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Table 1 Classification of heat test

Velocity High Middle Low
Field test Spall impact test Cook-off test Slow cook-off test

Conventional - . .

Ignition test Ignition test Nothing
Indoor method
test New Hot ball drop . Accelerating rate
method test Thermal analysis calorimetry

Heating rate About 10C/sec About 10T /min About 10C /hour

Heat loss curve
Ignition

Ignition

SampleA SampleB Sample C
Temperature —b»

Hoat (098 rate or heat gensration rate —p

Fig. 1 Ignition Cha;actristic in a case of testing
samples with different thermal stability
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Table 2 Ingredient and composition of samples used in this study

M1l M2 M30A1 CAN-1A
CAN 50.0
Nitrocellulose 85.00 77.45 28.0
Nitroglycerin 19.50 22.5
Nitroguanidine 47.0
RDX 35.0
Dinitrotoluene 10.00
Dibutyl phthalate 5.00
Diphenylamine 1.00
Trimethylolethane trinitrate 14.0
Ethyl centralite 0.60 1.5 1.0
Ethyl alcohol 0.75 2.30
Potassium sulfate 1.0
Barium sulfate 1.40
Potassium nitrate 0.75
Graphite 0.30
Water 0.50 0.70
ON02 le— Furnace
Vessel ~ n 5 | L~ Vessel
H / Sample 1™ %] 1L— Reference Material
CH Holder &l Holder
2 : & Heat Sink
o = Thermocouple
) R | — Metal Block
V4 1
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H (orOCOCH:)H

Fig. 3 Constitutional formula of CAN
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Fig. 4 Schematic diagram of the section of
a heat-flux DSC
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Fig. 5 DSC curves for ignition and decomposition of
NC and CAN measured at a heating rate of
20C/min
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Decomposition to ignition transition (DIT) of energetic material (Part 1)

DIT of Nitrocellulose (NC) and desensitized NC with DSC

by Toshihiko SHIMIZU* and Jun-ichi KIMURA*

The evaluation of the thermal sensitivity of propellants and explosives is finally per-
formed by so-called cook off test in field. The cook off test costs a lot and takes long time
for preparation. Thus we have tried to evaluate the thermal sensitivity of newly developed
gun propellants and explosives in laboratory scale before cook off test. Differential scann-
ing calorimeter (DSC) technique can be a good candidate because it has long been used for
the evalution of energetic materials. Most workers, however, used DSC to investigate
the thermal decomposition of energetic materials.

We tried to apply DSC for evaluating the ease of runaway reaction or ignition of gun
propellants and their raw material. Decomposition to ignition transition (DIT) was observ-
ed when sample weight or heating rate increased in flowing nitrogen atmosphere. The
heat-loss curve of a heat-flux-type DSC was obtained from the DIT data of nitrocellulose
and conventional gun propellants such as M1, M2, and M30Al. Once we obtained the
heat-loss curve of each DSC apparatus, one can easily determine the experimental coridi-
tion to cause ignition based on the thermogram of exothermic decomposition of a sample.

A desensitized nitrocellulose (CAN:Cellulose Acetate Nitrate) was examined with the
DSC and a mass spectrometer to reveal the mechanism of thermal desensitization.

(*Propellant and Explosives Laboratory, 1st Division, 1st Research Center,
Research and Development Institute, Japan Defense Agency, 2—2—1,
Nakameguro, Meguro-ku, Tokyo, 153, Japan)
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