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This standard is issued under the fixed designation D 6021; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—Warning notes were placed in the text editorially in May 2001.

1. Scope D 5504 Test Method for the Determination of Sulfur Com-

1.1 This test method covers a method suitable for measuring  Pounds in Natural Gas and Gaseous Fuels by Gas Chro-
the total amount of hydrogen sulfide {B) in heavy distillates, matography and Chemiluminescence Detection ,
heavy distillate/residual fuel blends, or residual fuels as defined D 5705 Test Method for Measurement of Hydrogen Sulfide
in Specification D 396 Grade 4, 5 (Light), 5 (Heavy), and 6, i the Vapor Phase Above Residual Fuel Oils
when the BHS concentration in the fuel is in the 0.01 to 100
Hg/g (ppmw) range. o

1.2 The values stated in SI units are to be regarded as the 3-1 Definitions: o
standard. 3.1.1 heavy distillate n—a fuel produced from the distilla-

1.3 This standard does not purport to address all of thetion of crude oil which has a kinematic viscosity at 40°C
safety concerns, if any, associated with its use. It is thé€ween 5.5 and 24.0 s, inclusive.
responsibility of the user of this standard to establish appro- 3-1.2 heavy distillate/residual fuel blend+—a blend of
priate safety and health practices and determine the applicaheaVy distillate and residual _fuel 0|_I having a viscosity at 40°C
bility of regulatory limitations prior to useFor specific hazard Petween 5.5 and 24.0 nffs, inclusive.

3. Terminology

statements, see 5.1, 7.5, 8.2, 9.2, 10.1.4, and 11.1. 3.1.3 multiple headspace extraction—a technique to de-
termine the total concentration of a gas trapped in a liquid by
2. Referenced Documents analysis of successive gas extractions from the vapor space of
2.1 ASTM Standards: a closed vessel containing a known amount of the sample.
D 396 Specification for Fuel Ofts 3.1.4 residual fuel oi] n—any liquid or liquefiable petro-
D 1193 Specification for Reagent Water leum product having a kinematic viscosity at 100°C between
D 2420 Test Method for Hydrogen Sulfide in Liquefied 5-0 and 50.0 mAts, inclusive, burned for the generation of
Petroleum (LP) Gases (Lead Acetate Metfod) heat in a furnace or firebox or for the generation of power in an
D 3609 Practice for Calibration Techniques Using Perme£ngine.
ation Tube$

D 4057 Practice for Manual Sampling of Petroleum and4' Summary of Test_ Method ) o )
Petroleum Producis 4.1 A representative sample of residual fuel oil is obtained
D 4084 Test Method for Analysis of Hydrogen Sulfide in in sufficient quantity to completely fill the sample .co_ntainer.
Gaseous Fuels (Lead Acetate Reaction Rate Method) The sgmple is taken to the Iaboratory.prefera_bly within one to
D 4323 Test Method for Hydrogen Sulfide in the Atmo- 4 h, within 24 h maximum and placed in a refrlgerator until the
sphere by Rate of Change of Reflectdhce _hydrogen sulfide anaIyS|_s can be run. At that time, the sar_nple
is removed from the refrigerator and allowed to sit at ambient
[ temperature until it flows freely.
*This test method is under the jurisdiction of ASTM Committee D02 on 4.2 A 0.05 to 5.0 g test specimen (aliquot) is placed in a
Bgtzroilztzu(r)r:ll Zﬁtéuuit:ez:néjulélusbricants and is the direct responsibility of Subcommitteheadspace vial and heated in an oven at 60°C for more than five
éurrént edition approved'Dec. 10, 1996. Published February 1997. bUt less ,than ,15 min. The headSpace gas I1s Sampled and
2 Annual Book of ASTM Standardéol 05.01. injected into either of two types of apparatus capable of

2 Annual Book of ASTM Standardgol 11.01.

4 Annual Book of ASTM Standardgol 11.03.

5 Annual Book of ASTM Standardgol 05.02. —

8 Annual Book of ASTM Standardgol 05.06. 7 Annual Book of ASTM Standardgol 05.03.
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measuring the hydrogen sulfide concentration in the gaseowsy measurement method only provides af$doncentration at a given
sampleé® The two types of apparatus are those using thénomentin time.
reaction of lead acetate with,B (see Test Method D 4084 or ¢ Apparatus
Test Method D 4323) and those based on chemiluminescence ) .
(see Test Method D 5504). 6.1 A schematic of the headspace sampling sy$tesn

4.3 The remaining contents of the headspace vial are cooldiréd for this analysis is shown in Fig. 1. It consists of:
for 5 min, then again heated in the oven. The headspace 5-1.1 Sampling On/Off Valyewith 3.2 mm o.d. connector
contents are again transferred to the hydrogen sulfide measiralve 1)-, o )
ing instrument. The procedure is repeated for a third time. This _6-1-2 Six-Port External Loop Injection Valyemade with
is known as multiple headspace extraction procedure (MHE)1_316_sta|nIess steel, reqstant to attack by sulfur compounds and
4.4 Alinear plot of the natural logarithm of the area or peakD@ving 3.2 mm o.d. tubing from each port (Valve 2).
height difference of the instrument reading against the number 6-1.3 Polytetrafluoroethylene (PTFE) Sample Lopp80.5,
of injections is indicative of the correctness of the extraction?->; &nd 10 mL are used forH content of 1 to 100, 0.1 to 50,
procedure. The difference in area or peak height of the first tw@"d 0-01 to 10 ppmw;, respectively. . _
injections is used to calculate a total area or total peak height 6-1-4 Pressure/Vacuum Gag&.3 mm diameter dial type
difference. The total area or total peak height difference igVith range of — 100 to 200 kPag, 5 kPa divisions from - 100 to

multiplied by a response factor determined from a direct gad @nd 10 kPa divisions from 0 to 200 kPag.
calibration mixture and divided by the weight of the test 6-1.5Vacuum On/Off Valve3.2 mm o.d. connector (Valve

specimen to determine the concentration g&hh the residual : . .
6.1.6 Sulfur Selective Detecté?,any H,S specific detector

fuel in pg/g (ppmw). . ,
capable of measuring 43 in the gas from 1 to 10 000 ppmv
5. Significance and Use with a repeatability of+2 % of full scale.
6.1.7 Fluorocarbon Tubing 0.6 m long by 3.2 mm o.d. to
onnect components together.
6.2 Vacuum pump3.2 mm o.d. outlet, capable of achieving
0.2 kPa vacuum and with a capacity of 200 mL/min.
6.3 Headspace Overcapable of operating at 6& 0.5°C
with internal dimensions of 30 by 30 by 30 cm. An optional
yent line is recommended in case a vial leaks.
6.4 Analytical Balance sensitivity of 0.01 mg, maximum

5.1 Excessive levels of hydrogen sulfide in the vapor phase
above residual fuel oils in storage tanks may result in healtff
hazard, OSHA limits violation, and public complaint. An
additional concern is corrosion that can be caused by th8
presence of b5 during refining and other production activities.
Control measures to maintain safe levels ofSHrequire a
consistent method for the assessment of potentially hazardo
levels of H,S in fuel oils. arning— H,S is a highly toxic

substance. Extreme care must be used in the sampling aH\éeégshtDOftzslj) g'dl. Svst h lectronic int ¢
handling of samples that are suspected of containing high * ata Handling Systersuch as electronic integrator or
levels of H,S.) any computer unit that can work with a chromatographic

5.2 Aconcentration of 0.1 pg/g (ppmw) o£H in the liquid signal. . .
phase of a No. 4, 5, or 6 residual fuel oil canfzgenerate an actual 6.6 If sulfur specific detectors are used '”Ste?d of QS.H
gas concentration of 10 to 100 pL/L (ppmv) of&lin the vapor anglyzer then a chromatographlc' system equipped with a
phase; therefore an accurate analytical method is required ﬁyltable column and oven is required to separat® kom
determine the total k6 concentration of these residual fuel other sulfur cor_npounds (s_ee Test Metho_d D 5504). .
oils. This test method was developed so refiners, fuel terminal 6.7 Hand Crimpey to crimp 20 mm diameter aluminum
operators, and independent testing laboratory personnel caﬁ‘?als'
analytically measure the amount ot&lin residual fuel oils. 7. Reagents and Materials

5.3 Test Method D 5705 provides a simple and consistent 7 1 pyrity of Reagents-Reagent grade chemicals shall be
field test method for the rapid determination 0531in the e in all tests. Unless otherwise indicated, it is intended that
residual fuel oils storage tank vapor phase. However, it doeg)| reagents conform to the specifications of the Committee on
not necessarily simulate the vapor phastdoncentration of  Anayytical Reagents of the American Chemical Society where
a fuel storage tank nor does it provide any indication of theg, oy specifications are availaBfeOther grades may be used,
liquid phase HS concentration. This test method provides ap g ided it is first ascertained that the reagent is of sufficiently
quantitative measure of a residual fuel oils liquid phas&H high hurity to permit its use without lessening the accuracy of
concentration. It requires a laboratory and a skilled operator t§, o qetermination.

perform the test but gives a more quantitative indication of

potential HS exposure than Test Method D 5705.
° The Model 695 may be a suitable apparatus. It is available from Houston Atlas

Note 1—Because of the reactivity, absorptivity, and volatility 0§31  Company.
19Good performance has been obtained with a lead acetate tape detector and a
sulfur chemiluminescence detector.
1 Reagent Chemicals, American Chemical Society Specificatsmgrican
8 Determination of BS in Residual Fuel Oils by Multiple Headspace Extraction: Chemical Society, Washington, DC. For suggestions on the testing of reagents not
A Critical Evaluation of Available Analytical Methods. Silva, B., Carvajal, N., listed by the American Chemical Society, s@ealar Standards for Laboratory
Gonzalez, A., Eastern Analytical Symposium, sponsored by American ChemicaChemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
Society and the American Microchemical Society, November 16—20, 1992, Somerand National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
set, N.J. MD.
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FIG. 1 Schematic of Headspace Analysis System

7.2 Acetic Acid Solutior-Add 50 mL of glacial acetic acid 7.10 Side Port Needlegor pressure lock, A-gas series (with
(CH;COOH) to a 1-L volumetric flask and then add Type Il reduction union 3.2 mm to 1.6 mm).
distilled water, as specified in Specification D 1193, to the 1-L 7.11 Syringe Needlescommon dischargeable (dosing

mark to make a 5 % acetic acid solution. needle).

7.3 Aluminum Seals20 mm diameter to seal septas to .
headspace sample vials. 8. Sampling

7.4 Headspace Vials30-, 60-, or 120-mL borosilicate glass 8.1 Using a suitable 8 inert container of 250 to 500 mL,
vials with 20 mm mouth diameter. collect a representative sample by Practice D 4057. Suitable

7.5 Hydrogen Sulfide Gas Calibration Standard, 10, and containers can be made of borosilicate glass or aluminum. If
100 pL/L H,S in helium or nitrogen high pressure cylinders the sample temperature is below 60°C then a high density
(obtain from gas supply compan{).(Warning— Hydrogen polyethylene bottle can be used.
sulfide is an extremely toxic gas.) 8.2 Fill the container completely to the top so that there is

7.6 Gases helium or nitrogen (HS free), chemically pure no headspace in the container. Cap immediately.
grade or purified, as carrier gas to sweep sample into th@Varning—At no time should the container temperature be
detector. allowed to exceed the temperature of the sample at the time.)

7.7 Lead Acetate Sensing PapePrepare in accordance 8.3 Take the samples to the laboratory preferably within one
with Test Method D 2420, using appropriate size strips ando four hours, within 24 h maximum. Place the samples in
drying in an HS-free environment. Commercially available refrigerated storage. Store samples until analysis time but not
test paper has been found satisfactgry. more than three days.

Note 2—Reagents from 7.2 and 7.7 are only needed
lead acetate tape detector.

7.8 Nuts and FerrulesPolytetrafluoroethylene (PTFE) and
stainless steel (3.2 mm).

7.9 Septas20 mm diameter PTFE silicone/fluorocarbon to
seal headspace sample vials.

ifusing B H g preparation of Apparatus

9.1 Assemble the headspace sampling system as shown in
Fig. 1.

9.2 Because of the chemical activity and adsorptive proper-
ties of H,S, it is highly desirable to connect the components of
the test apparatus together using minimum lengths of alumi-
num or fluorocarbon sample linedVarning— To preclude
*2H,S gas calibration standard supplied by Airco has been found to be suitabkghe fo'rmatlon' of mercgptlde gels and to reduce problems
(stable concentration over time). associated with corrosion do not use brass or copper flow

3 Lead acetate sensing paper is available from Houston Atlas. system parts.)
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10. Calibration and Standardization include: heating a solid to generatg$iand then using a permeation tube

- . . . as discussed in Practice D 3609 or using pus8 ldnd a movable piston
da%((j)..l Filling Head Space Vial With Gas Calibration Stan- as discussed in Test Method D 4084.
10.1.1 Depending on the expected concentration use, a 1 10.2 Calibration of Analyzer
pL/L (=0.1u g/g) in a 120-mL headspace vial, 10 pLAL( 10.2.1 Place the headspace vial in a 60°C oven for at least
ug/g) in a 60-mL headspace vial, or 100 uLA10 pg/g) ina 5 min but for no more than 15 min. Install an 0.5-mL sample

30-mL headspace vial, 4$ gas standard to calibrate the loop if using the 100 pL/L BS standard, a 2.5 mL sample loop
headspace sampling system. if using the 10 pL/L HS standard, and a 10-mL sample loop if
. _ _ ~_using the 1 pL/L HS standard. With Valve 2 in the load
Note 3—Parts per million by volume units (pL/L), equivalent to micro osition, see Fig. 1 and Valve 1 closed, evacuate the sample
moles per mole, are used because of the convenience in use of volume ’ . ) ’
measurements rather than weight for a gas standard. oop by opening Valve 3. When a vacuum of at least - 70 kPag

- . is achieved, then close Valve 3.
10.1.2 Insert a silicone/fluorocarbon septum, with the PTFE 145 5 Immediately insert the sampling needle (Fig. 1)

side pointing inwards, into the headspace vial, cover it with a
aluminum seal, and crimp the aluminum seal with the han
crimper.

10.1.3 Insert the inlet needle attached to th& idalibration
cylinder (see Fig. 2) through the septum with the flow control

set to zero. Also insert an open syringe needle into the septu 10.2.4 Place Valve 2 in theject position (see Fig. 1) for 10

as an outlet vent. s to allow the carrier gas to sweep the sample to th& H

10.1.4 Set the pressure of the.3calibration cylinder to analyzer. Return Valve 2 to the load position. Remove sam-

105 kPa, and open the flow control to purge the vial as follows iy heedle from the vial. Record reading from the analyzer as
(Warning— Because of the toxicity of 8 the vial should be

hrough the septum of the headspace vial containing the
alibration gas mixture.
10.2.3 Open Valve 1 and let the sample fill the injection loop
until a reading of 0 kPag is achieved on the pressure/vacuum
auge. Close Valve 1.

\ hood during th . i readingA,.

in a hood during the purging operation.) 10.2.5 After the injection step, insert needle connected to a
30-mL vial—purge for 3 min at a flow of 100 mL/min. line containing nitrogen at atmospheric pressure into the
60-mL vial—purge for 6 min at a flow of 100 mL/min. t t tablish at heri ithin th ial
120-mL vial—purge for 10 min at a flow of 120 mL/min. septum to reestablisn atmospneric pressure within the vial.

10.2.6 Repeat steps 10.2.1-10.2.5 with the same headspace
vial but record the reading from the analyzer as reading

10.1.6 Allow the vial to equilibrate to atmospheric pressure, ; 10.2.7 Repeat steps 10.2.1-10.2.5 with the same headspace

| al but record the reading from the analyzer as reading
for 1.0 min, then remove the outlet vent. Two injections are sufficient for the required calculations, but

i Iaporatory amb_lent temperature in °C anﬂwee are required to verify the correctness of the calibration
the laboratory barometric pressure in kPa. Cprocedure

b%o'.l.'? Immled|ately after prepahrlng a Cfgbzralt'gg Zst?ndar 10.2.8 Regress the natural log (In) of readiAgsA,, andA,
obtain Its analyzer response as shown in 10.2.1-19.2.7. against the number of injections one, two, and three. A linear
Note 4—Alternative methods for preparing a calibration standardcorrelation (correlation coefficient R> 0.95) must exist to

10.1.5 Turn the flow control to zero flow and remove the
inlet needle, leaving the outlet vent in the vial.

FLOW CONTROL

PRESSURE CONTROL

QUTLET VENT

H2S
STANDARD

SAMPLE VIAL

FIG. 2 Gas Calibration Standard Preparation
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insure the correctness of the calibration procedure?lisRot
greater than 0.95, then repeat the calibration.
10.3 Analyzer Response Factor

96 (2001)<*

should the container temperature be allowed to exceed the
temperature of the sample at the time.)
11.2 To avoid possible loss of,8 in the headspace vial by

10.3.1 Calculate the total area difference (or total heighteaction with oxygen, displace the air in the vial with nitrogen

difference) using Eq 1#
oAl A
AT_EA”_Al—AZ 1)

where:
A; = total area difference (or total height difference),
A =

prior to transferring a sample into it. Weigh the nitrogen
flushed headspace vial and septum seal to the nearest 0.1 mg
and then transfer, by any suitable means, as quickly as possible
to minimize losses, between 0.05 and 5.0 g of residual fuel oil
sample directly into the nitrogen filled headspace vial, and seal
the vial immediately with the septum seal to avoigSHosses

area (or height) obtained from the first injection, and PTFE side of the septum in contact with sample. Reweigh the

A, = area (or height) obtained from the second injection. filled headspace vial to the nearest 0.1 mg. Cover the septum
10.3.2 Assuming the ideal gas law, calculate the weight okeal with an aluminum seal, and crimp the aluminum seal with

H,S in the calibration standard by Eq 2:
PV,C,9, (34.0759 (g/g X mole)10*(uL/L) 10°(ug/9

Wirss = (8313.7162(mL X KPalgx mole X °K)T
2
where:
Wii,s) = weight of H,S in calibration standard, pg,
P = laboratory barometric pressure, kPa,
V, = volume of headspace vial, mL,
Ct,s)x = concentration of ES in calibration standard,
pL/L,
34.0759 = molecular weight of }$, g/gXx mole,
8313.7162 = (mLx kPa)/(gx mole X °K) = R =ideal gas
constant, and
T = laboratory ambient temperature,® K.

If P =101325 kPayV, =120 mL, Cy»5)s= 10 pL/L and
T =298.15 °K then:

Wis,
(101 325(kPa)(120)(mL)(10)(uL/L)

_ (34.0759(g/g X mole)10™*(L/uL)10° (ug/g
~ (8313.7162(mL X kPa/gx mole X °K(298.15(°K)
= 1.67 ug (3)

10.3.3 Calculate the response factor from the weight of th?
H,S in the calibration standard divided by the total area n

difference obtained for the standard, Eq 3:

Wins Hg
Re,s= A, area (4)
where:
Re2S = H,S response factor, pg/area, and
A = total area or peak height difference from,3

S

calibration standard analysis.

11. Procedure

the hand crimper.

11.3 Place the headspace vial in a 60°C oven for at least 5
min but for no more than 15 min.

11.4 Install an 0.5-mL sample loop if the anticipatedSH
concentration is between 1 and 100 ppmw, a 2.5-mL sample
loop if the anticipated KS concentration is between 0.1 and 50
ppmw, and a 10-mL sample loop if the anticipatedSH
concentration is between 0.01 and 10 ppmw. With Valve 2 in.
the load position (see Fig. 1) and Valve 1 closed, evacuate the
sample loop by opening Valve 3. When a vacuum of at
least — 70 kPag is achieved, then close Valve 3.

11.5 Take the headspace vial from the oven, and immedi-
ately insert the sampling needle (see Fig. 1) through the septum
of the headspace vial containing the residual fuel oil sample.

11.6 Open Valve 1, and let the sample fill the injection loop
until a reading of 0 kPa is achieved on the pressure/vacuum
gauge. Close Valve 1.

11.7 Place Valve 2 in thinject position (see Fig. 1) for 10
s to allow the carrier gas to sweep the sample to th& H
analyzer. Return Valve 2 to the load position. Remove sam-
pling needle from the vial. Record reading from the analyzer as
readingA,.

11.8 After the injection step, insert a needle connected to a
ine containing nitrogen at atmospheric pressure into the
septum to reestablish atmospheric pressure within the vial.

11.9 Repeat steps 11.3-11.9 with the same headspace vial
but record the reading from the analyzer as reading

11.10 Repeat steps 11.3-11.9 with the same headspace vial
but record the reading from the analyzer as readiggTwo
injections are sufficient for the required calculations but three
are required to verify the correctness of the multiple extraction
procedure.

12. Calculation

11.1 Remove a sample from refrigerated storage and allow 12.1 Regress the natural log (In) of readings A;, andAq
it to stand in the laboratory until it flows freely. A sample can @gainst the number of injections one, two, and three. A linear
be analyzed as soon as it flows freely. A sample that is still nogorrelation (correlation coefficient R> 0.95) must exist to

free flowing after sitting at laboratory ambient fbh should be

heated gently just until it flows freelyWarning— At no time

insure the correctness of the multiple extraction procedure. If
R’is not greater than 0.95, then repeat the procedure with a new
sample from a different container.
12.2 Calculate the concentration of$las outlined below.
12.3 Calculate the total area difference (or total height

14 This is one standard formula used in headspace analysis. For the derivation ?Iifference) using Eq 1

this formula see loffe, B. V., and Vitenberg, A. G.," Head-Space Analysis and
Related Method in Gas Chromatography,” Wiley-Interscience, John Wiley & Sons,

New York, 1984, pp. 131-142.

12.4 Calculate the concentration of$lin the sample (pg/g)
by multiplying the total area difference obtained for the
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residual fuel sample times the, 8 response factor and dividing Average Cy,S)r HO/g Repeatability
by the weight of the residual fuel oil sample in (g), Eq 4: g-gi2 8-834
37:3 1:9
RFHZS(% X Ar_(ared
Cihse = VAG) (5) The repeatability and reproducibility will be determined in a
round robin study within five years of adopting this test
gerg ctor from Eq 3 method.
2 = response factor from Eq 3, . : . .

C(H(ZS)F = concentration of kS in the residual fuel ol 13.2 Blas—Bla_s canpot be determlneq 'because t_here is no

Hg/g, reference rnatepal suitable for determining the bias of the
Ar, = total area or peak height difference fromg4 ~ Procedure in this test method.

residual fuel oil analysis, and
We = weight of residual fuel oil sample, g.

12.5 See Appendix X1 for an example calculation.

13. Precision and Bias

13.1 Precision—Based on limited information from one
laboratory*® the 95 % repeatability limits when using a lead
acetate paper detector are:

APPENDIX
(Nonmandatory Information)

X1. CALCULATION EXAMPLE

X1.1 See Table X1.1 information for an,8 calibration (1.6508x 10%)2 ?
standard and an analysis of a residual fuel oil. Using the A= 16508 10F — 1431 10 1'240% 10" area
information in Table X1.1 the following equations are appli- (X1.2)
cable. 16719 1.3468x 102 pg/ (X1.2)
=—F5 = 1. area .
Reus 1.240% 10° area Hg
TABLE X1.1 Example of Calibration Information (1.7327x 1072
- Ar = : =9.7318% 10’ area
we A A, Ay cooeaton, T 1.7327x 10’ — 1.4242% 100
H,S std 1.6508 x 10% 1.431 X 10°® 1.2166 X 10° 0.999 (Xl"?’)
10 pL/L (ppmv) Hg
167ug 1.3468x 10°° = x 9.7318x 10’ area
Fuel sample 1.7327 x 107 1.4242 X 107 1.2539 X 10’ 0.985 C — = 1.66 pg/g
0.0792 (g) (Hz9¢ 0.0792¢g :
(X1.4)
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