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Fig. 1 UV-Vis of the fullerene ethylenediamine dinitramide,
fullerene ethylenediamine, fullerene ethylenediamine nitrate-
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Fig.2 FT-IR spectra of fullerene ethylenediamine dinitramide

and fullerene ethylenediamine
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Fig.5 DTA curve for fullerene ethylenediamine dinitramide in

air atmosphere

(1) DUR LSRR A UL, TR BRIR R AL % T
RN, 72 53 % , Uk e B 5 R e R
% ADN, %l 91% , ADN 5 5 84 £ — I it i b
T30 T A B 46 B s 20— e — W B ek o SR F 28 41
LI4N TCR AT XPS X = Wy 45 4 HEAT T R AE, > T
AN H,,C,,(HNCH,CH,NH, - HN(NO,),),0

(2) DSC 255, (e 150 °CIFIh 43 it , $4
Sy IR g 203 °C A ARG N 1037.7 ) - g7 ik
PR, U0 S A ) e 00 o AR AR —
ffERE, TG 45 FF28] 100 ~800 °Cif L P, Mk
T 49.68% ,N(NO,) ; JulZ1 43 013553 32 5 3% o

Sk
(1] ZEBiZy, fEeR, 3CH, 4. & Coof) RDX-CMDB i it 57 14 g

WHoE[)]. HESEHE A, 1997, 18(6) . 79-83.

LI Shu-fen, HE De-qiu, SHAN Wen-gang, et al. A study on

comprehensive characteristics of RDX-CMDB propellants contai-

ning fullerene[)]. Journal of Propulsion Technology, 1997, 18

(6):79-83.

FHSS, FL, BRGE, . W A7 RDX-CMDB HfE 55 H 14 i

EHLE)]. AR, 2000, 21(3): 75-78.

LI Shu-fen, GAO Fan, ZHAO Feng-qi, et al. Catalytic mecha-

nism of fullerene in RDX-CMDB propellants[ J]. Journal of Pro-

pulsion Technology, 2000, 21(3): 75-78.

[3] BRGE, &= E3C, 3, 5. ARDJE Y 5k RDX-CMDB i
BRI Gt RERE R ()], HESEHAR, 2000, 21(2): 72-76.
ZHAO Feng-qi, LI Shang-wen, SHAN Wen-gang, et al. Influ-
ence of C,,, fullerene-soot and carbon black on combustion

—
N
[

properties of catalyzed RDX-CMDB propellants[ ) ]. Journal of
Propulsion Technology, 2000, 21(2): 72-76.

HAN X, WANG T, LIN Z K, et al. RDX/AP-CMDB propellants
containing fullerenes and carbon black additives[)].
Science Journal, 2009, 59(3): 284-293.

—
N
[

Defence

CHINESE JOURNAL OF ENERGETIC MATERIALS

[5] E£J32%. Fullerene [60 ] JREF BT TE R AT R L) ]. B bR
i, 2003,03; 23-25.

WANG Nai-xing. Potential application prospect of fullerene
[60] function materials[)]. Industrial forum of advanced materi-
als, 2003, 03 23-25.

EAOT. IR WG R A R R B BEE (D] hE TR
HHFFERE, 2009.

PENG Ru-fang. Study on the synthesis and their applications of

[6

[

nitro-fullerene derivatives[ D ]. China Academy of Engineering
Physics, 2009.

[7] WANG Nai-xing, LI Ji-sheng, JI Gai-jiao. Synthesis of trinitro-

[

phenyl C,, derivative [ J].
nics, 1996, 21 317-318.
KA, BOBSC, A0, AF. Coo i LA & 1) (0 & BT 52
U] wERR2 A CARBAR) , 1998, 21(3): 129-132.
ZHANG Yun-huai, OU Zhong-wen, LI Bing, et al. Study on the
synthesis of nitro-hydroxy fullerene C,[J]. Journal of Chongqing
University ( Natural Science Edition) , 1998, 21(3): 129-132.
SW, BmIF, FFmA, F.ON-FHEE2-(3-REIEAEIE ) nt g e
[37,47:1,2][60] WM& MRS HERITL)]. FREME,
2007, 15(3): 196-197.

JIN Bo, PENG Ru-fang, SHU Yuan-jie, et al. Study on the syn-
thesis and properties of N-methyl-2-(3-nitropheny) fullerenopyr-

Propellants, Explosives, Pyro-tech-

—
o)
[

[9

[

rolidine[ J ]. Chinese Journal of Energetic Materials ( Hanneng
Cailiao) , 2007, 15(3): 196-197.

WAL, FEK, FFIEA, . G [60] BEEEATAEY 5
AW be AT AR 1 A R )] EREA R, 200412 (3
) .66-68.

PENG Ru-fang, JIN Bo, SHU Yuan-jie, et al. Synthesis of a

fullerene derivative with energy-prodcing group [ J].

[10

—

Chinese
Journal of Energetic Materials ( Hanneng Cailiao), 2004, 12
(suppl.): 66-68.

WALTY, U, FPIEA, SF. R BN R R AT A Y A T 5

[J]. BA4kT, 2006, 26(02) : 41-42.

PENG Ru-fang, JIN Bo, SHU Yuan-jie, et al. Study on synthesis

of a new nitrofullerene derivative[ J]. Modern Chemical Indus-

try, 2006, 26(02): 41-42.

PTY, U, W, E SRS W s B AT A Y Al B T

5[] B LR, 2007, 27(2) : 276-278.

PENG Ru-fang, JIN Bo, CAO Kui, et al. Study on the synthetic

technology of nitrofulleropyrrolidine [ ) ]. Chinese Journal of

Organic Chemistry, 2007, 27(2): 276-278.

[13] TAN Bi-Sheng, PENG Ru-fang, LI Hong-bo, et al. Theoretical
investigation of an energetic fullerene derivative [ )]. Journal of
Computational Chemistry, 2010, 31(12) . 2233-2237.

[14] JIN Bo, PENG Ru-fang, TAN Bi-sheng, et al. Synthesis and

characterization of nitro fulleropyrrolidine derivatives[)]. Chi-

[

[

(12

[

nese Journal of Energetic Materials ( Hanneng Cailiao), 2009
(03): 287-292.

[15] Cataldo F, Ursini O, Angelini G. Synthesis and explosive
decomposition of polynitro [ 60 ] fullerene [ J]. Carbon, 2013,
62: 413-421.

[16] lehl J, Nierengarten ] F. Sequential copper catalyzed alkyne-az-
ide and thiol-ene click reactions for the multiple functionalization
of fullerene hexaadducts[)]. Chem Commun ( Camb), 2010,
46(23):4160-4162.

[17 ] Liang L, Astruc D. The copper ( |)-catalyzed alkyne-azide
cycloaddition ( CUAAC) “click” reaction and its applications.

An overview [ ]]. Coordination Chemistry Reviews, 2011, 255

A e A 2014 4 H 22 % %48 (467-472)



472 R A, i, 207, BRGE, (U4, Kal, b, BLE

(23-24) . 2933-2945. A0)]. FE bR, 2012, 27(1): 19-25.

[18] Nazeri G H, Mastour R, Fayaznia M, et al. Synthesis of ammo- WANG Guo-jian, JIN Ji-giong. Chemical modification of multi-
nium dinitramide by nitration of potassium and ammonium sulfa- walled carbon nanotubes by polyethylene-grafted maleic
mate. The Effect of Sulfamate Conterion on ADN Purity [ J]. anhydride[ J]. New Carbon Materials, 2012, 27 (1) : 19-25.
Iranlan Journal of Chemistry & Chemical Engineering, 2008, 27 [23] W22, W EF, W0, 5. A R S AL X ik 90 oKk 8 3 k5
(1) 85-89. PRI T)]. THREM R, 2010, 41(09) :1529-1535.

[19] BRIEW, TS &, K4, %. Co & MM WaB & Wi & M YE Yun, YOU Yu-xiang, TANG Qiao-zhi, et al. Effect of con-
Hpfbrt A etkae )], SRS, 1998, 19(7) : 6-10. centrated acid oxidation on field emission properties of carbon
CHEN Yuan-Yin, FANG Peng-fei, ZHU Ling, et al. Synthesis of nanotubes[ ) ]. Journal of Functional Materials, 2010, 41 (09) .
fullerene ethylenediamine derivative platinum complex and its 1529-1535.
catalytic behavior in the hydrodilylation of olefins[)J]. Chemical [24] X7, FEEM B MM IM]. deat . ERs Tk AL, 2008.
Journal of Chinese Universities, 1998, 19(7): 6-10. LIU Zi-ru. Thermal analyses for energetic materials[ M ]. Beijing:

[20] Hare J P, Kroto H W, Taylor R. Preparation and UV/visible National Defense Industry Press, 2008 :66
spectra of fullerenes C¢, and C,,[J]. Chemical Physics Letters, [25] XUHa, Bk, XFan, 4. FEJp5d 5 0b & RE M RIS VT N R 2
1991, 177(4-5) : 394-398. Wi[)]. aEEREE, 2001,9(3): 111-116.

[21] Klapotke T M, Krumm B, Scherr M. First structural characteriza- LIU Ye, CHEN Pei, LIU Zi-ru, et al. Influence of different pres-
tion of solvate-free silver dinitramide, Ag[ N(NO(2))(2)][J]. sure on the thermal decomposition of energetic material at liquid
Dalton Transactions, 2008 (43) : 5876-5878. state[ J]. Chinese Journal of Energetic Materials( Hanneng Cail-

[22] EE#, &85 RO/ DK R AR G WA £ BE ik 40 K iao), 2001, 9(3): 111-116.

Synthesis, Characterization and Thermal Decomposition of Fullerene-ethylenediamine Dinitramide

CHEN Bai-li', JIN Bo', PENG Ru-fang' , ZHAO Feng-qi’, Yl Jian-hua’, GUAN Hui-juan’' | BU Xing-bing' , CHU Shi-jin’
(1. State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and Technology, Mianyang

621010, China; 2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Fullerene ethylenediamine dinitramide was synthesized via ion exchange reaction of fullerene ethylenediamine nitrate
and ammonium dinitramide (ADN). The structure of fullerene ethylenediamine dinitramide was characterized by UV-Vis, FT-IR,
elemental analysis and XPS. Its thermal decomposition characteristics were investigated by thermogravimetric-differential thermo-
gravimetry (TG-DTG), differential scanning calorimetry (DSC) and differential thermal analysis (DTA). Results show that the
molecular formula of fullerene ethylenediamine dinitramide is H,,C,,( HNCH,CH,NH, «- HN(NO, ), ),,. DSC curve shows that
fullerene ethylenediamine dinitramide starts to decompose at 150 °C with thermal decomposition peak temperature 203 °C and
decomposition enthalpy 1037.7 ] - g™'. TG study indicats the total mass loss in the temperature range 100-800 °C is 49.68% with
intense decomposing of N(NO, ) and part of the branched chain decomposing.

Key words: organic chemistry; fullerene ethylenediamine dinitramide; thermal decomposition characteristics; structural character-
ization; ammonium dinitramide (ADN)
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