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Table 1 Runtime control timetable for refinery gas analysis

Time/min Source State Function
0 Back detector ( = )Polarity on Hydrogen determination
0.02 Valve 1 On Sampling
0.05 Valve 4 On Sampling
0.60 Signal 2 Freeze signal valve Freeze signal 2 integral
0.70 Valve 2 On Carrier gas switching
0.80 Back detector ( = )Polarity off Permanent gas determination
1.80 Valve 3 On Enclose permanent gas
2.00 Valve 1 Off Resumed status of valve 1
2.50 Valve 4 Off Purging C; heavy components
2.60 Signal 2 Resume signal value Resume signal 2 integral
6.00 Valve 3 Off Release permanent gas of column 3
14.00 Signal 2 Freeze signal value Freeze signal 2 integral
15.00 Valve 3 On Bypass the carrier gas
23.95 Valve 2 Off Resumed status of vaive 2
23.95 Valve 3 Off Resumed status of valve 3

BER(C,~C) BB M, FID SHTR M,
RAEdBMT . FEEEFRES, A%, ®
LT On RE MR 3I(N)ELIR 1 —TER
FEHEAETAZ, AP ELERE4HA75B3
S, HEREIFME 4 #d TCD, MEEH 508 E
HER 4 Lot B2 AEVHRZE On RE, W E %
HRESHERN, B 4 L TFRKRES. TCD 4
ERBIESESHDE, LTI AKAESERY
FHARES . ER 1 EHZE On RAN, FEIK 1(N,)
WA 1S —EREREETAZAE S WM
N, TR RREZE S EREH(C, ~C)H
B REHEA FID TR, /15, 1/ 2
HAE B E On RS, AT H K 6(H,) BE A
HOKBEINCEEAMREFATSELRE 1,16
BEAE 1M 2.4 3 f1l TCD & FHRBERS, TR
HOHEE 1 EHETUSAEANTC MASHE
FrHE 1R, 4 A Off R, A C; REKXTF
Cs HIH 43 B RR T SS i AKE 2 A Sy Bk 82 34T 20
B, % 0,,N,,CH,,CO# A% 3 7,1 CO, #HAK
380, M 3 Y14 % On RE, HAf O,,N,,CH,,CO #
KIEHEIN,CO, IR 1% a 52 H 5 2B B (Re-
ducer)#t A TCD #4780, FAEHS BT 2
JEL. R 3 U Off R, Mat i 3 WA S O,
N,,CH,,CO KR B i A TCD e AW ., %4
37, TCD # FID 47 T4, SGEE S S B T/
F R R B R, 28 R R 24 min,
2.2 EMMERSH
EWSMERERENGIERGT, RAGCES
RS B4 SRS A BT, A EIEE

WE1:E 2,
1 Ez 7 6
78
1213145
1617 18
3 910y 19 21
0 25 50 75 100 125 150 17.5 200 225
t/min
B1 %) SE%EFID)

Fig.1 Chromatogram of a refinery gas(FID).

1.Methane;2 . Ethane; 3. Ethylene; 4. Propane; 5. Cyclopropane;

6.Propylene; 7. i ~Butane;8. » —Butane; 9. Propadiene;

10. Acetylene; 11. Tetramethylmethane; 12. ¢ -2 —Butene;

13.Butene; 14. i —Butene;15. cis ~2—Butene;16. i —Pantane;
17. n ~Pantane; 18. 1,3 —Butadiene; 19 . Methylacetylene;

20.

cis —2—Pentene;21. n — Pentene
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Fig.2 Chromatogram of a refinery gas(TCD).

1. Hydrogene;2 . Carbon dioxide;3. Ethylene;4.Ethane;
5.0xygen; 6. Nitrogen; 7. Methane;8. Carbon monoxide
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Table 2 Repetition results of contents of all components

Determination result, %

Components Average, % SD RSD, %
1 2 3 4 5 6
Hydrogene 1.09 1.09 1.10 1.10 1.15 1.07 1.10 0.02 2.23
Ethane 2.10 2.10 2.12 2.12 2.21 2.07 2.12 0.04 2.06
Ethylene 2.60 2.61 2.63 2.63 2.74 2.56 2.63 0.06 2.10
Carbon dioxide 1.25 1.27 1.26 1.25 1.34 1.27 1.27 0.03 2.43
Propane 2.67 2.67 2.70 2.70 2.81 2.63 2.70 0.06 2.07
Cyclopropane 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.00 0.00
Propylene 4.01 4.01 4.05 4.05 4.05 3.94 4.02 0.04 0.98
Oxygen 3.11 3.19 3.12 3.06 2.98 3.13 3.10 0.07 2.10
Nitrogen 77.77 77.68 77.58 77.64 77.12 77.99 77.63 0.26 0.34
1 —Butane 0.10 0.10 0.10 0.10 0.11 0.1 0.10 0.00 3.67
n —Butane 0.98 0.98 0.99 0.99 1.03 0.96 0.99 0.02 2.14
Methane 1.30 1.30 1.30 1.30 1.35 1.31 1.31 0.02 1.39
Propadiene 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.00 0.00
Carbon monoxide 0.37 0.35 0.36 0.37 0.37 0.36 0.36 0.01 2.05
Acetylene 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.00 0.00
Tetramethylmerthane 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.00 0.00
t —2—Butene 0.54 0.54 0.55 0.55 0.57 0.53 0.55 0.01 2.28
Butene 0.43 0.43 0.44 0.44 0.46 0.42 0.44 0.01 2.86
i —Butene 0.91 0.91 0.92 0.92 0.94 0.89 0.92 0.02 1.64
cis ~2—Butne 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.00 0.00
7 —Pantane 0.33 0.33 0.34 0.34 0.33 0.33 0.33 0.00 1.41
n —Pantane 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.00
1,3-Butadiene 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.00 0.00
Methylacetylene 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.00 0.00
cts ~2 —Pentene 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.00
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Table 3

Accuracy results of contents of standard component samples

Determination result, %

Components Standard sample, % ; ) 3 Average, % Relative error, %
Hydrogene 3.07 3.11 3.06 3.16 3.11 1.30
Ethane 0.03 0.03 0.03 0.03 0.03 0.00
Ethylene 0.09 0.08 0.09 0.09 0.09 -3.70
Carbon dioxide 4.10 4.45 4.14 3.91 4.17 1.63
Propane 0.29 0.28 0.29 0.29 0.29 -1.15
Propylene 0.35 0.34 0.34 0.34 0.34 -2.86
Oxygen 3.21 3.29 3.35 3.25 3.30 2.70
Nitrogen 87.60 87.18 87.50 87.73 87.47 -0.15
Carbon monoxide 1.26 1.24 1.20 1.20 1.21 -3.70
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Determination of the Refinery Gases by Multi —Dimensional Gas Chromatography

Liu Juntao', Zou Naizhong?, Zhong Siging', Wang Rongwei®
(1.SINOPEC Shanghai Research Institute of Petrochemical Technology, Shanghai 201208, China;
2. Beijing Research Institute of Science and Network Technology , Beijing 100083, China)

[Abstract] A method for analyzing refinery gases by multi—dimensional gas chromatography was described. The
work was performed on model HP6890 gas chromatography by virtue of automatic switching valve and switching
carrier gas technique. The system included four packed columns and a HP — PLOT/AlLO; capillary column.
Hydrogen flame detector and thermal conductivity detector were used to detect gaseous hydrocarbons and

inorganic gaseous respectively. External standard — area normalization was used in quantitative calculation tc

obtain better accuracy. The method was highly reproducible, precise, time —saving and easy to operate.

[Keywords] gas chromatography;refinery gases;carrier gases switching technique
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