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Al AL Bk (Fe,O,)  fb2gal, KT &R # iR
FIABRA T 5 i (CB) « fhfal, 2Rk TR AT BRZA
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FEIT; AR ((NH,), Cr,O, )« fb22 4l iR A% &
VAL 4 AR BR A 7] 5 W 4% R4 (Cr, Cu, Oy) : fk
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BN T]; 3-A4%E-1,2,4-=m-5-f (NTO) 435 (NP) .
[E % 245 J 75 GAP JE ETPE i 7. Scdhs g™,
FHXT 4> F i & 31000, GAP 3% ETPE 1L 70% 1) GAP Wy
B, UL 30% i HMDI Fil BDO iy g B, 5t i 44 o B
W—N, &8N 29.7% 5 DAL (THF) . 54t Jb
ST S AL T A .

) F 4 M (TG, METTLER TOLEDO TGA/DSC
[R5 AT A0) A ALER T R /N 1 mg, s &
SANFARA, FHEEFE 10 °C - min™' 5 2R H
0k (DSC, NETZSCH DSC 204 ), & 4k 55 HE 13, it
FR/ANT 1 mg; 8RN mam=<, mEh
40 mL - min 7' FFEBHZ 10 °C - min~',
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TR 2570, 15 3 ETPE RS A 70 5 R i Ak R TR &
BT HAS THRAN,60 CFEA T4 4 h HlFEFH
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3.1 IEcBEUYREESEBENL YT ETPE
ELIER
Fe, O, .CuO #1 Cr,Cu, O, i fk ETPE #4453 fi# 1)
TG-DTG #1 DSC i g an & 1. 2 iz, A QAR &
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Fig.1 TG-DTG curves of catalyzing the thermal decomposition

of ETPE by transition metal oxides and complex metal oxides
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Fig.2 DSC curves of catalyzing the thermal decomposition of

ETPE by transition metal oxides and complex metal oxides
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Table 1 Characteristic data of catalyzing the thermal decom-
position of ETPE by transition metal oxides and complex metal
oxides

e e RR R g
ETPE 225.7 249.1 331.9 431.2 249.9 1575.7
ETPE/Fe, O, 222.1 247.2 331.1 427.6 248.2 1437.8
ETPE/CuO 212.1 230.3 332.5 423.9 228.0 1651.2
ETPE/Cr,Cu,O5 219.6 238.2 330.9 418.8 236.3 1659.7

(29.7% ) FA—3, [Mif £ 1 4 ETPE 1y DTG fihZk
B — W B g T, 5 DSC i 2k b ETPE 4 43 fif i
IR T R X R, DR OG5 — A4 2 B BEx g T 0 B
RIS e B 5 58 AR E B B b IR AE 280 ~
380 °C,%f 1T HMDI 5 BDO Jir #4 ji i 22 55 H 2 i
HEBCIY A0 58 A A Y B B AE 380 ~490 °C,
Xt 5k 32 HE A 4> L 5 SOk i E 06 T GAP Sk
ETPE #AMfi vE E— 3" . 76 DTG 2k vh WL 52 5]
3 A3 fiff o AR B KK T R R U 4y I AE 249.1,331.9,
431 °C,

Fe,O, .CuO fI Cr,Cu, O, 5 ETPE 41 i 1 1R & kF
i TG ikt i 80 17 = A $k Y B, 2R B B i R
(R B Y Bl 5 ETPE Ay #4 2k o il 42 25 L, #7210 ~
280 °C B — A~ Je W B, 78 280 ~380 °C i HL 4
TANVREB B, 7E 380 ~490 CHHEL T AR ERH
Be UL TT LLE 3 = Rk o i Ak 700 A B A Bl AR
ETPE 9 #4 73 fif s B, th TG 2 Mr &5 R vl 0 Fe, O, .
CuO Cr,Cu, O, m Afifi ETPE 2 43 fiff i B2 43 5l 4 1 1
3.6,13.6,6.1 °C, f1# 1 7]#1,Fe, O, ,CuO Cr,Cu, O,
it 5 UL A o A DR A3 4 AT 1 1.7,21.9,13.6 °C
CuO .Cr, Cu, Oy A ffi ETPE 3R W 43 fi# 4 43 5] 384 I
75.5,84 ) - g7'; Fe,O, A ETPE K& 712 W4 it 44
R 137.9) - g7 o L5 HEIA N CuO 5 Cr,Cu, O, 4}
ETPE 46 5 #450 ff A7 B UF WO HEALBOR ©

FT L R 4 7 AT AT R A Ak 5 i A 32 X ETPE
B IR AT 1 A G M 7= AR R, B GAP 3R ) i I
(1 3) Al B A BT 35— 25 o RN—N, it (1 1 4
A= BUAUEE (nitrene ), VR 0T 5 HE AR O e (imine ), i
N, (imine) 28 H ¥ E8 F1 A iy JL5E 55 25 it NH,
o C—C B 24 24k il HON 45 b 2R il NH, 2 i
PR A B HON S g PR R 101 o K sl i A 300 i A
BRLAME T RE N S A LR 5 51 ¥ 4 )R %
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TAAE ETPE 38 X053 fiff FR R AR
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Fig.3 Thermal decomposition process of GAP
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Fig.4 TG-DTG curves of catalyzing the thermal decomposi-
tion of ETPE by lead salts
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AR A TR 0 A 248 ETPE #A43 fif I 72, PbCO,
BAAE ETPE (& 46 73 i i B2 45 /i 1~ 4.2 °C,C H, O, Pb
NP Jil A ETPE &2 b5 43 fff 55 43 il J5 7.5,0.5 °C,
H 2 2 "W %1,PbCO, .C,H,O,Pb NP {ii 5 5 5 4] 7 fift
VR WS T 2.6,1.6,1.0 °C; PbCO, NP 435l
ffi ETPE 3% WL 4% i $4 4% %) % 1% 58.8,47.3 ) - g7,
C,H,O,Pb {fi ETPE LW /r it fn43.4)-g'. M
TG 5 DSC 4 #r4h B2 4 te gk nl %1, PbCO, .C, H; O, Pb
FNP I A Y ETPE K5 57 8 05 A1 40 file iR BE it s
PbCO, NP fifi ETPE W5t 4 53 B 1 58.8 ) - g7
47.3 ) - g, C,H, O, Pb ffi ETPE & W43 it T4 184 i
43.4 ) - g7l = R R SR 4 1k R X ETPE i {1k
RORAE

—=—ETPE
—e— ETPE/PbCO,
—+—ETPE/C H.O Pb

6 57

ETPENP
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Fig.5 DSC curves of catalyzing the thermal decomposition of

ETPE by lead salts/ETPE

R2 HEREAL ETPE B4R RS HE
Table 2 Characteristic data of catalyzing the thermal decom-

position of ETPE by lead salts /ETPE

- A A
ETPE 225.7 249.1 331.9 431.2 249.9 1575.7
ETPE/PbCO3 221.5 247.5 312.6 428.5 252.3 1516.9
ETPE/C6H507Pb233‘2 250.2 317.2 428.0 251.5 1619.1
ETPE/NP 226.2 248.8 315.7 429.1 250.9 1528.4

R MR A A R A A X ETPE B 203 1 40 Mt 0
TR M 45 /0N, AT RE 2 A £ 0 vk R B 3 A T M 4%
&4, Hh C H, O, Pb fil PbCO, NP # H.f#i ETPE 3
W43 A in , W] R JE B T CoH, O, Pb REAR i#F W i H
RSN A B LR A A B NH, 2R B NH, 2 i R
L, i CoH, O, Pb it Afili ETPE 1) 2 U853 fff 445 T
3.3 &ZEX ETPE #{LIEM

CB fi#ft ETPE #4/3fi 1) TG F1 DSC & &l 6
Bl 7 Fis , M OCHRE L8] T 36 3,
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Fig.6 TG-DTG curves of catalyzing the thermal decomposi-
tion of ETPE by CB
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Fig.7 DSC curves of catalyzing the thermal decomposition of
ETPE by CB

R 3 RIBAMEL ETPE SR R fiF ik
Table 3 Characteristic data of catalyzing the thermal decom-
position of ETPE by CB

T T T T T AH
sample : P! p2 p3 P

P /c/Cc/C /°C c )egT
ETPE 225.7 249.1 331.9 431.2 249.9 1575.7
ETPE/CB 232.3 250.1 331.5 428.4 251.0 1678.8

i1 3 W1, CB 55 ETPE i & 5 21 B i 1R 5 FE i
B TG & FIAE e B T =B B, R E B Bt B A
I VRl 5 ETPE (A k i 26 25 0L, CB I A 3 A4
A ETPE K& 50 9 45 70 i i o CB AKX ETPE R
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ERF LR IR E WS 6.6 °C, 23 al%,CB mA
i S R AE M I R iR A 5 1.1 °C; CB i Afifi ETPE
KA RIS i AN 103.1 ) - g7 ZEA HLE AT
CB X} ETPE J2 46 43 fift it B 5 28 U RE A 3 figp el 52 il /)
5 2SR A 1R R A B A ETPE 32 X0 43 i 4384 fin ¢
% ,CB X} ETPE $A53fift fi Ak 8O 22 BP0 T4 $h IS R ok At
1k5 0 Fe, O, , T4 5 CuO 5 Cr,Cu,O.,

CB X ETPE 443 fif 52 il o] A& CB JC ik Fl & A
VIR 0T P4 6 4, A R 3F RN—N, S8 iy I 24, i LA
X} ETPE 8 2 3k P 43 fiff 06 k52 ma 55 /0N, {H CB A] DA i
WRER H 5 R A H R FES S AR TE £ NH,, i
C—C Iy 24 W #h A il i) HON 5 A0 X s 20, e CB i
AAH ETPE & 0043 it 4438 .

4 % ®

434 GAP 3% ETPE HJin AR [R] Ay 8% 28 44 Ak 5710 1)
TG-DTG 55 nl J0, JL Fh A 8 4 16 570 i A3 A 828
GAP Jt ETPE By #7372, 2% GAP Jt ETPE fr
B R KL PR i P RE 77 AR 52 0

(1) b 4 Ja S A W B 51 5 S A W 2R R A AL
5 Hr,CuO F1 Cr,Cu, O, ffi GAP 3t ETPE & & £ [ /0 i
W YR A AR T 21.9 °C.13.6 °C,CuO FI Cr,Cu, O, i
GAP J& ETPE & WL 43 fift #4433l 34 i 75. 5,84 ) - g7,
Fe,O,ffi GAP %t ETPE & A 5L M 43 it il FE 4R /T 1.7 °C,
Fe, O, fii GAP %t ETPE W /MFHFEMT 137.9 ) - g7,

(2) gy Eh e R A AL 55 of , PbCO, .C,H; O, Pb NP
ol 22 Ak DAL ik 0 R o Wil B JS T 2.6,1.6,1.0 °C,
PbCO, NP {ifi ETPE 3R W 43 fi# #4 43 4 K% ik 58. 8,
47.3)-g",C, H, O, Pb i ETPE & W 4> fift ¥ 3 fin
43.4)-g"',

(3) CB fii GAP J& ETPE 5 % & A1 43 fife W i i i
1.1 °C,fii GAP 3£ ETPE MM m 103.1 ) - g™

ZEA L UMM A AL 76 GAP S ETPE 443 i
B0 AT 40, CuO #1 Cr, Cu, O, 2 i GAP 3 ETPE #4
3 FifE VY e BHLAEL I R A AL )
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Effect of Burning Rate Catalysts on the Thermal Decomposition Properties of GAP-based ETPE Energetic
Thermoplastic Elastormer

LI Xin' , GE Zhen', Ll Qiang’, LI Duo’, ZUO Ying-ying’, YAN Bin*, LUO Yun-jun'
(1. School of Materials Science & Engineering , Beijing Institute of Technology, Beijing 100081, China; 2. Shanxi NorthernXing an Chemical Industry Co, Lid,
Taiyuan 030051, China)

Abstract. The effect of the burning rate catalysts Fe,O,, CuO, Cr,Cu,O,, PbCO,, C,H,O,Pb , lead salt 3-nitro-1,2,4- triazole-
5one (NP), and carbon black( CB) on the thermal decomposition properties of GAP-based ETPE were investigated by TG and
DSC. The results show that several burning rate catalysts have a great influence on the thermal decomosition of of azide groups in
the GAP-based ETPE, in which, CuO and Cr,Cu,O, make the thermal decomposition peak temperature of azide groups in GAP-
based ETPE decrease by 21.9 °C and 13.6 °C, respectively, but Fe,O,, PbCO,, C,H,0O,Pb ,NP and CB make the thermal de-
composition peak temperature of azide groups in GAP-based ETPE increase by 1.7, 2.6, 1.6, 1.0 °C and 1.1 °C, respectively.
CuO, Cr,Cu,O;, C,H;0,Pb and CB make the apparent decomposition heat of azide groups in GAP-based ETPE increase by
75.5,84,43.4)-¢g " and 103.1 ) - g' respectively. However, Fe,O,, PbCO, and NP make the apparent decomposition heat of
azide groups in GAP-based ETPE decrease by 137.9,58.8 | - g' and 47.3 J - g™'. respectively. After the comprehensive compari-
son, considering that CuO and Cr,Cu, O, make the thermal decomposition peak temperature of azide groups in GAP-based ETPE
decrease and the apparent decomposition heat increase, they are ideal catalysts of catalyzing the thermal decomposition of the
GAP-based ETPE.

Key words: energetic binder; energetic thermoplastic polyurethane elastomer( ETPE) ; burning rate catalyst; thermal decomposi-
tion

CLC number: T)55; O63 Document code: A DOI: 10.11943/j.issn. 1006-9941.2016.11.013

o
b))
oo
X

CHINESE JOURNAL OF ENERGETIC MATERIALS 2016 F #H24 % F 114 (1102-1107)



