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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing Documents 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.
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Petroleum products — Determination of sulfur content

of automotive fuels — Wavelength-dispersive X-ray
fluorescence spectrometry

WARNING — The use of this document can involve hazardous materials, operations and

equlpment ThlS document does not purport to address all of the safety problems

diesel fuels containing up to about 30 % (V/V) fatty acid methyl esters (FAME),

motor gasolines containing up to about 10 % (V/V) ethanol,

q

gynthetic fuels such as hydrotreated vegetable oil, (HVO) and gas to liquid (GTL) h
¢ontents in the range of 5 mg/kg to 45 mg/kg.

Products with higher oxygen content show significant matrix effects, e.g. pure FAME used
neveftheless, pure FAME can be analysed when the corresponding procedures are folloy
and 8.1).

Othe
thosg

r products can be analysed with this test method, though precision data for product
 mentioned have not been established for this document.

NOT

prec]sion was not established fot diluted samples.

NOTH
w, an

2 For the purposes:of this document, “% (m/m)” and “% (V/V)” are used to represent the 1
1 the volume fraction; <, of a material respectively.

2 ormative-references

The following documents are referred to in the text in such a way that some or all of t
constitites requirements of this document. For dated references, only the edition cited

associated
easures to
fulfil other

hod for the
to 500 mg/

hving sulfur

s biodiesel,
ved (see 5.3

5 other than

1 Sulfur contents higher-than 500 mg/kg can be determined after sample dilution, however, the

hass fraction,

heir content
applies. For

undated’references, the latest edition of the referenced document (including any amendme

hts) applies.

ISO 3170, Petroleum liquids — Manual sampling

ISO 3171, Petroleum liquids — Automatic pipeline sampling

3 Terms and definitions

No terms and definitions are listed in this document.

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

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved
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4 Principle

The sample under analysis is exposed in a sample cell to the primary radiation of an X-ray tube. The
count rates of the S K-L, 5 X-ray fluorescence and, where required, the count rate of the background
radiation are measured. The sulfur content of the sample is determined from a calibration curve defined
for the relevant measuring range.

NOTE The TUPAC X-ray line notation (S K-L, 3) is used in this document; the corresponding Siegbahn X-ray
line notation (S Ka or S Ka, ,) is being phased out.

5 Reagepnts

5.1 Dibutylsulfide, of nominal sulfur content 21,92 % (m/m), or dibutyldisulfide, of nomtinal gulfur
content 35,95 % (m/m), used as a calibrating substance for sulfur.

Care should|be taken due to volatility (see Annex A for further guidance).

NOTE Cgrtified reference materials (CRM) produced in accordance with ISO \17034[3] are suftable
alternatives.

5.2 Whit¢ oil (paraffinum perliquidum), for use as a blank solution, ofhigh purity grade, with a qulfur
content of l¢ss than 1 mg/kg. Check the blank solution prior to use with the spectrometer (6.1). A dignal
for sulfur shpll not be detectable.

5.3 Methyl oleate, for use as a blank solution when pure FAME is analysed, with a sulfur contgnt of
less than 1 mg/kg. Check the blank solution prior to use with'the spectrometer (6.1). A signal for gulfur
shall not be|detectable (i.e. the intensity shall be lower that the intensity equivalent to 1 mg/kg). (ther
oxygen-conffaining and sulfur-free blank solutions, such'as octanol, can also be used.

6 Apparptus

6.1 Wavelength-dispersive X-ray fluorescence spectrometer, with the capability for measuring the
count rates ¢f the S K-L, 3 X-ray fluoregcence radiation and the background radiation.

Due to the jnherently low background radiation produced by instruments utilizing monochroinatic
radiation fof excitation, it is notymandatory to measure the background radiation when this type of
instrument |s used. The minimum requirements for the spectrometer are given in Table 1.

6.2 Analytical balarice; capable of weighing to the nearest 0,1 mg.

Table 1 — Spectrometer requirements

Companent Polychromatic excitation | Monochromatic excitation |
Anode Rhodium, scandium or chromium Rhodium, scandium, chromium or titanium
Voltage? No less than 30 kV No less than 30 kV
Current? No less than 50 mA No less than 0,1 mA

a  Lower-power polychromatic systems may be used, provided they have been validated to meet the precision values
specified in Clause 13.

b Ininstruments using vacuum, the sample is not exposed directly to the vacuum of the optical path, but is separated by
a secondary window.

¢ Polyester film is the preferred choice as samples of very high aromatic content may dissolve polycarbonate film. There
are possibly trace amounts of silicon, calcium and sulfur in some types of film. However, the effects should be cancelled
out when samples and standards are analysed using the same batch of film. It is important that samples, standards and
blanks be measured using the same batch of film to avoid bias. Other sample window materials with the same or better
absorptivity, purity and stability can also be used.

2 © IS0 2019 - All rights reserved
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Table 1 (continued)

Component Polychromatic excitation Monochromatic excitation
Collimator or optic Coarse collimator Monochromator
Analysing crystal Germanium, pentaerythrite or graphite Germanium, pentaerythrite or graphite
Optical pathP Vacuum or helium Vacuum or helium
Sample cup window¢ Polyester film, 4 pm maximum thickness | Polyester film, 4 pm maximum thickness

Proportional counter Proportional counter with single channel
Detector . )
with pulse-height analyser analyser

WaV 1 i) S K'L') 2 at 0,537 3 nm Izt PP e Y e mm

ke Background radiation at 0,545 nm RS A

a
spec
b

C

blan

a secpndary window.

are plossibly trace amounts of silicon, calcium and sulfur in some types of film. Howeyer, the effects shoul
out when samples and standards are analysed using the same batch of film. It is important that samples, §
ks be measured using the same batch of film to avoid bias. Other sample winhdow materials with the spme or better
absorptivity, purity and stability can also be used.

iliied in Clause 13.
I

instruments using vacuum, the sample is not exposed directly to the vacuum of the optical path, but is

Rolyester film is the preferred choice as samples of very high aromatic content may dissolve polycarbong

ower-power polychromatic systems may be used, provided they have been validated to meet the‘precision values

separated by

te film. There
be cancelled
tandards and

Unleps otherwise specified, samples shall be taken by the procedures described in ISO 3170

8

8.1
Use

If pufe FAME is under analysis, usé\a blank solution in accordance with 5.3 to minimize potg
effects.

8.2

Weigh a quantity of the'required calibrating substance (5.1) to the nearest 0,1 mg, and dilut
tfion (5.2 or 53;"as appropriate) at room temperature so that a stock solution with aph accurately
known sulfureontent (to the nearest 1 mg/kg) of approximately 1 000 mg/kg is obtained.

solu

Care|should-be taken due to volatility of the calibrating substance (see Annex A for further

8.3

$ampling

Calibration solutions

Blank solution

White oil (5.2) as a blank solution’

Stock solution

PaSa ) P ) ]
LAl AliuIl SUIUUUID

or ISO 3171.

ntial matrix

> with blank

cuidance).

Weigh an appropriate quantity of the stock solution (8.2) to the nearest 0,1 mg into bottles and dilute
with blank solution (5.2 or 5.3, as appropriate) so that standard solutions with sulfur contents in
accordance with Tables 2 and 3 are obtained by stirring at room temperature. The sulfur contents in
the calibration solutions are indicated in milligrams per kilogram, rounded to the nearest 0,1 mg/kg.

Table 2 — Calibration solutions — Low sulfur range

Number Sulfur content
mg/kg
Blank solution 0 0,0
2.1 5,0

© IS0 2019 - All rights reserved
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Table 2 (continued)

Number Sulfur content
mg/kg
2.2 10,0
2.3 25,0
2.4 50,0

Table 3 — Calibration solutions — High sulfur range

8.4 Storage and stability of the calibration solutions

Calibration
the day they

Calibration

stored in a d

9 Settin{

9.1 Meas

For optimur

9.2 Optin

The spectr
order to acH
recommend

For polychr
kg solution

Number Sulfur content

mg/kg
Blank solution 0 0,0
3.1 50,0

3.2 100,0

3.3 200,0

3.4 350,0

3.5 500,0

solutions prepared in accordance with Table 2 have @limited stability and shall be us¢
are prepared.

solutions prepared in accordance with Table 3-have a stability of no more than one wy
ool location (refrigerator).

=]

D

uring parameters

h measuring parameters; refer to Table 1.

nization

pmeter shall,'be optimized in accordance with the manufacturer's specificatioy
lieve the optimum signal-to-noise ratio. The calibration solution with 50 mg/kg sulf
ed for optimization.

bmati¢ excitation, the counting time shall be set so that the total net count from a 50

bd on

pek if

IS in
ur is

mg/
and

i©2 40 000. This counting time shall be used for both calibration (see Clause 10)]

measureme

t{see Clauset1):

For monochromatic excitation, check the manufacturer recommendation for optimization.

9.3 Performance check of the spectrometer

Prior to a measurement series (calibration and/or measurement), but in any case, at least once daily,
the manufacturer's specifications shall be used to check that the spectrometer is operating correctly, so
that an optimum performance and a consistent standard of highest possible quality is ensured.

Performance checks should be carried out on a regular basis, since such checks give valuable

information

about the status and stability of the spectrometer.

© ISO 2019 - All rights reserved
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Calibration

10.1 General

Ensure that the spectrometer is in an optimized condition after having executed all provisions given in
Clause 9 and operating optimally before calibration (see 9.3).

For the range from 5 mg/kg to 60 mg/kg sulfur, and for the range 60 mg/kg to 500 mg/kg sulfur,
separate calibrations shall be conducted.

10.2-Galibratien-selutions

Tran
achid

prep

The

of th
mon

Sam

effe

win

volume by proceeding as follows: start with 1 ml, measure thé/nhét count rate, add liquid, me

the

of ne

For

a40

cup

10.3

The
net
soft

The

sfer the calibration solutions (8.3) into suitable sample cups so that the mipimur
ved (see paragraph below). Depending on the concentration range, all cdlibratic
count rate, I, of the S K-LZ’3 X-ray fluorescence radiation at 0,537 3 nni/and the cg
e background radiation at 0,545 nm, shall be measured consecutively) For instrume
bchromatic excitation, measurement of the background radiation is ot required (see

le quantities that are too small give a low result or relatively: more evaporation/cd
cts when measuring volatile samples, while too much sample’causes more sagging
ow, especially when aromatic samples are measured. It isTtecessary to determine t}

ount rate. Repeat until the count rate remains constant-for greater volumes of liquid.
t count rate vs volume and choose a volume greater than the point at which the curve b

q

olychromatic excitation, typically use 5 g of materials in a 28 mm sample cup or 10 g of]
mm sample cup. For monochromatic excitation, typically use 0,8 g of materials in a 20
nd 4 g of materials in a 42,9 mm sample cup:If in doubt, check the manufacturer recom

B

g

Calibration curves

het count rate, R, is calculated aecording to Formula (1) or (2). To determine the cal

dount rate, R, is plotted as. a‘function of the corresponding sulfur content. Use the sJ

V
regression calculation'may be carried out either separately or using the spectrometer

Ry = I - I when background is measured, or
o = I for monochromatic excitation, when no background is measured

=@+ DRy + cRy?

yare or a spreadsheet program to perform a regression of the data to fit to Formula (3].

n volume is
n solutions

red in accordance with Tables 2 or 3 shall be measured consecutively\in ascenpding order.

unt rate, I,
nts utilizing
).1).

ncentration
t of the cell
le minimum
asure again
Plot a curve
ecomes flat.

materials in
mm sample
mendations.

bration, the
pbectrometer

ralculator.

M)
(2)

(3

where

NOTE

is the net count rate for the relevant determination;
is the count rate of the S K-L, 3 X-ray fluorescence radiation at 0,537 3 nm;

is the count rate of the background radiation at 0,545 nm;

gram (mg/kg);
a, b, c are the parameters from the regression calculation.

Parameter c can be zero where the calibration curve has been shown to be linear.

© IS0 2019 - All rights reserved
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10.4 Checking

Check at least two points on each calibration curve regularly, but not less frequently than every six
months. It is highly recommended that quality control samples be used, with known sulfur contents for
these checks. Check immediately when using a new batch of films. If the check result differs from the
curve, execute a new 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 document, or 0,7 times the reproducibility, are reasonable starting points. In case of suspected
changes in the equipment status (e.g. drift), recalibration is required.

11 Procedure

CAUTION — Some samples such as process rundown streams can contain finely dispersed|iron
sulfide whiEh can drop onto the cell window, giving erroneously high results. In such cases| it is
recommended that the samples be filtered through a 0,2 pm membrane filter prier,to analysis.

11.1 Samples with sulfur contents between 5 mg/kg and 60 mg/kg

Fill a sample cup with a sufficient quantity of the sample under analysis so that the minimum volume
determined|in 10.2 is achieved. Expose the sample to the radiation of the X<ray tube.

Measure copsecutively the count rate, I of the S K-L, 3 X-ray fluorescence radiation at 0,537 3 nl?lnand
the count rdte, I, of the background radiation at 0,545 nm. For instfuments utilizing monochromatic
excitation, easurement of the background radiation is not required (see 6.1).

Calculate the net count rate, R, according to Formula (1) or f2}:

Read the sylfur content, in milligrams per kilogram, ftom the calibration curve (see 10.3) for the
measuring tange of 5 mg/kg to 60 mg/kg sulfur. If the sulfur content is higher than 60 mg/kg, a new
sample in a hew cup shall be measured using the calibration curve for the measuring range from 6( mg/
kg to 500 mg/kg.

If the calibfation curves were constructed.ising the same operation conditions, the result cqgn be
recalculated rather than re-measured.

11.2 Samples with sulfur conténts between 60 mg/kg and 500 mg/kg

Fill a sample cup with a suffiejent quantity of the sample under analysis so that the minimum volume
determined(in 10.2 is achieved@.

Expose the sample to the‘radiation of the X-ray tube.

Measure copsecutively the count rate, I, of the S K-L, 5 X-ray fluorescence radiation at 0,537 3 nr:Land
the count rdte, dg)of the background radiation at 0, 545 nm. For instruments utilizing monochromatic
excitation, meéasurement of the background radiation is not required (see 6.1).

Calculate the net count rate, R, according to Formula (1) or (2).

Read the sulfur content, in milligrams per kilogram, from the calibration curve (see 10.3) for the
measuring range of 60 mg/kg to 500 mg/kg sulfur. If the sulfur content is higher than 500 mg/kg, the
sample shall be measured using another suitable method (for instance 1SO 14596[21).

NOTE Sulfur contents higher than 500 mg/kg can be determined after sample dilution. However, the
precision was not established for diluted samples.

12 Expression of results

Report the sulfur content of the sample to the nearest 0,1 mg/kg between 5 mg/kg and 99 mg/kg, and
to the nearest 1 mg/kg between 100 mg/kg and 500 mg/kg.

6 © IS0 2019 - All rights reserved
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13 Precision

13.1

General

The precision, as determined by statistical examination in accordance with ISO 4259:2006[1], is given in

13.2

and 13.3. Precision has been derived in two studies[4l.

The precision for monochromatic excitation instruments (6.1) is only determined for sulfur contents

from

13.

5 mg/kg to 60 mg/kg.

Reneatabilitv »

The

samg
samg
is giy
13.3

The
the s
expe

14
The {
a) 3
b) t

TECPTATATIIITT Y1

lifference between two independent results obtained in the normal and correct-opel

method, for test material considered to be the same, within a short interval of tim
test conditions, that is expected to be exceeded with a probability of 5 % due\to rando
en in Table 4.

Reproducibility, R

difference between two independent results obtained in the-normal and correct
ame method, for test material considered to be the same, dnder different test condit
cted to be exceeded with a probability of 5 % due to randdm)variation, is given in Tabl

Table 4 — Precisiondata

ation of the
e, under the
Im variation,

peration of
ions, that is
p 4.

Sulfur content Repeatability, = Reproducibility, R
mg/kg mg/kg mg/kg
5to 60 1,7 +0,0248 X 1,9+0,1201 X
> 60 to 500 4,0 4,6 +0,075 X

NOTE 1 Xis the average of the results being compared, in milligrams per kilogram.
NOTE 2 Precision for HVO and)GTL applies only between 5 mg/kg and 45 mg/kg.

NOTE 3 Individual precision data for both polychromatic and monochromatic excitation
from the 2016 interlaboratory study (ILS) are available (see Reference [4].)

[est report
est report shall ¢ontain at least the following information:
| reference t0 this document (i.e. ISO 20884:2019);

he type-and complete identification of the product tested;

c) {

heresult of the test (see Clause 12);

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

e) the date of the test.
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