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Determination of Aromatics in Light Petroleum Products by
Comprehensive Two-Dimensional Gas Chromatography

LI Yanyan
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Abstract In recent years comprehensive two-dimensional gas chromatography GC x GC
have been used widely and the applications of this technique to many fields have already been
reported. In the standard method of oil analysis the concentrations of aromatics and naphtha-
lene hydrocarbons in light petroleum products must be detected by more than two methods.
Mono-aromatics di-aromatics efc. in light petroleum products were detected only by compre-
hensive two-dimensional gas chromatography. After the proper selection of column system and
optimization of chromatographic conditions the method can achieve the group separations of
paraffins olefins naphthenes aromatics with 1 to 2 rings and some target components in light
petroleum products with good reproducibility and good precision. The recoveries of standard
compounds were 89.5% — 106. 1% and the relative standard deviations of repeatedly detecting
the components were all lower than 5.8%. It took only 30 min to finish a determination.

Key words comprehensive two-dimensional gas chromatography GC x GC  aromatics naph-

thalene hydrocarbons jet fuel solvent oil

GB/T 11132 ' 20 90
ASTM DI1840 ° GC x GC >
GB/T11128 °

ASTM D5580 *

Frisinger
GC x GC
Gaines °* GCxGC

2006-02-21
Tel 020 82124447 E-mail zf-nie@ netease. com.



4 381
GC x GC Frisinger ° 22 1-dodecene 23 do-
10 GC x decane 24 1-tridecene 25
GC tridecane
1~4
1.3
320 C 320 C
1 2
30 C 5 C/min 180 C
! 1.0 mL/min
100: 1 3 uL 100 Hz
60 ~250 C 6 s
0 2
2.1
GC x GC
1
2
1
5 1 DB-Petro 50 m x
1.1 GC xGC 0.2 mmi.d. x0.5 um 1 DB-17 ht 3 m x
GC x GC HP6890 Agilent 0.l mmi.d x0.1 pm 2 2 DB-1 10.5
USA * KT2001 Zoex mx0.28 mm i. d. x0.4 pm 1 DB-17 ht
HP 2.6 mx0.1 mmid x0.1 pm 2 3
100 Hz Zoex GC xGC 007-1 4m x0.1 mmi.d. x3.5um 1 DB-17
GC-Image ht 1.3 mx0.1 mm i.d. x0.1 pm 2 4

1 007-5Ms 10 m
x0.25 mm i.d. x0.25 pm 2 007-17 ht 1.5
mx0.1 mmid x0.1 pm
1.2

1 chloroform

2 benzene 3 toluene 4
ethylbenzene 5 0-xylene
p-xylene 6 m-xylene 7
n-propylbenzene 8 iso-propyl ben-
10 1 2
4- 1 2 4-trimethylbenzene 11 1 3 5-
12 1 2 3-
1 2 3-trimethylbenzene 13 1 2 4 5-
14 12 3 4-
1 2 3 4-tetrahydronaphthalene 15
16 1-

2-methylnaphthalene 18

zene 9 2- 2-ethyl toluene
1 3 5-trimethylbenzene

1 2 4 5-tetramethylbenzene

naphthalene
lene 17 2-

1-methylnaphtha-

1-decene 19 decane 20

1-endecene 21 endecane

007-5Ms 10 m x0.25 mm i.d. x0.25 pm
1 007-17 ht 0.8 m x0.1 mm i.d. x0.1 pm

2 5 007-5Ms 10 m x0.25 mm i.d. x0.25
pm 1 007-17 ht 1.5 m x0.1 mm i.d. x0.1
pm 2 5
4
2345 8 C/min
0.50.81.0 1.5 mL/min
5 C/min 1.0 mL/min
6s
2- 1 2 4-
4 L



382- 24

Fig.2 Chromatogram of a mixture of
standard compounds by GC x GC method

- 1. chloroform 2. benzene 3.toluene 4. ethyl benzene 5.
o-xylene and p-xylene 6. m-xylene 7. propyl benzene 8. iso-
propyl benzene 9. 2-ethyl toluene 10. 1 2 4-trimethyl ben-
zene 11.1 3 5-trimethyl benzene 12. 1 2 3-trimethyl ben-
zene 13. 1 2 4 S5-tetramethyl benzene 14.1 2 3 4-tetra-
hydronaphthalene 15. naphthalene 16. 1-methyl naphthalene

17. 2-methyl naphthalene 18.1-decene 19. decane 20.1-ende-

Andladlimensi

cene 21.endecane 22.1-dodecene 23.dodecane 24.1-tride-
cene 25.tridecane.

Fig.1 Chromatogram of jet fuel by GC x GC method

1. di-aromatics area 2. mono-aromatics area 3. paraffins

olefins and naphthenes area. N naphthalene CIN CI1 alkyl 2
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g 8000 L /// Table 1 Recoveries for standard compounds
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> r =
Z 6000 [ N Compound Added/ Found/ Recovery/
s r =z g/L g/L %
4000 - - Decene 0.901 0.858 95.2
2000 £ ,_.1/ v yinag ( 3.604 3.224 89.5
0 -/,;f' J 1 * l:lthylbenz?nc (r—t).iv\ilzs\li) 1 12.012 12.322 102.6
0 2 4 6 8 oz Endecane 0.905 0.861 95.1
3.622 3.579 98.8
3 12.072 12.808 106. 1
Fig.3 Plots of response to concentration for Ethyl benzene 0.919 0.929 101.1
standard compounds
3.674 3.543 96.4
12.248 11.824 96.5
o-Xylene 0.904 0.894 98.9
1 1 3.617 3.462 95.7
7 0.9~12.4 g/L 12.056 12. 156 100. 8
89.5% ~106. 1% Propyl benzene 0.901 0.894 99.2
2.3.3 3.604 3.425 95.0
12.012 11.552 96.2
« q1.3m
4 1 2 3-Trimethyl benzene 0.924 0.872 94.3
3 2 3.697 3.346 90.5
12.324 12.088 98.1
1-Methyl naphthalene 0.900 0.947 105.2
3.601 3.729 103.6
12.004 12.097 100. 8
2
2
Table 2 Contents of compounds in samples %
Mineral solvents for paint industry 3% Jet fuel
Compound
222% 225* 228" 706" 701" 707*
Benzene 0. 024 0. 027 0. 026
Toluene 0.129 0. 106 0.121 0. 130 0. 131 0.126
Ethylbenzene 0. 065 0.077 0.077 0. 067 0.077 0.041
o-Xylene 0. 249 0.241 0.233 0.220 0. 226 0.202
m/p-Xylene 0. 545 0.512 0.491 0. 465 0.453 0.461
Propyl benzene 0.076 0.074 0.072 0.063 0. 066 0.058
iso-Propyl benzene 0. 135 0.134 0.129 0. 127 0. 138 0. 107
1-Ethyl-2-methyl benzene 0.537 0.590 0.596 0.551 0.591 0.392
1 2 4-Trimethyl benzene 0.715 0. 645 0.614 0.524 0.548 0.364
1 3 5-Trimethyl benzene 1. 604 1.578 1.567 1.252 1.278 1.241
1 2 3-Trimethyl benzene 0.790 0.778 0.778 0. 606 0.595 0.617
1 2 3 4-Tetrahydro naphthalene 0.138 0. 140 0. 139 0. 135 0.125 0. 165
Naphthalene 0.322 0.316 0.332 0.225 0.219 0. 231
2-Methyl naphthalene 0.362 0.356 0.381 0.251 0.237 0.281
1-Methyl naphthalene 0.197 0.194 0.208 0. 155 0. 136 0. 162
Total aromatics 17.324 16. 366 17. 161 13. 840 13.929 13.797
Total naphthalenes 0. 694 0. 639 0.754
2.3.4 GCxGC
ASTM D5580

3" RAD 0.61%
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11132 RAD 6. 62%
GC x GC
RAD 3.68% GC x ASTM D1840 RAD 4.48%
GC GB/T 3
3
Table 3 Comparision of quantitative results of samples by different methods %
Sample Component GC x GC ASTM D5580 GB/T11132 ASTM D1840 RAD "
Mineral solvents for rubber industry 1* total aromatics 0.35 0.35 0.57
Mineral solvents for rubber industry 2* total aromatics 0.76 0.76 0.07
Mineral solvents for rubber industry 3* total aromatics 0.63 0.66 0.61
Mineral solvents for paint industry 1* total aromatics 14.52 13.49 3.68
Mineral solvents for paint industry 2* total aromatics 19.00 18.86 0.37
Mineral solvents for paint industry 3* total aromatics 19.24 19.68 1.13
3% Jet fuel 701" total aromatics 13.93 12.20 6.62
total naphthalenes 0.64 0.58 4.84
3" Jet fuel 706" total aromatics 13.84 12.43 5.37
total naphthalenes 0.69 0.64 4.05
# RAD the relative average deviation between the two methods.
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