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Standard Test Method for
Trace Quantities of Sulfur in Light Liquid Petroleum
Hydrocarbons by Oxidative Microcoulometry 1

This standard is issued under the fixed designation D 3120; 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.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope* Petroleum Products

1.1 This test method covers the determination of sulfur D 6299 Practice for Applying Statistical Quality Assurance
concentration in the range from 3.0 to 1000 mg/kg in light Techniques to Evaluate Analytical Measurement System

liquid hydrocarbons boiling in the range from 26 to 274°C (80 Performance _
to 525°F). 2.2 OSHA Regulations:

1.2 Other materials falling within the distillation range OSHA Regulations 29 CFR, paragraphs 1910.1000 and
specified in 1.1, but having sulfur concentrations above 1000 1910.1206
mg/kg, may be tested using appropriate dilutions to bring the
within the specified limit. In addition, sample types that may bené' Summary of Test Method

outside the specified distillation range, such as diesels and 3-1 A liquid sample is introduced into a pyrolysis tube
biodiesels, may be analyzed by this test method. maintained at a temperature between 900-1200°C, having a

1.3 The values stated in SI units are to be regarded as tHPWing stream of gas containing 50-80% oxygen and 20-50%

standard. The values given in parentheses are provided fé#ert gas (for example, argon, helium, etc.) Oxidative pyrolysis
information only. The preferred units are milligrams per CONVerts the sulfur to sulfur dioxide, which then flows into a

kilogram (mg/kg). titration cell Where__it r_eactfs with triiodide ipn present ir_1 the
1.4 This standard does not purport to address all of the€lectrolyte. The triiodide ion consum_ed is coulomgtr_mally

safety concerns, if any, associated with its use. It is thdeplaced and the total current)@_t) required to replace it is a

responsibility of the user of this standard to establish appro-measure of the sulfur present in the sample.

priate safety and health practices and determine the applica- 3-2 The reaction occurring in the titration cell as sulfur

bility of regulatory limitations prior to useFor specific hazard dioxide enters is:

statements, see Sections 7-9. l;7 + SO, + H,O - SO; + 317 +2H" (1)

2 Referenced Documents The triiodide ion consumed in the above reaction is gener-
21 ASTM Standards: ated coulometrically thus:

D 1193 Specification for Reagent Water 317 - 13 + 26 )
D 1298 Test Method for Density, Relative Density (Specific 3.3 These microequivalents of triiodide ion (iodine) are

Gravity), or APl Gravity of Crude Petroleum and Liquid equal to the number of microequivalents of titratable, S
Petroleum Products by Hydrometer MetRod entering the titration cell.

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Metey 4. Significance and Use
D 4057 Practice for Manual Sampling of Petroleum and 4.1 This test method is used to determine the concentration
Petroleum Products of sulfur in light liquid hydrocarbons, gasoline, and diesels and
D 4177 Practice for Automatic Sampling of Petroleum andtheir additives, where such concentrations of sulfur can be
detrimental to their production, performance, and use. The
measurement of sulfur in the production and final product of
1 This test method is under the jurisdiction of ASTM Committee D02 on gasollne and diesel is reqwred for both regulatory purposes and

Petroleum Products and Lubricants and is the direct responsibility of Subcommittel® €NSUre maximum life expectancy of catalytic converters
D02.03 on Elemental Analysis. used in the automotive industry.
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approved in 1972. Last previous edition approved in 2003 as D 3120-03. —
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5. Interferences 6.7 Dryer Tube—The oxidation of samples produces water

5.1 This test method is applicable in the presence of totayapor which, if allowed to condense between the exit of the
halide concentrations of up to 10 times the sulfur level and totalPyolysis tube and the titration cell, will absorb the Sormed
nitrogen concentrations of up to 1000 times the sulfur level. @nd resultin low recovery. Steps shall be taken to prevent such

5.1.1 Stringent techniques shall be employed and all pos3n occurrence. This is easily accomplished by placing a
sible sources of sulfur contamination eliminated to attain the?hosphoric acid dehydration tube between the titration cell and
quantitative detectability capable with this test method. exit of the pyrolysis tube. Other approaches, such as heating

5.2 This test method is not applicable in the presence of@Pe or permeation tubes, can be used if precision and accuracy
total heavy metal concentrations (for example, Ni, V, Pb, etc.jiré not degraded.

in excess of 500 mg/kg (ppm). 6.8 Sampling Syringes-Microlitre syringes able to accu-
rately deliver 5 to 80 mL of sample are required. The volume
6. Apparatus injected should not exceed 80% of a syringe’s capacity.

6.1 Furnace—Maintained at a temperature sufficient to 6.9 Sample Inlet SystemEither type of sample inlet system
completely pyrolyze the organic matrix, 900-1200°C, anddescribed can be used.
completely oxidize the organically bound sulfur to SO 6.9.1 Boat Inlet Syster-The inlet of the pyrolysis tube is
Independently controlled inlet and outlet temperature zones argealed to the boat inlet system. The system provides a cooled
optional. An electrical furnace has been found suitable to usearea before the furnace for the sample boat prior to quantitative

6.2 Pyrolysis Tube-Fabricated from quartz and constructed introduction of sample into the boat and is purged with the inert
so the sample is vaporized in a heated zone before the furnacarrier gas. The boat driving mechanism then fully inserts the
and swept into the oxidation zone by an inert carrier gas, wherboat into the oxidation zone of the furnace. The drive mecha-
the vaporized sample mixes with oxygen and is pyrolyzed. Thaism shall advance and retract the sample boat into and out of
inlet shall be constructed large enough to accommodate the oxidation zone of the furnace at a controlled and repeatable
sample boat completely into the oxidation zone of the pyrolysisate (see Note 2).
tube or allow the direct injection of the sample into the heated 6.9.1.1 Boat Inlet Cooler (Optionah-Sample volatility and
zone before the furnace. The pyrolysis tube shall have sidmjection volume may require an apparatus capable of cooling
arms for the introduction of oxygen and inert carrier gas.  the sample boat prior to sample introduction. Thermoelectric

6.3 Titration Cell—Consisting of a sensor/reference pair of coolers (peltier) or recirculating refrigerated liquid devices are
electrodes to detect changes in triiodide ion concentration, strongly recommended. Switching sample boats between each
generator anode-cathode pair of electrodes to maintain analysis may prove effective, provided sample size is not too
constant triiodide ion concentration, an inlet for gaseoudarge.
sample from the pyrolysis tube, and an outlet to vent the exit 6.9.1.2 Sample Boats-Quartz or other suitable material
gases from the titration cell. The reference electrode can b&hich will not react with the sample or sulfur compounds
either an Ag/AgCl double junction reference electrode or aeing analyzed and able to withstand the temperatures ex-
platinum wire in a saturated triiodide half-cell. The sensortremes of the test method.
electrode and both the anode and cathode electrodes of the6.9.2 Syringe Inlet SystemThe system shall deliver a
generator are made of platinum. The titration cell shall requirequantitative amount of sample from a microlitre syringe into a
mixing, which can be accomplished with a magnetic stir barheated area before the oxidation zone of the pyrolysis tube at
stream of gas, or other suitable means. Other sensor aracontrolled and repeatable rate. There the sample is volatilized
reference electrodes may be used if they meet the performanead the inert carrier gas stream purging the heated area
criteria of this test method. transports the volatilized sample into the oxidation zone of the

Note 1—Take care not to use excessive stirring and possibly damagBYrOIYSIS furnace. An adJUSta_ble P'“Ve meChamsm capable of
the electrodes with the stir bar. The creation of a slight vortex is adequatdnjecting the sample from a microlitre syringe at a constant rate

6.4 Microcoulometer—The apparatus’ microcoulometer, between 0.5 to 1.0 mL/s is required (see Note 2).
with variable attenuation and gain control, shall be capable of Nore 2—Take care not to introduce the sample too fast into the
measuring the potential of the sensing-reference electrode paixidation zone of the furnace and overload the combustion capacity of the
and compare this potential to a bias potential. By amp"fyingpyrolysis tube. Program the sample inlet system to deliver the sample at
this potential difference and applying the difference to e sufficiently controlled and repeatable rate to prevent any incomplete
working-auxiliary pair of electrodes (the generator), a titrant iScombustion by-products (coke or soot) from forming at the exit of the
g y pa \the g ' pfyrolysis tube.
generated. The microcoulometer integrates the amount o i o .
current used, calculates the equivalent mass of sulfur titrated 6-10 Balance—With a weighing precision of-0.01 mg.
and calculates the concentration of sulfur in the sample. )

6.5 Strip Chart Recorder (Optiona#-To monitor and plot /- Reagents and Materials
the mV potential of the titration cell during the analysis. 7.1 Purity of Reagents-Reagent grade chemicals shall be

p g . . . . . . . . .

6.6 Flow Contro—The apparatus shall be equipped with used in all tests. Unless otherwise indicated, it is intended that

flow controllers capable of maintaining a constant supply ofall reagents shall conform to the specifications of the Commit-

oxygen and inert carrier gas. tee on Analytical Reagents of the American Chemical Society,
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TABLE 1 Recommended Preparation of Working Standards

Working Standard Concentration, Stock Standard Concentration, Volume Stock Standard, Total Volume Working Standard,
ug-S/mL pg-S/mL mL mL
500 1000 25 50
50 1000 5 100
10 5007 2 100

A Working standard.

TABLE 2 Recommended Calibration Standards versus Desired Calibration Range

Calibration Range, mg-S/kg Calibration Standards Concentration
Concentration 1, Concentration 2, Concentration 3,
mg-S/mL mg-S/mL mg-S/mL
Trace-2.5 0.2 1.0 2.5
0.5-50 0.2 5 50
1.0-250 0.5 10 250
2.5-500 1.0 25 500
5.0-1000 25 50 1000

where such specifications are availabl@ther grades may be  7.12 Potassium Chloridg¢KCl), fine granular. Used for the
used, provided it is first ascertained that the reagent is ofM Ag/AgCl double junction reference electrode.
sufficiently high purity to permit its use without lessening the 7.13 Potassium Nitratd KNO3), fine granular. Used for the
accuracy of the determination. 1M Ag/AgCI double junction reference electrode.

7.2 Purity of Water—Unless otherwise indicated, references  7.14 lodine (1), 20 mesh or less, for saturated reference
to water shall be understood to mean reagent water conforminglectrode.

to Specification D 1193, Type Il and II. 7.15 Toluene, Xylenes, IsooctandReagent grade. (Other
7.3 Quartz Woot-Grade fine. solvents similar to those occurring in the samples being
7.4 Acetic Acid (CH;COOH)—Glacial acetic acid with analyzed are acceptable.) A solvent blank correction is required

specific gravity = 1.05.Warning—Poison. Corrosive. Com- due to the inherent sulfur present in the solvents used for

bustible. May be fatal if swallowed. Causes severe burnsstandard preparation and sample dilutioWagning—

Harmful if inhaled.) Flammable solvents. Harmful if inhaled. Vapors may cause
7.5 Phosphoric Acid (85 % w/w)-Orthophosphoric acid  flash fire.)

(H5PQ,). (Warning—Poison. Corrosive. May be fatal if swal- .

lowed. Causes severe burns.) No_TE 4—The use of solve_nts with non-detectable levels of sulfur
7.6 Inert Gas—Argon or helium, high purity grade (Hlﬁ), (r;;l;arté\(/jiotr(: the sulfur content in the sample can make the solvent blank

. . A unnecessary.

used as carrier gasWarning— Compressed gas under high

pressure. Gas reduces oxygen available for breathing.) 7.16 Dibenzothiophene-FW 184.26, 17.399 % (mass/
7.7 Oxyger—High purity grade (HP¥ used as the reactant mass) S (see Note 4).

gas. Warning—Oxygen vigorously accelerates combustion.) 7.17 n-Butyl Sulfide-FW 146.29, 21.92 % (mass/mass) S
7.8 Gas Regulators-Two-stage gas regulators shall be used(see Note 4).

for the oxygen and inert carrier gas. 7.18 Thionaphthene (BenzothiophenefW 134.20,
7.9 Cell Electrolyte Solution-Dissolve 0.5 g of potassium 23.90% (mass/mass) S (see Note 4).

iodide (KI) and 0.6 g of sodium azide (NgNn approximately

500 mL of high-purity water, add 6 mL of glacial acetic acid

(CH;COOH), and dilute to 1000 mL or follow the manufac-
turer's specifications. 7.19 Sulfur, Standard Solutiofapproximately 1000 mg-S/

» , mL)—Prepare a stock solution by accurately weighing ap-
Note 3—Take care to store bulk quantities of the electrolyte in a dark roximately 0.5748 g of dibenzothiophene or 0.4652 g of

mi‘;‘fhs'f is recommended to prepare fresh electrolyte at least every thrér?e—butyl sulfide or 0.4184 g of thionaphathene into a tared 100

. . i i mL, type A volumetric flask. Dilute to volume with a selected
7.10 Sodium Azide(NaN;), fine granular. Waming—  gopent. This stock can then be further diluted to prepare sulfur
Toxic. Causes eye and skin irritation. Explosive.)

. . ) working and calibration standards as outlined in Tables 1-3
7.11 Potassium lodid€Kl), fine granular. (see Notes 6-8).

Note 5—A correction for chemical impurity can be applied if deemed
necessary.

AXBXxCx 10

Hg=SmL = =750 mL ®

“Reagent Chemicals, American Chemical Society Specificatimerican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, sdanual Standards for Laboratory ~ Where:
ChemicalsBDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia A = grams of standard.

and National Formularyl.S. Pharmacopeial Convention, Inc. (USPC), Rockville, B weight of fraction sulfur (S) in standard.

8 High-purity grade gas has a minimum purity of 99.995 %. c WEIgh'[ of fraction standard purtty.
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TABLE 3 Recommended Preparation of Calibration Standards

Concentration Working Standard, Volume of Working Standard, Total Volume Calibration Standard, Concentration Calibration Standard,
pg-S/mL mL mL pg-S/mL
10 2 100 0.2
10 5 100 0.5
50 2 100 1.0
50 5 100 25
50 10 100 5.0
500 5 100 25
500 10 100 50
1000 25 100 250
500 L C 500
10004 A A 10004

A Standard stock solution.

7.20 Sulfur, Standard Working SolutierPrepare the work- 10. Preparation of Apparatus
ing standards using standard type A volumetric pipet as 101 cCarefully insert the quartz pyrolysis tube into the
outlined in Table 1. furnace, and connect the oxygen and inert carrier gas lines.
Note 6—Working and calibration standards prepared on a regular basis 10.2 Connect the boat drive system or syringe drive system
recommended, depending upon frequency of use and age. Stock solutiote the pyrolysis tube.

typically have a useful life of about 3 months. _ 10.3 Perform a leak check according to the manufacturer’s
Note 7—Calibration standards can be prepared and diluted on anstructions.

mass/mass basis, when calculation results are adjusted to accommodate, . . .
them ) 10.4 Assemble the titration cell, and add all required solu-

Note 8—Stock, working and calibration standards from commercialions, including cell electrolyte, according to the manufactur-
sources can be used if checked for accuracy and can meet the performar@gs instructions.
criteria of this test method. 10.5 Connect the titration cell to the apparatus according to

7.21 Quality Assurance (QA) SamplesSamples that are the manufacturer’s instructions.
liquid petroleum materials or standards products of known 10.6 Adjust the flow of gases and set the furnace tempera-
sulfur content that were not used in the generation of thdures and instrumental parameters according to the manufac-
apparatus’ calibration curve. These (QA) samples are to biIrer's instructions.
used to check the validity of the testing process as described in 10.7 If using a boat inlet system, pre-bake the sample boats
Section 11. An ample supply of QA sample material should baised for the analysis per the manufacturer’s instructions.
available for the intended period of use and shall also be
homogenous and stable under the anticipated storage time aid. Calibration and Standardization

conditions. 11.1 Following the manufacturer's recommended proce-
dures, set the operational parameters of the apparatus for
8. Hazards internal calibration. If the apparatus is not so equipped, analyze

8.1 High temperature is employed in this test method. Extrahe solvent blank and calibration standards, record their values
care shall be exercised when using flammable materials neas pg or ng of sulfur, and manually generate a calibration
the furnace. curve.

8.2 Consult current OSHA regulations and supplier's Mate- 11.2 Calibration Standards-Select the desired calibration
rial Safety Data Sheets (MSDS) for materials used in this testange from Table 2. Prepare the appropriate calibration stan-

method. dards for the range selected as outlined in Table 3. The
calibration standards concentrations are calculated based on the
9. Sampling formula below:
9.1 Obtain a test sample in accordance with Practice D 4057 AXB

or Practice D 4177. To preserve volatile components which are ~ Calibration Standard Concentration +8/mL = 7557 - (4)
in some samples, do not uncover samples any longer than
necessary. Samples should be analyzed as soon as possi
after collection from bulk supplies to prevent loss of sulfur, or
contamination due to exposure or contact with sample con-
tainer. Note 9—A calibration curve with three standards is recommended. Itis

9.1.1 Warning— Samples collected at temperatures belowrecommended to use standards covering the range of sulfur concentrations
room temperature can undergo expansion and rupture tmypected in the samples belng analyzed. Calibratiqn CL.II’VeS Wlth OI’.le or
container. For such samples, do no il the container 0 the to? laad can b used i can b shoun he callvaton cue s near
leave S.UfﬁCIem air space above the sample to allow room fogerformance criteria of thi§J test mgethod. Larger series of standards can
expansion.) also be used if it can be shown the calibration curve is linear over the

9.2 If the test sample is not used immediately, thoroughlyconcentration range being measured and the standards meet the perfor-
mix the container prior to taking a test specimen. mance criteria of this test method.

here:
png-S/mL of working or stock solution.
mL of working or stock solution.
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Note 10—The use of calibration standards with different concentra-ing the combustion capacity of the system.
tions is possible provided they cover the expected concentration range for Nore 13—The residence time required to completely oxidize any
the samples being analyzed and meet the performance criteria of this tagfmaining residue in the boat is dependent on the sample matrix. A 120-s
method. residence time is usually sufficient. Increase the residence time, if
11.3 Select the appropriate syringe based on the reconfiecessary, to ensure complete oxidation of the sample.
mended sample size in Table 4 for the concentration of NoTe 14—The level of boat cooling required prior to sample injection
standards used to calibrate the apparatus. is dlrectly rglated to the vola_t|I|ty and size of_ sample. The use of a boat
11.4 Flush the microlitre syringe several times with theC00|mg device, an increase in boat co_ollng time, or both, can be used to
. . _ .~ Tcontrol the vaporization of sample until the boat approaches the furnace.
sample prior to analysis. If bubbles are present in the I|qU|cf
column, flush the syringe and withdraw a new sample. 11.5.4.1 Reduce the boat drive introduction rate, sample
11.5 The sample size can be determined volumetrically ofize or both if coke or soot is observed on the exit end of the
by mass with a syringe. The sample size should be 80% or leg¥yrolysis tube. Increase the residence time for the boat in the
of the syringe’s capacity. oxidation zone of the furnace if coke or soot is observed on the
11.5.1 Volumetric MeasurementObtain the volume of in- boat after the analysis is finished.
jected material by filling the syringe to the selected level, 11.5.5Syringe Inlet SystemFor direct injection, carefully
retracting the plunger so the lower meniscus falls on the 10%1sert the syringe needle into the inlet of the combustion tube
scale mark, and recording the volume of liquid in the syringeand attach the syringe to the driving mechanism. Allow time
After the sample has been injected, retract the plunger again der the sample residues to be volatilized from the needle
the lower liquid meniscus falls on the 10% scale mark, andneedle blank). Once the baseline has been reestablished,
record the volume of liquid in the syringe. The differenceimmediately start the analysis. Remove the syringe once the

between the two readings is the volume of sample injected. Sample has been syringe once the sample has been completely

_ _ o _ _injected and the analysis is finished.
Note 11—An automatic sampling and injection device can be used in

place of the procedure described for the manual syringe injection. Note 15—To avoid overloading the combustion capacity of the system,

11.5.2 Mass MeasurementThe sample syringe may be injection rates between 0.5-1.0 pL/s are recommended.
weighed before and after the injection to determine the amount 11.5.5.1 Reduce the sample size, rate of injection, or both,
of sample injected. This technique provides greater precisiofor the direct injection the test sample into the furnace if coke
than the volume delivery method, provided a balance with ar soot is observed on the exit end of the pyrolysis tube.
precision of=0.01 mg is used. 11.6 Calibrate the instrument using one of the following two
11.5.3 Once the appropriate sample size has been measurtedhniques:
into the microlitre syringe, promptly and quantitatively deliver 11.6.1 Automatic Internal Calibration-Measure the cali-
the sample into the apparatus. Again, there are two alternatiieration standards and solvent blank using one of the procedures
technigues available. described in 11.3-11.5.5. Analyze the solvent blank and each
11.5.4 Boat Inlet System-Add the sample by slowly dis- standard a minimum of three times. Calibrate the apparatus per
charging quantitatively the contents of the syringe into athe manufacturer’'s instructions. Use either a first or second
sample boat containing quartz wool, being careful to includeorder linear regression and use this calibration curve to
the last drop from the tip of the syringe needle. Remove theletermine the amount of sulfur in the unknown sample. The
syringe and immediately start the analysis. The apparatusystem’s performance shall be checked each day of use. (See
baseline should remain stable until the boat approaches tt&ection 12.)
furnace and volatilization of sample begins (see Note 12). The 11.6.2 Manual Calibration Curve-Measure the solvent
program of the inlet system should keep the boat completely iblank and calibration standards using one of the procedures
the oxidation zone of the furnace a time (residence timefescribed in 11.3-11.5.5. Analyze the solvent blank and each
sufficient to totally oxidize the sample before withdrawing the calibration standard a minimum of three times and record their
sample boat out of the furnace (see Note 13). Allow at least 2bsolute values in either pg or ng sulfur. Subtract the averaged
min for cooling before the next sample injection after the boablank value from each calibration standard and construct a
has reached the fully retracted position (see Note 14). curve plotting the mass of sulfur measured for each calibration
Note 12—It s recommended, if necessary, to reduce the boat speed, standard -axis) verses the theoretical mass of sulfur injected.

briefly pause the boat, or both, as it is introduced into the oxidation zoni:ge_rform a first or second Or_der linear regression and _use the
of the furnace to ensure complete sample combustion and avoid overloagalibration curve to determine the amount of sulfur in the
unknown sample. The system’s performance shall be checked

each day of use. (See Section 12.)

TABLE 4 Recommended Sample Size for Expected Sample . . o
Concentrations Note 16—Not all of the sulfur in the sample exits the oxidation zone of

the furnace as titratable SOIn the strongly oxidative conditions of the

Sample n? O?Sclekmrat'ons‘ Injected |\_/ olume, Mass i"f”r’ pyrolysis tube, some of the sulfur is also converted ta, $@ich does not
=7 a M9 react with the titrant. Accordingly, sulfur standards appropriate to the
Trace-5.0 80 Trace-0.25 sample’s boiling range and sulfur type is recommended to guarantee
1(?635500 gg 8:82:;8 adequate calibration. Recoveries less than 75% are to be considered
2.5-500 20 0.05-5.0 suspect. If recoveries below 75% are observed, it is recommended the
5.0-1000 10 0.05-10 operator check the coulometric system, measuring parameters, and oper-

ating techniques are in proper order. If the apparatus is being operated
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properly, recoveries between 75 to 90% are to be expected. 12. Quality Assurance (QA)

11.7 If the fraction of sulfur converted to S$(Pecovery 12.1 Confirm the performance of the instrument of the test
factors) drops below 75% of the standard solutions, Prepargrocedure by analyzing a quality control (QC) sample after
fresh standards to check if the standards have been altereéiach calibration and at least each day of use thereafter.
Procedural details should be reviewed if a low recovery factors 12.2 When QC/QA protocols are already established in the

pelriiSSt.CIeaning and Recalibratioa-Clean any coked or testing facility, these can be used when they confirm the

sooted parts per the manufacturer’s instructions. Assemble afgliability of the test .result. . .
leak check the apparatus per the manufacturer’s instructions 12.3 When there is not QC/QA protocol established in the

after any cleaning or adjustment. Repeat instrument calibratiotesting facility, Appendix X1 can be used as the QC/QA
prior to reanalysis of test samples. system.

100 —

90 —

% Recovery
[oe]
wr

|

75 —

70 —

65

700 750 800 850 900 950 1000

Center Furnace Temperature (°C)

Oxidative sulfur system: Thiophene in cyclohexane (10 ppm S) using 0.06% azide electrolyte

Flow rate (cc/min)

Legend Oxygen Argon 07 /Ar ratio
O—0© «w 160 1:4
D‘ -- ‘E 100 100 1:1
N—\ 160 40 4
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13. Procedure V = volume of test sample solution injected, either
13.1 Obtain a test sample using the procedure described in measured directly or calculated from measured

Section 9. The sulfur concentration in the test sample shall be mass injected and density, M/D, pL.

less than the concentration of the highest standard and greatét = density of sample, g/mL.

than the concentration of the lowest standard used in thet000 = Factor to convert ug/mg to mg/kg (ppm).
calibration. If required, a dilution should be performed on

either a weight or volume basis. 15. Precision and Bias

13.1.1 Gravimetric Dilution, (mass/mass)Record the 15.1 The precision of this test method was determined by
mass of the test sample and the total mass of the sample aftftistical examination of test results obtained in two separate
solvent. interlaboratory studies. Details of the first interlaboratory study

13.1.2 Volumetric Dilution, (mass/volume)Record the (Case I can be found in RR:D02-1036. The second interlabo-

mass of the test sample and the total volume of the test sampl@tory study (Case It involved 16 samples each of low
and solvent. level sulfur gasoline and diesel sample types analyzed by eight

13.2 Flush the sampling syringe several times with thdaboratories. A practical limit of quantitation (PLOQ) of3

unknown sample. Determine the sulfur concentration using ont;g g,fwaz'deularminetlj for the gasoline sample types-did
of the procedures described in 11.3-11.5.5. “91% 1 10|;e Iee?uazﬁirtnp e types.
13.3 Inspect the combustion tube and other flow path o P Y

components to verify complete oxidation of the test sample 15.1.1.1 Case +The difference between two test results
o " obtained by the same operator with the same apparatus under
13.3.1 Boat Inlet SystemsReduce the boat drive introduc- y b PP

. X : . constant operating conditions on identical test material would,
tion rate, sample size, or both, if coke or soot is observed on the, o |ong run, in the normal and correct operation of the test
exit end Qf the py_roly_5|s tbe. Increase the r§5|dence time f_otrnethod, exceed the following values in only in 1 case in 20,
the boat in the oxidation zone of the furnace if coke or soot ISyherex = the average of the of two test results

observed on the boat after the analysis is finished.
13.3.2 Syringe Inlet SystemsReduce the sample size, rate r = 0.2802x 704 @

of injection, or both, for the direct injection the test sample into  15.1.1.2 Case II—Gasoline samples between approximately

the furnace if coke or soot is observed on the exit end of th& and 100 pg/g and diesel samples between approximately 5

pyrolysis tube. and 40 pg/g were analyzed. The repeatability values deter-
13.3.3 Cleaning and Recalibratior-Clean any coked or mined were as follows:

sooted parts per the manufacturer’s instructions. Assemble and Gasoline: 0.03194(X + 7.4502)1:3226

leak check the apparatus per the manufacturer’s instructions Diesel: 0.08520 (X + 0.65758) '

after any cleaning or adjustment. Repeat instrument calibration where: X is the average of duplicate results in ug/g

prior to reanalysis of test samples. 15.1.2 Reproducibility
13.4 To obtain one result measure each test sample solution15.1.2.1Case +The difference between two single and

three times and calculate the average value. independent results obtained by different operators working in

13.5 If the sample size is determined by volume, densitfifferent laboratories on identical test material would, in the
values needed for calculations are to be measured (using Té8f'd run, in the normal and correct operation of the test
Method D 1298, Test Method D 4052, or equivalent) at themethod, exceed the following values in 1 case in 20, where
temperature at which the sample was tested. If the sample sizeth® average of two test results.
was determined by weight, density values are not required. R = 0.5793X (07900 @)

15.1.2.2 Case I—Gasoline samples between approximately
3 and 100 mg/g and diesel samples between approximately 5
14.1 Calculate the sulfur concentration in the test sample imnd 40 pg/g were analyzed. The reproducibility values deter-

14. Calculation

mg/kg (ppm) as follows: mined were as follows:
C % 1000 Gasoline: 0.1470(X + 7.4502)*3226
Sulfur, mg/kg(ppm) = M<K ©of (5) Diesel: 0.5152(X + 0.65758)
where: X is the average of duplicate results in pg/g
C x 1000 . . :
Sulfur, mg/kg(ppm) =~ (6) 15.2 Bias—Three National Institute of Standards and Tech-
nology (NIST) Standard Reference Materials (SRM) were

where: analyzed to determine the bias. These samples were gasoline
C = sulfur found in test sample (either directly from the SRMs 2298 (4.6 ug/g S) and 2299 (13.6 pg/g S), and diesel

instrument or calculated manually from the calibra-
tion curve), ug.
K = gravimetric dilution factor, mass of test sample/

9 Supporting data have been filed at ASTM International Headquarters and ma
mass of test sample and solvent, g/g. pporind a Y

be obtained by requesting Research Reports RR:D02-1036.

M = mass of test sample solution injected, either directly 10 supporting data have been filed at ASTM International Headquarters and may
measured or calculated from measured volume be obtained by requesting Research Report RR:D02-1546.
injected and density \K D, mg 1 Supporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR:D02-1547.
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SRM 2723a (10 ug/g S). There was no significant bias forl6. Keywords
SRMs 2299 and 2723a. However, there was a bias of -1.25 for

SRM 22988 11 16.1 light hydrocarbons; microcoulometry; sulfur

APPENDIXES
(Nonmandatory Information)

X1. QUALITY CONTROL (QC)

X1.1 Confirm the performance of the instrument or the testest method, the frequency of QC testing is dependent of the
procedure by analyzing a quality control sample. criticality of the quality being measured, the demonstrated
stability of the testing process, and customer requirements.

X1.2 Prior to monitoring the measurement process, the us%generally, a QC sample is analyzed each testing day with

of the test method needs to determine the average value angd i . .
T . utine samples. The QC frequency should be increased if a
control limits of the QC sample (see Practice D 6299 and MNLIarge numbgr of samp?les ar?:,- rout)i/nely analyzed. However

1
). when it is demonstrated that the testing is under statistical
X1.3 Record the QC results and analyze by control chartsontrol, the QC testing frequency may be reduced. The QC
or other statistically equivalent techniques to ascertain theample precision should be checked against the ASTM test
statistical control status of the total testing process (see Practiceethod precision to ensure data quality.
D 6299 and MNL 7?). Any out -of-control data should trigger
investigation for root cause(s). The results of this investigation X1.5 It is recommended that, if possible, the type of QC
may, but not necessarily, result in instrument e-calibration. sample that is regularly tested be representative of the material
. . . . routinely analyzed. An ample supply of QC sample material
X1.4 In the absence of explicit requirements given in theshould be available for the intended period of use, and shall be
homogeneous and stable under the anticipated storage condi-
2 ASTM MNL 7, Manual on Presentation of Data Control Chart Analysih tions. See Practice D 6299 and MNE?7or further guidance
ed., available from ASTM International, W. Conshohocken, PA 19428. on QC and control charting techniques.

X2. DERIVATION OF COULOMETRIC CALCULATIONS USED IN SECTION 14

X2.1 The configuration of the pyrolysis tube and furnacetitration cell reaction ¢~ +2e - 3I". The quantity of the
may be constructed as is desirable as long as the operatimgactant formed (triiodide ions) between the beginning and the
parameters are met. Fig. X2.1 is typical of apparatus currentljxterruption of current at the end of the titration is directly
in use. proportional to the net charge transferr€it,.

X2.2 Atypical assembly and oxidative gas flow through a X2.3.2 In most applicatioqs a constant current is used so
coulometric apparatus for the determination of trace sulfur ighat the product of currenti, in amperes (coulombs per

shown in Fig. X2.2. second), multiplied by the timé, (seconds), required to reach
o _ the end point provides a measure of the cha@éoulombs),
X2.3 Derivation of Equations: necessary to generate the iodine equivalent to the reactant; that

X2.3.1 The derivation of the equations used in the calculais, Q = it. Therefore, the number of equivalents of reactant is
tion section is based on the coulometric replacement of thequal toQ/F, whereF is the Faraday constant, 96 500 C per
triiodide (iodine) ions consumed in the microcoulometric equivalent.

X2.3.3 Therefore, the expression to be solved to find the
-urmece mass of reactant is:

Outlet Center Inlet
i ﬂ::-ﬂ QC) | 169
W FC eq

;

s |

[

i Reactant Gas | . mass of sulfur,g  eq

Vo[ Tape Oxygen —E ’ Concentration of sulfur- F=e<oF sample, g mass of sample, ¢

e m e Heater J (x21)

Carrier Gas

Argon —
FIG. X2.1 Typical Pyrolysis Tube
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Inlet Qutlet
Zone Z
Sample Injection Pyrolysis one
Septum l Zime /
L V// MiCl‘O—
Argon S G (L ‘_l coulometer
Oseygen W7/
Pyrolysis Furnace

Titration
Cell

Potentio-
metric
Recorder

FIG. X2.2 Flow Diagram for Typical Coulometric Apparatus for Trace Sulfur Determination

0.1mV_ 2min , 60s 10%V 16 g 16°ug Therefore,
hgS= Ain2x - I TH TV €9 s AX 12X 107X 16X 10°ug .
R(0) X —oq— X & XD Mg S= R'X 96 500 T (X2.5)
(X2.2) Therefore,
where: Mg S= (A X 1.99/(R X f) (X2.6)
Ain? = peak area measured in square inches. : _ .
0.1 mV/in. = millivolt span of upscale deflection for the Since ppm = Hg/g:
recorder. AX1.99
. L . S=soro——— X2.7
2 min/in. = chart speed in minutes per inch. PPM S= R volume, L (x2.7)
60 s/min = conversion of time in minutes to seconds. . mL g
103V/mV = conversion of volts to millivolts. X 107 x density e
16 g/eq = gram-equivalent of sulfur. 5
10° uglg = micrograms per gram conversion factor. __ AxX199x10°
i ; ; i PPM S= R F5 volume X densit (X2.8)
R(Q2) = microcoulometer range switch setting in olumex density
ohms.
substitutingV/R =1 (amps) Since mass = volumz density
01mV_2min_60s 103V =
L2 ouUs ppm S= (A X 1.99/(R X f X mass, ¢ (X2.9)
AN X ==X T X min X Tmv o ) ) ) )
Q(As) = =) (X2.3) X2.3.4 Derivation with Disk Integrator—Ain Eq X2.6 is
expressed as iiHowever, it may also be expressed as counts.
~ Therefore A in.? = countsx 10 ~3 since 1 in? = 1000 counts.
F = 96 500 Cleq. . . Therefore, substituting counts 1072 for A in Eq X2.6 gives:
= Faraday’s constaht (electrical equivalence of one
gram-equivalent mass of any substance). Hg S= (countsx 1.99X 10 °)/(R X f) (X2.10)
A-s/C = conversion of coulombs to ampere-seconds. Then:
f = recovery factor (ratio of ppm S determined in ’
i countsx 1.99
et standard versus known ppm S in standard). ppm S— u - (X2.11)
Therefore, R X volume, pLXx density,m X f
5 169 10° pg
AX 12X 10 °A-sX eq X g ppm S= (countsxX 1.99x 10 %)/(R X mass, gx f)
Mg S= 96 500C_ A (X2.4) .
Rx ———~ 7« < X f NoTe X2.1—Counts = 100k number of integrator per full-scale
€q excursions.

2The value of the Faraday has been redetermined in 1960 by the National
Bureau of Standards: the new value is 96 482 coulombs (chemical scale).
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Subcommittee D02.03 has identified the location of selected changes to this standard since the last issue
(D 3120-03) that may impact the use of this standard. (Approved Sept. 10, 2003.)

(1) Updated Section 15, Precision and Bias, to incorporate
results obtained in a low level sulfur interlaboratory study.

Subcommittee D02.03 has identified the location of selected changes to this standard since the last issue (D 3126%96(2002)
that may impact the use of this standard. (Approved March 10, 2003.)

(1) This is a complete rewrite of the original test method.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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