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Molecular Dynamics Study of the Effect of H.O on the Thermal
Decomposition of a Phase CL-20
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Abstract: The response of the mechanisms of the a polymorph of CL-20 (a-CL-20) to high temperature is
important for understanding the phenomenon of shock initiation, shock ignition, and detonation. The
thermal decomposition of a-CL-20 hydrate and pure a-CL-20 were studied by ReaxFF reactive molecular
dynamics simulations to obtain the time evolution of water molecules and the effect of H.O on the
mechanisms of CL-20 at high temperatures. It was determined that the initial decomposition mechanisms
of CL-20 are not dependent on the presence of water, but the secondary reaction pathways are. At low
temperatures (7<1500 K), there is no relationship between the H,O, hydrate CL-20, and pure CL-20
systems, as the mechanism is only the dissociation of the N—NO, bond to form the NO, radical. At high
temperatures (1500 K<T7<2500 K), water molecules act as a reactant or form catalytic systems with NO,
radical to form OH radical, leading to the formation of O,, H.O,, and other products. Water molecules
accelerate the secondary stage reaction of hydrate systems, leading to increased secondary reaction rates
and number of NO; radicals in the CL-20 hydrate compared with the pure CL-20 system. At very high
temperatures (7>2500 K), the dissociation of water molecules competes with the initial thermal
decomposition pathway of CL-20, leading to a larger rate constant for the pure CL-20 than for the hydrate
CL-20.
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Fig.1 Structures of CL-20 unimolecule (a) and
unit cell (b) in a-phase CL-20 hydrate
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Table 1 Reaction enthalpies of §-CL-20 and
&-CL-20 with different methods
AH' «(ReaxFF)  AH%(DMol*) AH!
Sample = o -
(kJ-mol™) (kJ-mol™) (kJ+-mol™)
p-CL-20 3410.46 3348.29 3596.02°
e-CL-20 3456.53 3390.00 3649.08"

" data from Ref. 4

*2 FEFZESEIRIPHEFIAE CL-20 FOKBIE AU
Table 2 Formation enthalpies of -CL-20, e-CL-20, and
water with different methods

AfoLo K(ReaXFF) AfH‘:\.U K

Sample = =
(kJ-mol™) (kJ-mol™)

B-CL-20 -377.90 —-430.99°
e-CL-20 -366.69 -377.40°
H.O(1) -295.73 -284.80°
H.O(g) -258.07 -241.84°

* data from Ref. 4; ° data from Ref. 18

Number of products

Number of products

EI) 1I'D 2I0 3I0 4l0 50
tips
2 H0-CL-20 ()FIKEM(b)EH T FHEAN CL-20 5
FHID YR E SHER X R
Fig.2 Evolution of number of decomposition products
per CL-20 molecule in pure a-CL-20 supercell (a) and
hydrate (b) structures
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Fig.3 Time evolution of number of decomposition products per CL-20 molecule in pure a-CL-20 supercell

structures at various temperatures
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Fig.4 Time evolution of number of decomposition products per CL-20 molecule in hydrate at various temperatures
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Fig.5 Logarithm of initial decomposition rate constant of
a-CL-20 vs inverse temperature at 1500-3000 K
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Table 3 Kinetic parameters of thermal
decomposition of a-CL-20

Method In(4/s™) EJ(kJ-mol™)
Nedelko'” (noncatalytic) 27.63 148.9504
Nedelko" (catalytic) 52.96 231.7936
ReaxFF (pure a-CL-20) 29.33 169.6612
ReaxFF (a-CL-20 hydrate) 27.33 121.2942

0.4
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Fig.6 Time evolution of intermediate number per CL-20
molecule for pure a-CL-20 under various temperatures
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Fig.7 Time evolution of intermediate number per CL-20 molecule for hydrate under various temperatures

%) 50 I A I i) P 2 A A 342 6 kD i 385 1 ok
i, I 8(b) i 4liatt CL-20 4 & /K 4> F HI B bl
T ) PR 500 e S0 T 1 I PR 35, O TR X R I S
1793 M1, X5 B 8(a)Hh 0-2 ps I, AN[RIEE T K &4+
H,O )2 HEAT TROK, 45 R 18] 8(c) s, MK 8(c)
HURT DL HZE 1000 KIS, 7K IO B0 AT A2 4k, BE A
U S (1) 380, 7K E I AR BRI, 75 3000 K I FEAIS
R B KA, IX PR AT 4 I Z1 K ) E e A 4 3R
H17K 7312 5 CL-20 K150 fift [ N, {5 N A ] LU
Hh, 753000 K I 7K & 944 & okl CL-20 (1) g 3y 1
HH BRI L 4lioAH CL-20 14 & 1) S5 W 33 53 $0,
FHK o+ AT — 2 W VO [ A A X LE 24
(4 73 fifE S N BEAT Ik, B 5 4 P 1R 38, i UK 43
T 5 E2 2 I N5 8 25 I W46 53 i B AR A7 AT
SEAVE ], AF 154l oAt CL-20 14 28 Ak 27 2 388 53
B IR T M AN LR & T K oy F A LE R
b CL-20 7 ik T 10 23 it B S RS, 07K A5 A
Z K RN, #4542 A gl okl CL-20 f& R 25— MK
Iy F IR OSBRI T 2B

XIS AR SR KA W) AE 25 0-2 ps NI 43 T30
TN SCAE AT 20, RILHLO 73 FAELE PR X
N A% B — PR IK o Tl I T IR, T8 OB

7= A OH B il 2 5 —Fh % 12 2 K o0 7 &
S5 R s ) R 2 A R, E e P TR 4R HO
HONO 1 HONO,, f £ ¥ 1 H0. F1 7= ).

B 9 2 7K 53 2R — Tl s A% s ek . 71 18] 9
L TOP ROV, e N RHN—NO R 4E5r TN
JR 5, T2 OH H H3EF1 RN —NO # f, B 5
OH H H A HO 73 KA i1 4% 3, TE K 73+
HNUET ) OH H B 19 28 =28 R W R /R HoO 4 1
A CHN:O, 731 KA 3 18] it 1A% 328, T2 OH H i
FE A CNO, B4 /. Shimojo %5 2 % FH 28 — PE J5L BE 43
F o) J1 2 3R W 42 8 A HL0 16 S 8 ik B2 R, HLO 43
F Il LK H Grotthuss HLEE, 7E AN EE =451 18]
21 T I RS I R Y B H.

Bl 10 27K 50 T 128 Rl ik A2 10 S B 2. 1] 10
WA — L D OV R IR HaO 4 7 2 M3 3t
RN, 20 R 2 AN B 2R U HO T
H H ATHO B 2, JE B HONO Fi HONO,, 55—
A 4 HONO #1 HONO, %% % 2 /> OH H t 2%, B 1k
H,0, 73 T FINONO,, 7F Jx Wi F 1 NO. 1 Hy i1k
FE H0 4> F2FENO, H 3L 1O JR -7 I 10
55 = DU N RO HoO 4 2R BUNLO HH 1K) O JiR 7
JE 1 2 A~ NO F Ho 0, Horp 28 =28 H.O 4y 1 K 4

35 1.2
* (a) 55| (D) (c)
z 2 2
g 30 5 2
%25 52‘0-300% §1.1
i E15 e
2 5 510
o 5 1.0}
é * N\ 5" 2000 K 2 >~
3 15 }soox 2000 K E o5l 1500 K E 2000k 20K
N =]
z 1000 K Z 09t 3000
1.0, 0.0
0 10 20 30 40 50 0 10 30 40 50 0.0 0.5 1.0 15 2.0

tlps

tips tps

8 A ELRE T4iatl CL-20 (a). /K& (b, )R FRFFHEA CL-20 0 F koD FRIZ ZREET BRIk

Fig.8 Time evolution of water number in pure a-CL-20 (a), hydrate (b, ¢) systems under various temperatures
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Fig.10 Secondary reactions pathways of H,O in hydrate
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Fig.11 Pathways for the formation of OH radical in pure a-CL-20 molecule

(first step)

(second step)
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Fig.12 Pathways for the formation of H,O in pure a-CL-20 molecule
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