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k-6 (18C6) FML BE-1, 4-— A ALY (PDO) , H X} 1 1Y
ADN JE 3 5 F A2 RS2 8 TR, Bz, &
Ji& — b B AR AT PR L 2E 4 = A0 ADN B IR O 1k G
HE,

9T KR VR btk ADN A W 3 ] R, R F 5
A GG ADN I IR HLER E AT TR 9%, iR e a5 R R W
ADN (%55 W\ M 20 B F I NH, 5 5% S
(K o3 ¥ T8 B U, 55 0 TR] st e el LB A0 AL
TE A AR FH 008 B P 1R W AR L e B AR S
i3 A BH S F 9 ff B R, AR T (TPA) (=
AEE 2 £ (AGC) #1 ADN iy J5KL, Jf i Schiff base 2 i
FINES 28 4 S g %o BH B8 #E 47 2 [l % 3, 38 i 28 4
BRI — 4 1 BN A A A BE S T B R T
25 7 e B #h DBDN, Jf Ak H Ak 2% 25 ¥ R 3 4k 7
AE o [R]EF,  F — 25 2R H o 45 1 A 12 X0 S g i e
TR 5E, LB E ADN FH &5 1 I8 4% By W 1 42 R (% Af

1 LIeE4H

1.1 RKF5EE

TPA, 4 iF 99%, dt 5 A R B A R A Al 5
AGC, 4li £ >98% , I 1 B 7 T Ak AL B 52 0 A BR 2
A ; ADN, 4l i >98% , ¥l b it K Ak 2 B AR BF 52 1 il 5
JeK B, 53 B 4, B 7Y VG B Ak A7 30 A BR 2 A o

Vario EL 1l % 5T & 43 Hr{X , 1% [& Elementar /A 7] ;
Tensor 27 BRI 2T #h G354, 1% F Bruker & & ; AVANCE
600 MHz B K% i e I 3% A%, 75 ¥ Bruker /A 7] ; Accu-
pyc Il 1345 B4 7 gy 5% F2 70 B 4, 2 & Micromerit-
ics 28 Al s WL-1 T8 9% i 45 o 8% B8 AN, i b R AL 4 H R
WFFEHT A B s WM-1 R EE 488 B A, W AL e R A2 H R
WF 5% BF @ B ; DSC-209 #Y 22 /R 5 Hif = A, 15
Netzsch {X#82A 7) .
1.2 ZHEEFHLDBDNHERK

221 mg(2 mmol) AGC Fl 248 mg (2 mmol)
ADN % fi# T 40 mL JC/K Z B Bt $E 91 FHE 2 65 °C,
SR JE Ak 22 1 R A WP 2B 10 mLIB A
134 mg(1 mmol) TPA [ JC /K & B %5 WL, 1% i &5 R )5
THIR S 10 h, W e & H 2 =R, b A B AR
R EE PR TR 322 mg IR A E R, R R
70% , 4% 94%, DSC (10 °C-min™"):225 °C(dec.);
IR(KBr,v/cm™):3454(s),1686(m),1627(s),1527(m),
1201(s),1024(m) ;"C NMR (125 MHz, DMSO-d,,
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25 °C)5:129.3,136.0,146.8,158.0;'H NMR(500 MHz,
DMSO-d,, 25 °C ) é: 7.67,7.94, 8.17, 11.52; Anal.
Caled for C,,H,,N,,0,: C 26.09, H 3.50, N 42.60;
found C 25.88,H 3.78,N 42.73,

1.3 S5 RAE 014 B8 K

by it — 25 B DBDN 1) Ak 27 245 k4 AT EE A R4 | BF
eIt FE R T TPA L AGC Al ADN 25 5B 45 1, OF
T J5 2 1 R AR ok 72 b, BT I 5 e SR %k 45 2 b %
X = ol JEUREFF SR o AE DAL, $E AT X LA 5T .

JCE TR : #E4T C H N TR A 2, ke L
W5 mg, MBI 90 s, R be AL IR E R 1150 °C,
Wb JE R RN IR E R 950 °C, T AR K v gl AR R
A

2L A s A - S B 4000~400 em™, 43 HE R
4 em™ R KBr ik o RN 5L 5 KBr 4% 5T
Fb 1: 100 R & WF B, REIEALE B IR G M AR H &R
100 mg, £ 712 20 MPa, 76 2 it ik

% 1 2L A 6 % M AT S0 ('H NMR) FLER 335
(""C NMR)IR , LU H L RE B8 (TMS) S s L At —
H 5L (DMSO-d,) iy 85 571, 1 0 R it 357 T ) 1l i iR
BT RE N ARSI T BT IR R G, B SR G
BT Bk 0.5 mL, 725 TR S 04 R A RE L
10 mg, B3 I 30 mg.

T2 P D3 < Ky vk Ry AR R K A 3 R R
TR R S0 I S =, R 1292 0.5 bar, B g R
500 mg, & A dh B A 5K, BOE B EAE N e &

JRE K, < 48 o R BE (1S) T P A T AL R A7l b 1
Q) 30391998, & FH 5 P ¥4 11 2 I 3K B i 50% 1
R R T v I S O AR DU 2 R D 24 4 20 mg,
il 98 N BE IR (FS) M3k PR AT ML K A7 b b 1
QJ 2913-1997" ik 4% 14 4 24 & 20 mg, ## i 90°,
JE5% 3.92 MPa, K 25 Wk, 45 3R LUK & H 43 BRI .

A PR R 2R S (D SC) L AT
SE R B YE N 50~400 °C, BEM 29 1~3 mg,
K N R AR SRR 2%, 8 E% 0 60 mL-min™',
EFEAT 55 B A AL I HR A R 10 °)Comin”', 3
SAL H 3R A iR R O A

W TR . R AR IR R S IR E R bR
GJB 770B-2005 K HF 150 77 &7 #EAT I B T
(A i ST 7 T 2 T L e, O G OE 4 R R AR TR
25 °C AR (RH) N 66% 25 S, BB 24 h
A Y BT 10 SR S H S AR I AE B AR o £y
N Lk
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TR & Y N 5 g, W R AT B 736
m, — m,
w=——"1%100% (1)
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K, o HRIR R, % m N WG &, g m, R S
Jit,go

2 ZR5WiE

21 —WREGHBEARE

T A A 2 AR RO e BT
XF DBDN 45 Jil i 2 #4704k , 2 T Hii I X Schiff base
J 67 R 5~ 58 4 BV A LY 22 R AR 4 A
BT s i — 8k A B 4, = ) R — 25 RO B ]
A% WE R K 134 mg(1 mmol) TPA 221 mg
(2 mmol)AGC #1248 mg(2 mmol) ADN [F] B & T %<
A 50 mLIC/K L BRI A BRI IR TR 2 65 °C
SR 7 b, BN JE v A A R WP T A BT L
UE R AL B S A5 368 mg iR @ R =Y, R
R 80%. FULAHTAH L, — 59 1% 5 R 2 2 17 i 7] B
JL 7 AT S PR A T R R AR T

CHO

%lee »© N0 CHCH,0H
' HZNJ\N’NHZ " N, N‘Noz TesC7h o 1
CHO H
ON ® N H NH, NO
peON=: No % ﬂ” X onN
ON HNJLN,N\ M,

Bl 1 B AE RS T4k DBDN Ay — 51 A il 26
Fig.1 One-pot synthesis of a novel energetic ionic salt DBDN
2.2 WEHEHRIE
X AR — g 1 A B 0 R (A ) AT T R o)
B, AL LEE R AR T s, X C O H NJLR & &
I 3 (A PR (R, W R BT R AR — B, IR E A
0.3% Z N, HAR/N 22 (EAR T AR IR 225 R Z N .
T R IIR B T A ) I AR S A IR A

R HRIEAT R B TE K7 4 50 2 43 Bl i 45 2R
Table 1
uct prepared by one-pot synthesis method

Elemental analysis results of pale yellow solid prod-

item tested values / % calculated values / % error / %
C 25.88 26.09 -0.21
H 3.78 3.50 0.28
N 42.73 42.60 0.13

CHINESE JOURNAL OF ENERGETIC MATERIALS

] A 1 = JORE AT T A S k25 SR 1B 2 T .
XF P 2 H AGC At ADN A 3% [ T 200, 39 8 0 i 44 Y
PEE/E 3454 cm™ HI 1527 cm ™ &b BB I % g )i 0
43 50 % R N—H 8 Fl N—NO, 3 A W% i 1% ifi ¢
1686,1627,1201 cm™ F1 1024 cm™ &b W iz 16 1] 53 1]
X W —C—=N C—N N—N Fl C—H 8>, I #hi K] 45
AEF(E 2) BoR IRE OB Ph & N—NO,,
C—N.N—N Fl C—H 4 2514 , H: 55 DBDN iy 1k 2% 45
AV A -

pale yellow solid product
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Fig. 2 Infrared spectra of pale yellow solid product, TPA,
AGC and ADN
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IS, AT A E C1.C2.C3 1 C4 Wy fk 24 0 7%
HHEAE 4> 129.3.136.0.146.8 . f1158.0, H: 5% 3
DA 45 SR S AR DR, T P A T 7 76 A2 4 i 25 T RE S
S 0 30K A K

ok 22 5% 8 o [ A HE AT TH ONMR U 43 A, 45
RWE 4 Frw, Bl 4TE =008 50 0 o 7.67 .7.94
817 M 1152 M IMA(E S, T NINO,), B ¥
HFARALE H T, DBDN 4> F 1 H R F# R I T B A
S FREE R B9 A BB T, "H NMR S 38 &l 5
MR EGES, A AR 1:1:1:2:2,
ZEER G E 4 MR 4 HEARFF . AXTIE 4 1 B Y
HFE ST R G R A 1:1:1:4, R
TEAL AL RS Ty 7.67 1Y T 0 I 1 B 06, H 5L 19 B0 AN
fb2= i % ¥ 5 DBDN 4 FHAF . H ik, Lkt & 4
BT ET A0 33 A% B He i o i 3 25 SR 25 R B —
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Fig.3 ""C NMR spectra of the pale yellow solid product
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2.3 RBEELN

XiF b — 5 vk il 4 (9 DBDN #E 47 #1484 G 1k it
SERANE 5 BT R, & 5 % DBDN Y DCS #h £k b A T7 15
e A — A B AR o i 0 U (TR R
225 °Co i — 20X A it 72 b BT ADN TR % #1
TR, & 5 BT, ADN [R) B 77 76 165 il 06 R o3 i 0
FLUE I B 4390 R 94 °CF1 198 °C. ML Z F,DBDN
B B3 i L RE L ADN 5 27 °C, AR e PR 7+ I .
2.4 IE{MERERIE

Xt — By 7545 201 DBDN j=9) 5 )5k ADN 47 3
A VERERAE , 45 R AN 3R 2 iR, i 245 3 DBDN (1% SE U
W (p) N 1.6493 g-cm™, H ADN [ 52 il % i
1.8112 g-em™ BEHAIL, H 32 25 P Al fig 2 R BF K S
B AAAEAT Ok TR =S AL, F B0 TR A 68

Vel 3 A o V= I o i 3 | M E L G R G R
b, Hod ISH FS 2 PEM & e A & W HLARUER B K P 4
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Fig.5 DSC curves of ADN and DBDN

%2 ADNIDBDN () B fb M g i i 45 S Xt He

Table 2 Physical and chemical performances of ADN and

DBDN.
T T, AH D p IS Fs
parameter . . o
/g:cm™ /°C /°C [kj-mol™ /m-s" /GPa /] /%
ADN 1.8112 94 198 -149.63 8070 23.72 5 76
DBDN 1.6493 — 225 1074.65 7476 19.50 >40 16

Note: p is powder density measured from gas pycnometer. T  is peak melt-
ing temperature. T, is peak decomposition temperature. A H is calculat-
ed enthalpy of formation. D is predicted detonation velocity with EXP-
LO5 v6.01. p is predicted detonation pressure with EXPLO5 v6.01.

ISis impact sensitivity. FS is friction sensitivity.

W% SR, W3R 2 i, DBDN 1 ISH1 FS 43 5l
F>40 J A1 16% ,ADN K 5 ) Fl 76% , /1 b Z ' DBDN
B AR A AL B, A T A A ] R A7 A o AR bR
Z RIS TR, Z et

X} DBDN 1 ADN 1y 45 3& ¥ it 2 $ i 47 2L ig 1t
., {8 ] Gaussian 09 (Revision D.01) ¥ {4 ¥k 47 4 5%
k& 1 &0 B Born-Haber fig & 15 3 2 & & 3
DBDN #J 4E AL K5 4 1074.65 kJ-mol™, & F ADN £
=149.63 kJ-mol™ . 2t 1515 B 0 AR A 4k 22
Bl EXPLOS v6.01 #4447 11550, 45 %) DBDN 1) 3
W N 7476 mes™ BB HE R 19.50 GPa, %L
T ADN /Y 8070 m-s™' #123.72 GPa.,

£ ADN A1 DBDN 19 #A 2  Ph FEE 1k F fig D ik
SIRTA AT, AR A B I g ATE — R
o {1 %5 B A T R ARG, AEL[R] B 2% R R B T AR E
FHLARE o [ B R BR, M IHE 5 A
SR E AR XS MHETTEIATSAT ‘Y
AGC A O, T3 3 T 45 o 2 VR A I 55, — D7 T A
WT Mgl AT S aeTEREMIL T ADN B AGC
oy MRS RERY TPALL Sy, 5y — I A] e 5 A3 &
O3 A SCRE AT G, 1% SCBE I AE AR 3 R R 2 TRl
B AL, 45 DBDN [ 43 F [a] 3 AU & KR T Bk o
N Lk
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2.5 WRMERR

hyAE 1 R AE DBDN By Wi P, 2 MUE ZE 45 G)B
770A=1997 J M 25 1 fif 75 75 #6475 M3, DL 4l ADN R
Sk Xk HERE SR FH 384 H 2k 5 W ik ADN AT DBDN 1) ¢
JEPERE. 1K 6 5 ADN Fll DBDN 7E A [a] £ 18 F AY W 3
K., K6l HAE 25 °C . RH 66% &K, # &
9 dJ& , ADN F 15 =ik 24.1%, 1fif DBDN Y I i R
WK 0.26% 5 it — 20 AR MK 45 4, 7E 25 °C .RH 75%
ZUEF i E 9 d)E, ADN AW R 0 2 ik 5 39.5%,
iif DBDN W92 AL K 0.48% ., Hil15 1 = Y2, 16 -
RPFPEAE T, ADN R IR 2R il 2k I e () 384 4475 A it
— EIHEE M DBDN 7E 12 h #4815 21 {6 A 5 R
A, HWOR R AR ARAS o A X BFSE T ADN Al
DBDN 7£ 25 °C \RH 66% 454 T % 9 d i 5 AR,
WE 7 i LA E T ADN R i Ab T 25,

40- —s— ADN-RH 66%
—a— ADN-RH 75%
—e— DBDN-RH 66%
304 —— DBDN-RH 75%

20

hygroscopic rate / %

10

e
0 24 48 72 96 120 144 168 192 216
time /h
Bl 6 ADN Fl DBDN 7 A R A AL 25 44 T (14 W 7 2% il £k

Fig.6 Hygroscopic rate curves for ADN and DBDN under

different external conditions

ADN-after-test

7 ADNAHIDBDN £ 25 °C \RH 66% % {4 F Wi 9 d #if f5
XL

Fig.7 Status comparison of ADN and DBDN before and af-
ter hygroscopic test under 25 °C, RH 66%, 9 days
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DBDN o & A= 45 B A f B4, 5 BE AR B 00 4R IR 25
FHH OR W IR AR E . A R A W T ADN
HE 25 B 45 DBDN A9 87 2 — 4 [H &5 - ml DA JiC e
AR FLH A R — TR T PH S T R
fift R ADN [ i I 3 P ] B9 0 K.

AR G4 T — ol T A BH S T A 4 R
W&, W GE T ADN USRI YE . i — A R T
BH B 7 9 75 (1 ADN Bl W 3845 AR, 78 J SR F 58 vh 3 TR A
JF 2 DBDN (1) W W2 31 7 2% fF 5%, 7] B 4 X 1 i ke
DBDN 7 75 (1) % 35 1 & Hl 55 [n] &1, i By ADN (1) & 1
PHES 1 45 05 3 | 38 1 Ak 2% 2R 7E ADN [ 41 2 44 55—
JZ DBDN 5 /K B 85 2 , 44 UE 78 fc /N i B 11 55 ADN
B 1 4 RN R A AR R, DAY e ADN A IR 3
HME A

3 %t

WF 58 B2t — Fh P B 4 5 m% , LU TPA LAGC Al
ADN N JEURE, 45 4 Schiff base F W I B 1 52 4 [ v AL
PR3 oA A LR 2, AR R —Fh DBDN (1) —
YA G TR AR B AT S5

(1)DBDN [ — 55 7% &5 B 72 %2 80% , H [ i
B ERAE R R A M R T O A 2 AR B
P F.

(2) TCE 43 BT L0 A0 6 1% Fn A % 3L 3% O 3% 55 Ak 2
S5 AR FAE W 78 43 UE B T — 50 725 1 25 A5 21 A 3ok (2 ]
W& AN _MHE T, B A RIS RS
DBDN FH W) 45, Bk w5 €0 [5 4K 7= ) o % g &5 1 #h
DBDN,IEM] T bk — 8 il 471 .

(3) DBDN 1y 52 0 %5 B | f o 86 B | BE 45 JK
(90°,3.92 MPa) #1473 fift W i 43 51 9 1.65 g-cm™,
>40).16% #1225 °C,fH L T ADN, % B #F — & 2
BE LA T T B AR L ARER B A AR e PR T .
Sk, DBDN () A4 B &4 L BE I8 8 R B R 4 B R
1074.65 kJ-mol™ . 7476 m-s"' fil 19.5 GPa, #i tt F
ADN, HAE UG 15 31 10 25 4 v (E AR SR PR BB e — E 72
RS, X EEART MHEEFPREASTEN
AGC UL B AT HEM TPAH 51951 A S

(4) WABAERFSE B8, 7E 25 °C .RH 66% FIRH 75%
%+ F , DBDN 1 1 F1 0% V2 & 43 51 2 0.26% F
0.48% , # It T ADN(24.1% H1 39.5%) , H: 3¢ B i W]
AN VR R M L B — 25 IR BT P B T OB 4 O A i
He ADN 11 5 I 0 1 1] A 1 v ) LR
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Anti-hygroscopic Technology for Ammonium Dinitramide (ADN) Based on Its Cationic Regulation Strategy

PENG Pan-pan'’, QU Wei-chen'?, DU LI Xiao-song’, SHI Shu-jing’>, ZHAO Xin-yan’, LI Lei'?, DU Fang'’, TAO
Bo-wen'’, LI Hong-xu’

(1. National Key Laboratory of Aerospace Chemical Power, Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology, Xiangyang
441003, China)

Abstract: Ammonium dinitramide (ADN), as a highly promising new oxidant, is still difficult to achieve large-scale applications
due to its strong hygroscopicity. Numerous studies show that the strong hygroscopicity of ADN is mainly attributed to the forma-
tion of hydrogen bonds between NH," cations and water molecules in air. In this work, a novel dinitramide energetic ionic salt
(DBDN) containing divalent cation was synthesized by a simple, safe and efficient one-pot reaction using terephthalaldehyde
(TPA), aminoguanidine hydrochloride (AGC) and ADN as raw materials through Schiff base reaction and ion exchange reac-
tion. The product was characterized by elemental analysis, infrared spectroscopy, and nuclear magnetic spectroscopy. Its physi-
cal and chemical properties were tested by thermal analysis, mechanical sensitivity testing, and theoretical calculations. In addi-
tion, the hygroscopicity of ADN and DBDN was studied by using the desiccator equilibrium method. The impact sensitivity
(1S), friction sensitivity (FS) and thermal decomposition temperature (T,) of DBDN are >40 J, 16% and 225 °C, respectively.
The stability of DBDN is much better than that of ADN (5 J, 76% and 198 °C). Under the conditions of 25 °C and relative humid-
ity (RH) of 66% and 75%, after 9 days, the saturated hygroscopic rates of the ADN are 24.1% and 39.5%, respectively, while
those of DBDN are only 0.26% and 0.48%, showing non-hygroscopic properties of DBDN.

Key words: ammonium dinitramide (ADN) ; hygroscopicity; cationic regulation strategy; divalent cations; dinitramide energetic
ionic salts (DBDN)
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Cationic regulation strategy / Ahlor‘m\

ADN anti-hygroscopicity technologies include prilling, co-crystallization, and surface coating, but all of them have limitations.

Interestingly, although numerous studies show that the strong hygroscopicity of ADN is mainly attributed to the formation of

hydrogen bonds between NH," cations and water molecules in the air, few studies have been done on this aspect. In this work,

a novel cationic regulation strategy was proposed, the non-hygroscopic energetic ionic salt DBDN containing two N (NO,),

was successfully synthesized and showing non-hygroscopic properties.
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