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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Solid mineral fuels — Determination of phosphorus content
— Reduced molybdophosphate photometric method

1 Scope

This document specifies a reduced molybdophosphate photometric method for the determination of the
total phosphorus content of hard coal, lignites and coke. Two methods for taking the phosphorus into

solutid
the co

2 N

The fdq
consti
undatg

ISO 38

ISO 56
of ope

ISO 11
ISO 18

3 T

No ter

n are specified, namely extraction from the coal or coke ash with acid or by repeate
h] or coke, by acid, to remove carbonaceous matter.

prmative references

llowing documents are referred to in the text in such a way that-seme or all of
futes requirements of this document. For dated references, onlysthe edition cite
ed references, the latest edition of the referenced document (in€luding any amendm

3, Laboratory glassware — Interchangeable conical ground,joints

5, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet —
1ings

71, Solid mineral fuels — Determination of ash

283, Hard coal and coke — Manual sampling

prrms and definitions

Ims and definitions are defined'in this document.

ISO anld IEC maintain terminologic¢al databases for use in standardization at the following

— IE
— IS
4 P
4.1

C Electropedia: available at http://www.electropedia.org/

D Online browsifg platform: available at http://www.iso.org/obp
rinciple

Extraction

d oxidation of

their content
] applies. For
ents) applies.

Nominal sizes

addresses:

Method 1: Removal of carbonaceous material by ashing in a muffle furnace under specified conditions,
and extraction of phosphorus by treatment with hydrofluoric and sulphuric acids.

Method 2: Removal of carbonaceous material by repeated oxidation with nitric acid in the presence of
sulphuric acid.

4.2 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.

©IS0 2
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5 Reagents

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

5.1 Hydrofluoric acid, approximately 400 g/1 solution.

WARNING — Aqueous hydrofluoric acid is a highly corrosive liquid which attacks glass; the
vapour is irritant and toxic. Its action on the skin and eyes is strongly corrosive, producing
severe and painful burns which may not be immediately evident and which respond slowly to
treatment. The solution should be handled only 1n31de a well-ventllated fume cupboard In the

event of con

The manufa

5.2 Sulphu
5.3
5.4 Nitric 3
5.5

5.6 Ascorb

Prepare the s

turer S 11terature should be consulted for further 1nformat10n

ic acid, approximately 490 g/1 solution.

Sulphufic acid, concentrated, p 1,84 g/ml, approximately 98 % (m/m) solution.

cid, concentrated, p 1,42 g/ml, approximately 70 % (m/m) solugtion.

Ammonium molybdate, 60 g/l solution.

ic acid, 50 g/1 solution.

plution fresh daily.

5.7 Antimgny potassium tartrate (KSb0-C4H40¢), 1536 g/1 solution.
5.8 Reagert solution.
Mix 25 ml of the sulphuric acid solution (5.2), 10 ml of the ammonium molybdate solution (5.5)

of the ascorbic acid solution (5.6) and 5 mlof the antimony potassium tartrate solution (5.7). P

fresh immedi

5.9 Phosph

Weigh, to the

at 110 °C for

volumetric fl4

1 ml of this st

5.10 Phosp

htely before use.

orus, standard stock'solution corresponding to 0,100 g of P per litre.

nearest 0,00071g, 0,439 2 g of potassium dihydrogen monophosphate (KH2PO4)
1 h) and dissolve in water. Transfer the solution quantitatively to a 1 000 ml ong
sk, dilute-to the mark and mix.

andardistock solution contains 0,100 mg of P.

10 ml
Fepare

(dried
-mark

34 4 | | Lzi | R nH PP | £D | 7S
Ul Uy, staliudiu vwul l\llls SUIULIVIT CUT ICDPUIIUIIIS U 1 1115 Ul'l lJCl I,

Transfer 10 ml of the standard phosphorus solution (5.9) 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 working solution contains 1 pg of P.

6 Apparatus

Ordinary laboratory apparatus and

6.1 Muffle

furnace, as specified in ISO 1171.

6.2 Dish, of silica, porcelain or platinum, as specified in ISO 1171.

2
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6.3 Insulating plate, of silica, 6 mm thick, or its equivalent, of such size as to be an easy sliding fit into
the mulffle furnace (6.1).

6.4 Platinum crucible, of capacity 25 ml to 30 ml, with lid.

6.5 Hot-air bath.

6.6 Digestion apparatus (see Figure 1), constructed of borosilicate glass, consisting of the following:

6.6.1 Flask, Kjeldahl flask, of capacity 300 ml, fitted with a 24 /29 ground glass socket complying with

L}

ISO 3

6.6.2
atleas
Or ass{

6.6.3
and di
stopco

6.7

7 Sé

The s4
with t

oN

Fume duct, of outside diameter approximately 28 mm, fitted with a dropping-funnpel of capacity

t 15 ml and a 24 /29 ground glass cone complying with [SO 383. The fume dtict'may H
bmbled from spate units by means of ground glass joints.

Fume extractor, comprising a glass tube of diameter approximately 40 mm, seal
awn out at the other end to form a connection to the water punip. The tube is fitte
ck and a series of lipped holes to accommodate a number of fume ducts.

Spectrophotometer, or photoelectric absorptiometer, of the required sensitivity.

imple preparation

mple of coal or coke shall be the analysis sample, ground to pass a 212 pum test sie
he requirements of ISO 565, taken and prepared in accordance with 1ISO 18283. Th¢

e of one piece

ed at one end
|l with a drain

ve complying
p sample shall

be thopoughly mixed, preferably by a mechanical means, immediately before the determination.

8 P

8.1

8.1.1

agate mortar to pass a 63 um sieve complying with ISO 565.

8.1.2

8.1.3
(5.1).

rocedure
Pry oxidation method

Determine the percentage of ash in the coal or coke as specified in ISO 1171. Grind

Weigh, to'an'accuracy of 0,1 mg, about 0,05 g of the ash into the platinum crucible

Add\2;0 ml of the sulphuric acid solution (5.2) and about 2,0 ml of the hydrofluoric
Place the lid on the crucible and digest on a boiling water bath for 30 min in a W

the ash in an

6.4).

acid solution
rell-ventilated

> . . : . : :
fume cupboard—Removeamd Tisethe tid; toltecting tirewashimgs i tire trucibteAttow t

1e solution to

evaporate on the water bath until most of the hydrofluoric acid and water have been removed.

8.1.4 Transfer the crucible to the hot-air bath (6.5), 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
(5.2), heat for a few minutes and allow to cool.

NOTE

©IS0 2

It is essential that the contents of the crucible are not evaporated completely to dryness at any stage.
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8.1.5 Add about 20 ml of water to the crucible and digest on the water bath for 30 min, when all the
extract should be in one solution. Allow to cool, transfer the solution to a 100 ml one-mark volumetric
flask and dilute with water to the mark (solution A).

If the sample has a high arsenic content, this can interfere with the result and the solution should be

reduced before the phosphorus determination.

8.1.6 Prepa

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

8.2 Wet oxidation method

8.2.1 Weigh, to an accuracy of 1 mg, about 1 g of the coal or coke sample.

8.2.2 Transfer the test portion (8.2.1) to the clean, dry Kjeldahl flask (6.6.1). Assemble the app

(6.6) as sho

3,5 ml of the nitric acid (5.4) by means of the dropping funnel, rotating the flask so asto wash dov

sample remai

8.2.3 After
smoothly and
sulphuric acid
acid, drop by

NOTE Ifv
heat intermittg

8.2.4 Heat
the nitric acid
adhering to th

in Figure 1, in a well-ventilated fume cupboard. Add 7 ml of the sulphuricsacid (5.

hing in the neck.

the initial reaction has subsided, heat the flask carefully sp that the reaction pr

are evolved. Add 0,2 ml to 0,4 ml of the nitric acid (5.4) tQ’the dropping funnel and 1
Hrop, into the flask.

olent frothing occurs on addition of the mixed acid, apply a damp cloth to the neck of the fl3
ntly as the frothing subsides.

for 2 min to 3 min until no more dense brown fumes are evolved. Repeat the addi
| and the heating, rotating the flask periodically to wash down any carbonaceous
e sides of the flask, until all visible carbonaceous matter has been oxidized and the s

is a pale gree
some coke sa

NOTE For
changes its col
liquid still rem

a)

too low 4

ples.

the first 15 min of heatinga~coal sample, the reaction mixture is a tarry mass; subsequg
our from black to dark reddish-brown, to amber, and finally to a pale greenish-yellow. If
pins after 45 min heating, gither

temperature has-been used and the nitric acid has not reacted with the sample; ra

aratus
B) and
vn any

bceeds

without frothing. Continue heating the flask under the same-onditions until only fumes of

un the

sk and

fion of
matter

plution
Iish-yellowish colour. This may take:¥'1/2 h to 2 h, or even longer in exceptional casq

s with

ently, it
A black

se the

temperatyre to distil off exeess nitric acid, then continue the normal oxidation as described, or

b) too high aJtemperature-has been used, nitric acid being distilled off without reacting; cool, add morg nitric
acid and heat the mixture as described.

8.2.5 Heat theflask more strongly until white fumes appear and allow to fume for 5 min. Cool t e flask

to approximate

glass beads to the contents oftheflask

NOTE

fuming and allow to fume for 5 min.

If the colour reverts to amber or deep red, add a further 0,2 ml to 0,4 ml of the nitric acid, heat to

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

8.2.7 To ensure complete oxidation, cool the flask to approximately room temperature and repeat the
procedure described in 8.2.5.

© ISO 2016 - All rights reserved
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8.2.8 (ool the flask to approximately room temperature, add 10 ml of water, heat to fuming and allow
to fume for 20 min. Add a further 10 ml of water, heat to fuming, allow to fume for 10 min and cool.

8.2.9 Add a further 20 ml of water to the flask and digest on the boiling 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
(solution B) (see the note in 8.1.5).

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

8.3

etermination

8.3.1

be var]
8.2.10
flasks.

Calibr
coals

8.3.2

additign, dilute with water to the mark, and mix thoroughly. Allow to stand for 20 min.

8.3.3
cells af

9 E;

9.1
Calcul

a) Di

Pipette 10 ml of solution A or B as appropriate (see 8.1.5 or 8.2.9) (the aliquet.port

as appropriate) and 10 ml of the standard solution (5.10) into separate 50 ml'one-m4
A fourth 50 ml flask is required for the reagent blank.

htion is linear for aliquot portions containing up to 30 pg of phosphorus. With hig
r cokes, it may be necessary to take a smaller aliquot portion.

on taken may

ed according to the phosphorus content of the sample), 10 ml of the blank solution (see 8.1.6 or

rk volumetric

h phosphorus

Pipette 5 ml of the reagent solution (5.8) into each<flask, swirling the contents during the

Measure the absorbance of the solutions againstwater, in the spectrophotometer (6.7
a wavelength of 710 nm or in the photoelectricabsorptiometer fitted with an appropf

kpression of results

Method of calculation and fearmulae
hte the percentage of phospharus (P) in the analysis sample, using Formulae (1) ang

y oxidation method (sek 8.1):

4(p, - D,)

1

where|

D00 Vm (D, &P, )

is\the percentage of ash in the analysis sample;

using 40 mm
iate filter.

e8]

1s the mass, In grams, of ash taken;

is the volume, in millilitres, of sample solution taken for colour development;

D1 is the absorbance of the sample solution;

Dy is the absorbance of the sample blank solution;

D3 is the absorbance of the standard phosphorus solution (5.10);

D4 is the absorbance of the reagent blank solution.

©IS0 2
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