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Fig. 1 Molecular structure of quadricyclane(QC)
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Fig.3 Curve of change in the concentration of QC with reac-

tion time
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3.2 QCHEAEBUMERK
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Table 1 Physiochemical properties of QC
density/g - cm™ heat of combustion freezing point viscosity /Pa - s
5°C 10 °C 15 °C 20 °C 30 °C /M) LT /< 20 °C -40 °C
0.998 0.993 0.988 0.983 0.972 43.55 -43.7 0.010 0.030
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Fig.5 Ignition process of spontaneous combustion for QC/
N,O,(a-d) and QC/WFNA (e-h) recorded by high-speed
camera. The fuel droplets of QC are marked by green circles;

(d) and (h) are instantaneous fire after the ignition
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Table 2  Purity of stored QC determined by gas chromatography

stored period/d purity /%
0 99.5
40 99.5
120 98.7
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Fig.6 TEM images of (a,b) C, (c,d) B and (e,f) Al nano-

particles
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Fig. 8  Ignition process of spontaneous combustion for QC/
WEFNA (a-d) and QC/N,O,(e-h) in the presence of 0.25% car-
bon nanopatrticles. The fuel droplets of QC are marked by green

circles; (d) and (h) are instantaneous fire after the ignition
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Fig.9 Ignition process of spontaneous combustion for QC/
WFNA (a-d) and QC/N,O,(e-h) in the presence of 0.25%
Al nanoparticles. The fuel droplets of QC are marked by green

circles, (d) and (h) are instantaneous fire after the ignition
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Ignition process of spontaneous combustion for QC/

circles; (d) and (h) are instantaneous fire after the ignition

A

www. energetic-materials. org. cn



VU B Pede ) i g 2% B

963

18 ms, T EL, BTG BURL S B9 QC A BE BRI A
T 4 K TBURE RE B8 e 1 B 1 DB R L

4 7 it

(1) BEZE T Jo¥ B AU 4 QC A T4
BT WG Sk DU 2 BE K R 7 i Al
99.5% , 4% 96.2% iﬂl:F‘KEZ kg

(2) QC R AR, 5 &R IR F1 N, O, B & K
FEIR IS (8] 43 5 2 98 ms I 29 ms, ¥S b5 A 5 KX
0.25% HYH8 K B /85 /50 J5 # K SE IR N 8] 23 531 2 68/
73775 ms( ZARASER ) #118/27 /33 ms(N,O,) s

2% 30k

[1] Edwards T. Liquid fuels and propellants for aerospace propulsion:
1903-2003 [ J]. Journal of Propulsion and Power, 2003, 19
1089-1107.

[2] Zhang Y, Gao H, Joo Y H, et al. lonic liquids as hypergolic fu-
els[J]. Angewandte Chemie International Edition, 2011, 50
9554-9562.

[3] Pan L, Feng R, Peng H, et al. Solar-energy-derived strained hy-
drocarbon as energetic hypergolic fuel [ J]. RSC Advances,

2014, 4. 50998-51001.

TUHE, WE, RIEZE, . ZnO/Pd G4 L 5 A7 IR = I K

[)]. &aep R, 2014 22(4) 554-558.

JIA Ying, HE Ya-nan, LIANG Feng-hao, et al. Photocatalytic
degradation of UDMH wastewater with nano particles of ZnO/Pd

[J]. Chinese Journal of Energetic Materials ( Hanneng Cailiao) ,

2014, 22(4) . 554-558.
AR A, SRARSC, A, GF. v I IR AR SRR A R B T

’[)]. /‘““M#Jr 2007, 15(4); 411-415.

ZOU Ji-jun, ZHANG Xiang-wen, WANG Li, et al. Progress on
the synthesis and application of high-density hydrocarbon fuels

[J]. Chinese Journal of Energetic Materials ( Hanneng Cailiao) ,

2007, 15(4) . 411-415.

AR AL, SRR, SRR SC, . U R T R R Ak R

EMESRMH)]. AR, 2014, 35(10); 1419-1425.

ZOU Ji-jun, GUO Cheng, ZHANG Xiang-wen, et al. High-den-

[4

[

[5

[

—
(2]
[

sity liquid hydrocarbon fuels for aerospace propulsion: synthesis

and application[ ) ]. Journal of Propulsion Technology, 2014, 35

(10); 1419-1425.

Kulkarni S G, Bagalkote V'S, Patil S’ S, et al. Theoretical evaluation

and experimental validation of performance parameters of new hy-

pergolic liquid fuel blends with red fuming nitric acid as oxidizer

[J]. Propellants, Explosives, Pyrotechnics, 2009, 34. 520-525.

Kulkarni S G, Bagalkote V S. Studies on pre-ignition reactions of hy-

drocarbon-based rocket fuels hypergolic with red fuming nitric acid

as oxidizer[)]. Journal of Energetic Materials, 2010, 28 173-188.

[9] E3¢#, AE, ERAER, 5. WMHHEEMG ] &M,
2014, 22(2): 141-143.
WANG Wen-tao, CONG Yu, WANG Xiao-dong, et al. Synthe-
sis of quadricyclane[ J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) , 2014, 22(2) . 141-143.

[10] Dubonosov A D, Bren V A, Chernoivanov V A. Norbornadiene—

quadricyclane as an abiotic system for the storage of solar energy

[J]. Russian Chemical Reviews, 2002, 71. 917-927.

Fife D J, Moore W M, Morse K W. Photosensitized isomeriza-

tion of norbornadiene to quadricyclane with ( arylphosphine)

copper( 1) halides[)]. Journal of American Chemical Society,

1985, 107: 7077-7083.

[12] Zou ) J, Liu Y, Pan L, et al. Photocatalytic isomerization of nor-

bornadiene to quadricyclane over metal (V, Fe and Cr)-incor-

porated Ti-MCM-41 [ J]. Applied Catalysis B: Environmental,

2010, 95: 439-455.

Pan L, Zou J J, Zhang X, et al. Photoisomerization of norborna-

diene to quadricyclane using transition metal doped TiO,[]}]. In-

dustrial & Engineering Chemistry Research, 2010, 49. 8526 —

8531.

[14] X035, T4, 5 IC BEUK T 0% 5010 BNz v 8Ae 590 /9 F 52 ik
JE[)]. 4k Tk 5 T8, 2007, 4(24): 350-355.
LIU Fang, WANG Li, ZHANG Xiang-wen. Progress in sensitizers
of sensitized photoisomerization of norbornadiene[ J]. Chemical
Industry and Engineering, 2007, 4(24) . 350-355.

[15] GB/T 265-1988, il iz Syl B I 5 10 A ) TRk BE T332 (S .

[16] GB/T 384-1981, frih/= i E L[ S].

[17] GB/T 1884-2000, J5tii Fi i 47 i 7= b 25 B2 52 30 28 I 2 4 (%
i) (GB/T 1884-2000, eqv ISO 3675 1998) [ S].

[18] GB/T 2430-2008, fjizs BBk G E L[ S].

[19] Hall H K, Smith Jr C D, Baldt ) H. Enthalpies of formation of nor-
tricyclene, norbornene, norbornadiene, and quadricyclane[)].
Journal of American Chemical Society, 1973, 95 3197-3201.

—
~N
[

[8

[

[11

[13

Study on Synthesis of Quadricyclane and Its Hypergolic Property

PAN Lun, E Xiu-tian-feng, ZOU Ji-jun, WANG Li, ZHANG Xiang-wen
( Key Laboratory of Advanced Fuel and Chemical Propellant of Ministry of Education, School of Chemical Engineering and Technology, Tianjin University, Tianjin

300072, China)

Abstract: Quadricyclane (QC) possessing high strain and caged structure is a very promoting spontaneous ignition type hydrocar-
bon fuel. The synthesis process of QC in kilogram scale was studied under the condition of no solvent. The spontaneous ignition

performance of QC/ white fuming nitric acid (WFNA) and QC/N,O, was measured. After 16 h-reaction and further purification,
the purity and yield of QC product can reach 99.5% and 96.2% , respectively. The batch production is 2 kg. The ignition delay
time of QC/WFNA and QC/N,O, are 98 ms and 29 ms, respectively. The addition of boron, carbon and aluminum nanoparticles
can improve the spontaneous ignition performance. The boron, carbon and aluminum nanoparticles can shorten the ignition delay
time. After adding the 0. 25% mass fraction of boron/alumium/carbon nanoparticles, the ignition delay time is 68/73/75 ms
(WFNA) and 18/27/33 ms (N,O,), respectively, proving that QC can be used as a kind of high-energy liquid propellant.

Key words: chemical technology; quadricyclane (QC) ; liquid propellant; ignition delay; hypergolic property
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