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Standard Test Method for

Determination of Total Sulfur in Iron Ores and Related
Materials by Combustion-lodate Titration'

This standard is issued under the fixed designation E 395; 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 epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of total sulfur
in iron ores, concentrates, agglomerates, and related materials
in the concentration range from 0.007 to 0.50 %.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1193 Specification for Reagent Water?

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications®

E 50 Practices for Apparatus, Reagents, and Safety Precau-
tions for Chemical Analysis of Metals*

E 135 Terminology Relating to Analytical Chemistry for
Metals, Ores, and Related Materials®

E 173 Practice for Conducting Interlaboratory Studies of
Methods for Chemical Analysis of Metals®

E 877 Practice for Sampling and Sample Preparation of Iron
Ores and Related Materials®

E 882 Guide for Accountability and Quality Control in the
Chemical Analysis Laboratory®

E 1601 Practice for Conducting an Interlaboratory Study to
Evaluate the Performance of an Analytical Method®

3. Terminology

3.1 Definitions—For definitions of terms used in this Test
Method, refer to Terminology E 135.

! This test method is under the jurisdiction of ASTM Committee EO1 on
Analytical Chemistry for Metals, Ores, and Related Materials and is the direct
responsibility of Subcommittee E01.02 on Ores, Concentrated, and Related Metal-
lurgical Materials.
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4. Summary of Test Method

4.1 The sulfur in the test sample is converted to sulfur
dioxide by combustion in a stream of oxygen. The sulfur
dioxide is absorbed in an acidified starch-iodide solution and
titrated with potassium iodate solution. The potassium iodate
solution is standardized against a similar type ore of known
sulfur content since the percentage of sulfur evolved as sulfur
dioxide varies with different materials.

5. Significance and Use

5.1 This test method is intended to be used for compliance
with compositional specifications for sulfur content. It is
assumed that all who use these procedures will be trained
analysts capable of performing common laboratory procedures
skillfully and safely. It is expected that work will be performed
in a properly equipped laboratory and that proper quality
control procedures will be followed, such as those described in
Guide E 882.

6. Interferences

6.1 Halogens interfere with this test method.

7. Apparatus

7.1 Induction Heating Apparatus for determination of sul-
fur by direct combustion.

7.1.1 The apparatus must be suitable for the combustion of
the sample in oxygen to form sulfur dioxide (SO,) and must
provide an absorption vessel in which the SO, is titrated. A
typical arrangement is shown in Fig. 1.

7.1.2 Oxygen Purifiers—The regular commercial tank oxy-
gen is satisfactory. It must be passed through two pressure
reduction valves (approximately 207 kPa (30 psig) and 14 to 28
kPa (2 to 4 psig), respectively) or a suitable two-stage
reduction valve to provide an even and adequate flow of
oxygen through a tower containing H,SO, and through an
absorption tower containing 20 to 30-mesh inert base impreg-
nated with NaOH and anhydrous magnesium perchlorate
(Mg(ClO,),). A flowmeter and quick-acting shut-off valve for
use during preheating periods must precede the resistance
furnace assembly. A flowmeter must also precede the induction
furnace assembly.
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A—Oxygen Tank

B—Reduction valve

C—Quick-acting shut-off valve

D—Tower containing H,SO,

E—Tower containing CO, absorber and anhydrous Mg(CIO,),
F—Flowmeter

G—Furnace, induction

H—Combustion tube

I—Absorption and titration assembly
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FIG. 1 Typical Arrangement for Determination of Sulfur by the Direct-Combustion Method

7.1.3 Combustion Furnace—Induction Heating: The com-
bustion is accomplished by induction heating. A rheostat to
control the power input to the induction coil is required to
avoid heating some types of samples too rapidly during the
early stages of combustion. The combustion zone of the
induction furnace must amply provide for adequate heating of
the sample.

7.1.4 Combustion Tube—The tube must be of a suitable size
to fit the particular furnace used and have an inside diameter
large enough to accommodate the crucible and cover. A
tapered-end tube is recommended.

7.1.5 Combustion Crucibles—The crucibles for use with the
furnace must be of adequate thickness to retain the molten slag
and have a blank as low and consistent as possible. The
crucibles must have adequate capacity and may be provided
with suitable covers. The blank requirements that apply to the
crucibles also apply to their covers. Prior to use, crucibles and
covers must be prefired at least 15 min at 1100°C and then
stored in a desiccator.

7.1.6 Filter—Suitable precautions must be taken to prevent
metallic oxides from entering the titration vessel.

7.1.7 Connections—Connection between the outlet end of
the combustion tube and the absorption and titration assembly
must be as short and free of bends as possible, with glass
connections butted to minimize areas of rubber tubing exposed
to gases. All rubber tubing must be essentially free of sulfur.

7.1.8 Absorption and Titration Apparatus—The apparatus
should consist of an absorption and titration vessel of appro-
priate volume and containing an inlet bubbler tube for the
sulfur gases with a float valve to prevent back flow of liquid
when the sample is starting to consume oxygen. The vessel
must be shaped to effect complete absorption of SO, in a small
volume of solution. The buret should be approximately 10 mL
in capacity. Automatic titrations which utilize a photoelectric
cell to activate a solution inlet valve are commercially avail-

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available.” Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

8.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water conforming
to Specification D 1193.

8.3 Copper (Low-Sulfur) Accelerator, chips or rings.

8.4 Hydrochloric Acid (3+97)—Add 3 volumes of concen-
trated hydrochloric acid (HCI) (sp gr 1.19) with 97 volumes of
water.

8.5 Iron (Low-Sulfur) Accelerator, chips or powder.

8.6 Potassium lodate, Standard Solution (1 mL =0.1 mg
S)—Dissolve 0.2225 g of potassium iodate (KIO5) in 900 mL
of water and dilute to 1 L.

Note 1—The sulfur equivalent is based on the complete conversion of
sulfur to sulfur dioxide. The recovery of sulfur as the dioxide is less than
100 %, but is consistent when the temperature and the rate of oxygen flow
are maintained constant. An empirical factor must be determined by an
analysis of a standard sample.

8.7 Starch-lodide Solution—Transfer 1 g of soluble or
arrowroot starch to a small beaker, add 2 mL of water, and stir
until a smooth paste is obtained. Pour the mixture into 50 mL

7 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
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