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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 20847 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting~-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 28, Petroleum{products and lubricants.
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Introduction

This International Standard is directed specifically at the lower end of the concentration range covered in
ISO 8754 ([3] in the Bibliography), which covers sulfur contents from 0,01 % (m/m) up to 5,00 % (m/m). By
restriction of instrument type, a better signal to background ratio for sulfur K emission is assured and by the
use of matrix matched calibration standards or other means of matrix corrections (as detailed below), the
precision and accuracy of results for samples having varying C:H mass ratios and oxygen contents are
imprgved. A knowledge of the general composition of the sample for analysis is advantageous in jobtaining the
best fest result.

Whete matrix matching is not used and where the C:H mass ratio of the test sample is known or can be
determined, accuracy may be improved by the use of the equation given in A.2.2 to-Correct thel result to the
C:H mass ratio of the calibration standards, i.e. the reference diluent oil (4.1).

Some instruments include the capability for the separate measurement of Seattered radiation frpm the X-ray
tube,[and notes for information are provided in A.2.3 on the use of this scattered radiation for gompensation
for matrix effects in the test sample.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 20847:2004(E)

Petroleum products — Determination of sulfur content of
automotive fuels — Energy-dispersive X-ray fluorescence
spectrometry

WAdNING — The use of this International Standard may involve hazardous materials, oszrations and

equi

bment. This International Standard does not purport to address all of the safef

assogiated with its use. It is the responsibility of the user of this International Standard

appr

ppriate safety and health practices and determine the applicability of regulatory limi

to use.
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International Standard specifies an energy dispersive X-ray flugrescence (EDXRF) test m
mination of the sulfur content of motor gasolines, including those containing up to 2,7 % (
f diesel fuels, including those containing up to 5 % (V/V).fatty acid methyl ester (FAME),

{nts in the range 30 mg/kg to 500 mg/kg. Other products may be analysed and other sulfur

termined according to this test method; however, no_ precision data for products other tha
and for results outside the specified range have beéen established for this International S
ns of spectral overlap, this International Standard is not applicable to leaded motc
replacement gasolines containing 8 mg/kg .potassium to 20 mg/kg potassium, or to [
tocks containing lead, silicon, phosporus, calcium, potassium or halides at concentrations
enth of the concentration of sulfur measuréd.

For the purposes of this Internatienal Standard, the terms “% (m/m)” and “% (V/V)” are used td
fraction and the volume fraction of a material, respectively.

ormative references

The following referenced”documents are indispensable for the application of this documen
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nces, only the 'edition cited applies. For undated references, the latest edition of th
ment (including‘any amendments) applies.

170:2004, Petroleum liquids — Manual sampling

174:1988, Petroleum liquids — Automatic pipeline sampling
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3 Principle

The test portion, in a cup fitted with an X-ray transparent window, is placed in a beam of exciting radiation
from an X-ray tube. The intensity of the sulfur K characteristic X-radiation is measured, and the number of
accumulated counts is compared with a calibration curve constructed from sulfur standards covering the range

of su

NOTE

© IS0

Ifur contents under examination.

The exciting radiation may be either direct, or indirect via a secondary target.
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4 Reagents and materials

4.1 Diluent oil

4.1.1 The reference diluent oil is white oil (light paraffin oil) of high purity grade, with a sulfur content of
1 mg/kg maximum. However, if only one type of matrix is to be analysed (e.g. motor gasoline), the accuracy of
results may be improved by using a matrix-matched diluent. These should match approximately the aromatic
and oxygen content of the material to be analysed, and should consist of high purity components of less than

1 mg/kg sulfur content.

NOTE Suitable components for the matched matrix diluent include heptane, 2,2 4-trimethylpentane, toluene, xylenes,
ethanol, methyl tertiary butyl ether (MTBE), ethyl tertiary butyl ether (ETBE), tertiary amyl methyl ether (TAME) angl fatty
acid methyl egter (FAME).

4.1.2 For the analysis of diesel fuels containing FAME at contents greater than 5 % (V/V), a matched rpatrix
diluent oil of the white oil with FAME shall be used.

4.2 Sulfur compounds

421 Gengdral

Sulfur compgunds of known sulfur content shall be used for the preparation of the primary standards| The
compounds given in 4.2.2 to 4.2.5 are suitable, and their nominal sulfur<contents are given. Where the purity
of these compounds is less than 99 % (m/m), either the concentrations>and nature of all impurities are [to be
known or cettified reference materials shall be used.

4.2.2 Dibenzothiophene (DBT), with a nominal sulfur contentof 17,399 % (m/m).

4.2.3 Dibdtylsulfide (DBS), with a nominal sulfur contentof 21,915 % (m/m).

4.2.4 Thiognaphthene (Benzothiophene) (TNA),with a nominal sulfur content of 23,890 % (m/m).

4.2.5 Dibdtyldisulfide (DBDS), with a nominal'sulfur content of 35,950 % (m/m).

4.3 Refergnce materials

Certified refgrence materials (CRMs) from accredited suppliers, containing a range of sulfur concentrafions,
are suitable alternatives to the compounds listed in 4.2 for use as calibration standards.

4.4 Quality control samples

Stable samples representative of the materials being analysed, that have a sulfur content that is known bly this
test method pver, @>substantial period of time, or supplied commercially with a certified value. Ensure before
use that the 1nateria| is within its shelf life.

5 Apparatus

5.1

5.1.1

Energy-dispersive X-ray fluorescence analyser

background to give net sulfur intensities.

Energy-dispersive X-ray fluorescence analyser, having facilities for measuring and subtracting the

The instrument shall be capable of measuring the content of sulfur at 50 mg/kg with an error due to counting
statistics of 3 % relative standard deviation (RSD) maximum.

5.1.2 Source of X-ray excitation, with significant flux at X-ray energies above 2,5 keV.

© ISO 2004 — All rights re;
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5.1.3 Removable sample cup, providing a sample depth of at least 5 mm, and equipped with replaceable
X-ray transparent film.

NOTE The transparent film is normally of polyester or polycarbonate with a thickness between 2 ym and 6 pm.
Polyester film is the preferred choice as samples of very high aromatic content can dissolve polycarbonate film. There are
possibly trace amounts of calcium in polyester film, but any absorption or enhancement effects would be cancelled out
when samples and standards are analysed using the same material. It is important that samples, standards and blanks
are measured using the same batch of film to avoid bias.

5.1.4 X-ray detector, with high sensitivity, and resolution not exceeding 800 eV at 2,3 keV.

5.1.5__Means of discriminating between sulfur K characteristic X-radiation and other X-rays of higher
energy (e.qg. filters).

5.1.6] Signal conditioning and data handling electronics, including the functions of pulse counting, and a
minimum of two energy regions (to correct for background X-rays). When matrix matching of samples and
stanqards is not used, the instrument shall also be able to measure an energysregion corr¢sponding to
scattered radiation, and to use this measurement to compensate for matrix effects (see Annex A). The latter
meagurement can also be used as the second energy region specified above“and used to falculate the
background.

NOTE Differences in carbon/hydrogen ratios, or oxygen contents, between(samples and standards cap cause matrix
effects which may lead to a bias in the analytical result.

5.2 | Analytical balance, single-pan or double-pan, capable of weighing to the nearest 0,1 mg.
5.3 | Mixer, magnetic stirrer with PTFE-coated stirring rods.

5.4 | Flasks, of 100 ml capacity, narrow-necked, coni¢al, and made of borosilicate glass.

6 $ampling and sample handling

6.1 | Unless otherwise specified, samples shall be taken by the procedures described in [ISO 3170 or
ISO 3171.

6.2 | Store samples which contain light fractions (e.g. motor gasoline and naphtha) in a refrigerator.
6.3 | Mix samples by gently shaking by hand prior to the removal of the test portion.

6.4 | Allow test portions)to attain ambient temperature prior to analysis.

7 Apparafus preparation

7.1 | Analyser

7.1.1 Set up the analyser (5.1) in accordance with the manufacturer's instructions. Wherever possible, the
instrument shall be continuously switched on to maintain optimum stability.

7.1.2 Purge the optical system with helium (99 % purity) following the manufacturer's guidelines on
minimum flush time to ensure stability of measurements.

7.2 Sample cups

It is recommended that disposable sample cups be used. If disposable cups are not used, thoroughly clean
the sample cups with an appropriate solvent and dry before use. Do not re-use disposable cups. Use the
same batch of window material for each run of verification and sampling analysis (see the note to 5.1.3). Keep
handling of window material to the absolute minimum.

© 1SO 2004 - All rights reserved 3
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NOTE Differences in window material thickness between batches, or the presence of even partial finger marks, are
sufficient to affect results.

When carrying out measurements at low sulfur concentrations (< 100 mg/kg), follow the guidelines given in
Annex B.

8 Calibration

8.1 General

Use either gertified reference materials (4.3) or primary standards prepared from sulfur compounds|(4.2)
dissolved in dliluent oil (4.1) as a basis for the preparation of the two primary calibration standards.

8.2 Prepdration of primary standards
8.2.1 Preppare two primary standards with sulfur contents of approximately 5 000 mg/kgjand 1 000 mg/kg.

8.2.2 Weigh, to the nearest 0,1 mg, the appropriate quantity of diluent oil (4.1)¢see Table 1), into a|flask
(5.4) and add the appropriate quantity of the selected sulfur compound (4.2) or. certified reference material

(4.3), weighgd to the nearest 0,1 mg. Mix the contents of the flask thoroughly, at’room temperature using the
mixer (5.3).

Fable 1 — Composition of primary standards based on-nominal sulfur contents

Approximate sulfur content | White oil DBT (4.2.2) DBS (4.2.3) TNA (4.2.4)
mg/kg g g g g
1 000 50,0 0,29 0,23 0,21
5000 50,0 1,48 1,17 1,07

8.2.3 Calclilate the sulfur content, net of that included in the diluent oil, wg, in miligrams per kilogram to
three decimd| places in each case, from the.amounts of diluent oil and sulfur compound used as follows:

wg =10000x—S"Sc_
mg +my,

where
mg is the massf)sulfur compound, expressed in grams (g);

wge is fhe.sulfur content of the sulfur compound, expressed in percent mass, % (m/m);

my, is the mass of white oll, expressed in grams (J).

8.2.4 Store primary standards in tightly closed glass containers in a dark cool place, preferably in a
refrigerator. Before use, examine for any phase separation or discoloration, shake vigorously, and allow to
stand to allow removal of air bubbles. Discard any standard that shows sediment, phase separation or
discoloration.

8.3 Calibration standards

8.3.1 Prepare calibration standards from the primary standards (8.2) in the selected diluent oil (4.1), and
calculate the exact sulfur content of the calibration standard using the equation given in 8.2.3. Prepare
calibration standards of nominal sulfur content of 700 mg/kg and 300 mg/kg from the 5 000 mg/kg primary
standard, and calibration standards of nominal sulfur content of 500 mg/kg and 100 mg/kg from the

4 © ISO 2004 — All rights reserved
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1 000 mg/kg primary standard. Use the reference diluent oil (4.1) as the blank or zero point and the
1 000 mg/kg primary standard as the top point of the calibration. Calibration standards, of certified sulfur
content in a specified diluent oil (e.g. diesel), are suitable for use for analysis of known similar materials.
Where concentrations of less than 100 mg/kg are to be measured, additional standards of sulfur content

25 mg/kg and 50 mg/kg should be included in the calibration.

8.3.2  Store calibration standards in the same manner as primary standards (see 8.2.4).

NOTE Stability trials have shown that calibration standards are stable for up to six months when stored in a
refrigerator.

8.4 _Calibration procedure

8.4.1] When carrying out measurements at low sulfur contents (< 100 mg/kg), follow the guidelines given in
Annex B.

8.4.2| Carry out the calibration procedure in accordance with the manufacturer's instructions, gnsuring that
both [the sulfur K line and background intensity are measured and used to calculate net intensities for the
sulfur line. If required for matrix corrections, the scattered radiation (e.g. from an X:ray tube line)|shall also be
meagured (see Annex A).

8.4.3| Prepare the sample cup (5.1.3) by covering the base of the~¢up with window film, |and fill to a
minimum depth of 50 % of the cup capacity. If closed cells are used,{provide a vent hole in the tpp to prevent
bowing of the film during analysis of volatile samples. Ensure ithaf there are no air bubbles |between the
windw and the liquid, and that there are no wrinkles in the film Qr'sagging of the window.

NOTE Scatter from the sample cell and the sample may vary with sample depth, and thus matrix corrgctions may be
affected if the depth is not relatively consistent.

8.4.4] Obtain three readings on each calibration standard and run in random order, taking a fresh sample
aliqupt and cell for each reading. Set the counting times for the sulfur K peak, and the| background

meas
bette
resul

NOTE

reproglucibility of measurement impraved in relation to the number of counts collected. At very low sul

count
1mg

shoul
level.

8.45
point
contg
direc
each
proce

urement (and the scattered radiation if used) to be long enough to obtain an overall precisio
[ than 3 % relative standard deviation (RSD) at 50 mg/kg sulfur content [i.e. at 50 mg/kg s
s should be within 3 mg/kg sulfur (95.% confidence)]. Measure the diluent oil as a blank.

The objective at low sulfur_levels is to obtain adequate counts to satisfy the above requiren

ng time is related to instrument count rate and the background count rate (estimated from a sample
kg sulfur content). Where the manufacturer's data sheet does not recommend specific counting ti
j refer to the instrumentmanufacturer for the correct equation to estimate the required counting time

Construct a<calibration curve from the calibration standards. Check the curve at a minir
with certified~reference materials or laboratory secondary working standards of apprq

»]

ly traceable to a primary standard. Results from this check shall be within the control limit
standard. If the results fall outside these limits (after repeat tests), repeat the prima
dure\(see 8.4.4).

h estimate of
LIfur content,

ents, with the
ur levels, this
with less than
mes, the user
for each sulfur

hum of three
priate sulfur

nt and diltuent type, with sulfur values either assigned from determinations on another igpstrument, or

5 allowed for
y calibration

Control limits are established from the laboratory statistical control charts, but initial values should be set
before experience is established. Limits of the repeatability of this method, or 0,7 times the reproducibility, are
reasonable starting points.

8.4.6 From the primary calibration graph, assign set-up standards and use them for frequent
restandardization of the graph in order to compensate for changes in instrument stability and sensitivity.
Check the graph regularly against calibration standards. Whenever tests on the calibration standards show
sulfur content results which differ from their assigned values by more than the repeatability precision limits of
the test method, standardize (prepare fresh set-up standards) or recalibrate the analyser. If the instrument
does not meet the minimum precision requirements given in 8.4.4, or the set-up standards do not give
acceptable results even after repeated recalibration, consult the instrument manufacturer. Provided the quality
control check remains within the limits, recalibration is not required. If it is outside the limits, follow the
calibration procedure given in 8.4.4.
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oils or the manufacturer's supplied setting-up samples (SUS).

NOTE 2

NOTE 3
frequently.

Ins

trument drift may be influenced by temperature.

9 Procedure

9.1 Whenpe
Annex B.
9.2

9.3 Take

counting tim
calculate the
NOTE M

9.4 After 4

Each day, analyse a blank sample. If the values of these quality contrelhsamples or the blank fall outsid

control limits

10 Calcul

Read the cor
or by direct r

Prepate and fill the sample cup with the test portion as described in 8.4.3, taking the same precat
as for test po

rtion capacity, venting and film continuity.
easurements for the sulfur K line and background (and scatter peak if used) using the
as used for calibration. Repeat the measurements using a fresh test portion in a new cel
mean net count.
bdern instruments may incorporate this calculation.

very five to ten unknown sample analyses, analyse an appropriate quality control sample

(see 8.4.5), recalibrate the instrument.

ation

bading from those analysers which haye:eomputing facilities.

11 Expression of results

Report the siilfur content to the nearest1 mg/kg.

12 Precis

12.1 Gene

The precisiol
Bibliography
givenin 12.2

on

al

h, as ‘determined by statistical examination in accordance with ISO 4259 ([1] and [2] i

tent of sulfur in the sample from the calibration curve, using the mean count for each test pg

Set-up standards may be calibration standards (8.3), but are more commonly secondary standards such as

The typical frequency of primary calibration checks is daily, or each time the instrument is used if less

tions

Bame
, and

4.4).
e the

rtion,

h the

ofJinterlaboratory test results on eight motor gasoline samples and seven diesel sampl

BS, is

and 12.3.

12.2 Repeatability,

The difference between two test results obtained by the same operator with the same apparatus under
constant operating conditions on identical test material would, in the long run, in the normal and correct
operation of the test method, exceed the following values in only one case in 20.

where X is th

For motor gasolines r=0,0312Xx+9

For diesels r=0,0188X+8

e average of the results being compared, in milligrams per kilogram.

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=bcba7482045fb7e3865eaa305b9c3657

ISO 20847:2004(E)

12.3 Reproducibility, R
The difference between two single and independent test results obtained by different operators working in
different laboratories on identical test material would, in the long run, in the normal and correct operation of
the test method, exceed the following values in only one case in 20.

For motor gasolines R=0,1116X+11

For diesels R=0,0169X+12

where X is the average of the results being compared, in milligrams per kilogram.

13 Test report

The test report shall contain at least the following information:

a) reference to this International Standard;

b) e type and complete identification of the product tested;

c) e result of the test (see Clause 11);

d) lny deviation, by agreement or otherwise, from the procedure ‘specified;

e date of the test.
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Annex A
(informative)

Interferences

A.1 Spectral interferences

Spectral int

spectral peaks, the detector cannot resolve from sulfur K characteristic X-radiation. In general, for instrun
employing al| gas-filled proportional detector, interfering elements of contents greater than aftenth ¢

measured c
elements ing

these elements are excluded from the scope of this International Standard.

A.2 Matriy

A.2.1 Geng¢ral

Matrix effectp

variations di
emission. Vs
produce sigr
critical that m

A.2.2 Dilug

A.2.21

highly paraff
hydrocarbon
changes in t

concentratiofs of oxygenates will increase the errors beyond this value.

A.2.2.2
which closely
on sample
2,2,4-trimeth
Where oxyg
oxygenate cq

erences occur when elements within the test portion emit X-rays that, due to the overl

ntent of sulfur, or more than approximately 100 mg/kg, will produce such efféects. Inter
lude lead, silicon, phosphorus, calcium, potassium and the halides. Test portions contd

( effects

are caused by variations in the concentrations of the :elements within the test portion.
ectly influence X-ray absorption and will thus change‘the measured intensity for the su
riations in oxygen content and/or the C:H mass rati¢’ of the petroleum product under teg
ificant variations in measured values and therefore, if matrix matching is not to be used
atrix effects are considered and compensated for

nt selection

[ he reference diluent (4.1) for the production of calibration solutions from sulfur compound
nic light oil, whereas test samples’may contain varying amounts of aromatic and unsatu
5, and may contain oxygenated compounds. If compensation is not made for these varia
ne C:H mass ratio alone canylead to erroneous low values of up to 5 % relative, and signi

Compensation for matrix effects can be made by selecting a diluent for the calibration stan
matches the composition of the samples to be tested. Where only limited information is ava
composition, such as the aromatic content of motor gasoline, simulated diluen
ylpentane and/teluene or xylene, mixed to the same approximate aromatic content, can be
bnates are-known to be present, matrix matching of the calibration standards for approx
ntent is_essential for the most accurate results.

ap of
nents
f the
ering
ining

Such
fur K
t will

it is

5 is a
rated

tions,

ficant

Hards
ilable
s of
1sed.
mate

Nhere oxygenates are not present and the C:H mass ratio of the sample is known or c3

n be

sulfur content corrected for the matrlx effect when the diluent for the calibration standards is the reference
diluent (4.1) (C:H mass ratio = 5,698).

wex = ~Su
1,076 -0,0139C
where
wgy Is the corrected sulfur content;
wg, is the sulfur content measured from the calibration curve;

C

is the C:H mass ratio.

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=bcba7482045fb7e3865eaa305b9c3657

