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¥ HTPE 435115 FOX-7 #1 FOX-12 &£ FfR& 5 g 1F
50 mL BRI A 30 mL PYER (2 Brak) , BE bk
A M A R LIS S R SR R,
TR O FR B BT
2.2 {USEFALIGEH

DSC 204 B4 22 71 1 41 B A (78 [ NETZSCH 2>
H)) R BT 2 0.500 ~1.000 mg, FHi X [6] 2 50 ~
350 C(Xf FH—{K &, FHR X [H] 24 50 ~500 C), F+
WA 2.5,5.0,10.0,20.0 °C - min~' N,
A, W 50 mL - minT'

2950 % TGA HR #uFE 430 #r i ( £ [E TA Instru-
ments Thermal Analysis 2y F]) # i Bia 29 1.500 ~
2.000 mg, THEIX A3 50 ~500 °C,THE#EZ K 5.0,
10.0,15.0,20.0 °C - min™' ,SA MHizh N, , fiiE K

60 mL - min™',
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Fig.1 DSC and TG-DTG curves of HTPE
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Fig. 2 TG and DTG curves of HTPE at different heating rates
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F1 BAHMERE LIRS HER DSC H4ff #

Table 1 Decomposition heat of the single systems of FOX-7
and FOX-12 and the mixed systems of HTPE/FOX-7 and
HTPE/FOX-12

AH. /) g
system -

low temperature high temperature
FOX-7 592.7 758.5
HTPE/FOX-7 - 871.8
FOX-12 1500.2
HTPE/FOX-12 474.9

Note: AH represents the decomposition heat.

MR 1 A2, gl FOX-7 IR R ik 43 i Ak
P8 592.7+758.5=1351.2 ) - g’1 , 1M HTPE/FOX-7
RARRN AN 871.8 ) - g7 3.1.1 SLRLER R
N By HTPE (8 20 fif IR & /N, T DL Z s A 1T
PRI, F2 Lo 4T 580, S B AR X T 34l fy FOX-7 iR A 1A
RN T 196.2 ) - g7'(871.8-1351.2/2)
B HTPE/FOX-7 1R & &k & 70 i S 4 i B m T
196.2 ) - g™,

By FOX-12 BRI W i Sy 2173 °C L i
HTPE/FOX-12 i 4 1k 2 (1 3443 fif 16 35 & 200. 0 °C,
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T B 5T AL T — 2R AR ok o o 5 T D A
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Fig.4 DSC curves of the mixed systems of HTPE/FOX-7 and
HTPE/FOX-12 at different heating rates
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S8, TR S EAFFHR#E A (2.5,5.0,
10.0,20.0 °C - min™") F,HTPE/FOX-7 REK A
T3 it S ) e W TG AL g B =288.16 k] -
BiHF A, =9.55x10% s M LR AT 0.99, 5
FOX-7 B2 ' th %%, HTPE/FOX-7 R & th &
FOX-7 % = & 40 % B N /) 3= W0 3% b A B AR T
50.64 kJ - mol™"

DL B, 5 FOX-1277" g £y He B, HTPE/
FOX-12 iR &R R MF UG LRE £ 179.50 k) -
[T 58.26 k) - mol™ &% 78.75 k) - mol™ , &5/ A
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%2 HTPE/FOX-7 1 HTPE/FOX-12 JR & K & Ay #1431 L AN Kissinger 28 30318 30 1 22 540
Table 2 Thermal decomposition temperatures and kinetic parameters of the mixed systems of HTPE/FOX-7 and HTPE/FOX-12 at

four different heating rates

T,/C kinetic parameters
system — — — 5 - e
2.5 °C - min~ 5 °C - min~ 10 °C + min~ 20 °C - min~ Ey/k) - mol Ig(Ac/s™) r
FOX-7 - - 283.4 - 338.8!%! - -
HTPE/FOX-7 258.63 265.76 270.78 275.57 288.16 28.98 0.99775
258.251% 25775101 ;
FOX-12 - - 217.39 - ! . 10]
237.76!1) 23.48" 0.9983
HTPE/FOX-12  185.84 192.94 200.00 205.69 179.50 21.04 0.99534

Notes: T represents the thermal decomposition temperatures, Ey represents the thermal decomposition apparent activation energy of Kissinger’'s, Ay represents the

preexponential factor, ry represents the correlation coefficient.

3.3.3 Ozawa ARITEFRMHEARZNASEIIA

XFAS ) FH i % R DSC 4k - HTPE/FOX-7 iy
Iy RS 3R A3 HTPE/FOX-7 R A 1 & I I 5 46 %
HIRE (a-T) XFRZ ML (E 5), h FOX-7 ff§ DSC-TG
T2 7T L) % B, FOX-7 1% 3 A 4 3 fif 52 B I
REL) 24.46% , BN AR IR B ES o, Bl 5 F 2 FOX-7
FR VR Ul A R B B o BRI TR S R &R v FOX-7 76 i il 43
fift T BB B 45 SV 5 AL R o B 0.3,0.4.,0.5.0.6,
0.7.0.8 F10.9 X i B, W3R 3.
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iR, Ky A, WA AT N T, 75 B N TR K,
°C-min"'; RS K% %,8.314 ] - K' - mol™,
G(o) WP R B RPIER . HIAZ(2) Sk 2 HriEk
A 1gB-1/T M £k, Ze vk M A 13 3] TR & 4K & FOX-7
TE o O B3R 7 Fig LI B R MG L RE Eo , T MBE 2 (2)
H Gla)=-In(T-a) ,5RKTF InA, 45515 T3 3,
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Fig.5

a-T curves of the mixed systems of HTPE/FOX-7 and HTPE/FOX-12 at different heating rates

#= 3 HTPE/FOX-7 IRE KR M4 IR E 1 Ozawa AT E S HF S K

Table 3 Thermal decomposition temperatures and kinetic parameters of the mixed system of HTPE/FOX-7 at different heating rates

. « T/°C kinetic parameters
data point F - - - - — —
% 2.5°C -min”' 5°C -min”" 10 °C - min”' 20°C - min”'  Eo/k) - mol™" Ig(Ay/sT") ro

1 30 249.76 262.46 268.48 274.68 263.22 26.62 0.99988
2 40 253.20 263.44 269.62 275.49 267.70 27.17 0.99975
3 50 255.30 264.58 270.41 276.31 276.13 28.10 0.99980
4 60 256.77 265.24 270.77 276.80 280.68 28.65 0.99980
5 70 257.91 265.72 271.26 277.44 277.33 28.41 0.99970
6 80 258.55 266.21 271.77 278.26 270.17 27.79 0.99925
7 90 259.69 267.36 273.05 279.90 260.74 26.95 0.99890
average value 270.85 27.67

Notes: T represents the thermal decomposition temperatures, « is reaction depth; E represents the thermal decomposition apparent activation energy of Ozawa's,

Ag represents the preexponential factor, rg represents the correlation coefficient.
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ME3ALUAER, EAFRFRER(2.5,5.0,
10.0,20.0 °C - min™") Fl 2 ) 56 1L R 53 5 A4 0.3,
0.4.0.5.0.6.0.7.0.8 F10.9 W5, 40 15 B 1
Bajm; HTPE/FOX-7 R &1k R R WG kg E, =
270.85 kJ - mol™" #5HiH T A, =4.68x107s"', 5
Kissinger 24 23153 R W IE AL AE — 2,

[ BE A B 5 Fr7R B9 HTPE/FOX-12 IR AR R 1Y
PSR B, SR Ozawa 2SR5 1 HTPE/FOX-12

REERRWIIT M) =S 8(FR4) .

ATLE W, AT TR #E R (2.5,5.0,10.0,
20.0 °C - min™") RIS L% 5514 0.1.0.2.,0.3
0.4.0.5.0.6.0.7.0.8 F1 0.9 (&M, 45 5 B 1
s HTPE/FOX-12 B A 1k & 1Y °F 3 3 WL 1% 1L 6E
E,=170.35 kJ - mol™" J&/iHF A,=1.20x10" s,
5 Kissinger 22 30115 WL AL RE— 2.

R4 HTPE/FOXA12 IREER BRI IR EE M Ozawa N IR B 122 2 4L

Table 4 Thermal decomposition temperatures and kinetic parameters of the mixed system of HTPE/FOX-12 at four different heat-

ing rates
. a T/°C kinetic parameters
data point o - - - - - —
/% 2.5°C +min""  5°C -+ min™ 10 «C - min™' 20 °C + min™" Eo /Kl - mol™ Ig(Ag/s™") o

1 10 182.17 188.50 196.36 201.68 177.54 20.38 0.99715
2 20 183.56 190.15 198.14 203.33 176.05 20.46 0.99644
3 30 184.71 191.17 199.40 204.73 174.48 20.43 0.99654
4 40 185.58 192.30 200. 41 206.11 172.10 20.27 0.99755
5 50 186.60 193.32 201.43 207.38 171.27 20.26 0.99810
6 60 187.74 194.58 202.44 208.90 170.43 20.23 0.99915
7 70 189.14 195.85 203.71 210.81 168.17 20.03 0.99965
8 80 190.91 197.87 205.73 213.21 165.42 19.77 0.99985
9 90 193.70 201.05 208.78 217.64 157.70 18.92 0.99960
average value 170.35 20.08

4 & ®

(1)HTPE Y #4 53 filg ik 2 o — AR B #2, HTPE
8 A3 e o R A R /DN A0 TR EE R, LA i
FMIEALHE R 127.45 k) - mol ™',

(2) Kissinger A & fll Ozawa A R i+H8 1 HTPE/
FOX-7IRA MR R A MG AL RE 5 511 288.16 k) - mol™
1270.85 k) - mol™ | WA A XTI 25 A — 5
HTPE B] R [& X T HTPE/FOX-7 i & 1k & 1 2= M I 1k
e, MIFEAE T 17.1 ~34.5 kJ - mol™'; HTPE {fi
FOX-7 mil ORI K T 14,4 °CLIR B KR 70 i
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Thermal Decomposition of HTPE/FOX-7 and HTPE /FOX-12 Mixed Systems

WANG Guo-qgiang, LU Hong-lin, DANG Yong-zhan, WANG Han, KANG Bing
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract; The thermal decomposition behavior of hydroxyl-termined polyether( HTPE) / 1,1-diamino-2,2-dinitroethene ( FOX-7)
and HTPE/N-guanylurea-dinitramide ( FOX-12) mixed systems under different heating rates (2.5, 5.0, 10.0 °C - min~' and
20.0 °C - min~" ) were investigated by differential scanning calorimetry (DSC) and thermogravimetry- derivative thermogravimetry
(TG-DTG) analysis. The thermal decomposition apparent activation energy of HTPE, HTPE/FOX-7 and HTPE/FOX-12 mixed sys-
tem were calculated by Kissinger’s and Ozawa’s methods. Results show that the thermal decomposition apparent activation energy
of HTPE by Kissinger's is 127.45 k] - mol™". Thermal decomposition of HTPE is a mass loss process. Apparent activation energy of
HTPE/FOX-7 mixed system calculated by the two methods are 288. 16 k] - mol™ and 270.85 k] - mol™", respectively, and
179.50 kJ - mol™ and 170.35 kJ - mol™" for HTPE/FOX-12 mixed system. Compared with FOX-7 and FOX-12, the apparent acti-
vation energy of mixed systems decrease by 17.1-34.5 k) - mol™ and 78.8-87.9 kJ - mol™", respectively. The main decomposi-
tion peak temperature for insensitive energetic components ( FOX-7 and FOX-12) are decreased by HTPE with 14.4 °C and

~'and decreases

17.4 °C. The heat release during decomposition process for HTPE/FOX-7 mixed system increases 196.2 ] - g
275.2 ) - g’1 for HTPE/FOX-12 mixed system.

Key words: hydroxyl-termined polyether ( HTPE) /1, 1-diamino-2, 2-dinitroethene ( FOX-7 ); HTPE/N-guanylurea-dinitramide
(FOX-12) ; mixed system; thermal decomposition; apparent activation energy
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