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SECTION 20

INTRODUCTION TO PART i

20.1 Purpose

20.1.1 Part Il of the Manual presents the United Nations schemes for the classification-fastife
substancesf-bDivision-4-Land organic peroxidesf-Division-5-2{see-respectively-subection2.4.2.3-and-sectiop.5-3
of-the-Model-Regulations)t includes a description of the procedures, test methods and criteria considered to|be the
most suitable for providing competent auities with the necessary information to arrive at a proper classification of

these substancdertranspert It should be used in conjunction with the classification principles giveeation20,
paragraphs 20.4 {Divisien4-1yand 20.4.3Bivision-5-2 and the flow chart given in Figure 261 this Manual sub
sections 2.£2.3and2.5.3 of the Mdel Reqgulations, Chapters 2.8 and 2.15 of the @d8-alse-2-4-2.3-3-and-2.5-3-3 |n

the-Model- Regulations)

20.1.2 Self-reactive substances and organic peroxides are classified into seven types according to the hazard.
The scheme for classifying these substances is illustrated in Figure 20.1. The tests are performed in tioth&ages.

first stage, for the safety dfaboratory workers, preliminary small scale tests should be performed to ascertain the
stability and sensitivity of the substande-the-second-stagi)e classification tests should be performedhe second

stage

20.2 Scope

20.2.1 New substances, caple of exothermic decompositioetferedfortransporshould be subjected td
the classification procedures for sedfactive substances as set out in this section unless:

(@) They are explosivesee Part Becording-to-the-criteriaof Class 1 |

(b)  They are oxidizing substances Fof
section 34) except that mixtures of oxidizing substances WhICh contain 5 0% or more of
combustible organic substances shall be subjected to the classificationlupeodefined
describedn the NOTE below;

NOTE: Mixtures of oxidizing substanceseeting-the—criteria—of-Division-5.Which contain |

5.0% or more ofombustible organic substances, which do not meet the criteria mentioned in
(a), (c), (d) or (e)yabeve shall be subjected to the sedfactive substance cIassificationh
procedure.

A mixture showing the properties of a selaictive substance, type B to F, shall be classified as
a selfreactive substance of Division 4.1.

A mixture showing the properties of a selfctive substance, type G, according to the

principle of 20.4.2 (g) shall be considered for classification asidizingsubstancef
Division5-1(see section 34).

(c) They are organic peroxidescerding-tolte-criteria-of Division5.2see 20.2.2) |

(d)  Their heat of decomposition (see 20.3.3.3) is less thad/gQor

(e)  Their selfaccelerating decomposition temperaturgresater than 78C for a 50kg package.
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20.2.2 New organic peroxides offered féranspertclassificationshould be subjected to thetassification
procedures as set out in this section unless the organic peroxide formulation contains:

(@ Not more than 1.0% available oxygen from the organic peroxides when containing not more
than1.0% 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.

20.2.3 In this context a new substance is one which, in the opinion of the competemitguinvolves any
of the following:

(@) A new selfreactive substance which meets the definition givedOi.Jparagraph-2.4-2.3-1.1
of the-Model-Regulationoor a mixture of already classified sedfactive substances which is
considered to be sidgigantly different from those already classified;

(b) An activator is added to an already classified -ssdictive substance
(seeparagraph2.4.2.3.2.1 and 2.4.2.3.2.2 of the Model Regulations) which decreases the
thermal stability or alters thexplosive properties; or

(c) A new organic peroxide which meets the definition giver2h2.3aragraph—2.-5-1-ofthe
Moedel-Regulationsor a mixture of already classified organic peroxides which is considered to
be significantly different from those alibaclassified.

20.2.4 Mixtures of organic peroxide formulations currently assigned to a generic ienthe dangerous
goods list of Chapter 3.2 of the Model Regulatiotey be classified as the same type of organic peroxide as that of the
most dangerousomponent and be transported under the conditions of transport given for this type. However, as two
components can form a thermally less stable mixture, thease#flerating decomposition temperature (SADT) of the
mixture should be determined and, if nexsay, the control and emergency temperature derived from the SADT in
accordance with paragraph 2.5.3.4 of the Model Regulations.

20.2.5 The classification procedure should be undertaken before a new product is offetegir$port
classification

20.2.6 Any substance which shows the properties of arselftive substance (except type G) should be
classified as such, even if this substagises a positive test result according to the test method fothasating

substanceef-Division-4-2(see sectioB2:5-233.3.1.6ef this Manualand-Chapter 24-of- the Meodel-Regula)ions

Note by the secretariat:
Correction. Section 32.5.2 describes the sustained combustibility test (TestThg)test method for selfeating
substances is addressed in 33.3.1.6.

20.3 Preliminary procedure
20.3.1 General description

It is essential for the safety of laboratory workers that smsdhle preliminary tests are performed
before attempting to handle larger quantitie$his involves tests for determining the sensitivertedgbe substance to
mechanical stimuli (impact and friction), and to heat and flame.
20.3.2 Test types

Generally four types of small scale test may be used to make a preliminary safety assessment:

(&) Afalling weight test to determine sensitiven&smpact;
(b)  Afriction or impacted friction test to determine the sensitiveness to friction;
(c) Atestto assess thermal stability and the exothermic decomposition energy; and

(d)  Atestto assess the effect of ignition.
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20.3.3 Application of the &st methods

20.3.3.1 For safety, it is usual to perform the tests requiring the smallest quantity of material first.
20.3.3.2 Impact and friction sensitiveness may be assessed using one of the tests in series@asith
acceptance procedufer theclass of explosivetsee Part I).

20.3.3.3 Thermal stability may be estimated using a suitable calorimetric technique such as differential
scanning calorimetry or adiabatic calorimetry. Exothermic decomposition energy may be estimated using a suitable
calorimetric technique such as differential scanning calorimetry. In using such techniques, special care should be taken
in interpreting the results when:

- Sampling and testing mixtures;

- The material of the sample vessel may influence the result;

- Endotherms immediately precede exotherms;

- Evaporation of constituents will lower the exothermicity (sealed sample vessels should
normally be used);

- The presence of air may critically affect the measured decomposition energy;
- There is a largdifference between the specific heats of the reactants and products; and

- Using rapid heating rates (when differential scanning calorimetry is used, the heating rates
should normally be in the range of 2 to 5 K/min).

If differential scanning calorimgt is used, the extrapolated onset temperature is defined as being the point of
intersection of the tangent drawn at the poingrefatest slope on the leading edge of the peak with the extrapolated
baseline.

20.3.3.4 Any suitable method may be used tsess the effect of ignition provided it adequately identifies
those materials which react violently under little or no confinement.
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Figure 20.1(a):

PEROXIDES

Note by the secretariafThe texton the starting bos h o u |

FLOW CHART SCHEME FOR SELF -REACTIVE SUBSTANCES AND ORGANIC

d SELFEREACTIVEISUBSTANCE OR ORGANIC

PEROXIDE

ORGANIC PEROXIDE

Box 1
Test A

Does it propagate

a detonation

1.2 Partial

Yes, slowly
No

Can it propagate

4.1 a deflagration
Yes, rapidly ?
4.2y
43| N

of heating it under defined \
7.1 confinement
Violent ?
: of heating it
7.2 Medium | 8.1 coubacmont
7.3 Low ¥ Violent 2
7.4 None
Box 10 8.2 Medium 9.1
Test G 83Low ¢ Violent
8.4 None
explode as
| 4
10.1 Yes
Y
Type A Type B Type C Type D

9.2 Medium

1.3 No

11.2No ¥

12.2 Lowy

Type F

Type G

10
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PEROXIDES{¢c¢ont 6d)
Note to Figure 20.1:

For transport:
Type A: not accepted for transport in tipaickaging

Type B: accepted for transpor't i n packages hardrdalpeb t mor e
Type C: accepted for transport in packages of not more than 50 kg net mass
Type D: accepted for transport in packages of not rti@e 50 kg net mass

Type E: accepted for transport in packages of not more than 400 kg/450 litres
Type F: may be considered for transport in IBCs or tanks

Type G: shall be considered for exemption

20.4 Classification procedures
20.4.1 General description
204.1.1 The principles of classification of sekactive substances and organic peroxides are given in sub

sections 20.4.2 and 20.4.3 respectlv@g&ase—pa;agmpm—z%%—and—%%%—e#ﬁw—wmdaAQeWaﬂmﬂ

general scheme for classifiaati (flow chart) is shown in Figure 20.1. Sedfactive substances and organic peroxides

are classified into seven types according to the hazard. In order to determine the substance type, it is necessary to
determine the properties as requested in the bofixéee flow chart and the additional requirements in the classification
principles. The types range from type A, which is not accepted for transport in the packaging in which it is tested, to
typeG which is exempted from the provisions for selfctive substancesf Division4-1-or organic peroxidesf
Bivision5-2 Theclassification of types B to F is directly related to the maximum quantity allowed in one packaging.

20.4.1.2 A self-reactive substance or organic peroxide formulation should be regasdeabsessing 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.

20.4.1.3 The selfaccelerating decomposition temperature (SADT) is eefirms the lowest ambient

temperature at which sediccelerating decomposition may occur in a substance in the paclesgispd-in-transpor
{seesubsection2.5-3-4-of the- Medel RegulationAh SADT should be determined in order to decide if:

(@) A substance should be subjected to temperature celtriolg-transport |
(b)  When appropriate, a substance conforms to the requirements of type G; or

(c)  When appropriate, a substance meets the SADT criterion fareselfive substances.

20.4.1.4 Whenappropriate, the physical form of the substance should be determined as set out under definition
of liquidsin-paragraph-1-2.1-of the- Model-Regulations
20.4.1.5 The substance type, physical form and whether or not temperature control is required toenae

the assignment of the substance to the appromyéateric entry.

20.4.2 Classification of selreactive substances

parag%apﬁ—%—%—ef—the—Medel—RegeﬂaﬂerSelf reactive substances are C|aSSIerd in one of the seven catedories

iTypes A to GO according to the following principles

L Liquid means a dangerous good which at 50 °C have a vapour pressurenodmeothan 300 kPa (3 banyhich

is not completely gaseous at 20 °C and at a pressure of 101.3 kPa, and which has a melting ipiial melting
point of 20 °C or less at a pressure of 101.3 kPa. A viscous substance for which a spatifig point annot be
determined shall be subjected to the ASTM D 4B8%%est; or to the test fatetermining fluidity (penetrometer tes
prescribed in section 2.3.4 of Annex A of the European Agreemecérning the International Carriage of Dangeroys
Goods by RoaADR).

11
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€) Any selfreactive substance WhICh can detonate or deﬂagrate rapldly, as paeliaged
transport
substaneesret—gaﬂsmpr%m—mat—paeka@mgl(be deﬁned as selfeactwe substand@tpe
Type Arexit-boxA-of Figure-20-);

(b) Any self-reactive substance possessimxplosive properties and which, as packaded

transpert neither detonates nor deflagrates rapidly, but is liable to undergo a thermal
explosmn in that packagsheutd—alse—be&pan—%esw._&sabgdapy—nslaabeléuch a

mitad moun aclud on 5 id aarationin 'HQE(
deflned as selfeactlve substan&gpe yg B)_—exlt—bex—&ef—l;tgure—zg—l)

(c) Any selfreactivesubstance possessing explosive properiag-be-transported-without-an

"EXPLOSIVE" subsidiaryrisk-labelvhen the substance as packa@eaximum50kg)-for
transpertcannot detonate or deflagrate rapidly, or undergo a thermal explésitbrbe

defined aselfreactive substandgpe Type C-exitbox-C-of Figure20-1)

-(d) Any selfreactivesubstance which in laboratory testing:

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

(i)  doesnot 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;

v(ill be defined
as seltreactlve substand&peTyge D—e;et—be;el}ef—l;tgﬁre—ze—l)

(e) Any selfreactivesubstance which, in laboratory testing, neither detonates nor deflagrates at
all and shows low or no effect when heated under confinemaptbe-acecepted-fortransport
inpackages—of-not-more-than—4kf450litres{ will be defined as selfeactive substae
typeETvpe S-exitbox-E-of Figure20-1)

® Any self-reactivesubstance 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 m explosive powemay-be-considered-fortransportintBCs-ortanksl|(
bedeflned as selfeactive substandgpeFr YPE F—e;et—be*llet—l;tg&re—ze—la—fehaddttrenal

ed state
y-explosive

2 For transport, the following principles should be appliedthe classification ofselfreactive substancesot

listed inthe Tableof paragraph 24.2.3.23 of the Model Requlations.

12
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(9)

Any selfreactive substance which, in laboratory testing, neither detonates in the cayitated

state nor deflagrates at all and shows no effeatnwheated under confinement nor amy
explosive power, provided that it is thermally stable ({setfelerating decompositio
temperature is 60 °C to 75 °C for a 50 kg package), and, for liquid mixtures, a diluent having
a boiling point greater than or equal 150 °C is used for desensitization will be defined |as
selfreactive substance TYPE. @ the mixture is not thermally stable or a diluent havind a
boiling point less than 150 °C is used for desensitization, the mixture shall be defined as self
reactivesubstance TYPE F.

20.4.3 Classification of organic peroxides

he-followingprinci he Hication—o ganic-peroxide—formulations not
i i 5.3.2. ic peroxides are classified in one of the seyen
cateqoriesi Types A to Go accordi*ng to the following prijpciopl

(a)

Any organic peroxide which, as packaged, can detonate or deflagrate rapidly will be defined

(b)

as organic peroxide TYPE A;
Any organic peroxide possessing explosive properties and which, as packaged, neithgr

(c)

detonates nor deflagrates rapidly, but is liable to undergo a thermal explosion in [that
package will be defined as organic peroxide TYPE B;
Any organic_peroxide possesgiexplosive properties when the substance or mixture ps

(d)

packaged cannot detonate or deflagrate rapidly or undergo a thermal explosion will be
defined as organic peroxide TYPE C;
Any organic peroxide which in laboratory testing:

(e)

0] detonategartially, does not deflagrate rapidly and shows no violent effect when
heated under confinement; or

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

(iii) does not detonate or deflagrateaditand shows a medium effect when heatef

under confinement; will be defined as organic peroxide TYPE D;
Any organic peroxide which, in laboratory testing, neither detonates nor deflagrates at all

(f)

and shows low or no effect when heated under confinemél be defined as organic
peroxide TYPE E;
Any organic peroxide which, in laboratory testing, neither detonates in the cavitated state

(9)

nor deflagrates at all and shows only a low or no effect when heated under confinemgnt as
well as low or no explsive power will be defined as organic peroxide TYPE F;
Any organic peroxide which, in laboratory testing, neither detonates in the cavitated stdte nor

deflagrates at all and shows no effect when heated under confinement nor any explosive
power, proviled that it is thermally stable (s@l€celerating decomposition temperature |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 desensitization, will be defined as opgamoidde TYPE
G. If the organic peroxide is not thermally stable or a diluent having a boiling point lesq than

r
fined

ergo a
.|1Such

3

For transport, the following principles should be appliedthe classification of organic peroxide formulatio

> s
not listed in Table of paragraph 2.5.3.2.4 of the Model Regulations rr

13
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acceptable for
ide-type E,

2044 Test types

20.4.4.1 Paragraphs 20.4.2 and 20.4.3 refer only to those properties o€aefifive substances and organic
peroxides which are decisive for their classification. These properties should be determined experimentally.

20.4.4.2 The st methods for determining the type of seHictive substance or organic peroxidegamiped
into eight series, lettered A to H, designed to provide the information necessary to answer the questions in the flow
chartgiven in Figure 20.1 and to applyetiprinciples for classification.

20.4.4.3 Test series A comprises laboratory tests and criteria concerning propagation of detonation as
requested in box 1 of the flow chart.

20.4.4.4 Test series B comprises a test and criteria concerning the propaafadietionation of the substance as
packaged fotransperftclassification as requested in box 2 of the flow chart.

20.4.4.5 Test series C comprises laboratory tests and criteria concerning propagation of deflagration as
requested in boxes 3, 4 and 5 of tlesv chart.

14
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20.4.4.6 Test series D comprises a test and criteria concerning the propagation of a rapid deflagration of the
substance as packagedfiemspericlassification as requested in box 6 of the flow chart.

20.4.4.7 Test series E comprisdaboratory tests and criteria concerning the determination of the effect of
heating under defined confinement, as requested in boxes 7, 8, 9 and 13 of the flow chart.

20.4.4.8 Test series F comprises laboratory tests and criteria concerning the explosise of substances
which are considered fdranspertcontainmentin Intermediate Bulk Containers (IBCs) or tanks, or for exempt‘on
(seebox 11 of the flow chart), as requested in box 12 of the flow chart.

20.4.4.9 Test series G comprises tests and gateoncerning the determination of the effect of a thermal
explosion of the substance as packagedréarsporiclassification as requested in box 10 of the flow chart. |

20.4.4.10 Test series H comprises tests and criteria concerning the determinatitve sklfaccelerating
decomposition temperature of organic peroxides andeaatftive, or potentially seleactive substances.

20.4.5 Application of the test methods
20.45.1 The ordering of test series A to H relates more to the sequence of assesgitsgthan to the order in
which tests are conducted. The recommended sequence of laboratory scale testing is testsdfie€ and then A.

Some tests may not be requiiiedee the introduction to each test series.

20.4.5.2 The package tests ofsteseries B, D an@ need be performed only if indicated by the results from the
corresponding tests in test series A, C and E.

15
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20.5 Example of a test report
20.5.1 Examples of a test report and a classification are illustrated in figures 20.2 amdsp@&ively.
20.5.2 To allow for analytical uncertainties, the concentration of the substancettadsperteeclassified

may be up 2% higher than the concentration tested. If an organic peroxide is tested, the available oxygen content should
begivenin thegeneral Data section of the report. Similarly, if a-seHctive substance is tested, the activator type and
concentration, if any, should lggven.

20.5.3 If the preliminary test results indicate that the substance is very sensitive to inii@toby impact,
friction or sparks), the results should be recorded in the report.

16
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Figure 20.2: EXAMPLE OF A TEST REPORT

1.

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

3.1
3.2
3.3

3.4
3.5

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10

51
5.2
5.3

5.4
55
5.6

Name of substance

General data

Composition

Molecular formula
Available oxygen content
Activator content
Physical form

Colour

Apparent density

Particle size

Detonation (test series A)
Box 1 of the flow chart

Method
Sample conditions
Observations

Result
Exit

Deflagration (test series C)
Box 4 of the flow chart

Method 1

Sample conditions
Observations
Result

Method 2

Sample conditions
Observations
Result

Overall resul

Exit

tertBUTYL PEROXYBENZOATE, technically pure

98% tertbutyl peroxybemoate
C11H1405

8.24%

Not applicable

Liquid

Colourless

1 040kg/m?®

Not applicable

Does the substance propagate a detonation?

BAM 50/60 steel tube test (test A.1)

Ambient temperature

30cm of tube fragmented, unreacted dahse remained in the

tube
Partial
1.2

Does the substance propagate a deflagration?

Time/pressure test (test C.1)
Ambienttemperature

Time 2.5s

Yes, slowly

Deflagration test (test C.2)
Temperature 50C
Deflagration rate 0.651m/s
Yes, slowly

Yes, slowly

4.2

Heating under confinement (test series E)
What is the effect of heating it under defined confinement?

Box 8 of the flow chart

Method 1
Sample conditions
Observations

Result
Method 2
Sample conditions

Koenen test (test E.1)
Mass 26.0y
Limiting diameter 3.5mm

(time to reaction 19 s, duration of reaction 22 s)

Violent

Dutch pressure vessel test (test E.2)

10.0g

17
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5.7
5.8
59
5.10

6.

6.1
6.2

6.3
6.4
6.5

7.1
7.2

7.3

7.4

8.1
8.2
8.3
8.4

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11

18

Observations Limiting diameter 10.0nm (time to reaction 110 s, duration of reaction 4 s)
Result : Violent

Overall result : Violent

Exit : 8.1

Explosion in package (test series E)

Box 10 of the flow chart

Method
Sample conditions

Observations
Result
Exit

Thermal stability (test series H)

Method
Sample conditions

Observations

Result

Additional data (see 20.5.3)

Method

Sample conditions
Observations
Result

Proposed assignment

Proper shipping name
UN number

Division

Technical name
Concentration
Diluent(s)
Subsidiaryhazards
Packinggroup
Packing method
Control temperature
Emergency temperature

Can the substance explode as packaged for transport?

Thermal explosion test in the package (@st)

25kg of substance in packaging type 6HG2 with a capacity of
30litres

Fume off only, no fragmentation of the package

No explosion (packingnethod OP5)

10.2

United States SADT test (test H.1)

20litres of substance in packaging type 6HG2 with a capacity of
25litres

Auto-accelering decomposition at 63C, no aute

accelerating decomposition at 98, selfaccelerating
decomposition temperature 63

No temperature control required

BAM fallhammer testtest 3(a) (ii))
Ambient temperature

Limiting impact energy 5 J
Sensitive to impact

ORGANIC PEROXIDE TYPE C, LIQUID
3103

5.2

tert-Butyl peroxybenzoate
O 100%

None

None

I

OP5

Not required

Not required
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Figure 20.3: CLASSIFICATION OF TERT -BUTYL PEROXYBENZOATE

TERT-BUTYL PEROXYBENZOATE

Box 1

Does il
propagate a
detonation 2

Box 2 1.1Yes

2.1 Yes ~Can it detonate™\_ 2.2 No 1.2 Partial
as packaged for
transport 2
propagate a
3.1 Yes,~deflagration 2
rapidly Box 4
32)Ves, slowly Cantt
3.3 No propagate a
2.1 vos~Jeflagration 2
rapidly Box5
4.2Y Yes, slowly Cantt
431 No propagate a
Box 6 5.1 ves~\deflagration 2
b rapidly
oes i
61 Yes Hetagrate rapidy~ &2 NO

in package ? Box 7

What
is the effect of
heating it under defined
confinement 2

71
Violent

is the effect of
heating it under defined
confinement ?

Box 9

8.1

Violent hat
is the effect of
heating it under defined
confinement ?.

8.2 Medium
8.3 Low

91
8.4 No Violent

Can it explode
as packaged for
transport 2,

10.2 No

Exit A l Exit B l ExitC l
NOT ACCEPTED ACCEPTED FOR ACCEPTED FOR ACCEPTED FOR
IFOR TRANSPORT] TRANSPORT IN TRANSPORT IN TRANSPORT IN
IN THAT PACKAGES OF NOT PACKAGES OF PACKAGES OF
PACKAGING MORE THAN NOT MORE THAN NOT MORE THAN
25 KG NET MASS 50 KG NET MASS 50 KG NET MASS
WITH "EXPLOSIVE" goto box11
'SUBSIDIARY RISK LABEL] offigure 20.1 (b)
None
None
None
I n box 2 and 10: remove the words fifor transporto
I n box 6 replace fAin packageod by fAas packagedo
Replace AExit Adype #Bxito DBDJdywiet DO
Remove boxes under tiieE x i t s 0
Remove the words fiof f iiggwr d@loPd.ox (b)) o to the referi
Note by the secretariatThe SuBCommi t t ee i s invited to consider whe
should be amendedtoe ad figo to box 11 of figure 20.106 as t hi{
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SECTION 21

TEST SERIES A
21.1 Introduction

20.1.1 Test series A comprises laboratory tests and criteria concerning propagation of detonation as
requestedn box 1 of Figure 20.1.

21.2 Test methods

21.21 The question "Does it propagate a detonation?" (box 1 of Figure 20.1) is answered on the basis of the
results of one of the test methods in Table 21.1. If a liquid is being considerewrsportcontanmentin tank |
containers or IBCs with a capacity exceeding W5€s, a cavitated version of a Series A test should be performed (see
Appendix3).

Table 21.1: TEST METHODS FOR TEST SERIES A

Test code Name of test Section
Al BAM 50/60 steel tube test 21.4.1
A5 UN gap test 21.4.3
A.6 UN detonation te8t 21.4.4

a Recommended test

All tests are considered to be equivalent and only one test method has to be used.

21.2.2 For organic peroxideand selfreactive substances,cambination of a test for explosive power (any
test of series F except test Hdr peroxides, and any test of series F except tests F.4 and F.5 foeastiVve
substances) with two tests for the effects of heating under confinement may be used asilagsprecedure for
assessing the ability to propagate a detonation. A test of series A need not be performed if:

(@) A"No"result is obtained from the explosive power test; and

(b) A "No" or "Low" result is obtained from test Eahdeither test E.1 or E.3.

For-transport-in-packages{excluding-IBC#) the screening procedure indicates that a Séritesst is not needed, thT

guestion in box 1 is answered with a "No". However, if the substance is being considdraddpericontainmenin
tank containers or IBCs, or for exemption, then a seiésst is required unless the result of a sefidest on a
formulation of the substance with a higher concentration and the same physical"state is

21.3 Test conditions

21.31 As the apparent density of the substance has an important effect on the results froAtestiest
should always be recorded. The apparent density of solids should be determined from measurement of the tube volume
and sample mass.

21.3.2 If a mixture can separate odtring-transpertthe test should be performed with the initiator in contahct
with the potentially most explosive part, if known.

21.3.3 The tests should be performed at ambient temperature unless the substidete s encountdse
transperted-undeconditions where it may change its physical state or density. Organic peroxides amhctalé
substances which require temperature control should be tested at the control temperature if below ambient temperature.

21.3.4 The preliminary procedure should be performed before performing these tests (see s@&i8h
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21.35 When a fresh batch of steel tubes is used, calibration tests using water (for tests on liquids) and an
inert, organic solid (for tests on solids) should be perfortoedetermine the average blank fragmentation length.
The"No" / "Partial" criteria should be set to 1.5 times the average blank fragmentation length.

21.4 Series A test prescriptions
21.4.1 Test A.1: BAM 50/60 steel tube test
21411 Introduction

This test is used to measure the ability of a substance to propagate a detonation by subjecting it to a
detonating booster charge under confinement in a steel tube. It may be used to answer the questioofifrigaxe
20.1.

21.4.1.2 Apparatus and matals

A seamless drawn steel tube of 50t length, 60nm external diameter andmdm walktthickness
(e.g. according to DIN 2448) should be used, made from steel St 37.0 with tensile strength of 350 to 480eMymm
according to DIN 1629). The tube is closed by a malleable cast iron screwing cap or by an appropriate plastic cap, put
over the open end of the tube. The booster consists of a cylindrical pedleydRDX/wax (95/5) compressed to a
pressure of 500 bar and with dimensions shown in Fig@®4.1.1. The upper part of the booster has an axial recess of
7 mm diameter and 2m depth which accepts a detonator of sufficient strength to initiate the booster reliably.
Substances which may react dangernpusth steel St. 37.0 are tested in tubes with an internal polythene coating

21.4.1.3 Procedure

21.4.1.3.1 Normally, the steel tube is filled with the substance as received, the sample mass determined and, if
solid, the apparent density calculated gdime measured internal tube volume. However, lumps are crushed and paste

like or gettype substances are carefully packed to eliminate voids. In all cases, the final density of the substance in the
tube should be as close as possible to its shippingtdembie booster is placed centrally in the upper end of the tube,

so that it is surrounded by the substance. When liquids are tested, the booster is separated from the liquid by wrapping it
in a thin foil of aluminium or an appropriate plastic materiale Wirapped booster is then attached to the malleable iron

cap by means of thin wires passing through four additional drillings in the cap. The cap is carefully screwed onto the
tube and the detonator inserted into the booster through the central holsedretheeap. The detonator is then initiated.

21.4.1.3.2 At least two tests, which may be instrumented (e.g. by a continuous velocity probe), are performed
unless detonation of the substance is observed. An instrumented third test may be necessancifisioncoan be
drawn from two uninstrumented tests.
21414 Test criteria and method of assessing results
21.4.1.4.1 The test results are assessed on the basis of:
(@) The type of fragmentation of the tube;
(b)  The completeness of the reactiontwd substance; and

(c) Ifthe occasion arises, the measured rate of propagation in the substance.

The test giving the most severe assessment should be used for classification.

In special cases, pure aluminium or steel 1.4571 according to DIN 17440 may be used as tube material.
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21.41.4.2

"Yes":

"Partial":

"No":

The test criteria are as follows:
- The tube ifragmented completely; or
- The tube is fragmented at both ends; or

- A velocity measurement shows that the rate of propagation in théragmented part of the
tube is constant and above the velocity of sound in the substance.

- The tubeis fragmented only at the initiator end and the average tube fragmentation length
(average over two tests) is greater than 1.5 times the average fragmentation length found with
aninert material having the same physical state; and

- A significant portion of unreacted substance remains or a velocity measurement shows that the
rate of propagation in the ndragmented part of the tube is lower than the velocity of sound in
the substance.

- The tube is fragmented only at the initiator end and tleeaae fragmentation length (average
of two tests) not more than 1.5 times the average fragmentation length found with an inert
material having the same physical state; and

- A significant portion of unreacted substance remains or a velocity measurdioestthat the

rate of propagation in the ndragmented part of the tube is lower than the velocity of sound in
the substance.
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21.4.15 Examples of results
Substances Apparent density Fragmented Result
(km/m?) length (cm)

Azodicarbonamide 627 15 No
2,2-Azodi(2,4dimethylvaleronitrile) 793 16 No
Benzenel,3-disulphohydrazide 640 50 Yes
Benzene sulphohydrazide 630 17 No
tertButyl peroxybenzoate - 30 Partial
tertButyl peroxy2-ethylhexanoate - 18 No
3-Chloroperoxybenzoic acid, not more than 610 24, 6 Yes
86% with 3chlorobenzoic acid
Cumyl hydroperoxide, 84% ioumene - 15 No
Cyclohexanone peroxide(s) 620 50 Yes
2-Diazo-1-naphthol5-sulphochloride 690 20 No”
Dibenzoyl peroxide 730 30,12 Yes
Dibenzoyl peroxide, 75% with water 740 20 No
Di-tertbutyl peroxide - 16 No
Dicetyl peroxydicarbonate 590 13 No
Dicumyl peroxide 520 14 No
Diisopropyl peroxydicarbonate 790 50 Yes
Dilauroyl peroxide 580 25 Partial
Dimyristyl peroxydcarbonate 460 20 No
Dimyristyl peroxydicarbonate, 42% stable - 15 No
dispersion in water
N,N'-Dinitrosopentamethylene tetramine, 590 50 Yes
90% with mineral oil
N,N'-Dinitrosopentamethylene tetramine, 500 50 Yes
80% with 17% inorganic solid and 3% mineral oil
N,N'-Dinitrosopentamethylene taimine, - 26 Partial
75% with 15% calcium carbonate
and 10% mineral oil
Inert substances: Air 8

Dimethyl phthalate 13

Icing sugar 682 14

Sand 13

Water 14

Both ends fragmented.

Detonation velocity 840 m/s.

24
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(A) Detonator wires

(B) Detonator inserted 2Gm into the booster charge

© Screw cap of malleable cast iron or a plastics cap

(D) Booster charge of RDX/wax (95/5) with 3dm diameter and length of approximatelymh
(E) Steel tube 500hm long with internal diameter 58m, external diameter G8m

(F) Substance under test

(G) Welded steel basedrém thick

Figure 21.4.1.1: BAM 50/60 STEEL TUBE TEST
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21.432 Test A.5: UNgap test
21.432.1 Introduction

This test is used to measure the ability of a substance to propagate a detonation by subjecting it to a detonating
booster charge undeonfinement in a steel tube. It may be used to answer the questionirob&igure 20.1.

21.432.2 Apparatus and materials

The apparatus is shown in Figu2é&.432.1. The test sample is contained in an annealed, seamless,
carbon steel tube with axternal diameter of 482 mm, a wall thickness of mim and dength of 400t 5 mm. If the
test substance may react with the steel, the inside of the tube may be coated with fluorocarbon resin. The bottom of the
tube is closed with a plastics sheet pulfigihtly (so that it plastically deforms) over the bottom of the tube and held
tightly in place. The plastics sheet shall be compatible with the substance under test. The booster charge consists of
160g RDX/wax (95/5) or PETN/TNT that has a minimum of 56%TN in the mixture, 5& 1 mm in diameter with
adensity ofl 600+ 50 kg/m®. The charges may be pressed in one or more pieces, as long as the total charge is within
the specifications, and the PETN/TNT charge is cashild steel witness plate, 15010 mm square and &m thick,
may be mounted at the upper end of the steel tube and separated from it by spader/@nrb thick.

21.432.3 Procedure

21.432.3.1 The sample is loaded to the top of the steel tube. Solid samples are loaded to theattaimsty by
tapping the tube until further settling becomes imperceptible. The sample mass is determined and, if solid, the apparent
density calculated using the measured internal volume of the tube.

21.432.3.2 The tube is placed in a vertical positiondathe booster charge is placed in direct contact with the
sheet which seals the bottom of the tube. The detonator is fixed in place against the booster charge and initiated. Two
tests should be performed unless detonation of the substance is observed.

21.432.4 Test criteria and method of assessing results
21.432.4.1 The test results are assessed on the basis of the fragmentation pattern of the tube. The witness plate is

used only to provide supplemental information on the violence of the reactionteStgiving the most severe
assessment should be used for classification.

21.432.4.2 The test criteria are as follows:
"Yes": - The tube is fragmented over its entire length.
"Partial™: - The tube is not fragmented over its entire length but the gedtdbe fragmentation (average

over the two tests) igreater than 1.5 times the average fragmentation length found with an
inert material with the same physical state.

"No": - The tube is not fragmented over its entire length and the average tuberftaiipne(average
over the two tests) is not more than 1.5 times the average fragmentation length found with an
inert material with the same physical state.

21.432.5 Examples of results
Substance Apparent density Fragmented Result
(kg/m3) length (cm)
2,2-Azodi(isobutyronitrile) 366 40 Yes
tertButyl peroxybenzoate 25 Partial
tertButyl peroxy2-ethylhexanoate 25 Partial
Dibenzoyl peroxide, 75% with water 685 40 Yes
2,5-Di-(tert-butylperoxy}2,5-dimethylhexyne3 34 Partial
Dilauroyl peroxide 564 28 No
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(A) Spacers (B) Witness plate
© Steel tube (D) Substance under test
(E) RDX/wax or PETN/TNT booster charge (F) Detonator holder
(G) Detonator (H) Plastics sheet

Figure 21.432.1: UN GAP TEST
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21.443 Test A.6:UN detonation test
21.443.1 Introduction

This test is used to measure the ability of a substance to propagate a detonation by subjecting it to a
detonating booster charge under confinement in a steel tube. It may be used to answer the questioofifrigaxe
20.1.

21.443.2 Apparatus and materials

The apparatus is shown kigure 21.443.1 and is identical for solids and liquids. The test sample is
contained in an annealed, seamless, carbon steel tube with an external diameterlofirpa wall thickness of
5+ 1mm and a length of 5005 mm. If the test substance may react with thelstihe inside of the tube may be
coated with fluorocarbon resin. The bottom of the tube is closed with a plastics sheet held tightly in place. The plastics
sheet shall be compatible with the substance under test. The booster charge gsRD20®ax (955) or PETN/TNT
that has a minimum of 50% PETN in the mixture,#6Dmm in diameter with a density of 00+ 50 kg/n.
Thecharges may be pressed in one or more pieces as long as the total charge is within the specifications and the
PETN/TNT charge is casThe tube may be instrumented, e.g. by a continuous wire velocity probe, to measure the
velocity of propagation in the substance. Additional information on the explosive behaviour of the test sample can
begained by the use of a witness plate or of acigf probe, as shown iRigure21.443.1. The mild steel witness
plate, 150mm square and @im thick, may be mounted at the upper end of the tube and separated from it by spacers
1.6 mm thick.

21.443.3 Procedure

The sample is loaded to the top of 8teel tube. Solid samples are loaded to the density attained by
tapping the tube until further settling becomes imperceptible. The sample mass is determined and, if solid, the apparent
density calculated. The tube is placed in a vertical position andothe&tey charge is placed in direct contact with the
sheet which seals the bottom of the tube. The detonator is fixed in place against the booster charge and initiated. Two
tests should be performed unless detonation of the substance is observed.
21.443.4 Test criteria and method of assessing results
21.443.4.1 The test results are assessed on the basis of:

(@) The type of fragmentation of the tube; and

(b) If the occasion arises, the measured rate of propagation in the substance.

The tesgiving themost severe assessment should be used for classification.

21.443.4.2 The test criteria are as follows:
"Yes": - The tube is fragmented completely.
"Partial™: - The tube is not fragmented over its entire length but the average tube fragmeatediage

over the two tests) igreater than 1.5 times the average fragmentation length found with an
inert material with the same physical state.

"No": - The tube is not fragmented over its entire length and the average tube fragmentation (average

over he two tests) is not more than 1.5 times the average fragmentation length found with an
inert material with the same physical state.
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21.443.5 Examples of results
Substance Apparent density Fragmented Result
(kg/m?) length (cm)
2,2 Azodi(isobutyronitrile) 346 50 Yes
tertButyl peroxybenzoate 28 Partial
tertButyl peroxy2-ethylhexanoate 23 No
Dibenzoyl peroxide, 75% with water 697 22 No
2,5Di-(tert-butylperoxy}2,5-dimethylhexyne3 870 30 Partial
Dilauroyl peroxide 580 32 Partial
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(D)  Substance under test

RDX/wax or PETN/TNT booster charge (F) Detonator holder
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Velocity probe
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SECTION 22

TEST SERIES B

22.1 Introduction

Test series B comprises a test and criteria concerning the propagation of detonation of a substance as pgckaged
fortransport The test is required only faubstances which propagate detonation (box 1 of FRurs.

22.2 Test methods
The question "Can it detonate as packafgedranspor?” (box 2 of Figure 20.1) is answered on tH1e

basis of the results of the test method in Table 22.1.

Table 22.1: TESTMETHOD FOR TEST SERIES B

Test code Name of test Section

B.1 Detonation test in packalye 22.4.1

a Recommended test.

22.2.2 The test is required only for substances for which the answer to the question in box 1 o2@itjise
"Yes".

22.3 Testconditions

22.3.1 The test from series B should be applied to packages (not larger thay) 60 substance in the
condition and form in which they are offerks-transport |
22.3.2 The preliminary procedure should be performed before performing theststéseesection20.3).

22.4 Series B test prescription

22.4.1 Test B.1: Detonation test in package

22411 Introduction

This test is used to measure the ability of a substance to propagate a detonation when-padkagedsport |
It involvessubjecting the substance in a package to the shock from a detonating booster charge. It is used to answer the
guestion in box 2 of Figure 20.1.

22.41.2 Apparatus and materials

A detonator, detonating cord, plastic explosive and suitable confiningiatates required. A mild
steel sheet of aboutrhim thickness, with a minimum size in each direction ofrd.arger than that of the bottom
dimensions of the package, serves as a witness plate beneath the package.

22.4.1.3 Procedure

The test is appliedo packed substances in the condition and form in which they are ofmﬁreF
transport The package is placed on the steel witness plate from which the edges are supported by bricks |or other
suitable material so that there is sufficient free air spacensble witness plate that puncture is not impeded. Two
charges of plastic explosive (each maximum @Qfut in total not more than 1% by mass of the substance in the
package) are placed on top of the substance in the package. For liquidsyingetalpportmay be needed to ensure
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that the two explosive charges are located correctly in the middle of each of the two semicircular or triangular parts of
the top surface (see Figure 22.4.1.1). Each charge is initiated by the detonator through a detonatinthquet.eB of
detonating cord should be of equal length. pheferred method of confinement is loose sand placed around the test
package with a minimum thickness of @bin every direction. Alternative methods of confinement are to use boxes,
bags or drms filled with earth or sand placed around and on top of the package with the same minimum thickness. The
test is performed in duplicate unless a detonation is observed. An instrumented third test may be necessary if no
conclusion can be drawn from two nstrumented tests.

22.4.1.4 Test criteria and method of assessing results

224.1.4.1 The test results are assessed on the basis of evidence of a detonation of the substance under
investigation by:

(@)  Acrater at the test site;

(b) Damage to the witss plate beneath the product;

(c) Disruption and scattering of most of the confining material; and

(d)  When appropriate, the measured rate of propagation in the substance.

224.1.4.2 The test criteria are as follows:

"Yes": - Formation of a crateat the test site or perforation of the witness plate beneath the product;
both in combination with a disruption and scattering of most of the confining material; or the
propagation velocity in the lower half of the package is constant and is above tbigyvafio
sound in the substance.

"No": - No formation of a crater at the test site, no perforation of the witness plate beneath the product,

a velocity measurement (if made) shows that the rate of propagation is lower than the velocity
of sound in the sultence and, for solids, retrieval of unreacted substance after the test.

22415 Examples of results
Substance Appa(LZ?:n%?nsity Packaging Result
Dibenzoyl peroxide 730 1G, 25kg Yed
Dicyclohexyl peroxydicarbonate 600 1G, 5kg No°
Dicyclohexyl peroxydicarbonate, 600 1G, 5kg No°

with 10% water

Performed in duplicate. Detection of detonation by formation of crater.
Tests performed in duplicate. Propagation velocity measured instead of using a witness plate.
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(©)
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Explosivecharges

Line of symmetry

Top view of cylindrical package
Top view of rectangular package

Figure 22.4.1.1: DETONATION TEST IN PACKAGE
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SECTION 23

TEST SERIES C

23.1 Introduction

Test series C compris&zboratory tests and criteria concerning propagation of deflagration as requested in boxes
3, 4 and 5 of Figure 20.1.

23.2 Test methods

23.21 The question "Can it propagate a deflagration?" (boxes 3, 4 and 5 of Figure 20.1) is answered on the
basis ofthe results of one, or if necessary both, of the test methods in Table 23.1.

Table 23.1: TEST METHODS FOR TEST SERIES C

Test code Name of test Section
Cc.1 Time/pressure test 23.4.1
C2 Deflagration test 23.4.2

a Recommended test.

23.2.2 The answelis "Yes, rapidly” if shown to be so by either test. The answer is "Yes, slowly" if the
deflagration test result is "Yes, slowly" and the time/pressure test result is not "Yes, rapidly”. The answer is "No" if the
deflagration test result is "No" and the éfpressure test is not "Yes, rapidly".

23.3 Test conditions

23.3.1 The preliminary procedure (see section 20.3) should be carried out before performing these tests.
23.4 Series C test prescriptions

23.4.1 Test C.1: Time/pressure test

2341.1 Introdudion

This test is used to measure the ability of a substammer confinement to propagate a deflagration.
It may be used to answer the question in boxes 3, 4 and 5 of Figure 20.1.

23.4.1.2 Apparatus and materials

234121 The time/pressure appaunat(Figure 23.4.1.1) consists of a cylindrical steel pressure \&%seh in
length and 60nm in external diameter. Two flats are machined on opposite sides (reducing theectass of the
vessel to 5nm) to facilitate holding whilst fitting the firgpplug and vent plug. The vessel, which has a bore afr&0
diameter, is internally rebated at either end to a depth ofrh@nd threaded to accept 1" British Standard Pipe (BSP).
A pressure takeff, in the form of a sidarm, is screwed into the curvéace of the pressure vessel 1B from one

end and at 90° to the machined flats. The socket for this is bored to a deptmof 42d threaded to accept the 1/2"
BSP thread on the end of the silen. A washer is fitted to ensuregastight seal. The sidarm extends 58hm
beyond the pressure vessel body and has a borenaf.6The end of the sieerm is rebated and threaded to accept a
diaphragm type pressure transducer. Any press@@suring device may be used provided that it is not affected by the

! When testing liquidsyariable results may be obtained because the substance may give two pressure

peaks.
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hot gases or decomposition products and is capable of responding to rates of pressure rise 0f069&Ra h not
more than 5ns.

23.4.1.2.2 The end of the pressure vessel furthest from theaioheis closed with a firing plug which is fitted

with two dectrodes, one insulated from and the other earthed to the plug body. The other end of the pressure vessel is
closed by an aluminium bursting disc @n2n thick (bursting pressure approximat2l200kPa) held in place with a
retaining plug which has a 20m bore. A suitable deformable washer or rubber ring is used with both plugs to ensure a
good seal. A support stand (Figure 23.4.1.2) holds the assembly in the correct attitude during use. This comprises a mild
steel base plate measuring 2861 x 184mmx 6 mm and a 18%m length of square hollow section (S.H.S.)
70x70%x 4 mm.

23.4.1.2.3 A section is cut from each of two opposite sides at one end of the length of S.H.S. so that a structure
having two flat sided legs surmounted by am@®é length of intacbox section results. The ends of these flat sides are
cut at an angle of 60° to the horizontal and welded to the base plate.

23.4.1.2.4 A slot measuring 22hm wide x 46mm deep is machined in one side of the upper end of the base
section such that whehd pressure vessel assembly is lowered, firing plug end first, into the box section support, the
sidearm is accommodated in this slot. A packing piece of steehrBOwide and 6nm thick is welded to the lower
internal face of the box section to act apacer. Two mm thumb screws, tapped into the opposite face, serve to hold
the pressure vessel firmly in place. Tworhfh wide strips o6 mm thick steel, welded to the side pieces abutting the
base of the box section, support the pressure vessel frorathene

23.4.1.25 The ignition system consists of an electric fusehead of the type commonly used in low tension
detonators, together with a B3 square piece of primed cambric. Fuseheads with equivalent properties may be used.
Primed cambric consists oflmen fabric coated on both sides with a potassium nitrate/silicon/sulphurless gunpowder

pyrotechnic compositidn

23.4.1.2.6 The procedure for the preparation of the ignition assembly for solids starts with separation of the brass

foil contacts of arelectric fusehead from its insulator, (see Figure 23.4.1.3). The exposed portion of insulation is then

cut off. The fusehead is then fixed onto the terminals of the firing plug by meanshoétisecontacts such that the tip

of the fusehead is Irdm abovehe surface of the firing plug. An approximatelyrh& square piece of primed cambric

is pierced through the centre and positioned over the attached fusehead around which it is then folded and secured with
fine cotton thread.

23.4.1.2.7 For liquids samps, a single piece of thin PVC sheathing, or equivalent, is used to cover the primed
cambric in such a way that the primed cambric is not in contact with the liquid sample. The leads of the resistance wire
are then fixed onto the terminals of the firingigplsuch that the tip of the primed cambric is above the surface of the

firing plug.
23.4.1.3 Procedure

23.4.1.3.1 The apparatus assembled, complete with pressure transducer but without the aluminium bursting disc
in position, is supported firing plug ertbwn. 5.0g° of the substance is introduced into the apparatus so as to be in
contact with the ignition system. Normally no tamping is carried out when filling the apparatus unless it is necessary to
use light tamping in order et the 5.@ charge intahe vessel. If, even with light tamping, it is impossible to get all

the 5.0g of sample in, then the charge is fired after filling the vessel to capacity. Note should be taken of the charge
weight used. The washer or rubber ring and aluminium burstew atie placed in position and the retaining plug is
screwed in tightly. The charged vessel is transferred to the firing support stand, bursting disc uppermost, which should
be contained in a suitable, armoured fume cupboard or firing cell. A power sewmeniected to the external terminals

of the firing plug and the charge is fired. The signal produced bptéssure transducer is recorded on a suitable

Obtainable from the national contact for test details in United Kingdom (see Appendix 4).

If preliminary safetyin-handling tests (e.g. heating in a flame) or burningsts (e.g. a seri€stype(d) test)
indicate that a rapid reaction is likely to occur, then the sample size should be redud@® g¢ountil the severity of
the confined reaction is knowrlf it is necessary to use a Ogssample size, the sample sizgrizsdually increased until
either a "Yes, rapidly" result is obtained or the test is performed with a 5.0 g sample.

3
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data acquisition system which allows both evaluation and a permanent record of the time/presieréo pvef
achieved.

23.4.1.3.2 The test is carried out three times. The time taken for the pressure to rise fré&ma682 070kPa
above atmospheric is noted. The shortest time interval should be used for classification.

23.4.1.4 Test criteria and mébd of assessing results

23.4.1.4.1 The test results are interpreted in terms of whether a gauge press@e0kFa is reached and, if so,

the time taken for the pressure to rise from BB@& to 2070kPa gauge.

23.4.1.4.2 The test criteria are as fols:

"Yes, rapidly": - The time for a pressure rise from 8&a to 2070kPa is less than 3®s.
"Yes, slowly": - The time for a pressure rise from 6&®@a to 2070kPa is greater than or equal3@ms.
"No": - A pressure rise to @70kPa aboveatmospheric is not achieved.

NOTE: If necessary, the deflagration test, Test C.2, should be performed to distinguish between "Yes, slowly" and
"No".

23.4.1.5 Examples of results
Substance Maximum Time for a pressure Result
pressure rise from 690 to
(kPa) 2070kPa (ms)
Azodicarbonamide >2070 63 Yes, slowly
Azodicarbonamide, 67% with zinc oxide > 2070 21 Yes, rapidly
2,2-Azodi(isobutyronitrile) > 2070 68 Yes, slowly
2,2-Azodi(2-methylbutyronitrile) > 2070 384 Yes, slowly
tertButyl hydroperoxide, 70% with water 1380 - No
tertButyl peroxybenzoate > 2070 2500 Yes, slowly
tertButyl peroxy2-ethylhexanoate > 2070 4000 Yes, slowly
Cumyl hydroperoxide, 80% with cumene < 690 - No
2-Diazo-1-naphthol5-sulphohydrazide > 2070 14 Yes, rapidly
Dibenzoyl peroxide > 2070 1 Yes, rapidly
Di-tert-butyl peroxide > 2070 100 Yes, slowly
Dicetyl peroxydicarbonate <690 - No
Dicumyl peroxide < 690 - No
Dicumyl peroxide, with 60% inert solid < 690 - No
2,5-Diethoxy-4-morpholinobenzene > 2070 308 Yes, slowly
diazonium tetrafluoroborat8,7%
Dilauroyl peroxide 990 - No
2,5Dimethy}2,5-di-(tert-butylperoxy} > 2070 70 Yes, slowly
hexyne3
Magnesium monoperoxyphthalate 900 - No
hexahydrate, 85% with magnesium phthalate
4-Nitrosophenol > 2070 498 Yes, slowly
a No ignition.
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Figure 23.4.1.1: APPARATUS
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(A)
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(D)
(E)
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(G)

Electrically ignited fusehead asanufactured

Brass foil contacts parted from card insulator
Insulating card cut off

Primed cambric SR252 I8m square with centre hole
Fusehead fixed to pins on firing plug

Cambric positioned on fusehead

Cambric folded around arteééd with thread

-44-

Figure 23.4.1.3: IGNITION SYSTEM FOR SOLIDS




UN/SCETDG/5YINF.7/Add.2
UN/SCEGHS/33INF.3/Add.2

E

(A)
(B)
(©)
(D)
(E)
(F)
(G)
(H)

Fusehead

PVC sheath

Insulating card

Silicone rubber tubing
Firing leads

Foil contacts

Wire to make liquietight seal
Primed cambric

Figure 23.4.1.4: IGNITION SYSTEM FOR LIQUIDS
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23.4.2 Test C.2: Deflagration test
23421 Introduction

This test is used to measure the ability of a substance to propagate a deflagration. It may be used to
answer the question in boxes 3, 4 and 5 of Figoré.

23.4.2.2 Apparatus and materials

23.4.2.2.1 The test is performed with a Dewar vessel (see Figure 23.4.2.1) which is provided with vertical
observation windows on opposite sides. The windows are not necessary when using thermocouples to measure the
deflagration rate. A timer with an accuracy of 1 second is used to measure the deflagration rate.

234222 The Dewar vessel has a volume of about &) an internal diameter of 481 mm, an external
diameter of 60nm and a length between 180 and 200. The haltime of cooling with water or other suitable
material filled to a height of 26im below the rim (i.e. 266nT) of Dewar vessel, closed by a tight fitting cork, should

be longer than 5 hours. Horizontal graduation marks are drawn at 50 antrL@0m the top of the Dewar vessel. The

time it takes for the decomposition front to propagate from thafOmark to the 10hm mark yields the deflagration

rate. A glass thermometer with an accurac®.4fC is used to measure the temperature ofdébedubstance prior to
ignition. Alternatively, the deflagration rate and sample temperature may be determined by using two thermocouples at
distances 050 mm and 100nm from the top of the Dewar vessel.

23.4.2.2.3 Any gas flame with a flame length of at leastr@th can be used for igniting the substance.

23.4.2.2.4 For personal protection, the test is performed in an explgsioof fumechamber or in a well
ventilated testell. The capacity of the exhaust faraktbe large enough to dilute the decomposition products to the
extent that no explosive mixtures with air can be obtained. A shield is placed between the observer and the Dewar
vessel.

23.4.2.3 Procedure

23.4.2.3.1 If preliminary safetyin-handling tess (e.g. heating in a flame) or a small scale burning test (e.g.

the series 3 type (d) test) indicate that a rapid reaction is likely to occur, exploratory tests in borosilicate glass tubes
should be performed, with suitable safety precautions, prior to Bewar vessel testn this case, it is recommended

that the test be performed in at¥in diameter tube first and subsequently in an®8 diameter tube. If the deflagration

rate in any of these exploratory tests excéeasn/s, the substance can forthwité classified as a rapidly deflagrating
substance and the main test, using a Dewar vessel, can be omitted.

23.4.2.3.2 The Dewar vessel and the substance are brought to the emergency temperature as defined in the
Model Regulations. If the substance is midintly stable as to require no emergency temperature, a test temperature of
50°C is used. The Dewar vessel is filled to a height ofm®® below the rim with the substance. Granular substances

are filled into the Dewar vessel in such a way that the balisity of the substance will be comparable with that in

transperthe packagand there are no lumps.

23.4.2.3.3 Pasty materials are introduced into the Dewar vessel in such a way that no air pockets will be present
in the sample to be tested. The heighfilling shall be about 20hm below the rim of the Dewar vessel. The mass and
the temperature of the substance are recorded. The Dewar vessel is placed irc#ieaefimechamber behind a
shield, after which the substance is heated at the topelypsrof a gas burner. At the moment when ignition is observed
or, alternatively, if no ignition occurs within five minutes, the gas burner is removed and extinguished. The period of
time that is required for the reaction zone to pass the distance behgewvrotmarks is measured with the timer. If the
reaction stops before reaching the lower mark, the substance is considered talbflagpative. The test is performed

in duplicate and the shortest time interval is used for the calculation of the diflagede. Alternatively, the rate may

be determined by locating thermocouples down the centre of the Dewar at distamoasabd 10Gnm from the top of

the Dewar vessel. The thermocouple outputs are monitored continuously. The passage of the redctiausés a

steep increase in output. The time between the increases in output is determined.
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23.4.2.4 Test criteria and method of assessing results

23.4.2.4.1 The test results are interpreted in terms of whether a reaction zone will propagate dowimeagts t

the substance and, if so, the rate of propagation. The participation of oxygen from the air in the reaction at the sample
surface is negligible after the reaction zone has propagated over a distancernf BBe reaction zone will extinguish

if the substance does not deflagrate under the test conditions. The propagation velocity of the reaction zone
(deflagration rate) is a measure of the susceptibility of the substance to deflagration under atmospheric pressure.

234242 The test criteria are dsllows:

"Yes, rapidly": the deflagration rate is greater than Bud/s.

"Yes, slowly": the deflagration rate is less than or equal tonin@'s and greater than or equabDt85mm/s.
"No": - the deflagration rate is less than Om3B/s or thereaction stops before reaching tbhever

mark.

NOTE: The time/pressure test, test C.1, is carried out if "Yes, rapidly" is not obtained.

23.4.25 Examples of results
Substance Sample  Temperature Propagation Result
mass (9) (°C) rate (mm/s)

Azodicarbonamide 174 50 0.35 Yes, slowly

2,2-Azodi(isobutyronitrile) 101 45 a No

tertButyl peroxybenzoate 276 50 0.65 Yes, slowly

tertButyl peroxy2-ethylhexanoate 237 25 0.74 Yes, slowly

tertButyl peroxy3,5,5trimethylhexanoate, 238 50 0.27 No
75% in solvent

Cumyl hydroperoxide, 80% with cumene 273 50 0.12 No

Dibenzoyl peroxide 158 20 100° Yes, rapidly

Di-tertbutyl peroxide 212 50 0.27 No

Di-(4-tert-butylcyclohexyl) 123 35 4.3 Yes, slowly
peroxydicarbonate

Dicetyl peroxydicarbonate 159 35 No ignition No

Dicumyl peroxide 292 50 No ignition No

Dicyclohexyl peroxydicarbonate - 26 26 Yes, rapidly

Dicyclohexyl peroxydicarbonate, 90% - 15 13 Yes, rapidly
with water

Dilauroyl peroxide 130 45 No ignition No

Dilauroyl peroxide, 42% stable 265 45 No ignition No
dispersion in water

2,5-Dimethyt2,5di-(tert-butylperoxy} 235 50 2.9 Yes, slowly
hexyne3

2,5Dimethyt2,5-di-(benzoylperoxy) 231 50 6.9 Yes, rapidly
hexane

4-Nitrosophenol 130 35 0.90 Yes,slowly

Pulsating flame followed by extinguishing of flame; no stable propagation under test conditions.
Performed with an exploratory test using a glass tube with a diameterrofridt 20°C instead 060 °C.
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(A)
(B)
(©)

Height offilling 20 mm below rim
30mm region for deflagration to be established
50 mm region for measuring the deflagration rate
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SECTION 24

TEST SERIES D

24.1 Introduction

Test series D comprises a test and criteria concerning the propagation of a rapid deflagration of a
substance as packaged-transpert The test is required for substances which deflagrate rapidly in a series C test. |

24.2 Test method
24.21 The question "Does it deflagrate rapidly in package?" (box 6 of Figure 20.1) is answered on the basis

of the results of the test method in Table 24.1.

Table 24.1: TEST METHOD FOR TEST SERIES D

Test code Name of test Section

D.1 Deflagration test ipackag@ 2441

a Recommended test.

24.2.2The test is only required for substances for which the answer from the series C test is "Yes, rapidly".
24.3 Test conditions

24.3.1 The test of series D should be applied to packages (not larger thkaghdiGubstance in the condition
and form in which they are offerddrtransport

24.3.2 The preliminary procedure (see section 20.3) should be carried out before performing these tests.
24.4 Series D test prescription

24.4.1 Test D.1: Deflagration tesin the package

24.41.1 Introduction

This test is used to measure the ability of a substance to rapidly propagate a deflagration whenasélage
transpert It may be used to answer the question in box 6 of Figure 20.1.

24.4.1.2 Apparatus and matéls

An igniter just sufficient to ensure ignition of the substance (e.g. a squib with maxirguwh&slow
burning pyrotechnic composition wrapped in thin plastics foil) and suitable confining material are required.

24.4.1.3 Procedure

The test is gplied to packaged substances in the condition and form in which they are éﬁeretd
transport The package is placed on the ground and the igniter is placed in the centre of the substance. For liquids, a
support of metal wires may be needed to fix thetégnn the desired place. The igniter should be protected against the
liquid. The test is performed under confinement. The preferred method of confinement is loose sand placed around the
test package with a minimum of 0¥bin everydirection. Alternativemethods of confinement are to use boxes,
bags or drums filled with earth or sand placed around and on top of the package with the same minimum
thickness. The test is performed in triplicate, unless an explosion is obdén@deflagration is observed

49



UN/SCETDG/51/INF.7/Add.2
UN/SCEGHS/3/INF.3/Add.2

after ignition, the package should not be approached for at least 30 minutes. It is recommended that a thermocouple
be inserted near the igniter to allow monitoring of its operation and to check when it is safe to approach the package.

24.4.1.4 Test critgia and method of assessing results

24.4.1.4.1 The test results are assessed on the basis of the evidence of a rapid deflagration of the substance under
investigation by:

(&) Fragmentation of the packaging; and
(b)  Disruption and scattering of modtthe confining material.

24.41.4.2 The test criteria are as follows:

"Yes": - Fragmentation of inner or outer packaging into more than three pieces (excluding the bottom
and top parts of the packaging) shows that the substance under investigftamrated
rapidly in that package.

"No" : - No fragmentation or a fragmentation of the inner or outer packaging into not more than three

pieces (excluding the bottom and top parts of the packaging) shows that the substance under
investigation did not dtagrate rapidly in that package.

24415 Examples of results
Substance Packaging Number of Result
fragments
Dibenzoyl peroxide 1A2, 25kg >40 Yes
Dibenzoyl peroxide 4G, 25kg >40 Yes
Dibenzoyl peroxide, 94% with water 1A2, 25kg >40 Yes
Dibenzoyl peroxide, 75% with water 4G, 25kg No fragmentation No
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SECTION 25

TEST SERIES E

25.1 Introduction

25.1.1Test series E comprises laboratory tests and criteria concerning the determination of the effect of heating under
defined confinement as requested in boxes 7, 8, 9 and 13 of Figure 20.1.

25.2 Test methods
25.2.1 The question "What is the effect of heating it under defined confinement?" (boxes 7, 813 a@ind

Figure20.1) is answered on the basis of combinatiorte@fesults from the test methods in Takel.

Table 25.1: TEST METHODS FOR TEST SERIES E

Test code Name of test Section
E.1 Koenen test 25.4.1
E.2 Dutch pressure vessel test 25.4.2
E.3 USA pressure vessel test 25.4.3

Recommended test feeltreactive substances in combination with one of the other tests.
Recommended test for organic peroxides in combination with one of the other tests.

25.2.2 The combination of the Koenen temtd either the Dutch pressure vessel or USA pressure viesgel

should be used for sealéactive substances. The combination of the Dutch pressure vessgidegher the Koenen

test or the USA pressure vessel test should be used for organic peroxides. For classification, the highest hazard rating
should be aplied.

25.3 Test conditions

25.3.1 The preliminary procedure (see section 20.3) should be carried out before performing these tests.
254 Series E test prescriptions

254.1 Test E.1: Koenen test

2541.1 Introduction

This test is used to determirteetsensitiveness of substances to the effect of intense heat under high
confinement. It may be used, in conjunction with an additional heating under confinement test, to answer the question in
boxes7, 8, 9 and 13 of Figure 20.1.

25.4.1.2 Apparatus and mtarials

25.4.1.2.1 The apparatus consists of a reusable steel tube, with its-usable closing device, installed in a
heating and protective device. The tube is deep drawn from sheet steel conforming to specification DC04 (HN 10027
or equivalentA620 (AISI/SAE/ASTM), or equivalent SPCEN (J§3141). The dimensions agéven in Figure
25.4.1.1. The open end of the tube is flanged. The closing plate with an orifice, through whjekethdrom the
decomposition of the test substance escape, i® fiath heatresisting chrome steel. For classification the following
diameter holes shall be used: 1D5-2.0-2.5- 3.0- 5.0- 8.0- 12.0- 20.0mm. In addition, other diameters can be
used for hazard assessment. The dimensions of the threaded aodl the nut (closing device) aigen in
Figure25.4.1.1.
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For quality control of the steel tubes, 1% of the tubes from each production lot shall be subjected to quality control and
the following data shall be verified:

(@) The mass of the tubes shhk 26.5+ 1.5g, tubes to be used in one test sequence shall not
differ in mass by more thandt

(b)  The length of the tubes shall be #8.5mm;

(c) The wall thickness of the tubes measurednm20 from the bottom of the tube shall be
0.5+ 0.05mm; and

(d)  The bursting pressure as determined by gstdic load through an incompressible fluid shall
be29+ 4 MPa.

25.4.1.2.2 Heating is provided by propane, from an industrial cylinder fitted with pressure regulator, via a flow
meter and distributetly a manifold to the four burners. Other fuel gases may be used provided the specified heating
rate is obtained. The gas pressure is regulated to give a heating 38 6f3 K/s when measured by the calibration
procedure. Calibration involves heatiagube (fitted with a 1.51m orifice plate) filled with 2Zn? of dibutyl phthalate

or equivalent. The time taken for the temperature of the liquid (measured withmadiameter thermocouple centrally
placed 43nm below the rim of the tube) to rise frorfB31°C t0285°C is recorded and the heating rate calculated.

25.4.1.2.3 Because the tube is likely to be destroyed in the test, heating is undertaken in a protective welded box,
the construction and dimensions of which are given in Figbré.1.2. Theube is suspended between two rods placed
through holes drilled in opposite walls of the box. The arrangement of the burgarenisn Figure25.4.1.2. The

burners are lit simultaneously by a pilot flame or an electrical ignition deVioce.test apparatsi is placed in a
protected areaMeasures should be taken to ensure that the burner flames are not affected by any draughts. Provision
should be made for extracting any gases or smoke resulting from the test.

25.4.1.3 Procedure

254131 The tube idilled to a height of 66nm from the bottom of the tube. Cast solids should be cast to the
internal dimensions of the steel tube with a height om&® and then placed inside the tube. Powders are filled in
approximately three equal increments with tampiogBON force between each increment. Liquids and gels are loaded
into the tube to a height of 68m taking particular care with gels to prevent the formation of voids. Determine the total
mass used to fill the tube to this level and use this amoumtidffer each trial filling being performed. The threaded

collar is slipped onto the tube from below, the appropriate orifice plate is inserted and the nut tightened by hand after
applying some molybdenum disulphide based lubricant. It is essential th tfeecone of the substance is trapped
between the flange and the plate, or in the threads.

25.4.1.3.2 With orifice plates from 1.0nm to 8.0mm diameter, nuts with an orifice of 1n diameter should
be used; if the diameter of the orifice is abov@rBm, that of the nut should be 2010n. Each tube is used for one trial
only. The orifice plates, threaded collars and nuts may be used again provided they are undamaged.

25.4.1.3.3 The tube is placed in a rigidly mounted vice and the nut tightenedawstranner. The tube is then
suspended between the two rods in the protective box. The test area is vacated, the gas supply turned on and the burners
lit. The time to reaction and duration of reaction can provide additional information useful in inteyphetiresults. If

rupture of the tube does not occur, heating is continued for at least five minutes before the trial is finished. After each
trial the fragments of the tube, if any, should be collected and weighed.

25.4.1.3.4 The following effects areifferentiated:

"O":  Tube unchanged;
"A":  Bottom of tube bulged out;

! For reasons of safety, e.g. the substance is friction sensitive, the substance need not be tengasds where

the physical form of #tnsample can be changed by compression or compression of the sample is not related to the
transpertpackingconditions, e.g. for fibrous materials, more representative filling procedures may be used.
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"B": Bottom and wall of the tube bulged out;

"C": Bottom of tube split;

"D";  Wall of tube split;

"E":  Tube split into twd fragments:

"F":  Tube fragmented into thréeor more mainly large pieces which in some cases may be
connected with each other by a narrow strip;

"G": Tube fragmented into many mainly small pieces, closing device undamaged; and

"H":  Tube fragmented into many very small pieces, closing device bulged out or fragmented.

Examples for the effect types "D", "E" and "F" are shown in Figure 25.4.1.3i#fl aesults in any of the effects "O" to
"E", the result is regarded as "no explosion”. If a trial gives the effect "F", "G" or "H", the result is evaluated as
"explosion”.

25.4.1.35 The series of trials is started with a single trial using an onifige with a certain diameterm. If, in

this trial, the result "explosion" is observed, the series is continued with single trials at increasing diameters until only
negative results in three tests are obtained at the same level. If in the first tratplosion” occurs, the series is
continued with single trials using plates with the decreasing diameters and fiGattiyn until, at one of these
diameters, the result "explosion” is obtained. Subsequently, trials are carried out at increasing diamiétenty

negative results in three tests are obtained at the same diameter. The limiting diameter of a substance is the largest
diameter of the orifice at which the result "explosion” is obtained. If no "explosion” is obtained with a diameter

of 1.0mm, the limiting diameter is recorded as being less thamt0

25.4.1.4 Test criteria and method of assessing results
254141 The test criteria are as follows:
"Violent": The limiting diameter is greater than or equal tor@r.
"Medium": The limiting diameter is equal to 1rBm.
"Low": The limiting diameter is equal to or less than i and the effect in any test is

different from type "O".

"No": The limiting diameter is less than Infim and the effect in all tests is of type "O".

The upper part of the tube remained in the closiegice is counted as one fragment.
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25.4.15 Examples of results
Substance Sample Limiting Type of Result
mass (g) diameter  fragmentation®
(mm)
Azodicarbonamide 20.0 15 "B Medium
Azodicarbonamide, 67% with zinc oxide 24.0 15 "F" Medium
2,2-Azodi(2,4dimethylvaleronitrile) 17.5 <1.0 "O" No
2,2-Azodi(isobutyronitrile) 15.0 3.0 "F" Violent
Benzenel,3-disulphohydrazide 12.0 "F" Violent
Benzenel,3-disulphohydrazide, 2.0 "F" Violent
70% with mineral oil
Benzene sulphohydrazide 18.5 1.0 "F" Low
tertButyl peroxybenzoate 26.0 3.5 "F" Violent
tertButyl peroxy2-ethylhexanoate 24.2 2.0 "F" Violent
Cumyl hydroperoxide, 84.1% in cumene 275 1.0 "F" Low
2-Diazo-1-naphthol5-sulphochloride 19.0 2.5 "F" Violent
Dibenzoyl peroxide 17.5 10.0 "F" Violent
Dibenzoyl peroxide, 75%vith water 20.0 2.5 "F" Violent
Di-tert-butyl peroxide, 21.5 <1.0 "Q" No
Dicetyl peroxydicarbonate 16.0 <1.0 "o" No
2,4-Dichlorobenzoyl peroxide 21.0 6.0° "F" Violent
Dicumyl peroxide 18.0 <1.0 "O" No
Diisopropyl peroxydicarbonate 21.0 8.0 "F Violent
Dilauroyl peroxide 14.0 <1.0 "O" No
2,5-Dimethyt2,5di(tert-butylperoxy}hexane 23.0 15 "F" Medium
Dimyristyl peroxydicarbonate 16.0 <1.0 "O" No
N,N'-Dinitroso-N,N'-dimethyl- 18.0 4.0 iFo Violent
terephthalamide 70%, with mineral oil
Diperoxy isophthalic acid 18.0 24.0 i HO Violent
Disuccinic acid peroxide 18.0 6.0 iFo Violent
4-Nitrosophenol 17.0 <1.0 AAO Low

a At the limiting diameter.
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Figure 25.4.1.1: TEST TUBE ASSEMBLY
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Figure 25.4.1.3: EXAMPLES OFEFFECT TYPES D, E AND F

57



UN/SCETDG/51/INF.7/Add.2
UN/SCEGHS/3/INF.3/Add.2

25.4.2 Test E.2: Dutch pressure vessel test
25421 Introduction

This test is used to determine the sensitiveness of substances to the effect of intense heat under
defined confinement. It may be used, in conjunction wittadditional heating under confinement test, to answer the
question in boxes 7, 8, 9 and 13 of Figure 20.1.

25.4.2.2 Apparatus and materials
25.4.2.2.1 Description of the pressure vessel

Figure 25.4.2.1 shows the apparatus used. The vessel is madalesststeel, type AIS316. Eight
aperture discs are used, the diameters of the orifices being:2100 3.5- 6.0- 9.0- 12.0- 16.0 and 24.0nm. In
addition other diameters may be used for hazard assessment. These discs have a thickness 002 6hm. The
bursting discs are 38m diameter aluminium discs rated to burst at 680 kPa at 22C (see Figure 25.4.2.2).

25.4.2.2.2 Heating device

The pressure vessel is heated by techyjcadle butane taken from a cylinder fitted with a pressure
regulator. A Teclu burner is used. Other gases may be used, with a suitable burner, provided that a heating rate
of 3.5+ 0.3 K/s is obtained. The heating rate should be checked by heatingfthbutyl phthalate or equivalent in the
pressure vessel andeasuring its temperature. The time taken for the temperature of the oil to rise fnt&0
200°C is recorded and the heating rate calculated.

25.4.2.3 Procedure

25.4.2.3.1 For a normal test, 109 of the substance should be placed in the vesselbdtiem of the vessel

should be evenly covered with the substance. The bursting disc, the selected orifice plate and retaining ring are then put
in place. The wing nuts are tightened by hand and the box nut with a spanner. The bursting disc is conergghby e

water to keep it at a low temperature. The pressure vessel is placed on a tripod (with an inside ring diametey) of 67
which may be placed inside a protective cylinder. The ring at the middle of the vessel rests on the tripod.

25.4.2.3.2 The burne is lit, the flow of gas is set to the required rate and the flow of air adjusted so that the
colour of the flame is blue and the inner cone of the flame light blue. The tripod should be of such a height that the
inner cone just touches the bottom of thessel. The burner is then placed under the vessel through an opening in the
protective casingThe test area should be very well ventilated and entry prohibited during the Tdst. vessel is
observed from outside the test area either by mirrors or lapariure in the wall fitted with armoured glass. The time

to reaction and duration of reaction can provide additional information useful in interpreting the results. Finally the
receptacle is cooled in water and cleaned.

25.4.2.3.3 The series of trials istarted with a single trial using an orifice plate with a certain diameter. If there is
no rupture of the disc with this orifice, experiments are performed with single trial using plates with decreasing
diameters until rupture of the disc occurs. In caglesre no disc rupture is observed with an orifice ofirf, the next

test with an orifice ofl.0 mm is carried out with 50.9 of the substance instead of 19.0f still no rupture of the disc

is observed the experiment is repeated until three sueeesgperiments without rupture are obtained. In the event of
rupture of the disc, the experiments are repeated at the next higher legehéi®ad of 5@ or next higher diameter of

the orifice) until the level is found at which there are no rupturésr@e successive experiments.

25.4.2.4 Test criteria and method of assessing results
25.4.2.4.1 The relative degree of sensitivity of a substance to heating in a pressure vessel is expressed by the

limiting diameter. This being the orifice with the lasgeliameter in millimetres with which, in three tests, the bursting
disc is broken at least once, while having remained unbroken during three tests with the next larger diameter.
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25.4.2.4.2 The test criteria are as follows:
"Violent": - Rupture of the @dc with an orifice of 9.0nm orgreater and a sample mass of 1§.0
"Medium"; - No rupture of the disc with an orifice of 9m but rupture of the disc with an orifice of

3.5mm or larger but smaller than %m and a sample mass of 19.0

"Low": - No rupture of the disc with an orifice of 313m and a sample mass of 1@.0ut rupture of the
disc with an orifice of 1.6nm or larger but smaller than 31tm and a sample mass of 1@0
or rupture of the disc with an orifice of In@m and a sample mas£50.0g.

"No"; - No rupture of the disc with an orifice of Infm and a sample mass of 50.0
25.4.2.5 Examples of results

Substance Limiting diameter (mm) Result

Azodicarbonamide 15 Low

2,2-Azodi-(2,4-dimethylvaleronitrile) 6.0 Medium

2,2-Azodi(isobutyronitrile) 55 Medium

2,2-Azodi(2-methylbutyronitrile) 6.0 Medium

tertButyl peroxybenzoate 9.0 Violent

tertButyl peroxy2-ethylhexanoate 6.0 Medium

Cumyl hydroperoxide, 80% with cumene 1.0 Low

Dibenzoyl peroxide, 75% with water 6.0 Medium

Di-tertbutyl peroxide 35 Medium

Dicetyl peroxydicarbonate 1.0 Low

Dicumyl peroxide 35 Medium

2,5-Diethoxy-4-morpholnobenzenediazonium <1.¢% No
zinc chloride, 90%

2,5-Diethoxy-4-morpholinobenzenediazonium <1.0 No
tetrafluoroborate, 97%

2,5-Diethoxy-4-(phenylsulphonybbenzenediazonium <1.¢% No
zinc chloride, 67%

Dilauroyl peroxide 2.0 Low

Dilauroyl peroxide, 42%, stable dispersion in water <1.¢ No

3-Methyl-4-(pyrrolidin-1-yl)benzene <1.¢ No
diazonium tetrafluoroborate, 95%

4-Nitrosophenol 1.¢° Low

a Test carried out with a 56 sample.
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(A) Bursting disc

(B) Orifice plate

(C) Testsample (19 or 50g9)

(D) Teclu burner

(E) Pressure vessel with an internal diameter ofs® and internal height of 94rBm

Figure 25.4.2.1: DUTCH PRESSURE VESSEL TEST
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(C) Testsample

Figure 25.4.2.2: BURSTING DISC ASSEMBLY
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25.4.3 Test E.3: United States pressure vessel test

25431 Introduction

This test is used to determine thensitiveness of substances to the effect of intense heat under
defined confinement. It may be used, in conjunction with an additional heating under confinement test, to answer the
guestion in boxes 7, 8, 9 and 13 of Figure 20.1.
25.4.3.2 Apparatus and marials

The following apparatus and materials are used:

(@) Testvessel: 316 stainless steel cylindrical pressure vessel (see Figure 25.4.3.1);

(b)  Pressure vessel holder (see Figure 25.4.3.2);

(c) Electrical heater (e.g. 700 W);

(d)  Sampleholder: aluminium cup 268 m x 30mm;

(e)  Rupture discs: 3&m aluminium rupture discs rated 6260 kPa at 22C;

)] 2 mm thick orifice plates with the following orifice diameters (mm): 1.0, 1.2, 2.0, 3.0, 3.5, 5.0,
6.0, 8.0, 9.0, 12.0, 16.0 and 24.0

25.4.3.3 Procedure

254331 Thegeneral assembly of the apparatus is shown in Figure 25.4.3.1. The heating rate should be
checked by heating 5@ of dibutyl phthalate in a sample cup in the pressure vessel and measuring the temperature of
the dibuty phthalate. The time taken for the temperature of the dibutyl phthalate to ris&GrtEnto 200°C is
recorded and the heating rate calculated. The heating rate should$6.0.K/s. An orifice plate, with an orifice
diameter larger than the expectezht needed to cause rupture, is selected and inserted into the side port.

25.4.3.3.2 A 5.0g sample of the substance to be tested is weighed accurately into an aluminium cup. The cup is
than lowered and positioned with the aid of forceps in the ceftilee pressure vessel. The rupture disc is positioned

and secured tightly by the flange bolts. Water is poured over the rupture disc to keep the disc relatively cool. The
heating is switched on to the correct setting at least 30 minutes prior to thef sterttest. The testessel is inserted

into the pressure vessel holder onto the heater. This plate holder prevents-tlesseisfrom falling over. It also
prevents escaping vent vapours from reaching the hot plate. The time to decomposition is noted.

25.4.3.3.3 If the disc does not rupture, the experiment is repeated using a smaller orifice diameter until rupture of
the disc occurs. In the event of a rupture of the disc, the experiment is repeated at the next higher diameter of the orifice
until thelevel is found at which there are no ruptures in three successive experiments.

25.4.3.4 Test criteria and method of assessing results

25.43.4.1 The smallest orifice diameter which does not cause a rupture disc to burst during decomposition is

designated as the USRRVT number. This value is used as a measure of the effects of heating a substance under defined
confinement. USAPVT ratings for all shstances are based on the same test conditions and heating rate.

25.4.3.4.2 The effect of heating under confinement of the substance is defined by the following criteria:

"Violent™": - Substances having USRVT numbers 9.0 to 24.0.
"Medium": - Substance having USAPVT numbers 3.5 to 8.0.
"Low": - Substances having USRVT numbers 1.2 to 3.0.
"No": - Substances having USRVT number 1.0.
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25.4.3.5 Examples of results

Substance USA-PVT No Result
tertButyl hydroperoxide, 70% with water 1.0 No
tert-Butyl peroxy acetate, 75% in solution 8.0 Medium
tertButyl peroxybenzoate 8.0 Medium
tertButyl peroxy isopropyl carbonate, 75% in solution 2.0 Low
tert-Butyl peroxypivalate, 75% in solution 4.5 Medium
Cumyl hydroperoxide, 85% with cumene 1.0 No
Dibenzoyl peroxide 18.¢0° Violent
Di-tert-butyl peroxide 1.0 No
Dicumyl peroxide 2.0 Low
Dicumyl peroxide, with 60% inert solid 1.0 No
Dilauroyl peroxide 6.0 Medium
2,5-Dimethyt2,5di-(tert-butylperoxy) hexyned 9.0 Violent

a Intermediate diameters, no longesed.
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(A) Top view of lid

(B) Side view of assembly
(C) Body of pressure vessel
(D) Orifice plate

(E) Orifice plate retaining nut
(F) Bursting disc

(G) Cap

Figure 25.4.3.1: UNITED STATES PRESSURE VESSEL TEST

64



UN/SCETDG/5YINF.7/Add.2
UN/SCEGHS/33INF.3/Add.2

(A) Shield

(B) Thermal insulation
(C) Sample cup

(D) Electrical heater
(E) Base

(F) Laboratory jack

Figure 25.4.3.2: TEST APPARATUS AND STAND (side view)
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