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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso
.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 1, Methods of
determination of chemical composition.

This third edition cancels and replaces the second edition (ISO 439:1994), which has been technically
revised in order to re-assess the precision data.
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Steel and cast irons — Determination of silicon content —
Gravimetric method

1 Scope

This International Standard specifies a gravimetric method for the determination of the silicon content
in steels and cast irons.

The method is applicable to silicon contents between 0,10 % (mass fraction) and 5,0 % {mass fraction).
NOTE For samples containing molybdenum, niobium, tantalum, titanium, tungsten, zirconium or high levels
of chromium, the results are less precise than for unalloyed steels.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 3696, Water for analytical laboratory use — Specification and test methods

EN ISO 14284, Steel and iron - Sampling and preparation of samples for the determination of chemical
composition

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Principle
Dissolution of a test portion with hydrochloric and nitric acids.

Conversion of acid-soluble silicon compounds to hydrated silicon dioxide by evaporation with perchloric
acid until white fumes appear. Filtration of the hydrated silicon dioxide and acid-insoluble silicon
compounds, ignition to form impure silicon dioxide and then weighing.

Treatment of the ignited residue with hydrofluoric and sulfuric acids, followed by ignition and weighing.

5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and
grade 2 water as specified in ISO 3696.

5.1 Hydrochloricacid, p = 1,19 g/ml, approximately

© IS0 2019 - All rights reserved 1
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5.2 Hydrochloric acid solution, 1 + 1

Add 500 ml of hydrochloric acid (5.1) to 500 ml of water and mix.

5.3 Hydrochloric acid solution, 1 + 19
Add 10 ml of hydrochloric acid (5.1) to 190 ml of water and mix.

5.4 Nitric acid solution, 3 + 1

Add 150 ml of nitric acid, p = 1,40 g/ml, approximately to 50 ml of water and mix.
5.5 Hydrofluoric acid, p = 1,14 g/ml, approximately

5.6 Perchloric acid, p = 1,67 g/ml, approximately

WARNING — Perchloric acid vapour may cause explosions in the presence of ammonia, nitrous
fumes or organic material in general.

NOTE Perchloric acid (p = about 1,54 g/ml, approximately) can also be used.

5.7 Sulphuric acid solution, 1 + 1

Cautiously add 50 ml of sulphuric acid, p = 1,84 g/ml, approximately, to 50 ml of water, allow to cool
and mix.

6 Apparatus

Ordinary laboratory equipment and the following:
6.1 Platinum crucibles, of capacity approximately 30 ml

6.2 Muffle furnace, adjustable from 800 °C up to 1 100 °C

6.3 Filter paper, medium-texture, of known low ash content.

7 Sampling

Carry out sampling in accordance with ISO 14284 or appropriate national standards for steels and
castirons.

8 Procedure

8.1 Test portion
Use millings or drillings of a maximum thickness of 0,2 mm.

According to the presumed silicon content, weigh, to the nearest 1 mg, the following mass (mg) of the
test portion:

a) forsilicon contents between 0,10 % (mass fraction) and 0,50 % (mass fraction): mg approximately 5 g;

b) for silicon contents between 0,50 % (mass fraction) and 2,5 % (mass fraction): mp approximately
25g;

c) forsilicon contents between 2,5 % (mass fraction) and 5,0 % (mass fraction): mg approximately 1 g
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8.2 Blank test

In parallel with the determination and following the same procedure, carry out a blank test using the
same quantities of all reagents as used for the determination.

8.3 Determination

8.3.1 Acid attack of the test portion and formation of hydrated silicon dioxide
Place the test portion (8.1) in a beaker of acid-resistant glass of suitable capacity.

Add 30 ml of hydrochloric acid (5.1), and then gently heat the beaker covered with a watch glass until
the reaction ceases. Oxidize by careful addition of 15 ml of nitric acid (5.4). When the fairly violent
reaction ceases, rinse the watch glass with a little portion of hot water and collect the washings in the
beaker. Add a volume of perchloric acid (5.6) as indicated in table 1.

Table 1 — Volume of perchloric acid (5.6)

Mass of test portion (8.1) Volume of perchloric acid (4.6)
g ml
p=167g/ ml p=154g/ml
5 60 75
2,5 40 50
1 25 35

WARNING — Perchloric acid (4.6) must be added cautiously in small portions, especially when a
5 g test portion has been taken, in order to avoid boiling over, due to a very violent reaction.

Heat the uncovered beaker slightly until the attack is complete and then, increase the rate of heating.
As soon as the first white perchloric acid fumes appear, cover the beaker with the watch glass and
continue fuming for about 20 min.

NOTE If the alloy contains chromium at contents greater than 1%, it's recommended to wait for the
appearance of the characteristic red color of the chromic acid. At this stage, chromium can be removed as chromyl
chloride: slowly pour down along the sides of the beaker 1 to 2 ml of hydrochloric acid (5.1). Continue heating,
until abundant perchloric fumes appear and chromium re-oxidises. Repeat as many times as necessary until the
perchloric fumes are no longer orange-colored, when hydrochloric acid is added.

Allow to cool, carefully moisten with 5 ml of hydrochloric acid (5.1), heat slightly, dilute with 100 ml of
water at 70 °C to 80 °C and heat again until the salts are dissolved (taking care not to allow the solution
to boil).

8.3.2 Filtration and washing

With a rubber-tipped glass rod, detach any hydrated silicon dioxide or acid-insoluble silicon compounds
that may be adhering to the beaker and filter immediately through a filter paper (6.3) containing a little
filter-paper pulp of the same quality.

Wash the beaker and the filter with hot hydrochloric acid (5.3), transferring the hydrated silicon dioxide
and acid-insoluble silicon compounds to the filter, and complete the washing, first with hot hydrochloric
acid (5.2) and then with cold water until the iron salts are completely eliminated.

NOTE The filter should be washed thoroughly in order to avoid popping and loss of residue due to perchloric
acid during ignition.

© IS0 2019 - All rights reserved 3
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8.3.3 Recovery of silicon compounds in the filtrate

Transfer the filtrate and the washings to the beaker previously used for the attack, evaporate them by
heating until dense white fumes of perchloric acid are evolved, and maintain a steady refluxing of acid
on the walls of the beaker for about 20 min. Moisten and dilute according to the procedure specified
in 8.3.1, then filter through a second filter paper (6.3) and wash according to the procedure specified
in 8.3.2.

8.3.4 Ignition, volatilization of silicon dioxide and weighing

Put the two filters and their contents together in a platinum crucible (6.1). Heat at between 500 °C and
600 °C until the filters are completely incinerated, then cover the crucible partially with a platinum
cover and ignite in the muffle furnace (6.2) at 1 100 °C for 30 min to 45 min, depending on the quantity
of silicon dioxide and, for samples containing molybdenum, until a constant mass is obtained.

Allow to cool, add approximately 2 ml of sulfuric acid (5.7) to the crucible, heat carefully and continue
heating until the sulfuric acid fumes are completely eliminated. Then ignite in the muffle furnace at
800 °C to constant mass.

Allow to cool in a desiccator and weigh the crucible and its contents (mass in grams: my).

Then moisten the ignited silicon dioxide with a few drops of sulfuric acid (5.7), add approximately 5 ml
of hydrofluoric acid (5.5), evaporate to dryness and continue heating until the sulfuric acid fumes are
completely eliminated.

NOTE If molybdenum, niobium, tantalum, titanium, tungsten or zirconium are present, add 2 ml of sulfuric
acid (5.7) in order to avoid any partial volatilization of the fluorides of these elements.

Complete the ignition in the muffle furnace at 800 °C for 10 min.

Allow to cool in a desiccator, then weigh the crucible and its contents (mass in grams: my).

9 Expression of results

9.1 Method of calculation

The silicon content, ws;, expressed as a percentage by mass, is given by the equation:

Wy, =0,4674x (= m )= (s =m1)

m,
W, = 46,74x (= my) = (s = m )
my
where
mo is the mass of the test portion, in grams;
my is the mass of the crucible and the impure silicon dioxide, in grams;
mp is the mass of the crucible and residue after volatilization of the silicon dioxide, in grams;
m3s is the mass of the crucible and the impure silicon dioxide in the blank test, in grams;
mgy is the mass of the crucible and residue after volatilization of the silicon dioxide in the blank

test, in grams;

0,4674 is the Si/SiO; coefficient
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