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Catalytic Mechanism of Cr,0; in the Thermal Decomposition Process of CL-20
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Abstract: To elucidate the catalytic mechanism of Cr, O; nanoparticles on the thermal decomposition of CL-20, differential
scanning calorimetry (DSC) coupled with multi-model kinetic analysis were employed to compare the thermal behavior and re-
action kinetics of pure CL-20 and Cr, O, /CL-20 composites. The kinetic parameters of thermal decomposition processes of
CL-20 and Cr, 05 /CL-20 were analyzed by using the FWO, KAS and Friedman methods. Based on the Sestdk-Berggren empiri-
cal equation, the corresponding thermal decomposition reaction models were reconstructed. The thermal decomposition path-
ways and products evolution processes of CL-20 and Cr, O, /CL-20 were investigated by using coupled thermogravimetry-infra-
red spectroscopy. The results indicate that Cr,O; nanoparticles can significantly reduce the self-accelerating decomposition
temperature, the critical thermal ignition temperature, thermal decomposition peak temperature, and the critical temperature
for the thermal explosion of CL-20 thermal decomposition by 12.8°C, 13.4C, 8.4°C, and 8.7 C, respectively, while
lowering the apparent activation energy by 9.6kJ/mol. The thermal decomposition process of Cr, O; /CL-20 follows an nth-or-
der kinetic model described by the equation f (a) =2.633a"7% (1= a)°**, demonstrating that Cr, O; nanoparticles can ac-
celerate the thermal decomposition process of CL-20 and alter its reaction pathway. The gaseous products from the thermal de-
composition of Cr, O; /CL-20 were identified as N,O, CO,, CO, NO, HNCO, and HCN.
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Fig. 1 XRD patterns of Cr,O;, CL-20 and Cr,O,/CL-20
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Fig.2 FTIR spectra of Cr,O;, CL-20 and Cr, O, /CL-20
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Table 2 Theoretical models of solid-state reactions

Table 1T E, and Ig(A/s™") values of CL-20 and Cr,O;/CL-20
sample method E./Ck] » mol™") lg(A/s™ ")
FWO 184.3+4.4 17.6£0.5
CL-20 KAS 185.2+4.6 18.0£0.5
Friedman 178.91+ 4.6 17.6%£1.0
FWO 175.2+2.4 17.3+0.3
Cr,0;/
KAS 175.6 2.5 17.5+0.3
CL-20
Friedman 174.6 3.7 17.6%£0.5

St 52 CL-20 F1 Cr, O5 /CL-20 #I3-fif 2 W 1 3
T2 WL R B, AR 5 3 6 b D AR By B e
BEAL (& 2000 55 5 00 B4 e v A7 il 2% Cln &l 9
FE7R) s R BTEA A AR T R W] 2% 5%
XF T CL-20 $A3 i 3 A2 . 24 o« <<0. 5, 52 55 £ 4fs l 4
SRR A JG A K A3 A (Avrami-Erofeev J 2 :
fla)=3=a)[—InC1 =) ) B LA A .
Bl 52 3R AT CL-20 J80IR B 28 I 30 8 i 2% 34 v ]
T BTN Gy 5 S 2 W A 1 22 RSO T &

No. reaction model fCa)
R2 Contracting cylinder 200 = a)'?
R3  Contracting sphere 3C1—a)*?

A2 Avrami-Erofeev(n=2) 2(1—a)[ —In(1—¢a)]"?

A3 Avrami-Erofeev(n=3) 3(1—a)[ —In(1—a) *”

A4 Avrami-Erofeev(n=4) 4(1—o)[ —In(1—¢a)]**

D2 2-D diffusion [=In(1=a) ]!

D3 3-D diffusion 3(1—a)?P[1=1 =) ]7")2
F1 First order 1—a

1.204(1—g)"" """

6.242(1— )"0 g%

L2 Random scission L =2

L8 Random scission L =8

2.5
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< 30.0 C/min

/(:1) 21780

2.0
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Fig.9 Comparison between normalized plots of the reaction

models for CL-20 and Cr, O, /CL-20 and theoretical master

plots established from the ideal reaction models
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Table 3 Termal safety parameters of CL-20 and Cr, O, /CL-20

sample Tw/C Tho /C T /C Topo /C
CL-20 225.2 237.0 233.4 245.6
Cr, 0, /CL-20 212.4 223.6 225.0 236.9

M ¢ 3 A 38 R4S Cr, O, /CL-20 1Y A i i
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LRI IE N FUUR B T B8 CL-20 AHI B A 12.8°C
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Fig. 10 FTIR spectra of gaseous products from CL-20 and

Cr, O, /CL-20 at their decomposition peak temperatures
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Fig. 11 Density distribution of the gas products evolved from the
thermal decomposition processes of CL-20 and Cr, O, /CL-20
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Table 4 Temperature distribution of gaseous products from the

pyrolysis of CL-20 and Cr, O, /CL-20

sample gaseous products (T, — T;)/C T,/C
HCN 241.8—274.8 245.8

HCOOH 241.8—261.9 246.5

NO, 239.8—263.8 245.3

NO 241.8—271.8 245.8

€120 cO 241.2—274.4 245.8
N, O 243.8—271.8 245.8

HNCO 243.8—274.7 247.8

CO, 243.8—274.9 245.8

HCHO 241.8—276.8 246.6

H,O 243.8—274.8 245.8

HCN 237.1—252.5 243.4

NO 229.6—251.6 241.6

Cr O, /CL-20 CcO 229.0—253. 4 243.4
N, O 226.2—257.9 243.4

HNCO 230.8—256.1 243. 4

CO, 228.1—258.1 243. 4
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