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INTERNATIONAL STANDARD

1SO 2997-1974 (E)

Phosphoric acid for industrial use — Determination of
sulphate content — Method by reduction and titrimetry

1 SCOPH AND FIELD OF APPLICATION

This Intdrnational/.Standard specifies a method, by
reduction | and titfimetry, for the determination of the
sulphate dontent of phosphoric {orthophosphoric) acid for
industrial | use and is applicable to sulphate contents,
expressed| as SO,, equal to'or greater than 0,0005 %
(m/m).

2 PRINGIPLE

Reduction} of the sulphate to sulphide by a mixture of
hydriodic|acid and hypophosphorous acid.

Absorptidn of the hydrogen sulphide evolved in“a mixture
of acetong and sodium hydroxide solution. Titration with a
standard Volumetric solution of mercury(ll) acetate in_the
presence ¢f dithizone as indicator.

3 REAGENTS

During the analysis, use only reagents of recognized
analytical| reagent grade, and only distilled water or water
of equivalent purity.

i

3.1 Hydfiodic acid, p approximately 1,71 g/ml, about
57 % (m/m) solution.

3.2 Hyppphosphorous acid [H(H,PO,)], p approximately
1,21 g/ml|, about 50 % (m/m) solution.

3.3 Hydrochloric acid, p approximately 1,19 g/ml, about
38 % (m/m) solution.

3.5 Sodium sulphate, 0,001 M standard ref¢rence solution.

Weigh, to the nearest 0,000 1g, 0,1420¢g of anhydrous
sodium sulphate, previously dried at 110 °Cland cooled in a
desiccator. Introduce into a 1 000 ml one-nl-ark volumetric
flask, dissolve in water, dilute to the mark arnd mix.

1 ml of this solution corresponds to 96 ug of SO4.

3.6 Mercury(ll) acetate, 0,001 M standard volumetric
solution.

Weigh, to the nearest 0,000 1g, 0,318 7 g|of mercury(ll)
acetate [Hg(CH3COO),]. Introduce into a 1000 ml
one-mark volumetric flask, dissolve in watgr, dilute to the
mark and mix.

Alternatively, 0,001 M standard volumetfic mercury(ll)
nitrate solution may be used.

3.6.1 Mercury(ll) nitrate, 0,001 M standard volumetric
solution.
Weigh 10,85 + 0,01 g of mercury(Il) oxide [(HgO), place in
a bedker of suitable capacity (for exampje 100 ml) and
dissolve’in, 10 ml of nitric acid solution, g approximately
1,40 g/ml, about 68 % (m/m) solution.

Dilute the soldtion, transfer it quantitatively to a 1 000 ml
one-mark volumeétric flask, dilute to the [mark and mix.
(The solution thus ,6btained is 0,05 M, cprresponding to
0,1 N.)

Take 20,00 mi of this solution, introduce [into a 1 000 mi
one-mark volumetric flask, ditate to the mark and mix.

Prepare this final solution just before use.

NOTES

1_In most lahoratories, an exactly 0,1 N*standard volumetric

3.4 Reduction solution.

Into a 1000 mi flask, fitted with a ground glass socket
capable of accepting a reflux condenser, introduce, in the
following order, under a current of nitrogen (3.10), 100 ml
of the hydriodic acid solution (3.1), 256 ml of the
hypophosphorous acid solution (3.2) and 100 ml of the
hydrochloric acid solution (3.3). Fit the reflux condenser
to the flask and, while bubbling a gentle current of nitrogen
through the mixture, boil under reflux for 4 h.

Then cool to room temperature, maintaining the current of
nitrogen.

Store the solution in a dark glass flask, previously purged
with nitrogen, fitted with a ground glass stopper.

mercury(l1) nitrate solution (corresponding to a 0,05 M solution)
will be available, this solution being commonly used in the
mercurimetric determination of chlorides.

2 The strengths of solutions 3.6 and 3.6.1 prepared as described
above are sufficiently exact, taking into consideration the small
quantities of sulphates to be determined. Standardization is
therefore unnecessary.

3.7 Acetone.
3.8 Dithizone, 0,5 g/l solution in acetone.
3.9 Sodium hydroxide, approximately N solution.

3.10 Nitrogen.
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4 APPARATUS

Ordinary laboratory apparatus and
4.1 Microburette, graduated in 0,01 mil.

4.2 Apparatus for reduction and distillation (see figure for
a typical example), of which all the components are fitted
together by means of ground glass joints.

The result of the check test is considered satisfactory if the
volume of the standard volumetric mercury(ll) acetate
solution (3.6) used for the titration is between 1,90 and
2,10 ml, after subtraction of the blank test result (5.4).
Otherwise, check the apparatus for leaks.

5.3 Determination

Place the test portion (5.1) in the reduction flask of the
apparatus. Connect the different parts of the apparatus
(4.2) to the reduction flask containing the test portion

5 PROCEDURE

5.1 Test portion

Weigh, to the neaLest 0,000 T'g,,mot more than 10 g of the
test sample contaihing between 50/and 200 ug of SO4.

NOTE — The test portion shall not contain, more than 2 ml of
water.

5.2 Check test

The purpose of this test is to check the gas-tightmess and
functioning of |the apparatus (reduction of sulphur
compounds and |quantitative recovery of the hydrogen
sulphide liberated).

Introduce 5 mi df the sodium hydroxide solution (3.9),
5ml of the acetone (3.7) and 0,1 ml of the dithizone
solution (3.8) intg the test tube of the apparatus (4.2).

Mix and add, drop by drop, the mercury(ll) acetate
solution (3.6) until the colour changes from yellow to pink.

Introduce 2,00l of the standard reference sodium
sulphate solutiony (3.5) into the clean and dry reduction
flask. Fit the conjponents of the apparatus (4.2) together as
indicated in the|figure, taking care to smear the ground
joints lightly with a silicone grease and to tighten them with
suitable spring-clips in order to ensure perfect gas-tightness.
Pass a gentle curent of nitrogen (3.10) through the inlet
tube (2 to 3 bulpbles per second). Then run 15 mi of the
reduction solutidn (3.4) into the reduction flask through
the dropping funmel, under a slight pressure of nitrogen.

Maintaining the durrent of nitrogen through the inlet tube,
immerse the rediiction flask partially (about 70 mm) in a
boiling water b i the

(3.9), 5 ml of the acetone (3.7) and 0,1 ml! of the dithizone
solution (3.8) into the test tube. Mix and add, drop by
drop, the standard volumetric mercury(ll) acetate jolution
(3.6) until the colour changes from yellow to pink.

(5.1). Introduce 5 ml of the sodium hydroxide }olution

Pass a current of nitrogen through the apparatus and run in,
through the dropping funnel, 15ml of the reduction
solution (3.4) under a slight pressure of nitrogen.

Continue as described in 5.2 for the check test.

5.4 Blank test

Carry out a blank test under the same conditiong as the
determination (5.3) but using 2 mi of water instead of the
test portion (5.1).

6 EXPRESSION OF RESULTS

The Zsulphate content, expressed as SOy, is given, as a
percentagé by mass, by the formula

(V, = Vg) x96 X100 (V4 — Vo) x0,009 6
1000000 mg mo

where

V,is the volume, in millilitres, of the itandard
volumetric mercury (I} “acetate solution (3.6) ysed for
the determination;

Vois the volume, in millilitres, of the dtandard
volumetric mercury(ll) acetaté s6jution (3.6) ysed for
the blank test;

myg is the mass, in grams, of the test portion, (5.1);

96 is the mass, in micrograms, of SO4 correspopding to

nitrogen to flow through the dropping funnel for 5 min.

The hydrogen sulphide liberated by the reaction is absorbed
in the solution contained-in the receiver, which becomes
yellow.

NOTE — Development of a blue-green coloration indicates that a
large quantity of hydrochloric acid has been entrained and the test
must be repeated.

Disconnect the apparatus (4.2) and wash the connection
tube with several millilitres of a mixture of equal volumes
of water and the acetone (3.7), collecting the washings in
the test tube. Titrate the solution obtained with the
mercury(ll) acetate solution (3.6) contained in the
microburette (4.1) until a pink coloration is obtained.

Tml of the standard volumetric mercury(ii] acetate
solution (3.6).

7 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;

c) any unusual features noted during the determin-
ation;

d) any operation not included in this International
Standard, or regarded as optional.
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Dimensions in millimetres
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FIGURE — Typical apparatus for reduction and distillation
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