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1. PART 1: General principles for classification and labelling

Not part of the guidance: for clarity, Parts 1, 3 and 4 have been removed as this update concern
only Part 2 , i.e. the physical hazards. Consequently, all cross-references to these sections are
broken and will be restored on the final version.

2. PART 2: PHYSICAL HAZARDS
1.0 INTRODUCTION

3. General remarks about the prerequisites for classification
and testing

The purpose of this chapter is to give some general guidance with respect to the classification
of physical hazards, the generation of test data and their interpretation. The general principles
of the classification process are explained above in 1.1.3, thus this section refers to physical
hazard specificities. Fhe—inrtention—of-CLP—is—to—identifyhazards—of chemical substances—and

Test methods for physical hazards are referred to in each physical hazard class chapter of CLP.

Most of these test methods can be found in the UN Manual of Tests and Criteria! (UN MTC), see
the website http://www.unece.org/trans/danger/publi/manual/manual _e.html. A few of these
test methods are contained in standards which are also referred to in CLP (see particularly
flammable gases, oxidising gases and flammable liquids). When test result, based on other
methods or standards (which are not referred to in CLP) are available, then these data may still
be used, provided they are adequate for the purpose of hazard determination. Expert judgement
is necessary to conclude whether there is sufficient documentation to assess the suitability of
the test method used, and whether the test was carried out using an acceptable level of quality
assurance and thus on the adequacy of such data for the purposes of classification according to

1t should be noted that before GHS rev. 7, the official name of this manual was “"UN Recommendations on the Transport
of Dangerous Goods - Manual of Tests and Criteria”, which is abbreviated "UN RTDG - Manual of Tests and Criteria” in
the CLP Regulation. As of GHS rev. 7, however, the official name was changed to "Manual of Tests and Criteria”. For this
reason, references to this manual are denoted as “Manual of Test and Criteria” or "UN-MTC"” when occurring in plain text
in this guidance, while they are denoted "UN RTDG - Manual of Tests and Criteria” when occurring in direct quotes from
CLP.



http://www.unece.org/trans/danger/publi/manual/manual_e.html
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LP.
Please note that in practice the physical hazards of a substance or mixture may differ from thosg¢
shown by tests, e.g. in case of certain ammonium-nitrate-based compounds (explosive
oxidising properties) and certain halogenated hydrocarbons (flammable properties). Such
experience must be taken into account for the purpose of classification (CLP Article 12(a)).

The information available or generated must be checked to determine if it is directly comparablg
to the respective hazard criteria and if it is, then it can be used to derive the classificatio
immediately. Where the criteria cannot be directly applied to the available data, expert
judgement should be used for the evaluation of the available information in a weight of evidencg
determination (CLP Article 9(3) and CLP Annex I, 1.1.1.).

3.1.1. Safety

Inmestecasestheclassificationis-based-endataderivedfromtesting—Special care is requwedl

when new or unknown substances or mixtures are tested. If possible, preliminary tests should
be carried out before larger quantities are handled. Appendix 6 of the

Manual of Tests and Criteria (UN-MTC) 'Screening
procedures' allows gathering valuable information about physico-chemical properties based on
small-scale tests. Further aspects of safety are given in the general introduction, Section 1.4 of
the UN-MTC rev. 82 or within the individual test procedures.

3.1.2. General conditions for testing

Samples offered for testing must in all aspects be representative of the substance or mixture to
be classified. Therefore, it is helpful to characterise or specify the sample for the purposes of
documentation (i.e. batch number, production code, impurities etc.). Further characterisation
(i.e. analysis) is highly recommended in cases where the presence of diluents, activators
stabilisers or moisture may influence the outcome of the test.

The tests must be performed on the substance or mixture in the appropriate physical form wher¢
changes in that form may influence the outcome of the test (see also Articles 5 and 6 of CLP)
see section {place holder for cross link to part 1}. In some cases, test methods as stipulated i
the relevant physical hazards sections provide further information on the physical forms thag
should be tested and if manipulation of the substance is required (e.g. grinding to decreas¢

particle size).

In—seme—cases;—If additional parameters like (e.g.) physical condition, particle size and shape]
specific surface area, density, crystal structure, may-influence the test result—Fherefere, these
properties should be mentioned in the test report.

3.1.3. Physical state_and form

The physical state determines which hazard classes should be considered for testing. As the CLP
states?, hazard classification is based on intrinsic properties of the substance or mixture which
are determined not only by its physical state but also its form.

2 Unless otherwise specified, references to sections, tables, figures, etc. are consistent with UN-MTC rev. 8 (2023).

3 CLP Article 5(1), 6(1) and 8(6), please note that the CLP Regulation is undergoing revision and these references ma|
need to be updated in the future.
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The definitions for gases, liquids and solids are given in Annex I, Part 1 of CLP:
: I: P 1, 1.0 Definiti

mean tance which:
(i) at 50 °C has a vapour pressure greater than 300 kPa (absolute); or
(ii) is completely gaseous at 20 °C at a standard pressure of 101.3 kPa;
Liquid means a substance or mixture which:
(i) at 50 °C has a vapour pressure of not more than 300 kPa (3 bar);

ii) is not completely gaseous at 20 °C and at a standard pressure of 101,3 kPa; and

iii) _which has a melting point or initial melting point of 20 °C or less at a standard
pressure of 101,3 kPa;

Solid means a substance or mixture which does not meet the definitions of liquid or gas.

In some cases (i.e. viscous substances or mixtures), a specific meltin oint cannot be
determined. Such a substance or mixture must be regarded as a liguid if either the result of the
ASTM D 4359-90 test as amended (standard test method for determining whether a material is

a liguid or a solid) indicates ‘liquid’ or the result of the test for determining fluidit enetrometer
test) prescribed in Section 2.3.4 of Annex A of ADR indicates ‘not pasty’.

As mentioned in Chapter 1.2 of this guidance, the same solid substance or mixture may have
different forms such as flakes, prills, or powder. Furthermore, e.g. a powder may contain
particles of different size, and particles of the same size may have different shapes, crystallinity
or allotropy etc. These differences may result in different intrinsic properties, and consequently,
different physical hazards of the powder. Particle size is crucial for several classes such as
explosives, flammable solids, solid self-reactive substances and mixtures, pyrophoric solids, self-
heating substances_and mixtures, solid organic peroxides and solid substances which, in contact
with water, emit flammable gases. Therefore not only the physical appearancestate, but also
other parameters should be considered when identifying the form, since they may trigger
different classifications of the same substance or mixture.

An example of different classification due to different intrinsic properties of forms is red
phosphorus (flammable solid) and white phosphorus (pyrophoric solid) (different allotropes). It
is therefore important to evaluate case by case whether available information on the physical
properties of the substance and mixture placed on the market; is applicable to the examined
form, and whether additional testing should be performed.

The form of a substance or mixture as placed on the market might be such that it is not possible
to test it in this form, e.g. if it is in the form of tablets or pellets. In such eireumstancescases,
the physical hazards of the substance or mixture in its granular/powdered form should must-be
considered for classification especially if they—=are-it is friable and produce secondary effects due
to abrasion or crushing during supply and use. If phase separation does occur, the hazardous
properties of the most hazardous phase of the substance or mixture must be
eemmunicateddetermined.

If further testing is required, the choice of the test method should be done after thorough
evaluation of its suitability for the substance or mixture, as the properties of the form (e.g. for
powders especially size and shape of the particle) may have a significant effect on the test
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results.

3.1.4. Quality

The determlnatlon of data must be based on the methods named in Annex I, Part 2 of CLP. Fe

stanela%ds—m—AﬁneaH—Part—Z—ef—Gl:P—Whenever p055|ble the Iaboratory should vahdate—th
regularly assess its performance ef-with respect to the methods used e.g. by participating i
inter-laboratory testing or by using reference materials. Any deviation from the test procedure
or standard should be documented and, if necessary, justified.

b
h
at
=
n

The reliability of all test results used for the classification of hazardous substances and mixtures
is important and therefore their transparency and comparability must be ensured.

For these purposes, CLP requires in Article 8 the following:

Article 8(5)

Where new tests for physical hazards are carried out for the purposes of this Regulation,
they shall be carried out, at the latest from 1 January 2014, in compliance with a relevant
recognised quality system or by laboratories complying with a relevant recognised standard.
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In general, the following alternative strategies can be pursued:

1. compliance with the principles of good laboratory practice (GLP)-{as-fermerlyreguired
by-the BSB);

2. application of EN ISO/IEC 17025 General requirements for the competence of testing
and calibration laboratories as amended as a relevant recognised standard;

3. other internationally recognised standards of comparable scope.
It should be noted that GLP is not primarily aimed at physical hazard testing and thus can be

applied only to some but not all of the physical hazard test methods. Therefore, in general EN
ISO/IEC 17025 is more suitable or preferred over GLP for physical hazard testing.

Any laboratory that carries out physical hazard tests for classification purposes can therefore
choose from these alternatives how to fulfil the quality requirements of CLP.

3.2. Explosives

3.2.1. Introduction

The requirements in Chapter 2.1 ‘Explosives’ of Annex I of CLP are identical to those in Chapter
2.1 of GHS_up to revision 8%. As of revision 9 of the GHS, however, the classification system for
explosives has been completely altered. It is expected that this new classification system for
explosives will eventually be included in the CLP, upon which this guidance chapter will have to
be substantially reviewed.

Up to revision 8 of the GHS, The-the GHS classification of explosives accerding—to-the-GHS-is
almost entirely adopted based on the UN Recommendations on the Transport of Dangerous
Goods - Model Regulations (UN RTDG Model Regulations).; This classification system, which is
currently used in CLP, is are-appropriate for transport and also for storage of packaged-explosives
in_the transport configuration (e.g. as packaged for transport). In practice, the transport
classification normally is simply translated into the corresponding CLP classification without
further testing.

The changes in the classification system as of revision 9 of the GHS were introduced to better
reflect the explosive behaviour when the substance, mixture or article is not in the transport
configuration. While the overall scope of the class of explosives was retained, new categories 1
and 2A-C were introduced to supplement the divisions used for transport and for classification
up to revision 8 of the GHS. For explosives which are transported (which should be virtually all
commercial explosives), it is quite straight-forward to derive the new GHS classification from the
transport classification.

It should be noted that the class of explosives, unlike other hazard classes of the CLP, includes
explosive articles. According to Article 4(8) of CLP, these articles should be treated as substances
and mixtures in the context of CLP.

The classification of substances, mixtures and articles in the class of explosives and further
allocation to a division is a very complex procedure. References to Part I of the UN-MTC and
related expertise are necessary.

4 The twelfth ATP (Commission Regulation (EU) 2019/521) implements the changes introduced by the sixth (2015) and
seventh (2017) revisions of the GHS into the CLP Regulation. No changes on chapter 2.1 were included in GHS revision
8. Consequently, if not specified "GHS"” indicates “GHS rev. 7".
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167 3.2.2. Definitions and general considerations for classification of explosives

168  The following definition is given in CLP for the class of explosives.

Annex I: 2.1.1.1. The class of explosives comprises
(a) explosive substances and mixtures;

(b) explosive articles, except devices containing explosive substances or mixtures in such
quantity or of such a character that their inadvertent or accidental ignition or initiation
shall not cause any effect external to the device either by projection, fire, smoke,
heat or loud noise; and

(c) substances, mixtures and articles not mentioned in points (a) and (b)_above which ’
are manufactured with a-the view to producing a practical, explosive or pyrotechnic
effect.

169  Additional remark related to the applicability of 2.1.1.1 (a) (see also UN RTDG Model Regulations,
170 2.1.1.1 (a)):

171 e a substance or mixture which is not itself an explosive (i.e. it does not react out of the
172 condensed phase) but which can form an explosive atmosphere of gas, vapour or dust
173 is not included in this class;

174 e explosive behaviour related-te-thethermal-decempeositien-of organic peroxides and of ‘

175 self-reactive substances and mixtures is covered by those specific hazard classes and
176 therefore not included in the hazard class explosives.

177 In addition the following definitions apply for explosives:

Annex I: 2.1.1.2. For the purposes of this Regulation the following definitions shall
apply:

An explosive substance or mixture is a solid or liquid substance or mixture of substances
which is in itself capable by chemical reaction of producing gas at such a temperature and
pressure and at such a speed as to cause damage to the surroundings. Pyrotechnic
substances are included even when they do not evolve gases.

A pyrotechnic substance or mixture is a substance or mixture of substances designed to
produce an effect by heat, light, sound, gas or smoke or a combination of these as the result
of non-detonative self-sustaining exothermic chemical reactions.

An unstable explosive is an explosive which is thermally unstable and/or too sensitive for
normal handling, transport and use.

An explosive article is an article containing one or more explosive substances or mixtures.
A pyrotechnic article is an article containing one or more pyrotechnic substances or mixtures.

An intentional explosive is a substance, mixture or article which is manufactured with a view
to produce a practical explosive or pyrotechnic effect.
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3.2.3. Relation to other physical hazards

Fer—safety—reasens;,—sSubstances, mixtures or articles which have already been classified as
Explosives (Class 1 according to the UN RTDG Model Regulations) should normally not be
considered for classification in any other physical hazard classes, as—Siree the explosion hazard
can be considered to be the most is-mere-severe than-etherof the physical hazards. Furthermore,
testing explosives for other physical hazards may pose a severe safety concern for the testing
personnel, which must always be avoided.there-is-ro-need-to-furtherperform-—classificationtests
‘ - - :

When considering substances and mixtures for classification within the hazard class explosives,
the following checks should be performed with respect to other hazard classes:

- Substances, mixtures and articles that have been manufactured with a view to producing
a practical explosive or pyrotechnic effect, are classified as explosives by definition
according to 2.1.1.1(c) of Annex I of the CLP. It should be checked whether such a
substance or mixture is an unstable explosive.

- Thermally unstable substances or mixtures that are not classified as explosives should be
considered for classification as self-reactive substances and mixtures.

— Mixtures of oxidising substances and mixtures with combustible material that are not

classified as explosives should be considered for classification as self-reactive substances
and mixtures, oxidising liquids or oxidising solids.

— Explosive substances or mixtures may be phlegmatised such that, in the phlegmatised
state, they meet the criteria for classification as desensitised explosives, and should be
classified as such instead of as explosives.

Due to the complexity of these issues, expert advice should always be sought when dealing with
classification of substances and mixtures and articles with potentially explosive properties.

3.2.4. Classification of substances, mixtures or articles as explosives

3.2.4.1. Identification of hazard information

Information on the following types of hazards is relevant for the evaluation of substances,
mixtures and articles for the class of explosives:

sensitivity to shock;

effects of heating and ignition under confinement;
thermal stability;

sensitiveness to impact and friction;

mass explosion hazard;

projection hazard;

fire and radiant heat hazard.

3.2.4.2. Screening procedures and waiving of testing

The screening procedure is described in:
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CLP, Annex I, Part 2, paragraphs 2.1.4.2 and 2.1.4.3; Appendix 6 of the UN-MTC.

The screening procedure may be used for rew-substances or mixtures which are suspected ?Lf
having explosive properties. It is not applicable to sheuld—noet-be—used—fer-substances an

mixtures manufactured with the intention of producing a practical explosive or pyrotechnic
effect, as they are classified as explosives by definition. ‘

Explosive properties are associated with the presence of certain chemical groups in a molecule
which can react to produce very rapid increases in temperature and/or pressure. The screening
procedure is aimed at identifying the presence of such reactive groups and the potential for rapid
energy release.

Examples of groups which may indicate explosive properties in organic materials are:

e C-Cunsaturation (e.g. acetylenes, acetylides, 1, 2-dienes);

e C-Metal, N-Metal (e.g. Grignard reagents, organo-lithium compounds);

e Contiguous nitrogen atoms (e.g. azides, aliphatic azo compounds, diazonium salts,
hydrazines, sulphonylhydrazides);

e Contiguous oxygen atoms (e.g. peroxides, ozonides);

e N-O (e.g. hydroxyl amines, nitrates, nitro compounds, nitroso compounds, N-oxides,
1,2-oxazoles);

e N-halogen (e.g. chloramines, fluoroamines);

e O-halogen (e.g. chlorates, perchlorates, iodosyl compounds).

A substance or mixture does not have to undergo the acceptance procedure, and is thereforla
not classified as explosive, if:

a. when-+tThere are no chemical groups associated with explosive properties present in th
molecule_(see listing above for indications of chemical groups);

or

b. when—+tThe substance or mixture contains chemical groups associated with explosivia
properties which include oxygen and the calculated oxygen balance is less than -200;

The oxygen balance is calculated for the chemical reaction:

oo {y 2o 00 o
Using the formula:

Oxygen balance = _1500XM
molecular weight

or

c. when—theFor an organic substance or a homogenous mixture of organic substance
eentainscontaining one or more chemical group(s) associated with explosive properties

- -butthe exothermic decomposition energy is less than 500 J/g or;

— ane-the onset of exothermic decomposition is below 500 °C_or above, as indicated i
CLP, Annex I, Table 2.1.3, see below.
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(The temperature limit is to prevent the procedure being applied to a large number
of organic materials which are not explosive but which will decompose slowly above
500 ©°C to release more than 500 J/g._Normally, therefore, the measurement is not
carried out beyond 500 ©C). The exothermic decomposition energy may be
determined using a suitable calorimetric technique_see section 20.3.3.3° of the UN-
MTC.

Annex I: Table 2.1.3 Decision to apply the acceptance procedure for the hazard
class 'Explosives’ for an organic substance or a homogenous mixture of organic
substances

Decomposition energy Decotrenn[;ozirt;czgrznset Apply acceptance procedure?
(J/a) (°C) (Yes/No)
<500 <500 No
< 500 > 500 No
= 500 < 500 Yes
> 500 > 500 No
or
€d. for mixtures of inorganic oxidising substances with organic material(s), the

concentration of the inorganic oxidising substance is:
e less than 15 % by mass, if the oxidising substance is assigned to Categories 1 or
2;
e less than 30 % by mass, if the oxidising substance is assigned to Category 3.
If the screening procedure identifies the substance or mixture to be a potential explosive or if it
is @ mixture containing any known explosives, the classification (acceptance) procedure for the
class of explosives (see Section 3.2.4.52-14-5-1) has to be applied. If the exothermic

decomposition energy of organic materials is less than 800 J/g, a UN gap test is not required,
neither according to Series 1 Type (a) nor according to Series 2 Type (a).

3.2.4.3. Classification criteria

The criteria for the classification of explosives are given in the following tables.

Annex I:

2.1.2.1. Substances, mixtures and articles of this class are classified as an unstable explosive
on the basis of the flowchart in Figure 2.1.2. The test methods are described in Part I of the
UN RTDG, Manual of Tests and Criteria.

2.1.2.2. Substances, mixtures and articles of this class, which are not classified as an unstable
explosive, shall be assigned to one of the following six divisions depending on the type of
hazard they present:

5 https://unece.org/fileadmin/DAM/trans/danger/publi/manual/Rev7/Manual Rev7 E.pdf
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(a) Division 1.1 Substances, mixtures and articles which have a mass explosion
hazard (a mass explosion is one which affects almost the entire quantity present
virtually instantaneously);

(b) Division 1.2 Substances, mixtures and articles which have a projection hazard
but not a mass explosion hazard;

(c) Division 1.3 Substances, mixtures and articles which have a fire hazard and
either a minor blast hazard or a minor projection hazard or both, but not a mass
explosion hazard:

(i) combustion of which gives rise to considerable radiant heat; or
(i) which burn one after another, producing minor blast or projection effects or both;

(d) Division 1.4 Substances, mixtures and articles which present no significant
hazard:

— substances, mixtures and articles which present only a small hazard in the event of
ignition or initiation. The effects are largely confined to the package and no projection
of fragments of appreciable size or range is to be expected. An external fire shall not
cause virtually instantaneous explosion of almost the entire contents of the package;

(e) Division 1.5 Very insensitive substances or mixtures which have a mass
explosion hazard:

— substances and mixtures which have a mass explosion hazard but are so insensitive
that there is very little probability of initiation or of transition from burning to
detonation under normal conditions;

(f) Division 1.6 Extremely insensitive articles which do not have a mass explosion
hazard:

— articles which predominantly contain eaty¥-extremely insensitive substances or

mixtures;

— and which demonstrate a negligible probability of accidental initiation or propagation.
2.1.2.3. Explosives, which are not classified as an unstable explosive, shall be classified in one
of the six divisions referred to in section 2.1.2.2 of this Annex based on Test Series 2 to 8 in|
Part I of the UN RTDG, Manual of Tests and Criteria according to the results of the tests laid
down in Table 2.1.1:

Table 2.1.1

Criteria for explosives

Category Criteria

For explosives of Divisions 1.1 to 1.6, the following are the core

Unstable explosives or set of tests that need to be performed:

explosives of Divisions 1.1

t0 1.6 Explosibility: according to UN Test Series 2 (section 12 of the UN

RTDG, Manual of Tests and Criteria). Intentional explosives (1)
shall not be subject to UN Test Series 2.
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Sensitiveness: according to UN Test Series 3 (section 13 of the
UN RTDG, Manual of Tests and Criteria).

Thermal stability: according to UN Test 3(c) (sub-section 13.6.1
of the UN RTDG, Manual of Tests and Criteria).

Further tests are necessary to allocate the correct Division.

(1) This comprises substances, mixtures and articles which are manufactured with a view to
producing a practical, explosive or pyrotechnic effect.

3.2.4.4. Testing and evaluation of hazard information

Where test data are available, these must be evaluated against the set criteria for classification.

When the screening procedure indicates that a substance or mixture may possess explosive
properties, a cautious approach when performing the tests is necessary to ensure safe handling.

For information on the test procedures see the following Section 3.2.4.5 where the individual
test series are described in context with the respective decision logic.

The test procedures for the classification of explosives are described in detail in the Part I of the
UN-MTC.

Where the test is conducted in the packaged form and the packaging is changed, a further test
must be conducted where it is considered that the change in packaging will affect the outcome
of the test.

Classification tests must be performed on the substance or mixture as supplied. If the same
chemical is to be presented in a physical form different from that which was tested and which is
considered likely to materially alter its performance in a classification test, the substance or
mixture must also be tested in the new form.

3.2.4.5. Classification procedure and decision logics

Any substance, mixture or article having, or suspected of having, explosives characteristics must
be considered for classification in the hazard class of explosives. Substances, mixtures and
articles classified in this hazard class must be assigned to the appropriate division or must be
classified as unstable explosive.

It should be noted that, as a consequence to the substantial changes to the explosives
classification as GHS revision 9 (see the introduction to this chapter, section 3.2.1), the UN-MTC
was consequently amended. These amendments are included in Amendment 1 to the 7:th
revised edition of the UN-MTC. In essence, the amendments mean that all references to
“unstable explosive” and to “too dangerous for transport” in the UN-MTC have been replaced by
“too sensitive to assign a division”. A substance, mixture or article that is considered “too
sensitive to assign a division” according to the UN-MTC (as amended) is classified as an unstable
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explosive according to CLP.

The classification process is divided into two stages, the acceptance procedure and the
assignment procedure.

In the acceptance procedure, intrinsic explosive properties of a substance, mixture or article are
determined through tests of its sensitivity, stability and explosion effects. If the substance,
mixture or article is not characterised as unstable explosive and is provisionally accepted into
the class of explosives, it is then necessary to ascertain the correct division by applying the
assignment procedure. The further subdivision into compatibility groups A to S is described in
detail in the UN--MTCRTBGModel-Regulations, Section 2.1.2. The compatibility groups and their
recommended combination identify types of explosives which are deemed to be compatible, e.g.
for combined storage or transportation and can therefore be used to distinguish technical
requirements (especially) in these sectors. However, assignment of compatibility groups is not
part of the classification system according to CLP.

The tests for acceptance and the further tests to determine the correct division are grouped into
eight test series. Classification procedures, test methods and criteria are described in detail in
Part I of the UN-MTC.

0 NOTE: The person responsible for the classification of explosives should be experienced in
this field and be familiar with the criteria for classification.

3.2.4.5.1. Acceptance procedure

The acceptance procedure is used to determine whether or not a substance, mixture or article

is a candidate for the class of explosives, and whether it-er is an unstable explosive_(which i
not allowed for transport).

The test methods used for deciding on provisional acceptance into the class of explosives are
grouped into four series, Test Series aumbered-1 to 4 (see CLP Annex I, Figure 2.1.2 repor’ceb
below).

Annex I: Figure 2.1.2 ’

Procedure for provisional acceptance of a substance, mixture or article in the class
of explosives (Class 1 for transport)
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CLASSIFICATION

SUBSTANCE/MIXTURE FOR

Is the substance
mixture manufactured
with a view to producing
a practical explosive or
pyrotechnic effect

Is the substance/
mixture a candidate

for ammonium nitrate
emulsion suspension or gel,
ntermediate for blasting
explosive ANE?

Yes

TEST SERIES 8
Go to figure 2.1.4

Substance/mixture to
»| be considered for this
Class

v

Yes

ARTICLE FOR
CLASSIFICATION

| TEST SERIES 3

Is the substance/mixture
thermally stable?

Is the substance/mixture

Is it an explosive
substance/mixture?

which it was tested?

too dangerous in the form in

Encapsulate and/or
package the substance/
mixture

No

| TEST SERIES 2

A
| | TEST SERIES 4

Is the substance/
mixture too insensitive
for acceptance into this
Class?

Yes

-

NOT AN
EXPLOSIVE

Is the article, packed
article or packaged
substance/mixture too
dangerous?

CLASSIFY as an
Unstable Explosive

(*) For classification purposes, start with Test Series 2.

PROVISIONALLY ACCEPT

INTO THIS CLASS
(go to figure 2.1.3)

The numbering of Test Series 1 to 4 relates to the sequence of assessing the results rather than
the order in which the tests should be conducted. It may be important for the safety of test
personnel that certain tests, using small amounts of material, be conducted first
before proceeding to experiment with larger quantities.

Starting the testing procedure with Test Series 3 is highly recommended, because these tests
involve relatively small sample sizes, which reduces the risk to test personnel. While Test Series
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1 may be waived for the purpose of classification, it can provide useful information on thé
properties of the substance or mixture. ‘

Test Series 1

Within Test Series 1 the question ‘Is it an explosive substance / mixture?’ is answered on the
basis of the results of three types of tests to assess possible explosive effects. The question
is answered ‘Yes' if a '+’ is obtained in any of the three types of tests. If the answer is ‘No’,
the substance / mixture is rejected from this class; it is not an explosive. Under certain
conditions the Ttest Type 1 (a) can be replaced by certain tests of Test Series F, see UN-MTd,
Section 11.3.5.

The three types of test used are (recommended test is indicated within brackets):

Type 1 (a): a shock test with defined booster and confinement to determine the ability
of the substance to propagate a detonation (UN Gap test, zero gap);

Type 1 (b): a test to determine the effect of heating under confinement (Koenen test);
and

Type 1 (c): a test to determine the effect of ignition under confinement (time/pressure
test).

Test Series 2

Series 2 tests are used to answer the question ‘Is the substance / mixture too insensitive for
acceptance into this Class?’. In general, the basic apparatus and method used is the same as
that for Test Series 1 but with less stringent criteria, e.g. in the case of gap tests, the gap
used is greater than zero. The question is answered ‘No’ if a *+’ is obtained in any of the three
types of test. If the answer is ‘Yes’, the substance / mixture is rejected from this class; it is
not an explosive. Under certain conditions Ttest Type 2 (a) can be replaced by certain testh
of Test Series F, see UN-MTC, Section 12.3.4.

The following three types of test are used (recommended test is indicated within brackets):

Type 2 (a): a shock test with defined initiation system and confinement to determine
sensitivity to shock (UN gap test) (with a defined gap e.g. 50 mm);

Type 2 (b): a test to determine the effect of heating under confinement (Koenen test);
and

Type 2 (c): a test to determine the effect of ignition under confinement (Time/pressure
test).

If the substance or mixture is manufactured with a view to produce a practical explosive or
pyrotechnic effect, it is unnecessary to conduct Test Series 1 and 2 for purposes of
classification.

Test Series 3

As stated above it is recommended to carry out Test Series 3 before Test Series 1 and 2 for
safety reasons due to the small sample amount needed. It is also recommended to carry out
Test Series 3 even if negative results have been obtained in Test Series 1 and/or 2 because
only Test Series 3 gives information about the thermal stability and the sensitivity to
mechanical stimuli (impact and friction).

Test Series 3 is used to answer the questions ‘Is the substance / mixture thermally stable?’
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and ‘Is the substance / mixture too dangerous fertranspertin the form in which it was tested
(and therefore unstable in that form)?’® This involves tests for determining the sensitiveness
of the substance or mixture to mechanical stimuli (impact and friction), and to heat and flame.

The following four types of tests are used (recommended test is indicated within brackets):

Type 3 (a): a falling weight test to determine sensitiveness to impact (BAM
Fallhammer);

Type 3 (b): a friction; or impacted friction test to determine sensitiveness to friction
(BAM friction apparatus);

Type 3 (c): an elevated temperature test to determine thermal stability (thermal
stability test at 75 °C); and

Type 3 (d): an ignition test to determine the response of a substance or mixture to fire
(small scale burning test).

The first question is answered ‘No’ if a *+’ is obtained in Test Ttype 3_(c). Then the substance
/ mixture is considered as thermally unstable and either classified as an unstable explosive
or as a self-reactive substance or mixture.

The second question is answered ‘Yes' if a '+’ is obtained in any of the Test £ypes-Types 3. (a),
3.(b) or 3_(d). If a '+’ is obtained, the substance / mixture may be encapsulated or packaged
to reduce its sensitiveness to external stimuli or is classified as an unstable explosive.
Furthermore, the explosive may be desensitiszed in order to suppress/reduce its explosive
properties in which case the classification procedure has to be restarted.

Test Series 4

Series 4 tests are intended to answer the question ‘Is the article, packaged article or
packaged substance or mixture too dangerous-te-be-transperted(and therefore an unstable
explosive)?””. Conditions which may occur during supply and use include high /low
temperature and high relative humidity, vibration, bumping and dropping.

The two types of test to be carried out are:
Type 4 (a): a test of thermal stability for articles; and
Type 4 (b): a test to determine the hazard from dropping.

The question is answered ‘Yes' if a *+’ is obtained in either Test type-Type 4 (a) or 4 (b) and
the substance or mixture or article is classified as an unstable explosive.

It is important to note that a substance / mixture which fails Test Series 2 (i.e. it is sensitive
enough for acceptance into the class of explosives) may still, if properly packaged, leave the
class of explosives provided that it is not designed to have an explosive effect and does not
exhibit any explosive hazard in Test Series 6 of the assignment procedure (see example for musk
xylene). Such an exclusion from the class of explosives is restricted to the specific type and size
of package tested.

5 Through Amendment 1 to the UN-MTC rev. 7 the latter question has been changed to “Is the substance / mixture too
sensitive to assign a division?”, see the introduction to section 3.2.4.5.

’ Through Amendment 1 to the UN-MTC rev. 7 this question has been changed to “Is the article, packaged article or
packaged substance or mixture too sensitive to assign a division”, see the introduction to section 3.2.4.5.
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418 Especially for substances / mixtures, which have explosive properties according to Test Series 1
419 and/or 2 but can leave the class of explosives after Test Series 6 due to the type of prepef
420 packaging;;—tisnecessary—to—communicate these properties should be communicated in th
421 Safety Data Sheet (SDS).

422 do d-inthe-SBS-wh
423 l0-440/2008

424 i i
425  {Hef360-N-ortess)

426  3.2.4.5.2. Assignment procedure to a division

£

427  The assignment procedure to one of six divisions, depending on the type of hazard they present,
428  applies to all substances, mixtures and/or articles that are candidates for the class of explosives.
429 A substance, mixture or article must be assigned to the division which corresponds to the results
430 of the tests to which the substance, mixture or article, as presented effered-for supply and usel,
431 has been subjected. Other test results, and data gathered from accidents which have occurred,
432  may also be taken into account.

433  The test methods used for assignment to a division are grouped into three series — Test Serie%
434 aumbered-5 to 7 - designed to provide the information necessary to answer the questions i
435 Figure 2.1.3 in CLP.

0 NOTE: The person responsible for the classification of explosives should be experienced in
this field and be familiar with the criteria for classification.

Annex I: Figure 2.1.3 ’

Procedure for assignment to a division in the class of explosives (Class 1 for
transport) |
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ARTICLE OR SUBSTANCE/MIXTURES PROVISIONALLY ACCEPTED IN THIS CLASS
(from figure 2.1.2)

)

Is the Isthe P— 4
- - i ackage the
article a candidate substance/mixture a No
for Division 1.6? candidate for Division sub?tance/ TEST SERIES 6
157 mixture
Yes Is the
result a mass —
TEST SERIES 7 explosion?

TEST SERIES 5

Is the

Isitan major hazard that

Isita

extremely insensitive . » from dangerous
article? very insensitive projections?
explosive substance /mixture
Yes with a mass explosion No
Yes " hazard?
L 4
the major
hazard radiant heat
andfor violent burning
but with no dangerous blas’
or projection
Would hazard?
the hazard
hinder fire-fighting in the Yes
immediate Y
vicinity?
Are there
hazardous effects
outside the
I package?
No Substance/mixture or article
< manufactured with the view of
roducing a practical explosive
or pyratechnic
effect?
Is the
product an article
excluded by definition?
(see 2.1.1.1 (b))
) 4
vy v DIVISION 1.4 DIVISION 1.4 A h i
NOT AN U DIVISION U DIVISION Compatibility groups || DIVISION U DIVISION U DIVISION
EXPLOSIVE 1.6 15 group S other than 5 1.3 1.2 1.1
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ARTICLE OR SUBSTANCE/MIXTURE
PROVISIONALLY ACCEPTED IN THIS CLASS
(from figure 2.1.2)
I
Is the article a
candidale for Package
Division 1,67 the
Is the substance/ [ _TestserEss |
mixture a candidate for mixture
Yes Division 1.57
| TEST §
Is the result a mass
explosion? Yes
No TEST SERIES 5
Is it an extremely
insensitive article?
Is the major
Isita ve
Yes 1nsensm\g i "“z:“’ that
Z rom dangerous
exptrgz\.l:msuw‘p‘sr:a anoe d projections? Yes
Yes mass explosion
hazard?
Is the major hazard
radlant heat and/or
violent burning
but with no
dangerous blast
or projection
Is there a small
NO_ hazard nthe avent of N
ignition or initiation?,
Is the'
substance/ Yes
mixture
No or article manufactured Yes
with the view to praducing
a practical explosive or
pyrotechnic effect2,
Would the haza
hinder fire-fighting
Yes in the immediate
vicinity?
Is the product an
article ded by
Yes definition?
.
NOT AN DIVISION DIVISION 1.4
I EXPLOSIVE | I b | | DIVISION 1.5 | D! | owision ; ":u L pivision 1.3 || pivision 1.2 || pivision 1.1
group $ other than S
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437 Test Series 5

438 Test Series 5 is only carried out for explosive substances/mixtures which are very insensitive
439 and therefore candidates for division 1.5. Typical substances/mixtures are blasting agents
440 such as ANFO, slurries, and emulsion explosives.

441 The results from three types of series 5 tests are used to answer the question ‘Is it a very
442 insensitive explosive substance/mixture with a mass explosion hazard?’.

443 The test types are (recommended test is indicated within brackets):

444 Type 5 (a): a shock test to determine the sensitivity to intense mechanical stimulus (cap
445 sensitivity test);

446 Type 5 (b): thermal tests to determine the tendency of transition from deflagration to
447 detonation (French or USA DDT test); and

448 Type 5 (c): a test to determine if a substance, when in large quantities, explodes when
449 subjected to a large fire.

450 The question is answered ‘No’ if a '+’ is obtained in any of the three test types. A candidate
451 for Division 1.5 should pass one test of each type.

452 Test Series 6

453 The results from four types of series 6 tests are used to determine which division, amongst
454 Divisions 1.1, 1.2, 1.3 and 1.4, corresponds most closely to the behaviour of the substance,
455 mixture or article to be classified if a load is involved in a fire resulting from internal or external
456 sources or an explosion from internal sources. The results are also necessary to assess
457 whether a substance, mixture or article can be assigned to Compatibility Group S of Division
458 1.4 and whether or not it sheutd-may be excluded from this class. Test Series 6 should be
459 applied to packages of substances, mixtures or articles in the condition and form in which
460 they are offered for supply and use.
461 The four test types are (recommended test is indicated within brackets):
462 Type 6 (a): a test on a single package to determine if there is mass explosion of the
463 contents (single package test);
464 Type 6 (b): a test on packages of an explosive substance, mixture or explosive articles,
465 or non-packaged explosive articles, to determine whether an explosion is
466 propagated from one package to another or from a non-packaged article to
*167 another (stack test); anrd
468 Type 6 (c): a test on packages of an explosive substance, mixture or explosive articles,
469 or non-packaged explosive articles, to determine whether there is a mass
470 explosion or a hazard from dangerous projections, radiant heat and/or violent
471 burning or any other dangerous effect when involved in a fire (bonfire test);
472 Type 6 (d): ateston an unconfined package of explosive articles to which special provision
473 347 of Chapter 3.3 of the UN RTDG Model Regulations applies, to determine
474 if there are hazardous effects outside the package arising from accidental
475 ignition or initiation of the contents.
£76 Test Ttypes 6 (a), 6 (b), 6 (c) and 6 (d) are performed in alphabetical order. However, it is
77 not always necessary to conduct tests of all types. Test type-Type 6 (a) may be waived if

478 explosive articles are carried without packaging or when the package contains only one article.
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479 Test £Type 6 (b) may be waived if in each £ype-Type 6 (a) test: |
480 e the exterior of the package is undamaged by internal detonation and/or ignition; or

481 ¢ the contents of the package fail to explode, or explode as feebly as would exclude
482 propagation of the explosive effect from one package to another in tTest Ttype 6_(b).
483 Test Ttype 6_(c) may be waived if, in a £Type 6_(b) test, there is practically instantaneou
484 explosion of virtually the total contents of the stack. In such cases the product is assigned to
485 Division 1.1.

486 Test Ttype 6 (d) is a test used to determine whether a Division 1.4 _compatibility group %
487 classification is appropriate and is only used if Special Provision 347 of Chapter 3.3 of the UN
488 RTDG Model Regulations applies. The results of Ttest series-Series 6 (c) and 6 (d) indicate i
489 division 1.4 _compatibility group S is appropriate, otherwise the classification is Division 1.
490 compatibility group other than S.

491 If a substance or mixture gives a ‘—' result (no propagation of detonation) in the Series 1
492 Ttype (a) test, the 6_(a) test with a detonator may be waived.

493 If a substance gives a '‘—"' result (no or slow deflagration) in a Series 2 type-Type (c) test, th
494 6 (a) test with an igniter may be waived.

495  Test Series 7

496 Test Series 7 aims at military explosives (Extremely Insensitive Substance: EIS or article
497 containing an EIS) and is generally not relevant for explosives for civil use. Therefore the
498 individual tests are not described here. If needed, they can be found in the UN--MTC, Part ]1
499 Section 17.

500 Test Series 8

501 The question whether a candidate for ammonium nitrate emulsion or suspension or gel,
502 intermediate for blasting explosives (ANE) is insensitive enough for classification as oxidisin
503 is answered by Test Sseries 8-tests.

504 According to CLP, there are Fhe-three test types are-for ANE (recommended test is indicate
505 within brackets):

506 Type 8 (a): a test to determine the thermal stability (Thermal Stability Test for ANE);
507 Type 8 (b): a shock test to determine sensitivity to intense shock (ANE gap test); and
508 Type 8 (c): a test to determine the effect of heating under confinement (Koenen test).

o

509 Test Series 8 is used to establish whether an ammenivmnitrate-emulsion-ersuspension—o
510 gel-intermediatefor blastingexplosivesfANE) may leave the class of explosives or not. ANE:]

=)
511 that are allowed to leave the class of explosives are classified as oxidising liquids or oxidising
512 SO|IdS (deoenqu on the|r V|sc05|tv) S&b&tanees—e%nﬂn*%&ﬁs—ﬁaﬂmg—aﬁy—ef—the—tesfs—must—be
513 ; i
514 ae
515 or-solid-
516 In the UN-MTC there is an additional classification Test Type 8 (e) (the Minimum Burning
517 Pressure test), which has not yet been introduced into the CLP classification scheme.

518 Test Type 8 (d) of the UN-MTC is not used for classification and has no relevance for CLP.
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Annex I: Figure 2.1.4

TESTSERIES 8

Procedure for the classification of ammonium nitrate emulsion, suspension or gel
(ANE)

or an oxidising solid?

TEST 8 (c) Koenentest Is the
substance/mixture too
sensitive to the effect of
intensive heat under
confinement?

ANE sub ixture shall be classified as a Category 2
oxidising liquid or a Category 2 oxidising solid
(sections 2.13 and 2.14)

TEST 8 (a) Thermal stability No
test. Is the substance/mixture » Classify as unstable explosive
thermally stable?
Yes
TEST 8 (b) ANE Large scale Substance/mixture to be considered for classification as an
gap testisthe explosive other than as an unstable explosive; If the answer to
substance/mixture too Yes | the question ‘is it a very insensitive explosive
sensitive to shock to be v ubstar i with a mass explosion hazard?’ in
accepted as an oxidising liquid figure 2.1.3 is ‘no’, the substance/mixture shall be classified
in Division 1.1

Substance/mixture to be considered for classification as an
explosive of Division 1.5, proceed with Test Series 5. If the
answer to the question is it a very insensitive explosive
substance/mixture with a mass explosion hazard?” in
figure 2.1.3 s 'yes’, the substance/mixture shall be classified
in Division 1.5; if the answer is ‘no’ the substance/mixture
shall be classified in Division 1.1
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[ TESTSERESS |

TEST 8 (a)
Thermal Stability Test
Is the substance/mixture
Thermally stable ?

TEST 8 (b)
ANE Large Scale Gap Test
Is the substance/mixture
too sensitive to shock to be
accepted as an oxidising liquid
or an oxidising solid ?

TEST 8 (c)
Koenen Test

Is the substance/mixture too
sensitive to the effect of heating
under confinement?

[ Classify as unstable explosive

Substance/mixture to be considered for
classification as an explosive other than
as an unstable explosive; If the answer
to the question ‘is it a very insensitive
explosive substance/mixture with a mass
explosion hazard?' in figure 2.1.3 is ‘'no’,
the substance/mixture shall be classified in
Division 1.1

v

Substance/mixture to be considered
for classification as an explosive of
Division 1.5, proceed with Test Series 5.
If the answer to the question ‘is it a very
insensitive explosive substance/mixture
with a mass explosion hazard?' in
figure 2.1.3 is 'yes', the substance/mixture
shall be classified in Division 1.5, if the
answer is ‘'no’ the substance shall be
classified in Division 1.1

Substance/mixture accepted for classification
as an oxidizing liquid or an oxidising solid as
an ammonium nitrate emulsion, suspension
orgel, intermediate for blasting explosives
(ANE); (Sections 2.13 or 2.14)
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3.2.5. Hazard communication for explosives

3.2.5.1. Pictograms, signal words, hazard statements and precautionary
statements®

Annex I: Table 2.1.2
Label elements for explosives
Classification | UTSt3b%€ | pivicion 1.1 | Division 1.2 | Division 1.3 | Division 1.4 | Division 1.5 | P/vision
Explosive 1.6
GHS
Pictograms
Signal Word Danger Danger Danger Danger Warning Danger Nows{;fgal
H201: H202: H203: e X
H200: Explosive; Explosive; Explosive; RS e (A ik
Hazard . or mass No hazard
Statement etz mass severe i, [ @ projection explode in statement
Explosive explosion projection projection y
hazard fire
hazard hazard hazard
P210 P210 P210 P210
P210
P230 P230 P230 P230
Pre- P201 P234 N
cautionary P234 P234 P234 P234 0 pre-
P250 P240 cautionary
Statement p280 P240 P240 P240 p250 P240 e
P ti
revention P250 P250 P250 s P250
P280 P280 P280 P280
P370 +
P372 +
Pre- P370 + P370 + P370 + P370 + P370 +
) P380 + No pre-
cautionary P372 + P372 + P372 + P372 + P373 P372 + K
cautionary
Statement P380 + P380 + P380 + P380 + P380 + etatement
Response P373 P373 P373 P373 P370 + P373
P380 +
P375
iy No pre-
EUIBTEYT P401 P401 P401 P401 P401 P401 cautionary
Statement
Storage statement
(A= No pre-
CEGIELy P501 P501 P501 P501 P501 P501 cautionary
Statement
Disposal statement

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

The intrinsic explosive properties of substances and mixtures regarding their stability and
sensitivity are only investigated within Test Series 1, 2 and 3 during the acceptance procedure.
Subsequent tests for the assignment to the Divisions 1.1, 1.2, 1.3 and 1.4 (Test Series 6) are
carried out with the packaged substances, mixtures or articles. The type of packaging may
significantly influence the test outcome.

Consequently, there are some deficiencies in the hazard communication of the GHS for unpacked

8 The combination statement P370+P372+P380+P373 applies to Ddivision 1.4 except for compatibility group S in
transport packaging, whereas the combination statement P370+P380+P375 applies to Ddivision 1.4 compatibility group
S in transport packaging.
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or repacked explosive substances and mixtures, especially for substances and mixtures, which
are provisionally accepted in the class of explosives but are later rejected from this class due to
their packaging in the assignment procedure (see CLP Annex I, Figure 2.1.1 and Figure 2.1.3
and Section 3.2.4.52-1-4-5-1 of this guidance). These substances and mixtures have explosivé
properties but there might be no hazard communication about these properties due to the
subsequent classification in a hazard class other than the class of explosives. Musk xylene is an
example which illustrates this issue (see Section Error! Reference source not found.). The
results of Test Series 6 for musk xylene in the specified packaging lead to the exclusion of this
substance from the hazard class of explosives. But musk xylene on its own (unpacked) shows
explosive properties due to heating under confinement (Koenen test). Also repacking of the
substance in a packaging other than the tested one can result in a completely different outcome
of Test Series 6.

the—ClLP—eriteria~_It is due to this dependence on the transport configuration that the GH{
classification of explosives has been thoroughly changed as of GHS rev. 9, see the introductio
to this chapter (section 3.2.1).

3.2.5.2. Additional labelling provisions

3.2.5.2.1. Packaging dependence

Explosives are normally classified in their transport packaging. The packaging itself may be
crucial for the classification. This is clear from the Figure 2.1.3 in Section 3.2.4.5_especially when
it comes to Test Series 6. The assignment of an explosive substance or mixture to a particular
Division within the hazard class of explosives is thus only valid for the substance and mixture in
the packaging in which it was tested, which is usually the transport packaging. Because of the
package-dependence of the classification, paragraph 2.1.2.4 of the Annex I to the CLP
prescribes:

Annex I: 2.1.2.4. If explosives are unpackaged or repacked in packaging other than the
original or similar packaging, they shall be retested.

Further, according to NOTE 1 to Table 2.1.2 in Section 2.1.3 of Annex I to CLP, unpackaged
explosives or explosives repacked in packaging other than the original or similar packaging must
have the following label elements:

Annex I: 2.1.3. Hazard communication

[-]

NOTE 1: Unpackaged explosives or explosives repackaged in packaging other than the
original or similar packaging shall include the following label elements:

(a) the pictogram: exploding bomb;

(b) the signal word: “'Danger™; and

I the hazard statement: ‘explosive; mass explosion hazard’

Unless the hazard is shown to correspond to one of the hazard categories in Table 2.1.2, in

which case the corresponding symbol, signal word and/or the hazard statement shall be
assigned.

Normally, if explosives are unpackaged or repacked in packaging other than the original or
similar packaging the classification procedure needs to be performed again in order to determine
which Division the explosive belongs to in the new packaging. The label elements prescribed in
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NOTE 1 to Table 2.1.2, as quoted above, are the same as those of Division 1.1 and in practice
this Division constitutes the most severe classification of a repackaged explosive. (Please note
that Table 2.1.2 foresees also the hazard category ‘Unstable explosive’, which is assigned on the
basis of the intrinsic properties of a substance or mixture via Test Series 3 and it is not package
dependent). Therefore, the CLP allows labelling of a repackaged explosive with labelling
corresponding to Division 1.1 instead of retesting. This, however, overestimates the hazardous
properties unless the explosive in fact belongs to Division 1.1.

Many explosives are supplied in inner packages which are placed together in an outer package
and where the entity as a whole, i.e. the combination of inner and outer packages, constitutes
the transport packaging. According to the UN RTDG Model Regulations and the modal transport
regulations (ADR, RID, I and IMDG Code, ICAO TI) the classification tests are performed in the
transport packaging. Under Article 33(1) of CLP where the hazard pictograms(s) required by CLP
relate to the same hazard as in the rules for the transport of dangerous goods, the respective
CLP hazard pictogram(s) do not need to appear on the outer packaging.

The classification in accordance with rules on the transport of dangerous goods Is almost entirely
identical to the corresponding classification procedure used in CLP and hence the CLP
classification will automatically be known for the transport packaging. However, the CLP
classification for the inner package alone strictly speaking is not known to the manufacturer,
importer or downstream user as this will not have been derived from the classification of the
transport packaging. On the other hand, it is normally not practicable to perform the required
tests on the inner packages. Therefore, normally the same classification as for the transport
packaging may be assumed for the inner packages. The labelling requirements for the inner
packages are those foreseen in Table 2.1.2 of Annex I to the CLP. However, the following
exceptions apply:

e Transport packages in which the packaging is designed such that mass explosion is
prevented by the packaging, e.g. by arranging the individual inner packages crosswise
(so that they are not neighbouring each other) and by separating them with specified
material. This is especially the case when packing instruction P101 according to section
4.1.5 of the ADR applies. In this case the inner package should be labelled in accordance
with Note 1 to Table 2.1.2 of Annex I to the CLP (i.e. as Division 1.1 unless tested
otherwise).

e Packages in which explosives of different divisions are contained (for such cases see
especially the mixed packing provisions MP 20 to MP 24 in section 4.1.10 of the ADR).

¢ Furthermore, they do not apply if the packaging is changed, as stated in Note 1 to Table
2.1.2 of Annex I to the CLP.

3.2.5.2.2. Supplemental hazard information

Risk phrases carried through from the DSD and DPD, but which are not yet included in GHS,
are codified as EU hazard statements or "EUH". For explosive properties, the EUH044 hazard
statement should be considered.
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Annex II:

1.1.46. EUH044 - 'Risk of explosion if heated under confinement’

For substances and mixtures not in themselves classified as explosive in accordance with
section 2.1 of part 2 of Annex I, but which may nevertheless display explosive properties in
practice if heated under sufficient confinement. In particular, substances which decompose
explosively if heated in a steel drum do not show this effect if heated in less-strong
containers.

Some substances and mixtures which may react explosively if heated under confinement are not
covered adequately by the classification system. This may e.g. be the case for:

e substances or mixtures which are exempted from the class of explosives based on their
packaging and according to results of the Test Series 6;

e substances or mixtures with a SADT of more than 75 °C for a 50 kg package which
therefore cannot be classified as self-reactive.

3.2.5.3. Further communication requirements

According to Note 2 to Table 2.1.2, explosive properties of certain substances and mixtures
which are exempted from classification as explosives must be communicated to the user via the
SDS (when one is required).

Annex I: 2.1.3. Hazard communication

[.]

NOTE 2: Substances and mixtures, as supplied, with a positive result in Test Series 2 in Part
I, Section 12, of the UN RTDG, Manual of Tests and Criteria, which are exempted from
classification as explosives (based on a negative result in Test Series 6 in Part I, Section 16
of the UN RTDG, Manual of Tests and Criteria,) still have explosive properties. The user shall
be informed of these intrinsic explosive properties because they have to be considered for
handling - especially if the substance or mixture is removed from its packaging or is
repackaged - and for storage. For this reason, the explosive properties of the substance or
mixture shall be communicated in Section 2 (Hazards identification) and Section 9 (Physical
and chemical properties) of the Safety Data Sheet and other sections of the Safety Data
Sheet, as appropriate.

3.2.6. Relation to transport classification

Division 1.1 - 1.6 within Class 1 of the UN RTDG Model Regulations covers explosive substances,
mixtures and articles. Normally, the transport classification in accordance with the UN RTDG
Model Regulations and the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO
TI) can be used one-to-one when deriving the CLP classification for explosives;—which—arf
packaged—in—autherised_Although, strictly speaking, this classification is only valid for the¢
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29 transport paekagingconfiguration, no re-classification or re-testing is normally required to derive
30 the corresponding classification according to CLP. See Annex VII of this guidance for additional
631 information on transport classification in relation to CLP classification.

632 For the use of other packaging or for unpacked substances and mixtures the additional labelling
633  provisions (see Section 3.2.5.2) have to be observed or re-testing is necessary.

634 3.2.7. Example of classification for explosives
635 Examples are given below for the classification of substances. Equivalent information would be

636  needed for mixtures.
637 3.2.7.1. Example of substances and mixtures fulfilling the classification

638 criteria
639 a. RESULTS FROM APPLICATION OF THE ACCEPTANCE PROCEDURE

Step Test Conclusion Rationale
0. General data:

0.1 Name of the substance /
mixture: Hexanitrostilbene

1. Is the substance / mixture a candidate No
for ammonium nitrate emulsion,
suspension or gel, intermediate for
blasting explosive (ANE)?

2. Is the substance / mixuture Yes
manufactured with the view to producing
a practical explosive or pyrotechnic effect?

3. Test Series 3

3.1 Thermal stability: 75 °C / 48 hour Result: *‘—,
test (test 3(c)) thermally stable
3.2 Impact sensitivity: BAM Fallhammer | Result: Limiting ‘—*, not too
test (test 3(a)(ii)) | impact energy 5 ] dangerous in
form tested
3.3 Friction sensitivity: BAM friction test Result: Limiting load | ‘—', not too
(test 3(b)(i)) > 240 N dangerous in
form tested
4. Is the substance / mixture thermally Yes
stable?
5. Is the substance / mixture too No
dangerous in the form in which it was
tested?
6. Conclusion: PROVISIONALLY
ACCEPT INTO THIS
CLASS
10.1 Exit: Apply the

assignment
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Conclusion Rationale

procedure

b. RESULTS FROM APPLICATION OF THE ASSIGNMENT PROCEDURE
Step Test Conclusion Rationale
1. Is the substance a candidate for No

Division 1.5?
Result: Package the

substance
2. Test Series 6
2.1 Effect of initiation in the Test 6(a) with detonator Result: detonation,
package: crater
2.2 Effect of propagation: Type 6(b) with detonator Result: detonation of

the whole stack of
packages, crater

2.4 Effect of fire engulfment: Test 6(c) may be waived
because of the result of
the 6(b) test.

3. Is the result a mass explosion? Yes
4. Conclusion: Assignment to
Division 1.1

3.2.7.2. Example of substances and mixtures not fulfilling the classification
criteria

This example is taken from the UN-MTC, Part I, Section 10.5.2, Figure 10.57 (a). ’
c. RESULTS FROM APPLICATION OF THE ACCEPTANCE PROCEDURE

Step Test Conclusion Rationale

0. General data:

0.1 Name of the substance /
mixture: 5-tert-butyl-2,4,6-
trinitro-m-xylene (musk
xylene)

1. Is the substance / mixuture a No
candidate for ammonium nitrate
emulsion, suspension or gel,
intermediate for blasting explosive
ANE?

2. Is the substance / mixture No
manufactured with the view to
producing a practical explosive or
pyrotechnic effect?
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Step
3. Test Series 1

3.1 Propagation of Detonation:

3.2 Effect of heating under
confinement:

3.3 Effect of ignition under
confinement:

4. Is it an explosive substance /
mixture?

5. Test Series 2

5.1 Sensitivity to shock:

5.2 Effect of heating under

confinement:

5.3 Effect of ignition under

confinement:

6. Is the substance / mixture too
insensitive for acceptance into this
class?

Conclusion:

7. Test Series 3

7.1 Thermal stability:

7.2 Impact sensitivity:

7.3 Friction sensitivity:

8. Is the substance / mixture
thermally stable?

Test

UN gap test
(test 1(a))

Koenen test
(test 1(b))

Time/pressure
test (test
1(c)(®)

UN gap test
(test 2(a))

Koenen test
(test 2(b))

Time/pressure
test (test
2(c)())

75 °C/48 hour
test (test 3(c))

BAM
Fallhammer test
(test 3(a)(ii))

BAM friction
test (test
3(b)(i))

Conclusion

Result:'+’, propagation
of detonation

Result: Limiting
diameter 12.0 mm

Result: *—’, no effect on
ignition under
confinement

Yes

Result: '‘—’, not
sensitive to shock

Result: Limiting
diameter 12.0 mm

Result: *—’, no effect on
ignition under
confinement

No

Substance to be
considered for this class

Result: *—’, thermally
stable

Result: Limiting impact
energy 25 1", not too
dangerous in form
tested.

Result: Limiting load >
360 N

Yes

Rationale

Fragmentation
type ‘F' '+,
shows some
explosive effects
on heating
under
confinement

Fragmentation
type ‘F''+’,
violent effect on
heating under
confinement.

*—’, not too
dangerous in
form tested
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Step

9. Is the substance / mixture too
dangerous in the form in which it was
tested?

10. Conclusion:

10.1 Exit

Test

Conclusion

No

PROVISIONALLY
ACCEPT INTO THIS
CLASS

Apply the assignment
procedure

The explosive
properties shall be
communicated in the
safety data sheet in
accordance with section
2.1.5.3 above.

Rationale
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d. RESULTS FROM APPLICATION OF THE ASSIGNMENT PROCEDURE

Step

1. Is the substance a candidate for
Division 1.5?

2. Test Series 6
2.1 Effect of initiation in the

package:

2.2 Effect of ignition in the
package:

2.3 Effect of propagation:

2.4 Effect of fire engulfment:

3. Is the result a mass explosion?

4. Is the major hazard that from
dangerous projections?

5. Is the major hazard radiant heat
and/or violent burning but with no
dangerous blast or projection hazard?

6. Is there nevertheless a small
hazard in the event of ignition or
initiation?

7. Is the substance manufactured
with the view to producing a practical
explosive or pyrotechnic effect?

8. Conclusion:

8.1 Exit

Test

Test 6(a) with
detonator

Test 6(a) with
igniter

Type 6(b) test
not required as
no effect outside
package between
packages in 6(a)
test

Test 6

Conclusion
No

Result: Package the
substance

Result: Only localised
decomposition around
detonator

Result: Only localised

decomposition around
igniter

Result: Only slow
burning with black
smoke occurred.
No

No

No

No

No

NOT AN EXPLOSIVE

Consider for another
class (e.g. flammable
solid)

Rationale

No significant
reaction

No significant
reaction

No effects which
would hinder fire
fighting
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3.3. Flammable Gases {including-chemically- unstable-gases)
3.3.1. Introduction

The criteria for ‘Flammable gases—{ircluding—<chemicallyunstablegases)’ are found in Annex I,
Section 2.2 of CLP and are-identieat-to-were adopted from those in Chapter 2.2 of GHS*.

3.3.2. Definitions and general considerations for classification of flammable

gases {ineluding-ehemically-unstable-gases)

Annex I: 2.2.1. Definitions

2.2.1.1 Flammable gas means a gas or gas mixture having a flammable range with air at
20 °C and a standard pressure of 101.3 kPa.

2.2.1.2. A pyrophoric gas means a flammable gas that is liable to ignite spontaneously in
air at a temperature of 54 °C or below.

2.2.1.3. A chemically unstable gas means a flammable gas that is able to explode even in
the absence of air or oxygen.

The flammable range of a flammable gas is the range the range between its lower explosion limift
(LEL) and its upper explosion limit (UEL). The term ‘explosion limit’ is synonymous t
‘flammability limit’, sometimes used outside the Europen Union.definred—between—the—towef

3.3.3. Relation to other physical hazards

Annex I: 2.2.2, Classification criteria
[Fxed]
NOTEste 1: Aerosols shall not be classified as flammable gases; see Section 2.3.

NOTE 2: In the absence of data allowing classification into Category 1B, a flammable gas
that meets the criteria for Category 1A is classified by default in Category 1A.

For flammable gases that are packaged-contained in aerosol dispensers see 3.423 Aerosols. If
classified as aerosols, they do not have to be classified as flammable gases in addition.

Generally, simultaneous classification of gases as flammable and gases under pressure is
applicable.

Generally, simultaneous classification of gases as flammable and oxidizing is not applicable
when placed on the market and supposed to be transported.

When a gas mixture contains flammable and oxidizing gases, it can be classified as one of the
following three categories:
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e Gases under pressure, if the oxygen content is less than or equal to 23.5 % and the
content of the flammable gases is below the maximum concentration of flammable gas
for the mixture to be non-flammable or below the lower explosion limit.

e Oxidizing, if the oxygen content is more than 23.5 % and the content of the flammable
gases below the lower explosion limit.

e Flammable, if the content of the flammable gases is more than the maximum
concentration of flammable gas for the mixture to be non-flammable and more than the
lower explosion limit.

3.3.4. Classification of substances, mixtures or articles as flammable gases

fneluding-chemicallyunstable-gases)

3.3.4.1. Identification of hazard information

Many gaseous substances are classified as flammable gases in Annex VI of CLP and more gases
are classified as flammable gases in the UN RTDG Model Regulations.

If the classification of flammable gases given in Annex VI of CLP is using the former category 1
instead of the new categories 1A, 1B, the gas should primarily be classified as 1A, unless there
is data available justifying 1B. Please refer to Note 2 on CLP Annex I, Table 2.2.1; see also below
in 3.3.4.3.

Please note that, in EIGA document 169 applies the new criteria for a number of flammable
gases based on data for lower explosion limits. However, these new classifications should not be
applied if they differ from the classification derived based on NOTE 2 in Section 3.3.2°.

For gases that are not elassified-as-flammable-gaseslisted in Annex VI of CLP nor in the UN RTDG
Model Regulations, there is ample scientific literature giving the flammability range for most
gases (e.g.—IEC—60079-20-1 IS0 10156 Gas cylinders — Gases and gas mixtures —
Determination of fire potential and oxidizing ability for the selection of cylinder valve outlets or
EN/ ISO/IEC 80079-20-1, Explosive atmospheres — Part 20-1: Material characteristics for gas
and vapour classification - Test methods and data as amended).

Information on pyrophoric gases classified as pyrophoric can be found in chapter 4.2 of EIGA
document 169.

Intheeca £ # Bt =t tHenat
se-a-gas f international

Information on a number of chemically unstable gases can be found in the UN-MTC, Section 35.
Tables 35.1 and 35.2 within UN-MTC, Section 35.3.2.1 contain information on a number of
chemically unstable gases together with their classification and Category.

In order to distinguish between the category 1A and 1B CLP allows the use of lower explosion
limit data or of fundamental burning velocity data. For information on fundamental burning
velocity see ISO 817 as amended “Refrigerants-Designation and safety classification, Annex C: -
Method of test for burning velocity measurement of flammable gases”.

If no or insufficient information is available, screening and waiving possibilities should be
checked. Depending on the results, testing might be necessary, see section 3.3.4.4.#

9 If there is divergence between the classification in EIGA document 169 and the classification based on Note 2, a CLH
dossier can be submitted to modify the classification in Annex VI, see ECHA guidance on the preparation of CLH dossier.
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3.3.4.2. Screening procedures and waiving of testing

Gas mixtures are often prepared on demand and thus tFhere are theusands—ef-numerous gap
mixtures containing flammable gases on the market. However, and-there are a limited number
of test reports for the flammability of gas mixtures in the scientific literature. Tests te-determing
the—flammability—range—are time consuming and expensive—fer—gas—mixtures—which—are—oftef
3}
b

prepared—on—demand. In most of the cases, thefermulater—efthegas—mbdure—willuse—
calculation method as described in ISO 10156 as amended (see Section 3.3.4.2_2-2-4-4)—H
determine-if-the-mbdture-isflammable-ernetmay be applied).

If the calculations in accordance with ISO 10156 as amended show that a gas mixture is not

flammable |t is aIso not cIassnfled as pyrophorl ehem+ea+¥y—&ns%ab+e—a—nd—t—hem=efefe—rt—os—ﬁet

Walvmq 0055|b|I|t|es for pvrophorlc gases and chemlcal mstabllltv are given in CLP Annex [[
section 2.2.4.3 and 2.2.4.2, respectively. See also waiving possibilities for chemically instabl¢
gases and gas mixtures given in UN-MTC, Section 35.

Annex I: 2.2.4 Additional Classification Considerations

2.2.4.3. The classification procedure for pyrophoric gases need not be applied when
experience in production or handling shows that the substance does not ignite
spontaneously on coming into contact with air at a temperature of 54 °C or below.
Flammable gas mixtures, which have not been tested for pyrophoricity and contain more
than one percent pyrophoric components, shall be classified as a pyrophoric gas. Expert
judgement on the properties and physical hazards of pyrophoric gases and their mixtures
shall be used in assessing the need for classification of flammable gas mixtures containing
one percent or less pyrophoric components. In this case, testing need only be considered if
expert judgement indicates a need for additional data to support the classification process.

2.2.4.4. Chemical instability shall be determined in accordance with the method described
in Part III of the UN RTDG, Manual of Tests and Criteria. If the calculations in accordance

with ISO 10156 as amended show that a gas mixture is not flammable it is not necessary
to carry out the tests for determining chemical instability for classification purposes.

Expert judgement should be applied to decide whether a flammable gas or gas mixture is a
candidate for classification as chemically unstable in order to avoid unnecessary testing of gases
where there is no doubt that they are stable. Functional groups indicating chemical instability in
gases are triple bonds, adjacent or conjugated double-bonds, halogenated double-bonds and
strained rings.

Gas mixtures containing only one chemically unstable gas are not considered as chemically

unstable and therefore do not have to be tested for classification purposes if the concentration

of the chemically unstable gas is below the higher of the following generic concentration limits:
a. the lower explosion limit (LEL) of the chemically unstable gas; or

b. 3 mole%.

Furthermore, for some gases there are also specific concentration limits available and these are
indicated in the tables 35.1 and 35.2 within UN-MTC, Section 35.3.2.1.
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3.3.4.3. Classification criteria

The criteria for the classification of flammable gases {ircluding—<chemicallyunstablegases)-are

given in the following tables:

Annex I: 2:2-2-Table 2.2.1

Criteria for categorisation of flammable gases

Category

Criteria

Flammable gas+

Gases, which at 20 °C and a standard pressure of 101.3 kPa are:

(a) are-ignitable when in a mixture of 13 % or less by volume in air;
or

(b) have a flammable range with air of at least 12 percentage points
regardless of the lower flammable limit

unless data show they meet the criteria for Category 1B=

Pyrophoric gas2

Flammable gases that ignite spontaneously in air at a temperature of
54 °C or belowGases,—ether-thanthose-of Category—1—which,at20

°C-and-a-standard-pressure-of 101-3-kPa—haveaflammablerange
7 ; i1

Flammable gases which are chemically unstable at 20 °C and a

Flammable gases which are chemically unstable at a temperature
greater than 20 °C and/or a pressure greater than 101.3 kPa

Chemically 4 standard pressure of 101.3 kPa€riteria
unstable
gas€ategory B

1B | Flammable gasA

Gases which meet the flammability criteria for Category 1A, but
which are not pyrophoric, nor chemically unstable, and which have
at least either:

(a) a lower flammability limit of more than 6 % by volume in air; or

(b) a fundamental burning velocity of less than 10 cm/s;Flammable
gases “h'sh are EheFHfEB”j‘ HHSEBB’E‘ ag 29 Oej aﬁd a-pressHre sf
+04-3KPa-

Gases, other than those of Category 1A or 1B, which, at 20 °C and a
standard pressure of 101,3 kPa, have a flammable range while

2 | Flammable gasB | mixed in air.Flammable-gaseswhich-are-chemicallyunstableata
temperature-greater-than20-°C-andforapressure-greaterthan
10143 KPa-

NOTE 2: In the absence of data allowing classification into Category 1B, a flammable gas that

meets the criteria for Category 1A is classified by default in Category 1A.

NOTE 3: Spontaneous ignition for pyrophoric gases is not always immediate, and there may

be a delay.
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NOTE 4: In the absence of data on its pyrophoricity, a flammable gas mixture shall be classified
as a pyrophoric gas if it contains more than 1 % (by volume) of pyrophoric component(s)

3.3.4.4. Testing and evaluation of hazard information

ISO 10156 as amended describes a test method and a calculation method for the classification
of flammable gas_mixtures. The test method may be used in all cases, but must be used wherI\
the calculation method cannot be applied.

The calculation method applies to gas mixtures and can be applied when the Tc for all flammable
components and the Kk for all inert components are available. These are listed for a number for
gases in ISO 10156 as amended. In the absence of Tci value for a flammable gas, the value of
the EF-LEL can be used. In the absence of a Kk value for a non-flammable and non oxidizing
gas with three atoms or more, a Kk value of 1.5 shall be used =
: . The calculation method described in ISO 10156 as amended
uses the criterion that a gas mixture is considered non-flammable in air if:

n 1
>t
Equation 3.3.4.4.a T -
i=l fcj
where:
. AI- — Ai
Equation 3.3.4.4.b ! n p
DA+ KB,
i=1 k=1
and where:

A", is the equivalent content of the i:th flammable gas in the mixture, in %

Te is the maximum content of flammable gas i which, when mixed with nitrogen, is not

flammable in air, in %

is the molar fraction of the i:th flammable gas in the mixture, in %
B, is the molar fraction of the k:th inert gas in the mixture, in %
K, is the coefficient of equivalency of the inert gas k relative to nitrogen

n is the number of flammable gases in the mixture

p is the number of inert gases in the mixture

The principle of the calculation method is the following:

Where a gas mixture contains an inert diluent other than nitrogen, the volume of this diluent is
adjusted to the equivalent volume of nitrogen using the equivalency coefficient for the inert gas

K A

k. From this the equivalent contents "i are then derived through Equation 3.3.4.4.b, which
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should be viewed as the corresponding concentration of the flammable gases if nitrogen was the
only inert gas present in the mixture. In Equation 3.3.4.4.a the equivalent contents are then

compared to the constants TCi, which have been experimentally found using nitrogen as the
(only) inert gas.

It should be noted that ISO 10156 uses molar fractions in some of its equations. For most gases
under normal (i.e. non-extreme) conditions, however, the volume fraction can be assumed to
be equal to the molar fraction, which is the same as assuming ideal gas behaviour for all gases
in the mixture. Furthermore, although normally a fraction is a number ranging from 0 to 1, in
this case it is easier to express it as percentage, i.e. the fraction multiplied by 100.

The caIcuIatlon methods described in ISO 10156 as amended also allow to determines—enly—if
a lower explosion
limit and therefore the caIcuIatlon method cannet determlne if the mlxture is classified as
flammable-Category 1A or Category 1B2.

For mixtures of flammable gases Le Chatelier's formula is commonly used to predict lower
explosion limits. The formula can be applied for mixtures being flammable but not for mixtures
being potentially explosive. Le Chatelier's formula cannot be used for calculation of upper
explosion limits. Furthermore it cannot be used for partial halogenated hydrocarbons or oxidizers
other than air.

According to this formula the lower flammability limit (Lm) of a mixture of flammable gases is
given by the following equation:

- 100 _AL A2 A3, . 4n
Equation 3.3.4.4.c Ty 11 + o + 3 + -+ n

Where L is the lower flammability limit in % and A is the molar fraction in % of the flammable
gas in a mixture of n flammable gases.

For mixtures of flammable gases with inert gases other than nitrogen and air equation 2.2.4.4.d
takes into account the nitrogen equivalent (Kk) of inert gases other than nitrogen.

100

n
Yi=1A i
]

Equation 3.3.4.4.d Ly =

where L; is given by

) (100 Ly- (1- I()*Ek—lAk L}W)
Equation 2.2.4.4.e L= L * L;
(100-Lyy)
where

K is the average of Kk values of the inert gases weighted according to its molar
fractions.

The calculation methods described in ISO 10156 as amended does not determine a flammability
range and therefore the calculation method cannot determine if the mixture is flammable
Category 1A/1B or Category 2. Therefore, to be on the safe side, mixtures determined to be
flammable according the calculation method are classified fFlammable gas; Category 1A or 1B.
The gas mixture can be classified as flammable gas Category 2 only if it contains flammable
gases classified as flammable gas Category 2.H-heweverthere-is-a-need-to-distinguish-between
Categerytand-Category2_ In these cases, the lower and the upper explosion limits kave-te-can
be determined by using a suitable test method (e.g. EN 1839 or ISO 10156 as amended).
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For mixtures containing both flammable and oxidising components, special calculation methods
are described in ISO 10156 as amended.

n the—case a gas or gg; mixgg re needs to be tested for its fl ili
ntern ti n I t ndard m . CLP explicitly refers to sueh-as-the 839

Determination of f/re Qotent/a/ and ox1d/smg ab///tg for the selection of cylinder valves outlets a

amended. Instead of the test apparatus according to ISO 10156 as amended, the test apparatu
for the tube method according to clause 4.2 of EN 1839, Determination of explosion limits g

= ToToT Tt

gases and vapours as amended may be used.

Gases er—eempressed(including gas mixtures) that are classified as flammable have to be¢
considered for classification as pyrophoric and/or chemically unstable in addition. If the screening
procedures described in Section 3.3.4.2 are not conclusive, the gas or gas mixture has to be
tested.

Gases do not have to be tested for pyrophoricity for classification purposes (see above in 2.2.4.2
but if tested, the test must be carried out at 54 °C in accordance with either ISO/EN/IEC 60079
20-1 ed1.0 (2010-01) ‘Explosive atmospheres — Part 20-1: Material characteristics for gas and
vapour classification — Test methods and data’ or DIN 51794 ‘Determining the ignitiof
temperature of petroleum products’.

The test method for chemical instability of gases is described in UN-MTC, Section 35. It uses the
same equipment as the test method for oxidising gases according to ISO 10156 as amended
and therefore could be applied by laboratories that also carry out the tests for oxidising gases.

T

If information on other gases or gas mixtures than the ones mentioned in the abeve-tablep
referred to |n the Iast paraqraph of 3. 3 4 2 is needed, testing should be Qerformed w

T \H-h

%@Mﬁm@desmbed in UN MTC Sectlo

35, does not cover gas mixtures where the components can react dangerously with each other
e.g. flammable and oxidising gases. It is not applicable to liquefied gas mixtures because—H

h h v li fi mixture m enerally has a different compositio
than the liguefied phase (except if the mixture is azeotrope and at its azeotropic point) so tha
the gas may become chemically unstable only after withdrawal.; £This should be communicate
via the SDS.

(L ==n g ==

3.3.4.5. Decision logics

Classification of flammable gases is laid down in the following flow-charts which are applicable
according to CLP.

@ NOTE: The person responsible for the classification of flammable gases {inchding
chemicallyunstable-gases) should be experienced in this field and be familiar with the
criteria for classification.

Decision logic for flammable gases
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Flammable-gases

Gaseous substance or mixture of gases

Does it have a flammable range with air at
20 °C and a standard pressure of 101.3 kPa?

At 20 °C and a standard pressure of 101.3
kPa, does it:

a. ignite when in a mixture of 13 % or
less by volume in air?; or

b. have a flammable range with air of at
least 12 percentage points regardless
of the lower flammable limit?

NE3

Category 2

No pictogram

YES

Not classified

Category 1
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Annex I: Figure 2.2.1 Flammable gases

| The substance/mixure is a gas '

Does it have a flammable range with air at 20 °C and
astandard pressure of 101,3 kPa?

Does it ignite spontancously in air at 54 °C or below? (')

Is it chemically unstable at 20 °C and a standard pressure of
101,3 kPa?

Is it chemically unstable at a temperature greater than 20 °C andfora
pressure greater than 101,3 kPa?

Is it chemically unstable at 20 °C and a standard pressure of 101,3 kPa?

Not classified as a flammable
gas

Category 1A
Pyrophoric gas and
chemically unstable gas A

&

Danger

Category 1A
Pyrophoric gas and
chemically unstable gas B

Danger

Category 1A

Pyrophoric gas

Category 1A

Chemically unstable gas A

Danger
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Is it chemically unstable at a temperature greater than 20 °C and|or a pressure
greater than 101,3 kPa?

At 20 °C and a standard pressure of 101,3 kPa, does it:
(a) ignite when a mixture of 13 % or less by volume in air?; or

(b) have a flammable range with air of at least 12 percentage poins regardless of the
lower flammability limit?

Does it have a lower flammability limit > 6 % by
volume in air, and/or does it have a fundamental

burning velocity < 10 cm/s?

Category 1A

Chemically unstable gas B

Danger

Category 2
No pictogram
Warning

Category 1A

Category 1B

&

Danger
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Flammable gas or gas mixture

4L

Is it chemically unstable at 20 °C and a
standard pressure of 101.3 kPa?

Is it chemically unstable at a temperature
greater than 20 °C and/or a pressure
greater than 101.3 kPa?

Not classified as
chemically unstable

YES

YES

Category A

(chemically
unstable gas)

No additional
pictogram

No additional

Category B

(chemically
unstable gas)

No additional
pictogram

No additional
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3.3.5. Hazard communication for flammable gases {including-chemicallyunstable-gases)

3.3.5.1. Pictograms, signal words, hazard statements and precautionary statements

Annex I: 2.2.3. Table 2.2.3
Label elements for flammable gases-tincluding-chemicatly—unstable-gases)

Category Gases categorised as 1A meeting pyrophoric or unstable gas
1AF A/B criteriaG ) Category 1B Category 2
e"a‘&&f‘ﬁfea‘&eﬁ. f i ji .
ga_F;fO_LM Chemically unstable gas
Eategory1 Coicgon e
Category A Category B
GHS Pictogram No pictogram
Ne
Ne o Ne
pictogram ; additional-pictogram
pictograrm
DangerNe . "
Signal Word Danger Dangeri¥arring additional-signat M Danger Warning
word 6
AR 1
H220: Extremely H220: Extremely statementH220:
flammable flammable gas Extremely
H220: Exti / 2B : i flammable gas H221: FI bl H221: Fl. bl
Hazard Statement : Extremely egas statement : Flammable : Flammable

flammable gas

H232: May ignite
spontaneously if
exposed to air

H230: May react
explosively even in
the absence of air

H231: May react
explosively even in
the absence of air at
elevated pressure
and/or temperature

gas

gas
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; p210 P202 P202
Precaut/pnary Statement p210 p222 P210 P210
Prevention P210 pP210

P280

Precautionary Statement P377 P377 P377 P377 P377 P377
Response P381 P381 P381 P381 P381 P381
Precautionary Statement P403 P403 P403 P403 P403 P403

Storage

Precautionary Statement
Disposal
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Annex I: 2.2.3 Hazard Communication

If a flammable gas or gas mixture is classified as pyrophoric and/or chemically unstable,
then all relevant classification(s) shall be communicated on the safety data sheet as
specified in Annex II of Regulation (EC) No 1907/2006, and the relevant hazard
communication elements included on the label.

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.3.6. Relation to transport classification

The criteria for flammable gases Categery-Categories 1A and 1B do not completely correspond
to the criteria that are in use for classifying flammable gases in the UN RTDG Model Regulations.
Consequently all gases listed as flammable in the UN RTDG Model Regulations and in the modal
transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) must be classified as Flam._Gas
1A (H220) or 1B (H221):+—H228. Gases are not classified for chemical instability or for
pyrophoricity in the UN RTDG Model Regulations See Annex VII for additional information on
transport classification in relation to CLP classification.

3.3.7. Example of classification for flammable gases

EXAMPLE MIXTURE: 2 % (H2) + 6 % (CHa) + 27 % ( ) + 65 % (

Calculation steps:

Example for the classification of a gas mixture containing flammable gases based on the
calculations of ISO 10156 as amended.

Step 1: Assign the gases and state their molar fractions, assuming the molar fractions are
equal to the volume fractions (ideal gas behaviour for all gases).

H> is flammable gas 1, .
Press. Gas (Comp), H280; yielding A1= 2 mole %
Flam. Gas 1A, H220

CH4 is flammable gas 2, o A2 0
Press. Gas (Comp), H280; yielding P, = 6 mole %
Flam. Gas 1A, H220

Arisinert gas 1, L B o
Press. Gas (Comp), H280; yielding Dj= 27 mole %

He is inert gas 2, 1ding B 0
Press. Gas (Comp), H280 yielding D) = 65 mole %

n=2 since there are two flammable gases in the mixture

p=2 since there are two inert gases in the mixture

Step 2: Assessment of pyrophoricity and chemical instability

As no substance of the mixture is either pyrophoric or chemically unstable the mixture is not pyrophoric
and not chemical unstable.

Step 23: Look up the values of T, and- K, and L; in ISO 10156 as amended.
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T, = 5.5 mole %
T.,= 8.7 mole %
Li= 4.0 mole %
Lo= 4.4 mole %
0.55
K, -
0.9
K,-

Step 34: Calculate the equivalent gas contents A', for the flammable gases according to
Equation 3.3.4.4.b

2

A = = 2.46 mole %
1= (246)+ (0.55% 27 + 0.9x65) ’

6

= = 7.38 mole %
2= (2+6)+(0.55% 27+ 0.9x65) ’

A

Step 45: Calculate the flammability of the gas mixture according to Equation 3.3.4.4.a

2 A, A, A, 246 7.38
=ttt E——+t——=1.29
~T, T, T, 55 87

Step 56: Compare the outcome to the criterion in Equation 3.3.4.4.a

Since 1.29 > 1, this particular gas mixture is considered to be flammable.

2.2.2.4.e
L le o
LM—25+—75—4.29moeA3
4T 44

_ 27%0.55+65+0.9

=0.797
(27 + 65)
- (100-429- (1-0797)+ 2718, 4.29)
Ly = 4 =3.58mole 9
H2 (100 — 4.29) ) mole %
100 - 429 — (1-0.797) 22483, 429)

Loya = 4.4 = 3.94 mole 9
cti4 (100 — 4.29) ) mole %
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100
Ly = ﬁ = 48.04 mole %

3.58 " 3.94

Step 8: Compare the outcome to the criterion in CLP

As the upper explosion limit cannot be calculated it is not known if this mixture has a
flammable range with air of at least 12 percentage points regardless of the lower flammable
limit.

Since Lw is > 6%, this particular gas mixture is classified as a flammable gas category 1B,
H221.

In addition, it is classified as gas under pressure, H280.

3.3.8. References

Le Chatelier, H. L., Note sur le dosage du grisou par les limetes de'inflammabilite, Annales des
mines 19 (1891) 388-395

3.4. Aerosols

3.4.1. Introduction

revision 8 chapter 2.3 regarding aerosols has been split into two sub-chapters — one for aerosols

and the other for chemicals under pressure. The latter is a new hazard class from GHS revision
8 and onwards, which is not yet implemented in the current version of the CLP Regulation®.
Other than a renumbering of the paragraphs, however, there was no change for the class of
aerosols.

The classification (and labelling) of aerosols according to CLP is fully aligned with the European
Aerosol Dispenser Directive 75/324/EEG (ADD) as regards the flammability and pressure
hazards.

3.4.2. Definitions and general considerations for classification of aerosols

Annex I: 2.3.1. -Definitions

Aerosols, this means aerosol dispensers, are any non-refillable receptacles made of metal,
glass or plastics and containing a gas compressed, liquefied or dissolved under pressure,
with or without a liquid, paste or powder, and fitted with a release device allowing the
contents to be ejected as solid or liquid particles in suspension in a gas, as a foam, paste or
powder or in a liquid state or in a gaseous state.

It should be noted that the type of aerosol container may affect the outcome of flammability
tests for aerosols which may, in turn, affect the classification if it is based on testing.

3.4.3. Relation to other physical hazards

-As the class of aerosols includes the
flammability aspects, they should not be classified as flammables gases, flammable liquids or
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flammable solids in addition. Other classifications may, however, apply to aerosols (as for an

other container).

Annex I, 2.3.2.1.

[-]

Nete-NOTE 2: Aerosols do not fall additionally within the scope of Sections 2.2 (flammable
gases), 2.5 (gases under pressure), 2.6 (flammable liquids) and Error! Reference source
not found. (flammable solids). Depending on their contents, aerosols may however fall
within the scope of other hazard classes, including their labelling elements.

3.4.4. Classification of aerosols

3.4.4.1. Classification criteria

Annex I:

-2.3.2.1. Aerosols shall be classified in one of the three categories of this hazard class,
depending on their flammable properties and their heat of combustion. They shall be
considered for classification in Category 1 or 2 if they contain more than 1% components (by
mass) which are classified as flammable according to the following criteria set out in this Part:

- Flammable gases (see Section Error! Reference source not found.);

- Liquids with a flash point < 93 °C, which includes Flammable Liquids according to section
2.6;

- Flammable solids (see Section Error! Reference source not found.);
or if their heat of combustion is at least 20kJ/g.
NOTEete 1:

Flammable components do not cover pyrophoric, self-heating or water-reactive substances
and mixtures because such components are never used as aerosol contents.

[.]

2.3.2.2. An aerosol shall be classified in one of the three categories for this Class on the basis
of its components, of its chemical heat of combustion and, if applicable, of the results of the
foam test (for foam aerosols) and of the ignition distance test and enclosed space test (for
spray aerosols) in accordance with Figures 2.3.1(a) to 2.3.1(c) of this Annex and sub-sections
31.4, 31.5 and 31.6 of Part III of the UN RTDG, Manual of Tests and Criteria. Aerosols which
do not meet the criteria for inclusion in Category 1 or Category 2 shall be classified in
Category 3.

Note:
Aerosols containing more than 1% flammable components or with a heat of combustion of at

least 20 kJ/g, which are not submitted to the flammability classification procedures in this
section shall be classified as aerosols, Category 1.

Under the ADD and also in UN-MTC, Section 31, flammability classification for aerosols refers to
‘extremely flammable’, ‘flammable’ and ‘ren-not classified as flammable_aerosol’. Thils
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respectively corresponds to the terms ‘Aerosol, Category 1’, ‘Aerosol, Category 2’ and ‘Aerosol,
Category 3’ which are used in CLP.

The following identical criteria can be found in both CLP and ADD:

In CLP, the full set of criteria including those based on testing are included only by reference

(see Annex I, section 2.3.2.2 of CLP) and in the decision logic. The GHS rev. 8 contains the
following criteria table with the full set of criteria:
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Table 1: Criteria for aerosols (Table 2.3.1 of the GHS)

Category | Criteria

(a) Any aerosol that contains > 85 % flammable components (by mass) and
has a heat of combustion of > 30 kJ/g;

(b) Any aerosol that dispenses a spray that, in the ignition distance test, has
an ignition distance of > 75 cm; or

[1=

(c) Any aerosol that dispenses a foam that, in the foam flammability test, has:

(i) a flame height of > 20 cm and a flame duration of > 2 s; or

(ii) a flame height of > 4 cm and a flame duration of > 7 s.

(a) Any aerosol that dispenses a spray that, based on the results of the ignition
distance test, does not meet the criteria for Category 1, and which has:

(i) a heat of combustion of > 20 kJ/g;

(ii) a heat of combustion of < 20 kJ/g along with an ignition distance of

> 15 cm; or

(iii) a heat of combustion of < 20 kJ/g and an ignition distance of < 15 cm
along with either, in the enclosed space ignition test:

IN

- a time equivalent of < 300 s/m3; or

- a deflagration density of < 300 g/m?3; or

(b) Any aerosol that dispenses a foam that, based on the results of the aerosol
foam flammability test, does not meet the criteria for Category 1, and which
has a flame height of > 4 cm and a flame duration of > 2 s.

(a) Any aerosol that contains < 1 % flammable components (by mass) and that
has a heat of combustion < 20 kJ/g; or

(b) Any aerosol that contains > 1 % (by mass) flammable components or which
has a heat of combustion of > 20 kJ/g but which, based on the results of
the ignition distance test, the enclosed space ignition test or the aerosol
foam flammability test, does not meet the criteria for Category 1 or
Category 2.

W

NOTE 1: Flammable components do not cover pyrophoric, self-heating or water-reactive
substances and mixtures because such components are never used as aerosol contents.

=

NOTE 2: Aerosols containing more than 1 % flammable components or with a heat 9
combustion of at least 20 kJ/g, which are not submitted to the flammability classificatioh
procedures in this chapter should be classified as aerosols, Category 1.

NOTE 3: Aerosols do not fall additionally within the scope of chapter 2.2 (flammable gases)
section 2.3.2 (chemicals under pressure), chapters 2.5 (gases under pressure), 2.6 (flammable
liquids) and 2.7 (flammable solids). Depending on their contents, aerosols may however fall
within the scope of other hazard classes, including their labelling elements.

The chemical heat of combustion is determined in accordance with CLP Annex I, 2.3.4.1 which
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is identical to point 1.10 of the Annex to ADD.
3.4.4.2. Testing and evaluation of hazard information

Results from the ignition distance test, the enclosed space test and the foam flammability test
may be used for classification related to the flammability of aerosols. As a reminder, the enclosed
space test should be performed only for spray aerosols and if no ignition was observed during
the ignition distance test. Performing the enclosed space test erroneously despite of this may
lead to safety issues. These test methods are described under point 6.3 of the Annex to ADD
and are therefore available in all EU languages. They are also described in the UN-MTC Section
31.

After evaluation according to the appropriate criteria (see previous sections) the aerosol is
classified in one of the three categories.

3.4.4.3. Decision logics

The classification procedure is also laid down in the following flow-charts which are applicable
according to CLP.

@ NOTE: The person responsible for the classification of aerosols should be experienced in this
field and be familiar with the criteria for classification.
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3.4.4.3.1. Decision logics for aerosols

Annex I: Figure 2.3.1 (a)

for aerosols

‘ AEROSOL

1l

Does it contain < 1% flammable
components (by mass) and does it
have a heat of combustion < 20 kJ/g?

Category 3
No pictogram

Warning

Does it contain = 85% flammable
components (by mass) and does it
have a heat of combustion = 30 kJ/g?

Category 1

®

Danger

For spray aerosols, go to decision
logic 2.3.1 (b)

For foam aerosols, go to decision logic
2.3.1 (c¢)'
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3.4.4.3.2. Decision logics for spray aerosols

Annex I: Figure 2.3.1 (b)

Spray aerosols

SPRAY AEROSOL

.

In the ignition distance test, does ignition occur
at a distance > 75 cm?

NO

:

Does it have a heat of combustion < 20 kJ/g?

YES

In the ignition distance test, does ignition occur
at a distance = 15 cm?

NO

:

In the enclosed space ignition test; is:
(a) the time equivalent < 300 s/m3or
(b) the deflagration density < 300 g/m3?

NO

:

Category 3

No pictogram

Warning

YES

| @

YES

YES

Category 1

Danger

Category 2

Warning

Category 2

Warning

Category 2

Warning
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3.4.4.3.3. Decision logics for foam aerosols

Foam aerosols

Annex I: Figure 2.3.1 (c)

FOAM AEROSOL

4L

Category 3
No pictogram

Warning

@_ Category 1
In the foam test, is:
YES
(a) the flame height = 20 cm and the flame duration = 2 s; or
(b) the flame height = 4 cm and the flame duration = 7 s?
Danger
I\ Category 2
In the foam test; is the flame height = 4 cm and the flame YES
duration > 2 s? /
- Warning

3.4.5. Hazard communication for aerosols

3.4.5.1. Pictograms, signal words, hazard statements and precautionary

statements

Annex I: Table 2.3.1

Label elements for aerosols

Classification Category 1 Category 2 Category 3
GHS Pictograms No pictogram
Signal Word Danger Warning Warning

Hazard Statement

H222: Extremely
flammable aerosol

H229: Pressurised
container: May burst

H223: Flammable
aerosol

H229: Pressurised
container: May burst

H229: Pressurised
container: May burst
if heated.
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if heated. if heated.
Precautionary p210 p210 p210
Statement P211 P211 P251
Prevention P251 P251
Precautionary
Statement Response
Precautionary
e — P410 + P412 P410 + P412 P410 + P412
Precautionary
Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.4.5.2. Additional labelling provisions

The ADD imposes additional labelling requirements on al-aerosols;—flammable-ornot.

3.4.6. Relation to transport classification

Aerosol dispensers (UN 1950) belong to Class 2 in the UN RTDG Model Regulations and in the
modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI). Flammability
classification criteria are harmonised between CLP and in the modal transport regulations (ADR,
RID, ADN and IMDG Code, ICAO TI).

Aerosols, Category 1 and 2 fall under Division 2.1 (sometimes referred to as Class 2.1 or Group
F, FC, TF or TFC depending on their contents with hazardous properties). Aerosols, Category 3
fall under Division 2.2 (sometimes referred to as Class 2.2 or Group A, O, T, C, CO, TC or TOC
depending on their contents with hazardous properties). See Annex VII for additional information
on transport classification in relation to CLP classification.

3.4.7. Example of classification for aerosols

For reasons of simplification the active materials chosen in the examples have been considered
as non-combustible materials (AH: = 0 kJ/g). However this is-may not be the case in practice.

3.4.7.1. Example of substances and mixtures fulfilling the classification
criteria

Deodorant:

Composition:

Butane/propane: 70 % (flammable components, AHc = 43.5 kJ/g)

Ethanol: 25 % (flammable components, AHc = 24.7 k1/g)
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Others: 5 % (non-flammable components, AHc = 0 kJ/g)

This spray aerosol contains 95 % of flammable components, and its chemical heat of combustion
equals 36.6 kJ/g (= 0.70 * 43.5 + 0.25 * 24.7).

This aerosol is classified as Aerosol, Category 1.

Air freshener (wet):

Composition:
Butane/propane: 30 % (flammable components, AHc = 43.5 kJ/g)
Others: 70 % (non-flammable components, AHc = 0 ki/g)

This spray aerosol contains 30 % of flammable components and its chemical heat of combustion
equals 13.1 kJ/g.

In the ignition distance test, the ignition occurs at less than 75 cm but more than 15 cm.

This aerosol is classified as Aerosol, Category 2.

Shaving foam:

Composition:
Butane/propane: 4 % (flammable components, AHc = 43.5 kJ/g)
Others: 96 % (non-flammable components, AHc = 0 ki/g)

This foam aerosol contains 4 % of flammable components and its chemical heat of combustion
equals 1.7 kJ/g.

In the foam test, the flame height is less than 4 cm and the flame duration less than 2 s.

This aerosol is classified as Aerosol, Category 3.

968 3.4.7.2. Examples of aerosols not fulfilling the classification criteria

969 By definition, all aerosol dispensers fall under one of the three categories for this hazard class.

970 3.5. Oxidising gases

971  3.5.1. Introduction

972  The requirements in Chapter 2.4 ‘Oxidising gases’ of Annex I of CLP are identical to those in
973  chapter 2.4 of the-GHS*.



974
975

976

979

980

981
982
P83

D84
D85

986

D87
D88
P89
990
Do1
D92
D93

994

995

60 Title

3.5.2. Definitions and general considerations for the classification of
oxidising gases

Annex I: 2.4.1. Oxidising gas means any gas or gas mixture which may, generally by
providing oxygen, cause or contribute to the combustion of other material more than air
does.

3.5.3. Relation to other physical hazards

Oxidising gases usually do not need to be classified in any other physical hazard class apart
from ‘Gases under pressure’, ‘Chemicals under pressure’ or ‘Aerosol” where appropriate.

3.5.4. Classification of substances and mixtures as oxidising gases

3.5.4.1. Identification of hazard information

There are not many pure gases that are oxidising. Most oxidising gases are identified as such in
the UN RTDG Model Regulations and in ISO 10156 Gases and gas mixtures: Determination of
fire potential and oxidizing ability for the selection of cylinder valve outlets as amended.

If no or insufficient information is available, screening and waiving possibilities should be
checked. Depending on the results, testing might be necessary, see section 3.5.4.2.

3.5.4.2. Screening procedures and waiving of testing

Gas mixtures are often prepared on demand and thus Fthere are thousands of gas mixtures
containing oxidising gases on the market.-ard¢ However, there are very few test reports or data
on the oxidising potential of gas mixtures in the scientific literature. Tests according to ISO
10156 as amended in order to determine the oxidising potential are time consuming and
expensive—fer—gas—aixtures—which—areoften—prepared—on—demand. In most efthe-cases, the
fermutater—efthe—gas—mbxture—wil—dse—a calculation method as described in ISO 10156 as
amended_may be applied.

3.5.4.3. Classification criteria

Annex I: 2.4.2. Table 2.4.1

Criteria for oxidising gases

Category | Criteria

Any gas which may, generally by providing oxygen, cause or contribute to the
combustion of other material more than air does.

Note:

‘Gases which cause or contribute to the combustion of other material more than air does’
means pure gases or gas mixtures with an oxidising power greater than 23.5 % as
determined by a method specified in ISO 10156 as amended.
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3.5.4.4. Testing and evaluation of hazard information

ISO 10156 as amended describes a test method and a calculation method for the classification
of oxidising gases. The test method may be used in all cases, but must be used when the
calculation method cannot be applied.

The calculation method applies to gas mixtures and can be applied only when the Ci for all
oxidising components and the Kk for all inert components are available. These are listed for a
number of gases in ISO 10156 as amended. For gas mixtures the calculation method described
in ISO 10156 as amended uses the criterion that a gas mixture should be considered as more
oxidising than air if the ‘Oxidising Power’ (OP) of the gas mixture is higher than 0.235 (23.5 %).

The OP is calculated as follows:

Equation 3.5.4.4.a OP = - i1 .
X + > KB,
i=1 k=1
Where:
Xi is the molar fraction of the i:th oxidising gas in the mixture, in %
Ci is the coefficient of oxygen equivalency of the j:th oxidising gas in the mixture
Kk is the coefficient of equivalency of the k:th inert gas #relative to nitrogen
Bk is the molar fraction of the k:th inert gas in the mixture, in %
n is the number of oxidising gases in the mixture
p is the number of inert gases in the mixture.

For mixtures containing both flammable and oxidising components, special calculation methods
are described in ISO 10156 as amended.

In the case a gas or gas mixture needs to be tested for its oxidising potential, a recognised
international standard must be used. CLP explicitly refers to ISO 10156, Gases and gas mixturep
— Determination of fire potential and oxidising ability for the selection of cylinder valves outlets
as amended.

3.5.4.5. Decision logic

Classification of oxidising gases is done according to decision logic 2.4 in section 2.4.4.1 as
ineladed-in-_of the GHS.

@ NOTE: The person responsible for the classification of oxidising gases should be experienced
in this field and be familiar with the criteria for classification.

Figure 1: Decision logic for oxidising gases (Decision logic 2.4 of the GHS)



1026
1027
1028

1029
1030

1031
1032

1&33
1034
1035
1036
1037

62 Title

Gaseous substance or mixture of gases

¢ § Category 1

Does the gas contribute to the combustion of
other material more than air does?

l NO Danger

Not classified

3.5.5. Hazard communication for oxidising gases

3.5.5.1. Pictograms, signal words, hazard statements and precautionary
statements

Annex I: Table 2.4.2

Label elements for oxidising gases

Classification Category 1
GHS Pictogram 6
Signal word Danger
Hazard statement H270: May cause or intensify fire; oxidiser
. . P220
Precautionary Statement Prevention
P244
Precautionary Statement Response P370 + P376
Precautionary Statement Storage P403

Precautionary Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.5.6. Relation to transport classification

Most oxidising gases are classified as suech-gases with subsidiary risk 5.1 in the UN RTDG Model
Regulations. Consequently all gases listed as oxidising in the UN RTDG Model Regulations and in
the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) must be classified as
Ox. Gas 1. See Annex VII for additional information on transport classification in relation to CLP
classification.
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3.5.7. Example of classification for oxidising gases

3.5.7.1. Example of substances and mixtures not fulfilling the classification
criteria

EXAMPLE OF A CLASSIFICATION USING THE CALCULATION METHOD OF ISO 10156 AS
AMENDED

Example Mixture: 9 % (0z2) + 16 % (N20) + 75 % (N3z)

Calculation steps

Step 1: Ascertain the coefficient of oxygen equivalency (Ci) for the oxidising gases in the mixture and
the nitrogen equivalency factors (Ki) for the non-flammable, non-oxidising gases.

Ci (N2O) = 0.6 (nitrous oxide)
GCi (0) = 1 (oxygen)
Kk (N2) = 1 (nitrogen)

Step 2: Calculate the Oxidising Power (OP) of the gas mixture according to Equation 3.5.4.4.a

n

> xC,

~ ~ 0.09x1+0.16x0.6
n P -
zxi+szBk 0.09+0.16+0.75x1
i k=1

OP = =0.186

0.186 < 0.235 (18.6 % < 23.5 %), therefore the mixture is not considered as an
oxidising gas.

Calculation steps

Step 1: Ascertain the coefficient of oxygen equivalency (Ci) for the oxidising gases in the mixture and
the nitrogen equivalency factors (Ki) for the non-flammable, non-oxidising gases.

G (N20) = 0.6 (nitrous oxide)
G (0) = 1 (oxygen)
Kk (Ar) = 0.55 (argon)

Step 2: Calculate the Oxidising Power (OP) of the gas mixture according to Equation 3.5.4.4.a

Y 0.09x1+0.16x 0.6
0P = — = = =0.281
Y X+ Y0 KBy,  0.09+0.16 + 0.75 x 0.55

0.281 > 0.235 (28.1 % >_23.5 %), therefore the mixture is considered as an
oxidising gas.
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3.6. Gases under pressure

3.6.1. Introduction

The requirements in Chapter 2.5 ‘Gases under pressure’ of Annex I of CLP are identical to those
in Chapter 2.5 of GHS*. The hazard class ‘Gases under pressure’ corresponds to Class 2 ‘Gases’
in the UN RTDG Model Regulations.

3.6.2. Definitions and general considerations for classification of gases under
pressure

3.6.2.1. Definition of ‘gas’

Annex I: 1.0. Gas means a substance which (i) at 50 °C has a vapour pressure greater
than 300 kPa (absolute); or (ii) is completely gaseous at 20 °C at a standard pressure of
101.3 kPa;

This definition means that substances and mixtures are considered as gases when their boiling
point or initial boiling point (BP) is not higher than 20 °C. Substances and mixtures with a
boiling point or initial boiling point higher than 20 °C are liquids except those few that develop
a vapour pressure higher than 300 kPa at 50 °C; these substances and mixtures are
considered as gases because of the pressure hazard when packaged.

Hydrogen fluoride (HF) with a BP of 19.4 °C is a borderline line case that has always been
classified as a liquid.

3.6.2.2. Definition of gases under pressure

Annex I:

-2.5.1.1. Gases under pressure are gases e+gas-ixtares-which are contained in a
receptacle at a pressure of 200 kPa (gauge) or more at 20 °C, or which are liquefied or
liquefied and refrigerated.

They comprise compressed gases, liquefied gases, dissolved gases and refrigerated liquefied
gases.

2.5.1.2. The critical temperature is the temperature above which a pure gas cannot be
liquefied, regardless of the degree of compression.

This definition means in practice that compressed gases or dissolved gases that are packaged at
a pressure less than 200 kPa are not classified for this hazard.

Dissolved gases packaged at a pressure less than 200 kPa (gauge) are liquids and should be
classified as such if they have other hazardous properties, e.g. flammable liquids.

AlseFurthermore, liquids packaged under a layer of inert gas (e.g. nitrogen or helium) remain to
be classified as liquids and not as gases under pressure.

3.6.3. Relation to other physical hazards

Gases under pressure may also need to be classified for the hazard classes flammable gases and
oxidising gases where relevant.
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3.6.4. Classification of substances and mixtures as gases under pressure

3.6.4.1. Identification of hazard information

Many gases are identified as such in the UN RTDG Model Regulations and many flammable gases
and some oxidising gases are identified as gases in Annex VI of CLP. The UN RTDG Model
Regulations identifies further if the gas can be packaged as a ‘compressed gas’, a ‘liquefied gas’,
a ‘refrigerated liquefied gas’ and a ‘dissolved gas’. To determine whether a substance is a gas in
case it is not listed in the UN RTDG Model Regulations and in case of doubt, the following physical
characteristics are necessary:

e the boiling point;
e the vapour pressure at 50 °C.

See also IR & CSA, Chapter R.7a: Endpoint specific guidance, Section R.7.1.3 (Boiling point),
R.7.1.5 (Vapour pressure).

For those substances that meet the definition of a gas (see Section Error! Reference source
not found.), the critical temperature is also necessary. For the classification of gas mixtures
based on the pseudo-critical temperature see Section Error! Reference source not found..

The references according to Section Error! Reference source not found. provide good quality
data on boiling points, vapour pressure and the critical temperature of substances.

3.6.4.2. Classification criteria

Annex I: Table 2.5.1

Criteria for gases under pressure

Group Criteria

Compressed A gas which when packaged under pressure is entirely gaseous at
gas - 50 °C; including all gases with a critical temperature <- 50 °C.

A gas which, when packaged under pressure, is partially liquid at
temperatures above - 50 °C. A distinction is made between:

. ’ i) high pressure liquefied gas: a gas with a critical temperature
Lpetites pes between - 50 °C and + 65 °C; and

i) low pressure liquefied gas: a gas with a critical temperature
above + 65 °C.

Refrigerated | A gas which when packaged is made partially liquid because of its low
liquefied gas | temperature.

A gas which when packaged under pressure is dissolved in a liquid phase

Dissolved gas AT

Note:

Aerosols shall not be classified as gases under pressure. See Section Error! Reference
source not found..
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NOTE: the distinction between high pressure and low pressure liquefied gas is not relevant
for classification, only for transport requirements.

3.6.4.3. Testing and evaluation of hazard information

The critical temperature of pure gases is well defined and can be found in technical literature,
e.g. EN 13096 Transportable gas cylinders — Conditions for filling gases into receptacles —
Single component gases as amended.

For gas mixtures, the classification is based on the ‘pseudo-critical temperature’ which can be
estimated as the mole weighted average of the components’ critical temperatures.

n
Pseudo-critical temperature = Z Xi ><TCriti
i=1

where xi is the molar concentration of component i and T crir, is the critical temperature (in °C
or in K) of the component /.

3.6.4.4. Decision logic

Classification of gases under pressure is done according to decision logic 2.5.4.1 as included in
the GHS.

0 NOTE: The person responsible for the classification of gases under pressure should be
experienced in this field and be familiar with the criteria for classification.

Figure 2: Decision logic for gases under pressure (Decision logic 2.5 of GHS)
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The substance or mixture is a gas
v
Is the gas contained in a receptacle at a pressure of 200 kPa No Not classified as a
(gauge) or more at 20°C, or is the gas liquefied or liquefied and > gas under
refrigerated? pressure
Yes &
Dissolved gas
Y Yes
Is the gas dissolved in a liquid phase solvent?
No : Warning
Refrigerated
A liquefied gas
Yes
Is the gas partially liquid because of its low temperature? >
N’
No : .
Warning
No v
— Is the gas partially liquid at temperatures above -50°C?
l (Low pressure)
No Liquefied gas
<_,Y Yes
Is its critical temperature above +65°C? >
No Warning
(High pressure)
v Liquefi
Yes iquefied gas
Is its critical temperature between -50 °C and +65°C? >
Warning
Compressed gas
. . Yes
L Is the gas entirely in gaseous state at -50°C? >
Warning

3.6.5. Hazard communication for gases under pressure

3.6.5.1. Pictograms, signal words, hazard statements and precautionary

statements

Annex I: Table 2.5.2
Label elements for gases under pressure

Classification

Compressed gas

Liquefied gas

Refrigerated
liquefied gas

Dissolved gas
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GHS Pictogram
Signal Word Warning Warning Warning Warning
i . H280:
H280: Contains H280: Contains 325 ” gl Contains gas
refrigerated
Hazard gas under gas under i under
X X gas; may cause ,
Statement pressure; may pressure; may ;! pressure;
. . cryogenic burns
explode if heated explode if heated S may explode
or injury ;
if heated
Precautionary
Statements P282
Prevention
Precautionary
Statements P336 + P315
Response
Precautionary
Statements P410 + P403 P410 + P403 P403 P410 + P403
Storage
Precautionary
Statements
Disposal
Note:
_Pictogram GHSO04 is not required for gases under pressure where pictogram GHS02 or
pictogram GHSO06 appears.

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.6.6. Relation to transport classification

Gases are listed in UN RTDG Model Regulations and in the transport regulations (ADR, RID,
ADN)!* with an indication of the physical state in their name for compressed gases (e.g. Argon,
compressed), for refrigerated liquefied gas (e.g. Oxygen, refrigerated liquid) and for dissolved
gas (e.g. Acetylene, dissolved). These indications of the physical state can be used to identify
the group of gases under pressure according to CLP. The gas names without an indication of the
physical state are ‘liquefied gases’ by default. See Annex VII for additional information on
transport classification in relation to CLP classification.

3.6.7. Example of classification for gases under pressure

3.6.7.1. Example of substances and mixtures fulfilling the classification

criteria

3.6.7.1.1. Example mixture: 9 % (02) + 16 % (N20) + 75 % (N2)

EXAMPLE MIXTURE: 9 % (02) + 16 % (N20) + 75 % (N2)

Calculation steps:

11 The classification codes according to the ADR, Sections 2.2.2.1.2 and 2.2.2.1.3 are: 1. Compressed gas; 2. Liquefied
gas; 3. Refrigerated liquefied gas; 4. Dissolved gas. A asphyxiant; O oxidizing; F flammable; T toxic; TF toxic, flammable;
TC toxic, corrosive; TO toxic, oxidizing; TFC toxic, flammable, corrosive; TOC toxic, oxidizing, corrosive.
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Step 1: Ascertain the critical temperatures in Kelvin for the gases in the mixture:

Oxygen (0O2): Terit = -118.4 °C (= 154.75 K)
Nitrous Oxide (N20): Terit = +36.4 °C (= 309.55 K)
Nitrogen (N2): Terie = -147 °C (= 126.15 K)

Step 2: Calculate the pseudo-critical temperature:
0.09 x 154.75 K + 0.16 x 309.55 K + 0.75 x 126.15 K= 158.7 Kelvin = - 115.08 °C

The pseudo-critical temperature is lower than -50 °C, therefore the mixture is a ‘compressed gas’.
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3.7. Flammable liquids

3.7.1. Introduction

The criteria for ‘Flammable liquids’ are found in Annex I, Section 2.6 of CLP. and-are-net-For
Category 1-3, they are identical to those of Chapter 2.6 of GHS*. s—theresposte SIS Chartes
2-6-containsadditional-classification—eriteria—The CLP has, however, not adopted Category 4 fer
flammableliguidsof GHS (for historical reasons). This means that substances and mixtures
classified as flammable liquids Category 4 according to the GHS are not considered flammable
liguids according to the CLP.

3.7.2. Definitions and general considerations for classification of flammable
liquids

Annex I: 2.6.1. Flammable liquid means a liquid having a flash point of not more than 60
°C.

The flash point is the lowest temperature of the liquid, corrected to a barometric pressure of
101.3 kPa, at which application of a test flame causes the vapour of the liquid to ignite
momentarily and a flame to propagate across the surface of the liquid under the specified
conditions of test. This means, the lower explosion limit is exceeded at the flash point.

3.7.3. Relation to other physical hazards

For flammable liquids that-are-packaged-in aerosol dispensers, see Section 3.4 on Aerosols. ¥
classifiedasflammableaAerosols;they-must should not be classified as flammable liquids-r
additien{see-Seetien237}.

3.7.4. Classification of substances and mixtures as flammable liquids

3.7.4.1. Identification of hazard information

For the decision if a substance or mixture is a liquid see Section 3.1.3.

For the classification of a substance or mixture as a flammable I|qU|d data on the fIash pomt
and on the boiling point (or the |n|t|aI b0|I|ng pomt) are needed. Ferexperimentaldetern

Experimentally determined data or data taken from reliable data sources are to be preferred

over calculated ones. See—a%e—H?—&—GSA—Ghaﬁfef;R—?a—EﬁdpeﬁFSﬁeﬁﬁegwdaﬁee—SeeHeﬁ

The references in Section 3.7.8 provide good quality data on boiling points (all three references)
and flash point (first reference) of substances.

el
PR GSaTrepTresen

3.7.4.2. Screening procedures and waiving of testing

3.7.4.2.1. Boiling point

Normally calculation methods based on increments give satisfying results for substances and

( Field Code Changed

( Field Code Changed
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mixtures. With respect to the criterion for distinguishing between Category 1 and 2 (boiling point
of 35 °C) only that method with a mean absolute error lower than 5 °C could be recommended
for screening.

3.7.4.2.2. Flash point

Calculation should work for pure liquids, neglecting impurities, if the vapour pressure curve and
lower explosion limit are accurately known. For mixtures, calculation of the flash point is
sometimes not reliable and at this time, it is not possible to predict what the accuracy of a
calculated value is. Calculation can be used as a screening test for mixtures, and a flash point
need not be determined experimentally if the calculated value using the method cited in CLP
Annex I, 2.6.4.3 is 5 °C greater than the relevant classification criterion (23 °C and 60 °C,
respectively). However, the restrictions outlined in the CLP Annex I, 2.6.4.2 must be taken
account of.

Calculation based on structural similarity or properties is often only applicable to a narrowly
defined set of substances. For mixtures they are not yet applicable.

Therefore for both flash point and boiling point experimental determination is normall
requiredrecommended.

3.7.4.3. Classification criteria

A flammable liquid has to be classified in one of the 3 categories of this class.

Annex I: Table 2.6.1

Label-elementsCriteria for flammable liquids

Category Criteria
1 Flash point < 23 °C and initial boiling point < 35 °C
2 Flash point < 23 °C and initial boiling point > 35 °C
3 Flash point = 23 °C and < 60 °CZ

(1) For the purpose of this Regulation gas oils, diesel and light heating oils having a flash
point between > 55 °C and < 75 °C may be regarded as Category 3.

Note: Aerosols shall not be classified as flammable liquids; see section 2.3.

Annex I: 2.6.4.5. Liquids with a flash point of more than 35 °C and not more than 60 °C
need not be classified in Category 3 if negative results have been obtained in the sustained
combustibility test L.2, Part III, section 32 of the UN RTDG, Manual of Tests and Criteria.

Gas oils, diesel and light heating oils in the flash point range of 55 °C to 75 °C may be regarded
as a whole. The reason is that these hydrocarbon mixtures have varying flash points in that
range due to seasonal requirements (EN 590 Automotive fuels — Diesel- Requirements and Test
Methods as amended). If they are regarded as a whole for CLP they have to be regarded as
Category 3. This states however no preliminary decision with respect to downstream Regulations
and legislation.
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3.7.4.4. Testing and evaluation of hazard information

respeetively)=For experimental determination of the flash point information on the viscosity of
the liquid is n in order t lect itable method. Furthermore, in order to mak f

the derogation for classification in Category 3 according to Annex I Section 2.6.4.5 of CLP (see
Section 3.7.4.3), information on sustained combustibility is necessary.

Special care is required when viscous substances or mixtures are tested or when halogenated
compounds are present (see Section 3.7.4.4).

3.7.4.4.1. Testing

Suitable methods are listed in CLP Annex I, Table 2.6.3.

In case of substances with a high decomposition potential, a method using small amounts of
liquid (e.g. EN ISO 3679 Determination of flash point - Rapid equilibrium closed cup method as
amended) is recommended to reduce the amount of substance under test.

The method to be used has to be chosen taking into account the properties of the liquid
(viscosity, halogenated compounds present) and the scope of the standard.

For classification purposes it is recommended to use the mean of at least two test runs. One of
these runs may be automated. In case of a deviation between manual and automated
determination above the tolerance limits of the method, the lower value should be taken or the
determination should be repeated with manual observation. If the experimentally determined
flash point is found to be within £ 2 °C a threshold limit when using a non-equilibrium method,
it is recommended to repeat the determination with an equilibrium method.

Substances

For non-halogenated substances, the flash point is usually found 80 °C to 130 °C below the
boiling point. Special care has to be taken when a sample contains impurities with a lower boiling
point than the main compound. Even if their concentration is below 0.5 %, especially if their
boiling point is substantially lower, they may have a strong effect on the test result. Impurities
with a higher boiling point will normally have no effect on the flash point.

Within the respective scope, every standard is applicable. However, care must be taken to select
the appropriate method and standard for the substance being tested.

Mixtures
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The flash point may be lower than the lowest flash point of the components and non-volatile
components may influence the flash point.

Equilibrium methods are advised if the boiling points of the components of the mixture cover a
wide range of temperatures or their concentrations are very different. They are also advised in
case of viscous mixtures (alternatively: test methods with low heating rates (1 °C per min) using
a stirrer).

In case of viscous mixtures or if an inerting substance is present at low concentrations and this
is a highly volatile compound, the ignitability of the mixture may depend on the temperature at
which the tests are started. When an inerting substance is present temperature ranges may
exist where the vapour phase is inerted and other temperature ranges where it is not.

Halogenated compounds

The difference between boiling point and flash point may be lower than with non-halogenated
compounds.

It is highly recommended to run the tests under careful control with manual observation.

Test results may be very difficult to reproduce. In such cases, classification should be based on
the lowest value found (flash or burning inside or outside the cup) or on the value obtained
during the screening run if in the main trial performed in accordance with the standard, no flash
could be found.

3.7.4.4.2. Evaluation of hazard information

Flash points determined by testing or from the mentioned internationally recognised qualified
literature are to be preferred over those derived by calculation because of the error of most of
the QSAR!? methods and their limited application range.

If in literature different flash points are found for the same substance the one found as evaluated
or recommended has to be preferred.

If in literature different flash points are found for the same substance where none is found as
evaluated/recommended the lower one has to be preferred because of safety reasons or an
experimental determination should be carried out.

3.7.4.5. Decision logic

Compared to the decision logic 2.6 for flammable liquids contained in the GHS chapter 2.6.4.1,
this decision logic below is amended to include derogations for gas oil, diesel, light heating,
sustained combustibility and for phrases EUH018, EUH209 and EUH209A.

0 NOTE: The person responsible for the classification of flammable liquids should be
experienced in this field and be familiar with the criteria for classification.

Figure 3: Amended GHS decision logic for flammable liquids to include derogations for gas oil,

12 Quantitative structure-activity relationship
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The substance or mixture is a liquid

Yes

l

Flash point < 60 °C

No

Yes

A

Flash point < 23 °C

NoAN

Gas oil, diesel, light
heating oil with flash
point up to 75 °C

Halogenated
substance, mixture
containing
halogenated, volatile

No

Yes

No

A 4

Flash point > 35 °C

No

A
Category 3

Warning

Yes

Sustained combustibility

No |

or non-volatile
flammable
substances

diesel, light heating, sustained combustibility and for phrases EUH018, EUH209 and EUH209A
(see 3.7.5.2 for more information on phrases)

No

Yes

A

Yes Explosive vapour/air
mixture possible

(EN 1839, EN 15794)

No

A 4

Not subject of

hazard class
‘flammable liquid’

EUH209,
EUH209A,
EUHO18
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Boiling point < 35 °C

Yes

No

r @

A 4

Category 2

Danger

Category 1

Danger

A 4

No need to be classified as
‘flammable liquid’
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3.7.5. Hazard communication for flammable liquids

3.7.5.1. Pictograms, signal words, hazard statements and precautionary
statements

Annex I: 2.6.3. Table 2.6.2
Label elements for flammable liquids
Classification Category 1 Category 2 Category 3
GHS Pictograms
Signal Word Danger Danger Warning
H224: Extremely H225: Highly i Lo
e flammable liquid and | flammable liquid and REZEE FRRElE (el
Statement and vapour
vapour vapour
P210 P210 P210
P233 P233 P233
Precautionary P240 P240 P240
Statement P241 P241 P241
REedeg P242 P242 P242
pP243 pP243 P243
P280 P280 P280
g; e‘tfa”f""’t{a’y P303 + P361 + P353 | P303 + P361 + P353 | P303 + P361 + P353
atemen
Response P370 + P378 P370 + P378 P370 + P378
Precautionary
Statement P403 + P235 P403 + P235 P403 + P235
Storage
Precautionary
Statement P501 P501 P501
Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.7.5.2. Additional labelling provisions for flammable liquids

If no flash point is found up to 60 °C and (partly) halogenated compounds are present or if ther

b

is the possibility of loss of volatile flammable or non-flammable components (i.e. the liquid is

candidate for the assignment of EUH018, EUH209 or EUH209A) or if in doubt, the explosio

limits should be determined in order to decide whether labelling with EUH018, EUH209 o

EUH209A is appropriate. Determination of explosion limits should be carried out according t

ISO 10156 Gases and gas mixtures — Determination of fire potential and oxidising ability for th

selection of cylinder valves outlets as amended or EN 15794 Determination of explosion point

of flammable liquids as amended or EN 1839 Determination of explosion limits of gases an

eIt

vapours as amended.
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Annex II: 1.1.4. EUHO018 - 'In use, may form flammable/explosive vapour-
air mixture'

For substances and mixtures not classified as flammable themselves, which may form
flammable/explosive vapour-air mixtures. For substances this might be the case for
halogenated hydrocarbons and for mixtures this might be the case due to a volatile
flammable component or due to the loss of a volatile non-flammable component.

Substances or mixtures which do not show a flash point but do have an explosion range or
may become flammable in use have to be labelled with EUH018.

Annex II: 2.9. Liquid mixtures containing halogenated hydrocarbons

For liquid mixtures which show no flashpoint or a flashpoint higher than 60 °C but not more
than 93 °C and contain a halogenated hydrocarbon and more than 5 % highly flammable or
flammable substances, the label on the packaging shall bear one of the following
statements, depending on whether the substances referred to above are highly flammable or
flammable:

EUH209 — 'Can become highly flammable in use’ or

EUH209A — 'Can become flammable in use’

Note: EUH209 and EUH209A are limited to special types of mixtures whereas EUH018
covers a wider range of mixtures. In the majority of cases EUH018 covers EUH209 and
EUH209A. Information about testing can be found in Section 3.7.4.4 paragraph 5.

3 7 6. Relatnon to transport cIaSS|f|cat|onRe—e+assfﬂeaheﬁ—ef—subst-aﬂees—and

Class 3 of the UN RTDG Model Regulations and the modal transport regulations (ADR, RID, ADN
and IMDG Code, ICAO TI) cover flammable liquids based on the same criteria as the CLP hazard
class flammable liquids. In general there is a correspondence between transport packing groups
and CLP hazard categories_but with exceptions. Hewever—in—many—cases—specificexceptions
apply-

Further, the UN RTDG Model Regulations cover substances and mixtures transported above their

flash point-ard-desensitized—explosives. In practice the information on flash point and boiling
point needed for classification is available and it is recommended to classify based on the data

rather than use direct translation.—See—-Anrex Vi —for—additionalinformation—en—transport
elassification-inrelationto-CLP-elassification-

3.7.7. Example of classification for flammable liquids

3.7.7.1. Example of substances and mixtures fulfilling the classification
criteria

3.7.7.1.1. Example 1

MIXTURE OF: N-BUTYLACETATE + P-XYLENE + 1,3,5-TRIMETHYLBENZENE
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(7.9 MOL % + 60.3 MOL % + 31.7 MOL %)
Initial boiling point (calculated): 140 °C

Flash point (calculated): 26 °C
calculated flash point is within 5 °C to the limiting value of 23 °C
= flash point has to be measured.

Dyn. Viscosity at 20 °C (DIN 53019): 8 mPa:s ‘

Flash point (EN ISO 3679): 30.0 °C

= According to boiling point and measured flash point result: Flam._Liq. Category 3 ‘

1297

1298 3.7.7.1.2. Example 2

HYDROCARBONS AND DICHLOROMETHANE (70 VOL % + 30 VOL %)

Initial Boiling point (calculated): 52 °C

Flash point: no flash point according to a standard

= Because the hydrocarbon part of the mixture has a flash point by itself (- 12 °C) the question ‘Is
an explosive vapour/air mixture possible’ (EN 1839 as amended, EN 15794 as amended) or ‘Can it
become highly flammable / flammable during use?’ has to be answered.

Answer: Yes an explosion range exists; yes it can become highly flammable during use.
= According to the answer, the mixture has to be labelled with EUH018 or EUH209

Note 1: In that case EUH018 covers EUH209

Note 2: The EUH018 must only be assigned if the substance or mixture is classified as hazardous
(Article 25 (1) of CLP)

Cannot be classified as flammable liquid because the mixture has no flash point.

1299

1300 3.7.7.2. Example of substances and mixtures not fulfilling the classification
1301 criteria

1302 3.7.7.2.1. Example 3

AQUEOUS FORMULATION OF ALIPHATIC POLYURETHANE RESIN

Boiling point (EC 440/2008, EU test method A.2): 92 °C
Dyn. Viscosity at 20 °C (DIN 53019 as amended): 1938 mPa:s
Sample is highly viscous, use low heating rate for flash point determination (1 °C /min).

Flash point (EN ISO 13736 as amended): 42.5 °C
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Sustained combustibility test (UN-MTC L.2) at 60.5 °C: combustion not sustained
Sustained combustibility test (UN-MTC L.2)at 75 °C: combustion not sustained
= According to the flash point result: Category 3

However, does not necessarily have to be classified as flammable liquid Category 3 because it did
not sustain combustion.

3.7.8. References

Brandes, E. and Mdller, W.: Safety Characteristic Data, Volume 1, Flammable gases and
liquids, nw-Verlag, 2008

Wiham-M—Haynes William. M. et al. (2012) CRC Handbook of Chemistry and Physics 93rd
Edition. CRC Press, Taylor and Francis, Boca Raton, FL

O'Neil, M.aryadele J. et al. © (2016, 2012) The Merck Index - An Encyclopedia of Chemicals,
Drugs, and Biologicals (14th Edition - Version 14.9). Merck Sharp & Dohme Corp., a subsidiary
of Merck & Co., Inc.

3.8. Flammable solids

3.8.1. Introduction

The criteria for ‘Flammable solids’ are found in Annex I, Section 2.7 of CLP and are identical to
those in Chapter 2.7 of GHS*.

3.8.2. Definitions and general considerations for classification of flammable
solids

Annex I: 2.7.1.1. A flammable solid means a solid which is readily combustible, or may
cause or contribute to fire through friction.

Readily combustible solids are powdered, granular, or pasty substances or mixtures which
are dangerous if they can be easily ignited by brief contact with an ignition source, such as a
burning match, and if the flame spreads rapidly.

Special consideration on particle size

Annex I: 2.7.2.3.

[.]

Note 1: The test shall be performed on the substance or mixture in its physical form as
presented. If for example, for the purposes of supply or transport, the same chemical is to
be presented in a physical form different from that which was tested and which is considered
likely to materially alter its performance in a classification test, the substance shall also be
tested in the new form.

[.]
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The finer the particle size of a solid substance or mixture, the greater the area exposed to air
will be, and since flammability is a reaction with the oxygen in air, the particle size will greatly
influence the ability to ignite. Hence it is very important that flammable properties for solids are
investigated on the substance or mixture as it is actually presented (including how it can
reasonably be expected to be used, see Article 8(6) of CLP). This is indicated by the Note cited
in CLP Annex I, 2.7.2.3. For further information please see Section Error! Reference source
not found. within this Guidance.

3.8.3. Relation to other physical hazards

Explosives, organic peroxides, self-reactive substances and mixtures as well as pyrophoric or
oxidising solids should normally not be considered for classification as flammable solids—siree

flammabitityisanintrinsic- hazard-inthese-elasses.

Hewever,—fFlammable solids can present other physical hazards—at-thesame-time, e.g. they
might be self-heating or corrosive to metals or emit flammable gases in contact with water.

For flammable solids that are packaged in aerosol dispensers, see Section 3.4, Aerosols. If
classified as flammable-aerosols, they must not be classified as flammable solids in addition-{se¢

3.8.4. Classification of substances and mixtures as flammable solids

3.8.4.1. Identification of hazard information

For the classification of a substance or mixture as a flammable solid data on the following
properties are needed:

¢ melting point;

e information on water reactivity_due to wetted zone in the test);

e information on flash point for solids containing flammable liquids.

If a solid with a low melting point is handled in the molten state, additional data such as flasli
point are generally necessary (see Articles 5(1), 6(1) and 8(6)).

See also IR & CSA, Chapter R.7a: Endpoint specific guidance, Section R.7.1.2 (Melting/freezing
point), R.7.1.9 (Flash point).

Metal powders (which are powders of metals or metal alloys) may be (highly) flammablég
depending on their reactivity and particle size. However, most other inorganic solids are nof
flammable and hence are not classified as flammable solids. i i F

7

A : . .
3.8.4.2. Screening procedures and waiving of testing

In general, a possible classification as a flammable solid should be considered for any solid
organic substance or mixture containing such material. For inorganic material, testing may be
waived in cases where the substance is fully oxidized or commonly known to be not flammablg
(i.e. stable salts or metal oxides) or where a flammability hazard can be excluded by any other
scientific reasoning. In many cases, a simple screening test (see Section 3.8.4.4) can be used
to determine whether a solid should be classified as flammable. Solid substances and mixtures
are classified as flammable according to their burning behaviour.

The test method as described in Part III, Sub-section 33.2.4:4.3.1 in the UN-MTC should bla
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applied for screening purposes. Alternatively, the burning index (referred to as ‘class number’ in
VDI 2263) as obtained from the Burning Behaviour test (VDI 2263, part 1) may be used. If a
burning index of 3 or less is found, the substance or mixture should not be classified as a
flammable solid and no further testing is required. However, if smouldering or a flame is
observed, the full test must be carried out.

3.8.4.3. Classification criteria

The classification criteria are fully in accordance with the GHS system.

Annex I: 2.7.2.1. Powdered, granular or pasty substances or mixtures (except powders of
metals or metal alloys - see 2.7.2.2) shall be classified as readily combustible solids when
the time of burning of one or more of the test runs, performed in accordance with the test
method described in Part III, sub-section 33.2.1, of the UN RTDG, Manual of Tests and
Criteria, is less than 45 seconds or the rate of burning is more than 2,2 mm/s.

2.7.2.2. Powders of metals or metal alloys shall be classified as flammable solids when they
can be ignited and the reaction spreads over the whole length of the sample (100 mm) in
10 minutes or less.

2.7.2.3. A flammable solid shall be classified in one of the two categories for this class using
Method N.1 as described in 33.2.1 of the UN RTDG, Manual of Tests and Criteria in
accordance with Table 2.7.1:
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Table 2.7.1 Criteria for flammable solids

Category | Criteria

Burning rate test

Substances and mixtures other than metal powders:

1 (a) wetted zone does not stop fire and

(b) burning time < 45 seconds or burning rate > 2,2 mm/s
Metal powders:

burning time <5 minutes

Burning rate test

Substances and mixtures other than metal powders:

2 (a) wetted zone stops the fire for at least 4 minutes and
(b) burning time < 45 seconds or burning rate > 2,2 mm/s

Metal powders:

burning time > 5 minutes and < 10 minutes

[.]

Note 2: Aerosols shall not be classified as flammable solids,; see section 2.3.

3.8.4.4. Testing and evaluation of hazard information

For safety reasons, it is advisable to test for explosive and self-reactive properties first and to
rule out pyrophoric behaviour before performing this test. The classification test is described in
Part III, Sub-section 33.2.4-4.3.2 of the UN-MTC. The sample should be tested in itb
commercially relevant form. Special care has to be taken that the sample forms an unbroken
strip or powder train in the test mould. Large pieces that do not fit into the mould should be
gently crushed. For pasty or sticking substances it may be helpful to line the mould with a thin
plastic foil which is withdrawn after having formed the train. A small gas burner with a nonf
luminous flame has proven most practical as ignition source; see UN-MTC section 33.2.4.3.1. Ip
order to detect also smouldering behaviour, it is advisable to dim the light in the lab hood during
the experiment.

Classification is based upon the fastest burning rate / shortest burning time obtained in six test
runs, unless a positive result is observed earlier. For substances and mixtures other than metal
powders, the category is assigned depending on whether the wetted zone is able to stop the
flame:_if the flame passes the wetted zone in at least one trial Category 1 is assigned.

In case the flame propagates rapidly (less than 20 seconds for 100 mm) it is advisable to chec
for explosive or self-reactive properties. Another possible reason is the presence of flammablé¢
liguids in the sample, in which case, labelling with the statement EUH018 — ‘In use, may fornh
flammable/explosive vapour-air mixture’ in agreement with Article 25 of CLP is applicable, i
addition.
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1389 3.8.4.5. Decision logic

1890 Classification of flammable solids is done according to Figure 4_(equivalent to decision logic
1391 2.7-4-asncluded-nthe-GHS in GHS v.7).

@ NOTE: The person responsible for the classification of flammable solids should be
experienced in this field and be familiar with the criteria for classification.

1392 Figure 4: Decision logic for flammable solids (Decision logic 2.7 of GHS)

| The substance/mixture is a solid

A

| Negative

| Screening test | Not classified

A\ 4

Positive
Burning rate test:
a. For substances or mixtures other than metal powders: No .
» Not classified
Burning time < 45 s or burning rate > 2.2 mm/s?
b. Metal powders: Burning time < 10 min?
Category 1
Yes gory
a. For substances or mixtures other than metal powders: | No
Does the wetted zone stop propagation of the flame?
b. Metal powders: Burning time > 5 min? @ Danger
| \/
Yes Category 2
Warning

1393
1394
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3.8.5. Hazard communication for flammable solids

3.8.5.1. Pictograms, signal words, hazard statements and precautionary
statements

Annex I: 2.7.3. Table 2.7.2

Label elements for flammable solids

Classification Category 1 Category 2

GHS Pictograms

Signal Word Danger Warning
Hazard Statement H228: Flammable Solid H228: Flammable Solid
P210 P210
) ) P240 P240
Precautionary Statement Prevention
P241 P241
P280 P280
Precautionary Statement Response P370 + P378 P370 + P378

Precautionary Statement Storage

Precautionary Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex 1V, Part 2.

3.8.6. Relation to transport classification

Division 4.1 within Class 4 of the UN RTDG Model Regulations covers flammable substance
solids, solid desensitiszed explosives,—and self-reactive substances (liquids or solids) an
polymerizing substances and mixtures. If a transport classification according to the modd
transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) is available it should be kept in
mind that transport classification is based on prioritisation of hazards (see UN RTDG Model
Regulations, Section 2.0.3) and that flammable solids have a relatively low rank in the
precedence of hazards. Therefore, the translation from transport classification to CLP should be
only done if a transport classification for a flammable solid is explicitly available. The conclusion
that a substance or mixture not classified as a flammable solid for transport should not be
classified as a flammable solid according to CLP is, in general, not correct. See Annex VII for
additional information on transport classification in relation to CLP classification.

— T

3.8.7. Example of classification for flammable solids

3.8.7.1. Example of substances and mixtures fulfilling the classification
criteria

The following example shows a classification based on test data:

TEST SUBSTANCE: '‘FLAMMALENE’ (ORGANIC MATERIAL, SOLID)
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Screening test (VDI 2263, part 1): burning index: 5 (burning with an open flame or
emission of sparks)

Conclusion: Substance is candidate for classification as a flammable solid, further testing
required.

UN Test N.1 (Test method for readily Burning times for a distance of 100 mm (6 runs): 44
combustible solids): s;40s; 49 s; 45 s; 37 s; 41 s.

Shortest burning time is less than 45 s; substance is
a flammable solid.

Wetted zone stops the fire, no reignition.

Conclusion: Classify as flammable solid, Category 2.

3.8.7.2. Example of substances and mixtures not fulfilling the classification
criteria

Many inorganic salts and oxides are not flammable such as NaCl, NaBr, KI, FeO, MnO etc.

Urea or phthalic acid anhydride are examples of organic substances that would not be
classified as flammable solids.

3.8.8. References

VDI guideline 2263, part 1, 1990, Test methods for the Determination of the Safety
Characteristics of Dusts

3.9. Self-reactive substances and mixtures

3.9.1. Introduction

The criteria for ‘Self-reactive substances and mixtures’ are found in Annex I, Section 2.8 of CLP
and are identical to those in Chapter 2.8 of GHS*.

In general, substances or mixtures classified as self-reactive substances and mixtures can
decompose strongly exothermically when 50 kg are exposed to temperatures of 75 °C or lower
depending on the Self-Accelerating Decomposition Temperature (SADT) of the substance or
mixture.

Self-reactive substances and mixtures display a very wide range of properties. The most
hazardous type is TYPE A of self-reactive substances and mixtures that, based on their violent
their decomposition behaviour, are too dangerous to transport commercially though they can be
stored safely with appropriate precautions. At the other end of the scale this classification
includes substances and mixtures that only decompose very slowly. Further at temperatures well
above the normal storage and transport temperatures (e.g. 75 °C).

The decomposition of self-reactive substances and mixtures can be initiated by heat, contact
with catalytic impurities (e.g. acids, heavy-metal compounds, and bases), friction or impact. The
rate of decomposition increases with temperature and varies with the substance or mixture.
Decomposition, particularly if no ignition occurs, may result in the evolution of toxic gases or
vapours. For certain self-reactive substances and mixtures, the temperature must be controlled
during storage and handling. Some self-reactive substances and mixtures may decompose
explosively, particularly if confined. This characteristic may be modified by the addition of
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diluents or by the use of appropriate packaging. Some self-reactive substances and mixtures
burn vigorously. Set—reactive Sstances—a e i diki=a ypeststes

Additional hazardous properties, resulting in subsidiary labelling, are indicated in the list of
already classified self-reactive substances and mixtures included in the UN RTDG Model
Regulations, Section 2.4.2.3.2.3.

Commercial self-reactive substances and mixtures are commonly formulated by dilution with
solid and liquid substances with which they are compatible.

3.9.2. Definitions and general considerations for classification of self-reactive
substances and mixtures

In CLP the following definition is given for self-reactive substances and mixtures:

Annex I:

2.8.1.1. Self-reactive substances or mixtures are thermally unstable liquid or solid
substances or mixtures liable to undergo a strongly exothermic decomposition even without
participation of oxygen (air). This definition excludes substances and mixtures classified
according to this Part as explosives, organic peroxides or as oxidising.

2.8.1.2. A self-reactive substance or mixture is regarded as possessing explosive properties
when in laboratory testing the formulation is liable to detonate, to deflagrate rapidly or to
show a violent effect when heated under confinement.

General considerations

Annex I: 2.8.3. Hazard communication

Type G has no hazard communication elements assigned but shall be considered for
properties belonging to other hazard classes.

3.9.3. Relation to other physical hazards

Neither the burning properties nor the sensitivity to impact and friction form part of the
classification procedure for self-reactive substances and mixtures in CLP. These properties may
be of importance in safe handling of self-reactive substances and mixtures (see additional tests
in Section 3.9.4.4).

In addition, the following should be noted:
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Explosive properties

The explosive properties do not have to be determined according to the CLP Annex I, Chapter
2.1, because explosive properties are incorporated in the classification asdeecisientegicfor self-
reactive substances and mixtures, see CLP Annex I, 2.8.2.1 (a). Note that substances and
mixtures may have explosive properties when handled under higher confinement.

3.9.4. Classification of substances and mixtures as self-reactive substances
and mixtures

3.9.4.1. Identification of hazard information

The classification of a self-reactive substance or mixture in one of the seven categories ‘types A
to G’ is dependent on its detonation, deflagration and thermal explosion properties, its response
to heating under confinement, its explosive power and the concentration and the type of diluent
added to desensitisze the substance or mixture. Specifications of acceptable diluents that can
be used safely are given in the UN RTDG Model Regulations, Section 2.4.2.3.5.

The classification of a self-reactive substance or mixture as type A, B or C is also dependent on
the type of packaging in which the substance or mixture is tested as it affects the degree of
confinement to which the substance or mixture is subjected. This has to be considered when
handling the substance or mixture; stronger packaging may result in more violent reactions
when the substance or mixture decomposes. This is why it is important that storage and
transport is done in packaging, allowed for the type of self-reactive substance and mixture, that
conforms the requirements of the UN-packaging or IBC instruction (P520/IBC520) or tank
instruction (T23).

3.9.4.2. Screening procedures and waiving of testing

The CLP text comprises the following screening considerations.

Annex I: 2.8.4.2 Additional Classification Considerations

The classification procedures for self-reactive substances and mixtures need not be applied

(a) There are no chemical groups present in the molecule associated with explosive or self
reactive properties. Examples of such groups are given in Tables A6.1 and A6.213 in
Appendix 6 of the UN RTDG, Manual of Tests and Criteria; or

(b) For a single organic substance or a homogeneous mixture of organic substances, the
estimated SADT for a 50 kg package is greater than 75 o C or the exothermic
decomposition energy is less than 300J/g. The onset temperature and decomposition
energy can be estimated using a suitable calorimetric technique (see Part II, sub-section
20.3.3.3 of the UN RTDG, Manual of Tests and Criteria).

Self-reactive substances are, for example, some compounds of the types listed below:
a. Aliphatic azo compounds (-C-N=N-C-);
b. Organic azides (-C-N3);
c. Diazonium salts (-CN>*Z");

13 This note is not part of the legal text: following an update of Appendix 6 of the UN-MTC, the correct table reference is
A6.3 instead of A6.2 as indicated in the CLP Regulation.




1498
1499
1500

1501
1502

1503
1504

1505

1506
1507

1508
1509

Title

87

d. N-nitroso compounds (-N-N=0); and
e. Aromatic sulfohydrazides (-SO2-NH-NH>).

This list is not exhaustive and substances with other reactive groups, combination of groups and
some mixtures of substances may have similar properties. Additional guidance on substances|

which may have self-reactive properties, is given in Appendix 6, Section 5.1 of the UN-MTC.

For examples of chemical groups associated with explosive properties please refers to the
screening procedure under explosives, see Reference.

3:94-2:3.9.4.3. Classification criteria

According to CLP, substances and mixtures must be considered for classification in this hazard

class as a self-reactive substance or mixture unless:

Annex I:

2.8.2.1. Any self-reactive substance or mixture shall be considered for classification in this

class as a self-reactive substance or mixture unless:{f~4

(a) they are explosives, according to the criteria given in 2.1;

substances shall be classified as self-reactive substances according to the procedure
defined in 2.8.2.2;

(c) they are organic peroxides, according to the criteria given in 2.15;

(d) their heat of decomposition is less than 300 J/g; or

(b) they are oxidising liquids or solids, according to the criteria given in 2.13 or 2.14, except
that mixtures of oxidising substances, which contain 5 % or more of combustible organic

(e) their self-accelerating decomposition temperature (SADT) is greater than 75 °C for a 50
kg package’ - iteria; 2

EEL7 =

2.8.2.2. Mixtures of oxidising substances, meeting the criteria for classification as oxidising
substances, which contain 5 % or more of combustible organic substances and which do not
meet the criteria mentioned in (a), (c), (d) or (e) in 2.8.2.1, shall be subjected to the self-
reactive substances classification procedure;

Such a mixture showing the properties of a self-reactive substance type B to F (see 2.8.2.3)
shall be classified as a self-reactive substance.

[.]

(1) See UN RTDG, Manual of Test and Criteria, sub-sections 28.1, 28.2, 28.3'% and Table 28.3.

4 This note is not part of the legal text: UN-MTC sub-sections 28.4 includes Test Series H description (SADT texts).
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In the CLP decision logic (see Section 3.9.4.5), classification of self-reactive substances or
mixtures is based on performance based testing in both small scale tests and, where necessary,
some larger scale tests with the substance or mixture in its packaging. The concept of ‘intrinsic
properties’ is, therefore, not necessarily, applicable to this hazard class.

Self-reactive substances or mixtures are classified in one of the seven categories of ‘types A to
G’ according to the classification criteria given in Section 2.8.2.3 of Annex I, CLP. The
classification principles are given in the decision logic in Figure 2.8.1 of CLP (see Section 3.9.4.5)
and the Test Series A to H, as described in the Part II of the UN-MTC, should be performed.
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Annex I: 2.8.2.3. Self-reactive substances and mixtures shall be classified in one of the
seven categories of 'types A to G’ for this class, according to the following principles:

(a) any self-reactive substance or mixture which can detonate or deflagrate rapidly, as
packaged, shall be defined as self-reactive substance TYPE A;

(b) any self-reactive substance or mixture possessing explosive properties and which, as
packaged, neither detonates nor deflagrates rapidly, but is liable to undergo a thermal
explosion in that package shall be defined as self-reactive substance TYPE B;

(c) any self-reactive substance or mixture possessing explosive properties when the substance
or mixture as packaged cannot detonate or deflagrate rapidly or undergo a thermal
explosion shall be defined as self-reactive substance TYPE C;

(d) any self-reactive substance or mixture which in laboratory testing:

(i) detonates partially, does not deflagrate rapidly and shows no violent effect when
heated under confinement; or

(ii) does not detonate at all, deflagrates slowly and shows no violent effect when
heated under confinement; or

(iii) does not detonate or deflagrate at all and shows a medium effect when heated
under confinement;

shall be defined as self-reactive substance TYPE D;

(e) any self-reactive substance or mixture which, in laboratory testing, neither detonates nor
deflagrates at all and shows low or no effect when heated under confinement shall be
defined as self-reactive substance TYPE E;

(f) any self-reactive substance or mixture which, in laboratory testing, neither detonates in
the cavitated state nor deflagrates at all and shows only a low or no effect when heated
under confinement as well as low or no explosive power shall be defined as self-reactive
substance TYPE F;

(g) any self-reactive substance or mixture which, in laboratory testing, neither detonates in
the cavitated state nor deflagrates at all and shows no effect when heated under
confinement nor any explosive power, provided that it is thermally stable (SADT is 60 °C
to 75 °C for a 50 kg package), and, for liquid mixtures, a diluent having a boiling point not
less than 150 °C is used for desensitisation shall be defined as self-reactive substance
TYPE G. If the mixture is not thermally stable or a diluent having a boiling point less than
150 °C is used for desensitisation, the mixture shall be defined as self-reactive substance
TYPE F.

Where the test is conducted in the package form and the packaging is changed, a further test
shall be conducted where it is considered that the change in packaging will affect the outcome
of the test.

A list of currently classified self-reactive substances and mixtures is included in the UN RTDG
Model Regulations, Section 2.4.2.3.2.3.
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3+9:4-3:3.9.4.4. Testing and evaluation of hazard information

3:9:4-3-1-3.9.4.4.1. Thermal stability and temperature control

In addition to the classification tests given in decision logic Figure 2.8.1 of CLP, the thermal
stability of the self-reactive substances and mixtures has to be assessed in order to determine
the SADT.

The SADT is defined as the lowest temperature at which self-accelerating decomposition of a
substance or mixture may occur in the packaging as used in transport, handling and storage. It
houl mphasized that the SADT i ndent on the nature of th If-reactiv tanc
or mixture itself, together with the volume and heat-loss characteristics of the packaging or
vessel in which the substance or mixture is handled. The temperature at which self-accelerating

decomposition occurs falls:

e as the size of the packaging or vessel increases; and
o with increasing efficiency of the insulation on the package or vessel.
The SADT is a measure of the combined effect of the ambient temperature, decomposition

kinetics, package size and the heat transfer properties of the substance or mixture and its
packaging.

There is no relation between the SADT of a self-reactive substance and mixture and its
classification in one of the seven categories ‘types A to G'. The SADT is used to derive safe
handling, storage and transport temperatures (control temperature) and alarm temperature
(emergency temperature).

Depending on its SADT a self-reactive substance and mixture needs temperature control and the
rules as given in CLP Annex I, 2.8.2.4, consist of the following two elements:

1. Criteria for temperature control:

2. Self-reactive substances and mixtures need to be subjected to temperature control
when the SADT is < 55 ° C.

3. Derivation of control and emergency temperatures:

Type of receptacle | SADT* Control temperature Emergency temperature
Single packagings 20 °C or less 20 °C below SADT 10 °C below SADT
and IBC's
over 20 °C to 35 °C | 15 °C below SADT 10 °C below SADT
over 35 °C 10 °C below SADT 5 °C below SADT
Tanks < 50°C 10 °C below SADT 5 °C below SADT

*i.e. the SADT of the substance/mixture as packaged for transport, handling and storage.
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The SADT is only valid for the substance or mixture as tested and when handled properly. Mixing
the self-reactive substances and mixtures with other chemicals, or contact with incompatible
materials (including incompatible packaging or vessel material) may reduce the thermal stability
due to catalytic decomposition, and lower the SADT. This may increase the risk of decomposition
and has to be avoided.

3:9-4-3-2:3.9.4.4.2. Additional consideration and testing

Explosive properties

The sensitivity of self-reactive substances and mixtures to impact (solids and liquids) and friction
(solids only) may be of importance for the safe handling of the substances and mixtures, in the
event that these substances and mixtures have pronounced explosive properties (e.g. rapid
deflagration and/or violent heating under confinement). Test methods to determine these
properties are described in Test Series 3 (a) (ii) and 3 (b) (i) of the UN-MTC. This information
shewld-may be documented in the SDS.

Burning properties

Although there are currently no dedicated storage guidelines for self-reactive substances and
mixtures (although in some countries under development), often the regulations for organic
peroxides are referred to. For storage classification the burning rate is commonly used, see
Section 3.16 on organic peroxides.

Flash point

The flash point for liquid self-reactive substances or mixtures is only relevant in the temperature
range where the product is thermally stable. Above the SADT of the self-reactive substance or
mixture, flash point determination is not relevant because decomposition products are evolved.

NOTE: In case a flash point determination seems reasonable (expected flash point below

0 the SADT) a test method using small amount of sample is recommended. In case the self-
reactive substance or mixture is diluted or dissolved, the diluent may determine the flash
point.

Auto-ignition temperature

The determination of the auto ignition temperature is not relevant for self-reactive substances
and mixtures, because the vapours decompose during the execution of the test. Available test
methods are for non-decomposing vapour phases. Auto ignition of vapours of self-reactive
substance and mixtures vapeurs-when they decompose, can never be excluded. This information
should be documented in the SDS.

Self-ignition temperature

The determination of the Alse-self-ignition temperature determination—(test applicable for
solids) is not relevant.

-The thermal stability of self-reactive substances and mixtures is quantitatively given by the
SADT test.

Control and Emergency temperatures

The Control and Emergency temperatures are based on the SADT as determined by UN Test
Series H-4. In UN Test Series H.2 and H.3, the heat loss applied in the calculating the SADT
should be representative for the packaging, IBC, tank or vessel in which the substance or mixturg
is handled or stored. In UN Test H.4, tFhe Dewar vessel used in-the-UN-TFestH-4-is supposed tp
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be representative for the substance or mixture handled in packages. For handling of the
substance or mixture in larger quantities (IBCs/tanks/vessels etc.) and/or in better (thermally)
insulated containers under more thermal insulated conditions, the SADT has to be determined
for that quantity with the given degree of insulation. From that SADT the Control and Emergency
temperatures can be derived (see also Section 3.16.4.3.1)

3:-9-4-3-3-3.9.4.4.3. Additional classification considerations

Currently, the following properties are not incorporated in the classification of self-reactives
under the CLP:

¢ mechanical sensitivity i.e. impact and friction sensitivity (for handling purposes);
e burning properties (for storage purposes);

e flash point for liquids; and

e burning rate for solids.

In addition to the GHS criteria CLP mentions that:

Annex I: 2.8.2.2

[.]

Where the test is conducted in the package form and the packaging is changed, a further
test shall be conducted where it is considered that the change in packaging will affect the
outcome of the test.

Please note that polymerising substances do not fulfil the criteria for classification as self-
reactives._In transport regulations, they are classified as polymerising substances. It is not
contained in GHS and therefore not incorporated in CLP. Heweverthereare-on-going-diseussioens
3+9-4-4-3.9.4.5. Decision logic

Classification of self-reactive substances and mixtures is done according to decision logic 2.8 as
included in the GHS.

(1) NOTE: The person responsible for the classification of self-reactive substances and mixtures
should be experienced in this field and be familiar with the criteria for classification.
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Annex I: Figure 2.8.1 Self-reactive substances and mixtures
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3.9.5. Hazard communication for self-reactive substances and mixtures

3.9.5.1. Pictograms, signal words, hazard statements and precautionary

statements

According to CLP the following label elements must be used for substances and mixtures meeting
the criteria for this hazard class:

Annex I: Table 2.8.1

Label elements for self-reactive substances and mixtures

Classification Type A Type B Type C & D Type E & F Type G
GHS pictograms
Signal Word Danger Danger Danger Warning
Hazard Statement H240: H241: H242: H242:
Heating
Heating may | Heating may | Heating may
may cause a
cause an cause a fire or | cause a fire fire There are
no label
explosion explosion elements
allocated
Precautionary P210 P210 P210 P210 to this
statement hazard
P234 P234 P234 P234 category
Prevention
P235 P235 P235 P235
P240 P240 P240 P240
P280 P280 P280 P280
Precautionary P370 + P372 | P370 + P380 | P370 + P378 | P370 + P378
statement + P380 + + P375
P373 [+P378]*2)
Response
Precautionary P403 P403 P403 P403
statement
P411 P411 P411 P411
Storage
P420 P420 P420 P420
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Precautionary P501 P501 P501 P501
statement

Disposal
E3 See H‘IE 'F!EFHd ction-to-ARRexIV f@" deta'{s 6R Fhe Se Sf Sﬂ are b#aeleeés.

(12 Type G has no hazard communication elements assigned but should be considered for properties
belonging to other hazard classes.

(2 See the introduction to Annex IV for details on the use of square brackets.

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.9.6. Relation to transport classification te BSb-and-bPb-or-already
lassified-fort .

Division 4.1 within Class 4 of the UN RTDG Model Regulations covers flammable-substanees
solids, self-reactive substances, solid desensitizsed explosives and polymerizing substances (not
being part of GHS and CLP)sel-+reactivetiguids-erselids. A list of already classified self-reactive
substances is included in UN RTDG Model Regulations, Section 2.4.2.3.2.3. This table includes
self-reactive substances of various types from type B to type F. See Annex VII for additional
information on transport classification in relation to CLP classification.

3.9.7. Example of classification for self-reactive substances and mixtures

3.9.7.1. Example of substances and mixtures fulfilling the classification
criteria

Substance to be classified: NP

Molecular formula: fA=a=not applicable

According to CLP Annex I, Section 2.8.2.1, the substance has:
e an energy content of 1452 kJ/kg; and
e a SADT of 45 °C (in 50 kg package);

and consequently it has to be considered for classification in the hazard class self-reactive
substances and mixtures.

Test results and classification according to CLP decision logic 2.8.1 for self-reactive substances
and mixtures and the UN - MTC, Part II, is as follows:

CLASSIFICATION TEST RESULTS

1. Name of the self-reactive substance or mixture: | NP
2. General data
2.1. Composition NP, technically pure

2.2. Molecular formula A-a-Not applicable
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CLASSIFICATION TEST RESULTS

2.3. Physical form
2.4. Colour
2.5. Density (apparent)

3. Detonation (Ttest sSeries A)

Box 1 of the decision logic

3.1. Method

3.2. Sample conditions
3.3. Observations

3.4. Result

3.5. Exit

4. Deflagration (Ttest sCeries C)
Box 5 of the decision logic
4.1. Method 1
4.1.1. Sample conditions
4.1.2. Observations
4.1.3. Result
4.2. Method 2
4.2.1. Sample conditions
4.2.2. Observations
4.2.3. Result
4.3. Final result
4.4. Exit
5. Heating under confinement (Ttest sSeries E)

Box 8 of the decision logic:

5.1. Method 1
5.1.1. Sample conditions

5.1.2.  Observations

5.1.3. Result

sSolid, fine powder
BBrown

460 kg/m3

Does the substance propagate a detonation?
UN Test A.1: BAM 50/60 steel tube test
£Technically pure substance

fFragmented part of the tube: 12, 18cm

No

1.3

Does the substance propagate a deflagration?
Time/pressure test (test C.1)

aAmbient temperature ‘
498, 966, 3395 ms

Yes, slowly

Deflagration test (test C.2)

Ttemperature: 20 °C

dDeflagration rate: 0.90, 0.87 mm/s

Yes, slowly

Yes, slowly

5.2

What is the effect of heating it under defined
confinement?

Koenen test (test E.1)

Limiting diameter: < 1.0 mm, fragmentation
type ‘A’

Low
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CLASSIFICATION TEST RESULTS

1%541

1642

5.2. Method 2
5.2.1. Sample conditions

5.2.2.  Observations

5.2.3. Result
5.3. Final result
5.4. Exit

6. Thermal stability (outside of the decision logic)

6.1. Method

6.2. Sample conditions:
©u3 Observations

6.4. Result

7. General remarks

8. Final classification

Hazard / hazard class:

Label

Signal word

Hazard statement
Temperature control
Control temperature*

Emergency temperature*

Dutch pressure vessel test (test E.2)

Limiting diameter: <1.0 mm (with 10 g), 1.0
mm (50 g)

tLow
tLow

8.3

Heat accumulation storage test (test H.4)
mMass 232.5 g. Half life time of cooling of
Dewar vessel with 400 ml water: 10.0
hrs.(representing substance in package)
Sself-accelerating decomposition at 45 °C
fNo self-accelerating decomposition at 40 °C

SADT 45 °C (in 50 kg package)

The decision logic is given in Figure S5Figure
2:6

Self-reactive substance, Type D, solid,
temperature controlled

Flame (GHS02)

Danger

H242: Heating may cause a fire

Needed based on SADT (45 °C, in package)
35 °C (in package)

40 °C (in package)

*See UN-MTC, table 28.23.

Figure 5: Decision logic for self-reactive substance example: NP, technically pure
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3.10. Pyrophoric liquids

3.10.1. Introduction

The criteria for ‘Pyrophoric liquids’ are found in Annex I, Section 2.9 of CLP and are identical to
those in Chapter 2.9 of GHS*.

Pyrophoricity, i.e. the ability to spontaneously ignite in air, is the result of a reaction of a
substance or mixture with the oxygen in the air and it is a very dangerous property. The reaction
is exothermic and has the particularity that it starts spontaneously, i.e. without the aid of a
supplied spark, flame, heat or other energy source. Another way of saying this is that the auto-
ignition temperature for a pyrophoric substance or mixture is lower than room (ambient)
temperature.

3.10.2. Definitions and general considerations for classification of pyrophoric
liquids

The definition in CLP for pyrophoric liquids is as follows:

Annex I: 2.9.1. Definition

Pyrophoric liquid means a liquid substance or mixture which, even in small quantities, is
liable to ignite within five minutes after coming into contact with air.

3.10.3. Relation to other physical hazards

Pyrophoric substances and mixtures will react spontaneously with air already in small amounts
and more or less instantaneously (within minutes). This differentiates them from self-heating
substances and mixtures, which also react spontaneously with air but only when in larger
amounts and after an extended period of time (hours or days). While liquids in themselves
generally do not exhibit self-heating properties due to the limited contact with air (which can
occur only at the surface), liquids that are adsorbed onto solid particles should, in general, be
considered for classification in the hazard class self-heating substances and mixtures, see
Chapter 3.12 of this guidance.

Pyrophoricity may be expected for certain reactive metals and some of their compounds (e.g.
hydrides and other organo-metal compounds). Many of these substances and mixtures will also
react vigorously with water under the production of flammable gases. Such substances and
mixtures may thus be classified in the hazard class substances and mixtures which in contact
with water emit flammable gases in addition, see Chapter 3.13 of this guidance. It should be
noted in this context that water-reactive substances and mixtures may also to some extent react
with the humidity in air, although such a reaction is seldom vigorous. A substance or mixture
that spontaneously ignites in air in accordance with the test procedures is to be considered
pyrophoric, regardless of the reaction mechanism.
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Liquids not classified as pyrophoric but that can burn may belong to the hazard class flammable
liquids depending on their flash point and ability to sustain combustion, see Section 3.7 of this
guidance.

3.10.4. Classification of substances and mixtures as pyrophoric liquids

3.10.4.1. Identification of hazard information

Since the tests to determine pyrophoricity are simple and require no special equipment, see
Section 3.10.4.4 below, there is in general no reason to go to data sources instead of performing
tests. Furthermore, the possibilities of waiving tests are ample both for known pyrophores and
for substances and mixtures known not to be pyrophoric, see Section 3.10.4.2 below. If
information anyway is taken from literature or other data sources, it is of utmost importance
that the correct physical form is considered, see Section 3.1.3. Naturally, all data sources should
be carefully evaluated with regard to reliability and scientific validity.

3.10.4.2. Screening procedures and waiving of testing

Organo-metals and organo-metalloids may be suspected of being pyrophores, as well as theif
derivatives. Also organo-phosphines and their derivatives, hydrides and their derivatives and
haloacetylene derivatives may show pyrophoricity. There are also pyrophoric substances of
mixtures that do not belong to the above mentioned groups of chemicals, i.e. the list above i$
not exhaustive. In case of doubt it should therefore be thoroughly investigated whether a giver
substance or mixture is pyrophoric. More information on pyrophoric substances can, e.g., b¢
found in Bretherick’s Handbook of Reactive Chemical Hazards (Urben, 2007).

In case a liquid is known from practical handling to be pyrophoric no testing is necessary. Such
liquids are classified as pyrophoric liquids without testing. This would also be the case if the
liquid spontaneously ignites upon opening of the receptacle when trying to perform the tests for
classification.

According to the additional classification considerations in CLP:

Annex I: 2.9.4.1. The classification procedure for pyrophoric liquids need not be applied
when experience in manufacture or handling shows that the substance or mixture does not
ignite spontaneously on coming into contact with air at normal temperatures (i.e. the
substance or mixture is known to be stable at room temperature for prolonged periods of

time (days)).

3.10.4.3. Classification criteria

Section 2.9.2.1 of Annex I of CLP specifies the classification criteria:

Annex I: Table 2.9.1

Criteria for pyrophoric liquids

Category Criteria

1 The liquid ignites within 5 min when added to an inert carrier and exposed to
air, or it ignites or chars a filter paper on contact with air within 5 min.
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3.10.4.4. Testing and evaluation of hazard information

In Section 2.9.2.1 of Annex I of CLP reference to the test-methods are made:

Annex I: 2.9.2.1. A pyrophoric liquid shall be classified in a single category for this class
using test N.3 in part III, sub-section 33.3.1.5% of the UN RTDG, Manual of Tests and
Criteria according to Table 2.9.1:

The UN Test N.3 for pyrophoricity is quite simple and sufficiently described in Part III, Section
33.4.5 of the UN-MTC. No special equipment is needed. Essentially the substance or mixture is
exposed to air to see if it ignites. For liquids which do not spontaneously ignite when poured,
the surface in contact with air is increased using a filter paper. Ignition or charring of the filter
paper is regarded as a positive response in the test, i.e. such a liquid is considered to be
pyrophoric.

It is important that samples for testing of pyrophoric properties are carefully packed and sealed.
Furthermore, the material offered for testing should be freshly prepared, since the reactive
properties may diminish due to aging or agglomeration. Whenever experiments are to be done
one should be careful — a pyrophoric substance or mixture may well ignite already upon opening
the receptacle!

It should be noted that the mechanism of oxidation is, in general, very complex, and that the
humidity of air might influence the rate of reaction. Therefore a false negative may result when
performing the tests in an extremely dry environment, and this condition must be avoided when
performing the tests for classification for pyrophoricity. The filter paper test of UN Test N.3 for
pyrophoric liquids should be carried out at 25 £ 2 °C and a relative humidity of 50 £ 5 % (see
UN-MTC, Section 33.3-1-54.5).

3.10.4.5. Decision logic

Classification of pyrophoric liquids is done according to decision logic 2.9.4.1 as included in the
GHS.

0 NOTE: The person responsible for the classification of pyrophoric liquids should be
experienced in this field and be familiar with the criteria for classification.

Becisiontoaicf horictiatid

Figure 6: Decision logic for pyrophoric liquids (Decision logic 2.9 of GHS)

15 This note is not part of the legal text: following an update on the UN-MTC, the correct reference is * sub-section 33.4.5’
instead of * sub-section 33.3.1.5’ as indicated in the CLP Regulation.
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The substance/mixture is a liquid

A

&

cup filled with diatomaceous earth or silica gel?

Does it ignite within 5 min when poured into a porcelain | Yes

Category 1

No

A

®

Does it ignite or char a filter paper within 5 min?

Yes

A 4

Danger

W

Category 1

No

A4

Danger

W

Not

3.10.5. Hazard communication for pyrophoric liquids

3.10.5.1. Pictograms, signal words, hazard statements and precautionary

statements

classified

Annex I: 2.9.3 Table 2.9.2

Label elements for pyrophoric liquids

Classification Category 1
GHS Pictogram
Signal Word Danger

Hazard Statement

H250: Catches fire spontaneously if exposed to air

Precautionary Statement
Prevention

P210

P222

P231 + P232
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P233

P280
Precautionary Statement e ek
R BES P370 + P378

Precautionary Statement Storage

Precautionary Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.10.6. Relation to transport classification

Division 4.2 within Class 4 of the UN RTDG Model Regulations covers pyrophoric solids, liquids
and self-heating substances and mixtures. UN Test N.3 that is used for classification for
pyrophoricity for liquids according to CLP is also used for classification in the subdivision
pyrophoric substances and mixtures in Division 4.2: Substances liable to spontaneous
combustion according to the UN RTDG Model Regulations. The criteria for Category 1 according
to CLP (which is the only category for pyrophoric liquids) and for packing group I in Division 4.2
according to the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) are also
exactly the same. Furthermore, all pyrophoric substances and mixtures are assigned to packing
group I within Division 4.2, which is used exclusively for pyrophoric substances and mixtures.

Therefore, any liquid assigned to Division 4.2, packing group I according to the modal transport
regulations (ADR, RID, ADN and IMDG Code, ICAO TI) will be classified in Category 1 of the
hazard class pyrophoric liquids according to CLP. See Annex VII for additional information on
transport classification in relation to CLP classification.

3.10.7. Example of classification for pyrophoric liquids

Please note that the substance and mixture names in this chapter are fictitious.

3.10.7.1. Example of substances and mixtures fulfilling the classification
criteria

3.10.7.1.1. Example 1

Name: Pyrpherdine
Physical state: Liquid
Unknown, therefore the UN Test N.3 of the UN-MTC was applied.

Pyrophoric properties: However, when opening the receptacle in order to perform the test,
Pyrpherdine self-ignited spontaneously.

Classification: Pyrophoric liquid, Category 1

3.10.7.1.2. Example 2

Name: Qulipyr
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Physical state: Liquid

Pyrophoric properties: Unknown, therefore the UN Test N.3 of the UN-MTC was applied.
When poured according to the test procedure, nothing happened. The
procedure was repeated six times, each time giving a negative result
(i.e. no ignition). Therefore Qulipyr was supplied to a filter paper in
accordance with the test method. In the second trial the filter paper
was charred within five minutes.

Test result:

Classification:

Pyrophoric liquid, Category 1

3.10.7.2. Example of substances and mixtures not fulfilling the classification
criteria

3.10.7.2.1. Example 3

Name:
Physical state:

Pyrophoric properties:

Notpyratal
Liquid

Unknown, therefore UN Test N.3 of the UN-MTC was applied.

When poured according to the test procedure nothing happened in
either of six trials. Therefore Notpyratal was supplied to a filter paper
in accordance with the test method, whereupon no ignition or charring
occurred in either of three trials.

Test result:

Classification:

Not a pyrophoric liquid

3.10.8. References

Urben, Peter G. (2007). Bretherick's Handbook of Reactive Chemical Hazards, Volumes 1-2 (7th
Edition). Elsevier.

3.11. Pyrophoric solids

3.11.1. Introduction

The criteria for ‘Pyrophoric solids’ are found in Annex I, Section 2.10 of CLP and are identical to
those in Chapter 2.10 of GHS4. ‘

Pyrophoricity, i.e. the ability to spontaneously ignite in air, is the result of a reaction of a
substance or mixture with the oxygen in the air and it is a very dangerous property. The reactioh

is exothermic and has the particularity that it starts spontaneously, i.e. without the aid of a
supplied spark, flame, heat or other energy source. Another way of saying this is that the self-
ignition temperature for a pyrophoric substance or mixture is lower than room (ambient)
temperature.
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3.11.2. Definitions and general considerations for classification of pyrophoric
solids

The definition in CLP for pyrophoric solids is as follows:

Annex I: 2.10.1. Definition

Pyrophoric solid means a solid substance or mixture which, even in small quantities, is
liable to ignite within five minutes after coming into contact with air.

Special consideration on particle size

Annex I: 2.10.2.1.

[.]

Note: The test shall be performed on the substance or mixture in its physical form as
presented. If, for example, for the purposes of supply or transport, the same chemical is to
be presented in a physical form different from that which was tested and which is considered
likely to materially alter its performance in a classification test, the substance shall also be
tested in the new form.

The finer the particle size of a solid, the greater the area exposed to air will be, and since
pyrophoricity is a reaction with the oxygen in air, the particle size will greatly influence the ability
to spontaneously ignite. Hence it is very important that pyrophoric properties for solids are
investigated on the substance or mixture as it is actually presented (including how it can
reasonably be expected to be used, see Article 8(6) of CLP). This is indicated by the Note cited
in CLP Annex I, 2.10.2.1.

3.11.3. Relation to other physical hazards

Pyrophoric solids will react spontaneously with air already in small amounts and more or less
instantaneously (within minutes). This differentiates them from self-heating substances and
mixtures, which also react spontaneously with air but only when in larger amounts and after an
extended period of time (hours or days). A solid which is not classified as a pyrophoric solid may
thus belong to the hazard class self-heating substances and mixtures, and should be considered
for classification in that hazard class, see Chapter 3.12 of this guidance.

Pyrophoricity may be expected for certain reactive metals and some of their compounds (e.g.
hydrides and other organo-metal compounds). Many of these substances will also react
vigorously with water under the production of flammable gases. Such substances may thus be
classified in the hazard class substances and mixtures which in contact with water emit
flammable gases in addition to pyrophoric solid classification, see Chapter 3.13 of this guidance.
It should be noted in this context that water-reactive substances or mixtures may also to some
extent react with the humidity in air, although such a reaction is seldom vigorous. A substance
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that spontaneously ignites in air in accordance with the test procedures is to be considered
pyrophoric, regardless of the reaction mechanism.

Solids not classified as pyrophoric may still be able to burn rapidly if subjected to enough
initiating energy, such as the flame from a gas burner, to start the reaction. Therefore they may
be subject to classification in the hazard class flammable solids, see Chapter 3.8 of this guidance,

i.e. they may be 'flammablereadity—cembustible solids'.
3.11.4. Classification of substances and mixtures as pyrophoric solids

3.11.4.1. Identification of hazard information

Since the tests to determine pyrophoricity are simple and require no special equipment, see
Section 3.11.4.4 below, there is in general no reason to go to data sources instead of performing
tests. Furthermore, the possibilities of waiving tests are ample both for known pyrophores and
for substances and mixtures known not to be pyrophoric, see Section 3.11.4.2 below. If
information is taken from literature or other data sources anyway, it is of utmost importance
that the correct physical form is considered, see Section 3.1.3. Naturally, all data sources should
be carefully evaluated with regard to reliability and scientific validity.

3.11.4.2. Screening procedures and waiving of testing

Organo-metals and organo-metalloids may be suspected of being pyrophores, as well as thei
derivatives. Alseln addition, organo-phosphines and their derivatives, hydrides and thei

rivativ hal len rivativ n mplex li m how pyrophorici rben
2007). Furthermore, powders or fine particles of metals could be pyrophoric. However, althou
many solid metallic substances, like e.g. aluminium, would be suspected of being pyrophori
when considering their general reactivity, they form a protective oxide-coat upon reaction wit!
ir. This thin t of metal oxi revents the metal from reacting further, and hen

substances may not show pyrophoric behaviour in reality.

1= My 1= & % Y

There are al rophori li h n lon h ve mention r f chemicalg,
i.e. the list above is not exhaustive.

Since pyrophoric solids ignite spontaneously in air, pyrophoricity is a very dangerous property
In case of doubt it should therefore be thoroughly investigated whether a given solid i
rophoric. More information on pyrophori li .g. fi in Bretherick’s Han k

Reactive Chemical Hazards (Urben, 2007).

T~ M7

In case a solid is known from practical handling to be pyrophoric no testing is necessary. Such
solids are classified as pyrophoric solids without testing. This would also be the case if the solid
spontaneously ignites upon opening of the receptacle when trying to perform the tests for
classification.

According to the additional classification considerations in CLP:

Annex I: 2.10.4.1. The classification procedure for pyrophoric solids need not be applied
when experience in manufacture or handling shows that the substance or mixture does not
ignite spontaneously on coming into contact with air at normal temperatures (i.e. the
substance or mixture is known to be stable at room temperature for prolonged periods of

time (days)).
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3.11.4.3. Classification criteria

Section 2.10.2.1 of Annex I of CLP specifies the classification criteria:

Annex I: Table 2.10.1

Criteria for pyrophoric solids

Category Criteria

1 The solid ignites within 5 minutes of coming into contact with air.

3.11.4.4. Testing and evaluation of hazard information

In Section 2.10.2.1 of Annex I of CLP reference to the test-methods are made:

Annex I: 2.10.2.1. A pyrophoric solid shall be classified in a single category for this class
using test N.2 in part III, sub-section 33.3.1.4 of the UN RTDG, Manual of Tests and
Criteria in accordance with Table 2.10.1:

UN Test N.2 for pyrophoricity is quite simple and sufficiently described in Part III, Section 33.4.2
of the UN-MTC. No special equipment is needed. Essentially the solid is exposed to air to see if
it ignites.

It is important that samples for testing of pyrophoric properties are carefully packed and sealed.
Furthermore, the material offered for testing should be freshly prepared, since the reactive
properties may diminish due to aging or agglomeration. Whenever experiments are to be done
one should be careful - a pyrophoric solid may well ignite already upon opening the receptacle!

It should be noted that the mechanism of oxidation is, in general, very complex, and that the
humidity of air might influence the rate of reaction. It is known that certain metals will not react
in dry air, whereas in the presence of moisture the reaction is almost instantaneous (often even
trace amounts of moisture are sufficient). Therefore a false negative may result when performing
the tests in an extremely dry environment, and this condition must be avoided when performing
the tests for classification for pyrophoricity.

3.11.4.5. Decision logic

Classification of pyrophoric solids is done according to decision logic 2.10.4.1 as included in the
GHS.

0 NOTE: The person responsible for the classification of pyrophoric solids should be
experienced in this field and be familiar with the criteria for classification.

isiontogicf horie_solid

Figure 7: Decision logic for pyrophoric solids (Decision logic 2.10 of GHS)

16 This note is not part of the legal text: following an update on the UN-MTC, the correct reference is * sub-section 33.4.4’
instead of * sub-section 33.3.1.4" as indicated in the CLP Regulation.
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The substance/mixture is a solid

!

Does it ignite within 5 min after exposure to air?

Category 1

No

Danger

7

3.11.5. Hazard communication for pyrophoric solids

Not classified

3.11.5.1. Pictograms, signal words, hazard statements and precautionary

statements

Annex I: 2.10.3 Table 2.10.2

Label elements for pyrophoric solids

Classification Category 1
GHS Pictogram
Signal Word Danger

Hazard Statement

H250: Catches fire spontaneously if

exposed to air

Precautionary Statement Prevention

P210

pP222

P231 + P232

P233

P280

Precautionary Statement Response

P302 + P335 + P334

P370 + P378

Precautionary Statement Storage

Precautionary Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.
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3.11.6. Relation to transport classification

Division 4.2 within Class 4 of the UN RTDG Model Regulations covers pyrophoric solids, liquids
and self-heating substances and mixtures. The UN Tests N.2 that is used for classification for
pyrophoricity for solids according to CLP is also used for classification in the subdivision
pyrophoric substances and mixtures in Division 4.2: Substances liable to spontaneous
combustion according to the UN RTDG Model Regulations. The criteria for Category 1 according
to CLP (which is the only category for pyrophoric solids) and for packing group I in Division 4.2
according to the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) are also
exactly the same. Furthermore, all pyrophoric substances and mixtures are assigned to packing
group I within Division 4.2, which is used exclusively for pyrophoric substances and mixtures.

Therefore, any solid substanee-er+aixture-assigned to Division 4.2, packing group I according to
the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) will be classified in
Category 1 of the hazard class pyrophoric solids according to CLP. See Annex VII for additional
information on transport classification in relation to CLP classification.

3.11.7. Example of classification for pyrophoric solids

Please note that the substance and mixture names in this chapter are fictitious.

3.11.7.1. Example of substances and mixtures fulfilling the classification
criteria

3.11.7.1.1. Example 1

Name: Pyroferil
Physical state: Solid
Pyrophoric properties: | Pyroferil is known to self-ignite upon contact with air at ambient conditions.

Classification: Pyrophoric solid, Category 1

3.11.7.1.2. Example 2

Name: Zorapyrole
Physical state: Solid
Pyrophoric properties: | Unknown, therefore the UN Test N.2 of the UN-MTC was applied.

When poured from one meter height according to the test procedure,

Test result: Zorapyrole self-ignited after two minutes already in the first trial.

Classification: Pyrophoric solid, Category 1
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3.11.7.2. Example of substances and mixtures not fulfilling the classification
criteria

3.11.7.2.1. Example 3

Name: Nonopyr
Physical state: Solid

Nonopyr has been handled extensively in air and has never self-ignited. From

P e e the chemical structure no pyrophoricity is expected.

Classification: Not a pyrophoric solid

3.11.7.2.2. Example 4

Name: Pyronot

Physical state: Solid

Pyrophoric properties: | Unknown, therefore UN Test N.2 of the UN-MTC was applied.

When poured from one meter height according to the test procedure no

Test result: ignition occurred within five minutes. The procedure was repeated six times
and each time the result was negative.

Classification: Not a pyrophoric solid

3.11.8. References

Urben, Peter G. (2007). Bretherick's Handbook of Reactive Chemical Hazards, Volumes 1-2 (7th
Edition). Elsevier.

3.12. Self-heating substances and mixtures

3.12.1. Introduction

The criteria for ‘Self-heating substances and mixtures’ are found in Annex I, Section 2.11 of CLP
and are identical to those in Chapter 2.11 of GHS*.

Self-heating is the result of an exothermic reaction of a substance or mixture with the oxygen
in the air. Initially, the reaction rate may be very low. However, when the heat produced cannot
be removed rapidly enough (i.e. heat accumulation), the substance or mixture will self-heat,
with the possible consequence of self-ignition. The phenomenon can occur only where a large
surface of substance or mixture is in contact with air or oxygen (for example, piles of powders,
crystals, splinters, any other rough surface etc.). The initiation occurs usually at or near the
centre of the substance or mixture pile with the available air in the interspace between the
particles.
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supplied-and-expected-to-beused-
3.12.2. Definitions and general considerations for classification of self-
heating substances and mixtures

The definitions in CLP for self-heating substances and mixtures are as follows:

Annex I: 2.11.1.1. A self-heating substance or mixture is a liquid or solid substance or
mixture, other than a pyrophoric liquid or solid, which, by reaction with air and without energy
supply, is liable to self-heat; this substance or mixture differs from a pyrophoric liquid or solid
in that it will ignite only when in large amounts (kilograms) and after long periods of time
(hours or days).

2.11.1.2. Self-heating of a substance or a mixture is a process where the gradual reaction of
that substance or mixture with oxygen (in the air) generates heat. If the rate of heat
production exceeds the rate of heat loss, then the temperature of the substance or mixture
will rise which, after an induction time, may lead to self-ignition and combustion.

3.12.3. Relation to other physical hazards

Pyrophoric solids and liquids should not be considered for classification as self-heating
substances and mixtures.

3.12.4. Classification of substances and mixtures as self-heating

3.12.4.1. Identification of hazard information

Self-heating is a very complex phenomenon which is influenced by many parameters (some of
them being volume, temperature, particle shape and size, heat conductivity and bulk density).
Therefore, self-heating behaviour cannot be predicted from any theoretical model. In some
cases, properties might even differ between material from producers of seemingly identical or
very similar substances or mixtures. Differences in self-heating behaviour are especially to be
anticipated where surface treatment occurs in the production process. Hence, all data sources
should be carefully evaluated with regard to reliability and scientific validity.

Self-heating substances and mixtures may include the following:

e __many organometallic compounds, especially substances or mixtures containing
transition metals;

e _many organic substances or mixtures; the tendency to self-heat increases with
decreasing particle size;

e many metals, especially catalysts.

Since the surface area of a solid substance or mixture exposed to air increases with decreasing
particle size, it follows that particle size and shape will greatly influence the propensity of a
substance or mixture to self-heat. Therefore it is very important that self-heating properties for
solids, and especially powders, are determined for the substance or mixture in the form it is
supplied and expected to be used.
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1966 3.12.4.2. Screening procedures and waiving of testing

Annex I: 2.11.4.2. The classification procedure for self-heating substances or mixtures
need not be applied if the results of a screening test can be adequately correlated with the
classification test and an appropriate safety margin is applied. Examples of screening tests
are:

(a) The Grewer Oven test (VDI guideline 2263, part 1, 1990, Test methods for the De-
termination of the Safety Characteristics of Dusts) with an onset temperature 80 K above
the reference temperature for a volume of 1 I;

(b) The Bulk Powder Screening Test (Gibson, N. Harper, D.J. Rogers, R. Evaluation of the
fire and explosion risks in drying powders, Plant Operations Progress, 4 (3), 181-189,
1985) with an onset temperature 60 K above the reference temperature for a volume of 1 I.

1967 EU test methods A.15 or A.16 as described in Regulation (EC) No 440/2008 checks for self
1968  heating properties. However, the methods used areis generally inappropriate for a soun
1969 assessment_of self-heating, and the findings do not lead to a classification. Therefore, specig
1970 care must be taken if results from EU test methods A.15 or A.16 are interpreted towards a CL
1971 classification for self-heating substances and mixtures. Even if a temperature rise up to 400 °
1972  due to self-heating is not observed, such behaviour cannot be interpreted as conclusive for “n
1973 classification”.

oo — T

1974 In general, the phenomenon of self-heating applies only to solids. The surface of liquids is not
1975 large enough for reaction with air and the test method is not applicable to liquids. Therefore
1976 liquids are not classified as self-heating. However, if liquids are adsorbed on a large surface (e.qg.
1977 on powder particles_or a textile mesh), a self-heating hazard should be considered.

1978  Substances or mixtures with a low melting point (< 160 °C) should not be considered for
1979 classification in this class since the melting process is endothermic and the substance-air surface
1980 is drastically reduced. However, this criterion is only applicable if the substance or mixture is
1981 completely molten up to this temperature_(i.e. test testing basket is empty after the test).
1982 Sublimation in_the same temperature range is also effective in suppressing self-heating|.
1983 However, if some material remains in the test basket in such a way that the temperature sensof
1984 as described in UN-MTC section 33.4.6.2 c) has lost contact, it may be helpful for the¢
1985 interpretation of the findings to repeat the experiment with an additional thermocouple in place].

1986 3.12.4.3. Classification criteria

1987 A self-heating substance or mixture must be classified in one of the two categories for this
1988 class if, in a test performed in accordance with UN Test N.4 in Part III, Sub-section 33.3.—h$6|
1989  of the UN-MTC, the result meets the criteria according to following table:

Annex I: Table 2.11.1

Criteria for self-heating substances and mixtures

Category | Criteria

1 A positive result is obtained in a test using a 25 mm sample cube at 140 °C

(a) a positive result is obtained in a test using a 100 mm sample cube at 140 °C
and a negative result is obtained in a test using a 25 mm cube sample at
140 °C and the substance or mixture is to be packed in packages with a volume
of more than 3 m>3; or

2 (b) a positive result is obtained in a test using a 100 mm sample cube at 140 °C
and a negative result is obtained in a test using a 25 mm cube sample at
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140 °C, a positive result is obtained in a test using a 100 mm cube sample at
120 °C and the substance or mixture is to be packed in packages with a volume
of more than 450 litres; or

(c) a positive result is obtained in a test using a 100 mm sample cube at 140 °C
and a negative result is obtained in a test using a 25 mm cube sample at 140
°C and a positive result is obtained in a test using a 100 mm cube sample at
100 °C.

Note

The test shall be performed on the substance or mixture in its physical form as presented.

If, for example, for the purposes of supply or transport, the same chemical is to be presented
in a physical form different from that which was tested and which is considered likely to
materially alter its performance in a classification test, the substance shall also be tested in the
new form.

2.11.2.3. Substances and mixtures with a temperature of spontaneous combustion higher than
50 °C for a volume of 27 m3 shall not be classified as a self-heating substance or mixture.

2.11.2.4. Substances and mixtures with a spontaneous ignition temperature higher than 50 °C
for a volume of 450 litres shall not be assigned to Category 1 of this class.

3.12.4.4. Testing and evaluation of hazard information

A self-heating substance or mixture must be classified in one of the two categories for this class
using UN Test N.4 in Part III, Sub-section 33.3-%+4.6 of the UN-MTC.

3.12.4.4.1. General remarks

If self-heating behaviour cannot be ruled out by a screening test, further testing becomes
necessary. UN Test N.4 as described in the latest version of the UN-MTC should be used.

Explosive substances and mixtures should not be tested according to this method. For safety
reasons, it is advisable to test for explosive and self-reactive properties and to rule out
pyrophoric behaviour before performing this test. The oven should be equipped with an
appropriate pressure-release device in case an energetic decomposition is triggered by a
temperature rise. For samples containing flammable solvents explosion protection measures
have to be taken.

It is of utmost importance that in compliance with Articles 5 and 6 of CLP authentic and
representative material in the correct form and physical state be used for testing.

The tests may be performed in any order. It is suggested to start with the 25 mm sample cube
at 140 °C. If a positive result is obtained, the substance or mixture must be classified as a self-
heating substance or mixture, Category 1, and no further testing is necessary.

3.12.4.4.2. Sample preparation

The sample (powder or granular) in its commercial form should be used and should not be milled
or ground. It should be filled to the brim of the sample container and the container tapped
several times. If the sample settles, more is added. If the sample is heaped it should be levelled
to the brim. The sample container is placed in the oven as described in the UN-MTC, section
33.4.6.3.
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3.12.4.4.3. Test conduction, c€riteria and evaluation ’

A positive result is obtained if spontaneous ignition occurs or if the temperature of the sample
exceeds the oven temperature by 60 KC. The testing time is 24 hours. The time count start
when the temperature in the centre of the sample has reached a value of 2 «C below the ove
temperature. This is especially important when the sample contains solvents which evaporate
under the test conditions or when larger test volumes are used for extrapolation purposes (see
below).

Before starting UN Test N.4, the decomposition behaviour of the sample should be known. In
general, it is sufficient to perform a screening with—Differential Scanning Calorimetrqt
measurement; see UN-MTC section 20.3.3.3. Special care with respect to the interpretation

the test data is necessary when exothermic decomposition may occur at the test temperatures.
In such cases, a test under an inert atmosphere (i.e. nitrogen) should be run to determine the
temperature rise due to decomposition. Careful flushing with the chosen inert gas is essential in
such cases since otherwise much air may be retained between the crystals of the sample in the
container._If endothermic decomposition occurs during testing (for example, release of
flammable or toxic gases) the criterion of a 60 °C temperature rise according to UN-MTC section
33.4.6.3 may not be fulfilled because temperature increase is hindered by the endotherm)
However, if such dangerous reaction may be triggered by self-heating the criterion folr
classification should be considered as fulfilled. An additional thermogravimetric measurement i
advisable for assessment under these circumstances.

3.12.4.5. Decision logic

The following decision logic for self-heating substances and mixtures is applicable according to
CLP.

0 NOTE: The person responsible for the classification of self-heating substances and mixtures
should be experienced in this field and be familiar with the criteria for classification.
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Annex I: Figure 2.11.1.

Self-heating substances and mixtures

SUBSTANCE/MIXTURE

.

Does it undergo dangerous self-heating when
tested in @ 100 mm sample cube at 140 °C?

:

Does it undergo dangerous self-heating when
tested in a 25 mm sample cube at 140 °C?

£

Is it packaged in more than 3 m?3?

Ry

YES

0

Does it undergo dangerous self-heating when
tested in a 100 mm sample cube at 120 °C?

:

NOT CLASSIFIED

Category 1

®

Danger

Category 2

®

Warning

NO

3

Is it packaged in more than 450 litres volume?

0

Does it undergo dangerous self-heating when
tested in a 100 mm sample cube at 100 °C?

a

NOT CLASSIFIED

YES

&l
®

NOT CLASSIFIED

Category 2

®

Warning

Category 2

Warning

3.12.4.6. Exemption

2+41 The following exemptions apply (see Section2-++4-32.11.2.3 and 2.11.2.4):
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e Substances and mixtures with a temperature of spontaneous combustion higher than
50 °C for a volume of 27 m3 must-shall not be classified as a self-heating substance of
mixture.

e Substances and mixtures with a spontaneous ignition temperature higher than 50 °C for
a volume of 450 litres must not be assigned to Category 1 of this class.

However the UN MTC does not prowde any gmdance on how these values should be determlned

se%aFgeHeJﬁmes—aka%pFevedﬂﬂedthas—teﬁbeﬂsee%According to Grewer (Grewer, 1994),

plotting the logarithm of the volume to surface ratio (log (V/A)) versus the reciprocal
temperature gives good results without knowledge of the Frank-Kamenetzskii (Fran
Kamenetzskii, 1969) shape factor. This method had first been suggested by Leuschke (Leuschke),

1976 and 1981) as an empirical alternative to the Frank-Kamenetskii approach. ‘

The critical temperature for a volume of 450 | or 27 m3 can be found by extrapolation of the
critical temperature in a log (V/A) vs. 1/T plot (see Figure 8):

Figure 8: Extrapolation towards large volumes

Temperature in °C

240 220 200 180 160 140 120 100 90 80 70 60 50
27 m3
0,4 3 = 10m3
-0,6 ] [Extrapolation to 27 m?
-0,8 7 1m3
_1’0 p
12 100 L
£ ' Note: sample gave positive o
S 149 ||resultat 140 °C/ 1 liter g
T 16 E]
; < /,/ 6L 2
S -18 ] Py ; ' B
S |. positive result 400mL g
-2,0 /=/ | negative result| 110mL &
_2’2 p
2,47 %74n 16 mL
-2,6 § /\J Linear regression lines
28] % |
-3,0 T r T T T T 7 T T

0,0019 0,0020 0,0021 0,0022 0,0023 0,0024 0,0025 0,0026 0,0027 0,0028 0,0029 0,0030 0,0031
reciprocal abs. Temperature in 1/K

A standardized procedure can be found in EN 15188:2020 “Determination of the spontaneous
ignition behaviour of dust accumulations”.

The test setup is essentially the same as in UN Test N.4 of the UN-MTC but now the sample size
and possibly the shape are systematically varied. The criteria of Section 3.12.4.3 apply as well.

The critical temperature must be determined over a range of at least four different volumes and
with a volume not smaller than 16 ml. If possible, larger volumes should be also tested. The
borderline temperature should be determined as precisely as possible. For small volumes (< 1
litre), the temperature rise due to self-heating may be considerably less than 60 °CK; in thi}s
case a noticeable temperature rise is interpreted as a positive result.
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A conservative approach is required for the evaluation. The uncertainty of measurement must
be taken into account. The extrapolation must be based on a linear regression of the negative
and positive borderline data sets in the log (V/A) vs. 1/T diagram. Fhe-maximum—permissible

i e i —An exemption may be claimed
if the more conservative endpoint for the particular volume is well beyond 50 °C (i.e. 55 °C or
higher).

It should be noted that the slope of the line in the 1/T vs. volume diagram depends on the
individual activation energy of the substance or mixture, and therefore it may vary within certain
limits. It must be born in mind that this test regime has been developed to facilitate classification
and that it may not suffice to solve safety issues in storage.

A significant increase in the accuracy of the extrapolation can be achieved by conducting tests
on a semi-industrial scale. Experiments up to a volume of 1 m3 are presented in Martin Schmidt
et al., 2022. For all materials investigated so far, the critical temperatures of the 1 m3 sample
were higher than predicted by the extrapolation of laboratory tests according to Leuschke.

In Martin Schmidt et al., 2022, a further screening method based on the direct measurement of
the heat flows at process temperatures (microcalorimetric low-temperature measurements) is
also introduced.

3.12.5. Hazard communication for self-heating substances or mixtures

3.12.5.1. Pictograms, signal words, hazard statements and precautionary
statements

Annex I: Table 2.11.2

Label elements for self-heating substances and mixtures

Classification Category 1 Category 2

GHS Pictograms

Signal Word Danger Warning

Hazard Statement H251: Self-heating; may | H252: Self-heating in large

catch fire quantities; may catch fire
Precautionary Statement p235 p235
Prevention P280 P280
Precautionary Statement Response
P407 P407
Precautionary Statement Storage P413 P413
P420 P420

Precautionary Statement Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.
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3.12.6. Relation to transport classification

Division 4.2 - substances and mixtures liable to spontaneous combustion - within Class 4 of the
UN RTDG Model Regulations comprises the following entries:

a. pyrophoric substances and mixtures ;
b. self-heating substances and mixtures.

Whereas pyrophoric substances and mixtures in the modal transport regulations (ADR, RID, ADN
and IMDG Code, ICAO TI) are assigned to packing group I, self-heating substances and mixtures
are assigned to packing groups II and III. In cases where a substance or mixture is classified in
Division 4.2, packing group II or III, the translation into the CLP system is straightforward.

It should be kept in mind that transport classification is based on prioritisation of hazards (see
UN RTDG Model Regulations, Section 2.0.3) and that self-heating substances and mixtures have
a relatively low rank in the precedence of hazards. Therefore, the translation from the modal
transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) to CLP should be only done if a
transport classification as self-heating is explicitly available. The conclusion that a substance or
mixture not classified as self-heating for transport should not be classified as a self-heating
substance or mixture according to CLP is, in general, not correct. See Annex VII for additional
information on transport classification in relation to CLP classification.

3.12.7. Example of classification for self-heating substances or mixtures

3.12.7.1. Example of substances and mixtures fulfilling the classification
criteria

An _example for the classification procedure is shown in the following diagrams obtained fron
performing the UN N.4 test according to the UN-MTC.

Figure 9:_Results of UN N.4 Test according to the UN-MTC
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UN N.4 Test at 140 °C in 25 mm cube
UN N.4 Test at 140 °C in 100 mm cube
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2.— Oven temperature
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The temperature rises in the 25 mm cube from 140 °C to 146 °C (first diagram) and in the 10
mm _cube from 100 °C to 118 °C (last diagram). At 120 °C and 140 °C in the 100 cube, the¢
temperature increase is far beyond 60 °C.

For a substance or mixture packaged in a volume of 1000 litres, the classification comes to the¢
following result.

Figure 10: Results of UN N.4 Test according to the UN-MTC

Test Sample

.

Does it undergo dangerous self-heating when tested in a
100 mm sample cube at 140°C?

Does it undergo dangerous self-heating when tested in a
25 mm sample cube at 140°C?

NO

;

Is it packaged in more than 3 m??

N

:

Does it undergo dangerous self-heating when tested in a
100 mm sample cube at 120°C?

YES
Category 2

Is it packaged in more than 450 litres volume? IE> @

Warning

3.12.7.2. Example of substances and mixtures not fulfilling the classification
criteria

In general, liquids show no self-heating behaviour unless adsorbed on a large surface.

Scientific background

A basic model for the thermal explosion of solids was first developed by Frank-KamenetzskJi
(Frank-Kamenetzskii, 1969). It is based on the assumption that only the heat loss by thermal
conduction is relevant for the phenomenon. In this case, the critical criterion for a thermal
runaway reaction can be described as a linear relationship between the reciprocal absolute
temperature and the logarithm of volume.

The classification scheme of the UN for self-heating substances and mixtures is based on charcoal
as a reference system. The critical temperature for a 1 litre cube of charcoal is 140 °C and for a
cube of 27 m3 50 °C. When a parallel line is drawn in the 1/T vs. logarithm of volume diagram
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from the reference points 1 litre / 120 °C and 1 litre / 100 °C, the corresponding volumes for a
critical temperature of 50 °C are found to be 3 m3 and 450 |, respectively (see ). The black
dotted line in separates Category 1 from Category 2. For examples of results felewing
theobtained in Test N.24 see Section 33.3.4-4.6.5 of UN-MTC.
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3.13. Substances or mixtures which, in contact with water, emits
flammable gases

3.13.1. Introduction

The criteria for ‘Substances and mixtures which, in contact with water, emit flammable gases’
are found in Annex I, Section 2.12 of CLP and are identical to those in Chapter 2.12 of GHS*.

Depending on the chemical structure and/or the physical state (e.g. particle size) substances or
mixtures may be able to react with water (even damp / air humidity) under normal ambient
temperature conditions. Sometimes this reaction can be violent and/or with significant
generation of heat. Especially if gases are evolved this reaction may become very dangerous
during use. In addition, it is important to know whether a substance or mixture emits flammable
gases after contact with water because special precautions are necessary especially with regard
to explosion protection.

Examples are demonstrated in the following table.

Table 2: Examples of hazards, depending on the property of the emitted gas, when substances
and mixtures are in contact with water

Type of Example of the hazard CLP Reference
emitted gas
Gas e Heating up of the substance Annex II, 1.1.3:
(in general) Supplemental hazard
e Splashing of the substance and thus e.g. information:
contact with skin etc. or additional risk during
fire fighting EUHO014*

e Pressure rise and bursting of e.g. the
packaging, tank

Flammable gas e Ignition Annex I, 2.12:
H260/H261
e Flash of fire
Toxic gas o Damage to health: intoxication (acute) Annex II, 1.2.1:
Supplemental hazard
information:
EUHO029

* For supplemental hazard information: see Section Error! Reference source not found.

3.13.2. Definitions and general considerations for classification of substances
or mixtures which, in contact with water, emits flammable gases

The following definition is given in CLP for substances and mixtures which, in contact with water,
emit flammable gases (CLP Annex I, 2.12).

Annex I: 2.12.1. Substances or mixtures which, in contact with water, emit flammable gases
means solid or liquid substances or mixtures which, by interaction with water, are liable to
become spontaneously flammable or to give off flammable gases in dangerous quantities.
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3.13.3. Relation to other physical hazards

If the chemical identity of the emitted gas is unknown, the gas must be tested for flammability

(unless it ignites spontaneously). OtherthanunderBSB/BPB,pPyrophoric liquids and pyrophoric

solids have to be considered for classification in this hazard class as well and data about
pyrophoric properties are needed prior to testing for this hazard class.

3.13.4. Classification of substances and mixtures which, in contact with
water, emits flammable gases

3.13.4.1. Identification of hazard information

For the classification of substances and mixtures which, in contact with water, emit flammable
gases the following data are needed, if applicable:

e chemical structure;

e water solubility;

e chemical identity and flammability of the emitted gas;

e pyrophoric properties of the tested substance or mixture;

e particle size in case of solids;

o friability in case of solids;

e hazard properties in general;

e information concerning the experience in production or handling.

See also IR & CSA, Chapter R.7a: Endpoint specific guidance, Section R.7.1.7 (Water solubility),
R.7.1.14 (Granulometry).

Information about the chemical structure is used to check whether the substance or mixture
contains metals and/or metalloids.

Many different types of chemicals may belong to the hazard class of substances and mixtures
which, in contact with water, emit flammable gases, for example, alkali metals, alkyl aluminium
derivatives, alkyl metals, metal hydrides, metal phosphides, certain metal powders. A
comprehensive list can be found in Bretherick’s Handbook of Reactive Chemical Hazards (Urben,

2007).

The water solubility is used to decide whether the substance or mixture is soluble in water to
form a stable mixture. This may also be decided based on information concerning experience in
handling or use, e.g. the substance or mixture is manufactured with water or washed with water
(see Section_Error! Reference source not found.).

The chemical identity of the emitted gas is used to decide whether the evolved gas is flammable
or not. If the chemical identity of the emitted gas is unknown, the gas must be tested for
flammability (see Section 2.2).

In case of pyrophoric substances and mixtures the UN Test N.5 of the UN-MTC, Part III, Section
33.5.4.4-3-+ must be executed under nitrogen atmosphere. Therefore, data about pyrophoric
properties are needed prior to testing.
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The melting point, boiling point and information about viscosity are necessary to identify the
physical state of the substance or mixture. See also IR & CSA, Chapter R.7a: Endpoint specific
guidance, Section R.7.1.2 (Melting point/freezing point), R.7.1.3 (Boiling point), R.7.1.18
(Viscosity).

Even though the UN Test N.5 can be applied to both, solids and liquids, these data are necessary
to decide whether information concerning the friability (for solids) in accordance with the test
method is necessary.

The particle size and the friability of a solid substance or mixture are crucial parameters for the
classification of substances and mixtures which, in contact with water, emit flammable gases.
These parameters have a significant effect on the test result. Thus specific requirements
regarding the particle size and the friability are prescribed in the UN Test N.5. For further details
regarding the test procedure see Section Error! Reference source not found..

The references in Section 3.13.8 provide good quality data on physical hazards.

3.13.4.2. Screening procedures and waiving of testing

For the majority of substances and mixtures, flammability as a result of contact with water is
not a typical property and testing can be waived based on a consideration of the structure and
experiences in handling and use.

Annex I: 2.12.4.1. The classification procedure for this class need not be applied if:

a) the chemical structure of the substance or mixture does not contain metals or
metalloids; or

b) experience in handling and use shows that the substance or mixture does not react with
water, e.g. the substance is manufactured with water or washed with water; or

c) the substance or mixture is known to be soluble in water to form a stable mixture.

3.13.4.3. Classification criteria

Annex I: Table 2.12.1

Criteria for substances or mixtures which in contact with water emit flammable gas

Category | Criteria

Any substance or mixture which reacts vigorously with water at ambient
temperatures and demonstrates generally a tendency for the gas produced to

1 ignite spontaneously, or which reacts readily with water at ambient temperatures
such that the rate of evolution of flammable gas is equal to or greater than 10
litres per kilogram of substance over any one minute.

Any substance or mixture which reacts readily with water at ambient temperatures
such that the maximum rate of evolution of flammable gas is equal to or greater
than 20 litres per kilogram of substance per hour, and which does not meet the
criteria for Category 1.

Any substance or mixture which reacts slowly with water at ambient temperatures
3 such that the maximum rate of evolution of flammable gas is equal to or greater
than 1 litre per kilogram of substance per hour, and which does not meet the
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criteria for Categories 1 and 2.

Note:

The test shall be performed on the substance or mixture in its physical form as presented. If
for example, for the purposes of supply or transport, the same chemical is to be presented in
a physical form different from that which was tested and which is considered likely to
materially alter its performance in a classification test, the substance must also be tested in
the new form.

2.12.2.2. A substance or mixture shall be classified as a substance or mixture which in
contact with water emits flammable gases if spontaneous ignition takes place in any step of
the test procedure.

3.13.4.4. Testing and evaluation of hazard information

3.13.4.4.1. Testing procedure

Care must be taken during testing as the emitted gas might be toxic or corrosive.

The testing procedure for substances and mixtures which in contact with water emit flammable
gases is sensitive to a number of influencing factors and therefore must be carried out by
experienced personnel. Some of these factors are described in the following:

1. Apparatus / measuring technique

In UN Test N.5 no special laboratory apparatus / measuring technique to determine the rate of
gas evolution is required and no reference material is prescribed. As demonstrated in the past
by a round robin test (Kunath, K. et al. 2011), the gas evolution rate measured by different
apparatuses may vary widely. Therefore in order to avoid measuring and classification errors
adequate quality control measures are necessary to validate the results and should be noted in
the test report.

2. Particle size and/or friability

The particle size of a solid has a significant effect on the test result. Therefore, if for solids the
percentage of powder with a particle size of less than 500 um constitutes more than 1 % of the
total mass, or if the substance or mixture is friable, then the complete sample must be ground
to a powder before testing to account for a possible reduction in particle size during handling
and transport.

In certain cases, grinding may not be applicable and/or the sample cannot be ground completely
to a particle size of less than 500 pm (e.g. metal granules).

Information on these pre-treatments and the respective procedures, the particle size and the
friability has to be provided in the test report.

3. Atmospheric parameters

Variations of the atmospheric parameters (mainly air pressure and temperature) during the test
have a considerable influence on the test result. Therefore the substance or mixture must be
tested at 20 °C, i.e. make sure that the test apparatus is acclimatised to 20 °C.

On the other hand it is difficult to regulate and stabilise the air pressure during the testing. To
characterise this influencing factor and to avoid false positive results, an additional ‘blank test’
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2268 s highly recommended. The results of the blank test should be noted in the test report.

2269 4. Test with demineralised (distilled) water

2270  The UN Test N.5 is performed with demineralised (distilled) water. In practice, contact with
2271 water can be to water in the liquid state (fresh water, sea water) or humid air, respectively.
2272 Note that the reactivity and thus the gas evolution rate observed in practice may differ from
2273 the gas evolution rate value measured using demineralised water. This should be taken into
2274  account when handling substances and mixtures which in contact with water emit flammable
2275 gases.

2276 5. Stirring procedures during the test

2277  Stirring of the sample or water mixture during the test may have a considerable effect on the
2278  test result (e.g. significant increase or decrease of the gas evolution rate). Therefore, the sample
2279 or water mixture should not be stirred continuously during the test, e.g. by an automatic
2280 magnetic stirrer, even if the test sample has hydrophobic properties and moistening of the
2281  sample becomes impossible (see Kunath K. et al., 2011).

2282 6. Spontaneous ignition

2283  Spontaneous ignition of the evolved gas without contact with an additional ignition source, i.e.
2284  without the flame of the gas burner results in classification as Category 1. This does not
2285 necessarily mean that the evolved gas is pyrophoric but often the heat of reaction is sufficient
2286  to ignite the evolved gas (e.g. the hydrogen evolved when sodium reacts with water).

2287 3.13.4.4.2. Evaluation of hazard information

2288 In order to accurately interpret the test results the evaluating person must have sufficient
2289  experience in the application of the test methods and in the disturbing / influencing factors as
2290  described above.

2291  The evaluation of data comprises two steps:

2292 e evaluation of all available data; and

2293 e identification of the study or studies giving rise to the highest concern (key studies).
2294  The criteria for assignment to Category 2 or 3 are gas evolution rates of 20 and 1 litre per
2295 kilogram of substance or mixture per hour, respectively, but for Category 1 the relevant criterion
2296 is 10 litres per kilogram of substance or mixture over any one minute period (if the gas does not

2297  ignite spontaneously). This has to be considered while testing and for correct evaluation of the
2298 test results.

2299 The assignment to the respective hazard class/category will further determine the technical
2300 means to be taken to avoid dangerous events which, in combination with other safety
2301 characteristics such as i) explosion limits, ii) flash points (applicable only for liquids) or iii) self-
2302  ignition temperature, can lead to clear restrictions in the conditions of use.

2303 3.13.4.5. Decision logic

2304  Classification of substances and mixtures which, in contact with water, emit flammable gases is
2305 done according to decision logic 2.12.4.1 as included in the GHS.

0 NOTE: The person responsible for the classification of substances and mixtures which, in
contact with water, emit flammable gases should be experienced in this field and be familiar
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with the criteria for classification.

2306 Figure 12: Decision logic for substances and mixtures which, in contact with water, emit
2307 flammable gases (Decision logic 2.12 of GHS)

Substance/mixture

v

In contact with water, does it react slowly at ambient temperatures such No
that the maximum rate of evolution of flammable gas is =-> 1 litre per » Not classified
kg of substance per hour?

l Yes Category 1

In contact with water, does the substance react vigorously with water at
ambient temperatures and demonstrate generally a tendency for the gas Yes
produced to ignite spontaneously, or does it react readily with water at >
ambient temperatures such that the rate of evolution of flammable gas is
> 10 litres per kg of substance over any one minute?

®

Nannar

\

No

Category 2

A 4

In contact with water, does it react readily with water at ambient Yes

temperatures such that the maximum rate of evolution of flammable >
gas is = 20 litres per kg of substance per hour?

®

Nannar

No

\

Category 3

&

Warnina

\

2308

2309 3.13.5. Hazard communication for substances or mixtures which, in contact
2310 with water, emits flammable gases

2311 3.13.5.1. Pictograms, signal words, hazard statements and precautionary
2312 statements

Annex I: Table 2.12.2

Label elements for substances or mixtures which in contact with water emit
flammable gases

Classification Category 1 Category 2 Category 3




2313
2314

2315
2316
2317
2318

2319

Title
Subtitle

129

GHS Pictograms

Signal Word

Danger

Danger

Warning

Hazard Statement

H260:

In contact with water
releases flammable
gases which may
ignite spontaneously

H261:

In contact with
water releases
flammable gases

H261:

In contact with
water releases
flammable gases

Statement Disposal

Precautionary P223 P223
Statement
Prevention P231 + P232 P231 + P232 P231 + P232
P280 P280 P280
Precautionary P302 + P335 + P334 P302 + P335 +
Statement Response P334
P370 + P378 P370 + P378
P370 + P378
Precautionary P402 + P404 P402 + P404 P402 + P404
Statement Storage
Precautionary P501 P501 P501

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.13.5.2. Additional labelling provisions

Annex II of CLP provides the following additional labelling provisions for water-reactive
substances and mixtures. These statements must be assigned in accordance with CLP, Article
25 (1), to substances and mixtures classified for physical, health or environmental hazards.

There are no criteria or test methods provided for these EUH statements.

Annex II: 1.1.31.

EUHO014 - 'Reacts violently with water’

For substances and mixtures which react violently with water, such as acety! chloride, alkali
metals, titanium tetrachloride.

Annex II: 1.2.1.

EUHO029 - 'Contact with water liberates toxic gas'

For substances and mixtures which in contact with water or damp air, evolve gases classified
for acute toxicity in category 1, 2 or 3 in potentially dangerous amounts, such as aluminium
phosphide, phosphorus pentasulphide.
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3.13.6. Relation to transport classification

Division 4.3 within Class 4 of the UN RTDG Model Regulations covers substances and mixtures
which in contact with water emit flammable gasses. Substances and mixtures which are classified
and/or labelled in Division 4.3 in the modal transport regulations (ADR, RID, ADN and IMDG
Code, ICAO TI) are classified as substances and mixtures which, in contact with water, emit
flammable gases under CLP. See Annex VII for additional information on transport classification
in relation to CLP classification.

3.13.7. Example of classification for substances or mixtures which, in contact
with water, emits flammable gases

3.13.7.1. Example of substances and mixtures fulfilling the classification
criteria

3.13.7.1.1. Example 1

PYROPHORIC SUBSTANCE FULFILLING THE CRITERIA FOR CLP CLASSIFICATION

Substance: Magnesium alkyls (Index No. 012-003-00-4)
Chemical structure: RoMg

Flammable gas: Hydrogen

Gas evolution rate: Nrot applicable

Spontaneous ignition: Nrot possible due to the nitrogen atmosphere during the

UN Test N.5
Transport classification: -
Reference: Former Annex I to DSD and Annex VI to CLP

Water-react. 1; H260
= CLP Classification:
Pyr. Sol. 1; H250

Supplemental Hazard Information: EUHO14

3.13.7.2. Example of substances and mixtures not fulfilling the classification
criteria

3.13.7.2.1. Example 2

MANGANESE ETHYLENE BIS (DITHIOCARBAMATE) COMPLEX WITH ZINC SALT 88 %
(MANCOZEB)
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Gas evolution rate: 0 litres per kilogram of substance per hour.
Spontaneous ignition: Nrot applicable
Transport classification: Nrot Class 4.3
Reference: UN Test N.5, UN-MTC Fable 33-4-1-4-5section 33.5.4.5
T Not classified as substance which, in contact with
= CLP Classification: -
water, emit flammable gases
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3.14. Oxidising liquids

3.14.1. Introduction

The criteria for ‘Oxidising liquids’ are found in Annex I, Section 2.13 of CLP and are identical to
those in Chapter 2.13 of GHS*.

The hazard class oxidising liquids comprises liquid substances and mixtures whose hazard is
characterised by the fact that, in contact with other materials, they are able to cause or
contribute to the combustion of those materials. The other materials do not necessarily have to
belong to a certain hazard class in order to be able to be affected by the presence of oxidising
substances or mixtures. This is for example the case when a solid material (e.g. wood) is soaked

( Field Code Changed

[ Field Code Changed
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with an oxidising liquid.

Certain combinations of combustible materials and oxidising substances or mixtures may even
result in spontaneous combustion, thermal instability or form an explosive mixture;—this-meanrs

mixtures.

Although widely known as oxidising materials, their hazard and behaviour might be better
understood by considering them to be fire enhancing substances or mixtures.

Apart from the combustion hazard, the production of toxic and/or irritating fumes may cause an
additional hazard. For example, when nitrates are involved in a fire, nitrous fumes may be
formed.

The testing procedure and criteria for oxidising substances or mixtures de-ret-werkpreperiyare
not appropriate for ammonium nitrate compounds or solutions, ammonium nitrate based
fertilizers and ammonium nitrate emulsions, suspensions or gels_due to their complex hazard
profiles. Therefore for classification and labelling of substances or mixtures containing
ammonium nitrate, known experience should be used and expert judgement should be sought.
For the classification procedures for ammonium nitrate emulsions, suspensions or gels -
intermediate for blasting explosives, see Chapter Error! Reference source not found. of this
guidance.

Annex I: 2.13.4.3

In the event of divergence between test results and known experience in the handling and
use of substances or mixtures which shows them to be oxidising, judgments based on
known experience shall take precedence over test results.

3.14.2. Definitions and general considerations for classification of oxidising
liquids

The CLP text comprises the following definition for oxidising liquids.

Annex I: 2.13.1. Definition

Oxidising liquid means a liquid substance or mixture which, while in itself not necessarily
combustible, may, generally by yielding oxygen, cause, or contribute to, the combustion of
other material.

3.14.3. Relation to other physical hazards

Oxidising liquids that are mixed with combustible materials or reducing agents may have
explosive properties and should be considered for classification in the hazard class Explosives
(including the applicable screening procedures), see Chapter Error! Reference source not
found. of this guidance_or as self-reactive substances and mixtures, see CLP, Annex I, 2.8.2.1
(b) and Chapter 2.8 of this guidance.

In rare cases, mixtures with oxidising liquids may exhibit self-reactive behaviour, see Chapter
Error! Reference source not found. of this guidance. Expert judgement should be sought in
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case of doubt.

The classification procedure and crlterla for OXIdISIng substances or mlxtures |s not appllcable
for organic peroxides. Y W i
er—ﬁm*tufe“rbeeaus&e«%ﬁwpfeseﬂeeeﬁme—e-e—beﬁe#The maJorlty of the organlc peroXIde
do not possess oxidising properties; their main hazards are reactivity and flammability. Under
CLP organic peroxides are comprised in a separate hazard class (CLP Annex I, 2.15) and they
must not be considered according to the procedures described for oxidising liquids. Organic
peroxides were classified as oxidising (O; R7) according to the DSD, which was not appropriate
since the vast majority of them do not exhibit oxidising properties.

Inorganic oxidising liquids are not flammable and therefore do not have to be subjected to the
classification procedures for the hazard classes flammable liquids or pyrophoric liquids. Also
other liquids that are classified as oxidising liquids are normally not flammable, although a few
exemptions may exist. Expert judgement should be sought in case of doubt.

3.14.4. Classification of substances and mixtures as oxidising liquids

3.14.4.1. Identification of hazard information

Oxidising liquids may cause, or contribute to, the combustion of other material. Although the
definition states that they generally do this by yielding oxygen, halogens can behave in a similar
way. Therefore, any substance or mixture containing oxygen and/or halogen atoms should in
principle be considered for inclusion into the hazard class oxidising liquids. This does not
necessarily mean that every substance or mixture containing oxygen and/or halogen atoms
should be subjected to the full testing procedure.

3.14.4.2. Screening procedures and waiving of testing

Liquids that are classified as explosives should not be subjected to the testing procedures for
oxidising liquids.

Organic peroxides should be considered for classification within the hazard class organic
peroxides, see Chapter Error! Reference source not found. of this guidance._For exceptiong|
cases, in particular low concentrated peroxyacetic acid formulations see 2" paragraph in section

2.15.6.

D &

Before submitting a substance or a mixture to the full test procedure, an evaluation of its
chemical structure may be very useful as it may prevent unnecessary testing. The person
applying this procedure should have sufficient experience in testing and in theoretical evaluation
of hazardous substances and mixtures. Some substances may react exothermally with the
hydroxy groups in the cellulose molecule without affecting its polymeric structure. This reaction
occurs spontaneously upon mixing and should not be interpreted as an oxidation. Substances
known for such false positive behaviour are isocyanates and acid halides. Further, Fthe following
text provides a guideline for the theoretical evaluation of potential oxidising properties on basis
of its composition and chemical structure. In case of doubt, the full test must be performed.

The CLP text comprises the following screening considerations:

Annex I: 2.13.4.1.

For organic substances or mixtures the classification procedure for this hazard class need nof
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to be applied if:

(a) the substance or mixture does not contain oxygen, fluorine or chlorine; or

(b) the substance or mixture contains oxygen, fluorine or chlorine and these elements are
chemically bonded only to carbon or hydrogen.

2.13.4.2.

For inorganic substances or mixtures, the classification procedure for this hazard class need
not be applied if they do not contain oxygen or halogen.

On basis of this theoretical evaluation only a distinction can be made between ‘potentially
oxidising’ (i.e. further testing required) and ‘non-oxidising’ (i.e. no further testing for this hazard
class required). It is not possible to assign a hazard category on basis of a theoretical evaluation.
Even though classification cannot be excluded based on screening, in some cases it might not
be necessary to test a substance or mixture. However, this decision requires expert judgement.

Any substance or mixture that complies with the above waiving criteria can be safely regarded
to have no oxidising properties and, hence, needs not to be tested and needs not to be regarded
as an oxidising liquid. However, such a substance or mixture may still possess other hazardous
properties that require classification into another hazard class.

In case a mixture of an oxidising substance and a non-hazardous inert substance is offered for
classification, the following should be taken into account:

e An inert material by definition does not contribute to the oxidising capability of the
oxidising substance. Hence, the mixture can never be classified into a more severe
hazard category.

e If an oxidising substance is mixed with an inert material, the oxidising capability of the
mixture does not linearly decrease with decreasing content of oxidising substance. The
relationship is more or less logarithmic and depends on the characteristics of the
oxidising substance. For instance, a mixture containing 50 % of a strong oxidiser and
50 % of an inert material may retain 90 % of the oxidising capability of the original
oxidising component. Non-testing classification of mixtures based solely on test data for
the original oxidising substance should therefore be done with extreme care and only, if
sufficient experience in testing exists.

e The determination of the oxidising properties of an aqueous solution of solid oxidising
substances and the classification as an oxidising mixture is not necessary provided that
the total concentration of all solid oxidisers in the aqueous solution is less than or equal
to 20 % (w/w).
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3.14.4.3. Classification criteria

The testing procedures for oxidising liquids are based on the capability of an oxidising liquid to
enhance the combustion of a combustible material. Therefore, in the applicable test methodl
substances and mixtures that are submitted for classification testing are mixed with a
combustible material. Fa—principte—dDried fibrous cellulose is used as a combustible materia||.
The mixture of the potentially oxidising liquid and cellulose is then ignited and its behaviour is
observed and compared to the behaviour of reference materials.

For liquids the mixture with cellulose is ignited under confinement in an autoclave and the
pressure rise rate that is caused by the ignition and the subsequent reaction is recorded. The
pressure rise rate is compared to that of three reference material mixtures. The higher the
pressure rise rate, the stronger the oxidising capability of the liquid tested.

Annex I: 2,13.2.1.

An oxidising liquid shall be classified in one of the three categories for this class using test
0.2 in Part III, sub-section 34.4.2 of the UN RTDG, Manual of Tests and Criteria in
accordance with Table 2.13.1:

Table 2.13.1

Criteria for oxidising liquids

Category | Criteria

Any substance or mixture which, in the 1:1 mixture, by mass, of substance (or
mixture) and cellulose tested, spontaneously ignites; or the mean pressure

1 rise time of a 1:1 mixture, by mass, of substance (or mixture) and cellulose is

less than that of a 1:1 mixture, by mass, of 50 % perchloric acid and cellulose.

Any substance or mixture which, in the 1:1 mixture, by mass, of substance (or
mixture) and cellulose tested, exhibits a mean pressure rise time less than or
2 equal to the mean pressure rise time of a 1:1 mixture, by mass, of 40 %
aqueous sodium chlorate solution and cellulose; and the criteria for Category 1
are not met.

Any substance or mixture which, in the 1:1 mixture, by mass, of substance (or
mixture) and cellulose tested, exhibits a mean pressure rise time less than or
3 equal to the mean pressure rise time of a 1:1 mixture, by mass, of 65 %
aqueous nitric acid and cellulose; and the criteria for Category 1 and 2 are not
met.

For additional information regarding the use of non-testing data see Section Error! Reference
source not found. below and Urben, 2007 (see Section 3.14.7).

3.14.4.4. Testing and evaluation of hazard information

The test methods for oxidising liquids are designed to give a final decision regarding their
classification. Apart from testing, also experience in the handling and use of substances or
mixtures which shows them to be oxidising is an important additional factor in considerin
classification in this hazard class. The CLP text comprises the following classificatio?u
consideration: ‘
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Annex I: 2.13.4 Additional Classification Considerations

2.13.4.3 In the event of divergence between test results and known experience in the
handling and use of substances or mixtures which shows them to be oxidising,
judgements based on known experience shall take precedence over test results.

must not be classified into a less severe Category or as non-oxidising based on experience only
3.14.4.5. Decision logic

Classification of oxidising liquids is done according to decision logic 2.13 as included in the GHS.

@ NOTE: The person responsible for the classification of oxidising liquids should be experienced
in this field and be familiar with the criteria for classification.

Figure 13: Decision logic for oxidising liquids (Decision logic 2.13 of GHS)
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The substance/mixtures is a liquid
L . . No
Does it, in the 1:1 mixture, by mass, of substance (or mixture) Not
and cellulose tested, exhibits a pressure rise = 2070 kPa (gauge)? classified
Yes
y
Does it, in the 1:1 mixture, by mass, of substance (or mixture)
and cellulose tested, exhibit a mean pressure rise time less than or No Not
equal to the mean pressure rise time of a 1:1 mixture, by mass, of classified
65 % aqueous nitric acid and cellulose?
Yes Category 3
Does it, in the 1:1 mixture, by mass, of substance (or mixture) No ﬁ
and cellulose tested, exhibit a mean pressure rise time less than or |
equal to the mean pressure rise time of a 1:1 mixture, by mass, of
40 % aqueous sodium chlorate and cellulose? .
Warning
Yes \_/
Category 2
Does it, in the 1:1 mixture, by mass, of substance (or mixture) No

and cellulose tested, spontaneously ignite or exhibit a mean
pressure rise time less than that of a 1:1 mixture, by mass, of 50
% perchloric acid and cellulose?

Yes

A\ 4

@

Warning

\

Category 1

3.14.4.6. Hazard communication for oxidising liquids

@

Danager

\

3.14.4.6.1. Pictograms, signal words, hazard statements and precautionary

statements

The pictograms and hazard statements are designed to indicate that oxidising substances and
mixtures may cause or contribute to fire or explosion and therefore in principle should be

separated from combustible materials.

Annex I: Table 2.13.2
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Label elements for oxidising liquids
Category 1 Category 2 Category 3
GHS Pictograms ﬁ ﬁ ﬁ
Signal Word Danger Danger Warning
Py SHERETE H271 : M.fvy cause flr.e'or H272: I'Vlay./n.tenS/fy H272.' If4ay'/n.ten51fy
explosion; strong oxidiser fire; oxidiser fire; oxidiser
P210
P210 P210
Precautionary P220
Statement P220 P220
Prevention P280
P280 P280
P283
P306 + P360
Precautionary
Statement P371 + P380 + P37 P370 + P378 P370 + P378
Response
P370 + P378
Precautionary
Statement P420
Storage
Precautionary
Statement P501 P501 P501
Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.14.5. Relation to transport classification

Division 5.1 within Class 5 of the UN RTDG Model Regulations covers oxidising liquids and
oxidising solids, using the same tests and criteria as the CLP. Therefore, a liquid substance or
mixture classified as Division 5.1 (sometimes referred to as Class 5.1) according to any of the
modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) is normally also classified
as an oxidising liquid according to the CLP. Packing Groups I, II and III of the transport
regulations correspond directly to Categories 1, 2 and 3 of the CLP, respectively. See Annex VII
for additional information on transport classification in relation to CLP classification.

3.14.6. Example of classification for oxidising liquids

3.14.6.1. Example of substances and mixtures fulfilling the classification
criteria

The list of substances and mixtures fulfilling the criteria for classification is only presented for
information purposes. This list is not exhaustive. For examples of results see Section 34.4.2.5
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of UN-MTC.
e Ferric nitrate, saturated aqueous solution
e Lithium perchlorate, saturated aqueous solution
¢ Magnesium perchlorate, saturated aqueous solution
e Perchloric acid, 55 %

e Sodium nitrate, 45 % aqueous solution

3.14.6.2. Example of substances and mixtures not fulfilling the classification
criteria

e Nickel nitrate, saturated aqueous solution
e Potassium nitrate, 30 % aqueous solution

e Silver nitrate, saturated aqueous solution
3.14.7. Reference

Urben, Peter G. (2007). Bretherick's Handbook of Reactive Chemical Hazards, Volumes 1-2
(7th Edition). Elsevier.

3.15. Oxidising solids

3.15.1. Introduction

The criteria for ‘Oxidising solids’ are found in Annex I, Section 2.14 of CLP and are identical to
those in Chapter 2.14 of GHS*.

The hazard class oxidising solids comprises substances and mixtures whose hazard is
characterised by the fact that, in contact with other materials, they are able to cause or
contribute to the combustion of those materials. The other materials do not necessarily have to
belong to a certain hazard class in order to be affected by the presence of an oxidising solid.
This is for example the case when a liquid fuel (e.g. gas oil) mixes with an oxidising solid. Certain
combinations of combustible materials and oxidising substances or mixtures may even result in
spontaneous combust|on thermal |nstab|l|ty or form an exploswe mmture—%has—means—that—%he*

Although widely known as ‘oxidising materials’, their hazard and behaviour might be better
understood by considering them to be ‘fire enhancing substances’.

Apart from the combustion hazard, the production of toxic and/or irritating fumes may cause an
additional hazard. For example, when nitrates are involved in a fire, nitrous fumes may be
formed.

The testing procedure and criteria for oxidising substances or mixtures are not appropriate €

P
ret—work—preperty—for ammonium nitrate_based products;—ammenium—nitrate—compounds;
ammem&ﬁ%m&a%e%asedﬁfeFtHzefs—aﬁdﬁammemﬁﬂ%ﬂwFateﬂe{s n

Jihefef—efe—fFor classificatio

A AtatrA of such productd,
experlence should be useek pplled and expert]udgement should be sought For-the-classificatiof
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Ammonium nitrate based fertilizers are classified based on their composition according to the
UN Manual of Tests and Criteria, Section 39. For the classification of ammonium nitrate based
emulsions, suspensions or gels (intermediate for blasting explosives), see Section 2.1 of this
guidance.

3.15.2. Definitions and general considerations for classification of oxidising
solids

The CLP text comprises the following definition for oxidising solids.

Annex I: 2.14.1. Definition

Oxidising solid means a solid substance or mixture which, while in itself is not necessarily
combustible, may, generally by yielding oxygen, cause, or contribute to, the combustion of
other material.

Special consideration on particle size

The oxidising properties of a solid depend on its particle size. Smaller particles enable a more
intimate contact between the solid oxidiser and a combustible solid. The smaller the particle size,
the higher the oxidising capability of the solid. As a consequence, it may happen that large
particles of a certain solid are considered to be non-hazardous, while small particles of the same
solid need to be classified into the hazard class of oxidising solids._In rare cases, very small
particles of a solid oxidiser may even show explosive properties (e.g. ammonium perchlorate).

Hence it is very important that oxidising properties for solids are investigated on the substance
or mixture as it is actually presented (including how it can reasonably be expected to be used,
see Article 8 (6) of CLP). This is indicated by the Note 2 cited in CLP Annex I, 2.14.2.1.

Annex I: 2.14.2.1.

[-]

Note 2: The test shall be performed on the substance or mixture in its physical form as
presented. If for example, for the purposes of supply or transport, the same chemical is to
be presented in a physical form different from that which was tested and which is
considered likely to materially alter its performance in a classification test, the substance
shall also be tested in the new form.

3.15.3. Relation to other physical hazards

Oxidising solids that are mixed with combustible materials or reducing agents may have
explosive properties and should be considered for classification in the hazard class Explosives
(including the applicable screening procedures), see Chapter Error! Reference source not
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found. of this guidance.
In—rare—eases,—mixtures—with—exidising—selids_Such mixtures may also exhibit self-reactiv

behaviour, see Chapter Error! Reference source not found. of this guidance. Expert
judgement should be sought in case of doubt.

The classification procedure and cr|ter|a for OX|d|smg substances and m|xtures |s not appllcable
for organic peroxides. Y W 8
beeause—ef—éhe—p%esefﬁe—ef—the—e—e—bwrd—The ma30r|ty of the organlc perOX|des do no|
possess oxidising properties; their main hazards are reactivity and flammability. Under CLP
organic peroxides comprise a separate hazard class (CLP Annex I, 2.15) and they must not be
considered according to the procedures described for oxidising solids. Organic peroxides were
classified as oxidising (O; R7) according to the DSD, which was not appropriate since the vast
majority of them do not exhibit oxidising properties. ‘

Inorganic oxidising solids are not flammable and therefore do not need to be subject to the
classification procedures for the hazard classes flammable solids or pyrophoric solids. Also other
solids of organic or partially organic nature that are classified as oxidising solids are normally
not flammable, although a few exceptions may exist. Expert judgement should be sought in case
of doubt.

3.15.4. Classification of substances and mixtures as oxidising solids

3.15.4.1. Identification of hazard information

Oxidising solids may cause, or contribute to, the combustion of other material. Although the
definition in Annex I: 2.14.1, quoted above, states that they generally do this by yielding oxygen,
halogens can behave in a similar way. Therefore, any substance or mixture containing oxygen
and/or halogen atoms should in principle be considered for inclusion into the hazard categories
oxidising solids. This does not necessarily mean that every substance or mixture containing
oxygen and/or halogen atoms should be subjected to the full testing procedure.

3.15.4.2. Screening procedures and waiving of testing

Solids that are classified as explosives should not be subjected to the testing procedures for
oxidising solids.

Organic peroxides should be considered for classification within the hazard class organic
peroxides, see Chapter Error! Reference source not found. of this guidance.

Before submitting a substance or a mixture to the full test procedure, an evaluation of its
chemical structure may be very useful as it may prevent unnecessary testing. The person
applying this procedure should have sufficient experience in testing and in theoretical evaluation
of hazardous substances and mixtures. The following text provides a guideline for the theoretical
evaluation of potential oxidising properties on the basis of its composition and chemical
structure. In case of doubt, the full test must be performed.
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The CLP text comprises the following screening considerations:

Annex I: 2.14.4.1.

For organic substances or mixtures the classification procedure for this hazard class need not
to be applied if:

(a) _the substance or mixture does not contain oxygen, fluorine or chlorine; or

(b) _the substance or mixture contains oxygen, fluorine or chlorine and these elements are
chemically bonded only to carbon or hydrogen.

2.14.4.2.

For inorganic substances or mixtures, the classification procedure for this hazard class need
not be applied if they do not contain oxygen or halogen.

On the basis of this theoretical evaluation a distinction can only be made between ‘potentially
oxidising’ (i.e. further testing required) and ‘non-oxidising’ (i.e. no further testing for this hazard
class required). It is not possible to assign a hazard category on the basis of a theoretical
evaluation._Even though for ‘potentially oxidising’ substances, classification cannot be excluded
based on screening, in some cases it might not be necessary to test a substance or mixture.
However, this decision requires expert judgement.

Any substance or mixture that complies with the above waiving criteria can be safely regarded
to have no oxidising properties and, hence, need not be tested and need not be regarded as an
oxidising solid. However, such a substance or mixture may still possess other hazardous
properties that require classification into another hazard class.

In case a mixture of an oxidising substance and a non-hazardous inert substance is offered for
classification, the following should be taken into account:

e An inert material by definition does not contribute to the oxidising capability of the
oxidising substance. Hence, the mixture can never be classified into a more severe hazard
category.

e If an oxidising substance is mixed with an inert material, the oxidising capability of the
mixture does not linearly decrease with decreasing content of oxidising substance. The
relationship is more or less logarithmic and depends on the characteristics of the oxidising
substance. For instance, a mixture containing 50 % of a strong oxidiser and 50 % of an
inert material may retain 90 % of the oxidising capability of the original oxidising
component. Non-testing classification of mixtures based solely on test data for the
original oxidising substance should therefore be done with extreme care and only if
sufficient experience in testing exists.

3.15.4.3. Classification criteria

The testing procedures for oxidising solids are based on the capability of an oxidising solid to
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enhance the combustion of a combustible material. Therefore, in the applicable test methodl
solids that are submitted to classification testing are mixed with a combustible material. ¥t
principte;—dDried fibrous cellulose is used as a combustible material. The mixture of th
potentially oxidising solid and cellulose is then ignited and its behaviour is observed and
compared to the behaviour of reference material mixtures.

For solids the mixture with cellulose is ignited at atmospheric conditions and the time necessary
for the combustion reaction to consume the mixture is recorded. The faster the combustion rate,
the stronger the oxidising capability of the solid tested.

The UN-MTC currently has two methods for the determination of oxidising properties of solids
i.e. tests 0.1 and 0O.3. In test O.1, the reaction between the oxidiser and the combustibl
material is observed visually while in test 0.3 a gravimetric method is applied. Both method
can be used although in certain cases the one or the other method may be preferred. In thi
case, expert judgement should be sought.

o1

Annex I: 2.14.2.1. An oxidising solid shall be classified in one of the three categories for this
class using test O.1 in Part III, sub-section 34.4.1 or test 0.3 in Part III, sub-section 34.4 3 of
the UN RTDG, Manual of Tests and Criteria, in accordance with Table 2.14.1:

Table 2.14.1

Criteria for oxidising solids

Category | Criteria using test O.1 Criteria using test 0.3

1 Any substance or mixture which, in the Any substance or mixture which, in the
4:1 or 1:1 sample-to-cellulose ratio (by | 4:1 or 1:1 sample-to-cellulose ratio (by
mass) tested, exhibits a mean burning mass) tested, exhibits a mean burning
time less than the mean burning time of | rate greater than the mean burning rate
a 3:2 mixture, (by mass), of potassium | of a 3:1 mixture (by mass) of calcium
bromate and cellulose. peroxide and cellulose.

2 Any substance or mixture which, in the Any substance or mixture which, in the
4:1 or 1:1 sample-to-cellulose ratio (by | 4:1 or 1:1 sample-to-cellulose ratio (by
mass) tested, exhibits a mean burning mass) tested, exhibits a mean burning
time equal to or less than the mean rate equal to or greater than the mean
burning time of a 2:3 mixture (by mass) | burning rate of a 1:1 mixture (by mass)
of potassium bromate and the criteria of calcium peroxide and cellulose and
for Category 1 are not met. the criteria for Category 1 are not met.

3 Any substance or mixture which, in the Any substance or mixture which, in the
4:1 or 1:1 sample-to-cellulose ratio (by | 4:1 or 1:1 sample-to-cellulose ratio (by
mass) tested, exhibits a mean burning mass) tested, exhibits a mean burning
time equal to or less than the mean rate equal to or greater than the mean
burning time of a 3:7 mixture (by mass) | burning rate of a 1:2 mixture (by mass)
of potassium bromate and cellulose and | of calcium peroxide and cellulose and
the criteria for Categories 1 and 2 are the criteria for Categories 1 and 2 are
not met. not met.

Note 1

Some oxidising solids also present explosion hazards under certain conditions (when stored in

large quantities). Some types of ammonium nitrate may give rise to an explosion hazard

under extreme conditions and the 'Resistance to detonation test' (IMSBC Code (International

Maritime Solid Bulk Cargoes Code, IMO), Appendix 2, Section 5) can be used to assess this

hazard. Appropriate information shall be made in the SDS.
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Note 1 may also apply to other oxidising ammonium salts. Experience indicates that the
conditions required for ammonium nitrate to present an explosion hazard involve a combination
of factors, such as storage in large volumes (multiple tonnes) and either contamination (e.g.
with metals, acids, organics) or excessive heat (e.g. under conditions of fire). The resistance to
detonation (RTD) test is extensively described in Regulation (EC) No 2003/2003 for ammonium
nitrate.

For additional information regarding the use of non-testing data see Section Error! Reference
source not found. below and Urben, 2007 (see Section Error! Reference source not found.).

3.15.4.4. Testing and evaluation of hazard information

—is-a a al-fa d g—cha atio
hazard-elass-The test methods for oxidising solids are designed to give a final decision regarding
their classification. Apart from testing, also experience in the handling and use of substances or
mixtures which shows them to be oxidising is an important additional factor in considering
classification in _this hazard class. The CLP text comprises the following classification

consideration:

Annex I: 2.14.4 Additional Classification Considerations
2.14.4.3

In the event of divergence between test results and known experience in the handling and
use of substances or mixtures which shows them to be oxidising, judgements based on
known experience shall take precedence over test results.

A substance or mixture must not be classified into a less severe Category or as non-oxidising
based on experience only.

3.15.4.5. Decision logic

Classification of oxidising solids is done according to decision logic 2.14 as included in the GHS.

0 NOTE: The person responsible for the classification of oxidising solids should be
experienced in this field and be familiar with the criteria for classification.

Figure 14: Decision logic for oxidising solids (Decision logic 2.14 of GHS)
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The substance/mixture is a solid
Does it, in the 4:1 or 1:1 sample-to-cellulose, by mass, tested No Not
ignite or burn? classified
Yes l
Does it, in the 4:1 or 1:1 sample-to-cellulose, by mass, tested
exhibit a mean burning time < the mean burning time of a 3:7
mixture, by mass, by potassium bromate and cellulose? No Not
Or ——” classified
a mean burning rate > greaterthan-eregual-te-the mean burning i
rate of a 1:2 mixture, by mass, of a calcium peroxide and
cellulose?
Category 3
Yes
" &
Does it, in the 4:1 or 1:1 sample-to-cellulose, by mass, test exhibit ‘
a mean burning time < the mean burning time of a 2:3 mixture, by No
mass, by-of potassium bromate and cellulose? Warning |
Or \/
a mean burning rate > greaterthan-eregual-te the mean burning ‘
rate of a 1:1 mixture, by mass, of a calcium peroxide and
cellulose?
Category 2
Yes @
A 4
Does it, in the 4:1 or 1:1 sample-to-cellulose, by mass, tested No |
exhibit a mean burning time < the mean burning time of a 3:2 Danger
mixture, by mass, by-of potassium bromate and cellulose?
Or
a mean burning rate greater-than> the mean burning rate of a 3:1
mixture, by mass, of a calcium peroxide and cellulose? Category 1
Yes @
Danger

3.15.5. Hazard communication for oxidising solids

3.15.5.1. Pictograms, signal words, hazard statements and precautionary

statements

The pictograms and hazard statements are designed to indicate that oxidising substances and
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mixtures may cause or contribute to fire or explosion and therefore in principle should be
separated from combustible materials.

Annex I: Table 2.14.2
Label elements for oxidising solids
Category 1 Category 2 Category 3
GHS Pictograms
Signal Word Danger Danger Warning
Hazard Statement H271: May cause fire or | H272: May intensify | H272: May intensify
explosion,; strong oxidiser fire; oxidiser fire; oxidiser

Precautionary P210
Statement Prevention P210 P210

P220

P220 P220
P280
P280 P280

P283
Precautionary P306 + P360
Statement Response

P371 + P380 + P37 P370 + P378 P370 + P378
P370 + P378

Precautionary
Statement Storage .
Precautionary
Statement Disposal L e e

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.15.6. Relation to transport classification

Division 5.1 within Class 5 of the UN RTDG Model Regulations covers oxidising liquids and
oxidising solids, using the same tests and criteria as the CLP. Therefore, a solid substance or
mixture classified as Division 5.1 (sometimes referred to as Class 5.1) according to any of the
modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI) is normally also classified
as an oxidising solid according to CLP. Packing Groups I, II and III of the transport regulations
correspond directly to Categories 1, 2 and 3 of CLP, respectively. See Annex VII for additional
information on transport classification in relation to CLP classification.
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3.15.7. Example of classification for oxidising solids

3.15.7.1. Example of substances and mixtures fulfilling the classification
criteria

The list of substances and mixtures fulfilling the criteria for classification is only presented for
information purposes. Note that oxidising properties of these substances may differ dependin
on particle size. This list is not exhaustive. For examples of results see section 34.4.3.6+5 of
UN-MTC.

e Calcium nitrate, anhydrous

e Chromium trioxide

e Potassium nitrite

e Potassium nitrate

e Potassium perchlorate

e Potassium permanganate

e Sodium chlorate

e Sodium nitrite

e Sodium nitrate

e Strontium nitrate, anhydrous

3.15.7.2, Example of substances and mixtures not fulfilling the classification
criteria

e Calcium nitrate, tetrahydrate

e Cobalt nitrate, hexahydrate
3.15.8. Reference

Urben, Peter G. (2007). Bretherick's Handbook of Reactive Chemical Hazards, Volumes 1-2
(7th Edition). Elsevier.
3.16. Organic peroxides

3.16.1. Introduction

The criteria for ‘Organic peroxides’ are found in Annex I, Section 2.15 of CLP and are identical
to those in Chapter 2.15 of GHS*.

The hazard class organic peroxides is unique in the respect that it is the only category to which
chemicals are assigned on the basis of their chemical structure. Organic peroxides cannot be
seen as an ‘intrinsic property’; it is a family of chemical substances and mixtures which may
have various properties. However, the type of peroxide is determined by testing.
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3.16.2. Definitions and general considerations for classification of organic
peroxides

In CLP, the following definition is given for organic peroxides.

Annex I: 2.15.1. Definition

Organic peroxides means liquid or solid organic substances which contain the bivalent -O-0O-
structure and may be considered derivatives of hydrogen peroxide, where one or both of the
hydrogen atoms have been replaced by organic radicals. The term organic peroxide includes
organic peroxide mixtures (formulations) containing at least one organic peroxide. Organic
peroxides are thermally unstable substances or mixtures, which can undergo exothermic self-
accelerating decomposition. In addition, they can have one or more of the following
properties:

(i) be liable to explosive decomposition;

(ii) burn rapidly;

(iii) be sensitive to impact or friction;

(iv) react dangerously with other substances.

2.15.1.2. An organic peroxide is regarded as possessing explosive properties when in

laboratory testing the mixture (formulation) is liable to detonate, to deflagrate rapidly or to
show a violent effect when heated under confinement.

3.16.3. Relation to other physical hazards

In addition to the definition (CLP Annex I, 2.15.1), organic peroxides may:
a. be flammable;
b. emit flammable gas when heated.

In general, organic peroxides do not have or have only weak oxidising properties_and thus are
not classified as oxidisers but they are a distinct hazard class.

The additional (subsidiary) labelling, as indicated in the list of classified organic peroxides
included in the UN RTDG Model Regulations, Section 2.5.3.2.4, represents the additional
hazardous properties.

Neither the burning properties nor the sensitivity to impact and friction form part of the
classification procedure for organic peroxides in CLP. However, these properties may be of
importance for the safe handling of organic peroxides (see Section Error! Reference source
not found., additional testing).

In addition, the following should be noted:

Explosive properties

The explosive properties do not have to be determined according to the CLP Annex I, Chapter
2.1, because explosive properties are incorporated in the decisien—tegic—forclassification of
organic peroxides.—N hat-organi ides—ay—have—e i erties—w
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3.16.4. Classification of substances and mixtures as organic peroxides

3.16.4.1. Identification of hazard information

As a consequence of the hazard class definition, if the chemical structure does not contain thL
bivalent -O-O- structure, the substance is not classified as organic peroxide. ‘

The classification of an organic peroxide in one of the seven categories ‘Types A to G’ is
dependent on its detonation, deflagration and thermal explosion properties, its response to
heating under confinement, its explosive power and the concentration and the type of diluent
added to desensitizse the organic peroxide. Specifications of acceptable diluents that can bg
used safely are given in the UN RTDG Model Regulations, 2.5.3.5. The classification of an organic
peroxide as Type A, B or C is dependent on the type of packaging in which the organic peroxide
is tested as it affects the degree of confinement to which the organic peroxide is subjected. This
has to be considered when handling the organic peroxide; stronger packaging may result in more
violent reactions when the organic peroxide decomposes. This is why it is important that storage
and transport is done in packaging, allowed for the type of organic peroxide, that conforms the
requirements of the UN-packaging or IBC instruction (P520/IBC520) or tank instruction (T23).

A list of currently classified organic peroxides is included in the UN RTDG Model regulations,
Section 2.5.3.2.4.

3.16.4.2. Classification criteria

Annex I: 2.15.2.1. Any organic peroxide shall be considered for classification in this class,
unless it contains:

a) not more than 1,0 % available oxygen from the organic peroxides when containing not
more than 1,0 % hydrogen peroxide; or

b) not more than 0,5% available oxygen from the organic peroxides when containing more
than 1,0 % but not more than 7,0 % hydrogen peroxide.

[-]

In CLP decision logic Annex I, Figure 2.15.1, classification of organic peroxides is based on
performance based testing both small scale tests and, where necessary, some larger scale test
with the organic peroxide in its packaging. The concept of ‘intrinsic properties’ is, therefore, not
applicable to this hazard class.

Organic peroxides are classified into one of the seven categories of ‘Types A to G’ according to
the classification criteria of CLP. The classification principles are given in decision logic Figure
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2.15.1 of CLP and the Test Series A to H, as described in the Part II of the UN-MTC, should be
performed.

Annex I: 2.15.2.2. Organic peroxides shall be classified in one of the seven categories of
‘Types A to G’ for this class, according to the following principles:

(a) any organic peroxide which, as packaged, can detonate or deflagrate rapidly shall be
defined as organic peroxide TYPE A;

(b) any organic peroxide possessing explosive properties and which, as packaged, neither
detonates nor deflagrates rapidly, but is liable to undergo a thermal explosion in that
package shall be defined as organic peroxide TYPE B;

(c) any organic peroxide possessing explosive properties when the substance or mixture as
packaged cannot detonate or deflagrate rapidly or undergo a thermal explosion shall be
defined as organic peroxide TYPE C;

(d) any organic peroxide which in laboratory testing:

(i) detonates partially, does not deflagrate rapidly and shows no violent effect when
heated under confinement; or

(ii) does not detonate at all, deflagrates slowly and shows no violent effect when
heated under confinement; or

(iii) does not detonate or deflagrate at all and shows a medium effect when heated
under confinement;

shall be defined as organic peroxide TYPE D;

(e) any organic peroxide which, in laboratory testing, neither detonates nor deflagrates at all
and shows low or no effect when heated under confinement shall be defined as organic
peroxide TYPE E;

(f) any organic peroxide which, in laboratory testing, neither detonates in the cavitated state
nor deflagrates at all and shows only a low or no effect when heated under confinement as
well as low or no explosive power shall be defined as organic peroxide TYPE F;

(g) any organic peroxide which, in laboratory testing, neither detonates in the cavitated state
nor deflagrates at all and shows no effect when heated under confinement nor any
explosive power, provided that it is thermally stable, i.e. the SADT is 60 °C or higher for a
50 kg package®, and, for liquid mixtures, a diluent having a boiling point of not less than
150 °C is used for desensitisation, shall be defined as organic peroxide TYPE G. If the
organic peroxide is not thermally stable or a diluent having a boiling point less than 150 °C
is used for desensitisation, the organic peroxide shall be defined as organic peroxide
TYPE F.

Where the test is conducted in the package form and the packaging is changed, a further test
shall be conducted where it is considered that the change in packaging will affect the outcome
of the test.

@ See UN RTDG, Manual of Test and Criteria, sub-sections 28.1, 28.2, 28.3 and Table 28.3.

A list of currently classified organic peroxides is included in the UN RTDG Model Regulations,

Section 2.5.3.2.4.
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3.16.4.3. Testing and evaluation of hazard information

3.16.4.3.1. Thermal stability tests and temperature control

In addition to the classification tests given in decision logic Figure 2.15.1 of CLP, the thermal
stability of the organic peroxide has to be assessed in order to determine the SADT. For the
determination of the SADT, the testing method in UN-MTC, Part II, Section 28, may be used.

The SADT is defined as the lowest temperature at which self-accelerating decomposition of an
organic peroxide may occur in the packaging as used in transport, handling and storage. The
SADT is a measure of the combined effect of the ambient temperature, decomposition kinetics,
package size and the heat transfer properties of the organic peroxide and its packaging.

There is no relation between the SADT of an organic peroxide and its classification in one of the
seven categories ‘Types A to G’. The SADT is used to derive safe handling, storage and transport
temperatures (control temperature) and alarm temperature (emergency temperature).

Depending on its SADT an organic peroxide needs temperature control and the rules as given in
CLP Annex I, 2.15.2.3, consist of the following two elements:

1. Criteria for temperature control:
The following organic peroxides need to be subjected to temperature control:
a. Organic peroxide types B and C with a SADT < 50 °C;
b. Organic peroxide type D showing a medium effect when heated under
confinement with a SADT < 50 °C or showing a low or no effect when heated

under confinement with a SADT < 45 °C; and

c. Organic peroxide types E and F with a SADT < 45 °C.

2. Derivation of control and emergency temperatures:

Type of receptacle SADT * Control temperature Emergency
temperature
Sing,Ie packaging and 20 °Cor less 20 °C below SADT 10 °C below SADT
e over 20 °C to 35 °C 15 °C below SADT 10 °C below SADT
over 35 °C 10 °C below SADT 5 °C below SADT
Tanks < 50°C 10 °C below SADT 5 °C below SADT

* i.e. the SADT of the organic peroxide as packaged for transport, handling and storage
It should be emphasized that the SADT is dependent on the nature of the organic peroxide itself,
together with the volume and heat-loss characteristics of the packaging or vessel in which the
organic peroxide is handled. The temperature at which self-accelerating decomposition occurs
falls:

e as the size of the packaging or vessel increases; and

e with increasing efficiency of the insulation on the package or vessel.

The SADT is only valid for the organic peroxide as tested and when handled properly. Mixing the
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organic peroxide with other chemicals, or contact with incompatible materials (including
incompatible packaging or vessel material) may reduce the thermal stability due to catalytic
decomposition, and lower the SADT. This may increase the risk of decomposition and has to be
avoided.

3.16.4.3.2. Additional considerations and testing

Explosive properties

The sensitivity of organic peroxides to impact (solids and liquids) and friction (solids only) may
be of importance for the safe handling of the organic peroxide if they have pronounced explosive
properties (e.g. they are liable to detonate, to deflagrate rapidly or show a violent effect when
heated under confinement). Test methods to determine these properties are described in Test
Series 3 of the UN-MTC (see Test 3 (a) (ii) and 3 (b) (i)). This information on the mechanical
sensitivity sheuld-could be included in the SDS.

Burning properties

In some national storage guidelines the burning rate is commonly used for classification for the
purposes of storage and consequential storage requirements. Test methods are incorporated in
these national storage regulations.

Flash point

The flash point for liquid organic peroxides is only relevant in the temperature range where the
organic peroxide is thermally stable. Above the SADT of the organic peroxide determination of
the flash point is not relevant because decomposition products are evolved.

NOTE: In case a flash point determination seems reasonable (expected flash point below
0 the SADT) a test method using small amount of sample is recommended. In case the organic
peroxide is diluted or dissolved, the diluent may determine the flash point.

Auto-ignition temperature

The determination of the auto ignition temperature is not relevant for organic peroxides.
Available test methods are for non-decomposing vapour phases but the vapours of organic
peroxides decompose during execution of the test and auto ignition of these organic peroxide
vapours can never be excluded. This information should be included in the SDS.

Self-ignition temperature

AlsetThe determination of the self-ignition temperature (applicable for solids) is not relevant,
since —Fthe thermal stability of organic peroxides is quantitatively given by the SADT.

Control and Emergency temperatures

The Control and Emergency temperatures are based on the SADT as in most cases determined
by UN Test Series H4. In UN Test Series H.2 and H.3, the heat loss applied in the calculating
the SADT should be representative for the packaging, IBC, tank or vessel in which the
substance or mixture is handled or stored. In UN Test H.4, tFhe Dewar vessel used inthe UN
FestH-4-is supposed to be representative for the organic peroxide handled in packages. For
handling the organic peroxide in larger quantities (IBCs/tanks/vessels etc.) and/or in
(thermally) insulated containers, the SADT has to be determined for that quantity with that
degree of insulation. From that SADT the Control and Emergency temperatures can be derived
(see also Section Error! Reference source not found.).
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3.16.4.3.3. Additional classification considerations

Currently the following properties are not incorporated in the classification of organic peroxides
under the CLP:

¢ mechanical sensitivity i.e. impact and friction sensitivity (for handling purposes);
e burning properties (for storage purposes);

e flash point for liquids; and

e burning rate for solids.

Furthermore:

Annex I: 2.15.4.2. Mixtures of already classified organic peroxides may be classified as
the same type of organic peroxide as that of the most dangerous component. However, as
two stable components can form a thermally less stable mixture, the SADT of the mixture
shall be determined.

Note: The sum of the individual parts can be more hazardous than the individual
components.

3.16.4.4. Decision logic

The decision logic for organic peroxides is applicable according to CLP.

0 NOTE: The person responsible for the classification of organic peroxides should be
experienced in this field and be familiar with the criteria for classification.

o

Annex I: Figure 2.15.1 Organic Peroxide
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3.16.5. Hazard communication for organic peroxides

3.16.5.1. Pictograms, signal words, hazard statements and precautionary

statements

According to CLP the following label elements must be used for organic peroxide meeting the
criteria for this hazard class:

Annex I: Table 2.15.1

Label elements for organic peroxides

Classification | Type A Type B Type C & D Type E & F Type G
GHS
pictograms
Signal Word Danger Danger Danger Warning
Hazard H240: H241: H242: H242:
Statement Heating may | Heating may | Heating may | Heating may
cause an cause a fire cause a fire | cause a fire
explosion or explosion
Precautionary P210 P210 P210 P210
statement
P234 P234 P234 P234
Prevention There are no
P235 P235 P235 P235 label elements
allocated to
P240 P240 P240 P240 this hazard
category
P280 P280 P280 P280
Precautionary | P370 + P372 | P370 + P380 | P370 + P378 | P370 + P378
statement + +
Response P380 + P373 P375[+
P378]*
Precautionary P403 P403 P403 P403
statement
P410 P410 P410 P410
Storage
P411 P411 P411 P411
P420 P420 P420 P420
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Precautionary P501 P501 P501 P501
statement

Disposal

1 Type G has no hazard communication elements assigned but should be considered for
properties belonging to other hazard classes.

2 See introduction to Annex I for details on the use of square brackets.

The wording of the Precautionary Statements is found in CLP Annex 1V, Part 2.

3.16.5.2. Additional labelling provisions

Additional hazardous properties, resulting in additional (subsidiary) labelling, are indicated in the
list of classified organic peroxides included in the UN RTDG Model Regulations, section 2.5.3.2.4.

3.16.6. Relation to transport classification

Division 5.2 within Class 5 of the UN RTDG Model Regulations covers organic peroxides. A list of
currently classified organic peroxides is included in the UN RTDG Model Regulations, Section
2.5.3.2.4. This table includes organic peroxides Type B - Type F (and some formulations Type
G, so-called exempted organic peroxides).

An exceptional case in this respect is a peroxyacetic acid formulation, as currently classified in
the UN RTDG Model Regulations under UN 3149, with the following description: HYDROGEN
PEROXIDE AND PEROXYACETIC ACID MIXTURE with acid(s), water and not more than 5 %
peroxyacetic acid, STABILISED. In the classification procedure for organic peroxides, see
decision logic in Section 3.16.4.4, this formulation will be assigned to organic peroxide Type G,
and consequently no label elements are allocated. In view of the above, this formulation can be
classified, also in accordance with CLP, as an Oxidising liquid, Category 2. See Annex VII for
additional information on transport classification in relation to CLP classification.

3.16.7. Example of classification for organic peroxides

3.16.7.1. Example of substances and mixtures fulfilling the classification
criteria

Substance to be classified: Example Peroxide
Molecular formula: n.a.

According to CLP Annex I, Section 2.15.2.1, the substance has an active oxygen content of 7.40
% and thus has to be considered for classification in the hazard class organic peroxides.

Test results and classification according to CLP decision logic 2.15.1 for organic peroxides and
the UN-MTC, Part II, is as follows:

CLASSIFICATION TEST RESULTS

1. Name of the organic peroxide: Example Peroxide
2. General data
2.1. Composition: Example Peroxide, technically pure (97 %)

2.2. Molecular formula: fA-a=Not applicable
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CLASSIFICATION TEST RESULTS

2.3. Active oxygen content:
2.4. Physical form:
2.5. Colour:
2.6. Density (apparent):

3. Detonation (Ttest sSeries A)
Box 1 of the decision logic:

3.1. Method:

3.2. Sample conditions:
3.3. Observations:

3.4. Result:

3.6. Exit:

4. Deflagration (tTest sSeries C)
Box 5 of the decision logic:

4.1, Method 1:

4.1.1. Sample conditions:
4.1.2. Observations:
4.1.3. Result:

4.2. Method 2:
4.2.1. Sample conditions:
4.2.2. Observations:
4.2.3. Result:
4.3. Final result:
4.4, Exit:

5. Heating under confinement (Ttest sSeries E)

Box 8 of the decision logic:

5.1. Method 1:
5.1.1. Sample conditions:

5.1.2. Observations:

5.1.3. Result:

5.2. Method 2:

7.18 %
{Liquid
€Colourless

900 kg/m3

Does the peroxide propagate a detonation?
UN Test A.1: BAM 50/60 steel tube test
pPeroxide assay 97 %

fFragmented part of the tube: 18 cm

No

1.3

Can the peroxide propagate a deflagration?
Time/pressure test (Ttest C.1)

aAmbient temperature

4000 ms

Yes, slowly

Deflagration test (test-Test C.2)
tTemperature: 25 °C

dDeflagration rate: 0.74 mm/s

Yes, slowly

Yes, slowly

5.2

What is the effect of heating it under
confinement?

Koenen test (tTest E.1)
{Limiting diameter: 2.0 mm
fFragmentation type ‘F’
Violent

Dutch pressure vessel test
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CLASSIFICATION TEST RESULTS
(test E.2)

5.2.1. Sample conditions: -

5.2.2. Observations: {Limiting diameter: 6.0 mm (with 10 g) ‘
5.2.3. Result: Medium

5.3. Final result: Violent

5.4, Exit: 8.1

6. Explosion test in package (test-Test sSeries G) |

Box 10 of the decision logic: Can it explode as packaged?

6.1. Method: Thermal explosion test in package (tTest G.1) |
6.2. Sample conditions: 30 litre packaging,

6.3. Observations: ANo fragmentation (N.F.) |
6.4. Result: No

6.5. Exit: 10.2

7. Thermal stability (outside of the decision logic)
7.1. Method: Heat accumulation storage test (Ttest H.4)

7.2. Sample conditions: mMass 380 g. Half life time of cooling of Dewar
vessel with400 ml DMP:

10.0 hrs: (representing substance in package)
7.3. Observations: self aAccelerating decomposition at 35 °C

ANo self accelerating decomposition at 30 °C

7.4. Result: SADT 35 °C
8. General remarks: The decision logic is given in Figure x'8

9. Final classification

Hazard class: Organic peroxide, Type C, liquid, temperature
controlled

Label: Flame (GHS02)

Signal word: Danger

Hazard statement: H242: Heating may cause a fire

Temperature control: Needed based on SADT (35 °C, in package)

Control temperature*: 20 °C (in package)

Emergency temperature*: 25 °C (in package)

8 Not attached to this example.
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*see UN-MTC, table 28.2.
3.16.7.2. Additional remarks

Explosive properties

As shown in Section 3.16.7.1 a substance and a mixture may have explosive properties when
handled under greater confinement and where the packaging in which it was tested in UN Test
G.1 (see point 6 of classification test results above) is changed. Such information should be
given in the SDS.

The example in Section 3.16.7.1 shows a violent effect when heated under confinement (see
point 5.3 of the above results). Consequently, also the impact sensitivity according to UN Test
sSeries 3, Ttest 3 (a) (ii), BAM Fallhammer should be determined. For this example it amounts
to 20 J. Such information should be given in the SDS.

Burning properties

For the example in Section 3.16.7.1 the burning properties as determined by the test method
described in the storage guidelines, currently in place in France, Germany, Netherlands and
Sweden, is 7.0 kg/min/m2. Based on this figure and the classification as organic peroxide type
C, the storage classification can be assigned in those countries.

Flash point

The example substance thermally decomposes before the temperature at which the vapour can
be ignited is reached (see Section 3.16.4.3) and consequently a flash point cannot be
determined.

3.17. Corrosive to metals

3.17.1. Introduction

The criteria for ‘Corrosive to metals’ are found in Annex I, Section 2.16 of CLP and are identical
to those in Chapter 2.16 of GHS*.

A substance or a mixture that is corrosive to metal under normal conditions is a substance or a
mixture liable to undergo an irreversible electrochemical reaction with metals that leads to
significant damage or, in some cases, even to full destruction of the metallic components. The
corrosive to metal property is a quite complex property, since it is a substance (or mixture)
related as well as a material (metal) related property. This means a corrosive substance or
mixture leads to corroded material (metal), according to a number of external conditions. From
the material side, many types of corrosion processes may occur, according to configurations,
liquid or fluid media inducing the corrosion process, nature of metal, potential passivation
occurring by oxide formation during corrosion.

From the substance or mixture side, many parameters may influence the corrosion properties of
a substance or mixture, such as the nature of the chemical or the pH. From an electrochemistry
point of view, corrosion conditions are often studied using Pourbaix diagrams, which plot the
electrochemical potential (in Volt) that develops according to electrical charges transfer versus
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the pH-value. Such a diagram is shown for the case of iron and applies only for carbon steel
corrosion (Jones, 1996).

Figure 15: Potential pH (also called Pourbaix) diagram for iron in water at 25 °C, indicating
stable form of the Fe element and implicitly, corrosion domains
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For the purposes of CLP, corrosion to metal will only be considered, by pure convention, for
substances and mixtures that are liable to attack carbon steel or aluminium, two of the most
common metals that may come in contact with chemical substances (containment material,
reactor material). The classification scheme applied here must not be considered as a material
(metal) classification method for metals regarding resistance to corrosion. By no means steel or
aluminium specimens that are treated to resist to corrosion, must be selected for testing.

3.17.2. Definitions and general considerations for classification of corrosive
to metals

CLP comprises the following definition for substances and mixtures that are corrosive to metal.

Annex I: 2.16.1. Definition

A substance or a mixture that is corrosive to metals means a substance or a mixture which by
chemical action will materially damage, or even destroy, metals.

3.17.3. Relation to other physical hazards

There is no direct relation to other physical hazards.

3.17.4. Classification of substances and mixtures as corrosive to metals

3.17.4.1. Identification of hazard information

Importance of the physical state of the test substance or mixture

There is no reference in the definition (CLP Annex I, 2.16.1) to the physical state of the
substances or mixtures that needs consideration for potential classification in this hazard class.
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According to the test method to be employed for considering classification under this hazard
class, we may state at least that gases are out of the scope of the corrosive to metal hazard
class. Neither the corrosivity of gases nor the formation of corrosive gases is currently covered
by CLP classes and are therefore not applicable here.

Aceerding—to—the—classificatien—eriteriaBased on practical considerations, only substances and
mixtures for which the application of the UN Test C.1 (described in part III, Section 37.4.1-+ of
the UN-MTC) is relevant and needs to be considered. Application of classification criteria in the
UN-MTC, Section 37.4 excludes solids, while ‘liquids and solids that may become liquids (during
transport)’, have to be considered for such a classification.

The wording ‘solids that may become liquids’ was developed for UN RTDG Model Regulations
classification purposes, and needs further explanation. Solids may become liquids by melting
(due to increase in temperature). Solids having a melting point lower than 55 °C (which is the
test temperature required in UN Test C.1) must then be taken into consideration. The other
physical way to transform a solid into liquid is by dissolution in water or another solvent.
Classification of solid substances that may become liquids water intake from humid air
environment by-dissetutien-is subject to further expert judgement, and may need adaptation of
the classification criteria or test protocol (see Section Error! Reference source not found.).
Interaction with liquids may come from air moisture or unintentional contact with water. Other
solvent traces may result from the extraction process during manufacturing and these may
induce corrosion in practice, as far as it allows some mobility of subsequent ions. Expert
judgement would also be required for low melting point solids that also partially convert into gas
phase through sublimation process (e.g. methyl isothiocyanate).

Substances and mixtures in a liquid state must be tested without any modification before testing.
For other cases (solids that may become liquids), appropriate testing procedures require further
work by the Committees of experts in charge of developing and updating the GHS at UN level.
It needs to be further specified how such substances or mixtures must be prepared (transformed
into liquids) to be able to determine their corrosivity to metals. As an example, it is thought that
the quantity of solvent (water or any other solvent) to liquefy the test substance before testing
would greatly influence results of the UN Test C.1 test and may not necessarily represent the
real life situation of a product during transport, handling or use.

Non-testing data

Following parameters are helpful to evaluate corrosive properties before testing:
e melting points for solids;
e chemical nature of the substances and mixtures under evaluation (e.g. strong acids);
e pH values (liquids).

See also IR & CSA, Chapter R.7a: Endpoint specific guidance, Section R.7.1.2 (Melting
point/freezing point).

Literature may also provide information on widely used substances and liquids ‘compatibility
tables’, taking account of the corrosiveness of the products that may serve to decide whether
testing must be conducted before assigning the corrosive to metals hazard class, on basis of
expert judgement.

The following substances and mixtures should be considered for classification in this class:

e substances and mixtures having acidic or basic functional groups;

e substances or mixtures containing halogen;
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e substances able to form complexes with metals and mixtures containing such
substances.

3.17.4.2. Screening procedures and waiving of testing

Experience may have proven the corrosivity of given substances and mixtures. In such case no
more testing is needed (see examples in Section Error! Reference source not found.).

Generally extreme pH-values point to a higher likelihood that the substance or mixture is
corrosive. However, it cannot lead to immediate classification in the hazard class corrosive to
metals. As a proof of that, Figure 15 shows that immunity zones (where steel does not corrode)
still exist on the full spectrum of pH values as far as carbon steel is concerned.

Corrosivity is so complex that the evaluation of a mixture cannot be extrapolated from similar
behaviour of constituents of a mixture. However, if one significant component of a mixture is
corrosive to metals the mixture is likely to be corrosive to metals as well. Testing the actual
mixture is therefore highly recommended. As already mentioned, solids are currently difficult to
test according to the current CLP requirements, as the UN Test C.1 was designed for liquids.

Where an initial test on either steel or aluminium indicates the substance or mixture being tested
is corrosive, the follow up test on the other metal is not required.
3.17.4.3. Classification criteria

Substances and mixtures of hazard class corrosive to metals are classified in a single hazard
category on the basis of the outcome of the UN Test C.1 (UN-MTC, Part I1I, Section 37, paragraph
37.4).

Annex I: Table 2.16.1

Criteria for substances and mixtures corrosive to metals

Category Criteria

1 Corrosion rate on either steel or aluminium surfaces exceeding 6,25 mm per
year at a test temperature of 55 °C when tested on both materials.

3.17.4.4. Testing and evaluation of hazard information

3.17.4.4.1. General considerations

It is important to point out that the criteria of corrosion rate will never be applied in an absolute
way, but by extrapolating the measured rate of corrosion over the test period to the annual
assumed correlating corrosion rate. This exercise has to take account of the fact that the
corrosion rate is not necessarily constant over time. Expert judgement may be required to
consolidate the optimum test duration and to ascertain test results. However, the possibility of
increasing the testing period from minimum one week to four weeks as well as the use of two
different metals in the UN Test C.1 act as barriers against erroneous classification.

Whatever the result of the classification may be, the classification as corrosive to metals relates
to steel and/or aluminium only and does not provide information with regard to the corrosivity
potential to other metals than those tested.

Two types of corrosion phenomena need to be distinguished for classification of substances and
mixtures in this hazard class, although not reported in CLP: the uniform corrosion attack and
the localised corrosion (e.g. pitting corrosion, shallow pit corrosion).
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Table 3: (Section 37.4.1.4.1 of the UN--MTC) translates the corresponding minimum mass loss
rates leading to classify the test substance or mixture as corrosive to metals for standard metal
specimens (2 mm of thickness), according to time of exposure, for reasons of uniform corrosion
process. In case of use of metal plates of a thickness that differs from the specified 2 mm (see
comments in Section 3.17.4.2), the values in Table 3 and Table 4 need adjustments due to the
fact that the corrosion process depends on the surface of specimen.
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Table 3: Minimum mass loss of specimens after different exposure times (corresponding to the
criterion of 6.25 mm/year, correspond to Table 37.4.1.1 of UN-MTC)

Exposure time Mass loss

7-days 13.5%
14-days 26.5%
21-days 39.2-%
28-days 51.5-%

Table 4: (Section 37.4.1.4.2 of the UN-MTC) indicates the criteria leading to classification of the
test substance or mixture as corrosive to metals for standard metal specimens, according to
time of exposure, for reasons of localised corrosion process.

Table 4: Minimum intrusion depths after exposure times (corresponding to the criterion of
localized corrosion of 6.25 mm/year, correspond to Table 37.4.1.2 of UN-MTC)

Exposure time Min. intrusion depth
7-days 120-pma
14-days 240-pmm
21-days 360-pm
28-days 480-um

It is not mentioned explicitly in the text that localised corrosion as well as uniform corrosion has
also be taken into account. However, localised corrosion, that is entirely part of UN Test C.1
protocol, has actually to be taken into account. In addition, although the type of corrosion is not
reflected in the classification result, this valuable information should be given in the SDS.

3.17.4.4.2. Additional notes on best practice for testing

Competence required for testing

The overall evaluation of appropriate data for considering the corrosion properties of a substance
or a mixture and in particular for testing it according to the mentioned criteria for this hazard
class requires certain qualifications and experience. Expertise is often needed for this hazard
class, which relates to a complex and multi-faceted hazardous phenomenon.

Selection of metal specimens

CLP refers to two types of metals (carbon steel and aluminium) meeting accurate specifications
(technical characteristics of metal sheets and plate thickness). Thicker metal sheets, such as
cast materials, of which the thickness is reduced_to 2 mm by any form of mechanical treatment],
may never be used. Mechanical reduction of sheet (metal) thickness could induce corrosion
enhanced process due to cross section heterogeneity in metal grain and impurities. It is far
better to use slightly different specifications of metal in the correct thickness or slightly different
specimen plate thicknesses. It is recognised that it will not always be easy to obtain metal
specimens with the profile as described above.

Regarding the type of aluminium or steel to be used for this test see UN-MTC, Sub-section
37.4.1.2.
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Minimum corrosive media volume

In order to prevent any limitation on the corrosion process due to full consumption of the
corrosive media before the end of the testing period, a minimum volume of substance or mixture
(1.5 L, according to the UN-MTC) has to be used. (Note: volume/surface ratio of 10 mL/cm?2 is
stated in DIN 50905, similar in ASTM G31-72.)

Adjustment of the test temperature

Corrosion processes are temperature dependent. In the context of CLP, the property corrosive
to metals is assessed through testing metal specimens at a specified temperature of 55 °C + 1
°C. In practice, it may be difficult with standard testing equipment to stay within the temperature
window (55 °C + 1 °C) of the gas phase, all over the test period. In such case, the test can be
performed conservatively at a slightly higher temperature and somewhat lower accuracy (e.g.
57 °C £ 3 °QC).

Selecting the appropriate test duration

The evaluation of the criterion of 6.25 mm/year is generally based on a test duration not
exceeding 1 month. There is, however, the option to stop the test procedure already after 1
week (see Table 1). For the decision on test duration, the non-linear behaviour of the corrosion
process must be taken due account of. In borderline cases a non-appropriate test duration may
result in either false positive or false negative results.

Specimen cleaning

Attention must be paid to the correct cleaning of the corroded residue before measurement of
the corrosion characteristics. In case of adhesive corroded layer, the same cleaning process
needs to be carried out on a non corroded sample to verify if the cleaning procedure is not
significantly abrasive. For further information see UN-MTC, Sub-section 37.4.1.3.

Testing soluble solids

As said in Section Error! Reference source not found., for solids that may become liquids
through dissolution in water or in a solvent, the adequate testing procedure is more complex
(not explicitly describe in the UN C.1 test protocol). In no case will simple dilution of the solid
substance or mixture in any quantity of water lead to satisfactory testing of the substance or
mixture for corrosion to metals.

For the specific case where the corrosion potential is linked to the presence of solvent traces
(other than water), expert judgement is needed to determine if further testing must be
performed (where the solid is put in interaction with the metallic part considered).

Example of equipment relevant for the performance UN Test C.1

Figure 16: Example of testing equipment available on the market to perform UN Test C.1
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3.17.4.5. Decision logic

Classification of substances and mixtures corrosive to metals is done according to decision logics
2.16.4.1 as included in the GHS.

@ NOTE: The person responsible for the classification of substances and mixtures corrosive to
metals should be experienced in this field and be familiar with the criteria for classification.

Figure 17: Decision logic for substances and mixtures corrosive to metals (Decision logic 2.16
of GHS)
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Substance/mixture

v

Does it corrode either steel or aluminium surfaces at a rate No
exceeding 6.25 mm/year at a test temperature of 55 °C
when tested on both materials?

A

Not classified

£ Category 1
Yes

Warning

\/_

3.17.5. Hazard communication for corrosive to metals

3.17.5.1. Pictograms, signal words, hazard statements and precautionary
statements

Table 2.16.2 of CLP Annex I provides the label elements for hazard class corrosive to metals.
The hazard statement H290, using the wording ‘may’, reflects that classification under this
hazard class does not cover all metals (testing only considers carbon steel and aluminium). Thus
we may find examples of substances and mixtures that are classified in this hazard class
corrosive to metals but will not induce corrosive action on other more corrosive resistant metals
(e.g. platinum) than those serving as reference materials.

Label elements must be used for substances and mixtures meeting the criteria for classification
in this hazard class in accordance with Table 2.16.2.

Annex I: 2.16.3. Table 2.16.2

Label elements for substances and mixtures corrosive to metals

Classification Category 1
GHS Pictogram

3
Signal Word Warning
Hazard Statement H290: May be corrosive to metals
Precautionary Statement, Prevention P234
Precautionary Statement, Response P390
Precautionary Statement, Storage P406
Precautionary Statement, Disposal
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Note:

Where a substance or mixture is classified as corrosive to metals but not corrosive to skin
and/or eyes, the labelling provisions set out in Section 1.3.6 shall be used.

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

Further, in Section 1.3.6 of CLP Annex I a derogation from labelling requirements for substances
or mixtures classified as corrosive to metals but not corrosive to skin and/or eyes is provided.

Annex I: 1.3.6 Substances or mixtures classified as corrosive to metals but not
classified as skin corrosion or as serious eye damage (Category 1)

Substances or mixtures classified as corrosive to metals but not classified as skin corrosion
or as serious eye damage (Category 1) which are in the finished state as packaged for
consumer use do not require on the label the hazard pictogram GHSO05.

3.17.6. Relation to transport classification

Class 8 of the UN RTDG Model Regulations covers substances and mixtures that are classified
for corrosivity to skin, metals or both. Valuable information can be obtained from UN RTDG Model
Regulations and the modal transport regulations (ADR, RID, ADN and IMDG Code, ICAO TI).
Existing test results obtained in the context of the modal transport regulations (ADR, RID, ADN
and IMDG Code, ICAO TI) may be applied since the UN Test C.1 serves as reference for testing
in both classification systems. See Annex VII for additional information on transport classification
in relation to CLP classification.

3.17.7. Example of classification for corrosive to metals

The following table lists some examples of substances and mixtures that should be classified,
or not, in Class 2.16 (according to known UN Test C.1 results) in comparison with predicted
results for skin corrosion hazard.
Table 5: Examples of classified and non classified substances and mixtures in Class 2.16
Note: ‘Corroded’ means corrosion attack in the sense of UN Test C.1;

‘Not corroded” means corrosion resistant in the sense of UN Test C.1;

‘Positive’ or *Negative’ are results from skin corrosion.

Substance or mixture Aluminiu | CLP Annex I, 2.16 Skin (for

m classification comparison)

Hydrofluoric acid Not corroded | Corroded | Classified Positive
> 70 % (UN1790)

Highly concentrated nitric Not corroded | Corroded | Classified Positive
acid (97 %) (UN2031)

HNOs red fuming (UN2032) Not corroded | Not Not classified Positive
corroded

Hydrochloric acid (diluted) Corroded Corroded | Classified Negative
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(UN1789)

NaOH solutions (UN1824) Not corroded | Corroded |Classified Positive

3.17.7.1. Example of metal specimen plates after exposure to a corrosive
mixture

Figure 18: Example of corroded metal plates after testing according to UN Test C.1 for a
classified mixture
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This example shows that the corrosion may develop at different rates according to the accurate
position of the specimen related to the corroding mixture (sunk in the liquid, placed in the gas
phase above liquid or at the liquid/gas interface).

3.17.8. References
ASTM G31-72(2004) Standard Practice for Laboratory Immersion Corrosion Testing of Metals.

Jones, D.A., Principles and Prevention of Corrosion, 2nd edition, 1996, Prentice Hall, Upper
Saddle River, NJ. ISBN 0-13-359993-0 Page 50-52.

DIN 50905-1: 2007, Corrosion of metals - Corrosion testing - Part 1: General guidance
(Korrosion der Metalle - Korrosionsuntersuchungen - Teil 1: Grundsatze).
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3.18. Desensitised explosives

3.18.1. Introduction

Desensitised explosives are covered in Annex I, section 2.17 of CLP. As the definition implies,
they are derived from explosive substances and mixtures (see CLP section 2.1.1.1 (a) and (c)).
However, desensitisation of explosive articles (CLP 2.1.1.1 (b)) is not possible.

The desensitation is achieved on the one hand by a dilution effect (reduction of the
decomposition energy), on the other hand by disruption of the propagation of a shock wave in
combination with an energy-absorbing endothermic evaporation.

As the definition implies, desensitised explosives are generally mixtures consisting of the original
explosive substance or mixture and the phlegmatiser or diluent. However, if the phlegmatiser is
built directly into the crystal lattice and thus chemically bonded (see note in CLP 2.17.1.2. (a)),
such desensitised explosive would be not a mixture but a substance.

For the “regular” desensitised explosives it is essential that the original explosive and the diluent
be HOMOGENEOUSLY mixed. For a solvent-based solid desensitised explosive this means that
the diluent has to be evenly distributed among the crystals and not form a wet suspension in
the lower part of a package with dry material on the top. Therefore, at least a sufficient amount
of liquid has to remain between the crystals in order to function effectively as desensitiser;
separation of excess material is tolerable. For desensitised explosives where a solid phlegmatizer
is added to the explosive one has to make sure that the components are permanently
homogeneously mixed. This is usually the case if the components have similar crystal sizes and
comparable densities. See also note 1 in section 3.18.4.3.

3.18.2. Definitions and general considerations for desensitised explosives

CLP comprises the following definition for substances and mixtures that are desensitised
explosives.

Annex I: 2.17.1.1 Definition

Desensitised explosives are solid or liquid explosive substances or mixtures which are
phlegmatised to suppress their explosive properties in such a manner that they do not mass
explode and do not burn too rapidly and therefore may be exempted from the hazard class
‘Explosives’ (see also paragraph 3 in section 2.1.4.1) (V

2.17.1.2. The hazard class of desensitised explosives comprises:
(@) Solid desensitised explosives: explosive substances or mixtures, which are wetted
with water or alcohols or are diluted with other substances, to form a homogeneous solid
mixture to suppress their explosive properties.
NOTE: This includes desensitisation achieved by formation of hydrates of the substances.
(b) Liquid desensitised explosives: explosive substances or mixtures, which are dissolved

or suspended in water or other liquid substances, to form a homogeneous liquid mixture
to suppress their explosive properties.

(1) Unstable explosives as defined in Section 2.1 can also be stabilised by desensitisation and
consequently may be classified as desensitised explosives, provided all criteria of Section
2.17 are met. In this case the desensitised explosive shall be tested according to test
series 3 (Part I of the UN RTDG, Manual of Tests and Criteria) because information about
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its sensitiveness to mechanical stimuli is likely to be important for determining conditions
for safe handling and use. The results shall be communicated in the safety data sheet.

3.18.3. Relation to other physical hazards

The only possibility to “enter” the class of desensitised explosives is from the class of explosives
(section 3.2) by dilution or phlegmatisation.

Classification as explosive and desensitised explosive are mutually exclusive. Further, note 3 in
CLP Annex I table 2.17.1 explicitly states that “desensitised explosives do not fall additionally
within the scope of sections [...] 3.7 (flammable liquids) and 3.8 (flammable solids).”

Explosives may sometimes be an active ingredient in aerosols, specifically used for medical
purposes (i.e. nitroglycerine spray for treatment of heart emergencies); however, the
concentration is usually so small that the respective aerosol is neither classified as explosive nor
as desensitised explosive, because the decomposition energy will fall below the lower limit of
300 J/g of CLP 2.17.2.1 (c), so that classification as desensitised explosive does not apply.

Since desensitised explosives are by definition explosives that have been phlegmatised, they
cannot be self-reactive substances and mixtures according to CLP Annex I 2.8.2.1 (a). By
definition in Annex I section 2.15.1.1, organic peroxides cannot be classified as desensitised
explosives.

Generally, desensitised explosives will not be classified as oxidising solids or liquids, respectively.
It is advisable to also check the chapter about explosives in this guidance.

Although a simultaneous classification as pyrophoric solid / liquid (sections 3.10 and 3.11), self-
heating (section 3.12) or water-reactive (section 3.13) cannot be precluded, such combination
would be applicable only in extremely rare cases where the resulting intrinsic increase of risk
has been intentionally accepted or designed. Substances and mixtures of these chapters usually
consist of chemicals that are reactive towards air or water whereas explosives have a certain
decomposition energy stored as potential energy in the molecule or mixture that can be released.

In rare cases, desensitised explosives may also be corrosive to metals (section 3.17); however,
one has to be aware that metals used in test method UN C.1 of the UN-MTC may trigger
decomposition. Therefore, it may not be possible to perform this test. In case of doubt, expert
judgement should be applied.

3.18.4. Classification of substances and mixtures as desensitised explosives

Annex I:

2.17.2.1. Any explosive while in a desensitised state shall be considered in this class unless, in
that state:

(a) It is intended to produce a practical explosive or pyrotechnic effect;
(b) It has a mass explosion hazard according to test series 6 (a) or 6 (b) or the corrected
burning rate according to the burning rate test described in part V, subsection 51.4 of the UN

RTDG, Manual of Tests and Criteria is greater than 1 200 kg/min; or

(c) The exothermic decomposition energy is less than 300 J/g.
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NOTE 1: Substances or mixtures, which meet the criterion (a) or (b) in their desensitised
state shall be classified as explosives (see Section 2.1). Substances or mixtures which meet
the criterion (c) may fall within the scope of other physical hazard classes.

NOTE 2: The exothermic decomposition energy may be estimated using a suitable calorimetric
technique (see section 20, sub-section 20.3.3.3 in Part II of the UN RTDG, Manual of Tests
and Criteria).

For a proper classification process, the following questions should be clearly answered:

1. Isthe “original” substance or mixture (= substance or mixture before desensitisation) an
explosive as defined in chapter 2.1? If not, a classification as desensitised explosive is
not applicable.

2. Is the substance or mixture in the desensitised form intended to produce a practical
explosive or pyrotechnic effect? If yes, it remains in the class of explosives.

3. Does the diluent or phlegmatiser fulfil the intended function, especially with respect to a
permanent homogeneous distribution (see explanations in section 2.17.1 above)? If not,
a classification as desensitised explosive is not possible.

4. What is the value of exothermic decomposition energy? If the answer is less than 300
J/g, the class of desensitised explosives is not applicable; in this case, potential
classification as flammable liquids or flammable solids should be checked.

5. Isthe phlegmatised explosive too sensitive or thermally unstable in accordance with tIest
Sseries 3 of the UN-MTC? If yes, such mixture will remain an explosive of class 2.1. Wher
a mixture contains nitrocellulose, additional data of the nitrocellulose as described in
Appendix 10 of the UN-MTC are needed in order to be used in nitrocellulose mixtures
considered in this class.

Subsequently, testing is required:

Test 6 (a) and 6 (b) according to sections 16.4 and 16.5 of the UN-MTC should be performed to
establish that the intended desensitised explosive has no mass explosion hazard.

Alternatively, Test Series 2 according to Part I, section 2 of the UN-MTC may be performed with
the phlegmatised explosive. If a negative result (*-") is obtained in each of the three individual
tests, it is “too insensitive for inclusion in the class of explosives” and thus may qualify for
classification as a desensitised explosive. In this case, Test 6 (a) and 6 (b) need not be
performed.

Finally, the burning rate test of section 51.4 of the UN-MTC will confirm the classification as a
desensitised explosive and lead to the assignment of the category. However, if the corrected
burning rate is found to be 1200 kg/min or more, such material is moved back to the class of
explosives.

3.18.4.1. Identification of hazard information

Since desensitised explosives are derived from explosives it is advisable to gather information
about these properties first. In a second step, the diluent or phlegmatiser should be checked;
key requirements are:

e The diluent (phlegmatizer) has to be chemically inert towards the explosive. This means that
this compound does not interact with the explosive in any way that would reduce the thermal
or chemical stability.
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e Further, the diluent must be effective in its function as a desensitiser (see also section
3.18.1) with a homogeneous distribution over extended periods of time (i.e. duration of
storage).

3.18.4.2. Screening procedures and waiving of testing

The screening procedures for explosives are described in section 3.2.4.2 of this guidance.
Phlegmatised mixtures with a decomposition energy below 300 J/g should not be classified as
desensitised explosive (see Annex I, section 2.17.2.1 (c)).

3.18.4.3. Classification criteria

Substances and mixtures of hazard class desensitised explosives are classified in four hazard
categories on the basis of the corrected burning rate (UN-MTC, sub-section 51.4), according to
Annex I, Table 2.17.1.

Annex I: Table 2.17.1

Criteria for desensitised explosives

Category Criteria

1 Desensitised explosives with a corrected burning rate (AC) equal to or greater
than 300 kg/min but not more than 1 200 kg/min

2 Desensitised explosives with a corrected burning rate (AC) equal to or greater
than 140 kg/min but less than 300 kg/min

3 Desensitised explosives with a corrected burning rate (AC) equal to or greater
than 60 kg/min but less than 140 kg/min

4 Desensitised explosives with a corrected burning rate (AC) less than 60 kg/min

Note 1: Desensitised explosives shall be prepared so that they remain homogeneous and do
not separate during normal storage and handling, particularly if desensitised by wetting. The
manufacturer/supplier shall give information in the safety data sheet about the shelf-life and
instructions on verifying desensitisation. Under certain conditions the content of desensitising
agent (e.g. phlegmatiser, wetting agent or treatment) may decrease during supply and use,
and thus, the hazard potential of the desensitised explosive may increase. In addition, the
safety data sheet shall include advice on avoiding increased fire, blast or projection hazards
when the substance or mixture is not sufficiently desensitised.

Note 2: Explosive properties of desensitised explosives shall be determined by test series 2 of
the UN RTDG, Manual of Tests and Criteria, and shall be communicated in the safety data
sheet.

Note 3: For the purposes of storage, supply and use, desensitised explosives do not fall
additionally within the scope of Sections 2.1 (explosives), 2.6 (flammable liquids) and 2.7
(flammable solids).

3.18.4.4. Testing and evaluation of hazard information

General considerations

Due to the high risks relating to the handling of explosives, the testing personnel should be
sufficiently qualified and experienced in performing the required tests. Please refer to section
3.2.4.4 for further details.
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3301 Additional notes on best practice for testing

3302 Before applying the desensitiser, the explosive properties of the “original” substance or mixture
3303 should be known (in general: results of Test Series 2, 3 (a) and 3 (b) of the UN-MTC; further
3304 data about thermal stability such as Test 3 (c) or appropriate data determined according to
3305  section 20.3.3.3 of the UN-MTC or data from application of microcalorimetric methods).

3306  Subsequently, the effect of the diluent / phlegmatiser should be examined; see section 3.18.4.4
3307  of this guidance.

3308 3.18.4.5. Decision logic

3309 Classification of substances or mixtures as desensitised explosives is done according to decision
3310 logics 2.17.1 in Annex I CLP.

0 NOTE: The person responsible for desensitised explosives should be experienced in this field
and be familiar with the criteria for classification.
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Annex I: Figure 2.17.1 Desensitised explosives

Substance/mixture is solid or liquid?

i Not classified as a
No desensitized explosive

Does it contain an explosive substance or mixture which is phlegmatized |—»
to suppress the explosive properties?

May fall within the scope of

l other physical hazard
Yes Yes classes
Is the exothermic decomposition energy less than 300 1/g?
Explosive
l No Division 1.1
. Yes
Test 6 (a), 6 (b): Is the result a mass explosion? >
N
i o Yes Danger
Burning rate test (Part V, sub-section 51.4): —>
Is the result a mass explosion?

l Hazard class “Explosives”
No (see criteria in

Chapter 2.1)

| Ac > 1200 kg/min?

e Category 1
Yes
| Ac = 300 kg/min but < 1200 kg/min? | :
Danger
No @ \/_
Category 2
Yes
Ac = 140 kg/min but < 300 kg/min? -
@ Danger
No \/_
Category 3
Yes
Ac = 60 kg/min but < 140 kg/min? |—>
Warning
No \/_
Category 4
Yes
Ac < 60 kg/min? |4>
Warning
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3.18.5. Hazard communication for desensitised explosives

3.18.5.1. Pictograms, signal words, hazard statements and precautionary

statements

Table 2.17.2 of CLP Annex I provides the label elements for hazard class desensitised explosives.

Label elements must be used for substances and mixtures meeting the criteria for classification
in this hazard class in accordance with Table 2.17.2.

Annex I: 2.16.3. Table 2.17.2 Label elements for desensitised explosives
Classification Category 1 Category 2 Category 3 Category 4
GHS
Pictogram
Signal Word Danger Danger Warning Warning
H206 Fire, blast | 1297 Fire or H207 Fire or H208 Fire
L projection projection A
or projection : i hazard;
N hazard; hazard; . 4
Hazard hazard; increase . 4 , / increased risk of
. ; increased risk of | increased risk of L
Statement risk of explosion L L explosion if
if desensitisin. SR i gl i desensitisin
; 9 desensitising desensitising . g
agent is reduced . . agent is reduced
agent is reduced | agent is reduced
P210 P210 P210 P210
pP212 pP212 pP212 P212
Precautionary
Statement P230 P230 P230 P230
Prevention
P233 P233 P233 P233
P280 P280 P280 P280
grtg‘;gr‘fé%’;ary P370 + P380+ P370 + P380+ | P370 + P380+ P371 + P380+
P375 P375 P375 P375
Response
Precautionary
Statement P401 P401 P401 P401
Storage
Precautionary
Statement P501 P501 P501 P501
Disposal

The wording of the Precautionary Statements is found in CLP Annex IV, Part 2.

3.18.6. Relation to transport classification

Since desensitised explosives have a high rank in the precedence tables of the Dangerous Goods
Regulations, such substances and mixtures will be classified likewise in CLP. Unlike in the CLP,
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desensitised explosives are not a hazard class of their own for transport. Instead such substances
and mixtures are transported under specific UN-numbers in class 3 (liquids) or division 4.1
(solids).

3.18.7. Examples of classification for desensitised explosives

A detailed example for the classification of a new substance as a desensitised explosive can be
found on the UN Website using the following link:

ST/SG/AC.10/C.3/2021/32 (unece.org)

This document describes in detail testing that has been performed for the original explosive
substance, and subsequently the test results in the desensitised form up to the assignment of a
category.


https://unece.org/sites/default/files/2022-04/ST-SG-AC.10-C.3-2022-9e.pdf
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