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National foreword

This Subsection of BS 3156 has been prepared under the
direction of the Environment and Pollution Standards
Committee. It is identical with 1SO 6975-1986 ‘Natural
gas — Determination of hydrocarbons from butane (C4)
to hexadecane (C;¢) — Gas chromatographic method’,
published by the International Organization for Standard-
ization (1SO). ISO 6975 was prepared as a result of
discussions in Technical Committee 158, Gas analysis,

in which the UK has participated.

BS 3156 was first published as a single standard in 1959
under the title ‘Methods for the sampling and analysis of
fuel gases’. A first revision was carried out in 1968 under
the title ‘Methods for the analysis of fuel gases’, Parts 1, 2
and 3 being published in that year. Parts 4 and 5 of BS 3156
were published in 1969. This new series of BS 3156, which
begins at Part 10, will incorporate methods prepared by
ISO/TC 158. In addition, it is intended to revise Parts 1 to 5
and publish them in the new series. No existing Parts of

BS 3156 are superseded by this Subsection.

Terminology and conventions. The text of the international
standard has been approved as suitable for publication as a
British Standard without deviation. Some terminology and
certain conventions are not identical with those used in
British Standards; attention is drawn especially to the
following.

Wherever the words ‘International Standard’ appear,
referring to this standard, they should be read as ‘Subsection
of BS 3156'.

The comma has been used as a decimal marker. In British
Standards it is current practice to use a full point on the
baseline as the decimal marker.

In British Standards it is current practice to use the symbol
‘L’ for litre (and in its submultiples) rather than ‘I,
Cross-references
International standard

I1ISO 6142-1981

Corresponding British Standard

BS 4559 Methods for preparation

of calibration gas mixtures

Part 1 : Section 1.1 : 1983 Mixtures
containing components fully
vaporizable under ambient conditions
(ldentical)
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ISO 6974-1984 BS 3156 Analysis of fuel gases

Part 11. Methods for non-
manufactured gases

Section 11.1 Hydrocarbons and inert
gases

Subsection 11.1.1 : 1986 Deter-
mination of hydrocarbons to Cg

and inert gases by gas chroma-
tography

(ldentical)

The Technical Committee has reviewed the provisions of
1SO 683/13, to which reference is made in 5.3.1, and has
decided that they are acceptable for use in conjunction
with this standard. Stainless steel number 20 (AIS! type
316), referred to in 5.3.1, is equivalent to stainless steel
316S31 specified in BS 970 ‘Specification for wrought
steels for mechanical and allied engineering purposes’
Part 1 : 1983 ‘General inspection and testing procedures
and specific requirements for carbon, carbon manganese,
alloy and stainless steels’.

Textual errors. When adopting the text of the international
standard, the following textual errors were discovered.
They have been marked in the text and have been reported
to I1SO in a proposal to amend the text of the international
standard.

In 6.2, paragraph 2, the second sentence should be read as
follows ‘First flush the cylinder, preferably with at least
20 times its own volume of the gas to be analysed’. In 6.2,
paragraph 3, line 1 ‘should’ should be read as ‘shall’.

Additional information. In 5.3.2.1, reference is made to the
trade name of a packing material as follows ‘Chromosorb W,
AW, DMCS treated’. The generic name for this item is ‘a
white diatomaceous support, acid washed and silanised’.
Reference to the trade name in 5.3.2.1 does not imply
endorsement of that product by BSI. The attention of 1SO
has been drawn to the need for the insertion of a footnote
to this effect, similar to the footnote to the note to clause 3,
referring to 13 X and Porapak R.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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British Standard
Analysis of fuel gases

Part 11. Methods for non-manufactured gases
Section 11.1 Hydrocarbons and inert gases

Subsection 11.1.2 Determination of hydrocarbons from butane (C, ) to hexadecane (C,¢) by gas

chromatography

1 Scope and field of application

This International Standard specifies a method of quantitative
analysis of C4 to C,¢ hydrocarbons in natural gas.

NOTES

1 C4 and Cg hydrocarbons are measured individually, and the higher
hydrocarbons are grouped for each carbon number.

2 Complete analysis may be obtained by combining the results from
this method with the unnormalized results from ISO 6974, which
covers determination of helium, hydrogen, oxygen, nitrogen, carbon
dioxide and hydrocarbons from C, to Cg.

3 If used in conjunction with ISO 6974, the results for C; to Cgq are
those obtained by means of the method described in ISO 6974; the
results for Cg to C,q are those obtained by means of the method
described in this International Standard.

2 References

ISO 683/13, Heat-treated steels, alloy steels and free-cutting
steels — Part 13: Wrought stainless steels.

ISO 6142, Gas analysis — Preparation of calibration gas mix-
tures — Weighing methods.

ISO 6974, Natural gas — Determination of hydrogen, inert
gases and hydrocarbons up to Cg — Gas chromatographic
method.

3 Principle

Injection of a natural gas sample on to a column, the packing of
which has been impregnated with silicone oil. The separation is
carried out using temperature programming and the consti-
tuents are detected by means of a flame ionization detector
(FID).

Determination of quantitative results for the C4 to C4g hydrocar-
bons either by calibrating the chromatograph with a calibration
gas mixture containing butane and calculating all other
hydrocarbon responses from this, or by applying the value for
pentane obtained from ISO 6974 and calculating from this.

When the results are combined with those from ISO 6974,
the total of the measured concentrations shall be normalized to
100 %.

NOTE — ISO 6974, with which the results from this analysis can be
combined, uses two separations. These involve a molecular sieve
13 X1 column with a thermal conductivity detector, and a Porapak R 1!
column with a thermal conductivity and a flame ionization detector in
series.

4 Materials

4.1 Carrier gas: helium, not less than 99,99 % pure?), free
from oxygen and water.

4.2 Auxiliary gases
4.2.1 Hydrogen, not less than 99,99 % pure.2)

4.2.2 Air, free from hydrocarbon impurities.

4.3 Reference materials: 2-methylpropane, butane and all
the straight chain alkanes from Cg to C+¢, all not less than 99 %
pure.

4.4 Coolant: solid carbon dioxide or liquid nitrogen.

1) 13 X and Porapak R are trade names for commercially available products. At present, no other products intended for this purpose are known to be
available commercially. This information is given for the convenience of the user of this International Standard and does not constitute an endorse-

ment of these products by ISO.

2) If the purity of the gas is less than that specified, it is essential to check that the type of impurity present does not interfere with the analysis. Also,
even if the carrier gases argon and/or helium fall within the specification, some of the impurities present in these gases can nevertheless interfere with
the analysis. Under these circumstances, appropriate purification is essential.
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5 Apparatus

5.1 Gas chromatograph, capable of temperature pro-
grammed operation and equipped with an FID.

5.1.1 Column oven, capable of temperature programming
from —50 to +300 °C at a rate of 10 + 2 °C/min. To obtain
and maintain a temperature of —50 °C an accessory for cooling
either with liquid/solid carbon dioxide or with liquid nitrogen is
necessary.

5.1.2 Flow regulator, to maintain the required carrier gas
flow rate over the temperature programme range (see 5.1.1).

5.2 Injection devices

5.2.1 Gas sampling valve (bypass injector), capable of
injecting sample volumes of 0,5 to 20 mi.

The choice of sample volume depends upon the limit of detec-
tion required. With a 0,5 ml sample loop the lower limit is
1 umol/mol and the upper 5 % (mol/mol). With a 20 ml loop,
the lower limit is 0,05 pmol/mol and the upper 0,1 % (mol/mol).

The sampling valve and the sample loop shall be maintained at
a temperature of 100 + 5 °C, to an accuracy of + 0,5 °C.

5.2.2 Injection device, for liquids heated to 250 °C.

5.3 Column

5.3.1 Tube
— Material: stainless steel, number 20 according to
ISO 683/13 (AISI type 316), cleaned and degreased
— Length: 3,6 m
— Internal diameter: 2 mm
— Form: appropriate to the chromatograph

— Radius: appropriate to the chromatograph
5.3.2 Packing

5.3.2.1 Methyl silicone phase on Chromosorb W, AW, DMCS
treated, 180 to 250 um (60 to 80 ASTM mesh): 10 g of liquid
phase to 90 g of solid support.

5.3.2.2 Method of packing

Any method which results in uniform column packing may be
used.

NOTE — The following method is suitable.

The column outlet is closed with a sintered disc or glass-wool plug.
A reservoir containing rather more packing than is needed to fill the
column is connected to the inlet and the packing is fed into the column
by application of gas pressure, using nitrogen at a pressure of 0,4 MPa.

The flow of packing into the column is assisted by vibration. When the
coiumn is full, allow the gas pressure to fall slowly to atmospheric
pressure and then disconnect the reservoir.

5.3.3 Conditioning

Set the flow rate to the specified value. Programme the column
temperature in such a way that it reaches 275 °C at a rate of
1 °C/min, and allow to stand overnight at this temperature.
Leave the column disconnected from the detector during this
conditioning.

When operated under the recommended conditions, the separ-
ations in each case should be at least as good as those shown
in figures 1, 2 and 3.

To determine the resolution between octane and nonane use a
calibration mixture of Cg and Cq hydrocarbons.

The resolution between octane and nonane is given by the
formula

th - ICB
l’VC9 + WCB
where

fcy s the absolute retention time, in seconds, of octane;
tcy Iis the absolute retention time, in seconds, of nonane;

Wc, is the width of the peak, in seconds, at the baseline
of the octane peak;

We 0 is the width of the peak, in seconds, at the baseline
of the nonane peak.

The value for this expression should be about 5.

5.4 Flame ionization detector (FID), with a time constant
not greater than 0,1 s.

5.5 Thermostatted oven, for maintaining the sample
cylinder at 75 + 5 °C.

5.6 Sample cylinder, stainless steel, typical capacity 1 litre,
rated for a pressure of 15 MPa at 100 °C.

5.7 Tubing, stainless steel, 0,7 to 1 mm inner diameter, to
connect the sample cylinder to the gas sampling valve of the
gas chromatograph, and capable of being heated to 100 °C.

5.8 Electrical trace heater, for maintaining the temperature
of the needle valve of the sample cylinder at approximately
100 °C. Other suitable means of heating may also be used.
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