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High pressure thermal decomposition behavior and
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Abstract:

The burning and high pressure thermal decomposition behavior of a typical nitrate propellant with and without cata-

lysts was studied. Lead salt and copper salt moved up the thermal pyrolysis at SMPa, but carbon black did not. Lead salt and copper

salt and carbon black increased this trend and also increased the reaction rate of nitrate propellants in temperature scope from 191.7

C 10 239.5 C, and this is the reason of the burning rate increase. M/ AT had some relation to the burning rate. The higher the

A [ AT, the higher the burning rate.
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Table 1 Formula of the propellant samples

Samples Lead salt Copper sall Carbon black
1 2.5 0.4 0.3
2 0 0 0
3 2.5 0 0
4 0 0.4 0
A7 0 0 0.3
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Fig. 1 Burning rates of the propellant samples
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Fig.2 DSC curves of sample 1 at 0.1, 1, 3, 5, 7 MPa
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Table 2 Main decomposition parameters of sample 1 at high pressure DSC”

Decomposition temperature/ C Decomposition enthalpy/ (J*g” h Maximum heat release rate/ ( W/ g*min~ h
Pressure/ MPa
Tml T m2 A 1 A ) B| B—;_
0.1 202.8 238.3 1 350 228 5.723 2. 829
1 205. 4 230.5 1959 430 7.454 7.922
3 203.0 228.6 2 364 549 10. 85 12.78
5 201.3 228.8 2 570 567 12.72 13. 14
7 200. 1 228.2 2612 607 18. 65 17. 14

" The subscripts 1 and 2 of T',. AH and B represent the decomposition temperature, enthalpy and maximum heat release of first and second peaks

Table 3 Main DSC parameters of samples at S MPa

Samples T,)C y g {0 AT/ C A (Jeg Y M AT (Joe” 'K™h w/ (mmes™ )
1¥ 180. 6 232.5 51.9 3 286 63.31 9.78
2 179.7 236. 1 56. 4 3253 57. 68 5.85
3* 179.7 235.7 56.0 3288 58.71 7.97
4" 179.8 235.8 56.0 3266 58.32 6.43
5 177.8 234.7 56.9 3235 56. 85 5.71
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Fig.3 DSC curves of sample 1 and 2 at different heating rates
Table 4 Dynamic parameters of sample 1 and 2 at 5 MPa
Tml Tm2
sample
EJ (kJ*mol™ Y Ind/s ! EJ (kl*mol™ Ind/s !
1% 114.8 24.55 155.4 32.92
ot 104.9 22.0 163.8 34.90
Table 5 Decomposition constants k (s~ ') of sample 1 and 2
- E (17 E(2%)
Tllll TmZ I;'r‘ml Tm2
150 0.308x 107 ° 0.0129x 107 0.397x 1077 0.008 5% 10
191.7 5.84x 107 5.84% 1073
200 9.71x 107 1.38x 107 9.30x 107 1.17x 1077
239.5 29.4% 10 ° 29.4% 107 °
250 158.2% 107} 60 107 ° 119.1x 107 ° 62.7%107°
300 1582% 107 ° 13631073 978 x 107 1679% 107
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Table 6 DSC eigenvalues and burning rates of sample 1 at different pressures

Pressure/ MPa T.JC T/ AT/ C M1 (Jrg Y AH AT (Jrg 'K w/ (mmes™ ')
1 181.0 237.3 56.3 2375 42.18 4.75
3 181.2 234.0 52.8 2902 54.96 7.12
5 180. 6 232.5 51.9 3286 63.31 9.78
7 183.0 232.2 49.2 3379 68. 68 11. 60
KoKW, BEEENNFAG, SR AH BT TR .

WK, RBARRETEAK, SRSy
B AE B 2 R AR D, [RI R 3E KA R RS
FH R E P2 AR IS S 1) DSC R it b, AT DSC
W WA T, X5 K KRER &
PUBIE — e, [FRF, AR A ik ] bl & s /)
R, AT HMB T, FEMEAEMARERT, X
2 BF S5 L 58 B R B (D408 B, TSR e SIS P S JE A
o X5 BRI IR R AE G

AR LR, BATANRIE v 5 DSC FRIE=
NH [ AT AR . FATHRE 6 MEIEIE u~ AH/
AT BIZHEEIA, 3R

w=— 0.680+ 0.160( A/ AT)

ML REH 0.969 4. T 1* kkEmi =, AL
2[5 RS B A 2 i . 280 A i L e e
FEMMIES R G R, XTT AR AR, BRE o
5 A/ AT FRAEERME R R, (B T A [) b 2 4 3F 771
e, XERHAHAE. Fik, DSC 4535 H%E
Z [ B ROk & i f it — 2B A 9

4 & i

(1) ot XA 771 2 X0 IR -, X B NG+ NC
J RDX MR B, R J1FE @, NG+ NC i i
M, o RRIR BT .

(2) NG 1E8 & F 3 B 48 R sl I+ 16 i Wi #hid
P2, 15 RDX Stk XUIEHE R 25 — V& 7E R R 2
1 MPa I} 43 fif e I J5 7%

(3) SR I 4 &5 0 i R E R E 5 MPa 43
R SRR AT TE R, PN, =JoR A4k N Rl

(4 S8 AH 5 AT 2tk A/ AT 5REZ 847
TERBEL R, NH/ AT #OK, Bk .

(5) Bh /1AL REY, = oK A EAFIE
P i 4 3 A 4E 191.7 31 239.5 CI 5 fift e N 3

}%%0
2 F X M

[1] Fifer R A. Chemistry of nitrate ester and nitramine propellants
[M] .In: Kuo K K, Summerfield, ed. Fundamentals of Sol-
id Propellant Combustion. Progress in Aeronautics and Astro-
nautics, 1984 (90): 177~ 237.

[21 # . Ee@UARs RS T 6 HEE 7 R
Petk BB R AR [ C] - Joki 2 IR [ B R4 B s
IS, 1995.

[3] @%4, KMk, 2 ESC.RDX-CMDB #k 3 7 ¥4 be #E
AEVAT [J] . MR, 1989 (3)

[4] ZF b, e, sEEM, 5% . 6 0 Bt XU 4
BEFI AL BE TR 3T AT BB VIR () - #EHEHEOR,
1995, 16 (3) .

[5] ET7K & F. o R IE A I R
W wrsT [J) . #EHEOR, 1999, 20 (6) .

[6] EEMR. FBRTTSUHESE R AR A 1A 1T S MR
WEFE [D] . Kb EEERHERE, 1999.

(71 XAR#EE . oArAbF T MBS o e ot [M] . dB5:
2 Tl AR A, 1994: 43~ 44.

[8] 2 . s fedE ki b e A sn 45 A7 AR08 (D] .
PE2: P AR SERT SR, 1993

(TR EER)



