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* I. INTRODUCTION

This report presents the results of the ‘coke oven combustion stack

‘ testing of the P4 stack of J&L Steel Corporation s Pittsburgh Wbrks.

The objective of the testing wes to determine the difference in perticulate

concentrations as. determined by in-stsek and out—of-steck filtration

'methods. This difference would be indicative of the sulfate condensation ‘

‘ whieh would con:ribute to 'EPA- Method '5 results.

Testing was performed by Joseph Marnik Senior Field Teohnician,-

-and John Campbell Field Technician of WFI Seiences on April 16 and 17

1980. Messrs. Tony Lukas and Bob Eshbaeh of J&L coordinated overall

test activities.‘
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. - ©. II. SOMMARY

Tables 1 and 2 present the main results of the testing performed on .
the P& combustion stack. The average flow measured in the stack was
137,000 ACFM and 58, 300 SDCFM at a stack temperature of 568 F. The EPA
Method l7.in-srack filtration-prodnced an average partieglate concentration
of 0.0024 Gr/ACF or 0.0057 Gr/SDCF. The Era”néuhad:§~£e51ﬁ; in total,
produced an average concentration of 0. 0083 Gz /ACF or O 0195 Gr/SDCF.

The EPA Method 5 results include the EPA Method 17 results. -

) Caemioal analysia of the particulate collected iﬁditates‘a significant
amount of sulfate condénsarion in the stainless steel probe liner. The
‘higﬁfg?PPnt:Qf SOZ on the 4—inch filter alao zndlcates a large amount

‘of“eglfate;deposit;on5 
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TABLE 2

CHEMICAL ANALYSIS -

J&L STEEL CORPORATION, PITTSBﬁRGH WORKS
P-4 COMBUSTION STACK
April 16 and 17, 1980

| TEST NOMBER

UNITS .

TEST 1

. ~TEST 2.

| TEsT 37

T“-‘-fal Weight -

Tmg. .

112.5

80.5.

NOZZLE WASH
‘Weight

ng.

12.7

3'2

1 - 63.5

2.4

s0,

PR

36.2

L

pH

14.2
4.6

7.8

_20.8

‘47mﬁ'FILTER .

. 13.7

58

Height
50,

ng

33.9
_26.5

. 8.2

or

. pH R

6.5

58.4

51,2

45. 4

 PROBE WASH. -
‘Weight

2

16.8

6.9

4.1

4.5

_36..0

&2

19.6

26.8

32.5

26.3

34,5

72.1

59,4

3.7

3.5

55,3

3.5

19.5

16.9

mg

_65.6

_72.2

- 60.1

3.2
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:heated EPA box containing a 4‘

:flow through the entire train

1‘3130‘presented'in=Appendix B.

mm st oescarerior

J&L Steel Corporation at their Pittsburgh Works operates a series

of coke ovens and combustion stacks.‘ Stack P4 was SamPIEd\ln triplicate.‘-'df

Two hour tests were performed Two tests were performed on April lﬁ*l

1980 and a third test was performed on April 17 1980.

" 47 m Gelman type AE fiber filter"a heated stainless steel probe, fﬂrf o

éGelman type AE.glass fiber filter and- a

1series of four impingers, the first two containing distilled water, the

'fthird empty, and’ the fourth.silica gel as a desiccant. An unheated‘ f““"'

umbilical cord connected to an EPArtype meter control-’ box controlled'in‘ |

3 A more complete description of the

‘sampling train is presented in;Appendix B.__QH

The combustion stack on’ the P4 battery at the point of sampling had

fa 10' 2" ID with a 13" cuter wall thickness.‘ A two—port traverse was

performed. _The ports were 4" in diameter and 90° apart. Six points: y

_'were sampled through each port for 10 minutes per point thus. yielding a

'total test time of 120 minutes.

Fbllowing collection, the samples were retnrned to our Pittsburgh

laboratory where they were dried at 105 C desiccated and weighed to a

"constant weight. Upon obtaining a’ constant Weight, the samples were

: analyzed for sulfate content. Details of the laboratory procedure are

The test train consisted of a. stainless steel gooseneck nozzle;'“pr‘
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Tesfing-proceeded‘well with few eQﬁiﬁmeﬁtﬁdiffiedlties. A process.
delay occurred during the first test because of insufficient electrical
power at the test site. This delay was dealt with as expeditiously as

poesible. Testing then continued with no diffieulties.
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-_‘reduction from: 570 at the stack to 250 at which the probe and heated

| IV. TEST RESULTS/CONCLUSIONS

It appears.fron the results-presented in Tables.l and.2 that.there
is a significant amount of sulfate condensation taking'pljce in the
reduced temperature zone of the probe and 4" filter of the test train.
For all three tests,_there was no’ indication of any leakage around ‘the .
initial in-stack filter. Thus, it is highly unlikely that any solid
particulate would have passed through the 4" filter and been deposited
on the stainless steel probe liner and 4" filter. As it appears that
solid particulate is not the cause of the weight collected from the
probe and 4" filter,-the conclusion can be reached that there is-a :7

significant amount - of condensation occurring due zo the temperature

' box were heated. The main objective of the test ‘program. was to determine
1if there was a significant amount of condensation occurring in the EPA 3
stack train The results obtained by the test program. indicate very

strongly that this is the case.c' :

In order to‘determine the constituents of the gas. strean which |
condensed between the 47 wm filter and the 4" filter, chemical analysis ti LT
.uas.performed on: all components of the stack! train. This chemical '[%_ i f.. E
: analysis, as presented in’ Table 2, indicates that while. there are varying |
‘amounts of sulfate in each component the high percentage of sulfate in
both the probe and 4" filter are indicative, net of. particulate, but of
sulfate condensation. Iron analysis was also performed on the probe

-‘wash to deternine that portion which was due to corrosion of the stainless

_,;510786



8

steel liner caused by the sulfate condenéaci;n. As_table 2_indica§es; a
significant amount of iron was found. It is highly dpubtful that this
iron is causeﬁ by particulate which passed through or around the:ip-
stack filter, The conclusion can‘thus-be*feached.thét the sulfate

_ condensation is. attacking fhe stainless steel liner énd thus adding

A~

significantly to the probe wash.

‘A third factor which argues for signifiéant sulﬁate condensation in
the train following the 47 mm filter is the low pH's?obtaihed in both -
‘probe wash and the 4" filter. These pH's of apprcximately 3.5 would
iindicéte a significant amount of acid being depositeé.in those portions
" of the train. As sulfate and iron were determined tﬁ;comprise the bulk
lof the probe Qash and sﬁlfate.to comprise the bulk of the 4" filter
catch, it can be assumed that this acid originated f:@mfsulfate'cbﬁdensanion;
It should be qoted that these pH's were détérmined fbilawing determination

- of weights by evaporation and drying before neutralization using NaOH.

It is our recommendation that in subsequent test‘p:ogrém5=that it
would be highly desirable for the probe liner to Ee §f éqme-materiél
~which is iﬁert to sulfate'attaék such as glass or_Tefldu;' As the:;gﬁgth
‘of the probe makes the use of glasa.probes difficul:;énd the high temperatures
'enCOﬁntered approach the melting point of Teflom, it“ﬁay bg difficglt to
find a suitable material. Should a suitable material?notfbe found, it
.is'récqmﬁended that all compliance tests be rum with ;he in-gtack filrer
determining the particulate contribution of the cokeibven cambuétiqn

process to the atmosphere and not the normal EPA-Methdd 3.
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APPENDIX B

. SAMPLING PROCEDURES
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\"f]f,PARTICULATEVSAMPLrNe |
Flgure P 1 1s a schematlc of the test equlpment used to

| determrne partrculate em1351ons.- Samples weTe extracted from

13

the duct isokrnetrcally by drawrng the flue gas through a tap--‘ -

ered, starnless steel nozzle and then through the COlleCtlng

J_components. The nozzle was. mounted adJacent to a. prtot tube
and thermocouple to allow 51mu1taneous velocrty measurement j‘
and sampllng. Lo ‘ |

Before each test commences, the complete sampllng tra1n

- is leak tested by plugglng the sampllng nozzle, turnzng on the g

. pump and adJustrng the pump by pass valve to a system vacuum

-of 15" Hg.j The amount of 1nleakage 1s determzned u51ng the

3 dry test meter.; A maxlmum 1nleakage rate of 0.02 CFM is accept-’*‘

able.. | o _ | _
To start the test the 1n1t1al dry gas meter readlng 1s

recorded and the nozzle is placed at the first test pornt.‘

The velocrty pressure and temperature 15 then recorded and an co

'1sok1net1c flow . rate 15 determlned The pump is then turned
- on and the flows adjusted us1ng the orrfrce meter on the dls-"
-charge 51de of the pump : Qampllng is contlnued at thls pornt
for a spec1f1ed tzme per1od and then the probe is moved to the
_next test poznt where the same procedure is 1mp1emented Thls
is contrnued unt11 all polnts of thlS port have been sampled

The- sampllng pump 15 then shutdown and the probe. moved to: the

.'next port and the test contrnued Sampl;ng is concluded.whenh_"

all pornts have been sampled

" The test trazn 15 dlsmantled and each collectlon component

~ is cleaned. Table »- 1 is a svmpsrs of the sample treatment

| ?and analys:l.s.‘ o ‘ ‘_ 51074~ y \
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que‘°ve“-33ﬁtéry,Stackaiwhe:g;Non~Besu1£urizedfCoke'Ovens3Ga§-isﬁfd_ﬁgg

T.?:l..VﬁDry §1l:Jf:€’81353,fibér filtétsi§nd.éawple be&ke:s;@§

. dried ac 105?C“fprﬁ2{3fhodrﬁ,f&ﬁaié&hted)and bei@ﬁéﬁxﬁb”
- welight (£0.5 mg.). The reaidue weight ‘
f'?h:titulﬂtel¢b11e¢:ed:in;;heaéﬂ” ‘£8

':‘aﬂblgnkzéorre:tidd,'

3.

:‘1?§:éngZ;and33. }Iﬁeﬁsulfhtéfye#gh:biare.ﬁhe
‘:_pneseﬂrﬂés'fgge‘sulfa:ésuingthgggamplesm\

3.

- salg).. 'Eviporate the néu::éiized solution to constant weight ag .

- hours, deﬁiécasegmill.codl and weigh to nearest 0.1

:-Iﬁe-nozilé.éﬂd

‘snrvsa;lﬁfilcé;s=g:'105§cff§?u2-31
o'yg;ghytgycons;aﬁ;@ueighcsgﬁfo;s&ag;);

-will be the weights from st
' the Heights‘ipuatgpféﬁg'

T Sclences Conerace o, 8308

L JaL L@bbtétpéym?fOCQdu:éé?for RS

‘}.‘-ﬁHCdﬁ5iﬁatiOnfE?Af173dnd 5 Trains

105 for 3

'Thé&gwa;ewcgre‘yéights,_ -

3f;bh§.hélfq47"dﬁ

emperature, '

constant’
‘j .::hﬁ‘ . ‘

Jample of acetone will'be snalyzed i

ﬂohta,féeqicéi#éyﬁiiif ool ‘

" arrec!:ed for free sulfare content

The-:qtal’ﬁgfficﬁiétéﬂﬁéigh‘ ‘ eme el
8 2 (corrected for blaﬂk){gﬁdLB._mi#ﬁsg

pé:?ormed‘in :heifblldwiﬁg}f}fif

' Disaclve_SQmple‘in.wa;gr ananeutralize using NaOH solution : T
knownrhormalityrtowa_pﬂ of ab ut. 8.5. Record ﬁI-oanaQHisolucich_*-““
used, Célcul&te‘wéigh;'ofﬁNaj in the 8 lution used. ' (The NaOH . -
should rea:: wichfﬂny‘free“H*SOtho};1e up' the S0 as a fixed

1057C. * Record weight. . (Thia‘wbighgféhoald include-Nauiadded'pluaﬂjﬂ"
507 in samplef:_fkedisaolveiiq distilled water and:gse:tprbidqmecrid"

.- method for dgterminﬁtion?of;sulfate¢;oﬁ-(SOz). Calculatg{weigh: bfﬁf

;ﬁlfd&e. ‘;11' ' g:}: *“",;
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GAS ANALYS IS

| An mtegrated gas sample is collected over a per:.od of 10 to
15 mmutes dunng -each test in a plasuc sample bag Each bag 1s
then analyzed m dupl:.cate for Coz, 02, and co us:mg an Orsa.t Analyzer

'I!he m.trogen content of the ga.s is then detennmed by d::.fference

'Ihe orsat analys:.s gzves results on 2 dry gas ba515. The orsat
data and gas mmsture data from the part:.culate tests are combmed to
a wet gas conpos:Ltmn to calculate the stack gas mlecula.r we:.ght on

‘3 wet gas ‘basis.
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- which bubble the sample through a known volume of 1mp1nger

~ MorsTure ConTENT

The molsture content of the gas sampled is determ:ned

from the volume of. gas sampled and the amount of water_coanvV-\-\

densed and absorbed out of. the gas" The condenser

of a stalnless:steel coll condenser tube welded toma collectlon

reservolr w1th exhaust tube or a ser1es of glass 1mp1ngers

11qu1d Both types of condensers are 1mmersed 1n an 1ce bath

to- mazntaln the“temperature of exlt gases between TO°F and

60°F _ Any remalnlng m01sture i_;removed by pa551ng¢the gas f”

stream through a contalner of tared 5111ca gel. des

The total llquld molsture volume 15 then calculatedffrom the

molsture (IquId volume) collected in the condenser or 1mp1ngers

and the welght 1ncrease 1n the deszccant.

The total gaseous m01sture volume 1s computed from the

lquId volume u51ng the den51ty o£ llquld water, 1ts n;lecular

we:ght ‘and. the molar volume at standard condltlons (|°F and

.29.92 1nches Hg) Thls volume 1s added to the standard volume
of dry gas sampled and the sum d1v1ded back into the gaseous
: molsture volume.ﬂ The result 1s the percent HZO by volume,‘ln

'the actual gas stream
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APPENDIX D

'LAB DATA SHEETS -
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