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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.
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Steel and cast iron — Determination of silicon content —
Gravimetric method

1 Scope

This document specifies a gravimetric method for the determination of the silicon content in steel and
castiron.

The mLthod is applicable to silicon contents between 0,10 % (mass fraction) and 5,0 %){m

NOTE

of chro
2 N
The fq
indisp
refere

ISO 36

ISO 14
compo

3 T

No ter

For samples containing molybdenum, niobium, tantalum, titanium, tungsten,zir€oniur
mium, the results are less accurate than for unalloyed matrixes.
prmative references

llowing documents, in whole or in part, are normatively réferenced in this docu
ensable for its application. For dated references, only the edition cited applies,
nces, the latest edition of the referenced document (including any amendments) apy

96, Water for analytical laboratory use — Specification'and test methods

284, Steel and iron — Sampling and preparation of samples for the determinatio
sition

rrms and definitions

ms and definitions are listed in this'document.

ISO and [EC maintain terminologicaldatabases for use in standardization at the following

— IS
— IE

4 P

Dissol

Conve

D Online browsing platfopm: available at https://www.iso.org/obp

C Electropedia: available at http://www.electropedia.org/

rinciple

ition of-atest portion with hydrochloric and nitric acids.

ass fraction).

h or high levels

ment and are
For undated
lies.

n of chemical

addresses:

acid untilw S 3 :
compounds, ignition to form 1mpure 5111con d10x1de and then welghmg

Fsion.of ac1d soluble silicon compounds to hydrated 5111con d10X1de by evaporatlon

ith perchloric

soluble silicon

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 Hydrochloric acid, p approximately 1,19 g/ml.

©IS0 2

020 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=fb88d6b0bab4dbf1b13d8aae40ea760f

ISO 439:2020(E)

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 approximately 1,40 g/ml, to 50 ml of water and mix.

5.5 Hydrof

5.6 Perchlgric acid, p approximately 1,67 g/ml.

WARNING —
fumes or org

NOTE Per

5.7 Sulphufic acid solution, 1 + 1.

Cautiously ad
6 Appara
Ordinary labd
6.1 Platinu
6.2 Muffle

6.3 Filterp

uoric acid, p approximately 1,14 g/ml.

Perchloric acid vapour may cause explosions in the presence of. ammonia, nftrous

anic material in general.

Chloric acid (p approximately 1,54 g/ml) can also be used.

l 50 ml of sulphuric acid, p approximately 1,84 g/ml], te:50 ml of water, allow to cool af
fus

ratory equipment and the following shall'be used:

m crucibles, of capacity approximately 30 ml.

furnace, adjustable from 800:°C-up to 1 100 °C.

aper, medium-texture, efknown low ash content.

7 Sampli

Carry out sa
castirons.

8 Proced;

Ilg
pling in aecordance with ISO 14284 or appropriate national standards for stee

1re

8.1 Test portion

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

d mix.

Is and

According to the presumed silicon content, weigh, to the nearest 1 mg, the following mass (m;) of the

test portion:

a)

b)
2,5g;

for silicon contents between 0,10 % (mass fraction) and 0,50 % (mass fraction): m, approximately 5 g;

for silicon contents between 0,50 % (mass fraction) and 2,5 % (mass fraction): m, approximately

for silicon contents between 2,5 % (mass fraction) and 5,0 % (mass fraction): m; approximately 1 g.

© IS0 2020 - All rights reserved
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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 dissolution of the test portion and formation of hydrated silicon dioxide

Place the test portion (8.1) in a beaker of suitable capacity.

Add 30-mtefhydrecericacid {5 and-thengentdy heat the beakereovered-with-a—watch glass until
the refiction ceases. Oxidize by careful addition of 15 ml of nitric acid (5.4). When the'viplent reaction
ceaseq, rinse the watch glass with a little portion of hot water and collect the washings |n the beaker.
Add tHe volume of perchloric acid (5.6) indicated in Table 1.

Table 1 — Volume of perchloric acid (5.6)

. Volume of perchleric acid (5.6)
Mass of test portion (8.1) mi
& p=1,67 g/ml p=154g/ml
5 60 75
2,5 40 50
1 25 35

WARNING — Perchloric acid (5.6) must be added:cautiously in small portions, espegially when a
5 g tegt 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 rdte of heating.
As soqn as the first white perchloric acid fumes appear, cover the beaker with the watch glass and
continue fuming for about 20 min.

If the|alloy contains chromium at.contents greater than 1 %, it is recommended to| wait for the
appearance of the characteristi¢)'red colour of the chromic acid. At this stage, chromium can be
removied as chromyl chloride:)slowly pour down along the sides of the beaker 1 ml to 2 ml of
hydrog¢hloric acid (5.1). Continue heating, until abundant perchloric fumes appear and ¢hromium re-
oxidises. Repeat as many tilmes as necessary until the perchloric fumes are no longer orapge-coloured,
when hydrochloric acidids added again.

Allow [to cool, carefully moisten with 5 ml of hydrochloric acid (5.1), heat slightly, dilute With 100 ml of
water pt 70 °C.f080 °C and heat again until the salts are dissolved (taking care not to alloy the solution
to boill).

8.3.2 L FEiltration 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 is washed thoroughly in order to avoid popping and loss of residue due to perchloric acid
during ignition.

© IS0 2020 - 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 dissolution, 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 with water 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 Igniti

on, 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
cover and ign
of silicon diox

Allow to cool
heating until
800 °C to con

Allow to cool

Then moisten
of hydrofluor
completely el

NOTE If m
acid (5.7) in or

Complete the

Allow to cool

9 Express

9.1 Metho

The silicon content, wg;, expressed as a percentage by mass, is given by Formula (1):

Etant mass.

in a desiccator and weigh the crucible and its content (mass in gkams: m,).

ic acid (5.5), evaporate to dryness and continue heatingintil the sulfuric acid fun

te in the muffle furnace (6.2) at 1 100 °C for 30 min to 45 min, depending on the(qy
ide and, for samples containing molybdenum, until a constant mass is obtained,

the sulfuric acid fumes are completely eliminated. Then ignite in thelmuffle furr

the ignited silicon dioxide with a few drops of sulfuric acid{5.7), add approximate

minated.

olybdenum, niobium, tantalum, titanium, tungsten or zirconium are present, add 2 ml of s
der to avoid any partial volatilization of the fluorides of these elements.

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

in a desiccator, then weigh the crucible:and its content (mass in grams: m,).

ion of results

d of calculation

(my —m, )=z —my )

tinum
antity

add approximately 2 ml of sulfuric acid (5.7) to the crucible, heat carefullyy and continue

ace at

y 5 ml
es are

ulfuric

M

wg; =0,447 4% %100

Mo

my=m, )—(m,—m
W51=46'—4X( Iy ) — (my—my )
m
0
where

m is the mass of the test portion, expressed in grams;
my is the mass of the crucible and the impure silicon dioxide, expressed in grams;
m, is the mass of the crucible and residue after volatilization of the silicon dioxide, ex-

pressed in grams;
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ms is the mass of the crucible and the impure silicon dioxide in the blank test,

my
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in grams;

blank test, expressed in grams;

0,467 4 is the Si/SiO, coefficient.

9.2 Precision

expressed

is the mass of the crucible and residue after volatilization of the silicon dioxide in the

A planned test of this method was carried out by 26 laboratories, at nine levels of silicon, each laboratory

makingthreedeterminationsof thestticoncontentateachtevel——

The te)
in Tab]

There
A grap

The s
calcul
reprog

NOTE |

ISO 57

NOTE 2

asinN

NOTE ]
treatm

eA.2.
sults obtained were treated statistically in accordance with ISO 5725-2:1994 and ISO
hical representation of the experimental precision data is given infAithex B.

moothed precision data, expressed as a percentage (mass ftaction), shown in
ited from the relationships between the silicon content-mean values and repe
Jucibility experimental data (see Annex A and Annex B).

Two of the three determinations were carried out\under repeatability conditions
P5-1, i.e. one operator, same apparatus, identical operating conditions, and a minimum peri

The third determination was carried out at a different time (on a different day) by the
DTE 1 using the same apparatus.

ent has led to the removal of the whole data of one laboratory.

Table 2 —Precision data (smoothed values)

st samples used are listed in Table A.1, and the experimental precision data gbtained are shown

5725-3:1994.

lable 2 were
atability and

as defined in
bd of time.

same operator

When revising the present document,) the precision data were revaluated: this pew statistical

dilicon content Repeatability iimit Reproducibility limit
% (mass fraction) % (mass fraction)
% (mass fraction) r R, R
0,1 0,009 0,010 0,p13
0,2 0,013 0,014 0,p18
0,5 0,020 0,022 0,p28
1,0 0,028 0,031 0,p39
2,0 0,039 0,045 0,p54
50 0,061 0,072 0,p83

10 Test report

The te

st report shall include the following information:

a) allinformation necessary for the identification of the sample, the laboratory and the date of analysis
or of the test report;

b) method used by reference to this document, i.e. ISO 439:2020;

c) re

sults and unit in which they are expressed;

d) any unusual features noted during the determination;
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e) anyoperation notspecified in this document, or any optional operation which might have influenced
the results.

6 © IS0 2020 - All rights reserved
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Annex A
(informative)

Additional information on the international interlaboratory test

Table 2 was derived from the results of an international interlaboratory test carried out in 1991 on
seven steel samples and two cast iron samples in 11 countries and involving 26 laboratories.

The results of the test were reported in document ISO/TC 17/SC 1 N 934, April 1992.

© IS0 2020 - All rights reserved 7


https://standardsiso.com/api/?name=fb88d6b0bab4dbf1b13d8aae40ea760f

:2020(E)

ISO 439

N N e I B (1oo3s
*mus uodI[IS) $£0 4D
7,
= = = = -~ | -] —|woo| —| —|oewo| —| &) —| —|eeo| —| —|ovop| 10| zz0| s8ro| oz (19035 foyje
/., mo7) 9-0£0 SSI
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 . . . ., | (19938 £o[re mOTT)
@\ v00p|s0£00| s90'0| vro0| 0| P Y
fw (uoar
—| =l osoo| —| —=|| —=| - -] —=| —=| —=| oto| —| —| —| erdo —| s900| sso0| evop| 97| zzo| —| srg| Iseodpuers
AUD YstH) €/90 $od
CN.\ (uoaraseo (aeg
- = = = =/l - =l =] —=| 00| —|osto| —| —| —]| ool ¢ Em 61'T| £900| v00p| 6100| s¥i0| TeE| 627| -npow) apona)
(0, T-18% WHDA
—| = wo| —| —=|| —| —| —lsswo| —| zevo| 9svo|stzo0| —| —|eso0'0| 9v0% Wv 897| 0P| v00| el szro| ory|  (LESAonE
- moT) Z/0T¥ S04
. . . . . . . ! . . . .| ([993s ssaqureis)
- = = = =l —=| —| wsolowooo| —|v9ro0|T6c00|sS2000|90000] —| —| —| 00T $500P|$£100| ¥¥LT|L9€0| zowo| 11T NEE
-
_ . . _ . 1 1 1 _ . . . B . . . . ‘ ., | (12935 [001 paads
69| 6T 610°0 26%| 600| z£0 zro| zvs[CeQupb| szo0| ogo| ss0| erol gt e
9000 —| 0900| —| —[sgo00|eto0n| 9900| —| —| —| —| #oo| —|szoo0| —| zroo| —| —| ztoo| evoo| 90| zsvo| seoo| . UPOISUOA
-1eD) 1/09+% S04
Z | om A 1L | us | as | ad | aN | N | Sw | ow | nmy | o | e a sv | v | IN | I s d | un | o 1S
ajdures

% ‘uonyisoduwrod [ed1waAY)

1591 uoIs13.ad 9y} 10j pasn sajduwies 1s9], — 'V d[qeL

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=fb88d6b0bab4dbf1b13d8aae40ea760f

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Reagents
	6 Apparatus
	7 Sampling
	8 Procedure
	8.1 Test portion
	8.2 Blank test
	8.3 Determination
	8.3.1 Acid dissolution of the test portion and formation of hydrated silicon dioxide
	8.3.2 Filtration and washing
	8.3.3 Recovery of silicon compounds in the filtrate
	8.3.4 Ignition, volatilization of silicon dioxide and weighing
	9 Expression of results
	9.1 Method of calculation
	9.2 Precision
	10 Test report
	Annex A (informative)  Additional information on the international interlaboratory test
	Annex B (informative)  Graphical representation of precision data
	Bibliography

