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Fig.3 SEM images of NGO, NC and 1% NGO/NC energetic
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Table 1 Exothermic peak temperature and the apparent
decomposition heat of NGO, NC and NGO/NC energetic

composites in different mass ratios

sample T,/°C ~AH/) - g7
NGO 151 298
NC 201 339
0.5% NGO /NC 204 525
0.75% NGO /NC 209 1877
1%NGO/NC 213 2132
1.25%NGO/NC 207 1682
1.5%NGO/NC 203 459

Note: T is the exothermic peak temperature during the thermal decomposition;

—AH is the total thermal decomposition heat release of the samples.

H & 4 T LLE i, NGO fE 75 CAb A — 4 W
NGO H7K 7 e 51k 1 I B 7 151 C AR D HLi e

Chinese Journal of Energetic Materials, Vol.25, No.3, 2017 (203-208)

HARMAY A8 298 )+ g™ o NC i #4 fif o B H e
201 Chb B AN R A iR 339 ) - g7
AB i NGO/NC & 4 & e R #4  fiff 3 72
L B — A TR Y B, LR A 0 AR B 0,
W3 i AR R E AR = (R 1) 5 2 NGO B M 0.5%
HOmE] 1% B, 52 A RE MR R4 R A E NGO
TSI B B B NGO X NC (1 28 W4 it 30 4%
GBI OR s B2 NGO st it 1% 5, 2 6%
AEAA R 20023 Bt NGO 73 fin 2t 1) 18 s/ 5 3
HONGO [E MR 1% B, NGO X NC & X043 fiff #4
MR b7, 1% NGO /NC & 4 # K R0 43 il
PR 2132 )¢ KT NCHI339) g7,

S| R BL AT RE MY B . NC it O—NO, i fig
55, BT L NC #4049 45 Rk O—NO, 4t Ty 4
AR & 1 NO, , 146 5N 7™ W i — 26 4y i 77 A=
CH, O, %5 CH,O 5 NO, J I , i i i K & i 4
(=AH=1350 J - g™'), {2 NO, By 4 Ji & & J& ) fif
CH,O% 4 i 27 . NGO [ A it th 23 72 25 3 4%
NO, 1 CH,O, 4 NGO M i AN it 1% B, X B
NGO #rf$E iy NO, ik 5 CH, O 743 ) hr, [H it
NC R i A 2 KRR I, 24 NGO By % i
i 1% )5 ,NC i & Bk > T NGO & N i
FIBR i, NC 4 4 fif 42 i 9 NO, it CH, O i K T
NGO #rfi BT 2 ik iy . X B, i T2 & & GEM Kk
NC &t /15 it 2, 5 6 & 68 b kY o3 i o 72 %
AR NO, FI CH, O {4 B 78 40 347, T 5
SR 53 i A

th & 4 80 LA, R & NGO/NC 2 &
B B R A A ke A U YL E ARG T NC A i B e I R
WiiE . 24 NGO BB 43 514 0.5% ,0.75% 1%
B, NGO/NC & & & fig b B i e 44 0 I8 B2 43 51
204,209,213 °C, £ B4 NGO [ & /N 1% i,
NGO/NC 5 & & Re b Bk i A g I 2 B NGO IR
T B B 0 S AR AR 2, NC O IR e Rl 2
NGO #ma it 1% J5 ,NGO/NC & & & e k1
TR A U hek R i A4 Ak TR VS T 1 3 3% R B T RLA
SRR T NC e i B A5 SRR B, NGO 1)
IMARZE T NC i $853 fife od B2 32 85 T NC #4531

TR T AR B R NGO/NC &4 %
oEHR NC F1 NGO #4374 1) NO, Hif B 7E NGO/
NC % & & BEAF R BE A B 22 b B0l T NC #4453
it A0 Gy 2 IO P AT, 33X N L T R A I B A e
A

www. energetic-materials. org. cn



NGO/NC & & & REFH R il # L2 240 fif 1 g

207

SIS T LA S BT A A W R R I T T B
NGO/NC & & & B4 kb NGO Jit i 73 By 38
NC ) it i 3 BOR X b, B 7 2 NO, BRI 3R 98 o
4 NGO s i 1% )5, b NGO I3 i 1%
i B AE NGO/NC A2 45 2 RE A BHEE SR A B 28 b 1Y
NO, A D, NC RT3 i 400 U S R AS 23 B il By
DA AR e 38 12 il 2 42 7

1—NGO

2—NC
3—0.5%NGOINC
4—0.75%NGOINC
5—1%NGOINC

7—15%NGOINC

mass / %

3=

2 -

50 100 150 200 250 300 350
temperature / °C

B5 NGO .NCHAF G NGO/NC &4 & b ki TG
il £k
Fig.5 TG curves of NGO, NC and NGO/NC energetic com-

posites in different mass ratios

K5 5 NGO NC HIA A B i e NGO/NC & 45
FREM LI TG fhZk. il 5 LI B, % NGO i
AN AR 2 500 °C I, H BT A O — AN % 2 i
i, BN 96% o NC iRtk o 100% , & W] H:
AT fif B AT [ R W S5 Bk B fE S Bl o 0. 5% NGO/
NC.0.75% NGO/NC.,1% NGO/NC 1. 25% NGO/
NC H11.5%NGO/NC & & & GEA AL R — 3%
2l B R S R, B AR 96%

4 & B

(1) % T A& NGO/NC & & &gt kL,
1%NGO/NC &4 5 Res B Z L1 = 4E M 25 451 .

(2) NGO NC FIAJE fT =t NGO/NC B & &
REATELAY TG-DSC il i & W1, AN [6] 45 i = 9 NGO fin
AHRAEE NC 19 2 UL 53 i #$2 & , [m] I U B k03 NC i
EEE T, 2 NGO i e Ry 1% i, 238 W .
AT REM B B RN 96% , R4 Gk B T
2132 ) - g7 BRI R BE O 213 °C MR T NC Y0
OIS T 1739 ) - g7 IR IE A T 12 °C,

S LWk
(V] SRV, J 8 T, sk Rl o, &6 8 U4 o 2 500 &5 RE i b 570 AF 5% i Jé

CHINESE JOURNAL OF ENERGETIC MATERIALS

[J]. Wk KEHA, 2011, 34(3): 319-323.

ZHANG Guo-tao, ZHOU Zun-ning, ZHANG Tong-lai, et al.
Advances on energetic catalysts for solid propellant[ J]. Journal
of Solid Rocket Technology, 2011, 34(3): 319-323.

FAMER, T, REwN. [ A PR K bE A A0 R Y BT 5 O
[J]. FHEM AL, 2015, 23(1) : 89-98.

WANG Ya-le, WEI Zhi-xian, KANG Li. Progress on combustion
catalysts of solid propellant[}]. Chinese Journal of Energetic Ma-
terials( Hanneng Cailiao) , 2015, 23(1) : 89-98.

Tong R, Zhao Y, Wang L, et al. Recent research progress in the

—
N
[

—
w
[

synthesis and properties of burning rate catalysts based on ferro-
cene-containing polymers and derivatives[ J]. Journal of Organo-
metallic Chemistry, 2014, 75(5): 16-32.

(4] SeEP, KISk, [P S0 5 & [ 1Al 500 40K Al A 570 BT 5 i Joé
(] R KA, 2007, 30(1) : 44-47.
CHAI Yu-ping,ZHANG Tong-lai. Advances on burning rate cata-
lyzer of composite solid propellant at home and abroad[)]. jour-
nal of Solid Rocket Technology, 2007, 30(1) . 44-47.

[5] sk3CsC. At/ 8% ol B IEX AP pfifu BB 2 (D], 4
PH . PR ARHE K2, 2014,
ZHANG Wen-wen. Nitrated graphene oxide and its catalytic ac-
tivity in thermal decomposition of ammonium perchlorate[ D ].
Mianyang: Southwest University of Science and Technology,
2014.

[6] Lengelle G, Bizot A, Duterque J, et al. Steady-state burning of

homogeneous propellants[ J]. American Institute of Aeronautics
and Astronautics, 1984, 90(2) : 361-407.

[7] Preckel R. Plateau ballistics in nitrocellulose propellants[ C] //
Solid Propellant Rocket Conference. Palo Alto, USA, 1964.

[8] Fowler ) D, Allen M J, Tung V C, et al. Practical chemical sen-
sors from chemically derived graphene[)]. ACS Nano, 2009, 3
(2):301-306.

[9] Zhang X, Hikal W M, Zhang Y, et al. Direct laser initiation and

[

improved thermal stability of nitrocellulose/graphene oxide
nanocomposites[ J ]. Applied Physics Letters, 2013, 102 (14):
141905.

[10] Li R, Wang ], Shen J P, et al. Preparation and characterization

s

of insensitive HMX/graphene oxide composites[ J]. Propellants,
Explosives, Pyrotechnics, 2013, 38(6): 798-804.
(1] i, mrm, R, & Selhmanes rmik]. ke
HERE, 2009, 21(1): 152-163.
HUANG Hai-feng, MENG Zi-hui, ZHOU Zhi-ming, et al. Ener-
getic salts and energetic ionic liquids[ J]. Progress in Chemistry,
2009, 21(1): 152-163.
[12] s, FAY. BRTAIAE TS FRTaskR)].
KAEZG2EH, 2012, 35(3): 1-10.
HUANG Hai-feng, ZHOU Zhi-ming. Progress of study on organ-
ic aion based energetic salts[ J]. Chinese Journal of Explosive &
Propellants, 2012, 35(3) : 1-10.
Zhang W W, Luo Q P, Duan X H, et al. Nitrated graphene ox-
ide and its catalytic activity in thermal decomposition of ammoni-
um perchlorate[ )]. Materials Research Bulletin, 2014, 50(2) :
73-78.
[14] SFme &, ™R JE, XU8H, %. DIANP XF NC 3 % ff: 1 #9250 5 45
)] SREF KL, 2016, 24(3): 269-273.
QI Xiao-fei, YAN Qi-long, LIU Meng, et al. Experiment and

[13

[

simulation on plastication of NC by DIANP[J]. Chinese Journal
of Energetic Materials( Hanneng Cailiao) , 2016, 24(3): 269 -
273.

A g M A 2017 % #25% %34 (203-208)



208

L, ke, B, BPOF, XM, EEE

[15]

FEW. KRR ARIMI.
A, 2002, 272-273.
WANG Ze-shan. The science and technology of explosives[ M].

ST dbat: e RtBETOR A

Second Edition. Beijing: Beijing Insitute of Technology Press,
2002 272-273.

(23

diation-induced chemical reduction of an aromatic nitro-group-
containing thin film on SiO, to an aromatic amine film []].
Chemphyschem, 2003, 4(8): 884-889.

] Makashir P 'S, Mahajan R R, Agrawal J P. Studies on kinetics and
mechanism of initial thermal decomposition of nitrocellulose[ ]].

[16] Marcano D C, Kosynkin D V, Berlin ] M, et al. Improved syn- Journal of Thermal Analysis, 1995, 45(3) : 501-509.
thesis of graphene oxide[J]. ACS Nano, 2010, 4(8): 4806 — [24] Druet L, Asselin M. A review of stability test methods for gun
4814. and mortar propellants, Il; Stability testing and surveillance[]].
[17] Hummers Jr W S, Offeman R E. Preparation of graphitic oxide Journal of Energetic Materials, 1988, 6(3-4): 215-254.
[J]. Journal of the American Chemical Society, 1958, 80(6): [25] Saunders C W, Taylor L T. A review of the synthesis, chemistry
1339. and analysis of nitrocellulose[J]. Journal of Energetic Materials,
[18] Mou Z, Chen X, Du Y, et al. Forming mechanism of nitrogen 1990, 8(3): 149-203.
doped graphene prepared by thermal solid-state reaction of [26] Brill T B, Kinloch S A. Condensed phase chemistry of explosives
graphite oxide and urea[ J]. Applied Surface Science, 2011, 258 and propellants at high temperature; HMX, RDX and BAMO:
(5):1704-1710. discussion[ J]. Philosophical Transactions of the Royal Society B
[19] Ren P G, Yan D X, Ji X, et al. Temperature dependence of gra- Biological Sciences, 1992, 339(1654) : 377-385.
phene oxide reduced by hydrazine hydrate[)]. Nanotechnolo- [27] Chen J K, Brill T B. Thermal decomposition of energetic materi-
gy, 2011, 22(5): 55705-55713. als 50. Kinetics and mechanism of nitrate ester polymers at high
[20] Bekyarova E, ltkis M E, Ramesh P, et al. Chemical modification heating rates by SMATCH/FTIR spectroscopy[)]. Combustion &
of epitaxial graphene: spontaneous grafting of aryl groups|[J]. Flame, 1991, 85(3): 479-488.
Journal of the American Chemical Society, 2009, 131(4): 1336 [28] Bergens A, Danielsson R. Decomposition of diphenylamine in
-1337. nitrocellulose based propellants-l. Optimization of a numerical
[21] Adenier A, Cabetdeliry E, Chaussé A, et al. Grafting of nitro- model to concentration-time data for diphenylamine and its pri-
phenyl groups on carbon and metallic surfaces without electro- mary degradation products determined by liquid chromatography
chemical induction[)]. Chemistry of Materials, 2005, 17(3) . with dual-amperometric detection[ J]. Talanta, 1995, 42(2).
491-501. 171-183.
[22] Paula M, Maura B, Mark A, et al. A novel example of X-ray-ra-

Preparation and Thermal Decomposition Properties of NGO /NC Energetic Composites

YUAN Shen, LI Zhao-gian, DUAN Xiao-hui, LUO Qing-ping, LIU Xun, PEI Chong-hua

( State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and Technology, Mianyang 621010,
China)

Abstract. In order to enhance the thermal decomposition property of nitrocellulose(NC) , an energetic combustion catalyst nitrated
graphene oxide(NGO) was introduced to NC and NGO/NC energetic composites were prepared. Fourier transform infrared spec-
troscopy ( FT-IR) and scanning electron microscope( SEM) were used to investigate the structure and morphology of NGO/NC en-
ergetic composites, respectively. The thermal decomposition properties of NC in the presence of NGO were characterized through
thermogravimentry-differential scanning calorimetry( TG-DSC). With the NGO addition amount of 1% , the structure of NC does
not obviously change and NGO/NC energetic composition possesses a porous three-dimensional network structure. The apparent
decomposition heat of NC enhances from 339 J - g7 to 2132 J - g™' with a mass loss of 96% and the exothermic peak temperature
increases from 201 °C to 213 °C, indicating that the addition of NGO can enhance the apparent decomposition heat and thermo-
stability of NC.

Key words: nitrated graphene oxide( NGO) ; nitro cellulose( NC) ; catalytic; thermal decomposition property
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