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ISO Recommendation R 1975 April 1971

CHEMICAL ANALYSIS OF MAGNESIUM AND ITS ALLOYS
DETERMINATION OF SILICON

———————————— SPECTROPHOTOMETRIG-METHOD

WITH THE REDUCED SILICOMOLYBDIC COMPLEX

1. SCPPE

This ISO Recommendation describes a spectrophotometric method using the reduced silicomolybdic complex
for the determination of silicon in magnesium and magnesium alloys.

THis method is applicable to the determination of silicon contents between 0.01 and 0.6 %.

Special cases
Alloys containing rare earths or thorium (this case is being studied).
2. PRINCIPLE

2.1  Attack by sulphuric acid in the presence'of bromine water. Complexing of the silicon by potassium fluoride
and decomplexing by boric acid.

2.2 Formation of the oxidized siliéemolybdic complex (yellow) under clearly defined conditions of acidity.

2.3  Selective reduction of th€ ¢omplex in a sulphuric acid medium of high acidity and in the presence of
tartaric acid.

24  Spectrophotometric ' measurement of the blue-coloured complex at a wavelength of about 810 nm.

3. REAGENTS

Fqr the analysis, use only doubly distilled water.

Kdep-all the reagent solutions, with the exception of the bromine water (3.1), in plastic bottles.

3.1 Bromine water saturated at ambient temperature.

3.2 Sulphuric acid (d = 1.29), approximately 10 N.

Carefully add 280 ml of sulphuric acid (d = 1.84), approximately 35.6 N, to approximately 700 ml of water.
After cooling, make up the volume to 1000 ml and mix.

3.3 Sulphuric acid (d = 1.03), approximately 1 N.
Dilute 100 ml of the sulphuric acid (3.2) with water and make up the volume to 1000 mi.
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34

3.5

3.6

3.7

3.8 Tartaric acid solution, 200 g/l.

39

3.0 Standard silicon solution containing 0.100 g of silicon (Si) per litre.

Magnesium solution, 10 g/1.

Weigh, to within 0.01 g, 10 g of pure magnesium (purity greater than 99.9 %) and place in a tall form beaker
of suitable capacity (for example 600 ml). Add approximately 200 ml of water and, in small portions, 120 ml
of sulphuric acid (3.2). When the reaction is completed, boil the solution for 5 minutes. Cool and transfer
quantitatively to a 1000 ml volumetric flask. Make up to volume and mix.

Potassium fluoride solution, 50 g/l.
Dissolve 50 g of potassium fluoride (KF) in water, filter if necessary, and make up the volume to 1000 ml.

Boric acid, solution saturated at 20 °C (approximately 40 g/1).
Dissolve-40-g-of boric-acid (H BO in-ho ter —dil e 103

Disso g ofbo the
volume to 1000 ml.

Molybdic solution
Use either of the solutions indicated below :

3.7.1 Sodium molybdate solution, 195 g/l.

Dissolve 19.5 g of sodium molybdate dihydrate (Na,MoO,.2H, O) in hot water, and after cooling make
up the volume to 100 ml.

The pH of this solution should be about 7.

3.7.2 Ammonium molybdate solution, 140 g/1.
Dissolve 14.0 g of ammonium molybdate [(NH,4)sMo,0,,4 .4H,0] in lukewarm water, and make up the
volume to 100 ml.

Prepare these solutions immediately before use.

Dissolve 200 g of tartaric acid (C4 Hg O¢ ) in water, and make up the volume to 1000 ml.

Ascorbic acid solution, 20 g/l.
Dissolve 2 g of ascorbic acid (C¢HgOp) in water, and make up the volume to 100 ml.
Use a freshly prepared solution.

In a platinum crucible weigh, to the nearest 0.0002 g, 0.2140 g of pure silica (SiO,) finely ground, pgreviously
calcined at 1000 °C.to constant mass and cooled in a desiccator.

Add to the crucible 2'g of a mixture of equal parts of anhydrous sodium carbonate and anhydrous potassium
carbonate. Mix-carefully, preferably with a platinum spatula, and fuse carefully until a transparent mass is
obtained. Allow to cool, dissolve the fused mass in hot water and transfer the solution to a plastic bgaker.

Dilute te approximately 700 ml, cool, transfer the solution to a 1000 mi volumetric flask, make up fo volume
and mix.

L'mlof this standard solution contains 0.10 mg of Si.

NOTE. — Avoid contact between platinum containers and refractory materials. In order to isolate them from the flirnace

3.1

plate, use, for example, platinum supports.

1 Standard silicon solution containing 0.010 g of silicon (Si) per litre.

Transfer 50.0 ml of standard silicon solution (3.10) to a 500 ml volumetric flask, make up to volume and
mix.

1 ml of this standard solution contains 0.01 mg of Si.
Prepare this solution immediately before use.
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4.

*

. SAMPLING

. PROCEDURE

APPARATUS

4.1  Ordinary laboratory apparatus. The glassware should be carefully washed with a hot sulphuric/chromic
acid mixture, copiously rinsed with water and finally with doubly distilled water (do not dry). Platinum
containers (crucibles, dishes, etc.) should be cleaned with fused sodium carbonate, washed with boiling
hydrochloric acid, then copiously washed with doubly distilled water.

4.2 pH-meter, fitted with a glass electrode.

4.3  Spectrophotometer.

5. Laboratory sample*

5.2 Test sample

Chips not more than 1 mm thick obtained by milling or drilling.

6.] Sample

Weigh, to the nearest 0.001 g, 1 g of the test sample (5.2) for silicon contents between 0.01 and 0.05 %,
or 0.5 g for silicon contents between 0.05 and 0.6 %.

6.p  Plotting of the calibration curve

In view of the fact that the interference from magnesium is in proportion to the quantity of magnesium
present, it is necessary to plot two calibration cutves. The curve in the presence of 0.02 g of magnegium
is identical, for low silicon contents, with the-calibration curve plotted in the absence of magnesium; for
this reason it can also serve as the blank test.

6.2.1 Preparation of check solutions related to spectrophotometric measurements carried out with an pptical
path of 1 cm.

6.2.1.1 TEST PORTION OE-I\g. Into each of a series of six plastic beakers of suitable capacity (for ¢xample
250 ml), place 100.0 ml of the magnesium solution (3.4), containing 1 g of magnesium, anld then
respectively the-volumes of the standard silicon solution (3.10 or 3.11) indicated in the following

table :
Volume of
standard silicon solution . .
Corresponding mass of silicon
(3.11) (3.10)
ml ml mg
0* — 0
5.0 — 0.05
10.0 — 0.10
25.0 — 0.25
- 5.0 0.50
- 7.5 0.75

* Compensating solution,

The ISO Recommendation concerning sampling from supply batches will be studied as soon as ISO/TC 69, Applications of

statistical methods, has specified the general procedures to be adopted.
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Then add to each beaker 5 ml of the potassium fluoride solution (3.5), stir with a plastic rod
and allow to stand for 15 to 20 minutes at a temperature of between 60 and 70 °C.

Add 50 ml of the boric acid solution (3.6) and stir.

Cool to ambient temperature, transfer the solutions to 250 ml volumetric flasks, make up to
volume and mix.

6.2.1.2 TEST PORTION OF 0.5 g AND BLANK TEST. Into each of a series of six plastic beakers of suitable
capacity (for example 250 mi), place 50.0 ml of the magnesium solution (3.4}, containing 0.5 g
of magnesium, and 23.0 ml of the sulphuric acid (3.2) and finally the volumes of standard silicon
solution (3.10) indicated in the following table :

standard siz(c)(l)l:lmste)l(:xiion (3.10) Corresponding mass of silicon
ml mg
0* | 0
2.5 0.25
5.0 0.50
12.5 125
250 2.50
37.5 3.75

* Compensating solution.

Dilute, if necessary, to 100 ml;then add to each beaker 5 ml of the potassium fluoride solution
(3.5), stir with a plastic rod-andallow to stand for 15 to 20 minutes at a temperature of between
60 and 70 °C. Add 50 mlof the boric acid solution (3.6) and stir. Cool to ambient temperature,
transfer the solutions to 250 ml volumetric flasks, make up to volume and mix.

NOTE. — In order to avoid hydrolysis of the silicon solutions, it is necessary to prepare them immediately before
use.

6.2.2 Preliminary test\for the checking and correction of pH to be carried out for each check solution fpr the
two calibrafion’ curves

6.2.2.1 ~TEST PORTION OF 1 g. In a beaker of suitable capacity (for example 150 ml) place 50.0 mljof the
solution obtained by the procedure described in clause 6.2.1.1 and S ml of the molybdic sojution
(3.7.1 or 3.7.2) and stir. Check the pH value with the pH meter (4.2) : this value should be petween
1.35 and 1.50 when soldium molybdate solution (3.7.1) is used, or between 1.20 and 1.30 when
ammonium molybdate solution (3.7.2) is used. If it is not, correct the pH by slowly adding ffrom a
burette or graduated pipette, drop by drop and stirring after each addition, the necessary quantity of
sulphuric acid solution (3.3).

Dilute, if necessary, so that the final volume of the solution (after the addition of the sulphuric acid
solution) is approximately 65 ml and again check the pH. Note the volume of the sulphuric acid
solution (3.3) used for the correction of the pH.

6.2.2.2 TEST PORTION OF 0.5 g AND BLANK TEST. In a beaker of suitable capacity (for example 150 ml)
place 10.0 ml of the solution obtained by the procedure described in clause 6.2.1.2, add 40 ml of

water and 5 ml of the molybdic solution (3.7.1 or 3.7.2) and then check and correct the pH as
indicated in clause 6.2.2.1,
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6.2.3 Development of the colour

6.2.3.1 TEST PORTION OF 1 g. Into each of a series of six 100 ml volumetric flasks, place 50.0 ml

of the

corresponding check solution (see clause 6.2.1.1) and then add the quantity of the sulphuric acid
solution (3.3) used for the correction of the pH (see clause 6.2.2.1) and dilute, if necessary, to
approximately 60 ml. Then add to each flask 5 ml of the molybdic solution (3.7.1 or 3.7.2), mix
and allow to stand for 10 minutes. Then add 5 ml of tartaric acid solution (3.8), 10 ml of sulphuric

acid (3.2) and finally 5 ml of ascorbic acid solution (3.9). Mix and make up to volume.

The six solutions contain respectively 0 (compensating solution), 0.010, 0.020, 0.050, 0.100 and

0.150 mg of silicon (Si) and 0.2 g of magnesium.

6.2.3.2
place 10.0 ml of the corresponding check solution (see clause 6.2.1.2). Then add 40ml‘o

of silicon (8i) and 0.02 g of magnesium.

6.2.4 Spectrophotometric measurements. After 10 minutes, but within 40 minutés, make the spectro-
photometric measurements (see clauses 6.2.3.1 and 6.2.3.2) (temperatute-beétween 20 and 30 °C

zero optical density against the compensating solution.

NOTE. — The cells used for the spectrophotometric measurements shiould be accurately calibrated.

of the quantities of silicon (Si) contained in 100:ml of check solution, and as ordinates the corre
values of the optical density.

Determination

acid (3.2) to be used in the attack of the test portion, the dilution of the test solution and the ali
to be taken in relation tothesilicon content to be determined, are indicated, for guidance, in the
following table :

TEST PORTION OF 0.5 g AND BLANK TEST. Into each of a series of six 100 ml volumetric. 1

6.2.5 Plotting of the calibration curves. Plot two curves (6.2.5.1 for the 1 g test portion and 6.2.5.2 fof
0.5 g test portion respectively), plotting for example; as abscissae the values expressed in milligra[nmes

lasks,

f water
and then the quantity of sulphuric acid (3.3) used for the correction of the pH in the corre[:ponding
preliminary test (see clause 6.2.2.2). Then continue as indicated in clause 6.2.3.17The six ¢
solutions contain respectively 0 (compensating solution), 0.010, 0.020, 0.050, 0.100 and O

heck
.150 mg

using

the spectrophotometer (4.3) at a wavelength of approximately 810 nm, after adjusting the appartus to

the

ponding

6.3.1 Preparation of the test solution] The test portion, the quantities of bromine water (3.1) and of sylphuric

quot

Volumes of reagents Final Aliquot for the colour
Pr Mass for the attack reaction
esumed volume
silicon of . R of the R
content tegt Bromine Sulpl.lunc test Volume to Corresponding
portion water acid solution be taken presumed mass
3.1 3.2) of silicon
% g ml ml ml ml mg
00T 0705 T 75 120 250 SO0 U.U201t0 0.100
0.05t0 0.6 0.5 50 30.0 250 10.0 [ 0.010t00.120

NOTE. — The quantity of the sulphuric acid solution (3.2) to be taken for the attack has been calculated so as
to obtain the same acidity for the aliquot taken for the colour reaction.

always
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