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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
electrotechnical standardization.
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Introduction

The elements described as major elements of solid biofuels are in fact major elements of the fuel ashes
more than of the fuels. The determination of these elements can be used to assess ash behaviour in a
thermal conversion process or to assess utilization of ashes. Moreover, fuel contamination or process
additives are indicated by high values of certain elements. Contamination of fuel with sand or soil is
indicated by high values of several elements.

In this International Standard, wet chemical methods are described.

© ISO 2015 - All rights reserved v
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Solid biofuels — Determination of major elements — Al,

Ca,

Fe, Mg, P, K, Si, Na and Ti

1 Scope

This International Standard describes methods for the determination of major elements of solid

ion of other
ribed in this

on the fuel,
mination on

ent and are
For undated
es.

bn of sodium
of potassium

on of sodium

isma optical

biofyetsTespectively of theirashes, wiithare A&t Ca; Fe;, Mg, P K-St Na, Ti-Thedetermmima
elemgnts such as barium (Ba) and manganese (Mn) is also possible with the methods dese
Interjnational Standard.

This|International Standard includes two parts: Part A describes the direct determination
this method is also applicable for sulfur and minor elements, Part B gives a method of deter]
a pregpared 550 °C ash.

2 Normative references

The following documents, in whole or in part, are normatively\referenced in this documn
indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (in¢cluding any amendments) appl
ISO 1980, Water quality — Determination of calcium andlmagnesium — Atomic absorption spectrometric
method

IS0 9964-1, Water quality — Determination of sodium and potassium — Part 1: Determinati
by atpmic absorption spectrometry

IS0 9964-2, Water quality — Determination-of sodium and potassium — Part 2: Determination
by atpmic absorption spectrometry

[SO 9964-3, Water quality — Determination of sodium and potassium — Part 3: Determinati
and potassium by flame emissidn spectrometry

ISO 11885, Water quality{ - Determination of selected elements by inductively coupled pld
emisgion spectrometry (ICP-OES)

EN 147801, Solid Biefuels — Sample preparation

[SO 16559, Solid biofuels — Terminology, definitions and descriptions

[SO 16993550lid biofuels — Conversion of analytical results from one basis to another

1SO 17294-2, Water quality — Application of inductively coupled plasma mass spectrometry

(ICP-MS) —

Part 2: Determination of 62 elements

1SO 181222, Solid biofuels — Determination of ash content

ISO 18134-32), Solid biofuels — Determination of moisture content — Oven dry method — Part 3: Moisture
in general analysis sample

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16559 and the following apply.

1) To be replaced by ISO 14780.
2) To be published.

© ISO

2015 - All rights reserved
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reference material

RM

material or substance one or more of whose property values are sufficiently homogeneous and well
established to be used for the calibration of an apparatus, the assessment of a measurement method, or
for assigning values to materials

3.2

certified reference material

CRM

reference material, accompanied by a certificate, one or more of whose property values are certified by
a procedurewhich establishes traceability to an accurate realisation of the unit in which the pro
values are expressed, and for which each certified value is accompanied by an uncertainty ata's
level of conflidence

3.3

NIST stand
SRM

CRM issued

hrd reference material

by NIST that also meets additional NIST-specific certification critéria and is issued

a certificatg or certificate of analysis that reports the results of its characterisations and pro
information|regarding the appropriate use(s) of the material

4 Symbogls and abbreviated terms

4.1 Symbols

Al Aluminium
Ca Caldium

Fe [ron|

Mg Magnesium

P Phosphorus

K Potgssium

Si Silidon

Na Sodjum

Ti Titanium

4.2 Abbreviated terms

erty
rated

with
rides

CRM Certified Reference Material

ICP-OES Inductively Coupled Plasma - Optical Emission Spectrometry

ICP-MS  Inductively Coupled Plasma - Mass Spectrometry

FAAS Flame Atomic Absorption Spectrometry

FES Flame Emission Spectrometry
SRM Standard Reference Material
2 © IS0 2015 - All rights reserved
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NBS National Bureau of Standards

NIST The National Institute of Standards and Technology (NIST), known between 1901 and
1988 as the National Bureau of Standards (NBS), is a measurement standards laboratory,
also known as a National Metrological Institute (NMI), which is a non-regulatory agency of
the United States Department of Commerce.

5 Principle
The sampleis digested in a closed vessel by the help of reagents, temperature, and pressure. The digestion
is eittﬁ_m_ﬂ_nrl_rm—ﬁv’c—d_m_mier carried out directly on the tuel (par orona prepared ash (part BJ.
The dletection of the elements can be done by ICP-OES, ICP-MS, FAAS, or FES.

6 Reagents

All r¢agents should be of analytical grade or better. If minor elements are also to be determifed, the best
qualities should be used.

6.1 | Water, containing negligible amounts of major elements{i.e. amounts that do nof contribute
significantly to the determinations. Deionised water will normally)fulfil this requirement.

6.2 | Nitric acid (HNO3), 265 % (w/w), p=1,41 g/ml.
6.3 | Hydrogen peroxide (H202), 30 % (w/w), p =111 g/ml.

6.4 | Hydrofluoric acid (HF), 40 % (w/w), p.=1,13 g/ml.
CAUTION — Hydrofluoric acid might lead to health hazards.

6.5 | Boric acid (H3B03), 4 % (w/w).

6.6 | Use of certified reference materials (CRM or SRM).

Use tertified referencesmaterials, issued by an internationally recognized authority, to [check if the
accuracy of the calibration meets the required performance characteristics. Examples|of certified
referfence material§ atfe: NBS 1570 spinach leaves, NBS1571 orchard leaves, NBS 1573 toato leaves,
and INBS 1575 piné needles.

Wheh, due.to-matrix effects or concentration range limitations, no good recoveries for the certified
referfence \imaterials can be obtained, calibration with at least two CRM or SRM materian can solve
1

thes¢ problems. In that case, CRM or SRM materials other than used for the calibration shall be used for

i £
verificationpurpeses:

NOTE A CRM or SRM is prepared and used for three main purposes: (1) to help develop accurate methods
of analysis; (2) to calibrate measurement systems used to facilitate exchange of goods, institute quality control,
determine performance characteristics, or measure a property at the state-of-the-art limit; and (3) to ensure the
long-term adequacy and integrity of measurement quality assurance programs.

7 Apparatus

7.1 Heating oven or heating block suitable for the decomposition system in use, resistance heated
oven or heating block that can be used at a temperature of at least 220 °C with an accuracy of #10 °C.

7.2 Microwave oven, intended for laboratory use and equipped with temperature control.

© IS0 2015 - All rights reserved 3
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7.3 Sample digestion vessels, intended for the heating system used, normally made of a fluoro plastic.
7.4 Balance.

7.4.1 PartA, balance with a resolution of at least 1 mg.

7.4.2 Part B, balance with a resolution of at least 0,1 mg.

7.5 Plastic volumetric flasks.

8 Preparation of the test sample

The test sample is the general analysis test sample with a nominal top size of 1 mm or les$, preparjed in
accordance with EN 147803).

The moistute content of the test sample shall be determined as described in ISO 18134-3.

9 Procedure
9.1 Digesgtion

9.1.1 PartA: Direct determination on the fuel

The decomplosition shall be carried out in closed vessels. It can be done in a heating oven, a heating block
or in a micr¢wave oven.

— Mix 500 mg of ground and homogenized sample, weighed to the nearest 1 mg, with 3,0 ml H20>
(30 %),|8,0 ml HNO3 (65 %), and 1,0 ml HF.(40"%) in a closed digestion vessel. A reaction tife of
miniml:Lm 5 min shall be kept before closiiig the vessel. Closing the digestion vessel too early can
result in a fast pressure build up, sometimes exceeding the maximum pressure limit of the vegsel.

If the samplg is expected to have an ashigontent above 10 %, 2,0 ml HF (40 %) should be used.

— The hedting of the vessel shall not be too fast. Heat the sample according to the following hepting
prograrhmes for digestion;

Resistance heating®): Step1: Ramp to 220 °Cover 1 h
Step 2: Hold for 1 h at 220 °C
Microwave heating®:” Step 1: Ramp to 190 °C over 15 min

Step 2: Hold for 20 min at 190 °C

If the maximum pressure limit of the vessel is exceeded during the digestion and by that an opening
of the relief valve has occurred, the digestion should be discarded due to possible loss of Si (in form of
gaseous SiFy).

NOTE Some available digestion bomb systems use fluoropolymer vessels, which cannot withstand
temperatures above 170 °C. In such cases, this lower temperature can be used, provided that the sample is held
longer at this temperature and that comparable results can be obtained, e.g. by the use of equivalent biomass
reference materials.

3) To be replaced by ISO 14780.
4) The stated temperature refers to heating device (e.g. oven).

5) The stated temperature refers to digest solution.

4 © IS0 2015 - All rights reserved
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— After cooling to room temperature, HF is neutralised by adding 10 ml H3BO3 (4 %).

If 2,0 ml HF (40 %) was used for the digestion, 20 ml H3BO3 (4 %) should be used for the neutralization.

— Reheat the sample according to the following heating programmes for neutralization:

Resistance heating4):

Microwave heating?):

9.1.2

NOTH 1
prep4

For the digestion,6f the ash similar working steps, as for the digestion of the fuel, are evider

NOTE 2

Step 1: Heat rapidly to 180 °C
Step 2: Hold for 15 min at 180 °C

Step 1: Heat rapidly to 150 °C

S>tep Z: Hold for 15 min at 150 °C

After cooling, transfer the digest to a volumetric flask. Rinse the digestionvessel c
fransfer the rinse solution to the volumetric flask. Add deionised water to the digest to an
rolume, depending on the detection method to be used.

<

Part B: Determination on a prepared 550°C ash

he ashing procedure is performed exactly according to thi$ procedure as deviatio

emperature, time, and air refreshing rate will influence the.results. In deviation of ISO
rucibles made of platinum or graphite can be used for the preparation of the ash, but laj
rucibles can be used. The use of the stated additivesin ISO 18122 to ensure complete
s not allowed in the preparation. Also a continuous@shing by refilling of the sample on

1sh in the crucible is not allowed.

P S T NN S Sy

or the prepared ash, thus, shall be calculated and compared to obtained results for the
n dry basis determined exactly acgording to ISO 18122. If the ash content for the pre
dlso known, the results for majar glements determined for the prepared ash can be d
fuel basis.

{rocedure given in ISO 18122, often will.be necessary. The ash percentage on dry ba

Homogenize the prepared.ash in an agate mortar and reignite the homogenized ash ¢
30 min.

The weighingofthe test portion of the ash for the digestion has to be carried out immedis
ration.

Mix 50«mgof ground and homogenized ash, weighed to the nearest 0,1 mg, with 2,0 ml
3,0, mkHNO3 (65 %), and 2,0 ml HF (40 %) in a closed decomposition vessel. A reac

hrefully and
appropriate

{eat the sample according to the procedure described in ISO 18il22 to obtain ash. Mare sure that

s in ashing
18122, only
rger types of
combustion
he previous

To prepare a sufficient amount of ash for thé.digestion of larger amounts of sample, compared to the

5is obtained
ash content
pared ash is
alculated to

t 550 °C for
tely after the
nt:

12,02 (30 %),
tion time of

11ninimum 5 min shall be kept before closing the vessel.

Digest the sample following one of the heating programmes described in 9.1.1 for diges

tion.

[f the maximum pressure limit of the vessel is exceeded during the digestion and by that an opening
of the relief valve has occurred, the digestion should be discarded due to possible loss of Si (in form

of gaseous SiF4).

After cooling to room temperature, the HF is neutralized by adding 20 ml H3BO3 (4 %) and 10 ml

deionised water.

The water is necessary to keep K in solution for bio-ashes with high KCI content.

— Reheat the sample according to the heating programmes for neutralization described in 9.1.1.

© ISO 2015 - All rights reserved
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— After cooling, transfer the digest to a volumetric flask. Rinse the digestion vessel carefully and
transfer the rinse solution to the volumetric flask. Add deionised water to the digest to an appropriate

volume,

depending on the detection method to be used.

9.2 Detection methods

For the detection of the concentrations of Al, Ca, Fe, Mg, P, K, Si, Na, Ti in the digests, the following
methods can be used:

ICP-OES according to the principles of ISO 11885;

ICP-MS
AAS acd
FES acc

9.3 Calib

When the a
function for
calibration 1
the accepte
control char
way that the
of BioNorm
experienced

9.4 Analy

Analyse test

recoraing to the principtesof 1SO17294-2;
ording to the principles of ISO 7980, ISO 9964-1, and ISO 9964-2;
brding to the principles of ISO 9964-3.

ration of the apparatus

halytical system is evaluated for the first time for this applicatien;Jestablish a calibr
the measurementin accordance with the manufacturers’ instructions. Adjustthe establ

| standard procedures like replicate analysis, use of SRM.and/or CRM, control sample

ts. The calibration and quality control scheme shall be.organized and maintained in s
required uncertainty of measurement can be obtained: The results of the validation s

P (Annex B) demonstrates what is achievable with ggmmercial instruments that are us
laboratories.

rsis of digests

portions of the digests in accordance with the manufacturer’s instructions.

9.5 Blan

Carry out a plank test, using the same-procedure and methods as described in 9.1.1, 9.1.2, 9.2, 9.3
9.4 but omifting the test portion. This-assesses both the contents of the elements in the reagent;

any conta
quantitative

NOTE A
elementsint

test

ination from equipnrent and the laboratory atmosphere. This contribution shall n
ly significant.

content of the elements in the digests of the blank experiment at 20 % or less of the content
he digests cande considered as not quantitatively significant.

htion
shed

unction during the analysis, if necessary. Check the perfortharice of the instrument yising

b and
ich a
tudy
bd by

, and
and
bt be

bf the
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10 Calculations

The content of an element in the sample on dry basis, wj, expressed in mg/kg, is calculated from the
mean of duplicate determinations using the Formula (1):

i—Cio )XV
Wi:(cl cio)<V 100 -
m (100-M,4)

w;i is the concentration of the element in the sample, on a dry basis, in mg/kg;

di isthe concentration of the element, in the diluted sample digest, in mg/1;
d¢i,0 is the concentration of the element, in the solution of the blank experiment, in'mg/|;
V' is the volume of the diluted sample digest solution, in ml;
m is the mass of the test portion used, in g;

M,q is the moisture content in the analysis test sample in % m/ms

The results can be calculated to other bases, e.g. to as received’basis according to ISO 16998.

If thg determination has been carried out on a prepared ash/(Part B), the results can be calctilated to the
fuel basis using Formula (2):

Aq

Wi =W, oh X 2
i,fuel i,ash 100 ( )
whertte
Aq is the obtained ash conterit,jconcerning the prepared ash used for the digestion,|in % m/m,
dry basis;

:[:i, fuel is the concentratioh of the element in the fuel sample, on a dry basis, in mg/kg;

i, ash is the concentration of the element in the prepared ashed sample, on a dry basis, in mg/kg.

11 Performance characteristics

The pchievable performance of the method is given in Annex B, showing the results oljtained by a
European inter comparison study carried out for a sample of wood chips and a sample of ap exhausted
olive|presidue. These two samples represent the extremity of the method. The wood ¢hip sample
represents samples with low contents of most of the elements and the olive residue samples with high
amounts of most of the elements.

12 Test report

The test report shall contain at least the following information:

a) identification of the laboratory performing the test and the date of the test;
b) identification of product (sample) tested;

c) areference to this International Standard, ISO 16967;

d) applied digestion procedure and test method used for determination;

© IS0 2015 - All rights reserved 7
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e) results of the test including the basis in which they are expressed, as indicated in Clause 10;
f) any unusual features noted during the test procedure;

g) any operation not included in this International Standard, or regarded as optional.

8 © IS0 2015 - All rights reserved
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Annex A
(informative)

List of conversion factors

The following list gives conversion factors for the calculation on the composition on an oxide basis in the
case of determination on a prepared 550 °C ash.

Al -|Al;03 1,89
Ca—|Ca0 1,40
Fe —|Fe;03 1,43
Mg —+ MgO 1,66
P — P20s5 2,29
K- K20 1,20
Si — Bi0; 2,14
Na - Na0 1,35
Ti —»[Ti07 1,67

© IS0 2015 - All rights reserved 9
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Annex B

(informative)

Performance data

The round robin was carried out by laboratories in Austria, Belgium, Denmark, Finland, Germany,
, The Netherlands, Spain, Sweden, and the United Kingdom. The variety of instruments

Ireland, Ital
and other a
method.

The tests w
the EU-proj¢
coniferous ¥
“exhausted

stones werd
coarse cutti
tools and a ]

All data are

The performance data according to ISO 5725-2 are presented in Tables B.1 to B.9.

mm sieve.

reported on dry basis.

halytical conditions were used in accordance with the quality parameters specified in the

ere carried out using two samples, wood chips, and exhausted olive residues ‘producgd in
bct BioNorm according to prEN 14780:2006. The sample “wood chips” wasiade of Ger
vood chips; the chips were dried and milled to 1 mm by means of cutting ymill. The sample
blive residues” was obtained from olive oil industry in Spain from a typical outdoor stgrage
facility. In the original sample, stones and other natural impurities were present-These impuritie
removed manually and the sample was prepared from the residués in two steps usjing a
hg mill equipped with a 10 mm sieve and a laboratory cutting mill equipped with WC cutting

man

t and

NOTE1 Sde Table B.1 for definition of the symbols used in the Tables B.1 to B.9.
NOTE 2  Guidelines can be found in ISO 16993:2015, Annéx-C on how to use these validation parameters.
Table B.1 — Performanee data for Aluminium (Al)
Sample n 1 0 X SR CVR Sr CVy
% mg/kg | mg/kg | % mg/kg | |%
wood chips 12 57 5 47 8 18 2 1,1
exhausted ollive residues 11 55 0 2360 170 7,2 110 7
Definition symbols
N is the number of laboratories after outlier elimination
L is the number of outlier free individual analytical values
0 is the percentage of outlying values from replicate determination
X is the overall mean
SR isthe rpprndnrihilitv standard deviation
CVR is the coefficient of the variation of the reproducibility
Sr is the repeatability standard deviation
CVy is the coefficient of the variation of the repeatability
Table B.2 — Performance data for Calcium (Ca)
Sample n 1 0 X SR CVR Sr CV;
% |mg/kg|mg/kg| % |mg/kg| %

wood chips 11 54 1,8 | 1500 | 100 6,6 24 1,6
exhausted olive residues 13 65 0 14200 | 1 040 7,3 607 4,3

10
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