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Table 1 Performance parameters of bicyclobutyl and its designed derivatives
No. compound( 298K) chemical formula Jg-cm= 7mPa.5 ;pc /AI!J".’:nC:H ;SSP
1 1,1"-bicyclobutyl CyHys 0.958 0.742 18.98 27.12 304.52
2 2-methyl-1,1’-bicyclobuty! CyH,, 1.073 0.954 35.10 12.53 303.75
3 3-methyl-1,1’-bicyclobutyl CoHyg 1.028 0.989 37.10 -13.56 303.77
4 2,4-dimethyl-1,1'-bicyclobutyl CioHus 0.975 1.200 48.67 -46.07 303.32
5 2,3-dimethyl-1,1"-bicyclobutyl CioHig 1.075 1.190 48.30 47.16 303.28
6 2,2'-dimethyl-1,1"-bicyclobuty| CioHig 1.041 1.197 48.39 52.79 303.14
7 2,3’-dimethyl-1,1"-bicyclobutyl CioHis 1.011 1.269 51.36 -48.89 303.24
8 3,3'-dimethyl-1,1'-bicyclobutyl CioHi 1.019 1.307 53.96 -46.43 303.30
9 2,3/, 4-trimethyl-1,1"-bicyclobutyl Cy Hyo 1.024 1.562 63.51 -127.02 301.82
10 2,3, 4-trimethyl-1,1'-bicyclobutyl Cy Hyo 1.022 1.460 59.85 -127.53 301.80
11 2,2',4-trimethyl-1,1"-bicyclobutyl Cy Hy 1.005 1.456 59.57 -131.49 301.71
12 2,2',3-trimethyl-1,1"-bicyclobutyl Cy Hyo 0.999 1.570 63.38 -133.29 301.67
13 2,3,3'-trimethyl-1,1"-bicyclobutyl C,Hy 1.073 1.510 61.74 -128.81 301.76
14 2,2',3,4 -tetramethyl-1,1'-bicyclobutyl C,,H,, 1.083 1.863 72.89 -177.55 301.20
15 2,2',3,4-tetramethyl-1,1’-bicyclobutyl C,H,, 1.000 1.865 72.88 -194.42 300.84
16 2,2',4,4 -tetramethyl-1,1'-bicyclobutyl C,H,, 1.011 1.705 68.10 -172.40 301.31
17 2.2'.3.3 -tetramethyl-1,1’-bicyclobutyl Cp,Hy, 1.056 1.938 74.38 -204.30 300.61
18 2,3,3",4-tetramethyl-1,1'-bicyclobutyl C,,H,, 1.025 1.959 75.29 -174.12 301.27
19 2,2',3,3',4-pentamethyl-1,1’-bicyclobutyl Ci3H,, 1.074 2.329 83.97 -237.12 300.47
20 2,2',3,4,4"-pentamethyl-1,1'-bicyclobutyl CyyHy, 1.042 2.293 83.31 -242.28 300.34
21 2,2',3,3',4,4"-hexamethyl-1,1"-bicyclobutyl  C,,H,, 1.019 2.905 94.50 -323.03 299.36
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Design and Property Simulation of Bicyclobutyl and its Methyl Derivatives

WANG Qing-chen', XIA Yang-feng*, LIU Long*’, ZHANG Yan-giang®**, CHEN Lei', YANG Wen-fang'

(1. School of Textile Science and Engineering » Tiangong University, Tianjin 300387, China; 2. Key Laboratory of Science and Technology on Particle Materials ,
Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China; 3. Zhongke Langfang Institute of Process Engineering, Langfang
065001, China; 4. Zhengzhou Institute of Emerging Industrial Technology, Zhengzhou 450000, China)

Abstract: In order to obtain high energy density liquid propellant fuels and increase the payload of the launch vehicle, 20 differ-
ent methyl-substituted bicyclobutyl derivatives were designed, and the influence of the structure of bicyclobutyl derivatives on
performance was studied through theoretical calculations. Results show that with the increasing number of methyl substituents,
the heat of formation and specific impulse of bicyclobutyl derivatives show a decreasing trend. When the substituent is para-sub-
stituted, its molecular stability is the best, and the heat of formation and specific impulse are larger, while the ortho-position substi-
tution has a weakening effect on the heat of formation and specific impulse of bicyclobutyl derivatives. Among the designed com-
pounds, the specific impulse of bicyclobutyl is the highest. When the mixing ratio of bicyclobutyl and liquid oxygen is 28.5:71.5,
the specific impulse can reach 304.52 s, and the main combustion products are CO (34.64%) , CO, (13.89%) and H,O
(29.54%). The comprehensive performance of all designed products is better than that of rocket kerosene. This study provides
theoretical support for the design and synthesis of high-energy fuels.
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