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(CH,0); FT-IR (KBr, p/cm™ ). 3436, 2950,
2850, 2279, 1681, 1529, 1447, 1382, 1334,
1262, 1205, 1158, 1134, 1061, 1029, 982, 896,
826, 705, 608, 590, 574, 501; MS (APCl) m/z:
295.9 [M-D]",

2.3.3 SHKEREIES(HMX-d,) &K

2.4 mL Jo/KEEIR BT 50 mL 4 0 9 1 B IS
B, A AL —#% (0. 81 g,5.6 mmol) . vKif
T, % m A+ 41 DADN-d,(0.16 g,0.5 mmol),
Tkl e A v g I BE AR T 20 °Co IRk sE e 218
M 60~70 CRM 1T he WEIZE 40 CLIF, AWK
TR A W B RN, B A, o E AT A R AR, T
P A3 HMX-d, FLERER, 77 % 80. 2%,

m. p. 281.3 °C (DSC); UV-vis ( acetone)
Ayt 330.8 nm; "C NMR (DMSO-d,, 150 MHz)
8: 63.20 (—CD,—) ; FT-IR (KBr, p/cm™): 3672,
3594, 2294, 1566, 1384, 1329, 1244, 1052; MS
(APCl) m/z; 301.9 [M-D]",

2.3.4 BRREREIES (B-HMX-d,) #l &

TE 30 ~40 CF K il 215 2 1) HMX-d, B3R T

PR, 4% %2 25 i, BIAS 2] B-HMX-d, 77 o

3 H#REITRR

3.1 SRR EEIEH(HMTAd,) WEBRELEHRRIA
3.1.1 HMTA & &&MHmk

H T 2 R B S B 5, BN 5 S, 525 v
PLIE LR IR 2 5 H R Uk, X R SRR HMTA 1 &
LM AT ER R IE . BR HMTA B4 K Tl bk 7,
RSB = Mo/ ot Sk [ 15 ] T A1, B i 3
ZOK I X HMTA B 7= R e K. AR SLIHE5T
TRV BE A K X HMTA 7= S5 52,
HMTA-d,, & M8 T 3l

A g M A 2018 % #26% #6448 (502-510)



504

N, WEE, TOADI, R, LR, /i, ARk, BigH

3.1.1.1 fUKHAEX &M HMTA =R
BOE SN 25 °C, ROV IEE] 40 h, B 5B HRSE T
2K (UK 92 Br B 5 e 8 B FE(E 8 R) X
HMTA 7R, 45 R DL 1,
90

80} /

70t

60} /

50}

af /

0f o
00 05 10

yield / %

15 20 25 30 35 40 45

R
1 UK X 2B 7 R W (R A 20K bR & 5
RGO AR
Fig. 1 Effects of ammonia dosages on the yields of HMTA (R
is the molar ratio of actual ammonia dosage to theoretical am-

monia dosage)
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Fig.2 Effect of temperature on the yields of HMTA
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Fig.5 APCI-MS spectrum of HMTA-d,
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Fig. 6 Effects of nitrolysis temperature on the yields of DADN
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Table 1 The yields of DADN synthesizied in different solvents

acetic  tetrahydr ... petroleum
acetonitrile

chloroform .
acid ofuran ether

solvent solvent-free

yield/% 5.1 0 69.7 23.1 21.2 82.0

H % 1 AT SR S L LR L & A T AR
7504 % DAPT i, DADN i 7= A%, H & H &,
KA THE 4 % i, DADN 7= 3R 3K 69. 7%, HL&
SEVERRAT . THF % 57035 AR B AR T o, 7= R R e, 1
BT FNIE I 7= S A1, DAL I 52 560 #4775 8% SR I JE 4 77
%% A B DADN-d,

3.2.2 DADN-d, &%

FEAE A DADN W& BB 58 a1, DUSAR 5 3%
FE A R JRURL , 28  BRAK (R R )5 G A% 8] DADN-d, , 7=
& e A
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Fig.7 FT-IR spectrum of DADN-d,
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Fig. 8 APCI-MS spectrum of DADN-d,

3.2.3.3 #ZHHEIRSERI('H NMR)
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Fig.9 'H NMR spectrum of DADN-d,

3.2.3.4 #4H(TG -DSC)

EN, SHATF, FHEBZ 10 K - min™ %} DADN-d,
#EAT TG A1 DSC i3k (/&1 10 A& 11), & 10
276.5 °C ikl DADN-d, (%% ml W $4 it , 279. 3 °C Ry
Hoor i i g, N TG-DTG K %, DADN-d, H A —
AR B B (250 ~ 350 °C), KR ROy 94. 8%, 7k
295.1 Chb ik B E R (K 11) .
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temperature / °C
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Fig. 10 DSC curve of DADN-d,(10 K - min™', N, atmosphere)

3.3 HMX-d, & B R EHMRIE
3.3.1 HMX &R EHRK

KA N, O, TG /K il 2 S it ik DADN, 3 % 7T L
P R A R HMX AR S 0L 3 G K il R/
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Effects of nitration temperatures on the yields of HMX

3.3.2 &K, HMX-d,

K HITCK AR /P, O, Ak, £ 60~70 “Co
P45 1§ ft. DADN-d, B 7] & W45 3 HMX-d, , 7= %34
80. 2%,

3.3.3 HEMRMERSH
3.3.3.1 ZI4M(FT-IR)

KR KBr JE B, 43 5] HMX F1 HMX-d, 41 4 &
(E 13 f11& 14), B 13 #,3036 cm™' F1 2981 cm™
S HMX 1 30 B 3 C—H fh 45 9 2h 0%, 1564 cm™' Fl
1286 cm™ KJ—NO, [ 4 4 2 F1 2l B 3h 0%
K14 H i HMX B B 3 C—D i 4 iz 8 04 {7
T 2294,1566 cm™ F1 1244 cm™ Jy HMX-d, H1—NO,
(41 45 4% 2 R0 25 PR &g, 1172, 1150, 1137 cm™
M 1052 cm™ 2 HMX-d, H1 C—N (¥ fift 45 4§ 3,
HMX-d, BZLAME B, o L) 5 (Y C—H il 45 9k 2l
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Fig. 14 FT-IR spectrum of HMX-d,
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Fig. 15 APCI-MS spectrum of HMX-d,
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Synthesis of g-Phase Deuterated Octogen (B-HMX-d,)

HU Gang', LEl Jian-lei', NING Hong-li', LI Hao’, SUN Guang-ai’, GONG Jian*, BAI Liang-fei’, YANG Hai-jun'
(1. School of Materials Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2. Key Laboratory of Neutron
Physics , Institute of Nuclear Physics and Chemisiry, CAEP, Mianyang 621999, China)

Abstract. Based on the preparation technology of non-deuterated HMX using paraformaldehyde as raw material, deuterated octa-
gon(B-HMX-d,) was successfully synthesized with a total yield of 58.5% from deuterated paraformaldehyde. The gB-HMX-d, was
obtained via recrystallization method using acetone as the crystal transformation solvent. The intermediates and final products were
characterized by ultraviolet-visible spectroscopy (UV-Vis) , Fourier transform infrared ( FT-IR) spectroscopy, 'H-nuclear magnetic
resonance('H NMR) spectroscopy, "*C-nuclear magnetic resonance('*C NMR) spectroscopy, thermogravimetry-derivative ther-
mogravimetry (TG-DTG) , differential scanning calorimetry (DSC), or x-ray powder diffraction (XRD). The deuterated ratio of
systhesized B-HMX-d, is 99.75% measured by NMR method with maleic anhydride as an internal standard. The purity of HMX-d,
is 99.27% determined by HPLC via area normalization method.

Key words: energetic materials; octagon(HMX-d, ) ; deuteration ratio; condition optimization
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