DNGTz (¥ 9E <5 il 453 il 3 Jy 28 MO etk 767

TEHE . 1006-9941(2014)06-0767-07

DNGTz HIFERATHEH N FERAREME
AEE, REF BT, PR RO, RRRS, HEES, KL%, DER

(1. BRARFMITFR, Bk B 710069; 2. BLERMLEFAEFTBRERERRELALLE, B B 710065; 3. &g #
o B SRR EE, 4k 3 100009)

O OE: AWM 3,6-hEEMEE-1,2,4,5-J0 (DNGTz) , i3 H] 26 75 49 i 1 0 k (DSC) R H & (TG-DTG) BF 58 H#AT o DA
DSC il 4 ¥ Jy Fefith, >R A Kissinger %; \Ozawa 3 MU E0F5E T DNGTz 09 3E 55 R4 g HL 3 K 3 71 2% , 315 DNGTz 1) #4 fi
%%xﬁ(ﬁﬂcﬁmu% FT A 74300 4 187.23 k) - mol™ A1 107%™ HLBA M WL IRk K 5L B RE L 3043 i WL B SRS B I T XN (@) =
o N T X DNGTz 17 #%  VERFIE A6 5115 8] DNGTz (% (p=1.762 g - cm ™) MIFM AL (A= 0.1856 W - m™" - K') ,[i]
Hﬂ‘ﬁjfﬁ Micro-DSC Il i # BEX X DNGTz #E7T 1 HEHE (c,) T5E , 133 T DNGTz i e A BiR E B 7 ¢, () - g7 - KT =
—2.8805+2.1283x107°7-2.3132x107° T =1.1689x10 7 T° (287 K<T<352 K) ., i& A3 J1 =S5 WL & DNGTz (1 [k
AT o M AR E] DNGTz i et B R] (&g = 8.16 s)  H N353 il BE ( Toapr =249.12 °C) (AR KRB (T, =
262.31 °C) MR LE G PR B (T, =277.68 °C) ,HEM 15 RAF 42 1 m ) DNTGz JLAf i ( T BR B A Bk 2k T6 BR 742 ) 76 37 4%
1 300 K g FAu s B A 4 2 R 0 S(T) SR (T) 19 G R Mk WA IRIE (T o) A A28 (SD) | I S P HR 1 PR 05838 )3 (T, ) AN
PR SERE R (P ) , 85 R WI BRI AL S 09 A28 2 VR R 5 T J0 BRI AT BOF AR B AR
KR WAL 3,6-ANILINEE-1,2,4 ,5-0 (DNGTz) 5 JES5 RN )% e etk RIRE
hES S TI55; 064 XHEKFRERG: A DOl 10.11943/j.issn. 1006-9941.2014.06.011

ARWMFREWR T AE H,O 1 DNGTz i 4k 25, #) H
1 5] DSC 1 TG-DTG # 55 T DNGTz [y 47k . 36 15
3 6-:5%%%% 1 2 4 5-@$(DNGTZ)%—‘$¢ {}\Xq‘,\l_ TTﬂF%Ymﬂﬁ?ﬁ%,ﬁﬁﬁﬂﬁﬁ?ﬁJﬁ

il

RO AR LA R Bk 58. 7% B 72 B I8 Micro-DSCII R L (LIE ST A A

RS I 1.76 g « cm T HI+389 k) - mol™ gk VTSR AR A R AR R N TR R RA TR AR 5 B2 00 A R KK
FIEE R L (=98. 7 k) - mol™ ) 2!, pumE I i 5] A PR H e 4P | Ry HAE KOKE 24 v 1 W FH 29 Sk ik o
BE KB o & Be A B LA Bk o 4 Sk [ 2 ] 438 g 2 LI ES
R (Hyy) % 65 cm BEBERE KT 36 kg (BAM) PRLE
FRrHLERE R F 0.36 ), 2.1 i‘t?‘ﬂ'—ﬂ)‘(%ﬁ

Chavez D E 4 " Jf — /il % L1 — i 3k 1 i e SO U, b2 40, 13 8 R RS
(DMF)VE%@TE’J%%?’T%%‘J%&T DNGTi L E q;[@%%w’ﬁﬁﬁg K R AL 22 R A PR A 7
i 85% ., ARZEME IR AR 2L A1 I B AR 53 T 3,6-80(3,5- " FIBEMEmMEIE ) 1,2 4, 5- DU (BT) #4218
LT DNGTz - 2H, Oy S5 AT I AT T 90 e et a7 o

VL. XS5 A AL AR T AN -
Wi EH: 2013-11-26; fEEIH#A: 2014-03-18 Bt X-5 RS BUR 00, JLat A8 52 23wl 5 NEX
HELWME: W5 ARFEIES (21073141,21373161) ; HE HHHL US870 #Ufi B A7 e 2T S S35 A, 26 AL B 1 A
(B AA SR (12-1047) Al ; VARI-EL-3 #1503 73 #r A, 78 &) Exementar 2% ] ;

e T - b B A RE bR RS . ., [N =
1’E%‘r.‘5u. HIPHME (1989-) , 55 Mk, 32 B 55 BEAL L BT 52 Micro-DSCII I fa £ & {3, ¥ SETARAM /8 7 ;
e-mail: 1065277835@ qq. com

EEBERA: DR (1974-) 40 ST 4 S0, 595 M 3 B L DSC-Q2000 % 22 75 47 fiff it #X . TGA/SDT-Q600 %Y
22HF5E . e-mail: mahx@ nwu. edu. cn ;}&ﬁ*ﬁﬁ(’%@ TA /A\ﬁjo

CHINESE JOURNAL OF ENERGETIC MATERIALS b M A 2014 % #2245 %6 (767-773)



768

BIPHNS, ROBDT, BT, U, mal, BRGR, #ISRME, Ralk, D

2.2 KEEHIE
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1341. 07, 1238. 39, 1115. 39, 1061. 38, 943. 58,
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58.73; found: C,16.51; H,1.97; N,57.91
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Scheme 1  Synthetic route of DNGTz
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Fig.1 DSC and TG-DTG curves for DNGTz at 10 °C - min™'
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Table 1 Kinetic parameters from the exothermic decomposition reaction for DNGTz at various heating rates

p/°C - min™" T, /C Eoe/ k) - mol™ ro. T,/C Ec/K) - mol™  log (Ac/s™) re Eo/ k) - mol™ 1o

5.0 265.93 180.644 0.9927 284.92 181.06 14.72 0.9984 181.204 0.9985
10.0 275.14 294.64

15.0 281.94 299.87

20.0 282.61 303.33

25.0 286.67 307.74

30.0 290.30 310.75

Mean; E, =(180.644+181.06+181.20)/2=180.97 kJ - mol™'

Note: g, Heating-rate; T, onset temperature in the DSC curve; T,, maximum peak temperature; E, apparent activation energy; A, pre-exponential constant; r, lin-

ear correlation coefficient. Subscript Oe, data obtained by Flynn Wall Ozawa’s method from T,; subscript K and O data obtained by Kissinger’s method and

Flynn Wall Ozawa’ s method from T,
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Table 2 Data determined by DSC at different heating rates (8) and apparent activation energies ( E,) of thermal decomposition

obtained using an isoconversional method

data point a T, /K T, /K T,5 /K T, /K T,5 /K Ty /K Eq /) - mol™
1 0.025 252.37 256.25 256.21 261.83 270.12 273.44 160,04
2 0.050 257.60 263.33 264.28 269.07 276.78 279.66 171.29
3 0.075 261.10 267.78 269.33 273.67 281.02 283.83 175.31
4 0.100 263.76 271.04 273.00 277.55 284.09 286.83 178.43
5 0.125 265.93 273.60 276.01 280.66 286.50 289.18 181.02
6 0.150 267.75 275.73 278.49 283.11 288.50 291.10 182.99
7 0.175 269.36 277.53 280.53 285.13 290. 21 292.75 184.54
8 0.200 270.78 279.10 282.31 286.80 291.71 294.20 185.83
9 0.225 272.06 280.48 283.94 288.28 293.05 295.50 186.95
10 0.250 273.21 281.73 285.37 289.62 294.27 296.68 187.75
11 0.275 274.26 282.84 286.64 290.82 295.37 297.76 188. 40
12 0.300 275.22 283.87 287.81 291.92 296.39 298.76 188.89
13 0.325 276.11 284.81 288.86 292.90 297.34 299.68 189.31
14 0.350 276.94 285.68 289.83 293.82 298.21 300.55 189. 60
15 0.375 277.71 286.50 290.74 294.69 299.04 301.37 189. 81
16 0.400 278.43 287.26 291.61 295.48 299. 81 302.14 190.01
17 0.425 279.12 287.99 292.44 296.25 300.55 302.87 190.18
18 0.450 279.77 288.67 293.23 296.97 301.25 303.57 190.31
19 0.475 280.39 289.32 293.97 297.65 301.93 304.23 190.38
20 0.500 280.99 289.95 294.68 298. 31 302.57 304.87 190. 47
21 0.525 281.56 290.55 295.35 298.97 303.19 305.49 190. 46
22 0.550 282.11 291.13 295.99 299.58 303. 80 306.09 190.43
23 0.575 282.65 291.69 296.60 300.18 304.38 306.68 190. 41
24 0.600 283.17 292.24 297.20 300.77 304.95 307.25 190.38
25 0.625 283.69 292.78 297.78 301.33 305.51 307.80 190. 40
26 0.650 284.20 293.31 298.34 301.89 306.07 308.35 190.42
27 0.675 284.70 293.83 298.90 302.43 306.61 308.89 190. 42
28 0.700 285.20 294.35 299.46 302.96 307.15 309.43 190.45
29 0.725 285.69 294.87 300.02 303.49 307.70 309.96 190.50
30 0.750 286.19 295.39 300.58 304.01 308.24 310.50 190. 54
31 0.775 286.70 295.93 301.15 304.53 308.78 311.04 190.68
32 0.800 287.23 296.48 301.74 305.08 309.34 311.59 190. 84
33 0.825 287.78 297.07 302.37 305.66 309.92 312.18 191.04
34 0.850 288.38 297.69 303.05 306.27 310.54 312.79 191.33
35 0.875 289.04 298.39 303.81 306.95 311.21 313.47 191.77
36 0.900 289.82 299.21 304.71 307.73 311.96 314.22 192.54
37 0.925 290.79 300.24 305.89 308.68 312.85 315.13 193. 84
38 0.950 292.21 301.78 307.74 310.00 314.06 316.35 196.53
39 0.975 295.00 305.03 312.11 312.46 316.16 318.63 201.79
40 1.000 310.61 325.32 334.76 325.33 334.54 335.86 170.29

«=0.175~0.950, Mean: E,=190.17 kJ - mol™

Note: Eg, Apparent activation energy obtained by Flynn Wall Ozawa's method. Subscript5, 10, 15, 20, 25, 30 of T refer to the heating rate of 5, 10, 15, 20, 25,

30 °C + min~! respectively.

oo FHEG 41 Fhsh f 2 WL ek 07 FIZE R IR THIR FERRBEN . f(a) =1, 30 f HLEE M B R e
HART a-THIICABIFRE (7)-(11) b5l #% E=187.23 k- mol™ ,A=10""s"" fI f(a)ft AT7
P o] 1 Ak BRI 8 B R B B9 DNGTz i le #E(12)1 .

N 1285 TR, 5810 E,LABESEE— da_A

E
—C="exp[ - —| f(a) (12)
5, L DNGTz A sh el msey  d7 B p( RT) ¢

Chinese Journal of Energetic Materials, Vol.22, No.6, 2014 (767-773) A fe A www. energetic-materials. org. cn



DNGTz (¥ 9E <5 il 453 il 3 Jy 28 MO etk

771

155 DNGTz #7 fff iR FE 0 3l J1 A WL T 72 R -
%_1015,01
d7™ B
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R 3 DNGTz A sy i id 7 19 5 J) 24 2 5
Table 3  Kinetic parameters for the intense exothermic decom-

position process of DNGTz

E log A

l/;K - min”' Eq. /kJ « mol™ /s%‘ r Q d

5.0 (7)  194.11 15.78 0.9938  1.96x1072  1.05x10™
(8)  191.46 15.53 0.9938 1.69x107% 1.05x107*
(9)  192.12 15.61 0.9932  9.01x102  6.17x10™
(10)  192.25 14.28 0.9932  8.97x107% 6.12x10™*
1) 192.12 15.61 0.9932  9.01x10%  6.17x107™

10.0 (7)  189.80 15.37 0.9940 1.64x107%  9.84x10™°
(8) 187.39 15.15 0.9940  1.64x1072  9.84x107°
(9) 187.70 15.19 0.9934  8.71x102  5.79x10™
(10)  187.9% 13.88 0.9934  8.68x107% 5.73x107*
(1) 187.70 15.19 0.9934 8.71x107%  5.79x107

15.0 (7)  172.69 13.77 0.9950  1.42x1072  7.46x107°
(8) 171.23 13.65 0.9950 1.42x107  7.46x107°

7.60x107  4.45x107
7.56x10  4.38x107*

9) 170.63 13.61 0.9941
(10) 170.97 12.34 0.9942

(1) 170.63 13.61 0.9941  7.60x1072  4.45x10™
20.0 (7)  188.20 15.25 0.991  1.05x1072  4.08x10™°
(8)  185.87 15.04 0.991  1.05x107  4.08x10™°
(9)  185.97 15.06 0.9957  5.62x1072  2.41x10™
(10)  186.36 13.77 0.9957 5.59x102  2.38x10™
(11)  185.97 15.07 0.9957 5.62x107%  2.41x107*
25.0 (7)  197.01 16.04 0.9950  1.35x107  6.73x10™°
(8)  194.19 15.78 0.9950  1.35x1072  6.73x10™°
(9)  194.65 15.83 0.9945  7.22x1072  3.97x10™
(10)  195.11 14.52 0.9946  7.18x107%  3.91x107*
(11)  194.65 15.83 0.9945  7.22x107%  3.97x107*
30.0 (7)  200.66 16.39 0.9946  1.47x1072  7.95x10™°
(8)  197.64 16.10 0.9946  1.47x1072  7.85x10™°
(9)  198.23 16.17 0.9940 7.84x107%  4.67x107*
(10)  198.72 14.85 0.9941  7.81x1072  4.61x10™
(1) 200.66 16.39 0.9946  1.47x107%  7.95x107°
Mean 187.23 15.01

Note: 1) B, Heating-rate; 2) E, apparent activation energy; 3) A, pre-expo-

nential constant; 4) r, linear correlation coefficient; 5) Q , square er-

ror; 6) d, certainty factor.
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=107 57" B Q,=986.72 ) - g7 a K1k
®,H

',
a= LO odT (17)

AR EBR Oy T=T,,=550.84 K, RNy T,
=T,=522.27 K, %L AE B, B 43 oR 559 7 4 4K
PR Al /D i A 2 e B o R 2 R (] 1Y) 5 R AR AR AR K W]
FioF 248 A 2 5 1) (1] il 3% 6 R 1) Al /0N 388 KT s 3G i

ST B B DNGTz X #4 f S sk 72 B8, ¥ Sk
(1415 ] 28 SR 4 53]k TG B 843 33K 0 G RIS SF- Al s 79
JERAROH - R AE R ST r=1 m, R Q,=986.72 ) - g,
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Table 4 Calculated values of Ty, .., T, ,Prrand SD for DNGTz
infinite cylinder sphere infinite plate
TS(T)mdx Tocr Pre SD TS(T)rndx Tocr Pre SD TS(T)max Tacr Pre SD
/K /K /% /% /K /K /% /% /K /K /% /%
407 402.13  22.04 77.96 411 406.08  21.58 78.42 401 395.88  22.76 77.24

Note: Tg(7)max-the peak temperature corresponding to the maximum value of S(T) vs T relation curve; SD, safety degree; T,,

temperature; Py, thermal explosion probability.
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Fig.2 Curves of S(T) vs. T for DNGTz
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Non-isothermal Thermal Decomposition Kinetics and Thermal Safety of DNGTz

HU Yong-peng', ZHAO Xu-fang', ZHAO Ning-ning' , YAN Biao' , GAO Hong-xu’, ZHAO Feng-qgi’, HU Rong-zu’,
SONG Ji-rong'*, MA Hai-xia'

(1. School of Chemical Engineering, Northwest University, Xi'an 710069, China; 2. Science and Technology on Combustion and Explosion Laboratory, Xi'an
Modern Chemistry Research Institute,Xi'an 710065, China; 3. Conservation Technology Department, the Palace Museum , Beijing 100009, China)

Abstract. The compound 3 ,6-bis-nitroguanyl-1,2,4,5-tetrazin (DNGTz) was synthesized and its thermal behavior was studied by
differential scanning calorimetry (DSC) and thermogravity (TG-DTG). The data in DSC curve were used to analyze the thermal
decomposition mechanism and kinetics using the methods of Kissinger, Ozawa and integral. Therefore, the thermal kinetic param-
eters of the activation energy and pre-exponential factor were obtained as 187.23k) - mol™ and 10"*'s™" | respectively. The ther-
mal decomposition mechanism is phase boundary reaction and the differential function is f(a)=1. Then, the thermal safety of
DNGTz, the density (p=1.762 g - cm™) and thermal conductivity (A= 0.1856 W - m™' - K™') were estimated and the specific
heat capacity (c,) was measured to obtain the equation of c, with T in a micro-calorimetry ( Micro-DSCIIl) which is c,
(J-g" - K')=-2.8805+2.1283x1072T7-2.3132x10°T*=1.1689x10"° T"(287K<T<352K). Then, the thermal decomposition
kinetic parameters, mechanism function and the equation of c,, p and A were combined to evaluate the adiabatic-time-to-explosion
(t;.a= 8.16 s), the self-accelerating decomposition temperature ( T;,,; =249.12 °C), the thermal ignition temperature (T, =
262.31 °C) and the critical temperature of thermal explosion (T,,=277.68 °C), thermal sensitivity probability density function S(T)
vs T for DNGTz (infinite cylindrical, spheroidic or infinite platelike) with the radius of Tm surrounded with 300K, the peak tempera-
ture (T 7. ) - safety degree (SD), critical thermal explosion ambient temperature ( T, ) and thermal explosion probability (Pr).
The thermal safety of the spheroidic sample is found to be better than that of the infinite cylindrical or infinite platelike sample.

Key words: physical chemistry; 3,6-bis-nitroguanyl-s-tetrazin ( DNGTz) ; non-isothermal thermal decomposition kinetics; thermal
safety; thermal explosion
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