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INTERNATIONAL STANDARD

1ISO 6974-1984 (E)

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

0 Introclluction

This Interngtional Standard describes a precise and accurate
method for|the analysis of natural gas.

The method requires the use of two columns which can be put
into one or|two gas chromatographs. The constituents of the
eluent of the first column are detected by a thermal conduc-
tivity detector (TCD). The constituents of the eluent of the
second colimn are detected by a TCD and flame ionization
detector (FID) in series.

NOTE - If {he two columns are put in one chromatograph the pro-
cedure given|in clause A.6 should be followed.

The detectprs and associated electronics shall have a rapid
response time — a time constant of not greater than 0,1 s is
desired.

The methofl allows measurement of helium, hydrogen, oxy-
gen, nitrogén, carbon dioxide and C, up to Cg hydrocarbohs:

If the contgnt of hydrocarbons only up to C,4 or Cg isrequired,
reference cpn be made either to 1SO 6568, which.déscribes a
simple method for the analysis up to Cg of constituents of dry
natural gas| by gas chromatography, or toSSO 6569, which
describes alrapid evaluation up to C, of constituents of natural
gas by gas |chromatography.

For analysig of natural gas for hydrocarbons from butane (C,)
up to hexadecane (C,¢), see ISO-6975.
1 Scopg and field/of application

This Interngtional\Standard specifies a method of quantitative
analysis of the following constituents of natural gas

— carbon dioxide
— hydrocarbons from C4 up to Cqg

The gas sample shall not contain\any hydroc@rbon condensate
and/or water.

2 References

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

ISO 6142; Gas analysis — Preparation of calibration gas mix-
tures =~ Weighing methods.

1ISO6143, Gas analysis — Determination of composition of
calibration gas mixtures — Comparison methods.

ISO 6146, Gas analysis — Preparation of calibration gas mix-
tures — Manometric method.

ISO 6568, Natural gas — Simple analysis|by gas chroma-
tography.

ISO 6569, Natural gas — Rapid analysis |by gas chroma-
tography.

ISO 6975, Natural gas — Determination of hydrocarbons from
butane (C4) up to hexadecane (Cy5) — Gas|chromatographic
method.2)

3 Principle

Separation of the components of natural gas|by means of two
chromatographic columns. Use of a moleqular sieve 13 X3!
column with a TCD for the separation and detection of helium,
hydrogen, oxygen and nitrogen, and a Pofapak R3) column

—  helium
— hydrogen
— oxygen

— nitrogen

1) At present at the stage of draft. (Revision of ISO 683/13-1974.)

2) At present at the stage of draft.

with—a—CDb-and-an+Hb-inseriesfor-the ocpa.ation and detec-
tion of nitrogen, carbon dioxide and hydrocarbons from C; up
to Cg. The two analyses are carried out independently and the
results are combined.

If oxygen is seen to be present at a concentration greater than
0,02 % (mol/mol) when measuring on molecular sieve, then

3) 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.
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the nitrogen value shall be taken from the molecular sieve
analysis. If less than 0,02 % (mol/mol) of oxygen is present,
the nitrogen value is taken from the Porapak R analysis. Quan-
titative results are achieved by calibration of the detectors with
calibration gas mixtures. The response factors of helium,
hydrogen, oxygen, nitrogen, carbon dioxide and the saturated
hydrocarbons from methane up to butane are derived from an
analysis of calibration gas mixtures. The relative response fac-
tors to butane of isobutane and higher hydrocarbons are given
in table 5.

The resulting composition of the natural gas is normalized to

5 Apparatus

5.1 Apparatus for the determination of helium,
hydrogen, oxygen and nitrogen

5.1.1 Gas chromatograph, capable of temperature pro-
grammed operation and equipped with a TCD.

5.1.1.1 Column oven and temperature control

5.1.1.1.1 Column oven, temperature range 35 to 350 °C,

100 % (see 8.1).

4 Materials

4.1 Materialg for the determination of helium,
hydrogen, oxygen and nitrogen

4.1.1 Carrier gps — argon, > 99,99 % pure!), free from
oxygen and watey.

4.1.2 Reference materials.
4.1.2.1 Helium| oxygen and hydrogen, > 99 % pure."

4.1.2.2 Nitroggn and methane, > 99,99 % pure'), free
from helium, oxygen and hydrogen.

4.2 Materiallfor the determination of nitrogen,
carbon dioxid¢, and hydrocarbons from C; up to Cg

4.2.1 Carrier gps — helium, > 99,99 % purel), free from
oxygen and watdr.

4.2.2 Auxiliary|gases.

4.2.21 Hydrogen, 99,99 % pure¥,\free from corrosive
gases, water and organic compousids:

4.2.2.2 Air, fre¢ from hydrocarbon impurities.

4.2.3 Referende matérials.

capable of being maintained to within T U,5]°C at any
temperature in the range during an analysis.\/Tlo obtain a
temperature of 35 °C an accessory for cooling with liquid car-
bon dioxide or liquid nitrogen may be necessary.

NOTE — Alternative procedures for analysis on the mglecular sieve
13 X column are given in clause A.4.

5.1.1.1.2 Temperature control : The oven shall pe provided
with a linear programmeér suitable for providing a rate of
temperature increase,of 30 °C/min over the speciffed range.

5.1.1.2 Flow regulators, to give suitable carrier gas flow
rates.

NOTE — A’more accurate flow controller may be used.

5.1.2" Injection device, bypass-type injector (gas sampling
valve), capable of injecting a volume of 1 ml.

5.1.3 Columns

Two columns with the same type of packing and with the same
dimensions (see 7.1.1.1.2).

NOTE — The second column is normally used for drift Jompensation

during a temperature programme. If drift compensatiop is done by
means of the electronic integrator a second column is npt necessary.

5.1.3.1 Tube

— Nature : stainless steel, number 20 agcording to
1ISO 683/13 (AISI type 316), cleaned and degrejpsed

— Length:1m

— Diameter : 2 mm internal diameter

4.2.3.1 Nitrogen and methane, > 99,99 % pure.

4.2.3.2 Carbon dioxide, ethane, propane and butane,
> 99,95 % purel).

Other reference materials which may be used for peak identi-
fication are pentane, hexane, heptane, octane, benzene,
toluene, cyclohexane, isobutane, 2-methylbutane, neopentane
and methylcyclohexane.

— Form - appropriate to the chromatograpn

— Radius : appropriate to the chromatograph
5.1.3.2 Packing

5.1.3.2.1 Molecular sieve 13 X

Particle size : 150 to 180 um (80 to 100 ASTM mesh)

1) 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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After packing, treatment overnight at approximately 350 °C
with carefully dried carrier gas flowing is necessary for good
separation.

5.1.3.2.2 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

1SO 6974-1984 (E)

temperature of 35 °C an accessory for cooling: with liquid
carbon dioxide or liquid nitrogen may be necessary.

5.2.1.1.2 Temperature control : the oven shall be provided
with a linear programmer suitable for providing a rate of
temperature change of 15 °C/min over the specified range.

5.2.1.2 Flow regulators, to give suitable carrier gas flow
rates.

NOTE — A more accurate flow controller may be used.

reservoir cor o y packing—thar—is ded—to—fi—the
column is comnected to the inlet and a pressure of 0,4 MPa of nitrogen
is applied to|this reservoir. The flow of packing into the column is
assisted by Vibration. When the column is full, allow the pressure to
decay slowly|before disconnecting the reservoir.

5.1.3.2.3 Efficiency of resolution

Inject a sample containing equivalent amounts (in the region of
0,4 %) of hiydrogen and helium so that the height of the valley
between th¢ peaks above the baseline is not greater than 10 %
of the height of the larger peak under the operation conditions

stated in 7.]. If this criterion is not met continue the activation
for a longer| period or prepare a new column.

5.1.4 Thefmal conductivity detector, with a time constant
of not greafer than 0,1 s.

5.1.5 Poténtiometric recorder

— Rarlge : appropriate to the detector (usually T\to

10 mV)
— Impedance : > 2000 Q
— Response time: < 0,5s

NOTE — Alternative devices may be used provided that the re-
quirements for response are satisfied.

5.1.6 Intejgrator
Wide rangel: 0 to 1 V

The integrdtor shall\be capable of baseline tracking and of
measuring Teaks on a sloping baseline.

5.2.2 Injection device, bypass-type injector (gas sampling
valve), with heating device, capable,of)injedting a volume of
0,5 ml.

5.2.3 Columns

Two columns with the 'same type of packing gnd with the same
dimensions (see 7.2:1.1.2).

NOTE — The seeond column is normally used for
during a temperature programme. If drift compe
means of the‘electronic integrator a second colum

drift compensation
hsation is done by
n is not necessary.

5.2371 Tube

— Nature : stainless steel, number 20 according to
ISO 683/13 (AISI type 316), cleaned and Hegreased

— Length:3m
— Diameter : 2 mm internal diameter
— Form : appropriate to the chromatograph

— Radius : appropriate to the chromatdgraph
5.2.3.2 Packing

5.2.3.2.1 Porapak R
Particle size : 150 to 180 um (80 to 100 ASTM mesh)
After packing, treatment overnight at apprpximately 230 °C

with carefully dried carrier gas flowing is ngcessary for good
separation.

5.2 Apparatus for the determination of nitrogen,
carbon dioxide and hydrocarbons from C, up to Cg

5.2.1 Gas chromatograph, for the analysis of gases suitable
for dual column application equipped with a TCD and an FID in
series. The FID shall have a linear dynamic range of six decades
and a lower limit of detection of 10-12 g/s of carbon.

5.2.1.1 Column oven and temperature control

5.2.1.1.1 Column oven, temperature range 35 to 300 °C,
capable of being maintained to within + 0,5°C at any
temperature in the range during an analysis. To obtain a

5.2.3.2.2 Method of packing

Any method which results in uniform column packing may be
used. A suitable method is described in the note to 5.1.3.2.2.

5.2.3.2.3 Efficiency of resolution

Inject a natural gas sample so that the height of the valley be-
tween the 2-methylbutane and pentane peaks above the
baseline is not greater than 10 % of the height of the larger
peak under the operation conditions stated in 7.2. If this
criterion is not met continue the activation for a longer period
or prepare a new column.
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5.2.4 Detectors

— For components including hydrocarbons up to Cj3:
TCD

—  For hydrocarbons from C4 up to Cg : FID

Ethane and propane can be detected by an FID if the concen-
tration is less than 1 %.

In either case the time constant shall not be greater than 0,1 s.

7 Procedure

If the apparatus has been used for a previous determination
ensure that it has returned to the starting conditions in 7.1.1
before injecting a sample or calibration gas mixture.

Inject the sample into two columns according to 7.1 and 7.2.

Modifications of the procedure that are not part of the standard
are described in annex A.

The TCD and FI[} detectors shall be connected in series.

5.2.5 Potentiometric recorder(s)

In the case of nop-automatic change-over from TCD to FID, a
dual pen recorder]is necessary to detect both signals in parallel.

In the case of autpmatic change-over from TCD to FID, a single
pen recorder is syfficient.

— Range : gppropriate to detector (usually 1 to 10 mV)

— Responsg time : <0,5s

NOTE — Alternatie devices may be used provided that the require-
ments for response|are satisfied.

5.2.6 Integratof
Wide range : 0tq 1V

The integrator shall be capable of baseline tracking and of
measuring peaks on a sloping baseline.

6 Samples

The method is intended for natdral~gases containing con-
stituents in the rgnges listed in table 1. They do not represent
the limit of detectjon, but thelimits within which the stated pre-
cision of the method applies.Af one or more components in a
sample is not dgetectably\present, the method can still be
used.

71 Determination-of helium, hydrogen,-oxygen

and nitrogen

7.1.1 Control of the apparatus

Set up the gas chromatograph according to the manpufacturer’s
instructions.

Set the heater of the bypass injector to 50 °C.
7.1.1.1 Oven and.¢olumn

7.1.1.1.1 Temperature programme :
a) inifial temperature 35 °C for 7 min;
b)\ heat at 30 °C/min to 250 °C;
¢) maintain at 250 °C for 10 min.

NOTE — Alternative procedures for analysis on the mdlecular sieve
column are given in clause A.4.

7.1.1.1.2 Carrier gas flow rate

10 ml of argon per minute

7.1.1.2 Detector
Detector temperature setting : between 140 and 140 °C.

Set the detector parameters to the maximum settingd allowed by
the manufacturer at the conditions given above.

7.1.1.3 Recorder

Table 1 — Concentration ranges of natural gas

components

Component (% (ool
Helium 0,01 to 05
Hydrogen 0,01 to 0,5
Oxygen 0,1 to 05
Nitrogen 0,1 to 40
Carbon dioxide 0,17 to 30
Methane 50 to 100
Ethane 0,1 to 15
Propane 0001to b5
C4 hydrocarbons up to octane 0,001to 0,5

Set the chart speed to a minimum of 0,5 cm/min.

7.1.1.4 Integrator

Set up the integrator in accordance with the manufacturer’s in-
structions. Attenuate the recorder signal, if desired, inde-
pendently of the integrator input signal.

7.1.2 Calibration

7.1.2.1 At the beginning of each period of use, after the initial
sample injection described in 7.1.3, inject the calibration gas
mixture (7.1.2.2) twice. The repeatability shall fall within the
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relative values quoted in 8.2.1, given the composition of the
calibration gas mixture. If this is not achieved, inject the calibra-
tion gas mixture a third time, and check the repeatability of the
second and third injection. When two successive injections
fulfil the repeatability requirement, take the mean of the two as
the calibration value.

Recalibration shall be performed at intervals of not greater than
4 h.

NOTE — If more than three replicates are necessary this implies that
there may be errors in the procedure or faults in the apparatus.

1ISO 6974-1984 (E)

Table 3 — Order of elution of components

Component Relativg retention
times
Helium 0,17
Hydrogen 0,21
Oxygen 0,38
Nitrogen 0,69
Methane 1,00
Ethane 3,07

7.1.2.2 Usge gravimetric high pressure calibration gas mixtures
(table 2) prgpared according to 1SO 6142,

NOTE — Fof alternative methods for the preparation of calibration gas
mixtures, se¢ clause A.5.

Table 2 — Calibration gas mixtures

Gas Gas
Compgonent mixture 1 mixture 2
% (mol/mol) % (mol/mol)

Helium 0,4 0,4
Oxygen 0,4 —
Hydrogen — 0,4
Nitrogen?)
Methane2 balance balance

1) The nitrpgen concentration has to be chosen so that it is suf-
ficiently similar to the nitrogen content of the sample (see table 4).

2) In prepgring calibration gas mixtures containing oxygen and
methane, it if essential that the proportions of oxygen and methanetie
outside the g¢xplosive limits.

7.1.3 Te

s[
Purge the $ample valve with the gas to be analysed, using at
least 20 timles the volume of the valve and associated pipework.

Stop the plirge so as to allow the gasto reach the temperature
of the valvg¢ and ambient presstre; then inject.

Inject the appropriate calibration gas mixture in the same way.
If this volurpe of sample’is not enough to purge the valve, con-

tamination |by airser‘by the previous sample wi'l be evident. In
this case, yse a\arger volume of sample for purging.

sample and in the calibration gas mixture. W

Measure the areas of the peaks due to components in the

here a component

has been measured at different attenuatio:Ls in sample and

calibration gas mixture, convert the measurei
attenuation.

7.1.5 Preliminary expression of results

Calculate the concentration of each compon|
according to the equation

A;
X = Xy U
ic

whére

X, is the mole fraction, expressed as
substance i in the sample;

X; . Is the mole fraction, expressed as

substance i/ in the calibration gas mixture}

A; is the area of the peak for sub|
chromatogram of the sample;

A ¢ is the area of the peak for sul
chromatogram of the calibration gas mix

ents to the same

ent of the sample

A1

a percentage, of

a percentage, of

r

stance i on the

stance [/ on the
ure.

7.2 Determination of nitrogen, carbbon dioxide

and hydrocarbons from C; up to Cg

7.2.1 Control of the apparatus

Set up the gas chromatograph according to t

he manufacturer’s

NOTE — It I15alSo possible 10 introduce the sample Into a previousty
evacuated sample loop and allow it to equilibrate to ambient pressure
before injection.

7.1.4 Examination of the chromatogram
A typical chromatogram is shown in figure 1.

The order of elution of components and information on relative
retention times for a properly prepared column are given in
table 3. Table 3 has to be used with care because relative reten-
tion times are unreliable on a molecular sieve column as they
depend upon the conditions of preparation and state of use of
the column. The column can be regenerated by overnight
heating at 350 °C (see 5.1.3.2.1).

instructions.

Set the heater of the bypass injector to 100

7.2.1.1 Oven and column

7.21.1.1 Temperature programme :
a) initial temperature 35 °C for 3 min;
b) heat at 15 °C/min to 200 °C;

c) maintain at 200 °C for 30 min.

°C.
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7.2.1.1.2 Carrier gas flow rate

35 ml of helium per minute

7.2.1.2 Detectors

tructions.

Sample Calibration gas mixture
actual component deviation of component
concentration concentration
% relative to
0
% (mol/mol} sample concentration
— TCD temperature setting : between 240 and 260 °C 0,001to 0,1 + 100
0,1 to 1 + 50
—  Set the bridge current according to manufacturer’s in- 1t 10 + 10
10 to 50 +
oU 10 TUU T 3
— FID tempdrature setting : between 290 and 310 °C
7.23 Test

Adjust the hydrog
response as reco
flame in the FID.

Table 4 — Tolerance between concentrations of
components in the calibration gas mixture and sample

en and air flow rates so as to give optimum
mmended by the manufacturer. Light the

7.2.1.3 Recordef(s)

Set the chart spee

7.2.1.4 Integrat

Set up the integra
instructions. Atter
integrator input si

7.2.2 Calibratio

7.2.2.1 Atthe b
sample injection d
mixture (7.2.2.2)

relative values qu
position of the ca
inject the calibrati
repeatability of th
cessive injections
mean of the two

Recalibration shall
4 h.

d to @ minimum of 0,5 cm/min.

br(s)

or(s) in accordance with the manufacturer’s
uate the recorder signal independently of the
hnal.

ginning of each period of use, afterthe initial
escribed in 7.1.3, inject the calibration gas
wice. The repeatability shall fall within the
bted in 8.2.1, given knowledge of the com-
ibration gas mixture. If this is not achieved,
pn gas mixture a third\time, and check the
b second and third ipjection. When two suc-
fulfil the repeatability requirement, take the
s the calibration value.

be performed at intervals of not greater than

Proceed in a similar way to that described in 7.1.3.

7.2.4 Examination of the.chtomatogram
A typical chromatogram is“shown in figure 2.

NOTES

1 Different batches of Porapak R often show slight varigtion in per-
formance. Eor example the retention sequence of bgnzene and
cyclohexane may be reversed.

It isstherefore recommended that the retention times of Henzene and
cyelohexane be determined from time to time, and certainly after new
columns have been installed.

2 Baseline stability may be checked as follows :

First, raise the oven to the final temperature (7.2.1.1.1)
accumulated contamination.

o clear any

Second, cool to the initial temperature.

Third, inject a calibration gas mixture containing a low condentration of
butane and start the temperature programme (7.2.1.1.1).

Fourth, at the end of the calibration gas run, cool t¢ the initial
temperature. Perform a blank run by injecting carrier gas in place of a
sample (see 7.1.3) and start the temperature programme.

Fifth, calculate the concentrations of the constituents of which the
peaks are recognized by the integrator in the Cg up to (g region by
comparison with the butane in the calibration gas.

NOTE — If more than three replicates are necessary this implies that

there may be errors

in the procedure or faults in the apparatus.

7.2.2.2 Use gravimetric high pressure calibration gas mixtures

prepared accordin

g to I1ISO 6142.

The mixture should contain nitrogen, carbon dioxide, methane,
ethane, propane and butane.

In order to obtain maximum accuracy, the tolerances between
the concentration of the indicated components of the calibra-
tion gas mixture and the components of the sample shall be as
given in table 4.

No individual peak should originate from a constituent with a concen-
tration exceeding 0,04 % (mol/mol). If larger peaks are seen, repeat
blank runs until satisfactory. If necessary, prepare new columns,
preferably from a different batch of Porapak R.

Measure the areas of the peaks due to components in the
sample and in the calibration gas mixture. Where a component
has been measured at different attenuations in sample and
calibration gas mixture, convert the measurements to the same
attenuation.

7.25 Preliminary expression of results

Calculate the concentration of each component of the sample
according to equation (1).
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To determine the cyclic and acyclic hydrocarbon components
with 4 up to 8 carbon atoms (these components are not present
in the calibration gas mixture), apply relative response factors
of the FID for these components compared to butane, either

I ey | Aatorm~imad ~Ar thnon ~iuan in tahla B

cxp\:limcluauy aeterminea or tinose 3ivcu in @die o.

Calculate the concentration of the cyclic and acyclic hydrocar-
bon components with 4 up to 8 carbon atoms according to the
equation

(AN

] b

Xi=Fil 5

B

ISO

6974-1984 (E)

b) if the oxygen concentration of the samples is greater

than 0,02 % (mol/mol), then the nitrogen
the samples shall be taken from the
analysis.

8.1 Normalization

concentration of
molecular sieve

n

If the sum of the concentrations of all the components, 2 X,

b
where

X; is the mole fraction, expressed as a percentage, of

substance / in the sample;

X, is the mole fraction, expressed as a percentage, of
butane ir] the sample;

F; is th¢ response factor of the FID of substance i com-
pared to putane;

A; is the area of the peak for substance i on the

chromatggram of the sample;

Ay s the area of the peak for butane on the chromatogram
of the sample.

Table 5 — Relative response factors of the FID for natural
gas components

by means of equation (3)

where

the molecular

Porapak—R—anatysis;—adds—tp—tobetween-99-4nd

the individual concentrations, X, shall be norma

i=1
ieve and/or
01 %, then

lized to 100 %

1

. (3)

X; is the\mole fraction, expressed as g percentage, of
substance i in the sample after normalizatipn;

X; ‘is the mole fraction, expressed as g percentage, of

substance i found from either equation (1

or (2);

n is the total number of components d¢termined separ-

ately on both the molecular sieve 13 X
column.

The concentrations of the components shall

and Porapak R

be expressed as

. If, however,
jen and if this is

e :

(mol/mol) oxy-

. (4)

Cdmponent FN23) mole percentages to three significant figures.
Propane 1.333 Normally, natural gas does not contain oxygen
Isobutane 1,000 natural gas samples are found to contain oxy
Butane 1,000 due to contamination by improper sampling of{ the gas then the
Pentanes 0,800 concentration of nitrogen and all the other components shall be
Hexanes 0,667 corrected according to the following procedu
Heptanes 0,573
Octanes 0,501 a) the sample contains more than 0,02 9
Benzene 0,669 gen. If X, > 0,02 % (mol/mol), correct fhe nitrogen con-
Cyclohexarfe 0,668 centration according to the equation
Methylcyclphexane 0,572
Toluene 0,572
1) Butane § 1,000 X = X5 — 7_8X'
: . . o N2,c N2 99 02
2) These figures—are—derived—From——KaiSER—R—GChromatographio—a
der Gasphase, Part Ill (1961), p. 136.
where

3) The values can only be obtained when using the FID under the
conditions of 7.2.1.2.

8 Expression of results

For the final calculations of the concentrations of the com-
ponents in the samples and for the final presentation of the
results, two cases can be distinguished :

a) if less than 0,02 % (mol/mol) of oxygen is present in
the samples, then the nitrogen concentration of the samples
shall be taken from the Porapak R analysis;

X No.c is the mole fraction, expressed as a percen-
tage, of nitrogen after correcting the concentration

for air contamination;

X Np is the mole fraction, expressed

as a percen-

tage, of nitrogen in the sample after normalization;

X0, is the mole fraction, expressed

as a percen-

tage, of oxygen in the sample after normalization.

NOTE — In equation (4) it is assumed that the
Ny and O, are equal.

TCD responses for


https://standardsiso.com/api/?name=7c4d6b867ebf34bd17b73b679e13e8e0

1ISO 6974-1984 (E)

b)

the samp

le contains less than 0,02 % (mol/mol) oxy-

gen. If X5, < 0,02 % (mol/mol) correct the nitrogen con-

Table 6 — Repeatability

centration according to 1) or 2) Concentration range Repeatability?)
% (mol/mol) % relative % (mol/mol)
1) If the nitrogen analysis has been carried out on the 10 to 100 + 01 + 0,1
molecular sieve 13 X column, equation (4) shall be ap- 1 to 10 + 1 + 0,02
plied. 01 to 1 £ 10 + 0,01
0,01 to 0,1 + 30 + 0,005
2) If the nitrogen analysis has been carried out on the 0,001to 0,01 + 50 + 0,002
Porapak R column, apply equation (5) 1) Whichever value is the larger.
Q.99 n ) H
100 U Teproaatromty
XNzch;\lz_—'sz - (5) . e . .
' 21 At present the determination of reproducibility(is still under in-
vestigation.
NOTE — In|equation (5) it is assumed that the TCD responses
for Ny, O, gnd Ar are equal. 8.2.3 Accuracy
It is very difficult to give figures-en the accuracy of[the method
The concentrgtions X of all the components except oxy- here because the accuracy is"mainly determined by the choice
gen, shall be ormalized to 100 % according to the equation of calibration gas and the linedrity of the detectorg. Generally,
to obtain best results, i.e™\with the highest accurady, there has
X; to be a close resemblance between the calibration gas and the
Xy = — x 100 . (6) sample to be analysed.
\
2{ Xl + XNZ,C
i=| 9 Test report
The tést report shall include the following information :
where
a) a reference to this International Standard;
X7 isthe mole fraction, expressed as a percentage, of . . . I
substance|i in the sample; b) all information necessary for complete identification of
! the sample, for example
X} is thd mole fraction, expressed as a percentage; of — the date of sampling;
substancel/ in the sample after normalization;
— the place in the pipeline system at which the
. sample was taken;
n is the total number of components;
c) the sampling method used (including the s|ze and type
n — 2 igthe total number of cdfponents except oxy- of material of the high pressure cylinder);
gen and pitrogen, determined.Separately on both the L. .
molecular|sieve 13 X and Pérapak R column. d) any deviation from the procedure specified;

8.2

8.2.1

Precision and accuracy

Repeatar)ility

e) a complete list of all components det
detected;

f) if possible the precision of the determined
tions of the components of the sample, in
number of determinations;

ermined or

concentra-
cluding the

The repeatability of the method has been evaluated. The data
are only valid within the ranges quoted.

g) any unusual features noted during the determination

(i.e. in the chromatogram).
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< Helium 0,69

Oxygen 1,56

—= Nitrogen 4,87

J Methane 4,12

Figure 1 — Analysis-of\helium, hydrogen, oxygen and nitrogen on the molecular sieve 13 X column,
with indication of the absolute retention time, in minutes
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Nitrogen (oxygen)
) Methane

Carbon dioxide

Ethane

ﬂhﬁﬁ’}'

Propane

Isobutane
<

Butane

Neopentane

Isopentang
Pentane

Cyclopentane

2,2-Dimethylbutane
2,3-Dimethylbutane + isohexane

Hexane + 3-methylpentane

———> Benzene + cyclohexane

2-Methylhexane
3-Methylhexane

Heptane

Methylgyclohexane

Toluene

2-Methylheptane

Octane

Figure 2 — Analysis of nitrogen (oxygen), carbon dioxide and hydrocarbons from C; up to Cg
on the Porapak R column
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