BAMO/AMMO Jt 52 ¥y ik e fl 18 P 4fE 1k 590 G 42 R 44 53 A 00 37

NEHS: 1006-9941(2015)01-0037-06
BAMO /AMMO HER¥E S B EH T GEERHFIE T EM ST

RILE, RAR, RF%, RAW, K=K, 2 &

(AZAERCEFRLTRIR G REEAELHE, kB B % 710065)

M OE:NRRITEZRETEF(ECSH)HAE T3, 3- &AW IR T L (BAMO) 5 3-JE-3-F A A S A A T b
(AMMO) Kz Bt 3 5 ) (BAMO /AMMO) S % & 77 () 55 BE T8 1A% 4 28 570 B9 RE 4 40 1k o BP0 0 B IS TR] 9 98500 (1, 5-— % -3 - 4&
R AL EE (DIANP) 2R 2 A 47K H il (GAP) N-T -2 R B £ JEM e (BUNENA) ) AL (35 AR B (AP) N AH RS B 2% 5
125 %5e (CL-20) Be kIS A5 9 (3 ,4- T hr 2k DA B 4016 Wk PR ( DNTF) | fiff S48 2 44 fb —nk i ( DNAF) | — & R JE A8 A S 1L ik 1A
(DAAOF) ) Fivs RERA KL (S8 83 (A (=205 (AIH,) ) X HE R BRIt FrtE S B (H b (1) RIR (T EH R B (@), 55) I ma LA
SEALERH] . BUNENA 35 38 (4 3k 7E 58] LU vb =5 T DIANP B GAP 3% 8 i) BAMO/AMMO JEHEFE ] . BUNENA 3% 28 i #fE 37 50) v, B 5
CL-20 B AP SR T, RIS R A B 2 CL-20 & 5 KT 55% W, #EdE R e b BEA R AL, BT RRM. 4
CL-205E 2 4R AP, L oh T & . L DNAF fU# CL-20 1] {4kt 57 L ofr el 2723.71 N - s« kg™ #25 % 2798.00 N - s - kg™, LU

AIH, AU ALE CL-20 , [A]FH2 R R R @ B 355 fiE 2 A 210 R 922 v

XEEWH: WHAAY; 33-THANELATHE 3-2 AW HIE3- WA T HILERY (BAMO/AMMO) 5 Fia Rl ERHEDER; §

AR BRI

RESES: T55; V512; 064 MR SR A

(W

DOI: 10.11943/j.issn.1006-9941.2015.01.008

1 5]

il

B Sy K5 FF 380 & Sl AL 3 T VR AR 4 R Y
PERE B 4% 5 e 3 K 2R VR SRR T AE A RE T, B A
Rk G R B R R R RRIE (S S SR A
DAL, P o e g e B AT T R RS
T R HE 2E 590 () i A A B B ST X S i A
AEEE L, HRamE Y e TRIERERS
(I-RDX) . 1,4,5, 8-V fif 2£-1,4,5, 8- & 4 % &
(TTNZ) 1,1-" 8 32, 2- "R 2 1 (FOX-7) % JL
ool Je 2 g S 0 AR N T B JER SR B A A K H T Tk
( GAP) J ¥ 1 301 i ot JHL: R A5k AR P 190 522 o 5 o o e 2
FI I BRIy FOER BB L T B T A [m] [ A SRR K 3 98 7))
3.3-" S AW R EH A T S (BAMO) -Jg & 1k
(THF) SE 48 70 bbb 52 e R, 98 11 #fE i 7) h R A
(RDX) 5 v s TR % ( AP) 17 1 S A U5 in Fe 5 Xt

KR EHE: 2014-01-02; fEEIHHA: 2014-04-24

E&TH: BEARBFEEEYD(2173163)

PEE B : LT (1983-) 5 4k, TR, 32 %2 A 5 [ R ok i 4
HEFI 5 TEW5E . e-mail: 66263360@ qg. com

BREBRRAN: BRGE(1963-) 5 BFE 01, 2 N F 3 Be AR 5T .

e-mail; npecc@ 163. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

i

2 OV Ao B A T AR T\ 4% S B R i e A
1 AR &%

BAMO &5 3-11 3E-3-% % Wl 4 3k S 24 R T ke
(AMMO) Ky it Be 3t B ) (BAMO/AMMO ) 2 — Fih &
TR T 2 B A L A, LA R 1 B S A s A
R 7 50 8 1 T A I, R R B IS A N B
FA DRI LG Ay e A 1 [0 3 500 4 B S S T
T, kb B R R S E A B X%
R HE R R R B R A R B, AT T L
BAMO/AMMO >y B4 71 1y #fi it 30 i 7 1k &, % R
[F) 38 9 30 40 A 300 % e R A X 4 ) g e 1) 5
W HLEE , 9 BAMO/AMMO 3 5 i [ 1A% 4 3k 5700 14 TiC 7
BT R R it S A 3

2 BERFARKITE

e FIBC T F 2 H 5

4 #: BAMO/AMMO (M, ~25000) ;

W 1,5- 28 A -3 - E A A e ( DIANP) |
GAP(M, ~2000) N-T JE-2-filiR e £ 3EAHE (BUNENA) ;

e . AP SRS S Al A 5025 ke (CL-20) |
3,4- R IE A AL ik iE (DNTF) | i 561 /U

A fe AR 2015 % %23 % #14 (37-42)



38

VLW, BORGE, RFERE, IRF W, Bh—K,

flo = Wk W (DNAF) . = 4 0 3% 8 % %k ok o
(DAAOF) ;

TEREROR: 08 (AD) EILHI (AH, )

KA MPTEBBILFE .

R R JH P B 3T AR 2 5 T A 5 M 0 R 5
Yo JF % 9 BB (ECS) ™ ek M S RAF 5.0 ' o

IR A UL MR R e KT, R EREH &
it DL RS2 3 ) 9 TEC Bl R4 2 500 o o B8 b b (1, ) JHF
fIEHEE (C) MR (T.) SRS T B X 40 F B ik (M)
MR RE (@) B2, I3 22 4 2E 570 A0 fE = s k. 11
B HESER R R 298 K, BB E R )
7.0 MPa, B4 i O K /1 0.1 MPa,

®1 4P

Table 1 Physical parameters of the components
components chemical formula p/g+cm™? A¢Hf /k) - mol™ @
BAMO/AMMO - 1.25 29.98 0.090
diazidopentane ( DIANP) C,HzNz O, 1.33 539.7 0.167
glycidyl azide polymer ( GAP) (C3;H;N;0) 1.30 141.0 0.118
butyl nitrooxy ethyl nitramine (BUNENA) CoH 3N 04 1.21 459.0 0.270
ammonium perchlorate ( AP) NH,CIO, 1.95 -294.1 2.500
hexanitroxaazasowurtzitane (CL-20) CyHeN,, Oy, 1.98 415.5 0.800
aluminium (Al) Al 2.70 0 0
aluminium trihydride (AlIH;) AlH, 1.43 -11.6 0
3,4-dinitrofurazanfuroxan ( DNTF) CyNg Oy 1.94 644.0 0.667
dinitroazodifuroxan ( DNAF) C,Ng Oy 2.02 668.0 1.000
diazidoazofuroxan ( DAAOF) C,N;,0O, 1.67 1305.0 0.500

Note: ¢ is oxgen coefficient, BAMO is 3, 3’-bis (azidomethyl) oxetane, AMMO is 3-azidomethyl-3-methyloxetane, p is density, A;HY is standard molar formation

enthalpy.
3 HEARSWR
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Table 2 Energy characteristics of BAMO/AMMO based pro-

pellants plasticized with different plasticizers

- Ly, c* 2 T.
No. plasticizer IN-se kgt Jmes @ M K
1 GAP 2632.97 1611.7 0.835 29.6 3555
2 DIANP 2636.40 1612.5 0.849 30.0 3588
3 BuNENA 2655.90 1623.3 0.864 29.7 3590

Note: I, is specific impulse, C* is characteristic velocity, M is average rela-

tive molecular mass of gas, T_is combustion temperature.

M 2 " LLAE M, 40 0 as m 3 Fh g 8 R B
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Energy characteristics of BAMO/AMMO based propellants plasticized with BUNENA

mass fraction/%

energy characteristics

BAMO/AMMO BUNENA AP Al CL-20 I, /N +s- kg™ C*/m+s™ ® M T /K
3 15 5 70 10 0 2655.90 1623.3 0.849 29.68 3590
4 15 5 65 10 5 2662.37 1631.5 0.811 29.32 3600
515 5 55 10 15 2681.77 1647.1 0.740 28.63 3613
6 15 5 45 10 25 2695.49 1660.8 0.674 27.96 3620
715 5 35 10 35 2707.05 1673.3 0.614 27.31 3620
8 15 5 25 10 45 2716.46 1684.3 0.558 26.68 3613
9 15 5 15 10 55 2723.71 1690.7 0.506 26.08 3597
10 15 5 10 10 60 2724.60 1691.4 0.481 25.80 3581
1m 15 5 5 10 65 2724.99 1692.2 0.458 25.51 3550
1215 5 - 10 70 2710.88 1687.0 0.435 25.49 3472
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Table 4 Energy characteristics of BAMO/AMMO based propellant containing DNTF
No mass fraction/% energy characteristics

: AP Al CL-20 DNTF I, /N« s~ kg™ C*/m s o by T./K
9 15 10 55 0 2723.71 1690.7 0.506 26.08 3597
13 15 10 40 15 2477.15 1504.1 0.494 29.43 2970
14 15 10 30 25 2384.54 1430.7 0.486 33.69 3017
15 15 10 20 35 2260.86 1348.7 0.478 38.70 3051

5 GEREW, YL S ) DAAOF (AH,, =
1305.0 kJ - mol™ ) Z#ift % CL-20 it A BAMO/AMMO
R F BE, RS L v 5 R A R S B A 4 R
AR e a3 X 2 B T Y 0 i DAAOF 4R CL-20 1

T R SRR ST AR AT 2 O o B AT, AL v, TR
fiE B s 4R 5 T 24 AR SEHE N DAAOF & i, i1 i
KRR A RBO N BRI AR, L BEZ T R [, 24 DAAOF
SEAHUR CL-20 i, Henh I 22 2643.94 N - s - kg™' .

%5 & DAAOF 1 BAMO/AMMO i it 71 1) B 2 4 1k
Table 5 Energy characteristics of BAMO/AMMO based propellant containing DAAOF
No. mass fraction/% energy characteristics

AP Al CL-20 DAAOF I,/N s kg C* /m - s o M, T./K
9 15 10 55 0 2723.71 1690.7 0.506 26.08 3597
16 15 10 40 15 2742.14 1703.5 0.473 25.94 3599
17 15 10 30 25 2727.14 1698.6 0.451 25.82 3559
18 15 10 20 35 2693.24 1678.2 0.427 25.98 3470
19 15 10 10 45 2664.91 1641.0 0.404 26.17 3330
20 15 10 - 55 2643.94 1597.7 0.380 26.39 3166

* 6 Z5 K], DNAF 220 5 U CL-20 fin A HE it
FRVRRE, 50 1A 2R 1) A 2R M08 W 0 O SRR T i i RE
AT BOR MR B P R, 2 DNAF 58 U CL-20 i, H

i 277.935(No.9) 425 = 285.51s(No. 25) , ¥ 1E
HEMA 1690.7 m - s HEE 1728.2 m - s,
LA VL b =R S AN TRk nE b A 4 2 0 1 e BT

&6 % DNAF ) BAMO/AMMO i 3 55 () BE 1 o 1k
Table 6 Energy characteristics of BAMO/AMMO based propellant containing DNAF
No. mass fraction/% energy characteristics

AP Al CL-20 DNAF I, /N s kg C* /m - s o by T./K
9 15 10 55 0 2723.71 1690.7 0.506 26.08 3597
21 15 10 40 15 2747.14 1705.3 0.518 26.76 3699
22 15 10 30 25 2761.44 1712.0 0.526 27.22 3763
23 15 10 20 35 2774.48 1718.1 0.534 27.68 3826
24 15 10 10 45 2786.34 1723.3 0.543 28.16 3886
25 15 10 - 55 2798.00 1728.2 0.551 28.69 3945

BRI LA, Bk DNTF DAAOF 5 DNAF ¥ E
B A G B A DNAF B A BE 98 K g 42 5
HEE RN L vh o R T BE AR BE i AKCE AR UIR
e TARUELE UK, 18 5 R ECA & DAAOF RE A
A A R B T AR R BRI, R O CL-20
IS R BE R . — GO T B AR
B bR AR UGS R s EAE B Re A R, L AR K OF
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Table 7

Energy characteristics of BAMO/AMMO based propellant containing AlH,

mass fraction/%

energy characteristics

No. AP Al CL-20 AlH, I, /N« s+ kg™ C*/m-s™ ¢ M Te/K
9 15 10 55 0 2723.71 1690.7 0.506 26.08 3597
26 15 10 40 15 2682.16 1621.2 0.345 25.49 2939
27 15 5 40 20 2720.58 1651.1 0.335 24.10 2912
28 15 0 40 25 2753.90 1678.8 0.323 22.91 2885
29 15 10 30 25 2670.01 1608.7 0.269 25.73 2909
30 15 10 20 35 2635.02 1586.4 0.206 25.97 2839
31 15 10 10 45 2531.44 1504.7 0.153 26.74 2610
32 25 0 30 25 2773.30 1682.4 0.357 22.73 3028
33 35 0 20 25 2821.52 1736.1 0.394 22.66 3260
34 45 0 10 25 2865.03 1753.5 0.432 23.16 3375

M6 7 G5 AT (1) i AIHL B i AU AL I, 4
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RS F] 2 & B No. 26<No.27<No.28;(2) 4 AlH,
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B AP iy, B TR R A R R B L B T, B
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ik %] 2865.03 N - s - kg™ (No.34)
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Calculation and Analysis on Energy Characteristics of High Energy Propellants Based on BAMO /AMMO Copolymers

PEl Jiang-feng, ZHAO Feng-qi, SONG Xiu-duo, XU Si-yu, YAO Er-gang, LI Meng

( Science and Technology on Combustion and Explosion Laboratory, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The energy characteristics of high energy solid propellants based on the block copolymer (BAMO/AMMO) of 3, 3'-bis
(azidomethyl) oxetane (BAMO) and 3-azidomethyl-3-methyloxetane (AMMO) (BAMO/AMMO) as binder were calculated by
“Energy Calculation Star (ECS)” code. The influence of different plasticizers ( diazidopentane ( DIANP) , glucidyl azide polymer
(GAP) and butyl nitrooxy ethyl nitramine ( BUNENA) ), oxidants (ammonium perchlorate ( AP), hexanitroxaazasowurtzitane
(CL-20), furazan compounds ( 3, 4-dinitrofurazanfuroxan ( DNTF ), dinitroazodifuroxan ( DNAF ) and diazidoazofuroxan
(DAAOF) ), and high energy fuels (aluminium (Al) powder and aluminum trihydride (AIH,)) on the energy characteristic pa-
rameters( specific impulse(I,,) , combustion temperature (T.) and oxygen coefficient (¢) , etc. ) of BAMO/AMMO based propel-
lants were studied. Results show that I, of propellant plasticized with Bu-NENA is greater than that of BAMO/AMMO based pro-
pellants plasticized by DIANP or GAP. With replacing AP by CL-20 gradually in propellant plasticized by Bu-NENA, the T_ of
BAMO/AMMO/BuUNENA based propellant shows a trend of increase early and decrease then. When the content of CL-20 is more
than 55% , the I, of propellant remains the same and increases to maximum. When AP was replaced by CL-20 entirely, the value
of 1, is declined. The substitution of DNAF for CL-20 makes the I, of propellant enhance from 2723.71 N - s - kg™ t02798.00 N - s - kg™'.
When Al powder and CL-20 are replaced by AlH, and the value of ¢ of system is increased, the energy of propellant is sharply in-
creased.
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