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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.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD ISO 22863-6:2021(E)

Fireworks — Test methods for determination of specific
chemical substances —

Part 6:
Zirconium with a particle size of less than 40 pm by

inductively coupied plasma optical emission spectrometry
(ICP-OES)

1 [Scope

Thip document specifies the qualitative and quantitative analysis methods for the determination of the
pregence and content of zirconium with a particle size of less than 404m/in pyrotechnic compositions
by gpecific colour-rendering reactions and Inductively Coupled Plasma-Optical Emission Sp¢ctrometry
(ICR-OES), with a minimum detection limit of 100 mg/kg.

The determination of the presence of zirconium with a parti¢le size of less than 40 um is r¢quired for
application of ISO 25947-5. Quantitative analysis may bring complementary information if ngcessary.

2 |Normative references

The following documents are referred to in the, text in such a way that some or all of their content
conptitutes requirements of this document.-For dated references, only the edition cited dpplies. For
undated references, the latest edition of thé.referenced document (including any amendments) applies.

[SO|22863-1, Fireworks — Test methodsyfor determination of specific chemical substances — Part 1: General

3 |Terms and definition$
For|the purposes of this document, the terms and definitions given in ISO 22863-1 apply.
[SO|and IEC maintain‘terminological databases for use in standardization at the following addresses:

— |ISO Online bpowsing platform: available at https://www.iso.org/obp

— |IEC Electrpopedia: available at http://www.electropedia.org/

4 (Principle of the method

Qualitative analysis of zirconium: decomposition of the sample with hydrochloric acid, nitric acid,
hydrofluoric acid and perchloric acid, removal of fluorine ions by evaporation of perchloric acid,
determination of the presence of zirconium by the specific coloration reaction with arsenazo III in
strong acidic solution.

Hydrofluoric acid may not be used if the composition of the tested sample does not contain titanium.

Quantitative analysis of zirconium: decomposition of the sample with hydrochloric acid, nitric acid,
hydrofluoric acid and perchloric acid and then use of Inductively Coupled Plasma Optical Emission
Spectrometry to determine the zirconium content.

© IS0 2021 - All rights reserved 1
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5 Reagents

Unless otherwise stated, only confirmed as analytical reagent, distilled water or deionized water or
equivalent purity water shall be used.

5.1 Hydrochloricacid (p =1,19 g/ml)
5.2 Diluted hydrochloric acid (1 part acid + 1 part water)

5.3 Nitricacid (p = 1,42 g/ml)

5.4 Hydrofluoric acid (p = 1,15 g/ml)

5.5 Perchloric acid (p=1,67 g/ml)

5.6 Diluted Nitric acid (1 part acid + 1 part water)

5.7 Diluted Nitric acid (1 part acid + 19 parts water)

5.8 Tartaric acid solution (20 g of tartaric acid dissolved in 100 mLefwater)
5.9 Ureasolution (5 g of urea dissolved in 100 ml of water)

5.10 Arsenazo III solution (0,1 g of arsenazo III dissolved:itt 100 ml of water)
5.11 Stanfdard solution of zirconium (1 000 pg/ml)

5.12 Stanfard diluted solution of zirconium-\(100 pg/ml):

Pour 10,00/ ml of zirconium standard solutior (5.11) into a 100 ml flask, add diluted nitric acid (5.7 up
to the 100 nl graduation, then mix.

6 Apparatus

6.1 Inductively CoupledPlasma Optical Emission Spectrophotometer:

Operating fonditions shall follow the manufacturer's instructions.

6.2 Analytical-Balance: accuracy 0,1 mg.

6.3 Elec rirhaot nlata. oo bla o f rnnC}-\in

o
I Ut pIatC T CoapaotC o TCatIIntTg

coneoc
CAYA~ v}

6.4 Quartz beakers
6.5 Volumetric flasks: capable of 100 ml
6.6 Test tubes

7 Preparations

Before weighing the sample, the composition extracted from the fireworks shall be sieved to less than
40 um according to ISO 22863-1:2020, 5.3.2.2.

2 © IS0 2021 - All rights reserved
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Analysis

General

The analysis procedure may start from step 8.2. If the test result in qualitative analysis is negative
(-), then conclude the absence of zirconium in the sample. Otherwise, continue to step 8.3 of the
quantitative analysis procedure, to determine the content of zirconium. Where appropriate, step 8.2 of
the qualitative analysis can also be omitted and the quantitative analysis directly started from step 8.3.

8.2

Qualitative analysis

8.2
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8.3

8.3

1 Sample size

e one 0,2 g sample, using the analytical balance (6.2).

2 Digestion process

e the sample (8.2.1) in a quartz beaker (6.4), wet it with a small amount of distilled o}

1~25 ml of hydrochloric acid (5.1), 5 ml of nitric acid (5.3), 1 ml&2 ml of hydrofluoric aci
eat at low temperature (e.g. 100-110 °C) on the electric hot plate (6.3) for about 15 minut]

10 ml of perchloric acid (5.4), add 15 ml of nitric acid (5.3), heat until it starts to evaporat
apours). When the solution is clear, cool, rinse the inside wall of the beaker above the su
tion with a small amount of water, and then continueto heat until it boils (take care not t
face of the beaker) and reaches an almost dry salt'state on an electric hot plate (6.3).

br cooling, add 15 ml of tartaric acid solution(5.8) to the salt.

t the solution to dissolve the salts and cool it again.

3 Testing

e 0,5 ml of the solution (8.2.2) in a test tube (6.6), add 2 ml of diluted nitric acid (5.6), 5
h solution (5.9), mix. After-5min, add 5 drops of arsenazo Il solution (5.10), mix.

erved the colour of the solution after 15 minutes ~20 minutes. If the solution is not chan
absence of zirconium ean be concluded, and the result is negative (-); otherwise, the resul
ind the content gf-zirconium in the sample may be determined according to step 8.3.

Quantitative analysis

1 _Sample size

Ta

- deionized

er, add diluted hydrochloric acid (5.2) dropwise until the violentTeaction is completedl, then add

1 (5.4), mix
es.

b (emission

face of the
0 cover the

-6 drops of

bed to blue,
is positive

one 0,2 g sample, using the analytical balance (6.2)

Duplicate the sample.

8.3.

2 General requirement

The analysis of the two samples shall be carried out immediately one after the other.

For error correction, a blank test shall be carried out in parallel with a zirconium-free blank solution.
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8.3.3 Test procedure

8.3.3.1 Digestion process

Place the sample (8.3.1) in a quartz beaker (6.4), wet it with a small amount of water, add diluted
hydrochloric acid (5.2) dropwise until the violent reaction is completed, then add 20 ml~25 ml of
hydrochloric acid (5.1), 5 ml of nitric acid (5.3), 1 ml~2 ml of hydrofluoric acid (5.4), mix it, heat at low
temperature (e.g. 100-110 °C) on the electric hot plate (6.3) for about 15 minutes.

Add 10 ml of perchloric acid (5.4), add 15 ml of nitric acid (5.3), heat until it starts to evaporate (emission

ofvapoursW When the solution is clear cool rinse the inside wall of the beaker above the surface of the

solution w
surface of {

After cooli
Heat the sg

Lastly, the
the 100 ml

8.3.3.2 (

Prepare a

solution of|
shall be pl
test waveld
Plasma Op

The calibr
zirconium

8.3.3.3

Set up the 5
instructior

Perform thle test according to manufacturer’s instructions and record the measurement.

If the conte

Ablank tes

8.3.4 Ca

Measurement

th a small amount of water, and then continue to heat until it boils (take care not to cover
he beaker) and reaches an almost dry salt state on an electric hot plate (6.3).

hg, add 10 ml of diluted nitric acid (5.6) to the salt.
lution to dissolve the salts and cool it again.

olution shall be transferred into a 100 ml volumetric flask (6.5) and mixed with water u
graduation.

alibration curve

bet of calibration samples consisting of diluted solutions)of‘the zirconium standard dily
zirconium (5.12) to concentrations of 0, 0,2, 0,5, 1,0, 2;0,.5,0 and 10,0 pg/ml. These solut
hiced in a group of 100,0 ml volumetric flasks (6.5) up’to the 100 ml graduation. Zircon

fical Emission Spectrophotometer (6.1).

n abscissas (horizontal axis) and absorbances in ordinates (vertical axis).

pectrophotometer (6.1) to the optimized working conditions according to its manufactur
S.

culatiens

Calculate t

the

p to

ted
ons
jum

ength is set to 343,823 nm: carry out the calibration process with the Inductively Coupled

htion curve shall be plotted in a systemof coordinates based on the concentratiop of

er's

nt of zirconium in\the sample solutions is beyond the calibration curve, the solution (8.3.3.1
shall be diluted to an appropriate ratio and then measured again.

E shall be carried out using the solution with a concentration of 0 pg/ml of zirconium (See 8.3.4

ezirconium content of the two samples using Formula (1):

Yo (C-Cy)V-f
m
where
X isthe zirconium content of the sample, mg/kg

C

is the concentration of zirconium in sample solution, pg/ml

Cy is the concentration of zirconium in blank solution, pg/ml

M
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V' is the volume of the sample solution, ml
f is the dilution multiple of sample solution

m is the mass of the sample, g

8.3.5 Accuracy

The absolute difference between the two measured results shall not exceed 10 % of their arithmetic mean.

If the results exceed the above accuracy the test shall be resumed mavhe using C‘amp]es of

increased mass.

Accpracy improvement can be obtained using the standard addition method (See Annex-A)

9 |Testreport

The test report shall include at least the following information:

— |name and address of the testing laboratory;

— |date of issue;

— |reference to this document, i.e. ISO 22863-6:2021;

— |necessary description of the sample and how it was‘gbtained according to ISO 22863-1;
— |the identification of qualitative analysis and quantitative analysis;

— |results of the analysis;

— |any anomaly that occurred while perferming the tests.

© IS0 2021 - All rights reserved 5
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A.1 Gen,

Annex A
(normative)

Standard addition method

ral

This secon
ions corre
the digeste
records.

A.2 Sani

Take one 0

Duplicate

1 method eliminates the “matrix” effects that result from the digestion process where ot
ponding to other compounds than zirconium ones may have been formed and remai
d sample solution to be tested. Such ions are likely to have an impact on the spectrome

ple size
5 g sample, using the analytical balance (6.2)

he sample.

A3 Ge

The analysjis of the two samples shall be carried out immediately one after the other.

For error cprrection, a blank test shall be carried out inparallel with a zirconium-free blank solution.

A.4 Testprocedure

A.4.1 Digestion process

The same
solution th

The menti
the larger s

A.4.2 Dil

Prepare 1
concentrat]

pned quantities of €ach of the acids to be used shall be multiplied by 2,5 to take into accd

ral requirement

her
N in
tric

igestion process as described in (8.3.3.1) shall be carried out to obtain the digested sample

at is to be diluted and tésted according to (A.4.2) and (A.4.3).

ample size as gigen in (8.3.1).

ution of thé digested sample solution

D0 ml<efa diluted solution of the standard diluted solution of zirconium (5.12) t
ion0f10,0 ug/I.

unt

£ 1_£]

Pour 50 m
from1to5

£ 41 »H ad | | e 3 L. £ 4 100 ot 11 1 L.
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Key

1 |Nr1l
2 |INr2
3 [Nr3
4 |Nr4
5 [Nr5

Add carefully 10 ml of the above 10,0 pg/1 diluted solution of zirconiu@n flask Nr 2, 20 ml ¢f the same

solytion in flask Nr 3, 30 ml in flask Nr 4 and 40 ml in flask Nr 5. 6\

Key
1 ([Nr1
2 |Nr2
3 |INr3
4 |INr4
5 |[Nr5
Add water i
R
S

asks 1 to 5 up to the 100 ml graduation and mix minutely.
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