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Fig.1 Flow chart of preparing CL-20/HATO composite
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B 458 J B M R T 4 O CL-20 BE S AT B IR AR . 24
Yy RE SRR VR S (HL) 10,7 ecm B8 i & 44.7 cm,
8 o SRR R A R PR 92% PR 52% , B R 1 MR K
R 96% FEILE 76% . M4 A SHIE " HATO
VE AR RE A RE, ST E #E CL-20 R )5, —
75 T AT RLAT 0k /N CL-20 2 1 BT 7 38 1 v ol 28 47 AN
CL-20 & 44 18] 19 A1 B A HT 5 53— J7 1 Al RLi 2> CL-20
s VA A I B T A R 1 T I TR B, TR T A AR
A o R AR P AR R ER . R BB
4 8 ol J R R EE 8RR R X A TR AR . HL2, CL-20/
HATO & & ¥ = 2| FE B AE iy s 2 b, ) S A7 7
CL-20 fh iR 5 HATO fi 4 22 [ 11 B8 $82 45 L T ke A3
CRRET TR I PR A R R M /N
3.5 BEMEE

B IR A M 25 18 3 809 Urizar 4 X &E
CL-20/HATO & 4 WIAE il 1) BHIE 1% K
v, = Z(VD,a)W)
b v, IR G K20 I BER  T , wp, R ALY i RRAE 35
FE 0, ML iR B

Chinese Journal of Energetic Materials, Vol.26, No.10, 2018 (850-855)

MR 1R 2 20350l A% CL-20/HATO Z &5 W1 1)
PG 9516 m-s™, MM SCHR L7 [ 4R 1 ve o M
9591 m-s', o M 9432 m-s™' . XEM CL-20/HATO
AR AR IEVERE R AT

4 i

(1) FH HATO i #& 5 %2 e 19 b F0 s ny | 38 3k
HATO 19 45 & i 8 i LT R CL-20 A iR 3= 1, 3R 45
CL-20/HATO EZ &%, CL-20/HATO & & Wk 5 4%
B B A T 204640 Ry - OB BE 90 °C, BB [E] 10 min,
& e 7K 5 WO N R R 60 mL-min' il ad % T2
BINE G FRE MG ERE5)

(2) 38 3 A% WG L0 AN XRD #E4T T R AF , 45 B %
W W B S R A I 4 CL-20/
HATO & & ke fih |, CL-20 115l &-CL-20, ok & 4E
i E RIS E TS E A YA E RN
m(CL-20) : m(HATO)=55:45,

(3)DSC &5 R E W i E AW ATE 0~400 CH A
fboad B, A7 A6 PO A AR o 0 A A 06 TR 4 0 R
238.4 CH1250.7 °C., CL-20/HATO & & ¥k i B 45
R R 76% ,J8 A7 SR N 52% K MEVE N 44.7 cm,
PRSI 3K 9516 m-s™',

2 3k
(1] BRE M . 4252 (M. dbat . db 50 B TR 24 iR 4L, 2014
290-291.

OU Yu-xiang. Explosives[ M]. Beijing: Beijing Institute of Tech-
nology Press, 2004: 290-291.

[2] ZHU Yan-fang, LU Yue-wen, GAO Bing, et al. Ultrasonic-as-
sisted emulsion synthesis of well-distributed sphericalcompos-
ite CL-20@ PNA with enhanced high sensitivity [J]. Materials
Letters. 2017, 205: 94-97.

[3] Yang Z ), Dengl, Wu P, et al. Fabrication of RDX, HMX and
CL-20 based microcapsules via in situ polymerization of
melamine for maldehyderesins with reduced sensitivity [J].
Chemical Engineering Journal. 2015, 268: 60-66.

(4] E/NZE, BAEE, T, 4 1-F B4, 5Tl 3 nkoms 4 7l ok
CL-208F5E[) ]. PSR T2 4, 2013, 34(5): 120-122.
WANG Xiao-jun, SHANG Feng-qin, WANG Xia, et al. Study
on insensitivity CL-20 coated with 4,5-MDNI[]]. Journal of Si-
chuan Ordnance, 2013, 34(5): 120-122.

(5] FBAT, BEUA, PRAIRL, & TATB IS A48 CL-20 RIBFSEL)].
KT, 2006(1): 41-45.

DONG Lu-yang, SHENG Di-lun, CHEN Li-kui, et al. In-stiu
coating of TATB on CL-20[)]. Initiators & Pyrptechnics. 2006
(1): 41-45.

[6] Fischer N, Fischer D, Klapdtke T M, et al. Pushing the limits

of energetic materials-the synthesis and characterization of di-

hydroxylammonium 5,5 -bistetrazole-1, 1'-diolate[}]. Journal

Sttt

www.energetic-materials.org.cn



CL-20/HATO & & W 1y il & R AE K 1% Ak

855

of Materials Chemistry, 2012, 22(38) : 20418-20422.

of Chemistry Advances, 2016, 6, 4221-4226.

(77 BKAME, Heqmsik, Tk, 451,17 -0 35,57 1% U me — 5 fiie [13] fRair. CL-20 F &5 fod ft b U AR B 52 [ D ] v B TR 4y 3
MBI ] KHEZ2ER, 2015, 38(6) - 67-71. W5Ehe: 2012.
ZHANG Wei-peng, Bl Fu-giang, WANG Yong-shun, et al. XU Jin-jiang. Research on crystal transformation of CL-20
Calculation of theory detonation velocity of dihydroxylammo- re-crystalation [D]. China Academy Of Engineering Physics:
nium-5, 5 -bistetrazole-1, 1'-diolate[J]. Chinese Journal of Ex- 2012.
plosive & Propellants, 2015, 38(6): 67-71. [14] BRE R, BT NHE IS B A S (025 e B b 1 20 5o T 9 o Jig
(8] Hetdalm, M, 4, & .0, 1/ -85, 5 -BRme ek [)]. & fiestkl, 2005, 13(2): 124-127.
e SRl SRtk 2014, 22(2): 272-273. OU Yu-xiang, LIU Jin-quan, MENG Zheng, et al. Recent de-
Bl Fu-giang, XIAO Chuan, XU Cheng, et al. Synthesis and velopment on transition techonology of hexanitrohexaazai-
properties of dihydroxylammonium 5, 5'-bistetrazole-1, 1’-di- sowurtzitane[J]. Chinese Journal of Energetic Materials (Han-
olate[J]. Chinese Journal of Energetic Materials( Hanneng Cail- neng Cailiao),2005, 13(2): 124-127.
iao), 2014, 22(2): 272-273. (15] BAEXG, MY, 228, 5.5, 5/ -BRmme-1, 17 -5 s
(9] Hedmalm, B2 0, VP, 4 .0, 1/ -T 3065, 57 -BEDUME Y & 0 (TKX-50) 50 7 4 2 il % WOk T 22 0)]. & B w1k, 2014, 22

[12]

BB HETEL) ). KHE25 24, 2013, 36(4): 22-25.

Bl Fu-giang, FAN Xue-zhong, XU Cheng, et al. Synthesis and
theoretical study of 1,1’-diolate-5, 5" -bistetrazole[)]. Chinese
Journal of Explosives & Propellants, 2013, 36(4): 22-25.
Xiong S'L, Chen S S, Jin S H, et al. Additives effects on crystal
morphology of dihydroxylammonium 5, 5'-bistetrazole-1, 1'-
diolate by molecular dynamics simulations(])]. Journal of Ener-
getic Materials, 2016, 34(4) : 384-394.

TEWRl, SR, T4ve, % 0,1 -8 3-5, 5B ms 5 i
R S L) ). KHEZ 54, 2016, 39(2): 68-71.
REN Xiao-ting, ZHANG Guo-tao, HE Jin-xuan, et al. Calcula-
tion and control of crystal morphology of dihydroxylammoni-
um -5, 5'-bistetrazole-1, 1’-diolate[)]. Chinese Journal of Ex-
plosive & Propellants, 2016,39(2): 68-71.

Xiong SL, Chen S S, Jin S H, et al. Molecular dynamics simu-
lations ondihydroxylammonium 5, 5'-bistetrazole-1, 1'-dio-

late / hexanitrohexaazaisowurtzitanecocrystal [J]. Royal Society

(6): 744-747.

ZHAO Ting-xing, TIAN Jun-jun, LI Lei, et al. Up-sizing 50
grams-scale synthesis technology dihydroxylammonium-5,
5'-bistetrazole-1, 1'-diolate (TKX-50) [J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao),2014, 22(6): 744-747.
Turcotte R, Vachon M, Queenis S, et al. Thermal study of
HNIW (CL-20) [J]. Thermochimica Acta, 2005, 433 (1) :
105-115.

B TG #ig (M. db st
108-112.

LU Chun-xu. The theory of industrial explosive [M]. Beijing:
The publishing house of ordnance industry, 2003: 108-112.
N, HORI, EROK, L ERRGEA M. Jeat: a8 T
AL, 1995 82,

SUN Ye-bin, HUI Jun-ming, CAO Xin-mao, et al. Military
composite explosives [M]. Beijing: The Publishing House of
Ordance Industry, 1995: 82.

FE 4 Tk s WAt , 2003

Preparation, Characterization and Properties of CL-20/HATO Composite

QU Chen-xi, GE Zhong-xue, ZHANG Min, XU Cheng, Bl Fu-giang, DING Ke-wei

(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A composite sample of CL-20 and dihydroxylammonium 5, 5'-bistetrazole-1, 1’-diolate (TKX-50, HATO) was pre-
pared by in-situ crystallization method in aqueous suspension of CL-20 using 1, 1'-dihydroxy-5, 5’-bitetrazole (H,DHBT) and
hydroxylamine aqueous solution as raw material through neutralization reaction. The morphology and structure of the composite
were characterized by scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FT-IR), nuclear magnetic
resonance (NMR) and X-ray diffraction (XRD). The effect of different processing conditions on the morphology of the composite
was studied. Thermal property was analyzed using DSC. Its impact and friction sensitivity were measured with GJB772A-1997
method. Its detonation velocity was calculated using Urizar's formula. Results show that the technological conditions for obtain-
ing CL-20/HATO composite sample with uniform adhesion are: reaction temperature 90 °C, reaction time 10 min and dropping

rate 60 mL - min™'

of NH,OH aqueous solution. The crystal form of CL-20 in prepared CL-20/HATO composite sample does
not change. The mass ratio of CL-20 and HATO in CL-20/HATO composite obtained by quantitative carbon spectroscopy is m
(CL-20):m(HATO)=55:45. The temperature of thermal decomposition of the complete is 238.3 °C and 250.7 °C. Its characteris-
tic drop height is 44.7 cm, the probability of impact explosion is 52% and the probability of friction explosion is 76%. Theoreti-
cal detonation velocity of the composite sample is 9516 m-s™".

Key words: hexanitrohexaazaisowurtzitane (CL-20) ; dihydroxylammonium 5, 5'-bistetrazole-1, 1’-diolate (TKX-50, HATO) ;
composite;thermal property ; mechanical sensitivity
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