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R, —Fh B T AR T ik i, AR
FE R T 880 & B i A B4 CL-20/HMX 3L 7
FH B v RUCIR A5 H AR [ i 52 3 Sk A A A fe %)
HOER I AL R 24T T %7€ IR R 0 M (DSC) ik
WF5E T 8 4 CL-20/HMX & 55 4 25 5570 5 1 4 0 19 A
AV, LU CL-20 3L S p il S e i 2%

2 LIGER S

2.1 RKFIRALEE

£-CL-20, H il ;8-HMX, A il ; LI SR EE, 5387
i | [ 24 4 P Ak 2# 3 R  BR S w5 359 3R 8 R 46 /K CH il ik
(HGAP) , A il , M,=3000~4000 g-mol™"; i fk H i/
1,2,4-T =B = RE R A% (NG/BTTN) (T & Lk
1:1), H A, BT DR 525 > 60 min; 45 — Ik = 5 U2 ik
(N-100) , BB 4L T 5% Bt , 26 B >99.9%; f& G4 PR &%
(AP) , KA Jr SR ER ), 4l 5 >99.9% ; 45 0 (AD) | 8%
B S AR A PR B TE R & i >97.5%

HEAOR AL, Al AL S E 4000 remin™,
I KANE 100 g (hn i B2 {5 5 808 A sk &), IR
B % 60 Hz (FE ] 1) o

i[5 Bruker 28 7 Equinox55 7 HL 25 e 2T 71 S
BEAY s HAH T2 7] JSM-6360LV ¥4 37 & St 14 i
T 5 5% ; Elementar 22 ) Vario EL T & JG & 2 #14X 5
W -1 7 48 2 RE 45 Ak B AN s WL-1 B BL A 48 o SRR R A
i [ Bruker Axs 2y i D8 ADVANCE %I X 5 28 fi7 Y ;
H 7k B 2% 8088 I 34X
2.2 REFHE

£LAMGIE 73 A (FT-1R) , R KBr s Jr i, 7E 4000 ~
400 cm ' IN R BER M 4 em T

4 B A A 25 0 R 30 kY. JTER AT
W 25 4 - 913 950 °C.

JEE JE R L 4 BB GIB772A—1997 JE 253X 56 7 15 )
6021 W R, D E LR R E B, 2 i 2
20 mg, EER TN 1.5 kg, % 2.5 MPa, £/ 66°, 3
B EE 21 °C AHXHE B 46% .

T 5 JOE IR GJB 772A-1997KE 25K 56 )5 1% )
715 601.2 (L E T 2 H 50% & K T B fig i, 28
#2430 mg, HEH 2 kg, R 23 °C, X E 48%.

X SR AR ATH (XRD) , A48 15 il 5° ~ 50°, 148
JE 6 °/min, 204 0.02°, Cu#ll, & £ 40 kV, & 40 mA,

DSC 73 #1 , % B8 GJB772A—-1997{ ¥k 25 56 )7 1)
JriE 5020 SFEN, FHEEE BE 10 C-min™ AU &
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40 mL-min™', & 10~500 °C,iXFERE 21 0.7 mg, BT
W T 5 T 3t b )
2.3 XWH&FERE

¥ 4.38 g ikl £-CL-20 1 1.48 g J5i Bl B-HMX
(CL-20 5 HMX A BEJR LE SR 22 1) I AR 1 AS 455 4 2 i
R, 20% 5 R 5 min, SR N A 2 /5 4 B
CAFUEE 10 1) IR A W 2.0 mL, K 0 28 2 A6 1 5
BOR A2 F R 70 g i 60 Hz AR IR &
KN 5,15,30,45,60 min, 50 °CIHL%5 T4 2 h, il %
28] CL-20/HMX F1 {685 AR 72 5 o

TR AR T A 5 %Ak G W i AR b A 18 )
AT A T, {7 A 35 ol i A I 07 A O 150 4% 422 b
RLAF 000 A v 22 4 T 4 it (B T T BE A HL 9 ) o

3 HRER

3.1 XST&MRATH 247 (XRD)

SR XG0y R A7 568 D3 X AL e-CL-20 ., J5 R
B-HMX A [5] ¥ 1 %50 A5 B 8] A9 CL-20/HMX FE &, JBE
JRH2:1 (4 e-CL-20 . B-HMX ¥ 386 4 W 17 W 40 43
Br, I B 88 8 AR A 30 min il 45 (9 CL-20/HMX #E i
5 CL-20/HMX St & (9 5 55 447 59 52 30 B 4ls (CCDC:
875458) " A9 XRD &l 3 1 17 X6 B, 25 L an &l 1
FIi7R o

I 1a ] DL H JBURE -CL-20 B 35 B4R AE I 1Y
LB AE10.736°,12.596°,12.831°,13.839°,15.701°,
16.321°,25.811°,27.862°,28.487°,30.361°4b %, Ji
B B-HMX 1Y 3 247 IF 0§ 19 7 ¥ 7E 14.766°,16.139°,
18.380° , 20.635° , 22.252° , 23.150° , 26.245° ,
27.359° , 28.120° , 29.736° , 31.978° , 37.221° ,
41.337°4b%5  BEJR EL 221 Wy HIR A 0 0 A3 5 A
Tofr J A AT S e P 5 B S o

b AT DL B, e 380TR A R il 45 1 CL-20/
HMX S i (14 777 565 04 B S DX 331 1 4 [R) 28 K 1L 1 4 3R
AYR AT . S E AR A 5 min i, CL-20/HMX
BE S AT S RS E 20 9 11.558°,13.264°,18.601°,
24.474°,33.785°,36.269°4b H BB 4 A7 5 04, 3k s
AT 59 U 1 67 B 5 SCHR [9 ] 4 1 (1 CL-20/HMX 2§ 11
AT 565 W ) o — 3, R S RBOR A 5 min B JEUREED
TE U S A BB 43 e AL 5 1 AP RE G (8 A8 S RS SR AR 20
12.032°.,24.972°4b H I HT 9 A7 55 06, X5 B F «-CL-20
[ i1 5 i (CCDC117776)™ . 23R4 15 min B, J&
Kl &-CL-20 7F 26 4 12.596° ,13.839°4b it 4 5 177 5 0%
&g
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b. XRD patterns of CL-20/HMX(2:1) explosive samples
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c. comparision of experimental and predicted XRD
patterns of CL-20/HMX cocrystal

B 1 JEZ5EE ALY XRD &S

Fig.1 XRD patterns of explosive samples

FECR B-HMX 7E 26 2 20.635° . 31.978°4b (1) ¢ 38 17
SHIEA TR A S5 min BHAT g 59, )F B &R &
30 min i 58 4574 4% 5 A a-CL-20 7 20 4 24.972°k4k
WA W ZE TR A 15 min B 58 208 2% 76 20 2 12.032°
b B AT B I AR YR A 15 min B B S8 08055 L 78R 45 30 min
W5 2 R . IR A B E )35 30 min f5, CL-20/
HMXFE i 1 AT 565 06 19 037 8 6 A I8 A8 40, 1 = R0
4 30 min # % B9 CL-20/HMX ¥ 4 5 3 1 CL-20/
HMX 3 5 () 5 58 A 565 52 56 #dls (CCDC875458) " it
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S XRD B RS A7 0 IR CIE 1e) , AN B3 SR AR Wy
Ho RUBEPOR AR BRI 2:1 1 e-CL-20.
B-HMXIR &Y ENMRE A E T &84 e-CL-20 K £
T e-CL-20—a-CL-20 %8 , Z J5 £-CL-20 .a-CL-20 5§
B-HMXTE 30 min J5 42 &8 %% f o CL-20/HMX St iy |
R A 30 min J5 3 5 Ak S8 B AT K 3 iy o

R4 XRD &3, SR N AR vE 2 e aOR &
30 min il % A9 CL-20/HMX 3t & it 47 22 2 0 A, #E
IR A 30 min il £ 9 CL-20/HMX 3t 8 (1) 4l &k
92.6% . 7 W] = AOR A BOR W] & A | A A
4 CL-20/HMX 2L iy
3.2 BREEMFANLE ST

Xt JFRE £-CL-20  JFURE B-HMX & A [] #8520 &
Bf [E] Y CL-20/HMX A S 2E A7 99 4 r A 0 o &85 21 WL
&2 K 3,

a. raw CL-20(800x%) b. raw HMX(3000x)

2 K2 IR S A B TR
Fig.2 SEM photographs of the original explosive samples

i & 2 Al JEORE e-CL-20 kL 52 42 T8 | 3¢ i H
B AR o BT BORL /NN Y OREAR S 10~120 pmo Jif
BEB-HMX B TE 35 5 A B0 Ptk | R A 2 ki h
2~30 pm HARL R /NANET . DV 3 AT LU Y, R AL
BA S5 min B, BUK R KN B SAS— By PR Ko i
ARG, R AU B4R N 10~100 wm; B 5 1R G 0
(] P 65, AR R A% 3 W N o T ¥ A4k IR A
15 min i, 48 K 28 29 10 wm B0k B0k, 8 /K
BB 43 1 I B A0 R AR RO TR A 30 minJ& L KEZY
SN DI TR N e R o WS A B B R VAN
T e BRI BRSOk HL 3R O W T B
3.3 LMRTELDH

Xt R e-CL-20 iR B-HMX . CL-20/HMX 3L
G S 80R A 30 min) R AT 20 At 45 S an 181 4 B o
M 40 LA H AR F R EE e-CL-20 . 5 KL B-HMX,
CL-20/HMX 3t &y 19 21 A WSO 1% AR AL, A5 35 43 21 4h
W g e 7 R R A T A o SRR B-HMX 1) C—H i

N XK 2020 4% F 284K H 24 (137-144)



140

FEELE 5 Ha e Bl S, AL ik, T7

a. 5 min(700x%)

c. 30 min(3000x%) d.

e. 60 min(6000x)
B3 A [l 28R A ] CL-20/HMXAE it S 4140l Pl B2 18
Fig.3 SEM photographs of CL-20/HMX explosive samples
with different mixing time
FPRBNME3036.2 cm ™', 7E CL-20/HMX 3t 5 1385 18 o L 3%
WA E S 2 3032.6 cm ™' J5URL &-CL-20 fi—NO,FEXF
PRI 4 5076 1632.3,1607.6,1589.4,1567.8 cm ™, 1E
CL-20/HMX 35 5 3% P v 1632.3 cm™ Ab il W i i 73
g, HA 0 B AE 2 1602.3,1577.8,1525.5 cm™'; Ji&
Kt e-CL-20 F—NO, X PR 47 ik 2 7E 1384.1,1329.5,
1285.6 cm™', 7E CL-20/HMX 3 5 (435 & v | 3 26 16
WIR A% = 1394.9,1333.9,1296.5 cm™' . £ AR WG
T 1] v W e e 7 B O A O A% 0 D DR 2 T CL-20 1Y
—NO, HFIHMX #-CH,-Z [HJE i T C—H---O &4 .

Xif i RO A 30 min il £ #9 CL-20/HMX 3K i i
TR, Biefi:C(16.38%) ,H(1.71%) ,
N (38.23%) ; S il {6 : C (16.98%) , H (1.90%) ,
N(38.26%) ; Sl {5 B it (A HL A 84 1 — 80k, F
— B UEI] T A CL-20 5 HMX B EEJR ok 201
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Fig.4 FT-IR spectra of explosive samples
3.4 ETHMEARSHF(DSC)

R I 22 78 71 4 i UK JERE £ - CL- 20 J50 8
B-HMX . CL-20/HMX 3t i GEE = 20 G 30 min) A1 2: 1
IR LI £-CL-20 B-HMX ¥ $1IR & 9 A7 M, 45 21
WK S i

a. CL-20 2817
b. HMX
¢. CL-20/HMX physical mix

—_—

exo

z d. CL-20HMX cocrystal
g
w P " 285.6 onset242.3
o r peak 244.5
3 ‘ AH1327.3 Jig
[ d 1A
B ’T onset 244.2
+ B ) N peak 248.3
45 2483 T AH2192.1J0g
-55 k&
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B 5 &M DSC 4k
Fig.5 DSC curves of explosive samples

M5 AT LLE H, CL-20/HMX 3L 5 1 DSC i 2 B
WX BT EEJR I 2:1 19 CL-20 HMX W HE & 9 , BE /K
e 2:1 (9 CL-20 HMX P #LIR & ¥ 1 DSC il A A4~
Ty i 1 (244.5 °C 1 285.6 °C ), CL-20/HMX 3t i
1) DSC M1k - HMX 1945 s (278.4 “C)IH &, i —
AHT Y A G i 0, LR I R R 248.3 °C L B% R T
CL-20 M f5c KA i W 3 (248.1 °C) , 5 HMX 1 fie K43
fiff VT (283.4 °C) 5 A AN [A], 2 78 i A A A
KA AR S CL-20/HMX 3t 5 19 58 16 40 fi T
(244.2 CHWE & F 2:1 BE/R LI CL-20 HMX P B &
Y1 (242.3 °C) , Jf H 3L & 19 53 i ik = (21921 J-g7)
3 T A R BE R L BV A 4 (1327.3 )-g71) L 1%
MR &5 5 SCmk [ 23 ] — 3%, 3 nT B S B ok 3t i 25 44 v
CL-20 5 HMX Z [a] £7 7 58 1 JE B A F (S0 88 Ao 1 318
ERDDE R

Sttt
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3.5 RKESMH

Xt JFUREe-CL-20  J5URE B-HMX % 5% il & 3R &
30 min il £ /9 CL-20/HMX 3 5 43 il b 47 1 FEE 488
A o R DK, P AT 0 R . I 2 R A
T,

R KGR A DU

Table1 The mechanical sensitivity of explosive samples
samples P/ % Hso/ cm
&-CL-20 100 19.3
B-HMX 28 36.4

ultra fineCL-20/HMX cocrystal 84 47.9

Note: P is the explosion probability of friction. H, is the drop height of

impact.

T 1 AT, SR e RO A B R i 45 CL-20/
HMX 3 i 119 B2 152 JR% B2 W I T CL-20, 48 4 1 0 B ke st
BECL-20 &K T 16%. CL-20/HMX e i iy 7% 1 L
JEkBCL-20 7/ T 28.6 cm, L JFEFHMX & T 11.5 cm.
XS KON CL-20 5 HMX G it =l S A1 1 S 3G
e i 235 4 v Y U R A K R R R

KE 24 1A B4 0 J52 R 2 T IR 350 ) L 4 o S R R R 4
SR — W, SR F R RO S B A
CL-20/HMX 3 iR A2 /NN F 1 wm) |, fi AR JE 5580
YO . v (5 9 TG W) S R B M A L A A X A (181 3) ik sk
1 2 SR ARG 1 PN A S

Fz2 RAMERM DSCM L

Table2 Parameters of DSC curves for various mixtures

3.6 HEMESH

K H 25 78 14 5 0k (DSC) B 93 #8 41 CL-20/
HMX 2 & 5 4 98 50 5 41 50 38 3 & A0 40 /K H il ik
(HGAP) i 4k H /1,2, 4-T =B =4 MR ER IR &
(NG/BTTN) .4 — Ik = 5 SRR i (N-100) | = R %
(AP) 438 (AD BY A 21k, CL-20/HMX 3 {7 15 4 38 571
B TR 11 IR G5 G #E4T DSC ML, 45 F
fn ) DSC & an &l 6 Jios .

R 4 DSC J5 % VAl AH 25 % i 2 9, i 2 CL-20/
HMX 3L & F 2% 4170 IR A R R 5 CL-20/HMX 3t & iy 43
fige WA SRR A BB B AT (T 2= T1) by 4 (LA 0 3 o A1 i
) AT, =-2~0 C,IREMWKRME AT, =-5~
-3 °C, G W R B MU, TR ;AT,=-15 ~
-6 °C,IR G ARBUE, B IF A AT, <15 °CLIRAG
oA | o L S R

i % 2 AT, CL-20/HMX 3£ /7 5 NG/BTTN AP,
Al A A PER S, CL-20/HMX 3£ 5 5 HGAP N-100 £
MATEZ . Hid, CL-20/HMX 3£ 5 5 NG/BTTN iR &
K 2 B9 20 i 0 U L CL-20/HMX 3k 5 23 fi i 38 v 1
2.3 °C,CL-20/HMX L5 APIR AR & .CL-20/HM Xt
mn5 AN A1 R 1Y 43 Ak 0 1 3 591 e CL-20/HMX 3 73
i W L A T 0.5 °CFI 1.9 °C., {H CL-20/HMX 3 fi &
HGAPIR &R Z .CL-20/HMX 3/ 5 N-100 IR &5 1K &
B4 43 i W 3L 43 330 B CL-20/HMX 2 54 1 23 fie 1 AR T
26.2 °CH136.5 °C, & B HGAP N-100 %} CL-20/HMX
I 5 04 43 i B A AR VR T A G 40 A UL RS 2 T o

AT,/ C
mixed systems T,/ T,7/°C CL-20/HMX other compatibility
cocrystal component
CL-20/HMX 248.3
HGAP 256.5
(CL-20/HMX)/HGAP 222.1/254.2 -26.2 -2.3 incompatible
NG/BTTN 204.4
(CL-20/HMX)/(NG/BTTN) 223.1/250.6 2.3 18.7 compatible
N-100 293.5
(CL-20/HMX)/N-100 211.8/234.6 -36.5 -58.9 incompatible
AP 298.9, 374.2, 424.2
(CL-20/HMXcocrystal ) /AP 247.8/313.0, 357.9, 365.9  -0.5 14.1 compatible
Al 660.0
(CL-20/HMX)/Al 246.4/660.0 -1.9 0.0 compatible

1 H 2 H = 2 1
Note: T,'denotes the peak temperature of single system.T * denotes the peak temperature of mixed system, AT =T *-T .
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S 10 LCL-20HMX+HGAP | | |2542 —]
§ 5l Tty |
= 2 | CL-20/HMX cocrystal
25+
_30 1 L L | N . )
50 100 150 200 250 300 350 400 450

T/C
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= ~4FN-100 2483
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c. (CL-20/HMX cocrystal)/N-100 mixture
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|
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Fig.6 DSC curves for mixed systems of CL-20/HMX cocrystal with various components of propellant
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Preparation, Characterization of Ultrafine CL-20/HMX Cocrystal Explosive and Its Compatibility With
the Components of Propellants

REN Xiao-ting'’, LU Yan-hua', LU Zhi-meng’, WANG Qing-song’, HE Jin-xuan'’, DING Ning’
(1. Science and Technology on Aerospace Chemical Power Laboratory , Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology
Xiangyang 441003, China; 3. Hubei Hangpeng Chemical Power Techonology Co., Ltd, Xiangyang 441003, China)

Abstract: Ultrafine hexanitrohexaazaisowurtzitane/cyclotetramethylene tetranitramine (CL - 20/HMX) cocrystal explosive was
prepared by ultra-highly efficient mixing method. X-ray diffraction and differential scanning calorimetry were utilized to deter-
mine whether the cocrystal explosive was prepared. The crystal morphology, particle size, sensitivity of cocrystal explosive were
characterized. The prepared samples were regular block-like ultrafine CL-20/HMX cocrystal explosives with uniform particle size
of less than 1 wm, which appeared new stronger diffraction peaks at 11.558°, 13.264°, 18.601°, 24.474°, 33.785°, 36.269°.
The purity of the CL-20/HMX cocrystal explosive was 92.6%. The thermal decomposition process of cocrystal explosives had on-
ly one exothermic decomposition stage with peak temperatures of 248.3 °C. The enthalpy for the exothermic decomposition of
the cocrystal (2912.1 J-g™') was remarkable higher than that of the physical mixture of CL-20 and HMX (1327.3 J-g™'). Accord-
ing to GJB772A-1997(The explosive test method) , the friction sensitivity of CL-20/HMX cocrystal explosive was 84%, which
was decreased by 16% compared with original CL-20, the characteristic height of the cocrystal was increased by 28.6 cm and
11.5 cm compared with original CL-20 and HMX, respectively. The compatibility of CL-20/HMX cocrystal with components of
solid propellant, including hydroxyl-terminated glycidylazide polymer(HGAP) , nitroglycerin/1, 2, 4-butanetriol trinitrate (NG/
BTTN), triisocyanate (N-100), ammonium perchlorate (AP), aluminum powder (Al powder) were investigated by differential
scanning calorimetry(DSC). The CL-20/HMX cocrystal was compatible with NG/BTTN, AP and Al powder, while incompatible
with HGAP, N-100.

Key words: hexanitrohexaazaisowurtzitane/cyclotetramethylene tetranitramine (CL-20/HMX) ; cocrystal; ultra highly efficiency
mixing method;sensitivity ; exothermic decomposition ; compatibility
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