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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 1SO 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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(IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
tional Standards adopted by the technical committees are circulated to the member bodies
1S an International Standard requires approval by at least 75 % of the member-bodies casting
hall not be held responsible for identifying any or all such patent rights.

Standard ISO 6974-3 was prepared by Technical Committee JSQ/TC 193, Natural gas, Sub
5is of natural gas.

well as the other five parts of ISO 6974 cancel and replace 1SO 6974:1984 which specifieg
nsists of the following parts, under the general-title Natural gas — Determination of compo
britainty by gas chromatography .
Suidelines for tailored analysis

Measuring-system characteristics and statistics for data treatment

ked columns

Determination of nitrogen, carbon dioxide and C; to Cs and Cgy hydrocarbons for a laborato
hsuring system using two columns

Determination<of nitrogen, carbon dioxide and C; to Cs and Cg, hydrocarbons for a laborato
Cess application using three columns

pillary columns

for voting.
a vote.

of patent
committee

only one

sition with

Determination of hydrogen, hefium, oxygen, nitrogen, carbon dioxide and hydrocarbons up to Cg using

'y and on-

'y and on-

Determination of hydrogen, helium, oxygen, nitrogen, carbon dioxide and hydrocarbons up t¢ Cg using

Annexes A and B of this part of ISO 6974 are for information only.
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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 the Wobbe index.

This met v oFtwo—cordm WHeHR—8 wje ome. of—two—68 o8 .
of the eluent of the first column are detected by a thermal conductivity detector (TCD onstifuents of the
eluent of the second column are detected by a TCD and flame ionization (FID) in series.

If the two columns are put into one chromatograph the gas chromatographic conditions are, described in informative
annex A.

This part pf ISO 6974 provides one of the methods that may be used for determining.the composition of natural gas
in accordance with parts 1 and 2 of ISO 6974.

© 1SO 2000 — All rights reserved \
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Natural gas — Determination of composition with defined
uncertainty by gas chromatography —

Part 3:
Determination

of hydrogen, helium, oxygen, nitrogen, carbon
dioxid ~arbonsapto-C8usine teart-aat

1 Scope

This part pf ISO 6974 describes a gas chromatographic method for the quantitative determination of the content of
helium, hydrogen, oxygen, nitrogen, carbon dioxide and C; to Cg hydrocarbons-in natural gas samples using two
packed columns. This method is applicable to determinations made in on-liné processes or in the lahoratory. It is
applicablg to the analysis of gases containing constituents within the meple‘fraction ranges given in|Table 1 and
which do jhot contain any hydrocarbon condensate. These ranges do not represent the limits of detegtion, but the
limits withjin which the stated precision of the method applies. Although’ 6he or more components in alsample may
not be defected present, the method can still be applicable.

This part pf ISO 6974 is only applicable in conjunction with parts¢l and 2 of ISO 6974.
Table 1 — Application ranges
Component Mole fractoi/gn range

Helium 0,01 to 0,5
Hydrogen 0,01 to 0,5
Oxygen 0,1 to 0,5
Nitrogen 0,1 to 40
Carbon dioxide 0,1 to 30
Methane 50 to 100
Ethane 0,1 to 15
Propane 0,001 to 5
Butanes 0,0001 to 2
Pentanes 0,0001 to 1
Hexafestooctanes 6;660-1+—t6o—65

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of 1ISO 6974. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 6974 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

© I1SO 2000 — All rights reserved 1
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ISO 6974-1:2000, Natural gas — Determination of composition with defined uncertainty by gas chromatography —
Part 1: Guidelines for tailored analysis.

ISO 6974-2:—1), Natural gas — Determination of composition with defined uncertainty by gas chromatography —
Part 2: Measuring-system characteristics and statistics for data treatment.

ISO 7504, G

as analysis — Vocabulary.

3 Principle

Determinatig
chromatogra
used for the
with a TCD
carbon dioxi
are combing

If oxygen is

column, then the nitrogen value shall be taken from the molecular sieve analysisnIf-the mole fraction of

less than 0,(
the Porapak

Quantitative
using relativ

The resultingg composition of the natural gas is normalized to 100%.

4 Materi

4.1  For th
column) con
411 Argq

If the purity

interfere with the analysis. Also, even if the carrier gases argon and/or helium fall within the specification

the impuritie
appropriate
4.1.2 Wor

41.2.1

n of nitrogen, carbon dioxide and hydrocarbons from C; to Cg by gas chromatography
phic columns. A molecular sieve 13X column coupled with a thermal conductivity detecto
separation and detection of hydrogen, helium, oxygen and nitrogen, and a Porapak R)colum
and a flame ionization detector (FID) in series is used for the separation and détection o
d.

seen to be present at a mole fraction greater than 0,02 % when measured using the moleg

2 % and assuming that hydrogen is absent from the gas sample, the nitrogen value can be t
R analysis.

results are achieved by determining the response of the T.CD.detector with reference-gas mi
b response factors of the FID detector.

1S

e determination of helium, hydrogen,(oxygen and nitrogen , (separation on molecular

Sisting of the following.
n carrier gas , > 99,99 % pure, free from oxygen and water.
Df the gas is less than that“specified, it is essential to check that the type of impurity presen

S present in the-~gases can nevertheless interfere with the analysis. Under these circu
purification is essential.
king-reference gas mixtures  (WRM), consisting of:

Gas, mixtures containing helium and hydrogen with nitrogen or argon as the matrix gas.

using two
(TCD) is
n coupled
nitrogen,

de and hydrocarbons from C; to Cg. The two analyses are carried out independently and the results

ular sieve
oxygen is
aken from

tures and

sieve 13X

does not
, some of
mstances,

41.2.2

Gas mixtures containing oxygen and nitrogen with argon as the matrix gas

NOTE 1

NOTE 2

Take care to prevent explosion of gas mixtures.

In the case of analysis using only one instrument, the WRM with oxygen and nitrogen as components and argon as

the matrix gas can be replaced by oxygen with nitrogen as matrix gas. By addition of helium to the WRM this gas could also be

used for the d

aily calibration.

1) To be published.
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4.2  For the determination of nitrogen, carbon dioxide and hydrocarbons from C 1 to Cg (separation on
Porapak column), consisting of the following.

4.2.1 Helium carrier gas , > 99,99 % pure, free from oxygen and water.

4.2.2 Working-reference gas mixtures (WRM), consisting of multi-component gas mixtures containing:
nitrogen, carbon dioxide and hydrocarbons from Cq to C3 (optional to Cy)

An example of the composition of the working-reference gas mixture is given in Table 2.

Tahle 2 Fyamplp of the r‘nmlnn:ifinn of the \A/nrking-rpfpmnrp gas mixture

Component Mole fraction
%
Nitrogen 6
Methane 80,5
Carbon dioxide 9
Ethane 4
Propane 0,5
n-Butane 0,5 (optional)

4.2.3 F|D gases, consisting of
a) hydropen , > 99,99 % pure, free from corrosive gases:;and organic compounds;

b) air, free from hydrocarbon impurities.

5 Appgaratus

5.1 LaHoratory gas chromatographicy(GC) system , consisting of two columns, a molecular sieve|13X column
and a Porppak column, which are contained in two column-ovens or can be placed in the same columnt-oven.

The gas ample is injected on-€ach column by means of a 6-way sample valve. Signal responses of cqmponents in
the gas sample are detectedusing TCD and/or FID detectors.

NOTE The gas sample can be injected into the Porapak and molecular sieve column in series using a cojumn isolation
technique.
5.1.1 For the\determination of helium, hydrogen, oxygen and nitrogen, equipped with the following specific

componerpts and characteristics.

5.1.1.1 Gas chromatograph, capable of temperature-programmed operation and equipped with a TCD and
the following specific equipment:

a) column oven and temperature controller, consisting of:

— column oven , capable of maintaining the temperature of the column to within + 0,5 °C over a temperature
range from 35 °C to 350 °C;

NOTE 1 To obtain a temperature of 35 °C when testing at high ambient temperatures, a provision for cooling may
be required, for example using an accessory for cooling with liquid carbon dioxide or liquid nitrogen.

NOTE 2  Alternative procedures for analysis on the molecular sieve 13X column are given in annex A.

© I1SO 2000 — All rights reserved 3
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— temperature controller, consisting of a linear programmer suitable for providing a rate of temperature
increase of 30 °C/min over the specified range.

b) flow regulator , capable of maintaining suitable carrier-gas flow rates.

5.1.1.2 Injection device, consisting of a by-pass-type injector (gas-sampling valve) having an injection
capacity of 1 ml and capable of being heated to a temperature setting of 110 °C.

The sample volume shall be reproducible such that successive runs agree within 1 % for each component.

5.1.1.3 Columns, two with the same type of packing and with the same dimensions.

The second column is normally used for drift compensation during the temperature programme|If drift is
compensatefd by means of an electronic integrator, the second column is not necessary.

Columns shall satisfy the following requirements:

a) metal typbing, having the following characteristics:

— nature: ptainless steel, number 20 (AlISI type 316), cleaned and degreased

— length: I m

— diametdr: 2 mm internal diameter (i.d.)

— form: appropriate for the chromatograph

— radius: @ppropriate for the chromatograph

NOTE Iffa column of 3 m is used, increase the column oven‘temperature to 40 °C (see annex A).
b) packing|Molecular sieve 13X, particle size fromr 150 um to 180 pum (80 ASTM mesh to 100 ASTM mesh);
— method|of packing: any suitable packingmethod providing uniform column packing;

— conditiohing: overnight at approximately 350 °C under a flow of carefully dried carrier gas.

NOTE Some injection devices are unable to deal with temperatures above 250 °C and may cause donditioning
problems.

5114 Thermal conductivity detector  (TCD).

5.1.2 For the detefmination of nitrogen, carbon dioxide and hydrocarbons from C 1 to Cg, equipped with
the following specific.components and characteristics.

5.1.2.1 Gas chromatograph , suitable for dual-column application and equipped in series with a TGD and an
FID.

a) column oven and temperature controller, consisting of:

— column oven , capable of maintaining the temperature of the column to within + 0,5 °C over a temperature
range from 35 °C to 230 °C.

NOTE To obtain a temperature of 35 °C an accessory for cooling with liquid carbon dioxide or liquid nitrogen
may be necessary.

— temperature controller , consisting of a linear programmer suitable for providing a rate of temperature
increase of 15 °C/min over the specified range.

4 © IS0 2000 — All rights reserved
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b) flow regulator, capable of maintaining suitable carrier-gas flow rates.

5.1.2.2 Injection device, consisting of a by-pass-type injector (gas-sampling valve) having an injection
capacity of 1 ml and capable of being heated to a temperature setting of 110 °C.

5.1.2.3 Columns, two of the same type of packing and with the same dimensions.

The second column is normally used for drift compensation during the temperature programme. If drift is
compensated by means of an electronic integrator, the second column is not necessary.

a) metal tubing, having the following characteristics:

— naturg: stainless steel, number 20 (AISI type 316), cleaned and degreased

— length: 3 m

— diameter: 2 mm i.d.

— form:|appropriate for the chromatograph

— radiuk: appropriate for the chromatograph

b) Porapak R packing, particle size from 150 um to 180 um (80 ASEM,mesh to 100 ASTM mesh);
— methpd of packing: any suitable packing method providing uniform column packing

— conditioning: overnight at approximately 230 °C under a‘flow of carefully dried carrier gas
5.1.2.4 Detectors, having the following characteristi€s:

— for cgmponents including hydrocarbons up to, C37 thermal conductivity detector (TCD)

— for hydrocarbons from Cy4 to Cg: flame ignjzation detector (FID)

Ethame and propane can be detected by an FID if the mole fraction is less than 1 %. In either cdse, the time
consfant shall not be greater than-0,1 s. If C3 is used as reference component, it shall be detected |by an FID.

— the TICD and FID detectofs shall be connected in series

NOTE If the mole fraction of oxygen is less than 0,02 %, the nitrogen value can be taken from the Porapak R analysis,
assuming that hydrogen.isinot present in the gas sample.

6 Progedure

6.1 Gas chromatographic operating conditions
6.1.1 For the determination of helium, hydrogen, oxygen and nitrogen
Set the operating conditions for the apparatus (5.1.1) as follows.
a) Oven and column:
— initial temperature: 35 °C for 7 min

— temperature rate: 30 °C/min to 250 °C

© I1SO 2000 — All rights reserved 5
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— final temperature: maintain at 250 °C for 10 min

NOTE Alternative procedures for analysis on the molecular sieve 13X column are described in annex A. Variations in the
programming may give a better separation.

b) Carrier gas flow rate: 10 ml/min of argon
c) Detector: TCD

— set according to manufacturer's instructions

— tenjperature: between 140 °C and 160 °C
— carfier gas: argon
6.1.2 For the determination of nitrogen, carbon dioxide and hydrocarbons from C 110, Cg

6.1.2.1 G conditions
Set the operpting conditions for the apparatus (5.1.2) as follows:
a) Oven anfd column:
— initial temperature: 35°C for 3 min
— tenjperature rate: 15 °C/min to 200 °C
— fingl temperature: maintain at 200 °C for 30 min
b) Carrier gas flow rate: 35 ml/min of helium
c) Detectof:
— set|according to manufacturer's instructions
— FIO
i) | temperature: between290 °C and 310 °C
ii) | carrier gas: hélium
— TCp

i) | temperature: between 240 °C and 260 °C

i) —carrier gas. nefium

6.1.2.2  Column stability check

Check the baseline stability of the column by means of blank runs.

No individual peak shall originate from a constituent having a mole fraction exceeding 0,04 %. If larger peaks are
seen, repeat blank runs until satisfactory. If necessary, prepare new columns, preferably from a different batch of

Porapak R.

NOTE 1  Different batches of Porapak R often show variation in performance. For example the retention sequence of
benzene and cyclohexane may be reversed. It is therefore recommended that the retention time of benzene and cyclohexane
be determined from time to time, and certainly after new columns have been installed.

6 © IS0 2000 — All rights reserved
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Baseline stability may be checked as follows:

a) raise the oven to the final temperature to clear any accumulated contamination;

b) cool to the initial temperature;

c) inject a calibration gas mixture containing a low mole fraction of butane and start the temperature programme;

d) atthe end of the calibration gas run, cool to the initial temperature. Perform a blank run by injecting carrier gas in place of a
sample and start the temperature programme;

e)

6.2 Peifformance requirements

6.2.1 Rd

6.2.1.1

The heigh
larger ped
fraction of
longer pe

Assess th

6.2.1.2
The heigh

than 109
criterion i

6.2.2 Rg

solution efficiency

Molecular sieve 13X column
t of the valley between the peaks above the baseline shall be no greater than 10 % of the
\k under the operating conditions following injection of a sampl€-containing equivalent amo
about 0,4 %) of hydrogen and helium (see Table 3). If this criferion is not met, condition the
iod or prepare a new column.

e peak resolution in accordance with ISO 7504.

Table 3 — Required-peak resolution

Component 1 Component 2 Resolution

Hydrogen Helium 0,1 (at least)

Porapak R column
t of the valley betweéen’the 2-methylbutane and pentane peaks above the baseline shall b

of the height of(the larger peak under the operating conditions following injection of a sa
not met, condition the packing for a longer period or prepare a new column.

sponse

neight of the
Lints (a mole
backing for a

£ no greater

DeterminTéthe response characteristics for each of the gases determined in accordance with 1SO 69
once a yepf:

6.2.3 Relative response factor

Determine the relative response factors in accordance with ISO 6974-2.
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6.3 Deter

mination

6.3.1 Outline of the analysis

The analysis is outlined as follows.

a) Analyse the working-reference gas mixture and the sample in accordance with clause 11 of ISO 6974-1:2000.
b) Measure the content of methane, ethane, propane, optional butane, nitrogen and carbon dioxide directly by
means of determined response curves.
c) Measurgthe content of oxygen, hydrogen and helium directly using two certified-reference gas mixiufes.
d) No groyps shall be determined.
e) No backflush shall be performed.
f)  Use thg relative response to determine the content of higher hydrocarbons, i.e. from 'C3 and upwards. Use
propang as the reference compound (optional: butane).
Examples of| typical chromatograms of this analysis are given for information in Figures A.1 and A.2 of annex A.
6.3.2 Estimation of other components
Estimate thg fraction of other components in accordance with ISO 6974-1:
Backflushing shall not be carried out.
7 Expression of results
7.1 Calculation
7.1.1 Molelfractions
Refer to ISQ 6974-1.
7.1.2 Corrgction for the presence of oxygen
Normally, ngdtural gas does nat’contain oxygen. If, however, natural gas samples are found to contain oxygen and if
this is due fo contamination/by improper sampling of the gas then the mole fraction of nitrogen and all other
components|shall be cotrected according to the following procedure:
a) the sanjple contains more than 0,02 % of a mole fraction of oxygen. If the mole fraction of oxygen [> 0,02 %,
correct thesmale fraction of nitrogen according to the equation:
XNpo = X ~ 1 %0, (1)
where
XNy is the mole fraction, expressed as a percentage, of nitrogen after correcting the mole fraction
for air contamination;
XN, is the mole fraction, expressed as a percentage, of nitrogen in the sample after normalization;
X0, is the mole fraction, expressed as a percentage, of oxygen in the sample after normalization.
8 © ISO 2000 - All rights reserved
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In equation (1), it is assumed that the TCD responses for N, and O, are equal.

b) the sample contains less than 0,02 % of a mole fraction of oxygen. If the mole fraction of oxygen < 0,02 %,
correct the mole fraction of nitrogen according to equations (1) or (2).

1) If nitrogen analysis has been carried out on a molecular sieve 13X column, equation (1) shall be applied.

2) If nitrogen analysis has been carried out on a Porapak R column, apply the following equation:

100

Ny = XN, — 57 %0

21 2

The mole
oxygen is

7.2 Pre
Refer to |

See anne

8 Test

Report thg

h equation (2) it is assumed that the TCD responses for N, and O, are equal.

fraction, X c, expressed as a percentage, of component j in the sample corrected)for the
normalized to 100 % according to the equation:

*

X;
IS

2 %55+ Mo
=1

is the normalized mole fraction, expressed as a percentage, of component j in the sample;

is the non-normalized mole fraction, of component | in the sample;

is the total number of components;

is the total number of components(except oxygen and nitrogen, determined separately
molecular sieve 13X and Porapak R column.

cision and accuracy
50 6974-2.

X B for typical preeision values.

report

e results in accordance with clause 14 of ISO 6974-1:2000.
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Annex A
(informative)

Single-oven gas-chromatographic system consisting of two columns

Both analytical columns are placed in a single column oven and provided with a linear temperature programmer
capable of obtaining a rate of temperature increase of 30 °C/min over the specified range.

A molecular
components
capacity of 1

sieve 13X column is used for the determination of helium, hydrogen, oxygen. The detecfiop of these
is carried out by TCD. The gas sample is injected using a by-pass-type injector with an injection

ml. Flow regulators are used to give suitable argon gas-flow rates.

A Porapak R column is used for the determination of nitrogen, carbon dioxide, methanesto*normal ogtane. The
detection is garried out by TCD in series with an FID. The gas sample is injected using a.by-pass-type injector (gas
sampling valve) with an injection capacity of 1 ml. Flow regulators are used to give suitablé helium gas flop rates.

The configufation of such a chromatographic system is given in Table A.1.

Table A.1 — Configuration of the chromatographic,system

Determination

Helium, hydrogen, oxygen

Nitrogen, carbon dioxide,
methane to normal octane

Column

Packing

Length

Internal diameter
ASTM mesh size

Molecular sieve 13X
3m
2mm
80 to 100

Porapak R
3m
2mm
80 to 100

Metal tubing Stainless steel Stainless steel

Carrier gas Argon; 30 ml/min Helium; 30 ml/min
[Petector TCD TCD and FID
Ipjection device

Capacity 1mi 1mi

Valve temperature 110 °C 110 °C
Temperature setting

Initial temperature 40 °C 40 °C

Initial time 12 min 12 min

Temperature rate 15 °C/min 15 °C/min

Final temperature 200 °C 200 °C

Final time 30 min 30 min

10
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Start

£ Hydrogen 0,86

L
—

/f

Helium 0,69

Oxygen 1,56

Nitrogen 2,87

j Methane 4,12

Figure A.1 — Typical chromatogram of helium, hydrogen, oxygen and nitrogen using a Molecular-sie]
13X column (with indication of the absolute retention time in minutes)
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