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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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Introduction

This part of ISO 6974 describes a precise and accurate method for the analysis of natural gas, which permits the
determination of the composition of natural gas. The compositional data obtained are used for the calculation of
calorific value, relative density and Wobbe index.
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Due to th¢ high separation power of the capillary columns used, components, generally not present in natural gas
but in sone natural gas substitutes, can also be detected using this method. For the apalysis of| natural gas
substitutep, a methanizer is used in addition.

This part pf ISO 6974 provides one of the methods that may be used for determining the/composition gf natural gas
in accord@nce with parts 1 and 2 of ISO 6974.
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Part 2: Measuring-system characteristics and statistics for processing of data
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Table 1 — Application ranges

Component Formula Mole fo;oaction
Helium He 0,002 to 0,5
Hydrogen H, 0,001 to 0,5
Oxygen 0O, 0,007 to 5
Nitrogen N, 0,007 to 40
Methane CH, 40 to 100
Garbor-menexide SO 8,064 to 4
Carbon dioxide CO, 0,001 to 10
Ethyne (Acetylene) @ CoH, 0,001 to 0,5
Ethene @ CoH, 0,001 to 0,5
Ethane C,Hg 0,002 to 15
Propene 2° C3Hg 0,001 to 0)5
Propane ® C3Hg 0,001 to 5
i-Butane C4Hqg 0,000 1 to 1
n-Butane C4Hqo 0,000 to 1
2,2-Dimethylpropane (Neopentane) CsHyo 0;0001 to 0,5
2-Methylbutane (i-Pentane) CsHyo 0,000 1 to 0,5
n-Pentane CsHyo 0,000 1 to 0,5
Cyclopentane CsHyqg 0,000 1 to 0,5
2,2-Dimethylbutane CoHlyy 0,000 1 to 0,5
2,3-Dimethylbutane CeH1s4 0,000 1 to 0,5
2-Methylpentane CgH1sg 0,000 1 to 0,5
3-Methylpentane CgH1a 0,000 1 to 0,5
n-Hexane CgH1sg 0,000 1 to 0,5
Benzene CgHg 0,000 1 to 0,5
Cyclohexane CgH1o 0,000 1 to 0,5
Heptanes® CsHqg 0,000 1 to 0,5
Methylcyclohexane C;Hqs4 0,000 1 to 0,5
Toluene C;Hg 0,000 1 to 0,5
Octanes? CgH1g 0,000 1 to 0,5
Xylenes® CgHqg 0,000 1 to 0,5

NOTE The analysis may be extended under specific conditions (e.g. greater sample volume) to
hydrocarbons heavier than Cg, if present in mole fractions > 1 pmol/mol.

=

b

These components are generally not present in natural gas, but in natural gas substitute.

The separation of propane from propene is critical. Depending on the column in use this separation may
not be achieved.

¢ Components included: n-heptane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-dimethylpentane,

2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethylpentane, 2,2,3-trimethylbutane. Not all isomers can be
separated from each other.

d Components included: n-octane, 2-methylheptane, 3-methylheptane, 4-methylheptane,

dimethylcyclohexanes, 2,2-dimethylhexane, 2,3-dimethylhexane, 2,4-dimethylhexane, 2,5-dimethylhexane,
3,3-dimethylhexane, 3,4-dimethylhexane, 2,2,3-trimethylpentane, 2,2,4-trimethylpentane (i-octane),
2,3,3-trimethylpentane, 2,3,4-trimethylpentane, 2,2,3,3-tetramethylbutane. Not all isomers can be separated
from each other.

e Components included: o-xylene, m-xylene, p-xylene. m- and p-xylene will not be separated from each

other.

© ISO 2002 - All rights reserved
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ciple

3.1 Analysis of natural gas samples

Determination of hydrogen, helium, oxygen, nitrogen, carbon dioxide and hydrocarbons from C, to Cg by gas
chromatography using three capillary columns. A PLOT" precolumn is used for the separation of carbon dioxide
(CO,) and ethane (C,Hg).

A molecular sieve PLOT column is used for the separation of the permanent gases helium (He), hydrogen (H,),
oxygen (O,), nitrogen (N,) and methane (CHy,).

A thick fiI||n WCOT?) column coated with an apolar phase is used for the separation of the C; to Cg)(

hydrocarl

The perm
with a th
detector (

3.2 Analysis of natural gas substitutes

Carbon m
CH4 by a
than 0,00
a methan

When analysing natural gas substitutes, the PLOT column dese@ribed in 3.1 can also be used for the

ethyne (Q
carbon m

4 Materials

4.1 Carrier gases

411 A

4.1.2 Njtrogen (N,), > 99,999 % pure or Helium (He) > 99,999 % pure.

4.2 Au

421 F

4211

ons.

FID).

methanizer. Use of a methanizer, makes it possible to detegtn€CO and CO, at a mole frac

zer is not required. CO and CO, may then alternatively be.detected with the TCD.

oH5) and ethene (C,H,) and the molecular sieve\PLOT column can also be used for the
bnoxide (CO).

rgon (Ar), > 99,999 % pure; free from oxygen and water.

Kiliary gases
br FID detection:

Nitrogen (N,) or helium (He), > 99,996 % pure.

4.21.2

4.21.3

Hydrogen (H,), > 99,999 % pure, free from corrosive gases and organic compounds.

4.2.2 For methanizer (optional), when analysing natural gas substitutes:

4221

Hydrogen, > 99,999 % pure (may also be used as make up gas).

1) Porous layer open tubular

2) Wall coated open tubular

© ISO 2002
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4.2.2.2 Pressurized laboratory air, for the operation of pneumatically actuated valves.
4.3 Reference materials

4.31 Working reference gas mixture (WRM), the composition of which shall be chosen to be similar to the
anticipated composition of the sample.

Mole fractions of the components shall not differ by more than the relative deviations stated in Table 2.

A cylinder of distributed natural gas, containing all the components measured by this method may also be used as
the WRM. Prepare the WRM in accordance with ISO 6142 and/or certify it in accordance with ISO 6143. The WRM

shall contaif at least nitrogen, carbon dioxide, methane, ethane, propane, /-butane, n-butane. In the dase of an
indirect determination, the working reference gas mixture shall contain the reference component with a
concentratiop in agreement with the expected concentration range. Consequently, it may be necessabny to|use more
than one WRM.
Table 2 — Relative deviation between sample and WRM
Sample WRM
mole fraction (%) relative deviation (%)
0,001 to 0,1 + 100
0,1to01 +50
1t0 10 +10
10 to 50 +5
50 to 100 +3
4.3.2 Performance test gases.
4.3.21 For methanizer operation (optional);”consisting of a volume fraction of 0,001 % to 0,02 %o each of
CH,4, CO ang CO, in helium, for use when analysing natural gas substitutes.
4.3.2.2 Gas containing benzene and cyclohexane, for use in verifying peak resolution.
4.3.2.3 Gas containing hydrogen and helium, for use in verifying peak resolution.
5 Appanatus
5.1 Gas cghromatograph system(s), consisting of the following components:
511 Twqg ,column ovens, for temperature-programmed operation, capable of following a gijen linear
temperaturelgradient (an Table ’2)

The columns may either be installed in a dual-oven gas chromatograph or in two separate instruments. The
analyser should be capable of independently controlling the temperatures of both column ovens.

5111 Instrument 1 oven, containing the PLOT precolumn and the molecular sieve column (see Figures 1, 2
and 3).

Instrument 1 may alternatively be equipped with a column oven for isothermal operation for a temperature range
from 40 °C to 140 °C and capable of maintaining the temperature to within + 0,1 °C at any point inside the oven
chamber.

5.1.1.2 Instrument 2 oven, containing the WCOT column.

4 © ISO 2002 - All rights reserved
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Key

1 Plot precolumn

2 Molecllar sieve Plot column
3 TCD

4  Methapizer

5 FID

— Cs4, CoHy, CoHy, CoHg, CQ;,

CO, CH,, Ny, Oy, Hy, He

Figure 1 — Schematic diagram of the column configuration at the time of sample injectjon

Key

1 Plot precolumn

2 Molecular sieve PLOT column
3 TCD

4  Methanizer

5 FID

Figure 2 — Schematic diagram of the column configuration for the determination of CO, and C,
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Key

1 Plot precplumn

2 Moleculaf sieve PLOT column
3 TCD

4  Methanizer

5 FID

Figure 3 — Schematic diagram of the column configuration for the determination
of CO and backflushing of C;, hydrocarbons

5.1.2 Flow regulators, providing suitable flow rates for capillary columns.
5.1.3 Gas|sampling valves (GSV), maintained at a constant temperature to within = 0,5 °C.

Sample loop volumes of about 0,25 ml)may be used in conjunction with capillary split devices. Altgrnatively,
microvalves |with internal sample loops.may be used without split devices.

5.1.4 Valyeless or micro-valve/column-switching system, suitable for backflushing.
Examples of| possible configuirations of the column switching system are shown in Figure 4 and Figure 5.
5.1.5 Thefmal conductivity detector (TCD) and flame ionization detector (FID), having a time constant and

internal volyme appropriate for operation with capillary columns. For analyses performed on two separate gas
chromatogrgdphs;.the instruments shall be equipped as follows:

5.1.5.1 Instrument 1 detectors: TCD and an FID.
5.1.5.2 Instrument 2 detector: an additional FID.

5.1.6 Data acquisition system, of suitable resolution and time constant, capable of automatic registration of
analyses.

5.1.7 Methanizer (optional), to catalytically reduce on-line carbon monoxide (CO) and carbon dioxide (CO,) to
CH, when analysing natural gas substitutes.

These components can then be detected sensitively by the FID. A methanizer is not required if the samples do not
contain CO.

6 © ISO 2002 - All rights reserved
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If a methanizer is not installed, CO, and C,Hq are detected using the reference cell of the TCD (Figure 5), thus
giving reversed (negative) peaks for these components. All other components are backflushed from the precolumn.

Determine the conversion efficiency of the methanizer (nickel catalyst) by injecting a test sample containing a
known amount (volume fraction of 0,001 % to 0,02 %) of methane, carbon monoxide and carbon dioxide. If
necessary, adjust the catalyst temperature to optimize conversion efficiency and peak symmetry. Also adjust the H,
flow to optimize sensitivity. Under optimum operating conditions the methanizer has a conversion efficiency of
nearly 100 %. It is recommended to determine the stability of the methanizer.

Small amounts of H,S and probably other sulfur compounds reaching the methanizer cause immediate deactivation
of the catalyst bed. For this reason H,S shall be cut off by suitable column switching. A poisoned catalyst is
identified py theonsetof taftingom both COand €O, peaks.

A periodiq verification of the absence of leak is recommended. This can be performed by verifying that|the injection
of the carfier gas does not lead to any nitrogen or oxygen peak.

5.2 Capillary columns, consisting of the following:

5.21 PLOT fused silica capillary precolumn, for the separation of air, CO,, CsHy, C,H,, CoHg and CsHg.
Sufficient resolution between CH, and CO, is required to enable column switching.

A 25m x 0,53 mm i.d., with a 20 um phase thickness, PoraPLOT U3 _eolumn is recommended becaude it provides
good separation of these components.

5.2.2 Molecular sieve PLOT fused silica capillary column for the separation of He, H,, O,, N,, Chl, and CO.

Test the geparation efficiency of this column by injecting a'test sample of H, with a mole fraction of 4 /o and of He
with a mole fraction of 0,05 %. The separation efficiency should be sufficient to determine quantitatively both
components and shall meet the peak resolution requirement given in clause 7.1.

A 25 m x 0,53 mm i.d., with a 50 um phase thicknéss, molecular sieve 5 A column is recommended.

5.2.3 Npn-polar WCOT fused silica capillary column, for the separation of C5 to Cg hydrocarbons

The separation efficiency of this cglumn is sufficient, if the peak resolution of benzene and cyclohexgne meet the
performarce requirements givenin.7.1.

A 50 m x P,32 mm i.d., 5 ym-phase thickness, methyl silicone capillary column is recommended.

Alternative separation.célumns may be used if comparable separation efficiency is achieved.

3) Porous layer open tubular (PLOT) column filled with Porapak U. Porapak U is an example of a suitable product available
commercially. This information is given for the convenience of users of this part of ISO 6974 and does not constitute an
endorsement by ISO of this product.

© 1SO 2002 - All rights reserved 7
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igure 4 — Flow diagram of a gas chromatograph using a methanizer for CO reduction
(8-port micro yvalve with on-line switching system and methanizer)
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NO

1 Carrief gas
2 Samplp
3 Gas sample valve 1

4 PLOT precolumn

5 Valve |

6 Molecylar sieve PLOT column
7 TCD
8 FID
9 Gas sample valve 2
10 WCOT column

Figure 5 — Flow diagram of-a gas chromatograph without methanizer
(8-port micro-valve with on-line switching system)

6 Procedure
6.1 Operating conditions

6.1.1 Gas chromatograph

Set up the gas chregmatograph (column installation, carrier and auxiliary gas flow rates, oven programmes, detector
and injecfor temperatures, valve switching program) according to the manufacturer's instructions. An example of
gas chromatographic conditions is given in Table 3. These conditions are intended to be informative gnly and may
readily be|adapted to a particular application.

6.1.2 Column conditioning

A molecular sieve strongly adsorbs traces of water, which results in a deteriorated separation. Thus, especially if
the separation is performed in an isothermal mode, frequent conditioning of the PLOT columns as specified by the
column manufacturer is strongly recommended. If the column oven has temperature gradient capabilities, it is
advisable to include a temperature ramp for column conditioning at the end of each run.

This ramp also provides a sharper CO peak when analysing natural gas substitutes.

The maximum operating temperature of Instrument 1 is limited by the manufacturer's specifications of the
PoraPLOT precolumn.

© 1SO 2002 - All rights reserved 9
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Table 3 — Example of gas chromatographic conditions

Gas chromatograph Instrument 1 Instrument 2
Columns
Phase PoraPLOT U2 Molecular sieve 5 A @ Methyl silicone
Length (m) 25 50 50
Internal diameter (mm) 0,53 0,53 0,32
Phase Thickness (um) 20 50 5
Maximum temperature (°C) 190 300 320
Carrier gap (purity) Ar (99,999 %) Ar (99,999 %) N, (99,999.9%)
Flow-rate [ml/min) 4 — 06
Oven programm
Initial tem;[erature (°C) 30 35
Initial time](min) 31 12
Ramp ratg (°C/min) 12 8
Final temgerature 120 240
Final time 10 6
Detectors
Detector type TCD FID FID
Temperatiire (°C) 140 240 280
Make up flow (ml/min) 1,5 0 30
to referpnce cell 16 — —
to metHanizer 35 —
Injectors
Valve 0,25 ml — 0,25 ml
Split flow (ml/min) 0 — 40
Methanizer [(optional) — Nickel catalyst —
Temperatiire (°C) — 375 —
2@  The molgcular sieve column.'shall be conditioned separately from the PoraPLOT U column as the conditioning tempefatures are
different.
6.1.3 Sample introduction
Introduce thé_sample in a defined and reproducible manner into bath gas sample valves (see Figure 4) ITake care

that sample valves and loops are maintained at a constant temperature, at which no condensation of sample
components may occur.

Use a purge volume exceeding at least 20 times the volume of the valves, loops and associated gas lines.
Insufficient purging of the sample valves and loops results in memory effects from previous samples or in diluting
the sample volume with air.

Before injection, bring the samples to ambient pressure.

If a dual oven gas chromatograph is used, delay the switching time of the gas sample valve 2 (see Figure 4) with

respect to the switching time of the gas sample valve 1, so as to delay the first peak (CH,) from eluting from the
PLOT precolumn. This will prevent the CH, from masking the other components eluting from the PLOT precolumn,

10 © IS0 2002 — All rights reserved
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i.e. CO,, C,H,, C,H, and C,Hg, in the chromatogram. However, make sure this delay does not affect the sample
integrity (dilution by air break-in).

Control purge time and sample flow rate during sample introduction.

Controlled pressure equalization may be performed either by waiting for a precisely controlled time after purging or
by monitoring the pressure inside the sample loop.

6.2 Performance requirements

6.2.1 Columnperformance-evaluation

Test the geak resolution as part of the routine analytical cycle.
For each component to be quantified independently, the resolution between neighbouring, p€aks shalll exceed 1,5.
Determing the peak resolution as specified in ISO 7504. If the required resolution is not/achieved, thgse particular
components shall not be quantified and reported independently.

Typical pgak resolution is given in Table 4.

NOTE The treatment of insufficient peak separation depends on the data processor and the integrator used.

Table 4 — Typical peak resolution

Component 1 Component 2 Typical resolutipn
Methane (CH,) Carbon dioxide (CO,) 18,8
Hydrogen (H,) Heliuni(He) 5.5
Benzene (CgHg) Cyclohexane (CgH,5) 5,6
Propene (C3Hg) Propane (C3Hg) 0.7

6.2.2 Relative response factors

Determing the relative responsefactors as specified in ISO 6974-2.

6.2.3 Reésponse characteristics

Determing the response characteristic as specified in ISO 6974-2 at least once a year.

6.3 Determination

6.3.1 ComponentsHe; H3 05 N5 €H; €6;€605,€5H5€5Hand €515
See Figures 1, 2 and 3 for the column arrangements of Instrument 1 at different stages of the analysis.

Introduce the sample into the PLOT precolumn, where the permanent gases, CO and CH,, have little retention on
the precolumn and thus are separated from the C, and higher hydrocarbons. Transfer the components eluting
early, i.e. He, H,, O,, N,, CH, and CO, to the molecular sieve column for separation. Use the TCD to detect the
permanent gases and CH,. To detect CO, eluting last from the molecular sieve column, switch the column in-line to
the methanizer-FID arrangement.

Further separate CO, and the hydrocarbons, not transferred to the molecular sieve column, using the PLOT

precolumn, then detect them using the methanizer-FID arrangement. After C,Hg has been eluted, backflush the
C,+ fraction to vent. Examples of typical chromatograms are given in Figures 6 and 7.
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Separation may be achieved on both the molecular sieve and the precolumn in an isothermal mode (see 6.5).

Hydrogen and helium may also be determined indirectly although the problem with proper response factor selection
for TCD is well recognized. In general, nitrogen (N,) may be used as a reference component.

Since the TCD gives a poor response to carbon monoxide when using argon as a carrier gas, it is advisable to use
the FID to determine CO at mole fractions < 0,2 %. For this purpose, CO is directed via valve 2 into the methanizer

and the FID.

6.3.2 Hydrocarbons and higher

Connect theg WCOT methyl silicone column directly to its gas sample valve and the FID (see Figure'
separation Using a suitable temperature program (e.g. 35 °C to 240 °C at a rate of 8 °C/min). Use-butg
reference cdgmponent for the determination of pentanes and higher hydrocarbons.

Adjust the
chromatogr3

6.3.3 Detegction

6331 T

Use the TCII

COcanbed

6.3.32 F

Connect the

Use the FI
hydrocarbon

When analy
methanizer)
methanizer)

Peaks resulfing from CH,, C,H>,-C,H, and C,Hg, which are only in part separated on the WCOT meth

column, are

6.3.4 Data

Start data ag

eating rate of the temperature program, so as to separate CO from the other peaks i
m.

~
o

D

for the detection of He, H,, O,, N, and CH,.

etected at mole fractions > 0,2 % and CO, at mole fractions > 0,02 %.

D
FID to two columns by means of a fitting.

D for the detection of C,H,, CoHy(@nd C,Hg eluting from the PoraPLOT U precolum
s above C3Hg eluting from the WCGOF methyl silicone capillary column.

5ing natural gas substitutes, use the FID also for the detection of CO, (after reduction to
C,H, and C,H, eluting-from the PoraPLOT U precolumn and CO (after reduction to G

not suitable for.quantification.

acquisition

quisition for both detector channels simultaneously at the time of the first injection.

. Perform
ne as the

h the FID

n and all

LH, in the
H, in the

yl silicone
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Figure 6 — Chromatogram of analysis of hellum, hydrogen, oxygen, nitrogen
and methane on the molecular sieve 5A column
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