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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO member bodies). The work of developing
International Standards is carried out through SO technical committees. Every
member body interested in a subject for which a technical committee has been set
up has the right to be represented on that committee. International organizations,
governmental and non-governmernital, in liaison with IS0, also take part in the work.

Draft International Standards adopted by the technical committees are circulated
to the member bodies for approval before their acceptance as International
Standards by the 1SO Council.

International Standard 1SO 4159 was developed by Technical Committee
ISQfl' C 132, Ferroalloys, and was circulated to the member bodies in October 1977.

It has been approved by the member bodies of the following countries :

Australia lran South Africa, Rep. of
Austria Italy Spain

Bulgaria Japan Sweden

Canada Korea, Rep. of Turkey
Czechoslovakia Mexico United Kingdom
France Norway US.A.

Germany, F.R. Philippines U.S.S.R.

India Romania Yugoslavia

The member body of the following country expressed disapproval of the document
on technical grounds :

Poland

© International Organization for Standardization, 1978 e

Printed in Switzerland
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Ferromanganese and ferrosilicomanganese — Determination
of manganese content — Potentiometric method

1 SCOPE AND FIELD OF APPLICATION

This International Standard specifies a potentiometric
method for the determination of the manganese content of
ferromanganese and ferrosilicomanganese.

The method is applicable to alloys containing from 55
to 95 % (m/m) of manganese.

2 REFERENCE

SO 3713, Ferroalloys — Sampling and preparation of
samples — General rules. 1)

3 PRINCIPLE

Dissolution of a test portion with hydrochioric, hydro-
fluoric and perchloric acids.

Potentiometric determination (see note) of manganese with
potassium permanganate in a pyrophosphoric medium at a
controlled pH, according to the reaction :

4 Mn2t + Mn0,~ + 8 HT + 15 (P,0,H,)%"
-5 Mn(P,0,H,) 5% + 4 H,0

NOTE — The method may be completed by any other electrometric
method : amperometric titration, dead-stop, etc.

4 REAGENTS

During the analysis, use only reagents of recognized ana-
lytical grade, and only distilled water or water of equivalent
purity, except where otherwise specified.

4.1 Perchloric acid??, p 1,61 g/ml.
4.2 Hydrofluoric acid, p 1,14 g/ml.
4.3 Hydrochloric acid, o 1,19 g/ml.

4.4 Hydrochloric acid, p 1,19 g/ml, diluted 1 + 2.

1} At present at the stage of draft.

4.5 Hydrochloric acid, o 1,19 g/ml, diluted 1 + 4.

4.6 Sodium pyrophosphate, saturated solution.

Dissolve 145 g of sodium pyrophosphate (P,0;Naz.10H,0)
in a 2 litre conical flask, with about 1 litre of hot water;
heat without exceeding, even locally, the temperature
of 60 °C, until the salt is completely dissolved. Cool.

Prepare this solution at the time of use.

4.7 Potassium permanganate, recrystallized.

Place 50 g of pure analytical grade potassium permanganate
in the conical flask (5.1), and dissolve it in 200 ml of warm
distilled water (70 to 80 °C).

Fit the reflux condenser (5.2) to the flask and boil the
solution for 20 min. Filter the warm solution quickly under
vacuum through a sintered glass funnel (5.3).

Cool the filtrate in iced water, stirring vigorously, and
allow the fine, crystalline precipitate to settle for 10 min.

Decant the solution; then, using a glass spatula, transfer the
crystalline mass into a funnel with a filter plate, porosity 4,
and place under suction for a few minutes to remove most
of the mother liquor.

Dissolve the crystalline mass in 160 ml of distilled water
(deionized water is not permitted for this phase), and
repeat the recrystallization.

After filtering and placing under suction for approximately
5 min, transfer the crystalline mass onto a 150 mm dia-
meter watch glass using a glass spatula, and dry it in air,
protected from light and dust. When the crystalline mass no
longer agglomerates when crushed with the spatula, dry it
at 110°C for 2h, then transfer it to a weighing botile
fitted with a ground glass stopper.

Store in the dark.
This salt contains 34,76 % {m/m) of Mn.

2) Attention is drawn to the hazards associated with perchloric acid when heated to fuming.
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4.8 Potassium permanganate, about 0,1 N standard

volumetric solution.

4.8.1 Preparation

Dissolve 3,20 g of potassium permanganate in 1 000 ml of
water. Allow to stand for 6 days. Filter through glass wool
or a sintered glass filter, then transfer to a brown glass
bottle. Mix.

4.8.2 Standardization

Place about 2,6g of the recrystallized potassium per-
manganate (4.7), weighed to the nearest 0,0002g, in
a 250 ml conical flask, and follow exactly the procedure
specified in 7.3. It is recommended that this standardization
be carried out in parallel with the determination.

The manganese equivalent T of the potassium permanganate
solution (4.8), expressed in grams of manganese corre-
sponding to 1 ml of solution, is given by the formula

_ m X34,76 « 50
100 {V, — V) 250
_ 0,069 52m,
Vi—=Vo
where

mq is the mass, in grams, of the crystallized potassium
permanganate (4.7) used;

Vo is the volume, in millilitres, of the potassium per-
manganate solution (4.8) used for the blank test;

V, is the volume, in millilitres, of the potassium per-
manganate solution (4.8) used for the standardization.

6 APPARATUS

Usual laboratory equipment, and in particular :
5.1 Erlenmeyer conical flask with ground neck.

6.2 Reflux condenser with ground glass joint, to fit the
flask (5.1).

5.3 Filter crucibles (porosity 4) or filter funnels, ca-
pacity 40 ml.

5.4 Volumetric flask, capacity 250 ml.

6.5 Beaker, capacity 600 ml.

1) " sha colution with nitric acid prior to adding the perchloric acid.
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5.6 Conical flask, capacity 250 ml.

5.7 Dish, capacity 250 ml, or beaker, capacity 400 ml, of
polytetrafluoroethylene.

5.8 Magnetic stirrer.
5.9 pH meter, fitted with glass and calomel electrodes.

5.10 Potentiometer, fitted with platinum and calomel
electrodes.

6 SAMPLE

Use powder which will pass through a sieve with a mesh
size of 160 um, prepared in accordance with 1ISO 3713,

7 PROCEDURE

7.1 Test portion
Tal_<e a test portion of 1 £ 0,0002 g.

7.2 Blank test
Carry out a blank test in parallel with the determination,
following the same procedure and using the same reagents.

7.3 Determination

7.3.1 Attack the test portion as specified in 7.3.1.1
or 7.3.1.2, as appropriate.

7.3.1.1 Ferromanganese

Transfer the test portion (7.1) to the conical flask (5.6)
and attack it with 20 ml of the hydrochloric acid (4.3)
and 0,2 ml of the hydrofluoric acid (4.2), then add 10 ml
of the perchloric acid (4.1}.1}

Proceed as specified in 7.3.2.

1.3.1.2 Ferrosilicomanganese

Transfer the test portion (7.1) to a dish- or beaker (5.7).
Attack it with 10ml of the hydrochioric acid (4.3),
add 10ml of the perchloric. acid (4.1} then, slowly,
about 20 ml of the hydrofluoric acid (4.2)."

Proceed as specified in 7.3.2,
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7.3.2 Heat gently at first, then progressively increase the
heat until the formation. of heavy perchloric fumes.
Continue heating until a syrupy consistency is obtained and
manganese dioxide begins to precipitate. Allow to cool.

7.3.3 Take up with 20ml of the hydrochloric acid
solution (4.5). Heat gently until the solution clears. Rinse
the sides of the vessel carefully with a jet from a wash-
bottle and continue heating for a few minutes. Add 100 ml
of hot water, and cool to room temperature. Transfer,
without filtering, to the volumetric flask (5.4). Rinse the
vessel used for the attack carefully, cool and make up to
the mark. Shake to mix the solution.

7.3.4 By means of a pipette, transfer 50 ml of the solution
to the beaker (5.5). Dilute to 100 m| with water. Add
250 ml of the sodium pyrophosphate solution (4.6). Place
the beaker on the magnetic stirrer (5.8) and add a magnet-
ized bar.

7.3.5 Adjust the pH of the solution to a value between 6,5
and 7, using the pH meter (5.9), by adding the hydro-
chloric acid solution (4.4).

NOTE — In the case of ferromanganese containing chromium, it is
necessary to wait for 30 min after the adjustment of the pH of the
solution before carrying out the titration.

Titrate with the potassium permanganate solution (4.8),
adding it slowly to the beaker. Follow the indications
of the potentiometer : the end of the titration is obtained
when a sudden increase in potential of at least 100 mV is
observed.

It is recommended that a second titration be carried out
under the same conditions on another aliquot portion of
the test solution.
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8 EXPRESSION OF RESULTS

The manganese content, expressed as a percentage by mass
of the sample, is given by the formula

T{Vy,— V) xzsgx%
_500T(V, - V,)
Mmgq
where
mgq s the mass, in grams, of the test portion (7.1);

Vo is the volume, in millilitres, of the potassium per-
manganate solution (4.8) used for the blank test;

V, is the volume, in millilitres, of the potassium
permanganate solution (4.8) used for the deter-
mination (7.3.5);

T is the manganese equivalent of the potassium per-
manganate solution (4.8), expressed in grams of
manganese corresponding to 1 ml of the solution.

9 REPRODUCIBILITY

Experience has shown that the 95 % confidence limits for
an experienced operator are * 0,20 %.

10 TEST REPORT
The test report shall include the following particulars :
a) the reference of the method used;
b) the results and the method of expression used;
¢) any unusual features noted during the determination;

d) any operation not included in this International
Standard or regarded as optional.
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