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METHOD 15A - DETERMINATION OF TOTAL REDUCED SULFUR EMISSIONS
FROM SULFUR RECOVERY PLANTS
IN PETROLEUM REFINERIES
NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nethod should have a
t hor ough knowl edge of at | east the follow ng additional test
met hods: Method 1, Method 6, Method 15, and Met hod 16A.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity

Reduced sul fur conpounds None assigned Not determ ned

1.2 Applicability. This nethod is applicable for the
determ nation of em ssions of reduced sul fur conpounds from
sul fur recovery plants where the em ssions are in a reducing
at nosphere, such as in Stretford units.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the

data obtained fromair pollutant sanpling methods.
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2.0 Summary of Method.

2.1 An integrated gas sanple is extracted fromthe
stack, and conbustion air is added to the oxygen
(G)-deficient gas at a known rate. The reduced sul fur
conpounds [including carbon disulfide (CS,), carbonyl
sul fide (COS), and hydrogen sulfide (HS)] are thermally
oxi di zed to sulfur dioxide (SO), which is then collected in
hydr ogen peroxi de as sulfate ion and anal yzed according to
the Method 6 bariumthorin titration procedure.

3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Reduced sul fur conmpounds, other than CS,, CCS,
and H,S, that are present in the em ssions will also be
oxidized to SO, causing a positive bias relative to
em ssion standards that limt only the three conpounds
Iisted above. For exanple, thiophene has been identified in
em ssions froma Stretford unit and produced a positive bias
of 30 percent in the Method 15A result. However, these
bi ases may not affect the outcone of the test at units where
em ssions are lowrelative to the standard.

4.2 Calcium and al um num have been shown to interfere
in the Method 6 titration procedure. Since these netals

have been identified in particulate matter em ssions from
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Stretford units, a Teflon filter is required to mnimze
this interference.

4.3 Dilution of the hydrogen peroxide (HQO,) absorbing
solution can potentially reduce collection efficiency,
causi ng a negative bias. Wen used to sanple em ssions
containing 7 percent noisture or |less, the m dget inpingers
have sufficient volune to contain the condensate collected
during sanpling. Dilution of the HO, does not affect the
collection of SO,. At higher noisture contents, the
potassiumcitrate-citric acid buffer systemused wth Method
16A shoul d be used to collect the condensate.

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Corrosive reagents. The follow ng reagents are
hazardous. Personal protective equipnment and safe
procedures are useful in preventing chem cal splashes. |If
contact occurs, imrediately flush with copi ous anmounts of

water for at least 15 mnutes. Renove clothing under shower
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and decontam nate. Treat residual chem cal burns as thernal
bur ns.

5.2.1 Hydrogen Peroxide (H,G). Irritating to eyes,
skin, nose, and | ungs.

5.2.2 Sodi um Hydroxide (NaCH). Causes severe danage
to eyes and skin. Inhalation causes irritation to nose,
throat, and lungs. Reacts exothermcally with limted
anounts of water.

5.2.3 Sulfuric Acid (H,SO). Rapidly destructive to
body tissue. WII| cause third degree burns. Eye danage nmay
result in blindness. Inhalation may be fatal from spasm of
the larynx, usually within 30 m nutes. My cause | ung
ti ssue damage with edema. 3 ng/n? will cause |ung damage in
uninitiated. 1 ng/n? for 8 hours will cause |ung damage or,
in higher concentrations, death. Provide ventilation to
[imt inhalation. Reacts violently with netals and
or gani cs.

6.0 Equipment and Supplies.

6.1 Sanple Collection. The sanpling train used in
performng this nethod is shown in Figure 15A-1, and
conponent parts are discussed below. Mdifications to this
sanpling train are acceptabl e provided that the system

performance check is net.
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6.1.1 Probe. 6.4-mm (% in.) OD Teflon tubing
sequentially wapped with heat-resistant fiber strips, a
rubberized heating tape (with a plug at one end), and
heat -resi stant adhesive tape. A flexible thernocouple or
sone ot her suitabl e tenperature-neasuring device shall be
pl aced between the Teflon tubing and the fiber strips so
that the tenperature can be nonitored. The probe should be
sheathed in stainless steel to provide in-stack rigidity. A
series of bored-out stainless steel fittings placed at the
front of the sheath wll prevent flue gas fromentering
bet ween the probe and sheath. The sanpling probe is
depicted in Figure 15A-2.

6.1.2 Particulate Filter. A 50-mm Teflon filter
hol der and a 1- to 2-mmporosity Teflon filter (available
t hrough Savill ex Corporation, 5325 Hi ghway 101, M nnetonka,
M nnesota 55345). The filter holder nmust be maintained in a
hot box at a tenperature high enough to prevent
condensat i on.

6.1.3 Conbustion Air Delivery System As shown in
the schematic diagramin Figure 15A-3. The rate neter
shoul d be selected to neasure an air flowrate of 0.5
liter/mn (0.02 ft3/ mn).

6.1.4 Conbustion Tube. Quartz glass tubing with an
expanded conbustion chanber 2.54 cm (1 in.) in dianmeter and

at least 30.5 cm (12 in.) long. The tube ends should have
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an outside dianeter of 0.6 cm(1/4 in.) and be at l|least 15.3
cm(6 in.) long. This length is necessary to naintain the
quart z- gl ass connector near anbient tenperature and thereby
avoid leaks. Alternatively, the outlet may be constructed
with a 90 degree gl ass el bow and socket that would fit
directly onto the inlet of the first peroxide inpinger.

6.1.5 Furnace. O sufficient size to enclose the
conbustion tube. The furnace nust have a tenperature
regul ator capable of maintaining the tenperature at 1100
50 °C (2,012 £ 90 °F). The furnace operating tenperature
nmust be checked with a thernocouple to ensure accuracy.

Li ndberg furnaces have been found to be satisfactory.

6.1.6 Peroxide Inpingers, Stopcock G ease,
Tenperature Sensor, Drying Tube, Valve, Punp, and Baroneter.
Sane as in Method 6, Sections 6.1.1.2, 6.1.1.4, 6.1.1.5,
6.1.1.6, 6.1.1.7, 6.1.1.8, and 6.1.2, respectively, except
that the m dget bubbler of Method 6, Section 6.1.1.2 is not
required.

6.1.7 Vacuum Gauge and Rate Meter. At |least 760 mm Hg
(30 in. Hg) gauge and rotaneter, or equival ent, capabl e of
measuring flowrate to 5 percent of the selected flowrate
and calibrated as in Section 10. 2.

6.1.8 Volunme Meter. Dry gas neter capabl e of
measuri ng the sanple vol une under the particular sanpling

conditions wth an accuracy of 2 percent.
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6.1.9 U tube manoneter. To neasure the pressure at
the exit of the conbustion gas dry gas neter.

6.2 Sanple Recovery and Anal ysis. Sanme as Method 6,
Sections 6.2 and 6.3, except a 10-ml buret with 0.05-m
graduations is required for titrant volunes of |ess than
10.0 m, and the spectrophotoneter is not needed.

7.0 Reagents and Standards.

NOTE: Unless otherwi se indicated, all reagents nust
conformto the specifications established by the Commttee
on Anal ytical Reagents of the Anmerican Chem cal Society.
When such specifications are not avail able, the best
avai |l abl e grade shall be used.

7.1 Sanple Collection. The follow ng reagents and
standards are required for sanple anal ysis:

7.1.1 Water. Same as Method 6, Section 7.1.1.

7.1.2 Hydrogen Peroxide (HO), 3 Percent by Vol une.
Sane as Method 6, Section 7.1.3 (40 ml is needed per
sanpl e) .

7.1.3 Recovery Check Gas. Carbonyl sulfide in
nitrogen [100 parts per mllion by volune (ppnv) or greater,
i f necessary] in an alum num cylinder. Concentration
certified by the manufacturer with an accuracy of =2 percent
or better, or verified by gas chromat ography where the

instrunment is calibrated with a COS perneation tube.
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7.1.4 Conbustion Gas. Air, contained in a gas
cylinder equipped with a two-stage regulator. The gas shal
contain |l ess than 50 ppb of reduced sul fur conpounds and
| ess than 10 ppmtotal hydrocarbons.

7.2 Sanple Recovery and Analysis. Sanme as Method 6,
Sections 7.2 and 7. 3.

8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Preparation of Sanpling Train. For the Method 6
part of the train, neasure 20 ml of 3 percent HO, into the
first and second m dget inpingers. Leave the third m dget
i npi nger enpty and add silica gel to the fourth inpinger.
Alternatively, a silica gel drying tube may be used in place
of the fourth inpinger. Place crushed ice and water around
all inpingers. Miintain the oxidation furnace at 1100 = 50
°C (2,012 £ 90 °F) to ensure 100 percent oxidation of COCS.
Mai ntain the probe and filter tenperatures at a hi gh enough
| evel (no visible condensation) to prevent noisture
condensation and nonitor the tenperatures with a
t her nocoupl e.

8.2 Leak-Check Procedure. Assenble the sanpling
train and | eak-check as described in Method 6, Section 8. 2.
I ncl ude the conbustion air delivery systemfromthe needl e

valve forward in the | eak-check
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8.3 Sanple Collection. Adjust the pressure on the
second stage of the regulator on the conbustion air cylinder
to 10 psig. Adjust the conbustion air flowrate to 0.5 *
0.05 L/mn (1.2 £ 0.1 ft3 hr) before injecting conbustion
air into the sanpling train. Then inject conbustion air into
the sanpling train, start the sanple punp, and open the
stack sanple gas valve. Carry out these three operations
within 15 to 30 seconds to avoid pressurizing the sanpling
train. Adjust the total sanmple flowrate to 2.0 £ 0.2 L/mn
(4.2 £ 0.4 ft3 hr). These flow rates produce an G
concentration of 5.0 percent in the stack gas, which nust be
mai nt ai ned constantly to all ow oxidation of reduced sul fur
conpounds to SO,. Adjust these flow rates during sanpling as
necessary. Monitor and record the conbustion air manoneter
reading at regular intervals during the sanpling period.
Sanple for 1 or 3 hours. At the end of sanpling, turn off
t he sanpl e punp and conbustion air simultaneously (within 30
seconds of each other). All other procedures are the sane
as in Method 6, Section 8.3, except that the sanpling train
shoul d not be purged. After collecting the sanple, renove
the probe fromthe stack and conduct a | eak-check according
to the procedures outlined in Section 8.2 of Method 6
(mandatory). After each 3-hour test run (or after three
1- hour sanples), conduct one system perfornmance check (see

Section 8.5). After this system performance check and
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before the next test run, it is recommended that the probe
be rinsed and brushed and the filter repl aced.

NOTE: In Method 15, a test run is conposed of 16
i ndi vi dual anal yses (injects) performed over a period of not
| ess than 3 hours or nore than 6 hours. For Method 15A to
be consistent with Method 15, the follow ng may be used to
obtain a test run: (1) collect three 60-m nute sanples or
(2) collect one 3-hour sanple. (Three test runs constitute
atest.)

8.4 Sanmpl e Recovery. Recover the hydrogen
per oxi de-contai ning inpingers as detailed in Method 6,
Section 8. 4.

8.5 System Performance Check

8.5.1 A system performance check is done (1) to
validate the sanpling train conponents and procedure (before
testing, optional) and (2) to validate a test run (after a
run, mandatory). Performa check in the field before
testing consisting of at | east two sanples (optional), and
perform an additional check after each 3-hour run or after
three 1-hour sanples (mandatory).

8.5.2 The checks involve sanpling a known
concentration of COS and conparing the anal yzed
concentration with the known concentration. Mx the

recovery gas with N, as shown in Figure 15A-4 if dilution is
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required. Adjust the flowrates to generate a COS
concentration in the range of the stack gas or within 20
percent of the applicable standard at a total flow rate of
at least 2.5 L/mn (5.3 ft3 hr). Use Equation 15A-4 (see
Section 12.5) to calculate the concentration of recovery gas
generated. Calibrate the flowrate fromboth sources with a
soap bubble flow tube so that the diluted concentration of
COS can be accurately calculated. Collect 30-m nute
sanpl es, and analyze in the sanme nmanner as the em ssion
sanples. Collect the sanples through the probe of the
sanpling train using a manifold or sonme other suitable
device that wll ensure extraction of a representative
sanpl e.

8.5.3 The recovery check nust be perforned in the
field before replacing the particulate filter and before
cleaning the probe. A sanple recovery of 100 + 20 percent
nmust be obtained for the data to be valid and shoul d be
reported with the em ssion data, but should not be used to
correct the data. However, if the performance check results
do not affect the conpliance or nonconpliance status of the
affected facility, the Adm nistrator nay decide to accept
the results of the conpliance test. Use Equation 15A-5 (see

Section 12.6) to calculate the recovery efficiency.
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9.0 Quality Control.

Quality Control

Section Measur e Ef f ect
8.5 Syst em perfor nance Ensures validity of
check sanpling train conponents
and anal ytical procedure
8. 2, Sanpl i ng equi pnent Ensures accurate
10.0 | eak- check and measur enent of stack gas
cal i bration flowrate, sanple vol une
10.0 Bari um st andard Ensures precision of
sol ution normal ity determ nation
standar di zati on
11.1 Replicate titrations Ensures precision of
titration determ nations
11.2 Audi t sanpl e Eval uat es anal yst's

anal ysi s

t echni que and st andards

preparation

10.0 Calibration and Standardization.

10.1 Metering System Tenperature Sensors, Baroneter,

and Barium Perchlorate Solution. Sane as Method 6, Sections

10.1, 10.2, 10.4, and 10.5, respectively.

10.2 Rate Meter. Calibrate with a bubble flow tube.
11.0 Analytical Procedure.
11.1 Sanple Loss Check and Sanple Analysis. Sane as
Met hod 6, Sections 11.1 and 11. 2.
11.2 Audit Sanple Analysis. Sanme as Method 6,
Section 11. 3.

12.0 Data Analysis and Calculations.
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In the calculations, retain at |east one extra deci nmal
figure beyond that of the acquired data. Round off figures
after final calculations.
12.1 Nomencl at ure.
Cees = Concentration of COS recovery gas, ppm
Crgacty = Actual concentration of recovery check gas
(after dilution), ppm
Ceqm = Measured concentration of recovery check gas
generated, ppm
Crs = Concentration of reduced sul fur conpounds as
SO, dry basis, corrected to standard
condi tions, ppm
N = Normality of barium perchlorate titrant,
mlliequivalents/m.
Poar = Baronetric pressure at exit orifice of the dry

gas neter, nmm Hg.

Pt g = Standard absol ute pressure, 760 nm Hg.

Qs = Flowrate of COS recovery gas, liters/mn.

Q = Flowrate of diluent N, liters/mn.

R = Recovery efficiency for the system performnce

check, percent.
T = Average dry gas neter absolute tenperature, °K
Tsi g = Standard absolute tenperature, 293 °K

V, = Vol ume of sanple aliquot titrated, nl.



Vms( std)

Vnt:( std)

Vsol n

Yo

32. 03
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Dry gas volune as neasured by the sanple train
dry gas neter, liters.
Dry gas volune as neasured by the conbustion
air dry gas neter, liters.
Dry gas vol une neasured by the sanple train dry
gas neter, corrected to standard conditions,
liters.
Dry gas vol une neasured by the conbustion air
dry gas neter, corrected to standard
conditions, liters.
Total volune of solution in which the sul fur
di oxi de sanple is contained, 100 nl.
Vol unme of barium perchlorate titrant used for
the sanple (average of replicate titrations),
m .
Vol ume of barium perchlorate titrant used for
t he bl ank, m.
Calibration factor for sanpling train dry gas
net er.
Calibration factor for conbustion air dry gas
net er.

Equi val ent wei ght of sul fur dioxide, ng/neq.

_(32.03ny) (24.051) (mole)(1g)(10%m)(10° ul)

12025 M
nmeq

meq mol e (64.069) (10°nmg) (1) (m)
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12.2 Dry Sanple Gas Volune, Corrected to Standard

Condi ti ons.
V _ V Y TStd Pbar
d
mistd) ™ TmPstd
Eq. 15A-1
=]
_ b
_ KlY mT ar
m
wher e:

e
I

0.3855 °K/mmHg for netric units,

17.65 °R/in. Hg for English units.
12.3 Conbustion Air Gas Vol une, corrected to Standard

Condi ti ons.

( Vrrc) ( I:)bar)

mc(std) ~ “1'c T
m

Eq. 15A-2

NOTE: Correct P,, for the average pressure of the
manonet er during the sanpling period.
12.4 Concentration of reduced sul fur conpounds as ppm

SO..

(V. -V. ) (V.. V)
CRS _ KZN Vt th \;oln a Eq- 15A-3

ms(std)  Vnmc(std)
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wher e:
3 3
K - 32 03 MY 24.051 1nole 1g 10°m 10°u
meq nmole 64.069 10°ny I 1n
_ 12025
meq

12.5 Concentration of CGenerated Recovery Gas.

C
Cos = Cood) (% Eq. 15A-4

Qs * Q,

12.6 Recovery Efficiency for the System Performance

Check.

C
R=_"4M_ x 100 Eq. 15A-5
RG( act)

13.0 Method Performance.

13.1 Analytical Range. The lower detectable limt is
0.1 ppmv when sanpling at 2 Ipmfor 3 hours or 0.3 ppnmv when
sanpling at 2 pmfor 1 hour. The upper concentration limt
of the method exceeds concentrations of reduced sulfur
conpounds generally encountered in sulfur recovery plants.

13.2 Precision. Relative standard deviations of 2.8

and 6.9 percent have been obtained when sanpling a stream
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with a reduced sul fur conpound concentration of 41 ppnv as
SO, for 1 and 3 hours, respectively.

13.3 Bias. No analytical bias has been identified.
However, results obtained with this nethod are likely to
contain a positive bias relative to em ssion regul ati ons due
to the presence of nonregul ated sul fur conpounds (that are
present in petroleum in the em ssions. The magnitude of
this bias varies accordingly, and has not been quantifi ed.
14.0 Pollution Prevention. [Reserved]

15.0 Waste Management. [ Reserved]
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Method 15A Sampling Train.

Figure 15A-1.
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