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Distribution determination of nitrogen compounds in
catalytic diesel oil using gas chromatography

YANG Yongtan
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Abstract The method for the separation and determination of nitrogen compounds in catalytic
diesel oil using gas chromatography-nitrogen chemiluminescence detection GC-NCD was es-
tablished. The effects of the flow rate of carrier gas and oven temperature on the resolution
were studied. More than 80 nitrogen compounds such as aniline alkyl anilines quinoline in-
dole alkyl indoles carbazole alkyl carbazoles in catalytic diesel oil were enriched using an
Al,O, column and identified based on the retention time of some pure nitrogen compounds and
the retention index of nitrogen compounds on GC-NCD. The relative standard deviations of the
peak areas of main nitrogen compounds in catalytic diesel oil were lower than 8%. The detec-
tion limit S/N =3 for nitrogen of carbzole was 1.0 mg/L under the chosen conditions. The
linear range of nitrogen was 1. 0 - 600 mg/L for each nitrogen compound. The correlation coef-
ficient was more than 0. 998. The recoveries of four nitrogen compounds aniline quinoline
indole carbazole in catalytic diesel oil were in the range of 89.5% —-99. 8%. The method can
be applied for the determination of each nitrogen compound in different catalytic diesel oils.
Key words gas chromatography-nitrogen chemiluminescence detection GC-NCD  gas chro-

matography-mass spectrometry GC-MS  distribution of nitrogen compounds diesel oil
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4 - 479
70 mL 0.75%
: - 100 mL
- 3
GC-NCD 77 0.5 mL 2 mL
2-~3 2 mL
89 0.5 mL
1.4
1.4.1 GC-NCD
PONA GC PONA 50 m x
0.20 mm x0.5 pm PE
120 C 1.5 C/min 270 T
10 min 300 C
99.999 9% 0.8
GC-MSD mL/min 0.5 pL 50: 1
NCD 255 nm 950
C 5
mL/min 12 mL/min
34.5 kPa 5 Hz
1.4.2 GC-MS
1 GC
60 m x0.25 mm x0.25 pm J&W
1.1
PE Clarus 500-Sievers 255 NCD 120 C 1.5 C/min 270 C
EPC / PE 10 min 330
Agilent GC 6890-5975 MSD EPC 99. 999 99% 124. 10
EI NIST kPa 0.2 pL 50: 1
Agilent MSD 250 C
AL O, 100 ~200 m/z 33 ~450 7 min
1.2
N N- 2
10% 2.1 NCD
1.3
10
100 ~ 200 255 nm
Al,O, AlLO, 200 C
3 h 20 g ALO,
Al, O, 40 cm +0,—
50 cm 1 cm NO +H,O +
lg Al, O, NO + 0, —NO, +O, +hv 255 nm
25 mL 2.2
100 mL 50 mL

100 mL
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1 R,
120 C Table 1 Relative response factors R, for given
nitrogen compounds
1 1.5 2 - - :
Nitrogen Concentration' / Peak Relative
C/min compound mg/L area ™ deviation/%
1.5 °C/min Dimethylaniline 30.37 8982.6  0.97 -3
Trimethylaniline 15. 81 4318 1.05 +5
Quinoline 37.57 10358 1.04 +4
Cz— Indole 28.44 8155.3  1.00 0
Carbazole 15.95 4274 1.07 +7
1 The concentrations of nitrogen compounds were calcu-
0.5 pL 50: 1 , & P
lated as nitrogen.
2.3
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Fig. 1 Total ion current chromatogram of catalytic diesel oil containing nitrogen compounds

1. methylquinoline 2. dimethylindole 3. carbazole 4. methylcarbazole 5. C,-carbazole 6. C;-carbazole.
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80% ~ 90%

iesel oil

d

b. dimethylindole c. carbazole d. methylcarbazole e. C,-carbazole f. C,-carbazole.
2

talytic
80

in ca
GC-NCD
10% ~20%

trogen compounds

1n nr

45. 886 min

54.215 min

Fig. 2 Mass spectra of ma
58. 534 min

a. methylquinoline
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NIST
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Table 2 Identified results for nitrogen compounds in catalytic diesel oil

tr/min Nitrogen compound Identified methods tp/min Nitrogen compound Identified methods

8.17 aniline SS 64.05 C,-carbazole RI

9.42 methylaniline GC-MS 64.62 1 8-DMCB GC-MS RI

9.52 methylaniline GC-MS 64.88 C,-carbazole GC-MS BP

9.98 methylaniline GC-MS 66. 46 1 3-DMCB GC-MS BP
12.52 C,-aniline GC-MS 67.03 1 6-DMCB GC-MS BP
12.69 C,-aniline GC-MS 67.27 1 7-DMCB GC-MS BP
12.75 C,-aniline GC-MS 67.67 1 4-DMCB GC-MS BP
13.00 C,-aniline GC-MS 68.18 3 6 and 2 6-DMCB GC-MS BP
13.10 C,-aniline GC-MS 68.95 3 5 and 2 7-DMCB GC-MS BP
17.09 quinoline SS 69.58 2 4 and 1 2-DMCB GC-MS BP
18.15 C;-aniline BP RI 69.23 2 5 and 2 3-DMCB GC-MS BP
19.18 indole SS 69.47 C,-carbazole GC-MS
19.58 C;-aniline GC-MS 69.84 C,-carbazole GC-MS
19.94 C;-aniline GC-MS 71.30 C,-carbazole GC-MS
20.96 C,-aniline GC-MS 71.40 1 4 8-TMCB GC-MS
21.44 C,-aniline GC-MS 71.70 C,-carbazole GC-MS
21.83 C,-aniline GC-MS 72.72 3 4-DMCB GC-MS
22.23 methylquinoline GC-MS 72.90 1 3 5-TMCB GC-MS RI
23.21 7-methylindole GC-MS 74.08 1 5 7-TMCB GC-MS
24.56 2 and 3-methylindole GC-MS 74.38 C;-carbazole GC-MS
24.86 4 5 and 6-methylindole GC-MS 74.66 C;-carbazole GC-MS
26.63 C,-indole GC-MS 75.45 C,-carbazole GC-MS
28.73 dimethylindole GC-MS 76.33 C;-carbazole GC-MS
28.74 dimethylindole GC-MS 76.81 C,-carbazole GC-MS
29.96 C,-indole GC-MS 77.16 C;-carbazole GC-MS
30.43 C,-indole GC-MS 77.41 C;-carbazole GC-MS
30. 85 C,-indole GC-MS 77.95 C,-carbazole GC-MS
31.23 C,-indole GC-MS 78.15 C;-carbazole GC-MS
35.24 C;-indole GC-MS 78.36 C,-carbazole GC-MS
35.73 C;-indole GC-MS 78.60 C;-carbazole GC-MS
35.91 C;-indole GC-MS 78. 80 C;-carbazole GC-MS
36.72 C,-indole GC-MS 78.95 C,-carbazole GC-MS
37.47 C,-indole GC-MS 79.49 C,-carbazole GC-MS
38.10 C,-indole GC-MS 79. 60 C,-carbazole GC-MS
40.20 C,-indole GC-MS 79.79 C,-carbazole GC-MS
40.72 C,-indole GC-MS 80.19 C,-carbazole GC-MS
43.31 C,-indole GC-MS 80.58 C,-carbazole GC-MS
47.79 C,-indole GC-MS 80.90 C,-carbazole GC-MS
54.32 carbazole GC-MS SS 81.47 C,-carbazole GC-MS
59.93 1-methylcarbazole GC-MS RI 82.08 C,-carbazole GC-MS
61.72 3-methylcarbazole GC-MS RI 82.28 C,-carbazole GC-MS
62.11 2-methylcarbazole GC-MS RI 82.91 C,-carbazole GC-MS
62.80 4-methylcarbazole GC-MS RI 84.95 C,-carbazole GC-MS
62.95 C, -carbazole RI

DMCB dimethylcarbazole TMCB trimethylcarbazole SS standard sample RI retention index BP boiling point.
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Fig. 3 Chromatogram of nitrogen

GC-NCD

compounds in catalytic diesel oil
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2.5 4 4 n=3
Table 4 Spiked recoveries of four
nitrogen compounds n =3

Nitrogen Added/ Found/ Recovery/
compound mg/L mg/L %
Aniline 19.94 19.89 99.8%
68.30 61.17 89.6%
Quinoline 23.44 22.90 97.7%
80.08 72.28 89.5%
1.0 2.0 5.0 10 20 50 100 250 Indole 18.99 18.52 97.5%
60. 81 59.09 97.2%
500 600 mg/L Carbazole 9.80 9.44 96.3%
1.0 ~ 600 mg/L 34.09 31.05 91.1%
0.998
2.6
7 GC-NCD
C,- 1- -
1 8- RSD
8% 3 S/
N 3 1.0 mg/L
3
n=17
Table 3 Concentrations and reproducibilities of nitrogen 1 Sumbogo Murti SD Yang H Choi K H et al. Applied Ca-
compounds in catalytic diesel oil n =7 talysis A General 2003 252 2 331
Nitrogen Concentration? / 2 Yang Y T Wang Z Yang HY et al. Chinese Journal of
. RSD/%
compound mg/L Chromatography . 2004
Indole 3.09 7.2 22 5 500
C,-Indole 4.00 5.3 3 Shiraishi Y Hirai T Komasawa I. Ind Eng Chem Res
CB 14,77 - 2001 40 15 3398
' ' 4  Briker Y Ring Z Iacchelli A et al. Fuel 2003 82 13
1-MCB 20. 69 3.9 1621
1 8-DMCB 8.49 3.4 5  Schafer S Bonn B. Fuel 2002 81 13 1641
1 CB carbazole 1-MCB 1-methylcarbazole 1 8-DM- 6 Mao J Pacheco C R Traficante D D et al. Fuel 1995 74
CB 1 8-dimethylcarbazole. 2 The concentrations of nitro- 6 880
gen compounds were calculated as nitrogen. 7 LiM Larter S R Stoddart R et al. Anal Chem 1992 64
13 1337
2.7 8 Yang Y T Wang Z Zong B N et al. Chinese Journal of
Chromatography . 2004
22 3 216
9 Yang YT WangZ Yang HY et al. Chinese Journal of An-
alytical Chemistr,
3 4 ' Y

2005 33 11 1517
89.5% ~99. 8% 10  Wiwel P Knudsen K Zeuthen P et al. Ind Eng Chem
4 Res 2000 39 2 533





