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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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Fireworks — Test methods for determination of specific
chemical substances —

Part 10:
Nitrogen content in nitrocellulose by iron(II) sulfate
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Scope

s document specifies the method for determination of the nitrogen contentdn nitrocellul
rotechnic compositions of fireworks by iron(II) sulphate titration.

Normative reference

e following referenced documents are indispensable for theapplication of this document.
erence documents, only dated editions are applicable to be used. For undated references
tion of the referenced document (including any subsequent amendments) applies.

22863-1, Fireworks — Test methods for determination-of specific chemical substances — Part

Terms and definitions
terms and definitions are listed in this document.
and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available'at http://www.electropedia.org/

Principle

h preliminary,step, samples of pyrotechnic compositions containing nitrocellulose are sul
bcial treatment to make them suitable to the determination, without error, of the nitrogg
hitrocelldlose. Thereby, the other molecules that possibly contain nitrogen atoms such ag

e Cemaining cellulose nitrate in the sample is released by concentrated sulphuric acid, fory

hse within

For dated
the latest

1: General

Hresses:

bmitted to
bn content
nitrates -

ept nittocellulose (cellulose nitrate) - shall be removed from the sample before that determination.

ning nitric

aci

4 FeSO, + 2 HNO; + 2 H,50, - N,0; + 2 Fe,(S0,)3 + 3 H,0

twhichisthem titrated withriron(i) sulphate (FeSO; ) according to the fottowing Teactiomn:

The reaction is followed by potentiometry. The titration curve obtained exhibits an inflexion point
corresponding to the quantitative neutralization of the nitrogen radicals of the sample.

5

Reagents and materials

All reagents shall be of recognized analytical grade. Verify whether the reagents are applicable for this
specific purpose and free of interfering compounds.

5.1 Sulphuric acid (H,SO,) Chemical purity 94-97 %

© IS0 2021 - All rights reserved
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5.2

5.3

5.4

5.5

6.1

Potassium Nitrate (Pure)

Iron(II) sulphate (FeSO, « 7H,0) Crystals (pure)

Distilled Water

Acetone (Pure and anhydrous)

Any

than 0,1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

Platinum Electrode for pH measurement

Glas

Mag

netic Stirrer base with stirring bar

Blender

Coo

Opaque vessel

Aga
150
Pet
250

Ant

te mortar

ml and 200 ml beakers
i dishes

ml Erlenmeyer

static plastic bags

Balance, accurate to 0,0001 gram or 1/10000

Des

jccator-with drying agent (with colour indicator)

s, graphite or tungsten Electrode for pH measurement (reference.electrode)

ling bath (e.g. ice bath) and/or other mechanical €eoling system

(manual or automatic) pH meter capable of measuring pH with a precisipn_better

Lab

100

40°

50°

ratory refluxapparatus
°C drying oven
C drying oven

C drying oven

Timer (seconds)

Tissue paper or filtration paper
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7 Preparation of the sample

7.1 Preliminary precaution

Before preparing the sample, all information on the chemical content of the pyrotechnic composition to
be tested (at least chemical name and proportions) shall be given by the manufacturer.

The determination of the nitrogen content of the nitrocellulose requires that all other molecules that
contain nitrogen atoms are extracted from the sample before the titration process. In most cases, such
molecules are nitrates that can be extracted by dissolution with hot distilled water: depending on the
solpbility of nitrates in water and their percentage in the composition, such operation may need an
iterative process as described in 7.3.

When other nitrogen-containing molecules are present and are not soluble in water, a*Specific solvent
shdll be used provided it does not dissolve nitrocellulose.

The extraction of nitrocellulose from the sample is carried out by dissolutiondn‘acetone. Such{operation
is applied to the sample after elimination of all nitrates and nitrogen-containing moleculef if any. It
shall then be checked whether acetone is also a solvent for the other.remaining ingredignts of the
pylotechnic composition to be tested. In such case, acetone shall be neplaced by another solvent which,
anjong the ingredients of the pyrotechnic composition, only dissolves-hitrocellulose.

At the end of step three (7.4), the last solid residue should then‘enly be nitrocellulose.

Step One

Take 10 grams of the composition containing nitrocellilose, accurately weighed to 1/10000 (f.13). Split
it in three equal quantities and place each one in‘three antistatic plastic bags (6.12). Clos¢ the bags
tightly.

Pl4ce the quantity of one first bag in a Pegxi dish (6.10) and then place the whole in an oven at 40 °C
(6.17) for 12 h.

Grind the dried composition in anfagate mortar (6.8) to obtain a fine powder of grain sizq less than
500 pm. Warning: compositions that are known to be sensitive to impact and friction shall e grinded
caytiously with appropriate personal protective equipment or by use a specific grinding appgqratus.

Kegp the grinded dry compdsition in a desiccator for less than 3 h. If the sample is out of the oven for
mdre than 3 h, re-dry it\in'an oven at 100 °C (6.16) for 1 h.

Wdigh 3 grams of th@dry grinded composition to 0,0001 gram (6.13).

If the pyrotechniic composition does not contain nitrates, except nitrocellulose, go to step three.

7.3 Step Two
Placetthe weighed 3 grams in a 250 ml Erlenmeyer (6.11), add 100 ml of distilled water (5.4) anld heat the

whole in a laboratory reflux apparatus (6.15) at 100 °C for 3 h. Take care that water does not evaporate
quickly and totally during the reflux process.

Separate the solid residue by filtration on an appropriate tissue paper or filtration paper (6.20).
Rinse carefully with 30 ml of warm (> 80 °C) distilled water. Repeat the operation 3 times.

Check for the remaining presence of nitrates by means of infrared spectrometry: the characteristic
peaks of the nitrates contained initially in the pyrotechnic composition (except those that characterize
nitrocellulose) shall not appear in the infrared spectrum of the solid residue.

If such peaks are still observed, add 100 ml of distilled water (5.4) to the solid residue and heat the
whole in a laboratory reflux apparatus (6.15) at 100 °C for 3 h. Separate the solid residue by filtration
on an appropriate tissue paper or filtration paper (6.20).

© IS0 2021 - All rights reserved 3
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Rinse carefully with 30 ml of hot (> 80 °C) distilled water. Repeat the operation 3 times.

Check again for the remaining presence of nitrates by means of infrared spectrometry. If such peaks
are still observed, repeat the reflux process until there is no trace of nitrates (except nitrocellulose).

7.4 Step Three

Place the sample or the solid residue of step two in a 200 ml beaker (6.9) and add 100 ml of acetone
(5.5). Stir the whole for 2 h at ambient temperature, using a magnetic stirrer (6.4).

Separate th d-phasetrom-thepossibleselidresiduethatlayratthe-bottemofthe-beakerandlqt it
evaporate|in an oven at 50 °C (6.18) for 48 h to obtain a last solid residue that contains nitrocellulosg to

be tested for its nitrogen content.

Check thefabsence of other molecules than nitrocellulose in the solid residue by infrared spectrometfry.

If the wei
titration

ght of that last solid residue is smaller than the weight of the specimen to be-used in the next
ghase, repeat the whole process with one or the two other thirds of the initial sample.

8 Preparation and calibration of the iron(II) sulphate solutien

8.1 Preparation

Dissolve 90 grams of iron(11) sulphate (5.3) in 160 cm3 of hot distilled water (5.4) using a blender (6.5] or
equivalenf equipment to crush the iron(II) sulphate crystals andyhelp their complete and homogenegus
dissolutioh.

Cool the fron(II) sulphate solution to room temperature using a cooling bath or other mechanijcal
cooling syptem (6.6).

Add 800 cfn3 of a solution of 60 % concentrated sulphuric acid (5.1) in distilled water (5.4) to the iron(II)
sulphate splution while cooling the whole solutien during the process.

Complete fo 11 with distilled water (5.4).

Keep the rlesulting iron(II) sulphate, sglution in an opaque vessel (6.7).

8.2 Calibration

Weigh precisely a mass m around (0,275 * 0,025) g of dry potassium nitrate (5.2) to 0,0001 g (6.13) gnd
place itinfa 150 ml beaker)(6.9).

Add 100 fm?3 of sulphuric acid (5.1) and mix without heating with a magnetic stirrer (6.4) until
potassiunj nitrate-isfully dissolved.

Cool the splution by placing the beaker in an ice bath (6.6).

Lower the electrodes of the pH-meter (6.1) into the solution.
The electrodes should have a minimum of 4 h conditioning time in clean sulphuric acid before using.

After 8 min (6.19), start titrating by adding successively small quantities of the calibrated iron(II)
sulphate solution (see Figure 1). Do not titrate so fast that heat builds up in the sample and causes
localized oxidation of the sample. Overall titration time should be approximately 6 to 8 min (6.19).

4 © IS0 2021 - All rights reserved
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Key
pipet containing FeSO,
electrodes of the pH-meter
150 ml beaker

stirring bar

magnetic stirrer

pH-meter

N O U W

solution to be titrated
Figure 1(—1Tron(II) sulphate titration apparatus

As|the inflexion point of thé voltage curve is neared (see Figure 2), slow the titration to the lowest
volume increment possible.and allow time for each increment to completely disperse before 4dding the
next one.

Coptinue the addition of the iron(II) sulphate solution after the inflexion point. Stop th¢ titration
when the voltage\eurve allows an accurate determination of the volume of iron(Il) sulphafe solution
cofrespondingste the inflexion point.

© IS0 2021 - All rights reserved 5
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Figure 2 — Veltage curve

Raise the ¢lectrodes.

Rinse the [electrodes with a beaker of clean sulphuric acid and allow excessive sulphuric acid to drpin
into the b¢aker while preparing for therext sample.

Calculate the nitrogen content of the potassium nitrate solution using Formula (1):

T=0,1386-2 (1)
Vi

m is|the1fiass (in grams) of the sample of potassium nitrate as weighted in 8.2

Vi islthe volume nFirnn(ll) cn]phnfn solution (in m]) r‘nrrpcpnr\ding to the inflexion point aof the
voltage curve

9 Titration of the last solid residue

Weigh a quantity of m; gram of the last solid residue obtained at the end of step three (7.4) to 0,0001 g
(6.13) and place itin a 150 ml beaker (6.9).

The specimen should preferably consist of a 0,5000 = 0,0500 g of sample.

Add 100 cm3 of sulphuric acid (5.1) and mix without heating with a magnetic stirrer (6.4) until the solid
residue is fully dissolved.

6 © IS0 2021 - All rights reserved
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Lower the electrodes of the pH-meter (6.1) into the solution and proceed in the same manner as for
the calibration of the iron(II) sulphate solution. Stop the titration when the voltage curve allows an
accurate determination of the volume of iron(II) sulphate solution corresponding to the inflexion point.

Raise the electrodes.

Rinse the electrodes with a beaker of clean sulphuric acid and allow excessive sulphuric acid to drain
into the beaker while preparing for the next sample.

CaJculate the nitrogen content of the solution as given in Formula [2]:
T-Vi; -100
N%=———
my
whlere

NO
but
evy

pip

T isthe nitrogen content of the potassium nitrate solution (7.2)
m, is the mass (in grams) of the sample of last solid residue

Vi; is the volume of iron(II) sulphate solution (in ml) corresponding to the inflexion p
voltage curve

TE When the electrodes are not in use, they will be kept submerged in a beaker of clean sul
not the pipet that is used to add the iron(II) sulphate solution. The end of the pipet will be capped

(2)

bint of the

phuric acid
to prevent

poration of the solution. This evaporation would causédecrystallization of the iron(II) sulphate and clog the

et tip.

Test report
e test report shall include at least the following information:
Name and address of the testingdaboratory;
Date of issue;
Reference to this doeument, i.e. ISO 22863-10:2021;
Necessary description of the sample and how it was obtained according to ISO 22863-1;
Results of analysis;

Any anomaly that occurred while performing the tests.
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