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Fig.1 Total ion current chromatogram of rocket kerosene
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Table 1 List of alkanes identified
types No. retetntion time compounds M, molecular Fharacteristic si(:nilarity relati\;e peak
/min formula ions /% area/%
1 12.45 n-decane 142 CioHy, 57.71.142 91 0.07
2 18.66 n-undecane 156 CyyH,y, 57.71.156 91 0.83
n-alkanes 3 25.22 n-dodecane 170 Cy,Hy 57.71.170 92 0.97
4 31.77 n-tridecane 184 Cy3Hy 57 .71.184 95 1.57
5 38.05 n-tetradecane 198 CiHsp 57.71.198 74 0.32
1 9.14 2,6-dimethyloctane 142 CioHy, 57.71.142 83 0.01
2 9.48 2-methyl-3-ethyl-heptane 142 CioH,, 57 .98 142 83 0.03
3 10.50 4-methylnonane 142 CioH,, 57 .98.142 74 0.01
4 13.43 3-methyl-3-ethyl-heptane 142 CioH,, 57.71.85 42 0.02
5 13.84 4-methyldecane 156 CyyHyy, 57 .71.156 90 0.28
6 15.95 5-methyldecane 156 CiiHy, 57 .85.156 76 0.22
7 16.34 2-methyldecane 156 CiiHy, 57.71.156 45 0.17
8 16.69 3-methyldecane 156 CyyHy, 57.71.156 53 0.43
9 18.50 3,7-dimethylnonane 156 CiyHyy, 57.71.127 64 0.40
10  19.11 2,3,6,7-tetramethyl-octane 170 C,,Hy 71.85.127 50 0.64
iso-alkanes 11 19.78 2 ,6-dimethyldecane 170 Cy,Hy 57.71.170 93 0.31
12 20.40 5-methylundecane 170 Cy,Hy 57.71.170 64 0.61
13 22.19 6-methylundecane 170 CyyHyy 57 .98 .170 38 0.79
14  23.63 dimethylundecane 184 Ci3Hy 57 .71.184 53 0.41
15  24.23 4 ,4-dipropylheptane 184 Cy3Hy 57.71.85 72 2.00
16 26.21 2,6-dimethyl-undecane 184 Cy3Hy 57.71.184 93 2.50
17 32.52 7-methyltridecane 198 Ci4Hy 57.71.112 90 1.10
18  32.92 6-methyltridecane 198 C,4H;, 57.71.126 76 1.32
19 36.61 2,6,11-trimethyl-dodecane 212 CisH;, 57.71.127 94 0.95
20 38.30 4,8-dimethyl-tridecane 212 CisH;, 57 .71 .141 49 0.27
21 38.99 2,6,10-trimethyl-dodecane 212 Ci5H,, 57.71.127 43 0.16
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types No. r.etentiorn compounds” M, molecular Fharacteristic si(r’nilarity relative .
time/min formula ions /% peak area/%
1 10.09 1,2,3 ,4-tetramethyl-cyclohexane 140 CioHy 56 .69 .83 93 0.03
2 10.85 1,1,2,3-tetramethyl-cyclohexane 140 CioHy 55.69.125 90 0.02
3 11.12 2,3-dimethyl-1-ethyl-cyclohexane 140 CioHy 55.69.111 50 0.03
4 11.51 1-methyl-3-propyl-cyclohexane 140 CioHy 55.69 .97 86 0.03
5 11.64 1-methyl-4-(1-methylethyl ) -cyclohexane"’ 140 CyoHy 5597 140 68 0.04
6 11.89 1-methyl-4-(1-methylethyl ) -cyclohexane'’ 140 CioHy 55.97 140 52 0.02
7 12.20 1-methyl-2-propyl-cyclohexane 140 CioHyo 55.69.97 78 0.02
8 12.43 1-methyl-3-(1-methylethyl ) -cyclohexane 140 CioHy 55.69 97 59 0.03
9 12.69 1-methyl-3- (1-methylethyl)-cyclohexane 140 CioHy 55.69 97 80 0.03
10 13.57 1-methyl-3-propyl-cyclohexane 140 CioHy 55.69.97 43 0.03
1 14.22 pentylcyclohexane 154 Cy H,, 55 .67 .83 64 0.13
12 14.36 1-ethyl-2-propyl-cyclohexane 154 C i Hy, 5569111 43 0.07
Elekxyal;;yscb- 13 14.80 2,6 6-trimethyl-1-ethylcyclohexane 154 CyHy, 556984 93 0.42
14 15.05 1-ethyl-2-propyl-cyclohexane 154 CiiH,y, 55.69.111 64 0.08
15 15.62 2,6,6-trimethyl-1-ethylcyclohexane 154 Cy H,, 55 .69 .84 43 0.35
16 16.45 1-ethyl-2-propyl-cyclohexane 154 C,1H,, 55.69.111 76 0.10
17 20.64 (3-methylpentyl) -cyclohexane 168 C,Hy, 55 .69 .83 43 0.79
18 21.25 1-methyl-4- (1-methylbutyl) -cyclohexane 168 C,Hy, 55.69 97 30 0.61
19  21.57 1-methyl-2-pentyl-cyclohexane 168 CiHy, 55.97.168 47 0.51
20  21.87 1-isobutyl-2,5-dimethylcyclohexane 168 C,Hy, 55.69.111 52 0.67
21 24.89 hexylcyclohexane 168 C,Hy, 55 .67.83 46 0.23
22 26.33 1,1,3-trimethyl-2-butylclohexane 182 Ci3Hy 55 .69 .83 97 2.44
23 27.14 1,1,3-trimethyl-2-butylcyclohexane 182 Ci3Hy 55 .69 .83 70 1.63
24 32.15 1,2,4 5-tetraethyl-cyclohexane 196 Ci4Hyg 69 97 111 15 0.94
25 36.79 1,1,3-trimethyl-2-(3-methylpentyl ) -cyclohexane 210 CisHyp 55 .69 .83 81 0.65
1 10.98 1-methyl-3-(2-methylpropyl)-cyclopentane 140 CioHy 55.83 .97 43 0.04
2 16.11 1,2-dipropyl-cyclopentane 154 CiyHy, 55.69.111 49 0.47
;Lkr:/tgﬁzglo» 3 16.99 1-ethyl-2-butyl-cyclopentane 154 C,,H,, 55.69.111 41 0.17
4 29.99 1-butyl-2-pentyl-cyclopentane 196 CiaHy 55.69 .83 30 3.23
5 32.76 1- butyl-2-pentyl-cyclopentane 196 CiyHy 55 .69 .83 84 0.74
:':;T)';ZE'O' 112,37 1,2-dimethyl-1-pentylcyclopropane 140 CpHyp 5569 .84 46 0.05
alkyl-cyclo- 57 4y cyclotetradecane 196 CyHy  5583.19 35 0.35

tetra-decanes

Note: These compounds in Tables with same names are isomers.
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Table 3 List of bicyclo-paraffins identified

types No. r'etentioh compounds M, molecular §haracteristic similarity relative peak
time/min formula ions /% area/%

alkyl-octahydro- 1 11.74 octahydroindene 124 CyHyg 67 81 .96 55 0.03
indene 2 19.56 7a-methyl-1-ethyl-octahydroindene 166 Cy,Hy, 81.95.152 60 0.40
1 12.82 spiro[ 4.5 Jdecane 138 CioHg 67 96138 41 0.03
) 2 20.85 1,6-dimethyl-spiro[ 4.5 ]decane 166 C,,H,, 81 .95 .166 87 0.33
?Lk’gj'[_’g:éanes 3 21.67 1,8-dimethyl-spiro[ 4.5 ]decane 166  Cp,Hy, 8195166 68 0.50
4 22.38 1,6-dimethyl-spiro[ 4.5 Jdecane 166 Ci,Hy, 81.95.166 97 0.57
5 22.83 1,6-dimethyl-spiro[ 4.5 ]decane 166 Cy,H,, 81 .95 .166 90 0.87
1 23.70 1,8-dimethyl-spiro[ 5.5 Jundecane 180 C;Hy, 55.95.180 25 0.67
2 26.88 1,9-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hy, 81.95.180 43 0.99
3 27.37 2,8-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hyy 81.95.137 43 0.75
4 27.98 2,8-dimethyl-spiro[ 5.5 Jundecane 180 C;Hy, 81.95.137 30 0.70
alkylspiro- 5 28.14 1,9-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hy, 81.95.180 64 0.33
[5. 5]-unde- 6 28.38 2,9-dimethyl-spiro[ 5.5 Jundecane 180 C;Hy, 81.95.180 38 0.47
canes 7 28.52 1,7-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hy, 82 95,180 46 1.26
8 28.91 2,9-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hy, 81 95 .180 46 1.17
9 30.20 2,9-dimethyl-spiro[ 5.5 Jundecane 180 C;Hy, 81.95.180 55 0.48
10  30.28 2,8-dimethyl-spiro[ 5.5 Jundecane 180 Ci3Hy, 81.95.137 53 0.62
1 31.01 1,7-dimethyl-spiro[ 5.5 Jundecane 180 C;Hy, 81.95.137 53 1.18
1 27.49 1,1'-methylenebis-cyclohexane 180 Ci3Hy, 55 .67 .83 59 1.14
2 30.84 3-methyl-1-( cyclo-hexylmethyl)-cyclohexane 194 Ci4Hy 55 .83 .97 30 0.96
3 33.62 1,1"-ethylidenebis-cyclohexane 194 Ci4Hy 55.69.111 43 1.54
) 4 34.05 1-cyclopentyl-4-(1-methylethyl ) -cyclohexane 194 CiaHy 6995151 30 0.52
EZE:;Z‘Z“'CCYC'O‘ 5 34.21 1,1%-(1,2-ethanediyl ) -bis-cyclohexane 194 CyyHoy 55.83.194 38 0.83
6 34.79 2-methyl-1-( cyclo-hexylmethyl) -cyclohexane 194 Ci4Hy 55 .83 .97 43 0.87
7 35.02 4-methyl-1-( cyclo-hexylmethyl)-cyclohexane 194 Ci4Hy 55 .83 .97 25 0.69
8 35.17 1,1"-ethylidenebis-cyclohexane 194 Ci4Hy 55.69.111 49 0.72
9 37.84 1-ethyl-4-( cyclo-hexylmethyl) -cyclohexane 208 CisHy 55 .69 .83 38 1.17
alkylspiro-[4.4] 1 25.97 1,1,6,6-tetramethyl-spiro[ 4.4 Jnonane 180 Ci;Hy, 95.109.165 55 0.97
-nonanes 2 29.45 1,1,6,6-tetramethyl-spiro[ 4.4 Jnonane 180 Ci3Hy, 95.109.165 62 1.20
alkyl-bicyclo- 1 12.99 3,7,7-trimethyl-bicyclo[ 4.1.0]-heptane 138 CioHig 67.81.95 43 0.01
[4.1.0] 2 26.76 3-methyl-7-pentyl-bicyclo[4.1.0]-heptane 180 Ci3Hy, 67 81 95 50 0.37
heptanes 3 27.84 2-methyl-7-pentyl-bicyclo[ 4.1.0]-heptane 180 Ci3Hy, 67 .81.95 76 1.44
1 15.44 trans-decalin 138 CioHig 67 82,138 95 0.59
2 16.27 2-methyldecalin 152 CiiHy 81 95152 86 1.17
3 17.32 1-methyldecalin 152 Gy Hy 67 81 96 62 0.20
4 17.87 4a-methyldecalin 152 CiyHy 81.95.137 58 0.58
5 18.13 2-methyldecalin 152 CiiHy 81.95.152 72 0.71
6 18.39 2-methyl-cis-decalin 152 CiyHy 81 95,152 90 0.57
7 18.93 2-methyl-trans-decalin 152 CiiHy 81 95,152 97 1.75
8 19.26 2—ethy|deca|in 166 Cy,H,, 81 95,137 81 0.86
9 19.45 1,5-dimethyldecalin 166 C,H,, 81.95.151 52 0.41
10 20.15 2,3-dimethyldecalin 166 CyHy, 95 151 166 45 0.25
11 20.46 2-ethyldecalin 166 CioHy, 81 95,137 58 0.56
12 20.98 1,5-dimethyldecalin 166 CpHy 8195151 49 0.57
alkyl-decalin 13 21.10 2,6-dimethyldecalin 166 Cy,H,, 81 .95 .166 55 0.49
14 21.37 1,5-dimethyldecalin 166 Cy,H,, 81 95 .166 53 0.69
15 22.03 1,5-dimethyldecalin 166 C,H,, 81 .95 .166 53 0.93
16 22.50 2,6-dimethyldecalin 166 C,H,, 81 95 166 93 1.38
17 22.67 1,2-dimethyldecalin 166 C,H,, 81 .95 .166 49 0.24
18 22.99 1,2-dimethyldecalin 166 Cy,H,, 81.95.166 60 0.45
19 23.49 2,6-dimethyldecalin 166 CpyHy 8195166 94 2.75
20 24.07 2,6-dimethyldecalin 166 Ci,Hy, 81 95 166 83 1.66
21 24.51 2,6-dimethyldecalin 166 Cy,Hy, 81 95 .166 94 1.03
22 24.71 1,2-dimethyldecalin 166 Cy,H,, 81 .95 .166 30 1.35
23 25.03 2,6-dimethyldecalin 166 CioHy, 8195166 95 1.41
24 25.31 1,6-dimethyldecalin 166 CyHy, 8195166 81 0.47
25 25.59 3-ethyldecalin 166 CioHy, 81.95.137 90 1.85
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Table 4 Tricyclo-aromatics identified
types No. r'etentio'n compounds M, molecular 'characteristic similarity relative
time/min formula ions /% peak area/%
perhydro-polycyclo- 1 37.68 perhydro-phenanthrene 192 CiaHyy 96,135,192 50 0.26
aromatics 2 38.19 dodecahydro-fluorene 178 Ci3H,, 67 81.97 78 0.12
x5 KA ERE VRS AL EWA S
Table 5 Alkenes, aromatics and oxygen-containing compounds identified
types No. rfetentior\ compounds M, molecular Fharacteristic similarity relative peak
time/min formula ions /% area/%
1 13.19 1-methyl-4-(1-methylethenyl) -cyclohexane 138 CioHig 81.95.138 78 0.03
2 14.69 1-methyl-3-(1-methylethenyl ) -cyclohexane 138 CioHg 81 95,138 68 0.07
alkenes 3 14.91 4-methyl-1-(1-methylethyl)-cyclohexene 138 CioHig 67 81 .95 52 0.03
4 23.87 1-cyclohexyl-heptene 180 Ci3Hy, 55 .67 96 53 0.18
aromatics 1 37.07 dimethyl-1,2,3 ,4-tetrahydro-naphthalene 160 Cy,Hyg 145 160 90 0.54
1 14.56 3-butyl-cyclohexanone 154 CioHigO 97 111 154 46 0.29
2 15.21 2-methyl-5-(1-methylethyl)-cyclohexanone 154 CoHisO 55111154 55 0.11
3 16.87 3-butyl-cyclohexanone 154 CioHigO 97 111154 50 0.10
oxygen- 4 17.68 1,7 ,7-trimethyl-bicyclo[ 2.2. 1 ]-heptan-2-one 152 CioHicO 8195152 58 0.65
containing 5 18.01 2-methyl-5-(1-methylethenyl) -cyclohexanone 152 CoHcO 678295 50 0.11
compounds 0 06 4-methyl-1-(1-methylethyl)-bicyclo[3.1.0]-heptan-2-one 152 C,oH,,O 6995152 70 0.15
7 28.78 4a-methyl-decahydrobenzo-cycloheptan-2-one 180 C,H,yO 55 81,109 38 0.60
8 30.36 4a-methyl-decahydrobenzo-cycloheptan-2-one 180 C,,H,yO  5581.109 38 0.73
9 34.44 4a,7 ,7-trimethyl-octahydro-naphthalenone 194 C;H,,O 558195 41 0.41
4 & 8 5% 30
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Determination of Components in Rocket Kerosene by GC-MS

SHENG Tao'’, PENG Qing-tao®, XIA Ben-li’, ZHANG Guang-you’
(1. The Second Artillery Engineering College, Xi'an 710025, China; 2. Epidemic Prevention Team of the General Equipment Logistics of CPLA, Beijing
100101, China)

Abstract: Components in rocket kerosene were analyzed by gas chromatography-mass spectrometry. In the condition adopted,
159 peaks were detected in total ion current chromatogram (TIC) of rocket kerosene,131 peaks among them were identified. The
components identified account for 80.37% of total amount of rocket kerosene. It is found in rocket kerosene that,almost half of all
components are bicyclo-paraffins, followed by monocyclo-paraffins and iso-alkanes, still by little n-alkanes, oxygen-containing
compounds, alkenes, tricyclo-paraffins and aromatics. Most bicyclo-paraffins are alkyldecalins, alkylspiro [ 5. 5 ] undecanes, and
naphthenic cyclohexanes,which respectively account for 49.04% ,19.28% and 16.64% of bicyclo-paraffins. Monocyclo-paraffins
are mostly alkylcyclohexanes and alkylcyclopentanes,which respectively account for 66.62% and 31.10% of monocyclo-paraffins.
Key words: analytical chemistry; rocket kerosene; component; gas chromatography-mass spectrometry
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