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CONTEXT

• Degradation of propellants can be a potential source of auto-ignition

• Unstable nitrocellulose may lead to hazardous explosions

• Treatment techniques

– Recycling

– Destruction
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CONTEXT

• Light, easy and safe transport and post-treatment

– Ruling out of UN-Class 1

Serie 2

UN-TDG Standards

Serie 3

Series 5 and 6

Post-treatment

Storage

• Requirements for ruling out of Class 1

– The substance is

• Too insensitive to be classified as a Class 1 material

• Thermally stable, and not too dangerous for transport

– The packaged substance has

• No mass explosion

• No major hazard (blast, projection, heat,.) in case of accidental ignition

Inertization
Transport
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OUTLINE

Context

• Inertization process

– Scope and definition

– Methodology

• Pyrotechnic behaviour

– Explosivity under confinment

– Sensitivity to ignition, thermal stability and response to fire

• Additional requirements

– Chemical compatibility

– Resistance to segregation

– Compatibility with the post-treatment technology

• Conclusions
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• Inertization process

– Irreversible transformation of an energetic material into an ‘inert’ material

• Inertization ways

– Chemical: Denitration (hydrolysis)

– Physical: Mixing with inert additives

• Objective of the study

– Design a methodology for the physical inertization of nitrocellulose based propellants

INERTIZATION PROCESS

Scope and definition

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Inert

waste
Inertization
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INERTIZATION PROCESS

Methodology

YES

NO

Assessment 

of the pyrotechnic 

behaviour

Classification 

of inertized admixture: 

Inert material?

Serie 2

Explosivity under 

confinement

UN-TDG Standards

Serie 3

Sensitivity to 

ignition

Additional 

requirements

Change of 

formulation
-Mass ratio

- Grain size

-New additive

- …

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Inertized 

admixture

Preparation of 

inertized formulation

Inert 

material*

Series 5 and 6

Pyrotechnic behaviour

of the packaged substance

* Out of Class 1
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Grinding

Bulk 

propellant

Mixing

Inert 

additive

Inorganic - fine Organic - fineInorganic 

Grinded propellant

Organic - fine 

admixture
Inorganic 

admixture 
Inorganic – fine 

admixture

Bulk tubular propellant

Preparation of the samples

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Inertized

admixture

INERTIZATION PROCESS

Grinded 

propellant
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OUTLINE
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Experimental procedure and apparatus

PYROTECHNIC BEHAVIOUR

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

• Koenen test
UN-TDG Serie 2 type (b)

• Time/pressure test
Inspired by UN-TDG Serie 2 type (c) (i)

Ignition system: 1g of Black Powder

• Sensitivity to a detonative shock
Inspired by EN 13938-3

Initiation system: Detonator + 10g of explosive sheet

Serie 2

Explosivity under

confinement

• Koenen test

• Time/Pressure test

• UN Gap Test 
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PYROTECHNIC BEHAVIOUR

Time/pressure test

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

Time to pressure 

rise* > 30 ms
Class 1

Not Class 1

• Nitrocellulose mass fraction < 20%

* From 6.9 to 20.7 kPa
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PYROTECHNIC BEHAVIOUR

Koenen test

Class 1

Not Class 1

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

Limiting diameter

< 2 mm

• Nitrocellulose mass fraction < 15%
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PYROTECHNIC BEHAVIOUR

Sensitivity to a detonative shock test

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

Indent

< 10%

Class 1

Not Class 1

• Nitrocellulose mass fraction < 50%

- Fine
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• Test methods

– Time/pressure test and Koenen test are more restrictive than the sensitivity to shock test

– Koenen test: Agglomeration of solid particles in the orifice

• Experimental procedure needs to be adapted

PYROTECHNIC BEHAVIOUR

Explosivity under confinement

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Too insensitive to 

be classified as a 

Class 1 material?

Nitrocellulose mass 

fraction < 20%

• Additive’s efficiency

– Organic additives tends to be more efficient 

than inorganic ones

– Fine additive’s grain size is more efficient 

than large one
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PYROTECHNIC BEHAVIOUR

Experimental procedure and apparatus

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Serie 3

Sensitivity to ignition

• Sensitivity to impact

• Sensitivity to friction

• Thermal stability

• Burning test

• BAM Fallhammer test
UN-TDG Serie 3 type (a)

• Thermal stability test at 75°C
UN-TDG Serie 3 type (c) 

• Burning rate test
EN 13938-4
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PYROTECHNIC BEHAVIOUR

Sensitivity to impact

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

Impact energy

< 2 J

• Sensitivity of the admixture = Sensitivity of the energetic material
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PYROTECHNIC BEHAVIOUR

Thermal stability at 75°C

Grinded Nitrocellulose

6% Humidity

Organic+Nitrocellulose

Dry

Organic+Nitrocellulose

6% Humidity

Grinded Nitrocellulose

Dry

Samples after test

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

Over-heating

< 3°C

• Color change : chemical reaction between organic additive and nitrocellulose
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PYROTECHNIC BEHAVIOUR

Burning rate under ambient conditions

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Criteria

No explosion
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PYROTECHNIC BEHAVIOUR

Sensitivity to ignition, thermal stability and response to fire

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

• Test methods

– BAM Fallhammer test and Burning rate test are not critical

– Thermal stability test

• Chemical reaction between additive and nitrocellulose

Stable, not too 

dangerous for 

storage?

Need for additional

stability test

• Additive’s efficiency

– Sensitivity to impact seems unaffected by the 

presence of additives

– Burning rate is significantly reduced by the 

presence of additives
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OUTLINE

Context

• Inertization process

– Scope and definition
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• Pyrotechnic behaviour
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ADDITIONAL REQUIREMENTS

Chemical compatibility

Incompatible

Compatible

Criteria

Heat generated

< 30 J/g

• Heat flow calorimetry (STANAG 4147)

• Samples heated at 90°c during 3 days

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

– Organic additive and nitrocellulose are incompatible

– Chemical incompatibility is catalyzed by water
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ADDITIONAL REQUIREMENTS

Irreversibility of the inertization

• Homogeneity of granular admixtures

Segregation phenomena

Uniform inert behaviour

=

Use of caking agents, binders, 

fibrous materials,%

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Local accumulation 

of energetic material

Homogeneous repartition

of energetic material

Vibration bench
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ADDITIONAL REQUIREMENTS

Compatibility with the post-treatment technology

• The compatibility with the post-treatment technology 

– shall be considered in the selection of the additive

• Biodegradation

– Favorable conditions for the development of microroganisms

• pH (neutral)

• Moisture content (from 50% to 80%)

• No additional source of Carbon or Nitrogen

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Inert

waste
Inertization

Transport

Post-treatment

Incineration

Pyrolysis

Biodegradation

…

Storage
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• A methodology for the « declassification » of nitrocellulose based 

propellants has been developed in two steps:

• The pyrotechnic behaviour of inertized admixtures was assessed

– Relevant tests based on existing standard tests

• Most constraining tests are the Time/pressure test and the Koenen test

• Sensitivity tests seem to be less critical

• Some tests need adapted experimental procedures

• Chemical compatibility shall be investigated carefully

CONCLUSIONS

Methodology

Inertization process Pyrotechnic behaviour Additional requirements Conclusions

Assessment of the 

pyrotechnic behaviour

Preparation of 

inertized formulation
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CONCLUSIONS

• Additives efficiency

– Additives downgrade the explosibility under confinement, but have no 

significant effect on the sensitivity

– Organic additives are more efficient than inorganic ones but.

• Negative side effects (e.g. chemical compatibility)

• Physical inertization

– Out of Class 1: 20% of nitrocellulose / 80% of additive 

• Volume waste five times larger than the initial waste

– Irreversibility of the inertization

• Mechanical resistance to segregation, chemical compatibility

Granular solid admixtures

Inertization process Pyrotechnic behaviour Additional requirements Conclusions
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THANK YOU

Questions ?Questions ?
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The UN-TDG Acceptance procedure

Classification procedure
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Criteria:
Time to pressure 

rise > 30 ms

Time (ms)
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Time/Pressure test
Experimental procedure
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� Time for pressure rise measurement:

� Has an overall good reproducibility, even at low Nitrocellulose content

� Is not influenced by the type of pressure vessel used (closed vessel or 

with bursting plate)

� Recommendations:

� Homogenize the sample’s composition

� Use of a stronger ignition system to ignite properly samples with low 

Nitrocellulose content (< 25%)

Time/Pressure test
Feedback
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� Limiting orifice diameter measurement:

� Is biased by the agglomeration of solid particles in the gas ejection orifice 

increasing abnormally the confinement in the tube

� No significant improvement after crushing the inert additive

Koenen test
Feedback


