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Foreword

ISO (the Internatignal Organization for Standardization) is a worldwide federation of
national standardq institutes (ISO member bodies). The work of developing Inter-
national Standards is carried out through ISO technical committees. Every member
body interested in|a subject for which a technical committee has been set up has the
right to be represgnted on that committee. International organizations, governmental
and non-governmegntal, in liaison with ISO, 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 ISO Council.

International Stanflard ISO 622 was developed by Technical Committee ISQ{TC 27,
Solid mineral fueld, and was circulated to the member bodies in May 1980}

It has been approyed by the member bodies of the following countri€s :

Australia Hungary South Africa, Rep. of
Austria India Spain

Belgium Ireland Turkey

Brazil Japan United Kingdom
Canada Korea, Rep. of USA

Egypt, Aralj Rep. of Netherlands USSR

France Poland Yugoslavia

Germany, F. R. Romania

No member body pxpressed disapptoval of the document.

This International $tandard cangels and replaces ISO Recommendation R 622-1967, of
which it constitutds a technieal revision.

© International Organization for Standardization, 1981 @

Printed in Switzerland
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INTERNATIONAL STANDARD

1ISO 622-1981 (E)

Solid mineral fuels — Determination of phosphorus
content — Reduced molybdophosphate photometric

method

1 ScopL and field of application

This Internjational Standard specifies a reduced molyb-
dophosphate photometric method for the determination of the
total phosphorus content of hard coal, lignites and coke. Two
methods fof taking the phosphorus into solution are specified,
namely extraction from the coal or coke ash with acid or by

repeated oxidation of the coal or coke, by acid, to remove car-
bonaceous matter.

2 References

ISO 383, Lpboratory glassware — Interchangeable conical
ground joints.

ISO 565, Tgst sieves — Woven metal wire cloth and perforated
plate — Nominal sizes of apertures.

ISO 1171, Solid mineral fuels — Determination of ash.
ISO 1988, Hard coal — Sampling.

ISO 2309, Goke — Sampling.

3 Principle

3.1 Extraction

Method 1 | Removal of\carbonaceous material by ashing in a
muffle furnpce underispecified conditions, and extraction of
phosphorug by treatment with hydrofluoric and sulphuric acids.

Method 2 | Removal of carbonaceous material by repeated ox-

WARNING — Aqueous hydrofluoric(acid is a highly cor-
rosive liquid which attacks glass;-the yapour is irritant
and toxic. Its action on the skih and eyés is strongly cor-
rosive, producing severe and,painful burns which may
not be immediately evident-and which respond slowly to
treatment.

The solution shotild be handled only inside a well-
ventilated fume, cupboard.

In the event'of contact or suspected contact, flood with
water and. seek immediate medical| attention. The
manufacturer’s literature should be consulted for further
information.

4.2 Sulphuric acid, approximately 490 gf| solution.

4.3 Sulphuric acid concentrated, o 1,84 g/ml, approx-
imately 98 % (m/m) solution.

4.4 Nitric acid concentrated, o 1,42 g/[ml, approximately
70 % (m/m) solution.

4.5 Ammonium molybdate, 60 g/! soluftion.

4.6 Ascorbic acid, 50 g/I solution.

Prepare the solution fresh daily.

4.7 Antimony potassium tartrate

1,36 g/l solution.

(KSbO.C4H40g),

4.8 Reagent solution.

idation with nitric acid in the presence of sulphuric acid.

3.2 Determination

Addition of ammonium molybdate and ascorbic acid solution to
the acid solution. Measurement of the absorbance of the
resulting blue solution by a suitable optical instrument.

4 Reagents

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

4.1 Hydrofluoric acid, approximately 400 g/| solution.

Mix 25 ml of the sulphuric acid solution (4.2), 10 ml of the am-
monium molybdate solution (4.5), 10 ml of the ascorbic acid
solution (4.6) and 5 ml of the antimony potassium tartrate solu-
tion (4.7). Prepare fresh immediately before use.

4.9 Phosphorus, standard solution corresponding to
0,100 g of P per litre.

Weigh, to the nearest 0,000 1g, 0,439 2g of potassium
dihydrogen monophosphate (KH,PQO,) (dried at 110 °C for
1 h), and dissolve in water. Transfer the solution quantitatively
to a 1 000 ml one-mark volumetric flask, dilute to the mark and
mix.

1 ml of this standard solution contains 0,100 mg of P.
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4.10 Phosphorus, standard solution corresponding to 1 mg
of P per litre.

Transfer 10 ml of the standard phosphorus solution (4.9) to a
1 000 ml one-mark volumetric flask, dilute to the mark and mix.

Prepare fresh immediately before use.

1 ml of this standard solution contains 1 ug of P.

5 Apparatus

Ordinary laborator

7 Procedure
7.1 Dry oxidation method

7.1.1 Determine the percentage of ash in the coal or coke as
specified in ISO 1171. Grind the ash in an agate mortar to pass
a 63 um sieve complying with ISO 565.

7.1.2 Weigh, to an accuracy of 0,1 mg, about 0,05 g of the
ash into the platinum crucible (5.4).

apparatus and

5.1 Muffle furnpce, as specified in 1ISO 1171.

5.2 Dish, of silj
ISO 1171.

5.3 Insulating
of such size as to
(5.1).

5.4 Platinum cr|
7.1).

5.5 Hot-air bath

5.6 Digestion 4
structed of borosil

5.6.1
24/29 ground glas

ca, porcelain or platinum, as specified in

late, of silica, 6 mm thick, or its equivalent,
e an easy sliding fit into the muffle furnace

ucible, of capacity 25 to 30 ml, with lid (see

(see 7.1).

pparatus (see 7.2 and the figure), con-
cate glass, consisting of the following :

Flask, Kjelfahl flask, of capacity 300 ml, fitted with a

socket complying with ISO 383!

5.6.2 Fume duct, of outside diameter approximately 28 mm,
fitted with a dropping funnel of capacity(atfeast 15 ml and a

24/29 ground glas|
duct may be of on

5 cone complying with.1SO 383. The fume
b piece or assemhlédfrom separate units by

means of ground dlass joints.

5.6.3 Fume extr

Actor, comprising a glass tube of diameter

approximately 40 mm, sealed at one end and drawn out at the
other end to form a cennection to the water pump. The tube is

fitted with a drain

btopcock and a series of lipped holes to ac-

7.1.3 Add 2,0 ml of the sulphuric acid solution (4.2) and
about 2,0 ml of the hydrofluoric acid solution)(4.1). Place the
lid on the crucible and digest on a water ‘bath for [30 min in a
well-ventilated fume cupboard. Remove,and rinse the lid, col-
lecting the washings in the crucible) Allow the |solution to
evaporate on the water bath until most of the hydrqfluoric acid
and water have been removed:

7.1.4 Transfer the crieible to the hot-air bath (5.5), evaporate
until dense white fumes from the sulphuric acid have evolved
for a few minutes. "Allow to cool, add 0,5 ml of tHe sulphuric
acid solution (42}, heat for a few minutes and allgw to cool.

NOTE —\It\is essential that the contents of the crugible are not
evaporated completely to dryness at any stage.

7:1.5 Add about 20 ml of water to the crucible anld digest on
the water bath for 30 min, when all the extract should be in
solution. Allow to cool, transfer the solution to a J00 ml one-
mark volumetric flask and dilute with water to the mark (solu-
tion A).

NOTE — If the sample has a high arsenic content, this fnay interfere
with the result and the solution should be reduced before the
phosphorus determination.

7.1.6 Prepare a blank solution exactly as described above, but
omitting the coal or coke ash.

7.2 Wet oxidation method

7.2.1 Weigh, to an accuracy of 1 mg, about 1 g of the coal or

comodate a number of fume ducts.

5.7 Spectropho

tometer, or photoelectric absorp-

tiometer, of the required sensitivity.

6 Sample preparation

The sample of coal or coke shall be the analysis sample, ground
to pass a 212 um test sieve complying with the requirements of
ISO 565, taken and prepared in accordance with 1SO 1988 or
ISO 2309 as appropriate. The sample shall be thoroughly
mixed, preferably by mechanical means, immediately before
the determination.

coke sample.

7.2.2 Transfer the test portion (7.2.1) to the clean, dry
Kjeldahl flask (5.6.1). Assemble the apparatus (5.6) as shown in
the figure, in a well-ventilated fume cupboard. Add 7 ml of the
sulphuric acid (4.3) and 3,5 ml of the nitric acid (4.4) by means
of the dropping funnel, rotating the flask so as to wash down
any sample remaining in the neck.

7.2.3 After the initial reaction has subsided, heat the flask
carefully so that the reaction proceeds smoothly and without
frothing. Continue heating the flask under the same conditions
until only fumes of sulphuric acid are evolved. Add 0,2 to
0,4 ml of the nitric acid (4.4) to the dropping funnel and run the
acid, drop by drop, into the flask.
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NOTE — If violent frothing occurs on addition of the mixed acid, apply
a damp cloth to the neck of the flask, and heat intermittently as the
frothing subsides.

7.2.4 Heat for 2 to 3 min until no more dense brown fumes
are evolved. Repeat the addition of the nitric acid and the
heating, rotating the flask periodically to wash down any car-
bonaceous matter adhering to the sides of the flask, until all
visible carbonaceous matter has been oxidized and the solution
is a pale greenish-yellowish colour. This may take 1 1/2to 2 h,
or even longer in exceptional cases with some coke samples.

1ISO 622-1981 (E)

cording to the phosphorus content of the sample), 10 ml of the
blank solution (see 7.1.6 or 7.2.10 as appropriate) and 10 ml of
the standard solution (4.10) into separate 50 ml one-mark
volumetric flasks. A fourth 50 ml flask is required for the
reagent blank.

NOTE — Calibration is linear for aliquot portions containing up to
30 ug of phosphorus. With high phosphorus coals or cokes, it may be
necessary to take a smaller aliquot portion.

7.3.2 Pipette 5 ml of the reagent solution (4.8) into each flask,
euuirling the contents rhlrinc the addition, dilute with water to

mixture is a farry mass; subsequently, it changes its colour from black
to dark reddish-brown, to amber, and finally to a pale greenish-yellow.
If a black lighid still remains after 456 min heating, either

NOTE — Fo{ the first 15 min of heating a coal sample, the reaction

a) too Ipw a temperature has been used and the nitric acid has not
reacted With the sample; raise the temperature to distil off excess
nitric acifl, then continue the normal oxidation as described, or

b) too high a temperature has been used, nitric acid being distilled
off withdut reacting; cool, add more nitric acid and heat the mix-
ture as described.

7.2.5 Heag the flask more strongly until white fumes appear
and allow to fume for 5 min. Cool the flask to approximately
room tempégrature, remove the dropping funnel and fume duct
assembly ahd add a few glass beads to the contents of the
flask.

NOTE — If the colour reverts to amber or deep red, add a further 0,2 to
0,4 ml of thg nitric acid, heat to fuming and allow to fume for 5'min.

7.2.6 Add cautiously 10 ml of water, heat until white fumes
appear and|then allow to fume gently for 10 min. Coel the flask
until the evplution of the white fumes ceases, add 0,2 ml of the
nitric acid, |reheat the flask and allow tofume for a further
10 min.

7.2.7 To dnsure complete oxidatien), cool the flask to approx-
imately roon temperature and tepeat the procedure described
in 7.2.5.

7.2.8 Coo| the flaskto)approximately room temperature, add
10 ml of water, heatto fuming and allow to fume for 20 min.
Add a furthier 10 ml of water, heat to fuming, allow to fume for
10 min and| c0o|.

the mark, and mix thoroughly. Allow to stand for 20 min.

7.3.3 Measure the absorbance of .the solut|ons against water,
in the spectrophotometer (537)using mm cells at a
wavelength of 710 nm or in(the”photoelectric absorptiometer
fitted with an appropriatefilter.

8 Expression of results

8.1 Method of calculation and formulae

Calculate the percentage of phosphorus (P) in the analysis sam-
ple, using the following formulae :

a) Dry oxidation method (see 7.1)

AW, - D)
1000 Vm (D3 — Dy)

where
A is the percentage of ash in the analysis sample;
m is the mass, in grams, of ash taken

V' is the volume, in millilitres, of sampl¢ solution taken for
colour development;

D, is the absorbance of the sample solution;

D, is the absorbance of the sample blgnk solution;

7.2.9 Add a further 20 ml of water to the flask and digest on
the water bath for 30 min, when all the extract should be in
solution. Filter the solution through a hardened, acid-washed
filter paper, allow to cool, transfer the filtrate to a 100 ml one-
mark volumetric flask and dilute with water to the mark (solu-
tion B) (see the note in 7.1.5).

7.2.10 Prepare a blank solution exactly as described above,
but omitting the coal or coke sample.

7.3 Determination

7.3.1 Pipette 10 ml of solution A or B as appropriate
(see 7.1.5 or 7.2.9) (the aliquot portion taken may be varied ac-

l')o is the ahsarbance of the standard phosphorus solution
(4.10);

D, s the absorbance of the reagent blank solution.

b) Wet oxidation method (see 7.2)

D, - Dy

10 Vm (D3 — D)
where
m is the mass, in grams, of the test portion;

V, Dy, Dy, D3 and D, have the same meaning as in a)
above.
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Report the result, preferably the mean of duplicate determina-
tions, to the nearest 0,001 %.

9 Precision of the method

9.1 Repeatability

The results of duplicate determinations, carried out at different
times in the same laboratory by the same operator with the

same apparatus onewe-representative-portions—taken-frem-the

9.2 Reproducibility

The means of the results of duplicate determinations, carried
out in two different laboratories on representative portions
taken from the same sample (see clause 6), should not differ by
more than the values given in the table below.

same sample (see cjause 6), should not differ by more than th
values given in the|table.

To pump <«

Phosphorus content
of coal or coke Repeatability |Reproducibility

% (m/m)

Less than 0,02 0,002 absolute 0,005 absolute

Equal—t +har-0-02 10-Ye—of-th 25-% of the
mean of the mepn of the
results esults
N\ N 1
D n
| e —————————————  ——) q
Lﬂ%
Figure — Apparatus for wet oxidation of the sample



https://standardsiso.com/api/?name=9b7d95b5f3440854c0dded3449b22a86

