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Foreword

[SO (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
ISO 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 liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).
rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of any”clair

fhich may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docur
lubricants f
(CEN) TecH
synthetic a

CEN (Vienmpa Agreement).

This fifth
revised.

The main d

the Sc
correc
requir

a new
study)
for sm

the tex

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not‘received nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

hent was prepared by Technical Committee ISO/TC 28, Petroleum and related product]
rom natural or synthetic sources, in collaboration with the European Committee for Stang
nical Committee CEN/TC 19, Gaseous and-iquid fuels, lubricants and related products of
nd biological origin, in accordance with.the Agreement on technical cooperation betwsg

bdition cancels and replaces the_fourth edition (ISO 22854:2021), which has been

hanges are as follows:

ppe (Clause 1) and-preécision (Clause 11) have been clarified in terms of total oxyg
ted for previous~nistakes in oxygen and ethanol contents, as well as corrected for r
d by the reporting requirements;

procedure\ € has been implemented (and precision thereof determined by an intey
to allow’determination of very low aromaticity, benzene, toluene and hexane content
b1l engine petrol fuel for which CEN/TC 19 has developed a specification;

t'has been further harmonized with ASTM D6839.

s, fuels and
lardization
petroleum,
en ISO and

technically

enates and

bunding as

laboratory
s required

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete li

sting of these bodies can be found at www.iso.org/members.html.

© IS0 2025 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=9c0df09c02378b611b13e8459d7de4bf

ISO 22854:2025(en)

Introduction

Originally, this document was used for the determination of saturated, olefinic, aromatic and oxygenated
hydrocarbons in automotive motor gasoline according to European fuel specifications, such as EN 228.[3]

An interlaboratory study has shown that the method described in this document can be used for gasolines
with a higher concentration of oxygenated compounds, including methanol. The interlaboratory study also
provided data to calculate precision for toluene in gasoline. A further study focused on higher ether contents.
Annex B includes example chromatograms of gasolines with a variety of oxygenates, which can be used to
correctly identify these oxygenates.

Another interlaboratory study has shown that the method is applicable for gasolines with a very low content
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step (Procedure C).

hent lays down three procedures: A, B and C. The application ranges of each are/given|
A is the normal procedure for motor gasoline, whereas Procedure B describes the pr¢
s of oxygenated groups (ethanol, methanol, ethers, C3 - C5 alcohols) in ethanol (E85)

ethod described in this document is harmonized with ASTM B6839,[7] except for P
ses on European products only.

zation of a

in Table 1.
cedure for
automotive

Hure C describes the analysis of small engine petrol fuel containing low’dontents of arogmatics and

rocedure C
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Liquid petroleum products — Determination of hydrocarbon
types and oxygenates in automotive-motor gasoline and

in ethanol (E85) automotive fuel — Multidimensional gas
chromatography method

1 Scop

This docurpent specifies the gas chromatographic (GC) method for the determination of saturat
and aromatic hydrocarbons in automotive motor gasoline, small engine petrol and ethanel (E85)
fuel. Additionally, the benzene and toluene content, oxygenated compounds and the tetal oxygen ¢
be determined.

Although {

pecifically developed for the analysis of automotive motor gasoline/that contains d

this test mlethod can also be applied to other hydrocarbon streams having similar boiling rang

naphthas a
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hts of this document. For dated references, only the“edition cited applies. For undated
dition of the referenced document (including any’amendments) applies.

etroleum liquids — Manual sampling

etroleum liquids — Automatic pipeline sampling

s, definitions, symbols and abbreviated terms

ns and definitions
poses of this docufrent, the following terms and definitions apply.
[ maintain terminology databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/
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es, such as

ronstitutes
references,

2]

3.11

hydrocarbon group

HG

family of hydrocarbons

EXAMPLE

3.1.2
saturate
saturated

Saturated hydrocarbons (3.1.2) or olefinic hydrocarbons (3.1.3).

hydrocarbon

type of hydrocarbon that contains no double bonds with a carbon number of 3 to 12

EXAMPLE

n-paraffins, iso-paraffins, cyclo-alkanes and poly-cyclic alkanes.

© IS0 2025 - All rights reserved
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3.1.3

olefin

olefinic hydrocarbon

type of hydrocarbon that contains double or triple bonds with a carbon number of 3 to 10

EXAMPLE n-Olefins, iso-olefins and cyclic olefins.

3.14

aromatic

aromatic hydrocarbon

type of cyclic hydrocarbon with alternating double and single bonds between carbon atoms forming the rings

EXAMPLE Benzene, toluene and higher homologous series with a carbon number of 6 to 10 and polycyclic

aromatic hydeecarbons, with-a-carbon-numberofup-to12

3.1.5

oxygenate

oxygenated compound

type of hydrocarbon that contains one or more oxygen atoms, the addition of which isyallowed a¢cording to

fuel specifications

EXAMPLE Alcohols and ethers.

3.2 Symbpols and abbreviated terms

For the pugposes of this document, the following symbols and abbréviations apply.

Aye total, corrected signal area for the hydrocarbongroup

BOB before oxygenate blending

DIPE di-isopropyl ether

E85 ethanol automotive fuel

ETBE ethyl-tert-butyl ether

FID flame ionization deteetor

FRRHG theoretical relative’response factor of a particular carbon number for a hydrocarbon type
group

Pue volume fraction in per cent for a hydrocarbon group

GC gas chromatography

H, helium

HG hydrocarbon group

ID Internal diameter

M molar mass of carbon

My molar mass of hydrogen

M; molar mass of the oxygenated compound

M, molar mass of oxygen

MTBE methyl-tert-butyl ether

© IS0 2025 - All rights reserved
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ne number of carbon atoms in the group

ny number of hydrogen atoms in the group
ng number of oxygen atoms in the molecule
PTFE polytetrafluoroethylene

QC quality control

PHG density of the hydrocarbon group

r repeatability

R reproducibility

TAEE tertiary amyl-ethyl ether

TAME tertiary amyl-methyl ether

Whg mass fraction in per cent for a hydrocarbon group

; mass percentage of the compound in the mixture

X the mean of the two results being compared
4 Pringdiple

4.1 The application ranges for each procedure are given in Table 1. All procedures specified ude the same
separation|technique and analysis procedure.

Table 1 — Applicationranges for each procedure?

Cgmponent or group Procedure A Procedure B Procedure C
Saturates, 6 (volume fraction) 26,9 -79,3
Total aromatics, % (volume fraction) 19,3 - 46,3 0,4-12,7
Total olefinls, % (volume fraction) 0,4-269 0,1-12,4
Benzene, % (volume fraction) 0,38-1,98 0,1-0,5 0,04 -|0,11
Toluene, %|(volume fraction) 5,85 -31,65
n-Hexane, %o (volume fraction) 0,1-2,1
Total naptHenes (C6-C8);% (volume
fraction) 02-B8
OxygenategP, % (volume fraction) 0,61 - 27,42 0,08 -[0,86
Total oxyggnscontent, % (mass fraction) 0,50-12,32 0,02 -10,16
Methanol, % (volume fraction) 1,05— 16,96
Ethanol, % (volume fraction) 0,50-17,86 > 50,0 and < 85,0 0,06 -0,39
C3 - C5 alcohols, % (volume fraction) >1,4and < 6,0
Ethers, % (volume fraction) >0,5and < 11,0
MTBE, % (volume fraction) 1,0 - 15,7 0,01-0,70
ETBE, % (volume fraction) 1,0 -15,5 0,09-0,73
TAME, % (volume fraction) 1,0-59
TAEE, % (volume fraction) 1,0 - 15,6

a2  Empty cells indicate that the application range has not been determined.

b Oxygenated compounds (as individual component or as total oxygenates).

3

© IS0 2025 - All rights reserved
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4.2 The gasoline sample being analysed is separated into hydrocarbon groups by means of GC analysis
using special column-coupling and column-switching procedures.

The sample is injected into the GC system and, after vaporization, is separated into the different groups.
Detection is always done by a flame ionization detector (FID).

4.3 The mass concentration of each detected compound or hydrocarbon group is determined by the
application of relative response factors (see 9.2) to the area of the detected peaks, followed by normalization
to 100 %. For automotive motor gasoline samples containing oxygenates that cannot be determined by this
test method, the hydrocarbon results are normalized to 100 % minus the value of oxygenates as determined
by another method. The liquid volume concentration of each detected compound or hydrocarbon group is
determined by the application of density values (see 9.3) to the calculated mass concentration of the detected

peaks foll

WARNING
compoung
compoung
therefore

wad bunarmalization +a0 100 0/
WeeBy-HoeHarAaHoh—+to—=+vo—76-

— To ensure the method is executed correctly, it is essential to carefully-veri
|s are correctly identified. This is especially true for the identification of o
|s because of their wide range of response factors. To ensure correct. idéntific
highly recommended to verify possibly unknown oxygenates using(a Treferenc

that contajins these pure compounds.

4.4 Aftel

this analysis, the automotive motor gasoline is separated into hydrocarbon groups a

carbon number. Using the corresponding relative response factors, the mass distributions of th

the automd

4.5 Proc
considered
precised) g
of n-propa
these comy

4.6 Proc
ethanol (E
B differs fi
ethanol co
the integra
to 100 %.

The sampl
available f

An overlap
resolved f1

4.7 Proc
aromatics

tive motor gasoline sample can be calculated.

bdure A assesses the total oxygenates content and individual oxygenates. The range

to apply to individual oxygenated compounds or the total group of (unidentified, 1
xygenates. For Procedure A, applicability of this doeument has been verified for the det
hol, acetone, and di-isopropyl ether (DIPE). However, no precision data have been dete
ounds.

edure B involves the analysis of oxygenated groups (ethanol, methanol, ethers, C3 - C5

B5) automotive fuel containing ethanglwith a mass fraction of between 50 % and 85 %.
om Procedure A, in that the sample is diluted with an oxygenate-free component tq
htent to a value below 20 % before the analysis by GC. The diluting solvent is not cof
tion. This makes it possibleto report the results of the undiluted sample after nop

e can be fully analysed including hydrocarbons. Precision data for the diluted samp
r the oxygenated groups.

between C9-and C10 aromatics can occur. However, the total is accurate. Isopropyl
om the C8 aromatics and is included with the other C9 aromatics.

edure-CG is applicable to the analysis of small engine petrol fuel containing low ¢

ensure thal lividual oxygena a
column temperatures and valve settings.

hnd elefins. Procedure C differs from Procedure A, in that it requires an additional tur
A ate mati . -\ corre

5 Reagents and materials

5.1 Hydrogen, 99,995 % pure.

fy that all
kKygenated
ation, it is
e mixture

nd then by
b groups in

5 given are
ot further
brmination
rmined for

hlcohols) in
Procedure
lower the
nsidered in
malization

le are only

benzene is

ontents of
ing step to
ng the pre-

WARNING — Hydrogen is explosive when mixed with air at a concentration between 4 % and 75 %
volume fraction. Refer to the equipment manufacturers’ manuals concerning leaks in the system.

Installation of suitable moisture filters is recommended for hydrogen lines.

© IS0 2025 - All rights reserved
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5.2 Helium or nitrogen, 99,995 % pure.

The system’s operating parameters such as column and trap temperatures, carrier gas flows and valve
switching times depend on the type of carrier gas used. The use of nitrogen as carrier gas is not possible on
all configurations. Contact the equipment manufacturer for specific information or instructions on the use
of nitrogen.

Installation of suitable moisture filters is recommended for helium and nitrogen lines.
5.3 Compressed air.

5.4 Vials, airtight and inert, e.g. with rubber-membrane caps covered with self-sealing
polytetrafluereethene{PHEEY-

5.5 Reference solutions, finished automotive motor gasoline(s) used as reference and which contain
components and concentration levels comparable to those of the test sample.

The compgsition of the reference solution should have been determined in an interlaBeratory or proficiency
test, or by pther methods.

For Procedure C, make sure that the contents of aromatics, benzene and olefinsin the solution are $ufficiently
low and comparable to those of the test sample.

WARNING|— The reference solutions are flammable and harmfulifinhaled.

5.6 Diluting solvent, used in Procedure B, shall not interfere with any other component in gaspline being
analysed. Dodecane (C;,H,¢) or tridecane (C;3H,g) are recommended solvents.

5.7 Tuning solution, used in Procedure C, containing-a'mixture of oxygenates (ethanol, MTBE|and ETBE)
and benzene, at levels at the end or just above those ef'this methods range (see Table 1) and conplemented
with a bas¢ solution containing various aromatics and olefins.

As a base $olution, a regular oxygen-free (BOB) refinery stream is recommended. An example pf a tuning
solution is jgiven in Table 2.

Table 2 —Example of a tuning solution composition

Component or group Content
volume fraction

%

Ethanol 0,87
MTBE 0,87
ETBE 0,87
Benzene 1,00

6 Apparatus

6.1 Gas chromatograph, computer-controlled, multidimensional GC equipment, injector, FID, suitable
columns, traps and hydrogenation catalysts, of which an example is given in Annex A.

6.2 Switching valves, suitable switching valves that are used for the transfer of compounds from one
column to the other in the gas chromatograph.

They shall have a chemically inactive surface and a small dead volume.

© IS0 2025 - All rights reserved
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6.3 Traps, suitable short columns (see Annex A for an example) used for retaining certain selected
chemical groups of the automotive motor gasoline using temperature control.

The absorption of the trapped compounds shall be reversible.

EXAMPLE

A typical sequence is as follows:

separated from the other components by means of a polar column (e.g. OV 275).

The ethers are separated from the remaining fraction by means of another trap (sulfate column II).

The alcohols and higher-boiling aromatics are absorbed in a trap (sulfate column I). The remaining aromatics are

The olefins are separated from the saturates by the olefin trap (e.g. silver salt) in two steps. This is important

due to the limited capacity of such traps to retain high amounts of butene or total olefins. If the trap capacity is

suffici

their c4
The eth

The ole
as the ¢

The ald
separal

Examples
in Figures
Procedure

WARNING
reduce its

traps. Although the effect of low amounts of sulfur‘components on the various traps or ¢

very smal
high level

7 Samp

Samples sH
automatic

NOTE
can apply.

]

8 Procd

8.1 Con

The remaining saturated hydrocarbons are separated into paraffins and cyclo alkanes (naphthenes)

£ 1 1 : 1 : 1 c 1
1L TOI UIC OICTIIT COIICCIILI dUIUII, LIIE SePAl dtlUIN C4ll UDE PETNTOTITIICU I OIIC SIED.

rbon number using a 13X molecular sieve column.
ers are then eluted from the trap (sulfate column II) and separated and detected according to the b

fins are desorbed from the olefin trap and hydrogenated in the Pt-column. Theylare separated 4
orresponding saturated compounds using a 13X molecular sieve.

ohols and higher-boiling aromatics are eluted from the polar column ‘and the trap (sulfate
ed using a non-polar column (e.g. OV 101 methyl silicone) and detected according to the boilin

bf typical chromatograms with this order of elution of)the hydrocarbon fractions
[B.1 to B.4. Specifically, for Procedure B, a typical chromatogram is shown in Figu
C, exemplary chromatograms of the tuning are showiin Figure B.6.

— Sulfur-containing compounds are irreversibly adsorbed in the olefins tra
capacity to retain olefins. Sulfur can also adsorb in the alcohol and ether-alcoho

|, it is important to exercise care when handling automotive motor gasoline san
5 of sulfur.

ling

all be taken in accordance with ISO 3170 for manual sampling or in accordance with I§
bipeline sampling.

National fuel specification standards or legal requirements for the sampling of automotive moj

rdure

litioning

iccording to

oiling point.
nd detected
b column ),
o point.

are shown
re B.5. For

p and can
-aromatic
olumns is
hples with

b0 3171 for

tor gasoline

Condition the apparatus according to the manufacturer’s instructions after shutdowns.

8.2 Sam

ple preparation

8.2.1 Procedure B only — Sample dilution

The procedure described in this subclause is used to analyse gasoline samples containing higher amounts of
ethanol such as ethanol (E85) automotive fuel with ethanol content between a volume fraction of 50 % and
a volume fraction of 85 %.

As the sulfate column I trap (see Table A.1) cannot trap high amounts of ethanol, the sample shall be diluted.
The selected diluting solvent (see 5.6) shall not interfere with the analysis. The level of dilution should be

© IS0 2025 - All rights reserved
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chosen in such a way that the final amount of ethanol does not exceed a volume fraction of 20 %. If the
ethanol content is unknown, it is recommended to use a dilution ratio of 4:1 when analysing the sample.

8.2.2 All procedures — Sample cooling

Cool the test sample to prevent loss by evaporation. Transfer a sufficient portion of the test sample to a vial
(5.4) and immediately tightly close and seal it using the self-sealing PTFE cap (see 5.4). It is recommended to
cool the test sample to a temperature between 0 °C and 5 °C.

8.3 Test

sample injection volume

Size the injection volume of the test sample in such a way that the capacity of the columns is not exceeded

and the lin

NOTE 4

8.4 Tun,

This tunin
content an

ads. £l A ode 4 H 1.l
Cdl ll.y Ul ULIIT UCTLTULUIL 15 vdIlu.
\n injection volume of 0,1 pl has proven to be satisfactory.

ing of the apparatus (Procedure C)

b step is required for type of products using small engine petrol fuél] which are lo

the pre-co

Run the tu
Verify whe

Some devi
ETBE valu

[

ing solution (5.7) and check for correct instrument parameters, cutting times and grouping times.

1 are substantially free of aromatic compounds, especially benzene, This step requires
mn temperatures and valve settings.

ther all individual components have been identified correctly; like the examples in Fig}

htion from the target values is allowed but special attention should be paid to the
bs in conjunction with the benzene value. MTBE and“ETBE tend to coelute with ben|

w in olefin
optimizing

ire B.6.

MTBE and
zene when

the precolymn temperature is too high. Lower the precolumi’temperature by steps of 10 °C andl rerun the

tuning soly

8.5 Veri

Run the r
grouping t
rerun the 1

WARNING
that are n
accurately
oxygenate
several ch
times and

NOTE ’
Notwithsta
peaks propg

tion until each component can be correctly identified.

fication of the apparatus and test conditions

eference solution (see 5.5) and check for correct instrument parameters, cutting
mes. If they are not correct, adjust the apparatus to the manufacturer’s recommend
eference solution.

— Attention should bé paid to components, such as benzene, olefins and o
par the boundaries of(separation on the group-selective columns. Care should
 identify the oxygenated compounds. It is recommended to verify the identity
s using a referenc€&material that contains the pure component of interest. Anne
romatograms-specifically for oxygenate compounds, providing evidence of th¢
possible interferences.

'he recefit)study, see CEN/TR 15745, has shown that iso-propanol often eludes in

rly<AWhen the peaks are correctly identified, the reproducibility in 11.3 applies.

times and
ations and

kygenates,
e taken to
f possible
X B shows
pir elution

two peaks.

nding thenotice of importance in 4.3, this elution can happen. In this case, it is important to iglentify both

8.6 Validation

Reprocess the validation reference solution (see 5.5) and compare the obtained results with the consensus
values. The absolute deviation from the consensus values shall not be greater than the reproducibility for
the parameters given in Clause 11.

[t is strongly recommended to run the validation reference solution weekly to check the proper functioning
of the equipment.

The validation reference solution(s) should contain the components in amounts similar to those found in the
test samples. Validation of the apparatus should be performed prior to the analysis of any new oxygenates.

© IS0 2025 - All rights reserved
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8.7 Preparation of the test sample

Prepare th

e test sample as specified in 8.2.

8.8 Preparation of the apparatus and test conditions

Set up the apparatus in accordance with 8.1 and check it in accordance with 8.5.

For Procedure C, check the areas in between the fractions on “unexpected peaks”. These can be components
eluting in the wrong fraction and adjustment of the temperature(s) can be required. Also check peak shapes,
such as double peaks or skewed peaks, which can indicate an incorrect elution order. Adjust the valve times
using the tuning and reference solutions.

9 C(Calcu

9.1 Gen

lation

bral

For Procedure A and C, 9.2 to 9.5 shall be followed.

For Proced
integrated
component

NOTE 4
procedures

9.2 Calc

The integr

This is so that the final report, after normalization to 100 %, gives the results for all
s for the undiluted sample.

Analysing high-ethanol samples using this application cam)require specific analysis an
and competences (see manufacturer’s instructions).

ulation as a mass fraction in per cent

hted peak areas are employed for the calculations. The peaks are arranged accordi

presence il the hydrocarbon group. Tables 3 and 4 givethe relative response factors of hydrocar

and for oxy

NOTE ]
determined

After corré
calculated
to the hydy

genated compounds.

'he response factors are normalized, 0" methane and those for the oxygenated compound
experimentally.

cting with the relative response factors, the mass contributions for all hydrocarbon

ocarbon type and carbon/number.

Table 3:=FID relative response factors of hydrocarbon groups

lure B, in the final calculations, the peak area of the diluting solvent (see 5.6) shall not be

broups and

1 reporting

ng to their
bon groups

have been

groups are

and normalized to a mass{fraction of 100 %. The hydrocarbon groups are then classified according

Relative response factor
Carbon number Freng
Paraffins, Cyclo-alkanes Olefins, Olefins, cyclics Ar¢matics
n- plus iso- (naphthenes) n- plus iso-
3 0,916 — 0,916 — —
4 0,906 — 0,906 — —
5 0,899 0,874 0,899 0,874 —
6 0,895 0,874 0,895 0,874 0,811
7 0,892 0,874 0,892 0,874 0,820
8 0,890 0,874 0,890 0,874 0,827
9 0,888 0,874 0,888 0,874 0,832
10 0,887 0,874 0,887 0,874 0,837
11+ 0,887 — — — 0,840

© IS0 2025 - All rights reserved
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Table 4 — FID relative response factors for oxygenated compounds

Oxygenated compound Relative r;sponse factor
RR,HG
MTBE 1,334
DIPE 1,317
ETBE 1,242
TAME 1,242
Methanol 3,000
Ethanol 1,870
n-propanol 1,867
iso-propanol 1,742
n-butanol 1,546
iso-butanol 1,390
sec-butanol 1,390
tert-butanol 1,230
2-methyl-2-butanol 1,400

If single cd
EN 1601,[4
total area

external quiantification shall be noted in the report.

Calculate t
type group

FRr HG

where
M
n¢
My
Ny
0,748

For each hy

mpounds, e.g. oxygenate compounds, are determined by a different but accepted nj
ASTM D4815,[8] EN 13132,[5] or ASTM D5599,[2] they shall, be excluded from integ
s then not normalized to 100 %, but to 100 % minus thé excluded quantified comp

he theoretical relative response factors, Fyp ¢, of a particular carbon number for a hy
(response of methane set to unity) as given in For¥iula (1); (see Tables 1 and 2):

[(Mc-nc)+(My -ny )]-0,7487
M -nc

is the molar mass of carbon, equal to 12,011, in g/mol;
is the number of carbgfatoms in the group;
is the molar massof hydrogen, equal to 1,008, in g/mol;
is the numbet-ef hydrogen atoms in the group;

/' is the cor'rection factor to set the response of methane to unity.

rdrocarbon group (HG) the mass fraction in per cent, wy, is calculated as given in For

100: Ay - Frp He

WhG =

lethod, e.g.
Fation. The
onent. The

drocarbon

e8]

mula (2):

AWl

(2)

where Ay

241G, "FrRRHG,)
i
is the total, corrected signal area for the hydrocarbon group (HG).

9.3 Calculation as a volume fraction in per cent

The conversion from mass fraction to volume fraction is done using the density of the hydrocarbon groups. The
density values at 15 °C of hydrocarbon groups, expressed in kilograms per cubic metre, are shown in Table 5.
The density values of oxygenate compounds at 15 °C are shown in Table 6 (derived from Reference [10]).

© IS0 2025 - All rights reserved
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Table 5 — Density at 15 °C of hydrocarbon groups

Density
Carbon o
Paraffins, Cyclo-alkanes Olefins, Olefins, Aromatics
n- plus iso- (naphthenes) n- plus iso- cyclics
3 506,5 — 520,4 — —
4 5779 — 613,7 — —
5 626,9 750,3 656,5 773,3 —
6 662,2 760,6 685,9 785,3 884,3
7 AQQ’R '7A’7’1 7{\4’(\ '70{1": Q'71’A
8 708,4 780,5 719,3 805,2 871,9.
9 728,1 792,5 738,2 812,5 878,0
10 734,0 812,8 748,6 817,6 892,8
11+ 759,0 — — — 894,4
SOURCE: Reference [10], reproduced with the permission of the authors.

Table 6 — Density at 15 °C of oxygenated compounds

Oxygenated compound Density
Puc

kg/m3
MTBE 745,3
DIPE 729,2
ETBE 745,6
TAME 775,2
Methanol 795,8
Ethanol 794,8
n-propanol 813,3
iso-propanol 789,5
n-butanol 813,3
iso-butanel 805,8
sec-butanol 810,6
tert-butanol 791,0
2-methyl-2-butanol 813,5

SOURCE: Referenge{10], reproduced with the permission of the authors.

The volumg fraetien in per cent, ¢y, of the hydrocarbon group (HG) is obtained from the mass fraction,

Wy as given.din Formula (3).

100.%

i
where

tte :T

PHG

WHG,i
PHG,i

PHG is the density of the hydrocarbon group (HG) in kg/m3;

WhG is the mass percentage of the hydrocarbon group (HG).

© IS0 2025 - All rights reserved
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9.4 Calculation of total oxygen content in mass fraction in per cent

Calculate the oxygen content, w, from all identified oxygenate compounds, i, according to Formula (4):

wo=3

1

where
ng is

is

no-Mo
M.

1

i

the number of oxygen atoms in the molecule, generally 1;

the molar mass of oxygen, in g/mol;

(4)

is
is

EXAMPLE
molar mass

C:12,0

H: 1,00

0:16,0

A
Wo—‘

9.5 Dats

For the re

the molar mass of the oxygenated compound, in g/mol;

the mass percentage of the compound in the mixture.

This example calculation uses MTBE (C5H;,0) as the only oxygenate compdéund and th
bS:

[1
8
DO

—

)

et
i

no Mo
M.

1

~ 116,000
512,011+12-1,008+1-16,000

-w, =05181 5'Wi

| report according to automotive motor gasoline specifications

pborting of conformity to automotive motor gasoline specifications, such as EN 228

rounding dr summation of results can be necessary The following results are reported.

The to
alkand
n-hexa

The to
olefing

The to
The b
The o
The to

s (naphthenes) and high-boiling.poly-cyclic alkanes. The content of separate saturat
ne) are reported in volume fraction percentage).

Fal olefin content is determined by summation of the (volume fraction) of the olefins an
and is reported in volunie fraction percentage.

fal aromatic contentis reported unchanged in volume fraction percentage.
nzene contentds reported in volume fraction percentage.
ygenated compound contents are reported in volume fraction percentage.

fal.oxygen content is calculated according to 9.4. It is reported in mass fraction percen

e following

[3] specific

tal content of saturates is determined by summation of (volume fraction) of the paraffins, cyclo-

bs (such as

d the cyclic

tage.

10 Expression of results

10.1 Procedure A and C

The results are reported as a volume fraction percentage or a mass fraction percentage (see 9.5) according
to the following requirements:

saturates content, aromatics content and olefins content to the nearest 0,1 %;

— benzene content, oxygenates content and total oxygen content to the nearest 0,01 %;

— n-hexane and total C6- to C8-naphthenes to the nearest 0,1 %.

© IS0 2025 - All rights reserved
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10.2 Procedure B

The results for ethanol, ethers and higher alcohols are reported to the nearest 0,1 %.

11 Precision

11.1 General

The precision is given as determined by statistical examination of inter-laboratory test results in accordance
with IS0 4259:20061.111 Precision values calculated from the formulae given in Table 7, Table 8 or Table 9
shall be rounded to the appropriate number of decimal places as specified in Clause 10.

Supporting
according t

The precis

NOTE1

presented ip Table 8 are therefore only indicative.

Supporting
according
of freedom
data can b

NOTEZ |

11.2 Rep

The differd
be the sam
time, in thd
5% due to
and Table 4

11.3 Rep

The differg
to be the {
equipment
operation

conforms t

data for Procedures A and B are documented in CEN/TR 15745,16] which consists of d
o 1SO 4259:2006[11 and Reference [11], which consists of calculations according to ISQ425

on values calculated from Table 8 (Procedure B) are applicable for the ranges.given in

or the higher alcohol fraction, too few data were obtained to derive a full preciSion stateme

data for Procedure C are documented in Reference [12]. Thetcalculations were
0 1SO 4259-1:2017, but the effective resulting precision stateménts retained insufficig
as required by that standard. The precision as in Table 9 is deemed to be intermediate
e gathered from the field.

or total oxygen content no precision statement could be determined.

patability, r

nce between two independent results obtained using this method for test material col
e in the same laboratory, by the same operator using the same equipment within short

normal and correct operation of the method that is expected to be exceeded with a pr
random variation, conforms to the valtue given in Table 7 for Procedure A, Table 8 for P
) for Procedure C.

roducibility, R

nce between two independent results obtained using this method for test material

alculations
9-1:2017.[2]

that table.

ht. The data

performed
nt degrees
until more

hsidered to
ntervals of
bbability of
rocedure B

considered

f the method that'is expected to be exceeded with a probability of 5 % due to rando
o the value given in Table 7 for Procedure A, Table 8 for Procedure B and Table 9 for Py

Table 7 — Repeatability and reproducibility for Procedure A

ame in different laberatories, where different laboratory means a different operatofr, different
different geographic location, and under different supervisory control, in the normalEnd correct

variation,
ocedure C.

Componentorgroup content Repeatability 2 Reproducibility 2 Coverjed range
ol D

Saturates, % (volume fraction) 0,5 1,6 26,85 -79,31
Aromatics, % (volume fraction) (0,009 5 X + 0,195 2) (0,0450X+0,1384) 19,32 - 46,29
Olefins, % (volume fraction) (0,0185X+ 0,141 5) (0,117 6 X+ 0,511 8) 0,40 - 26,85
Benzene, % (volume fraction) 6,740-1073-(X+1) 1,912-1072-(X+1) 0,38-1,98
Toluene, % (volume fraction) 5,261-1073-(X+4) 1,893-1072-(X+4) 5,85 -31,65
Methanol, % (volume fraction) 3,019-10-2-X 8,863-1072-X 1,05 - 16,96

a  Xisthe mean of the two results being compared, unless otherwise stated.

1) Withdrawn.
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Table 7 (continued)
Component or group content Repeatability 2 Reproducibility 2 Covered range
r R
0,06 0,37 0,50 - 4,00
0 . ) ) ) )
Ethanol, % (volume fraction) 8,275-10-3-(X+11) 2,175-10-2-(X+11) 4,01-17,86
MTBE, % (volume fraction) 1,735-102- X0.8 6,203-10-2:X0.8 0,99 - 15,70
ETBE, % (volume fraction) 3,138-1073-(X+6) 1,293-1072-(X+6) 0,99 - 15,49
TAME, % (volume fraction) 6,063-1073-(X+0,8) 2,659-10-2-(X+0,8) 0,99 - 592
TAEE, % (volume fraction) 6,401-1073-(X+0,8) 5,438-1072-(X+0,8) 0,98 - 15,59
[ndividual other oxygenated (0,019 3 X + 0,002 4) (0,025 1.X + 0,351 5) 0,61 - 9,85
compounds-%retumefraction)
Total oxygdnates, % (0,0193X+0,002 4) (0,0251X+0,3515) 0,61 - 9,03
(volume frgction) 0,010 7 (X + 10,727 7) 0,0191 (X+ 10,727 7) 9,03 - 27,42
0,

Total oxyggn content, % 9,028-10-3 (X+7,5) 1,851-10-2-(X+7,5) 0,50~ 12,32

(mass fractfion)

a  Xis the mean of the two results being compared, unless otherwise stated.

Taple 8 — Repeatability and reproducibility for Procedure B (high ethanol gasolings)

Repeatability 2 Reproducibjlity 2
Component or group content J R
p group % %
volume fraction volume fradtion
0, i 0
Ethapol [>30 % (volume fraction) and < 85 % (volume 124 485
fraction)]
Ethers [>0,b % (volume fraction) and < 1,6 % (volume 0,03 0,33

fraction)]

C3 - C5 alcphols [>1,4 % (volume fraction)

and < 2,5 % (volume fraction)]

0,1032X+0,0011b

0,6963X+0,073 1P

a  Xisthe mean of the two results being compared,inléss otherwise stated.

b Limited|data was obtained for the calculation-of these precision data. The values should therefore be cons

indication only.

Table 9 — Repeatability and reproducibility (interim) for Procedure C

Contentjof component or Repeatability 2 Reproducibility 2 Covered range

group r R

i 0,
fTOtal.amm tics % (volur@ 0,037(X+1) 0,12(X+1) 0,3812,69
raction)
Total olefinjs % 0,004 (X+2) 0,022(X+2) 0,081{2,37
(volume frdction)
Benzene, % (¥olume fraction) 0,006(X+0,35) 0,042(X+0,35) 0,04 10,11
n-hexane, % (volume fraction) 0,004-XY-> 0,036-X9:4> 0,10- 2,05
Total naphtenes (C6-C8), % 0,002 7(X+4) 0,007 6(X+4)

. 0,18 - 3,83
(volume fraction)

0

Total_ oxygenates, % (volume 0,012 0,041 0,08 - 0,86
fraction)
Methanol, % (volume fraction) 0,022(X+1,71) 0,082(X+1,71) 0,07 -0,39
Ethanol, % (volume fraction) 0,020 Xx0.4 0,061-X04 0,07 - 0,39
MTBE, % (volume fraction) 0,006(X+0,1) 0,041(X+0,1) 0,13-0,70
ETBE, % (volume fraction) 0,003(X+0,3) 0,024(X+0,3) 0,09-0,73

a  Xisthe mean of the two results being compared, unless otherwise stated.

© IS0 2025 - All rights reserved
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12 Test report

The test report shall contain at least the following information:

a)
b)
<)
d)
e)
f)
g)
h)

areference to this document, i.e. ISO 22854:2025;
type and complete identification of the product tested;
sampling method used (see Clause 7);

result of the test (see Clause 10);

if applicable, the external quantification (see 9.2);

any defviation, by agreement or otherwise, from the procedure specified;
any unjusual features observed;

date of the test.

© IS0 2025 - All rights reserved
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Annex A

(informative)

Instrument specifications

further de
depending
informatio
of the supp

Table A.1 — Example of column specification

scription. It is possible that not all columns are required and the actual columns used can vary
on the instrument configuration. The test equipment should be set up to work accerding to the
n in this annex and should have all the necessary items installed according to‘the requirements
lier’s specifications.

Name Length ID Phase Description
cm mm
Sulfate colymn I 30 2 50 % sulfate on Chromosgrb 7502, |Absorption of alcohols and
mesh size 150 pm to 180 pum (no. 80 [higher-boiling afomatics
to no. 100)¢
Polar colunn (key ref- 270 2 30 % OV 275 on Chromosorb? Separation of aljphatic and
erence 4 in|Figure A.1) PAW, mesh size-180 pm to 250 um  |aromatic compounds
(no. 80 to nex100) ¢
Non-polar ¢olumn (key 1500 0,53 5 um methyl silicone Elution of aromgtics
reference 1)2 in
Figure A.1)
Molecular dieve 13X 170 1,7 3 % molecular sieve 13X on Separation of paraffins and
(key referehce 11 in Chromosorb 7502, mesh size 150 um |cyclo-alkanes (naphthenes)
Figure A.1) to 180 um (no. 80 to no. 100) ¢
Sulfate colymn II 30 3 50 % sulfate on Chromosorb 7502, |Adsorption of ethers
(key referehce 6 in mesh size 160 pm to 180 um (no. 80
Figure A.1) to no. 100) ¢
Olefin trap|(key refer- 30 3 8 % silver salt on silica gel, mesh Adsorption of olefins
ence 7 in Figure A.1) size 125 pm to 180 pm (no. 80 to no.
100) ¢
PorapakP cplumn 90 2 Porapak PP, mesh size 150 um to Elution of aromatics,
180 um (no. 80 to no. 100) ¢ alcohols and ethlers
Hydrogenation catalyst 55 1,7 2 % Pt on alumina Hydrogenation ¢f unsatu-
(key referehce 9 in rated compounds
Figure A.1)

a  Chromo

korb is the trade name of a product supplied by Johns-Manville Corp This information is given for the ¢

nvenience of

users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products can be used if
they can be shown to lead to the same results.

b Porapak is the trade name of a product supplied by Waters Associates, Inc. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products can be used if
they can be shown to lead to the same results.

¢ These numbers provide another way to describe the mesh size, derived from ASTM E11-24, Table 1.

A typical instrument configuration is shown in Figure A.1.
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A.2 Temperature control ranges of system components

The independent temperature control of numerous columns and traps, the hydrogenation catalyst, column
switching valves, and sample lines is required. All system components that contact the sample shall be
heated to a temperature that will prevent condensation of any sample component. Table A.2 lists the system
components and operating temperatures. Some of the components require isothermal operation, some
require rapid heating and cooling, while one component requires reproducible temperature programming.
The indicated temperatures are typical. Temperature control may be performed by any means, granted the
requirements listed in Table A.2 are met.

Table A.2 — Temperature control ranges of system components

Component Typical operating Maximum heating time | Maximum coaoling time
temperature range min min
°C
Sulfafe column I 60 - 280 2 5
(Algohol trap)
Polar column 130 Isothermal
Non-pplar column 130 Isothermal
Olefin trap 120 - 280 1 5
Molssieve 13X 90 - 430 Temperature programmed
Sulfate column II 70 - 280 1 5
(Ether{alcohol trap)
Hydrogehation catalyst 180 Isothermal
Column syvitching valves 130 Isothermal
Sample lines 130 Isothermal

A.3 Gas
The gas fl

flow rates

w rates on commercial instruments-are normally set prior to shipment and normallly require

little adjustment. Optimize flow rates on other systems to achieve the required separations. Typical flow
rates for the commercial instrument used in'the precision study are given in Table A.3; howevef, the flows
can differ Jomewhat from system to sysStem.

The carrier gas (Flows A and B, se¢’5:2) may be either helium or nitrogen. Table A.3 contains the tfypical flow

rates for b

th options.

Table A.3 — Typical gas flow rates

Gas Flow rate
ml/min
Flow A (Helium) 22+1
Flow B (Helium) 12+1
Flow A{Nitrogemn) 6
Flow B (Nitrogen) 8
H, (hydrogenator) 14 £ 2
Hydrogen (FID) 30-35
Air (FID) 400 - 450

A.4 Typical instrument configuration

See Figure A.1.
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3 H

4

L 12

Key
V1to V5

O N O Ul A WD

column switching{bypass valves

13

front inlet (FlowhA) 9  platinum (Pt) column
injection pokt 10 molecular sieve 5A

fixed restriction 11 molecular sieve 13X
poldr €olumn 12 non-polar column
pre/column 13 backinlet (Flow B)
alcohol/ether trap 14 flame ionization detector

olefin trap
platinum column hydrogen flow

Figure A.1 — Typical instrument configuration
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This annex_contains examples of chromatograms with a t

oxygenates
unknown {
differ fronj
manual or

ISO 22854:2025(en)

Annex B
(informative)

Examples of typical chromatograms

fractions as mentioned in 6.3. This annex is intended to be used as guidelines for jdentifying
eaks. The retention times in these example chromatograms depend on the analysis mdde and can
other modes or instrument versions. This annex is not intended to replace the,; manufacturer’s

nstruction.

For each tyjpe of gasoline, information is given on what to expect from the specifictype of gasoline and what
to check for when evaluating the results.

Finally, thif annex contains information on general good laboratory practices.

B.2 Conpentional gasoline or BOB

B.2.1 Conventional gasoline or before oxygenate blending (BOB) is the most straight forwar
f samples is useful for verifying the performance dfithe instrument (see Figure B.1).

This type ¢

B.2.2 Evaluation of the results includes verifying thepeaks of some key components, including:

a) Benzene: benzene elutes as the first aromatic(Component at about 28 min. When the instru
time is not adjusted well, it can appkar in the saturates fraction (between 6,5 min ¢

switch

Corredt the valve switch time so that all'‘benzene elutes.

b) The p1

ofile of saturates and olefins: check and compare the profile of the saturates and
aware|of when, for example, there.is'no olefins C4 and C5, although there is saturated C4 and
aware|of when there is for example, C5 and C7, but no C6. In these cases, check the identificati

column temperature settings,

d analysis.

ment valve
ind 9 min).

olefins. Be
5. Also, be
lon, and the

c¢) Oxygenates: although noexygenates are expected in BOB, check the time regions in the chr¢gmatogram
2 min to 17 min and from 31 min to 35 min for traces of ethers and alcohols. The BOB can be
d with low level oxygenates.

from 1
pollutd
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Y
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E
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7
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6
A/V//s1o4 jjg h 10 cuo
0 1 A ] ] N
20 30 40 50 55 X
Key
X  time, iff minutes Y instrument response, in picoampéres (pA)
A saturates carbon number C4 - C11 D aromatics carbon number C7 €10
B  olefinsfcarbon number C4 - C10 E oxygenates (ethers), if the\gasolines contain ethers, th
here
C  aromatjics carbon number C6 - C8 F oxygenates (alcohols\and ethers), peaks are seen beca

NOTE The 1
length of 4 (

Figure B.1

B.3 Gas

B.3.1 Bef
known corj

s).

contains oxygenates

pline with one or two known oxygenates

umbers in the figure correspond to the carbon numberléngths listed under A, B, Cand D, e.g. 4 #

— Chromatogram of a conventional gasoline or blend stock for oxygenate blend

ore running the gasolin€s with known oxygenates, run a reference standard (a gaj
hposition and concentration) containing the expected oxygenate concentrations to c

good performance of the instrument and the software setup (see Figures B.2 and B.3). The ether

either bety
31 min to 3

veen the saturates and olefins (between 12 min to 17 min) or in the alcohol fractioy
5 min). At both-lo€ations they can be identified and quantified.

by will elute
1se gasoline

C4 (carbon

ing (BOB)

oline with
onfirm the
s can elute
I (between
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Y
aof 0 B & 2
1200 -
1000 |-
800 -
600 -
466 E '
200 |-
0 /| ad L L IL | |
0 10 20 30 40 50 55 X
time, i} minutes Y instrument response, in picoamperes (pA)
saturates carbon number C4 - C11 D  aromatics carbon number-€7 - C10 plus hydrocar

olefins

aromat

carbon number C4 - C10

ics carbon number C6 - C8

boiling point > 185 °C

F  oxygenates (alcohols\and ethers), if the gasolines co|
and alcohols, they will elute here

Figure B.2 — Chromatogram of a gasoline with a volume fraction of 5 % ethanol

bons with a

ntain ethers

time, in minutes

Y
1400 - A
—A
1200
1000 E C D
A A
800 |- B
—_—
600\
400 —
200 F
| E |
0 ALl Al A | I |
0 10 20 30 40 50 55 X
Y instrument response, in picoamperes (pA)
saturates carbon number C4 - C11 D  aromatics carbon number C7 - C10
olefins carbon number C4 - C10 E ETBE
aromatics carbon number C6 - C8 F ethanol

Figure B.3 — Chromatogram of a gasoline with a volume fraction of 10 % ETBE and 1 % ethanol

© IS0 2025 - All rights reserved
20


https://standardsiso.com/api/?name=9c0df09c02378b611b13e8459d7de4bf

ISO 22854:2025(en)

B.3.2 Evaluation of the results includes verifying the peaks of some key components.

B.3.3 Additional peaks before benzene (<28 min) require attention. When it is expected to be an ether
(because the sample contains a high percentage of ethers), it shall be identified in the software as an ether.
When this additional peak is expected to be ethanol, the pre-column temperature shall be increased, causing
ethanol to move to its proper location.

B.3.4 Once this pre-column temperature is set with a validation sample, it is correct for the unknown
samples.

B.4 Gasoline with a mix of (unknown) oxygenates

When no ipformation is known about the sample, use the chromatogram in Figure B.4 asqa‘beference. It
shows the glution order and time of 4 ethers and 7 alcohols.
Compare ¢ach section of the sample chromatogram with the corresponding section of the example
chromatogram in Figure B.4. If additional peaks are found in sections where no peakis expected, analyse
known samples or consult the manufacturer for identifying the unknowns.
Y
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—A
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0
0 10 20 30 40 50 55 X
Key
X  time, i minutes Y instrument response, in picoamperes (pA)
A saturates carbon number'C4 - C11 D  aromatics carbon number C7 - C10
B  olefins|carbon number C4 - C10 E ethers
C  aromatjics carbehhiumber C6 - C8 F  alcohols and ethers
1 MTBE 8  tert-butanol
2  DIPE 9  n-propanol
3 ETBE 10 ETBE
4 TAME 11 2-butanol
5 methanol 12 tert-amylalcohol
6  ethanol 13 toluene
7  iso-propanol 14 (C8-aromatics

Figure B.4 — Gasoline with a mix of (unknown) oxygenates

Additional confirmation of the correct elution of oxygenates can be obtained by running a mix of pure
oxygenates which are commercially available.
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