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Abstract: Conditions of gas chromatograph/combustion/mass spectrometer (MAT252 GC/C) to
analyze compound-specific carbon isotope ratio of natural gas components including carbon dioxide
and hydrocarbons were examined. Combustion furnace temperature higher than 900°C was required
especially for methane analysis. Appropriate temperature and split ratios of injection were 180°C
and 1/10-1/20, respectively. Amplified signal of m/z 44 of objective peaks must be between 2-7V.
On these conditions, standard deviation of standard pure methane gas analyses were 0.08 %,. GC
temperature and pressure programs for individual gas components were designed to archieve
baseline separation of peaks and rapid analyses. By applying this method to natural gas samples,

we confirmed very high reproducibility of the isotopic values.
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Fig.1 Schemniatic view of the combustion interface and related inlet.
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GC Program

Column : PoraPLOT Q, 25mx0.32mm X 10um
Carrier : He, 75kPa, 42.7cm/sec, 2.85ml/min constant flow
Injection:  Split 10:1, 180°C
20min . 10min
coz 180°C ~ =%~ ~ CzHe 180°C oo CaHo 180°C m === - ===
(75-300kPa) ,/ . (92-300 kPa) |/ (107300 kPa) , _
' 1 . 107kPa K 40°C/min
40°C/min \ L '
(3.75min) ! ! J 40°C/min 125°C ———rt
K y 92kPa / mn
1
75kPa ,'l Y 80°C ——
30°C J Se-a=30T 4.5min
8min 8min 8min Smin
|
w
o]
Ne)
|
10min 10min 15min
CH4 180°C P======= - C3Hs 180°C pmmmomm = = CsHiz 180°Crmmmmmmm s
(75-300kPa) / . (92300 kPa) | (126—300 kPa) '40°C/min
! ! ! 40°C/min o /mi 156C
40C/min [ \ 107kPa ! 105kPa >/ m": .
(3.75min) \ 125°C , 120°C — (105125 kPa)
) ‘ 4.5min Tmin
, 80T
75kPa /;
30°C /
9min 9min 6min
BT KRH ARA RS D GCIRE,/FE /171 7 F A, Eletronic Pressure Control % v CERE T — F CHIE
LTWwalew, BES0 72 L2 ANT220C, ENZEENCHEISNS, BRI, SREEESTOE
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Fig.7 GC temperature/pressure programs for individual natural gas components. Only temperature program is

necessary to be loaded, because pressure is automatically controlled on constant flow mode by the Eletronic
Pressure Control. Solid line, dotted line and broken line indicate intervals in measurement, between measure-
ments and in baking, respectively. See text.
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Voltage signal trace at m/z 44 signal deminstrating sequential analyses of an natural gas sample, from carbon
dioxide to pentane. Solid circles indicate editted peaks, while a solid triangle does excluded one because the
signal exceeded 7V. Solid lines below the horizontal axis indicate intervals when the remaining components
were baked out from the column. Full scale of vertical axis was 10V during measurements and a division of
horizontal axis was 5 minutes. See text.
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Table 1 Analytical results for a standard and natural gas samples of which
carbon isotope ratios for individual components were known.

conventional GC/C
component content 8c 88c Inj. volume
(%) (%) (%0) (uL)
Standard gas CO2 47.8 -30.6 -30.2 30
CH4 434 -65.5 -65.4 30
C2Hs 7.08 -28.9 -28.9 150
C3Hs 0.86 - -31.4 500
i-C4H1o 0.435 — -27.1 500
n-CaHio 0.443 — -24.3 500
Natural gas CH4 83.0 -34.3 -33.9 10
C2Hs 5.44 -239 -23.9 70
C3Hs 1.99 -22.5 -22.6 70
i-C4Hio 0.37 - -22.6 300
n-C4Hio 0.50 -21.7 -21.6 300
i-CsHi2 tr - -20.9 3000
n-CsHi2 tr - -21.0 3000
Natural gas CH4 86.7 -33.3 -33.3 13
C2He 5.15 -24.1 -24.0 50
C3Hs 2.09 -22.0 -22.0 60
i-C4H1o 0.46 - -22.2 300
n-CaH1o0 0.50 -21.1 -21.2 300
i-CsH12 tr — -20.2 2000
n-C5Hi2 tr - -17.4 2000
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Fig.9

Reproducibility of carbon isotope ratios from the analyses of natural gas samples.

For each component,

distribution of the scatter ranges (differences between the maximum and minimum values) is shown in a
frequency diagram. The bar at 0.10, for example, indicates frequency of 0.06 to 0.10%., and no differences are

included within 0.05%o.
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Appendix :
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Examples of chromatograms of GC/C isotope analyses for individual gas components.

Upper figures show traces of the voltage ratios (45/44), and lower and/or middle figures show those of the
voltage signals (44). Magnified chromatograms were shown for carbon dioxides and pentane to examine

baseline separations from methane and of isomers, respectively.
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