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F W TKX-55 58 HNS EA7 T 40 5 iy ke ok .
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2.1.2 LIS
TG-DSC STA 449C, £ [ ffif 3th /A 7] 5 25 4544« 4
3 B 5L &8 0.6 mg; TR B R Ol 2.5,5.0,10.0,

20.0 K-min™; W8 AR AR, HE M 50 mL-min™',
3 #RE5iTie

3.1 EET TKX-55 SR

10.0 K-min™" % & T £ TKX-55 Fl HNS TG-DSC
M WL 1, NE Taml %, FHE % 10.0 Kemin™ B,
ME R ~ 500 °C, TKX-55 H 3 — A4~ 2 Bt 19 ik #4 53 fi
W, 0 UG 4y R T N 362.62 °C, I (H IR BN
370.13 °C, & A W Hh I ml e o 4 DN TKX-55 1 7 fiff I
N R — AN [E 2 o ok R AR I R R B R R 2R
75% o MEE 1b AT, 7 W] 4530 25 78 T HNS 7 43 fif
ZHT A B A e AR R ) A6 ) i IR R R
319.81 °C, Mg & B o~ 351.55°C, HNS J& T & fil 4
fiff 6 M PR BT B R 2 63%

gk LW TKX-55 b HNS HA 54 5+ /9
ARG e . AT 450 B X HNS 43 7 el 2 2 4

P o
exol 601 TG o
501 75%
E 40 ’ 60
5 H40 =
= 301 [0 B
£ 1S
=0 onset 362.62 °C L0
01 psc peak 37013 C |20
" L 40
0 100 200 300 400 500
temperature / °C
a. TKX-55
20
T G L 100
exo 15 [
= 104 63% 60
S oS
FR Lo 2
2 7 onset 319.81 C 20 &
3 o] DSC peak 351.55 C &\_0
5 I—— 20
L-40
0 100 200 300 400 500
temperature / “C
b. HNS

B 1 TKX-55MHNSHKTG-DSCHIZE(10.0 K- min™', 0.1 MPa)
Fig.1 TG-DSC curves of TKX-55 and HNS at 10.0 K- min™
and 0.1 MPa
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KL, TKX-55 Hig5 0 5 HNS AL, t & A A =l
FeIEAE Al S B 1, 3, 4-0E TR AR GE | SRR
RN, FEPIRC & 5] B A 53 B R SE SR & At
FREGHE A7 F) F 3 15 43 1) B0 1k A APk fE .
3.2 BET TKX-55 B4 R4

FHEHE X 10 °C-min™', £ 71 5.0 MPa it , TKX-55
FTHNS 1Y i 22 s s A & (PDSC) WKL 2,

100
T —TKX-55 onset 355.69 °C
exo 804 peak 364.73 °C
—HNS end 377.70 °C
% 60 heat release 3333 kJ'g”
% 40 onset 320.48 C
= peak 347.36 °C
3 204 end 332°C
< heat release 3143 kJ'g
04
316.61°C

20 T T T T T r r r r
0 50 100 150 200 250 300 350 400 450 500
temperature / °C

B2 TKX-55FTHNSAHIPDSCHliZk(10.0 K-min™, 5 MPa)
Fig.2 PDSC curves of TKX-55 and HNS at 10.0 K - min™
and 5 MPa

2 AT, 5 OIS T A H, TKX-55 /R R
BRI fiff U8 TN R BE L 7E 5.0 MPa & JE R EE T TKX-55
ATh R DR A5 e 1) BRASE T, 0 R 43 i L BE R 355.69 °C,
Fe HNS 7 8 43 fift 1 8 249 35 °C. TKX-55 F HNS 1943
iR O 2> B R 3333, 3143 k)-g ', 9 2 B ICAE AR
M, fHJE TKX-55 1y o fiff i TR 80, & W] TKX-55 B
feid BAE T Wl UL, TKX-55 % HNS B/ B 58 1Y fig
BRI
3.3 TKX-55HEERRASEH NE

T (0.1 MPa) , TKX-55 & HNS 7 FF i % 43
WA 2.5,5,10,20 K-min ' B} 4 DSC £k WK 3. M
Pl 3 AT, Bt T I R A 3G 0, TKX-55 K HNS 19 53
fiff W Y 47 1) 2 AR T ) A S | i DR R B R T IR R R
J 0 e Bt 2 3 A, B B ] PN R MR IR TR 22
PP e =3 kAT T N B T B
T TKX-55 1Y 43 fifk 4 U 24 B 2 /& T HINS, 36 B i 5
Tnie S i PR E

K H Kissinger "' fil Ozawa " 7 32 11 5 #4 4 fift o)
VI 3¢

Kissinger:

In(B/T;') = In(AR/E,) + (1/T,)(=E,/R) (1)

Ozawa:

logs = log(AE,/Rg(a)) = 2.315 ~ 0.4567E,/RT  (2)
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R EBR S i BRI, B e, AR

X, B TR R, °C - min™'; TN A ] FH i % T 1Y
SRR, °C s AR I T, o7 5 RO BB SR 8
8.314 )-K'-mol ™,

HT TKX-55 Fl HNS 76 A [ T i 3 4 /9 43 fi

—25 °c-mi1n"

exoT TKX-55

—5°C'min’
—— 10 *C-min”!
——20°Cemin”"

heat flow

200 250 300 350 400 450 500

temperature / °C

a. TKX-55

B3 TKX-55%% HNSZEAE T HE R T # DSC il 26 (0.1 MPa)

i, TR AR SR A B B D1 SRR 1. RN
AL, PR B S AE R B, AR R R T
0.99, LWITHHE M Z R T E . TKX-55 0973 fif 15 AL i W
T HNS,

——25Cemin”
——5Cmin”

——10 C-min”!
——20 C-min’!

exo] | HNS

heat flow

200 250 300 350 400 450 500
temperature / °C

b. HNS

Fig.3 DSC curves of TKX-55 at different heating rates and 0.1 MPa

1 ORFEFRBET TKX-55 5 HNS B4 51 12 280
Table 1

Thermal decomposition kinetic parameters of TKX-55 and HNS at different heating rates

Kissinger’s method

Ozawa's method

sample B/C-min™" T,/°C AH/)-g™! - -
E./ kJ-mol™  A/s?! r Eo/K+mol™ r
2.5 351.7 2633.5
362.1 2593.1
TKX-55 233.50 101699 0.9983 232.16 0.9984
10 370.1 2555.0
20 381.1 2253.4
2.5 332.3 2573.2
5 340.7 2535.4
HNS 197.64 10431 0.9971 197.76 0.9974
10 351.6 2359.3
20 364.1 2132.0

Note: pis the heating rate. T is the decomposition peak temperature. AH is the heat of decomposition. E is the activation energy. A is the pre-exponential factor.

Subscript K and O are the data obatoined by Kissinger's and Ozawa's method.

A SEFE VLS A B AT ST SR AR 4
AR BUME VT RTHE T B 1SR ik ks
TKX-55 19 43 fift 36 AL fE 4 233.71 kJ - mol™, HNS &y
197.87 kJ-mol ™", TKX-55 43 fi# 16 1L BE B & 55 F HNS,
HE— P UE S TKX-55 % HNS ELAg A da ik

it FAKE 245 K 22 By FH T v 1 e e 1 3 55, R 3
AHE A D7 B9 T R FH IR B R R, 5 MPa & R
TKX-55 (IR 8l J1 447 0 25 R LR 4

Kissinger ¥ 71 5 3k 13 TKX-55 & i 40 i 06 1L >
239.84 kJ-mol™'. dE 2 M 45 5% Ak R BUAr B 3K AR 1
TKX-55 {5 FE 43 fift i /L BE 4 240.07 k) -mol™ . 5% &
A3 I 19 T AL g 233.50 k) - mol™ HE T, X 2B,
TKX-55 7€ & FE i WL 5 8 T 3 oL, 4548 BT 1R
o A AR M
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— 25 Cmin”
—5°Comin”

— 10 ‘C-min”!
— 20 "C-min”!

e

exo

heat flow

200 250 300 350 400 450 500
temperature / C

B4 TKX-55A[F - # 4R 1 PDSC i £k (5 MPa)
Fig. 4 PDSC curves of TKX-55 at different heating rates and
5 MPa
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T, = Tt aB+bB7 45 3 F I 38 2 ] - % 1) () S 4E 43
fift I T,,=616.10 Ko A4S HOTHEA XN

k.T
Aexp(—E/RT)=%exp(—AG*/RT) (3)
AH® = E - RT (4)
AG = AH" - TAS® (5)

L, ko Boltzmann % %0, 1.381x107 J-K';h N
Plank % %10,6.626X107 J+s™'; T=T s R Ry HAR S A
#,8.314 )K" -mol™ s AN FRETIN T, 7' ENTGfLBE,
kJ-mol™,

¥ Kissinger % 3K 1% ) £=233.50 k) - mol™"| A=

F2  TKX-55FIHNS I 0T 22 S B G VS

10" 57", 4 AR (3)~(5), 50l SR £ TKX-55 A #44p
i F LI AL AS TG A RS AH R AL 75 A % 4T g
AG TR RILE 2,

P45 A Zhang-Hu-Xie-Li™"™" 28 35 #4008 KE s
R (T,) RN Ty, = T, — (RTZ/E) 345 H
ORI (Too) "o O T8 T H B, F TR RE 9 O i
W T HNS L &S50 R 2 Ry T 3£ 2.

M 2 0] 1, TKX-55 B 2 PES 80 W s T
HNS, AT HNS, TKX-55 i 1k fig B 4, B AT 3
R E M . 13X AT BB R A TKX-55 41 A K i1 3648
(N

Table 2 Thermodynamic parameters and thermal safety parameters for thermal decomposition of TKX-55 and HNS

sample T,/K AS"/)-mol K AH'/kJ-mol™ AG'/KJ-mol™ T,/ K Tonor/ K
TKX-55 616.10 79.20 234.72 185.92 629.96 616.10
HNS 597.47 18.77 192.67 181.42 613.28 597.47

Note: T is the initial decomposition temperature. AS" is the entropy of activation. AH" is the enthalpy of activation. AG" is the free energy of activation. T, is the

po

critical temperature of thermal explosion. T, is the self-accelerating decomposition temperature.

4 %

(1)TKX-557F 5.0 MPa = RS TR Z W KT
WA TR T I A 50 FLATS AR DR A5 e 9 AR 8 P L 0 s 4 i T
Bk 355.69 °C, b HNSH) iy 43 fff it 195 24 35 °C . [A] i}
TKX-55 [ 43 i W I A B, BB B 4R b, 3R W] TKX-55
BHNS HA T 1Y 58 2 B RE 1 .

(2)FEA [6] TR 3 R K TKX-55 (1 4% fife i 38 24
B om T HNS, 2 B W 3 o 5o R E .
Kissinger ¥ i1 8 3K 1% TKX-55 @& J& 4 fitt 16 1L G M
239.84 kJ-mol™ . AEZ 1S AL R A ot R 1Y
TKX-55 = H 40 i 3% AL fE M 240.07 k)-mol ™, 5% &
O3 it SN BTG AR fE 233.50 k) mol A 2, R TKX-55
FE 5 R T AT BB S 5 T 3 R0, A7 8K L AT AR v 11 A

(3) TKX-55 [ #4224 S 505 B 8 = T HNS,
FHXTF HNS, TKX-55 Tif #4458 537 4, A7 0 e ) A5
EME . X AT R A S TKX-55 1A KAy SL i ik &
e GO AR R AR B T ST 1M N2 i s TR N
A DA RN A I AR T AR 2 R Ry R 4 A T
K 25 I BT RTE AR B AL T 5 i) JEL i
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Thermal Decomposition Characteristics of TKX-55 Under Normal Pressure and High Pressure

ZHANG Jun-lin'*, ZHOU Jing', HU Huai-ming*, Bl Fu-giang', WANG Bo-zhou'
(1. Xi"an Modern Chemistry Research Institute ,Xi"an 710065, China; 2. College of Chemistry & Mateirals Secience , Xi'an 710127, China)

Abstract: The thermal decomposition properties of 5,5'-bis(2,4, 6-trinitrophenyl)-2,2"-bi(1, 3, 4-oxadiazole) (TKX-55) at nor-
mal pressure (0.1 MPa)and high pressure (5.0 MPa) were studied by differential scanning calorimetry (DSC) and thermogravi-
metric analusis (TG). The thermal decomposition kinetic parameters of TKX-55 at normal pressure were calculated by Kissing-
er’s method and Ozawa'’s method and compared with those of hexanitrostilbene (HNS) to study the correlation between molec-
ular structure and its properties. Results show that compared with normal pressure state, the shape of exothermal peak of thermal
decomposition behavior of TKX-55 under high pressure is sharper. Under the high pressure environment (5.0 MPa), TKX-55 still
maintains high thermal stability. The initial decomposition temperature is 355.69 °C, which is about 35 °C higher than the initial
decomposition temperature of HNS. With increasing the heating rate, the decomposition peak temperature of TKX-55 and HNS
is shifted to high temperature, and the decomposition peak temperature of TKX-55 at different heating rates is obviously higher
than that of HNS. The decomposition. activation energy of TKX-55 obtained by integral isoconversional non-linear method
(NL-INT method) is 233.71 kJ-mol™" and the decomposition.activation energy of HNS is 197.87 kJ-mol™". The decomposition ac-
tivation energy of TKX-55 is obviously higher than HNS, indicating that TKX-55 has more excellent thermal stability than HNS.
Key words: 5,5'-bis(2,4, 6-trinitrophenyl)-2,2"-bi(1, 3, 4-oxadiazole) (TKX-55) ; heat-resistant explosive; thermal decomposi-
tion kinetics
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