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Design and Characterization of Novel Coordination Complexes Based Ignition Powders
CHENG Wen-chuan', QIAO Xiu-quan®, GE Ming-cheng', DENG Liu', LI Zhi-min', ZHANG Jian-guo'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing, 100081; 2.
Shandong Taishan Civil Explosive Co. Ltd., Rizhao, 262300)

Abstract: In order to explore novel ignition powders to meet the higher demands of weapons and equipment, three new
energetic coordination complex fuels were synthesized using 3,5-dinitrobenzoate (DNBA) as the anion, 1-allyl imidazole (AIM)
as the ligand, and transition metals Mn, Co, and Cu as the central ions. The crystallographic structure, thermal decomposition
characteristics, combustion heat, and mechanical sensitivity of these fuels were tested; Based on this, three ignition powders were
designed and prepared, and their combustion heat, linear combustion rate, output pressure, ignition ability, and sensitivity were
tested. The results show that the thermal decomposition temperature of three novel energetic coordination complex fuels ranges
from 272.93 °C to 427.85 °C, the combustion heat of which ranges from 16.69 kJ-g™ to 18.91 kI-g”!, and they are insensitive to
mechanical stimuli; The combustion heat of the three ignition powders ranges from 3.88 kl-g' to 4.71 kJ-g", the linear
combustion rate ranges from 153.28 mm-s™ to 187.33 mm-s™, the output pressure ranges from 4.36 MPa to 4.62 MPa, the impact
sensitivity ranges from 28 J to 32 J, and the friction sensitivity ranges from 216 N to 252 N.

Key words: Energetic coordination complex; Ignition powder; Formulation design; Performance testing
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Fig.1 Monitoring system for ignition powder output pressure
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Fig.2 The combustion rate test mold
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Fig.3 Synthetic route of ECC-1, ECC-2 and ECC-3
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Fig.4 Morphological diagram of ignition powder sample
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Fig.5 The crystal morphologies of three coordination
complex fuels
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®1 3HESYIREIREFSH
Tab.1 The crystallographic parameters of three coordination
complex fuels

S8 ECC-1 ECC-2 ECC-3
T Cs:HaysMmN 6025 C3gHpCoNpOyy  CosHaoCuNgOrpn
AR 435 B 1404.93 949.77 702.06
T/K 115.90(14) 120.35(17) 115.6(3)
LS XS TTED XS TTED HRHRR
ok P-1 P-1 P2\/c
alA 14374 7(13) 8.323 1(7) 10.895(5)
blA 14.472 4(16) 8.480 7(7) 5.189(4)
c/A 16.492 6(17) 15.456 3(13) 25.162(16)
al® 80.692(9) 81.316(7) 90.00
ple 85.146(8) 87.120(7) 97.64(5)
y/° 64.671(10) 88.299(7) 90.00
viA 3059.9(5) 1076.85(16) 1409.8(16)
z 2 1 2
p g-em™) 1.525 1.465 1.654
u/ mm’ 0.509 0.479 0.857
F(000) 1 440 493 718
%?052 ﬁ% 0.993 1.031 0.920
R, (I=20(1)) 0.083 1 0.056 3 0.094 9
Ry (%) 0.1927 0.086 3 0.2353
WRy (I=20(1)) 0.1347 0.082 1 0.1350
WwRy (T EER) 0.1886 0.099 3 0.194 7

E TAHMKEBE; a HaIRKE; b AR, c hRHE; ah
Shiedha, b E kA B AL a, c kA, yAhdledhb,c kA, Z A
JoP FNTRAAREI p A SORIEE; 1 ABIEZ F000)H b
METHE; R AIERE—HMETF; wRhy ARE—HMET.
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6 ECC-1 KI5 F4548
Fig.6 The molecular structure of ECC-1
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Fig.7 The molecular structure of ECC-2
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Fig.8 The molecular structure of ECC-3

2.2 FEFEEYIRIERLMEE

FHZ R ERGE (DSC) Xt 3 MlCSYIe T
POMT, GEREH] . ECC-3 /MR N 272.93 °C,
AXFEA; ECC-1 Fil ECC-2 B AT 5 B Rt
S30A 40241, 427.85°C, HAT KA miAeE.
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=K, FIFIREHrEAHE T 3 FTCA YRR R RIERE /K
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Tab.2 Physicochemical properties of three coordination
complex fuels

- . o Ay T R
Fh T/°C T o
ad-g’y  Aid-mol?) IS/) FSIN
ECC-1 402.41 18.91 -1 866.66 >40 >360
ECC-2 427.85 17.84 424214 >40 >360
ECC-3 27293 16.69 -1815.31 >40 >360

22 A] W, ECC-1. ECC-2 Fll ECC-3 [ EZ1k
B (0,) 439 1891, 17.84, 16.69 ki-g', kbt
PR R, B S RE S R AY P (52
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Fig.9 The combustion process of different oxidizer
formulations
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Tab.3 Combustion temperature under various oxygen-to-fuel

ratios
TR, SRPEIREE/K
ECC-1 ECC-2 ECC-3
9:1 15202 13984 1433.7
8:2 2544.1 19959 2155.0
7:3 27213 2347.6 25838
6:4 2236.9 1428.7 2085.7
5:5 16122 10182 1409.6
4:6 1335.8 937.5 1104.3
3:7 1253.1 - 1037.7
2:8 1160.5 - 980.7
1:9 10939 - 9274
300y e
/AN A o
g 2250 R
g EEC-2
fé 1500 | EEC3
750

0 20 4 o 8 10
SRLBCRE T 235 /%
E10 MREESHNRERS SEHXRL
Fig.10 Curve of the combustion temperature vs fuel
percentage
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Fig.11 The sample morphology of ignition powders
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Tab.4 The performance parameters of initiators

. W%*AIQ k‘f*ﬁEul S Kkt 7 ES/N
/kl-g) /(mm-s) /MPa /ms

D1 471 18733 455 4933 31 216

D2 3.88 15328 436 59.99 28 216

D3 425 176.74 4.62 46.22 32 252

BokZj 308 875.92 322 17.38

BPN 621 190.75 3.87 25.74

E 12 SEFEICRISKGRRITE
High-speed photography documentation of the
combustion process of ignition powder
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Fig.13 Schematic diagram of ignition sequence charging
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Fig.14 High-speed image of the ignition process
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