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3.1 BEmMESERE

PASE S TH il 2R A (B) A5 R KR Al fif DSC
i £ Al 2 R SR A R R Uk S S 2 B 52 BT R
LAl BE (onset JiLEE, T, ) , 5 2% SE 5 A5 1 F 1A Y
ORI EE LA B0 By T AL T, 17 R2 (1) 545 ],
SMAREE 1Y H N 43 i UR B ( self-accelerating decom-
position temperature, To,pr = T ) o
T =Togorcoorro + DB, + B, +dB;, 1=1,2,-.L (1)

Doreorp
A, T, iy DSC i 4 ey AR ny i B2, T O il B
DSC i Ze iy W IR BE , Too F1 T, 43 9018 B—0 By T,
T

B 1, 1-DMATZ Hl 2, 2'-DMATZ fy DSC
128 01 2 7 7o o B0 B < B, T Turn T, (=1,
2, 5) (xR 1), RAFEC), /X1, 17-
DMATZ, T,, =466.16 K, T,, = Ty,p; =468.92 K, T,
=473.25 K; % 2, 2/-DMATZ, T,, =435.08 K, T,, =
Towor =435.37 K, T, =441.04 K(L# 1),
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decomposition process

F1 JEEZR DSC 5% 1, 1'-DMATZ Fi1 2, 2'-DMATZ 11y
SR T Ty T T, MOFHEE AL

Table 1 o
and T, of 1, 1'-DMATZ and 2, 2'-DMATZ determined by

non-isothermal DSC

T

The original data and calculated values of T, w0

heating rate g initial data calculated value"

/K + min ! T/K  TJK  T,/K  To/K To/K T,/K
1, 1'-DMATZ

1.05 472.45 475.25 479.65 466.16 468.92 473.25
2.12 476.30 479.40 483.90

5.41 491.15 494.15 498.75

10.92 505.15 508.05 512.65

21.98 515.85 519.05 523.40

2, 2-DMATZ

1.08 437.30 438.10 443.90 435.08 435.37 441.04
2.15 442.45 443.45 449.15

5.29 448.15 449.65 455.65

10.81 459.45 460.30 466.40

22.34 468.30 469.75 475.65

Note: 1) data calculated by Eq. (1).
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% 2 M Kissinger 3 .Ozawa 3 \Hu-Zhao-Gao %l Zhao-Hu-Gao 5845 1) #453 fiff J b7 1) 3 71 24 5 5
Table 2

Gao’s method and Zhao-Hu-Gao’s method

The kinetic parameters of thermal decomposition reaction obtained by Kissinger’s method, Ozawa’'s method Hu-Zhao-

Hu-Zhao-Gao’s method = Zhao-Hu-Gao’s method
3) 3)

compound EY Ig EQy E, bl b2 ay) ay

Kissinger’s method Ozawa'’s method

_ r, r Foe
/k) - mol =1 (Ac/s D /k) - mol 7! o /kJ) - mol 7! ° [ I'so [ oo

, 0.05992 0.06511 32.3201 32.6288

1, 1-DMATZ 127.52 11.05 0.9904 129.18 0.9915 126.84 0.9912 0.9985 0.9898 0.9903 0.9907

, 0.09362 0.09306 42.5495 42.8330

2, 2'-DMATZ 156.19 15.69 0.9892 155.80 0.9902 152.81 0.9895 0.9869 0.9878 0.9882 0.9891

Note: 1)E: apparent activation energy; A: pre-exponential constant; Subscript K, data obtained by Kissinger’s method 3’ ; Subscript O data obtained by Ozawa’s method4!.
Ao
beO(or pO)G(a)

A
relation in Zhao-Hu-Gao's equation [®JIng, = In[—0
(e (or po) +1 ) G(a)

2) The value of by (o po) is from Ing;vs. Ty, ) relation in Hu-Zhao-Gao’s equation 5ling; = In[ ]+be0(or p0) Te(or p)ic

3) The value of agg (o poy is from Ing;vs. To(or i +(Ae0(orpo) 1) INTe(or pyi-

3.3 SBREMBNESE

¥ 1, 1-DMATZ ft) T=T, =473.25 K,E=FE, =
127520 ) - mol ' JA=A, =10""" s7" F12, 2'-DMATZ
fly T=T, =441.04 K,E=E =156190 ) -
A =10 s AR A S FE(2) (3) FI(4)

mol ', A =

;
Aexp( —R—ET) =k;Texp( —ARGT ) (2)
AH”" =E-RT (3)
AG” =AH” - TAS” (4)
A, k, & Boltzmann # %k (1.3807 x10°% ) - K™');

h g plank #%50(6.626 x10 ™™ ) - s) . 543 I N 1
WAL A M AE AGT JELKE AHT IEAk R AST H . Xt
1, 1-DMATZ,AG” =145.13 k) - mol™', AH” =
123.58 k) - mol ™' ,AS” = —45.53 J - K™'
%2, 2'-DMATZ,AG” =133.17 kJ - mol "' ,AH™ =
152.52 k) - mol ™' ,AS” =43.88 ) - K™'
3.4 RABRERFERE

¥ Ozawa A ARG FIAEFR 2 iy 3R I 1L fE
Eo fHFN Ty (5% To) {8 , A Zhang-Hu-Xie-Li #4454
i SRR B

2
E, = N Eop —4E,,RT,

_ op e0 or p0
Tch(or bp0o) — 2R (5)

- mol™';

-1
- mol™ .

5%t 1, 1-DMATZ, T, =484.00 K, T, , =488.62 K;
Xf2, 2'-DMATZ, T, =445.98 K, T, , =451.94 K,

W3R P Ty, T, R 2 iy B, (81 Eo ) M,
R A Hu-Yang-Liang-Xie $R Kl AL 5 7
—-T,) +2RT, T,

e0 (or bpo) " 00
2
RTbeO(or bp0) + EOe(or bp0) ( TbeO(or bp0) - TOO)
E

Oe(or Op)

RT:

be0 (or bp0)

EOe(or Op) ( Tbeo(or bp0)

—Ty) =1 (6)

( TbeO( or bp0)
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5 :%F 1, 1-DMATZ, T, =478.85 K, T,, =483.81 K;
Xt 2, 2'-DMATZ, T,,, =442.08 K, T, , =448.63 K,
TN T T AR, ARG, B HERR

W3R 2 T beoro) T Teoor o) A Hu-Zhao-
Gao fi B K I S5 0 P A

1
=T90(orp0) +b7 (7)

e0(or p0)
.3 1, 1-DMATZ, T, 485,61 K.T,, =488.61 K;
% 2, 2'-DMATZ, T, =446.05 K, T, =451.78 K.
K32 2 1 awiore M Teoiorm) 8 A Zhao-Hu-
Gao B IR K I L I 1 A s

a
_ e0(or p0)
T, - TeO(or po) (8)

beo(or bpo) Ao po) -1

:%F1, 1-DMATZ, T,,, =483.89 K, T, =488.21 K;

Xt 2, 2’-DMATZ, T,,, =445.85 K, T, , =451.58 K,
kg R A, B, 61, 17-DMATZ,

Ty =483.09 K, T,, =487.31 K, % 2, 2'-DMATZ,

e T, =444.99 K, pro =459.98 K &2n] DIEZ 1,

3.5 EHMEHTEEEE (L, HEE
HRE N

T

be0 (or bp0)

C, :%:QdAf(a)exp( — E/RT) (9)
T C,exp(E/RT)
i M o

A, C, MHAE,) - g7 - KTy T 43R g, K;
ENAE B SR E], s; Qu AR IAE,) - g7
AJtg Rl N T, s E B iR RBE 1Y 3 AL RE,

J-mol™; RFAIE¥$,8.314 ) - mol™" - K';
o N RNLEREE 3R IR
rc
= AT 11
@ fTU ) (1)

Sttt
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¥ 1, 1-DMATZ ft#iss €, =1.16 ) - g7 - K",
LB R E 3 20 f(a) = (1 =) ", O3 fifk S 19 3% WL
WEALRE E=127520 ) - mol *' ,#5FiHF A=10"% s
SHRIL Q, =3188 ) - g7 B4y FFR T=T, =484.00 K
(T, RZME TR A 0F N PO KR I 50 B2 ), B4 T B
Ty =T, =468.92 K( T, 2L TR HE % p—0 B Y
DSC {11y onset & ) ,AAAZX(10) o, 15 48 4 2 4
BFIE] b,y =4.90 s(n=0),t;,0=4.92s(n=1) t;,4=
4.95s(n=2),

[WBL,2, 2'-DMATZ Hi#h% C,=1.08 ) - g™ - K™,
LR 330 F() = (1 =)™, FA 03 ik S 1 2 WL
WHILEE E=156190 ) - mol ' 38R F A =10"% 7' 4%
fi#dh Q,=3100 ) - g ™' B4 HFR T=T, =445.980 K,
BUF TR T, =T, =435.37 K,AAAK(10) b, 15 48 34
A t,, =2.58 s(n=0),t,,,=2.59s(n=1),
trag =2.60 s(n=2),

3.6 RES0%BRIEMNHHEES

fii o R PR BE AR (EMs ) fiff T 22 4 1 A AR
FHATEEE, R B EMs 718 if; B8 & 4F HT T K AR A be L1
YEAb 22 ROV HE ) PR B A R S 8L, W & 50%
PEVERRAPE 7% R (Hgo ) fEOR B AE, X 1, 1'-DMATZ,
MHEZE A =32.44%x10")-cm™ -5
1.62g-cm™ #fk¥: 2 Q, =3188 ) - g7', i
Kissingerik T f i I fE % 2 P 1% 2 . E =
127520 ) - cm ™' ,A=10""s™" T, =300 K f& Afi%& H,,
f) Hu-Gao-Zhao-Zhang-Zhao %8 (12) " 71,

A
ApQy

. K”,p:

-0.347174 +

0.282312Ig(H,,) +lg

0.02612E
T, +33.8765H}; 0"

5:H,, =24.49 cm,

W H, B 2, 2'-DMATZ ) & &. A =
2.56x10° ") -cm™ + s K p=1.62 g cm’,
Poib2E 28 Q,=3100) - g ', E=156190 J - mol ',
A=10""s"" T, =300 K,i5:H,, =14.38 cm,

3.7 ARERIGREE

EMs 3z Hh A RE i AE T, R 7 AR TR A A RO E
TR B A I I B2, DU EMs s by 0 i AR 0K SRR O
PR, PR R R e R B (T, ) 2 PF i EMs B2 PR Y
HESH X1, 1-DMATZ e Rl 4R a =
1077 em'™ Bfal g t -t =10 "% s/ 1, 17-
DMATZ 2 p=1.62g-cm”,C,=1.16) - g~ - K",
A=32.44x10")-cm™ s - K, Q,=3188)-g",

=0 (12)
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SIS E=127520 ) - mol ' A=10"" s T . =
293.15 K, &S A W5 R=8.314 ) - K™ - mol ™' ,f£ A
Bruckman-Guillet f)— 25 53 Sz i $4 i e 5% I 5t T B

/TE%:EE:'H_MJ .

(%’n’a%)deH —exp[ L (t—t,)Ae "R}

= fj4wr2pcp[a—(:°erfc[ r—aB ”dr

2 /Bt

r—a
* a( Tcr, hot spot Troom)
- f 41TI’2pCp[ - erfc| \/Tt dr (13)
pS

: Tohorsper = 640. 02 °C, 4 T, =300 K fif,
o oo =639.10 °C

FFL 2, 2-DMATZ )2 ft:p=1.62 g - cm |
C, =1.08)-g" -K' A=2536x10")-cm™ s - K,

Q,=3100) - g~ ,E=156190 J - mol ™' ,A=10"" s,

N

Pelin

room

\'

ﬁgf: Tcr, hot spot = 390 77 OCO % Troom = 300 K H‘T,
Tcr, hot spot =390 24 OCO

3.8 MBAERRARERE RAZEEMMBRIFEEME

AR r=0.5 m % p=1.62 x10" kg - m
1, 1"-DMATZ {)~F- JC R A B A FI ek 8% 323 K (hpift 22
o =10 K) By AR R85 A FEl 3 i, 52 15 fL RE E =
127520 ) - mol ™' 57T A=10"" s 7' RMi#k Q, =
3.188 x10°, ) - kg "' GHAE ) =0.3244 W - (m - K™"),
Dy PACRR O e S RS TR BE (T, ) L R2 (14) ], M-
FERRHA T R A (S) SR (15)-(19) ] A Bk
FEME R (Pre) N[ (20) ] 4. X PR, T, =
335.75K,S, =33.97% , Py, =26.04% ; X} Io B K Al
B, T, =342.20 K, S, =73.7% , P, =26.04% ; X}
Bk, T, =346.30 K,S, =76.44% ,P,, =23.56%

[G3,2, 2-DMATZ iy r=0.5 mp =1.62 x10' kg - m~,
4R BF 323 K, o, =10 K, E=156190 ) -
A=10""s"" Q, =3.100 x 10° J - kg™', A =
0.2536 W - (m + K) 7' J: 4 F#g, T,., =330.64 K,
S, =57.42% ,P,, =42.58% ; % CBR K B 4E, T, =
335.68 K,S, =64.92% , P, =35.08% ; X[ ¥k, T, =
338.86 K,S, =68.19% ,P,. =31.81%,

_Ek
= (14)

Tacr
2 RLambertW _, 1 %
2 Al P QpAR

o, r O BB A8 R AR RS Cn 1 B 8 B 22~ B A
BRI AR ) 36, A HIBHEAY A R UEL -1 & Lambert
PRE S H

mol ',
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BORAL, R 400, B RGE, R %, E A ki,

erEKpAK
TR (15)
-E
IU’T=Tacr= £ E (16>
2 RLambertW _, _1 _AEd
2 I’zQpAKR
Ek_zRMT Ey
o, =W|———"F—|exp| - o (17)
i B Gt

K, o, K Frank-Kamenetskii 251 8 (AR ME% ;00 N
SR bR E 2
W(E, —2RT)

A/Zfrra'BRT4
2

E,
exp[ _[We P( RT) s } /205 _,gr} (18)
T2 cr

. f f W(E, -2RT)

S(T) =

2170'50'TRT4
E Y-T
exp{{w s }/20- — —(W}de (19)
Py =1-5D (20)
HEfs A",

3.9 BN (E)ENGEE

HAEE R Ny
E, =18(Q,) —0.38I8( T, o ¢/mn —298 K) =1.05 (21)
K, B, NHERIERE D), IEMH R AT AR A, (L ROR AN ]
REMRNE, E, (A KRRWIRIE L 5 & @5 Q, NirfE
B0 g7 5T o mn M B =10 K+ min~" i} DSC i £
4 onset I J&F K,

R T, o wmn B3R T 1, 1-DMATZ
2, 2"-DMATZ #y Ji b %t B, T, (i =1,2, -+, 5)
SrRA TR () 45
T,=468.92 +5.81018 -0.24528" +0.003858°,

¥ =0.9993 (22)
T, =435.37 +3.41268 -0.12208° +0.001718°,

r =0.9958 (23)

FRfE B =10 K/min ™" 54 A 2 (22) F1(23)
B Torowmn (1,1-DMATZ) = 500. 05 K, T, 4 /mn
(2,2'-DMATZ) =459.01 K,

P, 1 1, 1"-DMATZ iy Q, =3188 ) - g~'

=500.05 K #12, 2'-DMATZ ) Q, =3100 ) - g '
oo kmin =459.01 K A3 HIACA(21) , 45 E,(1,1'-
DMATZ) =1.58,E,(2,2'-DMATZ) =1.60,

T

e,10 K/min
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3.10 EZmHEXAEENELSHRME(S,)
HABER" N
Ss =18(Qq) =0.7218( T, o /min —298 K) —0.36  (24)
S¢ R BAAR, F R 8 o SR AE /D T ) Y R OR IE R 3R
VAN : v 1 0/ NG Tt 1 B
1, 1'-DMATZ 1) Q, =3188 J - 87", T. 15 x/min
=500.05 K f1 2, 2'-DMATZ f§ Q, =3100) - g~
Te o xmin =459.01 K 43I A S (24) 4% S (1,1-
DMATZ) =1.48,5,(2,2'-DMATZ) =1.54,

4 & it
RIS 4T, Topr (1, 1-DMATZ) =468.92 K

> T (2, 2-DMATZ) =435.37 K, T,, (1, 1-DMATZ)
=484.00 K > T, (2, 2'-DMATZ) =445.98 K, t,,
(1, 1-DMATZ) =4.90 s(n =0) >t (2, 2’-DMATZ)
=2.58 s(n=0), H,,(1, 1'-DMATZ) =24.49 cm > H,,
(2, 2'-DMATZ) =14.38 cm, T, (1, 1-DMATZ) =
640.02 °C > T, (2, 2'-DMATZ) =390.77 °C, AG”
(1, 1"-DMATZ) = 145. 13 K > AG”
(2, 2'-DMATZ) =133.17 kJ - mol ™", X} ¥k: T,,
(1, 1'-DMATZ) =346.30 K> T, (2, 2'-DMATZ) =
338.86 K, S, (1, 1-DMATZ) = 76. 44% > S,
(2, 2'-DMATZ) =68.19% , P, (1, 1'-DMATZ) =23.56%
>Py (2, 2-DMATZ) =31.81%, E, (1, 1-DMATZ) =
1.58 <E,(2, 2'-DMATZ) =1.60,5,(1, 1'-DMATZ))
=1.48 <S5,(2, 2'-DMATZ) =1.54 {552, £ .
(1) 1, 1'-DMATZ #0258 % 1, Hx KB 68 1 i
T2, 2'-DMATZ; (2) 52w — WY L - (0 Y w2 4>
(9 32 2L PR R WP R AE 4 F rh I Ak i 7

-1
mol

£ % 3k

(1] BASEAE, /52, AL WE, 6. 1,1 - U865, 5 (B AL DY e — K &

PIAAT MR TS ()] e AR, 1997, 45 1119 -
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Thermal Safety of 1,1’-Dimethyl-5,5'-azotetrazole and 2, 2'- Dimethyl-5 ,5'-azotetrazole

HU Rong-zu'*, GAO Hong-xu', ZHAO Feng-qi' , ZHAO Hong-an’, WANG Xi-jun’, ZHANG Hai*, MA Hai-xia*

(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. Department of Mathematics/Institute of data analysis and computation chemistry,
Northwest University, Xi'an 710069, China; 3. College of Communication Science and Engineering , Northwest University, Xi'an 710069, China; 4. College of
Chemical Engineering, Northwest University, Xi'an 710069, China)

Abstract: With the help of the initial temperature( T,), at which DSC curves deviate from the basline, the onset temperature( T,)
and maximum peak temperature( T,) from the non-isothermal DSC curves at different heating rates(g) , the thermal decomposition
activation energy( E, and E;) and pre-exponential constant( A,) obtained by Kissinger’s method and Ozawa’s method, the value
of by (o o) from Hu-Zhao-Gao's equation and the value of a0, from Zhao-Hu-Gao’s equation, the values of specific heat ca-
pacity( C,) obtained by microcalorimetry, density(p) and thermal conductivity(A), the decomposition heat( Q,, taking half-ex-
plosion heat), Zhang-Hu-Xie-Li’s formula, Hu-Yang-Liang-Xie's formula, Hu-Zhao-Gao’'s formula, Zhao-Hu-Gao’s formula,
thermodynamic relation formulae, Smith’s equation, Friedman’s formula, Bruckman-Guillet's formula, Frank-Kamenetskii’s for-

mula, Wang-Du's formulas and Yoshida’s formulas, the values(T,,, T, and T, ) of T,, T, and T, corresponding to 3—0, thermo-

0
dynamic parameters of activation reaction(AG” AH” (AS” ), thermal explosion temperature( T,,, and T, ) , adiabatic time-to-ex-

plosion(t;,q), 50% drop height(H,,) of impact sensitivity, critical temperature of hot-spot initiation( T, critical ambient

cr, hot-s, ol) )
temperature of thermal explosion (T, ), safety degree (S,), thermal explosion probability ( P, ), explosio: potential (E,) and
shock sensitivity relative to m-dinitrobenzene (S;) of 1,1'-Dimethyl-5,5"-azotetrazole monohydrate (1, 1'-DMATZ) and 2,2'-
Dimethyl-5,5’-azotetrazole(2, 2'-DMATZ) are calculated. The results show that(1) 1, 1'-DMATZ is thermally stable; (2) the
heat-resistance ability of 1, 1'-DMATZ is better than that of 2, 2'-DMATZ; (3) the different positions of the methyl group in the
molecules are the principal factor affecting the thermal safety.

Key words: physical chemistry; 1, 1'-DMATZ ; 2, 2’-DMATZ; thermal safety
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