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Measurements of position-specific carbon isotopic compositions in propane
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Abstract; In this study, an on-line Gas Chromatography —Pyrolysis —Gas Chromatography —Isotope Ratio Mass
Spectrometer ( GC—Py—-GC—-IRMS) was established to conduct position-specific isotope analysis ( PSIA) by
enrichment of compound interested, chromatographic separation, instantaneous pyrolysis and isotope ratio measure-
ment. Propane, as its instantaneous pyrolysis can be kinetically controlled, was selected for tests. The molar conver-
sion (mol% ) of propane during pyrolysis and the carbon isotopic compositions of pyrolysis products upon temperature
sequence show that the optimal pyrolysis temperature of propane is 780-820 °C for its position-specific carbon isotope
analysis. Integrated with carbon isotopic fractionation during the propane pyrolysis, the carbon isotopes of central and
terminal carbon were successfully calculated. Two natural gas samples from the Daniudi Gas Field, Ordos Basin were
collected for central and terminal carbon isotope measurements in propane. Similar 8" C values of central carbon of
propane in natural gas from the Ordovician and Carboniferous —Permian reservoirs could be indicative of the same
source strata. While " C-enrichment in the terminal C-atom of propane in natural gas from the Carboniferous—Permian
reservoirs probably indicates that natural gas accumulated in the Carboniferous—Permian reservoir maybe have experi-
enced a higher thermal maturation compared to that from the Ordovician reservoirs. The results suggest that the PSIA
in propane can be a potentially powerful tool to probe the mechanisms on natural gas generation.
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Table 1 Basic data of natural gas samples
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H, N, €O, CH, C,H, C,H, iCH,, nCH, iCsH,, nCH, C, C, G
G 12.89 282 0.84 73.64 403 235  0.58 1.77 0.36 071  -443 -405 -343
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0.30 0.45 0.15 -37.2 -25.6 -25.5




B b B

- 352 -

%

http : // www. sysydz.net

B

i 44 4

A M S T SRR 2 A b A, 7 L
SR AR R i A SR R KUk SE
RIE P TA A, Bl A R RS2 A L
TH BRFAGTAME3B(P) a2 K
(Px) &1 B (P "), “&RIVEHR L 2 B
(P,s>) Il 1 B (Ps'), 15 R KRBk 2 B
(Cy?) K1 BE(Cye ) Rl R e
PN R FWADLE 1-2 TE (0, m) -
0,m2) 5 WE(O,md) %, PEIET 1 7 W
BE(0,m]) DA R hPUBE (O, m" ) 245 F 4145t LA
PR P, RS AR b R Rk
SRR T IR T it s 8 TAE 58k ok
HEHERAR— SR (C-P)BRBIA (B
J2 BRI @R ) PR ER R A R
TSRS AG B A 1723073 i 2 LA
T SRR R R T T AR A —
LR R FHEARBRIR ER 7 o R R 5 d
SR 5 DA AT U 5 Ay 9 280 A R A A TR U
3T e o R A R R R T B vk
S, TR IR T R R 54 (0, m) $h F 1R
ey T A RS T RS [T Ll A R e—
B RBERBBE? AR R IR S
B R 2 RIEAT AT ST

3 ARG EERTT L

i Ky SN =3 N Ve R (R F AW
DU 3 ASOAH €0 3 — 24 A — A (0 35 [ 067 3R LU B T
I (GC-Py—GC—IRMS) 1£ £ A filk W] 137 R ik &R 48
(B 1), FEAHE - EE—OE s —1
Sl SO TS —IRM 2R FUE B ORI R AL
RS, W& 1 a] 0L, Fir AR 5 | A A
1, T8 SN e B o0 B SRR A4, 3 3 Y 3 g el
() 7] 1) 3R A5 TN ot 4 o3 iE A 24 % 97 ( CARBO LITE

EUROTHERM, % [, #i K5 +0.5 °C) , e E
(R T XN BE R A T 24 , SRR A 1 M 1 i 2 — A
FAPEPE Y B A 43U A 4 o R I 3 R A S
ik 2 (A 2 AR 3, Hd @5 2 5 FID Rl A%
A, T A S = W 21 5 i i 3 3 ) 47 &
FUARL T3S, P D00 240 7= 0 ) ik [ 57 28 LA
gl R AR TR F D RE R, BRI
ST KRR o3 B A R — R R —
Sy B —ak FID 55208 ik (Rl 2 A 55— ARk %
SRt BRI AR IR 2R S RAS R ARAS I Bt A ik 7]
N EA N,

M EORE I HTAE Agilent 7890A A (354X I
e, (A% HP-PLOT-Q (30 m x0.32 mm x
20 wm) , O35 R 7 I SRR IR 40 C, HIR
1 min, 285 LA 10 °C/min TF& 150 C ,4£+F 1 min,
FELA 20 °C/min FHE 250 °C {445 5 min; JEEE IR
JE 110 C A0 AE (At 2 ¢ 1), gl oy 4%
ALV 1.0 mL/min, FID K 2% tb& P00
PEAHE GBW 04480 A/ H1 04 114 4 BA 1 1] I 28 S ik
(257 %F b o o, A ] Ao 28 D 2 7 3 38 Agilent
7890A KA TEAL AP EL Delta V Advantage [A] i/
WA BT AL b5 i, %R TR &1 iRk
40 °C ,fHE 19 min, #2854 10 °C/min T+ 150 C
{4 1 min, B LL 20 C/min F+ & 250 °C, {5 4%
5 min; B 4SRN, FERE 2.0 mL/min, 43R
BECAEL 15 2 1) o Sl oy B J5 W N be i Je ik
A CARBOLITE EUROTHERM ZLfi#t 5t | 3 I AE 5256
BERE BN AT 24, 240 ) — B A i NS
A I AL A = DAL, T — A 1 R 2 T A
R (LB 960 °C) #lf% bk CO, , T2 2468 77 53
TORENE R4 N, K VPDB frife, BEAFEE
DARAR 2 AT, B 2= — /N T £0.2%o0.
BERAEAT 9 AL WS, R B FH AR TSR G M
FEACAS BRI RN 3BTRS B

—__| Bt

)

IRMS

B 1

AR T — 2 — A 3 R0 3 (T ( GC-Py—GC—IRMS ) 7EZ AR [F) 10 23 3R 58 m

Fig.1 On-line determination using Gas Chromatography—Pyrolysis—Gas
Chromatography—Isotope Ratio Mass Spectrometer ( GC—Py—GC-IRMS)
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Fig.2 Relative molar concentration (mol% )
of fragments and residual propane from propane
pyrolysis of natural gas sample G at different temperatures
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Table 2 Enrichment factors and absolute " C values of position-specific

carbons of propane pyrolysis in standard natural gas G
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IRE/C & & & 8BC,  8°C, IMH SV Crp SEIME 8V Cry W2
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760 -57 03 -41 -37.5 -282 -34.4 -343 0.1
780 -59 02 -59 -369 -29.6 -34.4 -34.3 0.1
800 -63 09 -42 -37.7 -28.1 -343 -343 0.2
820 -6.9 1.4 -46 -37.1 -293 -345 -343 0.2
840 -6.1 28 -43 -37.0 -296 -345 -343 0.2
860 -42 57 -40 -36.6 -30.5 -345 -343 0.2
880 -2.8 75 -41 -363 -31.0 -34.6 -34.3 0.3
900 -12 93 -46 -37.1 -298 -34.7 -34.3 0.4
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