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[ ABSTRACT]

temperatures at different heating rates were obtained. Activation energy and pre-exponential factor of laser sensitive propel-

Processes of thermal decomposition of laser sensitive propellants were analyzed by TG-DTA, and peak-

lants were calculated and governed by the Kissinger Equation and the differences of different formulations were analyzed.
The gaseous products of thermal decomposition were measured by mass-spectrometric, and the mass fraction of gaseous were
calculated by NASA-CEA. The results show that the purity of formula is diluted due to the addition of Nano-C and PF,
which may vary the activation energy and pre-exponential. The heating rates can influence the equilibrium of reaction,
which means the higher heating rates, the lower the reaction heat. The 70% ( mass fraction) of gaseous product is nitrogen.
Results from laser ignition experiment show that laser sensitive propellant containing AN performs as a superior oxidant.
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Fig. 1 Laser assisted combustion of

solid propulsion technology
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Tab. 1

Component of different laser sensitive

propellants ( mass fraction)

%
e 3 s
RIRT o) (A (MERE)
AN-1 100 0 0
AN-2 95 5 0
AN-3 94 5 1
GN-1 100 0 0
GN-2 95 5 0
GN-3 94 5 1

FBIRA S RTAB A 7E 500 kg 7 T il
ALY
1.2 {XSFFomik &4

R 2% T VR TG-DTA BR & 20 M AX, 18 [
Netzsch EXSTAR 6200, a4 7€ i f& 20 mL/min )
R R AT, W E (0. 1MPa) ;47 36 S8 A0 81 1
BER M  THEFEFBEE N 30 ~500 °C, FHEH K B 73
51k '5 .10 .20 1100 K/min,

ZE 7 A AR RN DU AR AT T B I B AR Al ]
Netzsch STA449F3-QMS403C, ik & 7€ i & & 30
mL/min S AR 34T, % H (0. 1MPa) ;7 35 %
ARER IR i s FHRAR 7 1€ A 40 ~ 800 °C, FHIR
@zﬂ 550 K/min,
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Fig.2 TG-DTA curves of different laser

sensitive propellants

WHEGE, IFIEILRE, 1/ mol

K1) ST In(B/T2) ~ 1/T, Mtk IS, 3K
HRWMTEILRE E, F1 A,

W3 Rl LIE Y 6T AN GN &5, 1%
TR 5 ORI 1 G A1 88 R 4 0, A B 22 ] £ 5 W) 358
/N Sk TS 2 A AH ¢ R B TE 0. 99 DL | 15
P53 B F5 T PR 7 A A6 BE VA 0T {5 ; /£ AN-2 ,AN-3
FTGN-2 \GN-3 By, fe by AR I 1 ) i 1) 925 o
B EN 6% LU (HHX8h Ji2- S50 %

M A, PR ) I 7 A i B PR 2 5 TR B
HAEFA S TR T FE S Sl BE , FRAR T S ok
R DA AT R A AL RE A S IR
2.2 BYMNITE
FEAT Z2 B0 J7 1 6 BOE R 7 1) F o3 e

Br T ARSI DL RN B ) 2 S8 iR AR B T I i
SR RSB, 45 A SO AR IO 8 W T

AR, FEHOHE A 10 100 K/min FECHEEAT
giit, %k 4,



.18 - 2 T )

548 FH 1

A2 RE GRS 6 5 i R
Tab.2 Peak-temperature of thermal decomposition
of different laser sensitive propellants

IR T,/ °C

FE
e B=5 B=10 B =20 B =100
K/min K/min K/min K/min
AN-L 330.0 340.5 346.6 371.0
484.7 488.2 491.4 502.6
326.2 335.3 341.4 362.3
AN-2
479.4 484.9 487.5 502. 1
323.8 331.0 334.9 360.5
AN-3
479.3 483.0 486. 1 499.6
GN-1 577.8 589.3 602.2 650.2
GN-2 513.6 525.8 542.8 575.2
GN-3 518.8 530.4 540.6 575.3

A3 RRAH A 6 R M3 ) F R
Tab.3 Thermal degradation kinetic parameters of

different laser sensitive propellants

Eh LR, WiikeEs  fEETET/ v
gg /JmEZO((:EE] (kf-ﬂfnil_]) 15 Hi_]? e
AN 40 ~90 69.54 6.28 x10°  0.993 2

180 ~280  326.18 2.16 x10® 0.9979
AN2 40 ~90 76.86  1.41x10"  0.996 5
180 ~280  255.73  8.60x10®  0.992 1
AN 40 ~90 69. 50 5.71 x10°  0.999 5
180 ~280 327.08  2.51x10%  0.9925
GN-1 200 ~400 116.00  1.22x10° 0.9956
GN-2 200 ~400 109.00  5.00x10°  0.996 7
GN-3 200 ~400 122.20 9.52x10°  0.9957

k4 FEARRELMAR
Tab.4 Mass flow rates and heat flow rates

Bl THEER/(K - min™") AWM/ (g-17")

AN-L 11000 gzltg: 8
AN-2 11000 Zgﬁ 8
AN-3 11000 gg g
CN-1 11000 gi 8
CN-2 11000 _ i? 8
CN-3 11000 _ 2?(1) (2)

MR 4 HpaT UL B, FHETE %100 K/ min ) 520
Wz PR P T FHEE 2 10 K/min (9RO G 3 X
SRR THEE S Ao R R A A2 SO

FRHE IR B RN AROHESE 4 T X T4 A IR
IO A BC T, [R)AE T T SR Y o s s e T
A2 SO AP , 5 3R B 4 100 K/min 9
AR T THE R 10 K/min (7520 BV, 3
R SE CHE E 7R0 B R TR IR R A g, W LA
IREVRRAPILE K, PR AT I i 7 2o A 2 Ah F AN
PR
2.3 SHEAWSH
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5-ATZ S A U K 2 0 N, DR AT 3k 5]
A IO RR . 5-ATZ B AR =S50,
TR LA RFTE, HHNINET 5-ATZ #45r
MriFos SR 26 BH . 5-ATZ 73 fi 1) E S A = WA
N, .HN, .NH,CN  NH, . HCN, %t 5 Al 7= 4 4 % $0 e
(CeHgN o) JACHE = IMRAERR S BR A
2.3.2 SKFISE=Y

1) AN J& —Fp 8 Z I &AL, 20 7 o & ik
TR, T2 e MR EE e Pk R, TR e
AR, R 2 FIPE IR S 5 AR5 AR
T Y [ A T 70 R R R A T ) 2 B AR AR TR
HAr+50 NH,NO, , brifEAz Bliks - 265. 50 kJ/mol , 7
WL HE T —MRuE Aok, Bk AN 451
f . (HR I i AR AR Y A A LA A S AR R
PEUNT . AN 7E 170 °C 1 5% fi 15 A0 1 38 W7 I 1 4 43
fife , PRI TR, AN A Z 0] B i) #1438 2XOF:
PEREE KB BRI, AN 3R EE S A
N, .HN, N,0 H,0, AN ZrT45ky=X K 4,

AN I (9 BT 50 B £ ZE NH, Fl HNO, , [7]
I IAAFTE NH, A1 HNO, F9 2k 252 43 i AR B A 2R
HIASFI=8) . AN B9 i AR an R,

110 °C 5fi# .



2019 42 1 S HHEER B 1% TR ORGE D 5 9.
e : GN MR
| i [C(NH,),]NO, = HNO, + NH, + H,N—C=N.
Ll ! Ny
/ /. \\ (6)
B W, o? o

Kl 4 AN B T45H)=0

Fig.4 Molecular structural formula of AN

NH,NO, =—=HNO, +NH, 1 ; (2)
185 ~200 °C 43+ .
NH,NO, ==N,0 1 +2H,0; (3)

300 °C L4753 fifk
5NH,NO, ==2HNO, +4N, t +9H,0; (4)
o VRO P GHU I A 1 i
2NH,NO, ==2N, t +0, t +4H,0, (5)
2) GN b7 4 Zad SL AR, 73 120 CHyN, -
HNO, , bR % - 387. 05 kJ/mol, [ {545 5ok
R AT AN, 2 B EEE IRl f o i ml e A
JE TR R B AR 2 150 °C B 40 i JF H 4. GN 1Y
Mg +o37 iz, FEH T2 2% KSR

BRI BRARAERL A B 7] 5 40U, GN 3 1454
AWK 5,
e, |7 0 )
H,N N, || o Xy

Kl 5 GN R T45#=0

Fig.5 Molecular structural formula of GN

WG, LS Y HN—C=N 2L RE
J2NE A 1 v B W 5 (Melon ) |, BT 3 1 NH, , NH,
H1THNO, PAkSE o fif AU BAE FH Az LA Fh =9, i
S A2 W S T e U A
2.3.3 RIS

TR HIT 1 53 i AR T 0 2 B3 2 e )
F it R ARME B AR EE RSB B8 AR AR 3 i DL
N T REIG R DR  BAHE =Y BT, R UK
FEBT3E TG-DSC-MS 1 FHE AR 2 1 i 2 7 4
SRR SR R AR X A R SR T AT BE Y
ML, TS LI 6

K6 o b5 17 ~ 8 Lk o B R T AN 41
JfEA 1,28 18 .17 14 44 30 12 g/mol By IR
ar. SANBEEAR T ARFEASEA S EE, 7]
R AF X 43I0 £ 4 DU A 50 1) SOAE = L
C.N.NH, .H,0.CO.N, .NO F1 CO, ,

R T H e SR HLAAR 2 43 RN, R NASA-
CEA B X SR i 390 A7 45 R 4 AR R T 58, %5
JE I [E Ay v g A e 2 SR B L BR 58 ™= 1 1)
2 3R B WA T TR IR AR 5 Tk 6,

HRAPEH S A 6 7T LA H, SRR BB i
FEY AN, H,0 NH,, DL S #E RS 1%k,
i 25 Tl 2 AT T AR T o, 2 5 67 SRR BE B R, S
SEABRE I i BER A MRS 2 N, AR

100

{100
i 5
sor 282.01C,—08006mW/mg | —58.43%
i X\ 712.8°C, —4.59mW/mg 130
60 F A 10 ~
N I\ g <
” ;o 160 2
@ o A 5 E g
X £ ;y
201 212.0C, —12.7 #
0 . W mre—i——— -'-i/' ~ P —— A 10
PAWEES EEPEN =
Y / No 5# 120
[ —— S e e e e —————— ——— gﬂ«..-.
20 F &1 s
_____________________________ ol
-40 10

K6 BB AR S YA X 23 B i

Fig.6  Molecular of gaseous products measured by mass-spectrometric
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Tab.5 Thermodynamic calculation results of laser sensitive propellants mass fraction are ed by NASA-CEA

By AN-1 AN-2 AN-3 GN-1 GN-2 GN-3
JE 3/ kPa 1 1 1 1 1 1
IR/ K 300 300 300 300 300 300
A PRIRBE IR L/ K 1 744.22 1 613.69 1 616.00 1.794.31 1742.10 1 747.06
ARG/ (K] - kg™ 2443.22 2321.13 2301.45 -3170.13 -3011.56 -2976.20
SAREEIR T HE/ (g - mol ™) 26.977 28.089 28.227 24.421 25.707 25.844
A A/ (K - kg™ - KTY) 2.096 4 2.1317 2.1370 2.024 0 2.0113 2.018 0
ARG H/ (W -m™ - K1) 1.531 1 1.430 7 1.4352 1.762 7 1.7113 1.719 0
FREE LN/ (K] - kg™ - K™Y) 1.920 9 1.8926 1.898 6 2.024 0 2.0113 2.018 0
RES TSR/ (W - m™ - K™) 1.429 1 1.294 0 1.298 7 1.762 7 1.711 3 1.7190
A6 KA FRIEZ M0 R E oK
Tab.6 Mass fraction of gaseous combustion products of laser sensitive propellants
%
HIy AN-1 AN-2 AN-3 GN-1 GN-2 GN-3
Co, <107? <107 0.360 5.923 4.968 4.932
C,H, 15.175 17.661 17.792 3.709 3.096 3.186
C,H, 1.408 1.747 1.741 0.047 0.051 0.052
C,Hy 0.001 0.001 0.001 <1073 <107? <1073
NH, 6.142 2.743 2.723 <1073 <107? <107’
H,0 <107? <107’ <107? 39.420 37.989 37.871
N, 77.275 75.954 75.147 45.892 43.598 43.139
C(s) <107? 1.894 2.235 5.007 10.299 10. 821
HRAE 2 W L BAH N R A AT KT REERAGES (TENH)

Tab.7 Component of laser sensitive propellants

3 EER AR

used in test

G5 RMR O OB ROE
R TR SO e Tk ' SO R R R e g, A T GNI  80(GN) 10 10(Nano-C)  —0.54
THOCH KR, W T —4lm R (AP) R GN2  60(GN) 30 10(Nano-C)  —0.62
BT VE A TEREXT L, HESEFR A9 BARA 53 W3R 7, ik GN3  40(GN) 50 10(Nano-C)  —0.70
g RN 8 I 7 Fron, ] v i A AL R Ry GN4  20(GN) 70 10(Nano-C) ~ -0.78
AN GN B AP, S 5-ATZ , WG R 44 K Bk 5 APL  35(AP) 55 10(Nano-C) ~ —0.33
CuO, ZH%E FIR FH B AR G . AP2  30(AP) 60 10(Nano-C)  -0.41
MRS AT LU th, ON RIUBF ket AP 200 70 10(Nane-C) - -0.49
BB, MR TT LA FFFIASE, (7= B e A0 30D 7 100 ano ) -0.57
T TP 7R 227 BRI, R AP T jgii: > 18;28; o
H RS b B < - 2 SHE : A u -0.
samcnmstiean wEesoonaTs 0 00 00T
ARTERRIE, B BE TN, SR, )WL BRE AN2  65(AN) 25 10(Nano-C) ~ —0.30
HTHAEITE, SRR AT G, A 4E ANZ 55(AN) N 10(Nano-C) 0,39
HC]%%&& 5 Xﬁ%ﬂ%ﬂﬁ%@’flﬁ:ﬁﬁ ;AN/%@J ﬁﬂﬁﬂ"] AN4 40(AN) 50 10( NanO-C) -0.52

MRBEPERE 45, AN AL PEREIE o, A& X o0

R IIasig B YR BON T SR ks IREAR, SEUE KRR Z TIBUER b T (4
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Tab.8 Test results
S BT PL/W

B R R HpERL

GN1  20.00 12.13 MUK R HEK
GN2  20.00 10. 80 BRI D E KA
GN3  20.00 10.00 SRR,
GN4  20.00 7.50 KR, R A
APl 20.00 6.70 UK, A RER e
AP2  20.00 8.50 ST R ke
AP3  20.00 4.30 SRR, R KA
AP4  20.00 3.80 UK, R KA
AP5  20.00 0.30 ()RR | 525 KA
AP6  20.00 0.25 [EJ B | 1558 K
AN1  20.00 15.20 RO AR AR
AN2  20.00 14.30 SR RS R
AN3  20.00 13.70 BRI B KA
AN4  20.00 16. 80 R, KK

PR BRI, WO Bk B SR B A EOLRY
Mo, (HARBEAR F 35 T B EES  ARMER: T A ik
BHRBE, SRR BRI 5 B 1, BER S IR
ELERR IR LIRS AR A —

TE IS A 0T TC T HL A 4P B B O S (R
SR v TR K, AR R KR, TR e R A A
HATHI AL BRSO A &4 | S50 Hh AR E AR

4 g

Xt T OCHIHERET A HC T T 8 T A RO A
KAk 435 TR 45E

1) GRS 77 P A ik 8 R 93 PR RS i 114 o
BAE) 6% BBl 24 R T2 R, A A 2
TR TR A AERE | AR T RV R

2)) T A R S T A R Ak A o BN
SRR B -1, R A BRI

3) T 76 1 T AR 2 22 590 ) £ S T JEE 44
R EIRBEERFATET

4) GN HAALYERERZE W 2 TR AP #A
Bead FIRIZ, 15 e, WOGTE HI A BE 1 BE 1B
AN KAl v g WY 7 W0 B8 T I, A5 AT R
4. PRI, AN TR 3 AR50 P e A AR S D't it
PV EACTI LT, AR B ) OEPE RERLAF , T
SR = 475 Y P E AN REAE D RO
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(g) AP-3
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B7 g i

Fig.7  Combustion condition in test
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