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Scheme 1  Synthetic route of GAPA'"’
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FHI X 18]y =70 ~400 °C, Fhiik 3 %43 51K 2,5,10,
20 °C - min™" ,FAASSA, FiE R 30 mL - min™',
TR LA 48 4%

PF (TG) 4047 : TG 209 F3 #8043 Y, 72 [
i B 2 w) . BE S iR N 0.5 ~1.0 mg, JFiR X | N
30 ~400 °C,FFEH %N 2,5,10 C - min™' , T A
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Fig.1 DSC curves of GAPA at different heating rates
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Table 1 DSC results of GAPA at different heating rates
B T, T, T, T, AH,
/°C - min™" /°C /°C /°C /°C /- g
2 173.87 229.90 257.90 -61.34 8599
5 184.73 237.23 269.72 -60.06 8336
10 192.61 245.10 282.60 -59.90 8229
20 211.78 251.78 286.78 -40.72 5832

Note: B is heating rate; Ty is start decomposition temperature; T, is exother-
mic peak temperature; T, is end decomposition temperature; T, is glass

trastion temperature; AHy is decomposition enthalpy.
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Fig.2 TG curves of GAPA at different heating rates
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Bi_i AR E
T E. RT,
LB IR FETHE R ,°C - min™' 5 T2 DSC 4k I-
R — AN TR LK ECRMIGALEE,) - mol™ 5 A N FE T
HF,s™ 5 ROVHAS AW 50,8314 ) - mol™ - K™, H
InB,/T,,-1/T, HIKF , Z 538K 15 GAPA [y 2 UL 1E
fhBE E,=218.47 k) - mol™ | A, =1.06x10% s™' | Hirh £k
[ AH G HE S 0.99791 KR 254 0.07491

3.2.2 Ozawa %

R [F AR E R T B TG & AR S RE i 1r
O 3 S 2 WR TSI, Ozawa A .
lgB=lg[ AE, ]-2.315-0.4567 £, (2)

RF(« RT
XL, B MIAFET R E,°C - min 5 A BFEHT AR,
sTs ECNRMIGALAE,) - mol™ 5 R b LA SR N B,
8.314 ) - CKT T ONIRE K o R SRR TR B
F(o) AR EAME R, | Ing,-1 /T, E R, &1

In i=1,2,3,4 (1)

mol™

LR AH G R BT, AT Hy e 3R A5 e T LA o i 2 i
PLPE PR %L

ARSLE R TR R 2,5,10 °C - min™" FHE )
I BE DX [H] 2 30 ~400 °C, M\ TG firZext i i) 25 5 & By
K&, GAPA A3 fif T2 53 R WA B B, 43 Bl 60 T 1
VEEEH 0.10 ~0.45 F10.45 ~0.75, %t F #4014
H—HrBe(0.10 ~0.45) M4l GAPA By#AE fHh 2Kk
2 R BE 4y 0.10,0.15,0.20,0.25,0.30,0. 35,
0.40,0.45 [ filf X 3 09 43 i I 2 T, ARG 22 (2) A
I EAEXT 1g8 5 1/T # AT A, H H & ARk
RWIGEIRE £, TH A R WK 2, A 45 R W
3,

£ 2 i Ozawa =531 GAPA i K i AL BE («=0.10
~0.45)
Table 2  Activation energy of the thermal decomposition reac-

tion in the range of 0.10 ~0.45 of GAPA obtained by Ozawa’

s method
HAHR TS GAPA [ LT AL £, =215.87 k) - mol™, — -
Horr 2Rt [ A G SR 0.99807 ,$%Yﬁﬁ§j"7 0.03246, * B=2°C-min” B=5°C-min" B=10°C - min~' /kl - mol™
R REA Y o, lgB8 5 1/T 2L R, HH 0.10  205.59 216.77 215.63 209.18
LR IR AL RE O R i L e g, 010 200 22160 22461 16368
, b [9] R 0.20  213.61 224.38 229.98 186.47
fRAfE Doyle g, (2) AnT 2248y 0.25  217.76 228.01 233.0 202.22
AE E
|gF(a) =|g[ d]_2.315_0.4567 a (3) 0.30 219.56 231.61 237.81 171.76
Re RT 0.35  223.49 235.05 241.39 178.59
ST A L PR B, 1gF (@) 5 1 /T B4 % 0.40  227.44 238.60 244.72 187.7
o RSB0 N HLER R B, 258 i Doyle i3k 0.45  239.47 250.83 248.02 225.16
I T AL BE 5 Ozawa BR300 L Al i, 2ordse .0
£3 IgF(a) 5 1/TEVEB AR (a=0.10 ~0.45)
Table 3 Liner fitting result of IgF(a)-1/T in the range of 0.10 ~0.45
B doyle method E,
/K- min™"intercept slope r E,/K - mol™ Als™! /k) + mol™
2 18.9775 ~10069.5539 0.9389 183.31 1.78%10"7
5 19.4147 ~10521.3642 0.9374 191.54 1.16x10'® 193 00
10 20.3164 ~11052.4620 0.9978 201.20 1.77%10" '
average 192.01 2.95x10"
X 30 Ff #4443 A S R ML 3 eR B AR B IgF () 5 fRsh 15 TR
/T #47 PE BLH 0 07, R PERL S 45 R W] X T do/dt =kf( o) = Ae (o)
GAPA By , TE RV TR E 2 0.10 ~0. 45 [ Bl 4
=-2.95x10"[In(1-a) ] "ex (—72'3”10 ) (4)
P4 3 T WD R R B 5 2B T4 2 5 R, 3 - “ P T

BIEAR Fla)=a+(1-a) In(1-a) , S0 HLEE Y 13
SN f(a)=-[In(1-a)] 7", RWIGILAEE E, N
192.01 kJ - mol™ ,$4HTHT A 8 2.95%x10"° s #1453
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P T 6F 7 ) e R EE , TE A SR LR 4 2R Al A5 2R
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&4t Ozawa LA+ B GAPA o3 S i AL RE (2 =0. 50
~0.65)
Table 4 Activation energy of the thermal decomposition reac-

tion in the range of 0.50-0.65 of GAPA obtained by Ozawa’s

method
T/C E,

“ B=2°C-min” B=5°C-min” B=10°C-min" /k - mol™
0.50 281.60 288.98 256.96 77.56
0.55 311.61 321.53 295.37 91.31
0.60 341.63 354.08 331.87 90.33
0.65 385.64 404.13 368.19 66.09
average 81.33

£5 IgF(a) 5 1/TLMEMALER (2=0.50 ~0.65)
Table 5

LA E SRR TER IR 0.50 ~0.65 Fi
B 8 FRENL S FBE IS AR K, n=4 HLEE, 8 T
13 SR s HBUME N F(a)=[-In(1-a) J*, 2
LA B R f(a)=(1/4) (1) [-In(1-a) ],
TG AE E, 9 43.44 k) - mol™ 8 HTIHF A R
8.72x10" ™" I g gl S 2 A
da/dt =kf( @)= Ae ¥f( a)

=2.18x10"(1-0) [—ln(1—a>]‘3exp(—@) (5)

3.3 BRAZEBHItE

WRIER T iy g A T A (X 6) T, =T,+b8+
B +dB’ T AL TR R B kT E A DSC £k b
g SR T, 223.65 °C,

Liner fitting result of IgF(a)-1/T in the range of 0.50 ~0.65

B doyle method E,

/K- min™"intercept slope r E,/K) - mol™ Als™! /k) + mol™
2 3.97792 —2554.56547 0.99828 46.50 3.85x10"
5 3.65407 —-2405.48525 0.99774 43.79 6.22x10" 81.33

10 3.49702 -2199.48284 0.99814 40.04 1.61x10"

average 43.44 8.72x10"
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3.4 AREMSHITE
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Thermal Decomposition Kinetic Study of Azido-terminated Glycidiyl Azide-polymer

DONG Jun, OU Jiang-yang, ZHU Lin, LI Bin
( Luzhou North Chemical Industries Co. , Ltd. , Luzhou 646605, China)

Abstract: To understand the thermal decomposition kinetics and thermal safety property of azido-terminated glycidyl azide polymer
(GAPA) | its thermal decomposition characteristics was investigated through differential scanning calorimetry (DSC) and thermal
gravimetry (TG). The apparent activation energy, pre-exponential factor and thermal decomposition kinetic equation were studied
based on the DSC curve peak temperatures and the TG curve decomposition degrees at heating rates of 2 °C + min™', 5 °C - min™",
10 °C - min™" and 20 °C - min™'. lts kinetic parameters thermodynamic and thermal safety parameters were calculated. The study indi-
cates that there are two stages in the GAPA thermal decomposition reaction with the apparent activation energy E,=218.47 kJ - mol™,

pre-exponential factor A, =1.06x10*s™", self-ignition temperature T,  =506.55 K, self-accelerated decomposition temperature

bpo
Tonor =496.78 K, free energy of activation AG” =132.76 k) - mol™", enthalpy of activation AH” =214.34 k] - mol™" and entropy
of activation AS” =164.21 J - mol™ « K.

Key words: azido-terminated glycidiyl azide-polymer ( GAPA); thermal analysis; thermal decomposition kinetics; mechanism
function; thermal safety

CLC number: T)55; O64 Document code: A DOI: 10.11943/j.issn.1006-9941.2016.06.007

CHINESE JOURNAL OF ENERGETIC MATERIALS bt A A 2016 & #24% %64 (555-559)



