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Simultaneous Determination of Sulfur Compounds in High Sour
Petroleum and Natural Gas by Gas Chromatography
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(1. State Key Laboratory of Chemical Engineering, East China University of Science and Technology ,
Shanghai 200237, China; 2. China Petroleum and Chemical Corporation, Beijing 100029, China)

Abstract: Six sulfur compounds in high sour petroleum and natural gas were determined qualitatively
and quantitatively using gas chromatography equipped with capillary column and FPD (Flame Photometric
Detector). The relationship between concentrations of sulfur compounds and response peak heights was
obtained, and the effect of sample collection bag made of different materials on analytical results was inves-
tigated. The sulfur compounds mentioned above can be separated effectively with the capillary column.
The natural logarithm of concentrations and response peak heights show good linear correlation with a cor-
relation coefficient above 0. 980. The sample collection bag made of common rubber material is not suitable
for the quantitative analysis because of its evident adsorption of organic sulfur compounds.
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1.1 {XF5iE5H

GC-920 SAH GG, FPD o I #5 , I 5 i ik &
WHAARA RA A B E B34, SE-30, 30 m X
0.32 mm X 1. 0 pm, 22 M 42 Y B 55 BT ; Tedlar
(RACIHFEBO MRS, 1 L, REEFRI S
FHRAAE,

Fir A B B AL A W) ¥ R 4 B 4B, Fluka; H,S,
7 300 mg/m®;COS,4. 9% VKT 480 , b i Alks
ESEARA T  IE R IEC b, 4 A4k, igIE
RLRARA A MBFELG A AN, A Hy, S8 KT
99.99%, R HMIMAARTHEAA.
1.2 FREERIEL

AT G T R BAR R B AR AR B Y TR AL R
BICAREHHTA RO BRARERE . R CRABR
WL, BB H SR EN AR, BERERE
T MR LA T i An e B S
1.2.1 S h#AAeGERS 4B H 10,50,100 mL
HEHBES— R4 20% R E4 50 FRD BRI W
B R EB FKBE%RE  DLEB 7K e AR,
Sam) Tedlar S AR B LS 73 5 T8 A i BURE 42 (R
2y 1/3 By 2l Ny 5 F T S5 84K o A [ MR FR Y
CHRENSAERADES  BERARLAN, &
—E AR B B S SR R IR, AR
R BAL Y R BT B S 1 B oy B A g g

M o7 AL B AR i A VR R
v, M
C= %5 to M

1.2.2 RAKARAH GRS RAKREE,KKE 50
mL FEHURIKREZ 20 N BERE R EE 7K %
HOREH N A & N | R 2 R AL Y1 19 IR W e I 7R R Vs

W B IE M b ke 22— R, A 2 A AR B AL
R RFUBRFE . SBAPRAR Ao B B e BE T i o B
HE 150 2, 35 U v WD ) A ) AR o 8 T BE L R R A K
H

C = p% % 1000 (2

1.3 SHEH

il o M &R A No, JEJ 0. 08 MPa;
H, 25 K7 0.2 MPa; kil #8318 BE 250 °C; /L&
1 EE 250 C iR BEERE P 50 CHR%FE 3 min, A5 LA
3 °C/min 7} & 150 C , /%% 1 min,

2 #iR5HHE

2.1 REHRMRXBIESHE R

W T A HLBL AL Y14 5 64 B b o it 32 ma 23 A
GiRAMERTE. ASCHB T M-S E BB Ted-
lar PR AS AR AL AR 0 A DLBR 20 A 45 R O 2T
3 17 3 AR SR AR AR AN Tedlar AR A E
AEBACY AR BT - (R B — R e 18] JBURE 3 A7 e
FRIBAL AL R INR 1 TR .

R L ORFARM O VLG 20 A7 45 SR B R mi

Table 1 Effect of sample collection bag made of different
materials on analytical results
Bag Preservation C/(mg + m—%)
materials time/h COS MeSH EtSH i-PrSH »-PrSH
Tedlar 1 692.0 202.9 41.5 18.9 18.4
3 675.0 200.4 43.2 19.9 17.7
5 687.0 196.1 44.2 18.1 19.3
21 655.0 195.2 39.6 19. 2 19.4
26 663.0 200.2 41.8 20.8 18.9
Rubber 5 280.4 20.6 4,3 <1.0 <C1.0
26 176.8 10.3 2.1 <1.0 <1.0
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R, Bl R BCR AR R BB AL WL T 2
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T oS SR HERR R DY G 23 AT R B Bk AR
JBER BRRY RAEAR . i T Tedlar A A9 Bk R L4 682 o
LU HCA 3R & W P Y fb o B 25, D O R AT AR R G
Ve A SRR B RO, BRI R oK, TR
W ATRORT AR B W 5 3 ELAR S B A T R AR AR
TACHI BT RO SRAEA R, T ZE R, B 4l
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SN FPD I 85 X 6 A6 B9k . A 304 Bl BAIE
P T IE bt A 8 50 BIF 7S T 6 TR R0 A I 45 R Y
R, G5 IR TR BC W R R TN A B A 3 A
1E T e D 7 501 » T A B 1 1E 7Y B B 5 6 D IE IR 6t A
¥ 70 RIE 5 {68 A 2 R 9 30 A0 AL+ N TR T 43 4 0T, A
T B T R RN B AL A T B R . LB B S
PR i 0 T TR PR AP ) € R L G L A 1
7~ » B o FPD {55 W BL{EL RO BESR T R BRIV A Je YA K
.
2.3 miwHES

S 2 AR B I TR X S A AT RE . L
1E 1.3 Brid a4 4 46 T - 19 204 B AL 4 A9 £ 7
R 2 Pras. B3R 2 ol U, BT ok 3 A R 1
6 PG Y AR 4F 3 3 B L W R A AT EOR .
2.4 MUMIREHZNSEH

¥ 2.2 op B BC 2% B AL U0 4T B AR IR 2 1 0 A
(GHEREARAR 100 pL) , 78 XU B A A b 2 1] €8 % 1 15
H MtpE R\ E C R R L, B M4 8%
ALk BE 5 €0 T e v ) L M 1 S &R L SR B T
3. MR 3 AL, FPD A &5 X R AR 6 B
B A e I e T3 1 ) AR X RS BRAL B Wk BE I B AR R
WENRFRLRECR AR 0. 980 KL L.
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Table 2 Retention times and boiling points of sulfur com-

pounds

Sulfur compounds  Retention time/min  Boiling points? / ‘C

H.S 4.29 —61.8
CcOs 6.12 —50.2
MeSH 15.21 5.9
EtSH 21.79 36.1
i-PrSH 31.65 57~60
n-PrSH 36.45 67~68

1) p = 101.3 kPa

F3 WMAHEEMAEZERDEGXRER
Table 3  Fitting relations between concentrations of sulfur

compounds and response values

Sulfur compounds Fitting expression R
H,S C=exp(0.529 In H+0. 675) 0. 984
COSs C=exp(0. 634 In H—3.907) 0.997
MeSH C=exp(0. 825 In H—5.676) 0.996
EtSH C=exp(0. 555 In H—5.114) 0.991
i-PrSH C=exp(1.151 In H—11. 370) 0. 984
n-PrSH C=exp(0. 610 In H—3.056) 0.999

28 30 32 34 36 38
¢t/ min
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Fig. 1 GC spectrums of three sulfur compounds

a— FEthyl mercaptan (n-Hexane as solvent) , b— i-Propylmercapatan (n-Hexane as solvent), c— n-Propylmercapatan (n-Pentane as solvent)
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Table 4 Detection limits of sulfur compounds

Sulfur compounds Detection limit/(mg » m™3)

H:S 0.90
COSs 0. 37
MeSH 0.15
EtSH 0.10
i-PrSH 0. 20
n-PrSH 0.77

A o 254 B U e WA R (LB SR RS SRANK 5 BTk T

DR 320786 43 R AR AP e A6 00 B AR ) A A A
ZW/NF 7.5%,
2.7 EMRASHERITER
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Table 5 Repeatability tests of sulfur compounds

Sulfur HY /uV RSD/
compounds 1 2 3
H,S 1 286 1323 1112
COSs 3 993 3 845 3 836
MeSH 17 632 18 179 17 543
EtSH 10 562 10 150 10 §41
i-PrSH 426 442 422
n-PrSH 452 478 439

HY /uV RSD/
1 2 3 %
41 251 40 606 43 227 2.7
202 920 213 747 199 272 3.0
208 446 192 655 198 795 3.2
27 140 27 514 26 272 1.9
2 619 2 510 2 668 2.5
2 563 2 637 2 893 5.2

1) Response values for low sulfur compound concentrations; 2) Response values for high sulfur compound concentrations

COS | MeSH

H,S EtSH
i-PrSH »-PrSH
fV"kuJLu_‘—u 1 1 f L ! )
0 5 10 15 20 25 30 35 40 45
¢/ min
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Fig. 2 GC spectrum of sulfur compounds in natural gas
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Table 6 Analysis results of sulfur compounds

Sulfur compounds C/(mg+m~%)
H,S 145.0
COSs 431.2
MeSH 137.2
EtSH 13.9
i-PrSH 11.6
n-PrSH 9.4

3 45 i

(D # T AMRAKH COS. H B BE L Z B
B IE PR B BRI SR A AR B S R A HLBR AR AL 4 A K
H:S #9 GC-FPD 5 #7775 ¥k » =il 7 48 B 69 €38 o0
TAEHZ . FPD &3 4% %) % 6 i Ak 4 i f 14 =
(9 B SN RS BRAL Y BE A9 B AT R B R B 2R
PERAR MM R A 0. 980 LI L.

(2) ZIT B RE M LN M R A F & 5
AU K HeS B[R 2 5347, A HLER AL 81 B9 53
B B8 BRI - 03 B T vk e SR , A T PR AN B
RYERES I R R R AL B & A A LB ALY
E M SE B 40 AT 2 SR RN A IR AR S s 4l E A T 7
=,

(3) SR LM R AR AR AT B AR R
REARXIR & U A LB A 4 B I BRI 2, R
& EAE BT R R TR R RS %% .

HSHm -

C— M H i A BRAL 4 BT R WU, me/m®
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H— g5, pV

M

ALy 9 B /K B, g/ mol

RSD——HH %4 b5 i 22 » %4
v SRR B B HERE R AR, uL

v1 ST P R Y HERE AR, wL

vp ——BRBEATAE B9 HERE R B, L

x1 SAARATAE Y EE R S 4,106

x2 T B AT 1 SR A3 4, 1076

o FH B g/ mL
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