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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—tts—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
diffefrent types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comnittee ISO/TC 300, Solid recovered materidls, including
solidjrecovered fuels, in collaboration with the-European Committee for Standardization (CEN) Technical
Compmittee CEN/TC 343, Solid recovered materials, including solid recovered fuels, in accordance with the
Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

Any feedback or questions on this document should be directed to the user’s national standpards body. A
complete listing of these bodies.can be found at www.iso.org/members.html.
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Introduction

Solid recovered fuels are a major source of renewable energy. International Standards facilitate
the production, trade and use of solid recovered fuels. For sampling and sample preparation of solid
recovered fuels, ISO 21645 and this document, respectively, can be used (in conjunction) by different
types of organizations, including but not limited to:

solid recovered fuel production and trading companies;

energy companies;

confor

The sample preparation technique adopted depends on a combination of different characteristics g
material andl circumstances encountered at the sampling location. The determining factors are:

— the typ4
— the phy
— the (exq

In laboratoy
sample that

in a way thalt the different test portions are representative of the laboratory sample with respect

compounds
sample and
analytical rq

This docum
TC 292, Chd
solid matric
Most of its
the foundat
material is g

The main c
kinds of wa
It often hap
formula for
formula is n|

regulatory bodies;

laboratgries.

ity assessment bodies;

b of solid recovered fuel;
sical behaviour of the specific solid recovered fuel;
ected) degree of heterogeneity (e.g. monostreams, mixed*fuels, blended fuels).

y practice, different analytical procedures often,need to be applied to the labor
has been taken according to the sampling plan:‘For this purpose, sub-sampling is ap

of interest and the specific analytical procedures. The representativeness of the labor
of the test portions is of major importance to guarantee the quality and accura
sults. The representativeness of the laboratory sample is specified by the sampling pl

ent is largely based on the workudone by CEN/TC 343, Solid recovered fuels, and
racterization of waste (now integrated in CEN/TC 444, Environmental characterizati
bs), and in particular EN 15002, which was developed for the majority of waste sanj
concepts and specifications are also applicable to solid recovered fuel samples. How
ons of EN 15002 are not.completely applicable to solid recovered fuel, as the nature o
ubstantially differentand can lead to misrepresentation of the fuel quality.

haracteristic that/makes solid recovered fuel samples significantly different from
Gte is that vepy often solid recovered fuels are solid, but neither ‘granular’ nor monol
pens that Solid recovered fuel samples are fibrous-like materials, so that the statis
sampling.as defined in EN 15002 is not applicable. One additional term in the statis
peded;hamely the ‘shape factor’ (f).

fthe
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plied
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This docum

entis part of the testing programme for solid recovered fuels. This programme consij

ts of

various steps leading to the analysis sample for fuel quality testing as outlined in Figure 1.

Vi
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Sampling (ISO 21645) Analysis
methods
Testing programme requiring
test
¥ portions
Definition of the sampling plan Sample mass/volume too high for
v e transportation and handling
Lot/sub-lot l
Homogenization Test
Increment i
i portions for
analysis ¢f
- Subsample to obtain test portions bulk derlsity,
Composite sample* for physical test methods [ "M pafticlé size
e——————- L 2 " distributi¢n,
| Sample mass/volume 1 No l total
: acceptable for trapsportation :— Perform particle size reduction on moistur¢
l and handling? | the remaining material
———————————————— o
Yes l
Complete sampling report < Take required # of i_ncrements to
T form the composite sample?
Transport composite sample to
laboratory
Sample preparation (ISO 21646)
A
Laboratory sample
v
Storage
¥
Homogenization Test
portions for
F--====== B Au ] analysis pf
1 Check whether particlé size 1 No Subsample to obtain test
) . : . RN S B ,»| bulkdensjty,
: reduction and physi¢altesting I_’ portions for physical test particle s{ze
___wasy Ildfrtai(?.g Ils_its I methods distributipn,
-l total
Yes
) moisturg
ParticléSize reduction A
1 : Multiple particle size reduction '
| . | > ' stages may be necessary to meet
Homogenization . . g !
! required general analysis sample |
l ! specifications :
I Samupledivision |} o tTTreemmeeeeeAIIIITTY
L L 1 IES51
l Y portions
General analysis sample  [rresreermmmm L. dp for reqm_red
analysis

a ]SO 21645:2021, B.2, steps 5) and 6).

Figure 1 — Links between the essential elements of a testing programme
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So

1

lid recovered fuels — Sample preparation

Scope

This document specifies methods for sample preparation to ensure representativeness of the samples
throughout the preparation procedures to produce general analysis samples. Suitable test portions can
be taken from the laboratory or general analysis samples and used for analysis according to the specific

requ

This
a)

b)

‘)
d)

The

samy

part
com

very

2
The

cons
unda

ISO 3

ISO

plate
SO 2
SO 2

3: M

rements defined in the corresponding analytical procedures.
document specifies the correct sample preparation sequence to be applied to:

the composite sample, in order to produce a laboratory sample (taking intp account la
golid recovered fuel);

¢ach sub-sampling step throughout the testing programme;

the laboratory sample, in order to obtain suitable test portions;

¢nsure the representativeness of the test portions that haveé.been taken according tq
preparation plan, prior to physical analysis, chemical analysis or both (e.g. extraction
inalytical determinations).

q

methods specified in this document can be used for sample preparation, for examp
les are to be tested for bulk density, bioma$s content determination, mechanic

cle size distribution, moisture content, ash content, ash melting behaviour, calorific val
osition, impurities and self-heating properties. The methods are not intended to be aj
large samples required for the testing of bridging properties.

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements ofthis document. For dated references, only the edition cited
ted references, the latest-edition of the referenced document (including any amendme

310-1, Test sieves.>—~Technical requirements and testing — Part 1: Test sieves of metal wi

g

310-2, Test sieves — Technical requirements and testing — Part 2: Test sieves of perf

1637:2020, Solid recovered fuels — Vocabulary

1660-3, Solid recovered fuels — Determination of moisture content using the oven dry me

'ge pieces of

the sample
s, digestion,

e, when the
durability,
e, chemical

bplied to the

heir content
applies. For
hts) applies.

re cloth

rated metal

thod — Part

isture i gernerat anatysis sampte

CEN/TS 15414-1, Solid recovered fuels —Determination of moisture content using the oven dry method —
Part 1: Determination of total moisture by a reference method

CEN/TS 15414-2, Solid recovered fuels — Determination of moisture content using the oven dry method —
Part 2: Determination of total moisture by a simplified method

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21637 and the following apply.

© IS0 2022 - All rights reserved
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[SO and IEC

31

:2022(E)

maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

composite sample
sample (3.12) consisting of all the increments (3.6) taken from a lot (3.8) or a sub-lot

Note 1 to entry: The increments can be reduced by division before being added to the composite sample.

Note 2 to enfry: The minimum sample mass shall be retained during the collection of increments to forin the
composite sample.

3.2

drying

process of removing water from a sample (3.12)

Note 1 to enfry: For the purpose of test portion (3.16) preparation, it can be useful totemove just the amount
of water that can possibly interfere with other processes involved (e.g. during crushing or milling). In prder
to minimize fhe alteration of the sample during test portion preparation, removing'the total amount of yater
present in th¢ sample is not necessarily needed.

[SOURCE: IS0 21637:2020, 3.19, modified — “solid fuel” was replacedwith “sample” in Note 1 to entry.]
3.3

fraction separation

process of ¢lividing components, particles or layers if homtogenization (3.5) of the sample (3.1]2) is
practically not applicable and/or the analyses of differentfractions or phases are appropriate
[SOURCE: IS0 21637:2020, 3.32]

3.4

general analysis sample

sub-sample (3.14) of a laboratory sample (3.7)having a nominal top size (3.10) of 1 mm or less and [used
for a numbe}r of chemical and physical analyses

3.5

homogenization

process of ¢ombining of increntents (3.16) making up a combined sample, components, particlgs or
layers into 2 more homogerneous state than in the samples (in the case of composite samples) or] pre-
treated fracfions of samples/in order to ensure equal distribution of substances in and properties o¢f the
sample (3.13)

3.6

increment

portion of splidrecovered fuel extracted from a lot (3.8) or sub-lot in a single operation of the sampling
device

[SOURCE: ISO 21637:2020, 3.39]

3.7

laboratory sample

composite sample (3.1) received by the laboratory on which sample (3.12) preparation procedures are
undertaken

Note 1 to entry: When the laboratory sample is further prepared (reduced) by subdividing, mixing, grinding or
by combinations of these operations, leading to a nominal top size (3.10) < 1 mm, the result is the general analysis
sample (3.4). A test portion (3.16) is removed from the general analysis sample for the performance of the test or
for analysis. When no preparation of the laboratory sample is required, the laboratory sample may become the
test portion.

© IS0 2022 - All rights reserved
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Note 2 to entry: The composite sample becomes the laboratory sample when it is delivered into the laboratory for
commencement of the sample preparation procedures.

3.8
lot
defined quantity of fuel for which the quality is to be determined

[SOURCE: ISO 21637:2020, 3.40]

3.9

minimum sample mass
minimum amount or dimension of the sample (3.12) required during sampling and sample preparation
from|the point of view of preserving its representativeness

Note [l to entry: The minimum sample mass is at least equal to the increment mass multiplied-by the number of
increments (3.6) and is linked directly to the nominal top size (3.10).

[SOURCE: ISO 21645:2021, 3.14]

3.10
nomjnal top size
smallest aperture size of the sieve used for determining the particle size distribution of solid recovered
fuels|through which at least 95 % by mass of the total material passes through the sieve

[SOURCE: ISO 21637:2020, 3.48]

3.11
partjcle size reduction
reduftion of the nominal top size (3.10) of a sample (3:12) or sub-sample (3.14)

3.12
sample
quantity of material, representative of a larger quantity for which the quality is to be determined

3.13
sample division
redugtion of the mass of a sample:{3.12) or sub-sample (3.14)

[SOURCE: I1SO 21637:2020, 3:64, modified — “by mass” was deleted from the term.]

3.14
sub-sample
portjon of a sampfe(3.12)

Note [l to entry; A'sub-sample is obtained by procedures in which the particles are randomly distrihuted in parts
of equal or untequal size.

Note [2(fe entry: A sub-sample may be either a portion of the sample obtained by selection, or djvision of the

il > " 1£ 41 £ 1 1 £ e ad 1 4o oa |
sampre ILSTIL, UT UIIT IIlIal aouuplc Ul d IITUItIS Lasc DClllllJlC lJl Clel dlIUIl lJl ULTuUuUIcT,

[SOURCE: ISO 21637:2020, 3.82, modified — “items of interest” was replaced by “particles” in Note 1 to
entry and Note 2 to entry was added.]

3.15
sub-sampling
process of selecting one or more sub-samples (3.14) from a sample (3.12)

©1S0 2022 - All rights reserved 3
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test portion
sub-sample (3.14) of a laboratory sample (3.7) or general analysis sample (3.4) consisting of the quantity
of material required for a single execution of a test method

Note 1 to entry: The test portion may be taken from the laboratory sample directly if no preparation of sample
(3.12) isrequired (e.g. for bulk density determination or particle size distribution).

3.17

total moisture sample
sample (3.12) taken specifically for the purpose of determining the total moisture content

4 Symbgls

For the purposes of this document, the following symbols apply.

a cons

dys ~ nomjnal minimum particle size (a mass fraction of 5 % of the particles ar€simaller than ds), i]: mm

fant in third power law, in g/mm3

dos  nomjnal top size of a particle (a mass fraction of 95 % of the particles@re smaller than dqs), i
f shapg factor, in mm3/mm3
moisfture, in per cent by mass
m masq of a sample, in g
5 Safetylremarks

Safety issugs relating to the handling of potentially hazardous materials are dealt with in relg
national and international regulations, to whichevery laboratory should refer.

In addition,

the following applies:

a) The apparatus for grinding, cutting, milling and homogenization shall be operated by s}
persong strictly according to-the manufacturer's instructions.

b) All operations shall be péerformed in a hood or in closed force-ventilated equipment, due t
possibility of generatignyof fine particles.

6 Princi

ples of.correct sample preparation

mm

vant

tilled

b the

le to

obtain one ¢r more test samples that are in general smaller than the laboratory sample. The prin

The main pxrpose of sample preparation is to reduce the mass and/or the particle size of a samy

ciple

of correct sample preparation is that the composition of the composite sample collected does not
change during each step of the sample preparation procedures. When correct sample preparation is
performed, any sub-sample or test portion is representative of the laboratory sample and every particle
in that sample has then an equal probability of being included in any sub-sample retained. Also, the
loss of moisture and other volatile components is minimized following the procedures described in
this document. Equally, any contamination of the sample during the sample preparation processes is

addressed a

Three basic

nd measures are taken to avoid contamination.

methods are used during the sample preparation:

— homogenization;

— sample

division;

© IS0 2022 - All rights reserved
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— particle size reduction of the sample.

For granular materials generally, the principle of the third-power law is accepted and respected at each
sample division step. Formula (1) shows this third-power law:

m>oxdgs> 1)
where

m is the mass retained after each sample division step in g;

dos is the nominal top size in mm;

q is a constant over the whole sample preparation procedure for a particular materigl, in g/mm3.
The yalue and unit of constant a is fixed by the particle nominal top size, dqz, and\the sampl¢ mass, m, of
the spmple collected following the sampling plan and before sample preparation.

The minimum amount of sample for each step of sample preparation apd.sub-sampling canp be directly
estimated by Formula (E.1) in Annex E, including Table E.2.
EXANIPLE A sample of 10 kg of solid recovered fuel has dq5 of 50 thm.For the analysis, a test portion of 5 g
is required. The third-power law results in @ = 10 000 g/(50 mm)3 =0,08 g/mm3. Using this value ih Formula (1
for a|reduced sample mass results in a nominal top size for the ‘particles in the test portion of 3,97 mm [i.e.
¥ (5,0 g / 0,08 g/mm3)]. The resultant figures are shown in the following table.
m a dgs
g g/mm3 mm
10 000 0,08 50
5 0,08 3,97
Tabl¢ 1 shows the resulting reduction factors for the minimum (sub-)sample mass, if a certajn reduction
of the nominal top size is chosen and’the third-power law is respected. The reduction factor of the
nominal top size can be calculated by dividing the current nominal top size by the propofed nominal
top sfize after mass reduction.
Tabl¢ 2 shows the desired~reduction factors for the minimum nominal top size, if a certajn reduction
of the (sub-)sample mass,is chosen and the third-power law is respected. The reduction factor of the
minimum (sub-)sample mass can be calculated by dividing the current minimum (sub-)sanjple mass by
the groposed minifaum (sub-)sample top size after mass reduction.
Formula (1) can'be used to calculate the exact values for each specific situation.
Table 1 — Common values for desired reduction factor minimum (sub-)sample|mass
Chosenreduction factorof thre rommimat inimum
top size (sub-)sample mass
1,5 3,4
2 8
3 27
4 64
5 125
6 216
7 343
8 512
9 729
© IS0 2022 - All rights reserved 5
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Table 1 (continued)

Chosen reduction factor of the nominal

Resulting reduction factor for the minimum

top size (sub-)sample mass
10 1000
20 8000
30 27 000

Table 2 — Common values for desired reduction factor nominal top size

Desiredreductionfactorforthe-minimum—|

N Tuctiont il ol

sub-)sample mass top size
( p p
2 1,3
3 1,4
4 1,6
5 1,7
10 2,2
20 2,7
50 3,7
80 4,3
100 4,6
200 5,8
500 79
1000 10,0

For solid red

granular m4

overed fuels, many materials turn out to be far from granular (e.g. in fluff the particles|turn
out to be prledominantly flat). Therefore, for solid«tecovered fuels, a correction can be made for|non-

terials.

If a sub-sampple is required for the determination of total moisture content, the sub-sample is prepared
by a procedpire that does not conflict with the requirements of CEN/TS 15414-1 and CEN/TS 154{14-2.
If the total oisture content of the material (as sampled) is to be determined, it is recommended that
a separate tptal moisture sample is{taken as there is a risk of reducing the moisture content by sample

preparation

If mercury (
mercury an
preparation

For materia
loss of moist

procedures.

ontent of the material (as sampled) is to be determined, it is recommended that a separate
alysis sample™is taken, as there is a risk of reducing the mercury content by sample

operations-ifit is assumed that the material contains elemental mercury.

s that are 'examined for moisture and mercury content, significant heat build-up and risk of

ure.and mercury can occur.

If samples aretobe-testedfor-substances-that-volatiltize (c.s. nrereat _y), catre-shaltbetakenduring the
sample preparation procedures, in particular the stages of particle size reduction, to minimize any
increase in temperature.

7 Quality control and sources of error

Quality control during sample preparation procedures shall be demonstrated by carrying out at least

the following everyday laboratory practices:

a) all balances used for weighing sample masses shall be calibrated by an external calibration body on
aregular basis;

NOTE 1

6-month or 12-month intervals, for example.

This can be undertaken in accordance with the quality control procedures of the laboratory at

© IS0 2022 - All rights reserved
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b) a weight check on each balance shall be undertaken at a regular basis, preferably at the
commencement of each working day and by using calibrated weights that fall within the typical
weighing range of the balances in use, and the readings of this weight check shall be recorded;

d)

)

The i
sized particles.

Loss|of material (e.g. fine particles) and volatile components, such as moisture and mer
millihg, and contamination of the sample via the air\by dust or by the use of the apparatus (|
ambient laboratory atmosphere or between samples stored or processed close to one anot
avoided.

The

Trea

If thE1 sample has a dust-like consistency or contains (semi-)volatile compounds, loss
mini

the operating temperature of drying oven(s) shall be checked, preferably at the commencement

of each working day and in addition at a 6-month or 12-month frequency by using
temperature recorder, to ensure that samples are dried at the correct temperature

a calibrated
(within the

acceptable range permitted by the test method), and the reading(s) of the operating temperature

shall be recorded;

the mllled product (1 e. the general ana1y51s sample from Wthh the test portlon is taken) shall be

any mechanlcal changes (e.g. new screens hammers) to ensure that the partlcle 51
§pecification, and the results are recorded;

OTE 2  This check also confirms that there is no problem with the operation of the-milling ¢

the sieves used in the laboratory shall be manufactured according to thespecifications i
and ISO 3310-2 and their apertures shall be checked as described according to the ma
instructions at an agreed periodicity;

3ll balances, ovens, milling and sieving equipment shall have unique identification and
the date of any calibrations undertaken as well as the 'next.due’ date.

ub-sample shall be re-homogenized after any operation that can result in segregation

following types of contamination can‘occur from the sample preparation apparatus:
abrasion;
¢ross-contamination;

¢hemical release;

3lteration).

—pr following
ve is within

quipment.

n SO 3310-1
nufacturer’s
shall exhibit

of different

cury during
b.g. from the
her) shall be

¢hemical reaction‘due to generated heat (which can be a source of error and can cayise material

'ment of samples should be performed in a separate room that is used only for this purpose,
esperially for’cfushing or sieving.

es shall be

ized as these can alter its physical-chemical properties.

Tests shall be carried out to detect possible contamination from the apparatus used during sample
preparation.

8 Apparatus

8.1

Selection of equipment

For the purpose of preparation of the general analysis sample, test portions from the laboratory sample,
or both, appropriate equipment shall be chosen depending on the procedures selected according to
Annex D. In the selection of the type of treatment techniques, it should be taken into account that each
of them has potential impact on analytical results, due to introducing contamination or altering the
physical-chemical properties of the sample.
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All materials that come into contact with the sample shall be:

a) made fr
b)
c)

om suitable materials;

chemically compatible with the sample;

selected in order to minimize contamination.

Good cleaning shall be ensured to avoid cross-contamination of samples.

The equipment to be used for the sample preparation procedures shall be in accordance with Annex F.

8.2 Apparatus for sample division

8.2.1 Sco

8.2.1.1 Sq

pps and shovels (sampling tools)

oops

A scoop being used for manual sampling shall have:

a) dimens
be proc

b) aflatbd

Figure 2 shd

EXAMPLE 1
sampling sco
for this type

EXAMPLE 2

sampling sco
fraction of 95
of the sampli
fuels, it is ady

Figure 2b.

P
<
o

~—

ons and an opening at least three times greater than the nominal.top size of the mater
bssed;

ttom with edges raised high enough to prevent losing pavticles.
ws examples of scoops.

For a granular solid recovered fuel with a dg5 of 20imm, the minimum dimensions (1 x b x h)
pp are 60 mm x 60 mm x 60 mm. A sampling scooplike the one illustrated in Figure 2a can be
bf solid recovered fuel.

For a solid recovered fuel, which consists almost entirely of flat parts, the dimensions
pp are at least equal to three times dys ,"Where dgs | is the maximum length of a fluff particle (a
% of the particles are smaller than.dgysy). Therefore, for fluff with a dgs; of 200 mm, the dimen
hg scoop (I x b x h) are atleast 600 mrh x 600 mm x 600 mm. For sampling fluff-type solid reco
isable to use a sampling scoop that has a sharp point underneath and upright walls, as illustra

A7

ial to

bf the
used

f the
mass
sions
rered
fed in

a) Example of scoop for granular solid

a See Exam

b See Exam

recovered fuel?

ple 1.
ple 2.

Figure 2 — Example of scoops

b) Example of scoop for solid recovered fuel
almost entirely consisting of flat partsP
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8.2.1.2 Shovels
A shovel being used for manual sampling shall have:

a) dimensions and a blade at least three times greater than the nominal top size of the material to be
processed;

b) aflatblade with edges raised high enough to prevent losing particles.
Figure 3 shows an example of a shovel.
NOTE As the high sides of a scoop can prevent it being inserted into the material, resulting in larger particles

beind pushed away rather than entering the scoop and so becoming part oI the increment selected, the use of a
shovgl is preferred.

=~

—

)]

]l
) (
)

A-A

Key
l length of shovel
A-A sectional view

Figure 3 — Example of a shovel

8.2.2 Riffle boxes

Ariffle box sliall have atleast 16 slots and an even number of slots, with adjacent slots directiing material
into fifferent sub-samples. The width of the slots shall be at least three times the nomindl top size of
the matérial to be riffled. Figure 4 shows an example of a riffle box.

©1S0 2022 - All rights reserved 9
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Key
1  slot, widfh is at least three times the nominal top size of the material

Figure 4 — Example of a riffle box

8.2.3 Rotary sample dividers

A rotary sarmpple divider shall have a feeder device adjusted so that the\divider rotates at least 20 fimes
(or cuts the|falling sample stream at least 20 times) while the sample is being divided (e.g. 120| cuts
during the tjme the sample is being fed to the divider). Figure 5 shows an example of a rotating diyjider.

The manufagcturer’s instruction manual shall be followed. The'\inner dimensions of the equipmentjshall
be at least three times as wide as the nominal top size of the material to be processed.

1
2
3
4
4
<

Key
1 feeder
2 funnel
3 rotating receiver
4  divided sample

Figure 5 — Example of a rotary sample divider
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8.3 Apparatus for particle size reduction

8.3.1 Shredder

A shredder is an apparatus with a rotor equipped with hammers that shred the material which is fed to
the shredder. Shredders are used for reducing the particle size down to 30 mm. In the case of hard and
strong materials, it can be necessary to perform the particle size reduction in more than one step. The
use of shredders for particle size reduction causes a risk of losing moisture and fine fractions. The use

of sh

NOTE

redders shall be avoided when possible for this reason.

Many types of solid recovered fuel contain plastics and metals, making the use of a shredder necessary.

8.3.2

Coar]
the s

Coarse cutting mill

e cutting mills are used for cutting materials into lengths of about 10 mm to 8@ mm (d
plid recovered fuel and the analyses to be performed). The equipment shatl}

a)
b)

)

8.3.3

Cutting mills are used for particle size reduction of materials used as solid recovered fuelg

10 m
to be

including an appropriate sieve to control the nomfinal top size of the material produced. Othg

may
proc
that
for si

NOTH
filter
mate

NOTH

8.4

A wi
gene
sievd

ave a minimum of drying effect either by heating the materials or blowirg air through
e designed so that it does not lose dust or contaminate the materialwith pieces of me

e easy to clean.

Cutting mill

m to 30 mm down to about 1 mm or less (depending on the solid recovered fuel and {
performed). The mill shall be provided with s¢reens of various aperture sizes coverin|

be used provided that it is designed so that it does not get blocked with the material
bssed. The use of cutting mills, whose\cutting faces contain significant quantities of

mall quantities.

1  Cross-beater mills can be'used without any excessive dusting, when fitted with dust
sock) between the mill and(thge'receiving container. They are suitable for final grinding of har
Fials after the pre-grinding with cutting-type mills.

2 Annex D provides additional guidelines.

Sieves

re-mesh‘sieve with an aperture size of 1,00 mm shall be used to check the nomina
ral analysis samples. If analysis sub-samples with a nominal top size of 0,250 mm ar¢
with ‘apertures relating to that particle size shall be used.

epending on

) them;

fal;

from about
he analyses
o this range,
b apparatus
that is being
an element

s to be determined in the analysis, shall be avoided. A cutting mill with no screens can be suitable

filters (like a
d, wood-type

| top size of

required, a

8.5

Balance

A balance shall be used that is capable of determining the mass of samples to an accuracy of 0,1 % of the
sample mass, and the mass of sub-samples to an accuracy of 0,1 % of the sub-sample mass.
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9 Sample preparation procedure

9.1 General

This clause describes the general procedure that shall be followed to undertake sample preparation,
based on the following steps:

1)

2) making a sample preparation plan (see 9.3);

collecting the relevant information of the material for sample preparation (see 9.2);

3) perforn

. 1 1 - 1 yd hY
g thesample preparation plamsee94-

9.2 Step 1: Collecting the relevant information of the material for sample preparation

The following information relating to the material for sample preparation is available;

a) the minfmum sample mass;

b) the actyal mass of the sample, m;

c) thenonjinal top size of the sample;

d) the shape factor of the sample;

e) thereqiirements in terms of particle size reduction for the analysis to be performed;

f) the required amounts for each of the size fractions and their restrictions to the sample preparation
methodf.

NOTE Information regarding the items a) to d) is available from the sampling plan.

Sample preparation provides a sample for a nuniber of tests to be performed on the sample. Soe of

these tests fequire no particle size reductionror drying of the sample. Other tests require very tiny

homogenized sub-samples with small particle sizes. A sample preparation plan shall meet all these

requirements.

9.3 Step 2: Making a sample préparation plan

9.3.1 General

Step 2 specifies the making of a sample preparation plan. The actual making of the sample preparation

plan is the|most crucial phase during sample preparation. Sample preparation is a combinption

of sample djvision-{see 9.3.2) and particle size reduction (see 9.3.3). To what level a sample of |solid

recovered fiiel is t6-be prepared onsite depends on available equipment onsite, the requirements of the

laboratory gnd-the preferences of the client of the sampling activities.

9.3.2 Sample division

The aim of sample division of a sub-sample is to reduce the sub-sample mass remaining or to make
several duplicate sub-samples out of one laboratory sample. During the performance of sample division,
the minimum sub-sample mass shall be retained to ensure the representativeness of the sub-sample of
the laboratory sample (see 9.3.4). Clause 10 describes the available methods for sample division.

9.3.3 Particle size reduction of a sample

The aim of particle size reduction is to reduce the nominal top size of the particles to reduce the
minimum sub-sample mass without losing representativeness. During the performance of particle size
reduction, all materials should be included. Leaving out ash contributors and hard metals (to prevent

12 © IS0 2022 - All rights reserved
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damage to equipment) in particular can cause significant errors in the measured values of these and
possibly accompanying metals.

The sample preparation plan shall contain at least the information shown in Table 3. It specifies all
activities that shall be performed during the whole process of sample preparation. The actual structure
of Table 3 shall be adjusted to the properties of the investigated solid recovered fuel and the equipment
selected in the laboratory (e.g. steps can be skipped or added if the nominal top size is already
smaller than 30 mm or the coarse shredder results in a nominal top size different from 30 mm). Some
information needed to complete Table 3, such as techniques, shape factor, nominal top size and particle
size reduction steps, shall be chosen or determined.

afdertaken at
can change
ermination
Clause 11

commencement or the initial sampling stage. The determination of how the shape faeta
thronigh the processes of sample preparation shall be in accordance with Annex B. The'de
of mpss and particle size reduction techniques and apparatus are specified in-€lause
describes the methods of sample division before particle size reduction.

1),
PD.

A sample preparation plan can be used multiple times for a specific product as long as the physical
composition of the solid recovered fuel does not change.

Tabl¢ 3 can be used as a sample preparation plan. Annex C shows*an example of how a sample
preppration plan is made.

Anngx D provides guidelines for choosing the most suitable sémple preparation procedureg.
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9.3.4 Retaining the minimum (sub-)sample mass

During every sample division step, every particle in the sample before sample division shall have an
equal probability of being included in the sub-sample retained after sample division. For non-granular
materials with a shape factor significantly smaller than 1,0, a correction shall be made for the changing
shape factor in accordance with Annex A.

Each step of a sample preparation procedure shall conform to Formula (2):

e @
my, f; d,
where

m,; isthe sample mass of sample before particle size reduction;

m, isthe sample mass of sample after particle size reduction;

h is the shape factor of sample before particle size reduction;

i3 is the shape factor of sample after particle size reduction;

¢, isthe nominal top size of sample before particle sizexeduction;

¢, isthe nominal top size of sample after particle size'reduction.

For materials that are more or less granular, the shapé&factors f; and f, are close to 1. In
may
are fpr from granular, the shape factor f; shall.bg;determined in accordance with Annex 4
factdr changes during the particle size reductian. Therefore, the shape factor approaches
particle size reduction. An estimation for thelincrease of the shape factor after particle si:
shall
and hominal top size shall be determined to establish whether the proposed sample prep

2)

be assumed that these two shape factors are\l,"as this is easier and cheaper. For m

be specified in accordance with Anneéex B. For each particle size reduction step a new

rms to Formula (2). The shape factor may be assumed to be 1,00. This requires additi

aboratory sample

he laboratory sample of a fluff-type solid recovered fuel has a particle density of 1
nd a bulk“density of 150 kg/m3. A mass fraction of approximately 95 % of the fluff ha

this case, it
hterials that
.. The shape
1,00 during
re reduction
shape factor
aration step
bnal particle

rated in the

000 kg/m3
1S a nominal

op,size of 190 mm. A value of 0,1 can be used for the coefficient of variation C}, and the factor

.dn ‘this example the particle size distribution of the fluff is assumed to be quitd

large, so a
ape, a value

of 0,05 can be used for the shape factor. This leads to a minimum sample mass with a weight

of /(6 x 109) x 1903 x 0,05 x 1 000 x 0,25 x (1-0,1)/(0,1% x 0,1) = 40,40 kg, and
40,40/150 = 0,269 3 m3 =269 1.

Laboratory sample following particle size reduction during sample preparation

a volume of

During the sample preparation procedure the laboratory sample of the fluff-type solid recovered
fuel detailed in case 1) was shredded to reduce the particle size. This will allow subdivision of the
sample by taking smaller sub-samples due to the reduced particle size. For the calculation at this
stage of the sample preparation process, consider the sample to have a particle density of 1 000 kg/
m3 and a bulk density of 200 kg/m3. A mass fraction of approximately 95 % of the fluff has a nominal
top size of 30 mm. A value of 0,1 can be used for the coefficient of variation C, and the factor p. At
this stage of sample preparation, the particle size distribution of the fluff has been reduced and
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is more homogeneous, therefore a value of 1,0 can be assumed for g. As the particle shape is now
more uniform, a value of 1,0 can be used for the shape factor. This leads to a minimum sample mass
with a weight of t/(6 x 10%) x 303 x 1,0 x 1 000 x 1,0 x (1-0,1)/(0,12 x 0,1) = 12,72 kg, and a volume
0f12,72/200 = 0,063 6 m3 = 64 1.

9.4 Step 3: Performing the sample preparation plan
In the third step, sample preparation shall be performed as specified in the sample preparation plan.

During the actual sample preparation, the following procedures shall be performed:

a) Homoggmize the sub-sampie matertal at every Step torougily:

b) Ensure that no material of the sub-sample gets lost.

<)

If possilple, do not leave out any components.

When it
this sha
were re
total as
contribi

mill,
rhich
b the
1 ash

is necessary to remove hard substances like metal (steel) to avoid damage to the
1l be reported. The report shall include the mass percentage and type 6f substance v
moved from the sample. The material removed, weighed and reposted contributes t
h content of the solid recovered fuel. In the determination of ash content, the remove
itors shall be included in the analysis report.
d)

Produc¢ enough milled sample to perform all the required analyses:

10 Methods for homogenization and sample division

10.1 Genefal

mple.
t the
rides

This clause [describes the methods that shall be used to produce a smaller but representative saf
It is essentigl, to achieve representative subdivisiorf for each method described in this clause, thg
sample is thoroughly mixed prior to the commencement of the subdivision process. Annex D pro
additional gnidelines for these methods.

10.2 Homeogenization

The sample
using a shoy
evenly distr
times, formi

chall be formed into d heap on a dry, contamination-free surface. The sample shall be m
rel to form into a new pile by placing shovelfuls on top of the preceding one such tha
ibuted and differént particle sizes become well mixed. This process shall be repeated {
ng a new pile)éach time. On completion of this process, the sample can then be subdiy

oved
[ it is
hree
rided

using one of/the methods-listed in 10.3.

10.3 Sample division methods

10.3.1 General

The remaining sample mass shall not be less than the minimum sample mass. In the case of a sampling
scoop, the sampling tools and sample division equipment used shall have minimum length, depth and
height dimensions of three times dgs. In the case of a shovel that has open, flat surfaces and slightly
raised edges to assist in retaining increments when inserted into the material pile or flow, three times
dgs shall relate to the breadth of the shovel blade.

The sample division methods are described in 10.3.2 to 10.3.8.

10.3.2 Riffling

Riffling may be used for materials that can be passed through the riffle without bridging. It is not
suitable for fluff or other materials containing elongated particles, or for wet materials. Brittle materials
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should be handled with care to avoid fine materials being produced. When using riffling, the following
procedure shall be followed:

a)

b)

‘)
d)

e)

f)
g)

put the whole of the thoroughly homogenized, composite sample into one of the containers of the

riffle so that it is evenly distributed throughout the container;
place the other two containers in position under the riffle;
pour the contents of the first container down the centre line of the riffle;

pour the solid recovered fuel sufficiently slowly that bridging does not occur;

§lo not move the container from side to side (this would cause the end slots to recei
tecovered fuel);

diiscard the solid recovered fuel that falls into one of the containers;

fepeat the riffling process [steps a) to f)] until a sub-sample of the requiredimass is obt

Figufe 4 shows an example of a riffle box.

10.3

Strip
is to

3 Strip division

division may be used for all materials. This is a convenient method when a compq
be divided into a small number of laboratory samples’“When using strip division, tl

procedure shall be followed:

a)

b)
)

d)

place the whole composite sample on a clean, hatd surface and homogenize it by m
shovel;

Iosition a vertical plate at each end of where'the strip will be formed;

se a shovel to distribute the material along the length of the strip as evenly as possi
from end to end and from both sides;in which the length-to-width ratio of the strip sha

than 10:1;
INOTE The more passes frem'end to end, while building the strip, improves the quality of t

;thain a laboratory sample by taking at least 20 increments from locations evenly spac
ngth of the strip.

lake each increnient by inserting two plates vertically into the strip and removing all
from betweemthe plates, taking into account that:

+ the two'plates should be inserted the same distance apart each time so that eac
contains the same quantity of material;

+-the distance between the plates should be chosen so that the method yields a labor4

e less solid

ained.

site sample
he following

xing with a

ble, working

|l not be less

he division.

cd down the

the material

h increment

tory sample

£41 : |
Ut ITyYUuIrcTu iidss.

Figure 6 illustrates the principle of strip division.
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Key
1 increment

2 sampling frame (>3 dy5)
3  end platg¢s

Figure 6 — Strip division

10.3.4 LO;F strip

Long strip dfivision may be used for all materials. This is a convenient method when a composite sample
is to be divided into several laboratory samples. In this method, the whole of the composite sample is
divided intd a number of laboratory samples. When using leng strip, the following procedure shall be
followed:

a) start by forming a strip in accordance with the strip division method (see 10.3.3);
b) choose the number of laboratory samples to-be produced so that they will have the required mass;
c) arrangdthis number of containers conveniently near the strip;

d) use a shmpling tool or shovel of-avsize such that each laboratory sample will receive at |least
20 incrlements, taking into account that if the laboratory samples are each to be of mass
Miaboratdry sample K8 the sampling tool should have a capacity of no more than my,,qratory sampie/ 40 K8;

e) always fake increments/from the same end of the strip without leaving fine particles behind and
place edch increment in each container in turn until all the material has been used.

10.3.5 Manual increment division

Manual incrlemént division is suitable for pellets and other solid recovered fuels with a small particle
size that can be worked with a scoop. When using manual increment division, the following procddure
shall be followed:

a) place the whole composite sample on a clean, hard surface and homogenize it by mixing with a
scoop;

b) use the scoop to spread the composite sample into a rectangle with a thickness of not more than
three times the nominal top size [see Figure 7 a)];

c) lightly mark the surface of the rectangle with the scoop to divide it into at least 20 parts [see
Figure 7 b)];

d) use the scoop and a bump plate to take an increment from each of the 20 parts by inserting the
scoop to the bottom of the heap each time [see Figure 7 c)] and combine the increments to form the
required sub-sample.
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a)

with a maximum thickness three times

ISO 2164

6:2022(E)

Crushed sample spread into a rectangle b) Arrangement of sample into 20 equal

parts (e.g. into five equal parts length-wise

the nominal top size and four equal parts breadth-wise)

1 Bump plate

10.3{6 Rotary sample divider

A rotary sample divider can be used as a mec¢hanical method to reduce the mass of a samplg

samy
samyj

10.3

Fract

be taken from the (sub-)sample and shall be placed one by one, in order, onto the heaps, he

.... hd

illustrates the fractienal shovelling method.

Fract

amapgs 1/N ahdalso combinations of several samples of 1/N.

Detail of taking an increment in one of the 20 parts by using the bump plate shgwn in b)

Figure 7 — Manual increment division

le divider shall have a feeder device'adjusted so that the divider rotates at least 20 tim
le is being divided. Figure 5 shows:an example of a rotary sample divider.

7 Fractional shovelling

ional shovelling is used\by splitting the sample to be divided into N twin fractions. Shg

ap 5, and again heap 1, heap 2, ... heap 5, and so on, until the (sub-)sample is exhausf]

ional shovelling allows for the drawing of one sample with a mass 1/N, several sampl

. The rotary
es while the

velfuls shall
hp 1, heap 2,
ed. Figure 8

bs each with
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Key
1

—

\ 1+6+11+16+ ...

N\

lot L

NOTE Fi

SOURCE R{

10.3.8 Qug

Quartering
It is suitablg
mixing and

a)
b)

c)

d)
e)

place thi

flatten
uniform

quarter
heap, fo

2+7+12+17 + ...

3+8+13+18+ ...

4+9+14+19+ ...

A O

5+10+15+ 20+ ...

Ve potential samples: rate 1/5.

ference [11].

Figure 8 — Fractional shovelling\(into N = 5 twin fractions)

rtering

may be used for materials sueh as pellets, chips and fluff that can be worked with a sH

ovel.

e for producing sub-samples of these materials down to approximately 1 kg. When yising
juartering, the following procedure shall be followed:

e whole mixed, composSite sample on a clean, hard surface;

the pile by insenting the shovel into it and spread the pile to form a flat heap that |

thickness ri@ greater than the blade of the shovel;

the flat-heap along two diagonals at right angles by inserting the shovel vertically int|

r which'a sheet-metal cross may be used, if available;

discard

one pair of opposite quarters;

1as a

o the

repeat the mixing and quartering process [steps a) to d)] until a sub-sample of the required mass is
obtained.

Figure 9 illustrates the quartering process [steps b) and c)].

20
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T e

a4
v
/

1

Key
1  discard

Figure 9 — Quartering

Quarjtering is only used if the methods described in 10.3.2 t0.10.3.7 are not suitable.

11 Methods for mass and particle size reduction of laboratory samples and
general analysis samples

11.1 General

This|clause describes the sample preparation procedures required to maintain the conformity and
repre¢sentativeness of a sample.

11.2 Initial sample division

If thq initial mass of the Jaboratory sample exceeds the minimum sample mass or the adjust¢d minimum
sample mass, the laberatory sample may be divided using one of the methods described in Clause 10.
If this sample massis{arger than the maximum quantity requested by the laboratory, the particle size
shallbe reduced to-ehable an extra step of sample division to give a smaller sample mass. The remaining
sample mass shall be kept above the minimum sample mass.

11.3 Initial mass determination

Befotethetaboratory sampte s subject toany hamdting or treatmrent that camrattowtoss-of moisture,
mercury or dust, the mass of the laboratory sample shall be determined by weighing on a balance
accurate to 0,1 % (or better) of the laboratory sample mass. This mass shall be recorded as m

. sample,1”
expressed in g.

11.4 Pre-drying

Pre-drying of wet samples is carried out to minimize moisture loss in the subsequent sample-division
processes, to facilitate the sample preparation processes and to minimize biological activity. If it is
necessary to dry a sample by heating, it shall be dried in an oven at a temperature not exceeding 40 °C.
If it can be demonstrated that a higher pre-drying step does not have a systematic negative influence on
mercury determination, a higher temperature for pre-drying of up to 60 °C may be used.
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Total moisture determination shall be performed for a separate (sub-)sample taken specifically for this
purpose.

NOTE1 If the moisture content of the laboratory sample is unimportant, for example if only particle
size distribution is to be determined or if a separate “total moisture analysis sample” is sampled as well, the
calculation of the moisture loss can be omitted. In this case it is not necessary to obtain complete equilibrium
with the temperature and the humidity in the laboratory as described in 11.7.

All samples, including those that have been dried by heating, shall be spread out in a tray to a depth of

50 mm to 100 mm and left for at least 24 h in the laboratory.

For coarse materials, 24-h retention time under laboratory conditions is possibly not long enough to
become sufficiently dry to continue sample preparation. The moisture content shall be moniter¢d by
placing the §ample or a sub-sample on an electronic balance during the retention time in the laborgtory.
The sample|shall be placed in a coarse cutting mill fitted with a 30-mm sieve. Sample diviSion may be
done by alternative methods described in Clause 10.
NOTE 2  Tq prevent losses of moisture during the grinding process, a low-speed grinder js'preferred.
If informatipn about the moisture losses during the pre-drying is required, the mass of the samplefafter
the pre-dry|ng process has been completed shall be determined according to-CEN/TS 15414-1, CEN/
TS 15414-2 pr ISO 21660-3, using the same balance for the weighing as used,in 11.3. This mass shall be
recorded as|Mg, 1,2, €Xpressed in g.
If required, the moisture loss during pre-drying shall be calculated s a percentage of the initial mass
of the sample using Formula (3):
m -m
Mp —10D % sample,1 sample,2 (3)
m
sample,1

where

M, is the moisture loss, in per cent;

Mgamplef 1S the initial mass of the sample;

Mgamplep 1S the mass of the sample after pre-drying.
The result tp the nearest 0,1 % shall be recorded.
11.5 Particle size reduction to < 30 mm
If the materjial contains particles that will be retained on a 30,0 mm sieve, a 30,0 mm sieve sh3ll be
used to separate the.sample into a coarse fraction (retained on the 30,0 mm sieve) and a fine fragtion
(passing thijoughithe 30,0 mm sieve).
Materials inlthe’sample (e.g. hard alloy steel and stones) shall be removed from the sample, if necedsary,

before coarse cutting to protect the grinder from damage. Magnetic materials can be removed by using
a magnet. The removed materials shall be weighed and reported in the sample preparation report (see
Clause 14).

The coarse fraction shall be processed using a coarse cutting mill so that it passes through the 30,0 mm
sieve.

NOTE1 Depending on the material, mills with a cutting or grinding action as well as the coarse cutting action
can be used.

For some types of solid recovered fuels (e.g. for rubber and plastics when these material types are
difficult to grind at room temperature), pre-treatment by freezing can be necessary before grinding to
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ensure that the correct particle size of the analysis sample is achieved. If this is necessary, the sample
shall be:

a) placed in a freeze-resistant bucket;

b) treated with carbon dioxide ice or liquid nitrogen;

c) removed immediately from the bucket to the inlet of the moving cutting mill (grinder).

CAUTION — Be aware of the hazards associated with using carbon dioxide ice or liquid nitrogen.

The processed coarse fraction and the fine fraction shall be recombined. The sample shall be
hom¢genized.

If required, this procedure may be used to achieve particle size reduction to a size below 3p) mm by the
use df a suitable coarse cutting mill and sieve. More instructions on the different{cryogertic) crushing
and ¢utting methods and when to use them are given in D.5.

NOTE 2  Grinding of the whole sample through the sieve fitted in the mill whilé producing the| particle size
need¢d can also assist in homogenizing the sample at the same time.

11.4 Sample division of < 30 mm material

One pf the manual methods described in Clause 10 shall be aiseéd for sample division. THe masses of
retained sub-samples shall respect the values determined using Formula (1).

A balance accurate to 0,1 % of the sub-sample masses shall be used for the weighing required by this
subclause. The masses of the containers, into which thie'sub-samples are to be put, shall be|determined
before starting the sample division.

The [container shall be sealed immediately\if a sub-sample is required for moistlire content
determination or another test for which it is ilmportant not to lose moisture.

The mass of each sub-sample shall be determined. This mass shall be recorded as m
ing.

subsamplef1’ expressed

Wheh a sub-sample is to be usedias a test portion, the sub-sample shall have a mass of not less than the
minimum test-portion mass specified in the appropriate test method.

NOTH The minimum amount of sample for each step of sample preparation and sub-sampling can be directly
estinfated by Formula E. 1

11.7 Particle siZze reduction of < 30 mm material to < 1 mm

Wheh a sub-sample of material is required with a nominal top size of about 1 mm, a cuttipg mill shall
be ufedto’reduce the whole of a sub-sample to this particle size. If necessary, the prodess shall be
carrijed-out in several steps using a finer sieve in the mill at each step, finishing with a sieye having an
aAppropt tate aperture:

If subpopulations with a different physical behaviour are expected (e.g. sand, metal particles), sample
dividers should be used to avoid segregation.

Grinding or cutting to a nominal top size of 1 mm can cause problems, because some materials are
difficult to grind and subsequently generate large amounts of heat when reduced in particle size. This
heat affects the composition of the sample and can cause a loss of content (e.g. moisture or mercury).
Therefore, it can be necessary to grind or cut the sample under cryogenic conditions or with a slow
rotating grinder. If the temperature in the sample increases to more than 60 °C, the particle size
reduction shall be performed under cryogenic conditions. As it is difficult to measure the temperature
during milling, any temperature increase shall be monitored. In the case of temperature increase, the
process shall be paused to allow it to cool before continuing.
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In the case of cryogenic cutting or grinding, the mills or cutters shall be suitable for grinding or cutting
atvery low temperatures. Cooling shall be carried out with either solid carbon dioxide (-79 °C) or liquid
nitrogen (-196 °C). The sample shall be mixed or immersed in the cooling medium. In some cases, it
is necessary to cool the mill or cutter as well with the cooling medium to keep the temperature low
enough. An increasing temperature can also be avoided by decreasing the throughput or rotation
frequency of the mill or the cutter. This may also be applied as long as the temperature does not rise
above 60 °C. In addition, cryogenic cutting or milling shall be performed if determination of the chloride
content is required in samples that can possibly contain PVC.

NOTE Depending on the material, other mills than the cutting mill can be used.

EXAMPLE H-the-sample-is-to-bereduced-first-topassaS-mm-sereen—and-then-to-passa—tmm-seree], the

following prdcedure applies:

a) a5,00-mm sieve is used to separate the sample into a coarse fraction (retained on the 5,00-mmsieve) pnd a
fine fracfion (passing the 5,00-mm sieve);

b) the coarge fraction is processed using a cutting mill containing a 5-mm screen;

c) the procpssed coarse fraction is recombined with the fine fraction and homogenized;

d) a1,00-mm sieve is used to separate the sample into a coarse fraction (retained on the 1,00-mm sieve) pnd a
fine fracfion (passing the 1,00-mm sieve);

e) the coarfe fraction is processed using a cutting mill containing a 1-mm-sepeen;

f)  the procgssed coarse fraction is recombined with the fine fraction and the sample is homogenized.

If the mateyial contains granular particles, there is a change‘that they will rotate in the mill or get

stuck in the
can come tg
completed.

sieve. This n

The sub-san
atleast 4 h
laboratory.

A sub-samp

screen. Likewise, if the material contains very, elongated particles, some of these par

f any such particles are found, they shall-he ground manually until they pass throug
haterial shall then be added to the subssample.

hple shall be spread out in a traysne’more than a few millimetres deep. It shall be le
in the laboratory, until it reaches equilibrium with the temperature and humidity i

e prepared by the method’/described in this subclause may be used as a general ang

ficles

rest on the screen and not pass through. The mill shall be examined after the milling is

h the

ft for
h the

lysis

sample, in which case its mass shall be at least the mass calculated in Table 3.

Material th{
shall not be

t has been subjected to the particle size reduction operations described in this subc
used for the determination of the total moisture content of the fuel.

ause

11.8 Sample division of < 1 mm material

The materig shall

be used to t

| inthe sample container shall be homogenized by stirring with a spatula. The spatula
hKe-out the quantity required.

If subpopulations with a different physical behaviour are expected (e.g. sand, metal particles), sample
dividers should be used to avoid segregation. The sub-sample mass taken for further grinding shall be
large enough to ensure representativeness.

11.9 Particle size reduction of < 1 mm material to < 0,25 mm

When a sub-sample is required with a nominal top size of 0,25 mm, a cutting mill shall be used to reduce
the whole of the sub-sample to this particle size. The cutting mill shall be fed with small portions of
material from the general analysis sample. The whole of each portion shall be allowed to pass the 0,25-
mm screen to prevent excess heat generation.

NOTE Depending on the material, other mills than the cutting mill can be used.
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12 Handling considerations of the general analysis sample and the test portion

12.1 Key concepts

Preparation of the general analysis sample is a complex process because of a number of factors, such as:

The

a)
b)

)

The

to th|

anal
cust

the 1

The

hom
Clau

deci

In so
casef
be c1f

To d
gene

a)

sample type and its physical state;
initial amount of the laboratory sample;

type and number of determinations to be carried out.

prepared samples shall satisfy the following requirements at the same time:

¢ach general analysis sample is representative of the laboratory sample;

1
1

he amount and the physical state (e.g. particle size) of each general analysis.sample co
equirements of the respective analytical technique;

for each general analysis sample, losses of and contamination with-respective analyte
iis prevented.

breparation of the general analysis sample from the laboratery sample, which is takg
e sampling plan, is related to the requested analytical deferminations (see Annex G f
rsis sample masses). This means that, if needed, all.in%olved parties, such as the §
mer and the analytical laboratory, shall agree on thexequirements in the standards tq
equested determinations.

A

preparation of general analysis samples.\involves the sequence of operatior]
bgenization, fraction separation, drying, re@ucing particle size and sub-sampling as
be 11. Specific forms of these operations™are described in D.1 to D.6, respectively. 4
ions on the specific order of these opérations for a particular laboratory sample are
Ime cases, the sequence of operations;to be applied is rather straightforward; in more

(e.g. when several determinatipns'with different requirements will need to be perfor
itical to choose the right sequence of such operations.

9

pfine the operations to b€ applied to a laboratory sample to produce one or more rej
Fal analysis samples, the following three main steps shall be considered:
Define the requirerhents of analytical procedures of interest, including:
— methods t6.be used;

number¥of test portions necessary;

quantity (mass) and properties of the test portions necessary for each analytical
accordance with Annex G;

hform to the

s of interest

n according
Dr minimum
ampler, the
be used for

s, such as
specified in
\ number of
to be made.
complicated
med), it can

bresentative

rocedure in

preservation requirements (e.g. time frame, temperature, addition of reagents).

[t is recommended that at least five times the amount of each test portion requirement is prepared

as the general analysis sample.

b) Define the sequence of operations according to Figure D.1, based on the properties of the general

analysis sample and the requirements of the analytical procedures, in which each sing
of this sequence shall be considered an independent process, namely:

— fraction separation;
— drying;

particle size reduction;

© IS0 2022 - All rights reserved

le operation

25


https://standardsiso.com/api/?name=73302df8a5dd094c88faa50606451121

ISO 21646

:2022(E)

— homogenization;

— sub

-sampling.

For practical reasons, it is recommended that the parameters are grouped in a way that general
analysis samples with similar requirements can be prepared for several analytical parameters.
The same general analysis sample can be used for different parameters if it fulfils the necessary

requirements.

c) Choose, according to the requirements of the respective analytical techniques and the properties
of the sample, the appropriate sample treatment technique within each module in accordance with
Annex I}

12.2 Sequence of preparation procedures

Figure D.1 dlescribes the procedure to enable decisions on the specific order of sample’prepar

procedures
analysis san
sample fract

Losses of th
shall be avo

NOTE In

13 Storag

for a particular laboratory sample to produce representative test portions‘from the ge
ple. This procedure shall be applied on the starting laboratory samplé and repeated
ions or sub-samples subsequently obtained during the preparation process.

e volatile compounds (e.g. mercury) during homogenization and/or particle size redu
ded.

e, preservation and labelling of samples

The sampling plan shall identify the procedure(s) selected for packaging, preservation, storagg

transport of

All composi

the laboratory sample.

Le samples, laboratory samples, sub-samples and general analysis samples shall be cl

identified aipd uniquely labelled with detail of the'sSample from which it was obtained. Samples sh3

delivered ar]

If the period
be stored in

If biological
of the natur

All possible
this documd
avoided or 1]

d stored in tightly closed, high-density plastic containers.

of storage of the samples is likely to be long-term or they are undried, the samples s}
tightly closed high-density plastic containers at or below 4 °C.

parameters are to betaken into account, the retained sample(s) shall be frozen irrespe
e of the sample (e.g-Solid or sludge types).

sources of cogtamination during sample preparation of the laboratory sample accordi
nt (e.g. grinding with metallic apparatus, mainly aluminium or aluminium alloy) shd
educed as much as possible.

special cases, sub-sampling without a drying step will not ledd' to representative sub-samples|

htion
neral
n all

ction

and

parly
1l be

1ould

ctive

ng to
111 be

14 Sampl|e preparation report

The sample
a)
b)
c)

preparation report shall include at least the following information:

reference to this document, i.e. ISO 21646:2022;

name, address and location of all laboratories involved in the preparation of the sample;

and end);

d)
e)
f)

26

description and identification of the sample;

the sample preparation plan;

date of receipt of laboratory sample and dates of the sample preparation procedures (beginning

unique report identification with page number and total number of pages in the report recorded;
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g) the mass ofthelaboratory sample received and any materials excluded from the sample preparation
process (e.g. stones or metals);

h) any deviation from the sample preparation procedures and the reason for this deviation.

The impurities referred to in g) shall be taken into account by instruction included in each of the
analysis standards when calculating any effect on specific analytical parameters.

15 Precision

The
of le
asso

Data
throt

data

Data

are §

test results for a measurement on solid recovered fuels are usually applied for the enforcement

Fiated uncertainties for the tests.

on the precision for the following reasons:

on the precision of the methods for the preparation, ofilaboratory samples of solid rec

laboratory sample are shown in Annex I.

©ISO

bal or other obligatory requirements (e.g. contracts). In such situations, it is vital o know the

regarding the uncertainty of sample preparation according to this document-have bgen acquired
1gh the validation investigation QUOVADIS. The results of QUOVADIS are net.available 4s normative

he trueness of a measurement regarding solid recovered fuel is by definition not available, because
knowledge on the true composition of solid recovered fuel is by definition unknown;

ralidation data needs to be available for each specific matrix and therefore for each type of solid
fecovered fuel.

pvered fuels

hown in Annex H. Data regarding ruggedness for the preparation of the test sample from the
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Annex A
(normative)

Determination of the shape factor

A.1 General

This annex {

The shape f3
where this f
like fluff, in

A.2 Proc

This annex
recovered f
materials ajf

For fluff-typ
Vs

dos,

/

is

is
th

is
th

The shape f3

For pellet-ty
for pellet-ty

ictor fis not constant but depends on the type of fluff-type material.

pe solid-xecovered fuels the value of fis considered to be 1,0).

pecifies how the shape factor shall be determined.

ictor of the particles has a large influence on the minimum (sub-)sample mass .for'matg
actor is much smaller than 1,0. This correction is only necessary for solid recovered
particular fluff with a larger particle size.

pdure

Epecifies how the shape factor shall be calculated after particle’size reduction. If the
lels are of the fluff type, the shape factor f corrects theéminimum sample mass, as
e not granular, but often composed of flat pieces.

e materials, Formula (A.1) shall be used to determine the shape factor:

the shape factor, in mm3/mmb3;

the maximum volume of a flaff particle (a mass fraction of 95 % of the particles are snj
an Vyc), in mm3 (where V=% b x h);

the maximum lengthrof-a fluff particle (a mass fraction of 95 % of the particles are sm
an dgs ), in mm.

pe solid recovered fuels, which are roughly granular, the shape factor is not correctiv

rials
fuels

solid
such

(A.1)

aller

aller

b (i.e.
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Annex B
(normative)

Determination of the changing shape factor

B.1 General

Thisjannex specifies how the shape factor changes during the process of particle size redug

The thanging shape factor of the particles has a large influence on the minimum (sub-)s

tion.

ample mass

for mpaterials where this factor is much smaller than 1,0. This correction is only-necessary for solid

recoyered fuels like fluff, in particular fluff with a larger particle size.

B.2 | Procedure

This|annex specifies how a prognosis shall be made of the shape factor after particle siz
Tabl¢ B.1 gives a prognosis of the shape factor after particle size‘reduction based on the
before particle size reduction, the global shape of the parti¢les’and how many times the
size 1s decreased in the particle size reduction process. Instead of using Table B.1, a real an
shapg factor as specified in Annex A may be made.

The following aspects shall be taken into account:

a) Table B.1 does not provide every single p@essible result. So, in some cases an interm
ghall be estimated by means of roundingup.

e reduction.
thape factor
nominal top
alysis of the

bdiate value

b) The values in Table B.1 were established for particles with specific dimensions thaft serve as a

ctual dimensions of the pargticles, are important. The values for the mixed or avers

odel for a specific type of partigle (flat or elongated). Not only the particle types,
{L\rticles in Table B.1 were.calculated by averaging the values for the extreme shapes.

EXAMPLE For flat particles, the length and breadth are always assumed to be equal, thou
this is probably not the/case. This assumption is generally not a problem, as the compos
tecovered fuels is ofteén’so heterogeneous that particle dimensions can only be estimated.

For shape factorf = 0,25, no mixed or average shape type is included in Table B.1. For
/o = 0,50 tofe= 1, no distinction whatsoever is made between shape types. The reasg
that the.effect of the shape type decreases as the shape factor increases, and so it is i
the longrun.

but also the
ige shape of

bh in practice
tion of solid

shape factor
n for this is
rrelevant in
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Table B.1 — The shape factor after particle size reduction

Shape Number of times dg; is reduced
factor
before Global shape n
reduction of the particles
£ 2 3 4 5 6 7 8 | 9 |10 | 20| 30| 40 | 50 | 100
Flat 0,02(0,03{0,04|0,05(0,06(0,07(0,08{0,09|0,10(0,20|0,30|0,40|0,50| 1,00
0,01 Mixed/average 0,03(0,06(0,10/0,15(0,21|0,28(0,36(0,45|0,55(0,60|0,65|0,70|0,75| 1,00
Elongated/needle-shaped |0,04|0,09|0,16(0,25|0,36|0,49(0,64|0,81|1,00|1,00(1,00{1,00{1,00| 1,00
Flat 0041006100801010121014101610,181020/040/060(08011,00! 1,00
0,02 Mixed/average 0,06(0,12(0,20/0,30(0,42|0,56(0,58{0,59|0,60(0,700,800,90 | 1,00 }{1,00
Elongated/needle-shaped |0,08/0,18|0,32(0,50(0,72|0,98|1,00|1,00{1,00|1,00(1,00|1,00}1,00((1,00
Flat 0,08(0,12(0,16|0,20(0,24|0,28(0,32{0,36|0,40(0,80|1,00 @500 1,00 (|1,00
0,04 Mixed/average 0,12(0,24{0,40|0,60|0,62|0,64|0,66(0,68|0,70(0,90|1,00,1,001,00|1,00
Elongated/needle-shaped |0,16(0,36(0,64|1,00|1,00(1,00(1,00{1,00|1,001,00¢1,00(1,001,00 /1,00
Flat 0,10|0,15/0,20|0,25|0,30|0,35|0,40|0,45|0,501,00|1,00|1,00|1,00/{1,00
0,05 Mixed/average 0,15(0,30{0,50|0,63|0,65|0,68(0,70{0,73|0,75{%,00|1,00|1,001,00]1,00
Elongated/needle-shaped |0,20(0,45(0,80|1,00|1,00(1,00(1,00{1,00(1,00(1,00|1,00|1,00(1,00(/1,00
Flat 0,20(0,30{0,40/0,50|0,60(0,70(0,80|£,90+1,00(1,00|1,00|1,00|1,00(]1,00
0,10 Mixed/average 0,30(0,60(0,70|0,75|0,80(0,85(0,90%0,95|1,00(1,00|1,00|1,00|1,00(]1,00
Elongated/needle-shaped |0,40(0,90(1,00|1,00(1,00|1,0044,00(1,00(1,00(1,00/1,00(1,00|1,00(/1,00
Flat 0,30(0,45(0,60(0,75(0,901,00, 1,00{1,00(1,00(1,00|1,00|1,00|1,00(]1,00
0,15 Mixed/average 0,45/|0,72|0,80|0,87|0,95|%00|1,00(1,00|1,00|1,00|{1,00|1,00|1,00({1,00
Elongated/needle-shaped |0,60(1,00(1,00|1,0041;00|1,00(1,00{1,00(1,00(1,00|1,00(1,00|1,00(/1,00
Flat 0,40(0,60(0,80(1,0011,00(1,00{1,00{1,00(1,00(1,00|1,00|1,00|1,00(]1,00
0,20 Mixed/average 0,60(0,80({0,90|100(1,00(1,00{1,00{1,00(1,00(1,00/1,00(1,00|1,00(]1,00
Elongated/needle-shaped |0,80(1,00/3,00|1,00(1,00(1,00(1,00{1,00(1,00(1,00|1,00(1,00|1,00(/1,00
Flat 0,50(0,75+41,00(1,00(1,00(1,00{1,00{1,00(1,00(1,00/1,00|1,00|1,00(]1,00
0,25 Elongated/needle-shaped |1,00,%,00(1,00|1,00(1,00(1,00(1,00{1,00(1,00(1,00|1,00(1,00|1,00(/1,00
0,50 All shapes 1,00(1,00|1,00|1,00|1,00|1,00{1,00|1,00|1,00|1,00|1,00|1,00|1,00((1,00
0,75 All shapes 1,00(1,00{1,00(1,00(1,00(1,00{1,00{1,00(1,00(1,00|1,00|1,001,00(]1,00
1 All shapes 1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|1,00|{1,00
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Annex C
(informative)

Examples of sample preparation procedures

General

This

C.2

A re
with
the
par
of a
09¢g

particle sizes. Cy, and p can be assumed to be 0,1. These figures have resulted in a minir

mas§
samyj

C3
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with
aver
is 90
show|
have
For t
The
analy

Tabld
site.

tpch)les inside the pellets can be assumed to be more or less granilar. This results in a

annex provides two examples of how this document can be used.

Example 1 - Pellets

fycling plant that combines several types of waste residues from thé industry pro
a maximum particle size of 20 mm (assuming this is the diameter, as with solid bi
omponents in the products are already processed in a particle_size reduction pi

roximately 1,0 (see Annexes A and B). The bulk density is@00 kg/m3 and the partid
cm3. The distribution factor is 1,00, because the particles'show a wide range of evenly

of 3,4 kg or 11,3 ], which are determined using Ferhiula (E.1). For the analysis of (
le will undergo sample preparation procedures resulting in a maximum particle size ¢

Example 2 - Fluff

cycling plant separates municipal solid waste and produces a solid recovered f

be (>500 mm) and the solid recovered fuel is therefore ground using a shredder to a f
a nominal top size of 300 mm.*Since the components in the products are mostly v
hge shape factor (see Annexes\A and B) measures 0,05 with average dimensions. The
kg/m3 and the particle density is 0,9 g/cm3. The distribution factor is 0,25, because {
a wide range of evenly'distributed particle sizes. C;;and p can be assumed to be 0,1. T
resulted in a minimum)sample mass of 143 kg or 1 590 1, which are determined using Fa
he determination‘ofthe bulk density at least 40 kg of sample is needed that has not b
bolid recovered-fuel is shredded to a particle size of 30 mm. For the analysis of mercu
rtical parameéters, a maximum particle size of 1,0 mm is required.

C.1 provides a worked-out sample preparation plan, including the activities to be p4

]

uces pellets
fuels). Since
ocess, most
thape factor
le density is
distributed
num sample
hlorine, the
1,0 mm.

I from the

u
Fation of the paper or plastic fraction-by wind sifting. The particle size of this fractf)n is rather

nal product
ery flat, the
bulk density
he particles
hese figures
rmula (E.1).
een ground.
'y and other

brformed on
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C.4 Large pieces of solid recovered fuels - Particle size-reduction and sub-
population separation of laboratory samples

This subclause applies to samples of large pieces of solid recovered fuels taken for the purposes of
characterization, especially by chemical analysis, requiring a particle size reduction down to 0,5 mm.
Typical examples are shredded tyres and demolition wood. In both cases, the solid recovered fuel
consists of large pieces (e.g. for shredded tyres in the range of 20 mm to 500 mm) to maximize energy
production, since particle size reduction consumes significant amounts of energy. Consequently, the
particle size reduction of the laboratory sample needs a special procedure to deal with large pieces
and a large mass (e.g. for shredded tyres in the range of 20 kg to 30 kg) and the presence of several

subpopulations which are mixed in the pieces (e.g. for shredded tyres rubber, metal, textile fibres).

The [process described in this subclause is more complex than the usual particl€)size-reduction

processes as a result of the large pieces aspects and the sub-populations separation. The fractions

obtalned at all the different stages are therefore to be weighed.

The following main steps are to be applied for particle size reduction of large\pieces of sol{d recovered

fuels|and the separation of sub-populations:

a) o¢btain a representative laboratory sample and weigh it (e.g. fornshredded tyres typjcally in the
fange of 20 kg to 30 kg), taking into account that large pieces can contain metal cablg for which a
g§aw can be used to extract the cable from the rubber.

b) feduce the particle size in a shredder using successively<at least three different gridg in order to
feach the particle size of 10 mm.

For ghredded tyres, the shredder has a typical capacity of 200 kg/h. A typical selectiop of grids is

consgcutively 40 mm, 20 mm and 10 mm. The shredder should be equipped with a Ventilz:Pion system,

including a filter to collect the light fraction (released fibres). The ventilation can also ifduce an air
draught through the system resulting in a cooling effect. Cable passing through the grid is reintroduced
in the shredder. This results in the “10 miivsample” to be weighed, as well as the coll¢cted fibres.

Subsgquently, the following steps are to bé-applied:

a) (quarter the “10 mm sample” to obtain a sample of about 2,5 kg and weigh this sample;

INOTE1  The other fractionsare weighed and stored.

b) feduce the particle size i'the same shredder using at least two different grids, where fthe last grid
dloes not allow partieles to go through it;

INOTE 2  For shrédded tyres, a typical selection of grid is a 6 mm grid and a “solid” grid (i.e. ywithout holes
r with holes/below 0,5 mm allowing air or nitrogen cooling). The shredder is fitted with|a ventilation
dystem, including a filter in order to collect the released fibres.

c) quartefcthis sample so as to obtain a sample of about 0,7 kg and weigh this sample;

QTFE3  For shredded tyres, a sample of about 0,7 kg corresponds to 0,5 kg of rubber. The other fractions
dl'cT vvcis}lcd cllld btUl Cd.

d) separate the metal sub-population using a magnet;

NOTE4  This is easily done by spreading the sample on a flat surface and slowly moving a magnet above
this surface. For shredded tyres, this results in a “rubber fraction” consisting mainly of rubber and a
“metallic fraction” consisting mainly of metals. Both fractions are weighed.

e) clean the light fraction collected at the different steps by sieving this light fraction;

NOTE5  For shredded tyres, this results in a rubber powder considered as part of the “rubber fraction”
and in a “fibres fraction” consisting mainly in fibres.

f) dip the powder sample into liquid nitrogen and thereafter micronize the powder sample down to

0,5 mm.
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NOTE 6  The powder can then be divided with a rotary sample divider in the powder amounts needed for
the requested determinations. The obtained samples are weighed.

g) store and send the obtained samples for the requested determinations;

h) produce areport on this treatment, including the mass determined at the different steps.
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Annex D
(normative)

Guidelines for choosing sample preparation procedures

General

The ;Lreparation of a general analysis sample from a laboratory sample involves a sequernce'd

such

as homogenization, fractional separation, drying, particle size reduction and spb-sa1

annex describes specific forms of these operations. Figure D.1 shows a flow chart;ef the st

in th

S annex.

foperations
mpling. This
eps detailed
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Sampling plan

!

Definition of analytical
requirements

Laboratory sample,

subsample or sample fraction

Y
Assessment required
characteristics of test

portion(s)

Fractions to be further
treated as separate

sample(s); results may be

combined, if applicable

Phase/fraction
separation required
(D.3.1)?

Yes

Phase/fraction
separation (D.3)

Drying allowed and
required (D.4.1)?

Drying (D.4)

Particle size
reduction required
and applicable

Particle size reduction
(D.5)

(D.5.1)?

Homogenization
possible (B.2:1)?

Homogenization (D.2)

I

Sub-sampling (D.6)

One or more test portions
for analysis (D.6)

For each
sub-sample:
conformance with
requirements?

One or more sub-samples,
requirements specified in

standards, to be further

not conforming with
respective analytical

treated

Figure D.1 — Flow chart of sequence of operations

The sample treatment techniques prescribed in analytical standards shall be fulfilled in any case.
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D.2 Homogenization

D.2.1 General information

Before each operation that implies sub-sampling, a homogenization step is required to ensure that
all sub-samples or sample fractions have the same properties and composition. The homogenization
technique to be used is chosen depending on the properties of the sample.

In many cases, particle size reduction will be necessary before homogenization.

D.2.2 Homogenization techniques

D.2.2.1 Manual homogenization

Manfial homogenization can be generally used, including in cases when mechanicdlhomogepization can
lead o loss of volatile compounds of interest (mercury).

Manual homogenization shall not be used for samples:

— that form layers due to the presence of particles of different density;
— yvith particles of such a large size that homogenization by mahual mixing cannot be reached;
— that form layers due to the presence of particles with large differences in particle size.

Wheh using manual homogenization, the sample shall bemixed with an appropriate tool (e.g. scoop,
shovgl, pestle and mortar). If there is a risk of losses of.¥olatile substances, the manual homogenization
shalllbe done very carefully.

D.2.2.2 Mechanical homogenization

Meclanical homogenization can be generally used, especially:

— in cases when manual homogeniZzation is not suitable;
— in cases of samples of large-particle size;

— flor solid samples containing particles of nearly the same density (e.g. for materials thatido not form
llayers” after shaking).

Mechanical homogenization shall not be used:

— ﬂlor samples:that form layers due to the presence of particles of different density; in[this case, if
omogerization is not possible, each layer shall be separated and treated as a differentjsample;

— het the apparatus can heat the sample and loss of volatile analytes can occur during this process;
in‘this case, a manual homogenization shall be performed.

When using mechanical homogenization, this shall be performed according to the manufacturer's
instructions.

NOTE For samples of small particle size, itis also possible to use a ball-mill without balls for homogenization.

D.2.2.3 Homogenization in the case of volatile compounds (mercury)

If mercury is to be analysed, sample homogenization shall be done very carefully and quickly to avoid
losses. Iflosses cannot be avoided during the homogenization process, it can be necessary to take several
non-homogenized sub-samples for analyses and calculate the statistical mean as an estimate of the total
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content. This step should not lead to major alterations of the composition and the representativeness of
the remaining sample.

NOTE

The presence of volatile compounds is included in the sampling plan.

D.3 Fraction separation

D.3.1 General information

Depending on the nature of heterogeneous samples and the determinations of interest, one or more

fraoction conmaaotiog, o oy It £raro o o forant o1l caxanlac +h

techniques
to be analys
can be nece

measured after the separation to allow a final weighed combination of different fractions' ang

results.

The test rep|
results relaf]

D.3.2 Sep

D.3.2.1 G¢g

In cases of
necessary, €
sampling ea|

D.3.2.2 Manual separation

Manual sep4

several

non-cru
Manual sep4

When using
either by h
selected pie

D.3.2.3 Si¢

Sieving can

paration into different fractions

ed separately. For samples consisting of different fractions, separation of some frac
bsary. For this reason, the mass of each separated sub-sample shall be directly or(indin

ort shall clearly state the technique(s) used for fraction separation, thefmnass and analy

neral

visible heterogeneity of separable fractions, the separation of different fractions cd
specially if this can make subsequent particle size reduction, homogenization and
Sier.

ration can be used when:

fractions can be distinguished;

shable fractions (e.g. copper.wire) exist.

ration shall not be used when contamination or losses of analytes of interest can occu

manual separatiof;ymacroscopic pieces of a different nature shall be manually sele
ind (with proteCtive gloves) or by using appropriate tools (e.g. tweezers, magnet)
ces shall be stored in separate containers.

bving

be uséd:

tare
tions
ectly
lysis

rtical

ed to all sub-samples obtained from fraction separation, as well as the,“weighted” resiilts.

n be
sub-

Ir.

cted,
The

when s

paration of fractions of different particte Size ;S mecessary;

— for checking the particle size of the sample or the particle size distribution.

Sieving shal

1 not be used when contamination or losses of analytes of interest can occur.

When sieving, the sample shall be sieved by shaking, either by hand or apparatus, through sieves with

appropriate

38

mesh size and material.
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D.4 Drying

D.4.1 General information

Depending on the nature of the sample and the specific requirements of the test portion, a drying step
can be needed during sample treatment for test portion preparation. For the purpose of this document,
drying is only used to remove the amount of water that can interfere with test portion preparation (e.g.
during crushing or milling). For the determination of total moisture content, a separate sub-sample can
be necessary.

Drying is very likely to introduce analytical errors for volatile compounds and should be avoided when

not dtrictly required. It a sub-sample or test portion for volatile compounds determinat
dried, the actual drying technique shall be selected to minimize losses of volatile compo]
repoft shall clearly state the technique(s) used for drying, along with the mass of sub~sam
and 3fter each drying step.

It is Jikely that a certain drying technique is not applicable for all requested.determinati
case$, different sub-samples shall be dried in different ways, choosing the-appropriate
techniques for each one.

The fdrying time will depend on the technique chosen, the thickness of the layer of the

ion is to be
1ds. The test
ble(s) before

bns. In such

sequence of

sample, the

natufe of the sample, moisture content of the sample and of the air and the rate of ventilatipn.

The |

appli
just

grade of dryness” to be reached with the drying step depends on the subsequent treatments to be
lEd to the sample. Typically, it is not necessary to wait.until constant mass (e.g. the sample can be
ried enough to make crushing or grinding possible).

D

9

D.4.2 Procedures

D.4.2.1 Air drying at room temperature

Air drying at room temperature can be used:

F analytes of

every case where drying can be reached in appropriate time without alterations o
interest;

the case of mercury determination.

Air d
not 3
step

e sample do
ture drying

rying at room temperature shall not be used when time is critical, the properties of th
llow a good drying in a reasonable time at room temperature, and a higher tempera
can be safely-applied.

Whe
dryi
use g

thin layer to
imized. The

h using aindrying at room temperature, the sample shall be spread on the trays in a
L to anappropriate moisture content. Possible contamination (e.g. by dust) shall be miy
f a,desiccator can accelerate the drying process for small amounts of (sub-)samples.

D.4.2.2 Oven drying at 40 °C
Oven drying at 40 °C can be used:

— when time is critical, and the properties of the sample do not allow for good drying in a reasonable
time at room temperature;

— in the case of mercury determination.

Oven drying at 40 °C shall not be used when the properties of the sample do not allow for good drying
in a reasonable time at this temperature, and a higher temperature drying step can be safely applied.

When using oven drying at 40 °C, the sample shall be spread on the trays in a thin layer and shall be
dried in the oven at 40 °C. Air renewal can accelerate the drying process and may be applied, provided
that it does not cause loss of dust-like particles.
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Oven drying at other temperatures may be used, if they fit with analytical procedures to be applied.

D.4.2.3 Oven drying at 60 °C
Oven drying at 60 °C can be used:

— when time is critical, and the properties of the sample do not allow for good drying in a reasonable
time at room temperature;

— inthe case of mercury determination.

60 ° h no

Oven drying-at-60 °C shall nc A orough
drying in a freasonable time at this temperature, and a higher temperature drying step can he)gafely
applied.

When using oven drying at 60 °C, the sample shall be spread on the trays in a thin layérand shgll be
dried in the|oven at 60 °C. Air renewal can accelerate the drying process and may be applied, proyided
that it does not cause loss of dust-like particles.

D.4.2.4 Oven drying at 105 °C

Oven drying at 105 °C can be used:

— on a sul-sample for which mercury is not determined;

— in the cgse of a single-stage total moisture content determination.
Oven drying at 105 °C shall not be used:

— inthe case of mercury determination;

— in caseqd where auto-ignition can be expected.

When using|oven drying at 105 °C, the samplée-shall be spread on the trays in a thin layer and shall be
dried in thefoven at 105 °C. Air renewal can actelerate the drying process and may be applied, proyided
that it does not cause loss of dust-like particles.

D.5 Particle size reduction

D.5.1 General informatien

To achieve 3 homogeneous and representative test portion, one or more particle-size reduction steps
can be needgd. The choice of the technique to be used depends strongly on the nature of the sample and
the particle [size needed.

Typically, pgrticle-size reduction is a multi-step operation that implies the use of a sequence of different
techniques. 'hrsome—cases; itcamrberecessary torepeatastepuntitthe sample reaches-thereqtested
particle size.

Particle-size reduction is a critical step in sample preparation because of potential loss of mercury due
to heating, loss of dust-like material, and contamination coming from the equipment itself or from other
samples. These aspects shall be taken into account when selecting the appropriate equipment. The
equipment used shall be kept clean.

The test report shall clearly state the technique(s) and operating conditions used for particle-size
reduction. Non-crushable fractions (e.g. copper wire) shall be separated in accordance with D.3.2,
weighed and, if needed, analysed as separate sub-samples.
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D.5.2 Procedures

D.5.2.1 Crushing or grinding

Crushing or grinding can be used:

Crushing or grinding shall not be used:

when representative sub-samples cannot be taken because of large particle size;

when the particle size of the sample is larger than the allowed inlet particle size for the milling or
grinding equipment;

tanraducaananalutioa]l coanln AfF b n oot d ool cio
foproauceanatary trCarSsampre- o e reqtireapatratre-5TZ€-

yhen not applicable because of the nature of the sample (e.g. soft materials);

if contamination or losses of compounds of interest can occur by the equipment.

When crushing or grinding, large pieces of the sample shall be broken and/or the sample shall be
crushed with appropriate apparatus, according to the manufacturer’s“/instructions, to the required

particle size.

D.5.2.2 Milling

Millipg can be used:

Milliphg shall not be used:

fhen representative sub-samples cannot be taken because of large particle size;

yhen the requested particle size is less than@, mm.

yhen the initial particle size is too:coarse; in this case, a crushing step is required;

fhen not applicable because ofthe nature of the sample.

Wheh milling, the sample shall)be milled according to the mill manufacturer's instructjions until it
reaches the required particlesize. Excessive heating of the sample during milling shall bg avoided to
prevent losses of mercury. A sequence of short and low-speed millings is to be preferred td a long and/
or high-speed treatment-The equipment shall be cooled between each milling operation. [The use of a

freeqe-head mill casrminimize the loss of mercury.

NOTH If the Sample has a plastic consistency, freezing it down to low temperatures (e.g. -20 °C §o -30 °C) can

makg milling €asier.

D.5.2.3- “Freeze crushing

Freeze crushing can be used:

when the sample contains large amounts of plastics;
when representative sub-samples cannot be taken because of large particle size;

when the particle size of the sample is larger than the allowed inlet particle size for the milling or
grinding equipment;

when the analytical requirements demand a particle size in the mm order of magnitude.

Freeze crushing shall not be used when contamination or losses of compounds of interest can be caused
by the equipment.
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When freeze crushing, the sample shall be wrapped in a polyethylene container. The wrapped sample
shall be immersed in a Dewar vessel filled with sufficient liquid nitrogen. The container shall stand
until the liquid nitrogen no longer boils vigorously. The container shall be cooled for approximately
10 min. After complete cooling, the container shall be retrieved from the liquid nitrogen. Large pieces
of the sample shall be broken with a hammer and/or the sample shall be crushed with appropriate
apparatus, according to the manufacturer’s instructions, to the required particle size.

Alternatively, commercial apparatus for freeze crushing is available.

D.5.2.4 Cutting

Cutting can pe used:

— when rgpresentative sub-samples cannot be taken because of large particle size;

— when the material of the sample is not hard enough to allow crushing or milling (e.g. plastic, textile).
Cutting shall not be used when contamination with compounds of interest can be caused by the
equipment.

When cutting, the sample shall be cut according to the cutting mill manufacturer's instructions tp the
required particle size. Excessive heating of the sample during cutting shall be avoided to prevent lpsses
of mercury. [The equipment shall be cooled between each cutting operation. A cooled cutting mill should
be used to nmiinimize loss of mercury. Manual cutting with scissors can minimize the loss of mercury.
D.5.2.5 Frpeze cutting

Freeze cutting can be used:

— when tHe sample has a plastic or fibred consistencys;

— when r¢presentative sub-samples cannot be taken because of large particle size;

— when tHe analytical requirements demand-a particle size in the mm order of magnitude.

Freeze cutting shall not be used when contamination from the equipment can occur.

When freeze cutting, the sample Shall be wrapped in a polyethylene container, if necessary| The
(wrapped) sample shall be imniérsed in a Dewar vessel filled with sufficient liquid nitrogen| The
container shall stand until the)liquid nitrogen no longer boils vigorously. The container shafll be
cooled for approximately 10“min. After complete cooling, the sample shall be retrieved from the ljquid
nitrogen. THe sample shatl'be cut with a preferably cooled cutting mill, according to the manufactyrer’s
instructiong, to the requested particle size.

D.6 Sub-sampling

D.6.1 General information

The laboratory sample is usually divided into different test portions for the analyses. Most analytical
techniques allow only small quantities of test portions to be analysed. A laboratory sample can be very
large in some cases. Then only a small, representative portion of the laboratory sample shall be taken
for analysis (see Table G.1).

The sub-sampling shall be performed in a way that the obtained sub-samples are as representative
as possible, taking into account the quantity of test portion to be analysed, the quantity of laboratory
sample, particle size and homogeneity. If the sample is not homogeneous enough, or if particle size is too
coarse, a representative portion cannot be taken and one or more particle size reduction steps followed
by homogenization steps are needed.
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Annex E should be taken into account when determining the minimum amount of sample in relation to
the particle size and the heterogeneity of the sample.

If representative sub-samples cannot be obtained due to practical limitations, replicates should be
performed.

The test report shall clearly state the way of determining the minimum number of sub-samples and the
technique(s) used for sub-sampling, along with the mass of each analysed fraction.

D.6.2 Manual division of solid samples by mixing and quartering

— in the case of a large amount of laboratory sample;

— hen the sample is dry enough and there are no clumps in it;

Wheh using manual division of solid samples by mixing and quartering, the sample shall he spread on
a flat surface coated by an inert sheet in a circular shape. The §amiple shall be mixed with a shovel and
a corle shall be made. The sample shall be divided into four.slices of the same shape and size, as shown
in Figure D.2 (e.g. with a sheet metal cross). Two opposite slices shall be thoroughly mixed fogether and
the remaining part of the sample shall be discarded. This sequence shall be repeated until the requested
quarftity of sub-sample is reached, provided that the’gbtained sub-sample is still represenfative of the
laboratory sample.

Figure D.2 — Division by quartering

D.6.3 Mechanjealdivision of solid samples
Mechanical division of solid samples can be used:

— hen'the sample is dry enough and there are no clumps in it;

— when the particle size is small enough for the used apparatus;

— if there is no evidence of heterogeneous distribution of chemical constituents.

Mechanical division of solid samples shall not be used when the sample contains clumps that cannot be
divided.

Mechanical sample splitters can achieve similar or better results than manual division. When using
mechanical division of solid samples, the sample shall be divided by using the sample splitter (e.g. riffle
box, rotary sample divider) according to the manufacturer’s instructions.
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Annex E
(informative)

Relationship between minimum amount of sample and particle
size - Formula for the estimation of the minimum amount
of sample

The minimum amount of sample can be estimated by using Formula (E.1):

M, =—R ><(D95)3xf><pxgx(1;—p) (E.1)

6 Cy“xp

M_, is|the mass of the sample, in g;
Dgs  is|the “maximum” particle size (defined as the 95-percentile), i cm;

f is[the shape factor for which the value is determined by using Formula (E.2):

f=—5 (E.2)

where
is the shape factor, in cm3/cm3;

Vs is the “maximum” volumeé of'a particle (a mass fraction of 95 % of the particlef are
smaller than Vyg), in cm3 (where V=1x b x h);

dys;  is the “maximum/~length of a particle (a mass fraction of 95 % of the particlep are
smaller than dyg,), 1 cm;

NPTE1 The shape\factor is not constant but depends on the type of material. The shape flactor
generally increases,when the sample undergoes comminution as the particles become more rejgular
in form and, as@’consequence, the shape factor will get closer to a value of 1. For materials whigh are
granular-like'or-smaller than 50 mm, a shape facture value of 1 can be assumed.

p if the average density of the particles in the material, in g/cm3;

NPFE2  This parameter does not represent the bulk density of the sample, but the average dgnsity
ofallparticles

g is the correction factor for the particle size distribution of the material to be chosen from
Table E.1.

NOTE 3  This value depends on the ratio between Dqys/D5 and gives an indication for the particle
size distribution. A Dg5/D5 value close to 1 reflects a narrow particle size distribution (most
particles of equal size); a high Dgs/D s value (>4) reflects a broad particle size distribution. Dgs is the
“maximum” particle size (a mass fraction of 95 % of the particles are smaller than Dys) and D is the
“minimum” particle size (a mass fraction of 5 % of the particles are smaller than D).

p is the fraction of the particles with the property of interest, as a mass fraction (see Figure E.1
for examples);

NOTE 4 Ifevery single particle of the sample carries the same amount of the parameter of interest,
p=1
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is the desired coefficient of variation caused by the fundamental error.

NOTE 5
analysis, it can vary from 0,1 to 0,3.

Table E.1 — Choice of particle size distribution correction factor

A typical value for Cy is 0,1. Depending of the nature of the sample and the aim of the

Ratio Dg/D5 g
Dgs/Dys > 4 0,25

42Dgs/Dys 2 2 0,50

2>Do/Dos>1 0.75
Dgs/Dys =1 1,00

Tabld
the a
to pr
Annd

1[5“)

/—\

()L
&D [\/) \J/ C

a) Example 1: the sample is made of
10 particles, and two of them carry the
analyte of interest2p = 0,2

b) Example 2: the sample is m3

10 particles, and four of them ca
analyte of interest (the total amou
analyte is the same as example 1)

Figure E.1 — Examples of distribution of parameters in the sample

 E.2 presents examples of minimum test portion/sample mass by using Formula (E.1) §
ssumptions that C,=0,1,9 20,25, f=1and p, =1 g/cm3. The minimum mass of the sam
ovide adequate material ‘for the respectlve analysis requirements should be in acco
X G. If this is not the case;/the mass should be increased to meet the requirements in D

Table E.2 — Minimum test portion/sample mass

de of
rry the
nt of the
2p=04

nd applying
ple required
rdance with
16.1.

Dos
cm
p 10 4 1 | o4 | o2 0,1 0,02
Mm
g
Very
heterogeneous | 0,001 |13 070250| 836496 | 13070 836 104,6 13,07 0,105
(traces)

NOTE 1 The rate of heterogeneity is dependent on the parameters of interest and can vary for one sample (e.g. for major
constituents p ~ 0,1 and for trace constituents p ~ 0,001). If the same sample or aliquot is to be used for determination of
different parameters, the most conservative (lowest) value is to be used.

NOTE 2 For the shape factor f the most conservative value (f = 1) has been used. For cases with coarser particle sizes, it
can be preferable to evaluate the actual shape factor, possibly resulting in smaller sample masses, especially for fibre- or
fluff-like materials.

NOTE 3 The precision of the values shown are given for the user to enable the calculations to be checked if required.
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Table E.2 (continued)

Dy
cm
p 10 4 1 0,4 0,2 0,1 0,02
Mm
8
Heterogeneous
(minor 0,02 641 083 41 029 641 41 51 0,64 0,005
constituents)
Rather
homogenequs | oy | 197750 | 7536 118 8 09 0,12 0,001
(major
constituents)
NOTE1 The

constituents f

NOTE 2 For
can be prefer

NOTE 3 The

Fate of heterogeneity is dependent on the parameters of interest and can vary for one sample (e.g. for

~ 0,1 and for trace constituents p ~ 0,001). If the same sample or aliquot is to be used for determinat
different paratlmeters, the most conservative (lowest) value is to be used.

he shape factor fthe most conservative value (f= 1) has been used. For cases with coarser particle si

hble to evaluate the actual shape factor, possibly resulting in smaller samplé.masses, especially for fib
fluff-like matdrials.

brecision of the values shown are given for the user to enable the calculations to be checked if required.

major
on of

es, it
Fe- or
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Sample preparation equipment

The preparation of general analysis samples from a laboratory sample frequently involves a sequence of
operations such as homogenization, phase/fraction separation, drying, particle size reduction and sub-

sampling. For these operations the equipment listed in Table F.1 shall be used.
Table F.1 — Sample preparation equipment
: quipment Homogenization Pth;Z gilic;lilon Drying P::aijﬁif,i,fe Sub-sampling
(see D.2) (see D.3) (see D.4) (see D.5) see D.6)

Mill X X

Freefe-head mill X X

Shrefdder X X

Cutting device X

Meclranical mixer X

Hamjmer X

Jaw-grusher X

Pestle and mortar X X

Shoviel X X
Sheelt cross X
Tweg¢zer X

Magnet X

Rifflge box X
Tyler divider X
Sievgs X X X
Dryiphg oven X

Freepe drier X

Desigcator X

Balance X X X X
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Annex G
(normative)

Characteristics of the laboratory sample for chemical analysis
of solid recovered fuel

The requirements—in—Fable—G-1

TT—Torore—orT

vV ITCTT

TG tIrc T oTocoT

TITPTC

crre—=Ccrr

rina tha l-bhaor~tary camnlg for tha cho ical
y—5da O+ 4]

characterization of solid recovered fuel samples according to this document. A maximum aniount of
laboratory sample of 10 kg and maximum particle size of 1 cm is established on the basis of nambel and
type of parameters to be determined, sample representativeness and practical reasongs for hanfdling

samples. Taple G.1 summarizes the requirements for both single and grouped chemical parameters.

NOTE Equivalent requirements apply in all chemical test method publications for solid recovered fugl, i.e.
ISO 21663, EN 15408, EN 15410, EN 15411, CEN/TS 15412 and EN 15413.

Table G.1 — Requirements for the laboratory sample for the analysis‘of solid recovered fyel

trace elements + Hg
+ metallic Al

tion of solid recov-
ered fuel production

Parameter Minimum analysis | Short-term storage | Long-ternrstorage Container
(single or group) sample mass? conditions before | condition before material
delivery to delivery to
J laboratory laboratory
C,H,N 100 In the same condi- Refrigeration 4 °C | Plastic bottle orlbag
tion of solid recov-
ered fuel produgtion
CL S, B, F 100 In the same condi- Refrigeration 4 °C Non-PVC plastic
tion of selid recov- bottle or bag
ered fuelproduction
Metallig Al 200 Inmthe same condi- Refrigeration 4 °C | Plastic bottle or|bag
tion of solid recov-
ered fuel production
Major elements 400 In the same condi- Refrigeration 4 °C | Plastic bottle or{bag
tion of solid recov-
ered fuel production
Trace elements 200 In the same condi- Refrigeration 4 °C | Plastic bottle or{bag
excludinig Hg tion of solid recov-
ered fuel production
Hg 100 In the same condi- Refrigeration 4 °C Glass or PFA bottle
tion of solid recov-
ered fuel production
C,H,N, Cl,[S-Br, F 150 In the same condi- Refrigeration 4 °C Non-PVC plastic
tion of solld recov- bottle or bag
ered fuel production
Major elements + 500 In the same condi- Refrigeration 4 °C | Plastic bottle or bag
trace elements tion of solid recov-
excluding Hg ered fuel production
Major elements + 600 In the same condi- Refrigeration 4 °C | Glass bottle (100 g) +
trace elements + Hg tion of solid recov- plastic bottle or bag
ered fuel production
Major elements + 700 In the same condi- Refrigeration 4 °C | Glass bottle (100 g) +

plastic bottle or bag

a2 The maximum particle size (mm) is related to the laboratory sample amount (g) in order to guarantee sample
homogeneity. It is established following the rules reported in Annex E.
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