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Abstract:

Thermal stability of explosives for civil use is a key security parameter. When the explosive is exposed to high tempera-
tures in a given period of time can lead to undesirable phenomena such as decomposing or even very dangerous as un-

controlled detonation.
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GENERAL CONSIDERATIONS ON THE DETERMINATION
OF THE THERMAL STABILITY OF EXPLOSIVES FOR CIVIL
USES

In Directive 93/15/EEC [2] are technical requirement on
the security of explosives to be evaluated before placing on
the market by testing the products according to harmo-
nized standards, aimed finding of compliance/non-
compliance with relevant safety requirements.

Test described in the standard SR EN 13631-2, Explo-
sives for civil use, high explosives. Part 2: Determination of
thermal stability of explosives, meets the essential require-
ments, required to be evaluated in section 1.1; 1.1 (b) and
11.1 (d) of the European Directive, namely [4]:

— each explosive must be designed, manufactured and
supplied in such a way as to present a minimal risk to
the safety of human life and health, and to prevent
damage to property and the environment under nor-
mal, foreseeable conditions, in particular as regards
the safety rules and standard practices until such
time as it is used,

— the physical and chemical stability of the explosive in
all environ-mental conditions to which it may be ex-
posed,

— compatibility of all components as regards their phys-
ical and chemical stability.

Thermal conditioning and verification of temperature
resistance for explosives for civil use, is an operation lasting
from several hours to several days with significant risk to
staff involved in performing these tests, it reproduces the
extreme conditions of exposure [1].

The equipment described in European Standard is one
specially made for this test and allows a determination with
high level of confidence of this feature.

Also, under NUCLEU Program 2013/Project PN 07 45 03
17 [3] was purchased an advanced equipment for the test
for determining the thermal stability of explosives for civil
uses, in accordance with EN 13621-2 (Fig. 1).

Fig. 1 Equipment to determine the thermal stability of explo-
sives for civil uses type 75ST — Thermal Stability Tester (75 0C

For Measurement of thermal stability of explosives for
civil uses the following equipment is needed for measure-
ment and determination: oven capable of controlling tem-
perature (75 % 2)°C; balance, capable of weighing with ac-
curacy of + 0.1 g; Three thermocouples suitable inert sub-
stance tested; temperature recording system capable of
measuring the temperature with accuracy of + 1°C. Two
glass tubes, with a flat bottom with an inside diameter of
(50.5 £ 0.5) mm, length about 150 mm and a thickness of
about 3 mm. In order to close the tube with the substance
under test is provided with a device for continuous meas-
urement of the pressure and a valve calibrated at a static
pressure of 60 kPa standard; reference material with the
same physical condition as that of the substance to be test-
ed, stable at the test temperature (sand).

The test method consists in the evaluation stability of
explosives by subjecting them to high temperature condi-
tions, as compared to a reference material, stable at the
test temperature.

If you do not have any information on the thermal be-
havior of the substance, first preliminary test should be
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performed with a small amount of the substance (e.g., 5 g)
to determine whether the substance exploding at 75°C.

Further, adjust the the oven temperature (75 + 2)°C and
after weighing an empty glass tube, the test sample is in-
serted into the tube. Granular solids are tested without
compacted and the substance tested should fill the bottom
of the tube up to a height of (50 + 1) mm, resulting in a vol-
ume of test sample (100 £ 2) ml.

Shall be positioned the block into the lower part of tube
and weigh the tube with the substance to be tested in or-
der to determine the mass of the test sample, thereby
achieving the charge density of the substance with the fol-
lowing formula:

P = (1)
where:
r - loading density, (g/ml);
M - weight of sample for testing, (g);
V - the sample volume for the test, (ml).

RUNNING A TEST

Every thermal stability test consists of the following
steps [3, 4]: Ready to Start (1), Initializing Instrument (2);
Warming Up Oven (3); Opening Pressure Valve (4); Depres-
surizing Sample (5); Closing Pressure Valve (6); Test in Pro-
gress (7); Shutting Down Instrument (8); Sample Examina-
tion (9); Test Completed (10).

During the test course, the program will execute all
these steps sequentially from the first one to the last one.

1. Ready to Start:

This is the default step when a new test is created
(Fig. 3).

Test Progress

0 C\Users\IvoV!} ocuments\test1.ist Next
Ready to Start
Click Next to get the test started.

Fig. 3 Capture with the section “Ready to Start”

2. Initializing Instrument:

The purpose of this step is to establish a connection
with the instrument and prepare it for the test. Among the
other actions, the oven heating system is turned ON and
the sample depressurization system is turned OFF (Fig. 4).

Test Progrens

0

Initializing Instrument
Please wait whie the wvtrument 1 intia

Fig. 4 Capture with the section “Initializing Instrument”

This step takes only a few moments and requires abso-
lutely no user interaction.

After the instrument has been initialized, the test will
switch to the Warming Up Oven step.

3. Warming Up Oven:

The purpose of this step is to establish a connection
with the instrument and prepare it for the test (Fig. 5).
Among the other actions, the oven heating system is
turned ON and the sample depressurization system is
turned OFF. In this step the oven is warming up and the

program is waiting for both the sample temperature and
the reference temperature to fall within the range of 75.0 £
2.0°C. This step takes some time (depending on the differ-
ence between the current oven temperature and the test
temperature) and requires absolutely no user interaction.

Test Progress
Warming Up Oven
Please mat whie the sample and reference lemperstures are spproeching the Letpcnt

Fig. 5 Capture with the section “Warming Up Oven”

When the oven is warmed up, the test will switch to the
Opening Pressure Valve step.

4. Opening Pressure Valve:

In this step the program is preparing the instrument for
the sample depressurization process by remotely opening
the pressure valve (Fig. 6). This step takes only a few mo-
ments and requires absolutely no user interaction.

Test Progress

0

Opening Pressure Valve

Please mat while the pressure vahve 1 openan

9

Fig. 6 Capture with the section “Warming Up Oven”

When the pressure valve is open, the test will switch to
the Depressurizing Sample step.
5. Depressurizing Sample:

In this step the excess pressure is being released from
the sample tube and the program is waiting for the gauge
pressure to drop below 1.0 kPa (Fig. 7). This step takes
some time and requires absolutely no user interaction.

Test Progress

0

Depressurizing Sample

Please wart while the excess pressure @ beng released

Fig. 7 Capture with the section “Depressurizing Sample”

When the sample is depressurized, the test will switch
to the Closing Pressure Valve step.
6. Closing Pressure Valve:

In this step the excess pressure is being released from
the sample tube and the program is waiting for the gauge
pressure to drop below 1.0 kPa (Fig. 8). This step takes

Test Progrens

0

Closing Pressure Valve

Please wat whie the peessure vabe 5 closng

Fig. 8 Capture with the section “Closing Pressure Valve”

some time and requires absolutely no user interaction.
When the pressure valve is open, the test will switch to
the Test in Progress step.
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7. Testin Progress:

This is the main test step in which the temperature
readings from all thermocouples and the gauge pressure
readings are periodically recorded to a specified file and
also visualized in the graph (Fig. 9).

MAXIMUM SELF-HEATING OBSERVED DURING THE TEST

o Oven temperat —_—T ture difference = Gauge pressure

£ warsTs — - g
| Netea Mew Simuation Open Chae Propertses et M 25 Mmool owlw | E . 5:
Fealtime Dats Test Progress (-2 -E
Sample Temperature (T1) 0\ L voVM\Document 1.t E :;"
75.0°C Test in Progress I Z
M 75.0°C Remaning time 003844 T =
Mo 730°C 2_ E ] S .
Reference Temperature (T2) In the event of mple combration or eplotion push the “Blast or Flame” button ‘:
75.0°C Fm— Blust Or Flame ]
N ¢ io
Oven Tempesature (T3) '_:
— Oven temperture — Tempersture diference = Gauge pressure 1 2 3 4 [ [ 7 g 9
_ Time (min)
L > Fig. 9.2 Capture with the section “Maximum self-heating of the
in sample”
(Gauge Presoure (GP] i : . .
0.400 kPa g c. sample pressure limit exces:
Mo 00 s B This is an automatic event. If the gauge pressure in the
Haating (OH) > .
S i sample tube exceeds 59 kPa during the test, the program
e §? will stop the test immediately (according to the standard),
oFr T 1 ¢ ¢ B w % w3 (Fig. 9.3).
Fig. 9 Capture with the section “Test in Progress” PRESSURE LIMIT EXCEEDED DURING THE TEST

This step takes 48 hours to complete naturally, but
there are some events (invoked procedure by the user or
automatically by the program) which may cause the test to
be interrupted at any time.

Below are the events that may lead to an immediate 5
completion of this step:

a. blast or flame in the sample tube,

b. maximum self-heating of the sample,

c. sample pressure limit excess,

d. temperature control failure,
e
a

on temperature ()

Temperature dtference ('C)

|~

. natural completion.
. blast or flame in the sample tube:

This is the only event that requires user’s attention. If a Fig. 9.3 Capture with the section “Sample pressure limit excess”
sample explosion or combustion occurs during the test, all

Time (min)

you have to do is to push the “Blast” or “Flame” button and d. temperature control failure:
the program will stop the test immediately (according to This is an automatic event. If the oven temperature
the standard) (Fig. 9.1). goes outside the allowed range of 75.0 + 2.0°C during the
test, the program will stop the test immediately (according
BLAST OR FLAME OBSERVED DURING THE TEST to the standard), (Fig. 9.4).
— Olven —_— ture difference Gauge pressure

PRESSURE LIMIT EXCEEDED DURING THE TEST

— Oven —Temp difference == Gauge pressure

{egq) amssasd abneg

a1d sbnecy

(e gp) 2anss

Temperatuwre difference (*C) Oven ten

Temperature difference (°C) Oven temperature ('C)
' . oo~

1 2 3 4 5 ] 7 ] ) 10
Time (min)
Fig. 9.1 Capture with the section “Blast or flame in the . 4 s Yoy - L

sample tube”
Fig. 9.4 Capture with the section “Temperature control failure”
b. maximum self-heating of the sample:
This is an automatic event. If the temperature differ- e. natural completion:
ence exceeds 3.0°C during the test, the program will stop If none of the above events occurs during the course of
the test immediately (according to the standard), (Fig. 9.2).  the test, it will complete naturally after 48 hours, (Fig. 9.5).
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NO REACTION OBSERVED DURING THE TEST

= Oven temperature == Temperature difference == Gauge pressure

a1d abneg

(ed)f) 2anss

Temperature difference (*C) Oven temp

10 15 20 3 30 35 40 45 S0 55 60
Time (min)

Fig. 9.5 Capture with the section “Natural completion”

8. Shutting Down Instrument:

The purpose of this step is to prepare the instrument
for the end of the test and shut down the established con-
nection with the instrument. Among the other actions, the
oven heating system is turned OFF and the sample depres-
surization system is turned ON. This step takes only a few
moments and requires absolutely no user interaction (Fig.
10).

Test Progress

I M\Doc

o‘ C\Users\lvoVM\C
Shutting Down Instrument

Please wait while the instrument is shutting down..

Fig. 10 Capture with the section “Shutting Down Instrument”

After the instrument has been shut down, the test will
switch to the Sample Examination step.
9. Sample Examination:

This step requires the user interaction. Follow the on-
screen instructions: Let the sample cool down, record the
sample weight and also examine it for color changes, (Fig.
11).

Test Progress

Sample Examination
Examine the sample and then click Neat.

1. Let the sample cool down,
2. Record the sample weight.
3. Examine the sample for color changes.

Fig. 11 Capture with the section “Sample Examination”

After push the "Next” button, the program will now dis-
play a dialog window where we can specify how the sample
properties changed during the test.

The following properties must be specified at this time:

— weight of the tube filled with the sample (after test),

— sample color changes.

After, we will be push the "OK” button to apply the
changes. The test will switch to the Test Completed step.
10. Test Completed:

This is the final test step. By this time the test has been
completed, (Fig. 12).

After push the ”"Next” button, the program will now
display a dialog window where we can specify how the
sample properties changed during the test.

Test Progress

0 CAUsers\lvovM\Documents\test1 tst75
Test Completed

The test has completed successfully

Fig. 12 Capture with the section “Test Completed”

OPENING A TEST AND GENERATING A TEST REPORT

Following the test (Fig. 13, 14), in accordance with the
applicable standard EN 13631-2, on a sample of 100 g nitro-
cellulose smokeless powder, in terms of standard samples
of quartz sand, the following results were obtained.

[ s = - o .|

BLAST OR FLAME OBSERVED DURING THE TEST

o

[Freepap—

Fig. 13 Capture with the section “Opening a Test”

THERMAL STABILITY TEST (75°C) REPORT

Test Conditions

Procedure EN 13631-2:2002
Date Started 2/24i2014 1 4349 AM
Sample Weight 50¢
Sample Volume 100.0 cm?
Loading Density 0.1gcm?
Specimen Information
Name Pulbere fara fum
Specification Pulbere fara fum cu nitroceluloza
Grain Size
Typical Results
Test Result REACTION
Test Completion Blast or flame observed dunng the test (28 hours and 2
minutes)
Sample Weight Change Sample weight did not change

Sample Color Change
Fig. 14 Capture with the section “Test Report”

CONCLUSIONS

1. Procedures determination of thermal stability of explo-
sives, according to EN 13631-2, valid conditions for ob-
taining credible results, ensure the increasing technical
quality premises for testing of explosives, while improv-
ing the confidence in evaluating the performance of
these dangerous products, due to fully satisfy the safety
requirements laid down in Directive 93/15/EEC.

2. Equipment purchased for verifying the security parame-
ter allows the application requirements of the harmo-
nized standard EN 13631-12 namely maintaining explo-
sive at 75°C = 2°C for 48 hours under continuous securi-
ty monitoring of temperature and pressure and surveil-
lance online.

3. The result after being tested on a sample of 100 g nitro-

cellulose smokeless powder, has highlighted the charac-
ter thermally stable for this type of product, as con-
firmed by specific response highlighted in the document
of the reporting, Test Report, namely,” No reaction”.
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