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INTERNATIONAL

Standard Test Method for
Total Sulfur in Aromatic Compounds by Hydrogenolysis and
Rateometric Colorimetry *

This standard is issued under the fixed designation D 6212; 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 Test Data to Determine Conformance with Specificafions

1.1 This test method covers the determination of sulfur in 2.2 Other Documents:
aromatic hydrocarbons, their derivatives, and related chemicals ©SHA Regulations, 29 CFR paragraphs 1910.1 and
having typical sulfur concentrations from 0.020 to 10 mg/kg. 1910.1206

1.2 This test method may be extended to higher concentr
tions by dilution. , - .

1.3 This test method is applicable to aromatic hydrocarbons 3-1 See Terminology D 4790 for definition of terms used in
and related chemicals such as benzene, toluene, cumeriBiS test method.
p-xylene,o-xylene, and to cyclohexane.

1.4 The following applies to all specified limits in this test . i . L
method: for purposes of determining conformance with this 4.1 Reductlvg ConfigurationThe gample IS lnjecte'd ata
standard, an observed value or a calculated value shall fPnstant rate into a hydrogenolysis apparatus. Within  this

rounded off to the nearest unit in the last right-hand digit use@PParatus the sample is pyrolyzed@nperatures in the range

for expressing the specification limit in accordance with the®f 1200°C to 1308 and in the presence of excess hydrogen.

rounding-off method of Practice E 29. Sulfur compounds are reduced to hydrogen sulfidgS{H

1.5 This standard does not purport to address all the Safet)ﬂnalysis is by rateometric detection of the colorimetric reac-

concerns, if any, associated with its use. It is the responsibilifio" ©f HzS with lead acetate. Hydrocarbon components are

of the user of this standard to establish appropriate safety an§Cnverted to gaseous such as methane during hydrogenolysis.
health practices and determine the applicability of regulatory 4-2 OxyhydroPyrolysis ConfiguratienSample is injected
limitations prior to useSpecific precautionary statements are@t & constant rate into an air stream and introduced into a

% Terminology

4. Summary of Test Method

given in 6.4, 7.5, 7.7, and 8.1. pyrolysis furnace. The sample flows through an inner tube
within the furnace where it combusts with the oxygen in the air
2. Referenced Documents carrier. SQ and SQ are formed from the sulfur compounds in
2.1 ASTM Standards: the sample. The sample then leaves the inner tube within the
D 1193 Specification for Reagent Waiter pyrolyzer and is mixed with hydrogen within the main reaction
D 3437 Practice for Sampling and Handling Liquid Cyclic tube and is pyrolyzedt temperatures in the range of 1200°C
Productd to 1300T (see Fig. 1). The SOand SQ formed within the

D 4045 Test Method for Sulfur in Petroleum Products byinner tube are then reduced tg$1 Analysis is by rateometric
Hydrogenolysis and Rateometric Colorimétry detection of the colorimetric reaction of,H with lead acetate.

D 4052 Test Method for Density and Relative Density 0f5 Significance and Use
Liquids by Digital Density MeteY g o . :

D 4790 Terminology of Aromatic Hydrocarbons and Re- 5.1 Sulfur can be a catalyst poison in the aromatic chemical
lated Chemicafs manufacturing process. This test method can be used to

E 29 Practice for Using Significant Digits in Test Digits in monitor the amount of sulfur in aromatic. hydrocarbons. Thi;
test method may also be used as a quality control tool and in

setting specifications for sulfur determination in finished prod-

1 This test method is under the jurisdiction of ASTM Committee D16 on ucts.
Aromatic Hydrocarbons and Related Chemicals and is the direct responsibility o
Subcommittee D16.04 on Instrumental Analysis. é Apparatus

Current edition approved Jan. 10, 1999. Published March 1999. Originaly 6.1 The apparatus of this test method can be setup in two
published as D 6212 — 97. Last previous edition D 6212 — 97.

2 Annual Book of ASTM Standard¢ol 11.01. _—

3 Annual Book of ASTM Standardg| 06.04. 5 Annual Book of ASTM Standardél 14.02.

4 Annual Book of ASTM Standardgl 05.02. ® Available from Superintendent of Documents, U.S. Government Printing

Office, Washington, DC 20402.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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different configurations, which will be described herein as the7. Reagents and Materials

‘reductive pyrolysis” configuration, and the “oxyhydropyroly- 7 1 purity of Chemicals-Reagent grade chemicals shall be
sis” configuration. The reductive pyrolsis configuration is theseq in all tests. Unless otherwise indicated, it is intended that
one referenced in Test Method D 4045. The oxyhydropyrolysigy|| reagents shall conform to the specifications of the Commit-
configuration is a modification of the reductive pyrolysis tee on Analytical Reagents of the American Chemical Society,
configuration that minimizes the formation of coke within the \yhere such specifications are availabBther grades may be
pyrolysis furnace when running aromatic samples. Both setupgsed, provided it is first ascertained that the reagent is of
can be used to measure sulfur in aromatic compounds agfficiently high purity to permit its use without lessening the
outlined in this test method. accuracy of the determination.

6.2 Pryolysis Furnace-A tube furnace that can provide an 7.2 Purity of Water—Unless otherwise indicated, reference
adjustable temperature of 900 to 1400°C. An 8-mm or largeto water shall be understood to mean Type IV, reagent grade
inner diameter is required in the furnace to fit reaction tubes ofvater, conforming to Specification D 1193.
sufficient size to pyrolyze the sample. 7.3 Sensing Tape-Lead-acetate-impregnated analytical-

6.2.1 Oxyhydrogen Furnace AdapterAn apparatus, used quality filter paper shall be used.
in the oxyhydropyrolysis set up, that fits to the front of the 7.4 Acetic Acid (5 %}-Mix 1 part by volume reagent grade
reaction tube and adds an injection tube that extends partiallglacial acetic acid with 19 parts water to prepare 5 % acetic
within the main reaction tube to about 1/2 way into the furnaceacid solution.

(see Fig. 1). The oxidative process occurs in the injection tube, 7.5 Hydrogen Gas-Use sulfur-free hydrogen of laboratory
then the combustion products of the sample are injected intgrade.
the flow of hydrogen at the hot zone. . Note 2—Warning: Hydrogen has wide explosive limits when mixed

6.2.2 Water Removal ApparatasA device that attaches \ith air.
close to the outlet of the pyrolysis furnace, used in the
e e O tnr inert e Commerca grade cyinr s s Sesfactory
ing filters held ét sub-ambient temperatures have been found 7 Instrume_nt Ai-Use dry, sulfur-free air Nltrpgen/
be suitable %&ygen, or helium/oxygen bottled gas blends containing no

' i i more than 30 % oxygen by volume can be used where air

6.3 Rateometric HS Detector—Hydrogenolysis products  iities are not available.
contain HS in proportion to sulfur in the sample. The$lis
measured by measuring rate of Change of reflectance caused b)I)JOTE_L%—Warning: Do not use pure oxygen as a substitute for instru-
darkening when lead sulfide is formed. Rateometric electron®ent ar.
ics, adapted to provide a first derivative output, allows suffi- 7.8 Toluene (sulfur free).
cient sensitivity to measure below 0.01 mg/L. 7.9 Thiopheng 99+ % purity.

6.4 Hypodermic Syringe- A hypodermic having a needle
long enough to reach into the pyrolyzer reaction tube to th&: Hazards
550°C zone is required. Usually a 75-mm long needle is 8.1 Consult current OSHA regulations, suppliers Material
sufficient for the straight reductive setup. The oxyhydropyrolsisSafety Date Sheets, and local regulations for all materials used
setup requires a needle length of 150 mm. A side port ign this test method.
convenient for vacuum filling and for flushing the syringe. A .
100-pL syringe is satisfactory for injection rates down to 3 pL/9- Sampling
min. and a 25-puL syringe for lower rates. 9.1 Use the practices in accordance with Practice D 3437.

7.6 Purge Gas—Sulfur-free purge gas, nitrogen, GOor

Note 1—Warning: Exercise caution as hypodermics can cause acci- . Calibration Standards
dental injury. ' ] ]
10.1 Prepare a reference standard solution or solutions of

6.5 Syringe Injection Drive-The drive must provide uni- strength greater than that expected in the unknown, by first
form, continuous Sample injeCtionS. Variation in drive injeCtion preparing a stock solution of thiophene in toluene and volu-
rate caused by mechanical irregularities of gears will causgnetrically diluting the stock to prepare low level standards.
noise in the reading of the detector. The adjustable drive must 109 2 Preparation of the Stock Standard Solutiofio pre-
be capable of injection rates from 6 pL/min. to 0.06 UL/min. pare a sulfur standard with a sulfur concentration of 1000 mg/
over a 6-min interval. L, obtain a clean 100-mL volumetric flask. Pour approximately

6.6 Recorder—A chart recorder with 10-V full scale and 10 90 mL of toluene (sulfur free), kept at a room temperature of
k() inputimpedance or greater is required, having a chart speezb°C, into the flask. Weigh approximately 0.2625 g (250 uL) of
of 0.5 to 3 cm/min. An attenuator may be used for more
sensitive recorders.

6.7 Pyrometer—A pyrometer with a 25-cm long thermo- 7Reagent Chemicals, American Chemical Society Specificaioesican
couple suitable for use at 500 to 1400°C. Diameter must b@hemical Society, Washing ton, DC. Fc_)r suggestions on the testing of reagents not
small enough to it through the injection tube of the oxyhydro- & &0, 28 ATEeE LerC B e Siates Pharmacopen
ge_r: f[ljjlmace adapter. Type K with a 316 stainless steel Sheathdﬁd National Formulank).S. Pharmaceutical Convention, Inc. (USPC), Rockville,
suitable. MD.
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thiophene directly into the flask and record the exact weightvith gases flowing) and always insert the needle tip to a depth
added to a precision of 0.1 mg. Add additional toluene to corresponding to the 550°C point.

make 100.0 mL. 11.3 Adjust the zero of the analyzer (and recorder if used) to
10.3 Calculate the sulfur concentration of the stock solutiorits desired position with no flow. This should be performed
as follows: with span at maximum. Skip this step if the analyzer is
B computerized and automatically sets its own zero level.
A=51c D (1) 11.4 Test Hydrogen Purity-Set the hydrogen flow to 200
mL/min. Advance tape to a new spot. If the reading is upscale
where: ) ) from the zero set point by greater than 4 % full scale, then the
A = concentration of sulfur in mg/L, hydrogen source should be suspect as not being sulfur free and
B = molecular We!ght of su_lfur: 32.06, should be changed or scrubbed.
C = molecular weight of thiophene: 84.14, and ~ 13 5 |f the change in the reading is less than 4 %, reset
D = exact weight of the sulfur compound used in milli-

analyzer zero with the hydrogen flowing. This will compensate

. : . for the small amount of sulfur in the hydrogen.
10.4 Preparation of Working Standard$he preparation of 11.6 For apparatus configured in the oxyhydropyrolysis

working standards is accomplished by volumetric dilution Ofsetup, also test air purity. This is done by maintaining the

the stock solution. As an example, to prepare a 1.00-mg/l, ; ; ;
: Sl ydrogen flow at 200 mL/min. and setting the air flow to 250
standard, dilute 0.10 mL of the 1000—mg/L stock solution N0 /min. If the reading is upscale from the zero set point by

100 mL of tolugne (sulfur free). Keep c_ontainers closed a reater than 4 %, then the air source should be suspect as not
much as possible. Do not open containers of pure sulfu eing sulfur free and should be changed or scrubbed.

compounds in the vicinity of low level calibration standards. 11.7 If the changes in the reading is less than 4 %, reset

Note 4—The use of standard samples made to mg/L units have th@nalyzer zero with the hydrogen and air flowing. This will

advantage of delivering a specific number of milligrams of sulfur into thecompensate for the small amount of sulfur in the hydrogen and
analyzer for a specific sample size regardless of the sample compoung]y.

used. A standard of one type of compound could be used to calibrate the

analyzer, with an unknown of another type of sample compound run. T 2. Calibration

determine the sulfur content of the unknown in mg/kg simply divide the 12.1 Ad t d iniect i tandard soluti
mg/L answer by the density (expressed in g/mL) of the unknown sample. ~<- vance lape an_ Inj(-_Z‘C . a working S_ andard sofution

with a sulfur concentration similar to the highest expected
11. Set-Up Apparatus

value of the unknown samples. Set the plateau of the response
11.1 Straight Reductive SetupConnect apparatus as curve (see Fig. 4) to approximately 90 % of the recorder’s
shown in Fig. 2. Fill humidifier bubbler inside the cabinet with span. This working standard should be analyzed in triplicate to
5 % by volume acetic acid solution. Install sensing tape an@nsure the analyzer has stabilized. Replicate analyses should
turn on detector. Connect the recorder. Set pyrolysis furnacgot differ by more than 5% relative. Record the average
temperature to 1200°C and allow system to come to temperaeading afR,yin 14.1. If the analyzer is computerized, follow
ture. Purge system with inert gas, and check all connections faralibration steps as indicated in manufacturer’s instruction.
leaks with soap solution. Stop flow of inert gas and allow 12.2 Analyze a working standard that has a concentration
temperature to stabilizéf monoaromatics of G, or lower are 100 times less than the standard used in 12.1. This will be the
to be run, make final pyrolyzer temperature adjustment to 121%wer limit of detection for the instrumental conditions used in
*+ 15°C. For all other aromatic compounds, make final the testing and should produce a barely discernible response
pyrolyzer temperature adjustment to 1315 15°C. Use a  from the recorder.
standard thermocouple to verify temperature by inserting 12.3 Analyze the solvent used to make the working stan-
through a septum with the hydrogen flowing at the rate used fotlards, or run analysis without injecting any sample in order to
analysis. Determine depth of insertion required with theobtain a blank reading. Record this readingRgsn 14.1.
pyrometer (measure temperature with gases flowing) and
always insert the needle tip to a depth corresponding to thé3. Procedure
550°C point. 13.1 Advance the tape and inject the unknown sample. After
11.2 Oxyhydropyrolysis SetupConnect apparatus as a stable reading is obtained, determine the plateau of the
shown in Fig. 3. Fill humidifier inside the cabinet with 5 % by response curve (see Fig. 4). Record this valuea#f analyzer
volume acetic acid solution. Set pyrolysis furnace temperatures computerized, read analysis answer from readout, and
to 1200°C and allow system to come to temperature. Purgeecord.
system with inert gas and check all connections for leaks with 13.2 Proceed with additional samples, advancing the tape
soap solution. Stop flow of inert gas and allow temperature t@ach time.
stabilize.If monoaromatics of ¢, or lower are to be run, make 13.3 Every 2 h, or as needed, verify blank and span values.
final pyrolyzer temperature adjustment to 121515°C. For 13.4 To measure samples below 1 mg/kg, inject the sample
all other aromatic compounds make final pyrolyzer temperaat the fastest rate that does not cause coking in the reaction
ture adjustment to 1315 15°C.Use a standard thermocouple tube. Higher injection rates will aid in obtaining the best signal
to verify temperature by inserting through a septum with theto noise ratio.
hydrogen flowing at the rate used for analysis. Determine depth 13.5 Samples above 1 mg/kg require proportionally lower
of insertion required with the pyrometer (measure temperaturiject rates, span adjustment, or a smaller syringe. A sharp fall

grams.
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Tape advance points

Note 1—These example curves show the common responses that can be gotten from an analog-based rate-reading (rateometric) tape based analylmeesBiwdotibdre the plateau of
the response curve would be determined for the common types of response encountered.
FIG. 4 Response Curve Examples
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TABLE 1 Densities of Aromatics * 14.1 Calculate the concentration of sulfur as follows:
Benzene 0.8765 (R—R,)
Cumene 0.8618 S = C )
Cyclohexane 0.7785 o st ERstd_ Ry)
p-Xylene 0.8611
Toluene 0.8669 where:
A Densities are at 20°C relative to water at 4°C. From CRC Handbook of Cstd = concentration of sulfur in standard sample, mg/l—:
Chemistry and Physics 72" Edition, CRC Press, Inc. R, = response of unknown sample,
R, = response of blank run using no sample or solvent
TABLE 2 Results Based on Usin g a 1 ppm ,Standard of known to be sulfur free,
Thiophene in Benzene Rstg = response of standard reference sample, and
Analysis No. Peak height, mm Value, (ppm) SngL = concentr_atlop of sulfur in the sample, mg/L.
1 105 098 14.2 Report reading in mg/kg of sulfur as follows:
g 18‘7‘ (1)-8; S Concentratiog,, @)
. o= — e

4 105 0.98 o Densitym

2 183 (l)-gg where density is the appropriate value obtained from Table 1.

7 109 102 Alternatively, density may be determined by using Test Method

8 108 100 D 4052 at 25°C.

lg 182 i-gi 14.3 Report the sample value to the nearest 0.01 for a

1 110 103 sample analysis indicating no sulfur, report the sulfur content

as less than the value of the lower calibration standard used in

Average 107 1.00
Standard Deviation 1.9 0.02 12.2.

15. Precision and Bias

) ) o ) 15.1 Intermediate Precision-Intermediate precision has
in response at high sulfur levels indicates color saturation ofeen determined as shown in Table 2.

the tape. Use a smaller syri_nge or a slower injection rate, or 1g o Reproducibility—The reproducibility of this test
both, to lessen color saturation. method is being determined.

14. Calculation 16. Keywords

Note 5—Computerized analyzers may do the following calculations 16-1 aromatic; aromatic compounds; benzene; colorimetry;

internally as part of their analysis procedure and output their answer§umene; cyclohexane; pyrolysis; rateometry; sulfur; toluene;
already presented in appropriate reporting units. trace total sulfur

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).



