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Table 1 Some properties of the five polymorphs of CL-20
compound a-CL-20 - 1/2H,0 B-CL-20 y-CL-20 &-CL-20 ¢-CL-20
space group Pbca Pb2;a P2;/n P2, /n P2, /n
orthorhombic orthorhombic monoclinic monoclinic monoclinic
a=0.94852 a=0.96762 a=1.32313 a=0.88522 a=1.25890
cell parameters
b=1.32253 b=1.30064 b=0.81702 b=1.25563 b=0.77220
c=2.36733 c=1.16494 c=1.48763 c=1.33863 c=1.41260
B=109.17° B =106.82° B=111.22°
volume/nm? 2.96952 1.46598 1.51888 1.42414 1.27910
z 8 4 4 4 4
OQN\N‘ lN/NOQ OQN\N N/NOQ OZN\N N(NOZ OZN\N N(NOZ OZN\N)A\N(NOQ
molecular structure OoNmwy N-==NO2 OQN\HANOQ OZN;HANOZ OZN\H/NOQ OZN;HANOZ
NN N~no, OZN/NAN\NOQ OZN/NAN\NOZ OQN/NAN\NOQ OQN/NAN\NOZ

Note: The experiment conditions of a-,8-,y-,e-CL-20 is at room temperature and room pressure, of £-CL-20 is at room temperature and high pressure

(p=3.305 GPa). Zis number of molecular in a unit cell.
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Table 2 Performance of CL-20 and HMX

explosive £-CL-20 B-CL-20 a-CL-20 y-CL-20 B-HMX
density/g - cm -3 2.044 1.985 1.981 1.916 1.903
heat of burning/MJ - mol ™' -3.59% -3.649 - - -2.767
heat of formation/kJ - mol ~' +377.4 +431.0 - - +74.05
detonation velocity/m - s~ 9660 9380 - - 9100
detonation pressure/GPa 45.6 42.8 - - 39.50
impact sensitivity/cm 26.8 24.2 20.7 24.9 29
oxygen balance/% -10.95 -10.95 -10.95 -10.95 -21.61
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Fig.2 Concentration vs time during a polymorphic transition
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C ] and C are the solubilities of the two phases, (a) general
profile and ('b) limit profiles; curve (1) transformation is
controlled by growth of the stable form ( II ) and curve (2)
transformation is controlled by dissolution of the metastable
form (1)
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Review on Polymorphic Transformation in CL-20 Recrystallization

XU Jin-jiang'*, SUN Jie', ZHOU Ke-en’, LI Hong-zhen', SHU Yuan-jie'
(1. Institute of Chemical Materials, CAEP, Mianyang 621900, China; 2. Graduate School of CAEP, Mianyang 621900, China)

Abstract: The crystal structure,thermal stability, and properties of all polymorphs (including a-,8-,y-,&- and ¢-) of CL-20 were
introduced. Recrystallization method of CL-20 including solvent-non-solvent method and solvent evaporation method, and the
polymorphic transformation of CL-20 in solution were summarized. Considering that £-CL-20 has the most application value and
cannot be prepared directly. It is still necessary to be recrystallized but the polymorph of CL-20 would transform to others in this
process which could cause the polymorph purity of £-CL-20 decreasing, and then affecting the explosive performance of CL-20.
The factors affecting the polymorphic transformation of CL-20,such as solvent and temperature were discussed. According to the
Ostwald’s rule, the polymorphic transformation of CL-20 in solvent could be explained from the aspects of kinetics and thermody-
namics. The deficiency of current research was depicted and the preparation way of £-CL-20 with high purity through controlling
the polymorphic transformation path and optimizing the recrystallization conditions were proposed.

Key words: physical chemistry; CL-20; solvent recrystallization; polymorphism; Ostwald’s rule of stage; polymorphic transformation
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