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Fig.1 Preparation flow diagram of GO-M-H,BT
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Fig.2 SEM images of graphene-templated energetic bis-tetrazole coordination polymers
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Fig.3 XPS binding energy spectra of GO-Ni-DBT
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Table 1  Lattice parameters for GO-Ni-DBT. GO-Ni-BT,
GO-Co-DBT and GO-Co-BT

catalyzer GO-Ni-BT GO-Ni-DBT GO-Co-BT GO-Co-DBT
crystal system monoclinic monoclinic monoclinic  monoclinic
space group  Cc(9) Pc(7) P21/c(14)  P21(4)

a/A 18.952 16.522 25.711 5.714

b/A 20.533 14.350 22916 3.638

c/A 17.730 24.757 26.675 8.728

a/(°) 90 90 90 90

BI(°) 100.2 96.9 135.6 95.9

v/(°) 90 90 90 90

V/AS 6790.6 5826.5 296.3 180.5
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GO ReHE 15 45 & , /0 b R BRI AR AP S &
AE AL e B Y 7 A LR DT $RE 0 1 BB A B A A
o g PR, HE TR IR L ML AR JRR B R R L K AR R
EMOFs #uFa e M 22 R &, R GO iy A2 2 b 5 4l
AR OV 38 2ok 7K RSN S S R R T RE AL R
Yy, 76 G AR AL VR A TR 5 2 5 EMOFs 1 #8 R E :
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Fig.5 DSC curves of graphene-templated bis-tetrazole coordination polymers (heating rate, 10 °C-min™")
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Fig.6 DSC and TG/DTG curves of AP and RDX catalyzed by graphene-templated bis-tetrazoles (heating rate, 10 °C-min™")
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B FE A kR RO B AP B AT B g B U Y A
AR AT A 43 Sy v 1R RO 75 A B B, AP 1 B O3 i
i AR — AN (a0 NH, CHCIO,) i W A1 5E 38 A0 40 it
[ 3 fiif 2L 220 HCIO, &8 43 43 fift 2 7= 2 O, H,O
N,O. 7 & ik /0 ff o #2 i , AE T NH,"  H,0" .0,
NO* NO"FI HCI", BB P & AP J3fiff 3 2 1) £ 202 5
o R AR S R R £
1 O JC R 5 NH, [N K 4 i/ NH, Fil H,O % 16 4 1%
Rl AP AN A AT DL T, R R B AR AR
T TS5 R J HCIO, B Al 240 40 M 52 107 3 3%, 52
a5 R 5 SCBR[34 W) G o O Re A AR N AR B AT AR S g
B, AP AE Ry S AT 43 fige R s 1% S0 A 2 B i Ak TR A
L N LY (C N B

& 6 0, in AT S 9 DTG ik 546 RDX Y
DTG £k AR F 4, ¥ 1E 240~244 CH A it i F A
B e K, N AR BRI R B B SR AR — B, 4l RDX 7E
220 CH B IEVIBER , T 250 CHM i 45 o5 % T I A
AL A IR AR £ L 7E 300 C2 )5 X BLER AN IE )
BT BRI R 0O R E— 2P B N . B SR 29T AE L ImA
GO-Co-BT.GO-Ni-BT.GO-Co-DBT I GO-Ni-DBT fi
G, RD X i Fr b 1 8 e A e (i i 103.2 J-g7' 53
HIFEAL % 66.66,3.56,6.81 J-g7' F166.78 J-g™', K R ik
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Table 2 DSC data of AP and RDX catalyzed by graphene-templated bis-tetrazoles

edothermic peak

eothermic peak

sample

T,/ °C Tp/°C T,/ °C AH, /)-g" T, /C Tp/°C T,/ °C AH, /)-g™" AHCg/J-g’1
AP 236.2 241.8 244.8 48.4 271.3 400.2 410.4 1788.0 -
GO-Co-BT/AP 241.5 243.8 247.3 36.87 313.8 323.1 332.8 1910. 0 2387.5
366.6 371.9 378.7 1592.0 1990
GO-Ni-BT/AP 240.9 244.4 252.3 23.2
405.9 424.4 436.3 57.33 71.66
GO-Co-DBT/AP 239.1 2429 249.5 94.2 283.9 307.2 322.5 2205.6 2757.0
GO-Ni-DBT/AP 239.9 243.5 246.4 34.7 266.2 317.8 346.3 1873.4 2341.8
RDX 201.4 202.9 210.4 103.2 221.4 244.3 257.6 1900.0 -
222.6 243.2 252.3 1790.3 2237.9
GO-Co-BT/RDX 200.9 202.9 209.5 66.66
391.5 349.4 4371 411.6 514.5
221.5 243.5 255.4 1599.8 1999.8
GO-Ni-BT/RDX 201.4 202.9 209.5 63.56
332.3 404.0 477.5 304.1 380.1
GO-Co-DHBT/RDX 201.3 203.0 209.3 66.81 218.3 244.9 257.1 2318.4 2898.0
221.9 243.7 254.3 1843.2 2304.0
GO-Ni-DHBT/RDX 201.4 203.0 209.1 66.78
342.7 408.0 420.5 234.6 293.3
Note: T, is initial temperature. T is peak temperature. T, is onset temperature. AH, is heat absorption. AH, is heat release. AH, is heat difference.
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Graphene-templated Energetic 5,5'-Bistetrazole Coordination Polymers and Their Catalytic Effects on
Thermal Decomposition of RDX and AP

ZHANG Xue-xue', LU Jie-yao', HE Wei', CHEN Shu-wen', YANG Zhi-jian’>, YAN Qi-long'
(1. Science and Technology on Combustion , Internal Flow and Thermo-structure Laboratory s Northwestern Polytechnical University s Xi'an 710072, China;
2. Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Several novel GO-based bis-tetrazole energetic coordination polymers (ECPs) were designed and prepared by solvo-
thermal method, which contain cobalt( II ) and nickel( II ) as coordination center, 5, 5'-bis-tetrazole(H,BT) and 5, 5-bis-tetra-
zole-1, 1-dioldehydrate (DHBT) as ligand. The coordination polymer crystal can be controlled through regulating the experimen-
tal conditions. Five typical promising catalysts of GO-Co-DBT, GO-Co-BT, GO-Ni-DBT. a-GO-Ni-BT and B-GO-Ni-BT were
characterized by XRD (X-ray diffraction), XPS(X-ray photoelectron spectroscopy), SEM(scanning electron microscope)/EDS(En-
ergy Dispersive Spectrometer) and DSC (differential scanning calorimetry)-TG (Thermogravimetric Analysis) techniques.
DSC-TG results of GO-Co-DBT,GO-Co-BT.GO-Ni-DBT.,a-GO-Ni-BT indicate that GO-based bis-tetrazole energetic coordina-
tion polymers could reduce crystal defect, then lower the hot pot and improve thermostability, so the dicomposition tempera-
tures of GO-Co-DBT, GO-Ni-DBT and GO-Ni-BT are all above 200 °C. These ECPs as energetic catalysts have significant catalyt-
ic effect on thermal decomposition of AP and RDX. The reason can be that more O elements being transferred to react with NH,*
results in increasing the yields of NH, and H,O, which also made two decomposition peaks of AP overlap and the whole heat re-
lease increase. The heat releases of AP and RDX catalyzed by graphene-templated bis-tetrazoles are 2757.0 J-g™" and 2898.0 J-g™
respectively, which improve more than 50% compared with pure AP and RDX. The endothermic peak of AP corresponding to
the crystal transformation is also reduced to 23.2 kJ-mol™. Prepared GO-based bis-tetrazole energetic coordination polymers
could enhance thermostability and decomposition efficiency of AP and RDX.

Key words: graphene;energetic catalysts;energetic coordination polymers (ECPs) ; crystal morphology;thermal stability; catalytic
decomposition mechanism
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