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INTERNATIONAL STANDARD

I1SO 2829-1973 (E)

Aluminium oxide primarily used for the production of
aluminium — Determination of phosphorus content —
Reduced phosphomolybdate spectrophotometric method

1 SCOPE AND FIELD OF APPLICATION

This Intdrnational/Standard specifies a spectrophotometric
method |using reduced ammonium phosphomolybdate for
the detefmination of‘the phosphorus content of aluminium
oxide primarily used fordhe_ production of aluminium.

The mdthod is applicablé (to phosphorus contents,
expressedl as P, Og, greater than 0,000 5 %.

2 REFERENCE

ISO/R 804, Aluminium oxide primarily: used for the
productipn of aluminium — Preparation of sample solution
for analyjsis.

3 PRINCIPLE

Preparatlon of a solution from a test portion by alkaline
fusion, efther with a mixture of sodium carbonate and boric
acid, or [with a mixture of sodium carbonate and sodium
tetraborate. Dissolution of the melt in nitric acid and
adjustmdnt of an appropriate aliquot portion to pH 2.

Formatipn of the phosphomolybdic complex and extraction
by 2-methylpropan-1-ol in a sulphuric acid medium.

Reductipn of the complex by tin(ll) chloride in the organic
phase arld spectrophotometric measurement of the reduced
complex| contained in the organic phase at a wavelength of
about 730 nm.

4 REA[GENTS

Distilled| water, or water of equivalent purity, shall be used

4.5 Sulphuric acid, approximately 10 N sdlution.

Carefully add, in small portions, 280 ml gf sulphuric acid,
p approximately 1,84 g/ml, about 96 % (m/m) solution, to
about 500 ml of water and, after copling, dilute to
1 000 ml.

4.6 Sulphuric acid, approximately N solution.

Take 100 ml of the sulphuric acid solution (4.5) and dilute
with water to 1 000 ml.
4.7 Sulphuric acid, approximately 0,5 N Ilution.

Take 250 ml of the sulphuric acid solutio
with water to 500 ml.

(4.6) and dilute

4.8 Ammonium acetate, 500 g/l solution.

4.9 lron(l11) sulphate, acid solution.

Dissolve 0,5g of iron(lll) sulphate nonahydrate
[Fex(S0,4)3.9H,0] in 50 m! of water cgntaining 2 ml of
perchldricracid solution, p approximately (1,60 g/ml, about
64,5 % (m/m) solution, and dilute to 100 rpl.

1 ml of this solution contains about 0,001

NOTE — If iron(l11) sulphate nonahydrate of r¢

reagent quality is not) ‘available, ammonium
dodecahydrate may be used) In this case, to ob
the same concentration of iron(i11), dissolve,

g of Fe(lll).

cognized analytical
iron(l11) sulphate
ain a solution with
nstead of 0,5 g of

iron(I11) sulphate nonahydraté,) 0,86 g of ammonium iron(lHl)
sulphate dodecahydrate [FeNH4{804)5.12H0]

lution.

4.10 Ammonium iron(ll) sulphate acid s

Dissolve 0,5 g of ammonium iron(I11) stilphate hexahydrate

in the test:

4.1 Sodium carbonate, anhydrous.

4.2 Boric acid (H3;BO03), or alternatively

4.2.1 Sodium tetraborate, anhydrous (Na;B407).

4.3 2-Methylpropan-1-ol (isobutyl alcohol), p approxi-
mately 0,805 g/ml.

4.4 Nitric acid, approximately 8 N solution.

Dilute 540 ml of nitric acid solution, p approximately
1,40 g/ml, about 68 % (m/m) solution, with water to
1 000 ml.

f 213(S07176H3 ater containing
0,5ml of perchloric acid solution, p approximately
1,60 g/ml, about 64,5% (m/m) solution, and dilute to
100 ml.

1 ml of this solution contains about 0,000 7 g of Fe(ll).

Prepare this solution just before use.

4.11 Ammonium molybdate, 25 g/l acid solution.

Dissolve 5g of ammonium molybdate tetrahydrate
[(NH4)gMo7 05 4.4H,0] in water at 60 °C. Cool and dilute
to 100 ml. Add to the solution 100 ml of the sulphuric acid
solution (4.5) and mix.

Store the solution in a plastics bottle.
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4.12 Washing solution.

Saturate, at ambient temperature, approximately 500 ml of
the sulphuric acid solution (4.7) with the 2-methyl-
propan-1-ol (4.3).

4.13 Tin(ll) chloride, 2,38 g/ hydrochloric solution.

Dissolve 1,19 g of tin(ll) chloride dihydrate (SnCl,.2H,0)
in 85 ml of hydrochloric acid solution, p approximately
1,19 g/ml, about 38 % (m/m) solution, dilute to 500 ml and

5.5 Spectrophotometer.

NOTE — All glassware, including the reagent bottles, shali be of
borosilicate or other quality of glass unaffected by phosphorus.

Alternatively, plastics apparatus may be used. Wash all the glassware
carefully with about 6 N hydrochloric acid solution, then rinse
thoroughly with water.

6 PROCEDURE

6.1 Preparation of the test solution (principal solution P).

transfer the soILI:on TNTO a plastics bottle.

Prepare this solution’just before use.

4.14 Phosphoryus standard
0,400 g of P, Og per litre.

solution corresponding to

Weigh, to the rlearest 0,000 1°g; 0,766 8 g of anhydrous
potassium dihydrogen phosphate”AlKH,PO,4), previously
dried over abodt 12 N sulphuric acid/ Dissolve in water,
quantitatively tfansfer the solution int6.a~1 000 ml one-
mark volumetrid flask, dilute to the mark and/mijx.

1 ml of this

P205.

standard solution contains “0,4 mg of

4.15 Phosphorys standard
0,010 g of P, O per litre.

solution corresponding to

Place 25,0 ml ¢f the standard phosphorus solution (4.14)
in a 1 000 ml ofie-mark volumetric flask, dilute to the mark
and mix.

1 ml of this starfdard solution contains 0,01 mg of P,0s.

4.16 Phosphorps standard solution corresponding to

0,001 0 g of P, Q5 per litre.

Place 25,0 ml ¢f the standard phosphorus solution (4.15)
in a 250 ml ong¢-mark volumetric flask, dilute to the mark
and mix.

1 ml of this stahdard solution contains 0,001 mg of P,05.

Using the apparatus specified in 5.1, follow the instructions
given in clauses 5.1, 5.2 and 5.3 of ISO/R 804, fo give a
volume of 250 ml of principal solution P.

6.2 Blank test

At the same time as the determination, carry out a blank
test in the absence of the pure aluminium oxide, gccording
to the instructions of clause 5.4.2 of ISO/R 8p4. Then
proceed using the same quantities of all reagents|used for
the determination and following the same procedufe.

6.3 Preparation of the calibration curve

6.3.1 Preparation of standard colorimetric Jolutions,
referring to spectrophotometric measurements made with
an optical path length of 1 cm.

63.1.1 TAKING ALIQUOT PORTIONS OF TH[E STAN-
DABD SOLUTION

Into a4gties of six of the separating funnels (5.3)|measure,
by means-ofcthe burette (5.2), the volumes of the[standard
phosphorus Gglution (4.16) shown in the following table :

Standard phosphords Corresponding mass of
solution (4.16) P,05
ml mg
0* 0
5,0 0,005
10,0 0,010
15,0 0,015
20,0 0,020
25,0 0,025

5 APPARATUS

Ordinary laboratory apparatus and

5.1 Apparatus specified in ISO/R 804.

5.2 Burette, graduated in 0,05 ml divisions (see ISO/R 385).

5.3 Separating funnels, 200 ml, with ground glass

stoppers.

5.4 pH meter, fitted with a glass electrode.

2

* Compensation solution.

Add to each separating funnel the quantity of water
required to increase the volume to 60 ml, then add 1 ml of
the iron(lll) sulphate solution (4.9) and 1ml of the
ammonium iron{l1) sulphate solution (4.10) to each funnel
and mix.

6.3.1.2 FORMATION OF THE OXIDIZED
PHOSPHOMOLYBDATE COMPLEX AND EXTRACTION
OF THE REDUCED COMPLEX

Add to each separating funnel 3 ml of the sulphuric acid
solution (4.8), then 7,5 ml of the ammonium molybdate
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solution (4.11), mix and leave to stand for 10 min. Add
25 ml of the 2-methylpropan-1-ol (4.3) and shake vigorously
for 1 min. Allow the layers to separate, run off the aqueous
phase and discard it. To the organic phase add 30 m! of the
washing solution (4.12), shake for 1min, run off the
aqueous phase and discard it. Repeat this washing once
more.

Then add 30 ml of the sulphuric acid solution (4.6) and
0,56 ml of the tin(ll) chloride solution (4.13), shake for
30 s, allow to settle, run off the aqueous phase and discard

1SO 2829-1973 (E)

6.4.2 Formation of the oxidized phosphomolybdic
complex and extraction of the reduced complex

Follow the instructions in 6.3.1.2.

6.4.3 Spectrophotometric measurements

Carry out the spectrophotometric measurements on the
organic phase resulting from the test solution and on that
originating from the blank test solution, according to the
instructions in 6.3.2, after having adjusted the

1t.

Transfer| th€ organic phase to a 25 ml one-mark volumetric
flask wHich has’been previously dried. Wash the separating
funnel Yith 1 t@" 2 mi of the 2-methylpropan-1-ol (4.3),
transferting the washings to the same volumetric flask. Then
dilute td the mark with/the same 2-methylpropan-1-ol (4.3).
Mix and leave to stand;’shielded from light, for at least
10 min.

6.3.2 Spectrophotometric measurements

. After allowing to stand for at least 10min but not more
than 0 min, carry out the spectrophotometric
measurgments using the spectrophotometer'(5.5) at a
wavelenfith of about 730 nm after having ‘adjusted the
instrumgnt to zero absorbance against the comipensation
solution|.

6.3.3 Areparation of the calibration chart

Plot a graph having, for example, the values, expressed in
milligrams, of the masses of P, 05 per 25 mi of the standard
colorimptric solutions on the abscissae and the corre-
sponding values of absorbance on the ordinates.

6.4 Ddtermination

6.4.1 Treatment of the test solution

Take a polume of the test solution (6.1) containing a mass
of phofphorus corresponding to 0,015 to 0,025 mg of
P,05. Adjust the pH to 20,1 by the addition, in small
portionf, of the ammonium acetate solution (4.8), checking

by medns—of the pH meter (54) Transfer the solution

- )ance against the
2-methylpropan-1-ol (4.3).

7 EXPRESSION OF RESULTS

By means of the calibration chart (6.3.3), determine the
mass of P, 05 corresponding to the absorbjnce values.

The phosphorus pentoxide content (P,(sg) is given, as a
percentage by mass, by the formula
(mq —m5) X D X 100 _ (mq=my) XD

where

mgq is the mass, in grams, of the test portion used for
the preparation of the principal solution P;

m, is the mass, in milligrams, .of PJOg found in the
aliquot portion of the test solution;

my is the mass, in milligrams, of #,05 found in a
corresponding aliquot portion of the blank test solution;

D is"the ratio of the volume of the pfincipal solution P
to the‘wolume of the aliquot portiop of this solution
taken for the determination.

8 TEST REPORT
The test report shall includethe-following|particulars :
a) the reference of the method used;

b) the results and the method of’expression used;

quantitatively to one of the separating funnels (5.3).

Increase the volume of the solution to about 60 ml and
then add 1 ml of the iron(111) sulphate solution {4.9), 1 ml
of the ammonium iron(ll) sulphate solution (4.10) and
mix.

c) any unusual  features noted

determination;

during  the

d) any operation not included in this International
Standard or the document to which reference is made,
or regarded as optional.
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