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Fig.1 Synthesis principle of DIANP'?*/
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Fig.2 DIANP synthetic method"*’
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Table 1 Physical and chemical properties of DIANP'*®’

parameters value

refraction index 1.5275+0.0005
density / g-cm™  1.3370£0.002
viscosity / mPa-s  19.5(rotary viscosity, 25 °C)
freezing point/ °C -7

alkalinity / % 0-0.003% (by Na,CO,)

0.08 (4 h), 0.12 (16 h), 0.15 (24 h);

volatility / % .
condition: 0.8 g, (50+1) °C

%2 DIANP % 4 R fig it FitE 240>
Table 2 Safety and energy characteristics for DIANP'”’

parameters remark

deflation volume 2.80 (sample (5 g) heated

(vacuum invariability) / mL at 100 °C uninterruptedly for 48 h)

break out point / °C 283
temperature of the most

exothermic peak (DSC) 245.68
/°C

;Zj}j:zr,?f formation 1419 41
combustion heat / kJ-kg™'  16585.2

detonation heat / J-g”' 3549 (according to GJB772A-97-701.1)
detonation(sample was encased
detonator sensitivity in ®50 mmx65 mm glass beakerand
initiated by electricity detonator)
o no reaction (according to

flame sensitivity
GJB772A-97-604.1)

time / pressure no reaction (according to reference’*'))
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Table 3 Compatibility test results

net increase in
component . result
reaction gas release

DIANP/NC/NG/DGU/C2
DIANP/NC/NG/RDX/NA

R<3.0 mL compatible

R<3.0 mL compatible

Note: according to GJB772A-97-501.1. 1) R<3.0 mL: compatibility: com-
patible. 2) R=3.0-5.0 mL: moderate response. 3) R>5.0 mL: incom-

patible. 4) R is the net increase in gas release from the reaction.
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c. NC(12.6%N)+NG
3 KT SEM PR
Fig.3 SEM photographs of gun propellants™*’

F4 NC.NG HI DIANP [ 7 fift B2 2 50(8) DL S 1 B 5 80 9%
(A8)*
Table 4
difference (AS8) for NC, NG and DIANP"*

solubility parameter (8) and solubility parameter

N % 8/MPa’® A8 (NG-NC) A8 (DIANP-NC)

NC1 7.22 23.03 2.39 0.01
NC2 9.50 22.86 2.56 0.18

NC3 10.46  22.32 3.10 0.72

NC4 12.04  20.06 5.36 2.98

NG 25.42

DIANP 23.04

& Be A A 2024 4 H 324K %84 (871-884)
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Table 5

tions and control formulations™*'

Energy parameters of DIANP propellant formula-
]

burning burn heat of

composition rate temperature combustion
/mm-s™" /K /)-g”
NC+1% stabilizer 126 3053 3977
NC+1% stab+40% DIANP 298 2854 3475
NC+1% stab+40% NG 257 3850 5234
NC+40% DINA 208 3334 4534
NC+20% DINA+20% DIANP 244 3108 4007
NC+40% Me-NENA 186 3087 4157
NC+20% Me-NENA+20% DIANP 234 2971 3818
NC+40% RDX 181 3436 4576
NC+20%RDX+20% DIANP 249 3162 4028

®6 RIUTAM e SH

Table 6 Energy parameters of propellant formulations™*"

. gas burn temperature impetus
composition / MW /K / kJ-kg”
(60:40) NG/NC 27.2 3774 1154
(50:50) RDX/NC 24.7 3621 1218
(50:50) Me-NENA/NC 22.5 3162 1166
(50:50) TAGN/RDX 21.2 3330 1304
(60:40) TAGN/NC 20.6 2771 1114
(50:50) DIANP/RDX 19.9 3442 1434
(60:40) DIANP/NC 19.5 3853 1215
(50:50) DIANP/Me-NENA  18.5 2983 1336
(30:70) DIANP/Et-NENA 17.8 2523 1175
(50:50) DIANP/TAGN 17.7 2665 1250

Chinese Journal of Energetic Materials, Vol.32, No.8, 2024 (871-884)

fie DIANPITA 4 12.5% B, A HE AR & DIANP () XL
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MRHE 7 BRSO BE . {H DIANP A & 3 Z 5% T & 46
f) 48 - 2 A A, DIANP (8 8- 0 —80% , 24 it 7
AT R AT, A v T R AR o et B R VR B S R L A
A BE 7 A 5 2 R K (8] 4c) .

NG P A5 3 o A AR S PR T RO S AU
e 2 3 25 B R M R L R I 2 (5 6 43 B0 NC 66%,
DIANP 22.5% ,NG 10%, % & 7 1.5%) % 23 4E V17
Jei, BEAE PR RE AR AL R FEARTE 3% LAN (£ 7) , W7 /e
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intermediate flame

!

secondary flame initial flame

b. 12.5%

intermediate flame

X

e
\

initial flame

secondary flame

c. 20%
4 A S T
Fig.4 Superposed graphs of the muzzle flash of different gun
propellant samples'*
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Table 7 The physical chemistry performance before and af-

ter storage'*"

internal
) density  C(H,O) . detonation  2e
item 73 volatile 71
/gcm™ /% heat/J-g~' /mm
matter / %
before storage 1.55 0.35 0.64 3658 0.64
after storage 1.55 0.36 0.53 3672 0.64
rate / % 0 2.8 =17 0.3 0

Note: C is the mass ratio. e is half of web size.

T8 B AWM & 25 KR S B o T B
Table 8

propellant before and after storage

Interior ballistic performance of azidonitramine gun
[44])

p/ MPa v/m-s™
item

20°C —-40°C 50°C 20°C -40C 50<C
before storage 277.3 235.2 322.8 967.6 894.3 1014.1
after storage 277.6  241.4 318.7 964.1 874.1 988.4
rate / % 0.1 2.6 -1.3 -0.4 -2.2 -2.5

I AR K 7E /N T 30 CHIIRIRE T, Z & A7
FE AN 63 4F

JH DIANP B AR 7 H 0958 50 NG, BE 0% 76 - 15 fig
A I O T A AR SRS, I i 4e 1 0, T
H 5 DIANP & 5 25 B A B0 (0 I A7 Fo e 1 | 5B 98 1
JE SR R R R R o SR T, DIANP Sy £ S0 i 44
B ERRKZSSFERIT AT RE TR R
It , DIANP 7E e 77 o A7 78 e AE & i, 76 5 8 W d 5
T — L5
1.2.2 ZEDIANP R SHHAEFH

ML =3 & G 2 0 RR A 0y Bl R AR L RS A
ek R R 2L L, 2 2 B B 1) — 5L U7 . Joshi
M M G T — R DIANP Bt = 38 % 41 245 v

£10 DANQ HIM30 I g & 4 k)

AT A SR FC 7 (32.9) 0 Y DIANP B A & 2
20% i, k25 S 1073 k)-kg ' HE K #1142 k)-kg™',
PRIRACIE K 21 K, IF BAR w1 HC 5 109 4 1 A e 15
WA ) 45 K

9 ETR

Table 9 Formulation composition"*’

NC NG DIANP RDX NGU ref.
60 5-40 5-40 - - [43]
28 225 5-20 - 28-48 [45]
30-50 - 10-18 - 30-40 [49]
35-45 8-12 6-8 - 25-40 [54]
35-45 8-12 10-20 0-25 - [61]

R 'S Damse ' Ay fff 57 F WA , I 75 BE 14 88 5% DIANP
R NC/RDX/DOP (4 7% — B iR — 3 g ) 7 & v A 356
5y DOPJ& B A g i 3 m 17, iX 2 T DIANP &
B RS NS E S RS A, OF o np T R T
SR, A B 45 7R 19 DIANP BC 7 S HE T 8 {1 A 8 2
SRR, TR Sy 5 ) JBE B SRR AT 2 R LR AN 5 I T fig
WA G, M H 5 4 B R 8 B U R AT R
KL A DIANP J& , & 5t 245 19 $44 fif 1L E 200~
206 °C, 5 DOPI. T AW mAfRR e k. Jf A
DIANP (1 Ti. T £k 1 4 45 14 A Bl T £2 T+ 7 & (9 AL bk
PERE,

B 5 SR E T — Bl 45 o DANQ Y & 3 245 i
T5 S RE A A E B RS ALAR A4 ZE DR DIANP(3R9) .
W7 P B 2 BR M 30, B B M N ) 25 1 e
WET0FME 11, DANQ 5 M30 1k 24 F1 M3, be ik
HAUN M30 0 85% 247, IF H 1 2= PR RE A A K R B 4
L, X R O DIANP RE 5 A5 8442 = R A W i) o
30 mm = HEBA S0 56 4 BRI 0 B &% DIANP

Table 10 Energy property of DANQ and M30™
powder impetus  explosive heat explosive temperature  specific volume . . average gas
propellant 71 o . heat capacity ratio .
/)-8 /)-8 /K /cm’-g molecular weight
DANQ 1080 3668.9 2850 1015.1 1.2522 22.07
M30°% 1088 4082 3040 965.9 1.2385 23.2
F11 DANQ 5 M30 iy 13 iS4
Table 11 DANQ and M30 mechanics performance parameter'*’
compressive strength / MPa compression rate / % impact strength / kJ-m™
propellant
50 °C 20 °C -40 °C 50 °C 20 °C —40 °C 50 °C 20 °C -40 °C
DANQ 23.2 35.5 150.3 51.8 44.3 23.2 no broken 34.6 8.31
M30°% 18.85 40.5 137.9 19.0 14.9 8.2 10.6 8.46 5.39
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B C2 M, 280 B R BOE 4G, & DIANP I NGU &
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17 A K 0.34 1%,

12 BE R K G 2 R — T LR BRUTY L, AR
SESVRESY T AL R & A X = 2 DIANP & 9525 Sy 2%
PERE RIS R IR S5 SR WL R 12, T LA AR AR
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Table 12
strength for DA propellant powder sample'*

Pressive strength, compression rate and shock

compressive impact strength
strength / MPa ratio / % /kJom™

compression

sample

20°C -40°C 20°C -40°C 20<C -40 °C

DA(13.0 N%) 58.7 157.6 64.2 57.4
DA(12.6 N%) 729 178.5 63.7 549

no broken 10.96
no broken 18.1

R RGPS R R R - - -
DIANP & i 25 W A7 A e PRI B 2 5 0 M = 3k & 51 24
FEALCO W AR R v IR 8 A R i 1)
. SR H,0 & B Z Y56 R R E E
NO, & A= ] i, A i HNO, Fl HNO, , H B 1 X fil§ 2 Mg
o0 S A HEARAVE o TR B 38 T R A R T BN AT
B T AR B AR A A e . I R
2l [ B0 3 3 I 2 A R () S T e, 2 Ak B i) X
R Ge M R 14 5% i T2 B2 SR IR B RE 40 43 M 5 i kS 24
14 BE 5 KT, XoF IR e i 348 1 TG b = R

ALLLE B, I DIANP A7 Bl F £ & B 77 16 ) 2 4
fil AR P R PR R R R R A A, O LR A L
77 FE AR . [R) I, DIANP 5 ¢ 97 o 9 NGU F£ 176 B
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7R 8 AE 25 PR T, R TR R S5 A LG K, H BH R AR
o FEAH R S50 3 ) = A e B R0 fE R
R A AR D e BRI A RO 2

H1 BT LA H, & DIANP B 8 5525 J1 % MR 4F
MUKIE R R B IRAK . DIANP 78 BUSE 245 il J7
= BE 2T 7 R g 2 I 5 b A A 0 3 T L T T
T T2 o JF H RDX 45 fil W 48R 1 B 6% o4 38 1
DIANP % 5 24 i J7 & b SR 0D ) e o v 1 I 5 1Y
YR e T 1 2R 2 2 A
At
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1.3 DIANPZHAHEILE

T2 R 0 A R A A Ay B 1 G B R S 2 Y T
WATREE S T RE B, B AR A
BEE T 2R i T 2 M e . EEAFERE
2yl & T2 ARR 25 % T2
1.3.1 BkHZH

DIANP SUEEBRIE 2 il 45 T2 E 2R N E .
WA R FE I E R R I B B 0 2% 10 5K
T30 45 R ER P A K 2R A R R ) A
FE il L DIANP B QX3 2 o 1 3 20 NG 4 TR
B BB B YA R IE B M RO & S 2 BB S A AR FE =
Al 1 ) B AT SRR R ik . PR, IR R — KB H T

R13 W7 M hE R R

DIANP ERTE 25 19 il £ T2, 4l 24 260 % EifF 9% 1
DIANP % 5 24 il {5 G UL BRIE 25 19 N vk Bk T2
1T DIANP X A £k A 19 75 98 B 77 ik, B A 1) TR A5
PRI TR 1IN, R T B R R T BRI BRI
FER BRI ] o A T B 1k 267 & AT, 5 B i T
o JFEHE T DIANPERIE 24 (1 e Ad 2 14 S 1k i )
960 min, WERIEE } 58~64 °C, HIKE 2} 50%.

B J5 i B RREE TS T BRI DIANP & 51 25 1) fig
R PER R R 13 0 LA Y, DIANP & 5125 1 07
HA 50 & ieAUbe ket . 255 SCik[67-68] 1%
FF 14, HE 140 IRELE SR Y, BRE DIANP & 412
() T2 2 Ak 5 BRI XU K S 24 S AR A 2

Table 13 Formulation and energy-parameter'®”’
mass / % _ _

item force constant / J-g™' explosive heat / J-g™' explosive temperature / K
NC NG DIANP C2

1 58.5 27 13 1.5 1188 4541 3494

2 58.5 40 0 1.5 1175 4992 3777

3 63.5 35 0 1.5 1165 4895 3712

R4 B G R
Table 14 Sensitivity test

electrostatic spark sensitivity

mechanical sensitivity shockwave sensitivity

number

U/kv Q/)

o N o N H,,/cm P/ % D/ mm A/g-em™  L/mm
1 3.27 3.10 1.18 1.06 14.8 4 0.52 0.96 37.0
2 2.30 2.00 0.68 0.64 14.1 20 0.48 1.02 43.0
3 2.71 2.70 0.81 0.80 14.8 8 0.56 0.98 32.8

Note: U is 50 % ignition voltage, Q is 50 % of the firing energy, D is the particle

tion board

BRY K Ot 253 25 B v B 5 TREIE, )z T
BRI DIANP ERIE 245 LU FLWUEE B8 25 B
TR I S TR AR, B 65 i R A IR R A LE I R (]
N ) SR S R
1.3.2 HDRR%

W = B2 I — R 2 RHE A 70 BA 8
— PRy e TR SRR . BT DIANP X
Bl PR LA 5 0 1 3 SR BRIk, SR FH WA ) T 2K
RHEAT IR A & —F A W& . T AR IR I 2 k)
FE A7 F2 i ol A v ) 2 4 b 7 R v W 2
KA o FERE ST AT, 5 K 258 0 R 43K A IR R
HR o MR 2 B IR K SR R R R S 4 T T Y
RS 7NN i

DIANP HA 85 im0 #57 fif ifs 32, BE I 2 7+ NC/NG
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size of spherical propellant, A is packing density, L is the thickness of the parti-

W24 R FR IR E M . T — R BRSO OR
FH R JEHE T3 1145 T DIANP B2 I 245 B 5, % B 3000
IO HE S R R R A T 1.2 h, DTt
Gt T 09 4.5 ho 38 it ZHER Z 507 BURE S BT, J 4E
HEF K T 254 0.3%~0.4% , B i /N T 3 i
WET 0 2.7%~4.4% . KGN, FE 5L & & A 0 G 44
O3 M f UL T DIANP W 245 47 78 (9 85 T i ] 3Kk
RCRARAF ) B, R R ZE 3 B Ol 95 °C, i T ad e 3%
1955 °C, HT. 24 e Re A fR ik — 2B 50 0F

— 3k DIANP % 5% 2 il /5 g — 3k DIANP & 54 24 fili
JH DIANP F1 NG 1E R TR A 38 857, W] R HI > 5 ) i ik
friil &, B T2 B A& /D BKE T2 M % i 2R
B o 2RV R I R T A R R R SR B A
RUSE T A28/ Homr /R R R OB = 36 g — %

N XK 2024 % F 324 H 8 (871-884)
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DIANP & 5 24 21 35 70 2l il )3z R A 8 1222
TR T k- R -2 2 —
i 16— 9K 75— TR ) f %€ .

SR, DIANP & 5 25 (0 Bk E 245 il £ 1. 2 FvkL
ARG 4 T2 5 BA B T 20 0 38 e Mk e 4, mT L 3
Y RS R S Tl Ak A
1.4 DIANP & S5t Z5 R E$E &

Shy BRSP4 R AR M RN DY L M B — R
BUXF S i 2 ik AT SRR AL B G 7R R 2R E B
N — 5 MR BE B BE o A 1 BELJOR P SRR R ) o, ok B 4
R BT M BRI E R BCE AR . SRS RS
2 S A TR] T 1% A ) 2R AT e A A DAL AR T R S 24
THT K 5% 1) B 9], B2 v B 0 R FH 2R DIANP & G 25 R i
BRI 2 0 A 5 7 R el RN 4 A R
VB 3 R R B 2 R R VA K A B R AT R
B RTB S A 38— VR b, e Ak i, T M i S
Tk i R — R R 0 A Bl ik A i AT, B IS
0], T2 U AR R 2 Bl ) R R A R R
A R RS AR & R LA thne.
BB 4> BF 98 35 % 3@ 1T DIANP % 565 24 i 2 1 i g4 R
AT T 5T

A 7 AR 2 i A 2 VR AR K 2 3 2 D
TR T P4 2 s MR e Bt T, AT A A 2 24 i K o A Ak R
ik ) o I B 2 P A T TR R R B, 4R e AL B Y H
700, SR REAR DIANP & 5t 24 (9 0 i B8 <0 AE i R, B0
2RV G 0 T R B SRR R B R I
BR R Re W G B B R, R A Bl iR A X
DIANP % 5 25 A7 Bl B 7, BUAS T B 4 14 A s o 1
P, WRETEHE S FEAGME ST REE A MR
53 3% DIANP & 355 25 3E 47 3% FL gl se . Al b= FLRE
RG22 FUEE RS R G M DR eR 0.471 B K
#) 0.552~0.576, = i A X 5 B2 R R0 5.83%
B H 2.87% o R Uk A7 0f 3 T i Jak BELR 2 AR AN g
Yy AL BR 2R Gl ok % = 2k DIANP A& 5 25 3
ETHEAT A P, F T T RIS T K S 2 Y B R
AL/ TR AR R T, K I 2 T R o v 3 M W 3 4R

£ 15 DIANP & G525 [ IR J5 M 44 e N s P g7
Table 15

o I FL R AR IR N 4 R TR
JE o AR AR TR R R B ST IR A R A T
LA

5 Tl 3R A Bl R NA 1 S — o B A & o 1
Bl LA S U BRBE NN 55 /N P BRI i AR AR
RS R R AR NA B EAE R Bl EGRD R T
Bl T 2% DIANP & 3 245 47 e 1w ab 3 . 76 KR 0f 1
e AT SE I, iR (+80 °C) B E TR 0.97%, 1% I
(=60 °C)HEFEN 3.1% , BAT BAF IR B Re M . &
NA ZR R B R 1) DIANP % 53 25 JF A7 1 Fl 28 70 °C %A
T AF 130 dJ5 MR BE PR RE 216 15 it 7 , NA SR iR Bl
JE 1Y) DIANP & S 25 W47 J5 1 3B R (% 24 0.8%, i J&
TR 1.9%, W], 2 NA BB T DIANP & 5125
HA B e R e M .

1963 4, Huisgen %742t T Il & A AL & W
FILAL AW Z B 1, 3-8 Huisgen FR AL o 4R
012 S 1 T 3L T R AR T IR A v ) i e I 5 R I 2
WA B R SR AT RO, SE B & A 2 AR A A
SR, — 4 DIANP 4> F i &4 WA S A0, 5k
FE 1 22 BB AT AR AR KA A5 A (181 5) B
B R — Bl B A B LR P A A i RO
P e, BEHR O AFE VU HRGE T —FOR R B R e
fis (TPTM)AE A DIANP % 55F 24 B 8 50) (%) J7 i, 4 /s
I3 F Z2 B AR A W1 SRy TR W R A U 7 A R S 2 R
I, IZ W 5 AT 5 DIANP & 55 25 v i) & 103k & A2 38 1 I
B, A BR 4 T 450, 9F BLAE 50 CA4F T nl 52 B [
1k, s MRS 3 H 1E 200 CCLL R AR & AR AR g
W VA AR e A S 06 e W At R O A B 1 RS2 R
A R4 r R Be s v OF HLAE 50 Chnig &4k 6 4~ H LU
Je R Be e BB BE AR & AE AR AL

I, AR 3SR T X b T AR AR U R T R
(DBP) R C RN - BEE (PPA) FI 4 28 = P g — bk
TR (TPTM) 3 F 4t J8% 500 72 DIANP & 53 25 v i I 47
FEME AR 16 TR, 26 BRI, Rl JERGR) X B AT AL
P8 R S 2 IR e K L B T AE I ) B K, DBP
TEBBKR , TPTM B B A e M by, X 5 47 F :KF

Interior ballistic of DIANP propellants before and after long-term storage'”’

explosive charge maximum

pressure

muzzle speed

sample o ) ) . . . _, remarks
heat/)-g weight/g  pressure / MPa  difference / MPa  velocity /m-s™' difference / m-s
before storage 3891 1.72 274.2 7.4 916.4 8.7
storage conditions:
after storage 3868 1.72 268.9 7.5 909.1 7.8
70 °C, 130d
Chinese Journal of Energetic Materials, Vol.32, No.8, 2024 (871-884) A A AL www.energetic-materials.org.cn
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R/N\\\N' + = R2 E— _
1 {\N_ ‘_<

Bl5 & AU i b fb A 4 i S g i
Fig.5 azido- and reaction general formula for terminal acety-

lenyl compound®

FTN6 BB G 2GR B AT YRR A
Table 16 Characteristic values of burning progressivity of de-

terred gun propellant ®’

Sample L, /MPa-s™ L /MPa:s" B_ L/, P

DA-DBP 2.795 3.328 0.639 1.191  0.761
DA-DBP-2  4.086 3.625 0.100 0.887  0.089
DA-PPA 2.288 3.631 0.604 1.587  0.959
DA-PPA-6  3.514 3.402 0.100 0.968  0.097
DA-TPTM 2.597 3.789 0.550 1.459  0.802
DA-TPTM-6  2.368 3.594 0.582 1.518 0.883

FAXT R, B8 UE T 4 F KAl EGR B B Mk B AR AT
F P RE R BT AR B AR E (B . A ) s La M IR
R T BE AR, M BTE 0~0.1 KIS N L3918 5L, M B
FER T 0.1 XS L KAE 5 B, XN T L, 19 BH,
B (MK, 22 B EGR IB B R R L, /L (K, 3%
TET P19 BELAR 50 SR R AT 5 P IR , 22 IR 0 ¥ it 1 Ak

A UL A7l P9 Ry B L B B I LR A
DIANP & %125 b4 RAF i it . I B, NA, TPTM
S o TR R BT B M B AR AT, 38 T 0 9 5
AR I DIANP &S 250K 2 o (2, Sl R AT
SEME L2 PR ORPESE TS A i — 2D Rk
1.5 DIANP X G125 25 25 4 AE OG IIF

Sy i TR SR Y A B T A R AT B AL B S A AE 1Y
HE I I, 40 3R Bk B R A TR 24 46 TR R O Wl 2 2F OB AR g
INBIESR o AR TRE 3 TN SO B R, BERE ST T A
X i B A ] T — RN IR I 3 B LR
AR T B 2 A R AR T R e T A

BE 5 L B 75 45150 0 DIANP & 59 245 16 10 3 % 5t 2%
N AT AT R AT TR AL e 4 R (R 17) K
DIANP %& 5t 24 BT LA 850 00036 JL K 35 24 47 78 14 458 ol ™
A RS ), I LR R TR G 2 AR AR R
BRI A T R B 77 AR A R i

) B, BRI 450 3 Ao 34O i 306 JE 7 T DIANP BR
J 2 %S 254 35 mm [ AR 3R & G A% 1 N A SR A
BB v IR T 25 i P S PR TN T A A e St
0 JRy B | 1153 45 SR 5 S B 1 P S T OHE o
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F17 20 mm 135 mm H 3 DIANP % 5 25 24 Py 3 i 46 45
%ﬁss]
Table 17 Ballistic test Results within 20 mm and 35 mm ex-

plosive ammunition DIANP launching loading"

muzzle
charge muzzle .
. pressure . velocity
weapon sample weight velocity
/ MPa B probable
/g /m-s ,
error/ m-s
reference
2.62 98.0 190.0 1.50
sample

35mm  DA-11 2.85 66.8 207.9 1.63

DA-11 3.50 67.0 236.0 /
DA-11 4.00 109.4 263.0 /

20 mm  DA-15 1.6 86.5 212.6 2.5
QDAS8-45 1.4 82.7 196.6 /
QDA8-45 1.5 89.5 211.3 /

AR

TE % R %6 T8 oy sl i ™ &7 DIANP 1R
o RE G SRR BT A R UL O BAET P B AR R Y
BB TE At 3 T DIANP FE S 2 B8 14 99 70 1 08 7
N A1
1.6 Mk %k
1.6.1 DIANP Uit 77 3%

2011 4R T fiff e UL 5 i S L AE B T T
14 ) L, A B O T —Fp I A DIANP 6B 1) H o7
B . 2 UL H LA (DMSO) PE R ¥ 71, 46
NaOH $2 fit i) i 4 1 53 b, i DIANP (9 NS 5 AgNO,
9 Ag' BRI, A R AgN, DL TE o I 5% FL 67 % 2 1t 2k, AR
Pt A 1 AgN O, ¥ Y1) T FE & 1153 H B 5 rh DIANP &
LY RAHE N 0.3%.

) 4, Bk ok BV E T — B R 40 M
2, 0 T I DIANP 4li B2 AR E 9 b e A
$E \DMSO J 1-F38 56-5-F A I3 3 -3-5 44 10 ot 55
A ALY, B AT R PR b, EE R e ] A
s o
1.6.2 DIANP % 825K 75 i%

PR 5 75 A% O ASE) 5 vk 2 — P 78 2 /50 R R TR
TIBY AT A DL R 2 B0 A sh ik 7 i, RA AL
VA R0 FH o D PR B TS e /N | T A R e R R B A
RO . BUMRAEDME i O T 0 SR AE b o A I R
RIS 5RIE & 5 25 b 19 DIANP G4k H L 15 v e 7
R YU T T AR R I K S 2 A A A
M RATAT M . B R T A G T — i LA RO A
3% 0 ) E B AU e & 5 245 NG RDX . DIANP #
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C2 &My ik iZ 0y I LA A M Ar, ISR &, v] 4
PR SRR
1.6.3 FREAEHEXMKFE

EHE NA TR TE & —Fl 5 DIANP & 5325 AT R 47
I M Bl RL T B H T 2 6 F DIANP & 5 24
ROBFIE b, 7ESCI6 2 i, NA & = K 32 2k <A
Y % TR T R TR NA il R & S 2
AT AL AL B, AR J i SO g AT b . P AU T
SEPEDR R R S T AL B AR R A AR

B BRLT AT AR A BE A% FH T I Al R vk
A LT A T R A AR R R AN - R
(Lambert-Beer) & 7%,
A=K-L-c
Ao, AW B K WO RE R, LG e ke
dity R R 20 3 1

75 S S HE A, 5 B D) R LR & G 25 kAT 1)
R R IE DL SR sl 1 SO U0 R R AT SRR LT 4
T R B KO Ak R T A5 5 i S v B A b 2k

LA ARSI AT 5 NINLYWaPE | 187N S-S g =
AT HEAT 3R DX 0 BT 5 (F SR 0 A S 1 3 M Ay X T
I 1 W) I 11 A A BT R

PL BT i, DIANP & 5 DIANP & Gt 25 H 4%
TRAEFENMIR ARG, R, 5 ko0 87 5 A 1 il sk
FR AR A A7 00 3 v 1 S O A Ay R At 2 T Ak BT Y
BTk

2 ZiRE5RE

DIANP A 55 2545 g —Fiokr 8 % 3k 25, LA B e,
PRIRAR WA Be Tk i Pk - MR A AR i D 455 2. DIANP 5
R G 2TCJT R R BLA AR R A BB 0 &
SR I T =M. SRk H A E 7R RE K OF
M ZEAR KRB M T DIANP & 55 25 (1% 8 15 A%, 5 [
AU, AR M A . 7E AT O 2547 M 1 v R
fbeih & R, DIANP 2 5 A A B AC Al Ak H
B RERS MR 2 — . AR iF DIANP % 8 25 if — 2 1)
TF &5 R AR — o5 R R

(1) EAWFFT DIANP $& 5 43 fif HLER Ak P9 A ML
il , 48 75 DIANP /&5 8 fI% 58 ol R A (9 A 5t Ji A 5 BiF 52
DIANP & 5 25 41 53 5 55, 25 K0 5 5505 1 1 g [l ) ¢
R IR IR AR AL, 21 43 22 18] 4 B R) 255007 AN R SRR TR
LA S $R T A DIANP & 55 25 (1 E Rk, 92 B & 5t 24
B BEDl )RR B R 2 T A R R
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DIANP % 5 2 14 Z v B8 S0 50) RG29S0k 700 7 ol i
WAF Bk b S AN TR A A b 9 R B A B A B
DIANP % 41 255 11 fig I3 Fn; 7K F o

(2)JF J& DIANP K& 5 24 1 B 2 B0 1 4 R A ¢
WIE SRR A NA, TPTM %5 5 43 14l 2 AR 14 1
WS I B G ALATIR T 2 Ak . s i PR 5 A F R
DIANP & 5F 24 3 o7 P F 5%, B o 3R o i A8 I R
SERRTR I 37 5 B8R DIANP & 59245 1 338 3 Bl

(3 S N AME F5 & BUE B 5 250, T R4k
LI MERA R DIANP & Rk M T4, X T8
B T2, I TF B DIANP & 8 T 20Ok 5 R BF
S RST RO IS o I HL, 75 28 56 1 2 R 5 B ) R T
Ab 3 A6 PRI S 0], 3 S 0 AR AN A, i aE T
1 Y ST I 22—
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Progress in the Synthesis of DIANP and Its Applications in Propellants

YUE Chun-hui, LIU Bo, LI Man-man, WANG Feng, WEI Lun, WANG Qiong-lin
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: DA-propellant is a high-energy and low erosion propellant independently developed in China. It has the characteristics
of high energy, low detonation temperature, good combustion cleanliness, and low smoke residue. This article summarizes the
research on the synthesis and application azidenitroamine, formulation and performance of DA-propellant, manufacturing pro-
cess, surface treatment, charge application, and testing methods. It also highlights that there are deficiencies in certain basic the-
oretical aspects and limited research on environmental adaptability of DA-propellant. Developing green, low-cost synthesis meth-
ods and mastering DIANP process amplification technology are effective ways to enhance competitiveness. It is also believed that
the development of DA-propellant requires a combination of basic research and practical applications to promote the develop-
ment of high-energy and low ablation characteristic materials in the industry.
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