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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 proceflures used to develop this document and those intended for its further maintenanee
described |n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
different types of ISO documents should be noted. This document was drafted in accordance with
editorial rifiles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Reference materials for particle size measurement —
Specification of requirements

1 Scope

Thi ize analysis
to identify suitable RMs (certified or not) for their needs. In line with the focus on usens| questions
on pample preparation that go beyond preparation of the sample as received by the user will not be
covered by this document.

This document describes the fundamental requirements that RMs (certified or nof) for the
determination of particle size shall fulfil in order to be fit for a given purpose. The documentt is limited
to g description of the fundamental principles - the discussion whether a gertain numericalfvalue is fit
for purpose is beyond the scope of this document.

Theg scope of this document is limited to RMs (certified or not) in the:form of particles. Thi§ document
dods not deal with any other form of RMs, like calibration grids.
2 |Normative references

Thgre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.
ISO[and IEC maintain terminology databases for use in standardization at the following addgesses:

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

— |IEC Electropedia: available at https://www.electropedia.org/

d of quantity
ct common toanttually comparable quantities

e quantities

dimension.

d d £ K nd
However, quantities of the same dimension are not necessarily of the same kind.

[SOURCE: ISO/IEC Guide 99:2007, 1.2, modified — Note 3 to entry and EXAMPLES 2 and 3 have been
deleted.]

3.2
measurand
quantity intended to be measured

Note 1 to entry: The specification of a measurand requires knowledge of the kind of quantity (3.1), description of
the state of the phenomenon, body, or substance carrying the quantity, including any relevant component, and
the chemical entities involved.

©1S0 2022 - All rights reserved 1
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[SOURCE: ISO/IEC Guide 99:2007, 2.3, modified — Notes 2 and 3 to entry and all the EXAMPLES have
been deleted.]

3.3
operation
method-d

ally defined measurand
efined measurand

measurand (3.2) that is defined by reference to a documented and widely accepted measurement

procedure

to which only results obtained by the same procedure can be compared

Note 1 to entry: A term for measurands that are independent of a procedure does not exist. The term “non-

operationally defined measurand” is used in this document.

[SOURCE: [SO 17034:2016, 3.7, modified — the second term has been added and Note 1 to entry|has
been replafed.]

3.4

metrological traceability

property ¢f a measurement result whereby the result can be related to a reference through a
documentg¢d unbroken chain of calibrations (3.12), each contributing to the measdrement uncertainty

Note 1 to efptry: For this definition, a ‘reference’ can be a definition of a measuremént unit through its pracf

ical

realization,| or a measurement procedure including the measurement unit fofx a*non-ordinal quantity, ¢r a
measurement standard.

[SOURCE: ISO/IEC Guide 99:2007, 2.41, modified — Notes 2 to 8 to ehtries have been deleted.]

3.5

monomodal material

material cgnsisting of particles where the particle size density distribution has only one maximum
Note 1 to eptry: A monomodal material is not monodisperse if the width of the distribution is larger than|the

limits desc

3.6
monodis
material

Note 1 to er
number-bay
size distrib
to a relativg
monodispet
materials.

3.7
spherical

ibed for monodisperse mateials (3.6).

rse material

grnsisting of particles with narrow/particle size distribution

try: For this document, a material is considered monodisperse if the width of the distribution of
ed diameter expressed as@yg7/X 1 is 1,12 or less (where x;,is 10 % percentile of the cumulative par
ution and xq, is 90 % percentile of the cumulative particle size distribution), which correspq
 standard deviation/of-the distribution of 4,4 %. The limit 1,12 is taken from the requirement
se pickets from [SQ/TS 14411-1. Such narrow size distributions are typically found in polymer |

particle

particle with amaspect ratio of 0,95 or above in all three dimensions

Note 1 to e
sphericity.

3.8
reference
RM

the
icle
nds
for
htex

ntry: particles with small outgrows or that are not smooth can nevertheless fulfil this definitig

n of

material

material, sufficiently homogeneous and stable with respect to one or more specified properties, which
has been established to be fit for its intended use in a measurement process

Note 1 to entry: RM is a generic term comprising both certified and non-certified RMs. There is no term explicitly
referring to RMs without any assigned certified value (3.10). In this document, the term “reference material/
RM” is used for the superordinate, i.e. certified and non-certified RMs, whereas “non-certified RM” is used to
explicitly refer to materials without certified values.

Note 2 to entry: Properties can be quantitative or qualitative, e.g. identity of substances or species.

2 © IS0 2022 - All rights reserved
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Note 3 to entry: Uses may include the calibration (3.12) of a measurement system, assessment of a measurement

procedure, assigning values to other materials, and quality control.

[SOURCE: ISO Guide 30:2015, 2.1.1, modified — Note 1 to entry has been expanded and Note 4 to entry

has been deleted.]

39
certified reference material
CRM

reference material (3.8) characterized by a metrologically valid procedure for one or more specified
properties, accompanied by an RM certificate that provides the value of the specified property, its

asspciated uncertainty, and a statement of metrological traceability (3.4)

Notg 1 to entry: The concept of value includes a nominal property or a qualitative attribute such as
seqyience. Uncertainties for such attributes may be expressed as probabilities or levels of confidence.

[SOURCE: ISO Guide 30:2015, 2.1.2, modified — Notes 2 to 4 to entry have been.deleted.]

icative value

infgrmation value

infqrmative value

valjie of a quantity or property, of a reference material (3.8), which is provided for informatia

Notp 1 to entry: An indicative value cannot be used as a reference in a metrological traceability (3.4) d
[SOURCE: ISO Guide 30:2015, 2.2.4]

3.1
caljbration

opdration that, under specified conditions, in a first step, establishes a relation between th
vallies with measurement_uncertainties provided by measurement standards and cort

identity or

ncertainty
ificate

n only

hain

e quantity
esponding

indjcations with associated measurement uncertainties and, in a second step, uses this information to

establish a relation for-obtaining a measurement result from an indication.

Notg 1 to entry: A\calibration may be expressed by a statement, calibration function, calibrati
calipration curve,or calibration table. In some cases, it may consist of an additive or multiplicative c
the [ndicatiomwith associated measurement uncertainty.

Notp 2 to\entry: Calibration should not be confused with adjustment of a measuring system, often
callpd~'self-calibration”, nor with verification of calibration.

n diagram,
brrection of

mistakenly

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.
[SOURCE: ISO/IEC Guide 99:2007, 2.39]

3.13
design qualification

DQ

process for verification that the proposed specification for the facility, equipment, or system meets the

expectation for the intended use

[SOURCE: ISO 11139:2018, 3.220.1]

© IS0 2022 - All rights reserved
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3.14

installation qualification

1Q

process of establishing by objective evidence that all key aspects of the process equipment and ancillary

system ins

tallation comply with the approved specification

[SOURCE: ISO 11139:2018, 3.220.2]

3.15

performance qualification

PQ
process of
produces 4

[SOURCE: ]

3.16
operation|

0Q
process of
limits whe

[SOURCE: ]

3.17
proficieng
evaluation
compariso

[SOURCE: ]

3.18
statistical

bstablishing by objective evidence that the process, under anticipated conditions, consiste
product which meets all predetermined requirements

SO 11139:2018, 3.220.4]

al qualification

pbtaining and documenting evidence thatinstalled equipment operateswithin predetermi
h used in accordance with its operational procedures

S0 11139:2018, 3.220.3]

y test

S

SO/IEC 17043:2010, 3.7, modified — Notes terentry 1 and 2 have been removed.]

quality control

part of qudlity control in which statistical methods are used (such as estimation and tests of parame

and sampl

EXAMPLE
[SOURCE: |

4 Abbr

CRM C

DLS D
DMA
DQ
ESZ
1Q
0Q
PQ
RM

D

E

0

R

Pe

ng inspection)
The use of quality control«charts.
SO 12491:1997, 3.2, modified — the EXAMPLE has been added.]

pviated terms$

brtified reference material

namiclight scattering

l'yfferential mobility analysis

ntly

hed

of participant performance against pre-established criteria by means of interlaborafory

ers

Sesign qualification

lectric sensing zone

Installation qualification

perational qualification
rformance qualification

eference material
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SAXS  Small angle X-ray scatteringPQ
SI International system of units
SQC Statistical quality control

5 Basic principles

5.1 Measurand definitions in particle size analysis

5.1{1 General

In gdeneral, two kinds of measurands can be distinguished.

Non-operationally defined measurands are measurands where a physical unifean be dire
to a property of a particle and where no further information is require€dyin order to in

or a distance between two points.
The quantity values of operationally defined measurands ate only meaningful in connsg

this set of operations. Deviation from the specified set of @perations does not only result
result, but actually means that a different quantity is measured.

MPLE1 The impact toughness of a material as determined by for example, ISO 148-1. This i
ired to break a sample of specified dimensions (1.cm¥* 1 cm x 5 cm) that has a notch of spe

mediately obvious for some nghroperationally defined measurands: a comparison of :
gth is meaningless. As indicated in Note 2 to entry of 3.1, expression in the same unit

In the examplé of impact toughness above, the energy required to break a sample
nsions (e.g. 2 cm xX0m x 5 cm) is still expressed in ] but it is impossible to say if a material wit
toughness of 85 ] meastired ona 2 cm x 1 cm x 5 cm sample is tougher than a material with an impag
of 7P ] as measured‘agcording to ISO 148-1.

Thik means<hat one should not expect that different operationally defined measurands yiel

'tly related
ferpret the

value of this quantity. Examples for non-operationally defined measutands are a mass of a particle

Operationally defined measurands are measurands that are thelresult of a specific set of pperations.

ction with
in a wrong

the energy
ified width
eans that a
bughness of
This shows

kind. This
mass and
s required
erationally

of different
h an impact
t toughness

d the same

valjie. Samples may exist that give the same result for two unrelated methods, but this mhay be due

to doincidence. Conflicting values do not mean that one of the values is wrong, but simply

reflect the

diffefent response for the sample measured.

As will be explained below, the same principle applies to results from different methods for particle
size determinations: although the results can all be expressed (and traceable to) as metres, they are in

fact different kinds of quantities and not comparable unless very specific conditions are met

5.1.2 Operationally defined measurands in particle characterisation: Equivalent diameters

None of the methods used for particle sizing actually measures a particle diameter. Doing so requires

applying a caliper to a particle or every individual particle of the sample. This is clearly impr

actical and

all particle sizing methods actually measure particle properties different from particle diameters and
relate these properties to the particle size. Examples of measured material properties for some particle

characterisation methods are given in Table 1.

© IS0 2022 - All rights reserved
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Table 1 — Selected measurement principles in particle characterisation, their measured
properties and information on how this property is expressed

Method

Measured property

Result are expressed as distribution of

Sedimentation analysis

Speed of sedimentation

Diameters of spheres with the same sedimen-
tation velocity (equivalent Stokes’ diameter)

Dynamic li

ght scattering,

particle tracking analysis

Speed of diffusion

Diameters of spheres with the same diffusion
coefficient (equivalent hydrodynamic
diameter)

Differential mobility

Electrical mobility of charged aerosol

Diameters of spheres with the same electrical

Imag

b analysis

analysis particles mobility
. . Drop in resistan hen rticl . .
Electrical sensing zone op esistance when a particle passes Diameters of spheres with the same@pluine
through an aperture
Diameters of circles with the same-circuin-

Length (diameter, circumference) or area of a
projection or reflection of the particle

ference or area, also directaneasuremerjt
of maximum and minimum-Feret diameter
possible

Light scat
co

ering particle
Linters

Intensity of the light scattered by individual
particles

Light extil
col

\ction particle
inters

Extinction of light caused by individual
particles

Diameters of spheres of the same light scht-
tering /extinction

Ultrasoni
spec

c attenuation
[roscopy

Frequency-dependent attenuation of
ultrasound

Diameters’of (usually spherical) particlgs
whieh give the same attenuation spectrum

Single part
coupled
spec

cle inductively
blasma mass
rometry

Mass of the selected element(s) per particle

Diameters of spheres of the same mass of the
selected element/compound

Small angle

X-ray scattering

Angular distribution of elastically scattered
X-rays

v

Diameters of (usually spherical) particlg

with the same angular distribution of X-riys

Laser

Hiffraction

Angular distribution of scatterédlight

Diameters of spheres with the same anguflar
distribution of light

Sievin

o analysis

Mass of material that passes a sieve

Mass fractions passing sieves of specifigd
aperture size

NOTE Red

ults can also differ in the way they are weighted (intensity, number, area etc.).

These diff
that show
are called
depend on

which sha

brent properties are subsequently expressed as lengths, namely as diameters of sphg
the same response, for exahiple, having the same speed of sedimentation. These diame
“equivalent diameters”( Equivalent diameters are operationally defined measurands: they
the property measured (projected area, sedimentation velocity, etc.) and the definitio
e the property should be equivalent (e.g. equivalent sphere, cube, tetrahedron).

res
[erS

I to

As none of the methods415éd for particle sizing actually measure the particle diameter, all results of

particle sizing methods are operationally defined. This also means that one should not expect {
ethods yield the same value unless the particles measured fulfil very specific requiremg

different

hat
nts

(see 5.1.4)] This neh-comparability is clear when one looks at the properties actually measured, byt is

hidden by [thecexpression of these properties in the dimension of length. It is not surprising that

the

speed of diffusion differs from the projected area but the fact that both are expressed as lengthp of

equivalent Spheres falSely SuUggests Otherwise.

Conceptually there is no difference between the determination of the equivalent diameter of a single
particle and the determination of the distribution of equivalent diameters in an ensemble method:
in each case, a property is measured and related to spherical particles that behave the same way for
the chosen property. While relating the measured property to spherical particles is more complex for
ensemble methods, it is conceptually not different from relating the property of a single particle to the
same property of a sphere.

EXAMPLE

In laser diffraction, the diffraction pattern of a sample is measured. Applying a chosen theory that
models the diffraction pattern of spherical particles, the particle size distribution of an ensemble of spherical
particles is calculated that show the same diffraction pattern.

© IS0 2022 - All rights reserved
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5.1.3 Required detail of procedure description for operationally defined measurands

As discussed above, the results of operationally defined measurands are only meaningful within
the clearly specified measurement procedure. In general, a measurement procedure for particle
characterisation consists of the following steps, each of which can influence the measurement result:

— sample preparation/dispersion: dispersing medium (e.g. air, liquid), kind and amount of energy
used (air pressure, ultrasound, stirring), addition of dispersion facilitating agents, geometry of the
sample cell, etc.;

— measurement of a property of the dispersed particles: property measured (e.g. sedimentation
velocity, diffraction pattern, diffusion coefficient), instrument parameters (e.g. geonjetry, laser
wavelength);

— | evaluation, i.e. relating the measured property to the particle size (distribution) of lequivalent
particles assumption of shape of the particles (spheres, cylinders, spheroidgs,‘€tc.): the rhodel, data
evaluation algorithm;

In 311n extreme case, the description may be so specific that results are validonly for a specific ijnstrument
using a specific evaluation algorithm.

In dther cases, the measured property is independent of many of these instrument-related parameters
and the same result can in principle be obtained by a variety of instrument configurations.

Thd level of detail required for a clear definition of the kind ©f quantity depends on the type pf material
and can range from extreme detailed to rather simple.

It i the responsibility of producers of all RMs, in particular of CRMs, to clearly define the detail of the
megsurement procedure to which the assigned values refer.

5.1/4 Conditions for equivalent diameters,to coincide with the actual particle diameter

Whiile results of particle sizing methodsiare operationally defined and only meaningful in §he context
of the measurement method, there are’some samples for which the equivalent diameter gpproaches
the[geometric diameter of a sphere'within the measurement uncertainty. The equivalent diameter can
coincide with the actual particleidiameter under the following conditions.

a) |[The material consists of'spherical particles. Spherical particles are the only particles t{hat can be
characterised by a single length, the diameter.

b) | The material is;a‘monodisperse material. The response of different sizing techniques i weighted
differently deperiding on the property measured and how it is measured (e.g. for dymamic light
scattering (DLS): scattering intensity scales with the sixth power of the diametel). As size
polydispersity decreases, this weighting becomes less significant. For ideally mohodisperse
partielesythere is no influence due to weighting.

) There are no other factors that 1nfluence the particle diameter as measured. A plethora of factors
aterials. For
example, partlcles can shrlnk in air or in vacuum, Wthh means the actual dlameter in air or in an
electron microscope can differ from the actual diameter in suspension. Molecules of the dispersing
liquid can adhere to the particle in dispersion, thus indicating a larger diameter in suspension
than in air. Molecules of dissolved salts can adhere to the particle when turned into an aerosol,
thus increasing the particle diameter of aerosolized particles compared to the same particles in
suspension.

The relative influence of most of these effects decreases as the particle diameter increases: an
adsorbing liquid layer of 1 nm to 2 nm is relevant for a particle diameter of 10 nm but irrelevant for
particles with diameters of 10 pm.

When these conditions are met the equivalent diameter often coincides with the actual diameter and
different equivalent diameters based on different measurement principles will often have the same

©1S0 2022 - All rights reserved 7
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value. In these cases, it is therefore possible to use values determined by one method as reference
values for another, unrelated method.

5.2 Metrological traceability of size measurement results

5.2.1 Ge

neral

As 3.3 highlights, metrological traceability is the property of a measurement result, i.e. the numerical
value that is assigned to a measurand of a certain kind of quantity. Traceability describes by which
calibrations (or comparisons) a measurement result is related to the stated reference.

EXAMPLE

image mag
distance of
calibration

In the exd
calibration
establish t
used for ed
result is ti
rather tha
whether th
in particle

The goal is the determination of the length of a structure in a micrograph. The calibratien of
ification relates the number of pixels to the stated distance of lines on the calibration grid,-The’st
the lines of the calibration grid is related by measurement to the SI length unit (metre). This‘two-
makes the measured length traceable to the metre.

mple above, the traceability of the measurement result is achieved by two sequen
steps. The term “traceability chain” is used to describe such linear, sequential schemes {
aceability. However, many measurements have several, unrelated input quantities. The v3
ich of these input quantities shall be traceable to a stated reference)to ensure that the f
aceable to the given reference. Such multiple references resultin a “traceability netwq
1 a linear chain. It is irrelevant for the reference to which a measurement result is traces
is traceability was achieved in one or multiple steps. Three@xamples of traceability netwd
sizing are shown in Figures 1, 2 and 3.

ion of the magnification, pixels/gridline
ion of the calibration grid, gridlines/metre
1, traceable to-the SI via calibration of magnification and grid

$1 Loge.from BIPM.org under Creative Commons Licence CC BY-ND 4.0.

the
hted
Etep

tial
hat
1lue
nal
rk”
ible
rks

Key

A calibra
B  calibra
C diamet
NOTE

8

h 4 Laal Jazlis Ja : /. ' 1 £3 1 L]
rguic 1 — T1d4dlTAUIIILY LlIdIIJIICTUWUIL R UT TIIIdgT dIIdly SIS
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F

by,

Key

m oo w > < X

NOT

time
voltage

measured pulse height of the sample

calibration of the pulse height with a CRM of diameter 6fd gy

measurement of d-gy by image analysis via calibration of the magnification and calibration of the
relation of the measured pulse height of the sample to the pulse height of the CRM

equivalent diameter of the sample, traceable to the SI via calibration of the pulse height of the
calibration of the magnification and grid for'the determination of dipy,

E SI Logo from BIPM.org under Créative Commons Licence CC BY-ND 4.0.

[IENFIEN

I =

Figure 2 — Traceability chain/network of electrical sensing zone
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£SZ and the
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D
Key
X  time
Y intensity
A calibration of the clock
B  calibration of the temperature sensor
C  viscosity determined via calibrated temperature sensor
D equivalent diameter, traceable to the SI via calibration of the clock and\temoerature sensor

T temperpture

NOTE1 INo calibration in length is required to obtain results-tfaceable to the metre in the case of dyngmic
light scattefing.

NOTE 2  $I Logo from BIPM.org under Creative Commons-Eicence CC BY-ND 4.0.
Figure 3 — Traceability chain/network of dynamic light scattering

An important feature of the calibrations involved in establishing metrological traceability is that dgach
calibratior] (or comparison) contributes‘to the measurement uncertainty, even if this contribution may
be small off insignificant. In contrast,factors that do not contribute to the measurement uncertainty|are
also not pdrt of the traceability chain/network.

EXAMPLE 1 In the example above, the calibration of a number of pixels/distance between gridlines can ¢nly
be performpd within a certain“uncertainty. The distance between gridlines has an uncertainty that is derfved
from the acguracy with whieh this distance was determined. Both of these uncertainties are part of the combined
measurement uncertainty of the image analysis, hence both are part of the traceability network.

EXAMPLE ] Adaboratory performs a DLS experiment and uses a CRM to demonstrate proper functioning of
the instrunjentilticompares the certified values with the measured values, but does not use the certified vaJues
to adjust anpy-parameters of the evaluation algorithm. Therefore, the CRM used is not part of the traceabjlity
chain and the uncertainty of the certified value does not contribute to the overall measurement uncertainty. T he
difference between verification and calibration is further explained in 5.2.2.

It is possible to convert input factors from part of the traceability network to the definition of the
property and vice versa by defining an input factor, which normally should be measured, as a certain
number. This number then becomes part of the definition of the measurands and, as it is defined without
uncertainty, also does not contribute to the measurement uncertainty.

EXAMPLE 3  The measured particle size in sedimentation analysis depends, among other, on the density of the
particle. If the value for this density is derived from measurements, these measurements need to be traceable
and the uncertainty of those results contributes to the overall measurement uncertainty. On the other hand, one
can also assume a certain value for the density, for example, 2,2 g/cm3 for amorphous silicon dioxide. In this case,
the definition of the measurand is “as obtained by sedimentation analysis, using a density value of 2,2 g/cm3 for
silicon dioxide”.
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The definition of an operationally defined measurand itself is unrelated to the traceability of the
measurement result. The fact that a measurand is operationally defined does not mean that the quantity
values assigned to this measurand cannot be metrologically traceable. Traceability of the quantity
values is ensured by proper calibration of the relevant input factors. If this is achieved, then the results
are comparable with the results of another laboratory for the same operationally defined property.

EXAMPLE4  Proper calibration of magnification and image processing ensures Sl-traceability of the area-
equivalent circular diameter from an image analysis. As such, this value can be compared to the results from
other laboratories, as long as these are also the area-equivalent circular diameters of image analysis. Despite its
traceability to the metre, the result is not comparable to a result from laser diffraction (even if this result is also
traceable to the SI), as the two refer to different kinds of quantity.

5.2]2 Establishing versus verifying traceability in particle characterisation

Thdre is an important difference between establishing and verifying traceability:-as stdted above,
establishing traceability requires calibration of input parameters and these calibrations all|contribute
to the measurement uncertainty. Although results of properly calibrated instriiments shopld deliver
trageable results, it is good practice to check the correctness of the calibratiofto verify the fraceability
of results by measuring a CRM. Agreement of the measurement result with the certified valuef confirms:

a) |correctness of the calibration; an incorrect calibration (e.g. wrongline width for a grid) will lead to
deviating results;

b) [proper calibration of all other relevant input parameters;jnsufficient calibration of (evenjunknown)
relevant input parameters will lead to deviating results.

However, as no adjustment of instrument parameters is performed after this verification) this CRM
usefd to verify traceability is important, but not a partof the traceability chain.

EXAMPLE An electrical sensing zone (ESZ) Anstrument is calibrated with CRM A by adjusting the
nonpinal aperture size based on the certified diameter of this CRM. Subsequently, CRM B is used tq verify that
the |calibration was appropriate and that all other input factors are properly calibrated. CRM A is| part of the
tradeability chain, as its values are used to adjust the measurement result, but CRM B is not.

Many particle characterisation instfuments are calibrated by the manufacturer, but the uders cannot
dir¢ctly calibrate their instruments or verify correct calibration of the relevant input parameters. An
exalE\ple is the distance and angle'of the detector from the sample in laser diffraction, where falibration

by [the user requires dismantling of the instruments. In this case users need to assume proper
calipration of the input parameters by the manufacturer (an assumption that can be supported by
cerfification of the manufacturer to relevant ISO standards, reputation, experience of the manufacturer,
resplts of instruments\rom the manufacturer in proficiency tests etc.). CRMs (often particle gize CRMs)
are[subsequently4ised to verify the assumption of proper calibration by the manufacturer. This means
thal measuremeitts of these CRMs are important to verify traceability, but do not actually establish
trageability.

5.3 Types of RMs

5.3.1 Certified and non-certified RMs/certified and non-certified values

Within the framework of ISO 17034, the term “reference material (RM)” is the superordinate of “certified
reference material (CRM)”. There is currently no generally accepted term for non-certified materials.
Each RM, certified or not, shall be sufficiently homogeneous and stable for one or more clearly stated
measurand to serve as a reference in a measurement. Homogeneity and stability for one measurand
does not usually imply homogeneity and stability for other measurands. This means a material may be
an RM for one measurand, but not an RM for a different measurand.

Although the term CRM suggests that being certified or not is a status of the complete material, it is
more accurate to refer to certified values and non-certified values. Certified values shall come with
stated uncertainties and stated traceability, whereas neither uncertainty nor traceability is required

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=7a07a1a27692ff88f227e28fd9a33033

ISO/TS 4807:2022(E)

for non-certified values. ISO Guide 30 uses the term “indicative value,” as well as the terms “information
value” and “informative value,” to mean “non-certified value”.

CRMs can be used for calibration and assigning values to other materials for that specific certified
property value. Non-certified RMs can be used for statistical quality control, such as demonstrating a
measurement system is under statistical control, performs as expected and provides reliable results
where the trueness of the measurement result is not critical.

Certified values refer to a clearly defined measurand and a material is only a CRM for this specific
measurand. For all other measurands, the material is not a CRM and can possibly not even be a non-

certified RM.
EXAMPLE The characterisation data obtained from several laboratories for the certified referg¢nce
material BQR-066, have shown that the Stokes diameter as measured by sedimentation analysis is sufficiently

homogeneo
diameter. T
informatior]
be used as
measure St

The certified value of any CRM shall consist of a clear definition of the certified quantity, a value

its uncerta
standard d
given.

For any no
together w
shall be st
not necess
uncertaint

Note that
used asa(
value(s).

5.3.2 Pr

CRMs can
have valud
CRMs can
calibration

EXAMPLE 1
calibration
assigned by
values to sp

Lis to serve as RM for sedimentation analysis. In addition, certified values were assignedfor'the St
he material is therefore a CRM for the Stokes diameter as determined by sedimentation‘analysis

CRM or non-certified RM for image analysis or other particle size analysis teghnique that does
kes diameter.

inty and the unit of this value. In addition, it shall be stated whether the uncertainty
r expanded uncertainty. For the latter, the coverage factor or@ level of confidence shal

ith the degree of homogeneity for the measurands for which it should serve as a refere
ated on a document (“product information sheet’’). Non-certified RMs may have, buf
arily have, assigned values. Their values may have, but do not necessarily have, associ3
y estimates.

CRMs can have both certified and non:certified value assignments. Such materials car
RM for the certified value(s) but can only be used as a non-certified RM for the non-certi

jmary/secondary/tertiary CRMs

hlso be classified as primary, secondary or tertiary.l11l In this classification, primary CH
s that are directly agsigned with traceability to the stated reference. Values for second
then be assigned biycalibration with these primary CRMs, and values of tertiary CRMj5
with secondary’GRMs.

The distance” between the gridlines of a calibration grid are directly measured, making

calibration/with the first grid, making the second grid a secondary CRM. If this CRM is used to as
hericallatex particles, the latex particles are the tertiary CRM.

Within a g

kes
. No

on homogeneity when using image analysis is available and no value is assigned. Thelmaterial cafnot

not

hnd
is a
be

h-certified RM, the property for which it has been found-sufficiently homogeneous and stable,

hce,
do
ted

be
Fied

Ms
ary
by

this

orid a primaty CRM. Values to the distance between gridlines of a second calibration grid can be

5ign

ivén chain of CRMs, the certified values of the secondary CRMs will always have a hi

her

uncertainty than the certified value of the primary CRM, as the uncertainty of the values of the primary
CRM and the uncertainty of the calibration of the secondary with the primary CRM are propagated to
obtain the uncertainty of the certified value of the secondary CRM. However, the values of a secondary
CRM can have smaller uncertainties than an unrelated primary CRM.

EXAMPLE 2  Calibration grid A was characterised rather imprecisely and the certified average distance
between its gridlines has a standard uncertainty of 1,3 %. In contrast, calibration grid B was characterised with
a highly accurate method and its certified average distance between gridlines has a standard uncertainty of
0,5 %. This grid B is used to calibrate grid C. Also, here a highly accurate method is used with results of a similar
standard measurement uncertainty. The combined standard uncertainty of the certified value of this grid C
(0,7 %) is smaller than the standard uncertainty of the primary CRM A.

For the use of a CRM, its position in the calibration hierarchy is irrelevant. What is relevant is the

magnitude of the uncertainty of its certified value.

12 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=7a07a1a27692ff88f227e28fd9a33033

ISO/TS 4807:2022(E)

5.3.3 Spherical/non-spherical and monodisperse/polydisperse RMs

The question of sphericity and monodispersity is especially relevant to all RMs for particle
characterisation. As discussed above, many particle size analysis methods give the results as
physical properties of spheres that give the same measurement signal as the sample in question. This
measurement result will only correspond to the actual material property if the material consists
of perfectly spherical and solid particles. That means that the equivalent spherical diameters of
monodisperse, spherical particles are often the same across different methods.

In practice, there are generally five different types of RMs with respect to degree of polydispersity and

shape, as follows.

a) |Spherical, monodisperse materials: These are usually polymer latex materials which/|due to the
production process, tend to be highly monodisperse and spherical.

b) |Spherical, polydisperse but monomodal materials: Such materials have a broader, but fontinuous
size distribution. Typical examples are materials consisting of glass bead$;Pue to the production
process, their sphericity is less ideal than those of polymer particles.

c) |Monodisperse particles having a regular shape: They can be applied to check acduracy and
precision of shape measurement for imaging instruments. They typically consist of regularly
shaped particles, for which length and breadth or maximum-and minimum Feret diameter have
been certified by means of an optical or electron microscopy technique combined with image
analysis.

d) |Non-spherical, polydisperse materials: These materials:approach many samples that ard measured
in a laboratory. Their irregular shape and broad size'distribution means that results obthined from
one method are usually not comparable with results from other methods.

e) |Picket-fence mixtures of monodisperse spherical particles!Zl: These are mixtures ofl spherical,
monodisperse particles which each have individually been characterized for their particlg diameter.
The idea is to combine the advantage of the highly accurate assessment of particle digmeters for
spherical, monodisperse materials*with a broader distribution. At the time of the wrifing of this
document, such mixtures had to\be’ prepared by the users themselves from individuall materials,
although bimodal materials exist.

Formonodisperse materials,the'effect of the basis for the weighting is insignificant, meanipg that the

nurhber-based average is equal to the volume-based average is equal to the scattered light intensity-

basgd average. This onlyxarely occurs for routine samples, since real materials always contain some
degree of polydispersity; but can be the case for RMs.

Thik means that<{for a monodisperse material of spherical particles it may be possible|under the

conditions described in 5.1.4 to apply the certified value for one operationally defined mepsurand to

andther quatity.

EXAMPLE#4- The average area-equivalent circular diameter of highly spherical and monodigperse latex

par 1c1es has been assigned by i image ana1y51s As the partlcles are spherlcal the average area- equivalent circular

he material
consists of spherlcal partlcles the 1nten51ty weighted hydrodynamic dlameter is expected to also approach the
geometric diameter of a sphere within the measurement uncertainty (assuming that the particle did not swell or
shrink in either of the measurements). Therefore, the diameter as obtained by image analysis is expected to also
apply to the diameter as obtained by DLS. Note that shrinking of particles in the electron microscope or layers of
water that moves with the particles in DLS makes this assumption invalid.

The use of monodisperse, spherical particles has practical advantages and disadvantages. The main
advantage is that a considerable number of spherical or near spherical CRMs are available. Many of
them consist of latex particles which are inherently of a high sphericity. In contrast, relatively few non-
spherical, polydisperse CRMs for operationally defined measurands exist.

The main disadvantage of monodisperse spherical RMs is that they rarely represent practical samples
measured routinely. Real test samples are often non-spherical and have different physicochemical
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properties (e.g. density, optical). Measurement of monodisperse, spherical particles therefore possibly
does not allow a proper assessment of the performance of a method, laboratory or operator.

EXAMPLE 2

Abias in measuring spherical, monodisperse particles clearly indicates an instrument, laboratory

or operator problem. On the other hand, successful measurement of spherical, monodisperse particles does not
always show suitability of an instrument or laboratory proficiency for polydisperse, irregularly shaped particles.
Hence, accurate measurement of spherical, monodisperse particles is necessary, but not sufficient to ensure
quality for irregular, polydisperse materials.

5.4 Porous/dense RMs

The questi

(e.g. imagg

particle ch
and theref
is true for

or lipid-ba

results of ¢

6 Practical handling

Whatever

include ing

storage.

7 Requiirements for specific uses

7.1 Gen

For all the
definition
measurem
CRM with

ISO/IEC 17
meeting thie requirements of ISQ.17034 are considered competent and will ensure that the requiremg

of homogel
values. Acq

7.2 Inst

The goal of
This activi

7.3 Inst

bn of porosity is relevant as some sizing methods only probe the external surface of a part

analysis), whereas others probe particle mass (e.g. sedimentation analysis). Pofées"1
ange the apparent density of the particle defined as particle mass per total enclosed-vold
bre will result in differences between sizing methods based on mass and surface.-The s3
barticles with an inner core and an outer shell of a different composition like coated parti
sed particles for drug delivery. Porosity and internal structure therefore canbe a reason ¥y
ifferent methods disagree even for monodisperse, spherical particles.

material is used, itis important to follow the RM producer’s ifstructions for use. These usuy|
tructions for homogenisation, sampling and minimum sample size, sample preparation

eral

uses given below, the chosen material shall at least meet the requirements specified in
bf RM, i.e. it shall be sufficiently homiogeneous and stable to serve as reference in the chg

rertified values for the methed in question.
025 points out that the €RMs used should be produced by a competent producer. Produ

1eity and stability are-met and that valid procedures have been applied to assign any certi
reditation to ISQ-17034 is one way to demonstrate adherence to these requirements.

rument verification/design qualification

this step-is to demonstrate that an instrument design in principle can deliver correct rest
Ly is performed by the instrument producers and is therefore not part of this document.

icle
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Ime
me
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hnd
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ent. For some applications certified values are required, i.e. the chosen material shall e a

ers
nts
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1ts.

allation qualification

7.3.1 General

The goal of the installation qualification is to demonstrate that the instrument is in compliance with
the maufacturer’s specifications, following delivery to a customer.

7.3.2 Type of material

The materi

14

ial used for installation qualification shall be an RM.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=7a07a1a27692ff88f227e28fd9a33033

ISO/TS 4807:2022(E)

The type of material required or if any material is used at all depends on the scope of the installation
qualification. Specifications in terms of accuracy and precision can also be checked subsequently within
the scope of either the operational or performance, or both, qualifications.

If only sufficient precision is checked, the only requirement is that the material used is sufficiently
homogeneous and stable for the time of the installation qualification. This means that in principle any
sample of which several identical subsamples can be taken are sufficient.

If also accuracy is demonstrated, an assigned value is necessary. This can be an in-house certified value
(see 7.3.3). Therefore, installation qualification is often performed with RMs provided by the producer

of the equipment.

7.3

The
insf

Thi
Thi

a)

b)

In
selq
dur

7.3
Th4

The
var

5 requirement stems from the fact that only values for the same kind of ‘quantity can be
5 requirement can be fulfilled in three ways:

3 Kind of quantity of the assigned value

assigned value of the RM shall be of the same kind of quantity as the one measu
rument

The material is spherical or non-spherical, monodisperse or polydisperse and the assi
is a certified value obtained by the method or instrument as the one to be tested. In th
assigned value is by definition of the same kind of quantity.Often, a manufacturer will
own RM with specifications for an instrument in question.and IQ is successful if the me
result is within these specifications.

The material is spherical or non-spherical, monodisperse or polydisperse and the assi
is a certified value where the certified valueschave been obtained from a network of
laboratories applying the method in question. This operationally defined certified
ensures that the instrument delivers the samie kind of quantity than the certified value.

The material is a monodisperse, spherical material meeting the criteria of 5.1.4 wit]
values assigned by other methods'than the instrument in question. Due to the sph
monodisperse nature of the material, results of other methods should be applicable to t
in question.

ractice, spherical and nofi*spherical RMs are suitable for this purpose. However, it is a
ct polydisperse, irregulaply shaped material as these allow a better test of potential mis
ing transport.

4 Degree ofhemogeneity

fed by the

compared.

bned value
s case, the
provide its
Asurement

bned value
competent
value also

h certified
bricity and
he method

lvisable to
hlignments

homogeneéity of the material shall be significantly better than the between-run variation.

variation observed on different subsamples of the material is a combination of the intrinsic method
ation'and the variation between subsamples. A meaningful assessment of the precision of an

inst

rument is ideally based on replicate measurements of a single specimen. If that is not p¢ssible, the

standard among subsamples of the RM shall be less than the intrinsic method variance, ideally < 1/3.

NOTE

The 1/3 is derived from the error propagation: the variation among subsamples is one

uncertainty

contribution. If this uncertainty is < 1/3 of the intrinsic method variation, it does not significantly contribute to
the combined uncertainty anymore and such a material allows a reliable assessment of instrument performance.
Measurements of a less homogeneous material largely determine the variation between subsamples.
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7.4 Calibration

7.4.1 General

Calibration is an operation to establish a relation between the instrument response signal and the
measurand. As calibration has a direct influence on the measurement result, the RM used for calibration
is part of the traceability network of the measurement results.

Particle sizing methods that require calibration with particles include for example the electrical sensing
zone method and dynamic image analysis, whereas, for example, laser diffraction, static image analysis

and dynamieHght-seattering-do-notrequire—ecalibrationwith-particlesbut-traceabilityis-ensured by
calibratior] of the individual input factors (see Figure 3).

This discugsion in this sublcause is only applicable to particle CRMs used for calibration of instrunjent
signals. It[{does not apply to calibration of other input factors like wavelengths of dight sourfes,
temperatufe, etc.

The followfng requirements for RMs used for calibration shall be met.

7.4.2 Type of material

Only certiffied RMs (CRMs) shall be used for calibration.

As the RM used for calibration is part of the traceability network ef the measurement results, [the
assigned vlalue shall be certified and traceable and shall have an uncertainty statement. In practice,
the certifi¢d value and its uncertainty shall be documented iniwriting. This means, any RM used| for
calibratior] shall fulfil all requirements of a CRM.

7.4.3 Trpceability of the certified values

The certifipd values of CRMs shall be traceable to,the intended reference.

The CRM psed for calibration links the instrument signal to the measurand. The certified values
therefore fjeed to be traceable to the intended reference of the measurement result.

7.4.4 Kind of quantity of the certified property

The certiffed property of CRMswused for calibration shall be the same kind of quantity as the fone
measured py the instrument €alibrated

Relating tHe instrument Signal to a material property via calibration is only meaningful if the certified
value of the CRM used‘is of the same kind of quantity (i.e. measurand) as the intended measurenjent
result. Thif is particularly important for operationally defined quantities.

EXAMPLE Afirelectrical sensing zone (ESZ) instrument is calibrated with a CRM with certified particle
size values|obtained by sedimentation analysis. However, unless specific requirements are met, particle [size
as determi i i ' i i i ' the

difference in kind of quantity. Hence, calibrating with the material certified for sedimentation analysis is in
practice calibrating with a random number and cannot establish traceability.

There are in principle two ways to ensure that the certified value of the CRM used for calibration and
the measurement result are of the same kind of quantity:

a)

b) the certified value was obtained method other than the measurement method to be calibrated but
the material consists of monodisperse spherical particles and the conditions listed in 5.1.4 are met.

the certified value is operationally defined and was obtained by the method to be calibrated;

Option a) is theoretically possible, but rarely used, as it requires a starting point in the traceability
chain. It can be possible for an instrument or method to be calibrated with a spherical, monodisperse
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CRM. This calibrated instrument or method can then be used to assign a value to non- spherical/
polydisperse CRMs.

In practice, particle CRMs used for calibration usually consist of spherical particles whose diameters
have been determined by methods other than the one of current interest. If the conditions listed in
5.1.4 are met, the equivalent diameter of the method to be calibrated coincides with the geometrical
diameter. In addition, calibration often requires monodisperse particles to simplify the calculations
required for calibration.

Therefore, CRMs used for calibration typically consist of monodisperse, spherical particles in a simple

matrix.

7.4|5 Uncertainty of the certified value

Thd uncertainty of the certified values shall be sufficiently small.

The
und
nev

uncertainty of the certified values of the CRM used for calibration contributes to the me
ertainty of the measurement result. If only one CRM is used, the megasurement uncej
er be smaller than the uncertainty of the certified value.

No

of 1
und
oth
hen

brescription of the admissible uncertainty can be given. What is “Sufficient” depends on t
he measurement result (some measurements will require achigher accuracy than of

br contributions to the measurement uncertainty are large,a larger uncertainty for calil
ce, for the certified value of the CRM used for calibration s acceptable.

7.5 Operational qualification/demonstrationf proficiency

1 General

goal of 0Q is to show that an instruiment is able to produce correct results. Demon
iciency aims to show that a laboratoery or operator is proficient in the application of a m4

ly meaningful with an instruntent that has passed 0Q. This means that OQ assumes 3
rator and demonstration of.proficiency assumes an instrument having passed 0Q. As bot
rned by the same principles, they are treated together in this document.

rder to demonstraté proficiency, the value obtained is compared with a reference val
onstration of method proficiency requires comparison with a “true” value. This means, (
ine quality control discussed in 7.6 and which aims to show that the same value as usual i

7.5|2 , Type of material

Asurement
tainty can

e purpose
hers). The

ertainty of a certified value of a CRM used for calibration‘@lso cannot be seen in isolation: If the

ration and

Stration of
thod. Both
proficiency
proficient
h tasks are

le. 0OQ and
ontrary to
5 obtained,
uirements

Only CRMs shall be used for 0Q /demonstration of proficiency.

Any comparison requires a value with which to compare. To make meaningful comparisons, both
values to be compared shall have measurement uncertainties. In practice, the assigned value and its
uncertainty shall be documented in writing. In addition, the certified value needs to be traceable to a
defined reference.

This means, any material used for 0Q/demonstration of proficiency shall have a document listing a
traceable value and its metrological traceability, which is one requirement of a CRM.
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7.5.3 Kind of quantity of the certified property

7.5.3.1 General
The certified property of CRMs shall be the same kind of quantity as the one measured by the instrument

Only values of the same kind of quantity can be compared in a meaningful way. This is especially
important for operationally defined quantities.

EXAMPLE A comparison of an equivalent hydrodynamic diameter obtained by DLS and a Stokes diameter
obtained by centrifugal liquid sedimentation can allow some conclusions about a material but does not allow an
assessment|of the accuracy of either of the two values.

There are|[two ways to ensure that the certified value of the CRM used for OQ/demonstration of
proficiency and the measurement result are of the same kind of quantity:

a) the certified value is operationally defined and was obtained by the measurement'method tq be
assessed;

b) the ceftified value was obtained by a method other than the measurementmethod to be assedsed
but th¢ requirements of 5.1.4 are met.

The certiffed values of materials used for approach a) and b) are of,tHe) same metrological quality.
Materials ¢f each of the approaches have their specific advantages and\disadvantages and users shquld
decide whilch material fits their requirements best.

7.5.3.2 (ertified values of operationally defined properties for non-spherical, polydisperse
CRM

If the certified values were obtained by the method to be*assessed, they are obviously of the same Kind
of quantity. However, methods are sometimes impleniented in not exactly the same way, for exanpple
difference§ in data evaluation. Therefore, to ensure that a value of an operationally defined propgrty
is also applicable to the method to be assesséd, users should verify that one of the following two
conditions|apply.

a) Is the pvaluation algorithm used fox, value assignment of the CRM the same as the one used in|the
method to be assessed?

EXAMRLE Certified values, obtained by DLS using cumulants analysis are not suitable to assess|the
performance of DLS using eyaluation by inverse Laplace transform (e.g. “CONTIN”) algorithm.

b) Have {ifferent instruments been used to assign the value or is the instrument to be assessed|the
same 3s was used for-the value assignment?

Differ¢nces between instruments (general setups, instrument parameters used, spegific
implernentation of the evaluation algorithm etc.) can mean that values obtained by one instrunjent
cannof be\reproduced by other instruments. If several instruments were used during value
assignment and all give the same value, there is evidence that for the CRM in question this condern
is not relevant. The more different instruments have been used, the higher the probability that
there is no significant influence of instrument-specific effects.

CRMs that are produced by an instrument manufacturer and characterised by this instrument naturally
meet requirement a).

CRMs of this kind are characterised using a network of competent laboratories applying the method in
question. Characterisation in a single laboratory is not a valid strategy, as it is impossible to demonstrate
the absence of laboratory bias(2l.

One advantage of this approach is that it allows assigning values to materials consisting of irregularly
shaped particles with a broad particle size distribution. In addition, it can be applied to any material
composition. This means that materials characterised by this approach can be much closer to the
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materials typically measured in practice, therefore allowing a better assessment of the accuracy of test
results of the samples measured in the laboratory.

Another advantage is that the irregularity and polydispersity of the CRMs (in practice, materials
characterised by that approach consist of polydisperse, irregular particles) can allow a more thorough
assessment of instrument/laboratory performance than materials consisting of monodisperse,
spherical particles.

The major disadvantage of polydisperse, non-spherical materials is that their selection requires more
care and information from the users. They need to check whether the definition of the measurand
of the certified value includes their method. This can require not only checking which evaluation

algorithms were used, but also confirming that a representative variety of instruments havg
to determine the certified value. This information should be readily available from any.CRM
but|obtaining it is an additional step.

A gecond disadvantage is limited availability because of multiple combinatiens of m¢
materials, relatively few CRMs certified for operationally defined particle properties are

of

been used
[ producer,

thods and
available.

an those of

brent ways

eighting (number-weighted, volume-weighted, signal intensity-weighted) will not significantly

influence the mean or median value provided that*ather physical properties (e.g. refractive|index) are

the|same for all particles. For that reason, spherical, monodisperse CRMs, usually charadterised by

imdge analysis methods, can often be used for~other methods as well. Before using such p material,
usefs should verify the following:

a) |Is the assumption "true diametercequals equivalent diameter"” justified? Image analypis usually
only measures the particle itself, whereas other methods can measure the particl¢ with the
immediate hydrodynamic layer. This layer can become important for very small particles. In
addition, especially if partieles have been characterised by electron microscopy, the pprticle can
have shrunk when expesed to the electron beam and the high vacuum in the instrument chamber,
and as a result, the, measured area-equivalent circular diameter can possibly not be the same as
when measured insuspension.

b) |Isthe distribution sufficiently narrow to make the average indeed independent from the weighting?
Otherwise,<the” often number-based mean can differ from the volume-based or inter]sity-based
mean of.efhier methods.

CRWMs ofithis kind can in principle be characterised by a single laboratory using image gnalysis as

ref¢rence' method.

One advantage of CRMs of this kind is that users do not have to investigate with which method the CRM
was characterised. They also have the possibility to use the CRM for different methods or instruments.

Another advantage is that such CRMs are readily available at many different particle sizes, fitting a
wide range of applications.

A major disadvantage is that the sphericity and narrow distribution is possibly not a relevant test
on how the method performs for polydisperse, non-spherical particles. Good performance on such
materials is required, but not sufficient to show that accurate results can be obtained for irregular-
shaped, polydisperse materials.

A fourth disadvantage is the relatively limited chemistry of materials available: Most materials of this
kind consist of polymer particles, which can differ significantly (chemistry, density) from the materials
measured routinely.
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7.5.4 Uncertainty of certified values
The uncertainty of the certified values shall be sufficiently small.

Comparison of the measurement result with the certified value is only possible within the respective
uncertainties. If the uncertainty of the certified value is too large, the comparison will not give any
useful information.

No prescription of the admissible uncertainty can be given. What is “sufficient” depends on the purpose
of the measurement (some measurements will require a higher accuracy than others) and also the other
uncertainty contribution. As a rule of thumb, the standard uncertainty of the certified value should

ideally be {
test.

NOTE
the standar
value, then
performangd

7.6 Stat

maller than 1/5 of the standard deviation between results of an interlaboratory compari

The 1/3 is derived from the error propagation: the measurement uncertainty can bejestimate

d deviation of an interlaboratory comparison. If the uncertainty of the certified valu¢is'< 1/3 of
the contribution of the uncertainty of the certified value no longer contributes significantly to
e assessment.

jstical quality control/performance qualification

7.6.1 General
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non-certifi

RMs do n
stability f
for one me
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stability.

e purpose to show that a method as implemented by a laberatory performs consistentl
mphasis here is to obtain the same result each time and not to ensure that any of the res
correct. In practice, this application means establishing control charts as described in
bries. This results in following requirements for RMs used for SQC.

pe of material
al used for SQC shall be an RM.

quirements for materials used for(SQC are homogeneity and stability, hence certified
ed RMs are suitable.

necessarily have assignedwalues, but even the requirement of sufficient homogeneity
r RMs is possibly not straightforward for particle size RMs: a material can be homogene
thod and inhomogeneous for others. For example, a polydisperse material homogeneous
5ibly not homogeneous for electron microscopy if the fine fraction which is not seen by
eneous. It is therefore advisable to establish the homogeneity and stability for the metho

bt possible because no RM for the method chosen is available, one can often find a mate
he homogeneity and stability has been established with other methods but which, basec
pdge of-the method, should still provide sufficient evidence of sufficient homogeneity

Son

 as
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y in
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| on
hnd

EXAMPLE A material that is homogeneous for percentiles of the number-based distribution as determined
by image analysis has a high probability also to be homogeneous for electrical sensing zone measurements, as
both methods determine number-based distributions.

7.6.3 Kind of quantity

The assigned value of the RM shall be of the same kind of quantity as the one measured by the
instrument.

The purpose of the SQC is to assess or demonstrate consistency rather than trueness. However, even
assessment of consistency requires comparison of the individual results with a target value. As
described below, this does not mean that the RM producer shall assign a target value.
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