AL R IR R I R A P 0 ) o A e A RE 0 919

NEHS: 1006-9941(2015)10-0919-05
AUSEANEREERBFEHF PHEEERES T
i, AR

(1. MAAHEAANT @REN+ 7, #d EWH 441003, 2. 5B MPE R MR EERE, T %M 471000)

8 OE . IR AL AR IR R R A O S T A AR 2H 43 1 RE S T R I R 1 RE PTAN R PEP BERITHAET 3,372
i 4E-5,5"-HE-(1-4-1,2 ,4- =) — 328 (DHDNBT) \5,5'-1¢-1,1'- 5P — 52 8 (TKX-50) A1 5,5 ZUI5- (1 -5 U e ) — 5
(DHABT) Bt AP/AI/HTPB Fil AP/Al/GAP+NE Wi 53 & [ 4 HE 7 FI 4K 2= o AP BB &R, OF 5 HMX AT T e #, 451 B
71, TE s [ M ik B AP/AL/HTPB f& & b, TKX-50 Fl DHABT I8 43 AP BT 43 21 4 2 J 78 AR R B9 T 7 IR 15 96 Fl N e it PE e 5
HMX B AP B J5 A 24, DHDNBT B AP 45 IiC Jr e ik #1155 HMX U AP BIR A8 I 5 #H24 . 78 AP/AI/GAP+NE K &
1 ,DHDNBT AL J5 A & M fE 5 Al A % 2 HMX BT AR ] o 5% TKX-50 #I DHABT BCJ7 fig = MERE L T & HMX BCTOr. & TKX-50 i
DHABT [t J5 e VR 45 T L vh 43 50 4 2662.7 N« s« kg™ F12696.0 N « s « kg™, o HMX BP0 & o AP 45 0 7 14 B 1o V5 45
Wb (2622.5 N+ s+ kg )E 40.2 N+ s - kg7' (TKX-50) M1 73.5 N - s - kg™ (DHABT) . FH 5% A8 i 00 (1 -4-DU g ) iz — 32 4%
(DHBTA) Bt AP/Al/GAP+NE 14 5 AP 1] {ff f 8 VR 45 3 b ik 510 2708.7 N - s - kg™, He HMX B [l R b AP T 48 1 i 5
VRASHE o R 86.2 N+ s - kg™, HLZEAR K EE Jy 11355 Y0 1A A B HIMX IS 7 B 785 119 i Bk R o

FI : FARHESEH ; mREAALR ; AL R L 5 Al =R AR

RESZES: TJ55; V512 MEARERG: A DOI. 10.11943/j.issn.1006-9941.2015.10.001

UMk (TKX-50) 15,5 20K -( 1 -4 mg ) —
FE# (DHABT) = AN IER E P F0 22 4x 1 BB R A0 % AE
&Y, 4 7 HA B MR A B R M, HAESE 4
B W], TKX-50 Fl DHABT #% #E 4 W48 4> 9 N
1891.17 k) - kg™ 1 2766.88 k) - kg™ , ik T HMX, &
B 3.39% F1 3.03% , i & T HMX, DHDNBT #x
W UK R 657.0 k) - kg™, T HMX, HE & &
2.47% T HMX, PRI T3 = A AL 3 BE 9 Bt AR
AP/AI/HTPB I iy Sl R B / Br A5y / S 32 31k 446 7K H i Tk 19
W) +IR A IR AR (AP/Al/GAP+NE) 14> 52 4 5] 4 HfE
HEFVEC 7 MR & op (88 4> AP, TKX-50 FI DHABT 45 A

fiE 15 B fE B MEAE O T HMX i ic 77, DHDNBT il 45 o]
(13,523 5= A s ety ap o LT P DRED e
=

A e e gy TETREVER RS HMOX AR BT B A 5
LSRRI R TR BT H A TRATAAE e bt i Cpropellant performance
G T 2 5 A 3060 0 R B PE R LG )

e evaluation program)"*’ | B8] s = A 37 260 45 e
HMX I AP/ALZHTPB = ZLTHEET RIS AP HT s oo (R AP/ AL/ HTPB T AP/AL/ GAP4NE 1 AP
RAFAERLLEREIE 10 APAI/HMXHTPS DIEICREIT e gt o 4 5 A 0, A 0 O 0 A

CHR L3 -5 J4 1B 1 3,3 - fiFf Hk-5,5-BK-(1-4- YA RE VS S
1,2,4-=8) ¥ % (DHDNBT) 5,5 -1, 1"- %~

1 5]

I

I A A A 1) A o 4Rt R 2 O R0 4y A RS B
R 7= 1) A 18 s e I R LS T i 4 2 R R o AR =
P SR MO N = 07 T I 2 s T A 1 R A
R A o B R, B N IR A e R A A )
WRGE 7= ) JEE IR B e B K o H AT, A2 B AR HE 2 R
3 A AR R0 A e SR B (AP AR S BEIR (2
-2500 kJ - kg™ ), BREBEF= W A KM HCD S fA, X
3 255 0 ) T B v o R RE PR RE L SR P S RE R
HMX(1,3,5,7-PUfg3&-1,3,5,7-l0A 4«3 ) fil RDX

i BEHE: 2014-10-08; f€E B : 2015-03-23

2 HBESANBRERIEE RS
it

EETA : AL RFHL G A v K 245 H (617010406 ) = PPN

2.1 F¥R7AE AP/AI/HTPB A Zh I BEE M RE S 17
EE® v W —HhR(1963-), 55, WF5E 51, 22 D\ S5 55 68 b4 ek 0 1] A 9 A JAb.x P . ii N ;
30307 50 5 B 4 4 (9 FF 5 AN R FTIBTSE . e-mail: yiln20072007@ 163. com IE'LEJJ:HBE‘VIF ﬁbﬂi'ﬁﬁﬂg HTPB :é’ﬂjlﬁ‘ﬁﬁu[]@ﬂﬁ

CHINESE JOURNAL OF ENERGETIC MATERIALS 4 fe A A 2015 4 #23 % #1049 (919-923)



920

A, X

1 68% AP/18% Al/14% HTPB, Bl & % 45 i [k wh
2518.6 N - s - kg™ (R /INE % ShALIR 06 45 1 55 v 45
DL Eb R R 2 SR, AN WIS T AT L R R 2
W) o R HMX UG AP/AIZHTPB (Al & &2
18% ,HTPB 7 10% ,12% ,14% ) H1f{§ AP, H H o 25
g B anE 1 s o

2600 -
d: 22,2562.7

2550
a: 26,2550.0

2—9
2500 e

c.4,2519.6
c: 0,2518.6
2450 - +a:HTPB10%,HMX
—#— b:HTPB12%,HMX
—&— c:HTPB14%,HMX
2400 1 —¢— d:HTPB10%,TKX-50
—— e:HTPB12%,TKX-50 ‘\

—o— f:HTPB14%,TKX-50

0 5 10 15 20 25 30 35
TKX-50 (or HMX) mass fraction /%

I

I, IN-skg!

2350

1  AP/Al/HTPB Bt J5 dr e i fifi TKX-50 ( 8f HMX) Bt & 4%
TR (Al 5805 18%)

Fig.1  Specific impluses (1,,) of AP/AI/HTPB varying with
contents of substitutes ( TKX-50 or HMX) (Al content: 18% )

M1 gk a MihZ b aT LLE ), FEAE HTPB &%
AT R HMX 1A R0 I FR 45 HMX FE L 7 h
PR LG vh g RO [ &Gk 90% /9 HTPB it 7
HMX A 2 AP (i ] 35 3 26 % , BEe Lt i = 1
i5%]2550.0 N - s - kg™, It AP/AI/HTPB =4 JG i
Dl ten(2518.6 N - s - kg™ )i 31.4 N - s - kg™,
M1 14 ¢ ATLUE 78 18% 55 % 5 1Y 86 % [ 1% &
BeJ7 I HMX B AP, HUA e HMX i 8RS (5%
IR Herb R4 1 N - s - kg™ o HFE R HMX B
AP 5 BE 5 48 A B AR, U BN A =
o AR AT 3 9 A R R CO, i H, O fiff e, i PR 4
KB BT, S R A IR S e B AL Y IE R
Ak, R thopst s ST BEE R, ORISR
7, BEAR I AR S b HL,O fi CO, S e &R s
BE HMX B3 0, P35 & 2 i — 20 B AR, OFJF fi i
I AICL (AICL, (AICI T AIOCI %5 Az 1508 % v 1 2 58
i o HTPB J& —Ffi 8 4 5 AR KM Rk G 700, DR ahbe o AEORY
AR R R HMX B A2 I 48 8 1F % A 4L 1Y
AT

[l BE ) TKX-50 BLAL [ ¥k AP/AI/HTPB it 77 (1%
AP H I AR B UL 1 2 d e F0fo NI T Hh
thek e fiphk AT LIE W, 7 HTPB &4 12% Ml 14%
MITC 7 H, 2 & TKX-50 Heft AP, Fo L v 2 (L ROCR 5

Chinese Journal of Energetic Materials, Vol.23, No.10, 2015 (919-923)

HMX HH 24 a4 5 (AR, Bl AR & K, 8 — e (i )5
HACR SR HMX, 3% 2 Bl TKX-50 4 30U & &
Fe HMX IS, 52 ma AL 9 1E % AL B, HTPB &
O 10% WEC 7, 78— i Bl TKX-50 B AP
Fe HMX A — 7€ 16 & 3 25, (H 5 i B 398 B oA 1
HMX e 7 529 12.7 N+ s - kg™'

MDA b LS5 R 0T UL E A HTPB fk &
TKX-50%F HMX [ fig &t P fig 0L 35k & G, i B il T
HAPA S RACT HMX, B8 &0 3 A 7 = [ &
HF A 7T R 2 B HE R, d 5 e o Fe HMX UL BT A s 31
M e L5 29 12,7 No- s - kg™,

55 TKX-50 [R] i 0 10 B A0 5 — S B e 1k R 4 4k
AEIE R R L A 2 A e ek /& DHDNBT, i F g1
FIAHASA S B H & RS HMX 420, (HH
A G B F HMX R F TKX-50, %t H:7E AP/Al/HTPB
TR AP I M R AR fR AL A SR LR 2,

2560 -

2540

2520 g
2500
2480 | —— aHTPB10% HMX
— = bHTPB12%HMX
2460 1 o CHTPB14%,HMX
2440 { —s— d:HTPB10% DHDNBT
ptg0 | —*— €HTPB12% DHDNBT
o f:HTPB14% DHDNBT
2400 :

I, | N-skg'!

0 5 1'0 1I5 2I0 2'5 3'0 3‘5
DHDNBT (or HMX) mass fraction / %

B2 AP/AI/HTPB H ki DHDNBT (5 HMX) Buft 4t 25 1k i

B (Al E N 18%)

Fig.2 I, of AP/AI/HTPB varying with contents of substitute

(DHDNBT or HMX) (Al content: 18% )

M 2 B LLFE H, ] DHDNBT B ft AP 5 HMX
B AP iR fE 2R JLF AR, X 2 By DHDNBT %5
BE SR BUR S =S HMX AR, RN Ry — iR
U HMX 24040

TE bR W A J5T 9 7 A v L 2 B 22 ]I A R
T A5 B WA S R B, 5, 5 - AER-(1-4- 1Y
M) e Eh (DHABT) FiI 3,3 - fif 3-5, 5" -1 % Bk -
(1-%0-1,2,4-=mM) — ¥4 (DHADNBT) , % HMX
1 DHABT Z 4 BUft 1k AP/HTPB/A =4 ot 7
H) AP, LG o AR A E B UL 3. H Il 3 AT UL, DHABT
BARES 7 AP L7 RE PR RE 2 b 0 5 TKX-50 Ht
& AP A A (B 7 g [R5 it b b TKX-50 B 9 g o
PEFAE K, & DHABT HC J5 5 iy b o b &% HMX BE 5 B

AR A At

WWW. energetic-materials. org. cn



AL R IR R I R A P 0 ) o A e A RE 0

921

RS 27.5 N - s - kg™,

2600 - d: 24,2572.5
2550 -
2 2500 | o
> —o— aHTPB10%,HMX 5
S oas0 | —m— bHTPB12% HMX Ny
~ —a— CHTPB14%,HMX
—s— d:HTPB10%,DHABT
2400 1 % oHTPB12% DHABT S
—o— f:HTPB14%,DHABT
2350 . . - : . : :
0 5 10 15 20 25 30 35

DHABT (or HMX) mass fraction / %

3 AP/AI/HTPB [t ajifii DHABT (& HMX) Bt AP & 454k
W0 (Al 35 5EE 0 18% )

Fig.3 [, of AP/AI/HTPB varying with contents of substituent
(DHABT or HMX) (Al content: 18% ) instead of AP

M BT B AR U 4 B RT R, FE HTPB & &
TKX-50 .DHDNBT 5 HMX It , fig & g i A W
e, TKX-50 7E & [ & & BC 07 o Be b b e s, L
HMX & 14.7 N - s - kg™,

2.2 FYIRTE AP/AI/GAP+NE F R EE EHBE DT

GAP-+NE J2& fe 87 oF il (%) ] [ 44 4 2 550 19 ' 41
LRE K NE GAP H. A & 1Y 1E 48 e ks, B I,
AP/Al /HMX/GAP+NE [ 5 & L op LL ZEBF (9 AP /Al
/HMX/PEG +NE (PEG: ¥ # HE R & — /) B 77 &
19.6 N - s+ kg™, F TKX-50, DHDNBT #l DHABT
539 3% A WA AP/AL/GAP +NE (it 75 PEG 2
GAP & &8 6.0% ,NE N 2 1 Wik H M T =
B =AM ERR G, MB R SHARZI A3 1)K
AP HERR L op g = A 1L, I 5 HMX B AP 1 L
AR AR SUAR S, S5 RN 4 ~ 18 6 TR .

K 4 B 7x, TKX-50 Bt AP/AI/GAP +NE H fi§
AP TEAR K B TC J7 9415 S0 LN b b B 2 5 5 HMX T
M AT aA ] 2662.7 N - s - kg™ (14% 4 & B9 4
BURHEC T ) 5 e HMX RIS AP 9T B 3k 5] 9 55 e LE i sy
40.2 N - s- kg™, BT TKX-50 A& REMARE S B
BHET HMX, AL &8 18% LU EBE 5 o, 24 TKX-50 &
IR B2 45% B, B J7 L w2 Bl S 4 in BRI,
I HMX AR AP B 3RS 00 HAE Al & 8 KT 20%
Ny e V2L

DHDNBT 7y F+#H il A F M AM A S EH S
HMX ez, 16 5 5 s HAE AP/AI/ GAP+NE FE it J5
B AP By L vp A8 4 B 5 HMX MR, 7E Z 50 0L T,
DHDNBT Huft AP 45 e 5 L vh g &5 HMX Bt AP

CHINESE JOURNAL OF ENERGETIC MATERIALS

JIASBC T , HL I Rk B A Fre s He b 2632.3 N+ s - kg™,
L HMX BCAS AP BT g 35 21 B9 & & 1L ob @5 2
10 N - s« kg™, il TH % 5 HMX AL, 0 5 75
PR BE R P BE A (%, 7F GAP+NE (K &b g
e — PR B HMX B AR

2680 7 —o— a:Al16%,HMX

—=— biAI8%,HMX g: 60,2662.7
2660 1 —a— c:AI20%,HMX —t

—%— d:AI22% HMX 2 <
2640 wAi22%, ~e

a; 60,2622.5
2620

2600

Iy | N-s'kg'!

2580 —%— e:Al18%,TKX-50
[ —o— f:Al16%,TKX-50
2560 g:Al14%,TKX-50

h:Al12%,TKX-50
2540 + T T T T T T )
30 35 40 45 50 55 60 65
TKX-50 (or HMX) mass fraction / %

B 4 AP/AlI/GAP+NE Ltbufibfi TKX-50 (1 HMX) Bt AP #7454k
Fig.4 [, of GAP+NE/AI/AP varying with contents of substi-
tutes( TKX-50 or HMX) instead of AP

2640

2620

2600

—&— a:Al14%,DHDNBT
—&— b:Al16%,DHDNBT
—#&— C:Al18%,DHDNBT
—st— d:Al20%,DHDNBT
—x— e:Al14%,HMX
—o— f:Al16%,HMX

g:Al18%,HMX

. 0/
2520 + : . . : . h:AI20 A,,IHMX '
30 35 40 45 50 55 60 65
DHDNBT (or HMX) mass fraction / %

2580

I,/ N'skg!

2540

B 5 AP/AI/GAP+NE H #iff DHDNBT (I HMX) i ft AP i
A4

Fig.5 ' I, of AP/Al/GAP+NE varying with contents of substi-
tutes( DHDNB or HMX) instead of AP

DHABT 5 TKX-50 ¥ A — 4~y & 50T 19 22 5,
HABT Huft AP/Al/ GAP+ NE th AP 1 [t h A5 401 31 45
iR L 6, MIE 6 ATLLIFE i, AP/Al/GAP+NE H1, L
ik DHABT B AP &L G #L 5 TKX-50 A, {H
e LR EC T o 12% 48 5 a2 U ED Jr , e e] s
$]2696.0 N - s - kg™, bl HMX U BT B 35 019 B 55 1L
M 73.5 N - s - kg™ 7 14% 58 & B it 77 b, DHABT
B AP 55 75 i L oh #2785 % 2685.2 N - s - kg™ Lk
HMX U AP (s b oh #2517 62.7 N - s - kg™,
117 HAEAR KA BE 7 98 45 3 [ N, DHABT At AP i Jr
e B v T HMX B AP BiE T

AP/Al/GAP +NE f& Z 1, ] TKX-50 I DHABT
AR AP ZEAR R B IE 75 94 35 Y5 LN, B HMX BRAR AP

>

X Ak 20154 #23% #1048 (919-923)



922

A, X

A 30N -s-kg' DI EH s, TP EY
JoT S P i A R B T HMX T AP/ AL/ GAP
+NE 1A R 28 fift A & B A 2 LA 5 PR AL AL & & i
e, PR 33 P A o BGE A TR A R (12% ~
16% ) AL o FRARES & &, iR E &/ —E M
&R N HMX 568 A 19 18 % [ 285 4~ 4 o I
B 14% , HHERMEL N 0.04 g - cm™,

2720 1 —o— 2:A116%,HMX h: 64,2696.0
2700 { —=— b:AI18%, HMX g: 60,2685:2
2680 | —*— C:AI20%,HMX

—x— d:AI22% HMX el =""=3
2660 ot "

2640 -
2620 -
2600

I, I N-skg!

2580 4 —s— e:Al18%,DHABT
2560 —&— f:Al16%,DHABT
2540 g:Al14% DHABT

h:Al12%,DHABT
2520 + T T T T T T \
30 35 40 45 50 55 60 65
DHABT (or HMX) mass fraction / %

6 AP/AI/GAP+NE b iffi DHABT (5 HMX) B & 48 fb
Fig.6 I of AP/AI/GAP+NG varying with contents of substi-
tutes( DHABT or HMX)

3 HESAEREREAINLITE

FATRY B SR WK, 7E AP/AI/HTPB 1 AP/AL/
GAP+NE 1 [ {4 4 34 70 e O 4 3= b, = For 0 4601k
1 AL I TR R FR IO AP T AR B BE T, AE AR K S T
AT N RE A PR REOK AL T RS HMX ERR AP i
P T R 2, UE W A A R R 4 A 4 e R R — PR T
A [ A A 0 70 78 1 BB AL A 40 T B A SRS R T
DHABT FIl TKX-50 254 {4 W5 > DU s 55 (1) 3% 2 07 =X,
DHABT % Ml 7 1 & i 4%, (H H /£ GAP R 4
DHABT it Jy fig /K B B 5 F TKX-50, A bR o 45
FA AT DN A 2 — T ] B g #E HE R0 b b (%) S5 4 50T, dn it
ZHft, 5 DHDNBT £ — MM AEHR 3,3 -5 35,
5 A - (1-40-1,2,4-= M) — ¥ % (DHADNBT) ,
Al i DHDNBT ! #5418 5% 4K ) ( Scheme 1) B 1k
RETTRELL T DHDNBT F1 HMX, [E 4R 8 X =5
W5 A ORI RE A SCHR Hh L 3R A 48 T LR BT A K
R IFAL A A = A R B SR i 7 s . 2R
LRI L A SCHR AR (9 X5 0 e 48l 1k I 760 X e e
A e 3 B T B Ak R AH VL A R B R L U RT R AT 3 i Ah
BT ) [ e 35 7 o B AL A3, - (T -0 e ) e R
(DHBTA) FI 3 ,4-8 (1 -%8,-5-PY w5 ) 48 Ak 1wk v — 33 4%
(DHBTF) , Iil. Scheme 2,

Chinese Journal of Energetic Materials, Vol.23, No.10, 2015 (919-923)

VeI A BE O N EE 4G B DHBTA A= sl 48 4

2400 k) - kg™, % HAE AP/AlI/GAP+NE BU AP 17
BC 7 BE AT A5 R WA 7

NH3OH NHs0H

oA

N N—N

N\/ >/N\\N/<\ >\N+//O

N
\
0

Scheme 1 Dihydroxylammonium 3,3’-dinitro-azo-bis-( 1,2,

4-triazole) -1 ,1'-diolate

NH;OH NH;OH
H H H o} H o
N N N \ /
/ \|/ Y Ny oxone, NH3OHCI N N N
N\\ , | //N _orone, WA L N/ \”/ \“/ \N
NN N~y NN N
N— N

¢N

N N
NN N SN N
\ / \
HN NH  oxone, NH3OHCI /N
p— —_— O_
+
RIH;0H
N N :
0

Y 2NN
=3 Ny

/
\
0
RiH,0H

N

7

N
N‘\--O

Scheme 2 Synthesis route of dihydroxylammonium bis ( ox-
idotetrazol-5-yl) furoxan and bis( oxidotetrazol-5-yl) amine via
oxidation of corresponding bistetrazole deriveratives
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Analysis of Energy Performance of Oxidation High Nitrogen Heterocycle Hydroxylammonium Salts in the Solid
Propellants

CAO Yi-lin' | LIU Jian-ping®
(1. The 42" Institute of the Fouth Academy of CASA, Xiangyang 441003, China; 2. The Military Representative of Headquarter of General Stuff at Luoyang ,
Luoyang 471000, China)

Abstract: To evaluate the energy potential of new oxidation high nitrogen heterocycle hydroxylammonium salts as composite solid
propellant components, the energy effects after replacing AP in-two kinds of composite solid propellant systems AP/Al/HTPB and
AP/Al/GAP+NE with dihydroxylammonium 5,5'-bistetrazole-1,1’-diolate ( TKX-50) , dihydroxylammonium 3,3’'-dinitro-bis-(1,2,
4-triazole)-1,1'-diolate (DHDNBT) and dihydroxylammonium 5,5'-azo-bis ( 1-oxidotetrazolate) ( DHABT) were calculated by
using propellant performance evaluation program( PEP)and was compared with HMX. Results show that in the high solid content
AP/Al/HTPB system, the energy characteristics of the formula obtained by partly replacing AP with TKX-50 AND DHABT in a
wide formula range are equivalent to those of the formula obtained by replacing AP with HMX. The energy characteristics of the
formula obtained by replacing AP with DHDNBT are equivalent to those of the formula obtained by replacing AP with the same
content HMX. In AP /Al/GAP+NE system,the energy characteristics of the formula with DHDNBT are the same with those of the
formula with HMX, but the energy performances of the formula with TKX-50 and DHABT are better than those of formula with
HMX. The highest freezing specific impulse of the formula with TKX-50 and DHABT are 2662.7 N - s - kg™ ( TKX-50) and
2696.0 N - s - kg™ (DHABT) respectively and 40.2 N - s - kg™ (TKX-50) and 73.5 N - s - kg™ (DHABT) higher than the highest
freezing specific impulse of the formula obtained by replacing AP in the same system with HMX(2622.5 N - s - kg™' ). Replacing
AP in AP/Al/GAP+NE with the assumed dihydoxylammonium bis( oxidotetrazol-5-yl) amine( DHBTA) can make the highest freez-
ing specific impulse achieve 2708.7 N - s - kg™, 86.2 N - s - kg™' higher than the highest freezing specific impulse obtained by
replacing AP in the same system with HMX and in a wide range of adjustment formula has a higher energy characteristics than
HMX formula.

Key words: solid propellant; energetic oxidizer; dihydroxylammonium bis( 1-oxidotetrazolate) ; dihydroxylammonium bis(1,2,4-
triazole)-1,1’-diolate
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