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GC-MS
, ( 30cm 15 B
25 cm) ( :30 mx0.25 mmx0.25 pm HP-5MS
), 50~100 mL ; 1 40°C; : 250°C; EI
, , : 70 eV, 1 250°C; : 200°C;
, , , 1 1380 V; . Autotune
, 0 1 5 10 20 30 40°C 4 min, 6C/min 300°C, 10 min;
45 60 80 100 d) , 1 mL/min;
13 BBbEE : '22.00~28.20 min,
m/z 198 212 226 240; 28.20~50.00 min, m/z 234 248
HP 7890 Plus S HP5975N 262 276 290 - HP7683 ,
(MSD) 1 puL; : HP3365
1.4 HmaTa® 1.6 ML
PASHs
" /8- ] 12, 1-d]
, [18]
/8- 30 mg I mL , 1 [b] [2, 1-d]
0.5 mL , 10 uL s 1
x1 AWMEARFRUSVRBEHESHEZTE 1)
Tab.1 PASH compounds identified in crude oils by GC-MS (peak number corresponds with Fig. 1)
1 CO-DBT 295.26 295.90
2 4- 4-MDBT(C1-DBT) 312.19 312.50
3 2-+3- 2-+3-MDBT(C1-DBT) 315.61 315.80
4 1- 1-MDBT(C1-DBT) 319.32 319.30
5 4- C2-DBT 327.21 328.30
6 4, 6- 4, 6-DMDBT(C2-DBT) 328.41 329.70
7 2, 4- 2, 4-DMDBT(C2-DBT) 330.73 331.80
8 3, 6- C2-DBT 331.87 333.00
9 2,7-+2,8-+3, 7- C2-DBT 334.86 336.10
10 1, 4- 1, 4-DMDBT(C2-DBT) 335.65 336.50
11 1, 3-+3, 4- C2-DBT 337.79 338.60
12 1, 7- C2-DBT 338.42 339.20
13 2,4, 6- C3-DBT 346.18 348.20
14 2,4,7-+2,4, 8- C3-DBT 351.03 352.30
15 1, 4, 8- C3-DBT 353.07 353.10
16 1,4, 7- C3-DBT 355.97 357.10
17 1,3,7- C3-DBT 358.65 358.90
18 3,4,7- C3-DBT 359.92 359.00
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19 [b] [2, 1-d] CO-BNT 388.95 388.86
20 [b] [2, 1-d] C1-BNT 403.53 403.12
21 [b] [2,1-d] C1-BNT 406.58 406.53
22 [b] [2, 1-d] C1-BNT 408.15 409.35
23 [b] [2, 1-d] C1-BNT 409.30 410.61
24 [b] [2,1-d] C1-BNT 410.41 410.61
25 C2- [b] [2, 1-d] C2-BNT / /
26 C3- [b] [2, 1-d] C3-BNT / /
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Fig. 1 GC-MS chromaograms of dibenzothiophene and benzo[b]naphtho[1, 2-d]thiophene
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Fig. 2 Distribution pattern of PASHs in fuel oil (relative to C2-DBT)
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Tab. 2 Diagnostic ratios of PASHs
DP

4-MDBT/DBT 100x4-MDBT/(4-MDBT+DBT) 232.43
2-+3-MDBT/DBT 100x2-+3-MDBT/(2-+3-MDBT-+DBT) 120.67
1-MDBT/DBT 100x1-MDBT/(1-MDBT+DBT) 125.87
4-MDBT/1-MDBT 100x4-MDBT/(4-MDBT+1-MDBT) 311.27
2-+3-MDBT/1-MDBT 100x2-+3-MDBT/(2-+3-MDBT+1-MDBT) 296.05
2, 4-DMDBT/1, 4-DMDBT 100x2, 4-DMDBT/(2, 4-DMDBT+1, 4-DMDBT) 742.38
4, 6-DMDBT/1, 4-DMDBT 100x4, 6-DMDBT/(4, 6-DMDBT+1, 4-DMDBT) 207.34
CO0-BNT/4-MDBT 100xCO0-BNT/(C0O-BNT+4-M-DBT) 287.10
C0-BNT/2-+3-MDBT 100xC0-BNT/(CO-BNT+2-+3-MDBT) 227.58
CO0-BNT/1-MDBT 100xC0-BNT/(CO-BNT+1-MDBT) 172.11
C1-DBT/C1-BNT 100xC1-DBT/(C1-DBT+C1-BNT) 538.88
C2-DBT/C2-BNT 100xC2-DBT/(C2-DBT+C2-BNT) 522.10
C3-DBT/C3-BNT 100xC3-DBT/(C3-DBT+C3-BNT) 391.10

2.2.2 PASHs 10%, RSD 5%,

13 4-MDBT/1-MDBT 2-+3-MDBT/1-MDBT2, 4-DMDBT/1,
3, 60 d , 7 4-DMDBT 4, 6-DMDBT/1,4-DMDBT C1-DBT/C1-BNT
. 13 C2-DBT/C2-BNT,

RSD 5%, 60d 0d R 100 d 0d

13 > 10 >
100 d, 3 RSD 100 d
* 3 ENBARLEZGTHREESWE AT RISHILERE S
Tab. 3 Stability of diagnostic ratios of PASHs in fuel oil during weathering process
0~60 d 0~100d
RSD(%) (t9504) RSD(%) (Tos04)
4-MDBT/DBT 2.05 9.48 Y 5.42 9.73 Y
2-+3-MDBT/DBT 3.14 12.26 Y 4.00 8.31 Y
1-MDBT/DBT 7.26 9.33 Y 32.84 4.73 N
4-MDBT/1-MDBT 0.60 11.79 Y 0.91 11.76 Y
2-+3-MDBT/1-MDBT 0.66 10.94 Y 0.74 10.96 Y
2,4-DMDBT/1, 4-DMDBT 1.78 7.48 Y 1.77 7.47 Y
4, 6-DMDBT/1, 4-DMDBT 0.86 9.45 Y 3.02 9.31 Y
CO0-BNT/4-MDBT 3.68 3.31 Y 5.72 3.25 Y
C0-BNT/2-+3-MDBT 2.87 4.42 Y 4.72 4.50 N
CO-BNT/I-MDBT 0.85 8.71 Y 14.43 8.13 N
C1-DBT/C1-BNT 0.60 12.00 Y 1.01 12.05 Y
C2-DBT/C2-BNT 0.89 9.42 Y 1.48 9.48 Y
C3-DBT/C3-BNT 3.59 5.95 Y 20.41 6.62 N
e PASHs ,
, Y,

>
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Fig. 3  Repeatability limit analysis results of outdoor

weathered fuel oil samples
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Variation of polycyclic aromatic sulfur heterocycles in fuel oil
during long-term natural weathering
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Abstract: This study presents the changes of polycyclic aromatic sulfur heterocycles (PASH) compounds in a fuel oil
sample during natural long-term weathering (0—100 days). Results show that the distribution patterns of dibenzothio-
phene compounds remained relatively stable after 100 days of natural weathering. However, there were slight changes in
the distribution pattern of benzo[b]naphtho[1, 2-d]thiophene after this time period. The 13 diagnostic ratios of PASHs
were relatively stable after 60 days natural weathering. However, the diagnostic ratios of 1-MDBT/DBT, CO-BNT/
2-+3-MDBT, C0-BNT/1-MDBT, and C3-DBT/C3-BNT proved to have weak weathering-resistant capabilities under natural
weathering conditions; thus, they cannot be used in the source identification of weathered oil (60—100 days).
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