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YERTERIZL . SR, AP XF HATO A9 #5435 i AL il
v A DL IE o

e, A B 5 R F A - T -8 e 2 A Ok i
(TG-MS-FTIR) B H 4% AR | 25 7% 1 4 1 #1434 (DSC) i
Bk 2L 463 (FTIR) 7 858 T HATO F1 HATO/AP
TR Wy B P i B B TG-MS-FTIR 230 1 T HATO |
HATO/AP 218 ¥y 1) I8 53 fife 2k 2 5 I F1) 48 5L it 20 4b
T ARIEIE T HATO \HATO/AP 115 4 458 5 A1 1Y
W3 P B B Y AR A, R H Kissinger 35U T
HATO F1 HATO/AP 18 ¥ DU me B J% 141 19 3% 1L fig 5 X
I T HATO Il HATO/AP St #y #4043 it e M 3853 f
SR T DA R Bk A R AE 3 A AR Ak B, e T
HATO/AP IR 1) i #443 fig HILEE .

2 LIGER S

2.1 iRKF

HATO ( F B oK | 2 B KT 99%) , AP (H 8
KA KT 99% B 4 150 wm) , 2 i1 75 22 3 1k
SF5E BT A T H A (DMSO) L, 41 99.99%,
HRBEHARAF ; LR TR, 40 99.9%, | 41
BEAL T A BRA A
2.2 HRE&

HATO/AP IR 4 3 o8 ¥ 7] -4 15 570 3k 1 4%, AR 4l
TRV B HATO 5 AP LU FE 72 3 /9 Ee ) in
A DMSO 5 5] Hoin #ad #7585 m AR L 2
% C TR B, AR BT 2k 0 T AR AT B JE R
23 UHBEEXWEHG

A BT AS - 7 ] i Bt 2 W) 449C B TG-DSC [A] 45 #4
IR AR 1~2 mg, SR = AL AR R
H Ar( i B 25 mLemin™) s FHEE & 10 °C-min™', &
JEJE F 30~500 °C,

L1 MG IEAY 25 [ Nicolet 24 & 5700 54 21 4h 3
A A 2528 - DTGS ; 6% : 4000~650 ecm™ 5 73 B
H>0.09 ecm™ MRE A LR :30~230 °C R H AR
#:25 mL-min',

JB 3 - R T At 2 W) QMS403 DU G AT R 1 A 5 4R
S HT AR 5 TG B LA A IR 190 °C5 #EH
B . 200 °C; 3K 5 &=V Bl 2 1.0~300.0 wm, 50 R
<0.5 pm, KA FR>T pg-g'o

A J5 37 W 26 B Thermo-Fisher 2% & NEXUS
870 AU HL it AR 48 21 S S 3EAY , J 1T K A AR I B vy
R0 2% A L PR SRAC BR BR — A7 K (DTGS) o A6 I i
W :25~465 °C, A8 K0 it FHR AR 2.5 °C-min”',
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Kl R 5 R 1.8988 cm-s™', ZL AN G 4 BER N
4 cm™', S YOO 5K 8 UG IR RN 0.7 mg.

3 HR5WiE

3.1 TG.DTG.DSCZERH

HATO AP . HATO/AP LR 8 TG . DTG M DSC
Mgk 1 iR, mE 1am L, HATO M 219.2 °CHF
U o0 1 (R 8 2 JF 4R ) L, 255.3 °C A0 il R A 5¢ 1, 5 T
P2 3.61 min, B4 2 fif o 2 5 4502k 43 90 70.7 %
M 23.9%. HATO/AP HiE ¥y #4 43 fif (51 2 461 2% ) HF 4
W6 M 209.1 °C, 7 283.4 °CH 43 fift 3 A 58 BY , Bif ] [T
R 7.43 min, 3/~ By B Ay i B Bk 40 0 R 15.2%
73.6% .8.9% ; HATO/AP FLi8 1y #4 73 fife (ot i 4 2% ) JF
B EAR T HATO, 43 fiff B2 A 58 I 09 1 B2 & T HA-
TO, H HATO Hl HATO/AP 331 ¥ 43 fif 7% i 580 4% 70 33
H5.4% F12.3%. th DSCHI DTG (Kl 1b) ik nl W, ,
HATO #o3 fife iof B2 32 22 0 WA~ 3 22 B B, 5 — o B 4
fiff B2 1% LU AR B 43 if YR A 236.8°C 55 B B A i
R 250.5 °C. AP ELA — A W A e F g A il pié

100
80
60
40
20

0

mass / %

100 200 300 400 500 600
temperature / °C

a. TG curves of HATO, AP, HATO/AP blends

50 2368 C — AP 145
i — HATO
or —HATOAP {40 -
Ev I HATO 2505 °C &
= 10F—p 9%1C - 4113°C 15
z [ HATOAP  2445°C/\ 2789 C (d826C 2
= _10f 2258 C 1o &
3 >
2 N 2334C 2526 °C £
_30F pase~Lamgsc 1.5
3 289°C \ [ o o 4847 C
50 L L 1 " N -10

100 200 300 400 500 600
temperature / °C

b. DSC, DTG curves of HATO, AP, HATO/AP blends
E1 FHEHE R 10 °C-min”' B HATO AP #l HATO/AP LR Y
BTG .DTG M DSC ik
Fig.1 TG,DTG and DSC curves of HATO, AP and HATO/
AP blends at a heating rate of 10 “C-min™
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I B, DS , R SR R, SR, A

15 244.5 °C 1Y J Rl W B 2 84 07 & 28 6 728 Ol ST 7 i &R
Y e b 0 ot AR AT AR O AT B A AR R
295.1 °CHI411.3 CHIp i W IR 43 9 %5 . T DTG (PR
AR . HATO/AP ILIR Y EoA 3 4 B0 By
B, P i 0 5 2 ) R 225.8,278.9,482.6 °C, W T
DTG 3 it g . XF L& 1b r DSC il 26 v] L
KB, HATO AP IR 2 J5 HATO #9 #4 43 fif B Bt th
2NN E) 34>, AP A Al B % JF B HATO/
AP YR W 43 fif W IR BE A3 il 08 JE O AN J2 T Y
HATO 5 AP iy IE & INZH i, ERZEREW , HATO 5
AP FE Iy ik B v R AR T R B A AR BLAE R L AP 9N
A AL LU HATO %) 46 43 fifk i B 2 1 O 5 35053 ik B (]
FEKH AR 52w 4y A 58
3.2 SE=Hath

HATO HATO/APILIEYI7EFHRH A4 10 °C-min™'

"aven,, 2000
Mhery
~7

At SR 7 4 I s ) 8 Ak G = A 21 A0 1R SR Uk A
IS 1 21 A0 35 1 DL R AR 7 ) 1 5o B i ol A A 1
B an s 2, B 2a 0] W, B LA AR R AL
i Bl B R) LB ) A8 Ak, Z0 A0 B /N 2 R B T
AN & & R4 R 22 min B IR E B 5 )
220 °C,HATO #53 fift 7= A 19 21 A0 P SR T 16 1 2R
JEB G 22, WO oi B 3 5 3R W SRR B2 8 K, 28 miin
(I B2 280 °C) Zc A3 B, MRV B2 38 31 o K B I 2 12 B
ez 0. M SCHRI19] 8 e iE ) SR L0 5048
Il 2b 43 T W T8 R R Bl 4 22 A 0, HATO #4377 A= (1)
HA a4 s AR £ 84 CO,(3705,3499,2354,
2305, 668 cm™) . N,O (2581, 2237, 2201, 1303,
1272 cm™) \HCN (720 cm™) .NH, (969 cm™) ,NO
(1908,1846 cm™) . Hi & 2c 23T B F 1 H A9 R /N K i
B, AT LUE H HATO A3 77 A SR NL(m/2=28) |

1000 "0

a. three-dimensional IR spectra of HATO

0.020 - 2 237‘
0015F 2201
8 I
§ 0.010 H
2 2354
€ 00051 Ml 1303
705 2305 ‘I“ “1 1 272
SO T T
-0.005 L L L
4000 3000 2000 1000
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b. IR spectrum of HATO at 280 °C
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“2202
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g 0004 /| 1805 ‘ i
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d. IR spectrum of HATO/AP blends at 484 °C

jon current/ A

200 300 400
temperature / °C
c. MS spectra of HATO
—15
2.0x10° —16
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. —18
< 150°F —26
= 27
g b 28 S~
£ 1.0x10 = -
T T
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temperature / °C
e. MS spectra of HATO/AP blends

200 400

B2 HATO HATO/AP LR 4 $ o i SR F= W 21 71 63 5 5 3% 14

Fig.2
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NH, (m/z = 15,16,17) \H,O (m/z = 18) , HCN
(m/z=26,27) NO(m/z=30) N,08{# CO,(m/z=44).
PO it UL BE SN 480°C Ze A7 iF HATO/AP 3E3R 9 4 it 1L
BN, R R K. 40 Hr I 2d 3% K AT AT, HATO/
AP LR W o3 i e A B 2D AR s SRR £ A CO,
(3745, 3652, 2340,2293 cm™) .N,0(2582, 2551,
2231, 2202, 1302, 1271 cm™) . NOCI (1809,
1774 cm™) \HCN(711 cm™) .NH,(967, 932 cm™) .,
NO (1905, 1849 cm™) ./ #& HCI(2991 cm™) . H
& 2e AT W, HATO/AP 238 ¥y #4 43 fif 77 2B 19 IR A
NH,(m/z=15,16,17) \H,O0(m/z=18) \HCN(m/z=
26,27) .NO(m/z=30) N,O & # CO,(m/z=44), LA
g5 R R, HATO oo i Rk B2 B b a3 5
HATO ) TG .DSC i Z S A W) 4, LB T HATO P-4
Or RO BUR LI SRR B XS 2 K5 18 MK 45
LA R 5 BT I A5 R AT HATO 32 38053 il 77 A 1
SR EZEA :CO,.N,O . HCN.NH,,NO.N,, H,0,
HATO/AP SR Wy #4037 AR AR £ 24 : N, CO, .,
N,O .HCN NH, .H,0 HCN.NO HCI .NOCI., %}t
T LT A P U A X 5 EE R LA L HCN UNO & 4
B, SRS L (E 2e) 7T L& B m/z=15 1 16 5% ) 1
B, Fon NH, &m0 o AP TR A i 7= A 1 R
Y E A NO, .N,O .NO HCI.NOCI, #] DLk,
EAPAPE T HATO i N E 25460 T N,O .NO
HIHCN, #— 2 R HATO 5 AP & 4 158 51 i M1 1.
EH -
3.3 BREMESW

HATO J& DL U me 56 A1 k-5 48, 5 WA F2 e 1E 55
THMBEFHRAEEY ., 57 FNAAEFE N C—N,
N=N %k, /& 30 0 ,3422 cm R &M & NH,OH"
R SR AR S, T A Kb HLO AR AT
A5 S S B i A48 R 3 W I R A R RS (T e R D B RS
51),3058,1577,1526 cm™ 4b ) W Y 47 J& HATO #Y

1.0

3221 14261235
08 e 682 1045
o 2509
8
§ 06 342
o
2
© 0.4 L
02}
1 1 1
4000 3000 2000 1000

wavenumber / cm™'
3 HATO/AP LR L1415 1#
Fig.3 IR spectra of HATO and AP blends
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55 7 FH 1A R DG i 2R (1 R AE W A, 814 em ™ RRAE W A
DU I BRI ) 2R AR R A 4 R Bl A, 624 em ! HE B AR
TEWR A AP (14 e S8 R AR 114 Sl 4 22 ) i 45 91 3
HATO . HATO/AP 1L 38 ¥ 5 fiE & 1A 70wk B 7
2.5 °C-min”" JH i 3R T 21 A0 0 s B AR Ak an & 4a.
4 n] UL, % b 2T A0 0 055 B AR Ak il 2R S8 B
AL HATO/AP MR W) b HATO MR I 5 5 °C A 4 (B
Tog 2 3 DU IR A F A X 2T A I Wi R T 42 T 05 T LU

8F ——HATO
—— HATO/AP

absorbance
S

0_

100 150 200 250
temperature / °C

a. IR absorption intensity of HATO, HATO and AP blends
tetrazole ring with temperature

—2.5°C -min-
——5C -min-"

—10 °C  min""'
——20 °C - min-'

100 200 300 400
temperature / °C
b. conversion curves of HATO tetrazole ring at different

heating rates

100
—25°C -min”'
80 ——5°C-min"'
—10 °C - min”"'
60 —— 20 °C - min~!
3
40
20
0
100 200 300 400

temperature / °C
c. conversion curves of HATO/AP blends tetrazole ring at

different heating rates
B4 HATO .HATO/AP JLiR 4y DU g 35 21 Sh 0 i 0% 58 12 5 i J5E
Fig. 4 Relationships between IR absorption intensity of
HATO, HATO/AP blends tetrazole ring and temperature
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I B, DS , R SR R, SR, A

VLI, AP B A BEfE HATO 1Y g B8 823 fife Tt 88 42 1
B AP IF A 520 HATO 43 fiff 56 4Pk o DU e B4 1) 21 4h
W 32 {1 i 3 32 A Ak s 3 B A g T Ak % () SR EE 1Y
KR a=(A = A /(A= A) - HoH o IR R A,
Ry — IR B WG AR, A A N 23 B DY AT
AN BE (4 B KA Fl Fe/ME . HATO il HATO/AP 3t
RYIALE2.5.5.10.20 °C-min” FHRHE T HE LR ()
5 (T) M A8 4k G 3 43 5 i ] 4b A& 4c s .

i HATO A [] FH i 3 3R #4658 (o) JIT X 0 19 3
FEBOHE A A Kissinger J7 2 (1)1 3 1o 5 455 481 m] 43
AN TRV G A% (o) T X 0L 10 06 AL RE L S5 R WL 1. 43
1 ATHN, 7E 0%~100% 35 [l N, HATO 4 e 34 356 141 71y
WAL fE IR 2K T HATO/AP SR Y, ¥ — B 15 3
HATO Fl HATO/AP 18 #y 0w 34 5 14135 4k 6 ~F- 34 {8
2358 53.38 k)-mol™ F160.69 k)-mol™ .

o)
In[—|=-—+
T RT,

3.4 HESW

HT HATO HATO/AP 8 4 I e 34 1 4] 75 {1k g
TREAE AT 0 26 A LR RRAE | DL B 3R M 7 2B 1 SR
P, HE I HATO/AP St 8 Wy 44 43 f# nl B AL 32 4o
Scheme 1 i/ o AP #43 ff AILBE 70 Sl WA B B, 20—
B B 32 2208 NH, " A i 5% 88 42 i NH, #1 HCIO, 1)
Rt figp ok A0 R R A WAL (A) . HATO #4
Oy — AR R TR R R B R 1 AT, HATO

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

NHy" + ClIO; ====NHj(s) + HCIO, (s)
HCIO, ——— ClO3 + ClO + 0 + 0y + H,0

09

NH3OH || /

@O

crosslinked
products

lO or O,
N,O

NO + NoO +HCN +CO +CO,

Scheme 1

Chinese Journal of Energetic Materials, Vol.27, No.11, 2019 (908-914)

=1 ARG AL BERE L 1L R 1) AR fk
Table 1

with conversion rate

Thermal decomposition activation energy of HATO

tetrazole ring al % E/k)-mol™’ r
10 47.53 0.9754
20 53.92 0.9912
30 55.86 0.9951
40 55.12 0.9962

HATO 50 54.81 0.9954
60 54.30 0.9949
70 52.15 0.9973
80 50.77 0.9991
90 51.00 0.9928
100 58.37 0.9972
10 50.56 0.9653
20 61.01 0.9932
30 61.94 0.9893
40 64.11 0.9926
50 64.75 0.9885

HATO/AP blends
60 62.65 0.9861
70 63.56 0.9815
80 60.75 0.9713
90 57.67 0.9481
100 59.87 0.9968

W1 45 53 i BE AR T AP, X HATO VAP #f 2 & fig 25 1
L H I HATO/AP IR W) 8 5 & A= 1 SO L R - AP B
B+ 5 HATO B8 1 Z i) & A= i 5% 7%, 4 ik

HATO [ 43 fif S0 1E [ #6477, AT 3 3 HATO 43 i il
PR, MRS SCHR (23], HATO #1435 — B B = A
B A, 1 - -5, 5 - B UM (BTO) ,BTO 5 NH,
SR AR 5, 5Bk PO mE-1, 17- A B (ABTOX) , ¥

NH; (g) + HCIO, (s) "
>
/N N\N
WH, || / / \\ NH,

H/ (ABTOX) 09

/ || NHiOH + NHg* H tnsfer,_ )——(/ ;“ + NHy + NH,OH ®)

N 2+H20+N H 3

- 00O
i =222 N,0+ Ny + HCN + CO + CO,
N

Thermal decomposition mechanism of HATO/AP blends

A A AL www.energetic—materials.org.cn
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Jiz 0F — A5 43 i A HLO ONH, S5 /N4 7240 AR & 1 e
AP 1) DSC 47 b 43 it W i L S ABTOX 443 figt il 27
HATO/AP 38 ¥y FLvRk 2 A 89 KO A - AP A2 1 NH, il
HCIO, i i i T2 5 ABTOX $H i [ 17 5 I 25 L 8 110
T+, ABTOX 43 it Jl BTO s BTO 1] fiE & A= N—N g 1B
AW a, W) a e — L Bk HCIO, [ i 7= £ 19 O,
B TG M O S AL A E ALY 55 /D o F U AR A R
PR BTO i fig & A C—N i 1K 24 4 B 7= 4 b It
dE—2 774 NS /Ny F o HATO/AP LR Y i s B i
T B 2 A 1 R0 T B S NHL Ak B, AT fiE S
B IBC 7™ W B e I 4R A 5 38 Ao T A T B Y B TR R
m/z=15 W BRI, 5 HATO/AP L8 4 43 i 5% s T8 4
FEEAR AT LATESS . f DA b 45 5 AT DUHED - AP B9 AR
T HATO Fi % [ W IE [ #5473 B HATO 53 i
I B2 $2 1T s HATO/AP IR ¥ 43 fif 4= U NH, 5 BTO
S R ABTOX 80T HATO 43 fiff B[] ZE 4

4 %

(1) HATO 5 AP Z [8] & 4= T i 21 (% A B AE H .
HATO 5 AP LR 5 , HATO f#i15 AP 7E 244.5 C 1
Rl W BRI S A 5 AP HATO %1 38 44 0 i I8 A
236.8 CHE i F] 225.8 C, I HEE—ERE LK T
HATO A #4043 i Bt [ ELAS 52 i e o0 58 4k

(2) R TG-FTIR-MS B AR 2 T HATO K&
HATO/AP I8 ¥y (1 #4453 it KA, HATO 453 fige 7 A= 1)
SR FEE A CO,.N,O,HCN NH, ,NO N,  H,0;
HATO/AP LR ) 7= A= KAk £ 2 A : N,.CO,.N,O.
HCN .NH,.H,0 . HCN .NO .HCI.NOCI,

(3) AP X} HATO 1Y #73 fiff 52 i HILBE 2« AP Y B
WRE T 5 HATO Z [ &4 T HH R, 5 8050 i i B 2
Al 5 HATO/AP IR ¥y #4537 A2 19 NH, 5 BTO & i
AR ABTOX JE K T HTAO Ay #4043 figk B[] .

e
(1] FEwmwg . FENRGEL R IREA)]. KIEL 24, 2011, 34
(4): 1-4.

WANG Xiao-feng. Developmental trends in military composite
explosive [J]. Chinese journal of Explosives & Propellants,
2011, 34(4): 1-4.

[2] w4, X, s, 55 . SR F 2 30 U2 gk & 90 i &
WEFEHEREL) ). AT B2, 2012, 32(4): 667-676.
PENG Lei, LI Yu-chuan, YANG Yu-zhang, et al. Research
progress in synthesis of energetic compounds of bicyclo- and
multicyclo—tetrazoles[JJ. Chinese Journal of Organic Chemis-
try, 2012, 32(4): 667-676.

[3] Fischer N, Fischer D, Klaptke T M, et al. Pushing the limits of

CHINESE JOURNAL OF ENERGETIC MATERIALS

energetic materials: the synthesis and characterization of dihy-
droxylammonium-5, 5’-bistetrazole-1, 1 "-diolate[}]. Journal of
Materials Chemistry, 2012, 22( 38): 20418—20422.

(4] BB, W%, XV, &5 BEPE2E 5 RE AL & 4 KO & e s T 4

FEHEREL) ] EReM kL, 2015, 23(3) :291-301.
HUANG Xiao-chuan, GUO Tao, LIU Min, et al. Review on
bis-azoles and its energetic ion derivatives[]]. Chinese Journal
of Energetic Materials (Hanneng Cailiao) , 2015, 23 (3) :
291-301.

[5] Hefmam, BE22 0 VFn, & AEURIUMEE SR S REs T e

mrsE ik e )], S hestRE, 2012, 20(6): 805-811.
Bl Fu-giang, FAN Xue-zhong, XU Cheng, et al. Review on in-
sensitive non-metallic energetic ionic compounds of tetrazo-
late anions [J]. Chinese Journal of Energetic Materials ( Han-
neng Cailiao), 2012, 20(6): 805-811.

[6] Sinditskii V P, Filatov S A, Kolesov V I, et al. Combustion be-
havior and physico-chemical properties of dihydroxylammoni-
um-5, 5'-bistetrazole-1, 1’-diolate (TKX-50) [J]. Thermochimi-
ca Acta, 2015, 614: 85-92.

[7] BRI, bk, kAR, 55,5 - B M-, 17 -8 ZF W

oM Sy )] KFEZG 24, 2015(2) :42-45.
WANG Jun-Feng, YANG Yun-feng, ZHANG Chun-yuan, et
al. Thermal decomposition reaction kinetics of dihydroxylam-
monium-5, 5'- bistetrazole-1, 1’-diolate[)]. Chinese Journal of
Explosives & Propellants, 2015, 38(2):42-45.

[8] Hu Niu, Chen Shu-sen, Jin Shao-hua, et al. Preparation, non-
isothermal decomposition kinetics, heat capacity, and safety
parameters of TKX-50-based PBX[J]. Journal of Thermal Analy-
sis and Calorimetry, 2017, 131(3):1-7.

[9] Huang Hai-feng, Shi Ya-meng, Yang Jun. Thermal character-
ization of the promising energetic material TKX-50[]]. Journal
of Thermal Analysis and Calorimetry, 2015, 121 (2) :
705-709.

[10] &x—, sk, ZEWER], 5. TKX-50 #4043 fif 0SB LB Y 43 7

g E )], S RERRE, 2018(1):75-79.
YU Yi, ZHANG Lei, JIANG Sheng-li, et al. Molecular simula-
tion on the nitrogen generation in thermal decomposition of
TKX-50 [J]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2018, 26(1):75-79.

[11] YUAN Bing, YU Zi-jun, Bernstein E R. Initial mechanisms for
the decomposition of electronically excited energetic salts:
TKX-50 and MAD-X1[J]. Journal of Chemical Physics, 2015,
119(12):2965-2981.

[12] ZHAO Feng-qi, CHEN Pei, LI Shang-wen, et al. Effect of bal-
listic modifiers on thermal decomposition characteristics of
RDX/AP/HTPB propellant[J]. Thermochimica Acta, 2004, 416
(1):75-78.

[13] NIE Fu-de, ZHANG Juan, GUO Qi-xia, et al. Sol - gel synthe-
sis of nanocomposite crystalline HMX/AP coated by resorcinol
- formaldehyde[J]. Journal of Physics & Chemistry of Solids,
2010, 71(2): 109-113.

[14] e, KM, &AL, % . FHP0 CL-20/AP K& & BEF KL
O AR ARD) ] K22, 2018(1) :41-46.
ZHAI Heng, ZHU Yan-fang, LU Yue-wen, et al. Preparation
and characteristics of CL-20/AP composite energetic materials
with zero oxygen balance[]]. Chinese Journal of Explosives &
Propellants, 2018, 41(1):41-46.

[15] xi7an, BIRAME, fLAHE, 55 . & AR MR i) ], & REH

N XK 2019 % %274 #1148 (908-914)



914 I B, DS , R SR R, SR, A

#k, 2000, 8(2): 75-79. ergetic materials 60. Major reaction stages of a simulated burn-
LIU Zi-ru, YIN Cui-mei, KONG Yang-hui, et al. The thermal ing surface of ammonium perchlorate [J]. Combustion &
decomposition of ammonium perchlorate [J]. Chinese Journal Flame, 1993, 94(1-2):70-76.

of Energetic Materials( Hanneng Cailiao), 2000, 8(2): 75-79. [22] LU Zhi-peng, ZHANG Chao-yang. Reversibility of the hydro-

[16] sk A, XIFan, Tmear, & . ok 20 4h 6k ik o AP [ iR gen transfer in TKX-50 and its influence on impact sensitivity :
M) ], 62 5 06I% 4, 2010, 30(8):2098-2102. an exceptional case from common energetic materials[]]. The
ZHANG La-ying, LIU Zi-ru, WANG Xiao-hong, et al. An in- Journal of Physical Chemistry C, 2017, 121(39) : 21252-
vestigation on fast thermolysis of ammonium perchlorate (AP) 21261.
by FTIR spectroscopy[)]. Spectroscopy and Spectral Analysis, [23] WANG Jun-feng, CHEN Shu-sen , JIN Shao-hua , et al. The
2010, 30(8):2098-2102. primary decomposition product of TKX-50 under adiabatic

[17] X7, i, BHAaRM, & . RO B HUES AP 5 RDX A1 HMX condition and its thermal decomposition [J]. Journal of Ther-
REERMPIIR)]. KIEL 24, 2007, 30(5):57-61. mal Analysis and Calorimetry, 2018, 134(3):2049-2055.

LIU Zi-ru, SHI Zhen-hao, YIN Cui-mei, et al. Investigation on [24] Manelis, G.B. Thermal decomposition and combustion of ex-
thermal decomposition of mixed systems of AP with RDX and plosives and propellants[}]. Crc Press, 2003(6).

HMX by DSC-TG-FTIR[]J]. Chinese Journal of Explosives & Pro- [25] F/NE, SRBEMS, K&, 5.5, 5/-BCpme-1 1 - SAEHEN A
pellants, 2007, 30(5):57-61. B RS K v RE ()] KKEZS 24, 2015, 38(4):35-38.

(18] #AZML, S8 Bl BT 3 Sy 2= ML b 50 B2 i iR, 2001 WANG Xiao-jun, ZHANG Xiao-peng, SONG Lei, et al. Syn-
79-95. thesis, crystal structure and properties of the ammonia salt of
HU Rong-zu, SHI Qi-zhen. Thermal analysis kinetic[M]. Bei- 5, 5'-Bistetrazole-1, 1'-diolate [J]. Chinese Journal of Explo-
jing: Science Press, 2001:79-95. sives & Propellants, 2015, 38(4):35-38.

[19] Shimanouchi T. Tables of molecular vibrational frequencies [26] Gerd Fischer a, Gerhard Holl b, Thomas M. Klapétke, et al. A
part 10 [J]. Journal of Physical & Chemical Reference Data, study on the thermal decomposition behavior of derivatives of
1977, 6(3):993-1102. 1, 5-diamino-1 H-tetrazole (DAT) : A new family of energetic

[20] Land J E. A study of the decomposition of ammonium perchlo- heterocyclic-based salts[J]. Thermochimica Acta, 2005, 437
rate[R]. AD 466956,1965. (1):168-178.

[21] Brill TB, Brush P J, Patil D G . Thermal decomposition of en-

Effect of AP on the Thermal Decomposition Mechanism of HATO

ZHANG Kun', TAO Jun', WANG Xiao-feng', CHANG Jing’, Bl Fu-qgiang', JIANG Fan', YANG Xiong'
(1. Xi"an Modern Chemistry Research Institute, Xi'an 710065, Chinas 2. Xi'an Manareco New Material Co., Lid, Xi'an 710000, China)

Abstract: To systematically understand the effect of ammonium perchlorate (AP) on the thermal decomposition mechanism of 5,
5'-bitetrazole-1, 1'-dioxadihydroxyammonium (HATO) , the thermal decomposition characteristics, gas products and condensed
phase change of HATO and HATO/AP blends were analyzed by combination of thermogravimetry-mass spectrometry-Fourier
transform infrared spectroscopy (TG-MS-FTIR) , differential scanning calorimetry (DSC) and Fourier transform infrared spectros-
copy (FTIR). HATO had two consecutive thermal decomposition stages, while HATO/AP blends had three. For HATO/AP
blends, the melting profile of AP disappeared; the thermal decomposition of HATO showed an advanced initial temperature,
prolonged decomposition time and unchanged completeness of HATO decomposition. The gas products from the thermal decom -
position of HATO were CO,, N,O, HCN, NH,, NO, N, and H,0O; whereas CO,, N,O, HCN, NH,, NO, N,, H,0, HCIl and
NOCI were detected for HATO/AP blends. The activation energy of HATO and HATO/AP blends tetrazole ring, which was cal-
culated by equal conversion rate method was 53.38kJ-mol™" and 60.69 kJ-mol™, respectively. By comparing the thermal decom-
position process of HATO and HATO/AP blends and the change of characteristic groups of condensed phase, the advancement
of thermal decomposition temperature of HATO can be attributed to the proton transfer between the ammonium ion of AP and
HATO. The prolonged decomposition time for HATO/AP blends might be explained by following mechanism: NH, was pro-
duced from the HATO and AP, which further reacted with the thermal decomposition intermediate 1, 1’-dihydroxy-5,5'-tetrazo-
lium (BTO) to form Diammonium 5,5 -bistetrazole-1,1'-diolate (ABTOX).

Key words: 5,5'-bitetrazole-1, 1’-dioxadihydroxyammonium (HATO) ;thermal decomposition; gas products; condensed phase;
activation energy
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