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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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INTERNATIONAL STANDARD ISO 4829-1:2018(E)

Steel and cast iron — Determination of total silicon
contents — Reduced molybdosilicate spectrophotometric
method —

Part 1:
Silieon—eontents between 0,05 % and 1,0 %——

1 Bcope

This|document specifies a spectrophotometric method for the determinationf total silicon|in steel and
castliron using reduced molybdosilicate.

The method is applicable to the determination of silicon mass fraction between 0,05 % and 1,0 %.

2 Normative references

The [following documents are referred to in the text in sach a way that some or all of their content
congtitutes requirements of this document. For dated Freferences, only the edition cited ppplies. For
undgted references, the latest edition of the referenceddlocument (including any amendments) applies.

ISO 648, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 8696, Water for analytical laboratoryuse — Specification and test methods
ISO [14284, Steel and iron — Sampling and preparation of samples for the determination |of chemical
composition

3 [erms and definitions

No terms and definitiohS are listed in this document.

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

— |EC Electropedia: available at http://www.electropedia.org/

— [SO“Online browsing platform: available at https://www.iso.org/obp

4 Principle
Dissolution of a test portion in an acid mixture appropriate to the alloy composition.

Fusion of the acid-insoluble residue with sodium peroxide. Formation of the oxidized molybdosilicate
(yellow) complex in weak acid solution.

Selective reduction of the molybdosilicate complex to a blue complex with ascorbic acid, after increasing
the sulphuric acid concentration and adding oxalic acid to prevent the interference of phosphorus,
arsenic and vanadium.

Spectrophotometric measurement of the reduced blue complex at a wavelength of about 810 nm.

© ISO 2018 - All rights reserved 1
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5 Reagents

During the analysis, unless otherwise specified, use only reagents of recognized analytical grade and
only grade 2 water as specified in ISO 3696. Water demineralized by ion-exchange shall not be used as
it may contain significant amounts of colloidal silica.

Reagents supplied in glass bottles, once opened, can absorb moisture and become reactive to glassware.
Alkaline reagents, e.g. sodium carbonate and sodium peroxide, are particularly susceptible.

To avoid the risk of significant contamination arising from this source, it is recommended that only
freshly opened bottles of all reagents be used for the preparation of reagent solutions.

To avoid ad
and collectd

rentitious contamination, the water shall be prepared, as required, for the specific pus
d in polypropylene containers for immediate use.

All solutioms shall be freshly prepared and stored in polypropylene or polytetrafluoroethy

containers.
5.1 Pure
5.2 Sodiu

5.3 Nitric

Slowly add
water and 1

5.4 Sulph

Add cautioy
Cool, dilute

5.5 Sulph

Add cautiot
Cool, dilute

5.6 Hydr

Add 180 ml
1,40 g/ml, ¢

5.7 Sulph

Add cautioy

iron, silicon content less than 5 pg/g.
m peroxide, particle size less than 500 pum.

acid, p, approximately 1,40 g/ml, diluted 3 + 17.

150 ml of nitric acid, p, approximately 1,40 g/ml, to©600 ml of water. Cool, dilute to 11
NiX.

uric acid, p, approximately 1,84 g/ml, diluted-I"+ 3.

sly, while stirring, 250 ml of sulphuric acid, p, approximately 1,84 g/ml to 600 ml of wj
to 11 with water and mix.

uric acid, p, approximately 1,84\g/ml, diluted 1 + 19.

sly, while stirring, 50 mlL-efisulphuric acid, p approximately 1,84 g/ml to 800 ml of w
to 11 with water and mjx.

pchloric/nitric acids mixture.

of hydrochloric/acid, p, approximately 1,19 g/ml, and 65 ml of nitric acid, p, approxim
p 500 ml ofwater. Cool, dilute to 1 1 with water and mix.

uric/mitric acids mixture.

sly) while stirring, 35 ml of sulphuric acid, p approximately 1,84 g/ml, and 45 ml of n

pose

lene

with

ater.

ater.

htely

itric

acid, p, about 1,40 g/ml to 500 ml of water. Cool, dilute to 1 I with water and mix.

5.8 Ascorbic acid, 20 g/ solution.

This solution shall be freshly prepared.

5.9 Oxalicacid, 50 g/I solution.

Dissolve 5 g of oxalic acid di-hydrate (C2H204:2H20) in water, dilute to 100 ml with water and mix.

5.10 Hydrogen peroxide, 60 g/l solution.

Dilute 200 ml of hydrogen peroxide, 300 g/l, to 11 with water and mix.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=12b2ba353462756dce905b61bc452d50

ISO 4829-1:2018(E)

5.11 Potassium permanganate, 22,5 g/l solution.

This solution shall be filtered before use in order to remove the fine particles of MnO; that may be
present in the solution, as they will interfere with the measurement.

5.12 Sodium molybdate, 25 g/I solution.

Dissolve 2,5 g of sodium molybdate di-hydrate (NazMo04:2H20) in 50 ml of water and filter through a
medium-texture filter paper.

Immediately before use, add 15 ml of sulphuric acid (5.5), dilute to 100 ml with water and mix.

5.13 Silicon standard solution, 1 g/1.
Prepare a 1 g/l silicon standard solution by using one of the procedures described’in d) or b).
a) Preparation with silica.

Weigh to the nearest 0,1 mg, 2,139 3 g of freshly calcined high-purity silica |(SiO, mass
fraction > 99,9 %) and transfer to a platinum crucible.

The high-purity silica shall be calcined for 1 h at 1 100 °C and(¢ooled in a desiccator immediately
before use.

Mix thoroughly with 16 g of anhydrous sodium carbonate(NazCO3) and fuse at 1 050 °( for 30 min.
F.xtract the fusion product with 100 ml of water in a pelypropylene or polytetrafluoroethylene beaker.

NOTE Extraction of the fusion product might require gentle heating.

Transfer the extract, which should contain-no;trace of residue, into a 1 000 ml one-marK volumetric
flask, dilute to the mark with water and mix. Transfer immediately into a well-stoppered
polytetrafluoroethylene bottle for storage.

1 ml of this standard solution contains 1 mg of silicon.
b) Preparation with ammonium.hexafluorosilicate.

Pry several grams of ammonium hexafluorosilicate [(NH4)2SiFg] for about 1 h at 105 °Cjto 110 °C in
hn oven and cool to roomrtemperature in a desiccator.

Weigh to the nearest' 0,1 mg, 3,171 0 g of the dried product. Transfer into a suitable plastic beaker
hnd dissolve ityin hot water (approximately 80 °C).

Allow to_coel and transfer the solution quantitatively into a 500 ml polyethyleng one-mark
volumetric flask, dilute to the mark with water and mix well.

1 mlof this standard solution contains 1 mg of silicon.

5.14 Silicon standard solution, 200 mg/1.

Transfer 50,0 ml of one of the silicon stock solutions [5.13 a) or b)] into a 250 ml one-mark
volumetric flask. Dilute to the mark with water and mix. Transfer immediately to a well-stoppered
polytetrafluoroethylene bottle for immediate use.

1 ml of this standard solution contains 200 pg of silicon.
6 Apparatus
Ordinary laboratory apparatus and the following shall be used.

6.1 Beakers and lids, of polypropylene or polytetrafluoroethylene.

© ISO 2018 - All rights reserved 3
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6.2 Zirconium crucibles, of 50 ml capacity.

NOTE As alternative, sintered alumina crucibles can be used.

6.3 Volumetric glassware.
All volumetric glassware shall be Class A, in accordance with I[SO 648 or ISO 1042, as appropriate.

The use of glassware shall be restricted to a minimum of contact time and borosilicate glass shall be
used as far as possible.

6.4 Specfrophotometer.

The spectrgphotometer shall be equipped to measure absorbance with a spectral band width-of 1) nm
or less, at ajwavelength of 810 nm, with suitable optical path length cells. Wavelength adjustment shall
be accurate|to +2 nm, as measured by the maximum absorption of a didymium filter at 883 nm, or gther
suitable calibration method. The absorption measurement for the solution of maximum absorbance
shall have g repeatability, expressed as relative deviation, of +0,3 % or better.

7 Sampling
Carry out §ampling in accordance with ISO 14284 or appropriate ational standards for steelland

castiron.

8 Procefdure

8.1 Test portion

Weigh, to the nearest 0,001 g, approximately 0,5 g«0fthe test sample in the form of fine chips, turnjngs,
millings or filings.
8.2 Blank test

In parallel yith the determination andfollowing the same procedure, carry out two blank tests ysing
the same qyantities of all the reagents but using, to the nearest 0,001 g, approximately 0,5 g of high-
purity iron [5.1) instead of testportion.

NOTE Hligh-purity iron disselves very slowly in the sulfuric/nitric acids mixture (5.7). It can be dissolved in
85 ml of the $ulfuric acid (525)followed by 35 ml of the nitric acid (5.3).

8.3 Determination

8.3.1 Disko6lution of the test portion

Introduce the test portion (8.1) into a 250 ml polypropylene or polytetrafluoroethylene beaker (6.1).
Add 120 ml of the sulfuric/nitric acids mixture (5.7).

For test portions slow to dissolve, the test portion may be dissolved in 85 ml of the sulfuric acid (5.5)
followed by 35 ml of the nitric acid (5.3).

For test portions not soluble in the sulfuric/nitric acids mixture (5.7), use instead 85 ml of the
hydrochloric acid/nitric acid mixture (5.6).

Cover with a lid (6.1) and heat gently to dissolve the test portion, without incurring significant loss
of volume.

When effervescence has ceased, filter the solution through a hardened close-texture filter paper of
specified low ash content and collect the filtrate in a 500 ml beaker. Rinse the beaker with 20 ml of hot

4 © ISO 2018 - All rights reserved
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water, remove adherent particles with a rubber tipped rod and filter the rinsing fractions through the
same filter paper. Wash the filter paper several times with 20 ml portions of hot water. Keep the filtrate.

8.3.2 Treatment of insoluble residue

Transfer the paper and residue into a zirconium crucible (6.2) and ignite at low temperature until
carbonaceous matter has been removed, and then ignite in a furnace at 600 °C. Allow to cool and mix
the residue with 0,25 g of sodium peroxide (5.2). Cover with an additional 0,25 g of sodium peroxide
and heat in the furnace at 600 °C for 10 min. Allow to cool, add 15 ml of water, cover the crucible with a
lid and allow the reaction to subside. Add 15 ml of sulphuric acid (5.5), stir to dissolve any precipitate

and
and

8.3.3 Preparation of the test solution

Dilu
solu

Add

reqyired to produce the pink colour in the test solution.

Heat to boiling and boil gently for 2 min. If precipitation of mlanganese dioxide occurs, ad
perdxide (5.10) drop-wise until the precipitate is just dissolvéd and boil gently for 5 min.

Treat the blank test solution exactly as the test solution; even though no precipitation of
dioxjde occurs.

Cool} transfer into a 1 000 ml one-mark volumetric'flask, dilute to the mark with water and

Trarlsfer immediately into a polypropylene abpolytetrafluoroethylene container.

8.3.4 Development of the colour

Pipeftte two 20,0 ml aliquots of tthe test solution (8.3.3) and two 20,0 ml aliquots of thg
fion (8.2) into separate 50 ml borosilicate one-mark volumetric flasks. In each case, ofe aliquot is

solu
fort

Solu

dilution. Allow the ptecipitate to settle and immediately prior to taking aliquots, pour the s

solu

At a
belo

a)

b)

dd to the filtrate obtained by the procedure given in 8.3.1. Rinse the crucible and lid

with water

hdd the rinsing fractions to the filtrate.

'e the solution from 8.3.2 to approximately 300 ml and cool. Add 5 ml of potassium pej

the same amount of potassium permanganate solution (5.11) te the blank test solutio

he test and the other is for the compensating solution.

fions of test samples”containing niobium or tantalum will give finely divided pre

fion through a'dry close-texture filter paper into a dry vessel. Discard the first few mill

temperature range between 15 °C and 25 °C, treat each test and compensating soluti
v, using-cdlibrated pipettes for all reagent solution additions.

Test'solution.

manganate

fion (5.11), followed, if necessary, by further drop-wise additions untilCa“definite pipk colour is
obtalined which persists for at least 1 min.

n (8.2) as is

d hydrogen

manganese

mix.

blank test

Fipitates on
upernatant
litres.

n as stated

Add, in the following order, shaking after each addition:

1) 10,0 ml of sodium molybdate solution (5.12) and allow to stand for 20 min;
2) 5,0 ml of sulphuric acid solution (5.4);

3) 5,0 ml of oxalic acid solution (5.9);

4) immediately, 5,0 ml of ascorbic acid solution (5.8).

Compensating solution.

Add, in the following order, shaking after each addition:

1) 5,0 ml of sulfuric acid solution (5.4);

© ISO 2018 - All rights reserved
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2) 50

ml of oxalic acid solution (5.9);

3) 10,0 ml of sodium molybdate solution (5.12);

4)

immediately, 5,0 ml of ascorbic acid solution (5.8).

Dilute to the mark with water, and mix. Allow each test solution (test and blank solutions) and respective

compensati

ng solution to stand for 30 min.

8.3.5 Spectrophotometric measurements

th of

Carry out t
about810n

Correct the
the respect

Wavelength

1\ ol o oo ol o o rarnsantaof aaclk Laitian hitaginmad 1.0 O D 4 4+ o laa
IT DPCL |9 8 U}JllULUlllCLl IC IIICASUI UITITUTIU Ul UdUIT SUIULIUIT UULWdITICU 11T U.J. T, diU d VV avcxcus
m, in a cell of adequate optical path length (see Table 1), using water as the reference med

absorbance of each test solution (test portion and blank) by subtracting the absprban
ve compensating solution.

s other than 810 nm (in the range of 760 nm to 860 nm) may be used, if they give a suif

ium.

re of

able

range of ahsorbance for the calibration series on the spectrophotometer usedThe specific mass

absorbance

8.4 Establishment of the calibration curve

8.4.1 Prdparation of the calibration solutions

Transfer 0

polytetrafljoroethylene beakers (6.1) and dissolve in accordance with 8.3.1 and 8.3.2.

Add accura
each range

Continue t
solution su

Allow each

8.4.2 Spe

Carry out ghe spectrophotométric measurement of each calibration solution prepared in 8.4.1

wavelength
water as th

Subtract th
Then obtaij

coefficient at 810 nm is 780 (g Si/1)-1 cm-1.

50 g £ 0,01 g portions of pure iron (5.1) into“separate 250 ml polypropylen

ely measured volumes of the silicon standard‘solution (5.14) to give a calibration serig
pf silicon contents indicated in Table 1.

e preparation of the calibration series as described in 8.3.3 to 8.3.4. A single compens:
fices for each calibration range.

ralibration solution, together with the compensating solution, to stand for 30 min.

ctrophotometric measurements

of about 810 nmi~(see 8.3.5) in a cell of adequate optical path length (see Table 1), 4
e reference medium.

solution fro

@ the netabsorbance value by subtracting the corrected absorbance of the zero mer
thecorrected absorbance of each calibration solution in the series.

1)

or

s for

iting

at a
sing

e absorbance of the compensating solution from the absorbance of each calibration soluftion.

nber

8.4.3 Ploftting of the calibration curves

Establish the calibration curve for each silicon content range shown in Table 1 by plotting the net
absorbance values against the silicon concentrations, expressed in micrograms per millilitre, in the

measured s

olutions.
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Table 1 — Composition of the calibration solutions

Silicon Silicon standard Corresponding Concentration of Cell optical
content solution (5.14) mass of silicon silicon in the path length
range aliquot after colour
development
mass ml ug pg/ml cm

fraction %

0,05t0 0,10 0,00 0 0,00 2or4
0,50 100 0,04
1,60 200 6,68
1,50 300 0,12
2,00 400 0,16
2,50 500 0,20

0,10 to 0,50 0,00 0 0,00 2
2,50 500 0,20
5,00 1000 0,40
7,50 1500 0,60
10,00 2000 0,80
12,50 2500 1,00

0,50to0 1,00 0,00 0 0,00 1
10,00 2000 0,80
15,00 3000 1,20
20,00 40900 1,60
25,00 5000 2,00

9.1

Cony
corr
(8.4.

The

Expression of results

Method of calculation

rert the corrected absérbance of each test solution (test portion and blank, see 8|
psponding concentrdtipn of silicon, in micrograms per millilitre, by using the calibr
3).

mass fraction,ef)silicon, Csj, expressed as a percentage (%), is given by Formulae (1), (2}

» 1 1 Vy V.
Csi (%) =(Csi1 —Csio )XFXEX%XEUQOO

3.5) to the
ation curve

and (3):
(D

1 1 1000 50

r (o \_(C FallEA 100
=& 130
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where

Vo is the volume of the test solution (8.3.3), in millilitres;

V1 is the volume of the aliquot portion (8.3.4), in millilitres;

Vi isthe volume of the colour-developed test solution (8.3.4), in millilitres;

Csio is the concentration of silicon in the blank solution (corrected for its compensating solution),
expressed in micrograms per millilitre;

Csiq is
ex

d st

m isf{

9.2 Prec

A planned
laboratory

The test saj
The results

The obtaing
r, and reprdg
experiment]

treconcemntration of siticom i the testsotution (corrected for itS Compensating Sotution

bressed in micrograms per millilitre;

he optical path length of the cell used for the measurements, in centimetres;

he mass of the test portion (8.1), in grams.

sion

trial of this method was carried out by 18 laboratories at eight levels of silicon,

making four determinations for each level.
hples used are listed in Annex A.
obtained were treated statistically in accordance with’1SO 5725:19861).

d data showed a logarithmic relationship betwéen silicon content and repeatability |
ducibility limit, R, of the test results, as showntin Table 2. A graphical representation o
al precision data is given in Annex B.

Table 2 — Repeatability and reproducibility limits

each

imit,
ff the

mass fraction (%)

Silicon content level Repeatability limit Reproducibility limit
r R
0,05 0,004 0,008
0,10 0,006 0,012
0,20 0,009 0,018
0,50 0,015 0,032
1,00 0,023 0,049
10 Test report

The test 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 4829-1;

c) results

and unit in which they are expressed;

d) any unusual features noted during the determination;

e) anyoperation notspecified in this document, or any optional operation which might have influenced
the results.

1) Withdrawn. (Replaced with the ISO 5725 series.)
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