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Wl R (1,17-BTOCo) ik (1,1'-BTOCu) FI 45k
(1,1'-BTOPb) , i@t DSC #1 TG #f 5% =k 1y #4453
4T, 43 WA Kissinger 27 fl Ozawa 373+
145 B B4 i 22 UL % FL BB 38 1T R HLEE R R Bl ) 2
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2.1 RKFEMNH

1,1'-BTO, 280 % [ il , il % 77 W SCk[6 ] .

DSC: 823e & /R H - #Y , B+ METTLER TOLED
ONFl FHEEE R K 5,10,15,20 K - min™ &R,
Wi 30 mL - min™'  BE S B (0.2000+0.02) mg, TG:
TGA/SDTA851e 4> HH ¥ , i+ METTLER TOLED /%
Ao FHE R 15 K - min™, AR, TR
30 mL - min™'  BE 5L B EE(0.2000£0.02) mg,
2.2 &EHMEN

1,1-BTOCo: % F,1,1'-BTO(0.51 g,0.003 mol)
SERIE T KT BT A CoSO, - 7H,0 (0. 68 g,
0.003 mol) , i JEA A, S BERIK PEEA T340, 1t B HE T,
e [ A 0.29 g, it % 43.15%, IR (KBr,p/cm™);
1607,1437,1253,1183,1013,573; TTE 41 (C,N, O, ,% ) :
T4 ,C 14.29 N 66.67; SZi{E ,C 14.15,N 65.97,
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1,1'-BTOCu; 1,1-BTO(0.51 g,0.003 mol) 5¢ 4% 110 0.2
fiEeF 7k, A CuSO, - 5H,0(0.84 g,0.003 mol), i 1007 100 <
[ FE 7 1k b BRAS IR S (0 [E 1K 0. 36 g, W% 51.28%, < Zg 16 [ 09 E
IR(KBr, »/cm™): 1627, 1439, 1259, 1190, 1010, 2 70] YR
748,662 ; JTLE/MHT (C,N,O, - 2H,0,% ) : & {#, 2 60 ore 05 =
C11.76,H 1.96, N 54.90; Szl {&, C 11. 68, ig __OBE
H2.01,N53.47, 30+ . . . . . . e P

1,1"-BTOPb: 1,1’-BTO(0.51 g,0.003 mol) 5 LI RTE I O TR
VKB R T A B il Pb(NO,),(0.76 g,
0.003 mol) A e, [ Jr Ve A FLAEH 1 € 1 0,42 g, B2 19 K0 min il 1,176T0C0 5 TG-DTG 2%
I 256 00% . IR(KBr.u/cm™ ) : 162814061232, Fig.2 TG-DTG curves of 1,1’-BTOCo at 15 K - min™
1169,991,728 ,578; JLE4MF(C,N,O, - H,0,%): i gl 2 ki
FEf,C 12,90, H 1.08, N 60.22; 523, C 12. 73, o] ok
H1.12,N 59.69, 2 3] —15Kmn’
X $£8 9 36 1M % ,1,17-BTOCo, 1,1'-BTOCU, 3 2] —2Kmn'
1,1-BTOPbA I/ &2 Co.Cu.Pb. =Fihsmsk  § ]
SR, IS . CoO 25.65,CuO 27.18,PbO 47.17 ; 52l y Y
ffi: CoO 25.80,CuO 28.85,PbO 44.59 2 : : : : :
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%4 5,10,15,20 K - min™ R DSC gh£ktnp 1.8 3 Fig.3 DSC curves of 1,1'-BTOCu at different heating rates
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Fig.1 DSC curves of 1,1'-BTOCo at different heating rates
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Fig.4 TG-DTG curves of 1,1’-BTOCu at 15 K - min™'
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Xt K 245 1 Ry fgt AR 45 IR T RO 4y i Bl 2
WS, F B Ozawa 2= K77,

lgB=| Eo 2.315-0.4567 Eo 1

A, o R K2 R IR L % 5 R BE AR SR R B,

8.314 ) - mol™ - K'; B ATHEM R K+ min™'; TR

WEE, Ky A RIERTIH 7, s Eo b WL 1k fE,

K™ FCa) NHLEE BB BN TR 2
PRI o, g8 5 1/TELUEXR, HEL

(A ST B0 A RE L I FH R SR A 2823 M (14 B2 bR 45
K4 Doyle 10 2 (1) AT LAASH A -

lgF —I[AEO]2315 04567EO 2
g(a)—gRB—- -0. RT (2)

FEZ(2) o %5 AT AT F4 S5 fige i HL B R B, 18 F ()
51U/ TR R R T HAARBE N 520 AL R %L,
#rifl i Doyle 32 3K fift 45 2 1) #44r f# 0 L BE 5 Ozawa
PRI BIIEALRE A, LR P AR ¢ R 50T, i e k45 34
O RS LB BR A
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Table 1 The parameters determined by DSC curves at different heating rates
d K . T K K NI Kissinger's method Ozawa's method
compoun . B .
b B/ - min ¢ P a8 E, /Kl - mol”! Acls Eo /Kl - mol”!

5 511.26 539.26 1181.36
10 503.04 548.33 1603.11

1,1"-BTOCo 162.35 1.83x10" 164.82
15 508.98 554.93 1835.07
20 528.26 559.47 1173.29
5 527.61 547.88 1173.29
10 533.29 556.75 1228.82

1,1"-BTOCu 217.95 2.58x10%° 208.10
15 539.96 559.81 1564.85
20 542.98 563.76 1342.24
5 529.34 558.73 1491.67
10 534.19 561.15 1274.14

1,1"-BTOPb 223.52 4.24x10%° 239.56
15 539.39 568.28 1113.33
20 543.91 572.82 1189.17

Note: T, is extrapolated onset temperature; T, is the first temperature of exothermic peak; AH, is decomposition enthalpy; A is pre-exponential constant; E is Appar-

ent activation energy; Subscript K, data obtained by Kissinger's method; Subscript O, data obtained by Ozawa’s method.

ARG T 2 43 512 5,10,15,20 K+ min™ A,
1,17-BTOCo v ofifk i £, 73 51 5Kt S IR BE o BT X
IO FR S L IR To ARG 3 (1) ML I B dle * 1g8 5
T/ T AT R AL G, i B R R R T R 15 R LT 1L fiE
Eo, ML7 2, M54 (2) Hl Doyle 353 BB Y 4 24
3 ik BSCSE A AL EE o KO L IgF (o) 55 1/ T BEAT 2 1ol
P50 # AR AR 30 ML A5 R %K W],1,17-BTOCo
TESCNLIRE N 0.2 ~0. 6 [ BL, $473 fif J& T #H i 3¢
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JOR(—4E) R, ,n=1 HLEL, S ALBE A 34 2 2
fla) =a, SR 122 T FE R
da/dt =kf( @) =Ae % f( )

4
=2.57x10" Xaxexp( —M)

> (3)
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0.25 ~0.55 B B, o ik J& T n=3/4 W BEHL L AT RSN 17 T R R

ikt e A KL, R ALEE BN h f(a) = da/dt =kf( @) =Ae*kirf(a)

[-In(1—a) 1 %, B5HE 30 Sy 2 RN - 5 37%10" xazxexp(-w) (5)
' T

da/dt =kf( a) =Ae " f( a)

2.55x10"

=) @
AR 7 E453] 1,1'-BTOPb (£ MiEfLRE £,

W3 6, IF AT Ak MIH 43 Hr  IF RS R WK 7, Ltk

UGS, B BRI o — B B, BV e 7 VR B R

0.3 ~0.5 KB, it | T —4E9 1, 1D, D, WiH
B -t ZRALEL . B ALEEM TE R (o) =a”,

=7 .08x10"x[ -In(1-a) | %exp( -

3.2 HMBRERREE

FI I A3 i i ( Toaor ) BYTHE MRKHE R 1, #2018
SCHRL7,10-11 ], i (6) 3545 B0 BFy T M T,
Tocorp=Too.c0 orpo *hBi+CB; +dB; ,i=1,2.3 4 (6)
B B TR B R K - minT T, (T Fl T, 4%
Sy B—0 B Ty (TR T, K,

F2 1,1'-BTOCo iy#A 43 it 2 i I 1k g 1 55 K 4l
Table 2 Calculated data of the activation energy for thermal decomposition reaction of 1,1’-BTOCo
T/K Eo
compound a — — - 1 r -1
B=5 K - min B=10 K - min B=15 K - min B=20 K - min /kJ + mol
0.2 526.32 536.32 545.82 545.82 0.9981 158.78
0.25 529.23 539.32 548.82 548.82 0.9978 160.06
0.3 531.90 542.15 551.48 551.48 0.9974 161.48
0.35 534.48 544.98 553.82 553.82 0.9969 162.88
1,1"-BTOCo 0.4 536.98 547.48 556.48 556.48 0.9964 164.26
0.45 539.32 549.98 558.82 558.82 0.9959 164.40
0.5 541.73 552.48 561.15 561.15 0.9954 166.78
0.55 544.07 554.98 563.48 563.48 0.9948 167.84
0.6 546.57 557.65 566.15 566.15 0.9941 168.59
average 163.90
Note: a is depth of reaction; E is apparent activation energy; Subscript O, data obtained by Ozawa’s method.
%x3 1,1"-BTOCo By IgF(a)-1/T L& 25 R
Table 3  Liner fitting results of IgF(a)-1/T for 1,1'-BTOCo
B . Doyle’s method Ozawa's method
compound /K - min! intercept slope 2 E, /K - mol A, /s Eo /Kl - mol™!
5 16.5185 -9210.1667 0.9799 167.67 1.41x10"
10 15.8778 -9040.3360 0.9785 164.57 6.61x10"
1,1"-BTOCo 163.90
15 16.4833 -9479.4393 0.9772 172.57 2.51x10"
20 17.0773 -9855.6627 0.9776 179.42 9.55x10"
average 171.06 2.57x10"

Note: Ay is pre-exponential constant; E is apparent activation energy; Subscript d, data obtained by Doyle’s method; Subscript O, data obtained by Ozawa’s method.

F 4 1'-BTOCu M) i BN i Ak BE I 55 45 e
Table 4 Calculated data of the activation energy for thermal decomposition reaction of 1,1'-BTOCu
T/K Eq
compound a — ) T L r -1
B=5 K+ min B=10 K - min B=15 K+ min B=20 K+ min /k) + mol
0.25 537.57 545.98 550.40 553.48 0.9993 205.01
0.3 539.57 547.98 552.15 555.82 0.9993 205.70
0.35 541.23 549.65 553.90 557.48 0.9992 206.44
1,1"-BTOCu 0.4 542.73 551.32 555.40 558.82 0.9990 207.30
0.45 544.07 552.65 556.65 560.15 0.9988 208.16
0.5 545.32 553.98 557.90 561.48 0.9986 208.93
0.55 546.48 555.15 558.90 562.82 0.9983 209.49
average 207.29
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Table 5 Liner fitting result of IgF(a)-1/T for 1,1’-BTOCu
d B int . | Doyle’s method Ozawa's method
compoun - Interce slope
P /K + min! P P E E /K - mol™ Ay/s” Eo /k) - mol™!
5 20.7760 -11391.6608 0.9986 207.38 2.45x10"
10 20.1870 -11246.7102 0.9993 204.74 1.29%10"°
1,1"-BTOCu 207.29
15 21.7567 -12201.3742 0.9988 222.12 6.61x10%
20 20.8558 -11775.4612 0.9980 214.37 1.15x10%°
average 212.15 7.08x10"
&6 1,1'-BTOPb pyFA 7 fif F 7 AL RE 3157 K gl
Table 6 Calculated data of the activation energy for thermal decomposition reaction of 1,1'-BTOCu
T/K Eo
compound a — s — — r »
B=5 K - min~ B=10 K+ min~ B=15 K - min~ B=20 K - min~ /k) - mol
0.30 552.15 559.15 564.15 566.82 0.9994 234.55
0.35 554.57 561.65 566.40 569.15 0.9992 237.57
1,1'-BTOPb 0.40 556.98 564.15 568.90 571.48 0.9989 239.24
0.45 559.23 566.65 571.40 573.82 0.9986 239.92
0.50 561.57 568.98 573.90 576.15 0.9982 240.43
average 238.34
£7 1,1-BTOPb 1y IgF(a)-1/T MM &4 R
Table 7 Liner fitting results of IgF(a)-1/T for 1,1’-BTOCu
B . Doyle’'s method Ozawa's method
compound ) intercept slope - - -
/K + min s E4/k) - mol Agls Ey /k) - mol
5 22.9920 -13257.4743 0.9920 241.35 3.47x10%
22.3470 -13065.4996 0.9932 237.85 1.62x10%
1,1'-BTOPb 238.34
22.2574 -13126.7781 0.9892 238.97 1.95x10%
20 23.7608 -14044.2730 0.9914 255.67 7.76x10%
average 243.46 5.37x10?

MARYE Toanr =To LA 15 1,1'-BTOCo 1y Tsrot
=534.46 K, T, =527.31 K; 1,1"-BTOCu fJ Ty, =
527.56 K, T,, =526.50 K; 1,1'-BTOPb ) T,pr =
525.87 K, T, =568.32 K,

P NE I FUIR BE (T, ) A5, L4l Zhang-Hu-Xie-
Li 3 K62 2 rh Ozawa IR 811 Eo i T ARARK(7)
_Eo- E,-4E,RT,, (7)

2R
A4 1, 1-BTOCo [ T,,, =542.22 K, 1,1"
BTOCu K4 T,,, =539.11 K,1,1"-BTOPb ) T, =580.00 K.
3.3 BAESH

WRAN S8 aE AlEE AG™ &1kl AH™
TG AS™ AR Sk [12 14X (8) ~ (10) 1155

bpo

E k, T AG”
A exp(—ik ) =8 MWay (— ) (8)
: RT,, h RT,,
AH” =E,-RT,, (9)
AG” =AH" -T,AS" (10)
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A, k, 4 Boltzmann % #%,1.3807x107*) - K™'; h
7 Plank # %% ,6.626x107*) « K™y E e WMIG1LfE,
J - mol™ 5 ACHFERTINF,s7 .

A5 1,1-BTOCo ) AG™ =139.92 kJ - mol ™",
AH” =157.97 k) - mol™ ,AS” = 34.23 ) - mol™";
1,1"-BTOCufy AG” =143.51 kJ - mol™, AH” =
213.56 k) - mol™ ,AS* =132.98 J - mol™; 1,1’-BTOPb
B AG” =141.34 kJ - mol™ |AH” = 218.79 k) - mol ™",

AS™=136.28 J - mol™',
4 &£ it

(1)1,1"-BTOCo ¥ # 53 fift J& T A il 5 B v (—
4t) R, ,n=1 HLHEL, IEFLAEN 162.35 k)
PR 1.83x10" 57" 2 I ML B bR 2 AY B o0 X o
fla) =a; 1,1'-BTOCu W#ofiftJ& T n=3/4 BREHL
A R 5 A K HLER 15 AL BE M 217.95 k) - mol ™', 3k

-1 Y
- mol™ , F5 T

L
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HE 79 12.58x10% 5™ iz i LB 5 550 69 1 49 T 24
W h(a) =[=In(1-a) ] 1,1"-BTOPb 4 — By Bt 1y 34
SR T — e B, 1D, D, U R A ot HIZEHLEE, 3
AbfEH 223.52 k) - mol™ LFERTHEF R 4.24%x10%° 57",
J I3 ML B L OB R (a) =as

(2) S0 ER IR 1 0053 3 % Tk 3 R A 1
MU e s, FLAR S B A, D0 T = 5 322 R VE I,
HOE# R T AR5 % A #0 i. Xh T 30 AL R,
1,1"-BTOCo<1,1'-BTOCu<1,1'-BTOPb; X} F 35 fi
HF,1,1"-BTOCo<1,1'-BTOCu<1,1'-BTOPb,
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Thermal Decomposition Kinetics of Metal Salts of 1,1’-Dihydroxy-5,5’-bitetrazole

WANG lJie-qun, WANG Peng-cheng, LU Ming

( School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. 1, 1'-Dihydroxy-5, 5’-bitetrazole compound is hot spot of high-energy insensitive materials in recent years. To explore the
thermal safety of these kinds of compounds, the thermal decomposition processes of 1,1’-dihydroxy-5,5'-bitetrazole cobalt salt
(1,1"-BTOCo), copper salt (1,1’-BTOCu) and lead salt (1,1'-BTOPb) were studied by differential scanning calorimetry ( DSC)
and thermogravimetry (TG) at heating rates of 5, 10, 15, and 20 K - min™", respectively. The apparent activation energy ( E, and
E,) and pre-exponential factor (A,) for thermal decomposition reaction were calculated by Kissinger’'s and Ozawa's method, re-
spectively. The kinetic parameters and mechanism functions of thermal decomposition were obtained. Results show that for 1,1'-
BTOCo, E,=162.35 kJ - mol™, A, =1.83x10" s™', self-accelerating decomposition temperature T,,,; =534.46 K, critical tem-
perature of thermal explosion T,,=542.22 K; for 1,1’-BTOCu, E,=217.95 kJ - mol™, A, =12.58x10*" s", T, =527.56 K,
Typo =539.11 K; for 1,1’-BTOPb, E,=223.52 kJ - mol™, A, =4.24x10*" s | T,,,, =525.87 K, T, ,=580.00 K.

Key words: metal salts of 1,1’-dihydroxy-5,5'-bitetrazole; differential scanning calorimetry (DSC) ; thermogravimetry(TG) ; ther-
mal decomposition kinetics
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