T Y O -5 - F B JUF e SRR B e L RE L A WY B RS TE fE 531

X EHS:1006-9941(2023)06-0531-08
MBENBS- AR S SRESEASEMRE YN E RS
EfRAL,EER,HHE HZH, K B, KEE

(AR BETAFBRERFSEABREALRE, L3 100081)

H E: FRGEOANHEEN THR Y — B A RE MR A ST A AT L H-DU -5 - R 2T A SRR S U A N L T L
F I A BT 75 s S R 1 H- -5 - R E (TZCA) B H = SRR AR L & Ni(TZCA),(CIO,),(ECCs-1) , i 32 X 2k # i A7 3
LA g TTER S HT IRTE K [ 2D RS BT ASORT FLIEAT T A5 A A AR R A3 A 1 A D 3K 5 SR T AR B T ECCs-1 R Be
F R FH 25 30 A K- R T T AR S M RE 5 R T BAM D5 BRI T ECCs-1 YRR 5 065 10k 52 46 N Mk e AF HE R i b R . 5 2R
R TZCAB R 1.83 g-ecm ™, BRI R, C2/czs MHE HEAL 20 V U SE A HE AR, ECCs-1 B K % 2 1.90 g-em™ 4 i i
17 ), FEHE R EE S 72 N, #43 fif RL BE 9 336 °C, 4R 43 M 5 17 1 AL BB o 183.3 kJ-mol™, FA s K5 I SR v 309.8 °C, Tf AL i
46.745 )K" -mol™ iH AL 178.563 k) -mol™ o FAKE S50 R A X 45 21 3R W] ECCs-1 B R AT 1 L 4% R R

SR AR BRI A s 1 H-TU -5 - TP R T 5 R RE ;A T i

FESES: TJ55; 062 XEktRERG: A DOI:10.11943/CJEM2023041

1E S B & RIS WBIIE T 2 AL S Wi =
0 57 W AR S R A AR B
MG BB AN 6 TS e .
L S A R AR 1 D S ) K T B
1 - PP A R0 1 -7, A 2 LA
0 B A LR LI BE 0 3 L 2R 9 B 4 Wk e 2
BFFEARE , 41 Klaopoke 451 5% FH Kk #43% 1L 1-F1 225

R M B RAEE T HEREZ (Bl T 255
YR AL B E SR S T S Y S
AR —HEFRR TR OGN T, i
204F K H NN R EWIE T RV e B &
Y TR R 25 ST, ua’ﬁ@ﬂ#ﬂﬁ%d%% DI (AZMT) S Bi K L & T [Fe(AzMT),](CIO),.
%ﬁa1¢%b&ﬂ@%%@§%mﬂ#ﬁ%¥(GTX)8\ﬁﬁ@/—\iﬂ#%% [CU (AZMT) :| (ClO ) [Mn (AZMT) ] (ClO )
(NHIND™, LT P J e 1 65 G 5 SRR PR 70 a0, J(CIO,) 4 76 R B 5 4856
(S-MHAL-2H-PAME) & B (BNCP) S AR R g 403137 o i e 4 <1 ). BB R <0.5 N
el EH AU S T Z N . SRe B AY —m 76 7 1R 24 4T B L AT B4 9 197 P A 5 Jorg Stierstorfer
P 5 Ji M AR 5 U 4 T e A A B AE FH B R A2 5 Y R Sy R G AR R AR T -5
P 5 A~ 1A, B384 ] S B R A AL AR T RS AN 5 F P e (1-AMT) K H R B A W, R
B F(NO, .ClO, ) )M &I & B &Y , 1E A [Fe(1-AMT),J(ClO,), #[Cu(1-AMT),(H,0) ](ClO,),

JERI R P Ao TR 2R L2 40 AT LR R TR A2 ) 8 LA SOG4 1
pr— Py FWET7 o BCAR ) 35 5 6 B 58 4 )8 B A W Y 3 RE Ll
= : 2023-03-09; 1& : 2023-04-18

: ; 12 A PR 2 By AN RS 2K 7
8 1S B 20050012 P B A7 25 T KB W DAL 00 28 D 5 T 0O
ELTE: @R HAREIES VI (22175025) REMASD MR —EHE A HEE L.
EEB AN EMRE(2000-), 8 0 E0F5 4, ETENFFREM RS R4 T4 5 0 O A I A AR S e A T B A A —
5 PEREWT5E o e-mail: kuangbaolongbit@163.com - § = e

2o et B A s B b A T e

BEBEA: KL (19740), 9 HOR, EEN T A b by 500 VDR A oL DHMAE 6 el B D e A
5 M5 . e-mail : zjgbit@bit.edu.cn A R E M AN L o S R AR IR A T R AR
Sl AT e, Bl AL, 45 B 8 U k-5 - R R SRR AT R A A S PERE D). S RE M RE,2023,31(6):531-538.

KUANG Bao-long, WANG Ting-wei, LU Zu-jia,et al. Synthesis and properties of novel high nitrogen energetic complex of nickel perchlorate with

tetrazole-5-formylhydrazine[J]. Chinese Journal of Energetic Materials (Hanneng Cailiao),2023,31(6):531-538.

CHINESE JOURNAL OF ENERGETIC MATERIALS N XK 2023 % H 314 %o (531-538)



532

AR e, 22, Bl AL as 0, ok, skt ]

RO 5 1 - e A R U e T T AR AR R T 4
B, =25 A S OR AU 10% 10 ARG L
TR T D A A A e U R S B 7 DU 3R 1 5
AT E S, — 25 kv e R AR B T H-PY -5 -H T i
(TZCA) , JF LA it Dy JE Al % G i S PR B 3% BE I 5 W
(ECCs-1)#EAT il #5 RAL, WEFE 1 $o MR JEUEE e
FOE PR RE 2050 F B T DU W I I AR R 4 T
BRSSO SR AL T S S A

1 SCIG#ERS

1.1 A5

TH-PUWE-5-H 2 6 , 5 M4l , b1 22 vi pk A AR
HoA R 7) 5 80% KA BE, 43 Br 26, 74 Bl Bk 2= 1k T4 BR
N NIKE EE TR o Al 2 v R AR
AR HEE, b, e T RS 4k T 5
JIR 2 &% , 43 A7 40, LB R T /2 7] 50.01 mol-L™" EDTA
FRUEE W . pH=10 i NH,CI 22 mh iAWl [ il .

FEBR A R BHE A B2 F] Nicolet iS20 21 71 i
% (2 E ) ; Elementar 23 #] Vario EI 1 JC % 43 AL (£
[ ) ; Bruker 2 &l B 5 A AL (fEEH ) ; RJE
FDR-AX700-AX700 = #8852 L ( H A% 5 2 3 38 B2
H] BCA700H % 3 i A (58 [ ; e 3 4R 41 24 ] Ultra-
PYC 4 H 3l 5 % & 43 #1 AL (3£ ) ; Mettler Toledo 2
F DSC3 2278 H1 4 i L (Fi £ ) 5 Mettler Toledo 24
i TGA/DSC 3+# i K [a] 20 o3 A (B 1) 5 2% 1 3§
RS W) BFH-10 f8 o7 2% B2 AL (4 o ) 5 2 i 38 R0 )

FSKM-10 B 452 BB A (B ) 5 2 il 38 R 22 ] XSpark10
R SR AL (B ) o

1.2 LIWIHE
TZCA J ECCs-1 & it #2 40 Scheme 1 iR .
BC AR TZCA G B 765 N B0 200 mL 2, K
14.21 g(100 mmol) 1 H-PUme-5-F R Z Fi fit A 150 mL

H

H N

. CONHNH
N/NYCOOC2H5 229, N 10, CHiOH N7 SO
N 4 reflux, 12 70 °C N—N

(95%)

TZCA
H
0.5eq. Ni(CIOy), , Ho0 . N
b LS YCONHNHZ €04,
rt \ /
N—N
98%) Z
ECCs-1

Scheme 1  Synthesis of TZCA and ECCs-1
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B b B TRE IAZ9 14 mL K4S BB W (200 mmol),
e IR AN 70 °CL 1 12 b e b bk . =
J W BN WV 1 A R AR B AR AR o g s
B e v LT A5 20 7= T H-DU e -5 H Bt E 12,17 g,
FERH 95% 6

DSC(10 °C-min™"):287 °C(dec.);IR(KBr,p/cm™):
3335(m),3249(m),1670(m),1591(m), 1522(s),
1390(s),1288(s),1092(s),985(s),938(s),742(m),
641(s); "C NMR (125 MHz, DMSO-d,, 25°C)§:
161.2 (CN,) , 157.1 (CONHNH,) ; m/z (TZCA) .
127.9[C,H,N,O ] . Anal. calcd for C,HN,O: C 18.75,
H 3.15, N 65.61;found:C 18.72, H 3.10, N 65.70.

it & 4 ECCs-1 & i : B 1.28 g(10 mmol) 1H-I
Mg -5-FHE A T 20 mL LB 5K, #4544 1.83 g(5 mmol)
Ni(ClO,),-6H,0 1 T 10 mL 28 77K , K 5 SRR iR /K
VES VB2 T TN  TE JR VR T v SR TR R VA I A AR R
SO ULTE B RN U K U UE R R R Uk
PN TS, S 252 g RABIAHAR, =FR
98%

DSC(10 °C-min™"):336 °C(dec.);IR(KBr,v/cm™):
3265(w),3187(w),1654(m),1618(m),1394(m),
1104 (s),1087(s), 1077(s), 1070(s), 933(m),
893(m),780(m),760(m),698(s),686(s),680(s),
Anal. calcd for C,H,CI,N,,NiO,,: C 9.35, H 1.57,
N 32.72;found:C 9.37, H 1.53, N 32.80.

T 58 4 BT < R F EDTA 2% 41 5 7 1512k o o i
AWECCs-1 W TZCA S & JRE B FHE/RIL ., HHA
A e 2 wh v 8 1 pH=10, DL IR R 2l 48 R 71,
0.01 M EDTA #r #E 75 Wi 22 , #9578 EDTA 1 /K 1
HEBK S, 10 mmol(1.2804 g) i) TZCA I i
Fs50mLAEFKP(ILECE 8, 1A= H), s H
T mL & W& w7 20 43 90 m A EE S 1 mol LT
Ni(ClO,), /A 3,4,5,6,7,8,9 mL, )% 4 h )5, it g
DUUE , /D 25 B F oK PR IRUUTE B I8 S TR IR e 78
B IMAKEREZ 100 mL, HBEE R 10 mL
UE VR E T 250 mL = A, K 10.0 mL, B pH=
10 NH,CIZZ wh % 30.0 mL MR ER e 35 7w 77 /0 1
0.01 mol-L™" EDTA b 1 % i 5 A 25 mL R =X & 4
P, E B AR AR S S O A I SRRV, TR TR
R BT M, 0.1 V mmol.,

1.3 Wik &%

s VA0 32 - T V5 R0 4 R 1 35 5 TZCA B b
HETZCAWE T R B FACR ST S8 45 K, i A
S Xt
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Ja , W BCR SFo 0.30 mmx0.21 mmx0.11 mm i 5§
i, 7€ Bruker D8 VENTURE TXS PHOTON 100 X 4¢
AT S b R A B AR Mo Ka 26 (A =
0.71073 nm) VE RTS8 , 76 298 KN L /260 77 X H
il AT 5 B AT LT M 5 WO I AR AR 2
P38 o B4 v B SHELXS-2014 f# A5 3] , I 25 4 46 [
e/ IRIEHREE

TG-DSC i : % FH Mettler Toledo TGA/DSC 3+
HEAT I, AN, AR AL i 80 mL-min™, if A i [
50~500 °C, FHEH K 10 °C-min™', iXFEE L 0.5 mg,
BRI E . DSCIER : % FH Mettler Tole-
do /2> H] DSC3 22 7% 4 fa A AT ML, AN,
i 40 mL-min™', & 50~400 °C, JHEE R N 5,
10,15,20 C-min™" X FE 29 0.5 mg, & Tl 140 Ht
bl 4

P8 o7 R IR < 2R ] BFH-10 48 o 88 B AU iR, 25
i (20+0.5) mg, % HE 5T i 10 kg, 5 25 °C, A X
JF 46%.

JEE 458 J% FBE I3« SR ) FSKM-10 B8 $82 J RE A3 3,
245 (20+0.5)mg, REE L 25 °C, A XM B 45% o

i EEL JEG R A, < SR FH XSpark 10 # HEL JE%RE {3
255 (20+0.5) mg, Lk 4 kV, HL % 200 nF,

FE RS K B 5 mg ECCs-1 T4 @A+ 1 H
RS AT 1202 In i 4 J& A1, I & JE FDR-AX700 i #
T AL LLEE RS 1000 WA MR 10 57 T B JR e ok A i
JEE A E R 1/60, 6 F R 3.4,

P R A U - 2 AN B 1 R L 30 mg 24 5 7E
25 MPa T 25,300 mg R4 7E 40 MPa T 25K Ik

Nonel tube

[ = e
Rubber tube

KT8 THE.
30 mg TAT or ECPs
Stiffened cap

Steel block
Detonator cap

300 mg e

Lead plate

B AR
Fig.1 Lead plate test equipment
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e A TZCA 1) 25 T BRL St 500l DL 36 1, o 450 . — 4
s L AR A 45 g % L 340 A LA R 3 ) SRV T A
K2R, BURTZCAIR THANRFR b C2/ca M,
PR M 1.835 g-em ™, A RIF A F 454 .
Kl 2¢ iR , TZCA 53 F IR 2 A 3 Rl f, — 2 DU 3f |
N1 5 HEE - H(2) T B 20 (N(5)—H(2)---N(1)),
HoE K N 204 A R UMK B N(3) 5 B
H(3B)JE Wi S 8 (N(6)—H(3B)---N(3)), HE K
9231 Ay SR DUBBER | N(4) 5 R AR P R 1 H (1)
T B AU R R 1.84 AL DL SRR H M7
TZCA BE 454 ULV B S A HE RS 1 1] 2d i,
TZCASHEMERLR) 2 52 M HE 4 3.1417,3.2715 A,

R 2R, 7E TZCA & & 7 10 mmol IERH,
i A AR S /N T 5 mmol B, BEin AR B 7
285 TZCABLAL , 7™ A= UL VE Jo D8 VR T U B 4 B 15
WA AR & KT 5 mmol I, Bt Ak TZCA 436
KL, ECCs-1 I TZCA 5 &R & TR FE R L 2:1,

3N AR S TZCAR IS . & 3 a0,
TZCA BT AT BE 1 A 3, BE 0% 5 i G0 B P i &
FR o AR SRR BV W N TZCA V5 W W 8] 2% 7 B
P A IR W (TR B A N W AR R, TOUE B N

R TZCARY SR SR B P25 K 2 8
Table1 Crystal data and structure parameters for TZCA

parameters values
empirical formula C,H,N,O
formula mass 128.094
crystal system monoclinic
space group C2/c

alA 12.9011(1)
b/A 4.9667(4)
c/A 14.4908(1)
a/(°) 90

B/() 92.790(2)
y/(°) 90

w/ mm™' 0.151
F(000) 528.2

vIA® 927.41(14)
V4 8
p/g-cm™ 1.835

R, (all data) 0.0749
wR,(all data) 0.1392

e
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a. crystal structure of TZCA

b. electrostatic potential distribution of TZCA
2 3
Y e “‘\\\x\\.‘
e, 3R, ¢
Th A%

c. hydrogen-bond interaction of TZCA

2.31A«

ooT=

o
9
[
o

d. stacking mode of TZCA
B2 TZCA i b iR 45k B i 5 A 141

Fig.2 The crystal structure and electrostatic potential distri-
bution of TZCA

W, I I RO R R 5 U UE o U8 R 4R B R oK
ECCs-1, HARH T/K (2 .l .DMSO .DMF %51 Z H #l
VL R e AT B L AR L5 K o SR BIFSY ECCs-1 Y LA 25
F % TZCA B 5 o S5 S5 40 R 47 50 BT, 43 A L vk 7 1 i
B 5, i 18 2b 0] LA AE TZCA AT 4 b7 5 T A
BOA S, PUmR IR AT 3 4 WEESE R AT 1 &b DO IR |
FL, 107 1 1L 25 i A0 A A o N 2) T U 2 vl ol 7 0 £ A5 e
S O FMINC6) Hfa] 1% X B 28 5 5 oL I 4 )8
BRIE U 7 58 , PR R R B R 32 a5 0B B XL TG 67 45
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®2 SUIMELAILL
Table 2 Summary of eight titration experiments

M, M, v M, M,-M,
/ mmol / mmol / mL / mmol / mmol My: (M,-M,)
10 0 - - - -

10 3 - - 3 3.33:1

10 4 - - 4 2.50:1

10 5 0.50 0.05 4.95 2.02:1

10 6 10.61 1.06 4.94 2.02:1

10 7 20.54 2.05 4.95 2.02:1

10 8 30.52 3.05 4.95 2.02:1

10 9 40.50 4.05 4.95 2.02:1

Note: M, is the number of moles of TZCA. M, is the number of moles of Ni**
Vis volume consumed for titration. M, is the concentration and molar
number of unreacted Ni** which were determined. M,-M, is the num-

ber of moles of Ni** participating in the reaction.

c.t=2s ‘

b.t=1s
B3 MRS TZCATL A 4
Fig. 3 The coordination phenomena of perchlorate nickel
with TZCA

d.t=60s

a.t=0s

P HE5 N(2) JE B B0 i 4 S A fee . 45 A B
14 280 A% T 6 0k T 6 400 1 T 67 S 78205 L R i S A AT
S5 B ECCs-1 W LA 2N an B 4 B s, B 1A Hpoly
BB 5 2 A R Y e 53 R0 2 A4 e SRR AR E AT G
7, B8 55 T IO 356 19 o 32 S0 R S0 B TR A7 4
2.2 SEM-EDS #1545 K% RAE

h it — 2B WF 58 ECCs-1 JE S A o F 454, % Ho b 47
SEM-EDS 73 #fr L A0 G 43 #1 o ECCs-1 1% JC % 2 1
L5 R M A& 5 s . ECCs-1 83 A h To5E B

1(18)

4  ECCs-1 BT 5 e 157 45 #4 [

Fig.4 The simulated coordinate structure of ECCs-1

Sttt
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12
d. 0K, e.CIK, £ NiK, o 1100
o
B5 ECCs-1 i 1Hih 5 1 24 7 of &1 .
Fig.5 SEM and elemental mapping images ECCs-1 % 6k %
‘ . : al {50 2
otk | H 2 R 4549 4143 45 C UNLO NI CI 5 Rt %, = - g
[} 2F
EDS-Mapping 4 % % B , ECCs-1 ¥ K h 4 3 7 5 S
e 5 . - E~—  ——————— o
T H-PU W -5- B R | g SR AR G E 2, T i 1 R E 1Y ol 3576°C o

&Y.

6 M ECCs-1 5 TZCA L AMEIE E . i 6 fr
/N, BEAK TZCA 7E 3249 cm™ 1 38 N—H & 19 {1 45 Ik
3,76 1390 em™ HY B N—H 25 il 3% 3 04, 1k ik 5L 1
C=O M5 IR S IELE 1670 cm™ 4k, DU M 3R B 22 9% 5
W 7E 742 cm™, M TZCA 5 HARBE I NE &Y
ECCs-1 i}, 7EAR I BB 680,1077 cm™ H B T8 B9 H-AE
U, oA R R AR Cl—O #E i i 45 R 2h 51 &2 . ECCs-1
P JF 25 1) C—O S 45 IR S I 7E 1654 cm ™ AL, I ke 31
BRI 7E 760 cm™', BT TG A 41 L R 3L
N—H G PR U 55 . N—H i1 45 P sl g 05 55, C—O iy fif
iR sh e kA B AR E 16 cm™,
2.3 oMK

P TZCA R ECCs-1 #4F2 8 14, X TZCA FECCs-1
PEAT A fg e e M, 5 R A& 7 B s o i B 7a g
ML ECAR TZCA A 199.4 CHFHAW #i 1k, 223 CZ )R

4000 3500 3000 2500 2000 1500
wavenumber / cm’

BEl6 ECCs-15TZCAMLIMLIEHE
Fig.6 Infrared spectrogram of ECCs-1 and its ligand TZCA
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50 100 150 200 250 300 350 400 450 500
temperature / °C

b. ECCs-1

B 7 TZCA K ECCs-11 TG-DSC i £k
Fig.7 The TG-DSC curves of TZCA and ECCs-1
ThAE i A3 IRk 287.1 °C, TG #i £k /R TZCA L
AIDNREGH, RERHIE87.6%. HE 7b A,
ECCs-1 H 260.1 “CHF AU, #0453 fift 16 1R Ol 336.2 °C,
357.6 CHUIES W, 4 i e & o 290.6 J-g7'. A H
i 2k s HN 260.1 CHtE o0 i R & AUA 1R E
G, REAE N 93.5%, @it A A, M TZCA 55
AMRBIL R G R e BT REY
ECCs-1 43 fiff B A & A 45 4k, ik 8 — & I B B B 4%
53t

Jg iE — 2 Al ECCs-1 9 #1422 4 1, I 3 T
ECCs-1 fE AR FF 3 % (5,10,15,20 °C-min™") F
DSC i £k, tn &l 8 fr s o H5 AN [m] il 3 232 B 04 iR
(323.6,336.9,341.6,345.1 °C){% A Kissinger J5 2 **
Hl Ozawa 77 7273145 T ECCs-1 F il 0 it 1ok #2 Y 48
HI B AR RIS LR £, 7HR AKX .
In(B/T}) = In(AR/E,) - E,/(RT,) (1)
lgB = Ig [AE,/RG(a)] = 2.315 = 0.4567E,/(RT,) (2)
Ao, T, 05— A R R K R SR, R
8.314 Jomol™ - K™ ;B WL METHR H 2, K-min™'; G(a)
Sk S BILHE oRER 5 B, R 22 TG AL RE LK) -mol™ s A R i
HF,S".

N XK 2023 % H 314 %o (531-538)



536 FE A T, 22, AL A 0 3 L S
—20 Cmin' AH™ = E, - RT (6)
— 15 C-min’ 345.1°C
— 10 Cmin AG" = AH" = T, AS® (7)
— -min
o M6 C K, a,b, CRFHEGBRHFHRE R, K-min™; T R 55—
2 341,
TIPS P 068 TR IR BEE K5 B J2 O zawa J7 FE 6 10 R 28 LT 1k
3369 C . o e
R Ae,k)-mol™;k,=1.381%x107* J-K™',h=6.626X107" J-s,
_3236C 2.4 RBENKRIRFZHEREMNK
) , XF ECCs-1 By JEE 382 8% BF A o5 Ja% B R A7 05K, R B
100 D e 400 B R 72 N R R 17 ), RO KT
1500 mJ, it & ¥ ECCs-1 H £ 36 v il 188 oI5 5% 38 il JE 42
B8 FEFHEEET ECCs 1 H DSC i mJ), B &Y s £ T R R L R R JEE 5

Fig.8 DSC curves of ECCs-1 under different heating rates

THRAS B A AR 55 i R N B ) S8 TR 3
i % 3 AT, H Kssinger ¥ 1155159 81| ECCs-1 19 2 M1
1L HER 183.3 kJ-mol™, i Ozawa 3% 315445 %] ECCs-1
By R IG AL fE A 188.9 k)-mol™, F MG 1L AEF 4 {E N
186.1 kJ-mol™, L & Z LA (110.6 kJ-mol™)" 5 &
ECCs-1 #0fift IV R 22 B /7, LR T4

a0 (3) ~(7) 75 ECCs-1 189 [ i 3 49 i i3
JE(T,0) R e BUIR (T, %A (AS) % 1B s
(AH)FIE AL S AT H HBE(AGY) , 45 B/~ ECCs-1 11
T,0H294.4°C,T,24309.8 °C,AS4 46.745 J-k™'-mol ™,
AH" 3 178.563 kJ-mol™, AG" & 152.031 kJ-mol™,
ECCs-1 1 T,, 5 T,/ T 250 C, HARE MK T £
BEMBEH SRS R AT

Tp/' = TpO + aB/‘ + bB/'Z + CB,‘3 = 1’ 2’ 3’ 4--- (3)
T,=(E, — JE2 = 4E,RT,)/2R (4)

#3 ECCs-TIARZHR N 31 1238

Table 3  non-isothermal reaction kinetics parameters of
ECCs-1
activation energy .
methods . IgA /S r
/ kJ-mol
Ozawa 188.9 - 0.9906
Kissinger 183.3 15.51 0.9896
Note: IgA is refers to prefactor. ris linear correlation coefficient.

R4 AR EEAMERESHOLA

Table 4 Summary of performance parameters of partial initiators

SRR L R AR R R 4

T A BRSNS ECCs-1 BRI K 5464 J-g7",
R SR 58 BN (8) AR 43 fifk S I (9) , 3 2o 56 7 s
SR A5 bR v R JR A WG R —237.8 kJ-mol™ fi B K-) 5
BPAKXC0) (1)) TR E N 7350 m-s™,
15K 24.6 GPa, 13 4 W] A1, ECCs-1 [ 3 F NHN
& E AT B 45 B S AL Bl X Pl B A
S 10 1 B ) S B 250 07 £ 45 ECCs-1 T i e
C,H,CLLN,,NiO,(s) + O,(g) = 4CO,(g) +

4H,0(1) + 6N,(g) + NiCl,(s) (8)
C,H,CILN,,NiO, (s) = 2CO(g) + 2CO,(g) +

4H,0(g) + 6N,(g) + NiCl,(s) (9)
D =1.01(0.489NM" Q") (1 + 1.30p) (10)
p = 1.55p*(0.489NM"2Q"*) (11)

K, p HHE, g-cm™; Ny R sa ¥ it 7™ A i SR EE /R
B MOHIST > F I, g-mol ™ Q MR J-gsp h
# %, GPa.
2.5 BRI REREE SR

hp JE L ECCs-1 Jgk 71 FER #6877, SR 1T J5 A 56 40
B AR HE P RE X ECCs-1 HEATINAR . HR M B4
9 JTR K R EE 12 ms, SR VE LS VAR

BB A P R I AT O b B0 24 ) 1 R R
J1, 10 g BT R E R A R K . W 10 FraR , 24 ECCs-1
VB Sy S 25 I 4, AT DL IE 8 R RDX, H5 AKE L R
25 mm. DIAHRIRE 25 4500 =&/ =% (TAT) H 21

compounds p/g-cm™ N/ % T,/ C D/m-s" p/ GPa 1S /) FS/N ESD / m)
ECCs-1 1.90 32.43 336 7350 24.6 17 72 >1500
NHN'®! 2.16 40.18 232 7300 20.2 - - -
Pb(N,),"" 4.80 28.90 315 5920 33.8 2.5 0.1 3

Note: p is density. N is nitrogen content. T, is peak temperature of thermal decomposition. D is detonation velocity. p is detonation pressure. IS is impact sensitivity.

FS is friction sensitivity. ESD is electrostatic discharge sensitivity.
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c. =8 ms d. =12 ms

9 ECCs-1 1AL B4
Fig.9 Hot plate test phenomenoa of ECCs-1

a. ECCs-1

E10 #iRsL s At
Fig.10 Lead plate test results

By MR 4E AL 26 mm, 5 ECCs-1 2 4 7 %8 85 Al ) LI
K/NHIGE , UL T WL ECCs-1 BB RE N 5 =& A = Hik
AR

3 & it

(1) — 2P ik = R i & 7 Fr B PO e e iR TZCA
W 1.83 grem”, HAT RGF T TS5 K, O SR
F,C2/cms MRE, HERR T o VRIS S HERR . LA TZCA
S BE A A5 A3 2 & e 4R LA Y ECCs-1, 14535 93%

(2)ECCs-1 BA R 4F iy A 28 Pk, 3400 g i B2
336 °C,if 1 JE 45 i A 3N ) 24 0F 53 340k S 07 1 Ak e
9 183.3 kJ-mol™, Bk Kl SR EE y 309.8 °C, i Ak IR
4 46.745 )-K-mol™, i L K5 S 178.563 kJ-mol™, 1
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A W A BE 152,031 kJ-mol ™.

(3)ECCs-1 1y il B N 17 ), BEERE N 72 N,
i K T 1500 m), HOECE G L 2R
ECCs-1 H A7 — & By 2 1 ﬁ%ﬂ%i’ﬁ)ﬁﬁﬁ,wmg
ECCs-1 AJ IE % 4% 300 mg &R
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Synthesis and properties of novel high nitrogen energetic complex of nickel perchlorate with
tetrazole-5-formylhydrazine

KUANG Bao-long, WANG Ting-wei, LU Zu-jia, XIE Zhi-ming, ZHANG Han, ZHANG Jian-guo
(State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology , Beijing 100081, China)

Abstract: To search green, low-toxicity lead-free primary explosive, a new tetrazole derivative ligand 1H-5-acylhydrazide tetra-
zole (TZCA) and its complex Ni(TZCA),(ClO,), (ECCs-1) were synthesized by hydrazinolysis and coordination reactions using
ethyl 1H-tetrazole-5-carboxylate as the raw material. The molecular structure and thermal decomposition properties of the title
complex were tested by X-ray single crystal diffraction, IR diffraction, NMR, elemental analysis, thermogravimetric and simulta-
neous thermal analyzers. The heat of combustion of ECCs-1 was tested by oxygen bomb calorimetry and its energy parameters
were predicted based on Hess law and K-J equation. Sensitivities of ECCs-1 were tested by BAM test methods. The results show
that the density of TZCA is 1.83 g-cm™, monoclinic crystal system, C2/c space group, the stacking mode is V-staggered stack-
ing. The density of ECCs-1 powder is 1.90 g-cm™, impact sensitivity is 17 J, friction sensitivity is 72 N, thermal decomposition
temperature is 336 °C, activation energy of the thermal decomposition reaction is 183.3 kJ-mol™', thermal explosion critical tem-
perature is 309.8 °C, activation entropy is 46.745 J-K™'-mol™, and the activation enthalpy is 178.563 kJ-mol™". The hot baking
and lead plate tests both show that ECCs-1 has a good detonation performance.

Key words: primary explosive;energetic complex;1H-tetrazole-5-formylhydrazine;sensitivity ; detonation performance
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