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[ ABSTRACT]
prepared by flow casting technology to investigate the effect of 5-AT on propellants. Energy characteristics of the propellant

Glycidyl azide/ammonium nitrate ( GAP/AN) based propellant containing 5-aminotetrazole (5-AT) was

containing 5-AT were calculated by the least free energy method, mechanical properties were tested by tensile test, burning
rates were measured by the method of target lines, and sensitivities were also studied. Results show that, production of N,
is significantly increased by adding 5-AT, but both of the theoretical specific and combustion temperature decrease with the
increase of 5-AT at high content of matrix composition. Compared with GAP/AN based propellant, the burning pressure
exponent for propellant significantly decreases by 0.2 when the content of 5-AT is 10% , while burning rate increases by
15.3% at the pressure of 9 MPa. The elongation of the propellant containing 5-AT increases, but the tensile strength

decreases by 57.7% . Moreover, GAP/AN based propellant containing 5-AT becomes more sensitive to impact or friction

stimulation.
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O MRKES-AT 5 i e 0 410 0 A0 R 4 (AN |
RS (ADN) SR B A, AT RAFRAS B R I
FROE(R S e,

AL, A B 52 v, DASR 8 U 4 7K H il Bk i 1R
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AT T 5-AT eV A9 55 RE 0 RE = A 1A, SR HI e
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1.1 REEMEERFFE

GAP, 7313 430, 2 {H 4 33. 58 mg/g, i KE
FEAEPASE 42 WEST P s MG 950 Ry 2, 2- i S Y I 4
FHERN 2, 2- R SR N AR CTETR B (A3) LR
RLH4E A1\ BE 806 W55 fT; AN, 60 ~80 H , it XF}
4 H\BE 806 BFST T ;5-AT, 150 ~200 H i KB}
4\ B¢ 806 WFFE T,

FHBCK G T2, #1487 GAP/AN JEfE i
GAT-0 (FERKECT5 ) FHES N BT i 7341 10% 5-AT [ #E
PEF] GAT-10, ELREL 5 s 1 frs, 156, K44l
O34 B — @ P I A ST R S AL S T A SR,
Ve U ¥R, 76 50 C Rk 7 d BB 75 204
FEd

A1 &1 wApEMNET (FREH»H)
Tab. 1

Compositions of two kinds of propellants

('mass fraction) %
i) GAP A3 AN 5-AT  HAh
GAT-0 13.4 20.1 65.0 0 1.5
GAT-10 13.4 20.1 55.0 10.0 1.5

1.2 (U[EMREHE

1) J12VERE IR 50 | 1 IR GIB770B—2005 7 %
413 VHUHsmBE TR B A S BT R < 32 e
] oL A R e AR5 T R U A o I 44 TR A
L TEEIR (20 C) FMRAR & i RS b
AE | $r A 3 9100 mm/min ; 3% PR QJ 1360—1988

A2 A B AR IE S A 43000 52 i, DMt A
FEHRQT A 917—1997 4 ARHEZE ) B dof )25 28 34
A AR 4 2 N 2 i, IR 2

2) BRI 3K, MR 4 GIB770B—2005 7 ik
706. 1, K LA XA K 5 mm x5 mm x 150
mm PIRESS O 1T BHBR A2 75, ) Ik, I3
#3 ~9 MPa,

3) HLAMER B g, 8 o R A HG &
1970991 ,#% 88 GIB770B—2005 J5 ¥ 601. 2, D41
T4 17 ( Hyy ) FRAEHE D700 i o B, VR R I ety
10 kg, 25 5 il 50 mg; FE 52 J80% 4k BM-B %!
207126, %18 GJB772A—1997 J7#% 602. 1, LIRIEH
G35 (P) FRAFHE 7R 0 110 R 45 BRI VR I i
1.5 kg, 255 JFi &t M 30 mg, JE /19 4.9 MPa, 12 ff
H96°,

2 HROW

2.1 S5-AT ME{LEREMEEESE

5-AT A 8 UKL IR 58 R R 5 44, 1892 48 Hy
Thiele B XA, 45 1 R, 5-AT &—
R TR A E Y, 0 =0 CH Ny, A =R &
(40 82.4% ), T Fh&A 24 miE N—
N 8 C—N SR K IR Sy, PR bR o B R AR
FEARES (208. 7 kI/mol) , 8 -4 K — 65. 83% , ¥4
H202.4 °C, AEN—FPEEREIL R A0 & A & BEA KL,
FAVE BRI/ 24 B 13 25 280 T PR A B e k59
AIRE R PERE MBS T RE IR 2 FR .,

|
N— "
” NH,
N\N/>
F1 5-AT 2 Fasfat
Fig. 1 Molecular structural formula of 5-AT
It F2 0] PUA H5-ATHE Ry 55T 1 24 1sp 2 B
WG A0 5 2 P RE L PR O AR T A R 5 RDX $22
VT FHVEBASTHEGER I | S-ATHYFEIS Lo 4 i, (R
AT AR A8, S-ATH =R m AR K, A

A2 5-AT b4k
Tab.2 Energy performance of 5-AT

S BT 2 BT
’ M/ (m-s™')  MEE/GPa WW/(N-s-kg™') BRIE/K RRAEEEE/(m-s7') PPRE/(L-kg )
TEE 8 900 35.7 1961.6 1729 1248.8 2954
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2.2.1 HREEMEBESWH

ST 5-AT %F GAP/AN FAfe 7 7 e f 4 1 1
S, DL GAP/A3 (BB LR 1. 5) fE MBS IR R,
HRH AHOC AL 2 5500 | R F Je/N ) PR RB T 0 i 4
AR R PERESEAT T HIE T3, W B4R 5-AT,
AN Fl GAP/A3 11 iz & 3 85, 158 1 & A BC 7 7E 4R
BRETAEE SR 7.0 MPa B 19 RE EVERE S 4L, 21
TSR RS i (1) FAEIRIR (T,) =S &L, dn ]
2 iR,

\\ // \\ // \\ ’ \ 50
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5-ATJRE 5%

(a) ST, /(N-s-kg™")
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K2 1 5-AT 9 GAP/AN HiEE5 45 Ak = A 1]
Fig.2 Iso-property trigonal figures of GAP/AN
based propellants containing 5-AT

HIPE 2 (a) AT, & F R C TS (1, MK T 2 280
N - s/kg) FEAEFT 5-AT H 0 ~ 12% HIFEE P,
1M, NRE S0 5 % 18 5-AT 7% 4K 2 v iy i hn &
N Z . BEARL Sy GAP/A3 & B BRI (5 & 4y
A <20% ), PRFFSELARLL S0 AN AR | I 4 28 59 L o
Bl S-AT &t (0 1 0 56 18 K5 W/ BE 4R 4 53
GAP/A3 & i B i PRI f AN AR MR L v
B S-AT & & B3 InZ dd /. X J& ok, 5-AT
AR U R (H A B RO ARAR, AL o B R
IR, R & AN S8 AR, D& 5-AT B A

AL v AR R L R 4 e A ) g (L
5-AT ¥ i sl R AR A 70 5 i — 2 I 2 . 3%
WA A 28 S, AT 90 e o R R 18T 2(D)
AN T 5-AT B AR SRR IR 20 A 5 L nh 2 A8, (5
SERILINZE S 55 AN 5 A0GE S 0, IR 9 4K
TR 2R S S RURR, 32 AN B R S A B
P, 24 AN &5 —E I, T Lo s 5-AT 5 3%
PREL I3 ) SR PR T HE TR bE IR (R 5 SR RE,
AN 2232 BIBCR BRI

Besh, T T A ROCR & AR 5-AT
I AL IR SR AR HEHE TR IR K, B GAP/A3
JEiE 7K 309 IR 9], AN TR] 5-AT @S i T 4 sk )
AR N, A s 3 R

m(N,)/(mol'kg™")

0 10 20 30 40 50 60 70
w(5-AT) %

K3 R[E) 5-AT B - 8CF RSP N, 1
i [ w( GAP/A3) =30% ]
Fig.3 Productions of N, at different contents
of 5-AT when w( GAP/A3) =30%

K3 sl LIE L, 5-AT T DL BRSSP N,
A i, Y 5-AT Bt 7080k 10% I N, 194 i
7 13.38 mol/kg, B Z AWM 5-AT BIBC T & 5 T
14.5% , AR, BRA R N, P3R40 A0, R
RAE TR T HAA SR =5+ (H,0.,.CO,) /=)
—REPE AR AME SN, AR R BB A B TR
RHEE R FEAS S . AL THEV M2, 5-AT %
i R A AECTAE S R MR ARG R 2™ A T R ik
0K, 33 X AR HE SR AR AR AR 5 AN R, IR UL , 75 4%
il 5-AT S AE G B E N

ARWFFE R, BT BRA R AN A7 7655 0 BH 5 il %
M, H5-AT BURLIE S50 LR PR 45 25 | EORHE 38 KA
A RBATAE T 2R BE S e A Mk )t PRI 1 &5 75 4 2 71
RERLMERE | LT Z WS % I8, it
RHEC T GAT-0 " AN Bii 4344k 65% , LI, H 3
W 2 249 N - s/kg , BRIE A 2 307 K; &t
GAT-10 i /7 AN Ji it 5380 55% ,5-AT Ji i 43
B 10% , i b vhh 2 179 N - s/kg |, RIE N
2110 K,
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2.2.2 HOEFHRESN
NI 5-AT J&7 GAP/ AN it 7 i) g 2
PERE, R T RERRHAZR LI IX 1 GAT-10 FI GAT-0
AR BE DRy S A R R A 8 2 R Nk 3
FoR, 2R3 IR G T A 0 R R B A S
MME.,
K3 Ay S F A
Tab.3 Mechanical properties of propellants
ETACIIN /N L TR G

BR V4
ROV KR RE i -
MPa % % g em
GAT-0 1.24 40.6 47.6 1.547 57
GAT-10 0.53 56.1 69.1 1.535 35

M2 3 AT, S5EEREEC T GAT-0 AHLEE, GAT-10
1) B AR TN W R iR 3R 18 o {E R Ao o B I 2
BB T 57. 7% | HEREFIAE R RS T 22,

L B 1T R T e A 4 ) — 4 I 4%
SEMIANSERETE IR PR 5-AT 20 b B T s
[—NH, , " RS S 5 A5 FIR R B4k 5O, T AFER
Sy AR, 1 A AR 52 4, NI BT 245
FERTT R, PRI, PRI & GAT-10 B, 7 J5E [ 16 71
FHIESER 1, S5SNI T T it 4350 5% 1 AR5,
A5 LGRS A 5 70 A AR SR B R 0. 59 MPa, S KA %
FIT 2L 24351k 50. 2% F 61. 6% , i i Hy 38,
AL LA I A 700 AT AR 43 B w5 a2 7] 52 5 AR
TR | X AE— 2 FEE L EUE T a4

BEAR HEDER GAT-10 5200 %% FE W AIK, — 7 Tl 2
A S-AT (R (1,71 g/em® ) K F AN(1.72 &/
em’) , H— 7 AT RERE K N S-AT FORE S A, H
TOREFE DR, A AR 551 v o AR AR AR
2.2.3 MRS I

KRR L 038 T GAT-0 F1 GAT-10 7£ 3 ~9
MPa YRR, DIBKT R BE i 4 i 78 X A
R NERRLR ki 2

u=u,Xp", (1)
A u AR, mm/s; u, MR RE, mm/ (s -
MPa") ;p FHABEIE J7, MPa;n IR R J1F8 5L,

MR G RA T BTG, AT LIS 345 B AR
JEJIF8 8 n G5SR4 Fis

B 4 FTLLFE Y GAT-0 #RHEHAK, 769 MPa |
BREALALH 3. 66 mm/s , (HBREE F1H8BUR &, ik 5
T 0.85, WARTCTE L &AL E TAER il e
Ko BIAS-AT J&  HEHE R R R AR 15 5
P2, GAT-10 £ 9 MPa FHEREE 4 4. 22 mm/s, 7
T 15.3% . 5-AT BRBed F2 09 3 5 v & A T [ 4

RS, AN E 152w g /N0 R AT DA 2 A
GAP/ AN HESEF] 83 1 #8550, GAT-10 AYRR R
J138%0M 0.65, 1t GAT-0 F&{X T 0.20,

u=1.03xp"8

u=0.58xp"%

= GAT-0
o GAT-10

p/MPa

Bl 4 PIFMHESE R wp HZR
Fig.4 u-p curves of two kinds of propellants
2.2.4 HHBRESH
ASIN 5-AT J& |, 5 ZE e 22 A M HEAT 1T AG
F 4 BN GAT-0 I GAT-10 19 HLAR B3 Tt 25 5
HIZ 4 T, 5-AT B IAGE GAP/ AN HfEHEFIH LA
BETHi  FRPETR = Hy FRAR T 28. 1%  BESEIRIEMER
PHOIT 11,19 FEMH: A B RIS i FUSURLIE A
I P A S i AR 22 B LA
A4 R 6 B R
Tab.4 Mechanical sensitivity of propellants

B 75 FFEVE R Hyy/ cm PR YA % P
GAT-0 45.5 0.36
GAT-10 32.7 0.40
3 #ig

1) e T8, 3N 5-AT LU, GAP/AN #E
HEFI A BE L rh R T 2 280 N - s/kg AU 5 T B4R
HF 5-AT BB SN 0 ~ 12% RSN, 23k
WA m KT 20% 0, Hovh IR A& 5-AT &
B/ 5-AT B0 A R DL 4R R R
TN, Az B, A R T B LR A A S ) Y 4R AR
5%,

2) 5 GAP/AN #ESEFRIAR L, BT i 734 10%
(1) 5-AT Je 4 277 A R 5 145 5 0. 85 i 5 F&AIX
F0.65, RN, 7E 9 MPa FHAEE N 4.22 mm/s,
PE T 15.3% 5 Hidme AR R TN 2440 238,
Er s B W 25 R B BRAR T 57. 7% , %% B R i
WA TR, AN, 5-AT FI A GAP/AN ik 5]
BUBBERFE T 157
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