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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 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
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Introduction

X-ray fluorescence spectrometry can be used as a fast method for a qualitative overview of ash forming
elements and impurities. When calibration is based on biomass reference materials, X-ray fluorescence
spectrometry can be used for a quantitative analysis of the total content of the specified elements
within different solid biofuels.

The quality of the results obtained depends very closely on the type of instrument used, e.g. bench
top or high performance, energy dispersive or wavelength dispersive instruments. When selecting a

In
mi

rence materials.
erefore, this Technical Specification describes two different procedures.

Quantitative analytical procedure for major elements of biomass:\The calibration is
different biomass reference materials.

The elements described as major elements of solid biofuels ave in fact major elements

melting behaviour and slagging of the ashes. Moreover)contamination of fuel with sang
indicated by high values of several elements.

Total element characterization at a semi-quantitative level for major elements of bio

general, the sensitivity of X-ray fluorescenc¢é is not sufficient for a determination of the
hor elements (trace metals) in solid biofuels. However, determination may be used to reveal

contents of minor elements in solid biofuéls:

, elements

n the case

k-matched

based on

bf the fuel

ashes more than of the fuels. The determination of these €lements may be helpful to pfredict the

| or soil is

mass. The

calibrationis based on matrix-independent calibration curves, previously setup by the manufacturer.

content of
excessive
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Solid biofuels — Determination of elemental composition
by X-ray fluorescence

1

Thi

co
or

Scope

icentrations in biomass material by energy dispersive X-ray fluorescence (EDXRF) spe
wavelength dispersive X-ray fluorescence (WDXRF) spectrometry using a calibra

bigmass reference materials. A semi-quantitative determination may be carried out usi
independent standards.

Th

iis Technical Specification is applicable for the following elements: Na, Mg, AlSi) P, S, CL, K, (

My, Fe, Co, Ni, Cu, Zn, As, Br, Mo, Cd, Sb, and Pb. Concentrations from approximately 0,000 1 %
cah be determined depending on the element, the calibration materials used and the instrumg

2
Th

Normative references

indispensable for its application. For dated references, ouly the edition cited applies. Fo

references, the latest edition of the referenced document\(including any amendments) applieg.

IS 16559, Solid biofuels — Terminology, definitions-gnd descriptions

3
Fo

3.1

ab
ab

3.4

ab

Terms and definitions

" the purposes of this document, the terms and definitions given in ISO 16559 and the follow

sorption edge
‘upt change in mass absorption coefficient at a specific wavelength or energy

sorption of X-rays

logs of intensity of X-rays through absorption by an isotropic and homogenous material as de
th¢ Beer-Lamberttaw

3.3

anplyticalline
specificieharacteristic X-ray spectral line of the atom or ion of the analyte used for determina
anplyte content

Hqr element

‘trometry
tion with
ng matrix

a, Ti, V, Cr,
and above
bnt used.

e following documents, in whole or in part, are normatively referenced in this document and are

 undated

'ing apply.

scribed by

tion of the

3.4

continuous radiation
electromagnetic radiation produced by the acceleration of a charged particle, such as an electron, when
deflected by another charged particle, such as an atomic nucleus

3.5

compton-line
spectral line due to incoherent scattering (Compton-effect), occurring when the incident X-ray photon
strikes an atom without promoting fluorescence

Note 1 to entry: Energy is lost in the collision and therefore, the resulting scattered X-ray photon is of lower
energy than the incident X-ray photon.

©lI
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3.6

drift correction monitors
physically stable samples used to correct for instrumental drift

3.7
emitted s

ample X-rays

radiation emitted by sample consisting of X-ray fluorescence radiation (3.14) and scattered primary
X-rays (3.12)

3.8

mass absnrpﬁnn coefficient
constant ciescribing the fractional decrease in the intensity of a beam of X-radiation as it passes throy

an absorb|
Note1toe

Note2toe
atomic nun

3.9

polarised
energy dij
emitted X

3.10
powder s
analyte sg

3.11
pressed f
analyte sg

3.12
primary ]
X-rays by

3.13

ng medium
htry: It is expressed in cm?2/g.

htry: The mass absorption coefficient is a function of the wavelength of the absorbeddadiation and
hber of the absorbing element.

excitation X-ray spectrometer
persive X-ray spectrometer where the excitation is performed by polarised radiation and
ray fluorescence radiation (3.14) is detected along the directiorf.of polarisation

ample
mple submitted as a powder for direct measurementin the sample cup

ellet
mple prepared by pressing milled materiakifnito a disk

K-rays
which the sample is radiated

quality clintrol sample

stable sa
and calibn

3.14
X-ray flug
emission
gamma ra

4 Safef

ple with known contents) e.g. certified reference material (CRM) used to monitor instrum
ation performance

rescence radiation
pf charactegistic X-rays from a sample that has been bombarded by high-energy X-rays

yS

'y remarks

gh

the

he

ent

or

The X-ray fluorescence spectrometer shall comply with international and national regulations relevant
to radiation protection.

The person responsible for managing or supervising the operation of X-ray equipment shall provide
evidence of his knowledge of radiation protection according to national regulations.
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5 Symbols and abbreviated terms

5.1 Symbols

Al Aluminium
As Arsenic

Ca Calcium

Cd Cadmium
Co Cobalt

Cr Chromium
Cu Copper

Fe [ron

K Potassium

Mg Magnesium
M Manganese

Mg Molybdenum

Na Sodium

Ni Nickel

P Phosphorus
Pb Lead

Sb Antimony

Ti Titanium
\% Vanadium
Zn Zinc

5.2 Abbreviated terms

EDXRF Energy dispersive X-ray fluorescence

MCA Multi-Channel Analyser

WDXRF  Wavelength dispersive X-ray fluorescence

6 Principle

After a suitable preparation, the sample is introduced into a XRF-spectrometer and excited by primary
X-rays. The intensities of the secondary fluorescent energy lines specific for each element are measured
and the elemental composition of the sample is determined by reference to previously established
calibration graphs or equations and applying corrections for inter-element effects. The calibration
equations and inter-element corrections are established using pure reagents and/or series of internal or
reference materials provided that they meet all the requirements of the relevant preparation technique.

© IS0 2015 - All rights reserved 3
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7 Apparatus

7.1 X-ray fluorescence spectrometer, shall be able to analyse the elements according to the scope of
this Technical Specification. The following types of X-ray fluorescence spectrometers are applicable:

— energy dispersive X-ray fluorescence (EDXRF) spectrometer that achieves the dispersion of the
emitted X-ray fluorescence radiation by an energy dispersive detector;

— wavelength dispersive X-ray fluorescence (WDXRF) spectrometer that achieves the dispersion of
the emitted X-ray fluorescence radiation by diffraction by a crystal or a synthetic multilayer.

The spectfometer consists of the following components:

— primdry X-ray source, an X-ray tube with a high voltage generator;
— sample holder;

— detector unit including electronic equipment;

— sourck modifiers to modify the shape or intensity of the source spectrumrer the beam shape (ljke
sourck filters, secondary targets, polarizing targets, collimators, focusing-optics, etc.).

The dete¢tor unit is different for WDXRF and for EDXRF spectrométers. WDXRF spectrometers
take advantage of the dispersion of the emitted radiation by diffracion by a crystal or a synthatic
multilayer. The detector does not need to be capable of energy diScrimination. EDXRF spectrometgrs
use an energy dispersive detector. Pulses of current from thesdetector, which are a measure of the
energy of the incoming X-rays, are segregated into channels agtording to energy using a Multi-Chanpel
Analyser |(MCA).

NOTE1 |Theuse of a high-energy X-ray tube increases thefjotential for losses of volatile analytes from samples
by heatinglin the spectrometer during analysis.

NOTE 2  |The new generation of EDXRF spectrometérstakes advantage of the polarizing target theory resulting
in a significant decrease of the background scattering, and therefore lower limits of detection can be achieyed
(comparabje to WDXRF).

7.2 Pellet press, capable of providinga pressure of at least 50 kN. The pellet press may be a cold prg¢ss,
operatingjat temperatures not exceeding 150 °C.

8 Interferences and sources of error

Interfererjces in X-ray fluorescence spectrometry are due to spectral line overlaps, matrix effegts,
spectral afrtefacts and-particle size or mineralogical effects.

Spectral ljne oyérlaps occur when an analytical line cannot be resolved from the line of a differgnt
element. Corrections for these interferences are made using the algorithms provided with the
instrument-software.

Matrix effects occur when the X-ray fluorescence radiation from the analyte element is absorbed
or enhanced by other elements in the sample before it reaches the detector. In the case of complex
matrices, these effects generally have to be corrected. The correction procedure depends on the X-ray
fluorescence spectrometry system (EDXRF or WDXRF) and the apparatus type itself.

Spectral artefacts, e.g. escape peaks, sum peaks, pulse pile up lines, dead time, Bremsstrahlung
correction, are accounted for by the provided instrument software. Spectral artefacts differ for energy
dispersive and wavelength dispersive XRF spectrometry.

4 © IS0 2015 - All rights reserved
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Sample preparation

9.1 Preparation principles

:2015(E)

The sample preparation is very critical for XRF analysis of solid biofuels. The quality of sample
preparation strongly influences the accuracy of the results. The following different options exist.

Fo
an

Fo
Ac
ho

9.2

Dr
be

NO|
du

Aq

Fo

1(

10

For quantitative analysis of solid biofuel samples, the preparation of pressed pellets from prepared

general analysis sample material is recommended.

(in powder form) and concerning samples of biofuel pellets, the original pellets yma
directly without any sample preparation. It may be used to provide fast basic inferma
the approximate composition of a sample. Similar results may be obtained using por
instruments for field analysis.

For the quantitative determination of some elements, especially in inhomogeneous s
elements with very low concentrations in solid biofuels, the fused bead method may b
pre-ashed samples. The use of a fusion apparatus and fluxes like lithium meta borate
tetra borate and heating up the sample >1 000°C limits the application of this meth
determination of non-volatile elements.

- a given calibration, the same preparation method shall‘be used throughout, for bot
l standards.

" precise quantitative measurements, homogeneous.ahd representative test portions are
Cording to EN 14780, the nominal top size of the material shall be 1 mm or less. Regarding t
F mould pellets press, the material should be furthér comminute to a nominal top size of 0,5 n

. Drying of general analysis sample material

fore pressing pellets for XRF-analysis.

TE Concerning some XRF-instruments, the applied vacuum will dry the general analysis samp
[ing the determination givingthe same results as if the sample was previously dried.

Preparation of pressed pellet

elletis prepareddinthe pellet press (7.2). Before pressing, the sample shall be mixed and honj
" the preparation; follow the manufacturer’s instructions.

Procedure

.L-Analytical measurement conditions

d directly
7 be used
ion about
table XRF

hmples or
e used for
pr lithium
bd for the

h samples

hecessary.
he use of a
hm or less.

y a sufficient amount of general analysis sample material according to EN 14774-3 immediately

le material

jogenized.

10

.1.1 Wavelength dispersive instruments

The analytical lines to be used and suggested operating conditions are given in Table 1. The settings
strongly depend on the spectrometer configuration, e.g. the type of X-ray tube (Rh, Cr), tube power,
available crystals, type of collimators. Instrument manufacturer’s recommendations should be followed
in all cases.

10.1.1.1 Intensities and background corrections

For the determination of trace elements, the measured intensities have to be background corrected.
The measured background positions should be free of spectral line interferences. The net peak
intensity, I, expressed as the number of counts per second of the element of interest, is calculated as the

© IS0 2015 - All rights reserved 5
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difference between the measured peak intensity of the element and the background intensity, as given
in Formula (1):

I:Ip

where

_[b

I, isthe count rate of the element i, expressed as the number of counts per second;

M

Ip is the background count rate of the element i with no analyte present, expressed as the num-

b

10.1.1.2

The minin
the desire
middle of
calculated

b1 of counts per second.

Counting time

hum counting time is the time necessary to achieve an uncertainty (209,), whiclis less th
d precision of the measurement. Choose a reference material with a concentration level in

the working range and measure the count rate. The counting time for each element can
according to Formula (2):

2

200,

00 1
b
s the total counting time for the peaks and backgreund, expressed in seconds;

s the relative target precision at a confidence levél of 95 %, expressed as percentage.

10.1.2 E

ergy dispersive instruments

an
he
be

(2)

The analytical lines to be used and suggested;operating conditions are given in Table 1. The settings

strongly
targets, ty

10.1.2.1

Deconvold

epend on the spectrometer configuration, e.g. type of X-ray tube (Rh, Pd), tube power, availa
pes of filters. Instrument manufacturer’s recommendations should be followed in all cases

Intensities and background corrections

ble

tion of the spectra ‘and background correction are needed when analysing samples wjith
overlapping lines. Usually, ¥RE<instruments are supplied with a specific software module for that purpa

Table 1 — Suggeésted analytical lines, spectral line overlaps and correction methods

Se.

Element Line |Spectralline overlap | Type of matrix correction method
Na Ka ZnLf Alpha or FP
Mg Ko Aslo Alpha or EP
Al Ka BrLa Alpha or FP
Si Ka Alpha or FP
P Ka Alpha or FP
Ka CoKa PbMa NbLf Alpha or FP or MAC
Cl Ka Alpha or FP or MAC
K Ka Alpha or FP
Ca Ka Alpha or FP
Ti Ka BaLa ILJ Alpha or FP
\ Ka Ti KB Alpha or FP or MAC

© ISO 2015 - All rights reserved
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Table 1 (continued)

Element | Line |Spectralline overlap | Type of matrix correction method
Cr Ka VK PbLa Alpha or FP or MAC
Mn Ka CrKp Alpha or FP
Fe Ka MnK§f Alpha or FP
Co Ka FeKp Alpha or FP or MAC
Ni Ka CoKp Compton or FP or MAC
wu RA IdLO lhhp Lompton or rr or Mau
Zn Ka WLa Compton or FP or MAC

Ka
As PbLa Compton or FP or MAC
KB BrKa
Mo Ka ZrKB ULB Compton or FP or MAC
Ka Compton or FP or MAE
Ag La Crip Alpha or FP
Ka Compton or FPley MAC
Cd Agl.B
La Alpha or FP
Ka Comptenior FP or MAC
Sb CoKp
LB Alpha or FP or MAC
Pb LB ThLa BiLp SnKa €ompton or FP or MAC

tchniques.
alibration

accuracy

10.2 Calibration

10(2.1 General

The calibration procedure is similar for energy dispersive and wavelength dispersive tg

In [general, calibration is established by using matrix-matched reference materials. The g
eqpiations and inter-element corrections are calculated by the software of the instrument. Afp accuracy
check is performed with CRMs gx samples with known composition.

Different procedures for ¢orrecting matrix effects may be used according to the analytica

required.

©lI

the Comptoniline are affected in the same proportion due to the overall mass absorption
of the sample. This linear relationship holds true when all analytes are at low concentratig
elements)‘and their absorption coefficients are not affected by an adjacent absorption ed

Scattered radiation method is based on the principle that the intensities of the analyte line and of

toefficient
ns (minor
ge. In this

case,“ah internal Compton correction can be used. Besides that, a correction method
Cenmpton intensity with Mass Absorption Coefficients (MAC) is also applicable. In this
intensities of the major elements are measured to apply a jump edge correction for th

using the

merthod, the

analysed

trace elements.

Correction using the fundamental parameter approach.

Correction using theoretical correction coefficients (alphas) taking basic physical principles,

instrumental geometry, etc. into account.

Correction using empirical correction coefficients (alphas) based on regression analysis of standards
with known elemental concentrations. This procedure will normally need more standards than a

calibration based on theoretical correction coefficients.

SO 2015 - All rights reserved
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10.2.2 General calibration procedure

The measurements of analyte lines of samples of known composition are needed for calibration
purposes. The basic formula implies a linear relationship between the intensity and the concentration,
as given in Formula (3):

Ci=a,g+a;, -1 (3)

where

C; i9the concentration of the element of interest, expressed as mg/kg or percentage dry matte

B

ai,0 igthe intercept of the calibration curve;
aj,1 igthe slope of the calibration curve;
I; idthe netintensity of the element of interest, expressed as counts per second.

Matrix effects have to be taken into account in X-ray spectrometry according to Formula (4):
C; :[1i’0+ai’1 -IiJ-M (4)

where
M igthe correction factor due to the matrix effects.

The matrix effect correction factor may consist of an internal standard Compton correction factor| or
may be calculated from mathematical models.

10.2.3 Calibration procedure using the pressed pellet method (recommended method)
The pressed pellet method is used to determinethe concentrations of major and minor elements.

Select caljbration standards with a similar-composition as the samples under investigation containjng
the elements of interest and covering the concentration range of interest. The use of reference materigls
from diff¢rent recognized producérs*is recommended (see Annex A). The element concentratigns
shall vary] independently in the standards. If the calibration covers many elements in a wide rangg of
concentraltions, a large number of ‘calibration samples may be necessary.

Prepare pfressed pellets from'the selected calibration standards according to 9.3.
Specify thle analytical measurement method for EDXRF or WDXRF as described in 10.1.

Start up [the XRE €quipment according to the instrument manufacturer’s manual and measure
the calibration~standards using the specified measurement method. All measurements shall
be perfoymed* under vacuum. A minimum of four different calibration samples with different
concentration-shotld-b

33 d
LlvACme navae i

Follow the instructions in the instrument manufacturer’s manual to perform the regression, the
background correction, the line overlap correction and the matrix corrections for all elements
under consideration. In Table 1, the possible spectral line overlaps are indicated (dependant on the
configuration of the instrument) and also the matrix correction method that can be applied. For minor
elements with an absorption edge above the absorption edge of iron, a Compton internal standard
correction can be applied. Otherwise, a theoretical alpha correction or correction for the absorption
edge should be performed (for these corrections, all elements in the sample have to be analysed).

Depending on the type of instrument and the software programs available, alternative correction methods
can be applied. Validation of the final calibration curves shall demonstrate the accuracy of the method.

8 © IS0 2015 - All rights reserved
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Perform the regression calculation and verify that the correlation factors are within the limits of
accuracy required.

10.3 Procedures for correcting matrix effect

The use of correcting methods should be performed by users with a high level of expertise. The choice
for the different procedures should be taken in compliance with the manufacturer’s instructions.

10.3.1 Internal standard correction using Compton (incoherent) scattering method

The measured intensity of incoherent scattering may be used directly to compensate for matfix effects
or indirectly for the determination of the effective mass absorption coefficient, u, to correct for matrix
effects. The compensation for matrix effects is based on a combination of samplerepairation and
experimental intensity data but not on fundamental and experimental parameters.

The Compton scatter method can be expressed as Formula (5):
c. =lc. . Iinc,r . Ii,u (5)

wlere

Ciu isthe concentration of the element of interest i of the sample, expressed as mg/kg ¢or per-
centage dry matter;

Cir isthe concentration of the element of interesti of the calibration reference material, ex-
pressed as mg/kg or percentage dry matter;

flinc,u is the intensity of the incoherent Compton line of the sample, expressed as counts per sec-
ond;

linc,r is the intensity of the incoherént Compton line element of the calibration reference|material,
expressed as counts per second;

iy  isthe intensity of theielement of interest i of the sample, expressed as counts per s¢cond;

Iir is the intensity of the element of interest i of the calibration reference material, expressed as
counts per seegnd.

10{3.2 Fundamental parameter approach

The fundamental parameter approach uses the physical processes forming the basig of X-ray
fluprescenge emission and scattering to construct a theoretical model for the correction of matjrix effects
in [practice=*The correction term M is calculated from first principle expressions. These are derived
frgm BaSsic X-ray physics and contain physical constants and parameters that include absorption and
scattering coefficients, fluorescence yield, primary spectral distributions and spectrometry jgeometry.
The use of scattered radiation (Compton and/or Rayleigh) allows the determination of matrix effects
caused by sample elements that cannot be measured directly. The calculation of analyte concentrations
in samples is based on making successively better estimates of composition by an iteration procedure.
These iteration cycles are performed until the difference between the compared results is below a
defined value.

NOTE The algorithm used for the procedure is usually implemented in the manufacturer’s software.

10.3.3 Fundamental or theoretical influence coefficient method

The fundamental influence coefficient method encompasses any mathematical expression relating
emitted intensities and concentrations in which the influence coefficients are defined and derived
explicitly in terms of fundamental parameters.

© IS0 2015 - All rights reserved 9
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The calculation of the concentration from the intensities is performed by linear regression whereby
the net intensities are corrected for the present matrix effects. For each element, the concentration is
calculated according to Formula (6) and Formula (7):

C. = Cir I, -M 6
bu Hu T ( )

ILr 1+Z%C]r

T 7 7
C. = Cir I -1 C (7
u iy +Zai]’ ju (7)

j
I 1+Za1jcjr
J

Ciu 1sthe concentration of the element of interest i of the sample, expressed as mg/kg or percent-
hge dry matter;

Cir s the concentration of the element of interest i of the calibration reference material, ex-
pressed as mg/kg or percentage dry matter;

Iir 1s the intensity of the element of interest i of the calibration reference material, expressed ds
founts per second;

liu 1s the intensity of the element of interest i oftthe sample, expressed as counts per second;

Cjr 1s the concentration of the matrix element j of the calibration reference material, expresseg
s mg/kg or percentage dry matter;

Cju 1s the concentration of the matrixelement j of the sample, expressed as mg/kg or percentage
Iry matter;

M s the matrix correction\factor;

@ij Is the correction co€fficient ajj (called alphas) calculated from theory, although some apprpx-
mations are involved.

Different {ypes of alpha'coefficient exist, but all of them are calculated without reference to experimerital
data; they|are calculated using intensity data resulting from a fundamental parameter expression. The
alpha coefficients.vary as a function of sample composition and are calculated by an iterative process.

10.3.4 Empiriral alpha correction

Empirical alphas are obtained experimentally using regression analysis of data from reference
materials in which the elements to be measured are known and the total concentration range is covered.
Best results are achieved when the samples and reference materials are of similar composition. Thus,
empirical alphas are based strictly on experimental data and do not take fundamental and instrumental
parameters into account. Different models can be applied but generally, they are based on the above
formula where the correction factor for matrix effects is a function of concentrations.

The empirical alphas are only applicable for a limited concentration range and a well-defined analytical
method where the matrices of samples and standards are similar. The reference materials used
should contain each analyte together with fairly wide concentration ranges of each matrix element.
Poor analytical results are obtained when inappropriate combinations of analytes are chosen. A large
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number of reference materials have to be analysed to define the alphas (rule of thumb: minimum of
three times the number of parameters to be calculated).

10.4 Analysis of the samples

Follow the instrument manufacturer’s instructions for set up, conditioning, preparation and
maintenance of the XRF spectrometer.

Select the required preparation method and prepare the samples. For the quantification of major and
minor elements, the pressed pellet method is recommended and for the semi-quantitative determination
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asurement method describes the analytical lines to be measured and the measurement p4
. the XRF generator settings (tube voltage and current), selection of primary Geam filte
1 crystals, detector to be used, measurement time.

e same measurement parameters used for the calibration according to 10.2-are applied to th

the beginning of analysis and at frequent intervals, quality contrdl samples have to be
check the instrument stability and the quality of the analyses, in.dccordance to the many
tructions.

Introduce the prepared sample into the XRF spectrometén*and analyse it in accordan

mg

11

nufacturer’s instructions.

Quality control

11.1 Drift correction procedure
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F calibrations, once established, tend.to be stable over long periods of time. Small a1
trumental drift can be corrected byamalysing stable monitor samples as frequency and pel
berience indicate.

ft correction monitors are stable beads that should contain all the elements to be determi
entration levels companable to or higher than those from the samples.

monitor samples shall be measured together with the calibration standard in order
fial intensities stored-"When drift correction is needed, they are measured again. The init

actual set of intensities are used to adjust the calibration regression. The procedure dg
hally part of thie instruments software.
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" EDXRFspectrometers, an additional energy calibration has to be performed on a regulafr basis, as

ined by-thie manufacturer’s instructions.

11.2”Reference materials

Verify the accuracy of the results by applying the procedure to one or more reference materials not
used for calibration and covering the concentration range of interest.

The element content of the reference material used shall be in accordance with the concentration
range of interest.

NO

TE Certified reference materials are available, e.g. from BCR (see Annex A).

12 Calculation of the result

Follow the guideline in the instrument manufacturer’s manual on how to perform the regression, the
background correction and the overlap correction.
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