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fig B KRR IR 2E PE R . T LR 0 5 BOR A
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AZDEGDN TE & 5 25 e J5 v i I FH 28 56 BLailt | 4 30
TRl 2 JR 3 9 50 A T e o & B 24 e i g

1 SCIGHES

1.1 KFENEE

B E AR (NC, & A 12.6%), Tl 4,
PiMAL T ;AZDEGDN, 4 i >99% , 74 % 1 X Ak 2= f
FEIT s BE A (RDX,52%), Tl g, Hk Aot fb2% Tl
A BRA T IEININGY) , Tl &, 30 57 P BH 45 il
PETHBRAF N, N-ZH 3 RKIRCT SR,
C,), Tl gl , 8 JRAC AL 2= Tl A BR A 7] 5 oK 2 B,
Gy prat, [ 2 4 A A 2N A BR A R TR, 43 B 26, v
Bl Ak e Ay A7 BR 23 ]
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L e Rt S TG A B B X TR K R Kk A 2
¥ TR R A Ja , 64T J5 22 RE I
1.3 ZSZ5MHERENK

IO 35 3 < 4 SEM 5000 37 % 5 148 8 1
T8 X T ] ) B LA AR i ST 24 Y A R TR R AT UL
RS2 T R A i AT T 4 b 3

5 PR I < K P A A Y SR LR R S 2 T O K
JE 2 em 2247 12 R TS AR 5 AR B5(GJB 770B-2005
D75 401.2 5 WA E ) R ) HEA TR

F AR be Ik B I < R 8 A R AR L (i
il 25 1 L AR & B 25, AR 4E (GJB 770B~2005 J5 ik
703.1 B K AR S0 ik kAT i
WA R A A RN 100 mL, 2EHI% % 4 0.20 g-cm ™,
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568 R 5% B[] 1 2 (p-e il ) 2E 47 4 35 A5 2148 38 - 1 5
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2.1 & AZDEGDN % StZ5 SR AN E R AT

ol FH 2 9 00 B R T2 A i A T R
43 NC . AZDEGDN ,C, By X3 & 51 25 ADG-2 DL K &
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25 ADG-3, 15 & B 25 b W an & 1 B . B B 1 Af
4 g A
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T AZDEGDN & 5 25 11 il #5 F11 B s 14 fiE

a. ADG-2 propellant

b. ADG-3 propellant

B 1 & AZDEGDN %4425 5h i
Fig.1 Appearance of AZDEGDN-containing gun propellants

UL, ADG-2 Fil ADG-3 B AL 45 IR & 5 25 189 A0 W 34 3% A
B R G . o, ADG-2 & 5 2 S B 0 W A v
(K 1a), 1M ADG-3 & 25 1 TN A T [ €4 1 RDX
FINGu, 2 IR UL B A B WK (K 1b) .

K2}y & AZDEGDN & S 25 1) SEM [BI4% . Hi 8] 2
AL, ADG-2 % 55 245 9 1ol R 45 #4522 B 45 Sk 35 — () NC
g, W AZDEGDN XF NC i 3 1k &% 3R B 47
(Kl 2a) ; ADG-3 % 55 25 () SO 235 16 v 4 30 1 196 ol 3] 4
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NGu'* (&l 2b) , 195 P [ 1455 S 24950 b o A 76 2% 53 25 9
T, BCA B A R B U TR G T2
il 0% 52 BRI SR 1) A 8093 1
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Sy 1.44 geem T HI1.52 g-em™ . AR K 2 R 4%
4 B H e % B (NC: 1.66 g-cm™; AZDEGDN:
1.135 g-cm™;RDX:1.82 g-cm™;NGu:1.71 g-cm™;
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a. ADG-2 propellant

b. ADG-3 propellant

B2 & AZDEGDN & 4251 SEM K%
Fig.2 SEM images of AZDEGDN-containing gun propellants
C,:1.16 g-cm™) LK o ot 6 73 %50, mT 3 o i AP 2
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TR ARG ik, T, = TR ik

ADG-2 M ADG-3 & JF 2576 % . (20 °C) T M i AR %
PERE . I 3ay ADG-2 F1 ADG-3 & 5 25 iy #5 25 Bk b
p-tih £ . & 3afiw, ADG-2 fl ADG-3 & 5 25 %k b2
R (1 58 7 R B BE Y TP 2% B S R T 4
B R AT 2 A R e ok R P B R AR B (R DR LR
L ADG-2 & 5 25 W A B fe K5 237.71 MPa, &
BERFE A 13.72 ms; ADG-3 & 5 25 (R B8 e K 3 Ry
263.80 MPa, #R B if 6] ) 14.70 ms. #] WL, 24 [q] &
AZDEGDN [ XU & 58 245 vh s i — g & 1Y ] 44 2 43
RDXFINGu ST, A& 51 25 B HR 58 B[] S22 4 1717 A J58 e K e
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Fig.3 p-t, u-p and L-B curves of AZDEGDN-containing gun

propellants
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bk S ], 3R Bk 2 0 2 245 0% BT I T A X e
B>0.2 5, h AT B LR R A, B R B D45 o it i
R, SARE ,ADG-3 & 5 25 (1 B3 F0 3h 2535 1
i T ADG-2 & § 24, iX 5 RDX 1 NGu 4 1 A 5 .
—J5TH , RDX TE & S5 25 4) I WK b B B 5 I il 743 A 43R
be, B T Rl BRI AT AR T —F e i, R BUR
R T A AR50 A o R B AR, DRIl 22 T R A A
BEAIR T % G 245 AR R 402225 55 — J5 Il , NG 11 fig
SRR, FLAE & I 24 R 58 o A v B 6% A 9K e 3R TR A
T RZ SRR A N DX i) 245 5 SR AH ) A 4, TR ot
B 1% B ALK & G 245 g Jok k2020

MR 28 3 (1) X u-p iR Ve A7 20 BEL A&, T
A 5] R 5 X (6] N A AZDEGDN % 5t 24 il 498 3 &
SEFE B n AR R w2 TR ,ADG-2 K 5
2475 N [e] 5 DX T P A R 38 T 50 8 B0 I, HL BB
BRI (I AE 0.9 2247 ), BE A (% 10k 3 1 5 4 R
0.9098, Uit ] ADG-2 & 5§ 25 It ik be 45 By B B 185k

®1 & AZDEGDN i 25 S AR e b B v i R 25000
Table 1  Characteristic data of AZDEGDN-containing gun

propellants during static combustion process

propellant t/ ms P/ MPa Papm / MPa
ADG-2 13.72 237.71 198.19
ADG-3 14.70 263.80 22391

Note: tis the combustion time. p,_ is maximum pressure. Papm is the pressure

corresponding with maximum dp/dt.

Fz2 P AZDEGDN % 5t 25 75 N [R) i 5t X [0) PA) £ % 5 e it 5 %
n FIEEHE 2R HL u,
Table 2

in different pressure ranges

n and u, of AZDEGDN-containing gun propellants

pressure u, /cm-s"-MPa™ n

/ MPa ADG-2 ADG-3 ADG-2 ADG-3

50~100 0.1573 0.0725 0.9243 1.0677

100~150 0.1840 0.1039 0.8919 0.9890

150~pdpm 0.1510 0.1696 0.9299 0.8907
50~pdpm 0.1679 0.1093 0.9098 0.9754

Note: wu, is burning rate coefficient. n is burning rate pressure exponent. p,
pm

is the pressure corresponding with maximum dp/dt.

Sttt
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9K T 5 A8 053 S K T 15.5% Fi110.9% , I 7 5
B 10 1% 3 BN T 4.2% 01X R R B A 4
B A8 Ak B 5 A RDX Y B AU e & 5 25 41 1)
ik, ADG-3 & 5 24 1 8 U 0% 3 1 5 4 R 88/ T 1
(0.9754) , i B K e o B SRt 55 o0 P42, RDX I
NGu I A B MR AT E . 5AE
150 BB 44 20 43 1 XKL 2 U e & S 25 4 L, ADG-2 &
5P 205 1 48R S 5 8 BRI (O L2 v v e BB 1 A i
SR K0 5 5 AR ) RDX Y = 3 B URY i
KT, ADG-3 & 55 245 19 10k 1 e 5 48 £5 W] A IR
OO0 H 02 PR B R R s AR #50) L, 51658
RN & B2 M EE , & AZDEGDN % it 25 76 5 S R
PERE AT RE A — @ L XA — 2 BE FEET
AZDEGDN 1 2y — B 7 & 0 58 98 ) 78 & Gt 25 ' Jr
R RS, M2, & AZDEGDN B XUEE A = 2k &
SPEGTEF N R RE Y B AR UL T T & R
¥ 7 AZDEGDN 1 51 A I 45 & 5 24 4 ok Bk o &
988 A8 BRI SR BE A E D7 T Y ()
u=up" (1)
2.3 & AZDEGDN X AWM S KR FHS LR E6E
A HG T RO & G 2, = R S 2 i T T
A A IEORE, [T 4A 5 U3 S (R 2 B] A7 Al 45 B, 530
RSB BE R R T Sy A R A G o e AR R AR R
PERE R RS MY ) 8, PR, AR WF S I T
AZDEGDN (%) =3 % 5t 25 (ADG-3) 16 % il (50 °C) Al
IR (—40 °C) F 1Y #h A BE R 1 RE |, VL PFAL & AZDE-
GDN & S 25 iy s AR iR R e e e k. 814 5 ADG-3 &
S 25 76 R [R) IR B R A #R S R % p-tou-p AT L-B il 2k .
W& 4a Fl 4b i s , ADG-3 & 5 245 78 & T UK IE T 1Y
PRBE I R IR B M R E , u-p I £k FE 8- 2%, B be e K
JE 3% IR R B9 263.80 MPa 43> 1175 k1 265.92 MPa
M1261.13 MPa, 28 AL IE BEAR /N, iR BE T ) 1 14.70 ms
A3 7% 5 13.52 ms F116.40 ms, X Fh A [a] I B K &
S5 20 1 R SR AR A A B T BE X S5 25 R b i R 11 — B
M B, BV TR T R R A R R R R R AR A
PRI A X u-p M B AT 43 Be LA, v AR 1S IR A%
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Fig.4 p-t, u-p and L-B curves of ADG-3 gun propellant at

different temperatures

1 F ADG-3 % 5F 25 75 /K [F) F 5% DX 8] P 79 8 3 1 i 45
BonFGE R v, ME 3R, ERET,ADG-3 &
SPF 2R A AN TR) R 5 DX TR] P A 49K 0 s 5 8 50 LE O T
G, LB 25 R 5 186 K R e i i 50 Bl =2 /), 4 A
BRI R S T R 15 B 0.9464 , A B TR B o R R AR
T, B 5k ADG-3 & 4T 25 7F 50~100 MPa Lk J 100~
150 MPa N 1Y 1A 3 F 5 45 2500 088 o 1, (B 7E i 1R Bt
(150~py,, MPa) [ 85 38 5 45 58 /N (0.9214) , T %
A 1 19 338 R 5 48 B0/ T 1(0.9938) , B ADG-3 & 5
R IR IR T PR bR R B RO R . Ah ,ADG-3
5 S 25AE vE IRAIRIR T 1Y L-B i 48 28 ks 3 5 R
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TR, B ok, T 0, i PR il i

3 AFEEEET ADG-3 % 51 245 15 A [ 5t D] A 19 4% 3 1
S R n FIVER e ZR B Uy
Table 3 n and u, of ADG-3 gun propellant in different pres-

sure ranges at different temperatures

pressure U,/ cm-s” -MPa™ n
/ MPa 50 °C 20°C  -40°C 50°C 20 °C -40 °C
50~100 0.0855 0.0725 0.0767 1.0479 1.0677 1.0291

100~150 0.1524 0.1039 0.0636 0.9246  0.9890 1.0666

150~pdpm 0.2138 0.1696 0.1309 0.8573 0.8907 0.9214

50~pdpm 0.1346 0.1093 0.0898 0.9464 0.9754 0.9938

Note: wu, is burning rate coefficient. n is burning rate pressure exponent. Paom

is the pressure corresponding with maximum dp/dt.

HHIE (B 4c) . Mz, & AZDEGDN i =5 & Bt 25 16 &
T VIR T B R P R AT SR B AR, U IR T &
B ¥ 7 AZDEGDN 1 51 A I 45 & 9 24 4 ok = K T
WK BE AT 2 11 0] AL, Sk & S 24 1 e S MR o B AT
i fOE AR

3 4

() T FRT B s 28 1 2 s 700 3 % 1 B 8 T 2 g
il 25 143 30 S0 WL TC W I SO | N A A R B
AZDEGDN [ BUEE A = 3k & G 2, Horp DL % i 25 &
B4 4y A NC.AZDEGDN F1 C,, % JF Jy 1.44 g-cm™;
=Rk B 2h FE 4 4 i NCLAZDEGDN ,RDX . NGu
MC,, HENT.52g-cm™,

(2)# % & A I8 H) AZDEGDN 5| AJE R4 Kk
SR 245 207 R AR R iR i BT R A R B M e T T Y [ A
& AZDEGDN [ U Fl = 38 & G 25 78 % I (20°C) T
1 R SRR PERE B B AR R B Y u-p it
T B4, BR ke e KR 9 43 9l Sk 237.71 MPa Al
263.80 MPa, J [T 5% 5 %553 51 0.9098 #10.9754;
[ 42 73 RDX Fl NGu 9 % i 4% & AZDEGDN & if
5 7E AL R B (50~100 MPa) flH R B (100~150 MPa)
4 48R T iR 48 04 B K T 15.5% A110.9% , 1 78 55
B 1 10 3 e s 8 B0 N T 4.2% 6

(3) B Al S J 7 AZDEGDN 5| AJf R4 K
I 2545 ok R AR IR A e AN B E 1 [R) #, & AZDEGDN 11
SR BT AE R R (50 °C) AR (=40 °C) T 4K fig
LN ST SIS /0 RN /0 3 N A S < = B R N )
263.80 MPa 4} |75 4 265.92 MPa F1261.13 MPa, %
BEF ] B 14.70 ms 43 5 45 24 13.52 ms 1 16.40 ms,
R 5 48 B0l 0.9754 430l A8 Ry 0.9464 1 0.9938,
H L-B il 2728 Ak i 34 5w i AR [R]
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Preparation and Combustion Performance of AZDEGDN-Containing Gun Propellants

REN Jia-tong, CUI Peng-teng, ZHANG Heng, DING Feng, GAO Yu-chen, YANG Wei-tao
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: In order to explore the application prospect of a novel azido plasticizer 1,5-diazide-3-oxapentane (AZDEGDN) in gun
propellant formulation, a semi-solvent method was adopted to prepare double- and triple-base gun propellants using AZDEGDN
as the plasticizer, and the morphology, density as well as static combustion performance at different temperatures of
AZDEGDN-containing propellants were studied. Results show that the AZDEGDN-containing double-base propellant (ADG-2)
and triple-base propellant (ADG-3) without obvious defects in appearance can be prepared by semi-solvent extrusion process.
SEM test shows that solid additives hexogen (RDX) and nitroguanidine (NGu) are uniformly distributed within ADG-3 propel-
lant. The density of ADG-2 is 1.44 g-cm™ and ADG-3 is 1.52 g-cm™, both close to their theoretical density, indicating that the
internal structures of AZDEGDN-containing propellants are relatively dense. The closed vessel tests demonstrate that the static
combustion performances of both ADG-2 and ADG-3 propellants at room temperature (20 °C) are stable. The burning rates in-
crease evenly with the increase of pressure, without obvious turning phenomenon in burning rate-pressure curves (u-p curves).
The maximum combustion pressure of ADG-2 and ADG-3 propellants is 237.71 MPa and 263.80 MPa, and the burning rate
pressure index is 0.9098 and 0.9754, respectively. The addition of RDX and NGu results in an increase of 15.5% and 10.9% in
the burning rate pressure index of AZDEGDN-containing propellants in the low pressure range (50-100 MPa) and medium pres-
sure range (100—150 MPa) respectively, while the burning rate pressure index in the high pressure range decreases by 4.2%. At
high temperature (50 °C) and low temperature (=40 °C), ADG-3 propellant can still keep stable combustion. The maximum
combustion pressure changes from 263.80 MPa in room temperature to 265.92 MPa and 261.13 MPa, respectively. Besides, the
combustion time changes from 14.70 ms to 13.52 ms and 16.40 ms respectively, and the burning rate pressure index changes
from 0.9754 to 0.9464 and 0.9938 respectively. It is concluded that AZDEGDN-containing gun propellant is simple and mature
in preparation method, dense and defect-free in structure, and also stable in static combustion performance, which is expected
to become a kind of novel low-ablation gun propellant.

Key words: gun propellant;azido plasticizer; 1, 5-diazido-3-oxopentane (AZDEGDN ) ; semi-solvent method ; combustion perfor-
mance
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Double- and triple-base gun propellants containing a novel azido plasticizer 1, 5-diazide-3-oxapentane (AZDEGDN) were
prepared by a semi-solvent method for the first time, and the static combustion performance of AZDEGDN-containing
propellants at different temperatures was thoroughly studied by closed vessel tests, which will promote the application of new

azido plasticizers such as AZDEGDN in low-ablation gun propellants.
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