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Fig.1 One-pot synthesis of nitro-rich oxidizer DBDN and optimization of its synthetic process
&1 DBDNHAM T ZMEE
Table 1 Optimization experiments of reaction conditions for synthesis of DBDN
temperature  time yield temperature time yield
programme  solvent programme solvent
/C /h / % /C /h [ %
1 H,O 45 5 45 8 CH,CH,OH 65 9 81
2 H,0 65 7 55 9 CH,CH,OH/H,0=10:1 45 5 55
3 H,0 75 9 60 10 CH,CH,OH/H,0=10:1 45 7 64
4 CH,CH,OH 45 7 53 11 CH,CH,OH/H,0=10:1 45 9 68
5 CH,CH,OH 45 9 60 12 CH,CH,OH/H,0=10:1 65 5 83
6 CH,CH,OH 65 5 70 13 CH,CH,OH/H,0=10:1 65 7 84
7 CH,CH,OH 65 7 80 14 CH,CH,OH/H,0=10:1 65 9 86
CHINESE JOURNAL OF ENERGETIC MATERIALS At A A 2025 % % 33 % % 84 (820-828)
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FEI R IR B MR 1R 6 B 4 oy 2 SE MR iR Sk IR A
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10% i) AP/DBDN ¥ 5] 3R Wy (18] 2b) , I 7 T i 7 2%
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(3)

element C distribution

Fig.2 SEM images of the mixture of 9:1 AP/DBDN and the mapping of element C

}Exo 2852 pure AP-5 °C-min’

() 4385
o 286.5 7
= | 2437 \AP/DBDN-5 C min”
g 3102
g | g4 397.6
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(=] .
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I 3403 4131
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200 250 300 350 400 450 500
temperature / °C

B3 4l APl AP/DBDN IR 19 DSC ih £k
Fig.3 DSC curves of pure AP and AP/DBDN mixture
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S 2 B0 K T A A R A R R 2R A MR AL S
AR R AR A 5 i E 500 OC 1 i EE R S 5O 2 1, L T
Wi 55 B8 T 5 L vh A I A R A TR E RN R AR
0 R PR 55 48 b e A 2 Rt £ X DBDN A9 52 H
PE BE 7E A [7] 28 78 4 3 550 o 55 A T X 43, 72 CMDB
R EZELL L, CF L T..p. OCFI M, 55 Ay T 23T
M M, T A AR AR AE A 5 0] PR 7 OC U TR W G
23 HEER5ITR
2.3.1 DBDNHETHHFEFWEEHHE

1) VAl DNBN ARy [ 44 4 2 57) 48016 570 1Y
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fiE 5 7K 7, R RAM) B 43 1l 3 55 JF %) e DBDN 5
= B R = B (RDX) 3 DU 36 DY Y R
(HMX) 7S A HE7S R A SR 25 B (CL-20) AP ,ADN %
R R BT HESE RN 1, CF T, .p . OC Fl M %5 1k fiE
FRIESH SR INE 2 im . FE 20971 (1) 5 RDX.
HMX 1 CL-20 #H £t , DBDN P ¢ 4 7 571 (1) i — £ 3457
F M/ 5 (2) DBDN TSR 1, . C* . TR M_XF
Fe AP 2T W, {H p Fl OCHH W A7 7E 241 5 (3) 5 ADN
HI L, DBDN g fi i (9 1, F1 M 2 A B 4 4, i
BPERE TR

%2 DBDN FIE & Be ARG B o0 HE UE 57 14 g
Table 2

getic materials as monopropellant

Performance parameters of DBDN and some ener-

I Cc* T, p

oxidant % 5 » ,0C M,
/N-s-kg™" /m-s /K /g-cm

RDX 2611.78 1650.16  3297.37 1.82 2.00 24.247

HMX 2598.60 1642.54 3275.74 1.90 2.00 24.276
CL-20 2666.78 1638.88 3589.58 2.04 2.00 27.360
AP 1535.60 979.91 1405.30 1.95 2.49 27914
ADN 1981.09 1268.56  2057.87 1.81 2.36  24.799
DBDN  1944.41 1200.58 1531.09 1.65 0.80 20.600

Note: I, is specific impulse, C* is characteristic speed, T_is chamber
temperature, OC is oxygen coefficient, p is desity, M_is rela-

tive molecular weight.

14 (A 1 T A b AR R G SR TN = B
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L, C* TR M BB S A0 F AP, N J7 BT 3 5 i
JH DBDN WA AP, W] BEA ) T4 TH 4k 2 500 BC 7 19 1,
T MM ZEPERE  [AF i T DBDN £ B B &1k p 1 OC,
DAL I FCAE T 7 v HORE R 3 B AR AP BEAE T . 255 4 i
FW A [ A A E ) I 5 3T, DBDN B A B #5 B
& RDX HMX F1 CL-20 (9 AT 4704, {H 20 77 76 5 43 BUAR
AP (0 IV 77, [ B 45 6 AR 2= 454 T CHRR P, T
fie 76 CM DB #fi iff 71 AR AR A 15 5 4 15 57y 1l LA
BT
2.3.2 DBDNZECMDBE#HFI R EEE4F 4D

1 T34 DBDN 7E CMD B #E 37 71 v iy 17 FH ¥ 77,
AT 5% 38 5 1 CMDB # i 7 e 5 (i & 42 850 a0 F -
22% AL LT 4E 3 (NCL N 1 12.6%) . 25% fis fb H

N XK 2025 4% %334 %8 (820-828)
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d. rule of p changes
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Fig.4 Effect of oxidants ADN or DBDN substitution of AP on energy performances of CMDB propellant
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Table 3 Energy performances of low signature solid propellant containing oxidant ADN

formula W, [ % Woon /| % I,/ N-s-kg™ C*/m-s”! T./K p/g-cm™ ocC M,

1* 10 0 2515.56 1595.90 3069.39 1.757 1.957 23.811
2* 9 1 2516.24 1596.51 3067.68 1.756 1.955 23.775
3* 8 2 2516.90 1597.12 3065.97 1.755 1.954 23.739
4* 7 3 2517.56 1597.73 3064.26 1.754 1.953 23.704
5* 6 4 2518.26 1598.04 3062.54 1.753 1.952 23.668
6* 5 5 2518.90 1598.65 3060.81 1.752 1.950 23.633
7* 4 6 2519.58 1599.25 3059.08 1.751 1.949 23.598
8* 3 7 2520.22 1599.86 3057.35 1.750 1.948 23.562
9* 2 8 2520.90 1600.47 3055.61 1.749 1.947 23.527
10* 1 9 2521.55 1600.78 3053.86 1.748 1.945 23.492
1* 0 10 252217 1601.99 3052.11 1.747 1.944 23.457
Note: w,,, w,y, is content of the AP and ADN seperatly.

R4 THEALR DBDN KRR AR S [5 Ak 2 55 AE 1 1 e

Table 4 Energy performances of low signature solid propellant containing oxidant DBDN

formula W, [ % Wogon / % I,/ N-s-kg" C*/m-s™! T./K p/g-cm™ ocC M,

12¢ 10 0 2515.56 1595.90 3069.39 1.757 1.957 23.8109
13* 9 1 2507.20 1591.94 3043.62 1.754 1.916 23.6691
14* 8 2 2498.66 1587.67 3016.91 1.751 1.878 23.5273
15* 7 3 2489.93 1583.41 2989.34 1.747 1.840 23.3855
16" 6 4 2480.99 1578.83 2961.01 1.744 1.803 23.2438
174 5 5 2471.86 1573.96 2931.97 1.740 1.767 23.1025
18" 4 6 2462.54 1569.08 2902.32 1.737 1.732 22.9617
19* 3 7 2453.05 1564.20 2872.10 1.733 1.699 22.8215
20" 2 8 2443.38 1559.02 2841.39 1.730 1.666 22.6819
21% 1 9 2433.51 1553.84 2810.24 1.727 1.634 22.5432
22* 0 10 2423.46 1548.35 2778.70 1.724 1.603 22.4053
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11% B 15 $] 15 {H 2482.18 N+s-kg™ . 1535.55 m-s™" Fll
3135.54 K, B HEAlAC 7 43 54 &5 T 3.00% . 3.66% Fil
3.20%, %4 % & DBDN X 1, . C* . T.F1 M1 52 i,
HE R B I AE 8% ~14% Z 18] M £E

(5) 7E IR F5 1E A5 5 #fE 3 70 i J7 b, DBDN [ Ji
Oy BUCRE R R 1%, TR T, 43 03 °F 4 B A% 29.07 K Al
22.42 K, H AR TA 68 102 ADN 9 17 4%, FEAK T
fie 1 & ADN (19 11 /5, HAER P JE HCI AU 242 IR
FRAIEAE 5 J7 AL F K {5 DBDN il A 23 3 81, Fl
CREAIG, BT DBDB HE A 3B 4 B AP 9 fili H

5% 3k
(1] W, JHd R, A N, 55 JE T B2 7 0 42 59 ADN By I
MBEEARL)]. SRR R, 2024, 32(7): 754-760.
PENG Pan-pan, QU Wei-chen,
Anti-hygroscopic technology for

DU LI Xiao-song, et al.
ammonium dinitramide
(ADN) based on its cationic regulation strategy [J]. Chinese
Journal of Energetic Materials (Hanneng Cailiao) , 2024, 32
(7): 754-760.

[2] KUMAR P. An overview on properties, thermal decomposi-
tion, and combustion behavior of ADN and ADN based solid
propellants[J]. Defence Technology, 2018, 14(6): 661-673.

[3] ZGENG S, WANG Y L, HU D D, et al. Modulation of ADN
crystal surface properties by additives[]]. Industrial & Engineer-
ing Chemistry Research, 2024, 63(8): 3514-3524.

(4] Elr s ARBREE o] G 26 . 6 19 e i 6 45 1 B OB P2 BT 52 () ).
K LA, 2018, 4(2): 56-60.

WANG Ye-teng, REN Xiao-ting, HE Jin-xuan. Synthesis and
crystal morphology control of ammonium dinitramide[])]. Initi-
ators & Pyrotechnics, 2018, 4(2): 56-60.

(5] skfli, A5, #4004 &% ADN HEE ) 09 g i Fe i K 2k &
PEREL) ). JAE 2524, 2015, 38(2): 81-85.
ZHANG Wei, XIE Wu-xi, FAN Xue-zhong, et al. Energetic
characteristics and comprehensive properties of propellants
containing ADN []]. Chinese Journal of Explosives & Propel-
lants, 2015, 38(2): 81-85.

[6] CHEN FU-yao, XUAN Chun-lei, LU Qiang-giang, et al. A re-

Sttt

www.energetic-materials.org.cn



B O T S RS T AR Y B U R A A BT 827
view on the high energy oxidizer ammonium dinitramide: lIts ing Journal, 2021, 404: 126287.
synthesis, thermal decomposition, hygroscopicity, and appli- (18] Wk — K, 1Xadtde, %7, % . 18-7-6/ADN & fig 2 & 4 1k 71 Xt

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

cation in energetic materials[]]. Defence Technology, 2023,
19: 163-195.

YAN N, BIAN C, LI HY, et al. Pickering emulsion-templated
encapsulation of ammonium dinitramide by graphene sheets
for hygroscopic inhibition[)]. Applied Surface Science, 2021,
537: 147994.
LI'JJ, YANG R J,

position on a crystal surface by introducing a cation trapping

LAN Y H, et al. Regulating chemistry com-

agent: A novel strategy to tune moisture sensitivity of crystals
[J]. Langmuir, 2023, 39(23): 8022-8032.

LI'JJ, YANG R J, CUI'Y L, et al. Construction of ammonium
dinitramide@monoaminopropyl heptaphenylsilsesquioxane
core-shell energetic microspheres with enhanced hygroscopici-
ty inhibition and thermal decomposition properties[])]. Materi-
als Chemistry and Physics, 2023, 303: 127822.

TIAN' S C, WANG Y L, CHEN X J, et al. Anti-hygroscopicity
technologies for ammonium dinitramide: A review[]]. Propel-
lants Explosives Pyrotechnics, 2023, 48(5): e202200344.
A, EAd, FEWEhs, S IO RSP0 TR A v B T
JEL)]. B iR K Hi B AR, 2020, 44(5): 622-629.

LI Gang, WANG Jian, REN Xiao-ting, et al. Research progress
of co-crystal modification of solid propellant oxidants[]]. Jour-
nal of Solid Rocket Technology, 2020, 44(5): 622-629.

XIE H, GOU R J, ZHANG S H. Theoretical study on the effect
of solvent behavior on ammonium dinitramide (ADN)/1,4,7,
10, 13,
growth morphology at different temperatures [J].
search and Technology, 2021, 56(4): 2000203.
BELLAS M K, MATZGER A J. Achieving balanced energetics
through cocrystallization[]]. Angewandte Chemie Internation-
al Edition, 2019, 58(48): 17185-17188.

T g T AR EAL BT BT . GJB 8684.4-2015: MK 25 PEfiE ik
B VR EE ARy - BRBERRN E M R[S, Abat: B IR A AR
HRZATHE, 2015.

China Ordnance Industrial Standardization Research Institute.
GJB 8684.4-2015: The methods of performance for pyrotech-

nic composition-part  4:

16-hexaoxacyclooctadecane (18-Crown-6) cocrystal
Crystal Re-

determination of combustion
heat-constant temperature method [S]. Beijing: Military Stan-
dard Publication and Distribution Department of General Ar-
mament Department, 2015.

BAE, ZERR4E, BURTE , % . HMX/RDX & & ¥ 414k 5 453 it 45
PeRFsEL)]. K LA, 2021, 1: 39-42.

YUE Zheng, LI Zhi-hua, WEI Cheng-long, et al. Refinement
and thermal decomposition of HMX/RDX complex [J]. Initia-
tors & Pyrotechnics, 2021, 1: 39-42.

HAO W ], JIN B, ZHANG J H, et al. Novel energetic metal -
organic frameworks assembled from the energetic combination
of furazan and tetrazole []]. Dalton Transactions, 2020, 49,
6295-6301.

ZHANG J H, JIN B, LI X Y, et al. Study of H,AzTO-based en-
ergetic metal-organic frameworks for catalyzing the thermal de-

composition of ammonium perchlorate[)]. Chemical Engineer-

CHINESE JOURNAL OF ENERGETIC MATERIALS

[20]

[24]

BAMO- THFT’EJ_uJﬁEEUrTT&"ﬁ"JWHW[ Lok HE 224k, 2018,
41(3): 267-272.

YAO Er-gang, Yl Jian-hua, DONG Ping, et al. Effect of ener-
getic cocrystal oxidizer 18-crown-6/ADN on energy character-
istics of BAMO-THF propellants[]]. Chinese Journal of Explo-
sives & Propellants, 2018, 41(3): 267-272.

. = e B REIC S D B R R HR e i AR R RE F Y
[D]. 744 . pdLk,2017.

LI Xin. Synthesis, structure and combustion catalytic activity of
triazoly energetic complex[D]. Xi’an:
2017.

SR, EREMS, SO0 e, 45 . WS T I M B O R AT A
W] KHEZG2EAR, 2019, 42(1): 40-47.

ZHANG Jin, WANG Ting-peng, GUO Teng-long, et al. Influ-

ences of additivies on thermal decomposition behavior of am-

Northwest University,

monium dinitramide[)]. Chinese Journal of Explosives & Pro-
pellants, 2019, 42(1): 40-47.

B, THER, aiBiee, 4. &IU(3,5- 4 3E-1,2,4- = 3L
2 UF A 3R ) RE R MRS D)) K TR, 2019, 6(3)
30-34.

WEI Zi-hui, YU Yan-wu, RU Rui-feng, et al. Energetic charac-
teristics computation of propellant containing hydrazinium
salts of tetrakis(3.5-dinitro-1H-1.2.4-triazolyl) borate[]]. Initia-
tors & Pyrotechnics, 2019, 6(3): 30-34.

TR AR WA, S ATH, T (A 3 59) RE 1k RE A BB B2 [) ).
o223k 50 5 8 2r TR, 2017, 15(6): 58-63.

XU Xing-xing, TANG Gen,HU Xiang, et al.Theoretical research
on energy performance of AlH,-based solid propellant [J].
Chemical Propellants & Polymeric Materials, 2017, 15(6) :
58-63.

W, HEE, REESR, AF . & ADN B TKX-50 Hy 2% % RE [
PRAEHE R RE AP0 AT L) ). KR 3841, 2019, 48(5): 12-18.
FAN Shi-feng, LI Ya-jin, LI Jun-giang, et al. Analysis of energy
characteristics of azide-based solid propellants containing
ADN or TKX-50[J]. Explosive Materials, 2019, 48(5): 12-18.
230, BRGE, B, 45 E S A ADN s HNF i 5 e 45 1
BRI ] SREMEL, 2024, 32(7): 754-760.

LI Shang-wen, ZHAO Feng-qi,
composite propellant containing ADN and HNF at abroad[]].

LUO Yang, et al. High energy

Chinese Journal of Energetic Materials (Hanneng Cailiao) ,
2004, 12(z1): 137-142.

JEWERs , FEML, JEZ B . ADN Al itk 5 AR F ST S ()], RA
#2017, 2, 87-92.

ZHOU Xiao-yang, TANG Gen, PANG Ai-min. Research prog-
ress of ADN propellant at abroad [}].
Journal, 2017, 2, 87-92.

KEE, AT, L0, 4 . GAP R REAR AR AE 15 5 32k 55 AR %
PEREI T ()], KHEZ =4, 2017, 40(5): 60-63.

SONG Qin, DAI Zhi-gao, YIN Bi-wen,
the combustion properties for GAP propellant with high energy

Aerodynamic Missile

et al. Regulation of

and low signature[]]. Chinese Journal of Explosives & Propel-
lants, 2017, 40(5): 60—63.

2025 4% %334 %8 (820-828)



828 W, R R, SO, W X TR B WL R OK B S

Synthesis and Analysis of Energy Characteristics of a Novel Energetic lonic Salt Based on Dinitramide Anions

PENG Pan-pan'*, HU Xiang'’, TU Long-xiao’, XIA Wen-tao'*, CAO Yan-jun’, LIU Yu-jun*, YANG Er-gang’, ZHOU
Shui-ping'*, TAO Bo-wen'”’

(1. National Key Laboratory of Aerospace Chemical Power, Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology, Xiangyang
441003, China; 3. Military Representative Office of Rocket army Equipment Department in Xiangyang , Xiangyang 441003, China)

Abstract: To further explore the application potential of novel dinitramide energetic ionic salt (DBDN) with non-hygroscopic
property, the synthetic route of DBDN was optimized. The standard molar enthalpy of formation (A;H’) was calculated accord-
ing to the measured constant volume heat of combustion (Q,). The energetic properties of DBDN in composite modified double
base (CMDB) propellant and low signature propellant were calculated by RAM]J software. The kinetics of thermal decomposition
of ammonium perchlorate (AP) catalyzed by DBDN were studied by Kissinger equation. Results indicate that the optimized syn-
thetic conditions for DBDN are as follows: reaction temperature of 65 °C, solvent of CH,CH,OH /H,O (volume ratio 10: 1),
and reaction time of 5 hours. The Q, and A;H’ values of DBDN are —=(13525.5+3.28) J-g™' and —(17.36+0.24) kJ-mol™, respec-
tively. The calculation results show that the DBDN replaces 8% to 14% of AP, the performance of CMDB propellant is signifi-
cantly improved. In the formulation of low signature propellant, DBDN has the ability to reduce the combustion chamber tem-
perature (T_) and the tail flame temperature (T,) by 17 times and 11 times larger than that of ADN respectively, and there is also
no HCI gas in the combustion products. However meanwhile, DBDN weakens the energy performance of the propellants to
some extent. In addition, the Kissinger equation shows that the addition of 10% mass fraction of DBDN decreases the activation
energy of thermal decomposition of AP by 27.5 k] mol™, which is beneficial to catalyze the thermal decomposition of AP at high
temperature, indicating that DBDN has the potential to adjust the burning rate and pressure exponent.

Key words: dinitramide energetic ionic salts (DBDN) ; energy characteristics; composite modified double base (CMDB) propel-
lant;low signature propellant
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