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Table 1 Burning rates of several propellants mm - s’
p/MPa
propellants
4 6 8 10 12 14
SO 2.15 3.59 5.20 6.49 7.81 8.99 9.77
S1 4.81 9.01 9.65 8.78 8.55 9.40 10.42
S2 5.66 9.07 10.38 9.86 8.93 9.73 11.17
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Fig.1 TG-DTG and DSC curves of SO( without catalysts)
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Table 2  Characterisitic values of TG-DTG and DSC of several propellants

formulation T, /C T, /C T,/°C T,/°C T,/°C T./°C AT/C AH /) - g™ AS /) -g™t - C!
SO 142.2 204.6 186.6 143.0 205.9 226.8 40.2 1188 29.5
S1 144.1 205.4 187.3 145.7 205.7 225.7 38.4 1195 31.1
S2 143.0 204.9 186.5 144.6 205.7 225.8 39.3 1235 31.4

Note: T, and T, are the peak temperatures on DTG curve,respectively; T, and T, are onset and end temperatures of heat release on DSC curve,

respectively; T:] and T; are the peak temperatures on DSC curve,respectively; AH, is decomposition heat; AT=T, — T;; ASy; =AH,/AT.
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phase decomposition products of several propellants vs time

AEFE B0 T A H I A Y R T A4
AWML 0 O—NO, W%, ki NO, , 4
A RCHO K4y 55 45 — 4 5 NO, Xt E g i [ 41k
IR L L6 A0 AR A R R WD IR B B2 AP
O—NO, it fifi t NO, 5 i J5 & Fh ] AT i b 2 5 i
Jo SR PR N S B SR A T Y, AR SE IR TR S X — 4
TRIHE— 20 R . GOKR BT ERAE AL TR 0 A7 76 X DU IR R
Y I3 fiff 2k R A 52 )

M3 T LUA S &R 5 4% B 7 AUEE HE i 7] 7E
JE s AEL A it b, 3 O—NO, [ 1654 cm ™ 4L
W AT 0 TS e ) B ) Ol EE ) AR SR NC ERR 2 Wl

CHINESE JOURNAL OF ENERGETIC MATERIALS

f 1160 cm ™' F1 1067 cm ™ HRAE WY o X HIESE T R
FLA 5 B o0 R DT RR B e O—NO, Wi, R 5 =&
NC I 24, Rt AE7E NO, X 4 fife 7% 185 o H Ath /3
PRI B A R

A e B B gy S1 RS2 525 (/7 SO AH L,
O—NO, Ik 24 (18 3a) F1 NC PR i 24 (& 3b Fn &l
3¢) ¥A BT HR AT, H oA 4 ok 28 2K H R4S (n-PhtP)
PREAR R Y S2 I B2 A 1 I (] (Il ) BE 28 X R WA
FEFIE HE T SR 2 O—NO, (1 Z4H1 NC 314y
fiff, (S OUIE 20 43 1) 43 ik 1O R 06 e, TBCHA R IR . X
TG-DTG F1 DSC 25 5 rfv | i Ak 51 19 i A 4 32F 7] #443
fift 2 FRAE AR AU AE W) £ o X HE— 2 R W] GRS L
T AETERT U R 1 T 0 ik dok AR A R i i 494 0K
LR Z R (n-PhtP) A2 B R
3.4 SRIEHFANADPBUWEZESE~W R EMNLF

ERMEDT

FH TG-DSC-IR B AKX S ZR B BL 7 #4453 fif 19 32 22
SRR HEAT T IRER I E . B 4 AR E T EC T SO
IS LA OGE 1B 5 A SO 1 BRI
ZL AR SO B RO B O R 4R e i Ty 5 =Z AR .

_ about 50°C S0

1608 1278 828

about 150°C - 1679 1626

. about 300°C

3000 2000 1000
wavenumber / cm’

B4 SO e R T 4N IR 0 204 i
Fig.4 IR spectra of SO ( without catalysts) thermolysis gas

products at different temperature

0.025] DTG

intensive
>Z
o S
Ol
ju
(@]
ju
<)

?CO
s — - —

50 100 150 200 250 300
T/IC

B 5 SO J)fif F2 BTy ) 2 S W3 B2 I G R
Fig. 5 IR characteristic absorption peak intensity of SO

(without catalysts) thermolysis gas products vs temperature

W
b))
o
X

2011 % #194% H14 (23-27)



26

WA, B, B, EBRL, BRERE, B W, £ WL, X7

AL AP R F S 28 51 WOSE A 3k ) 1) Ak
YA NO, .CO, N,O NO .CO . CH,O Fil HCN 4,
X5 Brill A7 H T-jump/FTIR B A 35 AR 345 1
ZER B .

MIEL 4 FEL 5 1T LA HHOCEL 20 43 43 il S AR 1 14
R AP B 55— B BoE NG i # & 58 (R 43
i, AR SAR = B NO, Fl CH, O, £1 40 R I 38 £
WE] NG; 55 HrBOR BRI R (F B NC) /i,
WA NO,.CO, N,O NO,CO,CH,O fl HCN %
PRI , 0 4 0 0 W0 o 245 4R 40 i B 2SR P B R, NO,
FI CH, O fry W Wi A WA e o 465 — A W5 1A e X 7 £ 2
NG )3 fif 2 i NO, Fil CH, O, 45 — AN I3 1 4 2 A
R (EZEZE NC) o 4 NO, fil CH,O,
CO, .N,O . NO ,CO 1 HCN I H A — A4~ mg g i, 3=
B AUEER R (E B NC) = o X5 4% it 07 1
TG-DTG £k b Wi it i 3 2 i 72 L Jx DSC i £k k=
R B U S g 5 Y

INAAMELE T 5, £5 BC T 0 43 f SR 7 1 1) 2 9F
BEA A (EE 35 B AR My 4 AR 2R e R T
ARk o T UL IR AR A R 45 M6 AR 7 A A
b, 2 3 3 T 40 7 2 AT ) B R X 4L R L 491
KFo FH By A AR 18] AR EE 1 G 2 R MR AR A
75 W 4 21 4 W AR 5 3 T B O R IR T e AT 4%
R A B R SRR A 2 1A R A3

R 3 SBCS R BT AR LI R
Table 3  Proportional relationship of primary gas products for

several propellants

propellants CH,0/NO,  CO/NO, CO, /NO,
S0 1.77 0.071 0.80
ST 2.45 0.079 1.06
s2 2.60 0.090 1.12
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Effect of Nano Lead Salt on Catalytic Thermal Decomposition of Double-based Propellants

XIE Ming-zhao' , FENG Xiao-qgiong’, HENG Shu-yun', WANG Xiao-hong', CHEN Zhi-qun', PAN Qing' , WANG Ming' ,
LIV Zi-ru'
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Xi'an Ruilian Modern Electronic Chemicals Co. Lid, Xi'an 710065, China)

Abstract: The effects of two nano burning rate catalysts (nano lead 2,4-dihydroxybenzoate and nano lead phthalate) on thermal
decomposition of double-based propellants were studied using TG-DSC-IR simultaneous techniques and combined solid reaction
cell in-situ and RSFT-IR. The characteristic values for TG-DTG and DSC of the condensed phase and the gas products were meas-
ured in real time. Results show that the nano lead salt catalysts change on the characteristic values of the thermal decomposition,
and shorten the decomposition course and accelerate the exothermic rating. The split of O—NO, bond and framework in NC/NG
component are facilitated. The relative quantities of CH,O, CO and CO, (with negative forming heat AH?) produced from the
decomposition of NC/NG components increase. Compared with the blank control propellant,the exothermic rating of the propel-
lants with n-B-Pb and n-PhtP increase from 29.5 ) - g™ -+ °C " to31.1 J-g ' -°C " and 31.4 ] - g~ - °C "'respectively; the
ratios of CH,O/NO, increase from 1.77 to 2.45 and 2.60 respectively; the ratios of CO/NO, increase from 0.071 to 0.079 and
0.090 respectively. The propellant with nano lead phthalate has the rapidest exothermic rating,and the largest relative quantity of
CH,O and CO,and the highest burning rate too.

Key words: physical chemistry; nano burning rate catalyst; thermal decomposition; double-based propellant
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