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ABSTRACT: The work aims to study the thermal decomposition mechanism of two typical modified double-base propel-
lants, respectively containing Al and RDX in the methyl-violet test. A comparative experiment was conducted to dou-
ble-base propellants with TG-DSC-FTIR-MS combined technology. By analyzing characteristic parameters such as de-
composition temperature, heat release, and decomposition products, the non isothermal decomposition behavior of the

three propellants was identified. The isothermal decomposition behavior of three propellants was studied by microcalo-
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rimetry at the same temperature as the methyl-violet test. The thermal weight loss and thermal decomposition behavior of
Al modified double-base propellants under programmed heating conditions were basically consistent with those of dou-
ble-base propellants. NG in RDX modified double-base propellants was more volatile than that in the other two propel-
lants, and the corresponding decomposition reaction released less NO, during the initial stage of NG decomposition. The
entire thermal decomposition reaction process was divided into two stages, where the NC/NG system containing nitrate
groups firstly decomposed and then caused the thermal decomposition of ammonium nitrate explosive RDX. Under iso-
thermal conditions, the reaction depth of the three propellants at 40 min did not exceed 0.4%, and the reaction depth at 5 h
did not exceed 3% of the reaction depth, but the decomposition reaction rate of Al modified double-base propellants was
faster in the early stage of the decomposition reaction. Through comparison between the stability test results of different
propellants, it is found that the longer complete color change time of the methyl violet test paper does not mean the better
thermal stability, indicating that the methyl-violet stability test method has certain limitations. The use of decomposition
reaction depth as the link between measuring gas and calorimetry methods is expected to achieve quantitative evaluation
of stability with microcalorimetry as an alternative technique for methyl-violet test.

KEY WORDS: methyl-violet test; modified double-base propellant; stability; therm decomposition; microcalorimetry; reaction
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Tab.1 Main components and contents of three propellants
(mass fraction, %)

Sample No. NC NG Al RDX
1" 54 27 — —
2" 54 33 5 —
3" 21 21 5 48
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Fig.1 TG-DTG curves of three propellants
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Tab.2 DSC characteristic parameters of three propellants

Sample No.  m/mg t,/C t/C £/C AHEI/
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Tab.3 Methyl-violet test results of three propellants

Time when methyl violet Whether the explosion

SaNrr;p e fest paperturns completely  occurs within 5 h
: orange/min 5 min
1* 70 Unexploded
o# 55 Unexploded
3* 100 Unexploded
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Tab.4 Kinetic parameters of isothermal total
decomposition test of three propellants

Sample  Time to reach maximum heat flow

No. for the first time/d Qma"/(J'gil)
1* 2.83 4151.78
2* 2.49 4732.15
3# 0.70 2386.92
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Sample No. G(a) k(1078 s7h R?
1# a 1.13 0.992 5
2f (1-a)y'21 1.33 0.991 1
3# a 1.14 0.993 8
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40 min corresponding 5 h corresponding

Sample No. /% /%
1* 0.271 2.03
2" 0.318 2.34
3" 0.274 2.05
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