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Table 2 The characterisitic values of PDSC and burning rates for RDX-CMDB propellants

p T, T, T, T, AT AH, AS, AH,/AH, u
propellants /MPa % JC /C /%G /C /7 - g-l /1 - g-l Lo ! /% J/mm - s !
RO 0.1 185.3 207 - 257.3 72.0 907.9 13.4 - -
2 184.8 206. 1 235.2 245.3 60.5 2477 40.3 13.1 2.63
4 184.3 204.4 231.7 241.4 57.1 2899 55.1 12.6 4.62
6 183.5 204.2 230.0 241.2 57.7 3130 51.3 13.3 6.39
8 182.6 200.4 230.4 240.7 58.1 3484 58.7 13.6 7.71
10 182.0 201.3 229.5 240.4 58.4 2866 46.4 13.1 8.87
12 181.5 203.2 229.3 245.0 63.5 4432 72.7 14.4 10. 81
14 180.0 201.9 231.2 239.8 59.8 3347 62.0 15.0 11.41
R1 0.1 184.5 205.8 238.3 256.4 71.9 940 13.1 9.6 -
2 184.0 206. 1 232.9 243.4 59.4 2395 40.3 14.0 4.64
4 183.7 207.2 230.6 239.4 55.7 2604 46.8 12.4 6.75
6 183.4 203.6 228.8 238.9 55.5 3258 58.7 14.1 8.46
8 182.3 204.2 229.9 238.6 56.3 3193 56.7 16.1 10.12
10 181.7 201.3 229.5 240.3 58.6 2686 45.8 17.8 11.86
12 181.1 204.0 230.6 242.5 61.4 4004 65.2 15.9 13.64
14 179.7 200.6 228.8 239.5 59.8 4014 67.1 16.8 15.43
R2 0.1 182.0 205.0 238.6 250.0 68.0 987 14.5 12.1 -
2 181.6 206.5 229.6 235.6 54.0 2641 48.9 14.5 5.79
4 181.3 204.2 229.1 235.3 54.0 2724 50.4 14.5 8.51
6 181.1 205.0 230.6 240.5 59.4 3029 51.0 16.0 10.26
8 180.8 203.1 227.2 237.2 56.4 3191 56.6 15.3 11.33
10 180.5 202.4 230.1 240.1 59.6 3141 52.7 16.3 11.98
12 180.3 203.6 227.5 239.6 59.3 4188 70.6 19.2 13.38
14 179.5 203.0 225.3 235.1 55.6 3957 71.2 16.9 15.26
R3 0.1 181.2 205.3 238.3 248.5 67.5 1025 15.2 12.6 -
2 181.1 207.7 234.6 242.3 61.2 2199 35.9 14.5 11.31
4 180.8 205.5 231.3 238.1 57.3 2666 46.5 13.1 13.81
6 180.4 203.7 228.1 237.4 57.0 3404 59.7 16.1 15.17
8 180.2 200.0 227:3 236.9 56.7 3361 59.3 16.4 15.92
10 179.9 204.2 231.3 241.8 61.9 2707 43.7 15.1 16.18
12 179.4 202.6 227.3 239.0 59.6 4282 71.8 16.6 16.29
14 179.2 203.1 228.0 238.7 59.5 3878 65.2 17.0 16. 81
R4 0.1 181.5 205.2 237.6 249.5 68.0 998 14.7 12.3 -
2 181.3 207.0 235.7 242.8 61.5 2322 37.8 14.6 7.65
4 181.1 203.8 225.9 233.7 52.6 2902 55.2 14.9 8.30
6 180.7 205.6 232.0 241.7 61.0 3096 50.8 15.0 8.61
8 180.5 203.4 230.1 239.9 59.4 3646 61.4 16.1 9.85
10 180.2 204.1 230.4 241.9 61.7 2903 47.1 15.9 11.38
12 180.0 203.9 229.8 241.0 61.0 4304 70.6 17.1 13.22
14 179.3 202.6 224.9 233.3 54.0 3296 61.0 15.0 15.22

Note: p is pressure; T, and T, are onset and end temperatures of heat release on DSC curve, respectively; T, and T, are the peak temperatures on the first

1§

and second exothermic peaks,respectively; AH is decomposition heat; AH, is the decomposition heat of the second exothermic peak; AT =T, - T ;

AS, =AH,/AT; u is burning rate.
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Table 3 The pressure exponent,r and parameters in Eq. (1)

obtained by the binary regression

propellants Ink m n r I)rge;sirf4e};)gzt):nl
RO 0.160 0.733 0.0870 0.999 0.76
R1 0.798 0.597 0.0780 0.997 0.62
R2 1.064 0.453 0.105 0.995 0.50
R3 2.182 0.185 0.0424 0.976 0.20
R4 1.491  0.328 0.0537 0.908 0.35
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Thermodynamic Properties and Detonation Performance for
Nitro Derivatives of THDCPD by Density Functional Theory

SONG Jing', LI Chun-ying®, YANG Jian-ming®, Li Jian®, WANG Wen-liang'
(1. Key Laboratory for Macromolecular Science of Shaanxi Province, School of
Chemistry and Materials Science, Shaanxi Normal University, Xi'an 710062, China;

2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The geometries of tetrahydrodicyclopentadienes (THDCPD) and its derivatives were optimized at the B3LYP/6-31G level,
vibration frequency analysis was also involved. The heat capacity and enthalpy at different temperatures were obtained by statistic
thermodynamics. In order to calculate standard enthalpies of formation for the derivatives of THDCPD, isodesmic reactions were
designed. The average molar volume and theoretical density were estimated using the Monte-Carlo method based on 0.001 e « bohr ~*
density space. Furthermore, the detonation velocity and pressure of the derivatives were estimated by the Kamlet-Jachos equation.
Results show that the total energies with the number of nitro groups are linear, and the derivatives of endo-THDCPD is more stable than
the exo ones. The possible mechanism may be started by C—NO, bond breaking, not the homogeneous cleavage of framework C—C
bond. With the temperature increasing, the heat capacity and enthalpy increase, and the increments of heat capacity is degressive,
which is conversed to the enthalpy. Also,the detonation velocity and pressure increase evidently with the increasing of the nitro groups’
number.

Key words: physical chemistry; tetrahydrodicyclopentadienes ( THDCPD ); nitro derivative; density functional theory;

thermodynamic property; detonation velocity; detonation pressure
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Catalytic Decomposition of RDX-CMDB

I . Thermal Decomposition at High Pressure and its Correlation with Burning Rate

XIE Ming-zhao, LIU Zi-ru, HENG Shu-yun, WANG Han, ZHANG La-ying, ZHAO Feng-qi
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The thermal decomposition of RDX-CMDB propellants with burning rate catalysts [ lead-gallate (GDPB), Cu( II )-p-
aminobenzoic acid (PAC) and carbon black (CB) ] was investigated by pressure differential scanning calorimetry (PDSC). The
effect of nano and un-nano catalysts on its thermal decomposition was compared. Results show that the pressure and the burning rate
catalysts with different components affect the characteristic values of PDSC and the relative releasing heat of RDX. The characteristic
values of PDSC( <14 MPa) and pressure can be correlated to burning rate using an empiric equation by binary regression. The
equation includes parameters that show the contributions of pressure and exothermic rate to burning rate. At high pressures
(8 =14 MPa), the plateau effect of propellants and the effect of composite catalysts with different components on burning rate can
be described by this equation too.

Key words: physical chemistry; pressure differential scanning calorimetry ( PDSC ) ; thermal decomposition; burning rate;

RDX-CMDB propellant; burning rate catalyst



