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QH].p DESignation: D 1552 - 00 An American National Standard

Standard Test Method for
Sulfur in Petroleum Products (High-Temperature Method) 1

This standard is issued under the fixed designation D 1552; 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 epsilonej 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 solution of potassium iodide and starch indicator. A faint blue
1.1 This test method covers three procedures for the detef0lor is developed in the absorber solution by the addition of
mination of total sulfur in petroleum products including Standard potassium iodate solution. As combustion proceeds,
lubricating oils containing additives, and in additive concen-Pléaching the blue color, more iodate is added. The amount of
trates. This test method is applicable to samples boiling abovétandard iodate consumed during the combustion is a measure

177°C (350°F) and containing not less than 0.06 mass % sulfuff the sulfur content of the sample. o _

Two of the three procedures use iodate detection; one employ- 3-2 IR Detection SystemThe sample is weighed into a
ing an induction furnace for pyrolysis, the other a resistancéPecial ceramic boat which is then placed into a combustion
furnace. The third procedure uses IR detection followingfurnace at 1371°C (2500°F) in an oxygen atmosphere. Most

pyrolysis in a resistance furnace. sulfur present is combusted to $@hich is then measured
1.2 Petroleum coke containing up to 8 mass % sulfur can b@/ith an infrared detector after moisture and dust are removed
analyzed. by traps. A microprocessor calculates the mass percent sulfur

1.3 This standard does not purport to address all of thefrom the sample weight, the integrated detector signal and a
safety concerns, if any, associated with its use. It is thé°redetermined calibration factor. Both the sample identification
responsibility of the user of this standard to establish appro"Umber and mass percent sulfur are then printed out. The
priate safety and health practices and determine the applicac@libration factor is determined using standards approximating

bility of regulatory limitations prior to use. the material to be analyzed.
2. Referenced Documents 4. Significance and Use
2.1 ASTM Standards: 4.1 This test method provides a means of monitoring the
D 1193 Specification for Reagent Waker sulfur level of various petroleum products and additives. This
D 1266 Test Method for Sulfur in Petroleum Productsknowledge can be used to predict performance, handling, or
(Lamp Method} processing properties. In some cases the presence of sulfur
D 4057 Practice for Manual Sampling of Petroleum andcompounds is beneficial to the product and monitoring the
Petroleum Products depletion of sulfur can provide useful information. In other

D 6299 Practice for Applying Statistical Quality Assurance ¢ases the presence of sulfur compounds is detrimental to the
Technigues to Evaluate Analytical Measurement SystenfProcessing or use of the product.

Performance 5. Interferences

3. Summary of Test Method 5.1 For the iodate systems, chlorine in concentrations less

3.1 lodate Detection SysteriThe sample is burned in a than 1 mass % does not interfere. The IR system can tolerate
stream of oxygen at a sufficiently high temperature to converfomewhat higher concentrations. Nitrogen when present in
about 97 % of the sulfur to sulfur dioxide. A standardization®xcess of 0.1 mass % may interfere with the iodate systems; the
factor is employed to obtain accurate results. The combustiofixtent of such interference may be dependent on the type of

products are passed into an absorber containing an acfi{rogen compound as well as the combustion conditions.
Nitrogen does not interfere with the IR system. The alkali and
- hod is under the iurisdiction of ASTM Committee DO2 alkaline earth metals, as well as zinc, phosphorus, and lead, do
is test method is under the jurisdiction o ommittee on H : H
Petroleum Products and Lubricants and is the direct responsibility of Subcommittere]ot interfere with either system.
D02.03 on Elemental Analysis. A

Current edition approved Nov. 10, 2000. Published December 2000. Originall)ﬁ' pparatus

published as D 1552 — 58 T. Last previous edition D 1552 — 95. 6.1 Combustion and lodate Detection System
2 Annual Book of ASTM Standagdgol 11.01. . . .
3 Annual Book of ASTM Standardéol 05.01. 6.1.1 Furnaces—Two major types are available, the pri-
4 Annual Book of ASTM Standardéol 05.02. mary difference being the manner in which the necessary high
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temperatures are obtained. These two types are as follows: dependent on the type of furnace used and is available from the
6.1.1.1 Induction Type which depends upon the high- manufacturer of the specific combustion unit. To attain the
frequency electrical induction method of heating. This assemlower sulfur concentration given in Section 1, the ceramics
bly shall be capable of attaining a temperature of at leastised with the induction furnace assembly shall be ignited in a
1482°C (2700°F) in the sample combustion zone, under thenuffle furnace at 1371°C (2500°F) for at l¢a@sh before use.
conditions set forth in Section 10 and shall be equipped with an 6.4 Sieve 60-mesh (250-mm).
additiona}l induction coil_ Iocgted above the combustion zoney Reagents and Materials
substantially as shown in Fig. 1. ) i
6.1.1.2 The furnace work coil should have a minimum /-1 Purity of Reagents-Reagent grade chemicals shall be

output of 500 W: the minimum input rating of the furnace mustused in all tests. Unless otherwise indicated, it is intended that

be 1000 W. With the correct amount of iron chips, weighed to?ll reagents shall conform to the specifications of the Commit-

+0.05 g, the maximum plate current will be between 350 and€e on Analytical Reagents of the American Chemical Society,
450 mA. Waring—This type of furnace is capable of where such specifications are availab®@ther grades may be

inflicting highfrequency burns and high-voltage shocks. InUS€d, provided it is first ascertained that the reagent is of
addition to other precautions, maintain all guards properlySufficiently high purity to permit its use without lessening the

Warning—Disconnect the furnace from the power line when-2accuracy of the determination. L
ever electrical repairs or adjustments are made. 7.2 Purity of Water—Unless otherwise indicated, references

6.1.1.3 Resistance Typ&apable of maintaining a tempera- to water shall be unders.tpod_to mean reagent water as defined
ture of at least 1371°C (2500°F). by Type Il or lll of Specification D 1193.

6.1.2 Absorber as described in Test Method D 1266. 7.3 Alundum (Al ;05 ) or Magnesium Oxidg¢Com-Aid).
7.4 Anhydrone (Magnesium Perchlorat&yarning—In ad-

Nore 1—Also suitable for use with either type of furnace is an dition to other precautions, handle magnesium perchlorate with
automatic titrator, specnflcally_des_lgned for |odometw. This complnes thesare. Avoid contacting it with acid and organic materials.
functions of absorption and titration to a predetermined end point. Reactions with fuel may be violent.

6.1.3 Buret standard 25-mL or automatic types available 7.5 Hydrochloric Acid(3 + 197)—Dilute 30 mL of concen-
from the manufacturers of the specific combustion units, argrated hydrochloric acid (HCI, relative density 1.19) to 2 L with
suitable (Note 1). water. Warning—Poison. Corrosive. May be fatal if swal-

6.2 Combustion and IR Detection Systemomprised of |owed. Liquid and vapor cause severe burns.
automatic balance, oxygen flow controls, drying tubes, com- 7.6 Oxygen (Extra Dry}-The oxygen shall be at least
bustion furnace, infrared detector and microprocessor. Thgg.5 % pure and show no detectable sulfur by blank determi-
furnace shall be capable of maintaining a nominal operatingation.Warning— Oxygen vigorously accelerates combustion.
temperature of 1350°C (2460°F). 7.7 Phosphorus Pentoxide-(P,Ox).

6.3 Miscellaneous ApparatusSpecific combustion assem- 7.8 Potassium Alum (Aluminum Potassium Sulfate)
blies require additional equipment such as crucibles, combus- 7.9 potassium lodate, Standard Soluti¢f.06238 M, 1
tion boats, crucible lids, boat pushers, separator disks, comnL = 1 mg S)—Dissolve 2.225 g of potassium iodate (KO
bustion tubes, sample inserters, oxygen flow indicator, anghat has been dried at about 180°C to constant weight, in water
oxygen drying trains. The additional equipment required isand dilute to 1 L. Thoroughly mix the solution.

7.10 Potassium lodate, Standard Soluti¢d.006238M, 1
mL = 0.1 mg S)—Measure exactly 100 mL of KiGolution
¢ The Models SC32, or SC132, manufactured by LECO Corp., 3800 Lakeview(c.)'06238M’ 1 mL = 1 mg S) into a 1-L VOIL.ImetrIC ﬂas.k’ and
Ave., St. Joseph, MI 49085-2396, have been found satisfactory for this purpose. dilute to volume with water. Thoroughly mix the solution.
7.11 Potassium lodate, Standard Soluti@¢d.01248 M, 1
mL = 0.2 mg S)—Measure exactly 200 mL of K{Bolution
(0.06238M, 1 mL=1 mg S) into a 1-L volumetric flask and
Secondary Heater dilute to volume with water. Thoroughly mix the solution.
7.12 Ascarite 8 to 20 mesh.
> 7.13 Special Materials for Induction-Type Furnaces
N2 vycor Tube 7.13.1 Tin (20 to 30-mesh).
\ 7.13.2 Iron-Chip Acceleratorhaving a sulfur content of not
o w— more than 0.005 mass %.
=2y X2 7.14 Standard Sample-Potassium alum (AIK(SQ),:
ANLN2 12H,0).

7.15 Starch-lodide Solutior-Make a paste by addi® g of

soluble starch to 15 mL of water. Add this mixture, with

Secondary
Heater Coil

” “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-

Oxygen —— cal Society, Washington, DC. For suggestions on the testing of reagents not listed by
e the American Chemical Society, sé@alar Standards for Laboratory Chemicals
-— BDH Ltd., Poole, Dorset, U. K. and thénited States Pharmacopeia and National
FIG. 1 Combustion Tube Formulary, U. S. Pharmacopeial Convention, Inc. (USPC), Rockville, MD.
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stirring, to 500 mL of boiling water. Cool the mixture, add 15 TABLE 1 Sample Weight for Induction Furnace
g of potassium iodide (KI), and dilute to 1 L with water. Sulfur Content. % Weight of Sample Normality of Standard

7.16 Sulfuric Acid (relative density 1.84)—Concentrated ’ to be Taken, mg KIOs solution for Titration
sulfuric acid (HSO,). Warning—Poison. Corrosive. Strong 0to2 90* 0.006238
oxidizer 2to 4 50 to 90 0.006238

’ . . 41to0 10 50 to 90 0.01248

7.17 Vanadium Pentoxideanhydrous, powdered Ds. Over 10 1211 (Note 2)
8. Sampling AApproximate.

8.1 Take samples in accordance with the instructions in
Practice D 4057. suner

ROTAMETER

9. Preparation of Apparatus

9.1 Induction-Type Furnace-Assemble the apparatus ac-
cording to the instructions furnished by the manufacturer.
Purify the oxygen by passing it through)(H,SO, (relative
density 1.84), Z) Ascarite, and §) magnesium perchlorate
(Mg(CIO,),) or phosphorus pentoxide {B5) (Warning—see
7.4). Connect a rotameter between the purifying train and the
furnace. Insert a small glass-wool plug in the upper end of the
glass tubing connecting the furnace with the absorber to catch
oxides of tin. Connect the exit end of the combustion tube tc

RESISTANCE
FURNAGE

PURIFYiING TUBES

ABSORBER

OXYGEN

FIG. 3 Schematic lllustration of Resistance-Type Furnace

TABLE 2 Sample Weight for Resistance Furnace

; ) ) : Weight of Sampl Normality of Standard
the absorber with glass tubing, using gum rubber tubing to Sulfur Content, % toe'ge T‘;ke: mrﬁge K|ozrr;jl',tt)i’02 foraTr}t,Z;ion
ma_ke connections. Position the absprber_ SO as to make this™ 52 100 1 200 0.006238
delivery line as short as possible. Fig. 2 illustrates schemati- 215 100 to 200 0.01248
cally the assembled apparatus. Adjust the oxygen flow to 1 510 10 100 to 200 0.06238

. Over 10 (Note 2) (Note 2)
0.05 L/min. Add 65 mL of HCI (3+197) and 2 mL of

starch-iodide solution to the absorber. Add a sufficient amount

of the appropriate standard KiBolution (Table 1) to produce

a faint blue color. This color will serve as the end point for the ] .

titration. Adjust the buret to zero. Turn on the furnace filament 9.3.1 Condition a fresh anhydrone scrubber with four coal
X . . _samples.

switch and allow at least 1 min warm-up before running . . .

samples \Varning—see 7.4). 9.3.2 'Cgllbrate. the automatic balance according to manu-
9.2 Resistance—Type FurnaeéAssemble the apparatus ac- facturer’s instructions.

cording to the instructions furnished by the manufacturer. .

Purify the oxygen by passing it through)(H,SO, (relative 10 Standardization

density 1.84), %) Ascarite, and § Mg(ClO,), or P,Og 10.1 For lodate Methods

(Warning—see 7.4). Connect a rotameter between the purify- 10.1.1 Determination of Alum Factor

ing train and the furnace. Fig. 3 illustrates schematically the 10.1.1.1 Because these rapid combustion methods involve
assembled apparatus. Turn on the current and adjust thge reversible reaction 2S@ O, = 2SQ,, it is not possible to
furnace control to maintain a constant temperature of ¥316 eyolve all the sulfur as SO The equilibrium of the reaction is
14°C (2400= 25°F). Adjust the oxygen flow rate to 2 0.1  temperature dependent and, in an oxygen atmosphere above
L/min. Add 65 mL of HCI (gi 197) and 2 mL of starch-iodide 1316°C, about 97 % of the sulfur is present aszsm assure
solution to the absorber. Add a few drops of the appropriatghat the furnace is in proper adjustment and that its operation
standard Klq solution (Table 2) to prOduce a faint blue color. produces acceptab]y h|gh temperature, potassium alum is
Adjust the buret to zero. employed for standardizing the apparatus. Depending on the
9.3 Resistance-Type Furnace-IR Detectiehssemble and  type of combustion equipment used, proceed as described in
adjust apparatus according to manufacturer's instructionssections 10-13 to determine the alum factor. Use 15 mg
Initialize microprocessor, check power supplies, set oxygeRyeighed to+0.1 mg of potassium alum for this determination.
pressure and flows and set furnace temperature to 1371°Gse the same materials in the determination of the alum and

(2500°F). standardization factors as for the unknown samples. For
Induction example, \O; has a definite effect and should be included if
Furnace used for unknowns as recommended in the procedure with the
Rotameter Buret resistance-type furnace (Note 10).
10.1.1.2 Calculate the alum factor as follows:
Patyiny Tuces oo _|Absorber Alum factor (AF) = (S, X WR)/(10QV, — V,) X Cy) (2)
Tube where:
Oxygen S, = mass percent sulfur in potassium alum used,

FIG. 2 Schematic lllustration of Induction-Type Furnace Wa = m”“grams of potassium alum used,
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