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Fig.1

Molecular structure of HDNAT
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Fig.2 Packing diagram in a unit cell of HDNAT

F1 HDNAT &4k 55 44 B fi
Table 1

Crystal structural data of HDNAT

item value
Chemical formula C,H,N,O,
Formula weight / g-mol™ 221.17
Crystal system monoclinic
Space group P2(1)
a/nm 0.35976(12)
b/ nm 0.9348(3)
c/nm 1.1833(4)
B/ 98.206(5)
V/nm? 0.3939(2)
z 2
D./g-cm™ 1.91
Absorption coefficient / mm™' 0.170
F(000) 230

6 range /(°) 2.79 ~ 25.09

Index ranges

Reflections collected

Reflections unique

Coverage of independent reflections
Max. and min. transmission

Data / restraints / parameters
Goodness-of-fit on

Final R indices [(>20(1) ]

R indices (all data)

-4<h<4,-11<k<6,-14<I<13
1973

1009 [R(int) =0.1372]
98.4%

0.9740 and 0.9410

1009 /1/146

0.996

R,=0.0742, wR,=0.2075
R,=0.0759, wR,=0.2091

Sttt
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#2 HDNAT LK
Table 2 Bond lengths of HDNAT

&4 HDNAT I I
Table 4 Torsion angles of HDNAT

bond lengths / A bond lengths / A bond angles / (°)
N(1)—0(2) 1.219(10) N(1)—0(1) 1.264(10) 0(2)—N(1)—N(2)—C(1) -1.8(10)
N(1)—N(2) 1.341(9) N(2)—C(1) 1.370(12) O(1)—N(1)—N(2)—C(1) 179.9(7)
N(2)—H(2) 0.860 N(3)—C(1) 1.374(9) C(2)—N(4)—N(5)—C(1) 0.8(8)
N(3)—C(2) 1.377(11) N(4)—C(2) 1.306(10) C(2)—N(6)—N(7)—0(4) 2.0(11)
N(5)—C(1) 1.302(11) N(4)—N(5) 1.385(10) C(2)—N(6)—N(7)—0(3) -176.8(6)
N(6)—C(2) 1.374(10) N(6)—N(7) 1.306(10) N(4)—N(5)—C(1)—N(2) -179.4(8)
N(7)—0(4) 1.250(11) N(6)—H(6) 0.860 N(4)—N(5)—C(1)—N(3) -0.8(8)
N(8)—N(9) 1.429(10) N(7)—0(3) 1.261(9) N(1)—N(2)—C(1)—N(5) -3.3(12)
N(8)—H(8A) 0.94(8) N(8)—H(8B) 0.810(12) N(1)—N(2)—C(1)—N(3) 178.2(6)
N(9)—H(9A) 0.890 N(9)—H(9B) 0.890 C(2)—N(3)—C(1)—N(5) 0.5(7)
N(9)—H(9C) 0.890 C(2)—N(3)—C(1)—N(2) 179.4(6)
N(5)—N(4)—C(2)—N(6) 178.9(6)
#&3 HDNAT Wb ff N(5)—N(4)—C(2)—N(3) -0.5(8)
Table 3 Bond angles for HDNAT N(7)—N(6)—C(2)—N(4) ~179.6(6)
bond angles/(°)|bond angles/(°) N(7)—N(6)—C(2)—N(3) -0.3(11)
O(2)—N(1)—0(1)  121.6(6) |O(2)—N(1)—N(2) 124.0(8) C(1)—N(3)—C(2)—N(4) 0.0(7)
O(1)—N(1)—N(2) 114.3(7) IN(1)—N(2)—C(1)  113.4(7) C(1)—N(3)—C(2)—N(6) =179.3(7)

N(T)—N(2)—H(2) 123.3 C(1)—N(2)—H(2) 1233

C(1)—N(3)—C(2) 106.6(7

C(2)—N(4)—N(5) 104.4(7)

C(1)—N(5)—N(4) 112.3(6) [N(7)—N(6)—C(2) 116.9(8)

N(7)—N(6)—H(6) 121.6 C(2)—N(6)—H(6) 121.6

O(4)—N(7)—0(3) 118.7(6) |O(4)—N(7)—N(6) 123.3(6)

O(3)—N(7)—N(6)  118.0(8) |[N(9)—N(8)—H(8A) 114.(5)

N(9)—N(8)—H(8B) 119.(8) [H(8A)—N(8)—H(8B)123.(9)

N(8)—N(9)—H(9A) 109.5 N(8)—N(9)—H(9B) 109.5

H(9A)—N(9)—H(9B) 109.5 N(8)—N(9)—H(9C) 109.5

H(9A)—N(9)—H(9C) 109.5 H(9B)—N(9)—H(9C) 109.5

N(5)—C(1)—N(2) 136.2(6) |N(5)—C(1)—N(3) 106.0(8)

N(2)—C(1)—N(3) 117.8(7) |N(4)—C(2)—N(6) 118.3(8)

75 - r = e PR A i 2 R A R4 O A
AL, O(1)—N(1)—N(2)—C(1) M A 179.9(7)°,
C(2)—N(3)—C(1)—N(2)W T A~ 179.4(6)°,
PR A 2 R R = s R B A R i S e R A N —
N(2)—C(1)—N(5) WAL K=3.3(12)°, HEANE T
) C—C R N—N B A T TF B 5 R OURE B
2 [8), 33 & B 7 A il 2 3 R = R ERTE i T AL BE AR R L Al
AR E PR3 0, 3R B0 B O R R, A R R R
193.17 °Co fn i B8+ s b A7, I3 2o i 2
BB ORF 5 NH 4G ok &2 LS, A R
TR AR
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Fig.3 TG-DTG curves of HDNAT
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3 HDNAT 7 RDX-CMDB # 3 51 &b j4 iz 3

3.1 & HDNATH CMDB &/ i%it

SCHR[3-4]#] FH DSC M TG-DTG #f58 T HDNAT
F A 251, & L HDNAT 5 HMX  NC . NG 45 B3 A 25
PER A, 5 RDX A 4059 WA BLAE R, A Ml 22 (R aT
LA, S IE ] DINA AN ZS . BT X Se i 57 3%
Bl , AR 55 53T T %5 RDX () CMDB #f 32F 57 3 Al iy
fiti 16 # (NC, & & i 12.6%) 25%, il 1k H il (NG)
33% ,RDX 30% , B4 ¥ 5] 3% , % & 7 2% , BR e AL 57
3%, Al By 4%, R T % %5 HDNAT & & 19 22 fb Xt
RDX-CMDB #f i 5 it J7 g & e MY 52 e, L HDNAT
A BUR RN 77 B RDX, SR 38 T A/ H i BE T
LY NASA-CEA B HE T AR e T (p/p=70/1)
TSR T R R DT M, C R, %5 Rl iR 1
Z 80, Hodh £ 5SMPa Fll 15MPa JE 58 K i 1 8 45 1
W5,

i 2 5 1 LA HH HDNAT 1% % RDX-CMDB #E 1
FIHE) RDX, B HDNAT & s34 in, 4 2 570 B 7 iR R 19
ARE D B b 1, JRBEIRE T AR50 18 M,
BRI OB, R RHIE S CTEMLESR (5 MPa) T
14 e 18 I ek, 76 R TE B8R (15 MPa) Tt & 2 i 36,

R5 & HDNATHY RDX-CMDB #i: 3 7) BH 6 RE & 450 1

R 7 K &R B RE =K P A BT R X A £
T HDNAT (45 A4 s ks (292.50 kJ-mol™) iz & T
RDX 45 242 4% (61.53 kJ-mol™) . {H 4 HDNAT
56 4 f& % RDX 5 (HDNAT % & 0 30% B} ) , i+ %
5 MPa T I, # 1 20.1 N-s-kg™', 15MPa T 1, 8 Jin
31.7 Nes-kg™, H 5 m 9 i@ B2 JF A K, X 2 W o
HDNAT b & B AL & W, &7 fir R 40 -25.32%, %
RDX 1—-21.61% 2= ,HDNAT I A B3R T 4 9 5] i
TR 7 0 0T T 3R R 0 AL R D AR, IR S
FEYI RN, SR, CO, B & 5 B W T B, DI 5
M) 1 22 590 T A 2R )BTRS B o 98 i R A
HEF B9 P8 fE B 7K 7 5 RDX-CMDB #E #F # 41 H 728 1k
AN,
3.2 & HDNATH# RDX-CMDB # i# 5 B sk 2 1 AE

TR ESER I & T WA HD-
NAT i RDX-CMDB #fE#E 5 Bic 75 (172 77 1 HDNAT &
BN 10%, 2° I J7 b HDNAT & 8 8 20%) , 17 T
@50 mm K EHHLL , ML TR LA VR RRAE R
JE Ll A R R 0 1 e 2 R, SN B L3R 6, T R
FHARUE R S HLEAT T LAERR & PEWESE , Horh 2" 7 76
15 MPa R & s Bl TAE M4 WKl 4,

M6 S R LLE L, 7E A HDNAT J&5 |, #E

Table 5 Theoretical energy characteristics of RDX-CMDB based on HDNAT

content / %

energy characteristics

p /MPa HDNAT RDX ] T./K M./ g-mol™  C*/m-s" I,/ N-s-kg™
0 30 0.757 3012.4 26.3 1574.5 2466.5
10 20 0.770 3056.2 26.7 1575.1 2474 .4
° 20 10 0.783 3095.1 27.1 1574.5 2481.1
30 0 0.796 3129.4 27.4 1572.7 2486.6
0 30 0.757 3062.1 26.4 1566.0 2683.9
10 20 0.770 3116.1 26.8 1568.4 2695.2
" 20 10 0.783 3165.2 27.2 1569.5 2705.8
30 0 0.796 3209.2 27.7 1569.3 2715.6

Note: pis combustor pressure, @ is oxygen coefficient, T_is combustion temperature, M_is average molecular weight of combustion gas, C* is characteristic veloci-

ty, I, is specific impulse.

£6 & HDNATHI RDX-CMDB #fi gk 5 i) fE 5 PE fig

Table 6 Energy characteristics of RDX-CMDB containing 10%(1%)and 20%(2") HDNAT

| detonation heat specific volume  density combustor pressure  characteristic velocity specific impulse
sample

P /kJ-kg™ /L-kg™ /g-cm™ / MPa /mes™! /s

1* 5936 643 1.713 15.91 1586.4 251.36

2# 6042 638 1.767 12.94 1592.3 250.91

Chinese Journal of Energetic Materials, Vol.28, No.12, 2020 (1163-1169) A A AL www.energetic-materials.org.cn
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Fig.4 The p-t curve of CMDB containing HDNAT(2%)

HEFITC 7 (B LU 2 VR RRAE R R SRR RE S 80

e FrfE @K B4 %W & HDNAT 1Y
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TEBRBE , R B HLTAE p-t i 730, fif 280k 20 i B /)N, 0

R ANHLSEI L vp EP AT 35 %] 250.91 s,

3.3 & HDNAT #J RDX-CMD B #E i3t 7 B 4% 52 14 R
XF & HDNAT ) RDX-CMDB #f 3k 71 1*8 757 F1 2*

#z7 7 HDNAT ) RDX-CMDB #fi il 5] 1A o 14 i

BeJ7, 47 1T @50 mm Z LA 15 MPa 58 T 1 1.
VERG 8 MR WF 5% o TE R0 0 7 0 0 058 1k e S N 45 R
W7,

M 7 v B BA R P BE BCHE W LR L R B2 (i
RDX-CMDB #f #f 71 3 fify fic 77 ) 19 B8 be P B8 48 4 L 7
10~20 MPa F 58 3 Fil P 4 0 750 34 3R 8 R F 65 SR Be sk
N HR S 8 KK T 0.40, B B AE 15~20 MPa JE
S P LT T R RS A . HDNAT (9 A {f 4k i3
FIHEC 7 75 8~20 MPa T (148 3 BI] I 4 v, 4k 14 57 19 1A
R B i AR R K, 2 TR HERE R ZE 15 MPa R I
BRI R 35.13 mmes™, 45 5 i EE ik 18.8% DL b, H
HDNAT fil A& 5 85 5 19 5] B 7 R i 2 351 19 e i 48 4
AR B A R R RN R R SR AR AR e 2 0.4 LU
e O A R C AR R AR R AT i — 2
AL WEFE o B AT PLIA R, — 2 & & HDNAT (#9 fim A
FF A £ 8 KRR M A 2R RDX-CMDB #i HE 571 it 5 4 4%

Table 7 Combustion performance of RDX-CMDB containing HDNAT

u/mme-s™ n
sample
8 MPa 10 MPa 12 MPa 15 MPa 18 MPa 20 MPa 8~10 MPa 10-12 MPa 12-15MPa 15-18 MPa 18-20 MPa
control group - 26.13  28.17  29.04 29.56  29.91 - 0.29 0.21 -0.14 0.1
1# 24.67 27.12 29.44 31.52 33.86 35.18 0.42 0.45 0.31 0.39 0.36
2# 26.45 28.68 31.35 35.13 38.07 40.82 0.36 0.49 0.51 0.44 0.66

Note: u is bruning rate, n is pressure exponent.

4 Hi

(1)HDNAT f i J& T 1E 28 i &, 25 A P2(1),
E il 2% a = 0.35976(12) nm,b = 0.9348(3) nm,
c=1.1833(4) nm,V=0.393.9(2) nm*’,Z=2,D.=
1.91 g-cm™,u = 0.170 mm™", F(000) = 230,

(2)HDNAT 2 i 4 i ik £ 24 24 180.0 °C, 45 fiff 0
T 193.17 °C, J3 fiff 3 3B, R 28 Ty W B4 I A 18 AR 28
IE R A3 D AR A TERE B A AR o

(3)7E RDX-CMDB #f # I Bt )yt , Bl &8 HDNAT
PR BE T, HERE R A R AR LU B R BHR L o A
LRSI A, A e 1 e I 1 4 2R 3 WY 2 R0 TC 5 AR
8~20 MPa '~ 1y 85 3 BT @ 42 w5y, {HL 998 3 Hs o 4 B30 Tk
WK

(4) &% HDNAT fy RDX-CMDB #ft #t #| Bt J7 &
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Crystal Structure, Thermal Properties of Hydrazinium 3,5-Dinitroamino-1,2,4-triazole and Application in
CMDB Propellant

ZHOU Cheng, Ll Ji-zhen, LI Xiang-zhi, Qu Bei, CHANG Pei, WANG Bo-zhou, LIU Ning
(Xi’an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The single crystal of hydrazinium 3,5-dinitroamino-1,2,4-triazole (HDNAT) was cultivated by slow evaporation from sol-
vent of methanol/water, and its crystal structure was determined by X-ray singal-crystal diffractometer. The crystal structure analysis
indicates that HDNAT belongs to monoclinic system with space group P2(1), and the crystal parameters are a = 0.35976(12) nm,
b=0.9348(3) nm,c=1.1833(4) nm,V=0.393.9(2) nm’,Z=2,D.=1.91 g-cm™,u = 0.170 mm™", F(000)=230. The thermal
behavior of HDNAT was studied by TG-DTG. The decomposition peak of HDNAT is 193.17°C (DSC), and it decomposes at sol-
id state. The composite modified double-base (CMDB) propellant formulation based on HDNAT was designed and prepared,
and its energy characteristics such as explosion, specific volume, density, characteristic velocity, and specific impulse and com-
bustion performances were tested. For HDNAT-based CMDB propellant formulation, the tested explosion is 6042 kJ-kg™", specif-

3

ic volume is 638 L-kg™', density is 1.767 g-cm™, characteristic velocity is 1592.3 m+s™". The study of combustion performances
of @50 mm engine show that it has stable performances at pressure of 15 MPa, the specific impulse is 250.91 s. Compared with
RDX-CMDB propellant, the burning rate of HDNAT-based CMDB propellant increases by 18.8%, and the pressure exponent in
partial pressure range is above 0.4.
Key words: hydrazinium 3, 5-dinitroamino-1, 2, 4-triazole; crystal structure; thermal behavior; CMDB propellant; energy charac-
teristics;combustion characteristics
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