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Foreword

This document (EN 1601:2014) has been prepared by Technical Committee CEN/TC 19 “Gaseous and liquid
fuels, lubricants and related products of petroleum, synthetic and biological origin”, the secretariat of which is
held by NEN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by October 2014, and conflicting national standards shall be withdrawn at
the latest by October 2014.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 1601:1997.
The major updates towards the former version are:

— Inclusion of a dilution procedure to measure an oxygenate compound content higher than 15 % (m/m).
In this procedure detailed in Clause 9, the sample is diluted (1:1 or 1:2 mass/mass) with an oxygenate
free petrol, before the addition of the internal standard and the analysis. Precision data have not been
evaluated for this procedure;

— The previous precision data for oxygen content covered the range 1,5 % (m/m) to 3,0 % (m/m). The data
precision for oxygen content has been updated for the range 2,1 % (m/m) to 3,9 % (m/m), based on
Round Robins data from 2005 to 2011 available from DIN-FAM, Germany;

— The scope of the test method has been updated to include petrol with higher total oxygen content and
with higher oxygenate contents than mentioned in the former edition; the test method is now applicable
for petrol (automotive motor gasoline) with a total oxygen content up to 3,9 % (m/m), and/or with an
individual oxygenate compound content higher than 15 % (m/m). Such petrol is specified in [11.
Precision data have not been evaluated for this procedure and consequently the previous precision data
for a individual oxygenate compound content in the range of 0,17 % (m/m) higher thanto 15 % (m/m)
have not been updated or extended above 15 % (m/m), in order to introduce for instance automotive
ethanol (E85) fuel in the scope.

— Deletion of the original Annex A on densities of oxygenate compounds and inclusion of some of them
in Table 1;

— Updated chromatograms and improved description of the gas chromatographic equipment with inclusion
of a schematic instrument O-FID instrument configuration in the new Annex A.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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1 Scope

This European Standard specifies a gas chromatographic method for the quantitative determination, in
unleaded petrol having a final boiling point not greater than 220 °C, of individual organic oxygenate
compounds in the range 0,17 % (m/m) to 15 % (m/m) in a direct analysis (without dilution), and total
organically bound oxygen up to 3,9 % (m/m).

For samples for which one of the oxygenate compounds content is higher than 15 % (m/m), a procedure with
a dilution of the sample before the analysis is given.

NOTE 1 Precision data are not available for an oxygenate compound content higher than 15 % (m/m); see Foreword.

NOTE 2 For the purposes of this European Standard, the terms “% (m/m)” and “% (V/V)” are used to represent
respectively the mass fraction, u, and the volume fraction, ¢.

WARNING — The use of this European Standard may involve hazardous materials, operations and
equipment. This European Standard does not purport to address all of the safety problems associated with its

use. It is the responsibility of the user of this European Standard to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

2 Normative references
The following documents, in whole or in part, are normatively referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

N ISO 3170, Petroleum liquids - Manual sampling (SO 3170

N ISO 3171|, Petroleum liquids - Automatic pipeline sampling (ISO 317

N ISO 3675, Crude petroleum and liquid petroleum products - Laboratory determination of density -
SO 3675

Hydrometer method

N ISO 3838, Crude petroleum and liquid or solid petroleum products - Determination of density or relative
density - Capillary-stoppered pyknometer and graduated bicapillary pyknometer methods (SO 3838

N ISO 12185, Crude petroleum and petroleum products - Determination of density - Oscillating U-tube
method (ISO 1218

3 Principle

After separation using a capillary column, the organic oxygenate compounds are selectively converted to
carbon monoxide, hydrogen and carbon in a pyrolytic cracking reactor.

In a hydrogenation reactor, carbon monoxide is then converted to methane and subsequently detected using
a flame ionization detector (FID).

NOTE Guidance on the oxygen selective detection (O-FID) technique is given in Annex A.
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4 Reagents and materials

4.1 Gases
4.1.1 Carrier gas, helium, or nitrogen, free of hydrocarbons and oxygen and water.

Few percentages of hydrogen (used as auxiliary gas) shall be mixed to the carrier gas (see Figure A.1).
Hydrogen shall not be used as a carrier gas because it will interfere with the cracking reaction.

IMPORTANT — It is important to minimize oxygen in the carrier gas. To reduce the background signal, it is
essential to use oxygen and moisture filters.

41.2 Detector gases, hydrogen and air suitable for flame ionization detector.
WARNING — Hydrogen is explosive when mixed with air at concentrations ranging approximately from
4 % (W/V) to 75 % (V/V). All joints and lines carrying hydrogen shall be made gas tight to prevent leakage of

hydrogen into a confined space.

4.1.3 Cracking reactor gas, helium or nitrogen, used as purge gas to protect the platinum/rhodium
element (see Figure A.1).

4.2 Reagents for the preparation of calibration samples

Use only reagents of recognized analytical grade. Reagents shall be not less than 99,0 % (m/m) pure.
Calibration samples should be combinations of the following reagents:
4.21 methanol (MeOH);

4.2.2 ethanol (EtOH);

4.2.3 propan-1-ol (NPA);

4.2.4 propan-2-ol (IPA);

4.2.5 butan-1-ol (NBA);

4.2.6 butan-2-ol (SBA);

4.2.7 2-methylpropan-2-ol (TBA);

4.2.8 2-methylpropan-1-ol (IBA);

4.2.9 pentan-2-ol (SAA);

4.2.10 tert-butyl methyl ether (MTBE);

4.2.11 methyl tert-pentyl ether (TAME);

4.2.12 Diisopropyl ether (DIPE);

4.213 tert-butyl ethyl ether (ETBE);

4.2.14 butan-2-one (MEK);

4.2.15 acetone.
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4.3 Internal standards
Use one of the reagents listed in 4.2. If all of these reagents are likely to be present in the sample under test,

use a different organic oxygenate compound of the same purity. The internal standard of choice shall elute at
a different retention time as components present in the test sample.

4.4 Oxygenate free petrol
Petrol examined to ensure that it contains no organic oxygenate compounds detectable by this test method.

Cool the oxygenate free petrol to between 5 °C and 10 °C before the preparation of the calibration samples
and test samples.

5 Apparatus

5.1 Gas chromatographic assembly

5.1.1 Gas chromatograph, equipped with a variable split flow injector, an oxygen selective detection
system (O-FID), and computer-controlled or other system permitting the recording of chromatograms and
execution of quantitative calculations. A typical O-FID instrument configuration is given in Annex A.

5.1.2 Columns, the separation column shall consist of a capillary column, coated with a suitable phase for
achieving the required resolution.

NOTE By way of indication, an example of elution order of some oxygenate compounds is shown in Figure A.3.
The resolution between the compounds to be determined, and between water and oxygen, shall be at least 1.

The resolution, R, between peaks A and B (see Figure 1) shall be calculated using Formula (1):

R=1,18 2 (1)
watws
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