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INTERNATIONAL

Test Method for
Total Sulfur in Aromatic Compounds by Hydrogenolysis and
Sulfur Specific Difference Photometry

This standard is issued under the fixed designation D 6313; 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 Determine Conformance with Specificatiéns

1.1 This test method covers the determination of sulfur in 2.2 Other Documents:
aromatic hydrocarbons, their derivatives and related chemicals O©SHA Regulations, 29 CFR, paragraphs 1910.1000 and
having typical sulfur concentrations from 0.005 to 10 mg/kg. 1910.12000

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

1.3 This test method is applicable to aromatic hydrocarbons 3-1 Definitions:

% Terminology

such as benzene, toluene, cumemaylene, o-xylene, cyclo- 3.11 differ_ence photometry+an z_inaly_tical method where
hexane, phenol, cresols, xylenols, and other aromatic gt Photometric property of a colorimetric reactant (such as
oxygenated aromatic compounds. reflectivity) is first measured as a baseline reading, the reactant

1.4 The following applies to all specified limits in this test €XP0osed to the material in question, then a second reading
method: for purposes of determining conformance with thid@Ken. _ _ _
standard, an observed value or a calculated value shall be3-1.1.1 Discussior-The difference between the post expo-
rounded off to the nearest unit in the last right-hand digit useure reading and the baseline reading constitute the measure-
for expressing the specification limit in accordance with theMent of the reaction between the material in question and the
rounding-off method of Practice E 29. reactant, thatis, if the reactant changes its photometric property

1.5 This standard does not purport to address all of theProportionally to the concentration of the material in question,
safety concemns, if any, associated with its use. It is thdn® method could be used to measure concentration.
responsibility of the user of this standard to establish appro- 3-1.2 0xyhydropyrolysis, +The act of first burning a ma-

priate safety and health practices and determine the applicalerial within an inner cha.mber in a pyrolysis furnace to change
bility of regulatory limitations prior to useSpecific precau- that material to combustion products, and then to release those

tionary statements are given in 7.5, 7.6, 8, 11.4. products into a hydrogen rich atmosphere to then reduce those
combustion products.
2. Referenced Documents 3.2 See Terminology D 4790 for definitions of other terms
2.1 ASTM Standards: used in this test method.

D 1193 Specification for Reagent Weter

D 3437 Practice for Sampling and Handling Liquid Cyclic 4. Summary of Test Method

Product® 4.1 Reductive Configuratiea-A specific amount of sample
D 3852 Practice for Sampling and Handling Phenol and$ injected at a uniform rate into an air stream and introduced
Cresylic Acic? into a sample dispersing mechanism where the liquid sample is
D 4052 Test Method for Density and Relative Density of €vaporated and thoroughly mixed with the hydrogen. This
Liquids for Digital Density Metet mixture is then introduced into a pyrolysis furnace. Within this
D 4790 Terminology of Aromatic Hydrocarbons and Re-Pparatus the sample is pyrolyzed at temperatures of 1200° to
lated Chemicafs 1300°C and in the presence of excess hydrogen. The sulfur

E 29 Practice for Using Significant Digits in Test Data to Compounds are broken down and reduced g5HAnalysis is
by difference photometry of the colorimetric reaction ofSH

_— with lead acetate.
* This test method is under the jurisdiction of ASTM Committee D16 on 4 2 OxyhydroPyronsis ConfiguratieHA specific amount

Aromatic Hydrocarbons and Related Chemicals and is the direct responsibility o o . . .
Subcommittee D016.04 on Instrumental Analysis. bt sample is injected at a uniform rate into an air stream and
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introduced into a sample dispersing mechanism where the Septum
liquid sample is evaporated and thoroughly mixed with the air. —_
This mixture is then introduced into a pyrolysis furnace. The
sample flows through an inner tube within the furnace where it
combusts with the oxygen in the air carrier. S&hd SQ are
formed from the sulfur compounds in the sample. The sample
then leaves the inner tube within the pyrolyzer and is mixed
with hydrogen within the main reaction tube and is pyrolyzed
at temperatures of 1200° to 1300°C. The,2md SQ formed Mineral wool
within the inner tube are then reduced tgSd Analysis is by disperser \@
difference photometry of the colorimetric reaction of3Hwith

lead acetate.

Air inlet

Ferules

O-iing seal between air enfry
port and main reaction tube

5.1 Sulfur can be a catalyst poison in the aromatic chemical
manufacturing process. This test method can be used to
monitor the amount of sulfur in aromatic hydrocarbons. This Sample out «—
test method may also be used as a quality control tool and in
setting specifications for sulfur determination in finished prod-
ucts.

5. Significance and Use

6. Apparatus

6.1 The apparatus of this test method can be set up in two Ceramic injection tube — |
different configurations that will be described herein as the Hydrogen flows around
“reductive pyrolysis” configuration, and the “oxyhydropyroly- , . 1 outside of injection tube
sis” configuration. The oxyhydropyrolysis configuration is a Main reaction tube — 'y
modification of the reductive pyrolysis configuration, which M
minimizes the formation of coke within the pyrolysis furnace F/ﬂ

when running aromatic samples. Both setups can be used to
measure sulfur in aromatic compounds as outlined in this test
method.

6.2 Pyrolysis Furnace-A tube furnace that can provide an
adjustable temperature of 900 to 1300° C. An 8-mm or larger
inner diameter is required in the furnace to fit reaction tubes of
sufficient size to pyrolyze the sample.

6.2.1 Oxyhydrogen Furnace AdapterAn apparatus, used
in the oxyhydropyrolysis set up, that fits to the front of the
reaction tube and adds an injection tube that extends partially
within the main reaction tube to abot way into the furnace
(see Fig. 1). The oxidative process occurs in the injection tub

Hydrogen iniet
FIG. 1 Oxyhydrogen Furnace Adapter Detalil

6.4 Sample Dispersion Apparatlis-A tube filled with
duartz wool or other porous material is placed at the inlet of the
then the combustion products of the sample are injected imgyroly3|s_furnace to d|sper§e and mix liquid sampl_es Into the
gas carrier before entry into the pyrolyzer. This tube is
the flow of hydrogen at the hot zone. )
) surrounded by a small heater for the purpose of controlling the
6.2.2 Water Removal ApparatusA device that attaches ayaporation rate of the liquid sample being injected. Higher
close to the outlet of the pyrolysis furnace, used in thengjling point liquids require higher inlet temperatures to ensure
oxyhydropyrolysis set up to remove excess moisture from th@roper evaporation and dispersion. The inlet heater should be
sample stream. Both membrane counter flow driers or coaleseple to be set from room temperature to 350° C.
ing filters held at sub-ambient temperatures have been found t0 6.5 Flow System-The flow system to and from the pyroly-

be suitable. sis furnace is to be a fluorocarbon, 316 stainless steel, nylon or
6.3 Sample InjectoerA syringe drive, autosampler or other other material inert to b8 and other sulfur compounds. Gas

suitable injection system that can inject the sample into the

pyrolysis furnace at a uniform injection rate adjustable betweenmr—————

1to 50 uL/min “ The sample dispersion apparatus is covered by a patent held by Houston Atlas

’ Inc. Interested parties are invited to submit information regarding the identification

of acceptable alternatives to this patented item to the Committee on Standards,
ASTM International Headquarters, 100 Barr Harbor Dr., West Conshohocken, Pa.
19428-2959 USA. Your comments will receive careful consideration at a meeting
of the responsible technical committegshich you may attend.
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flow should be controlled by mass flow or pressure differential- 7.8 Thiophene—99 + % puirity.

type flow controllers that have a range of 0 to 500 mL/min. 8. Hazards
6.6 Lead Acetate Difference PhotometefA device that '

consists of a paper tape transport mechanism, a sample8.1 Consult current OSHA regulations, suppliers Material

chamber with a window opening to the surface of lead acetateafety Date Sheets, and local regulations for all materials used

treated paper tape, a photometer to read the reflectivity of thi@ this test method.

lead acetate treated tape, and sufficient electronics to contrg| Sampling

the transport of tape, to do system timing, to take the 91 S le th ial i q ith Practi
photometric readings, and to control the sample injector. Th 3'437 ample the material in accordance wit ractice

hotometer should have sufficient sensitivity to detect 0.00 . L .
P y 9.2 Sample phenol and cresylic acid in accordance with

mg/kg. .
9’xg Practice D 3852.
Note 1—The difference photometer works as follows: The paper tape . .
is advanced to a new spot. The paper tape is exposed to carrier gas fol®- Calibration Standards

predetermined amount of time (usually 60 s). A zero reading is taken and 10,1 Prepare a reference standard solution or solutions of

then sample injection is started and the photometer starts timing its ru%trength greater than that expected in the unknown, by first
(The run time has been predetermined by trial runs of a specific sampl ’

The time is set so that all of the sulfur in the sample has had the changgrepfarmg a, StQCk solution of thiophene in toluene and volu-
to flow through the system and no more change in reflectivity is seen.) AN€trically dllutlng the stock to prepare low Ievel standards.
final reading is then taken. The zero reading and final reading in 10.2 Preparation of the Stock Standard Solutidio: prepare
conjunction with a calibration curve is used to determine the sulfura sulfur standard with a sulfur concentration of 1000 mg/L,
concentration in the sample. Some computerized difference photometegshtain a clean 100-mL volumetric flask. Pour approximately 90
can generate the calibration curve internally during calibration. mL of toluene (sulfur free), kept at a room temperature of
6.7 Recorder—A suitable chart recorder may be used for a25°C. into the flask. Weigh approximately 0.2625g (250 pL) of
permanent record of analysis. A suitable printer may be used bihiophene directly into the flask and record the exact weight
computerized photometric analyzers, or data can be read tdded to a precision o£0.1 mg. Add additional toluene to

magnetic media for storage or further analysis. make 100.0 mL.
10.3 Calculate the sulfur concentration of the stock solution
7. Reagents and Materials as follows:
7.1 Purity of Chemicals—Reagent grade chemicals shall be B
used in all tests. Unless otherwise indicated, it is intended that A=o51cP @

all reagents shall conform to the specifications of the Commit-

tee on Analytical Reagents of the American Chemical Society,Vhere:
where such specifications are availab®ther grades may be
used, provided it is first ascertained that the reagent is oiB
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, reference ¢
to water shall be understood to mean Type 1V, reagent grade
water, conforming to Specification D 1193.

7.3 Sensing Tape-Lead-acetate-impregnated analytical-

concentration of sulfur in mg/L,

molecular weight of sulfur: 32.6,

molecular weight of thiophene: 84.14,

exact weight of the sulfur compound used in milli-
grams, and

= volume of standard in litres.

10.4 Preparation of Working Standard$he preparation of
working standards is accomplished by volumetric dilution of
e the stock solution. As an example, to prepare a 1.00-mg/L
quality filter paper shall be used. standard, dilute 0.10 mL of the 1000-mg/L stock solution into

. . 0 . _
7.4 Acetic Acid, 5 %-Mix 1 part by volume reagentograde .100 mL of toluene (sulfur free). Note: keep containers closed
glacial acetic acid with 19 parts water to prepare 5% aceliGq ,ch as possible. Do not open containers of pure sulfur
acid solution. compounds in the vicinity of low level calibration standards.
7.5 Hydrogen Gas-Use sulfur-free hydrogen of laboratory
grade.Warning: Hydrogen has wide explosive limits when Note 2—The use of standard samples made to mg/L units have the
mixed with air. advantage of delivering a specific number of milligrams of sulfur into the

7.6 Instrument Air—Use dry, sulfur free air. Nitrogen/ analyzer for a specific sample size regardless of the sample compound

helium/ bottled blend LY used. A standard of one type of compound could be used to calibrate the
oxygen, or hellum/oxygen bottled gas blends containing NQayyzer, with an unknown of another type sample compound run. To

more than 30 % oxygen by volume can be used where aifietermine the sulfur content of the unknown in mg/kg simply divide the
utilities are not availabléNarning: Do not use pure oxygen as mg/L answer by the density (expressed in g/mL) of the unknown sample.
a substitute for instrument air. Some analyzers complying with this method have provision to enter the
7.7 Toluene sulfur free. densities of both the calibration standard and the unknown. In these cases
the analyzer will make the appropriate density corrections between the
standard samples and the unknowns being analyzed. The reported mea-
surement units of the answer can be set by the operator.

o0

8Reagent Chemicals, American Chemical Society Specificatidmgrican
Chemical Society, Washington, DC. For suggestions on the testing of reagents n@t] . Preparation of Apparatus
listed by the American Chemical Society, s@ealar Standards for Laboratory . .
ChemicalsBDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia and 11.1 Reductive Setup-Connect all flow tubing between

National Formulary U.S. Pharmacopeial Convention, Inc. (USPC), Rockville, MD. components and hydrogen (see Fig. 2). Make sure gas source
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Injection Device
(Syringe diive or
autosampler)

H2 inlet W
E—

olyzer
Fiber optic Pyrolyz

cable
Photometer electronics

Light source
/ Sample out

Sample
T
vent o |

| In-line filter
Sample _—"] fb

chamber

/ A\
Tape deck bubbler

FIG. 2 Reductive Setup

is closed before connecting it to the apparatus. Turn ompiece of tape into the sample chamber window. Allow tape to
hydrogen gas and check all connections for leaks with soapumidify for 30 s. Take an initial reading on the photometer.
solution and repair any leaks. Turn off carrier gas when lealAllow the run time of the measurement to elapse and take
check is complete. reading and record. Subtract the initial reading from the final
11.2 Oxyhydropyrolysis SetepConnect all flow tubing be- reading. If the difference greater than 10 % of the full scale of
tween components and carrier gases (hydrogen and air) (sd® photometer, then the hydrogen source should be suspect as
Fig. 3). Make sure gas sources are closed before connectingribt being sulfur free and should be changed or scrubbed.
to the apparatus. Turn on each carrier gas in turn and check all 11.7 For apparatus configured in the oxyhydropyrolysis
connections for leaks with soap solution and repair any leakssetup, also test air purity. This is done by maintaining the
Turn off carrier gases when leak check is complete. hydrogen flow at 200 mL/min. and setting the air flow to 250
11.3 Turn on the furnace and allow temperature to stabilizenL/min. Pull an new piece of tape into the sample chamber
at 1200°C. If monoaromatics of,g or lower are to be run, window. Allow tape to humidify for 30 s. Take an initial
make final pyrolyzer temperature adjustment to 12185°C.  reading on the photometer. Allow the run time of the measure-
For all other aromatic compounds make final pyrolyzer tem-ment to elapse and take reading and record. Subtract the initial
perature adjustment to 1315 15°C. reading from the final reading. If the difference is greater than
11.4 Install sensing tape into difference photometer. Fill thelO % of the full scale of the photometer, then the air source
humidifier with a 5% by volume acetic acid solution. Take should be suspect as not being sulfur free and should be
care to not spill the acetic acid on the apparatus. Turrthanged or scrubbed.
difference photometer onWarning: Use adequate safety 11.8 If the change in the reading is less than 10 % then the
precautions in handling lead acetate tape. air and hydrogen are usable.
11.5 Adjust the zero of the difference photometer (and o o
recorder if used) to its desired position with no flow. This 12. Calibration and Standardization
should be performed with span at maximum. Skip this step if 12.1 This analytical method is ratiometric in nature. The
the difference photometer is computerized and automaticallyesponse of an unknown sample is compared with a calibration
sets its own zero level. curve made from the readings of a series of standard samples.
11.6 Test hydrogen purity. Set photometer on its mostour samples spaced in concentration throughout the antici-
sensitive scale. Set hydrogen flow to 200mL/min. Pull a newpated range of the unknown samples, including a zero value, is
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Injection Device
(Syringe drive or
autosampler)

Fiber optic
cable i
Photometer electronics Air inlet
/ nght source Preheater
/ Sample out
Sample
Vvent 1 I Water removal
apparatus
Sample _—
chamber /
// Pyrolyzer
(See figure 1
Tape deck bubbler for tubing detals)
H2 inlet
FIG. 3 Oxyhydropyrolysis Setup
sufficient to establish a curve of suitable accuracy. the analysis to run for the length of time noted for the run in

12.2 Non-computerized Analyzerfo an initial run with  12.6. When the run time has elapsed take a reading. Subtract
the highest anticipated standard sample to season the tubingtbie initial reading from the final one. This reading difference
the apparatus. represents the concentration of sulfur impurities in the hydro-

12.3 Move tape to a clean spot within the sample chambegen and air carrier gases. Record this reading difference
window. Allow the tape to become humidified for 30 s. because it will be used later to correct sample runs for sulfur

12.4 Take a reading of the reflectivity of the clean piece ofimpurities in the carrier gases. Repeat actions in 12.7 every
tape and record. time a carrier gas bottle is changed. It does not have to be

12.5 Start introducing with a sample injector a predeter+eported unless a carrier gas change has occurred.
mined amount of sample into the inlet of the pyrolysis furnace. 12.8 Repeat the procedure outlined in 12.3-12.6, but using
Also start timing the run. It has been found that 50 L ofthe run time determined in the first run to time run, with each
sample is sufficient for analyses of samples containing fromof the standard samples needed to build the desired calibration
0.005 mg/kg to 1 mg/kg of sulfur. Lessen the amount of sampleurve. For best accuracy, it is recommended that the calibration
delivered when running higher concentrations to keep fronprocedure be repeated three times for each standard value and
exceeding the response window of the photometer. Multiplehe calibration curve be constructed using the average of the
injections during a run can be used to increase the sensitivity akplicates for each calibration point.
the method. 12.9 Note density of the calibration standard. If the density

Note 3—Multiple injections of a smaller syringe create less carboning®f the calibration standard is not known, it may be determined
in the pyrolysis furnace than injecting the same amount of sample from &sing Test Method D 4052.
larger syringe. 12.10 Build the calibration curve as follows:

12.6 Note the photometer readings during the analysis. The 12.10.1 Obtain a raw difference reading for each replicate of
readings should change most rapidly during sample injectioithe calibration run. This is done by subtracting the initial
and then should level off to a final value towards the end of théeading obtained before each sample run from the reading that
run. The reading might continues to slowly change towards th#as obtained after the tape had been exposed to sample. From
end of the run; this can be due to small concentrations of sulfuthis number subtract the value calculated from executing 12.7.
compounds in the carrier gas. When the reading seems fairkverage the raw difference readings for each calibration point.
stable, note the time of the run and take a reading from th€onstruct a calibration curve by graphing the average of each
photometer. raw difference count with respect to the value of the standard

12.7 Allow the system to idle with gas flowing fé% h. then ~ sample.
repeat 12.3-12.5 but this time do not inject any sample. Allow 12.11 Analyzers With Computer Controlled Calibration and
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Autosampler:Prepare sample vials for three replicates of thegiven in Table X1.1 of Appendix X1.

three values of the desired standard samples plus three blanks

(can be air blanks). Load the autosampler and run as directekt. Sample Measurement Procedure (Computerized

by the computerized analyzer. After the standards have run, key Analyzers With Autosampler)

in the raw readings into the calibration routine of the analyzer. 14.1 Prepare unknown samples for insertion into autosam-
The analyzer will calculate the calibration curve and place it inpler. After the autosampler has been loaded, enter the appro-

memory for future use. priate sample information into the analyzer and start the
13. Sample Measurement Procedure (Non-Computerized analysis procedur_e. .
Analyzers) 14.2 Computerized analyzers calculate the result from in-

i formation entered during the calibration procedure, and display
13.1 Move a clean spot of tape into the sample chambegy, answer in the appropriate engineering units.
window. Allow it to humidify for 30 s, Note photometer

response and record it. 15. Report
13.2 Inject a sample into the pyrolysis furnace using the ;54 Report the following information:
same sample volume and sample delivery speed used to run thé; = 1 1 Total sulfur concentration in m.g/kg.

calibration standards. Allow analysis to run for the time 15.1.2 Full scale calibrations greater than 0.250 mg/kg
determined during calibration. When the run time has elapse%port sample concentrations to the nearest 2 % of full scale

take a photomgter reading and r(_acord it _calibration. (For example for a full scale calibration of 10
13.3 Determine the concentration of an unknown sample ”an/kg report the result to the nearest 0.2 mg/kg.)

mg/kg as follows: 15.1.3 Full scale calibrations of 0.250 mg/kg or less, report

X=(A-B-C) (20 sample concentrations to the nearest 0.005 mg/kg.
where: _ 16. Precision and Bias
A = photometer reading for the unknown sample at after _ - . -
run has completed, 16.1 Intermed|ate Premsu_m—lntermedlate precision has
B = photometer reading from unexposed tape, been determined as shown in Table 1.
C = correction for impurities in the carrier gases, (see 16.2 Reproducibility— Reproducibility has not been deter-
12.7), and mined at this time.
X = raw difference from sample run. 16.3 Bias—Since there is not accepted reference material

13.4 Compare raw difference readiKgvith the calibration for determining the bias in this test method for measuring total
curve developed during the standardization procedure to ascefulfur in aromatic compounds, bias has not been determined.
tain correct concentration. 17 K g

13.5 Use the following calculation to correct result obtained™ - “€YWords - _
in 13.4 for differences in density between the sample and the 17.1 aromatic; aromatic compounds; benzene; cresol;

calibration standard: cumene; cyclohexane; difference photometry; on-line; oxygen-
D ated aromatics; oxyhydropyrolysis; phenol; pyrolysis; sulfur;
Veor = 5 @ Vo (3)  toluene; trace total sulfur; xylenol
samp
where: . TABLE 1 Intermediate Precision
Vo = value corrected for density, mg/kg,
ca = density of calibration standard, g/mL, Valle Resultl Resut2 Resul3 Resuta Mean — oondard
Dsamp = density of sample, g/mL, and
V,.w = value of result determined in 13.4 mg/kg. 1.08 099 1.09 111 L 108 0.04
. . . 0.205 0.22 0.23 0.23 0.22 0.22 0.01
The density of the sample can be determined using Testg s 0.06 0.08 0.07 0.02 0.06 0.02

Method D 405_2 If not already k_l’!OWﬂ. . ~ “Results are ug/g. sulfur. Standards whose values are designated are made
13.6 A partial list of the densities of aromatic compounds iSwith thiophene in toluene. These results are from one operator in one laboratory.
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APPENDIX
(Nonmandatory Information)

X1. DENSITIES OF AROMATICS

X1.1 Table X1.1 illustrates aromatic densities. TABLE X1.1 Densities of Aromatics
Benzene 0.8765
Cumene 0.8618
Cyclohexane 0.7785
p-Xylene 0.8611
Toluene 0.8669

A Densities are at 20° C relative to water at 4° C. From CRC Handbook of
Chemistry and Physics, 72" ed., CRC Press, Inc., 1991-1992.

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).



