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Standard Test Method for
Sulfur in Petroleum Products by Hydrogenolysis and
Rateometric Colorimetry 1!

This standard is issued under the fixed designation D 4045; 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.

1. Scope* Readout is by the rateometric detection of the colorimetric

1.1 This test method covers the determination of sulfur inf€action of HS with lead acetate. Condensable components are
petroleum products in the range from 0.02 to 10.00 mg/kg. converted to gaseous products, such as methane, during hydro-

1.2 This test method may be extended to higher concentrg€nolysis.
tion by dilution. L

1.3 This test method is applicable to liquids whose boiling4' Significance and Use .
points are between 30 and 371°C (86 and 700°F). Materials 4-1 In many petroleum refining processes, low levels of
that can be analyzed include naphtha, kerosine, alcohol, stea#h!fur in feed stocks may poison expensive catalysts. This test
condensate, various distillates, jet fuel, benzene, and toluend&nethod can be used to monitor the amount of sulfur in such

1.4 The values stated in SI units are to be regarded as tr¢troleum fractions. .
standard. The values given in parentheses are for information 4-2 This test method may also be used as a quality-control
only. tool for sulfur determination in finished products.

1.4.1 Certain specifications for the recorder (see 5.5) arg Apparatus®*

excepted. . .
1.5 This standard does not purport to address all of the °-1 Pyrolysis Furmace-A furnace that can provide an

safety concerns, if any, associated with its use. It is thédjustable temperature from 900 to 1400°C in a 5-mm inside

responsibility of the user of this standard to establish appro-diameter or larger tube is required to pyrolyze the sample. The
priate safety and health practices and determine the applicafurnace entry temperature shall allow insertion of the hypoder-
bility of regulatory limitations prior to use. mic tipto a de.pth at which tr_]g temperature is 550 C to provide
sample vaporization at the injection syringe tip. This tempera-

2. Referenced Documents ture shall be above the boiling point of the sample and of the
21 ASTM Standards? sulfur compounds in the sample (see Fig. 1). The pyrolyzer

D 1193 Specification for Reagent Water tube may be of quartz; however, the lifetime is limited above

D 6299 Practice for Applying Statistical Quality Assurance 1250°C. Ceramic may be used at any temperature.
Techniques to Evaluate Analytical Measurement System -2 Rateometric BS Readout- Hydrogenolysis products
Performance contain HS in proportion to sulfur in the sample. The$lis

measured by measuring rate of change of reflectance caused by
3. Summary of Test Method darkening when lead sulfide is formed. Rateometric electron-

3.1 The sample is injected at a constant rate into a flowindcS: @dapted to provide a first derivative output, allows suffi-
hydrogen stream in a hydrogenolysis apparatus. The sampient sensitivity to measure below 0.1 mg/L (see Fig. 2).
and hydrogen are pyrolyzed at a temperature of 1300°C, or 9-3 Hypodermic Syringe-A hypodermic having a needle

above, to convert sulfur compounds to hydrogen sulfidsSjH long enough to reach the 550°C zone is required. A side port is
convenient for vacuum filling and for flushing the syringe. A

1 This test method is under the jurisdiction of ASTM Committee D02 on  °The apparatus described in 5.1-5.4 inclusive is similar in specification to the
Petroleum Products and Lubricants and is the direct responsibility of Subcommitteequipment available from Houston Atlas, Inc., 22001 North Park Dr., Kingswood,

D02.03 on Elemental Analysis. TX 77339-3804. For further information see Drushel, H. V., “Trace Sulfur
Current edition approved May 1, 2004. Published June 2004. OriginallyDetermination Petroleum FractionsXhalytical ChemistryVol 50, 1978, p. 76.
approved in 1987. Last previous edition approved in 1999 as D 4045-99. 4 The sole source of supply of the apparatus known to the committee at this time

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, oris Houston Atlas, Inc. If you are aware of alternative suppliers, please provide this
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM information to ASTM International Headquarters. Your comments will receive
Standardssolume information, refer to the standard’s Document Summary page orcareful consideration at a meeting of the responsible technical committbigh
the ASTM website. you may attend.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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DISPOSABLE CERAMIC
OR QUARTZ REACTION

TUBE
BALSTON ‘ CONTROLLED RATE SYRINGE

DFU FILTER INJECTION OF LIQUID
&& § SU’*T“M OR GAS SAMPLE
GAS SAMPLE
TO 825R FOR

TOTAL SULFUR
READOUT

PYROLYZER®

HUMIDIFIER
GAS WASH BOTTLE
250 m1  APPROX.
DISTILLED WATER

PURGE H2
CARRIER HZ
Nore—The humidifier gas wash bottle is optional.
FIG. 1 Hydrogenolysis Flow Diagram
SF-I11ab-2 5.6 Thermocouple-A thermocouple suitable for use at 500
a to 1400°C, 250-mm long with readout is required. Type K,
TUNGSTEN LAMP»@ _— )1 Y1e-in. (1.6-mm) diameter, Type 316 stainless steel sheath is
T suitable.
/\\ % MIRROR
352355&%0@? rocumﬁ?’f@ﬁ!’@ @??%OEEEES 6. Reagents and Materials

BALANCING LENS

6.1 Purity of Reagents-Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on

.
=

REFERENCE

HUMIDIFIER j\j

MIDGET
IMPINGER 25 ml

[

x REFERENCE Analytical Reagents of the American Chemical Society where
@ PHOTOCELL . . .

2 such specifications are availaSi©ther grades may be used,
g DhshRING provided it is first ascertained that the reagent is of sufficiently

high purity to permit its use without lessening the accuracy of

the determination.
RATE OF

E’E VR e 6.2 Purity of Water—Unless otherwise indicated, references

51 H,S AND SAMPLE C{PDSED SENSING TAPE to water shall be understood to mean Type Il reagent grade

o = water conforming to Specification D 1193.

% @ @ m 6.3 Sensing Tape-Lead acetate impregnated paper of chro-
w REACTION —~&~ SAMPLE CHAMBER matographic quality shall be usedWérning—Lead is a

WINDOW

FIG. 2 Photorateometry H ,S Readout cumulative poison.)

6.4 Hydroger—As no commercial grade of hydrogen has a
sulfur specification sufficiently low, each new source of supply
100-pL syringe is satisfactory for injection rates down to 3must be tested. A change in the_ zero bas_e line of 5 % of full

scale from no flow to full flow indicates impure hydrogen.

Exerciss caution ab hypodermics can catse accidenta njunf/aTINg —Extremely flammable gas under presstre. Hydro-
) s yp . . i .J en is a flammable gas. Test all flow systems for leaks and
5.4 Syringe Injection Drive-The drive shall provide uni- pyrge with inert gas before introducing hydrogen and after
fOI‘m, continuous Samp|e |nJeCt|0nS. Variation in drive |n]eCt|0n removing hydrogen_ Keep all flow Systems as small in volume
rate caused by mechanical irregularities of gears will causgs practical and provide protective screening for containers
noise. The adjustable drive shall be capable of injection from ther than sample flow lines. Dispose of exhaust gases in a
pL/min to 0.06 pL/min over a 6-min interval.
5.5 Recorder—A chart recorder with 10-V full scale and
10 0004} Input or greater and havmg a chart speed of0.2to 1 » Reagent Chemicals, American Chemical Society Specificatibmerican
in./min (approximately 0.5 to 3 cm/min) is required. An Chemical Society, Washington, DC. For suggestions on the testing of reagents not
attenuator can be used for more sensitive recorders. New%ﬁed _by the American Chemical Society, s@anual ‘Standards for Laborator_y
. . .. emicals,BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
instruments that display the results are acceptable in lieu of g,

d National FormularyJ.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
chart recorder. MD.
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fume hood or by vacuuming to a safe area. If gas cylinders aris switched. Pulses of high sample flow above 15 pL/min will
used handle carefully as rupture of the valve or cylinder iscause carboning and spurious readings.

dangerous.) 7.4 Install sensing tape, and turn$ireadout analyzer on.
6.5 Reference Standards _ 7.5 Connect the recorder and adjust the zero to desired
6.5.1 2,2,4 Trimethyl Pentane (Isooctare)(Warning— position with hydrogen flowing.

Extremely flammable.)

6.5.1.1 ASTM Knock Test Reference Ftiehay be used as
the solvent. However, when this material is used, each new |
shall be tested for sulfur by this procedure because th
specifications are not rigorous enough for this application.

7.6 Fill syringe with blank reference standard solution,
typically isooctane, insert the needle through the septum to the
50°C temperature zone, and clamp to the syringe drive. At
ﬂigh temperature the hot needle may absorb sulfur and at lower
temperature heavy compounds may not evaporate. Set the
Note 1—Heptane or equivalent material may also be used but precisiosyringe drive rate desired, normally 6 pL/min, maximum with
data is based on the use isboctane. 200 mL/min hydrogen flow. Drive rate may be increased for
6.6 Acetic Acid Solutior-Mix glacial acetic acid 1 part by increased sensitivity up to the point at which carbon is formed.
volume into 19 parts water (see 6.2Vgrning—Corrosive.)  (Hydrogen flow at 500 mL/min allows injection of 15 pL/min;
6.7 Di-n-Butyl Sulfide—(CH,CH ,CH,CH,),S) is used to however, dibenzothiophene conversion will be low.)
prepare standards. Equivalent sulfur compound may be used if
care is exercised to prevent more volatile compounds fron8. Calibration Standard

evaporating during preparation or use of standards. 8.1 Prepare a reference standard-solution or solutions of
6.8 Helium or Nitrogen Purge Gas (Warning—  strength near that expected in the unknown. Measurements can
Compressed gas under high pressure.) be made by weight or by volume for carrier liquid.

8.2 Units of sulfur in milligrams per litre of sample are
) .. preferred as this is independent of the density of the carrier
7.1 Turn on the furnace with temperature controls at mini+qyid. The following equation is used to calculate the volume
mum. Gradually increase furnace control over a 3-h period t@ govent required to dissolve a precise weight of sulfur

approximately 1300°C to minimize thermal shock. Reverse th%ompound, of known composition and purity to prepare a
procedure when preparing for long-term storage. For shutdowfjyid standard:

at night and over weekends, reduce temperature to about 900°
but do not turn off the furnace. Furnace and quartz tubing life 7= <E’ xdxex 106>/(a) or alternatively : (1)
are extended by not cooling to room temperature. ¢

7.2 Connect all tubing and fill prehumidifier outside the
cabinet with water if this apparatus is being used, and final a= (9 ¥ dXex 106)/(2) )
humidifier inside the cabinet with 5 % by volume acetic acid ¢
solution. Purge with inert gas, then close valve. Check allyhere:
connections and repair any leaks that are found.a = desired concentration of sulfur, mg/L, of the standard
(Warning—On instruments where electronics are in close solution ofz millilitre of volume,
proximity with the flow systems, exercise care if leak checking b molecular weight of sulfur: 32.06,
with a soap solution. A suitable method is to block the line thatc molecular weight of the sulfur compound to be used to
goes to the final humidifier and observe the flow meter. If the prepare the standard.
flow drops to zero, the flow systems are adequately leak-free.} mass of the sulfur compound used to prepare the
Set hydrogen flow at 200 mL/min, and allow temperature to standard, g,
stabilize. Warning—Extremely fllmmable gas under pres- € = purity of sulfur compound expressed as a decimal, and
sure.) Make final temperature adjustment to 13155°C. Use ~ Z = millilitres of standard solution required to give the
a standard thermocouple to verify temperature by inserting desired concentratioa
through a septum with hydrogen flowing at the rate noted Example:

above. Determine depth of insertion required, and always insert Calculate the volume of sulfur frésooctane with volume of
the hypodermic tip to the 550°C point (see 7.68)Mafning—  sulfur compound necessary to dissolve 0.5013 g of 98 % by
The use of a humidifier gas wash bottle filled with approxi-weight din-butyl sulfide to obtain a standard containing 1000
mately 250 mL of water is a potential safety hazard asmg/L of sulfur in a solution.

hydrogen pressure may build up inside the container. The user

of this test method should take appropriate safety measures to

7. Preparation of Apparatus

prevent an accidental injury, if the humidifier gas wash bottle*E)1 = égOOOGmQ/ L
is used in the analysis.) - o . .
7.3 Prepare the sample injection drive. Check to be sureg = 345%%3 din-butyl sulfide (CHCH,CH ,CH,),S
desired injection rate is obtained at various settings. Verify that] _ 0-98 9
erratic pulses of fast drive do not occur when the drive range, _ ['32.06/146.29>< 0.5013% 0.98% 10°

1000 = 107.66 mL

8 Available from Phillips Petroleum Co., P.O. Drawer O, Borger, TX 79071.
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Isooctane is added to bring the solution to a total volume of response for blank run using no sample or for
107.66 mL. When results are to be reported in mass of parts per solvent known to be sulfur-free,
million mg/kg, the conversion from milligrams per litre should R, response for unknown sample, and
be done as the last step in the calculations. Rstg response for standard reference material.

8.3 To prepare a sulfur standard with a sulfur concentration 11.2 Report mass of parts per million of sulfur as follows:
of 1000 mg/L, as previously described, obtain a clean 125-mL S, ppm= (mg/L)/(density = mg/kg @)
glass container, a 100-mL flask, and a 20-mL graduated glass ) o ) .
pipet. Rinse each thoroughly with 2,2,4-trimethyl pentane Since density of sample is in grams per cubic centimetres.
(isooctane). WWarning— Extremely flammable.) Pour approxi- _ _
mately 90 mL of isooctane into the 100-mL flask. Weigh 12. Quality Assurance/Quality Control (QA/QC)
approximately 0.5 g of di+-butyl sulfide directly into the flask 12,1 Confirm the performance of the instrument and the test
and record the mass added, to50 pg. Add additional procedure by analyzing a control (QC) sample.
isooctane to the flask to 100 mL. Transfer the mixture to the 12 1.1 When QA/QC protocols are already established in
125-mL container and addooctane equal to the difference of the testing facility, these may be used when they confirm the
zminus 100 mL. Keep containers closed as much as possm'?eliability of test result.

Do not open containers of pure sulfur compound in the vicinity 15 9 When there is no QA/QC protocol established in the

of sulfur free stocks or low-level standards. Evaporation fromtesting facility, Appendix X1 may be used as the QA/QC
containers of pure sulfur compounds can contaminate Othesrystem. '

nearby liquids. This is particularly troublesome when working 12.2 Users of this test method are advised that in contractual

gﬁ&?;vsltorgs/ tI:) nergr ;’?ggﬁ_fg\ggﬁ%&?ggds' Volumetrically agreements, one or more of the contracting parties can and may
prep ' make Appendix X1 a mandatory practice.

9. Calibration and Standardization 13. Precision and Bias

9.1 With hydrogen flow at 200 mL/min, advance new tape

and note baseline. Adjust the offset up scale about 5 % to be 131 The precision of this test method as _obtamed b¥
Statistical analysis of interlaboratory test results is as follows:

clear of the recorder stops. Record the stable reading average . . .
value as the zero sulfur reference and recordRgsin 11.1. 13.1.1 Repeata.blhty—The difference between successive
There will be essentially no difference in reading with or test results obtained by the same °pe.“f’“°r W'th the:' same
without hydrogen flow and with or without blank injection, if apparatus under_constant operating conditions on identical test
blank and hydrogen have no sulfur material would, in the long run, in the normal and correct
9.2 Advance the tape and inject a reference material with gperation of 'Fhis test method, exceed the following values only
sulfur concentration near that expected in the unknown. Aftef! ON€ case in twenty (see Table 1).
about 4 min injection time, adjust the recorder span for Repeatability= 0.16 \/X 5)
approximately 90 % of scale. Record the average reading as

: where
Reain 10.1. X = average value of two results, mg/kg.

13.1.2 Reproducibility—The difference between two single
o and independent results obtained by different operators work-
10.1 Advance the tape and inject the unknown sample. Aftefng in different laboratories on identical test material would, in
a stable reading is obtained record this average vall® 8  the |ong run, exceed the following values only in one case in

11.1. twenty (see Table 1).
10.2 Proceed with additional samples. Every 2 h, or as Reproducibility= 0.26 /X ©)

needed, verify blank and span values.
10.3 To measure sulfur below 1 mg/L, inject the sample at Note 2—One laboratory conducted a statistical evaluation by analyz-
the maximum rate, normally 6 pL/min, that does not forming the same sample (with a nominal sulfur concentration of 0.2 ppm),
carbon or gums to obtain the best signal to noise ratio. SamplgTi8 TLERE BANEAN SCE e RtTe TR e L e
above 1. mg/L require proport_lonally lower '”J’?Ct'on rates Orstatistically eq%ivalent for both precis’ion and accuracy at the 95 %
span adjustment. A sharp fall in response at high sulfur levels
indicates color saturation of the tape, which can be prevented
by slower injection rates.

10. Procedure

TABLE 1 Repeatability and Reproducibility

. Average value Repeatability, Reproducibility,

11. Calculations and Report mglkg of two p malkg
11.1 Calculate the concentration of the sulfur in the sample results ()

as follows: 0.02 0.02 0.04
0.10 0.05 0.08
S, mg/L= Cgqy X (Rs = Ry)/(Rgg — Rp) (3) 0.50 0.11 0.18
1.00 0.16 0.26
where: 2.50 0.25 0.41
Cqq = concentration of sulfur in the standard, mgl/L, 10.00 0.50 Lz
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confidence interval. Results of the statistical evaluation are available froni4. Keywords
ASTM Headquarters.

13.2 Bias—The bias of this test method cannot be deter-
mined since an appropriate standard reference material con-
taining trace sulfur levels in petroleum products is not avail-
able.

14.1 rateometric colorimetry; sulfur

” Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1405.

APPENDIX
(Nonmandatory Information)

X1. GENERIC QUALITY CONTROL STATEMENT FOR D02 TEST METHODS

X1.1 Confirm the performance of the instrument and thetest method, the frequency of QC testing is dependent on the
test procedure by analyzing a quality control (QC) sample. criticality of the quality being measured, the demonstrated

. o stability of the testing process, and customer requirements.
X1.2 Prior to monitoring the measurement process, the USQEenerally, a QC sample should be analyzed on each day of

of this test method needs to determine the average value angdsing routine samples. The QC frequency should be increased
control limits of the QC sample (see Practice D 6299 andynen a large number of samples are routinely analyzed.
MNL7®). However, when it is demonstrated that the testing is under
tatistical control, the QC testing frequency may be reduced.
he QC sample precision should be periodically checked
&gainst the ASTM test method precision to ensure data quality.

X1.3 Record the QC results and analyze by control chart
or other statistically equivalent techniques to ascertain th
statistical control status of the total testing process (see Practi

D 6299 and MNL?). Any out-of-control data should trigger  x1 5 |tis recommended that, when possible, the type of QC
investigation for root cause(s). The results of this investigatiorg;amp|e that is regularly tested be representative of the samples
may, but not necessarily, result in instrument recalibration. routinely analyzed. An ample supply of QC sample material
should be available for the intended period of use and must be
homogeneous and stable under the anticipated storage condi-
tions.

X1.4 In the absence of explicit requirements given in this

8 ASTM MNL7, Manual of Presentation of Data Control Chart Analygish ed., . .
Section 3: Control Chart of Individuals, ASTM International, W. Conshohocken, X1.6 See Practice D 6299 and MNLior further gwdance

PA. on QC and control charting techniques.

SUMMARY OF CHANGES

Subcommittee D02.03 has identified the location of selected changes to this standard since the last issue
(D 4045-99) that may impact the use of this standard.

(1) Updated 5.5. (2) Updated 7.2 to identify a suitable practice recommended by
the instrument vendor for leak-checking all connections.

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).



