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INTERNATIONAL

Standard Test Method for
Determination of Total Sulfur in Light Hydrocarbons, Motor
Fuels and Oils by Ultraviolet Fluorescence

This standard is issued under the fixed designation D 5453; 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 epsilone] indicates an editorial change since the last revision or reapproval.

€' Note—Footnote 1 was corrected editorially in March 2001.

1. Scope Petroleum Producis
1.1 This test method covers the determination of total sulfur D 4177 Practice for Automatic Sampling of Petroleum and
in liquid hydrocarbons, boiling in the range from approxi- Petroleum FTVOdUC%S _ o _
0.2 and 20 cSt (MALS) at room temperature. Techniques to Evaluate Analytical Measurement System
1.2 Three separate inter-laboratory studies (ILS) on preci- Performancé
sion have determined that this test method is applicable tq
naphthas, distillates, oils, and motor fuels: such as gasoline, ] ) ) o
oxygen enriched gasoline (M-85, RFG), diesel, biodiesel and 3.1 A hydrocarbon sample is either directly injected or

jet fuel. Samples containing 1.0 to 8000 mg/kg total sulfur carP'aced in a sample boat. The sample or boat, or both, is inserted
be analyzed (Note 1). into a high temperature combustion tube where the sulfur is

oxidized to sulfur dioxide (Sg) in an oxygen rich atmosphere.
NoTe 1—Estimates_o_f the pqoled limit of quantification (PLOQ) for \water produced during the sample combustion is removed and
each of the three precision studies were calculate_d.VaIues ranged betwemb sample combustion gases are next exposed to ultraviolet
less than 1.0 and less than 5.0 mg/kg (see Section 8 and 14.1). (UV) light. The SQ, absorbs the energy from the UV light and
1.3 This test method is applicable for total sulfur determi-is converted to excited sulfur dioxide (S The fluorescence
nation in liquid hydrocarbons containing less than 0.35 %emitted from the excited SPas it returns to a stable state SO

Summary of Test Method

(m/m) halogen(s). _ _ is detected by a photomultiplier tube and the resulting signal is
1.4 The values stated in S| units are to be regarded a& measure Of the Su'fur Contained in the Sammning_
standard. Exposure to excessive quantities of ultraviolet (UV) light is

1.5 This standard does not purport to address all of thejnjurious to health. The operator must avoid exposing any part
safety concerns, if any, associated with its use. It is they their person, especially their eyes, not only to direct UV

responsibility of the user of this standard to establish appro-ight but also to secondary or scattered radiation that is present.
priate safety and health practices and determine the applica-

bility of regulatory limitations prior to useSee 3.1, 6.3, 6.4, 4. Significance and Use

8.1 and Section 7. 4.1 Some process catalysts used in petroleum and chemical
refining can be poisoned when trace amounts of sulfur bearing
materials are contained in the feedstocks. This test method can
2.1 ASTM Standards: be used to determine sulfur in process feeds sulfur in finished

D 1298 Test Method for Density, Relative Density (Specificproducts, and can also be used for purposes of regulatory
Gravity), or API Gravity of Crude Petroleum and Liquid ¢gntrol.

Petroleum Products by Hydrometer Metfod
D 4052 Test Method for Density and Relative Density of 5. Apparatus °
Liquids by Digital Density Metet 5.1 Furnace—An electric furnace held at a temperature
D 4057 Practice for Manual Sampllng of Petroleum and(1075 + 25°C) sufficient to pyr0|yze all of the Samp|e and
oxidize sulfur to SQ.
1 This test method is under the jurisdiction of ASTM Committee D02 on 5.2 Combustion Tube-A quartz combustion tube con-

Petroleum Products and Lubricantsand is the direct responsibility of Subcommittestructed to allow the direct injection of the sample into the
D02.030C on Electrometric Methods.
Current edition approved Jan. 10, 2000. Published March 2000. Originaly

2. Referenced Documents

published as D 5453 — 93. Last previous edition D 5453 — 93. 4 Annual Book of ASTM Standardgol 05.03.
2 Annual Book of ASTM Standardéol 05.01. S Apparatus manufactured in several variations by Antek Instruments, Inc.,
2 Annual Book of ASTM Standardgol 05.02. Houston, TX has been found suitable for this purpose.
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Ay D 5453

heated oxidation zone of the furnace or constructed so that thguartz. The combustion tube provides a cooling jacket for the
inlet end of the tube is large enough to accommodate a quarerea in which the retracted boat rests awaiting sample intro-
sample boat. The combustion tube must have side arms for tleiction from a microlitre syringe. A drive mechanism which
introduction of oxygen and carrier gas. The oxidation sectioradvances and withdraws the sample boat into and out of the
shall be large enough (see Fig. 1 and Fig. 2) to ensure completernace at a controlled and repeatable rate is required. See
combustion of the sample. Fig. 1 and Fig. 2 depict convenexample, Fig. 4.
tional combustion tubes. Other configurations are acceptable if 5.8 Refrigerated Circulator—An adjustable apparatus ca-
precision is not degraded. pable of delivering a coolant material at a constant temperature
5.3 Flow Control—The apparatus must be equipped withas low as 4°C could be required when using the boat inlet
flow controllers capable of maintaining a constant supply ofinjection method (optional).
oxygen and carrier gas. 5.9 Strip Chart Recorder(optional).
5.4 Drier Tube—The apparatus must be equipped with a 5.10 Balance with a precision of+ 0.01 mg (optional).
mechanism for the removal of water vapor. The oxidation
. . o . 6. Reagents
reaction produces water vapor which must be eliminated prior ) )
to measurement by the detector. This can be accomplished with 6-1 Purity of Reagents-Reagent grade chemicals shall be
a membrane dry|ng tube, Omrmeation dryerthat utilizes a used in tests. Unless otherwise |nd|Cated, it is intended that all
selective capillary action for water removal. reagents shall conform to the specifications of the Committee
5.5 UV Fluorescence DetecterA qualitative and quantita- ON Analytical Reagents of the American Chemical Society,
tive detector capable of measuring light emitted from thewhere such specifications are availabther grades may be
fluorescence of sulfur dioxide by UV light. used, provided it is first ascertained that the reagent is of
5.6 Microlitre Syringe—A microlitre syringe capable of Sufficiently high purity to permit its use without lessening the
accurately delivering 5 to 20-pL quantities. The needle shall b@ccuracy of the determination.

50 mm (& 5 mm) long. 6.2 Inert Gas—Argon or helium only, high purity grade
5.7 Sample Inlet SystemEither of two types of sample (thatis, chromatography or zero grade), 99.998 % minimum
inlet systems can be used. purity, moisture 5 ppm w/w maximum.

5.7.1 Direct Injection—A direct injection inlet system must 6.3 Oxyger—High purity (that is, chromatography or zero
be capable of allowing the quantitative delivery of the materialgrade), 99.75 % minimum purity, moisture 5 ppm w/w maxi-
to be analyzed into an inlet carrier stream which directs thénum, dried over molecular sievesVarning—Vigorously
sample into the oxidation zone at a controlled and repeatabccelerates combustion.
rate. A syringe drive mechanism which discharges the sample 6.4 Toluene, Xylenes, Isooctaneeagent grade (other sol-
from the microlitre syringe at a rate of approximately 1 pL/s isvents similar to those occurring in samples to be analyzed are
required. See example, Fig. 3. also acceptable). Correction for sulfur contribution from sol-

5.7.2 Boat Inlet System-An extended combustion tube Vents (solvent blank) used in standard preparation and sample
provides a seal to the inlet of the oxidation area and issweptby
a carrier gas. The system provides an area to position the Rreagent Chemicals, American Chemical Society Specificatidmerican
Samp|e Carrying mechanism (boat) at a retracted positioﬁhemical Society, Washington, DC. For suggestions on the testing of reagents not
removed from the furnace. The boat drive mechanism Wi”Iisted by the American Chemical Society, sAealar Standards for Laboratory

L . : . . Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
fU”y insert the boat into the hOtteSt_ section of the furnace InIet'amd National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
The sample boats and combustion tube are constructed ob.
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specimen dilution is required. Alternatively, use of a solvent 6.7 Thionaphthene (Benzothiophen&Ww134.20, 23.90 %
with nondetectable level of sulfur contamination relative to the(m/m) S (Note 2).
sulphur content in the sample unknown makes the blank

correction unnecessarwarning—Flammable solvents. Note 2—A correction for chemical impurity can be required.
6.5 DibenzothiopheneFW184.26, 17.399 % (m/m) S (Note 6.8 Quartz Woal
2). 6.9 Sulfur Stock Solutignl000 pg S/mL—Prepare a stock

6.6 Butyl Sulfide FW146.29, 21.92 % (m/m) S (Note 2).  solution by accurately weighing anproxID@<GANTISNLS
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