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Foreword
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INTERNATIONAL STANDARD
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Steel and iron — Determination of total silicon
content — Reduced molybdosilicate

spectrophotometric method —

Part 2:

Silicdn contents between 0,01 and 0,05 %

1 Scope and field of application

This Interpational Standard specifies a spectrophotometric
method usLng reduced molybdosilicate for the determination of
total silicop in steel and iron.

The methdd is applicable to silicon contents between 0,01 and
0,05 % (ml/m) in steel and iron.

2 References

1ISO 377, Wrought steel — Selection and preparation--.of
samples and test pieces.
Part 1:

ISO 385-1| Laboratory glassware — Burettes\_*

General requirements.

ISO 648, Uaboratory glassware — One mark pipettes.

ISO 1042, | Laboratory glassware.\—) One-mark volumetric
flasks.
ISO 5725, | Precision of test methods — Determination of

repeatability and reproducibility for a standard test method by
inter-laborgtory tests«

3 Pringiple

4 Reagents

During the analysis, unless otherwise stated, usg only reagents

of recognized ‘analytical grade.

Reagents.supplied in glass bottles, once openg
moisture and become reactive to glassware. Al
e.dg/;sodium carbonate and sodium peroxide,
susceptible. To avoid the risk of significant

d, may absorb
aline reagents,
are particularly
contamination

arising from this source, it is recommended that only freshly

opened bottles of all reagents be used for the
reagent solutions.

preparation of

the preparation of reagent solutions and thro

hout the pro-

In addition, only water prepared by distillation i&all be used for

cedure. Water demineralized by ion-exchange s
as it may contain significant amounts of colloid

To avoid adventitious contamination, the
prepared, as required, for the specific purpose,
polypropylene containers for immediate use.

All solutions shall be freshly prepared 4

all not be used
al silica.

vater shall be
ind collected in

nd stored in

polypropylene or polytetrafluoroethylene contajners.

4.1 Pure iron, silicon content less than 2 ug

Dissolution of a test portion in a hydrochloric acid/nitric acid
mixture.

Fusion of the acid-insouble 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 sulfuric 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.

+-9—Sodi tee—particte-size-of-minms

4.3 Sulfuric acid, diluted 1 + 3.

500 pm.

To 600 ml of water add cautiously, with stirring, 2560 ml of
sulfuric acid, ¢ about 1,84 g/ml. Cool, dilute to 1 000 ml and

mix.

4.4 Sulfuric acid, diluted 1 +19.

To 800 ml of water add cautiously, with stirring, 50 ml of
sulfuric acid, ¢ about 1,84 g/ml. Cool, dilute to 1 000 ml and
mix.
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4.5 Hydrochloric acid/nitric acid mixture.
Add 180 ml of hydrochloric acid, ¢ about 1,19 g/ml, and 65 ml

of nitric acid, o about 1,40 g/ml, to 500 ml of water. Cool,
dilute to 1 000 ml and mix.

4.6 Ascorbic acid, 20 g/I solution.

Prepare this solution immediately before use.

5 Apparatus

Ordinary laboratory apparatus and

5.1 Beakers and lids, of polypropylene or polytetrafluoro-
ethylene.

B.2 Crucibles, of zirconium metal, of 50 ml capacity.

NOTE — Vitreous carbon crucibles may be used as alternatives to
zirconium metal crucibles.

4.7 Oxalic agid, solution.

Dissolve 5 g of foxalic acid dihydrate (C,H;04-2H,0) in water,
dilute to 100 mifand mix.

4.8 Hydrogeh peroxide, solution.

Dilute 200 ml of hydrogen peroxide, 300 g/I, to 1 000 mi and
mix.

4.9 Potassiu[n permanganate, 22,5 g/| solution.

Filter before usp.

4.10 Sodium molybdate, solution.

Dissolve 2,5 g df sodium molybdate dihydrate (Na;MoQO,-2H,0)
in 50 ml of wdter and filter through a medium-texture filter
paper. Immedidtely before use, add 15 ml of sulfuric acid (4.4),
dilute to 100 m| and mix.

4.11 Silicon/ standard solution.

4.11.1 Silicon stock solution, containing 1,g-0f Si per litre.

Weigh, to the|nearest 0,1 mg, 2,139 3,g.of freshly calcined
high-purity siliga (> 99,9 % SiO,) and: transfer to a platinum
crucible. {The |high-purity silica shalk\be calcined for 1 h at
1 100 °C and dooled in a desiccater-immediately before use.)
Mix thoroughly] with 16 g of anhydrous sodium carbonate and
fuse at 1 050 for 30 min' Extract the fusion product with
100 ml of watef in a polypropylene or polytetraflucroethylene
beaker (see the note). Transfer the extract, which should con-
tain no trace @f reside, to a 1 000 ml one-mark volumetric
flask, dilute to|theymark and mix. Transfer immediately to a
well-stoppered

1 ml of this stock solution contains 1 mg of Si.

NOTE — Extraction of the fusion product may require gentle heating.

4.11.2 Silicon standard solution, containing 20 mg of Si
per litre.

Transfer 10,0 ml of silicon stock solution (4.11.1) to a 500 ml
one-mark volumetric flask. Dilute to the mark and mix. Transfer
immediately to a well-stoppered polytetrafluoroethylene bottle
for immediate use.

1 ml of this standard solution contains 20 pg of Si.

5.3 Volumetric glassware.

All volumetric glassware shall be class A,)in accordance with
1SO 385-1, 1ISO 648 or ISO 1042, as appropriate.

The use of glassware shall be restrieted to a minimum of con-
tact time and borosilicate glass'shall be used as far a$ possible.

5.4 Spectrophotometer.

The spectrophotomeéter shall be equipped to measufe absorb-
ance with a sgpeetral band width of 10 nm or [less at a
wavelength <of 810 nm. Wavelength measurement shall be
accurate tont 2 nm, as measured by the absorption|maximum
of a didymium filter at 803 nm, or other suitable falibration
method: The absorption measurement for the solutign of maxi-
mum absorbance shall have a repeatability, expressed as a
felative deviation, of + 0,3 % or better.

6 Sampling

Carry out sampling in accordance with ISO 377 or appropriate
national standards for iron.

7 Procedure

7.1 Test portion

Weigh, to the nearest 1 mg, 0,60 + 0,01 g (m) of tgst sample
in the form of fine chips, turnings, millings or filings.

7.2 Blank test

In parallel with the determination and following the same pro-
cedure, carry out two blank tests using the same quantities of
all the reagents but using 0,50 + 0,01 g of pure iron (4.1) in-
stead of the test portion.

It is essential that blank values be controlled at consistently low
and reproducible values. It is recommended that duplicate
blanks be run with each batch of tests and the mean value be
used as the basis for calculation. High or divergent blank values
should be considered unacceptable and steps should be taken
to trace the source of contamination by checking the quality of
the water and of individual reagents before proceeding further.
In particular, sodium peroxide and potassium permanganate
require careful selection as some grades of these reagents give
high blank values. It is recommended that the blank reading


https://standardsiso.com/api/?name=87c32dd25a3320c6612e22e56f24f3fd

does not exceed 0,050 as absorbance, which is equivalent to
0,008 % (m/m) silicon with a 4 cm optical path length.

7.3 Determination

7.3.1 Dissolution of the test portion

Introduce the test portion (7.1) into a 250 ml polypropylene or
polytetrafluoroethylene beaker (see 5.1). Add 85 ml of
hydrochloric acid/nitric acid mixture (4.5), cover with a lid (see

ISO 4829-2 : 1988 (E)

to settle and, immediately prior to taking aliquots, pour the
supernatant liquid through a dry close-texture filter paper into a
dry vessel. Discard the first few millilitres.

With the temperature in the range of 15 to 25 °C max., treat

each test and compensating solution as stated below, using
pipettes for all reagent solution additions.

a) Test solution

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

5.1) and T poruon, without
incurring sjgnificant loss of volume.

When solyent action ceases, filter the solution through a
hardened ¢lose-texture filter paper of known, low ash content
and collect| the filtrate in a 500 ml beaker. Rinse the beaker with
20 ml of hpt water, remove adherent particles with a rubber-
tipped rod| and filter the rinsings through the same filter paper.
Wash the filter paper several times with 20 ml quantities of hot
water. Kegp the filtrate for use in the procedure given in 7.3.2.

the crucible with a lid and allow the reaction to subside. Add
15 ml of siilfuric acid (4.4), stir to dissolve any precipitate and
add to thq filtrate obtained by the procedure given in 73..
Rinse the qrucible and lid with water and add the rinsings-to the
filtrate.

7.3.3 Pregparation of the test solution

Dilute the|solution from 7.3.2 to appfoximately 300 ml and
cool. Add|5 ml of potassium permanganate solution (4.9),
followed, {f necessary, by further.dropwise additions until a
definite pirfk colour is obtained which persists for at least 1 min.
[Add the $ame amount of potassium permanganate solution
(4.9) to the¢ blank test solGtion (see 7.2) as is required to pro-
duce the gink colour in‘the test solution.] Heat to boiling and
boil gently|for 2 minSIf precipitation of manganese dioxide oc-
curs, add Hydrogen'peroxide (4.8) dropwise until the precipitate
is just dissplved and boil gently for 5 min. (Treat the blank test
solution ekdctly as for the test solution, even though no

— 10,0 ml of sodium molybdate solufion (4.10) and
allow to stand for 20 min;

— 5,0 ml of sulfuric acid (43):
— 5,0 ml of oxalic acid-selution (4.7);

— immediately, 5,0 ml-of ascorbic acid solution (4.6).

b) Compensating-solution
Add, in the following order, shaking after epch addition:

— /5,0/ml of sulfuric acid (4.3);

= 5,0 ml of oxalic acid solution (4.7);

— 10,0 ml of sodium molybdate solutign (4.10);

— immediately, 5,0 ml of ascorbic acid solution (4.6).
Dilute to the mark and mix. Allow each tes{ solution (test

portion and blank) and respective compensat{ng solution to
stand for 30 min.

7.3.5 Spectrophotometric measurements

Carry out the spectrophotometric measurement of each sol-
ution obtained in 7.3.4, at a wavelength of abolut 810 nm (see
the note), in a cell of 4 cm optical path length, Jusing water as
the reference medium.

Correct the absorbance of each test solution (tgst portion and
blank) by subtracting the absorbance of the rg¢spective com-
pensating solution.

NOTE — Wavelengths other than 810 nm (in the range 760 to 860 nm)
may be used, if convenient, to give a suitable range of| absorbances for
the calibration series on the spectrophotometer usgd. The specific
mass absorbance coefficient at 810 nm has be measured as

precipitatio : ; fertoa
1 000 ml one-mark volumetric flask, dilute to the mark and mix.
Transfer immediately to a polypropylene or polytetrafiuoro-

ethylene container.

7.3.4 Development of the colour

Pipette two 20,0 ml aliquots from the test solution (see 7.3.3)
and two 20 ml aliquots of the blank test solution (see 7.2) into
separate 50 ml borosilicate one-mark volumetric flasks. In each
case, one aliquot is for the test and the other is for the compen-
sating solution.

Solutions of test samples containing niobium or tantalum wiill
give finely divided precipitates on dilution. Allow the precipitate

780 (g Si/~"em~™".

7.4 Establishment of the calibration graph

7.4.1 Preparation of the calibration solutions

Transfer 0,60 + 0,01 g portions of pure iron (4.1) into separate
250 ml polypropylene or polytetrafluoroethylene beakers (see
5.1) and dissolve in accordance with 7.3.1 and 7.3.2.

Add accurately measured volumes of silicon standard solution
(4.11.2) to give a calibration series for the range of silicon con-
tents indicated in table 1.
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Table 1 where
- Osip is the concentration, expressed in micrograms per
s\iiiocI:rT :t::‘_ Corresponding sil(i::::?:ttﬁ;lg:;q%fot milliitre, of silicon in the blank test solution (corrected for its
dard solution mass of silicon after colour compensating solution);
(4.11.2) development . . . .
mi ug ug/ml Osit s the.c'oncgntratlon, exprgssed in_micrograms per
millilitre, of silicon in the test solution (corrected for its com-
0,0 0 0,000 pensating solution);
2,5 50 0,020 . . I i
5,0 100 0,040 Vo is the volume, in millilitres, of the test solution (see
7,5 150 0,060 7.3.3);
10,0 200 0.080 V. is the volume, in millilitres, of the aliquat portion (see
12,5 250 0,100 7.3.4);

Continue the trpatment of the calibration series as described in
7.3.3 but omitfing the blank test, and then proceed as de-
scribed in 7.3.4 but omitting the compensating solutions.

NOTE — Blank t

sts and compensating solutions are not necessary for

the calibration tepts as both are corrected for via the zero member of

the series.

7.4.2 Spectrophotometric measurements

Carry out the

$pectrophotometric measurement of each cali-

bration solutioh prepared in 7.4.1 at a wavelength of about
810 nm (see ndte to 7.3.5) in a cell of 4 cm optical path length,

using water as

the reference medium.

Subtract the alpsorbance of the zero member solution from the

absorbance of

7.4.3 Plottin

each calibration solution.

j of the calibration graph

Prepare the cajibration graph by plotting the net absorbance

values agains

the silicon concentrations, expressed in

micrograms per millilitre, in the measured solutions.

8 Express

8.1 Method

on of results

of calculation

Convert the corrected absorbance of each test solution (test

portion and bl
tration of silic
bration graph

nk, see"7.3.5) into the corresponding concen-
, imlmicrograms per millilitre, by using the cali-
létted in 7.4.3.

V; is the volume, in millilitres, of the coloUr developed test

solution (see 7.3.4);

m is the mass, in grams, of the test portion (7{1).

8.2 Precision

A planned trial of this method was carried out |by fifteen
laboratories at five levéls of silicon, each laboratory making

three determinations of_silicon content at each level.

The results obtained were treated statistically in dccordance

with 1SO 5725 (see notes 1, 2 and 3).

The data 6btained showed no systematic relationship between
silicon.¢ontent and repeatability r or reproducibility (R, and R).
Typical values are 0,004 % (m/m) Si for the repeptability r,
0,005 % (m/m) Si for the within-laboratory reprodutibility R,

and 0,006 % (m/m) Si for the reproducibility R.

The test samples used and the test results obtained on the

samples are summarized in the annex.

NOTES

1 Two of the three determinations were carried out under repeat-
ability conditions as defined in 1SO 5725, i.e. one opefator, same
apparatus, identical operating conditions (same calibrafion) and a

minimum period of time.

2 The third determination was carried out at a different time (different
the same

day) by the same operator as in note 1 above, usin
apparatus but with a new calibration.

3 From the values obtained on day 1, the repeatability » and
reproducibility R were calculated using the procedure ppecified in
1SO 5725. From the first value obtained on day 1 and tHe value ob-
tained on day 2, the within-laboratory reproducibility R, was

calculated.

Calculate the silicon (Si) content, expressed as a percentage by
mass, from the following formula:

losit —

losit — osio) %

LI C IV
i X — X — X — X
Osio. 1 06 V1 m

1 1 000 50
— X
108 20 m

9 Test report

The test report shall include the following particulars:

a) all information necessary for the identification of the

sample, the laboratory and the date of the analysis;

b) the method used, by reference to this International

Standard;

c) the results, and the form in which they are expressed;

1

= losi1 — @sio) .

d) any unusual features noted during the determination;

e) any operation not specified in this International
Standard or any optional operation which may have in-
fluenced the results.
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