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Table 1 Some properties of the four polymorphs of CL-20

. DSC maximum DSC exotherm vacuum thermal stability ~ detonation  detonation  impact
density P . .. . molecular

polymorph /g - _; endotherm onset /cm® - g velocity pressure sensitivity ructure

g Cm e /°C (22 h,120 °C) /m s /GPa /cm
a 1.981 182 233 0.10~0.16 — — 20.7
B 1.985 149 232 0.10 ~0.16 9380 42.8 24.2
b% 1.916 — 233 — — — 24.9
e 2.044 167 229 — 9660 45.6 26.8
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Fig. 1 The molecule structures of some additives
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Fig.3 XRD standard patterns of the different polymorphs of
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Fig.4 The in situ-XRD patterns of £-CL-20 with heating
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Fig.5 Morphology of £-CL-20 before and after phase transi-

tion with in-situ XRD measurement
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Table 2 The polymorphic transformation of g-CL-20 in differ-

ent composite systems

onset y-CL-20 content
. temperature of of e—y
No. composite system P < .
£—y phase phase transition

transition/°C ~ at 150 °C/%
0 £-CL-20 140 71
1 &-CL-20/HTPB 140 54
2 ¢-CL-20/TDI 135 53
3 £-CL-20/DOS 125 100 at 140 °C
4 g-CL-20/AP 140 69
5 e-CL-20/Al 140 79
6  £-CL-20/T-12 140 74
7 &-CL-20/DOS/T-12 130 82
8  &-CL-20/HTPB/TDI 140 57
9 &-CL-20/HTPB/TDI/DOS 135 51
10 &-CL-20/HTPB/TDI/DOS/T-12 130 89
11 g-CL-20/HTPB/TDI/T-12 140 45
12 £-CL-20/HTPB/TDI/DOS/T-12 125 99

/AP/Al
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Fig.6  Polymorphic transformation of of £-CL-20 in different

composite systems at 70 °C for 60 h
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Fig.7 SEM photos of -CL-20 in different composite systems before and after heating treatment
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Polymorphic Transformation of £-CL-20 in Different HTPB-based Composite Systems

XU Jin-jiang', PU Liu'*, LIU Yu', SUN Jie', JIAO Qing-jie’, GUO Xue-yong’, LIU Xiao-feng'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Shcool of Materials Science and Engineering, Southwest University of Science and
Technology, Mianyang 621002, China; 3. Beijing Institute of Technology,Beijing 100081, China)

Abstract. The method of in situ X-ray powder diffraction (in-situ XRD) was used to investigate the effect of additives such as HTPB
(hydroxyl-terminated polybutadiene), TDI(toluene-2,4-diisocyanate), DOS(dioctyl sebacate), T-12 (dibutyltin dilaurate), AP
(ammonium perchorate) and Al( Aluminum powder) on the polymorphic transformation of hexanitro-hexaazatetracyclo-dodecane
(&-CL-20). Results show that, under heating condition, the preliminary polymorphic transformation temperature of £-CL-20 chan-
ges by adding the additives. The crystal of CL-20 is coated to some degree by HTPB and TDI. As an adhesive catalyst, T-12 accel-
erates coating combined with HTPB and TDI. But in above two cases the transformation of e—y is inhibited. DOS enhances the
transformation of e—y mixed with CL-20. In addition, AP/CL-20 and Al/CL-20 are both solid-solid mixing, which has little effect
on the polymorphic transformation of ¢-CL-20. Moreover, while heated at 70 °C for 60 h, the polymorph of £-CL-20 in all the
composite systems is not changed.

Key words: hexanitro-hexaazatetracyclo-dodecane(CL-20) ; polymorphic transformation; additives; in-situ XRD
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