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INTERNATIONAL STANDARD

I1SO 8556-1986 (E)

Aluminium ores — Determination of phosphorus content —
Molybdenum blue spectrophotometric method

1 Scope and field of application

This Interngtional Standard specifies a molybdenum blue spec-
trophotomgtric method¥or.the determination of phosphorus in
aluminium fores and minérals«

The metho{ is applicable to matefials having phosphorus con-
tents, exprpssed as diphosphorus-pentoxide between 0,01 and
5 % (m/m]|.
The arseni¢ content of the sample does‘not affect the deter-
mination.
2 Reference

ISO 8558, |Aluminium ores — Preparation of predried test
samples.
3 Prindiple

Decomposition of a test portion, by either

a) tregdtment with a mixture of hydrochloric acid, nitric
acid angl sulfuric acid;

NOTE —| This method is recommended for ores containing Gibbsite
and/or Boehmite and when the residue from the dissolution of the
test porfion after silica volatilization is less than 1 % of the test
portion.

or

b) sinfering with sodium peroxide followed by a brief fu-
sion. D|ssolution of the melt with sulfuric acid.

4 Reagents
During the analysis, use only reagents of rec

reagent grade, and only distilled water or w|
purity.

4.1 Sodium peroxide (Na,0,), powder.

NOTE — Sodium peroxide should be protected a
should not be used once it has begun to agglome

bgnized analytical
ater of equivalent

painst humidity and
rate.

4.2 Sodium carbonate/sodium tetrabonate flux.

Mix intimately 3 parts by mass of anhydrous
(Na,CO3) with 1 part by mass of anhydrous s
(NazB4O7).

4.3 Sulfuric acid, g5 1,84 g/ml, diluted 1
4:4 Sulfuric acid, 05 1,84 g/ml, diluted 1

4.5 Hydrofluoric acid, 40 % (m/m) (d
48 % (m/nf) {gyq 1,18 g/ml).

4.6 Hydrobromic sacid, 40 % (m/m) (4
47 % (m/m) (09 1,48 g/ml).

4.7 Acid mixture

Measure into a 1 litre beaker 225 ml water an
with mixing, 175 ml of sulfuric acid (4:3). G
150 ml hydrochloric acid (0,4 1,19 g/mil)5an

sodium carbonate
bdium tetraborate

+ 1.

+ 9.

20 1,13 g/ml) or

20 1.38 g/mi) or

d add cautiously,
ool well and add
d 50 ml of nitric

NOTE — This method is recommended for ores containing
Diaspore and when the residue from the dissolution of the test por-
tion is greater than 1 % of the mass of the test portion.

Dehydration of silica, dissolution of salts, filtration and ignition
of the impure silica. Removal of the silica by evaporation with
hydrofluoric and sulfuric acids. Fusion with sodium carbonate
and sodium tetraborate, dissolution with hydrochloric acid and
combination with the main solution.

Addition of molybdate to convert the phosphate to molyb-
dophosphate complex, and reduction to molybdenum blue
with ascorbic acid. Spectrophotometric measurement of the
absorbance of the molybdenum blue complex at approximately
710 nm.

acidtoyy A Tgrmie

Prepare this solution fresh for each series of tests, and discard
any unused solution, flushing copiously with water.

4.8 Ascorbic acid (CgHgOg), 2 g/1 solution.

Prepare this solution fresh on the day of use.

4.9 Disodium disulfite (Na,S,05), 150 g/I solution.

Prepare this solution fresh on the day of use.

4.10 Sodium molybdate (Na,Mo00,.2H,0), 50 g/l solution.


https://standardsiso.com/api/?name=4395eaae1878a7ba1b15745037ca2052

ISO 8556-1986 (E)

4.11 Bismuth,

solution.

Dissolve 4,25 g of bismuth sulfate [Biy(SOy4)3l (specification

90 %) or 2,80 g

of bismuth oxycarbonate (90 % BiyO3) in

280 ml of sulfuric acid (4.3) and heat until the salt is dissolved

completely. Cool

to room temperature, transfer to a 1 000 mi

one-mark volumetric flask, dilute to the mark with water and

mix.

1 ml of this solution contains 2,5 mg of Bi,O3.

4.12 Phospho

2 When discarding magnesium perchlorate, flush down the sink
using copious quantities of water.

5.7 Spectrophotometer, suitable for measurement of

absorbance in the region of 710 nm.

6 Sampling and samples

6.1 Samples

us, standard solution corresponding to

0,02 g of P,05 pdtlitre,

Dry several hurldred ‘milligrams of potassium dihydrogen

orthophosphate

KH,POy4){at 105 °C to constant mass and

allow to cool in g desiccator:

Dissolve 0,192 g
mark volumetric
Transfer 25,0 m
volumetric flask,

f dried salt in water(transfer to a 500 ml one-
lask, dilute to the mark-with water and mix.

of this solution to-a~250 ml one-mark
dilute to the mark with wdterand mix.

1 ml of this standard solution contains 0,02 mg‘efP,0s.

5 Apparatus$

Ordinary laboratdry apparatus and

5.1 Dishes, of| inert material of sufficient size to take the

required quantity

of sample at a layer density of 5 mg/mm?2.

5.2 Oven, elegtrically heated, with a temperature-control
device capable of maintaining a temperature of 105 + 5 °C.

NOTE — The oven
drying dishes in
temperature in the

should be checked by placing the usual humber of
bosition in the oven and then measuring the
vicinity of each dish to ensure that the required

temperature is mdintained throughout the oven, not just in the
neighbourhood of the controlling element.

5.3 Muffle fur
1000 °C.

5.4 Zirconium
sinter decomposi

5.5 Platinum
7.5.3.

hace, adjustable from 480 °C to greater than

crucibles, approximately 40 ml capacity, for
ion.

Laboratory samples shall be taken and ground to pags a 150 um
test sieve in accordance with the methods specified|in the rele-
vant standards.

6.2 Preparation of the test sample
Prepare the test sample by drying it in an oven, following the

procedure specified in ISO 8558.

7 Procedure

7.1 Number of determinations

Carry out the analysis in duplicate and independently on one
ore sample.

NOTE — The expression “independently’’ implies the clange of the
person carrying out the analysis. If the same person must farry out the
analysis, the procedure should be carried out at a differept time.

7.2 Test portion

Weigh, to the’nearest 0,001 g, approximately 1 g|of the test
sample obtained{in accordance with clause 6.

7.3 Blank test

In parallel with the decomp@sition of the test portiorn, prepare a
blank solution according to thé method of decomppsition, but
with the omission of the test portion. When the anglysis is car-
ried out on several samples at the same time, the plank value
may be represented by one test provided'that the grocedure is
the same and the reagents used are from the samg bottles.

7.4 Check test

crucibles, for treatment of the residue in

5.6 Desiccator, containing either fresh magnesium per-
chlorate or activated alumina as desiccant.

NOTES

1 Activated alumina should be activated by heating at 300 + 10 °C

overnight.

In each run, one analysis of a certified reference material of the
same type of ore shall be carried out in parallel, and under the
same conditions, with the analysis of one ore sample.

NOTE — The certified reference material should be of the same type as
the sample to be analysed. Such certified reference material cannot,
however, be considered as being of the same type if the properties of
the sample to be analysed differ from those of the certified reference
material to such an extent that the analytical procedure must be
changed substantially.

1)  Where no International Standards exist, the relevant standards shall be the national standards. Two International Standards on this subject are

currently in preparation :

1SO 6137, Aluminium ores — Method of sampling, and I1SO 6140, Aluminium ores — Preparation of samples.
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7.5 Determination

7.5.1 Decomposition of the test portion

If the decomposition is to be based on acid attack, proceed as

specified in 7.5.1.1. If the decomposition is to be based on
alkali sintering, proceed as specified in 7.5.1.2.

7.5.1.1 Acid attack

er. Moisten with

Transfer th

1SO 8556-1986 (E)

least 40 min with stirring to completely dissclve the salts. Filter
while hot through a medium-texture filter paper, collecting the
filtrate in a 250 ml one-mark volumetric flask. Rinse the beaker
with water and, using a rubber tipped glass rod, clean the
beaker and transfer the residue quantitatively to the paper.
Wash the paper and residue five times with 5 to 10 ml portions
of hot water. Reserve the filtrate and washing. Retain the filter
paper and residue and continue according to 7.5.3.

7.5.3 Treatment of the residue

water and dddhas a freshly prepared mixture, 60 ml of the acid
mixture (4.]). Cover the beaker and heat at approximately
80 °C to ddcompose the sample (see note 1).

When the gvolution of-brewn fumes ceases, carefully rinse the
cover and wall of the beaker) Evaporate the uncovered solution
to dense fymes of sulfuric acid. Replace the cover and heat
strongly fo]60 min on a hotplate ‘'set to produce in the solution
a temperatyre of 210 + 10 °C (See note 2).

NOTES

1 With sanjples of high iron content [> 15.% fm/m) Fey03l, the
initial heating should be conducted for an extended/period.

2 Determing the temperature setting using a separate-test beaker
containing a| partial immersion thermometer in a 10 mpi,depth of
sulfuric acid [0y 1,84 g/ml).

7.5.1.2 Alkali sinter attack

CAUTION |— Protective goggles must be used during the
following attack.

Transfer the test portion (7.2) to a dry zirconium crucible (5.4),
add 10 g of|the sodium peroxide (4.1) and mix intimately with a
dry metal spatula. Place in the muffle furnace (5.3), controlled
at 480 to 50} °C, for 45 min. Remove the crucible and contents
from the fyrnace and heat over a burner to melt the sinter

(about 30 s|. Continue heating the molten state, with swirling, -

for a total time of 2 min.

Allow the grucible to cool (a metal block can be used to ex-
pedite this grocess). If necessary, clean the base of the crucible
by wiping with a damp filter paper. Then, place it, lying on its
side, in a ml beaker, cover, and add cautiously to the
beaker 140|ml of the sulfuric acid (4.4). Add 20 mi of the
sulfuric aciq (4.3) and digest to leach the contents of the cruci-
ble. Remo i tely

Transfer the filter paper and residue from 7.5.3
tared platinum crucible (5.5). Dry and char siqg
the filter paper by increasing the temperature]
in the muffle furnace. Allow the crucible to
the residue with a few drops of water. Ad
sulfuric acid (4.3) and, depending on the sil
15 ml of the hydrofluoric acid (4.5). Evapor
fume cupboard to dryness to expel silica 4
Allow the crucible to cool in the desiccator (4
Determine the mass of the residue to
requirements of the clause 3 are met.

Add 0,7 + 0,1 g of the flux (4.2). Fuse at abg

P to a pre-ignited,
wly and then ash
to 600 to 700 °C
tool and moisten
i 5 drops of the
ca content, 5 to
hte carefully in a
Ind sulfuric acid.
.6) and weigh it.
ensure that the

ve 1 000 °C for 4

to 5 min in the muffle furnace, swirl the melt Briefly then return

to the furnace for 1 to 2 min.

Allow the crucible to cool, add 10 ml of the

and warm to dissolve the fused mass. Transf
the reserved filtrate (7.5.2), rinsing the cru
Cool to room temperature, dilute to the mar
mix. This is the test solution.

7.514 ,~Treatment of the test solution

For P,0f gontents in the range 0,01 to 1 9
aliquot portiens directly from the test solutio

For P,Og contents’in.the range 1to 5 % (m/
of the test solutiori into a 100 ml one-mark

sulfuric acid (4.4)
er the solution to
ible with water.

with water and

b (m/m), pipette
.

in), pipette 10 mi
volumetric flask,

dilute to volume with{water and mix. This i$ the diluted test

solution.

Transfer to a 150 ml beaker the dliquot portio)
(or diluted test solution) taken in(accordance]
add, if necessary, any further sulfuri¢’acid (4
this table.

h of test solution
with table 1 and
3) as specified in

leached and rinse well into the solution in the beaker.

Carefully rinse the cover and wall of the beaker. Evaporate the
uncovered solution to dense fumes of sulfuric acid. Replace the
cover and heat strongly for 60 min on a hotplate set to produce
in the solution a temperature of 210 + 10 °C.

NOTE — Determine the temperature setting using a separate test

beaker containing a partial immersion thermometer in a 10 mm depth
of sulfuric acid (059 1,84 g/ml).

7.5.2 Dissolution and filtration

Cool the solution from 7.5.1.1 or 7.5.1.2 to room temperature,
cautiously add 130 ml of water and heat at 80 to 90 °C for at

Table 1 — Aliquot portions of test solution required

P,05 Aliquot | Additianal
content Solution to be used portion 4.3)
% (m/m) ml n.1l
0,01 to 0,5 | Test solution 20 0
0,6 to 1,0 |Test solution 10 1,25
1,0 to 5,0 |Diluted test solution 20 2,25

Add 5 ml of the hydrobromic (4.6) (see the note), heat the sol-
ution until dense white fumes are evolved, then cool and add
50 ml of water. Heat to boiling to facilitate dissolution of the
salts, then evaporate to approximately 30 ml.
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NOTE — The hydrobromic acid is used to remove arsenic. If the
arsenic content is considered to be insignificant, then the hydrobromic
acid addition and fuming can be omitted.

7.5.5 Spectrophotometric measurement

Transfer the solution to a 100 ml one-mark volumetric flask,
rinsing the beaker with water. (The total volume must not
exceed 50 ml.) Add 10 ml of the disodium disulfite solution
(4.9), mix and place in a boiling water bath for exactly 5 min.
Add 10 ml of the bismuth solution (4.11) and cool to 30 to

NOTE — As a guide to performance of the method, the following infor-
mation is provided :

0,200 mg of P,0g in the final solution when measured at 710 nm
using an optical pathlength of 10 mm and corrected for the zero
calibration blank, gave an absorbance of 0,440.

8 Expression of results

8.1 Calculation of the phosphorus content

35°C. Add 5m| of the sodium molybdate solution (4.10)
directly into the [centre of the solution without allowing any
contact with the|innercwall of the flask. Rinse the neck with
5 ml of water, nix, and /then immediately add 10 ml of the
ascorbic acid sol{ition (4.8)._Dilute to the mark with water and
mix.

Allow to stand fgr 25 min at room temperature, then measure
the absorbance off the test solution against the water in cells of
suitable path lenfgth. If the absorbance 6f the blank exceeds
0,1, check the feagents for phosphorus cgntamination and
replace or purify [as necessary.

NOTE — Usually 10 mm optical path length will be preferred. If the
absorbance value i$ less than 0,05, a 20 mm cell is recommerided.

The absorption peak suitable for measurement is located in the
vicinity of 710 nm.

7.6 Preparation of the calibration graph

Transfer suitable|increments, 0 — 5,00 — 10,00 — 15,00 and
20,00 ml, of the phosphorus standard solution (4.12) to 100 ml
beakers.

Add 2,5 mi of tHe sulfuric acid (4.3), 40 ml of water and boil
gently for 5 min] Cool partially, then transfer the solutions to
100 ml one-marK volumetric flasks, rinsing the beakers with
water but keepirlg the final volume below 50 ml.

Add 10 ml of the|disodium disulfite solution (4.9), then proceed
with the formftion and subsequent spectrophotometric
measurement of| the molybdenum blue complex as specified
in 7.5.5. Prepare|the calibration graph by plotting the relation-
ship between tihe quantity of diphosphorus pentoxide, ex-
pressed in miIIingams to three significant figures, and the absor-

Calculate the phosphorus content, expressed as a|percentage
by mass of diphosphorus pentoxide, using the following
formula

my is the mass, in grams, of the test portion (F.2);

my is the mass, in milligrams, of diphosphorup pentoxide
contained in the aliquot portion of test solutior], or diluted
test solution, (7.5.4) determined by using the calibration
graph, after correcting for the blank and, if necpssary, to a
basis of an optical pathlength of 10 mm;

f s the dilution factor, equal to 10, if diluted test solution
has been used;

V is the volume of the aliquot portion of test solution, or
diluted test solution (7.5.4).

8.2 Genéral treatment of results

8.2.1 Precision

A planned trial was carriédout by nine countries with a total of
thirteen laboratories partigipating. Two determingtions were
carried out on each of four-samples. The repeatalility, repro-
ducibility and reproducibility index, have been calfulated and
are presented in table 2.

8.2.2 Acceptance of analytical values

N

The analytical value for the test sample shall be/aecgepted when

bance, on the basis of an optical pathlength ot TU mm.

The anatytica vatue obtained for the comespording certified

Table 2 — Precision data for phosphorus determinations

Mean Components of standard
P,0g deviation Reproducibility
Sample content index 2 s
% {m/m) Sw Sp

MT/12/6 0,056 0,005 0,003 0,011
MT/12/9 0,381 0,007 0,013 0,030
MT/12/12 0,558 0,007 0,008 0,021
MT/12/7 3,692 0,057 0,080 0,196

S,

w i the within-laboratory standard deviation;

sp  is the between-laboratories deviation.
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