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BEH AT CL-20 MR R RE A 22 2 PERE . B H ATA& 3t
s A7 TET I T A o 288 AR BI kA /0 Y [)

[f] 73 S A8 A 2 — S HAT AR 43 7 2 B4 2 454
ANFEREE ST, v e R B B BEAEH A S
5508 MR 254 78 AL AT i R GE Y
CL-20 5 1-H1 -2, 4-— fif FL vk mk (2, 4-MDNI) | 1-H1
o4, 5. TR EEBK MR (4, 5-MDNI) % Z Al KL wk 25 0 T
e ] T, 2R B IR G S AR 4y T AR R 3R A D
A, e 0% B2 e L A 10 07 8 200 38, 1 ey 1 ol 28 R 8K
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J& T FE M AL A W, BE A, R IO B A IR
BE2 3l 3t 3-MNP L 4-MNP 5 CL-20 & &, — J7 i Al
VLI UG R A8 25 0 1 8T AR 42 T CL-20 12 2 1
AR E M 55— BB 1 n CL-20 b A B0t |
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— B I T 2 R RN R Y 56 R, R R 2k R AT L
n BT bR 5

K PV 4% vk 4 il il 46 17 CL-20/3-MNP (3
&% 1) M CL-20/4-MNP (3£ Stk &9 2) L K24,
T o B X 5 R AT S (SXRD) i 5 8 i 45 44, 1)
2R FHl B G (DSC) H BAM 74 4 o J8% 1 {0 38
U 1 AP R AN HLARER B O 32 H EXPLOS Y B T
I 5 R SR PR

2

1 LIGE 4

1.1 RXFNEHF

CL-20,99% , AR, 1L T R FHAL T (B A R Al
3-MNP 4-MNP,98% , AR, I i fL Ui tH 22 52 5 47 BR A
Al TR S AR, KR WAk 273 7]

3B K (METTLER TOLEDO AL204) ; 4 1 i+
## (Heidolph MR Hei-MIX 5) ; 2% 7R 1 4 i L (TGA/
DSC,METTLER TOLEDO STAR® system) , 5. X i £&
S (Bruker APEX- 1 -CCD) ; 141 H1. 4% (SEM, L [ ,
Sigma-HD,Zeiss) ; BAM V443 o &L (BFH 12),
1.2 CL-20/MNP S %l &

AW Hl EZER 298 K) T, 6 CL-20
(438 mg, 1 mmol) 5 3-MNP (254 mg, 2 mmol) {K ¥k
JNATE 60 mLIC/K L BEH AW 3 2 58 4 05 A, F4 3
W U8 5 1 AN 2R AL B O 4R
Jo BT KU 28 R R L 5 d JE AN R T
Je i A R KE 2 A R

HEEw 264 ERE (298 K) T, ¥ CL-20
(438 mg,1 mmol) 5 4-MNP (127 mg, 1 mmol) 53 %
WINE] 60 mLIC/K B Fp e i Pt B W 7 2 T,
1E UV W34 43 BN DU AS /N P SR A 2L B R
SRIGEE T AR RN, 6 d g INE W A i T
037 W PR AR 245 A
1.3 CL-20/MNP 3 B &M K RE R NI 7 %

B 45 K FRAE 3 5 Bruker APEX-11-CCD B 43 i
1, LA 88 B @46 1) Mo-K, S 4 (A=0.071073 nm)fE
g LRV AE IR R 296 KO i S R B8
OLEX2 # A Ab AT 56 404 A Y SHELXS2 B4 5K i 5
i 45 A8 I 20 A, B 25 B R 45 1 Rl A 2R B

PP fE R AE - R A METTLER B 22 /R 49 4 2 Y
X CL-20,3-MNP (4-MNP @ 46 & 97 1 R 2 55 ¢ §
HEAT FAPERE 43 B L LB IX W] 2 40~300 °C, T il 3 %
10 °C-min™', Z /7% 60 mL-min™", & b 8 HE 3, K
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AR 1.0~1.5 mg.

TR I 4 F R i IR GB/T 21567-2008 J5
P A BFH 12 BAM % il 8 o gk B {CHE A7 0 A
XF CL-20,3-MNP ,4-MNP 3t §i 46 & 8 1 Fn 2 1748
BRI . X IR A i R A 4 o SRR T G, R A
TE50 °CF T4 2 h, FREUY B L2 5 (20£1) mg,
I B2 10~35 °C, A X BE A K T 80% , v i i &2 4
(2.500+0.005) kg, X5 KA DT 201K .

2 ZHR5WiE

2.1 CL20MNPHEBHREEHEREERISH

K F SXRD X At 8 e &y & A 8000 38 i R A, fi
BT 4 e 5t S5 A8 B a2 1 TR .

LG MIRE T AR R, &SRB
P, B8 A7 B 45 4 WL 1 1, de /N A S FR B0 i — A
CL-20 43 F FI P A 3-MNP 28 720 1 . & B 2 %0 .
a=8.7159(16) A,b=10.5478(16) A,c=15.633(3) A,
a=88.012°,8=81.881°,y=71.249° 7£ 296K A ) i 14
WHEN1.707 g-cm ™,

a2 MR TIE R &R, 2 RN
Pbca. Ht&Ab& W) 2 55 ATSF A5 K WL I b, e /AR XS

R RS Y MRS Y 2 SRS B

Table 1 Crystallographic data for cocrystal 1 and cocrystal 2
CL-20/3-MNP CL-20/4-MNP

parameters (cocrystal 1) (cocrystal 2)

chemical formula C,H (N0, C,oH; N0,

formula weight 692.4 565.3

temperature / K 296 296

stoichiometry 1:2 1:1

space group P1 Pbca

crystal system triclinic orthorhombic

a/A 8.7159(16) 11.9344(12)

b/A 10.5478(16) 10.9427(10)

c/A 15.633(3) 31.436(3)

a/(°) 88.012 90

B/ 81.881 90

y/(°) 71.249 90

VA 2 8

P e/ grem™ 1.707 1.829

v/A 1347.2(4) 4105.4(7)

F(000) 708 2304

GOF 1.044 1.043

R,, wR,[I>2sigma(l)]
R,, wR,(all data)

0.0432,0.0897
0.0698,0.1045

0.0480,0.1171
0.0640,0.1282

e
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a. cocrystal 1

B ERAAY 1 M2 8N FR BT
Fig.1 Minimal asymmetrical elements of cocystals 1 and 2
FRERLIC B — 4> CL-20 43 T A1 — > 4-MNP 43 T 4 1
i M 2 8. a=11.9344 (12) A, b=10.9427 (10) A,
c=31.436(3) A,a=B=y=90°, 7E 296 K I} [ f {4 25 Ji
H1.829 g-em” . ARG Y1 R TR LS
Yy 2 1% Ji PR AT B 2 K 22 801 0 T A it 285 8 5 Al 20 03 4%
HERE S LU IR A 0 %% B L7 — 30w e fn ik & 91
I B AR 4 F 3-MINP LB T3k i fk A 9 2
4-MNP LB, HIL @A % 1 i HER R %0(70.5%) 1
XTI &9 2(73.0%) B HERL R B0, AT 30T
IR Z m 225

XF i A S5 8 3 A A B, S Ak A0 B e
T HE DT 2, B — A CL-20 43 T 249 i DU A4S 3-MNP 43
F ot (F 2a) L b &9 2 th 4-MNP 2 T IE i
AW, P 32 CL-20 2r TR =G 7 2
REEH 52 SCHES (] 3a) o X 3 & 431 45 44 2 7 ol 1,
Wl 36 4 F R BB A7 72 C—H---O B (& 2b, 3b) Al

0(10)
&0 ) % o) ? 0(14)
o(7)
& N(12)

Nao) ‘%N(B) 0(8) gy =) O112) @__ ) N(15)

g o3
\,‘ NO e fnm) ()

C(5)

2

N(4/ NG)
054) oo

o)

b. cocrystal 2

C—H--N&# (K 2¢,30) , R/ EW1H C—H---O
A EE K R 2.663~3.022 A, C—H---N & # Ky
2,604 A; 3tk AW 2 C—H-O R K N
2.600~2.802 A,C—H---N &t K 2.428 A, Frit
mib A2 C—H---O &4 CL-20 40 F -—NO,
5 4-MNP 43+ I —CH, # i, HoAr S5 4 i CL-20 43
T ECHEF SRR T E—NO,F N JF T 2 [ B Al .
b — 2 38 2 2D 5 2Vl 1k 3 AR ELVE A b 1 4
HN T A A T B AR B AR T HE 4% AT TR AR AR 4
HJEOH. 0+0.0-N N---HAF C---OMMEAEH .
O--H M N-—-HMEAEMEL GG 1 I h
60.3% , fE L i A A9 2 3 1 48.6% , ¢ B AR L
B L) EE WK g ik a1 C--- O MIN---O
MIAH B AE 3L 5 11.6% (K Tk A% 2 16.1%,
FEAEM I NO,—NO, M EAEH ;O---O tHEAE Y
Fe it Ak A 1 (14.2% ) K F AL A4 2(26.1%) ,

a. packing type diagram of the cocrystal 1 b.
A T A 7 R WY b RN RN 2 (S

Fig.2 Molecular packing and hydrogen bonding of the cocrystal 1
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a. packing of the cocrystal 2 from b axis

3 ALY 2 5 e AR E R AU

Fig.3 Molecular packing and Hydrogen bonding of the cocrystal 2
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a. 2D fingerprints of the cocrystal 1
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o

cocrystal 1
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b. C—H---O Hydrogen bonding c.
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b. 2D fingerprints of the cocrystal 2

o H
oo
-0 N

[ | C 0
I other

13% 44.2%

26.1%

cocrystal 2

c. different percentages of atom contacts between cocrystal 1 and 2

B4 AR 20 2D 48 80 RE S T A AR

Fig.4 2D fingerprints of the interactions with atoms for cocrystals 1 and 2

ﬁ'ﬁmttfﬁJE’Jo O A HAE A B T35 ) SR HE AR, T
HAL LAY 1 BTN EEY 2,
2.2 CL-20/MNP 3£ S g9 $v i gk
CL-20,3-MNP 4-MNP 3t i b &9 1 1 2 1)
DSC i Ze an & 5 frw . NI 5 Hml LU, e 5 i s
B DSC il Ze A7 76 W] b 22531 . Ef‘a,/\aaﬂ:é}'%1ﬁ
113.2 °C 38— 4> W] S A9 4 b 0, b 1 H 0 A, T
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3-MNP(88.0 °C)#i % 1 25.2 °C, 3Ltk & ¥ 2455 N
147.2 °C, % 4-MNP(93.5 °C) 4% 1 53.7 °C, £ W 4t
f BT R B AT O T G AR A 1 R S T
m LAY 2 T RE R TR A1 3-MNP 4> F L
il e FAL AL &Y 2 F 4-MNP 4> F L fil 3 ik &9
145 05 3235 F 3-MINP, 43 8] A B AR 58 F 36 4k
G912, H 3-MNP I 5K T 4-MNP & 5 S 8089 5 Hak,
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oxdih ~2530

/\&ocrystal 2
1472% 253.8
/(cocrystal 1

a~
52 AMNP

93.5J/ 3MNP
sa.oy J/\ CL-20

50 100 150 200 250 300
temperature / °C

B 5 CL-20.3-MNP . 4-MNP &8 4654 1 F1 21 DSC £k
Fig.5 DSC curves of CL-20, 3-MNP, 4-MNP, cocrystal 1
and cocrystal 2

O R B B S AR A W 1 R 2 43 i HE 253.8 °C A
253.0 CCAEAE— 5817 93 550 1 43 fiff 06, 6 1 JH: 4 fie Ui
B # CL-20(242.7 °C) 4485 7 11.1 °«C . 10.3 °C,
o) 2 0 O G RS R T o R A3 A R 1)
6 2% I 3 o e R R [ A B 1Y) I i T A4 BB A8 A U T
I A AR g
2.3 CL20MNPHEBHZREMBESBREMRE

Ja o SRR S VM KR 2 i SR RE Y A bR . SR
BAM & it 1F 47 18 o B M. 45 SR D 50% MR AEAE R

~

heat flow / mW

a. SEM image of the cocrystal 1

ﬁ cacrystal 1
30

7=196.14 um

20+

frequency / %

54 -

pm[ | ]

0 : ' : : :
0 50 100 150 200 250 300 350 400
particle size / um

c. the particle size distribution of the cocrystal 1

6 LR AL B 1 2 T FL B 1A AR AR 23 A (4]

(48 o IR KRR L LLM-105 /B 2 5 W4 T4k 2
b AW 2 BB 4y ) 20 )R8 ), ¥ T
CL-20(2.5 ))FILLM-105(17 )" 3¢ B 3 Ji A 2% [ A1
T CL-20 WLAUEEE . i I8 6 ] LA, 3Lk & 1 F0
2 1) b AR TE 35 43 331 Sy 3 BH G bR R B IR SF- S5k
A9 196.14 wm F1156.93 wm, S & N3 LT 6
BB B TE N, FURLEE 4> A ¥ — , 3 B IR 50 AORL X
e 2B MR AR /N o DRI, 3 R S A Y
JEUA AT g S 3L S g T T R BURKE 25 41 5 MNP, H 4y

2 J5URE LR LLM-105 Y B I0 R 5 Pk e A 2 VEfE
Table 2 The theoretical detonation parameters and impact

sensitivity of raw materials, the cocrystals and LLM-105

) HOF D p Esoo
explosives 5 . 4

/g-cm / k)-kg /m-s / GPa /)
cL-20""" 2.040 319.890 9722  44.45 2.5
3-MNP 1.440 29.659 6642  14.25 36
4-MNP 1.440 38.742 6431 13.05 32
cocrystal 1 1.707 303.255 8060  26.16 20

cocrystal 2 1.829
LLM-10577 1,908

286.156 8643 32.61 18
207.407 8560 34.99 17

Note: p is the experimental density at temperature, HOF is the theoretical
enthalpy of formation, D is the theoretical detonation velocity, p is
the theoretical detonation pressure, [

,, IS impact sensitivity.

b. SEM image of the cocrystal 2

30+ cocrystal 2
o 0=156.93 um

frequency / %

0 , %ﬁ

50 100 150 200 250 300 350 400
particle size / um

d. the particle size distribution of the cocrystal 2

Fig.6 SEM images and particle size distribution of cocrystal 1 and 2
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FrfefE R A TAEH(C—H---O M C—H---N
SUHEAH TR D T 8T 2R 0 HE RS 2, 4 A
ZERY L CL-20 AR R o 3 S B Z 1) 1) 22 55 m fig 2 I
R AR G F IR 3 oy e A HE 51 5 O [ 5
. 5, 3-MNP 4r F IR AL T 4-MNP 2 5
LA A W 1 P CL-20: 3-MNP Jy 1: 2, T 3k 5 4k
AW 29 CL-20:4-MNP A 1: 1, 3L @b &9 1 th A
JEAH 53 3-MNP 5 s B RS 1 S iE
RUHERL, R CL-20 2 F 8 A BB S F 3-MNP 41
G T4 AW 2 02 R HE AL, S AR o A7 AR XL
2 CL-20 4% T 454, CL-20 4% T P 45 fb o &2 | B SR A
MR L, S itb AW 1 BOEMR Tk A9 2, tit
— 5 3 W] 2 5 R A8 A AL KR 25 ALBIER
Sk HEXPLOS X J5pE 2L 4 F LLM-105 1Y B8 ¢
AR S E AT SO, 25 SR 0 3R 3 s . /\HEl’f‘BAfrVJ1ﬂ]
I 546 A Y 2 09 B R R R TR 43 0 8060 msT!
26.16 GP 5 8643 m-s™', 32.61 GPa., {& F CL-20
(9722 m-s™",44.45 GPa)""”' {H B & i F B AR 3-MNP

(6642 m-s™', 14.25 GPa) fil 4-MNP (6431 m-s™
13.05 GPa)., Wifpdt ik &Y d IR £ M5,

AT BE R T CL-20 ZE AP 3L i P L ) AS TR) S 350 o Bl
& CL-20 7 L Ak & 4 2w L) 38 hin , % B 38 K 4R 3
PERE LB Z o, Hop Rtk A 2 R MR S
LLM-105(8560 m-s™",34.99 GPa)" "1 4 , 44 B {F
SRy — T I s R IR SR A 2

3 & it

(1) R FH o 700 4% A& 3% il 45 th 1: 2 CL-20/3-MNP
(5 A 1) M 1:1 CL-20/4-MNP (3t ik &9 2)
Bﬁﬁ%‘ﬁﬂﬁ/\ank’ﬁéﬁ,/ﬂj,/\E.Mh/*%1}%ﬁﬁﬂrfﬁ/\,

2, AR E 1,707 geem ™ B AW 2 )8
Escaa/%,Pbca R . AR 1.829 grem”.
LAY 1A 24585 C—H---O S M C—H---N
AR BAE P .

()t &1 M 20 s T 3-MNP
4-MNP, ﬁﬁ%ﬂ“ b CL-20 43 5 #2& i 1 11.2 C Al
10.3 °C, K I R4 iy e 1k .

()b A& 1 R 2 0 4 o R 43 00 20 ) Rl
18 ),/ T CL-20 FIBEC & Z 8], {HHE AL T CL-20(2.5 )) o
T8 15 3 ) 8060 m s Fl 8643 m-s™', BIE TR
435K 26.16 GPaF132.61 GPa, Hrp 2t S Ak &4 2 4
o SRR RN AR 2R M BB E T LLM-105,
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Preparation and Characterization of CL-20/MNP Cocrystal

MA Fan', LIU Ze-ning', NING Ting-yao', QIAO Shen’, YANG Zong-wei’, LIANG Jin-hu'
(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract: In order to reduce the mechanical sensitivity of hexanitrohexaazaisowurtzitane (CL-20) , the cocrystal explosives
CL-20/3-MNP (cocrystal 1) and CL-20/4-MNP (cocrystal 2) were prepared by cocrystal technology by combining the isomeric
molecules of CL-20 and methyl-nitropyrazole (MNP) : T-methyl-3-nitropyrazole(3-MNP) and 1-methyl-4-nitropyrazole (4-MNP).
The structure of the single crystal was determined by single crystal X-ray diffractometer (SXRD), and the thermal properties and
impact sensitivity of the cocrystal were measured by differential scanning calorimetry (DSC) and BAM drop weight impact sensi-
tivity instrument, and the detonation performance was predicted by EXPLOS5. The results show that cocrystal 1 is a triclinic crys-
tal system with a P1 space group. Cocrystal 2 is an orthorhombic crystal system with a Pbca space group. The melting points of
cocrystal 1 and cocrystal 2 are 113.2 °C and 147.2 °C, respectively, which are 25.2 °C and 53.7 °C higher than those of 3-MNP
and 4-MNP, respectively, and the decomposition temperature is higher than that of CL-20, which has better thermal stability,
and the impact sensitivity of cocrystal 1 and cocrystal 2 is 20 J and 18 J, respectively, which effectively reduces the sensitivity of
CL-20 (2.5 )). The theoretical detonation velocity is 8060 m-s™" and 8643 m-s™', and the theoretical detonation pressure is
26.16 GPa and 32.61 GPa, respectively, which are lower than those of CL-20, and the cocrystal 2 sensitivity and detonation per-
formance are comparable to those of LLM-105 (17 J, 8560 m-s™', 34.99 GPa), which is expected to be used as a new
high-energy and low-inductance cocrystal explosive.
Key words: hexanitrohexaazaisowurtzitane (CL-20) ; 1-methyl-3-nitropyrazole (3-MNP) ; 1-methyl-4-nitropyrazole (4-MNP) ;
CL-20/MNP cocrystal
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