxhlet thimble remained clear (approximately 3. days) Extracts were combined -
and reduced in volume. The extracted samples were then diVided and together ;f
with the filter sections that had not been extracted, were distributed to_- _g

LtBattelle (BCL) U.S. Bureau of Mines (USBM),‘and EPA as follows. bf'f

'dl‘o_;BCL (Organic) 1/4 of each: filter .group,; extracted
tpof:BCL (Inorganic) 1/4 of each filter group, no - extraction.,
o othSBM (Organic) 1/4 of each filter group, extracted : -

‘as above.
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'vuﬁnion on- an infrared transmlttlng (KBr) crystal.- The spectra were obtained

}Infrared'Spectroscopy“

_ Infrared spectra'were obtained on the eight liquid chromatographic
_fract1ons of each of the 11 samples. The samples were prepared for the in—dQ‘

'-Ffrared ana1y51s by dep051tlng a film (from MeZCl2 solutions) of each frac-

‘;using a, Fourier Transform infrared(FT—IR) system. FT—IR systems use an

-interferometer (instead of a monochromator) to generate ‘the" spectral data o
fin terms of an 1nterferogram. A dedicated ‘computer” then makes the Fourier"rgi'

'ﬁTransform of the 1nterferogram (light 1nten91ty versus time) to the more f

‘usable. 1nfrared spectrum (light intensity versus Wavelength) The' sensi—‘,

| 3tivity of the interferometer coupled with- the data handling capability A
hof the dedicated computer are two of the advantages of FT—IR.systems
-over conventional dispersive infrared spectrophotometers. The use of
fFT—IR systems is ‘not. a normal part.of Level: l type analysis, but the L
abillty to subtract Spectra (see subsequent discussion) provides quali—%i“ﬁ'
ntatlve 1dent1fications that are not poss1ble without this capability.;‘__hl
The liquid chromatographic separation roughly separates the |
:samples into classes or types of compounds,_but each class is still a o
"lcomplex mixture of many compounds. Since resolution is not sufficient fhfh
'pto 1solate 1ndiv1dua1 compounds, it is extremely difficult to- identify
dindiv1dual compounds by IR, or even distinct compound types. However, by

“uSing FT—IR (with the capability to subtract the spectra of consecutive
fractions); such Spec1fic identifications are possible.

;GAS CHROMATOGRAPHY—MASS SPECTROSCOPY ANALYSIS OF SELECTED SAMPLES

. Following infrared analysis of the 88 sample fractions, repre-"yh
sentative fllter and adsorher samples from each LC class fraction ‘were : -
'chosen to undergo further analysis using gas chromatography—mass spectro-._';
scopy (GC -MS) to. obtain a semiquantitation of the amount of various species
‘dpresent. The GC- MS semiquantitation procedure used was similar to procedures
\described ln Refereﬂce 2. The samples were chosen on the ba51s of their-':“ :
representatlon of the classes of compounds found to be common in: each class f

-fraction as determined by IR. Whenever IR indicated -any difference_in :
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)'épECtrafand“spectral-matching. Where several structural isomers were '

1 p0351ble, ‘no; attempt was made to 1dentify each isomer since this was b

.lieved to be beyond the scope of this work.v A tabulation ‘of the compounds
o identlfied 1n.each sample examined is given in ‘Table 8 in Section S.T

Semiquantitation for the 1dentif1ed GC—MS components Were achieved

"1._pby ratios of the sum of all measurable peak heights in a given sample to fﬁb7:h
: fthe height of the known GC component. The ratio was’ then multiplied by the

ti*total amount ‘of material 1n the fraction. Whenever an identlfied component

: did not exhibit an ea31ly measurable GC peak the reconstructed gas

} chromatogram was - expanded‘i“The expanded GC component area was then measured
d1v1ded by the amount of expan51on and proportioned by the sum of the total
peak ‘heights as obtained before expan31on. ThlS ratio was then multiplied

e-by the total amount of material 1n the . fraction as above.:_‘ ‘ L
| This semiquantitation procedure assumes that all the components‘
1n a given sample pass through the GC column and that they are recorded .as .

\.a measureable peak in the gas. chromatogram Although this requirement is

;not always met, the procedure will give an indication as to’ the relative ”Lf

) amounts of each specles present in a given’ sample. : . ‘_ RE “_

. The results: of the semiquantitation analyS1s are presented in fil
.'Table 9 of Section 5 e ' : o

' ANALYSIS BY THIN LAYER CHROMATOGRAPHY

. Quantitation for benzo—a—pyrene only was performed by Dr. Joseph
“Bumgarner (EPA) on the filter -extracts using thin layer chromatography (TLC)
These filter extracts were prepared by Dr.:Bumgarner by extracting filter
_-portions de51gnated for cytotoxicity testing. : Very small segments Were
‘first removed for the cytotoxicity work; the. remainder was then extracted _
with cyclohexane., The TLC plates were. scanned using a Perkin—Elmer MPF-3 -
fluorescence spectrOphotometer for. benzo-a-pyrene using an excitation aneh"'

_length of 388nm and read at an emission wavelength of- 430nm. L

*See Mannalian Cell Cytotoxicity write up (p 28) for description of
condltion of samples. :
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-f'ANALYSIS OF FLASK SAMPLES OF GASES

8 c-Test No.‘2 was concentrated by using a liquid nitrogen trap to remove the

| _ All samples were analyzed on an. "as. received" basis by the mass
;spectrometer to provide information on mass to. charge ratio of l through
'7100. Each sample was. then analyzed by gas chromatography using both a ther-t*

j:mal conductivity detector and a flame ionization detector.‘ Sample No.;l

oenoncondensables while pumping to appr031mate1y 2 torr pressure., This con—whm
Hcentratlon step removes oxygen,_nitrogen, argon, methane, and carbon mon-'lu‘dhu
“-oxide and 1eaves the condensable compounds in the trap., The trap is then
':warmed to evaporate the condensables and condensables are analyzed by mass L

;spectrometry. This concentratlon step increases sensitivity and - accuracy of

o fanalysis for C5 to C hydrocarbon compounds. As the hydrocarbon detected

nus1ng the concentration step were not significantly greater than without' this

istep, 1t was . not included in the analysis procedure for remaiygiuijﬁﬂﬂﬂfi. .

i e

The speclfic gases 1dentified by each technique is as follows.‘

Mass spectroscopy

‘_}_—nitrogen_
~Fonygen
-—argon
—carbon dioxide
',rhxdrosen;,,_
u—benzene‘

'”-toluene

Gas chromatog_aphy-thermal conductivity detector ‘
~—carbon monoxide '

. .—methane

Gas chromatogr_phy in flame 1onization detectorf
,—acetylene and ethene S
jethane . '
~propene
‘fpropane
-lfhutene.
~iso-butane

-n-butane '

25







‘“,,TA1537 and TA1538 are reverted by many frameshift mutagens., TA1537 is;‘"'””

f‘3 (5 nitro—Z furyl) acrylamide (known as AFZ) can be detected in plate
-assays by TAlOO but not by TA1535 The presence of this plasmid also r;f
':makes strain TAlOO sen51t1ve to some frameshlft mutagens——e g.‘ICR-l91

‘_ ibenzo—a pyrene, alfatoxin Bl, and 7, lZ—dimethylbenz a—antracene._ Strains‘ :

fmore sen51t1ve than TA1538 to mutation by some acridlnes and benzanthracenes,p'
‘ but the dlfference 1s quantitative rather than qualltative. TA98 1s ) _:
.ffderived from TA1538 by the addition of the plasmid pKMlOl which makes‘lpkiigrj:
‘.thls strain more sen51t1ve to some mutagens.. ‘ _ _ o
‘ For each experiment, an’ 1noculum was taken from a frozen -
repository (- 80°C), grown overnight at 37°C in a nutrient broth consisting EE
of l percent tryptone and 0.5 percent yeast extract.: After stationary C
‘_overnight growth the cultures are shaken for 3 to 4 hours to ensure_3‘”:'
h'optimal growth.; Each culture was checked for sensitiv1ty to crystal
_v1olet.f The presence of the rfa mutatlon makes the 1ndicator strains
sen51t1ve to. this dye, whereas the parent strain, rfa s is ‘not’ sensitive‘
'to the dye. However, the mutatlon is reversible, 1eading ‘to the accumula—
tlon of, rfa.‘cells in the culture.' Therefore, the cells must be tested
r0ut1nely to ensure their sensitiv1ty to crystal violet.\ Each culture f
t also was tested by specific mutagens known to’ revert each test strain -
(positive controls) ‘ ' _" : - _
‘ Some carc1nogenic mutagens (e g., dimethylnitrosamine) are inactlve
"unless the bacterla stralns are - converted ‘to theit active form by being metabolized.
‘f'Ames has described the ‘metabolic activation system used 3 4 Adult male rats
"j_(250 to 300 g) are given a single 500 mg/kg intraperitoneal 1njection of a
:.polychlorinated biphenyl- (Aroclor 1254) Four days after ‘the - inJection,'
.1fthe animals' food was removed. " On the fifth day, the rats were killed and
'the 11ver homogenate prepared : _ e
- The assay 1tself was. conducted in the follow1ng manner.’ To sterile
\“13 X lOOmm tubes contalning 2nﬂ_of 0.6 percent agar containing 05 mM histidine
‘and .05 mM bictin were added in order '
- 0.05 ml of indicator organisms.

0. 5 ml of metabolic activation mixture (when used)
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solution of the.test icl

nd thenpoured _gci.nt‘d-“




‘ f11ter 1n an. effort to - develop a dose response. However, due to the -

-heterogeneous distributlon of partlculate on the filters the dose response:
. data generated are hlghly questlonable and are not reported. :_‘f
‘ _ - No' eontrol filters were prov1ded which lead to the declslon that lh
ffthe relatlvely clean edge of each filter would be removed and used as a R

‘-control
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1TABLE'2‘__TEST NO. 2 FLOW FOR AIR INPUT, HI—VOL
* SAMPLER, AND DUCT ORIFICE .~

o Date.: ‘Hood Air - . . o H1—Vol Sampler Flow . Coke 0ven

()

'i;‘andz."h Input = - Orifice (b) Door Leakage
Clock (Rotometer - . Gas Flow,. Uncorrected, Correcte¢
. Time . - Flow)scfm(_)u‘_ scfm sefm scfm n; scfm(c) m /hr
- 4/1-1320° . . 14,5 . 47.6 29.2 24,5 . . '58...°99
4/1-1600 - ©  37.3 - 49.0. 15.6 131 250 427
4/1-1737° 0 41,0 - 5005 - 16.0 134 023 0 39
4/1-1910 ° - 41.0° . . 45.8 . 26,3 22.2 _ 27 46
4/1-2237 -~ 41.0 - 46.8 - '30.7 . '25.8- . 7 32 - 54

 4/2-0203 . 4l0 45.8 30,0 25,2 . ' 30 .51

.~ (a) At 29. gan Hg and 70 F
(b). Net flow is gross Hi-Vol cotrrected for calibration factor.‘_ .
- (¢) Door leakage Hi-Vol flow. + Orifice flow - Hood air input._"”“

(128 ft /min Yy assuming a gas pressure of 8 mm H20 1n the oven, and a. gas

}.temperature at the crack of 316 £ (600 F) . Table 2 shows that 1eakage had .

:declined to 42 m /hr (25 ft- /min) .about three houra after the start of the
.:‘test 1eakage remained in the range of 39 to 54 m /hr (23 to 32 ft3min) .
for. the remainder of the test.‘ - ' -
PARIICULATE‘MASS EMISSIONS

Although adsorber flows ‘and overall data from. Test No. 1 were not as-
- accurate as Test No. 2, filter weights and flows from the Hi—Vol samplers
~ were available.‘ Accordingly, Table 3 summarizes the filters and" their h
3 weights, and the flow ‘of gases through the ‘filter from Test No. 1. _
‘Table 4 summarizes filter weight and flow data from the Hi—Vol samplersh'
‘for Test No. 2. Door leakage in Test No. 2 was much greater than the door

‘leakage in Test No. 1. Table 3 showa that Test No. 1 required 18 filters

- Gas pressure‘= 8 mm = 0. 011 psi ‘temperature at 1eakage point —-600 F
Area of opening around door = (27 + 4. 5) x 1/32 x 1/12 x 1/2 = 0.04 ft-
Gas density p = 0.075 x (460 + 70) /(460 + 600) = 0. 0375 s
Then velocity V = 96.3 x (0.011/0.0375) = 52.2- ft/sec :

‘and volume Q + AV = 0.041 x 52.2 x 60 = 128 fr3 /min.
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.Temperature; o 3 e R

1 1338 - 2440,
S 2 13717 2500 .
3 11382 - 2520
4 1382 . 2520
5 1382 2520
- 6. 1371~ 2500
7 1382 2520
8 1393 .. 2540
9 o 1382 2520
10 o 1360 2480
AL 1360 . 2480
R A 1349 - 2460 .
130 e 113272420

.':In general,‘operating personnel reported pusher gide flue temperatures to be e
‘ ;1316 C (2400 F) and coke side to be 1371 C-(2500.F). They also’ mentioned '
fthat in the past, normal back pressures had been as. high as 14—mm H20

‘RESULTS OF LEVEL 1 ANALYSES_-

'fGravimetric-Analysis

Table 5 presents results for the gravxmetric analysis conducted on- the

filter and adsorber samples as’ part of the. Level 1 analysis.; Results are pre~f-'a

o sented in mass units per hour. Each filter weight was. corrected for the

: 'total amount of material that would have been obtained if the entire sample s

extract had been analyzed

Infrared Spectroscopy

“The. interpretation of the infrared spectra (and subtracted spectra) of
" .the 88 samples (8 fractions of 11 samples) are summarized in Tables 6 and 7.
thor several of the. fractions, the spectra indicated only the presence of in—‘
organic Si—O ‘components. . From past samples we have demonstrated that these‘;j-'
tinorganic components arise from background components and not. from the col-
lected sample. Thus, the samples where only inorganic material has. been ob—np
-served have been marked insufficient samplen From the method of preparing ”
the sample for 1nfrared analysis .and from the method of running the spectra,.u-
;this means that less than 100 nanograms of” organic mater1a1 was present.

' An example of the FI-IR technique and the subtractive procedure is the s

'fidentification of carbozole in Fraction 3 of several of the samples, this isu
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L Fodtnd'tes"- for Table ?':7'-?’. |
(b)
(e

(@

Pyrenes and benzpyrenes are likely 1n this fraction.
Probably primarily carbazole. = -

Nitrile is most likley but the p0851bility of C‘C cannot be. excluded

. in dramatic p subs nitrile is most likely.

_Can be conjugated ketone, quinone or mixture of both

Sample subJected to GC—MS analysis..r.:dﬁf‘
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. 15 pgrcéﬁf Fracs
- tion 4 = 100 _
" percent Fracticn 3 = -

+« 175 percent Frac= .
- tiom & - 100" )
_percent Ftac;ion 3

Fraction 3 of AlF’

1]
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T iEeE T 1600° "7 foo T T %uo em”t
‘ FIGURE 5. ARSORBANGE INFRARED SPECTRA '
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 TABLE ...

GC-MS ANALYSES OF SELECTED COKE OVEN DOOR SAMPLE FRACTIONS

. Fraction

ﬁ*Sampléq=: Compounds Identified(a)
. Adsorbent Samplers.
1 "“ A2‘;j)_ 'Naphthalene, methylnaphthalenes dlhydro-
: ~ “..-- . naphthalene, Cz-naphthalene
2 : . A5 'Naphthalene methylnaphthalenes;1anthracehé;jfﬂ'
_ . ‘acenaphthalene, methyl acenaphthalene/ "
‘ " fluorene, biphenyl acenaphthene/
o ‘methyl biphenyl tetrahydronaphthalene,
o indene
3. Al Indole, naphthyllsocyanide, carbazole
S . ~ methyl: carbazole ; !
3 A5 Carbazole,‘methyl.éarbézole‘P
L‘4 ) Al C2—phenol
5 Al 2~phenol C3—phenol E
6 A2 No p051tive 1dent1fication j.
7 AS Qulnoline phthalate, acridine_
7 A3 No positive identification:
i All No GC components
. Filters -
1 : A3F Anthracene, . methylanthracene fluorene,

: methylfluorene, fluoranthene, methyl—
fluoranthene, pyrene methylpyrene,
phthalate ‘ :

-2 ASF Anthracene, methylanthracene, fluoranthene,

' methylfluoranthene, pyrene, methylpyrene,
benzphenanthrene, chrysene, benzopyrene,
benzofluoranthene, methyl chrysene/
methyl benznathracene, methyl benzopyrene/
methyl benzfluoranthene, coronene

-3 A3F Carbazole, methylcarbazole,1benzanthrone,

cyanofluorene, dimethyl carbazole
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* TABLE 9. SEMIQUANTITATION OF SELECTED COKE OVEN DOOR
-  SAMPLE FRACTIONS N \

Em1551on
Percent of

Fraction Samplg‘“?'ﬁ"1gﬁf'ﬂ‘Compound IR ”Total Em1351on . ﬁ:ﬁﬁ; T
1 . - A3F  Fluoreme ‘ St 2 30
: : Methyl fluorenes . e 2 : 30
Anthracene R & _._-3320
Methyl anthracenes Coteo 121800
Pyrene - e 10 . 150 -
Methyl pyrenes R o -+ 150
Fluoranthene : L 12 180
Phthalate ‘ - T £
.2 ASF Anthracene S T A - 7.5
S ... Fluoranthene IR T k- P . 220
Pyrene - Cos e 10 15
Methyl pyrenes/methyl e e Lo :
fluoranthenes .- T T S 6.0
Dimethyl pyrenes/dimethyl SRIEEET I
" fluoranthenes - e 1.5°
Benzo phenanthrenes R S 6.0
- . Chrysene S e e 2 w31
" Methyl chrysenes/benzoanthracenesf** 4 ' . 6.0
Dibenzo anthracenes 5 2 - 3.0
'Benzo fluoranthenes : ‘ .18 22 .
Benzo pyrenes - e S & 16
Methylbenzopyrenes/methylbenzo-'] Ny :
.+ fluoranthenes SRR & 1.5
" Indeno pyrene o L4 16,0
. Benzo perylene o 4 - 76,0
'Coronene o SR | 1.5
3 - A3F Carbazole : S 29 95
S Methyl carbazoles S TR 13 43
Dimethyl carbazoles @ - =~ = - 6 ‘ 20
Cyanofluoranthene . . ) S 16 .
Benzanthrone . 3. ‘ © 10
Phthalate 3 10 -
4 LALF C2 benzaldehydes 6 ‘400
Co S C3 phenol -7 460
Methyl allyl phenol 3 200
Methyl indenome 5 330
Naphthol 7 460
Methyl naphthols 14 920 -
Hydroxy fluorene 7 460
Methoxy fluorene 1 - 65
Benzanthrone 6 3400
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- TABLE 9.

SAMPLE FRACTIONS (Continued)

SEMIQUANTITAIION OF SELECTED COKE OVEN DOOR :{}{,0'

 Fraction Sample . .

Cqmﬁénnd _ -

Percent of

_ Total Emission

— Emission .
/Rate, .
- mg/hr

5 :5_[?E¢fEA5Ef;

.5?Qﬁiﬁ6iiné o _
- "Methyl quinolines-

. Dimethyl. quinolines

“‘Acridine’

Mbthyl acridines
Benz. acridines

3 Phenyl propanilide . .. .
- Methyl 3° phenyl proPanilide_:

. Phthalate

u>0\c;kra5\:u1u;;nA-

v

A N
OO NSLONO
. X
=RV E- BV Nole)
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. TABLE 10. . TLGC.QUANTITATION RESULTS FOR BaP . . -~ " "'

AlF ° B

_. A2F
" A3F .
A4F

710 -
440

700
540

- 230‘

40 el

1-1

53




=ffR1ng compounds arekanthracene ‘and’ phe
4 Ring perl compounds”are pyrene and fluora t
4  C ' i re. chrysene, 3. 4”'“ :
B _aphene, and etracene s

~Ring . peri. compounds are perylene,.benzo(_)pyrene,
- benzo(e)pyrene ‘ ;
'5—R1ng”cata compounds 1nc1udes 11 5—ring compounds
,6-Ring perl compounds ‘fcludes 11 6—ring compounds




T . UTABLE 12, “LOW VOLTAGE MASS SPECTROMETRIC RESULTS OBTAINED ON
e " ADSORBER SAMPLES PRRTINE g

S S L:TOt&l Ionizatlon, percent(l) 
AL A2 A3 Ah A5 A6

";Benzenes ' 'f-.“:;lf  }¥ o 53.4:-‘ 54;6154 11;71 . 4.2 _:' 4.5 35 ffw

‘?.?Iudanola/Benzothiaphenes S 2.4 ‘1;6'f5j7= 7 2.8 ""3,17:5 Jfﬁ“”;

'f4¢—Naphtha1enes H;f' :ﬂf1: - }ﬁ;3:‘.~‘

"fzﬁphenols . “(_ . 9.9 195 '3i§;6“,)'ié;i 16.4 '_i#-ff
' ."B—Rings W e 6.3 RS ‘_‘2-.6':‘ ©3:0 -‘ --:_41_‘0 s |
__1_2Acenaphthyienes'+ F1uorenesf;. 8.5 f';'5;3 if‘33;6 '3*5.4”1jfﬁ6Q1j_- _; B
 :;;5-R1ng Cata  ff.:f   f; | '_:_ .1‘ SR ’._- f:”’.:él“ i :¥5 ? e
.:{:Acenaphtheneé +: Blphenyls _4,3 ;3.9 - Z;QH, 31430  u .4r4_ 1 ‘9 _7 
“Zleenzofurans ;   _‘5 ‘1 .‘3.2 - “35 ;] ‘.¥e }7}‘:V;"‘ o - f ;;;‘
.Naphthalenes 1f31 .:' - 42.1 1 4#.2 L 39;5: -.44,73 3 4if0 .” .+: f
'_Dibenzothiophenes:- ’ ‘ .1.0-‘ :f-5;i: :}2 ‘_ .2 .'_u;j- IR
  Indenesl_1 SR 7.0 . 6.9 .6 83 T4 -
'4-Ringcéta g | v 6 - ._‘;‘ "-.2: ‘_‘;,? ‘ .;\.
| Indans/Tetralins a2 1.8 2.8 2.2 21 -
| ﬁenzquténs_ - | 2.7 ”2{0 - 3;% 5 2.7 .-ﬁlgl_ {_ 
4-Ring Peri 17 100 .;Q?f'*.l,ﬁf': 1;7'  '§? f'

5-Ring Peri - = T IR RS B

. ( ) Percent total ionization assumes equal sensit1vity for all o
components. Valld for comparison of: sim11ar samples.'; '

Note: See note oﬁ Table 11.
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| TABLE 15.

MASS SPECTROGRAPHIC ANALYSES OF. COAL & COKE,

(b

" Element

f}ccke '

NEIN “FﬁffSample Designation
~ Coal

Element

-Coal

Coke

i
‘Be
. B
CF
.. Na
C . Mg
1AL
. 8i

P

Cl
. K
- Ca
Ti

”"Cf
‘Mﬂ
Fgﬁlﬁ
Co.
Ni ‘

Cu . -

Zn
Ga .
Ge '
"As
Se(a)
Br
b

Sr -

Y

X
‘Mo
" Ru
' Rh
.. Pd(a)
. Ag
- cd

" 5n

<5

2000

Zr

;In(ai‘

100

‘tusooo_“”'
5000

Ly 4

n10%
- 300 .
3000

100

72000*2

30

© 5000
100 .

100

300
NSA

20
20
30

30
-30

2
10

5

100
200
2
10 .
<2
<1
o<1

3.
100
5
3000
2000
n37
~107%
300

200
2000
2%

.30
3000.
- .50
20

300

20
100
30
50
20 .
20
20
<20
- 20
10
3000
100
200
10
. 20
<5
<1
<10

0.5 5

10

1

10

<0.5 <2,

100

10 ppm

- 5000

ml%_'_

sb

Te

1
. Cs
. Ba

La

. Ce
. Pr
- Nd.
Sm_
“.Euf.
ed
To
.- Dy
"Ho :
. Er .
- Tm

b
Lu
HE

. . Ta
LW
"~ Re
- 08
o Ir
- Pt
Au
Hg
S §

Pb

Bi
Th
U

100

<0.5

AAA

INAA QR ORGORALAOR

2 ppm
3
5
20
.'1000 -
300
200
100
200
10
3
10
1
10
1
5
<1
5
0 5

A
H

uuﬁs&aﬁaaaaaa

(2) = Memory from p

. (b) Total weight

revious sample. oo
of sample analyzed 100 mg
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-Sulfur-dioxide _ '~ Hydrogen cyanide

\:{-Hydrogen‘sulfide' _— Nitrogen oxides ‘
. hydrogenfchloridefl'u*= C1 to C3 alcohols
‘ ﬂ‘*‘MethyIFchloride- : - . Acetone ‘

'\[WQuantifying Gaseous Emissions

The quantifying of gaseous emissions cannot be done precisely for the

‘jcoke oven samples. The reason that such quantitation cannot be done is ap—

W~parent disagreement between gas flow data and the results of the gas analyses.hl"l

‘For example, field test data for Test No. 1' show that the air flow into Vfl T

_“the hood (as measured ‘at the rotameter) ranged from.l5 to 35 scfm and was
ngmostly between 27 -and 35 scfm. Flows out of the hood. were 41 to 47 scfm at
‘fhthe orifice and’ 27 to 30 ‘sefm at the Hi—Vol filter By addition, the total
-eiflow out was about 68 to 77 scfm. Subtracting the air’ flow into the hood 27 l
‘lto 35 scfm, would leave estimated leakage values of 33 to 50 scfm Thus, the "
vleakage is calculated ‘to be 100 to 150 percent of ‘the inlet air flow.y

However, examining ‘the gas analyses, the high values for oxygen and

| nitrogen (averaging 20.6 and 78.1, respectively) suggests that the flask

: samples consisted of mostly air. This suggests that . the leakage rate '
fithrough the oven door may have been . much - lower than the rate of air flow :
f‘into the : hood via ‘the compressor and any leakage at the hood seals. _ _

| _ f The best estimate that- can be made of gaseous emissions can be made by
;assuming that the total gas flow out (via. the orifice and the Hi4Vol sampler) e
'was measured fairly accurately. Then, by using the: flow rate and the gas ’ _
.fanalysis data, estimates of gaseous emissions can be made This has been done_

'and is reported in Table 18 .
~ 'RESULTS OF BACTERTAL MUTAGENESTS ANALYSIS

-Table 19. shows the results of the average of two experiments with the
. testor strains on samples AlF, A3F, and A5F In these assays, the number of

* Because the gas flow rate-data was not. taken simultaneously with the gas _
samples, average gas flow rates for the entire test were used to calculate V
gaseous emissions ‘ - C '
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) DISCUS‘S.I“ON? OF 'R.ESU"LTS.' :
. As would be expected during devolatllization of organic materlals, such?-
hi-as coal the rate at which materlals are emltted 1s high‘inltially and then
_decreases w1th time. = Flgure 4 and Table 5 shows that this phenomena was
””observed at the coke plant - particulate emissions Were greater than 1000
jmg/min durlng the first hour and decreased to less than 1 mg/m1n near the

:fend of the coklng cycle. Thus, even though fllters and adsorbent columns

were changed more frequently during the early part of ‘the test, the filters _;”

and adsorbent columns used during the early part -of the coking cycle were
;tmuch more heav1ly loaded than those . used later in the cycle. _
| L The large variation is mass emission. between the two tests raises'
'_fquestions -concerning u51ng results of. a small _number of runs to determine
__em1551on factors or emis51on estimates for these - sources._ -

| N nghly complex sample mlxtures such as coke oven effluents are ex—hg_ -
'tremely d1ff1cult to analyze qualltatlvely, even more 80 quantitatlvely.-
‘The Levelwl analytical strategy followed here has enabled a semi—quantl—-g
tative determinatlon of the predominate classes of organic components
}present in the samples obtained. _' | _
‘ . Infrared analysis of the Level-1 fractlons failed to detect any
‘*?s1gn1ficant differences in the composition of the emlssions during the

fcoklng cycle. However, the LC fractions obtained in the Level-1 analysis :
"remain hlghly complex and therefore, not eaS1ly amenable to detailed 1n-:_
‘frared analy51s.‘ ' ‘ _ ' ' _

- GC-MS analyses were conducted on representative fractions, as deter—‘

mined by 1nfrared analy31s, these analyses also .proved: dlfflcult due to -

" .the highly complex nature of the fractioms yielding 1nsufficient GC re—-

solutlon. In many cases, the mass spectral data obtained for these unre—
solved GC components proved too complex for adequate 1nterpretat10n.
Nevertheless, the predominate classes of organic components that were
‘1dent1f1ed by 1nfrared analysis were subsequently 1dent1f1ed by GC—MS.

‘ . HRMS further conflrmed the presence of many components identified
‘by GC-MS. In addltion, HRMS - detected dibenzothiophenes and a C_.H N

21 13
component wh1ch were not observed using GC—MS.
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FIGURE 1. SAMPLING HOOD INSTALLED ON.
COKE OVEN “
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wasg .p opﬁSGd that certaln  0\‘ro1 steps be

temperatur ris ‘and that normal door temperature 1evels

__oklng cycle. Proposed 3




A meetlng to review th:s work: was! held on June 3 with Mesrs.l;‘_f:'
¥R1chard Rovang and Norman Plaks of EPA. Two suggestlons were made by .
' aMr. Plaks that mlght further improve heat transfer and reduce doorfr
htemperatures when tho sampllng hood is in place.; Thus, a sampllng run
' dmlght be ‘made over an’; entlre coking: cycle w1th door temperatures remalnlng_
-‘:close to those of a’ normal coklng cyecle, The suggest1ons vere:
| (1) }Install small f1ns (about 1/4 1nch hlgh) in a vertlcal
| gp051t1on on the. inside and p0351b1y on the out31de of
‘jthe hood sectlons to aid in- heat transfer -
(2 ”Prov1de a1r 01rcu1at10n in back of the hood by use’ of
_ 1severa1 fans or blowers. ' ‘ - '

_ ‘ It was agreed that a brief study of these approaches would be
-made prlor to any exten31ve sampllng program, to determlne the degree of '
1mprovement they may prOV1de and to help 1n des1gn and placement of. |

_the flns.: Also, it was ~agreed that this brlef 1nvest1gation should be

‘made a prellmlnary part of -any sampllng program.

SUMMARY AND CONCLUSIONS -

o Door temperatures were measured by elght thermocouples through-
out one 15=hour " coklng cycle. Flgure 2 is a schematlc 111ustrat10n of the
door size and the relative locations of the thermocouples. S
h _ The No. 7 thermocouple 267 em (105 1nches) from the bottom
‘of the door reglstered the highest peak and average temperatures.. The.,
peak temperature recorded was about:213 C (416 F) and the.. average R
temperature value for No. 7 thermocouple was 206 C (403 F). :

FolloW1ng one complete coklng cycle w1th recorded temperatures,
the sampllng hood was installed for a period of 2 hours and 20° mlnutes._
_As shown by Flgure 1, _the insulation had been removed from the: hood and
its surfaces were palnted black._ Purge air was fed undor the hood at
a rate of 1.7 m /m1n (60 ft /mln)._ Temperature on- No. 7 thermocouple rose
from 204 ¢ (400 F) to 241 C (465 F), an 1ncrease rate of 0.26 C/min (0. 46
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WF/mln) The h00d was then removed ‘and in" l hour the temperature had de- ;,ff3f*
‘creased to 221.C (430 F), a rate of decrease of 0. 67 C/mln (O 58 F/min)
; From temperaLures recorded durlng the test run on: the coke_'f“

‘oven door a theoret1cal heat analy31s was made It con31sted of _Q:_ o

- heat 1oss due to convectlon and radlatlon, door " temperatures W1th varlous Qirf

hood em1ss1V1t1es and purge air flows, and the door temperatures with

j1nsu1at10n on the hood o ‘ . ‘ _
o Table 1 summarlzes _the temperatures and heat flux calculated -
“‘hunder condltlons of 0. 85 1.70, and 2.5'm /mln (30 60, and 90 £e /mln) alr S
‘_flow in, combination Wlth emissivities (¢) of 0,9 and 0 2 on :both sides of .
“’3the hood Calculatlons were also made for an a1r flow of 1.7 m3/m1n |
‘(60 ft /m1n3 with' em1331v1L1es of 0.9 and 0.2 app11ed to ‘the 1ns1de and
. _outs1de surfaces of the hood respectlvely, and then 0 2 and 0.9 applled
yto the 1n31de and out51de surfaces respectively. ' L
| : The - door temperature calculated with - 1.7 m /mln ‘purge air floW
‘and W1th both 51des of ‘the hood palnted black (s = O 9) was 248 C (478 F), _
:ch1s temperature as measured’ ‘during: the. test run after 2 hours and 20 minutes L
- was . 241 C (465 F) At 241 C the hood was removed W1th the temperature '
‘;Stlll sllghtly on the rlse. Therefore, the calculated door temperature
of 248 C (478 F) appcars to be reasonable._3 ; " L __f
Calculatlons show that the total heat d1ssipated by convectlon o
Z 1evels off at about 2,5 ™ /m1n (90 ft /mln) of purge alr. Calculated
H'door temperature W1th 1nsu1at1on on the out51de surface was 399 C (750 F)
‘Over the purge air range of 0.85- 2 5 m /m1n (30 90 ft /mln) calculated_
_door temperatures vary from 343 ¢ (650 F) to about 306 C (582 ) W1th T
shlny alumlnum sarface on both 51des of the hood;. by palntlng only the
' out51de surface black, door temperature is 1owered only about 1.7 C (3 F)
Palntlng the 1n51de surface black and leaV1ng the out51de shlny drops
the door temperature 54 C (97 F),. and palntlng both 1n31de and out31de
‘.surfaces black 1owers door temperature 66 C (119 F)
| Hood temperaLure is less affected than door temperature by “ _
em1551V1ty change due Lo palntlng both hood surfaces black._ At-a purge-\:

-alr flow: of 0. 85 m /m1n (30 ft /mln) hood temperature is 141, C (286 F)
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““;‘versus 1)7 C (260 F) when boLh 31des of the hood are palnted As purge

[tlons becomes more nearly equal and ‘at 2 5 i /m1n (90 ft /m1n) 1t 1s equal

".under the two purge a1r flow condltlons.:”

o The tests and theoretlcal analyses show that;removal of hood
.;‘1nsalatlon and 1ncreased em1s51v1ty from palntlng both S1des of the
gAlthough normal

'door temperature is not malntalned by these steps alone, theoret1ca1

" “hood black are effectlve in lowerlng door temperature.‘

_ana1y51s shows that at 1,7 'm /m1n purge-alr flow door temperature should _
'be about 248 C (478 F).. The actual test run of over 2 hours made on

.Apr11 25 verlfles th1s calculated temperature, a maxlm?

l’temperature of
| 240" C (464 F) wau‘recorded with .indications that the temperature was
-‘startlng to- stablllze. A run of 3 hours’ durat1on under these test condi=
tlons coald undoabtedly ‘be completed and the test Just completed shows p;l
that hood removal results in a rapld lower1ng of door temperature.h‘The---
‘ 1ncrease in. door temperatare of 36 to 42 C. (65 to 75 F) that would
‘probably resalt from the type of test run just completed would not,.ln :
the opinlon of Battelle chemlstry analytlcal authorltles, have a harmful . -
'“Veffect on samples obtalned. Metallurglcal experts adviSe that thlS
‘much temperature rlse 1n thlS temperature range W1ll not be harmfal to
the oven door. R : = ' \“ e
| ' It 1s possible that further 1mproved heat dissipation such as
from: flns on the hood may enable a run to be made overia;complete cycle

. Wlthout remoV1ng the hood..

* DISCUSSION OF THE FROGRAM =~
TeSt.Setup_}-i'”
E1ght thermocouples, numbered and located as shown in Flgure 2

Were 1nstalled on the door of No. 6 coke oven at ‘the Koppers battery of -

Empire- Detroit, PorLsmouth, Ohlo.. Figures 3 4, and 5 show deta1ls of

921
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| FIGURE 5. NO. 6/ COKE OVEN SHOWING
| RIGHT THERMOCOUPLE LOCATIONS.

- | FIGURE 6. TOP PLATE.OF
‘ SAMPLING HOOD -
INSTALLED ON NO. 6
COKE OVEN. SHOWING -
THERMOCOUPLE LEADS -
' AND 'PURGE AIR PIPE
- IN PLACE.
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FIGURE 7. TWELVE POI\NT RECORDER INSTALLED ON
TOP OF BATTERY ABOVE NO:' 6 OVEN

F1GURE 8. CLOSEUP OF TEMPERATURE RECORDER
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lwere avallable so several hours of temperature measurements ‘were made
‘under sampling-hood conditions.

‘ No hlgh-volume sampler and filters were used in. these test
_runsl Slnce only door temperatures were of - interest, purge air and '
' door em1ss1ons merely exhausted through the ‘hood top plate to the atmo-

sphere.

Results of Test Runs .

Table. 3 presents a summary of average door temperature values
w1thout the Sampllng hood, during a 15-minute period before charglng and
after the door had ‘been’ put on. It also glves ‘the aVerage temperature o
value for each of the elght thermocouples durlng the complete coklng cycle
for the Apr11 24-Apr11 25 15-hour perlod. o ”\ T _

o Figure 9, plotted over the span of three pages shoWs the curves_
for temperature plots of couples No. 5, 6 7, and 8. Only temperatures'
‘ from the four couples on. the r1ght side of the door Were plotted because -
hthe rlght side of the door was con81stently the ‘hottest side. Flgure 9. |
shoWs that the hottest .spot was at couple No. 7. It started out at about
- 199 C (390 F), gradually 1ncreased to a maximum of about 213 c (416 F)
_ after 5 hours, 1eveled off to 209 ¢ (409 F) for about 1 .5 ‘hours and then
| very: gradually decreased to around 199°c (390 F) at ‘thé end of the coking
-cycle. Couple No. 6 leveled off and started to decline in temperature |
'more quickly than No. 7.. No. 5 and No. 8 decllned near the start of the
_ cycle and leveled off - after about 3. 5 houts. ‘ '_

Flgure 10 is a plot of temperatures from thermocouples 5 7,
and 8. with the sampling hood installed and- 1mmed1ately after the hood is
-removed It shows temperatures w1th the hood in positlon for 2 hours\‘
and 20 minutes, and the temperature decrease over a perlod of an hour
:after the hood was removed The plot of No. 7 couple in Figure ‘10 |
1nd1cates that temperature falls more rapidly when the hood is removed
f than it rises when the hood is installed. Theoretical analys1s discussed
later shows a good corrclation between the 241 C (465 F) maximum temperature
recorded with the: hood in place and the’ calculated value of 248 G (478 F)

at a purge air rate of 1.7 m /mln (60 ft /mlno
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. Theorctical Analysis,

'J_A parxmetric analyslu was. conductod to determlne'the effectivencss

”of potentlal modlflcatlons to reduce the temperature of - the coke -oven door

7w1th the hood ln p]ace., HOWLVLr, flrst 1t was necessary to- determlne the

. thermal condltlon of thc door -under norma] operatlng c ndltlons.. U51ng the _@Jugg's
temperaturc data obtalned in the fleld test, the proportlon of heat loss .
{due to, natural tonvectlon and radlttlon and the thermal‘re51stance of the__
'bdoor were determlned Quasl stcady~state, one dlmensional thermal analyses;wwf
;?were then performed w1th the hood in. place to determlne the predlcted
'1ncrease 1n door temperature w1th the orlglnal testlng hood Flnally, t‘e “,;fﬂ,g;
eeffect on temperature and heat flux was determlned parametrlcally over a '
Hrange of purge gas flows and em1551v1t1es w1th the 1nsu1atlon removed
; ftheoretlcal analy51s of the transient behav1or of the door follow1ng hood
removal was not conducted due to potentlal complexlty However, the tran51ent

fbehav1or was. determlned by an, addltlonal test conducted follow1ng the normalfff:ﬂ

operatlon cycle and is descrlbed elscwhere 1n thlS report.

Calcuiation_Procedure

_ _ In order to keep the ana1y81s essentlally one—dlmensional -it-waelfffffzzf
';necessary to chose a locatlon on the door, at Whlch the calculatlons would be o
jPerformed- (An alternate procedure would. be to- use averages over ‘the . entire R

door, but thlS was reJected as. comblning and masklng tou

'many d1fferent _
effects such as purge 8as temperature rlse and cnd effe‘ts ) The locatlon used
was. thermOCOuple 1ocat10n No. 7 which 1s 2. 67 meters (8 3/4 feet) frOm the

-bottom of the door. ThlS was chosen becaose 1t was farthest from end effects
and ‘away from latches whlch act as. coollng f1ns and further complicate the

'_ana1y31s.- Thus, it. was the maximum temperature recorded _ In addltlon, it

“had the best def:ned flow because - the upward flow at Lhat locatlon had been
unobstructed for approx:maLely 1. 2 mcters (S feet) below. . . -

In ordcr to be quasi- stcady-state the average -of - the- temperature

“at locatlon No. 7 over. thc enL1re cycle 206 C (403 F), was used as the .
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'Lempcraturcs Were calculated and the temperature dlfference determined by
the heat flux to the amblent and the thermal re51stance of the lnsulatlon.

The purge alr temperature rise was -also calculated u31ng total heat convected

to the purge air from the inlet to location- No. 7. The;temperature d1ffer-f o
,ences at 1ocatlon 7 were used in‘: thls calculatlon.u Although ‘the 'door wall

: ) hood and alr temperatures all. decrease in. the dlrectlon of the inlet. at’

the bottOm, the temperaLure dlfferences should remaln nearly constant so“"
use of locatlon 7 temperaLure dlfferences is a reasonable approx1mat10n.'

_Iterat1ons were performed on the various temperatures untll all the heat

Ubalances and other condltlons were: satisfied.:

The ‘convection to the purge air flow was a comblnatlon of. naturalu-
'and forced convect:on. The Reynolds. number for- the purge a1r flow in the
' unobstructed passage was 1800 to 6100 which is. in - the. tranSLtlon reglme
'from lamlnar to turbulent flow. Therefore the trans1t10n correlatlon of
Kroll glven in McAdaméh)was used.. However the natural convectlon heat
transfer coeff1c1ent for vertlcal surfaces was. always much larger than the £;3li

forced convectlon coefflclent._ For combined: natural and

in: lamlnar flow, Martlnelll and Boeltera» derlvedgandyconflrmedga_relatlon—‘

'sh1p of the form

. =" h C+ht .
_hcomb;ned_ .5%' natural — .foreed. . .
_ Thls relatlonshlp was used to comblne the convectlon in the present calculatlons
although Lhe flow was in the trans1t10n reglme. Because the natural convectlon
‘ h was largcr than the forced h,: ‘the effect on h dlrectly of 1ncreaS1ng purge
air f]ow was: qulte small. Howcver, the 1ncreased a1r flow decreased the alr

temperaturc Tise whlch did increase the temperature dlfference and the natural

convcctlon h 50 that there was an effcct of purge-gas flow rate.

(a) MLAddma, loc. c1t., p 240

Gﬂ Marllnelll‘ R C .and Boelter, L.M. K., UanEISlty of Callfornla Publlcatlon
in Englneerlng, Vol. 5, No. 2, Bcrkeley, 3942 CPP. 23 58 '
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fhood temperatures. Only the modlficatlon and additions necesaary to in- _
1gc1ude Lhc effect of Lhe f1ns and Optlmlze thelr spac1ng and height arerj_

o“discussed here. There are two 11m1t1ng ana1y31s Procedures ﬂVailable to e

handle natural convection f1n heat transfer. One 1lmlt applles to small

'fins whlch are spaced far enough apart that the boundary 1ayers Which form {fﬁfh

'around one fin do not 1nteract w1th the boundary 1ayers from the adj01n1ng :ffhﬂf

fins. In addltlon, it 1s assumed (for vertlcal fins) that the heat transfer
coeff1c1ent on- the f1n surfaces 1nclud1ng the corners 1s the same as the
hcoefflcient on the plane base surface. This‘heat transfer coefflcient is N
determlned from a Grashof number correlatlon based on vertlcal hood height. |
The only effect of the fins is- to 1ncrease the surface area for heat transfer.hu
.However, the fin surface area is multiplied by the f1n effectiveness due

to heat conductlon in the f1n before thlS product 1s added to the

remainlng base area to obta1n the effectlve total area for heat transfer. .”
For aluminum f1ns W1th the same gage as the hood (16) the f1n effectlveness

.
was over 99 percent for all the cases analyzed.-‘ Therefore, fin thlckness

”““'could be changed Wlth practically no effect on. fin effectlveness.:;__

For thlS limltlng case of small fins with no 1nteraction the

.natural convectlon is in the turbulent reglme on: both 31des of the hood

"gAlthough the purge flow on the inside of the hood enclosure is prov1ded at

;a rate of 1.7 m /m1n (60 ft /min), natural convectlon 1s Stlll the domlnant B
‘mode of heat transfer ‘and the procedure used 1n-comb1n1ng the forced. and
natural convectlon is descrlbed in the prev1ous report Essentlally the
‘~heat transfer coefflclent 1s determined by the turbulent natural convection
but the purge air temperature rige affects the heat transfer by reduc1ng

Fthe avallable temperature dlfference._ The analysls procedure used to

B determlne the f1n effectlveness for thls 11m1t1ng case 1s 1dent1ca1 to

_that described in the previous report.- The surface area on both the in—

side and out51de of the hood was 1ncreased 1n steps representlng the ‘

Fln effectlveness is deflned as the ratio of the amount of heat d15$1pated ;
by the fin surface to that which would be d1351pated 1f the f1n surface
' were held at the temperaLurc of the. fin base. P -

Ibld
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.lthe'Elenbaas”formula. In order to s1mu1ate a full enclosure for th1s
‘limltlng case, - the aspect ratlo was assumed: to be equal to the ratio of

Phy31ca11y, thlS

tw1ce the f1n helght to. the dlstance between the flns.
-‘assumptlon is equlvalent to the actual fins with no 1eakage flow ‘in or out
past the. plane of the fln tlps. Also;, the hydraullc radlus as - used by

' Elenbaas is tw1ce the cross sectional area. dlvided by the wetted perimeter.:uuv

: Th1s hydraullc radlus 1sjtw1ce the value. normally usedf ﬂ classical treat- ?:“"
‘ments of flow in enclosures EEETEE l S
. - After the optlmum £in spacing was calculated for the various -

'-aspect ratlos the heat-transfer coefficient was determlned from the Elenbaas'.d

"correlatlon at the optlmum point. The correlation 1s

hr o '.V/

Ny = kr.n‘ B Q_'385" -;‘-“‘fi:;i%e;) RN
wherei B : : C
s ‘fNu.'t_= 'uisfthe Nusselt number at the optlmum spaclng

'_lis.the heat transfer coefflclent and

g;-._;:‘-;;a
Il

:‘%r 3iS;the thermal conduct1V1ty of the fluld

: The heat transfer rate1obta1ned in this- manner is" based ‘'on the temperature SRR

‘dlfference between the{fln and the: 1nlet a1r temperature and the effect

- of the air- temperature~rise in- the flow directlon ig 1nc1uded in the

'-f'calculated for ‘the- enclosure limit are for 1am1nar flow. L

”derlvatlon ‘and: verlflcation of the correlation.j Because of the small
h‘spaclng between flns and ‘the. 1nteract10n between boundary 1ayers the £low -+

lfremalns in . the lamlnar flow: reglme g0 the correlatlon and all the results

_ ‘ Using the heat-transfer coefficients and’ optlmum spacings cal-
:efculated for the various ‘aspect ratlos,the heat balance : 1terat10ns previouslyf
_ formulated were repeated with the varlous fin arrangements on. both sides" B
| of the hood.‘ For the fins on the outside, the procedure ‘was essentlally

:the same as descrlbed but several changes were necessary for . the f1ns placed

' F;fon the 1nslde. Because it was assumed that there was’ no flow through the -

:plane of the f1n t1ps the 1ns1de flow was divided 1nto two parts. ~ln,order' o
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had very 11ttle effect on the maximum ‘door temperature. " In fact, practlcally
.iall of. the sllght decrease shown for f1ns on the 1nSlde w1th turbulent

" natural convectlon, i. e., the no - 1nteractlon 11mlt was a result of the 1n- o
._crease 1n effectlve em1551v1ty caused by the caV1ty effect. As the ratlo Jf
'_of the- areas 1ncreases, the actual door temperature should sw1tch from the

no 1nteract10n 11m1t curve to the lamlnar flow enclosure curve. The poor

-performance of f1ns placed on the 1n51de of the hood can be explalned by

B -a comblnatlon of factorS.. Flrst the heat transfer from the door to’ the h

'hood 1s radlatlon domlnated and convection. is only . secondary. Second the

‘1ns1de f1ns do 1ncrease the heat transfer to the purge a1r and decrease'
.'_the hood temperature as shown in Table 1. However, because of the 1nteract10ns.
between the hood wall, and purge air heat balances there 1s a detrlmental '
‘effect of the lower hood temperature whlch balances the heat transfer galn shf
Jand ‘can even result in an increase in door temperature.1 ThlS glves a.
signlflcantly lower heat tranSfer rate to the ambient both by radlatlon
and natural convectlon from the out51de of the lower temperature Co

hood In additlon, the 1ncreased flow and heat transferred in the en~
'closure between flns reduces the avallable purge air flow and resu1t1ng
‘natural convectlon dlrectly from the door to the purge alr. Thus, 1t
fflappears that f1ns placed on the inside of the hood are not worth the cost
and effort and may even be detrimental. ' - | DR

The results for fins placed on the outside of the hood are qulte :

different, however. For the no interaction assumptlon W1th turbulent
natural convectlon, there is a beneflclal effect of decreas1ng door s _
-temperature w1th 1ncreaslng fin area. There are no maJor counterbalanclng |
xeffects although the heat flux to the purge air does decrease due to the
' lower wall and- hood temperatures._ ThlS effect of outs1de flns w1th tur-_‘q,
bulent natural convectlon does not come close to reduclng the door tempera- ;
ture to its normal operatlng temperature of 206 C (403 F) however. ‘ :
' ' \' When the. 11m1t1ng analy91s of a lamlnar flow enclosure is applled _.
‘to the out51de f1n case there is a slgnlflcant Shlft 1n results Wlth an '
increase in wall temperature (compared with the no fin case, A /AB =1)

for area_ratros_less than about 3. This is caused by a much lower heat- B

transfer coefficient inside the enclosureTW1th laminar natural convection
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a total temperature rise of 42 C from the normal operatrng condition‘as”
'1nd1cated in the June 12 1975, Summary. Report. ‘ \

Deep vertlcal flns on - the out51de can” actually cause‘an-iuerease

' 1n Ehe door temperature because of the trapplng of flow between fins‘and:_g;fl

the resultlng tran31t10n o lamlnar flow.‘
._ "1 flns are used on the out51de of the hood they should be K “
ﬂ-approx1mate1y 1 27 ecm (0 5 in) h1 h on 2 54 cm (1.0 in) spa01ng and can bef3
‘}the ‘same gage. as ‘the heod. _ o
l . For this case, lncllnatlon eﬁ,tﬁeﬁfins_frgmfyertical provides

no increase in: heat transfer.
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