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Standard Test Method for
Sulfur in Gasoline by Wavelength Dispersive X-Ray
Fluorescence 1

This standard is issued under the fixed designation D 6334; 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.

1. Scope in Light Hydrocarbons, Motor Fuels and Oils by Ultravio-

1.1 This test method covers the quantitative determination €t Fluorescgnc?e _ _
of total sulfur in gasoline and gasoline-oxygenate blends. The D 5842 Practice for Sampling and Handling of Fuels for
Pooled Limit of Quantitation (PLOQ) was determined to be 15 _ Volatility Measuremertt

mg/kg. Therefore, the practical range for this test method is D 5854 Practice for Mixing and Handling of Liquid
from 15 to 940 mg/kg. Samples of Petroleum and Petroleum Products

Note 1—This concentration range is based on that used in thé3. Summary of Test Method

interlaboratory round robin as reported in Research Report #, which shows : ; _
that the range of sulfur in the round robin samples was from 1.5 to 940 8.1 The sample is placed in the X-ray beam, and the

mg/kg; however, below 15 mg/kg, the reproducibility approaches 100 %ntensny of the sulfur I line at 5.373 A is measured. The

of the concentration. intensity of a corrected background, measured at a recom-

mended wavelength of 5.190 A, or if a rhodium tube is used,

1.2 This standard does not purport t agddress all of the5.437 A is subtracted from this intensity. The resultant net

responsibilty of ihe User of tis standard to estabiish appro.cOUTINY Tate is-then compared (o a previously prepared
SP y . . PRI~ libration curve or equation to obtain the concentration of
priate safety and health practices and determine the applica:

- A . /A sulfur in mg/kg.

bility of regulatory limitation prior to useFor specific hazard 9’9

information, see Note.2 Note 2—Caution: Exposure to excessive quantities of X radiation is
1.3 The values stated in Sl units are to regarded as thijurious to health. Therefore, it is imperative that the operator avoid

standard. The preferred units are mg/kg sulfur exposing any part of his or her person, not only to primary X-rays, but also
’ ’ to secondary or scattered radiation that might be present. The X-ray

2. Referenced Documents spectrometer should be operated in accordance with the regulations of
recommendations governing the use of ionizing radiation.
2.1 ASTM Standards:

D 2622 Test Method for Sulfur in Petroleum Products by4. Significance and Use

X-Ray Spectrometry _ . 4.1 Knowledge of the presence of sulfur in petroleum
D 3210 Test Method for Comparing Colors of Films from products, especially fuels, helps predict performance charac-
Water-Emulsion Floor Polishés teristics, potential corrosion problems, and vehicle emission
D 4045 Test Method for Sulfur in Petroleum Products by|evels. In addition, some regulatory agencies mandate reduced
Hydrogenolysis and Rateometric Colorimétry levels of sulfur in reformulated type gasolines.
D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products 5. Interferences
D 4177 Practice for the Automatic Sampling of Petroleum 5.1 Fuels with compositions that vary from those specified
and Petroleum Products in 9.1 may be analyzed with standards made from base

D 4294 Test Method for Sulfur in Petroleum Products bymaterials that are of similar composition to minimize matrix
Energy-Dispersive X-Ray Fluorescence Spectrostopy effects.
D 5433 Test Method for the Determination of Total Sulfur 5.1.1 Fuels Containing oxygenates may be ana|yzed using

standards prepared with similar amounts of the same oxygenate
added to the standard dilution matrix. However, round robin
1 This test method is under the jurisdiction of ASTM Committee D-2 on studies done by the Western States Petroleum Association have

Petroleum Products and Lubricants and is the direct responsibility of Subcommitte8NOWN no significant bias in determining sulfur in gasolines

D02.030n Elemental Analysis. with and without oxygenates at regulatory levels (0 to 2.7
Current edition approved Nov. 10, 1998. Published January 1999. -
2 Annual Book of ASTM Standardéol 05.01. Welght percent Oxygen)'
3 Annual Book of ASTM Standardgol 15.04. —_—
4 Annual Book of ASTM Standardgol 05.02. 5 Annual Book of ASTM Standardgol 05.03.
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5.1.2 Methanol fuels (M85 and M100) exhibit interferenceslower cost material be used for daily calibration checks.
at this level of detection (<100 mg/kg). They can be analyzed ] . ]
using a calibration curve produced by diluting the standards i: Sampling and Specimen Preparation
a similar matrix of M85 or M100 or by Test Method D 2622. 8.1 Samples shall be taken in accordance with the instruc-

tions in Practice D 4057, D 4177, D 5842, or D 5854, where

6. Apparatus appropriate.

6.1 Wavelength Dispersive X-Ray Fluorescence Spectrom- 8.2 Clean and dry reusable cells before use. Disposable
eter (WDXRF) equipped for soft ray detection in the 5.37 A sample cups are not to be reused. Window material usually is
range. For optimum sensitivity to sulfur, equip the instrumentg um polyester, 8 um polycarbonate, or 6 um polypropylene

with the following: film. Renewal of the window of the sample cup is essential for
6.1.1 Optical Path of helium. the measurement of each sample. Avoid touching the inside of
6.1.2 Pulse-Height Analyzeror other means of energy the sample cup, the portion of the window film in the cup, or

discrimination. the instrument window that is exposed to X-rays. Oil from
6.1.3 Detector designed for the detection of long wave- fingerprints can affect the reading when analyzing for low

length X-rays. levels of sulfur. Wrinkles in the film will affect the number of

6.1.4 Analyzing Crystalsuitable for the dispersion of sulfur sulfur X-rays transmitted. Therefore, the importance of the
Ka X-rays within the angular range of the spectrometerfiim's tautness and cleanliness cannot be over stressed. Reca-
employed. Pentaerythritol and germanium are the most popuibrate the analyzer when you change the type or thickness of
lar, although materials, such as EDDT, ADP, graphite, andhe window film.
quartz, may be used. 8.3 Polyester films often contain impurities that may affect

6.1.5 X-Ray Tubecapable of exciting sulfur Kradiation.  the measurement of low levels of sulfur and may vary from lot
Tubes with anodes of rhodium, chromium, and scandium areo lot. Therefore, if using a polyester film, check the calibration
most popular, although other anodes may be suitable. with the start of each new roll.

7. Reagents 8.4 X-ray films may vary in thickness from batch to batch.
’ Check the calibration when starting a new roll of any film.
7.1 Di-n-Butyl Sulfide(MW — 146.30), a high-purity grade 8.5 Samples of high aromatic count may dissolve polyester

standard with a certified sulfur analysis. and polycarbonate films. In these cases, other materials besides
7.2 ThiopheneMW- 84.14), a high-purity (98+ %) grade these films may be used for X-ray windows, provided that they
standard with a certified sulfur analysis. do not contain any elemental impurities that can adversely

7.3 2-Methylthiophen&IW — 98.17), a high purity (98+ %) affect the results obtained by this test method.
grade standard with a standard sulfur analysis.

7.4 2,2,4-Trimethylpentane (Isooctane), reagent grade, 9. Calibration

MW-114.23. 9.1 Prepare calibration standards by the careful preparation
7.5 Methylbenzeng(Toluene), reagent grade, MW-92.14. " py mass of a 50:50 mixture (based on sulfur content) of the
7.6 Drift Correction Monitor(s), (Optional) several differ-  certified thiophene and 2-methyithiophene rebutyl sulfide

ent material have been found to be suitable for use as driffith 20 to 80 % mixture of toluene - isooctane or other suitable

correction monitors. Examples of sulfur containing materialspase material (see 5.1). Exact standards of the nominal sulfur

that meet these requirements are renewable liquid petroleughncentrations listed in Table 1 are recommended.

materials, semipermanent solids, pressed powder pellets, metalg 2 Preparation of Stock Standard

alloys, or fused glass disks. Bracket the calibration range with Weigh approximately 0.657 g of thiophene and 0.767 g of

concentrations of monitor samples. The counting rate for eacb-methylthiophene and record the masses to the nearest 0.1 mg,

monitor is determined during calibration (see 9.7) and again ajr weigh 2.286 ofi-butyl sulfide to the nearest 0.1 mg. Add the
the time of analysis (see 10.1). These counting rates are useddfndard materials to a tared 100 mL volumetric flask. Add
calculate a drift correction factor (see 11.1). mixed solvent of 20 % toluene and 80i&soctane (by volume)

7.7 Calibration Check Standardene or more liquid petro- or other base material (see 5.1) to a net mass of 50.000 + 0.010
leum or product standards of known sulfur content (which doy. This stock standard contains approximately 10 mg/g sulfur.
not represent one of the samples prepared in Section 9) aterrect the concentration by multiplying the measured masses
used to verify the accuracy of the calibration curve. by the sulfur equivalency in each of the standards, that is

7.8 Quality Control (QC) Sampleone or more stable liquid thjophene grams< 0.3803 X purity plus 2-methylthiophene
petroleum or product samples, which are used to verify that the

measurement system is in control. Preferably the QC sample(s)

. : TABLE 1 Nominal Sulfur Standard
should be representative of the samples typically analyzed. In omina’ SuTur Standards

TH Range 1 Range 2
cases V\./here.volatlllty Of the QC sample(s) may aﬁeCt the Sulfur Concentration Sulfur Concentration
sample integrity, precautions need to be taken to minimize or mglkg mglkg
eliminate sample losses prior to analysis to ensure that a stabie o 100
and representative sample can be taken and analyzed over the 5 250
period of intended use. It is permissible to use calibration 10 500

. ! : 50 1000
standards for this purpose. Since standard samples are dis- 100 —

carded after each determination, it is recommended that &
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