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European foreword

This document (prEN 15199-4:2020) 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 document is currently submitted to the CEN Enquiry.
This document will supersede EN 15199-4:2015.

EN 15199 consists of the following parts, under the general title Petroleum products — Determination of
boiling range distribution by gas chromatography method:

— Part 1: Middle distillates and lubricating base oils
— Part 2: Heavy distillates and residual fuels

— Part 3: Crude oil

— Part 4: Light fractions of crude oil

This part of the standard is based on IR 601 [1]yand,describes; the; determination of boiling range
distribution of hydrocarbons up to n-nonane in crude oil. The results of this test method can be
combined with those from EN 15199-3;toe jgive-a/full boiling point distribution of crude oil.

Part 4 is harmonized with IP 601 [1] and ASTM D7900 [2].

In comparison with the previous edition, the following technical modifications have been made. The
document is often used in combination with an analysis of boiling point distribution (Simdis) of crude
oil. Consensus has been reached about the algorithm for merging the results of the light end analysis
and the Simdis analysis. This algorithm is added as informative Annex C.
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1 Scope

This document describes a method for the determination of the boiling range distribution of petroleum
products by capillary gas chromatography using flame ionization detection. This document is applicable
to stabilized crude oils and for the boiling range distribution and the recovery up to and including n-
nonane. A stabilized crude oil is defined as having a Reid Vapour Pressure equivalent to or less than
82,7 kPa as determined by IP 481 [3].

Annex C describes an algorithm for merging the boiling point distribution results obtained using this
method with the results obtained with EN 15199-3. This will result in a boiling range distribution and
recovery up to C120.

NOTE1 There is no specific precision statement for the combined results obtained after merging the results of
EN 15199-3 and EN 15199-4, For the precision of the boiling range distribution up to n-nonane, the precision
statement of EN 15199-4 applies. For the precision of the boiling range distribution from n-nonane through €120,
the precision of EN 15199-3 applies.

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

WARNING — The use of this document can involve hazardous materials, operations and equipment.
This document does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user of this document to take appropriate measures to ensure safety and health of
personnel prior to application of the document and fulfil statutory and regulatory requirements for this
purpose.

2 Normative references
The following documents are referred to inthe,text incsuchpjayway that some or all of their content

constitutes requirements of.this.document..For dated references, only the edition cited applies. For
undated references, the latest edition of thereferenced:document (including any amendments) applies.

EN ISO 3170, Petroleum liquids - Manual sampling (1SO 3170)
EN ISO 3171, Petroleum liquids - Automatic pipeline sampling (ISO 3171)
3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

o |[EC Electropedia: available at http://www.electropedia.org/

e ISO Online browsing platform: available at http://www.iso.org/obp

3.1

recovery

combined mass percentages of all light hydrocarbon peaks (except the internal standard peak) in the
sample up to and including n-nonane
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4 Principle

An amount of internal standard is quantitatively added to an aliquot of the stabilized crude oil. A
portion of this mixture is injected into a pre-column in series via a splitter with a capillary analytical
column. When the n-nonane has quantitatively passed to the analytical column, the pre-column is back-
flushed to vent the higher boiling components. The individual components are identified by comparison
with reference chromatograms and a database of hydrocarbon compounds (see Annex A). The boiling
point distribution and recovery up to and including n-nonane (n-C9) is calculated.

5 Reagents and materials

5.1 Stationary phase for columns, with a bonded polydimethylsiloxane (PDMS) stationary phase for
both the pre-column and the analytical capillary column.

5.2 Compressed gases

5.2.1 Carrier gas, helium or hydrogen of at least 99,995 % (V/V) purity or higher is required. Any
oxygen present shall be removed by a suitable chemical filter.

CAUTION — If hydrogen is used as carrier gas, follow the safety instructions from the GC instrument
manufacturer.

5.2.2 Combustion gases, hydrogen and clean air for the flame ionization detector, and suitable filters
shall be used to ensure'adequate’gas/cleanliness.

5.3 Internal standard, having'a‘baseline resolution from ‘any adjacent eluting peaks (Hexene-1 or
3,3-dimethylbutene-1 (99 % pure) have been found to be suitable).

5.4 Valve switching mixture, a ‘qualitative mixtiire 'of ‘approximately'1 % (m/m) of each normal
alkane from pentane to decane.

5.5 Carbon disulphide (CS.), purity 99,7 % (V/V) minimum.

WARNING — Extremely flammable and toxic by inhalation.

6 Apparatus
6.1 Analytical balance

Capable of weighing with an accuracy of 0,1 mg.

6.2 Gas chromatograph

The typical operational characteristics of the gas chromatograph are described in Table 1.
Two different pre-column configurations are possible:

The first configuration (A) employs a 1-m column contained in a temperature controlled valve box,
separately controlled. The valve box in this configuration is isothermal.

The second configuration (B) is a short pre-column (a packed injection port liner), that fits into the
injection port. The injection port will be temperature programmed.

6.3 Detector

Flame Ionization Detector with sufficient sensitivity to detect 1 % mass n-heptane with a peak height of
at least 10 % full-scale deflection under the conditions given in the method. When operating at this
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sensitivity level, detector stability shall be such that a baseline drift of not more than 1 % per hour is
obtained. The detector shall be connected to the column carefully to avoid any cold spots. The detector
shall be capable of operating at a temperature equivalent to the maximum column temperature used.

Table 1 —Typical chromatographic conditions

Pre-column | Pre-column | Analytical Accelerated
A B Analytical
Column length - m 1,0 0,075 50 0or 100 40
Column internal diameter - 2 25 0,25 0,10
mm
Column material polydimethylsiloxane
Phase loading - % 5 10
Film thickness - pm 0,5
Injection volume - pL 0,1 0,1
Injector split ratio 100:1 600:1
Injector temperature - °C 300 100
Pre-column temperature - °C 200 100
Injector program rate -
o . 50
C/min
Final injector temperature =G - 30011
Initial oven temperature - °C 35 35
Hold time - min 30 2,6
o . 50 = 45°C
Oven program rate -°C/min 2 (hold time 3 min)
5-60°C
(hold time 3 min)
9,5—-200°C
200 200
Final oven temperature - °C (hold time . .
. (hold time 1 min)
20 min)
Flame lonization Detector - °C 300 300
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6.4 Pre-column configurations
6.4.1 Heated valve switching box (see Figure B.1)

For the isothermal 1 metre pre-column, a heated valve box is needed with its own temperature control.
The box will contain an automated six-port valve which is used to back-flush the pre-column.

The six-port valve should be made out of material which will not be corroded by the sample (Some
crude oils contain high amounts of sulfur components). The valve shall be situated in a heated
isothermal oven and be attached to the injector, pre-column, splitter, analytical column and the detector
without any cold spots.

6.4.2 Injection port (see Figure B.2 and B.3)
A temperature programmable injection port capable of containing a 7,5 cm pre-column, and this

injection port shall be equipped with a back-flush option. This injector may be connected directly to the
capillary column (Figure B.2) or via a splitter (Figure B.3).

6.5 Analytical column

6.5.1 General

The column elutes hydrocarbons in a boiling point order. The eluate from the injector passes through
the pre-column before eluting onto the analytical column.

6.5.2 Resolution

Determine the resolution between<thesinternal: standardjand the nearest n-paraffin peak as per
Formula (1).

2(t, —ty)

h= 1,699(W1 +w2)

(1)

Where

P is the column resolution;

t1  is the retention time of the first peak (peak 1, see Figure 1);

t  isthe retention time of the second peak (peak 2, see Figure 1);
wi  is the peak width at half height of peak 1;

wz is the peak width at half height of peak 2.

With Hexene-1 as I.S., the resolution is determined between the 1.S and n-hexane. The resolution shall
be at least 2,0.
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Ll

Figure 1 — Determination of resolution

X

6.6 Skewness

Determine the skew of the nzhexane peak by measuring the width of the leading part of the peak at 5 %
peak height (A) and the width of the following part of the peak at 5 % peak height (B). The ratio (B)/(A)
shall be not less than 1 or more than 4! See Figtire:2 for furthér clarification.

100 %

5%

A| B
J ~

Figure 2 —Calculation of peak skewness

6.7 Data collection

A PC based chromatography data system or integrator with suitable software may be used. For systems
using the analytical column, a data -sampling rate of 5 Hz is the recommended minimum.

For systems using the accelerated analytical column, a data-sampling rate of 20 Hz is required.

7 Sampling and sample handling

Take samples in accordance with either EN ISO 3170 or EN ISO 3171.
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8 Calculation of response factors

Calculate the flame ionization detector response factor relative to methane, which is considered to have
a response factor of unity (= 1), for each hydrocarbon group type of a particular carbon number using
Formula (2).

. [(Caw XCp) + (Hay xH, ) |x0,7487 )
f (Caw an)

R;  isrelative response factor for a hydrocarbon type group of a particular carbon number,
Caw is atomic mass of carbon, 12,011,

C,  is number of carbon atoms in the hydrocarbon type group, of a particular carbon number,
H., isatomic mass of hydrogen, 1,008,

H, isnumber of hydrogen atoms in the hydrocarbon type group of a particular carbon number,
and 0,748 7 is factor to normalize the result to a methane response of unity (= 1).

Table 2 gives some response factors already calculated.

Table 2 — Calculated response factors for hydrocarbons

No. of Carbon Naphthenes |, PRaraffins Cyclic olefins Mono-olefins Aromatics
atoms
3 0,916 0,874
4 0,906 0,874
5 0,874 , 0,899 0,849 0,874
6 0,874 0,895 0,853 0,874 0,811
7 0,874 0,892 0,856 0,874 0,820
8 0,874 0,890 0,859 0,874 0,827
9 0,874 0,888 0,860 0,874 0,832

9 Procedure
9.1 Sample preparation

Weigh to the nearest 0,1 mg, approximately 5 g + 0,2 g of sample into a tared, screw-capped vial.

Add approximately 0,15 g + 0,02 g of internal standard and reweigh to the nearest 0,1 mg. Where the
mass of available sample is less than 10 g, the internal standard shall be added to create the equivalent
of a 3 % concentration.

Gently mix the two liquids without causing the sample to degas. Carbon disulphide (5.5) may be added
to improve the viscosity of the sample.

Fill the sample into GC vials with a minimum amount of headspace. Store the vials in a sub ambient
cupboard until use.

NOTE The amount of sample and internal standard taken can vary according to the level of light-end
components in the sample and the amount of the sample available.
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9.2 Determination of backflush time

9.2.1 Initial work

With the pre-column and analytical column in series, inject an aliquot of the pre-column switch test
mixture (5.4) and determine the ratio of the alkanes.

9.2.2 Analytical column

Set the switching time to 1 min and repeat the analysis. Increase or decrease the valve time to ensure
the complete recovery of the highest alkane required (e.g. nonane) and partly recovery of the next
alkane (e.g. decane). (See 9.3.1 and the example chromatogram in Figure 3)

9.2.3 Accelerated analytical column

Set the switching time to 30 s and repeat the analysis. Increase or decrease the valve time to ensure the
recovery of the highest alkane required (e.g. nonane) and partly recovery of the next alkane (e.g.
decane). (For assistance in the identification of individual components see [1] and [2] and example
chromatogram (Figure 3)).

Y

225 1
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150
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75
50
25

T T T Y T T T T YT T T TR T
82
)}

Key
1 n-Pentane 3 n-Heptane 5 n-Nonane
2 n-Hexane 4 n-Octane 6 n-Decane

Figure 3 — Example chromatogram showing elution for determining backflush time

9.3 Sample analysis

9.3.1 Initial work

Inject a suitable aliquot of the sample and internal standard onto the inlet of the pre-column which is in
series with the analytical column. At the time determined above (9.2) switch the valve and back-flush
the high boilers to vent.

The valve time reflects the highest carbon number required. As a general rule, if zC is required, then
(z+1)C should be eluted.

10



	Oj€/[pl¡
[ïÛ7V_ÞÌoÑ©,&Š^�,é"�e−•EÐkÎóÈMƒÜ†áÿ�v�hÕª½öpq�ÜAk!š€ô�M��C˚IûâÑ!eðE�('5s:Ł¶cÁôÂåä@ˆÜÎnÛ±łÇó

